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 Synchrotron Light Source
 Application of Synchrotron Light

« X-ray nano probe at TPS




“Light” is indispensable to man‘s exploration of nature.
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Rontgen used a simple accelerator to discover X-rays
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Hand mit Ringen (Hand with
Rings): Wilhelm Rontgen's first
"medical" X-ray, of his wife's
hand, taken on 22 December
1895 and presented to Ludwig
Zehnder of the Physik Institut,
University of Freiburg, on 1
January 1896.

http://en.wikipedia.org/wiki/X-ray
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http://snallabolaget.com/?page 1d=666
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Characteristic X-ray emission

Intensity

nucleus \..
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Electromagnetic wave from a moving charge
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A Synchrotron Step by Step

storage ring quadrupole
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A brief history
* First observed:
1947, General Electric, 70 MeV synchrotron
* First user experiments:
1956, Cornell, 320 MeV synchrotron

* First insertion Device:
1979, 7 pole wiggler, SSRL

* 18t generation light sources: high energy physics synchrotrons and storage rings
used parasitically for synchrotron radiation — eg DESY (Germany), INS-SOR

(Tokyo), SPEAR (USA), (1960’s, 1970’s)

« 2nd generation light sources: purpose built synchrotron light sources, eg Photon
Factory, NSLS, Daresbury (1980s onwards)

« 3" generation light sources: optimised for high brilliance with low emittance and
Insertion Devices; SPRing-8,ESRF, APS, Diamond, ...(1990’s onwards)

* Free Electron Laser sources: FLASH (Germany), LCLS (USA), SACLA (Japan),

FERMI (lta|y) _— (2000’8) Generations of Synchrotron Light Source
* Next?? 1st generation: parasitic source
2015 (heinon School
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2nd generation: 3rd generation: 4th generation:
dedicated source low emittance free electron laser
with ID’s




Third Generation Sources: Undulator Insertion Devices

1st, 2nd Generation

Circular
electron
~, motion

Continuous
circular
trajectory

Photons

Bend Magnet
Radiation

X-ray
light bulb

Photon flux

Photon energy
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electron beam
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Angular distribution of synchrotron radiation emitted from various magnets

e trajectory in an ID
Wiggler or undulator
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Unique Features of Synchrotron
Light Source

High intensity

« Continuous spectrum 10°
« Excellent collimation e
. . . = . = s
« High polarization g ﬁﬁmﬂzﬂ%ﬂﬂ
« Pulsed-time structure e |
, £ o | EREEEL A
IXEG B> R4 FRAE B |
ST BB R R BAX KBRSl
= ql;} l_ﬁ:f): ) Pt e % %}iﬁ § O 1wz nses
Qﬁﬁp&lﬁup'ﬁé%ﬂi}l@; § L
Q 10°
g ‘ﬂ e ARk AN E A € | X SRR
B EIEE o NAFIRR R,
. : S X B O
/});7 }il m-;ﬂi' ‘L;bl‘/Em‘LT# l l ! /I\
IR f__,,_ %‘%’ d & .H} ‘}F E’,? SR oo ;}gg-—v 10" 10° 10° 10" 10° 10' 10°
AT - A S B R RE HIER iy
> X 2 e Iz HFEEE : —RBARKTF AR (V) —EFRIFREFEARDEB—RITEEMESLNRES o
AT T A P B oo © ERE : EBOBRABRB TN EIERATH -

&) B A s wvis + <

J  National Synchrotron ch Center




Next Step - X-ray Lasers? Yes = FELs
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e-gun linac undulator X-Ray Laser
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Coherent diffractive imaging of single particles

by the diffraction-before-destruction approach

_4012-13
10'<7° photons 100 n
- 10 keV focus

-10fs pulse o |

O' — ~102! chm2

\\ &\

2 fs pulse (FWHM) . ;
O fs 2 fs 5 fs 10 f< = -

Calculations. in vacuum Neutze et al., Nature 2000
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Eo= ftv = hc /X
h=6.626 x 1073*7Js
2.9979 x 108 ms!

