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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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Photon energy



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) o (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
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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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Photons/s

Many straight
sections containing
periodic magnetic
structures

Tightly controlled
electron beam

T

-

Undulator
Radiation

+ Laser-like
+ Tunable

500 eV
Photon energy

3rd Generation: Insertion Devices

Electrons
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Angular distribution of synchrotron radiation emitted from various magnets

e" trajectory 1n an ID
Wiggler or undulator
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Unique Features of Synchrotron
Light Source

High intensity

« Continuous spectrum 10°
« Excellent collimation L
. . . S . —_—
« High polarization g ﬁﬁmﬂzﬂ%ﬂﬂ
« Pulsed-time structure e |
3 £ o | SRR
IXEG B> R4 FRAE B |
1 S B S S bl s Xk B GR g
= J;} iﬁ:f): ) A ‘ - L4 e § [ eeumzszmses
i&?ﬁﬂ%'ﬁ”F'ﬁ—i"*E%@ g |
Q 10°
? ‘J LR F o LR «*}f’:f T | X BRI
. N
B0 FIRE o LT % % i
2o s R - X HEER BN
/};;l"‘b}i%:;ami“i ;fl'f/Em ’}:# l l ! /I\
IE é; %‘%‘ ‘:‘} fe _H’) 4 § \?,g Sk /},\Tﬂ y ;Frs*-x 10" 10° 10* 10" 10° 10’ 10°
R ) e MR S
> X 2 S AT > ¢ XFHEE  —MEBMAREFNRIFEV) » — BFRBREFEEZDEB—AIEAIZPNESHEESE o
AT e 1 AP B oo o HEE : B EAB BB TRBN BRI o

&) 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

Y Y Y Y Y

e-beam '3“’1\’&{&’;'. A _l\ﬂcro-bunching
' ) ,‘l'h‘. | \ : ‘f»‘~{“‘|.

J l‘
{ “?‘

/  National Synchrotron Radiation Research Center




y

B 4
SACLA 1st beamline: 90m Undulator




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= 1wy = hc /A,
h=6.626 x 1073*7Js
2.9979 x 108 ms!

12.3984
MA] = ot €
g E [keV]
Size i k . "‘.f: % (®

Electromagnetic Spectrum

Taipei 101 Mall People Butterfly Cell Virus Atom Nucleus
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Photon energy

10° 107 10® 10° 10 107 R 10° 10° 108 107 (eV)
(1 neV) (1 peV) (1 meV) (1eV) (1 keV) (1 MeV)
Source Radio Microwave Light Bulbs Radioactive
Tube Synchrotron Light Source Elements
B R S $BATTR P <

National Synchrofron Radiation Research Center



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”
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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
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World Map of Synchrotron Facilities

> 7 |!ug‘opea11 XFEL
_ Diamond - ., MAX-Lab

DESY

{1 , Soleil BESSY
& Me. /CHESS

1

ALSE il
<\ B CAMD,
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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 — — 2[33,2
L2 — 2Py
1 — 2s
104
1 iaanil Ll L1 s il I
102 10° 104
Energy [eV] K1 1s

Figure 2.16 (a) The x-ray absorption coefficient ju 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
migent || R o3 e
| . Iy |+ )

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

. ) BR /A S BFT R b
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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 % 7 //
. /
/ |
core level L o—)

. ) B3R E S8 43T F
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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,,, sinOg = ni

‘ Dk 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 / A
A >
‘pink’ beam @ \
o)
. Q
' o
Threshold energy

(=) BR A 5188157 R 5
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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’ 0¥

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

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.

ol %
. | ) :
Lo
- .oy 9 SN o gy
Y S e o -
f ¥ = R ~ y o
v . o -
M ' ;
e ) S—_——— o

La()_SSr] .51\4“(%L _ ‘(Source: website of Railway Technical Research Institute, Japan)
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Energy Science

O
Cathode
& 0y
o sm—

Li —

L Calr

LiCoO;, Specialty Carbon

structure € - electrochemical properties of
electrode

‘ develop novel electrode materials.
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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)
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Accelerator Facility
=

