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| PrEFACE

Aiming at the sustainable development of clean energy and future information industry, the State Key Laboratory for
Surface Physics has been carrying out fundamental researches on surfaces, interfaces, films, and low-dimension
materials, with persistent efforts in establishing novel characterization instruments and controllable fabrication techniques
with ultimate precision. During year 2013-2014, series of significant progress have been achieved in studies of water-solid
interfaces, two-dimensional crystals, Dirac electron materials, transition metal oxides, and the microscopic mechanisms
of their complex behaviors. More than 80 SCI papers were published, including 4 in Nature sub-journals, 3 in PNAS, 2 in
PRL, 2 in JACS, and 4 in NL. Ke He won the National Natural Science Fund for Distinguished Young Scholar, Wenlong
Wang and Lan Chen received the National Natural Science Fund for Excellent Young Scholar, and Xuedong Bai was
awarded with the Leading Talents of Science and Technology Innovation in 2013; Jiandong Guo received the Innovation
Award of Vacuum Technology for Young Scientists of Chinese Vacuum Society, and Sheng Meng received the IOP New
Star Award in 2014.

With unique specialties in developing state-of-the-art instruments and precise control methods for the fabrication of novel
quantum structures, we made further breakthroughs in the studies of silicene. It was found that the silicene on silver
forms two types of triangular reconstruction with mirror-symmetry spontaneously at low temperature. The fast, reversible
transformation between them reveals the weak interaction between silicene and the substrate. And the reconstruction
leads to the opening of a large electronic gap in the band structure, facilitating the applications of silicene in electronic
devices. We also found that, by fully hydrogenating the (3x3)-reconstructed silicene monolayer, seven H atoms can
be adsorbed in each unit cell, while the dehydrogenation occurs at ~450 K in a controlled way and recovers the initial
silicene-(3x3). Thus we pave the way for further investigations of the band engineering of silicene and novel hydrogen
storage materials. We developed a new high-resolution electron energy loss spectroscopy (HREELS). By designing
a special electromagnetic lens system attached to the standard electron source, hemispherical analyzer and two-
dimensional (2D) detector are employed, which provide the information of energy and momentum of surface excitations
in a 2D map. With improved angle resolution and measurement efficiency, the new HREELS is a powerful tool for
the understanding of the role of electron-phonon coupling (EPC) related to physical properties of novel materials. We
analyzed the phonon spectra and the electron band structures of the 2D charge density wave (CDW) material, NbSe,.
It was found that, distinct from the Fermi surface nesting mechanism as valid in one-dimensional metals, the CDW in
NbSe, is determined by the anisotropic EPC. We further suggested that CDW phases should be classified based on their

nature. By precisely tuning the doping in CusNM, (M= Cu, Ag, Au) films, we realized the constant resistivity in a broad
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temperature range. The standard deviation of normalized resistivity of CusNAg, 76 is as low as 8.0x10™ within 55-300 K.
We designed a Li ion battery structure with MoS, nanosheet as the electrode in high-resolution transmission electron
microscope. Two types of phase transition induced by the Li ion insertion were observed at the atomic scale in real time.
The storage mechanism of Li ion in MoS, has been clarified. With the efforts in theoretical calculations, we analyzed the
wetting behaviors of water on fcc (111) surfaces with different lattice constants. The close relations among the length of

lattice constant, contact angle of the water droplet, as well as the structure and dynamics of vicinal water are manifested.

The lab encourages original research exploration, while we are also making great efforts to organize teams for major
national projects. Since the start of the Strategic Priority Research Program (B) of the Chinese Academy of Sciences
in the institute in 2013, the surface lab has been a major power. With close collaborations with other labs, we are in
charge of two topics, “Ordered Topological Materials” and “Low-Dimensional Electron Systems”. In 2014, we made
major progress in establishing the shared network of instruments. Including the new x-ray photoemission electron
spectroscopy (XPS) and the confocal scanning near-field optical microscope, we integrate the available resources into a
comprehensive instrument platform with equipments for material computations, fabrications of low-dimensional structures,
high-resolution characterizations, spectroscopy with multiple degrees of freedom, and electric transport measurements.
Following the first international workshop on oxide interfaces in IOP in 2012, we cooperated with the Key Laboratory
for Optical Physics to organize the series of the workshop annually. Experts in this emerging field from worldwide have
been attracted to exchange their latest progress and to initiate solid collaborations. In 2014, Kehui Wu organized the 4th
International Conference on Silicene, which is the first independent conference on silicene researches. To promote the

exchange of scientific ideas, we organize the Surface Physics Series Seminars and the Semimonthly Forum on Physics.

We sincerely appreciate the tremendous help and support 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 better future.

Director: Jiandong Guo
June, 2015
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2 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 22 regular staff members, 2 post doctors and 51

graduate students. Over 90% percent of the staff members are under the age of 45.

Our mission is to explore the fundamental aspects of novel phenomena at surfaces and interfaces, with a combination
of high-resolution experimental tools and first principle calculations. The researches specialize in 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,
effect of the microstructure on macroscopic properties, and dynamic behavior in excited electronic states. There are six

research groups in the Lab:

Controlled Growth, Novel Properties and Their Atomic-level Characterization of Low-dimensional Nanostructures
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 of Low-dimensional Materials and Manipulation of Their Electronic Properties

Surface Excitation and Energy Conversion

The Lab has been very active in undertaking major national scientific projects, including the Major National Scientific
Research Program—Developing Nanocharacterization Methods Based on Scanning Probe Microscopy Technique (chief
scientist: Xuedong Bai) and several other National Key Basic Research and Development Programs of Chinese Ministry
of Science and Technology, the Strategic Priority Research Program of the Chinese Academy of Sciences “Control
of novel states in topological and superconducting materials”, as well as the key projects of National Natural Science

Foundation of China.

A IHPPIBRE 5 R e
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Significant research progress has been made in the Lab and has attracted lots of attention worldwide. During the past five
years, we have published more than 200 papers in international peer-reviewed journals and filed tens of patents. Prizes
and honorary have been awarded to Lab members, including the Second Prize of National Natural Science Awards
(Enge Wang'’s team, 2011; Jinfeng Jia’s team, 2011), Tan Kah Kee Science Award and Chinese Young Women Scientist
Award (Xucun Ma, 2012), Leading Talents of Science and Technology Innovation (Xuedong Bai, 2013), Innovation Award

of Vacuum Technology for Young Scientists (Jiandong Guo, 2014), and IOP New Star Award (Sheng Meng, 2014).

It is our high priority to provide all members an open research platform and a harmonic environment for communications
and collaborations, which we believe being crucial for the growing research talents. 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, nine have received National Outstanding Young Scientists Awards, three have received National

Excellent Young Scientists Awards.

Persistent efforts have been made in the Lab to promote worldwide collaborations in frontier scientific research fields and
to stimulate progresses in national scientific projects. With the continuous academic exchanges and research progresses,

the Lab has been one of the major bases for worldwide collaborations in the field.

2013-20144 1R
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TEANAMNERE

Organization & Administration

LT : R ARR
Director: Prof. Jiandong Guo

SEIERIFAE © M HRA
Deputy Director: Prof. Xinghua Lu

{TERLP - FhiT
Secretary: Ms. Qiuhong Li

REEE

Successive Directors

F—EEE
(1987 - 1991)

F_REFEE
(1991 - 1995)

B=EEME
(1995 - 2000)

BUEEE
(2000 - 2005)

FHEEE
(2005 - 2009)

FREARR (BzL)
Prof. Dingsheng Wang

MEIX IRR
Prof. Zhangda Lin

FRE HRR (L)
Prof. Enge Wang

ERER I & (L)
Prof. Qikun Xue

SHE ARR
Prof. Shiwu Gao
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FAERS(2011-2015)

Academic Steering Committee

F{E£ Chairman

EEHI # & (BEX)  Prof Qikun XUE, Tsinghua University

ZlE{E Deputy Chairman

FEE HREAE (Bt) Prof Enge WANG, Chinese Academy of Sciences

R Members

B8 B B (B )  Prof. Lijun WAN, Univresity of Science and Technology of China
FE HRA (Bt ) Prof. Dingsheng WANG, Institute of Physics, CAS

T R HARE Prof. Chen WANG, National Center for Nanoscience and Technology
S Prof. Mu WANG, Nanjing University

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

B85 HRRA (Bt ) Prof Xinhe BAO, Dalian Institute of Chemical Physics, CAS

P Prof. Ying JIANG, Peking University
* B B Prof. Xing ZHU, Peking University
X g #H = Prof. Feng LIU, University of Utah

FHER B

3R (f=E) Prof Shushen LI, Institute of Semiconductors, CAS
B8 AR (g ) Prof Xueming YANG, Dalian Institute of Chemical Physics, CAS

KiIRF ] = Prof. Zhenyu ZHANG, University of Science and Technology of China
faIRtE & &% Prof. Pimu HE, Zhejiang University

SRR 2 1% Prof. Jiandi ZHANG, Louisiana State University

KR B & Prof. Shengbai ZHANG, Rensselaer Polytechnic Institute

BRI tARA Prof. Xingjiang ZHOU, Institute of Physics, CAS

=% ARR Prof. Xiaoming JIANG, Institute of High Energy Physics, CAS

HEk &% 5 Prof. Donglai FENG, Fudan University

B8 WA (kL) Prof Hongjun GAO, Institute of Physics, CAS
HWER AR
BEE M B Prof. Jinfeng JIA, Shanghai Jiao Tong University
EBRIE R

Prof. Jiandong GUOQ, Institute of Physics, CAS

pali

KK

Prof. Xiaohui QIU, National Center for Nanoscience and Technology

pall
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WHAZ

Outstanding Researchers

E FERFRERL
Academician, CAS

FRE Dingsheng Wang
F2Z5 Enge Wang
EEEm  Qikun Xue ( TITENIAS : iBHAF)

N ExRRNHEFESREE

National Natural Science Fund for Distinguished Young Scholar

1995 FEEFFf Enge Wang

1996 EEEIEH Qikun Xue ( BIENAG © B%XF)

2003 EE&$ Jinfeng Jia (ENE « E8RERE )
2007 HE% Xuedong Bai

2008 E £ Ke Xia ( ENAS : ERITBEXE )
2008 &StHE Shiwu Gao ( ENAS - JEitEREHD )
2010 SfEf Xucun Ma (NN : E%XF)

2012 7R Jiandong Guo

2013 {F I Ke He (NS : EHKE)

N ExEINEFFECIFARESIKESE

Joint Research Fund for Overseas Chinese Young Scholars

1999 3kiR=/EBEEF Zhenyu Zhang/Enge Wang
2001 jeZENI/EEEH Chih-Kang Shih/Qikun Xue

N NEBFRFEEINE

National Natural Science Fund for Excellent Young Scholar

2012 & M Sheng Meng
2013 FE3f Wenlong Wang  FR < Lan Chen

ERIEZEH P at
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HREMAFRS

Research Groups & Directions

SFO1 EfEK : BEX H5/A/Group Leader: Prof. Xuedong Bai
{REEGER SR FIAR. FriFtERSRFRER
Controlled Growth, Novel Properties and Their Atomic-level

Characterization of Low-dimensional Nanostructures

SFO3 IRf4EK : ENLE H5SR/Group Leader: Prof. Zexian Cao
FHEFIESEEEK

Atomic Processes on Surface and Film Growth

L] SFO5 IRERALK : fEtE FAFTR/Group Leader: Prof. Xinghua Lu
B FRERETTERAIMHEFRIZINFEAR

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

[N SFO6 iRRRZEIK : SRR M3 R/Group Leader: Prof. Jiandong Guo
S A TREERE R STEREERE

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

SFO9 BB : R5aiE AFSR/Group Leader: Prof. Kehui Wu
REEFIEIND FRINEE KRB FSEE

MBE Growth of Low-dimensional Materials and Manipulation of Their Electronic Properties

SF10 BfZEI< : FfE HFRR/Group Leader: Prof. Sheng Meng
REBRNDFBERR

Surface Excitation and Energy Conversion

A IHPPIBRE 5 R e
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SFO1

(RS FIER. riatERSEFRENT
Controlled Growth, Novel Properties and Their Atomic-level
Characterization of Low-dimensional Nanostructures

{Hi/Leader:

HE£ Xuedong Bai

¢H5R/Group Members:

FX Wenlong Wang & Zhi Xu

Selected Scientific Results

1. B-C-NZHK R B EIIE G & i S =R kR AR

ABN{EAELEAIVE AR , WEBETCRFERRES: | XEHIE=7B-C-NEEMEIN—MEERR | 15512 , MREE
BIEHICRFEBNRISTRYSRAR | st B R A5 ( IRMICRFERRBEMIBHNRTF ) |, MEETLERR
PSRRI T, NTAREBIFRZRAB-C-NETTRBIEAR. EAART , BAINSHBNRRRIHE | B5tEl
BIENFEHEHIEHTHEBNGUK AR | AERA "RAC FBZNE" RELIXIBNYEK FERNCETIBS |, 1Z5EAMY
ALK EERENZEME ( bulk-quantities ) FIB-C-NGK FERER , MEBTESRSERRSREASBEMAT , M
aT LA 3 | NREM-S B A BT RERAYS R, FIFASQUID-VSMRYB-C-NGK A BRI TR RIS RER , ECE
ZZ BIEREHARIBNYGK A R R BB R | IRB BB FS | M GERATZRAIB-C-NYK A BRI
HERRSKRIAT R , SKTEFRIR£09300 Oe , 1BFNREAE/90.009 emu/g , TIEBRMEFHEEIZIRIA ESKRIMETASRS |
HBAEERE (Tc) E5TEEMN. #—SiTRE | BTEHEAE BB -C-NJEK R BEFRICRFEFEMEE
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RAAFETFHRE

b, EFERIBNEEAIMEREZIER | NTTIERRSkHME R AR KB T CRFRYISZIN., FAIRILIREREIRGH
THE=ITB-C-NZTTRARF AT LIRS BIeth RIS SCIGIESR | FEREZANBERHEZ B LR E KBRS TN
HiFr. SEF—MRIETENERVLSEETB-C-NARFBIRRMBFSHNF-E R EEERSYIENG | HERiE
EfGE : BMCRFLICEMABN S\ ARESTRIBEENRF , BEr~E— M REXNETF , NMEZEKERLTE
— I BBULFATN "FH" KRR X FHRRSEAKEBIRSR | WABERHE | SBNREHAEESHIRCER
FEUCIEBRES |, R RRIBEHEZ BREEREE  BIEEERRERE | BB XIEE FRISHRREMER | 2
PRSRHEE R ERHERB S . NTRT LU KIEA T, EXEFRAFREAdV. Funct. Mater. 24, 5985-5992 (2014 ) L.,
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—#B-C-NYER R BRI B IR ER KT

2. NRRAOEGTRIRG AR HCHEMNR A EREESEEIEZMEFIUH

BREBHRUMHRRER S BNRFEMNEMMBFENR , BFNEFZAFEREBIEEER. BARSESEE
E/REFAEERT AR BRASHINEEHHN D FHIB FREE AR, —HHE (MoS, ) REBENEWERESE
BEEEENNABMNE , FIaNtIEEWs. WM. BEIRERR. s, RERBERSURTIRESFREIbE, FEit
MoS,FRIBRANF AR AN SR ERFC A M REE AR RN AP EZRSEXE. EEFIRAMOS, i
RELEREA A —ME - B FRBININE , £RHE (FE ) PRRFEREE (X ) NRERGENIERdHhE
L. XiEAPZERRE T ZEMENENWRRPL , AR ERARNEHSSHE TR EEENEFEREE.
HATERERG. EFRENAIRIR NS ESFEEES FRARESEMERAEARRATZEZL.

