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Available X-ray energies at the SPring-8 Beamlines
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Diffraction measurement at BL 46X U

Ho(13L) — g=00°
¥=135° 25K —— 9=45°

Intensity [cps@100mA]

L [rlu]
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— Integration type

— photon counting
SI,Ge,CdTe
Nal,YAP
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Position Sensitive Detector s
developed by Detector Team
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Multiple CCD X-ray Detector

[4x 4]

A

Fiber Optic Taper
Sdntillating Screen

Large Format Scientific

Deftector Team
\

CCD Circuit
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Two-dimensional MicroStrip Gas Chamber
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102.4mmx 102.4mm

//4m/m_-

substrate

12keV

Anodestrip  Cathode strip
———————1pm thick Au,Ti———/
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Time-resolved X-ray imaging for milli-second ordet

at SPring-8 BL45XU SAXS Station

Sample holder or - 60cm Pi

Stopped flow mixer

1. 4keV lon chamber

SR source X-ray

Aluminum plane

Control of mixer
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Timeresolved SAXS with cytochrome c
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Timevariationin I 2 vs, Sfor pH jump- Scattering patterns from a cytochrome c

of cytochrome c from its native state to a
denatured state after mixing the sample and
HCI with a stopped flow mixer system.

solution (filled circle) and buffer (open
circle) obtained in 500 nsec
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A High Energy X-ray Imager (YAP imager)
with a[128x128] matrix of YAIO,:Cecrystals

Katsuya Hirota, Hidenori Toyokawa,
Masayo Suzuki, Togo Kudo
SPring-8

Masaharu Nomachi,Y orihiroSugaya
Osaka University

Masaru Y 0soi
kyoto University

Alexander Gorin, Igor Manouilov,
Andrei Riazantsuev
IHEP,Russia

Kei-ichi kuroda
CERN
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Mechanism of YAP Imager

i YAP: YAIOs3:Ce
: . High density: 5.37 g/lcm?
\\:-' P Wavelength shiffing ﬂbu.\—m wegis. T0 PSPM Fast decay time: 25 nsec
u i e High light yield: 40% relativeto Nal (TI)
fﬁﬁl — High attenuation: 80% (100keV X-ray)
TR e Excellent properties for high energy
\ ek X-ray detection!
N Thesize of each YAP crystal is 1x1x 6 mm3,
o RIBOCATIA Aluminized Mylarsareinserted between
Wavaong SN OSSNSO the crystal elementsfor optical isolation.
| | The scintillating photos are divided into top

YR and bottom sides, and propagated into
wavelength-shifting fibers, then transported
to photo-multiplier.

Basic ideaisupon a prototype of a 16 x 16 matrix with Csl
developed by Dr. Kuroda group at CERN.
K. Kurodaet al., NIM A430(1999)311

M@Eﬂ.@r -ﬁm \




SPrins- Deiteciior Team \

<
4x 4 M ulti-anode Photomultiplier

Hamamatsu H6568M od

* Metal dynode: 12 stage

« Anode size: 4x 4 mm?
e Max. W.L response: 420 nm

* Gain: 3.3x 106

» Gain unifor mity: 1:3

» Crosstalk: 1%

This phototube has not only 16 anode
signal output, but also one common
dynode signal out.
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High energy X-ray diffraction of crystal and liquid Zn

« Wemeasured atransition from
crystal Zn to liquid Zn and inverse
transition at BL04B2(Bending BL).

e X-ray energy was 113.4 keV
e SamplewasZn powder

 Zn wasstuffed in a glassy carbon
cell, and headed up to 550 degree
Celsius.

 Meéelting point of Zn is419.47 deg. C.

 YAP imager was placed about 60
cm from the sample.

 Thecovered scattering angles of 2q
areabout 0.2 ~ 10 degree
(scattering vector of Q=0.2~10
Angstrom?).

* 2q resolution isabout 0.1 degree
with one pixel.
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Transtion from crystal to liquid Zn

(436.0 deg.) (436.7 deg) (438.6 deg)

(439.3deg.)  419.47deg.?  (439.9 deg) (440.5 deg.)

. Ao
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Transition from liquid to solid Zn

(441.0 deg.) (428.7 deg.) (428.1 deg.)

(427.3deg) (426.3 deg) (56.8 deg.)

. 4o
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A 128-channel Microstrip Germanium Detector
for Compton Scattering Experiments

M. Suzuki, H. Toyokawa,
M. Itou, Y. Sakurai, N. Hiraoka
SPring-8

A. Koizumi, N. Sakai
Univesity of Hyogo
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Schematic of Microstrip Germanium Detector

High Charge Sensitive Preamplifiers
Voltage
Supply Entrance
Window
Vacuum Microstrips

Vesge] L. N EE BN EE BN BN BN B

Germanium Crystal

Anode

Insultar

Cold Finger Cold Finger
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VA32c+TA32cg Mounted on 128 channel
Microstrip Germanium Detector
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High Resolution Compton Scattering Spectrometer

Ge-S5SD

Hh\“nhh Sample

- Incident X-ray Beam B T
zr I"\._‘ ‘-\_\-l“-""
1 " ] T
A
J = :
-, I'\u
’ b
1

Triple
Slits Layered
Bent-Crystal
Rowland Cirde  halyzer
Position B g | 1m .
Sensitive ’ ' '
Detector
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Observed Compton Spectrum of Nb

Xray Intensity (Arbitrary Units)
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JASRI Detector Team, SPring-8, Japan

