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Physicochemical conditions

of GaAs/GaAsty/GaN nanochips stahility

In this work the study of the stahility nanochips GaAs / GaAsN, / GaN is
presented. For the calculation of parameters used quantum-chemical and ther-
modynamic approaches. The calculations of the surface free energy nanochips
within the models used show that a significant contribution to the crystalline
structure stability of the GaN layer is the molar concentration of nitrogen atoms
in the intermediate layer GaAsN nanochips GaAs / GaAsN, / GaN.
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Introduction

Interest to wide-band semicon-
ductors based on IlI-nitride compounds
is associated with high chemical, thermal
and radiation resistance of these com-
pounds. The most demanded out of them
is gallium nitride (GaN), which is ob-
tained in the form of films by heteroepi-
taxial growth method. Structur of GaN
films is a function of the properties used
for the growth of its substrates.

Among the materials used as substrate
for the growth of the films of gallium
nitride (1), attention is attracted by gal-
lium arsenide (GaAs). Its advantage is in
its low cost compared to other mate-als
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and in the use of new technological solu-
tions for the formation of the GaN films
on its surface (2). Another advantage of
GaAs substrates is the possibility to use
different crystallographic surfaces for
GaN film growth, which allows setting
epitaxial growth orientation of the surface
layer of GaN crystal structure of GaN at
the initial stage.

Nitridation process of GaAs sur-
face occurs as a result of its processing
with active nitrogen radicals, which are
produced in a powerful high-frequency
plasma charge (2). The peculiarity of this
method is that the active nitrogen radicals
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do not violate the crystalline structure of
the substrate-lattice and at the same time
having a high mobility in its surface-lay-
er, perform atoms substitution, similar to
the growth of monolayers of liquid phase.
As a result of this substitution hetero-
structure GaAs / GaAs N / GaN, which
at the nanoscale can be called nanochips
(from «chip» — a piece) is formed.

In connection to the noted above, the
results of theoretical research by means
of quantum-chemical methods and ther-
modynamic stability of nanochips GaAs /
GaAs N / GaN, formed on the crystallo-
graphic surfaces of GaAs (001) and (111),
are presented in the paper. This study was
conducted as computer experiment.

Fundamentals of computer experiment

Based on the characteristics of the cu-
bic and hexagonal structure type of GaN
films (1), it can be assumed that the use
of either GaAs (001) surface for epitaxial
growth of GaN film, GaN (001) cubic
structure should be formed; using GaAs
(111), GaN (111); it is likely that of gal-
lium nitride film with hexagonal structure
(0001) will be formed as well.

In this paper, for modeling of nano-
chips GaAs / GaAs N, / GaN, two struc-
tures of substrates GaAs were adopted:
1) a structure containing 9600 atoms,
which has thickness of ~ 4.5 nm in the
orientation [001] (surface area of form-
ing a nitride film is ~ 48 nm?); a structure
containing 9096 atoms, which has thick-
ness of ~ 3.8 nm in the orientation [111]
(surface area of forming a nitride film is
~ 27 nm?). For the formation of the tran-
sition layer of GaAs N a chaotic substi-
tution of the As atoms into N atoms in
the anion sublattice of gallium arsenide
of both structures was performed on the
maximum depth of 4 anion layers in the
amount from 40% to 90%. As a result of
this substitution heterostructure GaAs /
GaAsxNy was formed. Then in order to
produce the final formation of nanochips
of GaAs / GaAs N / GaN layer on GaAs
/ GaAs N, a layer of GaN was placed
by overlapping. As a result, we obtained
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model with the following compositions:
GaAs (001) / GaAs N / GaN (001);
GaAs (001) / GaAs N / GaN (0001);
GaAs (111) / GaAs N / GaN (111);
GaAs (111) / GaAs N / GaN (0001)
For each of the models, nanochips x, y
are changed in the range from 40 to 90%.
Computer experiment on the proper-
ties of nanochips was conducted using
complex computer programs «Computer
nanotechnology» (3). In the adiabatic ap-
proximation with the help of the method
of steepest descent on the surface of po-
tential energy of the nuclei stable posi-
tions of the atoms in nanochips were
found. Energy of the system of nuclei is
represented within the pair approxima-
tion. For a system of M atoms energy has
the form:

