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BusasieHo 0co6MMBOCTI B CHEKTPAaX CBIYEHHA MOBEPXOHb YHCTOrO i JIErOBAHOro
ionamn B, P' i As’ kpemnilo npu GomGapmyBaHHi iX NydukoM €I€KTPOHIB 3
eneprieto 800 ¢B. Cnexrpu gocnimkeHo B Aianasoxi fosxkuH xsuab 200-800 vM. Y
BCiX CNEKTpax BMSBJICHO IIUPOKY CMYTy 3 MaKCHMyMOM nobausy 280 Hm, a Takox
XapaKkTePUCTH4HE BUIPOMIHIOBaHHA 1ecOpOOBAHHX 3 [OBEPXHi y 30y/IkKeHOMY
CTaHi aTOMiB BOAHIO i paaukana OH. BumMipsiHo 3a1exXHicTb IHTEHCHUBHOCTI MoJIEKy-
nspHoi emyrn OH Bin eneprii 6oMbapaylounX eneKTPOHIB, AKa HOCHTbL PE3OHAHC-
Hui xapakTep i Mae mopir no6auzy 35 eB.

Beryn

Hlupoke 3acTocyBaHHS KpEeMHIIO B Cy-
YacCHHUX MIKPO- 1 HAHOTEXHOJIOTISIX 3yMOB-
JIO€ 1HTEpeC 110 HOCHILKEHHS HOro Mikpo-
CKOIIYHUX XapaKTEPHCTHK, 30KpeMa eeK-
TPOHHOI CTPYKTYpH INoBepxHi. OcTanHs 3a-
JIEXHTH BiJl COPTY IMIUTAHTOBAHMX YaCTHHOK
i ancopOoBaHUX Ha IOBEPXHI KPEMHIIO aTo-
MiB 1 MOJIeKyJI 3ayMiIKoBol atMochepu. Bu-
KOPHCTOBYIOTHCS Pi3HI Cy4yacHI METOHH IS
taxux gocnixens [1, 2]. YV pmarili po6orti
METOIOM eJIEKTPOH-POTOHHOT CIIEKTPOCKOITiT
(E®C) mociaimxeHO eMicil0 ONTHYHOrO BH-
npoMiHIOBaHHS B Aiama3oHi 200-800 um 3
METOI0 BHABJICHHS OCOOJIMBOCTEH XapakTe-
PHCTHK €leKTPOH-QOTOHHOI eMmicil 3 mo-
BepxHi. B poni nocnipKyBaHHX 3pa3kiB BHO-
paHO KpEeMHii BHCOKOI YHCTOTH, a TaKOX
KpeMHill nerosaHuil iomamu PT, BY, As’,
TOOTO Marepiaid  €JIGKTPOHHOI TEXHIKH.
3pa3Kul MOHOKPHCTATIYHOIO KPEMHIIO Jero-
BaHO ioHamu Oopy i pochopy 3 0JHAKOBOIO
pozorw D=100 MxKn mpu eseprii ioHiB
200 xeB. [lo3a sleryBaHHsS KPEMHIIO MU -
skoM craHoBuna 500 MxKn mpu ewneprii
ionie 80 keB.
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TexHika eKcriepUMeHTy

Jlocmi/pkeHHsT BHKOHAHO Ha HaJBHCOKO-
BaKyyMHOMY €JIEKTPOH-(GOTOHHOMY CHEKTPO-
Merpi [3]. 3ayumkoBUi TUCK aTMOCHEPHHX
raszis y kamepi B3a€MoZil CTaHOBHUB ~107
Top. Tlosepxnio xpemuito OGombapayBanu
IMY4KOM eJIeKTpoHiB 3 eHepriero 800 eB i
IYCTHHOIO cTpyMy 250 MxA/em? miz xyrom
15° BigHOocHO HopMali g0 noBepxHi. Kyr
CIIOCTEPEXECHHS BUIIPOMIHIOBaHHS O6YB O113b-
Kuit 10 HopMaii. CXeMy eKCIIepPUMEHTY I10-
Ka3zaHo Ha puc.1.

ITy4ox eneKkTpoHiB, C(POPMOBAHUI €JIEK-
TPOHHOIO rapMaToo 6, CIpPAMOBYETbCS Ha
MOBEPXHIO JIOCIKYBAHOTO 3pa3ka. Bumpo-
MIHIOBaHHsI TOBEPXHi, Ha fAKy IOTpAIuIsie
IIy4OK €JICKTPOHIB, BHBOJSATH i3 BaKyyMHOI
KaMmepH depe3 BiKoHLE 3 cangipy 7. 3a jgo-
TIOMOTOI0 KOHJIEHCOpa & BUIPOMIHIOBaHHS
(OKyCyeThCs Ha BXiJHY LIUIMHY MOHOXPO-
MaTtopa MJIP-12 (9). Buninene monoxpoma-
TOPOM BUIIPOMIHIOBAHHS JETEKTYETHCH (O-
TOEJIEKTPOHHMM MOMHOXyBadem PIV-106
(/7). Curgan 3 ¢OTONOMHOXYBaya ICIsL
niJCUIIIOBaYa-AUCKpUMiHaTtopa [2 peect-
pyeTscst B pexumi Ji40u (POTOeNeKTpoHIB
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yacToToMipoM abo 3a JONIOMOIOKO  €JIeK-
tporHoro noreruiomerpa KCI1-4 (/3) 3anu-
CYETBCS JOCTIIKYBaHUH CIEKTP.

