A Study on Broad-Band Design of Electromagnetic Wave Absorber
in Ferrite Cylinder Insertion Type.
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Abstract

With a rapid progress in electronic industry we enjoy various conveniences of life. As many kinds of
information equipments are supplied even to most of individuals as to be called an information society,
we are exchanging much information with one another surprisingly. Consequently the occupation density
of microwave frequency band is highly increased, and electromagnetic environment is getting more
seriously bad. It often gives fatal blow to even human life and thus becomes serious social problems.
Electromagnetic wave absorbers for anechoic chamber are needed to broaden the effective frequency
bandwidth, reduce the thickness, and decrease the weight. There are various absorbers proposed for the
above conditions, but they could not decisively solve it the alone requirements.

The Electromagnetic wave absorber made by a conventional ferrite tile has, for example, broadened the
useful frequency bandwidth by the way of forming air layer(practically use urethane foam, etc.) on the
ferrite tile. Therefore, an air layer is formed between a reflection plate and a sintered Ni-Zn ferrite tile
of 7 mm in thickness, which has reflectivity less than -20 dB from 30 MHz to 400 MHz in bandwidth.
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Accordingly, in this paper, a broadened electromagnetic wave absorber are designed, which has the
reflection characteristics less than -20 dB from 30 MHz to 6,000 MHz in the bandwidth. Then we
achieved the goal by design the inserting square Ferrite Cylinders with the thickness less than 17.5

mm on existing grid type Ferrite absorber.

The purpose of this research is on the development of very wide-band electromagnetic absorber for

a universal anechoic chamber for measuring radiated electromagnetic wave or immunity of electronic

eguipments, GTEM-cell, wall material for preventing TV ghost, etc.

I.AME

o] AxEAIZ)E9] wt N7e] AEE
a¥aA sFe b, de}i} A aclel Zhe)
A Ast=lz gl A Ao W o] A}
Aoz & FAL Fx ot Axpgd] APy F
AAel FA7Y 3o wet 8 7Ee Hargg
AL AnFeAe FAidst, wots, A%t 2
Azte] golA Fo 7o) 2Hz Utk o]
g Mo g FAHo2E CISPR, vladis
FCC, ANSI 59 #AIE 54 =lged, $ehvet
= AzEAEAR ] EMI(AAI9}As) ; Electro-
magnetic Interference) / EMC(A 23} oFgA
Electromagnetic Compatibility) A& "tEe] 4
Zoll du)stxz et g2k EMI/EMC A o o
H)sle] Ao & ASFFA Y 371 F4 35
72 sle AAelth 53], EMVEMC A
R i P B P 4 DAL B I o =i
7] 9% AT L ARFAst FAFAH7E
(ANSI C634-1991, CISPR A SEC 109, =+ IEC
801-3)& $¥3] UF4]7]7] HsAde, 20 aB(H A}
s} o) 99%) o] AAESLFTE MR e F
Frfedo] 30 MHzollA 1,000 MHz HE2] Ad%o]
S7EI e AAelH, ¢22Z = 30 MHz oA
5,000 MHz °] 1= 7ol 274 A
wrojeH1],[2].

olef e HAFTAE AHdl= Ao
£ FlglolE &AAd FHEAE S HEE B3
y AAFSsAE ALsHu gled, € &4
TDKelA & F3b5 50 MHzell4] 400 MHzH & ¢
A 20 dB o9 ARAEFSFTE 7IxE FA 5~7

rlo
0

e

-0
g o2

mm?} slzto] Eetals} FA 75 cm® FHE2XE
2 A 23 Zo] A4= 1 glrh. =¥ Nisshinbo
Tem- pest®] 7%+ 30 MHzel “] 800 MHz W9
& 20dB ojAe] HaF4AeE 714 Grid¥ A
HEFFAE NEste] A4 v 914[3]

ulebr, £ AT e = o8 £/
Helo] EE AY =+ dAgeR A A
zto] Bolg FFTE HAFFAE AUsted A
Ao z4 30 MHzolA 6,000 MHzS] Z33t]4 o
ZA WhALZFsEF 20 dB o)4de] AREFESTE 7HA
o, Azte] fo)3t wAF AAFFAE ALt
vpoprtA, 718 S F= FH2e|E J1FTE 2
23 AAFFA ARA A7l A2 ods
S dfAgo 2, 23 Adsta Ay - AA
7171248 #alsle AxgE FAH57] A% A

FRAE FAT A, Aol SHFASE FE
3] TFATed FEE Fa o4l

A8 W2 71Ee 75]?‘}{%‘ Hlglo] & Aufs
Aol A3 setol & 7158 MR sigtelE A
aFAE A= ‘%”‘J:—% A Esh= Aot} o]
= 71&9] dHepolE FAR o]Foixl 23 sHelo]
E7} Fa5ige] 30 MHzol A 3,600 MHzo %2

