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Anisotropic TiSrYZrO Thin Films Induced by One-step
Brush Coating for Liquid Crystal Molecular Orientation

Byeong-Yun Oh*
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Abstract In this paper, we present a convenient liquid crystal (LC) molecular alignment method
using brush hairs as an alternative to the rubbing process in the LC display industry. Titanium
strontium yttrium zirconium oxide (TiSrYZrO) solution was prepared using a sol-gel process, and
the TiSrYZrO alignment film production and LC molecular alignment were integrated through a
one-step brush coating process. As the curing temperature increased, the LC molecule alignment
of the LC cell improved, and the formation of a physical surface anisotropic structure due to the
shear stress caused by the movement of the brush hairs on the coating surface led to uniform
alignment of the LC molecules. Uniform and homogeneous LC molecular alignment was
confirmed through polarizing optical microscopy and pretilt angle measurement. Through thermal
oxidation using X-ray photoelectron spectroscopy, the TiSrYZrO thin film well formed of metal
oxide was confirmed and verified to have excellent optical transparency. From these results, it is
expected that a convenient LC molecular alignment method using brush hairs as an alternative
to the rubbing process will be a viable next-generation technology.

Key Words : Anisotropic, Brush Coating, LC Alignment Layer, Liquid Crystal Display, Rubbing
Process, TiSrYZrO Thin Films
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(OLED, organic light emitting diode)2} Z-2 Aj
2 HaEYo] 7ey SHeE BAo] 4ista
utt. 53] 1y dEMAT AREE AgolA
OLED7} ¥ w3t A3} R tARIS AlFsto
LCDE tiAlet 2], 23y LCDE= &3] A
v, =2 W, ot 271 59 Ao s g2
ofj &g Aol AdoflA de] AREEL Qltt LCD AFYZ
7€ G4} v A3 Bo Ad dHE Aes
o=, LCD A2 A&24Q1 8413 HAS 59
Psta Qlet. ko=t ket AL 717|014 F8.
F A & Aol ApsAF tAEH 0], 7HAAE,
P& HAEY 0] 5 M=EL 58§ EopllA9 =8
7t 71 AoE Heloh

LCD= + 709 w3gw(polarizer) Atelo] A&
At 24 A5t} 253t LCD 7|e2 APEA}
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U HFom HET ToAo] glor, Ho] £t
B4 Fote Aus AFEAS] ol wEtA
2739, AHEAS] HRks dAsHA FEst=s A
= Higkolgtal o, AAHEA HigF A= LCD
do] oju|x] F4of| Hthet JFE AT APE
AE A4 #RFo = HjgFety] i FHRATL
747l Ao] BEs7| wjZe) Ados Aguik
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(rubbing process)o|2totH HHEALS viFFA7]7]
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H ®HHO| ol mlo|A R /Ul 25 P45
EZo] "HoH11l.
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2.1 TiSrYZrO Hfaf XM=

TiSrYZrO &2 &4 34L& & A=Xsh
EolERE(IV) AR =([Titanium(V) oxide, TiO,,
>99.%, Sigma-Aldrich], 2EZE(1) ZAY
[Strontium(I)  nitrate,  Sr(NO3)2,  99.995%,
Sigma-Aldrich], CJEE(I) &AM slAlsto|=go]
E[Yttrium(II) nitrate hexahydrate, 99.8%,
Y(NO3);-6H,0, Sigma-Aldrichl, AZZE(IV) E&
o] E[Zirconium(IV) chloride, ZrCli, =99.9%,
Sigma-Aldrichl& 0.25mol H[&& 20ml9] 2-4=
Alof[eke(2-Methoxyethanol, CH;OCH,CH,OH,
99.8%, Sigma-Aldrich)oll &3llet3ict. €9& 70°C
oA 2A|7F B9t 420rpmOE WHISH T SHYA|EA
OFM|EAKGlacial acetic acid, CH;CO,H, =95~=

100%, Sigma-Aldrich)x}+ ool
(Fthanolamine, NH,CH,CH,OH, >98%,

Sigma-Aldrich)& 787+ 3 W24 H7leigle). 1 &
2o 19 5t ool (agingAlA &2 A=5HA
o}, QE F4 ASHE(TO, indium tin oxide)Z I
g5 {8  7]¥Samsung Corning 1737
32x22x1.1mm’, WA 100/5q.)& OHE, o]
29 43I 9 "ol 47 108 B9 237

AR 5 A2 HAR AZAZT AZE g
FE5 B4 UAZ B 49 bk BeIA900A

ALPHA Co., Ltd)E Ar&sto] AlHEH ITO 2 713
o FRBIsITE. 1 F Y TiSrYZiO ek 80°C,
180°C, 280°C, 1=al 380°CollA 22+ 1417k &<t
ABAA AR MR Aok

FFE A= g He T 719 ITO /8 7|5 Alol&
60pm FHAoE2 XS 7jd@ YR %4
(positive) LC(IAN-5000XX T14, /n=0.111,
n=1.595, n~1.484, 7=10.3, JNC Co., Ltd.)=
A 3E ol&siA U3 * HFE FEEZ 4™

M LC A= AlFsHAH.

