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Structural and magnetic properties of Ni-Zn ferrites, Ni,Zn; Fe,O4 (x =0.2, 0.25, 0.3, 0.35, 0.4, 0.6, 0.8) prepared by solid-state-
reaction process were investigated. Single cubic spinel phase were confirmed by X-ray diffraction (XRD) analysis for all the samples.
Although no clear dependence of x on the microstructure were found, the magnetic properties significantly varied with x.
Paramagnetic behaviors shown in the samples of x <0.25 changed to ferromagnetic behaviors with increasing x (x >0.3). The
saturation magnetization (Ms) increased up to the highest value of 78.3 emu/g at x =0.6 and then turned to decrease at x =0.8. The
complex permeability spectra (1 MHz <1 GHz) of the samples (x >0.3) shifted to high frequency direction with increasing x in
accordance with Snoek’s law. This is mainly due to the increase of ferromagnetic resonance frequency induced by the increase of
crystalline anisotropy.
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Ni,Zn,_Fe,04(x=02, 025, 0.3, 035, 04, 0.6, 0.8)5 I*HFSH(solid-state reaction)®Z A3+ F Ni X&) 42
25 W& AR 2 vAlTE, 1283 Ar)A 54 #sE AAF R AFsinh. 24 x MM @3] spinel #H|2}
o|E Jdo] FAEA, xo] wslol| we} mHltR A FER ks gldloy A1E 542 FA) AT x<0.25 B9l
Az AP 7Pk ARBAES Holtht x> 0.35F AAMAI] AsfATeE HEEiH. o] % xo F7ll wE) Zsix|s}
ol F718t x=0.6°14 783 emu/g®] 7P =2 XSRS ghS UERNIAL x=0.894 &% RASIGTE BEAFAES] 19
E4(1 MHz < | GHz)y2 x =034 x=0.87F4] S71el we} FA4&9] AR, sjhte] Highke 27t hishax BAFAE
spectra’} FAH o E 133}l WRko R o]F3lSt. ol Ni X|gHd(x)e] S7Feel wet Agxprlolibd &)yt S718ke] 3Rk
A 3 Fart R WEeE ATHEnt. Ad L5 1150 °ColA 1250 °CE STMAS W) 24 dxr) Slslar 2%
Hol Agshax TS H 24 WX 47 71kl BEAFARS: spectras A9 WEko g2 Hslslgi).
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55k A EAJo g QI Q19H (inductor)?] F(core), B}
ol=ZE3} ARHmicrowave device) B AXg} 2R So=
g8Ado] - =& Aotk Ni-Zn ferrite] 7] &}8pale
MFe,0,0 2 F@5H o] §io] & 4kA o]0 HAIR
Ax(fecys FABIAL unit cell Foll= 24719 54 o]
M=Ni*, Zn* L F) 3209 AkAa o]Lo] x3lE o]
ATE kA o] o] 1S AFHA] ] (tetrahedral site)2} 16
7He] ZHA| X (octahedral site)s BdSFH FErol2o] o]
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S b ApEA)e) SR Pxe) Aol Solbl Bk M
olLo] AbHA| X|E 2FXA|EPH A2~ (normal spinel), Z
HA YRI5 2FAsFE G213 (inversed spinel)0]2} =4
Ni-Zn ferrite= Zn ©|&¢] F2 APAA] YIS A8}l Ni
olgo] F& A sitedl] AX|FF H2u]dla} Axvldo] &
2 el (mixed spine)ZE EEA JTH6,7].

a2 slEslr] R AR B F7le) B4 Bl wel
Tk Faidee] AAimiel ATE WANTIE HES) AS
o] olupa Qor] ol 7he] AAIA e g Ao
FA} tFET Qo) A Avle) Badel Z7Nkn 3
o}, o]&3k Al 7H44S- EMl(electro-magnetic interference)
Zha ap 7171258 A3 A e dxEe et o
£ B2 3o 1A A 71sel AelE T As 9
stk EMIE 2Hsl7] 93k WHOE= F< shield can &
e A= 2 2 R 325 Baske 718 2119
FALE&o] =& AEE sheet} film FEZ 83 A1 2}
H7}F At} Ni-Zn H2lolEE G312 2713 24 24 5
SR 9 MHz told 52 BAFAS iy, =
wj wP =2 A7) AR g 7L o s )
T tiellA EMI 2H 2 7 A AF 29 uRF A
7149] A A2 &80 =T

