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Beamline Map
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2A Beamline Instruments

1st end-station
Photoemission

2nd end-station

XMCD
3rd end-station
XAS & XFMR

4th end-station

Soft x-ray Scattering



First end-station
Photoemission 

P ~ 3 x 10-11 torr

Temperature : 5K ~ 370K

Electron Analyzer (Scienta 100)

Second end-station
XMCD (total yield & fluorescence yield)

P ~ 4 x 10-10 torr

Temperature : 5K ~ 370K

Electromagnet ~ 1 T

Third end-station
Polarization dependent XAS

P ~ 1 x 10-9 torr

Temperature : 7K ~ 370K

Quick measurement ~Vacuum 
recovered after 3 hours baking

Fourth end-station
Soft x-ray Scattering

P ~ 1 x 10-10 torr (UHV)

Temperature : 5K ~ 370K

2 circle diffractometer

Electromagnet ~ 0.15 T

Four Experimental Stations of Magnetic Spectroscopy
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Optics : SGM with four 
gratings
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2A BL: Magnetic Spectroscopy

This beamline is designed for magnetic spectroscopy 

such as X-ray Absorption Spectroscopy (XAS), X-ray 

Magnetic Circular Dichroism (XMCD), X-ray Linear 

Dichroism(XLD) provided by elliptically or linearly 

polarized light

 Overview

 Research Area (Past)

→ Spin-dependent electronic structure 

→ Magnetic origin of transition metal oxide and rare-

earth materials

→ Magnetic property of diluted magnetic semiconductor

→ Electronic orbital anisotropy

→ Magnetic thin film and multi-layer

4 gratings

Elliptically Polarized 

Undulator

Optics : SGM with four 
gratings

Photon energy resolving power : 5000 ~ 10000

Photon flux : 1010 ~ 1012 photons/sec

Beam size : 1 mm X 0.2 mm

Energy: 120 ~ 1500 eV (Typically 400 ~ 1400 eV)

Polarization switching : phase shift



Methods of XAS Measurement 

A

measuring the intensity of transmitted light
 proving depth ~ 1000 Å

measuring all excited electrons 
 proving depth ~ 150 Å

Transmission yield 

Total electron yield 

measuring fluorescent photons
 proving depth ~ 1000 Å

Fluorescence yield 

Partial electron yield 

measuring electrons with higher kinetic 
energy than the retarding potential 
 proving depth ~ variable within ~ 50 Å

-V
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Detector



Light: electromagnetic waves with wavelength, energy, frequency, polarization

Polarization : Describes the direction in which the electric field vector 
of an electromagnetic wave oscillates

Polarization
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출처: https://youtu.be/Q0qrU4nprB0

https://youtu.be/Q0qrU4nprB0


Magnetic Moments by XMCD

Chen et al. PRL (1995)

Orbital and Spin Moments

Element Specific Moments

Sum rule: 
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PAL Facility : Synchrotron Radiation Sources Copyright ©  DESY 2006

Bending Magnet

Wiggler

Undulator

Free Electron Laser

Synchrotron radiation is produced when 

particles are accelerated in a storage ring. 

Wiggler and undulator - linear magnetic 

structures - are used to improve the 

properties of the radiation produced. 

Direct descendants of the bending magnets in 

a storage ring, wiggler and undulator, force 

the particles to travel along a zig-zag path so 

that the emitted light waves are 

superimposed. 

These magnetic structures are now used to 

produce synchrotron radiation in 

laboratories worldwide. Extremely intense 

X-ray radiation with laser-like properties is 

generated by free-electron lasers. 

2nd Generation Synchrotron

3rd Generation Synchrotron

4th Generation Synchrotron

Nf ~ Ne

Nf ~ Ne∙N

Nf ~ Ne∙N
2

Nf ~ (Ne∙N)2

Nf : the number of radiated photons

Ne : the number of electrons in the beam

N  : the number of undulator periods

e-

e-

e-

e-



▐ Journal paper
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Research Highlights of BL2A



More Applications  More Data and Process 
 More Efficiency and Lower Energy 

 AI Semiconductor (AIoT: Artificial Intelligence of Things)

XQ-58 Valkyrie of the United 
States Air Force

Military
Unmanned Combat Aerial 
Vehicle (UCAV)

Space Business SpaceX Falcon 9
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Why AI Semiconductor?



Soft X-ray energy: 20 – 3000 eV

Soft X-ray interacts strongly with materials and has weak transmission. 

→ It requires Ultra-high Vacuum (UHV; below ~10-9 Torr).

