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Influence of Ce and Ni co-doping on structural,
optical and magnetic properties of BiFeO, thin films

CUI Jin-Yu' , YANG Ping—Xiongz* , CHU Jun-Hao®
(1. Department of mechanical and electrical engineering , Yingkou University of Technology, Yingkou, 115014 ,China;
2. Key Laboratory of Polar Materials and Devices, Ministry of Education, Department of Electronics,
East China Normal University, Shanghai 200241, China)

Abstract: Bi, ,Ce, Fe, Ni O,(xBCFNO, x=0, 0.03, 0.05, 0.07) thin films were fabricated on SiO,
substrates by sol-gel process. X-ray diffraction patterns indicate that all films exhibit a distorted pseudo-
tetragonal perovskite structure with a high degree of (012/110) preferred orientation and peak position
deviation. The intensity of (012/110) peak changes with the change of x with a maximum value at x =
0. 05. Furthermore, the grain size become the biggest at x =0. 05 revealed by scanning electron micros-
copy (SEM). The smallest band gap of xBCENO films is 2. 14 eV at x =0. 03 measured by the optical
transmission spectra. The magnetic hysteresis (M-H) loops show that the room-temperature ferromag-
netism was enhanced with Ce and Ni co-doping.

Key words: BiFeO,, Ce and Ni co-doping, optical properties, magnetism
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4, WEE S I 24 62 nm, AH SR % H] A — 22 1 e £,
SR AR R AR BHE , L BiFeOy ZZ W0 LT
TRTENE . BRI SRR 45 I AT 0 L 14 IR S L
ar P B R BH BB H s b B T2 B R A I B A
S, PRI R R 8 AT AR 2 A ATTBIE 58 B A R ) 7 22
—U 5 Rutgers K287 24 b RLSE 36 % A 51 & 3L
BRIR B S RE AL 50 I AT 306 ) AR, R IR B AR AR TE
JEHETT BEAE A HLIAL , AR S0 P 1 T 2 s
A B B, AT i FL 3 A Il B, I KA
SRR R TR 22 B N 53 R B T BR IR B 1 '
PRAZNE , Ay 2K B RE R L () B A S B3t 1 — 3 4 7 1)
(]IS, R AR B AE Ry — T 28 B 7 3 B A W] L
etk Tt B AT Tz B R R

BAEME BiFeO, M ZHMERE— M EEH A AL
B il B ARt (40 La,Nd,Sm, Gd, Nb,
Ru.Al.Co.Ba.Ce .F Eu Mn . Ho.Y K NiZ) sk 5H
B 45 5 (1 BaTiO, . CaTiO, 45) JF i [ ¥4
PR AR BRIR B DRI A R 25 A6 A , O et o
pEPERE S XU TFE Y S ABESE TTO/ 3 B 4 e L il
B TR A R IR Bl v FRE T o0 G P G PR BB A T I
i Y BR 1B 4% (012) 117 5 06 B Ak , U 5 28 555, kL 28
AN AR R T F U /DN BRI B A TR Y R
HL PR R 1 BB G 5. AR T 5% e T IS B I 7 vk A
A BRI L % Biy. 9Ce,. 1FeOy W, I il 2582 |
it 2% Bi, ,Ce,  Fe, Ni, O, (¥BCFNO,x =0,0. 03,
0.05, 0.07 ) . A 57 Ce Ni F:d Je Xt £k R 6 25
F O ERRE PR RE RS20, TR ATT BT 4 1
FHE.

1 IR

1.1 Bi,,Ce, Fe, Ni O, EENH &

¥ mH B2 8 Bi (NO,y ), - SH,O. B MR 4
C H,CeO, il id %k Fe (NO,), - 9H,0 Fil Z, fis 1
NiC,H,O, - 4H,0 % — & it & lLin T 4 B,
TAVK T B2 A A6 570, B S B2 4 0. 25 mol/L ) 20
ZFHY AR L (2 =0, =0. 03,2 =0. 05,5 =0. 07)
PSR, B N AERE I FERS L IFE 2 /Nef BT
T 48 /NI A7 S Al JRC T R T, B VA A bl |
Lh4 000 r/min 7547 e tef JiI& AR 25 s LI, 7E
RTP iR e 600°C T HRrskiR & 8 434h. B4 ik
R BRI IR K I a5 B T B
1.2 RIE

