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A Study on Development of EM Wave
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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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Abbreviations

ANSI @ American National Standards Institute

CISPR : International Special Committee on Radio Interference
EMC : Electromagnetic Compatibility

EMI : Electromagnetic Interference

EMS :  Electromagnetic Susceptibility

FCC @ Federal Communications Commission

SAR Specific Absorption Rate

TEM Transverse Electro Magnetic

TE i Transverse Electric

T™ : Transverse Magnetic



ABSTRACT

A Study on Development of EM Wave
Absorbers for Mobile Phones

The remarkable progress of electronics and radio communications
technology has made our very convenient. On the other hand, the
counter-measure 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 in sheet type for mobile phones. By controlling the sendust ratio,

the Al(OH)3 coating, the thickness, the kind of binders, and the milling

time, EM wave absorbers were prepared and examined. Centerl frequency
shifts toward lower with increasing thickness of the absorber, and

absorption ability controlled to adjust Sendust amount. The absorption band

_Vi_



of the EM wave absorber coated with Al(OH)3 becomes larger than that of
non-coated one. Sendust composite microwave absorbers mixed with CPE
were prepared at 70C in temperature. The fabricated EM wave absorbers
show a reflection coefficient 556 dB at 1.8 GHz in thickness of 0.85 mm.
These absorbers are expected to contribute for preventing unwanted EM

wave radiation from mobile phones.
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]_
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2 AA} AA ] B3 9EHA 2 (Helmholtz equation)S 2S5 2
A ZEA Wt skeel Al Aol A wjA el A4S (propagation constant)
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A 2l (Helmholtz equation)-
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R=0,G=0 ¢ F<£24 A%H Z(lossless line)oll A 2] (2.19)9F 2 (2.20)

dZiZ> = —(R+jwl)I=—Z I(2) (2.21)
aiz) . _
= (G+jwQ)V=~Y, V(z) (2.22)

qA71H =7, Y, o] %4734 4 (complex propagation constant)E %= ¢ s}

oA 2D A (222)=

i V(f) =72 V(z) (2.23)
dz
L) _er) (2.24)
dz
_____ . "
T b— )
| S : A Z A z§V
:6)Vs : ° -7t lL
|
| —) 0——

Fig. 2.1 General Transmission Line.
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O 22 dRkH AFAHARY SUHE =

Fig. 2.2 Equivalent Circuit of General Transmission Line

N
N
)

oA (2.23)3 A (224)01 4 dnkH

el
o &g AR RadydaZ S ARFFA EAY9As Z, 7 8
H
Vz)=Ve "+ Ve =V"+1— (2.25)
1 ~ 1
I2)=—(Vie " =Vie ) =—(V'— 1) (2.26)
c c
2 ¥o] JHaoA 2 (225)¢ 4 (226)3 2 FHEjrb .
252 WXEXAT3I 23
HA 2 (213)% 24 (2.14) 2 A (2213 A (2.22)00 A
p=p —ju (2.27)
e=¢—je’ (2.28)

A 2 (lossless transmission line)oll A £
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dE

d_;:—jw (W —gp"VH, = (= wp” — jop' ) H, =— (wp”" + jwu' ) H, (2.29)
dHI ’ 12 4 ’r ’/ /

dzJ =—jw( —je'E, = (— jwe —we")E, =— (we' + jwe ) E, (2.30)
dV(z) .

"C) (e jur)i— 2,102 (231
d

Jd(zz) —— (GH+jwO) V=Y, V(2) (2.32)

o] o 2 (229)~72] (232)F Hlwstd 2

Wetd] the et EE ARselE FAE AAPS &
E4FH A V, I= AEASR B, H o B$sn rpaa
829 L G R Ge ARFAA 1, dwp’, we o WgsA ek,
4ol 5w

o

o
2
o

ofr

Loy, Cod,Rowp’, Gowe' (2.33)

Kl
2l

o7 Ha, ogd WeAAS BEAFIZY Aol 45

y=VZ2Y = V(BR+jwL)(G+jw C) (2.34)

= V(wp” + jop )(we” + jwe') = jwVeu
of Hrl, wH AR SAAYAAE

e [Zo = [RERE_ [G i) _ i i
¢ Y, G+jwC (we" + jwe") g —je’ e
/ | Holy
— (2.35)
e g8,
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=
<)
X
=
o,

Z,= ,/ﬁ = 1207 = 37712 (2.38)
8()

2 (2.35)5 2 (2.38)2 A1 sk(normalized)A| 7] H

(2.39)
8”'

ABF} Qoo A A ARG FE 247

Y = I8, = jw /e,

(2.40)

fy: 1/ZY:

\/(R-I—ij)(G—I—ij') = \/wu” -I—jw,u/)(we”-kjwe/)

(2.41)
= Vil =i Njwld = je) =

Jo (W =g ) — je”)

27r
= jwy/ orf +/ 2 ,/
Jweujﬁfsujﬁ)\\/— Ay
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Ho] BEXATIE Ao gevy R L G GE AA Parameter= ¥

= o o
T ar =
AadTsE 4 233 A&sd ExAdss=st & 5 o

ully

Z,+ Ztanhyd
_ Wd)_ , A Atay (2.42)
I(d) " Z.+ Ztanhyd




Z, = Z,tanhyd (2.43)

b Ed A7 e AagFaAe] FAe sadHEr zo= AudEFsA 5
Adadzeltt, meba A (2410l 4 (2.34), (2355 A& F A

FA 783 FEA ZWHAA Y dId e

Z, = Zqtanhyd= \/% tanh (jw Vep)d (2.44)

