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Chemical vapor depostion (CVD) based growth of nanowires  via 

the vapor-liquid-solid (VLS) growth mechanism: homogenous 

nanowires as well as axial and radial heterostructures. 

and GaAs-AlGaAs (grayscale) core-shell structures, imaged with scanning 

transmission electron microscopy (STEM).

Axial heterostructures: Demonstration of diameter control 

in pure GaN (top) and InN/InGaN (bottom) heterostructures.
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Schematic of hybrid PV device (a) shows how 

GaAs nanowires incorporate into the P3HT 

active layer. Device performance improves as 

nanowires act as a template for crystallization, 

as shown by XRD (b).

Silvija Gradečak
Thomas Lord Associate Professor of

Materials Science and Engineering

comparable to the relevant correlation lengths, and requires innovative synthesis and fabrication methods. 

We use rational synthesis of free-standing nanoscale objects like nanowires, nanocrystals, and nanotubes and combine 

spectroscopic techniques, transport measurements and advanced electron microscopy techniques to directly correlate 

structural and physical properties on the nanometer scale. Our interdisciplinary approach combines the following 

sub-programs:

•    Growth of semiconductor nanowires and nanowire heterostructures with new structural, 

optical, magnetic, and electric properties.

•    Development of new experimental tools for synthesis and nanoscale characterization of 

nanostructured materials.  

•    Applications in nanophotonics, nanoelectronics, and energy.

 Experimental techniques and methodologies that are being developed as a part of our research endeavor are 

generally applicable to any material system where interplay between nanostructure, properties, and performance 

Applications

GaAs/AlGaAs nanowire heterostructure (a). 

Atomically abrupt AlGaAs/GaAs interface (b). 
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Homogenous nanowires: SEM images of GaN nanowires on the left (gray-scale), vertically-grown GaAs nanowires 

nanowires grown on graphene on the right.
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to quantitatively measure the strain based 

on the splitting of HOLZ lines. 
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Spectrum map of GaN p-N junction at 93K
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STEM and corresponding 

pancrhomatic, mono-

chromatic CL images and 

spectrum imaging of a 

GaN p-n junction nanow-

ire.  p side is doped with 

Mg and n side is doped 

with Si.

Core-shell nanowires Axial heterostructures

Schematic of cathodoluminescence (CL) integrated with TEM.

Parabolidal mirror

e-beam

Electro-magnetic
lens

CL

Evacuated tube

Cooling
stage

PMT

CCD

Grating
Slit

lens

Spherical
mirror

I. STEM II. Monochromator IIΙ. Photodetectors

Mirror

Cathodoluminescence with TEM

c

m

c

e

m

[11-22]

{11-22}

{0001}

{0001}

i

f

1

2

3

Step I

Step II

h

1

2

3

d

m

c

g

of an InN/InGaN axial nanowire heterostructure and corre-

sponding electron tomography reconstruction (c-e), which is 

as illustrated (f-i).

Electron Tomography

Quantitative Strain Measurement

Hybrid Photovoltaics

Modeling Light Extraction 
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non-waveguiding single mode multi mode

HAADF STEM image and 

corresponding EDX chemical maps of 

GaAs/AlGaAs core-shell nanowire 

heterostructure cross section.

Chemical mapping with 

Energy Dispersive Energy X-Ray 

Spectroscopy (EDS)

High Resolution 

Transmission Electron Microscopy

(Left) Hybrid solar cell structure. Active layer consists of ZnO nanowires and PbS Quantum dots 

(or P3HT polymer). Nanowires are grown on graphene layer, by utilizing polymer interlayers. 

(Right) J-V characteristics of ZnO/PbS QD hybrid PV device. Devices based on graphene shows comparable 

solar cell using CdS quantum dots and P3HT nanowires. 

FDTD simulations of light extraction in nanowires. Waveguiding 

along the nanowire depends on the nanowire diameter, d.

d = 50 nm d = 300 nmd = 150 nm
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Illustration of the (metal-organic) chemical vapor deposition (MO)CVD. The precursors are delivered 

through the injector, using a carrier gas such as N2, to the reaction zone, which is held at an elevated 

temperature to promote the formation of GaN.

SEM images (top) of  ZnO nano-walls, with top-down 

(top left) and tilted (top right) views and 

panchromatic cathodoluminescence emission 

image.
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