JIT A TSR 5 () 285 4 000 5 fef ] Bruker D8 7775
I Cu ¥ Ka @55 (k = 0. 154 nm) JEA7 x SFLAT 4

(XRD) W32, RS o ()08 25 AL 27 B R AT 5
A HL T BB (SEM, FEI, S-4700) M4, 6274
PRI E S F % 511G (UV/vis Lambda 2S, Perkin -
Elmer) , £ 5 YR R G2 (PPMS ) AR i 1 204
PE. B A S A e 7 2 U T AT

2 HR5R

2.1 XRD jllitg8

LI Ce SRRV EE ) Ni S4B 2210 ki
BRAEATBEASIE _ XRD B3, WWE 1 B, &5 JadeS
PRt B (R 200169 ) X 1R, B3 A & ) A AR 25 44
# R DU T B R R R 4 BiFeOy 4544, 1T Ce F1 Ni
48 Bij ,Cey  Fe, Ni, O, Y XRD WoR , 147
BRAAWMFS A R B M) A A R sh. LA g
MERSIILE 1 PR, 1A, N 1 B BEH Ni
s o« = 0 ~ 7% B, JLAS 55916 (021) |
(122) F1(200) WA AR5 , ] x =7 % B} JLT-
THJG. F0E(012/110) WEfE R Ni iy & 38 &2 2%
BEIE NG N B R = 5% B IR E R K, v =
7% W}, W (H OB s s . (HU B Ni A e i,
(101) F1(202) W H B 8. I H v =7% B},
L Bi,Fe, 0, 24 AH. BHULAT UL, B S L £,
BiFeO; HHARSS , 4k SEH8 N4k BR 5148 24 19 & &= 1T fE
HOHA KAk

K1 xBCFNO (x=0,0.03, 0.05, 0.07) # &) XRD &
Fig.1 XRD patterns of xBCFNO (x =0,0. 03, 0. 05,
0.07) films

2.2 SEM &#f

3 Biy o Ce, , Fe,, Ni, O, WM SEM 3%, 45 5 I
2 . Hirp(a) (b)) (o) (d) HEFBRA,
(e) (1) .(g)(h) W H L. f(a) . (b).(c).
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NP RS A S 4 35 %

(d) I n] WL, R R TG T B, AR AR, A A

MBIEEANBH 5, $%88 a-b-c-d T, BP Ni 3542 H « =

0.0.03.0.05.,0. 07 3Z#f 28 K, ShRLZ 28 K, &
PG ZHTE W, =0. 05 B, ki K, (HZF] &
=0.07 ik, fok /. BB o = 0. 05 i 34 1) i 4

LS . O B« (EH/ N R 2 T IR R« =

0.05 i JEZHH . I (e) (1) ((g)  (h) ATLAFE
R K 202 500 nm, ShRLHES X, 2 )RAR

HEF1.

K2 xBCFNO(x=0,0.03, 0.05, 0.07) K SEM 3 i
TESAWTE 258 B, b (a) L (b) (¢) L (d) KSR IHTE S
&, (e)  (£) . (g) « (h) Sy W 2544 (%]
Fig.2 Surface (a).(b).(c).(d) and cross sectional (e) .
(f).(g).(h) SEM images of xBCFNO(x=0,0.03, 0.05,

0.07) films

*1 #tr#E+FFH (PDF#0-0169) 5 xBCFNO # A7 XRD

i?t i 2Theta( degree) X} BB &

Table 1 value of the standard card ( PDF# 20-0169) and

XRD of xBCFNO samples

(101) (012/110) (202)

