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SEEYEERERLNERHERTEWEARIERNE M ERERSLNET—, T 1987 FEMH
AERIMNTE. BELREFAZRSEEATRRLT, BELREFFEATRERT. KL, TRE, &
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o RERFIESEIREK
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BRMESESRE B XEMRERSERE, EREVEAXFRIN—EIEEE TEEHRRE, HRITIFERTE
RIMZFREI—EOAR]. 2019-2020 5Fja), SEIREAERMAINEPNRLIN, SRz, REmESyE.
BERBREHRING, BRFERINE. SERH - RUEHEE. SREMEUEESHEBIE T —RIL
FHIAFBR, £ SClREATIFAFRICI 160 /%, H Science 15, Nature 37, Nature FH/ 97,
Physics Review Letters 10 &, PNAS 1%, Journalof American Chemical Society 1 &, Nano Letters 5
7, Advanced Materials 2 5, 2020 &, ZEMFFEESEZEERAHSFESIMBENIE.

SLIOEINRERHEEMNEGRRIR, TR TSR, REEFENHE. STADYERUN. ZEHEE

FURBEERVESHAFREE. TEN "REEFEERTSEIFLR" 83308 / EXEULE,
ELIRERERHESZHIFINTAL. 2 2012 £ €73 “Recent Progress in Oxide Interfaces” SEERFIFHIESLL
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INTRODUCTION

The State Key Laboratory for Surface Physics was founded in 1987 as one of the first ten state key laboratories in China.
Prof. Xun Wang and Prof. Dingsheng Wang served the first term of the Academic Steering Committee Chair and Lab
Director, respectively. Subsequent lab directors include Prof. Zhangda Lin, Prof. Enge Wang, Prof. Qikun Xue, and Prof.
Shiwu Gao. The current Academic Steering Committee Chair is Prof. Qikun Xue and the Lab Director is Prof. Jiandong
Guo. The Laboratory owns a young talented research team, including 31 regular staff members, 10 post doctors and 103
graduate students. Since the founding of Lab in 1987, three lab members (Dingsheng Wang, Qikun Xue and Enge Wang)
have been elected to the Academy of Chinese Academy of Sciences, eleven have received National Distinguished Young
Scientists Awards, three have received National Excellent Young Scientists Awards.

Our mission is to explore the fundamental aspects of novel phenomena at surfaces and interfaces, with a combination of
atom-resolved experimental tools and first-principles calculations. Our research goal aims at fabrication, characterization
and functionalization of artificial materials that have potential applications in information, energy and nano science.
Current research activities include the controlled growth of low-dimensional quantum structures with atomic precision,
development of novel instruments with high resolution in multiple degrees of freedom, and investigation with such
novel tools on the localized phenomena as well as their collective behaviors at surfaces and interfaces, effects of the
microstructure on macroscopic properties, and dynamic behaviors in excited electronic states. There are currently six
research groups in the Lab:

® Emergence of Low-dimensional Structures and Their Atomic Mechanism by In-situ TEM Method

@ Atomic Processes on Surface and Film Growth

@ Detection, Control, and Dynamics of Single Molecules and Elementary Excitations

@® Growth of Artificial Low-dimensional Oxide Structures and the Functionality Control

® MBE Growth and Electronic Properties of Low-dimensional Materials

@ Surface Excitation and Energy Conversion

The lab encourages original research explorations, while we are also making great efforts to organize teams for major
national projects. The Lab has been very active in undertaking major national scientific projects, including the National
Key Research and Development Programs of Chinese Ministry of Science and Technology, the key projects of National
Natural Science Fund of China, as well as the Strategic Priority Research Program (B) of the Chinese Academy of
Sciences. Significant research progresses have been made in the Lab and have attracted lots of attention worldwide.
During the year 2019-2020, series of significant progresses have been achieved in studies of polar topological structures,
complex oxides, interfacial superconductivity, moiré superlattice, charge density wave dynamics, high pressure pump-
probe spectroscopy and high-quality materials database. More than 150 SCI papers were published, including 1 in
Science, 3 in Nature, 9 in Nature subsidiaries, 10 in Physics Review Letters , 1 in PNAS, 1 in Journal of the American
Chemical Society , 5 in Nano Letters and 2 in Advanced Materials. Sheng Meng was awarded the National Natural
Science Fund for Distinguished Young Scholar in 2020.

We have made major progresses in establishing the shared network of instruments. A comprehensive instrument
platform was established with 30 sets of equipment for material computation, fabrication of low-dimensional structures,

AR 5 TR =8
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high-resolution characterization, spectroscopy with multiple degrees of freedom, and electric transport measurements,
etc. Following the first international workshop on oxide interfaces in IOP in 2012, we organize the series of the workshop
annually. Worldwide experts in this emerging field have been attracted to exchange their latest progress and to initiate
solid collaborations with IOP. To promote the exchange of scientific ideas, we organize the Surface Science Colloquium
and the Semimonthly Forum on Physics. All these efforts have laid a solid foundation for our sustainable developments in

the future.

We sincerely appreciate the tremendous helps and supports from all colleagues and friends around the world. Thank you
for your continuous interest in the lab. We strive to work with our staff, students and friends for a bright future.

2019-20204F 1R
Annual Report 2019-2020 4



S Y

1TEHEIIETE

Organization & Administration

IREEFE: BEER HARR
Director: Prof. Jiandong Guo
TRERIFE: & B ARR
Deputy Director: Prof. Sheng Meng

PlEEE

Successive Directors

FEEE: IREHRR (RI)

Prof. Dingsheng Wang (1987 - 1991)
FEEE: MEXHARRA

Prof. Zhangda Lin (1991 - 1995)
F=EEE: EERFHRR )

Prof. Enge Wang (1995 - 2000)
SBUEEE: EBEEBH F (RI)

Prof. Qikun Xue (2000 - 2005)
FHEEE: SHE #ARR

Prof. Shiwu Gao (2005 - 2009)

AT RIE 5 N S
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FAZRRS

Academic Steering Committee

ZF4F Chairman

EEEH % (k1)

BJ=E{E Deputy Chairman

Prof. Qikun XUE, Southern University of Science and Technology

FREF HARR (Bit)

Z R Members

Prof. Enge WANG, Institute of Physics, CAS

AR ARR
FREE ARR
F RARK
T B¥ B
F EH R
4 RE B
BEMH &
I Ay’
K EH B
PUNNE ]
R TARR
WS FARR
KIRT 2 %
DES RG]
SKUEME 20 %
HKEE B %
BRI HRR
ZBR0E AR
HERH B
=5 ARR
FER ARR
BeEY B
KERIZE FARR

(BzE)
(Bzt)

(Bz%)

(Bz%)
(Fz%)

(Fzt)

Prof. Lijun WAN, Institute of Chemistry, CAS

Prof. Dingsheng WANG, Institute of Physics, CAS

Prof. Chen WANG, National Center for Nanoscience and Technology
Prof. Mu WANG, Nanjing University

Prof. Bing WANG, University of Science and Technology of China
Prof. Qian NIU, University of Texas At Austin

Prof. Xinhe BAO, University of Science and Technology of China
Prof. Ying JIANG, Peking University

Prof. Xing ZHU, Peking University

Prof. Feng LIU, University of Utah

Prof. Shushen LI, Chinese Academy of Sciences

Prof. Xueming YANG, Dalian Institute of Chemical Physics, CAS
Prof. Zhenyu ZHANG, University of Science and Technology of China
Prof. Pimu HE, Zhejiang University

Prof. Jiandi ZHANG, Louisiana State University

Prof. Shengbai ZHANG, Rensselaer Polytechnic Institute

Prof. Xingjiang ZHOU, Institute of Physics, CAS

Prof. Xiaoming JIANG, Institute of High Energy Physics, CAS

Prof. Donglai FENG, University of Science and Technology of China
Prof. Hongjun GAQ, Institute of Physics, CAS

Prof. Jiandong GUO, Institute of Physics, CAS

Prof. Jinfeng JIA, Shanghai Jiao Tong University

Prof. Xiaohui QIU, National Center for Nanoscience and Technology

2019-20204F 1R
Annual Report 2019-2020



EREHR

7

ANEAT

Outstanding Researchers

E FERFRRE L
Academician, CAS

TR Dingsheng Wang
TEE Enge Wang
=i

1995
1996
2003
2007
2008
2008
2010
2012
2013
2018
2020

1999 3KiRF / ERE

Qikun Xue (N EAHREIKE)

FRE
3z 8i
Edenz
AE%E
2 @
EHE
E)EL 5]
FREIR
i
Rl
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E’ ERRHESFESIKEE

National Natural Science Fund for Distinguished Young Scholar

Enge Wang
Qikun Xue
Jinfeng Jia
Xuedong Bai
Ke Xia
Shiwu Gao
Xucun Ma
Jiandong Guo
Ke He

kehui Wu
Sheng Meng

N ExEINEFFECIFNRESIXG

Joint Research Fund for Overseas Chinese Young Scholars

(BENY: FARHRE)
(RAENY: EiEERS)

(BENAS: IERIBEAE)
(BEIHY: JEHERIZFEDD)

(RENUY: BEXE)

(RAENUY: BHEXE)

Zhenyu Zhang/Enge Wang

2001 {EZ=NI / g5E#  Zhigang Shi/Qikun Xue
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NEEFRFESIE

