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A Study on Multi-layer EM Wave Absorbers
Using Carbon
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Nomenclatures

Magnetic Flux Density Vector
Capacitance

Electric Flux Density Vector
Thickness of n-th Layer
Electric Field Vector
Conductance

Magnetic Field Vector

Current

Electric Conduction Current Density Vector
Inductance

Resistance

Voltage

Voltage, Current in the Air Region (Input)
Voltage, Current in Sample
Admittance

Impedance

Characteristic Impedance

Input Impedance of n—-th Layer
Attenuation Constant

Phase Constant

Permittivity

Permittivity of Vacuum

Equivalent Permittivity



n

Relative Permittivity of n-th Layer
Propagation Constant

Wavelength

Permeability

Initial Permeability

Equivalent Permeability

Relative Permeability of nth Layer
Permeability of Vacuum
Conductivity

Angular velocity
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ANSI

CISPR

EMC

EMI

EMS

FCC

SAR

TEM

TE

™™

Abbreviations

American National Standards Institute

International Special Committee on Radio Interference

Electromagnetic Compatibility

Electromagnetic Interference

Electromagnetic Susceptibility

Federal Communications Commission

Specific Absorption Rate

Transverse Electro Magnetic

Transverse Electric

Transverse Magnetic



ABSTRACT

A Study on Multi-layer EM Wave Absorbers
Using Carbon

The remarkable progress of electronics and radio communications
technology has made mankind very convenient. On the other hand, the
countermeasure of EMC becomes more important socially according to the
increas of electromagnetic waves. It often causes TV ghost, radar false
echoes by the reflected waves from adjacent constructions. Especially, in the
area where strong reflectors such as high building, steel tower, iron bridge,
etc. exist around radio wave facilities, the performance of such apparatus
often deteriorates due to multipath interference between direct wave and
reflected wave from these constructions. To meet the circumstance, the
international or local regulations and rules suggest the standards for
Electromagnetic  Compatibility =~ (EMC) in  which there are EMI
(Electromagnetic Interference) and Electromagnetic Susceptability (EMS).

Especially, it has been reported by many researchers that microwave
radiated from mobile phones may be a cause of biological influence such as
cancer. So, it is very important to develop absorbing and/or shielding
material for preventing EMI. Ferrite or Sendust is very useful as a
microwave absorbing material because its magnetic loss contributes to the
microwave absorption efficiently.

This thesis deals with basic research for development of EM wave
absorbers for multi-layer using carbon. The multi-layered type EM wave
absorber was simulated and designed by using the measured complex
relative permittivity by changing the thickness and layer, which was
fabricated based on the simulated design.

First, the fabricated EM wave absorber consists of 1 mm first layer sheet
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facing metal with composition ratio of Carbon : CPE = 40 : 60 wt% and 0.8
mm second layer sheet with Carbon composition ratio of Carbon : CPE = 45
: 55 wt%.

Secondly, the fabricated EM wave absorber consists of 0.7 mm first layer
sheet facing metal with composition ratio of Carbon : CPE = 50 : 50 wt%
and 0.7 mm second layer sheet with Carbon composition ratio of Carbon :
CPE = 45 : 55 wt% and 0.7 mm third layer sheet with Carbon composition
ratio of Carbon : CPE = 40 @ 60 wt%.

As a result, the optimized absorption ability of the 2-layered type EM
wave absorber with thickness of 1.8 mm is 30.6 dB at 94 GHz. The
optimized absorption ability of the 3-layered type EM wave absorber with
thickness of 2.1 mm was obtained by 146 dB at 9 GHz. It has been a
bandwidth from 8 GHz to 12 GHz of 10 dB in reflectivity.
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2.3.1 359 A A (Helmholtz Equation)

34

D weldgde %

ol

Z(field) S WH== AU(source) J, po FXZFE Hy "HolAd Y &

L
Aol gl weuld ool xR e

o’E
VB pe — (2.7)
2
H
vV H= pe " (2.8)

2 AA e} AA B 3594 2] (Helmholtz equation)S 2-& 4 9t}
AP A g s/l AW Ao A uj Aol AA S (propagation constant)?]
DrWE Ny 2 £Y5te] Wpe=~F 2 o HAA A T T A

