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TEXHOJIOTTA OAEPKAHHSA YYTJIUBOI'O EJIEMEHTA IS JATYUKA
IHOPAYEPBOHOI'O BUITPOMIHIOBAHHA

Bcmanoesneno na ocrosi sumiprosans inghpauepsonoi @yp e-cnexmpockonii ma epexmy Xonia,
WO OCHOBHUMU Munamu padiayitinux Oeghexmié 6 ONPOMIHEHUX eNeKMPOHAMU MOHOKPUCMANAX
KPEMHII0 € KUCHEBMICHI KOMMUAEKCU, 00 CKIAOY AKUX 6XOO0UMb MINCEY3NI08ULL 8yalleyb ma aezyioda
Jomiwka. Jlocniodcyeani  MOHOKpUCHANU KPEMHIlO 6 Npoyeci SUPOWYBAHHA 3d MemoooMm
Yoxpanrecbkoco nezysanucy domiwkolo ¢ocgopy, rouwyenmpayiero Nyg=2,2-1 0 cv® ma e
NOOAIBULOMY ONPOMIHIOBANUCH NPU KiMHAMHI memnepamypi nomoxkom enekmponig 110" en./em? 3
enepeicio 12 MeB. [loxazano, wo 0151 MaxKux mMexXHOLOLIUHUX VMO8 GUPOWYEANHS WA ONPOMIHEHHS.
MOHOKPUCTNAILI@ KPEMHIIO HOMOKOM UBUOKUX eIeKMPOHIE € 00CUMb eheKMUBHUM YIMEOPEHH: 8 00 eMi
OaHUx MOHOKpUcmanie A-yeHmpis, 000amro80 MOOUPDIKOBAHUX OoMiuKow Gocgopy (Komniekcie
VOIP). Padiayitina 0b6pobka 00CHiOHNCY8AHUX MOHOKPUCMANIE KPEMHIIO 00360JUlA NIOGUWUMU iX
Koeiyienm pomouwymaueocmi npu KiMHamuiti memnepamypi Oinvuie K 6 2 paszu 0Jist Q08NHCUHU XGUIL
iH(pauepsonoeo eunpominiosanHs A~I11,6 MKM, wo 8i0nogidae no2IuHAHKHI padiayitiHumu
Oepexmamu, sxkum Harexcamo komnaexcu CiO; (midicgyznosuil gyeneys - kucewns). Iokasano, wo npu
MeMnepamypax HUMCYUX 3a KIMHAmMHY 3 S67151EMbCs e 00Ha cmyaa no2nunanus npu A~11,3 mxm, wo
gionogioae komnaexcam VO;iP. 3anpononosana mexuonozia 00epicaHHs MOHOKPUCMANIE KPEMHIIO
Modice Oymu UKOPUCAHA OJisl CMBOPEHHS HA iX OCHOBI elleMenmis iHppauepeonoi mexuiku O
006ocuH x6unb A~11,6 mxm ma A~11,3 mxm., SKi 3MOHCYyMb QYHKYIOHYSAMU 8 WUPOKOMY OIANa30HI
memnepamyp.

KarouoBi cioBa: mowuoxkpucmanu xpemuiro, paodiayiiimi Oeghexmu, gomouymaugicms, A-
yenmpu, ingpavepgona @yp’e-cnekmpockonis, epexm Xonia.

