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“Light” is indispensable to man‘s exploration of nature.



http://www.yingfukeji.com/appl/grid.html

http://www.uv-teck.com/Ttwjy

http://www.hko.gov.hk/prtver/html/docs/education/ed

u02rga/radiation/radiation_02-c.shtml

http://smallcollation.blogspot.tw/2014/02/infra

red-spectroscopy-of-alkanes.html#gsc.tab=0

Invisible light: IR and X-ray…



Rontgen used a simple accelerator to discover X-rays









二極偏轉磁鐵
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同步加速器光源的原理
電子在電子槍(1)內產生，經過直線加速器(2)加速至能量為5,000萬電子伏特。

電子束進入增能環(3)後，繼續增加能量至15億電子伏特(1.5GeV)，速度非常接近光速
(0.99999995倍)。

電子束經由傳輸線(4)進入儲存環(5) 。

當儲存環累積足夠的電子束後，經由各個磁鐵的導引與聚焦，電子束在偏轉磁鐵(6)及插
件磁鐵(7)發出同步加速器光源，經由光束線(8)將光源引導至實驗站(9)進行實驗。

電子束在發出同步加速器光源後，要靠高頻腔(10)來補充失去的能量。



1. 電子槍 2. 直線加速器

3. 增能環4. 傳輸線5. 儲存環

8. 光束線

6. 偏轉磁鐵

7. 插件磁鐵

9. 實驗站 10. 高頻系統

加速器與
實驗設施



儲存環 3D 圖

偏轉磁鐵高頻系統

偏轉磁鐵
超導高頻腔

超導增頻磁鐵 聚頻磁鐵













Unique Features of Synchrotron 

Light Source
• High intensity

• Continuous spectrum

• Excellent collimation

• High polarization

• Pulsed-time structure

以X光為例，同步加速器光源在
這個波段的亮度比傳統X光機還
要強百萬倍以上！過去需要幾個
月才能完成的實驗，現在只需幾
分鐘便能得到結果。以往因實驗
光源亮度不夠而無法探測的結構，
現在藉由同步加速器光源，都可
分析得一清二楚，也因此得以開
發新的研究領域。
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TLSTPS

NSRRC is constructing a low-emittance synchrotron-

based light source, Taiwan Photon Source (TPS)

3 Gev

518.4 m

500 mA

1.6nm-rad
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Taiwan Photon Source (TPS)
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Nanoprobe project is in the first phase at 

TPS



Expected Beamline performance                                        Features
➢2-stage Horizontal  focusing

➢Horizontal DCM

➢Short in length ( <70 m )

➢Windowless 

➢Vertically coherent

➢Montel optics

Energy range：4 - 15 kev

Photon flux：1010 ~1011 photons/sec

Energy resolution：< 2×10-4 with Si(111) crystals

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

High-order harmonic contamination：≦1 × 10-3

Energy scanning capabilities.

Vacuum environment  1x10-6 torr

Optical Layout
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1. nano-optics: Montel mirrors

Delivered in June  2015 by J-Tec 

Slope 

error

RMS

Roughnes

s (nm) 

RMS

Mirror 1 0.042 

(μrad) 

0.135 (nm)

Mirror 2 0.039 

(μrad) 

0.142 (nm)
No crack at edge is observed by 

Optical microscope



Mirror holders
A1 X Optical encoder

A2 Y Optical encoder

A3 Z Optical encoder

A4 Pitch Laser interferometer

A5 Roll Laser interferometer

A6 Yaw Laser interferometer

A7 Top-Y Pre-aligned

A8 Top-Z Pre-aligned

A9 Top-Pitch (X) Pre-aligned

A10 Top-Roll (Y) Pre-aligned

M1 Top-X (Manual)

A2

A1

A3

A4 A5

A6

A7,A8

M1

M1

A9

A10

Montel Mirrors in the holder

Gap imaged by 

microscope

Delivered in August 2015 by J-Tec.



40nm

5.656 mrad

4.0 mrad

Simulation of Focus Spot
Simulation at 10 keV, average reflection=0.802, by ray tracing

Source size 12.5 μm x 12.5 μm

Source divergence 6μrad x  6μrad

FHWM 25nm x  25nm, 

Simulated

Focus spot size

Simulated

Divergence

By Gung-Chian Yin



Experimental Station



Experimental Station







Beamline specification

Energy range：4 - 15 keV

Photon flux：
1010 ～1011 photons/sec

Energy resolution：
< 2×10-4 with Si(111) crystals

Beam size：
～ 50 nm at 10 keV

High-order harmonic 

contamination：
≦1 × 10-4

Energy scanning capabilities.

