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INpencraBieH KOPIyCHOM NETEKTOP MOIIHOCTH, BBITIOJIHEHHBII B BOJIHOBOJE CTaHIAPTHOTO CEYEHUS
2.4 x 1.2 MmM? IS TPEXMILUTUMETPOBOTO AMATIA30HA JUTMH BOJH C JOCTATOYHO XOPOIIUM UL 3TOTO TUIIA
YCTPOMCTB corlacOBaHWEM. B KOHCTPYKIIMY MCIOJIb3YIOTCSI HU3KOOApbepHbIE AUOIbI, U3TOTOBJICHHBIE Ha
CTPYKTYpPE OT€UECTBEHHOTO MPOU3BOACTBA. [IpMBOASATCA pacueTHBIC U SKCIIEpUMEHTAIbHBIE XapaKTepH-
CTMKU JIETEKTOPOB, TAKHE KaK YaCTOTHAsI 3aBUCUMOCTb YYBCTBUTEIILHOCTU U YPOBEHBb KO3(M(DUILIMEHTA CTO-
staeit BomHbl (KCB). Iloka3zaHo, 94TO cpemHsIsl YyBCTBUTSIBHOCTD AETEKTOPOB 110 TUAIMA30HY COCTaBIISIET

6osee 1000 B/Bt, a KCB umeer 3HaueHue He 6oJiee

3.
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1. BBEAEHHUE

IMomynpoBOTHUKOBBIE TETEKTOPHI MOIIIHOCTH IIIM-
POKO VCIIOJIB3YIOTCS KaK B PaguOU3MEPUTEIbLHBIX all-
MapaTypHBIX KOMITIEKCaX, TAK ¥ B KAYECTBE OTIEIbHBIX
(YHKIIMOHAIBHBIX y3710B. OHM MOT'YT BBICTYIIATh B Ka-
YeCTBE YyBCTBUTE/ILHBIX JIEMEHTOB B HEOXJTAKAAEMbIX
MpUEeMHHUKaX MWUIMMETPOBOrO Ouara3oHa, Ipe-
obpaszoBareieit sk CUCTEM PETryJIMPOBKU MOIIHO-
CTU B reHepaTopax CUTHAJIOB, AJIs aHa/I1u3a (DOPMEI
AMIUIMTYAHO-MOIYJIUPOBAHHBIX CHUTHAJIOB W T.I.
[1]. BonrHOBOIHBIC JETEKTOPHI IIUPOKO MPUMEHSI -
JOTCSI B CIEKTPOMETpaX pa3IMdHOTO MPUHIIMIIA Ieii-
CTBUSI, pabOTAIOIINX B MUJUIMMETPOBOM IMAMNa30He
JUIVH BOJIH (CM., HampuMmep, [2, 3]).

B Hacrosiinee Bpemst B Poccuiickoii denepaiiuu
OTCYTCTBYET PETYJISIPHOE IMPOU3BOJICTBO BOJIHOBOII-
HBIX JT€TEKTOPOB MOIIIHOCTU MWUIMMETPOBOIO IT1a-
Ma3oHa JJIMH BOJIH, XOT$SI U3BECTHBI PabOThI, B KOTO-
PBIX TE€MOHCTPUPOBAJINCH ONBITHBIC 00pa3lbl (CM.,
Hampumep, [4]). Eme oaguH npuMmep — HenaBHsIs pa-
0oTa 6eJI0PyCCKUX KOJIIeT [5], B KOTOpOi MPOaAEeMOH -
CTPUPOBaAH JETEKTOP JABYXMWUIMMETPOBOIO nuana-
30Ha Ha ocHoBe auonaa IIIoTTKM C 4yBCTBUTEIbHO-
cthio He xyxXe 500 B/BT 1 ko3dduiimeHToM crostaeii
BosaHbl (KCB) He Ooinee 3.
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B T0 Xe BpeMs1, BeAyllre MUPOBbBIE IIPOU3BOIUTE-
qm (HarmpuMep, Virginia Diodes [6]) He ocyiecTBs-
IOT MOCTaBKU TaHHOU mpoaykKuuu B PdD, yro o0y-
CJIaBJIVBAET aKTYyaJbHOCTh pa3pabOoTOK, HaIIpaBJIeH-
HBIX Ha UMITOPTO3aMellleHUEe 3TUX YCTPOMCTB.

