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Plasma-Assisted MBE (PAMBE) Riber Compact 21
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PAMBE of GaN: growth conditions

MOVPE GaN: T ~ 1050°C N-rich
ammonia MBE GaN: T ~ 850°C
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ON 4.5 Group of MBE Growth of Nitride Nanostructures —
research activity

1. AlGaN/GaN heterostructures on 6aN/sapphire

typically on GaN/Al,O; @RT: n ~ 1x1013 cm-2; = 1500 - 1700 cm?/Vs

3 nm GaN 200nm AlGaN (21%)-

!asgai;ia! s s
strain analysis at GaN/AlGaN interface
Borysiuk et al. JCG (2014)

substrate

GaN undoped
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ON 4.5 Group of MBE Growth of Nitride Nanostructures —
research activity

Al(Ga)N/GaN heterostructures on Si and bulk GaN

E E¢
(AlGaN/6aN HEMTs on Ammono bulk GaN - new project) § “f‘,g =
. «— 6aN1m—» Z % z2Z
on S|(111)SEM CL profiling . o’

left axis right axis
O ——AlI

PARLRIRRSNNS
77t

. 3
concentration [ at/cm™ ]
A N
o o
&

W
i

1)

10" \.‘.., s A o

10"

|mprovemen’r of quality with thickness
optical waveguide GaN/AIN/ Si

<>
Id. X4832-004-0-0
Lot

—GaN/AIN/St Mod TEO

Brussels, March 11th, 2015



ON 4.5 Group of MBE Growth of Nitride Nanostructures —
research activity

3. Al(Ga)N/GaN SLs & QWs 4. AlGaN/AIN selective photodetectors
1 AlGaN 40% J 0‘03__ ./ \o ]
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5. III-N nanowires: physics and PAMBE growth technology

Questions:

hucleation mechanism and kinetics; influence of substrate microstructure
growth mechanism (axial vs. radial)

doping

ways of controlling in-plane and out-of-plane arrangements
crystallographic perfection and optical properties
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GaN nanowires - growth modes

VLS on sapphire with Ni catalyst C, Cheze, et al. Nano Res 3 (2010)
0.3 nm Ni + 750°C S
’ B> 10 » £ -
2 8t Ng -
5 i
L. Lari, et al. S e L '1 Iq .
JC6 327 (2011) X |
? —»— Ni on C-Al,O,
= 4+ -
2 — <= Si(111)
x20
.
catalyst-free on Si(001) i ——
2.1 24 330 3.35 3.40 3.45
5 nm Photon energy (eV)

DOX = 3.472 eV for all cases
(typical for strain-free GaN layers)

PL intensity much lower (x 25) for GaN NWs grown
with Ni - unintentional doping and defects (basal SFs)
much better optical properties of GaN
NWs grown catalyst-free
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Mechanism of catalyst-free growth of 6aN NWs

Two steps in growth of NWs:
N-rich conditions

no catalyst 1
€)| v nucteus |

ol

Ga beam o,

direct
. .... . ncorporation

ot ) L)
e gy @ (@@

self-induced nucleation (Volmer-Weber
mechanism): adatoms migrate on the
surface or desorb until stable critical
nuclei are formed

2. growth of NWs by incorporation of Ga
atoms from substrate surface around
NW and directly from the Ga beam

Ristic et al. JCG 310 (2008)
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in situ monitoring of nucleation of NWs: RHEED
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in situ monitoring: QMS i SEM |l|i

fiir Festkorperelektronik
1x10° M. Sobanska, et al. (unpublished)
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6aN NWs on Si(111) with Si N buffer: SEM and TEM

A. Wierzbicka, et al.

A. Reszka - SEM Nanotechnology 24 (2013) 035703

TEM

Sifl)
» no defects at the GaN/Si,N interface
» no wetting GaN layer

.............