FHRETRAEFBFRHIER (in-situ TEM ) 52K, FEESIBRPIRITFHEZ T LAMoS K R A8 TIEERAYERS
FHE , ERFRERMSCATMEZIMoS 45K F rhiriE S RmMEERITE.

BREUEREF , FORMEENNAZEE FARARMIRE , BTBEFIERAN , S BMoEMERRET ,
B =S ECAAE 2/ \ERECAL , BN =S(ARFHP63&mmAEEZLAP-3ml , F42H-1TRYHEEEE | BB FIRAEEIAS-S
ROPUEARECAIORE, AME2HEEERIMOoS, ISk | SBUERILTEAMMAB FERAEREN BT RESBITR
B, “HTFERHI T BRISMNFEEREZER ( Charge Density Wave ) . [REISISIEAFATLX— BT
BIEEIIHNE ( Shear Mechanism ) , BIEEFAIRASEIMoS,FRFEZEREENB® | 15— AT ERAIEETIN
B, STIERAGEBFERAR , 1T-LiMoS,#K o ASBMoRIEHILI,S , BIARES IREE., i TIFERESLR EIRU
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MEREIMOoS,FBEEFIR N R ERIERET , EIAGEIMRSMoS, AN BAIREB IS E—XI R , JIEKMoS 4Kt
FHEEHSIFR TENIEE N EEEMINAR, BXERASRE). Am. Chem. Soc. 136, 6693-6697 (2014 ) k.,

- (100)

©.(010)
2H [001] [4

Pristine 2H-MoS, Li-intercalated 1T-MoS, Lithiation interface

3. MAR(LESRES ERIIEFRIENHFIE

HEFEEEYIE. WSEGRSANN— ARSI | YRR, (IR he e se i Ae e BN,
AL FE S WRIEE RS ENRAEB A E RS TENEF R ERHEEEENEN. KIFAR
(IESEBE R PR S BN B R A 2 TIEREIASI BT RS D PR | AR TIENE, &k
EEFREHFEREEXIETFESTIBEAR S ENEHHRE. B HERS IESENRIBNMRSERE X2
WOz EZORE | EENTEFRIEISBEBER AN HFISRE B RNARD B REAISTIIHE.

LAAQ/SiO2/p-SIARAIFETHIRAR 6] , TEETBERIRAMNAGIKERIAVER, TR 2R E AR
EREPETRL, FHXI—MRIZAISIO AP EIRAIAGEIHITIER | TEFEH MRERIENIAE , IREBIFRIS B/ N HFHZ
HEK |, BRTRIAAERIATT XFHAEFAVNERAT Y, ZEzRs "kt pOER , ERHSNERMRESREE ,
BRI ENELE R BRI R ZFHN KK |, IBERZLERORET , @HER%. EYMETRER | RERERAEERD FrER
it BB ENRNRE S B SMEFMGRYE | BB—SBTHERI AN | SRUEBERB AR , FIERBERGR
EEMWERRRN , BIER—MNESAERREF , BHRs . :
HIF% , ik —NIEERTRNREFER, REFE S
BUFBIERTRETR , HNSWERR B EREHT
TR T WEFENERIB LSBT E. NEETRBES
TEFRENHZIEONERE  BHTTERITEE
WIS | 18RRI EAXUR B R B2 ERIE
RARY , SLRER—H., XIARLEBETHHNRR
BRBERMNERLE T BARNRPE RS iz R EEREN
BARERIE  WRNERE FRETFHESNERES
BEEY. BXERAFEEAdV. Mater. 26, 3649-3654
(2014 ) k.

IRACKIR BB LA E S RS D IR
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RAAFETFHE

Continue making progress on the studies of atomic-level observation and understanding of the ion transport and their
related properties, and the structural controlling of surface/interface of light-element nanomaterials. There are the main
results as following:

1_ We reported on the bulk-quantity synthesis of high-quality C doped BN (B-C-N) nanosheets, and the first
experimental observation of high-temperature ferromagnetism in such B-C-N based ternary light-element materials.
An easy way to induce spin polarization in B-C-N systems is the random substitution of B and/or N atoms in a BN
honeycomb lattice with C atoms. As predicted by previous theoretical studies, a substitutional C dopant in a BN
sheet possesses a net magnetic moment of 1 uB independent of substitutional site (B or N). Here we synthesize
bulk quantities of B-C-N nanosheets that are free of metallic impurities and investigate the magnetic properties of
these samples. The samples were prepared through a multi-step process. The key procedure is the substitutional
incorporation of C dopants into the honeycomb lattice of exfoliated BN nanosheets. These B-C-N samples exhibited
ferromagnetic hysteresis at 300 K and above, with saturation magnetization of 0.009 emu/g and coercivity of 300 Oe,
which are comparable to the previously reported behavior of defective graphite samples. The ferromagnetic response
disappeared upon the removal of carbon dopants from BN lattice, indicating that magnetic contaminations can be
excluded as the origin of observed magnetism. On the basis of first-principle calculations, we show that not only the
substitutional carbon doping into a honeycomb BN lattice favors spontaneous spin polarization and local moment
formation, but also the spin moments can be (anti)ferromagnetically coupled to exhibit long-range magnetic order.

2_ Layered molybdenum disulfide (MoS2) shows a unique combination of valuable structural, electronic, optical,
mechanical, chemical, and thermal properties that have been studied for decades. The inexpensiveness and
availability have offered the uses for lubricant, optoelectronic, catalytic, and clean energy storage applications.
The weak van der Waals interaction between the MoS; layers allows alkali ions to intercalate without a significant
volume expansion, which enables MoS; to be an alternative as an electrode material for high capacity lithium ion
batteries. Research on the electrochemical lithiation reaction mechanism of MoS, has important significance, both in
fundamental studies and practical application.

In our continuous efforts to develop in-situ transmission electron microscopy (TEM) characterization methods for
nanomeasurements and device mechanism, we recently studied the dynamic electrochemical lithiation process of
MoS; nanosheets by construction of an in-situ TEM electrochemical cell. They found that MoS, undergoes a trigonal
prismatic (2H)-octahedral (1T) phase transition upon lithium intercalation. The in-situ real-time characterization at
atomic scale provides a great leap forward in the fundamental understanding of the lithium ion storage mechanism in
MoS:.

MoS: by its nature is a semiconductor with trigonal (2H) structure, where the S atoms locate in the lattice position
of a hexagonal close-packed structure. Planes of Mo atoms are sandwiched between two atomic layers of S, such
that each Mo is coordinated to six S atoms in a trigonal prismatic geometry (2H). Another MoS; polytype based on

tetragonal symmetry is the octahedral phase (1T) with one MoS; layer per repeat unit. A structural transformation of

4 o P P 5 T S s
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2H-1T corresponds to the electronic structure change from semiconducting to metallic. In their work, a systematical
study has been performed on the structural properties of MoS, nanosheets during the lithiation process using an
in-situ electrochemical TEM holder. The results demonstrate the existence of a phase transition of 2H-MoS; to
1T-LiMoS; and structural modulation in the 1T-LiMoS: in the first lithiation process, as shown in the figure below.
Furthermore, with the capability of characterizing the phase boundary, the shear mechanism of the 2H-1T phase
transition has been confirmed.

In addition, utilizing the in-situ measurements, the electrochemical reaction in each stage has been studied, which
can also be correlated with the ex-situ performance of MoS; coin-type cells. After the phase transition of 2H-
MoS; to 1T-LiMoS,, there follows a conversion reaction during the lithiation of MoS,. So the structural mechanism
corresponding to the electrochemical property of MoS, during lithiation can be clearly understood.

The fundamental understanding of lithium ion intercalation behavior can allow for development in other transition
metal dichalcogenides (TMDCs)-related energy devices and should enable a wide range of studies, such as TMDCs-
based composition and optoelectronics.

. Nanoionic resistive memories are one of most promising future information technologies with increasing scientific
interests for memory, logic and neuromorphic applications. Generally, a conductive filament model has been testified
to be the underlying switching mechanism. However, understanding of the physicochemical processes at atomic
scale is still a challenge. We reported the real-time recorded electrochemical mass transfer process of silver in the
silicon dioxide matrix, which is dedicated to revealing the filament formation and switching dynamics for nanoionic
resistive memories. The novel sample structure and the atomic-scale images have provided us with unambiguous
details of the mass transfer processes. Based on the experimental evidences, we proposed a bipolar electrochemical
mass transfer mechanism to explain the switching dynamics. The physics of electronic conduction and device

degradation is also clarified. The microscopic picture can be extended to varieties of systems, and helps guide

research into stability and scalability.
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Atomic Process on Surface and Film Growth
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Selected Scientific Results

1.

IRNIFT T APPIISERRIIR | #8327 S8He, ArEBEFARIEAERSRMRRE ; FER T Penning Effect fEAPP) i
FERAMSIAER

2. fEAU. AgiBZCuNIRERIMn;NMnERREA3RE T AR X P EERMEZME ;

3.

4.

FFRIKEIFERASS | TEcoffee ring , Leidenfrost effectLAN /KB AFAZRETT EIESHE RN KBRBIBHIREXIRE
HEEMEKIAR | HFRBEXERARES SRTE RG]

RNAR T A A — SRR RE=E R L R ERIHALEED |, FFHIRE T IESSFI=At8 FROREBEHRITRIE |
F S HEE SN Eisenstein BB EUIERR T IR A IIFFIERAXI [ES & FRAELS S M RAGBXIFRYE | BIR NGRS BIFIE
ESHEMEBRDEEEX

, HREE—F (MEFRNETF) £, REHWR T KRFEE | fWiE 7 ERSSAFEMKET.

. Investigation of mechanisms leading to the difference in the plume structure of APPJs of Ar and He; the role of

Penning effect in determining the structure of plasma bullet in APPJ was clarified.

. Realization of constant electrical resistivity over large temperature range in CusNAg,, CuzNAu, and Mn;NMn-based

films.

. Research over coffee ring effect, the Leidenfrost effect and the spontaneous nucleation in aqueous solutions. A

universal dependence of glass transition temperature upon the concentration is discovered. The hydration behavior of

ions in the mixed solutions is investigated.

. Generation of 8-and 12fold quasi-periodic structures by using a special kind of function, with which we find the

directional scaling symmetry for the square and triangular lattice. By virtue of the Gaussian integer and Eisenstein
integer the discovery was proven, and it shows there are infinite possibilities for directional scaling symmetry in
square lattice. The first two are related to the golden ratio and the silver ratio.

Publication of the book Etymologicon for Chinese Physics Learners (Vol. I, World Scientific 2013); Editing of a special

issue upon water science; Editing of a special issue for the 85th anniversary of IOP, CAS.
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Detection, Control, and Dynamics of Single Molecules
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Selected Scientific Results

1. FRSTUERREEISITIE | RN LR AIAT A HiREr TS AR B0 , ST shaken-pulse-pairf T
{RiEZ | BRURER T PR SLIeiIFoNm ; BIEEXIT R ERURRIMEHRITRIET | PEKFLDNANFAREGK
FLAYHI BRI HI R EEAOFA S IR,

2. MR T RERECRENENEHENBFEEE MR TRk RENER. ZEFAEREN “three for
six" =AEARTIR ERIESAR AAR , FIFBTHELLAISTM ST A BISHX IR MIRL G, BT iEEiERA
( Scanning Tunneling Spectroscopy , STS ) , EAIIWERE T BEBEFSEERN "seEH 0" &, WIET “three for
six" =FRISRIERD s L. EEXGILATHENR  HIMERTHRREAI(2V2 xV2)RA5°EM, TARKA : ASE
MR A AFERSRREEER | B aERMEH R AEEERATLIEASERIESsp R | BTSSR
XA T AR,

3. AR T KD FHEE TRMITECU(L11) RESTEE BHEERIPK AR | (IASRK , CBRIK , /\BAKTINERIKE,
FIRFTERENSBER  BAITEUKGKERINBFEN | FERHEBAIZKEERIVERT (wet electron), 7K3FH
BFEN , SESBENMPCREARE N TRIEI IR, SEDFTERIHE |, HANFMETIC T KPOREREHEBLL
RFESHIREREN KD T B,

4 EEHIARERFe 04 FINEINEBHTEFS, REABRNET AR 7 BEFeSeBSR , IR TESEE , U
SHESHTREN68 K, #SHERA(0)=3.2~3.7 keT. BB-FEFBEESIN=0.48 , FEE T AlseMNE FEESAH +
NEZ(ER BT BEERETHIERRE. E%EBSABaFe, NAs;FNZESHETRE L FETSE Y
BRIRYER, R 7R E T AT S EASEE R PRIERTE. R ERBEFIEIN,

5. s T s SIS Ak AL VTR T A EBDNASFES, EFEKMEENTSAEEMF , BXIETE
BHNRE, SLNDUEIDNATESHIMKFLNZFFLIRHERENFILERE , MnEa B RerEE R,

6. (ERRRRIMFF T RANAETTELZY |, IR SDONAREEERIFERTS A= MER. IR BRI
R 7 IAZFIDNAREIERISTE | iBMHER 7 =AM ERAREREE, BERMTIE, SR , HEBNIRESF
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AR B E SR ERIRES IR GEAIREES T RN EINGY) , BEDNAKESIFAZR , BOTHHERE ,
SHWREAS. FZMR , RRNEBMUR/INESREMIGEARESS | (EDNARRAERENE  BMER
1EAN , NERPEERARFLATHERR,

1_ Design and construction of scientific instruments: Ultrafast laser coupled STM has been completed and the shaken-
pulse-pair mode has been demonstrated in order to depress the thermal effect of the experiment; Spin resolved STM
is under construction as planned; Nanopore for DNA sequencing has good progress in nanopore fabrication and
electric control circuit design.

2_ Interaction with the substrate plays an essential role in determining the structure and electronic property of graphene

supported by a surface. We observe a maze-

like reconstruction pattern in graphene on
flat copper foil. With functionalized scanning
tunneling microscope tips, a triangular three-
for-six structure of graphene and a mixed
(272 x\2)R45° reconstruction of a Cu(100)

surface are separately visualized at the atomic

scale. Substrate-induced changes in the

structure and electronic property are further

illustrated by micro-Raman spectroscopy and scanning tunneling spectroscopy. This finding suggests a new method
to effectively induce partial sp® hybridization in a single-layer graphene and therefore to tune its electronic property
through interaction with the substrate.

3_ Our scanning tunneling microscopy experiments demonstrate that excess electrons in single H,O clusters on Cu(111)
surface can be injected from a negatively charged metallic tip and maintained stable. Density functional calculations
show that three-fold symmetric H,O nonamers without a none-zero dipole moment under the localized electric
field induced by a charged metallic tip could be polarized to form new molecular structures which will increase the
possibility of accumulating excess electrons to form hydrated electrons for nonamers on Cu(111) surface, which
results in both the diffusion of single H,O monomers within H,O clusters and the in-plane directional motion of
nonamers on Cu(111) surface. Both the direction and distance can be intentionally controlled by applied tip voltage
and duration.