National Natural Science Fund for Excellent Young Scholar

2012

&= M

Sheng Meng

2013 EX% WenlongWang P& i Lan Chen

H AAITRINIEE
1995 £&& Enge Wang
1998 EHNEX Zexian Cao
gEHE  Qikun Xue
2000 ZFHE#E  Jinfeng Jia
2002 E fJ KeXia
2004 SHE  Shiwu Gao
2E  Kehui Wu
2005 2B Jiandong Guo
2009 pEXLe Xinghua Lu
RNA Wenijie Liang
&= B Sheng Meng
2014 FiH%  Weihua Wang
2018 X # Miao Liu
E4P Nianpeng Lu
BEA  Baojie Feng
2020 —3F Yiqi Zhang
X8  Xuezeng Tian

(RAENVY: FEARHKE)
(RENY: _EiSstERE)
(REHY: IERIBEKRE)

(RAENWY: e ERIZEHL)
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PSS EFIRASS T 1)

Research Groups & Directions

SFO1 1R&A
(RAEEIERER HRABF EHMFEHRR
Emergence of Low-dimensional Structures and Their Atomic Mechanism by In-situ TEM Method
o UMK AR TS SRR IFAR
Controllable preparation and structural transition of two-dimensional materials
o NRESICIRITH SEMYIIERIEIAR
Oxygen migration and physical manipulation of functional oxides
o RUMBFEMFTESERRARAR

In-situ TEM method and related instrument technique

H K AER
B R EXR OF B ENF AR s F OHE
BrE: 8N KR & ITENR BFEE

SFO3 ReHA
RHRTFIESEREK
Atomic Processes on Surface and Film Growth
o SUMBEFRIERERTR
The ionic modulation and properties of oxides
o KIBRAIIBI RIS
Mechanisms of vitrification and cold-crystallization of aquoeus solutions

B BN
B R EFE 2K F B KEzx

SFO5 1@z

BSFRRETTAARASUEFRIR I F AR

Detection, Control, and Dynamics of Single Molecules and Elementary Excitations

o REBDFIHNF
Dynamics behavior of single molecules on surface

o BIRIEE TSN
Detection and control of single spin quantum state

o ESHEKFL DNA TR
Solid state nanopore for DNA sequencing

o HBS. EXEK. HINERBREFHAGEIRGES, BREIHFMIFEMI TS
Ultrafast spectroscopy, ultrafast dynamics, and nonlinear optical spectroscopy of correlated materials,
such as superconductors, strongly correlated systems and topological materials.

H K flsde
B R: &XH#E BEma
B ST &EHE

FE PR 5 T A
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SFO6 1R&AH
S A T RESHINER SRR
Growth of Artificial Low-dimensional Oxide Structures and the Functionality Control
o AUWMIAE_HBFARRNZEHRERFS
Ordering of multiple degrees of freedom in the two-dimensional electron systems at oxide interfaces
o RN ESSWIFREIARTRIFEFYIENS
Novel phenomena in two-dimensional materials and the interfaces with oxides
o Bl FRE B EELE R4

Low-dimensional magnetism tuned by the surface self-assembly of organic molecules

B K SRER
B R:#h 8 EERE BB KFEE & B KA

SFO9 iReA
REEF MRS FRINMEERFIR TSR
MBE Growth and Electronic Properties of Low-dimensional Materials
o “HIRIINS FRINESIE SRIE
MBE growth and electronic properties of two-dimensional materials
o IHEFIHRIRIBFLEITMR
Electronic structures of topological quantum materials
o T HIE_HBH R SMRANRE S SRR
On-surface synthesis and characterization of mt-conjugated 2D polymeric crystal
H K REE
B R K OBER BE—F B B

SF10 i#&Z
RERRNDFFIRERN A
Surface Excitation and Energy Conversion
o HIRSEFNNFHRNEEH BRI KER AR
Excited state quantum dynamics research and its application in energy conversion and nano devices
o RESHIAFERE B FURNNFEITRG
Development of state-of-the-art nonadiabatic quantum dynamics simulation software
o BREIR—RANTEIRIEEERE

Construction of world-class computational materials database
H K &= M

R R EREF X # K E

BrE: XBE B K #HREE
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embers of Laboratory |

AR AR 27 & /Researchers

FREF
Enge Wang

E
Zexian Cao

SRR

Jiandong Guo

ARR, FERZREREL, F=HRE
Fhrbrt

Professor, Member of Chinese
Academy of Sciences

A5/ E /Research Area

BITRPRFMEHR R R EAER MR,
FEFRELNFRAEKMNDE, ZRE
SRKIT RS

Novel nanomaterials based on
light elements; Growth dynamics
at atomic scale on surfaces;
Behaviors of water in confined
systems

HRR

Professor

A5 F5[a /Research Area
BEERKRA, SRESNE, FEHR
R, KElZ, MESEBE R, BRSERE,
MEESETNE

Thin film growth, the atomic process
and mechanism; Exploration of
the new materials; Water science
research; Low temperature plasma
and the condensed matter surface;
Micro-structures and quantum
mechanics

HRR, K5
Professor, NSFC Distinguished Young
Scholar

ff5EF[a /Research Area

RUEB FEMRIRIT SIS SHE IR
[, REEBFEFDHT

Design & preparation of low-
dimensional quantum materials
and their novel properties; Surface
electronic spectroscopy

CEES
Xuedong Bai

B K
Lan Chen

Ny
7N

Xinghua Lu

HRR, A5
Professor, NSFC Distinguished Young
Scholar

#3535 /Research Area

RAUBFREHME, RFDIHEHERIES
WEEE, (REMHSRAEDE, 3
FEERER

In situ transmission electron
microscopy; Atomic-scale
characterization and manipulation
of structural properties; Low-
dimensional materials and surface/
interface physics; lon transport and
phase transition

R, e
Professor, NSFC Outstanding Young
Scholar

fA53/5 [ /Research Area

"M RERRS, RINETFEE,
AREEME, REMEEAMR

Two-dimensional materials and
their heterojunctions; Topological
quantum materials; Scanning
tunneling microscopy; The Physical
and chemical properties of surface

HRR

Professor

A3 M /Research Area

REBD FHNFHAR, BREFEDHE
RfBFEEME, PKF DNA R
AHF

Dynamics of Single Molecules on
Surface; Ultrafast Time-Resolved
Scanning Tunneling Microscopy;
Nanopore DNA Sequencing

ESE PG e R
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Sheng Meng

EX
Wenlong Wang

BXERER

Jimin Zhao

HRR, K5
Professor, NSFC Distinguished Young
Scholar

fF535 [ /Research Area

BRSEFNNT  BERENTNFHER
W, RBHBEERI , RESKEEIER
&

Excited state quantum dynamics;
Energy conversion; Solar cells;
Water-surface interactions

HRR, HE
Professor, NSFC Outstanding Young
Scholar

fF53/5 [ /Research Area

2R REM RIS S RSB 7451
Bz, BAFSHEELERERIRA
(=5

Controlled synthesis and electronic
structure control of light-element
low-dimensional materials;
Surface and interface problems
related to electrochemical and/or
photoeletrochemical processes

HRR

Professor

fA5S7 5 [a /Research Area

S, BXEK. RINEXKEFHRE
HBRGIES, BIRANDFFELMGE
=

Ultrafast spectroscopy, ultrafast
dynamics; and nonlinear optical
spectroscopy of correlated materials,
such as superconductors, strongly
correlated systems and topological

materials

REE
Kehui Wu

= o
Peng Cheng

[

Professor

A5 /5 [ /Research Area
{RUEPER IR SRR

Fabrication and physical properties
investigation of low dimensional
nanostructures

R, K5
Professor, NSFC Distinguished Young
Scholar

tH53/5 [ /Research Area

ABERME, REME, REET
L, 9FERIME

Scanning tunneling microscopy;
Surface science; Low dimension
materials; Molecular beam epitaxy

BfRR
Associate Professor

555 a /Research Area

W B MR FRIMEIE,
ETHHRE TR / EEEIEAH
SRS

Molecular beam epitaxy of two-
dimensional quantum materials;
Novel electronic properties studied
by low temperature STM/STS

2019-20204F 4k
Annual Report 2019-2020
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BENR
Baojie Feng

U

Miao Liu

BfARR
Associate Professor

iF5375E /Research Area

IR BB FEEHR, 9F
RINE, BDPEEEFREE, BIRaID
o

Electronic structures of topological
and low-dimensional materials;
Molecular Beam Epitaxy (MBE);
Angle-Resolved Photoemission
Spectroscopy (ARPES); Ultrafast
dynamics

BfRR
Associate Professor

ff3E5 M /Research Area
MERTEEN, MEEERE, SEE
8, BeiRM

Computational materials science;
Materials informatics; High-
throughput computing; Energy
materials

BfARR
Associate Professor

A5 /5 [ /Research Area

{RUERRERARAIIMELER, #MESH
EHRERIE, EAEEFS, WERE
=

Epitaxial growth of low-dimensional
strong correlated systems;
Characterization of magnetism and
transport properties; novel ordering

LER
Ailing Ji

=p: 2L
Nianpeng Lu

EfARRE
Associate Professor

#5375 /Research Area
{RUEEIERIOHI S R DR FS

Fabrication and properties of low-
dimension thin films

BfARR
Associate Professor

ff3S 5| /Research Area

RS IEIRRF RIS, e
TFiEE, DIREHER R ARE R AU
Thin film growth of newly designed
complex transition metal oxides;
Exploration of the exotic physical
and functional properties of these
materials; Fabrication of the model
devices based on the discovered
interesting properties with novel
functionalities

EfARR
Associate Professor

fA53/5 [ /Research Area

5375/ /Research Area

BFREME, SHREFHEMER, 8B
WP RIIRIRFR

Electron microscopy; 3D atomic
electron tomography; Structure
and properties relationships in
condensed matter

