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AHOTAaUisA
BJIACTUBOCTI OIITUYHUX BIKOH JJISI CEHCOPIB 14 JITATIIA3OHY
B. A. Mokpuuskuii, 4. I. Jlenix, O. C. Ilaukos

HochimKeHo BIaCTUBOCTI BiKOH ceHcopiB IY miama3oHy, 110 BUKOPUCTOBYIOThCS JISI (hOTO-
npuiiMauiB, sIKi MPaLlOIOTh B YMOBaX >KOPCTKOT0 BUIMIPOMiHIOBaHHS. JlocaiaKeHo 3MiHY BIacTu-
BOCTE BiKOH 3 KpUCTAaJIiB repMaHisl, apCeHiay raiisi, aHTUMOHiAy iHaist. [TokazaHo, 1110 Taki 3MiHU
3aj1eXaTh BiJl BUXiTHUX BJIACTUBOCTEN Ta MOSIBU CTPYKTYPHUX NE(EKTIB.

Krouosi cyioBa: HamiBIIpOBiTHUK, ONTUYHE BiKHO, Ne(eKT, iH(ppadepBOHE BUITPOMiIHIOBAaHHS.

Abstract
PROPERTIES OF OPTICAL WINDOWS FOR IR SENSORS
V. A. Mokritsky, Ya. 1. Lepikh, A. S. Pashkov

Properties of IR sensor windows which are used for the photodetectors working in conditions of
hard radiation are investigated. Germanium, gallium arsenide and indium antimonide crystals win-
dows property change is investigated. It is shown, that such changes depend on initial properties and
occurrence of structural defects.
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AHHOTAIMSA
CBOJCTBA OIITUYECKHNX OKOH JIJI1 CEHCOPOB UK JIMAITA30HA
B. A. Mokpuuxuii, 4. H. Jlenux, A. C. Ilamrxoe

WccnenoBanbl cBoiicTBa 0KOH ceHcopoB MK nuamazoHa, KOTOphIe MCIOIb3YIOTCS OIS (DOTO-
MIPUEMHUKOB, pabOTaIOIIMX B YCIOBUSIX XKOCTKOT0 U3aydeHus1. MccienoBaHO M3MEHEeHHE CBOMCTB
OKOH U3 KPUCTAJUIOB TepMaHUsl, apceHuIa Tajuiusl, aHTUMOHUAa uHaus. [lokasaHo, 4To Takue
M3MEHEHMS 3aBUCAT OT UCXOAHBIX CBOMCTB U MOSIBJIEHUST CTPYKTYPHBIX 1€(hEKTOB.

KiroueBbie clioBa: TOJTyIIPOBOTHUK, ONITUUECKOE OKHO, NedeKT, mHppaKkpacHOE U3TydeHNE.
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BnuiuB >KopcTKOro BUNMPOMiHIOBaHHS (ramMmMma-
MPOMEHIB, IIBUAKUX €JEKTPOHIB, HEUTPOHIB, i0-
HiB) Ha HamiBIPOBITHMKOBI MaTepiajil BUKIUKAE
KBa3iCTaOUIbHI 3MiHU IX BJIACTUBOCTEM, ITOB’sI3aHi
3 YTBOPEHHSIM TepBUHHUX pamiallifHUX nedeKTiB:
BaKaHCiil, MIXBY3JIOBUX aTOMiB, PO3YMOPSAKO-
BaHHUX obnacteit (PO). Ix B3aeMonist 3 pisHUMEU
HEJOCKOHAJIOCTSIMU BUXiAHOI CTPYKTYpU (Hampu-
KJaa, PO3YMHEHMMH AOMIIIKaMU) IIPU3BOIUTH

no (dopMyBaHHSI IIMPOKOTO HAOOpPY aKTHMBHUX
HeHTpiB [1].

Haii6iab1 AIMOBIpHUM pe3yJIbTaToOM BIUIUBY “HU-
3bKOCHEPIeTUYHOTO” BUITPOMIHIOBaHHSI OyIe yTBO-
penns rtap @peHkenst (BaKaHCis 3 MixKBY3JI0BUM aTo-
MOM), JUIS YOTO aTOMY BapTO HamaTH IIEBHY €HEPrilo,
SIKy Ha3MBalOTh rpaHn4YHOX0. Ha maHwmii yac BcTaHO-
BJICHI BEJIMYMHU TPAHUYHUX €HEPriid [Jisi BEJIMKOTO
YlCcJIa HaImiBIPOBITHUKOBMX MaTepiatiB (Tao. 1).

