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Abstract

‘The fabrication of black pixel define layer (PDL) on the organic light emitting
diode (OLED) pandl has been developed actively by using negative-tone black

which contain itizer, binder polymer,
multifunctional monomer and black mill base in order to improve the out-
door visibility of OLEDs. Cardo type binder polymer containing bulky and
rigid fluorene group has been widely used in the black photoresist formula-
tion, However, the commercial cardo binder polymer has high cost and re-
quires high UV dose for the fine patterning of PDL in the photolithographic
process. In this study we designed and synthesized various non-cardo type
binder polymers and evaluated the new binder polymers in comparison with
the cardo binder polymer for the improved patterning of PDL on the OLED
panel.

Keywords
Organic Light Emitting Diode, Pixel Define Layer, Photolithography,
One-Pot Synthesis

1. Introduction

Organic light-emitting diodes (OLEDs) have been widely applied to the small
size mobile devices, large OLED TVs and flexible OLED panels, because of such
merits of OLEDs as fast response time, low operating voltage, wide viewing angle
as well as light weight and thin-film features [1] [2] [3] [4]. One OLED pixel in
small size OLEDs is able to emit red (R}, green (G), and blue (B) light from sep-
arate sub-pixels fabricated by the photolithographic process with a fine pat-
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terned mask. Although the visibility of OLED is better than that of LCD duc to
much higher contrast [5] [6] [7], the further improvement of it visibility s still
highly desirable, especially for the outdoor use of mebile and wearable OLED
devices. One simple technique is to reduce the reflected ambient light by circular
polarization, and an alternative way is to locate a light-absorbing black layer at
the back of OLED [8].

The photoresist based on positive-tone photasensitive polyimide has been
used to fabricate the pixel define layer (PDL) of OLED panel for the small-size
OLED devices, which is able to exhibit good resolution and high contrast [9]. In
order to further improve the visibility of OLEDS, the black photoresist based on
negative-tone photosensitive system has been studied actively [10] [11]. A typi-
<al negative-tone black if
binder polymer, multifunctional monomer and black mill base, which makes the

consisted of

calor of patterned PDL black to reduce the reflection of ambient light from the
OLED panel. Of the components of black photoresist the binder polymer is very
important since it determines the quality of the PDL patterns which are in the
range of less than 10 x 10 pm size on the OLED panel.

The so-called cardo-type binder polymer has been widely used in the nega-
tive-tone black photoresist. The synthesis of a typical cardo binder polymer is
shown in Figure 1

As shown in Figure 1, the cardo binder polymer (CBP) has cardo carbon
(marked with asterisk) in every repeat unit in the main chain of the binder po-
Iymer. The presence of the cardo carbons in the CBP contributes to the thermal

stability of the final PDL patterns due to the rigid cyclic structure of the cardo
moiety in the binder polymer. However such a structure of cardo binder poly-
‘mer also reduces the double bond density (DBD) of the repeat unit which can be
represented by the unit of mmol of double bonds per gram of repeat unit, ic.,
polymer (mmol/g). This is caused by the high molecular weight of the fluorene
epoxy acrylate monomer with cardo carbon compared to the non-cardo type
binder polymers. This effect of high DBD in the cardo binder polymer reduces
the UV light sensitivity of the black photoresist, thus leading to difficulty in the
production of fine patterned PDL in the photolithographic process

In this study we tried various different synthetic methods to obtain non-cardo
type binder polymers and evaluated these new binder polymers in the photoli-
thographic process to obtain improved PDL patterns of the OLEDs.

