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I．INTRODUCTION

PHASEnlterisdennedasanetworkwhichpassesa

Slgnalessentiallyunattenuatedifitsphaseisinaspec－

ifiedrangeandsuppressesitotherwise・Itplaysanimportant

roleintheslgnalprocesslnglnthephasedomain，JuStaSdo

COnVentionalnltersinthefrequencydomain・Sofar，however，

noattentionhasbeenpaidtoit・Thisisduetothephaseinde・

pendenceoftheimpedancespresentedbythepassivenetworks

andalsototheabsenceoftheactivenetworkswiththeap－

prOprlatereSpOnSeSfbrphasefiltersynthesis．

0018－9456／81／1200－0247＄00．75　⑥1981IEEE



248 lEEE TRANSACT10NS ONINSTRUMENTAT10N AND MEASUREMENT，VOLlM－30，NO・4，DECEMBER1981

Thecascadablephase－SenSitivedetector（CPSD）reported

recentlyll］canprovidevariousphaseresponses・Usingthis

CPSD，thesynthesisofaphasefilterhasbeenattempted・

Followlngthisintroductorysection，thesynthesisprocedure

isdescribedinSectionIIaRerabriefdescriptionoftheCPSD・

Unliketheffequency，thesign？1phaseisdisturbedbythewhite

noisecontainedintheslgnal・Itfbllowsthatthetransfer

characteristicsofthephasenlterdependontheinputslgnal－

to－nOisepowerratio・Itsthresholdvaluefbrthesatisfactory

operationisevaluatedinSectionlIIintermsofthephase

distributionfunction．AprototypenlterisdescribedinSection

IVtoconfirmthesynthesisprocedure・

II．SYNTHESISPROCEDURE

d．Cd∫Cのね鋸eP如∫e一ge〃∫招びe加JecJor（C作か）

TheCPSDconsistlngOfthehomodynesystem，thelocal

oscillator，andtheheterodyn竺SyStemisshowninFig・1ll］・
ThesignalandreferencecarrlerOutPutSWereShowntotake

thesamefbrmasthoseofinputs，Whichmadeitpossibleto

connectthisCPSDintandem．Underthelinearlawoperation

ofeachmixer，Whichisassuredbythereferencecarrierwith

alargeamplitude，theoutputsofnthstageinthemultistage

connectionwereglVenby

叫〃）＝竹nncos岬＋∑（軋一斗）Icos（J〃J（1）
i＝1　　　　　　　ノ＝l

叫〃）＝G〃竹nFfCOS岬＋∑（もー叫）‡

・COS巨岩（乳一可　（2）
where竹andOaretheamplitudeandthephaseofaninput
slgnal，reSpeCtively，FiisthegalnOfthesignalchanne1，もand
Vjarethephaseoffgetintroducedinthereferenceandsignal
Channels，reSpeCtively，lneaChstage，andGnisthegalnOfthe
referencechannelinnthstage．

β．タ加∫eF招er

AbasicideaofphasefilterisdepictedinFig・2・Theinput

signalmultipliedbythecontroIvoltageH（0）whichshapesthe

requiredtransftrfunctionproducestheoutput・Hence

ひ。＝〃（β）pi。　　　　　　　（3）

whereH（0）isassumedaslfbranyOwithinthepassbandand

Oelsewhere．Thesynthesisofaphasefilterthenreducestoa

waytoproducethedetectedoutputproportionaltoH（0）・

SinceH（0）isaperiodicfunctionofOwiththeperiodof27T，

allthephasefiltersareofbandpasstypeandthetransfer

functionissymmetricalaboutthecenterphaseOcofthe

passband．ExpandinithetransferfunctionH（0）intothe

Fourierseries，Wehave

〟（β）＝∑月〝COS〃（β－βぐ）・
〝＝0

（4）

In（4），theTiesistruncatedbythefirstNtermsfromthe
practicalpolntOfview・Referringto（1），thephaseresponse

