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* 1. Introduction of crystal and crystal growth
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. Crystals in our daily life

Salt (NaCl)

Ruby (Al,0,)
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. What is crystal ?

» Solids in nature can be divided into crystals, amorphous,
and quasicrystals.
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» Crystal: The atoms, ions, or molecules that make up a solid are periodically
arranged according to a certain crystal structure; It has long-range order,
periodicity, symmetry, and a regular shape.

» Amorphous: The atoms, ions, or molecules arranged repeatedly without
periodic translation; it has a short range order, and without a specific regular
shape. For example, glass, plastic, resin, amber, etc

» Quasicrystal: A solid between crystal and amorphous. Having a long-
range ordered atomic arrangement similar to crystals, but without the
translational symmetry of crystals. Having macroscopic symmetry that
crystals do not allow

Enike Fati
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The relationship between
crystal and amorphous
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. Single crystal and polycrystal

Single crystal: A single crystal is a single particle with a complete crystal shape
(crystal edges, complete crystal planes)

Polycrystal: There are multiple grains within a particle, and the lattice of each grain
is periodically arranged, but the orientation of these grams |s arbltrary

.

sketch of polycrystal

\“

Single crystal rock sugar  sketch of single crystal Single crystal corn field
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Prof Daniel S

hechtman
VOLUME 53, NUMBER 20 PHYSICAL REVIEW LETTERS 12 NOVEMBER 1984 ‘ With |Ong_range ordered atomic
Metallic Phase with Long-Range Orientational Order and No arrangement similar to crystals,
Translational Symmetry b . h h | . |
- ut without the translationa
Department of Materials Engineering, Israel Institute of Technolo, echnion, aifa, Isr
R RN " e G symmetry of crystals; cannot be
a
65, s described by Bravais lattice.
Centre d'Etudes de Chimie Metallurgique, Centre National de la Recherche Scientifique, F-94400 Vitry, France
and
J. W. Cahn @ Daniel Shechtman discovered the
Center for Materials Science, Nmmna!_Bureau of Standards, Gaithersburg, Maryland 20760 . . .
s e L quasicrystal in AIMn alloy in 1984,
We have observed a metallic solid (Al-14-at.%-Mn) with long-range orientational order,
but with icosahedral point group symmetry, which is inconsistent with lattice translations. Its won 20 1 1 N o) bel P ri ze in C h em ist ry

diffraction spots are as sharp as those of crystals but cannot be indexed to any Bravais lattice.
The solid is metastable and forms from the melt by a first-order transition.
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Quartz (crystal) Quartz (glass) Quasicrystal

no translational symmetry
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. Introduction of crystal growth

Crystal growth techniques

1. solid-solid growth: not common for growing large crystal,
popularly used in metallurgical processes.

e 2.vapor-solid growth: sublimation—condensation; sputtering;
epitaxial processes; chemical vapor transport......

* 3. liquid-solid growth
a. melt growth
b. solution growth
c. flux growth
d. hydrothermal growth

Enike Fati




Introduction of crystal growth
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Driving force of crystal growth
Ap =l = K,

W, : chemical potential of a melt, solution, or vapor phase (the growth medium)

U : chemical potential of crystalline phase

When the growth medium is a melt:

the level of supercooling AT = T, - T’ becomes the driving force
Au=LAT/T, , L is the latent heat of melting

When the growth medium is a vapor:
the level of supersaturation o = (p - p,) / p, becomes the driving force

Au=iksTlog (p/p.) == Au = k;Tlog(l + o) = kylo
kg 1s Boltzmann’s constant

When the growth medium is a solution:
the level of supersaturation o = (C — C,) / C, can be defined as the driving force

Au=kzTlog (C/C,) == Au=kzl'log(l+0)=kzlo

Enike Fati
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. Introduction of crystal growth

three basic steps of the formation of a crystal

e 1. Achievement of supercooling or supersaturation (driving
force);

e 2. Nucleation;

* 3. Growth of the nuclei into single crystals of distinct phases

ke FuHl
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. Procedure of crystal growth
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Taking TIBi,.,Sb,Te, as an example
» 1. choose starting materials: high pure

Tl shots, Bi shots, Sb shots and Te shots,
pretreat the starting materials;

» 2. prepare the quartz tubes;

