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(1) SAZE 2R

Ochang Multipurpose Synchrotron Radiation Facility

800 m
4 GeV
58 pm.rad
Seoul 'O
4GLS
280 (281.8) m
3 GeV, 400 mA
' 5.8 nm.rad
Jeju

(1) SALZE 2|5 SAIIET| 52

Energy (GeV)

v e N & ©

-

X-ray & mater interaction: scientific findings + material probing...
Related techniques: scattering, spectroscopy, imaging

Photoelectrons

XPS (PES) Scattering XRD

x-rays: n(hv)
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XAS
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Synchrotron (x-) rays : PLS }EF A [A] = 12,400 / Of| L X| E [eV]

2.5 GeV, 200 mA, 1% coupling
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| Radiation sources from Synchrotron radiation facilities
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(1) AR 2|5 AR time structure
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#2|: light matter interaction

o =20
X-d E4 24 7|8 scattering, spectroscopy, imaging
—

Photoelectrons

XPS (PES) Scattering XRD

x-rays: n(hv)

Transmittance

XAS
Photoemission /

Fluorescence

crystal structure,
atomic/ molecular
structure,

local atomic structure,

electronic structure,
elemental speciation,
bonding configuration,

Absorbance XAS

J

XRD: X-ray diffraction
N
W

oxidation state,
magnetic moment, ...

XPS: X-ray photoelectron spectroscopy
XAS: X-ray absorption spectroscopy

Anti-bonding state

2 sp° /
e p—

Dangling bond

/ Bonding
2s—4+4—/  configuration

W globalsing ComEM

:F'L— Valence
};“‘: band
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bonds of
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Energy (eV)
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Bands of
many atoms
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36 beamlines @ PLS-Il in e (N1

postech.ac.kr 4
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(3) "etel 7ls % 48 i

Hard x-ray:

Soft

PAL 2

Experimental Station

Scintillation
- Sample Counter
Undulator nﬁj.. T2 15 G Q\\(

ﬁv‘@i@{—@%——*—-

Slit Monochoremater  Focusing
Mirror

PLS
Storage ring

Collimating S|t Guard Vacuum Chamber

Slit Slit el

Detector

3C SAXS beamline @ PLS-II

X-ray:
Yy End stations
X-ray source: Monochromator
undulator radiation 1
b N 224
Exit End-station
Ent. — .
7 Slit
V] ulato HBDA ' vBDA Grating
e
e "
' u F ,\Q/ee{t‘;gsls HRt,)rifzontaI SPEM
ieldi i N ocus i efocus
Sh\lzladlllng Cor'\\/&lii?%ilng Pre-mirror Mirror ( C'\)/Illligg;r) Mirrors (spectromicroscopy)
(Toroid) (Plane)  (Cyiinder) (Cylinders) End-station
Distance | | | | | | |
from source (m) 184 209 24.9 339 346 35.2 39.2

(4) Bi2tel 71524 ClE|Y: x-ray property in material

X-ray: transmission through material

Below ~10 keV, transmission through materials is very weak.
X-ray absorption induces heating inside material.

n(w): refractive index is slightly less than 1
refractive index in air or in vacuum is ~1

Refractive index, n

d Infrared | Visible | Ultraviolet | X-ray

IR uv DM
Ultraviolet

X-rays and extreme ultraviolet radiation; 2" ed., D. Attwood & A Sakdinawat, Cambridge Univ. Press, (2016).
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(4) el 71522 CIHY: x-ray property in material

vacuum propagation

¢-shift

E(r, 1) = Eoefi(wrfk-r)
E(r, t) = Ege iler—(@/c)(1=5+if)r)
E(r, I) — Eoefl'w(rfr/r) e*i(27r§/l]r e,(znﬁ/”r
— — " ——

N —
decay

| n(w): refractive index |

nw)=1-8§+ip

=1- 2222 [ () ~ iff ()]

Atomic scattering factors

r, : classical electron radius
wg : X-ray resonance
n, : number density
y: dissipation factor

| complex atomic scattering factor | . Si . Si
Refraction (Z=14) Absorption (Z=14)
2 15 | 10'
—gsw — s
P@=) e l e\
Sw—ws-i—lyw fo s / ‘ 0
1
0 \/ * 0!
o(w) = o w)— i o w -5
fow) = ££(@) = iff (@) =
10 100 1000 10000 10 100 1000 10000
i (eV) fio (eV)

Courtesy of E. Gullikson, LBNL

X-rays and extreme ultraviolet radiation; 2" ed., D. Attwood & A Sakdinawat, Cambridge Univ. Press, (2016).