X-ray absorption spectroscopy (XAS) is a invaluable mean of determining the local 

geometric and electronic structure of matters. 

X-ray Magnetic Circular Dichroism (XMCD) is an important mean of studying the

magnetic states of materials.
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 XAS (X-ray Absorption Spectroscopy)

: To investigate electronic and local geometric structures of various 

materials

→ Doping and ion implantation materials for electronics

→ Materials for semiconductor devices & energy

→ Analysis of electrical and magnetic properties

→  Analysis of the composition and chemical state 

 Probing depth

→ Total electron yield: ~15 nm

→  Fluorescence yield: ~ 100 nm

Finger Print of the Ground States

Ground State of Valence

Spin State

Ground State of Symmetry
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Younghak Kim et al., Spin and orbital properties of perpendicular magnetic anisotropy for spin-orbit
torque material devices, Applied Surface Science, Vol. 544 (2021)



X-ray Magnetic Circular Dichroism 

ΔMJ = MJ’ – MJ = q = +1 ΔMJ = MJ’ – MJ = q = -1

XMCD (X-ray Circular Magnetic Dichroism)

: The difference between circularly polarized x-rays with opposite 

helicities, which is  induced by ferromagnetic ordering

→ Element and chemical specific measurement

→ Separation of spin and orbital magnetic moment (sum rule)

가속기 실험실습 I

Younghak Kim et al., Strain-effected physical properties of ferromagnetic insulating 
La0.88Sr0.12MnO3 thin films, RSC Adv. 9, 2645-2649 (2019)



Magnetic Tunnel Junction (MTJ)
IBM. J. Res. Develop. 42, 73 (1998)

Spin Moment Orbital Moment

Spin-Orbit Coupling

Spin-Orbit Torque:

Rashba–Edelstein Effect Spin Hall Effect

https://doi.org/10.1038/s41928-020-00504-6

Spin-Orbit Torque Materials for AI Memory Devices
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Younghak Kim et al., Spin and orbital properties of perpendicular magnetic anisotropy for spin-orbit
torque material devices, Applied Surface Science, Vol. 544 (2021)



Evolution of the Computing System
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Processing-in Memory (In-Memory Computing)
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S. Jung et al., "A crossbar array of magnetoresistive memory devices for in-memory 
computing," Nature, vol. 601, pp. 211-216, (2022) 



Neuromorphic Computing
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Schuman, C.D., Kulkarni, S.R., Parsa, M. et al. Opportunities for neuromorphic 
computing algorithms and applications. Nat Comput Sci 2, 10–19 (2022)



New approach vs. Conventional Way

Conventional Way: 
bottom-up approach

New Way: omnidirectional approach

가속기 실험실습 I

Schuman, C.D., Kulkarni, S.R., Parsa, M. et al. Opportunities for neuromorphic 
computing algorithms and applications. Nat Comput Sci 2, 10–19 (2022)



MRAM, PRAM, and ReRAM in Memory Hierarchy
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Candidates of Processing-in Memory



OST 
(Selector)
GexSbyTez

1

World 
line

Bit line

1S1R 
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출처: Intel



Quantum Technology: Magnonics





Switching Material of ReRAM: TiO2
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출처: Weebit Nano 제공
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X-ray Ferromagnetic Resonance 
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Yi Cao, et al., Prospect of Spin-Orbitronic Devices and Their Applications,
iScience, Volume 23, Issue 10 (2020)
Qiming Shao et al., Roadmap of Spin–Orbit Torques, IEEE Transactions on 
Magnetics (Vol. 57, Issue 7, July 2021)
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Reiss, G., Meinert, M. Silicon-compatible antiferromagnets switch on. Nat Electron 3, 75–76 (2020)
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Rechargeable Batteries

출처: 포스코그룹 뉴스룸
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Characteristics of Metal Elements in Cathode Materials

출처: 포스코그룹 뉴스룸



가속기 실험실습 I 32

Battery Properties of Cathode Material Composition

출처: 포스코그룹 뉴스룸
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Cathode Material Big 3



가속기 실험실습 I 34

Structure of Cathode Materials



5.5 

cm

Sample preparation

-. 홀더에 샘플을 붙일 수 있는 길이는 5.5cm 임.

홀더의 폭은 7mm, 빔 크기는 1mmⅹ0.2mm

 샘플 크기 3mmⅹ3mm ~ 5mmⅹ3mm 정도가 적합

-. UHV(초고진공, ~ 1 x 10-9 torr)를 만들기 위해 Baking과 냉각 작업이 ~18시간 정도 소요됨.

Experiment Procedures
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Thank you for your attention


