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Flexible electronics call for thin barrier/encapsulation films that can effectively prevent ambient
H,0 and O, from getting contact with their organic active materials. Because of its unique
advantages of low defect density, low deposition temperature, and 100% conformality, ALD
presents the most promising solution among all current thin film deposition techniques for the
encapsulation of flexible electronics. Previous studies have demonstrated that ALD ALO; films at
26-nm thickness yielded barrier performance on par with flexible electronics’ requirements, and the
films’ barrier performance did not change upon repeated flexing to a curvature of 2-cm radius. Thin-
film encapsulation of OLED using ALD also showed orders-of-magnitude improvements over the
state-of-the-art thin-film encapsulation processes. In terms ALD equipments, the flexible electronics
applications call for designs that are different from those of the current off-the-shelf tools but that
are likely simpler in many aspects, making the development of specialized ALD tools an ideal arena
for Taiwanese equipment manufacturers.
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P&/ T EE @ (read gap dielectric) ~ ~FE#E IC HHY high-
kST EEE DA PTHEEE (diffusion barrier) 55 ©

TEM 723 AR R A R M B TR KA E
SEHEREDR T © ALD BfAZ 2 E T F b
FEEE © ALD By S [ IR T EH E AR K
TRFE B DU e SE R A B ST LN - EA HE
RCPEIRE - FF e BELYHEIE (20 ALO,) AI{E
100 °C AT IR - (KL BIAE F ] B A B A R AR
A o B ALD RRBECHFEIERIRIRE - ALD HIEA
HAth AR @ > R hel A RFE A% -
ALD {E&E MM EREEERE © (1) B2 R E S
PR > K1 b P 3 R B 2 P i LAt & iy R o SRR
AN EERRIE /)N RIAE R RERE AT 4% © (2) ALD
P HEE ) ) FEANZ EMOR Ve 2 TRIIE S B T R
K » —R ALD BIF2Fr58 sl Z R0 - (3)
ALD FIRE 100% TR EEZ » R —RXERE ]
AN A g P — P el o T AT 2 AR - T
PR » i —R ALD SIFRATE R AE mEE
B - (4) 82 ALD HEE R AR E R
= KR EEEZZATATHE - Al R a R
LR EIRE -

Park % A\7E 2005 FEENEE T ALD iR (B F0H
FMEY - MMHE ploly(ether sulfone) (PES) E:fiL ALD
A 90 °C T ALO, » fiF$3H & HIEEE Ry 30 nm
I > PES £ WVTR {EEIFEIFE AT 92.8 g/m’: day
2 0.0615 g/m’- day ° BB ATFTURE < M @)
T nm EEAHER WVTR FEZE 0.1—1 g/m’-
day FUFESAHES » [ ALD #8358 1 TH @M E
2 NEIBTHE © Groner ¥ A{E 2006 F-75F]H ALD
A polyimide (PI) LA poly (ethylene terephthalate)
(PET) E:Ai R84 ALO, PHRMML o {28 B 4%
AR R 100 ~ 125 ~ 150 5 175 °C » ALD #
B 22 5 nm BIA]E OTR [ EIRA OTR £l
BHUEMHIRLLT » JRE1 5 x 107 co/m’- day 5 53
4k > 10 nmZ ALDHE AT WVTR % 2 x 107
g/m’+ day * Tfi 26 nm 2 ALD HEHIAES] 1 x 107
g/m’-day ) WVTR {H * £ ALD JHERZEERE S5
[ > fiM#E3E 26 nm 1Y ALD R A] A7 R R

o 2 em BYEERR TG RPN WVTR B  #ER
ALD EECEEE v E AL E T ERE
OTR {H#&i#E - HH WVTR {EI/REHAR (2
B - (B ASE R OB TT AT E K
1% 10° g/m’- day WVTR {H ° Carcia % AJA 2006 4
FE—0 i ALD W WVTR (ERE” - fufiE
poly(ethylene naphthalate) (PEN) F:#fz_ 2L 120 °C 1Y
AR DIE ALO; FHRME - EHEEE R 25 nm
I H WVTR {E%E 6 x 10° g/m’- day » ELfEEHE
HEETCAF AT HEIE A

ALD HIR{EECEITHNELE L HEM
B A BT ER B L E/ITE S © Ghosh %2 A1E
2005 FFIF ALD Al,0, S 3N LY top
emitting OLED £77 i gERE7E - fiffSetE T
fF LA 100 °C HYEBEREDIRE 180 nm HY ALD
B > FFAN_E 2 um By parylene if5E - AR EELDIGEE
BRGHS— s & o hEF4E 0% OLED Tt
£ 85 °C ~ 85% FHENZERIIIEHIGEREE T HERF
1300 /NEFIT (R (AT A BGHIRY 951k > HEFEERU R #%
{EA R B R 2 st aE T =0k - bLEEER
NEE A YIRS - e ERESE
(B30 8T W B 1 o 55 ol ) 7 78 A 1 B e T A
A > By top-emitting OLED FYEFEEFR (L T —H Y
fi 8 - SN 0 Bt FEthEER T ALD pRE R
FAEALF Y » kK EEE  LAGE
ALD FEESEFEH% OLED SEREE © Park Z5 A HI
ELUEHE ALD HIRM PES BRF REA » fEH E8Y
fii OLED JCiF » &% 100 nm #J PECVD SiN, #
0L 30 nm 9 ALD ALO, HEEEET o fii{MAY
OLED JCAAEZE AR TLL 1300 cd/m® AT
E > BHITTHTE 260 NEFRIAREHERFERE
91% HYSEFE - FLAGHREEEL OLED pé sy &S a
FAEIAH A B - (HEHE IR e 2 (IR
Al A 2L T TH R FUTTHm S » B2
Fir A I Z2eh -

