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I. Bcryn

MiKpOmIOpCTKICTh TBEPAOTUILHOI TTOBEPXHI
SABIISiE COO0I0 HAWOUIBII MOIIMPEHUH BUIAI0K
MTOBEPXHEBOTO Oe3MmopIAKY . [Tpobnema
IIOPCTKOCTI TOBEPXOHb IYyXK€ akKTyajbHa B

3B’S3Ky 3  AKTHBHUM  BUKOPHCTaHHSIM
HAITiBIIPOBITHUKIB B MIKpO- Ta
OTITOCTIEKTPOHIIIL, MPUYOMY  BaKJIUBICTH
BpaxyBaHHS  IIOPCTKOCTEH  3poctae  3i

3MCHIIICHHSIM PO3MIpiB BIAMOBIIHUX MPHUIIA/IIB.
Jlns mpunagiB MIKpo- 1 HAHOENEKTPOHIKH SIK
TOHKHH IIap OKCUAY (TOBIIMHOIO 1-2 HM), TaK i
ciabKi  TOBEpPXHEBI IMIOPCTKOCTI  MOXYTh
3HAYHO BIUTUBATH Ha ix poboui
XapaKTepuCTHKU. ToMy 3pocTae poiib METO/IB
JOCJTIJDKEHHS, OCOOJIMBO HEPYHHYIOUUX, SKi
MOXYTh JIETAIBHO OINUCAaTH TEeOMETPUYHI
BJIACTUBOCTI MIOpcTKocTel moBepxHi. Cepen
HUX CHIIJ BIJ3HAYUTH SK KIACHYHI OIITHYHI

MeToan (CHEeKTpo(OTOMETpisl, ENiNCoMeTpis),
TaKk 1 HOBITHIH METOA MIKpPOCKOIMIi aTOMHHUX
cui (AFM).

Bunaaxoso HIOPCTKA MOBEPXHS
OTPUMYBAJIACh 3a JOIMOMOTOIO BiJTBOPIOBAHOL
TEXHOJOrIl XIMIYHOIO OCAKEHHSA  OUIBII
€JICKTPOTIO3UTHBHOTO METAlly Ha IOBEPXHIO
HaMIBIIPOBITHUKA.

I1. 3pa3ku Ta TexXHiKa eKCIIepUMEHTY

Bigomo, 10 HOoHU METAJIIB,
EIeKTPOXIMIUHUH [MOTEHII AT KOTPUX
[MO3UTUBHININAHN BiJ MOTEHITIATY
HAIMIBIPOBIIHUKA, BHIUIIOTBCA 3 BOJHOTO

pO3UYMHY Ha TIOBEPXHIO B €JIEMEHTAPHOMY

cTaHi. AJcopOOBaHI Ha TIOBEpXHI HOHH
HEHUTPaTi3yIOThCS bi o) aToMiB UIIXOM
3aXOINICHHS BaJIECHTHUX Ta BIJIBHUX
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€JICKTPOHIB; TPU  IbOMY  Oe3MepepBHO
TeHEPYIOThCS  00ipBaHi  3B’SI3KM  aTOMIB
MiIKJIaIAHKE. B HacTymHOMY BigOyBa€eThCst
JIOKaJbHE EJIEKTPOXIMIYHE OCAHKEHHS METaly
Ha TaKWX KJIacTepax - 3apojkax 1 picT
METaJeBUX OCTPIBIIB. Y BUNAAKYy Hapu
Au/GaAs MaTep MiClle Takli  XIMIYHI
NIEPETBOPECHHS:
Av" +3e > AU,
GaAs - 6e + 3H,0 — Ga’* + H3AsO3+3H,

B  pesympTari  skux  marepian  GaAs
PO3UMHSETHCS HABKOJIO POCTYYOTO 30JI0TOTO
octpiBusg. TakuM crmocoOOM  CTBOPIOETHCS
cnabkomikpopenbepna  moBepxHa — (GaAs,
CTYHNEHEM pPO3YyHOPSIKOBAHOCTI KOTPOi JIETKO
KepyBaTH, 3MIHIOIOYU TPHUBATICTh OCAHKCHHS,
KOHIIEHTPALI0 30JI0Ta B PO3UHHI,
IHTEHCUBHICTh OCBITJICHHS, IO T€HEPY€E BiJIbHI
€JIEKTPOHHO-AIPKOBI Mapy B HaIiBIPOBIAHUKY
Ta TapaMeTph CamMoro  HamiBIPOBiTHUKA
(opieHTalis, JeryBaHHs, CTaH MOBEPXHI 1 T.IL.).
[TinOuparoun ymoBu ocamxenus (pH po3umny
Ta 1HON JeTami) MOXHa Oyllo OCTpPIBIEBY
IUTIBKY AU pO34YMHSTH 1n Situ a00 CTpaBIIOBaTH
MOTIM  HUIIXOM  OOpoOKM B pO3YHHI
nepcyiabdary amoHiro (0e3 MmoMiTHOI 3MiHH
CTYIEHIO re€OMETPUYHOTO 0e3nopsaaKy
MTOBEPXHI).

