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[opucti  HamiBmpoBimHukoBi  Mmarepiamn  A’B’
«mmepednu 3 po3psAdy J1abopaTOpHOTO KypiHo3zy B
MpeaMeT cepiio3Horo HaykoBoro mociiukeHHs» (Helmut
Foll) B ocrauni 10-15 pokiB, BXKe MmiCIs IIHPOKOTO
PO3IOBCIOKEHHSI IIOPUCTOI0 KpeMHiro. 3a Lei yac OyB
JOCSTHYTHH 3HAuHMH IPOrpec, BHSBJIEHI TakKi LiKaBi
eheKTH K, HANPWKIAA, 3HAYHE  IIJBHIICHHS
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Ta ynbpTpadioneToBii 00MaACTIX CHIEKTpa, 30UIbIICHHS B
CTO pa3iB IHTEHCUBHOCTI Jpyroi rapMmoHiku. Llei ormspn
MIPUCBSIYEHO 0COOJINBOCTSIM HOPUCTHUX mapis
namisnposinaukis A’B’ (GaP, GaAs, InP), crBopennx
METOJIOM €JIEKTPOXIMIYHOTO TPABJICHHS, OCKUIBKH caMe
e MeTox € HalOUIbII YXKMBaHUM Ta PO3BUHEHHM.
OcHOBHY yBary B po0OoTi npuaiieHo ABOM acrekram. Lle,
mo-TiepIie, MOCTIKEHHS MOp(OIorii Ta CTPYKTYpH
MOPUCTHX IMAapiB HA PI3HUX Marepiajax, MEXaHi3MH
HOPOYTBOPEHHS, 3B’S30K OCHOBHHUX YMOB
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TEXHOJIOTIYHOTO TPOIECY eNEKTPOXiMIYHOTO (aHOTHOTO)
TpaBICHHA 31 CTPYKTYpOIO IOPUCTHX IIApiB, MPHKIAIH
camoopraHizamii B Takux cucreMax. B mapyriii gacTtuHi
PO3TIIAHYTI ONTHYHI BIACTHBOCTI TOPHUCTHX IIapiB
(poromrominectieHIis, KOMOIHaIiitHe PO3CisHHS,
CICKTpH BimOuWBaHHs B ganekiii [Y obOmacti, HemiHiiHI
BJACTUBOCTI Ta 1H.), MPOAHAJI30BaHO aJICKBATHICTh
MoOJieNiell TOPHCTHX CEepPEelOBHIL Ta 3alpOIOHOBAHUX
(GI3UYHMX MEXaHI3MIB JUIS OIMCY CIIOCTEPEKYBAaHUX
SIBUIIL.

[IpocToTa Ta nmemeBH3HA ENEKTPOXIMITHOTO METOIY
OTPUMAaHHS TOPUCTUX MIAPIB Ta MOXKJIMBICTh KEPYBaHHS
BIACTUBOCTAMHM  IIUX  IIapiB, 3MIHIOIOUH  PEKUM
eIeKTPOXIMIYHOTO  TpPaBJCHHSA, pOOIATH iX myxke
MPUBAOIMBUMH 00’ €KTAMH SIK JJIS TOCIIIKEHD (Pi3UUHUX
SBUIl B MIKpPO- Ta HAHOCTPYKTypax, Tak 1 JJist
NOAAJBUIOT0 MPAaKTHYHOTO 3aCTOCYBaHHS, 30KpemMa B
OIITOCNIEKTPOHIlI Ta QoToHiui. Bubip TpaBHUKIB s
MatepianiB III-V € nocuTh MHpOKUM, 1€ BOJHI PO3YUHH
KHCIIOT, COJIed Ta JIyriB, 3 J00AaBKOIO IHIIMX IOJIIPHUX
po3unHHMKIB. IIIMpOKO  BHUKOPHCTOBYIOTHCS  BOJHI
PO3YMHH KHCJIOT 3 YYacTIO0 €TaHOJY, a B3araji IMOpPHUCTi
LIapH HaiBIPOBiaHKKIB A B’ MOXHA OTpUMATH HABITH y
BOJHOMY PO3YHHI KyXOHHOI coii, 200 0e3 yJacTi BOoIu, B
TpaBHUKaX HAa OCHOBiI amifiB, CIUPTIB, HAIMPHUKIAI,
TpaBlieHHA B pinkomy amiaky. Ilopu B MaTepiamax A’B’
MOXYTh MaTH pi3HOMaHITHI (GopMu, ane iX MOXKHA
HNOAUIMTH Ha JBI TPYIH: HOPHU , LIO POCTYTh B3JIOBXK
BUOpaHUX KpucTanorpadivyHUX HAIpsSIMKIB Ta MOpPH,
opieHTOBaHi 3a CTpyMOM. Bike po3poOieHi pexuMu
TPaBJICHHS, L0 JO3BOJISIIOTH CTBOPIOBATH OJHOPIJIHI IO
IUIOIIMHI ~ TOPHCTI  MIapW  TOBIIMHOIO  JIECSITKU
MIKPOMETPIB 3 BIIOPSIKOBAHUMH HapaleIbHIMHU MTOPaMH
— npaktuano 3D dotonHi kpucTam!

Jns mopucTHX TIapiB  CHOCTepirajiocs 3Ha4YHE
30UIBIICHHS  IHTEHCHBHOCTI  (DOTOJIFOMIHECHEHII Y
BHINMIH 007acTi, 3CyB CMyT, IPUPOAA IIFOTO SBHIIA JIO
KiHIs He 3’sicoBaHa. [lopuctiM Marepiamam A’B°, siki €
NOJSIPHAMH  CIIOJIyKaMH Ha BIAMIHY B KpEMHIlO,
NpUTaMaHHi  0coOJIMBOCTI B (DOHOHHOMY  CIEKTDI,
HaIpUKJIa], TOB’A3aHi 31 30y/KeHHsI TIOBEPXHEBUX MOJ
@promixa. BOHM  NpOSABIAIOTBCI B CHEKTpax
koMmOinaniitnoro poscisaas  (KP) Tta cmekrpax [4
BinOuBaHHA. HasBHICTH mNOp MPU3BOIUTH JO 3CYBY
XapaKTEepPHUX YacTOT, PO3IIMPEHHS CMYT, MOSBH HOBHUX
Mox, 3MiHM iHTeHcuBHOCTI cmyr KP Ta mopymenss
MpaBWJ BiZOOPY AN HUX, MIO TPU3BOAUTH N0 PI3KUX
3MiH caMoro crnekTtpa PamaHiBcbkoro poscisHus. Jlms
orucy MTOPUCTUX (HAaHOKOMITO3UTHHX ) mapiB
3aMpOTNIOHOBAHI MOJeN e()EeKTUBHOTO CEPEIOBHINE, SIK
i3oTponHi, Tak 1 aHi3orponHi. EkcnepumeHTanbHO
JIOBE/ICHO HAasBHICTh ONTHYHOI aHi30TPOMii MOPUCTUX
mapiB, MO  BIIKPUBAE  IIHUPOKI  MOXKIHMBOCTI
BHUKOPHMCTAaHHS y HENIHIMHINA oNTHII KyOIYHUX KpHCTalliB
GaP, GaAs, InP, ski xapakTepu3yrOThCS 3HAYHOIO
OIITHYHOIO HEJHIHHICTIO.

3anpornoHOBaHO 3aCTOCYBAaHHS MOPUCTUX INApPiB K
MMPOMDKHUX IHMapiB, Tak 3BaHOI M KO mimkimanmkd (soft
substrate), B TEXHOJIOTI] €MmiTaKCiaJIbHOTO BHUPOIIYBaHHS
0araTomapoBUX HAMIBIOPOBIAHUKOBUX CTPYKTYp JUIA
YCYHEHHS HETaTHBHOTO BIIJIMBY BEJIMKOI PI3HMII CTalMX
KPHUCTAJIUYHOI TIpaTKM CKJI3JA0BUX  MaTepiajiB  Ta
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KoeimieHTiB  TepMmiuHoro  posmmpeHHs.  Ontudsi
BracTHBOCTI mopuctux miapie A’B’ poGmarte ix Ta
HAaHOKOMITO3UTH Ha iXHI OCHOBI TEPCIEKTUBHUMH
MaTepiasaMi Ui 3aCTOCYBaHHSA B ONTOEJIEKTPOHII,
ceHcopuili, POTOHIIT.

I. TexHoJiorisi eJIeKTPOXIMIYHOI0
TPaBJICHHS
Hattnommpeninmm criocobom BHUTOTOBJICHHS
MOPUCTAX  HATPIBIPOBIOTHUKIB €  EIEKTPOXiMidHe

TpaBneHHA. lle BIZTHOCHO TpoCTHii 1 AEHmIeBHA METO.
ITopucti 1mapu HAa TOBEPXHI  HaMiBIPOBIIHUKIB
CTBOPIOIOTECSI B E€JIEKTPOXIMIYHUX KOMIpKax 3 Tpboma
abo yotupma enexrpoaamu [1-3]. Ha puc. 1 300paxena

MoTeHuiocTaT

1
#
’I’I

al j 2
:

3 5
4

Puc.1. CxematnuyHe 300paXeHHsS CTaHIAPTHOI

TPHOXENEKTPOAHOI KOMipKH. | — pobounii enexrpon; 2
— HaIBIIPOBITHUK; 3 — IPOTHEIEKTPOX; 4 — EIEKTPOA
MOPIBHSIHHS; 5 — €JEKTPOITIT.

TPBOXENEKTPOAHA KOMIpKa, Ky BHKOPHUCTOBYIOTH IIpH
BUTOTOBJICHHI MMOPUCTHUX HAIIBIPOBIIHHUKIB, KOJIH 3Pa30K
2 KpimuThes 10 pobodoro enekrpona 1. Konrpemekrpon
3 3aMuKae ENeKTPUYHE KOJIO Yepe3 IOTEHIIOCTaT.
Enexktpon mopiBHAHHS 4  BUKOPHUCTOBYETBHCS LIS
KOHTPOJIIO IMOTEHITiaTy pOO0YOTo eNeKTPOIa.

Ilepen moyaTkoM aHOAHOTO TPABICHHS IOBEPXHIO
3pa3KiB pETEeHbHO OYHIIYIOTh: 3HEKHUPIOIOTh B AllETOH,
i30Mpomnanoii a0 MeTaHOJi, MUIOTh B JUCTHILOBAHIN
BOJli. BUroTOBIIEHHS TOPUCTUX IIApiB BiAOYyBaeThCs abo
NPy TOCTIHHIM Hampy3i (MOTEHLIOCTAaTUYHUI DPEXuM),
abo npH TOCTIHHOMY CTpyMi (TalbBaHOCTATHYHHUI
pexxum), mo 3abe3neuyerbesi noTeHniocraroM. Ilponec
MOPOYTBOPEHHS MOXK€ BigOyBaTHCS B  JOCTaTHbHO
IIUPOKOMY IHTEpBaJi IHX BENWYHH (TyCTHHA CTPyMY,
Hampyra). EkcrepuMeHTanbHI BOJBTAMIEPHI KPHUBI i
TEOPETHYHHH  PO3PaxyHOK TIOKa3yloTh, IO MOPH
YTBOPIOIOTBCA HE MPH OyIb-AKii Hampys3i, a TOYHHAIOYH
3 JESIKOTO i KPUTUYHOTO 3HAYEHHS, 3a3BUYal MOPIr
MOPOYTBOPEHHSI CTAHOBUTH MOPSIAKY HEKIIBKOX BOJIBT.
TpaBHMKH, TEXHOJIOTIYHI YMOBH IMPOLECY TPaBJICHHS, Ta

XapaKTepUCTHKA  OTPUMAaHHMX  MOPUCTHX  MIapiB
npejcTaBieHi B Taba. 1.
OkpiM aHOZHOTO TpaBJCHHA [l CTBOPCHHS

NOpHCTHX cronyk A’B’ BUKOPHCTOBYIOTh TaKOX i iHIi
MeToaH. 30KpeMa, 3a JJOMTOMOTOK XiMIYHO aKTUBHOL
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Taoauna 1

EnexTpomiTi Ta peXXuMH aHOZHOTO TPABJICHHS CHOIYK A’B

Marepiain TpaBHUK I'yctuna ctpymy abo Yac, xB. Tumn mop, opieHTaris
Hampyra
GaAs HCI j=5—85MAlcM’ Bix 1 Kpucranorpadiuna [2.4,5]
U=3-7B 10 PosopienroBani [6,7,8,9]
j =50 mA/cm’ 20 Posopierrosani [10]
HF j=4-100 MA/cM” 0,25 - 60 | Po3opienroBani [11-17]
H,SO, j =20 MA/cMm’ 5 Po3zopienroBani [18]
GaP HF j=10—80 MA/cM’ 3-10 Po3zopierroBani [19-21]
j =20 mA/em’ 10— 60 Kpucranorpadiyna [22]
H,SO, j=4-60 MA/cm® 10 - 60 PoszopienrtoBani [17,23,24]
j=1MA/cM’ 240 Kpucranorpadiyna [25]
j= 100 MA/cM” 30 OpienToBaHi 3a ctpyMoM [25]
U=10-19B 6—15 Po3zopierroBani [26-33]
HNO; U=13-176B - Kpucranorpadiuna [34]
HBr U=0-21B 7 Kpucranorpadiyna [33]
NH4F j=20— 120 MA/cM 10 -20 Po3opienrosani [21]
NaBr + U=0-21B 7 Kpucranorpadiuna [33]
KOH
NaBr + U=15B 15 Po3opientoBaHi [33]
KOH
HBr U=10-20B 15 PosopienroBani [33]
InP HCI j=4-42MAlcMm 120 Kpucranorpadiuna [3,6,35]
j=4-100 MA/cm’ 10 — 60 OpienToBaHi 3a ctpymoM [3, 17, 36-38]
U=0,8-5B 1-60 Kpucranorpadiuna [39-41]
U=4-9B 1-3 OpienToBaHi 3a ctpymMoM [40, 42 - 45]
HCI + U=4-9B 1-3 OpienroBaHi 3a ctpymom [40, 42, 43, 46 -
HNO;, 49]
U=1-3B - Kpucranorpadiuna [47]
HCl+HF | j=50MA/cm’ 1 Kpucranorpadiuna [6]
HCI + U=4-9B 1-3 OpienroBani 3a ctpymMoM [43]
H,PtClg
NH,F + U=7-10B 0,3-04 OpienroBaHni 3a ctpymoM [50]
HF
NH,CI + U=7-10B 0,3-0,4 OpienroBani 3a ctpymoM [50]
HCI
KBr + U=7-10B 0,3-0,4 OpienroBani 3a ctpymoM [50]
HBr
NaCl U=5B 1,5 OpienroBani 3a ctpyMoM [51]
Ta6mauus 2
XapakTepHuCcTHKA 3pa3KiB Ta MapaMeTPH eJICKTPOXiMIYHOTO TPaBJICHHS
Howmep OpienTarnis Konuenrpanis TexHosoriuHi napameTpu
3paska. MOBEPXHI eNEKTPOHiB, CM™~ | TyCTHHA CTpYMY, Yac TPaBJICHHSI, XB.
MA/cM?
1 GaAs (100): Te (1.6-1.9)-10" 15 15
2 GaAs (111) 1.10" 15 20
3 GaAs (100): Te (1.6-1.9)-10" 30 15
4 GaAs (100) 1-10"7 30 20

wia3mu B p-InP Oynu crBOpeHi OIHOpiAHI MacuBU
OTBOpiB JdiaMeTpoM Onm3pko 40 HM 3 BHKOPHCTaHHSIM

MacCKH 3

HIOPUCTOI
Jlitorpagiano Oynmm  cTBOpeHi

AITOMIHIEBOT

¢domeru  [52].
mopu B (L1DA -

opierroBanomy n-InP [53]. TlopucTi HamiBIPOBITHUKH 3

OJTHOPITHO

PO3MOAUICHIMU

OpaMu

TaKO0X

OTPUMYIOTBCS 32 JOIIOMOT'0IO iICKPOBOTO po3psiny. Takum
METOZOM OyJIM BHUTOTOBJICHI, 30Kpema, mopucti Si [54,
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55] Ta InP [56].

