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ABroad－BandImpedancelndicatorEmp10yIngaPhase－Shift

KeytngModulator

KENZOWATANABE，MEMBER，IEEE，MITSUAKIASHIKI，ANDIWAOTAKAO，MEMBER，IEEE

A鮎か耶I－A noYel homodyne紀hemeJbrimplementing a

broad－hLJldimpedanCeindic＆tOrispropoSed・ItEeature”Simple

brmmAdepossiblebyusitLganOdifiedqu＆rtern＆ryPhLSe－Shift

b頭鴫がaSuh坤r血rmd血tionmethd・Th誌me仙dAuo耶h仙
th…mPli仙d…ndthephaSeOfa軸naltoh，deteetdsimulは－
neouslybyoneSingle－endedmiⅩer・AprototypeindicatOrh＆Sa＄－

sur¢dtheswept－fr叫u帥eymea紺rementOY併thebandranging
hom8．6t010．4GEz扇ththeamplitudeandph88eOrrOrS011㈱

tbn5percetLt＆nd501reSPeCtively・Thec＆p＆bilitieS＆re、demon－

StratdbypreSentingexample80lmea紺remOnt・

W　　　　　　Ⅰ．INTRODUCTION

ITHTHEDEVELOPMENTofadvancedmicro－

wavedevicesandcomponents，amicrowaveim－

pedanceindicatorisbecomingmoreandmorenecessary
fortheircharacterization．Whiletmanyfbrmsoftheindi－

catorhavebeenproposedJllH7】，COmmOntOthemallis
theproblemofhowtodetectboththeamplitudeandthe

phaseofasignalsimultaneOuSly・Inaconventionalindi－

catorl4Hll］，thisisaccomplishedbydetectingseparately

therealandlmaglnaryCOmpOnentSOfasignalnormalized

toarefbrencephase，madepossiblebyincorporatingtwo

homodynesystemsintotheindicator・Suchaschemeis

validforfixed－frequencymeasurement，buttwoproblems

MiLnu8CriptreceivedOctober6，1976；reVisedNovemberl・1976・
K．WatanabeandM．AShikiarewiththeResearchInstituteofElec－

tronics，Shi2：uOknUniversity，HzLmamatSu432，Japan・
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areinvoIvedinbroadbanding【6日81：tWObalanCedmixers

intwohomodynesystemsneedtobeamatchedpairwith

aflatfrequencyresponse，andthesignalandrefbrence

channelsoftwohomodynesystemsshouldhaveaniden－

ticalphase－VerSuS－frequencyslope・Althoughthelattef
problemcanbesoIvedbyequalizingtheelectriCalpath

lengthsofbothchannels，itrequiresanelaboratear－

rangementOfmicrowavecomponents・Itisthusexpected

toalleviatethebroadbandingproblemifonehomodyne

systemshouldbeavailablefordetectingboththerealand

imaglnaryCOmpOnentS・

Afrequency－divisionmultiplexinglSWellknownasa

validtechniquefortransmittingseveralmessagesonone

transmissionfacility．Thistechniqueisappliedtoanim－

pedanceindicatortosoIvetheproblemofonehomodyme

systemforthetwocomponents・Thekeytomultiplexing

istheadoptionofamodifiedquarternaryphase－Shift

keying（PSK）asasubcamiermodulationmethod・This
modulationmethodalsomakesitpossibletoreplacea

balancedmixerbyasingle－endedmixer，thusleadingto

simplificationoftheindicator・

Thispaperdescribestheprinciplesofoperationandthe

accuracylnaSWept－frequencymeasurement・TheprlnCi－

plesareexperimentallyconfirmedbytheperformanCeOf

aprototypeindicatordevelopedformeasurementofX－

bandcomponents・Itsdetailsandcapabilitiesarealsode－

scribed．
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Fig・1・AbroadJ）andimpedanCeindicator・（a）Microwavesetupfor（T）
transmissionand（R）renectioncoefficientmeasurement，and（b）cir－
Cuitconfigurationofthesignalprocessor．
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II．PRINCIPLESOFOpERATION

