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Abstract
As a typical perovskite transition metal oxide, SrCo0s-s has become a research hotspot due to the
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tunability of its magnetic and electric properties by oxygen vacancies and B-site doping, as well as
the potential applications of its abundant physical properties such as the colossal electroresistance
effect in the field of information storage. In this paper, with PMN-PT ferroelectric single crystal as
the substrate, SrCoo.4Feo.6-xNix0s3-s (x = 0, 0.3, 0.6) targets with different doping ratios of Fe and Ni
were prepared by the solid-state reaction method, and the corresponding thin films were fabricated
via the pulsed laser deposition method. Their crystal structure, magnetic properties and electrore-
sistance effect were characterized. Pure-phase thin films with preferential orientation growth were
successfully prepared. The thin films exhibit ferromagnetism at low temperature region, among
which SrCoo.4Nio.c0s-s presents the largest saturation magnetic moment. The thin films show a
nearly 100% electroresistance effect in the temperature range of 250 K to 400 K. This study en-
riches the research content of perovskite transition metal oxides, and the colossal electroresistance
effect obtained in the thin films endows them with potential practical applications in the fields of
information storage and new electromagnetic devices.
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1. 53|

ILEER, F5ERT MR SrCoOs 1 —Fi s 784 1) ik ¥ 45 & S AL (TMOs) M B AT 12 B 75 [1]-[4]. Ha
T I B SrCoO0s il & T 2R m, H BN & M A A =B ok, R &5 215 & f =i &1
SrCoOs #KH5], P AT EWF A& SrCo0ss MITER . A& R AR E 21 & SrCo0s.s M kLT RE I 2L
Ao 24 SrCo03.5 (2.5 < 3-6 < 3.0)A, & IESERE 45 (ABOs), T4 & EAWK, Bl SrCo0s. (3-6 < 2.5)
i, ARy Brownmillerite (5% BM)ZE#4[6] [7]. X F 4 & &AM 51 & SrCoO0s.s PHL M i 174%
5] TN RO, TR AT LR B ALAE H e AFIRA e iER[8], LALLf#RE SrCoOs.s
(IREAREE A5 B0, 4878 T SrCoOs.s TERERF A W 4% (vl BB R . Bhabh, BSEKE™ 254 b i e Fe 35
FH(CER) RN A & W 7T 4 5 . CER K8 Fe A4 Al v BH B F 38 5k A e () 2R A & 2R R AR A0 L 2 B AR 1 B
%o T AR CER RN 5 AT B8 . nT s 1 v 25 rl [ A3 466 B R [H - 5% (resistance switching) 17 A 7E
A6 50 RAT BATE PR A8 R SS AEA A6 V TE ( BE N I 45 21 )72 9GTE[9]-[12]

ABO; B S U £ 4 J8 T30 75 2R« Pm3m 2 (A BE[13]. ABERT EAL e A AL e &R AL B AL B 145
IISLEER N EA ZREMLM, JUHE BB TFRBY, B RmeeR, 58 K AEmAE, M
USRI EE T o FEA I R BAR L5 BT T, BB E T E R S E B T AR ZERN K,
F1 Gold-Schmidt 2 xR DA o] 25 3 1) 8 T4V [14] o RIHERAT I/ 4% SrCoOs.s MRS, %648 FHAH AR
WAL S B CER Feo Ni R AMEAR Co LK. XFEE FLAEMERD, REfRFRM R R e Bk 45
1, AESIE 4 8 e R B A AT AR A 5 BT SRR

2017 4, Yu FEAAEFRTE SrTiOs A(LaAlOs)os-(SrAlosTaosOs)or bl % SrCoOs.; B, A 7t 1
WEFESE)VHR WA, B 5 R, SR T 52 AR HBUE 6 5 0 N [15]. HE T L
YT, ARSCHGEH R NS R 45 R 1k LR A R PMIN-PT A, il %6 Fes Ni JGZ B {75 % %
SrCo0.4Fe06xNixO3.5 (x = 0, 0.3, 0.6), HIF 45 J4 %t FL R M S P B F BELASORE R 52
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2. SKER

(1) SrCoo.4Feq.6-xNixOs.s $EAF K 7o fL ] 7%

K [ AH s 2325l 46 SrCoo.aF€o.6xNixOs-s #HF : 4 IR A4 K} CosOsv SrCO3. Fe203. Ni(CH3COy), %445
1 SrCoo4Fe06xNixOz5 (x = 0,0.3,0.6)H1 % TC 3R LB LR ARIL, JHEIRE . mBeERE . BMR. K. &l
Je 4t 5 T il 519 21 SrCoo.4Feo.6xNixOs. $EA4 s I FH K i O I RR R AE 2k FL B & Pb(Mg, Nb)Os-PbTiOs (f
58 PMN-PT) 44 J&E I #ll £ SrCoo.4Feo6xNixOs.s (x =0, 0.3, 0.6)7 . HAKSE N F: BOLRR M TAES k!
KrF Sk #HEIRIE: 650°C, ISIAEASE: 4x107Pa; WOEIK: 248nm; B T{EAERE: 350m), T
YEMZ: SHz, %JE: 14 Pa; PURARS[E: 30 mins, EA7IRKIF[A: 15 mins.

