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Abstract

In this paper, the effect of A-and B-site element doping on the physical properties of BiFeO;
(shortened as BFO) was studied. The preparation and physical properties of BigosFeOs (BFO),
Big.gLao.1FeOs; (BLFO), Bio.s Nip.103 (BFNO) thin films were studied in detail. The results show that,
the BFO films with pure phase structure can be prepared by pulsed laser deposition (PLD) method.
Doping with Ni and La elements can effectively improve the ferromagnetism of BFO systems and
change the forbidden bandwidth of BFO systems, and therefore change the optical properties of
the systems. Doping of La and Ni results in the increase of the open circuit voltage, so as to en-
hance the photovoltaic effect of BFO systems. This result indicates that element doping is benefi-
cial to the absorption of visible light for the BFO systems, which can potentially improve the pho-
toelectric conversion efficiency of the device.
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1. 518

T L 22 AR B WA e ARG 7 35AF . AR & O 55 & I B A 2 v, BARAATERS B
AEROR . AR IR AT B L 2 S AR SRR A rh A EE A T AE S AN T 52 3T 1) R
Hr, BRIREK(BiFeOs, fiiFR BFO) &3 H i A1k &I I = i 4 1F T i — —Fh SR g v A s Bk 1 T — &
M2 BB, IR O BAE 2 DhEe 2 BRI B # (1] [2] [3] [4]. BT EAR &gk kR
HWE Tov RERRLZ/RIRE TN FUEE MR 585, BRI RG2S AR A7 if 25 554
AR N T S 2 2R 2 —[5] [6] [7] [8]. fEZ kMBI, B T HE ARG, HET -1
FHEAEF & S R P 45 F 1843 BiFeO3 HA b — Mk AR B /N 178 B (W0 BiFeO3 N 2.6 eV~2.7 eV
[9], Tfi— M4k sBAR LN Ph(Zr, Ti)Os IAFER ST 3.4 eV), FETX— A, ZERMERDRAE W] REVE 93 L i K B
REFEVBAT R, FEG G4 SO AR IR F i oA IR B I R R T 5t H2, 41K BFO AR R I H B 55 1 2k ot
PRGN, 2T S5 BRRE R 55 I R PR N . Rk, BRFE BRG] A e T L EE 1 e A2 i 2h
LA BT . VPR TUR, JCR B AEEE A 2 U Bk BR Bl PR R 45 1 R P T R &5 4 11 B L T %,
A UL e L E R . RSB Ao rh, FTLABEE A BiB s, KBt R BN R (LY. b,
Ce*)Rg 48 Ga. Ba%; EA[LAHE B (1524, XRBA— BB FIOE AR Fe M, JTRM%E
BBV IE BN Mn*™ . Cr* &), ST 0L T, [ 225 SCER[L0]RI[L1] fBF 78 T8, FFJ& BFO
ZH AL La 52480 B A7 Ni 828, BRI R B AT BFO HRE AL HL DA SGARFR I 1) 500 .
2. K

A SLEARTTIE BiooFeOs (BFO), BigolagiFeOs (BLFO), Bigg Nig10s (BFNO) = AR5 2% I il
2 T FL BRI (R 5

15 Seiid DUR PN B Bl 25 45 21 DL = 2R IR i -

B B« T FH VA IR B I 125 (Sol-Gel) & 145 28 Tl J6 3R IR A, 1) 2825 W) 2 1) 24 0.01 mol ¥ )5 1Y) BFO
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BLFO #1 BFNO ¥, £ — RAIHE R T BB AP A HuHEE) 5 IE R BFO. BLFO Al
BFNO ¥ R (AR BeAH), 8 REEALRT R = Fioky R 730 B8, i BUR B2 30 mm. &4 5 mm (1) =
KRB, R A BT 650°C D #p b AR 10 min, BEJGER SR EEA R, BI RT3 %] BFO. BLFO
A1 BFNO #1471

BBt —: FIFH R R AR, SR RO TR E (PLD)E T B3 FTO (SnO2:F) 4 i 43 il il £
BFO /i, BLFO /i fx BFNO f#ifist . FLARHI &S50 F: Btk B2 : 2.5 x 107 Pa; #HJE# % : 650°C;
FAUE: 15Pa; WOLS L WORHAK: 248 nm; BOtRER 350 m. WOBAIR 4 Hz; HELIARES E] 90 mins.

HWR, R X-S$RATHA(ELS Ny MinFlex-11, CuKa #, 3K 4 = 1.5406 A)I FEFERE 5 i 25 4
PEs R ZEEPPENNR R Go(PPMS) MRS I RGP s B 2 AR 255 M R G0 (75 K BH SR AL ) -k
VL TLRE i R Bk F O AR AR M

3. BRI
3.1. XRD &#I53#r

ARSI X R ATHCE AT B B = (BFO. BLFO A1 BFNO ) (1 A 4if . 14 1
ST AR B 0 = AR T Y XRD Bl v T B RS 2R RS S AT 0 S L, gy
H T FTO AR IMATH RFAEVE . B AT LLE S, B T ABO £5AKH" 45 1 AT SRR HEVE S FTO Aof JECAFAIE U6
PAGL, TE X BRI R UL T, AT R 2 Fo e g5 M A R AT i i, B IE PLD ¥R DA %415
FIATFR S5 K (15 2%)BFO i . i B v (1 Jm 3 BOR B T AR, AL B 74528 BFO [#)(101). (012)#1(110)
(1) XRD WEARXTT-4liAH 1) BFO 1] XRD AT UEH Frfe, X2l T LN emMEF1E r HAUF KA.
r(La®) > r(Bi*"), r(Ni*") > r(Fe*), i3 A La JCEM Ni TEIN SE BFO 4k 451 & A WAg, 8572
A1 K ASAS o AR A 21 K, IS r(La®)-r(Bi**) > r(Ni**)-r(Fe*) $:5( 1 BLFO ) XRD #7516 (11 8%
EHIXHF BFNO ffm#s &R 1E K.
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Figure 1. XRD patterns of the thin films prepared by PLD method
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3.2. WFFHERAE
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Figure 2. M-T curves of the three thin films under Field-cooling (H = 100 Oe)
2. ZHERRAN A4 EN(H = 100 Oe) M-T #h%k

