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3aJIEXKHOCTI €JISKTPOONTUYHOT0 e(eKTy CTOCOBHO MexaHiuHo moiipoBaHoi nmoBepxHi n-Ge(110). ITpoananizoBaHo

BIUIUB CTaHy TIOBePXHI Ha aHi30TPOINHI

CIIEKTPH  €JIEKTPOBiIOMBaHHS,

3MiHy (opMH MPHUIIOBEPXHEBOTO

MOTEHIanbHOro Oap’epy Ta BHYTPIIIHIX MEXaHIYHMX HAIMpPYXXeHb MICs MONIpOBKM. BuU3HaueHi eJeKTpOHHI

mapameTpu npurnoBepxHeBoro mapy n-Ge(110).
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Beryn

ToBuuHa mapy, AKa dopmye CHT'HAJI
€JIEKTPOBIIOMBAHHS, IO CIIOCTEPIraeThcsi B OCOOIUBHX
TOYKax 30HM bplutoeHa, BHU3HAYAETHCS TIIMOWHOIO
NPOHUKHEHHS  €JEKTPUYHOro  MoJjsl Ta  CBITIA.
Bukopucranns MOIYJALIHHOT CIIEKTPOCKOII{
€JICKTPOBIIOMBAHHS JI03BOJISIE  JTOCITIJUTH EJIEKTPOHHI
SBUIIA B TNPUIIOBEPXHEBHX MLIApaX, 3pOOMTH BHCHOBKU
mpo iX CTPYKTYpPHY JMJOCKOHAmicT. B ocramHii dYac
BUBUYCHHIO MIOBEPXHEBUX BJIACTUBOCTEH
HAITIBIIPOBITHUKIB 1 HAITIBIIPOBITHUKOBUX CTPYKTYp Ha iX
OCHOBI TpuUIUIsseThes Bce Oinbina ysara [1,2]. Le
MOB’SI3aHO 3 THM, IO T€OMETPUYHI PO3MIpH €IEMEHTIB
€JIEeKTPOHHUX NPWIALIB Cy4aCHOTO IOKOJIHHS Taki, IO
NOBepXHs (OBEPXHEBI MIapu) i rpaHuIst po3aity (Meran
— HAIBIPOBIIHUK, HAMIBIPOBIIHUK — HAIMIBIOPOBIIHUK i
T.JI.) BIAIrpalOTh BH3HAYAJIBHY pOJIb B 11X PpOOOTI.
OyHKIiOHATBHI MOXJIMBOCTI €JIEKTPOHHUX
MPWJIa1iBBU3HAYAIOTHCS TaKOX BHYTPILIHIMU
MEXaHIYHUMH Halpy>XEHHAMH B KpHucTajax. J(omaTkosi
JaHi TPO TOBEPXHIO [a€ aHalli3 IOJIpH3amiiHOL
aHI30TpOMil eNeKTPOBIIOWBAHHS, BHMIPIOBAaHHSA SKOI
JIO3BOJISIE , 30KpeMa, PO3IUINTH BHECOK TOBEPXHI i1
00’emy B curHan enexTpoBinOuBaHHA[3,4]. B namiii
poOOTI MICTATBCS PE3YIbTATH TAKOTO PO3AUICHHA
CTOCOBHO MEXaHIYHO TosipoBaHoi moBepxHi n-Ge.
Meroto  nmaHoi poOOTM € BUBUEHHS 3MiH Yy
npurnoBepxHeBoMy mapi n-Ge nOpu  CTPYKTYPHOMY
pO3MOPSIKYBaHHI, @ TAaKOXX BHHUKAIOYMX NPU LEOMY
0cOOJIMBOCTEN B €IEKTPOMOIYIISLIHHNX CHEKTPaX.
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I. Teopist etekTPOBiAOUBAHHS
BigHocHa 3miHa BigOWBarO4Oi 3IaTHOCTI 3pa3ka
AR . .
?(E,F) B eJIeKTpHYHOMY mo1li F piBHa
AR R(E,F)-R(E
AR gy REF-REO)
R R(E,0) , (1
= A(n,,n,3)Ag, +B(n,,n,x)Ae,
nme R(E,F) — curHan BigOuBaHHS TP HAsIBHOCTI

Moyl Ta moctiiiHoro 3wimenns; R(E,0) — curnan
BiIOMBaHHS TPU BIJCYTHOCTI EJNEKTPUYHOTO IIOJIS;
E= o - eneprin ¢oronie; A i B — mnapmiaibHi
koediuientn Cepadina [5]. HasBHiCTh HOBEpXHEBOTO
enekTpuuHoro mnois F HamiBopoBigHMKAa OOYMOBIIIOE
3MiHy 3Ha4€HHS KOMIUIEKCHOTO ITOKa3HHUKA 3aJIOMJICHHS
N=n+iy, a 3BiACH 1 3HAYCHHA KOMIUICKCHOI
nienexrpuynoi ¢yHkuii € (E,F) =¢; (E,F) +igy(E,F) B
NIPUIIOBEPXHEBIH 00J1aCTi HaIiBIPOBIJHUKA B OPIBHIHHI
3 ii 3Ha"ueHHsIM B 00 eMmi (edekT Kemmuma-Opanra) [3,4].
3rigHo  [5,6] 3miHy ysBHOi wactuHu  Ag,(E,F)
KOMIUIEKCHOT ~ JIENeKTPUYHOi  MPOHUKHOCTI IS
TPbOXMIPHOT KpUTHYHOI Touku THy 3/IMy y BuUmaixy
NPSIMHUX JIO3BOJICHUX MEPEXOMAIB B €JIEKTpUYHOMY moii F
MOXKHa 3aICcaTH y BUTIISI:
Ae,(E, F)=¢, (E,F)—¢,(E,0)=