Storage Ring
(1.5 GeV)

Circumference =120 m
l. =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

" A

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 —_ v

TX Microscopy 01B

24A WR-SGM
. EXFAS/Power XRD 01C
23A SASX o

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 \\Scattering; PEEM 05B

Superconducting RF X-ray Scattering 07A

(=)
.-‘ :

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@%"& fﬂ/

19‘5‘1‘." o Dragon 11A

15A Drug Design e e
______________________ L b
14A IR Microscopy T X-ray Scattering 13A; PX__13B, 13C

3) BRI 4TI
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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)

10

e L2z 2r1| "_\ ILIZ2 G
TPS T \N\

EFU4E 7 \

10° 10° 10 10°

! 10° 10° ¥
Photon Energy (eV) 5 Fhoton Enal‘g}r [Gl"fr}l
3
ﬁﬂ */r‘ﬁgﬂiﬁf F P
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LN R
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2010-02-10 2010-05-21
Groundbreaking : = 3 ¥ X

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




X-rays focused
to 100 ~ 30 nm

%ator

Area detector

Laser
annealing

; ""..‘Surfacc information
AFM.STM, ...

\ Drﬁeren/ aperture % 27
Fluorescence_- [V
»,J
Focusing optics: :
KB mirror amp

TPS will brighten the future of scientific discovery.

Scanning transmission X-ray image

Laue, monochromatic
diffraction

‘rea detector

detector .~ § 1l
Ry
'SEM & FIB ~— " X-ray absorption
--‘:::_-_.._\ _______ spectroscopy
...... “\:::*ﬁ"'-«...,___‘__-
'./ \_\ e W e

","' \\‘\ e — ) l“*"-sl.‘_:_
/ ’ ;l U0a ;‘g; : F
// e S 1. ‘W‘} “’A }f.f " :

S : 'Y l‘ A A

Optical information \‘"-\ a ] y‘“ i] ’ ,

; CL & PL,Raman e ' ‘ 1‘ "
i | .I“ ‘ h ) s‘h"'

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 X6, 7m X 18

Submicron XRD
"' '*. 224 TXM

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

spectroscopy 4 } N _ o 27A Soft X-

: o / ray
41A Soft RIXS : N

....

Nano-ARPES  Beamline Plan of TPS 25

Y) B/ 4TI
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Outline

« Synchrotron Light Source
« Application of Synchrotron Light

« X-ray nano probe at TPS
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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 :
< 2x104 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 BRAESEHFTILP<  *Nanomotors (optional)
«Sample environment -heat, electric, L-He (optional)

J  National Synchrotron Radiation ch Center




Sample Preparation system

Portable sample transfer

Projection CCD

10. Diffraction detector
Shits 4

Screen 4

‘ Focusing
point

Undulator

1. Montel mirror
TPS 23A XN P 2.  Sample Stage

3. Laser interferometer

4. XEOL

5. SEM

6. EDS

7.

8.

9.

\ Screen1 DCM Screen 2

‘ Screen 3
\

Slits 1 |

Slits 3
HFM 2 |
QBPM ‘

Nested K-B
(Montel) mirrors

Beamline ready Commissioning
Now J
v Y
2014 2015 2016 2017

Electronics& interferometer system development

Main chamber
& support design  Main chamber fabrication

Finish tgst chamber

user reguirement

alder design

KB mirror & holder Test of Montel KB

Hirection

Procurement of Pijatus diffraction detectp

=

In-situ systenj (optional)

I
Optical table, support

CCD Detector

Software development




Nanomotor probe

NT:600,000

Cone Angle: 16.5° , Diameter: 25nm

% "
-------- U A"'A'
% '0?0?0?0?0?0‘.’0,’

AR X)

e &'\\'\?\\\\ \\\\‘\\\\\ \\\\\\

L d

’ 9._ [ 1‘%
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Nanomotor Probe Application

-V measurement |-V measurement

-V measurement |-V measurement

Force Force Force Farce

Nanometer can construct
the 4-point probe

(=) BFR R 5 BT b
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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
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» Montel nested KB mirror @ APS:
» Focal spot: 100 nm