, BAFREY FapiAagAe] A & F
ol sletel B 23 o FASUA AA FA
7} 175 mm o]3fe]n], z)zte] f-o]F M2 A
o] ASFAE A, AgHolAE Esle] AL
gt Aol S7HEA T Aolwhy13)e &43)
o & Fodide] 30 MHz¢l4 6,000 MHz7
2 FoAst = A2 YA ASEFFAE AA
g}l =g, 7128 4 setelE TR 259
AgFsAe] AxA Arle Azt of=FE &

—24—



detel & 71E Ay AAFFA Foi dAle] 3¢ A7 3

X Y4
E I v E Z
+tapafateet o

Fig. 1 A Paralle] Plate Transmission Line.

Astel A7) - A7) 2RE WA A
2237 1% T4, GTEM Cell, ATV
B TVAASE] WALE 7l A% HAEe 29
289 & UES st Ao ZEE T2 AeHs]

0. S7I=Ed4H

2.1 S7lRNe

Fig. 17} 7o) ypgfo g £ w, xko s & 9
7 Abe]] zhAe] gl A HEAZ A 2
o2 Afrt 2= A, e gdeld &
28 AARg) ol z - 0ollA g Ale]o] A
A Ve dAse AARF s2E AL
g} ol E Hie] AHE +1 HFE Hie] A9
& 1= 8d AA E, v +x WFS g

Stol| A yubake] % w, zibake] Zol af] ¢

1.
Aol = A3HE Q, FP=ADY & 43E C,
AEAze) A3 4] {FHEE eoletx 3
ohg TAZE AR 2] 4]

Q=CV  coorreeremensermenssnssessseesnsessssssssreesnessesses (1)
V=8E, e (2)
= = EV .................................................
D=c¢E, g (3)
Q=w-a-D= ew?av .................................... (4

Fig. 3 A Model for Calculation of Equivalent
Material Constants.

% S Fig. 2 vehd Frldoz WD
detele 7% 722 Frb fAEe FHRAL
Fig. 3& °143lo Fig. 4% 2& Y4 4% mde
HE 4 o, & GAETF CE ofst ol A
kg 4 9leH1l 5161

o1 7] 4,

CFl = ED’EYAZ,
de, 4z

Ca= H3—q >
o dye gy T (6)
a—de,dz

Cag= =5

. (a—dl Erd
€= E°AZ{ a T (a-—d)e,+d}

w24, Fig. 3.914] Az8] FAE 7Hxl& 72
T S7HAE e, = A@)F o] AE 5 gl

Eog = G s 7
_ (a—d) &d
€ o 2 + (a—d)6,+d ................... (8)



4 WEREBREE F23H H1R 199

4
2

S Ce

e— mla

Nl

ol % =, Fig. 1914 L& Arldduize)
T S, gatde A2 AL 4 O)sh ol
FoAch ASAZelA olAE BelME +2U%
o2 4ZWBolN £ PR T2 AFE
ryRoE $719E AAE H ASUEE B
Agdzel A9 249 FAEE 1, gad A2
£ A4e 0, AVSABRE F FHALUNLE
Lolgbx she ohg AV} ARk

F
1

=L
H—w ................................................................ (9)
= s
B=—+-1 (10)
@=B><g><a=,1-g-1 .................................... an
a _ do
Ldt =g s (12)

A(12) AT A13)7 R,

wehd, B97eld ARAE A(14)% 2ol
i},

o} e gAY L 2ds 2E £ Utk F
FAAGR A L oz} o] A4 F
o714,

[e— ro o —af

1

Al

)
oI Az,

Fig. 5 A Synthesized Inductance Model.

Ly = popdz

u,ddz
Le = 3—q
................................... (15)
s.(a —d)dz
Lo = =55
— a—d lurd
L“‘O"Z[ a (a—d)ﬂr+-d}

utelA], Fig. 29t 22 F3ol A F7RAE
2o £ AU 7o} FoiAlct

(a~d) pude  dp
Pea="qf(a—b)py, + P (16)
_ __L
Heg [ g s an

7] AR vhge S7HIRAS el Ielbl

I. 48 "z2lolE 7|8 4y

=
Mut A2 HA

pad

Fig. 65 & 7% 7HA9 7]&9 AAY A
SEFFA el F7)FEo] T AR
& M FeE AT FdE ol F2 stk AA
of AH&R AEAFE 2FAEC] 247 2000, 2500

< 142 3t

_‘

Fig. 6 The Typical Shape of Electromagnetic Wave
Absorber Inserting Ferrite Cylinder with Air.
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Table. 1 Design Results of Electromagnetic Wave
Absorbers Inserting Ferrite Cylinder with

Ailr.
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Fig. 8 The Characteristic of the Electromagnetic.
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