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AnEasiJyJmpJementab．eNetworkAna．yzer

KENZOWATANABE・MEMBER・IEEE，ANDMITSUAKIASHIKI

A加納eトA或mplenetworkanaly鍵riSdedsdwMehm山昭川兜

OfthesampIingwdtime－divi＄ionmultiplexingteclmiqueStOdetect

a叫nalimapha紬rfbrm・Composedorabinary900phaseshifter

andaeOh的ntdeteetor，仙edeteetionsysteminvolvedall珊S仙e

reaJandimaginAryP＆摘OfaSCatteringparametertobedetected

弛quentialIy・Theperfbrmane…raprototypeanalyZer餌ppOrtS

thedetectionprinciple・Theerroran81ysiSisalsogiventoSpeCiEy

仙eoperationofabinary90。山seshifterne鵬dfbrth…nalyzer
tOa剛reapre＄eribodmea和代mentaeeuraey．

Ⅰ．INTRODUCTION

T認諾慧諾慧慧霊慧慧慧慧慧慧
networksanddevices・Acommonwaytomeasureans－

parameteristouseeitheraslottedlineoranetworkana－

lyzerllJ・Aslottedlinemethodprovidesaccuratedata，but

islaboriousandtimeconsumlng・Anetworkanalyzer，On

theotherhand，permitsquickmeasurements，butthe

availablecommercialinstrumentisexpensive．

Thispaperdescribesamicrowavenetworkanalyzer

implementablewithoutanySOphisticatedcomponent．The

essentialpartisabinary900phaseshifterincombination

Withacoherentdetector・Thiscombinationmakespossible

thetime－SharingdetectionoftherealandimaginaryPart8
0fans－parametertObemeasured．
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淵捜揖

Followlngthisintroductorysection，SectionIIdevelops

thetime－domainanalysiswhichdescribesthetime－Sharing

detection・Theanalysisassumesthebinary900phase

ShifterinvoIvedtobeideal・Aperformanceofthereal

phaseshifterdiffbrs，inevitably，fromthatoftheidealone．

Therefore，themeasurementerrorisevaluatedinSection

IIIintermsofthemismatchfhctorsofthebinary900phase

Shifter・SectionIVdescribesthepe血rmanceofaproto－
typeanalyzertogetherwithameasurlngeXamplewhich
COnnrmSthedetectionprimiple．

II．PRINCIPLESOFOpERATION

Fig・lshowsaconfigurationofthenetworkanalyzer．It

COnSistsofthreemainsections－aSWeepgenerator，mi－

CrOWaVebridge，andvideosignalprocessor・Thesweep

generatorisassumedtobealreadyavailableandtoprovide

theleveledRFpoweroverthewholeffequencyrangeof

Themicrowavebridgeiscomposedoftherefbrenceand

testchannelseachdecoupledffomtheotherbymeanSOf

3－dBcouplers・Anadjustablelinestretcherisincorporated

intothereferencechanneltoequalizetheapparentelec－
tricallengthsofthetwochannels．Thewaveinthetest

Channelisappliedtothecomponentundertestandis

Subjectedtotheamplitudeandphasevariati。nSinac＿

COrdancewiththemagnitudeandthephaseofthes－pa－

raneter，reSpeCtively・Thisslgnalisroutedtoabinary900
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Fig・1・Aschematicdiagramofamicrowavenetworkanalyzer・

phaseshifterdrivenbythemodulatingpulsegenerator，

whereitundergoesthephaseshiftof900duringahalf－

periodofmodulationffequency，andnophaseshift，apart

ffomthepropagationdelay，duringanotherhalfperiod・

Thisphase－ShiftkeyedsignalismiⅩedwitharefbrence

camierinmixerdiodestobeconvertedtoavideosignal・

ThevideosignalthusObtainedconsistsofanalternate

sequenceoftwocomponents，OneprOpOrtionaltothereal

partandtheothertotheimaglnarypartOfthes－parame－

ter，aSdescribedshortly・Thetwocomponentsaresepa－
ratedfromthetimesequencetoeachindividualcompo－