» Challenges:
» (Gap between mirrors
» Slope error

=>» Overcome by Elastic Emission Machining

(EEM)
 Montel nested KB mirror @ TPS: 1o o — :
@ . Minimum radius : 20 m

Objective distance 69 m B.0E+7-

THOE+7T -
Focus length 11 cm —_—
Mirror length 11 em P

4 0E+7 -
Slope error (RMS) < 0.05 prad 30847 -
Incident angle 4 mrad S 10000 20000 30000 40000 50000 60000 70000 80000 90000  10000D '559
Cosong Rh Profile of KB mirror
Material silica
Working Distance 5.5cm
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Montel Mirror on the holder

Gap imaged by
microscope

ﬂ Top-Roll ()

R
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(Manual)
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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 32nm X 32nm,

() mzmsmEnsinee Simulated Simulated
= ¥ National Synchrotron Radiation Research Center FOCUS SpOt Size Dlvergence - -
By Gung-Chian Yin




» Montel nested KB mirror @ APS:
» Focal spot: 100 nm

» Challenges:
» (Gap between mirrors
» Slope error

=>» Overcome by Elastic Emission Machining

(EEM)
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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

National Synchrotron Radiation ch Center




High resolution XRF tomography

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

> B EEEE R W
- L @ “ - 4 | , | . |
2
} T N & N 1 | l |
. % 4% % % 4 e
Fe :
Composite
Fe Cr

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




nano-XAFS (x-ray absorption fine structures)

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

1.6 - \
1.4 - '/‘
c 124 2p 32 > 6d
O
[ /‘ \
Q FomN I \-\__
e RO
AR
¢ — < 08 “—If”.>£/
) IR T
P ‘\?\\5\' ,-'/f N _
M L -"".l_('v'\!/ /-I Fo
B M-\'\—\ 0.6 4 o A
= | | i]
2 XANES  EXAFS
A af = 04 T . T ' I T T T |
-% 17000 17200 17400 17600 17800 18000
—%2_ ~—— ) Photon energy (eV)
z 11 I 110 [N I LR A ] I Lk Al I 12
Panem Enege oV
) B R S 9B TR <
'/ National Synchrotron Radiation Research Center
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~

*Multimode optical fiber
* UV-VIS : linear CCD Si detector
Si avalanche photodiode (id100 from id-

kQuantique) )

XEOL (a)

TR-XEOL té

X- rays;:__' v\ ’

XRF-XAS

XEOL )

XRD

*The XRD signal was measured
using a fast readout low noise
(FReLoN) CCD detector.

* The CCD images were
processed using Fit2D software
to generate the standard
diffractograms.

 Using the experimental
parameters derived from the
measurement of an Al203
reference sample.

XRF

* XRF signal was collected at 15°

* The elemental composition of the NWs was estimated
by fitting the XRF spectra using the PyMca program.

« XANES spectra were recorded in X-ray fluorescence
mode with a step size of 1 eV and integration times
determined by the counting statistics.

» The data analysis was performed using the IFEFFIT

package.

¢ 200 nm thick SiN membranes.

* Without XRF background signal

* X-ray diffraction can be
transmitted

AR
Adv. Mater. 2014,

DOI: 10.1002/adma.201304345




nano-XEOL (x-ray excited optical luminescence) &
CL (cathodoluminescsnce)

T,)\ : Csa i .
N - . < (a O corner experiment (b)
4 4 4 ; g A edge
£
L]
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/. ,’, hv -og
¥ r =
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Eg > £ > & > & 6' | DRcad 0
L o X 20 24 28 32
o R S ", Energy (eV)
(a) (b) (c) o 2} o Data |
5 Fit
TRON -e.
BN Sf
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" e [ f 1 =
e e | [ m
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e | _1————\_1—1— Time (ns)
SAMPLE — Momvgﬁmmj-l PHO]OCD?&LJ%ELIER
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TURBO!?([)JI&SULAR-

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

National Synchrotron Radiation Research Center
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nano-PXM (projection x-ray microscopy)