M M

E=)2250) W
where M is the total number of atoms in
the nanosystem; S, is atoms adjacency
matrix, containing information about the
atomic structure of the bond graph; ¢, is
the energy of pair interaction between i-
atom and j-atom, depending on the dis-
tance between the atoms — r; (4). The
matrix of the adjacency graph of bond
graph of nanochips GaAs / GaAsN /
GaN is determined by the topology of the
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covalent bonds of the atoms of the struc-
tures on their first coordination sphere. To
calculate the parameters of the potential
interactions of the atoms in the simulated
nanostructures, the method of nonlocal
orbital-shell density function (OSDF) (5)
was used; using it energy U0 and length
RO of chemical bonds were found. For a
pair of atoms of Ga-N: RO = 0,201 nm;
U,=-1,249 eV (-120.30 kJ / mol) (6), for
a pair of atoms for Ga-As: R = 0,260 nm,
U,=-2,217 eV (-196.7 k] / mol) (5).
Then nanochips GaAs / GaAsxNy / GaN
resistance was viewed from the position
of equilibrium thermodynamics. Since
nanochips GaAs / GaAsxNy / GaN were
formed by the superposition of two crystal
structures, it is necessary to introduce the
concept of the surface - the interface be-
tween two contacting bodies. One of the
properties of such a surface is the surface
energy (Helmholtz free energy), which
is the excess of the energy of the surface
layer between the contacting phases per
unit of area dividing the surface. In gen-
eral terms, this energy is defined by:

F=U-TS, 2)
where U is internal nanochip energy, S is
nanochip entropy, T is absolute tempera-
ture of the thermostat. The internal energy
U of the nanostructures is determined by
the method of steepest descent on the po-
tential energy surface (1). The entropy
of the studied systems can be calculated
within the framework of statistical ther-
modynamics, where it is given by the
Boltzmann equation:

S=kinW, 3)
where k is Boltzmann constant, ¥ is sta-
tistic weight or equilibrium thermody-
namic probability of the nanosystem.

Under the assumption that the nitrogen
atoms are identical indistinguishable par-
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ticles and their distribution in the surface-
layer of gallium arsenide will determine
the macrostate for thewhole of the transi-
tion layer GaAs N . This macrostate can
be realized in a large number of micro-
states by rearrangement of the atoms of
nitrogen and arsenic. At its core, the dis-
tribution of the nitrogen atoms in the sur-
face layer of GaAs and, consequently, the
formation of the transition layer GaAs N ,
obey the laws of statistical mechanics.

Free surface energy of the hetero-
structure GaAs / GaAs N, / GaN can be
defined by the formula:

U= EGaAs/GaAsXNy/GaN - EGaN -

-F

GaAs/GaAs, N, * (4)

For the calculation of the Helmholtz free
energy the temperature range from 500
C to 900 °C was selected. The choice of
this temperature range is due to the ex-
perimental data for obtaining GaN films
on the GaAs substrate. The Helmholtz
free energy at absolute zero (F = U) and
at room temperature were also calculated.

Analysis of the results of the computer
experiment

The calculation results show that at a
certain concentration of nitrogen atoms
in the layer GaAs N, with increasing of
the temperature, energy stability of the
nanochip GaAs / GaAs N, / GaN itself is
raising. Such dependence is observed for
each of the computational models. In our
model, we can assume that the formation
of a particular crystal structure (hexago-
nal or cubic) of nanolayer GaN does not
depend on the temperature of the process,
as suggested by the authors of the experi-
mental works (2). The molar concentra-
tion of nitrogen in the intermediate layer
GaAs N of GaAs/ GaAs N / GaN nano-
chip can be seen as an influencial factor
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Fig. 1 The dependence of the Helmholtz
free energy of heterostructure GaAs (001)

/ GaAs N / GaN form mole fraction of
nitrogen in the intermediate layer GaAs N,

in this case.

