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Oxford Solar Energy Materials

Objective: Globally distributable solar powered sustainable fuel source.
Research: Materials for low cost large area photovoltaics for H, production.
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Nanocrystal Quantum Dots
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Easily processed in solution

Why Lead Sulphide

Tuneable broad band

absorption in solution (large

Bohr radius ~20 nm)

Electrons and holes are
equally confined and mobile

Long excited state lifetime ~

1ns
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Carrier Multiplication

Potential to exceed the maximum
theoretical thermodynamic conversion
efficiency in solar cells of 43.9%

Schaller and Klimov demonstrated carrier
multiplication via impact ionization in lead
selenide and lead sulphide nanocrystals.
(Nano Lett., 5 (5), 865 -871, 2005)

Auger type process where a photon of
energy 2Eg is absorbed and the excited
electron relaxes to the band edge (EQ).

Formation of two excitons for every T_he impact ionization process, electro_ns (filled

. circles), holes (empty circles), conduction band

photon absorbed Ieadlng to the (Ec) and valence band (Ev). A photon of energy
conversion of more of the high energy 2Eqg is absorbed and the excited electron

. relaxes to the band edge (Eg) forming two
portion of the solar spectrum. excitons.



State of the Art

Near-infrared imaging with quantum- “Colloidal Quantum-Dot Photodetectors
dot-sensitized organic photodiodes Exploiting Multiexciton Generation”
Nature Photonics 3, 332 - 336 (2009) cience 19 June 2009:

Vol. 324. no. 5934, pp. 1542 - 1544



Nanocrystal Synthesis

e |In Situ Self Assembly
— Single pot process
— Polymer acts as steric
template for NC growth

— Eliminates need for initial
surfactant

— Use different alcohols to
precipitate and control
final morphology

— Intimate contact between
nanocrystal and
conducting polymer



Visions and Problems

PbS NC schottky solar cells
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Electron and hole descent mobilities (10 )
———IR photoresponce (50% IR EQE!)

Low Voc

———Thickness light absoprtion of films is
limited to 230nm and 60%



Synthesis

Oleic aid/ SnCl/
oleylamine PbO



Device Fabrication

Layer deposition  Ligand exchange Layer deposition



Nanocomposite Microscopy and Absorption
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Device Fabrication

Lead ‘S}Iphur Heat & Time

Precipitate

nanocomposite
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Solar Cells
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Industrial Scale-Up



Scale Up - Roll-to-roll processing in Oxford

Roll-to-roll vacuum webcoater

Unique research facility
for vacuum deposition of
polymer and inorganic
coatings at high speed

— upto5 mstweb
speed

— 350mm web width

— evaporation, reactive
Sputtering, and
polymer deposition
sources (flash
evaporation with e-
beam cure).



Inside a Vacuum Webcoater

Monomer Delivery RF sputter cathodes

Plasma

Thermal Evaporation

Winding System
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Current density (UA/cm?)
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Morphological Control of
Polymer Solar Cells



1

Al 50nm
P3HT : PCBM 200nM
PEDOT:PSS 50nm
ITO 200nm
Glass omm

P3HT (poly-(3-hexylthiophene)) PCBM (Phenyl Cn Butyric Acid Methyl Ester)



Excitonic Solar Cells

e Exciton binding energy large in conjugated polymers

* Requires type 2 heterojunction for dissociation

» Exciton diffusion lengh 10-20nm

» Dissociation occurs across Donor/Acceptor interface
* Photocurrent Transport

» Interpenetrating network of hole and electron conducting
material.

» Requires bi-continuous morphology

* Limited by
— Recombination at defects, trap states
— Carrier mobility

CB ,\/\/\/v Photon
L«J\' —
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Bulk heterojunctions

Blend hole
accepting with
electron accepting
material

Length scale of
blend ~ exciton
diffusion length

Charge separation
at D-A interface

Continuous paths
for electron and
hole percolation



What Limits Polymer Solar Cell Efficienc

 Photocurrent spectral response bandwidth.
 Minority carrier mobility.

 Sheet resistance of contacts.

« Amount of incident light absorbed.
 Sheet resistance of transparent contacts.
 Degradation of active materials.
 Non-unity charge separation efficiency

e Surface roughness and pin holes.



Effect of Annealing on Device Efficiency

Anneal at 150 C
for 10 minutes

Open circuit voltage
Increases from
0.35V to 0.6V

Short circuilt current
Increases from -7.6
mA/cm? to -10.8
mA/cm?.

Fill factor iIncreases
from 0.33t0 0.47

Overall, efficiency
Increases from 1.3%
to 3.2%.



Mid-magnification TEM

Pre- anneal Post- anneal



High Resolution TEM

Pre- anneal Post- anneal






Insitu Anneal at 150°C



Depth Sectioning
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