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Abstract

Transparent aluminum oxide films were deposited on polycarbonate (PC) substrates by inductively coupled
plasma (ICP) assisted reactive sputtering. the oxygen flow rate was regulated by controlling the target voltage
with a proportional integrate derivative controller. The PC substrate was treated with plasma prior to the
deposition in order to the enhance the adhesive strength of the ALO; film. The characteristics of hardness,
structure, density, transmittance, deposition rate, surface roughness and residual stress were investigated to

estimate the possibility for the hard coating.
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Table 1. Plasma surface treatment and results

Before After
treatment | treatment

Parameter content

Inlet gas Ar+ 02 Surface

Gas ratio | 5:1 energy ~50 ~80
(ergs/cm?)

Bias floating
ICP power | 400 W Contact

Pressure 30 mTorr angle 80° 5°
Time 5 min (degree)
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Fig. 1. The hardness change with the ICP power.
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Fig. 2. The plane and cross image of aluminum oxide '
thin film with the ICP power: (a) without ICP, (b) Fig. 3. The surface roughness change with the ICP
ICP 200 W, (c) ICP 400 W. power.
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Fig. 4. The transmittance of Al,O; thin film on PC: (a)

the figure of Al,O; on PC and bare PC, (b) the
transmittance change with the ICP power.
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Table 2. The coefficient of thermal expansion of Si, Al,O,

and PC
CoefTicient of thermal
Materials expansion (00
10° mmymm - K
Si wafer (100) 2.5
ALO; 6.51
Polycarbonate (LG DOW) 68

Table 3. The change of stress with the ICP power

Materials ICP ICP ICP ICP
100W | 200W | 300W [ 400W

o(ALO; on SiyMPa | 166 | 182 | —132 | -36
ST(ALO; on Si) MPa | 26 48 65 86
ST(ALO, on PC) MPa| —266 | —789 | —1041 | -1234
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Fig. 5. The residual stress change with the ICP power.
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Fig. 6. The crack image (FE-SEM) of PC.

@) Compressive stress in film

- R

Coating -
‘- Interface
% Tension stress in film
———————————— Neutral plane
Substrate

J. A. Thornton et at. “stress related effects in thin films”

) buckling (compressive stress)

AN\

/

Split (tension stress)

Fig. 7. Schematic representation of (a) stress
distribution across coating and substrate
cross-section, (b) the surface damage of PC.
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