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Why oxidation?-Difficulty of avoiding oxidation
Exposure of -V surfaces to oxyg.]en results in ‘Fermi-level pinning’
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— Oxygen displaces a single As atom (O,.) in the top layer.
— The displaced As atoms form As, antisites,
which is believed to cause Fermi-level pinning.
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Why various surfaces?- Impact of surface orientations
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Why InAs?-Better intrinsic properties of In,Ga, ,As

The device characteristics improve significantly as increasing In content

Matenal Si Ge

GaAs InGaAs

InAs

Mobility (electrons) in cm? V-1 571 1350 3600 |Sﬂ(}0 11200 30 ﬂ(}ﬂl

Mobility (holes) in cm? V! 57!

480 1800

300 300 450

T. P. Ma, Appl. Phys. Lett. 96, 122105 (2010).

L In(75%)

[ In(65%)

 In(53%)

AI O /InGaAs MOSFETS

01' K 0

L, (um)

In(75). 110° )
104 In(65)_ ] E
in(53). D"""'--S@‘--»-- 5 .
P O 1 \; 107
c . lnes : : 10‘3@ =
c 107 hn(53) O :
[ ~~ O
™~ i (@))] —= |
< - ~ ()]
| : 10‘23 =
10 ¢ = S -
[ =
(&)
AI O /InGaAs MOSFETS | Q
10" 110° () 10°L
0.1 [ 10 7100 L]
5 (um)
CMD | | P.D. Ye, Y. Xuan, Y.Q. Wu, and M. Xu, ECS trans. 19, 605 (2009).
weas o Computational Materials Design

5/17

mmmmmmmmmmm



Purpose & methods of this investigation

By studying the initial oxidation of InAs on the atomic scale,
Explanation of the effect of the surface orientation
on the device performance

ackage
/ A imulation N E B \

HY = EW¥

N\ Saddle Point \\
Mlnlmum Energy Path
between initial
and final state

- Structure optimization
- Electronic properties - PBE potential

- ENCUT 500 eV

Korea Insttute of
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INAS unit surface

(100) Surface (110) Surface (111) Surface

area a?/2 per one atom (100) = -(100) a2[/2 per two atom (110) = -(110) | +/3a%4 per one atom (111) # -(111)
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Surface energy: GaAs vs InAs

IM-rich condition

V -rich condition

GaAs INAS Orientation GaAs INAS
[1] [this study] [1] [this study]
65 48 (100) 45 43
52 > 40 (110) 45 > 40
54 42 (111)A 51 42
69 51 (111)B 43 33
[1] N. Moll, A. Kley, E. Pehlke, M. Scheffler, Phys. Rev. B 54, 8844 (1996). (m eV/AZ)
Gp. ‘‘‘‘‘ In-rich ]
> MM? Computational Materials Ders]ig:lc mmn"]m.(gS'T
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InNAs: Stable surface structure and the DOS

4 I . 4 (110) cleavage "\
Bl | os ol ! .'. i ' .'; |
(111)A In-vacancy 111)B As-trimer \

/

MDThe bare surface structures have no states in the gap. g
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Potential Energy Surface of O atom on (100)
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Potential Energy Surface of O atom on (110)
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Potential Energy Surface of O atom on (111)A
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Potential Energy Surface of O atom on (111)B
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The most stable O adsorption site and DOS
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The mechanism of O, antisite

\

Wy
/ 7

o} s : When O atoms bond to same As,
= a O atom insert into As site
; ; without energy barrier.
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Behavior of O, molecule on InAs(100)
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Summary: comparison with GaAs surfaces
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