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The solar energy opportunity

Saudi Arabia occupies ~ 2 million km2

This instant
~ 2 PW of power strikes Saudi Arabia

This is over 100x worldwide instantaneous energy consumption.

The opportunity:
Diversify and rebalance the portfolio of worldwide energy harvesting

Today:



The need for efficiency

source: Green 2004



AM1.5g Spectrum

The spectral opportunity
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W ave length  (nm )

700 nm – Organics

1600 nm - Quantum Dots
More efficient usage of 

solar spectrum



Maximum Efficiencies and Bandgap for 
Single- or Multi-junction
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Number of Junctions

Unconcentrated 
solar cell

1.10 µm 1.32 µm 1.75 µm

0.76 µm 1.07 µm

0.68 µm



Low Cost Solution-Processing,
Low Cost Materials
Synthesis Spin-coat (Simple Method)

Final Device



Ultrasensitive solution-cast quantum dot 
photodetectors

Nature 2006, Gerasimos Konstantatos1, Ian Howard1, Armin Fischer1, Sjoerd Hoogland1, Jason 
Clifford1, Ethan Klem1, Larissa Levina1 & Edward H. Sargent1



Solution-processed photovoltaics
– visible and infrared progress



Nature Materials 2005                                  LETTERS

Polymer-Nanocrystal Cells

Mobility problems
Poor charge extraction

How to improve mobility?



Applied Physics Letters 87, 213112 (2005)

Pure Nanocrystals with passivation

• Improved electronic transport
• Not enough absorbance

How to improve absorbance?



Applied Physics Letters 90, 183113 (2007)

Record PCE through 
1. absorbance improvement 
2. a large surface area junction

How to improve efficiency further?

Textured ITO

Continuous nanocrystals over textured ITO

ITO

nanocrystals



Applied Physics Letters 92, 122111 & 151115 (2008)

Understanding contribution of PCE 
from depletion, drift and diffusion

Improvement in efficiency

How to make it stable?



(2008)

Benzenedithiol crosslinker provides 
enhanced stability

Crosslinker O2
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Research Effort on 3rd Generation PV
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Low cost, high performance (ŋ

 

> 30%)
Efficient usage of solar spectrum

Research Effort:

Single
Fission

Hot Carrier
Extraction

Multiple
Exciton

Generation
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Band/ 

Quantum
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Multiple
Junction

Cells



KAUST – University of Toronto Synergy

Sargent
>= 3 weeks per year at KAUST
KAUST Solar Energy Director hiring

Sargent group
Building highly controlled prototyping facility
Building advanced characterization facility
Attracted Program Director and 

Senior Materials Scientist from industry

Growing the KAUST-University of Toronto engagement
Exchanges of personnel
Annual joint solar workshop
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