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ＡＤＵＡＬＡＳＴｴGMATｴCREFLECTOITANTENlIAFORADｪRECT-TVRAm面TOTITom

SvenSJ5grenandPerエngvarson
LMEricssOn，Ｍｴｰdivision，Mandaユ，Sweden

ＦｏｒｄirectTVtransmissionEromasateユユｉｔｅｔｏｓｍａユユhomereceivers，ahigh-
perrormancesateﾕﾕiteantennaisneeded･ＡｔＬＭＥｒｉｃｓｓｏｎ，wehavedesigned
suchanantennafortheEuropeanheavysateﾕﾕiteproject（anexPerimentaユ
direct-TVsateﾕﾕitefortheEuLropeanSpaceAgency)．

Theantennarequirementsare：

ｔｗｏｅﾕﾕipticalbeams，０．８．x1.I4oshaユユbeproducedattransmitfrequen-
cies｡2.ﾕｰﾕ２．６０Hz）

ｔｈｅｔｗｏｂｅａｍｓｓｈａｕｂｅｃｏｍｂｉｎｅｄｉｎｔｏｏｎｅａｔｒｅｃｅｉｖｅｒｒｅｑｕｅｎｃｉｅｓ
（110.0-ﾕ１０．５ＧHz）

ｔｈｅｐｏﾕarizationshaユユbecircuﾕaｒ（difrerentsensesattransmitand
receive）

ｒｒｓｅｎｓｉｎｇｓｈａｕｂｅｕｓｅｄｆｏｒａｔｔｉｔudecontroユｗｉｔｈａｂｅａｃｏｎｓｔａｔｉｏｎ，
transmittingatユム.２５ＧＨｚ，arbitraﾕiﾕｙユｏｃａｔｅｄｉｎｏｎｅｏｆｔｈｅｔｒａｎｓｍｉｔ
ｂＰＲｍs

thetransmit，receiveandrfsensingnmctionsshaユユｂｅｃｏｍｂｉｎｅｄｉｎｔｏ
ｏｎｅａｎｔｅｎｎａ

ｔｈｅｒｅﾕａｔｉｖｅｐｏｓｉｔｉｏｎｏｆｔｈｅｔｗｏｂｅａｍｓｓhallｂｅｄｅｒｉｎｅｄｏｎｅｙｅａｒｂｅ－
ｆｏｒｅユaunch，ｗｉｔｈｖｅｒｙｓｍａユユbeamseParationspossibﾕe

repointingshaユユbepossib1e

ToobtainagoodcircuﾕａｒｐｏﾕarizationineuipticalcoverageareasrePre-
sentsadifficuﾕtprob1em・Ｔｈｅｅユipticaユbeamsrequireeﾕﾕipticaユref1ec-
tors，ａｎｄｔｈｕｓａｆｅｅｄｈｏｒｎｗｉｔｈａｎｅﾕﾕipticaユcircuﾕarﾕypolarizedbeam･
ｏｎｅｏｆｔｈｅｈｏｒｎｓｉｓａ１ｓｏｒｅｑUiredtohandﾕerfsensingmodes･Sincenogood
candiｄａｔｅｆｏｒｓｕｃｈａｈｏｒｎｈａｓｂｅｅｎｆｏｕｎｄ，ｗｅｈａｖｅｓｅｔｔ１ｅｄｆｏｒａｆｅｅｄｈＯｒｎ
withacircuﾕａｒｂｅａｍ･エnordertotransformthesyTmetrica1beamintoan
eUipticaエｉﾕｴuminationo乞ｔｈｅｍａｉｎｒｅｆﾕector，weuseasubref1ectorwith
differentmagniricationratiosinthetwoprincip1ep1anes･Themainref1ec-
toristhenproper1yshapedtogiveaco-phasedaperture、Ｗｅｃａユユｔｈｉｓａｎ
ａｓｔｉ印]aticreflectorsystem･meapertureefriciencyo狂ｔｈｅａｓｔｉＰａｔｉｃｓｙｓ－
ｔｅｍｉｓｔｈｕｓｎｏtreducedcomparedtoanormaユduaユremectorsysteⅢ１，ａｓｉｓ
ｔｈｅｃａｓｅｗｉｔｈａＢｉｎｇﾕeshapedremector．

TheprincipﾕｅｉｓＢｉｍｉﾕartotheoptimumshaPingofcircuﾕＢｒﾕysymmetric
Cassegrain-earthstationantennas･Thenon-symmetryo狂theastipaticsys-
temgivesrisetｏａｍｕｃｈｍｏｒｅｃｏｍｐﾕicatedsituation，however･ＲａＯｒｓｒｒｏｍ
ｂｈｅｒｏｃｕｓｗｉユユ，ａｆｔｅｒｒｅｒﾕｅｃｔｉｏｎｏｎｔｈｅｓｕｂｒｅｒ１ｅｃｔｏｒ，ｎｏｔｓｅｅｍｔｏｏｒｉｐｉｎｎｔｅ
狂ｒｏｍｔｈｅｍａｉｎａｘｉｓ･onﾕｙｉｎｔｈｅｔｗｏｐｒｉｎｃｉｐﾕｅｐﾕanescantheconventionaユ
desia］principﾕｅｓｗｉｔｈｃｈｏｉｃｅｏｆ･ｍａ＆】iricationsetc･ｂｅｕｓｅｄ．

