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Study on the Atomic Layer Deposition System and Process of
the MgO Thin Layer for the Thin Film Encapsulation of OLED
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ABSTRACT

Thin-film encapsulation (TFE) technology is most effective in preventing water vapor and oxygen permeation in

the organic light emitting diodes (OLED). Of those, a laminated structure of Al2O; and MgO were applied to provide

efficient barrier performance for increasing the stability of devices in air. Atomic layer deposition (ALD) method is

known as the most promising technology for making the laminated Al203/MgO and is used to realize a thin film

encapsulation technology in organic light-emitting diodes. Atomic layer deposited inorganic films have superior

barrier performance and have advantages of excellent uniformity over large scales at relatively low deposition

temperatures. In this study, the control system of the MgCP2 precursor for the atomic layer deposition of MgO was

established in order to deposit the MgO layer stably by the injection time of second level and the stable heating

temperature. The deposition rate was obtained stably to be from 4 to 10 A/cycle using the injection pulse times

ranging from 3 to 12 sec and a substrate temperature ranging from 80 to 150 °C.
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Fig. 1. Configuration of the ALD system for the formation
of MgO layer.

Temperature (°C)

—-—- setting value(SV)
—— physical value(PV)

1 I I I I
20 40 60 30 100 120

Time (min)

Fig. 2. Heating temperature profiles of the MgCP2 source

between setting value and real value.

A20] thermo bath Fef] 719 AXE Hi]é}g&t} j_ei
o] BAR 7T A9ol, MeCP: Aro] L

aks] Alo] 5717} olgth BAIHo] MBI 1 Eﬂ
2E A7} Fig 20 HojA Qrh & AA 2% (SV)=
50 °CE =]o] QJA 9k MgCP> 422] AlA] &% (PV)= oF
110 °C7HA] &eztth7) thA] "WolA|= AL & 4= 9ok
|7 overheating®] =% MgCP> 427} mtaE &= 9l7]
moll F=9f sfjof ght.

S

o] £Al9) AL TH PG| L 24 WAG Hu
#Zthermal couple, TC)©] MgCP- canister 0P0ﬂ JZ|(TC1) =] o]

A7) WhEel Aoz ke giek

%, 7}IAA 7 themo bath & o] 1] FE3] 7HAFFAA L,
thermo bath@} MgCP; canister®} Aloof] 742 canister ¥ 0|
1014 canister W7 257} themmo bath o] £=5 whef

BbA) Faick o] BAIE #Es] Sjste] Fr1xoR
S HRA(TC)kRET, o] o] FAE7} Fig 30| K
o} itk

Journal of KSDT Vol. 20, No. 3, 2021



24 ZO)4 -

Temp. Display

TC1
Out In

] .
‘ Canister

Temp.

Controller

—T1C2

Fig. 3. Precursor source system after adding the secondary
thermo couple for avoiding the temperature over-
shooting.

7+ A|0]7](heating controller) = thermo bath &%= #| 013}
1, thermo bath 29} MgCP» A canister 2%2] 2}o]=

2ZYo]g 2k Aloj7]= gld o itk o] WRe
B2 2r 220ds HAES A7} Fig 40 BolA gl
=, 2ol e uke} o] overheating ZAIE 2HA3]
oHﬁET— 2 %1\(35\1;} MgCPz AN canister9] /\lxﬂ QEI_—_ /H;H
L& Hrp oF 2°C 2 A& E 5 Atk £ A
canister &% 70 °C2 3-A3}17] 2J5}19] themmo bath 2] &%
£ 68°C=E 3193 PID Alo1& 53l Fig 404 Bzl
Hke} 7+o| heater®] 22 23| oveshooting O ZH
MgCP, 429 2% = overheating §lo] dt= =717
7k o] Ao o] fojFiTh

10 ———F—F 7T T 11—

100 —

o 80 g
[ ﬁ-_._ aado—E— 141 y 1
£
£ i
]
]
=3
B
& Setting temp. : SV 1
—=— Heater temp. :PV1
—=— Canister temp.: PV2

I I I I I I I I
0 20 40 60 80 100 120 140 160 180

Time (min)

Fig. 4. Heating temperature profiles of the MgCP2 source
between setting value and real value after adding the

secondary thermo couple.

