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ABSTRACT

In this paper, we make an analysis of electromagnetic wave absorption properties of TiO; in W-band.
Therefore, we fabricated some samples in different composition ratio of TiO; and CPE. And the material
properties of samples are calculated from S-parameter of samples using -2/ method. We analyze absorption
properties and complex relative permittivitis of samples. As a result, it has verified that absorption properties

of sample containing TiO2CPE=70:30 wt.% have been excelled in W-band.

71fl=

Absorption property, Material property, S-parameter, TiOz, W-band

.M 2 ao) wE dvEddge] dg AuFeAle

AAREN7 €] FGL AF9 YA LS A
gdalA ded 2o 719E o, HeE =
ot Az 9% dFez FuEg T M2
2829 A9E PAeA Ho) 04F 5L
o9E €l HrE vt 53 AAH M4
(EMI ; Electro- magnetic Interference) ® =}
3t AYAEMC ; Electromagnetic Compatibility)
FAZL AzetA mRsHe AHCAXN dto]And
olB EAl] % dFEAT F§Iv] % oFE
A9 ARFE/1Ee &, 2 Folue 1A
530l o} AnErAe Bool WA HAHE
o]t}

=& HIT dody FAY 59 A8 FIg
7+ QaviEse g J9oz §A7n glem,

e

A8 x FolA 7t A912].

ARE E5ste 4488 GHz oA e
ferrite & AAEA AEE o183 AF7T B
o] 8 Qoew, 53] MnZn ferritetd NiZn
ferrite 28 soft ferrites®t Sr ferritet} Ba
ferrite 22 hard ferrites?} GHz oA =7}
H 4o Frixe] AAFSFA AIEA dE
o= (3] HalulHa dgdMes FHE,
Permalloy, Ti0: §& ol &38t9 7= UATH4],
[51.

wakd, 2 =Fdde ZLveEs diddy
W-Band& AREFFAE ML 3o
24482 TIOE °]-83 e Z=Avld & B4
HlAALE Adeed BN A7y AsFS4
58 ZAuld o} Blw B394

- 95 -



A PR ETAES 2007 A4S HE 03

N
. dutgs

ol

3 19 FA dQ AREFFAANA YGrtuie}
ukAlb o] wFEkEA(Return Loss)€ 4 (DAE Y
el & Ath6l

RL=-—20log,,

Q‘ (¢8] M
z+1

2, =RBfdd ARFsAE AAsE
TER=8 J|BER=2 ANL stoof din, 1
¥ 24¥ ved £ Ao

Base #AAel e JPYAds 2e
=Ry $35d A5YYdL Z,2 378 A
2 Aoz A @AY FojAnI2).

1-(3/20)° om ;
T2l tanh(j Ve (M2a)2d) ()

A714, AE QAR B} A4 3
goln, g2 Ba ulfAL(e/g)olth EF @
¥a AF5A7E 57 gAME 27} 10 He
Aoz ARESA FAFF 2R A Q)
2t}

1-(/2a)" tanh (G2~ O2aR ) =1 ()

e, —(\/2a)?

Absorber

Fimrs

Metal

() Absorber In rectangular waveguide

{2) Rectangnlar waveguide

EEPENET RS EN EREEEE RS

(a) Mixing

(b) Rolling

L

(c) Sheet

a9 3. AsESFA AFHA

X

. Xgde &8

In

31 AdEsA 4E A

E =RdAde AGFsAdd FAsE RS
AAREY TiO:E AMEsIH e, vlid2A4 CPE
(chlorinated polyethylene)& A&t AIF
A ARRAge AA Mixerol A 71E 3 CPEE
ZA4dud Egsln, B d7HddaA AA A
Open RollerE o) &3t 70 €9 942 LE[7)
A F7A 1 mm, 2 mme Sheetd A=FA
AEL AFAstge. 18 32 AagFA Az
Aol

32 ARHF 29

Aegs 23 Ao] o] Watd g =3y
2 AgEgT 29 49 gol =make 2o
gFAg|a Bolrt Z+zt ¢, 209 A8 AU
of Mg AHNA Seitt B dHYsd=E 5
qsted 2z 4, 42 B
7,=0, Aol fol@tn ¥4 4, 4& 4 ),
(5)5} o] e ‘

2= Z, tanh(~() ‘ 4)

%: Z;u tanh(y2¢) 5)
A, 3EYRAXL Z, o PS4 2 o] &
stof g 7@ 4 gleHl.

Metal

7 Plate
Zl

24

£ - 2¢ AEARF FF

a3 4.

- 06 -~



W-tj g FASHAESY TIOH AAF4

E H
54 84

33 &3 AaH

2 58t o) J}E 254 mm, AlE 1.27 mm<]
Jigell Z24dlel de} AAE AREFSFA MES
A Zslel AHde & 29 63 2] Anritsurle]
MET7808A Vector Network Analyzerel @234
48 dauas 233190 22ln 24 dHolH
£ MATLAB Z23H%& o]§3lo] BAHHHg

< As

4-M3OHOLES/THRY

4-MLEHOLES/ THRU

14,3

= 127

¥ 5. A Jig
Network Jig

Analyzer
Wave guide |§

29 6. &3 Al2H

Add Bamadg g9 A5y e ad 7
o, A$R e 1Y 8o e 43 @
B gre A7 70 wt%ollA H=
i,

webA W-band oA AoFAl AZA
A RAez2e TiO ZARIZE 70 wt%
< 4% ¢ % Aok
5
—e— TlO}:CFE-«‘D:SO wt.%
——TiO, CPE=50:50 wt.%
41 —«—TiO,:.CPE=60:40 wt.%
| —-—Tio,cPE=T0:30 Wt %
_ | —+—Tio_CPE=80:20 wt.%
g
£
£
&
0 T T u