Beryn. OpgauM 3 HaiGiIbII IEPCIEKTUBHUX HANPSAMKIB PO3BUTKY €JI€MEHTHOI 0a3u Cy4acHOi
MIKpO-Ta HAHOENEKTPOHIKM € po3poOKa pi3HUX HaIIBIPOBIAHUKOBUX JaTduKiB. Cepeln TakMxX
NpUiIajgiB  3HAaYHAa yBara MPHIUIIETbCS CEHCOpaM 1H(PauepBOHOTO BUIPOMIHIOBAHHS, SIKi
BUKOPHUCTOBYIOTBCS [UISl BHSBICHHS 30H BUCOKHX TEMIIEPATyp 1 MOXIIHMBHUX OCEPE/KiB BHHUKHEHHS
HOXKEeX, 30HIYBAaHHS HABKOJMIIHBOIO CEpEJOBHINA Ha IpeaMeT 3a0pyIHEHHS IIKIIJIMBHMHU Ta
OTPYHHHMH pEYOBHHAMH, pPaHHBOI JIIarHOCTHKA 3alalbHUX, PAKOBHX Ta IHIIMX 3aXBOPIOBAHb,
BU3HAYCHHS 30H TCIUIOBMX BTpaT, BUPILICHHs 3ajadY HaIllOHAJIbHOI OE3MeKH Ta 00OpPOHO3IATHOCTI
kpainu. llimecnpsMoBaHwii BIDIMB pi3HUX (I3UKO aKTUBHUX TIIONIB, TaKWX SK paJialiiHi,
TeMIIepaTypHi, eNeKTPUYIHi, MarHiTHI, Ta JIETYBaHHS PI3HOTO POAY JOMIIIKaMH JI03BOJISIE OIEPKYBATH
Ha OCHOBI HaIiBIIPOBIHUKOBUX MaTepialiB pi3Hi €NEKTPOHHI NMPUIAAH Ta CEHCOPH (QYHKIIOHATBHOT
CJIEKTPOHIKM 3  HamepeJ  MPOTHO30BAaHMMHU  XapaKTEPUCTHKaMU  |HTEHCHBHHI  pPO3BHTOK
HaIBIPOBITHUKOBOI ~ €NIEKTPOHIKM Ta  HAMIBIPOBITHMUKOBOTO  MaTEpialio3HABCTBA  CIIPUSE
BJIOCKOHAJICHHIO BIIACTUBOCTEH BXKE SK ICHYIOUMX, TaK 1 TMOMIYKy Ta pO3POOKH HOBHX
HaIiBIPOBIJHUKOBUX MatepianiB. Takuii HaMiBIPOBIAHUKOBUI Martepiaj, SIK KpeMHiH, He3BaXKarouu
Ha BceOiYHy BHBUYEHICTH HOTO BIACTUBOCTEH, OYB 1 3aJIMIIAETHCA OCHOBHUM MaTepiajloM eIeKTPOHHOT
TexHiku [1].

Monudikamis Qi3nuHUX BIACTHBOCTEW HAMIBIPOBITHHUKIB 32 PaXyHOK pajialiiiHol 00poOku B
0araTbOX BHUMAJKaX MOXE CIY)KUTH €()EeKTUBHHM TEXHOJOTIYHUM I1HCTPYMEHTOM, SIKHH J03BOJISE
OTPUMYBAaTH SIKICHI HAIIBIPOBIIHUKOBI Martepiajid, ICTOTHO BIOCKOHAJIWTH Ta 3JCUICBUTH
BUPOOHUIITBO 0ararb0X THIIIB HAMIBIPOBITHUKOBUX mpwiaaiB [2, 3]. B manomy ceHci
MOHOKPUCTAJIIYHIH KpeMHiHd 3 neeKTaMH CTPYKTYpH, SKi MOKHA CTBOPHTH LIJIECIIPSIMOBAHO 3a
PaxyHOK pafialliiHOrO ONpOMiHEHHS, MOXe OyTH MEpPCIEeKTUBHUM MaTepiajioM AJisi KOHCTPYIOBaHHS
CEHCOPIB IHPPaYEPBOHOTO BUIIPOMIHIOBAHHSI.