nentbythesample－and－holdsinsynchronismwiththe

binary900phaseshifter・

Thetime－domainanalysismakesthetime－Sharingde－

tectionprocessclear・Assumingthatthewaveincident

upontheunknownhasaunitamplitude，thesignales（t）
iswrittenas

es（t）＝RetS・eXp（Jwt）l＝S，（t）co？Wt－Si（t）sinwt

（1）

whereS＝ISIexpUO）＝S，（t）＋jSi（t）isthes－parameter

beingmeasured．ThetransfbrfunctionH（f）ofthebinary

900phaseshifterisglVenby

ガげ）

‡1，（れ－1／4）㌦≦f≦（几＋1／4）㌦　　（2a）－jsgnf，（n＋1／4）㌦≦t≦（n＋3／4）TTn（2b）

where7㌦isthemdulationperidandnisaninteger・The

phase：Shift－keyedsignalisthusglVenby

em（り＝　∑（eg（りn（f一mrm）

＋βざ（りn（仁一（2rl＋1）㌦／2））（3）

wherees（t）istheHilberttransformofes（t），andrl（t－

nTm）denotesaswitchingfunctionthatassumeslduring
thetimeinterva1㌦／2centeredatt＝n㌦，andOelse－

where【2L

ThemixeroperateSaSaprOductdemodulator・Besides

a・prOductcomponent，itproducesadccomponentcon－
tributedindependentlybythesignalandthereference

camier，butitiscanCeledoutbytakingthediffbrencebe－
tweenthedemodulatedoutputsofthetwomiⅩerS・As－

sumlngthat㌦isshortenoughSothatthes－parameter
doesnotchangeappreciablyduring7㌦，Whichplacesthe
lowerlimitonthemodulationfrequency，Wehavethede－

modulatedoutput
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Fig・2・Animplementationofthepulsegeneratorandthegenerated
pulsepatterns．

ed（り＝em（りcosuf

＝　∑（Sr（nTm）Ⅲ（f一nTm）

＋秩（nTm）n（亡－（2m＋1汀m／2）） （4）

wherethedouble－frequencytermisdeletedbecauseofa

low－paSSmterinthevideoportionofthemiⅩer・Thede－

modulatedoutputisthusthetime－divisionmultiplexed

versionoftherealandimaginarypartBOfthes－parameter・

Itisunderstoodfromthisthatthebinary900phaseshifter

plays，incombinationwiththecoherentdetector，aSampler

andcommutatorpartinatime－divisionmultiplexing

SyStem・

Thesample－and－holdplaysadecommutatorpartina

demultiplexer・Thetimingbetweenthecommutatorand

thedecommutatorisshowninFig・2togetherwithanim－

plementationofapulsegenerator・Fig・2supposesthebi－

nary900phaseshifteremployingap－1－ndiodewhich

causesnophase－Shiftwhenforward－biasedbyVianda900

phase－Shiftwhenreverse－biasedbyVr・Theguardtimeis

alsoprovidedtoavoidthecrosstalkbetweenthesignalsin

neighboringtimeslotswhichwouldotherwisebecaused
bythe丘nitebandwidthofthediffbrentialamplinerl3］and

thefiniteapertureandacquisitiontimesofthesample－

and－hold．Refbmingto（4）andFig．2，itisrecognizedthat

theoutputofthesample－and－holddrivenbythepulse

train（Dl）isastepapproximationtoS，（t），Witheachstep

havingthewidthTm・SimilZFly，thatbythepulsetrain

（D2）isastepapproximationtoSi（t）・Thesmoothedout－

putsareprovidedbyadditionallow－paSSmterS（FLLP’s

inFig．1）．

III．MEASUREMENTERROR

Theallowabletoleranceforameasurementerrorde－

terminestheavailablebandwidthofanetworkanalyzer・

Inthepresentscheme，themostseriouserrorsourceisthe
mismatchofthebinary900phaseshifter・Withthemis－

matchpresent，thetransferfunction（2b）hastobemodi一

員edto

Hげ）＝（1－f）exp卜j（7r／2土∂）sgnn　（5）



WATANABEANDASHIKI：IMPLEMENTABLENETWORKANALYZER

Fig・3・Theerroneousindications（solidvectors）ofans－Parameterdue
totheamplitudeunbalanCeandthephase－Shiftdeviationofthebinary
900phaseshifter・Thedottedvectorsshowthecorrespondingtrue
Values・Theellipsesandthedottedcirclesarethelocioftheerroneous

andcorrespondingtrues－parameterSWhenOisvariedover27rrad．（a）
Theamplitudeunbalance．（b）Thephase－Shiftdeviati。n．

