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BII/IMB AOMILUOK HA YAC MHUTTA

HOCIIB 3APAlY B MOHOKPUCTANAX

KPEMHIN

Y cmammi na nidcmasi excnepumenmanvrux 00CaioNcens YCmMaH0BLeHO, WO HA UAC HCUMMS He-
PIBHOBANCHUX HOCTI8 3aPAdY 6 MOHOKPUCTALAX KPEMHII0, BUPOUEHUX Y NPOMUCTIOBUX YMOBAX, HATL-
Oinvule 6NAUBAE CNIBBIOHOWEHHS KOHUCHMPAUIU 00MIUOK KUCHIO T 8Y2Leli0

Kmweouosi cnoBa: kpemnill, Kucenv, gyeieydb, 4ac JHeumms

1. BcTyn

Hocaixensas, mpo gKi WaeThesT y AOTOBIiL,
BIIHOCATHCS /10 Tamy3i (hi3WKU HaIiBIPOBIAHUKIB Ta
TEXHOJIOTIi HaMiBIMPOBIIHUKOBUX MaTepiasis.

Bupobuuirso B Ykpaini MOHOKPHUCTAJIIB KPEMHIO,
HPU3HAYEHUX JIJIsI COHIYHOI €eHePreTUKH, 1epesdadae
BUDINIEHHS HU3KW 3aBJlaHb, TOB’S3aHUX 3 TOMIY-
KOM ONTHUMAaJTbHUX TEXHOJOTIYHUX PEKUMIB iX BU-
pouryBaHHs, sKi 3abe3ledyioTh 3agaHi piBHI yacy
JKUTTS HEPIBHOBAXKHUX HOCIIB 3apsily B MOHOKpHU-
cTajax KpeMHi0. BupimeHHs nux 3aBiaHb [ae€
MOKJIUBICTD MiABUIMUTH SKiCTh MOHOKPHUCTAJIB
KPEMHIIO JIJIsI COHAYHOI eHEepPreTUKHU Ta 3a0e3MeunTh
KOHKYPEHTOCITPOMOSKHICTbD 1[OTO MPOJYKTY BUCOKUX
TEXHOJIOTIiI Ha CBITOBOMY PHUHKY.

Tomy nocrijzkeHHs, PO SIKI HAETbCS B JIOTMOBI,
€ aKTyaJbHUMHU.

2. llocTanoBka npobnemMu

TunoBa BUMOTa /10 BEJWYUHU Yacy SKUTTS He-
PIBHOBRKHUX HOCIIB 3apsiy Tyy; B MOHOKPUCTATIU-
HOMY KpeMHii, MPU3HAYeHOMY /IJIsi BUTOTOBJIEHHS
$hoTOBOMBTATYHNX eleMeHTIB (CoHsTYHNX Oarapeil) €
JNOCUTb M'IKUMHU — Ty, = 10 Mxc [1]. TIpoGaemoro €
Te, [0 3Ba’KAlOYM HA MIJABUIIEHUIN BMICT JOMIIIOK B
MOHOKpPHCTaJIaX KPEMHIIO «COHSYHOI» SKOCTi, HaBiTh
Taki M'SIKi BUMOTH IO Tyyu; BUKOHATH HE JIETKO.

3. OcxoBHa HacTHHA

3.1. Axania niTepaTypuux maepen no
TEMi pBochigMeHHs

Bemmunna vacy KuTTS HEPIBHOBaXHUX HOCIIB 3a-
pSALy € IHTerpoBaHUM NOKA3HUKOM KiJIbKOCTI HEKOH-
TPOJILOBAHUX 3a0PYIHIOIOUHX JIOMIIIOK Ta KOMILJIEKCIB,
IO CJYTYIOTh TacTKaMWU JUIsl HOCIiB 3apsay. MoHo-
KPUCTATN KPEMHIIO /IJISI COHSTIHUX €JIEMEHTIB BUPOIILY-
10Th 32 MeToZIoM H0oXpasbChKOTO. 3 METOIO 3HUKEHHST
co6iBapTOCTI MOHOKPHUCTAJIIB KPEMHIIO, IIPU3HAYEHUX
JIISE BUTOTOBJICHHSA COHSYHUX €JIEMEHTIB, I/ 1X BU-