(4) Bi2tel 71524 ClE|Y: x-ray property in material

CXRO homepage

| transmission through a thin film

<« C | @ henkelblgov/optical constants/

THE CENTER FOR X-RAY OFTICS

X-Ray Database ©

Nanomagnetism

Introduction
Access the atomic scattering factor files.
Look up x-ray properties of the elements.
The index of refraction for a compound material.
The x-ray attenuation length of a solid
X-ray transmission
« Ofagas.
X-ray reflectivity
+ Of a thick mirror.
« Of a single layer.

SHARE

X-Ray Interactions With Matter
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(4) el 71522 CIHY: x-ray property in material

< (& @& henke.lbl.gov/optical_constants/filter2.html

Filter Transmission

Choose from a list of common materials: [ESITMUNERS

Chemical Formula: [SEN

Density: gm/cmA3 (enter negative number to use tabulated values.)

Thickness: microns
Photon Energy (eV) v [GEREECRIEIGN 10 RN 1000 in steps (< 500).

(NOTE: Photon Energy must be in the range 10 eV < E < 30,000 ey 2nd Wavelepgih
< 124 nm) henkelbl.gov/cgi-bin/filter.pl

To request a press this button: e

To reset to default values, press this button: 54

Filter Transmission: data file here

(4) Bi2tel 71524 ClE|Y: x-ray property in material

Normal YAF A 2E7] o4 Z 1!

X-ray: reflectivity at surface of material

Reflectivity
82 + 2
4

Rs (900) =

C @ 0.4nm,
§=4.9x10% 8=5.71x107

Ni @ 4.13 nm (f°=17.8 £,°=7.70)
§=0.0124, § = 0.00538

Au @ 1keV
6 =10.0021

X-rays and extreme ultraviolet radiation; 2" ed., D. Attwood
& A Sakdinawat, Cambridge Univ. Press, (2016).
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(4) Bi2tel 7|5 24 ClE|Y: x-ray property in material
HHO|M 2| (grazing incidence) & AtZtat of| L X|of| [}2 BEALS

Center for X-Ray Optics

ani
Advanced Light Source

X-RAY DATA

BOOKLET

Aert Thompson ~ Ingolf Lindau
David Attwood Yanwe Liu
Erc Gullkson Piero Pianetta
Malcolm Howells ~ Arthur Robinson
Kuang-Je Kim James Scofield
danos Kirz James Underviood
Jettrey Kortright Guyn Willams
Herman Winick
October 2009

Lawrence Berkeley National Laboratory
University of California
Berkeley, CA 94720
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(4) atel 7524 CIHY: x-H ZE|

Practical optics scheme for x-ray beamlines ...

visible light,

soft, hard x-rays [

glancing angle
K-B or toroid mirror

--------------------------------- ---- focus in both x-y directions

2022-07-14
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(4) Yl 7sa 4 ClHIY: x-M FsH

- o~

Toroidal shape mirrors: tangential and sagittal directional curvature

K-B mirror set0] X2 3R &

()
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(4) 2atol 71594 ClHY: x-M ZsHA
‘ &l 2t 9l Kirkpatrick Baez (K-B mirror)0l 21 0il ray tracing & &5t= 0l

Source
Parameter size unit
. Number of 10000 _
Random rays
2 Sigma X 0.001 cm
3 Sigma Z 0.001 cm
4 Sigma Y 0.1 cm
Horizontal
i 50 prad
Sigma
Vertical
3 50 jrad
Sigma
7 Energy 10000 eV

(4) Wat! 71524 CIHY: x-H Z

21 2}9! Kirkpatrick Baez (K-B mirror)0|2{0fl ray tracing = £06l= il ‘

iﬁ ))) Beam — Input Beam f { 8 Beam — Input Beam | 8§ \ Beam — Input Beam g =

Geometrical Source Spherical Mirror (HKB) Spherical Mirror (YKB) Screen-Slits

R xz | XX |22 Evw | Foornt

Xzeon@ A+ Gpa
XZ

ToLosi e
R

Y

Kirkpatrick Baez (K-B mirror)
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0
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0z
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e
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Monochromator: THH3}EHK|

Hard x-ray:

Defining

Slit Meonochoremater  Focusing

Experimental Station
- PLS
Storagering Scintillation
\‘k Sample Counter
i e
Undulator nﬁj |) e %j l .

