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Electron-donor (D) and electron-acceptor (A) materials

Fundamental steps of the photovoltaic process in excitonic solar cells:

Donor       Acceptor

Absorption of light and 

generation of excitons

Diffusion of excitons and their

dissociation with generation of 

free charge carriers

Transport and collection of 

charge carriers



Tang’s cell: the bilayer approach

C.W. Tang, Appl. Phys. Lett. 48 (1986) 184

PCE 1%

The photoactive region is limited by the 
exciton diffusion length (10-20 nm)

limited photoactive
region!

A (PV)

D (CuPc)

Anode

Cathode



G. Yu, et al., Science  270, (1995) 1789

Donor and acceptor materials are 
mixed together on the nanoscale level. 
Both materials must be very soluble in 
the same solvent!

All photogenerated excitons are within
a diffusion length (10-20 nm) of a D/A  
interface 

Distributed active interfaces
throughout the bulk of the device

Percolation limit for both materials has
to be reached. The blend morphology has
to enable charge-carrier transport in the 
two different phases in order to minimize
recombinationacceptor

phase

donor phase

The bulk-herojunction (BHJ) approach:
the bicontinuous D/A active layer

Skill lies in controlling the nanomorphology!

Substrate
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N.S. Sariciftci et al., Science 258 (1992) 1474

45 fs!

Conjugated polymers - Fullerene: excellent
donor-acceptor pairs

A number of conjugated polymer-
fullerene pairs exhibit ultrafast 
photoinduced charge transfer (45 
fs) with a back transfer of 
orders of magnitude slower

Every photon absorbed yields one 
pair of separated charges! 

Quantum efficiency for charge
separation approaches unity



Soluble fullerene derivatives are required

N. Camaioni et al., Thin Solid Films 403 (2002) 489
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M.M. Wienk et al., Angew. Chem. Int. Ed. 42 (2003) 3371

[60] PCBM

[70] PCBM

Common soluble derivatives of fullerene 



PCE 0.9%

PCE 2.5%

S.E. Shaheen et al., Appl. Phys. Lett. 78, (2001) 841

MDMO-PV:PCBM   1:4 by wt.
Toluene-cast Chlorobenzene-cast

The role of morphology in BHJ solar cells

MDMO-PPV   PCBM



N. Camaioni, et al., J. Mater. Chem., 12, (2002) 2065

@ 20 mW cm-2

Morphology control with thermal annealing

P3HT:PFPYE   3:2 by wt.

After TA, PCE 2.5% 

Before TA, PCE 0.8%

Before TA

After TA

Thermal annealing (TA)  @ 55 °C for 30’



N. Camaioni, et al., Adv. Mater., 14, (2002) 1735

P3HT:PFPYE   3:2 by wt.

Thermal annealing (TA)  @ 55 °C for 30’



W. Ma et al., Adv. Funct. Mater. 15 (2005) 1617

Thermal annealing (TA) @ 150 °C for 30’

P3HT:PCBM 1.0:0.8 by wt.

Before TA 150 °C, 30 min 150 °C, 120 min 

70 °C, 30 min; PCE 3.2% 

Before TA; PCE 0.8%

150 °C, 30 min; PCE 5%



G. Li et al., Nature Mater. 4, (2005) 864 

P3HT:PCBM   1:1 by wt.DCB evaporation time

20 min

20 s

20 min

20 s

Morphology control vith “solvent-annealing”

20 min
20 s



Current state of the art

Power conversion efficiencies between 5% and 6%
5% certified by NREL

R. Gaudiana et al., Nature Photonics 2 (2008) 287



Morphology control with “additives”

J. Peet et al., Nature Mater. 6, (2007) 497 

Additives: alkanedithiols with different chain lengths (2.5% in volume)

[70]PCBMPCPDTBT

no dithiol
1,4-butanedithiol
1,6-hexanedithiol
1,8-octanedithiol

PCPDTBT:[70]PCBM films cast from
chlorobenzene containing:

Eg = 1.46 eV

no alkanedithiols 1,8-octanedithiol



J. Peet et al., Nature Mater. 6, (2007) 497 

[70]PCBMPCPDTBT

no dithiol
1,4-butanedithiol
1,6-hexanedithiol
1,8-octanedithiol

PCPDTBT:[70]PCBM films cast from
chlorobenzene containing:

PCE ~ 5.5%

Additives: alkanedithiols with different chain lengths (2.5% in volume)



S n

Only 23% of the photons of the AM1.5 spectrum can be absorbed by P3HT!

A limiting factor of P3HT: narrow spectral range

S n
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Deep HOMO-level polymers for higher Voc

M.C. Scharber et al., Adv. Mater. 18 (2006) 789

PCBM

Conjugated
polymer

OCV≈

P3HT



E. Wang et al., Appl. Phys. Lett.  92 (2008) 033307

1.82 eV

-5.39 eV

PSiF-DBT:PCBM 1:2 by wt.

Voc 0.9V



M.C. Scharber et al., Adv. Mater. 18 (2006) 789



Tandem BHJ solar cells

J.Y. Kim et al., Science 317 (2007) 222



6.5%3%

4.7%

J.Y. Kim et al., Science 317 (2007) 222

Adv. Mater. 20 (2008) 579



Flexible organic P3HT:PCBM bulk-heterojunction modules
with more than 1 year outdoor lifetime

J. A. Hauch et al., Solar Energy Materials & Solar Cells 92 (2008) 727

Stability of BHJ solar cells
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