2.3 TiSrYZrO 4t 24 A WHEAL FH 84
Bt

TiSrYZrO ¥at HH9| 318} 12 EAS B7ish|
Aol T Al X-A AA(AL Ke 21 1486.6eV)E At
83t XA BEAF EFHEPS,  X-ray
photoelectron spectroscopy, K-alpha, Thermo
Scientific) 4 Fotltt. &3, Bt #HO §
oty wys gRlsh] flsf  AAARB(ARM,
atomic force microscope, NX-10, Park Systems)
FRstylon, HEke]  Fet
250~850nm T H oA A M-7HA 1B B8
ZA(UV-Vis Spectrophotometer, V-650, JASCO
Corporation)g AH&sto] S7st9ict. HAYEAL vigk
E4E gRlsh] Hsto] wHF Fe @vAE(POM,
polarized optical microscopy, Olympus, Japan)
ol-&53lal, WAFEA] MAAF ZHpretilt angle)
2% 3]4H(crystal rotation method, TBA 107,

Autronic, Germany)= °]&3lo] Z43}3it.
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polarizer®t £47|(analyzer)E oJu|std, A= 90°
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2 HRIt} o]of yef], YT HHFEA} ujgho] o]Fof
AA oW WY Aol REAoR M E= F
A EFY(oily streaks)”t HSIth. Polarizer®}
analyzer’t 59 WFA ¢, Ho] Fxsio] HAA
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19 12 80°C, 180°C, 280°C, 380°CollA A3t
H B8A F¥ TiSrYZrO HigEoz Z@Q
antiparallel LC 2] HHE2} vigfk ejE Ko
Aek. 1Y 1(a)ollA A=t 80°Cet 180° C°1W
L g dAo] AT, 280°CeF 380°CollAl=
WA gAdo] TAE|A] okt A7} 280°CELE

2 Bl e AARor Fdet HFEA v
Seo] BEske & 4 9lon, 280°CET} &2 43}
SEoAE FUT YRR W EHS A S 9
2= & 4 Sl SRR FekErt 380°Colld=
moFe] WAl @ido] 9SS I¥ 1) B3l € = A
ch.
(b)[80c
AP
I I 400 um
180°C
AP
I I 400 um
280°C
AP
I I 400 um
380°C
AP
I I 400 um
a7 1. 80°C, 180°C 280°C, 380°CollM ZstEl =2

Al 2 TiSryzrO s & 2te 2 =&l E antiparallel LC &
°| POM O|o|X]|. (a) E%*EFEF SA7|7¢ mRE, (o) =
oL FAM7|17F

Fig. 1. POM images of antiparallel LC cells
assembled with brush—coated TiSrYZrO alignment
films cured at 80°C, 180°C, 280°C, and 380°C. (a)
Polarizer and analyzer are crossed, (b) Polarizer
and analyzer are parallel
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TLT AHEA RS AoiAl= HiRke] 24
ojitdo] HAEolof St=H]|, ol miolaE IFH
(microgroove)9t Zo] Tl Wekog AP 12E
Abgate] e 2 9l

3 2. 80°C, 180°C, 280°C, 380°ColA Hst=l =
Al 28 TiSryZrO v &F2te| AFM EH SHEH

Fig. 2. AFM surface morphologies of brush—coated
TiSrYZrO alignment films cured at 80°C, 180°C,
280°C, and 380°C
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£ =2 AR Q] =2 Aok E Qs HlA
3 YASe]  SX(agglomeration)=o]  F2H
(random)Z EX ¥ to|3 &2 /Ul 125 & & 9l
t}. ol#fdt A7} I 1914 AFdiRol, FEHes
U @S AL 0= & 4 itk mEbA] 280°C
olA Ak TiSrYZrO ®fato] U3t WFEA}L vk
o A= & 5 Utk
LC HiZol oA E O 583 B2 pretile
angleo]™, LC Al Wjio] AYEAZ HAXH B4
= o Wks mEt AEHh oY AE &
A= 715 | s o] A=E o|FA EHH, o]
Ze 71871Z pretile angleo]glx gtk LC Al Y9
pretile angleZ AXIsE7| Yl -70°clA +70°7kA] 9]
3 W 3 Zheof] gt Fakg FA4S 19 30 Y
EP—HO*E]' Jemof|l A ofetA A2 2O TS YER
I E7HE A2 LC AojlA &gt ’5—-_1‘—%1 tlo]gjolH =
Jzrt AT AS A =2
A= 4= ITH12, 131

