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ZnO0O-based transparent conductive films
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Abstract: ZnO is a typical third-generation semiconductor with a wide bandgap of 3. 37 eV. Intrinsic ZnO is an n-
type semiconductor, and the use of donor element doping technology can significantly enhance its n-type
conductivity. ZnO-based transparent conductive thin films have the advantages of abundant raw material sources,
diverse preparation methods, and room temperature growth, which can be applied in many fields such as
optoelectronics, sensing, photothermal, etc. Among them, Al doped ZnO (AZO) is a typical transparent conductive
oxide (TCO) , which has attracted much attention in recent years. This article takes AZO thin film as the main
representative and summarizes the latest research progress of ZnO based transparent conductive films, including the
physical and chemical properties of different types of transparent conductive thin films such as doped ZnO single-
layer thin films, ZnO based multi-layer thin films, and flexible ZnO based thin films. We focus on the optoelectronic
properties (e. g., mobility, bandgap width, transmittance/absorption/reflectivity) of ZnO based transparent
conductive films, exploring their inherent relationships. The practical applications are introduced in detail for ZnO
based transparent conductive films in the fields of light-emitting diodes, solar cells, sensors, semiconductor heating,

and so on. The existing challenges and future development trends are also discussed.
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Fig.2 (a) XRD spectra of AZO films with different Al contents'”’ (b) XPS spectra of AZO films grown at different sputtering
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powers' ™ (¢) surface and (d) cross-sectional SEM images of AZO films""' (e) TEM cross-sectional image and () corre-

sponding HRTEM image of AZO film'*'.
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Figure 4

(a) Sheet resistance and (b) visible light transmittance of AZO/Cu/AZO, AZO/Cu, and Cu/AZO multilayer films as a

function of Cu layer thickness, (¢) transmittance spectra of AZO/Cu films with different Cu layer thickness, (d) fig-

ure of merit values of three kinds of multilayer films as a function of Cu layer thickness, (e) near-infrared reflectance

spectra of AZO/Cu/glass film with different Cu layer thickness'” ; (f) Fabrication process of AZO/Cu mesh film"*’,

where the inset shows evident difference of transparency of AZO/Cu films with Cu mech layer and Cu film layer.
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Fig6 (a) I-V curves of GaN-based LEDs with AZO/ITO transparent electrodes, with the inset of device structures, (b) EL

spectra of GaN-based LEDs with AZO/ITO transparent electrodes, (c¢) Optical pictures of emissions from GaN-based
green LEDs '™ ; (d) Optical pictures of red OLEDs with AZO/Ag/AZO transparent electordes ** ; (e) Schematic of
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Fig7 (a) SEM images and (b) Haze spectra of AZO films etched with ammonium acetate for different time, (¢) External quan-

tum efficiency and (d) J-V curves of single-junction a-Si: H solar cells with AZO and FTO transparent electrodes ®'; (e)
CdTe solar cells with AZO as the window layer' ; (f) CIGS solar cells with ZnO-based transparent conductive films'™".
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Fig8 Working mechanism diagram of AZO/W O, gas sensor in (a) air and (b) isopropanol atmosphere'”’; (¢) schematic of po-

rous AZO humidity sensor, and (d) response graph of AZO humidity sensor in five consecutive cycles "
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Fig9 (a) Measurement setup and thermal radiation of AZO/Cu mesh composite film; (b) temperature response and (¢) cyclic

performance of AZO, Cu mech, and AZO/Cu mesh composite films at 5 V™. (d) Structure of AZO/Ag/AZO multilayered

film on CPI substrate. (e) Photograph of a flexible and transparent AZO/Ag/AZO film with dimensions of 200 X 200 cm?.

(f) Heating-cooling temperature profile of the multilayered film heaters over 10 cycles. (g) ability to maintain saturation

temperatures for multilayered film heaters during 1-hour heating!™.
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