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Table 1. Classification of Cations for Spinel Ferrite Solid Solutions

o\

1+ Li, Cu, Ag

2+ Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Cd

3+ Al, Ti, V, Cr, Mn, Fe, Ga, Rh, In

4 Ti, V, Mn, Ge, Sn
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Table 2. Properties of Nizn Ferrites for Applications

Wide Band | Antenna, Inductor,
Frequency| and Pulse HF* Antenna, HF
Transformer| Transformer | Transformer

160~480 70~150 35~65 12~30

Inductor | Inductor

S ,
Property 1 I

Initial permeability,
Mi Or [ty
S 2000 |3000-5000|2500-1200| Z100 | 100
magifs:{'}s;‘f‘/‘gm 850 |1,200-1,600|2,400~3,400 12‘1?&? 800~1,500
Coercive force, 7£[0c] 05 10-20 | 2060 | 40~60 | 6020
100 iz | 20

300 kHz
Loss factor, 1 Mz 25~70 | 20~50
tand / e 3 MHz 50-200 | 2560
10 Mtz 60~120 | 50~130 | 50~130
30 MHz 200~1,000| 200~500

=100 kHz| 100 200~370 350~490 | 300~500 | 250~510

=100 kHz| 2,000

Curie temperature,
7[T]
Electrical resistivity,
o [Q-cn]

# HF : High Frequency

10*~10° >10° >10° >10° >10°
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Power inductor(Fig. 7)) 85+ F& RFHol|A]9] uj
Z(Matching) 3} 231, 4-93-0) 4] Decoupling=} H}o]
of2o]] AFEEE Zlolt) Fo| A3} 1ol 10~207) A=
AHEE|H T19) Pager, CLP, 41 LAN 5] o] %417
719] 273} 3] 2R Ho|th 2ol HHE 7} o}
U M Ee) o] Hglo]E Fo} AENA ] o]2F 8-S
Z7INA1 7] Q8 241 9] HAFE EA G A F
(eddy current) & 72A7]= W o] AFEE 7| 1L
), T12j3k 22 o] A LE Ao} Weko 24 MnZn v
glo]E9} NiZn Fl2lo| EQ] TEA & A Zdl= AT
Qs v gl

=&, T2olA o) power Flglo]E Al o) Aol 9o
AN g Sol, A5} Qldl THME 2 25t 1
E 80~100Col|A 140C7EA] AF317) wlj&ol], MnZn =
glolEo] A% Fe BgS =ATGO RN 24 WalS
SR WS AMES)E Stk Mnzn slglo|E 24
ol e) Fe” ks 2SI o 259 9)(140C) ol A
AR 0] 7Y e AL AL 5 Qly] wjR
o AT HAE WE7] 918 24 el AL
e He] A e FAE REe) 48s) 2 u)
&3loll WA FAE|ofoksty] wRoll slEtolE ZAle] 7

Ferrite Ferrite core
core
Sleeve:

core

T

Magnetic
particle resin
Space

LQH3NP_GO series structure Ferite sleeve core structure

(a) (b)

Fig. 7. Samples of chip inductor ; winding type (a, b) and multlay-
ered type (c)[Source for (b) : Murata Manufacturing Co. Ltd.].

W kgl aketsl, vRa) B 55 HaEE A%k
o] o, o]gfgt 7|9t 71&-S ENE 132 power cir-
cuite] F+go] 7Fsgk Aol

3.2. Op|FZ0 HZ2R|E

HLo| AT SERFOZAM G FoE FAlF o
O 7] EopllA] 8tE= o 100 GHz 93 2h=
nfo] AR 3} 7|l S-S FIL Utk HEO|E Lal=
H A EA AsHEo| B2 skineffectS zhe 345 29}
= TEA A 2531 A27)1739] penetrations 31-8-3t
o} Z1ejgk FakE el A 2P (domain wall)- o5
S Q7] wiZell, 223 AFol] Qg wlo| A= 0t FH e
S7F A Atk FlEte|E 2ol o8k mfo] A=
o] 42 &4 EAS ek, dvH o= Hgt
o|E] &4 defect, anisotropy field £, A7) H 5%
A4 Fletol =) 24, Fe9k Fe o] 2|3k hop-
ping A%k) 53 AdEH ol 545 S-838k= &4
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S E3] circulaior= Ao F2 dloj] AlZEo] A}
259 01}, #x)= mobile phonesl] AFE-E T QlTh &
gk Holl= w9 22 A7l A wlo] A2 5 8o
tf) 31 H]ZH-E4=(non-resonant absorption) dAfol =2
o] HolA| AL inh o] gk A/ sld AMVIAI 5.9
o|HiA APl ke W ACE Ve

ulo| AR5} Fglo] EE o] &3 FE2 B4, U, 7t
T AS71710l Do ® de] ARSIt Table 3). vlo]
A= 9} gto] E= 0.1~500 GHz ]9 Ful4= ¢f <o)
A AREEE Mgt A 2 9FAF £2(eddy current loss)
o] 23 uAgte] 10’ em o] AHS ZH= AAAA A B
(ferromagnetic materids) o]tk Y] = farrite A= H]
Agto] &=7] W&ol microwave oL} millimeter 3
ANNE obAF S FAID FEE 11 Fho] vl Atk