Guard Vacuum Chamber

Mirror = Ccch
Slit Detector
3C SAXS beamline @ PLS-
Soft x-ray: End
n
X-ray source: Monochromator stationls
undulator radiation '1
Ent Exit End-station
u7 e i
Undulato/ / HBDA Sit vepa Grating
' ;II T Vertical
F Refocus Hé)rifzontal
Shieldin, i A ocus : efocus I
i 9 Coﬁﬁfg?lng P(rgi;nr:rer;)r Mirror (C’\;Illil;ll—g;r) Mirrors (spectromicrosco
(Toroid) (Cylinder) (Cylinders) En dPsXation
Distance | | | | | |
from source (m) 18.4 20.9 249 339 346 35.2 39.2

PAL >

Monochromator elements for hard & soft x-rays

wavelength A [A] = 12,400 / energy E [eV]

Hard x-ray:
energy > ~ 4 keV
monochromator: single crystal
less absorption in air

Soft x-ray:
energy < ~ 2 (3) keV
monochromator: grating
strong absorption in air

single crystal

periodic
spacing
(grating)

2022-07-14
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Monochromator type: double crystal vs. grating

e

>

Double crystal monochromator in x-ray beamline.

Plane grating Zeroth order beam

First order diffracted beam

cos
cos

B

dispersion relation: =2.24 (U7 beamiine)

sina+sinB=NkA

Plane pre-mirror

Modified plane Grating Monochromator.

. =

Entrance and Exit slits = can be in fixed position

Crystal monochromator in x-ray beamline.

2dSin@ =X

A HE //
-]

/

[ ]
[ ]
]
[ ]
®
]

nA = 2dsin @

2022-07-14
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dispersion relation:
d(sina —sinB)=kA

d: period = 1/N

VIA-PGM
(Variable Included Angle Plane Grating Monochromator)

\ .

| 32 g focus mirror
/7 ]
I i '
entrance
slit

pre=mirror o included angle

defocus term: 1/2 (Cos a? / r+ Cos B2/r) =0
Cosa/CosB=C
r=-rC?
C=2.24

dispersion relation: Sina + Sin =N k A

2022-07-14
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10A B2kl 255 G Al Atell: &2kl £ 2|0l A} 0 ray tracingS = S8t 0l

N

Gratings | ———
G1, G2 I
I = I
llllll..iq/;l;,f_} V @
EEEEEEEE ;f_:r ;53 @

COT

getel oiux] 2ois 2ol

Shielding Exit
Wall Slit
1,700 1,900 2,300 3,150
v | | ‘ 2600 : 3,400
I I I I f
0 200 400 300 550 250

Soft x-ray beamline 74 A}2|: 8A U7 undulator beamline
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Schematic of U7 undulator beamline

Plan view

6 deg. Es1
s2 Mv Mh2
—f——— ES2
—
Source S3
4 deg.
Monochromator
Elevation view s\2 S3 Est
|
S1 Mp &  Mf : |
T | ES2
| 4 deg.
4 deg.
' |
unit; meter

HBDA: Horizontal beam defining aperture, M1: toroidal condensing mirror, S1: entrance slit, Mp: pre—mirror,
G: grating, Mf: focus mirror, S2: exit slit, Mv: vertical refocusing mirror, Mh1,2: horizontal refocusing mirrors,
S3: pinhole, ES1: endstation for high-resolution spectroscopy, ES2: endstation for spectromicroscopy.

H.J.Shin, J. Korean Phys. Soc. 34, 350-358 (1999)

U7 design parameters

electron energy (e) 2.5 GeV
period length (A) 7em
number of period (N) 61
horizontal emittance (&) 18.9 nm rad
vertical emittance (z,) 0.189 nm rad
Bx 10m
i 4m
beam current (I) 02 A
number of bunch Pl
repetition rate 1 MHz
pulse width of each bunch 17ps
M1 Mp G Mf Mv Mht Mh2
shape toroid  plane plane cylinder cylinder cylinder cylinder
coating material Au Au Au Au Aun Au Au
substrate Glidcop S1 St Glidcop Glidcop Glidcop  Glidcop
incidence angle (degrees) 2 variable variable 2 2 3 2
tangential radius of curvature (m) | 105447 infinite infinite 3412 26-37 190-3000 55-100
sagittal rading of curvatmre (m) 11336
tangential slope error (prad) 13 0.5 0.5 05 3 5.5 14
sagittal slope error (urad) 6
surface roughness (nm) 16 05 05 05 06 05 06
clear aperture (mm x mm) 320x50 756x35 150x55 700x50 70x20 200x20 200x20

Line density (ines/mm) Groove depth (nm) Photon energy (eV)
60 150 30-75

120 50 70-190

400 17 190-500

1100 6.5 500-1400

2000 4 1000-2000

H.J.Shin, J. Korean Phys. Soc. 34, 350-358 (1999)

2022-07-14
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S =3d?[Sin6; 1", (CosO;/r,,, -1 /R, ) /1, - Sin6;(Cosb;/1',, - 1 /R )] /2 : Spherical aberration
Cos?B /Cos?a = -1'/r = K2

o and B are incidence and diffraction angles at the grating

r is the distance between the entrance slit and the grating;

r' is the distance between the grating and the virtual image

Spectral resolution

L Rentrance = NKAL /(COSOL Weprance)
Entrance slit size Wenrance 18 Width of an entrance slits
Diffraction limit effect at grating N i1S< the groove density and k is the harmonic
. Rig=Nkw