POIIyBaHHS BUKOPUCTOBYETHCS JIElIeBIIa CUPOBUHA
- MEHII YUCTUN MOJIKPUCTANIYHUN KpemHiit [2-7].
JloMinTky moTpamasgioTh B MOHOKPHUCTAT 3 PO3ILia-
By kpemHio0. Crenudikoio metony HoxpasabcbKoro
€ JI0/IaTKOBE HAJXOJ)KEHHSI B PO3IJIAB KPEMHII0 B
npoiieci ¥oro BUPOIILYBaHHSI KUCHIO Ta ByrJelio. B
KPUCTAIIYHIM PenIiTIii KpeMHiIo 6e3110cepeHbo aTOMK
MUX JIBOX JIOMIIIOK € eJeKTpoHeuTpambHUMHU. lIpo-
Te BOHU OIIOCEPEJKOBAHO, Yyepe3 aKTUBHY y4acTb Y
KOMIIJIEKCOYTBOPEHHI, BIIJIUBAIOTh HA BEJTMUUHY Ty 5.+
Braxaerncs [1], mo gominika KUCHIO CHPUSIE JIOCST-
HEHHI0O B MOHOKDPHCTaJi KPEMHII0 BUCOKUX 3HAUYCHD
Tins, 4 BYIJIEIIO — 3MEHIIEHHIO Ty, TOOTO Ii JABI
JIOMITITKY TTPOTUJIESKHO BILTUBAIOTH HA BETUYUHY Typys-
Tomy BBaxkaemo 3a JIOIIJIbHE MTPOCTEKUTH BILJTUB Ha
Ty CIIBBITHONIEHHS KOHIIEHTPAIi IIUX BOX KOM-
IIJIEKCOYTBOPIOIOYUX JJOMIIIOK

3.2. PeaynuTaTH ROCRigMEHE

JlocmiaxeHi MOHOKPICTaIN KPEMHiio, jeroBati 60-
POM, 1110 Oy BUPOIIIEH] 32 MeTOA0M J0XPabChKOTO B
IIPOMUCJIOBUX YMOBaX B ycraHosli tuity «Penmer — 30» 3
BUKOPHCTAHHIM €HEPro30epesKyouoro TEMJI0BOr0 By3Ja
[8] B armocdepi aprony. Kpucrasmorpadiuna opienrartis
MOHOKpHcTamiB - <100>, miamerp - 135,0 mm. Konrien-
TPAIlilo ONTUYHO AaKTUBHUX aTOMIB KUCHIO Ta BYTJIEINIO
B MOHOKDHUCTaJII KPEMHII0 BUMIPIOBAJIM CTaHJIapTHUM
METO/IOM TIOTJIMHAHHS 1H(PauepBOHOTO BUIIPOMIHIO-
BaHHA. Beqnuuny yacy SKUTTS HepPiBHOBAKHUX HOCIIB
3apAAy Tyy; B MOHOKPUCTAN KPEMHIIO BUMIipPIOBAIN
CTaHZAPTHUM iHAMKATOPHUM MeTozoM [9].

Y pamkax nomepeiHix gociaimkedb [10] Oyuo
[IOKa3aHo, 1[0 KOHIIEHTPallili OCHOBHUX JOMIIIIOK
B PO3MJaBi KPeMHiI0 3MIHIOIOTbCSA Ha MNPOTHA3i
CIpPSAMOBaHOI KpucTajizaiii, gka BigOyBacTbcd B
meroai Yoxpasabebkoro. Tomy MOpiBHAHO 3 Ioyat-
KOBOIO YaCTMHOIO MOHOKPHUCTaJa B HOro KiHIleBii
YACTUHI KOHI[EHTPAIlisl KUCHIO PUOJIM3HO B /[BA Pas3u
MEHINA, a BYIJIEII0 — B TpU pasu Oinbma. Takum
YUHOM, 32 JIOBKUHOI0 MOHOKPUCTAJTA 3MIiHIOIOTHCS
He TIJIBKU PiBE€Hb KOHIIEHTPAIill OCHOBHUX JIOMITIIOK,
a I iX CHiBBiZHOIIEHHS.

CraructrnaHuil anasi3z pe3yJibTaTiB BUMipiB TIOKA3aB,
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0 BEJIMUMHA Yacy KUTTS HEPIBHOBAKHUX HOCIIB 3a-
Py Ma€ 3HAYHUU PO3KUJ BiJl OMHOTO MOHOKpUCTATA
JI0 1HTIOTO. 3B’SI30K BEJWYWHU Tyy; 3 KOHIIEHTPAIli€Io
JIOMITIIOK TIPOCJIIKYEMO 32 €KCIePUMEHTAJIbHUMU
JAHWUMU JIJI 11iCThOX MOoHOKpuctaniB mapku K/b
0,5-1,7/10. Tpu MoHOKpHCTagU GyJU BUPOIIEHI IMO-
CITTOBHO OJWH 3a OAHWM B ycTaHOBII Nel, a Tpm
iHmux - B yctaHosii Ne2. Po3nozis BeIWIUHN Ty, B
IIUX MOHOKPHUCTAJAX 3a iX JOBKUHOIO XapaKTepusy-
€TbCI YMMAJIUM PO3KUJIOM, ajie JIaHi BEJUYUHU Ty, B
(yHKIii Biji criBBiIHONIEHHS KOHIIEHTPAIiNl OMIIIIOK
kucHio No # Byrsemioo N¢ Zal0Thb PO3KU, SIKUN Jie-
JKUTh B MeyKaxX TOXUOKKM BuMipioBatb -10 % (puc. 1).
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BigHOLIEHHS1 KOHLEHTPaLi KUCHIO Ta BYrMeLo