2 pretile angle&
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I8 3. (a) 80°C, (b) 180°C, (c) 280°C, (d) 380°Col
M FstE E3Al 2E TiSryzrO v &t 2(e] HHEXL
of et Z2H 3oz P2 s Filg Jei=

Fig. 3. Vibration transmittance graphs obtained by
crystal rotation method for LC molecules on
brush—coated TiSrYZrO alignment films cured at
(a) 80°C, (b) 180°C, (c) 280°C, and (d) 380°C

80°C[1¥ 3(a)] % 180°CILY 3(b)IelAl Askel
B 29 TiSrYZrO S 7|He® sk IC
AL EtAR W AdoE BAIEH Ho| Syt

%‘?:_1_]'%01 -E—EE}. ol Adide=
2

=
2 AE

W2 2roA gt
Azt H HRRS LT
= 280° Coﬂfﬂ 7:]9}% E\“—i Al 2849 TiSrYZrO
HjgkalS: 7]9ke = g LC 3001 539 34
I 29 T4 Afo]9] =2 U ]?;-: Hol 39| A
0|1 FUFF HAARA HiRkE vEhH ol= 19 19
POM oJu]x] &4 Z3E FHett). 280°CollAl 4
3kE LC AojlA] AAME BHERLS] pretile angle
0.0060131tt. kAl 280°Ce] AsholA BEA|
A9 TiSrYZrO viFete] s Y5t F2g 3
BEA GRS 28T 4= Sleol d5EUT 380°C
oA sk LC A" 3(d)]olAl pretile angle°]
0.007% 280°C LC A} vt o] AN, e
YA Lo A AlEggo] 27 HojZlrh

=4 114 Z3%(polar anchoring energy)= W3
A A% 2 S AR} 22 LCY #7188 £
OﬁJLQ u|2]7] EHEOH LC A9] FQ3l uj7j4=olct
(14]. o] w7l vt YA Atol9] Agt
74'5—2— Z2A5}= Aold, polar anchoring energy”}t
20| oto] #HY £ R o= 18d 4
H= A" ujolth. A3k Hglo| wE He
Al F¥ TiSrYZrO it 919 AAEAo] gt
polar anchoring energy £44& 118 4] UYehf3
o},

Relative capacitance (Ratio)
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Fig. 4. Polar anchoring energy characteristics of
LC molecules on brush—coated TiSrYZrO alignment
films according to changes in curing temperature
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T8 5. 280°CollM b=l 22{A| 2E TiSrYZrO v &t 3ol (a) XPS survey scan spectrumt (b) Ti2p, (c)
Sr3d, (d) Y3d, (e) Zr3d, (f) O1s =0f 2 Jef=
Fig. 5. (a) XPS survey scan spectral and (b) Ti2p, (c) Sr3d, (d) Y3d, (e) Zr3d, and (f) O1s core level

graphs of brush—-coated TiSrYZrO alignment film surfaces cured at 280°C

Agkexrt Fasel @t polar anchoring
energy #< S71ohe A3 H3oH, 280°C o|F
o= F71E0] AR AT, 280°CollAl H3td HiEF
o] g 25 F7IRE o= tha BRI Higk A
B Holeols Etota, mAR AAY] =2 vlEH
Z0] polar anchoring energy°ll Y& t|HS 0
2 55 5= Stk 280°CollA A3k BEA 2gH
TiSrYZrO  #idEL 1.01x10°m™2  polar
anchoring energy #< 7M1= A& &5ty oH,
7120 A" PI HigFeo] 107~10°Jm™22] polar
anchoring energys 7= Z& 1ot HEA|
FRE TiSrYZrO HigFe] AAY S Holx= A
oJtH15]. o]t Ax= BHA] FEH TiSrYZrO i
FEo R ARt LC Alo] ¢ QFgAo] 1L FHojd A
71388t B4 7H $ SlS2 guiRith

LCDY] HigFao 2 A TiSrYZrO E4o| 24413}
E2 Aol & HA=AE Rl Yol XPSE ©]
85to] TiSrYZrO det HHY 315+ A& EAst
At FgA vk 1C Aol /gt dgst A
7k 9o, XPSE B9l Hhute] slelefEA AEE g
gt & Qlth M AolA 5%t AWE HI