ム

Fig・1・Schematicdiagramofthecascadablephase－SenSitivedetector

（CPSD）．

Mu＿TIPLIER

Fig・2・Ablockdiagramofthephasefilter・

Fig・3・Transversal－typephasefilter・

nowavailableisoftheformofnotcosnObutcosnO．Hence，

expandingH（0）intermsofcosn（0－Oc），Wehave

〝（β）＝∑β〃COS〝（β－β。）
〝＝0

（5）

whereDnistheexpansioncoefficienttobedetermined・Ex－

presslngCOSNOintermsofcosnOas

cos〃β＝∑β〃〝COS〃β
〝＝0

（6）

substituting（6）into（5），andcomparingtheresultantcoeffi－

cientswiththoseof（4），Wehave

【仇】・【β肋】＝【」〃】　　　　　（7）

WherelAn］andlDn］ar竺raWVeCtOrSandlBNn］isalower

triangularmatrixtheentrleSOfwhichareeasilycalculatedby

thetrlgOnOmetricfbrmulas・Ifthespecificationfbrthepass－

bandandthenumberofthestagestobeusedaregiyen，【An］

andlBNn］canbedeterminedby（4）and（6），reSpeCtlVely，and

hencelDn］by（7）．ThecenterphaseOccorrespondstoサ1－

4・lin（1）．Itcanassumeanyspecinedvaluewithoutaffecting

Dn，SOVj一句，andhenceOcisassumedtobezerointhefb1－
lowlngdiscussion．

ThemechanizationofH（0）byTeanSOf（5）isstraightfor‾

wardandisshowninFig・3・ThemlXerShereoperateasphase

detectorsprovidingtheoutputsproportionaltocosiO（i＝1，

2，・・・，N）．ScalingeachoutputbytheappropriateDiand

summingupprovideH（0）．
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III．EFFECTOFNoISEONTRANSFERFUNCTION

Thephaseresponsedescribedaboveassumesthenoise－free

Slgnal．Inthepresenceofnoise，thesignalphaseisdisturbed

andthetransferfunctionofthephasenlteriscorrespondingly

degraded．Thedegradationisevaluatedinthefbllowlng，under

theassumptlOnthattheinputsignalcontaminatedbythenoise

isappliedtothephasenlterafteranIFamplificationfbllowed

bytheamplitudelimltlng．

TheinputslgnaltotheIFamplifiercanbewrittenas

l申）＝Kcos（hJ＋β）＋〃COS（hJ＋α〝）

＝′∫COS（uJ＋β－β∫）

′∫＝

where

巧＋〝2＋2Il〃COS（α〃－β）

β∫＝tan‾1
〃Sin（α〃一β）

竹＋〃COS（α〃－β）

（8）

（9）

（10）

Obviously，rS and Os are random variables with thejoint

probabilitydensityfunctionl2］

p（r誹∫）＝（扉2訂凡）exp【－（r‡＋巧－2r∫Kcosβ∫）／2〃f1，

r∫・≧0，訂≧β∫＞一打（11）

WhereNidenotesthenoisepower．Sincetheamplitudevari－

ationinrsislimitedbythelimiter，theinputtothephasenlter

is a constant－amPlitude slgnalwith the fbllowlng denslty

曲）＝fp（仁，仙＝（1／2巾xp（一物2勅

＋（TtcosOs／J岳盲両）exp（－Vfsin20J2〃f）

＋（竹COS軋／J珂沖（竹COS軋／J両）

・eXp（－Vfsin20J2〃f），7T＞Os＞－7r
（12）

畔）＝（1／挿）五七exp（－〟ツ2）九・

TheinputsignalpowerisI甘2andhenceI骨2NirepreSentS

thesignal－tO－nOisppowerratio（SNR）・ForasmallSNR，Os
approachesthenoISephaseαnandp（Os）聖1／27r．ForanSNR

largerthan3dB，P（Os）canbeapproximatedby

p（β∫）＝（竹／√㍍市）cosβJeXp（一咋sin2軋／2Ⅳf），

lβ∫l＜訂／2．（13）

TheoutputsofthenthCPSDinthepresenceofnoiseareex－

pressedby（1）and（2）replacedOby0－Os．Themeanvalue

OftheresponseisthenglVenby

仁＝I二J三…
nnCOS（β－β∫）ク（β∫）dβ∫．（14）
f＝1

一町2　　－町3　　－町6　　　0　　　　　町6　　　町3　　　町2

8（rodJ

（a）

COS●β
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8（rod．）

（b）

Fig．4．Mutilatedphaseresponses．（a）n＝5．（b）n＝9．
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Fig・5・Mutilatedtransferfunctionofthephasefilterwith1200phase
，血Indwidth．

