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Electromagnetic Interference Shielding Performance of Transparent Metal-Mesh Film
HAN Yinlong, SUN Wenbo, WANG Xiaobai, ZHANG Bo
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[ABSTRACT]

electromagnetic interference shielding materials with high optical transmittance and outstanding shielding effectiveness,

In order to meet the urgent needs of optoelectronic devices and optical windows for transparent

research on electromagnetic shielding performance of transparent metal-mesh film is carried out. Metal-mesh films with
different grid shapes, line widths and thicknesses are fabricated through the process of blading silver nanoparticle ink and
electroplating Cu into the imprinted microgrooves. The effects of different structure parameters on the electromagnetic
shielding, light transmittance and electrical conductivity of metal-mesh films are tested and analyzed. Results indicate that
the fabricated metal-mesh film exhibits a shielding effectiveness (SE) up to 35 dB (0.95-18 GHz) and a sheet resistance less
than 0.2 ()/sq at 85% transmittance and 3% haze. Compared with other structure parameters, the increase of the thickness
of the metal-mesh film can significantly improve its electromagnetic shielding effectiveness without affecting the optical
performance.
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Fig.1 Geometric properties of thin film meshes with three shapes



PN
RESEARCH Hltﬁbtei

2t
SEM:ZOIg(l—e 5] (7)

K, u MRG58 5 o IRPRHI R s o AR
WE IR 5 ¢ AP RHERE 3 0 RAIRGE , Hat B AN
1

6= o (8)

SEMEH R G BRI MK R, SO R
FEJEH B BRI, X T4 8 Mg a5 i ke i, HEE
DR L ] /N T A SR B RG T8 B ) —2F , BV RT S A 4
B R RE R U AT BT A G 4 T A R I
TIOK TG0, 32 /N T 1t I B HE R I B I, T CST
studio suite FL R4 B AT A RNE WS B E R
DR 5 01 B ) L 5 R, TR A A R B 4 T I A
WERICIR A, HHA A FEAR A Sk (F % 5.8%107
S/m), AL R E 2 i, K2 (a) HEHSIENR
92% .2k T 4 um ZRJ5 14 pum YA [EITEIR 4 T8 A il
) R B B R RE — MR IR 1, mT LA SRR IR 4
iR R R P L 3 30 I 20 B A0 38 3 I B A1, 1E
T3 B RN7S 098 4 T A e R L e o i RE A T, [RDE 4
& DR A TR 1) P B S RE S AR, 161 2 (b)) SRR IE
R 92% 7S IIE 4 Jm A% AR 18 GHz b
T R RE R R 2 v 2 SR AR AR 2R &1, AT L HY
TERRIS B R —E AT T, HA S IR 5 L A% 2R 1 42
i DR A e B P A0 o S5 RE B 1 o

2 ISt
21 SEMEERSIE

AR ST FH ) 4 T T s S L A ) e 2 R
T ST R 4 T XIS 5 F 2 B0 i) R EDARAR , 1) e AR
WAEFR R EA UV IREY PET %S - 7 R BN, 195 ¢
JZE UV LT W5 AR 3235 70 s Y R ED IR S22 36
T SR RAR I AR sl 3 70 B I 2 A T A v K e
JE R AR B 5 AR T be sl 5 5o )e R FH L 9%
A B T R T VAR o AR SO A8 1) 4 DA TR R ST
A 400 mm x 400 mm,
22 MR

A FATEE Zeiss 23 7 A7 1) Suprass ¥ & 5144
i FL T S R ) 4 i A L R0 5 AR R 11 T R 285 4 1
TTERAE
2.3 StEMEEETNR

RN e FAEE I s R SR RO G 2# BB
ARG AR, Hop B R R i R R i 5 5 3
FE G B2 L, 55 B 7 2 U T O 25 A
] UGl S B SHOEE R e, S GB/T 2410—
2008 (I FRBICR NG A e ), Al e
YIPNCAAANEN A BRI A 72 1 WGT-S 3B 6R 55 I

ASCIN 2 375 B R B0 o oG TR R 11 35 SR RN 55 8, 1R A i
BLIEEHR 5 A~ XS Tl , BOFIH

7 BHLAZE 375 B R 102 o O B P B REHE A , R 5 R
KR A H A B ml A2 7= 1 ST2253 R Z DjRE%
S DU A S 5 375 B FEL R 5 e s %) B, B
FESHBENLER 10 A4S XIS4T % , BOF41E

FEL 0 A R X6 L R0 ) o P2 3 5 FH B R g
KFR  FEFR R U, JoBR R R RIS Y
5 DEROBIHEIEN DR 2 E, IR N

SE=10lg ( P,/P;) (9)
Krf, SENBRELEE, dB ; PN TChE MO B 3T
W PoNAE BRI 3 %, W ARSCS R
GJB 8820—2015 { HLfk BRI s el &y ik )Y,
R FH LA SRt X (A BT ASC A Rt %) 11 3 000 2 2 ) b
S5 T 1) FEL R 5 S RE o

3 BRESH
31 EERMERRE ML IR

Jo BT 4 B R PO AL RE RO S, 45 T
90
80
70 +
60 -

50+

HLTE B RE/dB

40

30
0

10 12 14 16 18 20

2 4 6 8
B3R /GHz
(a) NIRPEAR I A R 1) L R B sk i

60 -
551 —=—6um
—— 10 um
@ S0+ — l4um
=2
& 45
§ -
I 40+
&
= 35¢
30+
25 1 1 1 1 1 1 1 ]
20 25 30 35 40 45 50 55 6.0

48 IR 2 58 /um
(b) AL m MM HBE 18 GHZAL AL il ik fiE

B2 ERERLEAN N%NEEMEEEBERREAIREITEER
Fig.2 Numerical shielding effectiveness of various metal-meshes
with the optical transmittance of 92%
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Table 1 Optical and electrical performances of metal-mesh films
with different grid shapes
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Fig.4 Electromagnetic shielding effectiveness of metal-mesh films

with different grid shapes
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Table 2 Comparison of optical and electromagnetic shielding
properties of transparent electromagnetic shielding films
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Fig.6 Electromagnetic shielding effectiveness of metal-mesh films
with different thicknesses
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Fig.7 SEM images of hexagonal metal-mesh films of different widths
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Table 4 Optical and electrical performances of metal-mesh films
with different line widths
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Fig.8 Electromagnetic shielding effectiveness of metal-mesh films
with different line widths
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