Consider the dependence of the Helm-
holtz free energy of GaAs / GaAs N
/" GaN nanochips from mole fraction
of nitrogen in the intermediate layer
GaAsxNy. (Fig. 1, 2). Figure 1 represents
the variation of the Helmholtz free energy
of GaAs / GaAs N / GaN nanochip with
the original orientation of the substrate
GaAs (001); Figure 2, with the original
orientation of the substrate GaAs (111).
Analysis of the curves in Figure 1 reveals
that it is more preferable to form a cu-
bic GaN structure onthe substrate GaAs
(001) with the account for the formation

Conclusion

Computer experiment showed that the
formation of gallium nitride nanolayer
both of hexagonal and cubic structures is
possible on the surface of gallium arse-
nide. This is consistent with the known
experiment results (2). In this case, the
main influencing factor is the molar con-

F'3B
200 4
-300 -
=400
1
500 |
2
=600 -+
-700 1- GaAs(111)/GaAs,N /GaN(111)
2- GaAs(111)/GaAs,N /GaN(0001)
-800
40 50 60 70 80 920 100

Xy, %

Fig. 2 The dependence of the Helmholtz
free energy of heterostructure GaAs (111)
/ GaAs N/ GaN from mole fraction of
nitrogen in the intermediate layer GaAs N,

of the GaAs N, intermediate layer in the
range of molar concentrations in this
layer of nitrogen atoms to about 45% of
energy; when the concentration of nitro-
gen is above 45%, energatically favored
is the hexagonal GaN structure. In case
of GaAS (111) substrate GaAs (see Fig.
2): at a mass concentration of nitrogen
in the interlayer GaAsxNy to ~60% and
more than 75%, most preferable is the
cubic structure of GaN nanolayer on the
substrate; when nitrogen concentration is
in the range of 60—75% more stable is the
hexagonal GaN nanolayer structure on
the substrate GaAs (111).

centration of nitrogen atoms in the inter-
mediate layer GaAs N, which is formed
as a result of the substitution of arsenic
atoms on the nitrogen atoms in the sur-
face layer of the GaAs substrate of GaAs
/ GaAs N, /GaN nanochip.
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OU3NKO-XUMHYECKUE YC/I0BUS YCTOMYMBOCTH
HAHOUYUNOB GaAs/GaAsty/GaN

B paboTte nmpenctaBneHo MCCIeOoBaHMe YCTOMYMBOCTM HaHounnoB GaAs/
GaAsXNy /GaN. [ns pacyeToB napaMeTpoB MPUMEHSNIMCb KBAHTOBO-XMMUYECKWUI
W TepMoaMHaMUYeCKnX Moaxoabl. PacyeTbl cBO6OAHON MOBEPXHOCTHOW 3HEpPruu
HaHOUMMOB B PaMKax MCMOJb3YeMbIX MOZENEN NMOKa3bIBAIOT, YTO CyLLECTBEHHbII
BKNaZ Ha KpuCTannyeckyro cTpykTypy cnost GaN Hocut MombHas KOHLEHTpaLms
aToMOB a30Ta B NpoMexyTo4HoM cnoe GaAs NHaHounna GaAs/GaAsXNy/GaN.

© Komaposckux H. B., ®omuna J1. B., besHoctok C. A., 2015

Beepenue
HNuTepec K  MHUPOKO30HHBIM
IOy TTPOBOTHUKOBBIM COEIMHEHUSAM

[II-HuTPpHUIOB CBS3aH C BBICOKOM XHMHU-
YECKOW, TEPMHUYECKOW M paguallOHHON
CTOMKOCTBIO ATUX coenuHenuii. Haubo-
Jiee BOCTpeOOBAH Cpey HUX HUTPU] Tajl-
must (GaN), KOTOpbIN MOMy4aroT B BUIE
IUIEHOK METOJIOM IeTepOdIUTaKCHaIbHO-
ro pocra. Ctpykrypa menok GaN sBisi-
ercsi (pyHKIMEeW CBOWCTB HCIOIBh3YEMBIX
JUISL €70 POCTa MOJIOKEK.

