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Tuning Physical Properties of Copper Thiocyanate Thin Films by Electrodeposition and

Their Device Applications

Copper thiocyanate (CuSCN) is a wide bandgap p-type semiconductor, successfully used in thin film
devices such as OLEDs and Perovskite solar cells (PSCs). In this thesis, tuning of CuSCN in morphology,
crystal orientation, optical transparency and energetic structure were achieved by controlling parameters in
its cathodic electrodeposition. Usefulness of thus achieved large room of control was verified in the
application of the electrodeposited CuSCN thin films as hole transport layer in OLEDs as well as hole
extraction layers in PSCs.

In Chap. 1, merits of solution processing of functional thin films as sustainable industrial technolo
gy is discussed, with a special focus on electrodeposition of CuSCN. Despite the recent active studie
s of CuSCN for its application, its basic physical properties are poorly understood, thereby leading to

the clarification of importance and challenges in this work. In Chap. 2 is studied the relationship be
tween conditions of electrodeposition and physical properties of CuSCN. In particular, the concentrati
on ratio of Cu?*: SCN" in the electrolytic bath tumed out as an effective tuning-knob to control mor
phology, crystal orientation, haze and work function, while keeping bandgap unchanged. In Chap. 3,
various organic dyes were added to the bath to achieve self-assembly of CuSCN/dye hybrid thin fil
ms. While selectivity of hybridization was clarified, the principal mechanism of hybridization and ev
olution of nanostructure was discussed. In Chap. 4, concerted photoluminescence was discovered and

studied for the electrodeposited CuSCN/dimethylaminostilbazolium dye hybrid thin films. Energy tra
nsfer from CuSCN as well as exciton stabilization of stilbazolium dye in the CuSCN host matrix re
sulted in an enhanced luminescence, while all the other hitherto studied dyes underwent charge separ
ation to quench their photoluminescence. In Chap. 5, thin film diodes were fabricated and measured
employing energy-controlled electrodeposited CuSCN. high rectification as well as systematic shift of

onset voltage matched with the shift of workfunction were observed to confirm effectiveness of con
trol in device application. In Chap. 6, OLEDs were fabricated with the electrodeposited CuSCN as h
ole transport layers. Decreased turn-on voltage and increased efficiency were achieved with shallow

valence edge CuSCN obtained from the Cu®*-rich bath. On the contrary, deep valence edge CuSCN

obtained from the SCN-rich bath performed better in its application as hole extraction layer of PSC
s as studied in Chap. 7. Increased open circuit voltage was achieved without losing short circuit curr
ent, thus resulting in increased conversion efficiency. In Chap. 8, results from the above studies were

summarized to elucidate large room of control in electrodeposition of CuSCN and to discuss its use
fulness in device applications.
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