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1 NW growth

The NW growth of self-catalysed GaAs NW on Si(111) substrates covered with native
oxide was performed in a custom build MBE system [I], which is equipped with a Specs
RHD-30 RHEED gun, the diffraction patterns are recorded with a low noise 14-bit PCO
PixelFly camera on a fluorescence screen. The RHEED setup was used at 20 keV. Prior
loading in the MBE chamber, the substrates were degassed at 1" = 300 °C for 30 min. The
actual growth was performed with the so called "surface modification method", presented
recently [2]. The first thermal annealing was performed at approximately 7" = 750 °C for 30
min, followed by the first Ga droplet deposition at a certain 7" with different Ga fluxes for
the samples (step 2 in table and desorption of the droplets at T = 750 °C for 15 min.
Now we use an additional Ga droplet deposition step (step 4 in table , which is different
to the original procedure [2], before initiating the NW growth by opening the valve of the
arsenic cracker cell. Both last steps are performed at T' = 590°C.

Table 1.1: Growth conditions of samples A-F.

Sample | deposited Ga (step 2) | deposited Ga (step 4) | V/III ratio and Ga flux
A 8 ML at T" = 570°C 10 ML 2.1 at 0.1 ML/s
B 8 ML at T" = 570°C 10 ML 2.1 at 0.1 ML/s
C 4 ML at T' = 570°C 10 ML 2.1 at 0.1 ML/s
D 8 ML at T" = 570°C 8 ML 2.6 at 0.08 ML/s
E 48 ML at T' — 560°C 40 ML 2.1 at 0.1 ML/s
F 48 ML at T' = 540°C 40 ML 2.1 at 0.1 ML/s




2 RHEED: experimental data and
simulation

After the growth experiments the time-resolved RHEED patterns were processed by a
background correction, where we summed up the intensity in the vicinity of each diffraction
spot separately (Ag, = 0.63 1/A Ag, = 0.45 1/A) Additionally, we summed up the
intensity close to the diffraction spot in the same qz interval and normalized it to equal
area as a measure for the background. After this background correction, we additionally
correct for the structure factors. The simulation of the data was performed in a separate
parameter spaces for each sample, the parameters can be found in table 2.1} Table
show the whole simulated parameter space, as well as the parameter space resulting in the
best description of the experimental data and the parameters extracted by post-growth
SEM of samples C and D. The large confidence interval of the NW radii, which all result
in a good agreement with the experimental data, originate from the discussed fact that the
NW radius has less impact on the RHEED intensity evolution due to self-shadowing. The
diffraction signal essentially originates from the edges tip regions of the hexagonal cross
section. This means that the ambiguity of the radius results achieved in the simulation
needs to be reduced by complementary SEM studies. Table shows the simulation
parameters and post-growth SEM values for sample E and F. The further parameters for
the simulation are for A = 400 pm - 50 um, for o = 0.6 °, for A = 12 nm, for K% (t;) =
1000 and for j = 5 repetitions. The simulated curves consist of 100 points, the simulated
as well as the experimental curves were normalized to equal areas and afterwards the

Table 2.1: List of parameters used in the simulation.

W | initial NW radius at substrate iy final growth time

| final NW radius at substrate hyV final NW height

r final NW radius at tip mNW,azmlig NW axial growth rate

ro Y initial crystallite radius mfacetiw NW facet growth rate
Y final crystallite radius Miapering= r}v’tw;gy NW tapering growth rate
hg? initial crystallite height mcwmml:w crystallite axial growth rate
hjfy final crystallite height mmdml:Tcry;gry crystallite radial growth rate




Table 2.2: Parameters used for the simulation of the RHEED integrated intensity and

parameters extracted from the post-growth SEM images.

Sample C Sample D
Parameter simulated Best results SEM simulated | Best results SEM
interval of simulation interval | of simulation
pyw (pm=2) | 0.007 - 0.03 | 0.017553, | 0.0297397 | 0.07 - 0.4 0.270% 0.15%9%
W (nm) 10 - 22 1674 - - 10 - 26 1317 - -
r¥V (nm) 18 - 30 1849 1912 13- 31 2371 2173
)V (nm) 18 - 30 2217 2213 17 - 35 2417 2412
KW (nm) | 800 - 1200 900+2%0 1000719 | 750 -1300 | 11007°%, | 1060+2
Pery (um~2) | 0.6 - 9.0 0.875:2 104773 | 0.5-5.0 0.5+0:4 1.0753
rgY (nm) 10 - 50 1515° - - 15 - 35 15720 - -
r¢’¥ (nm) 50 - 100 30720 4078 80 - 120 801" 100755
hSY (nm) 0-15 0t9 - - 0 - 30 10430 - -
SV (nm) 20 - 100 55120 657 60 - 110 70°1 95733

root-mean-square deviation for each curve was calculated.




Table 2.3: Parameters used for the simulation of the RHEED integrated intensity and
parameters extracted from the post-growth SEM images.

