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AVNCKPETHBIE ®OTOIIPUEMHNWKN
CPEJHEBOJIHOBOTO MK-/INAIIASOHA CIIEKTPA
HA OCHOBE HgCdTe

Paspabomana monosozus u mexHoI02udecKUe PEXUMbL U320MOBACHUSL OUCKPemHbIX (homoduodos (Odua-
memp 0,5—1,5 mm) cpednesonno80zo unH@pakpacrnozo Quand3ona cnekmpa na 6ae SMUMaKcudaIbHolLX Cl0-
e6 kadmui-pmymo-meanyp (KPT). Hccaedosanvr onmuueckue, (homosiexmpudeckue u 601bm-amnepHole
xapaxmepucmuru ouckpemuolx KPT-¢pomoduodos s cnekmpaiviozo ouanasond 3 —>5 Mm ¢ yeavto 0o-
CIUKeHUs: HeOOX00UMBIX IKCNAYAMAYUOHHBIX NAPAMEMPOS. Y CMAHOBACHO, UMO NOAYUeHHble (HOMOOUO-
ObL Mozym pabomamo 6 pexuMax, 0zpanudeHnvlx Gayxmyavuimu ¢onosozo usryuenus ( BLIP-pexum).

Kniouegvie crosa: HgCdTe, (homooduod, HK-duanason, BAX.

[l oxmask1aeMbIX TPHEMHUKOB HH(PaKpacHo-
ro (MK) usiyuyenust umerorcst yxe cpopMUpOBaH-
Hble TEXHOJIOTUY C XOPOIIIO OIIPE/IeJTEHHON apXUTeK-
TYypOH, a UX MPUMEHEeHNe XOPOIIIo U3BECTHO. TeM He
MeHee, CYIIEeCTBYIOT BO3MOKHOCTH JIJIS YTy IIEeHUS
CHEKTPAJbHOTO JUATIA30HA U Pa3peIieHus Mpu Ofl-
HOBPEMEHHOM TIOHUKEHUU IIeHbI, pasMepa 1npubo-
POB, WX MAacCChl M MOIIHOCTHU, a TaK)Ke JJII PaCIIu-
penust obJiactu ucnosb3oBanus Y K-pusyanusaru
JUIS 1eJiel ABOMHOrO HasHAYeHUs, HAIIMOHAJIbHOI
6€3011aCHOCTY U KOMMEepPYeCKUX mpuiokeHuii. [Ipu
n3roroBiennn NK-gerexTopa caMbIiM BasKHBIM (hak-
TOPOM, BO3MOJKHO, SIBJISIETCST HCITOJTb3YEMbIi MaTe-
puan. Ha naHHbI MOMEHT MHOTHE MCCJIe0BaATe N
U TPOU3BOAUTENU (POTOAMOMOB YTBEPIKAAIOT, UTO
HaWJIYYIIUM [OJTYTTPOBOIHUKOBBIM MATEPUAJIOM JIJIST
NK-neTekTopoB sBJSIeTCS KaJAMHUH-PTYTbh-TEJIYD
(KPT) [1—3], ut0 06yCJOBIEHO BO3MOKHOCTDHIO
n3MeHeHus. Kpas (POTOYYBCTBUTEJbHOCTH U3MEHE-
HHeM xXuMmudeckoro coctaBa KPT. 9Tto mosBos-
eT, HaIpuMep, YMEHBITUTb YPOBEHDb IMyMOB ¢o-
TOTIPUEMHUKA, TIOCKOJbKY IMUPUHA 3aIpeIeHHOl
30HBI JIJIsI iMana3oHa (hOTOYYBCTBUTENBHOCTH MO-
JKeT ObITh BbIOpaHAa B TOYHOM COOTBETCTBHH CIIEK-
TPaJbHOMY AMAa3oHy (OTOOTBETA.

Iueprermyeckast 3onHas crpykrypa HgCdTe xa-
paKTepu3yeTcss TAKUMU OCOOEHHOCTSIMU, KaK:

— BO3MOJKHOCTb 33/IaBaTh ITUPUHY 3allpelieH-
HOH 30HBI TTPW BLIPAIIWBAHUY TLIEHOK C BBICOKOM
MTPOCTPAHCTBEHHOH OTHOPOTHOCTHIO M HU3KOM TLJIOT-
Hoctbio muciaokarmii (< 1-10° ¢M™2) HeCKOJbKH-
MM SIMTaKcHaIbHbIME MeTogaMu (GKuakodasHoi,
MOJIEKYJIAPHO-Iy4eBOI, MeTaJIJIOPraHIIeCKON Ta30-
(aszHoiil arMTaKcueii) Ha COrTacOBaHHBIX 110 TIOCTO-
SHHOW pelieTku W npo3paunbix B MK-nunamnasone
noaoxkax CdZnTe;

— HM3Kas KOHIEHTPAIs HEOCHOBHBIX HOCHUTE-
neit sapsama (< 1-10' cm73);

— HaJUYMe TOAXOSANNX JETUPYIONUX TPU-
Mecell [IJISI CO3/IaHus n- U p-TUIa IIPOBOAMMOCTH;

