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BulkHeteroJunction Organlc Solar Cells —
How Does it Wark?
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Too many things happen
together!

How can we tell one from
the other?
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Image is taken from Carsten Deibel’s blog



Normalized Quantum Efficiency (QE)
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Bimolecular Recombination
- QE as a Function of Light Intensity

Signature of bi-molecular Loss
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Shockley-Read-Hall (SRH) Recombination
- QE as a Function of Light Intensity
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What Can We Learn Using Simple Measurements
(intensity dependence of the cell efficiency)
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SRH in BHJ OPV’s???
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Fitting procedure

Normalization is done to
the absolute value at
the low intensity regime
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ﬂbéﬁjhe Physical Framework we built
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Model’s Equations _ \5

Excitons: (I) G =Ky Nge)Ney + KgsXNey + kKerneXXp‘

Generation Exciton — CT-exciton  Exciton's decay Exciton annihilation

P I II K % K —_ va + Cn (nCt-nCt-eX)(pZ-niz)
olarans: ( ) BoegNeex dark_inj ~ 42 AE,

P ot —_—

CT-excitondissociation Injection  Srirout 2p+2nicosh(KT

Free carriers — CT-exciton

C, (NN, )(P?-N?) n
; n\et ™ et-ex i/ — ct-ex
CT-excitons: (IH) Kt (Mg -Np e )XNex + AE = KegNotex + T +‘Kct-pxnct-exxp‘
Exciton — CT-exciton 2p+2niCOSh(KTt Dissociation Relaxation Annihilation

Free carriers — CT-exciton

Notation: n..- exciton density
P - polaron density

n,- CT density
N~ CT-exciton density




Model’s parameters

Parameter Meaning Process number Parameter Meaning Value Reference  Process number
G Exciton generation rate [sec’lcm’s} (1) Kgs Rate of Exciton decay in the bulk  10° [usec] [21] (5)
K Exciton.nalacon recomhination e 108 [13] (6)
. N ot CT density, correlates with electrically active 2103 )
@ mterfacial area between the different phases e
P Oc'c;ined CT density [cm’ﬂ {with 2 polaron C, Charge capture coefficient Q| &lom?rsec] [25]
pair
p Polaron density [Cm’a] i T fetime 10 [y nelizel o
v K CT-exciton creation to annihilation ratio. |.., .
Ct c drift-

- How efficient 1s the exciton to free carriers fmston
Kct_ p  conversion

Koaark_in Ping s Petarc sc) Contact injection rate [sec’lcm’aj (10)

Pdark,sc - Dark carrier density at Vapp=0V
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Fermi level coincides with the trap level for

E

CT - The CT state energy




Experimental Results




Our BHJ cells (P3HT:fullerene)
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Fast Dry vs. Slow Dry (CB vs. DCB)
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EQE

Fast Dry vs. Slow Dry —
Direct Measurement of the CTs
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Normalized QE
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“ICBA is less crystalline than PCBM.”

P3HT:Fullerene ratio

D Gao etal., ACS Appl. Mater. Interfaces 5, 8038 (2013)
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Conclusions

* Free carrier recombinationis done through the interface using the SRH
mechanism.
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* More interface will enhance the generation efficiency while enhancing the
recombination capability at the same time.



Conclusions

» Under high lightintensities, where the different species density increases,
other recombination paths as Exciton-Polaron annihilation and CT-Polaron
annihilation arise and take over.




Conclusions

? o Dark carriers (injection) are crucial part of solar cell’s performance.
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