Topu B criomykax A*B’ n — Trmy mpoBigHOCTI MaroTh
BJIACTHBICTh MPH MEBHUX PEKMUMAX YTBOPIOBATH OMEHU
a60 MacuBH. B 1boMy cyTTeBa BigMinHiCTB crionyk A’B’
Bix Si; 3a BUHATKOM Xi0a 110 pakTanibHUX mop B Si, sKi
YTBOPIOIOTH JoMeHH [57]. Okpemi JOMEHH 3 Tak 3BaHUX
katakoMmOomonionux  mop  (“catacomb-like”  pore)
cnoctepiranucs B GaP [58,59]. Baxkaerbcs, mo
TpaBleHHs crnonyk A’B’  moumHaeTcs B Micisx
po3TallyBaHHS IIOBEpXHEBHX Je(EeKTiB, HaIrpUKIa,
JIUCIOKALIM, OCKUIBKM B  LHMX  MICHIX  BHIIA
HaTIPY>KEHICTh TOJIsA, a TOMY # 30iNbIIIeHa KOHIICHTPAIIis
IIpOK, HEOOXITHMX [UIS pEeakiii eJeKTPOXIMIYHOTO
okucinenns [58,60]. Tlopu, siki yTBOPIOIOTBCS Ha
MOBEpXHEBUX  jaedexrax i pocTyTh B3JIOBIK
KpHcTanorpagiyHux HAIPSIMKIB, Ha3UBaIOTHCA
nepBuHHUME Topamu. Jlagi B mporeci TpaBieHHS
HABKOJIO TMEPBHHHUX BHHHUKAIOTh TAaK 3BaHI BTOPUHHI
nopu. BoHn pocTyTh napajienbHO 10 MOBEPXHI 3paska i
MIEpHEHANKYJISIPHO /10 IEPBHHHUX, YTBOPIOIOYN KPYTIHH
JIOMEH. Papianbhuii HalpsIMOK  pOCTY nop
00YMOBJTIOETHCS. MEXaHIYHUMH HATPYKCHHSIMUA HABKOJIO
nedexriB. TumoBa nomeHHa crTpykTtypa B GaP
MpeCcTaBlIeHa Ha puc. 2. BTopwHHI mopH poCTyTh Mix

Puc. 2. Jlomenna crpykrypa mopuctoro n-GaP. Ha
PUCYHKY YITKO BHIHO CTIHKH MOp, SIKI yTBOPHIIHMCS
IpH 3yCTpidi OKpeMHX JIoMeHiB [58].

MMOBEPXHEIO 3pa3Ka, TOMY BOHHU JiCTall HA3BY KATAKOMO.
B mporeci  TpaBieHHS ~ JOMEHH  3yCTPiYarOThCs,
YTBOPIOIOYHU CTiHKH, TOBIIUHA SKHUX JOPIBHIOE TIOBIITHIN
TOBINMHI 301IHEHOTO HA OCHOBHI HOCIi CTpyMy mIapy
Ol TOBEpXHI MiA dYac aHOAyBaHHs. [Ipm 3MeHIIeHHI
ryctMHH cTpymy 10 | MA/cM® mix goMeHaMH mop-
KaTtakoM0 BTOPWHHI TIOPU POCTYTh B3IOBXK HAMPSMKIB
<111> [25]. Tpu Bemmkux TryctuHax cTpymy (10-
100 MA/cm?) YTBOPIOIOTBCS HE JOMEHH TIop, a
PIBHOMIPHO PO3IIOLIEH] 110 MOBEPXHI MOPH, OPIEHTOBAHI
3a HanpsMoMm cTpymy. lLle oOymoBineHo TuMm, 10 B
CHJIbHUX EJIEKTPUYHMX MOJSX Kpai CHEPreTHYHHX 30H
3THHAIOTBCA 1 e Ja€ MOXJIMBICTH  €JIEKTPOHAM
MEPEXOUTH B 30HY MPOBIIHOCTI TYHEIBHHM MUIIXOM,
CTBOPIOIOYH TAaKNM YHHOM HEOOXimHI IS TpaBICHHS
oipku. SIKmio 30BHIMIHE TOJIE OXHOpPiAHE, TO TIOpH
OyayTh pO3MOJiNieHI pPIBHOMIPHO IO TOBEPXHI 3pa3Ka.
ITocKiNbKK IS aHOTHOTO TPABJACHHS HEOOXITHI MipKH,
TO B Marepialii n — TUIY MPOBIAHOCTI Ui IX CTBOPEHHS
KOPHCHHM € OCBITJICHHsI (DPOHTAIBHOI MOBEPXHI 3pa3ka
GinuM CBITIOM 3 iHTeHCHBHICTIO Topsaky 107107 nk.
Jowmenn nop B GaAs i InP nyxe Binpi3HSIOTbCS Bij
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Secondary
upward
branch

‘\., nuclei for

CUrTo pores

CxemaTnuHe
nomeny nop B GaAs [44].

Puc. 3. MPEICTAaBICHHS YTBOPEHHS

GaP. VYrtBopenHs nomenis mop B GaAs o0ymMmoBieHe
po3rayKeHHsIM JIBOX ITIEPBHHHHX IO, SIKI BUHHUKJIH B
ONHIH  TOYIl, 3 TOJAJBIIMM BUHUKHEHHSIM 1
pO3Tally’)KEHHSAM BTOPUHHHUX IOp. BTopuHHI mnopu
POCTYTB Bropy, i TOUYKH iXHBOTO IIEPETUHY 3 TOBEPXHEIO
3paska YTBOPIOIOTH JIOMEH. 3 reoMeTpii
KpHUCTaIorpadiuHO-OpIEHTOBAHKX ITOP BHUIUIMBAE, 110 BCI
posrajykeHi mopu Jexarh Ha npsmux <110> [44,5].
Cxema yTBOpeHHS AoMeHy nop B GaAs mpencTaBieHa Ha
puc. 3. ITopu B InP B 6inbmocTi BUNaaKiB YTBOPIOIOTHCS
PIBHOMIpPHO, X04a NPHU MEBHUX YMOBaX MOKHA OTPUMAaTH
JIOMEHU, CX0Ki Ha Ti, [0 CIIOCTEePIraroThes B GaAs.

PiBHOMIpHO pO3MOJiNIeHi 10 TMOBEpXHi MOPH MOXKHA
CTBOpUTH 3a Jomnomororo Jirtorpadii, mnoneperHpol
00poOKM TOBepXHI Marepiany abo MOCTXIMIYHOIO
00poOKot0 TopucToro mapy. TiriHaHy Ta iH. Ha
mpukiani GaP [60] moka3amu, mo iMIUTAHTAIIEIO 10HIB
Kr' MOXHAa KOHTpOMIOBaTH TyCTHHY neeKTiB Ha
nosepxHi GaP, a, oTxe, i HacTynHy TycTUHY mop. SIKiro
MOBEPXHEBI BUXIiOHI Ae()EKTH PO3MOIiICHI PIBHOMIPHO,
TO HACTYIIHI nopu PO3MOAUISIOTHCS TaKOX
piBHOMIpHIiLIE.

[MopucTuii map MoKHa 3pOOUTH OZHOPIIHUM TaKOXK
aHojau3alielo B jaBa eranu. lle Oyno peanizoBaHo st
GaAs [61]. Cnowatky HOpOBOIUTBCS KOPOTKOTpUBANa
anojm3aris 3paska (001) GaAs B HF a6o B HCI. ITix yac
OBOTO €Tally Ha IIOBEPXHI KpHCTala YTBOPIOKOTHCS
IIUTBHO pO3TalIOBaHI sSMKH TpaBleHHA. [licima mporo
3pa30K TPOMHUBAETHCSA B JCIOHI30BaHIA BOIi, 1 APYTHHA
eran nossrae B anoau3auii B KOH. B pesynbrari 3 ssMok
TPaBJICHHsI YTBOPIOETHCS OAHOPINHUN MOPUCTHH wiap 3
IIIJIBHO PO3TALIOBAHUMH TIOpaMH. 3 HEOIHOPIJIHOIO
MOPHUCTOTO MIapy MOXKHA 3pOOUTH OJHOPINHHMKA TOCT-
xiMigyHOIO 00poOkor B po3umni (2HClI + 2H,0 +
1HNO;), six e mokazano Ha npukian GaP [24].

Bigomo, mo mnpu 3aMiHi TOCTIHHOTO CTpyMy Ha
IMITyJIbCHUH, TOPUCTHI HIap cTa€ OUIBII OTHOPITHHUM i
TOBCTHM, SK II¢ TOKa3zaHO Ha mpukimagi GaAs [62].
ABTOpM  OTpUMaNH OJHOPIAHWN TOPHCTHUH  Imap
3aBTOBIIKH 90 MKM. XapaKTepHUH MOTEPEYHHNA PO3Mip
MOPHUCTOI CTPYKTYPH CTAaHOBUB 2.4 HM.
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II. ®opmyBanHs nop

2.1. Mexani3mu (popMyBaHHA mOP.

Juis (dbopmyBaHHS HaTIBIPOBITHUKOBHX
MiKpOTIPHCTPOIB BHKOPHUCTOBYTH XimiuHe Ta
eJIIeKTPOXiMiuHe TpaBieHHSI. XiMiUYHE TpaBICHHSI — IIe
peakiiss OOMiHY MDK MOJEKyJIaMH TpaBHHMKa Ta
MOJIEKyJlaMH Kpuctana. BoHO He mnorpedye BUIbHHX
HOCITB 3apsiny, 1 BigOyBaeTbcst 0e3 30BHINIHBOTO
noteHuiany. Ilig BIUIMBOM HEAMCOLIMOBAaHUX MOJIEKYJ
TpPaBHUKA PBYTHCS 3B’S3KH MIXK aTOMaMHU KPHUCTaa, sIKi B
CBOIO YEepry YTBOPIOIOTH HOBI 3B’SI3KM 3 PEAKIIAHO
30aTHUMH MOJIEKylaMu enekrpority. 11{o6 nporpaBuTh
XIMi4YHO CIIOIyKYy A’B, HEeoOXiTHuH abo
HEOKHCHIOIOYHIT ACHMETPHYHHI TPaBHHK
(memucomiiioBanmit HCl, HBr), abo cumerpuaHmiA
okucHoUnil TpaBHUK (Br,, H,0,), skuit 3maTen
posipsati A’B’ 3B’A3KH i BiIHOBHTH HEHACHUCHI 3B S3KH
[63]. Omxe, MIBHAKICTH XIMIYHOTO TPABJICHHS 3aJICIKUTH

BiZl KOHIEHTpauii HEAUCOLIHOBaHMX  MOJIEKY]1 B
eneKkTpoditTi. Ximiune TpaBiaeHHs (i30oTpomHe abo
aHI30TPOITHE)  BHKOPHCTOBYIOTHCS  JUII  CTBOPCHHS

PI3HOMAHITHUX HAIIBIPOBIAHUKOBUX MpwiIaaiB. Bosxi
PO3YMHH JIYTiB, IO MICTATH HEOpraHi4Hi abo OpraHiyHi
CIIONYKH CIPHYMHIOIOTH aHI30TPOIMHE XiMiUHE TPABICHHS
Si. ILle#i Meron TakoX BHKOPHUCTOBYETbCS IS
monudikamii  Mopdoriorii mop, BXe CTBOPEHHX
€JIeKTPOXIMIYHUM TpPaBJICHHM [24].
EnextpoximiuHe TpaBIeHHS NOIIIETHCA HA!
®  CICKTPOXIMIYHE OKHCJICHHS 0e3 30BHIIIHBOTO
norenuiany (electroless);
®  aHOIHE TPABJCHHS, KOJHM HAITIBIIPOBIIHHUKOBUI
3pa3oK BMHKA€ThCS JIO IO3UTHBHOIO IOJIOCA
Joxepena (quB. puc. 1).

[IJo6 mnpoBecTH EICKTPOXIMIYHE OKHCICHHS 0€3
30BHIMIHBO] HANpyrd, HEOOXiJHI CHIBHI OKHCIIOIOYi
areHTH, sIKi 3[aTHI BUPBATH €JICKTPOH 3 BAJICHTHOI 30HU
HAaIBIIPOBiIHMKA, TOOTO TI'eHepyBaTH AipKy. MexaHizM
BOTO BUAY TPaBJICHHS HACTYIHHN: IHXKEKIS HIPOK Yy
BaJICHTHY 30HY, IiPKH MOTPAIUISIOTH Y MACTKH Ha MEXi
MOJIUTY eJIEKTPOJIT-HAIIBIPOBIAHUK, JAani BiOyBaeThCs
HyKJIeo(iibHA araka Ha HEHACHYeHi 3B’S3KH, SKa Mae
pe3ynabTaToOM pO3YMHEHHs Marepiany. s kepyBaHHA
NPOLIECOM  €JIEKTPOXIMIYHOTO TpaBJIEHHS B IBOMY
BUMAJIKy y 30BHIIIHE KOJIO BMHKAETHCS 3MIHHUI OIIp,
IO JO03BOJISIE 3MEHINYBAaTH CTPYM aHOIYBaHHS, LIO
0coOnMBO e(eKTHBHE TMpPU 3aCTOCYBaHHS CHJIBHHX
XIMIYHUX OKUCITIOBAYiB.

TakuMm YWHOM, HEOOXIiTHI pEJOKC-TIApH 3 BHCOKUM
JIOJATHAM CTaHAAPTHUM EIIEKTPOJHUM TOTCHIIANIOM, i
U e(heKTUBHOTO TPaBJICHHS (YHKIIS PO3IOALTY eHeprii
€JIEKTPOHIB OKHUCIIOIOYHMX arcHTIB Ma€ TEepeTHHATUCS 3
BaJICHTHOIO 30HOIO HAIIBIIPOBIIHHUKA.

[Ipu aHOAHOMY TpaBJIEHHI 3pa30K 3 EJNEKTPOIITOM
BKJIIOYAIOTH B 30BHILIHE SJIEKTPUYHE KOJIO TAKMM YHHOM,
mo0  eNeKTpOHM  HIUIM B €JIEKTPONTY B
HamiBIPOBIIHUK (DKM PYXalOThCs 10 MEXI pO3Iiny).
Sk 1 npu TpaBneHHI 0e3 30BHIIIHBOTO MOTEHIATY
(electroless), HeHacWueHi 3B’S3KH B3aEMOJIIOTH 13
HYKJICO(IIbHUM areHToM B eJeKTpouiTi. Skmo Bci
3B’S3KM  aToMa HAIliBIPOBiAHWKAa OyIOyTh 3aMiHEHi
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3B’S3KaMH 3 HYKJICO(QUIBHUMH MOJIEKYJIaMH, YTBOPUTHCS
HOBa pPEYOBHHA, KA MOBHMHHA XIMIYHO PO3YMHUTHUCS B
EJIEKTPOJITI 1 JaTH 3MOTY IHIIMM aTOMaM BCTYIHTH B
peakiiiro. Ilpu TpamieHHI HAMIBOPOBIAHUKIB Ha TXHIH
MOBEPXHI  3a3BMYall  yTBOPIOIOTBCS  OKCHJH, TOMY
CJIEKTPOJIT Ma€ MICTUTH CKIAJOBY, SIKa CIIPHSE
PO3YMHEHHIO OKCHUILY.

Sk 0aunmMo, eJeKTpoXiMiuHe TpaBJIeHHS MNOTpedye
JUTSL CBOTO TIPOTiKaHHSA JTipOK. B OLTBIIOCTI BUMAIKIB LIS
3aBepIIeHHs TpaBlIeHHs mapu aTtomiB A’B’, kinbkicTs
HEOOXiTHMX MIpOK CKJIaja€ MIicTb abo BiciM, SK
Hanpukian ot GaAs i InP [40]:

Gads+60H™ +6h" = éGchj +§As203 +3H,0

InP+80H +8h" = éln203 +§In(PO3 ), +2H,0

abo
InP+80H ™ +8h" = InPO,+2H,0 .