4. For the first time observed double charge ordering state in a RFe,O, system. Using ultrafast spectroscopy we
investigated the single layer FeSe superconductor. Observed the superconducting phase transition, measured that
T. = 68 K, the SC gap A(0)=3.2~3.7 kgT, the electron-phonon coupling constant A=0.48, found the essential role of
phonon in the superconducting mechanism, and explained why the capping layer will reduce the Te. In the iron-based

superconductor BaFe..xNxAs. we found that the coherent phonon has a shift in the initial phase at below and above

ERIEZEH P at
State Key Laboratory for Surface Physics



the Tc. Investigated ultrafast pulse generation of acoustic waves in a multi-layered graphene thin film and realized
coherent control of such waves. One patent got approved.

. Solid-state nanopores based on single-layer hexagonal boron nitride (h-BN) are fabricated, showing strong stability
under multiple disassembly and assembly. With UV-ozone treatment, the hydrophilicity of h-BN nanopore device can
be significantly increased, resulting in a much reduced 1/f noise as compared with that in graphene nanopores. The
good wetting property of h-BN nanopore also leads to very high DNA capture rate, where thousands of translocation
events have been observed. The demonstrated distinct performance of h-BN nanopore suggests a very promising
ultra-thin solid-state nanopore for DNA sequencing application.

. A real-time monitoring of DNA-cisplatin interaction has been demonstrated by employing solid-state SiN nanopores.
The DNA-cisplatin interacting process is clearly classified into three stages by measuring the capture rate of DNA-
cisplatin adducts. In the first stage, the negative charged DNA molecules were partially discharged due to the bonding
of positive charged cisplatin and forming of mono-adducts. In the second stage, forming of DNA-cisplatin di-adducts
with the adjacent bases results in DNA bending and softening. The capture rate increases since the softened bi-
adducts experience a lower barrier to thread into the nanopores. In the third stage, complex structures, such as
micro-loop, are formed and the DNA-cisplatin adducts are aggregated. The capture rate decreases to zero as the
aggregated adduct grows to the size of the pore. The characteristic time of this stage was found to be linear with the

diameter of the nanopore and this dynamic process can be described with a second-order reaction model.
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Selected Scientific Results

ETHSMRERHBEF LI EIGERES fRAMEMB IRk, SRTESREMITRTFERE. B

7. BIeSHhEFZMEREREBEIER  Wigk INFERIAEHRBHIMA ; 551 2BEA TRIHIRSEAIRE

EHPIRRTREFESIMBEM EHEXRAINEATRER "8E" WK , XAATEESMEFS. #MARERESIEENY

FFERHEM TATREM. AEANMRABHNEMNREBRFEX—HURRET , — T ERKESMER. BRREFA

TREGERENNHETTE | BEREFRBERERKEESTINEE F AN RER | B—HERRERENIERES

ARSI e B FMNATENIE | #MRREEENGESRE | ASRR YR F R R YRR,

ANFRE2013-2014FEVSHIHREE -

1. EEHISITIO(110) XA AR EMET A HB T , ST T ARSNEE | 57 aNYREFARMES
ERBERS KO B/ AR T ORISR AR,

2. Bt SRS E S S T SR ESITIO(110)EENERINEEK , HEFRERMLE T ERE=R19
o . FEBBERERZE.

3. AR T RFRERSITION(11)REAHIETTE | F BB RE T/ SRR FREGISTE T R EEHIAH 2,
AT, H—PRRE TR FRINEERSITIO (111)ERAMEHESITE , SMEREASTRERIRFRTESLH |
MEERESNRINEBMEE | AERIHEMIR ERARIRMEERT L2 x 1013/ cm S BEE =R SR FRE.

4, 55T NbSe R EERIBF-4ENE , BEXNET- AR EMTIARNT  BRHSRRMET-ETEEHNR
EMEER. MESRESWYT  BERBF-FFEGREERM , ERTHEXEFREERK , FESEFFLRH
TP FEAar e iR,
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The traditional microelectronic industry based on semiconductors faces critical challenges in both fabrication techniques

and fundamental physics. Complex transition metal oxides respond sensitively to the doping and external field due to

the coupling between lattice, charge, spin, and orbit. Exotic phenomena emerge in the artificial low-dimensional oxide

structures, offering the possibility to control the quantum states and to develop new multifunctional electronic devices.

Our research focuses on the electronic structure at oxide interfaces. We have investigated the structures of complex

surfaces at the atomic scale and the microscopic growth kinetics. In the recent works, we developed the new methods for

the preparation of oxide films and artificial heterostructures. The growth control with atomic precision was achieved and

therefore the electronic structures were manipulated dependably. This is the material basis of novel electronic devices.

We also studied the mechanism of novel quantum effects on oxide surfaces or in low-dimensional structures. To develop

the control method is the physical basis of multifunctional oxide electronics. The progress in 2013-2014 includes:

1.

2.

Tuned the electronic structure of SrTiO3(110) surface, especially the in-gap states, by controlling the stability of its
different reconstruction phases. The effects of surface point defects on water adsorption/dissociation were clarified.
Realized the high-quality homoepitaxy of SrTiO3(110) film in ultra-high vacuum by controlling the temperature. The

distribution of oxygen vacancies were characterized at the atomic scale. And the mechanism was proposed.

. Studied the preparation methods of the atomically flat SrTiO3(111) surface and realized the control of the reversible

transition between different reconstruction phases by adjusting the surface Ti/Sr cation concentration. Further
developed the precise control method of the homoepitaxial SrTiO3(111) films by oxide MBE. The obtained films show
high-symmetry atomically well-defined surfaces and possess high dielectric performance. The back gate structure

formed on conducting substrate allows the carriers tuning range of 2x10'3/cm?.

. Studied the formation mechanism of charge density waves on NbSe,. By determining the electron-phonon coupling

matrix elements, we clarified the key role of anisotropic EPC. But in cuprates that have similar EPC strength, the

involved phonon cannot get instable to create CDW due to its relatively high energy.
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BEEER (CDW) B—MEBFRAZETSASMIZIHKES
FRAGNIS , EalLABRERRESKEA | FEEEAHEERN
FCOWK KA EMEEEIEEE., COWHT IZEETEIARR | 4551
SRERRY , SeR-BEAETETEEYERTABIAEX, £L
HIZ305FA |, PeierlsRBME 7 —4SBHRTFIEHFCODWHEFE.
e —HS BB FSNIRE | REBEKRRITFFEER , A
MERREERRHRNSEISEE. ZE , XFZEKE LB
BFZENEBSEREERRZA "BKEHRE" (Fermi Surface
Nesting ) . 1959FKohnfgtt , BKHRERS RIS FEERIE
HEEER., (ERRIE , NWERMRHGHRES NSRBI H iR
BF , COWIBRIZ A AREFRZ R EREIX — & RAVEIGRIR, Xt |
IR E 7 LR R R BT Z ER AR IRIEE A RS R TS
RRUFTTIE.

Charge Density Waves (CDW) are observed in many solids, especially in low-dimensional systems. A CDW is a

modulation of the electronic charge density with a long-range ordering characterized by a given wavelength. CDWs
are usually accompanied by a periodic lattice distortion. Their existence was first predicted in the 1930s by Rudolf
Peierls, who prophesied that CDWs would exist in an ideal one-dimensional (1-D) chain of atoms. Peierls argued that
this 1-D metal would be unstable forming energy gaps at the Fermi wavevectors kg, lowering the energy of the system
and driving a reconstruction of the lattice. This coupling of one part of the Fermi surface to another is called Fermi-
surface nesting. In 1959 Walter Kohn pointed out that this nesting results in what is now known as a “Kohn Anomaly”, a
simultaneous softening of coherent lattice vibrations, i.e., phonon softening. This simple text-book picture of the origin
of CDWs does not seem to be correct in many real materials as pointed out in several recent key publications and in this

report we propose a new classification of CDWs based upon their nature.
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Silicene is a new allotrope of silicon in a two dimensional honeycomb structure analogous to graphene. It does not

exist in nature but has been successfully fabricated on metal Ag(111) recently. Experiments reveal similarities between

silicene and graphene: honeycomb structure, linear dispersion of the electron band. Based on these results, some further

interesting studies have been proceeded during last two years.

1.

The V3xV3 honeycomb of silicene monolayer on Ag(111) was found to undergo a phase transition to two types of
mirror-symmetric boundary-separated rhombic phases at temperatures below 40 K by scanning tunneling microscopy,
which is originating from the weak dispersive interaction between the Si atom and the Ag substrate, indicated the

unusual superstructure and electronic properties of silicene.

. The evidence of Dirac Fermion chirality of silicene was found through the observation of stronger power law decay of

quasiparticle interference (QPI) patterns than that in two-dimensional electron gas (2DEG). In contrast to the trigonal
warping of Dirac cone in graphene, we found that the Dirac cone of silicene is hexagonally warped. Our results

demonstrate that the V3x3 phase is an ideal system to investigate the unique Dirac Fermion properties of silicene.

. A possible superconducting gap, about 35meV, was observed in silicene on Ag(111) substrate by scanning tunneling

spectroscopy. The temperature-dependence measurement reveals a superconductor-metal transition in silicene and
gives a critical temperature of 35-40K, higher than all other single-element superconductors discovered so far. The

fundamental understanding of superconductivity in silicene is still unknown and need to be investigated.
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1_ Lattice-induced hydrophilicity. We find from molecular dynamics studies that liquid water on a range of model surfaces
with different lattice constant have different wettability. In particular, a contact angle minimum is rendered when the
surface lattice matches that of O-O distance in water. This provides new ways to tune surface hydrophilicity at the
atomic scale.

2. First principles study on epitaxial silicene. The V3 reconstruction of epitaxial silicene structure is explained. Moreover
such a reconstruction suggests the interaction between silicene and substrate is weak, so that the intrinsic properties
of free silicene can be maintained. We also predicte d a bilayer-silicene semiconductor and silicene based anode for

lithium ion battery.

3_ For energy applications: i) We designed a “virtual solar cell”, namely, a set of algorithms that predict solar cell
frequencies from first principle quantum dynamic simulations. A difference of 2% is found between predicted and
measured efficiency. ii) We precisely measured the proportion of surface binding configurations of dye molcules
in dye solar cells. Optimal control of molecular adsorption configuration renders an increase in solar cell efficiency
from 2% to 6%. iii) We predicted a new hydrogen storage material: “H, sponge”, based on three dimensional metal
incorporated covalent organic framework. It adsorbs H, molecules automatically and release them upon pressure. iv)
We illustrate the atomic structure of gold nanoclusters with a diameter from 1 to 3.5 nm. A |h to fcc structure transition

is found at a diameter of 3 nm, while all clusters maintain catalytic properties.
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Ward Plummer
Jiandi Zhang
Dmitri Golberg

Jak Chakahalian

Kyle Shen
Xiaoqing Pan
T. Zachariah Ward
Jinyue Liu

Andrew Hodgson

Paul Gao

Steven Cundiff

Thomas
Frauenheim

Andrey Oreshkin
Wei Xiong
Zhenchuan Kang

Franz Kaertner
Noejung Park

Bibek Adhikari

Andrea Cavalleri

Professor

Professor

Professor

Professor

Professor
Professor
Professor
Professor
Professor

Associate
Professor

Professor

Professor

Professor
Postdoctor

Professor

Professor

Professor

PhD candicate

Professor

Louisiana State University, USA

Louisiana State University, USA

National Institute for Material Science,
Japan

University of Arkansas, USA

Cornell University

University of Michigan-Ann Arbor
Oak Ridge National Laboratory
Arizona State University, USA

University of Liverpool, UK
University of CT, USA

JILA, National Institute of Standards and
Technology and University of Colorado

Bremen University, Germany

Moscow State University, Russian

JILA, University of Colorado at Boulder
RE-POWER TECH. USA

Center for Free-Electron Laser Science,
University of Hamburg, Massachusetts
Institute of Technology

Ulsan National Institute of Science and
Technology, Korea

University of Stuttgart

Max Planck Institute & University of
Oxford
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Ul i [ eifs (R Electrical, optical and ion
_ International Conference 2013.08.04 ! . . BEREE
ER
1 HBE= on Advanced Materials and  -2013.08.09 electrom|gra;c|ok;1 sitidies '(I?I];M ESE|
Processing nanomaterials by in-situ
) pEx International Conference 2014.07.09  In situ TEM Technique and Its FiEE
== on Electron Microscopy -2014.07.11  Applications on Nano Research ENE
3 HE= gzsie?rgirsi:?:t(\e/ricalfc?o?al 2014.11.09 Development and Applications of B/REVEE
== S one -2014.11.14  SPM inside TEM ESE
ymposium and Exhibition
The 2014 Materials Structural and Physical Properties 5
4 HZE%E Research Society Fall _22%11111123005 of Nanomaterials Studied by In- ,Bii:t@@ﬁ
Meeting e Situ TEM Method =
s ag American Physical Society 20130318 Highly enhanced green emission /s
== March Meeting -2013.03.22 P x=E
a tungsten tip
. . . Critical Role of Modal Spatial
w—= American Physical Society 2013.03.18 : : E/RAYEE
4
6 BHE \arch Meeting 2013.03.22 8verlap in Nanoscale Nonlinear =5
ptics
The 1* Germany-China
young scientist symposium Purely coherent nonlinear optical -
7  ®RE on ultrafast light sources AVAE response in graphene sheets-- i&z
-2013.06.26 ; . Pe-lES
and spectroscopy Spatial self-phase modulation
applications
The 7th International 2013.06.30 Purely coherent nonlinear optical
8 #X4¥R Conference on Materials 5013.0705 response in graphene sheets: AN
for Advanced Technologies T Spatial self phase modulation
. . . Coherent A;,Phonon in FeSe,sTeys:
o American Physical Society 2014.03.03 19 057+05 i
9 X X ! 1t/2 Phase Difference across
ari o =g AV Superconducting Phase Transition =<E
. g Ultrafast spectroscopy toward
" SPIE Optics and Photonics 2014.08.17 . : EHITEF
4
10 B4R 5514 90140821 9enerating coherence in a few =q
quantum materials
11 B = American Physical Society 2014.03.03 Prpbe D.NA—CispIatin Interaction b
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International Workshop on
Functionality of Complex
Materials in an Environment
of Reduced Dimensionality
or Broken Symmetry

American Physical Society
March Meeting

The 4th ICQs Joint Annual
Workshop on Spintroincs

The OCPAS8 International
Conference on Physics
Education and Frontier
Physics

5th Australia-China
Symposium for Materials
Science

ICAM -China Summer
School -- The new
developments in
condensed matter physics

The 1st International
Conference on Two-
Dimensional Layered
Materials

American Physical Society
March Meeting

The 4th International
Meeting on Silicene

The 7th International
Conference on Materials
for Advanced Technologies

ChinaNano 2013

International Conference
On Water Sciences

AtiE)