. . d b
>3. properly weight according to = oo e
stoichiometric ratio (manipulate in a Ar-

filled glove box);

»4. load the starting materials into a
quartz tube (in a Ar-filled glove box);

tubes with loaded materials

ke FuHl




Procedure of crystal growth
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Sealed quartz tubes

7. put the tube into a furnace;

8. set parameters of furnace and

start crystal growth.
Muffle furnaces and tube furnace

Enihe FuHl



. Introduction of crystal growth

If you know how to design and grow samples, then
you will have the freedom to create samples that
allow you to pursue the science that appeals to you:

superconductors, topological insulators, magnetic
materials, semimetals etc.
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If you know how to cook, you can create whatever you want.
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Kagome Materials
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Magnetic Materials
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€) Quantum materials with
layered structure
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ZrTe, LaTe; TaSe, Pd;P,S; Nb;Cl; TiSe,

Dirac SM CDW exciton insulator FE CDW SC Flat bands Flat bands Flat bands CDW SC
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GeSe 2H-MoTe, 2H-WSe, Crl; Ta,Pd;Tes Ta,Ni;TesTaCo,Te, Nbslg
Flat bands
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1T-TaS, In,Se;  InSe ZrS, GaSe  FePS, NiPS, CoPS, TiTe,




€) Quantum materials with
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ReS, ReSe,
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layered structure
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Pt,TITe; Pt,TITe,Se Pt,TITeSe,

Pt,TISe;  Bil, VTe,

Ferroelectric materials
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¢)) Topological insulator
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Topological semimetals

ZrSiSe ZrGeS ZrGeSe ZrSiS ZrTe;
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Topological superconductor
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« 2. Crystal growth, physical properties of Kagome
superconductors AV;Sbs




E) sty k¥

’ %  BEIJING INSTITUTE OF TECHNOLOGY

. Background

Electronic band structure of kagome materials

Coexistence of linear dispersion band and flat band in kagome material

3 [_Flatband Kagome
electronic
Saddle/ || structure
point / X
Dirac point Dirac
\ 7 FIathnd band
| strong correlation Topology state
Localized electrons and honeycomb . K M I pog = state No SOC: TSM
: : Band structure FM state SOC: Tl
in the Kagome lattice , _
Three features: Dirac point, Wigner crystal SOC+FM: WSM,
Phys. Rev. Lett., 121.096401 (2018) Flat band, Saddle point topology Chern Insulator

Nat. Mater., 9. 163 (2020)
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. Background

Superconductivity in LaRu;Si, with Kagome structure

Mat. Res. Bull., Vol. 15, pp. 1489-1491, 1980. Printed in the USA.
0025-5408/80/101489-03%$02.00/0 Copyright (¢) 1980 Pergamon Press, Ltd.

NEW TERNARY SUPERCONDUCTORS WITH SILICON

H. Barz
Bell Laboratories, Murray Hill, NJ 07974

(Received August 12, 1980; Communicated by B. Matthias)
projection along [001] of the

hexagonal phase LaRu;Si,. ABSTRACT

A new superconducting ternary system with the formula
MRu3Si;.., where x v +.2 is reported. M is Y, La and Th.
The superconducting transition temperatures range from
7.6 K Tor Ia to 3.5 K for Y.




Discovery of AV,;Sbh; (A = K, Rb, Cs) with_
Kagome lattice
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Anomalous Hall effect and SdH
oscillation of KV;Sb;
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Growth and Structure of Kagome

”n 2
materials AV;Sb; FI31 233,

BEIJING INSTITUTE OF TECHNOLOGY

Growth method: flux method, ASb-Sb as flux
Starting materials: K (Rb, Cs), V, Sb

3 G =3
é a:—’:-. é RbV3Sb5 KV3Sb5 S’
L 4 5.5-» —
3: >|FaHm| jo.o7 ‘; :,
@ [ £ 8 L
~ @
2 = = g
w c c | =
c 5 g |3
-— E = o
= | = 384 38.8 - |
18 _ | gad s
o« w (=] Ty —_
| ¢ 8 | | & = = s s
ll ‘I AL L L ]; l\- L -1 -J I I T %
10 20 30 40 . 50 60 70 10 20 30 20 50 60 70 10 20 30 20 50 50
20 (%) 20 (°) 6(deg)

XRD patterns of AV;Sb. single crystals
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Physical properties of CsV;Sb; LY
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Chiral charge order in CsV;Sb; 313181 4
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of CsV,;Sb;

Superconducting tunneling spectrum
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B=0mT

4 0 1

Bias (mV)

dl/dV(a.u.)

