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Abstract

Based on extensive first-principle density functional calculations, we have revealed the charge
transfer and half-metallic ferromagnetism induced by the polar electronic field in LaAlO3/SrMnO;
(111) superlattices. At the (La0O3)/Mn interface, electrons transfer from LaAlO3 side to SrMnOs3
component and occupy e; orbital of Mn ions, inducing half-metallic ferromagnetism of this kind of
superlattice. On the other hand, for the superlattices with (SrOz)/La interface, the holes reside al-
most uniformly at the oxygen atoms of SrO3 and LaO; atomic planes. With absence of the e; states
at the Mn sites, bulk-like G-type AFM ordering were obvious. But this type superlattices are metal-
lic because of hole transfer.
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1. 5|

BEE R T R DU BRI D, ANTEE S S i g5 R TR Z i Bl 4. Foh i
FARER MMk 2 LaAIO/SITiO, 55t Fhifi Ab It — 4 1< [1] [2] [3] [4]. fEAERKIEREH, R FIRF
B, PR LaAlOy/SITiO; Fiifil. —Ff2 TiO/LaO Fiifil, oA n B H; 5 e H SrO/AIO,
(IFLT, FRON p BUSI . X R R P R A BB ) BR A S 4, 7E1%(001) n B G B HIEAE
IR HE — 4E e /< [1] [5]. HAZ#E 4 g 7S A E LaAIO; JEEEIX B I FHE 1.6 nm (4 4> LaAlIO; 7T
R )i A 2 HBR[6] [7]. FORIX eI G AN4RE #8 J= FRE A5 A AL (001) e 46 il - feils, & H
SCHRHRIE T SrTiOs F1 LaAlOg 1) (110)AH(111) A i b () e fir B A4 [8] SCHRIEFR, TERIFEAEENRAL ALY
SITiOz(111)3R 1 F, BMEUTAE A LaAlOs, MEFENT LASCIL AT #5F8 o BE T A% Bz kit 5, A2
Z1F LaAlOs/SIMNO4(001)8 f i & BIL 1 FEL 7 575 7 A vy 1 e W Ak Ok & R P (9] TR 40X — 4R R A (111)
A R S 2 ISR I R e 2 AR ST AR PRI BB, 7E LaAlOy/SrMnO, VA [111]77 [\ T )
(LaOs)/Mn i dis 4% ST AR 3RAS Tt T i far AT S B L & @, 7R, W LaAIO; #4522
SIMnO; flll, 4l Mn BT 2311 eg BUIE . AT %44 R (001) St H - H A 6 R 2R AU[9], %A i
e AR AL AIES: S8, SRFZMPREEA HERR,

2. BREMTHE A

B SR AL S T P A5 2 IR G AR R A . AEIX EL, WY [110) 7 A4 2 2 H Y SrMnO;
oS —EHH M LaAlO; JuHIHEFIRT R, AR HIEL AR . FEX AR A A, LaAlO,
H1 SrMnO; #B 2 AL 2R L A1 SR SIMnO; & — /N2 R 11 Sr0; JiL 72, LaAIO; B 2 R —A Al i 72,
B BT AR T, s AN AR p B 5, FRAIFRCN p B AR As, Wil 1(a) B [AEE, Mn Al LaOs
JEF Z BT RO AN SR B n BUAHL,  aniE 1(0)FTR, RN n AU A% .

