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Introduction

 Thin film of zinc oxide (ZnO) has widely applied in 
many devices, such as solar cells[1], photoelectric devices[2], 
ferroelectric devices[3] owing to two most important properties: 
the direct wide bandgap of 3.37 eV at room temperature[4], and 
the large exciton binding energy of 60 meV[5]. As reported in 
the literature, the ZnO thin films have been prepared by vari-
ous techniques, such as sol-gel[6], Chemical Vapor Deposition 
(CVD)[7,8], Molecular Beam Epitaxy (MBE)[9,10], Pulsed Laser 
Deposition (PLD)[11] and Magnetron Sputtering (MS)[12-20]. Re-
gardless of sample preparation, the MS technique is believed to 
be one of the most efficient methods because of the high product 
ability and the easily controllable. Lots of works on the ZnO 
structural, morphological, optical properties and electrical prop-
erties affected by deposition temperature in MS technique were 
reported[16-23]. Moreover, the High Power Impulse Magnetron 
Sputtering (HiPIMS) technique, which is a promising method 
to prepare high quality thin films owing to a high metal ion-
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Abstract

 In this paper, we report the ZnO thin films deposited by High Power Im-
pulse Magnetron Sputtering (HiPIMS) technique on glass substrates. The role of 
deposition temperature on properties of zinc oxide is explored. We note that the 
deposition rate increases firstly and then decreases along with the increase of sub-
strate temperature. The average roughness (Ra) of ZnO thin film also depends on 
the growth temperature, at 300°C Ra is smoothest at 0.8 nm, while Ra of thin films 
deposited at room temperature, 200°C, 250°C, 280°C and 360°C all are higher. The 
results of the electron concentration, mobility, and resistivity exhibits that the ZnO 
films deposited at 300°C have better properties: a high carrier concentration, a high 
mobility, and a low resistivity.
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ization[24-27], was reported to grow a high adatom mobility[28] of 
n-ZnO films. But there is rare works on the influence of deposi-
tion temperature on structural and optical properties of ZnO thin 
films deposited by HiPIMS.
 In this work, we focus on the role of deposition tem-
perature on the properties of ZnO films structural and electrical 
properties by HiPIMS. The properties of the ZnO films prepared 
at different deposition temperatures are systemically investigat-
ed by surface profiler, X-Ray Diffraction (XRD), Atomic Force 
Microscope (AFM), and Scanning Electron Microscopy (SEM) 
as well as Hall Effect measurements. 

Experimental Details
 The ZnO films are prepared by HiPIMS on glass sub-
strates at room-temperature(RT), 200°C, 250°C, 280°C, 300°C 
and 360°C, respectively. Before mounted on the holder, the glass 
substrates are cleaned in ultrasonic bath with de-ionized water 
and ethanol for 15 minutes, respectively, and then dried by nitro-
gen (99.99% in purity) stream. The Zn (99.9999%) target is 9.5 
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cm in diameter and 5mm in thickness. The distance from target 
to ring tube of Ar (99.99% in purity) inletting is 4.0 cm, while it 
is 6.0 cm for O2 (99.999% in purity), and another 3.5 cm above 
O2 ring tube for substrates as Figure 1 shows. The chamber is 
evacuated to a base pressure of 1.5 × 10-3 Pa. The working pres-
sure is maintained at 0.5 Pa by mixed 80 sccm Ar with 16 sccm 
oxygen. The pulsed voltage, pulsed frequency and pulsed width 
are set at 800V, 50 Hz, 70 μs, respectively, during ZnO deposi-
tion. In the high-power density mode the sputtering peak power 
is 25 kW and the sputtering peak current is 32A. 

Figure 1: The schematic of the experimental setup.

 Thickness of as-deposited film is measured by surface 
profiler (Dektak 150, Veeco). The crystalline of ZnO films is 
probed by X-Ray Diffraction (XRD) spectroscope (Rigaku) with 
Cu-Kα source. The surface morphologies of films are character-
ized by Atomic Force Microscope (AFM) in tapping mode (DI 
INNOVA, Veeco) and Scanning Electron Microscope (SEM, HI-
TACHI SU8020). The electrical resistivity, mobility, and carrier 
concentration are detected by Hall Effect equipment (ECOPIA, 
HMS-3000) at room temperature. 