Fig・lshowstheconfigurationoftheimpedanCeindi－

CatOr・Itconsistsoftwomainparts：amicrowavehomodyne

SyStemandalow－ffequencyslgnalprocessor．Itisunder－

StOOdinthefbllowingparagraphsthattheoutptltofa

SWeepgeneratorislevelledandallmicrowavecomponents

areofmatchもdbroad－bandtypewithaflatffequencyre－

Thetwopathsconnectingtwodirectionalcouplersfom

thesignalandrefbrencechannelsofthehomodynesystem．

Anarrangementdenotedby（T）measuresatransmissi。n

COefficient，andthatby（R）areflectioncoefficient．Inei＿

thefarrangementthetwochannelsshouldhaveaniden－

ticalelectricalpathlength・Thisiseasilymadebecauseof

thefbwercomponentsandthesymmetryintheconfigu－
rationofthetwochannels・ThePSKmodulatoranda

mixeroperateasasubcamiermodulatorandacoherent

detector，reSpeCtively，inafrequency－divisionmultiplexing
SyStem．

TheslgnalprocesslngneCeSSaryfbrmultiplexingisto

divideaslgnalintotwocomponentsinquadratureand

thentoallotaseparatebandforeachcomponent・Recalling

thataphasemodulationproducessidebandpairsin

quadratureandthattheyhavediffbrentangularvelocities

inaphasordiagram，OnereCOgnizesaphasemodulation

tobeapropermethodhrthemultiple再ngprocess．A
digitalphasemodulationissuperiorinbroadbandopera－
tiontoananalogone【12】；quantizingananムogphase－Shift
uslng three discretelevels，One Obtains the modified

quarternaryPSKusedhere，WhichdevelopsO0，－900，00，

and9000fphaseshiftineveryquarterperiodofmodula－
tionfrequency．

Thedetectionprocesscanbeexplainedbyexpanding

themodulatedsignalintoaFourierseriesandrepresenting

theresultantsidebandsonaphasordiagram・Theslgnal
fromtheunknowniswrittentobeofthefbrm

es＝RefpViexpUwt）i＝JpIthcos（wt＋0）（1）

十e．・叩日〟2）
l
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Fig・2・Thephasordiagramofthesignal，nrStandsecondsidebands，
andrefbrencecarrier・TheIFsignalistheprqjectionoftheinstanta＿

neousfirstandsecondsidebandvectorsalongtherefbrencecamier
VeCtOr．

Wherep＝JprexpUO）isareflectionprtran血ssi？nCOef－
ncientbeingmeasured・ThemodulatedsignalisglVenby，

