Pohang synchrotron radiation facility (PLS-Il) and its
application activities
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Use of x-rays; a probe based on light-matter interaction...

photoelectrons: n’(e) scattering, diffraction: n’(hv)
20 ~ 50,000 eV PES (XPS) XRD, XRS
(0.02 ~50 nm) SAXS, WAXS

x-rays: n(hv)

transmittance: n’(hv)
XAS (XAFS), imaging

photoemission,
fluorescence: n’(hv’)
XES, XRF, XAS (XAFS)

absorbance: n’(hv)
XAS (XAFS)

PES: photoemission/ photoelectron spectroscopy

XPS: X-ray photoemission/ photoelectron spectroscopy
XRD: X-ray diffraction

XRS: X-ray scattering

SAXS: Small angle x-ray scattering

WAXS: Wide angle x-ray scattering

XAS: X-ray absorption

XAFS: X-ray absorption fine structure

XES: X-ray emission spectroscopy

XRF: X-ray fluorescence
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Synchrotron-radiation X-rays (soft — hard) !!!

PLS-II storage-ring parameter;

» Electron beam energy: 3 GeV

» E-beam current: 300 ~ 400 mA, top-up fill

(3-5 min.)

User beam time: 190 days/year
Emittance: 5.8 nm.rad

Straight sections for ID: 20

YVVVVY

Linac: 170 m, 3GeV

Circumference: 281.8 m, 12 Cells, DBA

Co

mpared to other x-ray sources;

» Intense and bright
» Wide spectral range: tunable...
» Stable
» Pulsed x-rays: ~2ns, ~ 30 ps

(1 bunch ~ 500 MHz, 1 turn ~ 1 MHz)
» Small source size: coherent...
» Polarized x-rays: linear, circular
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X-ray scattering (XRS), x-ray diffraction (XRD)

Constructive interference
at Bragg condition

2dsin() = 4 = d = 1/2sin(6)
6:0.01°~90° = d 1lum ~0.02 nm

HIGHLIGHTS OF 2015
S ¥

CO, capture from humid flue
gases and humid atmosphere using
a microporous coppersilicate
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Shuvo Jit Datta et al.
Science 2015, 350, 302-306
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PLSII 2D Supramolecular Crystallography
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Powder Diffraction

Single Crystal
Diffraction

Powder
Difracted Diffraction
eam
Diffracted
Beam
Incident
Beam
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Y
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In powder diffraction only a \\ W////@
small fraction of the crystals \ AN —

(shown in blue) are correctly
oriented to diffract.

The ideal “powder” sample contains tens
of thousands of randomly oriented
crystallites
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Fuo = YN, f, exp[27(hx, +ky, +1z,)]

j=1
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Courtesy of Dr. D. C. Ahn

A Single Crystal Diffraction

(3 dimensional)

: l I l re HIGHLIGHTS OF 2015

A zeolite family with expanding structural
complexity and embedded isoreticular structures

Structure prediction and successful synthesis of the targeted zeolites

“Target Structures”

| )\ ) ool! “Good selective CO, adsorption
¢ o properties of new zeolite”

Jiho Shin et al. Nature 524, 74-78

POSTECH, Suk Bong Hong EL N 8198 HRPD

,A R (High Resolution
J PowderDIffracﬁon)'




Protein crystallography

360° 4°
. 3 Fourier transform
o HKL2000
Crystal Phenix
X-ray CCP4 Electron density map
Diffraction images Model building

Oscillation ‘ refinement

Structure of Human DROSHA
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Final molecular model _
Courtesy of Dr. Y. Kim
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Spectroscopy (electronic structure); XAS & XPS basic ...

XAS unoccupied DOS
energy ’,
A ,i
LI vacuum
......... Aliskeneea.  lEVE
2p ...... ?4'.. .:.: ......
25 i I. ‘I : : n=2
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XPS

occupied DOS

EB = hV— Ekin 'A
caqeeneaes ..—J kinetic

Eg = electron binding energy energy
E.i, = electron kinetic energy
— L
X-ray A
Ekin
\1/\'\ = 4
n=3 ‘c-o-o-o-— Er
T =
. Peve000-
n=2 23—5--.—‘— ..... | A— E=Eg
: binding
n=115—g—e— energy
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X-ray absorption spectroscopy (XAS): practical use of soft x-rays...
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element, crystal structure, oxidation state, chemical states, magnetic moment,
electronic structure, ...
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XPS & XAS; practical use of spectroscopy... Science H.';HL.GHT;;,FZ:;S
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Reversible phase modulation and
hydrogen storage in multivalent
VO, epltaxml thin ﬁlms

Nature materials, 15, 1113 (2016)
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Observation of tunable band gap and
anisotropic Dirac semimetal state in
black phosphorus
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Extended X-ray Absorption Fine Structure (EXAFS)

X-ray Scattering Atom _
G \\:/,
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Colloidally prepared La-doped ’

BaSnO0; electrodes for efficient,
photostable perovskite solar cells
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Microscopy-spectroscopy /// Spectro-microscopy (Nanoscopy)

Scanning imaging mode

Sample Detector
(scanned)

OSA
focusing ZP %}v
Monochromatic

light

schematic: www.elettra.trieste.it

» improvement of focal power/ focusing lens ...
» minimal variation of focal position ...
» detectors for fast imaging ...
» nice softwares ...

