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Nomenclature

Magnetic flux density vector
Capacitance per unit length
Electric flux density vector

Thickness of n-th layer

Electric field vector
Conductance per unit length
Magnetic field vector
Current

Electric conduction current density vector
Inductance per unit length
Resistance per unit length
Voltage

Admittance

Impedance

Normalized impedance

Characteristic impedance
Normalized characteristic impedance
Input impedance of n-th layer

Attenuation constant
Phase constant
Reflection coeffiecient

Propagation constant



Permittivity

Permittivity of vacuum

Equivalent permittivity

Relative permittivity of n—-th layer
Wave length of free space
Permeability

Permeability of vacuum
Equivalent permeability

Relative permeability of n—th layer
Conductivity

Angular velocity
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ABSTRACT

As are being progressed electronics and radio communication
technology, the human enjoy greater freedom in communication.
However, EM wave environments in communication became complicate
and more difficult to control. Thus, international organizations, such as
the American National Standard Institution (ANSI), Federal
Communications Commission (FCC), and the Comite Internationale
Special des Perturbations Radio electrique (CISPR), etc, have provided
standard for the EM wave environments and for the countermeasure
of the electromagnetic compatibility (EMC).

EM wave absorbers are used to protect electronic devices, such
as personal communications and wireless LAN systems from
unwanted EM wave radiation. In order to develop an advanced EM
wave absorbers, it 1s important to develop new materials for EM
wave absorbers, in stead of soft and hard magnetic materials, such
as Mn-Zn, Ni-Zn, Ba, and Sr ferrites have Dbeen used
conventionally.

In this thesis, the paint-type EM wave absorbers were studied in
order to complement the defect of attaching sheet-type EM wave
absorbers. The paint-type EM wave absorbers were fabricated using
Mn-Zn, Ni-Zn, Ba, Sr ferrite, and sendust. In addition, enamel, epoxy,
and urethane paints were used as binders.

As a result, the band-width of EM wave absorbers coated with
ALy, 1s larger than non-coated EM wave absorbers. EM wave
absorption ability was increased by controling particle size and
composition rate. The bandwidth and EM wave absorption ability were
increased with various layer—built thickness of absorbers. Reflection
coefficients of the fabricated EM wave absorber with the thickness of
3 mm show 204 dB at 9.375 GHz.
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A71M 4 =Z Y, o E2A 53445 (complex propagation constant)E =

22203 4 (2.22)=

d2 V(Z) 2

dZQ =7 V(Z)
dgf(z) 2

dz? 1z)

a9 2.1 dubAdd AEHdw

Fig. 2.1 General Transmission Line.
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Atk A (223)3% 4 (224004 QukAQ 24 Mg e =

2 MR RRYNEAZ & AGEFAY SALNNs 7,

Ve)=Ve "+ Ve =V"+1"

)= Zicw,;e-w Ve )= g (V)

2 dof FuselA 4 (225)% 4 (22607 2 Fe7t Ak

2. TEAT3I 23}

WA A (213)3 A (214) 3 A (22D A (2.22)00 A

p=p =g
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(2.28)

’ A4
e=¢e —je

A4 2 (lossless transmission line)o A &3

dﬁ = jo ' = ju" ), = (o’ = jop ) H, == (wp" + jou' ) 1, 229
dH
d—Zy:— jul(e —jé" B, = (— jwe —we" ) E, = (we' + jwe ) E, (2.30)
dZiZ) — (R jwL) =7 I(3) (2.31)
(2.32)

) (G4 0O V=¥ V)

o] Hof 4 (229)~4 (232)F Hlu

selw P o

Wb g sebuEE A3
T 2NN V, I+ NEgHe=z E,H, o &3ty narix 2 X453 2
o L G R Ge AAFANAN i, &,wp’, we o qEsA At
o] AL AelstA

(2.33)

Loy, Cod,Rown’, Geowe'
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AAS BEALI 2 AFGAS HL50H

[¢)

v=V2Y = V(R+ju L)(G+jw ) (2.34)

= V(wp” + jwp )(we” + jwe') = jweu

o
s}
=
({:(1
et
2:d
fl
Jjm

)

