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Comparing samples grown at different incidence an-

gles of the GGa flux

In order to determine the impact of the incidence angle of the Ga flux on the NW growth,
samples were realized for comparison by employing either the Ga(5) or the Ga(7) cell and
growing the NWs for the same time under identical experimental conditions, reported in
the Experimental Section. SEM images of the corresponding samples are herein reported

in Figure 1.



Figure 1: SEM images of Ga(5)As NWs (a, ¢, e, g, i) and Ga(7)As NWs (b, d, f, h, j)
for increasing growth times. The growth time in min is indicated by the yellow numbers.
The white scale bars correspond to 500 nm in (a, b, ¢, d, e, f) and to 2 ym in (g, h, i,
j). SEM images in a, b, ¢, d, e, f are 45-tilted. SEM images in g, h, i, j are cross-section
images. 2



Wetting angle and crystal structure

As already reported by other groups,!? the wetting angle of the catalyst droplet can have
a dramatic effect on the crystal structure of VLS-grown GaAs NWs. This is observed
also in our case, suggesting an influence of the Ga flux incidence angle on the crystal
structure. For example, TEM images of Ga(5)As and Ga(7)As NWs grown for 80 min
(Figure 2) show that the Ga(5) source originates droplets with high wetting angle (137°)
which determines a ZB crystal structure in the NW. On the other hand, the use of the
Ga(7) source induces droplets with lower wetting angle (119°) leading to NWs with a Wz
crystal structure. Such results suggest that it might be possible to tune the NW crystal
structure by controlling the wetting angle of the Ga droplet through the incidence angle
of the Ga flux.

Figure 2: TEM images with [110] zone axis of Ga(5)As and Ga(7)As NWs grown for 80
min, showing a Ga droplet with a wetting angle of 137° and a NW with a ZB structure
(left) and a Ga droplet with a wetting angle of 119° and a NW with a Wz structure
(right), respectively. The TEM images were recorded by G. Patriarche at C2N-CNRS,
Palaiseau (France).

Nanowires grown for short times

Figure 3 shows SEM images of NWs obtained with Ga(5) or Ga(7) cell for growth times in

the 20 sec - 3 min range under the same conditions reported in the experimental section.



The images were recorded at a grazing angle of 5°.

Figure 3: SEM grazing images (5°-tilted) of: (a-c) Ga(5)As NWs and (d-f) Ga(7)As NWs
obtained for shorter growth times. The yellow captions correspond to the GaAs growth
time. The white scale bars correspond to 100 nm.

Ga deposition and NW nucleation

In order to monitor all the steps of the growth procedure, so as to provide more precise
empirical parameters to simulate the NW growth, we adopted the same growth conditions
reported in the experimental section and prepared several samples to follow the growth
in its early stages.

It can thus be observed that the pre-deposition of 1 ML of Ga at 520°C leads to the
formation of droplets with diameter (D) equal to 16+ 3 nm and density (d) of ~ 30 ym ™2
(Figure 4(a)), which is consistent with a usual range of d between 15 and 40 pm™2, as
measured on several samples.

While increasing the substrate temperature up to 610°C, the Ga droplets are expected
to drill pinholes in the SiO, surface layer® by reducing SiO, and forming Ga,O and SiO
volatile compounds, which finally desorb.*® This is confirmed by Figure 4(b), where no
more Ga droplets are visible on the surface after such a procedure.

Samples were then realized after such a treatment by exposition to Ga and As fluxes

for short growth times (2, 12 and 20 sec). It is thus possible to observe that after 2 sec



exposition (Figure 4(c, d)) the Ga droplets reform with d ~ 25 ym~2 and D = 22+ 3 nm.
After 12 sec exposition the system is substantially unchanged (Figure 4(e, f)), with Ga
droplets presenting d ~ 40 ym~2 and D = 2243 nm. The situation changes significantly
after 20 sec exposition: in fact, apart from the Ga droplets which show values of d and
D comparable to the previous ones (d ~ 25 ym~2 and 27 4 4 nm, respectively), NWs
finally appear (Figure 4(g, h)). These show d ~ 1.2 yum~2, length L = 58 4+ 4 nm and
D = 154+ 4 nm. The value of the NW diameter at the very beginning of the axial
growth is particularly important, since it constitutes a parameter to be employed in our

semi-empirical model to correctly simulate the NW growth kinetics.
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610 C°-Zsex:Ga+As
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Figure 4: SEM images showing the early stages of the growth procedure employed. (a)
Top-view of Ga droplets obtained after pre-deposition of 1 ML of Ga at 520°C. (b) Top-
view of Ga-free surface after the temperature increasing to Ty,ouen = 610°C. (¢) Top-view
and (d) grazing (5°-tilted) view of Ga droplets re-formed after 2 sec exposition to Ga and
As fluxes. (e) Top-view and (f) grazing (5°-tilted) view after 12 sec exposition. (g) 45°-
tilted view and (h) grazing (5°-tilted) view after 20 sec exposition. The values reported
in yellow correspond to the temperature at which every step was performed. White scale
bars correspond to 500 nm in (a, b, ¢, e, g) and to 100 nm in (d, f, h).



