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Fig. 1 HAADF-STEM image for SrNb Ti,_ O, /Si heterojunction(A)" and the schematic diagram of the
band alignment of SrNb_ Ti,_ O, ,/Si heterojunction(B)
(A) Copyright 2019, the American Physical Society.
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Fig. 3 Flowchart for the generation of interfacial structures in heterojunctions
(A) Crystals are converted to graphs with nodes representing atoms and edges representing atom connections , and the red lines rep-
resent the strain invariant plane(sip); (B) graphs are further converted to network flows, where the red circles represent the nodes
belong to the edges cleaved by sip, and the purple circles represent the source and sink nodes; (C) slab model is generated by the

max-flow min-cut algorithm; (D) two slab models are combined together to produce the interfacial structure.
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Fig.5 Overall flowchart for prediction of interfacial structure in heterojunctions
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Table 1 Orientation relations(OR) and surface lattice parameters for TiO,-B/anatase, t-ZrO,/m-ZrQO,

heterojunctions predicted by Autolnterface

OR Species a/nm b/mm 0/(°) Species a/nm b/mm 0/(°) Strain(% )
(201)//(103)* TiO,-B 0.377 0.784 76 Anatase 0.378 0.762 76 2.89
(101)//(001) 0.377 1.216 90 0.378 1.133 90 6.82
(001)//(001) 0.377 1.231 90 0.378 1.133 90 8.82
(110)//(100)* t-710, 0.515 0.531 90 m-Z10, 0.521 0.531 90 1.16
(001)//(001)* 0.515 0.515 90 0.514 0.521 90 1.16
(110)//(001)* 0.515 0.531 90 0.515 0.521 90 1.92
(001)//(100)* 0.515 0.515 90 0.521 0.531 90 3.11

* Represents the OR has been confirmed by experimental observations. A and b are the lengths of surface vectors, while 6 is the angle be-

tween two surface vectors.
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Fig. 6 Correspondence of HRTEM images(A, C) and predicted interfacial structure by AutoIn-
terface package(B, D)
(A) HRTEM image for TiO,-B/anatase heterojunction with orientation relations (OR) of (201) — (103) 0 ', Copyright
2014, the American Chemical Society; (B) atomic structure of (201)“02_3// (103),,..c predicted by AutoInterface; (C) HRTEM
image for Y-Stabilized Zirconia (YSZ) heterojunction with OR of (110) l_Z,OZ//( 100) m-Zsz[27] , Copyright 2011, Wiley-VCH;
(D) atomic structure of (110) 0,//(100) ., predicted by Autolnterface. The green dashed lines represent the interface. Gray
ball: Ti; red ball: O; cyan ball: Zr.
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Table 2 Orientation relations(OR) and surface lattice parameters for GaP/TiO,, ZnTe/TiO, and
AISb/TiO, heterojunctions predicted by AutoInterface’

OR Species a/nm b/mm 0/(°) Species a/nm b/nm 6/(°) Strain(%)
(113)//(100) GaP 0.385 1.927 84 TiO, 0.378 1.897 90 1.85
(100)//(112) 0.545 0.545 90 0.544 0.534 90 2.06
(100)//(001) 0.386 0.386 90 0.378 0.378 90 2.12
(110)//(110) 0.545 1.927 90 0.544 1.862 91 3.49
(110)//(112) 0.545 1.156 90 0.534 1.089 90 6.15
(110)//(101) 0.385 1.090 90 0.378 1.021 90 6.76
(310)//(110) 0.545 0.862 90 0.544 0.931 89 8.00
(111)/(101) ZnTe 0.747 1.141 71 TiO, 0.755 1.089 70 5
(11D)/(112) 0.747 1.141 71 0.763 1.199 73 5
(113)//(111) 0.965 1.671 73 1.021 1.602 75 6
(110)//(101) AlSh 0.751 1.063 90 TiO, 0.755 1.021 90 4
(11)/(112) 0.751 1.148 71 0.763 1.199 73 4
(113)//(111) 0.970 1.680 73 1.021 1.602 75 5

* Parameters a and b are the lengths of surface vectors, while 6 is the angle between two surface vectors.