2. Experimental
2.1. Materials

‘The non-cardo binder polymers were synthesized by reaction between diepoxide
and monoacids to form diol intermediates, followed by reaction with dianhy-
drides (with/without external diol as co-monomer) to obtain the final acidic po-
Iyester type non-cardo binder polymers. The chemical names, code names and
structures of diepoxides, monoacids and diols are shown in Table 1. All chemi-
cals were reagent grades and subjected to reaction without further purification.
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C|AED|0]/0|2HMA| EHMH|REA(213420)
K-IFRS ¢Z& Q9f Z{2AM| &
MEAERE EEEOIIMA
(EH{AAR) 2020E 2021E 2022E 20236 (IR, %) 2020E 2021E 2022E 2023E
SSARE 91 130 199 283  OiENH 144 193 238 273
Sz U g ARt 51 63 128 199 371&(%) 47.3 338 235 14.5
H7 IS 8AMt 0 0 0 0 DiER7t 91 124 149 167
O22HA 12 19 2 26 OiE30(Y 54 69 90 106
AL 26 11 47 55  EHjH|efHE]H| 135 146 151 159
HIRSAME 130 143 144 144 b L - - - -
FHA 72 86 87 88  7EIgYsd - - - -
DA 37 36 35 35 eI - N - -
A 221 273 343 427 EHo[Y 40 55 75 EY
| 20 23 25 27 3712 (%) 93.2 359 36.6 20.6
O 12 15 18 20 HA0|2UE (%) 278 283 313 330
7= 1 1 1 1 0[2}=2 1 1 2 3
SR - - - - ozHIg 0 0 0 0
HIRS2A 8 7 8 7 A2Ho|UEA) 0 0 0 0
AR - - - - 7ErEReRER) -1 0 0 0
A= 0 0 0 0 MRARSAII0IY 38 58 77 9
EESA 28 30 33 35 HRIMHIE 4 7 9 1
AR R 193 243 310 393 NIZAIZO0|UE (%) 26.2 29.9 323 34.6
A2 5 5 5 5 g7k01Y 33 51 68 83
A2Yo= 9% 9% 94 9% «0|AUE (%) 23.1 26.3 285 304
0|9joi=z 9% 145 212 295  AHjS=E +0[Y 33 51 68 83
7 ERARERE 0 0 0 0 7Et=Zo|Y -1 -1 -1 -1
H[R|HHFR 2 - - - - EEZ0|Y 33 50 67 82
A2EA| 193 243 310 393 ApjRZRJsZZZO[Q 33 50 67 82
HISER FEAR|E
(St 2) 2020E 2021E 2022E 2023E 2020E 2021E 2022E 2023E
FUES HFSE 42 41 73 83 FHRIE(R)
7101 33 51 68 83 EPS 1,389 2,112 2,824 3,455
TRz 4 7 9 9 BPS 8,028 10,118 12,920 16,353
BRI 1 1 1 1 CFPS 1,596 2451 3,237 3,867
AR (0[2) 0 0 0 0 DPS - - - -
BEE 35S -28 -23 -12 =12 Valuation(tH)
[ HEFIS) -23 -21 -10 -10  PER 315 235 19.2
SR HE () 2 - - - PBR 6.6 5.1 4.1
8480 3L 12 17 60 71 PCR 27.1 205 17.2
MRS HFSE 0 0 0 0 EV/EBITDA #VALUE! 244 174 14.0
Ry S 0 - - - KeyFinandal Ratio(%)
A8 0 - - - ROE 189 233 24.5 236
A2oISZ 3 -1 1 0 EBITDAO|YE 313 325 354 36.6
i =AIE - - - - Bl 14.6 12.3 10.6 838
sgdsg eIz 12 17 60 71 =RAHlE -25.7 -27.6 -41.0 -504
7|z AT AR 39 51 68 128 OHEAASIIS(X) 125 124 11.8 11.5
7| HSF AT At 51 63 128 199 AIAMSIKE () 58 58 54 53
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ClAZE|0]/0|2H42| S5 4£(213420)

E‘ﬂulg‘f‘é EEzjl. 5&27'. ﬂlEl%
. e uat MR | O | g | BR | 2GR
22 2|7 E20/A WS LY U 2EZI} 20| (=) thetAld | -
ZIMhH) | Z7the
2019-09-09 Buy 27,000 14 -9.5% 33.0%
94,000
84,000 . 2020-02-21 Buy 45,000 14 -29.4% -20.7%
74,000 2020-03-25 Buy 40,000 14 -28.1% -19.1%
64,000 2020-05-08 Buy 42,000 14 -18.9% -7.3%
54,000 —
— [ 2020-08-13 Buy 49,000 14 -34.1% -26.9%
44,000 —
34 000 2020-11-11 Buy 44,000 14 -24.7% -11.6%
24,000 i 2021-02-04 Buy 52,000 14 -20.7% -17.5%
|
14,000 - ‘ ‘ ‘ ‘ 2021-02-22 Buy 56,000 14 -21.6% -0.2%
19/08 20/01 20/06 20/11 21/04
ESHEN) - ES ) 2021-06-21 Buy 80,000 14 -25.8% -14.3%
2021-08-11 Buy 86,000 14
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ClAZE|0]/0|2H42| S5 4£(213420)

Compliance notice

g HuA SEY 7IZO2 i 7|at 2510,

P SIS ST S22 1%014 ekD R BLICE
P SIBEAZAACL T AR BT VIR0 FAIS BQ5t R YL

P & HOME 7RSI R A 3Z0|A E-mail S2 S510] ARM0]| BIZE ARHO| SiELICE
P SlARE 67122t Sl 7|e R7ISH Leut 2 FRALZ -OJSHA| kSLICE

P o HIAO] HME LHBSS 20l0] ojzke HEBH HiYEtn Qlon, elsio] HES 20|t ZHY S0] A4S S SIS T

Jloh
ol

—

= BAARE FARIL| SHEEAS 57| ffe #UALE0|H, M2tA, & Zkz0 ofch FARe| £ARZD0 ish Ofiigt SAo| SUARZE ARE £
UM, ofiet FR0= 2 L PAQ| 57t Q0| A, =AF E= CHOE £ YSUICE FTHA SO QIS FUIMAl A 0| UASS
FAISHA|7] HIZLICE.

1. 355 BASE (FHY 7IF 37IHH| 358) SFFAHR &2 127037t FHY SII0H| i35 ol SH4SUSS Q|ofg
- Buy (Off ): S S7HTHH| +15%014

-Hold(E®): XY ZIIHH| -15% ~ 15% LHQ| S=F

= Sell(0HE): FXY S7HhH| -15%0|e

2. MEFH BEASE A7IEU7IE LUE AIZHISIHE| 24|52l HEtE 35
- Overweight(H|S&!TH), - Neutral (&), - Underweight (HISZ4)

ﬂl:
N
i

SHO|EASE FAfHIE S8 SAl 2021-06-30 7|&

e o 32(=9) oj=

EAo|A HIZ (%) 93.3% 6.7% -
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