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PAL Facility 

2. 4세대

1. 3세대

3. EUV
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PAL Facility : PLS-II  
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Lorentz Force
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PAL Facility : Beamline Map and Status

▐ 3세대 빔라인 현황 (36기) Storage Ring
 Electron beam energy: 3 GeV
 Ring current: 400 mA, Top-up mode
 User beamtime: 190 days/year
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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-
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Small-angle X-ray Scattering (SAXS)
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 SAXS is a fundamental and powerful tool for structural analyses of polymers, metals,

alloys, liquid crystals, and colloidal systems.

 Synchrotron radiation X-ray sources with a high-flux photon and low-divergence

beam enable broader application of SAXS, such as time-resolved measurements of

powder/film samples in solid and nanoparticles/biomacromolecules in solution.

 SAXS is becoming a standard tool for the structural characterization under carefully

controlled conditions, such as pH, ionic strength, chemical reagents, humidity,

electric/magnet field, pressure, and temperature.

 Beamlines currently in operation at PAL: 3C SAXS I, 4C SAXS II, 6D UNIST-PAL, and 9A U-SAXS

SAXS is used for the determination of nanoscale structure of particle systems

• Energy Material: Organic Solar Cell, Battery

• Flexible Display: Organic Thin-film Transistor

• Ultra Low-k Dielectric Material

• Nano-template Fabrication

• Micro-array Fabrication

• Synthetic Polymer Nanostructure Studies

• Biological Nanostructure Studies (Protein, DNA, Drug Delivery System, etc.)

Applications
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Resolutions
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Optical Components in Storage ring
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In-Vacuum Undulator

Front-End

PBPM Photon Shutter Movable Mask

Graphite Filter & 

Beam defining Slit Safety Shutter

PBPM Photon Shutter Movable Mask Graphite Filter & 

Beam defining Slit

Safety Shutter

X-ray

X-rayX-ray



가속기 실험실습 I 9

Optical Components in Optical Hutch
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X-ray

X-ray



가속기 실험실습 I 10

Experimental Components in Hutch
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Photograph of optical components in optical hutch and experimental devices in the experimental hutch of the end-station

“Small-angle X-ray Scattering Beamline BL4C SAXS at Pohang Light Source II” Biodesign 2017, 5 (1), 24-29

Vacuum Chamber

3-axis 

Sample Stage

X-ray

EIGER2 X 4M

Ion chamber

Shutter

Attenuator

Slit
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4C SAXS II Beamline Layout
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Beam Size [mm]

Beam Size [mm]

Undulator

Incidence Angle

2.6 mrad

88.4 mm

Source

0 m

DCM

18.0 m

FM

21.3 m 

Defining Slit

11.4 m 

Horizontal 

(46 urad)

Vertical 

(4.8 urad)

Wall
Movable

maskBeam

stopper

Optical Hutch

Experimental Hutch

Detector 

37 m

Incident beam height 

= 1400 mm

Front End

Offset = 25 mm

(including copper screen/tungsten wire monitors)(including graphite filter)

Electron Beam Size= 187 × 12 um (H×V)
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Sample Environments
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Multi (10 holes) sample stage Multi (100 holes) sample stage

Multi (6 holes) sample stage

(RT ~ 450 °C)

THMS 600 Linkam sample stage

(-195 ~ 600 °C/gas adsorption/humidity)

Hamilton syringe pump sample stage

(0 ~ 100°C/flow mode)
Size-exclusion Chromatography (SEC) 

coupled with SAXS

Photograph of experimental sample stages in the experimental hutch of the end-station
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Experimental Configuration: Transmission SAXS vs. Grazing-incidence SAXS
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Experimental Setting: Sample-to-detector distance (SDD)

 Variable q-range vacuum chamber

 Facilitate rapid sample-to-detector distance (SDD) change

SDD=4m

PETRA-III  P12 SAXS 

PLS-II 4C SAXS 

SDD=1m

APS 12 ID-B SAXS 

Sample Detector

Sample Detector
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Scattering Patterns of Fiber Strands as a function of SDD
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SDD = 20cm

(q = 0.237 ~ 2.38 Å -1)

SDD = 1m

(q = 0.0314 ~ 0.6 Å -1)

