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3 i)

= H : The role of organic layer on the water vapor

transmission rate of polymer films

Polyethylene naphthalate (PEN) 7] 9]¢l sol-gel =&, acrylate =
¥, hexamethyldisiloxane (HMDSO)Z 7|3}A|A Zgt=vl £33 =
¥ 59 water vapor transmission rate (WVTR)S] @ 3E o}
1 QFt}. Reactive ion etching (RIE) mode®] plasma enhanced chemical
vapor deposition (PECVD)S A}l&3to] HMDSOE 7|3HA1AH SiOx
inorganic 55 S2AA FT-IR 223} Si-O-Si stretching, Si-O-Si
bending ¥ A7} #ZE AT} Acrylate coating= 365 nmI}H OS2 UV
B3IAA C=ColT Aol AL of7|ol H7F Whgo] dojuf,
C-C 9 Ao utHor c=C A9 &F w7l oS &
91 3t9lth. w7 PENS] WVTRE 695 g/m”/dayldl n]s}o]
PEN/sol-gel coatingZ]l WVTR®] k2 6.81 g/m°/day® 7HA L,
PEN/acrylate A= 6.49 g/m?%/dayE 7}F4 &37F wH] st}
PEN/SiO/HMDSO with O/SiOx 7% <A+ HaZdo] 7de

2 Hg 7= 1 x 107° g/m%/dayE I,
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Aol Hat) A= o] (flat panel display)s Al&sta A3k A
B Y 9 HA S 98] A Es, Sdsty] Asta, A, wE,
A7t A8t o] BAHoZ g HAXH, Fo|AH sk 8

FAg 2
S W AL F e AAY flexible tlzEdo]o] didt A7k
sl ool A s R gl Flexible H2asdole 71E9)
Ad yx==dolet FASHAl AAHS 0|83 liquid crystal
display (LCD), 7] ¥4 E2& o]&3t organic light-emitting
diode (OLED), electronic paper (e-Paper)s2| {2 7] tjal
plastic 7]#& o83 FE|= A3}t FHo] A+ 7ido] A=
Utk H=Edolo ZEgpAy TS ARESHA HH AEY A
4, AFst WsAaA, WrEsk, 7139 roll-to-roll MRl &3k #|

27k A% 5 e d FANER 24 o8 bl 3R wo]
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ol QoM e F5 WA SAol 83 LCDY AIe=
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g/m®/day ©l8te] wj$- W& FHgo] QFEI] wite] oS A
} A
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2 Aol M= SiOx F7lSd F715 Abolel sol-gel 1|l
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W52 =9Q8te] £37] AU Al E ATE HA



2. o] &4 w7

2.1 Sol-gel ¥¢]
AdtH o g dwul Az WY AHEE (sputtering), Eoh=mt
3t (plasma polymerzation), plasma enhance chemical vapor

deposition (PECVD), low pressure chemical vapor deposition

(LPCVD), sol-gel ¥ &°| 3t} Sol-gel'He PECVD&s¥ £

Az gel ma AYs, Fe Al B wel FEe EF
sto] AT wWeg P& £ 9w, FyHon ALdA wtukg
Az & 4 ek [2]. Sol-gel# e Heh Aguz~s Axss

A5 & FAHA He FATAY AFA (molecular
23l pAAe] WEILZE (network structure)

ol F7] Sl ThrEset FdveS T doAH, FU F
i

o
=
D
(@)
c
=
02)
O
=
N—
i
>
S

processing) Tx9t 54 Alejste] felu At as 4SS
A= Wgoltt [3]. s RE, sol-gel A olA =5

TARE dojx Apgste] BbES Az & A9, 77 A ZAAY
%

Ao o Ax = A3} FHiE FAHA whA Hi= nA 3

s afol = A

e, ubuke] BiFel,
3} slw Awate] Aol Aojwo] Alg Fol uwhlEony
175 Add FEsked @A Aok debd o @ wAd



2.1.1 Sol-gel &4
Sol-gel ZEZA|A2E 89 (so)S 1A (ge)MHE AXE FA
S Lo, sololg, dHbAH o= Ao 1A AR F=Rol=

AE] (1~1000 nm) F7|2 B4 mlAgxh R BEAkE o] o 7]

Pzl A7 45 WAE GESL $YY G AN

H
Feo gFol HWAoR Hoh Aol WA @t 8 A
ek

4ol AL fAGEA AAES R FHem Ax T
A Hejel FROE A =, gl Ao] MLk Soldhe Pl §E
$A5 gele AA2 dhe] fely Aguss wE (4],

A] o] Ak

e 2 33 WEFZRE o]F7] A gelo] H&= 3}t
A WH3E A g dAxg 39 alkoxysilane S=ZH-E SiO,%E

2838t} Figure 15 7M88), 23 2 dxg 249 397



a=)

Ae Yepd Aot [5,6]. ol wHgoll o3& dA-E solYA=
% =% (polycondensation)®] 93] <2119 (oligomer)= A

