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Abstract

Graphene was used to develop a new type of metamaterial microstructure material, which was
applied to improved design of W-type barium ferrite microwave absorbing coatings. The influence
of improved design on absorbing performance was analyzed and the absorbing mechanism was
investigated. The simulation results show that the microwave absorbing performance of the mi-
crowave absorbing coatings has been greatly improved by metamaterials. The effective absorp-
tion bandwidth of 1.0 mm microwave absorbing coating can be greatly increased from 0 to 11.3
GHz, and the -20 dB absorption bandwidth of 2.0 mm microwave absorbing coating can reach 11.4
GHz. The distribution of electric field, magnetic field and power loss at different frequency points
of microwave absorbing coating improved by metamaterials is also analyzed and discussed through
simulation.
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Figure 1. Structure chart of microwave absorbing coatings
based on improved design of metamaterials
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Figure 2. Scanning electron micrograph of graphene
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Figure 3. Scanning electron micrograph of W-type barium ferrite
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Figure 4. Complex permittivity of W-type barium ferrite
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Figure 5. Complex permeability of W-type barium ferrite
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Figure 6. Reflection loss curves of W-type barium ferrite
coatings with different thicknesses

Bl 6. W RIS AR ETRIAR B E TR R 5 RiRFeihz

3.3. ETBHRMNIURREBUER T

TE A SRR RS MR O AN R ) W LIV S R IR v JE AT S T o 1 S TR R R
JZIEFE N 1.0 mm IS A7 S04 J7 8 05 BELAE Ry X IR i PE RE I R2 M . ARSI CST 5 BLAR B 1 A3 8807 7 3477 B
{H Ry 100, 200, 500, 1000, 2000 Q/CIMFH iR = 1 St et £, wnl<l 7 fros. MEIFFRTBAEH, 3
S ME T M7 AR Ry 100 /11 200 /IR, WRUEIRIZMMERISE R T 1~2 dB 24, 4777 BAME
R, A 500 /I, 7£ 9 GHz T i i #852—8 dB, 7 5.2~18 GHz A Vi B P S S i FE#E L6 dB;
7777 BEAE Ry 4 1000 /OIS, 7E 9 GHz Fit il i)W Wig g e it —10 dB, £ 5.7~18 GHz B4 i [l P s St
TAFEREIE -8 dB; 45 ¥ U7 FHAE Ry 9 2000 /I, 7E 14.3 GHz Ff il W g n]i5-13.9 dB, A Iy
B A1k 11.3 GHz, #fifi B AE 6.7~18 GHz. FiR&h R, 0Tk 1 REANBH R 1) 1.0 mm Wk i J= M
5, Gl HMR S BT R B A G B, W BBk SRR T JE R i 1 B T AT ) I

SR e B RO B 5 9 1K 2.0 mm IR VR B AR NI ST B, BIE T A SR T B BEAE R X W B
PRI R Z TR R . [ 8 T AR [FIBEAE T WAL IR S AR I R 2 IR P e L . AP
AILAE 240 8005 77 P07 BEAE R, v 200 /OIS, Wk i 25 (A R0 e s i A\ 11.6 GHz ¥4 in 31 12.4 GHz,
W iU {E A—31.4 dB R 43 16.3 GHz 4bHI-17.6 B, FEAANL B MEREA BT V% s 407 S8J% 7 3K 5 FHAE Ry A
500 /O, A RWesens 5 9 i 21 12.7 GHz, MW A A B (=1 7, £ 15.9 GHz 4br'i4—-24.6 dB, £ 6.6~17.7
GHz Y [l A SE8L 1 SO ARFE /N T-15 dB; 44 SRJd 7 37 FEAE Ry 2y 1000 /01, MRISIEAA 7E 15.4 GHz

DOI: 10.12677/ms.2019.910112 910 PR R


https://doi.org/10.12677/ms.2019.910112

AT 2%

AbWTIK—48 dB, —20 dB W B vl ik 11.4 GHz, S AL B TE 7.4~16.8 GHz, B W% P BEIk 21 i ik 5
0 BB TR T BEAE R BGNE] 2000 /I, —20 dB (MRS 58 R 4% 7.4 GHz, it B 1E 8.1~15.5
GHz, WitigfEE 10.6 GHz [t h-29.7 dB; 4f #2075 28 J7 BEAE Ry ik — P34 %1 3000 /1K), —20 dB
fR St e ik — 2B 31 3.9 GHz, #iiA 7 BAE 9.2~13.1 GHz, WUSIE(E 7E 10.8 GHz U A-22.3 dB. DL |45
R, MRS SRR, 2.0 mm WREREAFTES — AN R 7 M7 BAE 2000 /01, tBEF-20 dB

AR AT B IS B F K
0 a
2"\\.‘,
4
=
) \\ I ey
T 6 \ \":_' P
N
S s e 4]
'5 10- \\ sl
B - H ~ Ly
% 1 [—=— 100mj\\ v
-124--{—e— 200001
fid
{ |—— 5000/ \'\\4\
14 4--|—v— 1000001 e
1 |=<—=20000/0
-16 — . . . . .
2 4 6 8 10 12 14 16 18

Frequency (GHz)

Figure 7. Reflection loss curves of 1.0 mm microwave ab-
sorbing coatings with different square ring sheet resistance
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Figure 8. Reflection loss curves of 2.0 mm microwave ab-
sorbing coatings with different square sheet resistance values
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Figure 9. Reflection loss curves of microwave absorbing
coatings improved by metamaterials with different thicknesses
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Figure 10. Electric field distributions of microwave absorbing coat-
ings at different frequencies. (a) 3 GHz; (b) 8.7 GHz; (c) 10.6 GHz; (d)
15.4 GHz
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Figure 11. Magnetic field distributions of microwave absorbing coatings at differ-
ent frequencies. (a) 3 GHz; (b) 8.7 GHz; (c) 10.6 GHz; (d) 15.4 GHz
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Figure 12. Power loss density distributions of microwave absorbing coatings at dif-
ferent frequencies (a) 3 GHz; (b) 8.7 GHz; (c) 10.6 GHz; (d) 15.4 GHz
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