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History of Organic Solar Cells 

Solar Energy Materials & Solar Cells 2004, 83, 125









Efficiency of Photovoltaic Devices

Measured Solar Cell Efficiency from 1975 to the present

From NREL, USA



Requirement Trends of the Photovoltaic Industry 

Annual PV cell/module production   Estimation of present and future 
installed solar capacities

Proceeding of the IEEE 2005, 93, 1429





Solid State Organic Solar Cells

High absorption in the visible spectrum

Have relaxed deposition requirements 

can be manufactured in a low cost process

can be grown on thin and flexible substrate 

can add value to existing product 

Challenge!

Current power conversion efficiencies are too low for 
commercial implementation











LED mode Photovoltaic mode 

Structures and  Principles of LED &  Photovoltaic mode 

A PV mode is the reverse of a LED. In PVs electrons are collected at 
the metal electrode and holes are collected at the ITO electrode. 









General Mechanism in Organic Photovoltaic Cells 

(1) Photon absoption (ηηηηA)

(2) Generation of excitons

(3) Exciton diffusion (ηηηηdiff)

(4) Hole-electron separation (ηηηηTC)

(5) Carrier transport towards the  
electrode (ηηηηtr)

(6) Charge collection at the respective 
electrode(ηηηηCC)



General Scheme for Organic Photovoltaic Effect 



Examples on Polymer Phtovoltaic Devices

First Polymer-Polymer 
heterojunction PV

Energy conversion efficiency: 2.9 %

Science 1995



A large area plastic solar cell 
running a small motor MDMO-PPV:PCBM solar cell realized 

on a PET substrate

Plastic Solar Cells













Characteristics of Solar Cells  

Air Mass (AM)- A measure of how much atmosphere sunlight must 
travel through to reach surface. The intensity is fixed at 100W/cm2. 

Open circuit voltage (Voc) Voltage across the cell in sunlight when no 
current is flowing.

Short circuit voltage (Isc) Current flows through an solar cell when there 
is no external resistance.

Maximum power point (mpp) The maximum power is produced.

Fill Factor (FF) Power conversion 
efficiency (PCE)

mpp











Current Challenges

The lower photocurrent is due to poor light absorption, generation and 
transport. The fill factor is due to poor transport and recombination.

� Improving light harvesting 

� Improving charge transport

Small band gap polymer, dye-sensitized materials, light-trapping structures

Carrier mobility (10-2~10-5 cm2/VS) is low

� Control morphology 
Processing condition, self organization, synthesis of D-A block copolymer, 
use of porous films as template

� Addressing manufacturing issue and improving stability 

� Understanding device function and limits to performance 

By encapsulating cells and more stable materials







Prospects for high-efficiency (>10%) 
Polymer PV cells

– 1. New device designs: Ordered Bulk Heterojuctions

– Approach: Polymer Semiconductor/acceptor Order 
Heterojuction Structure

– 2. The high light-absorbing capabilities:
– Conjugated polymer and electron acceptor with lower 

band gap: 350-900 nm (3.5~1.4eV) 
– Approach: Low Eg Polymer

– 3. Higher carrier mobilities:
– Approach :高分子高分子高分子高分子mobilities > 0.01  cm2/Vs and Morphology 

control Chem. Mater. 2004, 16, 4533 



Four device architectures of conjugated 
polymer–based PV cells

• Single Layer(a):Low EQE(0.1~1%) due to exciton recombination; low carrier mobility

• Bilayers (b) :PA-PPV/TiO2 25% EQE, 3.9 % power efficiency (435 nm); 

PPV/BBL 66%% EQE, 2% power efficiency

• Bulk heterojunction (c) (d):

– PPV/C60 Derivatives 70% EQE, 3.5% power efficiency

Chem. Mater. 2004, 16, 4533

(a) (b) (c) (d)



Bilayer Devices

Organic Photovoltaic Device Architectures



Bulk Heterojunction Devices

Organic Photovoltaic Device Architectures



Organic Semiconductors Used in Solar Cells 





Absorption Spectrum of Organic Materials 

Photon reflux from the sun (AM 1.5) 