Results and Discussion

 In order to avoid the influence from the film thickness, 
all films are prepared in similar thickness of 200 ± 20 nm. Fig-
ure 2 shows that the deposition rate of ZnO film is 7.35 nm/min 
at RT, increasing to 9.01 nm/min at 280°C and then decreasing 
to 6.35 nm/min at 360°C. The increase of deposition rate along 
with the deposition temperature is owing to the increased kinetic 
energy of the adsorbed adatom on the substrate surface, which 
leads to the increase of diffusion length and the enhancement 
of the condensation between atoms. At further high temperature 
the decrease of deposition rate is due to the increase of thermal 
scattering and the reduce of absorption[23]. The reduction of mi-
crovoids and pinholes at high temperature, on the other hand, 
may be one of another reason to decrease the thickness[29]. 
 The XRD patterns of ZnO films deposited on glass sub-
strates at different temperatures are shown in Figure 3. The pres-
ence of the diffraction peaks indicates that the films are poly-
crystalline structure, which can be characterized as a wurtzite 
structure based on JCPDS card 89 - 1397. 
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Figure 2: Deposition rate of ZnO thin films versus the substrate tem-
perature.
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Figure 3: XRD patterns of ZnO at different deposition tempera-
tures.
 For the sample grown at RT, all weak peaks of wurtz-
ite ZnO at (100), (002), (101) and (112) appears in the pattern. 
When the samples are grown at high temperature, not only the 
intensities of peaks are varying, for example, peak at (100) is 
higher than that at peaks of (002), (101), (110) and (112), but 
also the patterns are changed. When the deposition temperatures 
are 250°C and 300°C ZnO films are preferentially grown at the 
(100) plane[30]. While the deposition temperatures are 280°C and 
360°C ZnO films are preferentially grown in (002) facet. This 
may be the reason that the deposition rate at 280°C is higher 
and the competition growth between (002) and (103) facets may 
affect the deposition rate at 360°C.
 Thermal effect also determines surface morphology 
and the surface roughness[31]. Figure 4 shows AFM images (2 
× 2 μm2) of ZnO thin films grown at the different deposition 
temperatures. Ra, the average surface roughness, increases from 
1.07 nm at room temperature, to 9.85 nm at 250°C and decreases 
to 0.885 nm at 300°C, and then increases to 2.7 nm at 360°C. It 
is consistence with the crystal size shown by XRD patterns in 
Figure 3. At a low temperature, the mobility of adsorbed ada-
toms on the substrate surface is slow; the film is in amorphous 
with polycrystalline. At 300°C deposition temperature, the total 
polycrystalline structure is formed, Ra is smallest than anoth-
er thin film. The improvement of ZnO surface smoothness may 
reduce the oxygen adsorption, which leads to a better electri-
cal properties[32]. The roughness increases at 360°C is due to the 
(002) peak becomes prominent.  
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Figure 4: AFM images (2 × 2 μm2) of ZnO films at different deposi-
tion temperatures ((a) RT, Ra = 1.07 nm; (b) 200°C, Ra = 3.76 nm; (c) 
250°C, Ra = 9.85 nm; (d) 280°C, Ra = 6.46 nm; (e) 300°C, Ra = 0.885 
nm; (f) 360°C, Ra = 2.7 nm)

 Figure 5 shows the SEM images of the ZnO thin films 
grown at the six different temperatures. One can see that the 
surface morphology of the ZnO thin films are changed signifi-
cantly with the deposition temperatures. Figure 5(a) reveals that 
ZnO films deposited at RT consists of grains with voids. It is 
attribution to the fact that the small kinetic energy and the short 
diffusion path of sputtered adatoms at the low deposition tem-
peratures[22]. When ZnO thin films is deposited at 200°C, Figure 
5(b) reveals that the film is more compact. When the deposition 
temperature is above 250°C, the coalescence of relatively tiny 
grains forms big crystals as showed in Figure 4(c) and (d), the 
surface is then rough. When the film is deposited at 300°C a 
compact structure with small uniform particles is grown as Fig-
ure 5(e) shows. It is because of the total polycrystalline ZnO 
formation at this temperature. At 360°C some bigger grains are 
grown owing to (002) preferential growth, as showed in Figure 
5(f). 

Figure 5: The SEM images of ZnO thin films deposited at various 
growth temperatures. (a) RT; (b) 200°C; (c) 250°C; (d) 280°C; (e) 
300°C; (f)360°C.
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Figure 6: The relationship of resistivity, carrier concentration and mo-
bility of prepared ZnO films with the deposition temperature.

 In Figure 6 we obtain that the resistivity of the as-de-
posited films decreases rapidly from 4.8 × 103 to 9.29 × 10-3 
Ω cm with the increase of substrate temperatures from RT to 
300°C, and slightly increase at 360°C. In contrary, the carrier 
concentration of as-deposited films increases along with the 
temperatures from RT to 300°C, and slightly decreases at 360°C. 
At 300°C, the carrier concentration of as-deposited ZnO reaches 
the maximum value of ca. 9.47 × 1019 cm-3. The highest mobil-
ity value of 7.1 cm2/Vs is also appeared at 300°C. Generally in 
ZnO, the equilibrium pressure of oxygen atom is higher than that 
of zinc atom[33], the high temperature makes the oxygen atoms 
dissociate from ZnO films easily. As a result, the oxygen vacan-
cies in films increase as the substrate temperature increasing[34]. 
The more oxygen defects will cause the increase of carrier con-
centration gradually. When the deposition temperature is 360°C, 
because the ZnO crystal structure tends to be preferential, the 
defects are few[33]. Besides, the increasing surface roughness will 
promotes oxygen absorption and form dangling bonds, which 
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act as electron traps[35]. These electron traps are responsible for 
the decrease of carrier concentration and carrier mobility.

Conclusion

 The role of the deposition temperature on properties of 
ZnO thin films grown by HiPIMS was investigated in this work. 
The deposition rate of ZnO films increased from 7.35 nm/min 
at room temperature, to 9.01 nm/min at 280°C and decreased 
to 6.35 nm/min at 360°C. The AFM and SEM images indicated 
that the surface morphology was also dependent on the deposi-
tion temperature. AFM images indicated that the Ra of the ZnO 
thin film deposited at 300°C was smallest; SEM images revealed 
a compact structure with particles of uniform size formed at 
300°C. Hall Effect measurement indicated that ZnO films have 
a high carrier concentration, a high mobility, and a low resistiv-
ity at 300°C. We then conclude that the deposition rate, surface 
morphology and electrical properties of ZnO films are closely 
correlated to the substrate temperature.
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