(2) SrCoo.4F€0.6.xNixOg.s 18 14 g M X

FIH X 2T (XRD) IR it (1) S AR S5 4, 1) F 4534 7 SR AU (SEM) XA it gk A7 2 1 5 A8 T
TESRFAE ;s R TR B8 AP0 & 22 58 (PPMS DynaCool-9)ill i RE i (I RERS 1 K v 2

3. &R5118
3.1. 4T

(1) R XRD ghARLE 143 HT

1 45 A KAE PMN-PT 4 J&E 1) SrCog 4FeosxNixOs.s (x = 0, 0.3, 0.6)11) X HH£A75H & . PMN-PT
BRI N(100) 7 1], B BIEARAMEA K, = ANRE IR = A R BN 7R X SRR
REET, WA H B 2074 X — 45 B2 91385 PLD 7 LAZE PMN-PT #of JiE _- 1l % 75 31 4 46 SrCog.4Feoe.
«NixOs.5 (x = 0, 0.3, 0.6)7H K,

EEERAE5 R SrFeOs AL 7 45 M Pm3m, 4% S U a=3.845 A, SrCoOs ) i # #h a =3.835
A. 7% SrCoo.4FeoexNixOs.s PR EF LT kG, 15U LS M v A% H BN E a = 3.835~3.845 A Z . Fe.
Co. Ni 7EJGE IR P AHAR, JET AR RN, LR i i U 2 A0 5 S0 B s A% B 2, SrCoo.4Feoe.
NixOs.s (11 ff % N 5 a = 3.845 A MIZEAK, #FJ PMN-PT 7£(100) /5 [ ) S b # 4 ac = 4.02 A, Kk
S5 E5RE ) SrC00.4Fe0.6.xNixOs. I fii 4% 5 PMN-PT Ao JiK (1 THI P & R T FE 35 /s o BN WS = 25 XRD
FTEHE R WA G ] DUE 2, 1R 00 R i AT 569 06 5 R AT S e m A% /N T 0.15 BB, REAMIIR S5+ K2
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Figure 1. XRD pattern of SrCoo.4Feo.6-xNixOs-s thin films. (a) x = 0; (b) x = 0.3; (c) x = 0.6
[& 1. SrCoo.4FeosxNixOs.s EAZAY XRD El. (a)x=0; (b)x=0.3; (c)x=0.6

(2) BRI S
N T TR S TS, SRS R, BAVE 5 s 7 R bR R w2 AT R
SRR K 2 45 T SrCooaFeos«NixOs.s ] SEM MRS R . MIEH AT UIE 1, =S HEE
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Figure 2. Scanning electron microscopy images of SrCoo.4Feo.s-xNixOs-s thin films. (8) x =0; (b) x =0.3; (c) x = 0.6
2. SrCoo.4Fe06xNixOs-s SHIEHI I IEE. (a)x=0; (b)x=0.3; (c)x=0.6

3.2. MEESDHT

(1) HEvERRERAE

N GBI S AEAS RN R R, W AR S A T Z(M-T), &4 Rl 3 Fir.
ATCAE H, AF SR PEAR B8 il X R I B S (O IR VE R IR, EARGIR T FRORE i (R A 5 B SR K o R B mT LA
BE, AFEM Fe/Ni Hofx B i FRIR B A IR KR m . ERA S B F(Fe™/Co™) ik R, BB
ST TR N T AFAE K I S R BE R R AR p B0 L PRI . 7E SrCo0s.s H, AR HE 3 o HE U
TR T Co¥*—02*—Co* XA E FH[16], BRILHIASELLG] Fe/Ni Jo2 &K Co J0 3K AN nl Jkk Gt 52 0
Co*—0%—Co™ X ACHAE A, T 20 1 it AR R
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Figure 3. M-T diagram of SrCoo.4Feo.6.xNixOz-s thin films under 1 T magnetic field
[&] 3. SrCoo.4Fe0sxNixOs.s SHIRAE 1 T #iiA TH) M-T [&

TR T =ANFE R N ORGSR 2R, S5 Rl 4 FoR. ATLAVER], 785 K (URE TN, AR
IR, ULEAMBHE ANINEEA B 2640 N B B . B2, FE R BRI (M) A FF 0 (H) 1R /NIE, HX
ARSI BT SRR 930/ 3 b B i 5 R SE /N, WA AT FLALS /), T HAGz 3)
PRS2 AR Ko 0 b = AR i R AT AL W, 7T DUE B SrCoo.4Nio.6Os.s 5 1) V6L AN A K,
SrCoo.4Feo.3Nio.sOs.s I (1 VI AR BH 2 LU 53 RPN S D/ o R BHAN[A] LU Fe/Ni #8251 & 3 R R
P, RS r 2 JBE F Bl B R 4 1 DL R A AR [17]
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Figure 4. M-H curves of SrCoo.4Feo.6-xNixOs-s thin films at 5 K
[& 4. SrCoo.4Feo6xNixOss SEIRTE 5 K iR E TH M-H