2013.07.18
-2013.07.19

2014.03.03
-2014.03.07

2014.06.02
-2014.06.03

2014.06.23
-2014.06.27

2014.07.21
-2014.07.23

2014.08.19
-2014.08.26

2014.10.12
-2014.10.15

2013.03.18
-2013.03.22

2014.06.10
-2014.06.12

2013.06.30
-2013.07.05

2013.09.05
-2013.09.07

2014.04.14
-2014.04.17

REEE

The Control of Cation
Stoichiometry in MBE Growth of
Complex Oxide Films

Dielectric and ferroelectric
properties of SrTiO,/Si
heterostructure controlled by
cation concentration;

Preparation and characterization
of SrCoO; heterostructures grown
along the (111) direction

Persistent Dirac electron state in
Si-based material

Persistent Dirac fermion state in
bulklike Si(111)

Persistent Dirac fermion state in
bulklike Si(111)

Structure and electronis structure
of silicene

Reversible Hydrogen adsorption
on silicene

Quasiparticle Inteference in
Silicene on Ag(111) Surface

STM investigation of multilayer
silicene on Ag(111)

Experimental Realization and
Characterization of Silicene

Breaking the bottleneck:
unraveling energy mechanism at
nanoscale

Atomic scale water wetting
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S HR SWBFR A& RERE R
Conference on Energy . .
. ' 2014.06.08 uantum interactions at surfaces RE
24 & BE l(\él:;ﬁlr)'als’ Neeledne o -2014.06.13 Snd materials design %%éj;
Precise Predicting and Tuning oo
25 = B CECAM-ZnO —22(())111%662228 Structure-Function Relationship Z;iglﬁ
e on Oxide Surfaces =
1-st Asia-Pasific Precise Tuning Quantum VN
26 & M Symposium on Solid _22%11201%2073 Interactions and Quantum g§§
Surfaces o Dynamics at Solid Surfaces .
The 4™ international .. .
) 2014.08.04  Electron dynamics in solar cells RED
;
27 & M meeting on quantum -2014.08.0  and photocatalysis FE
energy
The 17th Asian Workshop . .
5z g oA oo Edsmeannes | w
- Electronic Structure -201411.06 [0 e o 24E|
Calculations
The 7th International 2013.06.30 Reconstruction of Silicene on
29 Z [ Conference on Materials 5013.0705 Substrates: Hron
for Advanced Technologies o A First-Principles Calculation
. The first-principles molecular ~
-« = International Conference 2014.04.14 e ; bR
0B G ke S -2014.04.17 dynamics simulations of surface thE
wetting and confined water/ice
31 = & The 4th International 2014.06.10 A First Principles Investigation on =
- Meeting on Silicene -2014.06.12  Multilayer Silicene FE
The Second International
32 = @ Workshop on 2014.12.12  Multilayer Silicene: A Bottom-up =5
- Computational Science and  -2014.12.17  Approach to Si(111) Surface FE
Engineering
. 2014.08.04  Manipulating Dye Adsorption b=
33 3 M ChinaNano 2013 -2014.08.0 Geometry for Dye Solar Cells [==]E5]
. . . tized Water Transport: Ideal
+, American Physical Society 20140303 Quantizec i FHd
34 REWX March Meeting 2014.03.07 Bleesrillljr;:zgn through Graphyne-4 i
Modeling recombination
. . . d predicting energy 5
. American Physical Society 2014.03.03 Processes anc pi B
35 5 ®  March Meeting 20140307 Cconversion efficiency of dye 2@
sensitized solar cells from first
principles
Identification and Manipulation of
65th Annual Meeting of 2014.08.31 Adsorption Geometry of Organic oy
36 5K MR the International Society of 22014.09.05 Dye on Nanocrystalline TiO> %Ef
Electrochemistr o Films for Improved Photovoltaic o
Performances
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1 HEX Journal of Nanomaterials, f7Z& 2008- &
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2 HEX Nanoscience and Nanotechnology-Asia, f7Z& 2011- i
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3 fdde  EEWEEXSS “Review of Scientific Instruments” , BlZE4R 2012- it
- International Journal of Modern Physics B; Modern Physics _
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REVIERYZAIRS

5253 wREA
1 Dr.Weihua Wang
(E)F%)
> Dr.Lin He
({aJ#K )
3 Dr. Rui He
(&)
4 Prof.Mingshu Chen
( BEREBMY )
5 Dr. Jiali LI
6 Dr.Junguang Tao
(&)
7 Dr. Wei-Li Lee
8 Prof. Michael F.
Crommie
9 Dr. Renu Sharma

10 Dr. Wang Zhengfei

Investigation of Single Molecular
Electronic Structure by Low-temperature
STM

Defect Engineering of Graphene

Optical Spectroscopy of Graphene and
Topological Insulators

Characterization of Catalytically Active
Surfaces by In-situ IRAS

Developing Solid-State Nanopore Device
for Single Molecule DNA Sequencing

TiO, REE IR EEBFIFHERIAR

Thermoelectric Property in Bilayer
Graphene

Exploring Atomically-Engineered
Graphene Nanostructures

Dynamic observations of gas-nanoparticle
Interactions Using Environmental
Scanning Transmission Electron
Microscopy

Organic Topological Insulators in

EfREESFARZR

A

Department of Physics, Hong
Kong University of Science and
Technology

Department of Physics, Beijing
Normal University

Department of Physics, University
of Northern Iowa, United States

Department of Chemistry, College
of Chemistry and Chemical
Engineering, Xiamen University

Department of physics, University
of Arkansas

Institute of Materials Research and
Engineering, Singapore

Institute of Physics, Academia
Sinica, Taipei

Department of Physics, University
of California, Berkeley

Center for Nanoscale Science and
Technology, National Institute of
Standards and Technology, U. S. A

Department of Materials Science

( EMFE) Organometallic Lattices and Engineering, University of Utah
Dr. .Zhong Two Dimensional Electron Gas in Oxide i 2 of SOI'.d State Physics,
11 Zhicheng Heterostructures Vienna University of Technology,
(hEI ) Austria
12 Dr Jaeil Bai Novel Low Dimensional Water and Silicon Department of Chemistry,
: Nanostructures University of Nebraska at Lincoln
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REA
Prof.
Andrew Hodgson

Dr. Pu-Xian Gao

Dr. Thomas
Frauenheim

Dr. Steven T.
Cundiff

Dr. Wei Xiong

Prof. Jianjun WANG
(E2E)

Prof. Franz X.
Kartner

Dr. Lauren F.
Greenlee

Dr. Noejung Park

Dr. Shaowei Li

Dr. Ding Pan
(i&E®)

Prof. Andrea
Cavalleri

A Microscopic Picture of Water and
Wetting at Metal Interfaces

Scalable 3-D Nanostructure Array
Integration and Manufacturing: A
Nanomaterials Roadmap toward
Ultrahigh Efficiency, Robustness, and
Multi-functionality

DFTB+ - An approximate DFT method:
Applications to Computational
Nanomaterials

Optical Two-Dimensional Coherent
Spectroscopy

Studying Ultrafast Dynamics of Free
Standing Nanoparticles

Investigating Anti-icing Surfaces: From
Fundamentals to Applications

Advanced Timing Distribution and Light
Wave Synthesis

Nanotechnology for Water and Energy

Electronic structure calculations
within or beyond Born-Oppenheimer
approximation for energy storage and
energy conversion

Rotational Spectromicroscopy with
Scanning Tunneling Microscope

Dielectric Properties of Water under
Extreme Conditions

Condensed Matter Department, Max
Planck Institute for the Structure and
Dynamics of Matter

A

Department of Chemistry at
Liverpool

Department of Materials Science
and Engineering & Institute of
Materials Science , University of
Connecticut

Bremen Center for Computational
Materials Science , University of
Bremen

JILA , National Institute of
Standards and Technology and
University of Colorado

JILA, University of Colorado at
Boulder, University of California,
San Diego

Institute of Chemistry, Chinese
Academy of Sciences

Center for Free-Electron Laser
Science, Deutsches Elektronen-
Synchrotron Physics Department
and the Hamburg Center for
Ultrafast Imaging, University of
Hamburg

Department of Electrical
Engineering and Computer Science
and Research Laboratory of
Electronics, Massachusetts Institute
of Technology

National Institute of Standards and
Technology (NIST)

Department of Physics, Ulsan
National Institute of Science and
Technology

University of California, Irvine

Institute for Molecular Engineering,
the University of Chicago

Department of Physics, University
of Oxford
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REVEFEAK

EfREESFARZR

FS wREA REEE
1 VR YORGERBREFF R EEM N A
2 F35F EE bR RENEIRRES B F ERRAR
3 B Search for the quantum anomalous hall effect
4 FRF PEE N
5 BB Controlling single atom or molecule kondo effect by STM
6 E & BMESE
7 B Fn EHAARYDNA--DNAGEKFRIF;
8 SKEREL B SARPRIRIE
9 e Scanning transmission electron microscopy
10 MRz Landauer-Buttiker Formalism
11 5K 1R Perovskite solar cell
12 HXE Femtosecond time-resolved measurement
13 =05 FEEZE ot (Surface Plasmons)
14 FEE The Three Musketeers-Spin Liquid, Glass & Ice
15 O = Advanced Solar Cells
16 KB Membranes for water treatment
17 = K Metal catalysts for methane activation
18 RE —HERRPRRIMEZE—KTHEZE
19 5 7 HEIRE A PHAERE BRURE N
20 BKIE BREREEEIER | BRREKEILREESAAR
21 FKIZR BRI N E N
22 = & STMEE SR FRIN
23 < 13 Lorentz Transmission Electron Microscope
24 2ifis Coherent Phonon
25 KNS Interface superconductivity
26 N INBBESRE T RAER
27 faavall Liquid Liquid Transition in Water
28 E:lE Crystallographic Symmetry Group
29 PE2=! Quantum Well States in 2D Metal Films
30 FNEEAE Electron Energy -Loss Spectroscopy in TEM
31 B The pursuit of Majorana fermions in solid state systems
32 N Two-Dimensional Nanomaterials
33 %= BH Graphene Transistors
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International Workshop on
Functionality of Complex Materials in an

Environment of Reduced Dlmgnslonallty
or Broken Symmetry o =

Beijing Part:
July 18th-19th, 2
Meeting Rogm

it

m.mu—lll'

Center for International Collaboration of IOP/CA

PENZEVERAMEMRSEHRTPIL

Academy of Sciences (CAS), invites outstanding international scientists t:
regularly and initiate research collaborations with local scientists. It also
international workshops on a variety of research topics on a regular

The 4th International Meeting on
11- 13 June. 2014

Room M236. SecondFloor. Buildin
Institute of Physics. Chinese Academy of Scienc

Invited Speakers from Abroad:

Hamid Oughaddou, University Paris Sud
Antoine Fleurence, Japan Advanced
Institute of Science and Technology Yeliang Wang,
Lok C. Lew Yan Voon, Military College of  Hyj Lj, Institut
South Carolina Jijun Zhao
Guy Le Lay, Aix-Marseille Université X[a0tona

Yi Du, University of Wollongong 4
W. F. Tsai, Natl Sun Yat Sen University
Patrick Vogt, Technische University Berlin
Paola De Padova, Consiglio Nazionale
delle Ricerche-ISM

Bene Poelsema, University of Twente
Andrew Mayne, Universite Paris Sud
Azeddine Bendounan, French syncl
Bemard Aufray, Aix Marseille Univel
Haik Jamgotchian, Aix Marsei
Ganapathy Baskaran, Perimel
for Theoretical Physics
Frank Wiggers, MES
Nanotechnology

Jun b
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2013-2014%5

HATNE

Efpee /,
WEIHUA WANG B

FiFLe , 2003F7 B FHRERFRARFYER , KM AYEFZ T4, 2003FE20085F
EFERFRARF S EHMRENRR FERLIO=MEESE , FT 2012535k EYRFE T,
2009F F2014FEFBRIYAIMIERF TR EARIIE , 2014F5BMAIERT , WERIFHAR
R, EERRAOARREESETHHBERMEARERRERMIBNMENSF  BIDTF
ERMRAREHIECETR | TESBENNRARTESBEMEREIRERIEE
R, RERMIEEE  ARSENSRRT-9 FEMEES FRRERE T (Phys. Rev. Lett. 105,
126801, 2010) ; FMAZEERE-»FEMEES FAYAFEEIREFZ ( Phys. Rev. Lett. 110, 046802,
2013) ; MEEES FPRBERIBEIRE (). Am. Chem. Soc. 132, 8774, 2010 ) ; FEBZFR
EfE T ®EEXHUIImannRERMI— N FEALEM (). Am. Chem. Soc. 133, 13264,
2011).,

Weihua Wang obtained his bachelor’s degree in applied physics from University of Science and
Technology of China in 2003, and then he joined Hefei National Laboratory for Physical Sciences
at the Micro Scale, University of Science and Technology of China for his Ph.D. study, and obtained
his doctor’s degree in 2012. He did 5-year post-doctoral research in the Hong Kong University of
Science and Technology from 2009 to 2014. He joined the Institute of Physics, Chinese Academy
of Sciences and became an associate professor in May, 2015. His major research interests are
investigating the physical and chemical properties of single molecules, oligomers and molecular

networks on metal surfaces, and characterizing the physical properties of transition metal oxide

4 o P P 5 T S s
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surfaces and nanostructures on transition metal oxide substrates by ultra-high vacuum low
temperature scanning tunneling microscope. His representative works are listed as following:
manipulating localized molecular orbitals by single-atom contacts (Phys. Rev. Lett. 105, 126801,
2010); cooperative modulation of electronic structures of aromatic molecules coupled to multiple
metal contacts (Phys. Rev. Lett. 110, 046802, 2013); probing electronic superexchange coupling
at isolated poly-p-phenylene molecules (J. Am. Chem. Soc. 132, 8774, 2010); revealing an
organometallic intermediate in a surface-supported Ullmann coupling reaction with single-molecule

resolution (J. Am. Chem. Soc. 133, 13264 ,2011).

