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Fig. 1. Metallographic microscope observation pattern of
the double-layer crack template: (a) Top crack pattern un-
der 10x lens; (b) top crack pattern under 20x lens; (c) bot-
tom crack pattern under 10x lens; (d) bottom crack pat-

tern under 20x lens.

e w15 B XUZ LR 5, 730 R I
5 W S B T 2 AR X S S ASEA F4) 1 TE RN 7 T 37
T 50 nm JE LAY 48 45 A 500 nm JEFE A, Hil45
13 B X2 G JR TR RERE A AN 2 BRI FE
AR ARSI, X 5 ERA S RIGUET

014201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 1 (2025) 014201

Pl A R LR S T 2% DX oK 5 4 2 D
PI#RA K.

SR FH A AR AR A IEL 2 7S B SUZ TS 4
J& TURRVRE S A DU A5 64T 70000, 4l 3 F .
AR, DURRGE R Z AW, A R
S SR BEL I 28 0 AR . R 3, <6
o DURR 2% P S b 0 TR IX e SR 2 S PR
A, ST AR A, 0 XS S e A
BB, FEOLLENG.

K2 W24 TR R R
Fig. 2. Schematic of the double-layer metal deposition sample.
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Fig. 3. Metallographic microscope observation pattern of
the double-layer metal deposition: (a) Top metal depos-
ition pattern under 10x lens; (b) top metal deposition pat-
tern under 20x lens; (c¢) bottom metal deposition pattern
under 10x lens; (d) bottom metal deposition pattern under

20x lens.
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Fig. 4. Diagram of the double-layer MMTCF sample.
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Fig. 5. Metallographic microscope observation pattern of
the double-layer metal mesh: (a) Top metal mesh pattern
under 10x lens; (b) top metal mesh pattern under 20x lens;
(c) bottom metal mesh pattern under 10x lens; (d) bottom

metal mesh pattern under 20x lens.
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Fig. 6. Schematic of crack template prepared by pulling
method.
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Fig. 7. Metallographic microscope observation pattern of
double-layer crack template by pulling method: (a) Top
crack pattern under 20x lens; (b) top crack pattern under
50x lens; (c) bottom crack pattern under 20x lens; (d) bot-
tom crack pattern under 50x lens.
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Fig. 8. Diagram of the double-layer metal deposition by
pulling method.
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Fig. 9. Metallographic microscope observation pattern of
the double-layer metal deposition by pulling method:
(a) Top metal deposition pattern under 20x lens; (b) top
metal deposition pattern under 50x lens; (c) bottom metal
deposition pattern under 20x lens; (d) bottom metal depos-

ition pattern under 50x lens.
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Fig. 10. Diagram of the double-layer MMTCF sample by
pulling method.
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Fig. 11. Metallographic microscope observation pattern of
the double-layer metal mesh by pulling method: (a) Top
metal mesh pattern under 20x lens; (b) top metal mesh
pattern under 50x lens; (¢) bottom metal mesh pattern un-
der 20x lens; (d) bottom metal mesh pattern under 50x lens.
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Fig. 12. Square resistance measurement results of the

double-layer metal mesh sample.
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Fig. 13. Comparison of electromagnetic shielding effective-

ness results for the double-layer metal mesh sample.
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Fig. 14. Comparison of optical transmittance results for the

double-layer metal mesh sample.
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Fig. 15. Square resistance measurement results of the
double-layer metal mesh sample by pulling method.
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Fig. 16. Comparison of electromagnetic shielding effective-
ness results for the double-layer metal mesh sample by
pulling method.
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Fig. 17. Comparison of optical transmittance results for the

double-layer metal mesh sample by pulling method.

it DA b 4R ik i A Y B /302 MMTCF
o it ) PR I TR 3R R 385 G 1 B Y I 2 SR A T
XF LY, LI TR e Uk 125 ) 28 1 B2 46 T IO AR it )
MREE I, BUZ 4 Ja RS AR b AR Ok — 2 i i
RETHOLT, FLALRE B RE B i = T 22 4 TR A%
FEA . XA — A IR UE T 3T 2SR AR 2 i 5% XL
J2 4 TR RS R 0T LU B3G5 MMTCF (19 H
G

B T ORLZ 4 T A R IH S 312 o5 R R R PR R,
G I R ()% B 5 FELRE R R B L AR G )8
DO 235 P IR A, FEL G I 1 R A, H S L e
B AR FA 13, 177 4 R A I B T 6 BH, i
4 T I 114 FEL 07 5 80 B o 00 23 1 34 o T e A1
X RUZRE S, AR A AR R 0T, AR g
B UL AR RE R JEE BE B R, X I 1) P, 0 i 4 i
ﬂ% [13].