PaznuuHble o6iacT MpUMEHEHUsT NeTEKTOPHBIX
YCTPOMCTB MPeabsBISIOT K HAM pa3jvduyHble, 3aya-
CTyI0O TIpOTUBOpednBEIe TpeboBaHnsd. (OcHOBHas
CJIOXXHOCTh Pa3pabOTKX BOJHOBOIHBIX IETEKTOPOB
3aKJIo4yaeTcsl B 00ecreyeHu OMHOBPEMEHHO BbICO-
KO 4YYyBCTBUTEIBLHOCTU, MPUEMIIEMOIO YPOBHS CO-
[JTaCOBaHUS U MaJloil HepaBHOMEPHOCTHU YaCTOTHOI
xapaktepuctuku. [Ipu npoeKTupoBaHUM BOJTHOBO/I -
HBIX ycTpoiictB KBY-nmmana3zona cienyeT yduThIBaTh
MHOXEeCTBO (haKTOPOB, Cpeaud KOTOPBIX YacTOTHasl
JIUCTIEPCUST BOJTHOBOTO COIPOTUBJIEHUSI BOJTHOBEMY-
LIUX CTPYKTYP, a TAKXKE BIAMSHUE MTapa3uTHBIX peak-
TUBHOCTEA DJJIEMEHTOB CXE€Mbl U KOHCTPYKIIUU.
IIpennoxeHHass B paboTe [7] MeToOMKa MOAEINpPOBa-
HUSI BOJIHOBOIHBIX YCTPONUCTB MO3BOJISIET CYIIIECTBEHHO
YCKOPUTH TIpoliecc mpoeKTupoBaHusi. C UCIOIb30Ba-
HUEM MpeICTaBIeHHON METONMKU CITPOEKTUPOBAHbI 1
MU3rOTOBJIEHBI BOJTHOBOIHBIE JNETEKTOPHI HAa AMAIa3oH
78—118 TI'Tu, paboratoiye 6€3 MOCTOSTHHOTO CMeIlle-
Hus. PesynbTaThl McclieqoBaHUs MpeacTaBieHbl B Ha-
CTOSIIIEN CTaTheE.
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Puc. 1. BHelrHuii BUI 1 pacIioioXeHUe JIEMEHTOB KOHCTpyKumu aerekropa. ®HY — ¢uibrp HUKHUX 4acTOT.

2. KOHCTPYKTHWUBHBIE
OCOBEHHOCTHA

M3BecTHBIE MOIEIM BOJTHOBOIHBIX HETEKTOPOB
BEIyIIMX OTEYECTBEHHBIX U 3apyOeXHBIX hupM He
rapantupyotr 3HadeHuss KCB, 4To o0O0OBsIcHseTCs
CJIOXKHOCTBIO CO3JaHMsI COIIACOBAaHHBIX YCTPOIICTB
0e3 CylLlIeCTBeHHOII MoTepy YyBCTBUTEIbHOCTHU. B pa-
oote [7] mpuBOIsATCS pe3yAbTaThl MPOSKTUPOBAHUS
BOJIHOBOIHBIX AeTeKTOPOB Auamna3oHoB 37—53 I'Tu u
53—78 I'T1, rome HU3KMIT ypOoBeHb KO3 QUIIMEHTA OT-
pakeHMsI o0ecreurnBaeTCs UCMOIb30BAHNEM CXEMBI C
COIIACYIOIINM PE3UCTOPOM M TpaHC(HOpPMaATOPOM B
BUJIE CTYINEHYATOTO Iepexoa U JOCTUTACTCS ITyTEM
MpOLEAYPHl ONITUMU3ALUNU KOHCTPYKIIMU B COOTBET-
CTBUU C MPUBEICHHOU METOIUKOM.