KonkpeTHuii ekcriepuMeHT OyB BUKOHAHHMH
Ha TOBEPXHAX MOHOKpucTaiiuHoro GaAs B
Ipolieci OCaKEHHs 30J10Ta Ta 3HATTS Horo in
situ abo micis ocaKeHHS. MOHOKpHUCTATIUHI
mwiactuad GaAs (111), BuUpoIlIeHI METOIOM
YoxpallbCKOTO 1  JIeTOBaHI  OJOBOM  JIO
KOHIIEHTpallli BUIBHUX €JEeKTpOHIB n=(2.2-
2.7)x10"cm™, 6ymn mexaniumo (cropora A) Ta
ximMiuHo (ctopoHa B) BigmomipoBaHni. XimiuHe
MOJIipyBaHHS ~ NPOBOAWJIACH B TIOBLJIBHO
nitoyomy TpaBHUKY 1H>O+5H,SO4+1H,0;.
Yac tpaBneHHs 22 xB. npu temneparypi 25 °C.
3pa3ku 3 HOJIIPOBAHOIO HIOBEPXHEIO
BUMIPIOBAJIUCH SIK pENEpHi, HyJIbOBa CTalisd,
no3Hauena B Taomuugx 1, 2 A0 Tta BO. Ha
mepmiid  ctamii  4yac  OCa[KEeHHS  30J10Ta
crtanoBuB 60 cexyHnn (moBepxHi Al Ta Bl), Ha
JpyTii 1mei yac Oyno 301IbIIeHO A0 3 XBUIUH

(moBepxHi A2 Ta B2).
JlokanbHi reOMEeTPUYHI napameTpu
PO3yTIOPSIKOBAHOT MTOBEPXHIi (cTymiHb

IIOPCTKOCTI) OYyJIM BU3HAYCHI MPU TOCIIKCHHI
3pa3KiB Ha MIKpockori atroMHuXx cuin (AFM)

[1] Nanoscope Dimension 3000 (Digital
Instrument). BumiproBaHHS NPOBOIMINUCH 13
3aCTOCYBAaHHSIM BICTpS 13 HITPUIY KPEMHIIO 3
paniycom kpuBm3HH ~ 10-20 M. ['eomerpis
BICTpsS Ta HWOTO B3aEMOJIIS 3 JOCIIIKYBaHOIO
MOBEPXHEI0 OOMEXKYIOTh PO3JUIbHY 3aTHICTh
BHUMIPiB TOPU30HTAIILHUX pO3MipiB 70 20 HM, a
BepTuKanbHux  meHme 0.1  Hm. Ha
KOMIT FOTEpHOMY O0JIalHaHHI HaHOCKOMa OYJI0
MPOBEJICHO BCEOIYHUN CTATUCTUYHUN aHali3
XapakTepy  T€OMETPHUYHOrO  Oe3MOpsIKy:
B3IOBXK pI3HHX Tepepi3iB  BEPTUKAIHHOIO
TUTOIIMHO0, BU3HAUCHA CEpeIHbOKBAApAaTHIHA
HIOPCTKICTB, pO3paxoBaHO pO3Moain
LIOPCTKOCTEN 33 MPOCTOPOBUMHU T'APMOHIKAMHU.
3a J0MOMOIOI0 OpHUTiHAIbHOI KOMII IOTEPHOI
mnporpaMu  Oyiau  po3paxoBaHl IapaMmeTpu
ABTOKOPEJSIIHHOT (DyHKIIIT TOBEPXHI.

