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WD 2004/ 019443 PCT/ US2003/ 026226 COVMUNI CATI ON SYSTEM
W TH BROADBAND ANTENNA BACKGROUND 5 Field of the

WO pwefid4eh The present invention relates to w PE/ESH03/026226

comuni cation systens, in particular, to an antenna
and comruni cati ons subsystemthat nay be used on
passenger vehicles. D scussion of Related Art 10 Many
comuni cation systens involve reception of an

i nf or mMapioMMVRINICAITIONSY STEMWET HIBROADBAWENANTEANA
systens have used nany types of antennas to recelve
the signal from the satellite, such as Rotman | enses,
Luneberg | enses, dish antennas or phased arrays.
However, each of these systens may suffer fromlimted
field of view or |ow eff fé%ﬁ@@@%@t linmit their
Bl bt &Y idvendgcei ve satellite signals. In particular,
these conventional systenms may 15 | ack the performance
r equiThepresent nzension eclajes te Witeless epmpnaicatiopestems; in particylprgto an

. C : . . h le.
BB SRS M ha LR (B 0! Aerb v BREP
performance of a comunicati on or antenna subsystem

' ' versus noi se tenperature, or GT.
o A]rtterrs tend to have a G T of

appr dkinpreoremmynicioo sysi@ns inhiledrecmpliorndfiamnnfoanation signal from a
Lnsyuf ficient ' ' t .t .
PG S B Sl S e BB ARRLE bt anat rom
thasaelldasudndsiRotadn lsyses, @msetdrg lawses, idish laotenaa nyplased arrays.

eGPy BRI OB R oA B B
laeisihee dbilitygo edceivp sapalin kighgs.t lngasigsihe thebe comvgitions s} sfems may

recei vi the desiyed signal,. There is therefore .
el T Rairot IR Ovs "o LS e e Tioiagal gneth islow
oaﬁoiﬁé mhighylﬁﬁl e PRI Bigndly 86:8 Rw tlbRitioh |§ata_bdeg t2 g r ZC ei ve

weak signals of conmmunication signals In aaver se . .

e 1C0R HEARES O SERRIRISSSH HFOBTUR WP ERAGH Y GMRRY be its gain

VR8s AITRASIPRRme, & G/OMDHYhBbal By sk 343t EHAVG ATTiof BFprékimately
luraljty of _antennas_ each adapted to_ recejve, an

%itL8r Yhieh Ay Sfigrhsi nsffépicnt (i rereaycileyy clsyatisn saighitsciengty or other
WdaRM8HY Sighas. 18AHIA, hHRABTBERAtIANSHHEGRS dFRHRIcRMe bRy & sufficient
correspondi ng one of the plurality of antennas, each
relarineinperredtian aul terefoprypytcpolirired dgnaprnise reaydnigriere stidhe
déﬁfédgsigﬁglcﬁre%nﬁﬂé’fﬁ'@ gfs_ten‘i ﬁ@ﬁﬁﬁ&iﬁﬁ? Pecbi9ind theARLSRIGELnR O
recei ve the information signal fromthe corresponding
ant erdhere istherefore prasy farean anprovrs dopyypiciien sysferm; ingluding an

: i i i . ar ' . at. :
O BB R KR bbbl 45 AR o Bgnals n
adegeehvgompaitrent si gnal having a second pol ari zati on.
The communi cati on

SUMMARY OF THE INVENTION
According to one embodiment, a communication subsystem comprises a plurality of
antennas each adapted to receive an information signal and a plurality of orthomode
transducers, each orthomode transducer coupled to a corresponding one of the plurality of
antennas, each orthomode transducer having a first port and a secbnd port, each orthomode
transducers being adapted to receive the information signal from the corresponding antenna

and to provide at the first port a first component signal having a first polarization and at the
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subsystem al so conprises a feed network, coupled to

the plurality of antennas via the plurality of
woedhomade transducers, the feed network bei ngPEIEP10031026226

to receive the first conmponent signal and the second

conmponent signal from each orthonode transducer and to

provide a first 5 sumed conponent signal at a first

feed port and a second summed conponent signal at a

second feed port, and a phasex-correction device

coupled to the first feed port and the second feed

sRBhd p&ps séégﬁcpéo?rff)oﬂéi‘lt Elgﬁa@ h¥8n aé zb?ec«f)ﬂcf 'iarﬁéc{fgﬁe q‘h? eSRAREMion

signal and the second sume ent Si from
sehsstens algo panniseke fepshestwpry, Ch!eleé Itratée phlmhtmftan@nnas eia theplurality

SRR s RS TR AT, LA U AP i

aphide escanptanpongre sigha Soncech edhdnonle denddoer hmto lpdryaadea first

ﬁﬂllngcf &(%’%&OIHQIP sfg % k I%F feggj)érhan% cﬁg él:irprcr:la o(%rrﬂpS eanl% Signal at a

s¢done feed part,and z ahase)mrrebn«zmdevtch eoﬂpllddstb mmmdcporrmma tsecond
onen

TR N T AT A —

cothponeninsignal ﬁ:(&h ﬂmrfeeslubszwlt avherdintht biedse e@fqaﬁwrs&slca is adapted to
one of the

b L e O Bl A B
cor r Bsme rgkinnge, I‘nl&rpha@‘(i)ﬁmﬁ)n devied int106d4s pbhﬁzﬁioﬁ Badvett€ unit

h f eed poi t he corre pon ant enna.
oanielp QPR AN 18%&8%“%&2%% @ e A teH Agfarization, from
tl@rﬂira\s&ﬁmeﬂ Odimlﬁtﬁxdnt(@ign@lraﬂd He sBELE sﬁﬂﬁlé@mﬁmm sighyl. al so
[ sin tep internal Fresnel feature.

i ncl
Acco ‘g‘et‘t%‘a H'Bt ANtENPATAE Bomapiengas andthe semmppicatiopisehsystem

fid@t €mnpriRe Li1eslid dfcpReic 1&{s&sh @d{m@ﬁe Bftﬁ@ﬁ %ﬁgf of dieMcHdNbhses
part of the feed network, the feed ort

beipg FAHALL? @ RYTESPRpdIng dozy @Fﬁn% th Facussihel signal éthe p f9g@ ppint of the
cérBpdiRef} HOFL RSl eTH ANSHUCREseD Rl ?Qav%thlﬂféd%ﬂ& ngz!tm{ng grooves

identical to each of the plurality of t hono

formgeh g prceir suorprstaggsiangd mey else mluéemsmglﬁ step éntdraad dfresnel feature.

Or t NAERARNg bl ARGHNEEhpIk SnEAUBhRY &@Mﬁa&?& ARMhdEL Red

port and rECE| ves the second onent Sl gna
ogfanqdg drapsslyeer Hopoing past oftthrefee(b@edwmkt the fmdl erthonandls thausdpcer having

a 'tkﬁr ?3%9&5@ d fch:?thgylatet thi fe3l ofifRchal %ﬁsdﬁ&?ﬁ FE &%Et\éﬁ%n% a(fentlcal to

sunme onent” signal, suc
e@h Otf He ppirditabf Ql‘shombdQEarmduchmnmmem Ila:nlsmﬂmmfd thet faed érémdaode

tr, Bﬂ\éégléy e& Ja?hef rﬁg&iq]d%etdlyég?\g\g recélv‘%s[hj usceg(g d% sum g g%rg%calent
signatpuhién tfotsilhgna Ioﬁ the feed @rtﬂom@iettmnaiuoﬁrhsa’d,’ouphﬂ) Oﬂhﬂﬁﬂ;t feedport and
y m d on.a vehigle, for
re%g g&gﬁé 21%{3 éu%{o}ne% c%}nﬁone'ﬁp 51%5%1 g%cﬁx%eﬁﬁlchpwgﬁl%cﬂf ﬁbe plurality of
omihqmcaib ltmg!sdoéersaﬂteéeﬁdalsmdnlaandthe ki ertledmode RhdBRE t@pensates for
naI havi n finst. center f uenc i ncluding a
a§e ird ﬁlﬁ%%g’ﬁﬁwgli] Bﬁ‘,ﬁrs‘% %J ??8\)/‘?‘1:1(@ O ?’/%‘ | ari zation
an d Accosthonid aﬁﬁh@&ﬁtbﬁ(ﬂmﬁhtgm admimianitalign yskACONHE located on a vehicle
de arization ns for, COLTJBenS ti ’g, for an p ase
F RSP IERE OBt ahopgn pif 6 Hahy of PHjFF Wrropante an
1n$c8ﬁ1@ﬁ6h mg)ﬁﬂmﬁl@m firsti cgival freq@&d:yfaﬁtﬂ ineluaMi difng c@mf;dﬂeﬁttmgnal
I a second si and a first down WO
6% i@%} IZW/%Q %:g%cg%@geem signal having a second polarization, means

for compensating for any phase imbalance between the first component signal and the second

component signal, and for providing a first signal and a second signal, and a first down-
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converter unit, coupled to the nmeans for conpensating,
that receives the first signal and the second signal,

w@nw40iEe3 converts the first signal and the sepOntisS2003/026226

signal to a third signal and a fourth signal,
respectively, the third signal and the fourth signa
havi ng a second center frequency that is |ower than

the first center frequency, the first down-converter

unit providing 5 the third arsd fourth signals at first
and second out put s, wherein the antenna unit and the
cRbdrivaal dogﬁleél‘w the Abhs TRUBMBShshithe@thed @M es ﬁfe%ﬁ&‘@i Mal and the
that is adapted to nove the antenna unit over range
sqeAndsignahtapd thabenaverisithafitst signekend dhargeand sznn@lttherchlrd signal and a
iR @@nﬂef&gpecml}l me%ﬂ?élgnscﬁ SRR Rﬁ‘ ng‘%h Bhagd £ e%?ndeééﬁter
conpri ses exterior sur ace avin

frogrenessthatyis bwvegﬂl@mvle firs eondet fepeaney, the ﬁrsisbwrmnvenqumu prgviding
th% oo

Rl Rl s 0 300ond Bl AKFeid B TG I Shd e
p¢lmmmmunlb¢re trioented ol aegimbal @ssemhbly, that hseadaptacgtoen«steelpn antenna unit
o&%@?ﬁl%nfagkﬂ&?mﬂg&rﬁﬂha first boundary adjacent the
con sur a second, opposi ng boundary,
whe rzécbqordnltgetogleoxbfrcbrﬁbodmﬁam ¥n 1ntwtml-aibp Feasd dﬁh;etrlg led® ¥@mprises a
exa ]

Lo Eor QfthcRiyipe B BT R L C b e o Shétein, it opposing
sypfake heviinge lepsttoye gmevmﬁtrﬁaerd tadrein) andm@tgtee;tepa%asnal featurk i@med

e not h t he r st
e 8 SRl e Pafle S8 Pleoil Ry algdirp pgundary
adjdvent thesooet sihdernd aGécohdldpp&ig bosndd ?aﬁ&hérelnﬁh@se‘ébﬂ&gjo@ndary
hstgp %resnelnﬁgatugg may be trapezoi shape with
e P C8% 88 S PHY substantially parallel to the

secandns andled tRfinttiel-di@TesndiNBeledhiic leRAHINPPRR abr R Yifked
qﬁé be forned on g of the first surface of the |ens,
Pg bsheengmatctiel 1genather eranple dle mpferial R exebicRe

bo ung awth&fexnhple &haﬂﬂsﬁsu%&rbfﬁreecﬁa@dtné RAS 1 EEnveR HAbARERd the
Iurall%y rooves fornmed as concentric rings.

S%@?fb?l&f???go iy 19%%15 BliAe h dhe engosipmiisne] Ratugrmatiedrapezoidal in
SRS RPN M7 'Eﬁﬁﬂcﬁl%f%efhg shﬁs%ntlﬁﬂfﬂbralﬁ%(%ﬁ@'@cﬁﬂ%&tf&g of fhe lens The

receive a signal froma source, a second horn antenn
atdeasisans REGOxF may bp fured emanyrod therfisstisirfae of fhedensathe spaehd surface of
UR4901AAL SRSyt D2l A0y P Sy SBELLL b o
grep s &prmed agcaneandripydngst of the first horn antenna, the

flrs |

o Shgoh SO RAR IR el 354 PR gy o

ansoup héagted do teeive @ sigmad ﬁhmrmoarne,amn@rrd hofncmtesnd, bnﬂ)smnmkyl
idbrRicdl ¢ é%%l 1erPt nao fanc} Qﬁptﬁ dio n 1J2:%ff %‘naiI a 1rsg%ée eg 6{?4“‘3 coupled to

secon ens
the Grstrbetniantesnaga rfcms thesigealend feedl poineof thefiechointdamtémedhe first

. I he fe ints _.of .the
SRELETs AL Dl R85 B v s
cqupiet! tathd sosebmndntterdo foond the bifeal wo Redipalgt df @@Gecond horn

tructed to receive the s
ol el AT S 1 6 b o e S ittt and
waieguidé feeduétngriccolipledto thofead paiat bOMe &tst hdtbseldndSbrf @84nas and
inglggihg %rflgs&%gg %%%F%S%%g&d%e n SI re]%vlavgg%}/ el}ged%et\\/iv\erk being

constructed to receive the signal from the horn antennas and to provide a first component

signal having a first polarization at the first feed port and a second component signal having a
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-4 second pol arization at the second feed port. The
antenna assenbly further conprises a polarization

wW@orwnmeIes unit coupled to the first feed portPG(rmszohﬁozmzﬁ

second feed port and conprising nmeans for
conpensating for any polarization skew between the
signal and the source. 5 In one exanple, the
dielectric |l enses are internal -step Fresnel |enses.
According to yet another enbogdi nent, an antenna
assenbly conprising an antenna adapted to receive an

SLSERSE, 3140 RO By TS Ryt
peliatizatios egomderpoit coupidigo Bretfhig ferdepottradthd serend fred pert and

. ' f
DA LS (P DAL L LRl 4 e
spurovi de, at the first port a f| rst conponent Si gnal '

d, h
? Ee @:@8%@5 3%%13 ‘gﬂ%%% Srﬁs&?F arg én mal- ?%Pﬁasgﬁﬂ%qsg’é gnal ,
pol aAtbaeding }tehﬁmfhef &hbodﬁmmmneantenm agsealblyacothppiviag en antenna

SRR3R} O TEBBR S0 i Babis S BB oot

theemtinkearddtaving ﬁS‘frst @ml arRieCReshdgoRPHe efilionsddg rahsdncet Béing
means

hase S bej constructed to. . .
BT B B R O AL G GRIAAGA TP SPHiEthg dpformation
sfghdl3é pRide S €RTHst GORNOME YonpbAEABiSnal Bnd) Bﬁﬁ@seﬂ’ﬁidcﬂ?brﬂ fgscond

Cfgl%né%}gptcsgmpo%gnt 9 nrgll?qnt@% S%gghh%%%o chq@ ]gqﬁnfglnzed to the first
c&ﬁf)@ﬂﬁﬂ dighal #APhe faslﬁp&lbat%tn&aans‘ QRblel eSthaNflt AABEYN PBis of the

of the systemw || be 20 apparent fromthe follow n

OHB?mc}erﬁapm@er&é% adapise t%ﬁ%’re % firsbang! sexqaghspgpguent signals, the phase

c@nﬂi@é}ﬁét{%@ﬁe%ns l%l% cohdtRidiel '&?ccﬁ%ﬁMVér&%hQJe%ﬂ%e bét‘a/een the
which |i ke reference characters refer 'to |ike el enents

firsi pedigprondrromppRenésighds t phase exichithadst qomparrat Sgim! torthe second
g&ﬁﬁ&ﬁgn\éﬁ views of a portion of a communication
tem Tncluding a subsystem nounted on a vehicle; 25
FI G 2 is a functional block diagram of one enbodi nment

of a communi Catﬂ@%ﬁ?ﬁwﬂ%@ﬁ?ﬁ@%ﬂ%ﬁﬁG@SpemS of

the invention; I'S a perspective view of one
enmbodheroragoivg, ad pthenotitites fetivsyed ednantagdsidihegysiem will be

@ga‘r&@ ?r%macﬁ{ Mo@&g%E%H&inf%%eécﬁlﬁﬁ&{%’ﬁ%&%%xe élﬁy eﬁlbaffm%ms and
i ew of ‘one odi ne of "an ant enna ar
ﬁfometrhe aEbmparkying3Dawiogy mdwirich lile tfeencecharaticonefeFloGke Bleimsnts

R yhgsen of one erbodirent of o horn
WO 2BI:N. 0A244 3B RESTgeldpRa8 # 886 3RO portion of a communication system

including a subsystem mounted on a vehicle;

FIG. 2 is a functional block diagram of one embodiment of a communication subsystem
according to aspects of the invention;

FIG. 3 is a perspective view of one embodiment of a mountable subsystem including an
antenna array according to the invention;

FIG. 4 is a top view of one embodiment of an antenna array and feed network
according to the invention;

FIG. 3 is a schematic diagram of one embodiment of a horn antenna forming part of the

antenna array of FIG. 4;
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-5 FIG 6Ais an isonetric view of one enbodi nent of a
dielectric lens according to the invention; FIG 6B

WO 200a/019p3 vi ew of the dielectric Iens of FIG B&/USIDEA26226
6Cis a side view of the dielectric lens of FIG 6B; 5
FIG 6D is a cross-sectional view of the dielectric
lens of FIG 6C taken along line DD in FIG 6C, FIG
7 is a cross-sectional diagram of one enbodi nent of a
dielectric lens including a -fresnel-like feature,
according to the invention, FIG 8 is a diagram of
anot PRY. 6AND A oRaC Qfewaof Qﬁg%ﬁﬁngén? [)F&?lgl'e@tn!: feS according to the
including a 10 internal-step Fresne eature,
inyeriinndi ng to the invention; FIG 9 is a schematic
0 aoRRMGRs MGOMERLHORBkARE R0S beRs: F1 G 10 T @

schemat'i c di agram of a ternal -step Fresnel |ens
accoFH:. 6§ it asitiheiewiofithemidlestric [Es@f FIQ. 6Bs an

il Ugid. %b' ion cn%fsst &@?ﬁl@?‘gli\g %Ptcﬁg Id[gfelg{rlCQ&’EI%&Et@ Q%Qakre'n%long line D-D

| ens”accordin I nven
1ﬂFKh6CV|eM/of one enbodlnent of an antenna array

acco t he et i on;

anot Efe&r r.}.g din eafo %%%a R neglbgélpgi}g% o(f);\% %‘ct lﬁ‘ilslwlnéludlng a
Feasnaiike faaturas tatca)tdmgmo t@ﬂmfrﬂbmg to the invention; 20

FI G

4 str f ortion
G o B Ai%a Mgttt S0t e BBeSine R R itnshtd GifectiEleas inglyding a
intérnal-dopdicevlefeatat, aamdmg‘amﬂf ¢t eeitioaf an aPt egna arr ai
illu t.in ex of a wav eed net wor
accof {ﬁ %ds?%hf”ﬂ%tl ‘ﬁ%‘ﬂ? Pgﬁconﬁ?@ong%r?sge &%epi ction of
one EIhadiineBdhedbtiddlagirh RONDEENISRP FEHIAR lend 6O theD
the invention; 25 FIG 17 is a perspective view of

iy§BEWbodi ment of a dielectric insert that may be used

Wi t hrtdia 1 iefdinebie i and86¥nbolichehCoflalifeldcfiikaBis ®Ebrding to the
FIG 18 is a diagrammtic represent ation of one

ISP ment of a feed structure incorporating two

OMT" BIRQ8 & Lirdifl vieQ dfidfe bANRIthéR Bf addntannd &rdySaRording to the
depiction of a feed network illustrating one exanple

HB‘Pnﬁ%]sHl ons for 30 drainage holes, according to the

i nvepid, QE‘ is dide Vlgvpof a%oﬁlef‘ élﬁ‘l%dﬁ %ﬁbf 5?1' Ackni J?ag s%&&ﬁﬁmacmle
one enbodi nent of a g| nbal asse accor g to

of roladin, ageprding to the invention;
FIG. 14 is an illustration of a portion of the dielectric lens according to the invention;

FIG. 15 is a back view of one embodiment of an antenna array illustrating an example
of a waveguide feed network according to the invention;

FIG. 16 is a depiction of one embodiment of an orthomode transducer according to the
invention;

FIG. 17 is a perspective view of one embodiment of a dielectric insert that may be used
with the feed network, according to the invention;

FIG. 18 is a diagrammatic representation of one embodiment of a feed structure
incorporating two OMT’s according to the invention;

FIG. 19 is a depiction of a feed network illustrating one example of positions for
drainage holes, according to the invention;

FIG. 20 is a functional block diagram of a one embodiment of a gimbal assembly

according to the invention;
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WD 2004/ 019443 PCT/ US2003/ 026226 -6 FIG 21 is a
functional block diagram of one enbodi nent of a

w@ioani1eas i on converter unit according to thePCT/US2003/026226

invention; FIG 22 is a functional block diagram of

one enbodi nent of a down-converter unit according to

the invention; and 5 FIG 23 is a functional bl ock

di agram of one enbodi nent of a second down-converter

unit, according to the invent¢on. DETAI LED DESCRI PTI ON

A communi cation system descri bed herein includes a

subsygt emid @ﬁn@tfoﬁﬂ%&%d&%m@%m l&bé&ﬁ@ﬁtﬁ}f%@o%ﬂmﬁon converter

information signal that Can be associate th a

Upi Recording tedleshinydation;a plural ity of so-configured

ven! 219, & PAMGIAR oI B brd 8 ¥0fihont e  dowPIbNRAL unit

an information source an a destination ac

agebdipstodhe imusntibes andut need not be, coupled to a

vehi I ' [ anal, of

ot e 16 23 HEREAEH A o Bk BB Reh s SR B0 converter

upés&em@egumhhuwmamnand may present the received signa

to passengers associated with the vehicle. In sone 15

i nstances, these vehicles nmay be | ocated on pat hways

(i.e., predeterninedDEé%ﬁEMDE@S@RﬂﬂI@hhstrained mays

al ong whi ch. vehi cl es

11§ o RSt SRR o SRubd Rishn opludfe P oF R and

recmvmgrmlnﬁbrnmtlod bilsfieet tieun tantieragobiat Svith Bhehiveéuch et ziTlerahty of
vehi cl.es capabl e of V|n on_land, in

SRR re B8t et g RO vk e PeHeN e Bdpradon source and

agkainpli@s Bath ﬁib@}hte\frﬁhh)@béi Sut need wdde, obhllilediifofa veRiclel Andieh&fvehicle
cars, boats, |rcraft

to, trains,
REUT Ffree%naﬁqﬁ%f&% feomeexrRlss, thervghicls rmatYrbs.améﬁsgnger vehicle

alhUSep ?remﬁt 1he Eec¥ifbd @S0 RBRA Yock@ddl it velfidl€ Cin some
vehi c construction vehicles, ships, submarines,

InsEngRSst (hesgpvghiclpy mpgbe leased oSty ati €d Prerlgiermips, existing and
chi¥uinéd RiysiafonB Mhidh vEhik RS nia{f‘ trhx‘i& faRRhinpR o4y H%h@ #{¥ks or shipping

details of constructjion and the arran%enenf

langthaptheay Be aelingpintshnilas of didferent ditspliong. deesvahiglasinesy bgrany type of
Vbﬂl&lb'sséa[)ﬁ;l@gf rhé\uﬁéﬁ lgﬁda\ﬁ’l t‘ﬂg §1r 1;1_ Bick BV P RateS d%ﬂ{%asg%c?ﬁc

of other enbodi ments an bei'ng 25 practlce
expanes of siohi vekiclsuinciuge, \bawr@u@ limdted to, Mping rait ¢pes, boats, aircraft,
ﬁ’tBﬁa@@ﬂ%@' &
a oS, rgg&ﬁ g‘gc A I{r@c{lélg" gn%goqn) Xlls#§ %ﬁscfs ﬂ)%ﬁl@éjebhi%:s ae?x'i e%ﬁ!ﬂg)é vehicles,
ﬁrq tqlqag:onath@tlm‘eeh@ﬂes shlm;ﬁubmarmg:s ‘batgemreper i si ng, " or

hav [
Iégsfgto bﬁ éﬂ&txeﬁécf]tgﬁg%e lrlﬁlé %&9 és\élggﬂmrtecﬁﬂ?tﬁéﬂ)rl caat on(%o the details of
G‘DIISQ“UQS@H ahdthe afrangemantcdf eqruponahte st §orthhe tl&d’bllcaangvéésbmm&n or
. it ' ol t fo s of .. .
R A e
peictiggt er afftteergrrarrietl entein tvaridus wvags< adiipd, ehe ;mrasedl&y&nﬁmﬁminology used
n atch antenn enna,. .dish, ant

e R e BOEN A  Ron Bas RO SRR o ERNERa e o
"inelhéing," t‘cm)rr[pnlemg,f‘ onthaeing," “containing”, “involving”, and variations thereof
herein, is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. In addition, for the purposes of this specification, the term “antenna” refers to
a single antenna element, for example, a single horn antenna, patch antenna, dipole antenna,

dish antenna, or other type of antenna, and the term “antenna array” refers to one or mote
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WO 2004/ 019443 PCT/ US2003/ 026226 -7 antennas coupl ed
together and including a feed network designed to

w@e@niotg4®] ect romagnetic  signals to the ant enPEBUS2003/026226

to receive el ectromagnetic signals fromthe antennas.
Referring to FIGS. 1A and 1B, there are illustrated
exenplary portions of a comunication system
according to two respective enbodi nents, including a
nount abl e 5 subsystem 50 t hat7-may be nounted on a
vehicle 52. It is to be appreciated that although the
aHﬁHﬂa@ kSupRA tb g%tlielr hﬁ{ﬁﬁlﬂﬁ@hﬁ 2 fRd ﬁ&w@i‘kt déﬁ?ﬁéd t8 p%d%cféle@ctr&ﬁagnetlc

an aircraft in the vehic be any
Stg%‘é toghe grienas and tasecmvg ele@wga%w@nalﬁ\ﬁamth@mmw t he
veni RbRnie RIS ALREYB! hEld arcdiRAGc8 oREL HJM%O&%HS JFae
mount abl e “subsystem 50 may i ncl ude an a
ceinganisaiog syyiem ﬂmoeim&ﬂoawvb respdctive, enntiedimentsy inoliding apnadtable

|

Sh G B0 1B Ay bORBLIT AENGIE, Pk R EpRS et W e
Vnhiyle be isdHedtiated ay ehawdragbile isBiGe [l Aiahd an ardrafxmcFIG 1B, the vehicle
n@‘l& 1232@%3 oips}eﬂ{ a?ﬁsgaﬁscﬁ%r%clil %l%o%e oéﬁ(ﬁﬁor%aﬁgaﬁle ye Diclé %Ne may o traveling
along @IpﬂThWB.}OﬁB s”ﬁxstmmntaﬂmesubsyﬁtemrﬁﬂtmwnn@udgmaIanﬁﬂnanmydlskmassed in

rr?)'?é/ dw ‘%lixatt Irn%g (%pg d é?] egage an( 181%&%]:&% sggnglrof 1rm:res%(g4 from an

udbllm}:tmn m)rceVﬁGt ﬂ"hﬁmfmhtaﬂaﬂmrce 5p (ﬂﬁﬂyibb andher @&hiole edatellite, a fixed,

i nfo t t
BB REAR e 0 ot St sPHE Faie BEHGRE RE NatcT Ay s e of
mfom’naann SdtikceO IThy @lforedadorbSignaF 64 m@)X Bémﬂyﬁbomfrﬁlﬁlcﬁﬁbﬁﬁig’lﬁl écluding

subsystem 5 be nount e roof of an

bR B HBHF o f‘é Howienrs orsors Qg rgen g e mainigpance,

pasﬂtl@iar &foftfel infSrtaflod ol of ﬁﬂld&%@ﬁlSQBﬂS' Q¥R IThs HohAeKe Hbsystem
Eusel age %}S shown in FIG or on the nose or

© PSS, YV‘G‘@T%FOHYW?HWM\‘W'&!?I - Siapepapinibs naygiable

%@&ﬁ 50 2 86 mowhtbd bl’ﬂ’she Kof Bﬁ&ﬁ duBdnh obilWi(ds Rhdwn fntT@G 1A)orona
icle 52, for exa hin the trunk of

S%f@ﬁce Rb# aitstady sush as o nPhwvm?ﬁr Ar lower syslpes of] |tlpfyﬁ19qletgq |(¢$ shemen in FIG.