Cpeau  MarepuajoB, HCIIOIb3YEMbIX
B KaueCTBE IOJIOKKHU JJIsl pocTa IJIEHOK
HuTpuaa rawms [1], BHUMaHue mpuBIe-
kaet apcenun ramms (GaAs). Ero mpe-

HUMYIIECTBO 3aKIIOYaeTCS B JCHICBU3HE
[0 CPaBHEHUIO C JPYTHMH MaTepHaIaMU
W WCIONB30BAHUEC HOBBIX TEXHOJOTH-
YeCKMX PpeIIeHHH U1  (POpMHUPOBAHHS
mieakn GaN Ha ero moBepxHOocTH [2].
Hpyroe npenmytiectBo noanoxek GaAs —
BO3MOKHOCTH MTPUMEHEHHSI PAa3HBIX KpH-
cTayutorpaMuecKuX MOBEPXHOCTEH IS
pocta tuienok GaN, 4To MO3BOJSIET 3a-
JlaBaTh YK€ Ha IIePBOHAYAILHOM JTare
STIHUTAKCHAJIBHOTO POCTa OPHCHTAIIHIO
MTOBEPXHOCTH KPUCTAJUINIECKOH CTPYyK-
TypsI ciiost GaN.

[Ipomecc HUTpHUAM3ALUKE ITOBEPXHO-
ctu GaAs TPOUCXOIUT B pe3yibTare ee
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00pabOTKH  aKTHBHBIMHM  pajlKallaMu
a30Ta, KOTOPHIC MONYYalOT B MOIIHOM
BBICOKOYACTOTHOM TJIa3MEHHOM paspsizie
[2]. OcobeHHOCTh ATOr0 METO/a 3aKJIIO-
9aeTcsl B TOM, YTO AKTHBHBIC PaJIUKaIIbI
a30Ta HE HapPYIIAIOT CTPYKTYPHI KPUCTAI-
JIIYECKON PEIICTKH TTOIOKKH U B TO XKE
BpeMsi, IMesl BBICOKYIO TOIBIKHOCTH B
€e TIOBEPXHOCTHOM CJIO€, OCYIIIECTBIISIOT
3aMeIIeHIe aTOMOB, aHAJIOTHYHOE POCTY
MOHOCJIOEB U3 KHIKOH (a3el. B pe3yib-
TaTe TaKoTO 3aMeIIeHHs o0pasyeTcs Te-
TEPOCTPYKTYpa GaAs/GaAsty/GaN, KO-

TOPYIO B HaHOMAcIITa0e MOKHO Ha3BaTh
HaHOUYUTIOM (OT «YHIT» — KYCOK)

B cBs131 ¢ 0OTMEUCHHBIM BBIIIIE B pado-
TE MPEICTABICHBI PE3YIIBTAThl TEOPETHYC-
CKOTO HCCIICTOBAHMSI C TIOMOIIBIO KBAHTO-
BO-XMMHUYECKUX M TEPMOTUHAMHUICCKUX
METOJIOB ~ yCTOHYMBOCTH  HAHOYHIIOB
GaAs/GaAs N /GaN, cdopmupoBaHHBIX
Ha KPUCTAJUIOTPApUUSCKUX MOBEPXHO-
ctsx apcenmna rammus (001) u (111).
JHanHoe mccinenoBanne OBIIIO TPOBEACHO
B BUJIC KOMITBIOTEPHOTO SKCIICPUMEHTA.

OCHOBbI KOMNBIOTEPHOI0 3KCNEpPUMEHTA

Hcxonst W3 ocCOOCHHOCTEH KyOude-
CKOTO M TEKCAarOHAIBHOTO CTPYKTYPHO-
ro tuna tuieHok GaN [1], MoxkHO Tipen-
MOJOKUTh, YTO TIPH HCIIOIB30BAHHUU
nopepxHoct GaAs (001) ans smuTakx-
cuaimpHOTO pocTa mieHkn GaN nomkHa
(hopmupoBarbcsi KyOWdeckas CTPYKTypa
GaN opuenrarueii (001), mpu UCTIONB30-
BaHuM noBepxHoct GaAs (111) — cTpyk-
Typa GaN opuentamueit (111), a Taxxe
BIIOJIHE BEPOSATHO OOpa3oBaHME IUICH-
KA HUTPHIA TaUIds C TeKCarOHAIbHOU
cTpykrypoit opuenTarmeit (0001).

