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accelerator : XK}, G G9K], Ol 9101 RO R vES
EROIA IR |2, IR SZi(RA, URNE NAE £ UE 2B NF0

= NMa

accelerator = TR}, GERIE &S00 128E| TNLIE T
TI7SCH32] & AW E £ R, OIE °18°19 B2 F12 VES
PR F A %\l= AIA-l
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57| R At =5
MAF71= 7| Synchrotron radiation | the structures and properties of
material
Electron High energy, neuclear
QM X} 71 7 Proton the material structures, cancer
therapy, high energy
Neutron material structures
=0|2 77| lon (He ~U) Astronomy, therapy, neuclear
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MHIZ] TS
RHIC in BNL

from 1958 - from 1980

200MeV LINAC, 3GeV synchrotron The largest proton-anti proton collision synchrotron
The largest heavy particle collision synchrotron 120GeV main injector, 8GeV synchrotron

3 Novel Prize Discovery of Bottom, Top, Quark, Tau neutrino
Users : 1100persons/year, Users : 2300persons/year,

Construction(operation): $ 1 billion ($ 120 million)
Particle physics, huclear physics

Operation : $ 300 million
Particle physics, high energy phy3|cs
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MHIZ] TS

SPS ~ from 1980, LHC ~ from 2008

50 MeV LINAC, 1.4GeV booster, 7000 GeV LHC
The largest particle collision accelerator
Discovery of Hicks (2013)

Users : 8000persons/year,
Construction(operation): $ 4.billion ($ 300million)
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« 0]= SNS (ORNL) (2006) (http://www.sns.gov/)
= 38 mA, 1 GeV (HEZ MY BAX} JIHII
« 1.A MW IS AT
« HAH| - 1492

& 22 |-PARC (JAEA/KEK) (2008) (http://j-parc.jp/index—e.html)
= 181 MeV M&E M IIJ1E)], 3 GeV RCS, 50 GeV MR M3J=E=E
= 1 MW I sA XA, gilESds/aEds Asg
= HAH| : 13352

& AA SINQ (PSH (903 H =451 (http://sing.web.psi.ch/)
= 590 MeV UOIE=EZ (H£4])
- 1 MW IIMSAIIY, 524 0|2A14

& 9= SIS (RAL) (1985) (http://www.isis.rl.ac.uk/)
« 70 MeV MY 24IPIZ)), 800 MeV BOd=EE
= 0.2 MW I ZSAXE, 728 0|2A14
= 20 KW HI2EXH| AX]

« =33 CSNS (IHEP) (2008) [http://csns.ihep.ac.cn/)
= 81 MeV MY 24IPISI), 16 GeV ¥d=EE
« 05 MW DIMHS AT, AT O|=2A1A (988, M)
= 201548 230lE
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Proton Accelerator in Gyeongju National Cancer Center in Goyang
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Magnetic field Electric field
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Heated filament Electrons are accelerated

emits electrons by by a high voltage.
thermionic emission

electron

x-rays produced when
high speed electrons
hit the metal targst.

Electron

-

Magnetic Field Line
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» X-ray tube

i Lr. Hogndgen leir

The first tube source X-ray

(Roentgen )
« X-ray type

« For material characterization by x-ray
diffraction and medical imaging

BLASE
ENVELSRE CpE

JFILAMENT
LEADS

ORMIMG

TLMOETER ColLs
@ ARMATURE
ErCe /

LA =

———y

FILARMEMT

[} mouveoemum ROTATING
' | MECHK. PORTION
ELECTRON
EEARM f

X

Target : Cu, Mo, W, W-Re (Tungsten-rhenium)

source type

power / (mJ-cm s

electron bombardment (impact)

laser plasma
synchrotron radiation

0.01~ 0.1
0.01~1
10~ 100

®High atomic number
®Heat conductivity
®High melting point..
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\; X-Mat SHo| A5 A

wavelength of the order of 0.1 nm

photo-emission electronic structure
Many ways to (electrons) & imaging
use x-rays

diffraction crystall_ography
& imaging

NPFS scattering SAXS
W\F & imaging

/W\/\ /\/\/\/\ absorption

Spectroscopy
EXAFS
XANES

& imaging

fromthe synchrotron to the detector

fluorescence EXAFS
XRF imaging
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@ The Nobel Prize in physics 1914

“for hus discovery of the diffraction of x-rays by crystals”

Max Von Laue e~
-I | L P I.l' r' = ‘; = "
’ T":IIIJ"-'.‘ = . -
"‘“?f! .

¥ " "

Interference pattern observed by

von Laue and collaborators using a
photographic plate in 1912. The
2 large central spot is due to the
ﬁ\g unscattered X-ray beam. The dark
= spots correspond to directions

where x-rays scattered from crystal
(ZnS) layers interfere
constructively.