H
b A HY. 714 M B4 ER e Re 44718 Jeh)

rlo

% 2
W, 34 dZx}olE (metal alkoxide, MOR) @A o] 7145
Gl

9 F3 BAL BAN -M-O-M-FEo] Zelmm ¥ Az
27

7ol o8l A7t Algke Si0E €& 5 WA Evh

N2

Hydrolysis
M—OR+HgO-Ci:- M- OH + R - OH (1)
Condensation
cat.
M-OR+ M-0OH —"» M-0-M+ R - OH (2)

Alcoxolation (aclcohol condensation)

M- OR + M - OH ﬁt M-0-M+ R -H0O (3)

Oxolation (water condensiton)
Heat treatment

AT

n SiOz (gel) n SiO, (glass) (4)

Figure 1. Reaction steps of sol-gel process.



2.2 UV-polymerization

B

—_
110

o
o

-
or

i, Ak SEob wEns Al o}

i+

o A9} =}

H]
=

Hl,

T
T

N

5

;OO

O

O;

=
L

A3 Al

AgE A A

i AL ol A Ut [7].

N
ol

FHZ ofadA GHA=

1
A|d 7] Sy

°
pal

QLI

A%E Aolw, Fig. 20 YehATh

Aol e} I A softness, hardness, 713]1 #5

H

Hld 3%}

Bl AlZEt} ofa ¥ A ©EEA
2] &1

.
) Y

obA-EA ALTA

g2)e] sh2Rd7]7}

-

|=]

—_
10

ol

0

7A



B-carbon atom a-carbon atom

L“\\ /

G—0G

\

H c——=20

/

0]

\

R Carbonyl carbon atom

Figure 2. Molecular structure of acrylate monomer.

2.2.2 UV 7334
Nk 7| t2  o]&EE AAFE  ultra-violet (UV), electron

beam (EB)7} 1oy UVE Al&st F4st7l HH 4ot [9,10].

7V, FA Apold wE A5t &
ottt [11]. UV A3s mEL 7]
=d WA s A e F A A

2 FAEY [12].

T 2ol T FAFE AL
EH 02 prepolymerg AF&-3)

2al A gAgA el 2L HI7HA

N



Table 1. Merit and shortcoming of UV crosslinking process

[8].

UV Crosslinking

Merit

Shortcoming

- Easy modification without
resin addition

- Relatively simple process

- Low emission pressure
sensitive adhesive tapes
with residual monomer/
solvent concentration <0.3%

- No 1nert gas necessary

- Molecular weight 1n
medium range (upto
3000,000 Dalton)

- Time 1ntensive process

2.3 Tapzvle] 919} o5

2.3.1 Plasma 49

SefEvtE EE A8 o]2s) 7lxolH, ThE
O]zt excited fragments, photons, AF

AAREAT Qe AUAEZ AAsta H9 g AATE AEE o]

ozM

A7t AR E

THREE
A=}

EFst

=

AR} Hol FARE HA WM A o A% &

olelR Fste] oL AAEo

olFZA TAH
=3t dAse &
Fig. 304 HWH o]
=oh=vigtar g



Electromagnetic
wave =

Meutral atom

W : Positive ion
acceleration 3 @

Cold Atem

“* Plasma

Figure 3. Principles of plasma generation.

2.3.2 Eg=nt T
2w (monomer)E°] Zeh=rk W AEjold 7)A] Ewol

WU ET} e e wieolu} RUYNE gyt AL Foz
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X# + Substratex — Substrate—X (6)

Zetznl S8l o3 AdE 5 ZES W&o i Jtue
7F =ow, 7l ek HFaE o] g ottt o] EAALoldl A A
At = =R gstFe JAdo] Zlesty, M= 243 T
o] Z|A A PSS mAH F£%  r}l  Electric discharge,
discharge conditions®} 7|3}dt%<l @42 HY Zg=v ¢
g3 AIZE ARA VA SoE RE vY FRAEEE 24T

ATk [18,191.

2.3.3 w7IdEE ExmE o83t Et=rt 9

U e IS B E AL ekt S s s
Table 29 YRt PECVDE ol8st HMDSOE SiO&E 28 +
HErb Fom, dHomd  F2 q¥ds Itk UE RamEs
tetraethoxysilane (TEOS)Y silane 5= Wit ARE-SH} [20]. Silicon=
I RS ) ARSSlols FHel, w2 SHES nolee A

ol Q= WhA, silane 7)ol wWIFksh] wiitol] F=oljjoF st} [21].

_‘IO_



HMDSO¥} TEOS= jAElse| ti7]ell Halsiolr Fykepd, TEOS H]s|
HMDSO<= silicon 94 @o] Egstarl itk th7lellM =2 571 9o
2 HMDSOE o8& 4= o™ TEOS Hrh gA d7AE A ¥
Atk HMDSO+= bias-voltages Heoll o] ®sh= WHo= de] AREE]
AL Qdv [22,23].

