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Abstract: Zirconium-doped zinc oxide (ZnO:Zr) transparent conducting thin films with high

transmittance, low resistivity and good adhesion were firstly prepared on water-cooled poly-

ethylene glycol terephthalate flexible substrates by RF magnetron sputtering. X-ray diffraction

and scanning electron microscopy show that the ZnO:Zr films are polycrystalline with a hexa-

gonal structure and a preferred orientation parallel to the substrate. The lowest resistivity ob-

tained in our experiment is 1. 55X 10 * ( » cm. The average transmittance of the films is over

90% in the wavelength range of the visible spectrum.
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1 Introduction

Transparent conducting thin films deposited
on flexible substrates have many applications.
They are widely used in flexible electro-optical
devices, flexible liquid crystal displays, plastic
thin film solar cells, transparent electromagnetic
shielding materials and unbreakable heat reflec-

[ In recent years, Sn-doped In,O;

ting mirrors
(ITO) and Al-doped ZnO (ZnO: Al) on flexible
substrates have been extensively studied™®"™. But
in our knowledge, no report was published for
ZnO: Zr films prepared on flexible substrates up
to now. Comparing with ITO, ZnO: Zr films
have many advantages of source abundance, low
cost, innocuity and good stability (in plasma).
Comparing with ZnO: Al, ZnO: Zr films present
higher transmittance and better hot stability.
Poly-ethylene glycol terephthalate (PET) is a
Promising flexible substrate due to its high opti-

cal transmittance, high melting point (about 200 °C)
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and low chemical reactivity. In this letter, we
firstly report the preparation and properties of
ZnO: Zr films deposited on water-cooled PET

substrates by RF magnetron sputtering

2 Experiments

ZnO: Zr films were deposited on various
flexible substrates in a GJP500C2 model RF
magnetron sputtering system with a basic pres-
sure of 3.4X10 ' Pa. A sintered ceramic with a
mixture of ZnO (99. 99% purity) and ZrO,
(99.99% purity) were employed as source mate-
rials. The content of ZrO, added to the ZnO tar-
get was 5% (mass fraction). The distance be-
tween the substrate and the target was about 50
mm. During the process of deposition, the pres-
sure of Ar was controlled at 1.5 Pa, the sputte-
ring RF power was maintained at 100 W for 40
min and the substrate was water-cooled at room
temperature. Under these conditions, high qua-

lity ZnO : Zr films with good adhesion, high
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transmittance and low resistivity were obtained 3.2 SEM Analysis
without damage to the flexible substrates. The Fig. 2 shows the scanning electron micros-
structure and morphology properties of the films copy(SEM) image of a typical ZnO: Zr film de-
were analyzed with a D8 ADVANCE XRD using posited on water-cooled PET substrate at room
CuKaq; radiation (A=0. 154 06 nm) and a Sirion temperature and 100 W for 40 min. The ZnO:Zr
200 SEM. The optical transmittance measure- film consists of some flat structural grains, re-
ments were performed with a TU-1901 UV-vis presenting a preferred orientation parallel to the
spectrophotometers. substrate, which agrees with the X-ray diffrac-
3 Results and Discussion Hon(XRDY results.
3.1 X-ray Diffraction Analysis
Fig. 1 shows the X-ray diffraction spectrum
of a typical ZnO : Zr film deposited on water-
cooled PET substrate at room temperature and
100 W for 40 min. The §—20 scan data of the ZnO?
Zr film only exhibits a strong peak at 20 = ‘g?“ﬁ","c
31.13°, which is very close to the preferred orien- “ﬂ;"gﬁ_‘g"
tation of the standard ZnO crystal (31.38°) and
corresponding to the (100) peak. This indicates Fig. 2 SEM image of a ZnO* Zr film deposited on
that the ZnO: Zr film is polycrystalline with a PET substrate
hexagonal structure and a preferred orientation
parallel to the substrate. A previous study 3.3 Optical Transmittance
showed that the preferred orientation for ZnO: The optical transmittance as a function of
Z¢ films was dependent on the experimental con- the wavelength for the same sample of about 200
ditions® . The fullwidth at half-maximum nm thickness was measured, as shown in Fig. 3.
(FWHM) of the (100) diffraction peak is calcu- The average transmittance in the range of 100~
lated as 0. 66°, and then the crystallite size is 800 nm wavelength is over 90%. The adhesion
calculated as 13. 9 nm according to the Scherre to the substrate for high quality films was good.
formula D= 0. 892/ ( Beos®). Thus we can con- no breakup and fall-off were observed when the
clude that the ZnO: Zr film deposited on PET films were folded many times.
substrate is nano-structural crystal. 188;
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Fig.1 XRD spectrum for a ZnO: Zr film deposited on

PET substrate

3.4 Electrical Resistivity

The electrical resistivity of ZnO : Zr films
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deposited on water-cooled PET substrates lies on
the experimental conditions. In our experiment,
the lowest resistivity achieved is 1. 55X 107 Q * cm
with a thickness of about 200 nm at the opti-
mized conditions of 100 W, 1.5 Pa and 40 min.

4 Conclusion

ZnO : Zr films with high transmittance, low
resistivity and good adhesion were firstly pre-

pared on flexible substrate PET by RF magnetron

sputtering. XRD and SEM show that the ZnO:
Zr films are polycrystalline with a hexagonal
structure and a preferred orientation parallel to
the substrate. The lowest resistivity obtained in
our experiment is 1. 55X 10°% Q ¢« ecm. The ave-
rage transmittance of the film is over 90% in the
wavelength range of the visible spectrum. This
result may be useful for inaugurating the poten-
tial applications of ZnO: Zr films in flexible de-

vices.
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