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Study on silver oxide embedded transparent multilayer
electrodes for semi-transparent solar cell

Hyunjin Jo

Department of Electronic Material Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

In this study, we demonstrated a transparent oxide-metal-oxide (OMO) structure
using aluminum-doped zinc oxide and oxidized silver (AgO,) and applied it as a
rear electrode of a semi-transparent solar cell fabricated with silicon thin film. The
characteristics of AgO, OMO were analyzed as function of oxygen addition and
thickness of AgOy thin film. The oxygen addition was optimized at 3 sccm for a
Ag-to-Ag,O intermediate-phase AgO, OMO to have high transparency without
considerable loss in conductivity. The performance of the cell with the optimized
OMO showed average transmittance (500-800 nm wavelength, Tsp-so0) Of 21.9 %
and efficiency () of 5.48 %. The AgOy cell resulted an improvement to 120.0 %
from 103.5 % of Ag OMO in figure of merit (product of 7 and Tsy-s00). Based on
the optimized oxygen flow rate, Ag and AgOy OMO was fabricated with the
varying metal layer thickness, and the OMO with 6 nm of AgOx showed excellent
sheet resistance and transmittance than OMO with 6 nm of Ag. This was caused
by a decrease in the critical thickness of percolation due to the AgO, thin films
with surface energy changed by oxygen introduction. The optimized AgO, OMO cell
showed highest Tsp-go0 Of 27.8 % and 7 of 5.07 % and improved FOM to 140.8 %
from 104.6 %. The developed AgOy OMO electrodes could be used in BIPV windows

or in other optical devices requiring both high transparency and high conductivity.
KEY WORDS: transparent conductive electrode, Oxide/Metal/Oxide,
building-integrated photovoltaic, thin film silicon solar cell
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Fig. 2.1 Schematic diagram of circuit model of OMO electrode
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Fig. 3.2 Schematic of fabrication process of OMO electrode involving reactive

sputtering for AgOy thin film
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Fig. 3.3 Schematic of the structure of the semi-transparent thin film silicon
solar cells employing a textured fluorine-doped tin oxide (FTO) front and rear
OMO electrodes
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3.2.1 X-Ray Diffraction(XRD)

Agst AgOy ¥hehel b ) 2o wE AASHH 5E4E& #str] 98k
o
& 20

XRD (X'pert MPD, PANalytic)e Ar&3t¥th. XRD #42 20 34 EAHo=
30 - 80° ¢ WYZ =AHsYom Cu K, 225 AL3l9ch XRD =AH S ¢
3 AgE AZO 50 nm7} =24 glass 7] #H9 el 30 nme] Ag == AgOE =

2Habo] kST
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angle goniometry (SDLAB-200TEZ, Femtofab)& Al&3tdth. EFFE 5S4l A
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Fig. 3.4 J-V curve of solar cell and the characteristic parameters
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Fig. 4.1 Sheet resistance of AgO,-based OMO electrodes as a function of the

variation of O, flow rate
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Fig. 4.2 Transmittance of AgO,-based OMO electrodes as a function of the

variation of O, flow rate
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. —— AgOx (3 sccm)
igi — AgOy (5 sccm)
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Fig. 4.3 Crystallographic characteristics of AgOy films as a function of the

variation of O, flow rate
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Fig. 4.4 Atomic force microscopy images (1 x 1 #m? and root mean square

average of roughness of the AgOy films
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Fig. 4.5 Performance characteristics of silicon thin film solar cells. (a) J-V
characteristics and (b) variations of cell performance parameters: efficiency
(n), short-circuit current density (Jsc), open-circuit voltage (Voc), and fill
factor (FF).
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Fig. 4.6 Electrical characteristics of AgO, based OMO electrodes comprising
sheet resistance (Rgeer) Of the electrodes, series resistance (Reeries) Of the cells,
and fill factor (FF) of the cells.
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(a) (b)
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= —— AgOy (3 sccm)
> —— AgOy (5 sccm)
Q 301
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Fig. 4.7 (a) Transmittance of silicon thin film solar cells as a function of the

variation of O, flow rate and (b) actual fabricated cells

O, flow rate (sccm)  Ts500_go0 (%) 1 (%) Figure of merit (%)
0 18.8 5.50 103.5
1 19.4 5.61 108.9
3 21.9 5.48 120.0
5 18.5 3.78 69.9

Table. 4.1 Comparison of the performance parameters for the silicon thin film
solar cells : average transmittance in the wavelength range of 500-800 nm

(Ts00-s00), efficiency(n) and figure of merit
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(b)

Fig. 4.8 Electrical characteristics of Ag and AgO, comprising (a) sheet
resistance of Ag- and AgOx-based OMO electrodes and (b) calculated

Resistivity (2cm)
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Fig. 4.9 Optical characteristics of Ag- and AgO,-based OMO electrodes as
function of metal layer thickness : average value of (a) transmittance and

reflectance and (b) optical loss in the wavelength range of 500 - 800 nm
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Fig. 4.10 Optical characteristics of Ag- and AgOs-based OMO electrodes as
function of metal layer thickness : measured curve of (a), (b) transmittance

(line) and reflectance (dot) and (c), (d) optical loss
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AgO, 4nm

Fig. 4.11 3D images of atomic force microscopy (I x 1 xm? of Ag and AgO,
thin films at the initial growth thickness 2 - 4 nm)
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Fig. 4.12 Calculated roughness value of Ag and AgOy films as function of
metal layer thickness
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Fig. 4.13 Water contact angle image and measured angle of Ag and AgO, thin

film
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Fig. 4.14 Optical properties of Ag, AgO, and AZO materials (a) refractive

index and (b) extinction coefficient
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Fig. 4.15 Performance characteristics of silicon thin film solar cells using Ag-
and AgOy-based OMO electrodes. (a) J-V characteristics and (b) variations of
cell performance parameters: efficiency (n), short-circuit current density (Jsc),

open-circuit voltage (Voc), and fill factor (FF)
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Fig. 4.16 Transmittance of silicon thin film solar cells as a function of the

metal layer thickness using (a) Ag-based OMO electrodes and (b) AgOx-based

OMO electrodes
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Metal layer Figure of merit

Metal 1 0 T. 9

clal layer thickness (nm) n (%) 500-800 (70) (%)
4 3.25 17.61 57.24
6 4.27 17.53 74.85

Ag

8 5.54 18.89 104.63
10 5.66 17.63 99.79
4 4.44 27.00 119.88
6 5.07 27.78 140.83

AgO,
8 547 21.63 118.32
10 5.51 20.37 112.24

Table 4.2 Comparison of the performance parameters for the silicon thin film
solar cells as a function of thickness of Ag and AgO, films : average
transmittance in the wavelength range of 500-800 nm (Tspo-so0), efficiency(n)

and figure of merit
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