12.3984
AA] = ot €
p E [keV]
Size i k . ’ff: % (®

Electromagnetic Spectrum

Taipei 101 Mall People Butterfly Cell Virus Atom Nucleus
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Photon energy
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pbeamliine

Optics hutch

Experimental hutch
End stopper

/ | ryeloppe  Burehdeer

Monochrometer

Shield wall of storage ring

For safety
When we operate a main beam shutter (MBS), what happens ? -

A
X-ray -Abslorber ( Abs ) » Beam shutter (BS)
to protect BS from heat load

to shield you against radiation

, A block of
33 kg A block of
is moved 30~46 kg

is moved

(=) B% 7 5954

(copper that is dispersion-strengthened
National Synchrotron Radiatio

Heavy metal the thermal conductivity
with ultra-fine particles of aluminum oxide)

(alloy of tungsten) not so high




If an optical component is irradiated
by too much power ....

One user opened FE slit excessively.
2kW Melted

9 ™

Damaged area
LN2-cooled
Si crystal

Slit : “Too much is as bad as too little”

RE S EHMFFTR P
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Overview of

x-ray focusing devices

aberration

. aberration
. . focus size, energy | o
Diffraction fo[ceﬂelf;ﬁh range | o atic
-figure error
12 nm, -coma
= f=0.16 mm small
4 .)) } [0.7 keV], soft x-ray | -chromatic
b= 30 nm, hard x-ray | exist
f=8cm -figure error
Fresnel Zone Plate [8 keV] small
0.3 pm, -coma
f=22cm small
[12.4 ke V], 8-100 [ -chromatic
0.5 pm, keV exist
=90 cm -figure error
Sputter sliced FZP [100 keV] large—small
A -coma
small
AR 2.4 pm, . .
< @ £=70 cm mainly —chr(?matlc
hard x-ray | exist
\ [13.3 keV]
-figure error
Bragg FZP small
16 nm(1D), -coma
_ _ f=2.6 mm large
< ;:A [19.5 keV], mainly | -chromatic
25nm X 40nm, | hard x-ray | exist
= f=2.6mm.4.7mm -figure error
Multilayer Laue Lens [19.5 keV] small

focus size, emergy |
Refraction fo[t:;l;:ng],th range [T
&y -figure error
1.5 pm, -coma
f=80cm small
[18.4 keV], mainly | -chromatic
1.6 pm, hard x-ray | exist
f=13m -figure error
Pressed Lens [15 keV] large
-coma
47nm X 55nm, small
—‘@W’ f=lcm, 2cm mainly | -chromatic
[21 keV] hard x-ray | exist
-figure error
Etching Lens small
Reflection
-coma
7 nm X 8nm, large .
soft x-ray |-chromatic
F=7.5em hard x-ra not exist
[20 keV] Y
-figure error
Kirkpatrick-Baez Mirror small
-coma
0.7 pm, —cls':l)zg‘:atic
ﬁ— f=35cm <10 keV not exist
[9 keV]
-figure error
Wolter Mirror large
-coma
large
95 nm, soft x-ray |-chromatic
[10 keV] hard x-ray | not exist
-figure error
X-ray Waveguide large

National Sy
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World Map of Synchrotron Facilities

v". S r r
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’ Diamond - # . MAX-Lab
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Outline

« Synchrotron Light Source
 Application of Synchrotron Light

« X-ray nano probe at TPS
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Absorption

E(z,1)=

E(Z,t) E —n[kzef(ang_w;)

_wr -

/g
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absorption coefficient

a LI LI L 1 LB L] b
(a) 100 _/\I’ 1 ] (b) i I
5 — - —— 3
1\ Pb i = T ¥
= M3 = . 3P,z
'E 1 — — 3s
=
- 10—2 — 3 — — 2Py
L2 — 2Py
1 — 2s
104
pial Ll L il |
102 108 10*
Energy [eV] K1 1s

Figure 2.16 (a) The x-ray absorption coefficient jv for beryllium (red curve), silicon (yellow)
and lead (blue) as a function of the photon energy. (b) Sharp increases in the absorption occur
when the photon energy is just sufficient to eject the electron from the electronic orbital to
the continuum. The x-ray absorption (left) and atomic orbital labellings (right) are shown.
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Transmission X-ray Microscope (TXM)

zone plate

energy: 8 keV
3D tomography
spatial resolution = 60 nm

condenser
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Photoemission Spectroscopy

Energy Distribution

Curve (EDC)
Photoelectrons
O Y 1 ? KE = hv-BE-¢
4
g || R o3 .
| . Iy |+ )

Selection rule: Al==x1
A m, = 0 ( linearly polarized)
A m,=+1 ( L. circularly polarized)
A m,=-1 (R. circularly polarized)