Garnet} 72 wlo] 23} F|2lo|E LA e] Aefe] 9]
ojA] A E oo} & ALER ARSFIRE, A B4, 25
A, AR Y Folth ARS- Fokrel BAE RS
A 50| Eststo)| L ST AE 2 27)FHRk

wl

X| 2 (ferromagnetic resonance/FMR linewidth, 4H)
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Table 3. Microwave Ferrites for Applications

T(C) | 4nMs(kG) | f (GHz) | &
MgMn | 290~320 | 18~29 | 7~30 | 12~14

Applicatio

Phase shifter, Circulator,
Resonator, Isolator
Faraday rotation isolator,
Resonance isolator

NiCo |500~590 | 1.8~30 | 05~10 | 10~12;5 |Fh2se shifter, Resonance

isolator
NiAl 160 0.5 1~6 9 Phase shifter
YFe |110~265| 0.6~1.6 1~36 4~16 |Phase shifter, Circulator

YFeAl |130~280| 04~17 1~6 14~15 Phase shifter, Circulator,

Field displacement
YFeGd 280 1 1~10 15 Temperature stabilization
YFeCaV | 170~220 1~2

15~10 | 14~15 |Low loss devices

Spinel NiZn |300~590 | 3.2~5.0 5~40 13~16

ferrites

Garnet

Permanent
magnet Port Ill

Ground
plane \

Ferrite

— Y-junction

Ground
lane
p A i Port i

Permanent
magnet

1 Transmitter 3 Receiver

Fig. 8. Schematic diagram for component structure of stripline Y-unc-
tion circulator.

EAafAEoH, AR Y g5 20 3
HEX] Z(spin-wave resonance linewidth, 4Hy) ]tk Garnet
< @A 7 gel AHgE e AEEA E3pAsgke]
0.3~1.9 kG9] H$E 7K™ 9 MHz~9 GHz Afo]€]
Falrol| A F2she ol A Palth Fg. 82 whol=
23} H|glo|E F3o] g Pl = circulatore] o & Vet
A AT o 710l ARE-E]= G (permanent magnet)
2 ferrite-loaded junctione] biasel] & Q3+ A4S T+
sk s gtk
3.3. Electromagnetic Interference (EMI) Suppressor
H FHE &% 71719 Aol 58t dE =
o], FreiAstel] sl 7l Qv Z#lele, IC 7}
T 59 B JAREFEC] AT 23 E A 9
o YUERE AET Q7] wiEel 717104 2jF= 2
IS oA)Ehs 7]12e] AAPo) = oA WHE 7]
7] o] AARTEZE B A 27k FAAke T
A wigdo] 2o ® I g riTable 4). whabr, 4%
7171€] A gk F7rol AREEE gk AT} 2] tiA)
& A5e] o] 87=m RAD t]%(13.56 MHz) 2]
7] A& NiZnA| g2l E R 59 75 777}
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Table 4. Applications of Nizn Ferrite Materials

&8 wof Tk 4o 2G| FAE(r) WS 7

At 704

LZ;;"" 10 MHz o4 | %o wet 2~160 0.7 #m~0.1 mm
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a Composite sheet b Ferrite—plated film

Columnar

Elastomer Magnetic flake crystallite
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'E Ipgm
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Fig. 9. Microstructures and complex permeability(imaginary part, 49

of composite-type noise suppression sheet and plated fer-
rite film.

ol 2R B AR slaoE, A B, A 2a
07 FlEte| E B34, coreshell 7322 YA il
2k 7HE e ?ﬂﬂ o] gtk EMI suppressor&-
HElo|E REL QT HRE AMEEe] ghon), Hlo=
Axp71719] A8} 5+ ] of Btro] F27171, AHFE, A
HAZ 7171 SolAM % Z#“E‘EE =], clock FaEE

77171 913 = o7 wsetal vk Wi d=
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2HA| JREE] 901, 20~200 MHz2] oA AR5 3

ATk A=Y suppressore= YE2] FulE 2]FA] resistor
=, AFak FGelM Bs= &
A2 FAD Aotk Falrt 7S EAF
g 7kt Eeu, ARk Al ol2A HH, oY
B Fur 9F2AS 2K resdore] 7152 2 "tk
S | 2lo] EX EMI suppressor® 220]& 2]y
Heto|Ee] FHF oG Bk w2 ghE 7w, Bl E
F FARE(ve| A2 Fuk v )2 AV WA RS
Atk Bhde] S5 Al 23kAsipe 24
W, FakEr S7Eek ek Fell ola) FAke kel

i A
o R

AA A FHashs HES AW ek e, S
et ES} IS A5 =4, EMI SJDIOT&OF 7
FOEA ] &L 750l =2 AR dEA Q. 5,
CoZ ot ZnpY Z/E Zhe S |Elo| E 912H10~30
um) S T 2A¢) Ni G2H2~3 i) 2} E3}ate] 7 EA} &

T2 A 25 ] E80) =L A= AL S 9k
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Frequency vs Permeability

180 ~——FLX-950X y' FLX-950X "
——FLX950Y ' o FLX9S0Y "
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140 ———
% 120
g o
£ \
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9 13.56MHz =/
20 — B -
0
106406 10E407 106408 108409

Frequency [Hz]

(a)

PET COVER TAPE : 0.01~0.05mm

FERRITE SHEET : 0.05~0.30 mm

.—iy"— ADHESIVE TAPE : 0.01~0.05mm

@ RELEASE LINER (PET/PAPER) \
(b)

Fig. 10. Performance of permeability () and schematic diagram (b)
of sintered flexible fenite sheet (manufactured by Toda
Kogyo Co. Ltd).
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