TEZ VlFo g o] Eylsl: AR AHS Fig. 4o Ho|F

Ak o] AAHL g2 FE EAEe] 1A VHoR FIs)

k-0l "macro—defect"¥ "nano-defect"S =°]AY §lol
WVTRE 9% 4 Au. A5y crack A =L "macro-defect"
il & g glom, AR FHEet wido] 9 0.3 ~ 1 nm
He1 “nano-defect"® Ww vt [30]. WH5E& 22 F

sake 49 Fig. 59 7heFabAl e,

_‘I‘]_



Table 2. Different types of monomer used for plasma

polymerization.
Precursors Oxidant/dopant Application
. Barrier
Hexamethyldisiloxane ,
0,/C,F.4 coatings,
(HMDSO) [23,24]
Low-k
Tetraethoxysilane Barrier
0O, .
(TEOS) [25,26] coatings
: Barrier
Silane [27] 0O, .
coatings
Hexamethyldisilazane
- Low-k
(HMDS) [28]
Tetramethylsilane
Oz Low-k
(TMS) [29]

_12_



o L '0'; 'y L
w 9| @
o % o
&AM Py © @ Oxygenatom
9 @ - Py g ® Hydrogen atom
A P b 3
5 aflw v
v AY al a
&

Adsorption  Diffusion  Desorption

Figure 4. Scheme of the molecular permeation through

polymeric substrates.
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Lattice Nano-defects Macro-defects
(0.2-0.03) nm (0.3—1.0)nm =1.0nm

T M M

Polymer substrate

Figure 5. Schematic diagram of gas transport pathways

through the oxide layer [20].

_14_



3.1 A% A=
3.1.1 Sol-gel®] A=

Hegh weke Azs] e AHgR AR A, £n o

o, 2 A8 acetic acid, WEES AL o, 74
Yoz g ol&sld THITE AMESISY. agla e Ew
A= ¢t AxZAAZE dimethylformamide (DMF)S AF-&3F%

.

Table 3. Chemical formula and function of starting materials.

Starting Chemical _ _
) Purity Function
materials formula
TMOS Si1C4H2904 = Dispersoid
Methanol CH30OH 99.5 Solvent
Water H20 - Hydrolysis
Acetic acid CoH4029 99 Catalyst
Pore
DMF HCON(CHj3)» 99.8 controller,
DCCA

_15_



3.1.2 Si0.98] Zx=m

oA Fo A HMDSO (Aldrich Chemicals)s= A A §lo] AF&3}
At HMDSO®] 3}8tz x5 Table 404 ®EW Si-0-Si¢t 6
Mol methyl 1iF°] @8 Ut} o]ZEC] R AREH] F=
2 Q& FaEY, Eojzl EAELS 7] f-89 £ inorganic

coatings .= < 2lo] HU}

Table 4. Properties of HMDSO.

Molecular | Density | Melting | Boiling
. purity
Monomer Nt (g/em’) point point
G o (%)
(g/mol) (°O) (°C)
162.38 0.764 -59 101 98+
Hs;C CHs
HMDSO \ e - /
H3C / \ CH3
HsC CH3

3.1.3 Z8=r} F39 source gas

2% 99.9%9] 0, ArE Zelzunl Zae w ukSslael salo]
7b2~2 ARS8 TE 0.4 organosilicon B & A3IAIA 7)o
SIOxE S&AAT7I7] felA ARGl Ar 7tAae S o] &35
o] B E controlled evaporator mixer (CEM)3} ¥ WH-=
wAT7] f18te] ARg-sFalt

_16_



3.1.4 Acrylate monomer

Acrylate= oA E4H} 4F3 S 2 o] Fo]X] o AHES FAORE
s&st7l A9 o2 A A dE87F " 7PE g9 Ab
L5+ TP YA E+ T2 polyester acrylate, epoxy
acrylate, ®=% urethane acrylate’} AF8-%™ Zstd dhate] =
S o]&Et} [31]. Acrylate= C A &S AF&31siom, A
F9 713 JHE Table 50l YRS

ﬂll

Table 5. Properties of acrylate monomer.

) ] Liquid specific Solid
Monomer Viscosity : Solvent
gravity content
5 (== ® () MEK (methyl
0.983+0.0010
Acrylate [mPa-sec] ¥ 50 % ethyl ketone) :
a
S > C Toluene = 1: 1

3.1.5 Substrate
PENS #& f8401 2R 7 gov), 244 drtai
SA]o|t}. PEN9] EA-& Table 60 UeE} glom, B oo A
= SKCAIA A&t 2535 AREsESItH PEN 7% 9 cm x 9
cme A7|Z A& o, HxHe EE

of 13t Aba Zeh=nt AgE 2A

£S5 isopropyl alcohol

2

(99%) = /H]f_d]é]_%]\jl’ ;og;-_q_
sl

_17_



Table 6. Properties of PEN substrate.