(1) the tunneling spectrums show
an energy gap with a gap size
2A=0.85meV; the SC coupling
strength 2A/kgT=3.9, which is
slightly larger than the standard
BCS value and suggests the
electron pairing is close to a
moderate coupling.

(2) a zero-energy vortex core state
was observed with applying a S0mT
magnetic field along the c-axis

ZW Wang et al, PRB 104, 075148 (2021)




Nematic Superconductivity in CsV,;Sh; & RERLAS
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Band structure of CsV;Sb;revealed by
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Manipulating the band structure of

CsV;Sb; by Cs dosing gk ¥
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Manipulating SC and CDW in CsV,;Sb;
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Crystal structure and chemical composition of Cs(V,_Nb,);Sbs. XRD patterns for Cs(V,_Nb,);Sbs single crystals

YK Li, ZW Wang et al, Phys. Rev. B 105, L180507 (2022)
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Competition of CDW and SC in
Nb-doped CsV;Sb;

03T 288
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——x=0 (b)6 i o e
——x=0
08} izg'gg ——x=0.02 p
- x=0. = ——x=0.03 . )
£ 06| —xo007 A s >Nb doping induces
= o4l f = apparent suppression
’ L 2k
02} S - of CDW order and
7 e promotes
0 50 100 150 200 250 300 3 4 5 7 superconductivit :
(C) T (K) (d) T (K) p y
ool 100-t
o e » Competition between
.
3;’_0_5 . 1 = SC and CDW,
2
=10} T '
4- -
3 Superconductivity
A2 2 3 4 5 0.00 0.01 0.02 0.03 0.04 005 0.06 0.07
T(K) X

Temperature dependence of resistivity and magnetization of Nb-CsV;Sbs

YK Li, ZW Wang et al, Phys. Rev. B 105, L180507 (2022)
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AHE in Nb-doped CsV;Sb;

— 5K e | O
—20K ——30K
— 50K 90K
— 100K — 200K

—— 300K

-8 6 4 -2 0 2 4 6 8
HoH (T)

——5K ——10K

——30K ——50K

— 70K —— 100K

— 200K ——300K

8 6 4202 46 8
HoH (T)

.
HTHELKY
BEIJING INSTITUTE OF TECHNOLOGY
— 5K —_— 10K
g > AHE becomes weaker
— 200K ——300K

and weaker with Nb
doping in CsV;Sbs,
together with the
suppression of CDW;

» hall resistivity displays
linear behavior at high

temperature;

» multiband dominated
at low temperature,
transfer to single band
dominated at high
temperature.

YK Li, ZW Wang et al, Phys. Rev. B 105, L180507 (2022)




Magnetoresistance in Nb-doped

CsV,Sb; *F3T 2T,
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(a) —=

—_— 10K x=0

100
0-\
8 6 4 -2 0 2 4 6 8 8 6 4 -2 0 2 4 o6 8 8 6 4 -2 0 2 4 o6 8
uoH (T) toH (T) uoH (T)

MR becomes weaker and weaker with Nb doping in CsV;Sbs, together with the suppression of CDW

YK Li, ZW Wang et al, Phys. Rev. B 105, L180507 (2022)




Band structure of Nb-doped CsV;Sb; 4 SE kB
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» in the undoped sample, the
saddle point (van Hove
singularity, VHS) at M point is
slightly below the Fermi energy,
by Nb doping, this VHS band
moves up and crosses the Fermi
energy;

» modify the Fermi surface giving
rise to a broken hole on the
Fermi surface in the path
between [ and M point. Thus
depletes the filled DOS of VHS
near M, and weaken the
instability of the saddle points,
leading to the suppression of

CDW.
» the Fermi energy is lifted a little
Electronic structures of Cs(V,,Nb,);Sb; (x = 0.07) bit near I, enlarge the electron

like Fermi surface around I'.

