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OlNPEAEJIEHVNE KOMIT/IEKCHOIO KO3®PUNLUMEHTA OTPAXXEHUA
NHTEP®EPEHLIMOHHBIM METOJ0OM C NCIMOJIbSOBAHMEM BYX
SJIEKTPNYECKMX 30HOOB

M3MepeHns KOMMIEKCHOTO KO3((ULIMEHTa OTPOKEHNA LLIMPOKO NPUMEHAKOTCA ANS KOHTPOMA PasnyHbIX
napameTpoB MaTepuanos. Llenblo [aHHON CTaTb SBNSETCH pa3paboTka METOAWMKW U3MEPEHUS KOMMIEKCHOro
Ko3thhnLMEHTa OTPaKEHUS C UCMOMb30BAHMEM ABYX 3/1eKTPUYECKMX 30HAOB. MonyyeHo GUKBafpaTHOe ypaBHe-
HUe, CBA3bIBAOLLEE MOAYNb KOMMIEKCHOTO KO3(h(ULMEHTA OTPaXeHUS C TOKaMU COBAMHEHHBIX C 30HAaMM Nony-
MPOBOAHMKOBbLIX [eTeKTOpOoB. [0Ka3aHo, YTO B Cy4ae, KOrfa HaiifieHHas U3 M3MepeHHbIX TOKOB AEeTEeKTOpPOB
HepasBepHyTas (hasa NIeXWT B NePBOM, BTOPOM U/ YETBEPTOM KBaZipaHTe, MOZY/b KOMMIEKCHOO KO3((uLMeHTa
OTP@XeHNs OAHO3HAYHO OMpefenseTcs U3 3TOro ypaBHEHUS KaK ero MeHbLUWA MONOXWTENbHbIA KopeHb. dasa
KOMIM/IEKCHOTO KO3((MLMEHTA OTPAXKEHWS OMpefensieTcsl U3 ABYX KBaApaTypHbIX CUIHANMOB, KOTOPble NErKo
HaxoAATCsA 13 TOKOB MONYNPOBOAHUKOBBIX AETEKTOPOB NP M3BECTHOM MOZAyne KoadhduLmeHTa oTpaxkeHns. [ns
NPOBEAEHNs U3MEPEHMIA KOMMIEKCHOTO KO3(ULIMEHTA OTPaXeHUS B ManasoHe 4acToT MEX30HL0BOe PaccTos-
HWe yA06HO BbIGPaTh PaBHbLIM OfHO BOCbMOI [/IMHbI BO/HbI 31€KTPOMArHUTHORO U3/Ty4eHWs B BOHOBOAE NpU
MaKcuMasbHol YacToTe. IMoKasaHo, YTO AN MUHUMW3ALMU NOTPELIHOCTM ONPefeneHNs Mogyns U (hasbl KOM-
MNEKCHOTO KO3M(ULIMEHTA OTPaXKEHWS, CBA3AHHON C MOrPELUHOCTHI0 YCTAHOBKWM MEX30HOBOTO PacCTOAHUS,
M3MepeHUs CnesyeT NpPOBOAUTL B MOMOXeEHUM 06pasLia, COOTBETCTBYHOLLEM MacKUMyMy TOKa JeTeKTopa, COefu-
HEHHbIM C 6IVKHWUM K 06pasLly 30HAOM. [0 CpaBHEHWIO C TPEX30HAOBbIMW N3MEPEHWAMM NPeAnoXeHHasA MeTo-
[VKa NO3BOMSET YNPOCTUTL KOHCTPYKLMUIO U3MEPUTENbHON BONHOBOAHOM CeKLyM, YNPOCTUTL MPOLECC ee M3ro-
TOBNEHMSA 1 0CNabuTb NapasvTHbIV IPHEKT NePeOTPXKEHNIA MeX Y 30HAAMMU.