= %5 i o]
Me|l1m I\%Ien states at the interface; Control of Xue;.;_:_iETian
9 9 physical properties 9
L P RREI R R

13 State Key Laboratory for Surface Physics
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Qiang Wang

Fiu3s
Lifen Wang

w5
Fang Yang

BIfRR
Associate Professor

#5375 /Research Area

TRFARRETFIMERIATR, AMEFSZEER
IKRIKBTREHIFIMER, IKFRRISK
AR

Structure and properties of
disordered materials; Effects of
size and surface properties on the
structures and properties of water
and aqueous solutions; Regulation
of ice nucleation and growth

BIRRR

Associate Professor

5518 /Research Area
FAOERBFRHNE, E9E%, miz
SEERERSNE

In situ transmission electron
microscopy; Phase transition;
Nucleation and crystallization

BIfRR
Associate Professor

5518 /Research Area
pESEniR, SEEEaIERE
EREMEERE, RFRERHES
Pulsed laser deposition; epitaxy
of transition metal oxide films and
tuning of their properties; precise
control at atomic scale

EhHEe
Weihua Wang

Li Wang

KRz
Lingyun Zhang

BIfRR
Associate Professor

f{f5E5 18 /Research Area
BHFEERE - BN, “HRR
DFRINEER, ARBFERHE
single molecules and metal-organic
framework; molecular beam epitaxy
of two-dimensional materials;
scanning tunneling microscopy

BIfRRR
Associate Professor

fF535 [ /Research Area

ARTHBRER, ARTEERSGZ
R, THRIBRERS
large-scale two-dimensional single
crystal growth; large-scale metal
single crystal growth; ultra-
fast growth of two-dimensional
materials, etc

BIfRR
Associate Professor

fF535 [ /Research Area

ERIRIS, S, RERRSHE,
AR

Solid state theory; Statistical
physics; Soft condensed matter
physics; Theoretical biophysics

2019-20204F 4k
Annual Report 2019-2020
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BfARR
Associate Professor

R3S /Research Area

| RERRANE, RimER TR,
ZRENIFE

Surface reaction mechanism;
Physical properties under extreme
conditions; Multi-scale dynamic

simulations
ik
Cui Zhang
BfARR
Associate Professor
A5/ /Research Area

REFFTTHR, B - FFHEEFR,
BOPEETRERAE, [URTHG]
Collective Excitations in Low-Dimen-
sional Systems; Electron-Phonon In-
teractions; High-resolution Electron
Energy Loss Spectroscopy; Helium

ks Atom Scattering
Xuetao Zhu

55
Yiqi Zhang

BIfRR
Associate Professor

#5375 /Research Area

AR BHE, BlhaFRit, &
BEEREHD FRIEERKR, 5 FFH,
@ n B S FRERESK, B
FLEIZRAE

Scanning probe microscopy;
molecular building blocks design;
interfacial complex molecular
tessellations; chiral molecules; on-
surface synthesis of m-conjugated
2D molecular networks; electronic
structures characterization

BEAAR 3 & /Technician

BIEETEIH

Senior Engineer

fH5EF5E /Research Area

BREAGE, SORSMRERME,
ERSPRF L

Ultrafast Spectroscopy; Photo
assisted Scanning Tunneling Mi-
croscope; Solid State Nanopore
Sequencing

BRE
Xinyan Shan

BIEAETIEIH

Senior Engineer

55 /Research Area
BRETFEMERUUERANTRS
RIFH, FEEMIENENERERAIFR
Development and application of in-
situ TEM measurement technology;
development of precise equipment
and instrument for physical property
measurement

AR 5 TR =8
15 State Key Laboratory for Surface Physics



BIEETIEID
Senior Engineer
A5 F5E /Research Area
- BRERBERARERANA, RUBER
RANRLFAZS

Aberration-corrected transmission
electron microscopy technique
and its scientific application; In situ
transmission electron microscopy

technique
3 k
Xiaomin Li

adty
=
dti.-‘

NS o
A

LU =

=
2019 FRAREEZEFAZ RS

2019-20204 1k
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1) HlEHEEIFSE— ERE T

2D Materials-Fiber

8 g 8
|
. A . A
3 3
& 4 I s 4
= z
a MaoS, HCF 1/100 B MoS; HCF X 1100
2 5. - £ 2
2 = — — Q B
& £
o| BaseCF o} BarcE
E — B r—
800 500 1000 600 700 800
‘Wavelangth (nm) Wavelength (nm)

—HEMHE SIS SESIEID ST

RBET—MEREEFRE U ESEIRE, ST AREIEEFE K ST ESRRIECEY, HSHEEES
LM —EMBEE R, BT 1ZES AN ER ML RSB o BT THMAONERR: —HREaTdR=T
RN RFI=RIERFE; SSh T A siEpofEsEeshiuEZ M. [Nature Nanotech., 2020, 15:987]

Optical fibers with embedded two-dimensional materials for ultrahigh nonlinearity

A two-dimensional (2D) material optical fiber with ultrahigh optical nonlinearity has been realized via a well
designed two-step chemical vapour deposition method. Significant enhancement of second-and third-harmonic
generation were realized with ~300 times higher than that of pristine 2D materials. We also demonstrate an all-
fiber mode-locked laser by integrating the 2D material optical fiber as a saturable absorber. [Nature Nanotech.,

2020, 15:987]

2) HEH CeO, BiATRIRFHINIEHIRE

RIFERIERBBHE CeO, RRTLE | RT3 eyl
0, ST Ce BFMO RFEENG, R SN 803585308085 | Ta” WA ol
SR RN EUR T ARy B, SR 8008 P o o
RIEESEEERRTIL (001) B N SRR SR
At REE Sag—HEETE, B R T g ellerels
ToswmhmRT snRtEems. Phys. G O e | P oo #
Rev. Lett, 2020, 124:056002] S R T A it Bk Srrris BeTae®el

mart " R e N I W
il P PP PP PP P o —gtB

CeO, BIAEY BB EIEFEMEMR

M PP R T e
State Key Laboratory for Surface Physics



Visualizing anisotropic oxygen diffusion path in ceria under activated conditions

Aberration-corrected transmission electron microscopy and molecular dynamics simulations were used to
study the oxygen atom diffusion path in ceria under activated conditions. Reactive oxygen atom and its real-
time migration were visualized. Anisotropic oxygen atom diffusion that depends on crystal orientations was

discovered, demonstrating a preferential [001] crystallographic diffusion pathway. [Phys. Rev. Lett., 2020,
124:056002]

3) SEMTIRMERINEIMNA IR SIRFREFRE

B e
kI e
Tt W rh et bt it b apeb ansb s B F O o

SETITRAE P S R P e s s e b P O B

SEETEP SR S b A Bl bes B Sa S S0 B b a B @ o o 4
FPHEP, > + *r s spmbin & oo wbab s o0 u & & & 00 &

B R e e o o L S D A e I .
e e mp P TRk syt P v P kv .
PP PSPPI B IPPPPP P
L I O I T S
A o vl o A hee d PRI I o | v I
SITIDS aa 4 & o+ s% 3 T T N =

c (nm
( 0.)44

0.43

0.41

0.40

0.38

WM EE T SWSEZRIE

B A RRMFBHERA, SCH T SRR IMERIMESRERIMARESIRFRERIL. REHHAFT PbTIO,/SITIO; #8
EETPR NS EMTEI NG TR ZISRE, FIRRNEBERE. DBREHTI 7k ERieEIEENaBERE, 7
EERIAER IR RS SRR [Nature Commun,, 2020, 11:1840; PNAS, 2020, 117:18954]

Atomic-scale observations of manipulation of topological polar flux-closure and vortices in

ferroelectric superlattice

Using atomically resolved in situ scanning transmission electron microscopy, we find that the polar flux-closures
in PbTiOs/SrTiO; superlattice films are mobile and can be reversibly switched to ordinary single ferroelectric c-
or a-domains under an applied electric field or stress. And the vortices undergo a transition to the a-domain

under external compressive stress. These processes are reproduced by using phase-field simulations. [Nature

Commun., 2020, 11:1840; PNAS, 2020, 117:18954]
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Instrum., 2021, 92:013704]
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By taking advantage of aberration-corrected transmission electron microscopy, scanning probe and ultrafast
optical spectroscopy technique, an ultrahigh space- and time- resolution physical measurement system has
been built, which can perform the low-temperature transport and ultrafast optics experiments, and the related
quantum manipulation can also be carried out by the external multi-fields. The performance of this system
reaches atomic-level space resolution and hundreds-femotosecond time resolution. [Rev. Sci. Instrum., 2021,
92:013704]

5) EME BRI

o) CRER T ven B AR TIBEH AL T AR G S B SRO HRHIERIA
NEL e 18 SMEZHOES. BURBFEHNETER, BOLAT: () BT

" ey BME SRO BHETE ¢ TARLET 3.3% AR () IRFAIMNGE

o 3 LEME SRO BT NSBEIRBINIES; () BT MASHIREREE

w e SENMS)  sro mssiammn AR, B&S D-MEE(ER, RESHT

20 dog) 2 73 BRI, LSRR N ok _
Wiy = FEIAXS R NE /RN AT, IXFAFAERT 2019 5 12 B (B2

B) ZeEzIE (Nat. Commun. 11, 184 (2020)) .

