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Smart Glass 25|

+Saint-Gobain

« Pilkington/NSG Group
«Cardinal

»Guardian

+Asahi Glass

+AFG Industries

-PPG Industries

- Schott Glass
+Soladigm

-Sage Electronics

- Architectural Glass Projects
Gentex

Smart Film 23|

«Switch Materials
«Ravenbrick

« Polytronix

- Pleotint

+US E-Chromics
+Beijing All Brilliant
-Sun-TEC
-Chromogenics
+DaiNippon Chemicals
-Hitach Chemicals
-3M

-Solutia Performance Films
«GlasNovations
«Chiefway

-Citala
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+DuPont Teijin Films

(Film substrates)
«Toray(Film substrates)

+ SKC(Film substrates)

+Dai Nippon Ink

-Landec Intelligent Materials
-Material Sciences Corp
-Momentive(Silicone)
+Dow(Silicone)

- Solutia Perfornance Films(ITO)
-Bayer MaterialScience
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Global Smart Window Market - Growth Rate by Region (2022-2027) Global Smart Window Market
Market Size in USD Billion

CAGR 9.75%

usD8.89B

UsD5.598

B Medium

M Low
2024 2029

(ZX: Mordor Intelligence) h SN

AQIEAER AE2 HEZ 43S 44% Ol (~2030) / [SKC -2l 2(Halio) 70008 S §XH
AOIE =2 MAH AIE #52= USD 5.598 (20244) - USD 8.898 (20293) &> CAGR 9.75%
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AZE OlUX] E=/2, I2l0|HAl 22, MM S
™ A Xl J1=(Suspended Particle Device, SPD)
[Electrochromic, EC)0f| it JHH & B9}
X Jl1=(Polymer Dispersed Liquid Crystal, PDLC)
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Z=SY(Passive) AOIE AT

SEY(Active] AOIEATR

22
- feike Aoy 3 XA A XL M|y UEII2LAHA
(TC) (PC) (SPD) (EC) (PDLC)
S2OIT N OIS S| T TNt
ad 3ol 3001 (AR @4 (AR
FA Mo doped VOx AgCl, ®I18 =1\ WO3/EL/PB 8712 Nematic 2 &
2SN 9 30~40°C U] AC 30~100V DC 1.5V AC 30~100V
SH&T . : i
B
ma = 10~30% 60~80% 5~50% 5~80% 70~80%
U S8
XA = HE F x oI}
HZ=d2 L= T HE olet HS
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midlight

Photochromic “Photothermotroplc

o PHOTOCHROMIC REACTION
W\ When a naphth dye is to UV light, a weak
R A ) bond(ud)hfuhamlﬂnnmwlemtn species

Strong sunlight >

Phase separation

COS

(ZM: DOI:10.1002/50lr.201800204) O

Absorbs UV and visible light (&M : seiko-opt.co.jp / 2E2|)
(EN: 0|F3teeg|x)
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EERZE MO0 Wet |2l BHSO| SZ20] X=5101 40| #2iol= Jl=

A o= XpM(darkening)Tld S0l XIHTI™ E|2H4(fading)Tl 0] FAEHE B9}
207J|= A= A2 > X0 E LM =9l X X B9}
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Suspended Particle Device
[SPD]
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Suspension Conductive
Liquid/Film Coating
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Devices
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A Jon Conductor/ Conductive Layers
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Electrochromic
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Vélux electrochromic
blinds: Sageglass™

Boeing 787 passenger windows
measure approximately
12" wide by 18" long
(EM: SAGE GLASS)

(EN: 2Y)
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Polymer Dispersed Liquid Crystal
[PDLCI
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Polvmer Dispersed Liquid Crystal
[PDLCI
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Architectural glass

Automobile Sunroof

Projection screen

8% MH, = =di0l, MX HE, &E
Ol &kZet S80I Jis
HEE 3, & JH2 T20IHAIE 1T =2 3t

Electric Curtain

(BX: g-sys.co.kr)

ZOI0IIM AMEE B ANIE |ITL AIE
A

FHM AJH, J|EL

=]
x

2



.
03 )| =

| I2THE M
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[POLC]
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S\\ R

<PDLC ALOIE 2122 HL [1X>

FHHF glass/PET 7| 7|5 : HH| 714 >50%

@Substrate : Glass, Polymer film (PET, PES, PC, etc.)
Transparent conductive layer : ITO etc.