A
%
3|
yeis
R
i
#

%
JIATIAO SUN

INREELT , 198057 B HAETFILREMET | 1998FE2005FFEIURAFMARZETERRES
FEREF AN ; 2008 F Rl FhRIBTHIIERTACR LIS | SRIGIEA ; BEEEH
IEESZKFMEENMAZNSEELEMR. 2013FRINARAYEERERLWESFI04E ,
FRIARR. WELUTHERR  FIRS—MHRETE | ofRES FRMTRBEENE. FRE
FFEER N EEIZRIEE ; SELTAL R REEFARHEE TR ERIEER. FEMR
BRIMFHER TIOREDSROEXEEN | e LR T 5 FIRMNESAIAU(11]) FEEEELE.
E1EPRL , PRB , APLERTELIE—FERFRIC 205,
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KFEE o
XUETAO ZHU

REE |, 2004507 BELFALRITTBAS: | KBRS 12247 ; 20114018 Bl FR A | 3%
SYREFE AL ; 2011501 B E2012F02 AR TR MIELE ;| 201256038%F2015
FO2REFEMZZEAIEARME "EfREFFETTL" B1/5 ;) 2015503 BIIAYIEERT | {E&!
HRR. TEARSEA @ FRERENNZLEMNSECHE |, #HRENEF -FFHEEE
A%, ARUETFERRE | HIMGAKREAIE FaIJ% (Phys. Rev. Lett. 107, 186102, 2011)%FH
F-EFHBE(Phys. Rev. Lett. 108, 185501, 2012) ; BB EiRAIALE , FElRBF FFREE—
UERBTTE IR PRORRSREA(PNAS  112,2367,2015) ; SHMHBIRELSEMMNDEREITHE
53 (Surf. Sci. 604, 692, 2010; Surf. Sci. 605, 376, 2011)%,

Xuetao Zhu obtained his bachelor’s degree from Beijing Normal University in 2004, and finished
graduate study at Boston University in 2011 with a Ph.D. degree in Physics. He did one-year
postdoctoral research in Boston University from 2011 to 2012. Then he finished postdoctoral
research as an International Young Scientist Fellow at the Institute of Physics in Chinese Academy
of Sciences from 2012 to 2015. He became an associate professor at the Institute of Physics
in Chinese Academy of Sciences since 2015. His major research interests are: experimental
investigations and theoretical calculations of the surface dynamical properties of novel materials,
and the interaction of electrons and phonons on material surfaces. He has finished several
important studies in the following specific fields: phonon dynamics and the electron-phonon coupling
on the surface of topological insulators (Phys. Rev. Lett. 107, 186102, 2011; Phys. Rev. Lett. 108,
185501, 2012); the role of electron-phonon coupling on the formation of charge density waves in 2D
materials and classification of charge density waves based on their nature (PNAS 112,2367,2015);
and the anomalous behavior of the surface structural and dynamical properties of the multiferroic

materials (Surf. Sci. 604, 692, 2010; Surf. Sci. 605, 376, 2011).
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{5+f5 Post Doctors

R

R3iE). #LA

BOFEERIAKTREFE FAEE
2 Wiy = fEm . 2012.11
1 = fiséte. ZpE 2013 Interaction between single FET T A
molecule and plasmon of metallic -
nanoparticles

ﬁgﬁ?%@hﬂiﬁ’éi’%%{{%f&éﬁ 2011.10

2 AR SEER 2011.10 Laser MBE growth of low- é?’;%ﬁé_ \_jcg_é
dimensional complex oxide e A
structures =
AR E R T 013,06

3 e 2oaE 2013-2015 The STM research of low ChER S A

dimensional materials

sl 4E Alumni
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i)
5|
i
&
b
7

FS  #R fEiERdE) B RTERZAAL Sim AN

SRR BRI RADE ST BRI

. In-situ TEM studies of lithium EEMRER
L Euz 2009-2014 storage mechanism in nanomaterial Bt EEN ST
electrodes
g%%;i”ﬂﬂ&“‘ﬁﬁ%%ﬁlﬁm‘rﬁﬂE"JL?{S‘ZE
JERERIAR o -
2 @B 2009-2014 In-Situ TEM Study Of Working Bt pme  SOOKEUX
Principles Of Cation-Based Resistive -
Memories
- ) JURREL /B D K RIRSIE S SESS S
3 % 8 2010-2014 BRI Bt Ee BMKZF

RALEN B RN EREERE

SRR T FRAY N O —

In-Situ Optical and Photoelectrical FREE EEGNIGE
4 ek 2009-2014 Measurement Setup and Its - HEL S
Application on Semiconductor
Nanowires

B RRE SN EiEE R E
=
. ) Spin polarization in light-element B o
> & g 2009-2014 (B, C, N) two-dimensional et EXXH 5
nanostrctures and its chemical
manipulation
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FTRZAAL

IENA
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ant

E

SKIZH

FBBEAR

A &

E<H

2009-2013

2010-2014

2012-2014

2008-2013

2008-2014

2009-2015

2010-2013

2011-2013

() EHAME & FRUTE IR
Research on scaling symmetry of
(quasi-) periodic two-dimensional
lattices

- EREMERERRERITF RN
IRBEEIRIEIR

Upgrade of the Bose-Einstein
condesation apparatus and the
origin of matter wave radiation

KX EFEERE—ERRR
Searching for Single Solids of
Constant Electrical Resistivity over
Large Temperature Range

SRR - RIAS IR R TIAR
Behavior of nanoparticle-liquid
complex systems

B Bl B iED #HIARREE MR
YRAH]

Single Spin Detection and
Fabrication of a Spin-Resolved
Scanning Tunneling Microscope

HEEESPORFLAYHE R DNAS|IREH
HE(ERNEINZEHAR

Fabrication ultrathin solid-

state nanopore and studying

the dynamics of DNA-cisplatin
interaction

FRYGESEE BRI FSINA
FERD FNNIZHIAF

Investigation of Semiconductor
Luminescence and Molecule
Dynamics by Photo-assisted
Scanning Tunneling Microscopy

ASEETEMH=EBBRAE
Spatial Self-Phase Modulation of
Graphene-Related Materials

&t

Bt

|

Bt

&t

BN

BN

Rt

&
\lg
a5
&

(g

AR
E B

BEINEXS

SRR
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H

m/NA

BER

TFE

iR IE)

2012-2014

2009-2014

2009-2014

2009-2014

2008-2014

2009-2015

2008-2013

2008-2013

2009-2014

FeSeq sTe, s IRB SR HETSAEFHY
HERSGER

Ultrafast spectroscopy study of
coherent phonon in FeSeysTey 5 thin
film superconductor

(110)B¥[AlLay/3Sr1sMnOSBIRATAER
FADHERTRASS

Growth and Properties of
La,/3Sr;,3MnO; on SrTiO5(110)

&. KERtEEENYEREEIE
BB

The Interaction Between Gold,
Water and Polar Surface of Metal
Oxide Films

AR IRRE B SE R NEAE AR
FFHINDFHRR

Thermodynamics and Kinetics of
the Strontium Titanate

Surface Reconstruction and
Epitaxial Film Growth

BEIRRI D FRINEE R R B FERAR
MBE growth of thin film of
topological insulator and
investigations of their electronic
properties

RIMBSURNEIRAI D FRINEE RN E
FEFEURAR

MBE Growth of Silicene and
Investigation of Its Electronic
Properties

BHFIARERE
RE—HREHR
Interface structure and functional
relationship in Dye-sensitized solar
cells from first-principles

REFEHTS/NRERREBFHEIEHE
BHIAR

Electronic couplings between
surface plasmon and electron
transport in small structures

T BEAEESNIRE LD KL
HIRSE— MR

Mechanism of water photosplitting
catalyzed by metal cluster on oxide
surfaces from First-principles

YU AN

FTRZAAL

Bt

&t

Bt

&t

Bt

Bt

|

|

FBEIR

FRILFR

FBEIR

RTiE

IENA

SRR BT IR
RAT

=FRRREFK
=

EREEER

University
of British
Columbia,
Canada

ERPAKRLZF
[==]75N

Tokyo
University,
Japan

Goteberg
University,
Sweden

R
e

FMKE L
REF
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TSR 4E R Graduate Students

Fs wE BIESIm NZBH
1 BRRE HEZ 20104F098
2 BN SESS 20114098
3 ¥ 3 SESS 20134098
4 PNRLE SESS 20124E098
5 EHRIEA HAEX 20124E098
6 bR & S 20144E098
7 X F XK 20134098
8 FEIE Il 20134098
9 OB RS 20134098
10 R N 20144098
11 8 s, XURER 20106098
12 £/ FiFte, &RE 20144098
13 2 5 FiEe, BRUER 20144E098
14 B3 # (e 20105098
15 =Rk (S 20124E098
16 gt (S 20134098
17 FNIZIR Ffise 20134098
18 BT Rt 20144098
19 wk—5E Pt 20144E098
20 = & Pt 20145E098
21 =N E ZREIR 20102098
22 BRER Sast 20102098
23 EBRF Sast 20102098
24 Rz Sast 2010£E098
25 KEH SRR, E)ELe 20124F098
26 SR =) 5] 20124F098
27 KPR SRR 20134098
28 XUk ZREEIR 20134098
29 whe ZREIR 201342098
30 = B ZREIR 20144E098
31 XpmEs ZREIR 20144E098
32 K iF ZREIR 20144E098
33 BB e 2010£F098
B i P 5 T 0 %
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(ReEEFEMRIESERATE

RENEERERIRERPR D THEB FRSRARARMEMYEEREAR , ULEERBRESECNGE B
ETREREE FEMREIORN. SOMERTESATRIHEESOE, ARETHREFCITESER. WUEFLR
RERR , T2l04F2RT "REEFEERIESEATE" . FOaREEE:

AR B ERERS
High Performance
Computing Platform

B IS
Magnetron Sputtering

ZRSEMEEIT BN BEEERTMANEREITE  FRIRHTHEEXNEARAIRRS.
ZERHA3NTET R, BNMTETRERN 7 ZA2.4GHzHIntel Xeon64{ 74 EEE % 24GB
BIRTE . 250GHIRESE |, iHERIIEEIEREH4.2Glops, EIET mRAEHNCpUEE , BRET
BEARISTEER , HEINBREIEFMHEINER. FIETTETRRE &7 InfiniBandSiEM%&iERE
MFIRUARREE | H5s BRI , TMTSHFHT. EVSRSTHE , BT RERAT
E , RIETHLES AT AMEANFIFRER, R TREDHATIRER S , MiF MM RERIntel RFINGR
FEE , FHTHMEAIntelMPIFIOpenMPIZ | SERAFRIFAEINHITER. RIZE T HAR
SHE®MH | Wvasp , gromacs , octopus , siesta% , FRIERPRIERLEBMARM. X
L GmIE T BEBS fimodulefft B 75 {&E .

The platform includes 36 computing nodes. Each computing node has two Intel
XeonE5645 CPUS (six-cores, 2.4GHz), one RAM (24GB) and one drive (250G). 3T hard disk
storage is also installed. The interconnecting communication uses high-speed infiniBand
network and gigabit ethernet. The operating system is REDHAT, with intel compilers, and
IntelMPI and OpenMPI to support parallel programming. Popular scientific softwares,

including vasp, gromacs, octopus and siesta, have been installed.

REETETIE
REHSESFERE (Au. WL Tio AL CusF) . S, SWMEEEMR  TLURIEEX , 18
PEMIZSHURGIER. WEREE. MREES  fElEEETATEMSE408RE. 1D
BEE.

Deposit different thin films such as metal, nitride and oxide films

FEFNERCESIER
FYYPECVD

BYSARMEISESMEUY. S0, RUENSEEMR , IfERTBT MRS ER T
HWESERERSHITRIVENE | RESEEERAT200mm ; fRER/NF1um,

Fabricate different thin films such as nitride, oxide and carbide fims by gas reaction

AP B 5 AT
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ERIARERRAREEHL
Crystal surface
polishing machine

R1B0.3umAKBINBATETFEE

BEEETEED FRINE
B

The ultra-high vacuum
laser molecular beam

epitaxy system

RS ANBREEIEDE  ASIRMESEEBERITR.

LHNREF TN
UVO Cleaner Model
42-220

JEM-2010F7 &9 =0 #F
BHERTRHE
Transmission Electron
Microscope

EHONREEHAYEERIT BEREIRT & 5HR1K253.7nmA1184.9nmAYLESIMNY | EIMNREBRE DR
BRESIESSR , RESTIERMS R | EERRFAMIVER. 253.7 nmytEESZEEN
THEN (BRSNS ) RESWRE , EREERMESRHYIARE , NTIREER T
MTERmRE EREIISIY). XMITEEBREMRE. MR, AR, BEFA. K38, =6,
MBS BRENETISIA.

Low pressure mercury vapor lamp can irradiate UV light with wavelength of 253.7
nm and 184.9 nm simultaneously. Atomic oxygen is generated and ozone is formed
when molecular oxygen is dissociated by UV light. 253.7 nm radiation is absorbed by
most hydrocarbons and also by ozone. The products of this excitation of contaminant
molecules react with atomic oxygen to form simpler, volatile molecules which desorb
from the surface. The method is effective of removing organic contaminants from silicon,

gallium arsenide, quartz, sapphire, glass, mica, ceramics and metals.

EERISHEEI

EWRAEHERROR D DT | 1RSSR © P FEER0.19 nm , £453#2R0.14 nm , EELSBEEE D HER
0.7 eV , EDSEEEDHFER136 eV, BIMNEBRIRNHERET- S HERKAERS , TRTRANE
(MRS EIMX RIS, SEF R,

Function: structure and composition characterization. Performance: Point resolution is 0.19 nm,

Line resolution is 0.14 nm, EELS energy resolution is 0.7 eV, EDS energy resolution is 136 eV.

2013-20144 1R
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RFDEHE
Atomic Force
Microscope

BS : Veeco Multimode, I8¢ : TERTRERGFDMELNE. 18 | ARETEE10um x
10pm x 2.5 pm; #RERTF15mm x 15mm x 6mm; I8F7KFE < 0.4A,

Model: Veeco Multimode. Function: mainly used for surface imaging and force
measurements in the range of Nano-Newton to Pico-Newton. Performance: scanning size
is 10um x 10pm x 2.5 um, the sample size is 15mm x 15mm x 6mm, and the noise < 0.4A.

BREESHZ2HNR
Ultrafast confocal
scanning near-field
optical microscope

FTERTFEEERNEAE FEAAFM,SNOM,CONFOCALHIYGENE R S | FrakRES
2. BE NESSIHCNAR | IBIMBSE/SRAN/ B FEEFEHIRAE DT ; DNA
NFEARFEZRAESHREERN ; PIRYSKE. EFR. EYRS TR HRSRENRSE
EREARE.

BlEs #HIAEREE TR
Spin resolved scaning
tunneling microscope

ZERERED FHRINE - HFminiE - SERETMEREAGINEE  IISCHIERER. skt
B, KIEE#HE, SmEl. RAZE. sy, MRIHUESHASHRRE FaIeRIS
R RRIKEINRE. FTESBIRRUIRETHIEIRE |, ATSEISH RS ERRIES R KA
HINEFEZE. STMRESHEESHEHARE oIS RENIERAIIRI IS | T
1 EE0-200m 1.

