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Development and Evaluation of Electromagnetic Wave Absorber Made of Composite Ferrite
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We developed a composite metal-backed single-layered
electromagnetic wave absorber of (spinel-type Ni-Zn-fer-

rite, Si0;) composite materials, which operates in the fre-

quency region from 1 to 4 GHz. A composite ferrite with
a suitable thickness has the higher absorption frequency
range than a Ni—Zn ferrite absorber, and the center absorp-
tion frequency can be changed by changing the mixing
ratio. There are a few changes in the absorption band
due to the change in the thickness in the composite ferrite.

Key words: composite ferrite, electromagnetic wave ab-
sorber, SiO, added Ni-Zn ferrite, complex permittivity,
complex permeability, high absorbing frequency, wide
absorbing bandwidth
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LTW3, 7254 + OEFLFEEROEHH IR 12 T
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BEEOEER, BWEOHEFIC Lichtenecker DX HBRE
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Table 1 Mixing ratio of (Ni-Zn ferrite, SiO,) pFOREREH L 3E—HT A EbELD LN, O
composite materials FRiz RSN B &I, MRDSEMEATS 5 HBSIENS
Sample Mixing ratio REL BT ERIYERNERFOFEES BB EBER T
NZ11 (mol%)  SiO,(mol%) BB Ni~Zn 7 = 7 4 b RO & X & B L TR
7591 90 10 LEEELOND.
7573 70 30 Fig. 342 Ni-Zn 7 = 5 4 M S0, 2B L 72 BikRIAD
ZS64 60 40 AHEN T mm o> VWTORFHIIRT. 207574
7855 50 50 Ni-Zn 7 = 5 4 b1 Si0, 2184 U - BRI 12 S0, O
7546 10 60
7537 30 70 - ettt e —
— Nz
C 7891 o 2555
1: 1IR3 LB FRECHELERNEAZT» 128, r & IS73 X Z546|
TR (320 MPa) £ LTI 20 mm O~ Lo F 2 (681U, 20000900 — 064 7837
SUFT 800, 5HMIEA T TIRERETT 5. BHERT T
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L, KRAH—{L S &7 % O MR (320 MPa) % L Tl & POt XXX XXk s o KR DO 5
F20mmo~<L .y FEFRL, BELF T 10007C, 10 Bz ; ]
5
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S TAEREITS. BHBRHS 3.
FHEMEL (Ni-Zn 7 2 54 F, Si0y): Zo¥EKE Si0, (8

B 92.88%) % Table 1 IS Rd T AR TEFRBTHELT 3" PR L
BRIREEAT > 1B MERH (320 MPa) £ L TEFE 20 mm © A
Ny b AFEIL, BSEAT 1200°C, 2 BRI SD THER S Frequency [Hz]
T, HEEL-Ly b A2 boAa S ra7ik (AR 7mm, Fig. 1 Frequency dependence of the real part of the
W 3mm) 12T L, "I rAZRy b T =2 TF 54 H— complex permitivity for the composite.
(HP8752C) % FI\' T 300 kHz~6 GHz & & 5 & < 8 %
BERIEL, EELFEE, BELERE LUV s—vo 100
2&GW L7 £, XEEHEE (Philips, MPD1880) % H
LWTRAEOEEEMEETT - /2. 10
4. EBREESLUEE T
Fig. 1 {Z Ni-Zn 7 = 54 + {2 Si0, 28B4 L 12 BHBN{ED o 7555
WRLAERORYIOH B EZR . NiZn 7 = 5 4 01 X 7546
PREAOEFERICH LTSI, 2BET 5 &, BAHICHHIL W 2837 a
THEERSHD LA T hi2Si0, DEFBEAHH 3.8, Ni-Zn 0.01 L o
7254 b2 THE DI EEORBLEMET Lo 1o z 3 45 678105 23 4
TH5. Frequency [Hz]
Fig. 2 R AMEORBERENA Y. Ni-Zn 7= 5 (a) Real part
A4 b2 Si0, 2B 4 L o BRI Si0, DIRE IS A L
THEFHEHEROFIEE, ERBEHIEHALL XRDO 100 fr
#REINI-Zn 7= 74 b & Si0, B DR OBEHEEE DL S
7, BAETH 2 LA S N SO, OREGEMKED 10
BAERNIZIN 7254 bOFEH DI SIO BEET B1ITh
BESHIZ SN, SREFER@ISCEY, MGH T = [

BEHEIH T 2BOBEIC L 2IHEI/NELL oo —_— NZ11
FEZ N3 Z 7891 o 7855
. A . e , 0.1 A IST3 X 7546
SIOQ %YE’.% L f:%(ﬁimﬂﬁi@?ﬁﬁkﬁﬁ'}zli Lichtenecker - 7564 X Z2S37
DHBREXEHO B ERR LT3, 0.01 1
. ' T s 4 s eTE 73 4 56
p¥= ﬁ 4) 10° 10°
Frequency fHz]
ICIT, 403 NiZn 7 2 54 b OEBEEOBEE, (136 (b) Imaginary part
Byfel, 63 Ni-Zn 7 = 54 b OUHEAGKTH S, WKk Fig. 2 Frequency dependence of the complex
ORI EREZSEERL RO S EiIcs B permeability for the composite ferrite.
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Fig. 3 Frequency dependence of the return loss for
the composite ferrite (sample thickness 7 mm).
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Table 2 Density of composite ferrite