Taommng 1

IToporoga i rpaHWYHA €Hepril yTBOPEHHS pafialiitHuX AedeKTiB y AesIKUX HaMiBIPOBITHUKOBUX MaTepiajiax Mpu

OHDOMiHCHHi IMBUAKHUMMU CIIEKTPOHAMU

. . . Ipanuuna eneprisi, | Iloporosa eHeprisi, | Temmnepartypa onpo-
Marepian 3MillleHUIT aTOM Erp’ xeB Er[op’ B winerss, T, K

360 14,5 289

Ge Ge 380 15.6 300
Ga 228 8,8 -

GaAs As 273 10,1 300

Ga - 17-18 77

In 247 5,8 77

InSb Sb 286 6.8 77

3po0J1eHO TaKOX BUCHOBOK IMPO KOJIEKTUBHUI
MeXaHi3M yrBopeHHs nap ®peHKess B HAITBIIPO-
BimHMKaX (PO y4yacThb y MPOLECi aTOMiB AEKiTbKOX
KOOpAUHALIMHUX cdep), BUIBIEHE 3MEHILIEHHS
rpaHUYHOI €Hepril 3 pOCTOM TeMIepaTypH i i1 aHi-
3oTtporis [1].

ITpu 36inb1IeHHI €Hepril i Macu 6oMOapayIOUnX
YacTOK aTOM Bigjgaudi, BUOUTUI 3 By3jia rpaTku, y
pe3yabTari BTOPUHHUX 3ITKHEHb CTBOPIOE CYKYI-
HICTh TOUKOBUX AC(PEKTIB Y MaJOMy JIOKaJTbHOMY
00’emi HamiBnpoBimHUKa. Lleit emmHMiT TTPOTIXK-
HUI JedekT i3 crenudivHuMN BIACTUBOCTSIMU
Ha3WBAETLCI pO3yNnopsiaKoBaHoio obacTio (PO),
rpaHMYHa €HEPrisl yTBOPEHHSI SIKO1 [JIs1 TepMaHisl,
Hanmpukiang, ckiaagae 15-20 keB. OmnpomiHeHHS
yacTkaMu Oyab-sikoro Bupmy, nopsg 3 PO, 3aB-
KW CTBOPIOE i BEJIMKE YMCJIO TOUYKOBHUX JedeK-
1iB (TI1). CriiBBinHOIIIEHHS MiX KOHLEHTpaILlisIMU
PO i T/l 3anmexuThb Big eHeprii i Tumy 6omobapmy-
JOYMX YaCTOK, JTOMIIIKOBOIO i Ae(PpeKTHOro CKja-
JIy OIIPOMIHIOIOUOro MaTepiaily, a TaKOX Bill yMOB
OIPOMiHEHHSI (1031, TeMITepaTypu OIPOMiIHEHHS,
LIJIBHOCTI MOTOKY YacTok i iH.). Po3ninutu BHe-
cok PO i T]l y nerpanaitito mapameTpiB KpUCTaIiB i
HaMiBOPOBiIHUKOBUX MPUIAAiB JOCUTh BaxKKO.

Marepian aig [9Y onTUyHOI CUCTEMU TTOBUHEH
MaTu BUCOKY MPO30PiCTh y Iilf 001acTi CreKTpa,
OyTH TOCUTH MIITHUM, 10Ope 00pobasaTucs, OyTn
BiTHOCHO HEIOPOTUM i JOCUTb CTAOIIBHUM Yy Yaci
MO CBOIX BJIACTUBOCTSX i CTIMKMM A0 pamiaiii. Ha
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>KaJlb, MOKU HE MA€ YHiBepCcaJIbHUX MaTepialliB, 110
OIHOYACHO 3aI0BOJIbHSLIM O YCiM ITepepaxoBaHUM
BUlle BUMoraMm. {11 BUTOTOBIICHHS JIiH3, TIPU3M,
ONTUYHUX BiKOH i iHIIMX €JIEMEHTIB ONTUYHHUX
CHCTEM 3aCTOCOBYIOTBCS CITCIliabHi COPTH CKIIa,
OPUPOAHI i CUHTETUYHI KPUCTAU, IIJIaCTMacu Ta
iH. 3BWYaliHi ONTWYHI CTEeKJIa MPOITyCKAaIlOTh iH-
(pauepBoHEe BUIIPOMIHIOBAaHHS TiILKA 10 2 MKM,
TOMY iX 3aCTOCOBYIOTh JIMIIE Jis1 MPUJIadiB, 11O
npaioTh y ovkHeoMy 1Y gianmasoHi criekrpa.
KsBapuosi nmpusmu mnpornyckamTs [H-BurnpomiHio-
BaHHS 10 €=3,5 MKM (TOHKi — 0 5 MKM), i TiJIb-
KM CyJIb(POCETIEHITHI CTeKIa BUSIBIISIOTLCS TIPO30-
pumu 1o 12-14 MKM, OXOILITIOIOUM BECh CepemHiit
IY-pianmazoH. 3 KpucTamiyHMX MatepiamiB (Tpu-
POIHUX i CHHTETUYHUX) MPOMyCKaIOTh Tinbky Y-
BUIIPOMiHIOBaHHS, OYAy4YMd 30BCiM HETIPO30PUMU
y BUIMMIil 00JacTi crieKTpa, KpUcTaau repMaHisi,
rnoyrHaiouu 3 €>1,8 Mxm. [Ipuyomy, nporyckaH-
HS KPUCTATiYHUX PEUYOBUH CUJIBHO 3aJIeKUTh Bil
CTyIeHs ix yucrtotu. Tak, repMaHiii #-TUITY BUCO-
KOi YUCTOTU J0Ope MPOMyCcKAae BUIIPOMiHIOBAHHS
ax 10 MIKpOXBUJIBLOBOTO Aiala3oHy €JeKTpoMar-
HITHUX KOJIUBaHb.

