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Abstract In this paper, a high barrier film of a certain thickness was deposited on the surface of the PET
substrate to improve the barrier performance of PET films. The microwave PECVD technology was used to deposit
Si0, and DLC barrier films on PET substrates. The differences in structure, microstructure, and barrier properties of
deposited films with different monomer ratios were studied, and the barrier properties of SiO,/PET and DLC/PET
composite films were compared. The results indicate that the different monomer ratios significantly affect the
structure, microstructure, and barrier properties of SiO, and DLC films. Under certain process conditions, both SiO,
and DLC films can fully exert their respective barrier effects, reducing the oxygen (O,) transmittance of PET
materials. DLC thin films were prepared using a mixture of acetylene (C,H,) and argon (Ar) gas. A small amount of
Ar was beneficial for the dissociation of reactive monomers, while the etching effect on the surface of the film was
weak. The film deposition speed was fast, and the surface particles were dense, which could effectively block gas
permeation. The oxygen gas permeability of the DLC/PET composite film prepared can be as low as 0.58 mL-m *-d,
far lower than the 130 mL-m *-d of unmodified PET film. SiO, thin films were prepared using hexamethyldisiloxane
(HMDSO) and oxygen (O,) as reaction monomers. When the O, ratio was high, the bonding of silicon (Si) and
oxygen (O) elements in the films tended towards a mesh-like and cage-like structure, increasing the difficulty of gas
diffusion. The oxygen transmittance of the SiO,/PET composite film prepared can be as low as 3.69 mL-m “-d. This
study proposes the application of microwave PECVD technology to deposit barrier SiO, and DLC barrier films on
PET substrates, providing useful references for the production process of high barrier PET composite films.
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Fig. 1 Schematic diagram of microwave PECVD deposition equipment
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Tab. 1 Pretreatment and thin film deposition process parame-
ters
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Tab.2 CH, characteristic peak sub peak fitting results
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Tab.3 Si-O-Si characteristic peak spectrum fitting results
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Fig. 4 XPS spectra of DLC films prepared at a monomer ratio
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Peak fitting analysis of Cls characteristic peaks
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Fig. 6 AFM images of DLC films prepared with different monomer ratios (Vc,H, : V) (On the surface of monocrystalline silicon).

(a) AFM image of DLC films prepared at a monomer ratio (Vc,u, : V) of 1:1, (b) AFM image of DLC films prepared at a

monomer ratio (Ve,n, : V) 0f 6:1
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Fig. 7 AFM images of SiOx films prepared with different monomer ratios (Vo, : Vyupso) (On the surface of monocrystalline silicon).

(a) AFM image of SiOx films prepared at a monomer ratio (Vo, : Vyunso) of 2: 1, (b) AFM image of SiOx films prepared at a

monomer ratio (Vo, : Viwpso) of 1:2
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Tab. 4 Film deposition rate and barrier performance

A RN DU #/nm-min”' LR /nm AR ELFE/mL-m d
4li PET(JRJE 12.5 um) - - - 130
DLC/PET &5 I Ve, 1 Va =111 42.7 200 102
VeoH, i Va =611 61.77 185 0.58
SiO/PET & A il Vo, : Vinpso=1:2 30.46 61 98

Vo, :Vinmso=2: 1 8.08 69 3.69
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(Vo, : Vinpso) N 2: 1 B, SiO/PET & & WA R iFs ot
SIKF] 3.69 mL-m *-d, 1M 24 48k BE B AR A, BHLBE
PR R R, 2% 45 55 R SO R4S # AN 2 TP 55 oy
Bras SAAE, O, & E i i, DUARAY Si0, T i) 7
ARG R ZEAE) Pt T 5, (A5 AR 1 AR BEL B P A
BT

3 4ig

A S 3o i PECVD R il £ =5 BELF® DLC/
PET 1 SiO/PET & & i, b R SR L i T P
Toft 5 5 110 25 AR T A5 FD BEL PR P R B, T A5 AR
g5k

(1)DLC/PET & £ i B i 48 ik i F Ik 2
0.58mL-m*d, # i {8 T 25 H PET# B Y
130 mL'm >d . C,H, Fl Ar IR &K 4 DLC/PET
AW, i Ar AR T RS CH, Bk, Hom
SN, DLC RS0 | P4, Ar & aEHm, HZ)
ol 52 i RS0 v, SR LB 2

(2)i 3 78 PET 2 1 LAY SiO, v i i m] ol 3%
HEBH PR, A A R AT A 3.69 mL-m -d. N B
A O, WA = e, TG P AR 4 Hy b T B AU 1 T
RAFEARGE G, BT FI T SiO, A5 Y SRR P RE

(3)A 3L T 7. %A%~ SiO/PET Fl DLC/PET #i
i 45 TP L 0T 5, DLC o FRET90 PR o 0 o L 94,
—SE T 241 DLC/PET &4 i IR f 22 90ty B
g, O AR Tl AR A= = 5eR 0 B

(4) A SCHE A PECVD 35K w5 BHLBR 2 &
JEST & vk, T2 TR AR B, i i AR AR, 7 v B
B BB A TR AT 5 v A I L35, 1l Ay e B
B PET JLAue ik i A P T R 3R I R Ik 5% .
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