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Abstract: In this paper, organic solar cells(OSCs) based on bulk-heterojunction structures were fabricated by spin coating
method using polymer P3HT and fullerene PCBM as a photoactive layer. The fabricated OSCs had a simple glass/ITO/
PEDOT:PSS/P3HT:PCBM/AL structures. The photoactive layer of mixed P3HT:PCBM was formed with 1:1 weight ratio.
The hole transport layer(HTL) was used conducting polymer PEDOT:PSS concentration with gold nanoparticles. The
annealing temperature and concentration of nanoparticles in HTL were verified to improve the OSC characterization. The
percentage of gold nanoparticles in HTL were 0.5 wt% and 1.0 wt%, and the surface morphology, electrical properties and
absorption intensities were investigated. The devices were 0.5 wt%, and the highest 3.1% of the powder conversion
efficiency(PCE), 10.2 mA/cm? of the maximum short circuit current density(Jsc), 0.535V of the open circuit voltage(Voc)
and 55.8% of the fill factor(F.F) could be obtained when the nanoparticle concertration was 0.5 wt%. The annealing
temperature of HTL was 110°C, 130°C, 150°C in vacuum oven and measured the absorption intensities, surface morphology,
crystallinity and electrical properties were investigated. The best property was obtained in HTL annealed at 130°C for gold
nanoparticles of 0.5 wt%, showing that Jsc, Voe, EF and PCE were about 12.0 mA/em? 0.525V, 64.2% and 4.0%,

respectively.
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Fig. 1. Schematic diagram of (a) device structure (b) energy band
diagram of organic solar cells.
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Fig. 2. J-V characteristics of organic solar cells added with gold
nanoparticles in hole transport layer.
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Table 1. Electrical properties of OSC with gold nanoparticles in hole transport layer.

Voc(V) Jsc(mA/cm?) F.F(%) PCE(%) Rsu(€2) Rs(€2)
without NPs 0.525 10.1 55.4 2.9 7.36k 243.45
0.5 wt% 0.535 10.2 55.8 3.1 8.06k 242.13
1.0 wt% 0.565 8.7 48.4 24 6.41k 348.27
* Rgy : shunt resistance, Rg : series resistance (Rsy and Rg measured by using solar simulator)
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Fig. 3. Absorption intensities of organic solar cells with different
Au nanoparticles in the hole transport layer.
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Fig. 4. Sheet resistance of PEDOT:PSS hole transport layer at various
gold nanoparticles concentration on the glass substrate.
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Fig. 5. (a) Absorption intensities and (b) electrical properties of organic solar cells at 0.5 wt% concentration rate.
Table 2. Electrical properties of organic solar cells with annealing temperatures at 0.5 wt% concentration rate.
Voc(V) Jsc(mA/ecm?) F.F(%) PCE(%) Reu(QQ) Rs(QY)
without 0.535 10.2 55.8 3.1 8.06k 242.13
110°C 0.565 11.8 56.9 3.8 10.56k 198.66
130°C 0.525 12.0 64.2 4.0 10.67k 146.46
150°C 0.555 11.1 55.8 3.4 9.06k 234.53
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Fig. 6. AFM images of hole transport layer with annealing
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