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Study of the Properties of SiO, Barrier Coatings by MPECVD
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Abstract: The preparation of SiO, coating as barrier layer deposited on PET surface by magnetized plasma
enhanced chemical vapor deposition (MPECVD) through the roll-to-roll process was introduced. The factors
influencing barrier performance and color change of the film under different technological conditions were
studied. The result showed that PET coated with SiO, is more transparent in high oxygen concentration,
and the SiO, coatings are near colorless. The composition and structure of the coatings were analyzed by
Fourier transform infrared (FTIR), and the color degree and light transmittance were analyzed by spectro-
photometer and UV-Visible spectroscopy respectively. The mechanism of the influences was analyzed.
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Fig. 1 The schematic diagram of the experimental apparatus

WeBENESTBIZNMEHUE, FESIRBPIM
BRXTH, EREAREREN 1.0X10° Pa, @
ANBE ZES R (HMDSO)MESFERNNRAN
EFROFIKIAN RN SR, TIESERN 2~5 Pa, S
KRENFEDEISKREREEH B KL, X
fhEN NTE SN RANRIRZEFTREIEDY
AR S0 FREFRLERME, 33 RIEARAENK
ERNSFMEE, BT ¥FB PET EENER , A XE
KBr £H JEIBR I R&ES DN E BV IN
B BE. BHMS,
1.2 RERNSNEE

KBr &R, SXW=EBMI;12 pm 8 PET FE, T
BERBIEBNTRHE; HIEFH,25.4 mm X 76.2
mm, > $SRIRBEERA TR,

WEEBEONDXBEAREAT FTIR-8400 £
BEMTZINOENHTON; MNRERLIEEEREN
PET 8% , XHEESMERA T X-Rite500 7
EitNE, HAZEE Ilinois 8001 &5 % 0 XK NI
NAEMEBRBBERE(OTR), BEERABFIADRER
=N F YIRS T WTM-IE O S5 B ERER
MR FNE, BHEKBY Lambda 12 UV/VIS &
INTWDFEHEITHNE

2 BREWR

2.1 FTIR

S5SNBPEEFRIREVATRLAIM 0.6 : 0.6 2%
&) 1.0 : 0.2 B9, MR F KBr RENEEELLINY
EBIE 2, ME2TMUBER, A 1037~1072 cm™ 'K
HANBI'S Si—O—Si EFBYIE N FRIB4E ik o) 1%,

0.16
0.14
0.12
0.10

5 0.08

7 0.06

< 0.04

0.02
0f rn

500 1000 1500 2000 2500 3000 3500 4000
WU em™

Bl 2 OR[N AR L T AR S R TR 2 19 FTIR B
Fig. 2 FTIR spectrum of various ratio of O, : HMDSO

WARHESLH, EREEREN Si—O0—Si BR4E—

ENRE EEaSLEIEN, Si—0—Si EFVIEN

MEBBEIRDIEMNEQSRBNEB, £ KE 810

em ' AMNE I BV EE B89 R W IE, 9 Si—CH,; 8V 4 A0

Si—O—Si NEHNSSIE" ), [# 810 ecm 'BYF

TREMRNENEPARSE —ENRAR, 4R
HEENESSHNPEERRARLEAIEX,

BEAR SiO, DY Si—O—Si @57 3 54 2%

MBS IR ST IR S, ©ATHTIY M BY R IE

ENEEMAE, BYNHIZERSEESIMNRAEN

PSR INRIRIEDHE) Si—O—Si B DT, T

TREERD 3 PEHNESE, SRIE 3 F% 1.

0.081

0.07F

__ 0.06r

mg 0.05r

ﬁ 0.04F

0.03

O.Q)?5

WEUem™

0.25 ~ 1063 cm™!

0.20

5 015 1135 cm”!

