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Electrical Characteristics and Efficiency of Organic Solar Cells with (P3HT: ICBA)

Active Layer at Ambient

By Nader Ahmed Khalil Adawi

ABSTRACT

Organic solar cells become one of the highly active research fields in Material Science for
renewable energy. Organic photovoltaic systems hold the promise for a cost-effective,
lightweight solar energy conversion platform, which could benefit from simple processing of
the active layer. Using organic materials such as polymers and fullerene derivatives show great
potential being electron donors and acceptors. A combination of narrow band donor polymer
and one of the fullerene derivatives provide a possible solution for the production of efficient
organic solar cells. One of the best organic active layer is the combination of Poly(3-
hexylthiophene-2,5-diyl) with 1°,1°°4’ 4*’-tetrahydro-di[1,4] methanonaphthaleno [5,6]
fullerene-C60 (P3HT:ICBA). High holes mobility in conjunction with good solubility and
partial air stability make regio-regular P3HT electron donor, a reference material of choice for
both fundamental and applied research in organic solar cells. Polymers fullerene ICBA organic
solar cells are effective acceptors because of their high electron affinity and ability to transport

charge effectively.

Simulation of molecular properties of the P3HT and ICBA were carried out to confirm
appropriateness of HOMO-LUMO levels with the energy levels of other electrodes used in the
solar cell to facilitate charge mobility through junctions of the device. A GAUSSIAN software

package was used for the purpose of simulation.

Spin coating was used to deposit the P3HT:ICBA layer on a ITO substrate. Aluminuim
electrodes were vapor deposited under vacuum, at different stages with a thermal evaporator

and a Keithley set-up was used for Current-Voltage (IV) measurements at ambient.

The success of this research is measured by effectively building and test the cells under
ambient with the available modest facilities, while the efficiency is better appreciated through
using a glove box with inert gas. Samples were prepared with different P3HT:ICBA blend

il



ratios. While the maximum efficiency known for the best organic cells is 10% the maximum
achieved efficiency in this research is 0.89% for 1:1 (P3HT:ICBA) blend ratio. IV curves were
made for the cells with illumination 100 mW/cm? at 25 °C. Solar cell parameters were extracted
using Matlab to build our organic solar cell. Moreover, the extracted parameters were used for

modeling in Matlab and got the IV and Power-Voltage PV curves at different irradiation.
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