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Introduction

Samco has been developing plasma enhanced chemical vapor deposition (PECVD) technology using
liquid precursors along with conventional PECVD technology for silicon oxide and silicon nitride films
using SiH, as the source gas. Furthermore, we provide superior stress control PECVD technology using
dual-frequency - the combination of 13.56 MHz and 400 kHz. In order to meet our customers’ demands,
we now introduce VHF-PECVD technology using 60 MHz. The study outlined below shows the results of
SiNx deposition and a Si crystallinity evaluation using Samco’s unique liquid precursor, SN-2.

Benefits of VHF

Compared with 13.56 MHz, VHF has superior characteristics such as a higher plasma density and low
ion bombardment. It enables high-speed deposition, reduction of the surface damage on the film interface
and substrate, and formation of micro-crystalline Si for deposition of a-Si. VHF-PECVD is expected to be
a good candidate for insulation and passivation films on electronics and high-frequency devices, which
require a significantly lower plasma damage.
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Figure 1. Schematic of VHF-PECVD reaction chamber. 0 0.25 05
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Figure 1 shows the system configuration used in this 300 120
study. The combination of SN-2 and N, can form the Tensile
SiN_film, but the hydrogen from the SN-2 precursor 250 & 1100 —=
remaining in the film causes deterioration of its 200 g
quality. We introduced H, as an additional process T 150 18 =
[0)
gas, and evaluated film quality by changing the % 100 leg ©
H.,/N, ratio while keeping a constant total flow rate of 8 %
H, + N,. The film's quality was evaluated by the o 140 o
" . . . 0 Compressive I
deposition rate, refractive index, film stress, and 1o B
16BHF wet etch rate. Process conditions were a 50 -
VHF power of 100 W and a stage temperature of -100 ‘ ‘ 0
350 °C. Figure 2 shows that increasing the H, flow 0 0.25 0.2
ratio leads to the compressive stress of the SiN_film, H, flow ratio (H,/(N,+H,))
shifting from tensile to a more compressively (b) Stress and 16BHF etch rate

stressed film, and a lower wet etch rate.

Figure 2. (a) Deposition rate, refractive index,
(b) stress, and 16BHF etch rate vs H, flow ratio
to the total of N, and H, flow.
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Figure 3 shows the FTIR spectroscopic evaluation of
SiN_films deposited with the H, flow ratio of 40%
and 0%, respectively. The difference between the H,
flow ratio of 40% and 0% is found in the intensity of
the Si-N and Si-H bonds. The film at 40% shows a
decrease in the Si-H bond. This indicates that H,
flow reduces the hydrogen in the film, and the film
composition is getting closer to Si,N,. A similar trend
was observed for 13.56 MHz PECVD technology,
suggesting that our extensive process expertise on
SiNx deposition at 13.56 MHz is also applicable to
60 MHz VHF-PECVD. In addition, while the refractive
index of the SiN_film was as high as 2.15, we could
control index down to 2.00 by adjusting the process
parameters.

Evaluation of SN-2-Si Film Crystallinity

Figure 4 shows the X-ray diffraction results of
comparing the SN-2-Si with SiH,-Si film deposition
on c-plane sapphire using VHF-PECVD. The VHF
power was 100 W, and the stage temperature was
250 °C. The pattern (1) shows intense peaks at
preferential orientation Si (111): 26 = 28.6°, Si (220):
20 =47.5°, and Si (311): 26 = 56.3 °. Pattern (1) and
pattern (2) show intense peaks at the same position,
suggesting that we could deposit the
microcrystalline Si film using SN-2 as well as SiH,.

Conclusion

This report demonstrates that we could tune the
SN-2-SiN_film quality deposited using VHF-PECVD
by adjusting the H, flow rate. The SN-2-SiN_ film
deposited by VHF-PECVD shows the same
tendencies as that of desposited using 13.56 MHz
PECVD. We also evaluated the SN-2-Si crystallinity
by X-ray diffraction, and the result suggests that Si
deposited in VHF-PECVD can be microcrystallized,
in a manner similar to deposition using SiH, PECVD.
We are developing a process to apply SN-2-SiN_
VHF-PECVD deposition to radio-frequency (RF)
devices such as GaN/GaAs/InP HEMTs and plasma
discharge damage-sensitive devices such as
photodiodes, thin-film transistors, and solar cell
applications. Samco keeps providing new and
innovative solutions to meet our customers’
demands.

Intensity (cps)

Si-N
H
H, flow ratio: 2 ™~
N, +H,
8 — 40%
(]
2 — 0%
[e]
17
Q
<
Si-H
TN
4400 3400 2400 1400 400
Wavenumber [cm-1]

Figure 3. FTIR spectroscopic evaluation of
H, flow ratio of 40% vs 0%.
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Figure 4. Comparison of Si film crystallinity of SN-2
and SiH, by X-ray diffraction.
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Better Tomorrow Driven by Thin Film Technology

From Kyoto to the forefront of semiconductor processing,
Samco’s systems lead the way in Advanced Thin Film Technology

Production and R&D teams — working in automobile safety, biotechnology, renewable energy,

and other high-tech fields — can’t afford to be without reliable process equipment and support.

Samco’s durable systems, world-class recipe database and prompt service help you minimize downtime,
and boost cleanroom productivity, while cutting costs at the same time.

We give teams reliable tools and resources, enabling your business or organization to push the limits of
Thin Film Technology.
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