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Development of EM Wave Absorber for Suppression Noise from
PCB Using Sendust and Mn-Zn Ferrite
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Abstract

In this paper, we designed and fabricated the EM wave absorber consists of Sendust and Mn-Zn ferrite for
suppressing EM wave noise from PCB in ISM(Industrial, Scientific and Medical) band of 2.4 GHz. We fabricated
several samples in different ratios of Sendust to Mn-Zn ferrite with CPE(Chlorinated Ploy-ethylene) as binder and
confirmed that optimum composition ratio of absorbing materials was Sendust : Mn-Zn ferrite : CPE=70:5:20 wt.%.
The absorbing abilities were simulated according to different thickness of EM wave absorber as the function of material
constants calculated by measured data. Measured absorption ability was analyzed and compared with simulated result.
The simulated result agree well with the measured ones. As a result, the developed EM wave absorber with thickness
of 0.85 mm has absorption ability of 5.4 dB at 2.4 GHz and over 3 dB in frequency rage of 1.4~4.1 GHz.
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Fig. 1. Single layer EM wave absorber.
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Fig. 2. Manufacturing process of absorber.
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Fig. 4. Measurement system.

28 5. ANE ARERA, A4S E), 4
Fig. 5. A photo of the absorber, sample holder, sam-

ple.
0T :
6,0 ﬁhlckness 1 mm
SO S ¥ H
1 a0
L

=) .
S . .
. O
51% 3 .o io-» o o
8 . o o o
o . ot 5oL °
é o o. ° o o »0
o - 3 "4 o0
9 . 2'0 000

-5 4 H pad RS

—o— Sendust : CPE 60:40 wt. %
—=— Sendust : CPE = 70:30 wt. %
-6 N T T T T T
a 1 2 3 4 5 6

Frequency [GHz]

2 6. ZAM] sendust:CPE=60:40 wt.%<} 70:30 wt.
% el vt A% 54

Fig. 6. Reflection coefficient of composition ratio sen-
dust:CPE=60:40 wt.% and 70:30 wt.%.



Sendust®t Mn-Zn FerriteE ©] 48 PCBERE Y Aztsl WAl AL AngFA Mg

=)

Wy B N
'v,v lThlckness 1 mm
R "%”%. |

— -2 'on
@ Tooe 400001
=, v Y 000
€ 3 i Q% gned
@ o WY ooo0qeee® ]
Lo Yoe
E 4 Yo i
8 vo e *
o oo." v 0
£ 5 " o{:o_ P .2.;!1.‘...‘..
2 ) v 2o,
] o
£ . : . ; ‘
S N —— Sendust : Mn-Zn ferrite : CPE = 60.05:35 wt.% }--

‘
&
L

————— —0— Sendust : Mn-Zn ferrite : CPE = 60:07:33 wt.% |-
~-| —— Sendust : Mn-Zn ferrite : CPE = 60:10:30 wt.% |-

T T T T T
0 1 2 3 4 5 8

Frequency [GHz]

J% 7. Sendust®] ¥Fol 60 wt% Y @ Mn-Zn ferrite
Y Aol BT WA A%

Fig. 7. Reflection coefficient of different ratio of Mn-
Zn ferrite(sendust:60 wt.%).

"0%.  [Thickness : 1 mm|
A (-3 ; T
g B0
2 3
b
L
‘c 4
g
8
o 54
e
i)
s -6
2 :
5 2] : LA S S
x —e— Sendust : Mn-Zn ferrite : CPE = 70:05:25 wt.%

84 —0— Sendust ; Mn-Zn ferrite : CPE = 70.07.23 wt.% {.___|
..... —uw— Sendust : Mn-Zn ferrite : CPE = 70:10:20 wt.% |.....