Using the ferromagnetic metal SrRuO; as a model system,

we demonstrate an efficient and reversible control of both

a '] a a 6 []

wHm structural and electronic phase transformations through the
FRIAIE) HY BT HRASEIL SrRuO; MR electric-field controlled proton evolution with ionic liquid
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gating. The insertion of protons results in a large structural expansion and increased carrier density, leading to

an exotic ferromagnetic to paramagnetic phase transition.
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MEHTH. BEzlE, RMEENIEX, SRENSEIEEREE (B c)  MHKEEUGERS (Bd) .
HERAERTF 2020 5 3 BipAZR1E PRX L (Phys. Rev. X 10, 021030 (2020)),

Using a postdeposition ozone annealing method, we obtain a series of oxygen stoichiometric SrCoO; thin films
with the tensile strain up to 3.0%. We observe a robust ferromagnetic ground state in all strained thin films,
while interestingly the tensile strain triggers a distinct metal-to-insulator transition along with the increase of

the tensile strain.
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Under the conditions of deeply supercooled state, low water content, and slow diffusion, bound water and free
water can both participate in the process of ice nucleation. This can compensate for the effect of low diffusion

of water in deeply supercooled condition (see Phys.Chem.Chem.Phys.21,10293 (2019)).

7) REASASEBRIDAZSIEAIRUAT
HFESHE GaAs RERNABIER KT SSTBBIRNNY ; RIS
TEANKD FRUEEHFIRENEA [J). Phys. Chem. Lett. 2020, 11, 1650-1655],

We demonstrate the measurement of transient photo-excited carrier dynamics on ]

GaAs(110) surface by time-resolved scanning tunneling microscopy. Time-resolved 7 A<

dl/dV spectra were carried out on GaAs (110) surface and on a single Arsenic vacancy
defect. Using inelastic electron tunneling spectroscopy, two low-energy excitations of
a single water molecule are observed, where a significant enhancement is achieved

by attaching the molecule to the tip apex in a scanning tunneling microscope.
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Tetrahedral DNA nanostructures (TDNs) are programmable DNA nanostructures that have great potential in
bio-sensing, cell imaging and therapeutic applications. We investigate the translocation behavior of individual
TDNs through solid-state nanopores. Pronounced translocation signals for TDNs are observed that are sensitive
to the size of the nanostructures.

Revealing complex interactions between DNA and motor proteins at the microscopic level is important for
understanding the nature of life. We utilized the advantage of highly parallel nanopore DNA sequencing by
MinION to explore the kinetics that were not possible to be detected before. By examining the correlation
between translocation dwell time and the sequence, we obtained differential interaction forces between each

DNA base and the protein.

9) AR (LigssFeo1s)OHFeygSe EHESRBSNE - F 785,
RIT7HEBSARELRGFEN Tc 5 EPC38E My, 5t A Z[EHIIEHE
¥*%Z, (CPL (Express Letter) 37, 097802 (2020)) ,

We investigated the electron-phonon coupling in (LiggsFeq16)
OHFe,sSe. Discovered a universal positive correlation between
Tc and the e-phonon coupling strength A4, or A for all types
of optimally doped iron-based superconductors, including the

monolayer ones.

10) WRTEXBEMNY Srlr0, B9 8 /i _ High Pressure Ultrafast Dynamics
EBRENNFHEN T FRESIETHR : /
TR, ARTIHINRESRE TaAs, =5 |
BFFHRINEEE MoP, TEIRFMEEIK
LaBi FEERENNZERIBTFEEFF [CPL
(Express Letter) 37, 047801 (2020),
Phys. Rev. Materials 4, 064201 (2020),
Opt. Express 28, 15855 (2020)],

We investigated the high-pressure [,
Bottleneck Effect

ultrafast dynamics in Sr,IrO, and
discovered pressure-induced phonon bottleneck effect. Investigated the ultrafast dynamics and coherent
phonon in Weyl semimetal TaAs, triple degenerate topological semimetal MoP, and nodal-line topological
material LaBi [CPL (Express Letter) 37, 097802 (2020), CPL (Express Letter) 37, 047801 (2020), PR Materials 4,
064201 (2020), Opt. Express 28, 15855 (2020)].
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11) #IF BCS-BEC HHE 417 T FeSe/SITiO; B &
IR AEAEIE: FeSe SEHTEBSHMEALLERR
crossover [X, REthIALN ARSI NRMEIHIER. #H—
EFREND FIRMXIERFIRERMREIER, TR
AR TE BCS-BEC HHEFAYEN, FERENRIEETF
FRECKTAYAFAE.

We described the uniqueness of the FeSe/SrTiO;
interface with superconductivity enhancement
in the BCS-BEC phase diagram: FeSe is closer
to the crossover region than any other known
superconductors, and therefore responses
sensitively to the modifications introduced by the
substrate. We further drive the evolution of the
system in the BCS-BEC phase diagram by reducing
the carrier density associated with the surface
adsorption of semiconducting molecules. The
pseudogap phase was detected by the scanning

tunneling microscopy.

12) NETHRIBEESRE ZrSiS REMETFEEE,
ER—XFENFEFESSNRTEYEEEEMIEE
EBYRWHHE, XERTRENCEEFS ZrSIS #rier —4
RESZEREEER.

By the precise measurements of the surface phonon
dispersions of the topological nodal-line semimetal,
ZrSiS, we observed the softening behaviors along
all the high-symmetry directions, which originate

from the coupling with the special surface states.
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Shuyuan Zhang, Guangyao Miao, Jiagi Guan, Xiaofeng Xu,
Bing Liu, Fang Yang, Weihua Wang, Xuetao Zhu, Jiandong Guo,
Superconductivity of the FeSe/SrTiO; Interface in the View of BCS-
BEC Crossover, Chin. Phys. Lett 36, 107404 (2019).
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Siwei Xue, Tiantin Zhang, Changjiang Yi, Shuyuan Zhang, Xun Jia,
Luiz H. Santos, Chen Fang, Youguo Shi, Xuetao Zhu, and Jiandong
Guo, Electron-Phonon Cupling and Kohn Anomaly due to the
Floating 2D Electronic Bands on the Surface of ZrSiS, Phys. Rev. B
100, 195409 (2019).
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13) #I%7 BaTiOs/SrRuO,/BaTiO; =HBB;
HIFMEKE BTO BT/ RFETHE, EEZHFEIEk

AN ==
A%

8 SRO EEERIEHIFIRIE T 250% AIFEFEERL,

We prepared the sandwich structure of BaTiOs/
SrRu0,/BaTiO; and controlled the ferroelectric

orientation of the BTO layers. In the structure with

aFtz

suitable SRO thickness, the resistance varied by a
ratio up to 250%.
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Qing Zhu, Fang Yang, and Jiandong Guo, Coupling of polarization

orientations of the ferroelectric layers sandwiching a metal film,
Appl. Phys. Lett. 116, 181602 (2020).

——L&co0,

-
@

150 200 250 300 350
Temperature (K)

5mm

1000 2000 3000

A (nm)

Qichang An, Meng Meng, Zhenzhen Wang, Yade Wang, Qinghua Zhang, Yuxuan Xia, Lin Gu, FangYang, and
Jiandong Guo, Realization of Monophased LaCoOx Films with Ordered Oxygen Vacancies, Physica Status
Solidi A: Applications and Materials Science 217, 1900848 (2020).

X3 SrTiO; #JERHMERT LaCoOs iEfE, FIRIFHRAIBRXKITEAMHTREBIRMR, NMATEEEIXERYSBER
LaCoO,¢; 1 LaCoO,; BR, HENINNEEIRE, #. JFMHRATELL.

We annealed the LaCoO; film epitaxially grown on SrTiO; by a special technique that suppressed the oxygen
diffusion from the substrate. Uniform, monophased LaCoO,;; and LaCoO,; films were obtained under control.
The corresponding responses of the electric, magnetic, optical properties were measured.
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15) #HIBTRE Ve, BEFEMNES (4x4) BEEE
IR SRS, RIBER—RROATNEKEREE
B2, ZIERE RSB TR X R RO EL A TR
.

We grew monolayered VTe, film and observed the

one-dimensional structure modulation coexisting

with the (44) charge-density wave. It is revealed that,

beyond Fermi surface nesting, there exists the physical e aite7se

sites

@ o9 0%
030808620 0Sa®0%e

mechanism breaking the rotational symmetry of the

system.

Q | e
ogggoo 0%0
normal CcDwW

Guangyao Miao, Siwei Xue, Bo Li, Zijian Lin, Bing Liu, Xutao Zhu,
Weihua Wang, and Jiandong Guo, Real-space investigation of the
charge density wave in VTe, monolayer with broken rotational and

mirror symmetries, Phys. Rev. B 101, 035407 (2020).

SL3G AT 3 5 Al B — 4E B 0 ik
RBEHE: FADFRINE (MBE) 73i%, £
Ag(100) BRERFREMINERIS T FRFIAEIRIHE
ERIER PR, SCIePIRIGATX PR
AR PP AN REIFPSEATMANE [(2, 3) $%F0 (2,
2) 1 | BEARMEEL AR S MARIIRIE
B, FEALURERRNSRATT 5
RIFRIDE. BIIEHEE BRARRIEFE
BE—UHREHE, BB RTREHEER
T2 BMpEEEE TS Ag(100) REFRHE
HEEIERATETN, HEEIELIRHEE
XTI RAIE AR X TR SRR RS
EXEERNERA. %ERKERE Adv. Mater.
2020, 32: 2005128,

£ Ag(100) /LRI MBE SIAEKISB R FEEERNRS1RIE.