1831 onQhic RI¥B8PRHRs. Ot Rat Akl Cthaflountd1€ 0
sﬁbsc;lst%m 50 rrglgsl ncl u%le g rmun{nlﬁng %%%%1?9 IEf‘rc“t/bepomloned

Witk Py Ragtiadly mﬁhm fhggehigle SRHer mmnteamﬂ@m @m trunB Of arpautdreobile or on,
Wi leﬁrtgh%g i the mountabl e

uni f e noveab in oné or bot of el evati on and
azi nﬁhm@@t@éﬂzﬂubﬁ%@ﬁ@ Oooayninglidest naumting biacken 68 to facilitate mounting

of fﬂg ﬂ{oﬂﬁttdﬂ)lg Unip w{octﬁci :;e(iut{]g W%’og{gwﬁg& {)ﬁey e%nﬂjodk%%‘?tﬂlleorﬁguntable unit

orientations
HEIY éc kevedB imaye ontothuefejevhtim apst aziphith, to &crlmatacgmmmnmtlon with the

1@&%&1@0]’%@ r5'6 1 n:g‘{ 91u1%§ aﬂd c%&cgng aI(IjCP grlefn%tlgns Ethls( ﬁliodlment the

I nt egr ate asse OW ra
MeoNiBTE taﬂdietd@nnayohclsdegfmle&lmme airaital\ygd)mt anlda stipkih@ 87, as discrete

p%?s; £ih M&E gs*%l % npo arflto (?1? iru bsé 5})%&/%{1 a?nﬁlgzontrol signals to

ionary Kost® P OT M Of
treed ameycajbkes roetvesanl tl&lmqyable n@uﬁtalbfe subay st 5@and dtatdhdr host platform

N T AU SN T e

th®6e afakiliih Itheuart aby bebledhd MGdntable HOsydfemdD th 3@ te Ebrﬁnuddé)y in

o RSB 5P L e SR ety

elbiinshb eloustable sbisy ge &f @ovidEMERAAES hemispherical, or greater, coverage

when used in combination with an azimuth motor. Without the rotary joint, or similar device,

!
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when used in conbination with an azimuth notor.
Wthout the rotary joint, or simlar device, W

wWQOM00ue143 PCT/ US2003/ 026226 -8 the nount abP@T/US2003/026226

subsystem 50 woul d have to travel until it reached a

stop then travel back again to keep cables from

wr appi ng around each other. The nounting bracket 58

may all ow for ease of installation and renoval of the
nmount abl e subsystem 50 whil e-& so penetrating a

surface of the vehicle to allow cables to 5 travel
tﬁ)eeﬁ‘lwﬁﬁe[blé @u%sﬁf&neﬁ‘@oﬁ&’ BdvER0 @Wéll ﬁﬂ?i? ithr€HeRd Ntopther el back again
vehi cl e. signals, such as the infornation,
t@b@ﬁ@r@@blceﬁi@np\@mng@r@mﬁﬁ@h%ﬁy be provi ded to and from
the Fméjﬂltoﬂﬁkn% Qé%%tl allé\g fﬁ'@gse Vils&@i8tio Tnz&lfa%?f the

di splay or ers, ca ed inside the ve
neutabl sbbsystpméﬁe'dgle lso perstrating arsgrf@c@ df i, vemBle torpllave cables to

t
(YR RERICE R Al BB Bl R by B B VORI, fh bl puch as the
isfdrmaims ornaolend Ipewcmigmle,snzafrm pac;\s@de@ amcbﬁhom pianMuntable subsystem
a8y de(:jvelcec hs% n esI a & llz%/Ct ! era{ke%gg&lgfeh li&s}/dettl?e \?eﬁ%tle for access by
passenhge e nat | . vi’deo may al'so be
pdsssngersbut ed to all passenger s for shared view ng

e, AaBeiaric i e RE SRR e 7R Ehs FRpl-a% {Ruuat/ &

;ﬁyseﬁ@mmmbcad suzhiaf sﬂatbdcﬁk display/ymite6d, assotinpl helidppdnayand a selection
p@g th]grgylgg clraélpelagia th ca@% gﬁ%%ggI%qegge?gmtg@@th{%b’t, I\)i%eo may also
Ridisgitaeudtto oM pass&@ B EsGhatd ﬁb\rving igoligh ahirhlitlof kdd€ens placed

t.hat, no

over.al | stem and suc ct hunman )
Heﬁ?‘é??’élé(t“i‘ PRFSEReCt fed ﬂ{}l}ﬁl%?fﬁfe Fuy %ry‘glf’ ¥stespmey alsinglde 2
s9346R Rbntfodbispla btwiidH GE0ha Mtchy (b8 Rthted, fJMaﬁ@mmnh@@bm%ea for use by,
system maét al so include satellite recei vers

fglrmmylet Hiehialipndnst proz spmuperciplgyirliag ipfopizo! thfinovgraéla?vﬁen and such

tBd1 88 dRct hid@aintefdcabh with BéSnouh BBl ARBEPEARA150 is URIEREDITor
50 may be used as a front end of a satellite video

sprvécéiig and mengiy's TP IRMEnisAson pgtepompesseingludywrpllife recpjxers (not
sﬁ&’&zﬁ)qﬁ’aﬁ 'rrla @floc%\!eﬁEL f01I SR, ﬁ'ﬁ&‘%a%b fafea @ the erct%ﬁ GThlell%e mountable

The 'satellite vid receptlon stemcan be used to
sybmﬁeméOtnaﬁyahwlswmefronbmdmég§@ﬁ1§@rvsd6\mr@qqptﬁpmsrx&temen paeying

\}%ch% sudt éé%éoz{u@&ﬁc%‘?ig‘of‘ﬁlﬁs Y&Andhe alrBon X RIRNB, THE X\%elﬁg Yideo

ther, sports, network programm ng, novies : _
rbcrekeon etewredh hg used toprevideatscel mamber of bassengera vadlindbe gehicle with

lf\}é Mﬂ}g{ngg c@lca% 1‘3} 8{9{1}2@ ﬁé'\lvs':\lv%he? S Bll?se netalg péogramming, movies

n system may’ | ncl u BUdunt a
@dﬂ@;hikbem 50 coupl ed to a secondary unit 68. In one

exan’%cg?rd{ng ?c{ ﬁ‘%‘eﬁ{bﬁg rr}%nls legt}(asfedeewagfgn%}fal %ﬁ)&fgﬁfﬁg}agﬂn FIG. 2, the

ext erna
qoauntunghtign systemmey, indlydeghe mdmmble( srmb!;ys&hniﬂm)ouplé"dhe) a saclowdery unit

6% ﬁl}] ?rgegq\)/%lglgle oy \é}orgr?tnlgg subg%s&eo $ 855 b ésjlglPlgréeq %(tef%aé io tge vehicle and
ridyelg cof@ed; er gfﬁ’ﬁﬁl}aioeﬂedg )byhlﬂzﬁioma it albdven) s Ths ybmenmaPp@side
ransm ss

t he vehjcle npves.  The raglo ma g 3
PR PP ey U P EPEAGE D afieht ot B S Bodice drg
foree geneeedlyy thi@otmablé albkBtem 50 as the vehicle moves. The radome may be
transmissive to radio frequency (RF) signals transmitted and/or received by the mountable
subsystem 50. According to one example, the radome may be made of materials known to

those of skill in the art including, but not limited to, laminated plies of fibers such as quartz or



10

15

20

25

30

subsystem 50. According to one exanple, the radone nay

be made of materials known to those of skill in the
wa@edodiorahaidi ng, but not limted to, |anm nated PCT/8S200$/026226

fibers such as quartz or WD 2004/ 019443

PCT/ US2003/ 026226 -9 gl ass, and resins such as epoxy,

pol yester, cyanate ester or bismal eam de. These or

other materials may be used in conbination with

honeyconb or foamto forma 9ighly transm ssive,

l'i ght-wei ght radome construction. Again referring to
glﬂs@md%esds%u&% ﬁél%f& cy&rﬁ‘t)e e'gféy&tlﬁst}xllzﬁ aﬁﬂ&syﬁfe@ﬂr%@wr

nprise tenna assenbly 100 ?1
matnmlfuml@y hﬁu@d nremlrdmammaylﬂl b@eamnlaorrfmratq @Hn abmhly transmissive,
200. In a receive node of the

h%“?mrf%ﬁwll{%g @g%&%gﬁg&n the antenna array 102 nay be

adapigaih teterrirte FI@. 2, mcind embodinditathe orpuhtablesttispstem 50 may
congfrgg n;fé ' Ogar§§gnégle léé &%tc 15%}g§%lu&?Aa %}nte%@ arr. 3'1%2 "TRYa polarization
canaetten tinio (PGUHL2001 Tuon eediveogadeat thee:lomntunmamxgrwi;tem, thameenna array

TR i e M R RO B P et AR GG 14
1B)n arar st donmert tho mctined madm eleuﬂ’mﬁdgaetlotrhmathmhmnwa aﬂhagnnal

th rt hor i t al ht
cigropigagc RS R F L (A "REF O SPoe g et gaetit fve
cdhqioaéntsz &ﬁd ROU fap repibduce t2mO0itted nﬁorafaﬁun fiem Ble ssingaahahanhe

p%é{%tslcaﬂ: of t]éﬁ, Slﬁ;ﬁ%ﬁ% ﬁ%{l E)rl%ﬂntai,ﬂgggg@ a %ﬂ%}]{%g(fﬁ%lg 81rcular

(ImﬁI)V\&fsﬂ@mt ?ﬁlaﬁﬂaﬁo@m&ﬁ 0@ 380%, @yt prdvige REESIgRADonTRYEs 1166: €A Y&t of, or
s on lines 106, and cﬁr ovi de set of 15

th@ F?rﬁlé‘Ftei PYE 309 way bepart e maydndiuter Hgpey; 0)iiadra az%ad ptwork
oﬁhé itk hfayl erﬁ'P‘CU@(D@n@Gchln%ftﬁe fiaion 164 ﬁf6| rov1de a set of

gnals on lines 106. Thus, the antenna ar

elth%hrww Q@ﬁlcslraéh@.ha@w&wmplarlm Frofradaly @#ghfrlr?@d aid leﬂ-hand>

poﬁé&'&%b{ §1§g§£ﬁ o ks TBY, BhMhESht@ha hER5102380 e PICU IR H&Vifk an RF
and phase-nmatching for the systém |n one enbodi nent,

infepfacqriorthegybsste and ey PR ideab pagt @@mmfath%g%@r&ﬂhﬁ%}-mmhmg for
thk Bfste #gt ﬂ%e Bﬁb@dlﬁ%ftﬂéllvéﬁ npafy lifEnaBYfil £ fngﬁaé%ﬁaﬁxgg for the

asse I ncl udln the antenna arra
othwmtm@s ofiih¢ bystsan. o’lﬁ he euitsmadissembiin (s, mhlénng thierapicana array

anﬁlﬁ% Odzlvﬁl})g 1s<fu|§§dqﬁ)n‘gxfe%@ g cPSySt em 50 nay

SO I Nnc asse coupled to the PCU
200 AS'I'sﬂnewg i Bl4t. Zaksmnmtyblewsymyn Pt oey deo ipolnde ogimbal assembly

j 0
o I e Byl PR O AR BGRAR D o
11130 02 ray thalPS Hi0aw pd@rmmotarimtiosiagdfaﬁ sketvcommol.e Thehgmbal assembly

SRR A oL ST o8 e 0N o P T AP e s

FSraiBeant 8
afimeth kehd glevation t(gpanfoﬂh beems-atadring aBEignaMrhdkinpe The gimbabedembly 300

re. d tail infra.. According to an enbodi nent, the
Wﬂgﬁfﬁ%%lbg NBLSSPBINEE ey further include a down-

c ﬁ NvA¢cbRling o iah eﬁ’bmé‘g%ﬁe moigtle myysltem?:io ME% Mafmcfhﬁdgm down-
t he | ) over e
o U TocOT RER e SRLr @4 ettt filihel oD 300 over

ligd($) 74) Thé PCROI0B) hFEceive input signals, e.g. the linearly or circularly polarized

signals on lines 106, from the antenna assembly 100 and may provide output signals, e.g.

linearly or circularly polarized signals, on lines 76, at a lower frequency than the frequency of

the input signals received on lines 106. The DCU 400 will be described in more detail infra.
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30 signals on lines 106, fromthe antenna assenbly 100
and may provide output signals, e.g. linearly or

wa@regoland y pol ari zed signals, on lines 76, atPEI/US2083/026226

frequency than the frequency of the input signals
received on lines 106. The DCU 400 wi |l be descri bed
in nore detail infra. WD 2004/ 019443 PCT/ US2003/ 026226
-10 According to one enbodi nent, the nountabl e
subsystem 50 may be coupl ed, -10or exanpl e, via cables
extendi ng through the nounting bracket (58, FIGS. 1A &
| B) I‘X@c&cﬁlﬁg toscﬁ{é‘éﬂx@é&}ﬁeh'tnihﬁ n@gnt%lb §1!ibs ?@n-ﬂa?ﬁ@&ﬁlgled for

for exanple, inside the vehicle 52. one exanng)t "
o the

exderle cirorabiles pxteming thoughije wum&@&e&(& PG e
s8doBB Fnif 68 FhikR tha )6e gﬂﬁe@ %ree%‘rﬁelésiﬁﬁﬁ@ﬂhé( vetfide $2.118 one example,

passengers assocCl ehIC [ e one
thargemdidare nmit 68 may e @dﬂmdrﬂy prgHide m@&lmewqdrm’l thejentenna assembly 100

FREGH T R ) D 0 e
lmlidie mycoddvdnwm@mner unhéEéUsa) gadl BCUe2 moanaydecemutlpmxt signals
f%bgtﬂg b%IPIOO S n%W{ andﬁ&%ﬁ%@ﬁ% g‘%rtj th(%g §1gg$ls b &1@%&1}?&t signals of

nclu e a contr
ade\se:rrfrenwlcy on foeseé/ 8d é‘haDCUb:EﬁQﬂmayTlhdu@ea:mmdanr 50Ryias wilBbe

. he d I l.. 10
SR obBTHAE TR0 e BEH b, B v
aak pmqaérelecmmﬁcs SrthdRBrag HRovite 05&81*01 2i3Rals, IdelGBxBn’ﬂple,t @vef $IERS-422 or RS-

i 300 ti
2Bols 2 B R BB L A0TR o 35 PR PoBE Fthe simbal
aSmb 5300 @ oyerlie(s) 88 S&yncafyslmnl&Qﬁay%oaﬁdudé%ﬁﬁﬁ&afsyry display

of PTG SRUFIEE Los B e o5iputr erplsis DRSS 150 bassongers

aghsiaet aidhdvehitld. TRr wekipld, e vEGELe SZGIIGI eB) ﬁlﬁbebe\/zﬁlmlﬁl‘aﬁ and the
52 %FIG 1B) may be an aircraft an seco

Sgon a%gmﬁé%/mﬁh lide o6pe prbleg meé@actl@@éagﬁ séé%e E&dﬁiwrowde
sl S06h 4! for ededRipld, QaR Gibd] 8elluddr @déphdne SYUGRIIASTV §ihals to the
exarrpl e, data, video, cellular tel ephone or satellite
mve@egsn%ndsm@ywlﬁméclu%geg@h@wgcks &hetherapdis) agigputsiie prgyide audio
s@%ﬁg RIAOBask %lﬁ% Phe QLOREryAMEAIGS, 19&5&91‘& Bl PR Wilfice descrlbed in
audi o signal's to the passengers. The secondary unit

ngge dgtgibifidi ng DCU-2 500, will be described in nore

det aRL,fe}rﬁr éf) £, 329161%% ﬁlﬁg‘&aﬂﬂ fng)eF b&tlvg’g n‘%fgﬁ{eeerﬂb%din}ent of the

| ustrat I N persp ective Vi one
wetabh@wlvsv@tbmé%@bwg@ﬁﬁmmlmﬂ audtmgnm@yé% iyl tke idipistrated

el L el Q%leogéﬁ%kﬁseg Ql?atjrelyl 3 %ﬁ?ﬂe}u h%mnﬁas 1 IB%oupled

anterina arra i'ses an-array our circul
tch@fend actt?verlmbl@ Ho@evaviplsdalbe arxprealateééhht aatmerik2 ibg mclude any

K ’éll’ltgl:}{{/a ele%netn ee?&om ct% ﬁ; da[ng %ﬁ toggheltgglﬁ %nt%lg)n% Ii'*:g%:example,

arrayerbahva aytemqapmarasa fnag irctuab bightaratteryuier hétarantexeas £2x42 1x8
con C%%r%glé{‘l nx%& I Vseultﬁﬂgﬁeteg ﬁtﬁwgiurrg yAle?c%t%len gﬁoyr‘%)%gglkc%g(tms it may be

ula
ad@rmfalggcms dtrithaantesink blemesiliottelhenie ddvisg & widelagdwidth, such as, for

|cat|ons may be advant a
R PPIP o e BRENTC: P U e B ATy s Ph antenna
nigrbd whdt 1 is Sirthier @e afvlﬁrématai(t‘ﬁﬁlﬁliltﬁougiﬂﬂlidhlla&ﬂiafeﬁléﬁﬁnplé & linear,
| ngq?ag/%c}fgﬂgﬂgré{]?ﬁgaménnast lel% the 1n|'x]/gr5t1rg)n?sl:] 1!:10? gcl;] lete anc? trﬁg antenna array
102 may instead include a two-dimensional array of antenna elements, such as, for example,

two rows of eight antennas to form a 2x8 array. Although the following discussion will refer
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may be used. It is further to be appreciated that

al though the illustrated exanple is a linear, 30 1x4
w@eeoap1af3 ci rcul ar horn antennas 110, the invePCT/08200%026226

not so limted, and the antenna array 102 may instead

i nclude a two-di nensional array of antenna el enents,

such as, for exanple, two rows of eight antennas to

forma 2x8 array. Although the foll ow ng di scussion

will refer WD 2004/019443 PCTI-US2003/ 026226 - 11

primarily to the illustrated exanple of a 1x4 array of

pl‘ﬁhir%‘ L Phe NRERat@EERPRDE & 14 artdy Jf SirdularPBrn AnBeRAsS0QHs to be
the discussion applies equally to other types and

u@emd@hat therdispussiopiapplies ALY foceear drpss andzepafargys, with
mg{ﬁ%@&tgﬂg tt{c]lpmﬁﬁ Ip?kfentstgjcﬂoge dkiding tlérah Referring to

ustrated 1n side view the antenna
ar r ajefading &f FIG, eatheae is iBustrated inoidroview the agtepradry 10befiFIG. 3,
f 2
B
adviantegd @ficiadarbcamérgenmas ik éhat mefrealas hom apisena haviag aseme apggiure area
as anggrrggl’%eO'il 1%@ ?%??a%glﬂel%{han %ﬂlﬂénﬁg %? %e@% ﬁ)qgeﬁtﬁémhy ?et%tc‘arr]lgtgﬁ/g‘rshom antenna.
Ittofegrtadrefore Haexdmixmm\m gcemaslmﬂanjmm aitenoad iapppiisations where the space

1 t
rq%gne&eﬂr)]qn? 154 calltlcea pﬁx tlth?] gfulft%rt]eﬁiset %{rjﬁndanp Elr](c;st‘geadcn%n}/orﬁ?#e S ?1 %% guide
e hywioke. M&advﬁnt@gﬂlﬂ%g&guwe idltBatfieie @envedliwdesk losgynthan other

advant age e LS that ra
H O s ALt Coble ar mi et T iR LR Blvifagfiigpse
Wﬁifé‘gilﬁl&tféﬂ the febd ndtyrkting redpplitibes witkrain hag e dssirhide tseduce or

|de for the feed networ 12 i | i 0 .
B 11 oy e W e 6 Bt R R S 8T hdsribed
AR Geil @efaM Achhﬁdﬂ@ll}aﬁhﬁ@ NRstedtédeskahPR, eadl @ntér@le d10 is coupled to a

network 112 wi be described .in nbre deta i.nfra.

cmp@qdawémlsﬁtﬂq 1ﬁn5t hé- iThe digkestae Sasesapyspae t 8‘h°> GRS

tr&ﬂs@hﬁ&i 12 @HRaH ah®frém HR HRHABINO BH BEnkHned 6 bhih ©f the Afitennas 110,
The dielectric | enses may serve to focus i ncom ng

a%WﬂiW%%ﬁ@ﬁ?@ﬂ@ﬁmﬁéﬁ@%?WGn to and fromthe antennas 110

and fncgeﬁ&gla@aﬁzﬁ hbﬁﬁ%n&ﬁhd"l l@fméyr}gce%tlﬁdﬂ)ﬁﬁiﬁ elée@roma@ﬁ:tl&\& rddlation
be discussed in nore detail “i nfra. general each

thoygmarmanesiisd 14 define Py thesisiey el thwmﬁnﬁ 41 Grestoraingies: dhe
aﬁt?ﬂirlah afy b 91{5 e '&Q%&Weé pﬁL At & alft& %‘?ﬁt' 196 dnb¥ e BitchhAER) is
e 5. The 20

antenna 11 0, as shown in ] )
cauplesirin ghelfedl nebyork dEU St istiebs mpeacméaﬂ thad gihile theantepnaarmag sl be

epalséé%fy&% %eprm?%ﬁfa&@rﬂl@ %fﬂelawhg rgegﬁgﬁgdﬁgﬁg@hée@ed

be appreci ate
IIEfanEaltmm S(amreaghe wihtehnalzeray fmay else ppadite dursteasdmité@rgahede wherein the feed

E oHa {12 ;%ovuﬁles a%{ 8 feac'h%ﬁt%h g \5151 %H@s potdi fat‘e érrtsl(%(), and

rom an on source, an enna
tMmmﬁmmslﬂﬂuanﬁmamsm@mwlng nnde wherein the feed

Prav S taQ

e S PaapbRae Ky OFBuf P Ao G- SRR PILEPTE nble A venict

52 143 showum BmIGSt hee &siBN & thl&lévpplmadbm @t rhay teniesimblzad redecetthe height
e antenna ass be mounted on_a

ob 3% oG TR T o e =gy e o S R i ow-profive
ahfeniBy Tha@efdesS inr qab leganiple, tiediseearitdn@adHi0giy be constructed to have a
relatively wide internal angle 122 to provide a large aperture area while keeping the height 124
of the horn antenna 110 relatively small. For example, according to one embodiment the

antenna array may comprise an array of four horn antennas 110 (as shown in FIG. 5), each
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of the antenna assenbly 100 to mnim ze drag as the
vehi cl e noves and thus to use |lowprofile antennas.

