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GaP, 00po06.JieHux B TpaBHUKAX HA ocHOBi HF

1 o o . o .
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IpoBeneHi excriepuMeHTallbHI JOCHIiIKEHHS. MOPGOIIOrii, CTPYKTYpH, PEeHreHOAU(PAKTOrpaM, eleKTpOHOrpam
Ta XIMIYHOrO CKJIaly nopysatux 3paskiB INP Tta GaP n-tumy, oTpUMaHMX IUIIXOM AHOIHOTO €JIEKTPOIITHYHOIO
TpasieHHs (111)-noBepxHi MOHOKPHCTAIIB Y FaIOreHOPTOPUCTHX SJIEKTPOTiTaX. Y CTAHOBIICHI KOPEJALIHHI 3B’ A3KH
MDK TYCTHHOIO JIHCIIOKallili MOHOKPHUCTAJIiB Ta KOHIEHTPAII€l0 YTBOPEHHX IIOP; BHU3HAUCHA POJIb JUCIOKAINH y
MIOPOYTBOPEHHI. 3alPOIIOHOBaHI MEXaHI3MH YTBOPEHHSI 1 MYJIbTHILTIKALIIO [OP Y JIOCIIDKYBaHHUX 3pa3Kax.

Cmamms nocmynuna 0o pedakyii’ 15.11.2009; npuiinama oo opyky 15.03.2010.

Beryn

[MopyBari HamiBIPOBIJIHMKH IPUBEPTAIOTH YBary
0aratbOX JOCITIJHHMKIB 3aBASKHA BITHOCHO MPOCTiH
TEXHONOTIT 1X OTPUMAaHHS, MOMJIMBOCTI YIIPaBIiHHS
TE€OMETPUYHUMH TapaMeTpaMu IOp BiJl HAHOPO3MipHUX
JI0 MIKpOPO3MIpHHX 00  €KTiB, a TaKOX IEPCICKTHBAM
CTBOpPEHHS 1HTErpaJIbHUX OITOECNIEKTPOHHHUX IPUCTPOIB,
B sAKHMX IH(poOpMalis oOpOOJNIETHCS HE TUIBKA B
ENIEKTPOHHOMY, ajlé W B ONTHYHOMY BHUIJISAMI.
JlocsiTHYyTHH B OCTaHHI POKM TpOrpec y BHBYEHHI
BJIACTHBOCTEH  IIOPYBAaTOrO KPEMHII0  CTHMYJIIOBaB
AHAJIOTIYHI  JOCII/DKEHHS Ui HAIIBIPOBIIHUKOBUX
crionyk A®B®. 3okpema, yxke IEPCIEKTHBHEM Y IHOMY
acnekti € mopyBaTuii INP, OCKUIBKM EHEepreTUYHI
rnapamMeTpd WOro MOHOKPHCTaNiB JyXe ONM3bKi 10
mapaMeTpiB MOHOKPHCTATIYHOI'O KPEMHII0 1 Ha OCHOBI
HOro JIETKO BWTOTOBJISITH TPHIamd  IHTErpasbHOI
OIITOCNIEKTPOHIKH  CYMIiCHI KpEeMHIEM, 30Kpema,
PE3UCTHBHI ONTOIAPH.

VY SKOCTI €NeKTPONITY Uil OTPUMaHHS IOPYBaTHX
matepianis A°B® (3oxpema InP Tta GaP) moximBe
BUKOPHCTAHHS TaJOTeHiHUX, cyibpaTHuX, dochaTHUX,
HITpaTHUX BOJHHMX Ta OE3BOJHMX PO3YMHIB, & TaKOXK
PO34YHHIB JYTiB MPHU 3HAYHUX T'YCTHHAX cTpyMiB [1-6]. B
OLIBIIOCTI BUNAJKIB ISl €JEKTPONIITHYHOTO TPABIICHHS
Ginapuux crionyk A’B° BHKOPHCTOBYBATHCS PO3UMHH
HCI B eranomni a6o Boxi [7,8].

Pozuun HCI (1M) BUKOPHCTOBYBAIH aBTOPU POOOTH
[8-9] m1s aHOAHOTO ENEKTPONITHYHOrO TpasieHHs N-1NP
(100) 3 KoOHIEHTpami€cl0 BUIBHUX HOCIIB  3apsamy
(2-5)-10" cm™. TpaBnenns 3xiiicaioBaocs nporsrom 90
C TpU HAmpy3i Ha eJeKTponiTHuHii komipii 700 mB.
BcranoBieHo 3anexHICTh Xapakrepy (opMmyBaHHS Iop
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BiJ JedeKTiB KpHCTaliB, IO YTBOPIOBAIUCS TMiJl Ji€I0
30BHIIIHIX MeXaHIYHUX (akTopiB. Ha ekcnepiuMeHTanbHi
3pa3kd  MOHOKDHCTaJIiB  IONEPEIHHO  HAHOCHIU
TOAPSITIMHM, TIOTIM TPOBOJMIM aHOIHE EJIEKTPOJIITHYHE
TpaBJICHHS. B pe3ynbrari CKYITYCHHS nop
CIOCTEpIrajocs B3JOBX MOIPSANHMH, TOMI SK Y I1HIIMX
Mmiciax  INP mopu He  ¢opmyBamucs.  ABTOpHU
HATOJIONIYIOTh, 0 TIOPYBATICTh MaTepialy 3aJIeKHUTh Bil
CHJIH, TIPUKJIAJICHOT JUIS TIOSIBM MEXaHIYHUX MOAPSITHH —
YUM OLJTbINNA CHJIa, TUM OlbIa MopyBaTicTh. [[o TOro x,
criocrepiranacs 4iTka Mexa MiXK MiClleM CKYITUEeHHS Iop
Ta BUILHUMHU BiJl Op AiTstHKaMu 3paszka INP. Ilianapha
MeXa  PO3IUTy  eJIEeKTPOIIT MOHOKPHCTAJI»
3a0e3neuyBaja BUHUKHEHHS! CUCTEMH BHUIIJKOBUX IIOp,
IO CaMOOpPTaHi3OBYBAJIUCS  HABKOJIO  MEXaHIYHHX
TIOAPSITIHH.

Bigomo, 1o npu BUTOTOBJIEHHI MOHOKPHCTATIYHHX
matepianis A°B°, 30kpema 3a MeTozoM Y0XpaTbChKOro,
Mae Miclle cerperaifisi JOMIIIOK, sfKa, B 3HAYHIN Mipi,
BH3HAYa€ X PO3IOAUT K IO MONEPEYHOMY Iepepizy
(pamiampHUN PO3MOALI), TaK 1 IO JOBXKHHI 3JIMBKY.
BenuuunHa i XapakTep HEOJHOPITHOCTI B MOHOKpHCTAJ
3aJIe)KaTh BiJl MPUPOAU Ta KOHIEHTpaIlil momimok (i He
TITBKH JIETYIOUHX).

