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|dentification of Dopant Ratio

in Organic EL Device

In OLED devices, dopant ratios have a significant effect on luminescence efficiency, color
purity, and lifetime. In the case of co—deposition, films are not always deposited at the same
ratio as the preparation, depending on the characteristics of the compound. In this report,

we present an example of Identification of the dopant ratio in an OLED film with and
without standard materials (SMs).

Analysis Samples

—Chemical structure—

—Dopant ratio—
— OLED films — Q OO )8 sample | CBP/Ir(ppy),"
Thickness: 50 nm O O @ 1/0.010
Area: 5 cm? CBP
(4,4"-Bis(N-carbazolyl)-1, 1'-biphenyl) ) 1/0.100
( N N *1 Ratio for preparation
|
1 e = Solvent extraction followed by
. i Ir . . . .
ggsta . . S'DEP ) (N;@ (Tris(z-pheny(lrg%gridium<"')) quantitative analysis (QA) with
P - 1F(PPY)s (. LC/UV and LC/CAD.
Detector’ s Features & Sensitivity Absolute Quantification by LC/UV
( @ UV-Vis (PDA)

"\ 1. Preparation of calibration curves for CBP
-Detection of light-absorbing substances and Ir(ppy); using by each standard solution
-Large differences in sensitivity by structure | 2. Calculation of quantitative values
g = SMs are needed for QA ) using each calibration curve
Sample CBP/Ir(ppy)
(@ Charged Aerosol Detector (CAD) ) 2
-Detection of electrically charged compound ® 1/0.010
by corona discharge @ 1/0.149
-Small differences in sensitivity by structure . . .
. . Quantification using each standard solution
\ = Quantifiable without SMs )

clearly showed that sample @ was not

] deposited at expected dopant ratio.
Comparison of peak area values P P P

in same concentration solution

Semi—quantification by LC/CAD
% Normalized with the peak area value of Ir(ppy); as 100

1. Preparation of calibration curves
200 m UV-Vis using standard solution of CBP
< 150 mCAD 2. Calculation of quantitative values
b using only calibration curve of CBP
< 100
Sample CBP/Ir(ppy)s
50
® 1/0.010
0
Host@® Host@ Host® Host@ CBP Ir(ppy)s @ 1/0.150
UV-Vis: Large variation in peak area values.

The semi-quantitative value of Ir(ppy); using

the calibration curve of CBP was less than 1%
deviation from the absolute quantitative value.
Dopant ratio and co-deposition ratio of other company’s products

CAD: Within 10% variation in peak area value.

can be calculated even in absence of standard materials.
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Property evaluation of OLED layers in Solution

process and Vacuum deposition process

We compared film properties of OLED layers deposited by solution process and vacuum deposition
process in spectroscopic ellipsometry and X—Ray reflectivity (XRR). We can revealed the difference
of optical properties, such as refractive index, surface layer on vacuum deposited sample.

Polar
NPD (50 nm) <— NPD deposition process CH,Cl,  DCM (dicholoromethane)
Spin-coating with THF solvent 0
PEDOT:PSS (50 nm) Vacuum deposition ( 7 THF (tetrahydrofuran)
Non-polar
Comparison of refractive index and extinction coefficient
Spectroscopic Ellipsometry
1.80 n - 1.00
A ——n .
Refractive index of NPD layer ey N -~
24 £1.76 - S ==k - 080 =&
! 630nm x —y a8
O x
=22 ——n (Vacuum dep., 2 layer) E 172 é - 0.60 % g
< ——n (DCM, 2 | ~N—— e ot
g B yer) 2 168 - 040 _E
£ 27 ——n (THF, 2 layer) ® S8
g T 164 - - 020 2%
s 18 . £®
gt g
hd (¥¥)
= 1.60 - - 0.00
x 16 Vacuum \ DCM THF‘
14 GeRcaton Spin!coating
1500 Refractive index and extinction coefficient
Wavelength (nm) : vacuum deposition > spin-coating
- Difference in density or polarizability

X-ray reflectivity analysis (XRR) Roughness

—+Surface
Layer thickness, density of each layer

v

200 1.8 ;E: a4 -=-Surface layer/NPD
- Density T
w
—+Surface layer i3
— m
£ 12 B | =NPO ngc
£ - 1
£100 >0 Thickness — .
2 ] mm Surface layer
2 06 § Vacuum | DCM THF |
o - .
o WD dep. Spin-coating
WePEDORIRSL Density of NPD: No significant difference

- - Lower polarizability caused lower refractive index.
dep *Spin-coating sample: surface layer with higher density.
' ' * Difference of roughness on surface layer / NPD interface

Spin-'coating

Features of “spin-coating” in comparison to “vacuum deposition”
___['Surface layer with higher density - Difference of optical property, density, roughness on

NPD [ LHigher roughness on surface layer / NPD interface were observed.
PEDOT.PSS \{ Lower refractive index # —>XRR: Fitting is applicable for multilayer.

_ Lower extinction coefficient *GCIB-TOF-SIMS observed solvent residue, impurity on

S . . surface and interface as shown in another document.
No significant difference on density - Integrated analysis by combination of techniques
—>Difference of polarizability & ysisby q

P02389FRE #1551 HT72 2220220331
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Impurity Analysis in Solution-processed OLED

by TOF-SIMS

We performed depth profiling of impurities by GCIB-TOF-SIMS and detailed qualification of impurities
by MS/MS in TOF-SIMS as comparison of OLED layers deposited by solution process and vacuum
deposition process. Impurities on interface and surface were observed in solution—processed OLED.

NPD (50 nm) <— NPD deposition process * Results.in spin-coating samplg is shown bglow.
Soi ti ith THF solvent Comparison to vacuum deposition sample is

discussed in summary.