REIEREFE FATETIEN
Reflection High-Energy
Electron Diffraction

PRRENFALREEERIINSEENSF aENRRSBIFSHER. REE—IFE
WEFLEIERRE | HIFBTREFRBFIRNATRBRN S FEE YRS, RHEEDRiH
ITRIAINEER. BHNERRSRINSURERSRN. FRIESFNEISTFR. FIBEE .,

AT LA ATE S R R EA AR IR TR EEH IS,

(RRAEE R AR
LT STM

iRHERHRE(RAEE77KHREEIK) T B+ S RRERF RGNS |
FETR AR ARARH TRIE M AEEEEdl/ dVEUE.,

HERSRERHEEEE
e

LT-STM combined
with optical detective
components

FEEURSEMHAR S (PL)

ALUEESETHFEMT WSS EBRENEBRSHERITESNER , R
EENERHTIE  NEREE=ER (300K) . A& (77K) flikR (LHe ) E=fMkiE, X
BFRLINERMIRERSR | FIRENATHHEEHTRENE. XEREEMN 7 fEE
&, JLSS BN ER BB TS,

ZEHEIEF

RELEEROEE. REGE, REFEMDEERCARIEIMNR SCRATREXe,T | 5&200-950
nm , REERINEKER , &59200-950 nm , BRAFFERTIERER , #5350-30 nm , RAETEHH
VUEERREE.
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A2 R FEKSPLA
T-SPEC series real-time
terahertz spectrometer

SRISHIEI DA THZEBIRYGIE | £EHMXY MG | AR

BER-EhE RTINS
PR FREBIRAIEN
High Resolution
Electron Energy Loss
Spectroscopy with Two-
Dimensional Energy and
Momentum Mapping
(2D-HREELS )

B TFIERRAIE (HREELS ) JLINER FRIHNENS. FFMRESEMTSERTRE
BEASMFHE  BEREREREFRRPHRE, TIEROATERNEERSE. FALR=MHN
HREELSIE(USGH IR FREED TR SHTELBBB FIMEES | SEBSIEIIENE. e
MR FREEBIRKIEE. MEMUBESTAD YR TR | LIRS HE T
HEETEER T ORISR, FEHREELSIEUEMAMRERER T SRISEEIER. K4
PEREHREFEATTR R TSR TR,

ZWREREDIERSR (8
INESTM |, XPSFIEEF
BEEIRAIE(Y (EEIS)

IVEREER T RIRIIEFEEME (STM ) |, XETEERBFREE (XPS) , BOPREFREEIRKIE
(HREELS ) . STMAILISFTASMNERRARBEEERBRREET (10-77K) FSAME BRI
EEEREMRIONE  REFRBBINEEER. ETLIBIXPSUEHRNEFSEHER.
LEANAIRAHREELSUER MAVREA FIRS) , FEATHER.

e AR AR (Y
Vedio-based Contact
Angle Measuring

FERTNERFRESMRIFIZMS | WERAEREKS | NERERRIRERE. HMEEH
SBITRILASER |, AR EARRARIRAORIN , ST, 8EREMF~40.5 uLEI20 pLASRKIR.
MiTrAICCORRMBR AT LUARERESEMLINIMSRAMEZCIN. ML EEERIIEE

X-ray photoelectron
spectrometer

F SR DTTIN
Semiconductor Device
Analyzer Station

Instruments EHEIFHE , ATLASEE-10°CRIL50°CiRESBE NFERSERE 2% E MG AT E.
. e IXERRITHAE | XOLRRFREIE. TERTREAMELHESRRARENIERON. (XBREERBAI
XEFEEFEFRETE(Y

5, BFRMEEERE e, AMUBRREENTHIEA R TEMFEENRE D &
RUERIRETTR. NS IRHNBFEE. #RSSK. $S0K, St TNIHNAR
ZEETHERNENZE. BRNYEPITEmINAFIISAINEE.

EEERNE

BUS : Agilent BIS00A, IhgE : FAFEEFRRHAT IV, CV, Bkt IV RERE IV UE , AIXIEE4.
MEL FEE. BF/TRTHAR SR SHEEHTERBSRETN. B8 Windows 7 |
EasyEXPERT #R{HEBNSCHAVEFBFRE (GUL) |, ATHUTEIRTIRERISFRIE. 1HEE - I/V
MEFEERNX0.1fA/0.5pV, HECEZMEBZNERO.

Model: Agilent B1500A. Function: mainly used for measurement of semiconductor
parameters and the related electrical properties. Performance: I/V measurement
resolution 0.1 fA / 0.5 pV, and it has multi-slot configuration that supports the related

electrical measurements.
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Concept 50 ZES M FEIEN
Broad-Band Dielectric

NOVOCONTROLIINEBIZ BT SAgilent SR NI TE = SIA B ERRISRESERE |, REREL
M ER(EE SERIMRERFTAIE (TIAZI10°S 88K ) . NOVOCONTROLAMEAIRALTZEMY
BNRSHNERS , LaRIEEFIISEIIREERNATERGE | GIUNEsREE\RIEREE. HmZR.

Liquid Helium cryostat

Spectrometer

ERAID TR,
LCRIUEY KReENERR, BEMBR  WXAESEERZ (FBiE ) xMEE]*x+0.05%
LCR Meter MESHE40 Hz E 200 kHz, WEEBJES mV E 5V, UEBFRLI0 mA E| 50mA
KRHe(RRIEIERS

FERTENEEEYIENEG | REDCFEOEETENE

RPEEEEEBI- VK & 5
Solar I-V Test Platform

B4EOriel 94021ABLKFAYHEHI28F00riel PVIV-1ABI-VIIXFA. IRMLEFAHASE thy LR
HEERAE, WikHEETAEORI100mW/cmFEE |, SEEEEEZA00 nmE1100 nm , SABEYILE
ERAR , BEZ=EREEAZRBR, 91150VESLE R LIRERRKIFAYGR. WX TFaeE
IRER |, AJLAREAPHREREI- VRS, | Bk Re s R BRI HAE(E.,
APRSEARUBRRRITUT R HATE | SIAREDEFRSR (BERFR. SFRDHE. OERRNE
BES) ORIl e EAOARIHEEREINRE | SRR SR ERM TLI48. 2B NGIfAEF
FASHER  WHIER. BEESHEFRREHUE  FHETENIRFRECR.

A solar simulator (Oriel 94021A), PVIV test station (source meter, and labview 2.0 software)
and a calibrated reference cell (91150V) are included. Light generated from xenon lamp
goes through inside optical system (including ellipsoidal reflector, optical integrator, spectral
correction filter and collimating lens), irradiating uniformly on the solar cell’ s surface,
mimicking sun light passing through atmosphere at 48.2° zenith angle (relative to normal line
of terrestrial surface) under standard condition. Output photocurrent and photovoltage are

measured precisely by source meter and recorded by labview 2.0 software.

RREHHER RN
R

Low temperature high
field electrical transport
measurement system

o [LEBHIAIMNE THIRMIE
oHit. XS
° MPEBES
o E/REBS
o EfthFB Nz
o INESEME1.8K-320K
o MRS : + 9T , WilgAmFNET
o EBIHMIESEE : nQ-GQ
o H3ARMES |4k

REYCERIMIH RS
Low temperature
opto-electronic
measurement system

o (LR

o I5EBE1.8K-400K

o EBIANIESEHE : uQ-TQ
o 10MREAENNIELE

o SIREMZE

A PP 5 T e
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IUBRETR

EPACVDEKERS
Lindberg-blue-M 1200 °C
Tubular Furnace Thermal
CVD System

Eivh)

BE : Lindberg-blue-M 1200 °C, Ih&g : EUFHRCVDAERKRFEERTCVDIEH!
ERBITTRIOREGIIRL , BIECHKE. B-C-NILKE. BNILKE, AEKE.
Model: Lindberg-blue-M 1200 °C. Function: the tubular furnace thermal CVD
system is mainly used for the controlled CVD growth of light-element based
nanoscale materials and architectures, including C, B-C-N and BN system
nanotubes, graphene and its BN and B-C-N analogues.

BRI FERITIRRSE

FTERTHESRE. S, [UDFEEE

PED Fabricate polycrystalline silicon, oxide films
-\,L,':\ VA /_‘Lg]ﬁ V . e,

2 EBETNES

FluoroMax-4

spectrofluorometer

Measure fluorescence

CoherentiBI R R RS

Ultrafast Laser System

AJS : Micra, RegA9000. IHAE : FEAERBIREL.

MERE | EEIER250kHz , AYE)EEES8SSs , IHER1.3mW,

Model : Micra, RegA9000.

Function: Ultrafast Pulses Generation.

Performance: Repetition rate is 250kHz, pulse duration is 85fs, Output Power is
1.3mW,

B2 : Coherent OPA9400, 9450, IH&E :
R, MERE -

PRI AR AL IMTER AT R K AR RS
SS7EMA80nMZET700nmEE ; RS I30nmEI2300nmETE,

HSERREEOPA Model : Coherent OPA9400, 9450.
Optical Parametric Function: Generating wave width tunable ultrafast pulses in visible and infrared
Amplifier spectral ranges.
Performance: a signal beam tunable from 480-700 nm, and an idler beam
tunable from 930-2300 nm.
BUE : Horiba iHR 320/550 88t : MEELEARIRKUERE.
MEBE ¢ IHR320 ££4 : 320m; F#§ : f/4.1,98% 1 0.06nm; i EEL : 2.31nm/
mm, iHR550 £ : 550mm;FE] : /6.4, 958 - 0.025nm;YEEEEL : 1.34nm/
mm,,
o Model : Horiba iHR 320/550.

Optical Spectrometer

Function: Measure properties of light over a specific portion of
the electromagnetic spectrum.
Performance: iHR320 Focal Length: 320nm; Aperture: f/4.1 ; Resolution: 0.06nm;
Spectral Dispersion: 2.31 nm/mm.
iHR 550 Focal Length: 550nm; Aperture: f/6.4 ; Resolution: 0.025nm; Spectral
Dispersion: 1.34 nm/mm.
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REMEDHT{LAV36580A
Vector network analyzer

IYERER TPl

AV36580AKEMEDITINERRARINEINGE | IRTFXIISIKES  BKEs , K&k B
4, BEBMLESLEITHIMEENE. ERWindowsigfERS | iIRERVEMT
1I08E ; EENEIREE. SMEE. IBK. B, B, SmithEE. ReIRESH
& IRHSHREST | RN, BikOl. AR, BRI, £W ik
AR ; BEEWindowsEEFEFB1E, MINEE | HeeBZBERT ; EBUSBEN.
LANKO., GPIB#O. tmEHO. VGAREO  ¥BRBER. AIRE. SHIER
WSS HAMEE. B FIRRDREY , BEEaM. EARIREEIERE

EEET- MR
ERMERE- 9 FRINEERER
BRER

UHV low temperature
and high magnetic field
scanning tunneling
microscope-molecular
beam epitaxy system

Bz : 5x10" Torr ; STMI{ERE : 2.5 K-80 K ; #3% : 0-84FHrhI
Vacuum: 5x10™" Torr, STM working temperature: 2.5 K-80 K, magnetic field: 0-8
Tesla

HEEEREAHRE TR
B0 FRINEERSFRFUHV
LT STM-MBE

Ultrafast confocal
scanning near-field optical
microscope

TSRS EIRINEER | RERFL | RUmENE
Epitaxial oxide films can be precisely controlled; characterization of surface
morphology; in situ transport measurement

BeEET=EREFERH
B D FRINE-BHHELE RS
STM-MBE-Auger
UHV(ultra-high
vacuum)-STM(scanning
tunneling microscope)-
MBE(Molecular beam
epitaxy) combination
system

BFEWEIETIE | REOMD DT ; BFEHRR
Fabrication of ordered oxide films; surface composition analysis; electronic
structure study

FIFREEIRSCIE(NRS EELS
UHV-MBE system

BETSPRUMSMEE | RESFRNEHAR | REFEHTHR
UHV in situ sample fabrication; surface phonon and vibration spectrum study;
surface plasmon study

ZIIRESCFEFREIEINRSE
XPS-UPS

marmtlE. SRNECEERNEE  FRRUNFERDHT | BFEEAR
Preparation of clean samples (e.g. metal and oxide films); in situ chemical
analysis of samples; electronic structure study
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2013-2014F5MEREBNE -

LKL CGEZR S  ( EKSPLA T-SPEC series real-time terahertz spectrometer)
Wide spectral range up to 3.5 THz (116 cm™)
Excellent spectral resolution better than 2.5 GHz (0.08 cm™)
High power S/N ratio >106:1 at 0.4 THz
Real-time data acquisition up to 10 spectra/s
“No bearing” design of fast delay line — virtually unlimited lifetime
Transmission and reflection modes
High spatial resolution THz imaging
Complete PC control

User-friendly software for transmission or/and absorption measurements, imaging

2. BREERMIGERIE (Ultrafast confocal scanning near-field optical
microscope )

HEEAIBMETS ESLHSNOM, AFMERamanIifl, aISCIRMHSHESETEFARIE
MFHELEENFMIER ; BEXARNOZAEED | BEARHEEAREL B
BHENSHGRE , LIRINETFERT , MBS, REFFISSE ; BBBEMCCD,
AR : 532nm, 30mW,

SNOMZTESHER : <100nm,

HERMETEDPER : <200nm for x,y, <500nm for z,

HmaffEEE © <10nm at x,y,zJ31A ;

Y CUESEE - 270nm-1200nm |, 53##20.062nm (1200 |/mm)
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3. BEE/ANEHRTIE D YR FRERIRKIEN

BRI R FREE D TR S S BIERE F SRR E FHESHN—ESHURN , RIESSHERIRIRT
REHMESHFNENNERRS—MHER | A RERUERERIRR MESHETENRFEERES = HER , FFtk
FHE NSRS  MEESMNASPHCRFREENAFREN | JLURRGEHBFREHSE FFEF R HRIRE
HiE. HBSESRANAEERAZI3x10"° mbar ; HITEEENESBFR , WHRRHH/NT2 mG ; #RaEE
U, ZHEETEHE  RNEGRIEIEEAEEIRE | IEB(CHAR FRIBEELEIFT0.67meV , BESM
INF0.08° , FRIETIRIHEIRAISEEL , BIREEDHIERIFT1meV |, SIE (BE ) SRFT0.8%

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 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 3x107° 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).
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4. BEETBOLD FRINMEEFUHV (ultra-high vacuum)-STM(scanning tunneling microscope)-MBE(Molecular

beam epitaxy) combination system

BE—RESNEEEEFATEMY , AEEZXFI5x1071° mbar ; #REEE=H T, —HENETERE ; FETL

BEEZERMZ , Bal LRI BIELINES N , FEII/NURUEIIEE | RAERERT RS STEEIHIRALILY)

%, §MEEERPET IO/ yEE S PR T ABE RS SRS S,
The ultra-high vacuum laser molecular beam epitaxy
system is equipped with a reflective high-energy electron
diffractometer. The base pressure is 5x1071° mbar. The
sample stage has three-dimensional translation and two-
dimensional rotation degrees of freedom. The sample can be
heated either by direct current or IR laser. The temperature
is monitored by an IR pyrometer. Five targets can be loaded

and switched in situ. During the growth the target is moved

along x/y axis to improve the uniformity of laser ablation.