BuMoru, mo mnpen’siBASOTbCA A0 MaTepiajiB
I BiKOH TpHUIAMaYiB, MOXHa PO3AIMTU Ha 4YO-
THPU Tpynu. BOHU BiZHOCATHCS OO OINTHUYHUX,
MEXaHIYHUX, TEMIEPATYPHUX i XiMIYHUX XapaKTe-
PUCTHK.

OCHOBHOIO BMMOTOIO, IO Mpea’aBISIETbCS 10
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maTepially BiKHa, € K HalibOiible NpoIrycKaHHS B
OakaHOMY Jiara30Hi TOBXWH XBUJIb.
IIponyckaHHsI ONTUYHUX MaTepiajiB 3aJeXXUTh
BiI BTpaT Ha BigOWTTS i Bim KoedillieHTa TTOTIN-
HaHHsI. Marepiajii 3 BeIMKUM ITOKa3HUKOM 3aJI0-
MJIEHHSI MalOTh BeJIMKi BTpaTu Ha BiIOUTTS, TOMY
1o JJisi HernoJsipu3zoBaHoro IY-BurnpomiHioOBaH-
HS, 110 MaJa€ IEePHeHAUKYJISIPHO A0 TUIOIIMHU
pO3MexXyBaHHSI TIOBITpSl i HaMiBIPOBiIHUKOBOTO
MaTepialy 3 ITOKa3HMKOM IIepeIOMJICHHS 71,, Be-
JMYMHA KoedillieHTa BigOUTTS R.é BU3HAYAETHCS

HACTYITHUM BUPA30M:
2
n.—1
_| °f
Ré— ) (1)

nf+1

Benukuii moka3HUK MepeJOMJIEHHST BUKIMKAE
BEJMKi BTpaTM Ha BiIOWUTTS i iCTOTHO 3MEHIIYE
e(peKTUBHICTb HAITiBIIPOBITHUKOBUX (DOTOEIEKT-
PUYHUX TIPUJIAIB, TOMY 1O MOTY>XHICTh BUITPOMi-
HIOBaHHSI Po , 1110 MPOHUKAE BCepeaUHY MaTepiay,
3aJ1€XKUTh BII TMOTYXKHOCTI Iagalouyoro BUIIPOMi-
HioBaHHsS P i Big KoedilieHTa BigOUTTSI:

R=P(1-R,) @
3 (2) g 1Y orrrmyHOTO BiKHA 3 HAITiBIIPOBII-
HUKa BUJHO, 1110 BEJIMKE BiIOUTTSI CUJIBHO 3HUXYE

KoeilieHT KopucHOiI mii ¢orompuitmava. Taxk,
Yy ZnSe BTpaTW MpU MPOITYyCKAHHI BUIIPOMiHIO-

BaHHS 3a paxyHOK BifOMTTs gocsaraioTh 50 % npu
€=10,6 mxm. JIy1 3a1aHOI CIIEKTPaIbHOT AUITHKI
BTpaTu Ha BiAOUTTS MOXHA iCTOTHO 3MEHIUUTU
HaHEeCEeHHSM IUTiBOK, 1110 TTPOCBITIIOI0Th, (HAIIpu-
Kian, ZnS Ui CepeaHbOro i JOBrOXBUJIHOBOIO
IY-nmiama3oniB). 3acTOCOBYIOYM TMOKPUTTS, IO
MPOCBIT/IIOI0Th, MOXKHA 30iJbLIMTU TIPOMYCKAHHS
MatepiaiB BikoH 10 90 %.

HpyruM BaXJIMBUM ITapaMETPOM ONTUYHUX
MaTepialiB € KoeillieHT MOrJIMHAHHS, SIKWH y 3a-
raJbHOMY BUMAAKY 3aJIEXKUTh Bill CTYMEHS 1X YMC-
TOTU. BIIMB JOMIlIOK Ha BJIACTMBOCTI MaTepialy
0CO0JIMBO TOOPE BUSIBISIETHCS Ha MPUKJIA/li HaMliB-
MPOBiIAHUKIB, BJACTUBOCTI SIKMX MpU 30iJIbIIECHHI
JIOMIIIIOK i TeMIepaTypu, HaAOJIUXKAIOThCS 10 Me-
TaiB.

TakuMm yMHOM, 3MiHa BIACTUBOCTEN ONMTUYHMX
BikKOH ceHcopiB [Y-miana3zoHy 3ajIeXXUTh Bill BUXi-
JMHUX BJACTUBOCTEI HAIiBIPOBIAHUKOBUX MaTepi-
aJliB i CTPYKTYpHUX Ae(eKTiB, MOB’I3aHUX 3 KOPC-
TKMM BUITPOMiHIOBAaHHSIM.
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