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Transparent Patch Antenna Using Silver Mesh Electrode

1% xp=op* xEs{l =AM QlAAMLE =24
433, d'Ytt, 22, g9EY, olsd, olxis

Dong Jin Kim', Hyoyang Jang?, Munhyeong Jo', Junseong Eom', Seung S. Lee'* and Jaeheung Lee?*

St=2ufsty &8 7|AlZ Skt (Department of Mechanical Engineering, KAIST)

1
2 Stetclstu ZFE{Z Skt (Department of Computer Engineering, Hanbat National University)

# Corresponding Author / E-mail: sslee97@Kkaist.ac.kr, TEL: +82-42-350-3046
E-mail: jhlee@hanbat.ac.kr, TEL: +82-42-821-1208

ORCID : 0|54 - 0000-0003-2413-046X

O|XH= - 0000-0003-3344-8138

*Dong Jin Kim and Hyoyang Jang contributed equally to this work

KEYWORDS: Silver mesh (& M|4), Transparent electrode fiim (& &= Z&), UV embossing (UV YEA), Film antenna (25 QH|L})

This study presents a transparent-patch antenna using a silver-mesh transparent electrode film with a high optical
transmittance (87.7%), low haze (1.1%), and low sheet resistance (8.9 ()/sq). The silver-mesh transparent electrode film is
fabricated by using UV embossing and doctor blading without any high-temperature or vacuum processes. The UV resin
pattern is transferred from a nickel mold to a plastic film, and then a silver paste is filled into the UV resin pattern. The
transparent antenna patch and ground plane are obtained by repeating these processes on both sides of a single plastic
film. The antenna patch is designed with a width of 44.8 mm and a height of 36.0 mm in order to obtain a resonant
frequency at 2.45 GHz, which is a frequency of wireless LAN. As a result, the transparent-patch antenna has a reflection
coefficient (S11 parameter) of -35.6 dB, a peak gain of -3.99 dBi, and a radiation efficiency of 6.2% at 2.45 GHz. Finally, a
WI-Fi router using the transparent-patch antenna is demonstrated.
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Fig. 1 Fabrication process and structure of silver mesh

(c) Silver mesh transparent electrode

Fig. 2 SEM image of fabrication result
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(c) Sheet resistance vs. various pitches and time

Fig. 3 Performance of silver mesh transparent electrode
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(b) 3D Radiation pattern

Fig. 5 Performance of transparent patch antenna
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Fig. 6 Wi-Fi router using transparent patch antenna

3.2 QHE|LL S EI}

Az By ofz] oteube] HEAKEAN(ST1 Parameter)y}t =74
AIGES Fig. sof UERfATh. WhAREAE HES)R 2407
(Network Analyzer)g ©|-85}9] 2 GHzo| Al 2.8 GHzFI<= 99
o4 EATAOH, Fig. S@elA B At 2ol F4 s
245 GHzolA TAISH= AL oF 2= 9171 241 =ul2= 245 GHz
oflA] -35.6 dBS] YhAEAl GHe BT AN ST BA +

S 2T B ke A

Fig. S(oy= 8 91 ekelite] 3309 whalsiiel 27 Ajolct.
bl 9] QhelLte] Al Ao §AlekA P @A 7
He = 4 glom s 245 GHolA BE 62%, Bt ol5
-11.8 dBi, ] 0] -3.99 dBi9] A2 H¥oH o|gst A1fE
Erj2 Al o4 £y 42 olgslel £ Qe Aol 7h
553 Qe Abgo] TRs e o & glgie

Fig. 62 WiFi 3£719] Qe #elzt 51, At %13 o)
A QHEUS ddste] AAlz AnfEZo|A WiFi 4% 44lo]
7FsRAIE Eelsf 2 Afoltt. SrEuoll A 10 m oo} Ao
A= Ales dgsH T*‘a T Qglem Azt Hojdes Al

2 =wolAe 71Ee) gl AMEE ITO £ A= ti4le]
A Ho|AES o] 83 AW H4] B A= AR WS o&
sto] £ 92 U= ARk

A v T A5 A% 3.5 pm, F7 3.5 pm, 7+ 200 pm
Oﬂ’ﬁ 87.7%2] =2 Ik, 1.1%2] W2 3fo]=, 8.9 Q/sqe] W

< WA St S4E 7Y, o5 SRk 248l PC 7]
o] ol ZHzt QHEuet ekt aiEE Adste] £ 9 A
QFEUE WA

QFEIU x| ALzFE e R A LANOA ARRals Feub:
el 2.45 GHzol| WA 9 x]2o] #-& 44.8 mm, =0|= 36.0 mm,

d r



September 2018 / 905

=2kl 2 52 mm, Eo]= 47.0 mmE AA5HAc
AZFst oteLle] H]—}\]__,_Al 9 WA ElS AR AT} B}
Sale 3z zukss 245 GHzo|A] -35.6 dBO] 7S Hgom, v
AR o BeR AEE 62% Bt o5 -118dBi, A
o]E -3.99 dBi9] A%-S 1L 4= 9lgt).
WO R WiFi F-G7]9] QR cRjste] A 2ubEE
oA Wi-Fi 413 A1 dgstA & = o3-S gelsiqlch

é-’.:

ACKNOWLEDGEMENT

o] =i WAFEAAFAAAE S ot F57]s A
AF3) 2|93k BK 21 S| A AFlo] 2|9 o} 23] o510l

REFERENCES

1. Bedi, G, Venayagamoorthy, G. K., Singh, R., Brooks, R. R., and
Wang, K.-C,,
Power and Energy Systems,” IEEE Internet of Things Journal,
Vol. 5, No. 2, pp. 847-870, 2018.