. ) B3R E S8 43T F
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HAXPES = Hard X-ray photoelectron

spectroscopy
UPS = ultraviolet photoelectron spectroscopy HAXPES
XPS = X-ray photoelectron spectroscopy ’O
/
ARPES = angle-resolved photoelectron XPS
spectroscopy
UPS

ARPES /‘

vacuum level — % ; // /

Er

/

core level )

-
.
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“Crystals”

GaN (hexagonal) crystal cluster grown by
hydride vapor phase epitaxy

Sand Rose of gypsum
(& F) crystals

}) @R A S4B b
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Bragg Law - X-ray reflected by the (hkl) planes

_ - Path Difference L = 2d,,, siny
E — Eoerff\"}‘—cm)

Constructive interference: I = nA

]%hase difference ¢=k L
£

Bragg Law: 2d,,, sinfg = nA

‘ D insin 0, = 2‘;1'L =G,,

hkd

In terms of diffraction, two key characteristics of a set of crystal planes :
1/d and orientation

@) mumsmumtn
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Single Crystal Diffraction - Laue Diffraction

*Method: stationary

*Light source: a polychromatic ‘pink’ beam (e.g. AE <1 keV @ 10 keV))
*Applications: orient single crystals, determine their crystal quality,
dynamical studies of transient crystalline states (time-resolved study)
*Disadvantage: not well-suited for determining the full atomic

structure of a crystal area detector

overlapping signal

single crystal /

‘pink’ beam

Intensity

Threshold energy

I . _ BRE */F‘ﬁgﬂj'ﬁf% s
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reflection Fluorescence
—> x-ray absorption

' /
| : - h 14 Spectroscopy - PES, XAS
Inelastic X- -ray “‘J ) o o8 Structure:

scattering o> 2::;4’4’4'4’ 0¥

o scattering, diffraction
R <, ray imaging:
spect1 OMICroSCopy

small-angle X-ray
scattering

J5\ & $BAFHTIT P &
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Synchrotron light source is a powerful tool for basic and applied studies in
physics, chemistry, materials, biology and medicine, and their many subfields.

/' National Synchrotron Radiation Research Center
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Condensed-Matter Physics

Electronic properties of novel
materials can be revealed with
X-ray scattering.

- —. E e O] g S— - o
La()_SSr] .sMn()4 (Source: website of Railway Technical Research Institute, Japan)
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Energy Science

O
Cathode
& 0y
O em—

Li —

L Calr

LiCoO;, Specialty Carbon

structure € - electrochemical properties of
electrode

‘ develop novel electrode materials.

BRE S BT P&
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Biological structure: protein crystallography

(1) crystallization

(3) determination of heavy (4) determination of molecular
atom position structure

/' National Synchrofron Radiation Research Center
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A protein structure

N,, C,N (7= 1-3), CN,, (CN),,
memt HCN,, HC,N, C(NH),, HN,, HNC,
HCN, HCCNH* and NCCN*

Titan (Saturmn VI)

B R/ - 98551 5L P
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Accelerator Facility
=

Storage Ring
(1.5 GeV)

Circumference =120 m
I =360 mA

(one minute)

“dff”f * Linear accelerator (50 MeV)

Taiwan Light Source (TLS)

Bending Magnet
Quadrupole Magnet
Pulsed Injection Magnet
Sextupole Magnet

RF Cavity

Insertion Device

Top-up injection implemented in Oct. 20035

" AN

Booster Ring

P — ——— - e (1.5 GeV)
}_____,—-"""F -.-HK .
- * Electron gun (140 keV) =

* Booster ring (50 MeV — 1.5 GeV)

5‘-}:1 %tga:rrmt P
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TLS Experimental Hall
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Taiwan Light Source —_ "m0

TX Microscopy 01B

24A WR-SGM
x_ EXFAS/Power XRD 01C
23A SASX e

High Flux CGM 03A

21B CGM (ARPES)
21A White Light

Seya 04B
SR CD 04C

AGM-AGS 05A

1.5 GeV, 300 mA,

=
20A H-SGM < Top-up \\s-:attering; PEEM 05B

Superconducting RF X-ray Scattering 07A

(=)
..L :

19A Lithograph

188 LIGA I Lol D54

IR, VUV: 5 \ AGM 08B
17C EXFAS Soft X-ray: 10
17B Scattering.. X-ray: 12
17A Power XRD <PEM 09A
16A Tender X-ray 5@4"& f*‘l/

1p.5‘1:| o Dragon 11A

15A Drug Design B e
______________________ L b
14A IR Microscopy o X-ray Scattering 13A; PX__13B, 13C
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TPS provides opportunities for scientists to reveal electrons,
spins, and lattices, covering a wide range of applications.