Implementation of the proposed model

We provide hereafter the algorithm we used for the numerical implementation of our

model.

AN

Fix the model parameters : Agio,, Afacets Bmins Bmaz, €-

Provide experimental parameters : ass aga, Fas, Faa-

Initialize time ¢ = 0 and fix the time step At.

Initialize r(0), V'(0), ¢(0) and L(0).

Check if Bnin < B(0) < Bnae and Stop the algorithm if not (initial conditions
incompatible with the model parameters).

Loop over the time step :

6.1 From V() and c(t); compute number of atoms N4,(t) and Ng,(t) in the liquid

phase.
6.2 Compute ¢, ¢£2°"* and ¢& """ from relations (1)-(3).
6.3 Compute g45 from relation (4).
6.4 Estimate Qcq(t), Qas(t) and &(t) using relations (5)-(6).
6.5 If ¢(t) < ¢* there is no axial growth. Update r(t + At) = r(¢t) and :

6.5.1 Compute the volume V(t) occupied by the quantities Qq(t) and Q a4(t).

6.5.2 If V(t) cannot be pinned at the top of a cylinder of radius r(¢) with an angle

< Bmas then Stop the algorithm (the droplet is unstable). Otherwise :

A

6.5.2.1 Update V (¢t + At) = V(t) and concentration c¢(t + At) = ¢é(t). Con-
tinue the loop over the time step at step 6.
6.6 If ¢(t) > ¢* axial growth takes place but we have to check if the radius of

the NW will change or not. To do this :
6.7 Compute Q(t), the equal amount of Ga and As such that, for the remaining

quantities the concentration is c¢*. This is exactly

Q) = Quit; 1L



6.8 Compute the solid volume V() occupied by the total amount (of equal quanti-

ties) of Ga and As. Stop the algorithm if the remaining volume V' (t+ At) =

V(t) — Vs(t) is too small. Otherwise :

6.8.1

6.8.2

6.8.3

If the remaining liquid volume V (¢t + At) containing Qgq(t) — Q(t) and
Qas(t) — Q(t) (and has As concentration equal to ¢*) can be pinned at
the top of the droplet with radius r(¢) and wetting angle in the interval
(Bmin, Bmaz), we have axial growth at constant radius; update L(t +
At) = L(t) + Vs /(7r*(t)), c(t + At) = ¢* and r(t + At) = r(t); Continue
the loop over the time step at step 6.

If the remaining liquid volume V(¢ + At) (containing Qa,(t) — Q(t) and
Q 4s(t) — Q(t)) cannot be pinned at the top of the droplet with radius
r(t) since the wetting angle is < ., then we have axial growth and
direct tapering; compute the unique value r(t + At) < r(t) such that
the liquid volume can be pinned at the top of the cylinder with radius
r(t + At) at wetting angle S,:,. Then, the solid volume Vs(t) computed
at 6.8 will fill a truncated cone with lower radius r(¢) and upper radius

r(t + At). Update the length of the NW using

3Vs(t)
w(r2(t) + r()r(t + At) + r2(t + At))’

L(t + At) = L(t) + 2)

c(t + At) = ¢* and r(t + At). Continue the loop over the time step

at step 6.

If the remaining liquid volume V(¢ + At) cannot be pinned at the top of
the droplet with radius r(t) since the wetting angle is > 4., then we
have axial growth and inverse tapering; compute the unique value
r(t + At) > r(t) such that the liquid volume can be pinned at the top of
the cylinder with radius r(t + At) at wetting angle (,,4.. Then the solid
volume computed at 6.8 will fill a truncated cone with lower radius r(¢)

and upper radius r(t + At). Update the volume using formula (1) and



c(t + At) = ¢* and r(t + At). Continue the loop over the time step

at step 6.

We remark here that the above algorithm is also able to simulate both time-dependent
flux values and time-dependent alternating source positions, as well as multiple sources.
As already noticed, the above algorithm represents an average situation when shadowing
and re-emission effects are not explicit (but actually included in the definitions of average

diffusion lengths introduced above).
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