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Abstract

This study evaporates ZnO layer thickness differently with RF sputtering method on Si
Wafer(n-100). This study is performed to examine the characteristics of photon energy and
dielectric loss according to the thickness of ZnO and increase the reliability and reproduction of
ZnO thin film. It is confirmed that the variation of electric Permittivity by frequency is resulted
from the formation of particles within thin film, the particle size and the polarization on grain
boundary. Peak of electric Permittivity value of thin film has slower and less value in early low
wavelength by the coulomb force involved in carrier combination according to the increase of
frequency. Reversal of electric Permittivity values is induced by dipole polarization shown in the
dielectric of thin film. Complex electric constant (€;,€2) has larger peak values as it's thickness is
thinner and then it is larger according to the increase of frequency. Electric Permittivity by
photon energy has large value in imaginary number and is reduced exponentially by the increase
of carrier density according to that of photon energy.
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Fig. 1. Ionic positions in cubic perovskite
ZnO
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Table 1. Physical Properties of ZnO.

Crystal Structure

Hexagonal Wurtzite

Lattice Parameter

a:3.2426[ A1, ¢:5.1948[ A]
c/a:1.602

Bond Distance | Zn-0:1.94[A]
Tonic Radius Zn"0.70[A], O°1.32[A]
Melting Point 2000[C]
Sublimation Point | 1720[C]
Electron Mobility | 100[cn/volt -+ sec]
Molecular Weight | 81.38[g/mole]
Density 5.606[g/cmi]
Dielectric constant| £=85[24x10'"*Hz]
Resistivity 10'~10™'Q - cm]
Band gap 34[eV]
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Table 2. Characteristics Comparision of
Various Kinds of Varistors.
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Table. 3. Measurement and equipment

Parameter Condition
Vacuum less than 10 ~* [torr]
Gas pressure 3 [mn torr]
s, | G b
Substrate(S) Si (n.100)
S-T distance 100 [mm]
o e | R

ZnO-5. 20 [min]
Al - 125 [min]

220 [T]

Zn0-3.34 [A/sec]
Al - 2 [A/sec]

Zn0-1000(A]
4000[A ]
Al - 1500[A]

Sputter time

Substrate temp

Deposition rate

Thin film
thickness

.| Purps (OP. and RP)

Fig. 2. Schematic diagram of the
sputtering chamber
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Fig. 3. The structure of fabricated sample
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Fig. 4. Flow chart of experimental procedure
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Fig. 5. Dielectric Permittivity €, of ZnO Film
(1000 A, 4000A )by Increasing Photon Energy
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Fig. 6. Dielectric Permittivity €; of ZnO Film
(1000A, 4000A)by Increasing Photon Energy
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Fig. 7. Dielectric Permittivity €2 € of ZnO+Al
Film (1000A, 4000A )by Increasing Photon
Energy

et FaE He] AR WEqA dRE
AEAbtL YR BAEA] gn 42 24H
) o] "ol AE:ule] Aze} spHae] AF
9 Aol o)F L& REA sty AP AAY A
B =7t =4 ol wel F4AS50 vag &
A&ol #Astn ASE ¢ F Urh

ag 7de ZnOYol Al FA)Z ZnO+Al 9

o] F7) 1000A % 4000A9) FAE& 3 68 118}
W Edor fAMAFaE ()9 #E ZE @
o] VeV FAN FAE 4000A9 A& o
& ez veEgen, 4 e FA G
1000A 9ol ©f & ol ety Photon
Energy7} %7t3ol upe} ztago] viepsct

o] A A Photon Energyel A §H-&o] =LA o}
Elt} i Photon Energy7b $7bgel whe} 2 gk
o] el QEd 2 o= ZnO 9| Photon
Energy7t 3= 7 Axdle Axiel 7HA e

20 T T

1000 (A) [careacuan z,.o[
= ZnO+Al ]

-
L)

Dielectric Permittivity
- ©

-5
2.1 2.2 2.3 2.4

Photon Energy (eV)

Fig. 8. Dielectric Permittivity €1 of ZnO
and ZnO+Al Film (1000A)by Increasing
Photon Energy
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Fig. 9. Dielectric Permittivity €; of ZnO and
ZnO+Al Film (1000A)by Increasing Photon
Energy
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Fig. 10. Dielectric Permittivity €; of ZnO and
ZnO+Al Film (4000A)by Increasing Photon
Energy
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Fig. 11. Dielectric Permittivity € of ZnO and
ZnO+Al Film (4000A)by Increasing Photon
Energy
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