B nmanHO# pabote st MOjeIMpOBa-
Hust  HawoumnoB  GaAs/GaAs N /GaN,
OBUTH IPUHATHI IBE CTPYKTYPBI ITOIIOKEK
GaAs: 1) cTpykrypa, comepxamast 9600
aToMoB, nMerotmas B HarpasieHuu [001]
ToNMHY ~ 4,5 HM (TUTOMIa b TOBEPXHO-
cTH (OPMUPOBAHUS HUTPUIHOU TIIICHKA
~ 48 um?); cTpyKTYypa, cogeprkarias 9096
aTOMOB, UMeIOIIast B HarpaBiennu [111]
TonuHy ~ 3,8 HM (TUTOMIa b TOBEPXHO-
cTH (OPMUPOBAHUS HUTPUIHOU IIICHKU
~ 27 um?). Inst GopMUPOBAHUS TIEPEXO-
HOTO CJIOS GaAsty6Lmo TIPOU3BEICHO
Xa0THYECKOe 3aMCUICHHE aTOMOB As Ha
atoMbl N B aHHMOHHOU MOJpEIIETKE apce-

HHUJIA TAJUTHASL 00EUX CTPYKTYp Ha MaKCH-
MaJIbHYIO TTyOWHY B 4 aHHOHHBIX CJIOS B
ronuuectse oT 40 10 90 %. B pesynbrare
TAKOTO 3aMelleHus Oblia c(hopMUpOBaHA
TeTepOCTPYKTypa GaAs/GaAsty. Hanee
IUIT  OKOHYATEIBHOTO  (hOpMHpOBaHHS
nanounna GaAs/GaAs N /GaN mHa coii
GaAs/GaAsty MyTeM HAJOKEHUs ObLT
niomerieH cioit GaN. B urtore momydeHst
MOJIETIH CIICTYIOIIETO COCTaBa:
GaAs(OOl)/GaAsXNy/GaN(OOl);
GaAs(OOl)/GaAsXNy/GaN(OOOI);
GaAs(111)/GaAs N /GaN(111);
GaAs(111)/GaAs N /GaN(0001)
JIst KaX oM M3 Moiesie HAHOUMIIOB X,
y u3menstiores B ipezaenax ot 40 mo 90 %.
KoMmbroTepHBII IKCIIEPUMEHT O HC-
CIICIOBAaHUIO CBOWCTB HAHOYHIIOB IIPO-
BOJIJICSI C HCIIOJIB30BAaHUEM KOMILICKCA
nporpamm 1715t 9BM «KommbroTepras Ha-
HotexHojorus» [3]. B agmabarmueckom
TPUOTKSHUN METOIOM HaWCKOpeHIero
CITyCKa IT0 ITOBEPXHOCTH MTOTCHIHAIBEHON
SHEPTUH sAep HaXOMMIUCh YCTOWYHBEIC
TIOJIO’KCHNST aTOMOB B HAHOUYHITAX. DHEp-
THS CHUCTEMBI SICp NPENCTABICTCS B
paMkax mapHoro nmpuommkenus. /s cu-
CTeMBI M aTOMOB SHEPTHs UMEET BHI:
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E—/ZZ e,(r;) (1)