H. J. Shin :ﬁ?



MoTe,

Heterophase in homojunction

hexagonal
2H

metallic
monochlinic

1T

C
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Phase patterning for ohmic
homojunction contact in MoTe,

Laser Irradiation : Te-vacancy Induced Phase Transition
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High Performance “Ideal 2D Transistor”

Suyeon Cho et al. Science 349, pp625-628
IBS Center for Integrated- nanostructure Physics,
Sungkyunkwan Univ., Heejun Yang, Young Hee Lee

Scanning Photoelectron Microscopy(SPEM) @ 8A1
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and ... ...

> WE OX)7I B8 QRE (oUX| 28, S8,
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Status: beamline map..
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Performed beamtime proposals and user numbers ... publication status...

Man year
user

5000 numbers
4,640 , s34

4500

4,022
4000
3,613
3500 3,199
Sice 2,881 2,860
2,553
2500 2,425
2,138

2000 il Beamtime

proposals

1,466
1500 1,321 1.2 performed
1,197 1,2
1,071 1.0
1000 883 g3l s18 89
577 646 659
SC0 ; 31
283 134l 134 154 22§ ¥
19/8 69 l
0 " -I 3] n ] . I
95 ‘96 97 98 99 ‘00 01 02 '07 ‘08 09 10

Number of publication and average IF.

T+ &2 |’96 | ’97 | ’98 |99 | '00 | 01 | 02 H ‘03 | '04 | ’05 | 06 | ’07 | 08 | '09 | 10 | ’11 [ 12 [ 13 | 14 | 15 | 16 | TA|

Lo 3 | 14 |48 | 77 | 64 | 112 | 145|163 | 179 | 188 | 256 | 326 | 390 | 385 | 407 | 451 | 293 | 353 | 551 | 451 | 418 | 4,856

HehlF. |26 18|26 |25|24(25|31|32|31|35|34|36 38|36 |33|38(39]44/|4.24(5.86/|6.19
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Beamlines:

Agreement beamlines; KIST (2), GIST, UNIST, KRIBB, POSTECH
Exclusive beamlines; POSCO, GIST, MPK, IBS

Beamline department subsections:
Structural biology
Materials chemistry
Eco-friendly materials
Energy Materials
Nano-materials spectroscopy
Spectro-nanoscopy
ITCC

Applications to :

> New materials: semiconductor, energy, bio, life-science, geoscience,
natural resources, catalysts, battery, nano & bio, etc.

»> putting an emphasis on industrial application.

H. J. Shin
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Analysis on beamline types...

General purpose beamlines: we are trying to maintain competitiveness over other
worldwide techniques.
XRS, SAXS, WAXS, PX
PES (XPS), XAS, XAFS
u-probe (u-XRF, u-XAFS)
- multimodal, in-situ techniques.

Top notch science/technigue beamlines:

Unigueness, world best, world first...

State of the art instrumentations.

Top notch scientific objectives (strongly correlated systems, vortex, ...)
SAR-PES, AP-XPS, XMCD & multimodal, XAS in medium energy,
CDI, PCXS, Ptychography
tr-XRS, tr-THz
nano-imaging, nano-XAS, nano-XPS
full automation, high throughput, ...

= multimodal, in-situ techniques.

Industrial application: *ITCC *
High throughput = FBDD (2018-2020 yr.)/ SAXS/ Imaging
High energy x-ray imaging for thicker samples.
Spectro-microscopy (u-XAFS, u-XRF, STXM, SPEM)
AP-XPS, XPS on 2D materials, semiconducting device materials
= multimodal, in-situ techniques.

H. 3. Shin FAL7
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Beamlines under consideration
- Putting efforts on industrial application has become our new mission...

5C PX FBDD (2018-2020): - endstation to be upgraded.
Full automation and FBDD facility setup

2C high energy x-ray science (HE — XRS) (MPW): (2019 ? — 2021 ?) -> to be constructed.
Hard x-ray imaging for tomographic information..
High energy extreme condition science;
iIncludes high pressure science (strong user consortium is established)

Beamline renovation plan to attract industries:

v' A company is requiring an hard x-ray insertion device beamline for SAXS.

v' Collaboration is on-going with POSCO and SKhynix, and other companies are showing interests...
- We may have to construct beamline(s), or renovate existing beamline(s), or build an efficient
platform (comprised of several beamlines) for industrial application.

H. 3. Shin FAL7



. . . 20
3D nano structure inspection Courtesy of Dr. J. Lim
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Thank you !
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