ExcnepuMeHTa bHI pe3yabTaTH Ta ix o00roBopeHHs. /11 MOHOKPHCTANIIB KPEMHIIO,
BUPOILEHUX 332 METOAOM YOXpanbChKOro, 3 MaluM BMICTOM JIETYIOUMX JIOMIIIOK, OCHOBHHUMH
pamiarifiaumu  nedextamu € A-tieHTpH, auBakancii Ta xommuiekcn CiO; [4, 5]. YTBopeHHs mpu
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eJIeKTPOHHOMY a00 Y - ompomiHeHi E-nienTpiB, nuBakancii, komiiecie CiCs XapakTepHUM € s
KPEMHII0, BUPOIIEHOTO METOJ0M Oe3ThreiasHOi 30HHOI IutaBku [4, 6]. IIpoTe, Mayo BHBYCHMM Ha
CBOTOZIHI € NeeKTOYTBOPEHHS B KpEMHIi 3 CepeAHiM Ta CHJIBHHM PiBHEM JIETyBaHHS HPU EHEPTifx
€JIEKTPOHHOTO onpoMiHeHHs Oinbuie 10 MeB. B nanomy Bunanky KOHIEHTpALis JEeTYI04Y0i TOMILIKH
OyZIe CyTTEBO BIUIMBATH Ha €(DEKTHBHICTH BBEJICHHS MPH ONPOMIHEHHI BHIIE POTIITHYTHX Ae(EKTIB i
TaKo)Xk Ha WMOBIPHICTh YTBOPEHHS HOBUX pamialiiHuX aedexTiB. Takox B OompoMiHEHOMY KpeMHil
HMIBUJKUMH eJieKTpoHamu 3 eHepriero E>10 MeB mopsig 3 ToukoBUMH nedeKTaMH MOYMHAIOTH
YTBOPIOBAaTUCH 00JacTi posBmopsakyBaHHS [7/]. Tomy meroro maHOi poOOTH Oyino ITOCIiIKEHHS
BIUIMBY OINPOMIHEHHS WIBHJIKAMHU €JIeKTpoHaMH 3 eHepriero 12 MeB Ha (oTodyTIHMBICTH
MOHOKPHUCTAJIB KPEMHII0, JIErOBaHMUX JAoMimkow ¢ochopy. KoHmeHnTpamiss jerywo4oi HOMILIKA
dochopy Ans IocHiHKYBaHUX 3pa3KiB KPEMHiIO, BUPOLICHUX 32 METOJOM YOXpanbChKOTro, CKIajaa
Ng=2,2-10" cm®. s imenrudikauii mpupomn YTBOPEHHUX pajialifHuX nedeKTiB MPOBOIMINCH
BuMiptoBaHHs iH(ppauepBoHoi Dyp’e-cniexTpockomii Ta edekry Xomna. Ha puc. 1 mpencraBneno
CIIEKTPH MOTTHHAHHS T MOHOKPHCTAIIB N-Si, OMPOMiHEHHX OTOKOM enekTporis 1-10% em./cM.
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Puic. 1. CieKTpy MOTTMHAHHS JUTS OPOMIiHEHHX MOHOKDHCTAITIB KPEMHIO MOTOKOM enexkTpoHis 1-10*
eJI./CMZ, JociipkeHi npu pisaux temneparypax T, K: 1 —10, 2 - 80, 3 — 150, 4 — 300.

Jlinii mornmHanHHs 3 yacToramu 836 Ta 885 cm™ BimmoBimaroTH A-tieatpy (komrieke VO;).
Januit feeKT BHOCHTH B 3200pOHEHY 30HY KpeMHilo rinOokuii akuenTophuii pisens E. —0,17eB i

criocTepiraeTbest B CriekTpax [U-TOrTMHAHHS SK B HOHTpanbHOMY (JiHis mormnHaHHsS 836 cM™), Tak i
HEraTHBHO 3apsiuKeHOMy (JTiHist mormuHanms 885 cM™) craHax. JIiHis MOTTHHAHHS 3 4ACTOTOKO 865 cM
! innoginae xommrekcy CO;, sikuii Moxe repeGyBaTH B HEHTPATLHOMY Ta MO3MTHBHO 3aps/DKEHOMY
cranax [8]. [lpu paniauniiHOMy ONpPOMIHEHHI ByTJIellb, 3TiJHO 3 OOMIHHMM MexaHi3MoM BotkiHca,
BUIIITOBXYEThCS BJIACHUMH MDKBY3JISIMH 3 BY3JIB Y MIDKBY3JIOBE TIOJIOKEHHS 3 YTBOPEHHSM
crabimpHoro gedexry (Ci) [9]. Ilpu mudysii y rparui Mixksy3noBuii Byrienb (Cj) eheKTHBHO
B3a€EMOJI€ 3 JOMIIIKaMH{, YTBOPIOIOUH EJIEKTPUYHO aKTHBHI Ae(eKTH. Y KpemHii, BUPOLICHOMY 3a
MetosioM Yoxpanbebkoro, Ci epeKTHBHO B3aeMoJIi€ 3 MixBY310BUM KUcHEM (Oj), B pe3yJbTaTi 4oro
yrBOproeTbes komiuieke CiO;. JlaHuii koMIuieke € crabinbauM a0 temmeparyp T=600 K i ctBoproe B
3abopoHeHiii 30Hi kpemHito rnbokuii pisens E, + 0,35 eB. Enepris akrusanii pagianifiHux aedexris