280°ColA ek BA] I9 TisSrYZrO ¥ &
WOl sFk 2/4dE AL, 1 AE 19 59
el 1™ 5(a)= XPS survey scan
spectrum= HolF1 lod Ti2p, Sr3d, Y3d,
Zr3d, Ols W37} TAEQIH. o]52 {2 7|&
BAE TiSrYZrO Hate] 8 4 g4vo|rh. Hrt
AR 2ARE 918l B Ti2p, Sr3d, Y3d, Zr3d,
Ols9 o #d dHolgEs AwEy, I
5b)~5(07HA] ARE HolFa ok Au-Ax £
(spin-orbital splitting)] 2J8ll Ti2pe Ti2ps2t
Ti2p1,® EE™ ZAdo|HA|(binding energy)=
Z}7t 458.3eVe} 464.1eVolFTH16-18]. =, Ti <
9] binding energy(453.8eV)Z%H 4.5¢V 3F5H4
Zo](chemical shift)7} =it TiO, #&ABIE9]
binding energy= 458.8eVelH, <3 H|watH
5.0eV9 binding energy’t S7I%ich  webA
binding energy Z717F 5.0eVel t]X]|R]& Bl
AL EQitks A& & 4= ok Sr3dE Sr3ds9t
Sr3d; 2 E9lE™, binding energy=  ZHZt
134.1eVe}  135.9eVolSitH17, 19]. Binding
energy= Sr 49 binding energy(134.3eV):Ett
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oA & W9 UdlAg  EXFeH
SrC05(133.4eV)E At5l7} A4 =0 binding energy
7b Goldl AoE HQIYH16]. Y3de Y3ds,et
Y3d;2  E3E9, binding energye 27
157.9eVet 161.0eVelRtH20, 211 Y F&°
binding energy(155.9eV)ZXE 2.0eV &3] Ho|
7} dojgtom, ol Y,0; AHES binding
energy(158.0eV)e}  H|&RE  Folth. Zr3de
Zr3ds28t 7r3ds .= E3AEH, binding energyw 2+
ZF 182.3eVe} 184.7eVolitH22l. Zr E&°
binding energy(178.9eV)& H¥ 3.4eV &tz A
o7} dojtor, ol ZrO; ASHES] binding
energy(182.5eV)Q} H]S3E S0t} AFHoz &
&o] ASIEHA F4Y we} 351 S0l EA|
A, 58 At F71617] mHiZoll binding energy
7t 37F5HA Ez Aol ol& <l #AF Wi W74
Tt & 9 A7 R A2 dRte] MR A
£ Z4A17]2 binding energy &o|(shift)7} &AYsH
o}t O1s9] A% HhSshs S4dAtel] waba ohefsr
binding energy YXolA Uehdt B AFoA=
Ti, Sr, Y, Zr 4714 w43 E3HH o & vk-gsto] Ast
25 FAoFAt. Ols= A4 ZARHlattice oxygen),
X 447 dE(surface hydroxyl groups), 121
&2 AtA(adsorbed oxygen)oll TFH 529.8eV,
531.6eV, 532.5¢VolA Al 79| ma= Fafi= it
(17, 18]. /I o8 A3 w7}t S7I6lH, FAlSt &
Aof] ofsf AbA ARl WAt Flelal, AiFos
HY A7) A5 3 AaT EojE ol A &
o ixlo] 9sf F& AR} Afo] WolAl= Alow &
= AoH, & F& Akt Zgo] 949k YERdT.
XPS 4 A3, 280°ColA BEjA] Y 378 B9
ZA8HAIA TiSrYZrO ¥ A& 345U, &
Ao TiSrYZrO BHEFS wigiato g AREs}7]of
QFEAQl ARh JEiE Atk £ 4 it
FHAEE e HE Y2 Hisr] oy
(bandgap energy)E 7HX1 Rlo] [sHd EI7}
=t} HAEH 0] ARt AEE Hae] B =2
BES 9EH, %A XPS &Y ZAEEE
TiSrYZrO ¥ato] F&48HE9] Eiert =2 o

Y
>

2 7|dgct. % 62 280°CollA A3k BEjA 2
g TiSrYZrO Hhto] Egl AHEHS HojZro)
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O3 6. 280°CollM ZatEl E3{A| 28 TiSryzZrO k2t
o] 250~800nm<e| A Helof CfE Filg AHER
Fig. 6. Transmittance spectrum for a wavelength
range of 250 to 800nm of the brush—coated
TiSrYZrO thin film cured at 280°C
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