YK Li, ZW Wang et al, Phys. Rev. B 105, L180507 (2022)
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Observed band structure of

Nb-doped CsV;Sb; FEEIKE
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Low I High ()

1 a
- X=0.07
x=0
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Z|(e)
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-
o ¥
s
=
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(=]
o
£
T T T T T I 1 T T
- 4+ -0.4 0.0 0.4 0.6 0.4 0.0 0.5 0.0 0.5
Wave vector (k,) ko, /1 kgl Binding Energy (eV) LAt ™ Ky [ kel

Band structure of pristine and Nb-doepd CVS revealed by ARPES at 120K

Nb substitution shifts the Sb-derived electron band at the I' point downward, enlarge the
electron pocket near Er, enhance SC;

moves the V-derived band around the M point upward, lift up the saddle point (SP) away from
the Fermi level, leading to the reduction of the CDW-gap magnitude and T¢py.

T Kato, ZW Wang, T Sato, et al, PRL, 129, 206402 (2022)




Crystal structure of Ta-doped CsVSbs o .
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Structure information of Cs(V,_Ta,);Sbs

Empirical formula Cs(VygsTag 14)3Sbs
Formula weight(g/mol) 949.44
Temperature 293 K
Crystal system hexagonal
Space group P6/mmm
Unit cell dimensions
a(h) 5.5587(12)
b(A) 5.5587(12)
c(A) 9.302(3)
a 90°
B 90°
& v 120°
_ . ’ Volume(A3) 248.92(13)
= e
p S z 1
;2_".' 2 Density (g/cm?3) 6.334
g E N Absorption coefficient(mm-1)  23.801
"2 ‘g E - - F(000) 400
- == & 2 & = R, wR, 0.0577; 0.1660
EX L
1 | x/a y/b zlc U(eq)
1 2 3 4 5 6 10 20 30 40 50 60 70 Sb1  0.666667 0.333333 0.25561(11) 0.0218(8)
Energy(keV) 26(deqg) Sb2 0.0 0.0 0.5 0.0208(8)
V1 0.5 0.5 0.5 0.0179(9)
Ta1 0.5 0.5 0.5 0.0179(9)
Crystal structure and chemical composition of Cs(V,_,Ta,);Sbs. Cst 0.0 0.0 00  0.0364(9)

Atomic coordinates and equivalent
isotropic displacement parameters




TEM characterization of Ta-doped

CsV,;Sh; 133 83T .
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(d)
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Structural characterization and element distribution of Cs(V,g,Tag 1¢)35bs

» Ta distributed homogenously in Ta-doped CsV;Sbs




Competition of CDW and SC in
Ta-doped CsV,;Sh;

It T L KF

BENJING INSTITUTE OF TECHNOLOGY
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X
Phase diagram of Ta-CsV;Sbs

0.12

Temperature dependence of resistivity and magnetization of Ta-CsV;Sbs

Jinjin Liu et al, will be submitted




Nodeless electron pairing in CsV,;Sb;-

2
| ] ,t [ Iz 1 K
derived Kagome superconductors REEZRT
1.0 -K ™M I'-K T-M TI'K I-M M -K M K 1M
EDCs at =T 1.0
—2K B o) ud:\:, A o :Cswo.gaNbo.or)zsbs :
— 42K 0.8f 1§ 02 e oo o0 0.8F
=) —48K = | ey FoP® o o % i :
< — 6K r i
= € 0.6} 0.6 F
:é\ %0-8 E =5 E :Oowmmdﬂhyun% 0000
2 |E ! @ L :
§ §0 4 E 0.4 B Cs(Vyg5T85,14)5Sb5 g 0.4r ve '
= 9 @ - o o (circular FS) » L o o (circular FS)
0 0.2 oo B (hexagonal FS) 02F og B (hexagonal FS)
DTlmszra?uri (?Q 7 L o d (triangular FS) N [ ¥ 3 (tria:ngular F1$) . .
O e b oo 4 e o 0F o o5 | 5 o 0 — S S =
5-4-3-2-101 2 3 60 30 0 30 60 90 = 0 % 60 90
E-E, (meV) FS angle (%) FS angle (°)
EDCs and momentum dependent SC gap of Cs(Vq ggTag 14)3Sbs and Cs(V g3Nbg o7)3Sbs
a

> a nodeless, nearly Isotropic

superconducting gap,
» The gap structure Is robust to the
appearance or absence of CDW

Cs(V,;;ND, ), Sb

0,073 5

Y Zhong, ZW Wang, K Okazaki, et al, Nature (2023) online
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. Outline

» 3. Exploration of topological superconductors
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3. Exploration of topological superconductors
a) doping based on topological insulator

b) applied external pressure based on
topological materials
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3. Exploration of topological superconductors

a) doping based on topological insulator
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. Background

Topological superconductors (TSC)

» Topological superconductors: gapped in the bulk, with topologically
protected gapless surface Andreev bound states.