PapianpHuil po3nonin KOHLEHTpALil BIaCHUX HOCIIB
3apsay N(X,y) Ta ix pyxauBocTi M(X,y) B IUTOIIMHI POCTY
3a3BHYail  CBIMYUTH MPO PO3MOALI, SK MPaBUIO,
neryounx aomimok. [lo Mipi BigmaneHHs Bii LEHTPY
MMOBEPXHI POCTY KOHIICHTpAIlisl HOCITB 3apsay 3pocTae, a

ix pyxmuBicte 3MmeHmyetbes [10]. dopMyBaHHIO
TEOMETPUYHOI Ta  KOHIEHTpAIHOI  OJHOPIAHOCTI
3amo0iraroTh TIPY>KHI JTAIEKOI oY1 MEXaHI4Hi

Hampy)XeHHs. TOMYy IO B MEXaHIYHO HANpPYKEHUX
00JTacTsAX 3pa3KiB CIIOCTEPIra€ThCS 3HAYHE TEOMETPHUYHE
MiJCHICHHS MEXaHIYHUX HANPYXeHb B MICIIX, ¢
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CIIOHTAHHO BHUHUKIM Ti a00 IHIN BiIXWIEHHA BifX
MepiogUYHOCTI  CTpyKTypu  (KimacTepd, AMCIOKarlii,
BEpUIMHM TPUKYTHHX Ta IHIIMX 3arocTpeHb penbediB
TOIIO) 1, OTOX, BHHUKAKOTH 3HAYHI  BiIXUIICHHS
BEJIMYMHHA BHYTPIIIHBOI €HEpril CHCTeMH BiJl cepelHbOl
1o Kpucraiy. JlxepenaMu X MEXaHIYHUX HaNpYKeHb €
TaKOX CMYIH Cerperamii, IOMIHYIOYMM MEXaHi3MOM
CTBOPCHHS SIKMX € MUCIOKaIli (Ta 1X MyNbTUILTIKAIs),
0 3apO/PKYIOThCS Ha BHYTPILIHIX jaedekrax pocry. Llsa
0COOJIUBICTH KpHUCTANIB HE € Oa)kaHOl, TOMY OaraTo
(i3UKO-TEXHOJOrIYHUX ~ PO3po0OK 1 JOCHIKEHb
HANpaBJICHO Ha BHSBJCHHS Ta YCYHEHHS LHOI'O BHIY
nedexriB Toro abo iHIIOrOo BHAY JAWCIIOKALiN
KPHCTAJIIYHOI TPATKH.

B pmaniii pobori 3anmporoHOBaHO TPOCTUH 1
e(QEeKTUBHUI METO]] BUSBIICHHS TAKOTO THITY BHYTPIIIIHIX
Ie(eKTIB KPUCTAIIYHOI TPATKU, SIKHH 3aKIF0Ya€THCSI B
AHOTHOMY eNeKTpOiTHUHOMY TpasieHHi (111)-moBepxHi
MoHokpucTaiiB INP Ta GaP n-tumy. CripaBa B ToMy, 110
NPU  €JEKTPONIITAYHOMY aHOJYBaHHI MOHOKPHCTATY 3a
MEeBHUX YMOB  (OPMYIOTbCS TIOpH, SIKi MaloTh
HEepIBHOMIpHHUH XapakTep PO3MOALTY, B 3aJ€KHOCTI BiJ
HasBHUX Je(pEeKTIB BUXITHOTO KPHUCTATy, 30KpeMa,
JTICITOKAITIH.

|. 3pa3ku Ta TexHika eKcriepuMeHTY

Jns  excrieppyMeHTy HamMu OynM  BHUKOPUCTaHI
MOHOKPHCTAJIIUHI 3pa3KH:
omoynoro n-INP, BupomeHoro 3a  MeTOIOM

YoxpalbCKoro 3 kpucrajorpadiuHoro opieHramiero (111)
Ta KOHLEHTpaLi€eto HociiB 3apsamy 2,3-10™%cm®, mo mamu
JI3EpKaIbHO TJIaKy TTOBEPXHIO TEMHO-CIpOr'0 KOJIbOPY;

emitakciiHoro N-GaP 3 kpucrajorpagiuHoo
opientamiero (111), neropami Te g0 KOHIEHTpAILii
1-10"cM™, mo MamM J3epKaNbHO TIAAKy MOBEPXHIO
YKOBTO-Tapsiu0ro KOIbopy.

BuOip 3paskiB Uil €KCIIEpUMEHTIB OOYMOBIICHUH
tiM ¢akroMm, mo B mwionmHi (111) cmocrepiraetscs

BHCOKAa TyCTHHA  JUCIOKAallii  po3MipaMH  COTHI
HaHOMeTpiB B TBepaux posunHax AB®, sokpema y InP
[11]. I[lpy  mpoMy  MakcHUMajJbHI  MeXaHiuHi
HaBaHTaXeHHs crimagand 1,5 I'Tla, mo cmoiBmagae 3
OIlIHKaMH{, 3pOOJICHMMHM Yy HaIMX po0oTax Juis
MopyBaTuX CTpykTyp [12].

3pa3ku ouminanucs B eTuiaoBoMy coupti. [TopyBara
TIOBEPXHS (dbopmyBanacs LIJISIXOM aHO/IHOTO
CIIEKTPONIITUYHOrO TpaBiicHHs. L{efi Merox € HaiOiIbII
MPOCTHM, €(QEKTUBHUM Ta JEIMIEBUM sl OfIepXKaHHS
nopyBaToi moBepxHi HamiBnposigHuKis rpyma A®B® (ta
IHIIMX HAMBIPOBiAHUKIB). [lma3sMoBe TpaBICHHSA TeX
eQeKTUBHE Uil YTBOPEHHS MOpP HAa MOHOKPHUCTAJIIYHIN
TIOBEpXHi, ajie Taka METO/MKa € OLIbII CKJIQJHOK Ta
JIOpOror0. Y SKOCTI OCHOBH CJICKTPOJITY HamMH Oyia
obpana miaBikoBa kucinora (HF), TpaBHHKM Ha OCHOBI
SIKOT € HAMOIIBII XIMIYHO aKTHUBHI 110 MOPOYTBOPEHHIO B
MOHOKpHCTanax  iHTepmerameBux  crmonyk  A°B®
(emextponeratuBHicts ioniB F B pamy F, CI', Br e
HAWBUINOI). BHUKOPHCTOBYBaBCA pPO3YHMH IUIABIKOBOT
kucioru (48%), erunosoro crupty (C,HsOH) Ta Bomu y
BimHomrenHi 1:2:1 mist n-InP, a takox pozumn HF y
€TUIIOBOMY cIUpTi (0€3 MomaBaHHSA BOAW) Y BiAHOIIEHHI
1:1 g n-GaP. byno ob0pano pexum QikcoBaHOi
T'YCTUHHU CTpyMY, siKa peryintoBanacs y mianazoni 30-110
MA/cM?. Hanpyra 3minioanacs y aiamasoni 2 — 10 B, mo
JIOCTaTHBO Ui BUHUKHEHHS 1 PO3IOBCIODKEHHS IIOp B
KpHCTaJax 3  NOpPYHNIEHHSIM  KpHcTayorpadiuyHoi
CTPYKTYpH, 30KpeMa 3a paxyHOK jauciiokamiii. Yac
TpaBiends ckiaaga (5-15) xswamH. Karomom ciyxuia
IUIacTUHA TuIaTHHU. PoOoda moBepXHs 3pa3kiB CKIlajaaia
0,12 cM? Jliaverp 3BOpOTHOI MOBEpXHI 3paska, MIO
KOHTaKTyBajla 3 TO3WUTHBHHM [OJIOCOM JpKeperna
eNIEKTPUYHOI eHeprii, OyB 3HAYHO OLIBIIMM, HIX JiaMeTp
BikHa TpaBieHHs. Jleski 3pa3kd IMiJ 4Yac TpaBIICHHS
olpoMiHIOBaJHMCS JlazepoM Y@ mianmazoHy CHEKTpY.
Binpm neraspHO yMOBU €KIIEPUMEHTY MpEACTaBIIeHI Y
Tabmmmi 1.