A 7t 3 (normalized) A 7] |

. m .
Zin = o tanh (jw+/e, w, ) d (2.45)

Ae ARERA RRE ASHRY AR ATl ANY Foln

2l (2.25)~(226) 025 E A4} AF HEAA G (reflection coefficient)

e

I'y(z)= V;few = g e 21 (2.46)
— Vv *“/Z/ZD

I (z)= ‘ . e 2 =—T(2) (2.47)

Ve Z 788

2 AoH3 g AAE
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V. Zp
I, (0)=—=— (2.48)
v vt z;+1
ks 4ol o) A polA Fotds B duuas
_ V(x)_ 1+ (z)
Z, = ) ZOl—F(m) (2.49)
Aatsk Al71H
. Z, @) 1+ I(z)
P 7 =1-T) (2.50)
wOMAAGE ATE gudsR e
’;in_l
I'lz)=— (2.51)
Y B
of Brh. WAAS IE 0~14AS @& 2ed ARFEANAE 7} A
5% Aste] ool Aea ® £ Atk /Y 17k g oz 0o
W omubabol e dAas oluAe] el F4sh ojubn Ib 1olw ehan
AR AT FaE dojibA ek=riel.
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E
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—_— Al 2|
"_lil-
2

fon

(b) (a)2 22EH32
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(a) 10HS M IHE+K

a9 23 AadFae 71E 74

Fig. 2.3 Basic Composition of Electromagnetic Wave Absorber.
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2.6 A5 FA HAAST F

A EFA WAASE ZAsEd S

B o=FoA A2 ¥ Sheetd
APEEE Arle 2¥@24)Y

Ot o WA AS SR

o

= x}u]

T o

Network Analyzer®t 23 (2.5)¢] Sample Holder”} A& ¥ t}.

rr

19 2.4 HP(Hewlett Packard) 8753D HIE 9 = o} e} o] A
Fig. 2.4 HP(Hewlett Packard) 8753D Network Analyzer.

29 25 WiltronA 9] Sample Holder
Fig. 2.5 Sample Holder of Wiltron.
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27 A=A+ ZAH
2.7.1 A8% Sample Holder

a3 26< One-Port Method ¢—2(W & Al&35lo] E4Al9 A9EF5
AaAdrsE 4T A59 2mm , 4mm Sample =Woltl, 18 272 A5 E
=248 £ Jr = vrE5o]x Sample Holderd @ ¥ (a)et YolA E Hw(bh)o

ol MakA HslA Y= FEo] Sampleo] AU EHE oW o] Holder+=

Network Analyzer(HP:8753D)%}e] AAA] Fo] gl Sample Holdero] t}.

6.95mm

3.05mm
e
]
]
]
1
I
]
1
6. 95mm f
]
3.05mm !
]
I
1
I
I
(]
(]
I
(]
1
(]
Lf
]
I
)
1
]
4

|

!
|

(a) 2mm Sample (b) 4mm Sample
a9 2.6 AZE Sample =9 (a) 2mm (b) 4mm

Fig. 2.6 Manufactured sample (a) 2mm and (b) 4mm.
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Smm
38mm
33mm
" 17.07mm ™
SAMPLE
HOLDER
(a) Sample Hpldere] ¢ (b) Sample Holder? ¥

13 2.7 Sample Holder ¢+ =9} Hw®
Fig. 2.7 Sample Holder (a) Section, (b) Plane.
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272 AaAF A

ri

sl AdaFaA AlAY AR F= wARE A HP(Hewlett
Packard) 8753D& Ab&3dte]l FAs L, 4" MAELS ol &3t tadt
22 How Ajte

<A, Sample HolderE AF&3stx 23 21094 HE A3 o] Network
Analyzer®] Porte} Sample Holder Afolel] Eo] glo] HRFA|7]H WHALA 4=
S, (0) Aol th wkaLA el A ")

e B 2 Short Sampled] FAXAE AA wAMAFE FAHT Fa g§lo]
Sample Zol7} £ wie} 20 A wjo] vl awt AeH Ho

LM 29(28) ¥ o] Sample Zol7F £ 4 o] oy A=

1+, (¢
24) = _—”() (2.52)

o} o] et}
19(2.9) s 7ol Sample Ao|7F 209 we] WAAS S, (20)& DA
A% S, @) A Ak THEE o0 d ae] duds 4 (253)7 2}

Z(20) = 12 0) (2.53)
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Reference
NETWORK Pl'a”e
|
ANALYZER I
# SAMPLE
] HOLDER
I Y Zg
Eavavav
|
S.( 2 ) <« |

a9 28 MEZo] dol7F 9] Sample Holder

Fig. 2.8 Sample Holder with sample length £.

NETWORK
ANALYZER
SAMPLE
HOLDER
E~AAd s ZC
-
Su(2g) /!

3 29 AMZo] Zolrt 20 91 Sample Holder

Fig. 2.9 Sample Holder with sample length 2¢.

