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Why Do we need Why Do we need 
a new Laser Spectroscopy Instrument

to study solar cells?to study solar cells?

How does it work?

What are the research plansWhat are the research plans….



The bulk-heterojunction concept:  
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1  Optical excitation 0.1-10 ps 1. Optical excitation 
2. Charge separation
3. Charge-transfer stateg
4. Recombination…
5. …Or Free charges
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Transient Absorption Spectroscopy
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Transient Absorption Spectroscopy
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Can we measure dynamics of 
excitations at “working conditions” ?excitations at working conditions  ?

Excitation by the Sun
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Can we measure dynamics of 
excitations at “working conditions” ?excitations at working conditions  ?

Excitation by the Ultrafast Laser
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Measurements at 
quasi ”working conditions” ?quasi- working conditions  ?

Charge 
Concentration

Charge Lifetime ~1s
1 MHz repetition rate

Time



Current “lowest-flux” measurements
• Repetition rate 1kHz
• Concentration of charges fit ~100-20 Suns

Charge 
Concentration

~1000 s

Time



Vis (35 fs) – IR (70 fs) spectroscopy set-up

3um probe
Tunable pump



To measure at one sun intensity signal to noise 
should be improved by 100 timesshould be improved by 100 times...

Typical 1-kHz spectrometer
90000000
weak pulses 
per second

1000
strong pulses 
per second

500
experiments
per second

10‐4
S iti it Li itper second per second per second Sensitivity Limit

New High-repetition spectrometer
90000000
weak pulses 

500000
experiments 10‐?

per second per second Sensitivity Limit



New spectrometer layout (plan)
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Fibre White-Light Source



New spectrometer progress...

Good news Bad news

No Music 
in the Fastlab

Signal ~ 3*10-6

d d detected 
at 0.5 Sun at 0.5 Sun 

excitation density





“Mad Scientist” Idea –
watching charge transport

in real timein real time



What do we know about charge transport?

Conductivity within chain and through the complete device.



One can build a microscopic model

Di t ib ti  f t t + h i  t  V (E T )Distribution of states + hopping rates Vij (E,T,…)
Remember Nir’s talk



Can we measure the distribution of  hopping rates? Can we measure the distribution of  hopping rates? 

ij ij ij 



Polarization sensitive techniqueq
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Polarization TA in CTCs
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Polarization TA in CTCs
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Polarization TA in CTCs
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Polarization TA in CTCs
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Measuring transient anisotropy –g py
information about hopping (Vij)

Transient Anisotropy The distribution of hopping
probabilities (Vij) probabilities (Vij) 
will depend on:
• polymer

Time

p y
• doping
• external fieldTime

• temperature
• morphologyp gy

• … and modeling is essential… and modeling is essential



Summary

• TA spectroscopy is not suitable to study TA spectroscopy is not suitable to study 
photophysics in the “working solar cells”

• To study quasi-equilibrium solar-cell 
dynamics changes of ~10-6 will be detectedy g

W   i  t  f   th  i t l l  • We are going to focus on the intermolecular 
charge hopping to improve general models of 
conductivity
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