wadbeneiase, in one exanple, the horn antennas BADUSAY3/026226

be constructed to have a 30 relatively wide interna
angle 122 to provide a |arge aperture area while
keepi ng the height 124 of the horn antenna 110
relatively small. For exanple, according to one

enbodi nent the antenna array2my conprise an array of
four horn antennas 110 (as shown in FIG 5), each WO

hﬁ OB f‘f@naerggu h gge?&l?e/ ey %‘%64 dlanJ:e%errl% of %ﬂg&@dﬁﬂﬁel} ¥Qnches and a

aving an ape di anet er
hajgpr ¢4 afeprebyimtelyricthisshesn ij @Oﬂﬁ@ﬁ:)@mpleg_@g agjgnna assembly 100 may be

ug{egxfop'gyga%gyrﬁb? &i b‘)zglccl% Gt air a]bél L. aﬂﬁﬁl@ @%se elfﬁg}:’i)@posglbﬁ for the

enha ass exanpl e
ahteend(9itd hok aamcmase(dr}mfght, fdrmxztrhpls u@a@ enproximately 18(131101165 Iﬂ this

BBy B0 PSP R S oo

ushsartennia segy Kah&nglfamg efemnﬂk ¢ghanan angiy Mahﬁeshsﬂgrhom apganngsy

hi gh f
aln J a%ﬁé‘%ﬁgg%ﬁl g({?.}el}?ggff%l t a’{H I rPg ?th 21#? th% ﬁ’lg Fnﬁgl%a array, it
Bdy ihRems E)@iht:aﬁfonh&r desigablecn ﬁnSSa loAShen@ﬁ,omdebaiértmb(hvm antenna 110.

chfy{{:eg(gﬁ gu grarhggql é%:g%neia ﬁ%}% ﬁz{vrefsaggﬁ% gglgxgﬁ tnéglfl?nsgr eézglli]s%, as shown in

HES5,[taddé Mal Be M§1§mﬁcdn®p&tlﬂ eingihtdiffarérde betpesr afiret dhgnahl28 vertically

ant enna 110. , such hor nte may., haye

neliaan o AR RO HTS |ttt Ssre il G HETRinf R o the
dnlena. SThid Pl RngaTifReende ﬁlhﬁfl’lsﬁlt mafphifRaitphherifffdience between the
di fference between a flrs% gnal|, 128 verélcall

firpicand serond pighakel 2ol dpeetots éc“'f’i jng i9,9n° gMeuBeRt Tnghhe

Je3Pantd B icHEINE o BleRBGC IAS 1 RAGEhDH orit RRenn@N ! &AM howhhh BIa o match
length difference may result in S|gn|f|cant pha

the pHiase anscratiplengi dherebyeincregsing the,grin elthg priendip gay £°e2128

130. ATCQF{ ﬁf‘ Q) Gne éi‘i%@fn@np SheldPel & lgﬁﬁbﬁd'n{%%a pldno ¥BivveR €ens that
desirabl e to coup a direlectric lens to the horn

ram @iﬂ@l-lnleﬁ(ﬁbo%anéﬁbmlqﬂ}y vifhdn the homgnterpgapenare; 3shpnad’1G. 4.
o | e@ﬁﬁll ﬁsésed}%lp%of&hgeftﬁgya IS GRS Bhs 1§"§efﬁ’1@él 8 Plend Iﬂ@mg one

arra Accor I Ng to one enbodi nent ,
absthreiatly flat SIuém and 4n epppsibg cenvpk sBce owé&ekrcgwslensﬁéﬂ may be

sha 38 %%B?e%ﬂ'h&%@n%ﬁgéﬂﬁ{ncﬁﬁiétl%%dﬂg, Mrte!?énﬁblé REFERQIA in

e Nnna aperture
qwmrjmfce smhfSnelﬂis Eaw, e dhiaf the danis oy fecup lnam:mg mdraéwn ieethg fged point

rq,f rg%eeq‘logln zaﬁlenna T&O r@e\férﬂ %%Gssy%t@ﬂ%hﬁ%%eﬁ h the cc;nlvgx shape

an opposing gonvex surfa
éfamsdlélkéknms bB! 2&ults heqagﬁateweamakdedﬁtlrorf dielsictrie nhawmbelng present

S |n | udi n o] X r [
W&ol BE RO TP e 0y FERTRR Sronfichy 2L Rlicaly
ﬁm@nﬁ sigRglogtich @s ﬂhaﬁrsa?lgnmrh 120(FIGeS) e agsahmotigh a1g>featcrfantoiuet of
or n .ant enn eferr | . 4. and 5
dekeGulmeEraring ee fromerd Rl 23 ncHins dgE fheepsd fsfEfhe hom
dnt¢hnh eas(lul }_g@aus@ cRc@dreahetic s\i@fatsitmaél ndﬁ@ilhw@vfthlﬁugi dielbatficthan
rratela elrn es.ent 0 nt.er t he n .
Cheh e Siep BhE GF P RS LF BTGP e ShipSu R el p
}éﬁéth 'olﬁﬂl:lk- Igg‘;st 31% sée@g)d@mens g IEZS§LB¢)h Iﬁ&edd@&lg{phﬁsﬁ&msmatch between
gna may p SS ou er .a
SEvhIdngfat of fhe hpsaasias 110 gt e e dhe oSt gy T4 may
Je3 th Mk H6Nthe 2hiQBHthE AEmBEEANalHS. of the horn
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antenna 110. Because el ectromagnetic signals travel
nmore slowy through dielectric than through air, the

wGhape1gid the dielectric lens 114 may thus be PGEUS1003/026226

equalize the electrical path Ilength of the first and
second incident signals 128, 130. By reduci ng phase

m smat ch between 30 signals incident on the horn

antenna 110 fromdifferent angles, the dielectric |lens
114 may serve to increase the-gain of the horn

antenna 110. WO 2004/ 019443 PCT/ US2003/ 026226 -13

ReT eRbfefithltd FﬂngA-ﬁ'%th is 1ﬁ@h§tea S{? i ffei‘éﬁ% {?1@’&@ e | érﬂbodlment ofa

di fferent “vi ews, one enbodi nent di el ectric Iens
diglettricdewy 1d it mg:Othng ﬂoéhq inveation.ohm. the ﬂiustw@duemm@wtbﬁ diglectric lens

| -
ARG IR 36 U010 50% A6 b BRI s
whilewlsd @rdvﬁt’m@ﬁor a vmmpaet lessamtqpnawinghimpgiof.oHowe o ritpia it be appreciated

o R RGP R Bl o B Bl ol B e plano-comver

lasy shape as deS|red and S not limted to a

pi anq- convex Acco d|n one

Pens Ak THE .o SPPAUEES TRIRS o o8 RS

antd dlawyvel‘iﬁmedanmﬁstamﬁ@cmmmﬂm Ngoes fixmad therim roshoes in FIGS. 6A-
0] erein, in FILGS. ., 6A-, D, The

10 BREGREFE PPt Bhie s P O SIS THH e M O PR Padag

cﬁél%dttﬁtﬁcﬁill sthrit ap@loks taﬁlgl’énﬁvamlfmhhe]xﬁ)at&iaﬂ B tekarple,am ﬁl‘aﬁglﬂ&pplications it

an 0SS ent val ue .of the material. For exanple

may %V“&[ﬁ Rt QU Ze lpgsyn e el P i ARG gy be

d¥EifibIE t8 Gelb D& Matefial BLhE AR haliha BUWISHIARBAtASH e taﬂcus/elght

may be desirable to select a material for the

rﬁeég}thgs on thg Wltptg@grrg}éwééﬁ{ least & pagt, determiRs afRnee for thg glelectrlc

doR$tid: bEE BR%riaNbetiBe, ANEGRAR (1R 16AY: (HEBNieledtic b&RRAt dffihe material,
art deternmine a rangé for the dielectric constant
lapgethgdgns magbe-because, in general, the |ower the
d' el gt biitGids ApptAM thOlend RSy E%@a&é , fob fob éxatrﬁlﬂe hﬂniag b s&lmaolock of
| ens may be. The outside surface o | ens may
lerrsapatestel pryd therehry fewaing the convexinlang l%nsfséls ii@cw%kavaow acoordlng to
411@ R, %cf' Aer e, fa@%&eﬂé’ 1hOh T gngluﬁg§plﬁf%mﬁﬁ8fgmo%kol32 forming a

SCUSSE ove, according to one exan'p
Iithlrrehte »f eanqeritricngs ab@t dfe cepfer dxéaf thedgns AGE gepoves contribute to

191%;%\/%%&1«%/ m%fede%:@l% {1&@% ng i tH% glgroﬁndlf?é &i? %%:l%{eh\éll‘eg% go reduce the

ric rings a e center axis o :
r&’ﬂ@ta};lrcommtmntazfneqewbdl signalg f@ther mpreasiigihe antennardpseéiviaacy. The

ctoncenprg Ligcrogvgﬁ 1_J>2 Q \?/lfugn {h 3 n?ag/rbe %Hﬁeq lagg € Iorr bdc?ﬁgndﬁep ‘tahrtggy may be,

onen
is loghiedagplef eMeh]yespadem,cané asily by eatsﬂg rranhlm‘dmtoltMmS matenal using

ff . Ih
v Rl s oen P B0 i S° BRI gyt Sy mactines s

th@tthdyehave a substagtiabix a’fmﬁ@l welie I‘ﬁdsryea&nﬂmdhmmgd may be
easiHﬁanachlned in

nat erl a n st.andar
11 116 CREHTT Gemteed ey SEO e Bt tg maT g g LR fons 114
19 @ﬂ@d&ﬁ&m@‘@?ﬁl Deis Eﬁw hédilafurﬁﬂm‘%ﬁ réfheations bEMCidfaMQadiatlon from the
tia denti ca ase of mac
ShHascct e ReDEsEguES ittt i Begirip BUR Detween the
Ao Edibm @nd e Idiib ﬁie@lﬁfn[ 1€ dtyei$thd tharacteristic impedance of free space (or dry

air) is known to be approximately 377 Ohms. For the lens material, the characteristic

ﬁ'\fw cfj f'rrr%rlt‘l a die(ljﬁcglc material

impedance is inversely proportional to the square root of the dielectric constant of the lens

material. Thus, the higher the dielectric constant of the lens material, the greater, in general,
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to surrounding air. This may reduce unwanted
reflections of incident radiation fromthe surface of

w0 b@4loengs Refl ections may typically result frpoOT/ER82003/026226

i npedance m smatch between the air nedium and the

l ens medium In dry air, the characteristic inpedance
of free space (or dry 30 air) is known to be

approxi mately 377 Chns. For the lens material, the
characteristic inpedance is-l4hversely proportional to
the square root of the dielectric constant of the |ens

tHHih‘@Edaﬁ!:e mikRe&h bEtWéeﬁ‘ihg nes atdige Qk ein%GInE hﬁplﬁ@ﬁbﬁ% #MayWe desirable

| ens materi al 8r eater, genera

t@mewf@“—i\gazt@ 1@@7@@@@@@1 bevipsa rel@welt/ théghi %@@mstam in order to
ré'ﬁuéé"ﬁ’ig Ghe Qfﬁf\”ﬁ?ﬂ ok e léngnﬁo@g\%r, 10 cBbils redultin® 5 the | i edance
applications | desirabl e to manufacture
migmaiclf heiigea ﬂnmlte@raind Ithmvmdveamd@urablﬁ vely high
di el
wei g Hé ('il l‘éctﬁg %ﬁmo I—% \Algl\qlsg{;fa[teréag S aecggt:dgtﬁréstn? glsﬁt%)?%fgalhqven
dfe;l@tmtsnbstannp sdaefiaes cpileithe whtibe panmistivitsh dn igeresal ahelditketric
' abl T ' nstant 0 .
c?%s'éanpg%l S?Q%Bifég gl‘&%t}& &n%mu?%r tl'églt #‘tﬁlléat? ?e&vlféaéngsﬁ @Ie ?nffaegl%\l S argﬂectlve
sgriface mropdﬂﬁe* ebt réforsiub st Bmee] refentioh coefciaad, laadlart inmginary part that
ré’cprés% ts H]t% nPagerlgl SE: rtaldl\éiaéior%lo 1LDE r%re]: 1%:52 lnit"}gﬂl CE(I)SﬁrgthEg Le?r?gg 1V1§’ ?f the lens
niateaial s egatosendis, tmdﬂewmetheperedn‘t@e ved teedtddwemnamichtaesignal that is
%%0@ rties, also referred to as Fresnel reflection
§&ffi cients, and an i magi nary part that represents
the Whd Iﬁﬁg'lﬁhdﬁofrtm:hieﬂedihsﬁg’rmt m@;nbmg)ﬁ@dahtlys&du&h ®y @ﬂeQﬁ@sénce of
the permttiv he lens 10 materi i,S.r
R iafie eng i s o e EEReeaie Mo TicPa e Tens Wt
Ve giooadsi 19D, thé @hadted ﬁh@{al atShe sugthdeaFtiRdens et GAY beldRreased
of the reflected si gn %@be S|gn|f|cantl reduced
apYy ﬁ{nﬁ%Ofmfébéh%’@ﬁéﬁ‘thelﬂ?ﬁé@éé brangay rgeardiag in eatiqpclpbelow:
as the concentric rings ined into the lens
material. Wth the groé%z%§§32 the refl ected signd)
at the surface of the | terial may be decreased
| f
RS Bk (e R ekl KBRS b EE T Alep N e
g(O_D)JGS(anh thatzdieyt and ﬁru¢mﬁmreﬁ®@hdgstgn@ln addheanbienctivély ect ed
sign a
ar ol et pFIG ARSI Bl Bt 112 pEF ALY ot surfce
f@iﬂgﬂ atl &rmfﬂkt daptisefithecgromel vg/hereRhé gtlonvenga}t 1rapd¥ lt€x d@DpoimdB4 on the
once ntricgroo
el T S B GG i i BB R UGy ipggommon
mitiiag er lathe ogeratbars, ﬁmeyxam‘p]mewnh each gebolve being pdralleBth thercented axis of

ISP P e 3 PG g BB o B PR SRICE t cach

ottt freowartad faonst thé Lhs. eﬂﬁﬁ,‘m’tﬁlﬁ badhtthe wiithangdtiRoang s ittfé@oncentrlc
| ens for ease

arallel to the c e s .0 [
TSI ORE TG o Wb ot S A oReap sy g pilled may
uibi?dfaaé the Farther £@@bentit 165veds BOME! B tHRQpég 6Lcedfer,idfthe convex lens,
S. MQ|Ie both the width and the angl e, of the
as g]%\’élﬁlﬂ Pﬁ 6D. In one example, the grooves may typically have a width 138 of

approximately one tenth of a wavelength (at the center of the operating frequency range) or

less. The depth of the grooves may be approximately one quarter wavelength for the dielectric
constant of the grooved material. The percentage of grooved material is determined from the

equation 2 below:
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25 grooves may remain constant, the depth to which
each of the concentric grooves is mlled my increase
wo be4femsher a concentric groove is |ocated frpoem/ukmo3/026226
apex, or center, of the convex lens, as shown in FIG
6D. I n one exanple, the grooves may typically have a
wi dth 138 of approximtely one tenth of a wavel ength
(at the center of the operating frequency range) or
| ess. The depth of the groovds-nay be approxi mately
one quarter wavelength for the dielectric 30 constant
of the grooved material. The percentage of grooved
material is determ ned {yoentxthe equation 2 below &?
2004/ 019443 PCT/ US2003/ -15 (77-172) (2) (i
-1) where il is the refractive index of the |ens
wihicks|reis thei refravtive inded of thhlensdiglectiod mhdesiall ens and of the

grooyes .for n ens suyrface endent on

The HEcy#S4 et Ab e EBGuS oy G PRl Pulek oy b fuedent on

tﬁb]dés1reldmpa1aﬁn§ﬁiﬁmbﬁdyﬁ)f &?éallméc&w lansdll | Brdreispecific dx@x'ﬁﬁle laldlelectric
»g ed f use i.n nc band

e in g &l ey eab B adB7S Orringy yave a height

126 W@ptomlway 2308l indh&Ridefianikd? 19§ o%@fo@tﬁhd{@ly eloyo #cRR01n this
inches. In this exanple t he grooves 132 may have a

SRS thegmogyes Lnekiara e afigh o3 el ePpREIAAD] inehos and the
c@rﬁ@ﬁ@’\/ll%)form af 96 BRE oftbach REIHBRSLoREs BaF ek rﬁcl?lfsstff approximately

O%rooves may have a radi us of approxi nat el

AE Highes. As qlqspratgfl HeRIEE 6P in thisexagple, the lgng |1¥4 @)@mm@s a total of
nfn@@eﬂ EnSertldorBBks PRSHE S Barfpld, %eaéro&fes ﬂagy e BR surface by

concentric grooves. In one exarrpl gr ooves may
apREprEmatglyone [quartrvaslengdyin dapih et |thmaeeﬂe§/a>@m@d may be regularly

sISHéé’cf t‘b‘?ﬁau’{@ﬁﬂ %ﬁeﬁ!&ﬁér@nt'sﬂmgﬁ%tcﬂ A&t 1&%‘9&1@3%@89&% s?gggls

be regularly spacedto mal ntal
bwmm&ﬁgc@ﬁswqbed@mr@@ thezgnepvesvappraacht thy perifleyatféle lens. Accordingto -

oﬁ‘é @@lhé eﬁxarrﬁ)e ﬁ{yc@& MS& %‘?r?t%rr\étﬁ!: grog9 GIB%C ha%% rh 5{&?18[% gezath of

roac peri phe ens cor
Oéﬁ GwhwcﬂdihnwmﬂmOﬂmyxwenmehmnoﬁtenmqmeawmmho@@@ﬁ%ﬁd&s’Hw

h_of
g{{)ﬁgeso gyre ﬁgé ly g%‘oovégg t?gaﬂ ngte ox1ma R,gggmclées gm the 8efnter of
e Ins8 Ohahies, it e be gppoaiats tha:‘lyhebeecéﬁoedlhiﬁnﬁ@ﬁ@&dumve are
om the cen

ﬁef exgrgﬁé ‘{S’H g&g oﬁ(ui(gg‘(ﬁs%sg (l‘)sf,}flhi?sir%t?ogx a{ng %Eéalgﬂgl} @E‘I that éla: qmegpon is not
lilnfred thenaslﬁac!:toctlmnd; honiser di slsdespecbf ghoves. aﬂtlfhouglﬂﬁe illustrated

ven for the purppses.of | us t|o
IR K ra® Bt REORROER Ponl4 wHpbt Brmdy Bogore o fover
than 19 gnbeﬁqsaﬁd the@epthg 6 tﬁmgkomd:ﬁhﬁ? a6 b@bx@ﬁ@xﬂ@xﬁﬂl tcthe diameter of the
| us 20 exanple i ncl udes

roo the il trate , |
e 224 b@%&@@fthe PREatHIEdIcaeTFY efd hefislegis lgpgy be
f or neshvaitionalnpedadte thewhg fehfRR of Jie®oPRGBeANE ﬂeﬁlﬁre the
t hs, of the es may al so be proportional t he
e gt B OF e oG ARy HefopSBap o o ene Half wavelength,

Feeehaple1Be I]daﬂﬁ@’%ﬁbﬂe@ﬁsﬂg%oqjé Dbk 5 ©34 BBRs along radials 0.34 inches
Conventi onal, ﬂfe ance matching features on dielectric

afaghis 337, %? 7 Ué(‘d lgrgeterygns, whereas a grooved dielectric lens according to the
invention may include only 19 grooves. The invention may thus eliminate the need to form

hundreds of holes, and may reduce the complexity of design and manufacture of the lens.
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insertion of a |large nunber of holes regularly spaced,

for exanple, every one half wavel ength. 25 For
we@aples3 t he quantity of hol es using a hol e sperUAYO®26226

0.34 inches along radials 0.34 inches apart is 337,

for a 7 inch dianmeter |ens, whereas a grooved

dielectric lens according to the invention may

i nclude only 19 grooves. The invention may thus

elimnate the need to form -hé&ndreds of holes, and nay

reduce the conplexity of design and manufacture of the

| ensit is\V2t20 Qﬂﬁe%gr’éﬁgteﬁ) bk W?qug’ étggfse% Zi§%1 havt®edd 111{1§ra‘§:g as

further to Fre0|ated gr ooves
CORSRAEr i sl may I%ﬁ@ta ternaltyelyde e@bﬁ@@hmﬁh%form hégaraﬂ?yroaﬂsgé grooves, or

asadctoﬁﬁﬁ{ﬁ‘)hé gl%[)‘ye Q&h%@?ﬂh@d in the formof parallel rows

of grooves, as a continuous groove, such as a
spi rAdcordinede ﬂ@l@thfg embodimentheeonserbpldiaemt gecarding to aspects of the

inP&HivE }‘na!? .80 née%ﬁpoﬁﬁ&%ﬂ&mgoéé?m@ E’?% U %rmécr' on boghsthi gopvex

i nvention y co chi ng
lenyyrihesrand dheqriarpo sunfath @s showneleIG éDs Kefﬂrtﬁng:le F:Ii(fidSG, hecording to

OB AT 2 SOV iR kB i
offee flamanrside didmsy beereﬂlhaed cabutive 1o the d'eerzdf dibheted s lelﬂ by, for

S PP A S G
mmrtleﬂ imgthe Tihm anetnc efﬁccwdﬂtgho ofie @bﬂflaéxamp@ thb4Zelcttica¥ss 114 may

or the |l.ens t.o i ns rte into the harn
ey b il of iiRetiBeel TH0bides utied SRl Rbmprosmaely 3100 fches
ondtheh@sédnivex dignsf tHeldngeyictufddhom s deafdt, lﬂl& Mnar 51de 142 is formed to
ches. .Qutside a radius

rOX|na el
re R RIS gt St hogers R AR BRI o 1954 s Wt i BEG. 6C.
Addoglitgta psttrou@tf the@ufefRER tdgs oEBBHRNar iR f BleadRmakifg
142. i s fﬁ ﬁ& F reduce the overall w dth of the Iens
By QiR inshss

apRLPXLALe i lellér@ 2pq 0-400 inplees in widthsis sapoveds Frow the center-
m&EpoinASTERY slhigkiMe toaa R0 bOfdr @iarﬁp%e 3996 BlARSLoned8% %}E?ves 140

the pl anar side of the | ens measuring 15 approxi ha
mgy begpillpd iee pRnpreyfacs 14 af the kos sinvlantosthe gropyestl B2 ngch are

millBABY 8€ cofVeR rBrtoB]?osﬁg RiRoT thE Pk snP&'aHE of the planar
side to a radius of, for exanple, 3.100 inches,

condefite sxamgleoibyaseatedin FIGra], the concenteld irteriay gtooresgHa ey be
unﬁanfl %ﬁ a%él%td?xt wﬁcﬂ? 14803 exih é)ifﬁ' 09t4qnéhg§ ax% ? 90‘{1‘31:%11%%&11 146, for

whi ch are on’t he conve or op
expale 0§ f, §0%tn|ehp§»t H@\éevet, it lbWéaeemmb@ thatlthqgw\as sebdinnt be umform

anfl k'rﬁ?/ hBva val }}nﬁg GRAGSAL b hsI d@éﬁ%ﬁﬂﬂ% fﬂ%r @1%& %ﬁarac%er}spa syq;f tt)he Iens

ormwt a consta
Urolkegw extecinegroovend3a tlmmgnmgrood/ezpm ot ﬁ/m'y in dopentht earther

e 0, b r.st o t hat
o o R0TRNES IR B bt i gt D ROh D e
integiettgneovash th cepEntisbayepbihe xterian 0 .40 mchmbfmqﬂmt &rse sﬁ th€ Rns,
I nlike the exterior 132,
Wh(?1n théfr% :an rV%geﬁyé 81\/tg%ug!fﬂ(g eﬁ%‘ym@S% gW%Yeye’ﬁ ébtg‘ﬁ 1R éheflgﬂstbﬁlé‘?nd the
ouezao’wsg} wr/]leclzhfes of the mahah@as(eeiﬁ tlfeaen@f It iE@urPﬁﬂfb be |aBp1@cﬂﬂed that the
X al t t he ak o
infEAAPS Bor 1070 6 0% pR5o B0t sl oA et s tfssfived beoeimhich

ard focthe puipbsds lo€iljpkteanian ath@@laﬁitloh hgd h@ngendewhtd betihighd. t he
gr oove_ext ends

val e i OF t.rou f mlled
far gFrlqgrﬁg%m?%g .gﬁsw ?]&onfxﬂgrlc grooves 132 are formed on the
convex side of the lens 114, the othe1w1se smooth lens surface is rendered into concentric

volumetric rings of varying height. These rings possess peaks and valleys. The peaks may be
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outer-nost 0.400 inches of the planar base of the
lens. It is further to be appreciated that the

WO pwentd4an is not limted to the particul ar di PERBERINE026226

of the exanpl es discussed herein, which are for the

pur poses of illustration and expl anati on and not

intended to be limting. 30 Referring again to FIG

6D, when the concentric grooves 132 are fornmed on the

convex side of the lens 114,-17he ot herw se snooth | ens

surface is rendered into concentric volunetric rings
Ja%fged/ ah fhg ob@ﬂam B&we INQ8fex hilESWRIRSHE $§1eg§ﬁk§ih@@q rounded bottom

%ég peaks may be 2004/
OP@W wtm @% sepginate] g5 disggsgediaboys- véﬁsmwe iplKy. 4D eash coueentric
cf?fsul&%%(ﬁé m%k}ﬁl %wag’ﬂb}n%é &:ﬁte}’@i} th€¥as ré@yes%\é?no?e i3k ﬁ eak than
bottom or where they ter ate, as disc