Polymeric Glass Transmission Melting | Thickness
substrate transition at 400-700 nm point (um)
temperature (%) ()
()
120 >85 270 32
PEN 9
05
@ H‘—O—CHZ—CH
n

o

2 S JiAde7] % 3 dA e e R A F 7HATE 9

[32]. £ o9 =4 wwol] H&Ho] Fof A 5 7] Wil
o =45 AAske Wil i, FHI FAEEHo] EAyE
AN FAgsHA slg= WHel Atk xwe 3ieh WYL T
ZEp Aol QlojA FHy Raeme] 59 dEAEs s
= WY T stdelt ¥ AddA = Siox T d 7RI E
S 100 W, O, 20 scem 222 0O, Z2=vl A8 & 3t
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3.2.2 Sol-gel Y
A7 ahaks A 23 3AS Fig. 69 YEFHRITE. Table 7
o zZ+7te] AL YeEhgloen TMOS 1%, DMF 2%, HEE

71 TMOSE Y2 %, wle&3 dxx4dAQl DMFE 37hsha,
ST acetic acidg Yol AAA wwbrlE ARgSte] dA g
gk £5% (600 rpm)E 1 min FF AL, d2olA Ad st

gt Zetzvl Aeg PEN "§S 2wy slwe] 24 ¥, W

Table 7. Experimental compositions of sol-gel films.

Materials Compositoin (mol) Structure
TMOS /
O\ O
(Tetramethyl It ~o— ST
O
orthosilicate) 7
H
Methanol 4 H-C-O—H
H
H.0O 4
DMF T
(Dimethylformaide) |
i o
Acetic acid 0.08 H—CI)—C\
H O-H
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| m™os | | methano | | Ho | | bMF | | Aceticacid |

Magnetic stirming @0 rpm, Tmin {room temper&ﬂure)‘

Spin coating 4000 rpm, Tmin

Oven 110 4 hour

&

=

&

Figure 6. Flow chart of the experimental procedure for

sol—gel process.

3.2.3 HF-& o] A7} 58 (reactive ion etching)

Figure 7 ¥ 3ol PECVD AH| & A8l o, a-Hd=e 7
H& AXElth PECVD spshibg-7]= dE5d oz A 5ol ¢ 50
cm@l stainless &S ARESIITH HHORE HolA = A FO|
30 cm® oA d¥ #I} showerheadl ZHEH 14 cm {HE 2
=2 =94 ok 7132 KBr pellet?} Si $o]% (MOD 2

Polished Wafers, Mitsubishi Silicon America)E ground
electrodedto]] =o} SiOL Z=z&lgch Si dojl¥yE 1 ecm x 1

cmz ZEA ZEFAE A ¥y ExmE= liquid flow
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controllerol A =& XA oM, Ar, O, 7FA~E mass flow
controllerE A}g3le] AT Z2dE Ereweo} Ar 7FA+=

showerheadE -3 FHWF= FA=J. RF generatore=
13.56 MHz F3%+2ZA HY powers 555 WLk (RF 5S,
RFPP). AW o] <& Baratron Al°lA (Type 122B, MKS
Instruments)®= ©|-&3lA =43}t Rotary pump® AF&3Fo]
A2 base ¥HS 1.7 Paz® AdsIth A3 =312 0, Ar,

HMDSO %A 3 RF power, =2+ A|7+S Table 89 YeEHATE.

Table 8. Process parameters for the deposition of SiOy

coatings on PEN.

Parameter Value
O, flow rate 20 sccm
Ar flow rate 4 sccm
HMDSO flow rate 1.5 g/h
RF power 300 W
Deposition time 5, 10 and 20 min
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HMDSO + Ar

14 ¢ | —Sample

@ RF Generator

Vent @

Figure 7. Schematic diagram of reactive ion etching (RIE)

system.
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3.2.4 Acrylate ¥

B Ao A ALE3E acrylates CAFY  7IEES ARSI S
o, Az ZAS 7H338]| Fig. 89 YelAth 0, Zat=nl Agd
PEN 455 &¥AH 9o &8 2 F, acrylate 95 £A

AAr BV F¥oern, UV  chamber (UV-crosslinker
CL-1000, UVP Inc, USA)E AF&ste] 3}o] 365 nmQ LY

& TR 40E T UVE AU

Spin coating IN UV light source

i

/
e — -IP Hzom

. UV wavelength : 365 nm
4000 rpm, 1min UV irradiation time: 40 min

PEN

Figure 8. Schematic diagram of experimental procedure for

UV coating.
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FEHS YEbiA =M, ol EArxe #d A
AR Hg ARE e 5 AUk AR HAS v FolA
7181 ES FASE 7E 47 Ao afe e AdHEHS

spectrometer (Nicolet IR 200, Thermo Electron)o. = 3}4=7}
400~4000 cm™! o)A =A3H, spectral resolution 4 cm 'Z