P3HT:PCBM Solar Cells 

Voc = 0.61 V

Isc = 10.6 mA/cm2

FF = 0.67 

PCE = 4.37 %

Different annealing time



PPV:PCBM Solar Cells 

Voc = 0.82 V

Isc = 5.25 mA/cm2

FF = 0.61 

PCE = 2.5 %

APL 2001, 78, 841





D-A Conjugated Alternating Polymers:PCBM Solar Cells 

Voc = 0.72 V

Isc = 3.1 mA/cm2

FF = 0.37

PCE = 1 %

Voc = 0.72 V

Isc = 4.66 mA/cm2

FF = 0.46

PCE = 2.2 %

Voc = 0.76 V

Isc = 4.31 mA/cm2

FF = 0.49

PCE = 1.6 %

Voc = 0.56 V

Isc = 3.6 mA/cm2

FF = 0.49

PCE = 0.51 %



D-A Conjugated Alternating Polymers:PCBM or C70 Solar Cells 

Voc = 0.54 V

Isc = 1.76 mA/cm2

FF = 0.46

PCE = 0.3 %

Voc = 0.78 V

Isc = 3 mA/cm2

FF = N/A

PCE = 0.9 %

:PCBM

Voc = 0.58 V

Isc = 3.4 mA/cm2

FF = 0.35

PCE = 0.7 %

Voc = 0.61 V

Isc = 2.4 mA/cm2

FF = 0.40

PCE = 0.59 %

Voc = 0.56 V

Isc = 2.1 mA/cm2

FF = 0.32

PCE = 0.37 %

:C70

:PCBM

:C70

:C70



D-A Conjugated Alternating Polymers:PCBM Solar Cells 

Voc = 0.72 V

Isc = 3.1 mA/cm2

FF = 0.37

PCE = 1 %

Voc = 0.77 V

Isc = 3.4 mA/cm2

FF = 0.42

PCE = 0.2 %

Voc = 0.56 V

Isc = 3.5 mA/cm2

FF = 0.58

PCE = 1.1 %

Voc = 0.59 V

Isc = 2.6 mA/cm2

FF = 0.39

PCE = 0.6 %

Voc = 0.61 V

Isc = 0.2 mA/cm2

FF = 0.24

PCE = 0.02 %



Coplanar Coplanar chromophorechromophore

Ko et al., Macromolecules 2008, 41, 
5519High absorption coefficient in comparison to P3HT

Max. IPCE:

P3HT/PC61BM-63% at 540 nm

P3/PC71BM-49% at 500nm

The presence of PC71BM can 
provide more photon current 
because it can absorb the photon 
beyond wavelength of 600nm

TPTTPT

b-PC61BM; c-PC71BM



b-PC61BM; c-PC71BM

The broad absorption feature 
possibly due to the random 
copolymer structure of P2 which 
combine the absorbance of TPT
rich and BT rich structures

TPTTPT

Ko et al, J. Am. Chem. Soc. 2008, in press

�The PCBM domains (dark) are 
around 10nm and homogeneously 
distributed in the matrix

�The nanoscale phase separation
between electron donor and 
acceptor allowing large areas of 
interface for better photogenerated
charges



Design Rules for Donors in Solar Cell –Towards 10 % PCE  

Bandgap of donor polymer < 1.74 eV & LUMO < -3.92  eV

To get PCE >10%



The importance of HOMO/LUMO level on the 
Photovoltaic Devices

The EA of the PTPQ, PTQ, PPyBT, and 
PTDA: 2.7~3.0 eV, mismatch with Al→→→→
poor PV efficiency

Importance of donor HOMO
and acceptor LUMO



The importance of HOMO/LUMO level on 
the Photovoltaic Devices

Theoretical PCE ~10% in a single 

PV cell: Bandgap of donor 
polymer < 1.74 eV & LUMO <     
-3.92  eV using PCBM

Scharber et al., Adv. Mater. 2006, 18, 789

Theoretical PCE up to 15%
By Tandem cell
Adv. Mater 2008, 20, 579-583



Importance of Polymer Morphology on 
Photovoltaic Efficiency

Morphology determining parameters:
The spin casting solvent

The composition between polymer and fullerene
The solution concentration

The controlled phase separation and 
crystallization induced by thermal annealing
The chemical structure of the materials






