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Magnetodielectric Coupling in the Gd and
Mg Co-Doped Y-Type Barium Ferrite

SUN Meng, YANG Yang, ZHOU Jianping

(School of Physics and Information Technology, Shaanxi Normal University, Xi’an 710119, China)

Abstract Ba, ,Gd,Zn,Fe,, Mg, O,, (x=0.0, 0.1, 0.2, 0.3) ferrite ceramics were synthesized by a sol-
id-state reaction method. X-ray powder diffraction pattern and scanning electron microscopy results show
that Gd and Mg doping reduce the ferrite lattice parameters and slightly change the morphology of ceram-
ic. The dielectric parameters of the sample increase with the doping amount. The dielectric dispersion oc-
curs at lower temperatures. The magnetodielectric phenomena above 50 K are caused by the joint action of
electron jumping motion, magnetoresistive effect, and Maxwell-Wagner effect. The co-doping of gadolini-
um and magnesium ions affects the magnetic structure to be non-collinear spin order, producing an intrin-
sic magnetodielectric effect, especially in the sample of x=0. 1. The research results provide fundamental
value for magnetic dielectrics.

Key words solid-state method; hexagonal ferrite; doping; dielectric properties; magnetodielectric effect
0 FI&
WEA AU (MD) 45 ABHIS A B RE 2 B 05 37 1 W ) L 2 2 Bk e R I — D BRSPS, — %

r#s B 85 :2024-05-17
BEEE : P RS EARI 45 9215 A A H (GK201901005) ¥ B)
BIEEE RO, B, 00K, M1 207, 4 R0, 2 F Wt 200 A A, B8 7 ) 28 ) B, E-mail : zhoujp@ snnu.

edu. cn,



44 WA 27241 CE AR B2 RO

SR, 5 A A AR AL LR 32 A =R, B 5 A R AR A 808 Dzyaloshinskii-Moriya AHE/E A
“ - bR UIER FIE R M AS B SR A p-d BB AL . ARG nT DA S - A RS B -
TEHE G KA FBEA A A 0 7 1) B BE o DT 7 A 1 FL RSO o R IS A P, i B8 Bt o A Ak & A= A2 4k, 7
A MD, L, 7R AHZ 2R R R G F R0 RE A 7 AR AR AE MDA, 52 86 37 P8 42 1 - Bk R 3l o 23
Pt MDY BEBH AR 45 A Maxwell-Wagner SN & & MD 1955 —Fh 20 . J5HFh MD Sh3EAAE MD,

INHEREUAR PR BRI 09 AR 0 R A 1 R L R4 B R RGP B » A R RIS b Ny AR v i R
TR i HS AR R LA AR SRR [ T RESE A, R R R YR N T R A AR X
FAR SR T R REE A TN 2 B 22 FE 3 0 NS PSR . ML Y L Z X W R U T80 e Y RIS
KB N BayMe,Fey, Oy s Me Fm M BHE T 40 Zn*" .Co™ \Ni*" A1 Cu® 4%, WK 1) i, LA S
(2MeFe, OO T H (Me,Feg O, ) A FEARBLITTUT ¢ S, Y5 7Lk STST'S' T CRRIF ¢ Wl
12059 JLAESERT Y RS A EAR RO RMERE T A — @ BT 9T B T8 4 i UL 0 1k RE I 1 7 Bt
WNFEREAT E AR ST R B2, WL BHE & F & B A S REA AR A AN B — 2 I it
P45 IR RSN IR E AT TR K B OGRS B - TR B A% A0 - 90 A5 B B L BRI 55 X Y B S A A4
ARGEPERE A FPERESE A T AR RIRREE AR R R AL G O R AR N AR E MR Y
TS AR A T 4 REAT 28 7 R S ARG PR B0 A AR R A =22 A0 T A L AL B A X B R 3k
AT — 5 RE A, SR E RGP AT MD AR B

AR SCE A [EAR SN VL 25 AN R824 1 Ba,—, Gd, Zn, Fey, Mg, O, B ZHE i BFSE T 4L L BE2L48 225 B
B B ROWIE S A PR BB ARG FL PR RE AN 52

19

L1 Feahili &

MR (BaCO; 5 99. 996) EALEE(ZnO, 99. 920) VALK (Fe, 05, 99. 920) AL EE (MgO. 99. 96) FIl %
FEEL(Gd, O5,99. 9920 ¥ F FE 25 4L A, T Ak 2 25 i 8R4 B 46

I AR RS AR . FERURHIE T 48 h, 3 HARY 0 A2 1 LU ARIRUSURL A K 5, 72 Je e
FEFPERES 6 ho METJS7E 1 150 °C FHikE 10 he B T2 )E B keI OB IR , FRRERES . ) . #F
AR E R E AR 8 mm JEEEA 1 mm WE 7225 H 1 250 °C FAESE 24 h 1528 i B B AE i
1.2 M

