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Ultrathin Film Encapsulation of an OLED by ALD
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Fabrication of barrier layers on a PES film and an organic light emitting diotl&D) based on a glass substrate by atomic layer
deposition(ALD) have been carried out. Deposition of 30 nm of Ali®dm on both sides of PES film at 90°C gave film MOCON
value of 0.0615 g/fiday. The passivation performance of the double layer consisting of GiNosited by plasma-enhanced
chemical vapor deposition and AJy ALD on the OLED has been investigated using the OLED based on a glass substrate.
Preliminary life time of two pairs of double layer coated OLED to 65% of initial luminance was 600 h at the initial luminance of
1200 cd/r.
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Organic light emitting diode€OLEDs)that could be thin, robust, at 38+ 2°C, 100% R.H. using MOCON permatran-W1A for 72 h.
conformal, and rolling have attracted much attention as the nextmorphological properties were examined by scanning electron mi-
generation displai/.However, the technology of thin film barrier croscopeSEM) and atomic force microscog@FM). UV-vis spec-
layers, substituting for a glass or metal can for OLED encapsulationtra were taken using Hitachi U-3501 spectrophotometer. The device
must be established for the realization of ultrathin and light structure of an OLED grown by vacuum thermal deposition was
OLEDs? Although the requirement for the barrier layer of an OLED |TO/20 nm MTDATA/40 nm NPD/60 nm Alg/1 nm LiF/75 nm Al
display is not yet understood, it has been found that long-livedGlass was used for the substrate of an OLED device with emitting
OLEDs need a moisture barrier layer which transmits less thangrea of 2% 2 mm.
10°° g/n?/day of water and 10° cm?/m?/day of oxyger’ First, the dependences of the barrier properties of,Ailths on

It has been reported that multilayer combinations of polymer andthe deposition temperature and film thickness were investigated.
inorganic dielectric layer can be more than three orders of magni4ith the considerations of low deposition rate of the ALD method
tude less permeable to water and oxygen than an inorganic singland the application of encapsulation layer to an OLED, we have
layer® Several groups have reported multilayered barriers consistinq)repared ultrathin20-50 nm thick)AlO, films deposited at lower
of inorganic thin films fabricated by glasma-enhanced chemical vathan 100°C. Table | shows permeation properties of uncoated PES
por depositio(PECVD)or sputtering: ®To be a good barrier layer,  fjim and AlO, coated one. While most inorganic single layers de-
it should not only be free of pinholes but also have good step covosited by other chemical or physical methods showed proper bar-
erage. It is also very important for the barrier deposition process tqer properties with the thickness higher than 100 nm, 20 nm thick
be compatible with the organic emitting layer beneath. single aluminum oxide film deposited by ALD at 80°C exhibited

Our group reported a new approach to the barrier layers for a&yarier properties of the MOCON values lower than 1.3%ay.
plastic substrate using traveling wave reactor typed atomic layefrhe parrier property has increased with increasing film thickness
deposition(ALD)" and plasma-enhanced ALPEALD)."ALD isa  anq elevating deposition temperature. The lowest MOCON value of

technique using a binary reaction which is split into two self- 4 102 g/m3/day was obtained from the 50 nm thickness of the film
limiting chemical reactions in a repeated alternate deposition Segeposited at 80°C in our experiment conditions.