33 Network Analyzer®] Port2} Sample Holdert: Eo] glo] Haymz
21 (254)¢F 24 (255)+=

Z) = Ztanh(yl) (2.54)

Z(20) = Ztanh(2+() (2.55)

o} Fro]l & 4 At} 2 (254)3 A (255)°] FlolHEY BAE FAS HE5H,
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2t anh(+0)

tanh (2~¢ = -
7) 1+tanh?®(y0)
o] ¥, 2 (256)& WHH
Z00) = 2tanh(2fy€)
1+tanh’ ()

 ez—z(20)
tanh(rt) = —Z00)

o] ®lth. A (258)®=FH v, Z & ==3td

1 [Z0—700
v = 7tanh —Z(%)
_ Z(20)
Z. = 2Oy ze zon

o] "t 4 (259)¢F 4 (2.60)= HIdshA =

1 _ [22(0)— Z(2¢)
o 7t T e

o7 anf 20)
Ze) 27(0)— Z(20)
. C1 ol 27(0)— Z(20)
P = Tl P N T e
27(0)— Z(2¢)
&0 Z(20)

o] T3} o] 1 TH7]

(2.56)

(2.57)

(2.58)

(2.59)

(2.60)

(2.61)

(2.62)



A3F AREFAY AR L 547

B o =RoaE Z2F2E0] 30.000¢] SendustE o] &3dto] Fuidd w9
g FAFI 1.8 GHzolA YeEuE dAIss 5EA4S 243t
=]

Senduste] A= 7] L Toko]l W3l wWE HA9E 4

5to] Senduste] X WHo] wH] Aol 2 AZ(OH)35§T zZ+7r 10 wt%, 15 wt%, 20
wt% = IAEst] HAaFrsd g FHY wiste] m A& ofgkod tfafA A s
A HESAC. b oz HAaFFAe A#A Ald 2L27F S e e

A gsse FAG wnHn Yozl

wetd gEe AGSHA AIE FHa AHY ARFFA EUELEES W
AAEA AREFE Pt TS w2 g

31 AFFFA AXA Aol B2 ARF55

AIGE5A AZA gEHAoR AL 5] R = XA A ZE Silicon Rubber
9} CPE(Chlorinated Poly-ethylene)7} Stk 2 2 3o = o]wl x| x| A
e AdEFFAYd AdEFsS A7 98 Sendust : Silicon Rubber=
80 : 20 wt% & Sendust : CPE= 80 : 20 wt% =2 7}7} &
Az ARFFse A6t of& 24 31 detidn. e

e
o
_[

& LA
Z9 MEASFE A7 Yl Network AnalyzerE o] &3to] zbzto] wt
AAFE AT OE A #OREAR A S

452 ANdd ARG E 24
=

As a9
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15 Mar 28BS @3:19:24

CHL S;; log MAG 5 dB- REF @ dB 2: -%.9292 oB
™ 1[z8@. 98 573 MHz
PRm
— 13
Car 1457 981°% vz
MARKER Z al-s
1.pBa7og573 QHz : -
—
m
©
=
=
2 N b
> Y @ —
= NIz -1
(&) K N
9] ——
= Silicon Rubber
[0} 2.1 GHz
@ X -8.51dB
CPE
1.28 GHz
-9.93dB
START P30 008 MHz STOP © DBO. D@ PEE MHz
Frequency [GHZz]
371 &=
(a) A1 HF7 2mm
15 Mor ZB@5 ©3: 12: B3
CHL Sy; log MAG S 48~ REF @ dB 2:-18,949 dB
™ 842, k8@ 675 MHz
PRm
Cor 1473 4o Az
MARKER 2 22
Z.
B4R. 2POE7S MHz =
—
m
©
=
> Ny ]
z= AN L
- /
8 &
<9 Silicon Rubber
S \ ™ 1.2GHz
x CPE -10.57dB
842MHz :
1 -10.95dB
START . B30 288 MHz STOF 6 @ev. 828 6848 MHz

Frequency [GHZz]

Fig. 3.1 Reflection coefficient as a function of frequency for samples

with the binder of various thickness (a) 2mm and (b) 3mm.
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SendustE&
— 80 .

}

a3 3.1& AAAES zZ+7Z Silicon Rubber, CPER 3Far o] 7] 9]
&34 Sendust : Silicon Rubber = 80 : 20 wt%, Sendust : CPE
20 wt oz st ZtZt 2mm, 3mme FAE e AIgFFAE AL
T F oY ARFTFTSE AT 2P Z ol
AAA oz CPEE AAAR 3+ AdFFA7F AFaolA 53 d9F
Feve HEWr des & F U
ol Fu Azt AFEF 7 1.8 GHzY 2 #Aetd ) Silicon Rubber
of #]3l CPE(Chlorinated Poly-ethylene)7} A% % A& 29 WolA F ¢
Faetthal @ ¢ A
AR EANRR e ARFEA) F5EL tand=p/p >1 A 0 F T
A& s ARt & FdHdA AR FFes Ueddu
B s (8]
et 29 32 = ol& A "N FasE FrE ste FAES
2% gz 5 OAE BEF tand = 1S YEYE F347F 1 GHz~
15 GHz #<2d< & # & d7edA AAd AR\ 25 o AR dXA
Aeaes & F dn.

