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Abstract

In this work, we grew brownmillerite SrCo0..s (BM-SCO) epitaxial thin films on (001) SrTiO3 sub-
strates by pulsed laser deposition and performed post-annealing at various temperatures in oxy-
gen atmosphere for topotactic conversion into the perovskite phase (P-SCO). The results show that
the magnetic properties and microstructure of the films have a great change near the critical
temperature (250°C). When a BM-SCO film was annealed in lower temperature (250°C< T < 600°C),
a mixed-phase of BM-SCO and P-SCO (Mix-SCO) was observed, and oxygen intercalation drove the
antiferromagnetic phase to ferromagnetic phase (T.~180 K). We also found that in post-annealing
under 600°C a complete phase transition from the brownmillerite SrCo0O.s to the perovskite
SrCo0s_s was exhibited. XPS fitting results clearly indicate a change in the Co valence state from 3+
toward 4+. So some oxygen vacancies in the films are filled. Therefore, we conclude that the oxy-
gen concentration (3-3) in perovskite SrCo0s_s by post-annealing is about 2.75.

Keywords

SrCo0y, Annealing Temperature, Oxygen Vacancy

SrCoOGE IR RIS & (M B

s ER, Tk, B #*, Bk

BRI E e « REIRZEEE, VLA MR S sei0 %, L7 75
Email: ‘tangrj@suda.edu.cn, 18020221113@163.com
IR .

R

XESIH: HER, LIESE, R, Bk, srCoo, M A S A BN FL U], MY, 2016, 6(10): 205-211.
http://dx.doi.org/10.12677/app.2016.610026



http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2016.610026
http://dx.doi.org/10.12677/app.2016.610026
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

LS S

ks H i 20164F9 H26H; FHHM: 20164F10H10H; KA H#: 20164F10H 14H

G2

A3 A RATTR A B BOGTTAR B R ZESTTi03 (001) 3 5 | i £ H 454k 74 45 # f1SrCo0..5(BM-SCO) # 3E
B, EESFE. PEEE T RSTERA TSR, (MR LS f4E8 A 2545 4 (P-SCO)
RIRIAEE. RS R R\ EENRIER S WEMTEE (250 C)Ha RER KT, LB AEE
H250°C <T<600°CH, ¥fEHBM-SCO¥%ZE NBM-SCO5P-SCOHIFLFEAE (Mix-SCO), EEAALMEEE
W9, BRSBTS (T~180 K) . B KIEEZXR]600°CH, TEHEL NEET £ISrCo0s-5.
XPSHEERER, BKBECOIMEBRES, MCo3+i%3RCor, ENEHEFRMAMASABIET.
1B K JEE5 4K BUSrCo0;- s E & & (3-8)41°M2.75.

E3: 45
SrCo0y, BXEE, EEA

1. 5|

GIREACFP R R B . AL AR ROBADRL. WL SRR R E S EEME L.

A NLAE e R A A B ) — PR ARAE GG, X &8 A B T A5 R A SR DL R B A ARR
fRIEENA 2] SrCoOy (2.5 < x < 3.0)/EJy—FhBLAR AR O i < B A W, AT AE R 51 AR Z RH TAE & 1
KVE[3]-[6]. SrCoO, A PIFhEEH, FHARH" 45K (K] SrCoO; 4Gk 45 #4I1] SrCo0,5. Jun Hee Lee ZH it 45
— Vi JE B RN B A R REPE TR SrCoO; 7E 52 3 T 4 3.2% 1) 5K SAL BY, 0.7%FK) He SAAZ IS , AT AR A4k stk [ 7]
Federico Calle-Vallejo 4175l SrCoO, 7F FELA 2 i Ak 77 THI A BV AE RN, 20 I 4 Jd b b A R
R I[8]. FEATEERIN SrCo0,5, INTE I WAFAES KB MRS, 1 AL A0 AT 6 V8 7E (1 B
FI[5] [9]. HiT SrCoOs, ") Co f& Co*, ‘BARZ Ak N H FasE ff) Co?* il Co> . [KIith SrCo0;., M ¥ R
Ml %o HATEBR b EZEH KOH /K H FAL 7 A0 AN NaCIO /K R H AL 27 S8 A0 IR 5 125k 39 0 SrCoOy
R AR, (HR B AT AL S 1 SrCo0s, REMIBATAE, WA D REMB A, T RE
B REUKM SrCo0,5, XK KFFK 1 SrCoOs., 1R HME[10]-[12] PRI, il A2 5 ) SrCo0s.; H it L 1R
BB, BODHER R, IR E A58k 4 B SrCo0,5(BM-SCO) Al #44 2 AN R s 16 . 45 Bk i 7Y
SrCo034(P-SCO) /i, W] LATEARIR(E /> 200°C) N A& AL AT S 438 i ) Bi[13]-[15] . #AT, Z Ay
SrCoOy ML MR A # R AWM Fid . AL BRI 1B K T2 KRG AR T SrCoO, s 1) 4 23
A B LA BRI 5T A B