VE[111] 07 AR K ABOs #5ERA S5 M TE RS fit bk, (L11)FIHIN IEEAS B BT 5 N — =2 (111) P
134 B B F2miidl, RS E—ZMQ10) A K =4 Mn SR Raa 48, 15 E— 2 Wi HAl
SEMVET 4 A Mn B TR VGEAR, BTLLE R Mn B FROREE, SETETA T V/2ax~/2a (a 9 SrMnO;
B R H B0« TS VASP B4, % GGA J7iEANHAR R b B 1 5 T2 8] B AS B R A T
FLARZZ H I BRI B 1) 2 PBE o 38 FH 28 I T 11 i (PAW) SR AL HE - B85 1 2 TR (A AR, 48 Sr J5 711
4s*4p°5s?, Mn JRFf13p°3d°4s?, La i FHI5p°5d'6s%, O JETHI 2522 p* Lt s AbHE . T
FFII4ET BE (Energy Cutoff)Hh 600 eV, &AM T 1 AR5 1107 eV o X Brillouin [X [
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Figure 1. Hlustration of two kinds of LaAlO3/SrMnO3(111) superlattices:
(a) p-type, (b) n-type
B 1. ##h SrMnO4/LaAIOy(111)B ARG RERE. (a)p&; (b)n &

P HHELAE ] Monkhorst-Pack 7558,  BAT s 0oikd¥ k skt 912x12x8 [10]. HFEFILIEICR Mn |
HL T A SRR, A TEI Mn TCRIIFEALRESEU =4 eV, THREFTHIR g H HU LR H a =3.85A [9].

3. GREITL

XF T 1(a) FH ] 1(b) Frs B P FRE s, FRATIORAF AN BRD 454 S e A28, I W SrMnO; A7)
Fedi e, 2350 p-M A n-M ORFRICEATTHT I 4% Rl ks 454, b p A n ARG i F T 2R 7,
M & Mn 24, Lhp-2 Rl n-2 1, & 1(a)Fi K] 1(b) 5545 PR i s ah i n BB o0 MOBdE, 3R
ITBEAT AVELIS 188 1 32 FRALEI RS2, DAS AR &R A PR T B Mn R R IR &R . I8 F
AR 22 SRSB4k, INTTAT B2 SR AR (I 48, JRATTH R3c G5 M fE A0 4h S 454
AT IR . HUHE Glazer 5 X, R3c45H N A\ HARARA Y aaa, wFEEIE 1)l 1(b) T LA i
Mo IR IR

3.1 p BRI

BAVIHKITIE p B LaAIOo/SIMNOs(L11)HE fiA% . 7 1 25 W R 4% p-M U8 it ) RE R A Mn &1
Wi, HAE =Eq, —Eg aev o WWERRIASRERS G BRPMAREZ Z. X T p-11MiE, FEmEH
RE—=ANMnET, FrLLAEiEA 0. WK LA, Frf p BUAHA T Mn BT I8 S MR BTSSR DR e
T SIMnOs A 1) G 2R RBEFT, AR Mn B FIEIBTE ab TN, 2 ¢ §iliJ7 )5 H i ar 40 AR 2 %
PRMERN G o FEIXYS p B ERAR T, (RS TR e FUE MR B B 5. B 2 45 B PTTHSERID Fl p-M
AN EFI R RSHEER. K 3 At p-2 BEae S E, BRRRICKREEMENE, ¥
EARF spin-up, FAA2AREE spin-down, H AL AFRINE Mn &7 RIHUE . 5 4 5 H 02 p-2 B
I B e I

EHubt StMnO; # LaAIO; #8ANE], p AU ARG R LR, SoRma s i, A 2 mTLifg
e, RS ESP IS A R R b T SrO5 AT LaOs [ RS - o 1X 5 LaAIOs/SrMnO4(001) p Yk i
FEANIFI[9], 3% 2 BT (001) AT (111) 74 i s S 1 Ak () AR AL AN e 8 72 )3 ) LaAIO5/SIMInO3 (001) p Y 57
T4k, LaAIOs 1 SrMnOs NI B H AL L7, T LA LaAlO; 1 AR Ak HL37) 23 1525 /UM LaAlO 5% F2 %] SrMnO,
], A3k 13k SrMnOs 25 /AN 2= B E FL I b, 172 ~F 38 23 A 76 SrO TH_E 14 7 1. 177 LaAIOs/SrMnO;
(111) p LA HMASE, Wb B[Rl A2 AE T LaAIO; A1 SrMnOz ], H2 37 38 K/ NG T X, Jir L3 7
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Table 1. Total Energies and Local Magnetic Moment (uB/Mn) of p-Type Superlatticesfor VVarious Magnetic Orderings
#= 1 & p B(111)BRAR T RIHA R A0 5 2 2 (meV/Mn)Fl S8 REE (1B)

p-1 p-2 p-3 p-4
AE(meV/Mn)=Eqy —Eg_aeu 0 28.40 35.54 17.0
magmon ( 4z ) 291 2,91 291 291