— yHUBepCaJibHble MeTO/bl JJs1 (popMuUpoBa-
HUsI Me3aCTPYKTYP U ILJIAHAPHBIX TOMO- U T€TEPO-
EPEX0/IOB;

— OTHOCHUTEJIbHO HeGOJbIIOE 3HAYCHIE [TUIJIEK-
TPUYECKON KOHCTAHTDBI, UTO SIBJISIETCS] BAXKHBIM JIJIST
E€MKOCTH p — n-TIePeX0/ia;

— BO3MOKHOCTH ucnosb3oBanusi CdTe B ka-
YecTBE TACCUBAIMOHHOTO TOKPBITUSI, YTO CHOCO6-
CTBYyeT peaJyn3aiuu (OTo[MOI0B C HU3KUM 3Haue-
HueMm 1,/ f-1rymMa U BBICOKON Pa[UaIlMOHHON CTOIi-
KOCTbhIO [4].

Takoe couetaHue 30HHOH CTPYKTYpPbI U CBOICTB
MaTtepuasa 1Mo3BoJigeT Moayvarb kKauectBeHHbie VK-
aerektopbl (B T. 4. (POTOCONPOTUBIEHUS, OLHO- U
MYJIbTUCTIEKTPAJbHBIE (HOTOANOABI, (HOTOAUOIHBIE
MaTPHILbI) ¢ PaGOYNMK XapaKTePUCTHKAMK, GJIN3KHU-
MU K TEOPETHYECKU BO3MOKHBIM, M U3MEHSTH Ipa-
HUYHYTO JTMHY BOJIHBI B fnanaszoHe 1,5 —20 MiMm.

KpymrodopmaTabie hoTOBOIbTANYECKIE MATPH-
1IbI SIBJISIOTCSI OCHOBOM JIJII TEXHOJIOTUYM M3TOTOBJIE-
HUS NIMPOKO IPUMEHSIEMBIX THOPUAHBIX (DOTOIIPH-
emubix ycrpoiicts (DITY) [5]. Hau6oabmee pac-
npocrpanenue nomyunan Matpunst u3 Hg,  Cd Te
(x = 0,2—0,3) a0 CHeKTPaJbHOIO JHanasoHa
8—12 u 3—5 mrm. DIIY na 8—12 mxmM obecrie-
YUBAIOT HAUJIYUIIYIO TEMIEPATYPHYIO YyBCTBU-
TEJBHOCTb W TIOMEXO3AIIUIIEHHOCTh B YCJOBUSIX
33/IbIMJIEHHOCTH W 3albLJIEHHOCTH. B aToM criek-
TPAJIbHOM JMAlla30HE HAXOAUTCS MAKCUMyM COG6-
CTBEHHOTO TEILJIOBOTO U3JIyUYEHUS TEJT, HAXOISIIUX-
ca ipu Temniepatype 300 K. CorsiacHo 3akony cMe-
mennss BuHa, MakcMMyM COOGCTBEHHOTO TETJIOBO-
IO U3JIy4YeHWs TeJ MPU UX HATPEBAHWM CMEIaeT-
Cs1 B KOPOTKOBOJIHOBYIO 06J1aCTb, 1103TOMY J1Jisi 6O-
Jiee HATPEThIX TeJ ONTUMAJbHBIM SIBJISIETCSI CIIEK-
Tpasbhblil ananason 1—5 mkm. [lia Hg,  Cd Te

TexnoJiornst 1 KOHCTPYNpPOBaHUE B 3JIEKTPOHHOIT anmapatype, 2017, Ne 6

ISSN 2225-5818



HOBBIE KOMIIOHEHTHI /IJI1 3JEKTPOHHOI AIIIIAPATYPHI

(x=0,3) ecTb BO3MOKHOCTb M3TOTOBJIEHKST MATPUIL
Ha CIeKTpaJIbHbIN 1uanas3on 3— 5 MKM. VX pabovast
TeMIIepaTypa MOKeT ObITh MoBbIeHa 10 120 —150 K
6e3 yXy[AIIeHusI XapaKTepHCTHK, 00ecleuynBaio-
X QyHKIMOHUPOBAHIE B PEKUMAX, OTPAHUYEH-
HBIX (DOHOBBIM M3JIYYEHUEM, UTO SIBJISETCS HEBO3-
MOKHBIM JIJisT Matpuil Ha ocHoBe InSb. 3T10 00y-
CJIOBJICHO KaK Pa3HbIMU Koach)MuHeHTaMH TeMIle-
paTypHOTO PAaCHIMPEHNs 3alpPeIleHHoil 30HbI K,
(B HgCdTe dE /dT >0, aB InSb dE /dT < 0)
Tak 1 WaHAMATBHO Gooee KOpOTKOBOJIHOBOI/I rpa-
HUtleil PoTOUyBCTBUTENBHOCTH (HOTONPUEMHUKOB
Ha octoBe HgCdTe Ha o6acTh criekTpa 3 —35 MKM
(xpacnast rpannia pOTOUYBCTBUTEIBHOCTH A, HOTO-
npremankos Ha ocHose Hg,_ Cd, Te (x=0,3) cocras-
Jaget okoso 5,0 MkM, a Ha ocHose InSb — 5,6 MKM
npu T = 80 K). IkBuBaJeHTHAsA HIyMy Pa3HOCTD
TEeMIIepaTyp JJs1 MaTPUI[ 3TOTO CIIEKTPATbHOTO /IU-
arasona npu 80 K pasna 7—20 MK [5, 6].