B Takux peaxiisx MO)KHa OCBITJIIOBATH IOBEPXHIO
HAaIBIPOBIHMKA CBITJIOM 3 €HEprielo OuUIbIIOI 32
HMIMPUHY 3a00pOHEHOT 30HU JJIsl CTBOPEHHS JIOJATKOBHX
HociiB 3apsay. CBiTio Moxe majgatu Oe3rnocepeaHbo Ha
MEXy oIy 3pa30K/eJIeKTPOIT (front-side
illumination), abo Ha npoTuiexHy noBepxHio (back-side
illumination). OpmHOpigHE OCBITICHHS 3aJAHBOI CTiHKH
3pa3ka Ja€ d9yaoBi Makpomopu B n-Si, aje BOHO He
BIUIMBA€E HA MpOIEC TpaBieHHs cromyk A’B°, ockinbku
JoBxuHa qudys3il HOCITB 3apsiiy B HUX Habararo MeHIa
3a TOBLIMHY 3pa3Ka.

IIpu EJEKTPOXIMIYHOMY
HAMiBIPOBIMHUKIB ~THPU  MNEBHUX HOTO  pexuMax
CIIOCTEPIraloThCs KOJHBAHHSA CTPyMy, Hampyru abo
nmiamerpa mop. Jus Toro, mo0O konuBaHHS Oynn
CHHXPOHHHMMH, TTOPH TIOBHHHI B3aEMOJISITH MK c00OI0.
Bonu B3aeMoniloTh depe3 IIap MpPOCTOPOBOTO 3apsny,
SKUIl € HABKOJIO KOXKHOI MOopH. YuM CHJIBHILIE Li IIapu
MEPEKPUBAIOTHCSA, THM OiJIbIIIe BHpa)k€Ha B3a€MOIIS TIOP
1 cHWHXpOHI3amis KoimBaHb. Ha pmc. 4 moka3aHi

TpaBJICHHI

Voltage, V
0 30 40 &0 80

Time, min

| e |

Puc. 4. CunxpoHHi ocumLii giaMeTpis mop (crpasa)
1 HanpyTH (371iBa) IIpu aHoAyBaHHi InP [64].

KOJIUBAHHS HANPYTH 1 CUHXPOHHI 3 HUMH KOJIUBAHHS
JiaMeTpa MIUTPHO PO3TAlIOBAaHHUX IIOp, OPi€EHTOBAHUX 3a
CTpyMOM TIpu TpaBiieHHI InP B rajpBaHOCTaTHYHOMY
pexxumi [64].

[{impHO  poO3TalIOBaHI MMOPWM  BIAHOCHO  JICTKO
orpumaru B InP Ta GaP, Baxue — B Si i GaAs. B GaAs
CIOCTEPIraiuch OCHMIIALIT JiaMeTpa KpucTaaorpadiqHo-
OPIEHTOBAHMX TOP, SKI MAJIM BUIJISII BKJIAICHUX OJUH B



ML Omutpyk, T.P. bapnac, B.O. Cepatox

ogHoro TterpaeapiB  (puc. 5) [4]. Cxoxi mopu
criocrepiraiucs i B Si, aje B IbOMY BHIAJKY HOpU Malld
¢dbopmy oxraeapa [65]. Ockinbkd TyCTHHa TOp B IHX

Puc. 5. Ocuummsmii
OpIEHTOBaHUX mop B

['albBaHOCTATHYHAH pesknM (85 MA/cM?)
|' R FL | '

niamerpa KpucranorpagidHo-
n-GaAs (100).
[4].

b, AN

20kV 00760 300nm L
Puc. 6. 3pasok mopucroro n-GaAs, BHTOTOBICHHN
MOCIIJJOBHO Y (BTOpUAHO-HOAMIHOMY 1 QTOPHIHOMY
eJIeKTpoJiTaXx. BUAHO pi3Ky 3MiHY HampsIMKy pOCTY
nop 3 <111>A na <111>B [68].
D :

7

Puc. 7. Ilopu, opieHTOBaHI 3a CTPyMOM, OUIsS Kparo

(100) —ORiCHTOBaHOFO 3paska n-InP [69].

Puc. 8. BaratomapoBa mnopucra crpykrypa n-InP,
OTpUMaHa MepPiOJUYHOI0 3MIHOI PEXHMY TPaBIEHHS
[39].
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MaTepianax TOpPIBHAHO HEBeJIHWKa, TO ixHI ¢opma
BU3HAYAETHCS pi3HOIO LIBUIKICTIO nacusanii
KpHcTajnorpadidyHuX IUIOLIMH, a HE B3aEMOJIEI0 uepe3
IIap MPOCTOPOBOTO 3apsiy.

Jns xonuBaHb JAiaMeTpa IOp, a TaKoX CTPyMy i
HANPYTH TPH EIEKTPOXIMIYHOMY TpaBICHHI MOPHUCTOTO
Si Oyma 3amporoHOBaHAa TaKk 3BaHa BHOYXOBa MOJICIb
YTBOpPEHHs IOp, abo Mojenb BHOYXiB cTpyMmy (current
burst) [66,57]. 3rogom BoHa Oyna po3IIMpeHa Ha
Bunanok cronyk A’B’[37]. 3rigHo 3 uiero Momemto B
OCHOBI MAaKpOCKOIIYHMX KOJHBAaHHb CTpyMy abo
HanpyTHd JIeKaTh CIIEMEHTApHI KOJNWBAIBHI  ITUKIH
(current burst), ski BigOyBalOThCS B HAHOMETPOBOMY
macmrabi. @dopma mop Ta iHII  MaKpPOCKOMIYHI
HapaMeTpy BH3HAYAIOTHCS B3aEMOIIEI0 IHMX JOKAJBHUX
npoueciB. LUK eeMeHTapHOTO KOJIMBAHHS CKIIQIAETHCS
3 HACTYITHHX €TaliB: PO3YMHECHHS MaTepiany, yTBOPECHHS
OKCHy, PO3UMHEHHS OKCUy 1 maccuBauis nosepxHi (H-
naccuBaniss nosepxHi Si abo Cl-nacuBauisi HOBEpXHIi
GaAs). Cwunaxponizamis mpoueciB  “current  burst”
BIIOYBa€EThCS Yepes3 ,,rOpON’ OKCHIIB, SIKI YTBOPIOIOTHCS
i/l Yac KO)KHOTO TAKOTO UK.

2.2. CTpykTypa NOPHUCTHX mapis Ta
KkJIacupikanis mop
3rigHo 3 pEeKOMEHIALISIMU MDKHApOXKHOTO

00’enHanHs unctol Ta npukinanHoi ximii (IUPAC) nopu
3a PO3MIpOM MOIUISAIOThCs Ha [67]:

e  MmakpormopH (IKpHHA opH nepeBuuye S0 HM);

e  Me3onopu (LIMpHHA MOPH Big 2 HM 10 50 HM);

e  MikporopH (IIMpUHA IIOPY MEHIIA 32 2 HM).

Cronyku A’B’  KpuCTami3yloThesi y CTPYKTYpy
chanepury (OKpiM HITPHIIB, SIKI MalOThb CTPYKTYpY
piopTiuty). llopm B mHX MaTepialaX BHUSBISIFOTH
pi3HOMaHITHI (GopMH, ane 3a HAIPSIMKOM POCTYy BOHHU
TTOUISFOTHCS Ha IBI OCHOBHI TPYIIH:

e 10pH, K1 opieHTOBaHI
KpucranorpadiyHux HanpsiMKiB (crysto),
®  [IOpH, OPIEHTOBaHI 3a CTPYMOM (Curro).

OnHi€l0 3 NPUYKH, 3 SKUX TPABJICHHS 3aJICKUTH BiJ
HanpsiMKy, Hampukian, <l100> Big <111> € pisHa
ryctuHa aroMiB y miomuHax (100) i (111). [pyroro
MPUYMHOI0 € PIi3HI XIMIYHI BJIACTUBOCTI €JIEMEHTIB
TPEeThOI Ta TI’ATOi TIpyn IEpiOAMYHOI  CHCTEMH.
Kpucranorpagiuao opi€HTOBaHI MOPH BHHUKAIOTH IIPH
Manmux ryctunax crpymy (< 10mMA/cwm®). B matepiamax
A’B’ BoHH pocTyTh 260 B310BK HanpsMkis <111>B, a6o
B3J0BXk HamnpsMkiB <l111>A. TlozHauenus “A” ta “B”
03HAYalOTh BIAMOBIJHO MEPIIUHA 1 APYruil eleMeHTH y
cnonyui, Hanpukinan, Ga=A, As=B, T00TO mOpPHU
poctyTh 3 00Ky miapy atomiB B B 0ik aromiB A, abo
HaBIAaKW. B OUIBIIOCTI BHIIAAKIB PO3YMHEHHS e B
HanpsiMkax <111>B. 3MiHIOIOYM €leKTPOJIT, MOXKHA
3MIHUTH HalpsiMOK pocty mop B n-GaAs 3 <111>A Ha
<111>B, sk noka3aHo Ha puc. 6 [68].

[lopu, opieHTOBaHI 3a CTPyMOM pOCTYTb, K L€
BHIHO 3 Ha3BH, B3/I0BX BEKTOPa I'YCTHHH CTPyMy, TOOTO
MepHEeHANKYJIIPHO TOBEpXHi 3paska. [lns yTBOpeHHs
OBOTO THUIY TOp HEOOXigHAa BeNHKAa TYCTHHA CTPYMY
(> 10mA/cm?). Ha chorommi Taki MOPHCTI CTPYKTYpH
Oynu Burorosieni B n-InP Ta n-GaP. 1li mopu poctyTth

B3JIOBK
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mapajeabHO OJHA OJHINA MO BCHOMY 3pa3Ky, OKpiM HOTro
KpaiB, e BOHH IepecTaroTh OyTH npsmumu (puc. 7). o
Toro , y Bumaaky (100) — opieHTOBaHOTrO 3paska Ii
HOpHU TOTPeOYIOTh IS CBOTO YTBOPEHHS INOIIEPEIHBOTO
pocty HEBEJIUKOTO nrapy KpucrajorpadiyHo-
OpIEHTOBaHMX NOP Ha MOBEPXHI HAIIBIPOBiIHUKA [44].

3ayBa)KMMO, 110 IIap MOpP, OPIEHTOBAHUX 32 CTPYMOM
HE MOXXE JOCSraTh SK 3aBrOJHO BEJIMKOi TOBIIMHU:
HEOOXiTHO TepiofNYHO 3MEHIIyBaTH TYCTHHY CTPYMY,
mo0 YTBOPIOBAINCH KpHCTalorpadiyHO Opi€HTOBaHI
nmopu. B pe3ynbTari, MoYeproBo0 3MiHOIO CHIIH CTPYMY
OTPUMAEMO 0araTomIapoBy CTPYKTYpY, K II€ ITOKa3aHO
Ha mpukiaai n-InP  (puc. 8) [39]. ToBmmHa Takoi
CTpYKTYypu Moxe pocsaratu 600 MM [69].

2.3. Kinnesi npoaykTn peakuiii HopoyTBOpeHHs

Mopdomoriss TOPUCTHX  HIAPIiB  JOCHTIHKYETHCS
JIOCUTh peTejbHO B Oarathox poOoTax, B TOW Hac K
XIMIYHUH CKJIQJl TOPHCTOTrO IIapy HE MPHUBEPTAE TaKOi
yBaru. AJle NpH pPO3IJII ONTHYHUX BIIACTHBOCTEH,
Hanpukian, QoTomoMinecteHuii abo i1 noOynoBU
a/IeKBaTHOI MOJEJi TOPHCTOrO IIapy, HANpUKIaA, B
Teopii e(peKTHBHOTO CepeloBHINA, 1€ BAXIHUBO, TOMY
HaM 3Ja€ThCS TOLIIBHUM JOKJIAJHO NPOaHAaNi3yBaTH TYT
HasBHI €KCIIEPIMEHTANIBHI pe3ynbTaT. AHami3 (a3oBoro
CKJIaJy TOPUCTUX INApIiB AHATITUYHHUMH METOJaMHU
npsMo abo OIOCepeAKOBAaHO BKa3ye Ha BiJCYTHICTH B
UX IIapax pO3YMHIB — EJEeKTPONITIB, fAKI Oyim
BUKOpHCTaHI npu aHonyBaHHi [68]. I3 300paxens,
OTPUMaHUX HA CKaHYIUYOMY €JIEKTPOHHOMY MiKPOCKOII
(CEM) BuIHO, IO TOpPH MOXYTh OYyTH 3alOBHEHI
TBEpAMMH TPOAYKTaMu peakiii, amoppuumu abdo y
(hopmi KpHCTAIITIB.

Ximiyan#i cknag mopucrtoro GaAs n-tumy, mo OyB
ctBopeanit 'y 1M HCI pozumni, Oyno BU3HaueHO 3a
nmorromoroto CEM 3 eHeproaucriepciiHuM aHali3aToOpOM

pertreniscbkoro BumpowmiHioBanHs (EDX — energy
dispersive X-ray) Ta peHTTreHiBCbKOI (OTOENEKTPOHHOT
cunektpockorii  (POC-XPS) [70]. CmiBBigHOIICHHS

enemenTiB Ga ta As Bipi3HsA€TbCS Bi 1, mopuctuii mwap
30araueHnii As, € KHCEHb Yy BEJIMKIH KUIBKOCTI Ta
saqumiku - Cl. Pesynbratm  ONTHYHHMX — BHMIpIOBaHb,
30KpeMa PaMaHiBCHKOTO PO3CISHHS TAaKOX MiATBEpAMIN
HasBHICTh OKuCHiB. Tak s pi3HMX 3pas3kiB  Oyiu
CIIOCTepeKeHi Bci, abo Jeski, 3 MiKiB Ha 4acToTax 85,
183, 203, 268, 289, 369, 414, 470 ta 560 cm™. Jliuis
KOMOIHAIiifHOTO ~ po3cisiHHA Ha dYactotri 289 o’}
BiJIIIOBiZ]a€ TTO37J0BXXKHHOMY ONTHYHOMY (hOHOHY B GaAs.
JInst  BU3HAYEHHS NPHUPOAM IHIIMX TMIKiB aBTOpaMu
BIIEpIIIE Oymu pETENBEHO BUMIpSHI CIIEKTPH
KOMOIHAIITHOTO PO3CISIHHS MOPOIIKIB BJIACHUX OKHCITIB
As,03, Ga,0; , a Takoxk TigpaToBaHoro okuciay As,Osz X
nH,O npu «kimMHaTHIidA Temmeparypi. Pe3syipratn
cBimgarsh, mo B nopuctomy GaAs, mo OyB OTpUMaHHUH y
HCI, npucythiii okucen As,O3, Oibia HOro KUTBKICTh Y
KyOiuHii Momudikarii, a TaKOX HE3HAYHa KUIBKICTh
Ga,0; HaitlimoBipHime y MoHOKIiHHIA [B-dopmi. Ili
pe3yIbTaTH MiNTBEPIKYIOTHCS IHIIMMHU aBTOpamMu [9] 3
BUKOPHCTAaHHAM iHIIOI KOMOiHamii MeTomiB, 30KpeMa
EDX Ta Oxe anamiz mokazamu, mo mopuctuii GaAs,
CTBOPEHHH EJEKTPOXIMIYHUM TPABICHHAM Y BOIHOMY
pozurHi HCl MicTHTh MIKPOKPUCTAIM OKHUCIY apceHy
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MepeBaXHO B TTOpax, MOPQOJIOTiS 1 CKIIad HOro 3anexarb
Bif 4acy.