Taoauus 1
YMOBU aHOIHOTO €JIEKTPOJIITHYHOrO TPaBJIeHHs: MOHOKpucTaiiB INP ta GaP
3pazok TpaBHUK j, MAlcM® t, XB.

n-1nP, 3pasok 1 HF: H,O: C,HsOH 30 10

Nn-1nP, 3pa3ok 2 HF: H,O: C,HsOH 30 15

n-1nP, 3pa3ok 3 HF: H,O: C,HsOH 50 10

n-1nP, 3pasok 4 HF: H,O: C,HsOH 80 5

n-GaP, 3pa3ok 1 HF. C,HsOH 50 10

n-GaP, 3pa3ok 2 HF. C,HsOH 110 10

ExcriepuMenTH  mpoBOOMIMCS ~NpU  KiMHATHIN Takoxk Oyno TpOBeAEHO aHai3 XiIMIYHOIO CKIaIy

Temrepatypi. [licns TpaBiieHHS 3pa3ku IOINEPEIHBO TIOpYBaTOi MOBEPXHi 3pa3KiB.
NPOMUBAIIUCS B  E€TWIOBOMY  CIHPTi, a  IIOTIM
mpocyuryBaivcss  Ha  moitpi.  Jlng  craOimizamii

BJIACTHBOCTEH 3pa3K¥ BUTPUMYBAJIH IPH HOPMAIbHHX

aTMoc(epHUX yMOBaX Ha MPOTsI3i ACKIIBKOX THIB.
Mopdororis  HOBepXHI  JOCHIKyBaJiacs  Ha

pacTpoBOMyY  €IEeKTpOHHOMY Mikpockom JSM-6490.
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1. Pe3yJbTaTu ekcrepuMeHTy Ta iX
00roBOpeHHs

2.1.Ckaan npoayKTiB MOpOyTBOpPeHHS



S.A. CuuikoBa, I'.O. Cykay, B.B. Kinanos, 10.1. Sluenko

Amnani3 XiMidHOro ckiaay rnopyBarux mapis N-InP ra

N-GaP Bkazye Ha BIJICYTHICTb 3allOBHEHHS IIOp
KOMIIOHEHTaMH (aHIOHAMH Ta KaTiOHAMH) eJIEeKTPOJITY,
110 BHKOPHUCTOBYBAaBCSI npH AHOMTHOMY

€JIEKTPOJIITHIHOMY TPaBJIEHHI MOHOKPUCTAIB.

Ha (111)-noBepxui N-INP micist ii exekTponiTHaHO
00poOKu 3’ siBysucst  Kpuctaiith  po3mipom  100-200
MKM, po3MillieHi xaoTuuyHo (puc.l).

ZEN

Puc. 1. 3o0paxenns PEM, mo aeMoHcTpye
KPHUCTAJITH, SKi  yTBOPWINHCS Ha  IIOBEPXHI
MOHOKpHCTaimiuHoro N-INP  micnst  aHOmHOTO
SJIEKTPOIIITUYHOTO TPaBJICHHS.

Tadmauns 2

XiMIYHUH CKJIaJl KPUCTANITIB Ha TIOBEPXHI

nopysatoro n-InP
Kowmro- o F H In 3ara-
HEHTH JIOM
Crextp 1 | 25,72 | 21,28 | 1,02 | 51,98 | 100,00

Puc.2. Ximiunuii ckmaj nopyBaTux 3paskiB InP,
orpumannuii Mmeroqom EDAX.

BugHo, 1m0 KPUCTANITH MAlOTh JOCHTh CKJIAAHY
«3ipyacty», aie BiJMiIHHY OJIHa BiJ IHIIOI B JeTaJsX,
dopmy. Ix dopma 3anexuth, 3 HaIIOI TOUKH 30py, Bil
THUITY THX 3apOJKOBHX Je(EKTiB, 1m0 BUXoaATh Ha (111)-
MOBEPXHIO  3pa3ka n-InNP Ta CTBOPIOIOTE  YMOBH
MOMANTBIIION0  TTOPOYTBOPEHHS  (PO3TanyKeHHs TI0p).
Ximiunu#i  ckmax  kpucramitie  (y = BimcoTkax)
MIPE/ICTABICHO y TaOnmuii 2.
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3 Tabn. 2 BUAHO, IO KPUCTANITH CKJIAJArOTHCS 3
KUCHIO, ropy Ta iHAi0, TOIi SIK BMICT aToMiB dochopy
nyxe manuii (~ 1%). Taka cuTyallist CBiT4UTh PO Te, IO
YacTMHA aTOMIB 1HJII0 3 MOHOKpucTany N-INP Oyma
3aMillleHa 1HIMMMH aToOMaMH, 3aMiIlleHl aTOMH, B CBOIO
4yepry, BCTYINIWIN Yy B3a€EMOMII0 3 EIEKTPOJIITOM, 1
OPOAYKTH Mi€l B3a€MOJil «OCLMM» Ha TOBEpPXHi
TIOPYBATOr0 KPUCTATY Y BUIIISAIl KpucTaiiTiB. LLinbHICTh
KPHCTAJITIB, IO YTBOPHIHMCS Ha TOBEPXHI IOPYBaTOrO
INP cxiamana r[pI/I6Jm3H02,5x1050M'2.

SIKicHUMIA Ta KiJBKICHUHA CKJIaJ TOPYBaTOi HMOBEPXHI
INP nocmimkyBaBess meronom EDAX Ha pactpoBomy
enekTpoHHOMY Mikpockori JSM-6490 (puc. 2).
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Puc. 3. TloBepxust mopyBaroro n-InP,
KOMIIOHCHTIB SIKOI HABEJICHO Yy Ta0uIl 3.

CKI1aza

KommoHeHTHHH cki1ax Oyno NpoaHali30BaHO UL
YOTUPHOX PI3HUX TOYOK IOBEpXHI 3pa3KiB, BHOpPaHUX
noBinsHO (puc. 3). Jlani mpo XiMiuHHH CKIa[ MOBEPXHI
(y BimcoTkax) HaBeneHO y Tabuui 3.

3 Tabnm. 3 BHAHO, [I0 Ha TIOBEpXHI 3pa3ka
3MEHIIMIACS KOHIGHTpAlisi aTOMIiB KUCHIO (MPUOIM3HO
110 (2-6)%) i IpaKTUYHO 3HUKIN aTOMHU GTOpY (3anUIIoK
Bix 0,6 mo 2%). BauskicTh cepemHbOrO 3HAUCHHS
KOHLIGHTpaIil KHCHIO B 3pa3Ky Ta Horo awmcrepcil
CBIJUHUTH TIPO T€, IO KOHIIEHTPALlisi KUCHIO IIOB’ s3aHa 3
BUIIAJJKOBUM IIPOLIECOM, IO HE KOPEIIOE 3 IPOLECcOM
TpaBieHHsl. 30UIbIIEH] BENWYMHA KOHIEHTPAIH iHAI0 1
dochopy (ocobmuBo) Ha moBepxHi mopysaroro N-INP y
MOPIBHSAHHI 3 1X KOHHEHTpALisMH Yy KpHUCTaliTax
CBiAYaTh MPO Te, [0 BOHU OYJIN BUTICHEHI 3 KPUCTAIIITIB
nopyBaroro N-INP atomaMu KUCHIO Ta GTopy.