quence. Although ALD based on the surface chemical reactions can "one of the main advantages of traveling wave type ALD is the
minimize the structural imperfection in films and the substrate dam'capacity for film coating on both sides of substrate or device simul-
age, the low growth rate of 1.05 A/cycle is the main drawback for taneously. The PES film coated both sides with 30 nm of AIO
the application_ of barrier layer. In addition, use of water vapor or o, 1 0615 g/Atday of MOCON value that is, to our knowl-
ozone in traveling type ALD method and oxygen plasma in PEALD edge, the lowest value for single inorganic layer with the thickness
metho_d as the precursor of oxygen, made us hesitate to apply_ALDfess than 100 nm. Simultaneous coating of both sides is good tech-
deposited AlQ films as the barrier layer for an OLED device pqjoqy for the encapsulation of plastic substrates or an OLED based
directly. ) on the plastic, because it could not only reduce the film stress caused
_ However, we have observed that just nanometer order of AlO py the difference of coefficients of thermal expansions between the
single film deposited by ALD technology has excellent barrier prop- pjastic substrate and the dielectric film but also prevent permeation
erties and is suitable even for the device encapsulation layergf moisture from the back side of the device substrate.
Through the further optimization using the ALD deposited AIO Moreover, the combination of ALD deposited Al@ith another
film and another inorganic film of PECVD deposited SiNve have  jnorganic film, PECVD deposited SiN or polymeric organic film,
successfully obtained encapsulation layers for an OLED on a glasparylene, resulted in better barrier properties as shown in Table I.
substrate. We believe that the formation of conformal film by ALD resulted in
Aluminum oxide thin films 10-50 nm thick were grown on a PES coverage of pinholes in inorganic or organic layer beneath. Deposi-
substrate in a 1X 16in. large traveling wave ALD reactor with  tjon of 30 nm of AIQ, on 200 nm of Sily thin film, having MOCON
nitrogen as a carrier gas in the temperature range of 80-100°C. Triyajue as high as upper limitation with 50 &measuring area, gave
methylaluminumTMA) and H,O were used as precursors of Aland  the MOCON value lower than the detection limit of MOCON mea-
O, respectively. The sequence of pulses for one cycle deposition ofurement in our experimental condition. Excellent step coverage
AlO, is TMA (0.55)/N, (0.8s)/H0 (1.43s) /N (2.5s). Water  property of ALD deposited AIQ film can even be applied to the
vapor transmission rate®VVTRs) were measured for both a PES coverage of negative angle sloped separator used in the passive ma-
substrate and AlQcoated samples on a 50 gractive sample area  trix OLED panel.
The surface SEM image of AlCfilm on a PES film is shown in
Fig. 1. The amorphous AlOthin film showed flat morphology and
2 E-mail: shkp@etri.re.kr also good adhesion to the plastic substrate. When thin films are used
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Table I. The barrier properties of PES substrates coated with @ ®)
AlO,, SiN,, parylene or double layer
WVTR WVTR?
Deposition Thickness (g/mP/day at (g/mP/day at
temperaturg°C) (nm) 38°C) 38°C)
Uncoated PES 92%8
20 1.25
80 30 0.409 0.0615
AIO 40 0.141
X 50 0.102 Figure 2. AFM images and histograms @) bare PES an¢b) 50 nm AlQ,
90 30 0.303 coated PES.
100 30 0.214 0.0276
SiN, R.T. 200 highest limit
SiN, /AIO, R.T./80 200/20 0.058
parylene R.T. um 24 water, we observed several dark spots formed in the emitting image.
parylene/AlQ  R.T./80  3um/20 0.199 However, with the reduced pulsing time of water to 0.5 s, we have
. _ _ succeeded in obtaining an OLED without damages during the depo-
, WVTR of PES coated both sides with A|O sition even without buffer layer of parylene. The damage of the
WVTR for 5 cnt active area. OLED device caused by precursors in ALD technology could be

minimized compared to other plasma enhanced deposition methods
such as PECVD or sputtering because the precursor including water

for the device packaging, it would be important for films to have Vapor, oxygen plasma, or TMA is pulsed for just less than 0.5 s for
good adhesion to different materials such as metal, organic materiéach cycle even in a reactor size larger than 12 in.
als, and substrate. It has been reported that organic layers, especially hole transport

The barrier layer should also have smooth surface. Figure Jdayer, are crystallized at the temperature higher than 55°C to induce
showed AFM images of the uncoated PES film and the Al@ated degradation of devic® Therefore, most researchers have tried to
PES film. The RMS surface roughness of the 50 nm thick, /i deposit barrier layer at lower than 50°C. However, Alposition
was 3.38 A while that of uncoated PES film was 4.06 A. The trans-carried out at 90°C did not cause any degradation of EL character-
mittance of the AIQ coated film for the whole visible light range is istics of an OLED on the glass substrate optically and electrically.
more than 85% with the air reference and higher value than that of 19Uré 4 shows |-V and L-V curves of an OLED on glass substrate
bare PES film with the reference of a PES film as shown in Fig. 3.encapsulated with AlQfilms. The AIQ, coated device showed no
The high transparency of barrier film is suitable for the top emitting P19 changes in L-V, |-V, and efficiency compared to that of the
OLED encapsulation. uncoated device. o

For the application of device encapsulation, we tested ALD de- ~Because ultrathin ALD deposited film showed good coverage for
posited AIQ film as an encapsulation layer of an OLED on a glass the defects below It as the micro-order thick organic f||_m does,
substrate. Because the oxygen precursor, water, is the severe soutt€ @dapted inorganic double layer system for the barrier of an
of device damage, we thought the buffer layer between the OLEDQLED to obtain petter encapsulation perfqrmance. The 200 nm SiN
and the AIQ film might be needed. The organic polymer, parylene, film was deposited on the OLED d_ewce at room temperature
was used for this purpose. The OLED was prepared by the vacuurifnder the plasma power of 25 W with the gas ratio f(400
evaporation and &m thick parylene and 30 nm thick Ajowere ~ SCCM)/SiH(4 sccm)/NH(26 sccm)/H(100 scem)/He(300 scem).
deposited continuously in a separated reactor at room temperaturdluUminum oxide coating was followed by 300 cycles at 90°C. Even
and at 90°C, respectively. With usual pulsing time of 1.43 s for though the Sil film deposited at room temperature showed poor

barrier property due to the pin-holes, additional deposition of,AIO
by ALD method enhance the film quality greatly. Figure 5 presents
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Figure 3. Transmittance of 50 nm AlQcoated PES film for the visible light
Figure 1. SEM image of AIQ thin film deposited at 80°C by 500 cycles.  range with the PES substrate reference.
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Figure 4. I-V-L characteristics of an uncoated OLED and a 30 nm AIO

coated OLED on a glass substrate. Time (hours)
Figure 6. Luminance decay curves of OLED devices packaged by one pair
of SiN, /AlO,, two pairs of SiN/AIO, thin film layers, and without encap-
changes of the emitting areas of the device uncoated, coated witRulation at constant driving current of 1 mA and initial luminance of
SiN, /AIO, , and encapsulated with glass, that were stored duringl200 cd/m.
the indicated time under 25°C, 80% R.H.