_ 262(2}1)3/2132(7?9)1/2 F(Eo _Ej: @
m*HE? 710

~ C(he)l/z

== F(m),(2)
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ne F(n) — enextpoontuuHa ¢QyHKLisS mepumoro pomuy,
apryMeHT 1| SIKOi piBHHA
_E,-E

> 3
vy 3)
ne E, — enepris enekrpoHHoro mepexomy; hO —
xapakrepHuii mapamerp edexry Kenauma-®dpanua

(enmexTpoonTHYHA €HEPris), IKUil JOPiBHIOE[S-9]

2212 1/3
he:Ethj ’

2p
ne e 3apsin emextpona; W' =(m. )"+ (m, )"
npuBeJeHa e(eKTHBHA Maca ,HJ'ISI PO3IJISyBaHOTO
OITHYHOTO Mepexofy; m, im, — BiAmoBimHO edeKTHBHI
Macd eJNeKTPOHIB Ta JIipOK B 30HI MPOBITHOCTI 1
BaJICHTHIH 30H1; /i — mocriiiHa [ipaka.

@ynkuis F(n) Bupaxaersess yepe3 ¢ynkuito Eiipi

“)

Ai(n) Ta ii noxizny Ai'(n) y Burzsai

F(n) = n[ Ai” () -nA’ () |- U2, )
ne U(n) — dyskuis Xeicaiina
U = {1’ n=0 (©)
0, n<0

@ynknis  Efipi Ai(m) omucye OTHOMIpHHH pyx
BUTBHHX HOCIIB B OJHOPITHOMY EINEKTPUIHOMY IIOJi
30BHIIIHIX CHII.

BuxopucroByroun  cmiBBimHOmeHHS — Kpamepca-
Kponira 3naxonsats 3MiHy peanbHoi yactuau Ag, (E, F)

KOMILIEKCHOT JIENEKTPUYHOT HPOHUKHOCTI B
eneKTpuaHOMYy moi F.
he 1/2
a6, E, H)= 2" 6, %)

ne G(n) — exekrpoonTHdHa (YHKIISI IPyroro poxay, ska
Ma€e BUTIIAL:

G(n) = n[Al'(n)Bi'(n) ~nAi(mBi()]+ UMM, (8)

ne Bi(n) i Bi'(n) — ue moxudikosana dynkiuis Eiipi Ta
if moxizna. Conix BiamiTaTn, mo ¢ynkuii Ai(n) i Bi(n)

€ He3aJIeKHUMH PO3B’SI3KaMH PiBHAHHS e(pEeKTHBHUX Mac
€JIEKTPOHHO-JIIPKOBOI TapH B OJNM3BKOCTI ONTHYHOTO
nepexony [7].

[Ipu BpaxyBaHHi ymmpeHHI [ eIEKTPOHHOTO
mepexony Eg, TOB’S3aHOTO 3 YacoM JKUTTSA BLIBHUX
HOCIi{B CTpyMYy i3-3a B3a€EMOJIi iX 3 KOJMBAaHHSIMH IPaTKH,
JoMilIKaMH, JAe(eKTaMH IOBEPXHEBOTO XapakTepy,
OCKIJIbKM CHUTHAll eJeKTPOBIAOMBAaHHS (POPMYETHCS B

obnacti mpocrtopoBoro 3apsny (OII3), mapamerp m

JIOPIBHIOE:
_Eo—hm+iF:E0—E+iF. ©)
hm hm

Bupaz (9) o3Hawae, MmO B  PO3PaXyHOK
eNeKTPOONITHYHOIO  e(peKTy BBEJCHAa  KOMIUIEKCHA
9acToTa 1l = I— il .

MHiticao

_E,-hml  E,-hm+ifmy  Ej—Am+il (10)

m hm B hm ’
e ho, =

388

Hns Bumaaky Manux 3MiH (a3oBoro kyra AQ

JUCHY Ta ySIBHY CKJIAIOBI Ji€JIeKTPUYHOI TPOHUKHOCTI
MOXHa IPEJICTABUTH Y POopMi

1 _JR
e, =—T——1Aop 11
He, TR an
1 _JIR
=—n—+r/lp, 12
Jle, ==+ rlle (12)
Ie
n/ ., 2 2
r:—(n -3x —no), (13)
n0
X 2 2 2
/:[:—(3n -X —no). (14)
nO
Monynsiist hazu A@(Ey) BU3HAYAETHCS
MIEPETBOPEHHSIM ~ CIIEKTPY  €JIEKTPOBINOMBAaHHSA  TI0
Kpamepcy — Kponiry y Burisiai
e
Ap(Ep) =-—LP|=—r——. 15
¢(Eo) T l E2_ Eé (15)
TakuM YMHOM BITHOCHY 3MiHYy BigOMBaro4oi

3JIaTHOCTI TOCHIJPKYBaHOTO 3pa3Ka B eJIEKTPHYHOMY TI0JTi

AR
?(E ,F) MoxHa BHpazuTH Yepe3 3MiHy IIHCHOI

YaCTHHHU JieJIeKTPUYHOI TPOHUKHOCTI Ag; Ta YSBHOI
yacTHHU Ag;. 3MiHa ysSBHOI YaCTHHM Ji€NEKTPUIHOI
MPOHUKHOCTI Ag, Ta [mificHOI Ag; aHAIITHYHO
BHPAKAIOTHCSI Yepe3 eICKTPOONTHYHI (YHKIII IMepiIoro
F(n)(3mMina koedilieHTY TOTJIMHAHHS B EJIEKTPUYHOMY
nomi) Ta gpyroro poxy G(n) (3MiHa TOKa3HHKA
3aJIOMJICHHSL B €IEKTPHYHOMY II0Ji) [5], apryMeHT SKuX
mae Burn (9) .

