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.uk/Early development in photovoltai
 
ells relied on inorgani
 semi
ondu
ting materials to realizethe a
tive layer where ele
tron-hole pairs are 
reated due the absorption of photons. After ab-sorption, the ele
tron hole pair usually forms a bound pair that is termed an ex
iton. In order toprovide energy to an external 
ir
uit, the positive and negative 
harges forming the ex
iton mustbe separated. This 
an be a
hieved by applying an external ele
tri
 �eld that 
auses positive andnegative 
harges to drift in opposite dire
tions or by establishing a gradient in 
arrier 
on
en-tration that 
reates a di�usive �ow to 
ompensate the gradient of the ele
tro
hemi
al potential.These two routes to e�
ient 
arrier separation are now well understood for inorgani
 semi
on-du
tors 
ells, however these su�er from some pra
ti
al limitations for broad pra
ti
al appli
ation.For example sili
on solar 
ells require relatively thi
k sili
on �lms to obtain full opti
al absorp-tion. These inorgani
 layers 
an only be pro
essed at very high temperatures, and are thereforerelatively expensive.

Figure 1: The blend of regio-regular poly(3-hexylthiophene) and [6,6℄-penyl C61-butyri
 a
id methylester(P3HT:PCBM, their 
hemi
al stru
ture is represented on the left) forms a referen
e organi
 solar 
ell withpower 
onversion e�
ien
ies as high as 5%. It is energeti
ally favorable for an ex
ited P3HT mole
ule totransfer an ele
tron to a PCBM mole
ule whi
h a
ts as an ele
tron a

eptor. By 
ontrolling the phaseseparation between these two materials it is possible to 
reate a morphology where ex
itons 
an rea
hP3HT:PCBM interfa
es where they form 
harge transfer states. In this form the ex
itations have longerlifetimes, they 
an di�use to the interfa
es with the metalli
 
onta
ts whi
h allows the extra
tion of the
harges.Organi
 semi
ondu
tors on the other hand 
an be deposited on a variety of substrates in
luding�exible and transparent plasti
s. Thin �lms of soluble 
onjugated polymers 
an be prepared bysolution pro
essing methods (for example spin 
oating) and patterning 
an be a
hieved at low 
osteasily using inkjet printing te
hnologies. Stimulated by these possibilities several devi
es based onorgani
 polymers were realized in
luding: light emitting diodes that were �rst fabri
ated in the1



Optoele
troni
s group in Cambridge, bipolar/ambipolar �eld e�e
t transistors, photodete
tors andphotovoltai
 
ells. However organi
 materials su�er from two main limitations for photovoltai

ell appli
ations. The ex
itons are strongly bound due to the low diele
tri
 
onstant in thesematerials, and the low mobilities in organi
 materials ex
itons 
an di�use only on distan
es ofthe order of 10nm before they re
ombine whi
h is too short to rea
h an ele
trode interfa
e whereex
iton disso
iation 
an o

ur. In donor/a

eptor (typi
ally polymer/fullerene) blends the lifetimeof the ex
ited states is extended be
ause ex
itons have time to di�use to an interfa
e between donorand a

eptor mole
ules where ex
itons are separated to form a state with mu
h longer lifetimes.An example of a typi
al material that takes advantage of the donor-a

eptor strategy to a
hievehigh power 
onversion e�
ien
y P3HT:PCBM is shown on Fig. 1. It is believed that the 
hargetransfer states whi
h are formed in this way, 
onsist of a hole lo
alized on a polymer mole
uleintera
ting with an ele
tron lo
alized on a fullerene. However little is known about their exa
tnature, in parti
ular if ele
tron and hole still form a bound state or if they behave as free 
arriers(for a dis
ussion see [1℄ and referen
es therein).The aim of this proje
t is to investigate the nature of these 
harge transfer states by 
ouplingthem to a multimode mi
rowave resonator 
ombined with an opti
al spe
tros
opy setup [2℄. Theproposed mi
rowave domain experiments o�er several new possibilities as 
ompared to opti
alspe
tros
opy te
hniques. Due to the very high quality fa
tor of the super
ondu
ting resonators
Q ∼ 10

4 it is possible to investigate the photo-ex
itations under very weak light ex
itation am-plitudes where photoex
itations intera
t only weakly. By 
omparing the diele
tri
 response ofthe photoex
itations and the photo-indu
ed spin resonan
e signal we aim to measure dire
tly thelo
alization length of the photo-ex
itations. Finally, the simultaneous measurements of the realand imaginary parts of the diele
tri
 
onstant whi
h is made possible by working with a resonantte
hnique is also very appealing sin
e it allows to distinguish between bound and mobile 
arri-ers. Spe
ial emphasis will be pla
ed on experiments on singlet �ssion systems and high mobility
rystals (penta
ene,ruberene) [3℄. These experiments will be 
omplimented by more 
onventionalmagneto-transport studies of the same materials [4℄.The internship will provide lo
al support through St Catharine 
ollege, http://www.
aths.
am.a
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