(a) 2~EE., (Advanced Materials #9 Table of Contents &) , (b-c)
&£ Ag(100) LG 2HNIERBERHER (HMoE) . (d-f) 2=F
FEENESSPHIEEERARE, (9-) X MAY=FMIFERRRFEY
=2, Heh, A8 (9) #1 CH8E () REBAE—HRFIER SRS,

Due to a substrate mediation effect,
artificial long-range ordered phases
of borophene consisting of different

combinations of boron chains seamlessly

AR 5 TR =8
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joined together can be achieved on Ag(100). Scanning tunneling microscopy measurements and theoretical
calculations reveal that mixed-chain phases are more stable than the pure phase, and interact only weakly with
the substrate. The mixed-chain phases with various proportions of different chains can be well separated based
on the crystal direction of the substrate. This work is published in Adv. Mater. 2020, 32: 2005128.
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R RS P R ERHRINASSAIET | FIRD FRINERAESEAREAE (HOPG) REIRXE 7 @R
EHIRERENIE (BP-Bi) LIRS EESIRGIEHE (Bismuthene) , MfREEWEEER SRS / KB
B (Bismuthene/BP-Bi) RIRIGRLZE, HTHERNMNIMEER (WEET\AREBMEERWERATESE) |, &K
TERIRBEMIRL. BEEEREERIER /q-plus RFNDEMBRIAR, AIE/REANREMIGHIRINAGSEG
HRWER, ZERAZRE Science Advances 2020, 6: eaba2773,

Bismuth homostructure consisting of monolayer bismuthene and single-layer black phosphorus-like Bi (BP-
Bi) was successfully grown on HOPG. Combining STM/STS with noncontact atomic force microscopy, moiré
superstructures with twist angles in the bismuth homostructure and the modulation of topological edge states
of bismuthene were observed. First-principles calculations indicated that the structure fluctuation is ascribed to
the stacking modes between bismuthene and BP-Bi, which induce spatially distributed interface interactions in
the bismuth homostructure. The paper is published in Science Advances 2020, 6: eaba2773 (2020).
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18) FIRGEEMHRINBALMADF
RERNNMAERT: FIBEERES
FMERTE Au(111) REZI T BN HS 75
TFHORRE, FIRRSET. SLOHRME
I ERESIERER, BFBETEE
DFIRMEERERR, #EST H-HS 0
H-S B EnE. SaiaiahhHE
W, FEAIMEERE I8 TR 7L
RO FAHRDE A S SRR G
12, HEEE LRMTHFHEREIIR
BRSO FHESNEGERXE, iZ
T{EARZFE Phys. Rev. Lett. 2019, 123:
246804,

[T Bl 04 s 03
Width(sm)

H.S, HS, STEAu (111) REAIFERLAAENAIESIER

We demonstrate H — HS and H — S bond breaking on Au(111) induced by tunneling electrons using low-

temperature STM. An experimental study combined with theoretical calculations shows that the dissociation

pathway is facilitated by vibrational excitations. Combined with time-dependent ab initio non-adiabatic

molecular dynamics simulations, the dynamics of the injected electron and the phonon-excitation-induced

molecule dissociation can be understood at the atomic scale, demonstrating the potential application of STM

for the investigation of excited-state dynamics of single molecules on surfaces. This work is published in Phys.

Rev. Lett. 2019, 123: 246804.

19) HE—MREREMRPRIINRT
% BEF BRLIEGBOPICE FIEE

(ARPES) HESHEICHE, HE—MER
JRFERERHIATE GdAg, (Tc~ 85 K) =,
RIT BIERMAIIMRT L. BERARD
MR IIX LM R TR B RIARIFRIERI R,
FIEEERFIRREN. 5 HE GdAg,
PR LIMR DL EERA T DA EM
IR T RERS. IZFAFAERRSRTE Phys.
Rev. Lett. 2019, 123: 116401,
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We discovered of twofold degenerate Weyl nodal lines in a 2D ferromagnetic material, a single-layer
gadolinium-silver compound, based on combined angle-resolved photoemission spectroscopy measurements
and theoretical calculations. These Weyl nodal lines are symmetry protected and thus robust against external
perturbations. The coexistence of magnetic and topological order in a 2D material is likely to inform ongoing
efforts study the rich physics in 2D topological ferromagnets. This work is published in Phys. Rev. Lett. 2019,
123:116401.

20) (a) SR p—— (b) F (c)

—_ Ag IxI
—silicene 1xI
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EIEHYRF LR AT BRIk AL et

EEEP R IERSE SRS R | FIBRPEGCRAY ARPES (AR THEEIFRIB T4, MAZ_6
RN, RIIKALSeHE(IT p fRiRCH I, 455 ARPES FRGRERETTRIN, ATLAFIMTHIX Sk st Eesk B THERT pz 3L
&, MMAESEIE DIFSE TIXEIKAISeER B TGRS, FIRS—MRERZREEE, IRKIEEE SRR 4x4
BERSTE RS, ZEAMSDREKAHEAEER. XA T F—SE A R R T —TEE
BFR, B—HEES 7 KELSKEETRIIKATHER B HRATRRBIAAIFIN. X—RRASRE Phys. Rev. Lett. 2019, 122:
196801 L,

We studied the electronic structures of (3 x 3)-silicene on Ag(111) using high-resolution ARPES and confirmed
the existence of six pairs of Dirac cones at the BZ boundary of Ag(111). These Dirac cones were only detectable
with p polarized light, indicating that the Dirac bands are mainly derived from the pz orbitals of silicon. Our
tight-binding analysis and DFT calculations revealed that these Dirac cones originate from the original Dirac
cones of freestanding silicene. Our results settle the long-debated question on the existence of Dirac cones in
the silicene/Ag(111) system, and provide a powerful route to tailor the physical properties of Dirac fermions in
a honeycomb lattice. This work is published in Phys. Rev. Lett. 2019, 122: 196801.

2019-20204F 1R
Annual Report 2019-2020

28



TDAP Some software based on rt-TDDFT and their main features
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“First-principles dynamics of photoexcited molecules and materials
towards a quantum description” , WIREs: Compu. Mol. Sci.
2021,11:1492.

ST B &R FRRNAIZE FRN RS S
HRRNEETFUNHFEN, BEFRIABREIR
S BRI (TDAP/TDAPW) BEEREITERMG
A ESAMFRIINE. WTENRRIRARERT M
FHREHAARBFRFZOEEFNNFNE
FRE, FEERIITUNMMER XN RERSAHR
PHEFEEFBRMNNFEIEE — 1 BT
i,

We achieved full quantum first-principles
description of condensed multi-dimensional
system, including electronic excitation and nuclear
quantum effects. The self-developed nonadiabatic
excited-states simulation software (TDAP/TDAPW)

has unique features and advantages compared to other such computational packages. The development and

application of this method represents an important progress in the study of full quantum dynamics of electrons

and nuclei from first-principles, allowing us to obtain a complete and predictable understanding of quantum

interactions and dynamic processes in complex condensed matter systems from the microscopic level.

22)
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Charge order melting Photoinduced forces

TiSe,” , Nature Comm. 2020, 11:43.

Lattice
distortion
Carrier
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"Ultrafast charge ordering by self-amplified exciton-phonon dynamics in

X R EUR A SARYEE IR BN 10
F1T 7 R BRI E S PR F
BETBOHIE—MRIERR, &0
THEEEEKZRE T - EFRIB
B, FAINNRIX —IS F2ATRT )
RE#£7100 ¥&, SSRADHSE
FIENTENE—H. XAARBEE
FE AT AT ER IR AL 7 SO RS,
[Nature Comm. 2020, 11:43.]

We completed the first-principles study on the ultrafast dynamics of laser-excited TiSe, with ultrafast time

resolution and atomic spatial resolution, and discovered the ultrafast charge ordering in TiSe, by self-amplified

exciton-phonon dynamics. We observed that the time scale of this process is about 100 fs, which is consistent

with the time-resolved and angle-resolved photoemission spectroscopy measurements. It provides a new way

to study the formation mechanism of charge density wave.

AR 5 TR =8
29 State Key Laboratory for Surface Physics



23) SXBHARARSIE, FIBEEXIERTI T ERPRK (107
m) FBENNBEFRENZENTENKG, FTRT —MeeismRuines
FEENFEERME, FERIIEELRIFIARB NS PHERREIRR
THFRAIA, [Nature 2020, 583:55]

In cooperation with experimentalists, we realized the spatial

imaging of valence electron potential energy and density with
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Pico meter (10 m) accuracy by using high-order harmonics, b Hemoncodertt
B 1
and developed a new optical microscope to detect the density zgm-‘ 5
2. e 3
of valence electrons, which enables us to capture the details g -
. . 210
of the micro world at unprecedented resolution. = T © Zn0 S0, MyF, Mgd SC Coy
Energy (sV)
“Laser picoscopy of valence electrons in solids” ,
Nature 2020, 583:55.
24) 18] : NS ] — 1: e ==
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“Integrated plasmonics: broadband Dirac plasmons in
borophene” , Phys. Rev. Lett., 2020, 125:116802.

FEHITITN. SRSEN—ESFERTERTIEPRRIAI
R FERIE, HUTHRIREREEREPAIBFIRE, XEAHEE
HE, “HERIKRI e EEATIERCF S, BREE N —
IR RS E AR MAEMFIETICE(S. [Phys. Rev. Lett,
2020, 125:116802]

We studied the collective excitations in borophene and
revealed the integrated quantum plasmon behaviors in
borophene. The anisotropic 1D plasmon originates from
electronic transitions of tilted Dirac cones in borophene,
analogous to that in extreme doped graphene. These
features enable borophene as an integrated platform of 1D,
2D, and Dirac plasmons, promising for directional polariton
transport and broadband optical communication in next-

generation optoelectronic devices.
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25) FRFEF—MREETEANHFTENE TS
BRSO, FAIMS 7ER T EBPNER TSR
E2EY. XNMREFEEUHESHIEES. BXRAR
MKESLEE (1 ~ 10K) , [Chin. Phys. Lett. (Express
Letters) 2020,37:067101]

Using first-principles quantum excitation dynamics
calculation and quantum tunneling model
analysis, we predicted the high temperature
fermion Hawking radiation in black phosphorus.
This system presents so far the highest and
experimentally detectable Hawking temperature
(1~10 K).