“Review of Internet of Things (IoT) in Electric

2. Hong, S., Kang, S. H., Kim, Y., and Jung, C. W., “Transparent
and Flexible Antenna for Wearable Glasses Applications,” IEEE
Transactions on Antennas and Propagation, Vol. 64, No. 7, pp.
2797-2804, 2016.

3. Elobaid, H. A. E., Rahim, S. K. A., Himdi, M., Castel, X., and
Kasgari, M. A., “A Transparent and Flexible Polymer-Fabric
Tissue UWB Antenna for Future Wireless Networks,” IEEE
Antennas and Wireless Propagation Letters, Vol. 16, pp. 1333-
1336, 2017.

4. Sierros, K. A., Morris, N. J., Ramji, K., and Cairns, D. R.,
“Stress—Corrosion Cracking of Indium Tin Oxide Coated
Polyethylene Terephthalate for Flexible Optoelectronic Devices,”
Thin Solid Films, Vol. 517, No. 8, pp. 2590-2595, 2009.

5. Yu, L., Shearer, C., and Shapter, J.,
Carbon Nanotube Transparent Conductive Films,” Chemical
Reviews, Vol. 116, No. 22, pp. 13413-13453, 2016.

“Recent Development of

6. Habisreutinger, S. N., Nicholas, R. J., and Snaith, H. J., “Carbon
Nanotubes in Perovskite Solar Cells,” Advanced Energy Materials,
Vol. 7, No. 10, Paper No. 1601839, https://onlinelibrary.wiley.com/
doi/abs/10.1002/aenm.201601839 (Accessed 12 JUL 2018)

7. Xu, Y. and Liu, J.,
Fabrication and New Emerging Applications,” Small, Vol. 12,
No. 11, pp. 1400-1419, 2016.

“Graphene as Transparent Electrodes:

8. Jang, H., Park, Y. J.,, Chen, X, Das, T., Kim, M. S, et al,,
“Graphene Based Flexible and Stretchable Electronics,”
Advanced Materials, Vol. 28, No. 22, pp. 4184-4202, 2016.

9. Wang, Y., Zhu, C., Pfattner, R., Yan, H., Jin, L., et al., “A Highly

Stretchable, Transparent, and Conductive Polymer,” Science

10.

11.

12.

13.

14.

15.

Advances, Vol. 3, No. 3, pp. €1602076, http://advances.sciencemag,
org/content/3/3/e1602076 (Accessed 12 JUL 2018)

Zhang, X., Wu, J., Wang, J., Zhang, J., Yang, Q., et al., “Highly
Conductive PEDOT: PSS Transparent Electrode Prepared by a
Post-Spin-Rinsing Method for Efficient ITO-Free Polymer Solar
Cells,” Solar Energy Materials and Solar Cells, Vol. 144, pp.
143-149, 2016.

Song, C.-H., Han, C. J., Ju, B.-K., and Kim, J.-W., “Photoenhanced
Patterning of Metal Nanowire Networks for Fabrication of
Ultraflexible Transparent Devices,” ACS Applied Materials &
Interfaces, Vol. 8, No. 1, pp. 480-489, 2016.

Xiong, W., Liu, H., Chen, Y., Zheng, M., Zhao, Y., et al.,
“Highly Conductive,
Composite Films Toward Flexible Transparent Electrodes,”
Advanced Materials, Vol. 28, No. 33, pp. 7167-7172, 2016.

Air Stable Silver Nanowire@ longel

Jang, S., Jung, W., Kim, C., Won, P, Lee, S., et al., “A Three-
Dimensional Metal Grid Mesh as a Practical Alternative to 1TO,”
Nanoscale, Vol. 8, No. 29, pp. 14257-14263, 2016.

Zhou, W., Chen, J., Li, Y., Wang, D., Chen, J., et al., “Copper
Mesh Templated by Breath-Figure Polymer Films as Flexible
Transparent Electrodes for Organic Photovoltaic Devices,” ACS
Applied Materials & Interfaces, Vol. 8, No. 17, pp. 11122-11127,
2016.

Chen, X., Guo, W. Xie, L., Wei, C., Zhuang, J., et al,
“Embedded Ag/Ni Metal-Mesh with Low Surface Roughness as
Transparent Conductive Electrode for Optoelectronic Applications,”
ACS Applied Materials & Interfaces, Vol. 9, No. 42, pp. 37048-
37054, 2017.



	실버 메쉬 전극을 이용한 투명한 패치 안테나 제작
	1. 서론
	2. 실버 메쉬 투명전극
	3. 투명 패치 안테나
	4. 결론
	REFERENCES