(1879-1960)

Germany

http://www.nobel.se/physics/educational/x-rays/what-4.html
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The Nobel Prize in physics 1915

“for their service 1n analysis of crystal structure by means of x-rays”

Sir William Henry Bragg  Sir William Lawrence Bragg

(1862-1942) (1890-1971)
United Kingdom United Kingdom

Determining the crystal structure NaCl, ZnS, Diamond,. ..

http://www.nobel .se/physics/laureates/1915/
http://www.nobel.se/physics/educational/x-rays/what-6.html
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SALE

radius of orbit
radiug of orbit
acceleration acceleration
Electron orbit

(relativistic)
radiation
field

electron
orbit radiation
field
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“—l;J;L» pulsed
N
qﬁm coherent

M
v Highly Polarized

- Energy tunable

with very high brilliance

=
@ R
=
T I

Solar Radiation

161
L White Light prodlced
by X-ray Genefator

Characteristic X-rays produced
by X-ray Generatg

-

100 10t 102

108 104 10°

Photon Energy (eV)
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Advanced Light Source(ALS)
Lawrence Berkeley National LAB
197GeV, 197m circumference

European Synchrotron Radiation
Facility (ESRF)
6GeV, 884m circumference

Advanced Photon Source(APS)
Argonne National LAB




e BN 2 E2A7IA34
Wl P2 Gesigga

L



TOA LIS

R153] ZB7|E UL LR 20



1988. O4. E%GIS72F A SHE
Ao'l X

1989. O7.

1991. O4. SGA IS ME -?-AI e
1994. 12. SBAESTISTI(PLS) &
1995. O9. PLS A0 823 "I1"I

2002. . MR 1/2 FT5= E=
= 2

2008. 1. EX ST 7 A &8 20FE
20089. Ol A IS 85 % B (PLS-Il) &4

2010. 12. PLS £%F= X PLS BN
2011. O6. PLSHI BX|& 7‘I N AIRD UE
2012. O3. PLS-Il SgA o823 THA|

2013. O5. AMIFH BAFTTIST] T4

2a23| 2017. 11. 3

57 Neriag st



\! FENKTEFLE T

1988 1991 1995 2009 2011 2012 2014

S <17 Y EPUMRIIST] EEUARIAT] MEEE AR Ae 4O BARIET] HEEY A 2E Gl
g AYBA 22 OIZHE Al FZBAAE
{

PAL-XFEL

TH X 651,048 m'

ANLO2| dIE/|=2FTTe| 4Ul/. 11 3 .= =
el SeslEaTEs e ARUTIESUME



HAP7H YO 5 ¥ X, MY

\! INES L

Tz 9 S el 2| faiais= DA S0 712H 715=0o} St 1S58 ME7 ST |olM
O|RofEICt, HXEB0| A A0FE MAl= 20| 160m2] MBIRET|E0M HI |2 ol 71
E|0f S9] 52 09 090097 %2 WaHAic) 4|24, S & Fu|7} & JHolc},

4 ol MRlo BF, MEY
MBI 20 JHEA FIEE EHXs S21Z0] 280m #EO| HEZIA 1041
OfAF 41X 23 SH| EiCh 0| HAEZ 21olA 24742 22 HXIAM0| 210jA FELT} 0] XM

Al miojct 1554 SRS elol HE AEE B4 =H, J8A YeE B o Y F,
LALLS EOLE ook

4= A}, dlzleol

0 252|0[Ef{Modulaior) @ S2H0 |2 E 2 |Klystron)
@ H7EBectron Gun) @ 7R Accderator Column)

-—

BRG] FERIDIA SIREIRA 0jis SARIS AEEAT} s TR 0Z0js A
Ofct, 240K W Bz S0 3| A1 BAK 0120] Foj A2l ¢2, 15E 77|
TR} EfUHA| HE BT, Dlo|AE SR8 2, Al Y S CiE Hojol4 i
o177} 0| OIS Bict

- I el gy T wwemearg

@ AR Saptum Magnet)

ZTo/A5/1dT

LHE7IESEIE




\; NS L

7= 0 atH|
EiR| 651,048 ni(202HY) ME 197'1F 45,377 ni(13,726%%)
MBS T70m(3.0GeV)