8 1023 cm™
& .
2 0.10

0.05

0'0’5)50 10(')0 IOISO 11I00 11I50 12I00 12I50
B /em™
3 Si—O—Si WERYLH A LA FEAR 5 2 S He B B O 3R
Fig. 3 Relation between the proportion of Si—O—Si

absorption peaks and that of monomer and reaction gas



FFREHEE  MPECVD H & Ak itk BH R JZ 7 B 1 3 5%

*x1 SHUEHERESEHENERLILG)
Mgk 5 RS A GIH X R
Tab.1 The composition proportions of

three SiO, structure at various gas ratios

Vo ¢ Vinso

A, Ay ¢ Ay
* oA PG A — RGOIRGE I A — SR
A1 135 em ' WN FEABBRABEIRBDSi—O0—Si
B XS Si—O0—Si BB KRAN 150°; K
#1063 em 'ANTMN FRAR/NA, LYY 144°BIRYR
BRIEY Si—O—Si 2 MKREN 1 023 cm ™ AN [T
AT/ BEIRSDE Si—O0—Si 28R IE ",
R @I Si—O0—Si BNSHEINEDIE, KIS
Si—O—Si EFIBYIENTMBBIRTIEN E [ SR A
R, REBMBLIRSEWD B, NSRS 8Y
RO LBIEIZN,. JUUMNEESS RIS, &
BB EBIEIGIZ 0, BB M E MG S A KIBE,
2.2 FRENE

PET(12 pm) R EMRAN K BN EENEEE

(OTR) &S ERBESARPHEHNXANE 1,

6

0.8:0.4 1.0:0.2
1.85+:1.33:3.208.43+:10.12+ 2.24

4

2

—g—0

OTR
/(mLsm32-d")

0706:06 08:04 09:03 10:02

Vo,* Vibso
B4 S B L 57 S0 1 52
Fig. 4 Influence of oxygen to monomer ratio

on oxygen penetration value

BE 4+ JUEL, A FNANESLEA T, FENER
BRI, &N 1.5 mL/(m’ - )ZG(PET, 12 pm,
OTR=130 mL/(m?* - d),Si0, {EEDH » B ES
MaEE—ENFIn, 1 <2, MEgnT 2, BEKE
RIS, RIEE E, 85008805 =6V R
MZEK, WETARHARNRNERNEE, 85
IRFREEBIM 0.6 = 0.6 1ZN0FY 1.0 2 0. 2 BYSRHE T,
PEENIN53,47,42,37 nm, O DUHERT,OTR 7
AENESLEH T B BN RELIERE AR
BEX;MEENERMENEINNRERECESESD
REASIENEWIESHEOIRE,
2.3 BERRHY
NMRBKESNERBEERERMENE 5, @3

045 =

0.40r
?ﬁ’ 0.35F
[ u
= 030 \-
025 \l
046;046 0.8;0.4 0491'0.3 l.Oli 0.2
Vo,: Viampso

5 NIEEWREE T i S AL RE IR Y FE 4R R A
Fig. 5 The relationship of friction coefficient of

the film with the oxygen concentration in mixture gases

5ODEL, BERSRENEN, SRENEEAR
#ED 0. 45 BREEN 0. 253, DITAN, EFB AP,
PIREBEBR IR ERNSEEEDCEED TR T
BsNERR), @asRNAEMETREBENER.
HRSMSIGNNN, FEFRPEHERTIRED
2. SEEHENNR T E RNV =IZ 0, iE K
ZBEEERZR D, BMMERT C,HERRR S,
MME 3 OB, ERRESNSI, FRSLDP
IR AZBR S IIZBI0 , SR BN S 2R, Si0, B2
PWYMRS, I T HERR,
2.4 ORABEIXRNE

BEN 12 pm 8Y PET BB, BH XA 6% 4
B, B SO, B, 8ENEXEXEM Mg, BEY
RERNSAPESNESE, JUEEEARHRFE
RETRN, BEERSREBIZN, FEN IS
WA 80%IBN0EI 90% ,#iE =8 PET HROE
HHME, B 6, XETB2EHTFMEESRENIZ

1001

400 500 600 700 800
P /nm
B 6 ANFEESWE T IR EARERN PET BELR
Fig. 6 The relationship of transmittance with

the oxygen concentration in mixture gases

n0,Si0, FEMZKEERE, T XRIBN. AR
R, i ERRRTHESERD, BESERENTN



1% T PACKAGING ENGINEERING Vol. 33 No. 1 2012-01

4 m

FBVRIAIEET B/ D, BRI B S ZIB 0™,

2.5 FemNsNE
BFEERENRENETHSEKARHE, I

P&, ZoNEERE, MNP E s EREER

RNEMBLEN, LEXRTRHE,« Vo NABRE,

« BIEERTARRLL, BEBRERTACRESL ;0 B1E

ExrrieR=, AEEreRE, L8 7,

70
60 - —yg—"