SDD = 4m

(q = 0.0065 ~ 0.1344 Å -1)
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Scattering from a single molecule
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∆𝜙 = 
2𝜋𝛿

𝜆
A ∝ Sum(An, ∆𝜙) I ∝ A2
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Scattering from a single molecule

∆𝜙 = 
2𝜋𝛿

𝜆
A ∝ Sum(An, ∆𝜙) I ∝ A2
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Scattering profile
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Scattering profile

2025-05-16

Slide from Jesse Hopkins’s BioSAXS Essentials presentation 
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Scattering profile from a sphere
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Slide from Jesse Hopkins’s BioSAXS Essentials presentation 



가속기 실험실습 I 21

Experimental Procedure of SAXS
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Synchrotron 

X-ray Beam

Sample

2θ

CCD 

Camera

qz

qx

qy

z

x
y

Beamstop

)

IMolecules + Buffer solution (q) IBuffer solution (q) IMolecules (q)

1. Sample measurement 

2. Background measurement

4. Corrected 2D SAXS image

5. Radial averaged 1D SAXS curve

3. Background correction

▪ Experimental procedures

1 2 3

4 5

Hamilton syringe pump
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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r

dr
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SAXS data processing, and overall parameters
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SAXS data processing, and overall parameters
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Dmax
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SAXS data processing, and overall parameters
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1. Model Independent Approach: Ab initio methods

2. Model Dependent Approach: Scatter, SASfit, SASView, etc.

- Monodisperse systems (size, shape)

- Biomacromolecules (Protein, DNA, RNA) and Self-assembled Nanoparticles

- Monodisperse and polydisperse systems (size)

- Self-assembled Nanoparticles
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.1. Model Independent Approach: Ab initio methods
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.2. Model Independent Approach: Ab initio methods
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.3. Model Independent Approach: Ab initio methods
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.4. Model Independent Approach: Ab initio methods
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.5. Model Independent Approach: Ab initio methods
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.6. Model Independent Approach: Ab initio methods

J. Appl. Cryst. 2003. 36, 860-864

SASHA DAMMIN DAMAVER

TSR 

(total spread region)

DAMAVER

MPV (most populated volume)
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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1.7. Model Independent Approach: Ab initio methods
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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2.1. Model Dependent Approach: Sphere Model
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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2.2. Model Dependent Approach: Core-shell Model
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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2.3. Model Dependent Approach: Core-shell Model
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)

2025-05-16

2.4. Model Dependent Approach: Cylinder Model
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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2.5. Model Dependent Approach: Disk Model
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Modeling for Nanoparticle and Biomacromolecule (Form Factor)
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2.6. Model Dependent Approach: Bilayered Vesicle Model

Bilayered vesicle model

(Thickness of outer part of bilayer=3nm, Thickness of inner part of bilayer=1nm, R=10nm)
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Research Results
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▪ 블록공중합체고분자의구조/역학적이력연구

▪태양광전지 (Organic Solar Cells)▪ 타이어의응력-변형률연구

▪용매어닐링처리액정고분자의구조연구
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Research Results
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Journal of the American Chemical Society (2009)

Flexible Display Application: Organic Thin-film Transistor
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Research Results
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Ultra-low-K Dielectrics in Nano-thin-films

Nat. Mater. 4, 147 (2005), Adv. Mater. 17, 696 (2005), Macromolecules 2005, 38, 4311-4323, J. Appl. Cryst. 2008, 41, 281–291
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Research Results
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Nano-templates: Ultra-fine Filter Membranes

Si wafer

Neutral Brush

PMMA blockPS block

PMMA homopolymer

UV-Etching

Before UV-Etching

100 nm100 nm

SEM image

Top view

100 nm

Side view

AFM image

Before UV-Etching After UV-Etching

25 119 213 307 401 495 589

105

199

293

387

Exp. Patterns
25 nm thick film

25 119 213 307 401 495 589

105

199

293

387

UV-Etching

Adv. Funct. Mater., 18, 1371 (2008)
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Research Results
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Polymer Nanostructure

5 μm Size

Z-range
15 nm

2 μm Size

Z-range
15 nm

Macromolecules, (2005)

J. Phys. Chem. B, (2008)
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Research Results
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1. Proton-sensitive DNA

Adv. Mater. 2009, 21, 1907-1910.