JLJ1s1 HEKOTOPBIX CHEUATLHBIX TIPUJIOKEHUN aK-
TYaJIbHBIM SIBJISIETCS BOIIPOC CO3aHUS JUCKPETHBIX
oToamonoB ¢ GOJIBLINON TIOMAIBI0 YyBCTBUTEb-
HbIx saementos (1,25 wmm 3,2x3,2 MM, Hanp., [7])
C BO3MOJKHOCTBIO MOJIy4eHUsI OOJIBIITNX CUTHAJIOB,
JAJLHOCTH OOHAPY KEHUS W T. JI.

[enbio manHOTO MCcaenoBaHus 6blIa pa3paboT-
ka K-doTtoanomoB cpeaHeBOTHOBOTO aUAma3oHa
(L=3—5 mkM, T=80 K) ¢ anamMerpoM 4yBCTBU-
TeJIbHBIX 2/1eMeHTOB d,, = 0,5 —1,5 MM Ha CTPYKTy-
pax HgCdTe, BbIpaiiieHHBIX METOIOM KUAKO(Da3-
HOIl STIMTAKCUU, U UCCJEOBAHUE UX ONTHYECKUX,
AJIEKTPUUYECKUX U (POTOIJIEKTPUUECKUX XapaKTepPH-
CTHK JIJIST IOCTUZKEHUST HEOOXOIUMBIX KCILIyaTaly-
OHHBIX TTAPAMETPOB.

®dopmuposanne GHOTOUYBCTBHTEIBHBIX CTPYKTYP

TBep/ibie pacTBOPHI KAJAMUN-PTYTh-TEJLTYD SBJIS-
I0TCSI HECTOMKUMHU K MEXAHUYECKUM HAIPSIKEHUSIM
1 TIOBBITIIEHHOIT TeMmiepaType. DUBUKO-XUMIUECKITE
CBOIICTBA 3TOr0 MaTepHasa HaKJIaJIblBalOT CBOU TPe-
GOBaHUST K TEMIIEPATYPHBIM PEXKUMAM TTPOBEIEHNS
TEXHOJIOTMYECKHX IIPOLIECCOB U OIPAHIMYUBAIOT BO3-
MO’KHOCTD HCITOJIb30BaHMSI CTAaHAAPTHBIX OIIEPALIHIA,
MPUHSTHIX B MUKDPOJJIEKTPOHUKE, UYTO 0OYCIOBUIO
HeoOXO0UMOCTh Pa3pabOTK HEKOTOPBIX TEXHOJIO-
FHYECKUX PEIIeHH.

Ilns msrorosrennss MK-doroanonos Ha ocHo-
Be y3koszonnoro mnoJsynpoBoanuka HgCdTe wuc-
[IOJIb30BAJIMCH CJIOM, BBIPALEHHBIE METOAOM >KH/I-
kodasHoil snuTakcuu Ha HoAIokkax Cd, yZn Te
(y = 0,03—0,05), umeromux 6aU3KHE HapaMeprI
PEMIETOK, YTO MO3BOJISET MOJyYarh CTp QIKTylzjbI C
MaJIBIM KoJimdecTBoM auciokanmii (< 10° cm
METaJIIyPrUuecKoi TpaHuile pasjena i CaMux CJI0-
eB. dmurakcuaabhbie caon Hg,_ Cd Te (x = 0,3)
p-TUIA TIPOBOJMMOCTH XapaKTepPHU30BAINCH BBICO-
KOI OZIHOPOJHOCTBIO COCTAaBa II0 ILIOIAAu o6pasiia
(<1073 mopubIX moseit CdTe), KOHIIEHTPAINS JbI-
poK cocTaBsiia N, = 1016 cM™3, xXoJIOBCKAS TIOJI-
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Puc. 1. CrekTpaJibHble 3aBUCUMOCTH OTITHYECKOTO IMPO-

TTyCKaHWs STNTaKCcHATbHbIX MieHoKk KPT, nsmepennbie ¢

nomortbio UK-Dypwe-criekrpomerpa “Spectrum BX-117
npu T = 300 K

BIJKHOCTD |o; = 400 —450 cm2 B! ToumuHa
minenok KPT usmensinach B ipeesiax 15— 20 MKM.