baratokyToBi eJTINMCOMETPUYHI
BUMIDIOBaHHS, 10  JalOTh  YCEPEIHEHY
iHpopMali0 1O TUIONIi ONTHYHOTO 30H[A,
NPOBOJMIIMCA Ha Ja3epHOMY  €JiIcoMeTpi
JID®-3M, mKeperoM BUIPOMIHIOBAaHHSA B
KOTpoMy BuUKOpucTOByeThcsi He-Ne mazep
(moBxmHa xBUIl A=632.8 nm). Kytu namiaas
3MIHIOIOTBCSL B jiama3zoni 45°-85° (tak 3BaHi
0araToKyToBi (MAI) BHUMIPIOBAHHS).
BumiproBaHHsI TpPOBOAWINCH IO JIBO30HHIH
cxemi. [lomspuzamiitni xytu A T1a V¥
BuMiptoBanucs 3 TouHicTio 0.05°, a Kyt
nafiHAsg 3 touHicTio 0.5'. ObGepHeHa 3amaua
emincoMeTpii  po3B’s3yBalack B paMKax
oOpaHOi ~ MoOfeNli  €KBIBaJCHTHOI  ILUTiBKH
METOJIOM 3arajibHoro nomyky [2]. Bci Bumipu
MIPOBOJIMIIACS TIPU KIMHATHINA Temmeparypi 6e3
JIOJTATKOBOTO TiACBIYyBaHHS.

I11. Pe3yabTaTH i 00roBopeHHs

Bun moBepXoHb JOCHIKYBaHHX 3pa3KiB,
orpumannii Ha AFM, HaBeneno Ha Puc. 1.
[TomipoBana TOBEpXHS Mae HEPIBHOCTI B
MaciTadi 1-2 HM, 10 TOro X Ha MeXaHIYHO-
MOJIIPOBAHIN BUIHO CIIIN a0pa3WBHUX 3€peEH,
MOBHICTIO BIACYTHI Ha XiIMiIYHO-TIONipOBaHii
noBepxHi. [licis mepmioro eramy OcaJKEHHS
XapakTep penbedy Memo 3MIHIOETbCSA, a HOro
BHCOTa 3pOCTa€ B KilbKka pasziB (1o 5-20 HM).

Arne micAas HACTYNMHOTO eTamy 0O0poOKH
MOBEPXHI BHCOTa BUAMMHUX HEpPIBHOCTEH
MpPaKTUYHO  HE  3pocTtae, abo  HaBiTh
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A0 BO
]

Al BI
]

A2 B2

Puc.1. Bug moBepXoHb TOCIIHKYBaHUX 3pa3KiB, OTPUMAaHUH 332 JOTIOMOTOI0 MiKPOCKOITii aTOMHUX CHII.

3MEHIIIYEThCSA, TOOTO Ha4eOTO BiIOyBaeThCA
3IJ1aJKyBaHHS MIKpOpENbeQy.

Sk Bimomo [3], MIOpPCTKAa TOBEPXHS MOXKE
Oyt OXapakTepru3oBaHa TaKUMHU
napameTpamM, Sk CEepeJHbOKBaJpaTHUHA
BHCOTa HepiBHOCTEH MOBEPXHI o
(xapakTepuzye  0e3mOpsAJOK  IOBEPXHI B
HanpsIMKy, MEepIeHAUKYSIpHOMY 10  Hei),

KOpeJsiifiiHa JOBXKHMHA O (XapakTepusye
MOBEPXHIO B TMapajelbHOMY HaNpsSMKYy) Ta
CepelHiii HaxWi MiKporpanei p (Bimirpae
3HaYHy PpOJb Y TPOCTOPOBOMY PO3MOALT
PO3CISTHHOTO CBITJIa, tgy=~/2 50).
ChiBBiIHOIICHHS] IIUX MMapaMeTPiB TOBHICTIO
XapakTepu3ye TEOMETpiI0 penbedy Ta Mae
BUpIMIAIIbHE 3HAYEHHS Ui  TPaBUIBHOTO
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Taoauns 1.

CepeaHbOKBaApaTUUHE BIAXUIICHHS IIOPCTKOCTEH O Ta KOpeIsliiiHa JOBXUHA O, PO3paxoBaHi 3 TaHUX
AFM-BuMiptoBaHb, dy, - TOBIIMHA €KBIBaJCHTHOI IUTIBKH, PO3PaX0BaHa 3 eTIICOMETPUIHUX
BUMIPIOBaHb (7151 TOPIBHIHHA 3 0), Y47 - TAPAMETP, SKHHA XapaKTEPHU3y€ HAXWIT MIKpOTpaHeH,
po3paxoBanuii 3 MAI- BuMiproBaHb 3a TEOPi€rO 30ypEHb, ymy - CEPENHINA HAXUIT MIKpOTpaHen

po3paxoBaHuii 3a GOpPMYJIOIO tg))- \/E oo.