i=1 j=1

rne M — o0liee Yyucio aroMOB HAHOCH-
CTEMBI; S,.j— MaTpuIia CMEKHOCTH aTOMOB,
cojiepkamasi MHOOPMAIMIO O CBS3EBOM
rpade aTOMHOH CTPYKTYpBHI; g; — DHEp-
rUsl TIAPHOTO B3aUMOJCHUCTBUS i-aTOMa
C j-aTOMOM, 3aBHUCSINAs OT PACCTOSHUS
MEJKJTy aTOMaMu — 7, [4]. Marpua rpaga
CMEXXHOCTH CBSI3¢BOTO Ipad)a HAHOUYHITOB
GaAs/GaAsty/GaN ornpenensiach TO-
MOJIOTHEH KOBAJICHTHBIX CBSA3EeHd aTOMOB
W3ydYaeMbIX CTPYKTYp Ha HUX TEPBOH KO-
opAMHAIMOHHOMU cdepe. [l pacuera ma-
PaMeTpOB NOTCHIMAIOB B3aUMOJICHCTBUI
aTOMOB B MOJICJIMPYEMBIX HaHOpa3Mep-
HBIX CTPYKTypaXx ObLII UCITOJIb30BaH METO]
HEJIOKAIBHOTO OpOUTAIEHO-000J109€YHO-
ro ¢dyskmuonana rmiotHoctH (OO®IT)
[5], c moMoOIIIBIO KOTOPOTO HAMIEHEI YHEP-
TUHA U0 U JUTUHBL R0 XUMHYECKUX CBSI3CH.
Hosa maper aromoB Ga—N: R = 0,201 nwm;
=-1,249 3B, (-120,30 x/I»x/moib) [6],
a1 apel atomoB Ga-As: R = 0,260 um,
U,=-2,217 3B (-196,7 x/lx/mois) [5].
Jlamee  yCTOMYMBOCTH HAHOYMWIIOB
GaAs/GaAs N /GaN paccmarpuBaiack ¢
MO3UIIMHA PABHOBECHOW TEPMOIMHAMHUKH.
Tak xax HaHOYMIIBI GaAs/GaAsXNy/GaN
ObUTH COPMHUPOBAHBI TYTEM HAaJOXKE-
HUSl JIBYX KPHUCTAUIMYECKUX CTPYKTYP,
TO CIIeIyeT BBECTH IMOHSATHE TOBEPXHO-
CTH — TPaHUIIBl paszjieiia MEXIy IByMs
KOHTaKTUPYIOIIUMHU cTpykTypamu. On-
HHM U3 CBOMCTB TakOW NOBEPXHOCTH
SIBIISICTCSI TIOBEPXHOCTHAsI 3HEPrusi (CBO-
OomHast sHeprus lenpbMmroibia), Mpen-
cTapisromas  co0oil M30BITOK 3HEPruu
TTOBEPXHOCTHOTO CIIOST MEXKIy COTpPHKA-
caronmMMucs (pazamu, TPUXOISIIETOCS
Ha eJIMHUITY IIONIAN PA3ISIIIONIEeH 10~

BEpXHOCTH. B o0mem Buae 3Ta SHEprus
OTIPEIEISIETCS] COOTHOIICHHUEM:

F=U-TS, 2)
rae U — BHYTpEHHSISI SHEPIUsl HAaHOYHUIIA,
S — sHTpomnus HaHOUUTA, 7 — aOCOTFOTHAS
TEeMIIepaTypa TepMocTaTa. BHYTpeHH
sHeprusi U HAaHOCTPYKTYpP ONpEneseTcs
B paMKax METOJa HANCKOPEHIIIeTo CITyCcKa
[0 TTOBEPXHOCTH ITOTCHIIMAILHOU YHEp-
rud (1). DHTPOIUIO M3y4aeMbIX CHCTEM
MOXHO PacCUUTaTh B PaMKaxX CTATHCTH-
YEeCKOW TEPMOJMHAMUKH, TII¢ OHA 331aeT-
cst popmynoi bonbimana:

S=klnWw, 3)
3meck k — mocrosituaas boawivana, W —
CTaTHCTUUECKUH BEC WM TEPMOIMHAMH-
YecKass BEPOSTHOCTh PAaBHOBECHOTO CO-
CTOSIHUSI HAHOCHCTEMBI.