* THF(tetrahydrofuran): (O?
NPD layer

Vacuum deposition

1. GCIB-TOF-SIMS depth profiling of impurities % % 20

. , 5] NP
Spin-coating s PEDOT/PSS 217

o
371
1.00E+04 J 21 Np LA
J— - o .A.L,lhn.u Udadda .“J‘, PURIDUINNY | . YOVIURTT
100 200 300 400 500 600 700 800 ?U(

7 1008403 NPD/P.EDOTZ.PSS
5 -10° . . >
g Na Solvent-derived X 20 Impurities
= components
E 1.00E+02

N

1.00E+01

41 on interfage
71CAH70+
CH,
1 L
798
800

oL LHJ A'“Hm'} TN

100 200 300 400 500 euo

90(

1.00E+00

Cycle = Detection of solvent-derived components on interface

Na, Aliphatics on the surface el N‘PD Ia\(er " .
= Detection of impurities on spin-coated samples

Assignment of peaks from m/z 658

71 7

Precursor ions,
208
m/z 658 o4
o
impurities 0. 200 400 600
— U
, 400 N ~ <9 7x |~
m/z 728 a 0
82007 o ~ o J g g oon.oJ
<r g Q N ~ R L4 — p— —
L NTTERVTY FYTTEY FUPTY TR IR B — - N
0 200 400 600 _ -
3 3 15x'{ 0 b - § {
NPD m/z588 & h 9> Lssz
22 a 197
(reference) £ - ¢ 8 8
s1 N & { 1 = Detailed qualification of impurities
FRESTIE T 13 PYTUVY (VRN T VO BT | “ T o
0 200 m/z 400 500 *m/z 658 :two type of “Solvent-adduct to NPD

Features of “spin-coating” in comparison to “vacuum deposition”

*Solvent residue, impurities on interface and surface

Surface layer of impurities (aliphatics, Na) were observed in “spin-coating” by GCIB-TOF-SIMS.
Interlayer v —>Detailed qualification of impurities on interface by
diffusion . » MS/MS in TOF-SIMS as 2" step
<——1- Solvent residue
\&1 P *Spectroscopic ellipsometry, XRR observed difference
PEDOT:PSS ~—

~Impurities on interface of refractive index, high density on surface layer as
_ (solvent-derived shown in another document.

components) —>Integrated analysis by combination of techniques

P023883RE %} 5 1 BT 220220331
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Composition and density analysis

in OLED devices using micro—-RBS

We have the world’ s first introduced a high spatial resolution RBS system.
Accurate composition and density evaluation of small area can be realized by using

High energy micro—ion—beam. The composition and density analysis of the IGZO layer in the flexible
OLED device and Ir quantification in the emission layer are shown.

: Conventional RBS: New RBS:
roduction of New RBS Spatial resolution 2 mm ¢ Spatial resolution 2 ym ¢

Applicable only for blanket/model sample  Applicable also for actual devices
_ Conventional RBS New RBS 7

Available Accurate composition, depth distribution / =
Information density (film thickness is required) [l

Minimum Hh -
spot diameter 2 mme 2 pmop it = A%Qé :

Micro analysis: uRBS ® [t is possible to perform high—precision compositional

e High mass resolution - analysis using the same method through all stages
Highly sensitive detection from material development to production.
light elements

2. Elemental composition and density analysis of the small area of IGZO layer in TFT

Sample : Flexible OLED device
Objective: Accurate composition and density analysis of IGZO layer in TFT

Conventional method : Composition can only be semi—quantified by Auger electron spectroscopy or TEM—-EDX.
There is no method for density evaluation in micro region..

Composition and density quantification results
= 10 =
3 ——1n evies B ™3 i F
WRBS measurement & .| — o 1] [atomic %] density
simulation analysis R e
' al\r N A In Ga Zn O [9/cmS3]
OM image of TFT | i

Atomic ratio

18.8 108 148 55.6

@ Advanced pretreatment + Measurement of microscopic area
— Accurate compositional analysis of micro areas is possible.

Microion beam.("2 ym ¢)
irradiated to the gate area. ﬂ
0.0+ T

L T T T
o 100 200 300 400 500 600 TOO
Depth / nm

Do ®Density evaluation of micro areas
epth profile made possible for the first time.

3. High—sensitivity quantification of dopants in OLED emitting layers

Sample : Flexible OLED device

Objective : Accurate determination of Ir complex in the luminescence layer in each RGB pixel

Conventional : SIMS is the only method sample comparison, accurate quantification difficult Ir quantification results for each pixel
20 1 (o)
Ir [atomic %]
G pixel | —  Rpiel
. 15 — G pixel
R pixel | —» ——  Bpil
B pixel 217
Ir
. = J 5
OM image of RGB pixel .
T
. . ~ 700 750 8(‘)0 BI50 900
Microion beam.("2 pm @)

Channel

irradiated to each RGB pixel. uRBS spectrum

@ Establishment of a method for accurate
determination of Ir in the luminescent layer.

Realization of high—precision composition and density analysis using the same method from raw materials to

final products. = Direct comparison of OLED device characteristics and fabrication conditions is possible.
Our new RBS contributes to accelerating the research and development and clarifying the essential causes:

P02313RE P H2H % 220210902-1
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Prediction of emission wavelength in Ir complexes for

organic EL materials using quantum chemical calculations

We performed quantum chemical calculations on Ir complexes for organic EL materials and accurately predicted
the difference of emission wavelength between the structural isomers. From this result, it is possible to determine
the ligand structure by confirming the agreement between the experimental emission wavelength and calculated
one, or to predict the emission wavelength of the product denatured by deterioration etc.

1. Change of emission wavelength in Ir complex

It has been reported that slight differences in the ligand
structure inside Ir complexes lead to changes of
emission wavelength[a, b]. Controlling the ligand
structure is important in the design of organic EL devices.

Yellow

Blue

It is difficult to determine the detailed ligand structure
from instrumental analysis alone.

3. Emission wavelengths in structural isomers of Ir complexes

2. Calculation method of emission wavelength

Quantum chemical calculations allow us to accurately
predict the difference of emission wavelengths
between Ir complexes with similar ligand structures.
The emission wavelength can
be evaluated approximately
from the energy difference
between the T, and S, states.

Emission

A

wavelength “ em ~ AL
AE = E(T,)— E(S, )+ AZPE

E T,

em

E(S
(So) AZPE: Zero-point energy correction

v Compound containing a heavy element (Ir)
v Ground state (S,) and triplet excited state (T1) 1

Need to professionally set conditions

The emission wavelengths of the two structural isomers were calculated and compared with experimental values.

Different substitution sites of CHO groups

OHC

OHC

Compound Al

Compound A2

Different arrangements of quinoline rings

Compound B1 Compound B2

Calculated and experimental emission wavelengths

9D. Wang et al., Org. Electron. 14, 2233 (2013).
bH. Oh et al., Organometallics 32, 6427 (2013).

Compound A1 | Compound A2 | Compound Bl | Compound B2
Calc. (nm) 488 590 532 562
Expt. (nm) 9487 a579 b539 b555
Relative error
with Expt. (40 0.2 1.9 -1.3 1.3

The tendencies of the emission wavelengths between the isomers were reproduced with sufficient accuracy.

By professionally and skillfully setting calculation conditions, we can determine the ligand structure,
which is difficult with instrumental analysis, or predict the emission wavelengths of denatured products.

