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Crystalline silicon (c-Si) p-n junction solar cell remained the most successful photovoltaic technology due to a
combination of high-power conversion efficiency (PCE) and low manufacturing cost. One of key enablers in achieving
high performance has been the passivation of the dangling bonds usually present on silicon wafer surfaces. The most
extensively explored and implemented materials in industry to suppress defect-assisted Shockley-Read-Hall (SRH)
recombination are thermally grown or plasma-deposited thin films of silicon oxide (SiO,), silicon nitride (SiN,), and
hydrogenated amorphous silicon (a-Si:H). Recently, a range of transition metal oxides have been also demonstrated to
provide high quality passivation of silicon surface to replace high-temperature p-n junction. However, a technologically
much less demanding approach is required. To this aim, we have studied n-type Si heterojunction solar cell with
poly(3,4-ethylenedioxythiophene): poly (styrene sulfonate) (PEDOT:PSS) and achieved a power conversion efficiency
(PCE) of 15.4% on plane n-Si substrate by spin coated (SC) method. For further increase the photovoltaic performance,
the uniform deposition of organic polymer on the textured c-Si is needed. To this aim, the following items have been
studied in this thesis.

Chapter 1: Introduction
This chapter describes the introductory discussion and recent progress in c-Si photovoltaics together with the objective

of this study.

Chapter 2: Chemical Mist Deposition of the Organics for High Performance Front- and Back-Junction Solar
Cells

The chemical mist deposition (CMD) consists of the ultrasonic atomizer, glass tube, a mesh electrode for charging
mist precursors, and substrate plate. An aqueous solution of PEDOT:PSS was sealed into the chamber and set on the top

of ultrasonic vibrator. The PEDOT:PSS mist transport to textured n-Si substrate passing through a mesh electrode using



nitrogen as a carrier gas. The uniform deposition of PEDOT:PSS on textured n-Si substrate was confirmed compared to
the SC with a higher passivation capability. The PCE of 16 and 18.2 % were obtained for front- and back-PEDOT:PSS/

n-Si on textured Si substrates with an hole-blocking later at the rear n-Si/Al interface.

Chapter 3: Carrier transport in at the PEDOT:PSS/n-Si Interface

To understand the junction property at the PEDOT:PSS/n-Si interface, the current-voltage (J-V) and capacitance-
voltage (C-V) studies were employed using the solar cell structure with different donor density (N,). The built-in-
potential increased with increasing the N, from 10'°~10"* cm™, which values were higher than the expected values
obtained from the Schottky junction model. Besides, the J-V characteristic revealed that the string inversion layer
is formed at the PEDOT:PSS/n-Si interface without additional doping. These findings imply the junction at the
PEDOT:PSS/n-Si is determined by the p'n junction model.

Chapter 4: Hole Blocking Layer for Efficient n-Si/Cathode Interface

In this chapter, the junction properties of n-Si cathode interface with and without hole-blocking layer (HBL) is
described. Usually, direct metal contact with n-Si forms a Schottky junction and in that scenario most of the carriers are
recombined at that interface, which decreases the photovoltaic performance. This recombination current can be reduced
by inserting appropriate HBL at the Si/cathode interface. We have studied the solution processed TiO, as an HBL. The
PCE increased from 11.2% to 13.1%, short circuit current density (J,,) and V,_also increased together with suppuration
of the dark saturation current density by inserting 2-nm-think TiO, at the n-Si/cathode interface. External quantum
efficiency (EQE) revealed the enhancement of carrier collection efficiency at the Si/cathode interface for TiO, inserted
devices. The transient reverse recovery (Trr) study is also applied to better understand the hole blocking capability of
the solution-processed TiO, at n-Si/cathode interface. The recombination velocity (S) of ~375cm/s for the complete
device was obtained using a solution-processed TiO,, which value was comparable with the ALD processed Al,O; and

CVD processed TiO,.

Chapter 5: Conclusion and Future Work
In this chapter, the studies on the CMD coated PEDOT:PSS/n-Si heterojunction solar cells and the carrier transport
mechanism in the double heterojunction TiO,/n-Si/PEDOT:PSS solar cells are summarized together with remaining

issues to further improve the photovoltaic performance of PEDOT:PSS/n-Si heterojunction solar cells.
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