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Table 1: Core growth parameters

TMIn molar PH; molar TEGa molar DEZn molar TESn molar V/II ratio
fraction fraction fraction fraction fraction
psegment | 297 x 10 ° 073 x 10~° - 774
isegment | 2.67 x 10°° | 692 x 1073 | 597 x 107° - 9.8 x 10~/ 80.1
nsegment | 2.53 x 10 ° - 2.14 x 10°° 81.5
Table 2: Branch growth parameters
TMIn molar PH; molar TEGa molar H,S molar fraction Dopant/III ratio
fraction fraction fraction
Sample 1 317 x 1077 495 x 1073
Sample 2 ; , ; 3.94x 1077 6.16 x 1073
Sample 3 2.67 X 10~ 1.38 x 10~ 3.73 x 10~ 522 x 10~/ 814 x 103
Sample 4 7.69 x 1077 12 x 1073
Sample 5 14.70 x 10~/ 23 x 1073
Table 3: Atomic composition of GalnP branches measured in EDX-STEM
1 2 3 4 5 6
P 458 45.89 48.48 51.83 52.68 52.19
Ga 11.23 10.55 15.22 14.65 13.72 10.21
In 42.97 43.56 36.3 33.53 33.6 37.61
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Figure S1: a) TEM image of the interface between a core and a branch where the propagation of lattice planes
from the core to the branch is visible. b) Branches which have been analyzed in EDX. The numbered points
represent the data point where the measurement has been performed. c) XRD results of as-grown core GalnP
NW array. Peak 1 represents the InP substrate while peak 2 and 3 originate from the GalnP cores.
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Figure S2: Chromaticity diagram of a nanotree LED sample, compared to the black-body locus. The CCT of
the nanotree LED is approximately 3000 K.
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Figure 84: a)-e) EQFE vs J of Samples 1-5, respectively, with varying active region area.




(a) (b)

X5 = 3.17-1077 XHes = 3.94:1077 (C) X5 = 5.22:1077
—~2.5] —— 400%400 pm? ~15 400x400 pm? ,,1'5 - 400%400 pm?
E —— 200%200 pm? E 7 — 200%200 um? E —— 200%200 pm?
TU-,‘Z'O —— 100x100 pm? = —— 100x100 pm? 510 — 100x100 um?
= =4
215 z10 B
21.0 8 g
g 805 &P
805 2 ®
o o o —
0.0{ - i ) : : 0.0 . : : : : 0.0 &~ , , i
0 50 100 150 200 0 25 50 75 100 125 0 20 40 60 80
Current Density (A/cm?) Current Density (A/cm?) Current Density (A/cm?)

@ Xis = 7.69-1077 @ Xits = 1.47-1076

_ 31— 400xa00 um? —~2.5| —— 400x400 pm?

£ | — 200%200 ym? fE —— 200x200 pm?

‘_},:2‘ —— 100x100 pm? :‘:,,;2-0 —— 100%100 pm?

2 215

Q [}

e 1 21.0

2 ©

= Bos

o N

01 0.0 -
0 50 100 150 200 250 300 0 100 200 300
Current Density (A/fcm?) Current Density (A/cm?)

Figure S5: a)-e) Radiance vs J of Samples 1-5, respectively, with varying active region area.
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Figure S6: a)-e) Luminance vs J of Samples 1-5, respectively, with varying active region area. f) J-V-L
characteristic of 100 x 100 um? devices for different yps.
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Figure S7: a)-e) Radiant Power vs Input Power of Samples 1-5, respectively, with varying active region area.
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Figure 88: IV relationship of a 200 x 200 um? device from Sample 2 from 10 K to 220 K in steps of 10 K.




Simulation Details

The 3D drift-diffusion simulations were carried out in a 3 um long nanotree sliced into half in
the longitudinal direction by making use of symmetry. The simulation domain is illustrated in
Figure S9, with the colormap representing the electrostatic potential at 1.8 V only for
visualization purposes. The n-type region, intrinsic region, and p-type region of the trunk are
each 1 um long, and the branches are spread evenly over the intrinsic region. The number of
branches in the domain is limited to 9 to reduce the computational cost, corresponding to a
total of 18 branches in the respective complete nanotree. The width of the trunk is 200 nm
(each side of the hexagon forming the trunk cross section is 100 nm). The width and length of
the branches are 30 nm and 200 nm, respectively. The trunk consists of Gags;1lng49P, and the
branches consist of Gag »5lng 75P, with a corresponding band gap difference of 320 meV.

The simulations are based on the standard drift-diffusion model also deployed in e.g. Ref. 51,
The contacts are described by the customary Dirichlet boundary conditions specifying the
applied bias of the nanotree. Bulk Shockley-Read-Hall (SRH), radiative, and Auger
recombination processes are included in the total recombination rate, and surface
recombination velocity is implemented as a boundary condition following Ref. 52, The most
important simulation parameters deployed here are listed as follows. The bulk SRH lifetimes for
electrons and holes are 3.25 - 10® s and 2.5 - 10 s (respectively), the radiative recombination
coefficient is 1.2 - 101° cm3s%, and the Auger coefficient is 103° cm®s1. The electron and hole
mobilities in the trunk are 2850 cm?V-1st and 175 cm?V-1s%, respectively. In the n- and p-type
sections of the trunk, the ionized doping densities are always assumed to be 108 cm™.
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Figure 89: Simulation domain for the 3D drift-diffusion simulations. The colormap denotes the electrostatic
potential at 1.8 V and is displayed here only for visulization purposes.
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