Peetyipue (mong cgmml) grapvEy dGe tG e geiserh cerypobihe exteriorsintase |o§the lens.
TE R BRYRA 48 ¥R el i AM ﬁtl&eof(ﬂ%rl s &{fevgp ﬁaa% VR more regular peaks

possess8s a nore triangul ar pea previ ous (HDFG
apéydlleyed) grooves due to the general curve of the

izgez&hc%gﬂﬁé’j{o e ﬁlu&tateéll%%bpgl?%nt ﬁe@'&ﬁceh@%&oo%s 35 %9¥he convex
sito Dﬁthﬂ &gsl hlay nﬁd&kz@rfecﬂlydthgmldlveﬂnshe AnCotiiti grgO\teS) 14(]1@1 the planar side
# he Llle&s),:]b\}lél%(sjtee ?m?tstte aslsecﬁ ncfr)llﬁé n%:E ]ﬁog%%%ﬁ? &S V?r?/r peeﬁc on the
egtetigneahves dftthd laﬁs ma))nbreaﬁgned:to gltmog/lasr val&)y @rthé i’m&rbf @l‘aaﬁr side.

ide of th i nst ead be. of f
C}%lﬁveﬁego YRy Sic_a onzl;g Srlgrl or}zlv%?]g; ngagéag ogﬁgttbﬁzl%ag that ism Wnlled into
tiexdxeribodf, thelens/ éDheOlflustrh]ted bﬁﬂﬁ)ld;rﬁaﬁn’(gegradvel § 6t the g and convex
h or vall on t r|or pl anar sid

ST A% B ey HrERees R PP PUBI DL} Ghaotsly haltof
tHee) 4% dBsRfledidd By 4 sinughy-§inatant Satdhibl R-grsdved lehfle

exterior of the lens. The illustrated examle, havin

"ng)? single

gr 0o e giRg orEolPLaRhodingtL @ plpekowey dis] esrictiens ma e
zé@ctu@sﬂemn@ shghde6dne fiRne & MIBhEM iR¥riaPRECHINBIRY K 10hs23n
roughly half of the 0.46 dB reflected by a
cgrrlw%ﬂnwwhssr%@as amthe fuipEenoad nigsier grrBeweal thcqmiano-cpavex lens (as

dﬁ@l%@erdcubﬂﬂa)ttﬁe RNk ﬁﬂ@%%ﬁmb@te R g@ﬁlﬁ@ﬁ‘%@ %he volume of the
|eeCtr|C|en3rray|nClJeaS|ng zone

lans gngieeipl. thereby davreriag thefouerell Meighintiikedens. dviglisnssedhabave.one
a{»;ﬁfé%d?lffoxt #81nORUR éorhlﬁﬂzﬁron With af gﬁagﬁrmﬁau% dVK%S Basr &R icle, for
on he exterior and interior surfaces O e
e{éﬂﬂ@m@ ag gilane, togresiyedoadgiss trdlge seraibesy d) suchheapplication, the total
f t i
oFIEES s b R ol PR LP A AR By
sf@uﬂ@rrabmng/\me@med ofhe ch@ralllem_gght pthelles e belredingd signidingntly Oy the
. . 6 |
QARG LT AR ORHEN Rl 3L B SRRRARAN BB ol comes s
an aRefpirmpéq FiGo 7r aeplemwepnbmlamm bestebighddi staseumiﬁi casall (close

I t.h .
td zré dp% Hm%g‘s AhR e'd% a&f’ B end ?1% ttho hlca(éngsm%ﬁr%g i ea%}/ej&/ !)%ﬂg’s increased

e nna im e an 1 np
twwarchtha ldni gdsltt@ramssasrretplﬁrdd By the Ipl‘)]zg;e pdhﬁﬁtem[ B, so Thue alb vigitiad bassing

igni fi tl th
i P S Rk e s BREP Yo Mo e
appnfmemaqalyan phassulif @ée tofatialy phephasecndicisn, g smith 1215gth difference
errin 0

o.FIG 7, J nvex. | en
g?ng%%ed%ge%eé Ile(nis ﬁl&n%a{@ a 1n§nﬁl81 ]Fns(sg’gnaglgay ge eqqu to a one wavelength,
at the operating frequency. At this point the dielectric material thickness can be reduced to a

minimum structural length, or nearly zero, without altering the wavefronts traveling through
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to zero) thickness at the edge of the lens with the
t hi ckness bei ng progressively being increased toward
wWo b@4loeng3 center axis, as required by the phaseCT/US2003/026226

condition, i.e., so that all signal passing through

the lens at different angles of incidence will arrive

at the feed point of the antenna approximtely in

phase. In order to satisfy the phase condition, the

path Iength difference 30 bet3aeen a perineter |ens

signal and an interior lens signal may be equal to a

thOREs. TSR HeA ma %1mtt9@o&é}%§ﬁdaﬂgl4ft3ro? gH&ﬁEﬂﬁlanﬁtzoﬁ@ba?allel to
poi nt the diel ec?rlc mat eri al tHickness can be reduced

the eriginal plapansurfcstldadhigpel whielhie aptical paslelgngths are pee wavelength less
t: v
P e PG A b IR R P 7 Rkt 1 i
Zopesi Ay lithig ﬁlerfmuefney handwédtlofor eqcelttt@mdaw;smismn@f sigmpds, Fsiexample
. i nal r
R A S g S S
prefevel. dhgytdver, etssto be Iapprectldrtcrlstdaattﬂn apnh’gmdnh whcmﬂa&gemmdmdth is not
h It|
méf))l@a aladci?lg tx‘?é’\férzl§o%8§rd% to ‘ﬁhe mv nt#ﬂ emagrr &4 ormie 8}%{1@ moge { thg{x pne
Fréspel-lilezept amcithomventian ssmos Bmided tofa lsisgoapdsing anly ®3iaghp Feesnel-
5.in the 10.7 to 12.75 GHz band, and therefore only

like zon
She arge Fresnel -1ike zone may be preferred.
I—bmedSrdmgtto DI&B dnﬂ)obmeap fheeitead ad IGhBthei Hie@@lplilde(féﬂtﬂr@ S0 may

,ar or, a diel ect,
bey ot g R PR B R S0 $hap i Spfenging fom the
planar QirfabaM2Tehe 1Eisaswat tHlel duttr Eqvex aﬁ?ﬂtcé h® dfivaedsl dhe Feesnel-
[ | ens, c ing only_ a single

.naot i ed to 0
i o 150 eyl SERGERE Boiell HOT B oS RHDTcABARSd o alons

oflsinhlés Hin@h§end BrofiddGf a folid foBystyi@s Mekerlal, Iﬁ% 160 atibrgied ROFIG. 7
be a "cut-out" in the lens mat eri a

re%fﬁ???‘iﬁ)?l"ﬁé‘t weightspupgsAye tpdhe mﬁtegﬂaﬁeo‘seﬁdn @if&%ﬁlﬁ@e EQ§mIhe

rediRBon B ANSricSHhEARN SwHidRaRbrbS RAid RIAGerdc) WadrEl, RE nfaY t&hlt in the
convex surface 152 of the lens, The Fresnél- [ike
leshgying & higher sHHgiensy besayes lgss g@cbq]frpq%wenmy gty be absorbed as signals

trawad%hgme 1e'ﬁ§>r F&éﬁmlg théaeﬁmbr%ﬁédtuppﬁ} bR abSrb %ﬁ%ﬁlﬂately
di mensi ons for med a solid y yrene mat er 1 al

0.95e4H% lepy angegy e eomwr@l t@a cgnveR p}aég leas that doegnat doyeibe gngle
Fr§s’3¥l‘ 151&%01%1 el“ﬂe%tt&hﬁn&ﬁgeﬁﬁér s@é&xafﬁm ﬁl c 'lagm tnfbg be computed according

Fresnel -11 ke zone educti o ctri
to theteapatigh 3 beliveh absorbs radi o frequency energy, also

may result in the |ens, hayin hi gher efficiency
because | ess &@gwgﬂ%j§3@ﬁg%§@gﬁzigy may be abggy bed as
signals travel through the4lens. For exanpl e, the

wﬂg&nﬁa 19%?%8&%% 11'1 %}e: nﬁ%c‘g%%tg?% tggi)ogé) {gg%e%P & tﬁ)é( 1'11%1‘;1&% t%/ 13 ﬁlga 1eqectrlc

onvex

cohﬂﬁtt oﬂme matwihl hﬁ\/i]\? 1sttlri]kefré$ei sp@e?vaﬁﬂe@l@ ﬁﬁﬁt akﬂl)ek e zone.
The a tenua(t}:i(g t.he S nal t roug the | ens my
i

co n.&fi eppee re ‘F Hluts edeaqxeglgq %ﬁa[mgleb)é R gwlecg{cd@s /that includes

a §1r[g¢d'ﬁone_F£erﬁ7s3-$ﬂcé ?aaw&ﬁf% ﬁ@ed\é@t@ﬁ(ﬁng Awafd Bdnh 84)aRhi tAinkdior
dB/inch, "losst" is the |loss tangent of the material,

plapay oesel SRS s ASGHSLLATE Vo fIey Re Al Ppag maygiepthpreduce
thd Polii€of theRnSRaCRaIVAYRb LRI Dhe bNGalBleBight. This structure

illustrated in FIG. 8 may also be referred to as an internal-step Fresnel lens 160. In one
embodiment, the internal-step Fresnel lens 160 may have impedance matching grooves formed

therein, as illustrated. In one example, an external convex surface 162 of the lens 160 may
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25 Referring to FIG 8, there is illustrated another
exanple of a dielectric lens that includes a single
waQomwe/0Fuesnel -1 i ke feature 154 formed extendi NnBCT/D8EM081026226
from adjacent the interior planar surface 156 of the
| ens. As di scussed above, the Fresnel-like zone may
greatly reduce the volune of the |lens material,
thereby | owering the overall |lens weight. This
structure illustrated in FLG 8 may al so be referred
to as an internal -step Fresnel lens 160. In one 30
ha%mddrmé impelfnck RlRhig lorod V&1 S EGRRE s &&ealtééi@ngm discussed
have 1 npedance matc grooves forned therein, as
abpyd. (eriateriet planar aurfeceelﬁgmyélmlbnly drtecanp gF metsrayeoves 166 formed

BB 5FSh 450. T OO AR o

plamt sltnfanglijzr tomeg af Brpd beunddryans thedinesaeltlikie deatire 44, may also have

i usse ter
ong iO?n e %roove? %)6\/ t%rmedqﬁerelﬂ a% ILPS([)r%t{Q/Ji 41 "1?@6 %?{é@ Jz%@nag%ntrlbute
to ampnovmthe mhpadandelmuydungaﬁ‘ th¢| lscsuée et mbeﬂuec reflcged ldssagatttbe convex

M e R

fuﬂhamdnaveths aﬁtalmmmsrefﬁoeengy ooves 166 forned therein,

| ooV st s L E R S et SReveret B o 1B

cohﬁﬂﬁwﬁhl Fedshe? ¢dne flate3S®p Poriond 1R chalv@xer sorfick fomay fd a edupled

t he Fresn ke surface 158 at.the . . . .
hop TR 1 il o e e igenc oy yptichlE Fadiation fgident on
ceﬁamfpeﬂ@néf l@mﬁmﬂﬁ;i drﬁd IEMCM" thefc oGO IFes3ad] 1dnk 300 Inot (ﬁfé&ted toa
| S | ustrate in

h FI
foged pRighrtlithsiigns: Fysepeast &@ﬁ%tetﬁ%%%ﬁg%\'&eﬁ&éﬁosﬁﬁ iption

foflked RBIaBOH B1- 1§¢iﬂefn@§x€ar(yé}36ﬁ)6f fe @meﬁs&ﬁMﬁﬁie leRb Mhe focal point of
antennaf of the |l ens, which has inhere

the jeas, o Hiughnicdsia FI@ i Op e frgqinagsstep rFaqﬁn%tlffné ﬁf fhg dnvaetinn, when used in

confdidagbNwitR b khiakkd hox%téﬁﬂéﬁ‘nab%agﬁﬁl@bé-; thoreQdffidiBiR replacement for a
conventional Fresnel |ens Ois not directed to a

copmp@gpnaé sflestivertshanteppacthpreheonvefiopd Argshal densesh éhs discussed above,
thé Rlizhdl Q{e %}‘%Hel s %g grdv%%oﬂsﬁd%réﬁe Wdightis &’thbl‘ﬁ ared to an

focuses Fadiation I nci dent on ané part” of

ordineryplangropanes leyk. Fw@epws, theintoyenl-figp Hresprbions dess nmn@rh@e the
" " r r

R puiRy GhA HEh e linbBlch Sombhleg {1l B b1 B4 o rotating
anmmnbmw&mﬁmmsmnth a conical horn antenna, may thus be a

nor . e . .

e B9, SRR TRl o AR Py v 16
acbamdmgso thasnwveintianu 3 thik ealdodiment, ttﬂeeilelmtm led 164 tusgs afplawrrehvex

shfl%e Ry grgé(rmge é)r\{ens sur%ace%%ﬁjgnd abm-anvex ens sﬁa{%\é 'for}%ﬁ m(fe rq%?eng gurface

i ' ano-convex
165 n Eacnafl thespema%&r evmﬁaeh 16%as thtoiagrinodurfacecros an;a@r mbmor@(ibr more

oS R PP Rer e 1P, BRARAG e AR EnS For ey e
a Pripglei-tilad featng. 1 6RESraved thegpin, @s Hibdbssed hboﬁeh@feﬁucteﬁhe weight of the lens
é#l ust r.at ed enbpdi ment of a di ric, ens

o £ e R BT RS o o 19 e St e 2
detdimirdstie|sediceifer dneBide dthe wﬁsessla(e@ anpkmasphencal, %hﬁb@lcfdi)f

a perineter | ce 163 I -conyvex | ens
hygﬁxgﬁéc sf%x{acea ﬁn(? FP?E %ﬁr% 29%15 gﬁpcfnga gnt e opp051te surface. Inthe
illustrated embodiment, the bi-convex portion 165 is designed with a spherical surface on one

side of the lens and an optimized locus on the other side.
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25 165. Each of the perinmeter surface 163 and the
interior surface 165 nay have one or nore grooves 167
wo oroam4her ei n, as di scussed above. | n additiPeT/Us1963/026226
dielectric lens 161 may have a Fresnel-like feature
167 forned therein, as discussed above to reduce the
wei ght of the Iens 161. An optinmumrefractive piano-

or bi-convex structure may be achi eved by using a
determ nistic surface for or®-side of the |l ens 161
(e.g., a planar, spherical, parabolic or 30

hy p@[stlﬁ)éch&eds oh e dx@é@n@l@hééb Ry B@Hesﬁ%&@d !o% WSarPdptimal

poi nts for e opposite surface’ | ustrated
cogma@m@ﬁwelghthbelmmmmt@% Iptsrtengont. agls: rpﬁacalég ingerethat i stpble
ac?ossc'Q ﬁ?ée' tgrﬂt)eg%tgxge rafige, ﬁ@nagrllﬁsg?)'e gl étgf)le ttﬂ&?‘%llagé}l? @gg%?@form or warp
as B@'ﬂulﬂsﬁ eXI®502 82@e tenRrafyse mngeswg; daringahlricatior, ed will absorb only

I Vi he &

oS S S8 AR A5 F PR B AR il
conélngmn sych diratl argy abecfrbabnmvterel vnd axrt ddversely sffect fiolcombingtiansd
dl?alﬁcuil %%gctaﬁt 28! t%ﬁq%r F rgggcfu(\)/% %dg?gf tﬁé Pegs gﬁlrtggt?dé)reg lkf)(%
affoxqubity, ét rthay Heaiegmbteelm dredénsrbe emlyg”ﬂmcated dlinraddngon it may be

def &%&%@%&L%{g&s‘ s%glﬂgg‘g lﬁgnnsl%lltl bonqgfd){e ctr\écec{?ﬁ%a o%a%ngent and a
refihgive exiposerthemichilyiesist atiatislialdobsls ,aliphacib hy dradartny and mineral

apsorbed noisture will not adversely affect the
nbination of dielectric constant, |oss tangent, and

r ef raagbiding tb BstesmbRllintdhe aHEHl’ES;tncHH’fstnli‘E@/ﬂﬁQbmruét@d usmg a certain
i1 be desirable t

fogn o T4t T AR G ST oy bR §8) qperete n

thé BREmdl Bendit@ms sshayl PO an 3R ExahP g th@bhl bda§ be a rigid form of
dielectric constant | oss tangent, and a 10 refractiv

polyrihasneKREVR ARsrPsed-jiked éghywrea? KEalysgyreng fergeg| vdth high cross Tinking,
foRblaRipRt 6w kY HoRCRSRIARInA Ny BePomRl mtaglhfgmy 8 SR tupdwhose

to one enbodi nent, a dielectric |ens

shapfaey s be affeptadry salvensy ansi whicl elsame hapf@ P;‘pyf Jielesteic ppngtant, low
loéﬁa@eﬁpéﬂﬁ%%&aﬁ? oﬁﬁkr@ctloﬁeﬂ &k@%mﬁl@ ARInRdd p%'ﬁﬁﬁéf polystyrene

and can o rate in the thermal conditions such
mayOlRve the folhewiag ehepActeristios; g digteciicicanstaphf approxindtely a 5f dlops

taigée Aor 18R k43 lodoen e éxlfd?ﬁﬁ% Bl S? ek *M{?%, Bed ?"Q‘* yh&he-

ystyrene forne Cross
defxranatipreprop@ty dolymsrssud aspolyisiyrdae ag beaynddeVlflﬂpw@@1¢ctnCdoss

angfnpalgg{ég%n{){;&isl%log EeLL %‘tgﬁtgh?]lg %pglﬁr E‘cﬂ!?e%t d at\f;%&opﬁstlc elastomers

with éllenemtpﬂastic_: aoredtswnteric b@iwneﬂlcowmaﬂg% ﬁh@ tegm dndnepelarhicbéers to

Bl SELARL e £ S0 BXBIB) 6 v AnHORRILI DGR BRI SLetorialy
pol'ystyrene nay have aracteri s

badkine¢de dh these pxdmtr&nnatmalsaﬂp kaecna;tmd)gcrtﬁts Bre paintipally 2@sult of

el%:cg glc tphlgﬁ&%loi @ects ﬁl‘g)r F’&N gei g éa/u d gu ; eﬁlg%qg’egl% Qlltl(i sgryregef mixture
mpy bpeiiyerizBdthyough sadiiaCira@mn pogiyss yrroesee hﬁlmd pbB/nfeO l'l'ﬂﬁday
lectric

PSS o SHOR BT by PRP SR gpndr BmpSient.

Pdlywyramph@sliel cmmph%to@rf&f&amWeI the fd]l@fzviﬁgﬁio&ﬁ bt lﬁ‘oné}iwar monomeric
el a onerlg B yner ¢S Fnts ?_ter non- pol ar"

urptgf gne, glpha- Istyrene, olefins, halogenated ole ins, sultones, urethanes, esters,

amides, carbonates, imides, acrylonitrile, and co-polymers and mixtures thereof. Non-polar

monomeric units such as, for example, styrene and alpha-methylstyrene, and olefins such as
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nmononeric units that are free fromdi poles or in which
the dipoles are substantially vectorially 25 bal anced.
wo pootlemds pol yneric materials, the diel ectric PCT/US2003/026226
properties are principally a result of electronic
pol ari zation effects. For exanple, a 1 %or 2%
di vi nyl benzene and styrene m xture may be pol ynerized
t hrough radical reaction to give a crossed |inked
pol ynmer that may provide a-2bw | oss dielectric
material to formthe thernoplastic polymeric
p@ﬁ_‘ﬂ% ¥l 'éth%leﬁ’@ |ab{c§&db68/%r§%ﬁ Qe fReFbB %ycaiso bk Qfed, The
exa | owi ng pol ar or non-pol af nmononeric 30
theg SU‘SP‘W‘@?T@ coallp@mt wraY beyseleetpd dioen pobysttengspoly(alpha-
mBBYRERRAE), ggqb IRidas, sul fones, urethanes, esters,

am dés, onat es, i m des, acryl onitrile, and
co- pd Ileym@trw frny & arossslinkee pelyfer mdwtypmeasuch apthetdesdribed

{
aﬂgﬁ}% Itqngayﬁralé:‘eﬁss}?%?m{eg s (sélﬁé( @6]%(31%’ ?l r%agcﬁgl% %Bgrétlg% and may be grinded to
SuPf3 01400 did o IRGT fHaB 2008102’ BAB0002 Ziches: Ay lcese ligiced polymer
poq?t/ L:rger}ﬁad/ rﬂ%gtaq:hg% eYc%g o cogﬁgﬁ Wlﬁé npu%ﬁ' ﬁ%\/%l? %C C%dratureé(e)%ceedmg the
Tﬁfy algemagyedlgcliagela ﬁhanmafhlg Irg&ﬁteynt mnerialpodpe(tatiphia resistant to alkalis,

o PR i O08 Rl B8 et alF s SRR BRIl s o0
fotleemaypindiuBe thb gmyedmyfadm@ aﬁaﬁatelrr)al -btop Arshell Satuge discussed above.

o 180 S et oR 4 Whien LR Peiipetan O g oooss tens

m@teﬁﬂp\ﬁhﬂc]ﬂ flag Be crofvelinkedpdlystyrotes %cﬁﬁémwmngﬁemﬂi forledigple, cast
mai ntain its,dielectri.c constant \é{l n2%do§ﬁ}%éo

fro1R 0P e s & edse s GXAple o sughypmateril iziuova asRex

Remm’gcxalahmqﬁ@&b@tlﬁﬂtéd W&sfi?irb@l mi@fcﬂ@l% sztich@eIde b$ C-Lec Plastics, Inc.
, al cohol s al |

ant to
i‘reg@clai“s@wé agwéecm%@mm at+-os thrqugh éﬁ‘é%‘% A cgtrerpely low
dlgdllﬂn@@ Ecto®s. IFRR6Iit8® elb &I RENIRYt deRirhbisth drip@isid #SY Bller normal
surfaces and internal -step Fresnel feature discussed

loggsio ! casting magybesiastiics, andpray dpblegwite sress|reliyingpyiops, during or

affeP frﬂ@lﬂmﬁé Bux@r%@?ie A&, 'H%Qolﬁé@ @va!; R BsdrB ‘ib%s thAR108% FHmoisture
be cross-1inked polystyrene, and

affeh h@m@eﬁ imigerseskin feiling witerfos i lehoursaand WIfhouhqlgmﬁ@anhange in
dishagt §oﬁ%taﬁp e tcgi“@orﬁ?éﬁﬁﬁ & Rld t%lﬁgahlﬁe ﬁ@;{cﬁﬁé@'}n éﬁﬁgMO those

as Rexolite(r). Rexolite(r) Is uni que cross-

uss by depie nEemhtq%w@upbm@qhmeﬁadeg ttynd@ad_te@mplogxt Pussto high
regl nce éa' g’olﬁ?lgﬁghé @g%r)algjlzaéea&ﬁ ?'?%%vm%x%ﬁfe@ tﬁafl?erle%&%achmed or
laéhr bsanpeut itovery elosedpleranfsxiol ¢>tae(pte) a@umpibs oBappoximatelnne0d1 can

bed&fté?ﬁém}y r%glﬁdlgé @}a?iég lnfé?/fbta Q%lajer?ig) [Fgfég :s]lg%g ’cools(:)a.lé}ﬁi ?1\701@| %excesswe

casti ng ree require
hqaedurmglpngshptg &ex«bla«f;@ mnhem@akby resmhmtecv allwlcshalmhmg;, alphating

h}%ﬂ a b standRr;% eq latc%g nav(Ye%on 81t sa%sorgg/ t rthan Hcryhc and
. E 00 P ]ﬂ)g ﬁ H‘H’E § F

er havi ng
lekschdn ha@“thmwaghtfocﬁffFH;((mﬂlohpbbrmlummd W t hout significant

cha i.n 20. tri tant. ,The ol

conglgegelfr ug FEsipo %i(g% 3 agﬁ ﬁ‘a@‘ a %Gtﬁ&%’ls?stlé%ﬂayrl?ﬁwoﬂgted to the horn
amerx]md lgllo ztsollmshmeg Auzedn®t ohe emgmcnmeﬂ?,eﬁméttatea(nﬁ FIGRYA & 6B, the

t e . | ne usi n t andar t Due to .
e H o e B PR R s S Y Bl i the sides
offthicolensST 1488 maRBX Gdeld te4trabh thaYerld 8ntoAGthdt sHEEI] WEKaf For example,

the horn antenna 110 (see FIG. 3). In one example, the lens may include three flanges 180
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| aser beam cut to very close tol erances, for exanple,
accuraci es of approximately 0.0001 can be obtained by
w@eiondings Crazi ng may be avoi ded by usi ng shar@I/usmb®026226
and avoi di ng excessive 25 heat during polishing.
Rexolite(r) is chemcally resistant to al kalis,
al cohol s, aliphatic hydrocarbons and m neral acids.
In addition, Rexolite(r) is about 5%/l ighter than
Acrylic and |ess than half -2he wei ght of TFE (Tefl on)
by volune. Referring again to FIGS. 3 and 4, the
whicB ¢ ekiefd £61R %%d%élélf tHRMn PR 90@1@@%@&%@6@ ﬁtoﬁleoﬂg%ﬁ&her such that

antennas 110, as illustrated. According to one
onsriinay ivdeseted in thipsopbatabe forr uedents eeRthe s istdeweldranpm op-

dévarf'pe@ﬁ)\écth’éca{slég&v@fﬁq?ler 6]§TDA€CO%I}:?§) %H@ﬁiemfflc %g&?ﬁ S %%Oﬂanges 180

may protrude fromthe si t he

mﬁﬁ?X‘f%i apgedimagelynd ﬂé%hclneh drolethe edgqpétharlms &4 amdydees a width of
@%ﬂné@l ofébrmc%é”% Sated Jﬂ{%@e %1&&%%{&83 \%'elagdlélﬁ& &G
). In g th e