A o] AZY o) 7|wEk3| A A0 ABE, 2021

018} 7o) A AAHE MaCpr precursor] 42
ALD A28o] 7sto] MeO wure FAah
stk

> o
N
tlo

ol

3.2 1t

ALD I8 AR3to] MeO st 342 912 37
AL 3= Ao A precursor source 2] canister & Q
HE 93t LwAlo] Hale] WA olow e 2dls
2 Qlsto] Fzfo] AsEA] ISt olgt w49 29l
= 37 fIsto] AR 719e athele] (sodalime) -2,
Ax(quat) 0 Si Ylols 5o chyet 1w g
U 7lgo] aglo] ohlgleS SHeld 4 9I%lTh MeCPs
a2rh 7hs ehele] BatElo] £a0] BE0] AT
aslo] WAslglon, o|F dEal] $Iste] Fhretele
AHS 2ele] 719 HlolZE HAstalon 2l 2=
2 8002 54 A Bl 20 BHo] oA )
aiq o] Ao HgH 7| z% ARgskgcE Al

S 2= E(loadlock) WH S E5] A (process) AW 0]%
qF Sof ZE2] Hazof 93f 005 t01r77}?<l AF=s A4
SHALE 7|He 25 E 120 °C7HA] AsAl7l & MO 3&
A A8l ‘MeCPr-Ar-HO-Ar’-S- precursor pulses-1 cycle T
9= 319 100 cycles FAAZITE o]u] MgCPs B2 3~6
secE I 7|2, O BAZL | secE TAA|Z oM, Ar
puge A|ZFE 4 sec® TAHAFHTE o)} e xAoR
precursor®] 3= A F7)E Fig 59} o] A5}

BN

i e

3~12 sec
MgCp,
| 4 sec
Ar
1 sec
H,0
One cycle

Fig. 5. Sequences of the injection pulses of the precursors
for the formation of MgO layer.

Fig 6& MgCPy 2228 9] Al7ko] W2 MgO vjute] =
2 o] WakE HojFl Aol MO F2 HEL
MgCPy 222 F2¢] A|Zbo] 3-8 sec bl A= F=¢) AlREo]

Aol ufe MeO wute] F3} St Zlekgon, 8
©o ool A RElE FA HE7k Mgl 22 F) A2



OLED 9] Thin Film Encapsulation 2 93+ MgO H}u}o] £z}

7ol met fgashs A & 5 Atk oo R, v
LEE WS A7 ALD-MgO Bl Ad-S 2astach

10 —

Deposition rate [{A/cycle)

H3O inj. time: 1 sec, Ar purgetime: 4 sec

Sub. temp.: 120°C -

(%]
T

Ar flow rate: 300 sccm,
Dep. cyde: 100

0 1 I I 1 1
3 5 8 10 12

MgCp; injection time (sec)

Fig. 6. Variations of the deposition rate of the MgO layer
depending on the MgCpz injection time.

7]% L= §0~150 °C Mo A HSIAATFHA] A
< AYsHT) Fig 72 7|9 &% W3t w2 MgO Bt
o] T2 &k AR, 7] 2% 80~150 °C F-7teflA] 7]
R T L L IX
F7bote A& 2 4 sk

10
9 - 4

;é L

£ -

E T MgCpj inj. time: § sec

E 6 H,O inj. time: 1 sec N

E' r Ar purge time: 4 sec

5F Ar flow rate: 300 sccm -
i Dep. cycle: 100
4 1 1 1 1

S0 100 120 150
Substrate temperature (°C)

Fig. 7. Variations of the deposition rate of the MgO layer
depending on the substrate temperature.

ALD HH o=z Z2k% ALO; BFHS OLEDS) thin film
encapsulation& 913l 71 f4g S o)t} 17, AbOs=

5 52 AN 9 3 W AT 25
£ 2EU FE9 AN Tl dFo R <l

cracke| Lt pinholeo] AYAJE]o] AbAt S=E-9] diffision barrier
249 750] AstE7] 4t} ol sdst] Y3t 7|&
B4 ALOsE MgO&} hujdlo] A A1X] F#%9] TFEZ} 71
g ot £ Aol A= MeCp: precursorE: ARE-5F
o] ALD Ho 2 MgOE Z2sl7] €3t precursor 42
Ao ] 2] FEr-S 423313 Th. Thermo coupleS- =713}
A LEE AT EHN, prearsord] 2EE A5 F
A& 4= Q)i &, thermo bath @] heater 25 68°CE 44
S}aL PID Ao} & 53 23] overshooting 3+ &4, MgCP
AA0] 257} over-heating §1o] 70 °C7HA] A F o2 4