Ni-Zn H2lo]|E+= 3/3% (solid-state reaction)[8,9], &3
HH (co-precipitation method)[10,11], &2 *H(sol-gel method)
[12,13] T o wpHo g Hdo] =of stk W, &
Ax B Ni-Zn®] Z2/38lel| we} miA] Frxok 2714 543
o] A Wsle FoE A St o5 1T AR
47| feide AFRe seRE e BEAFAE
(= @+j wye Alofshs o] w9 Fasith dE =9
] Tol} R ANl AAE el AP T
Holx] =2 23 0ol 7WRE ) jkol 71 o dEeltt
[14]. & AFIHE NigZn Fe,0.5 5o 24 MY 02
<x<0.80l4 FAte] 24 Wsie A2 Lxd wet 7=
9 2714 EAQS AAH R A7t

I A8 g2Hy

NiZn;_Fe,04(x =02, 025, 03, 035, 04, 0.6, 0.8)=
AHEAR1 7Rk o= It SLAT= NiO(99.97 %)
9} ZnO(99 %), L2]3L Fe,05(99 %) #2-S 7} 2Adol] wa}
sletakEn]o) g Hekele] Zr0, balld SF5¢t 3 120
pm, 2077t B2t 524 EF El(ball milling)E 3HTE &
A & AxH AEE EFY =Rl Fof d7|Ze] ¥
371 9971 1000 °ColA] 4x17E 5 12} 3RS Kttt
st gEE BES AR o diskd =374 30

Ni,Zn, Fe,0,2] 343 & A71H B4 - 35 - 499

mm)$} toroidald E=7E 9mm, &7 14.8 mm)S AFS3}
o diskEoll= 3.0 g, toroidalFol= 0.5 g] S ¥l 0.2
ton®] FHES 71t S FH 1150 °C =2 1250°C 2%
o] A7IZeM F7] 7] F 2ARE B AT kA
2 24 ] F& Aele HUL REE 5°C/ming Ao]
3L, A Alolle AZLEE FE 300 °C7HAIE 2.5 °C/
min® AoJg F g2 B2/ AA WS S5 Cu K,
(A1=0.154056 nm)S E}AlSE Al&3}= XRD(DS-Adcance,
Bruker)S ARt B A1ES] ARG wAE, AR
(SEM, JSM-7610F, JEOL)S ARl A sfchae] wiA|
TZE #A5I9TE Vibration sample magnetometer(VSM,
Lakeshore 7410y AF&3}e] <17} A -15kOe<H< 15
kOe 71X M-H curveS Z783150T). A8lgke] &% <&
EX(M-T curve)> Physical Property Measurement System
(PPMS, Quantum design)2] VSM E=Z ARSI 10K <
T<400K 7RI H=1T AgE /RE = == AP]
S AA FH=0) 2 M-T curveE 7931300 B4AF
A& =+ wHe A5 4 B S5 4= Impedance
analyzer(E4991A, Agilent TechnologiesyS A83} 1 MHz~
1 GHz S35 t)9ollA] toroidal FENQ] 22 AZl| 3]
=339k,

L. 23 ¥ =9

Fig. 1(@)E NiuZn_Fe,04x=02, 025, 03, 035, 0.4,
0.6, 0.8)S 1150 °CollA] 73 AE9] XRD w4 ZAxjo|r}.
2739 WlelA 22 glo] @S] cubic spinel SE O]
glEdeh. Fig. 1(b)2] 1250 °ColA] 223 NiZn,_Fe,0,
(x=0.2, 04, 0.6, 0.8) AZNME= T2 cubic spinel
o] 34 HHS BT} XRD HEOZHE 1150 °C 223
ANES] ARV oot AANIE AXKsle] Table 19 AAT8E
A xo] E o]E9 WIE Fig. 2a)ol HERHATH
NiZn;_Fe;0.014 Ni®] o] F71gl we} 2} 49} K-
7} FAH o R skt o Nitel o] HHE(0.78 A)
o] Zn*'9] o] WHF(0.82 AyRt} 2] uwEoltt. 1250 °C
oA 243 MEENE 1150 °C BZET A U3 2
A 74 B AR o] wislE B AvkFig. 2(b)).