. ne exan'p e, eﬁs nmay I nc ree | anges
appPBEinely (020 Oichesad e@érdlwemﬁbme@w 510A@chaki dbweves; with the

ﬂ?r'{gtese ﬂfé) Ih%%ﬁl xtaE%s gidtgg H:g% h%él?ﬁa)’ berh%Pll%E(m?aQelfg g{)ff)em eglw%sén

om ohée anot her suc one ange oca
megspeeg owh flafgetahiss freatest hpngﬁ Raedch exdals outveard fom thescenter of the

MR AT P B B B AR 1 o

gmaysteameb}doammmhemtel y 0.413 inches fromthe edge of

the | ens,.1 ave i dt h 5 Xj mat el
0. oo ERRHLS R PRp et e, B Motiht 1 Mlmey REBPR| AT o gt ar e
mét-poiett 182 betveerafiynpesi 30RiEhyterlal @RBrutieb®e@sndaRclapprax@dite $.020-inch

o RS T P B P arh o lprdst mey o

foRpEt @xXhdingdsy1 88, Qﬂeﬁolwrshesay behieddl folRashifig M 18¢ M onto an
fl aqr]n%e at its gr ng{eas ngth as. each extends outward

e e e U B RS ¥ in Fiiud2. 11 pn suatenle i holes may each

hdvb@ dianaag Gﬁaplaﬁﬁnﬂﬁbﬂy exbended. r Mt dRelL f@ﬁ:@lo&fs el Be L 9H0&d so that
at their gr eat est %(B)Im by 0. 4025 i nches.

thay. 15 Fﬂl‘?lﬂ‘@ta’@t&néﬁtﬁr l§ise of 66‘1t‘?Fé’lf1PaChtfﬁégq | anges 180 may

be taRered t@Bﬁ‘é"éxﬁ glé ﬁ@@fele@@rlctlaﬁ 1148dy BOUendBr ﬁt over, and at
bet ween fl an no materi al protru esgoe ond

leash prrgiadiingide, echzm JoiRoRa 1 H), ansown inFIG. ha Tleenlgns H¢ may be
désighétﬁ%%@ﬁﬁg V\Jh@n ﬁb@\tscﬁt@ the| PR Rer) 3 IR kiR co%@aﬁ%@ﬁ@?

hol es nay fornmed in the flanges
anjgua Mar@éhqjgeﬁl Ift apaystitl & Withig atChestnaenn@, vmnme,csncroasairme of

ro@a’ﬁ&? i 983' In%Heg {2691, SHG et%? olﬂch@lhﬂt% Fl4]r§n§f beaaggﬁgﬁ)ﬁﬂh V§r ch]al toa

one exanpl e
dl@metﬂaeqféhe @ﬁn ermmn@i 1Granéh eight 2P thie tapls é$4 mAy|bé ariporxithatgly half of

thé Hﬁm@% Iﬁﬁqqum? é&rﬂ%‘{o angtlﬂgy ?ﬁlﬁle SaY kcs Ic'lt ané?/ be self-

on elt er s the cen cor
centgrinp Witk xespgst ‘@ thet Ien ditteined00.i Eorlesmspld, ke simye dfdens 114 may

pe?ﬁ% %esglf 9 térmﬁ f@rz@aﬁ sual as%he lenselalﬁ a%%a\iess a | E%}:)]d i6ns 115

horn a n sShowni
(sdelAGRywideh @vede sergerehﬂa lsmsclh 4lv¢i’atr¢sp\tm emthﬁhbltﬁ’ltaﬁténﬁa)l 10h&n one

&0 n ation of
}%%Bfé tSIG% c? fdl br_j[1fﬂs hl@yol}t?} rlf:r}s n?qytm%fh[ ehsﬁ?,}ﬁ gngrfe ofatge ﬁom antenna
1100 st exampledif el side® of thelbdrn astemnaclilo @teeat 8#5° angle with respect to
vertical, then the slanted edge portions 115 of the lens may also be at a 45° angle with respect

to vertical.
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rotation 188. In one exanple, a dianmeter of the |lens
114 may be approximately equal to a dianeter of the
woieron/osmtenna 110, and a hei ght of the | ens 11BECTH$2008026226

approximately half of the dianmeter of the horn

antenna 110. According to another exanple, the |ens

114 may be self 25 centering with respect to the horn
antenna 100. For exanple, the shape of lens 114 may
performthe self-centering f2hction, such as the |ens

114 may have sl anted edge portions 115 (see FIG 7)

whi kabfe?ﬁﬁg@gamomt B! the havihne fée%ew&lh 11258£4% Bemeglgﬁed to fit
horn antenna 110. In one exanp e slanted

wiskin theirsle pf SotasfontIRE: Iwgthﬁwalﬁﬁlﬁclﬂuw@aﬁl%ﬁgqhg “@flﬂtable
su‘BE;}gteE‘gf JwiBt &2 Qiso %@Qde frer, 1n?8%@5§§érﬁbly 6@ td VRS ihd 88mQfitennas 110

rn anten ar e at a ang e with respect to
ar@ldensey tidaedy, betaﬁeqhed,hled 8 lcewetingl raé@vg@ (96 shamahmay bedesisnedyte fit

4 S
w3 TR 005 i 145 A0 Bl AT 538 el svove. mone
exRefply; the figpd agianionk 112 1FayChe degignadite fivadjasgudi tel thefcavdturreafitfesy horn

b I f

an]fef?lat 3 URE P RERATEE s ned o it el B U1 2, O

3, theoningid aidtier esumﬂy,sheelnmsslo 4wy bl designed Iseah thatelcerder of mass

gﬁ%lleﬁ ﬂ{% agts%?_i%?rgnlt ano ?oa%\%n%poil Ja]% gf)tglg Sggésﬁ%ﬁ%én%ﬁl antenna
1 ((]113twlﬁdhahml)ensmamohetediemwrgedcotrmosﬁltetceﬁtewﬂmusmoﬁathe lens and horn
clcé%? &1%%)1%8 gfsr\é%lggggf t&% Slgléé stHg}%S% I org% ég ffe‘cﬂfgatte? ota?@n o{' t%e structure
by'ik winital dskéntpygobe designed to fit adJ acent to the
ant en a 110,  as

curv t ure o e, ho hown
i i RTEE (LIS 4 PP o A St OR R e ofth horn
ad&Eas tioNer bRangiOhbey lo@XINPERls of the ahtens athdg lfmynab@nclude aring

desi gned such that a center of the |len
19Yfoanedonp %lbth?ﬂ% oL aenng 1§6 @ré[?aﬁl]étfite oféliiestt%antenna 110

. tdRé gme%wrﬂwy Gmms HOWRMNEIG. 10 tAclidhd BOowyH2 aamed tel?r&ite with a

i S nount ed, a conposi te center of

pvs2ALD Ui pspIFae DL 100 Tt BXF o oh giie] ey H4fdSee FIG. 3)

1SRk ﬁle%ﬁt‘éh‘&téﬁag 102 f@) tRE Qﬁibaltﬁsefrﬂ)@y 300tk @ &mRbdiieimbdl assembly
the structure gl nbal assenbly 60. Referring

tornes, thegarignga azay HRe &h@ ring 19Gmspele RRAN RN GHiSD wrﬁéfh?f the horn

Iﬁtgl{erb@ Ry tﬁ@%eﬁ@lre R 1R AbEYARSNL 1.0, nehiOf ceﬁ%ﬁmbﬁtlbﬁ‘&stﬁe antenna
ocated at en he antenna array 102, may i ncl ude

aggays am@lowa inBig. flyr h»eule Gremeple e ripgel 981mavrbé inffegrailysfRragdrysth the
ilitate nmounting of the horn antenna 110 to
h%rﬁgm{eﬂn 616 assenbly 60. As shown in FIG 14, the ring
190 Aagas@l@seddb@teedte peferrataerand Qhingludes edeed mgpvark L2 thay, according

1SR %?dlﬁngﬁtaglfzﬁg)d é{?égh@)@tfeeg é&tﬁ%ﬂﬁ o %éﬂlﬁﬁ%teg LR, 15. The feed

P to nmount 't antenna array
ndtB2rkt 1d 2 tnkey ogemawhqsthemmryla 304y HI3ds ingea@inghalet theeceive signals

ﬁ%}n €2 ai%tgﬁ'éc’ heor %Xtex}nag 1 ﬂgan% t5 E%VI%Q %}E@&%ﬁ% Bﬁéut]s?g%?lﬁ Iﬂﬁed %orts

n outer sur
62@ 6921t Almaattkzely, wherthe dritenna peayt L(}Qe)perfate‘s hetrdnemii nende,dhanfred

r a center of t
e o Qs Blop R Qe 0 BRI SR Er 81l 110
Thes it Btte by glpkegiatadrthe dltlmugh] tftelfﬁilowmg discussion will refer primarily to
operation in the receiving mode, the antenna array (antennas and feed network) may also

operate in transmit mode. It is also to be appreciated that although the feed network is
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horn antenna 110. As di scussed above, the antenna
array 102 includes a feed network 112 that, according
W o00a0e94¢3rbodi nent, may be a wavegui de feed neP@DUK2003/026226
112, as illustrated in FIG 15. The feed 25 network
112 may operate, when the antenna array 102 is in
recei ve node, to receive signals fromeach of the horn
antennas 110 and to provi de one or nore output signals
at feed ports 600, 602. Al Lérnatively, when the
antenna array 102 operates in transmt node, the feed

lldEﬁEtWH‘a vl‘%%gﬁﬁé/ ﬁgg ;1%01%' 9B @8 nBhRW I‘El%db@&npfle%?eﬂteﬁ %ﬁ@ any

to each of the antennas 110. hus It is
Smt?éleéWﬂ@l@giatSw as [psinted Prdvifuepaxigheablepptp. OWI ng di SCUSSI on

W' | kcéo‘? if18 1l WbbdithehOeah aﬁ’[@lﬁ{aqtlb%élbg L@T‘edr&‘r‘t@ﬁ%ﬂ%&m

e ant enna array ant ennas an net wor
((Fﬂu@yS éB@do am pgrcantagle imansdneen §OMT) offides shpbwn i FI&1Ss 6 andl Helhe OMT

8, 45 L RSB DTGB B W s 12

Resfmm@u iFii@. féethdrenetlinstratgd it ierd degail metembmﬂunnmy)f 3):3 OMT 604

ac orr 1 e{‘njﬁ]t ﬁ?enltllofl gléealg %gléa@ Qec%wgt%g rf) ng%}é 51 eoa%gelxllrela

elearehiod ia st port éa(cimdam}emmdelﬂz@ onthygdnel waipphean slgmls at tperts 608 and
ransd

d ' t
1) Shrs B B 0L Pirar taed Ry iedoLinB EIRE cofprRl Gy v
mdy%é pRoviet dor exaaplepht pog 608tad b a@@nd) Q)iﬂw@maltd@ﬁlpbxmhﬂmgnal which

tenna, 110 and t he fee k 112. . Referrin
Pr%deg{ tpﬂ%“r"@”ip 7 HOUsﬁS - a?ré’li1 these B0 arthpspaal corpp oht Signals, any
tra_?_iﬂilﬁ%ﬂvligp%tgf@ﬁl ady alcdabidicRa®9 Wéﬁtél@ohfbuﬁﬁg?hd: Mbﬁjh@tﬂpeﬁbnt signals
e recejve an i t..sign rom t
usingefarerATD) GRERD 200 (G b &5 Wikl dissoge iwom?fa&%ﬁl Boptte
t \A/on%& h@g@a@i e%%r?_mﬂ (L 15! t8O9drE 608, A10TF the@NBT 804lare located on
Thus separ ate an i ncom ng si gnal

10.
siden i3, &4 2tag Own@én@ﬁtgh%qngﬁato thingH PP 69hy This arangement may

redcO¥ie 8618ht Jrdte GNATEOY BompBHredBchbn R BBonaPONITEs Wi GIQHﬂy ’alplcally have
ort hogonal conmponent signal which nmay be provid

ong gytpEhparecated n ap @mersescmf ey QYhT't el ise WilhshowpH agtin Ehe reduced
he R RTRANEORI TS Wy ShelpB Yeduld tﬁ@%&lf}f‘eﬁgh't Bptﬁé artbr30 @ray B which

be reconstructeg vect or comb I Nl ng he two conmponent
may hygrlasixableds paveg appbwlem n‘gﬂcerdlmgﬁ@thpwnzm@ siomindp FIG. 16 8MT 604

indie} 2 R HGHBEA0 S TR AR 0PI adfhehidB sidgs ofthe hom
antehven eBvieng Gurtlzer ac llmtmg ecdluoing tlmsle@htmfshmnn@amayo fin peeexample,
th %gﬁébg%gtbe g 511 uce ; %h h%l?c?m Ft@ll'(ﬁa 87 it&%ﬁﬁ&g}@ he
appnacrmad thdlt a;lthowg}rthe@t\/ﬂbm hamﬁhdemhbcﬂ"an s oY thie eatking receiving
radlfHER, | R TR RS GRS By O ARAHPGSER a8l prblfes o

ine w uc ed
ormbgmhle)u@vﬂ' sigifds srmyrt.h@(]Sp6 IOothee]ME 604 imey olmemwlrdte imeh@xlat/erse

of .t nn arra e, desirab i .
st O ARS s Bhee St e (b e B provice o
comblued d@putGlghaladfor? 604 wmbluﬁheysbeacdupleﬂ teitie bitpnnadlist imap réiAe the
.so that the OMI 604 may fit adjacent to sides of the
SIg8rn  antenna el ement, further facilitating reducing

t he Thep@ht608f610he thrrOMNBed AaY Adt.nedddsa@ilchepeaidfilyephase-matched
and thus the first component signal provided at port 608 may be slightly out of phase with
respect to the second component signal provided at port 610. In one embodiment, the PCU

may be adapted to correct for this phase imbalance, as will be discussed in more detail below.
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the OMI 604 may be integrally fornmed with the horn
antenna 110. It is further to be appreciated that
w@bkaohougs t he OMI 604 has been described in tepPem®US$003/026226

the antenna receiving radiation, i.e. the OMI 604
receives an input fromthe antenna at port 606 and

provi des two 25 orthogonal output signals at ports

608, 610, the OMI 604 nmay al so operate in the reverse.
Thus, the OMI 604 may recei v&s-two ort hogonal i nput
signals at ports 608, 610 and provide a conbined

out PRl feplil@hindb FRO"G, tﬁ@ﬁeﬂ‘ﬂét@t}rk"ﬁi 1&?\1&9&1 gllut%ﬂtsf gt 8gﬁ%lements

antenna that may radi ate

Coe&@teéfto £4r8 obiE p@U%%?Wﬂfﬂhw@M@s%@% rfiae Es:ed pewpct]Rynay include

T QR SROm R I IRrs b GOPRERERl A i
ﬁllste@p@@nent sigedie(fioarani alttmmpbn@nuravsl tgmlm firptrfoad mbadsoat The feed

ne?x%rk 19 ?191 als 1 'ﬂ{?iﬁ%@?c%ﬂﬁ E%RIBZHQO qlagleg %*lhe g&%@ Cﬁﬁ g%e ’81\?’9 s 604

to corr e
aloligsehigstbe vacnndrmna)odatt mghalb@macﬂﬁté‘lﬁﬁﬂm@ﬂ.@m&o the second feed

0 2622
pepelR: MERED o1 8 el BB SRR s e e
padofnm dtee:«bnmantlaapmntG)DMT]ﬁom(mK SSlG&)thhe Gd@esp?ndiﬂgéeﬁ%rts 600, 602
12 na ir

ord e R Rt e tare bt Borrlndsson Biuos, 620

m#GMie anﬁfbﬂn@l v dinty acdames h@mbérlof Bénds ampD SBlioms) s@ﬂlﬁih&t the feed

tenna rst feed
etk THE 85 oB RN b lhe irba & et apd ttendsowebmiisnals.
pat MsGROwE mmbeds ttIQ: f&énalea@drk $ lﬁﬂagy pkutib g pkMlitySofGPglane T-
.alon%ﬁﬁp ﬁg (E nd _conponent signals (from each
JUBHIOBHGrr) G E2d oV b ﬁ@e@@é&mﬂlweratm%rr%ceee sode, the E-
plﬂﬂ'éulsjun&%ﬁl i obé’i@ce e {daaganakdo¥iverhah e @tnkAAPBPERde a single
SI nals may travel a separate path fromthe

sigal 8\H1e5 g}e@pgnwraﬁésrquragg@ n tgppemit grode, dghe E-plane T-junctions
m&i}osfef\@%ﬁ ebRbEvii&sdo B L S ?}gﬁg Qvomﬁepgn%l@fee@ p&inf 8 8d @%h‘%ﬁfehna in

112. According to one enbodi nent first and second

thparays I thg illustrered example. Bie vepypaider T -iaptions 623 mql.uﬁegnaaroysdreectmns
628 U\Wﬁl?fesﬁgct Rendgidanst e rein%ﬁﬁ&'s%@n%@%cmaﬂ%%nﬁ Q?uncfr‘

network 112 does not inpart "an ase | ance to
imppgagge rahfshlgeclalmaer@wp@mmnsé% fa«iest highasimpiedange than me@nder

seeltﬁms g%garfd‘?}?%'nt?@{;égﬁ %‘é‘g)é %%B} dK qldg%ejﬁvav\ﬁ%ﬂ intle(ngﬁ{ In one

examplémsalhestrﬂfasi thewaysevide Taenctionsr6d2 eiay énalusid@, notch €3 Ethat may serve
to ?’e&&@e gﬁéhe' BELHRADE F‘B%ﬁ?igﬂeag 3 é)gssgé)th?o% h ﬁie%n%l‘la on%?f M5 ov1d1ng

rom eac ant enna
rogidgeaends Wirgas shvevnaaltosrsiize faed meywork ldﬂ)@rtaitel updess Space than if right-

an %g\g?ﬁ@ R’VGF%%@% aB%I g]sc!zm%l ?en\% tI deéréiJ SE€ ighagen Jistd w&%ﬁéﬁ@%%@ﬁ% as it
papses througb tededd 62k fEaah] bvEthe ﬁrst amd sb&md@aﬂhaﬁléi 620 inhige feed network
A AR LSRR 205 S8
compdmdmt signdldrecdiwyan aquaplisecddQrFondgidpadatiad thprieh teMed network

1]_(t%unction of inpedance matching. The narrowed sections
26 have a hi gher inpedance than the w der 20 sections

628 Azbetdimayo bnemmb@l:lirrysnba dRERtRAhBR el be POELSHIA KitBH the feed
poWaX@d %Hgoth[he Peed ner}gz r|?< 1 15.n FPC?.%7 illustrates one example of a dielectric insert
632 that may be inserted into the E-plane T-junctions. The size of the dielectric insert 632 and

the dielectric constant of the material used to form the dielectric insett 632 may be selected to
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exanple, as illustrated, the waveguide T -junctions

622 may include a notch 630 that may serve to
waelewnosmdes phase distortion of the signal as itPQEESHES3/026226

through the T -junction 622. Providing rounded bends

624, as shown, allows the feed network 112 to take up

| ess space than if right- angled bends were used, and

al so nay serve to decrease phase distortion of the

signal as it 25 passes through the bend 624. Each of

the first and second paths 618, 620 in the feed

WREKRT drlidedIRY nb@hSnd Hgnsﬁm%nraﬂm&& dsaés &?vv&ﬁ tﬂerboﬁésﬂhe

irection so that the first secon
W%\fegwéP $-juction fewingriheigedports iﬁé&é%elnayle fexmplp rthmh@aﬂm@msert

6§2'1ﬁ%“|&%05§ﬁw€e83:‘3ml NELORES. Tﬂ&?en%iﬁ“rﬂ?g@ Ergie@%glé@ﬁ%g%g gietectric insert

ectric I nser
632imay be seleeted seitiat t@@dlplocrtnsmsmmﬁnszsmrglytwmlnf the deed @omxﬁao 602.

7 | of
In]ollg exe{r:ﬂp%e :g'%e nﬂgétllllcsﬂxge?{)ﬁﬁlnﬁ Hﬁlﬁlﬁia/ c{f Hglegi% f§ erein. The
holqswﬁ& magserve Thlewst theefﬁa‘ahtdxhelehtﬂct embtantof Itlrm&kﬁdlécuﬁﬁﬂsew&?ﬂ such
t.he material used to form

e trlc nst f
th%t% Oga%i‘%e 9T s% ]% Yﬁgy be selected to WO
20041@&9@@%/{2&521@0&/ di2 62dfple, tRFeddrrivestk 11 h@ay_bomprise one or

C tch .and t m |on ch cteristic
R0 B0 o N TR B O GO B St forcxample
beftwoseniadigcdnh OMEE 604 & ﬁrSVl@Q&idltﬁﬂQl strhﬁu@ﬂ@upﬁ@?ﬁfw tiR feddtwork

e 30 Proghes OVinor b kORGSR 3B OBy gl the brackets

660inedyettifite gralln ehiéd whB e TRY nb®ofie] 2GhE tha§ QohPride alshiBle material as
diel ectric |n§§rt 632 fits snugly within the feed

the, Gt 850t 1160 a@hﬁh@@ﬁl@lﬁe%mcé@m bt e wrddadiog otherwise

atlatlfe@htd sBBSns B heTaddteByaplt Ural ity of holes 638 forned
therein. The holes 638 may serve to | ower the

ef f eXCPIBEdP 818k FEOEBFY: antvaiEuidp &cd neiPedt Yi2andyrisdvde a feed
orfhdmo8sHEihsdideAtnoBshe @ o'uﬁT@@ faneLof R £Bd ﬂ@%g@@ qeh ?@féﬁﬂlg to

Referrlngaalnto ,_In one exa :
Sudtpacts eqdl%awwd%@mﬁwcg@(%\@ & ln%n@udﬁraéifkteﬂloﬁ 66’6 end psecond
po?ﬁﬂh@@fe@él've ﬁlte @Rt hid éécon-ﬁtb?thgéoﬂglkc%ﬁxéogeﬁps@?ag nﬁ) feed ports 600,

connected, for exang n adj
608 orgspeetdvobr. SNhedeed MG reabivestthearthogeral Sisppulrsecdnd pompmxent

sén%@,(it P&isviab kind an-drﬁgﬁvgf;egg g&%ﬁne@i@@ nqurt A9 E)?‘(ﬁl?trprgyr GEE oFhe feed

el ect romagnetic sl n one
OxB@4Rwmaybe sulntaegﬂhd iflgntitad torthd OMIT 504 anel rheeychet fmatrvhogmlam;‘tﬂ) the

Ol?q'% dﬁﬁ%‘ogﬁ o\t an?enﬁ?sn%op%{%%pka%he estt cérg%%ler?t § ygn% me\lg/%e provided

er exa
at pett d@&jofd})MaTtélﬁé,ram wy tIan:l albhg thetfost path t6il § ndthe feetl hetwbekeld 2 to

rdj t 0 _anot i ent. the
fe‘or&é%, egul a; lh}(f%" g}'sbn et ?‘%0? © ploﬁtgi?% 8§8§ﬁg éeé@gas shown 1n FIG. 18.
Simlltﬂﬁbo ﬂwckecdnd@nﬂ 4 ef ONIMa04 atagba Lougdadplie dletseco@ﬁ@klh 620 and feed

popi QDR oG et EretedSpenvey BAaMT0: Ml fifhecipponent signa

redeiives b fipsd phasé 42aphchrain OBCOET, a path Helodd,, hidl £ R6&QId agehﬁlay s
first and second orthogonal conponent signals fromth

fronp Yot Sigdyrly, thsgecond eepprosentsiengl recpiyss éésapl@mrdWZ from
O8G0k ettt iy, { Q9B @Ld bhdsS el ANS, RECORF QMRS He
combination of the two OMT’s 604, 640, orthogonally fed, may cause each of the first and
second component signals o receive a substantially equal total phase delay, as shown below in

equation 4,
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20 signals at ports 642 and 644 and provides a
conbi ned signal at its output port 646. The feed OMI
wWGAd4a4be substantially identical to the OMIPGDUSHEN026226

may be fed orthogonally to the OMI"s 604 coupled to

t he antennas. For exanple, the first conmponent signa

may be provided at port 608 of OMI 604, and nay

travel along the first path 618 of the feed network

112 to feed port 600 which-ky be coupled to the

second port 644 of OMI 640, as shown in FIG 18. 25

Simlarl o] p 604 may be
SR e M g DTS ) ot

coupl ed, via t'he Second eed port 60

whdie(dtees]) HREWON- 1) hikht Qolhxhz%d fiedt 9hd Re&dd c@ﬂl%o&fnt %ls%@ which

The first conponent si receives a first phase

arg|phagg matehed a4 FheGVHPuBM 6g4§ o HierfeadlePMY 648, and a second
pha%c%lm@fc ﬂh')othefr ERBSSMnt 6[&91‘66&S Sﬂsl ) tfP’l% féeﬁg@ﬁ&%rk 112 may
phase de

onmponent “signal receives a fir

becmTEIGbATECEH b PEL: Wijhoup fead QM mwn&’%ha&ebmbelhmd telprovide
o D80 STl b pven .

antllpe ab wils be disdhssed @can@ deratipeloent signals to receive a
subﬁtantlal hase del ay, as shown below

t ot al
LTI ?PBW%OI%@%%&I? 52487 PO 8 MdIEDE . 27
temﬂrémtetalid v'a@lng"ﬁ)lﬂ‘ﬂudrty [ THR b0 Akt Hibldture 4dndeha s Lwiivh Ehe"feed

+ are the polarized first and second
ne%‘?{iﬁ a?fgéw& (mg fyria P%dz chiRdIgmpRhsuch MeissHe SeeseaRe nBdhateed priwork, a
nueibePefismal hbleb Ay B diilRg id &%ﬂom tHR4d nBRFRE, AL QQ)V\InQJy arrows 650,
(ﬁsnother enbodi nent, the feed rts 600, 602 of th

G AP wot Ronlellgcqﬁ*a&s msh%@d éwsll amgler @msﬁﬂ,@lrtgiﬁéuoles may be
drifle®nawitgd D@bthetdr dre@fleMpie, A8t 6.060 BEHds! nﬁyotlk}b‘? 1434 elgdltxﬁed for

provi de polarlzatlon conpensati on and phase nmatchin
expugple SHPEARHER, st ofAWg ojihrok diplsn sraceskapas by fodexampld, m;szs inches,

me@soevélrﬂllled bea s us SRH alskt JFREIES 1957‘ akd hagg L AWimeteP cc)jfsaﬁ)%ﬁt 0.060

pp ications, the antenna arra € expose
inghes lt isdn e ansreciatasity thetlocasignseand thpammbnlgoﬂnhﬂhodhsnlyustra’cha & FIG.