B pobGori [71] mopucti miapu Oynu BHUTOTOJIEHI B
enekrpoiiti HF:H,O:HNO; 3 HEBETHKUM I10JaBAHHIM
HCl wa migxmagmakax  GaAs  n-tumy.  Jani
PEHTIeHIBChKOT (oToeneKTpoHHOT CHEKTPOCKOTIT
JO3BOJIAKOTE CTBCPPKYBATH, MO B IMOPUCTUX IHapax
30epiraeTeCsi IPUPOJHA  CTEXIOMETpis  Marepiaiy,
criBBigHOmEeHHsT Ga:As ckianae ~ 1, TakoX Ha TTOBEPXHi
OyB TpHCYTHI XJIOp y ayke Maiiid KoHIeHTpauii. B
pe3ynbTaTi ENeKTPOXIMIYHOTO TPABICHHS B TaKOMY
€IeKTPOJITI HAa TIOBEPXHI MOXYTh YTBOPIOBATHCS
cnonyku Ga,03, Ga,Cl;, As)Cl;, As,0;. Kommuiekcuuit
aHali3 pe3ynbTaTiB Aochimkens XPS, nazepHOTO Macc-
aHaiizy Ta Mop¢oorii MOBEpXHi J03BOJHMB 3pOOHTH
BUCHOBOK, III0 Ha IIOBEPXHI 3pa3KiB NPUCYTHI KPUCTATITH
As,03, sKi MawoTh anMasononiony ¢opmy. B crekrpax
KOMOIHAIIITHOTO PO3CIsSHHSI MPOSIBUIIMCS KOJHMBaHHS Ha
yacrorax 85, 183, 369, 414, 471 Ta 560 oM ', wo
BiINOBiat0Th OKUCIY As,O;. Crinie Ga,O; BHABICHO HE
Oymo. Jlns minknaguHok GaAs p-TUIy pe3ysbTaTé
BuMipiB XPS, criekrpomerpuanoro Ta CEM He BHsABMIH
(hopmyBaHHs KpucTaliTiB As,O;, B TOH Yac SK 3arajbHa
KUTBKICTP aTOMIB KHCHIO, IO (OPMYIOTh OKCHIHI
3B’SI3KM Ha TIOBEPXHI HAHOKPHUCTAJITIB MPHUOIM3HO Taka
X, K 1 418 n-tamy [71].

OCKUTBKH XIMIYHHH CKJIaZ, TOPHUCTOTO MIapy, IO
YTBOPIOETBCSL B TPOLIECI AHOIHOIO TPABJIEHHS, MOXe
3MIHIOBaTUCS 3 dYacoMm, TO B poboti [72] Oyio
JIOCIIIJDKEHO TMIpOLleC CTapiHHs mopucroro Imapy. Ha
OCHOBI pe3yJIbTaTiB CIEKTpaibHOI emincomerpii B Y
qiama3oHi, IMOKa3aHO, MO npoTaroM wMicsus B 4
CHEKTpax 3’ SBIIOTHCS ONTHYHO aKTHBHI KOJMBAHHSA, SKi
BiNOBINarOTh OKCHAHIN (a3i. [licas MicsaHOTO TepMiHy
ONTHYHI BIACTUBOCTI MOpHCTOr0 (GaAs MPakTUYHO HE
3MIHIOIOTBCS. AHAII3 PE30HAHCHUX YACTOT CBIAYUTH, IO
B MOPHCTOMY INapi MOXyTh OyTH NpHCYTHI amopgHi
okucu As;O;, Ga,O; (TakoKk MOXKIHMBO B HEBEJHKIii
kitekocTi GaAsO; ta GaAsQ,) ta kpuctamiyauii As;O;
KyOiuHOi Momudikanii. Pesonancu Ha yacrorax 350, 490
ta 808.5 cm ' moB’s13aui 3 amopbHIM As,Os, TO SK TIPO
HasIBHICTh KpHCTaliyHOTO As,O; KyOiuHOi Momudikarii
CBiYaTh pe30oHaHCHI cMyrn Ha uactortax 333.3, 480,
785.8, 838, and 1045.5 cm .

Ha MOBEPXHI MOHOKPHCTAIIIB IHIIIOTO
HaniBnposigauka rpymn A’B’, a came GaSb p-tumy
aHogauM TpasieHHs B po3unHi HF/C,H;OH/H,O (1:1:1)
OyiH CTBOpEHI MOPHCTI IIapy Ta IOCHIMHKEHO iX CKiaxa
[73]. Pesymbratn nocmimkens CEM ta XPS moxa3zanmm,
10 y MOPHCTOMY MIapi, CTBOPEHOMY TaKHM YHHOM,
npucyTHi conyku Sb,03, Ga,0O3 ta rpanyimu GaSb. XPS
BUMIpH  TIOKa3aJK TakKOX  BIJCYTHICTh  BUIBHOTO
aromapuoro Ga’ or Sb’ Ta iHmmX okucmiB Gimbm
BUCOKOro mopsiaky  Sb,Os, GaOs. Ha moBepxHi
MOPHUCTOTO IApy crocrepiranucst Kpuctaimitu SbyOs
MIKpOHHUX po3MipiB. Taki OKHCHI IIapu GOpPMYIOThCS B
mporeci TpaBIEHHS B  EIEKTPONITI 3  BHCOKOIO
KOHIICHTPALIEI0 10HIB 0% and OH’, Ta cmig Opatu 1o
yBary, o OKUCIH cTubito ripire pozunaaoTses B HF.

PeHTreHoCceKTpalbHUN ~ MiKpOaHalli3  MOPUCTHX
mrapiB InP He mokas3aB HasBHOCTI y iX CKJIaZi €IEMEHTIB,
SKi BXOOWJIM JO CKJIAAy KAaTiOHHHX KOMIIOHCHTIB
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enektpomity. Tak, HampuKiIaj, y mMOopHcTUX Imapax InP,
o OyJM CTBOpEHi y OJIM3bKOMY J0 HACHYEHHS PO3YMHI
KBr, He 3HaiiieHo Kaito, ajie NpUcyTHii Opom [68].

OCKUIbKM HAasIBHICTh OKCHAHUX (a3 B IMOPHCTOMY
nrapi YCKJIaIHIOE IHTEPIPETAIlil0 PEe3yIbTATIB ONTUYHUX
BUMIPIOBaHb, a TaKOXX BIUIMBAE HA BHUPILICHHS IHTaHHS
moga0  npupoad  (HOTOJIFOMIHECHEHIT  MOPHCTUX
HaniBnpoBinHuUKiB A’B’, icHye mpo6ieMa BHpOILIYBaHHS
MOpUCTHX wIapiB 0e3 3HayHOI OKcHAHOI ¢asu abo ii
ycyHeHHs. ABtopamu [13] 3anmpomoHOBaHO METO[
ycyHeHHs X ¢a3. 3pasku mopuctoro GaAs Oymm
OTPUMAaHi y BOAHOMY PO3YHHI IUIABUKOBOI KUCJIOTH HA
moBepxHi MOHOKpHUcTaniB n-GaAs (111). s BuganeHHs
MMOBEpXHEBUX OKCHAIB 3 mapy mopucroro GaAs
BUKOPUCTOBYBAJIOCSI TEIUIOBE OYMIIEHHS 3pasKiB Y
HOTOI 0COOJIMBO YKCTOTO BOJHIO. BU3HaueHa aBropaMu
ONITHMAJIbHA TEMIIEpaTypa OYMILEHHS BiJ MOBEPXHEBHX
okcuiB Ga,0;, As,O5 cknamana 500-600°C, yac — 20 xB,
MOTIM BHUMIpIOBAJIUCH CIIEKTpU (oTomoMminecteHii.. Ha
XKaJb B LIl poOOTi He MpeacTaBiIeHI eKCliepUMEHTaIbHI
JIaHi, HAMPUKIAJ, CICKTPU KOMOIHAIITHOTO PO3CISHHS,
XPS abo iH(ppauepBOHOTO BimOWBAaHHS, AKI O CBiqUMIH
PO peanbHy KUTBKICTh OKHCIIB 10 1 micis Bigmamy. Tyt
Tpeba 3BEpPHYTHCH 1O OLTBII Mi3HROI POOOTH IHIIKX
aBTOpIB [74], B sKiii XIMIYHHIA CKJIaJ MOPHUCTOTO LIAPY
KOHTPOJIIOBABCs 3a gonomMoror XPS BuMipie. 3rimHo
LUX PEe3YyNbTaTiB y LIOHHO BUTOTOBIEHHUX IOPHCTUX
nrapax GaAs npucytHi As;Os3, As,Os ta Ga,0O; okHCH.
Y uuMx ekcnepuMeHTax IOpUCTi Inapu (TOBIIMHOIO
2.5 pm) BurotoBisucs Ha noBepxHi GaAs(100) p-tuny
3a JIONIOMOTOI0 AHOJIHOTO TPAaBJICHHS B €JIEKTPOJITI Ha
ocaoBi HF. Jlns BupaneHHS HasBHUX OKCHIIB OyJo
BHKOPHCTAHO JIBa METOAM: XiMiYHE Ta i0HHE OYMIICHHS.
PesynbraTn He3amepeyHo MmoKas3aiu, o 0oMOapayBaHHS
iomamu Ar' y yibTpa- BHCOKOMY BaKyyMi mpubupae
OKHCIIH 3 TMOPUCTOTrO MLIapy, XiMiYHE UYHIIEHHS TaKOX
JIO3BOJISIE TIPUOPATH OKHKCIIH, ajieé HOro e(eKTUBHICTH
TPOXU HWXk4Ya. BmuuB mmx o00poOOK Ha CHIEKTpU
¢dorodroMiHECHEHIIT MM PO3IJISIHEMO  HIKYE Y
BiAnoBigHOMY po3aiimi. IIpo yTBOpeHHS OKCHIIB B
nopuctomy GaP Ham HeBimomo. OueBugHo, ¢ocdinn
MEHIIIE CXWIIBHI JI0 YTBOPEHHS OKCHIB, HIXK apCeHiIH.

TakuM 4MHOM, NOpPH, IO YTBOPIOIOTHCS B IPOIECi
CJICKTPOXIMIYHOTO  TpPABJICHHS, HE  3allOBHIOIOTHCS
BHUXITHUM €NEKTPOINIiTOM. BcepeanHi mop 3HaXOIAThCA
MPOAYKTH OKHUCIICHHS HAIBIIPOBITHUKA ab0 TMOBITPS,
KOHKPETHHH XIMIYHHH CKJIaj Ta MIKPOCTPYKTypa
OKHCHO] (pa3m 3ajekaTh BiJf yMOB TPaBJICHHS.

III. OnTr4HI BJIaCTHBOCTI MOPUCTUX
mapiB

3.1. Jliniiini onTH4Hi BaacTUBOCTI

opucti Hamisnposizauku A’B’, siki Haiiuacrime e
npsimo3oHHUMH (kpiMm  GaP, AISb), Ha BimMiHy Bix
HenpsiMo30HHUX Ge 1 Si, BHKOPHCTOBYIOTBCS HE IS
MICHICHHS iX JIFOMIiHECIICHIlil, a JJIS BUKOPUCTAHHS Yy
¢doronimi Ta (HOTOBOABTAINI 3 METOK 3MCHIICHHS
OINITHYHOTO BiJOMBAHHS y BWAUMINH 00nacTi crekrpa, a
TaKoXK SK M’ski (soft) migkmagku IS emiTakCiHHOro

20

BUPOIIYBAaHHS TOHKHX LIapiB 3 HEY3TOJUKCHUMH CTATMHU
rpatkd Ta Koe(illieHTaMH TEIUIOBOrO PO3IIMPEHHS. 3
I[IEF0 METOI0 Cepel JHIHHUX ONTHYHHX BIIATCHBOCTCH
JIOCITIZKYBAJIMCh BiZIOUBAaHHS CBITIIA K JA3epKallbHE, TaK
i nudysHe (BUMIpIOBaHHS 3a JIONIOMOTOIO IHTErpyHO4ol
cdepr), a Takok TOBHE [75], a METOJOM CIIEKTpaIbHOT
esincomMerpii BUMIPIOBAJIMCh ONTHYHI KOHCTAHTH B
IBOMY K JIIal30Hi 9acToT [76].

Sx npukiax Ha puc. 9 T1IOKa3aHO CHEKTPH
J3EpKaNBHOTO Ta IU(Y3HOro BinOMBaHHS CBITIAa BiX

0,151 _-""."-_-.-u-.....

0,104

‘spec
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Puc. 9. Crekrpu 13epkaibpHOTo (2) Ta nudy3Horo (0)
BinOuMBaHHA cBiTia Bix mopuctoro GaAs [11].

nopuctoro GaAs opierranii (100) i (111), neroBanoro
o n=(1.6-19)-10" cm>.
aHOJyBaHHS 3pa3kiB BkazaHui B Tabmmmi 2 [11].
Ha ocnoBi manux moBHOTO R(A) = Ryepc ™ Ruyupiys
BiOMBaHHSI OOYHUCIIOBAaBCA C(PEKTUBHUN KoeQillieHT
BigOuBaHHs (N(L) - cnekrpanbHa rycTuHa (DOTOHIB y

COHSTYHOMY CBITJI)
0.9 um

j R(A)N(A)dA

E _ 04um
- 0.9 um

j N(A)dA
0.4 um
IO OINHKCY€ ONTHYHI BTPATH B (HOTOIEpPETBOPIOBaYaX
COHSYHOI €HEpril B eNEKTPUIHY 3 JOTIOMOTOI0 COHSIHUX

TEIYypOM Pexum

) Q)

emeMmenTiB Ha ocHoBl GaAs. BcranosieHo, mo R
3meHmyerbes 3 40.4% ams noxipoBaHoi moBepxHi g0 15-
30% pu1st mopucToi.

B Husi pobit nutoBckkux aBropis [11,16,17,73,76]
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Oyma mociimpkeHa KOPEIsIisi MIKPOCTPYKTYpH TOPHCTUX
mrapie n-GaAs 1 iX ONTHYHUX BIIACTHBOCTCH, IO
OTPHUMaHI METOJOM CIEKTPaIbHOI eirmcomerpii B

Im<g>

-4

E. eV

Puc. 10. ExcriepuMeHTanbHi (TOYKH) Ta PO3PaXyHKOBI
(KpUBI) CIIEKTPH MCEBAOIIENEKTPHUYHO1 PyHKIIIT

< & > nopuctoro n-GaAs. [lopucti mapu cTBOpeHO
B HCI (o) Ta HF (A) [14].

niama3oHi eHepriit kBaHTiB 1-5 eB. Ha puc. 10 mokazano
BIUIMB PE)XUMY aHOIYBAaHHs Ha AifCHY Ta YSIBHY YaCTHHHU
TICEBJOAIEIEKTPUYHOI (PYHKIIT < £ >, 10 00YHCIIIOETHCS
1o popMyIi:

2

<e>=sin’(0)[ Z—Z 1g°0+1], (2

R, . . . .

ne p=—-=tgyexp(id) — aMIUIITyJHU} KOMILUIEKCHUI
2

Koe(ilieHT BimOWBaHHA, O— KyT magiHHg, wTa A —

eJIINCOMETPUYHI (monsipu3artiiii) KyTH, 10
BUMIPIOIOTECS  (DOTOMETPHYHUM  EJIIICOMETPOM 3
00EepTOBUM aHaNIi3aTOPOM.

s imTepmperamii  crekTpiB  Re(<&>) Ta

Im(< &>) BHKOpUCTOBYBajlacb MOJENb €(QEeKTUBHOIO

cepenosumma bpyrremana [105] 3 miaronkorw Teopii 1o
EKCIICPUMCHTY IIULIXOM 3MiHH O00’€MHHX BMICTIB
Mmarepiany Ta MycToT. BusiBiieHO (OpMyBaHHS OKCHIIB
ALO;, Ga,O;, BB pO3CITHOTO  CBiTIA  Ha
SIIICOMETPUYHAN CHUTHAJl Ta MEXaHIYHUX HAampyXeHb
MK TOPHCTHM MIapoM Ta MOHOKpucTamoM. OcTaHHI
3YMOBIIIOIOTh  MOJsipU3aliiHy (pu  3MiHI  a3uMyTa
MOJOXKEHHS  3pa3ka) 3allexHicTh Im(<&>) i

MOPHCTOTO 3pa3Ka IpH MOBHiH BiCYTHOCTI aHi3oTpomii y
BUXIZTHOMY KyOiYHOMY MOHOKpHcTayi n - GaAs.