32 227033t}

3.3.2 Scanning electron microscopy
gtake)l Fze} 37], F7E JEOL JSM-6700F SEM& Al-&4-3}
of st #F A AsidiA s dystr] 4

= 3 O
I 2e dee

ol

3.3.3 Water vapor transmission rate
MOCON #4534 #x (W3/33, MOCON)Z WVTRE
7l 93 AF 8 cmEZ AMES ¥Eo] SASITH b

o] Bx]7] BRo| N, 727t B Qlon, upgz A

o
off
-

2%

M = v
o
I

=
rr

1
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Z_E'
MES 37.8TC, & 100 %ollA =A4skAtt. AHl 2 E& Fig. 9

o e

ne

Oy Nz . EDTED IRl | - el RH Flow

To Sensor € 4= o= - 4

Figure 9. Schematic presentation of a test cell in MOCON

Permatran instrument for WVTR measurement.

3.3.4 A M-7}AFA Bpge
YR sAEREe HPA ASA-TAgE 2P
(UV-Vis Spectrophotometer)& AH&-3te 400900 nm Aol ]

g el N SAste] FREE B
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3.3.5 Calcium H|2~E

Ca HI2Ex= gk v ] glo

=
%
ol
Lo,
L,
el
>,
=2
>
=
i
X

thin film

Figure 10. Schematic structure of the proposed Ca test

structure.
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4.1 FT-IR A
4.1.1 Sol-gel #ZH

Figure 112 sol-gel ZEE&MNS A Zo) Jojq Axzx4d 3}t

(St
Y

AH7FA] (drying control chemical additive)?l DMFE 7}

7)
o] spin coatingdle] 110TCelA 4A17F FeF EAF3 Al & A 9]

B A7 A e Fog F A Wyoe s 7+ ZF KBr ti~A 9
A g #2493 Aojt. DMEE formamide®] NILZ|7F 4%
Z4)

methyl7]sh A RN BATEE AR FAAFS A o}

—

Al DMFE7F x4 A 43 o wAg ZH X+ 39 3

o

go| Zolx| Aoz d#A Qv &, vAFAS A st A
Z 7)o A FE EA# IS AA gte HES AT
B wojglth, [33]. Figure 11 (a) DMF #7}slx] ¥+ Ax
(b) DMF #7}sk Z1& Hlugh 23 DMF #7bete 2le] Si-OHY
3 7)¢l8kE 925~930 cm ' A9 OHAZ Y 7QEE
3350~3650 cm™' I3 A 717} A8
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(a)

— 4,41,, ity A .
| i ’ W \ i
P g | Si-OH '
/ 92 ~930 cm! =, _i :.
(b) i " .'
04 »ah% " ,|11|l. e ——— ﬁw\r».lﬁ}“' " I'Pﬁh"“‘ /\ ~
I II‘ i AT V/\
1
% i [ !~ l Y \
_ 0H o) Si-O-Si
m 3350 ~ 3650 cm! ,'\,\ J 800-820 cm'!
- ! 1\ i
% 04 \ .- |
81 l“ !
| |
el 1.  8i-0-Si bending: 800-§20 cm! {
| 2.  Si-OH bending: 925 — 930 cm’! i1
3. 8i0-Si stretching: 1060 ~ 1170 cm! | }
4. OH stretching: 3350 ~ 3650 cor! Si-0-Si | |
|
|

1060 ~ 1170 cm

..........................................

Figure 11. FT-IR spectra of (a) sol-gel without DMF and
(b) after addition of DMF into sol-gel.

4.1.2 SiOx "rek &4

FT-IRoA FHdA o= Si-O-Si stretching band 1000~1150
cm ', Si-O-Si bending 3= 800~820 cm™', z@]x Si-CH,
bending 3= 1260~1270 cm ', C-H stretching 2963 cm™' 3]
3 FES EAE9t). Si-CHs rocking vibration peak (840
cm D¢} Si-CHs groups®] C-H &, H]13 stretching peaks
(2960, 2905 cm )7} AgPH o™, Si-O-Si stretching band
1000~1150 cm "¢} Si-O-Si bending 800~820 cm ‘¢ & ¥
= 7R Y. Si-OH groupse FAYAE9  stretching ¥
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bending motiong 33003 930 cm 'oA UEdth FErpHow
-CH, &5 A4 9} Adtxo] Ag=HA CO, CO, -OH 18

3 H,O0= A3t H oA Figure 125 XYW -CH S ¥ase
ZolE9lo, Si-0-Si & YIAEL F718F T [34]. HMDSO
precursor® 7pdoll A 818HH pkS o R ske Si0x W P4

vl Figure 12 ()& <4 HMDSO =xwe] 3 zo|H,
Si-CH, 1260-1270 cm '3} C-H stretching 2963 cm™' A=
7HES et v ASE B & Tk Figure 12 (b)) RF
power 300 W, O, 20 scem ZHo =z &to] yeEH ot} KBr
of SiOE S&% A IS o] Aal, Si-O-Si stretching

band”} £7}38}d inorganic EF S H AT} [34,35]

