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Native oxides of GaAs & InAS

Ga-As-O & In-As-O ternary phase diagram
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Lower D,

High-k oxides as diffusion barrier

oxide

1-v

1Ga As

ASGa

oxide

AI203

02

/

diffusion

barrier

-v

Materials Science and Engineering R 88, 1 (2015).

“Self-cleaning”

Lower D, & better performance
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@ This work
A ALD-ALQ, with HBr treatment (2]

O ALD-TaSiOKIInP Buried-channel [4]
£ ALD-ALO, with sulfur treatment (7]
H MOCVD-HfAlOISiO.Ny(Sin'&NHa) [8]
0 ALD-Zr0, (3]

O ALD-ZrO /(La)AIO, [14]

A ALD-ALO, with Sulfur-stabilized on

(100)&(111)A-oriented surfaces [15]
] MOCVD-HfOz with PHs-passivated [e)

B MOCVD-HfAIO/P N [17)

£ ALD-HIO,(Fluorinated) (18]

A ALD-AIO, (Fluorinated) [19]

A ALD-AI,O with short-air-exposure

between the oxide and semiconductor
deposition [20]
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Modeling of the “self-cleaning”: previous study

Al(CHj)4

s}o—& TVA

@@?@@

Reaction AGTHBE AES

(1) (1/2)As,05+ AlMe; — (1/2)ALO; +AsMe, _40 —44

(2) (1/2)As,0;+ AlMe, 8% =53
— (1/2)AL0; + (1/4)As, + (3/2)C,H,

(3) (1/2)As,05 + AlMe; ~36 2.3
> (1/2)AL0; + AsH, + (3/2)C,H,

@) (1/2)As,05+ AlMe; — (1/2) ALOs+(1/4)As, =58 —4.5

+(3/4)C,H,; + (3/2)CH,
(5) As,O53+ AlMe; — (1/2) ALO;+(1/2)As, —6.3 -=3.1
+(3/2)C,H,+(3/2)H,0
(6) 4As,0;+ AlMe; — (1/2)AL0; +2As, 157 25

+3C0,+(9/2)H,0

© _native oxides of GaAs

J. Nanosci. Nanotechnol. 11, 8246 (2011).
J. Phys. Chem. C 116, 643 (2012).
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Modeling of the “self-cleaning”: previous study

Remaining II-oxides
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Modeling of the “self-cleaning”: this study

H, Vacuum condition in ALD chamber
Treatment
before In,04
ALD S

|

I
As,O;+ 3H, - 1/2As, + 3H,0 1/2In,05 + AlMe; —» 1/2A1,04 + InMe,
or else... or else...

« Possible reaction? AG>0 or AG<0
e Then how?? Atomic mechanism



Calculation methods

1. Bulk thermodynamics 2. Atomic mechanism
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INAs(001) cleaning: H, pretreatment

H,
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INAs(001) cleaning: AlL; pulse (L=alkyl)

AI(CHs ) i - |
In,O AlL,O ~ e
n,U; 2Y3 = 26 \\ ~Avib
= \ 1vib+rot
[
3, N
1/2In,0, + AIMe; — 1/2A1,0, + InMe, o : vib+rot+trans
1 1 -60 200 460 660 800 1000
AG = EﬂAlZOS + Uinmes — Eﬂmzos - ﬂAlMes\ T (K)
Urma = Efaia + ZPErya + Aufigmor+rons
Reaction AGS3K (eV)
1 1/2In,0, + AlMe; - 1/2A1,0, + InMe, -2.45
3 In,O, + AlMe; - 1/2A1,0; + 2In + 3/20Me, -1.57
4 1/2In,04 + AlMe; - 1/2A1,0, + InH, + 3/2C,H, -0.82




INnAs(001) cleaning: As,O; vs In,0,

Al(CH,3)5
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2. 1/2In,04 + AlIMe; — 1/2Al,05 + In + 3/2C,H,

5. 1/2In,0, + AIMe, - 1/2AL,0, + In + 3/4C,H, + 3/2CH,




Atomic mechanism: L-transfer (L=methyl)

Al(CH;);

Products at surface

AG573 K (ev)

m m O O W >

In,O4(surf) + AlMe;(Q)
(lO0-),AlMe, + ||O—Me
(J|O—-),AlMe, + ||In—Me

(I|0—);AIMe + ||O—Me + |[In—Me
(J|O-);AIMe + 2 |[In—Me
(J|O—-),Al + InMe4(g)

0.00
-0.41
-0.56
-0.17
-1.42
-2.13




Atomic mechanism: L-transfer (L=methyl)
o P3P

LB\ an A
In,05(110) "

where ||[X is a binding site of the surface, X=In or O.

1.0 -
0.5 1
A. AlMe;(9)
0.04 | ——== D. ||]O—Me + ||In—Me
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Reaction 1. 1/2In,05 + AIMe; = 1/2Al,0; + InMe,
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Atomic mechanism: one TMA on In,0,4(110)

Black: adsorbed surface
0 - Purple: gas(precursor and by-product)
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Summary

Al(CH;)4

As,0;+ 3H, > 1/2As,(1) + 3H,0(1)

Most probable path: reaction 2.
1/2In,0; + AlMe; ;) > (]|0-);AIMe + G Hg(1) > (]|0-),Al + In(1) + 3/2C,Hg(1)

Inhibited path: reaction 4.
H4.(’I‘)
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