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X B YPFoE AMSHE A7) dux]Y 40%F HIE - U Mo EA, T A B4 2 ikt o 2 Aty
T ES D UTAE 2 V€] HITo) &eX k. o uhEE-2 sputtering & o) 4T Ao B FZ ujFol4 YarHo A1
olch. @8, evaporation We 2 AztEl & wiufEo Aulxo 2 wiAlR el HEAZ} ot ¥H o] Helx: chHo] i}
$8E $97F polyester & 71o 2 skn $rix] PVD whi4 FUste) 1 vk o 3ateg he 203 Wk §Ralr) g8
A5 digtc}. 2 A3}, evaporation o2 Aatgl & wlake 964 9% 9] whAbE-g Bo|u} ¥-3Ee 12 Kg/ecm?o] B31§-2- gal
SH9R, sputter Yo B A2t A WE 2] whAL-E2 963 %2 #lslgort RaAe] 20 Kg/em’E A9 Fuj& Hojg=} sputter
yeo| FAz o] 1 AvputetE o] el B4 v|X= A A%%E Y 5 ok X-4 I £33 sputterd] 5ol
(111)Ho] S AT o 4 oz, Alde] o ave Wasl AU columnar FE7} 482 F44x17|2 glgo] als]
Act.

Abstract To save electrical energy as much as 40 % for fluorescent lighting, the reflectors coated with silver re-
flective thin films recently became popular with higher reflectivities and long life. The thin films fabricated by
using sputtering techniques are produced mainly in U.S.A. On the other hand, some silver films deposited by
using evaporation methods show low adhesion in general, although the reflectivity is no problem. We have studied
various PVD methods to obtain thin films with high reflectivity and adhesion on a substrate of polyester, for a
couple of years. Silver films manufactured byusing evaporation showed the reflectivity of 96.4 % and the adhesion
of 12 Kg/cm?, while samples manufactured by using sputtering depicted the adhesion as much as 20 Kg/cm? that
is almost double, although their reflectivity was not much different. X-ray diffraction spectra for the sputtered
films demonstrated a preferential growth on (111) plane and the cross-sections of the specimens revealed a dense

columnar structure to result in the enhanced adhesion.
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Fig. 1. Deposition Rate of R.F. Magnetron Sputtering as a Func:
tion of R.F. Power.
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Fig. 2. Deposition Rate of R.F. Magnetron Sputtering as a Func-
tion.of Working Pressure.
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Fig. 3. Deposition Rate of R.F. Magnetron Sputtering as a Func-
tion of Ar Flow Rate.
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Fig. 4. The Reflectance of Ag Films, Deposited by Using E-
Beam Evaporation with Various Current Values (Voltage: 7
KV, Base Pressure:2x 10°® Torr, Working Pressure: 4x107°
Torr, Radiated Wave Length : 700nm). Note that the differenc-
es in the reflectance are not much.
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Fig. 5. The Effect of R.F. Power on the Reflectance of Ag Film
(Ar Flow Rate : 10 sccm, Working Pressure : 5 mTorr).
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Fig. 6. Reflectances of Ag Films Deposited with Various R.F.
Power Values(Ar Flow Rate:10 sccm, Working Pressure:5
mTorr, Radiated Wave Length : 700 nm).
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Fig. 7. The Effect of Main Pressure on the Reflectance of Ag
Film (R.F. Power : 50 W, Ar Flow Rate : 10 sccm).
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Fig. 8. Reflectances of Ag Films, Deposited with Various Main
Pressure Values (R.F. Power : 50 W, Ar Flow Rate : 10 sccm
Radiated Wave Length : 700 nm.)

< APt (2 7 Z=E). 53] 50 mTorroll A HkrRE-o]
81.68% 2 &3] 7t238l=d|, working pressure®] 3%
¢ 2982 T EZ B Bgxich HAFTUFE Ar ©]
29 YE7} AR, sputtering © ebA §JAHe) A= =3 7
A =2, AF 42179 scatteringol s AAAE
Ao} g 2] FAH A 23517 ofFolet At 2}

3, Ar +5& 5, 10, 20, 30 scemoE WH3FA)F)aL,
=g RF power 50 W, 100 W& HZE Fof A 2
7}, Ar 10 sccm®] A$7) o2 ASE 2o oha v
£ o 4 ek 28w, oA AR Ao} o] RF
power 100 W= 50 W Q7H& of o8 $-5& ukab

96.5} a
ey B
X H
< i
8 eso}
8
8 H
& oss| 8
g R.F. Power (W) 2
o 50 8
9501 ° 100
L L ) ' ' L
5 10 15 20 25 30

Ar Fiow Rate (sccm)

Fig. 9. Reflectances of Ag Films Deposited with Various Ar
Flow Rates. (Working Pressure:5 mTorr, Radiated Wave
Length : 700 nm).
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Fig. 10. The Effect of Current on the Adhesion of Ag Films,
Deposited by Using E-Beam Evaporation (Voltage: 7 KV,.
Base Pressure : 2 x 107¢ Torr, .Working Pressure : 4 X 107 Torr).
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Fig. 11. The Effect of RF. Power on the Adhesion of Ag
Films, Deposited by Using Sputtering.(Ar Flow Rate: 10 scem,
Working Pressure : 5 mTorr).
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Fig. 12. The Effect of Main Pressure on the Adhesion of Ag
Films, Deposited by Using Sputtering (R.F. Power:50 W, Ar
Flow Rate : 10 sccm).
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Fig. 13. The Effect of Ar Flow Rate on the Adhesion of Ag
Films, Deposited with a Working Pressure of 5 mTorr.

—~
8 80000 | PR 100
o
]
g 60000
[+
&) RF. Power : SOW
; 40000 b Working Prassure : 5 mTorr
‘.;'; Ar Flow Rate : 10 scem
c
@ 20000
£ Bl W A
= - .
o} D
L x M
o o “«© @ 80

Diffraction Angle (Degree)

Fig. 14. A Typical X-ray Diffraction Spectrum of Ag Film De-
posited by Using an RF Sputtering.
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Fig. 15. A Typical SEM Micrograph of Ag Films, Deposited by
Using Sputtering on Polyester Substrate. (R.F. Power:50 W,
Ar Flow Rate : 10 sccm, Working Pressure : 5mTorr).
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Fig. 16. Typical SEM Micrographs of Ag Films Deposited on
the Glass Substrate, by Using (a) Evaporation (D.C. Power: 7
KV, Current :.30 mA), (b) Sputtering (R.F. Power : 50 W), and
(c) Sputtering (R.F. Power : 100 W).
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Fig. 17. Typical AFM Surface Morphologies of Ag Films Depos
ited on the Polyester Substrate, by Using (a) Evaporation (D.C
Power:7 KV, Current:30 mA), (b) Sputtering (R.F
Power - 50 W), and (¢) Sputtering (R F. Power : 100 W).
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