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Semiconductor Nanowires as Photodetectors
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LED and Laser Nanowires
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Nanowires as Single Electron Transistors
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Nanowires as single photon emitters
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Nanowires as Biosensors
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Core-Shell Nanowire Growth
Pre-growth Core: GaAs

GaAsH3

Shell: AlGaAs
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and form eutectic alloy.

Vapor-Liquid-Solid growth

catalyst and shell 
growth time



Motivation
Nanowire diameters D  (~50-150 nm) > Bohr exciton’s diameter (~24 nm) 

NW ┴
~ bulk exciton Exciton ║

Dielectric “confinement” of EM dipole field (D<<λ):

Exciton density Photoluminescence intensities

N║ = N┴ I║ >> I┴

τ║ << τ┴
We are interested in exciton spin dynamics
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We are interested in exciton spin dynamics 
of single nanowires



Single nanowire studies

Field-Emission Scanning g
Electron Microscope (FESEM) 
image

Nanowires were removed from the
AFM

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

i ’ di t > B h it di t

10μm
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wire’s diameter > Bohr exciton diameter

=> expect no quantum confinement effects



Single nanowire studies

Field-Emission Scanning Electron 
Microscope (FESEM) image: 

i h t d hnanowires have tapered shape. 

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

A single nanowire:

~80nm in diameter, ~5-8 μm long

C di t > B h it di t (24 )
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Core diameter > Bohr exciton diameter (24nm)

=> no quantum confinement effects



Photoluminescence Imaging
Spectrometer

L     - Lens
BS Beam Splitter

1.2 μm spatial 

CCD
L

BS  - Beam Splitter

Tunable l

resolution

BS

2D CCD 
image

L

Y

λ
laser

Tunable 
Ti:Saphire

i i

sp
at

ia
l

sample

emission energy

(a
.u

)  

X-Y-Z
translation stage

 

te
gr

at
ed

 P
L 

 

TMS-Orlando, 2007

In Energy

Slit-confocal microscopy



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



Polarization Imaging
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Resonant Excitation
core GaAs

Tune excitation energy, E Laser , 
record PL intensity (PLE)

Elaser

shell AlGaAs
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Resonant Excitation
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Clear resonances at 36, 73 and 133 meV 
above free exciton energy.



Resonant Excitation

1-LO and 2-LO GaAs 
phonons
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How does the polarization depend on 
excitation energy?



Excitation dependent polarization
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Emission energy (eV)Emission energy (eV)Emission energy (eV)

Polarization changes with excitation energy!



PL Polarization Imaging

80
•Excitation laser polarized 
along nanowire

40

60

80

•Analyze emission 
polarization

⊥− II
P ||

60

80

pi
xe

ls

400

 

82%

⊥

⊥

+
=

II
P

||

||

60

80

40

200

300

 

# 
pi

xe
ls

300 600 900
40

60

pixels

Pol

50 60 70 80 90 100
0

100

PL Polarization

TMS-Orlando, 2007

p



Polarization depends on excitation energy
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PL Intensity (a.u) changes

•Changing polarization must result 
from changing exciton distributions



Polarization excitation dependence also 
depends on wire…
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Resonant excitation creates non-
equilibrium exciton spin distributions
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Exciton Dynamics
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Spin scattering time
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Spin relaxation time depends 
on excitation energy

“Non-Equilibrium Exciton Spin Dynamics in Resonantly Pumped Single 
Core-Shell GaAs-AlGaAs Nanowires”

Thang B Hoang L V Titova J M Yarrison-Rice H E Jackson A O Govorov Y
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Conclusions

Resonances observed at 1-LO and 2-LO and ~133meV

Single GaAs-AlGaAs NWs under resonant excitation:

Resonances observed at 1-LO and 2-LO and ~133meV
(AlGaAs related) above the PL emission line

R t it ti t ilib i itResonant excitation creates non-equilibrium exciton 
dipole distributions

Polarization of PL is strongly enhanced as excitation 
energy comes closer to resonance with free exciton 
emission.

Rate equations: dependent of spin relaxation time on 
excitation energy
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Rate equations
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