Sample Density (g/cm?) Weigth of 1x1m”® (g)
= - e
NZ1i1 4.3 17.2 (4mm)
2591 4.8 28.8 (6mm)
ZS73 4.74 28.5 (6mm)
7564 3.83 26.8 (7mm)
ZS55 3.84 30.7 (8mm)
2546 3.43 24.0 274
(7mm) (8mm)
2537 3.36 202 235
(6mm) (7mm)
NC13 4.09 16.4 (4mm)

BRICHA L TRIGEESSAEUCHEE T 2 EE»E o0
fo. THRBRIGOFERNEDL, HoBBRISEHLL
RHBEREEBRORKET EHRLBERROFHE O3
LR AAEEESGHz BIcB N v THELEELLNS
(Fig. 1,2). F71, B L 2BNEAHEBOE{LAEB LN,
Thid, BALREEZ 2 itk v EELFEROEN, &
FEERFOEBHEE(L S LHAETH B DI,
Q) RXEW - TRHROFHERF OENSEOLNE LD TH 5.
7, Ni-Zn 7254 b & Si0, ORAHA4:6 BLT3:7
Bl Tid 1 GHz Pl Lo RIS IcBh TV 5 H RS D
Ba7 54 1 (NC13) & ZEFE UBIVEEREZ &> &M
Bans, CCTHRNERESEDRAKICX LTS 5~11
mm TH 5. WROBHBIEG L SEHRES N HABER
A DEE % Table 2 IT/RT. CORIIENIZn 7 = 54

b, Ba7 =54+, BLURARIOEABEHRIUEOHE
ERBEICLD IXIm DI A VBT 2BRBINGEOER
ZRLTH 5. HROBHERIEOESICHNTES K2
BULOES 2 BEE L T 2EABHBRIARERSRRDO b
DEHNZEH IS5 ERELELOHEMICH L TES RLEN
NEVEMTH BT Ehbh -7t EROBHRIUEAL O b5
BENEL 50, BHERNEGISELEITE LTHEH NS
TeDICEEBRAB LS EONBRE LTHBEhE L%
ZZ320LAG~IImMm SVWOEIERELTEDOTR
WOhEEZLB,

Ni-Zn 7 = 54 b & SiO, DA 3: 7T OBBERNADORS
KR OBIFURIEHMSE OIS T Edtbh - fo. RIEH
% Fig. 4 15589, Fig. 5 BN h O EEY —20dBo Y
¥ — o R 3RIGEEES £ o0 EEETH - THE
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Fig.4 Frequency dependence of the return loss for
the composite ferrite (sample thickness 5-11 mm).
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Fig. 5 Normalized —20 dB bandwidth and absorbing
center frequency of the composite ferrite and Ba
ferrite.

LU RBROEAKFE%/RT. —20dB ORIXEII 5~11
mm OFABETRONI. i, CORPHEBERRBLTRTX
Tl GHzU LOR SR BE RN HE S, $£/2-20
dB BIUENEE 1 GHz Ll Lo B SR Ba 7«51 +
L0 LHEEPEVEVIEREEL. HcBay=51 b2
BOUTHRNSRETH2 4smm OHAMBEIEBLTAB L, 4
mm 2 ¥ 1 3 BNBOREEEEH 3 GHz THRIBAL L 1< B
HBREH015TH 5. oBRNPLEHFEEI LT 2HAE
FERPUA DKM E (6 mm) ORIHIBEERER 5 &, $025 &
Ba7 =54 FOBRINEEIBL Y R CBIGHFETIAVE VS
BREBL. Thid<—ZXMNi-Zn 7251 b THBEIHIC
HAEBHEBIUAO HABSKILBEHER G MHz Th 3 ¥,
SiO, BEAL TV B DI BREN X {8y, SR
T THEMRLEFLTVE LD THLEEALNS. COKYD
R BLT@RAELEUMSKE T 2 BBEEBABSEL B
oD RIGEBESEEL L b0t Bbh 3. 4, &E
S L THBIDGHEEM L GHz LI ETh b, BRINGHREYL
HENBERNATH B Lsbh o1k,

Fig. 6 IkNi-Zn 7254 b, Ba7 254 +, BLURAK
EEAT S EABHEBIAORE S o3t 3 2 BN EE
& —20 ABRINABEFBE N-TER LIS 57 TH 5.
Fobos@BPEEEEBALWVWI EERLTWVWS, Ni-Zn
7274 MoV, BAE5GHz FHEX RN 2B % E
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(a) Ni—Zn ferrite
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(b) Composite ferrite
Fig. 6 —20dB absorbing frequency of ferrites.

Y 2L XIBEENA~SmmIC B, £4, Ba7x541
FC2WTABE3GHZ (T .2EZ 2 LRBEEN 4 mm &
BT, EH550MEGRINFRIC L TOERICLZHHE
BINEWT Edbh B —K, Ni-Zn 72 54 b2 Si0, %218
A LBERNUER EoF o LT s BRI 3 2 358
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BEoHHELSRKEVWI Ehbhok NiZn 7254 b &
SiO DHA9: 1 BLU T: 315t L Tid[E U4 RIS
LTBNIZn 7514 r&Dd, 4:6BXU3:TIIHLTR
FAUHREBIREIRET 2 Ba7 =54 P &b bRAREDOHH
EARKEVWIESbhot, IO EICLD, BEOHVRE
BEoRREMSERs N, ERNCERERNETEEEELZS
ns,

5. # E]

Ni-Zn 7 = 54 MC Si0, 2 BA LEABRBMAIZ-> U
TUToREESESh.

1) LA EESEEELL, 1~4 GHz OB B
BLUIMETH 3.

2) BAHZEZZ LIk THERBRNAEKELEALS
CEMTES,

3) EA0Zic L ABIEIROE LS /NE W,

4) B2 2+ TEREEHERNATH 5.
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