PDLC layer: I FXz2tduje o HEH 7|15

@ Polymer Matrix : Layer thickness = 10 ~ 25 micron
@Liquid crystal droplets dispersed in Polymer Matrix
: LC droplet size = a few micron

Clafo| A - B &3 A w7 7=

@ uv Z3 7 HEY, 1S 3|2, 27| obgy

Ol# : M7L, MHY 41§, 1= E,

tE J=F 7Y
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02

&= (Transparent Conductive Electrode)

JIABY A9 K& FllAA FE0HI 20l= SAl0 HIMETI E2 E4& UHU=E Hs
=2 HAZ(~10002/00), JINE SHUM =2 EF1x(<80% @550nm)
ol P o Riheer = p/t =1/t
380nm 750nm /
x| 3.26eV 165¢V t : tl A %
A W
= b =E= (6.626 x 107**J5)(3 x 10%°m/s) :?'l'aa§ ——
A (@ x 10-9m)(16 x 10719 feV) h:BBIAEE26x103405) L 1 [ 1 L L
R=vg =5wi = otw = Beheeryyy
HEY | - [MEZ 30H] - Bl | 8 & e Haacke’ S
c
WMoY [MEE AA] - EIE T e Y ) Figure Of Merit
‘o - = " [FOM)
\ 4
SH T BHY ) (MEE S0 - SLE | . 4 I ,TC=T, "R,
= L M (MEE 2AA) - ENE



Ed MTM M3 (Transparent Conductive Electrode)

ITO (Indium Tin Oxide) = R<502/C, T > 85%
: InSnO (In,05 : SN03 =90 : 10 (Wt%)

: High Transmittance (~ 3.75eV) Ep I
: N-type semiconductor (In3* > Sn4+-> electron) :
: Degenerate semiconductor (Sn =4, Sn A%}

22 (300°c 01
2t (Flexibility Zt4:)

< Metal-oxide semiconductor>




Ed MET M M3 (Transparent Conductive Electrode)

Al £ A= : O0xide/Metal/0xide, Graphene, PEDOT:PSS, CNT, Metal gird S
=&-AM9E : 7n0, AZ0, Ga0s, GZ0, IGZ0 S

(Graphene PEDOT:PSS Metal grid

axuras Hp OLED TV

o & o2 HAg oJgHoz S5 94 5 594 o ¢ w2 HAg
2 FiE A7)/%844 E4 93 39 715 £5E 344 $5 594
W93 297+5 L8 FA4LT 7] A &5 g A 233

E5E 7)ut 4 7 s

s

258 794

03 s A=

1749 Q& 714 o ERFAZ IA L RiEG g g7 g 25 . A dgY 7 2
(Indium Iree TCO + FIEAY 7]5 BAgS SA9 7 Color 7+ 33

282) . %W e 7H“£ A d3}7] ol g2 B +  Uncovered area
A1 AL - AFHAA V)& . FAAR AL e At
ik . Impurm Aojolg .« L HEAY

+4 d37]% o

oo uf> ojo

Morphology o] &

PR

<ITO CHHIE st ME22 XMt FJFHE=EHI>



E% MT M M= (0xide/Metal/Oxide TCE)

H2 EHH=9(TCE)

H1 &3 E=H(TCE)

5 £YHI N>

Metal thin film : Ag, Au, Ni, Cu S Al
TCE film : ITO, 120, Zn0, L S H| A2E(ZITO, TIZ0 S) AL
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SN MM M= (0Oxide/Metal/Oxide TCE)

_________________________________________________________________________________________________________________________

— ZITO/AQ/ZITO C}S uiat AWM (Ag SHI® 6nm ~ 12nm) : RF-DC magnetron sputtering system

— [}& utat 31X (HR-TEM), ™ H&J| (Rrms < 0.8 nm)

» Nm)

rms

Surface roughness (R

Zn0-In,0,-Sn0, ( 16.1 : 75.5 : 8.4 at.%)

Ag ( 99.99%)

1.6

1.4
1.2
1.0

0.8

0.4

0.2

0.0

150nm

0.6

m Glass/ZITO single layer [Rq 0.537nm]

A Glass/ZITO(100nm)/Ag(6nm)/ZITO(44m) [Rq 0.672nm]
% Glass/ZITO(100nm)/Ag(8nm)/ZITO(42m) [Rq 0.678nm]
#Glass/ZITO(100nm)/Ag(10nm)/ZIT O (40m) [Rq 0.772nm]
¥ Glass/ZITO(100nm)/Ag(12nm)/ZITO(38m) [Rq 0.793nm]

6 8 10 12
Ag Thickness(nm)




SN MM M= (0Oxide/Metal/Oxide TCE)