Sample E Sample F
Parameter | Simulation SEM Simulation | SEM
prw (pm=2) 0.8 0.76+012 8.0 8.4731
i (nm) 12 -- 14 - -
rMV (nm) 20 202 27 2712
rMV (nm) 23 23+2 27 2712
hY" (nm) 900 8307111 800 8007150
Pery (pm~2) 0.4 0.3150% 6.0 6.4150
re Y (nm) 16 - - 14 - -
r{’" (nm) 100 95750 80 80730
hg? (nm) 0 -- 0 - -
h$? (nm) 100 954,10 100 100139




3 Absorption at different NW cross
sections

Our interpretation of the transmitted and the diffracted electron intensities bases on the
three aspects: NW radius, NW cross section and electron mean free path length. All these
aspects are included in the mean scattering cross section Q(r(k,t),A) of certain slices k
of the NW. In this paragraph, we determine Q(r(k,t),A) for different NW cross sections,
namely hexagonal with two different orientations to the beam and a circular cross section.
In analogy to figure 2 (a) and (b) in the main text, the different NW cross sections and
the corresponding centre curves of the transmitted and diffracted intensities along x are
depicted in figure n In figure E ) and |3.1] - , we depicted again for comparison, the
case of a hexagonal NW cross section, where the electron beam is perpendicular to a side
facet. In this geometry there exists always a non-zero intensity contribution at the outer
edges of the NW. In the case of a hexagonal cross section, where the electron beam impinge
at an edge, the intensity drops much faster and for larger radii the intensity tends to zero
(figure 3.1](c) and B.1(d)). NWs with circular cross section show an intermediate behaviour
compared to the hexagonal cross sections for the centre curve (figure [3.1(e) and [3.1ff))
The decrease at the outer regions is much faster compare to figure 3.1(b), however there
is still a contribution existing compared to [3.1}(d).

In order to obtain the mean cross section Q(r(k,t), A), we integrate the path distances of
the electron beam in the NW ~(x, k, t) along the NW diameter and consider additionally the
attenuation of the electron beam intensity along 7(z, k,t). In the following, we determine
Q(r(k,t), A) for the different NW cross sections shown in figure [3.1{ and which then can be
used in equation (5) in the main text to determine the diffracted intensity. For a hexagon
where the electron beam is perpendicular to a side facet (figure [3.1(a)), v(z, k,t) can be
written as:

V3(r(k,t) +z), for —r <z < -1
v(z, k,t) = ‘/Tgr(k,t), for — 5 <z <3, (3.1)
V3(r(k,t) —z), fort<z<r.



The integration along the NW diameter and the attenuation of the electron beam intensity
along the path distance inside the NW result in Q(r(k,t), A):

(z,k,t)
/ / -ne dy dx (3.2)
—r(k: t)
1

_ % -3¢ S ( 3V3 - (k)% + 3r(k, A + \/§A2> ,

In the second case, we calculate Q(r(k,t),A) for a hexagon, where the electron beam is
parallel to a side facet (figure [3.1)(c)). Here y(z, k, 1) is

1 V3
Lo tr(kt), for —Lr<az<0.
= {F T S 53)
—7§x+r(k,t), for0 <z <
and Q(r(k,t), A) is consequently
Brkt)  pylakt) nen
Qr(k, £), A) = / 5 gy dx (3.4)
—Lr(k,t) Jo
= VBe TR A (=2 (k, t) — A+ "5 (r(K, 1) + A)). (3.5)
The last case is a circular NW cross section, here v(x, k, t) and Q(r(k, t), A) are:
Ao,k ) = V/72(h, 8) — 22 (3.6)

(z,k,t)
/ / “25 gy dx (3.7)
—r(k,t)

T(k}t 2y/r(k,t)e—y= t)2—y
:/ 2e” V (r2(k,t) — 2?) dx. (3.8)

—r(k,t)

For circular cross sections, an analytical formula does not exist. For further NW cross
sections, Q(r(k,t),A) can be determined accordingly.
The results can be found in figure 4 in the main text.
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Figure 3.1: Different NW cross sections and their transmitted intensity with certain ori-
entations to the electron beam direction. Here A is 12 nm.



4 The illumination height \..;;

In figure (a) and (a) the illumination height A..; is shown as function of the NW
number density pyw, the NW radius »¥" and the incidence angle of the electron beam
a. In figure (a) the incidence angle is kept constant at a = 0.6° and in figure (a)
the NW radius is kept constant at ¥ = 25 nm. Both figures indicate that the NW
number density pyw is an important parameter for the illumination height th, because
with increasing number density, the distance between NWs decreases and thus the electron
shadow covers more of the NWs. For a detailed analysis of the illumination height Au.,
we plotted selected profiles as a function of the NW number density pyw in figure (b)
and figure [4.2| (b), as a function of the NW radius r™"W in figure 4.1| (c), and as a function
of the incidence angle « of the electron beam in figure (c).

By fitting the functions of the selected profiles by a power law functions, we can find
a general expression for the final illumination height \..; in nm as a function of from a,

NW )
'y and pyw:
C1

Nepit = exp ((ex - a)® — (eq - raw)?), (4.1)

PNW
where « is given in rad, ryy in nm and pyy in nm~2. The coefficients given by the results
shown in figure [4.1] and 4.2 are ¢; = 1079 nm ~!, ¢, = 2.8304 - 10°, c3 = 0.1686, c¢; —
0.0574 % and c5 = 0.4002.
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Figure 4.1: (a) Final illumination height A as function of NW density pyw and r™V

at fixed angle a = 0.6°. (b) log(Ai) plotted vs. log(paw) for different fixed
"W . The slopes for the graphs are -1, indicating a hyperbola function. (c)
log(Aeri) plotted vs. YW for different fixed pyw. The curves are only shifted

in log(A.i) by changing pyw .

10



2000

1500
1000
500
0
— W T O.1pm'§ —Paw S 3pm:2
N O.3pm: —PINw T 1pm_
A — pyw = 0-5um Paw = oMM
(c) '
: £ 5
g 3
= —~ 2}
I< 1 1=
o o
O
fe) 2 41
0 1 2 3
log(p) (log(1/um?)) a (%)

Figure 4.2: (a) Final illumination height ., as function of NW density pxw and angle
a at fixed ¥ = 25 nm. (b) log(A..it) plotted vs. log(pyw) for different
fixed . The slopes for the graphs are -1, indicating a hyperbola function. (c)

log(Aerit) plotted vs. « for different fixed pyw. The curves are only shifted

in log(A.ir) by changing pyw .
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