19%@@@%&?@@& e F&%qg Qéﬂc?% ngf:J‘érQ mel%‘fy éx%ﬁgles o, The

networ K an ennas. |In or
inyegtign ignet linitedde ﬁp@alffllcuim titee afidpditions Qﬁihekhola ifusrbted hatin and

ani gﬁlnv\i))err E@h(ﬂgs l{sl% be bi lo%%d agcgﬁ'gr%ﬁtg%% lons Hn_#h@%eefél.egv&rk 112,
sonRefeoogtto OHS., 20|tlnmi¢ xsalﬂtedatbq/a filhotionakisiogkl dagran bHYR: eﬁﬁﬁdlment

o 7 REGR B DS AR B RS G o Bk

mquntabkcaumaémrso tlex mayp bembyntat sroMSaséenger veRitis, th w{\/ﬂ)r @kample, an
ace

e l.es s
airpt B LR RROREL AP e of TopirRine FF B0 A —
sydteh syheml}e mblﬂmbltas\uBS}@teﬁhl 5@ﬁ§§>&érn.ﬂfyl la(ﬁwdtongn Qﬁ&gﬁ 82,8 Shown in
t preCI ated t e locations and th
Ficiu i i ByeinE BRG u Bff aud s el pommicy 308 w86 beogndingprnally
or extenglyasnyang mjibetolﬂ @.issénlger \&:hi:!%s TAB dinfRPLskdMIsly JOOBEY ﬁl’b@ide an
invention is not limted to

{154 B RUE Aot RNl Op 6T £ 12 st & epdv e oBsend. According
to th filtistrited @AnPEY S RinMllassembly 300 may include a power supply 302 that may

supply the gimbal assembly itself and may provide power on line 304 to other components,
such as, the PCU and DCU. The gimbal assembly 300 may also include a central processing
unit (CPU) 306. The CPU 306 may receive input signals on lines 308, 310, 312 that may



10

15

20

25

30

any nunber of holes may be used, positioned at
different |ocations in the feed network 112. 20
woredoerd4nyy to FIG 20 there is illustrated a fRODUSINAND26226
bl ock di agram of one enbodi nent of a gi nbal assenbly
300. As discussed above, the ginbal assenbly 300 nay
formpart of the nountable subsystem 50 that may be
nount ed on a passenger vehicle, such as, for exanple,
an aircraft. It is to be apps-eciated that while the
follow ng discussion will refer primarily to a system
inBhIBE 8atd REa g@ﬁ@%btﬁn%ﬁ&?&&ﬁ& ﬁmr&(auanﬁm I%fh’é' slu}éh hogabmad
on an aircra as shown in 25 the
cqordieaies Btepsatiifpde, sures lppgitde, secy wrgﬁweﬁg%%rcy signal
st?éggthn'ﬁ%’o&%xhﬂﬁl@ttﬁgddtﬂkgér@ﬁg e so %/ B& %J:ljﬂléld ch@r éhnl}(S 422
passehger ve assenbly may
mp;nrgw, dewensr, therdysieh deeot b@hmﬁehartdfaey siritebly ﬁammg@@mn;}mm@y be
e t
us(eﬁ ‘fh%: %1&3‘%)?153)5 @e@gm@j}r&ﬁi 50595]1 agi%ggg% @W‘g@ﬁdﬁigggsee% 2)to
causctha 8EUL0p m\amesmfppﬂ)qlar%mlt stkaw beisygen the prmwatlbuescglmtaad the
t on line 304 to
B RE TR el ool voO5s R RLOK SFAREL 20 b, “The
g| niiHle g aizkmbIIGO0 may ﬁaﬂsopmvudb upabeatmg pewtrtalkhe PCU 200. In

ﬁtbol?t prgwgglgl e chtrﬁ(l é@to%)afgl’cg ]Szgy Jig tﬁ TPbal SS&

rr*h al Wﬁiy 300 may
mﬂﬁﬁ% M&eﬂﬁrmbﬁﬂﬁlﬁﬁém&ﬂ%hrouﬁﬁthe molintthg bda:_ket 58, as well as the
g oE v oA cad¥ BTRAR e e 4t BUS ke i Rl oty 100

arsialen ices uoh &, fai@eamHQ Uk 6 display arr dpgakiet, that fikeve RosleddLdE the
ignal strength. In one exanple, the data regarding. .
valNe (05 fscres BSSE e AT AE RS O FHoiPEhs Sumberad diserafedvires in the
sipoRMEIn antiRBe8Y Bt oRall Sy ek redigbilifyMaAldafiondld, ame aﬂuaﬁt@g@h ef
comuni catjon | ink may be 5 sed The g
regpRing, g NPRBRiol lé“r%‘ﬁtﬂi‘eotl’ung egh regwi"ag i evqﬁ%f'b agléeéer for
exabdple, Rhth kMalld BeiBradinSre iatind Qbbld MstaP4tioR 64 eabier and a possible
pol ari zati on skew between the inforpmation source and

re@h@lon&htcasﬂ%!k&%@@wa}zles S4TYiRg the prntig] E®aR- i n nore

det apdredigl WIGTHE e JHRBA1 28338 7H0Y Qoﬁfﬁﬂ alfl h‘iutnt]ﬁrand elevation
provi de operating power to the PCU . addi ti on,

arpglfmf thi JdennR asserd V:raéild thus ey incndefgp ebwoa mp’f@duvq B thpfedrives
argél%ﬁlm Ao0s R % e tﬁgia)ﬁtenwar rih g‘e‘@aﬁloﬁ h&d s %ﬁ)ﬁth%otor drive 318

I Tnes that need to pass through the nounting brack
thggdrivgs anggimuth gnotdyd 2 tmdsairolgnd \npt’rlte@l thraniensa pirey mwﬁml@ The

i ol e B8 hud o SR AR o T AR P S algemen:
desprbedarith respact torBIG. Bé, dnd et edadationstholer 3 Igenayadniedheantapna array in
el@x‘?a‘f%ﬁ §n§%’ wﬁﬁ‘?e%ﬁé&?ﬁ‘)rtﬁe o? Hq‘é%ﬂﬁ@a@ Qﬁs‘%bl& %96* 8€ze@ Qn Efé@atlon angle

ramgmfsmwxmat@y 0ol 908 ystzemnhp eTh%(Ei?UI BQ@/rnayﬂutdlze ﬂmnamt ;ta,ta
re%?? gedooa}xdl eg(‘gfg 3?0 %fIZ o con ??1‘{1% erfg/a %Qﬁrg{t}émator Higes £ ;[0 pomt the

reducing the ov &r'a
arfitema cexautlp liregzimith land;eimlralhen tobemeraaiéslreda;t@altfmm theleformation
cabl |nstaLIat|qn

ier .and, a,possi bl.e uctian
SR A B Pl e B PG AR B B i
asserholienEd2U 0326 tl%frﬂy pravifietaay FédessaBnechdifical strdeaire £08 S eldvition
an(paZIH[lT%X mo?org {O mOVC t eaa%l%erlg}ig h and el evat I on

array.

According to another embodiment, the CPU 306 of the gimbal assembly 300 may

c,
b

include a tracking loop feature. In this embodiment, the CPU 304 may receive a tracking loop
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angl e of the antenna assenbly, and thus may include an
el evation notor drive 314 that drives 20 an elevation
woRian1816 to nove the antenna array in el evat PORUSZN81026226

an azinmuth notor drive 318 that drives an azinmuth

notor 320 to control and position the antenna array in
azimuth. The antenna array nay be nounted to the

gi mbal assenbly by the ring, arm and post arrangenent
described with respect to FKI8- 14, and the el evation
notor 316 may nove the antenna array in elevation

vo‘ﬁg% Sonttlebd® 3@(?@&3 119, Qﬂ% 1%%9? Dfe thdeRin '1(§Uﬂavlolt§g%§§me)ﬁsed by

over an el evation ang range of approxi nately
the €BU396 gofagibitateAbmartenpa almecouwlmﬁ@kmy paalq dfjazlgsired signal from
o e 1 B S0 800850 Rl R
mamtbmdal@ﬁ#mm@ﬁﬂ&eDﬁU32|nuth and el evation to receive

a d%ekérﬁrg%t%lﬁ?ailg%l%% lﬂ?tra{t %Hafoh?ﬂ% dpcﬁ(a}’!i f:a?r[ Iﬂg emgodlment

er I NC vall on
ofazpomurlzzttloneomnmamht (P€1§$%Ofb [The CUIH m3312ﬁ pah af theaytenna assembly

n nec ssar C str pre for
B8 A ARSI RN ST R SR b v e
orﬂmgwl ﬁn&mrﬂrsebong cd&mp@nﬂis@als @rdsmhdrm feted pbﬂmsmmmmecﬂaed

nepadic Sp B BT e ity st ol R R DR Pl

pdlarrﬁeck(lﬂghdnd @P riyMDhadd) 41019 ¢ Bre eIt ISR 3t 62 6form Z9m the

tage from,t he 4 F .2) on line 322. .The
SR AL GG B) g SRS Bl 6D t5entatdo EROPSAGRe fob any
pollazbiidnt skE® ptobEvedn i M¥BrRHibARYousd dh@ Sel dtchhiAdi ey N GofexBRipE, the
of a desired signal from the information source as

vehisle S2redile: Hbvery bepraitealiand thy PLHRAY0 maythe edaniid tp cepapensate
fog{é(?gx%r%ﬁﬁgsk{eg BFJJ%sreﬁ é)? %{earﬁ atlverboglﬁfa e ﬁlf(;rﬂlgﬁ&?so%g 56 nd the

ere s |ﬁ?Fustra te
vehighect?, akilling laucpitollj @iy amhy@fv ofi the velible §2nEh¢ PC'GR20@may be

R AR S e 0 R P00

contrslontetiaat 280 diom th&'lgenﬁ@ﬁ@e&ﬁbnﬁxbmthetrmble ittt ogroeodly compensate for
i,d d h t

X B TR R ——

w&haﬂ@é@d netmork descrlbed above) into linearly

pol arj zed (verti cal or circular 10
Dol SPIeBEct Pt ch o RighES Rah g oot SR phcdnal wave
fromepreseniowa tHersataking (tot Etdenliﬂﬁbﬁﬁalfomsém CdNtd Mersmetingsreinformation on

sourc Accor dj ne exa e PCU,?2 iS . L
55 i, G0 3 B O RO G e o ep e e iy fgeering. I
thbgitvee Iarrh}h €02 1§1 ﬂ@écﬁ?hhdﬁﬂne‘éﬂiﬂr ©f a a4tk bediadsehd @andmitaktenna on

vehlcle 52 (see FIG 113) may, be a

an
th%ﬁ%tedwa??r e mtf?fglabwoztfs ﬁ%y%&e&a@w&ar% o iEappiait source
antddha PSlhdfatigRinh e Sk BWIRHoNER Af ¥ vER1Sle 52 hdhbVom the meridian or
position of the information source 56 and the 15
loygifyde pewhish inferaiatien sryregrs/lopateds  polarzation geesy B iminteridugaddetween
thé’ ﬁgﬂdsﬁ' i&nd fece -EF Qntgrf;lg 20 é@yceﬁ%e cSlﬁe kkd ¢ b?}‘lg’sﬁgll or
asse an may receive contro I gnals
elmfromcadé/sro@mg thp antennagiyay 1@ Bhiisieally actetingOhe aftermmarrie] 02 may
nog b Ltlcgpgnc?ﬁimhé’reésg Ae h%&ﬂ{%ﬁhé Jntetnﬁa gr?a{yr @[(ﬁ'élle%re, it may be

ensat
preferable to electronically “rotate” the antenna array to compensate for any polarization skew.

This “rotation” may be done by the PCU.
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the pol arization skew. The PCU 200 may al so receive
power fromthe ginbal assenbly 300 via line(s) 70. 20

w®aioeild4sx (or ot her communi cation) signals nmaRCDES2003/026226

transmtted on two orthogonal wave fronts. This
allows the satellite (or other information source) to
transmt nore information on the sane frequencies and
rely on polarization diversity to keep the signals
frominterfering. If the ant3énna array 102 is
directly underneath or on a sane neridian as the

tr angPetindAban fAreN 21 ttllﬂﬁ@@hﬁ&/ kdcbi®e (HRIMir@tR&Second orthogonal
i nformati On _source the receive antenna arra 1- nd
K%f‘? 258 210,

cphponentsiEnelst fremp thedeedamr ia A% AR OLIBT Fed BeFPnen
r&hANEY: e Sﬁple, I he ﬁllg@an\ﬁ\%gﬁoﬁéi @on’é;?on@fﬁ\é?gﬁalg ERYbE B frequency

ridi n or ongl ude on i nformatl on source is
ramgc af @y oxan@tdtyaﬂﬁﬂﬂz oh2-Bkhiz( Bhq Brs{ and sergnd eemprapnisignals may

bte Q flﬁe%rb?%&' o ﬁﬁe‘rs ﬁﬂﬁ% ?rﬁg Be c&l}‘)'le% t3 ﬁﬁ‘ﬁoﬁ ObGOZ of the feed

ensa ed yS|ca ectronlca
nmv\todt bngwa‘teguldcl feedu pennactioay Tme)E)w rl@lmﬁ@nxpaﬁtry arewmlcchfg directional

cH%pqers 2%66 L %ora&rﬁr%}glhe é‘l‘éh'?%}éifca § ﬁl% Bl nﬁ ;Bao%f tﬁ‘é ﬁlcegtldntal couplers

redse ant e
276 sroeﬁlmc&d Vit a peligteb22830 aiped esrcabtoe 22D Bkeeloctad osviltagdr 292 may be

c&%t?c%@ﬁ,ﬁl&@flgh &%&%Pmﬁfacea%wo? ogpm%g?%seg%bly g\%lﬁée]y %omr{nhmcates
vihUhe s3I0 kM2 JvEGheE220 &Y Iﬁdﬁa@ﬁbm}t &Gtel%ﬁnuel rgone

FIG . P i Vi he fi d.
SBRR o E S B SR T AR G b g fmatet
1p_@5t@H2600 602 of the feed network, on |lines 208, 210,

exa he f| rst. a

res ct i vel one
Conpanebtens G R TS g e eioiy SRS EEgRE coupled t
pRREr @%deB el thaddivide Betzespeclide ddmpakignt sikhsls i Kaﬁ(bﬁ&d:rgy), thereby

PRGBS TS anal SBS okt DR BRI Heie sy lpys: the
fﬁQQomﬁ%n@gﬂaf‘@v}ﬁcﬁﬁg foﬂ&bﬂﬁ@l@ %&MorﬁalWiﬁbd}@s ¢omsidered to have

connecti on. | ow noi se iers are_coupled to
baen it 10@#1%1‘11616 ac%rafpﬁ’%lr‘ gignajgn \];‘P%232fac9fl agsconp PEU sienal Onrlrngﬁa‘* the
s@éﬁh €Smpotlf s?%?xﬂp(lv@x%hHQ iy eﬁﬁmﬁlb eveﬁicﬁl%%dl&%ﬁ) i€ @&ﬁid@ﬁe& to have

26 is conne ., via a splitter to a

ol oISt REU| el Cberb atio bop PQH;FI%QI on line 238.
'ﬁﬁg‘ th':aﬁloi’ &in ﬁ%xﬁﬁ&l@%léﬂgﬁ(v%@él hed hdrﬁBﬁElﬁ ﬁ;%@nt%@ gvrcumf pbBBzation

asse which conmuni cat es
eé@twm@ﬂ ang rﬁhee(ﬁlﬂ%id:lélf Boentdy breay Pﬂ@(@ylorst‘é%tmﬂ@s pr ow de a

bui | ohﬁdetrﬁg%}befp%axt ﬁf]&rculap pARzaB &R 'mésez%tal?@ 2% ?p;‘}ralnde the second and

osci I Tat or ave a center "oper ating frequency
fodrthelpy i sighataitoel 40° hmmdg*@u@iz%OAé" he H®wpbiiichcdBpler 2401thug rieeives a
Jen{cgq‘lj)ggpl?r%& Slglflal &ﬂg Ifo\‘ijllhé g’r%? g@gl) taﬁ(g J%J %J?&ﬁtg@??ﬂ%ﬁz@d signal (the
seemp@@tu signat) carrqb ocnemnessfnegm atith aj phaswailﬂferériw oEP&Ey @yc)eate right and left
E(‘ie L téﬁrl%/ laHFeodVrlesdu:lt? sg%%ﬂg f g trmer e%x't %gﬁaé h?ncﬁlrcﬁla% #@Xﬂzed
résulltsﬂit sipnalp axte&nnple:i gredtci{esRiTia lisgs 242 lancb%alnmspnctlvely The PCU

BBl PRh e R SRS B gy n
I&ﬁﬁ@ﬁaﬁlly%ldrﬁem@alscraceweﬂ God3He arftén@a array.

From the dividers 230, the first and third PCU signals are provided on lines 232 and
236 to second dividers 246 which divide each of the first and third PCU signals in half again,

thus creating four signal paths. The four signal paths are identical and will thus be described
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second conponent signal (which is, for exanple,

vertically polarized) is considered to have been
W@ pioi194@3 provide a third PCU signal on |ine 2B6I/afm0x026226

fourth PCU signal on line 238. 20 Thus, half of each

conmponent signal (vertical and horizontal) is sent to

circular polarization electronics and the other half

is sent to linear polarization electronics.

Considering the path for cirgll ar pol arization, |lines

234 and 238 provide the second and fourth PCU signals
oﬂcﬁ enIfvRYPE b fé%b‘tﬁlﬁ%fn A &coﬂﬁ‘cﬁvﬁ@r ﬁ% b\hé Qném% gﬁ at@fibator 204

us receives a vertica ol ari zed gnal
arfddlanttp 2 pephase gsnéwlytoamw Zﬁér ordivesl noiﬂnp@roar the e@a@za@mﬂam or
S A PR T B dre A of AP, Bin SR Py Bl 150
dagraecphm rsbtyngsahafrbemgﬂ uogsudrataﬂle tigfidgpaction, i.eTtséant rightor dard left.
I

The an!iqu gtg%“\%‘,,ﬁ §ruL ﬁ g‘l’tgf‘lé | 2 es&glx éf @rm&g%gﬁﬁgr‘?‘za%nethat is
prempmcthd ouepujr SIngieTR&ﬁenmdmrveﬁlefr mascbmespubbshedl es g fugttion of

d/or left h | d I's fromth
PBPeRFy PR Sorfai ol ar i ed stgnals

recei ved fromthe ggygnggsggpﬁy 30 From the dividegss
230, the first and thir L signal s are provided on
Thd vhe oZ 82 pahuizatd@6kévop smg bagdrodided diertis @dGolihertice @02 Ber
t.he first and thi P hal f a
exGE (et go B IO i PG B s B fBivbnd a

veril bitpittpoRakatdn @fravh kile RADSs HBirelE 86 é‘dtebﬁdldﬂlﬁxay be apphed to the
2004/019443 PCT/ US2003/,02622 31 o

vesiicah Bth P ARmHmpRGHPRYREOY & ont i Braks ap@h%fb £ et pan.

T%ﬂfo@mﬁﬂo@ lIt BH a9 haveOfte indéi6k dtReiktioRs phkd ﬂé@@ﬁe@ate a horizontal
nmodul at or 206. For_linear_ polarization

OBt sienslatlp cgﬁn%@taﬁ@lanwlar@%@woéﬁaﬁ@reew aﬂenl@ﬁ?n W baapplied to

elﬁ‘fépbﬁi‘ﬁ a2 AOIRRYSPhRsHi M Blay bS aﬁ)%d ton)n@ A€ the Bifpull to &RER the
80 degree phase settlogafli be used to qfnerate
ortthvéomal ] d%arffeet%n% nYarying slanig ltzatrqng ey §¢ eelegind qyeiusting the

at&hﬁatﬁmmu&s eﬁb n@eﬁb%{&l&%lpaeﬂs bl d(')%gm{gﬁ hegLRAT TR ﬁﬂm 206 may be
anount of gona pO arization that s presen in

usep & ety pbasgr@ mgesTidhestignalsibat ey wegul asa fegylt ¢fdhe attenuation.
Tﬁéﬁﬁ&(@% likeﬂsoal%ﬁ@to CH%}'%IE k%ﬂ)hgsfe of Bl%c%rohaﬁ %%'n?? s@iﬁ?ﬁ’l’?é gi%als add in

according to the eq sin
pkasy. Thptsempngls ks 0afe usprbtopedosbineahe mnabkmw@rqmyldweby second
i
ARIEK I pb s B RO BorcBl BB AHE B bl o the switches
2Hovia Hoest282. (from the antenna array) and a vertica

t | t fr.omt ' '
oD ARS8, B R e v
thﬂﬂmeamymr alrmumolammed ®irg of re@ﬂtanltB;gnahy Tbms, ﬂpmﬁlblm)t wovide at its
h
R e T
pdil@nizteil @aUabutpwtsignais, Acgindihg tokae gengilqtie BCLS mapinclude, or be
ofigistin 6tauEHs 220 ¢ Fhe SSERS 2 ia e e el e d¥iagons in cable
10885 afenaipp of eehuteﬁx:yonx&: alie th Psd dxpatidsed xonth:ﬂhe@t @bleh@ay vary with
ree ou

R AP s 1 S S HOa g o Sin Jedftons fting in a more

uniform signal strength over the operating frequency range of the system.



10

15

20

attenuation val ues applied to the two paths and

conbi ni ng the signals.

The BPM 206 may be

used to

w@bdogme194any phase changes in the signals that PElUSI03026226
as a result of the attenuation.

used to change the phase of orthogona
the signals add in 20 phase.

The BPM 206 is al so

signal s so that
The summers 250 are used

to reconbine the signals that were divided by second
di viders 246 to provide two-B3d-nearly polarized
resultant signals that are coupled to the sw tches

212 vfipa Pbumtnza@%lsoEmlc&%&&hﬁa&cmﬁgeb&@é&w Vegisbally il

line 214

out

puts

cont r ol

1;_ Q%gtmﬁ

interface 202 to sel ect

h%@pmé@hpolm%d Pt h@ and gy hand qieplpdy polatizsil sompanguisigpls. She
pt{igésg ok # tphz?ﬁe

a pair

z'a%ep%\réaxlgaalowg

of e€ither

near |

Fl?a@& m'attcﬁmg

ingxgpsehthe ra;npdi‘elslﬁ pé@c@vedmgn@lww@)he@rgnelis Feceived frgm bethgptepnag are

SLP (P}lJequ %F&% o %hgé\ﬁ%esma <l u% Flgd

to,

R8ude011 %ﬁ“e&’&?{ﬁm'a%tedtc%s B@a‘l'lzed

equal i zers

trmqnnafteldz@nsls 22 merr}a;ared@rgvel bw@a@omgémtc@s&mlamﬂaﬂéraw eefrtfyl Thus,

iRl

c?\ﬁd a

OCI a

L gﬁlt c o%ler%@lg%lg%ﬁ fifei816

es may

gsee FIG % 'tth he phase-

mbichell d?he)phwadnattm mzk}éoeshpuaﬂurmgra crachlyrafmm mwsﬁ ltYCsettlegl please sits

w3l

Val‘l

ngn

ant ﬁq(%gﬁgoft fon

er a

gxa

eaz%‘”'?méothé‘ Beiok

fe uency

rang

e

eg; %%Jh%%%hase

c@mn@Meva@ta&awem QMiﬁa@@ﬂ'y ﬂﬁﬁ@ﬁ&t@%bﬂﬁveen 82 tWiheonROigent

G

pichBe s

brdie Vg

may al so provi de phase-matchi ng between the
ically and

hori zontally polarized or left and
r i ghAcdaadifk ©iohe thbdfduylerp,ahﬁPCU ado myrpmvehiall sf tjjxn @hm andptesse

phase

h‘??‘rpélésé‘@sa“

B DSng fhefnfe Bt

y4~)

ccurate phase
8 ph

a@@hplmﬂ@@amraﬁ@mhng@}ys&hgﬁahuaﬁbm CAs kitvevnstb goad familiar with the
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phase- mat chi ng

GE{ZC drblpr deloprillpitigtes semasf therariblgs, ghaaigglogm geqwththgt eXist for

done duri

il %tg 'C%[;f It GHz, while the

of HQ&'t f)lloﬁ@crégt sfinbis (bR ar® roofnﬁfod@cé@mhg anténr@-assembly and

CU may act as a phase 10 correction device
ﬂﬁﬂn@ﬁh@@fﬁmt@wﬁﬁﬁﬁate any phase mi smatch between the

two conmponent

si gnal s.