=

EpSS

Rtjol _ [lop”+jop) _ \///—ju” _ e
G+ijwC  V (we' +jwe) ' : e

. ’
e —je

Z= 1= | Bl (2.35)
e &,

EEIEEE EEEE RN

9 7, = Electromagnetic Fields of A]
o Edydret Ad AA S & F AU

37 FoAMe & o Fe lola & o e 0ol

=¢ ¢, :80(8/—]'8”) =e (2.36)
= pp, = 1, (1 = ju'") = p, (2.37)

N

b AT mebA] A4 1H(free space)ol Ao FEAT R4 ARAFE G
g}

i
o
}:kl
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Zy= | =120r = 37702 (2.38)

8()

21 (2.35)5 4 (2.38)% A TF3H(normalized)A 7]

Ze = A (2.39)

2 2542 ez 9,

T3 1553 Qoo Ao AGAFE 247}

Yo = JB, = JwA/E,H, (2.40)
Y= VZY= \/(R-f-ij)(G-Fij) — \/wu”-l-jwu/)(we”—l—jwe/) (2.41)

— '\/Jw(ﬂ/—tju,/)]w(g’—jgl,):Ju) \/(M’_juf/)(gl_jg/l)

vV 2
= jwep= j2nf Vep=j2r—be=j< e
e, A

of #XATIE Ao devy R L O GE AAA vt HE fEA
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Zm: | Oﬂ/ﬂ_ (242
anh vy d h -
glo.m -
= N
Z, .
" =
° =ofth
A o
2
A43)

7} "tk o = £ 9 F e = i E
)
T
. 997 7 T T
V74 T
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dzojrh, whebA 4 (24D 4 (2.34), (2355 A&std AT FA 7

F "olw F4A EHeIAe uuss
Z,, = Zstanhyd= 1/% tanh (jw Vep ) d (2.44)

A1t 3k (normalized) A 7] |

z, = ”% tanh (jw+/e, p, ) d (2.45)

o] H}
AL AREFA FRS AFHLY Afz Aol AN A folm A

SHERAS ERANA WARSAb Aot g/l AAE E4A EHelAY 99

QAR s g 3 A3Fel HEAIDL g0 golok F& & n.

21 (2.25)9F 24 (2.26) 22 FE Ay AR/ WA S (reflection coefficient)

rlr

Vet v

Tyle)=— = e ™ (2.46)
- Ve /2 7

I(z)= =— e D =— r'y(z) (2.47)
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2 AHL =0 A=

7 —1
L
kA ol ole] oA FidE B dydae
V) 1+1(x)
Z = @) _Z01—I’(a:) (2.49)
st Al 714
Zy(x) 1+ I(z)
2 = 7, 1~ T@) (2.50)
T AT E Arst dydaE YERY
zm—l
I(x) P (2.51)

of B} WAAS [ 0~171A9 e i ARFFANAE T7F 424
= Aste] F5ol Holual ¥ 4 ok 7t r7h FuHow ooju
olmz AAT X 9H F

H

(i

A

BN

7} Aol 17b 1ol S Ao

BN



-
R

Aolibx) gr=cHe].

N
_\'T‘_I
ol
4
/-—>i

/ ,

/ c %
P .
HEHm
— A =
ot
%
(a) 10HS MIHEH (b) (a)o 2xXHL3Z 23}

ad 23 AoEFF9 718 T4

Fig. 2.3 Basic composition of electromagnetic wave absorber.
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a9 245 AagFAY vid A4S duke] @] uet A WSk
A dudx ATE Foks dolth of ¢ mH5ToREH A 40 AHelA

o 48 4EYAEs 2= e pRTRHeR e 4 9

(1—e_2%) (2.52)

EREEEIES

et ol olA Sl WY B2fAE

ol sta FAFE ol teliM = ATl 7t MATAAE MekA] G A
o & #rh & A9FsA ERoAe 148 94FYIdAE 2 shw, o] Ao

ghofAt el HkAMAlg: o= 4 (2.53)9F 2T

c—1
§= "2 (2.53)