JUIS  OHNPOMIHEHOrO KpeMHilo moTokoM enekTporis ®=1-10"" em/cM’, Bu3HAYeHAa HA OCHOBi
TEMIIEPaTypHUX 3aJIe)KHOCTEH KOHLEHTpalii eleKTpoHiB (puc. 2, KpuBa 2), BUSABHIACH PIBHOIO

E,=E.—(0107£0,005) eB, mo Bignosimac A-ueHTpy, sSKHii IOJaTKOBO Moau(biKoBaHMIA
JoMimkoro pochopy (kommmrexe VO;P) [10].
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Puc. 2. TemmepaTypHi 3a1€KHOCTI KOHIIEHTPAIIii €IEKTPOHIB Il OIPOMiHEHUX MOHOKPHUCTAIB
KPEMHII0 MOTOKOM enekTponiB @, en./em* 1 -0, 2 - 1-10".

[Ipu TemmepaTypax BHUIIMX 32 KIMHATHY pajiaiiiiHi nedekTH, AKi HalekaTh KOMIDIEKCaM
VOiP, OyayTh NOBHICTIO 10HI30BaHUM, OCKIJIBKH KOHIICHTPAILlisS €JICKTPOHIB BUXOJWTh HA HAaCHUCHHS
(puc. 2, kpuBi 2), a B CIEKTpi MOrIMHAHHS 3HMKae JiHis 885 cm™ (puc. 1, kpuBa 4), mo BixmoBinae
HETaTUBHO 3apsKCHOMY cTaHy A-nieHtpa. ['muGokwuii pisens E, +0,35eB B nanomy Bumaaxy Oyie

MOBHICTIO 3alIOBHEHUH €IIEKTPOHAMH 1 JJIsi BCHOTO JTOCIIPKYBAaHOTO Jialla30Hy TeMIlepatyp He Oyze
MPOSBISATHCH HOTO 10HI3aIlis.

Jnst KibKICHOTO aHaji3y poii YTBOPEHUX palialliiHuX AedekTiB y (OpMyBaHHS HOBHX
obnacreil (DOTOUYTIMBOCTI B OMPOMiHEHOMY KpeMHii motokom emekTporie ®=1-10"" em./cM®
MPOBO/IUIIACH OIlIHKA BiTHOCHOTO 30UTBIICHHS ()OTOUYTIMBOCTI JUIsl TOBKHH XBHIIb iH(PauepBOHOTO
BUIIPOMIHIOBaHHSI, IIPH SIKUX CIIOCTEPIraeThcs MAKCUMYM Koe(illieHTa TOTIMHAHHS [T eIeKTPHYHO
aktuBHHUX KoMIuiekciB VO,P ta CiO;.

BinmrocHe 3poctanHs koedimieHTa OTO YyTIMBOCTI MOXKHA MPEICTABUTH TaK:

o
5 — max , (1)

4
J€ O, , O, - 3HaYCHHs KOEQILI€HTIB MOIJIMHAHHA B MAaKCMMyMi Ta Ol OCHOBM HIKIB B CHEKTpI

MTOTIMHAHHS, 110 BiAmoBinaTs komimuiekcaM VO,P ta C;O;, BiamosigHo
PesynbTaTi po3paxyHKiB Ha OCHOBI Bupasy (1) Ta ekcepuMEeHTAILHUX JaHUX PHUC. | MpercTaBIeHo B
B TaOum 1.