T X B By R AT 5L (XRD, D/Max2550, Rigaku, F 75 X B 5 04 5 44 45 ¥ HE A7 R 40E, 43 31 3 %
7(°) /min, FATEIEE 20 K 20°~80°, HLYE LT Ky 40 KV, HL A 100 mA, FIH 3 # 7 %1545 (SEM, Nova
A50) WAL L I TOWIE S . B 41 45 10 B A S AL B S R4 T/ L S A rR PR B . K i B i AR 5 R
FL27k 10 ¢ 1 (MR, JTAERE S PR ARl Al e 25 J5 B et Rl . =R T, i LCR HLFRF (Agilent
E4980A) £ 20 Hz % 1 MHz {550 2 [B] P9 0 & P 2 FF o 09 A Bk . FH G IR & ZE #% (Eastchanging,
TC280) $E UG » 8 F A4 (Cryogenic, SMS1200) /= A: #37 , Bit & LCR HLMF (Agilent E4980 A) MU i 78
5~300 K {REEE MD,

2 Zhitig

2.1 MR ST945 0 5 bi

E 1(b)J& Ba, ,Gd, Zn,Fe;, , Mg, O,, (x=0,0. 1,0. 2,0. 3) B &k & 1) XRD E3¥%, 4l Ba, Zn,Fe;, O,,
()G AT 38 5 Y BN A 2 R bR TR B PDF # 82-0473 XN, 4l Y BUREAS A 454, 25 8] B oy
R3m M, MiBIJEr 2 =0. 1 f10. 2 B, & BLAORE TS RE AR FREIA s 1 2438 2% i = =0. 3 B, BEAh P L B &
) ZnFe, O, Z&AH. T Gd*" P42 1L Ba™" A48/, e B 154k 8 1 AR AT, = 04 BRFIIE (%) X B i i 0
Bl 15 2% e B3 I ) = A BE RS . FH Jade 6. 5 BCHEXTRE S S XRD BTG, fik S8 B 4 i 1 3
JnmigssN . G 1o FR . 2 o =0. 3 B, RS T BT 2240 s S EUR LK. S0 ARk S
Gd® Huft Ba® B A, G B F2E42 4 0. 093 8 nm, ifif Ba® ™ B 721424 0. 134 nm. /NER I E FiB 206



514 PIBT L5 BLVBEIER TR Y RUBUBRSUIA  A HURI 5 2800 45

5B B RE S S S B0 S S BN AL UL Gd™ bR T4 Ba® .

Ba, ,Gd,Zn,Fej, Mg, Oz (x=0,0.1,0. 2,0. 3) i & R ROIIE S AN K 2 B, BT A R S 0 2 B0 18 19
NG R G5 AEAE W i R RN R AL . (BB BB 4 i 3G I, /0 ok B R 3 22, H & AR5 T8 W i
FF XRD MIRZE R B4 2 =0. 3 BER P AEFED B ZnFe, O, 2240 XN T 2(dD HIE SR L H B & 1X
S TIE R AR B /N kL, WL 2D th ) HE B, SEM M4, 5 2 WAL BE SR8 B e I 350 7 A — 2 1)

S

a) [ b =
( ),4. iy & (b) ZnFe,0, 03 / = (c)
¥/ x=0. - N
L+ s FeOq i ]L I Jhm s WP Py o |/ \,ij N i L4362

octahedra 5.878 s 3.
Fe/ZnO, _ M &e i
terahedra 0.2 \e 43.59
2z 28761 \ 53.56
£ x=01 5 ° -
a L4353~
5.874+
x=0.0 43.50
Ba/Sr
5.8724 s |
s PDF#82-0473 4347
[001] 0.0 0.1 02 0.3

e 7
207 o] 20 30 40 50 60 70 8030 31 32

E1 (a) YEANAREEHNREEMBEN, REMBHGEHRN S LRZEEEMA; (b) Ba,—, Gd, Zn, Fe,;_, Mg, Oy,
(x=0,0.1,0.2,0.3) &R mE XRD IEMEIEMENHKE, () RESHHEERENTUXRE
Fig. 1 (a) Crystal structure and magnetic structure of Y-type hexaferrite, the magnetic structure is stacked by alternating
blocks S and L along the c-axis; (b) XRD patterns of Ba,_, Gd, Zn,Fe;,_ . Mg.0,, (x=0,0.1,0.2, 0.3) ceramics and

their subtle patterns around the main peaks; (c¢) Dependence of lattice parameters on the doping amount

2 Baz_XdeanFelz_ngszz (x=0,0. 1,0. 2,0. 3) B%J%*il%m SEM 1%
Fig. 2 SEM images of Ba,_,Gd, Zn,Fe;,—, Mg, Oy, (x=0, 0.1, 0.2, 0.3) ceramics
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Fig. 3 (a) Frequency dependence of dielectric permittivity and (b) dielectric loss for the Ba,—, Gd, Zn,Fe,,—, Mg, O,,