ToBmmHa mapy, sika npuiiMae ydacts y GopMyBaHHI
CHTHAILy €JIeKTPOBiAOMBaHHS, BH3HAYA€THCS TTTMOMHOIO
MIPOHUKHEHHS €JIEKTPUYHOTO TOJISt (rmubuna
ekpanyBanHs Lp abo Lip) Ta cBiTma. Tomy wmeton
CJIEKTPOBIIOMBAHHS JyX€ YYTJIUBHHA 1O CTPYKTYpH
TOHKOT'O MPUIIOBEPXHEBOT'O MIapy TOBIIMHOIO d (rmubuHa
MPOHUKHEHHSI CBITJIA)

by
—_— 16
4nN (16)

PosrnsiHeMO mapy, IO MPOTIKae M0 OWTIHAPUIHOMY

. dT.
KaHaly 3 IPpaJlieHTOM TeMIepaTypu I (puc. 1).
X

Baxkaroun pyx napu CTalliOHApHUM i
OTHOBUMIPHUM, a TaKOX BHUKOPHCTOBYIOUH 3aKOHU
30epekeHHsI TIOTOKIB MacH, IMITyJIbCy 1 eHeprii Ta
PIBHSIHHS 1JIeaJIbHOTO Ta3y, MOXKHA 3HAWTH BUpa3 JUIA
Koe(illieHTa KOHJAEHcalil ¢, HOPMOBaHMX 3HA4YEHb
TYCTHHH TapiB p/p;, tucky P/P,, temmeparypu T/T,, ii
prpar G/G;, MBUAKOCTI TOTOKy Mapu V/vy i
Pe3yIBTYI0Y01 MBUAKOCTI KOHACHCAI ®* = /m; [3,4]:

a=1-®expf; p/p, =0,
P/P=®"; T/T,=®;
G/G, =M®*; v/v, =M®"’;

o/o, =1,6(d—-expf);
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W e
R T1-0,2428°
2
f=—®;
Kp
Z

(110)
A&II[001]

éll[110]
— —
X F, k
Puc.1. BzaemHe  poO3MImICHHS  JOCHIIKYBaHOI

moBepxHi n-Ge (110), HanpsMKy TPHUKIAAEHOTO [0
3paska ENeKTPUYHOrO Mo [, pO3NOBCIOKEHHS

cBitna k Ta BekTOpa mosspusaiii € Npu MpoBeaeHHi
EKCTIEPUMEHTY.

RT, |dT,
Xep = TB(I_n)+193 2 _Ca (1)
Eg | dx
ne Eg— eHeprin  BUIApOBYBaHHS  CIOJYKH, 1) —
BIZIHOIIICHHSI ~ €Hepriii  BUMAapoBYBaHHsS  IUIBKH 1
MAaCHBHOTO MaTepiany, OlU3bKe J0 OJUHULL; Y = —- = 5

v
(mnst MBOATOMHOTO Ta3y).

Bcei razoguHamiuHi 3MiHHI OJHO3HAYHO BHPaXKEHI
yepe3 uHCIO Maxa, sKe JOpPIBHIOE BiJHOILIEHHIO
MIBUAKOCTI TOTOKY Mapyd B JIOBUIBHOMY MEpETHHI 10
MICIICBOI IIBUIKOCTI 3BYKY [3].

BaxnuBuii mapamerp mapu — CTYIiHb MEpPeCHUYCHHS
napoBoi a3y, YUCENbHO PIBHUH BiIHOIIEHHIO TYCTHHH
napu B JESKOMY Iepepi3i 0 TYCTHHH HACHYCHOI Mapu
TIPY TEMIIEpaTypi CTIHKM KaMepH B [IbOMY X Iepepisi

p(Ty) .
Pu(Te)

BpaxoByroum, 1110 3Ha4eHHS TapaMeTpiB ABOATOMHOI
mapd B TOYaTKOBOMY Ta30AWHAMIYHOMY TIepepisi
BU3HAYAIOTHCS SIK

P = 0,33 pH(Tc) >

y= )

P,(T,)m
T — B B ,
pu(Te) TR,
a THCK HACHYCHOT mapu
A
Ig Py =—?+B (%),

piBHSHHS (2) IEPETBOPUMO JI0 BUTIISAY:
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2,5 2,3025

w=o,33¥—C(éj epr(Tl—TLj ) 2)

B C B
Temneparypa criHok kamepu T¢, mpu skl

0CaIDKY€EThCS ITapa

T.=T —dTC~§(L—x ) (3)

C Kp dX kp ) *
TakuM YMHOM, BAKIUBHMH TEPMOAWHAMIYHUMHU
napamerpamy, [0  OOYMOBIIOKOTh  (HOpPMyBaHHS

CTPYKTYPH KOHICHCATIB i IX OCHOBHI XapaKTEPUCTHKH €
CTYMiHb TIEPECUUCHHS TTapH Y, KoeillieHT KOHJIeH alii a
1 IIBUJIKICTH PE3yJIbTYI0U0] KOHAEHC Al ™.