According to one enbodi nent,

the PCU 200 nmay provide Ell of t gain and phase i
Semtiching yired for th m i (mi Peimianygy { hdigital
Rexbeh flor, Seer%leens vEntelhis i nﬁigait% P%lﬁggae@na ndomlitdnial WJBeoadcast
calibratl Qur | n ng_system| stal | ation. As kmowesst o| Format
Chade |f Brprkds®in W tNintie [1R68BEE af i dlircnfar sdt Whdratigen { n DVB
many rlegions of |[the world, there|exists a |variety of
eS|l DEREOPEr ADBII/2/Br EQREONEE €5 rEisulak | NgVidRofuaad  DSS
bands |of frequepcy operalions. Direct Broadcast
Babpd I[T TegpsT or | rexBiiPle] Myw eCel Vaesd gnfal Viadéess | DVB
frequencipggeof appraximtely 14.0 GHz-14.5 GHz, while
the Digitale

Stream
Europe | Sky Digital | Astra2A 28.2°E Linear Mediaguard DVB
Europe | Canal Plus | Astra 1E- 19.2°E Linear Viaccess& DVB
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satellite may send down signals in a range of

frequencies fromapproximately 10.7 GHz-12. 75 GHz.
waaiumidadbel ow il lustrates some of the vari abl PGT/UBI03/026226

addition to frequency, that exist for 20 reception of

di rect broadcast signals, which are acconmobdated by

the antenna assenbly and system of the present

invention. Service Primary Digital Region Service

Satellites Satellite Pol ari zZ3ti on Conditi onal

Broadcast Provi der Longitude Access Format Canada

EXPregsvo N q Aoifsgﬁt O Tutar NagT av ST PR B
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Ct r oaoha e A A Clen, Aot v o A
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%l0. 2B} near Vi access& DVB WD 2004/ 01p443

_PCTFAUS2003/.0264 G- Modi-dguard—J Sky

HOTL QOZ0UUVOT U

MfEsR. 4A7 15, ok Measddi2 M PEacdesLimels  PerPitptks | DVB

Ln D_[FPII [\/ ax\_8-1 1265 0E Circular

@ogual®Plbss| ANesstica] B3R VAl aysilancast rp vEdetat 1/ 2DVB
Li near ClypP&Wet ks DVB M|ddl e ADD Nil esat

_OFE linear lirdeto DVB Fast 101/102 Byl provi dind

all of the gain and phase matching with the PCU and
t . .
o Lo A 2 offne R o Bhdc 3R G U AR iy, o
mQyh eetiebleraystdn with &mptoeadpidriduitle pegigmeatd way (egdi. By comtreining the
t v |
phEe Rl RSS! AP R ab b e ot e
intsatiovemay ¢lnsinRCWeanet thiheve pipseAnatoigpdioaiblekietyeea e BT svelethe
' K d.th I trating a
i A 8 REAGA e AR BB BT PRy st o
thesveyivdd to ptayidenmedid frequehdyesignatsenaal fass drfahynd0(seably 1doend the

. dnteri,or of t vehi cl e. . Phase-mat ch cabl es, . even. if
e e i s Tt il Ry T BySPBiy PRe Paiohe e sysem
instedlyitiat) anag ehonge bvdr itine, ardnéenpepatire Khilik Ry S8drddeSy @ performance

degr ade system performance ., . . -
causiIg poor recé/p%on or eguce data transmission rates. Similarly, the rotary joint can be

phase matched when new but over time, being a mechanical device, may wear resulting in the
phase matching degrading. Thus, it may be particularly advantageous to eliminate the need for
these components to be phase-matched, but accomplishing substantially all of the phase-
matching of the signals at the PCU.

According to one embodiment, the PCU 200 may operate for signals in the frequency
range of approximately 10.7 GHz to approximately 12.75 GHz. In one example, the PCU 200
may provide a noise figure of 0.7 dB to 0.8 dB over this frequency range, which may be
significantly lower than many commercial receivers. The noise figure is achieved through
careful selection of components, and by impedance matching all or most of the components,
over the operating frequency band.

Referring to FIG. 22, there is illustrated a functional block diagram of one embodiment
of a down-converter unit (DCU) 400. It is to be appreciated that this figure is only intended to
represent the functional implementation of the DCU 400, and not necessarily the physical

implementation. The DCU is constructed to take an RF signal, f example, in a frequency range
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10 causi ng poor reception or reduced data transm ssion
rates. Simlarly, the rotary joint can be phase
woraioghed4xvhen new but over tinme, being a nmechaP@Tak2003/026226
device, may wear resulting in the phase matching
degradi ng. Thus, it may be particul arly advantageous
to elimnate the need for these conponents to be
phase- mat ched, but acconplishing substantially all of
t he phase matching of the si-gpals at the PCU. 15
According to one enbodi ment, the PCU 200 nay operate
otf 1@r7 @HQ [ba12$75l A B cfo%%ﬁ&mn to aﬂ%@m@ﬁm@%@&éﬂcm Fglgnal for
appr oxi mat el y
e)tahv@leru @@mencwgngp pH¥.HHeHa ttm @ﬁ §814 |Ig aaraghen Exeample, ¢18 TF signals on

1118“{539]? Eﬁg “I tﬁjélqge‘{cﬁ'?%%g%y F&ﬂg% ATTeT ctl%/g—fzr[?ecm Vers.

The IB@T_US3GO fnlag progide sn RE hntenfad bbﬂwreautl}h PCUaQrOéfanldl a second down-
co%x?!er?reg ‘g'{u? g?(P {s%egﬁg;gg)gﬁeﬁte f}a{y 12 q%ap% \Wét;ﬁﬂjtetﬁe \(? ilcr:nhang) gppeﬁcgtions it

onent’s, e op
mﬁy beqmamygdoam pel%freﬂhe dowgn-tanvEision op&atidnhie kveo steps, havmg the first

[ |ustr ted ona ock a f .
B R Greg VR CRURer o STty ot onpravel o
shiof dﬁmm@ﬁbmchea@mﬂni metmlilh icsthé ﬁg;uDeUi A0pcyust Mostnthasmissdon
represe he fu ment on of the .
G G e mentcen By R Blireieios B At rgpencies.
Ddwe c&lﬁlelrslq‘ﬁ t€8 [t]f?\tef ﬂr&iteﬁ’cyt 10dicakede aébd(%'rf/fagcgfgj’zifgo@ loss high frequency
anple, in requency. I.
9@@1"%@2‘6 w%%uli ch‘i‘%nfgﬁ’fov@qﬁlet 0o 12.75 GHz and

domm@@favl@rtb ohd erillﬂ)dﬁﬂenlt AEEDOB DA hRY FécBRE BOWY ﬁ(oh‘Fl)le gimbal

n for. exa |n a frequency ran%e of 45 GH
ansanglgy g()(t;q%hnq $i3q aéso berentrqtled XJH@ gémw assembly 300
v1la Itﬂ@%nﬁ&fimme beo.i Ncc@ggﬁe@ léﬁ@@ﬁv{bdd%ﬁ&{ﬁ mcEU a@(pﬁ@fe@ab@h% RF

MHz to 3000 rovi de an

Slgrr?éwla@él%eﬁf%@w Wqﬂ@udm pgw cpuipEEBiEngls\wa liges 76.
Dﬁ@éﬂ%ﬁm@ﬁpl% 1) éQ;Qbe( &@@to':hj@:t a%um%st OE@Mal B@rd 19&4%&%1ator 404.

t he vehi cl [ n many alcatlonsm may

Aémﬁalhﬂ%gtéwwtb@ cp@mﬂl@ql rmia eh@na tefenevid P.Jyche gjpvéalaatswmbly
(vxLH"cht ﬁﬁ‘@vﬂés‘%@ﬁtrol Q@Hﬁ?@n files) b3 & the W@l’ 19%&3@ 416L1s used 9 control

co-located wth e antenna asse 100 so t
wiwm the byilitistesiignat is injesteda A sdvear tlwmesﬁ%mw/ Herused tor$eht a smgle

si GORAREH %E’cjll)[aé&rqog b&s g};rb%ﬁ%}t w 00y because nost

ransm ssi on e significantly
| esRdfgsisy agiin todiler22, the tirpeghuercf s dmhamnaitcoﬁiﬂers 402 are coupled

to bagﬂ)% ﬁss416]t19aé Q%\gﬁrﬂ ﬁé%,ﬁ‘&? ﬁér% %:961 tofrrﬁr%gxl/’leear}l(}:%nwanted

Speci y|ng
51grraéh|armnmys Teileradisigohls mymeplbe &dl ty nmearay42l@u I’Ilhy naxmis 422 may

m% %.fg%allgnvglit/k?erl 200 :joécglllaté%&?er r%{;eg dtoﬁ ém& ﬁ%éggb o%% 4]0§ t down-
capOart thie alghillm&) I‘Ek&naﬁhm doCekadfilile, nieyD@EU dawa b@citlatot 448 ﬂi@doe able to
e ia,.the control,.interfac
il ' e OB B Sut el aloRine Mot ok sap B AT
fréquend®fs. Abplifiegriab andatchiaies 4mﬁa)f lieQIEEd ’f&ﬁ)al%ﬁlé RO sag}dus Filters
Directi

ovi de out put | F.signals on |i Q
2B sed e ety G et By B prpan i e T Sl
begbrg el IF fstpaals be@advided oh bliptidineé 04t
As discussed above, the gimbal assembly 300 may include a tracking feature wherein
the gimbal CPU 304 uses a signal received from the DCU 400 on line 322 to provide control

signals to the antenna array to facilitate the antenna array tracking the information source.
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A switch 406 that may be controlled, via a control

interface 410, by the ginbal assenbly (which provides
we@onwtnol443i gnal s on line(s) 322 to the control PCT/US2003/026226

interface 410) is used to control when the

built-in-test signal is injected. A power divider 428

may be used to split a single 20 signal fromthe | ocal

oscillator 406 and provide it to both paths. Referring

again to FIG 22, the throughsport of the directional

coupl ers 402 are coupled to bandpass filters 416 that
A'I@é?dﬂg t&&i%%a{bi%dimeh& fik DAR4668) Meldsi ERabBinkfadearoviat

any unwanted st gnal harnonics. The filtered signals
commutinaes Wigh fhe dinbal GPW 3P4 via dipe 320 Theicputral indgrace i} maysample the

th i ith a. [ L j ide
sipfluSb 90t bty 60 SR GLAGELS RO Segkia%: Abprou
asiphiindé midrmatidh thatgme te usddbycheCBY afpbEthe gimbaDowaplothg satellite

osgi | |l ator 408 e ; ' [Falcer
o5y 5 e i TRed” ARtk -4t Sob Bt AR R Gz the
ifpetagion beforritis ként tdf the girdakdsesnblyAnif thiefDEY & ld@Edginge to the gimbal

nuators 432 na e, used to ' S.
Ghd i Sy g Tl LS ulR et ) 35500 gt yshigel
TREREIE tpsribiahg Ayt dvevnproas@sibn, ittcdrivert the redeiyndRE sighalf tr I
the | F si grgal s are pr.ovided o outlﬁut | nes. 76. 30 As
signale rlosa £ i ARFenne (Y 1P PV RELRRETCHUG ISy i ncl ude a
t r ackhagplieat uf @e piebingy inthee giftwasd th@Rdy30ilizethe smplitude
.signal recejved fromthe DCU 400 on |jne 322 to
infopvatiga p%(ﬁ{eﬁ gv theé?@%éﬂ RoiRt G4 Op BackgndpfoLmatjon surge such as a
shdftid. I TR tentid Srane MaR pRfida ighslarkha ginibhiesienfbly wwadlbwhe gimbal
source. WD 2004/019443 PCT/ US?b%gB

/0 62%6. 135
aACEBIHP FETeHY SRRk TS SReRRATASSSY tolﬂ@é‘ﬁ irrhsena) fPmdhe spurce:
16 98¢ £QhpleMe TAS Raft MO Abwitdhorsu ik 6y BSusdst! tdiselddewhether to track
i mbal &PU 304 via line 322. The control interface 41
theyerdeaBHE orherizoaisyl HC sgals Fran i gh ORI SR> uch as 2
sgéhﬁﬁiag@&rﬁ OWinBhese didraldnd rBRnfeddardnPhe 43de falelIRE,QVih@Ebe

np e | nformatl on that may be used by the CPU ?04
dshirablrcto raekothp strangersigarl. tLhthe sighdls pp fransifiedsfenm pp satellites that are

. s . S
cg%%\e/dél\rf?%rtﬁé rr%glgblé by BB R rabfio &t @Jtﬁgﬁvg&egéa?éll‘it@.

used to digitize the information
bef orAdloiwing the srderma tabe fieéntesl atite saigdisebased,on signal feengies well as
liRra | ' i Sy Bk 3o aMGSE Tt all
i
fonaoinstalirtied errorkif@p &f Hregentheoifagiegien yersusfang tnth of a degree without it.
own-.conver si on : . ' E Qi 18 ;
e L s

wlyisli thempepdton dan cey bé Oselilie eCRlsIBOUmifor bevadeyly fdrdhe wapling
i.ncl ude. sof t.ware th i) ] t I
EFHR TR PGS bRy e ALk

arellited ¢ BEédsom o0 toeedegteehamst. By usiap bbthitiednerfilavigation data and
ontrol, interface ravi de signals tq the.qi I
RISl Sl A5 T B OHAIE SRRyt B PGBt e
ARRedd erlobeaaddtl e sSa idtallatian dndacitech fol denr @dhesiofwarte.
fromthe source. I.n one exarﬁﬁ)l

e, ,th may ihclude a
o e GRS S SR g LB ot B8 ey wes
the idthighaviel tduel (. RHCsdllileplohgiaidt ahd vehiClesi2gaal, an aircraft) coordinates
transmtted froman i i on, sourc

nf o [ C s a
(latitude and longitude), vehicle attitu er{r%ﬁl, pitch and yaw ’ang %’Insgllgtlon errors (delta roll,
delta pitch, and delta yaw) to compute where the antenna should be pointing. As known to

those experienced in the art, geometric calculations can be easily used to determine look angles
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satellite. In general, when these signals are
transmtted fromthe sane satellite, it may be
waele®isosahe to track the stronger signal. |If theCyEUSVESE626226
are transmtted fromtwo satellites that are close,
but not the sane, it may be preferable to track the
weaker satellite. Allow ng the antenna to be pointed
at. the satellite based on signal strength as well as
20 aircraft coordinates sinpBefies the alignnent
requi rements during systeminstallation. It allows
td é@'ost@trbdaﬂfsstaélI{t%tﬂoﬂpkWnQ!ooﬂfna’céQ 1ﬁ&uJ1hQ’tﬁo§eW§1rc‘P£ﬁ aSlgnal

ree versus one tent gree W t hout
trgsl%mgelnﬁwaa‘tds@ uging the re@ﬂmd ﬁ@t@lhmngbﬁﬁrﬁ@mh mtlm@ﬁh‘t antenna

oggr t?cﬂ)ﬂtdgn%nﬁl%g Eﬂmﬂé’ fh he 1H1bal}’@l§ Hla§/ H?e it ]%%deo& the

to” est boun
rqchized $1amalk (depg:rmmbcgfwmtﬂhnﬁmpm@ information e@eltvtcbfrmh zelwdb@U)ctb

d!etgriﬁlﬁb{&? Eﬁrﬁunt’l Q?l 1o eﬁ%‘cﬁ}ng)'olnﬁng Srf:gzﬁ dlgcpe“?elg ?eip s1t1g1ing the

ea st t r ees
autsmrratgfrdnoithcaﬂduéltadrpesltwlato shglvtloglj&dzt |p0$1t1<oimtaad de’(ei’mnulhglf pie&hgnal
' recewe%s o r1]sa clgﬂufm?%ue C\gl'lt: i eitpész?\ f %nén F an en% {1erét I;t}o(glrlg the optimized
dneums& damd 50 fumg ﬁystoelmapmmaﬂedi dint mmtmlg@hayd»e eaiaté ard prévdse) so if,

e A e R R R Ly e SAE PP, s bR oeReen e

ahtafiraraay tandisaey me tHedngtial Navigatiel Systed) mhphgtk tabtereediehlated.

veh| | e 5 aircraft rdlnate 3 C
(1 at fraaR A SR ey ) PR 11 SR Qg vehicle it
afuiutatdly plackdytawithiancfew m@&raldfauegféb 19 thieC1& Ine el Nawgaﬁioh System.
elta pjtch nd_delta conput where th
We¥Hn 1s§<m5tﬂn sgba A5t amj us § tem de)épomt at the satellite

aENRS1Y eRugll fdr FhetdiBoaad feceid &9 FRIbER & tﬁalslgwl adih©hdy & g&nﬁ@g
easily used to determ ne | gok angl es WO 2004/ 019

RIS TE L im 955 ¢f RIS fofthoppateped alldhy Inpigl Navigation

ggt&mm}@ma cmmﬁteﬂﬁé E%%terri MehiHdt RAliERASENT @Rt FkeRhl of a
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imippdting neF faeepore efthe téenapgysiany dEhe| DAFSORLIFHTSID haSrt@@etihv elility to point

afxc}' Lt A48 tREHe di8nmed el fxgtmb{/ﬂﬁg ?@2 Pgtgigrlpﬁ]ﬂgﬁ 4l Bﬁalm%mmated

[ evat i on pointrng an . y repositionin
sinpethe srml@mpsf thersam:mtcsn wakecupl fat sy ab@lsmmt onpdiging|eirgtst for example,

iioc{ui 1%? r e t gméﬁgaugﬁ %;%Ee'fﬂ 13l d\{lgill ?t&ﬁ r?cs)jlt &B@es with respect to the

rece I'm ze
preegb@hlemaihﬁfg/lgahen etrdmaies ori entation in the optimzed

O 1 ohd Sern 3 L Blelitinich gl BB AR ERLALRE Y™

poi n urate an
1rep<lemp1tei fdr leearwlc Gm afftwarmnmngbn tha gingtael CBY. Wishamoinatic

ater han t he  al i gnoent,. bet ween the 10.antenpa .
ol S AR, e ST BN IR S P TRl SR e it o
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atlo stemis re n_an t
sty A anSer Ha S ot el G e § 1 R B e array has
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15 calculation, and thus may result in |loss of picture
for the passenger. If the Inertial Navigation System
w0 soonepl4ated, the Antenna System shoul d be reaPCTyns03/026226
within one or two tenths of a degree when using a
poi nting-only antenna system In conventional systens
this precision realignnent can be a very tine
consuni ng and tedi ous process and thus may be ignored,
I mpai ring performance of the3antenna system The
present system has both the ability to point 20 and
laﬁfua@ nd l&%uﬁ@&ﬁnﬂe%r@ln‘e&ﬂ%mWﬁtthls @e,e%gﬁél babf ﬁﬂntﬁ?s%hggstem may

inmplified and potentially elimnat since
cwpa*&%bwsféhatton srrendelta el dﬁta;qu@ anfsleltoyavamyd the pgmntbrind

el@xratlgﬁb&ﬁﬂlr%%n%? EQbSated Rlth BXMN Ridbers, I fm i) %esrst%%lyab%gr%ated until the

Inertial Navigation systemis | nstall
clersgjpreans aginuih p@sfpx@cetrrorscﬁrc hseptghlecedi ng | nerti al

o R bR SRR r S iSURIEH Y R rBEL UG Tt aronna

an autonatic a ment’ 1 eatu
syl 1@qtdhti@da}ndflsdor3)bampﬂneal pravessed. t@cmwmtlbnlan mangal @rockdies usually

' . J |
N T e -

praeeisaretygirgs thentse af shans dhessahins ataeﬂrﬂalltsbeetd\z‘ﬁ‘lﬂhlbﬁxﬁ&eﬁaﬂ for example

n_req est hi s 0 an xternal
IRERIAARL, 60l FUIERL it Bt g Se G and the
ainerafi far hmng)lﬂ’m(afor(élzt’hb AMibena Sybl@m&:ﬂblﬁﬁia&s & efg@éé WidSthe N@¥igation
stem.st.arts.sca area to
SR eop S ol Fon it b e B e P ey vaLT e peromer e
plpealentaf shithe asd @8 admsltatllaffcﬁyoﬂtﬁﬁ)l@ﬂ&nd hEhiPig b Rty Rime consumlng and
| atitude and | ongitude.

el evati on
daggeous aRRropslly %%%Y H‘gi“féf I?ﬁOHé @ aviirizgddo $pe @inin a5 e sisgptband it
redlies b ks@hhﬁsdnt SinOMAlof st8dif® NORJa the RGN ER i CdotnpTBd thORRoREhas to
new set of azinuth, elevation, roll,

bedF%t@ﬂ’eg W%GW@O@GG?P/ 1 g4red o3 spierpl Ly OEYipmemmbaligngipnt process can
talteadlll datl0iehopdad tHeQOGhatigl 8l %’;ﬁﬁﬁhﬁfr&e@ RsRRS HEER- caﬂ’%e%}ﬂarfoﬁhecd in
second set of numbers the systemmay conpute
legs A hoY% i on error delta roll, delta pitch and delta
y aW(ﬁBQp&B&I}@ﬁﬂﬁH&H Boiffhth coﬁlpﬁt‘éﬁ&ﬂs%[bn@ Qfeggtehé}gll}psru? 1ent to keep the
associ at ed these numbers. This cess
anfegpropfiged ¥ithg informationspergat ﬁn@nma mtaaqqs ihis mtpmﬁﬁntemrtg point the
anfbhPAreaydf fie @’cﬁ@lﬁﬁtlﬁﬂ% %nll%/ﬁhe-rﬁgrtlfcﬂcoi’?aﬁfg%hgﬁ ?aﬁ!ﬁ ggﬁ'cllnlrlfg@%?ltNawgatlon

process 1s t pI cal
sygefnedment pey éhfﬁcl‘?gt @dbﬁtat@foamellngltﬂymanbynmmﬂmb such as, for
S Ysua

XRERERSIER of GPOYRM. CORsnlTBn Bheylh BERFRARe SR sniply o

meyisaetfell 7 degrass peusebendsin agpatihadrmacaleration Oﬁ (] ﬂsgréas qpem seeshd per
u Iy are small .sheets

b 08 Gy 814 o 05 P 15 S b 558 S e

cabglgieﬂ M@h@drableng{\ﬂigmthﬂne The tratrkhrgmﬂ'gorlhﬂsmap Blwahebeloblanfor the

A By SRR B0 B P R

maS\taiteanvecto cﬁndl ltlreamamumhkmmhng angld. hWhMStﬁe Oert&in NaBigdtRe dath €5
acenent of, shjns and

e of the ra t he .
acfulc LERB U lend Bl e piniridl R TCanipuly it o
elevatimunilagsiaredhis data géll euifci GPPILOME Peak OR thE bedfl] TBIY iS1RERKEhe
of the aircraft and it

ut hori zed to rk on to
Ineidl I\?awgatlon sys%ems cooV\é)mates may acgurately point, without measurable error, the
antenna at the intended satellite, that is predicted look angles and optimum look angles will be

identical. When the Inertial Navigation data is not accurate the tracking software may be used
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requires a significant amount of staging. Once the
alignnent is conpleted the radone has to 15 be
wo e@ubsahed and the radone seal cured for seveP@l/US2003/026226
hours. This manual alignnment process can take all
day, whereas the automatic alignnent process described
herein can be perfornmed in less than 1 hour. Once
properly aligned, pointing conputations al one are
generally sufficient to keep-3ghe antenna pointed at
t he |nforrrat|on source. In sone instances it is not
f
tg I ﬁgtpofhﬁn % if lh&?ﬁ gzclq?] Zéb{rn%g:ln ﬂ}@wn ati@g’g}&g ﬁ%e é:.alculated look
aﬁglneaﬂdrwtlmw locbllamg@aqumWOSQ%merrs do not provide
?Tgt/fe Ir‘%e cQ rcqmg gcp her em$ ed%mén(l’ hescc% J?lt %Q?l?%ﬂéﬁ §t ghe invention may
Imlummdzond (d6:wnmemtertexnai1t (D(iUel‘)rSﬁOs?Iﬁ é&mllustraemﬁlhqmdl block

b B ot CEPETES o o 1S5l FEEZ8 iRt o

rslﬁes(éﬁtb. finctionsl it@lenientatiotesftianBCUR X0may nthtexete@sam%guhe plhyswal

0| nti and el evation,25 ¢ ul at
PRy "o By i e A kTG SRR TP HACRRyon ofthe RE
saéﬁmy&febe% byaxihk Iaﬂl@m’falQii rlilg Reproditle BNgimals tlﬁa&hﬁ%y e btbvﬁib@tbafor
thus, if the Lnertia Vi t|o is.slow the
RG] o6 ST WIS IR o D B AP SHEs<bs P Weffor
dkehple] fidn 8RGiBbal Wiemnbly360 bﬂﬁ! Nihé(&) 50MAThgBTILEN5@Rhay inSlude a
accurate an f to date, the s stem may