B mpeamonoxeHUN TOTO, YTO aTOMEI
a3oTa SBISIOTCS TOXXICCTBEHHO HEpas-
JTUYUMBIMHA YacTHIIAMH W WX pacmpese-
JICHNE B MTOBEPXHOCTHOM CJIO€ apCeHUIA
rajums OyJeT 3a1aBaTh MaKpOCOCTOSHIE
BCETO MEPEXOTHOTO CIIOS GaAstv. Taxoe
MaKpOCOCTOSTHAE MOXKET OBITH pean3o-
BaHO OOJBIIUM YHCIOM MHKPOCOCTOS-
HUH 3a CUET IepeCTaHOBKH aTOMOB a30Ta
U MbllIbdKa. [1o cBoelt cytu pacnpenene-
HHUE aTOMOB a30Ta B IPHUIIOBEPXHOCTHOM
coe GaAs M, COOTBETCTBEHHO, (HOpMHU-
poBanue TepexoaHoro cunost GaAs N,
MOAYMHSCTCST 3aKOHAM CTaTHCTHYCCKON
MEXaHHKH.

CBOOOIHYIO TMOBEPXHOCTHYIO JHEp-
THIO TETEPOCTPYKTYP GaAs/GaAsXN}/
GaN MOXHO OIpeneHTh 1Mo (hopmyre:

U= EGaAs/GzLAs N, /GaN EGaN -
_EGaAs/GaAsty . (4)

Jlis BeIYMCIIEHUST CBOOOTHOW 3HEp-
run [enmbMmronbiia ObUT BBIOpAH TeMIle-
parypusiii uaTepBan or 500 mo 900 °C.
Br16op Takoro TemrmeparypHOTO HHTEp-
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Bajia 00yCJIOBJICH SKCIIEPUMEHTAITIBLHBIMHU
JTAHHBIMH TI0 TTOJTy4eHu o mieHoK GaN Ha
nojutoxkke GaAs. Takke Obuta paccunra-

Ha cBoOoHAs sHEprHs [ enpMronba npu
abcomoTHOM HyJie Temnepatyp (F = U) u
MpY KOMHATHOM TeMIeparype.

Ananus pe3ynbTaTOB KOMNbIOTEPHOr0o 3KCNepUMeHTa

Pesynbrarel pacuera I[OKa3blBaIOT,
YTO NPU ONPEAETCHHOM KOHLEHTpauuu
aTOMOB a30Ta B CJIO€ GaAsXNy ¢ pocTom
TeMIepaTypbl yBEJIMUMBAETCS dHEPreTH-
geckass CTaOWIBHOCTH COOCTBEHHO Ha-
nouuna GaAs/GaAs N /GaN. Taxas 3a-
BHUCHMOCTb HAOMIOaeTCs TSl KaXKIoU U3
pacueTHeIX Moxeneld. B pamkax Hamein
MOJZIETH MOKHO TIPEIIONIOKHTE, 9TO (POp-
MHUPOBaHHME ONPEAEICHHON KpHCTallu-
YECKOUM CTPYKTYPHI (TeKCaroHaJIbHOW MITH
Kyomnueckoit) nHanocnost GaN He 3aBUCHT
OT TeMIIEPATyPbl TEXHOJIOTUYECKOTO IIPO-
mecca, Kak 3T0 OBUTO MPEIIOKEHO aBTO-
pamMu  3KCIIEpUMEHTAIBHBIX paboT [2].
BnmsrormuMm pakTopoM B Hamem cirydae,
BEPOSITHO, BBICTYHAeT MOJbHasl KOHLIEH-
Tpauus a3oTa B IMPOMEXKYTOUHOM CJIO€
GaAs N nanounna GaAs/GaAs N /GaN.