TEM

IFPAN-ON4 15.0kV 4.5mm x100k SE(U) 500nm

@ ~ 30 nm; L ~470 nm

density ~ 250 pym-2 (~2.5x10% cm-2)
uniform length
N-polar

i!: “ - very intense PL dominated by DX
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NWs: examples of heterostructures

GaN p - n junction GaN/Al(Ga)N heterostructures

SEM TE SEM
FTEM

n-GaN:Si

-ON4 30.0kV 6.6mm x110k TE

IFPN.SN%!. (J‘?]Q;r)wom SE(U)
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Unique feature of GaN nanowires on Si
on Si(001) NWs always perpendicular to the surface of Si
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Consonni et al. PRB 83 (2011)
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Arrangement on Si (111) substrate: twist

A. Wierzbicka, et al. T )
Nanotechnology 24 (2013) 035703 pole Tigure
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Is coherence of twist important? Planarization of NWs.

confact

contact

pldnar GaN‘ Ic\xygri
1

GaN layer

o

[ e high sensitivity, but long reaction time due
" obur to a high density of NWs

optimization of mesa diameter and/or
density of NWs are needed to speed up gas
exchange in the sensor

processing R. Kruszka, K. Gotaszewska - ITE

-
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Unusual inclined GaN NWs on Si(001) substrate

J. Borysiuk, et al. Nanotechnology 25 (2014) 135610

inclined NWs:
exhibit fourfold symmetry pattern on the substrate
are longer and thicker than their vertical neighbors
are perpendicular to the Si (111) planes (TEM and XRD)
are Ga-polar
grow from Ga droplet in contact with substrate (no Si,N layer)

*'/f?’f’?f"’

dislocation

‘ T[oom] :

w-GaN

~2 nm Si N EAgL :

GaN NWs without defects
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Is silicon the best substrate for growth of GaN NWs?

contact / /

@% e

in LED large part of generated light is in photodetector light reaches the active
absorbed by Si substrate layer (NWs) only through the upper contact

optical access to NWs difficult
Si incorporated to GaN NWs at very high growth temperatures
substrate transparent and inert to Ga needed —> sapphire

APPLIED PHYSICS LETTERS 91, 093113 (2007)

Axial and radial growth of Ni-induced GaN nanowires

L. Geelhaar,® C. Chéze, W. M. Weber, R. Averbeck, and H. Riechert
Ca'ralyslr—fr'ee gr'owth Qimonda, 81730 Munich, Germany and NaMLab, 01099 Dresden, Germany

Th. Kehagias, Ph. Komninou, G. P. Dimitrakopulos, and Th. Karakostas
Physics Department, Aristotle University, 541 24 Thessaloniki, Greece

any Ni.° On the bare sapphire surface without any Ni, NWs
do not form under any growth conditions. In essence, NWs
form only when seed particles are present and only under

N-rich conditions. The latter observation is consistent with g L
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PAMBE of 6aN NWs on sapphire < uonsko et al JAP 115 (2014) 043517

the same conditions as for our standard growths of GaN NWs on Si

intentional
scratch
crystalline
500 nm
20 nm thick
amorphous

no NWs present

hicely organized NWs

‘substrate microstructure matters Il =
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I'l Paul-Drude-Institut

fiir Festkorperelektronik

GaN NWs on a-Al,0,/Si: QMS and SEM

M. Sobanska, et al. (unpublished)

1x107%°
37 MiN— gan NWs on Si(111)
8x10°" ; 7 min— GaN NWs on a-Al,0, .
8 min 50 s - (2)
g 6x10
3 T
S
v 4x10M Y
Yp) e
: e -
2x10™ |
9)
(4) ol
0 n 1 n 1 n 1 n 1 n 1 n 1 n 1
60 90 120 150 180 210

0 30

time (min)

Bmm x150k SE(M) 0/25/2013

MOO48-£ 0kV 7

— nucleation rate of NWs significantly 21% min - (5)
i ‘.'- % i_w’f'
L | IE". ;’r J g E’i

enhanced by amorphous microstructure
of the substrate [
“ ‘ i’."!‘_ J: 11
L J

. SR A L A

Brussels, March 11th, 2015

w7



The team

Mgr Marta Sobahska - MBE

Dr Ola Wierzbicka - XRD

+ many external partners

new cooperations most welcome
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