Kl

_33_



500 MHz — 6GHz Permeability 2—4 mm sample

Permeability

05 1 15 2 25 3 35 4 45 5 55 6
Frequency [Hz] x 10

(a) Silicon Rubber®} &% Sendust A3} FA o Fa+5 I

ol
t
ob
rir

S

500 MHz — 6 GHz Permeability 2 — 4 mm sample

9 F\--- .............................................................................. .
g |-\ e Nt N N i
2 L\ LU D g, S S SR ]

Permeability
(4] o
N

e AAAAAA ...... -\ 2 L ....... ....... ....... ....... ....... 4

\ |mag|nary

4 -
3 -
2 :
1 :
1 1 1 | | 1 1 1 1
0.5 1 1.5 2 2.5 3 35 4 4.5 5 5.5 6
Frequency [Hz] %16

(b) CPE®} Z& % Sendust A F 549 Fu5= d4=2 3=
BaFAE
19 3.2 (a) Silicon Rubber, (b) CPEE A A AR st 24 A|HY BAFAE

Fig. 3.2 Permeability as a function of frequency for samples mixed with

(a) Silicone Rubber and (b) CPE.
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3.2 Sendust®] W&o W& AT T

2 Ao A= 25 A& 0] 30.0008] Senduste} CPE(Chlorinated Poly-
ethylene)?] Z¢H]S 717} 80 : 20 wt%, 85 : 15 wt%® Egsle] E A2
o Al A A Ze Open Rollerg ©]&€3te] 7] 1lmm, 2mm, 3mm % 4mm3Y]
Sheetd HaFFAE AlZskdt.

o] Wl AlHe] A £EE 70CE dANA FAHES AT

CHL Sj4 log MAG S dBs REF @ dB 2:-6.153 dB
hp 2| 184. 994 BY9S MHz
i 'l' 5.818 _dB
Cor | 1:786 GHz
MARKER 2 3{-5 @122 dB
3. 153 GHz
2.(1849394899 {dHz 41 5 dB
173.54256R2
)
S
2|\ SO0 DU AN SUUURN PSEe
S \ = % | TRYS Py T L SASEEES
2 . e = = 2
é’ \ |* -] .- [thickness 2mm []] thickness T mm
9] ’ ~7 AN 1.29 GHz 2.2 GHz
14 \ ‘\ -9.93 dB -6.15 dB
thickness 3 mm
W 842 MHz
-10.95 dB
thickness 4 mm
550 MHz
-15.79 dB.
START . 930 B8 MHz STOP 6 PPD. PP0 BBD MHz

Frequency [GHZz]

(a) Sendust : CPE = 80 : 20 wt%
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2 May 2005 @3:29:51

CH1 Sj33 log MAG 5 dB- REF 8 dB 2 —-6.68v1 dB
L 11 913. 395 445 MHz
PR
" 1{-5.1
Cor 1.4 GHz
MARKER 2 3{=5
1.[p13399445 dHz < =
m thickness 3mm
% 594MHz
= -11.4dB
o
Tl L ———
s AP S o
7 7 ZF-_V_,A-'-"’Q
8 I '0' 1 ]
= Pt | [——=1 thickness 1mm
] I thickness 2mm 1.91GHz
x 801MHz -6.6dB
-10dB
| |
\ thickness 4mm
545MHz
-16dB
START . B3B8 888 MHz STOF 6 280. 888 BBB MH=z

Frequency [GHz]

(b) Sendust : CPE = 85 : 15 wt%

719 3.3 Sendust?] #HlT & WE Fu4E 4R st WA S
Fig. 3.3 Reflection coefficient as a function of frequency for samples with

various Sendust ratio.

1y 33 & AAAE CPE(Chlorinated Poly-ethylene)® 3174 3}al ¢ 7] o
Sendust® &3%H] Sendust : CPE = 80 : 20 wt%, Sendust : CPE = 85 : 15
wt% o2 23t F=77F Imm, 2mm, 3mm % 4dmme] FAE e diag
AE A#sto] o5 AAFFess FAT 2dzoltt ()8 4F AlHY F
A7 Imm¥Y o 2.2 GHzolA 6.15 dB, 777F 2mm¥ o 1.29 GHzol Al 9.93
dBe] 5% AodEF5S et Jdom b)e 4% FA7F Immd @ 1.91
GHzAl A 6.6 dB, 777} 2mm¥ o 801 MHzelA] 10 dBZ (a)®] 74Xt &+
5 AoEFTSs 2Hola o =3 FACE S7hgel whEl of e
Bl =2 AdFgAd AaFsAY S4S vede AdFadses AT £o

n)
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Permeability

0.5 1 1.6 2 25 3 35 4 45 5 5.5
Frequency [Hz] <16
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3.21 A8 F77F lmm ©°]3t ¥ W AvFFE
a9 35 M o AudEFae S Bols M Sendust ¢ CPE = 85 ¢
15 wt% o wf AlHe F77F 0.85mm, 0.5mm, 0.35mm¢l 749 daFF5=
et zgjzelr. Al FA7F 0.5mmel A= PCSe AFE-F 3kl 1.8 GHzol
A1 317 dB, 53] 0.8ommeolAl+= 556 dBE 2 =iol A Akt Hxe dA
e ST ARFRTE Bolw glow FAs Frhgd we FFFHREs)
AFgdz olFstm olld 54 WAl HAFsFEAY dATFSE ¢ F
gt =3 ARFFES ol Bu @ wsh gol ABFFAY T ue}
WMakehe B Ao el & 4= gl TH10].
9 May 2285 PR3:19:18
CHL S;% log MAG S dBr REF 8 dB 2:-4.1387 dB
L} 2| 5686. 392 233 MHz
PRm
T3 [ o
FARKER 2
2. pB6392233 {dH=z
)
TB thickness 0.35mm ||
3GH
"? %\ —3.28dZB
>I- —-‘._ — —
PR N =t s
i N /
- thickness 0.5mm
thickness 0.85mm 2 58GHz
1.87GHz | -4.13dB
-5.76dB
START . @38 P8@ MH= STOP B EO20. 200 BB MHz
Frequency [GHZ]
29 35 AW FAe e Fisg g5 s S

Sendust : CPE = 8 : 15 wt%
Fig. 3.5 Reflection coefficient as a function of frequency for the samples

with various sample thickness.
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3.3 AI(OH); coating®¥ ol WE AR F I 7
331 AdFA AA 2 A

