STUDIES ON THE MORPHOLOGICAL AND OPTOELECTRONIC PROPERTIES
FOR ULTRASONIC SPRAY DEPOSITED SCALABLE ORGANIC SOLAR CELLS

ABSTRACT

Organic semiconducting materials have attracted huge attention from the electronics industry by
providing flexible, light weight and cheaper devices. These materials have gained considerable
popularity in the field of photovoltaic devices. This thesis highlights the various features of organic
semiconductors and organic solar cell (OSC) devices. In addition to that, the need for their
commercialization and the basic requirements for the purpose have also been discussed. This thesis
deals with the OSC fabrication process where the Ultrasonic spray coating process has been used for
active layer deposition. This technique meets the requirements of scalable device fabrication along with
being easily controllable, high throughput, least material wasting technique.

The systematic study of the formation of Bulk Heterojunction (BHJ) of poly (3- hexylthiophene)
and phenyl-Cs1 butyric acid methyl ester (P3HT:PC;1BM) deposited by ultrasonic spray coating
subjected to in-situ annealing has been done and the results have been compared with spin deposited
films. The attempts have been made via structural, morphological, and optoelectronic characterizations
to probe the behaviour of film crystallization and its effect on electron and hole mobility of the BHJ
layer. It has been found that spray coating at moderate substrate temperature, well below the boiling
point of the solvent, results in film characteristics comparable to spin-coated ones.

Furthermore, an attempt has been made to correlate the performance of ultrasonic spray deposited
organic photovoltaic (OPV) devices with the imposition of acoustic vibration on the substrate. A
systematic study has been performed to understand the role of acoustic vibration applied on the substrate
and the effect of different frequencies on spray deposited OSC device parameters and thin-film
properties. The best performance OPV device was obtained at an acoustic vibration frequency of 15
kHz, with almost 68% increment in short-circuit current density, compared to the device with no
vibration condition. The power conversion efficiency and Fill Factor obtained for this device were about
3.5% and 40%, respectively. We observed that a threshold is present in acoustic vibration frequency
beyond which the substrate vibration becomes detrimental for the film. The surface morphology
investigation reveals that there is a visible improvement in droplet spreading and coalescence due to
acoustic vibration till 15 kHz, with a reduction in R.M.S. roughness, reaching 10 nm for 15 kHz sample.
However, beyond this point, higher frequencies were found to have a detrimental effect on film
formation. The performance enhancement is mainly attributed to the improved film morphology due to
uniform and homogenous droplet spreading and coalescence under the influence of acoustic vibration.

To alleviate the chances of establishing a scalable spray deposition method, a detailed
understanding of the influence of changes in deposition conditions over device performance is required.

Therefore, Impedance spectroscopy, Mott-Schottky analysis, Urbach energy analysis, and trap-state



density calculation have been done to get a better understanding of the fundamental contribution of
ultrasonic spray deposition and the impact of substrate temperature and substrate vibration on charge
carrier dynamics. The correlation between charge transport behaviour and device performance has been
identified for the ultrasonic spray deposition of P3HT:PC+:BM organic solar cell. The reduction in
surface roughness and droplet boundaries leads to a significant decrease in overall device resistance by
50% and in diffusion time by 75%. An Increase in effective lifetime suggests strong bimolecular
recombination in the in-situ-vibration annealed spray device. Trap and defect-state densities have also
been quantified for ultrasonic spray deposited devices under various conditions.

To understand the scalability and its limitations in the case of spray deposition, the as optimized
ultrasonic spray deposition process is been used to investigate the effect of the increasing area over
OSC device performance. The performance seems to be degrading with increasing electrode
dimensions. The short circuit current density observed for the 0.04 cm?area device got reduced with
the increasing active area and for the large-area device of 1.5 cm?, it got reduced by more than 70%.
The FF has also decreased to 27% for large-area devices in comparison to small area devices having
40% FF. The overall device resistance increased by more than 10 times and the global charge carrier
mobility was found to get decreased from 8.28 x10* cm? V-1s! to 1.83 x10° cm? Vs for the large-
area device in comparison to small-area one. This also leads to reduction in overall charge generation
as the maximum carrier generation rate has decreased from 4.77 x 10? cm s’ for small-area device to

1.92 x 10% cm= s for large area device.