3.2. doroarOMiHECEH TS

[opucti HamiBIPOBITHUKK BUKIHKAIH BEIUKAN
iHTEepEeC BIJIKOJIA Oymna BHUSBJICHA BHIAMAa
¢doronrominecuenuis (PJI) y mopucromy Si [77, 78].
byno mokazaHo, 1m0 TmoBepxHs Si, Ha sKii
EJIEKTPOXIMIYHUM  METOAOM Oyl CTBOPEHI SIMKH
TpaBJICHHsI, BUIIPOMIHIOE BUAMME CBITJIO NpH 30ymKeHi
3pa3ka yibTpadioieTOBUM BHUIPOMIHEHHSAM. J[oBkuHA
xBwni  @DJI  MOXKe  KOHTPOJIOBATHCS  TPUBAIICTIO
TpaBJIEHHsI, a KOPOTKOXBWJILOBUH 3CyB Makcumymy DJI
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MOPUCTOTO  Si  TOSACHIOETBCS ~ KBaHTOBO-PO3MipHIM
epexkrtoM. 3a3HauMMoO, IO Take IMOSACHEHHSI €
HOIYJIIPHUM, aJie He 3aJIbHOIPUHHATHM.

KBaHTOBO-po3MipHHUil edeKT mnossrae y 301IblIeHH]
3a00poHEHOI 30HM C(HEPUYHOTO HAHOKPUCTada B
MOPIBHSIHHI 3 HECKIHYEHHHM 4epe3 po3MipHe 00MeKeHHS
EKCUTOHIB a00 BINBHUX HOCIIB 3apsiny. B HaOmmwkeHHI
e(eKTUBHHUX Mac MaeMoO [79] BiINOBIIHO:

h 1 1
E=E +—| —+— 3
£ 2d° \m m; ®)
n'n’
E=E -E_+——s 4
& 8Md? @
Ae E, — mapunHa 3a00pOHEHOT 30HM HECKIHYEHHOTO

CYLITBHOTO HamiBOpPOBiAHWKA, /i — crama [Imamka, d —
JiaMeTp HaHOKpHUCTanma, m, 1 m; — edekTuBHI Macu
€JIEKTPOHA Ta JIPKH BIAMOBigHO, M =m; +m, — Maca
eKCHTOHA, 1 — TOJIOBHE KBAaHTOBE 4MCIO, K, — eHepris

3B’A3Ky €KCUTOHA B HECKIHIEHHOMY KpHUCTai

OxpiM KpeMHito, (POTOIIOMIHECHEHIIIS] Y BUIUMIN Ta
yIbTpadiosieToBii 00MacTaxX CHeKTpa crocTepiranacs B
nopuCTHX ~ mapax  HamiBmposimmukis  A’B%:  GaP
[19,20,80], GaAs [6,8,13,81], i InP [42,82,83] Ta B
iHmmx wmarepianax. Ha puc. 11 s mopiBHSHHS

1424 ¢V
G0000+ l

x10

40000+

1675 eV

}

Intensity, arb. un.

20000+ Porous

1425 eV

TIDO 860 Q(I}D 1D(I}0
Wavelenath. nm
Puc. 11. Cnexkrpu (GOTOIMIOMIHECHEHIIT CYHIJIBHOTO 1

nopuctoro GaAs [16].

T
00

npeacraenena OJI cyninbHoro Ta nopucroro GaAs [16].

[MopiBusinasa inTeHcuBHOCcTi PDJI mopucroro GaP 3
CYHIJIbHUM TMOKa3ye 11 30UIbIICHHSA B 2-4 pasd Mmicis
yTBOpeHHs mnopuctoro mapy [16,22]. Ile Ha mymKy
ABTOPIB MOSICHIOETHCS THM, IO KUTBKICTh (DOTOHIB, SIKi
NOTPAIUISIOTE IO JIeTeKTOpa, 30LIbLIyeThCS —4epe3
PO3CISIHHS CBITJIa Ha MOpUCTOMY Hiapi. MOXKIMBO BHECOK
ae TaKOX 3MEHIIIEHHS 0e3BUIPOMIHIOBATBHOT
pexoMOiHamii  BHACHiOK  BHOANEHHS  Je(peKTHHX
obmacreit npu €IIEKTPOXIMITHOMY TpaBIICHHI.
30ibIIEeHAS IHTEHCUBHOCTI JIFOMIHECLIEHII T B
nopuctomy GaP crocrepiranocss takoxx B [59,84]. 3
IHILIOTO 00Ky, CIIOCTepIraioch 3MEHIICHHS
IHTEHCHBHOCTI BHUIIPOMIHIOBAaHHSI 3 €HEPri€l0 KBaHTIB
/i Oing mupunn 3abopoHenoi 300U B GaP [25], GaAs
[6], InP [42,46,53]. lle moxe OyTu ImOB’si3aHe 3
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MOCWJICHHSAM  TOBEPXHEBOi  OE3BHIIPOMIHIOBAIBHOI
pexkoMOiHallil B MOPUCTOMY IIapi, CIIPUYUHEHE BEJIHMKUM
BIJJHOILICHHSIM TUIOLII MOBEPXHI 3pa3ka Jio ioro o6’emy
[25].

B pobGori [80] Oyno BusBIEHO CHHIO Ta
yinbTpadionetoBy (YD)  QOTOIIOMIHECHECHIIO B
nopucromy n-GaP. ABtopu BinHeciau nosiBy Y® cmyru
JO  KBAaHTOBO-PO3MIPHOTO  30UIbLIEHHS  IIUPUHHU
3a00pOHEHOI 30HM, TOOTO /0 €]EeKTiB KBaHTOBOIO
OOMEXEHHs, a MK MakCUMyMy B CHHIA o0iacti — 10
pamialifHUX TepeXOJiB eJIEKTPOHIB Ha OUIhII TIHOOKI
piBHi. B [20] nocmimkyBaBcs BIDIMB OPHCTOTO IIApy Ha
BeIMUYUHY 3a00poHeHoi 30Hu B GaP. IToka3aHo, mo came
301LIBIICHAS 3a00POHEHOI 30HI 00YMOBITIOE TAKOXK 3MiHH
(doToakycTHUHHUX CHEeKTpiB, (QoTomominecueHnii Ta
KoMOIHaIliiHoro po3cistaus. Liu i Duan [46] noBigoMuiu
npo moBepxHeBi Momu B InP, a Takox mnokasanu, 1o
(OTOFOMIHECIIEHLIISI CUIIBHO 3aJIXKHUTh B/l TEMIIEpaTypu
i xiMiyHOi 00poOKM. J[0 TOro X BOHM 3HAWILIM, LIO
KBaHT CHEPrii JIFOMIHECICHIII CHJIBHO 3aJIC)KUTh BiX
piBHA 30YDKCHHS, IO TIOSCHIOETHCS HENIHIHHUMHU
eeKTamMH 3alIOBHEHHS IMIOBEPXHEBHX CTaHiB [46, 85, 86].

Mopgene kBaHTOBOro oOMexeHHs mae mit GaP
XapakTepHuii po3mip crpykrypu 25A [80], B Toit uac, aK
cKaHyroua enekTpoHHa mikpockoris (CEM) nokasye, mio
pO3Mip TOp Ta iXHIX CTIHOK MaroTh mopsiaok 100 am. Ie
Oo3Hayae, Ha JOyMKy aBTopiB [19], mo Y@ cmyra
nopucroro GaP He Moke OyTH CipUYMHEHa KBaHTOBUMH
epekramMu B CTiHKax mop. B wmiii poOoti HaBOISTHCS
aprymeHTH, 1o QoTonrominecienuis por-GaP wmoxe
OyTH 3yMOBJIEHa JIIOMIHECHEHTHUMH BIIACTUBOCTSIMH
okcuny ramiito f-Ga,0; Ha nmoBepxHi 3paska. CriekTpu
®JI por-GaP mo 1 micms yTBOpPEHHS —CIEIialIbHO
BHPOIICHOTO Iapy OKCHAY Ha TOPHUCTIH MMOBEpXHI, SKi
moka3aHi Ha puc. 12, BKa3yrTh 3HA4YHE 30UTBIICHHS
inTeHcuBHocTi DJI 31 30epekeHHsM il popmu micis
nosiBu 1mapy okcuay. Ilicist pozunnenns oxcuny B HCL,

IHTEHCHBHICTh ~ 3HOBY  3MeHIIWiach.  lloBTOpHE
HapoIlyBaHHS  OKCHAY  3HOBY  IPU3BOAMUTL [0
nigpumienHs iHteHcuBHOocTi @DJI. Kpim Toro crin
3a3Haunt, 1o GaP (momibHO kpemuiro Si) €

HENPSMO30HHUM  HAIIBIPOBITHUKOM
npsimo3oHHUX GaAs Ta InP.

Ha BIIMIHY Bif

100 T
B
o
t i
4 1]
TN il
; B : 1
/! R I
i B ' L]
¢ ad 1
i
D . T T T
300 400 500 600 700
A lnml —

Puc. 12. ®oromominecuenuiss nopucroro GaP npu
4.2 K. CywuinbHa JiHis nokasye @JI moitHO
BHPOILEHOTO 3pa3Ka, MyHKTHPHA JiHig — crektp PJI
TiCIIA yTBOpeHHS okcuay [19].
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B [6] indpauepBoHa cmyra ¢oTOMOMIHECTIEIT
nopuctoro GaAs, sika crocrepirajiacs B CYLUIbHOMY

24
E Extraordinary beam
E- | e %LI‘.‘;'_‘I 2 —|.1.‘;I.Ij[ﬁr‘]}
c 20 WWR E M Q-_Dt-'-‘iumi-h""ﬁ e
= e o &
E 1.6 Ordinary beam |,
= i,
h
E 1.2 h.}-’.”.-l,b_‘_
T L] T L) T
0 10 20 30 40 50 60

Incident angle (deg.)
Puc. 13. 3anexHicCTb NMpOIyCKaHHS CBITJIa BiJ KyTa
MamiHHA Kpi3h mopucty MemOpany GaP (111) s
Ja3epHOTO MPOMEHS 3 JOBXHHOIO XBWIi A = 1064 HM B
g-s and g-p reomeTpisx moispuzamii [95].

GaAs, micisi YTBOPEHHs IOPUCTOIO IIapy TPOXH
3MicTHiIacs B OiK OUIBIIMX €Hepriil, O TOro X 3 sBHUIIacs
cMyra B ,3elieHiii” o0macTi. ABTOpU TMOSCHIOIOTH 1€
e(eKTOM KBaHTOBOTO OOMexeHHs. OCKIIBKUA HOPUCTHI
map HEOMHOpINHWU, TO 3MmimeHHs [Y cMyrm MokHA
BiJTHECTH JI0 OUTBIIKX IIOP, a ,,3€JIeHy”” — IO MaJTUX.

Sx i y Bumaaky GaP, Oymu cnpoOu NOSCHUTH
MOXO/DKEHHS  poTomroMiHecieHnii mopuctoro GaAs
HasABHICTIO OKCHAIB Ha TOBepxHi 3paska [9]. OmuH 3
apryMeHTiB TOJSITaB y TOMY, IO CEpPemHil po3Mip
KPHUCTAIITy  3aHaJATO  BEIMKWI Al KiUIBKICHOTO
y3ropKeHHs 3 ekcriepuMeHToM. Ilpote, B [74] mokasaHo,
IO MiCJsA XiMIYHOTO Ta 1I0HHOTO OYHIICHHS MOPHCTOrO
mapy Big okcuuiB ,.Buanmuid” nik ®JI 30epirae popmy i
3MIILY€eThCsl B OIK OLIBII BUCOKHX eHeprii, Tomi sk DJI
MiAKIAIKA 3pa3ka B3arajii He MiCTUTh ,,BUAUMOTO” MIKY.
300paxkenHs mnopucroro (GaAs, oOTpEUMaHe aTOMHO-
CHJIOBHM MIKPOCKOIIOM ITOKa3ye, M0 TOBEPXHsS 3pa3ka
CKJIIAIa€TbCs 3 HAHOKJIACTEpIB 5 -6 HM, mo mobpe
Y3TOIKY€eThCS 3 po3paxyHkoMm 3i cmekTtpiB DJI (3a
thopmynamu (3), (4)).

B [87] BuMIpIOBaIKCh CIEKTPH KOMOIHAI[IHOIO
poscisaus  cBitia (KPC) i ®JI mopucroro GaAs.
Crextpu KPC mopucroro Kpucraga ONHCYIOTBCA 32
JONIOMOTOI0  Mozeni  oOmexeHHs ~ (OHOHIB B
HaHOKpHCTanax, a cuekTpu OJI — MomeIIr0 0OMEKEHHS
HociiB  3apsmy  (3), (4). PospaxyHok  po3mipy
HaHOokpuctasna 3i cnekrpiB KP i ®JI npatore Mmaibke
OJTHAKOBE 3HAYCHHS, IO CBIJYUTH MPO KBaHTOBO-
PO3MipHE ITOXO/PKEHHS CIIEKTPIB MOPUCTUX IIapiB. Zeng
Ta iH. [7] DOCHIKYyBaIX BILTUB TEMIIEPATYPH TPABICHHS
Ha ontuyHi BracTuBOCTI n-GaAs. Ilpm meBHHX
TEMIlepaTypaXx Ha [OBEPXHI 3pa3KiB yTBOPIOIOTHCS
okcuan Ga,O; 1 AsyOs, sIKi pa3oM 3 KBaHTOBUMH
epekramu alOTh cMyrd  (OTOJIOMIHECUEeHIIl, SKi
CIIOCTEpIrajy aBTOpH.

Cnocrepirajioch TiJIBUIIEHHS BUXOJY CBITIa 3
miakiaak InP 3 MacMBOM HaHO-OTBODPIB Ha MOBEPXHI.
[HTEeHCHBHICTH (DOTONFOMIHECIICHIIIT MACUBIB MOBITPSHUX
MWIHAPIB Ha migkiraam InP 30impmmmmace BTpuui B
NOPIBHAHHI 3 CyHUIbHOIO IuiactuHolo InP  [52].
Crocrepiranacs Buaunma @JI (Bix »OBTOI 10 YepBOHOI
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obmacrti) mopucroro InP, Buroromenoro B HF, Toxi sk
3pasku, surorosicHi B HCI, e BusBmsun Buaumoi DJI
[82]. Ls  BiAMIHHICTH  TOKU-LIO  HE3pO3yMila.
Crocrepiraiiacss ®JI mopucrtoro InP, BHrOTOBICHOTO B
HCl, 3 makcumymom y 2.07 eB ( cepenmHiii po3mip
kpuctaimity 5 uM) [88]. IloBimomisuiocss TakoX Ipo
He3HauHe 3MieHHss PJI nopucroro InP B 0ik BHCOKHX
eHeprii  [46].  HocmimkeHHs  mopuctoro  InP,
BurotoBneHoro B HF i HBr moka3zanm, mjo MakCHMyMmH
®JI obymosneHi ckimagaumu okcugamu [89]. [lopucTuii
InP, BUTOTOBIEHUI1 iCKPOBHM pPO3PSAOM, BHSBISE TPH
JIOMIHECLIEHTHI CMYTH: YEepBOHY, 3elieHy 1 (iomerony,
sSIKi PO3TAIIOBaHI BIAMOBIIHO MMPH CHEPTisfX KBaHTIB 1.85,
2.413.1 eB [56]. ABTOpH BiITHOCSTH (iONETOBY CMYTY 10
KBaHTOBMX €(EKTiB, a IMOBTO-3€JICHy — 10 OKCHIIB
dochopy. Inme  mocmimkeHHs —mopuctoro  InP,
BUTOTOBJICHOTO ICKPOBHUM METOJIOM, MOKa3ajuo, LI0
BHECOK Y JIOMIHECIICHI[IF0 BHOCSATh BiacHi okcuau In,O;,
II’IPO4, P203 i P305 [90]

Sk 06aunMo, B OJHUX BHWIIQJKaX BAXIUBY pPOJIb
BIZIrpaloTh KBaHTOBO-PO3MIpPHI €(eKTH, a B IHIIUX —
MPOAYKTH XiMIYHUX peakliif TPy YTBOPEHHI TOP.