（b）ofFig．4thatthedegradationismoreseriousfbrthelatter

Stage．DefiningthethresholdvaluefbrSNRasthatwhich

CauSeS10－perCentreductionoftheresponsepeak，Wehave

fbundthatitisapproximatelyglVenby

lSNR］．hr＝4．1ヽ斥＋0．6．　　　（15）

Thetransferfunctionofthephasenlterinthepresenceof

noiseisglVenby

Fig．4（a）and（b）plotsthephaseresponsesfbrn＝5and9，

respeCtlVely，WithSNRasaparameter．AsSNRdegrades，the

peakleveloftheresponsedecreasesanditsphaseselectlVlty

becomeslost．AIso，itisapparentbycomparingparts（a）and where

両市＝∑β〃蒜㌻巧
〝＝0

（16）



250
IEEE TRANSACTlONS ONINSTRUMENTATION AND MEASUREMENT，VOL．IM－30，NO．4，DECEMBER198）

H（β）

Fig・6・Measuredtransftrrunctionofthephasefilterwith1200phase
bandwidth．

cos〃β＝ ∫
汀／2

汀／2

COS〝（β－β∫）ク（β∫）dβ∫．

Fig．5representsH（0）ofthefifth－Orderfilterof1200band－

WidthwithSNRasaparameter・AsSNRdecreases，the
passbandcharacteristicbecomesnatwhilethecutoffchar－

acteristicbecomesobscure．Sincethetransftrfunctionisa

Weightedsumofthephaseresponses，itisreasonabletodenne
thethresholdSNRfbraphasenlterasthatofNstageswhich

providesthemaximumweight・Inthenfth－OrdernlterinFig・
5，D3ismaximum．ThethresholdSNRfbrthisnlterishence

fbundtobe7・7dB，aplausiblevalueapprovedbyinspectlng

Fig．5．

IV．PROTOTYPESYSTEM

Anfth－Orderphase爪1terwiththepassbandof1200hasbeen

COnStruCted．【Dn］isfbundtobe

卜0・08，－0・01，1．66，2．18，－1．12，－1．771．

TheslgnaIffequencylSSetatlO・7MHz・Thelocalfrequencies

inthecascadedPSDare3・2，2，1，andO・455MHz，reSpeC－
tively．ThecircuitconngurationsofCPSD，sareallthesame
asthosedescribedinl1］．ThebalanceddemodulatorsinIC

fbrmareusedfbrthemixersinFig・3・Scalingandsummlng

areaccomplishedbyoneop－amp．

ThesignalamplitudeisheldnxedatO・lV，muChlargerthan

thenoiseleveLThemeasuredtransftrfunctionisplottedin

Fig・6alongwiththetheoreticalcurve・Thedataareingood

agreementwiththetheoreticalvalues，COnnrmlngthesynthesis

procedure．

V．CoNCLUSIONS

Thesynthesisprocedureofthephasefilterhasbeende－

SCribed・Emphasiswasplaceduponhowtoprovideacontrol

VOlt？geWhichfbrmsthetransferfunctionofthefilter．The

efftctofnoiseonthetransftrfunctionhasalsobeenanalyzed

toshowthatSNRhigherthan7・7dBisnecessaryfbr●the

Satisfactoryoperationofthenfth－Ordernlter．

Thephasefilterdescribedherecanbemadecompatibleto

anyspecificationbychangingonlythecoemcient【Dn］．The

demeritisthatthesteepercutoffcharacteristicsrequlrequlte

ahigh－OrdernlterandalsohigherSNR・Thoughprlmitive，it

Willfindmanyapplicationsinthephasedomain．
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