M™% : 12 Cells, DBA, E#1 281.8m

==t T1EF 307

TTNEH]  LCW, 154kV &R T

%A I 7(-II\'|I:I I“U‘olg_% BéI'AOI'I_II:JE I:Iol‘/\ I‘_T'.d‘

TR [ZEOf|A] EUANED TR = TAE! MR RIS, 210)| T YGELS 210
S0 T AT 1A STAPIEIA AR EMARS Al & OHBOI| 919" A3 Y|

EZNEIA1 L
27 veisigg e

153 X3 7|aA2483| 2017. 11. 3



PLS movie

www.Bandicam.co.kr

0o A o) Ej ‘1? :
B2 2017. 11. 3 ﬂ!’-) Al 7|&2g8HIE




, EmEEET

47|17} DY oAt
ENE M3 E HE,
42|2 wafer 2ET

o] [ N1

[l

HxlR| Y HA
Mo Hag

10 g Zo|2 YAEpM
Y E|RESE W= Eo| BHA

et =N E &3

olojlaE 2R,

ojo|=2 2 ojE2a N

1o

fol

®7H /XSS

M15%| A&7\ F423 2017.11. 3

3
3
e

1. 278 (Crystallography)
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2. 232 (Spectroscopy)
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i - L3 —
== 0|2 LCLS, 2009 &3 :
=— 04X 14.3 GeV, I& 0.15 nm [ ° 2= SACLA 2010 &3
4
U.S. LCLS, completed in 2009 X 8 GeV, TFE 0.1 nm

Energy: 14.3 GeV, Wavelength: 0.15 nm Japan SACLA, completed in 2010
Energy: 8 GeV, Wavelength: 0.1 nm

M SE2E European XFEL, 2014 $B(01)
OIL{X| 17.5 GeV, TFE 0.1 nm

EU European XFEL, completed in 2014
Energy: 17.5 GeV, Wavelength: 0.1 nm

R EY14 719174
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OFE (Wavelength)

=Hx—M : 1 am ~ 10 nm

= H¥=H : 1.0 nm ~ 0.1 nm

# 0,06 nmPix| &% 7K

AP Z0o| (Photon Beam Length)
— Mominal : 30 ~ 100 fs (200pC)

= Short : {5 #s {20pC)

= Ultra short @ {0.5 fs by ESASE scheme

2= walel (Undulator Beamling)
- F@X—H : 37|, [x—8 27| A
WS, 200EE, ESHI0E

IR B2 =R =)
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AMITH IS [23+ A - XFEL
\

PARAMETER PLS-II PAL-XFEL
%
Overall length of accelerator '_——a
280 m 1,700 m
, 100 Million times brighter 10 Billion times brighter than
Peak brightness than the sun the PLS-II
Temporal resolution Picosecond Femtosecond
Spatial characteristics Poor coherence Excellent coherence
Electron beam energy 3.0 GeV 10.0 GeV
Construction 1988 ~ 1994 [Operation) 2011 ~ 2014 [Under construction)
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The Hiddensee gold jewellery The Sky disk

of Nebra

Different composition found for
solder: higher Cu concentrations

The disk was manufactured in several phases
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Hair-protective and -beautifying effects of inositol

Incsitad, which is an ingredient of nce water, has the capabdity to Inositol
repaw damaged hair, as well a5 protect the haer from damage.

AZ
5
E as
?Eﬂ Permeability of inesitol into the hair
= K- Mhﬁsmmhgmdhﬁwmbﬂwu_ptmrm
el & 24 absorption mterssty of nfrared synchrotron radation. A kager
Ei number inchcates that there are more chemical bonds specific to
.! R incsitol. The figure on the right, in which wanm colors are highly
é vizible, shows that the mositol concentrabion = higher along the
i outer contour of the hair idashed linel. This is the first-ever

quantitative visualization of the penetration and persistence of
inostol, a hair-protecting mgredient, into the haic

Suppressing the worsening of hair elasticity due to
damage from perms (Protection).

10

Untreated Inositol treated

-

Development of hair-care products
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Non-destructive investigations of paint layers
with 3D pXRF

Kanngielter, Malzer, Reiche Nucl. Instr. Meth. 8 2003

iMarsry arh, un
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0 "'ﬁ':l 3 BN 340 .’.I'I: 30 ﬂl'l‘.l-ln?l'dll-'l 460 450 500

distance pm

| = two paint layers of 10 pm thickness
) SAMPLE AL

Museum of Indan Art, 5M Bertin | 5004(3)

Photographs of (top) Bank of the Seine (middle) View of Arles
with Irises (bottom) Flowers in a blue vase
by Vincent van Gogh,
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Left-handed meeats
right-handed DMA

SOLARSYSTEM
SURFACES
Europa's craters
lose their impact

THE HUMAM
COMDITION
Arewe still evolving?

