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방사광가속기
엑스선현미경

원병묵 교수

성균관대 신소재공학부

X-ray Imaging

Microscopy & Tomography

Spectroscopy
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오늘의강의순서

구름의씨앗연구

빛이란무엇인가?

방사광가속기란무엇인가?

방사광가속기가필요한이유?

오창에방사광가속기가들어선다면?

엑스선이미징활용사례
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구름의
씨앗연구

방사광 가속기 엑스선 현미경을 이용한
초미세 물질 변화 연구

3

물속에서기포가터질때어떤현상이일어날까?

엑스선

슬릿슬릿

카메라

신틸레이터

거울

샘플

방사광가속기

엑스선현미경

에어로졸발생

4

물기둥
(젯팅)

기포터짐

기포

물

에어로졸
발생

기포상승

초고속고해상도엑스선현미경을활용하자!

5

바다에서발생하는기포는구름의씨앗이된다!

기포에서
에어로졸발생

바다에서
에어로졸발생
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40마이크로초이후초기

공기

물

기포

실리콘표면

9 pL

30 μm

머리카락의 1/3크기초미세기포거동최초관찰

물기둥

에어로졸

7

변화의균형원리=에너지최소화

표면장력 =변화촉진 점성 =변화억제
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기포가크면에어로졸발생

임계기포크기

9

에어로졸발생

에어로졸발생
안함

Oh*

에어로졸발생원리규명

유
체
역
학
상
수

중력효과상수
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60년동안난제로남아있던문제해결!

에어로졸
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빛이란
무엇인가?
빛은전자기파이다
파장과에너지의관계
빛과물질의상호작용
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https://www.britannica.com/science/light

우리의일상을가득채우고있는빛은무엇일까?

13
https://www.biography.com/news/how-isaac-newton-changed-our-world

아이작뉴튼,일곱색깔무지개를처음관찰 (1704년)
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빛은전자기파

15

파장과에너지는반비례한다
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https://www.britannica.com/science/light

빛은물질과반응(흡수,굴절,산란,투과)한다
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엑스선의흡수,굴절,산란,투과

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John Wiley & Sons (2011)]

흡수 산란

굴절

투과
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에너지가높은엑스선은투과력이뛰어나다

19

방사광
가속기란
무엇인가?

20

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]

전자총+저장링+빔라인=방사광

저장링 (전자가빛의속도로이동)

삽입장치
(전자석)

방사광

빔라인 (엑스선)
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[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]

엑스선의발견:빌헬름뢴트겐 (1895년 11월8일)
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엑스선결정분석:막스폰라우에 (1912년)

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]
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DNA 이중나선구조분석 (1952년)

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]
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최초개발 (1947년) +광원활용 (1968년)

Physics Today 28, 9 (1975) Physics Today 61, 37 (2008)
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[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]

빛의속도로가속된전자가꺽일때방사광발생

전자가빛의속도로이동할때

방사광발생
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빛의종류에따라다양한빔라인을만들수있다

빔라인
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삽입장치를넣어아주좋은빛을만들수있다

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]
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가장좋은엑스선빔을만들수있다

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]
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방사광
가속기가
필요한이유?
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1세대

2세대

3세대

4세대

휘도가높은방사광가속기필요

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]

3세대

31

4세대방사광가속기는단파장단일빔라인

[P. Willmott, "An Introduction to Synchrotron Radiation: Techniques and Applications", John 
Wiley & Sons (2011)]
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휘도와다목적빔라인경쟁

4세대
(단일빔라인)

3세대
(다목적빔라인)

33

오창에
방사광
가속기가
들어선다면?

34

오창차세대방사광가속기조감도

한국기초과학지원연구원 대형연구시설기획연구단 이주한 단장 제공

35

포항방사광가속기빔라인현황 (35개빔라인운영)
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오창차세대방사광가속기설계개념

한국기초과학지원연구원 대형연구시설기획연구단 이주한 단장 제공

37

오창차세대방사광가속기활용방안

한국기초과학지원연구원 대형연구시설기획연구단 이주한 단장 제공
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방사광가속기란무엇인가?