R b
ol BAS F3H MgCP> 3¢) W) 37] Bl 7 2=
S WSO 2 A MgO9| SHES 4~ 10 Alycle = g2}
8] 28T 71 U
aAe 2

o Agom FAIIEANTAKADS UL o}
e AT AATY T A o] FA gl
A1 QAR T 5 POOIAS3)

23

1. P.Fu, F. Liu, G. I. Ren, F. Su, D. Li, J. Q. Yao, “A
broadband metamaterial absorber based on multi-layer
graphene in the terahertz region”, Optics Communi-
cations, Vol. 417 pp. 62—66, 2018

2. E.G. Jeong, J. H. Kwon, K. S. Kang, S. Y. Jeong, K. C.
Choi, “A review of highly reliable flexible encapsulation
technologies towards rollable and foldable OLEDs” J.
Information. Disply., Vol. 21, No. 1, pp. 19-32, 2020.

3. B.-H. Kwon, H. Lee, M. Kim, C. W. Joo, H. Cho, J. T.
Lim, Y. S. Jung, “A Systematic Study of the Interactions
in the Top Electrode/Capping Layer/Thin Film Encap-
sulation of Transparent OLEDs”, J. Industrial and
Engineering Chemistry, Vol. 93 pp. 237-244, 2021.

4. S. Sandrez, S. M. Della-Gatta. T. Maindron, “Impact of
pixel surface topography onto thin-film encapsulated
top-emitting organic light-emitting diodes performan-
ces”, Thin Solid Films, Vol. 699, pp. 137869. 1-9, 2020.

5. D. Yu, Y. Q. Yang, Z. Chen, Y. Tao,Y. F. Liu, “Recent
progress on thin-film encapsulation technologies for
organic electronic devices”, Optics Communications”,
Vol. 362, pp. 4349, 2016.

6. L. Wang, C. Ruan, M.Li, J. Zou, H. Tao, J. Peng, M. Xu,
“Enhanced moisture barrier performance for ALD-

Journal of KSDT Vol. 20, No. 3, 2021



26

£9)4 -

HAFZR]

(o]

4

encapsulated OLEDs by introducing an organic pro-
tective layer”, J. Mater. Chem. C, Vol. 5, pp. 4017—
4024,2017.

S. H. Lee, J. H. Han, S. H. Lee, G. H. Baek, J. S. Park,
“Review of Organic/Inorganic Thin Film Encapsulation
by Atomic Layer Deposition for a Flexible OLED
Display”, JOM, Vol. 71, No. 1, , pp. 197-210, 2019.

S. M. Lee, J. H. Kwon, S.Kwon,and K. C. Choi, “A
Review of Flexible OLEDs Toward Highly Durable
Unusual Displays”, IEEE Tran. Elec. Dev., Vol. 64, No.
5, pp. 1922-1931, 2017.

G. Chen, Y. Weng, F. Sun, D. Hong, X. Zhou, T. Guo, Y.
Zhang, Q. Yan, C. Wu, L. Sun, “ Improved barrier and
mechanical properties of A1203/acrylic laminates using
rugged fluorocarbon layers for flexible encapsulation”,

vhER|E| 2 Z o] 7| 458k] 4] 420 AR, 2021

10.

11.

Organic Electronics, Vol. 97, pp. 106263:1-9, 2021.

M. Li, M. Xu, J. Zou, H. Tao, L. Wang, Z. Zhou, J. Peng,
“Realization of A2O3/MgO laminated structure at low
temperature for thin film encapsulation in organic light-
emitting diodes”, Nanotechnology, Vol. 27, pp. 494003:
1-8, 2016.

E. Kim, Y. Han, W. Kim, K. C. Choi, H. G. Im, B. S.
Bae, “Thin film encapsulation for organic light emitting
diodes using a multi-barrier composed of MgO prepared
by atomic layer deposition and hybrid materials”,
Organic Electronics, Vol. 14, pp. 17371743, 2013.

2 0].
A

202149 8 1Y, AAFY: 2021 9¢ 11¢,

ARsg 20219 99 162




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