MICROAR

Biachips with
everything

NATUREMDBS
Go bo work in genes
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X-ray Projection Imaging: 100 nm-100 pym

V

RS =
Wilhelm Roentgen  Mrs. Roentgens' |
(1845 - 19.23) hand {1895)

Shadow
on screen
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Transmission X-ray Microscope (TXM): 10-100 nm

sample ,@
capillary condenser stage  objective ZP

i

=i ﬂ

L g{Ephoton) l b{Ephoton}

M: M = const

g{Ephotc:un]
Beilstein J. Nanotechnol. 2012, 3, 345-350.
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Histology

Schulz et al., Scientific reports (2013) DOI:10.1038

_ Histology | wtad 2ast 24

6 pm 20 pm 210 pm
T LoEAMNL2E 400 &
23 keV 94T

_ IS99 4
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Transmission (absorption)

M. Bech et al,, "In-vivo dark-field and phase-contrast x-ray imaging”, Scientific Reports 3, Article number 3209 (2013))
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Sealed tablet - tax records inside
D.Owen, Univ Comell,

~10,000BC Nomadic to settliement transition in Euphrates delta
Small setiements — easy living — wild grains and wild animals are domesticated
Small - organized by the memory and verbal traditions of preliterate humans
3000-4000BC - rainfall reduction, imgation over distance requires organization
- human administration is required  -age of early civilization
~3100BC - first real human writings appear on clay tablets as record of goods in Cuniform scrij
The clay tablets do not recycle — many found in landfills, some are sealed,
Could smash them open to read the inside — but the trend is not to these days.

Sectional slice

The internal script reads:- "1 bushel (by royal standard) and 40 liters of barley, the
deficit from the field of Iridu, Lubaba received in the year the city of Urbilum was raided"
(= 2nd year of king Amar-Suena, 2044 B.C.E)

Part of knowledge accumulation as to how early civilization started.
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The bright X-ray pulse provides the image of small objects.
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semiconductor

Compurter

Display

MEMS

H152| TS7|edF+H

Memory device

system LSI

CCD, CMQS, LED,
photodiode...

LCD
PDP

OLED, e-paper, ...

Surface
micromachining

Bulk
micromachining

LIGA
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electron beam

high vacuum low vacuum

radiated photon beam Seunner

X-ray I|thography (LI = Lithographie)
Electroforming (G = Galvanik)
Molding (A = Abformung)

Development

electroformed

metal
Hard X-ray lithography(LIGA) /
metal mold
High aspect ratio MIC ROstructure insert microstructure replication
for mass production
hc
A= E = wavelength (0.6 ~34)
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Current manufacturing
> optical (laser) Ilthography

“
\ID-'S

TOLAY DOWN METAL LINKS
BETWEEN TRANSISTORS

PATTEENS ARF FROJECTED f f
KEW PHOTOBESIST IS SPUN FEPEATEILY DT‘TD‘MTE
METAL {CF% WAFER. AD 5TEFS 1 TO 4
COMNECTOR AR FEPEATED

H'I ARFAS TNPROTECTED
BY PHOTORESIST ARE
FTCHFD BY GASES

G. D. Hutcheson, et al., Scientific American, 274, 54 (1996).

Deep UV = Excimer laser sources

XeF = 351 nm

XeCl = 308 nm

KrF = 248 nm

ArF + immersion lithography

F2 =» 157 nm

Light
source

condenser

mask

reduction
optics

———=mmmsl______ image on resist
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73] 2017, 11. 3 PALZ ZSHE AT 2

oAl z
HN152 ME7|sdF+H o MAT|ERSHMIE




@ o Essu ooz &) - LIGA !

TINIEST FLYING HELICOPTER OF THE WORLD

Take-off at 40,000 rpm.

Helicopter (IMM, Germany)
A length of 24 mm and a weight of 04 g
The hellcop’rer ’rake off at 40,000 rpm

W WW W A AA RN R R

N15%| A&7 Fsd3 2017.11. 3 - ‘Z@ﬁi‘%’”“’*ﬂﬂ



OIIXIX] © ZSAIM -
\! r_ Ié-.- 171 ? - LIGA

- L, —

Racc Y Spot Magn WD
b0 kY D 36 46  postech

A Y .".||-:|I M qn W : : 1 Q0 gim

o0 kY S dbde b postoch

HMST WD29.3am 15.0kV x30
A

- - . | - L iy
2223 2017.11. 3 L~ ARA7|&SSHMIE]




! 5| HAHE LHAIE °HOF °I-1? - LIGA

fabricated actuator components

Schematics of micro biopsy actuator

assembled actuator
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213] 2017.11. 3 L Al 7| & SEHMIE]



B o4 Sttel Yool - A3 201y ? - LIGA

® Bio mimetic application

http://en.wikipedia.org/wiki/File:Lotus3.jpg

Sub-micro/nanostructure with combined
other nanotechnique

<http://www.sciencephoto.co/meia/50976/en|arg-e>

<NATURE |VOL 405 | 8 JUNE 2000>
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http://www.sciencephoto.com/image/150976/large/C0088252-Gecko_foot_showing_adhesive_lamellae-SPL.jpg
http://www.sciencephoto.com/image/150976/large/C0088252-Gecko_foot_showing_adhesive_lamellae-SPL.jpg
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