IMoBepxHs Ta S, HM G, HM dmar, HM YAFM YOMATI
cTazaist oOpoOKu
A0 1.6 206 53 0.011 -
Al 12.5 182 15.0 0.097 0.04
A2 53 58 22.0 0.129 0.08
BO 2.1 134 4.5 0.022 -
B1 3.6 89 16.0 0.057 0.04
B2 14.9 148 21.0 0.142 0.08
Taoaunsa 2.

Pe3ynpTaTi po3paxyHkiB napameTpiB eeKTHBHOI TUTIBKY B HAOIMKEHHI e()EKTHBHOTO CEPEIOBHUINA
(Momenb bpyremana); dya; - TOBIIHHA €KBIBAICHTHOT ITIBKH; §Gadss Jox» Jair - KOCDILIEHT 06’ €EMHOTO

3anoBHEHHS GaAs, OKCHIOM Ta TIOBITPSM, BiIITOBITHO.

HOBCpXHﬂ Cranisa dmar, HM JGaas Jox JGaasTqox Qair
00poOKHU

0 5.3 0.33 0.05 0.38 0.62

A 1 15 0.40 0 0.40 0.60

2 22 0.25 0.25 0.50 0.50

0 4.5 0.32 0.07 0.39 0.61

B 1 16 0.24 0.19 0.43 0.57

2 21 0.34 0.13 0.47 0.53

BHOOPY MojeNel, 3a SKUMH PO3PaxOBYIOThCS
ONTUYHI XapakTepucTuku moBepxHi. Cepen
METO/IiB PO3paxyHKy EITINCOMETPUYHUX
napaMeTpiB IIOPCTKOI TOBEPXHI HaMOLIbII
MOIIMPEHUMH € J[Ba: METOJ] EKBIBaJCHTHOI
wiiBku [4] Ta wmeron naudpakmii  [5].
3acTocyBaHHS TOTO 4YH IHIIOTO  METOMIY
3alIe)KUTh BiJl CIIBBITHOIICHHS JIaTepPaIbHUX
po3MipiB HepiBHocTe [ (/~0) B muIomIMHI
B1I0MBar04Y0i MOBEPXHI Ta MOBXWHU XBHWII A.
SKmo ans 3acTOCyBaHHS METOAy IUdpaKiii
TTIOBUHHI BUKOHYBATHUCS CITIBBITHOIIICHHS :
4mrecos@ ) A, 1)) A, ()

1gy (1, 2)
TOOTO PO3MIPH OKPEMHX MIKpOTpaHeld MaioTh
OyTH 3HAYHO OUIBIII Bix JOBXHHHU XBHII A, (7.
- JIOKaNbHUHA pajiyc KPUBU3HU HEPIBHOCTEH

10

MOBEPXHI, (¢ - KyT MaJIHHS CBITJIAa Ha 3pa30K),
TO JUIsI 3aCTOCYBaHHS METOAY €KBIBaJICHTHOI

IUTIBKM  HEOOX1JIHE BUKOHAHHS HACTYIHHUX
CHIBBIIHOILICHHB:

1{(\,d/c<1. 3)

B Tabmumi 1 HaBemeHi TeoMeTpHUYHI

napameTpu IMOopcTKocTed. Sk mm Oaunmmo 3
aHallizy 0UX JaHuX, B HAIIOMY BHIIaJKy
HaWOUIBII TPUPOTHUM € 3aCTOCYBaHHS MOJENi
exBiBajieHTHOI 1uriBku. [Ipu 3actocyBaHHI i€l
MOJIETIi IIOPCTKUIA IIap TMOBEPXHI 3aMIHIOETHCS

€KBIBaJICHTHOIO IUTIBKOIO 3
IUIOCKONIApAJICIbBHUMH ~ MEXaMH,  TOBILMHA
SKOTO  JIOPIBHIOE  CEpeIHbOKBAIPATUYHIN

BHCOTI HEPIBHOCTEH O, a 11 ONTHUYHI MapaMeTpu
BHU3HAYAIOTHCA 3a OIITHUYHHMHU BJIACTHUBOCTSIMU
MiAKIAIHHKA Ta HABKOJHUIITHHOTO CEPEIOBHIIA
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no mozaeni edextuBHOoro cepeposuina (EMA).
Y BHUKOpHUCTOBYBAaHOMY HaMH HaOIMKEHHI
e(EKTUBHOTO CepeioBUIIa  KOMILUIEKCHA
JieNeKTpUYHA TPOHUKHICTh BHM3HAYanach 3
piBHSHHSI bpyremana y TpuBUMIpHIA Mojemi
[6]:
Ygi =0, 4)
i g; + 2¢
1€ i, €i - KoeimieHTH 00’ €MHOTO 3alTOBHEHHS
Ta JIEJCKTPUYHI TPOHMKHOCTI KOMIIOHEHT,
BimnoBigHo, ».¢; =1, a & - JieneKkTpu4yHA
1