Bulk: Bulk-edge

gapped state with ccwndece Edge:

non-zero topology gapless Majorana
fermion

* Majorana fermions: Particles are their own antiparticles.

* TSC has great potential applications in fault-tolerant topological
guantum computing.
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Background

Two ways to make TSCs:
(1) superconducting proximity effect based devices;

(2) doping or high-pressure based on topological materials.

' cu,Bise,
OF raao.ooeﬂoo1 CE&RE WE
?‘—A 4 B, Cu, Se, and others (C ) ( am 1 )
gt x=04 u S e
® S0 = I \ \ p
— 5 e : E— 042 CuBi.Se, | | Y
g ZFCr: =~20 0.5 H,=50e + \_
E o i Homemade KT
s B . Galvanostat
e E °
3 ® Hiiab
ash oo 2T D, Cu'l,
1 Hile ® o
: e (V) CH:CN
ol trowert A U 3
R 7 M. Kriener et al, PRB (2011)

Superconducting Cu,Bi,Se; grown by

electrochemistry method
higher volume fraction (up to 70%)

Y. S. Hor et al, PRL (2010)
Superconductivity in Cu,Bi,Se;

melting method, low SC volume fraction (20%)

unstable in air, unable to develop a device
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E) sty k¥

’ %  BEIJING INSTITUTE OF TECHNOLOGY

. Growth of Tl,Bi,Te;

Using melting method,

Elemental shots of Tl (4N), Bi (6N) and Te (6N) are sealed in a quartz tube with
nominal composition Tl,Bi,Te; (x=0.1-0.8), then put into a furnace and heat at 750
°C for 50 h, following cool down to 550 °C in 100 h and then quenched in ice-water.

x £ 0.6, good crystals,
easy to cleave

LU T
- P 5. "
[ ’ W ] E
‘J,

" Tl,,Bi,Te;

x=0.7, small crystal,

EH O N not easy to cleave
e Wi -
gl "o iR W x208,no single
v SN Sl crystal
jisasess i FHS Hirhs
sealed tubes | - RS 1
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. Structure of Tl Bi,Te;

. &

~ | TLBi,Te, 4 S TI Bi,Te
“ . g S _ 2 & « TIBiTe
5l S 7 4 £

. e S S =
o |® _ = 8

e 1 | x=0.6 5 ks S

< _ 2 |
N~ X . x=0.5 =
%\ || x=04 0.6 =

n x=0.2 = .

< L 7

8 N L x=0.1 x=0 §, J
E | | | IJLIl |l |X=0 1 E "

10 20 30 40 50 60 70 80 17 18 ‘H’T"*‘,JJ,,,,,,,I,
20 (degree) 26 10 20 30 40 50 60 70 80

20 (degree)

Single crystal XRD patterns of Tl,Bi,Te, Powder XRD patterns of T1Bi,Te,

after Tl doping, main structure didn’t change;

c-axis becomes shorter;

impurity phase of TIBiTe, appears in powder XRD data for x larger than 0.2

because of the instability of the superconducting phase, it is possible that the TIBiTe,
impurity phase occurs upon grinding




Rietveld refinement of Tly ¢Bi,Te;

,t ;?:s Iz :t cKo %
J D¢ .
58.0f Tl BiTe, Yoot OB
g 5 ; o Observed «*—=¢ ¢le .
3 - Calculated %@0 eTe/Bi
= 4.0r | Bi,Te, ¢ o Bi/Tl
= | TIBiTe,
é\ | Difference
é O'O T | IH . | - Il l l|”|| ”Il %lllll : IlI 1|| IIII illlil l|lll|||I| ‘lllllll l _
= et Bi Te,
20 40 60 80 QLs
20 (degree) i

neither intercalation of Tl, nor interstitial of Tl;