B otmimmume ot cripoeKTUpOBaHHBIX paHee [7] Mo-
JleJieii HU3KOYaCTOTHBIX JIETEKTOPOB, IJIST TPEXMMUJI-
JIMMETPOBOIO AMana3oHa NPUILIOCH OTKA3aThCs OT
IVCKPETHBIX KOMIIOHEHTOB IJIsI YMEHBIIIEHUS mapa-
3UTHBIX ITapaMeTPOB CXEMHbBIX 3JIeMEeHTOB (puc. 1),
YTO AajI0 P IpenMylnecTB. Comacyionuii Yuir-pe-
suctop tunopasmepa 01005 (0.4 x 0.2 mm?) 3aMeHeH
Ha HAaIbUICHHbIA PE3UCTUBHBIN CJIOMU, YTO IMO3BOJIUIIO
oxo0paTh ONTUMAaIbHBIA HOMUHAI COMPOTURIICHUS.

3a cuer oTKa3za OT OMCKPETHOIO JI€TEKTOPHOTO
KOHJIEeHCaTopa B MOJb3y TOMOJOTMYECKOTO TOJIOCO-
Boro ¢uiabTpa OblIa yMEHbIIEHA WHEPIIMOHHOCTH
CXEMBbI, TIO3TOMY AETEKTOP MOXHO MCIIOJIb30BaTh HE
TOJIBKO 151 IE€TEeKTUPOBAHUSI MOLIIHOCTU HETPEPHIB-
HOTO M3JIyYeHMUsI, HO 1 JJIs1 aHaJIM3a CUTHaja B OJI0-
ce M0 HecKombKux rurarepil. IlpenmoxeHHble KOH-
CTPYKTUBHbBIE pELIeHUST MO3BOJWIN JOCTUYb HU3KOM
HEPaBHOMEPHOCTU aMILJIMTYIHO-YaCTOTHOI Xapak-
TEPUCTUKU B pabodyeM nuara3oHe.

HetexTop cupoektupoBad B HO® AO HIT® “Tex-
Hosikc”. Kopmyc perekrtopa usrorosiieH B MIID
PAH. B kadecTBe HEJIMHEMHOTO 3JIeMEHTAa MCHOJIb-
3yeTcsl NETEKTOPHBIN NIWOI, Mpomu3BeaeHHBI B AO
HIIIT “Canor” Ha 9KCNepUMEHTAIBHOU 3MUTaKCU-
albHOI TeTepocTpyKType RC-1722, M3roToBIIeHHOI
B O®TU nm. A.®. Modde B Cankr-IleTtepbypre. Pa-
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Hee B pabote [8] OBLIM MPOIEMOHCTPUPOBAHEI TIpe-
MMYILIECTBA JAHHOIO IMOJa IO CPaBHEHUIO C MHO-
CTpaHHBIM aHAJIOTOM OT KOMITaHUU Avago — JeTeK-
topHBbIM quonoM HSCH-9161.

Bricora moteHuIManbHOTO O0apbhepa, OT KOTOPOTO
3aBUCUT YYBCTBUTEIbHOCTh AETEKTOPA, ONIPEACISIeTCS
MOJyIPOBOAHUKOBBIM MatepuaioMm Buna In,Ga, _ As.
OTOT MaTeprall B 3aBUCUMOCTH OT BEJIMUMHBI X UME-
€T CYIIIECTBEHHO pa3Hble 2J1eKTPOPU3UIECKUE CBOT -
cTBa (B TOM 4YMCJie BBICOTY Gapbepa). OnTuMaibHOe
COOTHOIIIEHUE KOMIIOHEHTOB, II0J00paHHOE ISt
YMEHBIIIEHNST MEXaHUYECKUX HAMPSKEHUH, CIeaylo-
wee: Ing 53Gaj 4;As. Takoe cOOTHOLIEHWE TTO3BOJIUIIO
BbIPACTUTh JMON Ha TOJYU3OJUPYIOIIEH TMOMIOXKE
InP, xotopast obecrieunBaeT HEOOXOIMMYIO KECT-
KOCTh KOHCTPYKUMU. [Tpu 3TOM 1IMpurHa 3anpeiieH-
Hol1 30HKI paBHa (.75 3B, a BeIcoTa ITOTEHLIMAIILHOTO
Oapbepa aexuT B npenenax 0.15—0.2 3B. Boasr-am-
MepHas XxapakKTepuCcTUKa IpUBEIeHA Ha puc. 2.