X-ray Methods:
With tens-nm resolution (incoherent)

• nano-XRF (X-ray fluorescence)

• Element-specific nanoimaging

• nano-XRD (X-ray diffraction)

• Nano-Crystalline

• 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

73

Other than X-rays

•SEM (SE, EDS, CL with high spatial resolution)
•Fly scanning 
•In-Situ –electrical, gas, liquid



74

Doping method:
Ion implantation 
and thermal annealing
Elemental map of XRF

SEM

Doping of ZnO NWs by transition metal Co.
Application : Spintronic device
Want to know:
• Distribution
• Short structure order
• Elemental composition 

➢ Pink beam mode at 12 KeV
➢ Pixel size : 25 x 25 nm2

➢ Accumulation time : 0.5 sec/point
➢ beam size : 60 x 60 nm2 (V x H)

Vapour-liguid-solid process
Nano Lett. 2011, 11, 5322–5326

nano-XRF (X-ray fluorescence)

Element-specific nano-imaging 
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X-ray Nano Probe for Plant of heavy metal residue
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4510eV_Titanium (Ti) 8040eV_Copper (Cu)

nano-XRF for 

Semiconductor industry
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nano-XAFS (x-ray absorption fine structures)
– Local electronic structure

– Local chemical environments

– Element-specific, averaged over nano-area



X-ray Nano Probe for Lithium Battery (NTU-CCMS)

Mn-high Voltage Mn-low Voltage

Co-high Voltage
Co-low Voltage

Ni-high Voltage Ni-low Voltage

79
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nano-XAFS

Vol 9, 6, 6532–6547 (2015)

vulcanization

Oxidation
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nano-XEOL (X-ray excited optical luminescence) &

CL (cathodoluminescsnce)

XEOL: 1.nano-area

2.multi-layer, buried layer

Doping species, Band gap, Defect band, 

Charge transport
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ZnO single microwire

fornt entrance slit : 100 m

grating: 600gr/mm 

blazed at 300nm

CL beam intensity: 20

CL focus area: ~50 m

CL : 30 kV
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In-situ Electrical Sample Holder
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Sn Blech Structure
• Top-view SEM

• Cross-sectional
TEM

• Tilted-view 
schematic

Sn

Ti(N)

InOx

Si

50 m 

FIB
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(m)50 40 30 25 20 15 1075100

Sn
Ti(N)
InOx
SiO2
Sie-

500 nm

130 nm

370 nm

SiO2



t = 30 h

Real-time X-ray Nanoprobe Study of Sn Whisker Growth

• j = 1.7  105 A/cm2 @ T ≈ 30 C 

t = 0 h

t = 14 h

Sn Lα

Ti Kα

75 m100 m 50 m

whiskers

depletion zones 

e-

e-

Si Kα
85
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X-ray beam–induced current (XBIC): A focused synchrotron x-ray nanobeam over a single 

semiconductor nanowire heterostructure and simultaneously measured the current through the 

device and the emitted characteristic x-rays as a function of the incoming hard x-ray energy.

With these results, it is possible to identify the compositional and molecular structure as well 

as localize the electrical fields present under typical working conditions. This information 

allows us to draw an energy band diagram consistent with the elemental distribution and a 

high-resolution chemical speciation map.
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In-Situ Gas and Liquid Cell
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nano-PXM (projection x-ray microscopy) 
–Absorption and phase contrast x-ray images



15nm

65nm

11.2kev

85nm

Ki

Kf

70% spatial overlap

X-ray Bragg projection ptychography from thin film 

heterostructures

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)

• 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
• nano-CXDI (coherent x-ray diffraction imaging)

• Bragg-ptychograpgy

• strain dynamics in nano-devices
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40nm
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Project Leader: Prof. J. Raynien Kwo (NTHU)

Construction Team

Leader

Mau-Tsu Tang

Beamline-

Shih-Hung Chang and Beamline Group 

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.

X-ray Nanoprobe Construction Team



Thanks for your attentions