Ha puc. 1 npuBeseHbl crieKTpajibHble 3aBUCH-
Moct MK-TiponyckaHus SMUTaKCHATBHBIX CJIOEB
Hg, ,Cd, Te npu T = 300 K. 9111 crieKTpsI, T0JIy-
YeHHbIE TIPU JIAHHOI TeMIiepaType, 0ObIYHO MCHOJIb-
3YIOTCSL JIIST ONpe/leIeHusT JIIMHHOBOJIHOBOU T'pa-
HuIbl poToOoTBeTa A, IIPH TeMmiepaType QyHKINO-
aupoBanusg KPT-nmpuemankoB T = 80 K na ypos-
He 50% MakcuMaJabHOTO K03 duiimenTa npomycka-
mua T, [8].

N3 paHHBIX MO ONTUYECKOMY IPOILYCKAHUIO
(puc. 1) 6bur0 Haiimeno, 4to A, = 4,11 MKM,
YTO COOTBETCTBYET INMHUPUHE 3alpPeNieHHON 30HbI
Hg;_,Cd,Te E;=0,3017 9B (x=0,309, A, = 4,11 Mmxm
npu T = 80 K).

W3 puc. 1 BUHO, YTO KPUBbBIE ONITUYECKOTO MTPO-
MYCKAHUS XapaKTePU3YIOTCS YeTKUM U PE3KUM Kpa-
€M, UTO CBUJIETETIHCTBYET 00 OTCYTCTBUU TOJICTOTO
MEPEXO/THOTO CJIOST C TPAJMEHTHBIM COCTABOM MEK-
Ty TIOJIJIOKKOM U TIIEHKOH, a Hajanmyne nHTepgepen-
IIUY CBUJIETEIBCTBYET O XOPOIIEM KAYeCTBe TTUTAK-
cuaJbHbIX TeHok KPT.

[Tporiecc nsroroBenust GoToaMOTOB COCTOUT U3
MHOTUX TEXHOJIOTHYECKUX OMePaIuii, BKJIOYas Ha-
HeceHMe 3alUTHOTO NOKPbITUS, (poToMUTOrpaduye-
CKHe TPOIECCHI It (DOPMUPOBAHUS OKOH TIOJ UM-
MJIAHTANUI0 1 (POPMUPOBAHUST METAJTHYECKUX T10-
KPBITUI, XUMUYECKYI0 0OPaGOTKY MOBEPXHOCTH,
pas/iesieHre TIJIACTUHBI HA OT/IeJIbHbIE YUITbl, MOH-
TaXX, KOPIYCUPOBKY, (OpPMUPOBAHUE 3JIEKTpHUUe-
CKHUX KOHTAaKTOB W JIp.

CnoiictBa MK-KPT-dotoanonos cytecTBeHHO
3aBUCAT OT XUMUYECKOW M 3JeKTPOHHOH CTPYKTY-
PbI TIOBEPXHOCTH, TIOITOMY CYIIECTBYET HEOOXO/IH-
MOCTb B CO3/IAHUU MTACCUBAIIMOHHOTO MOKPBITHS JIJIST
YMEHBIIEHUST TIOBEPXHOCTHBIX TOKOB U TIPE/I0TBPA-
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HIeHus Jierpajlaiiuu CTpyKTyp. B kavectBe maccu-
BaIIMOHHOTO TIOKPBITUS HAMU UCIIOJIb30BAJICS TEJI-
JIyPUJT KAJMUSI, KOTOPBII HAHOCUJICS METOJIOM MO-
JIEKYJIIPHOU 3MUTAKCUM «TOPSYasi CTEHKa» B CIie-
UAJBHO MOM06GPAHHBIX PEXUMAX, MPEOTBpAIla-
IONUX AJUTe bHbIN HarpeB cTpykTypbl HgCdTe /
CdZnTe, KoTOPBIH MOXKET TIPUBECTH K U3MEHEHUIO
XUMUYECKOTO cOCTaBa moBepxHocTHOTO caosi KPT.
IMaccusarmonnsie caon CdTe xapakTepru3oBagnch
MEJKO3EPHUCTON MOJUKPUCTAJIINYECKON CTPYKTY-
poii, a UX TOJIIUHA COCTaBJsIa TpuMepHO 60 HM
U KOHTPOJIMPOBAJIACH C MOMOIIBIO 3JIJTUIICOMETPU-
YeCKUX M3MEpPEeHUil.

[lns cozmanust p— n-mepexoioB B Y3KO30HHOM
mosryipoBogake HgCdTe mcmosb3oBaicss MeTOT
nomnHoi ummranTtanuu BT ¢ go3o0it (2—3)-10'3 ecm2.
[Ipu aTOM OCHOBHBIM MEXaHU3MOM (POPMUPOBAHUS
JIETUPOBAHHOI 06J1aCTU SIBJISIETCS TOT, KOTJIA HOHbBI
60pa BBIOMBAIOT aTOMbI PTYTH, KOTOPbIE IEPEXO-
JAT B MEX/IOY3JIUsI, CTAHOBSICh 3JIEKTPUYECKU aAK-
TUBHBIME Jle(DEKTaMU, OTBETCTBEHHBIMU 3a CO3/Ia-
HUE 1n-00J1aCT! p — N-TIePexXo/ia.