4. Digestion-related Pepsin Protein

J. Phys. Chem. B 2008, 112, 15821-15827.

3. Stress-related RseA/RseB Protein

PNAS 2007, 104, 8779-8784.

6. Chromosome-related SMC Protein

Molecular Cell 2015, 57, 290-303.

5. Mammalian Translation-related Protein

PNAS 2014, 111, 15084-15089.

2. Branched DNA Molecule

Scientic Reports 2013, 3, 3226

7. Pathogenic Bacteria-related Protein 8. Microtubule (MT)-severing Enzyme

Frontiers in Microbiology 2019, 9, 3329. Cell Reports 2019, 26, 1357-1367.

9. Stress-related RseV/RseW Protein

IUCrJ 2020, 7, 737-747.
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Research Results
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Structural models of pepsin in solution under various denaturing conditions with 0–10 M urea (a–k, respectively) using the ab initio shape method program GASBOR. Surface rendering

in the structural model was achieved using the program PyMOL. For the comparison of overall shapes and dimensions, the ribbon diagrams of the atomic crystal structure of pepsin were

superimposed on the reconstructed dummy residues models using SUPCOMB (NSD = 1.802).

GASBOR ab initio Envelope of Pepsin in Solution

“Chemically Denatured Structures of Porcine Pepsin using Small-Angle X-ray Scattering” Polymers 2019, 11(12), 2104
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Research Results
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Collaboration : Prof. Eun Chul Cho (Amorepacific & Hanyang Univ.)

Do-Hoon Kim, Sora Lim, Jongwon Shim, Ji Eun Song, Jong Soo Chang, Kyeong Sik Jin* and Eun Chul Cho* ACS Applied Materials & Interfaces 2015, 7, 20438-20446

Liquid Crystalline Lipid Nanoparticles
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Research Results
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Sample NCPMs CPMs

Model sphere sphere

Type homogeneous core and shell homogeneous core and shell

aRc (nm) 3.220 b(4.317) 1.460 b(1.914)

cσR 0.326 - 0.322 -

dRc, max (nm) 2.888 e(3.944) 1.228 e(1.732)

fRm (nm) 11.90 g(15.69) 13.70 g(17.96)

hRm, max (nm) 10.61 i(14.48) 12.21 i(16.40)

jRho 0.106 - 0.019 -

Collaboration : Dr. Hyun-Chul Kim (DGIST)

Hyun-Chul Kim*, Kyeong Sik Jin*, Se Guen Lee, Eunjoo Kim, Sung Jun Lee, Sang Won Jeong, Seung Woo Lee, and Kwang-Woo Kim. Journal of Nanoscience and 

Nanotechnology 2016, 16, 6432-6439.

Cross-linked Polymer Micelles
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Construction of Application Equipments
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Sample stage for solvent annealing

“ In-situ Studies of Molecular Packing Dynamics of Bulk-

heterojunction Solar Cells induced by the Processing Additive 

1-Chloronaphthalene” Journal of Materials Chemistry A,

2015, (DOI: 10.1039/C5TA00833F) 

Design Criteria

Temperature range :  20 °C ~ 250 °C
Solvent Reservoir  :  20x20x5 mm3

Solvent Vapor Adsorption Device (at 3C BL)
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Size-exclusion Chromatography (SEC)-SAXS (at 4C BL)

B. Kor. Chem. Soc., (2020)

[Agilent 1260 Infinity HPLC System]

Eiger2 X 4M

Construction of Application Equipments
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in-situ Cycling : EXAFS, WAXD, SAXS

Li-ion storage through anionic redox processes of 
bacteria-driven tellurium nanorods, 

J. Mater. Chem. A, 2015, 3, 16978, M.G. Kim et. al.

in-situ Experiment (Tr-mode) : Battery Cycling (at 6D BL) 

ACS nano 2015, 5, 5470–5477, Y. S. Youn et. Al.

Construction of Application Equipments
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Rheo-, High Pressure-, and Tensile Stress SAXS (at 9A BL) 

Construction of Application Equipments
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Thank you for your attention
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