assumingthePSKmodulatorislossless，

em＝hl坑cos（Uf＋β＋¢）　　（2）

Where¢denotesthephaseshiftduetothePSKmodulator．

ForthepresentmodifiedquarternarypsK，itiswritten

¢＝U）鵬ltl＋（－1）小lI（訂／4）　　　（3）

br

花町／2≦Umと≦（柁＋1）訂／2，（托＝0，1，2，3）

Wherewmisthemodulationangularffequency・Expanding
（2）intoaFourierseries，Onehas：

em＝∑（－1）〝…）′2亜
〝＝0　　　　　（2〝＋1）訂

・【sin恒＋（2〝＋1）Umf＋β‡

＋sin恒－（2〝＋1）umf＋州

・∑（叶1浩【cosい2（2州）勅州
〇〇

十cos蕃山と－2（2〝＋1）Umf＋瑚　　　　　　　（4）

Themodulatedsignalconsistsofaninfinitenumberof

Sidebands・Attendingonlytothefirstandsecondside－

bands，OpeObtainsthephasorrepresentationshowninFig．

2・Thesignalisrepresentedasafixed－referencevectorby

reducingthewholeangularvelocityofvectorbythesignal

angularffequencyw・Thisstationaryphasordiagramshows

explicitlythatthesignalisjustpartitionedasisrequired

brmultiplexing・Theamplitudeofthesecondsideband，

in－phasecomponent，is3dBsrrlallerthanthatofthefirst

Sideband，quadrature component．This unbalancein

partitionratioisbalanCedorcompensatedforbyadjusting

thegalnSinIFstages．

Fig・2alsoincludestherefbrencecarrierincidentupon

themixer，WhichisastationaryvectormakinganangleO

Withrespecttotheslgnalvector・Assumlnglow－level

mixihg andlinear－law detection，One Obtain theIF

OutputaStheprqjectionoftheinstantaneoussideband
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vectorsalongtherefbrencecarr享eraxis・Thus

eIF＝eum＋e2仙

＝hIpIVi卜巧sinO・COSw，nt＋cosO cos2wmtl（5）

wherekisaconstantassociatedwithamodulationlossof

thePSKmodulatorandaconversionlossofthemixer．

TheIFoutputisappliedtothesignalprocessorshown

inFig．1（b），Whereitisseparatedintoe。mande2。mCOm－

ponentsbymeansofbandpassfilters（FL－BP’S）・After

amplified，eaChcompopentismixedwiththeIFrefbrence

Qfthe sarpefrequencylnalinear－lawphase－SenSitive

detector（PSD）toproduceavideosignal・Theoutputof

PSDcontains，besidesthevideoslgnal，theresidualIF

reference，bqtitisnlteredoutbyalow－paSS印ter（FIrLP）・

Thedualchanpelprocessprovidesthevideoslgnalspro－

portionaltQIpIsinoandLpIcosO・Applyingthe－tothe

horizontalandverticalaxesofanX－Yoscilloscope，One

obtainsapolarrepresentationofareflectionPrtranS－

missioncoefqcientonaCRToverlay・

Thecalibrationprocedureis：first，thecomponentof

well－knownproperty，Say，aShortin（R）connectionoran

QmptyWaVeguiqe享n（T）Connection，isconnectedinplace

ofanunknown．Next，thegalrLSOftwoIFamplifietsare

adjustedwhilevi亘winganoscilloscopedisplayuntilitin－

dicatestheprQperValue．

ⅠⅠⅠ．AccURACYOFMEASUREMENT

TheやCCuraCyinamplitudeandphasemeasurement

dependsohwhetherafixed－OrSWept－frequencymea－

surementi畠invoIved．Inafixed－freqtJenCymeaSurement，

excelleptaccuracylSObtAinable，forthecalibrationpro－

cedurenullifiestheerrorthatwouldotherwisebecaused

byrqismatchesQfmicrowavecomponents，andtheIFde－

tectior！iPSuiesthedrift－freemeasurement・Inaswept－

frequeney一basurement，however，thePismatchescannot
be cbmr！letelytunedout，thus caqslng aSyStematic

Therearefourcomponentswhose叩ismatchescon－

tributetothesy畠terpaticerror：tWOdirectionalcouplers，

mixer，andPSKmodulator．Whilethepreciseevaluation
requlreSaflowgraphanalysis，thesystematicerrorlSglVen，

inafirstorderapproximation，byadding9aChindividual

COntribut享OnS・ThecontributioやSOfthemismatcheddi－
rectionalcouplersandmixerhavebeenalreadydiscussed

inl6日81，【13］：TheerrQrSOurCeinherentinthepresent
indicatoristhemismatchofthePSKmodulator．Itcanbe

describedbytwofactors‥theamplitudeunbalanceandthe

phase－Shiftd占viationl14】．

Theamplitudeunbalancecausesanunexpectedam－

plitudemodulation．Letthesignalamplitudewhen¢＝00，

－900，arId900bel，1－し，andl－（＋，reSpeCtively・Ex－

pandingthepodulatedsignalintoaFourierseriesunder
thisunbalancetellsthattheamplitudeofthequadrature

