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Properties of ZrO., Gas Barrier Film using Facing Target Sputtering System
with Low Temperature Deposition Process for Flexible Displays
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Abstract

Zr0; film was deposited by facing target sputtering (FTS) system on polyethylene naphthalate
(PEN) substrate as a gas barrier layer for flexible organic light emitting devices (FOLEDs). In order
to control the heat of the FTS system caused by the ion bombardment in the cathode compared with
the conventional sputtering system, the process characteristics of the FTS apparatus are investigated
under various sputtering conditions such as the distance between two targets (drr), the distance
between the target and the substrate (drs), and the deposition time. The ZrO: film by the FTS system
can reduce the damage on the films because the ion bombardment with high-energy particles like
gamma-electrons. Moreover, the ZrQO; film with optimized condition (dr1=140 mm) as a function of the
distance from center to edge showed a very uniform thickness below 5 % for a deposition time of 3
hours, which can improve the interface property between the anode and the plastics substrate for
flexible displays. It is concluded that the ZrO: film prepared by the FTS system can be applied as a
gas barrier layer or an interlayer between the anode and the plastic substrate with good properties of
an uniform thickness and a low deposition-temperature.
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Fig. 1. Pictures of (a) the FTS apparatus, (b)
the plasma formed during film deposition,
(c) two targets in the FTS system, and
(d) the diagram of the inside in the
FTS system.
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Table 1. Deposition conditions of ZrQO: thin film
using FTS system.

Target ZrO; (99.999 %)
Distance between targets W G
(drr)
Carrier gas Ar, 50 scem
Base pressure 3x10° torr
Working pressure 3.7x10 torr
RF-power 300 W
Substrate PEN
Rotation 10 rpm
Deposition time 1,2 3 hr
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Fig. 2. Diagram of plasma formed in case
polarity direction of permanent magnets
is a forward array(NS:SN).

427

AZ| A 283 =52], A2 A5E, 20099 59

a9 3& drr7l 14 cm gl 2AAA FAEHe]
X (thermal tape)& ©]-83 ZrO; vt F3A] A4
£3E 7|HE=E YEld Aol F3 Azt 1,
2, 3 Nzte2 Z7Hgd mel 23" 7% eE=
Z+z} 39 °C, 63 °C, 69 °C o]t} o] £ Ay
AHEE FTS F3del AL F4& A/Tde
FOLEDS] FAo| &&4 7€ 29y uid
v 3 Eel=vle] o8 dAQsE iy J|g 2
utuke] o &AL ZAAD $ U0l

3% 3. Thermal tapeE ©o]-&3] (a) 1413 (b) 2
AlZh, (c) 3A1ZHESE ZrO; uhet =34 &
49 78 2=,

Pictures of the substrate temperatures
measured using thermal tape after ZrQ:
film deposition for (a) 1 hr, (b) 2 hr,
and (c) 3 hr.

Fig. 3.
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Fig. 4. Substrate temperature measured as a
function of (a) the deposition time and
(b) of the distance between target and
substrate during ZrQ; film deposition.
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Fig. 5. Film thickness as a function of the

distance from the center to edge in
Zr0: film.
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Fig. 6. WVTR graphs for PEN substrate
without and with ZrO; barrier.
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