[Ipu dopmupoBanum MeTaJIMYECKUX KOHTAK-
TOB K (POTOUYBCTBUTEIBHBIM 3JIeMEHTaM HEO6X0/U-
MO TIPOBECTU PsiJl TEXHOJOTUYECKUX Olepaluil, B
TOM YHUCJIE BCKPBITHE OKOH B [TACCUBAIIMOHHOM CJIOE
CdTe a7t co3manust OMUUECKOTO KOHTAKTA, HAHece-
HUE METAJLIMYECKOTO TIOKPBITUS U (DOPMUPOBAHUE
TOMOJIOrMK (POTO/INO/IA METO/IOM TPABJICHUS HaHe-
CEHHOTo MeTaJiia 6e3 HapyIIeHUs 3alUThl OCTAJIb-
HBIX y4acTkoB uumna. /loctuyb atoro ypanoch 6Jia-
rojiapsi TEXHOJIOIMYECKOMY PELIeHI0, YCTaHABJIU-
BaIOIIleMYy OTIPeIeIEHHbBIN TIOPSIJIOK TpoBeieHust (o-
TOJUTOrpaUUIECKUX ONEPAITHil, YTO TTO3BOJIIIIO UC-
M0JIb30BaTh (POTOPE3UCT JIJIsl 3AIUTHI [TACCUBAIIMH
OT BOB/IEHICTBUS arpecCUBHBIX XUMUUYECKUX TPaABU-
TeJieii. B KauecTBe MeTasIa /171 KOHTAKTOB MCIIOJIb-
30BaJICd WHANH, KOTOPBIF HAHOCUJICS METOZIOM Tep-
MUYECKOTO BaKyyMHOTO PaCIbLJIEHUS B YCTAHOBKE
¢ 6e3MacigHoll oTkaukoi. ToJuHua IJIeHKT U ee
JlaTepajibHble Pa3Mepbl KOHTPOJUPOBAJIUCH C TIO-
Molibio nHTepdepeHInoHHoro 3D-poduaomerpa
«Mukpon-anbda» (puc. 2). Tommunta HaHECEHHO-
TO CJIOd UHIUA cocTaBiagaa 1 —2 MKM, 4TO IBJISIET-
€SI JIOCTaTOYHBIM [T (DOPMUPOBAHUS 3JIEKTpPUYE-
CKUX KOHTAaKTOB METO/IOM YJIbTPA3BYKOBOH CBAPKM.

B pesysbraTe mpoBeIeHHOTO TEXHOJOTHUYE-
CKOro IuKJa ObLiu M3roToBJeHbl MaccuBbl KPT-
oTo1o/10B ¢ maomabi0 A ; 4YyBCTBUTE/IbHBIX dJ1e-
MeHTOB, pasHoii 0,785-107% 1 1,77-107% cm? (puc. 3).
[Tocsie kKoHTpOJIS 3/IEKTPOPU3NYECKIX [TAPAMETPOB
IJIACTUHY Pa3/eJisiii Ha IMCKPETHbIe (DOTOAMO/IbI, K
KOTOPBIM 3aTeM (DOPMUPOBAJIU IJIEKTPUIECKUE KOH-
TaKTbI, jajee GOTOAMO/bI MOHTUPOBAJIU B KOPITY-
ca ¥ MOMeMaJu B KPUOCTAT JIJIsi KOHTPOJIsT ux o-
TO3JIEKTPUYECKUX TTaPaMeTPOB.

Puc. 2. ®@ororpadun MeTanInIecKoil IJIeHKN, HaHeCceH-
noit na muny KPT-unna:
creea — m306paXkeHne B ONTHYECKOM MUKPOCKOIIE;
cnpasa — 2D-tpoduab TONIMHB TJIEHKH In, BbIpaiieH-
HOI Ha moBepxHOCTU (HOTOANOIA

hv

Meranuueckue
KOHTAKTBI

e
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““-—-__,
n-Cd Hg,_ Te

® % o= o= o x v ¥ = = o= o® o® B o= o2 %2 & ® B B B o8 8 %

CdTe

p-Cd Hg,_ Te

Puc. 3. Konctpykmmst goronnona n ¢otorpadus mac-
cuBa KPT-dotoanonos ana cpeaneBomanoBoro MNK-
uanasona ¢ d,, = 1,5 MM

ITosyueHHble pe3yJbTaThl H UX 00CYKAEHHE

[Mpenenbubie XapakTepucTuku (HOTOMAMOIOB
OTIPEJIEJISTIOTCS] BEJTMYMHON TOKA JIETEKTOPA TIpU 006-
PATHOM CMETEeHUH U TIPOU3BE/IEHUEM TMHAMITYECKO-
IO CONPOTHUBJIEHUS TIPU HYJIEBOM CMEINEHUN Ha T1JI0-
maj b QoTOUyBCTBUTENILHOTO aaeMenTa RyA, 11pu
temnepatype 77 K [9]. TemHoBoOI# TOK 10/13KeH ObITH
MUHUMU3UPOBAH JIJISI YBEJMYEHHS YYBCTBUTENTbHO-
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ctu hotosieTekTOpa. JJOMIHUPYIOIINMI MEXaHN3Ma-
MU, BHOCSIuMM BKJaa B temHoBOI Tok HgCdTe-
(orononos, sBasiorcs qudysnoHHLII TOK, MEX-
30HHOE TyHHesmpoBanue, Oxe-peKOMOUHAIINS, TYH-
HeJIMPOBAHUE Yepes JIOBYIIKU 1 PeKOMOMHAIIOHHBIN
nporttecc [loxkaun — Puna— Xosna. [IBa mnocjaeHux
MeXaHnu3Ma OOYCJIOBJICHBI MPOIECCAMU TOKOTepe-
HOCA Yepes YPOBHI JIOBYIIEK B 3alPELIeHHOI 30He.

