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Introduction: GaAs nanowire (NW) growth Results 1: Anisotropic growth of GaAs NW

Calculation methods

 Among various crystallographic directions, GaAs NWs 

prefers to grow along <111>B at narrow (T,P) range

[100]

[110]

[111]

…

J. Cryst. Growth 298, 616 (2007) J. Mater. Res. 26, 2127 (2011)

Atomic-scale

A few atoms,

A few processes
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1) Surface structure depends on vapor environments, which can be described by 𝜇vapor(T,P)

2) 𝜇vapor(T,P) was directly calculated by statistical mechanics taking into account the contributions 

from translational, rotational, vibrational, and electronic degrees of freedom

 Interfacial phonon calculations to obtain surface entropy

 Prediction for T-P dependent surface structure transitions

1) Surface introduces vibration 

patterns that differ from the bulk 

due to its distinct bonding state and 

stoichiometry

2) Within InterPhon code, phonon 

evaluation proceeds only in 

interface atoms, based on the fact that 

interfacial phonons are confined to the 

vicinity of interfacial regions

1) InterPhon: A Python Package for 

Ab initio Interface Phonon Calculations 

within a 3D Electronic Structure 

Framework

2) Source code: 
https://github.com/InWonYeu/interphon

3) Manual: 
https://interphon.readthedocs.io/

4) Reference paper: Yeu et al., 

arXiv:2012.04198 (2020)

GaAs (111)B surface

@ PAs = 10-5 atm

𝜇As(GaAs)

𝜸elec

Conventional 

Surface 

Energy as a 

function of 𝝁

Surface Energy (T,P) Total Surface Energy (T,P)

“Chemical equilibrium”

𝜇𝐴𝑠(𝐺𝑎𝑠) = 𝜇𝐴𝑠(𝐺𝑎𝐴𝑠)

“Surface vibration”

𝛾 = 𝛾𝑒𝑙𝑒𝑐 + ∆𝛾𝑣𝑖𝑏

Yeu et al., Sci. Rep. 7, 10691 (2017) Yeu et al., Sci. Rep. 9, 1127 (2019)

2) ∆𝜸vib comes from the difference in vibrational 

entropy between surface and bulk

1) 𝝁 of surface and vapor will be the 

same If chemical equilibrium is reached

 Why is the growth of GaAs NWs allowed selectively 

along <111>B at narrow (T,P) range?

Anisotropic Transition of Surface Structure
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Yeu et al., Nanoscale 12, 17703 (2020), Outside Front Cover

Schematic of Nucleation and Growth Anisotropic Adsorption of Sources

Preferential Adsorption  Preferential Nucleation  <111>B NW
If

𝝁𝒊(𝑮𝒂𝒔) > 𝝁𝒊(𝒂𝒅) ,
element i will 

prefer to be 

adsorbed.

It means,

at this T range,

As sources will 

be exclusively 

supplied to 

(111)B.
Yeu et al., Appl. Surf. Sci. 497, 143740 (2019)
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Results 2: Asymmetric stacking of GaAs NW
 Why is the SF in GaAs NWs formed asymmetrically 

along two opposite directions of <111>, <111>A & <111>B?

Probability estimate for SF formation

1) Considering the surface transitions, the change in Gibbs free energy was calculated 

as a function of T and P at each growth stage on surfaces: adsorption and nucleation.

2) The mechanism of extreme anisotropic growth of GaAs (spontaneous NW formation): 

preferential adsorption of vapor sources on (111)B surface, allowed at narrow T-P range.

3) The mechanism of asymmetric formation of stacking sequence: 

different nucleation behavior on the different polar surfaces, (111)A and (111)B.
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