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We have systematically investigated structural change in InAs(001)-(2x 3) wetting

layer surfaces as functions of temperature and beam-equivalent pressure using ab initio-based approach.
We found that the (2x 3) surface is unstable and does not incorporate In atoms to prevent InAs growth at
the conventional growth conditions. This is due to the large strain induced by In adsorption on the
wetting layer surface. In order to reduce the large strain, a (4x3) surface appears with missing surface
dimer where In atom favorably occupies to form In-As dimer and proceed InAs growth on the wetting layer.



INAS/GaAs

RHEED
ST™M

INAS(001)

INAS(001)-(2x 4)

INAY/GaAS(001)

GaAs(001)-c(4x 4) InAs

INAS(001)-(2x 4)
0.63 InAs
(2% 3)
(2% 3)

063 ML,_ ,071 ML

~8—
InAs .,.}::_ ,,;, InAs
GaAs(001)- r
c(4x4)a
®in @As &: O 19 ML
... of

INAs(001)-  AS  1nAs(001)-
(2x3) desorption (2x4)a

InAs(001)-(2x 3)

T p INAS(001)

INAS(001)-(2x
3) (2% 3)
@ n As
(nx 3)
(b)n=4 (c)n=6 (d)n=8
T=703K pp,=
1.0x107 Torr  pags=7.5%107 Torr

(nx 3)

Ew F';Z.m

9. 0-90-2-0-0-0-2-90-0-0-4
gizuzNzNz
L

[N UPAP SPRI SPA EPYE SR SN S

InAs(001)-(nx 3)

InAs(001)-(2% 3)
3 As
InAs(001)-(2% 3)

@2x 3) In



Pad T (S) L

(nm)
2
x 4) 2
x 3) In
(2% 4)
Pad 6
T 8 L 2
(2% 4) In
(2% 3) In
InAs
InAs (2x
3)
In
Pad 7(s) L (nm)
(2% 3) | 55x 10° | 7.0x 10" 8.1
(2x 4) | 2.0x 10% | 1.6x 10° | 6.2x 10°

InAs(001)-(nx 3)
InAs(001)-(nx 3)

T Pas
(a)
(8% 3)
(2% 3)
100-200 K
(8% 3)
2
0 ECM
T pln
(nx 3)
As In

a 1000
. 900
¥
g 800
i
8 700 Expt.H
5
" 600

500 1

10 10 10
As, pressure (Torr)
b 1000
O o

900 f1te1
22 o) :{ﬁ;:%?,;
= XIS
§ oo friTied
= 2900 o o o 0
g 700 MExpt. P TR
5 LLTTiTed
= 600 Adsorption : D ________ L

o
- LI (2x3)
108 10% 104 102

In pressure (Torr)
InAs(001)-(nx 3)
In Ji-f- D W A&~ S 5t

(2% 3)
In -
In
(2% 3)
(b) (2% 3)
As
STM
InAs(001)-(nx 3)
InAs(001)-(nx 3) InAs
As
(b)
(2% 4)
In
As
In (nx 3)
As
(4% 3) (6% 3)
As
(8% 3) As
(4% 3)
In As
n
(8x 3)
(nx 3)
InAs In
As
(4% 3)
(4% 3)
(1) As
In As (2) In-As
3) As
(1-(3)
As In-As
(6
x 3)
(4% 3) In-As
As
(8% 3)
(6% 3)
1000
—~ 900
=
£ 800
2 700
5
" 600
500
108 108 104 102

As, pressure (Torr)
InAs(001)-(nx 3)
As X A ~— DR AE-MRES R



In In-As
(6% 3)
In-As
(4x3) (6% 3) 0.71
InAs 0.19
As (2% 4)
In
As In-As
0.19
:3‘.{{1'}? AL B B ¥

Lt

GTigi Ln 1

ZE{IHI
®In @As otet
DEH RO RO
Lolelet rete I i rzT::I
800
e g-t-p.m 9290
700~ Expt.H S
(4x3) with k. L.'L.-L
3In-As T"T"T“T
—9-0-9-2 9 089

Temperature (K)
(=31
(=]
o]

500 PH*H
stotolole
4in-As .. -
650 i 2 R ok Bl o
108 106 104 102

As, pressure (Torr)

InAs(001)-(4x 3)

SO VAN SR f{
>
griin 2 x*:tx:r:r;tx FLIT
i L R
®in @As e
TR R
E;Er 1-“1“‘1—‘:I mg %"b’fﬁ
-
soomi i
I I“L'; I (6x3) with
al L LT T T, 3In-As & 2As-As
< 700f ExptH
e
2
g 600[ ..Hm..H*H.
E ¢ % 4 5 ¥ 74
F 500 7% (7.8 7% 0 [
4In-As & 2As-As
400 : :
108 106 104
As, pressure (Torr)
InAs(001)-(6% 3)