P023113 22— a R H#EE 20210827
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Detailed structural analysis of compounds containing heteroatoms

—-Analysis of OLED materials-

2D NMR measurements using hydrogen and carbon nucler are often used for detailed structural
analysis of organic compounds, but when the structure contains heteroatoms, structural information
may not be sufficiently obtained. Here, we introduce an example in which 2D NMR measurements
using multinuclear are effective for detailed structural analysis of OLED materials.

Background

HMBC: HMBC is one of 2D NMR methods that can provides information
on the positional relationships between atoms separated by 2-3 bonds.

Multinuclear HMBC measurement

©

Correlation
peak

1H-13C HMBC measurement

o ©

Correlation
peak

Correlation
peak

Q X

X: Hetero atom
Compounds containing heteroatoms

X: Hetero atom

A EEmIETe] SImEesEel € [ eleEEn A Compound containing heteroatoms

and carbon
Correlation peaks of hydrogen and
carbon distant from 2-3 bonds are
detected. Structural information
can be obtained.

Structural information around heteroatom

can be obtained.
Some correlation peaks are not

detected. Enough structural
information is not available.
Detailed structural analysis is difficult!

It is an effective tool for detailed structural
analysis by combining the results of
1H-13C HMBC measurement !

Analysis of OLED materials using multinuclear 2D NMR measurement

(ppm) =
100+

=

1204

=
[

=
3]
o
L __§
L
~
=
L]
[
=
%)
=
e W g St A o ks el i o
L
|
T
- -

1404
-80 - 1
il b F1-0 A
40 b d N
-40 4 G| 160 i « BA® =
| = =S = &
L L] L) Ll I L] L L] ) L L
7 6 -105 -107 -109 -111 -113
(ppm) E1 H1 ppm)
1H-15N HMBC FE /“‘jCQ 19F-13C HMBC
measurement Al N measurement
(o} (o}
e : ; 0
The positional relationship Fg // Q The positional relationship
between hydrogen and . Bl "\N & J between carbon and
nitrogen separated by 2-3 ™0 | fluorine separated by 2-3
bonds is cleared. G285 _~61  pondsis cleared.
: Hydrogen for which correlation h2 XK H2 : Carbons for which correlation
peaks with nitrogen (peak N1, _Zc peaks with fluorine (peak F1, F2)

N2) is observed

is observed

The structural information around nitrogen and fluorine was obtained, which enabled more detailed structural analysis!

Toray Research Center, Inc.
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Determination of multilayer structure

of OLED by cross-sectional TEM

Organic layers with similar composition can be distinguished by TEM with our original contrast
enhancement. By cross—sectional TEM—-EDX of the defect which was found in surface SEM, we can
reveal the detailed structure and the composition of it.

Multilayer structure of OLED

Dismantle a panel

EIL LiF )
- Surface SEM to confirm the small defect

El\.?::/ ETL ﬁﬁ;éigg;; - Make a cross-section of the multilayer of OLED
- TEM analysis

Anode ITO

Analysis 1: Our original method, High—Contrast TEM for OLED

Organic layers with similar composition can not be distinguished with conventional
TEM method, but with our original contrast enhancement they can be revealed.

Conventional Our original High-contrast
TEM image TEM image

Cross-sectional TEM reveals

- Layer thickness

: - Interface structure

G ERS i e - Crystallinity

ITO e with nanometer-level resolution.

Analysis 2: Observation of detailed structure of defect (Bright spot)

Cross-sectional TEM-EDX is applied to defects identified by low-voltage imaging-EL.

“ Point 2
Bright spot =
- 5
FIB ]
o : GT
: C N [6) Fe In Si Na
ObSGrV?tIOI’I Point 1 | 96.9 1.6 16| - - - -
= Point 2 | 619 26 125[189] - | 24| 14
SEM image of surface Point3 | 788 15| 122 - | 13[ 16] 38
FIB-TEM image TEM-EDX results

- A convex-shaped foreign matter is observed under the OLED layer.
- From EDX, the foreign matter is suggested to be hydrocarbon organic matter
(point1), which contains impurity elements such as Fe or In (point2, 3).

PO19633 E# 2 55 1 B3R 2201906062
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Photoluminescence (PL) analysis of EMLS

in multilayered OLEDs

We have developed a method which enables to separate each PL signals in multilayered OLEDs.
Pure PL spectra of each EMLs can be obtained by using a precise etching technique and a
difference—spectrum method.

Measurement procedure of each EML spectrum

(1) Removal of the upper layers

_ R unit (2) Removal of the G EML

i G EML
GEML G unt GHTL PL spectrum of the pure
[ > I > G EML is obtained by
B EML B unit B EML B EML subtracting (2) from (1).

Three-color tandem OLED
(1)-1(2)

/ ="

(2)

Intensity(arb. unit)
o
(=21

—(1)-(2)

350 400 450 500 550 600 650 700 750 800 850

Wavelength (nm)
PL spectra of R, G, and B EMLs

B region G region R region
1.2
) RHTLete. B G el
REML | ~ -
fé’ 0.8
< —B
G EML |—:> £ 06
=
§ 0.4
B EML [ > £ R
0.2
0

350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm)

*The difference spectra of R, G, and B EMLs in this sample correspond to the general RGB color regions.
*PL spectra of each EMLs in multilayered OLEDs can be obtained by this technique.

PO1764 2% EF} % 56 1 BF% 2201801232
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Degradation analysis of p—i—n type OLED

OLED devices mostly have positive—intrinsic—negative (p—i—n) doped layers, which drastically
improve performance of OLED devices. Highly sensitive techniques are effective to analyze
the small-amount components such as a degradation product or dopant.