MPOHUKHICTh €(PEKTUBHOTO (KOMIIO3UTHOTO)
CepeJIOBHUINIA.

3miHa nmonsgpuzauiiHux KyTiB P, A,
BUMIpSIHA TIPU TEPeXO/l BiA MOMIPOBAHOI [0
po3ymnopsaKoBaHoi MOBEpXHi OA = A - Ay, V=
Y - ¥y (A, Yo - 3HAUCHHS A1 MOJIPOBAHOL
MOBEPXHi), B 3aJIEKHOCTI B KyTa MaJiHHI @
noka3aHa Ha Puc. 2, a, 6. Jlo HepiBHOCTEH, 1Is
napameTpiB SKUX 3aJ0BOJILHSETHCS KPHUTEPIi
Penes:

2kdcosp<m/2, k=2m/A, (5)
MOKHa 3acTocyBaTH Teopito 30ypeHb [7], 3
SIKOT MOYKHA OTPHMATH HACTYITHI (POPMYITH:

SA =2y cos@ ZCOS 2¢ >~ 21 , (6)
oS (p—l/n 1-Zcoso
n
2 ~ 9 cosch 1
OV¥ =y~ sin2¥ cos” @ 7~ 7| (7)
1 2
(cos2 ¢ - j (1 -— coscp]
2 n
— n -
18 “dz dw(z)
y=o [T ®)

Je n - TOKAa3HWK 3aIOMICHHS, w(x)=G(x)/5,
z=x/0, G(x) - aBTOKOpeNsUiiiHa QyHKIs, X —
KOOpIMHATa B3/10BXK MOBEPXHI.

Teopernuni pospaxynku OA 1 dWans
pi3Hux y HaBezneHi Ha Puc.2. Tam jxe mokazaHi
eKCTIepUMEHTAJIbHI 3aJIe)KHOCTI. [Ipu migronmi
TEOPETUYHUX Ta EKCIePUMEHTAIbHUX
pe3yJbTaTiB PO3paxyHKOBI 3HAYCHHS
napamerpis A Ta V¥ oTpumyBamuch 3
OCHOBHOTO piBHSHHS enincometpii [8] mms
CUCTEMHU ‘‘MIAKIaIUHKA-€KBIBAJICHTHA ILTIBKA-
HABKOJIMILHE cepenoBuiie”. Jlyxe BakIuBO
JUIT MaTeMaTH4YHOI MMJAroHKH (0COOJIMBO B

HAIIOMy BWIMAJKYy, KOJH € MOXJIHBICTh
HASBHOCTI Ha TIOBEPXHI 3aJHIIKIB 30JI0Ta MICIIs
ximMiuHOi  00pOOKHM), TpaBWILHO BHOpaTH

CKJIQJIOBl YAaCTHHHU €KBIBAJICHTHOI ILIiBKH. JIIst
OTO OYyJIO 3aCTOCOBAHO II€ OJWUH ONTHYHUNA
METOJlT - CIEKTPOCKOMiI0 BiAOWBaHHA, SKa
JIO3BOJISIE ~ HE3AJIC)KHO  OI[IHMTH  HAasBHICTh