~

z+1
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z—1

z+1

< |5l (2.54)

mebAd A (254)8 2R dho] 4 (252)F EoM 2 & Tekd fuh 1y

lkﬂ(ZQH%Mwmﬁlm&%ﬂ%%@ﬂii%@¢ﬂﬂiﬁwﬂi%%£i
<

e, =¢e ' —je=1—j 3'9(11_ z) _ 0.9 (2.55)
ey, AA ook 2E e, 0 BEE ATcte AL oY fRE RFEHOR
A A7 v As T e FE2E dAsa o o] A A
T30 EAYYdse gy dAH R dyda AEE Peng 1 5L
2t 3o FAG ArA T M 2AEH. des SUHA7IE 29 219 A5
TEG oA, d8ASEE The T & HES AA st = A T

£

30 Mz ~ 1,000 Mz o] Fab HelolM A4S dodFFAe FdAd &4
Anz st std FFAe FAZE v FAAAA Hol AEA o] Kt
5, olgd AaEFaAle 38 A E 112 & w AASHAFEY 3 A
of daiA, F5Ae F7AE 0.6) = HEE 100 M =9 Fapdiol A AT

AREA FAE 18 mi 9. 22y A4 A4R deles oL 30

rb

ol

Wz ~ 1,000 Mz o] vz vbe Foai e o Fjo S4&
A2 5 9tk o] AL HEo|EY FrLo] FE oEA o] ArtE FL o] &
& Aom 771 8 m HEolA 100 % Ao vt Fo] dof k. T4 oA
olE AuFrAE Fast st7] s o de dAeelE #E 4AE T
A wjAE s g welEel frasih
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g g Gt Zytanh(y,d,)
" Sz + 7, + tanh(y,d, ) (2.56)

n

—

AN z,& A 4F9 FHYNEZ, 4L A

%
RY
&
l
Y
&3

7 g3 2,
Z= Ay &y, (2.57)
V= TW A By €y (2.58)

w4 (257)9 4 (258) tgdatel AEs o 4 (259)3 2t

ILLT'W

o Za L tanh (7 =\l )
4 — Tn ™ (2.59)
87‘71 N . 2
Vg“ + Z,,,_ltanh(JTW Vien€ d,)

™

o] A% ,=19 W, ZH% Fgte] QuHAE o|ujsnE o]}, & of
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+
—_

N
|

of st oln] AME AFE i e HYAEE A5 A, 4 T FAE
AdsHA zdgozd dA 14

whebd oln] e ASEFA Aol ARAFI dE FFAFES FHEoRA

Metal Plate

a9 24 A AddEFA

Fig 2.4 Wide-band electromagnetic wave absorber.
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Fig. 25 Multi-layered electromagnetic wave absorber.
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222 AAFZFFAL viAA S} AZASF A

1. A}-€% Sample ¥ Sample holder

9 262 AlgE 4T F AESH WHE T sample holderd] wH(a)3 ¢
oA 2 HHMm 2dHolv. XskAl A A A= Fido]l sampleo] A E =
o] o] holderi= Network Analyzer(HPS753D)2te] A2 2] Eo] gl+=
sample holdero]t}. =¥ 27 sample holderd @ X o} 3w xo|t},

Sample

<& HE> <

(8

&>

0% 2 6 ASEYY WY - HEE

Fig. 2. 6 Cross section of a sample holder.

1.02mm

38mm

33mm

SAMPLE
HOLDER

(a) Sample Holderd] w4 (b) Sample Holder® =4
19 2. 7 Sample holder ¥ H =9} HHE

Fig. 2. 7 Section and plane of the sample holder.
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7 2o 19 289 Network Analyzer

©

9 299 sample holder

19 2. 8 Model 360B Hl|E< o< zlo] A
Fig. 2. 8 Model 360B Network Analyzer.

