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FEEE . T HE AR X A WL RO T AE (Organic light-emitting diode, OLED) #34F Afr E CHE . AL
KR Z DU T E0% AL O, WA RIE S5 JFBFSE T WA FTED PMMA A27KTE AL O, VAR 34 5] B
DL I AL O,/PMMA 28 S /K P BH A M B . S0 25 3 R B, 44T BN 4 BE 2 2 300 DPI B, PMMA 2 /K 7¢
AL O, R 5] M, AL O,/ PMMA 28 & il EAT B 47 A /K VR BEL IR PE BE DG 270 o %8 05 JBE P, = U 45
BER,3 X} AL O,/PMMA FERE K IRE T RICE 8. 34 x 10 7 g/ (m® + d) , i 6243 YR AE v UG BBl N
F 95% ,FHH BAFHY OLED 2 IE B PR
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Fabrication of Al,O,/PMMA Laminates and

Its Barrier Performance in OLED Encapsulation

ZHOU Xiong-tu'?, CHEN Gui-xiong' , SUN Fan', WU Chao-xing'*,
GUO Tai-liang' >, ZHANG Yong-ai'*"
(1. College of Physics and Information Engineering, Fuzhou University, Fuzhou 350116, China;
2. Fuyjian Science & Technology Innovation Laboratory for Optoelectronic Information of China, Fuzhou 350116, China)
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Abstract; Reliable thin film encapsulation is of great importance in the development of organic light
emitting diodes( OLED ). 1In this work, dense Al,O, thin films were achieved using atomic layer
deposition( ALD) under low temperature of 90 °C, and ink-jet printing( [JP) was applied to deposit
PMMA thin films on the surface of Al,O, thin films with different resolutions in terms of dots per inch
(DPI). It was found that Al,0,/PMMA laminates exhibited good barrier performance and optical
transmittance. The water vapor transmission rate (WVTR) of the 3 dyads Al,0,/PMMA laminates
showed WVTR of 8.34 x 10> g/(m” - d). Besides, the optical transmittance of the thin films was
higher than 95% in the visible wavelength, exhibiting good barrier and optical performances in
OLED encapsulation.
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vapor transmission rate, WVTR ) FI%8 55 i K ( Ox-
ygen vapor transmission rate, OTR ) 24251 53 51 Ik T
10 g/(m* - d)A 1077 em®/(m® - d)7* ) 58
PR a4 A Wi R e © 8RBT /£ OLED #4455 ]
PFEHR  AH TG S B AR 52 A PR A5 4 v A 1o
FN o ATARSR R 4 32 B T2 G A
& H AT 2L 032 OLED #RF B R,
JR s e — 8 A FH AL 22 S AH TR ( Chemical vapor
deposition, CVD) | Jii+ JZ UL ( Atomic layer depo-
sition, ALD) 115 2 §T El ( Ink-jet printing, IJP) %
kAR O — 2SO K A R, W
R A A0 5 2 AL TN K B )=
W A B IO B A JOHL R R
FEAFEAMAE (SN, ) RALEE (Si0,) Ak
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RS M PERE . R, ORI A HLAC S R 45 F B
PSR Bt E Re R 2 — 121

A OLED 74 8 B 4 2% S b 1 FH 2R
GBS TR AL 2E S AU (PECVD) il £ JC ML
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T T A K B0 LA A s S 22 M OLED
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TE 20 mL/min, A AR T 45906 2R 2 FE A 4
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w10 s,

e JC 538 B OG [ 46 5 F 3R O 0 R T e
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VE R A LB IR 2 AR, PMMA 587K H iR R RS
/NF 12 mPa - s, A FHWEERFTEN (1JPAS-300, 53T
BT, EE L) 25T PMMA AU, & 1(b) fr
TN E BT Sk A7 B S A 5 48 i R W 55 s 2 R,
FHIE ST BRI Sk 81524 Dimatix SL-128 AA ( FU-
JIFLM Dimatix Spectra S-Class) , 245 128 /MHiH |
Bya] o Sk TR TED . B WEME Re e - Ak
65 ~ 90 pL ATV , 4T ED B IR T 43 FF 2 5
Al 3% 450 DPI( Dots per inch, B AR F BT EIAY i
) .
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Fig. 1

(a) Scheme of the atomic layer deposition. (b)Schematic diagram of piezoelectric nozzle in the ink-jet printing system.

('¢)Schematic illustration of 3 dyads Al,0,/PMMA encapsulation layer. (d)Schematic diagram of a green OLED device.

