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ABSTRACT

Properties in proportion to oxygen
concentration of Zr0O. thin films by using

RF-sputtering

Baek, kyeong—cheol
Adviser:Prof.Lee,Bong-Ju, Ph. D.
Depar tment of Physics,

Graduate School of Chosun University

Zr0. is investigated in this work to replace Si0. as the gate
dielectric material in metal-oxide—semiconductor devices for its
high dielectric constant, good thermal stability on silicon, and
large band gap. ZrO» films were deposited on p-Si(100) wafer by
Rf-sputtering process using a zirconium precursor, oxygen and
argon gas flow.

The process parameters investigated were the target power, the
sputtering oxygen gas flow rate and the substrate temperature. The
films particle size of top surface, thickness of crose—sectional

are increased as a function of the target power, the substrate



temperature were increased. The thickness of crose-sectional is
decreased, the roughness of top surface is decreased as a function
of the oxygen gas flow rate was increased.

The structure and film optical properties were investigated by
X-ray diffraction(XRD), the particle size and thickness were

investigated by scanning electron microscopy(SEM) and the

roughness was investigated by atomic force microscopy(AFM).
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2 Ago XAH2 Use E 1 20
Table 1. The experimental conditions and process parameters.
Condition
Gas Mass Dept.
Substrate
Flow Dept. Power
Temperature ) .
Ar: O . Time(min.) (W) Rate
(C) e
(sccm) (A/min)
Name
S2.5 5:195 400C 180 300 5.83
S5.0 10:190 400C 180 300 4.85
S7.5 15:185 400TC 180 300 4.44
S10.0 20:180 400C 180 300 2.94

_11_
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power : 400 w
Time : 180 min
Distance : 7cm
Temperature : 300° C

$10.0 (1) (021) (211) (112)

Intensity (arb. units)

2Theta (degrees)

Fig. 3. XRD spectra of ZrO: thin films deposited with the 0 flow rate.
(a) 2.5% (b) 5.0% (c) 7.5% (d) 10.0%
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3 5.0kV 10.5mm x30.0k SE(M) 1.00um

4 5.0kV 11.6mm x30.0k SE(M) 1.00um

(d)

Fig. 4. Crose-sectional SEM image of Zr0O. thin films deposited with
the 0. flow rate. (a) 2.5% (b) 5.0% (c) 7.5% (d) 10.0%
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Fig. 5. Plating speed of Zr0. thin films deposited with the 0. flow rate.
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Fig. 7. Top surface AFM images of Zr0O. thin films deposited with
the 0. flow rate. (a) 2.5% (b) 5.0% (c) 7.5% (d) 10.0%
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Table 2. A qualitative analysis of SEM-EDS

Condition Gas Mass Flow )
O : Zr Atomic%
Name O:Ar (sccm)
S2.5 5:195 60.12:39.88
S5.0 10:190 63.25:36:75
S7.5 15:185 68.43:31.57
S10.0 20:180 70.61:29.39

_26_



O Atomic (%)

80 42
78.- Power : 400 w 1
ol @ Time : 180 min 1%
: Distance : 7 cm )
74} 0 438
| Temperature : 300 C
7 ® 1,
[ 4 36
70} _ >
8 {u 3
i (¢]
66 |- I ~
64.' -— o —
! / \ .
! 430
of N o .
& [ (] 2 (] 2 (] 2 (] 2 (] 28
2 4 6 8 10
Oy/Ar+0, Flow rate (%)
Fig. 9. Atomic of Zr0, thin flows deposited with the O, flow rate.
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Intensity (arb. unit)

Wavelength (nm)

Fig. 10. PL of ZrO: thin films deposited with the 0. flow rate.
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Refractive index (n)
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Fig. 11. Refractive of ZrO. thin films deposited with the O flow rate.
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Dielectric Constan(k)
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Fig. 12. Dielectric constant of Zr0, thin films with the O flow rate.
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