II. Meroanka eKClIepUMEHTY

CrexTpH eJeKTpOBiIONBaHHS XIMIYHO TpaBJIEHOI Ta
MeXaHIYHO TmoyipoBaHoi moBepxHi n-Ge (110) 3
KoHIeHTpatiero enexrponis 10'-10"™ em™ momipsmi mo
CNEeKTPONITUYHIA  METONWIII Ha  9YacTOTi  IepmIoi
rapmoHikn Moxmymsamii =22 k[m mnpm KiMHATHIN
temrepatypi T =300 K nHa mepexomax E;, E,+A; (B
cnekTpanpHOMy miamaszoHi 1,9-2,5 eB) mpu Hampsmkax
BekTOpa monspmsarii ceitma €//[001] i €//[110].

EnexTpuuHe mone, NpUKIaAeHEe A0 JOCITIIKYBAHOTO

MOHOKpHCTaly 1 Tmajaiode CBITIO Oyl B3a€MHO
mapajenbHi 1 HampaBieHI NEpHeHIuKYISIpHO 10
nosepxai  (110) (puc.l). B sxocti enekrpomity

BUKopHcTanuil Oydepunii po3unn 0,1M K,SO4: 0,025M
Na,HPO,: 0,025M KH,PO,. 3 MeTOI CHOBiJIbHEHHS
IIBUIKOCTI €NEeKTPOXIMIYHAX peakuid Ha rpaHumi Ge—
€IeKTPOIIT KpiM MJaHOTO ENEeKTPOJNITYy MO 3pa3KiB
NPUKIAIaINCh Malli  3HA4YeHHS MOTEHI[aliB, SKi
30arayyroTh eJEKTPOHAMM JOCIHiUKyBaHy IOBEpPXHIO.
[Mocriiine  3MilIeHHs, MpHUKIaNeHe 10  3pa3Ka,
KOHTPOJIIOBAJIOCH MO  BiJHOIIEHHIO JIO HAacCH4YE€HOTO
KaJOMEJIBHOTO  eJeKTpoja mopiBHsHHS. [loporosa
ayTIMBiCTH BHMIpiB ckiagana 510 a crekrpanbHa
poszineHa 3xatHicTe 3107 eB. MexaHiuHy HOTipOBKY
TIOBEPXHI 3JiliCHeHO ApiOHOAWMCIEPCHUMH alIMa3HUMHU
MacTaMH.

I11. Pe3yabTaTn Ta ix 00roBOpeHHst

Ha PUCYHKY 2 Npe/ICTaBIeH] CIIEKTPHU
CJIEKTPOBINOMBAHHS, OTpPHMaHi Uil TpaBieHOI Ta
MexaHiyHO mnoxipoBaHoi moBepxHi (110) n-Ge 3

KOHIIETPALI€I0 JTOHOPIB N = 108 v MpU BUTHWHAX 30H,
sKi 30aradyroTb MOBEPXHIO €IEKTPOHAMH, i HAIPSMKaX
BekTOpa moispu3anii ceitma €/[001] (xpusal) Ta
€//[110] B
moBepXxoHb N-Ge KOXKHIH KpuTH4HiM Toumi B mybmeri Ey,
E| + A, BitnoBizae cTpykTypa i3 ABOX NMPOTHIEKHUX 10
3HaKy eKcTpemyMiB (puc.2a). MexaHiuHa MOIpOBKa
nmoBepxHi n-Ge TPUBOIUTH OO0 YHINOISIPHUX CIIEKTPIB 3
MOCNabJICHOI0  aHI30TPOIIE0  eKcTpeMyMiB  (puc. 20).
CurHaimy ejeKkTpoBIiIOMBaHHS K XIMIYHO TPaBJIEHOT Tak
i MexaHi4HO mojipoBaHoi moBepxHi n-Ge(110) 3
konnentpamiero  n=10%cv®  marote  mpuGTH3HO

(xpuBa 2). cnekTpax EB TpaBmenux
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OITHAKOB1 aMIUTITYAW BiZHOCHO HYyJs, ame crektpu EB
MEXaHIYHO TMOJIPOBAaHOI TMOBEPXHI OTpPUMaHi NpHU
MoIyJALil, ska nepepuinye y 20 pa3iB Ty MOIY[ILIO,
MpU SKid OTPUMAaHi CIEKTPU EJNEKTPOBIOMBAHHS IS

(ARR)10°
8

4

I I | 1 l 1 ]
1,9

Puc.2. Croextpu enektpoBimbmBanas (1,2) mns
TpaBIICHOI (a) Ta MEXaHIYHO TOJipoBaHO]1 (0) TOBEPXOHB
n-Ge(110) 3 KOHIEHTpamielo n 10" em™. Tocriitne
smitienas —0,3 B. Moaynsuis 15 mB (a), 300 mB (0).

€//[001] €//[110]

Bekrop monspusanii (xpusal),

(xpuBa 2)

XIMIYHO ~ TpaBieHOi moBepxHi. Sk
30UIbIIEHHI MOJYJIIOIOYOi HANpyrd  amviTyAa MiKiB
moBMHHA 3poctatd [5]. Takum 9uHOM  JMaHUM
EKCIIEPUMEHTOM TII0Ka3aHO CYTTEBHH BIUIHB AaJIbHHOTO
HNOpSAKy s (OpMyBaHHS KPUTHYHHX TOYOK Yy
NpUBEJIeHIH TYCTUHI CTaHiB repMadito. [Ipu mexaHivHii
TIOJIPOBII BBa)KAEMO, IO OIS MOBEPXHI YTBOPIOETHCS
TOHKHMH NPUIIOBEPXHEBUN IIap, B sikoMy EB mpakTuunO
i3orportHe. ToMy, BHKOPHCTOBYIOUHM MOJSpH3aLiiiHy
(TEeH30pHY) 3aNeXKHICT EINEKTPOONTHYHOTO E(PEeKTy
MOJKHA PO3JIUTHTH BHECOK ITOBEPXHi Ta 00’€My B CHTHAI
€JIEKTPOBIAOMBAHHS CTOCOBHO MEXaHIYHO ITOJIiPOBaHOI
noBepxHi. IIpy IbOMy BBaKaemo, IO IOBEpXHEBa