Energy (eV)

Energy (eV)

T

Energy (eV)
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Figure 2. Partial density of states of every atomic planes of four
kinds of p-type superlattices. Fermi level is at energy zero (dashed
line)

E 2 Wihp BU)BREESRFHLSHNETFSEE, BAKEE
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Figure 3. Electronic band structure and Spin density of p-2
superlattice

& 3. p-2 BB HIR T RET

Figure 4. Of p-2 superlattice
E 4. p-2 BREHBRZEEE

%
o 4

A LRSI T SrOz A LaOg MR 1 o 158 3 FIRETT I —J7 S M o Mn 287 B3 5 4k
()t A e BUIE, 73— J5 it feon Vizth R e @i, HERUERETHE T p Jull. X5
2 MRS H R ERMATI. K452 p-2 A B IEE LR, B PR B 5ARA R B e s @,
AT LS M B Mn 87 0C eg HUE S HRRHIE, Rty PUBRHE, XaE—PRAER 2 A& 3t Mn &55 5
& 1 tog PUITERFAIL -

3.2. n HBEEPRIBETER

TNTEFRATRT 18 n A1) S ks S AR LT 8540 . 3% 2 45 O B2 B 35 8 R AN [RI RS 7 454
(4 B B ZE AN B Mn BT (0 RIS, oAt AE = Eg_ ey — Epy o B G BREKTES SHRIS e B2 2.
FF n-4 HEERNTETE 7 HADSBRREA R, AR R AR A B, BTLARAERE RS . W&k 2
ATLAE H, HAR SIMnOs BiM /& G 2RIk, 25 n B (1118 S ks AL Ab 38 fe kb e e (K. 18I 5 48 H
DA n-2 i d A R RR IR (RIS et a5 i ], B B AR SR RE T E AL B . 141 6 T n-2 jH
B P Mn BT FTA O BT B e R, ZEEOR T e A F BRI tyy A ey 75 15 n AL(001) i
RGEERZRAL, BT n R LD HE AR B S @, FOKTm AL FaIF i P2 £ R F T 58 4 B e AL )
Mn B5F . AEIZE, (111)H A% SR T i I T FE G RES,  FRATVCNIX & 7S i S b X R 14 B
YERT, AT BRI AE (111)LaNiOs 7R R P [11] [12]. H4h, B KIS R n-2 B B
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Table 2. Total energies and local magnetic moment ( ., /Mn ) of n-type superlattices for various magnetic orderings

2. & n B(111)BRIEIFEHMAB A EEE ZE (meV/Mn)FI FIgHERE (1, )

AE(meV/Mn) magmon ( 4z, )
n-2 276.7 3.46/3.46
n-3 183.4 3.22/3.53/3.22
n-4 186.4 3.11/3.40/3.40/3.11
n-5 113.6 3.07/3.28/3.41/3.28/3.07

Energy (eV)
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Figure 5. Electronic band structure of n-2 superlattice
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Figure 6. Electronic band structure of p-2 superlattice
[ 6. n-2 @B FaMETEMBREER

WA 3.0 eV 4, KT (001)H A% rhBUE (2 2.5 eV), B2 K TAE4515 4% SIMnO, Bt (1% B
KIRZ, U, LagerSrossMnOs Heddxf Nir it A4 1 eV [13] [14] [15].