7\4002

dz

HAaHOYACTHHOK 30JI0Ta HA TOBEpXHi 3pa3kiB. Ha
Puc. 3 mpuBeneHo crekTpu BIIOWMBAaHHS IJIs
KIJIBKOX KYTIB MAJiHHSA CBITJIA Ha TOBEPXHIO
(ctopona A) 10 Ta micas OCaKEHHS 30J10Ta. Y
CHEeKTpax  BiIOMBAHHA  p-TIOJISAPU30BAHOTO
cBiTina R, ms mepmioi crafii ocagykeHHs YiTKO
BUJHO picT BigOuBaHHA moOMM3y 740 HM,
KOTpUI TIOB’SI3aHWM 13 TIOTJIMHAHHSAM CBITJIA
HAHOYACTHMHKaMU Au, 1 HOro dYacTOTHE
MOJIOXKEHHS JTy’Ke Yy TJIMBE IO YACTKH 30JI0Ta Y
edexTuBHIN iiBmi. Po3paxyHok mokasas, IO
koe(dimieHT 00’€MHOTO 3amOBHEHHS 30JI0TOM
He mnepesunrye 0.016, ToOTO Taka KIUIBKICTb
OCTpIBIIIB AU HE MOXE€ CYTTEBO BIUIMHYTH SK
Ha TOTIOJIOTIIO 1 XapaKTepHi po3Mipu penbedy,
TaKk 1 Ha ONTHYHI BJIACTHBOCTI TaKUX
pPO3YMOPSIIKOBAHUX TOBEpPXOHb. Ha mincTasi
[bOTO CKJIQJIOBUMH YacCTUHAMH €(EKTHBHOTO
CepeloBUINa TPH PO3B’s3yBaHHI 0OEpHEHOI
3amaul emincomerpii BBaxkaymmcs GaAs, #oro

11
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Puc.2. 3mina nonspu3amiifaux KyTiB ‘¥, A 3 mepexo0M BiJ OJTIPOBAHOI IO PO3YIIOPSIKOBAHOI MTOBEPXHI

OA=A-A—(a), V=Y - ¥y — (6) (A, Yy - 3HAUCHHS IS MOJIPOBAHOT MOBEPXHi) B 3aJICIKHOCTI BiJI

KkyTa nagiaasa. CHMBOJIaMH TIO3HAYCHI eKCTICpUMEHTAaIbHI JaHi, CYIIbHA JIiHIS — MATOHKA 32 TEOPIEr0
30ypeHb

OKCHJ] Ta TIOBITPS JIJIs 3pa3KiB Ha BCIX CTaaisX.
OnTtuuni koHCTaHTU A GaAs Oymu B3STI 3
[9]. Pesymbratu po3paxyHKIB HaBEACHI Y
Tabmumi 2. Sk BugHO, 00’€MHa YacTKa MyCTOT

12

(ToBITps) B MIKpOpenbe(HIN MOBEPXHI csTae
50-60%, no TOro > BOHAa IPAKTHUYHO HE
3MIHIOETHCSI BHACIIIOK OCaDKEHHI Au 3
BOJAHOTO PO3YMHY. Alle TpU LBOMY perbed
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Puc. 3. CniexTpu BifOMBaHHS p-NOIAPU30BAHOIO CBiTIA R, 4711 KiABbKOX KYTiB NaJiHHA CBiT/Ia Ha

MOBEPXHIO (cTOpoHAa A) 10 — (@) Ta micis — (6) 0CaIKSHHS 30JI0Ta.

ICTOTHO 30UIBIIYETHCS, PO MO CBIAYUTH PICT
TOBIIMHU edekTuBHOI IiBkK (B 3-4 paswm).
Lleti pe3ynbTaT 3HAXOAMUTHCS y MPOTHUPIUYL 3
nanumu AFM-BumiproBansb. [liticHo, Ha Puc.4
HaBEEeH1 Jiarpamu MOPIBHSHHS
CepeIHBOKBAPATUYHOI BUCOTU HEPIBHOCTEH O,
OTPHMAaHUX 32 EITIICOMETPHUYHUMH JaHUMH Ta
3a JJaHUMH MIKpOCKOIi aToMHUX cmil. Sk
06aunMmo, 111 1aH1 HE KOPENIIOIOTh OHI 3 OJIHUMHU
(sx y [10]). Moxkna mymaTH, 110 TaKy Pi3HHUIIO
MOXKHAa  TIOSICHUTH  PI3HOK  MPUPOJIOI0
eICOMETPUYHUX BUMIPIOBaHb Ta BUMiPIOBAHb
Ha AFM: ko AFM BifgoOpakae B OCHOBHOMY
JIOKaJIbHI TEOMETPHYHI OCOOIHMBOCTI penbedy,
JUIA  eNICOMeTpii, KpiMm penbedy, Iyxke

BaXXJIMBUM € HiANOBEPXHEBUN i
HA/MOBEpXHEBUH  (OKCHIHHWI) ImIapu, fKi
3Ha4YHO BIUIMBAIOTh Ha pe3yabTaTi