19 2.9 WiltronAl 9] sample holder

Fig. 2. 9 Sample holder of wiltron company.
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3. A=A

S|\

4

B oErolAY AaFsA Al AgAdes HAREAS HP(Hewlett
Packard) 8753DE Atg3ste] SAsA L, SAHE TAEHS o] §sto] o
2 AR ow ALkslad

4 sample holderE AF&3dtx 27 2109014 Hi¥x= A3 o] Network
Analyzer®] Port®} sample holder Alololl Eo] §lo] @ =Al7]H  Reference Plane
o 4o WRAAlR S11(2)S AAY whAMAl4 S117(2)3% 2A do. 29Be=
short sampled] SAAZ AA HAATE SAHT Q8 §lo] sample Zo]7} ¢
d el 22 W] Yy awt Ajbed HAn

A 28 2109 #Zo] sample Zo]7F ¢d wo] dyd A=

1+ 5 (8)
Ar0) = 1 — 50 () (2.61)

o} o] Fafixltt,

% 2119 zFo] Sample Zol7F 2¢ % wo] WAAISZ ¢ (24)2 A ]
BEAA S o ()3 2 B asEE 229 4o dudas: 2 (262)7
FA gy

O 1F Sn@e)
A20) = o (2.62)

Reference
NETWORK Plane

ANALYZER

SAMPLE
HOLDER

Y Ze

L
II:

Su( 2 ) P !
a9 210 AZe Zol7t 22 sample holder

Fig. 2.10 sample holder with sample length ¢ .
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NETWORK

ANALYZER

SAMPLE
HOLDER

Y Zg

Su(2g) ./ |
a9 211 AZe Zolrt 229 sample holder

Fig. 2.11 Sample holder with sample length 2 ¢ .

sk, Network Analyzer] port®} sample holder= E°] §lo] ZaaHE 2 2

(2613 2 (2.62)=

ZW) = Ztanh(yL) (2.63)
Z(2¢) = Zganh(y2¢) (2.64)
of Zo]l & F Ak 2 (263)% A (264)0 stolHEE HAE FAS ALS
4,
tnh(y2) = - 2anho) (2:65)
1+ tanh?(v¢)

o] i, A (265)= MFsH

Z(gg) = M (2.66)
1+tanh2('y£)
270 — Z(2
tanh (/) KZTw (2.67)

ol ©th. 2 267)%E FH v, s & =F3W
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B 1 _, [22(0)— Z(20)
0% = ztanh —Z(%)
B Z(20)
Z. = 2O\ 90— z0)

o] At 42687 A (2.69)= 4 (290 WA =1

Ly, 220~ 200
po ;O o Z020)
! 2rf 22(0)
2e) 22(0)— Z(2¢)
L1 220 = Z20)
By = T P 2(20)

o] T3} o] 2 TH7]
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ot

A 3% Paintd AAF5A9 A T 7}

ol

3. 1 Ferrite% paint® T 7l & dA3F55 24

paint® AadFFAl= 22 FAo dejr ELdARY] TR wek v gE
AEFEYS Jetd Aolgta A o "ok kA okg]l 19 312 soft
ferrite?l MnZn, NiZn¢} hard ferriteQ] Sr, Ba ferrite ¥ Fe, Si, Ale] a8 <
2 o] Fojx FAREol wWi¢ =&( pu, =30,000 )°] SendustE Z+Zt Enamel

e
N

paint®} ZAIW] 70:30 wt% 2 E&T paint®d AIGFFA L WAMASE =A 6
of "3 Zoltk. MnZn ferrite AH8 & 4% ©& ferriteo] H]&| 2.68 GHz
136 GHzS] vlu A W2 oA 5 dBolite] 453 Holx . Fd
2 EAARE o] & A% painte] FHA we dHFFEAH 7] o
E AoR ¥y painte 1 FiF0l wel Aug ® AE a2 HAE

2 HAQGom olfgHuE & AFoAN= Z7] & paints 7|AE AT EFF
EA4E& At o 23 E % 329 YERW Y. 2487 MnZnipaint=70:30
wt2%olal F7 2 mm¥ W Z|AFA S =g oR 2ol WA, WA B
2] £ <=3 Urethane paint”} 13.1 GHzolA 17.8 dBZ t& paintell H] &)
+e F4es Holiu QY a5 AF e =48 enamel paint, AEYY =%
€ wet paint, FA % SFHAF] =48 epoxy paintE HFIH 2 AFE5ho]

paint® AIFgA 9 §=mof stEof AAsr] He =45 A.
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CH 3 - 511
REF. PLANE