50
§ 40 . L
30 u-a
—u-b

20

10

0

0.6:0.6 0.8:04 09:03 1.0:0.2

Vo,* Vinbso

M7 AFEESREILHE T La.bE
Fig. 7 The values of L,a,b under

different oxygen to monomer ratio

BR7IUEL,EE SO, NPET B L B
TE PET BERX,IMEBEL TBESMBEX,
BEZS, TR 0. kv, L BT K,

S=EEEL, S0, Bf« BR/N, BEER
K, BENEE,FM SO, BRAE,B « BRI, 1%
BRI BEELRAS,

& o B, UBEBEENLZ, SO, B, B
BB ES SO, 8 PET B ST OEAET
e, BREERS SRR ARSMEEE, & 1.0
0.2 ANARIER/IMVE.

gMEW,EB SO, BB PET ESZ=B8EM
. HRRE, XSRRMEN S0, EZ2EBBIE—
L BREESSLERIBNE0, LK PET EEME6Y
Tk, XBBTESKRENENSH T HREFTH
B BEREBIE T L8EE8 S0, , Al PET &
BERENZRD,

w

&

XABUIANINRERE TN RCFSABINIRDA
AERESERXENRANKE, BB/ Si0, FRN
ZRTeEHN, BBEFEPSE H,C F2MRT,
BRI A AEHB I, (BB R ERE

FRAZIERE, RSESEREIUKRKEZELSE
BPrRRTHZSE, EERET T LedfH, X2
AAFERBNENSERE T HE,

SE WK

(1] ®E/RSE BRI, 35 52 ¥, 4. SIO., 3 24 BH b W 58 19 & i
AR 7 R, % TR 2005,26(12) : 76— 78.
HAN Er-li. CHEN Qiang, GE Yuan-jing. et al. Devel-
opment and Production Methods of SiO, Film as Barrier
Packaging Material[ J ]. Packaging Engineering, 2005, 26
(6):76—78.

[2] EHR. WEMESERGIRE L RG] D E R
3Tl 2002(91) :6—9.

DONG Zhi-wu. Status Quo &. Developings Trends of
Packaging Materials and Technologies[ J]. China Packa-
ging Industry,2002(91) :6—09.

(3] ka2, EIERE, Prog, 55, #E 3G 00 55 B8 1k 1k 2 AR UL
L% Roll-to-Roll #i 4 SiO, 5 LR M BELCT. 55+ = i
2 E AR TR YA S DBUESCE L, 2010:315—319.
ZHANG Shou-ye, WANG Zheng-duo, CHEN Qiang, et
al. Preparation of SiO, Barrier Layer by Magnetied Pa-
lasma Enhanced Chemical Vapor Deposition at Roll-to-
Roll Process[ C]J. 2010NCPE13, Wuhan,2010:315—319.

[4] DEILMANN M,PAWOHNER C,AWAKOWICZ P.FTIR
Analysis of Plasma Polymerized SiO, Films for Diffusion
Barrier Coatings of PET Bottles C]. 28th ICPIG, 2007(7) :
15—20.

[5] DEILMANN M, SEBASTIAN T, AWAKOWICZ P. Pulsed
Microwave Plasma Polymerization of Silicon Oxide
Films: Application of Efficient Permeation Barriers on
Polyethylene Terephthalate [ J ]. Surface and Coating
Technology,2008,202(10):1911—1917.

[6] YASUHARA S, CHUNG J, TAJIMA K., et al, Structure-
designable Formation-method of Super Low-k SiOC Film
(k= 2. 2) by Neutral-Beam-Enhanced-CVD[C]. IITC,
2008:73—75.

[7] GRILL A, NEUMAYER D A. Structure of Low Dielec-
tric Constant to Extreme Low Dielectric Constant Si-
COH Films: Fourier Transform Infrared Spectroscopy
Characterization[ ] ]. Journal of Applied Physics, 2003,
94:6697.

(8] Ml fe, RILAR, Bk # . 4F. AS [ 40 G Lb 4 0 4 Ak fik

JIRE 1% 25 4 B PR BE 52 L) . A RHRL 2 5 TR % 4R L 2007,
25(2):169—171.
HE Zhi-bing, WU Wei-dong, TANG Yong-jian. et al.
Effects of O,/Ar Flow Ratio on the Structure and Prop-
erties of Silicon Dioxide (SiO,) Films[]J]. Journal of Ma-
terials Science & Engineering,2007,25(2):169—171.



