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Nomenclature

Electric field vector

Magnetic field vector

Normalized impedance

Characteristic impedance

Normalized characteristic impedance

Attenuation constant
Phase constant
Reflection coefficient
Propagation constant
Permittivity

Permittivity of vacuum

Equivalent permittivity

Wave length of free space

Permeability

Permeability of vacuum
Equivalent permeability

Conductivity

Angular velocity



Abbreviations
ANSI| : American National Standards Institute
CISPR : International Special Committee on Radio Interference

CPE ' Chlorinated Polyethylene

EMC : Electromagnetic Compatibility

EMI  © Electromagnetic Interference

EMS © Electromagnetic Susceptibility

FCC : Federal Communications Commission
IEC . International Electromagnetic Commission
ISAR : Inverse Synthetic Aperture Radar

ITS . Intelligent Transfort System

RCS ' Radar Cross Section

RFID : Radio Frequency IDentification
SAR : Specific Absorption Rate
UHF  : Ultra High Frequency

USN  : Ubiquitous Sensor Network
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Abstract

A Study on Development of Sheet Type EM Wave Absorber for
Ubiquitous EM Wave Environment

In Seong Jeong

Dept. of Electronic & Communication
Engineering

Graduate School, Korea Maritime Univ.
Supervisor : Prof. Dong Il Kim, Ph. D

Recently IT application is rapidly booming up in diverse area including home,
office and distribution/logistics. The network users want to use the required
information at anytime and anywhere without limited time and space. Under
the Ubiquitous IT environment, WLAN (Wireless Local Access Network), ETC
(Electronic Toll Collection) and RFID (Radio Frequency |Dentification) based
on wireless communication must be required the cleared EMC
(ElectroMagnetic Compatibility) which eliminate the non-required wave like
multi-path reflection wave and/or co-interference for maintaining the safe
network. Because the error or false data transmission may be occurred if air
interface for accessing is complicated with noise and interference. For
resolving the systemic problems, it positively overcomes the EMC using the
EM wave absorbers when an algorithm or communication methodology could
not give any solution.

This study purpose is to improve the EM wave environment with minimizing
EMC influences. So superiority EM wave absorber was developed through
each material constant simulation and samples with different composition ratio
using magnetic loss material and binder CPE (Chlorinated Polyethylene) among
EM wave absorber materials.

To produce EM wave absorber for eliminating EMC, the Sendust and Amorphous



which are Magnetic loss material were studied and analyzed. The samples of
sheet typed EM wave absorber were manufactured with Imm and 2mm
respectively. And the reflection co—efficient was measured with HP 8753D Vector
Network Analyzer. Then, the result of the simulation compared with the results of
the real produced EM wave absorber, and then developed a fit for an EM wave
absorber which are central frequencies with 2.4 GHz; WLAN, 5.8 GHz; ETC and
900 MHz range: RFID.

The followings were identified and evaluated as test results.

For EM wave absorber of WLAN, the composition ratio was Sendust : CPE =
80:20 wt% and EM wave absorber of thickness 3.25 mm was produced, and the
Absorption ability increased in 19 dB on WLAN 2.4 GHz band.

For EM wave absorber of ETC, the composition ratio was Flake Sendust : CPE =
62.5:37.5 wt% and thickness 2.85 mm was produced, and the Absorption ability
increased in 20 dB over on ETC 5.8 GHz band.

For EM wave absorber of RFID, the composition ratio was Amorphous : CPE =
80:20 wt% and thickness 4mm was produced, and the Absorption ability
increased in 20 dB over on RFID 900 MHz band.

According to simulation and test results, the EMC problems were mitigated by
using EM wave absorber on 3 above air interface conditions. As a result, the
developed EM wave absorber for each area was shown that the date transmission
and/or system recognition failure through mulit-path reflection wave,
co-interference, and so on would be resolved by using EM wave absorber. In
this dissertation, it is clearly shown that the developed EM wave absorber for the
countermeasure against EM wave environment has excellent absorption ability
and thin—film typed, also they are easy applicable and mass—producible Sheet
typed. It is expected that the best Ubiquitous network environment will be

deployed through using the developed EM wave absorber.