Imaging

seeing the invisible with coherence

Scattering

unraveling structures
through interference

71
FER%

pectroscopy

exploring electron interactions via the
change in energy

FE S EEAITII F &
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Comparison of Brilliance between TLS and TPS

The X-ray spectrum (photon energy 8 keV - 70 keV):

the brightness of bending magnet >102.

the brightness of IDs: 4~6 orders of mag.

Brilliance (ph/s/0.1%bw/mm-/mr (0.44)

A .I;_I.E.:-;Elnl "_\ IL22 By |“III
-TPS 4 \N\

1{;'3' Tal a4 sl 107 el ERTTT R RErT] .
10’ 10° ig* ! 10" 10 10° 10° 10°
Photon Energy (eV) 5 Fhoton El"'lﬂrg'_'l‘ [QV}
]
@'-Flfﬁﬁgﬂ:rﬁfﬂ.‘.q’ S

National S
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o 30k 13 2 ]
(REFORM)

2010-02-10

Groundbreaking
2010-02-07

2013.01-18
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Taiwan Photon Source (TPS)

SHERTFRE—BRE
2014. 12. 31

&) BRAS mmwis +

chrotron Radiation Research C




TPS will brighten the future of scientific discovery.

Scanning transmission X-ray image

Laue, monochromatic
diffraction

Area detector

: ‘rea detector
\ Drﬁeren/ aperture Wy
X-rays focused % Fluorescence - ¢ [

Sl detector
Focusing optics: £ =3
to 100 ~30 nm e %m,, -

'SEM & FIB IRy Ladd X-ray absorption
/ ; ‘ --;:_.‘..\ spectroscopy

Laser
annealing

T

e ——.
R ——

[ e
n - Fi oy
- F4
. if S
y Optical information
g i CL & PL,Raman
Undulator «~* Surface information  # r“
" AFM,STM, ...

Microstructure &
positioning

26
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The user operation of the TPS will begin in 2015.

0oA Temporally "
P Coherent XRD ase -
07A Micro-focus PX 13A SAXS
05A Protein  °/BFPX

15A High-resolution powder
Microrystallography . 15B Micro-crystal diffraction

18A EXAFS

24-cell DBA

" 21A
IDx12m X 6,7 m X 18

Submicron XRD
"' '*. 224 TXM

spectroscopy ) 23A Nano-probe +
45A Submicron 4 o \
soft X-ray S ; 4 W 25A Coherent
e ™ " ®| Scattering (SAXS)
43A Soft X-ray & '

spectroscopy 4 . "\ _ L ¥V 27A Soft X-
ray

.

Nano-ARPES  Beamline Plan of TPS 25

Y) B/ 4TI
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% National Synchrotron Radiation Research Center

@ B 55 5 S84 50 b

The first synchrotron light
from TPS (December 31, 2014)

20154 % & B A FRMAF 0 — &

|

M4 5 —FRE=F:
T 22448 WRFIRAE
iy (KEKB) & 10 & 5 #5485,

|

1045 H v %
TPS & % —#ATH kR &
R

LIGHTIN
OUR LIVES
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Outline

« Synchrotron Light Source
 Application of Synchrotron Light

« X-ray nano probe at TPS
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Nanoprobe project is in the first phase at
O5A Protein TPS

p-crystallography 09A Temporally
' Coherent XRD

45A Sub-pum 21A X-ray
soft X-ray ~ NanoDiffraction
Spectroscopy S

W 23A X-ray
Nano-probe
< .