Fig. 3& 1150°C(a~d) B 1250 °C(e~h)oll A 24|17} F9ot
273 NilZn,_Fe,04x=02, 0.4, 0.6, 0.8) MZ2] mchd
o] KN ARleltt, Aol AXE A8Y A7)(d)=
Y WAPHOZ Fig. 30 AAE ARG Bl oA H
THoE T34tk 1150 °C 223 HEZe] 3 F58og

rx

B0l Aol Y28 H(Facet)5o] ERIFU=] ©]
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Fig. 1. (Color online) (a) XRD patterns of NiZn, Fe,O4 (x=0.2, 0.25, 0.3, 0.35, 0.4, 0.6, 0.8) samples sintered at 1150 °C and (b) those of
NiZn; Fe,04 (x=0.2, 0.4, 0.6, 0.8) samples sintered at 1250 °C.

Table I. Sintering density, lattice parameter (a), lattice volume (vol.), saturation magnetization (M), coercivity (H), real part of permeability
() at 1 MHz, maximum imaginary part of permeability (t4,..), and the frequency (f, ...) at the maximum p" of Ni,Zn,_Fe,O4 (x = 0.2, 0.25,
0.3, 0.35, 0.4, 0.6, 0.8) sintered at 1150 °C.

x Density (g/cm’)

a(®) Vol AH) M (emug)  H. (Oe) 4 (@ IMHz) Homax Ju ma (MHz)

0.20 349 8.421 597.25 9.72 10.7 0.93 - -

0.25 3.98 8416 596.06 202 10.7 0.83 - -

0.30 4.01 8.409 594.66 36.7 10.1 218 100 229
035 4.09 8.405 593.73 54.1 10.8 363 173 6.68
0.40 338 8.402 593.03 623 8.80 159 74 129
0.60 298 8301 588.69 783 9.72 38 18 59.0
0.80 3.15 8.359 583.95 70.6 209 19 8.79 150
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Fig. 2. (Color online) Change (%) of cell parameter a and cell volume (vol.) with variation of x in Ni,Zn,_Fe,O, samples sintered at 1150 °C (a)
and 1250 °C (b).
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Fig. 4. (Color online) M-H curves of Ni,Zn, ,Fe;O4 (x=0.2, 0.25,
0.3, 0.35, 0.4, 0.6, 0.8) sintered at 1150 °C.
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Fig. 3. Micrographs of Ni,Zn, Fe,O, (x=0.2, 0.4, 0.6, 0.8) with different sintering temperature of 1150 °C (a~d) and 1250 °C (e~h).
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Fig. 5. (Color online) Temperature dependence of magnetization of Ni,Zn; (Fe,O, (x=0.2, 0.3, 0.4) measured under magnetic field H=1T (a)
and no magnetic field (H = 0) (c), and (b) plot of M/M vs. T obtained from Fig. 5(a).
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Fig. 6. (Color online) Real (1) and imaginary (x'") permeability of Ni,Zn, \Fe,O, (x=0.2, 0.25, 0.3, 0.35, 0.4, 0.6, 0.8) sintered at 1150 °C and

1250 °C.
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Fig. 6(a)%} 6(by= 1150 °ColA AZ3 AMZ9] éﬂ#a
MHz~1 GHz)®l| W& FA-&2] HAFR(u)9} 53
spectras HOJFETE 1 MHOA A9 AH3), EFX]'%
Sl High (), S ATIEE WS TR )
S ZHZ Table 1o AASIATH AR EAAS EO]% x=
0.2, 025 A& A T tgelX po w7F 27 AY
0ol 7R AL & 5 ok o IR BEAS Hole
x=03%E w7t F243] 7k x=0.354 W 1 MHzA]
HulgkS Holn] x=045F x=0.87HA 7} S7del =}
o SRR ”\‘5}‘11/‘1 fo ma= S7F8RE AEZ Snoek’s
laws 2= AFS BITHI5,16]. s i x=035 AZ
ol HARZ Btk Fig. 6(c)2t 6(dy= 1250 °Colld] 22
3 A=) F955(1 MHz~1 GHz)ell W Fxbg-0] A4ekie}
SN spectras 217t HofET) o7 |ME nRPIAE xoll wh
E IMHOAN 4t fro mae 85 237 Table 1101 A
3Ith. AR EAS Bl x=02, 025 A= 1150 °Ce}
vEIRAR pob w7F A2l 00 77 3k BATh 1 MHz
Mol F o, B x=03Y¢ W HUXE Holw, v}
71l w1 MH2IM S 1 35 p,, 8RS AASHAA
Fotr ma= LTI Z 02 o] FIITE 1150 °CAAlA] 1250 °CE 4