OGHapykute/ibHas croco6HocTb D° aBisercs
HOPMAJIM30BAaHHBIM ITAPAMETPOM, KOTOPBIH Xapak-
Tepu3yeT KauecTBO JUCKPETHBIX (DOTONPHEMHUKOB
" coueraeT B ceOe TaKWe XapAaKTEPUCTUKH, KaK
YYBCTBUTEJBHOCTD ¥ IMyM (DOTOMPUEMHUKA, CBS-
3aHHBIN ¢ QIyKTyanusaMu 1moToka (GpoTtoHoB QoHO-
BOro u3sydenus [6]:

D" = (4, AW?/INEP =S, (4, A1, (1)
rae Af — ImupHHa M0JIOCHI YCHIUTEIBHOTO TPAKTa;
NEP — pxBuBajiienTHasg mwyMy MomHocTh (noise
equivalent power), NEP =1_/S;
S; — CHeKTpajbHas 1yBCTBHTEIbHOCTD;
I, — 1IyMOBOI TOK.

3uauenue NEP omnpezesgercda TaksKe JPyTUMHU
nrymamu oTtonpueMHuKa. Ecim yuuTbIBaTh elie
u TemoBoi mym (mym J[xxoncona — Haiiksucra),
olpe/ie/IsIeMblil IUHAMUYECKUM TEMHOBBIM compo-
tuBsenneM goropnonos Ry =—[dl /dU) ]}, =
= BkgT /(ql ), tne U — HaHpH)KeHI/Ie CMEIIEeHus;
B— KoacbchuHeHT HeN/IeaJIbHOCTH JIUO0/IA, TO B 9TOM
cJIydae IIyMOBO# TOK OyJleT OlpeJessiTbest PIIyKTy-
alysIM U II0TOKa (POTOHOB (POHOBOTO U3JIyUEHUS U
IJIOTHOCTBIO NIOTOKA POHOBOrO u3imydenus N .

B [10] npuBenena dbopmysia s OlEHKH HJIOT-
HOCTHU TIOTOKa (POHOBOTO M3JIyYEHUS

A

Q7 2nc
Ny = —+ di; (2)
M4 Che 1
1 eXp
kegTh
Ijie ¢ — CKOPOCTb CBeTa,;
Q; — NpPOCTPaHCTBEHHDI yTOJI 3PEHNS, ONPE/IE/IAEMbII
X0JI0HOH [radparMoii IpreMHNKA N3Ty9eHNS,
Q, = n-sin%0,56 ;
0, — IIOCKMii yron 3penus,
ky — mocrosannada BosbnMana.

[pesesbl unrerpupoBanust B Gopmy.te (2) A,
= 5 MKM M A; = 3 MKM OIIPe/IesIAI0T 061acTh CIIeK-
TPAJBbHON UyBCTBUTEIBHOCTH (pOTOHPI/IeMHI/IKd

Boino maiizeno, uto Ny, 6,5-10 S eM 'c A
Q 1,57 cp (6, —90)1de)~881014 em ¢l ana

Q, =021 cp (6 = 30°) upu Temmneparype dona
T =300 K.

[l ByX YKA3aHHBIX BbINE BUJOB IIYMOB U
uzgeanpHoro goroamona Bbipakenne (1) a1a Ha-
XOJKJ/IeHUus] 0OHAPYKUTEJIbHON CIIOCOGHOCTU MOJKET
ObITh 3amucano B Buje [10]

D ankw 4k, T
hc ROAd

riae M — KBaHToBas 3P HeKTUBHOCTD (POTOAMOIA;
G — 3apsiji eJeKTPOHA.

-1/2

+2¢'N, | (€)

B pexume orpanmuenuss ponom (BLIP-
pexxum), tnposenernbie B [10] pacuersr mokasa-
JIW, YTO JJIsS YKA3aHHBIX YTJIOB 3peHI/IH 06Hapy—
JKUTeJIbHasA Croco6HOCTh D* 1p = 5 MKM
cocrasiasier 1,5-10'" u 4,2 101 cM- FLI1/2/BT
a yJeabHas 06Hapy>KI/ITeJIbHa51 CIOCOGHOCTD IS
CIIEKTPaJIbHOTO Ananasona A= 3—35 MM — 2,0-101°
u 5,510'° cm-Tii! /2 /BT cooTBeTCTBEHHO.

