Nanostructured Hybrid Photovoltaics

Background

Summary

Hybrid PVs combining organic and inorganic
components exploit the useful properties of both
types of materials. Organic materials are solution
processable and can be deposited on flexible
substrates, offering the potential to simplify both
manufacturing and installation. While they absorb
light well, they transport photoexcited carriers
poorly. Inorganic materials transport carriers
efficiently, but they are generally not solution
processable. However, in the form of
nanomaterials, they can be processed in solution
along with organic components. These hybrid
organic-inorganic devices offer the potential for
both high performance and low cost.

Photovoltaic (PV) devices offer a promising solution to
challenges of climate change of global energy supply.
Direct solar insolation accounts for the vast majority of
all available renewable energy on Earth, but the
deployment of photovoltaic devices is limited by the
production and installation costs of commercial PVs.
Consistent with Masdar’s core mission, this project
seeks to drive advancements in PV technology. We will
develop novel PV devices based on solution
processable
conjugated
polymers
and
1D
nanostructures – including semiconductor nanowires
(NWs) and carbon nanotubes (CNTs) – that offer the
potential to reduce both production and installation
costs relative to existing commercial technologies.

Methods

CVD system for growth
of III-V nitride NW.

Nanomaterial Synthesis
Both NWs and nanotubes can
be grown using a chemical
vapor deposition (CVD) system
using metal nanoparticles as
templates to seed growth.

Vapor-liquid-solid mechanism for III-V NW
growth. III-source alloys with metal particle
to form a liquid. V-source reacts at
liquid/solid interface to nucleate a layer of
III-V material. As layers continue to form, a
1D shape evolves.

Nanomaterial Characterization
Scanning and transmission
electron microscopes (SEM and
TEM) are very useful tools for
analyzing nanomaterial structure.
By coupling it with tools such
energy dispersive x-ray
spectroscopy (EDS) and
cathodoluminescence (CL),
nanoscale structure-property
relationships can be investigated.

SEM image of epitaxial GaN
NW grown on a sapphire
substrate.
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Charge transport pathways in a traditional
organic BHJ (top) and a hybrid BHJ with
aligned 1D nanostructures (bottom). The
organic BHJ suffers from both long and
blocked carrier transport pathways, while the
hybrid BHJ provides short, direct, and
unobstructed pathways.

Device Fabrication
Our unique process forms
self-organized hybrid PVs
by blending organic and
inorganic components in
a single solvent.

Cross-section (left) and energy band diagram (right) of a
hybrid P3HT-GaAs NW PV. The NWs tend to align
vertically when mixed in appropriate ratios with P3HT.

Device Characterization
Optical and electrical characterization reveals internal and
external quantum efficiencies (IQE and EQE) and current-voltage
relationships. Structural characterization tools – including atomic
force microscopy (AFM), SEM, and TEM – providing insight into
the relationships between structure and performance.

TEM image of a GaN NW (left,
scale = 50 nm), lattice-resolved
high resolution image (right),
and corresponding diffraction
pattern (insert).

Plan view AFM image
of GaAs NWs in P3HT
matrix.

Wavelength-dependent EQE
for PV devices using GaAs
NWs with and without TiOx
passivation .

Light and dark J-V curves of
hybrid PV under
monochromatic laser
illumination.
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Current studies are focused on polymer-CNT PV devices. CNTs are
exceptional materials that offer high carrier mobilities, as well as the potential
for band gap tunability and band alignment.
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(1)Analyze the effects of varying the concentration (wt%) of CNTs in the
polymer matrix on structure and performance. Previous studies with NWs
showed that an optimal concentration of GaAs NWs in a P3HT matrix led to
improved vertical NW alignment, superior polymer crystallinity, and enhanced
device performance. Initial results with CNTs show a similar trend in
performance, but further studies are necessary to correlate this performance
with device morphology.
(2)Investigate the effects of CNT morphology on device properties. We will
use CNTs with different diameters, chiralities, and band gaps.
(3)Prevent of bundling of CNTs within polymer matrix.
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TEM image of CNTs (top) and trends
in short circuit current and open
circuit voltage for hybrid polymerCNT PVs as a function of the singlewalled nanotube (SWNT)
concentration within the polymer
matrix.
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