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Microwave OscillatorⅣoise M二easurmg System

EmployingaYIGDiscriminator

KENZO WATANABE ANDIWAO TAXAO，MEMBER，IEEE

AbstTaCt－Amicrowave oscillator noise measunng system em－

ploying a YIG discriminator has been developed・The resonant

frequencyoftheYIGdiscriminatorisautomaticallytunedtofollow
thedriftofthecarrierfrequencyoftheoscillatorundertest・This

Manuscript received Mayl，1973；reVised AugllSt13・1973・
The authors arewith the ResearchInstituteof Elect，rOnics．Shizuoka
Umiversity，Hamamatsu．Japan．

arrangementpermitsanaccuratemeasurementofFMnoisespeCtrA
nearthecarrierfrequencyascloseasseveraltensofIIzoffthe

carrier．ThedriftofthecarrierfrequencylSmeaSuredoverawide

rangebymmitoringfluctuationsofthefeedbackcurrentinthe

compensationcoilthatsupportsapartofthebiasingmaPetic
fieldfortheYIGdiscriminator．
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Thedirect－detectionsystemsdevelopedbyAshlevetal・［1］and

Ondria［2］havebeenwidelyusedformeasurementsofmicrowaVe
oscillator noise．FM noise measurementsuslng these systemS re．

quireelaborateadjustmentSOfthediscriminatorinordertoaVOid
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ADT－AUTOMAT，C DlSCRlMJNATOR TUNING

Fig・1・Completemicrowaveoscjllatornoisemeasuringsystem．

errorsduetothediscriminatordetuningfromthecarrierfrequency
oftheoscillatorundertest．

WehavedevelopedanoisemeasurlngSyStemforX－band osci1－

latorヲWhichemploysanyttriumirong竺rnet（YIG）sphereasthe
discrlminator・The resonant frequencylS autOmatically tuned to

followthedriftofthecarrierfrequency，therebyavoidingtheadjust－

mentproblem・Thisautomaticdiscriminatortuning（ADT）permits
an accurate measurement of the FM noise spectra over a wide
frequencyrange，fromtensofHztoseveralMHzofrthecarrier．The

driftismeasuredbymonitoringfluctuationsofthecompensation
coilcurrent，thattunestheYIGdiscriminator．

IL SYSTEM CONFIGURATION

TheconfigurationofthenoisemeasurlngSyStemisshowninFig．1．

Thebasicarrangementandoperationofthesystemarethesameas

thosedescribedin［1］and［2］，but the YIGdiscriminatorisin＿

COrpOratedintothepresentsystemforautomaticfrequencyfollow－
hg．

The YIG discriminatoris a magnetically biased YIG sphere
placedinalengthofwaveguideshort－Circuitedatoneend．Resonant

frequepcyfooftheYIGsphereisgivenbyjL＝2．8H。，WhereJもis

glVenlnmegahertz andHoltheappliedmagneticfield，ingauss．

UnloadedQofthediscriminatorisabout6000・Couplingcoe用cient
isnearlyunity，butcanbeadjustedbyvarylngthedistancebetween

theYIGsphereandtheshortedend・Theresidualcarriercomponent
duetothereflectionfromtheYIGdiscriminatorandthecirculator

feedthroughisreducedtothelowestpossiblevaluebyadjustingthe
balanclngelement．

Whentheoscillatorfrequencydrifts，anunbalancedcarrierwave

isdetleCtedbythephasesensitivedetectorinpathl，andtheoutput

kfedintotheADTcircuitconsistingofadcdifferentialamplifier，
＆lowpassfilterlandapoweramplifier・Thedetectoroutputcontains

boththeFM－nOiseandfrequency－driftcomponents，butonlythe
lattergoesthroughthelowpassfiltertoreachthecompensation
COil・The resonant frequency of the YIG discrlminator varies
linearlywithaslopeof234kIIz／mAagainstthecurrentinthe

