Supplementary Information (SI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2025

Supplementary Information

The two-dimensional n/p type carriers at the interface of
LaAlO;/KTaO; heterostructures
Yirong Geng', Zuhui Hu!, Chang Liu!, Ruiling Gao!, Hui Zhang!, Le Fang?*, Wei
Ren!”

! Physics Department, Materials Genome Institute, Shanghai Engineering Research
Center for Integrated Circuits and Advanced Display Materials, Institute for
Quantum Science and Technology, International Centre of Quantum and Molecular
Structures, Shanghai University, Shanghai 200444, China
2 School of Materials, Shanghai Dianji University, Shanghai 201306, China

renwei@shu.edu.cn; fangle@sdju.edu.cn; changliu@shu.edu.cn;
hzhang23@shu.edu.cn

10
LaAlOy/KTa0,/LaAlO,

sk LaAIO/KTa0,
> rTi
[=1)] 6F ‘o”-l—/‘ vvvvv o-»olv-(g-v-:-wo»nl-wul"\
S {0{0{0{0{0{0:0:010}0
= b 4 - B I B
L o B 000000000
L) 101010:0:01010}0

OO OOt OO QOO
<5 2
2
. ]
=T 0F
S g
e =
v -2F

e R
5 9
(2]
o R~ 4}

-6 F

S}

-10 1 1 1 1 1 1 1 1

-10 0 10 20 30 40 S0 60 70 80
Dinstance(A)

FIG. S1 The macroscopically averaged potentials are plotted along the [001] direction of the n-
type interface (LaAlO;),/(KTaO3)s and (LaAlOs),/(KTa0s);5/ (LaAlO;), heterostructure.
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FIG. S2 Calculated
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(LaAlO;),/(KTaOs3)g heterostructure slab models with m

LA,

(A9/591218) SOAd

m; =8

A/‘\C‘MA
AM/\
Ay
=2 :

N
P, !
oS!
o !
LA |
A,
M,
i,
M :
P, |
o :
N
-]';MAM 2 E

=6

my 0

EREIIN
TATTTHE ] Hq

of

interfaces

the p-type AlO,/KO"

layer-resolved PDOS for

(LaAlO;),/(KTaOs3)g heterostructure slab models with m

FIG. S3 Calculated

1,2,4,6,8.
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FIG. S4 The macroscopically averaged potentials are plotted along the [001] direction of the n-type
(LaAlOs),,/(KTaO3)g heterostructure slab models with m=1, 2, 3, 4, 6, 8.
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FIG. S5 (a) Calculated layer-resolved PDOS for n-type LaO"/TaO," interfaces of
(LaAlO;),/(KTaOs3)s heterostructure slab models without structure relaxation. (b) The local
electrostatic potential (red line) and macroscopically averaged potential (blue line) are plotted along

the [001] direction of the heterostructure.
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FIG. S6 The local electrostatic potential (red line) and macroscopically averaged potential (blue

line) are plotted along the [001] direction of the n-type (LaAlOs)4/(StTiOs)g heterostructure with

perfect structure relaxation. The heterostructure model is shown as inset; The schematic diagrams

of band alignment in different structural models (right), where p stands for the initial polarization

of LaAlO; or KTaOs.
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FIG. S7 The macroscopically averaged potentials are plotted along the [001] direction of the n-type

(LaAlO;),/(KTaO;)s heterostructure with in-plane strain of 2%, 0%, -2%, -4%, -6%.
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FIG. S8 The electron localization function (ELF) is plotted along the [001] direction of the n-type

interface (LaAlO;),/(KTaO3)s heterostructure with pure (a) and O vacancy defect (b-d) located at

layer 2, 4, 6.
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FIG. S9 The macroscopically averaged potentials are plotted along the [001] direction of the n-type

interface (LaAlOs3),/(KTaOs)g heterostructure with O vacancy defect located at layer 2, 4, 6.
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