OLED: Organic light emitting diode

1. Sample - ‘

Sample: initial and degraded (LT90 50, 25) OLED devices @é M
|n|t|al1g‘ L|q
LT90 AV| cathode: Al (100 nm)
o078 === 2 EIL: Lig (2 nm) Ir(ppy)3
St s ETL: TPBi, 50% Lig (50 nm) #
Eosp 7 L5 3 EML: mCBP, 6% Ir(ppy), (30 nm) @
0zs i B, Sl HTL. PCBBIF (10 nm) PCBBIF @
3 HIL: PCBBIF, 3% PD (30 nm)
e % 0 s 20 250 | anode: ITO (100 nm) | TPBI mCBP
Time (h)
Degradation curves (EL) OLED stack Chemical structures of the components
2. LDI-MS 3. Photoluminescence (PL)
Features; Features;
High sensitivity, high mass resolution and accuracy Direct observation of luminescence property of each layer

PL line analysis on the processed

Degradation PCBBIF slope of OLED stack
Positive mode [PCBBIF]+ product [lr(ppy) 1 'Fragment
- T T TS I

|n|t|a|Fresh iil initial : : ""I_’F[TPBi]J' i L — ]
_ LT90 §iq"l_T’é’o M g 390 nm : ETL
3. ! Enlargemen LI e« S _LT;I_._.E 2 . T ——— _ N .Fresh
ig LT50 Ei LT50 64!9 251 | g | 100 = nitial
ILT25 i N [N/ e E— Z o 40nm:HTL HIL— | Tgp
| Degraded :EI £ - LT50
0 200 400 600 800 1000640 - 0 ' ' ' ' ' ' ' !
m/z 2000 I 515nm:EML ~ ——LT25
LDI-MS spectra of OLEDs g Degraded
v Detection of a degradation product R E =~
o : + EIL side position anode side
v Identification of m/z 649.251 peak as C,gH;;N, PL line profiles
v Decrease of emission from EML
4. GCIB-TOF-SIMS and MS/MS —»Degradation in EML
Features; o . .
High sensitivity, 3D distribution analysis, structural analysis in thin layer (> several nm)
. = initial —— LT25(degraded) . Precursor ion: [C,gH3,N5—H]*
Matrix and dopants Impurities and a degradation product 12 8X\-1
O ETL T EMCATL AIC [anode "I _ETL__ T EMLATL AL Tanode 0 -331¢7) 648
. — - . "
Jo| g mOBPHI PO | el o4 0N H 1 K P
Z . . = Degradation /) 0.8 O ! O
§F? X 85?0 ! product(LDI-MS < Q .N -319
oiE-3 SE-2 éoa 318 --
I I 3 620
e [ R T
§1E 4 §1E 4 328 480
ZiE-5 Z1e-5
1E-6 o 5;) Depth'(n;‘n) %0 . T50 1E-6 o 100 . 150 0 100 200 300 400 500 600 m/z

50 Depth (nm)

Negative depth profiles of initial and LT25 OLED devices Product ion spectrum of degradation product

v Structural information of

v Increase of a degradation product and oxygen in EML the degradation product

P023923&R E%} £ 88 1 PR 220220418
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TOF-SIMS MS/MS for analysis of

degradation product in OLED driving test

PL line analysis, GCIB-TOF-SIMS, and TOF-SIMS MS/MS were applied to the degradation
analysis of OLED in driving test. TOF=SIMS MS/MS revealed the detailed chemical structure of
degradation product in the specific depth region in OLED stacks.

W test pattern size: 2 mm¢ M driving test: initial, 10%, 50%, and 75% degraded

Cathode : Al

Ell= LiF (1 nm)

=T P &0 ]
ETL: TPBI (&0 nm) =

EML : CBP yls (30 nm) [ m
-
|

TPBI {CysHagNg) k‘ CBP{CyyHaN

e Structure of OLED
fnmpmcnl of ETL —~
i ( Components of EML

i \ » % =, 4 75% degraded
F 0 20 40 0 80 100 120 140 140 180

PL analysis

Tima ih)
Degradation curve of OLED samples

TOF-SIMS MS/MS

Ar-GCIB etching to ETL/EML interface = TOF-SIMS analysis
W TOF-SIMS mass spectra of ETL/EML interface

E .\' :: ey tiragment from TPBI) S[TPEHH T
L T o8 19C. HyN"(iragment from TP8)
L3nm 578 nin 5 J J .I e
= = 3 I Pt
PR o OHM o m =] = s WO B MR e TR (=] ]
Schematic of analysis PL spéﬁ;ﬂshaﬁitial) Peak separation of PL spectrum | TRIHE
1 8512
. " 515 nm : EML i — 1 {

Comparison of profiles of AT e e N\ b L\
PL intensities ' Z I — s o = = o

Decrease of peak
intensities in ETL
= Degradation of ETL | ”

components o = w

200 250
. ) Distance(um)
Comparison of profiles

GCIB-TOF-SIMS depth profile of OLED

Inital: Blue  75% degraded : Red

) 18 un o

"
L ]

Intensities of main components and dopant were not
changed after degradation.

Difference between the spectra of each layer = Depth profile

Initial: Blue  75% degraded : Red Inttal Blue  75% degraded  Red

[TPBi+H]" W HE 1403 1

102

m

Normalized intensity
Imtensily (counts)

1E02

i L8 1Eeno Lod B R < M R - MU
20 40 60 B0 100 120 140 0 20 40 80 80 100 120 140
Depthinm) Depthinen}

1E03

Degradation at EML ~ EML/ETL interface
= Corresponding with PL results, m/z 649, 651 peaks
were obtained from degradation products

Insufficient information in MS spectra = MS/MS analysis
B Product ion spectra

’": Precursor ion : [TPEi+H]*

[TPBi#H-CaH M) [ TFEH] - o i

CuHu CaHul [TPBI*H.C HNF
3 i ! - l J TPBisHCH
T | CogHiuNy™ |
| il i i | ]
* 10" . . o [851]
Precursor lon ; méz 651 [B51-CL NP B3] O ey U
L] | i Exinct mass: 654 25
I HNT | (et Sl | ; 654 75
o4
Gyt g |
w1

- R
= =
12 [B48-C H N .'649;[ 18T Hy N"INJ\N’@

If
T Py —{ TACH)
] st (649:CosH T .u'lll [B4B.CH] |
168(C H\ NIy

Degradation products can be assigned as derivatives of
TPBI, [TPBi-4H] and [TPBi-6H].
Peaks in low m/z were common. }

Cyclizati f
Shifts of peaks in high m/z were ycization o

TPBiI
common.

Cathods | Al
EIL: LIF {1 nm)

A O

ETI

EML : CBF { 8%ir(ppy), (30nm)

o) s An example of
BTN N

PL line analysis, GCIB-TOF-SIMS, and TOF-SIMS MS/MS
were applied to OLED degradation analysis.

These techniques revealed the detailed chemical structure
of the degradation product in the specific depth region in
OLED stacks.

Toray Research Center, Inc.
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SEM, EDX and SCM evaluation of IGZO-TFT

Amorphous 1IGZO (In-Ga-Zn—0) semiconductor has been researched and developed as an one of candidates for next—
generation TFTs and other electronic devices because of its excellent properties such as high channel mobility and low
leakage current. We introduce a case study of the morphological observation and carrier distribution of IGZO-TFT cross
sections of commercial products using SEM-EDX and SCM.