Hammmok artomiB  iHAil0 SIK y KiIacrepax-
KPHCTAJITax, TaK i Ha MMOBEPXHI MOP CBIAYHUTH PO TeE, L0
BUXiTHI MOHOKPHCTAIM Mald X CKOIMYEHHS B3JIOBXK
kpucramorpadiunoi oci  [111]. V¥V pobori [13] mpu
BUBYCHHI CIIEKTPiB PEHTTEHIBCBKOTO IOIIMHAHHA HE
BUSIBIICHO TepeOyIOBH KPUCTAIIYHOI TPATKHU i YyTBOPEHHS
iHmUX cronyk (B TOMY YHCT ¥ OKCHOIB iHmiIO Ta
dochopy) mpu mepexoii «MOHOKPHCTAN- HOPYBaTUit
MaTepiag» 3a paxyHOK TpaBienHs InP B cymimi
IUIABUKOBOI KHCJIOTH Ta €TWIOBOro cmupry. Harmmi
pe3ynpTaTd  MiATBEPMXKYIOIOTH  IF0  KOHIICHILIO.
Haummiok injiro K y Kjlactepax, Tak i Ha MMOBEPXHI ITop
CBIIYUTH NPO T€, WO BiH 3HAXOMUTHCA HE TIIBKU Y
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3B’ si3anoMy (y BuIsAdi knacrepis In-P), ane i BimbHOMY
crani  (3aBASKM ~ HOrO  CKONHYEHHIO  B3JI0BXK
kpucramorpadiunoi oci [111] n-InP), yomy crpuse
TEXHOJIOTIYHUI TPOIIeC BHUPOIIYBAHHS MOHOKpPHUCTAIY.

Kucenr Ha mOBepXHI iCHYE y €JIEKTPUYHO, ajie He
XiMiYHO 3B'si3aHOMY cTaHi. OTXe OKCHAM IHOIIO Ta
¢dochopy Ha TOBEPXHI MPAKTHYIHO BiJICYTHI.

Taoauusa 3
XiMIUHMHA CKJIaJ1 IOBEPXHI mmopysaroro N-INP

Komrnonenta o F P In Pazom
Criextp
Crextp 1 15,33 2,13 22,12 60,41 100,00
Criextp 2 2,12 0,64 22,36 74,89 100,00
Crektp 3 6,76 2,05 21,03 70,15 100,00
Criextp 4 2,73 1,07 22,10 74,10 100,00
CepeHe 3HAYCHHS 6,74 1,47 21,90 69,89 100,00
CTaHAapTHE BiIXWICHHS 6,09 0,74 0,59 6,65
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Puc. 4. [Tuppaxromerpryti ciekrpu nopysartoro |NP, orpumani METOIOM pEHTIeHIBCHKOI AU paKkTOMeTpii Ha
mudpokromerpi JIPOH-3M.

CrtpykTypa mopyBaTux Inapi INP mgocmimxyBanacs
METOAOM PEHTIeHIBCbKOT nudpaxromeTpii Ha
mudpokromerpi  JJPOH-3M. Ha nudpakrorpamax
NpUCYTHI pediekcH TiabKM MOHOKpucTastiynoro |nP
cTpykTypu canepity. Maxcumym 26,3°  Bimmosimae
BibutTio Bix twromuH (111) 3  MDKIUIONIMHHOIO
Biactanuio 0,337 um. [Hmi makcumymwu 54.60, 86.5°
BiAMOBial0OTh BiAOHTTIO Big rmionmH (222) ta (333)
BINMOBiTHO.  BimcytHicTh  iHIMX  pedUiekciB  Ha
mudpokTorpami  CBITYUTH MPO MOHO KPHCTAJIYHICTH
OTpUMaHuMX TopyBaTux mapiB INP Ta BigcyTHiCTH
okcuaiB (abo iX KOHIEHTpaIlist ckiagae menme 5%). Ile
MiATBEpKYE 3po0iieHe HaMu paHille MPHUITYLIIeHHS
IIOJI0 BIJICYTHOCTI Ha IOBepXHI mopysaroro ¢ochimay
1HIF0 OKCUIB.

Ha puc 5 ta y Tabnuni 4 HaBeneHO XiMIUYHHN CKiIa[
PO3BHHEHOI (30BHILIHBOI Ta BHYTPINIHKOI) [TOBEPXHI
nopysaroro mapy n-GaP.

Buxonmsun 3 pe3ynbraTiB  XIMIYHOrO  aHaji3y
nopyBaroro N-GaP, MoxnHa CcTBepIKyBaTH, WIO
MOBEPXHS MPAaKTHYHO HE MICTHTh 3aJMIIKIB KHCHIO, a,
OTOX, 1 OKCHIIB raiito ta ¢ocdopy, a TAKOK OKCHIIB
iHIMX AoMimok. Ha moBepxHi BiACYTHIH Takox ¢TOp.
OT1xe, BOJHEBO-TAJIONEHHUH pO34uH, SIKUH
BUKOPHCTOBYBAJIM JJIsi CTBOPEHHSI IIOPYBAaTHX CTPYKTYP,
HE 3aJIMIIa€ IICIsS TPABIEHHS 3QJIMIIKOBHUX IPOIYKTIB
peakuii Ta okcuziB. IlepeOynoBu rpaTku Ta YTBOpPEHHS
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IHIIUX CIOJYK TIPU aHOJHOMY €JIEKTPOJIITHIYHOMY
TpaBienni pocdinis rpymu A®B° B TpaBHHKAX Ha OCHOBI
TUIABUKOBOI KHCIIOTH, HE BUSIBJICHO, IO CIHIBIaJae 3
pesyabratamu [3, 14].

SIknio mpoaHai3yBaTH BiJICOTKOBY moio dochopy
Ta rajiil0 Ha NOBepXHI 3pa3kiB mopyBaroro N-GaP, To
MO)KHA TOOAYUTH, MO0 CTEXIOMETPis 3pa3ka 3HAYHO
3MinieHa y Oik Ha UMKy rainito. Lle Moxe cBiauuTH mpo
Te, IO MijJ 4Yac TpaBjJE€HHS Yy pO3YMHI eTaHoly i
TUIAaBUKOBOI KHUCJIOTH INBUJIIE TPAaBHUThCS IiArpaTKa
¢dochopy. IMoTpiOHO TakoXK BpPaxOBYBATH CKOMUYCHHS
aTOMIB TaJTifo B3JI0BXK Kpuctanorpadignoi oci [111].