26) SERE—RIEMHEUERE (Atomly.net) FIEE
BitEF AR, Atomly.net BAOFFFOIHREME
BERTEMIRE. ZALARRHOMRSIERNZRAR
17 B + MM ENERESETERMF T8 Z 4,
Atomly AU FFEFRIFREIRETEY S, BEEIEKH
MERIFEE. FTUAAIL, =R RRET= .

Complete the building of first-principles materials
database (Atomly.net) and high-throughput
computing platform. Atomly.net is a world-class
materials genome knowledge-base to bring the
state-of-art materials science high-quality data to
your fingertips. Atomly provides a revolutionary
data-driven infrastructure to the materials science
community, hence people could screen, predict,
and discover new materials in an expedite and cost-

effective manner.

“Fermionic analogue of high temperature Hawking radiation in
black phosphorus” , Chin. Phys. Lett. 2020,37:067101

@ Atomly

Atomly # ¥R FEHERE

A T it

Atomly

Aromiy net BAFFEEREHIEE TRORR. SR LN THENH SRR EF 6107 ENHAAERR
8. Momily AFH. SEw ANRER, 87
HEAERTRS,

oty ERBEAROEST, FREEENEN, ANIE B AL

& . .~
178,139 174,739 48,355

Compounds Band Structures Phase Diagrams
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cademic Exchanges

RER

FICIRBIE RS

REEE

A

10

11

Martin Wenderoth

Jianhui Zhou

Yigi Zhang

Libo Ma

Yifei Mo

Yang Chai

Katsuo Tsukamoto

Hrvoje Petek

Chonggqin Zhu

Di Yi

Xusheng Cai

Charge Dynamics at Semiconductor
Surfaces Investigated by Time Resolved
Scanning Tunneling Microscopy

Novel Plasmons in Quantum Anomalous
Hall Insulators

Recent advances in on-surface chemistry
of alkyne derivatives: novel reactions and
functional architectures

Self-assembled microtubular cavities as
a platform for surface sensing

Computation Accelerated Design of
Materials and Interfaces for Solid-state
Batteries

Multifunctional Electronic Devices Based
on Transition Metal Oxide

Recent Progress on In-Situ Observations
of Crystal Growth from Liquids at Atomic
Level

How to dress a metal

INEFREREAE. SINFMREE

3d/5d TEEBENSEEEERIFTEIE
RiEez

FETR/ BFRIEEHIE AR

Georg-August-University of
Gottingen

High Magnetic Field Laboratory,
Chinese Academy of Sciences

Physics Department, Technical
University of Munich

Institute for Integrative
Nanosciences, IFW Dresden

University of Maryland, College
Park

The Hong Kong Polytechnic
University

Tohoku University/Osaka

University/Nagoya University,

JAPAN

University of Pittsburgh

University of Pennsylvania

Tsinghua Unviersity

Harbin Institute of Technology
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REWEFERAR

Fs

REA

1 RIEHS ARl HAESTER 5

2 EXHE & - MAEREAYIR R —EIER zeta 3

3 NG Light-induced/enhanced superconductivity

4 R FRE R EIRA—LE)L

5 SKEEFD SRR SHIFBAES

6 FREEH Nonlinear optical spectrums of water

7 U350 \:ellgl/ g;f;:ﬁ(;::g;zns in the atomically thin transition

8 SKFNAR Q-Plus AFM and its Application

9 e Quantum Anom'alous Hall Effect -from magnetic-doping Tls to intrinsic

magnetic materials (Tls or WSMs)

10 FHE YIERFFNTEH

11 ARG Hubbard U in First principles Calculation

12 X Introduction of Driven Quantum System

13 = & Introduction of Spin-Polarized Scanning Tunneling Microscopy

14 REE Modulation of ferroelectricity in materials by ultrafast lasers
AT RIE 5 N S

State Key Laboratory for Surface Physics
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Meeting Room 2

Nn?2ed nLith Y010
1e 05rd-04th, 2019

36, Building M, IOP, CAS

L
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1st International Conference on 3
Ultrafast Spectroscopy of Correlated Quantum Mate
(USCQM - 2019)

July 14 - 17, 2019, Liyang, China

Organized by: Institute of Physics, Chinese A
Conference Contact: j

The USCQM conference is to boost the international research on ultrafast
spectroscopy of quantum materials, with an emphasis on correlated systems and
an extension to all various time-resolved ultrafast spectroscopies. The conference
aims to provide a platform for international colleagues of the ultrafast
spectroscopy community to report their latest results, exchange information and
ideas, and foster collaborations.

Prof. Andrea Cavalleri, MPI & Oxford Univ. JiMin Zhao, NanLin Wang
Prof. Jiangping Hu, Inst. ef Physics, CAS

Prof. Roberto Merlin, Univ. of Michigan

Prof. Dragan Mihailovic

Prof. Joseph Orenstein, U. C. Berkeley
Prof. Z. —X. Shen, Stanford Univ On-site registration: July 14, 2019

Prof. Q. —K. Xue, Tsinghua Univ Conference: July 15-17, 2019

Registration & abstract submission open: Jan. 1, 2019

Prof. Nanlin Wang, Peking Univ.

Prof. Jimin Zhao, Inst. of Physics, CAS http://OfflClal REELEIE T =

FETTPIE 5 T S
35 State Key Laboratory for Surface Physics



AA5#ERIE3F

ecruitment and Training

2019-2020 F5[HAA A

S5
Yigi Zhang

FERSYIEREIFA, 2008 F££ 2011 FEEED TSR MEEYERRMARELEIIFNSE
SERAPKBEEHAR, 2011 F£ 2015 FERERCRLIWAFMERGEETFTIE, FER
EFTES FARITEAR, FTF 2015 FEFASFARER; 2020 F 1 BIINFERZEAIIRHARER,
HHFEARRK, FLESH. BREEARSAATAS FRIMESESETHNE TRERN, BRI
BN FEPE (Nat. Chem. 10, 296, 2018) LUREAA TEHIH— 4B FEAR (Nat.
Commun. 3, 1286, 2012; J. Am. Chem. Soc. 141, 5087, 2019), FEEIR BRIEEES B TR
IEFRERIERARRED FAPHRIHNILES (Angew. Chem. Int. Ed. 56, 7797, 2017) FIFEF{ERH#IH
AUETRE TS (Nano Lett. 16, 4274, 2016),

Yigi Zhang received his B.S. degree from East China University of Science and Technology in
2003, and PhD degree in condensed matter physics at University of Science and Technology of
China in 2008. He conducted postdoctoral researches at Max Planck Institute of Microstructure
Physics in the following three years, investigating magnetic surface nanostructures. In 2011, he
moved to Technical University of Munich and started new researches in interfacial molecular
nanoscience, and was promoted to a senior researcher in 2015. In 2020, he returned to China
and became an associated professor at Institute of Physics, Chinese Academy of Sciences.
His present researches focus on combining molecular precursor design and on-surface
synthesis to construct 2D complex molecular tessellations (Nat. Chem. 10, 296, 2018) as well
as m-conjugated molecular networks with novel functionalities (Nat. Commun. 3, 1286, 2012; J.
Am. Chem. Soc. 141, 5087, 2019). In particular, scanning probe microscopy and photoelectron
spectroscopy are employed to study the pertaining structural (Angew. Chem. Int. Ed. 56, 7797,
2017) and the quantum electronic properties (Nano Lett. 16, 4274, 2016).
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18
Xuezeng Tian

HE1E, 2009 FFIWRAFYMEZEMITREZTF46, 2014 FTFYERARAMAGERSHEE
WIBSE {7, 2014 F 9 BE 2016 & 11 BFHIKEIZARFE (NUS) FIINMNKF AT DK
(UCBerkeley) MEEXSIELFIME. 2016 & 12 BZ 2020 F 9 BFMMMAFEEZIHE (UCLA)
NEELTEHR, BHESS5=4RFiE& (AET) BEERFR. 2020 & 10 BIMAYIEHARAT, 1F582
HRR, BEESID. ARUSABFEMGES, TEAE: ETETFEMFNSHERGLEFR,
REEFHRL ThREENY. IFRSYRSEMEIETHRR., BFAESE5FRMN AET EiEJLAEREY
MEN=ERTFURERER, $FINAEMEHEERILUARE] 4-19 B2k, MAMSZE, MBIIERERT
TEHERAZAIR R =4R T (Nature, 570, 500-503, 2019) , BEIRIAR TR FN=HBEL
Rz ( Nature Materials, 19, 867-873, 2020) , LAREIXR#ENT 7 MftIFREBINRERTFEM (Nature,

accepted) .