1. Cross—sectional SEM observation
Wide range observation from mm to nm by the optimization of sample preparation.

Enlarged
view
Change in IGZO film thickness

Enlarged
view

300 nm

SEM result indicates the slight changes in

stacked structure and film thickness of
IGZO film.
%The In, Ga and Zn signals in the Mo electrode

are due to the background effect. Data measured with optimized sensitivity and spatial resolution

3. Application of the SCM method to IGZO thin film +dc/dv

SCM (dC/dV) Image “ (p-type)

2. SEM-EDX composition anaIyS|s

C N-type C-V Curve
Carrier concentration

0
Sra— —dC/dv
1 um (n-type)
SCM enables to evaluate 2D carrier distribution in IGZO films with a
AC(~100 kHz) thickness of 50 nm or less. The IGZO film is an n-type in all regions

dc/dv signal i tolAC and a decrease in carrier concentration (n-) was observed in the
slgnalin response to channel region under the gate.

Evaluating the final product is very important for yield improvement,
quality check and patent searches.
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Electronic structure of a-IGZO and a-IGZ0/metal

interface structure in a TFT device

IGZO (InGaZnO) with high electron mobility has been used in many kinds of electronic devices. We
characterized elemental composition distribution and electronic structure of a-IGZO with nano—
spatial resolution to consider the roles of IGZO at different locations in a structured TFT device.

1. TFT structure of the sample
Cross—sectional TEM
,3 . Previous SCM measurement
|

a-IGZO0 (50 nm thick) is n—type semiconductor
and the carrier density at contact region is

a-1GZ0 “ higher than that at the gate region.

D e1L rode)

contact region _gate r:egi:op; iisdse

= 500 nm

2. Elemental composition at source (drain) metal/a—1GZO contact interface

ADF-STEM 2D EDX maps

metal Zn
Ti-K Ga—K

The oxidization of Ti. Separation of Zn and In.
The metallic Zn and In at the interface = Contact resistance reduction

Gate Contact core—loss EELS spectra low—loss EELS spectra
T 0-K (O-1s —0-2p)

mid-gap levels

T

Intensity increas;
below 3 eV

Sio2

The reduction of
O-K peak intensity.
(oxygen vacancy)

'
1
— Gate region !
— Contact region :
1

L L B B R LB B R R B R

- I
475 500 525 550 575 0 5 10 15 20 25 30 35 2.0 4.0 6.0

——  Gate region
——  Contact region

i
i
____________.._——————"“"’—'———' Bandgap of IGZO at gate region

:3.3ev
T A P T T T T

Si02 Si02
20 nm energy loss (eV) energy loss (eV) energy loss (V)
Estimated band diagram At the contact region :
. Increase of » Increase of carrier density by oxygen vacancy,
Gate Contact region . . \ \
mmmmmmmmmmmeen il carrier electron » Creation of mid—gap levels
O-2p | | |
Y, (1 / Conduction band — The reduction of contact resistance between a-IGZO/metal.
€ K e
Ga/Zn-5s 33 v“ mid-gap - - _ )
€ levels The local electronic strucrure and electric property can
0-2p Valence band be considered by STEM-EELS with nm spatial resolution.
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Precise evaluation for SiN films

by mercury probe and XPS

Silicon nitride (SiN) films are widely used as various dielectrics due to their versatility. But the electrical
properties of SiN films strongly depend on the formation conditions. We characterized the change in the
electrical and physical properties of annealed SiN film by mercury probe and XPS. Our comprehensive
study enables us to evaluate a relationship between film qualities and electrical properties of SiN films.

1. G-V and I-V properties by mercury probe Sample: SiN (300 nm)/p—Si

) ] Anne
Capacitance—Voltage (C—V) properties

e Decrease in hysteresis width
after annealing

—> Decrease in mobile charges

e Positive flatband voltage
shift after annealing

c-v 100 kHz@RT

500

£
(=]
=]

Flatband
voltage shift

300

—> Decrease in positive fixed charges

aling: 800 °C, 2 hours in N,

Current—Voltage (I-V) properties

-V

Anneal

Current {A)

Capasitance (pF)

Decrease in detrimental mobile
charges and fixed charges hy

annealing

(=]
(=1
=]

[

100
~ -8 8

- -7
Voltage (V)

5| => Improvement of C—V property

l

@RT

No significant change
in I-V property before
and after annealing

|

-300 -200

Voltage (V)

2. Elemental compositions and chemical states by XPS combined with wet etching

Using wet etching techniques, the states of 1) SiN surface, 2) middle layer and 3) SiN/Si interface were evaluated by XPS.

[ 1) Surface (after removing native oxide)l A very little difference

| 2) Middle layer (150 nm—depth) |

Chemical states of Si was precisely detected!

Chemical states of Si

Si2p SigN, Elemental composition
| 4

» | -Anneal Surface N/Si

[}

é No Anneal 1.25

<

3 Anneal 1.28

E i

2 1008 100
‘Binding energy) (V) Reduction of Si-rich
--------------------- SiNX on surface by

108 106 104 102 100 98 96 annealing

Binding energy (eV)

Chemical states of SiN/Si interface

* N/Si ratio was converted using
the RBS result of annealed
sample to improve an accuracy
of quantification by XPS.

Si2p SisN, Elemental composition
I

- No anneal sk
‘@
g No Anneal 1.27
<
N | Anneal 1.28
E
2 No significant change

in the middle layer
, ] ! : I before and after
108 106 104 102 100 98 96

Binding energy (eV)

annealing

l 3) SiN/Si interface

Detected ultrathin interfacial layer!

No anneal
Measurement flow
Thinning SiN films to around 20 nm—thick

. 1 1. Y. Muraji et af, Jpn. J. Appl. Phys.
Graded etching 41, 805 (2002).

Our original technique to create several cm-long
slope at thin film on substrate. Detailed interface
analysis is available along the slope using XPS.

XPS for 5 points near SiN/Si interface

Intensity (arb. units)

Si2p |  {Anneal

Si?

Si2p

si
®

Intensity (arb. units)

XPS measurement point

SiN Thickness
@: 0.2 nm
@2: 0.4 nm

OIS0 108 106 104
£
=

Binding energy (eV)

102 100 98 96 108 106

104
Binding energy (eV)

102 100 98 96

@: 1.1 nm
@: 1.5-2.0 nm
®): 2.3-2.6 nm

o~
>

Increase in oxide component after annealing
due to residual oxygen in annealing atmosphere

Reduction of fixed charges
by interfacial oxidation

1-2 cm

Mercury probe and XPS enable us to detect a very little difference of samples. To combine mercury
probe with other analyses, electrical properties are related to impurity, defects and chemical states etc.