우리의삶을더나은것으로만들기
위한새로운빛을만드는장치이며

국가발전에크게기여할새로운
돌파구가될것입니다.
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X-ray imaging for
soft materials
Byung Mook Weon

Soft Matter Physics Laboratory
School of Advanced Materials Science and 
Engineering Sungkyunkwan University

Contents
1. Soft materials
2. X-ray imaging

X-ray Imaging Applications

40

We are studying soft materials. They are 
emerging materials that involve in next-
generation technologies such as electronic, 
display, energy, environmental, and biomedical
materials including nanomaterials and biological 
materials.

Soft Materials

41

Soft materials, including liquids, polymers, foams, 
gels, colloids, granular matter, and biological 
matter, exhibit interesting structural and dynamic 
singularities. Investigation of their physical and 
chemical properties will lead us in understanding 
and developing new advanced materials.

Soft Materials

42
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emulsions biofilmdropscolloids materials imaging

APS

SPring-
8

PLS

Soft materials, soft matter, complex fluids In-situ, ultrafast, 3d (2d), multiscale imaging

bubbles

43 44

hard
X-rays

soft
X-rays

X-ray microscopy (phase-contrast)

Synchrotron

X-rays

CCD

Monitor

Scintillator
/Mirror

Sample

Pohang Light Source

7C2 & 6C2

45

Why are X-rays useful for materials research?

• Short wavelengths of X-rays (𝜆 ~ 1A)
⇒ High resolution
⇒ Great penetration capability

• Availability for elemental mapping and 
structural analyses

46

X-ray tomography, or X-ray computed tomography, is a 
method for generating 3-dimensional imaged volumes 
from 2-dimensional X-ray image slices. X-ray imaging 
is based on the differential absorption or scattering of an 
X-ray source to reveal the internal attributes of a 
structure or specimen; it is commonly used in medical 
imaging.

X-ray tomography
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49 50
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Synchrotron

X-rays

Scintillator CCD Monitor

Sample

Rotation stage

Undulator DCM HFM VFM Zone
plate

Phase 
plate

X-rays

Beam 
stop

Condenser FZP

Phase 
ring

Detector

Sample

Zernike phase contrast X-ray 

imaging

Rotation stage

X-rays

Synchrotron Scintillator

Mirror

CC
DSyringe pump

PS film
D.I Water

Kapton film

CCD (Top view imaging)

X-rays

Rotation stage

52

Water
Oil

X-ray Imaging during X-ray irradiation (ionization)

X-rays

Water
Synchrotron

X-rays

CCD

Monitor

Scintillator
/Mirror

Sample

Air

Oil

Water

X-rays

Pohang Light Source

7B2 beamline

B. M. Weon, at al. 
Phys. Rev. Lett. (2008, 2009)
Appl. Phys. Lett. (2008, 2009, 2010)

X-ray imaging

J Kanipe, Nature 443, 141 (2006)

X-ray ionization

53

Ø X-ray photons modify properties of soft materials

Ø X-ray imaging identifies dynamics of soft materials
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m f f

m
m

f

100 mm

oil

water

x-ray

Coalescence by 
surface energy 
minimization
– Dynamics?

B. M. Weon, et al., PRL 108, 224501 (2012)

B. M. Weon, et al. Curr. Opin. 
Colloid Interface Sci. 6, 388 (2012)

J. S. Lee, et al., Sci. Rep. 10, 5790 
(2020)
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“Hydrophobicity evolution on rough surfaces”
SJ Lim et al. Langmuir 36, 689-696 (2020)

Hydrophilicity
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“Hexagonal deposits of colloidal particles”
HK Park et al. PRE 100, 022602 (2019)

Colloidal packing
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“Droplet evaporation on porous materials”
M. Goncalves et al. Langmuir (under revision)

Wicking
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“X-ray nanotomography of dry colloidal packings”
Y. Kim et al. Sci. Rep. 10, 17222 (2020)

Random packing
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1μm

60
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Evaporation

61

Sci. Rep. 11, 18700 (2021)
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X-ray imaging 2D & 3D imaging with ultrafast 
microscopy and micro-
tomography
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Brain science

Robotics technology

Information technology

Energy science

Materials science 

Soft matter physics 

Fluid dynamics 

Colloid science 

Mechanics 

Imaging methods 

Prof. Byung Mook Weon

bmweon@skku.edu

포항방사광가속기

오창방사광가속기

X-ray nanoimaging

X-ray spectroscopy
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