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Organic semiconductors
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Some representative
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Enormous variety of molecules is a great strength of organic photovoltaic

But it also brings challenges
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Conventional solar cells vs. Egasg
Plastic solar cells Koo Achtactonics
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Photogenerated electon-hole pair (exciton)
are tightly bound
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Inefficient 1990’s architecture

Heterojunction
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efficient charge ggparatinn d=10*m

Heterojunction vs. A
Bulk-heterojunction Ty w———
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State-of-the-art architecture

Bulk Heterojunction

efficient ch;lrge separa:tinn d=10"m
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Progress in photovoltaic ik
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Early days of OPY
- Late 60's and early 70's: early work with tetracene, phthalocyanine, and polyvinylcarbazole

- 1986: 2-layer cell, Tang (Kodak)

The evolution of champion cell single-junction
efficiency since 1995 for various PV technologies™
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*C.A Wolden, |. Kurtin_|. B. Baxter, |. Repins, 5. E. Shaheen, |. T. Torwvik, A. Rockett, V. Fthenakis, E. S. Aydil, "Photovoltaic
Manufacturing: Present Status and Future Prospects”, Journal of Vacuum Science and Technology A, 29 (3) 030801 (2011).
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OPV reaches 10% efficiency
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Companies working on OPV
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OPV products & prototype s
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OPV products & prototype s
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Typical device:
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=Blend of Donor and acceptor phases

=Phase separation ~ exciton diffusion

length

=Should have continuous pathways for

electron and hole transport. 4

Glass

Transparent electrode

LUMO
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Metal Electrode

(Al, Mg,
Ca) -Hole transporting material (Donor)
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' 100 nm | 100-200nm '~ 100nm | -Electron transporting material (Acceptor)
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Major issues (Iosses)m

Hano Organc-electronics Lab

Theoretical efficiency ~ 23 %
Realized efficiency ~ 8%

Recombination losses

Efficiency
Losses
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Poor Absorption
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0 High band gap of polymer — less absorption of higher wavelength photons
0 Moderate carrier mobility —requires thin active layer
O Absorption length — requires thick active layer

Incident light

Transmitted light

Poor absorption !!

Solution
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Best Photonic design
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(FEM) inbuilt in COMSOL ()
MULTIPHYSICS
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best design: 2 um pitch-1.5 pm height

show 40% enhancement.

Nalwa KS, Chaudhary S, “Design of light-trapping microscale-textured surfaces for efficient organic solar cells”
Optics Express , 2010, 8 (5), 5168-5178.
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Best Practical Design
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On Realizing Higher Efficiency Polymer Solar Cells Using a
Textured Substrate Platform
Kanwar 5. lewﬂ Jr.:nng -Mok Park, Kai-Ming Ho, and Sumit Chaudhary®
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Voltage (V)
Micronscale pitch (2 pm) + submicron height (300 nm) with conformal active layer
leads to highest photocurrent.

Nalwa KS, JM Park, KM Ho, Chaudhary S, “On realizing efficient polymer solar cells using a textured substrate platform”
Advanced Materials, 23, 112-116 (2011).

NSF-EPSCOR




Novel transparent electrodes
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Ping Kuang, joong-Mok Park, Wai Leung, Rakesh C. Mahadevapuram, Kanwar 5. Nalwa,
Tae-Geun Kim, Sumit Chaudhary,* Kai-Ming He,* and Kristen Constant*

Manowires or flat lying nanoribbons
(nanoscale heiaht and width)

Optical/Electronic Trade-off

- Increasing width (W) increases
conductivity, but decreases
transmittance

Conventional Our structure
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Issues mua.
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Theoretical efficiency ~ 23 %
Realized efficiency ~ 8%

~Recompination losses

Efficiency
Losses
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A Solution to enhance
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Addition of ferroelectric polymer

o For 3% volume fraction (f) addition
= : ‘-uﬁ - 41'-.
: im0 E——a'f - E ~ 240 V/pm
OO LY 3 g H ~5 tlmes the required field for 100% CTE
i dissociation
Glass Substrate f, volume fraction of PVDF

a, surface charge density = 6uC/cm?
g, dielectric constant of =11

poly(vinylidenefluoride) PVDF
Why PVDF-TrFE copolymer ?

__________________________________________________
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------ e . ¥ A e Solution processibility
C .. C
T il ~ | P« High dielectric constant (~10)
5. ;""F"“’L*;. """"""" B ’“‘FE{}. » Existence in ferroelectric B-phase at

room temperature.
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Photovoltaic performance
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Light scattering Af :’1

o~ 14, by PVDF (n = 10)

E 12,

a 19% * | 'Yy

E g Enhanced charge \ Eli@
transport =,

\ Enhanced exciton :

dissociation

D S

e 10 % ferroelectric addition gives highest efficiency.
e 50% improvement in efficiency
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Enhanced Exciton A
Dissociation ? Nano Arcittonics
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In summary
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e QOrganic photovoltaics are at an exciting stage. More challenges
ahead in terms of efficiency and stability
 We realized two ways to improve efficiency of organic solar cells:

20% improvement 50% improvement
Solution for thin layer OPV Solution for thick layer OPV
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