Yac xutta H.H.3., mkc
o

Puc.1. Tpadixn sameskHOCTEH Thy; = f (No/N¢) mas mo-
HOKPHUCTAJIIB KPEMHil0, IIPU3HAYEHUX JIJI1 BUTOTOBJICHHS
COHSYHMX €JIEMEHTIB
1- monoxpucranu, Bupouieni B ycranosii Nel; 2 - B
ycTaHoBili Ne2

Basiui Gisnbiii 3HAYEHHS Ty, B MOHOKPHCTAJIAX,
BUPOIIEHNX B yCTaHOBII Nel, Hisk B ycTaHOBITI N2,
MOKHA TOSICHUTH THM, IO BXXE B CBOEMY TIEPIIOMY
nepetnHi (x = 1 cM) BOHM MalOTh 3HAYHO MEHIIY
konientpaiiio Byrierio (Neg = 1,2:1016 cm3), (8 yera-
HoB1i Ne2 - Ngp = 2,8-10'6 cm®). Taka sigminnictn
€ HACJiJIKOM BUKOPUCTAHHS B IMX IBOX YCTAaHOBKAX
MiICTABOK JIJI1 KBApIOBOTO THUTJST 3 TpadiTy Heo-
JTHAKOBOI MapKH.

3.3. BucHoBKM

3a eKcrepuMeHTaIbHIM AaHUMU TIOKa3aHo, 10 3Ha-
YeHHsT BeJIMYMHU Yacy SKUTTSI HEPIBHOBAKHUX HOCIIB 3a-
DAY Tyn; B MOHOKPHCTaJIaX KPEMHIIO, BUPOIIYBAHUX Y
[IPOMUCJIOBUX YMOBAX, BU3HAYAETHCS CITIBBIIHOIIEHHSIM
KOHTIEHTPAITii /IBOX KOMILIEKCOYTBOPIOIOYNX JOMIIIIOK -
KHUCHIO 1 BYTJIEITIO.

OrpumaHi pe3yJIsraT JI03BOJISTIOTh BHECTH KOPEKTUBU B
TIporpamy Ipoliecy BUPOIYBAHHS MOHOKPUCTAIB KPEMHIIO
3a MeToIoM JOXPaJIbChKOro, CIIPSIMOBaHI Ha 30L/IbIIEHHS
BEJINYMHHM YaCy JKUTTS HEPIBHOBAKHUX HOCITB 3APSILY Tyys
B MOHOKPHCTAJIaX i TAKUM YMHOM Ha TI/IBUTIEHHS iXHBOI
SIKOCTI 11 BUXOJIy TMPHUIATHOTO TTPOLYKTY.
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B/IHAHUE NPUMECEH HA BPEMA MMW3HH HOCUTENEH
3APAAA B MOHOKPHCTANNAX KPEMHHA

A. K. Tonosxko

B cratbe Ha ocHoOBaHMK 3KCIEPUMEHTANBHEIX UCCEA0BaHuA
YCTaHOBJIEHO, 4YTO Ha BPEMHA MMU3HM HEPaBHOBECHBIX HOCUTEJIEN 3a-
PAfa B MOHOKPUCTA/JIaX KPEMHUA, BbIPALEHHBIX B IIPOMBILNUIEHHEIX
YC/IOBMAX, fionee BCero BAMAET COOTHOLIEHUE KOHL|EHTpauuii IpuMecei
KucjaopoAa u yrnepopa
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INFLUENCE OF IMPURITY ON THE LIFE PERIOD OF THE
CHARGE IN SILICON SINGLE CRYSTALS

A. Golovko

In article on the basis of experimental researches it is established,
that on the life period of the nonequilibrium charge carriers in the
silicon single crystals which has been growing in industrial conditions,
the greatest influence renders the ratio of concentration of impurity
of oxygen and carbon
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