— Absorption and phase contrast x-ray images

Scanning Transmission X-ray Microscopy
STAM

Monochromatic
X Rays

il

Zane Plal e e
anc::ng Lans (@RCC=>D)

Y,

Photoglectrons

Fluorescantce
Photons

Scanning
Sample Stage

FE S EEAITII F &
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X-ray Bragg projection ptychography from thin film
heterostructures

Coherent X-ray Nano-
Diffraction Patterns

L-/‘T

lllumination

=

L Bragg Ptychography
| Reconstruction

»

Projection along k,

complex
color scale

SiGe lattice
slope (mrad)

o
T

-1.2 Distance x from edge (um) ©

color = phase
brightness = ampl.

11.2keV  Focused >

85nm Incident
Hard X-rays

amplitude & phase

prfile J L

c) Diffraction

Simulated Experiment

65nm sicefim” /

SOl film 15nm
0.4 nm'

. B R A S SEITFR  <

/  National Synchrotron Radiation Research Center




Focused beam Bragg diffraction near the device edge

a) Grid points (25 nm step size)
.SS..Q...Q...oooooo.ooooooo.oooo.oooooo
—x Beam diameter (85 nm) iy 1Fi|m — .
......................... a o R
70% spatial overla
100 nm . &) p p
SiO, displacement
!h' Slﬁ‘sl@stra% ) ~" ‘m\%‘m M 1 Ptychographic reconstruction i) SiGe density profiles
b) Beam position (x) SiGe (004) film diffraction Lattice tilt 3
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Upgrade: Hard X-ray photoelectron
spectroscope(HXPS) at XNP

SPring-$

Chamé@;%%./gkn:‘;homamr
51444 8keV
W o sisss i i HXPS: Several keV to 15 keV to
» BT g increase bulk sensitivity for bulk
Unkle®r 111 Dobuls Mboooleomator : : > ISamp]e . ]
L < electronic structure and buried
| " interface.
8.0x10°
Au film, 300K Analyzer
_ BLA7XU R-4000-10keV
6.0x10° Fermi Edge
hV=7.94keV
408105 1 AR Photoelectrons Si1s —
Hard X-ray 7 | Toa=goe  Si-O SKSi
2.0x10° hv= 7935 eV -§
£
0.0 T T ©
7939.0 7939.5 7940.0 7940.5 7941.0 N | Ge ; d
Kintic Energy (eV) "g'.; Znm
@
sio, £ 12nm |
15nm__J
Sisub. -
1850 1846 1842 1838 1834
O\ Binding energy (eV)
((eencp) B R /5| S~ BB AFHT I P & : : :
. /' National Synchrotron Radiation Research Center K. Kobayashi, Nuclear Instruments and Methods in Physics
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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, Gate
Source Drain 3 10* ' '
’g wo
[t J—x [ n+ ] > 210* -
.p — 3

7] 4

£ 110 §
0 |
1815 1810 18056 1800

Binding Energy (eV)

. 810°L 13 kev

g

L 4

Channel > 410

3 I
4

E 210%} |
0 . OO0,
1815 1810 1805 1800

M. Chu, et al., Annu. Rev. Mater. Res. Binding Energy (eV) 74

39 (2009) 203-229
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SR International Course

The 1st AOFSRR Summer S¢hool

1st

Asia/Oceania Forum 2°E
for Synchrotron

Radiation Research

hitp:/cheiron2007.spring8.or.jp

R | The 8" Asia-Oceania Forum for
«‘ ‘ /nchrotron Radiation Research

September 15-17, 2014 O -
% /—7"National Synchrotron Radiation Research Center Siicroiron Baaton
o Hsinchu, Taiwan
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AOFSRR Cheiron School 2015

Sep.14
Mon.

Time

Sep.15
Tus.
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% Pamallel Lectures

SPring-8 Cafeteria Braaklast 5:00-8:30
Opening Hour: Lunch: 11:30-14:00
Dinner: 17:30-19:30




Enjoy the Cheiron School!

Thanks to many people for slides
Particularly Edgar Weckert, DESY

2015 (heinon Scthool
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