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Organic Photovoltaics (OPV)

Planar Heterojunction (PHJ) Bulk Heterojunction (BHJ)
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The Importance of Film Composition

e Film composition may have critical effects on OPV performance.

e Bulk composition is important for percolation pathways and may affect carrier mobility.
e TEM: Moon et al., Nano Lett. 9, 230 (2009); Anderson et al., Nano Lett. 9, 853 (2009);

° [ Interface composition plays an important role in carrier extraction from an OPV. ]
e XPS: Xu et al., Adv. Funct. Mater. 19, 1227 (2009)
o NEXAFS/TFT: Germack and Chan et al., Appl. Phys. Lett. 94, 233303 (2009)
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Control over the Interface Composition

e Interface composition driven by interface chemistry or surface/interface energy
minimization.
e Film/air interface
e Film/substrate interface

« Tailor by using different substrates. 7
» + Self-assembled monolayers make S /n -
model surfaces. P3HT PCBM
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Sample Preparation

e Self-assembled monolayers

o OTSS:
2 mM OTS8 in hexadecane overnight.
Sonication in chloroform, isopropanol, and DI-water; 10 min at 150 °C.

e PBTS:
10 mM PBTS in toluene overnight.t
Sonication in toluene, acetone, and isopropanol; 10 min at 150 °C.
e Hole-injection layers
o PEDOT:PSS:
Spin coat at 5000 rpm for 1 min; 60 min at 150 °C.
e Nafion-based HIL:
Spin coat at 2500 rpm for 1 min; 60 min at 150 °C.
e Bulk heterojunction film
e 30 mg/mL 1:1 P3HT:PCBM by weight in o-dichlorobenzene at 60 °C.
e Spin coat at 500 rpm for 1 min.
e “As cast” (AC) = solvent annealed.
e “Annealed” (AN) = 140 °C for 40 min.
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Characterizing the Interfacial Composition
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Characterizing the Interfacial Composition

SURFACE CHEMISTRY |
partiol elecimn
Weld detector

Near Edge X-ray Absorption Fine Structure (NEXAFS) [Germack & DeLongchamp]

(a) '

oubriated

temahi gricd =
3
=
£
&
E
£
tunoble &
incident | i —
S 55"
soft wiechric Seid J e
vexior o—— } .
b
(‘) I — psm:pcam‘c:s\.cg\:
Brookhaven NSLS = s fit t0 18:82 by volume
NIST beamline U7A 1 = 5 ]
Daniel A. Fischer — fmnesoent photon £ —— P3HT-PCBM on OTS8
yield detecior 5 it to 74:26 by volume
BULK CHEMISTRY | § p Fits are linear combination of
g
&

Strengths for Organic Electronics:
» Detects C, N, O, & F bonds.
« High sensitivity to = bonding.
* Measures orientation.
» Surface sensitive (<5 nm).

EBOND
ORIENTATION

pure component spectra at 55°

P3HT.PCBM buried interfaces

t
]

200 295 300 305ev
Photon Energy (V)

NIST

National Institute of
Standards and Technology
U.5, Department of Commerce




BHJ Film Composition at the Air Interface
e Corresponds to the top contact interface.

(Parylene)
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Characterizing the Interfacial Composition
e Electrical Characterization of BHJ Thin Film Transistors

P3HT:PCBM 1:1
30 mg/mL (140 nm

1.5 nm LiF
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‘Morana et al., Adv. Funct. Mater. 17, 3274 (2007); Germack and Chan et al., Appl. Phys. Lett. 94, 233303 (2009)
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Capacitance Voltage on BHJ TFTs

e Induce charges in the channel at the dielectric/organic

interface.
e C=Cg+Cy+C,
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Implications for OPV performance
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Summary and Future Work

TFTs are useful for quick qualitative determination of interface composition.
Supplemented with NEXAFS, quantitative determination of interface composition
is possible.

Film composition at the BHJ/cathode interface varies depending on the
substrate surface energy; vertical phase segregation is present.

e BHJ films deposited on yg ¢ > Ypaur.Ypcem result in PCBM-rich interfaces.
o BHJ films deposited on v« < YpsurYpcem result in P3HT-rich interfaces.
e The film/air interface is P3HT-rich.

Film composition may have implications on OPV performance, e.g., the P3HT-
rich interface at the anode could limit electron extraction.

Develop quantitative electrical characterization of interface composition
(i.e., capacitance-voltage measurements).

Control vertical phase segregation by interface engineering.

Explore inverted device architectures, keeping in mind that changing of the
bottom interface could further affect film composition at the anode.
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