Awvon umMeeT CUIbHO JIETUPOBAHHBIM KOHTAKTHBIM
cioit InGaAs tonmuHoI ropsiaka 1.5 MKM 1 6apbep-
HbIi citoif InGaAs TonmumHoMi 0.1 MKM ¢ ypOBHEM Jie-

rMpoBaHus oKoso 5 - 101 cm—3.

3. PESVJIBTATBI MOAEJIMPOBAHHWA
N USMEPEHUA JETEKTOPOB

Ha puc. 3, 4 mpuBeneHbl CXeMbl U3MEPUTEIIBHBIX
CTeHI0B. M3aMepeHne BOJBT-BAaTTHOII YyBCTBUTEIIb-
HOCTU MPOBOAUTCS IIPU YPOBHE TI0JaBaeMOM Ha Jie-
TekTop MolrHocTr 100 MkBT. 'eHepaTop ¢ 11ermoykoit
YMHOXUTEIEH IIpeaBapUTeIbHO KaTuOpyeTcs 1o 13-
MEPUTEIIIO0 MOIITHOCTH, YTOOBI Ha KaXKIIO Y4aCTOTHOM
TOuKe ObLIT (PMKCUPOBAHHBIN YPOBEHb CUTHaNA, KO-
TOPBII IIOJaeTCcsl Ha AeTeKTophl. s ycTpaHeHUs
BIVSIHUSI OTPAXXEHHOTO OT HOETEKTOpa CUTHAalla WC-
MOJIb3YeTCS BEHTUIb.

Ni3mepenne KCB nmpoBoanTcst ¢ MOMOIIBIO BOJI-
HOBOJHOTO HaIpaBjeHHOro orBeTBUTes1. C reHepa-
topa SMF100A momaeTrcsd MakcuMaJbHbIA YPOBEHb
+17 nbm (50 MBT), 4TOOBI YyBCTBUTEILHOCTH U3MeE-
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Puc. 2. Bonbsr-aMniepHast XxapakTepucThkKa pa3paboTaHHOTO THO/IA.
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Puc. 3. Cxema cTeHa 111 U3BMEPEHUSI BOJIBT-BAaTTHOM YYBCTBUTEILHOCTH: X2 — yIBOUTEIb YaCTOTHI C BBIXOTHBIM IMAaa30HOM
25—40 I'Tu, X3 — yTpouTeib YaCTOThI C BEIXOAHBIM Auana3oHoM 75—120 I'Ti, Jler — BOJHOBOIHBIN AETEKTOP (U3MEpsIeMBbIit

00bekT), M3M. Mol — u3mMepuTesib MOITHOCTH M3-75 ¢ BBIHOCHBIM OJIOKOM C CeYeHUEM BoiHOBoAA 2.4 X 1.2 MMZ.

PUTENST MOIITHOCTU XBAaTHUJIO IIJISI PETUCTPALIMU MaJlo-
IO YPOBHSI OTPaXXEHHOTO CUTHAJIAa B CJIy4ae XOpOIIero
COIIACOBAHMUS IETEKTOPA.

