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Transparent Heater Property of ZnO/Cu/ZnO Thin Films for the
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Abstract ZnO/Cu/ZnO (ZCZ) thin films were deposited at room temperature on a glass substrate using direct current (DC)
and radio frequency (RF, 13.56 MHz) magnetron sputtering and then the effect of post-deposition electron irradiation on the
structural, optical, electrical and transparent heater properties of the films were considered. ZCZ films that were electron beam
irradiated at 500 eV showed an increase in the grain sizes of their ZnO(102) and (201) planes to 15.17 nm and 11.51 nm,
respectively, from grain sizes of 13.50 nm and 10.60 nm observed in the as deposited films. In addition, the film’s optical and
electrical properties also depended on the electron irradiation energies. The highest opto-electrical performance was observed
in films electron irradiated at 500 eV. In a heat radiation test, when a bias voltage of 18 V was applied to the film that had been
electron irradiated at 500 eV, its steady state temperature was about 90.5 °C. In a repetition test, it reached the steady state

temperature within 60 s at all bias voltages.
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Fig. 1. The image of the ZnO 30 nm/Cu 10 nm/ZnO 30 nm thin
film.

Table 1. The sputter deposition, electron irradiation and heat
radiation test conditions of the ZCZ thin films.

Deposition Condition
Base pressure (Torr) 7.0 x 107
Deposition pressure (Torr) 1.0 x 107
ZnO  RF Power (W/cm?) 4.0
Cu DC Power (W/cm?) 2.0
Ar gas flow rate (sccm) 10
Deposition rate (nm/min) ZnO: 5, Cu: 20
Film thickness (nm) 30/10/30
Electron irradiation condition
Annealing pressure (Torr) 1.0x10*
Electron energy (eV) 300, 500, 700
Heat radiation test condition
Bias voltage (V) 6,9,12,15,18
Repetition test (Sec.) 60
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Fig. 2. The XPS depth profile of the ZCZ thin film.
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Fig. 3. X-ray diffraction spectra of the ZCZ films electron irra-
diated at different energies. (a) As-deposition, (b) 300 eV, (c) 500
eV, (d) 700 eV.

Table 2. Grain size of ZnO(102) and (201) planes of the ZCZ thin
films electron irradiated at different energy.

Electron beam energy ~ ZnO 26 FWHM  Grain size

(eV) Plane  (Deg.) (Deg.) (nm)
Before irradiation 46.17 0.64 13.50
300 46.23 0.58 14.90

(102)
500 46.24 0.57 15.17
700 46.22 0.65 13.29
Before irradiation 67.16 0.90 10.60
300 67.23 0.86 11.10

(201)
500 67.24 0.83 11.51
700 67.21 0.91 10.49

XY

Fig. 4. Surface images and RMS roughness of the films electron
irradiated at different energies. (a) As-deposition; 1.54 nm, (b) 300
eV; 1.41 nm, (c) 500 eV; 1.26 nm, (d) 700 eV; 1.58 nm.
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Fig. 5. Visible transmittance of the ZnO 30 nm/Cu 10 nm/ZnO 30
nm films electron irradiated at different energies. (a) As-deposi-
tion, (b) 300 eV, (c) 500 eV, (d) 700 eV.

Table 3. The sheet resistance, average visible transmittance and
Figure of merit (FOM) of ZCZ films electron irradiated at different
energy conditions.

Electron Sheet Average visible

. . . . FOM
irradiation resistance transmittance ( Q' )
energy (eV) (/) (%)
Bef
oeore 702 77.1 1.18 x 10°
irradiation
300 47.0 78.1 1.77 x 107
500 43.1 78.8 1.98 x 1073
700 71.6 69.6 9.71 x 10™
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Fig. 6. Temperature profile of the film-heater with the incremental
increase of the bias voltage (Vy). Infrared image captured at the 18
V, is included in the figure.
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Fig. 7. Temperature profiles of the film in a repetition test at 12 Vy,
and 18 V,, condition.
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