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DOE Solar Program Roadmap
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Historical data on efficiency of PV devices

L

A ] % ¥ w -y, . . Spew:nuat-?
cSA0M — OO U 3
i | Spectrolab
& = NREL/
= | c Speciraab
5.}555 —
r UNSW
24 = Spre USH o= NREL
Stanford UNSW LB Mr,‘utln‘GaitS-r:, . . )
X concenlration
o0 o e I G Commercialization
PEESIgY .) L Georgia Tech S"'F' O U o
N U, O I
. o Ea 48 Level> 10%
M 5 R L AstroPowes  NREL ]
H2E ph :-"'"* ing A D United Solar

.‘» -
o v * Santa Barbara
Univérsily of
Lausanne

2010 2015

lext-Generation Photovoltaic Technologies in the United States
0-35347 I*‘McConneII and R. Matson

Commercialization of (5_ ;;pected at above 10 % efficiency
Current (2010) NREL confirmed record 8.13% (Solarmer)



Organic Photovoltaics Challenges

Light absorptic :
exciton generation ) Exmt&_r__ll?ifusmn

Barrier #2 Barrier #1
Exciton’s short lifetime
limits diffusion ~10 nm
“exciton diffusion
bottleneck”

Low charge mobility=
Poor charge
collection efficiency

Charge Collection Charge Transfer
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e I. N. lvanov, F. A. Reboredo “Nanosystems. A Technology
'M Roadmap, Foresight Institute, October 10 2007

Plus environmental stability



How Nano Can Benefit
Orgamc Photovoltalcs’?
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Carbon nanostructures -attractive materials
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Processing of'm‘_igh Quality Nanotubes

Raw materials

A. carbon;
Metal catalyst

Electro-optical applications are most demanding



Synthesis of Polymers for (1)
bulk heterojunction (self-assembled
long range order + encapsulation)

2
Synthesis of ultra-high purity Functio(ngl
Nanomaterials for flexible electrodes with
tunable work function, balanced charge
transport in polymer/small molecule
configuration

Photocurrent (nA/c

D L . 1 M 1 M L . 0
000 005 010 015 0.20
SWNTs concentration(%)

N . In collaboration with Bin Hu (APL 2005)
Controlled atmosphere multi glove e - > Demonstrated 7 times

box system for OPV assembly - O Higher Photocurrent for Mixed
Bulk Heterojunction OPV

4 RO, (H,CH,CO)H,C
Characterization of OPV ( )

(exciton dynamics and dissociation-
ultrafast spectroscopy, charge formation
and transport)

CH,(OCH,CH,),OR

Modeling of exciton dynamics  (5)
and charge transport

Combine benefits of nanomaterials and polymers to control nano morphology of OPV.
Correlate PV structure (SNS) and Property (CNMS)




Nanomaterial based
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Opto-Electrical Properties of Carbon
Nanotube-Based TCE
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Unfolding Structure of Interfaces in
Organic Photovaoltaic
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rtical spatial scale of OPV (sub nm to 10t of ne .-;.* $
Id be probed using neutrons. : b
eraged over macro-scale lateral area
— Possibility to contrast interface of interest with isotopes (D)
— Applicable to powers/solutions/films relevant to OPV

In situ monitoring of structural change during accelerated aging (without
adding more structural damage like with Xray)

Goal: Develop control of structural and function of nano-interfaces



Structure-Properf?ﬁelationship of Interfaces in
Organic Photovoltaics (Lifecycle of interfaces)
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Collaborations

Advanced characterization of PSI assembly and
photo-activity in artificial photosynthesis systems with &
Bamin Khomami (UTK) ) (

Natural

Nanomaterials for OPV, Magnetic field effect of the phGionyscss phl.:};ﬁi;ﬁ;;ggm
dynamics of the excited state in OLED and OPV with
Bin Hu(UTK) B

Effect of material assembly on structure and
properties of OPV Mark Dadmun (UTK)
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g
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Towards perfect interface using nanostructures with
Prof. M Hickner (Penn State) ‘ .:,_,‘

Effect of band gap narrowing on electro-optical
functionality of TiO2 Parans Paranthaman (ORNL)



e Third workshop

=
O' Sustainable Energy Future:
g/ o e Focus on Organic Photovoltaics

September 15-16" 2010
Sustainable Energy Future: Focus on Organic Photovoltaics

The goals of this workshop are to:

= Review the current state of research activities in fal-based organic ph
Intreduce in-house capabilities for ial synthesis and at CNMS and its current
R&D efforts
Facilitate discussions of user research proposals and opportunities for coliaboration amaong
attendees
1 duce ad d technig to characterize photovoltaic cells.

C o
- . . W T Wednesday, September 15, 2010 Location: CLO, room C156
mﬁm've Bu’k Hetemjunc“"" photovo’taics L (™3 8:00 - 8:40 a.m. Dr. David Carroll New Directions in Organic Photovoltaics: From
Prof. Paul R. Berger, The Ohio State University Materials to Architectures
ti Reach Higher Efficiency "Plastic” Solar Cells
9:40 - 10:20 Dr. Jeff Blackburn Conducti k des made from

8:50- 9:30 Dr. Wei You Molecular ing of Conj
Polymer-based Photovoltaic Cells Incorpo r |
Nanocrystals | orks of Single-walled Carbon bes for

Prof. Jiangeng Xue, University of Florida a 4 T Organic Photovaltaics
Carbon Nanotube (CNT) Network Transpare trodes f 1500-11:40 | Or. Paul . Berger R Case Study of Poly(s-hewyRhiophana]
Organic Solar Cells 1200 100 . Lunch « Bul Hetero e

Dr‘ Chunming Niu’ Unidym L 1:10 - 1:50 Dr. liangeng Xue [P‘-:""“"!:a“‘iffiﬁ“‘m’;’;‘::a“m"ﬂ’
Magneto-Optical Studies of Internal Photov: ocesses ganic Nanocystals

_ . 2:00 - 2:40 Dr. Chunming Niu Carbon be [CNT) T P
n Organ’c Solar Ce”s Y . Electrodes for Organic Solar Cells

H : 0 P - 2:50-3:30 Dr. Bin Hu Optical Studies of
Prof. Bin Hu, University of Tennessee Knoxville 4 MR Opskcl e of e

3:40- 4 Break

to

Interfaces in Organic Photovoltaics &
Prof. Bernard Kippelen, Georgia Institute of Techno av0 50 P—

| Fundamentals of Impedance Spectr oy and rd ) Thursday, September 16, 2010 Location : CNMS, room L282

i Data Interpretation . h . 8:00 - 9:40 Dr. Rosario A. Fund. Is of d p py and Data

| PFOf. Rosario Gerhardt J Georgia lnstitu'e of Techno 9:50 - 12:00 p.m. | Dr. Carl-Albrecht Schiller | Impedance and Photo-El hemical Techniques in
¥ (' E Renewable Energy Research

4:00 - 4:40 Dr. Bernard Kippelen Interfaces in Organic Photovoltaics

12:00- 1:00 Lunch
1d Photo-Elec L 1:00- 550 Dr. Carl-Albrecht Schiller | Demonstrations of Advanced PV Testing




Strong, but disconnected efforts of
BASIC and APPLIED Sciences
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Cooperative Basic and Applied Sciences Effort

-
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New Technology
(1-5 years)

Materials ) Technology é
Development

Discovery

This Is a successful model of structuring research and technology development in
Japan, Korea, England, Ireland, Germany,Russia.

Building on the .____s_.troﬁg BES and
at ORNL for

al discovery and technology
pment effort in PV
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