_Vi_
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Table 2.1 Development and research of

RFID technology
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Fig. 4.1 Developing process of EM wave
absorber and the method.
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Fig. 4.2 Manufacturing process of EM wave absorber sample
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H 41 dtsaHd ME2 44|
Table 4.1 A composition ratio of EM wave absorber samples
MO E4H MES| XAH|(wt.%)
2= AT 2 (Sendust or Amorphous) Xl XIZH(CPE)

60 40

70 30

80 20
4.1.2 Sample & Sample Holder
8 4.32 One-Port Methode& =&otJ| fotd H&ES 4mm, 8mm
Sample?] E=&Z= LIEIH Zd0ICH. Sample2l WHS 3.05mm, 2&:2
6.95mmOICt. O& 4.4= One-Port MethodE ot M=&d8+E &8
2= A= HSUHE Sample Holderel S (a)dt /WA 2 EHSH(b)S O
OICH &otAH EHM Ues 220 Samplell S&= 20|, 0] Holders
Network Analyzer Port2t2l HAZ Al S0| 8= Flash HolderO|C}.
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Fig. 4.3 Manufactured Composite Sample
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Fig. 4.4 Sample Holder (a) Section (b) Plane
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4.2 245 LAN AIAEIS MAIIAG CHEHES st &l
g
=
4.2.1 2.4GHz ¥ Q9 R4 LANES MIE+H W
Sendustl] ZMAIZtES Z2l&0 et S42 Heioh)| 20 s &
2 M2 0lg8dctd &A4&H|l 60 @ 40 wt.%, 70 : 30 wt.%, 80 : 20 wt. %2l
MEZS MESIH SFHE BIAIHIE SR LD 1 Z2AE O 4.7 ~ 4.9
Off LIEFLHACH
4.2 Senduste M2
Table 4.2 Specification of Sendust powders
FSSS(um) Shape Composition | A/D(g/cc) | A/D(g/cc)
140 Flake Fe-Si—Al 0.9 1.6
Sendustl ZAHIJF SIS0 2k 22 SHOUA g FlIt &2 &
OF Olsodles A2 &0 & = JOMH, &2 Z4H|I0MH SFHIF SHRAE =
5 Y2 FlieZ 0|scle A2 &€ = UG O Z20 8 sH0 2&ote
3.5 mm OIGtHIA S&HLAN AIEF=1==0C 2.4 GHz ISUHA I =22 §4
2 20l= &9 XHHl= 80 @ 20 wt. %= 0later &= AUCH
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Reflection coefficient [dB]

Sendust : CPE = 60 : 40 wt.%

]

e

o
|
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25 4.

-30 4---

-35 T T t T 1 t t T T T

Frequency[GHZz]

& 4.7 24Ul Sendust : CPE = 60 : 40 wt.% L2
BEAFH 2=

Fig. 4.7 Reflection coefficients of samples with different

thickness (composition ratio = 60 : 40 wt.%)

_61_




Sendust : CPE =70 : 30 wt.%

Reflection coefficient [dB]

Frequency [GHz]

& 4.8 =4H|l Sendust : CPE = 70 : 30 wt.% & [H2| BHAFHI =

Fig. 4.8 Reflection coefficients of samples with different thickness

(composition ratio = 70 : 30 wt.%)
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Sendust : CPE = 80 : 20 wt.%

m
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& —%—2mm
-25 —o—3 mm

—e—4 mm

-30 T I T T T

Frequency [GHz]

