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Overview
Bulk-Heterojunction Hybrid Solar Cells

Device Structure and working principle
Materials and potential applications

CdSe nanocrystals based solar cells

a) Synthesis of quantum dots
b) Photoactive hybrid films
c) Solar cell performances

Outlook




Bulk-Heterojunction Hybrid Solar Cells

Device Structure
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Bulk-Heterojunction Hybrid Solar Cells

Working Principle

Review: Yunfei Zhou, Michael Eck, Michael Kriiger, Energy Environ. Sci. 3, 1851-1864, (2010)
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Bulk-Heterojunction Hybrid Solar Cells

Donor Acceptor Materials

Review: Yunfei Zhou, Michael Eck, Michael Kriiger, Energy Environ. Sci. 3, 1851-1864, (2010)

Conjugated Polymers
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Bulk-Heterojunction Hybrid Solar Cells
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Donor Acceptor Materials

Review: Yunfei Zhou, Michael Eck, Michael Kriiger, Energy Environ. Sci. 3, 1851-1864, (2010)

Energy Levels Diagram
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Applications for Nano-Hybridmaterials:
Bulk-Heterojunction Hybrid Solar Cells

Development of Photovoltaic Devices and their solar power efficiencies

Best Research-Cell Efficiencies

Multijunction Concentrators Thin-Film Technologies
¥ Three-junction (2-terminal, monolithic) @ Cu(In,Ga)Se; Spectrolab | Fraunhofer ISE
A Two-junction (2-fermi- = ———"* -

Sin unction GaAs .

gggo%ig' Champion” Cells

T s ® 42.8% Multijunction (2007)
= Single crystal

cwinsaie o 2500 Crystalline silicon
e 19.5% Thin-film technologies

(21%%5&:.) SunPower ' (82x conc.)
B e B e 3
X conc. _Kopin UNSW FhG-ISE
Vi nsw UNSW v

NREL
Cu(In,Ga)Se;
{14x conc)) FhG-ISE

-y
o

w
[=>]

(48]
(]

o]
o

Efficiency (%)
R

(o]
o

| 8.13% PCBM
Con . , based OPV
e Univ. O ncsi annoumved by
Kodak Solarex — - S - 5%
e & : oW Konarka Inc.

=
(2]

7/ = \ ) =
EPFL \  Solr : % December 2010

Kanel

(2 pm
= on glass)
University
of Maine

University Linz

{Rev, 04-2010)

/I I N NN NN N |

I
1995 2000




Motivation for Organic/Hybrid Solar Cells

Advantages of Organic / Hybrid Solar Cells
Processed easily over large area

Low weight (~100 nm ultra-thin active layer)
Low cost potential (roll-to-roll fabrication possible)
Mechanical flexibility (wearable solar power module)




Nanocrystals as electron acceptor material

Hybrid Solar Cells with CdSe NCs
Additional absorption
Bandgap & energy levels fitting
Elongated/branched structure
Well-established synthesis methods
Theoretically: better electron transport




Quantum Dot Synthesis: Hot Injection Method
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» Diameter: 2-10 nm
» Size dependent physical properties
e Quantum confinement effect
Ligand Shell

» Colloidal stabilization
* Prevent aggregation
* Maintain optical properties




Quantum Dot : automated microwave synthesis
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CdSe Quantum Dots: Optical Properties

Quantum confinement
UV-vis spectroscopy
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-Broad absorption spectra
-Narrow emission spectra
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Bulk-Heterojunction Hybrid Solar Cells

Surface Modification of CdSe Nanocrystals

Traditional pyridine ligand exchange
Charge transfer

@
polymer l >
h{v_fx
Electron transport

@

O-'

Li and shell reduction

Hexanoic acid treatment

» Simple, fast, and reproducible procedure - reduce ligand shell
* Non-ligand exchange approach - good solubility in solvent

* In principle applicable to NCs with different ligands and shape




Bulk-Heterojunction Hybrid Solar Cells

Surface Modification of CdSe Nanocrystals
Acid — treatment of Quantum Dots Absorption measurments
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Further evidence:
oA oo S . CHa(CHISCH2 -Dynamic light scattering (DLS)
SUNUSUSSTY Y e -Zero loss filtered TEM
-TGA-MS (manuscript in prep)
-Significant device improvement




Current density (mA/cm?)

Comparison of CdSe QD / P3HT and CdSe QD / PCPDTBT
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PCPDTBT:

» Bandgap ~1.4 eV

> U, ~1.5%102cm?V-1st

» Good photon-absorbing & hole
transporting material

PCPDTBT:CdSe composite

» Wide absorption range from
300 nm to 850 nm

» PCE=2.7%, best for CdSe QDs
based hybrid solar cells
(verified by ISE)

» Harvesting more photons
compared to P3HT

» Photocurrent contribution from
both QDs and Polymer




Optimization of the device performance
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P3HT 6163 +7.5 6.04+0.10 56.2+0.3 2.09+0.03
PCPDTBT 588.0+24 8.16+0.12 55.3+04 2.65+0.05




Outlook: Strategies for improving the performance of hybrid solar cells
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