“4)

4% 3) (6% 3) fax 3)
f(6x 3) In-As As
f(4x 3) = =0.70 f(6x 3= =0.30 STM

f(4x 3)—0 83 f(ﬁx 3) =0.17
InAs(001)-(nx 3) InAs
In As In-As
GaAs
GaAs
InAs(001)-(nx 3)
1)
(2% 3)
In 2% 3)
2
ECM As
x 3) As
In (3) As
In
As In-As
4 In-As
As 3)
In-As
(x 3)
In
(2% 3) (2x 4)
In
x 3) As
In
As
GaAs InAs(001)
InAs InAs
GaAs InAs
(nx 3) (2% 4)
(4x 3)
0.25 In
(2x 4)



1.

10.

28
T. Ito, T. Akiyama, K. Nakamura, "Ab ini-
tio-based approach to structural change in
InAs(001)-(2 x 3) wetting layer surfaces
during MBE growth", e-Journal of Surface
Science and Nanotechnology 13, 190-194
(2015)
T. Ito, T. Akiyama, K. Nakamura, "Empirical
interatomic potential approach to the stabil-
ity of graphitic structure in AMB*N com-
pounds ", Jpn. J. Appl. Phys. 53, 110304-1-3
(2014)
T. Akiyvama, K. Nakamura, T. Ito, "Electron-
ic bands and excited states of III-V semi-
conductor polytypes with screened exchange
density functional calculations", Appl. Phys.
Lett. 104, 132101-1-4 (2014)
T. Ito, T. Sugitani, T. Akivama, K. Nakamura,
"Ab initio-based approach to N-pair for-
mation on GaAs(001)-(2x4) surfaces",
e-Journal of Surface Science and Nanotech-
nology 12, 6-10 (2014)
T. Ito, K. Hiai, T. Akiyama, K. Nakamura,
"Ab initio-based approach to novel behavior
of InAs wetting layer surface grown on
GaAs(001)", J. Cryst. Growth 378, 13-16
(2013)
Y. Kangawa, T. Akiyama, T. Ito, K. Shiraishi,
T. Nakayama, "Surface stability and growth
kinetics of compound semiconductors: Ab
initio-based  approach”, Maaterials 6,
3309-3361 (2013)
T. Yamashita, T. Akiyama, K. Nakamura, T.
Ito, "Theoretical investigation on tempera-
ture and pressure dependence of structural
stability in InP thin layers grown on
InP(111)A surface", Surface Science, 610,
16-21(2013)
T. Akiyama, Y. Saito, K. Nakamura, T. Ito, "
Nitridation of Al,O; surfaces: chemical and
structural change triggered by oxygen de-
sorption”, Phys. Rev. Lett. 101, 026101-1-5
(2013)
T. Ito, K. Ogasawara, T. Sugitani, T. Akiya-
ma, K. Nakamura, "Ab initio-based approach
to elemental growth process of In adatom on
the InAs wetting layer grown on GaAs", J.
Cryst. Growth 362, 2-5 (2013)
T. Akiyama, K. Nakamura, T. Ito, "Ab ini-
tio-based study for adatom Kkinetics on
AIN(0001) surfaces during metal-organic
vapor-phase epitaxy growth", Appl. Phys.
Lett. 1004, 251601-1-3 (2012)

48

o

@

" 2015

59
L2015 3 14,
" MBE
, 2014
12 25 ,
l” 44
2014 11 6

T. Ito, T. Akiyama, K. Nakamura, "Ab ini-

tio-based approach to structural change in

InAs(001)-(2 x 3) wetting layer surfaces

during MBE growth", The 7" International

Symposium on Surface Science, 2014 11
3,

T. Akiyama, "Computational approach for
the growth process of semiconductor nan-
owires", Collaborative Conference on Crys-
tal Growth 2012 , 2012 12
11 ,Orland USA

T. Ito, "In incorporation in various crystal
planes by first principle calculation", The
16" International Conference of Met-
al-Organic Vapor Phase Epitaxy ,
2012 5 23 ,Busan Korea

4
T. Ito, Y. Kangawa, "Ab initio-Based Ap-
proach to Crystal Growth: Chemical Poten-
tial Analysis", Handbook of Crystal
Growth, Volume 1 Fundamentals, Chapter
11 (Elsevier, 2014), 1182 pages (pp.

477-520).

—4 3 1
( 2013), 510 pages (pp-
482-492).

ITO TOMONORI

80314136

AKTYAMA TORU

40362363