M3HayaabHO B KaXI0M YaCTOTHOM TOYKE U3MePSI-
eTcs ypoBeHb curHaina (P,,), OTpaxk€HHOTO OT KOPOT-
KO3aMKHYTOI Harpy3ku. 3aTeM K HallpaBJIECHHOMY

OTBETBUTEJTIO MMOIKITIOYAETCS IETEKTOP U U3MEPSIETCS
YPOBEHBb OTPAXKEHHOTO cUTHANA (P,..).

Koaddunment orpaxenuss (KO) moxHo mpen-
CTaBUTh KaK OTHOIIEHWE MOIIHOCTU OTpPaxKeHHOI
BOJIHBI K nanalomeﬁ. B HaleMm ciaydya€c MMEEM J1Ba BU -
Jla U3BMEPEHUIT MOIIHOCTU: IIPU ITOIKIIIOUEHUUN KO-
POTKO3aMKHYTOI HArpy3KH U MPU MTOAKITIOUESHNUU JIe-

9B Harp. ITlet
I'eneparop N\ HO 7 o—l
X2 X3 1 =» 2
R&S SMF 100A | \od —

| o\O—I K3

-5B
HN3Mm. momr.
M3-75

Puc. 4. Cxema creHna mist usmepenust KCB (o6o3HaueHMsT Te XKe, 4To U Ha puc. 3, HO — HalpaBieHHBI OTBETBUTEb).
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Puc. 5. OTKIMK 1eTEKTOPOB B AMAaIia30He YacTOT MpU BxogHOI MoiHocTh 100 MKBT.
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Puc. 6. KoadhduimeHT cTosueit Boabl JETEKTOPOB.

tekTopa. Ecimi cuurath KoaddunmeHT orpaxkeHUs
KOPOTKO3aMKHYTOI Harpy3kKu paBHBIM 1, a TakxKe
cuntath, 4To KO c1ab0 3aBUCUT OT YPOBHS Mamgaio-
IIEil BOJIHBI, YTO HEOOHOKPATHO MOATBEPKIAIOCH
9KCIEPUMEHTAJILHO, TO CIIPaBEIJIMBO CUMUTATh, YTO
KOueT[HB] = Pz[eT[HBM] - PK3[,I[BM].

Ha puc. 5, 6 npuBeneHbl pacueTHbIE U U3MEPEH-
HBIE 3aBUCUMOCTHU OTKJIMKA feTekTopa v ero KCB ot
yacToThl. [JIsT cpaBHEHUSI MPUBEAECHBI XapaKTepH-
CTHKM aHaJIora pa3paboTaHHOIO JIeTEKTOpa, IIe CUr-
HaJl Ha IeTEKTOPHBII IUOI ITOCTYMNAET IO MJIaBHOMY
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SKCIIOHEHLIMAJIbHOMY TIepeXoAy B IeJeBOil JIMHUMN.
IIpencraBiaeHHEBIN B JTaHHOI paboTe AeTeKTOp 00Ja-
JaeT MEHBIIUM IO cpaBHeHUIO ¢ aHanorom KCB
IpaKTUYECKH BO BCEM paboueM nuana3oHe. AHAJIOT,
C KOTOPBIM IIPOBOAMJIOCH CpaBHEHUE, — 3TO MOJIEIb
KJ/IB-118 npousBonctea HHUIIN “Ksapu”. B Ha-
CTOSIILIMIT MOMEHT BBIIIYCK TaKUX IETEKTOPOB Mpe-
KpallleH.

BaskHoit XapakTepUCTUKOI AeTeKTOopa SIBIASETCS
YPOBEHB €T0 IIyMa, OTIpeAe IO HUKHIOIO Tpa-
HUIy IWHAMWYECKOro [Mara3oHa JeTeKTopa.