3.3. OnTuyHa a”izoTpoOMis

Axmo mnopuctmii map € xoda O YacTKOBO
BIIOPSIIKOBaHUM, TOOTO MOpH JOOpe PO3BUHYTI, MalOTh
BU3HAYCHUI HAIPAMOK pPOCTY, TO TAaKOMy IIapy MOXKeE
OyTH BIacTHBE [JBONPOMEHE3ATOMJICHHSI. B 1pomy
BUIAJKy Tpeba rOBOPUTH IPO TaK 3BaHy aHi30TPOIIIO

¢dopmm, TOOTO B MOPUCTOMY mrapi HE
HAaIiBIPOBITHUKOBUH  MOHOKPHCTaJl ~ 3MIHIOE  CBOI
BJIACTUBOCTI, a HASABHICTh BHUJAUICHOTO HANPSIMKY -

HAaIpsIMKy POCTY IIOp - 3HIDKYE CUMETPII0 cepesoBHIIa i
MIPHU3BOIMTE [0 TTOSBU ONITUYHOI aHi30TpoMil. 3MiHIOIOYH
MOPHCTICTh MaTepialy MOXKHA 3Ha4HOI0 Miporo (10 30%)
3MIHIOBATH ONTHYHI KOHCTAHTH MOPHCTOTO MaTepiaiy.
3a3Buuaii  30UIBLICHHS IOPHCTOCTI MPHU3BOAUTH 0
3MEHILICHHSI TOKA3HMUKIB 3aJIOMJICHHS 3BHYaliHOI Ta
HE3BUYaWHOI XBHJIb Ta 30LTBIIICHHS PI3HULI MK HUMH.
Tak, HampuKkian, MOPUCTUH KpEeMHIH, SIKMHA YacTo
3raJyloTh TNPH  aHami3li BJIACTHBOCTEH  MOPHCTHUX
HAIIBIPOBIIHUKOBUX  MaTepiaiiB, XapaKTepPH3YEThCS
3HAYHOI ONTHYHOIO aHizorpomiero B [U miamazoni [91].
ExcriepuMeHTaNbHO BH3HAYCHA BEIWYMHA ONTHUYHOL
amiszorpomnii An=n,-n, n€ n, Ta NH, — TOKAZHHUKH
3JIOMJICHHA  3BMYailHOI Ta  HE3BUYaWHOI  XBWJIb
BIAMOBIAHO, JOCsATae MakCHMalIbHOT BenuunHH 0.366, 110
B 46 pa3iB MepeBUIIY€E aHAIOTIYHY BETHYMHY IJIST TAKOTO
IIUPOKO BiZIOMOrO JBOIIPOMEHE3ATIOMITIOI0YOTO
Mmarepiany sK KBapl. SIBuIle ONTHYHOI aHizoTpomii B
MOPUCTHX MarepiallaX € JOCHUTh IIHPOKO JOCIIIHKEHHM,
30KpeMa, MOXKHa PEKOMEHIyBaTH OINIAJH POCIHCHKUX
aBTOpiB [92,93], B sKkux Oarato yBaru NPHIIEHO
po3misigy ONTHYHOI  aHi30Tpomii PI3HMX HOPHUCTHX
MarepiaiiB, MOYMHAIOYM 3 KPEMHII0 Ta HOro OKHucCIy,
BKITFOYAFOYU MOPUCTUN OKCHIl aTIOMIHIFO, a TaKOX IHIII
HamiBpoBimHUKH. 110 X cTOCyeThCS HANIBIPOBITHUKIB
rpymi A’B°, To 10 HHMHI npAMi eKcIepUMEHTAIbHi
JOCTIKSHHS ONITUYHO{ aHI30TPOIIiT IPOBEICHI JIIIE IS
nopuctoro ¢ocdiny ramiro. 3ayBaxkuMo, IO IS BOTO
Mmarepiany JOCHTh JIETKO OTPUMATH BIIOPSIKOBaHI
MOPHUCTI CTPYKTYpH, MPH LBOMY KpHCTalorpadiyHo
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OpIEHTOBaHI TMOPW POCTYTh NEPHEHIUKYIIPHO IO
mosepxHi (111). B excnepumenTansHux podorax [9,95]
croctepiraBess  €peKT  IBOINPOMEHE3ATOMJICHHS  Ta
OTpUMaHi 3aJIeKHOCTI IOTJIMHAHHS CBIiTJIa BiJ KyTa
NaJiHHS J1a3€pHOTO MPOMEHs JUlsi MOPUCTHX MeMOpaH
GaP ToBmuHoIO 8,2 pum (puc. 13).

AHaniz yMOB BHMHHMKHEHHS iHTep(epeHLIHHUX
MaKCUMYMIB J03BOJINB BH3HAYHTH CKCIIEPUMEHTAIEHO
MOKA3HWKKM 3aJIOMJICHHS 3BHYAWHOI Ta HE3BUYAHHOI
XBUIb: n,=2.43 and n,=2.67, TOOTO BeIMYMHA
onTUYHOI aHi3oTpormii ckianae An = 0.24. Takum drHOM
mopuctuii map Ha moBepxHi GaP (111) wmoxna
pO3TIsAgaTH SK OJHOBICHMH JOJATHIM aHi30TPOIHUN
MaTepiay, ONTHYHA BiCh  SIKOTO  CIIBHAagae 3
Kpucrajorpadiuaum HampsmkoM [111] Ta 31 3HaYHOMO
aHI30TPOIII€I0, JIOCTAaTHBOIO JUIS BUKOPHUCTAHHS LLOTO
MaTepially B HEJIHIHHIA ONTHII.

Ha mipxnanuakax GaP (110) 3 MeHIIOIO cUMETpi€ro
MOBEPXHi TaKOX CriocTepiraBcs edexT
JIBOIIPOMEHE3aJIOMIICHHST [29], HampsiMOK pocTy mop i
BiJITIOBIJTHO ONTHYHA BICh JUIS TaKUX 3pa3KiB JCKATh B
wromuHi moBepxHi (puc. 14). HasBHicTh aHizoTpoOIIii

6 5 4 3 2

0.20 g T ' I
0,18 ) g
~_/
%0-15 \ //\/ e
= 014 -
T 1 [001]
—E L [001
odzr | E Il [001]

0.10 1 1 1 1 1 1
1500 2000 2500 3000 3500 4000 4500 5000

Wavenumber (cm™)

Puc. 14. CnekTpanbHa  3aJIeKHICTh  BiIOMBaHHS
CBITJIa, TOJAPU30BAHOTO TapanelbHO (IMYHKTHPHA
KpHBa) Ta TEPHCHIUKYISApHO (CYLIbHA KpHBA)
kpucraiorpadpigaomy Hampsamky [001], Big mopucToro
mrapy GaP (110) [29].

nopuctoro ¢Gocdigy rajio 3 ONTUYHOI BICCIO, IO
JICKATh B IUIOIIMHI ITOBEPXHI, BIAKPHBAE IIMPOKI
MOJJIMBOCTI 11 3aCTOCYBaHHS IIbOTO MaTepialy B
HEJIIHIAHIA ONTHUIl, OCKUTBKH CaM KPHUCTal MAaE€ BHCOKY
ONTHYHY HEJIHIWHICTh, & aHI30TPOIs Ja€ MOXIIHUBICTh
JIOCSITHYTH TIOBHOTO (ha30BOr0 CHHXPOHI3MY. ICHYIOTBH
eKCIIepUMEHTaIIbHI T ATBEPPKECHHS 3HAYHOTO
301IBIICHHS] IHTEHCHBHOCTI I'eHepalii Jpyroi rapMOHIKK
B IIOPUCTHUX IIapax, mo OyJie po3risHyTo B MyHKTI 3.5.
3BHUaifHO, aHI3OTPOIHI BJIACTUBOCTI MAalOTh OYTH
BpaxoBaHi pu BUOOPI MoJeTi epeKTUBHOTO CepeOBHUINa
IUISE TaKUX MOPUCTHX MarepianiB. lle Bimomwuii nuisix B
Teopii e()EeKTUBHOTO CEPEIOBHUINA, KOIH [iCIICKTPHYHA
MPOHUKHICTh cTae TeH3opoM. Came g Top B
HAIIBIPOBITHUKAX A’B’ et pO3IJIsA] TMPOBENECHO B
poborax [96 - 98]. Cnix 3ayBakuT, 1o B poboti [97]
TEOPETHYHO PO3IJISIHYTI KpHCcTaorpadiyHo OpieHTOBaHi
nopu B (100) GaAs Ta B pamMKax HAesKMX HaOJIMKEHb
nependavyeHo, Mo el Marepian Moke OyTH JBOBICHUM
CepelloBHIIEM, a TaKOX BH3HAYEHO IapameTpu
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MMOPUCTOCTi, TPH SAKUX Led MaTepial Moxe OyTH
OJTHOBICHUM.
TakuM  YMHOM  MOXKHA  CTBEpMXYBAaTH, IO

MOPOYTBOPEHHS - 11€ KOHKPETHUU HUISIX JUIsi CTBOPEHHS
Martepiany 3 HeOOXiTHHUMH IS TOJAJIBIINX 3aCTOCYBAaHb
ONTHYHUMU BJIACTHBOCTSIMHU.

3.4. Moasipui (poHOHHI) BIacTUBOCTI

B cyuwachiii MIKpOEJIEKTpOHILli  pPO3POOIISIOTHCS
MpWIaan 3 po3Mipamu, siki Bce Oiiblie HaOIMKAIOTHCS
J0 po3MmipiB atoma. B mmx mnpuiagax 3HauHy poJib
BINIITpalOTh KBA3IUAaCTHHKH, 30Kpema, ¢GoHOoHH. Jlnsa
nopucTHX cronyk A’B’ XapakTepHHUMH € KBaHTOBO-
po3MipHe  OOMEXeHHs  00’eéMHHX  (OHOHIB B
HAHOKPHCTAJIaX, a TaKOXK 3HAYHUH BIUIMB IOBEPXHEBUX
(OHOHHMX MOJ] HAa ONTUYHI BIACTUBOCTI Marepiaiy.

OnHMM 3 HANMOIIMPEHINIMX METOIIB JOCHIHKSHHS
KBa314aCTHHOK € KoMOiHarliitHe poscisuus cBitia (KPC).
B cyuineHux Mmarepianax B3aemonisi (POHOHHHUX MOJ 3i
CBITJIOM BU3HA4a€ThCA MpaBUIIOM Bindopy g, =0, ne g,
XBWJIBOBHH  BeKkTOop (oHOHA. Y 3B'sA3Ky 31
CHIBBIIHOIICHHSIM HEBU3HAUYEHOCTEH B HAHOKPHCTAII

yepe3 00MeKeHHS TPaHCILILIHOI CHMMETPIT 1€ TPaBUIIO
mopymryeThes. BHECOK y KOMOiHAMiHI CIIEKTPHA BHOCSTH

. . . 2
yci ¢GoHOHHI Mo 3 1HTepBaﬂyquTﬂ, ge L

XapaKkTepHUH po3Mip HaHOCTpyKTypu [99]. Bracmizok
LBOTO B CHEKTpax KOMOIHALII{HOrO PO3CisiHHS CBiTJIa Ha
MOPUCTHX MaTepiajax 3 XapaKTepHHUM pO3MipoM Iop B
JIEeKiTbKa HAHOMETPIB  CIIOCTEPIraeThCsA  3MIMCHHSA
MTOJIO’KEHHS MaKCUMyMY iHTEHCHUBHOCTI, (DOHOHHA CMyTa
CTa€ INUPIIOID Ta acuMeTpuuyHoro. Ll TeHnmeHmis
MTOCHJTIOETHCS 31 3MEHIIEHHSIM XapaKTepHOTO po3Mipy B
MOPHCTIH CTPYKTYPI.

JI1s TOSICHEHHS eKCIIEPUMEHTAIbHUX JAaHUX HMIMPOKO
BUKOPHCTOBYETHCSl HACTYITHAa (PEHOMEHOJIOTTYHA MOJIEINb
obmexeHHsT (OHOHIB y chepuyHOMY HAHOKPHUCTAIL.

@DOHOH 3 XBWIBOBHM UHCIOM g,, SIKHIl yTBOPIOETHCA B
MIPOIIECi CTOKCOBOTO PO3CISHHS CBITJIa Ha CYLIBHOMY

HECKIHYEHHOMY  KPHCTali, OIHCYETHCS  XBHICBOIO
(dyHKIIi€I0:
Y(q,.r)=u(q,r)exp(=iq,r), )

ae u(q,,r) — nepionuyHa (yHKIiA 3 IepiogoM CTaol
rparku. POHOH HEe MOXE ICHYBAaTH 10332 KpPUCTAJIOM,
ToMy XBuiIboBa (yHKUis ¥, QoHOHa B chepudHOMY
HAHOKPHUCTANTI 3 pagiycoM R OTPUMYETHCS MHOKEHHSIM
¥ wHa BaroBy ¢yHKUioW(r,R), mo 3aHynsie ¥, Ha
MeXKax KpHucTaa:
(4, ) =W(rR)P(q,r) =¥ (4,7 u(q,.r). (6)
s ¢yHkuis Mae OyTHM CHMETPHUYHOIO BiJIHOCHO

LEHTpa HaHOKPHCTAJA, 3aBXKAU JIOJATHOIO, CIIaIaTH NPU
30UIbIIeHHI # 1 TPHOJM3HO BIINOBIAATH PO3NOALILY

HAHOKPUCTANiB 32 po3mipoM R . Ilum Bumoram

33JI0BOJIbHSIE rayccoBa BaroBa
- ar’

byukuist W(r,R) ~ exp(— = ). ITapametp a

BU3HAYAETHCS 3 JA0JATKOBUX yMoB. Hanpuknan, B poborti
[100] aBTOpH B SKOCTI TpaHMYHUX YMOB ITOKJIAJH
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— 2
3MEHIIEeHHS eHeprii (JoHOHA (~ ‘W( r,R )‘ ) Ha HOBEpXHI

HAHOKpHCTAJIa B ¢ pa3 B MOPIBHSHHI 3 EHEPrielo B Horo
UeHTpi, 1o BianoBigaca =2. B ixwmiii poGoti Oyno
OTPUMAHO 3HAYEHHA @ =87 , TAKOX aBTOpaMu OyJI0
3amponoHoBaHe 3HadeHHs 9,67 [99]. HaiGinpm
YKMBAHUM i OOTPYHTOBAaHHM € @ = 87° .

B cBow dyepry IHTEHCHBHICTh KOMOIHAIIHOTO
PO3CISIHHS CBITJIa 3a1a€ThCs (HOPMYIIOIO:

— 2
‘C( q)‘

(0—a(q)) +(I'/2)""

["— mmpuHa niHii onTHYHOro (QOHOHA,

(o) [d’q (7)

Je: o(q)-
JMcnepciiiHe  criBBifHOIIEHHS  ()OHOHIB, sKe B
HaOJIM)KEHHI OJJHOBUMIPHOTO JIAHIIOXKKA Ma€ BUIJISA:

a(q)= —A+\/A2 —-B(1-cos(aq)),
ne AiB 10
excriepumenty. C(q)— xoediuieHT poskiaxy ¢GyHKIIT

®)

BU3HAYAKOTHBCI 3

napameTpH,

‘l”(c_jo,;) B iHTerpan dyp’e:

Cla)= j [@'re (g, rsem(-igr) O
V Bunaaky a =87’
ccaf ~ew-42) (10)

®opmyna (7) 9acTO BUKOPUCTOBYETHCS IJIST OI[IHKH
po3mipy HaHOKpmcTaniB R 3i crekTpiB KoMOiHAIIIHHOTO
poscisaus [87, 90].

B Manux 4acTHHKaX MOJSIPHUX MarepiaiiB, IKAMHU €
ii cronyku A’B’, B o6macTi 3aNMIIKOBHX MPOMEHIB
(@, < @ < w,,) BUHUKAIOTh IOBEPXHEBI ONTHYHI MOJH.

Bonn  Bu3HauaroThcs  Hacammepen — (opmoro  Ta
IienekTpudHol0  (yHKIi€r0 dacTWHKA. Jims Manmx
cepuIHUX YACTHHOK YaCTOTH LIMX MOJ BU3HAYAIOTHCS 3
pisustaEs [102]:

sw) 5,2 =0, (n
Je &(w) — nienexkrpuuHa (QyHKUig KpucTana, &, —

nieneKkTpudHa (YHKIiS HAaBKOJHIITHHOTO CEpEeIOBHIIA
(moBiTps, okeun, pinuan), [ =1,2,3,...