2.2. HepiBHomipuicTh po3nogity mop
noBepxHi | NP,

[lix wac tpaBnenus ¢ocdiny iHOIS Ha MOBEPXHI
3’ IBUITUCS KOHIIEHTPUYHI KiJbIS — TEMHI U CBITJI CMYTH,
puc.6. 3a  JOMOMOrOI0  CKaHYIOYOi  EJIEKTPOHHOI
mikpockorii (CEM) Baamocst BCTAHOBHTH, IO TEMHI
CMYrH — IIe Micus OUTBII MIIJIBHOTO CKYIMYEHHS II0p.
Bcepenuni CBITIMX CMyr TOpUM TeX HasBHI, aje ix
KUJIbKICTh 3HauHO MeHma. [losBa Kijeup, Ha Hamly
JIyMKY, TIOB’ s3aHa 3 TEXHOJIOTI€I0 OTPUMAaHHS KPUCTaIIiB
INP, sxi Oynu BupomieHi 3a MeTogoM YoXpaibChKOro.
CMyracta HEOIHOPIJHICT PO3MOALTY KOMIOHEHTIB —
Iy)ke  IOUIMpeHe  sBUIE  NPU  BUPOLIYBaHHI
MOHOKPHCTAJIIB 32 MeTo1oM H0XpasbChKOro.

Ha
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[TOHATTS «CMyYracToCTi» BimoOpakae KapTUHY B
MIPOKOJILHOMY Tiepepi3i kpucrary. Hacnipasai, BiAnoBiaHi
00J1aCcTi MPOCTUPAIOTHCS MApaNENbFHO B JIBOX BUMipax B
3aJIOKHOCTI BiJl CIOCOOY BHPOIIYBaHHS, TEMIIEPaTypH,
NPOLIECIB  MEpeHOCy, IMBHIKOCTEH o0epTaHHS Ta
BUTATYBaHHA Kpucramy tomo [15]. Cwmyracricts
TIOBsI3aHa, B MEPULY Yepry, 3 NPYKHUMH JaJIeKOAiI0YMMHU
MEXaHIYHUMH HAMNPYXKECHHAMH, [0 BHHHUKAIOTH MIX
posrmaBoM i TBepmor  (asoro  kpucramy  [16].
JxepenaMu 1MX HAmpy)KeHb € TaKOX  0OO0JIacTi
KOMITO3HLIIHOT Ta CTPYKTYPHOI HEOJHOPIAHOCTI — CMYTH
cerperarfii JJOMIlIOK i CKyITYeHHs IeeKTiB KpucTaaiaHol
TpaTKH. Kommo3zuiiiiga HEOJHOPITHICTB, 1o
NPOSIBISIETBCS. Y BUIVIAJL  CYTTEBHX  KOJHMBaHb
KOHIICHTpAIlii JOMIIIKKH B CMyrax cerperaiii, BU3UBA€
MOSIBY ~ JIUCIIOKAIi  TpaTkd.  3HIKEHHA  PiBHA

TEPMONPYKHUX HAMNPYKCHb IMOCTIA0II0E AKTUBHICTD
T IBUIIYE

JDKepen  JUCIOoKallid  Ta OITHOPITHICTH

0 2 4
lonHEa wkana 5331 uan Kvpéop: 0.000

Puc. 5. XimiuHuii ckimajJ HOpyBaTHX
orpuMaHHuit MeTogoM EDAXA4.

3paskiB  GaP,

Taomuus 4
XiMiuHHA CKJIaJ MOBEepXHi mopysaToro N-GaP

Criextp O F P Ga Pazom
Cymapnuit | 0.68 | 0.14 | 30.64 | 68.54 | 100.00
CIEKTP

PO3IIOALTY IOMILIIKH B 00’ €M1 KPHUCTAITY.

Crij 3a3HAYMTH, IO CMYTacTICTh HE 3aBXKIM JIETKO
criocrepiratd, ToMy ii MOXXHa HE IIOMITHUTH. AHOJAHE
CJIEKTPOJITUYHE  TpaBJIEHHS MOHOKpucTany InP mano
TaKy MOXJMBICTH — KUJIbLS MOXHa Io0auutu 0e3
JOMIOMOTH ~ MIKpOocKory — (IIHpHHA CMYTd  CKJIQJA€E
npubm3ao 100 Mk), puc.l Ta 6.

2.3. Mopdonoris mopyBatux 3pa3kiB | NP ta GaP

2.3.1. Ilopysari 3pa3ku | nP

Puc. 7a,06 nemoHCTpye (parMeHT IOBEpXHi
mopysaToro 3paska N-INP, 3 skoro  4iTKO BHIHO
MICIIENIOJIOXKEHHST YTBOpeHHs siep nop. Kpai mop tpoxu
po3TArHyTi B rutomuHi (111).

CriBCTaBJICHHS 3 BiJJOMUMHU JIiITEPATYPHUMH JTaHUMHU
[1,3,17] cBimuute mpo Te, mio anionu (iomum F)
BiJIirpafoTh BHpINIANBHY poib B (opmyBanni mop (ix
dopmu, Jiamerpy, TIMOWHH, TONOXEHHS TOIIO).

318

Puc. 6. 3o00paxxenHs mnoBepxHi mopysatoro nN-INP
micns tpaBieHHs B po3unni HF: H,O: C,HsOH=1:1:2.

o

. T & —
1pm 0632 40941 SEI

0636 09 41 SEI

1um

X15,000

0)
Puc. 7. 3o0paxenns moBepxHi (a) ta ckomy (0)
mopysatoro mapy INP, oTpuMaHi 3 BHUKOPHUCTaHHSIM
CEM.

Posmonin miineHOCTI MOp 1 MICHENONOKEHHS  sIep
YTBOPEHHS IOp IyXe HEPIBHOMIPHHH, CIIOCTEpIraeThest
cyrreBa  HeroMoreHHicte  [18].  TloBepxus €
Me3omopuctoro (miamerp mop ckiagae Big 100 mo 600
HM). MOXHa MOMITHTH, IO SK B IUIOMIMHI MTOBEPXHi
(111), Tak i BrumO 3paska (B3moBXk KpucTamorpadidHol
oci [111]) mopu MNpPaKkTHYHO HE MAIOTh BHJIJIEHOT'O
HampsIMKY pocty (koima Ha moBepxHi Ta chepuuni
CErMEHTH, 1[0 CTBOPIOIOTH TYIHKH B ITOpPaX B HAIPSIMKY
pocty), 110 B OUIBIIIH Mipi TPOSIBISIETHCS IPU TPABJICHHI
TIOBEpPXHi, HA Ky BUXOISATH €JIEMEHTH TPEThOi IPyNH —
(111)B noBepxwi [19].

[lpn BHBYEHHI MIKPOCTPYKTYp NOpYBAaTHUX IIapiB
Iy)K€ 4YacTO BHSBIAETbCA 3arajibHa  JUIS  BCIX
HamiBnpoBiguukoBux  crmomyk  A®B®  ocoGmuBicTh
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MOPOYTBOPEHHS, 110  BUPa3HO  BWSBJSIETHCA Y
BU3HAUYEHOMY JUIA KOXKHOTO 3 MarepiaiiB [iana3oHi
CKJIaJiB €JIEKTPOJITIB 1 €NeKTPUYHMUX HAIpYr 3CyBY Ta
CTpPyMiB, YaciB TpaBJieHHs i cTaHy moBepxHi [1, 14, 18].
[liexo O0COONMMBICTIO € HErOMOreHHE B IUIONIUHI 3
KpHcTanorpadigyHoro opieHTali€e0 [117]
posnoBctomkenas mop  (puc.  7,0). Ilopm, 1m0
PO3BUBAIOTHCSL Y KpHcTajorpadiuaux Hampsmax [111],
MaloTh MPAKTHYHO CHUMETPUYHHN  (OJIM3bKUHA 10
KOJIOBOT'0) MOIMEPEYHUIA TIEPETHH.