4 HTHREEMR %R E MMTCF
H A b
B 3 R T A ar B AR A9 UZ MMTCF
T2 A BEAF FE 38 A B S 2 B0 E, 244
B B A Y XUR MMTCF 76 A T 202 AR 15

e —E TR RR A T T 0T B 4R T I A R
Ak e, o, R T2 0% 02 MMTCEF (1)
il g5 AR AR E MMTCEF 250, T e Riar
ST AT R P BE | 42 R ST AR 24 S0l 2B
TS EAESCER [22] EEATiE, RILRFEER. A
W XZE MMTCF & 058 0Hie, T84
TER & hr il 2 3= MMTCEF.

AR FE N R FH AP T2 ] 45 U2 S SRl
PR, AU SR EAEIE LT, B
BRI TSR, BB AN
| AT F N [R] JE B ) S S0 v . S8 S v R 1)
JEL 8 AR Al SO I T AN [ 1) Bt AL 24 80 1 8 1 L AR S
WIS EETERE. L, WFSY T AR 7 A [l hir
TEE T RN 28 B 28 ROT S A .

Sz, RS HEVR LRI FEAY dolphin-1062T
RUK PP BRI R 1 Sl 24800 b} LA 28 RSO
B, FEVRR T RHOH 10 min, LURIIE
FE i SO I e i 5. SRS, TERL
Ve il i A RERRLE S 10, 20, 30,
40, 50, 60 f 70 pm /s, 5 iR E AN A9 24 S0
FEah. FERRPLE AR D B OR R H IR AL TR RS
AR B4 20 XU AT 3 e 35 S [R] G B
AT ARE T R 5 a0 W 2 RS oA Z (R Y SR &R

A GEAN [ T % B 4 SR SH I AR 1k
B I A A AT 22 a5 DX S AT I R A Y
T SR 24 (= 10) T2 BEE SR 5 BCEYY,
A5 BT R RS0 R0 5 9 B RSH . o3 4, B0
FEEE R 5 YL R REA S AL R 24~ (= 10)
N DX SR A TR B, SR J X SR P e 23 SR
S, AR E SR R . i 4 AR i e R R
M5 5 B SR B & e, ARS8 L 98
JE R URBE R [B] 18 2 T 4Pk 5 A R
KR AT, AT LLE B, Rl S B A s,
SAGEAR P Z BRI | R B e B I R o3 A A
AR TN, (HAN RZPERE . 78 10 pm/s
FRER I IREE R B, 0 265 1) SR L TR B S
JIERCSF AR, Bt B 3ok B B, 40 JR 34 4y
TR R B2 R A4k SRR, S8R SF AR
R RAZE, ML SR RS — I R S 3
AR, MR B IR ) 50 pm/s 2R, RAUE
W, Vi R AR A B AR X AR B K, R AR
V22, K, J5 2SS0 TRk FHAE b b i B T il
BWUZ 4 S AR A i

014201-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 Z R Acta Phys. Sin. Vol.

74, No. 1 (2025) 014201

—a— Period
—o— Depth {7

—A— Width
16 o
g
=,
: — {5 2
< 30F 2,
g K\<(l\ {4 2
= 25F -
Q? E L] 3 =
20 B st
E

[

\-
—

5F .\
30 4

A
40 50 60 70
Pulling speed/(pm-s—1)

10 20

& 18 BEHE B S AR A 1 K Rt £k
Fig. 18. Relationship curve between the pulling speed and

the crack size distribution.
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Abstract

In order to improve the electromagnetic shielding performance of the single-layer metal mesh transparent
conductive films (SMMTCFs) based on the crack template method, the preparation of double-layer metal mesh
transparent conductive films (DMMTCFs) by using the crack template method is studied. The double-layer
cracked templates are prepared by spin-coating crack glue on both sides of the transparent substrate and by
pulling the transparent substrate from the cracked adhesive solution with a certain rate to obtain the
corresponding double-layer cracked templates, respectively. After obtaining the double-layer crack templates by
the spin-coating method and the pulling method, respectively, the corresponding DMMTCF samples are
obtained by metal deposition and degumming process. First, the performances of single-layer and double-layer
metal mesh samples prepared by the spin-coating method under the same conditions are measured and
compared with each other, and the optical transmittance of the double-layer structure decreases by nearly

10.9% compared with that of the single-layer structure, while the electromagnetic shielding effectiveness in the
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Ku band (12-18 GHz) increases by 30 dB. In addition, the double-layer metal mesh sample prepared by the
pulling method is also tested. Compared with the single-layer metal mesh sample prepared under the same
conditions, the double-layer structure can improve electromagnetic shielding effectiveness in the Ku band by
20 dB under the premise of losing 8.38% optical transmittance. The measurement results show that the
electromagnetic shielding performance of the double-layer metal mesh transparent conductive films can be
significantly improved at the expense of some optical transmittance performances. Through the preparation and
performance study of DMMTCFs based on the cracked template method, the low-cost advantage of the cracked
template method can be fully utilized to prepare DMMTCFs with high electromagnetic shielding performance.

Keywords: crack template method, dual-layer metal mesh transparent conductive films, high electromagnetic

shielding performance, magnetron sputtering
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