(Helmholtz equation)-<

V2Bt W ueE= VA EY Y E=0 (2.9)
Vi H+ W peH= NV H+VH=0 (2.10)
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22 dAe e A "du B3 4 (25 ~2 (210)4 doew Qg
_]

BEy .

o,

oF,

5 =—jupt, (2.13)
o,

4 @ID~4 210 nadd 4 299 A 210 ded 2e By
she] shEuA Ao ol

V2E,++E =0 (2.15)

VEiH*H =0 (2.16)
field)S W= A (source) J, p o X7 1S Wl FgolA Mzt
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Fig. 2.6 Basic Composition of Electromagnetic Wave Absorber.
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Fig. 27 Multi-layered Electromagnetic Wave Absorber.

a9 2.8 WILTRON 360B U EH A o} dzlo] A
Fig. 2.8 WILTRON 360B Network Analyzer.
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Fig 2.11 The Measurement System for Sheet Resistivity
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Fig. 2.13 Sample Holder with sample length Z.
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Fig. 2.14 Sample Holder with sample length 2¢.
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32t 312
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Carbon : CPE = 55 : 45| 2=} 152 160
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1=}k 11.6

Carbon : CPE = 60 : 40| 2#} 12 11.2
3=} 10.8
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Carbon : CPE = 40:60 wt%
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Fig. 3.1 Complex permittivity (Carbon:CPE=40:60 wt%)

Carbon : CPE =45 : 55 wt%
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Fig. 3.2 Complex permittivity (Carbon:CPE=45:55 wt%)
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Carbon : CPE = 50 : 50 wt%

Real
=== |maginary

Permittivity

T T T T T T T T T T T T T T T T
2 4 B g 10 12 14 16 15

Frequency [GHz]

29Y 3.3 EAHHF AL (Carbon:CPE=50:50 wt%)
Fig. 3.3 Complex permittivity (Carbon:CPE=50:50 wt%)

Carbon : CPE = 55 : 45 wt%
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Fig. 3.4 Complex permittivity (Carbon:CPE=55:45 wt%)
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Carbon : CPE =60 : 40 wt%
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Fig. 3.5 Complex permittivity (Carbon:CPE=60:40 wt%)
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Fig. 3.6 Simulated results(Carbon:CPE=40:60 wt%)

Carbon : CPE =45 : 55 wt% (Simulated Results)
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Fig. 3.7 Simulated results(Carbon:CPE=45:55 wt%)
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Carbon : CPE = 50 : 50 wt% (Simulate Results)
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Fig. 3.8 Simulated results(Carbon:CPE=50:50 wt%)

Carbon : CPE =55 : 45 wt% (Simulated Results)
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Fig. 3.9 Simulated results(Carbon:CPE=55:45 wt%)
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Carbon : CPE = 60 : 40 wt% (Simulated Results)
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Fig. 3.10 Simulated results(Carbon:CPE=60:40 wt%)
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Carbon : CPE = 40 : 60 wt% (Measured Results)
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Fig. 3.11 Measured Result(Carbon:CPE=40:60 wt%)

Carbon : CPE = 45 : 55 wt% (Measured Results)
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Fig. 3.12 Measured Result(Carbon:CPE=45:55 wt%)
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Fig. 3.14 Measured Result(Carbon:CPE=55:45 wt%)

Carbon : CPE = 60 : 40 wt% (Measured Results)
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3.2.3 Carbon? ZAnd W& A=A 2A
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Fig. 3.16 Measured Result of each layer with thickness 1mm
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Fig. 3.17 Measured Result of each layer with thickness 1mm
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331 23% AdFsAd A AEdolA 23

Thickness : 1.8 mm (Simulated Result)
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Fig. 3.18 Simulated Result of two-layer absorber(Thickness:1.8 mm)
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Fig. 3.19 Measured Result of two-layer absorber(Thickness:1.8 mm)
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Thickness : 2.1 mm (Simulated Result)
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Fig. 3.20 Simulated Result of three-layer absorber(Thickness:2.1 mm)
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