0.0000 mm

MARKER 2
LOG MAG. PREF=0.0004B 5.00048/DIV 12,4000 GHz
; : 3 X 3 2 ¥ ¥ g =7.904 4B

§11 FORHWARD REFLECTION

MARKER TO MAX
PHMARKER TO MIN

1 2.6800 GHz
i -5.025 4B

3 13.6000 GHz
i -5.331 4B

Reflectivity [dB]

0.0400 GHz 20,0000
Frequency [GHz]
19 3.1 Ferrite®] 50| W& paintd AuE5A 9 WALA <
Fig 3. 1 Thereflection coefficient of paint-type absorber for various ferrites

(sample thickness = 2 mm)

| CH3 - 811
REF . PLANE
$11 FORWARD REFLECTION 0.0000 mm
. MARKER 2
LOG MAG. PREF=0.0004B 5.00048-0IV |  12.4000 GHz
| : I H ; -7.904 4B

~f | MARKER TO MAX
| PHARKER TO MIN

o 1 2.6800 GHz
o {1 "s.025 4B
= | 313.6000 GHz
S I . <11 77-5.331 B
i3] || Enamel
g | E We-t ..........
5] | i i
o s i

| Urethane

0.0400 GH 20.0000

Frequency [GHZz] =

29 3.2 paintFFol WE paintd AaFFA o WkALA S
Fig 3. 2 Thereflection coefficient of paint-type absorber for various paints

(sample thickness = 2 mm)
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3.2 xAvd & HA3Fgs ¥4 2 HAFAE
AduakgaAeld x=4ue WH3le AdFsF54S Adste 8% A =

stuE 2A¥E WSAIA paintd HIAFFAYI F55S FHA7 H3

MnZn:Enamel paint wt%2] ZAH]7}F 70:30 w

A 60140 wtd W ARFFAE A#sta 259 AREFFEAS F 319

19 339 YER QAT

A AuFaAr 7] A =21 AGDH 2ol dudx Z7F 1o] HW

Hor = AdxzdelA Fue 8 FA dE FEvEE A ZY AAE

Smith chartel 18 Z=1& Fse 249 [, d,s 2AdYE AF5A 9

AAZE 7hs el o

ARFEA7L AFEAL W] ANAE ARAEE SAR 1, 40 €, €,

g ek, foh 4B LT ols AT AFEAHNA Alelstelol @t 7
EAV e ARAFE S AP 3400 e Ba £ o
FRoe ANA £0% G AYEAAE ol §F AREFAL Fo

N T =
o SRt AFRETYg & 9o gHAHN S5 YERHTL BaEa
ATHAL

et 1Y 34% ol% AR BelA FREE F4E e FAES
,?_

ZAR aHZEA F AW EF tand = 12 tebls F357F 1212 GHz
~ 1216 GHz 398 & uf 2 AFoA AZs Ald BFE o] Al o
] 5t & g F At

| K .2
Z= S—:tanh(]T7r evuvd)=1 (3.1)
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E 31 24 BE AREFAY AFFAE L T

Table 3. 1 Matching frequency and thickness for various composition rate.

= 4l % 7 g F %
MnZn:Enamel paint (wt%) (mm) (GHz)
70:30 1.71 12.16
65:35 1.8 12.16
60:40 1.88 12.12
CH 2 - 511
REF . PLANE
S41 FORWARD REFLECTION 0.0000 mm
R
LOG MRG. PREF=0.0004E 5.0004B-DIV QS_?EEOEGHZ
i Al MR : } . : : =i S5 873 b

MARKER TO MAX
PMARKEE TO MIN

|11 9.3376 GHz
i -28.649 4B

| 313.1008 GHz
[td =10.324 4B

04000 GHz 20.0000 |

29 3.3 A8 W paintd HAaEFA e wHALA S
Fig 3. 3 The reflection coefficient of paint-type absorber for various

composition rate.