BnmiptoBaHHA KOMMIEKCHOrO KoediLlieHTa BigbuTTA LUMPOKO BUKOPVCTOBYOTLCS AN KOHTPOMIO pisHOMa-
HITHMX NapameTpiB MaTepianis. MeToto L€l cTaTTi € po3pobKa METOANKM BUMIPHOBAHHS KOMMIEKCHOIO KoediLi-
€HTa BIfOUTTH 3 BUKOPUCTAHHAM ABOX €NEKTPUYHMX 30HAIB. OfepXKaHo bGikBagpaTHe PIBHAHHSA, LU0 MOB’A3yE
MOAY/b KOMIM/IEKCHOTO KoediLlieHTa BifOUTTS 3i CTpyMamy HaniBNpoBiAHWKOBKX AETEKTOPIB, 3’€AHAHNX i3 30H-
famu. MNokasaHo, L0 Y BUMaaKy, Konv 3HaiifeHa i3 CTpyMiB ETEKTOPIB HEPO3ropHyTa (asa NeXmuTb B NepLIOMY,
Apyromy abo 4eTBepTOMY KBaApaHTi, MOAY/b KOMNAEKCHOro KoediLjieHTa BigbUTTA 0O4HO3HAYHO BU3HAYAETLCH 3
LIbOr0 PiBHAHHA SK M0r0 MEHLIWIA A0AATHWIA KOPiHb. Pa3a KOMMIEKCHOro KoedilieHTa BibUTTA BU3HAYaETbCs 3
[1BOX KBaZipaTypHUX CUTHaNIB, AKi Nerko 3HaxoAATbCA 3i CTPYMiB HaniBNPOBIAHNKOBUX AETEKTOPIB NPy BiLOMOMY
moayni koediuieHTa BigomuTTA. [nA NpoBeAeHHS BUMIpIOBaHb KOMMIEKCHOMO KoedilieHTa BigbUTTA B AianasoHi
YacTOT MiX30HAOBY BifiCTaHb 3pYy4YHO 06paTU PiBHOK OAHI/ BOCbMIll JOBXWHW XBW/i €1eKTPOMAarHiTHOro Bu-
MPOMIHIOBaHHS B XBUNEBOZ| NpW MakKCMMasbHii YacToTi. [okasaHo, Wo And MiHimisauii NoXnOKM BU3HAYEHHS
MoAynsa i (ha3n KOMMNIEKCHOro KoegillieHTa BifZOUTTA, WO MNOB’A3aHa 3 NOXMOKOK YCTaHOBKM MiXX30HLOBOI Bif-
CTaHi, BUMIPIOBaHHA CNif NMPOBOAWTU Y MOMOXEHHI 3pa3ka, fKe BIifAMNOBIfaE MakCUMyMy CTPyMy [eTeKTopa,
3’e[|HaHOr0 3 GAVKYMM [0 3paska 30HAOM. Y MOPIBHAHHI 3 TPU3OHLOBMMK BUMIPIOBaAHHAMM 3ampOMoHOBaHa
METOAMKa [03BONSE CNPOCTUTU KOHCTPYKLIIHO BUMIPHOBa/IbHOT XBUMEBIAHOI CeKLiii, CNpoCcTUTW npouec ii BUroTo-
B/IEHHS | 3MEHLLIMTY NapasUTHWIA eeKT NepeBifbUTTIB MidK 30HAaMM.

Complex reflection coefficient measurements are widely used in materials characterization. The aim of this
paper is to develop a technique for complex reflection coefficient measurement using two electrical probes. A
biquadratic equation that relates the complex reflection coefficient magnitude to the currents of the semiconductor
detectors connected to the probes is derived. In the case where the wrapped phase found from the detector currents
lies in the first, second, or fourth quadrant, the complex reflection coefficient magnitude is unambiguously deter-
mined from that equation as its smaller positive root. The complex reflection coefficient phase is determined from
two quadrature signals, which are easy to find from the semiconductor detector currents once the complex reflec-
tion coefficient magnitude is known. To measure the complex reflection coefficient over a frequency range, it is
convenient that the interprobe distance be equal to one eighth of the guided operating wavelength at the maximum
frequency. It is shown that the complex reflection coefficient and phase determination error caused by the inter-
probe distance error can be minimized if the specimen is placed in the waveguide section so that the current of the
detector connected to the nearer-to-specimen probe is a maximum. In comparison with three-probe measurements,
the proposed technique simplifies the design of the measuring waveguide section and the process of its manufac-
turing and alleviates the parasitic effect of multiple reflections between the probes.
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