4.1.3 HMDSO without O3

Figure 13& (a)¢ HMDSO =9} (b) HMDSO without
0.1 Aol A4de wete] FT-IR AFEDE BT =t
b)E 24 9 Aoz C-HagEo &A= A8 & &

9Jo] inorganic XU} organic &9 EAS & 4 9l
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(a) HMDSO monomer
(b) Inorganic layer

(a) HMDSO monomer

{(b) Inorganic laver

3500 3000 2500 2000 1500 1000 500
=1
Wavenumbers(cm )

Figure 12. FT-IR spectra of HMDSO deposited on KBr at
RF power of 300 W, HMDSO flow rate of 1.5 g/h, O flow

rates of 20 sccm.
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(a) HMDSO monomer
(b) Organic layer

Si-0-Si bending: 800-820 cm'!

Si-OH bending: 925 ~ 930 cm’!

Si-0-Si stretching: 1060 ~ 1170 cm!

C-H stretching: 2963 cm!

OH stretching: 3350 ~ 3650 cm'! S1-0-3istretching

T

y T ¥ T ¥ T F T Y T Y T Y
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)

Figure 13. FTIR spectra of (a) HMDSO monomer with O
and (b) HMDSO monomer without O,

ol
rlo
ot
ofy
o
rtﬁ
olo
o,
2
o
)
rd
r T
olo
L)
ofo
~
H
2
ofo
ol
ﬁ_l

Acrylate=
o C=C o]z ZAgo] 7Aar 7]d 7} Qkgo] doju}, C-C &
ey 2 Z8eE -C=C- o]FZAo] F=3 Hled Ars o
7] 938te] UVE 2A}ete] WS A7l 2 810 cm '¥ 1635 cm'!
oA YEeER}E -C=C- o|F ZA¥S BHsITE. oF AT

(-C=C-)¥} ##HA" 73 (1410 cm ¢} 1635 cm™)e A7E

_31_



AgE a(%) = [1] 2 %100 (7)
L

A71A, [, UVEAL A A4 A8 (1410 cm™'¢} 1635 cm™)
A7) d3eM, (1,5 UVE ZAEIY S8 9kes A7l 5 92
ahube] o RN E A d A 39 AVIE HERA Ao
t}. Figure 14+= (a) UV ZFAsH7] A3 (b) UV 40 min ZAF 5,
C=C A% & "= Zstde] et A3t & wheS vugk A

o= oF w AV FAI BLAL B & vk

—UuUVv 0min
(b)|——=UV 40 min

(a)

LY

1500 ' 1000
-1
Wavenumber (cm )

Figure 14. FT-IR spectra of UV-cured polyester acrylate.
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4.2 TR
4.2.1 Sol-gel 7§

Figure 15% Table 79 Ao & 3to] Si o]y 9o 4000
rpm S 2 spin coatingdle] GA3s A7l ZEldhe] AR A}
oty AxIAA Hup Fdo] WAs= agl
FAR A 7o

rlo

Bxol 37, aga vAF
ek wf wA 3ol A
AlZI=dell 711g AL A
WS 30,000 W] w&E &
o, 9] Bio] 7E & 1}
71 sol-gel 78 Yol Sj

Fig. 16914 B Az} o] =
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Figure 15. FE-SEM 1image of the sol-gel coated over Si

wafer.

Salx

Sol-gel

Siwafer

Figure 16. Cross-sectional FE-SEM image of SiO./sol-gel/Si

wafer.
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4.2.2 Interlayer HMDSO #-& whuk= 1=z
Layer-by-layer7:4 2 % 83le] RF power 300 W, O. 20
scemz 53 SFske] SiOx (200 nm)/HMDSO  without O,
(200 nm)/SiOx (200 nm)/HMDSO without O, (200 nm)/SiOy
(200 nm) =9 SEM °n|A|& HoFal Qirh Aba §lo] &
g HMDSOZS EW 79 (hole)E°l ®ol A& 2& & F 3

t}. SEM#-zS- 50,0008] vjEo A AR 7FEEASS 10 kVS

of\i

o1 7} &elS A, ANAE x3slA] &= HMDSO 7FA~7F Z=2kE
AAHE ZAo=w Bt (Fig. 17). SiOy

23] & HMDSO T2 He 3b7] 9@l SiOq
Z2 10 minzt #8190, AAE 30 scem FY3ATE A&
£ ¥3sl#] €= HMDSO 5 Hu 429 5 sccm AHAE Yo

Z 3

01&

T o Hlud] BA LS Yo so] A™E Fo

-

N
i
=

A& Fig. 1894 & 4= Ut}

4.2.3 SiOy/acrylate/SiOx & T3

Figure 19% RF 300 W, O. 20 sccm &2 10#37F &%
sk SiOx (408 nm)/acrylate 4000 rpm (7.78:m)/SiO, (408 nm)
Tzxolty. 18]l Fig. 209+ vAxgl¥ PEN ZE3 SiOx 10+
2k WS YER A

ol\
]:\:1
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Figure 17. Cross-sectional SEM image of SiOx (6
min)/HMDSO (without 02)/SiO/HMDSO (without 02)/SiOy
layers deposited for 5 min at RF power 300 W, Os 20 sccm.

