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A Study on the Organic-Inorganic Multilayer Barrier Thin Films
Using R2R Low-Temperature Atmospheric-Pressure Atomic Layer
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ABSTRACT

In this paper, the organic material Poly(methyl methacrylate) PMMA is used with inorganic Al203 to fabricate
organic-inorganic multilayer barrier thin films. The organic thin films are developed using a roll-to-roll
electrohydrodynamic atomization system, whereas the inorganic are grown using a roll-to-roll low-temperature
atmospheric pressure atomic layer deposition system. For the first time, these two technologies are used together
to develop organic-inorganic multilayer barrier thin films in atmospheric condition. The films are grown under
optimized parameters and classified into three classes based on the layer structures, when the total thickness of
the barrier is maintained at ~ 160 nm. All classes of barriers show good morphological, optical and chemical
properties. The Al203 films with a low average arithmetic roughness of 1.58 nm conceal the non-uniformity and
irregularities in PMMA thin films with a roughness of 520 nm. All classes of barriers show a notably good
optical transmission of ~ 85 %. The hybrid organic-inorganic barriers show water vapor and oxygen permeation
in the range of ~ 3.2><1072g/m2/ day and 0.015cc/ m?/ day at 23°C and 100% relative humidity. It has been
confirmed that it can be mass-produced and used as a low-cost barrier thin film in various printing electronic
devices.

Key Words : Roll to Roll Spatial Atmospheric Atomic Layer Deposition(2 58 37t 288 M XS TEh,
Roll to Roll Electrohydrodynamic Atomization(EFE 7|22t 0|& &), Multilayer Barrier Thin
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Fig. 1 Principle of R2R spatial ALD process

Table 1 Experimental parameters of R2R spatial
atomic layer deposition

R2R spatial atomic layer deposition

O SO

TMA pipe 120C
H20 pipe 120C
N2 pipe 120C
Temperature Head 120C
TMA canister 40C
H20 canister 40C
Substrate 120C
TMA line 100sccm
MFC H20 line 100sccm
N2 line 1200sccm
Exhaust setting 730torr
Web speed 20mm/s
Tension 10kgf

Fig. 2 Schematic of R2R spatial ALD process

Ql A0z FES % AFAZE TMA(AI(CH3)3,
Trimethyl Aluminum)2} H20E AHE-3F9A Novte
ATFA o] Fg, oo AEL, A7A Be&o=2 AL
&3tk BE A7 9 ESA7I~E ALD S=
o AA=] Ut

Table 12 WYAS 2 34 =4 Fo|th ATFA)

<wall role of Nz Gas>

7} ALD 3 EZ o]F F9 JFeHHsE ] {AslA
ZE Hi#Y gy &8 d=s 12008 FASH
AT =g TMA YU 2E S H20 Y2 oA
Wi71Es AFAe HERS A IYsr] 9
st Z4Zbe]l L5 40T 2 45+ T}, MFC(Mass
Flow Controller)= @2 53 7}2=9 #3< Ao

- 53 —



oAl S, A¥Y, AFY  F=VAVEEIA A7, A3z

st ARESEA o TMASH H20 A4 242
100sccme] o2 No7b2o 93] ALD ==
olFHL} ool AEE N/t AT7A el N2
ke AFAY £ o R AEEY fYde &
Aoz A7) 98k 1200sceme FAISFA T
Holl ZAzke] 348 =212 33 LY d= €8
MreA EEFHA Frolth. F=olA BEAEE &
AEQ N2, H20, TMAE A&ZH 02 nj7|str] 3
Al B34 PumpE AHESIACH EE A =ES
83 w7|s7] 28t AARS 730torrE A A S}
o AL Y3t

r 2 125um F79] PET(Teonex, Q65HA)S
o]-&3FAL 71 He| o]F L= 20mm/secE A S
nom 7|# deo o]F Agd FFe HA=
Q29 A FEI] 10kgro2 A7t DA
= 3 dE9 &5 FXE 8 7tEYA 31H
(Misumi, MCHL6-140-V200-W100-B1000-N)Z 3| =
Wil dx|ete] 120CE FAEH o Fd7]He]
2=& 7% s R 3|EE AX3t 120CE
FrA 8.

(o]

22 ALBHI| HI|5t oj@st A
AH

714838 W YSKEHDA; electrohydrodynamic
atomization) 7]1&2 HA71AI &4 o F=2 A
steke] 45 Zrgor o] ngslE o] EEEHE
Z1go|tf7 A7)AQ & e g gHe A
ste] E3PFEIZE Ha Al&aiA d71Hd & v
st AHslol oaf] &9 mHA fdo] EFHT)
ol Zl&< 1990t e vlolaz/x: FdS A
Z, Al g8 58wy Ak ot
Fig. 3< f7]4teel PMMAS ZE3l7] 98 AL
F EHDA®| T4& tdstA =Aslstant. 429
a3 f&5E fFAE7] A HYxn FH=
(Harvard Apparatus, PHD 2000 Infusion)E A3}
o Wrel 210umdl =% AL, HZE FE
o} AZE HAAE AESITh o|F ZE|o|A=

He

X%z % 3YoE £4d F gom =% ¥4
Y ges $8d 4t #UW 93 E
22 9Iste] =23} /1B Aole] 1AS FAs

Table 2  Experimental parameters of R2R
electrohydrodynamic atomization

Parameters Value

Applied voltage 4.7kV

PMMA flow rate 500ul/hr

Nozzle to substrate distance 15mm
Stage speed Imm/s

Nozzle size 10um

Power Supply

)
= Light Source
Camera —
=
O -— O ~

Fig. 3 Schematic of EHDA process
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