_38_



=
]

3t

Permeavility
|8
[i]

(5]

02 0.4 06 08 1 12 1.4 1.6 1.8
Frequency [GHz] % 10"

a) MnZn: Enamel paint =70: 30 wt%

M= E =
T

Permeavility

0.2 0.4 0.6 0a 1 1.2 1.4 1.6 1.8
Frequency [GHz] w10

(b) MnZn : Enamel paint = 65: 35 wt%

MEE S
T

® T T ‘ T T T T T

Permeavility

0.2 0.4 06 0.a 1 1.2 1.4 1.6 1.8
Frequency [GHz] w10

¢) MnZn: Enamel paint = 60 : 40 wt%

a9 3.4 2RV wE AFFAY] Ba FAE

Fig. 3. 4 Complex permeability of the absorber for various composition rate.
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A% AsEEA T

a9 358 Hd %S UeEHUE 44 MnZn:Enamel paint=60:40 wt% 2]
2 mmol|sl 77 Wt ME WAL ATE AT Ao|th. FAIE sfolAFE A
o

T2 Hacta e FA 05

A FAhel W AgFes
7 AERUR ol BaH ot ofd 4 B2¢ Jehd AwA ARFFEA LS
=gk oH[5].
C
d= > (3.2)
2mp, f
-_5—\-._-#_ CIS: T T | — I—. ¥
L —— -l 25 "KI -
e T _ B B /‘—
= : : : o5 mm
-5k e W, BN TR IS s <o —
o] T ey e, ¢ “ 4 ™
- ~ j )' y
-'ﬂE; LS E ; | '\‘
B : : . N\ af h ¢ |
- — datal ; ! - L
u T <
= -+ - data? A I 1 mifn
= 15k e | —  datad|.. : : S / PR e
iz —_— datad . 2 mf?i
= - :
o
e - s Bt i ol s
_25 | L | L | 1 1 | 1
0 2 4 6 a8 10 12 14 16 18 20

Freguency [GHz]

a9 3.5 F7AAS e wE paintd AIFFA L] HHARA S

Fig 3. 5 Thereflection coefficient of paint-type absorber for various thickness.
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BAPAZ7] Aol BE AR FFT 24
A AR PA 2717} paint® A oG
7] 95 BAANE Delete] FEAARINE 24 ¥ FEYE BEI) 2 P
A71E ZAbetaL o] 59 AREFFEL S AT MnZn ferrite®] ¥ v Y A7)
9.72 ym, 150 g, 250 ol T8 ZAH]Z MnZn: Enamel paint=60: 40 wt%= <
A s, FAZ 2 mm7t HEE A Zete] 1 WIS E SA5ke] 19 369
B A
AA=Z7 7} F7heHe) Wl AR E Sl St HA AT AFIRR o) F
(ST} R M) DA g ) M S =

]_
oA o] dojibr] wji-ojty. MnZn ferrite® ¥ QA=
B

1A= 93

o,
rN
ﬁi
EIO{t
EN
[
oX
=2
o

o
o
BN
>

i

O

4o55 we F
717} 250 ymQ ] 13.8 GHzoll Al 25 dBY HutgF5= Holil 3l

et
of,
£l
jinss
D)
iy
N

Q]
=
AF7HA AREE AR Hit GAA7]7E DA A 88 MnZn ferrite

2 94 272 Ao A AREFES G4 AL + Jov gt Fis

CH 2 - 814
REF . PLFHE
C.00C0O mm

- FHARKER 1
LO3 MA3. PRE==0.20043 E.000dB-DIV 14,2000 GHz
’ ¥ z ; L : ; ; : ; -17.037 &B

811 FORUWARD RESLECTION

HARKER TO HFX
FIFRRTR T FTH

1 211.c800 GHz
I -4,82% 4B

2 17.2000 GH7
I -4.931 48

ooam oz 20,5000
Frequency [GHz] =

% 3.6 T YA A7)0 w2 wAbA S

Fig. 3. 6 Thereflection coefficient of the absorber for various particle size.
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2 FolAE doEgate] mwel ulAgge] wWl$ =o(10" 2—m)
Al(OH)y & m® 3 a1 oS0 AWFTHFEA WA= GFS zAFGY. 19

geko] pantd A5EFAE A2 ek 74 ol ok,

w
]
flo
Z
N
5

T
=)