T T T 4 T d T T

0 1 2 3 4 5 6
Frequency [GHz]

O3 8. Sendust®] 3ol 70 wt%d W Mn-Zn ferri-
te T sl mWE WAL AP
Fig. 8. Reflection coefficient of different ratio of Mn-
Zn ferrite(sendust: 70 wt.%).

mm, W7 3.05 mm 2719 A}FFA sample S
s 3 1% 49 70| network analyzerol A3}
o S-parameterE ZH3ATH. SHE S-parameterS
¢—20M0E ol g3t A7 AFE ANSATH

3

0
Hr

| M

3-3 =9 TYHIE YA A5 3

A

S 1 mme ZAIH] Sendust:CPE=60:40 wt.% 9}
Sendust:CPE=70:30 wt.% ¢l A1 Z9] HkA} Al 54 &
I¥ 69 JePNUT) Sendust ol 60 wt.%<l 7
%, F4 F94 3.5 GHzolA 43 dBY E5%S

Bgom Sendust TEo] 70 wt% <l 7% 2.6 GHzl
A 48 dBY F4%S E¥th 2AY] Sendust:CPE
=60:40 wt.% %} Sendust:CPE=70:30 wt.%l Sendu-
st9) kg FAET Mn-Zn ferrite S 5 wt.%, 7 wt. %,
10 wt%e A7He A EE AFe £ 2548 243
A, 1 AHE 18 734 29 8o JeERiich
a9 73 1% 8 M2 E ZAIH] Sendust:CPE=60
40 wt.% 2t ZAH] Sendust:CPE=70:30 wt.% | Mn-Zn
ferrite S A7HHRAE A%, 22 FANA 1 dB ol

300
—e— Real
—o— |mag
250
f
200 -
é‘ 1' ‘l.. -.‘ "
8 - .
£ 150 Ar i
£ ! M)
@ L .
Q100 -+ .,
. .
I L
I § : : Peescssacnnee
50 o ’ :
o H 00 °°‘3‘o(1
0 T T T T T 1
0 1 2 3 4 5 6
Frequency [GHZ]
o O
(a) B4v FHE&
(a) Complex relative permittivity
20
—e— Real
" —o—Imag
16
!
1
> 124*
% .
[
[} .
E 8 *
hd
g .‘ ........
il
ad o000
60000°F 2o ! s
L OO
L]
[ %%0 4
0 ; ."O-nooéoooiggtggﬁ
0 1 2 3 4 5 6

Frequency [GHZ]

(b Bav) FAg
(b) Complex relative permeability.

3 9. ZAH] sendust:Mn-Zn ferrite:CPE=70:5:25 wt.
wel MBS Bow) #7082 Baw Fa)
3

Fig. 9. Complex relative permittivity and complex re-
lative permeability of sample containing sen-

dust:Mn-Zn ferrite:CPE=70:5:25 wt.%.

247



EEEHEBRERGE F198 F25% 2008528

. .""’%! v YYvYy|
*0Y, H b GO0
S 50, B | L AR ~
2 oYy L SO vl
% 2Ty, 'V_'” e P .
by 3 Tei0 Yy v O o
c - v \d
2 o S0 T 0 ot
L PR ) c
= 0600 *
5 -4 - e
g : :
. .
5§ S
£=
o
9
B €A
x : ;
_74.....| —®—Sendust: Mn-Zn ferrite : CPE =70 :05: 25 w.% (0.85 mm) |_|
~~0— Sendiist : Mn-Zn ferrite : CPE =70 : 07 : 23 wt.% (0.7 mm)
N —w— Sendust : Mn-Zn ferrite : CPE =70 : 10 : 20 wt.% (0.63 mm)
- T v T T T T T
0 1 2 3 4 5 6

Frequency [GHz]

A 10. 34 F94E 24 GHzZ IAAZ 7 A
THE WRAF AR EHOIH A3

Fig. 10. Reflection coefficient of samples with di-
fferent composition ratio at 2.4 GHz(simu-
lated results).

| Sendust: Mn-Zn ferrite . CPE=70:5:25wt% |

"0, ; ; | Thickness : 0.85 mm
e : :
2 G. b see?
L} IO B Y = o poes?t®” ]
3 'Q‘ [y oo**' h
v 7 o0®
4 '220 § 4 ott
0 s
[ “Oooo S_o'
'o...