BiZIOMO, TIpU

CKJIaJIoBa  EJNEKTPOMOMYJISIIIT i30TponHa

s

BITHOCHO BEKTOpa TMOJSApH3allii CBiTIAa, a 00 e€MHa
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AR . .
CKJIJIOBA =) anizotponHa. lle peamizyetbest mpu

HasSBHOCTI TIOB’S3aHOTO 3 IIOBEPXHEIO JIHIKHOTO
EJIEKTPOONTHYHOTO e(eKTy B LEHTPOCHUMETPHYHOMY
KyOi4YHOMY  KpHCTaii [10], npu  amopdizauii
MPUIIOBEPXHEBOTO 1Iapy 1 B psdl IHIIMX BHUMaAKiB. B
[IbOMY TIPUIYIICHH] JJIS TOJSpHU3allii cBiTia €ll [1 TO])
MaeMo
2
AR _ S (Ahe, +BAe, ) = (&j + (&j .an
R % R ) R ),

Topi ast HanPsSIMKY BEKTOpa TMOJsIpU3alii CBITJIOBOT

xguni €| [001] moxHa 3anucaru:

)

Fls&L

ne Sy KOC(IIIEHT MONAPU3AIHHOI  aHI30TpOIIii
00’eMHOT CKJIa[JOBOI €JIEKTPOONTUYHOTO e(eKTy 3a SKy
Hece BimnoBimaneHicTh edekr Kenmuma- @panna.
[Mpunyckaemo, o i3-3a eKpaHy4ol bitil
MPUIIOBEPXHEBOTO 1Iapy B 00’ €Mi peanizyeThcs KpUTepii
cnabkoro mons [11], oMy koediieHT Sy mocTiitHKUI 11O
CIEKTpPY i OTHAKOBUH JUIs ifiCHOI Ta ysIBHOI KOMIOHEHT
Agy [12]. I3 criiBBigHOIIEHS (17-18) oTpuMyeMo

2
Z (AjAg, +S BiAg, ) =
= (18)

(&j S-SR (19)

R ) S,-1R

[&j _S-1/R (20)
R ), S,-1R

Koedinient nomspuzaniiinoi anizorpomii 06’eMHOi
CKJIaZI0BOi €JIEKTPOOIITHYHOTO €eKTy Sy JOPIBHIOE
2 m, +2m,

==
3 m, +m,

@n

Hus repmanito my = 1,58my; m,=0,082-m, [13],
3BijcH Sy ckiagae 1,3.

Ha puc.26 moka3aHO pe3ynbTaTd PO3ALICHHS
TIOBEPXHEBOI CKIIAIOBOi eNEeKTPOBinOWBaHHS (KpuBa 3)
Ta 00’€MHOT CKJIaJ0BOi eNneKTpoBiAOMBaHHs (kpuBa 4)
CTOCOBHO MEXaHIYHO MOJIipoBaHOI MoBepxHi. Buainena
o0’eMHa CcKJaoBa eJekTpoMmoayssinii no dopmi, 1o
MOPSIKY YEepryBaHHsS JOMIHYIOUHX EKCTPEMyMiB J00pe
Y3TO/DKYETHCS 3 TIOMIPSHOIO JJIS TPaBJICHOI MOBEPXHI B
obnacti ciabkoro 30aradeHHsi MOBEPXHI €JIeKTPOHAMHU
(muB. puc. 2 6 kpuBa 4 i puc. 2 a).

KpiMm TOro cmekrp enexTpoBinOMBaHHSA  JUIst
MEXaHIYHO IIOJIIPOBAHOI TIOBEPXHI BIiJHOCHO HYJIS
pO3MilleHNi T B OCHOBHOMY Y Bil €MHIiN YacTHHi, TOOTO
BiTHOCHA 3MiHa BiIOWBArO4YOi 34aTHOCTI MOHOKPHCTAIY

. AR
n-Ge B eNeKTPUYHOMY MOJI1 ?(E,F) <0 3a BHHATKOM

BUCOKOEHepreTHnyHoi obmnacti. Taky MOBEIiHKY CHEKTpY
EB MOXHa MOSICHUTH THM, IO XiJ €IeKTPOCTaTHYHOTO
MOTEHIiaTy HaIliBIPOBIJHUKA \J BiJl KOOPIUHATH Z MaE
ekctpemMyM. Tomi  CHTHanM eJNEKTPOBINOWBAHHSI, SIKi
(opMyIOTECS TIO Ppi3HI CTOPOHHM BiJ] EKCTPEMyMY,
TIPOTHIICKHI 1o ¢asi, a thaza CIIEKTPY
€JIeKTPOBINOMBAaHH BH3HAYAETHCS (a30i0 HaAHOIIBIIOrOo
i3 mmx curHamiB. TakuM 4YHHOM, OTpHMaHi mHaHi
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MPUBOAATH OO CHEPreTHYHOI JiarpaMd MeXaHIdHO
noJipoBaHoi noBepxHi n-Ge, pUBeJCHOT Ha pUC. 3.

Ii wMoxHa po3risaaTd  SIK  CBIQYEHHS  IIPO
reTepyBaHHs JIOHOPIB TOOJIM3y MONIPOBaHOI MOBEPXHI
n-Ge. Biamitimo, mo mnposs curHamiB EB, ski

Ec
Ey
Puc. 3. Eneprernuna  pmiarpama MEXaHI4HO

oJIipoBaHoi moBepxHi n-Ge.