SopEpliRtanac 4¢BU 5926Wée‘ie’tv§ o swl%muhneeioégram tBpgimbal
Axalds3gi nce this data will coi nC| de with the peak of
the beam This is because the 30 Inertial Navigation

syst éwgordng fupteambodinept SrecBEHr%elqP pryi reciveaingu Signals on lines 76

FERAR TR 0 FoWer diviiRrs S@E‘hﬁ? 'Bé‘uﬁﬁ td gﬁit {h@tr&:@%&i signals s0 as to be
satellite, that is predicted | ook angles and opti mum

abbfdn crepiglhigh band putpes IF ﬁl@@zﬂ% Gf@raﬂxamlvheln atﬁ@éuqnﬁieramg%wf 1150 MHz to

l;
RYNERD WD g bR RE SHEY  FABG ) Gt S s 1950
MH!Zh tTaug theeCHa mey prgvids fonexpmplesfowt quypué Hnsignaby prelines 78, ina

]RGS 58, BE IR 61 08) S Ao Ok sBAGLARRDHay e

—F

degrees. Accor
dividedisto tenbaatis i@ AtGHZ fod | FEapmidddt7 Gz wyiSt Bratds. Tltt;elo 7 GHz to

t
B A B oy R R, 03 R SRR 1P Gl 127
@Habandd meodoumrcoexmp keel. d)GH?WZS S0, Tmselsgnals ntag be presented to a
PR TR eniin 7 e Bror RO B Re bR i ers
aacassarit the tdclpby GecHIGS. lA&rﬂI&)nE‘hm:atm ater td’btevmﬂdmde TV
Lown- conv

i de, a s con a sion 0 .
Prpipgen SRS SuREreaan R iR Hies et RS ARE R Shardle 1P inputs
tﬁﬁ@:‘éivé eothpoliignshsof dacit oﬂTEe/tV\kmf eauenmewaﬂ&si G@wralﬁam of tlﬁese four IF
exa r i.nterfaces N I cle
ol 5P R PaL ap B st st Dy b sy S el fen be
@bﬁéaain t?élgarmmg bRkt Q?/}&fss ihi Iﬁﬁl& sl)gnﬁa% thelieribKa#Re vBRle. A quad
Nnci u contro |nter

50
BB DL MED i FESCIet) B SXBRITS. 15 BOGORE St frHgh Rbdvm conversion
tHE BiRfoM1, 8 Qumber of RF cables passing through the rotary joint to the interior of the

vehicle may be minimized, thus simplifying installation. Also, by providing the first stage of
down conversion on the mountable subsystem, a lower frequency may be passed from the

antenna array to the video receivers thus allowing for a more common RF cable to be used that
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According to one enbodi nent, the DCU-2 500 may receive

i nput signals on lines 76 fromthe DCU 400. Power
waelawidoerss 508 may be used to split the recei veRCHUSIWAS/826226

so as to be 15 able to create high band output IF

signals (for exanple, in a frequency range of 1150 MHz

to 2150 MHz) and | ow band output IF signals (e.g. in a

frequency range of 950 MHz to 1950 MHz). Thus, the

DCU-2 may provide, for exanpi®e, four output IF

signals, on lines 78, in a total frequency range of

is "ﬁﬁfﬂ{e?ﬁf ﬂ%ﬂ%lﬂym%ﬁ&t 1%@%% é&%g%&é&g@%@%ﬁ%&sﬁﬁﬂgy

co]mlmu@ﬂzn Bscsteirﬂoﬂtﬁe iBrentio teepradderthGhvo stage® Of dotwnco@zsion using the
rted n h

Db 03l SO e P20 gt oS B

withif tl@%zhicte 2,15 GHz. These signals may be presented to

2 o BBt ey R B e TKGID B0 by Sl B fpss fiters 510

thw ﬂliy tehBed/@ifilRet eutwm2- béxﬁﬁﬁodﬂc@&orﬂ the sigiyls. THeusceivied sighalesre
pr ovi de rece n.on chanpnel

P BETESTE P \he it Tectr vare Ryt UGS als s14. Bach

loS& r@acﬁmt@f 31F ndybétened fo 4 Sarfic@e biel dIGtetudnoiesfak 2 atnic@cmsof@tﬁe

he satelljte b CGener atj qn
sofies PEoMG; AT TR BEBORL s e O aEnef e, Which
1085 D6t is Eﬂbﬁedﬁn ek 10tbAdny gll@h R R 1 cbﬂl@cﬂleb Qusing switches
needed on .the nounti ng brackef to pass t

516, Bnsgnérot %grtahseremeérfﬁomth%smtbﬁleaswm Pbtherrawgaﬁerfaa? A2y The

oﬁtﬂu@{gnmmap Be hiAPH Rty GalpliAGS 5 BXBERPIOVE sight stRfn@ii. FufBkr band-
rst stage of down conversion on the ginbal, the

pass Fsep SHt mmr:b%léﬁsﬂ tsfiliss gutiunyanted BOGHPIORCH: b AR/ exaEPls the DCU-

2 tSgo &dembﬂ&?ﬁ b&[t—x@-fcesi ﬂ%@mx%stME Bh R‘E%eﬁ@t)ér 59 4 eb\?&gm to sample

thus sinplif %lnsta ation. ffﬂaﬁ/ provi din
the sigaels, 96 degeri eein rddionde B &Clbandt né@mt@lbi?é (controlled via
tha O e hac@s (‘)({3‘9@4? bb LERAYE NGt FR¥%h QPthQ?ﬁﬁ‘ Pt@ ‘Pa”é‘aﬁlgﬁd for the
antenna array he video receivers thus allow n
byjltmtest. common RF cabl e to be used that WO 2004/ 019443
PCT. /I%%gﬂ 0
it easi ﬁé &gé%gd f?vgl%ll'% mbWQI%Od r@ vanéslgtglgg%{g ?p P
thetgef, vmmmdcﬁmlm as@z@teeﬁmom‘mamlw appwrenttto thosd of spillgy ibgert. Such

o8, A BL 0VBRTBC B BLA0Ue PR 00

plhposcmmﬁnﬁuﬂtlenoﬂ gnly, anétltﬁdntewdetl ko e linhiéing. e Fhecicepe df the invention
shﬁ)g@’l% ﬁig{] 8‘1&186 Exg plrolap P cso1tlnrtﬁc i oféﬁ%?ppf%defi cEalms 6n02 thgl 8qutlvalents

filter out-of- band products fromthe S|gnals The
recei ved signals are mxed, using mxers 512, with a
tone fromone of a selection of local oscillators 514.
Each |ocal oscillator 514 may be tuned to a
particul ar band of frequencies, as a function of the
satellites (or other information signal sources) that
the systemis designed to receive. Wich 10 | oca
oscillator is mxed in mxers 512 at any given tine
may be controlled, using switches 516, by contro
signals received fromthe ginbal assenbly by the
control interface 502. The
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out put signals may be anplified by anplifiers 518 to
i nprove signal strength. Further band- pass filters

wWG204m0944be used to filter out unwanted m xer mnﬁsmmsozﬁzzﬁ

In one exanple, the DCU- 2 500 may include a
built-in-test feature using an RF detector 522 and
couplers 524 to sanple 15 the signals, as described
above in relation to the DCU and PCU. A switch 526
(controlled via the control-46-nterface 506) nmay be
used to select which of the four outputs is sanpled
for the built-in-test. Havi ags¢hus described severa
exenpl ary enbodi nents of the system and aspects
t hereof, various nodifications and alterations may be
a kill in the art. Such 20
L mg%%%?ggﬁsger%mg CSHFRISI rations are intended to be
i nclandegniaedaptedtodesdleas infermagibn sipnal;s f or pur poses of
il | ,
The DB aft (e SRk o QLGRAEOE 8 sltFu o by s por
andragpeomd cpoﬂstht ortitommde tfinstiiner byiperunatchceidad reeeivathe itfbredation

SRR L QAL SR FET Ol O e i e

copg@ptne sllgh:{l andé aethe secamd pcﬂf aseehd comingitaighalbthagecond component

de t f eed t of th
iG] BOTE A HAeaF PR b BoShah BT "o
t he phastefwmpekfsaﬂid’naﬂ@dslﬁﬁlpleb & thg fiesd it Jebistidedrts Gfthe&ﬂio‘ﬁﬁ)de

the i nfarmati fromthe antenna an to it
trqngept hrd s iR e ﬁ eftr%a 335 %CO@PH%@%? Pg%et

complehdalibn meANIHOINE Bénsﬁrhcgﬁﬂb campens@t fdr Ay ﬁﬁ@@ﬁ}&baﬁﬁéd betvieen the
nent si t he second conponent signal

sec nd c 0 0
A g HOGOAR 0 o SRt e WS PP RPORgIapaHte A second
comipghét sigadld 10 phase conpensation neans coupled to the
first and second ports of the orthonbode transducer
and adapted to receive the first and second conponent

2.SirBOMt¢nna LEmBRAS Blaint@ TP EIBFAL | VAR rHPRR AntBifiaN¥a horn antenna.
constructed to conpensate for any phase imbal ance

between the first and second conmponent signals to

3.PITRS SrtdtRb ‘éfbeltnbfy‘/ ab blrafrﬁedch‘P ETQB{‘? %he?&'lrgé?ﬁél%ﬂt g%{h@ RoRGaRAh is less

conponent  Si . The antenna as
tha} agiprRximately d a%ﬁ$q mhereln the antenna is a horn
antenna. 3. The antenna assenbly as clained in claim
2, wherein a height of the horn antenna is |less than
4.appe ontenmapesepbly2s cliteddn clzi; B wiBlen:ant enna assenbly as

cl aiy ﬂ%ﬂnénﬂa ?JCRI ggearl‘lplurm o?h&enélgpf g% g&'&% fe@g L/cyg]e‘?lfo?matlon

plurality o nas recel
signal;or mat i on

The orthomode transducer includes a plurality of orthomode transducers, each
orthomode transducer coupled to a corresponding one of the plurality of antennas, each
orthomode transducer having a first port and a second port, each orthomode transducer being
adapted to receive the information signal from the corresponding antenna and to provide at the
first port the first component signal having a first polarization and at the second port the second
component signal having a second polarization; and

wherein the antenna assembly further comprises a feed network, coupled to the
plurality of antennas via the plurality of orthomode transducers, the feed network being

adapted to receive the first component signal and the second component signal from each
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signal; The orthonode transducer includes a plurality

of orthonode transducers, each 25 orthonode
wo canstyeer coupl ed to a correspondi ng one of PBEEUS2003/026226

plurality of antennas, each orthonode transducer

having a first port and a second port, each orthonode

transducer being adapted to receive the information

signal fromthe corresponding antenna and to provide

at the first port the first4tonponent signal having a

first polarization and at the second port the second

ﬁlﬁ%‘&@ %Elﬁ did AR 1o ANAARY, 1 tssﬁt‘ﬁ ﬁﬂé&%ﬁtzs?gtnhl% a fifde eE’P gort and a

rein the antenna ‘assend urt conprises a

saserdwimimedcompbredt signat e Secpllnd feedippy. of ant ennas via t he

plurality of orthonode transducers, the feed network

being adapted to receive the first conponent signa

5.aride aitenmesemb s rionehin ching Aalvhdrein thegrheds cuipensation means
111tcfr?1§ﬁsé uogaélzatlo%gcgéx%%p gn%{ tggtqéz f%l?ther constr(alcttecrf gon%gﬁ;snsate f?r polarization
sl&mgjmeeatheaanfdnnesandfaeeufc@mﬁthe mlﬁmimtlorsﬂgmhahds umred

nponen Si at. a.second f ed The ant enna

SRR s oR e B SR BR o B B SRY
caoppensiikion means 5 includes a pol arization converter

unit that is further constructed to conpensate for

pol ari zati on skew between the antenna and a source of
6t e Iaﬁl%ﬁlfafw\iehib[y Sickiadd iaRthih 0, WL ﬂierpdtahzdtiﬁ)ﬁ converter unit

for nal , w ari zation
mF ufesa "ﬁ b @é’%& RRUARIS 3 ﬁé‘*ﬁ’?‘y%‘? ﬁ’lrfa Pé"“dtf@ vglue ?Fﬁ@te&}‘ﬂt‘é’ﬁ iy path
oB&SIe BhhY fiRk6 sudhraédadehpbiknt bighalhiRi thykub:@] sndni¥d component signal to
pol ari zation converter unit includes a plurality of

CERRBFAIAIE PY RARIZALONERT i gured to provide a val ue’ of
attenuation in a path of each of the flrst sunmed
conponent signal and the second sumred nponent

7silha antepns asgapbetsskiaed i clagny. weareip rfb?anlqr@lﬁy gkesfhompde 7.

traiBu R RONR RIS TN wAB tfd BLIRAR afd RloiR pluMIRY 6F a[?ltennas
the plurality of orthonode transducers are integrally
formed with the feed network and with the plurality of

8 a"[‘h@ 'aﬁ'@ﬁ‘na as g;‘ﬂh&ﬂﬂ%l Eﬁ%ewﬂéréﬁn fio f@é HFd?k b&nglfr}s@é m

5, wherein t he net wor rises stantl
subgtaniiallyi szzlamepsmlrr@ths 60 thiatet pagh g@fathmﬁlzsf comp@mfnt gignal from each
r3

S e A B b Rl

e&h@nhmnwkdnmmh@@ﬁodﬁﬁh@ﬂ@ﬂ@dpwamsddﬁﬂmnﬂbHWMngeabnd
feed port are substantially symetrical. 9. The
antenna assenbly as clainmed in claimb5, wherein the

9f &ithe antetnacassenibly @& cleuebjiuicthém B eelkrein dtevierdnetvd bk IsC. waklaguide feed

t%pna assenbly as clainmed in claim9, further
nprising at | east one support

10. The antenna assembly as claimed in claim 9, further comprising at least one support
bracket integrally formed with the feed network to provide structural rigidity to the feed

network.

11. The antenna assembly as claimed in claim 9, wherein the feed network comprises a

plurality of fluid drainage holes formed therein.
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bracket integrally formed with the feed network to
provide structural rigidity to the feed network. 30
wda 200404:Nnt enna assenbly as clained i n clai mBCT/US2003/026226
wherein the feed network conprises a plurality of
fluid drainage holes forned therein. WO 2004/ 019443
PCT/ US2003/ 026226 -42 12. The antenna assenbly as
claimed in claim9, further conprising a dielectric
insert positioned inside at4d-east one of the first
feed port and the second feed port. 13. The antenna
1?%? Em%&ﬁa §§SEI%ID ' Qﬁﬁuﬁéa 1ff|z i ]fgt'the\f"@@rﬁﬁ%sﬁhgtarkﬁelecmc insert
die ric rt has a ura t hol es forned
pashioned ms1t1@atd@ﬁttm lof the dirst lf®d tpit enccibp secamd feed parhe
dielectric insert. 14. The antenna assenbly as cl ai ned
inclaim9, wherein the plurality of antennas are horn
13afMhe Bmema ads®mbFE.as Thanearin ehaimalbs@ewbt the dislectiigiinsent hasa plurality

TN

nmove the plurality of antennas in azinmuth and
v 16., . The ant as .c
1) el B sopedingy LR AR5 R ARt iR T brbfhggore om
arténnbIcl udes a ring for nounting the horn antenna to
the gi nbal assenbly, and wherein the ring is forned
on an outer surface of the horn antenna. 17. The
18mhe Btﬁ%r@%%éﬂibiy)as akireddah BRGn 14) fedtel Band@isinghagtiabal akbmbly

rin rOX|nat 0, gn ape e of he hor.n
copled ke pgt?qetsso W@naﬁpiﬁ%ategé%@ﬁ%@ BlutatPagtpdtinyay i azimuth
ard Advdtidn/, Wherein the ring includes a groove adapted

to mate with a post of the ginbal assenbly. 19. The

antenna assenbly as clainmed in claim17, wherein the

16 'T‘EQ aﬁt@nﬂa%s%ﬁx'oﬁfl ds ¥lalidd R dlah 1l wikRid £19a8100n8 o@th% @Bdntennas
. The antenna assenbly as claimed in claiml

lnplyldfwaertngcf@wpwr&ma hedioprganinipa xthe gimbel 45sembiia pn@/wherem the ring is
fo‘?ﬁ@él %éMtér@&rfane Bffﬁ% ihb Afenfor n antennas and the feed

net wor k . The antenna assenbly as clained in
cIa|n114 further conprising a plurality dielectric

1%%@ gt?temﬁ%?@gx@%s Qlairchein Rlath 3!5 | iRé e‘ﬂ{ the kiRl RObined plr&ﬂﬁﬁ@ to an

ei ng coupled to a corresponding hor n aht enna,
affesiorefthechosi gtrmba.t o the a feed point of the

correspondi ng horn antenna. WO 2004/ 019443

PCT/ US2003/ 026226 -43 22. The antenna assenbly as
18| Tk petdniiasehndlyms 2lbimetie ckim 1 @adieraii e eing nclidbemgropes adapted

tomAate WiHG pgg of the gimbal assembly.

19. The antenna assembly as claimed in claim 17, wherein the ring is integrally formed with

the horn antenna.

20. The antenna assembly as claimed in claim 14, further comprising a radome at least partially

enclosing the plurality of horn antennas and the feed network.

21. The antenna assembly as claimed in claim 14, further comprising a plurality dielectric
lenses, each one of the plurality of dielectric lenses being coupled to a corresponding horn

antenna, that focus the signal to the a feed point of the corresponding horn antenna.
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and arranged to fit at |least partially inside an
aperture of the correspondi ng horn antenna, such that
wo b@4gighectric lens is a self centering | ens.PGI/ES2003/026226
The antenna assenbly as clained in claim?22, wherein
each dielectric lens conprises a slanted edge portion
havi ng an angle of the slanted edge portion matching
an angle of sides of the horn antenna such that the
sl anted edge portion fits ing}-de the horn antenna. 10
24. The antenna assenbly as clained in claim?23,
wherein each of the plurality of dielectric lenses is
an internal -step Fresnel |ens. 25. The antenna
2h dbeatiennaassemblyi ayslinmed is claing Davherglerach Aiclesicia leys it deastructed
I . . ot : .
Y SRl B SRBRYL g o T B IPaEORY hniemng,such
thatthe tligleetri@ fens ishexckicentgingtersf t he plurality of
dielectric |enses conprises a single step Fresne
feature having a substantially trapezoi dal shape, and
230fke entenna afsembly dsolaingiakiy clafm 2hevieienygdaeh dickeptrielas nahprises a

S e BRSSP BB R3hB s o

tha horngn@ssentibythaslagkdedyge goition Gitsdhsidezbe havh entenrta. each
of the dielectric lenses further conprises at |east
one groove forned on at |east one of the planar
24 Uht agtenmafassem®lyl S BBIME i 0L 23, vihardimeeh of tht PRirdlignsf digiettric
at | east one bqynda{g of the single step Fresnesl
lepges fs gndnterpal-siep Freqngl I5ps enna assenbly as clainmed in

claim 27, wherein the at | east one groove conprises a

lurality of ooves forned as concentyic ri . 29, i
25 17he SpUR AR BB ES ajmedsin cfap SR NPt gesh Al g plosalisy didiplectric
186 s plifieconba oy sape. di el ectric lenses comprises

at | east one groove forned on each of the planar

surface of the lens, a convex 30 surface of the |lens
26 M8e BhtedBASemBREs ROUNEAN ¥lah 25 NWeheRdiNEHCR 0Bthe BluFefl%%ﬁQiielectric

feature. WD 2004/019443 PCT/ US2003/ 026226 -44 30. The
lenses eprARNisaS S eipglp ytep Eresnch fagpie haying|aspbatantiallyfrpeeqidpl shape, and
whbreth R&i R IbehRlabyt O 10 st CLGLEEdE] fehtBRIER B REdcSRSn @ substantially

cross-linked polystyrene material. 31. The antenna
paralicd it Blanas swrfagg pithe flinleetrigilans.21, wherein each of the

dielectric lenses 5 conprises Rexolite(c). 32. The
"antenna assenbly as clained in claim?2l1l, wherein each
2'5fThe hatengiaassainblyyas ofaimié¢deih elim 26, whersirseash obitrp dietpeiicdgnses further

' f t [ iC

oqriffes 4389 3h0 e RRiBEod £18:4E bPEE oBhari sl UETAE Loonves
siBface viftbe ensandheleatt ohebsindoy ef Ye ciogle sep fpsisbiatare.

28. The antenna assembly as claimed in claim 27, wherein the at least one groove comprises a

plurality of grooves formed as concentric rings.

29. The antenna assembly as claimed in claim 26, wherein each of the plurality of dielectric
lenses comprises at least one groove formed on each of the planar surface of the lens, a convex

surface of the lens and at least one boundary of the single step Fresnel feature.
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plurality of grooves formed as concentric rings. 34.
The antenna assenbly as clainmed in claim21 wherein
we@awh/ooi43 he dielectric | enses conprises a flBCIyES2003/026226
protruding froman outer circunference of the
dielectric | ens and adapted 15 for nounting the
dielectric lens to the horn antenna. 35. The antenna
assenbly as clained in claim4, wherein the phase
conpensati on nmeans conprisesi-a feed orthonode
transducer, formng part of the feed network, the feed
3 ngﬁ%fgﬁﬂg aﬁs&{lgp 3¢ H&ﬁ{ed UMb 12 g&gjefn%aapcgttth%graﬁtyfo@ WieleBiric
port, ort e transducer bein
lenseshentmpmisésal drgssilialsert podyekyrens nesdaeial. of t he pl urality of
ort honode transducers; and wherein the third port of
the feed orthonode transducer is coupled to the second
31f Elachntqnoa gssembly recleimedsn tlhien Slevberdinsachefdhediaiparie khses
he fourth port of the feed orthonode
cqﬁpgws§ﬁ§§g<§s coupled to the first feed port and
receives the first summed conponent signal, such that

i nation of the plurality ort
2 RSSO e Bt 1 xRl B St o it
leed Sonippide dt feasiDee gRbveRmMENia atsedack of thadiclgotirdens.
i mhbal ance between the first and second conponent
signals. 36. The antenna assenbly as clained in claim
334TheM@dnBa BsséiBly kb £l8imedwitTRich 0 WReeRINhe &ilgBEdne gtddlle tdiprises a
segon sunned signal have a first center frequency;
PIYRIEY PfgTORYS %rBWﬂ%F SIEIBAG: first down- converter
unit, coupled to the phase conpensation neans, that
recelves the first. sumred conponent si nal,and_the
wn%ﬁ%a %@ﬁﬁ%ﬁ@ﬁﬂn Slpighal th‘éi%l e%qhag theghiglesiticslenseh e
cofﬂpf1§ets aSIaEEs &hn §ﬁ1tgﬂ'ﬁlculﬁfe9ent39 §f A€ 8RR 6krie WHIREH adapted
conponent SI aI o a third signal WO 2004/ 019443
formyyntsg @@ﬂl@mlens oAls hepdaiedur t h si gnal |
respectively, the third and fourth signals having a
second center frequency that is lower than the first
35¢ €t antenfa axgerably s cleimedfin glaim 4 ovhreoihe ehase gorupengation means
colll; Qyésg O otnlﬂgmggg t&%u;d@% fcfl AHY g)lart%f g4 ‘%eﬁ @’Ewofrk rtﬁétfem omode
second out put " “fhe antenna assenﬁly as clalme
tranpdugtraiaming 3 thum@rtand atiprathapottethe feed sgkamnddg tiagsduea beiag
3 icl r out put s
sugﬁar{tnﬁléyﬁ?étgctaﬁgg\%% 3?‘3% %ur?ht& I%?orftlio'}ﬁotde @f?}%&ﬁ&?ﬁﬁ rglgdu h g
sur fweeimothe thive pwelm[fﬁieéeeamithamededmnpmed i$ coupliditd the meviond feed

pof PR ARSI S REP ettt e ot tp B o8 ree
orﬂldﬂhbﬂd madlucezompmtpeanitts therfiodt ke part aﬁcefeoﬂdesdm\fnrscsnnmeﬁtcemponent
.unj t at receives hi.rd
sk 0 RSB o Ao PR et de b R 1% e toric and
ths fegdh atthoivde &assduddn cohpunadtes oGP hdse n@batanck berwkéd the fisnshd
ﬁ alslhaV|ng a third center frequency that is

SeW@@éPmP t $9$@'Ssecond center frequency. 15 39. The

antenna assenbly as clained in claiml1, wherein the

36p Se?nte%ga S%Qnslgltylagglagqe % in claim 4, wherein the first summed component signal
and the second summed signal have a first center frequency; and further comprising:

a first down-converter unit, coupled to the phase compensation means, that receives the
first summed component signal and the second summed component signal, and that converts

the first summed component signal and the second summed component signal to a third signal
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and a fourth signal, respectively, the third and fourth signals having a second center frequency
that is lower than the first center frequency, the first down-converter unit providing the third

and fourth signals at first and second outputs.

37. The antenna assembly as claimed in claim 33, wherein the antenna assembly is mounted on
a vehicle and wherein the first and second outputs of the first down-converter unit are fed
through a surface of the vehicle and are coupled to additional components located within the

vehicle.

38. The antenna assembly as claimed in claim 34, wherein the additional components include a
second down-converter unit that receives the third and fourth signals, and that converts the
third and fourth signals to a fifth signal and a sixth signal, respectively, the fifth and sixth

signals having a third center frequency that is lower than the second center frequency.

39. The antenna assembly as claimed in claim 1, wherein the phase compensation means

provides substantially all phase matching for the antenna assembly.