Yactrotn QonoHiB cromyk A’B’ posramosani B
manekit [4Y oOxacrti, OoTKEe, MH MOXXEMO pO3TIISIIATH
B32€EMOJIII0 YACTHHKU 31 CBITJIOM B €JIEKTPOCTATHYHOMY
HabmwkeHri (A » R). 1 ockineku 3a Teopiero Mi moje
BCEpeleHI YAaCTUHKH OJHOpigHe mipu/=17, TO 1A
noBepxHeBa Mmoaa (Moga @pbosixa) Oyne HaWOUIbII
CHIIBHO BHPKCHOM. JSIKIIO MH pPO3MIAIAEMO HE
chepuuHy UacTMHKY &(@) B CEepeloBHIIIE, , a

cheprune BaKyyMHeE BKJIFOUCHHS g B

m
HariBIPOBIIHUK £( @) , TO B hopmyuti (11) mienexTpuuni
(YHKIUT C1iJ] TOMIHSTH MiCIISIMH.

[ToBepxneBi Moau Oymu BusBieHi B crekrpax KPC
Ha TopucTHX cronykax A’B° [96]. Uepes Te, mo mopu
4acTo A00pe MOIEITIOIOTECS SIK CEPUYHI, TO IIOBEPXHEBI
MOJ{ B IOPHCTHX HAIIBIPOBIIHMUKAX OTOTOXKHIOIOTH 3i
chepuyanmu  Momamu  ®ppomixa. JleTtanbHHE aHaii3
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CKCIICPUMECHTAJIBHUX JaHWX BHUKOHYBAaBCS B paMKax

Momeneli  e(hEeKTUBHOIO CEPeIOBHINA, SIKi KOPOTKO
OITHIIIEMO HHUKYE.
B nmopuctux Marepiajgax BHUTPaBJICHI IYCTOTH,

OUEBHUJIHO, KpaIlle OMHCYIOThCS IMIIHIpPaMHU, SK 1 cami
3aJMUIKM Martepiany (ckeneroH). B Takiit ¢opmi marepii
noBepxHeBi (POHOHHI 30yKEHHS HAa MEXIi 3 OTOUCHHSIM
&, BU3Ha4aoTheA 3a Gpopmymnamu [101]

2
% g() _gmpnk
gm _gmpnk ’
nep,, =[K.(kR)I,(kR)] /[K, (KR)I(kR)], K, (kR),

I.(kR) — momndixoBani ¢ynkuii beccens mopsiaky n,

(12)

@r

K (kR), I'(kR) — ixHl moxigsi, &,1 &, — cTaTW4Ha 1
BHCOKOYACTOTHA [ieNEeKTPUYHI CTajll Marepialy, @, —
YacTOTa MONEPEYHOT0 ONTHYHOTO (DOHOHA B MACHBHOMY
Kpuctanmi, R— pagiyc nwiHipa, o, — 4acToTa

n
MOBEPXHEBOTO (OHOHA TOPAAKY # 3 XBHJICBUM

. . R
BekTOpoM k . Ilpu manux paxaiycax umwiiHapa — << [
c

4acToTa @,, 3 n =] BU3HAYAEThCA HAOIMKEHO BUPA3OM:

(13)
TOOTO moJyiokeHHs mika [Y morjauHaHHS MOBEpXHEBHM
(OHOHOM @, , PO3TALIOBAHE B NPOMDKKY IOINEPEYHO-

g(a)lk)+8m :0’

MO3/I0BXKHBOTO PO3ILEIUICHHS W, <0, <o,
(aHAJIOTIYHO TUTOCKIH MEXi MOITY).
B wuactmHKax emimcoinanbHOT (OPMHU TOJOXKCHHS

noBepxHeBUX Mo (Pproiixa) BU3HAYAETHCS 3 PIBHIHHS:

g(a))+gm(i—]):0, (14)
n.

i

aen, =1,2,3, a cyma (axTopis uenonapmauii’Zni =1.
i

ExcniepumeHTanbHO Taki TOBEepXHEBI (DOHOHHI MOAH
cnocrepiranuce B GaAs, GaP, InP Ta ixmux A’B’
Mmatepianax [102, 103] ta iHmmxX cnomykax. Y BHIIAQAKY
chepruHux BKIOYeHb Bei n;= 1/3 i 3 (14) orpumyemo:
g(w) +2e=0.

3rigHO ODHOrO 3 BapiaHTIB Teopii e(EKTHBHOIO
cepenosuma (EMT — effective medium theory) Oyap-sike
KOMITO3MTHE CEPEAOBHIIE, 30KpeMa, MOPUCTHH MaTepial,
[IpY BUKOHAHHI HEPIBHOCTI A > L, A — moBkuHa XBWII
CBiTNIa, L — XapaKTepHH pO3MIp eJeMEHTa KOMIIO3UTa,
MoOxe OyTH 3aMiHeHe OIHODPIAHUM 3 e(QEeKTUBHOIO
TUESNEKTPUIHOI0  (YHKIII€I0 Eyr - OueBUAHO, HAWOLIBII

NPUAHATHOIO  BHIAETHCS  MOJIENb  aHI30TPOITHOTO
OJTHOBICHOTO KpHCTaJIa, KOJU TEH30p [iCIeKTPHYHOI
MPOHUKHOCTI Mae Bup [104]:

gy 0 0

1
Eg=| 0 &y 0,

Vi
0 0 ¢ o

(15)

4
ac & off

MO3JI0BXHSI CKJIaZoBa (€JIEKTPUYHE I10JIe
B3JIOBX OCI LIWJIIHIpa HOPH). gj}f aBTOPH 334al0Th [96]
BepxHero Mexero Binepa (auB., Hanpukian [105]).

gy =(1-f)e, + fe(w), (16)
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a Juid TONEPEeYHOi  CKIIaJOBOL
HaOkeHHs MakcBema-I apaerra

(2-f)e, +fe(w)
fe, +(2=f)e(w)’

ne f — dakrop 3amoBHEHHsS 00’€My CEpeIOBHINEM 3

BUKOPHCTOBY€ETHCS

(17)

sy =6(w)

MIPOHUKHICTIO &(®@). Xo4 HaOmmkeHHS MakcBema-

(17) obrpyHroBane Jjumie JUII MalHuX
BKJIFOUYEHHSIMM ~ MATPUYHOI  JIUCIIEPCHOL
a mma cuctemMu mopl/— f <[, abo mus

<1

BHUKOPUCTOBYETHCA  TaKOX

l'apnerra
3aII0BHEHD
CHCTEMU;

KOJIOHOIOMIOHOT  cucTremMu 13 3aMIHOIO

ifel-f,
HaOmkeHHs MaxkcBea - [apHerTa:

g =g, (=)ot (14 )e(0)

‘ (1+f)e +(1=f)s(w)

ABTopu [96] TPOTIOHYIOTH BUKOPHUCTATH HOTO TpHU

Oyap-sikoMy 3amoBHeHHi f . Bsarami kaxyuw, s

& e(w)

(18)

MOPUCTHX CTPYKTYp 3 OyIb-SKUM 3allOBHEHHSM  f

OUTPII ~ MPUIHATHOIO MOACITI0 Morma O OyTh
CTaTHCTHYHA  TeTEepocHUCTeMa,  KOJIH  e(eKTHUBHA
AleNIeKTPUYHA TIPOHUKHICTb &, PO3PAXOBYETHCS 3a

topmyioro bpyrremana [105].

Tum He MeHmEe B pamkax Mozeni Makcsema-
I'apuerra aBTopu cepii pobir [106, 107] po3paxoByoTh
cnekTpu BinOmBaHHA [Y-cBiTma B oOmacTi QOHOHHUX
4acTOT (3AJIMINIKOBHUX IIPOMEHIB) Ta KOMOIHAIiHHOTO
poscisHHs cBiTna (PamaH-edexT) i 3HAXOIATH mOOpE
Y3rOJDKEHHST Teopii 3 eKCIepUMEHTOM. bimbie Toro,
IPUPIBHIOIOUM [0 HyJs 4YHCEIbHHK a00 3HAMEHHUK
BupaziB (16) ta (17) a6o (18), aBropu [96] 3HAXOAATH
YaCTOTH TaK 3BAaHUX HOS[[OB)KHiX Ta IMOMEPEYHUX MOJ
Opromixa, BianoBigHo. B paMkax BukopucTaHoi Moneni
ICHYBaHHS IIMX MOJ MPHU3BOJUTH 0 MOSBU JOAATKOBOL
(By3bKOi) CMyru 3aJMIIKOBUX IpoMeHiB (puc. 15) Ta

1.0 .
1.0 {111) GaP 4 f“\ - _bulk
- a) exp. fi = [
0.8 { ! : éo.s "/ .
11t 2 7 porous
0.6 :.I : t l‘-._'-
=4 i I g .
: O 30 Afd) 400
0.4 1 W wvenumbser fem IF
|
1
0.2 T e ]
- | W
Wi
u.'g ----I----I-.|[|I||--I--||
100 300 100 800 €00 FOD
1.
Wovenunber (em )
Puc.15. BigOusanHa B o00nacti 3aIMILIKOBUX

IIPOMEHIB KpHcTalliuHoro Ta mopucroro GaP [96].

MIOBEPXHEBOI JIiHIi B paMaHIBCbKOMY CIIeKTpi. BimHocHO
3actocyBaHHs gaHoro Bapianty EMT no BinOuBaHHS
ceitma B panekiit IY (QononHiit) oOmacti cnekrtpa,
Ko A > L, 3anepeueHHs] He BUHUKAIOTh, aJle CTOCOBHO
PamaHIBCbKOTO  PO3CISIHHS, KOJM  Jla3epHE CBITIO
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30ymkeHHs Mae A < L, 1ie, oueBUAHO, HE Tak. Tomy He

MUBHO, IO B CKCIEPHUMEHTI PaMaHIBCBKI CIIEKTpH
MIPOSIBIISIFOTh €IUHY 0COOJINBICTH JINIIE B
obnmactiA, >A>A4,, 1m0 3yMOBIEHE 30yMKEHHAM

moBepxHeBux (OHOHIB (uu  (DOHOH-TIOJIIPUTOHIB) Ha
MeXI  HamiBIPOBIIHUK-NOBITPS MOp, W0 J00pe
Y3rOKY€EThCS 3 hopmyJioro ®dproutixa:
&(w, )+¢&, =014 nUIHAPUYHOI HOpPMH MEXI MOALLY
[108]. Take mosicHEHHS OOpE Y3TOKYETHCS 3 BiTOMUMHU
eKCIICpUMEHTATbHUMHE  (akTaMy Ul HOPUCTHX
HaniBnposigaukis Ty A°B> [11,96]:

PamaH-curHan B nuMx Marepijiax Habarato OUIBILMA,
HDK y BUIAQJKY TUIOCKOT MEXi MOBEpXHI (MEXI HOIITY);

Crocrepiratorbesi  PamaniBebki  JiiHii, 3a00poHEHi
MIpaBUJIaMH BiIOOPY VIS IIIIOCKOT MEXi MOALTY.

Kpim PamaHiBcbKOro po3cCisiHHS CBiTja, mOAiOHA
iHTepIIpeTaniss 3aCTOCOBHA TaKOX JO 3BHYaWHOTO
(m3epkanpHOTO 200 AHMdy3HOrO) BiMOWBaHHS CBITIIA
BuguMoro miama3zony [109] ta mo cmekrpampHOi abo
MOHOXPOMATHYHOI eirncoMeTpii [76].

Ha BigmMiHy BiZ  HOPHCTHX  MOHOATOMHHX
HamiBrpoBinHUKiB Tumy Ge Ta Si, g€ BKIIOYCHHS
Marepiany B nopu € cdepudnoi ¢popmu 3 po3mipamu B
KiJbKa HaHOMETPIB, o MIPU3BOIUTH JI0
HHU3bKOYAaCTOTHOTO 3CYyBY, YIIMPEHHS 1 acumerpizamii
PamaHiBChbKHMX JTiHIM ONTHYHUX (OHOHIB BHACIHIZOK
KBaHTOBO-PO3MIPHOTO ~ OOMEXEHHS, B  IIOJISIPHUX
nanisnposinaukax A’B’, A’B°, SiC B nopucromy crani
3’SIBISIOTBCS TTOBepXHeBi (hoHoHHI miHiii Mix TO- 1 LO-
o0’eMHUME (OHOHAMH, SKi CIHaOKO 3ajexarb BiX
CTYIICHST TOPHCTOCTI Ta CHIBHO MOAH(DIKYIOTBCS i
PO3IIETUTIOIOTECS Yepe3 MIa3MOH-(DOHOHHY B3a€EMOJIIO B
CHIIbHOJICTOBAaHMX MaTepiasax (KOHICHTpalis HOCIiB
sapagy ~ 10" —10"” cm”). TIpote, ayke 4acTo B IUX
Marepiajgax B IOPUCTOMY CTaHi i€ PO3IICIUICHHS 3HOBY

3HHUKAE€ Yepe3 CTaH BHCHAXKECHHS MPUIIOBEPXHEBOT
obuiacti Ha ocHOBHI HOcii cTpymy [18]. Llbomy cripusitoTh
OinblIi  TONEpeYHi  po3Mipu TOp B MOJSPHHUX

HamiBnpoBigaukax A’B’  (gecATkM HaHOMeTpiB) Ta
nepeBaXkatoue B HUX 3aKpimieHHs piBHsA Pepmi mobiamzy
cepeMHM 3a00pOHEHOI 30HM Ha peajibHIi NOBEpXHI,
TOOTO MeXIi IOALTY HANiBIPOBIIHWKA 3 HOTO BIACHUM
okcumoM y mositpi [110].

3.5. HexiniiHO-ONTHYHI IBHIIA

Crnonykn A’B’ XapaKTepH3ylOThCs TyiKe BEIHKOIO
ONTHUYHOI HEIHIHHICTIO, TaK KBagpaTHYHA HEJiHifHA
nonspusosricte GaP cknamae 0,200 um B [111, 112].

Ane B KpucramiuHiii a3zl BOHM HE MOXYTh
3aCTOCOBYBATHCh SIK HEJIHIHHI MaTepiajiu 4epe3 CUIIbHY
JICIIEPCito i BIZICYTHICTh HOJBIHHOTO

NPOMEHE3aJIOMJICHHS, sKe HeoOXigHe sl reHeparil
apyroi rapmosikn (JII'). CtBopeHHS HOp B cHoiyKax
A’B’ BUSABHIIOCH [ly’e BaTHBUM JUIsi BUTOTOBJICHHS HA
WOro OCHOBI HOBUX HEJIHIAHHUX €JIEMEHTIB IS
OIITOETICKTPOHIKHA. SIK BiIMIYaJOCh BHINE, IMOPUCTICTH
3MIHIOE€ CHMETPII0 KPHCTANIA i CTBOPIOE MITYYHY ONTHYHY
aHi30TpOTiIo, HEOOXiTHY TUTS IOABIITHOTO
MIPOMEHE3aJIOMIICHHS, 10 B CBOI Yepry J03BOJISIE
BUKOHAaTH yMOBY (ha30BOr0 CHHXPOHI3MY, MPHYOMY
ONTHYHA BICh MOJKE JIC)KATH B IUIOIIMHI MOBEPXHi, M0
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3HAYHO Kpallle 1 J03BOJISIE 3aCTOCYBAaTH HOpPMAalibHE
MaJiHHSA BUIPOMIHEHHS HaKa4ku [92].

Cepen  MOPHCTHX  CIIOJIYK A’B’  Haii6inbm
NOCHI[DKEHUM B IUIAHI  HENIHIMHUX  ONTHYHUX
BiactuBocteil € GaP. IHTeHcuBHICTH reHepanii apyroi
rapMOHIKHM B Topuctux MemOpanax GaP moxe Oytu B
100 paziB OUIBIIOI, HDK JUIS MOHOKPHCTAJIYHHX
3paskiB. IMOBipHO, 110 B I[bOMY MaTepiajii BiOyBaeTbCs
JIOKaJi3aIlis CBiTIA, sSKa OOyMOBJICHA iHTEp(EPEHINIE0
CBITJIa, K€ PO3CIIOETHCS HA HEOMHOPIAHOCTAX [26, 113,
114]. HLeii edexT mimBhIMye dYac B3aeMOZil CBiTIa 3
MaTepialioM, a TOMy ¥ e(eKTUBHICThP ONTHYHUX
nporieciB. B [29] moka3aHo, M0 iHTEHCHUBHICTH APYTOi
TapMOHIKH KOpENoe 3 e(eKkraMH PO3CISHHS CBIT/IIAa Ha
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Puc. 16. CriektpanpsHa 3aiexHicTb iHTeHCHBHOCTI AT

mopucroro i kpucramiysoro GaP.  Ha Bcrasii

MOKa3aHa TeoMeTpist excriepuMenTy [29].

nopuctomy mapi. Ha puc. 16 mokaszaHo, sIk 3MiHIOETBCS
inTeHcuBHicTh JII' micns yTBOPEHHS MOPUCTOrO LIapy
GaP. Jlo mepeBar 1poro Marepiajxy J0JaMO TaKOK
BUCOKHI MOKa3HMK 3ajomiieHHs (3.1 Ha JOBXHUHI XBHJI
1.2 mxm) [115].