2. Rk

SrCo0s.5 #EM il & 1R 2 710, MRS A S 3L YT VR R [ A s R o |l T [ A S i
4% R P A ORI 5, SHTE RN, AR, T2 MRS, £H% SrCo0s ¥ A H F J7vk[4]-
FERNA: Co,0, +3SrCO, — 3SrCo0, , +3CO, . FATRH Bk EOLITA (PLD) il % T /&£ 474 250 nm
1] SrCo0, 5 H i i . WA 2 L ZS i ~: @ FEJE: (001)SITiOy(STO): @ WolrER: 350 mJ;
WOtz 5 Hz: @ VIREUE: 5~20 Pa; @ UIALREAMEIA]: 750°C, 20 min. FATH H ALY X i
AT A (XRD, %5y Rigaku D/Max 2000PC)K 70 A s AHZE #, FH R 0 BB (ARM, RS04



LEF S

MFP-3D-BIO)K 7 i i (IR S, FHSE AN - AT UL - I 204053 6 6 FETH(UNV3600) K 73 BT it (1 6 2% 1
B, H X S H T REIE(XPS): R AT AE i AR M e R AL EARAS, HEREMMEINE(PPMS, TS5
PPMS-9) K Il & i PR 12 o

— AN JEALE 50 nm PLR, i 22 B 52 B 7KF AR R 52 [13] [16] [17]. FRATIH £ 1 SrCoOy
JRJE (250 nm)zE KT 50 nm, FATIN Y STO FE it I g 78 B A4 st 74 o DRI, BRATHR FL 12 SrCoO
BE S AE AT o AN 1 0] DL H JEA7 35S EL A R e (1 4 A PR AN E ] 1, B STO JEJR I 4, R SrCo0,
[11(004) £1)(0012) ] Ut , Uit B SrCo0, s i IE 2 ¢ HX 7] #M E A K . SrC00, 5 2 IE AT 45 14 (a = 5.5739, b = 5.4697,¢
=15.7450 A;), T DA & 37 7 45 #4(a = 3.905, ¢/4 = 3.9363 A), SrCo0, s /& 3775 451 (a = 3.8289 A) [13].
fiT5H14(006). (0010)4& SrCoO,s KA HIATHIE, ST SrCo0.s 7E ¢ J7 I 48 )\ I A A4 U T 44 52 B HEAR
S8 IS EA KA SrCo0, s I S HE H Hh 3.936 A, X 5 SCHRIRIE — 8, #E—25 U B N A ot
B 121