BUMIpIOBaHb 1 HE BIUIMBAIOTh Ha JaHi
Mikpockomii aToMHUX cul. CYyTTEBHM € TaKOX
po3Mip  TOBEpXHI, sSIKa  JIOCHIJKY€ETHCS
npuWiagaMu IiJi 9ac OJHOTO BHMIipPIOBaHHS:
SKIIO TIepepi3 CBITIOBOTO IMy4yka HAa MOBEPXHi
3pa3ka MpH EIINCOMETPUIHUX BUMIPIOBAHHSIX
nocsrae 1 MM Juist KyTa majiHHs cBiTia 45°
(mpu 30UTBIIEHHI KyTa TWaAiHHSA BiH 1€
3pocrae), To npu AFM-BuUMipIOBaHHAX
JIOCJTIJDKYyBaHa MOBEPXHS SABJIsIE COOOI0 KBaIpaT
31 croponamu Big 1 mo 100 mxm. BimbmiicTs
AFM-BumipioBadb B Mmiii  poOoTi  OyJo
3po0ieH0 Ha TMOBepXHiI 5X5 MkM, 00 mpu
BEIIMKUX PO3Mipax 300paK€HHS BHUHHKAIOThH

xl

Puc.4. JliarpamMu TOpPIBHAHHS CEpeIHbOKBAIpa-
TUYHO! BHCOTH HEPIBHOCTEH O, OTPUMAHUX 32

CJ'Iil'ICOMeTpI/I‘-IHI/IMI/I JaHUMHU Ta 3a JaHUMH

MIKPOCKOITii aTOMHUX CHIL.
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amapaTHl TMOXMOKM BHACIIJIOK HElIeaTbHOCTI
I’ €30KepaMivyHOTr0 CKaHepa, SIKi MPOSIBIISIOTHCS
y BUTJISIII TICEBOOIMYKIIOCTEH TOBEPXHI. Tomy
Oynma  3pobOiieHa  cnpoba  MaKCHMAIbHO,
HAaCKUIbKH JI03BOJISIOTh 0COOJIMBOCTI
MIKpPOCKONa, HAOJM3UTH IUIOILY BUMipIOBaHOT
MOBEPXHI 10 EJINCOMETPUYHUX MaITaoiB,
TOOTO TUIOIIA JOCIiIKYyBaHOT MOBEpxHi Oyrna
noBenena A0 100x100 MkM; npu 1IbOMY TIepen
BU3HAQUEHHSM ILIOPCTKOCTI MOBEpXHs Oyia
“BUpIBHAHA” TWUIIXOM BIAMOBIAHOT 0OpPOOKH
€JIGKTPOHHOTIO 300pa’keHHsI, aje MpU LbOMY
BTpadyaeThCsl  iHGOpMAIsT PO  MOXKIUBY
KpyHMHOMAacCIITaOHy “XBHJISICTICTH TMOBEPXHI.
Ane TakMM YMHOM HE€ BAaJOCs HaOIU3UTH
OJIUH J10 OJHOTO PEe3yJbTaTH eJiNcoMeTpii Ta
AFM-BUMipIOBaHb.

[TopiBHiotoun pesynbratu Tabn. 1 1 Tabm.
2, 6aunmo, mo AFM-BUMIpIOBaHHS JalOTh PICT
HIOPCTKOCTEH Ha MepIlii cTajii ocaJKeHH,
ajyie 3MEHIICHHSI MOPCTKOCTEH IICIsl Jpyroro
OCaJPKEHHsI, B TOM 4ac, KOJM eJINCOMETPUYHI

JaHi BKa3ylOTh Ha TIOCTIiHE 3pOCTaHHS
TOBUIMHU  IIOPCTKOTO  INapy  BHACIIAOK
oca/uKeHHs. MalyTh, 1€ TaKoX MOKHA

MOSICHUTH PI3HUMU TuNamu iHbopMarii, sKi
naroTh 1i BuMmipu: AFM-BUMIpIOBaHHS NAlOTh
npsmy JIOKaIIbHY iH(pOopMaIlito po
reOMeTpUYHUN penbed MOBEPXHI, a
eNIIMCOMETPUYHI1 BHUMIPIOBaHHSA Ja0Th
1I00abHy CTAaTUCTHYHY 1H(OpMaIIifo.