componentdecreasesfromthepropervaluebyanamOunt

of（e＿＋亡＋）／2whilethein－phasecqmponentremainsin－

variant．Thusthefractionalerrorinapplitudemeasure一

mentbecomesmaximumwhenO＝（2n＋1）q／2，andthe

TABLEI

¶leAmplitudeandPhaseErrorsDuetotheAmplitude
UnbalaJICe，∈●＋e．，OfthePSKModulator

ETrOr　 O nT　　　　 （Zn＋1）¶／4　　 （Zn＋1）¶／Z

可pl o　　　　　　 C－＋C＋　　　　 C－＋E＋

回 4　　　　　　　　　　 2

AO
o　　　　 ta。‾1＿三二三⊥　　　 0

4

TABLEII

TTLeAmplitudeandPhaseErrorsDuetothePhase－Shift
Deviation，6，0fthePSKModulator

　　　 0
Error

n ¶　　　　 （Zn＋1）¶／4　　 （2m＋1〕T／2

△lp lパ p l
62／2　　　　 6／2　　　　 62

△0
tan －16　　　 tan －1 （6／2）　　 0

phaseerrorbecomesmaximumwhenO＝（2n＋1）訂／4・

TableIsummarizestheamplitudeandphaseerrorsdue

totheamplitudeunbalance．

Thephase－Shiftdeviation，thedeviationinphaseshift

ffom土900，CauSeSthecrosstalkbetweenthein－phaseand

quadraturecomponents；thefirstsidebandcontains，be－

Sidesthequadraturecomponent，thein－phasQCOmpOnent・

Letthedeviationbe∂rad．Then，duetothecrosstalk，the

instantaneousfirstsidebandvectorinclinesby∂fromthe

PrOperpOSitionshowninFig．2，Withtheconsequencpthat

thevideoslgnaltoahorizontalaxisisproportionalnotto

sinObuttosin（0＋∂）．Thephaseerrorthusbecomes

maximumwhenO＝n訂，andthefractionalamplitudeerror

becomesmaximumwhenOnearlyequals（2h＋1）訂／4．

TableIIsumrharizestheamplitudeandphaseerrorsdue

tothephase－Shiftdeviation．

IV．DETAILSOFPROTOTYPEINDICATOR

Theimpedanceindicatorbased uponthe prirlCiples

describedabovehasbeenimplementedformeasurement

ofX－bandcomponents．Thephaseshifterusinglatching

ferriteshasbeenemployedtoformthePSKmodulator．

Itconsistsoftwobitsoffbrritetoroidofrectangularshape

placedlongitudinallyinthecenterofanX－bandwave－

guide・Thecurrentpulse．ofbipolarreturntozetoisfbdto
awirethreadedthrougheachferritetoroidtomagnetize
italternatelytotworemanences．Thediffbrentialphase

shiftofeachbitis900．Fig．3（a）showsthephasもshiftdue

慧慧課業：慧豊慧悪霊霊霊
inFig．3（b）．Fig．3（C），thesumof（a）and（b），prOVidesthe

modifiedquarternaryPSK．Themodulationfrequencyis
50kHz．

Theamplitudeunbalance，し＋（＋，andthephase－Shift

deviation，6，0fthePSKmodulatorhavebePnmeaSured

bytheptqceduredescribedinl14】．TheyarQbelowO．056
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and（b）：themodifiedquarternarypsK．

andO・087rad，reSpeCtively，OVertheffequencybandffom

8・6tolO・4GHz・Thesetwofactorsdominatetheaccuracy

andthebandwidthofthepresentindicator・RefbrrlngtO

TablesIandII，theamplitudeandphaseerrorsinthis

ffequencyrangeareeStimatedtobelessthan5percentand
50，reSpeCtively，fbrallvaluesofO．