(hopMyFOTECS IO PIi3HI CTOPOHH BiJ EKCTpeMyMy Ha
3aNIeKHOCTI \Y(Z), TIOKa3ye IO HAJJIMIIKOBO JICTOBAHHHA
map, sk yTBOPIOETHCS TIPU MOJIPOBIl, O TOBIIMHI HE

nepeBHIIye  00’€MHOI  JOBXHHHM  €KpaHYBaHHS.
KoHlleHTpalisi  HA/UIMIIKOBUX  JOHOPIB  MOOIHM3Y
nmoJlipoBaHoi moBepxHi n-Ge OIliHEHA 3 PIBHIHHA

[Tyaccona, mpu 1bOMy B35TO A0 YyBaru, 1o B 00JacTi

eKkcTpeMyMy piBeHb @Depmi 3aXoauTh B C-30HY i

d’y(z)
ZZ

3HAYECHHS <0. M mmsxoM s 3paska 3

n=10" cm? 3HaiineHo ANy > 5-10" em™. HakormueHms
JIOHOPIB 1MOOJIM3Y IOJipOoBaHOI NOBepXHi n-Ge MosCHIOE
NPUYNHY BHHUKHEHHS  €JIEKTPOOIITHYHOTO  e(eKTy
3aMOBHEHHS 30H  (CNMEKTpWYHHN  aHAOr  e(eKTy
Bypmreiitna-Mocca), mirodoro mapaneiabHO 3 edeKToM
MibK30HHOTO  (oroTyHemoBanHs (edekr Kenguma-
OpaHnia).

I'muOuHa TNpPOHMKHEHHS CBITJa B EHEPreTHYHOMY
miamazoni 1,9-2,5 eB, oOuucnena 3a ¢opmyson (16)
3MiHO€eThes Bia 9,8 um (it E = 2,5 eB) mo 12,9 um (s
E =1,9 eB). 'ubuHy NpOHWKHEHHS €EKTPHUYHOTO T0JIS
MOJKHA OI[IHHUTH 3TigHO [6] Mo hopmymi:

(esokT jm
LD: -
cn

(22)

VY mamomy Bunanky Lp ckmamae 4,73 am (e = 16,2;
€= 8,854-10'12 ®/m). TakuM YHMHOM, EJIEKTPUYHE MOJIE
B3JIOBXX KOODIMHATH Z, SIKA € MEpHEeHAUKYJSPOM 0
MOBEPXHI 1 TMpPOCTATAaETbCs B INIMOMHY 3pa3ka, €
HEOJHOPIMHUM. 3TiJHO Teopii, KOIW MH IpalioeEMO B
obJacTi 30arayeHHs MPUMOBEPXHEBOTO IIapy OCHOBHUMH

HOCISIMM,  CNIeKTPUYHE  I0J€  3MIHIOETBCS  II0
EKCIIOHEHITIaTbHOMY 3aKOHY F = Fyexp(-Lp/z).
AHamizyroun eKkcmepuMeHTansHI cnekTpu EB s
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xiMigHO TpaBieHoi moBepxHi n-Ge (puc.2a) 3a
JoroMororo GyHkuin Eiipi Bij KOMILIEKCHOT 3MiHHOT, sIKi
BPaXOBYIOTh YIIMPEHHSA ONTHYHUX CIIEKTPIiB (3aJI€XKHICTh
apryMeHTy 1 BiZ ()EeHOMEHOJOTIYHOTO TMapaMeTpy
ymupeHHs 1) mo’s3aHe 3 yacoMm €HepreTUIHOL
penakcaiii HOCIiB 3apsy T, a TaKOX HEOJHOPIIHICTh
MOAYJIOIOYOI0  €JIEKTpU4Horo mnonss F  3HaiineHo
CJICKTPOHHI napamMeTpu n-Ge: E,=2,11¢B;
E,+A; =231¢B; 10 =36,41-10" ¢B; T = 0,067 ¢B.
Crnixg BiIMITHTH, IO TOBIIMHA Imapy 30aradeHHs
(toBmmHa OI13) Bu3HavaeThCs €(PEKTUBHOIO TOBKUHOIO
eKpaHyBaHHA L, ska mpu 30aradylounx BUI'MHAX 30H
MOXE€ BIJPI3HATHCS BiJ [OBXHHH €KpaHyBaHHS Lp.

Tobro, mnpu 30araueHHi MPUIIOBEPXHEBOIO  LIAPY
OCHOBHHMH  HOCIIMH  3apsimy, OO0 €MHHHA  3apsin
30CepePKeHHH  caMe B INPHUIIOBEPXHEBOMY  IMIapi,

OCKIJIbKH €KpaHYBaHHS B I[bOMY BHIIQJIKy 3JiHCHIOETHCS
OCHOBHHUMHM HOCISIMH, TOOTO enekTpoHamu. Kiacumuny

TOBIIMHY Imapy 30aradeHHs MOXHA 3HaHTH 3a
hopmymoro [5]
L= 2k—T (23)
eF

EnexTpruHe Tmojie MOXKHA 3HAWTH 13 PIBHIHHS
[Tyaccona B TpUMYIIEHHI, 10 BCi JOHOPHI JOMIIIKA
ioHi30BaHi [5,7,14].

d’y(2) _eNy
= , (24)
dz €€
Je z — KOpAWHATA, MEPHeHAWKYJSIpHA [0 TpaHULi
MEPeXOoAy CIEeKTPONIT — HaMIBOPOBIAHUK, € —
TieNeKTpuyHa MPOHUKHICTE Ge, N, - KOHIICHTPAITis
1OHI3YIOUHMX JIOMIIIOK.
2 eN 1 eNy
F=|—-Hdz= Ly —2). (25)
° €€ €,
[MToBepxuese none F, piBae
eNy,
Fi=F,= L,. (26)
€€

