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B" nosor0 1-10" cm™ B mianasoni enepriit 80—150 keB. ITokasauo, 1m0 npu iMmtanTanii ioramu 6opy mpodins 3MiHu

MDKIUIOIIMHHOI BiZICTaHi ISl AaHOT I03H € MOHOTOHHO-CIIAJHUM, i HOrO MOXKHA MPEICTABUTH y BUIIISAL CYMH JABOX
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I. IHocranoBka 3aaad4i i 00’ckTH H0CTi-
JUKEeHHSA

OmHAM 3 MOXKIIMBHX CIOCOOIB 3MIHH CTPYKTYPHHX, 1
BIIIOBITHO MATHITHUX, MapaMeTpiB MPHUIIOBEPXHEBUX
IIapiB emiTakciifHuX (eput-rpanaToBux mwiiBok (PITI) e
ix i0HHa IMIUTaHTAaIlis. BaXXTMBOIO MMPAKTUYHOIO 32/1a4€H0
IUIA  po3poOku  (Pi3MYHMX OCHOB HAyKOBO-OOIPYHTO-
BAaHOTO YNPABIIHHA CTPYKTypPHHUMH 1 MarHiTHUMH BIIac-
THUBOCTSMH IUIIBOK Ta MPOTHO3yBaHHS iX TOBEIIHKH B
MPOIIECi eKCIUTyaTallii € BCTAHOBJICHHS 3aKOHOMIPHOCTEH
(hopMyBaHHS CTPYKTYPH IPUIIOBEPXHEBOI 30HHU IUTIBKU B
HpoLeci I0HHOTO ONPOMiHEeHHs. AHai3 3MiH KpHCTalid-
HOi CTPYKTYypH TPaHATOBHX IUTIBOK, IO BiOyBaeThCs
Ipy IMIUTaHTaILi] i0HIB OOpY cepelHiX eHeprii B Mexax
o3 3-10" — 1-10Y CM'Z, mpoBeaeHo B poborax [1,2], ox-
HaK MOAX(DIKaIlis KPUCTATIYHOT TPAaTKU IS 103 HIKINX
3-10% em? mi B TTAHWX, Hi B IHOIMX poOOTax HE PO3TIIiaa-
eTbca. OOHIEIO 3 TIPUYMH Takoi CHUTyallii € CKIaTHICTH
posumbpyBanHs (004ucieHHs npoduIiB BiJHOCHOT 3Mi-
HU MDKIUIOIIMHHOI BiICTaHI 3 TJTHOWHOK) KPUBUX JTH(]-
pakuiiHOroO BiAOMBaHHS JaHMX 3pa3KiB, a TAKOX MpO-
OsieMa HEOJHO3HAYHOCTI, SIKa IPH 1IbOMY 4aCTO BUHHKAE
[3].

Meroro nanoi poboTH OyIO NOCHIIPKEHHS! PHUIIOBE-
pxueBux mapiB @ITI, nedopMoBaHMX BHACIIIOK HU3b-
KOJI030BOi iMIuTanTarii ionamMu B B miamazomni eHeprii
80-150 xeB.

B sxocTi MonenmpHUX 3pa3KiB Oynm BHOpaHi MOHO-
KpUCTanu rajoiiHii-ramieBoro rpanary Gd;GasOp,
(I'TT), Bupomeni meroaoM YoXpaabChKOTO 3 MIOIUHOIO
3pisy <111> i cranoro rparku 12,382 A. Immnanranis
NpOBOJMIIACh Ha ycTaHOBLI “BesyBiit” B pexwumi, 1o

BUKJIIOUAE KAHATIOBAHHS, ioHamu B' 3 enepriero 80, 110
ta 150 keB i mo3010 1-10™ cm™.

Bubip ans mocmimxenHs moHokpuctanis [TT Oys
3po0JIeHNH 3 TAKMX MipKyBaHb.

1. YcyBaeThes BIUTMB IUTIBKH Ha Tporiec Moaudika-
Iii MPUIIOBEPXHEBOTO MIapy B MPOIECi i0HHOI iMITIaHTa-
uii. Jocmimkysani ®I'TI xoua i € CTPYKTYpHO JOCKOHA-
JUMH, B HUX BCE XX ICHYIOTh IpYyXHiI aedopmarii 3a pa-
XYHOK pO301KHOCTEH B CTaMX I'PATKH IUIIBKY 1 MigKIa-
KM Ta Pi3HMLI B iX TepMidHHX Koedirientax. Kpim Toro,
Ha BeNMYMHY NpyxHOI nedopmaiii BIUIMBA€E TOBIIMHA
rutiBku [1].