IMopyBari mapu 3 BHpPaXEHOI BIJIMO 3pa3ka
aHI30TPOITHOIO CTPYKTYPOI (POPMYIOTHCS MOpPaMH, IO
PO3IIOBCIOIKYIOTHCS Bifl TOBEPXHI 1 TIIKYIOTBCS B 00'€Mi
MEepPEeBaXXHO B3JI0BXK Kpuctanorpadignoi oci [111] mo
HanpsiMax A abo B. I'nmmbuna mop 3amexuTh BiX
nedexTHoOCTI Martepiany B Miclsx (opMyBaHHS IIOp.
3arpaBKaMU [Op CIYI'YIOTh AUCIIOKAIi, 10 € JpPKepeslaMu
NPY)KHAX  MEXaHIYHUX  HalpyKeHb, MOPOKYIOUH
HABKOJIO cebe mpyxHi aedopmartii.

IMpyxHi B3aeMomii BHXIJHMX JAWCIOKAlN 3
TOYKOBUMH  Ae(EKTaMHU  KPUCTAIIIYHOI  CTPYKTYpH
MIPUBOAATH /IO IIJABHIIEHHS KOHIEHTPAIl OCTaTOYHHX
nedekTiB modau3y Oci JAMCIIOKALii i CTBOPEHHS XMapKu
Kotpenia. Bigomo, 1o auciokaiiii CyTTeEBO BILIMBAIOTH
Ha  MEXaHI4HI  BJIACTUBOCTI  KPHUCTANIB  3aBJSKH
MOPYILIEHHIO PETYISPHOCTI KPUCTANIIYHOI TPAaTKU B spi
mucnokanii. Taka cuTyallisi IPU3BOJAUTE JIO 3MEHILIECHHS
BHYTPIIIHBOI €HEpPril KpUCTally, a OTOXK, 1 10 OCIa0IeHHS
XIMIYHOT CTIHKOCTI PEYOBMHU B sIpi IUCIOKamii Ta
MoOIM3Y HBOTO; TIPH IIbOMY, JIESIKi peareHTH CTBOPIOIOTh
SIMKU TpaBjieHHs. [Ipu TpaBneHHi MoHOKpucTaniB N-INP
B3I0BXK Kpucranorpadignoi oci [111] cmocrepiranmacs
TEHJEHISl 10 TpYINyBaHHS TIOp y CHUMETPUYHI
CKOITMYEHHSI HaBKOJIO 3apOJKOBHX IOp, IO BHHHKIHU
panimie i moB's3ani 3 BuxomoM Ha (111) moBepxHIO
JIMCITOKAITiH Ta Mikpo- 1 HaHOTpinmH [1-3, 14, 18, 19].

[Ipn BUKOpUCTOBYBaHHI €JIEKTPOJITIB, IO MICTATh
aHIOHM OJIHOTO COpTY, BHUIUICHUMH HaIpsSMaMu
pO3MOBCIOMKEHH  (MYIbTUIUTIKALT) TOp  3aBXKIH
BUSIBISIIOThCsL moBepxHs (111)B, ¢dopmysanus mop B
IUTOIIMHI SKOi € CHePreTHYHO OUIBIIT BUTINHUM. B Toli ke
Yac IHTEHCHBHICTh PO3TaJy)KEHHs MOp IiJ| OBEPXHEIO
I IBUIIYETHCS, IO MPUBOIUTH 10 MIBUAKOTO HAPOCTAHHS
iX TYCTHHH 13 30UTBIICHHAM TJTHOWHH MTOPYBATOrO APy
(MB. MOPOXXHUHU B TNIHOWHI 3pa3ka, puc.70).

Ha puc. 8. mpencraBieHo 300pakeHHS PO3KOIY
mopysaTtoro 3paska Nn-InP, Ha sAxoMy MOkHa
CriocTepiraTd  BUXi[ ~ JAUCIOKAWii IiJ  THOBEpXHIO
kpuctany. Taki BemuKi JMCIIOKaIii 3ycTpidaroThCsl B
KpHCTajax He JYKe 4YacTo, aje BOHH MOXYTb CYTTEBO
BIUIMBATH Ha BJIACTUBOCTI K BHXIJIHUX KPUCTAJIB, TaK 1
TOpyBaTUX CHOJYK, OTpUMaHUX METOJIOM
CJIEKTPOJITUYHOTO TpaBJICHHS. Y JaHOMY BUIAAKY
CEeJIEKTUBHE TPABIICHHS 3pa3Ka Jajo 3MOr'y CIOCTepiraTu
uei oommpHuil cTpykTypHuit aedext. Ciif 3ayBaxkuTH,
III0 METOJM CIIOCTEPEKEHHS JUCIOKAI MOKa3yloTh He
camy JIMCIIOKAIli0, @ CIOTBOPEHHST KPUCTATIYHOIX TPaTKU
nooau3y Hel.

Micue BHXOMy JMCIIOKalii Ha MMOBEPXHIO KPHUCTATY
CITY’KUTh IEHTPOM peakirii pozuntenHs. Temro (Temnora
PO3YMHEHHS), [0 BUAIIAETHCS, CIPUSE iCTOTHOMY
MPUCKOPEHHIO PO3YMHEHHS [IOBEpPXHI camMe B il
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obmacti.  ABTOKaTaJNiTHYHUA  PO3BUTOK  MPOLECY
PO3YMHEHHS  IJCWIIOE  TIEPEBAXHUH  Xapakrep
TpaBJeHHs y oOyacTi BHXOZIB auciokamid. Bee me
NPUBOAMUTH JI0 YTBOPEHHS| Ha TIOBEPXHI KPHUCTATy
HABKOJIO BHXOIYy JUCJIOKAIii Tak 3BaHOI 'SMKH
TpaBJeHHS .

Y psAnl BUMAAKIB Ma€ MicClie €IeKTPOXiMidHa st

o

§

v

0941 SEI
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e 7

5pmi

X3,000

Puc. 8. 3o00paxkenns poskony mopysaroro InP, mro
JNEMOHCTPYE  BHUXiI JWUCIOKAIlli IIiJ] TIOBEPXHIO
JIOCTIIPKYBAHOT'O 3pa3ka

JIOMIIIKOBUX aTOMIB KPHCTaJy Ha IPOLECH PO3YHHEHHS
y 00JacTi BUXOMY IMCIOKAIlii Ha TOBEPXHIO, OCKUIBKH
JIOKaTi3amisi JOMIIIKK 4YacTo 3IIMCHIOETBCS y 00JacTi
miHii  gucnokamii.  Cumerpis  Ta  HEepiOAMYHICTH
aHCaMOJII0 TOp MOBTOPIOE CHUMETPII0 Ta IMEpPioJUYHICTh
JeeKTHOI CTPYKTYpH HaMiBIPOBIJHHUKA, 0 BUHHUKAE Y
HOro MpHUIOBEPXHEBOMY IIApi.