40 o

m ZITO single layer 1 — :  Glass/ZITO single layer
A ZITO(100nm)/Ag(6nm)ZITOE4m) 1 o 160 - A Glass/ZITO(100nm)/Ag(6nm)/ZITO(44m)
A ZITO(100nm)/Ag(8nm)/ ZITO(42m) 1 i *Glass/ZITO(100nm )/ Ag(8nm)/ZITO(42m)

= 30 30.270Q/0 @ ZITO(100nm)/Ag(10nm)/ZIT O(40m) [ i *Glass/ZITO(100nm)/Ag(10nm)/ZITO(40m)

S I\ ¥ ZITO(100nm)/Ag(12nm)/ZIT O(38m) : = ¥ Gl ZITO(100nm)/ Ag(120m) ZITO38m)

E i Zasof

= 1 21 I :*""wg

s Ll gl (A

51 1 ] - >

2 I = 140} .

- 14.38Q/0 1 B AN

- 1 2 A

-2 10 9.440/0 1 B N

- - - - ™

2 T3 sesan i g 130r N

- v = L] )

= 1 E — ) N

_g 1 Bo : T A v

- I =
w 0 1 120 -
/ | M| .
T T T T T T 7 T T T T
0 6 8 10 12 0 6 8 10 12
Ag Thickness(nm) Ag Thickness(nm)
100

—— Glass/ZITO(100nm)/ Ag(12nm)/ZIT O(38m)
—— Glass/ZITO(100nm)/Ag(10nm)/ZIT O(0m)
—— Glass/ZIT O(100nm)/Ag(Snm)/ZIT O (42m)

Gilass/ZTITO(100nm)/ Ag(6nm)/ZTT O(44m)

Transmittance(%)

500 1000 1500 2000 2500 3000
Wavelength(nm)

— WS <102/, EllET > 85%
— QM AANM Ag 2ot SH SIS, IR XIZE 3|
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SN MM M= (0Oxide/Metal/Oxide TCE)

R:o|F 23 Ao|Z20t SAl, SHE M
40
8
— 30 -w“w I ZITO(100nm)Ag(8nm)ZITO(42nm)
=] ras
g %-..H- sl
[
e 5L
8 20 o
-§ gr2 (85°C) -85 (85%)-1,000hr HAE o4t
o« : Mg HIE < 10% D:O 3t
3 M ! 3
% 107 [ TY T TN g oo ®eoe o i
0 - i oms — g et gy g opeesves® o e
O T T T T T T T T T T T = 1 1 1 1 1
0 200 400 600 800 1000 10 25 50 75 100 125 150
Time (hr) Bending cycle
AL
— HIOIZE 245 HAE, &2 - 85 HAE AR<10%

coating

subsltrate

. HIRE-2IT0 2 2TO/AQ/ZTO : =0 I e

21 AHOIZ 0l [HOH0] QFRIE] 31

o EEXNEHS} AR [= (R-Ry) / Ryl
where R, : £7| X ¥,

Microscope

OH



LC Mixture JH&

— Modified E7 LC mixture JH&

. :E7LC mixture(Merkiil] 74! A% Z n-heptylcyanobiphenyl@t n-octyloxycyanobiphenyl
. fluorineJ1& Z= n-heptylfluorobiphenyl 2 n-octyloxyfluorobiphenyl thxl

'~ 213 I ETF2 LC mixture S

' 2IE 14878 2= prepolymer JH
AN yE
- aliphatic urethane triacrylate (S2]11 M)
- 2-ethylhexylacrylate (£ =)
- 1,6-hexanediol diacrylate (7tulXl)
- 2,4,6-trimethylbenzoyl-diphenyl-phosphineoxide (ZJHAIHI)

X|Z POLC tHEE 1o
-1, Prepolymer %! PDLC tHStE

Component Content (wt%) (a) E7F2
Prepolymer (acrylates) 60 " (b] Prepolymer
E7F2 LC mixture 40 (c) PDLC (E7F2+prepolymer)
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POLC cell M X 3%xA XX

Glass substrate
Conductive
Coating (ZITO, ZITO-Ag-ZITO)

71N

® —f—— Polymer Matrix
@ @- Droplet of Liquid Crystals & UV |amp
g o SN

e e e
TCO substrate PDLC codting Lamination UV curing

<UV Z3} HHAlo] PDLC cell MIZF ZHE>

<PDLC cell?| 1 ZX} I{ERA <ZITO/Ag/ZITO EEH3 H& PDLC
HHO| SEM AHZEl> cell®] on/off AElf 0O|O]|X|>



—! HISk PDLC ADIE YT 1S
o

Fuw 4o Z1To

<PDLC AOIE &2 AIHE>
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<Ed OLED + PDLC AOIE A= 2 AN E>
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