3
9
S
)
=
mim
Ky
O

K
ot
o
i
o

A7FAI] CMC 8 9& A AR MnZn ferrite®} 90:10 wt%
o] W& = TEetal o]lF 308 mixingd dryingHAE AXHA MnZn$
Al(OH)3Z 80:20 wt%e nl& = ZHYstA ©vh. ZE ol MnZng paints}
Edste] HAFxHow AI(OH);Z ZYHE paintd o AuF5A2 A zHskol o

¢

E, E 329 ARFFA AzEAA 24N, A(OH),e ek, TS Wil
A EA AAsAE. 1Y 389 e vksh ol A(OH),E mYF O

AEFU I Ee] FHEe ¢ £ glvh o= Mnzn Ferite®

.
%

L‘i
=
kl
%o
e

Al(OH)37} Ferrite YAAbole] AR S dgAg oz 45 A8 S o3
A1 = MAGATL A0S FAAAZ Rol A0 Roletn Yz,
Aqueous soulution of CMC H,0 . CMC =97 : 3 wt%
MnZn: Aqueous soulution of CMC =90 10 wt%( A)
Mixing
A : Al(OH), =80 : 20 wt%
Mixing 30 m
Coating
Drying 30 0 m
MiXing MnZn (coating ) : Paint =70 :30wt%
(Mixer)
Preparation of Paint Type or Spray Type Absorbers
Measurements

% 3.7 Paint® A3FAe] AlEA

Fig. 3.7 Preparation of paint-type EM wave absorbers.
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3 3.2 paint® AIAFFA Axzx

Table 3. 2 Manufacturing condition of paint-type EM wave absorbers.

. Al H 57
Ferrite (wt%) Al(OH); 32 (wt%) | paint (wt%) N
(mm)
70 30 0.3
0.5
65 20 35 ]
60 40 2

MnZn ferriteo] AI(OH)39F TiO,¢] coating& HIFFoidES S7HAI AT
o] w5 ¥ (Single-layer type)oll4 3 FFol Fudd Ae Hst= F
ag A Fol stvpolt
1% 3894 MnZn ferriteel AI(OH); coating3 3l -2

F_>.i

& 45| 5 dBol/
Al F%to] 268 GHz ~ 18 Ghze W2 t9d& AWsta o). wekA coatingsh
Al Al vla] of 5 GHzS WY % FAS H AT MnZn ferriteo] TiO, 9

coating¥t & ARFFHGZS F/A 7 A= XAAT 3 dBY HAAFFTS
FAANAT 19 390 A% A2 TiO, o ANOH); coating & 3& &%
F ootk =d AAAEQ] MnZn ferrites TiO,lZ®H 3 FFoidZ s &5

Al(OH)4(a), MnZn ferrite(b), MnZn ferriteol]l AI(OH);% coating® 12 Z(c)
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Fig 3. 8 Reflection coefficient of the EM wave absorbers coated for AI(OH)4

and TiO,(sample thickness 2 mm).
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Fig 3. 9 Reflection coefficient of the EM wave absorbers coated for AI(OH),

and MnZn(sample thickness 2 mm).
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(a) AI(OH)4 (b) MnZn ferrite

(c) coated MnZn ferrite

¥ 3,10 Al(OH)s(a)®F MnZn(b) 2 coated MnZn(c)2] SEM 4]
Fig 3. 10 SEM analysis of AI(OH)3(a), MnZn(b) and coated MnZn(c).
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Fig. 3. 11 Thereflection coefficient of the paint-type and spray-type absorbers.
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Fig 3. 12 Reflection coefficient of the double-layer type EM wave absorbers

(sample thickness 2 mm).
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Fig 3. 13 Reflection coefficient of the double-layer type EM wave absorbers.
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Fig 3. 14 Reflection coefficient of the double-layer type EM wave absorbers.
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Fig 3. 15 Reflection coefficient of the double-layer type EM wave absorbers

for various layer—built thickness.
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