2. Ha xpuBuX nudpaxmniiHoro BiIOWBaHHS BiJl MO-
HokpucraniB ['TT BincyTHiil rojJoBHUN OperiBCHKHUN MK
MiIKIIa KK, SKHH MOXKE TonagaTyd B 00JacTh 10IaTKOBUX
IIKIB BiJ MOPYIIEHOTO HIapy, B 3B’A3Ky 3 UMM BTpaya-
€TbCs yacTHHA iH(opMarii.

II. MeToanka 00poOKH eKClIepUMEHTa-
JIbHUX pe3yJIbTaTiB

MeToJ0M JIBOKPUCTAILHOI PEHTTEHIBCHKOI CIEKT-
pomertpii Ha ycraHoBui IPOH-2.0 Oynu onepikaHi Kpusi
mudpaxuiiinoro Binousanns (K/B) Bin miomunn (444).
3a aHMMHM KPUBUMH, MOJEJIOIOYM Ha OCHOBI PiBHSHHS
Takari mommMpeHHs! PEeHTIeHIBCHbKUX IPOMeHiB [4], 00un-
CJIIOBAINCH TPOQiIi BIAHOCHOT 3MIHM MIKIUIOIIMHHOT
Bi[ICTaHI 3 TIMOMHOIO. 3arajJbHAN BUTIISA MAHUX Mpodi-
7B 3amaBaBcs (YHKIIOHATIHHO, 3 HACTYHHHM MOIIIIOM
MIPUTIOBEPXHEBOI J1e()OpPMOBAHOT YACTHHN MOHOKpHCTaJIA
Ha Migmapy, B KOXXHOMY 3 SIKHX BiHOCHa nedopmaris
BBa)Kaslacsi CTaJoxo.
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B poGoti [5] 3ampomoHOBaHa IWHAMIYHA MOJEIH
CTPYKTYpPH IMIIAHTOBAHOTO IIapy, 3rigHo sikoi B OITI,
iMmanToBanux ionamu B’ 3 eneprieto 80 keB i mo3amu
9-10'-3-10" cM™, npumosepxHeBmii  MomudikoBaHHii
1ap CKJIQJAETHCS 3 HACTYIHUX MiJMapiB: MOBEPXHEBOTO
amopdHOoro, nedeKkTHO-1e(HOPMOBAHOTO KPHUCTAIITHOTO,
BHYTPIIIHEOTO aMOP(HOTO Ta MPY>KHO-Ae(HOPMOBAHOTO
KpucTaniusoro migmapy. Ipu no3ax mmwkunx 9-10' cm™
amop®dizarisi MOYMHAETHCS 3 MOBEPXHI IUTIBKH 1 TMOIIH-
proetbess B TiombuHy. Ilpm mo3ax  Oinmbmmmx
9-10" cm™ mopsia 3 MOBEPXHEBHM aMOP(GHUM MIAPOM HA
rnubuni ~1200 A BunMKae BHyTpimHii aMopdHuii map,
SIKi 3THBAIOTHCS B OJMH mpH 1031 ~3-10'° ev™,

Buxonmsun 3 maHOi Mopmenmi, JUIA 103 HIDKYHX
9-10'4CM'2, npodiIb BiTHOCHOI 3MIiHU MIKIUTOIIUHHOT
BiJICTaHI HAMHM 3aIIPOIIOHOBAHO 33JaBaTH y BUIIISAIl CyMHU
mpo(iviB, OAWH 3 SKUX 3B’ SI3aHUN 3 SACPHUMH, a APYTHA
3 €JICKTPOHHUMH BTpaTaMH iOHa-iMIUTaHTaHTa. B poboti
[6] mokazaHo, 110 TpH IMIUTaHTaMii ioHaMHu OOpy 3 eHep-
riero 80 keB MakcuMyM siiepHUX BTpAT JIEKUTH B TIHOH-
Hi MOPYIIEHOTO IIapy, TOAI K MAKCHMYM €JIeKTPOHHUX
BTpaT MpPUIATAE HA MOBEPXHIO. 3a AaHuMu [7] mpodisan
nedopmanii nponopuidHuid npouI0 SAEPHUX BTparT,
(opMy SIKOro MOYKHA 3a]]aTH ACUMETPUYHOIO TayCiaHo0.