N T BE SR 2 R E ORI, FRATTEE 7 s TSP R n AL (L10) 8 A% A R T
ST AR, HA g N KRR TAEALE . AE SIMNOs HA Y, Mn BT E+4 4, 5 34 3d L
T FTLA tog FUE R AR, eg BUER ). MME 7 R FEEERPE TGN, I FTA Mn
BT e HUBHH L4 3 o XL SR g LTS ULIILE n B (LaO,)* /Mn™ it -t B 1 rafii i85 .
MFE 2 IR EE AT DA Y, R SR H A SR AR S S AR AE A Mn BT |, X S5 n B4(001) S
HARE[9]. H4h, MZE 2B LLEH, BEZE SIMnOs ZX34 N, Mn 1 RIERAEIZHTE/N, {E/2 SrMnO;
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Figure 7. Partial density of states of every atomic planes of four
kinds of n-type superlattices. Fermi level is at energy zero
(dashed line)

B7. @ BU)BESSEFELRNETFSEE, B
KEEZARELRE. (@) n-2; (b)n-3; (c)n-4; (d)n-5

JE R S AR AR SR, B Mn B T RIRIAE 2 AR AR, By 1 A, Xt iR T sk i
THHEEE M E B 1% n T LaAIO/SIMNO;(111) /8 S & o AT K B — 4k 75, 54 EK 2 (001)48 S k%
FTR I 4R AU9], #Z IR ey LTSRN tyy Mo THL47, IXFEEE AR B M Zener
WAZ HALHI[16] [17], FrCARBL T 2K 4B Bk pid ik .

4. B2

ISR — PR R S T p B LaAlOs/SrMNO4(111) 8 ks r H 30 14 5 43 A1 £E SrO; [ AT LaOs
RS TR AL E B, TG R R4 G 2 Bkiify, HA IR FEAR - 3A WA,
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RN B T2RBN, WSBARZ B, X n R EKITE, H5 M LaAIOs #5221 SrMnOs;
t, JEASIMAGAE Mn B B, A Mn [ eg BUE, EAF Mn BT 2 RS O HRE &, TE R IR
R RRERRATE . 590 SrMnO; JZ, B Mn B T BB 2 MBEAGRIFAAL, YA ki v T
HORAH . fEREL RN b, AT N — 8 LA Wt 70 502 0 55 P9 L FR 300 1244 % B g g I )
SN, HE— PR FIX IR R AE A e 1 LR AR

E&WE

VL3 FHE T 5T BT H (0 H %5 BK20140278).

SEHk (References)

[1] Ohtomo, A, et al. (2004) A High-Mobility Electron Gas at LaAlO3/SrTiO3 Heterointerface. Nature, 427, 423.
https://doi.org/10.1038/nature02308

[2] Mannhart, J. and Schlom, D.G. (2010) Oxide Interfaces—An Opportunity for Electronics. Science, 313, 1942-1945.

[3] Narayanapillai, K., et al. (2017) Interfacial Rashba Magnetoresistance of the Two-Dimensional Electron Gas at the
LaAlO,/SrTiO;z Interface. Physics Review, 96, Artical ID: 064401. https://doi.org/10.1103/PhysRevB.96.064401

[4] Diogo, C.V., etal. (2017) Tuning Up or Down the Critical Thickness in LaAlO,/SrTiO3 through In Situ Deposition of
Metal Overlayers. Advanced Materials, 29, Artical ID: 1700486.

[51 Nakagawa, N., et al. (2006) Why Some Interfaces Cannot Be Sharp. Nature Materials, 5, 204.
https://doi.org/10.1038/nmat1569

[6] Bell, C., etal. (2009) Thickness Dependence of the Mobility at the LaAlO3/SrTiO; Interface. Applied Physics Letters,
94, 423. https://doi.org/10.1063/1.3149695

[7] Thiel, S., et al. (2006) Tunable Quasi-Two-Dimensional Electron Gases in Oxide Heterostructures. Science, 313, 1942-
1945. https://doi.org/10.1126/science.1131091