Reflection coefficient [dB]
&
1

—O— simulated result |-
—&— measured result |7

ol : —
0 1 2 3 4 5 6
Frequency [GHz]
J8 1. Agdeldsd 433 vu
Fig. 11. Compared simulated and measured result,

34 Alggold 21t 3 5 23t Hln

Sl A S E S-parameterS o) &3l AE AF
(&, #)E AMAL, AXHlA A5 & 2
(D3 A ()E o143t FA 2 F45E A58
th AlEgoldolE MATLAB ZEIHS o]&3}
Atk

Algdold A,

> >

ZAH] Sendust:Mn-Zn ferrite:

248

CPE=70:5:25 wt.% %l 73 2.4 GHz ISM ol A 7}
A EEEAS Bol= AL AT F AU HF
A A A8 FFE I8 99 YIS, =
Aulg} FA wale 2 5T AESXE I 10
of JepHth

AAE ABTFAE 24 GHz AE F30l A
% 5 dBY FF50] dSHUL, oW HF FAc
0.85 mmo|{th AAE AFAE vyl AGEF
AL HA AFstQon, I8 49 33 A" S
o].&g—}cq u})\} 7:“/\_6’. %xh‘s} g;q. :L% 99]. 7Lo]
&R ASA7F AY KA AHE A& F AU

22 g5

B =8dMe JZ EMIEMS EA7F 473 o
FEH2 3, Tol o3 FA 7t skl ek Ax
7171¢] PCB ICH oIV QAo F&& + Sle 24
GHz ISM WA 2] EMI i8¢ ADEFAE 7)
w53tk Sendustol]l Mn-Zn ferriteS A 715}ed Sheet
el 2 A etk 244 Sendust:Mn-Zn ferrite:
CPE=70:5:25 wt% ¥ W 7}¢ £2 EAL HYo
o, AZE AgEFAs T 085 mmZ 14~4.1
GHz 1994 3 dB o] A% 4% SAE X
Qom, A Fukg 24 GHzolA 54 dBY $5%

g1ed

(11 A&, "AFF/AH A",
w71&A, 92), 1998Y 64,
[2] 5734, HFEl, B, "azst s A T4
EF7e Ay I, S5AR9e13] [z

#3778 A

<X, 14(4), pp. 81-91, 20033 10€.

(31 BRE, I3}, "ISME FI g9 o] St
2 71%71%), §FFANY, BFFA A
HE 7| oR=EA | pp. 105-113, 1979 1€,

[4] AEY, AHFFAFE, HFAL 2006,

[5] Y. Naito, Electromagnetic Wave Absorbers, Ohm,

1987.
[6] O. Hashimoto, Introduction to Wave Absorber, Mo-
rikita Shuppan, 1997.



Sendust®t Mn-Zn Ferrite S ©] 4% PCBRY-EQ] At ¥AF AL AgHA N

[7] Chang-Mook Choi, Dong 1 Kim, Dong-Han Choi,
and Rui Li, "Development of broad-band electro
magnetic wave absorver for X-band sensors in
double-layered type using carbon", 12th IAIN World
Congress, vol. 1, pp. 297-300, Oct. 2006.

2007 29 Sty Avg
83t (FetAh

20074 3€~EA: =)ty
Augsts AR

[ RA20H EMIUEMC &4 4
WA, 35 A A

=
[5)

19759 2€: SsigU g 3
skt (F84h
19774 24 SRk ey Ay
THAT (FHAD
1984 39: 4E FAFYUSY
e A7pAAE S} (FEaA]
a 19759 349 ~19931d 99: e ¥
ety 2y ~Rys

19903 349 10 AgESA g 4

] [+
19954 44 219 AR7IeAE WEDF £F 4
19984 94 30 F=FANEI T T4
1993 109 ~3A: =gty A
20029 1€~20034 129: S=2AA 485 834
[F HATO0H nlelazal ¥ WAv|es 3z 4A,
CATV A$3EY HA, 345 A9 A,
EMIEMC td %

[8] Sang-Hyun Moon, Seung-Jae Shin, Jae-Man Song,
and Dong Il Kim, "Development of composite a
ferrite EM wave absorbers for GHz frequency”,
Journal of the Korea Electromagnetic Engineering
Soc., vol. 14, no. 12, pp. 1329-1334, Dec. 2003.

2006 29: oS AAZE
& (3

2006 29 ~@A: shal o st
Aohgats MALAA

[F ZtAl20H EMIEMC ¥4 #
WA, 345 AGF5Ae AL

20078 2 gL At
383 (F3H4h

20079 3Y~&A: I Phea
Aotz gat A

[F 4RO} RFID, A% A
F7A e 5

249