I3 BuIIe cka3aHOTO, Ta 3 METOIO MiHIMI3aLlii KiJTbKOC-
Ti MapameTpiB, SIKMMH IIPOBOANUTHCS HAOJIKEHHS, IPO-

. . .. . .. . Ad
(b BiTHOCHOI 3MiHM MIKIUIOIIMHHOI BifICTaHI —( z)
d

BUOMpABCS y BHUIVIAI CyMH acCUMETPUYHOI Ta CIHagHOT
rayciaH:

D.. exp[—(z—R:)z/sz] , SIKILO Z<R:

+
D:m exp[—(z—R:)z/cfz] , SIKIIIO ZZR:
D, op[-(z-R.)’[0"]

Ad . . .
D = —, z— BincTaHs, sKa BiIPaxOBYETHCS BiJ MOBEPX-
d

. s

Hi B NIMOUHY KpHCTaly, Rp~ — Touka 3IIMBKH acHMeT-
. . o a9 - E .

pHUUHOI TaycianM, Gi , G3 1 G — NapaMeTpH raycias,

AK1 XapaKTepHU3yIOTh IX MMPHUHY Ha miBBHCOTI. [leprmwmii
JIOZIaHOK, aCUMETPHYHA rayciaHa, — CKJagoBa npodiito,
TOB’s13aHa 3 SACpHUMHU BTpaTtaMu (BepxHilt iHmekc S). B
JpyroMy IOJAaHKY RpE< 0, To6T0 cknanoBa mpodiiro,
3B’s13aHa 3 €NEKTPOHHUMH BTpaTaMu (BepxHiil iHgekc E)
€ MOHOTOHHO-CIIAJIHOI. Bu3HaueHHS mpodimro BigHOC-
HOI 3MiHM MIKIUIOIIMHHOI BiZICTaHI MMPOBOAMIIOCS 3a Me-
TOJHMKOI0, OITMCAaHOIO B [3].

II1. Pe3yibTaTH €KCIIEPUMEHTY Ta iX 00-
rOBOPEHHS

OO6uucneni mpodiii BiIHOCHOT 3MiHA MIXKIUTOIUHHOT
BIJICTaHI Ta 1X CKIJIQJOBI NP IMIDIAHTAIl] 10HIB B" 3 no-
3010 110" cm™ mpencraBneni Ha puc. 1. Sk Gaummo,
naHi mpodisi I BCix 3pa3KiB € MOHOTOHHO-CITATHAMH i
MakcuMyM aedopmarii MmpuIagae Ha TPUTIOBEPXHEBHMA
uiap, To0To BU3HAYAJIbHY POJIb Y CTBOPEHHI Iedopmartii
B iOHHO-IMIUTAHTOBAHOMY IIIapi BiZirpae cKiagoBa Ipo-
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(hixro, OB’ s13aHA 3 ENEKTPOHHUMH BTPaTaMHU.

Bimomo, mo aedopmariisi i0HHO-IMIUTAHTOBAHOTO II1a-
Py TOB’si3aHa i3 3MIIIEHHSIM 10HIB MaTpHIIi, SKi BigOyBa-
IOTBCS 32 PaxyHOK siAepHHUX BTpar [8]. 3mimieHHsa i0HIB
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Puc. 1. TIpodimi BigHOCHOI 3MiHH MiX-
IUIOMIMHHOI BiJICTaHI B TPUIIOBEPXHEBOMY
mapi I'TT, immiantoBanomy iomamu B’ 3
eneprieco a—80keB, ©6-110keB, B-—
150 xeB ta mo3oro 1-10"cm? (1, 2 — cknanoBi
npodiiro, MoB’s3aHi 3 sIEPHUMH Ta EJIEKTPOH-
HUMH BTpaTaMd BIANOBIOHO, 3 — cyMapHUil

npodiib).

MaTpHLi 32 paXyHOK €JIeKTPOHHUX BTPAT MOXKIIMBE JIUILE
y BUMNAJKY IiesnekTpukis [9]. Mexani3m gaHoro mpouecy
MOJIATa€e B HACTYITHOMY: JIICJIEKTPUKH XapaKTePU3yHThCs
BHCOKOIO CHEPTri€r0 10HI3allil, SKa YacTO MEePEBHIIY€E CHE-
prito, HEOOXigHY JJisi 3MIIICHHS 10HIB Marpuili. Kpim
TOr0, OCKUIBKH MMO3UTHBHI 10HH, III0 YTBOPIOIOTHCS B Jlie-
JICKTPUKY, MAIOTh HU3BbKY PYXJIMBICTH 1 IX TOJE MPOCTO-
POBOTO 3apsily BICPXKYIOTh CIEKTPOHHU, TO BHIIICHA
€HEeprisl JIOKATI3YETHCS B MAIOMY 00’€Mi Ousl Tpeky io-



JocinimKkeHHs CTpYKTypHHX 3MiH B MOHOKpucTanax ['TT ...

Ha-IMIUIAHTAHTA.