PDF#20-169 22.490 32.136 45.813
200(°) (x=0) 22.726 32.341

206(°) (x =0.03) 22.781 32.321 46.413

206(°) (x=0.05) 22.768 32.342 46.531

206(°) (x=0.07) 22.818 32.136 46.511

2.3 EHHEE

& 3(a) K 600°C 4 i ¥xBCFNO (x =0,0. 03,

0.05, 0.07) {9 AT UL L 21 706 X1 375 S 1 2. D%
K96 FELA 400 ~ 1 800 nm , M & FH ] I, 76 550 ~ 800
nm [ 7] WX Bigy 4Ce,  Fe, Ni, Oy J# R 1) 72435 5
RBRF 70% , WG #RAE 470 nm 7247, B «
FRHE T, MR ISCH [ 2 38 T 01 3% 3. #E 400 ~ 600 nm 1
WA X 0], 35 5 il e ok T, OGRS, WK AE
600 nm LU, f £k BLE ¥, T i 4 I P R
T B O K A T80, BRI W 4, B £ 7% 5.
K 3(b) & xBCFNO(x =0,0.03, 0.05, 0.07) j#H &
() (aho)® PREICRIN E G2 B E, . W R AL o
S SV T EXEH 1A Pl

e

K3 (a)xBCFNO(x=0,0.03,0.05, 0.07) 551 (b)
T REE I OC R A

Fig.3 (a) Transmission spectra of xBCFNO(x =0,0. 03,
0.05, 0.07) films. (b) Plots of (ahv)® vs hv and wave-
length for xBCFNO(x =0,0.03, 0.05, 0.07)films. The in-
set shows the optical band gap of the xBCFNO films with
different x values

1
r(x)

a = Lln(

d

) , (1)
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ahv = AChv - E,)" , (2)

Ao d AR 500 nm, A R AL E, SRt
B, o R R B o BOGTFRER. n EHE(n =1/
2 AR no=2 R IR) . PFP AT B LA,
FLER B A RIS ALt B ZRPE MR,
M (ahv)? =0, 158 T EHIEH B E, (1H. B 3(b)
WL EAMEELKR E, B9ME. BHE3(b) ]I, 544
WRE 3528 x =0.0.03.,0. 05, 0. 07 Fr XAy (1) )62
RS A 2. 18 eV 2. 14 eV.2.22 eV.2.24
eV, YIBIIREE « =0. 03 B, 2870 98 i B A i /MA.
IAE SRR 10 ] 58 9 BFO S 52 A% D' 2 28 i
J£2.8 eV MIL/MREZ.
2.4 wEMEMR

& 4 g Bi, ,Ce, , Fe,  Ni O, B8 1 8% 75 [0 28 (1)
HUGK L, Ce B2 8RR 50 F Ni | Ce FE45 4 R IR 51
HA BEA ] 9 87 375 (K29 20 oe) . ili (1948 Al
R Bl ) R R Y i R B A A TR el ) A e
HE— 3050 0 L0 ~0. 07 iy Biy,Ce, , Fe, Ni,O; Y
TRL RN B x S HS OK, JBEA Ms = (112.5x +3.4)
emu/cm” FYFLAL AL, B KAH « = 0. 07 B Ms 35 %)
11.4 emw/cm”. BRRGMIE HA G- S B RESS ¥4 (44
KL, T EA Sk RENE . Sosnowska ZHEIE T G
SRR, IR BFO 2 AT 23 [8) I i 1) 48 e 4 25
), X — Wi 45 F BFO AR R 40 AH B AT , ik
FUI P IR R TR AR R N AR
By P’ Ce’ U 4> BT, U8 2% )5 4k R il
A% SR e R AT B RE R R O BEREIR , AN
0, 1B 4% « ¥4 K, Wi RE S K, il Biy o Ce, , Fe,,
Ni, O VR s 1 B dd A 2 Rk i e

4 Bi,,Ce,  Fe, Ni O, WA Ekk
Fig.4 M-H hysteresis data of Bi, ,Ce, ; Fe, ,Ni, O, films
and plots of Ms versus x for M-H hysteresis (inset)

3 HiE

FI IV I -BE I T 2 A A e Ae i il 48 1 4l LR
BRI FR B . 3 HT A5 1 : v = 0. 05 B, v
A I B AR, bR IR R, A B I, FLEE e o Y
DTSR R BR 5 BiFeO, 2544, Y 2F il KW, « =
0. 03 if, i B i 5 fe /1N Al 1 DN X0 B oy 4 L
B g OIS TR R B0 1Y) R 5 A, ot LA T 1 4
SR il R AR R R B IR SR 4B 2 TR B
FERE P Y RGP REAR 2 T RH S s, A R
T = g RS
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