The uncoated device degraded to 20% of emitting area with thgor 600 h. The two pairs of inorganic double layer thin films con-

severe pixel edge shrinkage and new dark spot formation within 725isting of ALD deposited AlQ showed similar degradation proper-

h. For the thin film encapsulated device, however, the emitting arezlies to that of glass encapsulated device. The use of ALD deposited

has been kept. almqst same over 32.0 h. The device finally showe IO, thin film for the barrier layer can not only reduce the total
edge_degradatlon without any fOfm"%“O” of new dark spots afte_r 38 hickness of barrier layer also increase the lifetime of an OLED
h while the glass encapsulated device showed no change. This su evice based on a glass substrate significantly.

gests that the barrier property of one pair of double layer is not In summary, the encapsulation of an OLED device on a glass

enough to achieve the level of the glass encapsulation as shown iQubstrate with the films deposited by the ALD method has been

Fig. 5c. Therefore, we adapted two pairs of double layer Ofcarried out. Because even 30 nm thick Al@ims show superior

SiN, /A0, to Ctihfe Ct)rl]_ED fabrticgteddotr;]_a gllass sijbgt&ate_. Lifetti.m?aﬁ)arrier properties, it is considered that ALD technology is suitable
was measured for the uncoated and thin fiim coated devices at Nitigly, e payrier layer fabrication. Due to the effect for decoupling of

luminance of 1200 cd/munder dc drive and constant current of defect, introduction of ALD deposited AlCfilm in double layered

1mA at room temperature and ambient pressure. - o P ) -
. o > thin films can significantly enhance barrier properties for an ultra-
Figure 6 shows lifetimes of an OLED devices packaged by ON€hin OLED device. Further studies are under investigation for the

pa_tir of SiIN/AIO,, _tWO pai_rs of Si_N /AIOX thin film layers, and effects of oxygen precursor of Al(process on the characteristics of
without encapsulation. While the lifetime of an SIMIO, coated encapsulation layer.

OLED to 76% of initial luminance (1200 cdAnhwas 193 h, that of
two pairs of coated OLEDs maintained 65.4% of initial luminance Acknowledgments

The Korea Ministry of Information and Communications finan-
cially supported the accomplishment of the present work.

The Electronics and Telecommunications Research Institute assisted in
meeting the publication costs of this article.

(a) References

1. M. Gross, D. C. Muller, H.-G. Nothofer, U. Scherf, D. Neher, C. Brauchle, and K.
Meerholz,Nature (London)405, 661(2000).

2. K. Yamashita, T. Mori, and T. Mizutand. Phys. D,34, 740(2001).

3. P. E. Burrows, G. L. Graff, M. E. Gross, P. M. Martin, M. K. Shi, M. Hall, E. Mast,
C. Bonham, W. Bennet, and M. B. SullivaDjsplays,22, 65 (2001).

4. M. S. Weaver, L. A. Michaiski, K. Rajan, M. A. Rothman, J. A. Silvernail, J. J.
Brown, P. E. Burrows, G. L. Graff, M. E. Gross, P. M. Martin, M. Hall, E. Mast, C.
Bonham, W. Bennett, and M. Zumhoff\ppl. Phys. Lett.81, 2929(2002).

5. A. Yoshida, S. Fujimura, T. Miyake, T. Yoshizawa, H. Ochi, A. Sugimoto, H.
Kubota, T. Miyadera, S. Ishizuka, M. Tsuchida, and H. Nak&tac. SID,2003,
856.

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

7. H. Lifka, H. A. van Esch, and J. J. W. M. RosirRroc. SID,2004, 1384.

8. S.-H. K. Park, J.-I. Lee, Y. S. Yang, and S. J. YunPiroceedings of the Second
International Meetings on Information Displap. 746 (2002).

as fabricated 72 H 312 H 384 H 9. S.-H. K. Park, G. H. Kim, and H. Y. Chu, iRroceedings of the Fourth Interna-

. R ) jonal Conf Electrolumi f Molecular Material Rel
Figure 5. Photographs of the emitting areas of the devi@sincoated(b) 2?12?1022?12 r%r?i%é) ?zoogﬁm uminescence of Molecular Materials and Related

coated with SiN/AIO, , and(c) encapsulated with glass lid, that were stored 10. w. Huang, X. Wang, M. Sheng, L. Xu, F. Stubhan, L. Luo, T. Feng, X. Wang, F.
during the indicated time under 25°C, 80% R.H. Zhang, and S. Zouylater. Sci. Eng., B98, 248(2003).

(b)

©)

Downloaded on 2019-11-26 to IP 143.248.110.174 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