BoAge x2TA&ol 300009 Sendustodl M AFo] 2 Al(OH);=

O_Iﬂ

Al(OH);7v 247) 359 SendustZ A A A2l CPEe] R4A#A 2 A2
A ZA| A ZHeE Open RollerE o] £3te] Al F747F Imm, 2mme Sheet
g AdgFAE A, 2 HAAFE SASEAT. ojul A Y A 2k
© 70C= dAGA FAH=SF Aot

29 3.6 Al(OH),7t coating® Sendust A EFFA Az ¥4 U
gl o]tk dukA o B2 1100Ce] e arxfefol A s A A7
B AFoME CMCY H05 EFH CMC @ H0 = 97 © 3 wt%=Z 9 A3}

i
ku

¥

A E¢ste] CMC 89S 9= 3 o]= double screw millE ©] &3}
Sendustt Al(OH);9 @WelE A2g FYPE AN ow o5 13

3.10° ekl mpol o] SE

=
o
o
oo il
oh
e
K
U
o
St
re
ol
2
v
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CMC 220H H,0 : CMC = 97:3 wt%
¥
- - Sendust :CMC=&% = 90 : 10wt% (A)
g g
At AI(OH)s = 80 :20 wt%
4
Coati Mixing: 30 m
oatin
g Drying: 30 m
v
STF Sendust ( coating ) : CPE = 80 : 20wt%
Mllllng (Open Roller Temperature :70 C)

A 4

Preparation of Sheet Type Sendust
Absorbers

v

Measurements

219 3.6 Sendust AuEFF Ao Az ¥ A

Fig. 3.6 Preparation of Sendust absorber.

Sk oA ot

a9 3739 219 382 AlI(OH),2 zZ+zt 10 wt%, 15 wt%, 20 wt% = W
gA7HMA ALG Ad FA 2mm, 3mme ARFFA Wi Fas
Matol w2 F45< vhebdl g ol
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CHL S;; log MAG S dB/ REF @ dB  2:-7.7726 dB

0 1[254. $98 746 MHz
PRm
1[-5. 8135 d8
cor 1762 MHz
MARKER 2 alic o
1.p54998786 GHz Lt z
—
m
©
S
;
>
h—4
2 ~
2 X ==+ =
-
o —
= NP+
x b_4 T 2 mm (20 wt%)
Z T " 189 GHz
2 mm (10 wt%) 2 mm (15 wt%) -7.74 dB
H 125G6Hz | 16GHz
7.77dB -8.00 dB
START 930 200 MHz STOP 6 00@. 080 @B@ MHz

Frequency [GHZz]
2% 37 Al(OH); Wigt o] w2 WAASF (A A F7 2mm)
Fig. 3.7 Reflection coefficient as a function of frequency for samples of

2mm with various Al(OH), content.

CHL S;; log MAG S 4B/ REF @ dB 2:-19.623 dB
" 764. 201 242 MHz
PRm
1]-5 1996 a8
P 38 2425 uiE
MARKER 2 3{-5 @331 dB
76K.201222 MHz S R
0
S
> N o L b
= —_——== =
3 N gt O
g aANA, 7
= GAA7 3 mm (20 wt%)
9] i 113 GHz
14 o *i\\ -11.2dB
1 3""7";“(1,\2&%) 3mm (15 wtoe)
1.06 GHz
-10.623 dB 10.11 dB
START 830 008 MHz STOP 6 POD. 0P @80 MHz

Frequency [GHZz]
2% 38 AI(OH); Wg ko] w2 wAAS (A8 %7 3mm)
Fig. 3.8 Reflection coefficient as a function of frequency for samples of

3mm with various Al(OH), content.
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(2) % EAE

500 MHz — 6 GHz Permeability 2 - 4 mm sample

Permeability

25 3 35 4 45 5 55 6
Frequency [Hz] %16

(a) AI(OH); 10 wt%

500 MHz — 6 GHz Permeability 2 — 4 mm sample

Permeability

15 2 25 3 85 4 45 5 55
Frequency [Hz] %16

(b) Al(OH); 20 wt%

29 39 AI(OH); (a) 10 wt% (b) 20 wt%ol i Fo5+5 F5=
ot HEAFAE
Fig. 3.9 Permeability as a function of frequency for samples with

various AI(OH), content.
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Fig.3.10 SEM micrographs of Sendusts coated with Al(OH)3.

_44_



3.4 Sendust ¥ A7l E AR ZTF T

2
£

£ Sendust YA=Z7]9 AJE Edto] A

WA uA @k, 1Y 31104 =
A7 2mmY w o] WAL A G EA LS
ARl Aoj e wel AFFIFT AFAHE o) TS

olr

tio

>

ol

41 e
T oA
now

—

_4

oo} 2 AIMEREH T FAE e AFFFAAA 4 AE
Aol gte] et BFFoRFE AT F A= & F AT

2% 312914 Sample A, Sample B, Sample C, S
of & Sendustd YA A7IE AAAR Ao R YEW Flo]t.