AllmicrowavecomponentsotherthanthePSKmodu－

latorarecommerciallyavailable・Specifically，thebifur－

Catedcouplershavebeenusedtofacilitateasymmetrical

arrangementofthetwochannels．Althoughnotshownin
Fig・1（a），anisolatorhasbeeninsertedinfrontofthemixer

toavoidmultiplereflectionduetothemismatchofthe

mixerandunexpecteddiscontinuityinwaveguidejunc－
tions．

Theminimumdetectableslgnalpoweris－114dBm．

Therefbrencecarrierpoweris3dBm．Sincethemixeras－

SureSalinear－lawdetectionupt0－7dBminslgnalpower，

thedynamicrangeashighaslO7dBisobtainable．
FL－BPland2intheslgnalprocessorconsistofthree

StageChebyshevfilters，havingpass－bandsfrom30to70

kHzandfrom80to120kHz，reSpeCtively．ThelOkHz

bandwidthffom70to80kHz丘〉rmSaguardbandtoavoid

thecrosstalkbetweenthefundamentalandsecondhar－

monicIFcomponents・ThetwoFL－LP，shaveidentical

COn6gurationandconsistofthreestageChebyshevnlters．

Thecutoffffequencyis20kHz，Whichlimitstheresponse
Speedoftheindicator．

Fig・4showsthreeexamplesofmeasurement・Fig．4（a），

anexampleoffixed－frequencymeasurement，Showsan
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Fig4・（a）AnimpedancelocusOfaP－I－Ndiode・Thebiasissweptftoh1
－5VtoO・9Vatrepetitionfrequencyof60Hz．Diode：V958（NEC）in

areducedheightmount・FrequencyofmeaPurement‥9・5GHz・（b）An

admittancelocusofaTElO2reCtangularslngle－endedcavity・Swept
freqL！enCyrange：9450土10MHz・（C）Thereal（uppertrace）and

imaglnary（lowertrace）partsofthetransmissioncoemcientofaTElO5
rectangulartransmissioncavity．Verticalscale：0．2／div．HoriZ。ntal

impedancelocusofaP－I－Ndiodewhenitsbiasvoltageis

SWept・Figs・4（b）and（C），eXamplesofswept－frequency

measurement，Showanadmittancelocusofaslngle－ended
CaVityandatransmissioncoefficientofatransmission

CaVityaroundresonance，reSpeCtively．

Ⅴ．CoNCLUSIONS

Oneschemeofanimpedanceindicatorisdescribed

Whichallowstheswept－ffequencymeasurementovera

broadbandwidth・Ittakesasimplefbrmmadepossibleby

applyingafrequency－divisionmultiplexlngteChniqueto

Simultaneousamplitudeandphasedetection・Thekey
COmpOnenttOmultiplexlngisthePSKmodulator．The

practicaldesignofthePSKmodulatortogetherwitha

prototypeindicator developed fbr characterization of

X－bandcomponentsarealsogiven．

BecauseofIFdetection，SenSitivityandthedynamic

rangearesuchastobecomparedfavorablywiththoseof

aconventionalsuperheterodynesystem；therefore，the

detectionschemedescribedhereinisapplicabletoother
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instrumentssuchasanearfieldantennapatternmea－

suringsystem，anESRspectrometer，andthicknessand

moisture contentmeasurlnginstrumentsinindustrial

applications．

ThedisadvantageisthatitrequiresthePSKmodulator

tobesomewhatsophisticatedfbrm．Thiswould，however，

beovercomebyalteringthedetectionschemefromthe

ffequency－divisiontotime－divisionmultiplexing，fbra

binary900phaseshifterwillsufficeforthemultiplexing

processinthelatterscheme．Byvirtueofadvancedtech－

nologyofthebinaryphaseshifter，thisalternationwilllead

toextendingthebandwidthoftheindicator．Thedetails
isnowunderexamination．
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