Hpu 4k,T /(RyA,) << 2¢°N (1. e. ipu 6oJ1b-
X 3HaveHnsx RyA ;) Besmanna D, onpesesier-
s BTOPBIM CJIaraeMbIM B CKOOKax BbIpakernus (3),
u npueMHUK paboraer B BLIP-pexume, o6ycJioB-
JIEHHOM (DIyKTyarusiMu 1moToka (HoToOHOB B (hOHO-
BOM W3JTyYeHWH.

Ipu 4kT /(RyA,) >> 247 nN,, (1. e. npu Hus-
KUX 3Hauenuax RyA, umm B yCJIOBI/IHX HU3KUX (ho-
HOBBIX HATPY30K, HAIPUMEP B aCTPOHOMUYECKUX
IpUIOKeHUsAX) (HYHKIUOHUPOBaHUE (HOTOAUO-
Jla OTpeJiesIsieTCs ero AUHAMIYECKUM COTIPOTUBJIE-
HUEM ¥ TeIJIOBbIM miyMoM. Taxyke, mpu HU3KUX
3HaueHusAX RyA, W IIpU HaIMYUU 3HAUYUTETbHO-
TO 1IyMa, CBSI3AHHOTO ¢ GOJIBIIUMHU MOTOKaMu (o-
HOBOTO WM3JIydeHus, yepe3 auojl OyJAyT Teub (GOJIb-
e TOKW, OOGYCJIOBJIEHHbIE €r0 HEBBICOKUM Kade-
crBoM ((pyHKuMOHUPOBaHUE (HOTOANOLA OIIPE/IE s
eTcst €ro JIMHAMUYECKUM CONpOTHBIeHUeM). [Ipu
MPUBEIEHHBIX BBINIE 3HAUEHUSAX MOTOKA (hOHO-
BbIX (hoToHOB N adderTnBHaAsS (bOHOBasl Harpys
Ka W3 cocrasiser 3,3-107% u 4,4-10™ Bt/ cm?
COOTBeTCTBeHHO.

[l1a obecrieuennst GyHKITMOHUPOBaHUS (hOTONO-
J10B cpeareBosHoBoro MK-auamasona (A= 3 — 5 Mkm)
B BLIP-pexxume npu yKasaHHBIX 3HAUEHUSIX YTJia
3peHus u3 q)opMyJIbI (3) crmenyer tpeGoBanue
RyA ;2 510% Om-cm?.

JL71T KOHTPOJIST IEKTPUYECKUX MTAPaMeTPOB H3-
TOTOBJIEHHBIX (DOTOAMOIOB UCIIOIB30BAIN UX BOJIBT-
ammnepuble xapakrepuctuku (BAX), xoropbsle us-
MepSITH MUKPO30H/IOBBIM METO/OM TIPH A30THBIX
TeMIlepaTypax Ha CIEeIUaIbHO pa3paboTaHHOM 060-

pynoBanuu [11]. Ha puc. 4 npuBe/ieHa TUnMyHas
BAX onHoro U3 M3roTOBJIEHHBIX JUCKPETHBIX (hO-

I, MKA
2] I

—-0,2 0 0,2
U, B
Puc. 4. Temuosas (1) u nosyuenHas mpu (hOHOBOM OCBe-
mwenun (2) BAX auckpernoro KPT-poroanona (Ne 8) ¢
d,,= 1,5 MM [/ CIeKTPaJIbHOTO AMana3oHa 3 —5 MKM,
usMepennnle npu I’ =77 K
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1,0
=
©
=
©)
<05
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%
&g
0 4
-0,4 -0,2 0 0,2
U, B
Puc. 5. 3aBucumoctn napamerpa RyA,; oT HanpsxeHusa
cMerenus, moaydennbie s asyx (Ne 4 mw Ne 8) mmc-
kperupix KPT-doroaunonos ¢ d,, = 1,5 MM
S ] T~150 K
0,8 4
T=293 K
0,6 4
0,4
0,2
Hor-—----
1 2 3 4 B}
A, MKM

Puc. 6. CriekrpasibHble XapaKTEPUCTUKH 4yBCTBUTEIBHO-
cru porozerexropa Ha ocroe Hg,  Cd, Te (x=0,3) npu
KOMHATHOH TeMIiepaType u Ipu oxJjaxjennn o 150 K

toguonos (Ne 8) Hg,_ Cd Te (x = 0,309). Ananus
BAX mokasas, 4To TeMHOBOI TOK JaHHOTO (hOTOAN-
ona ipu paboueM HanpsmkeHnn cMemnienus —100 mB
cocTaBJigeT IpuMepHo 44 HA 1 Bo3pacTaet ipu ¢o-
HOBOM ocBertienun 6oJiee yeM B 10 pas — 10 3Ha-
yenus 770 HA.

Ha puc. 5 mokasaHbl 3aBHCHMOCTH TapaMeTpa
RyA,; or HanpsyKeHUA CMEIleHus I JBYX (Ne 4
n Ne 8) AMCKpPETHBIX (oronnonos. 3mech BUIHO,
4TO IIPU HYJIEBOM CMEIleHuu 3Hadenue RyA, ans
Hux cocrassser 1,08:10° u 0,57-10° Om-cm2. To ecTb
BCe JIMO/Ibl, Jla’Ke C HauMeHbIIUM 3HaYeHUEM ROA o
Y/I0BJIETBOPAIOT TpeboBannio RyA ;> 5-10% Om-cm?
u MoryT paboratb B BLIP-peskume.