5. BRETMRIERE R MR- 2 FRIMERKE RS UHV-MBE system
ZRARTE BT RNEURTESTM/STSEFEMBER S , AREZH1x10 " Torr , STMAIERR. RELURKRZE
ETRETIE , WEXKFILUARIARS , HEAILSEGENER R,

6. BERET D FRINERZUHV-MBE system

BEMHHIE , EREHFEERAR. RARWFISEE TS (RHEED ) , BTBRERAERNS FRINE
4K,
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7. MBI R E (Y Dataphysics OCA20
WERERA. RIAREKD  BEIRERERE 7118
SR 57 - 15°C~ 150°CHO0.1°C/mints
T R

8. XEFEIEEFREIEN

INERECE RBRIAIEE | XSIERBEM 200K 90044
A, REREEHIIERA0.5 eV (Ag3d5/2), {XEEXEHE
BFeTREER TG, AUESRITHE R (SE
SR, 8K, LY, THINAZEESHERNEN
Y ) HTEMEEENRE ST , AR RNERET
R, NS, ARMBNBEFED, (YEEERITHERINAFS
HINEETINEE,

X-ray spot size with Monochromated X-ray source (AIK)
varies from 200 um to 900 um. Ultimate energy resolution
is about 0.5 eV defined as the full width at half maximum
(FWHW) measured from pure metal Ag 3d5/2 peak. The
spectrometer is equipped with ion gun used for surface
cleaning and a low energy electron gun for surface
charge neutralization. The spectrometer is helpful to
detect elements, chemical states as well as the electronic
structures. The samples can be any of solid materials
without magnetism and volatility in vacuum including metals,

semiconductors, oxides, inorganic and organic matter. The

spectrometer has no sample heater and cooler so far.
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9. (KIERRAIZHEMIENE RS Low temperature
high field electrical transport measurement
system
o (RRIRFIZIME TR
° Hift. XS
° IS
o E/REES
o HfthFainzial
o TEBE1.8K-320K
o HISHIESEE « £ 9T, BismHAFEEAT
o BBIHMIESERE : uQ-GQ
o H32MRNES |26

10EBeEEMIX &S Low temperature
opto-electronic measurement system
o (RIEFE AT
o TNETBRE1.8K-400K
o EHIENESEE @ pQ-TQ
o 10fREAISNEL:
o STREHE:
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RRITI
HRT3RIRIS)
" A iR &R B
EIIREN FEMFRAFAEMFELITR (2013) BEF
B2 MFEEFRFES (2013)
e RIREPPEFRIRAIEIREAS (2013 ) FEE
FER ERIEFOIFR (2014)
i ESZMFFFRFES (2013)
&= B SPRIIIERTRISET AR (2014 )
z @ 2014ElsevierRES S |F& (#ERRRN )
RFEIRRIE)

¢ RERFRAF2012-20132FHFFE

=UFEE  FERL. SO, KB BE. =CE. IRk, KREWR
RFEEEAE : &1

o CRERI IR 201 3RS S
S5 BE KER

o RIS 201 SEEN s S E e
T35 MR = TRE M=K skE8 i HYE SRR
EXE BER DFERx D K EoKIE

o 2013ERFREEREES
BEDR (18L)

o CHERISIEAR2013-20 4SS
9P B FEME. KEEL fBEL =E. BE. KR
fFEEelAE - F3155
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& RERSFEIIERRT2014FEMKEZEENHERL
SKEEN AR SRR

¢ FERFEIIERRAT2014FEFIKRFSRER
KEH RF Bk FOF 195 K (2R Tkl JKE 5
FhEs ST BERA TRE =k HNE JeR

¢ 2014FRAREERREES ES
KER (FEX) B (L) ;%E
* 014FERTRLRFBLER =
KRER (FL)
* BoE EEATERRAFIERSERRERTENS" K
HAER
ERIER
sEe SFRIER RIBA
2013104845799  —M{EBSEENRASBUEGEIEE BET. RS EEE
201410068708.0 —RHHVRER AR RS 1 RN R gg[ﬁﬁaégﬁ SEE
2014101229075 —MEFESRKHEMBUIRESESE Lo ol e i T,
2013101630032  —FIEREE AL T e Ut
2014100518114  —FEACHISKILISRIEERELHIETS % B, AL . M
2014105276681  —FPKILRIRSEMIAMOTERIMERE AR BE. BRE. M
7L 2011104477622  —FMBERIFRSNELKSITIOBIEHITT % W5, T, OINE. BER
2014106544254  —HHERKIHEEIEL FRE. EKIE
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R ER— :

B EEENEEISEENESEIEHREGHE

ESEERBTTRERRNIVIRTER , Bt TIFRE |, EEEESASIREVURIARBFEN , AR
NXERE A BRI AT, Bl REEARREPRIAFTE RN |, B LS HREAER SR
X, ME , EEEESASBHEEN—LEME , fl , EEIFLESEESEEEEERNBIFNERS | 8
IKAISFERREF T EARRIRERR . NTSEIL AT IURIE FEIEE RN, FEEERIANR —4ERINESIN | HBEmEEn
BEMSMINAYERIZFREZER] , B FREERS. SRIEES (valley-polarized metal phase ) . #FMEZE
EHTEFIR. HEEEESOERBLNEFEOIIRIMR , BT NABTFLRHMIBNETaERs M+ | It
S EEMERTLAE ATt S B RIRTEERAERES | BT T AR,

201254 , RIBHIIRRT/ILRRRSYIEERLNE (5 ) RAESFOIARTFARR. FREIARRS
FREA(LL)FRE LFIBD FRIMETFERKE THEE | MNEBREEEEAG(111) ERIMAV 3 x v SRR
251 , [FRIIEIE T 15 E B DiracBE ¥4 ( PRL 109, 056804(2012) ; Nano Lett. 12, 3507(2012) ) ., Lt4h,
BIRSAEZrB2FIr(111)RE LA KERTEGEER V3 x VIHNEREE, BT V3xV3HNBREREEE—FIFAES
1, —HRZ SRR AR EIR F A DiracBl FSAIKIR.

IEH , FREZESFOOBRTIFNFRR. MRKEITFRRESH—E R TEEERY 3 <V SgERERERE T RER
RISTROGER , RILH RGN =AY |, RSN =R RES R RERE | 1ERREEZ AR
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EMEER. 1ZIER T ARG ESENARE | B ABICIERX SR E TR, Mt |, FRIGAERRT
MAVRERRSYEERLRE (%) RAZSFIOAZMARR. FEEMRR. B4 T FRENZIARHT 7 HEH
HECHR. tEITANEGESRARIWERROZN T e ERssER DA FIRMEE(ERZ A , MERDFTiHE AN
XL R ERRAH NER. At I ERLFE A RISEREEEEE T R AT EEGEIEREE |, &
WEHRTEGE T B AT SRS FREREEEFHAIV 3 xV3=AEN., XN =AM RERZ AR mE 2T
30meVERT , XEWEM/NRPHERESEFR MEREZ AR EREEHET , HEERSRE FSTMIH
HeeBERMFMERRERISINAZS | BIV3xV3RMEEIREN, XM TFAHEFEMRE TEERYIFAEV3xV3EW , M
BfsHXMESHIEIERRSS | ITUTERiEE | e R FIRFEGEASIRSAERSY. ERRIRNESIMEEICT
SEEMERIL < IEEEHAELL |, V3xV3EMIEEEREARGBIER , XHEEBFEMTR T RIFDiraciEsl , #Dirac
REMESFTF—NEEARIBERE ( 150meV ) |, IXTEEIFEIGER T8RN Bk ABEF). HEEEHNERMEE
T B AR e AR T RetE,

ZTAERZRIEPys. Rev. Lett. 110, 085504 (2013), S5RLETIFHULBRERMINEEIESER. HEX
ERRELURESIELE.

SR ZAAR LTI, i, REZESFOIERIEMRR. FREIARRELTEDIERNEIMETRE
BEEAREGEIIE FEERTAI , FHAGEE M EEHNZKELE —1MI70meVATEER, 1XBERRIEXT Z2oKAER IS
R, FERERIAFRBIRENETIE | BiZeesEE REASEHENZ/MES , EE40KEEEIER. HTUFE
S5@SEERAVIE | EHRR T HEJUMETREMNS | IS A ZEER R BEEERE THBSSEN |, B8
HINMRABE35K-40KZ[E, XANERIANREIESE , BEERARMIENERE#ENAI. Zie X EarXiv KIS |
3T ERR_ERORARI , BRIEREEEAppl. Phys. Lett. 102, 081602(2013),

HBXHEE ¢ http://www.iop.cas.cn/xwzx/kydt/201303/t20130326_3804944.html

2013-20144 1R
Annual Report 2013-2014



s ER —

BRRE=ERRTLE - BEEEFmKENSEE ?

KEREMSEYIE. £, 2. TUESMNEHLFEERER | WA TR, ERRIFES. 2
—REREEEARERE. BRSPERSAEENZANXRRERREREXE, RS TIF9REE
BT KEATLUREKR” XS SRRTERERIZERSERER. EMEERHFRANIRRSEIRE
RZIBEATIER , (BtE—FRFLRUFERRERET KL EEZMERSXK | BIRRESKIIhEEE
FHIVEHESEITKIRENRZNGERY. Wit BREENFEKEEE , KREEEESREHERL
RIAMEZ B ERAV BRI AR R,

EHS , FERIFFEIEASAHT/ACREESYIEERINE (F ) RALRESFIOAZMARREFRLHSF
HNFRUTZRGHIAR TKEARREEHNVE R cc (111 ) RERNREER. IR EKRERFAL
R£3%0T , KAEREANREMRWR/N, MXFIKEREALH 3% , KEFRARREHLBIFEAENL. K3

iy, REAATEMEREARBEHRFLN  MECREARSBEHSHIEXNO—OEBERMAVRAEFT |
KERERRN. E—EONTREXKENEEEN  SRERSBHSHIEKNO—OEBNAEIRAEFT , &
EEEKERMISESRIIA , NTIEEAEKEE. MAERKEE , RESEEFAFHNZEREKEME
1, ZIT{BLPTREREELY. REKNED. REmRIBE=FBEX | ALUEE—E NG IR T
FIERERSIBMEE 7 &, BXERAFE [Phys. Rev. Lett. 110, 126101 (2013)] k.

EAAARTIERETERER. BITERKE. FEAMARR. ABAEMIIAEME DB RAEIZ SRR
FRHEE BRI TRIERKEMMZIE. B2, BRI,

HEXPEE © http://www.iop.cas.cn/xwzx/kydt/201304/t20130418_3822994.html
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HFiER= :

MO R RIS RIS STPREIRAYIIE IR ES RSt =

MRERRARESEFEAMEAS | HPRERFE (SHG ) FHREMECFRIE— EEZNARF
B, ERIENTRERGRGE | BERYFEARESNR RS ARERIRE R ESHGSHESIRURARY
FHFHFEPRIFEM X REEEENE Y. REPRCFF—ELSRAARE B CFRIB RIS , (B2
BENXFFNRRE  FRRENIELIE SR 7 — 23RNSR, EER EAR DR/ VERSEIEHAR
ERFRPIARARZRN VAR EI R A ESHIERERAAIN |, eI (EEFRERNERT ) &
DSHERANHERISHGESIER. AM , EE8/ , BEif LT AR RSN AIEN S BIANRE R 25
2 BEEFEORK. PERFERYERFH/ACRRERSYIEERINE (F ) REYIEERERLINESFO54E
B REIARRIAIARRE T SHGEESIRNBAM2 AU KBRS B D HHIA. M SIMEERL =TSR
4 (L0144 ) &1F , NLHRBFFCTOMAR TASREIFE AR FECFPIERER | ISHEERIFEM
FHFFERANTAES TR FEARLENEI , MEIARAGEZIFE.

BARIETE T RERKBYR LNSEE ERISTARMR ( BRKEARSEIE ) RERILKIKFLES , B
FRIFRIERER , SIEFE ( BIF L TREMAAME ) NRFEFIFFOTMIFLERMUE | NG CROEKITEDE
RUBURT  FEDRIER. BT | SEREIRRFEE R OREITRETMmIRBSHGRIBAL, IR EEEIRYE
IEARPRRIISHGSSES (INTEIKAIL0-10F ) RURANEAREARERAISHGES | BERAMERE AR
SHGESEELLEMIA KRS ATIERR MRS  TRERSEF LEMMAREBNER . MIIERBBER
B92fsEUTLBX RS A DA EIRNE THCRAYAIE | RIMSHTUTFARFLRESEFEE — SR E EREIER
R, B2 , EFAFES/ VAR EERKAIZMAE. Bt , IERNAIZARSHG AR EIRATEZYIER
iR XSRS E B BRI REE.

AT BERZMEOR , ZHEMETEET A TEMNTERNIFSIE TR GIRNELER | MBERIFTS
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TRLAKAR 7 B MNRZAIPKR = SFLREFIXS R A ESIE (FW) RIS (SHW) XS R AYEE G RAE IR, | K18 T IF4RIMY
e BIERHHL  BEHh , BREHE. RIELIRER KRBT 8RN, 837 7T IFEMEESEEE , X
HREFIRS 7 X T SHGr ARSI I BRI, IZIFICSE—IXIBR 7 SHGE SR S SYERFENRE
KR , SRS aNEE (ZMEESEINEXER  BFARE—RY) , Bt - FtR=RE
SRFIIRIEAKEE | LIRESDSERIEBRRRERER | XEEEN=SIN VIR EBIEX,
e, FORIHRN AT EX LA BRISTIAER , MEREA/ N2 BEE T HTIECHRA R, #iT
EICHIRMETENGSERERE , AR MARE , SHGHESEEHIARMERU LAERE, 5, BigER
W , SHGRIR(EXIMAIAREUESHSKFLIERBEZTIERAT,

ISR FLIESISHGTT A RIVFEITIRICIA RS R B ZAHEIIHCIFELI TR | MTRITIKRERIE
SMCFRHEAEENESINME. U LETIFBEESTRARIFER I FF S E B B F ISR IR RN
FA. ¥R TIERZFMEAEIN [Scientific Reports 3, 2358 (2013 ) ] k.,

PATFEREITESR. BBEERIRIFRATST.

FBREERE © http://www.iop.cas.cn/xwzx/kydt/201308/t20130826_3918280.html
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siEHRPY

im X P EFE BEERE—ER

AR EEMEER. 2 —ERNEEEEER— X TRENSIRE , HIEREREN
SZACCERIAHNER. ERABEXKAESFEENSE—ER , MUBEENRE , EASHEFBIIHARY
5. EEEBEEMEAZAT SRR FIRERPIEZ R ERR | RIEEEE R SR E R
FRRGAMENHIASLASSIRAY,

RERFEATERS /AR SYEERTNE ( F ) REMEERERLR=ESFEKINERSELR
ZRICU;NEBIEMRIRIERKFIMAR. 2006 FLERET. FERBUSTIENRARRENRIECUNP, 35ER
FREREITES-245KKEX RRIEFBRE=ZR (APL 89, 252120 (2006)). EAJRERITIEAZRERERRFHEN SECUzN
ZUHRENPOME | EREFENTEEZEHIETES , SHHSA - ¥SRAEE. XEEHRFIREMI®
FEEENTHSREREME , NTISTIBRKEXAEENEER, &k, SPEBTEEFHELEREIRR
R, BNRHREIEST  SIAERENEN , RKE T AEEREBZAICU;NM, (M= Cu, Ag, Au)ERE , FHWR
AT REXKIEHEERNS. HF , CusNAg, 6 RAIIA—LFEIRZRIESS - 300KEFBER , FHE(H8.0 x 107,
AR AFRIEAERRYScientific Reports = (Scientific Reports 3, 3090 (2013)),

Cu;NZ— M EBRReO;BIBEINEFETIRFESK , ER ERTLUBIEICRMR | IEGkt 2 RIEEET
ERIAVEBARAARL. TRk MERARHER AR AT L R (BB REBR R 5 RIBRI= B, CusNEEARTAICU-N#EERSS | Eltt
BERENPIREY | XOZEMRRSRAIMERR SR 7 IRAREE , CusNEIMEESE , BIEHR. SBI8E
. DREMER. SREES  #KPEERN. SP3EFIHZEMEIEX IR T RANHAR , F—NHE
WA ELAIER | F—KCu;NRIBIBRS | #82SF3EREM. ot . FECu;NEBREKISEPIRNERZBETE
UNEEIR BRI RN FRELEH,

IR TSR T REEBIIER B AR F E S RAISHF.

