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Abstract

Effective control of electromagnetic waves is critical for efficient energy utilization and other
relevant applications. In particular, the active management of long-wavelength infrared (IR)
radiation would be useful in energy conservation and military defense. Herein, we propose an
efficient approach to control the electromagnetic waves of light by suppressing the short
wavelength range of UV light and long wavelength range of IR light while maintaining visual
transparency to human eyes. For effective infrared control, we propose an OMOMO (oxide/
metal/oxide/metal/oxide) structure in which metal oxides and metal layers are deposited on an
OMO (oxide/metal/oxide) structure. The novel hybrid structure of metal and metal-oxide films
are alternated to form multiple ITO/Ag/ITO/Ag/ITO interfaces. To confirm the features of the IR
control interface, the optical and electrical properties were investigated in terms of transmittance,
reflectance resistance, and electromagnetic interface (EMI) shielding efficiency. The ITO/Ag/
ITO/Ag/ITO multilayer structure exhibited an excellent optical transmittance of 65.43% and
substantial reflectance of 94.02% at long wavelengths. The overall EMI shielding was highly
effective, reaching 40.59 dB. This suggests that functional transparent films can be adopted in
military, energy, and transparent device applications.

Keywords: Q1& 4 AFSHE(ITO), 2(Ag), 4204 AR cut-off), A7) ZH|(EMI
shielding), Z12] 41 ZFH)(UV-blocking), ITO/Ag/ITO/AZ/ITO H-Z(ITO/Ag/ITO/AZITO film),
=1 5 ¥)(Transparent coatings)
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Fig. 1 Schematic diagram of the behavior of light in (a) ITO/Ag/ITO (OMO) film (b) ITO/Ag/ITO/Ag/ITO (OMOMO) film
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Fig. 1->1TO/Ag/ITO (OMO) F#z2] BE F}HTO/Ag/ITO/Ag/ITO (OMOMO) FZ2] HEL Elsl=
Hlo] 71%=-8- H ofF-= Aot} Oxide/Metal/Oxide/Metal/Oxide (OMOMO) &= B 71 H A1} A4l o]
2] 0] fejof] Yziste] do| Fabd off [TOL} F459] WARR| S 2lo] & 15 -2 7} Zafrt 5= A Hhat
EIT}, 253 AR HER R HA] HRARSo] Z7Fslal SPRO| dofdth. Tt £ 1RO 2 E Ao = Qlof 1
A1 A 27 AR, thEExolA TS HEER2Y) [TOS) ¥t A4 2. 12 1 Ag=0.142 4
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Fig. 2 Profiles of OMO (ITO/Ag/ITO) film of (a) Optical transmittance and reflectance (b) FE-SEM image
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Fig. 3 Profiles of OMOMO (ITO/Ag/ITO/Ag/ITO) film of (a) Optical transmittance and reflectance (b) Photoimage of OMOMO
film

Fig. 4(a), (b)= Macleod program© & ZZslet T72] 7kl ITO 30 nm/Ag 10 nm/ITO 70 nm/Ag 10
nm/ITO 30 nm@] AlEzo8] Arfet FUt FARIA AA] Al OMOMO 59 Tk 9 Wi T
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Fig. 4 Simulation profiles of OMOMO (ITO/Ag/ITO/Ag/ITO) film of (a) Transmittance and (b) Reflectance (c) FE-SEM image
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7 A, AoHRE AgF-g B 15 nmE Z2oHE 1 1400 nm] T thollA] 94.02%2] $<45F RIARE-S 7}
2™ 550 nme] 7HAPFA oA 65.43%2] FikgE 714 AlQISS SH S 4= 1, A @) dt 2fe)d o
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Table 1914 OMO F29] ITO S @ OMOMO +%9] Ag F7ol| wh2 E1-8, vhalkg, THAd U
EMI SE gk VR QITh. &Rt o &2 A1-8:3}517] SloiA] 8--El= 42kt 2] Al5=(EMI SE)= 20 dB o4
=2 =4 9tk EMI SEgto] 20 dBY ) A7 |5hE 99% 1[5k, 30 dB oVddd wf 99.9% Aeleh= Ao=
A2 A Qi wepA ARk EEo] B Azt 2l AlG=7F 30 dB oo 2 Azt A} 8.0 2 A7 Rs5}

. DE9] F FAI7} skin depth E o} -2 k2 2704 2](1)-& w2t EMI SE 3 =& = Qi B Ao
A AR BE F Fd 19 59 & FA= 160 nmz skin depth® T} w9 gko B g2 2(1)-S w2t EMI
SE gk2 7 4= Qlet. o|uff Zo= AR 81te] mhE dujeA= 377 o), R HAR) golth

SE = QOlog{ 22 } [dB] 1)

Table 1 Optical and electrical properties of OMO and OMOMO films

Sl Transmittance Reflectance Rs SE

(% at 550 nm) (% at 1400 nm) ((o/m)} (dB)

30/20/40 77.36 83.47 2.83 36.61
35/20/35 83.21 83.25 2.62 37.26
40/20/30 70.23 87.31 2.54 37.53
30/10/70/10/30 74.59 73.48 3.71 34.31
30/15/70/10/30 66.41 78.64 2.64 37.21
30/10/70/15/30 68.21 88.78 2.25 38.58
30/15/70/15/30 65.43 94.02 1.78 40.59

Fig. 5= PET - ITO 40 nm/Ag 20 nm/ITO 30 nm®] OMO %] =23} PET - ITO 30 nm/Ag 15 nm/
ITO 70 nm/Ag 15 nm/ ITO 30 nm2] OMOMO Fx.2] BE 0] £v}-83} HhARE-S H| wslo] e TJefjzo]
ok OMO #29] D& & A9 FHollA Follz] 9] o] 71 & 780 nmet 2] 9)4 o o] 27
21 1400 nmef|A 71 322 WhARS-S- ZH= PET — ITO 30 nm/Ag 20 nm/ ITO 40 nm 7-22] & 0] Ex}-go]
550 nm Tl A} 70.23%0] 31 1400 nm Tl A ¥ExRg0] 87.31%0]tk. OMOMO 1£0] W& & 2294
J ool 1400 nmollA 7P & HhAE-S ZH=1TO 30 nm/Ag 15 nm/ ITO 70 nm/Ag 15 nm/ ITO 30 nm<]
OMOMO FZ9HE 550 nm Tgol|A] Eak&0] 65.43%, 1400 nm o3ol|A] HEARgo] 94.02%%9-2 grelst
= k.
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Fig. 5 Measured profiles of optical transmittance and reflectance from practical samples of OMOMO (ITO/Ag/ITO/Ag/ITO)
film and OMO (ITO/Ag/ITO) film
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