I3 3arajpHOrO BHIIsAY HPO(MLNIB BIAHOCHOT 3MiHU
MDKIUIOIIMHHOI BiJCTaHI Ta MOro CKIaZOBUX BHIHO, IO
i3 3MEHIIEHHSM €Heprii IMIUIaHTal[il BOHU 3MIlIyIOThCS
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Puc. 2. 3anexHicTh MaKCHMaJIBHOI TIIHOUHH TPOdi-
JII0 BIJTHOCHO{ 3MiHW MiXIUTOIIMHHOI BifcTani (1),
NOJIOKEHHS ~ MakCUMyMy  HOro CKJIaZIOBOI,
OB’ S13aHOT 3 SEPHUMH BTpaTamu (3), MaKCUMaITb-
HOT TJIMOMHKM 3MOJEIBOBAHOIO MPOQLIIO 3MIIIEHUX
3a paxyHOK sJepHMX BTpaT ioHIB Mmarpuui (2) Ta
TOJIOXKEHHS Horo MakcumyMy (4) i mapamerpa Rp
(5) B 3anmexxHOCTI Big eHepril iMILTaHTALIil.

JI0 TIOBEPXHi. AHAJIOTIYHUM YMHOM ITOBOASATHCA 1 3MOJIe-
JbOBaHi 3a JonomMoroto nporpamMu TRIM 2000 mpodini
IMIUTAHTOBAaHUX 1OHIB Ta 3MIIICHUX 10OHIB MATPHIN, IO
OB ’s13aHO 13 3MEHIIIEHHSIM MPOEKTUBHOTO MPOOIry ioHIB
iMutanTafTiB. [lpn MopenroBaHHI TpoIecy i0HHOI iM-
TUTAHTAIli 3HAYeHHS €HepPrii 3B 3Ky Ta €Heprii 3MilleHHS
aToMiB Opasucs 3riguo [10].

I'padiku 3a1eKHOCTEH mMapaMeTpiB mpodiTiB Big
eHepril mokasaHi Ha puc. 2. 3Ba)kKalOYd Ha Te, II0 3Mi-
IIEHHS aTOMIB 3a paxyHOK €Heprii, nepeiaHoi B €JeKT-
poHHy miacucremy B nporpami TRIM 2000 He nepexnba-
YEeHO, IPOBOJMIIOCS MOPIBHSHHSA MNPOQUIB 3MilIEHUX
10HIB MaTpHLi 1 CKJ1a10BOT MPOdiII0 3MIHM MIKIUIOIIUH-
HOI, sIKa 1OB’53aHa i3 SAEPHUMH BTpaTaMu. SIK BHIHO 3
puc. 2, HalKpaIle CIiBIaJaHHs MOJOKEHHS MAKCHMYyMIiB
pod IO 3MIMIEHUX 10HIB MAaTpPHIIL i3 MAKCHMYMOM TIPO-
(hidro BimHOCHOI 3MiHM MDKIUTOIIMHHOI BiJICTaHi CIoCTe-
piraetscst s eneprii 80 keB. Taka x cama cuTyais
CIIOCTEPIraeThCst 1 11 MAaKCHMMaIbHOI TJIHOMHH BiAIOBI-
maux npodimie. ITpu 3pocranHi eneprii iMrutanTarii 30i-
JBIIYETHCS PI3HUL MK BKA3aHUMHM BUILE TapaMeTpamMH.
Lle o3Hayae, MO0 MK IMIUIAHTOBAaHMM IIAPOM Ta JOCKO-
HAaJIOK0 YaCTHHOK MOHOKPHUCTAY YTBOPIOETHCS MPY)KHO-
neopMoBaHMH TepexifHUN Imap. AIpPOKCHMYIOYH B
HepIIoMy HaOJIM)KEHHI JITHIMHO 3aJIe)KHOCTI IapaMmeTpiB
npodinaro Bix eHeprii MOXXKHa NPOTHO3YBaTH, IO NPH
eHeprii iMmmanTanii ~60 keB mpyxHO nedopmoBaHwMiA
Irap yTBOpIOBaTHCS He Oye.