Toray Research Center, Inc.

P02273 R E# ¥ 2B K 220210526




Degradation analysis of QLED devices

QD-LED (QLED) devices have emissive layer of quantum dots (QDs), and are one of the most
promising next—generation electroluminescent devices. We analyzed fresh and degraded QLED
devices and attempted to reveal the cause of the luminance decay for the degraded device.

1. QLED device sample

Samples: fresh (LT,,,) and degraded (LT80) QLED devices x QLED devices were provided by i~opera.

Anode: Al ) LTip fieand
HIL: HAT-CN % LT : &
HTL: Tris—PCz = 80
EBL: TCTA 8
(]
B o yRReTY
- Ln 3
w—d NC CN .i ‘
| C?;hOde: I: . | O 200 400 600 800 1000 (szhes") - J\ﬁ j @ oL
ass sub. Cwiricn THos oL n HAT-CN Tris-PCz TCTA
QLED stack Degradation curve (EL) QD structure Structures of organic materials

2. Cross—sectional TEM 4. Depth profiles of organics by GCIB-TOF-SIMS

The anodes were pealed off and residual stacks were
analyzed by GCIB-TOF-SIMS.

it [ eo (RGO
1

1.E-021 8H33 { LT]O()
(QD Ilgand) LT

LT100

CyH, 0, {7 e

Comparison of TM images around QDs

Normalized intensity

v No change of QD shape and size o
v No aggregation of QDs |

3. Chemical states of QDs by XPS LE-05 -

Upper layers (anode—EBL) were removed __. LT,
and exposed QDs were analyzed by XPS. —: LTy

3,

50
) Depth (nm) .
Negative secondary ion profiles

S2p, Se3p, Se LMM Znimm  —:GdSe (ref) v  Decrease of QD ligand
= | ) | = z _S 1 -
£ 1 SeLmm S ‘ 2 i’ v Increase of degradation product (C4H,;0,7)
Zost ) /| seap3s2 | go8 f
3 Sedpt/2) 3 [\
Fo 1\ T ! Sod 5. Summary
ol S AL\ e ] = . N
176 174 172 17& 16?n1gagn1§;4$}6é\1/§0 158 156 154 515 510 5§FndlgguEné$§y 4& . 485 480 Decomp03|t|on of QD ||gand shown be|0w
Cd3d, N Se3d : :
——t | ns ossibly changes the carrier balance and
z | odsnds/z z | SeﬂCd p .y . g
8os  Cd3dd/2 | Sog [ coordination state of QD.
S o6l f l =05 f
& 04 /lu \ Nis 2 04 | .
£, W | N g Replacement to more stable ligand would
502 S 50 = oo . . ] A3
= 00 a5 a0 405 40035 w0 - O 66 64 62 60 58 55 5& 52 50 48 4o \ contribute to Improve the device ||fet|me.)
Binding Energy (eV) Binding Energy (eV)

Comparison of XPS spectra (narrow scan)

0
Elemental composition ratio . (m\)‘\o.
S/Cd Zn/Cd Se/Cd ligand:
LT 100 0.87 1.37 0.79 C,gH330,™: oleic acid
LT 0.97 1.35 0.86 I cleavage of double bond

0]

\/\/\/\)l\ -

o)
C,yH,;,0,™: degradation product
Estimated degradation scheme

v No significant change of chemical states
of the elements in QD core and shell
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Evaluation of the QD sheet by SEM-EDX

analysis and quantitative image analysis

About QD (quantum dot) sheet used for the backlight of the liquid crystal display, we developed
technique to get the layer structure and the elemental information by SEM-EDX analysis.

By special cross—section processing technique and the high efficiency EDX detector, we are able to
ofer the various quantitative information such as the particle diameter and the distribution.

1. Analysis of the QD sheet Iae :
by SEM observation

Particle-A
—0

SiOx particle

Organic film ,

norganic barrier layer o 20 um

QD sheet— ; QD layer : —
Inorganic barrier layer Particle-A Particle-B

Nitrogen-containing
organic particle

Organic film

Particle-B —> |-

Strong Point 200 pm 3 um
Accurately confirm elemental information of micro particles )
and layer structure in a wide range. EDX spectra of each particle

2. Evaluation of the QD layer using 3. Image analysis
the high efficiency EDX detector SEMimae ternarized image
-.' - "-_ _(..'. = .;' '._ ..:.‘ -t‘:'_’_'. .'-'

at.% 3 g -
0123456 C R
sl
Si (Particle-A) (Particle-B) SR
Particle-A| . A
Particle-B : Sl ESer A
20 um 20 um

Table. Area ratio and particle diameter

Particle area/ Average particle
QD layer area diameter

30 um 30 um d
EDX line profile A 4.3% 0.8 um
B 0.4% 1.2 um

of Silicon and Nitrogen

Strong Point

1 Strong Point

*ED?( analy5|§ ‘by low accel.eratlng vqltage . K Image analysis under the optimum
_Higher efficiency and Higher spatial resolution L . .
conditions at any situation
Particle-A is uniformly distributed Various quantitative information such as
Particle-B is unevenly distributed diameter, area ratio, site distribution ...

e SEM-EDX anays:s = Elemental mormalon, Distribution

Image analysis = Diameter, Area ratio, Histogram, etc.
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Defect analysis of micro—LED with sub— pm level

Cathodoluminescence (CL) is a unique technique that combines electron microscopy and
spectroscopic analysis. CL can evaluate point defects of semiconductor chips with high sensitivity
and high spatial resolution. CL is a very effective method for evaluating micro—sized LEDs.

Micro—LED display is a self-emitting display technology where each subpixel REtlE i R EA e A
is an individual LED chip, and it plays an increasingly important role in the
new generation of display technology. Although micro—LEDs are small in size
and analysis methods are limited, CL analysis is a very useful method that
can provide a lot of information about properties.

micro—LEDs on TEG

Plan—view SEM-CL analysis
Dark spots are assigned to substrate (2.4 V)

o 33.3 Um _ threading dislocations.

230 Um ‘ : ‘ |
500000 2000000 3500000 50(20000) 510.0 515.0 520.0 525.0 (530.0) 20 30 40 50 60 70( 80>
(a) SEM image (b) CL intensity image (c) CL peak wavelength  (d) CL width image
of active layer image of active layer of active layer

v/ CL intensity is related to defects.
v/ CL peak wavelength is mainly related to stress.
¢/ CL width is related to crystallinity.

