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low costs, and high-quality films.

Atmospheric pressure plasma-enhanced chemical vapor deposition (AP-PECVD) meets these requirements. AP-PECVD
causes little damage on thin film deposition surfaces compared to conventional PECVD. Moreover, a higher deposition
rate is expected due to the surface heating effect of atomic hydrogens in AP-PECVD. In this study, polycrystalline
silicon thin film was deposited at a low temperature of 100°C and then AP-PECVD experiments were performed with

various plasma powers and hydrogen gas flow rates. A deposition rate of 15.2 nm/s was obtained at the VHF power
of 400 W. In addition, a metal foam showerhead was employed for uniform gas supply, which provided a significant

improvement in the thickness uniformity.
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Fig. 2. (a) Cross-sectional image of the AP-PECVD chamber
and (b) metal foam showerhead and 274 holes showerhead

Substrate

Fig. 1. Illustration showing atomic hydrogen heating effect on silicon
wafer. Large dark blue dots denote Si atoms, small dark yellow dots

denote hydrogen atoms, and small red dots denote electron
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Fig. 3. Cross-sectional image of the metal foam showerhead.

Plasma

ofelo] ot

23 2a)olls Aol AREH WA TH=rt U
Bt Ql, 23 2(b)oll 57 S40°] A&H ARG
£o] BFol 7IE &9 7hsoll 9t Argsl=ol w
b vlnE o] ot Aol AbgE o S49 A
A2 YA(nickel, Ni)oJt, HaFA-polA ALEH F|/d
A &<Ql FF(chromium, Cr)o vlusi W-tdo] &4
stoh. 22ja 37 A8y Al 7RA

552 UErd 71d
T2 9ol FAM
SEM), X A
A 8A, AXIEAF 0] (atomic force microscopy,
AFM) -3 AREstoitt

A& 0] (scanning electron microscope,

3. Zx A aF

T A WA zojelg Yeit 2e =
& 4 gk old f&C] WA R o3 T
P AUE OFY 25 AUACANE SUsA of
SE|Aoh 1Y 40] Aol mew FoolH Holas
S FA S} Zasts vie) AFS UeE 2

600 -

400 -

Thickness [nm]

]

=3

=1
T

o 2 4 6§ 8 10

Distance [mm]
Fig. 4. Radial distribution of the Si thin film thickness from
the center of the wafer with H, flow rate variation.

Fig. 5. Snapshots of wafer surface after Si thin film deposition
with showerhead with (a) 5 holes, (b) 76 holes, (c) 274 holes, and
(d) metal foam showerhead.
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Fig. 7. Cross-sectional SEM image, (c), (d) is processed on
Si-Si0, wafer (SiO, layer thickness: 1,000 A). (a) Power: 300
W, (b) power: 400 W, (c¢) H, flow rate: 0 sccm, and (d) H»

flow rate: 3 sccm.
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Fig. 8. X-ray diffraction with plasma power variation.
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Fig. 9. XRD intensity at three crystalline orientation vs. plasma

power variation.
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Fig. 10. Grain size extracted from XRD vs. plasma power variation.

Fig. 11. AFM images taken at 1 pm X 1 pm scale with H,

flow rate of (a) 0 sccm and (b) 9 sccm.
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