COmpensationcoil・Sincethefeedbacksystemhasahighgain，the
reSOnant frequency of the YIG discriminator follows the drift。f

thecarrierfrequencyclosely・Thusthefluctuationofthefeedback

Currentin the compensation coilmeasuresthedriftofthe carrier

frequency，Whichismonitoredandrecorded．

ThecalibrationoftheFM－AMconversionsensitivityoftheYIG
discriminatoris accomplished by the dc method：incremental

Changesindcoutputvoltagemeasuredbyadcvoltmeterareplotted

軸instincrementalchangesintheresonantfrequencyoftheYIG
discriminatorlWhich are deliberatelyintroduced by means of

捉塩t霊：慧慧蒜e怒0誌霊茸30号Egl芸慧
8ystemwhentheincidentpoweronthediscriminatorislOmWis
l〟Ⅴ／Hz．

III．MEASUREMENT AND ERROR

TwofactorscontributetoerrorsinFMnoisemeasurementswhen

恕霊慧霊監…慧：霊悪霊≡監禁豊悪霊器
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Fig・2・FM noisespectra ofthe X－band Gunn oscillator（SOljdcurve）
andFMnoisemeasuringtJhresholdofthesystem（dottedcurve）．The
incident power on the discriminat，OrislO mW．

Of the system．In a conventionalsystem，the maJOr factoris the

discriminatordetuningIWhile）inthepresentsystem，itistheFM
noisemeasurlngthreshold，SincethedetuninglSeliminated．

The FM measurlng thresholdis determined by three sources：

1）thertoisegeneratedinthedirect－detectionsystem；2）theresidual
AM noISe due to t，he mismatch of two detector diodes and the

unbalanceofthemagicT［2］，［4］；and3）therandom且uctuation
Of the resonant frequency of the YIG discriminator due to the

noiseinthebiasingmagneticfieldandtheADTcircuit，Whichisa
drawbackofthepresentsystem．

TheFMmeasuringthresholdAfth，duetol）and2）isshownby

the dotted curvein Fig・2JWhen the discriminatorsensitivityis
IJ▲Ⅴ／Hz．Thecontributionof3）isestimatedtobeaboutonetenth

Of姉hr・ThusthefractionalerT）reLhrinFMnoisemeasurementswith
usingthepresentsystemisglVenby‘th，＝Afth，／姉m8，Where嫉m8
isthemeasuredFMnoiseoftheoscillatorundertestexpressedin
termsofthermsfrequencydeviation．

Afree－runnlngGunnoscillator，9．4GHz，100mW，WaSSubjected
toFMnoisemeasurementwithuslngthissystemandtheresultis
glVenbythesolid curvein Fig．2．The Gunn diodewasmounted
inarectangularcavitywithaloadedQof80．Theincidentpower
OnthediscriminatorwaslOmW・Thecutofffrequencyofthelow
passfilterwaslfIz．ThemeasurlngerrOrf十h，duetotheFMmeasur－

ingthreshold Ah，WaS about7percent．Themeasured off－Carrier
frequencyrangeislimitedbythewaveanalvzerusedinthismeas＿

urementIWhichcanbeextendedbyemploylngawide－bandanalyzer．
The recorder output of the current monitor showed that the

frequencyoftheoscillatordriftedanddecreasedbyabout15MfIz
inahalfhourafterthestartofoperationtosettledownatasteady
StateValue・FMnoisemeasllrementWaSpOSSibleduringthisturn－On
transient，Whichisnotpossiblewiththeconventionalmet．hod．

ⅠⅤ．CONCLtJSIONS

AmicrowaveoscillatornoisemeasurlngSyStememploylngaYIG

discriminatoris described・The factors contributing to errorsin

FM noise measurements with uslng the noise measurlng SyStem

arediscussed・Thesystemcapabilitiesarealsodemonst・ratedbythe
measuredFM noisespectraforatypicalX－band Gunnoscillator．

ThenoisemeasurlngSyStempermitspreciseandeasymeasurementrs

Ofmicrowaveoscillatornoise，lnparticular，meaSurementSOfFM

noisespectraclosetothecarrierfrequency・
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