Xuezeng Tian joined the IOP-CAS as an Associate Professor in Oct, 2020. He obtained
his Bachelar's degree on Physics from Shandong University in 2009, Doctor's degree on
Condensed Matter Physics from |IOP-CAS. After graduation, He lead an joint postdoctoral
program at NUS and UCBerkeley working on in situ liquid cell electron microscopy. Then, he
joined UCLA for another postdoctoral research team, where he is one of the chief member for
the development and application of atomic electron tomography (AET) method. His research
mainly spans in electron microscopy, including: development and application of new imaging
algorithms based on 3D atomic electron tomography and new imaging methodology, towards
physics problem in 2D quantum materials, functional oxides, amorphous materials, etc. The
AET method Tian co-developed is capable to locate 3D coordinates of atoms in a material with
picometer precision, for example, they imaged the 3D atomic nucleation process for the first
time (Nature, 570, 500-503, 2019), the 3D localized doping effect in semiconductors (Nature
Materials, 19, 867-873, 2020), and deciphered the 3D atomic structure of two amorphous solid

for the first time (Nature, accepted).

AR 5 TR =8
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Meng Meng

&, 2017 F£12 BEELFHILKRE, REEFE TN, 2018 —AZESKRUELE. BIHRR
SHEFERZRMERRANSRALE. FERRABEE: RESUYSRENIREINEE
K, SUSRFAEFTVESERE, a4/ SUNFMCEREN#. WiEtR. flm: BEuR
BaTiO,/SrRuO,/BaTiO; B4, BRI T MRS EE, BT EXENYFET - B1& - BiE
ZERFRIRESIER (Nat. Commun. 10, 1-7 (2019)) . FIN#IE T Mn,N/MgO BE4E, FWEKR
BEIAHT T RANAR, IEATEANSYEFAIFEEIEE FFREN— I EEME (Appl.
Phys. Lett. 106, 032407 (2015)) , Fh@ILFIEZ (Appl. Phys. Lett. 109, 082405 (2016)) 145K
8=l (Appl. Phys. Lett. 112, 132402 (2018)) XSEBIEEIEHEREHTRRE.

Meng Meng obtained his Ph. D. from Sun Yat-sen University in December 2017. Since Jan.
2018, he has been engaged in scientific research at the Institute of Physics, Chinese Academy
of Sciences as a postdoctoral fellow and then as an associate professor. His main research
interests include: controllable epitaxial growth of low-dimensional oxide heterostructures using
advanced thin-film epitaxial techniques; discovery and control of emergent phenomena at
oxide heterointerfaces; Magnetic and transport properties of nitride/oxide heterostructure. For
example, by constructing BaTiO,/SrRuQO;/BaTiO; heterostructure, a magnetic polar metal phase
was realized for the first time, revealing the unique coupling between charge, lattice and spin
in complex oxides(Nat. Commun. 10, 1-7 (2019)); Growth of Mn,N/MgO heterostructure and
systematically studied its anomalous Hall effect, proving that Mn-N compound is a promising
candidate for developing sustainable spintronics devices (Appl. Phys. Lett. 106, 032407 (2015)).
Furthermore, the spin-based transport properties was controlled by chemical doping (Appl.

Phys. Lett. 109, 082405 (2016)) and structural phases (Appl. Phys. Lett. 112, 132402 (2018)).

2019-20204F 1R
Annual Report 2019-2020

38



AF 5| R IESF

39

*
Li Wang

T, 2009 FF 6 BV SHIXNAZWIEZER, REEFF TS, 2016 F 6 BERKNKFZWEZER

RERRSYEELTEA, PESEEERSETZRNENAAZREEFREI 2FE, 2016 FE

2020 FEFENFEARN, REVEERERIRENSELEHAR; 2020 F12 BERT, £

BfARR. EEARSEEE: ARITZTERREK (Nature 2019, 570, 91) ; KRIEBREEK
(Nature 2020, 581, 406) ; —#MHEIBHR4AR (Nat. Chem. 2019, 11, 730) &,

Li Wang obtained B. S. Degree in June 2009 and Ph. D. Condensed Matter Physics in June 2016
from School of Physics and Technology, Wuhan University. During this period, he was the Joint
student at Massachusetts Institute of Technology and University of Tennessee at Knoxville for 2
years. He was the postdoctoral researcher from 2016 to 2020 and became associate professor
since December 2020 at the State Key Laboratory of Surface Physics at the Institute of Physics,
Chinese Academy of Sciences. Now his research interests are large-scale two-dimensional
single crystal growth (Nature 2019, 570, 91); large-scale metal single crystal growth (Nature
2020, 581, 406); ultra-fast growth of two-dimensional materials (Nat. Chem. 2019, 11, 730), etc.
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Xiaomin Li | A4

ZFB8E1 2011-2017 FRiETHRIGAIEFBSRERSYIEELTZM, ETHEEETFRABRMAE
SRR, ARAUHPESMAFEMNEENMNFZIEURERNRUERCFETRE. BXT
{58 Applied Physics Letters. 2015, 107, 211902; ChemCatChem. 2016, 8, 3326-3329. &, 2017
F -2019 FREAFEAFEFRUE T EHAR. TETERSS5EERASE T JEM-ARM300F XUk
EREEFRERERIERRIIRES, R RRBRER S RAAR SN IR FATTRIEEEM.
8% T{EA Sci. China. Chem.2019, 62, 1704-1709. %, 2019 £ 9 BLARIF(E LTS M NERFR
BeDIRRT, EEMRASE: REBRRARERANA,; RAEERANABHE.

Xiaomin Li got her Ph.D. in physics with honor from Institute of Physics Chinese Academy of
Sciences, China in 2017. From 2017 to 2019 she joined School of Physics, Peking University as
postdoctoral appointee mainly working on in situ aberration-corrected transmission electron
microscopy. Since Sep. 2019, she joined the State Key Laboratory for Surface Physics as an
senior engineer.Her research interests mainly focus on aberration-corrected transmission
electron microscopy technique and its scientific application; in situ transmission electron

microscopy technique.
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RIS
BRT3RIZIER
% & Fr 3% &= &
PR FEYIEFSEEANISR (2019)
RTE,. Fk. BEN. 2. = JERHRIFRARRBRRIFER IR (2019)
S J.Phys.: Conden. Matter (JPCM) HBFIiF%EARY “Emerging Leaders 2020"
= M EREARZESZREEF (2020)
= H RFERIFLEAES2UT (2020)
AREIRRIER

& FERZERAS 2018-2019 EFMFFE
SR TS EEM RIEE S BEE R - BRE BEE BRIWR BFE K B
THE K F OBREE XBT K #H
AFEEML A FNEIR
& PERFZIRMEEHARAT 2019 FEMKEFSNER
Rn XEBE FRiE BEE =8 2
& FERIZRYIIERTAT 2019 FEFrKRSESFTA

K R OIEEM HBER RER EOR FRRE IR0 - BERE MFE EBE ZEE K ¥
SRR SKEEFD BESEE  HREEE e FHE

¢ 2019 FIREERRFE REE (FX) B & (BL)

& FERIEFERAS 2019-2020 SEFHE
=iFiRE . FEM
=i SRR AMERR XIRE O FEH ERE R B O BEMT EBEEE LFE MTFE O BYE
IKFORR =0 BAYE FEE KRR =S
FEE: 4k =
& HERIFYIIESRT 2020 FEFMKESZFSMFTE
2= 4 [REREE O EERIE KRN EERE ARH
& PERISIYIRHTIET 2020 FEMKES SRR

KEME B B OMMEEE PRSI % B BRER BERG ROTE RIWR BNE F0E BEE
X2 XESS RRER BEE B EF BRAE KR

¢ 2020 FREERRFE RERE (L) X F (@EL) BEE @)

AT RIE 5 N S
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ERERE

aboratory Equipments

SIS

WEKER BB ST T iR
BS: JEM-ARM300F, Ifge: MRRTFER. THEDTSIERE, 4ee: STEM
DR 63 pm@300 kV, TEM S5#R: 80 pm@300 kV, EELS BEEHHER:
0.35eV, EDSBEEDIHER: 133 eV,

Model: JEM-ARM300F. Function: structure and composition
characterization at atomic level. Performance: STEM resolution is 63
pm@300 kV, TEM resolution is 80 pm@300 kV. EELS energy resolution is
0.35 eV, and EDS energy resolution is 133 eV.

FPEYETARAZR S (Pulsed Laser Deposition-PLD)

MFRRECEIRTTIE (PLD), AREEKEET, MARFEERSREER
KR ECFYBEBE, HERUBRIFEERARDFTFERTE, TLIEEIRSS
BRENSMINERRERE, L5, BB FRITEIRAK (RHEED), &
LSRRI E EBRFENRTRERIEEES], FLA PLD J3i&ta
Lt TERRRTFES RN S RS SR RIEAIE.