BignocHe 3rJIaKEHHS MOBEPXHi
HANIBIPOBIHUKA TIpH TpHUBaJiii 00podUi y
BOJAHOMY pO34MHI coi JhiSii
€JIEKTPOMO3UTUBHOTO ~ METaly MOXe OyTH
3yMOBJICHE KiJIbKOMa MPHYHHAMH:

1) ocamxkeHHs MeTalny BinOyBaeTbcs Y
3arnuONeHHsIX penbedy, M0 W 3riIamKye HOro
BCEPEAHBOMY;

2) 3MiHI€eTbC Mopdororia penbedy 1
BicTpst HaHockoma (AFM) He mnpoHHKae Yy
BY3bKi 3ariuONIeHHS, IO CHPUYUHIOE YSBHE

3TJIa/KYBaHHS TIOBEPXHI;

3) TmOBepxHI € HEOAHOPITHOIO IO
3aMoOBHEHHIO 1i penbedoM 1 31 30UIbIICHHAM
TPUBAJIOCTI OOpOOKM CTYIiHb 3alOBHEHHS
3poctae  0e3 ICTOTHOI 3MIHM  TJIMOMHH
moperkocteid. OctaHHe i 3a0e3nedye CUIbHY
3MiHYy ONTHYHHUX (emncoMeTpUIHMUX )
XapaKTePUCTHUK MOBEPXHI.

OCKUIBKM OCaPKEHHS 30JI0Ta WMOBIpHIIIIe
BiIOYBa€ThCS HA BUCTYMax penbedy, a po3Mipu
BICTpsI 3HAYHO MEHIII 3a JIaTepaibHI PO3MIpH
penbedy, TO mepiri OBI MOPUYHMHH MOXKHA
BIIKUHYTH, 1 HaWiMOBIPHIIIOI 3aJIUIIAETHCS
ocranHs.  [Ipore  ocraroyHa  mpuYHMHA
po30DKHOCTI maHux enincoMmeTpuyaux i AFM
BUMIPIOBaHb PO3YMOPSIKOBAHOCTI TOBEPXHI
3aJIMIIAETHCS HE 30BCIM BHSICHEHOIO.

IV. BucHoBku

[IpoBeneHi B3a€MHOJOMOBHIOYI JTOCIIJI-
KEHHS  TEOMETPUYHOro  Oe3mopsaKy  Ha
MOBEPXHI ONTHYHUM METOJIOM O0araToKyTOBOT
elincoMeTpii Ta MIKPOCKOMIT aTOMHHMX CHII
CBi4aTh, M0 MapaMeTpu OE3MOPSIAKY CYTTEBO
BIIPI3HSIOTHCS] B 000X BUMAAKaX:

1) CepEeIHbOKBAPATUYHA BHCOTa
HepiBHOcTel O 3 AFM i MAI BuMipioBaHb He
Y3TO/UKYIOTbCS MOJKIIMBO 13-32 JIOKQJIBHOCTI 1
IHTETPAIBHOCTI BIATIOBITHUX METO/IIB;

2) maxwi wmikporpaneid y 3 AFM 1 MAI
BUMIPIOBaHb Y3TO/UKYETbCS Habarato Kparie
(muB  Tabm.1), xoua TeX HeMa TOBHOIO

CIIBMIAIIHHS.
MOXJIMBOIO TPUYUHOIO PO30DKHOCTEH B
JaHUX  CTOCOBHO  CTYINEHIO  Oe3MopsiKy,

orpuMmannx 3 AFM (JokanbHa iHpOpMalis) ta
3 ONTUYHOTO BiIOMBaHHA (3 BpaxyBaHHAM (a3u
- emncoMetpis) (TmobanmbHa 1H(pOpMAIis) €
HEOJHOPIIHICTH MOBEPXHI B MaKpoMaciTaoi.
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Comparison investigation of geometrically disordered surfaces by
Atomic force microscopy and optical methods

N.L.Dmitruk, T.A.Mikhailik, V.R.Romaniuk and G.V.Beketov

Randomly rough surfaces have been prepared by original technology used at chemical
doping urfaces by metals (metallization or island metal film growth). The morphology of such
disordered microrelief) GaAs (111) surfaces were examined by atomic force microscopy (AFM)
and multi-angle-of incidence ellipsometry (MAI). The resulted images were processed to obtain
the local and statistical roughness parameters. The smooth character of investigated disordered
surfaces has been confirmed by comparison of experimental relief-induced changes of
polarization angles with the calculated ones obtained by using the perturbation theory. Optical
parameters of equivalent surface absorbing layer with flat interfaces obtained with using the
effective medium approximation (EMA) theory in 3D model allow us to describe the optical
properties of disordered surfaces.
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