25A Coherent
X-ray Scattering

41A Soft X-ray Scattering



X-ray Methods:

With tens-nm resolution (incoherent)

TAIWAN TPS 23A

» nano-XRF (x-ray fluorescence)
 Element-specific nanoimaging
» nano-XAFS (x-ray absorption fine structures)
» Local electronic structure
« Local chemical environments
 Element-specific, averaged over nano-size area
» nano-XEOL (x-ray excited optical luminescence)
« X-ray-to-visible down-conversion efficiency in
nano phosphor
* nano-PXM (projection x-ray microscopy)
 Absorption and phase contrast x-ray images

Beyond sub-ten-nm resolution (coherent)

*nano-CXDI (coherent x-ray diffraction imaging)
 Bragg-ptychograpgy
» strain dynamics in nano-devices
Other than X-rays

Beamline specification
Energy range : 4 - 15 keV

Photon flux :
1010 ~ 10 photons/sec

Energy resolution :
< 2x10-4 with Si(111) crystals

Beam size :
~ 40 nm at 10 keV (H x V,
FWHM)

High-order harmonic
contamination :
<1 x 10+

Energy scanning capabilities.

*SEM (SE, EDS, CL with high spatial resolution)

Fly scanning

(3 BRASEHFIIL P~  Nanomotors (optional)
«Sample environment -heat, electric, L-He (optional)

J  National Synchrotron Radiation ch Center
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Optical Layout

Expected Beamline performance Features

»2-stage Horizontal focusing
»Horizontal DCM

»Short in length (<70 m)
»Windowless

Energy range : 4 - 15 kev
Photon flux : 10'9~10"" photons/sec
Energy resolution : < 2x10- with Si(111) crystals
Beam size : ~40 nm at 10 keV (H x V, FWHM)
_ _ o »Vertically coherent
High-order harmonic contamination : £1 x 10-3 Undulator

: . » Montel optics
Energy scanning capabilities.

Screen 1
- -6
Vacuum environment 1x10-° torr HDCM
Screen 2

HFM 1 Aperture

Screen 3 Slits 1

Screen 4 Slits 2

HFM 2
Screen 5 "

Slits 3
Slits 4

Slits 6

Nested K-B
(Montel) mirrors



A Time-average 10 keV X-ray Brilliance
105 1

Photons/sec/0.1%BW/mm2/mrad?

102

1000
500 |-

100

W
o

Nanometers
T T [TTTIT

-
o

TTTTT

—

o

N

w
[

1021
1019 |-
1074
1015 |-
1013

101

T T A
4th
Generatio

A
A 2nd
Generation

X-ray Tube

1970 1990 2010
Year

10 keV Spot Size

® KB Mirrors
4 Zone Plate
e Multilayer Laue

5
1996 2000 2004 2008 2012

Year
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1. nano-optics: Montel mirrors

A I - |
| MM\ ey M AAMHM\/\M/AW
Rkt b kel e

—On the edge
—on 0.5 mm from the edge

E
% 0 d) I Bt =| A "I-l|. L IR L A llllli'%.lll il l'""|""|l"'ll1-'||' .II!FI' I i Itlﬁm
Mirror 1 0.042 0.135 (nm) -
(urad)
Mirror 2 0.039 0.142 (nm)
(urad) No crack at edge is observed by
Optical microscope
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Simulation of Focus Spot

Simulation at 10 keV, average reflection=0.802, by ray tracing
Source size 12.5 yum x 12.5 ym

Source divergence 6urad x 6urad

FHWM 25nm x 25nm,

Simulated
Divergence
By Gung-Chian Yin

BRASEHFRP< Simulated

/  National Synchrotron Radiation Research Center
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Experimental Station
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Sample Holder with 13 electrical contacts

S
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= E =
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Voltage

For semiconductor in-situ analysis

To main Chamber

Stack of Receptacles
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« JANIS ST-500 He cryo-stage

Radiation
shielding

Cooling head

= FEM simulation results
oeeCold head & sample stage  sieeriem Thermal isolator | %" Isothermal adaptor %™

Type: Temper: Type: Temperature
Unit: *C Unit: °C. Unit: *C Uni
Time: 4563.6 . Time: 4563.6 F‘:\.\ Time: 4563.6 F‘ . Time: 4563.6
266 Max | 7 K -148.01 Max 22,568 Max
-266.23 : 156,51 6871
-266.46 k 165,01 -8.8262
266,69 17351 & 24523
-266.92 J 18201 B -40.221
-267.15 190,51 65918
26738 -199 71515
26761 2075 -87.312
-267.84 216 -103.01
-268.07 2245 1871
42683 233 1344
26853 2415 4501
26876 24989 1658
-268.99 256.49 -181.49 ;
-269.22 Min 266.99 Min -197.19 Min 22822
t 0000 0100 (m) I
0.000 0100 (m ‘)\ 0.000 0.060 (m ‘)\ — Ny
) N ” y e (°" () 2 0050

0.050



In-Situ Gas and Liquid Cell

. Photodiode
v U
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magnet
expansion
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nano-XRF (x-ray fluorescence)

Element-specific nano-imaging

» Pink beam mode at 12 KeV

» Pixel size : 25 x 25 nm?

