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Abstract: Smart windows are used as windows and doors to determine the cooling and heating efficiency of a building.

They have characteristics that can increase the energy efficiency of a building, which leads to energy savings. In

addition, smart windows can control the amount of light transmitted from the external environment of a building to the

interior of a building according to the needs of the user. In this study, a 297x210 mm? liquid crystal cell capable of

controlling light transmittance was fabricated using a liquid crystal device as an optical shutter. The effect of driving

voltage on the transmittance and the effect of the thermal environment on the driving stability were analyzed. We

confirmed the applicability of using smart windows as exterior building materials.

Keywords: Smart-windows, Liquid crystal, Solution process, Transmittance, Heat stability

=

—

1. M

oYX 4H] A7to] T QAo g

]1:]7(] 7:47}01] E_,_]-x—lo] /\]j]-
St [1]. AnlERiE oL EC

=

Oﬂ &ﬂr"*o‘ How Oﬂ FeEIT [2,3].

@A) azeo] 40| A7 AHAlsHs LCD A

I

ozt

o FIW gIFNor, Y WA /& Amap] A
R74m2io] @olxl AEfolct. olo] ADLEYES WA

< Jin Lee; Jinlee@mokpo.ac.kr

Copyright ©2020 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

710 &8HYE sty Uy Il dmetel 2
Hlojdo e 7] 4 2 Aoz Z[tigith

MP(liquid crystal)> AA}F wA|Q] FIHIE|]
Ae AR, FALY] HjFo] ojH WEFo g = EAlgH
AA JEIE oe UFeREs AN 24 dHE
7FR] A 91‘:)& A2 RN TRl A7z wet
2AR] wjgo] WetshAl i, AAgst iiHo] W2
LHERATY.

LCD (liquid crystal display) £ A EA|AIX] =
ool ol2fgr A Hleol =282 o]&ste AAE,
BLU (back light unit)oj]A] 7}8[|x1 dlo] BA]S =1}
SHAA] YEhl= 242te] AAtat ¥i7)E ol &sto] 2t
< Ydsh= R0t}

A2 A4S ogt ¥ FutgF xo] 7155tH
(4], Fatg 20| 7Iast 542 daZdol X7}

obd Awol Hga7] 95} LCD 1 pixelo] sjgste
©9)0g st At st



272 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 4, pp. 271-275, July 2020: B.-G. Park et al.

2 ANE J|E Apo] AgSAH 20x20 mm’
o WAL ZH- WYL 297x210 mm’ 7|2 AAL
sfof PEAYT AR WYY, SYEES AP - YL
3. A9 A F7to] 0 54 vag i U5 o
1§ s A 3F % WA Rob N§ IS &
Qlsteict

2.1 4MM Mzt

NAA S AAFst7] ¢sto] 297%210%0.7 mm® ITO
(indium tin oxide) F=|7]T {of viFAS AUIE

steli, wigene] ojul=skg 9isto] 70°CAN 302
SO A% CFS, 250°CAN 2412 F9 olul=sfa)
e,

I3 18 ujgkelio] ojuj=gtd ITO Se2l7jme] o

FE-SEM AfXlo 2 ITO §2]7|go] Z2jojnjc u}
RS QT 4 it oo =gte Yiulo
2] E (pre-tilt)st7] ¢fs 9t H2HS 29
o] g5l 28] A2]skict. LCDe| 7 wvigky
2 AMSohe iy 7‘4“‘ 2 o]8sto] Hf

e
o
| oX
)

uu o
l

e,
)

o% off o2 1 19 g
T oX
e %

o o o
19
=
ol
o
o)
hu
)
I
|
e
Ir
N
41

el e 12
o

re

4

=

S~

rlr

|J

o

ol
)
o
1o o
=)
r){
o L
0 om U=
l o(t[}:] rl'ﬂJ
= X
=z
091; ox
B
filo ju
oo
0% ok
QL
¥ o
o=
Ukl oE
9 o o o2

D

=2
fo
Y
o

Q. Hor o
T

)

2ol

ol
=L
4%
o
‘-
2

RS = NM(2nxrn/v—1) (1)

o4 Ne 7]wel
w3 o],

SR E R VERERIEL

vi 71 ol

ne eyEelel oHs,

Pl 2 109.3 nm
ITO : 158.0 nm
Glass

Q10]alii
Fig. 1. A FE-SEM image of ITO glass substrate with alignment-

solution coated with imidation-reacted.
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Table 1. Rubbing condition.

Factors Numerical value
N 3
M 0.3 mm
n 800 rpm
v 1,000 mm/min
r 33 mm
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Fig. 3. A liquid crystal injection on using vacuum injection process.

Chamber
Pressure

|- L/C

~
Vacuum
Chamber

@ e

(b)

Fig. 4. (a) LCD Image crystal injection using capillary injection
method and (b) vacuum injection method.
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Fig. 5. (a) Transmittance analysis of 20X20 mm? LCD cell
and (b) transmittance analysis of 297%210 mm® LCD.
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Table 2. Measuring condition.

Temperature 23T
Light source Visible spectrum range
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Fig. 6. (a) Comparison of transmittance variation by driving voltage,
(b) comparison of transmittance variation by driving voltage after
thermal aging 70°C, and (c) response time by driving voltage.
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Table 3. V-T curve analysis result.

Sample name V-T characteristic (V90)
Sam2 20x20 1.983
20x20 (aging thermal) 2.028
297x210 2.003
297x210 (aging thermal) 1.939

Table 4. Response time analysis result.

Factors Numerical value

Rise time 9.490

Fall time 19.291
Response time 27.781
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