
Imaging and optical properties of 
single core-shell                         

GaAs-AlGaAs nanowires

L.M. Smith1, Thang B. Hoang1, L.V. Titova1, H.E. Jackson1         

J.M. Yarrison-Rice2, Yong Kim3, H.H. Tan3, C. Jagadish3

Australian Research Council 

1Department of Physics, University of Cincinnati, Cincinnati, OH
2Department of Physics, Miami University, Oxford, OH 45056

3Australian National University, Australia



Motivation

� we study electronic structure and optical properties of single 

core-shell GaAs-AlGaAs nanowires

bare GaAs nanowires: low quantum efficiency due to 

nonradiative surface recombination

� core-shell GaAs-AlGaAs nanowires have much higher quantum 

efficiency



Sample growth

Grown by Vapor-Liquid-Solid technique

C.J. Barrelet et al, J. Am. Chem. Soc. 125, 11498 (2003)
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Single nanowire studies

nanowires were removed from the 
growth substrate into solution and 
deposited onto a silicon substrate

a single nanowire:

~80nm in diameter, ~5-8 µm long

wire’s diameter > Bohr exciton diameter

=> expect no quantum confinement
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Experimental setup

BS

X-Y-Z
translation stage

2D CCD 
image

CCD
L

L

Spectrometer

Y

λλλλ
lasers

sample

 

 

P
L 

in
te

ns
ity

 (
a.

 u
.)

Emission energy

L     - Lens
BS  - Beam Splitter

Ar+/ 
Ti:Saphire

emission energy

sp
at

ia
l



1.44 1.46 1.48 1.50 1.52 1.54 1.56

0

2

4

6

C'C

A

B'B

A

Y
 -

P
os

iti
on

 (
µµ µµm

)

CCD image

A'

CC'

BB'
 

 

N
or

m
al

iz
ed

 in
te

ns
ity

 (
a.

u)

Emission energy (eV)

AA'

FWHM~25meV

 

 

Intensity (a.u)

x10

spatial profile at 1.51eM

Low-T PL imaging

undoped
MBE-grown 
GaAs
epilayer (PL 
at 5K)

(Heiblum et al. J. Vac. Sci. Tech. B2 233 (1984))

2D CCD image 
(spatial vs. 
emission) shows 
PL emission along 
the wire.

shows same emission 
spectra along the wire 1.512 1.514 1.516 1.518 1.52



Polarization studies
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excitation/emission

polarizer = πθ ; analyzer = σ+ polarizer = σ+ ; analyzer = πθ

PL emission is strongly polarized parallel to the wire, and is strongly 
enhanced when the laser excitation is polarized parallel to the wire
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Resonant excitation

tune excitation energy, E Laser , 
record PL intensity
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Conclusions

� core-shell GaAs-AlGaAs nanowires display strong PL emission (non-
radiative surface recombination is suppressed)

� PL emission is strongly enhanced when the laser excitation is 
polarized parallel to the wire, and is strongly polarized parallel to the 
wire

� striking excitation resonances at ~74 meV and ~150 meV above the 
PL emission line

� 74 meV: 2LO resonance - phonon-assisted absorption (GaAs) 

� 150 meV: LO  resonance of GaAs (higher order) or AlGaAs



Dove Prism (DP) can be used to rotate image of a nanowire
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