PaccMoTpuM 3aBHCHMOCTH CBOOOTHON
sHepruu ['empmronbiia HaHountioB GaAs/
GaAsty/GaN OT MOJIBHOM J0JIA a30Ta B

FTaB

-700 4
-800 -

-900 4

-1000 4
1 - GaAs(001)/GaAs, N, /GaN(001)

-1100 - 2 - GaAs(001)/GaAs,N,/GaN(0001)

© s s ™ @ s 10
Xy, %
Puc. 1. 3aBucuMocts cBOOOIHOH SHEPrUn
Tenbmronbua rerepoctpykryp GaAs(001)/
GaAs N /GaN oT MONbHO¥ 110111 a30Ta
B ITPOMEXYTOTHOM CIIO€ GaAsXNy

TIPOMEKYTOUHOM CIIOE€ GaAsty. (puc. 1,
2). Pucynok 1 mpencraBisieT n3MeHEHUE
cBOOOJIHOM 3Hepruu [enpMroybpia HaHo-
YUIIOB GaAs/GaAsXNy/GaN C HCXOIHOU
opuenranueit noanoxku GaAs (001); pu-
CYHOK 2 — C UCXOJTHOW OpHeHTaInuen noj-
noxku GaAs (111). AHanu3 KpuBBIX Ha
puCyHKe 1 MoKa3bpIBaeT, 4TO Ha MOIOKKE
GaAs (001) ¢ yuetom 00Opa3oBaHUsI TPoO-
MeKyTo4yHOTO ciiosi GaAs N B MHTEpBa-
JIe MOJIbHOM KOHLIEHTPALMHU B 9TOM CJIO€
aToMoB a3oTa 110 ~ 45 % sHepreTuyecku
OoJiee TIPEAOYTUTEIHHO (OPMUPOBAHHE
KyOmdeckoit crpyktypsl GaN; mpu KoH-
[IEHTpaIyx azoTa Beimie 45 % sHepreTu-
YECKHU MPENNOUTUTEIbHOM ABISIETCS TeK-
caroHaibHas cTpykrypa GaN. B ciygae
nojutokkn GaAs (111) (puc. 2): ipu mac-
COBOIl KOHLIEHTPALMHU a30Ta B IPOMEKY-
TOYHOM CJIO€ GaAsXNy 1o ~60 % u CBBI-
me 75 % Hauboee NPEANnOYTHTEIBHO
(hopMHUpoBaHUE KYyOMUECKOW CTPYKTYPHI

1- GaAs(111)/GaAs,N,/GaN(111)

F'3B
-200
-300
-400 -
500
-600
700
2- GaAs(111)/GaAs,N /GaN(0001)
-800

w w @ 1 8 % 10
Xy %
Puc. 2. 3aBUCUMOCTH CBOOOIHOM SHEPTUU
lenpmronbua rerepoctpykryp GaAs(111)/
GaAs N /GaN ot MOIBHOM 10711 a30Ta
B IpOMEXyTO4HOM ciioe GaAs N
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HaHocsos GaN Ha TO/IOXKKeE; B UHTEpBa-
Jie KOHIeHTpanuu aszora 60-75 % Gonee
ycTouuBoil Ha moioxkke GaAs (111)

3aknioueHue

KoMIbIOTepHBI AKCIIEpUMEHT TMOKa-
3aJ1, 9TO Ha TIOBEPXHOCTH apCeHHa raj-
JIHSE BO3MOYKHO (POPMHUPOBAHUE HAHOCIIOS
HUTPHIA TAUIAI KaK B TeKCarOHAJIBHOM,
TaK ¥ B KyOMUYECKOH CTPYKTYpax. ITo co-
IJIaCyeTCsl ¢ W3BECTHBIMU PE3yIbTaTaMu
skcriepumenTa [2]. Ilpu 3ToM 0CHOBHBIM

sBisieTcsa HaHocyoil GaN B rexcarotalib-
HOU CTPYKTYpeE.

BIIHSTIONIAM (DaKTOPOM SIBIISICTCST MOJTBHAST
KOHIICHTPAIIHS aTOMOB a30Ta B IPOMEKY-
TouHOM citoe GaAs N , KOTOpbIit opmu-
Xy

pyeTcs B pe3yabrare 3aMeIIeHUs] aTOMOB
MBIIIbSKA HAa aTOMBI a30Ta B IOBEPXHOCT-
HOM cJioe momiokku (GaAs, HaHodwWIa
GaAs/GaAs N /GaN.
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