Slope error of the grating w: illuminated width of the beam at the grating
Slope error of the premirror Riope = Nk A/ (Cos6 4y)

) ) v is the slope error at each optic
Coma aberration of the grating R, = (2NkL)/ [3d? (Cos2a Sina. / 12 + Cos?B Sinp / 12)]
Coma aberration of the focusing mirror d is the half size of the footprint

e s R comame = NKAT' /(Cos B S gmame)s

Exit slit size Scomams 18 the size of the coma induced by the focusing mirror

Ry = NI /(CosB W)
Wi, 18 width of an exit slit

Simulated specification of the U7 beamline

Spectral brightness of the X-rays from the undulator.

Electron energy = 2.5 GeV, beam current = 200 mA.
Magnet period length = 7 cm, number of periods = 61.
Magnet field = 1 Tesla (max.)

Repetition rate = 1 MHz.

Number of bunches = 250, pulse width of each bunch = 17.

oo

T == TN]

Photon energy (oV)

Spectral resolving power of the monochromator.

Diffraction limit caused by the illuminated width at the grating.
Slope error effects at the grating, premirror, and focus mirror.
Coma effect from the grating surface.

Coma effect from the focus mirror.

Effect of the entrance and exit slit sizes.

EEzcsnu

Spectral Resolution

Total flux at endstatoin.

Reflectivity at each mirror.

Throughput through the entrance slit.

Throughput of the monochromator.
Reflectivity of the pre-mirror, grating, focus mirror.
Diffraction efficiency at the grating.
Throughput through the exit slit.

Log(flux[ph/seci0. 1%BW])

0200 400 600 800 1000 1200 1400 1600 1800 2000
Photon Energy (eV)

H.J.Shin, J. Korean Phys. Soc. 34, 350-358 (1999)

2022-07-14
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Soft x-ray beamline = 2F Al2[: 8A U7 undulator beamline

Assembly drawing of a VIA-PGM monochromator main chamber

+ ] k3 ]
I |

+ 5 =

grating

Oth order

stop
pre-mirror focus mirror

IEEFH \ g5 11

S

=1

‘ e
IC [ ] il
7p|=n ifro)
?/
e
premirror
& grating scan scan &

2022-07-14
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Monochromator chamber2| 2|8 2&

Assembly drawing of a monochromator

monochromator

main chamber Xt

slit

entrance
slit

e

~40 meter
from source

H
; 1
18 en == &4 =) &8 30 i j 26 a8 40

20



8A, U7 beamline

SPEM endstation
+ XPS endstation

~40 meter
from a source

~16 meter
from a source

H. J. Shin

Entrance slit

‘ Diagnostic paddle ‘

2022-07-14
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Refocus mirror

Manipulator chamber
(Vertical refocus mirror)

Manipulator
(Horizontal refocus mirror)

Refocus
mirrors

Magne
filter

Photo of SPEM branch

tic . :
Pinhole '
CXRA
chamber & speckle

2022-07-14
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SPEM operational since ~1998 yr. at the PLS ‘

electron energy analyzer

X rays

x-ray lens

scanning
(ZP) holder
OSA

sample stage

holder

Focused x-ray size:
200 nm ~ 1 um

8A1 beamline, PLS

Z7| 8A1 SPEM main chamber
assembly drawing

sample scan:

OMNI-AX x,y,z,r stage electron
PZT x,y stage analyzer HSA sample
preparation and
transfer

photo-diode
{ SCA
=

=

@
g

OSA manipulator:
X,y,Z stage

zone plate manipulator:
inchworm x,y,z,r stage

2022-07-14
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Recent shape of VIA-PGM monochromator main chamber _

copy
nochromator

Crystal monochromator for hard x-ray beamlines. _

24
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Hard x-ray beamline components: schematic

X-ray intensity measurement: lo

X-ray position measurement:
y P lon chamber

PBPM, QBPM

Experimental Station
z PLS | p ‘
Storage rin: Scintillati
T " . ¥ l Sample cg‘:""“:efon X-ray cco
P ——

Ty iy l
Undulator kc

Df@jﬁb}@l@%:

Slit Monochoremator  Focusing

Mirror CD";T_ﬁ‘i"Q Slit Gua_rd Vacuum Chamber e
It Slit Detector
3C SAXS beamline @ PLS-II
XRD setup
Fluorescence detector setup
lon chamber

-The end-

Thank you for your kind attention !
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