g 4.9 Z=4H| Sendust : CPE = 80 : 20 wt.% & [H2 BHAFHI =

Fig. 4.9 Reflection coefficients of samples with different thickness

(composition ratio = 80 : 20 wt.%)
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=& SAHREE =SAUHSENES MATLAB ZE2J8S 0180t =
Ft=5 2.4 GHz0l D&EotD ASd0lEsS Soff 2 822 FHE &
UL AlZ20olE 2UE 8 41000 LIEFHRRSH, O 24 H 4.300
EHLH RALH.
0
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[ie)
B,
E -20
(S
=
@
(o]
L8]
c =30 4
o
i3]
2 . : | : . : : :
'06 . . ' ' . ' . ' '
B A —o— Sendust : CPE = 60 : 40 wt.% (6.7 mm)
—=e— Sendust: CPE=70:30wt.% (4.9 mm)
—w»— Sendust . CPE = 80 20wt.% (3.25 mm)
-50

1.0

T T T T T T T T T T
15 2.0 25 3.0 35 4.0

Frequency [GHz]
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-IH
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Fig. 4.10 Absorption ability of samples with different

composition ratio at center frequency 2.4 GHz (Simulation)
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H 43 S&8F

Table 4.3 EM Simulated results of Thickness and absoption

center frequency 2.4 GHz

It== 2.4 GHzUIAS OI== &M 2 &

IIIOII
OIF

& 1f

ability at

Sendust : CPE [wt.%] SMH [mm] E+s [dB]
60 : 40 6.7 14.69
70 + 30 4.9 36.84
80 : 20 3.25 20.32
18 4100 2 430 E=Hiet 20l Sd=Fot+£ 2.4 GHzOIM
Sendust2l &0l 70 wt.%, 80 wt.% 2 20 dB Ol&2S ExsS EU
M, Ol &M= 22 4.9 mm, 3.25 mmOIACtH MIMES=HMS I X
S €2 Ddots i =52 SH & S+sS USGles Mg+ Mo o
E10] Z RatCh
(02 Al b= 2.4 GHzO0lA &IIE4s 20 dB 0142 =GN dAHs
el &M 3.5 mmE 2t=dt= zFQ X4 M= 22 Sendust : CPE
= 80 : 20 wt.%2 3.25 mm&UiLt AAE MIISHME EWE &M &IOS
+ME Z4H| Sendust : CPE = 80 : 20 wt.%, &M 3.25 mmZ M50
ZSZHANAEES 0I20t0 BHAMHI=E =Ze 2UE 8 4.11001 LIEHLHRACEH
S& LAN AIE=FI==021 2.4 GHzUHAM 19 dB2 E=+xs=2 2EJ20H 1E
41101 2=ttt 201 ZAXI He LXiots AS =l & = UJULCH
AZdolE 202 =F 242 X0l= M HMHEA SHe X2 oIgh A
o2 AMNZELC
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_‘\ Thickness = 3.25 mm
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S -10- |
© ;
= | :
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= ] e
KT .
© :
o -20 - s : : : : ‘
| —o— simulated result
TS e G —e— measured result
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Frequency [GHZz]
J8 411 Al2dI0l& 20 € =8 Z1t "l
Fig. 4.11 Comparisons of simulated and measured results
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4.3.1 5.8GHz U2 ETC Al MIEH OHe

SnoekOll =X HEEQ IHd M= FerriteE dIE=Me MEEZ ALE6t
= Z% LA=0= HElAM =2 dtEesssS 20101 gDl 20 e &4
MZ 0l Sendust 25 =22 0100 ETC AIAEZE MIIEHME HESH DX
OIALH =&, dal2, €R0ls S 35872 =5 222 P4E Sendust 35
Z22 19369 L20AM HLEZU2H, &M castet powder HEHZE el AIE
S0 UCH ETC AMIAEO &4&F =00l 5.8 GHz AWM =6t dIls+ S
S 2D| fIoHA Sendust 25 ZL 2 attrition millerE 0/ &0t EHEEHZ
IISoIR D, =2 RAE) EXNES JIUGHAC

Oleist JtE8 HE BEEO Sendust 25 2L=2 XIXAHC! CPERH =&t

O Sheet& 2| MItS+=XH ME2= = &AM HZEE open rollerE 0IE0tH
M Zot AL Ol open rollere 8 &% & Sheet Bt MIEM2 =0
Fe2 0IXIEZ2 70C=2 LHOIAH KRIGHUCH21].