（OI
（b）

Fig・4・Anexampleofm？aSurement；anlnputrenectioncoefficientof

aparametricamplifierlSmeaSuredat9・45GHzwhilesweeplngthe
VaraCtOrbiasvoltagefrom－6VtoO・9Vatrepetitionfrequencyof350
Hz・（a）SmithchartrepteSentation・（b）Twochanneldisplayofthereal
（uppertrace）andimaglnary（lowertrace）parts．

Wherefand∂representtheamplitudeunbalanceandthe

phase－Shift deviation，reSPeCtively，Characterizing the

mismatch．Theircontributionstothemeasurementerr。r

Canbeevaluatedseparately．

The amplitude unbalance reducesthe demodulated

imaglnaryCOmpOnentOfthes－parameterbyf・Therefbre，

thes－parameterindicatedonacomplexplanetracesnot

acirclebutanellipsewhenOisvariedover27rrad，aSShown

inFig・3（a）・Theerroneousindication（solidvector）isre－

latedtothecorrespondingtruevalue（dottedvector）in

thatbothshouldhaveanidenticalrealpartforanyO．One

CanuSethisrelationtoobtainthefractionalamplitudeand

phaseerrors，Withtheresults，

△l5l＿バ1－COS2β）

凶　　　　2
（6）

AO＝0－tan．1（1－e）tanO≦亡／（2－（）．　（7）

Theamplitudeerrorlessthan5percentrequiresetobeless

thanO・050rO・45dB・Thephaseerroristhenwithin
l．50．

Thephase－Shiftdeviationcausesthecross－talksothat

theoutputeYCOntainsnotonlytheimaglnaryCOmpOnent

butalsotherealcomponentofthes－parameter．Thetra－

JeCtOryOnaCOmplexplanethenbecomesanellipsewhose

maJOraXismakesanangle450withrespecttotherealaxis，

asshowninFig・3（b）・ThesamerelationasinFig．3（a）also

holdsbetweentheerroneousandcorrespondingtruein－
dications・Usingthisrelation，WeObtain

等＝三sin∂・Sin（∂・20）5…　（8）
AO＝tan‾1（∂＋tanO）－0≦∂．　　（9）

When∂islessthan500rO・09rad，theamplitudeandphase

errorsarewithin5percentand50，reSpeCtively．

IV．PROTOTYPEANALYZER

Aprototypenetworkanalyzerhasbeenimplemented

uslngX－bandwaveguidecomponents・Thebinary900

phaseshifterconsistsofacirculatorandahighspeedp－i－n
diodemounted入g／8awayfromashort．Thespecified

ffequencyis9・5GHz・Takingtheslewrateofthediffer－

entialamplifierandtheresponsespeedofthesample－

and－holdintoaccount，themodulationfrequencyof200

kHzischosen．Thiswillsufficefbrmostmeasurements．

TheguardtimeisO．5FLS．

Fig・4（a）isanexampleofmeasurement，Showingare－

flectioncoefficientlocusofaparametricamplifier．The

measurementismadeat9・45GHzwhilesweeplngthebias

VOltageofavaractordiode．Fig．4（b）isthetwochannel

displayofthesamereflectioncoefficient，demonstrating

theseparatedetectionoftherealandimaginarycompo－
nents．

Sincetheemphasisisplacedontheexperimentalcon－

firmationofthedetectionprinciple，nOSpeCialattention

ispaidforbroad－bandingthebinary900phaseshifter；

COnSequently，thephase－Shiftdeviationincreasesmono＿

tonicallyasthefrequencyofmeasurementdeviatesfrom

thespecifiedonetoreach土50at9500土300MHz．The

availablebandwidthoverwhichtheamplitudeandphase

errorsstaywithin5percentand50，reSpeCtively，isthere－

foreonlyabout6percent・Forthesameerrortolerance，

however，theavailablebandwidthover40percentisquite

possiblebyuslnganyOneOfthosebroad－band900phase

ShifterreportedbySchifhan［4】，Garverl51，Coats【6】，and

TerrioefαZ．【71．

V．CoNCLUSIONS

Anovelschemefbrimplementingamicrowavenetwork

analyzerhasbeenpresented・Itfeatureseasyimplemen－

tationmadepossiblebythetime－dividedphasordetection

Ofaslgnal・Theprinciplesofdetectionhasbeenexperi－

mentallyconfirmedbytheperformanceoftheprototype
analyzer．

Theavailablebandwidthoftheprototypeanalyzeris

rathernarrowbecauseOfthepoorperfbrmanceofthebi－

nary900phaseshifterinvoIved．Abroad－band900di。de

phaseshifterisnowindesigntoextendtheavailable
bandwidth．
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