3 Iarge mount of Bi vacancy (1/3); Z. Wang et al, Chem. Mater. (2016)
Bi, antisite defect

Enihe FuHl




. ICP results of Tl,Bi,Te;

# 3T PI

ING INSTITUTE OF TECHNOLOGY

xr Nominal composition Tl Bi1 Te
0.1 Tlp.1BiaTes 0.106(1) 2.087(6) 3
0.2 Tlp.2BisTes 0.207(2) 2.098(6) 3
0.3 Tlp.3BiaTes 0.233(2) 2.090(6) 3
0.4 Tlp.4BisoTes 0.396(4) 2.077(6) 3
0.5 Tlo.5BiaoTes 0.526(5) 2.040(6) 3
0.6 Tlp.gBiaTes 0.609(6) 2.059(6) 3

Molar ratio of Tl, Bi, and Te in the single crystal samples of TIxBi2Te3
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. Magnetic properties of Tl,Bi,Te;

N
<=

Shielding Fraction (%)

-100
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Linear fitting

.0

0.2 04 0.6
Actual composition of Tl

x = 0.6 is optimal for large volume fraction of the superconducting
phase and structural stability
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Transport properties of Tl,Bi,Te; ¢

0 6 a 50 ] ] ] ] L]
= Tlo.éBlzTes T=25K
’g 04 |- e E
G I ~ "f\vn-uun——- IT) 0 i ]
= | E /242K G
~— a ! .
% 0.2 01k & ? -..:
a o f > ]
- ! . < p=1.8x10"cm”
I : 0'|01.5 2;0; 2'.5| 3.0 = 175 szl Vs
0.0 1 1 L : 1 L " [ [ [l [l [
0 50 100 150 200 250 300 50 -8 -4 0 4 8
T (K)

B (T)
Electronic transport properties of Tl, ;Bi,Te;

Z. Wang et al, Chem. Mater. (2016)
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Transport properties of Tl,Bi,Te; @ .., .«
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I I L) ' I I 1 I | ' I I 10 3
10 - T1 Bi,Te, -

0.8 X=0.7

_ i r
% — ' u
-« 0.6 X—O.l _ E
a ; - S X
= x=0.3 -
= 04 - _ - 2 I /.
N’ x=0.4 R — - ™
a i I _—
——x=0.5 =7 /.
0.2 x=0.1 ——x=0.6 - i .
_—X=0.7 - ./
0.0 | 1 | 1 | 1 | 0'1 - L s L s | X | X | X | X |
0 50 100 150 200 250 300 0.1 0.2 0.3 0.4 0.5 0.6 0.7

T (K) Tl composition (x)

RRR decrease with increase of x;
scattering effect becomes stronger with x increase,
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Specific heat of Tl, zBi,Te;
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80— e
o OT (a) ===BCS it & (b)
e 2T . 10 VF=95% -
60 | = = - Debye fit 1 ~ 8'
b&d | Eo é
S 40 = b
“g : S RN >SS O
= =
£ B
— 20 15 T=228K
"‘*-..Q | og c )
= Y, = 4.8 mJ/mol-K”
0 = L | . ] ]

0o 1 2 3
T (K) T (K)

clear jump indicates bulk superconductor;
fully gapped;
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Z. Wang et al, Chem. Mater. (2016)
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(b) 12— : — (¢) 1.2 . .
9 04t - osT g8
S -l - -
E | ::: | b
= 6 LY s
= 3t ﬁ 0.6T » 07T -
O | ¥pd - 08T - 09T |
& 1T & 2T
00 1

T (K)

the specific data fit well to WHH theory,
B,(0)=1.06T, £=17.6 nm,
the resistivity data point to a slightly unconventional temperature dependent

Z. Wang et al, Chem. Mater. (2016)
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3. Exploration of topological superconductors

b) applied external pressure based on
topological materials
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gap

Massive Dirac
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Massless Dirac - - Non topo.