Puc. 1. Cxema excriepuMeHTy.

| — pobGoua kamepa; 2 — WITOK LIO30BOro
npucTpoto; 3 — nonoMikHi Quanui; 4 — go-
CHiIKYyBaHMH 3pa3ok; S5 — pobGounii crin; 6 —
eJIEKTpOHHA rapmara; 7 — candipose BikoHLe; 8
~ XoHJeHcop; 9 — MoHoxpomaTtop; 10 — kpoko-
BUH ABMryH oOepraHHS AMQpPaKUiHHOI rpaTky;
11 — doronomuoxysay; 12 — migcumoBay-guc-
kpuMmiHarop; 13 — norteHuiomerp; 14 — Gnok
YOpaBIiHHSA KPOKOBUM JBHI'YHOM.

Pe3yabTaTH Ta iX 06ropopeHHs

CniexTporpamMy ONTUYHOIO BHIIPOMIHIO-
BaHHS, L0 BUHUKAE MiJ JI€I0 €JIEKTPOHIB 3
enepriecro 800 eB Ha uucTy i JeroBaHy
ionamu Qocdopy, 60opy 1 MULI’AKY TOBEpX-
HIO MOHOKPHCTQ1y KPEMHIIO, NPEACTaBIIEHO
Ha puc. 2-5.
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Puc.2. EnekTpoH-poTOHHA eMicis YUCTOro KpeMHiko.
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Puc.3. EnexTpoH-GOTOHHA €MicCisl KpEMHIIO,
neroBaHoro Gochopom.

I, BigH.0f1.
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Puc.4. EnekTpoH-GpOTOHHa eMicis KpeMHilo,
nerosaHoro 6opom.

Y mocnimxeHuX CreKTpax BHSBIACHO TaKi
BUIM BUIIPOMIHIOBaHHS: HEIIEPEPBHE BUIIPO-
MIHIOBAHHS B IIMPOKOMY Jiana3oHi JOBXHH
XBWIb, MoOJIekyaspHi cmyru OH 1 cnek-
TpanbHi diHii BoaHio He, Hp i Hy. V Bunanky
KPEMHIIO, SKMii IETOBAHO iOHaMHU AS’, BUSB-
JIEHO TakoxX MoJiekyisapHy cmyry CN. VY Bcix
JOCTIKEHMX CHEKTPax CIOCTEPIraEThCst OC-
HOBHHII MaKCHMYM HEIEPEPBHOIO BHIIPOMi-
HIOBaHHS TpU JOBXHHI XBumi A;=280 HM.
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Boamnouac y coekTpax Ul KpEMHIIo, SKHi
neroeaso ioHamu P’ i B, cmocrepiratorbes
TAKOK CMYTH HEHNEepEepBHOIO BHIIPOMIHIO-
BaHHA 3 MaKCHMyMamu npu Ay=440 HM i
A3=470 um. Ix iHTeHCHBHICT 3Ha4HO GinbIna
JUIL KpEMHII0, JieroBaHoro ¢ocgopom. Y
CIMEKTpaxX YHUCTOrO i JIErOBaHOTO MHII’ IKOM
KpeMHiio i MakcuMyMHu BincyTHi. IllupuHa
OCHOBHOTO MaKCUMYyMY HENEpPEepBHOIO BH-
OpOMIHIOBAaHHS Y BHINAgKy KPEMHIIO, JIero-
BaHoro ¢Gocdopom, nomitHo Oinblia, Hix
JUIS YHCTOrO KPEMHIIO, TOMI SIK y BHUIAIKY
KPEMHIIO, SIKHI jieroBaHo GopoM i Muu’s-
KOM, cnocrepiractbes 11 3ByxerHs. Ll oco6-
JUBOCTI 1 X 3MIHM MOXHa NOB’S3aTH 3 Ha-
SIBHICTIO JIErYIOYHX JOMIIIOK Ha ITOBEPXHI
KPEMHIIO, AKi 3MIHIOIOTH €JIEKTPOHHY €HEp-
reTHYHY CTPYKTYPY IIOBEpPXHI, a, OTXE, 1 I10-
B’si3aHe 3 i1 30y/KEHHSAM BHUIIPOMIHIOBAHHS
¢dortoniB. HenepepBHe BHIPOMIHIOBaHHA 3
MakcumMymMoM A;=280 HM, sKe crocTepi-
racTbCst y BCIX [OCIIKYBaHHX BHUIIAIKax,
IIeBHO, Mae OJHY it Ty X Hpupoxy. Horo 3a
MEXaHi3MOM MOB’S3YEMO 3 €JIEKTPOHHUMH
MDK30HHUMH Nepexonamu [4—6].