OOuucnene enektpuuHe mone Fy ans 3paska i3
KOHLICHTPAIIEI0 10" em™ cxmamae 5,28:10° B/m. 3Bincu
KJacMuHa TOBLIMHA mIapy 30araueHHs L nopiBHIOE
9,47 HMm. 3Haroun BEJIMYUHY IIOBEPXHEBOI'O
CIEKTPUYHOTO TIOJSI Ta CICKTPOONTHYHOI CHeprii 3a
opmymoro (4) MOXXKHA OIIHUTHA 3HAYCHHS TMPHUBEICHOI
e(eKTUBHOI Macu | ISl AJaHUX ONTHYHHUX MEePEeXomiB. Y

HamoMmy Bumanky W gopiBaHioe 0,022 my. Buznauumo

xapakrepHuil i epekry Kennuima-®Opanuna napamerp

70
Ao (Ago 25) 3  JOBXHHOIO, sIKa  BH3HAuae
S

MPOTSDKHICTh OCHWIISALIT XBUIILOBOT (DYHKIT YaCTUHKH 3
NPUBEACHOI0 MAcOl0 |L B OJHOPITHOMY EJIEKTPHYHOMY

moni Fy (moBXkuWHA XBWII €JICKTpOHA 3 eHepriero ho).
Jlanuit napamerp pisauit 6,9-107 m.

Mexaniyna TIOJTipOBKa JIpiOHOTUCTIEPCHUMH
AIMa3HIMH TIAaCTaMH TPHUBENA 0 3MIHH EIEKTPOHHHUX
mapameTrpiB  n-Ge: E;=2,15¢B; E;+A;=235¢B;
I'=0,107 eB. Buxonsun i3 mpuUHOWITY HEBH3HAYCHOCTI
I'eiizenbepra mnst eneprii E 1 wacy t (AE-At> 7)) [15]
penakcariifHi eeKkTH B IMOTIMHAHHI CBITIIa KPHCTAJIOM
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omucylOTh  [5]  (eHOMEHONOTIYHMM  TMmapaMeTpoM
ymupeHHss [, MOB’A3aHOTO 3 4YacoM T EHEePreTHYHOL
penaxcarii (oToreHepoBaHUX HOCITB 3apsny

CIIIBBITHOIICHHAM I'=—. LIe CIIIBBIJTHOIICHHS J103BOJISE
T

ONTHYHUM  METOJIOM  CJICKTPOBIMOMBAHHS  OLIHUTH
3HAYCHHS T JUIS BIIMOBIMHUX EJICKTPOHHUX IMEPEXOJIiB.
Jlnst n—Ge(110) 3 kommentpaumieo n=10"cm™ s

. . h
ontuuHux nepexoniB E; 1 E;+ A, t= F: 9,82:10 % ¢

(s TpaBmeHoi moBepxHi) i T=6,1510"¢c (mia
MEXaHIYHO MOJIIPOBAHOI MOBEPXHI). 3HANIEMO JOBKUHY
xBuIi Ae-bpoilna Ay enekTpoHa 3 e(eKTUBHOIO Macol0
piBrO0 M, = 1,58 m, [13 ]i emepriero kT 3a popmyitoio:

PP — 27)
Jm. kT/n?

VY HamoMy BUnaaky Ajp = 06,15 HM. 3Bincu MokHa
3pOoOMTH BHUCHOBOK, IO JOBXHMHA XBWIi ne-bpoits
OimpIIa BiJ MOBXKWHHM €KpaHyBaHHA Lp 1 MeHIIA Bix
TOBIIMHM oOnacTi 30aradeHHs L. Tomy Mu HEe MOXXeMO
CKazaTH, [0 CHEpreTHYHA JiarpamMa TPaBJICHOI ITOBEpXHi
n-Ge MICTUTh €KCTpeMyM Ha BiMiHYy Bil €HEPTeTHYHOL
JiarpaMy MEXaHIYHO MOJIIPOBAHOT MOBEPXHI.

Buxonmsun 13 OTpUMaHUX pe3yNbTaTiB OI[IHUMO
BHYTpIilIHI ~ MexaHiuHi  HampyxenHs (BMH), sxi
BUHUKAIOTh TPU  MEXaHIUHIA  TOJIPOBI[  JaHUX
kpuctaniB. [lpu rigpocratnyHomy THCKY P, 3MmiHa

eHeprii enekrponHoro nepexony AEq piHa [6]

(ac _av)

AE, = AV (28)

Ie ac 1 ay — nedopmaniiiHi TOTCHIIATA 30HH MPOBIAHOCTI
. .. . . AV . .
i BaJIeHTHOI 30HU BiAIOBITHO; 7 — BiJHOCHA 3MiHa

00’eMy, SIKy MO>KHA 3aIIHCATH Y BATIISIL

% — -3AP(S;,42812), 29)

ne S;; 1 2S;; — KOMIIOHEHTH TEH30pa MPYXKHOCTI, sKi
NOB’sI3aHi 13 KOMIIOHEHTaMH TeH30pa xopctkocti Cyp 1
C|, CHIBBITHOIIEHHSIM
(S11+2812)" = Cyy +2Ch. (30)
BukopucroByroun  cmiBBigHOomeHHs (28  —30)
OTPUMYEMO
& = M (31)
AP (C,, +2C,)
Hns Ge (ac—ay)=-12eB; C; =1,28510"ITa;
Cy,=0,483-10"' TTa [6]. 3Bincm OTPUMYEMO 3HAUCHHS

koediienTa 3miHuM  eHeprii mepexomy Ge npu
. AE, 10 ¢B

TiIPOCTATHYHOM THUCK — =1,59910"" —.
P Y Y AP Ila

OmiHka 3MiHM BEIWYMHHM BHYTPIIIHIX MeEXaHIYHHX
HarpyxxeHb y Ge n-tuny npu AE, =0,04 eB nae
suagenns AP = 2,5-10° ITa.