[8] Herranz, G., et al. (2012) High Mobility Conduction at (110) and (111) LaAlO3/SrTiO3 Interface. Scientific Report, 2,
758. https://doi.org/10.1038/srep00758

[9] Fang, H., et al. (2012) Half-Metallic Ferromagnetism via the Interface Electronic Reconstruction in LaAlO3/SrMnQO;
Nanosheet Superlattices. ACS Nano, 6, 8552. https://doi.org/10.1021/nn303943t

[10] Bléchl, P.E., et al. (1994) Improved Tetrahedron Method for Brillouin-Zone Integrations. Physical Review B, 49,
16223. https://doi.org/10.1103/PhysRevB.49.16223

[11] Yang, K.Y., et al. (2011) Possible Interaction-Driven Topological Phases in (111) Bilayers of LaNiOs. Physical Re-
view B, 84, 201104. https://doi.org/10.1103/PhysRevB.84.201104

[12] Riegg, A, et al. (2012) Electronic Structure of (LaNiO3)(,)/(LaAlO3)(y) Heterostructures Grown along [111]. Physical
Review B, 85, 245131. https://doi.org/10.1103/PhysRevB.85.245131

[13] Salamon, M.B., et al. (2001) The physics of Manganites: Structure and Transport. Reviews of Modern Physics, 73, 585.
https://doi.org/10.1103/RevModPhys.73.583.

[14] Dagotto, E., et al. (2001) Colossal Magnetoresistant Materials: The Key Role of Phase Separation. Physics Reports,
344, 1-153. https://doi.org/10.1016/S0370-1573(00)00121-6

[15] Tokura, Y., et al. (2006) Critical Features of Colossal Magnetoresistive Manganites. Reports on Progress in Physics,
69, 797. https://doi.org/10.1088/0034-4885/69/3/R06

[16] Zener, C.1., et al. (1951) Nteraction between the D-Shells in the Transition Metals. Physical. Review, 82, 403.
https://doi.org/10.1103/PhysRev.82.403

[17] Fang, H., et al. (2011) Magnetic Reconstruction at Oxygen-Deficient SrMnO; (001) Surface: A First- principle Inves-
tigation. Applied Physics Letters, 99, 257.

DOI: 10.12677/app.2017.711040 327 N A


https://doi.org/10.12677/app.2017.711040
https://doi.org/10.1038/nature02308
https://doi.org/10.1103/PhysRevB.96.064401
https://doi.org/10.1038/nmat1569
https://doi.org/10.1063/1.3149695
https://doi.org/10.1126/science.1131091
https://doi.org/10.1038/srep00758
https://doi.org/10.1021/nn303943t
https://doi.org/10.1103/PhysRevB.49.16223
https://doi.org/10.1103/PhysRevB.84.201104
https://doi.org/10.1103/PhysRevB.85.245131
https://doi.org/10.1103/RevModPhys.73.583
https://doi.org/10.1016/S0370-1573(00)00121-6
https://doi.org/10.1088/0034-4885/69/3/R06
https://doi.org/10.1103/PhysRev.82.403

SRR R BIPR T =
1. FTIFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=\WW.JD

FRIBIFRHEESE: [ISSN], H#IIT] ISSN: 2160-7567, Al #if]
2. FTHFAM T TT http://enki.net/
JEM “EBRSCEREE” HEN, BN ERE, B &

¥efEiE S http://www.hanspub.org/Submission.aspx
HATIARAE: app@hanspub.org

Hans X


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:app@hanspub.org

	Interface Electronic Reconstruction in LaAlO3/SrMnO3(111) Superlattices
	Abstract
	Keywords
	LaAlO3/SrMnO3(111)超晶格中的界面电荷重构
	摘  要
	关键词
	1. 引言
	2. 模型和计算方法
	3. 结果与讨论
	3.1. p型超晶格中的空穴转移
	3.2. n型超晶格中的电子转移

	4. 总结
	基金项目
	参考文献 (References)