2023
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st u3MepeHUsT ypOBHS IITyMa UCTIOIb30BaJICS Ma-
JIOIIYMSIIUNA TPAHCUMIIEJAHCHBIN YCUITUTEINb C Ka-
JMOPOBAHHOI 3aBUCUMOCTBIO KO3 UIIUEHTA IITy-
Ma OT TTOIKJIIOYEHHOTO KO BXONIY COIIPOTHUBIICHUS
pesuctopa. UsMepeHHOe 3HaUeHUE CpeqHEKBaApa-
TUYECKOTO IITyMOBOTO HANPSKEHHS COCTaBHIO
16 HB/TI'1!/?, 4TO HaXOIUTCA B XOPOLIEM CONIACUH CO
3HaYCHWEM, TOJIyYeHHBIM 13 (pOPMYJIBI TSI TETLIO-
BOTO IIIyMa PE3UCTOpa C CONMPOTUBJICHUEM, PAaBHBIM
mrddepeHITTATBPHOMY COTIPOTUBICHHUIO HCCIIEemye-
MOTO IMOo/aa MPU HYJIeBOM HANpPSLKEHUU CMEIICHUS.
Hcnonb3ysd m3MepeHHOe 3HauyeHHE ITyMOBOTO Ha-
TIPSDKEHUST W TIojiarasi, 4TO CPEOHSISI BOJIBT-BaTTHAS
YYBCTBUTEJILHOCTh JeTeKTopa npesbiaet 1000 B/Br,
MOXHO BBIYUCIUTH MOIIHOCTh, SKBUBAJIEHTHYIO 11Ty~
My JeTeKTopa, NPUHUMAIOIIYI0 3HaueHHEe MeHee
16 nBt/Tu'/2.

4. BAKJIITOYEHHUE

IIpencraBiaeH KOPIYCHOM AETEKTOP MOLIHOCTU
1T TPEXMWUIMMETPOBOIO NMAara3oHa JJIMH BOJH.
B meTexTope MCIONB3yIOTCS HU3KOOAPBEPHBIE TUO-
IIbl, U3TOTOBJIEHHbIE Ha CTPYKTYpPE OTEUECTBEHHOTO
MPOU3BOACTBA. BhIcoTa moTeHIMANbHOTO Gaphepa,
OT KOTOPOTO 3aBUCUT YyBCTBUTEIBHOCTD AETEKTODA,
orpenessieTcs] MOJYIIPOBOIHUKOBBIM MaTepUaioM
Buaa In, s;Ga, 4;As u nexur B npenenax 0.15—0.2 »B.

Hcnionb3oBaHue NpemIoXeHHON paHee METOIM-
KM MOJIEJIMPOBAHUSI U ONTUMU3ALUNA KOHCTPYKIIMU,
a TaKKe peam30BaHHbIC KOHCTPYKTUBHBIEC PEIICHUS
MMO3BOJIJIM JOCTUYDb XOPOIIEeid YyBCTBUTEIbHOCTU U
HU3KO HEPAaBHOMEPHOCTU aMILJIMTYIHO-4aCTOTHOM
XapaKTepUCTUKU B pabodyeM auariazoHe 4acTort. [1o-
Ka3aHO, YTO CPEMHSISI YyBCTBUTEIBLHOCTDb MO AMara-
30Hy 6oJiee 1000 B/BatT, a KCB He 6oiee 3, 4To B co-
BOKYITHOCTU XapaKTePUCTUK IPEBOCXOIUT HU3BECT-
Hble aHaJIOTU. MOIIHOCTb, 3KBUBAJEHTHAsI IIyMY
JIETEKTOpa, CpaBHMMA C aHaJoraMu M COCTaBIISIET B
cpenHeM mMeHee 16 nBt/Tu!/2.
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BJIIATOJAPHOCTHA

ABTOpBI BblpaxkawT OiarogapHocTh F0.M. YeueHuny
3a OKa3aHHOE CONECTBUE 10 YACTU J€TEKTOPHBIX IMOIOB.

PMHAHCUPOBAHUE PABOThHI

PabGorta BeInoHeHa nipu noaaep:xkke Poccuiickoro Hayy-
Horo ¢oHma (rpaHT Ne 18-72-10113), https://rscf.ru/proj-
ect/18-72-10113/. B pabote ucnonn3zoBayiace YHY 3589084
“LIKII-77.
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