Table II. Sintering density, real part of permeability (/) at 1 MHz,
maximum imaginary part of permeability (t}.), and the frequency
at the tlya (fir max) Of NiyZn_Fe,04 (x=0.2, 0.25, 0.3, 0.35, 0.4,
0.6, 0.8) sintered at 1250 °C.

x Density (g/em’) 4/ (@ 1 MHz)  thypee  fo mae
0.2 4.63 1.12 - -
0.25 4.87 242 - -
0.3 472 750 396 1.68
0.35 4.64 741 332 427
0.4 445 369 166 8.00
0.6 430 103 53 35.5
0.8 423 41 21 77.7

A 57}t ool ule} 7} MEe] BAEAELS ZU18H
O for e FAHOZ U] & %Jl—r %%Eé ol 53t
85 o Utk 22 250 w2
o] I71e} AAHe A7) e t&ﬂﬂ Tsl 1oz dx7}
555, AFF0] 255 FAEY Ho k& EoH £,
e FORATE, TE 1150 °C 22X o= BAFARE9] Hu)
S Hol= ZAo] x=035824 1250°C &2 AdA=
x=032 HIEH=E AL 2 ] L2ZFL%7} Ni-Zn ferrite®]
T3 A7E B 4R 9% riRitaL B 4 Q)
o]

H A FAES zZr= Ni-Zn Ferrited ©]& ‘QE

fr -
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5.3~5.4 g/em’2 2 Table 1A o AAUEZHE 2l
o AHEEE 80-87% S € 5 ok 2 WS
Bl 249eE I ZIthE B3Fs 3RS 10% o)A 7l
g Ax7} & Aot

Iv. 24 2

Ni,Zn,_Fe,04x =02, 025, 03, 035, 04, 0.6, 0.8)=
ARkl IHRHO 2 st AT A 25l mE
AR 2 A7) A4S A7) 1150 °C B 1250 °C
oAl A2t HAS W M A D] cubic spinel ‘o]
SO xo] F7lol| wlgl NiZ'e} zn?'e] o] 2wkE Alo]
2 QI8 ARG AT xoll e miAlTE 4 2
Hal= gldloy &2 257} Folglel| wet 88w XY
s Aottt x=0.2, 025904 A AsS Holopt
x = 0394458 #Hgapde] Aso] Kol Issl= vt &
7¥oll we} Z718ke] x=0.6014 kS Holal x=0.8°]
A oAl gAY B4 BAEe 1539 541 MHz<
1 GHz)& x =034 x=0.871A =715kl w2} 4182 2
T 9 ] Hughke 7AsldA B4 FARE spectra
7t HAAC R H& T ko R o|F3t. o= Ni A
ko] F71stol wet Agxprlolide] Frtste] AR
Wt SR wiEe® st AZL%) 1150 °C
oA 1250 °CE S7HS W FARES] A5Re} s F o)
e S71IaL AA| spectrac A0} WO E o] F3I T
2 7= Nizn®] gl wet gekst Fale 3014
AYE] o] ¥ ) FARS] §-8 7FsES Bl 79
o} 3 B AE uiEo g 47 A 2 ool HvHE
F7F5}] RF(radio-frequency) FollA] AR A4S H]
W'yt 38 EAS ke Age JEs 7led Zleg
HIch

NiZnFe,0,8] &4 2 2714 54 - #3835 - 439
#HAle| =

2 A7E o] ATk 2018dE AR@SIIEEREAN)
o Afoz FFATAUE] ANS Mo} AR A7
(NRF-2017R1C1B2002394).
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