For the pulsed laser deposition (PLD) method, the deposited atoms can
move laterally on the surface due to the high growth temperature that
the growth condition is very close to the thermodynamic equilibrium
state, from which we can obtain high quality crystal oxide epitaxy
thin films. Furthermore, under the assistance of reflection high energy
electron diffraction (RHEED), we can monitor the growth process at the
atomic level of unit cell or crystal lattice, and then realize the fabrication

of oxide heterojunctions and superlattices.
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LRI (on-site in situ) FERE - RUER
S

(On-site in situ high pressure pump-probe
ultrafast spectroscopy instrument)

BHIGEFNEEMEZLEER MRIZASERSYIESZR, W
R "HEGEFR, NMULIUERAARIRKMHIS, MEAH
ERFESHBRHDFRHYE, BEEAEHMEE—FN "BE
BREE" T, SHEH KRR THRRSYERAREE
EEN, BBRRSESFEEMINERT —ERLRM (on-site in
situ) NBERHE - RUBRIGOELINEE, LR EREXRAE
AETIREAISIRINESRAFENIMER, BEBRIEEREREIRE PR DAC BRIFABHN IR HRE LI,
MMERSIANARRE, RETHENTRENE. €5 "R LRNERFERAZEL DAC, M "EL" EHH—FSEK
DAC fitF mEfEEEERE, Laltraike, ARSI TOTEELIRANER, BURSFAXNMEEHRT TR
KERHF#E SrlrO, B EEREHE, KT EEESHEFRIIN, &R 7 FIRRSYIENR, ZEXERRAE
WEEETSEEE 0-44.5 Gpa EEER, IAIDHPERIAR) 50 fs BEEE/N,

Ultrafast spectroscopy and high pressure physics are conventionally two isolated independent research areas. If
we integrate them together by not only instrumentation innovations but also discovering high pressure induced
ultrafast dynamics properties, then we are able to initiate a new cross area “high pressure ultrafast science” ,
which is essential to the investigation of condensed matter physics under extreme conditions. Recently Prof.
Jimin Zhao et al. successfully constructed an on-site in situ high pressure pump-probe ultrafast spectroscopy
instrument. By integrating back-scattering and gas membrane techniques coherently, they achieved such that
both the sample and the DACs are fix during the experiment, without any motion, rotation, or taking-out of
the light path, including the tuning and calibrating pressure procedures. This avoided introducing artifacts,
thus assuring reliable data. Conventional in situ experiments means the sample is not taking out of the DACs.
Here on-site experiment means that both the sample and the DACs are not taken out of the light path. The on-
site in situ experiment is crucial for two beam experiments, such as the pump-probe experiments. With this
innovated instrument, Zhao et al. investigated the ultrafast dynamics of strongly correlated Sr,IrO,, whereby
they discovered pressure-induced phonon bottleneck effect—a new knowledge to condensed matter physics.
Currently the instrument functions with a pressure tuning range coving at least 0-44.5 GPa and a temporal

resolution limited only by conventional pump-probe experiments, that is at least 50 fs.

FE PR 5 T A
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BIREEEAEERMIERS (Photo STM)

ZRFESESEST STM NRUZEO PFHFIBREVCIIRBIRIURA, EESR
IR E BARAVEN £, S T BRERE FIERIRHRBURFIERN, F3RET
KR / RRRD / SRRDEHEIS $EA9 STM RAHFITHAE, ERESMaIE:

o FETHFRARIIRNA IR STM 133k, FM TREREMIIESHE
TRE, EREEFRTESHERIER LI TR / BIERE FER
HNE, HRETHES / HFAK - RDGENE;

o BEETRFNIBNEBEES, ISLIBYEBESR - HFREAIERFD
KAJERSE;

o MARKMIKALIBERES (175-185nm) - T55E (350-370nm)- ILLIINKER
(700-1000nm);

o BIRIAISHRBRNAFZNLIECERESZMN Y, R, B8, UE
TiFseERIREERE FERIRT RS ;

o HERREE, DFRAZEE,

BEE /B HERTHS o PR FREERKIEN (High-
resolution electron energy loss spectroscopy with 2D
energy-momentum mapping)

B ERF R FREED TR S S BERE FEERNEE IR FHESH
“HEMIRN, ERIESSPERRRHE T SES HIERNERES— M E
%, FERERNERERRR MEIETENREERERES =M ER, Bt
RIEHENEO YRS, MEESHADYHCREFREIEYAGRENE, TR
R4S FRET S FFEA T O MmIAIEEIE. HESE=RANARERE
2] 3x10"mbar; DINEEEVNESERR, WHBRKREFNT 2 mG; H#RE
BER=HT. —HENETERE, BERNEERIEIEEANTEIINE, B
REFRAVBEELEETT 0.67meV, BEST/IT 0.08°, fRIETIRIHERAISE
W, RIREEDHERIFT 1meV, D2 (BE) DFPERIFT 0.8

The energy/momentum two-dimensionally resolved HREELS (2D-HREELS)

employs the hemispherical electron energy analyzer and the multiple channel plate (MCP) to detect the 2D

electron signals efficiently and sensitively. Therefore it possesses higher efficiency of momentum-resolved

measurements by an order of magnitude than conventional spectrometers without deteriorating the resolution

of energy or momentum. Also it enhances the density of sampling points in momentum space by three orders
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of magnitudes than conventional spectrometers without extending the measurement time. Additionally, the
2D-HREELS is totally compatible with angle-resolved photoelectron spectroscopy (ARPES), being able to provide
the intrinsic data on both electrons and phonons with high precision in E and k space. The base pressure of the
ultrahigh vacuum system is 3x 10 '°mbar; the double-layered metal shield of the analysis chamber ensures the
residual magnetic field being lower than 2 mG. The sample stage is attached on a six-dimension manipulator
with temperature controlled between liquid helium temperature and room temperature. The energy width of
the primary electron beam can be better than 0.67 meV with the spread angle smaller than 0.08° achieving the

energy and momentum resolutions (1 meV and 0.8° respectively).

JeFEER - (KIR (4K) R E B M5 - #1858 Raman
%t (UHV LT-STM TERS system)

Raman shifi (em™

+ A' mode
— Exp Decay of A'

Izgps o e(@-d)/P

D= 140.5 pm

[} s00 1000 1500 2000 0|214557l9
Relative gap (pm) x (nm)

(a) BEIRIHAYEIE STM-TERS RO TEE.  (b) GRS AR mIER THY TERS &, MAFALIEH TERS 33 THEE
ROFREDIENEBREAERNE, RE AT A2 IRSNERIRARIER, MeHAth) EEXANEREER. BIE—HRENTTE, Xt
RIS RIS 7 REFEGIR SIS ERRIR. (o) FEMAY TERS SEiERIM MBS XA RBIEEEHNRAXR. (d) FEEN
STM FZERE. (e)AT IERY TERS 38 mapping B, MHRILIEHEEATREISHEZEAILUAE] 0.5nm,

g (Raman) SEE(FA—MEZEMRMAFBIMERUEA, BERED FEEREMRAMFTESERE 1B . WIRA
RIEEY. W2, (RERHEARORD TSN, EEMNFLSENEERN. BRERIASIGERTHGIEREIEE ),

FEABNEMARETEBRES. BIEEA"=1F%, AINKETREERANE (SERS) . HIRNSFRAKES
RSESHRE., IEERARFEERN STM £H51558 Raman £K, BISFERIFHBFERAE (STM) SHBERIFHNE
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LTRERF

SEIERARRHETIEIE Raman & (TERS), &5 STM ASMMEENRTFOHNTRBIZMAISESARAILE, 8853k
BEND FEETS FRORESER, RAMIERE THSERIES, FEASRAEEERSF. PANFESTHKIEE
INsR_HRIER.

FEFRRNNZEEITRITARINARRS, T 2015 FZAFFREINAI, EXNERERNIEE STM FENTTLA=4
BHERERZERE, BIERRM STM &5icsk, STMSHITIFEN, FIIHA% STM BREERIAYE. RESHEELRT
HIENZISFE. LAK STM £15:138 Raman i,

Tip-enhanced Raman spectroscopy (TERS), which combined with the scanning probe microscopy (SPM) and
Raman spectroscopy, processes the spatial resolution and the capability to access chemical information with
ultrahigh sensitivity. It is a powerful tool to study the photon, phonon, electron, plasmon and their interactions,
to characterize the nanostructures and nanoptical properties at atomic scale. Based on a home-build low-
temperature scanning tunneling microscopy (STM) and MBE union system, we develop the high performance
LT-UHV-TERS system. A signal enhancement factor as high as 109 and a TERS spatial resolution of 0.5 nm have

been achieved by using silicene on Ag(111) as a prototypical system.

ROPHCREFRER(Y - IFHERERRIR - 2R inDFIRINE
SRKEBXAZRS (ARPES-STM-MBE system)

g i —% 2018 FEWETF SPECS AFIHI ARPES 4. i MBE RALUR
BV STM BRl, &EBHIEIT UFO $HTEZSEE, MASA AR —
EHORSHI & R T 4SRN FEAIIRERAE, R GR TS 3 5
RISHOBEESRIAE - WRARGEE, H—SERAANS, RAEXLL
(R IIE, BATIRS SR BT, B5h, SRR REEH
#lth, 5 ARPES AEAFIFRIMEL RGN BT A ROBRE 2 M,

The system is composed of a commercial ARPES (SPECS), homemade MBE, and homemade STM. Different parts
of the system are connected by an UFO chamber which enable the transfer of samples in ultra-high vacuum.
Using this system, we can prepare novel 2D materials and investigate their structures and electronic properties
in situ. This system can also connect to our homemade “ultrahigh vacuum mechanical exfoliation and stacking
system” and make it possible to investigate the topological, magnetic, and superconducting properties in
low-dimensional materials. On the other hand, we are developing a high-harmonic generation light source for

ARPES, which can be used to investigate the ultrafast dynamic of low-dimensional and topological materials.
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(UHV mechanical exfoliation and stacking system)
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Since the discovery of graphene, mechanical exfoliation has become one of the most important techniques
for fabricating 2D materials. In addition, stacking of different materials can realize novel artificial crystals, such
as 2D heterostructures and twist-angle graphene, which may host unique properties. However, conventional
mechanical exfoliation is realized in ambient condition or glove box. Realization of mechanical exfoliation
in ultrahigh vacuum can prevent the contamination of 2D materials and facilitate the investigation of their
structures and electronic properties.

Recently, we developed an ultrahigh vacuum mechanical exfoliation and stacking system. We have realized the
exfoliation and transfer of various 2D materials in ultravacuum condition. This technique greatly enriches the
variety of 2D materials and heterostructures that can be investigated by surface-sensitive techniques, such as
STM and ARPES.
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