Flake Sendust powder?t CPESl =4&H 2!
wt.%, 80 : 20 wt. %2 ME= MAGIH SHE BtALHI=E =HoIRULH

H&EE dItEX 822 SHI3ImmY I MIES+ SH0| IS =256t
Jlof SEZUE O 41200 LIEHLHACH O 41200 £X0I Flake Sendust
powders : CPE = 60 : 40wt.% & Z2HI2 MEE MIIE+H MZ0| 6.7 GHzl

AN O 245t M52 EY 20, Flake Sendust powders : CPE =60 :

[[IOII

[[IOII

40 wt. %2+ 70 1 30 wt.% ALOI2] AE2HINAM SE =40l 5.8 GHzOIAl JHE
=2 MIE4+sS 22 222 04 TACH

012 22 ZUE EUZ ETC AAEE MUESHE A ASHA &I}
E4H M2 -0 Aot DELME MEGD 2 MLESHS WL
(2AHSKES L S2AHEXS)E HAGHACH L0 MATLAB T2 0 E 0
2510 MIMEH MBS L SH HEE 012610 2F =040 5.8
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CPE = 62.5:37.5 wt. %2 &2HIE = dIIS=HIt HE =8 M S+
s= 22 =0 ottt It galst & s &ole = QUL MetMd ETC AIAE
g dite==H2 EHX= 4280t Flake Sendust powders @ CPE = 62.5 :
37.5wt.%0|12, EHIt 2.85 mmEZ Z2&HtAL
% P10 :
‘= 4 ;
. : .
o s s
T -15 § :
(o] A o
© ¢ , : : ; ! ¢
o ' )
=2 4 > Thickness = 3.00 mm
o -20 - ] ]
@ ; ‘ : :
b :
o : : : : : :
25 4-dede e Flake Sendust:CPE=60:40wt%
| [ — . o i _.....L—<o— Flake Sendust:CPE=70:30wt%
: i } ; i —&— Flake Sendust:CPE=80:20wt%
-30 T 1 T T i i i T i T
2 4 6 8 10 12 14
Frequency(GHz)

8 412 240l [HE 832 BrALA =
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Fig. 4.12 Reflection coefficients of samples with different

composition ratio (Thickness: 3 mm).
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Fig. 4.13 Reflection coefficients of samples with different

composition ratio at center frequency 5.8 GHz(Simulation).
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Fig. 4.14 Comparisons of simulated and measured results

(thickness : 2.85 mm).
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2 AFR0ME S50 2ol SAAH2I0F 24 5E= 900 MHz THE RFID AlA
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B 2=E 2o FXotHA SHES Sot0 AMEE dLtS+H &2
= SH 1 mm, 2 mm&Z 22 KMAGHALH Ollf E&=et £4dH|2 842 M
= FAdA EXAMESS 0I2ot0 =2 ZHHIE 2HoU2H, HeeEgy H
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HOUA 1X 2, AME EEfS ME HE = 2 HES o
THUI0 e dItEs S48 H 240t fIoiM ==
(Amorphous)2l &&= 10g% ZIFAIZLCH. &XM 100g & Amorphousll &
&0l 50g Olotel =2 =FAS0l HJ| W20 M=IF AN S&0
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Amorphous : CPE = 80 : 20 wt.%
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5 Amorphous : CPE = 60 : 40 wt.%
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2 Amorphous : CPE = 60 : 40 wt.%
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Amorphous : CPE =70 : 30 wt.%
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Amaorphous : CPE = 80 : 20 wt.%
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