Uucmo SMOK TpaBIIEHHS PO3MIISAAETBHCS K Mipa

IIUTBHOCTI  AMCIOKaIii. Po3paxyHok cepeHbOol
ribHOCTI  ssMOK  TpamienHs ND 3mificHioBaBcs 3a
¢dhopmyoro:

ND=ncp/S,

Iie Ncp — cepemHsl KUTbKICTh AUCITOKAIHAX SMOK B
IOJIi 30py MIKPOCKOIA, S — IUTOIa Mojs 30py, cM2.

PozpaxyHnox IITBHOCTI JTUCITIOKAIII T
JIOCITIJPKYBaHOTO KpHctany ¢ochiny iHIII0 y Miclsax
CKYITYCHHS JUCITOKaIlii (TemMHi cMyru Ha puc.l Ta 6) nas
3gaueHds 2x106cM-2. YV obmacTsax, MEHII 3allOBHEHUX
MOpaMHu IMUIBHICTh JMCIOKALIld CKIIafaia TMPHOIU3HO
104 cm-2.

Leit pe3ynpTat 700pe Y3rOMKYETHCS 3 MACIIOPTHUMHU
JaHHUMH 3paskiB |NP, orpuMaHHMME BiJ BUPOOHHKA
BHUKOPUCTOBYBaHHUX HAITiBIIPOBITHUKIB (koMmmaHist
«Molecular  Technology = GmbH>) HITBHICTH
mucnokamii ckmagae 106 Ta 104 cm-2 y wmicmax
CKYITYEHHS TUCIIOKAIli Ta y 00JacTsIX, A€ KOHLEHTpaLisl
JIMCIIOKALIF 3HAYHO MEHIIIA BIIIIOB1AHO.

VY 3paskax INP mopu B miomuui mosepxHi (111)B
BUHHMKAIOTh Yy BCbOMY  [ialla3oHi  eJNEKTPUYHHX
MOTEeHI[AJIiB  TpaBIICHHS, BIJMIOBIIHMX  YMOBaM
MTOPOYTBOPEHHS, ¥ BCiX (DTOPUIHUX EIEKTPOIITaX.
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2.3.2. Tlopysari 3pa3ku GaP

Ha pwuc.9 mnpoimrocTpoBaHo 300pakeHHs IOBEPXHI
nopyBaroro ¢ocdiny ramiro. BugHo, mo mnopu
po3TaIoBaHi XaoTHYHO; miamerp ix ckiamae (0,5 - 1,5)
MKM. Tako)X ciiJ BiA3HAYWUTH, IO HABKOJIO TIJIMOOKHUX
3apOJIKOBHX ITOP BHHHKAIOTH MEHII TJIMOOKI pamiaibHi
po3TpaBu (OMB. TOHKI CMYTH, IIO BiIXOOSATH Bif IO,
puc.4), sxi opraHizoBaHi Maibke mo kony (4d emimncy).
Tob6To Mae wMiclie pO3TANIYHKCHHS TIOp HABKOJIO
MepBUYHOI (BHXiIHOT) IIOPH, IO [TOB’ A3aHa 3 BUXOIOM Ha
MTOBEPXHIO TUCIIOKAIIII.

2 0.6
&

Puc. 9. 306paxenns nopysartoi mosepxui GaP

—
Puc. 10. CxematnuHe  300pa)KCHHSA  IMPOILECY
YTBOPEHHS  3apOJKOBMX IOp Ta IEPBUHHUX
pO3Traly>KeHb

[MoTpiObHO Bim3HAUMTH, IO GOPMYBaHHS HAHONOP Y
kpemuii Ta Gimapuux cromykax A®B® mpu amomHOMY
€JIeTPONIITHYHOMY TPABJICHHI OOYMOBJICHO CITOHTAHHHM
(bopMyBaHHIM CKJIaJHOI IIPOCTOPOBOI CTPYKTYpH (SBHIIE
caMooprasizariii B HemiHiiHNX cuctemax [1,2]).

VYTBOpeHHSI 1 MYNBTHIUIMKAIsl 1Op OOYMOBIIEHI
MPOTIKaHHSAM HACTYITHHX IPOLECIB.

a) Ha mepmmx eramax TpaBlCHHS  [OYHHAIOTH
(opMyBaTHcs spa MOp Ha TTOBEPXHI MOHOKPUCTATIYHUX
conyk A®B®, mopm 3apomKyloThCA B THX MiCIUIX
MOBEPXHI, SKi MaloTh HAWOLIBIY Ae()EeKTHICTh, IO, 3
HAIIOI TOYKHU 30pYy, OOYMOBIIEHO BUXOJIOM Ha TIOBEPXHIO
JUCIIOKAIlid, BHUTPABIEHHS SIKUX € EHEePreTUYHO
HANOIIBII BUTITHAM IPOIIECOM.

6) Ilicns JOCATHEHHS BHM3HAYCHOI IIUTBHOCTI ITOp
(o MOB'sA3aHO 3 KOHIIEHTpAI€0 Ta e(EKTHBHICTIO
BUXIJHAX JHUCJIOKAIlii) Ha TOBEPXHi, MMOYHHAETHCS
TpaBJeHHsI 00 €My MOHOKPHCTaNy. NPOHHKHEHHS II0p
BIJIMO KPUCTATYy.

B) HacTynHuM eTanom € mpoTpaBiiCHHs MEPBUHHUX
pO3raly/keHb, pyX SKUX 3IIHCHIOETHCS B IUIOLIMHI
moBepxHi (111) y HampsMax, B SKHX 3B'S3KH MiX
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aToMaMHM IocnabieHi, 3 OpraHi3alli€l0 BTOPUHHHX ITOp
[meprnenaukyaspaux moBepxHi (111)] y THX MicIsx
wromuan (111), e MarTh Miclie SKICh iHIN MEHIII
cepiio3Hi (y MOPIBHAHHI 3 JWCIOKAILISAMH) TOPYIICHHS
KPHUCTAJIYHOI CTPYKTYpH, Y SKHX TpaTka TaKoX
nocnabieHa 1 crocTepiraeThest O1IbII MTHOOKUH MIHIMYM
BIJIbHOI €HEpril CUCTEMH.

r) IToTiM MOSIBISIETECSI HACTYIIHE PO3TANYIKCHHS 3
YTBOPEHHSIM TOHKHMX CTIHOK MDK IOpamMH, TOOTO Mae
MiCIle TPYIYBaHHS CHMETPHUYHOTO CKOIIMYEHHS ITOp
HaBKPYrd  3apOJKOYTBOPIOIOYMX  ITOYATKOBHX  IIOP.
[pouec TpaBieHHS B 00’ €eMi KpUCTaLy 3/1iHCHIOETHCS TI0
BCIX HampsiMax, y sSKUX BHUKOHYETbCS YMOBa MiHIMyMY
BIJILHOI €HEprii CUCTEMH, Yy BUIJISIIII KOPEHEBOI CHCTEMH
[5].