Frequency (GHz)

a8 7. TiO:9] ZAule] &g B
5 gk ¥l

3 T -
1 ——-—TiOz:CPE=40:60 wt.%
—a—TiO,:CPE=50:50 wt.%
§ —=—TIO,:CPE=60:40 M. %
- H : ] —-—TiOz:CPE=70330 wt.%
% 2 - ] —-—Ti0,CPE=80:20 wt.%
c H H
5 B :
©
£
z
2
=
E
7}
a

Frequency (GHz)

29 8 TiC:d] &Advld] ©& Hiu{FA&
5 3t v

v. MupEHe gt 53
EHARZ TiOx¢ uiYH2 CPEE ©l 83t

24818 A" AFFHA A2 vAMAS =

AATE 44 29 9 ~ 13 o Jehhdoh

TiO, : CPE = 40: 60 wt.%

204 ..

;| —~o— Thickness 1.0 mm
—a— Thickness 1.5 mm
.} ~=— Thickness 2.0 mm
. [ —+— Thickness 3.0 mm

Reflection coefficient (dB)
D .
—l

=25

-30

T T T

70 80 90 100 110
Frequency (GHz)

a8 9. 24 TiOzCPE=40:60 wt.%
FA6 WE v AS H R

RS

TiO, : CPE = 50 50 wt.%

204 .

: —eo— Thickness 1.0mm
285 o b —a— Thickness 1.5 mm
: —o— Thickness 2.0 mm
—+— Thickness 3.0 mm

Reflection coefficient (d8)
5 )
.

-30

T
70 80 90 100 110
Frequency (GHz)

a9 10. &A8 TiO2CPE=50:50 wt.% A&

A6 Be WA Bz

_97_



3= B A5k 2007 FAZ &3

Ti0,: CPE = 60: 40 wt.%

0
" B
%

— )

o . b

3 “ B

E on: n"‘p‘

.g -15 4 . .

L=

2 N

o .20 3

3 t

S "

B

8 - :; e e

& ~e— Thickness 1.0 mm

304 . | —4— Thickness 1.5 mm |
—a— Thickness 2.0 mm
—+— Thickness 3.0 mm
35 T A T

70 ) 90 100 110
Frequency (GHz)

a3 11 223l TiOxCPE=60:40 wt% &9
S0 e WS HR

TiO,: CPE=70:30 wvt.%

)
= a
z B
8
]
£ L
o i
8 AP
c 4
S8 v
g 25 ; . . Y
B —»— Thickness 1.0 mm 4o
@ —o—Thickness 15mm |, |}

-3 1 | —=— Thickness 2.0 mm ?

—-+— Thickness 3.0 mm
35 ; — T T
70 80 90 100 110
Frequency (GHz)

29 12, 44 TiOzCPE=70:30 wt.% W&
Frjol 2 yRALAE vl

TiO,: CPE=80:20Wt%

Reflection coefficient (dB}

. e

— e~ Thickness 1.0 mm
—a— Thickness 1.5 mm
—=— Thickness 2.0 mm
— ¢~ Thickness 3.0 mm

25 . e —
70 80 90 100 10

Frequency (GHz)

a3 13. 24 TiOzCPE=80:20 wt.% &2

el e AMAS Hm

ZA4dE WA SRS vl B4 A3 TiO9
207 70 wt%7 A ZESE SAAA S T
axzy ke AL ¢ £ oy, 80 wt.2%el
Ae o7t gaseE AL & 4 A

wet A TiO9 ZARI7 70 wt%d AS B
HEd g AREFAY FASE s 99
£ Fugdd ARESS 15 dB oo dAF
FAE AL e TL FAAT

V.2 E

2 =2t 2Y0IETH vl W-Band$
AREFAE A Al fASYARA
TiOrE olga ZAHo} e Bangase
Adste] 2ASRD Ade] AREFES 24
W oWE EHD AT TiOe EAUIF 70 wess
d A% W-band AN $58 AESF 54
& Hgon, Bangdey TAE 125 9
ste FasdAd A%ESS 15 dB oYl Az
F4AS AY SRS BAsYcE

A A}
o] =Be AREAR ¥ HAREANGTIFY

o dig ITETFAE A4 Ade AFEdHgE 5
3 =] & (I TA-2006-(C1090-0603-0034)).

ot
rot

L_T)__LD,__

[11 ©O. Hashmoto, Introduction to Wave
Absorber, Morikita Shuppan, Tokyo, 1997.

2] 2FY, AFEFTH 38, HYAL 2006.

[3] Jae-Man Song et al, “Dependence of
electromagnetic wave absorption on ferrite
particle size in sheet-type absorbers", J.
Korea Phys. Soc., vol42, no5, pp.671-675,
May 2003. !

[4] Chang-Mook Choi et al., “Development of
the Electromagnetic Wave Absorber for 94
GHz Radar Sensors Using Permalloy,”
Inter. J. KIMICS, vol4, no3, pp.114-117,
Sep. 2006.

Bl #5Y, AAE, nFY, "ITs9] AFFSW
A Holv g ARFFA AL Ix} Y
=&z, A43¢, TCH A9z, 1-5%, 20064
9¢. '

[6] T. Soh, O. Hashmoto, “A Study on
Millimeter-Wave Absorber Coating for V
Band and W Band”, Trans. IEICE,
VolJ84-B, No.8, pp. 1401-1556, Aug. 2001.

[7) Sang-Hyun Moon et al, "Development of
composite Ba ferrite EM wave absorbers
for GHz frequency," ]. Korea Electromag.
Engin. Soc., voll4, no.12, pp. 1329-1334,
Dec. 2003.

[8] Y. Naito, Electromagnetic Wave Absorbers,
New Ohm, Tokyo, 1987.

‘98_