@
g
=

Spectrum of GaN | Spectrum of Active layer

-
b=
L

o
=1
1

Intensity (au )

Cross—sectional SEM-CL analysis

\
0 braptnet. s

- el
300 400 500 600 o 800
Wavelength (nm)

T T f T
300. 400 500 600 700 800
Wavelength (nm)

25 Um

(a) SEM image (b) CL intensity image of (c) CL intensity image of
GaN band-edge active layer

v/ CL has the feature of high spatial resolution, which enables to obtain
information such as defects in each layer.

CL analysis can contribute to improving your R&D, reliability, and productivity.
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Analysis for manufacturing technology of micro LED

- Optimization of laser transfer conditions -

In the manufacturing process of micro LED displays, the laser process is very effective for accurate and fast
transfer of micro chips. However, it is necessary to select the appropriate laser wavelength and energy

for high—precision transfer. We introduce analysis methods that can evaluate surface contaminations and
damage in order to select optimal process conditions.

RAP-LLO Toray Engineering Co., Ltd.

Toray Engineering Co., Ltd. supplies a wide variety of equipment related to the micro LED manufacturing process, and has
developed a new technology, RAP-LLO (Random Access Patterned - Laser Lift Off). The new technology, RAP-LLO is capable of
transferring only selected chips at a high speed of 10,000 chips per second, and is expected to become an indispensable technology
for the widespread use of micro LED displays in the market. We will introduce exampkas_o_fgn_allsis related to this new technology.__

Inspection Mass Transfer Post Inspectiof BN @lalls]
(ADIBPL) (Laser Transfer & Carrier Bonding) Bonding (AOTorPi | Release Iayer

Laser_-~ Camera = La_sei "':-"{-‘:-“:4.05 Bonder ea& Camev: b S Gl
_________ D22 — p S— wisietly gt Catch layer
o INSPECTRA & RAP-LLO FC-Bonder FC-Bonder  meseec | ( Silicone-type )

Condition of laser transfer Daring to experiment
under inappropriate

condition

Morphological observation (SEM)

Chip cracks are observed under inappropriate condition.
High resolution SEM observation is effective in determining

the cause of defects and can contribute to yield improvement.

Laser Wavelength Wavelength
A B

High energy Transferred

Surface—contamination evaluation (TOF-SIMS) Damage evaluation (Cathodoluminescence)

Normal

Not released

Cracking

TOF-SIMS can obtain chemical structure of organic materials Cathodoluminescence (CL) can evaluate damage (defects) on
with high sensitivity and high spatial resolution. It is an ideal the surface of semiconductor chips with high sensitivity and
method to evaluate the matching of laser conditions with high spatial resolution, and is a very effective method for

release materials and catch materials. evaluating micro-sized LEDs.
" , Defect types can
Wavelength A, High energy  +" be identified from
E spectra.

Confirmation of dark spots
that cannot be seen with SEM.

Distribution of polyimide residue

5.00E-02
g *? 4.00E-02 . ¢ &
2 2 so0e,
2 9 soke * V'S
8 £ 1o0e0 7' ® 50 60 700 800
S 1.00E-05 T T T T . Wavelength (nm}
= . I
e a b c e f CLimage Sym CL spectrum

Position
Many dark spots were observed under all the normal transfer

Contamination were found on the top surface of the chip even in the conditions. It is conceivable that these could have occurred during
normal transfer process, and the distribution of the contamination the lift-off process of the LED chip from the sapphire substrate. CL
varied among the conditions. TOF-SIMS is an important method for method can evaluate residual defects in chips with high sensitivity,
selecting appropriate laser conditions. it can be used for process improvement.

Toray Research Center will contribute to accelerate the development of micro-LEDs by utilizing the
latest analysis techniques and the more than 40 years of experience we have accumulated.
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Process optimization and failure analysis of

Micro—-LEDs and Mini—LEDs

Analysis technologies such as cathodoluminescence (CL) and Raman spectroscopy are useful for
Micro—LEDs and Mini—-LEDs, which will be adopted in the next generation displays. Especially, our
technologies are effective for process optimization and failure analysis.

Overview of high- Micro-LED Cross—sectional CL analysis of MQW and GaN layers
structure

resolution CL system

Cross—sectional samples were prepared before and after degradation.

( Before degradation \( After degradation )
a-1 a-1
— | . — | oam
456 459 462 465 468(nm) 456 459 462 465 468(nm)
a-2 (a-2)
— e
0 1500 3000  4500(a.u.) 0 1500 3000  4500(a.u.)

(b)

—

. —
Evaluation of plasma damage (GaN on sapphire)
After plasma treatment of GaN film, damage at the
extreme surface (acceleration voltage: 0.5 kV,
penetration length: 4.3 nm) was evaluated by CL. — ‘ — ;
0 500 1000 1500(a.u.) 0 500 1000 1500(a.u.)
(. VAN

CL spectral mapping
InGaN MQW : (a-1) Wavelength, (a-2) Intensity GaN : (b) Intensity

7 Consideration of Cross—sectional CL analysis

Decreased luminescence intensity of GaN and InGaN -> Decreased crystallinity, resulting in an increase
in non-luminescent centers. Wavelength shifts caused by composition, stress, and other factors are also
observed with high precision (the average emission wavelength shift for InGaN layers is about 2 nm).

Intensity (a. u.)

Consideration of surface CL analysis
300 400 500 600 700 800 The band edge emission (BE) intensity of the GaN layer is greatly reduced

Wavelength (n m) due to plasma damage. It is possible to evaluate the process damage at
\{he extreme surface layer with high sensitivity.

CL spectra (surface measurement)

St luati £ GaN by R Spect Raman scattering in GaN
r ion a man ro
©8s evalua ° y ha pec scopy GaN has anisotropy because of its hexagonal crystal structure.

- - - =Multiple Raman line can be observed. Understanding the
E,(high) Tensile Compressivi nature of vibration modes is important.

v 11 -
. AviAvy

L= -
Temperature-dependent stress in GaN

Raman can be used for the optimization of packaging

- —_—
Our features

® High precision measurement

Stress can be determined within = several MPa.

(Wavenumber precision : == 0.02cm™)

@

-

Intensity( a. u.)
J

Raman shift(cm-1) ® Temperature-dependent stress measurement
520 530 540 550 560 570 580 A temperature of the sample can be changed from

Raman shift(cm™) Av cm’)= C-0 (MPa) -150 to 300°C.