AT AT AR K () 7B R SR IR K LA BE, Bt SrCo0, s MR B 7E O, S E b, EARFE M)
T/ N (200°C~700°C) J5 1R K 6 ho |5 1 & AN [F L T fE 1R KRR ) X ST (XRD) &, AT LA H 200°C .
225°C Jig 1B K FRIRE b AN AT A S 2854 — 550, 8 A AE . 2B KGR T > 250°CHY, SrCo0, 5 457 11(006)
(00L10) 7 e it JB2 B 2. FRAIK, I3 4 7%, (008) 1T 5 UV 2k, I tH LA EK A 28 SrCoOs s R AT T 14(002)
TR SRR SRR B O 3.84 A, X ELFHIB(E 3.829 A EOK, wREEPINEALATES, {f SrCo0,
AT AN A, 1SS B R E R . MBI 4R B BM-SCO ¥4 P-SCO, {H 2t
584, &—F Mix-SCO AH(BM-SCO 5 P-SCO A7), fEHhIMEAR R, WATEA KIAEFIAAH, B
B} BM-SCO %] P-SCO [R#A8 & — kiR [2]. 24iB KR EEIAF] 600°CH, BM-SCO ##1EI4(006). (0010)
SEATH S, DR e AR N P-SCO. SCHRIRIE, BM-SCO HHfiFIE5e 4iH Rk, A& R4N SrCo0,75.
— DR EIR KR E R 700°CHRE, FATRIFESHH CoO MIZMAEMXRD K5 H). BT LA & & i &
SrCoOs s W £73& 118 K 64 600°C . /<Al FIB K 6 h.

3. &R

T AR SrCoO, A Co HIMk MM AS, AR XPS XA MdAT TR EMAAh, Bty 454k
Kl ] C1s(284.6eV)IMLAFRE . 141 2 24 SrCo0s.4 £ il ] Co(2p)XPS 1, 1] AT Hh &I rh A MR Ak,
i SE B AL T Co(2Pyp) Tk, K& A AEALIE T Co(2pap) TTlik. FRATIRFH i i 01 A 2 St ik 0 of I
L2y Co* (B 4T s k) Rl Co™ (BIvh St siz 2Ry B Wik, BIvh 4r sl A A 2k . BT Co™
BT R IE AT D, PR, L 2p PSRRI, SRR &R 2 H T Co™ Tk,
RZ, A BRI RE N S T Co* I TTHR[18] [19]. MIE] 2(a)FT LLE Y, JRALFES TR T Co* it /b
B Co%, EAHELN SrCo0,s, HWIHHEE R . XN S HIEIEN SrCoO, I, 15 i I5 2 1
H G RIGE T SrCo0,s. M T EALEE AR BM-SCO FIHRENE, SN S A 13 T SR Ik 77 A A e
.t 2(0) LA, GBS Cov AT A LB B, B A S B kb . 3O B TR SR
AAGE T FIRKG, kN SrCoOy fi , {75 s i (11350 43 S S AL B 78, 08 =380, 29°4 SrCo0, 74,
X5 XRD 45 B3

N T BRI SR KX SrCoO, R MM, FRAT D I R MR EAT TR . 5 XRD 551 —3,
L E A R A R IR S R S R AR, FRATT RN B R A B AR IR 3 FRATTRT L
LR PE T < 250°CHY, IR MR SREHGT N 0, RIASCBRRENE: 2B JGRE T >250°CH, JHERY
R I S, S R AT R P (TC~180K) . Co* RO, A7 kM e PRI In, AT e 301
NERREYE o BATAT L@ Te Keflith SrCoOx H AR 2 A 2 & [10] [11]. 3B KJEFEM ) Te 5 SrCo0, 75



R

Figure 1. XRD #-26 scans of SrCoO, fims on (001) STO substrates. The films were post-annealed at temperatures up to
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Figure 2. Co 2P XPS spectra of SrCoO, thin films. (a) As-deposited; (b) Post-annealing at 300°C
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Figure 3. Magnetic characterization of the SrCoO, thin films annealed at 200°C, 225°C, 250°C, 300°C,
and 600°C: (a) the curve of temperature-dependent magnetization with 500 Oe, and (b) hysteresis loop
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Figure 4. AFM surface morphologies of SrCoO, thin films: (a) As-deposited; (b) Post-annealing at 300°C
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Figure 5. Optical properties of as-deposited and annealed SrCoO, thin films. (a) absorption; (b) transmission
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