» Accumulation time : 0.5 sec/point
» beam size : 60 x 60 nm? (V x H)

Doping of ZnO NWs by transition metal Co.
Application : Spintronic device

Want to know:

e Distribution

e Short structure order Vapour-liguid-solid process Doping method:
e Elemental composition Nano Lett. 2011, 11, 5322-5326  lon implantation
(b) Co and thermal annealing

Elemental map of XRF
SEM

B S BBTR F
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High resolution XRF tomography

Pixel size: 100 nm, sample rotation 0-180° (4.5° /image)
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Fe Cr

Silversmit et al., Anal. Chem. 81 (2009)




nano-XRD (x-ray Diffraction)

nano-Crystalline

. . Carbon

Hl
mm————
- - I & |
- -, -
-~ =, -, N T
/" S, \\ \L\ k-7 A
%, -
# N £ ; Tl 2
L LY = S ¥ - I'IJ 1 L .»‘/ -

# R
K-ray XT3 \[:q . - - 3

o - - -
y ’
source . e dete =} ™ e - o
- ., - - y
. - . “ - . p
. — -~ " et d d -
e -, - - - .
- J ., ; zfl i - s

hkl ™. " ([ -~ -~
F \\\\ e J ,/, ,-r"f
. s . T = e A
bkl RN N Za N | |
R &
T 8 ‘Fi’"
s = \ -
kI - - - o - :- - - <
o S0 .
<, =
G500
|
o |
T I
E o
H
H
5 I . "
€ |
3 200t | : .
Q | .
100 ¢ L *bl ' - - - .
0 ] h : ; . . ; YAG S50V X50000 100nm WD 79mm 72




nano-XAFS (x-ray absorption fine structures)

— Local electronic structure
— Local chemical environments
— Element-specific, averaged over nano-area

1.6 - \
1.4 - '/‘
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O
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= | | i]
2 XANES  EXAFS
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—%2_ ~—— ) Photon energy (eV)
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nano-XAFS

Uptake

Apoptosis

Ag-S-

Exocytosis

B R/ - 98551 5L P

National Synchrofron Radiation Research Center

\ Lysosome

Ag*

(Ag°)n

>

AgNPs fitting
(93.1% Ag foil+6.1% Ag,0

Ag K-edge XANES

25480 25520 25560 25600

Energy (eV)

ASNAN

Vol 9, 6, 6532 - 6547 (2015)
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nano-XEOL (x-ray excited optical luminescence) &
CL (cathodoluminescsnce)

T,)\ : Csa i .
- £ - < (a O corner experiment (b)
4 4 4 ; g A edge
=
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=
/' ,’, ki -og
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E: > F > > & 6' | Bgcd 0
L » X 20 24 28 32
o R S ", Energy (eV)
(a) (b} e 2} o Data |
5 Fit
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ELEELNO - g 3
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powersupry 10 | - GENERATOR RECORDER q:, I
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e e | [ m
| I t
L
i
LENS PULSE- PHOTON - COUNTING >< 5
! DELAY SYSTEM .
e | _1————\_1—1— Time (ns)
SAMPLE - mm“f:‘ﬁ%"uimﬁ PHOTOMULTIRLIER
[ o XEOL: 1.nano-area
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TURBOI?([)JL&SULAR-

Doping species, Band gap, Defect band,
BRE S EBHTTR F < Charge transport

National Synchrotron Radiation Research Center

Adv. Mater. 2014, 75
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ZnO microwire
SEM and CL mapping

CL mapping
Defect
541nm
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O-polar ZnO wafer

fornt entrance slit : 200 um
= grating: 600gr/mm
blazed at 300nm

-

—— X-ray
— CL

BLO7A unfocus beam
X-ray E=9.67 keV

photon flux: 10" p/s

CL beam intensity: 15
CL focus area: 50nm
CL:30kV

Intensity
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nano-XRF testing
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nano-XRF testing