An example of Raman spectrum of GaN (a-plane) Av is proportionate to stress o \ Stress analysis can be performed at any temperatures. y
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DO YOU HAVE ANY TROUBLE
IN LCD PANEL ?

You can count on us, Toray research center, Inc.

— FOREIGN PARTICLE IN LCD PANEL

Optical image

(Before sampling) I v Precise analysis data for
e & Siyrane trouble shooting

- ooia . Y Green pigment )

5 pm oo veo v" Micro FTIR and Raman

L gooo . o analysis is applicable from

Onptical i ‘8-0.003 V ° - .

(Attor sampiing) I 1 e 1 um foreign particle
0.004 o - -

m v E mail data in 1-2 weeks

T 30’00 T 20‘00 T 15‘00 T 1UbD T
and IR Wavenumber (cm™) P r iC e

measurement

Foreign particle is styrene acrylate resin with green pigment i 10,000 YEN /SAM PLE

(Price will change depending on measurement points, measurement condition)

— GAS ANALYSIS IN LCD PANEL

- N, o, v' Effective analysis data for process
t improvement

CH, v No size limitation of panel size
belo H,

v/ Raman analysis is available for
iy Inorganic gas except rare gases,
L l N | organic gas (C<3)

x20 | co

Intensity (arb. units)

v" E mail data in 1-2 weeks

4(;00 30.00 20.00 10.00
Raman Shift (cm—1) PI’ |C e
N, is process gas in LCD manufacturing, and _ _ _
CH,, CO, CO,, H, are decomposition of organic 200,000 YEN/ SAMPLE

Compounds in LCD panel (Price will change depending on measurement points, measurement condition)

0000421#E L2 55 2573 2 201601203

For Further details, please contact us !

Toray Research Center,Inc.  https://www.toray-research.co.ip/en
><] bunseki.trc.mb@trc.toray




Composition analysis of foreign substances by

optical-photothermal IR spectroscopy (O-PTIR)

Optical-photothermal IR spectroscopy (O—PTIR) enables to obtain infrared spectra in non—contact
manner with about 1 pm spatial resolution. We applied O—PTIR to analyze small foreign substances
which were impossible to be analyzed with conventional micro FT-IR because of their position and
mechanical properties.

Principle and characteristics of O—PTIR

/‘

KOPrinCiple > Sample absorbs infrared laser and Characteristics \
| — P(rs;;izer f;ﬁ‘;iiiﬁjgiﬁﬁf;?ﬁiﬂWh'“‘ - IR measurement with about 1 pm spatial resolution
laser h > Collimated visible laser (532 nm) (conventional micro FT-IR is at most 10 um)
Scatterin%\ ﬁ‘iﬁi;:ebzagﬁ'fe‘r’tfg;“;fso"' » Acquisition of the same spectra as FT-IR
mﬂ Heat spectrum. = Non-contact measurement using probe laser, which
sample  8€neration enables IR measurement for small foreign substances
if they can be observed with optical microscope
Detected sensitivity depends on IR absorptivity » Combination with other analysis available (e.g. SEM-
\~and thermal expansivity of sample itself. ) EDX, TOF-SIMS, Raman)

- J

M O-PTIR analysis result

Analysis of foreign substances on a circuit

Foreign substance"

of spheres)
" s il = Polystyrene was
- ""1 2"“  The foreign substance detected from the
I = waslocated on a circuit foreign substance.

"_"ﬂ of 450 pm in depth from

¥

, ‘I Ol]?-n ~ top of the sample.

=Impossible to pick up the foreign substances
*Other sample preparation is also impossible
due to its size (too small) and sample shape

| O-PTIR spectrum of
| the foreign|substance

Intensity (a.u.)

/IR spectrum of polystyrene

1800 1600 1400 1200 1000 800

-0-PTIR measurement was conducted. Wavenumbers [cm-"]
Analysis of foreign substances inside a multi—layered film
OM image B  Rerd B O-PTIR analysis result
ayer : ]
E i c=0 ' )
j Layer 2 LA The foreign bond et CH R Rich
2. T ____substances  substancesin Carborylate o0 N aliphatic
Layer 3 oy Foreign substance boxvlat
i 6-10 um size = ;:ar °x\|’_: 8
Sample = {layer4 insi 3 ayers || (e-g.soli
' crosf j e :"erf ;"s'de z lubricant)
— _ section S ers ‘é ! was
10 ym - - | Subtracted spectrum detected
20 ym (fqreign substance-layer 3) from the
foreign
*Impossible to measure the foreign substances from sample surface : | Calcumstearate| | substance.
= Difficult to collect the foreign substances due to sample size and location 1800 1600 1400 1200 1000 80
Wavenumbers [cm™']

->0-PTIR measurement was conducted with sample cross section.

O-PTIR analysis is effective to analyze small foreign substances in various samples (e.g. on intricate shape sample
such as semiconductor, on adhesive, inside polymer material such as film), and we can acquire many information
of chemical structure with high spatial resolution and non-contact measurement.
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TRC, as a partner for
deeper understanding and
continuous evolution

Effective and new solutions for R & D of organic electronics

Toray Research Center (TRC) has built the business alliance with OPERA Solutions Inc. to provide a wide range of
solutions for R & D in organic electronics. TRC and ORERA solutions can help our customers solve their problem,
with our expertise in OLED material / device physics / manufacturing equipment / instrumental analysis.

Do you have any problems in the R&D Please contact us !

of organic electronic devices?

Check the performance of our own materials in practical use.
= We can fabricate OLED devices on your request and
evaluate its performance with high precision.

1. Hypothesis building

* Find and investigate the
problems

* Build hypothesis for the
effective solutions

4. Customer's Action
* Process Improvement
* Material and design

/)

Y

i

Examine the stability of our OLED materials during deposition
process.
= We can utilize the Continuous Deposition Test for

g

|
L

OPERA
SOLUTIONS

OPERA Solutions Inc.

prototyping to simulate a production machine.

Replace the components / materials of production machine.
= We can provide the generated gas and impurity analysis.

Apply new processes and materials.

= We can offer the solution from prototyping to verification.

You can stimulate your R&D with our highly specialized
outsourcing capability.

Click here for the web site

3. Verification of hypothesis

* Comprehensive analysis of
analysis results

* Advice on improvement
guidelines

o
i

QLA

4

Copyright © 2021 Toray Research Center, Inc.

y

a
2. Analysis

Foreign materials,
inhomogeneity

* Evaluation of layered
structures

* Production line dependence

* Simulation using TEG elements

T

_— /[l

“TORAY’

Toray Research Center, Inc.
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