ST =R ERELERE 5 K K 3(a)fi1 300 K & 3(b)YuFE R M-H ih<k, MEHRTLIES], La
IV ERTREAFN Ni 15 2% IR FRARTE [ — IR T MREAL SR FE A X T 440 BFO #B42m 1, RIAIHT A fii5
o, B 7524 BiFeO; HIX} T-4liAH ) BFO #8 B A e dm i IRk e . FRATMLE, 20tk Bi** . Fe* B 145
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Figure 3. M-Hcurves of the three thin films with different temperatures. (a) 5 K. (b) 300 K
B 3. ZMEEAREIRE TH M-H hZk. (a)5K. (b) 300 K
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3.3. M MRERIE

BFO & & /& — B8k A M EL, AMTEX MBI R T B 5T — B SRR R (RS . GaAs %)
AR BN, FRONER AR BN [13] A By B LIS 200 2 e B S I RES 4544, T 51 gk
FEVEL R r L. BFO MHREHE B IR 3k, A SRR 2.1 eV~2.7 eV Ju[H N [12] [14].
TCERB AN R A i, Rk, FRATTSR 48 Ah-RT Wk 2 BE - BFOL BLFO Hil BFNO [ i
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Figure 4. (a) The dependence of transmission (T) on wavelength (%) of incident light for the three thin films; (b) The depen-
dence of (ahv)? on photon energy (eV) for the three thin films
4.(a) ZHHRRX R AESTR(TBEASHR K ()L, (b) =2EMEP (ahv)’ BEXFHEE E V)T XR

BAMRYE Taue HFFE[15],
ahv = A(hv - Eg )n 1)

Hr o AR EREL, HAH o =-1/d In (T/100) (d AR ERE, T%AACEFTlRE R 2); by RSB
KA (nm)X R T RER: AR —H AL Eg AR EEMRIRERR: n ATEL 1/2 8E 2, HAUEEGR AR S
IR, UM R X4y no= 12 (BB 3A8)s no= 2 (R8T B2 3 AA), AT DAACH e I R I A
REBEREE MR L. W Ab)Fm. TATATDURYE ) 4(0) Ll G, 19 2 =P SR 5 10 25 5 52
g, HERwmE 1 FR:
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Table 1. Forbidden bandwidth (Band gap) of the three thin films
= 1. =R A BT TR (RERR)

Description BFO BFNO BLFO

Band Gap (eV) 2.68 261 2.64

IR KA SRR, BT AL B AL AT LUREIRAIAR BFO (4575 98 B, Ni*' 5 2% B AR A%
i AW . SR AR TE DN, TREMOE T RERAC, AR e K AR K. RIki5 % BFO Xf
eI I T RIS, Wil 5 B, R, B4R DMEEE BFO R LT B Y ROIRI, #B NiPTHY
BFO Wit R EH X T BFO St KIK T Aoy = 125 em™, B/ KT Aoz =3.91 cm™, 45 La®* ) BFO )
WU R BT BFO S KI K T Aay =5 em™, H/MEIK T Aas = 3.91 em™, KB 2H FITFEM T
A LGRS, AT AT e B e A 1 ' R e f b 2o
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Figure 5. The dependence of absorption coefficient (o) on wavelength (1) for the three thin films
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e SR IR R -V IR ZR I, Sxt kAT LUK B, BFO. BLFO Al BFNO f#7E ¢
NHEA BB ROREE . D TR U FRE SO IR, FRATIZE TR AT T AR 1V i
2, ki eb)Ar. MEHATLLEE], 23544 10%01 La i, BFO 1T % H kA B 24 19 0.150 mV
B F) 0.179 mV, 17 HeAE B LI 25 B A 31.83 pA/em? K 40.25 pA/em?, SHHTINA La figiE 1 BFO
R IR AR ORI RIS 07 55 N [16] [17]F0AF 78— 3. 24432% 10%I1) Ni i, BFO AR K IT 2% L A
FKAB24 1 0.150 mV 1K F] 0.186 mV, HAHH FL I % M 31.83 Alem® 19k F 35.83 pA/cm?, X
£ BFO 14575 Ni JU 25 REE 4 = H s B R D AR AR (AR BE 2 W AC 2). IX AT g 1 T8 2% RE 6 Jak /D 4
AL AERFEIREE, WD IR FR AR, AT A RS b B T KB TR . RIR SRR 25 IR B,
La 50 Ni JGR B FAMERT U m BFO IS (1 JF 8% H e, 17 L AT DA oy JHC R 5 Fh AR 6 R 2 o I
15452 1Y) BFO MRS R AN AR, X —45 R E5IRATAI T3 211915 4% La 1 Ni (19 BFO I RERR %
FEWD, AR T OB T IR 4 18— U .
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Figure 6. (a) 1-V curves with dark and light conditions for the three thin films. (b) The comparation of I-V curves with light
conditions for the three thin films
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Table 2. Photovoltaic parameters of three thin films under light condition

2. ZMERAEAR TR NS E

Isc (nA) Voc (mV) J (uA/cm?)
BFO 3.82 0.150 31.83
BLFO 483 0.179 40.25
BNFO 430 0.186 35.83
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