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Abstract and Introduction:
Organic photovoltaic cells (OPV) are promising for the 
future of the solar energy industry due to their solution 
processability, which can result in lightweight, low cost, 
flexible solar cells. Traditionally, OPV cells are bottom 
illuminated because of the availability of transparent anodes 
and substrates, but some integrated device applications 
require the use of a top illuminated structure. Laminating 
the anode to the top of the device is one way to fabricate 
inverted OPV cells.

The most efficient OPV cells are based upon a bulk 
heterojunction (BHJ) structure, which is a phase-separated 
layer of electron-donating and electron-accepting materials. 
BHJs have an increased exciton dissociation efficiency as 
opposed to bilayers.

This project involved the fabrication and characterization 
of laminated anodes utilizing indium tin oxide (ITO), 
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
(PEDOT:PSS), and PEDOT:PSS with ethylene glycol (EG) 
in various configurations. The effectiveness of zinc tin oxide 
(ZTO), an n-type semiconductor, as a potential electron 
transport layer is also investigated due to its solution 
processability, high electron mobility, and favorable energy 
band alignment with PCBM.

Lamination of the Anode:
Lamination can protect the OPV cell from oxygen and 
moisture present in the atmosphere, which would result in 
the degradation of the semiconductor layer. To achieve a 
successful lamination, the anode must form a low resistance 
electrical contact with the hole transporting layer. Several 
structures were fabricated with PEDOT:PSS as a hole 
transporting layer, and ITO top and bottom electrodes prior 
to lamination. A two layer configuration was fabricated by 
spin-casting PEDOT:PSS on both the top and bottom ITO 
electrodes at 4000 rpm for 60 seconds. Substrates were 
then annealed at 120°C for 20 minutes before lamination. 
A single layer configuration was fabricated by spin-casting 
PEDOT:PSS on only the bottom ITO electrode, using the 
same process parameters. The conductivity of PEDOT:PSS 

Laminated Anodes and Electron Transport Layers  
in Organic Inverted Bulk Heterojunction Solar Cells

Lia Bersin
Chemical Engineering, Columbia University

NNIN REU Site: Microelectronics Research Center, The University of Texas, Austin, TX
NNIN REU Principal Investigator(s): Dr. Ananth Dodabalapur, Electrical Engineering, The University of Texas at Austin
NNIN REU Mentor(s): Davianne Duarte, Electrical Engineering, The University of Texas at Austin
Contact: lmb2169@columbia.edu, ananth.dodabalapur@engr.utexas.edu, davianned@gmail.com

has been found to increase with the addition of EG, so a 
solution of PEDOT:PSS with EG was also tested [1]. The 
total electrical resistance per unit area of the electrical 
contacts was measured for each sample by laminating the 
electrodes with an overlap on each edge, to allow access 
to the device with the alligator clips. The structure of the 
laminated anodes is shown in Figure 1.

The PEDOT:PSS alone exhibited a resistance per area 
of 541 and 29,400 Ω/cm2 for the two layer and one layer 
configurations, respectively. The PEDOT:PSS/EG solution 
resulted in a resistance per area of 6.82 and 5.99 Ω/cm2 for 
the two layer and one layer configurations, respectively. A 
complete set of results is shown in Table 1.

Figure 1: Cross sectional structure of laminated devices.

Table 1: Laminated device structures
and corresponding resistance per area.
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Based on these results, laminating an ITO anode is a possible 
way to fabricate OPV devices. Mixing PEDOT:PSS/EG 
made a low resistance electrical contact in either a one or two 
layer configuration as compared to using only PEDOT:PSS.

Effectiveness of Zinc Tin Oxide:
ZTO’s favorable energy band alignment with PCBM could 
increase the open circuit voltage of these solar cells, which 
could lead to a higher power conversion efficiency. A series 
of devices was fabricated by spin-casting the solution 
on ZTO on patterned ITO and gold:palladium (Au:Pd) 
cathodes at 1000 rpm for 30 seconds. The substrates were 
then annealed for one hour at 500°C. A 1:1 solution of 
P3HT:PCBM in chloroform was spun-cast on top of the 
ZTO at 1200 rpm for 60 seconds and annealed at 140°C 
for 15 minutes. This was followed by a layer PEDOT:PSS. 
Patterned ITO on a glass substrate was then laminated to 
the PEDOT:PSS to form the top anode. A control device, 
without ZTO, was also fabricated on patterned aluminum 
(Al) cathodes. Silver conductive paint was used to access 
the downward facing anode to allow electrical access to 
both contacts from the top of the device so that the I-V 
characteristics could be measured. The structure of these top 
illuminated OPV cells is shown in Figure 2.

does not increase the open circuit voltage even though it 
may function as an effective electron transport layer.

Conclusion:
Characterization of the anode and the new materials for an 
electron transport layer are important aspects to understand 
in OPV devices, in order to achieve high efficiencies. 
Lamination of a top anode has been shown to produce a low 
resistance electrical contact using a solution of PEDOT:PSS/
EG solution. ZTO did not increase the open circuit voltage 
of these OPV cells but it still may be an effective electron 
transport layer.
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Figure 2: Organic solar device structure fabricated with 
ZTO electron transport layer on ITO and Au/Pd cathodes.

Figure 3: Current density vs. voltage plots for various device 
structures. The Al and ITO/ZTO show power generation in 
the 4th quadrant.

The current voltage characteristics of the three different solar 
cells are shown in Figure 3. The device with an ITO/ZTO 
cathode and the control device (Al cathode) showed an open 
circuit voltage (Voc) of 0.27 V and 0.31 V respectively. The 
device with the Au:Pd/ZTO cathode showed no photovoltaic 
activity with a Voc of 0 V. The slightly lower Voc of the ITO/
ZTO device as compared to the Al control shows that ZTO 