3 -3 TIBI(S,_,Se,),
0

x= 10 0.8 0.6 0.4 0.2 0
TIBiSe, Se content TIBiS,

Electronic phase diagram of TIBi(S,_,Se,),
T. Sato et al, Nat. Phys., 7 (2011) 840
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g Conduction band

~ Surface state

m Valence band

Normal insulator Dirac semimetal Topological insulator

Eenergy

2 Chemical pressure

Superconductor

Schematic of chemical pressure and mechanical pressure effect on TIBi(S,.,Se,), compounds




Characterization of TIBi(Se,.,S,)- % Jb3 8 1 48
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a
TIBIS, %T i TIBiSeS TIBiSe, - *T"
H ff 3 HHH
10 20 30 40 50 &0 70 80 10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
28 26 20
b
3 i | % TiLbS g RS
s 15000 L -I § Titb4 - s s -
‘g. mmo—% g ™hS et = ; 3 g . bdh Tan =
E ("m'i o wm. mr:a "“M" ; M;:ﬁ;ub mllm E Ilhu irnb m!‘lfl ‘
: " ™I Bia | b | B T Bl | BLb | BiLe bre Byl |} sl
" i : : : } 1 s T 1|n |‘s zlo
u !um:r [kev) ” # § [M;': 5 ‘5 L Enengy keV]
Ratio Ratio Ratio
(atom%) (atom%) (atom%)
S 51.57 S 25.92 Se 52.20
) Tl 21.47 . Se 25.65 ) TI 19.88
TIBiS, ) TIBiSeS TIBiSe, ;
Bi 26.95 TI 20.34 Bi 27.92
Bi 28.08

XRD and EDS of TIBi(Se,_,S,),
C Pei, ZW Wang, Y P Qi, et al, Cell Reports Physical Science 3, 101094 (2022)




Pressure induced superconductivity

in TIBi(Se,_,S,), * P33 83T,
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C Pei, ZW Wang, Y P Qi, et al, Cell Reports Physical Science 3, 101094 (2022)




Evolution of crystal structure and

Raman shift at high pressure J skt
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tetragonal phase transition at
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C Pei, ZW Wang, Y P Qi, et al, Cell Reports Physical Science 3, 101094 (2022)




Phase diagram of TIBi(Se,_S,), at
high pressure

A TIBiS, B TIBiSeS E TIBiSe,
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50 F m ~o-Run Il 12 24T o —a—Runll 112 al ~-Runll 712
i i —4—Run lll ] i
£ A E 2 F - £ |
3 - S | \ —~—Runlv 710 SR 19
c ‘ G 16 1 c 3 b
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he H 8 >
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» high pressure dramatically alters both crystal and electronic structures of TIBiS,, TIBiSeS,
and TIBiSe,.

C Pei, ZW Wang, Y P Qj, et al, Cell Reports Physical Science 3, 101094 (2022)




Band calculation of TIBi(Se,.S,)-
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at high pressure ) 3t %72 2 X

"'""'»-;‘v;;-\;ri*" BEIJING INSTITUTE OF TECHNOLOGY

R B
TIBiSeS@30 GPa w/o SOC

> there is an SOC-induced
band inversion near the
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» the Z, topological invariant

» Dirac-cone-like surface
states of T1BiSeS at 30 GPa
are located at 0.19 eV
above Fermi level
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Pressure induced superconductivity

in (PbSe);(Bi,Se;), gy
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Evolution of crystal structure and

Raman shift at high pressure ) imaxs
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> i-situ XRD and Ranan spectroscopy neasurenents denonstrate that tno distinct high=pressure
phases were achleved In (PbSe)s(BizSes)e upon compression

P Cui, ZW Wang, YP Qi, et al, SCIENCE CHINA Materials (2023)




Phase diagram of (PbSe);(Bi,Se;);
at high pressure
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» |1 phase |, poincreases with pressure while 7
maintains around 2, showing a Fermi-liquid

behavior;

» |1 Phase ||, a superconducting transition with Te ~
4.6 Ksuddenly, honever, Tc is sensitive to

pressure and decreases sharply upon compression,

» In Phase lll, a nev superconducting phase sudden'y

energes, Tc was enhanced as high as 6 K.
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. Outline

o 4 Summary
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. Summary

1. Basic knowledge of crystal and crystal growth were
presented;
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2. Kagome superconductor AV;Sbs single crystals were
grown and their superconductivity and CDW were studied
and manipulated;

3. A new superconductor TIxBi2Te3 was discovered and
its superconductivity was characterized;

4. Possible TSC was induced by applying external
pressure on two different types of topological materials.

Enike Fati
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