Ha puc. 6 nipuBeieHbl CrieKTpaibHbIE 3aBUCMOCTH
uyscTBuTesibHocTH KPT-(horozerekropa (x = 0,3).
W3mepeHusi TpOBOAUINCH C UCIIOJb30BAHUEM MO-
Hoxpomatopa SPM-2 ¢ npusmoit NaCl UV-56.
[Tosryuennble 3HAYEHUST HOPDMUPOBAJIUCH HA CIIEKTP
u3JydeHns: aGCoMOTHO YyepHOTo Tena. M3 pucys-

Ka cjaeayer, 4To uarorosjeHHbie KPT-cTpykTypbl
(poTOUYBCTBUTEJbHDI U TIPU TIOBBIIIEHHDBIX TeMIle-
paTypax M COOTBETCTBYIOT YKa3aHHOMY CIIEKTPaJIb-
HOMY JIMaTla30Hy .

kR

NarotoBnenbr GOTOAMOABI HA OCHOBE CJIOEB
HgCdTe,/ CdZnTe, BbIpallleHHbBIX METOIOM >KU/I-
kodasHo#l anuTakcuu s cpepHeBosHoBoro UK
quanasona ciekrpa (3—5 Mrm). McciemoBanus
OTITHYECKUX, DJIEKTPUIECKUX U (POTOITEKTPUIECKUX
xapakrepuctuk paszpaboranubix WK-doroaunomos
Ha ocuoBe ctpykryp HgCdTe ¢ auamerpom uys-
CTBUTEJIBHBIX 3JieMeHTOB 0,5— 1,5 MM IOKasaJu,
4TO B CPEHEBOJIHOBOM jAnanasone (3—5 MKM) aTu
yCcTpoiicTBa MOTYT (QYHKIIMOHUPOBATh B PEIKIME
orpanuyenusi ¢porom (BLIP-pesknme).
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JIMUCKPETHI ®OTOIPUNMAUI CEPEJHbOTO IU-JIIAITIA3OHY CIIEKTPA
HA OCHOBI HgCdTe

Po3pobaeno mononozito ma mexmoi0ziuni pexumu 6uzomoeaenus ouckpemuux ¢pomodiodis (diamemp 0,5 —
1,5 mm) 0as cepednvozo ingpauepgonozo dianasony cnexmpa nd OCHOGL enimaxciliHux wapie KaoMit-pmymy-
meayp (KPT). [ocridxeno onmuuni, (homoesexmpuuni ma 60bm-amnepui Xapaxmepucmuxu OucKkpemuux
KPT-¢omodiodie oans cnexmpanvhozo dianazony 3—5 MKm 3 Memoio 00csiznents HeoOXIOHUX eKCNAYAMAUIUHUX
napamempie. Bcmanogaeno, wo odepxani Gomodiodu MOKYMb NPAUOSAMU 6 PEKUMAX, O00MEKEeHUX
payxmyauismu onocoeo sunpominiosanms ( BLIP-pesxun).

Kmouoei cnosa: HgCdTe, ¢pomodiod, 14-dianazon, BAX.
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MEDIUM WAVELENGTH INFRARED HgCdTe DISCRETE PHOTODETECTORS

The authors have developed the topology and technological fabrication route for discrete photodiodes
(D =0,5—1,5mm) for the mid wavelength infrared (MWIR) range, based on the mercury-cadmium-telluride
(MCT) epitaxial layers. The paper describes technological processes of MCT photodiodes fabrication,
including CdTe passivation layers growth, photolithographic processes for the formation of windows for
B+ implantation, formation of metallic coatings, chemical surface treatments, cutting of the wafer on the
discrete chips, assembling and bonding of the electrical contacts. Optical, photoelectrical and current-voltage
characteristics of discrete MCT photodiodes for the spectral range of 3—5 microns are investigated in order
to achieve the necessary operational parameters. FTIR transmission spectra were measured to evaluate samples
quality and find the composition of x of Hg, .Cd Te epitaxial layers grown by liquid phase epitaxy method.
The limiting characteristics of photodiodes, which are determined by the magnitude of the detector current
at the reverse bias and the product of the dynamic resistance at zero bias by the area of the photosensitive
element RyA,; at the operating temperature of 77 K were discussed. The requirement for the parameter
R,A, was estimated for the operation of photodiodes of the mid wavelength infrarved range in the BLIP
(background limited performance) mode for the angles of view 0; = 90° and 0; = 30°: R,A; = 5:-10° Q-cm?.
It was found from dynamical resistance characteristics that without bias in these MCT MWIR photodiodes
R,A; = (0,57—1,08)-10° Q-cm? and these photodiodes can operate in BLIP mode.

Keywords: HgCdTe, photodiode, IR region, I-V characteristic.
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