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1. Micro-crystalline Si film synthesis on glass by
dual frequency PECVD

2. Hardness of silicon oxide films with controlling
to the ion flux by PECVD

3. Nano-crystalline Si film synthesis by ICP assisted
magnetron sputtering at low temperature
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Background

¢+ Polymer substrate like PC, PET, Pl are widely used in flexible electronic
devices.

¢ Hurdles for application of polymer as a substrate
- Weakness high temperature
- Poor barrier property (High water vapor transmission rate and oxygen transmission rate)

— Silicon oxide film is a good candidate as a gas barrier film for polymer substrate
At low temp. SiO, film should be deposited on polymer substrate by PECVD

- Requirements for Gas barrier film
-> Low water vapor transmittance
> <10° g/ m2 /day (OLED), < 102 g/ m2 /day (TFT LCD)
High optical transmittance (550 nm): > 90 %

¢ In this study

> Plasma control for high quality barrier film



Experimental Setup

Process parameters

RF power Ma;«;l;ing - Precursor OMCTS (D4)
supply - Base pressure Below 2 X 102Torr
RF power Ma;f,T"g - Deposition pressure 1 x 101 Torr
S — | - Top electrode (RF) 80 ~ 120 W (13.56 MH2)
- Bottom electrode (RF) 50~ 80 W (13.56 MHz)
. Top .’de . - Substrate PET
1 - Substrate temp Room temperature
- Film thickness 80 ~400nm

!Bottom electrode Analysis

- lon flux : Oscllloscope

- Chemical analysis : FT-IR

Schematic diagram of experimental apparatus - Water vapor transmission rate : MOCON




Experimental Result

lon flux and substrate temperature
as a function of RF bias
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(a) RF power and bias (1) — lon current density = lon flux (1)
(b) lon current density (1) — Substrate temperature (1)



Chemical binding state by FrR

Absorbance (a.u)

Experimental Result

as a function of RF bias

2100

Wavenumber (cm™)

[ ——380W Top electrode Si-O networkftructure

[ 100W" " \ithout rf bias " Si-O-Si

- —— 120 W 1

[ - - - Si-O cage - like v

[ Zgw }Top electrode |

- 120w with rf bias Y\l

..- K

[ 1 1 1 1
1800 1500 1200 900

600

| | R:CH,
0 R R 0
| | | | |
—0—Si—0—S§i—0—Si—0—Si—0—Si—
| | | | |
R R
R—Si—0—Si—0—S8i—0
| | |
0 0 R
| |
_Sl_
| Si-0 (cage-like)
| | | |
0 0 0 0
| | | | |
—0—Si—0—S8i—0—Si—0—Si—0—Si—
| | | | |
R
—S8i—0—S&§i—0—Si—0—Si—o0
| | | |
R

— @

8i-0 (network structure)

— SIO, films have dense structure by ion flux

lon flux (1) — Si - O network structure (1), Si - O cage - like (}) and Si - O - Si (1)




Experimental Result

Water vapor transmission rate analysis by MOCON
as a function of RF bias

(a) ; Top electrode (RF): 120 W (b) . Film thickness: 200 nm
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(a) Film thickness (1) — water vapor transmission rate ()
However, the SiO, film have similar WVTR values (Film thickness : 200 ~ 400 nm)

(b) lon flux (1) — water vapor transmission rate (|)



Summary

OIn this study, the SiO, thin films were deposited on PET
substrates by effect of RF bias (ion flux) and the following
results are obtained.

- RF bias conditions control : lon flux (1), Substrate temperature (1)
- Chemical structure : Si-O network structure (1), Si-O cage like (|)

- Gas barrier property (WVTR): PET (bare): 6.25 — 0.25 g/m2/day
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