HERPEE © http://www.iop.cas.cn/xwzx/kydt/201311/t20131108_3970006.html
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HRERE

R LEST R R 1T AR — A s Rk SEE I TEZR AR F AL

BEREERUMAREEZTNRFEIEMRFEN  BFEFZEFEREOEEER. ERREEH
SERER/RETAEET LUBT SRASHINEAN S FIBFRBEREMER. —HAHE (MoS, ) RERBENEY
HRELEEEEZINANME  PINGIEEWR]. WHF. ERBER. B, BEECETRSRURIXES
FHIEE. EIEMoS,FRIBAZ AR BN SR S M BRI R AP EZ RS EXE.
EBFIRAMOS, PRI RELMEHIEA S —FE F- B FRBAHINRN |, &8 (IEE ) TR FEBEIE (Z
F ) MREROFENERANE L. XMEAPRERRM TREMENAWRRPL , ATSLR RN RN ERFE
SSHEETREEENEENRREE, BTEERE. EFRERNATREAISEESEEEE FRARREMT
BRAREAR BRI,

PEREFAERR/A R TYIEERLNE (F ) REESFIASFREBEHHIRAESTBRE PR
REPRE | AREEIORRIEMFE NI IENR. &, ZERTETIS. IFERM. EXRMASZEARR
BETRASHBFEME (in-situ TEM ) 50K |, FEESEERIRITFHHERE T LAMoS 20K A TFERAVEE 7
it , FERFRERAECATINEREIMoS, 40K A ik B S mfTiEENE 2.

BRBHERET | FREEMNAEEE FRIRARMIRE , BTEFIIHBRAN | EBMoRIEMERRE
ML, A=F R0 \EAESRL , HERZSRIEF RP63&mmEEEEAP-3m1 |, FRAE2H-1TAUEHRE | BTk
NERIBS-SHTUEAEIFOL. AME2HEIRIMoS, A4S | SEUERIITEMXNNAR FER SR |
HATRESBIAEEN , —#HFERHI T BREMNM~ERRAZERK ( Charge Density Wave ) . RN
ERRAIIX— R IIFREE IS (Shear Mechanism ) |, BIEEFHIRASHEMoS,FRFEZEAER
XiB% , IER —4EFERETING, ST 1ERIEEFIRAR , 1T-LiMoS,#5#/aEBMoRIfEFILI,S , Bk
EHETIRER., ZTIFERESLE ERUMZEEIMoS, FEEFIRARENMEREE , BREEERSMoS AiEt
HUTRFE FHEAFE——XIRL , JIERMoS AR ENBIF TFIEE N ERBMEIAR. BXARERKEL
JAm.Chem.Soc.136,6693-6697 ( 2014 ) k.

X—THEEITEREARFESR. REEMIFERFRIVEE.

FEF T eSS : http://www.iop.cas.cn/xwzx/kydt/201405/t20140523_4125581.html
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fsiEoN

KRN IESIERERAFRIEE FaasN N dE

BEFREEYE. (ENEGRERRN—NEARLRE , HMREIiEE. BUTEEF RS tEEEE
M, 7Ll FEoRIEE FREIBIIRARBAZRAIHE RS TR AR S MRS EENE
X, PERZRYEAR/IRERSYEERLRE (% ) RAESFLFRES RN TRSSRE- 3
BETBRERARNTT R SHREFLERAR. FIRRLIEFEBE (in-situ TEM ) 75ERTLUSHRES B NBRRXIER 4T
{ERIEhSIT AT IRAE D PURAL , ARSI/ TIENE, Sif , RIIEI R AN F5Rit
FR , BEUEENMRE , IBS T MNRREEMOHE | BB FMENFREERIE S FiE R R 55 EE
1SR,

PEZE7FiEES ( RRAM ) AEESEINE. SEME. KENBE. FI3DERSESMHA , BRNRAT—H
EZRMFES, CETEEFARLEREHER BRI ER TRERRRRERES (5. KA ) RTINSk
HTHIRIEE. RRAMBH—RES "SB—NE—<E" W=, XFH=EaEENEsNRETLL
RHESTNEREMNY  EERRELESY  URBIWEYE. RIEERSHEESNEFIRE , XEE
RRAMS B BHES FELF ik ee SRR FRUFERS. B &S ESEYRIBNMASBIEE , XEW ZEIN
BE | (EENTEFRIETSREBER AR HFIITE B AR ERESEIRIEHE.

AEEEN/LER |, SFIRRAFARUEHTERL EAR 7 e BEAYAIRUCYFEEF. EEEFIETE
BABRAESICERRAIIRE |, LIRIXEIFESERIEZER (JACS 132, 4197 (2010); ACS Nano 4, 2515
(2010); APL 99, 113506 (2011); JAP 111, 114506 (2012), etc.) , XL T{ERIBTIFiEENIFARINEIIRE.,
=if , tfiJFFRE T Ag/SiO,/p-SHARRIFBEHIRAS , FEEFTEBENRANINAGIRERANER. TR0
B R R BRI AL, £ — NSZESIO, R EIBIAGERRIH TUIER , 1EE 17 MESRLR IS | (BB
BB NI EFHFIIKK | FRRIERKNERETS LA NGTE. ZE7es “hakus” B9ER
HEHHERAIRIGEIER , B XIMEARTSERERFIKK | ARG A BRI T , B, EmEd

2013-20144 1R
Annual Report 2013-2014



B  REREREERD el B RARNRE S B EMEMRRY |, B—NEBFRERI AR
t BIRRERB AR , AIERABIRGRESHERRA , BIER—NESNCERREF , BRRIEER , Atk
—MBEEMTRANRE FER, REFEENEBERTRETR  AMNESUERRNEIHT , N 7 0iHRE
WEKELREE, NEEHRIARSE T B AR NFIENMIERIG , BT T BRTERNTE | 18
HIX AR E TR MBI R EHENIRRR T |, SLRER—, XIARLABTHEIRIRAIETERNEE
FRUETEARNRPEEE FRis NEMABRIBARERIRE  WRNERS BT FHESNEEGEER N,
ZTFRASFUABTARFIE. FEEM. EXRMAELMRIAFTH , BXRERLKFRAITHRIAdvanced
Materials 26, 3649 (2014 ) .
XMTIHEETEREANFEEER. REEMITER SRR,

X4 © http://www.iop.cas.cn/xwzx/kydt/201407/t20140703_4148565.html

fRER©

R T ARSI RV R R

JVIEIREIERERIR, B, KBRS TR, E5ESEE R/ VTR SR EIRERR, B
), BRSNS ERER. MAKREESERE , —RIVISHTAFEERIRE. 72, ENELEL7M
FRZERFN LS FA230M AR RN =S8 F . AMISREXL/AEMERRNAMFEBBIFRIED ? IE
IS FRRNEESRLUERBEFERESRSAESET B =ZBEFEEN <01>HRE=ERAEER=A
F (XMERAREHIT R ) | XERFEIGERERE. AMEREBRZEREBEMIIFRE i N TE , LEDS
EFEN  JUIEHESREEREARE | ARXEFRIER AT TR T TE. MEIEES VA RMIBR EE IR
140 ?
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hERZREMEBERT/ARRRSYEERLRE (%) SPBENSENEHRRMEREL (S )
KEFFAFS R ERE RO LAIERE., 201354133 T 12 AR —FfEE S | BT 12K EEHRE
WA EERE—BREB=RISEE (J. Phys. A: Math. Theor. 46 , 245205 (2013) ) , &if , MIJFAR T EEy =
arcsin(sin(2mnx)) ( HPEHNEEE, x 284 MR , RUSSHEBERDIH =2 -1 (BEDEH
u=2-+3) B, RUAZHAKFSEEHRELLS , REEGRIEMNSR (128 ) EEHRENE, Xrt, BER
BREMNESEF (=/BEF ) EMmARNMoiréftr, RETFN—BERMESET (=BI8F ) IMLMR, &
K SEEHALL A TR |, IEMNESEF ( ZAEF ) TR TTENESET (=/A18F) . e,
ISR T —MESIET ( =BI8TF ) EARBIFRIENS . RILEHNECR | [ES8F (ZAEF ) &
SE—HER , IBTISRIARL22.5° (15° ) MM L , EEMEHRFRYE , BHRETH 3-242 (7-443) . HEXATE
Z=1EScientific Reports 2014 E,

E—REAELESIET (=MIEF ) EHFRENEIL , 18 7 T RME R A B PRI R AR K. B
REANEESD , EAREESHNRABEBIITRETE ? ENEARREN , BESKT ( =AIEF ) BGauss
(Eisenstein)EBEHUINLAR R , NAERRIFRIEAIFAZRES HIERAGauss (Eisenstein)EBEFr A RIVREEBNTIRERIT
Gauss (Eisenstein)E&A9%E , FILARIIESEFRAELSSHNREMEHIIFRE | TEHER , IBFIBLAORA
(tan 0 =(Jk>+4—k)/2, k=1, 2, 3--.) ABELE , EARFEEHEMOIRYE , BREFHtan®0, &, k=2 3t
RIEHRSEIERAOIER ; k=133 RAVSERCIFRIERIFT B tan 0 = (V5 1)/ 2E , MXMIRHSFNESHEIE. 18
KN EEETRH.

EESHYEERER A= AIEFHESEF LN , —EYEREAS EEE =AEFHES S FHRIXIR
t, =AIEFHESSTFRABKNTRENAI , BIFEXMERRERETA  HEEES EECYERT
NEGER. EEIESHEEHHNE—EsingREATHRSREL S , Hard-Hexagonal #&EICritical fugacity
, LK SBel RERZ HardyliFE XA AHardy e , MIES7AE=FAtEFHIESEF LA FEA4
HENEE5ARS . BEPFEERSDEEEN  MZA2SARFNFEE.

FEREERS © http://www.iop.cas.cn/xwzx/kydt/201408/t20140827_4192973.html
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SRR E R4 I AR IR EREA R SR R T RE R
EfrhI S EYERE

HYER-EXEERZHLAMNIXAFERSERAMNEDN "SR EHERERS XS FRIERRINE PAITIEE
Biz" EfrffiTS ( Workshop on Functionality of Complex Materials in an Environment of Reduced
Dimensionality or Broken Symmetry ) 707 B 18HZ=22 HE¥IIEFR BT

YMEAEIATKS BARRBFFRRE. BRASSNERFERTAZNRE , ARTYEELUIRERRHY S
RE , BEFBRINARARRUZREIERNFES, RRIMTSNEZNEEE | SFMEHEEERRNIRTTSH
T, REH/AERHIEFSIMESRIE. 8 HESSERE/AEAEHR T AURFREIRIT I EFMRAR
BMMEREREIRERS. S2NENBTEXMBISHHARERE | BT TIRAZRIAZITE | HAOBISW TR
EYEERE AL ENAORYIE SEMLINE |, ARRFEARTREIFERE 7 &,

YRR - R B AR Z KF EFRSERIBARISE S T AWard Plummer#iSZREEIEY | SZFIERE/FRER
HRBESMLRSEICTTIERSHS | Rt AXLTT AR RRM TEZRONE | MR EME NIRRT
FORNTISHIRR , BUS T ik, Plummerf#iEiRFMEIN 7 iy 2NERMALIRE | ANMERANERS
VIEFESZMRIMEES B L2 ERIGIRE T T B EITFN.

RRSWIELE20125F6 H R EAMERSEROEDN "SUYRESRFARHEIIR" | KBILE. KX
M. FIR. ETAMERE R A ERM T TR ES.

FEXHEREE © http://www.iop.cas.cn/xwzx/snxw/201308/t20130808_3910400.html
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"FUEEPMEFEKS" EYERREH

6H11HZE12H , HFERFRDEARA/ICRERSYEBEERIRE (F ) BEfRsEARPOEDN "E
TEEFREEASL" ( The 4th International Meeting on Silicene ) TE4IERRRALIHES T,

6H11H , ASEMB26XWNERAFR. AoTERRERRRBARA  WERNERFEFTTRE ,
FHHEEBUIRASEENZTHEAR AR RERZRFSMEELT. HIshMEMNIRKRERRR. BEHRA. &
IBHFARAR. DB EIAAS (University of Central Florida ) fJAbdelkader Kara#iE—RE4HR , EiERIREET
BREEIMITRMNER  KETFENNIERBETIRS | NMEBSTARER. SeBEEHEXEMHT 7 RN
Fdie , SSERGY , B AT, RN T B R ORI SRt .

HREWAZFF , Bl L8RS EFEGEHARENSE TR, RKBEEIMMERBEBRE+—KZF
( University of Paris Sud ) fHamid Oughaddou, Andrew Mayne , JtfE5cimRIFRAASF A (Japan
Advanced Institute of Science and Technology ) HJAntoine Fleurence , EIIMBEZEEZ P ( Citadel
Military College of South Carolina ) fJLok C. Lew Yan Voon , X5 - B2 kK= (Aix-Marseille Université )
BYGuy Le Lay. Bemard Aufray, Haik Jamgotchian , BNEXAZ ( University of Wollongong ) AJYi Du,3k8
FALlIREE (Natl Sun Yat Sen University ) FIW. F. Tsai #a#ATAlAZ: ( Technical University of Berlin ) f9Patrick
Vogt , BEAFERARZERS ( Consiglio Nazionale delle Ricerche-ISM ) fPaola De Padova,fai=4FAZ
( University of Twente ) B9Bene Poelsema ; jXEREE4E5T ( French synchrotron ) fJAzeddine Bendounan ;
EEEICYIRFAZIAR ( Perimeter Institute for Theoretical Physics ) fiGanapathy Baskaran ; fii= i A%
MESA+ 4K ARFASAT ( MESA+Institute for Nanotechnology ) AJFrank Wiggers ; SkEERNEREIEILR
BTXFNEE  NAEBTAFIREE , iIAFNEER , IbRAFNES , FEXFIRE, YRR
. EW=. FEE BEAR.

G RIEEI R IR LA EIGRIRESN |, BICHRRPEEREESAEHEEMRIDiracBiB 7441 , HRE
WX EHE RN EMEEERIDirac., AMEBCMESEEESEENaRERUNSTRETIN. BT , (FAS¥
SiETAERSME , ENERISASmE. 558 20128 R raE iR AN REEE. BRSNS
HRERRHRIE 7 AL =R INASEM. SUEEE B L X TR REMARTE LIS IKATES, Xy
EIEHRPESHISE. HIGREME. LIRERS{ERIFEMEFEMEES BRSO vE.

IR , FHAbdelkader Kara#iZ&tcHIERRMER SN , ELEDE=E. BIRIINSNEEE )N, SChREERR
EE—ERMNERSINREA— D 2%ED,. BT ERfEERRMSAIET X , 2EFRRIZAYTE | 850
[EFEESWAEA L RAFRIEIRFTREDSIN.. RSWAIEDRT | (BREFR S —IREEEIAR SURAIIR 7 28
&, WEEEURAARRE T+ o B A ER.

FEXEREE © http://www.iop.cas.cn/xwzx/snxw/201406/t20140619_4140243.html
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