(x=0, 0.1, 0.2, 0.3) ceramics at room temperature
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Fig. 4 Temperature dependence of dielectric permittivity of Ba,_, Gd, Zn, Fe;,_ . Mg, O,,

(x=0, 0.1, 0.2, 0.3) ceramics at different frequencies
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Fig. 5 Temperature dependence of dielectric permittivity under different magnetic fields for Ba,_, Gd, Zn, Fe ,_, Mg, O,,

(x=0, 0.1, 0.2, 0.3) ceramics; the insets show subtle patterns

WK 6 R MR T 100 kHz F Ba,—, Gd, Zn,Feys—, Mg, Oy, (2 =0,0. 1,0. 2,0. 3) B &AE S 7E 10~300 K
MRS HL A 280 (Magnetodielectric coefficient, 45 5 S5 MD coefficient) B 37728 4617 &, MD coefficient
FeR R

Ne, e, (H)—¢,(50 kOe)

e, (50 kOe)  €.(50 kOe)
T Al (HD WA BB B0 AR i e (HD Fl e, (50 kOe) J&7E 100 kHz 5 % T M Rk b A 8 K B 42 (50
kOe) B/ HLUH L. WA 6 Fos . 35 A 520t 27512 50 kOe F]—50 kOe F1—50 kOe F| 50 kOe BY#EAT
RS REERE 781k . ARYE RSB RRE K MD B3R B2 43 MR E #E A FL X 88 (Positive MD in the
low-temperature range, 45 5 5 MD-LTP) AR #E A L 4% 28 X 3 ( Transition MD in the low-temperature

D



48 B A7 274k CH SRR 27 D

range, 455 i MD-LTT) K8 71 # 41 H X 38 (Negative MD in the low-temperature range, 45 5 & MD-
LTN) HIr 3 {5/ 5 X 38 (MD close to room temperature range, 455 5 MD-CRT) , ®IH AR 5t 03
N IR R TE MD-LT 8 Fl A R B A 74724 . (BFE MD-CRT 15 Hil A B A AR B RAAE

WKl 6 iR 78 MD-LTP X3 A A i 3R IEREA AR & R AL, (HAEELB 2% 2 =0. 1 B h  7E
25 K A AR A R A 0 T AE T2 37 BT ) B0 H BRI o] A v UL (9 2 A 3 2 A8 7R A o 1Y
WEASH A . Sr” T B B A BB BL G MR 5T 438 L 410 Ba, Zn, Fey, O, FEMEA LAY T
BRREEERE  GA'T \Mg™ T B B AR fRE S RS R A O S S R AR SRR RS R L PR AR ARE MDD, ST 7E
25 K H BRRE S H BRI [ A H U AR 7%

(a) x=0.0 (b) x=0.1 (c) x=02 (d) x=03
0.1 300K 0.05 300K| 000 30 0.00 300, MD-CRT
00 0.00 f\f v\p (-
. -0.15 -0.15
~0.05
(QO,@ﬁﬁ o0 /SV“(movwfwm Oﬁabwﬁwk
03 ~02 “\’\ -0.15 -0.2
NS N S TN
-1.5 -0.2 -0.6 ~05
0.0 \}l 0 \\ 150, 0 \\}K 0 150 MD-LTN
S ]
< -18 -1 15 -1 \
g 00 1004 0.00 10 0 10 0 10
2 04 \/‘( \ /
=
2 08 \/ -0.25 \/y( -15 -2
s 000 75K 000 75 0.0 75 0.0 73
-0.25 ~0.25 -1 -1.5 MD-LTT
0.000 \ ) 0.000 W 00 \)‘ 00 \ )( —
-0.08 -0.015 -0.2 -03
0.000 25 0.012 25K|  0.00 \Wﬁ} 0.00 25
-0.015 -0.000 ~0.04 -0.05 \1
0.08 5K 0.08 5K 0.04 5K 004 5K MD-LTP
0.04 0.04 0.00 0.00 s
0.00 -0.00 ~0.04 ~0.04
-0.08
0045250 25 50 %%%50 25 0 25 50 -50 =25 0 25 50 250 -25 0 25 50
H/kOe H/kOe H/kOe H/kOe

6 7 100 kHz FARERE T, MEH M Ba,—, Gd, Zn, Fe;,_ Mg, 05,
(x=0,0.1,0.2,0.3) EERES RYBERIFN TN
Fig. 6 Magnetic field dependence of MD coefficient under various temperatures at 100 kHz for the

Ba,—_, Gd, Zn, Fe;,_ Mg, 0,, (x=0, 0.1, 0.2, 0.3) ceramics
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