1209 _4nm

Figure 18. Cross—sectional SEM image of SiOx (10 min, O
30 sccm)/SiOx (5 min, Oz 5 scem)/SiOx (10 min, O2 30 sccm)
at RF power 300 W.

_36_



Acrylate

SiOx

SEM image of SiO, (10

Figure 19. Cross—sectional

min)/acrylate/SiOx (10 min) layers over Si wafer

=k

4.2.4 Acrylate =¥ %W 3z
PEN 7]3o] 18 S<¢F 4000 rpmlz A3 FE3de] UVE %
e FnFowr AL ojnjx o]

At RESAIZL & wlo]AZ H|Y L
t}. Figure 21 ola g olE FH Q] FHOTEA,

AlRE F-Eo] A FEelnt

_37_



(a) (b)

Figure 20. SEM images of (a) untreated PEN and (b) SiOy
coating on PEN at HMDSO, O. flow rate of 1.5 g/h, 20 sccm

for 10 min deposition.

Defect sites

Figure 21. Microscopic images of acrylate layer over PEN.
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4.3 55 (WVTR)
4.3.1 Sol-gel I Y=

n|x12] PENZE3 PEN/sol-gel &9 thsle] WVTRS SH

Sol-gelyl o2 #¥ 3l "hulo] Fig, 15¢] SEM o|v] X9} o] =

9% EPST Qo] Auvte] gg R fow FYUn

WVTR (g/m?%day,

1]

1 PEN
T PEN/Sol-gel

0

Figure 22. Water vapor transmission rate of bare PEN

substrate and sol-gel coated (200 nm) over PEN.

4.3.2 HMDOS®} AFA&E o] 83k SiOx Bhef
Figure 12¢] FT-IR X=¥E

cross-linking®] # Ho] FEo|Y AAE AT = Qe 7389
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fAbe whaks PAsle] Si0ve 10% SEE Zlo] A3 we
WVTR #t= Fig. 23 oA Ho5a v [36]. SiOE 20%
(800 nm)&et F&3 Aol 10% (400 nm) &3 2 HU} H&
FAE JHHER 9 WVTR #e zZteta & 5 ok
Sol-gel/SiO, =& sol-gel 2] Fig. 1894 & 4 d%o] ®W
o] w#d¥ Hotgs FwA Aol SiO, wruzo] F&ale] sol-gel
S SiOx AT ol EW U= FEE A3te] WVTR ko] ozl
Zol 2 Helt},

7
= 6
S
~ 5. = =
E [ £ 5
()] = . =
— 44 e x £
o . ] ) -l
- & & ~
3- = ot
. = e
= ¥ P 4V -
=] = e
2 s 2
2] [
Jl 3 z =
T T ]

Figure 23. Water vapor transmission rate of SiOy (400 and

800 nm) and sol-gel multilayer systems formed over PEN.
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4.3.3 HMDSO A}-g =1+=

[norganic=2 <o ot dHE

%
e
ol
o
k]
_>‘i
Jo
~
ro

HMDSO R:wE o]§3ste #ES wWHoA WVTRE 347
7] 9ol AHS st Figure 23¢9 SiOy 10 ¥ (400 nm) =
z-gk A} Fig. 259 a (600 nm)E ¥wstH L3534l WVTR %t
o] F& AL B 4 9t} Figure 20 oA BW ()&= mxlgd
PEN3xHolH (b):= HMDSO 1.5 g/h, O, 20 sccm, 10% &3k
inorganic?l SiOx =¢] ¥tz o] Fdo] A7 AL B 4= gjo

™ Fig. 24°14 H>=9] inorganics< A% SFAAH FAE F

!

ZYAE d59 7|58 FAdT 4 vt Inorganic FolA A
HeE 749 AAE XK &= HMDSOZ * 88t organic
o] 7IAl Y& YolgH, ZHAEY 7]es Y T 5 U

= AL organic=9°] inorganic

r_{
e
5
o
=
(0]}
)
=3
o
of
41
{1147
ut
[>
H
[

o LS AYA "ol organicFolA FEo] GAtE
of Brem wAurs AL AdAA wo=2AM, WVTRe]
o7l Aoz ok} a9t bE WVTRe| dishe] v usels
o, FA W g2 Qs WVTR gto] Holxl Zo=
AT ¢t dE BU%s 45, =¥ U inorganices THtstAl H