n) Y pe3ymbTaTi HABKPYIH KOXHOTO  spa,
TIOBSI3aHOTO 3 3aPOJIKOBOIO JMCIIOKAII€I0, YTBOPIOETHCS
BEIUMKa KIUIBKICTh TIOp, IO PO3IMOBCIOJUKYIOTBCS Y
HAMPSAMKY, TepreHmukymsapHomy mo (111) moBepxHi
3paska, puc. 10. Buxonsuu 3 1poro, MoxxHa IpUITyCTUTH,
0 MeXa po3aily MDK TOpyBaTHM IIapoM 1
MOHOKPHCTAJIOM Oy/e CKIAAaTHCS i3 BEIUKOI KiJIBKOCTI
HamiBc(epUYHHUX  TOBEPXOHb, 10 pPO3MilleHI Ha
HEBEJIUKINA BiJCTaHl OJHA Bij 1HIIOI, TOOTO BUHHUKAE
Maibke IUIocka Mexa po3ainy. LlinmpHicTs Takux
KOHLIEHTPUYHUX TIOp JOBOJIi BEJMKA, 1 TOMY CTIiHKH,
KOTpi BIIAUISIOTH TX ONHY Bijg iHIIOI Xy)ke TOHKI. Takum
YHHOM, B ITPOLIEC] TPABJICHHS AESKi 3 IIUX CTIHOK MOXKYTh
pyiiHyBaTucs B  pe3ydbTaTi MiJIBUIIEHOTO  TUCKY
BcepenuHi nop. [{luM MoOXKHa TOSCHHUTH MOSBY 3HAYHHX
PO3TpaBiB HABKOJIO JICAKHX siCp IOp HAa MOBEpXHi (IUB.
BEJMKI PO3TpaBH Ha MOBEPXHI Ta BCEPEIWHI KPHCTAIY,
puc. 9).

€) 3ymuHKa TMpolecy TpaBiIeHHS Ha  craii
NPOHUKHEHHsI MEPBMHHUX IIOp BIJIMO  KpHCTaly,
JIO3BOJISIE  BM3HAYMTH MICISl BHXOJAY JHUCIOKaliii Ha
TIOBEPXHIO, MOYATKOBY AE(PEKTHICTH MOHOKpPHUCTANY, Ta
LIUTBHICTh AMCIIOKALif. 3BUYAaWHO, MpPU HBOMY iHIII
(30xpema, 30BHIIIHI) (AKTOPU MOPOYTBOPEHHS MOBHHHI
OyTH He3MIHHUMH (3aCTabiTi30BaHUMHU).

BucHoBku

Ha ocHOBI mpoBemeHMX  JOCHI[DKEHb  OYI0
BCTaHOBJICHO, IO AHOJHE EJIEKTPONIITHYHE TPABIICHHS
MOBEepXHI  MOHOKpucTamiyHoro GaP B po3uwmHi

HF:.C,HsOH mpu3BoauTh 10 YTBOpEHHS XaOTUYHO
PO3TaIIOBAaHHX IOp, JiaMEeTp SIKHX JISKUTh y MeXaXx Bif
IecaTKiB  HaHoMeTpiB g0 1,5 wmkm. [ocmimkeHo
MOp(OJIOTif0 MOPYBaTOr0 IMIapy 1 IOKa3aHo, IO B
pe3yNbTaTi TPaBIIEHHS! YTBOPIOETHCS CKJIaIHA CTPYKTYpa
TIOp, SIKa Harajye KOpEHEBY PO3rajy/IKeHy CHCTEMY.
Po3pobneHo TEXHONOriI0 OTPUMAaHHS IIOPYBaTHX
mapiB NP, nocnimkeno Mopdoorito Ta XiMiYHHAHN cKi1a]
MOBEpXHi. BcTaHOBIEHO, 110 NIUIBHICTH BXIJJHUX OTBOPIB
TOp, TAKOX SIK 1 CTYHiHb MOPYBATOCTI MaKPOCKOMIYHO
OJTHOPIZIHUX MOPYBATUX HIAPIB BAPIIOIOTHCS Y IIHPOKOMY
Jiama3oHi BENMYMH B 3aJ@KHOCTI Bl Marepiamy
HAITiBIIPOBI/IHHKA, opieHTalii  TOBepXHi, piBHS
JIETYBaHHS, TUITY TIPUCYTHIX B PO3YMHI aHIOHIB Ta YMOB
aHoxyBanHs. [lmomni, 3aiHATI OTBOpaMHu IOp, MOXYTh
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CKJIaZIaTH JI0 JIEKUIBKOX JECSTKIB BiJCOTKIB BiJ| ILIOII GaP, mo obymoBieHi BuxomoM auciokarid Ha (111)
MOYaTKOBOI ITOBEPXHI. MIOBEPXHIO Ta POCTOM TIOp SIK B3JIOBX ITOBEPXHi, TaK i
HeoxnopimHicTh y po3monini HOp IO TOBEPXHI MePIEHAUKYIAPHO Ti.
3paska INP mosicHeHa 3 TOYKM 30py HasBHOCTI neeKTiB OriHKa XIMIYHOTO CKJIQAy IOBEpXHI IIOpYBaTHX
Ha IOBEPXHI BUXIJHOIO MOHOKpPHUCTalIy Ta HasBHOCTI mapiB INP ta GaP nokazasa, 1o nopu He 3aNOBHIOIOTHCS
TEPMONPY)KHHUX HANpyXeHb. BHABICHO CMyracricth €NIEKTPONITOM;  KOMIIOHEHTHHH  CKJIaJ  TIOBEPXHi
CTPYKTYpH, sIKa 00yMOBJIEHa OCOOJIMBOCTAMH TEXHOJIOTIT MOPYBATOr0 MaTepially CKJIaAaloTh IPOAYKTH HEOBHOTO
BUpOIIYBaHHS MOHOKpHUcTamiB. lle cramo MOXIMBHM OKHCIJIEHHSI MaTepially HalliBIIPOBiIHHUKA, 110 BUHUKAIOTh
3aBISIKM aHOJHOMY EJIEKTPOJITHYHOMY TpAaBJICHHIO, B IpY HOr0 B3a€EMOIiT 3 10HAMHU PO3YHHY.
pe3yabTaTi SKOrO TIOPH TPOPOCIH  B3JOBX  JIHIHN
cerperamiii JTOMIIIOK - 0OJacTedl KOMITO3MIIAHOI Ta Aemopu  eupadicaromv  0AUHICMbL  KOMNAHIL
CTPYKTYPHOI HEOHOPITHOCTI. «Molecular Technology GmbH» 3a wnaodani 3pasku
[lpu BUBYEHHI MIKpO-, HAHOCTPYKTYp IIOPYBaTHX MoHOKpucmaniunozo ¢oc@ioy indilo ma bypxoseyvkomy
apis YCTaHOBJICHO 0COOJTUBOCTI MEXaHi3MiB B. i Cwmonsxosy O. 3a oOonomozy 6 nposeoeHHi
MIOPOYTBOPEHHS IS TOCHIDKYBaHUX 3paskiB N-INP Ta n- eKCnepuUMeHmis.
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I nfluence of Dislocations on the Pores Formation in N-Inp Ta N-Gap Single
Crystals Treated in Etching Solutions on the Base of Hf
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Experimental investigations of morphology, structure, X-ray and e-beam diffraction and chemical composition
of porous InP ta GaP samples of n-type, obtained with the use of anodic electrolytic etching of (111)-surface of
single crystals in halogen fluorine eectrolytes were carried out. The co-relaions between dislocation density of
single crystals and concentration of the created pores were established and the role of dislocations in the pores
creation was determined. Mechanisms of the formation and multiplication of the pores in the investigated samples
were proposed.
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