PMMA B, 4TENSE UG & 2 min, (857K P
BN, AR Ja TR R B 225 B 4K 2 min, B K
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PMMA 22 S 2514
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( Shimadzu , UV-3600 ) {15 e JE () Y2 i 1 %
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h T G R AR KT Fe A OLED #84-1 BE Y
SN AN SEIG B SEHTSE AL O, WEE AGARIE (90 °C)
Ak, B2(a) ~(c) IRl 90 CHEMETNAERK
AL O, Y XPS BETE &, Al 2p 1 O 1s &5 G
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AL O, RETER—3" ™ {50 R ] ALD 7EAR IR 4%
TR Rl £ T ALO, W, Jf H ALD il 4%

AL O, WEEERTATRESEE  K 2(d) W T 1 pm x
1 wm AFM UL T HOREURS B2 34 5 HRAE S (0. 337 +
0.009) nm, PR YR AT DL & KA
BELRRE , 18 R J5 2 AL bR (0 25 5 e

SROK R R E TR R A AT M A 5 I
BT A T RAIE PMMA SR /KFETCHL AL O, T
A A SRR IR T PMMA S8 K 7 8 AL AR
R B2 Ml oA 17. 070, Q& 2 (e) BT, dEH,
T Y kA /N T 90° , 1hE B YR A R 7 v
R, B B A R ACR A Y L
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AFM K TESE 5 (e) PMMA 88/K7E AL O, WIS E A Efm A
Fig.2 (a)XPS spectrum of Al,O; grown by ALD. The high-resolution binding energy spectrum of Al 2p(b) and O 1s(c¢) in
the XPS spectrum of AL,O;. (d)AFM images of Al,O, film. (e)Contact angle of PMMA ink on Al, O, film.
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ME Sk e L R S S RO AR i — 2B WF 58 T 4T 43
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KR FTEN SR HER A , PMMA 887K 01240 R
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i S TR gl R T o e S i W R 2
SRR FEOER RN EI5], Rk, ATEI 5 B
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PMMA 288 AR5 — 1 | T I 52 ) 2 860 55 174 BEL ol
R RIS Prokfe, ARM IR 4h 5 00 SR T Ep
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B
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1.0 pm

W 3(g) Fion, B —E B KYE, XFhs KR
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PMMA 225 A /K I B R MERE

14
12+ I
g
ERRTIE
I :
= 6r
£
i ¢
2_
| I I
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DP1

CA=110.57°

B3 (a)WERITED PMMA Y30 R R X HIE AR (P 5 (b) PMMA HERRE R 55T EQ A3 BE R 56 2R 3T BN R 4y
31k 100 x 100 DPI( ¢) 400 x 400 DPI(d) 300 x 300 DPI(e) Hf, PMMA 7£ AL, O, ¥l [ F I A TE SR I8 F 5 (1) PMMA

WP AFM R 5 5 () PMMA HEBOK SR A
(a) Velocity test of PMMA droplet, the inset image shows the morphology of PMMA droplets. (b) PMMA film thickness

Fig.3

as a function of dots per inch(DPI) of ink jet printing. Morphology of PMMA ink on Al,O; thin film: (¢)200 x 200
DPI, (d)400 x400 DPI, (e)300 x300 DPI. (f)AFM images of PMMA film. (g) Water contact angle of PMMA film.
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SCHRES SR LA A S 9 25 R 1 3R W) ALD il %5
AL O PP #e B0 | MR THT B 021 Sy
E— T ALD 4 AL O, WL 1P i & PM-
MA HEBEAN AL O,/PMMA 32 78 jHi I 19 354 45 P g
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PMMA 5 AL O, R WVTR {EHAU N 1. 87
g/(m* - d)f11.36 x10 > g/(m’ - d), PMMA 5
WL AZ e R A W ik 2 18] — ik 2 FLE5 4, 7K
Aoyt ARIRRE J1 82, ALD 4K ALO,
HRECE BN —E B ERE, R, 2
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Fig.4 (a)Dependence of the normalized conductance v. s. time of the Ca corrosion tests with single Al,O, and PMMA layers in

a controlled environment of 25 °C and 50% RH, the inset shows the schematic diagram of calcium test. (b) Dependence

of the normalized conductance v. s. time of the Ca corrosion tests with different dyads of Al,0,/PMMA films in a con-

trolled environment of 25 “C and 50% RH. (c)Transmittance of single Al,0, and PMMA layers. (d)Transmittance of

Al,0,/PMMA films with different dyads, the embedded photograph is the corresponding images. (e)Evolution of lighting
OLED encapsulated with 3 dyads Al,0,/PMMA (60 °C/85% RH, applied voltage 5 V).
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