CHL Sy log MAG 5 dB/ REF @ dB 2:-9.9282 dB
p 1| 28@. 798 573 MHz
PR '
b 5 9913 db
Cor 837 . 401 MHz
MARKER 2 3;_5 g?gﬁg
.4 z
1. P8OT79BE73 (GHz
m
©
=
T 2mm (0 m)
> 1.28 GHz
2
S -9.92 dB
§ \¥ — e —_— = === = T =
A"
x % 2 mm (60 m)
AN —— 1.46GHz
2mm (15 m) 2 mm (30 m) -9.06 dB
| 125GHz |~ | 1.37GHz
-8.19 dB -8.88 dB
START . B30 BB MH=z STOP 6 DBDG@. BBB BB MHz
Frequency [GHZ]
=] e =L A~ =] 2~
a9 311 22 Al gkl 2 Fu4E d4E e WA S

Fig.3.11 Reflection coefficient as a function of frequency for samples of

2mm with different milling time.

_45_



- Sopm Go0B4
273 “. ‘ 5 : > »

(a) Sample A (0&)

= .J‘
"n,,l' ~

S0rm 000842

‘{_" "

2

(b) Sample B (15%)

_46_



SOrm B00042

(c) Sample C (30%)

y & L
/ yiseum aea 423 &4

(d) Sample D (60%)

o9 312 ¥ 4¥ Sendustd %W SEM A
Fig. 3.12 SEM micrographs for Sendust with different milling time.

_47_



“
ol
4
olr

3.5 Sendust TH L% W3l & A

o

7}

351 ¥ F+5 3

A& Sendust : CPE= 85 : 15 wt% 9 £ 2 A% AH F7A7}
e
[e]

e

3mm¢l Sendust {35 A E Heating Molderg ©]
a2 AdASA FASEH W 2EE 100T, 150TC=2 A of 3}
T AN g EHY FdAsE EAs sl

o= 7|EY HMIFFA AR 2E FUHF AFFFs dFE U

e A4 Z234E EYE FPeto] @ Aol r[12].

27 Jul 2B8B5 19:24:59
CH1l S5; 4 log MAG 5 dB- REF B dB 4: -5,5314 dB

e 1| epa. poa Bja MHz
FRm
1i-5 B354 _db
Cor 358 641 MHz
MARKER 4 241>
1.B GHz 3_’?:'2 g ﬂ:'
E' Temperature 0C MRz
S 652.6 MHz
— -12dB
2 va
-2: // 3 s i ladl
) = —5 T h e © = &
o E— o e
— f e
= D Temperature 150C
& T 855.4 MHz
-15dB
\ Temperature 100°C
785.8 MHz
-16dB
START . @30 BEE MHz STOF 6 Q0@. BAE BBB MHz

Frequency [GHZz]

b w2

of

% 313 Sendust EH 2% W3lo] WE FHFE dFEE
A\ FA 3mm)
Fig. 3.13 Reflection coefficient as a function of frequency for samples

of 3mm with different surface temperature.

— 48 —



13 3.1300 A

Foh 2 ol

;LH
)
£

B!

%

+

B

o
o
oy
=R

oy
JJo

;LH
H
X

)
¥
o
G

o

o

].

ol

el

—

-

2

ol
Il

=

& Al ol A

A 51
Aol g 5

Rl

<

pE
2K

i

i

Hr

of

wH

4
-

2]

el
o
il

X
-

-
R

oy 3.14

el
Jjo
{+
folm
"

<!

X

ol

folm
=y

<!

T
=)

6 mm sample

500 MHz — 6GHz Permeability 3

N

5.5
X

3 3.5 4 4.5 5
[Hz]

2.5
Frequency

2

1.5

0.5

(a) 100 C

_49_



500 MHz — 6GHz Permeability 3—6 mm sample

Permeability
» [é)]

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Frequency [Hz] %16

(b) 150 C

09 314 BRLE WS BE FARE 5 dt wAAS
Fig. 3.14 Permeability as a function of frequency for samples of 3 mm

with various surface temperature.

N

Fu4 = 77 785 MHz, 855
bol wet 592 o5
HoFa 9l

78 3.149 (a), (b)el A tand>1S JEIY =

o[N
noi'

MHzE 9dAE AFEZFAYd FHLE7 571
.

Bola glal, o= & APolA AT AHI} dXA

(o3
it
o
it

_50_



A48 2 Z

e AdFFAE dst=d o] A2 A5 SendustE: AHE T
o2 AMEE AFGFFA A5 ME ThsASE AASAL, o]E ol 8T A
|4 W 18 d Fuds G2l g daFeA ATS A4 xd ol

ZF &9 30.00091 Sendust®E  o]&dko] A A A W3, FAC W
Al(OH); coating W33, BHAzE, A9F5Ae FHU2EE Alojsis] A7

Natel vt

flo
i)
i

o B
= 1

=
o
ok
EN
or
=
12
e
o
o
J
[N
i
By
EU:tO
w
T
=
ol

) A AAAZ AFEHo] 29 Silicon Rubberet CPEE Sendusth

80 : 20 wt%= dASHA E£%HF F 1 54 v FAE AT CPEE A
ARZ & AadFFA7E AFgddA 538 545 dads & F U3
i, tand> 13 vEtll= Fas7E Fudskzl SAANS Fag W9
1.5 GHzoll Al 1.8 GHz Atol2 & AF-o Al A&kgt A

Ads & AU

)
b
ro
o,
>~
>
11t
5
e

(2) ZFA&0] 30.000¢] SendustZ CPESH 7FE 53 AoFs5S Hole
dH 85 1 156 wtkE E%s s FA Wste] e
o2 A Fojdstr)e] Abg skl L
0.85mmell A 576 dB¢] 7+ §-

7hA E e Fodes dag

(ol

(3) AlI(OH); coating ¥H3o] W37 AgFFsol nxes JFS A3

A3 A(OH),Z 7t7F 10 wt%, 15 wt%, 20 wi% = @ o] Z71ate] wu

g AgFuaes AF9E olFsta dgFo] FAES & F A 4
zte]l FAZ g2 A"l Al(OH),H7be AodEss 2 dadZo 2 9
TS HAE AS g T 219 th. o] Sendustdl Al(OH).Z #H7}3h



Al(OH);9) %47} 20 wt% Y
11.2 dB¢ 7}

Z FA7F 3mmeol 2

A0
A=}

9

]
X

e
T

folm
=N

ok
2

FF 95 113 GHzoll A

7

o)
!

folm
=y

e

K
e

ze)
o
K

!