B3Ny

e O W T 2 s S Bt m.tms‘-—s
AW T B AL PSRRIt e 5 Lbak R

- . b s T A b R LA s B 2 SR S
Sm D W R

G g e o
e B Y POW VRS S
L it  ———_ -
D e e L S L
Gy B e @B s ce— e -
CRIE SR e S
PN P TN Y N e ¥ W DL P LGNEETN Tg
Fws o FW e AW TREPE -G 03
AT -
vatmey LTl
o %y o —
: e - -
o il U g 8
-y e
e s o o F R
- A
FEE AR TED N S
e e e




(

pper

OeV Co

4

8

(T1)

&
=
=
S
=
_I_ ,
V -
o |
o
i
O
4

_ (S1)
B /5 S $BMTT P

((=3) B3 A 5984 <
L% '/  National Synchrotron Radiation Research Center

1780eV Silicon

nano-XRF testing



Defect (Cu)




Ptychograpgy Testing
For strain measurement

B S BBTR F
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Time-Resolved X-ray Excited Optical Luminescence
(TR-XEOL)

Photoexcitation dynamics in solution-processed B it
formamidinium lead iodide perovskite thin films foruw-im;gﬁm\,,oo 0“(“) \ A ) l
solar cell applications m— Y AU O N
Hong-Hua Fang!, Feng Wang?, Sampson Adjokatsel, Ni Zhao?, Jacky Even® and Maria Antonietta Loi! (m‘:ma%:m:d‘:lemm i%ﬁaﬁ%)
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o £ 100 Figure 4 (a) PL spectra and (b) TRPL decay kinetics after photo-
. excitation with an excitation power density of 1.4 pJ cm~2 at representative
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© 2016 CIOMP. Al rights reserved 2047-7538/16

www.nature.com/lsa 8 3



nano-PXM (projection x-ray microscopy)

— Absorption and phase contrast x-ray images

Scanning Transmission X-ray Microscopy
STAM

Monochromatic
X Rays

il

Zone Plate e
Focusing Lens (ELE i
(
=

Fluorescantce

Pholoelectrons Photons

Scanning
Sample Stage
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Adv. Mater. 2014,
DOI: 10.1002/adma.201304345
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X-ray Bragg projection ptychography from thin film
heterostructures

Kt Coherent X-ray Nano-
Diffraction Patterns

Lo | -
; 70% spatial overlap
L , . / —\ a) Grid points (25 nm step size)

.SS..... ........... Q@cccccce @ccce@occcce
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M. V. Holt et al, Phys. Rev. Lett. 112, 165502 (2014)




Summary

X-ray methods at 23A of TPS
* nano-XRF (x-ray fluorescence)

« Element-specific nanoimaging
nano-XRD (x-ray diffraction)

« Nano-Crystalline

nano-XAFS (x-ray absorption fine structures)
e Local electronic structure
e Local chemical environments

« Element-specific, averaged over nano-size area
* nano-XEOL (x-ray excited optical luminescence)

« X-ray-to-visible down-conversion efficiency in nano phosphor
* nano-PXM (projection x-ray microscopy)

« Absorption and phase contrast x-ray images -
«  nano-CXDI (coherent x-ray diffraction imaging) Peacee
«  Bragg-ptychograpgy

e strain dynamics in nano-devices

B S BBTR F
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Applications

Solid state physics

» Strongly correlated electron systems
YbAI3, YbInCu4, YbCu2Si2
Lal-xSrxMnO3 (LSMO)

«  Spintronics

LaVO3, LaAlIO3, Fe3-xMx04(M=Mn, Zn)
« Compound semiconductors
InGaZnO, GaCrN, InN, ZnMgO

High-k gate stacks

W (50 nm)
HfO; (4-5 nm)

Oxide, Cate
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x=ray Napoorgoe Coynsicrverion ezl
Project Leader: Prof. J. Raynien Kwo (NTHU)

Construction Team

Leader
Mau-Tsu Tang

Beamline-

Endstation-

Gung-Chian Yin, optical design and overall system integration.
Bo-Yi Chen, Mechanical engineer.

Chien-Yu Lee, Electronic engineer.

Huang-Yeh Chen, Mechanical design and experiment assistant.

Jian-Xing Wu, Software programmer, GUI and control panel design.
Beamline Scientist and Manager-

Shao-Chin Tseng, Sample preparation, experiment design

Bi-Hsuan Lin, Experiment design, XEOL, XRD.
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