J1J1s1 OIHOBICHOTO CTHCKY B HanpsiMKy [111]

AE, 1 11

—=—-—dS,, =——d—,

P \/g 44 \/g C44
ne d — nedopmariitanii moteHmian 3cyBy; Cyy — MOIYIB
xopetkocti (d=-5eB; Cy =0,68:10"'TIa mia Ge [6]).

(32)

. AE . . .o
Tomi —L-=0,425-10"" B , 1 3MIHa BHYTpPIIHIX
AP I

a
MEXaHIYHUX  HampyXeHb TNpU  IOJIpOBLI  TpH
AE, = 0,04 eB nopiBHIo€e 9.41-10* [Ma. Takum unHOM
NpU MOJipoBLi 3pa3kiB n-Ge MexaHiYHI HAIlPyXEHHS B
Ge 3MiHMIHMCS Ha BenmuuHy cepemmio Mix 2,5 10° Ila
(rizpocraruunmii Tiek) i 9,41-10° ITa (ogHOBiCHMIT THCK
uts Hanpsivky [111]), To6To Ha 5,95-10° ITa.

Bucunosku

Ha ocHOBI  KIUIBKICHOTO — aHajii3y  CIEKTPIiB
€JIEKTPOBIIOMBAHHS XIMIYHO TpaBJIECHOI Ta MEXaHIYHO
noJiipoBanoi moepxoHb n-Ge (110) i3 KOHIIEHTpaIli€to
nocii 10'7-10" cm™ na nepexonax E;, E; + A; npu aBox
PI3HHMX HampsIMKax BEKTOpa MOJIipU3allii CBITIIOBOT XBUIII
€//[001] i €//[110] B obmacti 36aradueHHs MOBEpXHI

€JIEKTPOHAMH MO>KHA 3pOOUTH TaKi BUCHOBKH:

1. OuiHeHO BHECOK MEXaHIYHO TONIPOBAHOI MOBEPXHI
n-Ge(110) B edekT enekTpoBiZOMBaHHS Ha OCHOBI
BIZAMIHHOCTI KOMIUICKCHOTO IIOKa3HHUKA 3aJOMJICHHS
TOHKOTO IIOBepxHeBoro 1mapy Ng=n,+iy, B

HOPiBHSHHI 3 00’eMoM Ny =1, + 1%, 1 BUKOPHCTaHHA

NoJISIpU3aLiHoT (Ten3opHoi) aHizoTporii
EJIEKTPOONTUYHOTO eheKTy.
2. Bu3HaueHi  BeNMYMHHM ~ E€HEPridl  €IEKTPOHHUX

nepexoniB Ej, E; + Aj; mOBepXHEBOro elEeKTPUYHOTO
noist Fg; enexrpoonTuynoi eneprii hO; nmpuseneHoi
e(eKTUBHOI MacH |l JJIsl IaHUX ONTHYHUX MEPEXO/IIB;
(heHOMEHOJIOTIYHOTO — mapamerpy  yummpeHHs [
EHEepPreTHYHOr0 4Yacy penakcauii T HOCIiB 3apsay;
KJTaCHMYHYy TOBIIMHY Inapy 30araueHHs L; mapamerp
Aoy -

3. TlpoanamizoBaHO hopmy TIPUITOBEPXHEBOTO
MOTEHITIATFHOTO Oap’epy UIA XiMIYHO TpaBJIEHOi Ta
MEXaHIYHO moJiipoBaHoi noBepxoHb n-Ge (110) ta
3MiHy KoedilieHTy nonspu3aiiitnoi aHizorporii
EJIEKTPOONTUYHOTO epekTy S B 3aJIe)KHOCTI BiJ] CTaHy
MIOBEPXHI JOCIIJHKYBaHOT'O MaTepiaiy.

4. 3’scoBaHo  (i3WYHI  MEXaHI3MH  SBUIN, IO
BinOyBatoThcss Ha moBepxHi n-Ge(110) npm
30aradyeHHi TIOBEPXHI EJIEKTPOHAMH SK XIMIYHO
TpaBJIEHOI, TaK 1 MEXaHIYHO IOJIIPOBAHOI IOBEPXOHb.

5. BiaMiHHOCTI B €HEPTisAX CNEKTPOHHUX MEPEXOIIB MiXK
TPABIICHOIO Ta MEXAaHIYHO ITOJIiPOBAHOIO IMTOBEPXHIMU
n-Ge (110) BuKOpHCTaHO IS OIIHKH 3MiHH
BHYTPIIIHIX MEXaHIYHUX HaNpyXeHb B TepPMaHiio
micasl TONIPOBKU APIOHOAMCIIEPCHUMHU  alMa3HUMHU
HacTaMH.
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Influence of Surface State on the Anisotropic Spectrums
of Electro-Reflection of n-Ge(110)
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It is analyzing of surface contribution in the effect of electrical-reflection with the use of polarization (tensor)
dependence of electro-optical effect in relation to the mechanically polished surface of n-Ge(110). Influence of
surface state is analysed on the anisotropic spectrums of electro-reflection, change of form of near-surface potential
barrier and internal mechanical tensions after the polish. The electronic parameters of near-surface layer of n-Ge(110)
are spotted.
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