&7 B T AT ) 3 4= PR GaP/Tio, St it 25 L 2544 . i B 7(A) AT 0L, 55 1A~ F4H (OR,) Y
i AL DG 22K (100) 6,//(001) o5 [110],//[010],,, FLHEIAEN 0. 73 J/m®. TiO, Fl GaP HR T A S5
435147 0. 378 nm x 0. 378 nm F1 0. 386 nm X 0. 386 nm, [ 48 K 2%. hy 0 i 5 Hb 5 7 L TR0 Ak A D - HE
G, ST AN Ga &5+ By R Ak R AE R A B p et — 20 ok . FTLAE B T4 89 Ti—0
M Ga—PHSN , 7EFL AL IETE B T 50 Ti—P Ml Ga—O £ . Hirp Ti 5 GaP AU P IR F4H % , Ti—P
KA P—Ti—P J& 1435 4 0. 245 nm F1102°, 2T GaP H1 ) Ga—P HE 1 (0. 243 nm) Fll £ P—Ga—P J& ffi
(109°). [H]B, kb Ga i FF1 TiO, 9 34~ 0 B F-45 4, Hih Ga—0 #K A1 L0—Ga—0 I 1 5351 K
0. 203 nm F179°, W1 TiO, {AAH H ) Ti—0 #84 (0. 195 nm) F1LO—Ti—0 J& £ (77°) i . Hi, Fif
BT Ga B T AT AR I A5 TiO, 1 GaP AH , T 180572 D g A AL 1

H1 [ 7(B) AT UL, 565 24510 (OR,) B b T DG 22 (110) 0,/ (101) 30,5 [110],//[010 ], FEF T
fiE 4 0. 76 J/m>. TiO, Fl GaP 12 M S M2 5073- 914 0. 378 nm % 1. 021 nm F10. 385 nm X 1. 090 nm, S 7%
H T%. FLRAL Ti 51 GaP Hh—> PIRF45 G, HAEK N 0. 268 nm, 5 GaP H1 1) Ga—PHEHKERIE . 1M
FLAR Y Ga 505 Tio, H i — 1~ O B 4545, HAEK 0. 201 nm, 5 TiO, 1Ay Ti—O $K 42 . H
B 7(C) R UL, 26 3 A4~ ST (OR,) Y s 18T HL ) 56 2 0 (100) /1 (112) 40,5 [010] /(225 ], S THTRE S
0. 83 J/m>. TiO,Fl GaP BT FHMIZH0M 0. 544 nm X 0. 534 nm F1 0. 545 nm X 0. 545 nm, V25K 2%. T
AN T S P PSR, AR AL Ga 25700 5 S O nigi . LA miAb iy it S Al A P . 25
b, RSO T AT LA CHON A S TR 2 i A 254, 5, PR ES R A AE R AR TR Rk
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Fig. 7 Atomic structures for three GaP/TiO, heterojunctions achieved coherent interface™

The left column is the overview of the heterojunctions. The middle and right columns are the enlarged local view of interfacial Ti and
Ga ions. The green dashed lines represent the interface. The purple and blue dashed cycles highlight the interfacial Ti and Ga

ions. Gray ball: Ti; red ball: O; brown ball: Ga; purple ball: P. Copyright 2019, the American Chemical Society.
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Structure Prediction of Heterojunction Interfaces and the
Application of AutoInterface Program’

LI Yefei', LIU Zhipan
(Shanghai Key Laboratory of Molecular Catalysis and Innovative Material ,

Key Laboratory of Computional Physical Science ,
Ministry of Education , Department of Chemistry, Fudan University, Shanghai 200433, China)

Abstract The interface in heterojunction plays an essential role in the performance of devices. To date, the
structure prediction of the heterojunction interface is challenging. This paper introduces the recent theoretical
process in this field. By combining the phenomenological theory of martensitic crystallography, graph theory,
and stochastic surface walking method, we have developed an approach to predict the structure of the hetero-
junction.

Keywords Structure prediction of heterojunction interface; Phenomenological theory of martensitic crystal-

lography; Graph theory; Stochastic surface walking method
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