(4) 2 Al

N

ol

vzel

1

o] Zojxel e}

}

~

244

WAL §%e EASAC

S5 nFs o) E e

o

%
%

+
o

oy
=R

el
Jlo

olm
=y

</

X
ol

&
o

A9

0]
H

Az e} sele

\=]
RUN

=9

A RE 7]

]

ol
e

7
o

o]

o
o
el

xr
H

Heating Molder® 100C, 150C % %3} A] 7]

=
=

I

Iz

o
=]

ojo] &A= st

o

Zohgel wet 4§ Rt

el
=R

o=

B

O

4
ol
o
1o
el
e
el
oy
o0
_lmo

oV

i+
folm
=y

e

X
Jo

jze]

£l

ol

e
oy

puzel

)

(b

s
T

.T_ﬁ

A5

[s}

I Sheet

T
pud

Aol A A

=

o

A 2 A

_52_



(11 Asd, @449, “EMIVEMC Wag& Fdigst dagAe it
a) et 3] %] A15¢8 A4%, pp. 13-35, 1991. 12.
jg 9, 84, oldA “HAAd == AFuAol

-y T ’

=R SR e, Al6s dArIAe] Al o Fel

2] HA¥E=, AF

[3] David M. Pozar, Microwave Engineering, Addison-Wesley, 1990

[4] Dong II Kim, Jae Young Bae, Jun Yong Son, Young Su Won
and Jae Man Song, "A Study on Fabrication and Evaluation of
Ferrite Wave Absorber”, Journal of The Korean Electromagnetic
Engineering Society, vol. 1 no. 1, pp.95-99, 2001.

5] A&d, ¢dd, AAZL,  “dolths FHAd AT AIFFA9

kol #gk A", kel srs] A, A15AE A1, pp.11-9, 1991.3.

(6] A, “HIWBAIAART, RIEHGE, p. 13, 1997.

[7] g, AAR, C AFFAe AosaSA4 SH 7

A, "@%%L%Hﬂﬂx], A164 A4% pp. 25-34, 1992. 12.

.‘_4

oY

=
o

e,
ok

r

’

[8] Y. Hashimoto, "The application of ferrite as an absorber”, Jap. J.
Appl. Phys. vol. 6, no. 3, pp. 175-17, 1983.

[9] Y. Naito, Electromagnetic Wave Absorber, Tokyo : New Ohm,
1987. 6.

[10] A&, ol¢Al, “Cu-Ni-Zn d#HeolES mAxAI} Az F

547, d= AR A, vol. 5, 1995.

HAzd, olyd, AAZE, dA, “ MnZnAl HolE-F EgHA

of wholmmgtfAe e HrH 54 % Ay F& 547, AA

9813 =57, A4F 25, pp. 41-47, 1993. 6.

[11]

[12] Dong II Kim, Su Joung Kim and Jae Man Song, "Dependence of
Preparation Temperature of the Microwave Absorber Preparation
in Absorber for Mobile Phone”, Journal of The Korea Physical
Society, vol. 43, no. 2, pp. 269-272, 2003.

_53_



B OE =R

st R AA =5

11 ATy, HAAL, H=FF, $AT, AHAAQH, “25 AAAR AL
FJAEZ MnZnet NiZn HgolE Ay F5AA 549 vludF”
shra] ol g AR A A

=2

4, Al 159, pp. 61-68, 2004. 9.

[2] J. M. Song, D. I. Kim, S. H. Moom, S. J. Shin, J. H. Choi, J. H. Jeung,

Electromagnetic Wave Absorbers by using Alnico Magnets

S A7 EA T ATEE

"R g

, Vol. 22, pp. 67-70, 2005. O1.

31 $A%, 459, 248, %4, 349, 449, 244
A AR, FIAYAFT HA/1EDFE ATFETH Vol 22, pp.
71-75, 2005. 01.

g o] §% A%E

[4] Jae-Man Song, Dong Il Kim, Seung-Jae Shin, Sang-Hyun Moon,

“Microwave Absorbers
Magnets,” International

Jung-Hyun Choi, Jae-Hyun Jeung, Prepared
with Alnico

Journal of

Navigation and
Port Research, Vol. 29, No. 2, pp. 147-150, 2005. 03.

[61 FAd, #AF5d, $A47, AAH, “SendustE o] &3 Fudzg A
TAY AR S AAIErs x|, A 169, Al 8E, pp. 842-847,
2005. 8.

[6] Jae—-Man Song, Dong II Kim, Jeung-Hyun Choi, Jae-Hyun Jeung,
"Electromagnetic Wave Absorbers Prepared with Alnico Magnets”, Journal
of The Korea Electromagnetic Engineering Socity,

vol. 5, No.
117-121 SEP 2005.

3, DPD.