TaOmums 1.
BinHocHe 3pocTanHs koedilieHTa GOTOUYTIMBOCTI Il OPOMiHEHUX MOHOKPHUCTANIB KPEMHIIO
elleKTpoHaMH 3 eHepriero 12 MeB Ta notokom 110" en./cm®

0
T,K Cio; VOP
10 6,22 481
80 3,61 3,1
150 3,22 2,48
300 2,32 -

Sk cnigye 3 paHoi TabNMI, OMPOMIHEHHS AOCIIIKYBaHUX 3pa3KiB KPEMHIIO €JIEKTPOHAMH 3
enepriero 12 MeB ta moroxom 1-10* en./cm? no3Boisie migBummTy koedirienT GOTOTYTIHBOCTI MpH
KiMHATHIH TeMneparypi Oiublle sK B 2 pa3u Ui JOBKUHHU XBWI iHOPauYepPBOHOTO BUITPOMIHIOBAHHS
A~11,6 mxM, mo BignoBimae kommuiekcam CiO;. 3a paxyHok mnorinuHaHHs [Y-BUmpomiHIOBaHHS
kommiekcamu VO;P mpu TemmepaTypax HIKYMX 3a KIMHAaTHY 3 SBISIETbCA 1I€ OAHA CMyra
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MOTTIMHAHHS TIpu A~11,3 MKM, I SKOi, SK 1 JIS CMyTH TOTIWHAHHSA A~11,6 MKM, TIpH 3HMKCEHHI
TEeMITepaTypH BiTHOCHE 3HAYCHHS KoediIlieHTa (OTOIYTIMBOCTI 3POCTAE.

BucnoBku. [IpoBeseHHI AOCTiIKEHHS TO3BOJMIM BCTAHOBUTH NPUPOAY YTBOPEHHX MpPHU
€JIEKTPOHHOMY OINPOMiHEHI OCHOBHHMX THIIB padiallifHuX Ie(eKTiB B MOHOKpHUCTaJax KPEMHilo,
JIETOBAaHUX JOMIMIKOI0 (ochopy N¢=2,2-10" cm®. Ha ocHoBi BuMiproBaHSb epexty Xomma Oyio
MOKAa3aHOo, IO IS JOCTPKYBAaHMX MOHOKPHCTAIIB KPEMHII0 € JOCUTh €()EeKTHBHUM YTBOPEHHS
HOBOTO THITY pajialiiiHuX nedeKTiB, Mo Hanexarb kommiekcam VO;P. YTBOpeHHsI B MOHOKpHUCTaIax
n-Si <P> mpu eNeKTPOHHOMY ONPOMIHEHHI E€JIEKTPUYHO AaKTHBHUX Je(eKTiB, IO HaJekKaTh
kommiekcam VOP ta CiO;, M03BONMIO B UIMPOKOMY TEMIIEPATYPHOMY IHTEpBaii MiJABUIIATH
(hOTOUYTIINBICTH JTAHUX MOHOKPHUCTAJIIB.

Opnepskani pe3yiabTaTH MOXYTh 3HAHUTH CBOE MPAaKTUYHE BUKOPHCTaHHS AJIsi KOHCTPYIOBaHHS
Ha OCHOBI OIPOMIHEHOTO KPEMHIIO, SKUH JISTOBaHWHA AOMIMKOI (ochopa 3amaHoi KOHIICHTpAIlii,
eJIeMeHTIB iH(pauyepBOHOI TEXHIKH, TAKHUX SIK TEIIOBI30pH, IPOMETPH, MPUCTPOI AJIsl CAMOHABEACHHS
Ha LT CHAPSIIiB 1 pakeT, iHppadyepBoOHi NPULLIH 1 T.A., AT AOBXKUH XBWIb A~11,6 MkMm Ta A~11,3
MKM., 5IKI 3MOXKYTh (PYHKIIIOHYBaTH B IIUPOKOMY Jiara3oHi TeMIepaTyp.
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TEXHOJOI'UA ITIOJYYEHUSA HYBCTBUTEJBHOI'O JIEMEHTA JJIS1
JATYUKA UHOPAKPACHOI'O U3JIYYEHUA

Ycemanosneno na ocumose usmepenuii ungpaxpacrou @ypve-cnexmpockonuu u 3¢pgpexma
Xoana, umo OCHOGHBIMU MUNAMU PAOUAYUOHHLIX OeeKmos 6 OOIYUEeHHBIX DNeKMPOHAMU
MOHOKDUCNAINAX KPEMHUS ABNAIOMCA  KUCIOPOOCooepxcaujie KOMNIIEKCbl, 6 COCMaA8 KOMOpbIX
6X00UM MeHCY3N060U Yenepoo U neupyowas npumecs. Hcciedyemvle MOHOKPUCMALILL KPEMHUSL 8
npoyecce  svipawusanus no memoody Hoxpanvckoeo aecupoganuce npumecvio  pocgopa,
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. 16 -3 . .
konyenmpayueti Ng=2,2-107 cm™, u 6 OanvHeliuiem 0OIY4aAIUCL NPU KOMHAMHOU Memnepamype