571 Y& 2AY%S 10 scem ¢ ¥€o] WVTR & H|W&] HoES

SiOe] kel A FFolgts Ae & g AU b eE MW

_41_



a BW, el dASA WVTR Fte] @& AL E 4 9t}
Figure 175 boll tgFk SEM ©o]u]%]o]|™ organic ¢ A4S X

SkolA| k= HMDSOZ o] +HEe A AE &

B
%0,
o
>
k>
il

#Fo] Si0°o] FEHZE KBt} gyt o=
53] e 1 x 107 g/m?/day #E I

F P/
N

3

(©) 'l'

Figure 24. Schematic presentation of structural development
of silica films with multiple passes (a) inorganic 1 layer;
unhindered flow through defects, (b) inorganic 2 layer; Many
defects blocked some tortuous pathways remain, (c)
inorganic/organic/inorganic layer; organic buffer layer slow

down the diffusion of water vapor [37,38].
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0.1 5

0.01 4

WVTR @/m?day)

1E-3 3

Figure 25. Water vapor transmission rate of multilayer
systems formed over PEN. (a) SiOx (6 min)/HMDSO without
0, (5 min)/SiOx (5 min), (b) SiOx (5 min)/HMDSO without O,
(5 min)/SiOx (5 min)/HMDSO without O, (5 min)/SiOx (5 min),
(c) SiOyx (10 min)/SiOyx (O, 5 sccem) 5 min/SiOyx (10 min), (d)
SiOx (O, 30 scem) 10 min/SiOx (0. 5 sccm) 5 min/SiOx (O,
30 sccm) 10 min, (e) SiOx (5 min)/SiOx (0. 5 scecm) 5
min/SiOx (5 min)/SiOx (0. 5 sccm) 5 min/SiOx (5 min).
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4.3.4 Calcium H|2E

Cacl 759 & R Atndd =5€ 45, "7l T2

FEol Hewg FHste Ca celld F25H, Ca cell> $19] wt

5o o3 FHse. RawS zkE Ca celldl ¥ F3=& o
%

0
~
3[\3
-~
(@R
Q
o
o
e
i
%)

i0/HMDSO with Oy 5 sccm/SiOy H g Hho]
7]l =Zd Al wWE Ca celld] #F3 2 EFo|H,
Fig. 26 (h)< AoA 154 XA T 60CY 3235704

BUlEE 90%° o2 ste] 15A12F A3 Fo ~FEF |t
Fedhs FAdAE AA Ca cello] FH A= AL HolFn
ATH.
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a0
A ==E=
L 2oy 7
- B [ B
= | [ L o
< | ool ol
)
g /rf:\.\ 8 o
& 4 5
i
=] 4 F’N\\\: =
= E
z z
& g2
h 1 h
1 l_n
o — o J
I I 4D 5O &0 W0 &0 a0 3 40 S0 &) 7O &

(a) (b)

Figure 26. Optical transmittance of Ca cells with
SiOy/acrlyate/SiOx layer by (a) various exposure times at
ambient atmosphere (b) thermo-hygrostat sample after 15

days at 60 C, RH 90%.
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2 AT e EgaE 71E9ol &£2#% organic $xF HHE

gEow A

o
u
Q 40
2
rie
Hl

Ao, ofAHYOES Wor YIS
o= xAdsto] AAA el A%S AA SHA sk,
sol-gel ZYZ (6.81 g/m*/day)¥} otmA Dl E (6.49 g/m°/day)
S WVTR gko] & #po] 7k vhA] &%kt

UG Aol A7F Qo] organiceS TXHHO R ALEEFe] ufS-
3o ~107° g/m*/daye] WVTR % B

omWA HMDSO RExmE 784
H)gle] AeFe] Ak 5 scemS Yol # ASdE 1 ox 107
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ABSTRACT

The role of organic layer on the water vapor

transmission rate of polymer film

Inorganic and organic coatings, such as sol-gel, acrylate,
SiOx, and SiOy coatings from hexamethyldisiloxane (HMDSO)
monomer were deposited over polyethylene naphthalate
(PEN) substrate and their effect on the water vapor
transmission rate (WVTR) were studied. Inorganic SiOy layer
was formed over PEN by plasma polymerization of HMDSO
iIn a reactive 1on etching mode with RF power of 300 W,
and O, flow rate of 20 sccm. FT-IR spectra showed Si—-0O-Si
stretching and bending peaks at 1060 ~ 1170 cm ! and 800
~ 820 cm’!, respectively. Acrylate coating was applied over
SiOx coated PEN substrate by UV-light irradiation at 365
nm for 40 min. FT-IR spectra showed significant decrease
in the peak intensities of C=C at 1635 cm™' and 810 cm™, it
indicates the crosslinking of acrylate monomers. The WVTRs
of bare PEN substrate and PEN/SiO/HMDSO with 0O2/SiOy
were 6.95 g/m®/day and 1 x 107° g/m°/day, respectively.
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