I, BigH.0n.
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Puc.5. EnextpoH-goTOHHa eMicis KpeMmHilo,

JIErOBAHOI'O MHLI’ TKOM.

3 OTpUMaHHX pe3yNbTaTiB TaKOX BH—
IIMBAaE, IO TOBEPXHS KPEMHIIO, HaBiTH B
yMOBaX HaJIBUCOKOTO BaKyyMy, aKTHBHO MO~
KPUBAETHCSl YACTMHKAaMH 3aJIMIIIKOBOTO rasy
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B pobouiif kamepi. 1le BUtUIMBaE 3 HassBHOCTI
y BCiX cmekrpax moseKyispHoi cMyrn OH i
XapaKkTepUCTHUHHUX JiHi# Boanio Hy 1 Hp.
BoHu, neBHO, € (parMeHTaMu MOJCKYJ BO-
JM, o agcopOoBaHi Ha MOBEpXHi, AKI JU-
COUIIOIOTh IMiJl [i€l0 eJeKTpoHiB. Jocii-
JOKEHO 3MiHY IHTEHCHBHOCTI MOJIEKYJIAPHOL
cmyru OH Bijg eneprii (puc. 6). 31 3011b1IEH-
HAM eHepril GomOapayodoro nydka IHTEH-
CHUBHICTH cBiYeHHA Mosekynu OH nyxe
CHJIBHO 3MEHIIY€ThCS.
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Puc.6. 3anexdicts iHTeHcuBHocti OH Bin

eHeprii bombapaytouoro myuka.

3 oTpuMmaHoOro pesyiabrary 06adumo, 110
30ymKkeHHsT MoJekysipHol cmyrn OH max-
CHUMAaJIbHE TIpH e€Heprii boMbapayrouoro nyd-
ka 61u3bK0 35 €B. 3a xapakrepom 1€l eHep-
reTHYHOl 3aJIeXKHOCTI, sKa nonibHa 1o
¢bynkuii 30ymxenHs OH npu  OiHapHHX
3ITKHEHHSX €JIEKTPOHIB 3 MOJIEKYJIOIO BOJIH,
MOJKHA IPUITYCTHTH, O B JOCIIPKYBAHOMY
unaaky ¢parmestu 30ymxesux OH 1 H
3'ABJIAIOTECS B AKTaX €J1EKTPOHHOCTUMYJIbO-
BaHOI Aecopbuli MOJIEKyIM BOJH 3 TIOBEPXHI.

BucnoBxu

JlocaipkeHo CrekTpud eneKTpoH-(OTOH-
HO{ eMicii yuCTOro i TeroBanoro ionamu B, P
i As xkpeMHiio, 3pobierHo ix nopiBHsaHHA. He-
NepepBHE BUMPOMIHIOBAHHS, $IKE CIIOCTEPi-
racTeCsi B CIEKTpax CBiYEHHsS BCiX AOCIIi-
JUKYBaHHX 3pasKiB, BUHHKA€ B pe3ysbTaTi
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SNEKTPOHHUX MDK3OHHWX TEPEXONiB. Buss-
JIeH1 3MIHM Y CIIEKTpax BHIPOMIHIOBAHHS
JEroBaHMX 3pa3KiB € pe3yIbTaToM 3MiHH
€JIEKTPOHHOI EHEPreTHYHOI CTPYKTYpH IIO-
BEPXHI KPEMHIIO, sika BiIOyBa€eThCs IIPH Jie-
rYBaHHI.

RAPAKTEPUCTAIHE CBIUCHHA | MONEKY-
JIAPHI CMYTH, SKi CIIOCTEpIraroThCs y BCIX
CIIEKTpax, — 1€ CBIYeHHs QparMeHTiB Jecop-
GoBanux MoJeky:n1 Boau. JlocmimkeHo 3a-
JexHicTs MojekymsipHoi cmyru OH  Bin
eHeprii 6oMOapayI0Yoro nyuKa.
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EMISSION OF PURE AND DOPED SILICON
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The features in the surface emission spectra of pure and B*-, P*- and As'-ion doped
silicon under bombardment by 800-¢V electron beam are revealed. The spectra are
studied within 200-800 nm range. All the spectra exhibit a broad band centred near
280 nm as well as characteristic radiation of excited hydrogen atoms and OH radical
desorbed from the surface. The dependence of the molecular OH band intensity on
the energy of the bombarding electrons is measured and shown to be of resonant

character with a threshold near 35 eV.
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