ＴｈｅｄｕａユrefﾕectorsystemisoftheCassegrainｔｙｐｅ，四ｄｉｓｏｐｅｎｉｎｏｒｄｅｒ
ｔｏａｖｏｉｄｂﾕockage・Ｔｎｅユay-outisshowninrigureユ．ｍｅｓｍａユユshieﾕ。，ｍｏｕｎ－
ｔｅｄｏｎｔｈｅｓｕｂｒｅｍｅｃｔｏｒＤｉｓｕｓｅｄｔｏａｖｏｉｄｓｉｇｎａﾕｓｔｏｒｅａｃｈｔｈｅｆｅｅｄｈｏｒｎｓ
ｄｉｒｅｃｔｴyfromtheeartlu，Yithoutpassingtheremectorｓｙｓｔｅｍ･RePointing
isPerromedlJithapositionerbeﾕｏｗｔｈｅｍａｉｎｒｅｒﾕector･Ｔｈｅｄｅｓｉｇｎｐａｒａ－
ｍｅｔｅｒｓｏｒｔｈｅＢｙＢｔｅｍｈavebeenchosenasacompromisebetⅣeenseveraユre-
qUirements8■句、
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SqUarecorrugatedhornsareusedaｓｒｅｅｄｈｏｒｎｓ･Theygivebetterefriciency
rorcﾕosebeamseparationthancircuﾕａｒｏｎｅｓ，ａｎｄｔｈｅｙａﾕﾕｏｗｔｈｅｕｓｅｏｒａ
ｓｑＵａｒｅｗａｖｅ副idemodecoupﾕｅｒ･Theschematicinfigure2showsthewave-
guideccmponentsoi、ｔｈｅｓｙｓｔｅｍ・onereednornisequippedwithanarrow-
bandsquarｅｍｏｄｅｃｏｕｐｌｅｒ，ｗｈｉｃｈｃｏｕｐ１ｅｓｔｈｅＨＯ２ａｎｄＨ２０ｍｕｏdes･The2unda-
mentalInodeinputisconnectedtoapoﾕarizerwithadie1ectricvane，ａｎｄ
ａｎＯＭＴｉｓｕｓｅｄｔｏｓｅｐａｒａｔｅｔｈｅｏｒthogonaﾕｭｙ］PCﾕarizedreceiveandtransmit
signaﾕｓ・ThebeaconsumsignaユｉｓｒｉﾕteredoutFromthereceivesignaエvia
acircuｴatorandabandpassriﾕter，ａｎｄisusedtonormalizetnedifference

(rfsensing）signaﾕｓ（theextractedH2OandHO2modes)・

ＴｈｅｏｔｈｅｒｆｅｅｄｈｏｒｎｉｓｅｑＵｉｐｐｅｄｗｉｔｈａｐｏﾕａｒｉｚｅｒａｎｄａｎＯＭＴ，andthere-
ceivesignaﾕｓａｒｅｃｏｍｂｉｎｅｄｉｎａｍａｇｉｃｔｅｅ（coJnbiner)，inordertoproducea
counbinedcovereLge，

Thedesignandoptimizationofthere且ectorshavebeendonewithacompu-
terprogram，usinggeometricaユopticsforthesubrefﾕectOrandphysicaユ
opticsforthemainrefﾕector･ThedifEractioneffectswerecheckedwitha
sphericaユmodeexpansionofthesubref1ectorradiation･Ｔｈｅｓｉｚｅａｎｄｏ丑rset
structureofthesystemmadethesecaﾕＣｕﾕationsrathere麺ansive･Later，ｗｅ
ｈａｖｅｔｈｅｒｅｆｏｒｅｕｓｅｄＧＴＤｆｏｒｔｈｅsubrefﾕectordifTractioncn］oul2tions･

ThegainandsidelobeユeveユperromancearelimitedmainﾕybytheSmal1
beamseparation，whichreqUireshighedgeｉユumination･Ｆｏｒexample，a
beamseparationof1.lIbeam7idthsgivesadirectivegai、ｏｆ４０．５ｄＢｉａｔ
ＥＯＣ，whileユBbeamwidthsincreasesthisfigureｂｙユ。B・The2irstsideニ
ユｏｂｅｓａｒｅａｂｏｕｔ－２０ｄＢ．

Theincorporationortherf､sensinginthetransmit/receiveantennaeT；mi-

natesrirst-orderthermaﾕﾕyinducederrors･Ｔｈｅｒｅmainingerrorsareap-
proxilnateｴｙ（３ｑｖａﾕues）go・O3obias，０.O2odaiﾕyvariationandO・OO5onoise．
Aユユｔｈｅｓｅｅｒｒｏｒｓａｒｅｇｉｖｅｎｉｎｔｈｅｗｏｒｓｔｃａｓｅ．

Ｔｈｅｒｅｍｅｃｔｏｒｓａｎｄｔｈｅ

ｈＯｒｎＳｏ垂FuTnnminT1lm，エn

coupﾕｅｒ，ＰＣﾕａｒｉｚｅｒａｎｄ
ｏｆｉｎｖＢｒ．

ｓｕｂｒｅｍｅｃｔｏｒｔｏｗｅｒａｒｅｍａｄｅｏｆＣＦＲＰ９ａｎｄｔｈｅｆｏｅｅｄ
ｏｒｄｅｒｔｏｒｅｄｕｃetemperatuLresensitivity，themode
Eiﾕters，ａｓｗｅユユａｓｓｏｍｅｗａｖｅｇｕｉｄｅｓｒｕｎｓ，ａｒｅｍａｄｅ

Thepresenteddesignprincip1ecａｎａ１ｓｏｂｅｕｓｅｄｉｎ１ａｔｅｒＯＰｅｒａtiona1
peandirect-TVsateユユｉｔｅｓ，ｓｉｎｃｅａユユｔｈｅ］proPosedEuroPeancoverages
eユユipticaユ．

ｎｕｎｒＯ－

ａｒｅ

」輻÷
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Figure1．Configurationlayout
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Figure2．ＳｙｓｔｅｍｓｃｈｅｍａｔｉＣ
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