B [94] BuBwanmca XapakTepUCTUKH ONTHYHOTO
NPOIMYCKAHHS Ta TeHepalii APyroi rapMOHIKH ONTHYHO
OJTHOPIZHUX 1 HEOMHOPIJHUX MOPHCTHX MeMOpaH 3i
conyk A’B°. BuxopucroBysamu (111) — opientoBani
GaP T1a InP. Jna GaP ymoBum y3romkenHs a3
JocsraloTbest npu  mopucrocti noHan 30%. ABrtopu
3a3HAYMIM, IO HE 3BAKAIOYM Ha eKpaHyBaHHA
EJIEKTPUYHOTO TIOJII B HAMIBIPOBIAHHUKY, (IIyKTyaril
MOJISL TPETHOTO TOPSAKY, BIAMOBINAIBHI 32 301LIbIICHHS
inTeHcuBHOCTI JII', MaioTh OyTH BEJIMKUMHU y BHIIQJKY
HOp 3 TOCTPUMH KPasiMHU.

Oxpim GaP pocnimkyBaBcsi HENIHIMHUE ONTHYHUI
BiAryk nopuctux Memopas (100) — opientoBanoro InP B
NOpiBHAHHI 3 cyninsHUM InP [116]. ABTOpH NOSCHIOIOTH
BIUIMB TOPHCTOrO MIapy HA IHTEHCHUBHICTH JIpYyroi
TapMOHIKH 30UIBIICHHSIM EJIEKTPUYHOTO TIONSA  Oins
rocTpux KpaiB KprcTaina (e(heKT JTOKAIEHOTO TIOJ).

LlikaBo 3ayBaxUTH, LIO caMa CTPYKTypa IOPHCTHX
MeMOpaH BiJJKpHBAE II¢ OAUH IUIIX 10 CTBOPEHHS HOBUX
CEPEIOBHIII TS HEJIIHIAHOT ONTHKY - 11 3a[IOBHEHHS 110D
B mopucriii A’B’ cmomyni immmm  martepiamom. VY
BUMAJKY KpPEMHII0, HalpUK/Iad, 3allOBHEHHS IIOp
JUCIIEKTPUYHOK  PIAMHOK  (TIILEPUHOM)  TO3BOJIHIIO
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TaKUM YHHOM 3MEHILUTH
JIBOTIPOMCHE3AJIOMJICHHS, 100 3HAYHO 30LIBIIUTH
IHTEHCHUBHICTh TreHepauii Jpyroi rapmodiku. ToOTo
Marepian 3alloOBHEHHsI J0IOMara€ BHKOHATH YMOBY
(ha30BOro CHHXPOHI3MY JUISI KOHKPETHUX BHI'OTOBJICHHX
HAMIBIPOBIMHUKOBUX MeMOpaH. [leski aBTopu [94]
TaKOX 3aMpPOINOHYBaJH BHKOPHUCTATH
HAMIBIPOBITHUKOBY OCHOBY caMe s 3a0e3leveHHs
YMOB CHHXPOHI3MY, TOAI SIK Marepial, SIKMH 3allOBHIOE
MOPY Ma€ BIUIUBATH, B OCHOBHOMY, Ha T€HEpALlil0 APYroi
rapMoHiki. TakuM unMHOM, mopucti Matepiann A’B’, B
MOpIBHAHHI 3  KPUCTANIYHUMH, MAlOTh HEIOTaHi
MEePCIEKTHBH YISl IIMPOKOT0 3aCTOCYBAHHS B HENIHIHHII
ONTHII, 30KpeMa i CTBOpeHHs ‘“random” ja3epa Ha
ocHoBi opuctoro GaP [117].

BEJIMYUHY

IV.3acrocyBanHusi nopucrux
HANIBIPOBITHUKIB

Crnonyku A’B’ B kpucramiumiii asi ycmimmzo
32CTOCOBYIOTECSI B ONTOENEKTPOHIIli, TOMy BOHH MAarOTh
TeBHY NEPCIEKTHBY OYTH 3aCTOCOBAHHMH 1 B TIOPHUCTIH
(aszi.

Onniero 3 npooeM OaraTomapoBHux
HAIBIPOBIAHUKOBUX IMPHIAIIB, CTBOPEHHX METOIOM
emiTakcil, € PI3HUISL CTAJIUX KPHCTATIYHOI TI'PaTKu
CKJIaZIOBMX MatepiaiiB 1 IXHIX Koe(illi€HTIB TepMIYHOTO
posupeHHs. BHYTpilHI HampyeHHsl, CHpPUYHUHEH]
IUMHU (paKTOpamMy HOTIpPIIYIOTh SKicTh npuiany. OqHum
3 BHpIlIEHb L€l MPOOIeMU € BUKOPHUCTAHHS TIOPUCTOTO
MaTepiaiy siK IPOMDKHOTO Imapy (MiIKIaaKN).

Ha mnpuknani GaAs moka3aHo, IO CTPYKTypa
GaSb/por-GaAs BUSBIAE€ HEBIINOBITHICTD  CTalUX
rpatku  (da/a) wHa 22% wMeHmy 3a Ty, MIO
crocTepiranacs B GaSb, BHPOIICHOMY Ha
kpuctanigaomy GaAs [118]. TlocmabneHHsT BHYTpPIIIHIX
HampyXeHb OyJI0 TakoX ITOKa3aHO Ha Tpukianmi InAs,
BUpoIieHoro Ha nopuctomy GaAs [119] ta mopucromy
InP [120]. Takox nopuctuii GaAs 3aMmicTh CyLIIBHOTO
BUKOPUCTOBYIOTb JUII CTBOPEHHS Ha HOro IOBEpXHi
ToHKuX miiBok GaN [121-123], CdS [124] ta GaNxAs(;.x)
[125]. ApceHT’€B Ta iH. BAKOPUCTOBYBaJIM nopuctuii InP
3a MIOKIAAKY Ul eNiTakCiHHOro pocTy 1 moKasanu
nepeBard  0ap’€pHUX  CTPYKTYp, BUTOTOBICHUX 3
nopuctoi  (soft) mimkmagkw Haxm mpWiIagaMu 31
CTaHIApTHOK migKiaakor [126-128]. B pobori [43]
aBTOPH BHKOPHCTOBYBaNX MopucTuil InP sk mimkmamkw
UL POCTYy KBAaHTOBHX TOYOK Ta KBAHTOBHX JAPOTIB
InGaAs. B [129] mokasaHo, mo emiTakCiaJbHUI picT
mapie  Al,Ga; As Ha «M’skux» migkmagkax GaAs
(mopuctux  MiKpopenbehHHX)  TO3BOSIE  OTPUMATH
reTepOCUCTEMHU 3 HETipIIoIo CTPYKTYPHOIO
JIOCKOHAJIICTIO, HDK y BHIAJIKy IJIAJAKHX II0JIipOBaHUX
M1 IKJIa 10K, (e} MIPU3BOIUTH o 301IbIIEHHS
edextuBHOCTI (oronepersoperHs Ha 10-20%.

[opucri  matpumi  Oynu  BHKOpUCTaHI  JuIst
(hopMyBaHHS HAHOKOMITO3UTIB Todimep/mopuctuii GaP,
AKi MOXYTh OyTH BHKOPHCTaHI TPH BHTOTOBIICHHI
CBITJIONIOIB IS IUCIUIEIB [130]. ABTOpH
BUKOPHCTOBYBAIIM IOJIiMEp TOMi(T-EeHIJICH-BiHEIICH)
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gepes Horo 7o0pi ONTHYHI Ta eNeKTPUIHI BIACTHBOCTI.

Hopucri cronyku A’B® MoxyTh GyTH BEKOpPHCTaHi
IUTS. CTBOPEHHS aBTOCJICKTPOHHUX EMITEpiB Ha IXHIH
OCHOBI, fK IIe MOoKa3aHo Ha npukiami GaP [24] i GaAs
[10].

Enexrpoximiunum TpasnenHsm n-InP(100) 8 HCI B
peXUMI TIepioanYHOI MOIYJALIl TYCTHHU CTpyMy Oyin
CTBOPEHI HAArPaTKOBI CTPYKTYpH. BoHHU SBISIFOTH cOO0I0
IIApH 3 BEJIUKOIO Ta MAJIOIO TIOPHUCTICTIO, SIKi MepioANYHO
3MIHIOIOTh OJMH 0JTHOTO (T00TO 3D (hoTOHHI KpHCTAIN).
3pa3ok Takoi HaATrpaTKd mMokazaHo Ha puc. 8 [39, 131].
Taki CTPYKTYpH CTBOPIOIOTHCS MEPIONUYHOIO 3MIHOIO
Hampyru abo CWiId CTpyMy B TIPOLECi aHOIyBaHHS.
Cxoxuif OGaraTomrapoBuii TOpHCTHI MaTepian OyB
oTpuManuii 1 Ha ocHoBi GaP [132].

SIK  XBWJIEBOAM 3aCTOCYBYIOTBCSL CTPYKTYpH 3
nopucroro InP [45], xomu xpucran n-InP mnepen
€JIEKTPOXIMIYHUM TPABJICHHIM MOKPHBAETHCS CMYTraMu
(oropesucTuBHOrO TMONIMEpY. ToMy eneKTpu4HE IoJie

HEepepo3NOINISIEThCA BCEPEAMHI MaTepially Tak, Lo
YTBOPIOKOTBCS  CTPYKTYpH, IOKa3aHi Ha puc. 17.
Photoresist stripes

Crysto-core ;

Curro-cladding

Acc, V. Spot Magn Det WD —— 10um
100kV 30 2820x SE 12,1

Puc. 17. Iopucti XBUIEBOAHI CTPYKTYpH [45].

MOXJIMBICTh CTBOPEHHSI ILHMX CTPYKTYp Oa3yeTbcsi Ha
BiacTuBocTi InP mIBHIAKO 3MIHIOBaTH HANpsIMKH POCTY
mop 3 KpHCTAIorpadiuHO-OPIEHTOBAHMX HAa IOPH,
OpIEHTOBaHI 3a  CTPyMOM. AHAJOrIYHI  JOCIHiAH
ONHUCYBAJIUCH B [42].

Hactynni edektn, BUsIBICHI B HAIiBIPOBIIHUKAX
TAKOXX MOXYTh 3HAWTH 3acTOCYBaHHS. 3O0UIbIICHHS
reHepaii apyroi rapMoHiku B nopucromy GaP Oinblie
HiK y 100 pasiB, sxkmo mopu TpukyTHi [94]. CunmbHO
maBuieHa a0o0 3MeHIIeHa KaTOMOJIOMIHICIEHINA B
nmopuctux GaP i InP Bimmosimuo [38]. [msa cTBopeHHS
(DOTOHHHMX KpHUCTAIIB MOXYTh OyTH BHKOPUCTaHI
KOJIUBAHHS J[iaMeTpa Iop, OPIEHTOBAaHHX 3a CTPYMOM B
InP [36], a Takok mmapu 3 KpucTtajgorpadidHo-
opienroBanuMu mopamu 3 InP GaAs [133]. B [134]
3alporoHOBaHO  BUKopucToByBaTH Oap’ep  IlloTTki
Pd/por-GaAs sk edekTuBHUII ceHcOp Ta3ornoAiOHOTrO
BOJIHIO. 3TiZIHO 3 JOCIHIKEHHSIMH aBTOPIB, YyTJIHUBICTh
KoHTakTy Pd/por-GaAs 1o ra3omoniOHOTO BOJHIO IpH
KIMHaTHI# TemrepaTypi OUIBII HDX BTPHYI IEPEBUILYE
gyTimBicTe  KoHTakTy Pd/GaAs. Ili x  aBTopm
3amporionyBanm  KoHTakT IlloTTki Au/por-GaAs sk
cercop razomonioanx CO i NO [135].
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BucHnoBku

TakuM YMHOM BUIIEBUKIAJIEHUNH KOPOTKUH OIJISA[
TEXHOJIOTI ~ OTpUMaHHS, (I3UYHUX (B OCHOBHOMY
ONTUYHUX) BJIACTUBOCTEH MOPHCTHUX MaTepialliB THUILY
A;Bs, sBmste  coboro  BeTtym g0 (ismKo-Ximii
HaITIBIPOBIAHUKOBUX OiHAPHUX 1 0AraTOKOMITOHEHTHHX
cnonyk. Kpim cionyk A;Bs, BenHKi EpCIIEKTHBH MArOTh
TaKO MOJISIPHi crtonyku A;Bg, SiC, ZnO Ta iHmIi.

Xo04 Ha TenepilHii 4yac BAKOHAHO HEMaJIo PoOiIT 1o
LiM TEMATHIl, BCE XK iX KiJIbKICTh 3HAYHO MEHIIA, HiXK 110

AHO/IyBaHHSI, BUBYCHHs (I3UUHHUX BIIACTUBOCTEH TaKHX
KOMITO3UTHHUX MarepiaiiB € a0COJIOTHO
MEPCIEKTHBHAMH, MOCTUIBKHM IIi MaTepiadd € MO CyTi
HaHOKOMITO3UTHHM CEpPeIOBHUIEM 00’eMy i MOBEpXHI. A
MOJATBIIE JOCHI/DKCHHS 3allOBHCHHS IIOP METaJCBUMHU
a00 HamiBIOPOBITHUKOBUMH HAHOYACTHMHKAMH BiIKPHBA€E
HEOCSKHI MEPCIICKTUBH JIJIS MPAKTHYHUX 3aCTOCYBaHb B
HaHO(OTOHIIII i HAHOEJIEKTPOHIII, CEHCOPHIII,
(hoToBOINIBTAILI TA IHIIKMX TATY35X HAYKH 1 TEXHIKH.

Amumpyk M.JI. — 3acioyXeHHH [isS9 HAyKW 1 TEXHIKH

nopucromy Si. Lleii maTepian € MoAenbHUM Ui BCIiX Yipainm, mpogecop, JOKTOp  isHKO-MaTeMATHIHHX
JOCITIJPKEHb TTIOPUCTUX (HAHOKOMIIO3UTHUX) MaTepiaiB. HayK, 3aBIyBat BIAZILILY TOJPUTOHHOL
[Ipore mopsx 31 CXOXICTIO BIACTHBOCTEH, OaraTto OITOCICKTPOHIKH,

Bapnac T. P. — ckanaunar Gi3uko-MaTeMaTHYHUX HayK,
CTapIIHii HAyKOBUH CIIBPOOITHHK;
Ceporwk B. O. — acmipaHr.

0COBIHBOCTEl MPOABNIAIOTH crionyku A’B’, sk monspri
CHONYKH 31 3MIIIaHUM KOBAJICHTHO-IOHHUM XiMiYHHM
3B’SI3KOM, SIK MPSIMO30HHI/HETPSMO30HHI MaTepiand, SK
OaratoaToMmHi Martepiann. ToMy MmomanbmIi TOCIiIKEHHS
3 TEXHOJIOT1l aHOIHOTO EJIEKTPOXIMIYHOTO TpPaBIECHHS
conyk ~ A’B°,  emektpoximii  camoro  mporecy
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The review is devoted to the peculiarities of fabrication of A’B’ porous semiconductors by electrochemical
etching is considered. The morphology and structure of porous layers are analyzed. Much attention is given to the
optical properties of A*B> porous materials including photoluminescence, manifestations of phonon properties in IR
reflectance and Raman spectra, ellipsometry, optical anisotropy and nonlinear effects.
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