_54_



A 3o TR

[7] Jae Man Song, Dong II Kim, Sang Hyun Moon, Seung Jae Shin,
Jae Hyun Jeung, Jeung Hyun Choi, Ki Man Kim, “Study on
Electromagnetic Wave Absorbers,” 10th International Symposium on
Microwave and Optical Technology(ISMOT-2005), Fukuoka, Japan,
pp. 224, August 22-25, 2005.

[8] Jae Hyun Jung, Dong II Kim, Jung Hyun Choi, Dae Hun Kim, Sin
Ja Jang, “The Latest Trends of EMC and EM wave Absorber
Technologies,” Korea-Japan joint Symposium for international Co-
Research on Marine Technology Mokpo Korea pp. 29-32, 2005. 2. 25~
27, February 25-27, 2005.

91 +A%, A%, V%A, 24, AAE, 47w, dUng o§d A
SEA el BE AP, 20043% A1 A NEATE T
43 =iF, pp. 29-35, 2004. 8. 3.

||
[

=

e
oY
off
ne
m
off
ot
oY
N
r d

o
2
l.._ca{_:
B
o2
[18.4{'

, e AA AR AL T MnZNS}
NiZn #HgolE Ayl F5a 549 nwud3” 20043 % F4 viol=
23 2 A3egEdg3 =iF, pp. 460-463, 2004. 9. 18.

| |
[y
=

o
=
F
b
N
o2
oY
offl
ne
o
>
(g
LY

2
ol

99, P =eg F5AE deolE
AEA el BAe Eadd AsEsAe A7, 2004 % A @
#3l7]% dteuE =23, Vol 5, No. ,pp. 84-87, 2004. 10. 30.

[12] 44, #d&d, AA4d %XH”L, A7k, “HEY dugFaAel ad o

3. 29.



<o, 444,

7] 1}

=

[13] #A5%,
g AA7 200560 % A

49-53, 2005. 3. 29.
Development of Electromagnetic Wave

Bl FA,
A8 AR % ATa

[14] AAd, HAd, 2F5d,
Absorbers with Alnico Magnets,” 2005

pp. 55-64, 2005. 3. 29.

7FolE] w=EA
[15] 4A@, A%, $4% A4, “Sendust® ol &d ARFFA 7)
WoU2005W % vhelmmst W dshdst S&dE =RW, Vol 28
No. 1, pp. 427-430, 2005. 5. 21.
“Aug doltie] H4 WA & PAINTH

[16] A4, A< %ZHU_,

Aok gFaAe 7
pp. 350-355, 2005. 6. 23~ 25.

[17] 449, 2&d, A%, AAH, “SendustE 3t
Aol 77, 2006 = gHEmtd AR Yol g e s A7) e s =wF, pp.356
-361, 2005. 6. 23~25.

Ao AR 2005 E 3

“Paintd A 9} &<

AEd, A AAQd,
Vol. 28, No. 2, pp. 317-320, 2005.

(181 4 4d, 4
Al vtola 2y B dukste

9. 24.

b
03 =EA,

_56_



Arg 2delaAE Ao FHAN FUE VF oMIE 32 AY 253
A A 2% 25 PuH. 2 £3e) o)A AFAD ALY
AE FYoE, 35Y AF o129 FA AZIG AFL 2390 o
00 FA4E 2P, 290 AL FYSE TIYAF TohFA 93
2593 § 9 2490 FAE 2. obEd YA 259, P
259, 449 Z49AE A4S 20D 359 A FLS E o}
%) o™ PSB W3S 34U KBS W2 3Y 231 Y2
32 4% A WAooz A9 vhed FPUD. qFIE 28
9 vlelazs 934 AT 29 FF FAFINYA F2 g ch=A
29 Fdol¥s Vo8, FIFold, 280 BF 45 AyYpos
A9 4Bol Y5 A A2 AAD )5 EN I 3L SA

ST AP, EF 2o AVIAE Av) N5 FAAY, 7
SHEAFR Q% Edold AN FFH A5 2L Lo FUY
X

.‘

o

1S ohes APUF. HE e B4 A sAa
| B Aol ol o)A A3 o Fo >}
| TS TGS 1. A A

A% 2 40 £ sjojazs 934 2T 4

Lo

afo 2 dafo
2
X
Lt

afo
ol
3
e
el¢
ofb
-
fas
20
c
o\-n
2
=)
B
fas
ady
( N
M
3%
.3
2
3’
=)

2006\ 2%
3 A



	제 1 장  서  론
	1.1  연구 배경
	1.2  연구 목적

	제 2 장  전파흡수체 이론
	2.1  서론
	2.2  전파흡수체의 재료
	2.3  전파흡수체의 종류
	2.4  전파흡수체에 요구되는 특성
	2.5  전파흡수체의 분포정수회로화
	2.5.1 파동방정식
	2.5.2 분포정수회로화

	2.6  전파흡수체의 반사계수측정
	2.7  재료정수 측정법
	2.7.1 사용된 Sample Holder
	2.7.2 재료정수 계산방법


	제 3 장 전파흡수체의 제작 및 특성평가
	3.1  전파흡수체의 지지재 변화에 따른 전파흡수능
	3.2  Sendust의 배합율에 따른 전파흡수능
	3.2.1 시편두께가 1 mm 이하 일 때의 전파흡수능

	3.3   coating양에 따른 전파흡수능의 변화
	3.3.1 전파흡수체의 설계 및 제작
	3.3.2 전파흡수능 평가 및 분석

	3.4  Sendust 분쇄시간에 따른 전파흡수능의 변화
	3.5  Sendust 표면온도 변화에 따른 전파흡수능

	제 4 장  결  론
	참고문헌
	발표논문