nomoxom  onexmponos 1-10" en/em® ¢ omepeueiic 12 MbdB. [Ilokasamo, umo 01 maxux
MEXHONOSUYECKUX YCIOGUL  BbIPAWUBANUS U  OOJYYeHUs MOHOKPUCANIO8 KpPeMHUSL NOMOKOM
ObICMPLIX  IAEKMPOHO8  eCMb  OOCMAMOYHO  PPEeKMmUsHbIM  00pazosanue 6 o0Oveme OaHHbIX
MOHOKPUCNAAN08 — A-yeHmpos,  OONOIHUMENbHO — MOOUDUYUPOBAHHBIX — Npumecblo  ghocgopa
(xomnnexcos VO;P). Paduayuonnas obpabomka ucciedyemvlx MOHOKPUCANL08 KPEMHUS NO360IUNA
NOBbICUMb UX KOIDPuyuenm omouyscmeumenbHOCMy npu KOMHAMHOU memnepamype Oojee yem 8
2 pasa ons OMUHbL BOIHBL UHPPAKPACHO20 usnyyeHus A~11,6 Mxm, umo coomeemcmeyem no2noueHuro
paouayuonnviMu 0eghexmamu, Komopwvim npunaonexcam xomniexcovl CiO; (medxcyznoeoi yenepoo -
Kuciopoo). Iloxazano, umo npu memnepamypax Hudice KOMHAMHOU NOSAGIAEMCs euje 00HA NOI0Ca
noarowjenusi npu i~11,3 mxm, ymo coomeemcmeyem xomnaexcam VOP. Ilpednooicennas mexuono2us
NOYUeHUsT MOHOKPUCTATIO8 KPEMHUL MOdCem Oblmb UCNOAb308AHA Ol CO30AHUSL HA UX OCHOGE
INEMEHMO8 UHPPAKPACHOU MeXHUKU 0718 OauH 601K A~11,6 mxm u A~11,3 mxm., Komopuvie cmozym
DYHKYUOHUPOBAMb 8 WUPOKOM OUANA30HE TheMNepamyp.

KioueBbie cioBa: MOHOKPUCT AT KpemHusl, paduayuonHvie Oeghexmul,
gpomomouyecmeumenvHocmo, A-yenmpul, ungpaxpacras Pypve-cnexmpockonusi, 3¢ghexm Xonna.
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TECHNOLOGY FOR OBTAINING A SENSITIVE ELEMENT FOR AN INFRARED
RADIATION SENSOR

In this article on the basis of measurements of infrared Fourier spectroscopy and Hall effect has
been established that the main types of radiation defects in silicon single crystals, irradiated by the
electrons, are oxygen-containing complexes, which include interstitial carbon and alloying impurity.
Investigated silicon single crystals were doped in the growth process according to the Czochralski's
method by the impurity of phosphorus, concentration Ny=2,2-10"*cm™ and subsequently irradiated at
room temperature by the flow of electrons of 1-10" el./em® with the energy of 12 MeV. It has been
shown that for such technological conditions of the growth and irradiation of silicon single crystals by
a flow of fast electrons is a very effective the formation in the volume of these single crystals of A-
centers, additionally modified by the impurity of phosphorus (VO;P complexes). Radiation treatment of
the investigated silicon single crystals allowed to increase their photosensitivity coefficient at the
room temperature more than 2 times for the wavelength of infrared radiation J~11,6 um, which
corresponds to the absorption by the radiation defects, which belong to the C;O; complexes (interstitial
carbon - oxygen). It has been shown that at temperatures lower than the room temperature one more
absorption band appears at A~11,3 um, which corresponds to the VO;P complexes. The proposed
technology of the obtaining silicon single crystals can be used to create on their basis of the elements
of infrared equipment for wavelengths A~11,6 um and 2~11,3 um, which can be function in a wide
range of temperatures.

Key words: silicon single crystals, radiation defects, photosensitivity, A-centers, Fourier
infrared spectroscopy, Hall effect.
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