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ABSTRACT: In recent years, flexible electronic products, flexible transparent organic solar cells, large size flexible flat

panel display, energy-saving infrared reflection film, intelligent color changing window, etc., the demand for flexible
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transparent conductive glass is increasing. Due to the requirements of high resolution, energy saving, low cost, bending
resistance and strong adhesion, flexible transparent conductive glass needs to be obtained at room temperature with high
light transmittance, low resistivity and strong adhesion. Therefore, it has become a research hotspot to prepare flexible
transparent conductive glass at room temperature and the improve its photoelectric properties.

In this study, AZO/NiCr/Ag/NiCr/AZO multilayer transparent conductive glass was deposited on flexible glass
substrate by DC magnetron sputtering at room temperature. The film thickness, X-ray diffraction pattern, Raman
spectrum, square resistance and electrical properties of the samples were obtained by probe profilometer test, X-ray
diffractometer (X-ray diffraction, XRD) test, Raman spectrometer test, spectrophotometer test, four-probe test and Hall
effect test. After the matching study of the multilayer composite film, it is found that the light transmittance of the
multilayer transparent conductive glass with interfacial layer NiCr film is better. Therefore, AZO/NiCr/Ag/NiCr/AZO
transparent conductive glass samples with 3-15 nm Ag film thickness were selected to study the effects of Ag film
thickness on the structural characteristics and optoelectronic properties of the glass samples. The results show that the
photoelectric properties of AZO/NiCr/Ag/NiCr/AZO transparent conductive glass are closely related to the thickness of
Ag layer. When the thickness of Ag film is 3 nm, it is a discrete island structure growth mode, and the thickness of Ag film
increases gradually. According to the experimental results and the research of other teachers, it is inferred that the critical
thickness of Ag film is about 9 nm. With the continuous increase of the thickness of the intermediate Ag layer, the Ag
layer becomes a continuous film, and the internal defects of the sample are reduced. The average light transmittance of the
sample in the wavelength range of 380 to 760 nm increases at first and then decreases. The absorption edge of the sample
is red-shifted in the range of 320-400 nm, indicating that the optical band gap of transparent conductive glass decreases
with the increase of the thickness of Ag film. The square resistance of the sample decreases monotonously with the
increase of the thickness of Ag layer, and the quality factor increases at first and then decreases. The sample with 12 nm
Ag film thickness has the best comprehensive optoelectronic properties, with an average light transmittance of 82.4%, a
carrier concentration of 8.32x10%' cm™, a carrier mobility of 8.21 cm?(V-s), a resistivity of 9.15x107> Q-cm, a square
resistance of 8.8 Q/sq, and a quality factor of 16.4x10> Q'

The results show that the flexible transparent conductive glass can be obtained by combining transparent conductive film
with metal film at room temperature. the film structure and thickness matching have a direct influence on the light transmittance
and conductivity of flexible transparent conductive glass. The experimental results show that the flexible transparent conductive
glass with comprehensive optoelectronic properties can be obtained through the design of the film and the study of preparation
technology. In the future research, the matching and technical optimization of multilayer composite films will continue to be
carried out to find the composite structure with better performance.

KEY WORDS: flexible; transparent conducting glasses; AZO/NiCr/Ag/NiCr/AZO; Ag film thickness; transmittance; Haacke
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Tab.1 Design parameters of early multilayer structure

Sample _ AZO . NiCr . Ag . NiCr . AZO T/% _Sheet
thickness/nm  thickness/nm thickness/nm  thickness/nm  thickness/nm resistance/QQ

Ag 12 56.4 6.6

AZO/Ag/AZO 45 12 45 70.7 8.6

NiCr/Ag/NiCr 1 12 58.6 7.5

NiCr/Ag/NiCr 2 12 2 51.3 7.9
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Tab.2 Design parameters of transparent conductive
glass sample structure

nm
Sample AZO NiCr Ag NiCr AZO
No. thickness thickness thickness thickness thickness
Tl 45 1 3 1 45
T2 45 1 6 1 45
T3 45 1 9 1 45
T4 45 1 12 1 45
T5 45 1 15 1 45
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Fig.1 XRD spectra of flexible transparent conductive
glasses with different Ag thickness
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Fig.2 Raman spectra of flexible transparent conductive
glasses with different Ag thickness
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Fig.3 Plot of the resistivity, Hall mobility, and carrier
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Fig.4 Transmission spectra of flexible transparent
conductive glasses

% 3 AZO/NICr/Ag/NiCr/AZO ZER S HEIFEE RN TED
FEEE (380~760 nm ). FPFE. BmEEF
Tab.3 The average transmittance (380-760 nm), square

resistance, and quality factor of AZO/NiCr/Ag/NiCr/
AZO transparent conductive glass samples

Sample Ag thickness/ % Rsli1 7[3:/ ’
No. nm (Q-sq ) (107 Q™)
T1 3 73.1 388.0 0.11
T2 6 79.0 40.1 2.36
T3 9 82.0 15.4 8.93
T4 12 82.4 8.8 16.4
T5 15 76.2 6.2 10.6
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