Xapaktep 3MiHH TMapaMeTpiB CKJIAIOBHX TMPOPIITI0
BIIHOCHOI 3MIHM MDKIUTOIIMHHOI BiACTaHI IpeaCTaBiic-
HU# Ha puc. 3. I3 3MeHIIeHHsIM eHepril IMIUTaHTamii Bij-
HOCHa aedopMallis, TOB’s3aHa 3 SAEPHUMH BTpaTaMH,
3MEHILYEThCS, 1 IpU eHeprii ~60 keB pi3HULs MiX Mak-

CHMAITFHOIO TITHOMHOIO MPOGLII0 BIJHOCHOI 3MIHA MiX-
[UIOLIMHHOI BiICTaHI Ta MAKCHUMAaJIbHOKO INIMOMHOIO 3MO-
JIeNIbOBAHOTO MPOQLII0 3MILIEHUX 32 PaxXyHOK SAEPHUX
BTpAT i0HIB MaTpPUL OJIU3bKa O HYJIS.
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Puc. 3. 3mina MakcuMalbHOI BiTHOCHOI Jedopmartii

cymapaoro npodimo (1) i fioro cxiragoBux DEmax i

DﬂmaX (2,3) Ta nedopmamis Ha IOBEpXHI

TIOB’s13aHOI 3 SIIEPHUMH BTpaTaMH CKIIAAOBOi (4) B

3aJIEXKHOCTI BiJl €Heprii iIMIUTaHTaHTa.

3rinHo [6], yrBopeHHs i pict amopdHol (a3u BinOy-

BAETHCS 3 HAOOPOM 03U B pe3yJIbTaTi HAKOIMYEHHS pa-
nmianidaux nedektiB B riaubuni mriBky. [{omo moBepx-
HEBOTO IIapy, TO BiH 3HAXOIMUTHCSA B CHIIBLHO JIC(PEKTHO-
My, aJie Bce ) KpHCTaJliuYHOMY CTaHi. B Hamomy x Buna-
JIKY JI03U TOCUTh MaJli 1 HE MPUBOJATH J0 CYTTEBOTO IO-
PYIICHHS KPUCTAIIYHOI CTPYKTYpPH, & TUM OLIbIIEe aMop-
¢izamii, B Tiif 4YacTHHI MOPYLIEHOTrO IIapy, A€ CIOoCTepi-
raeThbCcss MakCUMyM sICPHHUX BTpaT. SIK MOKa3aid Halii
TIOTIePETHI TOCTIKESHHS, TIPH 301UIbIICHH] O3H IMILIAH-
Tamil B TIMOMHI TUTIBKH BiAOyBaTUMETHCS HAKOIMYCHHS
panianiiiHux aeexTiB, B pe3yibrari yoro aedopmaiis B
CepelHI MOPYLICHOTO Iapy iHTEHCHBHO 3pOCTAaTHUME i
npodine medopmarii, MOYNHAIOYN 3 AEAKOI A03H, 3 MO-
HOTOHHOTO MEPETBOPUTHCS HA HEMOHOTOHHHH.

IV. OcHoBHI pe3yibTaTH Ta BUCHOBKH

1. Ipu immaanTanii ionamu B' mpodins BizHOCHOT 3Mi-
HU MDKIUIOLIMHHOI BIJICTaHI € CyNEepro3uIli€l0 JABOX
npodiTiB, OAWH 3 SKMX IOB’S3aHUM 3 SACPHUMH, a
IHIIWI 3 eNIEKTPOHHUMH BTPaTaMHu.

2. Ckuanoa npodiiro, MoB’si3aHa 3 sAEPHUMHU BTpaTa-
MH, B 3araJlbHAX PHCax CIHIBMAAa€ i3 3MOACIbOBAHUM
npodiseM sSAepHUX BTpAT i iX MAaKCUMYMH 3 POCTOM
eHepril IMIUIaHTAaMi{ 3MIIIyIOTHCS B TIIMOMHY TUTIBKA

3. lomma immianTamis mosoro 1-10“cM? B miamazomi
eHeprii 80—150 xeB 3ymMOBIIOE YTBOpEHHS MOHO-
TOHHO-CIIQJHUX TPOQLTIB BiTHOCHOI 3MIHH MIXILITO-
LIMHHOT BIICTaHI 3 TIHOHHOO.

4. Mix IMIUIaHTOBaHUM IIIAPOM Ta JOCKOHAIOK YaCTH-
HOI0 MOHOKPHCTAITy YTBOPIOETHCS MPYKHO-AEPOpMO-
BaHM{ MepexiJHUH 11ap, TOBLIMHA SIKOTO CHAJaE i3
3MEHILECHHSIM €Hepril 10HIB-IMIUIaHTaHTIB, 1 IPH eHe-
prii ~60 keB BiH IPaKTUYHO 3HUKAE.
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The results of surface layers researches of GGG monocrystal implanted by boron at energies ranges 80-150 keV
with dose 10" ion/cm?are represented. Is shown, that at an implantation by boron ions the profile of interplanar
distance modification for the given dose monotonically downward and can be presented as the total of two profiles,
one of which is caused by kernel losses, and second electronic losses.