M RR BRI B 2k
R
ALD TR BT ERIER - TN ame B

MERME_+ 1654 9.8 47



B [H R EGR To s 14 B ELA Y
ALD JEFEAAE > B ALD B4R E T2 %
Bt s e e B - RIEE R e B ERR Y
i - MAEStHER USRI 22/ - ALD {F
TR EE TT I R B At R A e B RN [
ZRRAERER IR EEE - A ALD JEHRIER
F A HIEEEATE (20 Si BB » B RN ER
MEtEITTHERIRAEREE MR - —ROEETTHRY
FRIAHEZ PR AR R RV E R - (HEMGE S
FA I T B¢ AR AR SMT B A BEA KL - 208 3
7~ o SRR ZR I 5 AR U OH B REE: »
ANRY FEEM T AR IR HF 6% 187 VA W 2 2 S 2E /Y
OH EfE{bEmH » ff ALD FHFEmAERELHL
ERIR IS 2R TR i AT AR AR RS B B 2R 1
HAER - 7 AEMEIEREZFZ OH ERE
5 5fH  hitIRmfmR) - RIRE ALD #HiE
i B B A E A AR (IE S FE BT B HY ) BRI
B o g2 BB IR AR ZE F2EEE - (1) RIE#EIK
T UK S R ERTR YRV BRI i # 5 5 R
FUKMERI A AR ARTREE AR - (2) ALD KIERT]
Favn 8 AR fF ¢ AirBE Y o3 IR fOK B 3R 1 VR P
& > VKA - (R ESEAIE ALD KIE
FIRE R ERE 2 - 3) ERFEOEE
(morphology) * A M EL 3 FEHY H HEETE (free
volume) 1A > HIFTREWR I Y FERTBEY) 1 26 ~ Bk
A% BHiEtERE R R IR g -
AJA - ALD JAE AR ER R A 72 R 2
SRS FRFMMEENT B RIERER -

Bae
[

r

BBER

BHMAFEAT AN EGTER - HETH
LR GREAR LR &BRE - AHRFE
AR (—Ak s AL 0 AR ITO) ¥ =
MR RAM R E

48  BBEFME_TNEE—H 96.8

BAIY ALD HEE 71 - HATHH RIS 2R
SHE B R B R TR R R ARG - B
BB A S BT (7] FE A S (EA LI TR BB & - Akt
ALD FABR ' FE JE FH R ZE B 2 (5 FH L i 2 5
SERK o WM ETTHERFTRR SKAY ALD BEREH
TR (1) PEREAM B DIEFE & & (process
window) EEE BT (A1 ALO,) » KL B E 22
U0 P 2 RS HE i BRI - (2) B STA
K> BLIRHR G HA 2 B Rk > RIS FERTBE
Yz Pt BORRAGE © PLEE— ] DATTAR B S e
AT AGERK o FH R T A > AR EE A
#J ALD #& SR A G ET M - BRihE -
W AR BRI BT AR 3R THY ALD B
EEEE AR MR A2 L, -

B~

BRI TR e A PE 7K R EL S SR £
SEHE > 1 ALD 2 ZEhE ~ (RIREELIE 100%
R R H R A A E R R E T
BETRSRAURRIE 3 - SERTiZECEBRE T ALD ALO;,
BT 26 nm B PEROMEEIT A E /KRB AR
PEFESRAYER - Hi% ALD ALO, Ml A] 7 78 8 i
F 2 cm LM RANGETE « ALD ALO, #
5% OLED Ju{-RYESEN i M I E 38 T 6
W _ERIUGEE - ALD fERUMEEET G LIS
PEEES NWE > 2 ALD fEE B RS E
HLRET 2B > AR KKEHESEZE
M o ELEERTTC ALD BEBRIEEHREE
HRIRZFR - (HHEEET A (BT B 1 AT
%ﬁs °

ZENRK

1. J.S. Lewis et al., IEEE J. Select. Topics Quantum Electron., 10,
45 (2004).

2. A.B. Chwang, M. A. Rothman, S. Y. Mao, R. H. Hewitt, M. S.
Weaver, J. A. Silvermail, K. Rajan, M. Hack, J. J. Brown, X.
Chu, L. Moro, T. Krajewski, N. Rutherford, Appl. Phys. Lett.,
83 (3),413 (2003).

3. S. H.K. Park, J. Oh, C. S. Hwang, J. I. Lee, Y. S. Yang, and H.
Y. Chu, Electrochem. Solid-State Lett., 8 (2), H21 (2005).



4. M. D. Groner, S. M. George, R. S. McLean, P. F. Carcia, Appl.
Phys. Lett., 88, 051907 (2006). . u . , )
. 5] 3 7 g B £ E 2}
5. P. F. Carcia, R. S. McLean, M. H. Reilly, M. D. Groner, S. M. RENREAXARBMBRARHHHERAIER
George, Appl. Phys. Lett., 89, 031915 (2006). T BRI EAEMHALRTIBRAELR -
6. A. P. Ghosh, L. J. Gerenser, C. M. Jarman, and J. E. Fornalik, . Feng-Yu Tsai received his Ph.D. in materials science and
Appl. Phys. Lett., 86, 223503 (2005).

7. S. H. K. Park, J. Oh, C. S. Hwang, J. I. Lee, Y. S. Yang, H. Y.
Chu, and K.Y. Kang, ETRI J., 27 (5), 545 (2005). currently an assistant professor in the Department of Materials

engineering from the University of Rochester, USA. He is

Science and Engineering at National Taiwan University.

MERME_+ 1654 9.8 49



