Atomistic Modeling for the Vapor-Phase Growth of GaAs Nanowires:
from DFT to Growth Kinetics
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v Among various crystallographic directions, GaAs NWs
prefers to grow along <111>B at narrow (T,P) range

v Why is the growth of GaAs NWs allowed selectively
along <111>B at narrow (T,P) range?
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from translational, rotational, vibrational, and electronic degrees of freedom

v Interfacial phonon calculations to obtain surface entropy

Interfacial Region

Interfacial Phonons 1) Surface introduces vibration
patterns that differ from the bulk
due toits distinct bonding state and

v' Why is the SF In GaAs NWs formed asymmetrically
along two Opposite directions of <111>, <111>A & <111>B7

1) u of surface and vapor will be the 2) Ay"'® comes from the difference in vibrational
- same If chemical equilibrium is reached entropy between surface and bulk
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3) The mechanism of asymmetric formation of stacking sequence:
different nucleation behavior on the different polar surfaces, (111)A and (111)B.

interfacial phonons are confined to the

...-*ﬁg N stoichiometry — 10
o - - 2) Within InterPhon code, phonon ; | i
3 - - I Crystal (c)—» Propagat|o>n 10'5 I
-- evaluation proceeds only in ; |
L nterface atoms, based on the fact that | & |
| Source (s): GatAsy+hs, ~ 10 ;
' Band & DOS, i | > g |
Static Interface  virationmode,  Dynamic Interface y/jcinijty of interfacial regions i /! / B 107 ;
.............................................. | : 2 |
' M&Ut ( InterPhon h : Phonon properties} 1) InterPhon: A Python Package for i WAHIORYRE n_< 8 Contour plot. i
L[| inout error | {  Band & DOS Ab initio Interface Phonon Calculations i | Nucleation 10 p ‘ |
=2s% o™ i {  Vibration mode within a 3D Electronic Structure i _ showmg i
S3ss N I core o : Thermal property ; ) gramework . i [_ » with SF . 1079 ab Initio i
L W UNNNI Sy Quantum = i , | ource code: | | stal- L g !
i {'"BFT"SGBLT"E Espresso /-»QT *% """" - N [—DB https://github.com/InWonYeu/interphon | 1 0-10 . predlctlon of Pn(SF) i
| o o ® : |0D‘o/) - : 3) Manual: i Propagation 873 923 973 1023 1073 1123 i
| : .4.-.. — https://interphon.readthedocs.io/ i {110} side facet—> T (K) |
. util | L J )1 4) Reference paper: Yeu et al., i |
= o R arXiv:2012.04198 (2020) | [‘ 7 / 7 SF SF |
I | = :
V" Prediction for T-P dependent surface structure transitions | N | | s mrerermin|
i . . 4/ Probability estimate for SF formation i
:Conventional Surface Energy (T,P) e Total Surface Energy (T,P) ; : _ ;
i Surface s . S G | 1p. Na(sF) ZB: Zinc Blende SF density: A-polar NW << B polar NW |
| Ener as 3 20 As-vacancy(2x2) S —~70. | A(SF) — Nacrg +Nash SF: Stacking Fault s —— ;
| gy S < ; MEE TS p o SF probability ‘ ;
function of p e _ o | > o8 ; |
: o Ca-adatom(2x2) < E y i AGSTL(SF) l
:yelec E ¥ ,.--1"""_"5-_L : ]#Ll i f.C.exp T i
| E% 2 3% Sa-adatom(2x2) | AGsn(zB) AG i (sF) g . 5
i % 29 ‘.g:.] i f.C.exp( kT )+f'C'exp( kT ) sk " et il s i
| =% & o 9 x v19) &} | J. Cryst. Growth 287, 5004 (2006) i
5 " GaAs (111)B surface s AFilled (V19 X VI B) i |
i 0 S | O\ | Yeu et al., Nanoscale 12, 17703 (2020), Outside Front Cover |
: ?@f‘* @ P,. = 10° atm 2) e
: 4 rat
. Has(GaAs) 673 773 873 973 1073 873 973 1073 o S umm ary —————————————————————————————————————————————————————————————————————————————————————————————————————————— .
i T (K) & T (K) > . L . . . |
| U U © - 1) Considering the surface transitions, the change in Gibbs free energy was calculated
“Chemical equilibrium”’ “Surface vibration” as a function of T and P at each growth stage on surfaces: adsorption and nucleation.
| _ _ el b : : . . . |
| Has(Gas) = Has(GaAs) y =y + Ay™ | 2) The mechanism of extreme anisotropic growth of GaAs (spontaneous NW formation): |
: Yeu et al., Sci. Rep. 7, 10691 (2017) Yeu et al., Sci. Rep. 9, 1127 (2019) .~ preferential adsorption of vapor sources on (111)B surface, allowed at narrow T-P range.



mailto:yeuiw@kist.re.kr