(2) HELEHE BE AR

N TR FURE R I A, FRATTINR TSR IR R SrCoo.4Feo.s-xNixOs.s 185 1) R BH B 5 5 1) AR 456
o WE 5 Fron. LLEH, HREAEEEM 5 K BINE] 400 K I FEHr, = ANFE 5 ) H RH 26 B 5 R (28 1k
BEUAF S . PR TAERREN, %F SrCoosFeosOs.s M, ME 5@)rTLAEE], HAHEE 5
K~220 K JEFE AL AN K, 24iE M 220 K 3 400 K BN A2 e, B ReH K, JE, HI—ANE
BRI RAT . AR T, UL ER, RS R MR A Y ABOs BT H BH 2 B IR B - 1 B
fiK, ¥ 2 LA A [18],

p(T)~exp(Ty/T)

Hor To & RAEHE T R IVRHERE . o AFEEL B FERERINLHIAFEN o M. 8 WALHA =Fh: $E
BN 1. 0.25 F1 0.5 43 FXT B F e lr ARBEER(NNH) K4 Mott 43 1 AT A8y Rl SR ERRN K 48 22 Re B T A%
JEFEBkER(VRH) [18]. ARIEFR, fE o = 0.25 BHHUE HASLE 45 R AR I HUILAC SCFO M4h . BT LMk
Mott 52 (S5 s JE LT - LTI AR A I VRH AR X (T > Tp) £ SR BHHEhLHI[3], et R s
L IAT N &l 5(a) B iyl X 3 H PR AR i T 4 @ - A B (MIT),  #AR R % T 76 300 k 25476

%f T SrCoo.4FeosO0s.s #i i, M 5(b)rTLAFE], 7£5 K~220 KGN, WHER &R - a5,
{E A L BE R B R P R R R R, TR B X AP E & B AR AR, R MIT #ARRE iR s),
FIFEHE, SrCogaFeosNiosOs.s TR MIT #4815 1 5T 400 K.
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Figure 5. The relationship between the resistance of SrCoo.4Feo.s-xNixOs-sthin films and temperature under different currents
5. AEIERT SrCoosFeosxNixOs.s EIER B EREEEMNT L X R
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Figure 6. Electrically induced resistivity-temperature (ER-T) curves of SrCoo.4Feo.s-xNixOz-s thin films

6. SrCoo.4Fe0sxNixOs-s SEFRAV B A A Z - JB & (ER-T)HALZk

MIE 5 HRTLLE S, EMGEX, BRI EBCRES N AR E ., Fik, [ 6 fhgh iRy 250
K~400 K, 7EIX—RIX, = M i s B B8 5 ORI BU, (EF—IREE T, FRPHBE A s 3 K
PO R BE, MM 0.7 pA BRF] 7 pA B, FF S I FEBE R B 2 R R 1) 10%~20%, 4 LI FE 3K )
1000 pA B, HEa AR T 0.7 pA B HBEJLFEAET, RIOVFEE 100% K BRI R . /£
SrCoo.4F€06xNixOs.s HE 1, H T FHEEMIEZHAER . Jahn-Teller HF — 5 T4 HAE A H jig 2 8] 79
BREGRE A A A E FH (B NRRS AHEAE FH) BT o M B 7 B8R F] . BEEEIIBG A, Jl I 5 4k 30 1) P 2
—Fp AR T, XA AR R . IR (SR B ) AR Ak L UG, T 3 A T R B B
RIEEA AT 2 AR, DU R AR AL 5] D FL R R SR AR (b B4 [19] [20] .

4. BEE

AR SR [ AR s Ry 4 Fes Ni AS[E] L5 24 1 SrCoo 4Feo 6.xNixOs.s #iAF, I LA PMN-PT %k Bt i g
A, I kO TR % SrCoo.aFe0 6xNixOs.s T, AT T Fe/Ni 45 44 %ot il R B 7o S ot 1 &5
Tl B LB LRGSR ] o S 60 225 SR 3 B A ) ) 4% L AR T LV A TR A T L [ AR, TS A IR A
FGUCHC M R4 TR X R B Bk, Fe/Ni B 24 b 2 52m Co3*—0%—Co* WS e fEfH, Horh
Ni 564 &40 Fe IS MURIBERE e R TE B2, TR A7AE B 2 AR FE SO BEL BN, M IRt AN 0.7 pA B K
B 7 pA R, FESE AR B PERIA R T -80%, H I NE] 1000 pA K, FESLLE 250 K~400 K iR
X I AT 100% ) FL U BN, 3R BHAE X — (A bk v B gt vl S 25 R4 FLBEL o F 72 285 SRR 38 A TR P 5 5K
WA G YRR IR U S, W AR S 0 R SO BRI AR 5 R MG B AT . T L P Lo 2R
RARE T SIARHE A L S ¥

E&WE

ARTAERETEEXARBFES (T 12474109). HEE HRRI#E S (%5 2024J01298,
2025J01656) 2R A QI NI ZRiT R H (%5 : FINU 202510394021) F148 2 K 2 AL GIET ALl
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