Ch. Bronnimann, E.F. Eikenberry, B. Henrich, B. Schmitt,
G. Hulsen, R. Dinapli, M. Naef, H. Rickert
SL.SDetector Group, Villigen-PS, Switzerland

R. Horisberger, S. Streuli, et. al.
High Energy Physics Detector Group, Villigen-PS, Switzerland
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Principle of pixel detectors in hybrid design

AE3E3 n:::
AEIEIEIECIE
:::n:::l::::: 0.2 gm
FEIEICIEIEIED s
FEJCEIEIECTAEIER Pixel sensor
BEIEREIEAIEIE D
EE3EIEIEIDIED
AEIEIEICIEIER
SEIEICIEIEDIL® \\\\\\\C\Kﬁﬂm
FEIEIEAEREIESR
IEIAEIEIEIECIE R Sensor
SEIEIEIECIEIR S
CMOS readout 7
chip
BumpBonds

» Pixel detector consists of a monoalithic silicon sensor bump-bonded
to CMOS readout chips.

*Due to the small size of the pixels and the interconnection bumps, the
capacitance per pixel isvery low (~ 100 fF), which permits low power,
low noise amplifiers.
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SLS06 pixel chip with single photon counting electronics

Pixel:
* Low noise analog block (ENC tot = 70 €)
» Shaping time t;, ~ 5 ns

15 bit pseudo random counter
* Individual threshold adjustment

Chip:

» Radiation tolerant DMILL technology
» 44 x 78 pixels, 217 x 217 nm2

* pixels are XY-addressable

* The analog output can be monitored
» Read-out time of the whole chip:

6.7 ms (at 10 MHz)
eLow threshold variation

Things to improve:

» 4.3 % defective pixels

* Digital part too slow (<10kHz/ pixel)
\- Delicate biasing of the preamp /
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<> Single Photon Counting A

A detect
|
Integrating
0 A detector
f—» ADC
Single photon
counting detector
Amp|\i/ﬁer R 1 “ﬂ 1 ﬂ | || Threshold
i 8 L
e [ LML=
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Single Module Detector @ SPring-8

~

PIXEL:
217~ 217 mm?
Preamplifier and shaper
Threshold discriminator with 4-bit trim
15-bit counter

CHIP:
CMOS 0.8 nm DMILL rad-hard
Designed at PS
44" 78 pixels, 9.9° 18.3 mm2
Read out at 10 MHz

MODULE:
Fully depleted diode array
81" 36.6 mm2~ 300 mm, 57,462 pixels
I ndium bump-bonded to 16 chips
Chipsread out in parallel (6.7 ms)
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PILATUS Module Type Il
(readout electronics bended)

Sensor . Wire bonds

» Flexprint 6/2 from Dyconex

» Modules can be overlapped

= 80 x 35 mm? continuous sensitive area

= 2 X 8 readout chips

= Power consumption: 7V/1.5 A -> 10.5W

» Fabrication of 21 Modules: Mai 03- Sept O:

- /
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PILATUS 1M Detector (Nov 2003)

~

- Largest pixel detector array for SR

* 6 banks a 3 modules, 1120 x 967
pixels

e Area: 21 x 24 cm?

» 288 chips->~300x10° transistors
* Readout time: 6.7ms

e up to 10 frames/ s (soon)

» Active area: 85%
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Test measurements of weak super lattice diffraction with the
pixel detector at the SPRing-8 BL46XU

Incident X-ray:18keV Sample :[(GaAs)7/(AIAS)3]x 100

- /
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Threshold = 10 keV
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Threshold = 15 keV
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Pilatus-1(SLS06) — (SLS08) — Pilatus-|

SLS06 Pilatus-I1
Process DMILL Rad. Hard. 0.8nm UMC Rad. Hard. 0.25mm
Pixel size 217mm x 217 mm 172mm X 172 mm
N of Plxel 44 x 78 60 x 97
Analogue amp-out shape ~5ns <100 ns
Threshold adjustment 4 bit DAC 6 bit DAC

Counter 15 bit pseudo-random 20 bit bainary
Digital clock 10 MHz 100 MHz
Readout time 6.7 ms 2.4 ms

Yield of chip / wafer ~30 % ?
Defect pixel / good chip ~5% ?

Deftector Team
\
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12-Jan-E5
18:09: 28

M2

0 5mv 0OC
2 g my OC
3 trig only
4 trig only

===186 sups

Ex Ex

PILATUSII: Analog Frontend Amplifier

Injected Signal: #
~ 15.4 keV

/////////////// ~11.8 keV

~ 1.2 keV

~ 3.6 keV

+—— 1.315 ps

I

< 300 ns

ZB5 . EHE ns

Ext OC 0.950 % 5O

14 37736 MHz

Deitectior Team
\

Settings:

Aout of Pixel 0,0 (bottom left)

Va+ =12V, (I, = 13 mA)
V, =-02V
V=08V

4 G5/s
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Comparison PILATUS | — PILATUS Il Chip

Calibrate Readback PILATUS |
(3432 pixels, 5% defects)

Calibrate Readback PILATUS II
(Vcal=0.5V, 5820 pixels, 0 defects)
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Micro-strip detector system

Silicon sensor with 1280 strips
8 mm long, 50 nm pitch, 300 nm thick

Read out chip:

128 channels

low noise preamp: noise: 230 e
18 hit counter

Readout Time: 250 ns

Count rate: 1 Mhz per channel
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Color imaging




High-resolution energy resolving imaging
system using CCD camera
~ X-ray color imaging ~

Keywords:
X-ray fluorescence (XRF) imaging microscope,
single photon counting with CCD camera.

Akihisa Takeuchi
JASRI / SPring-8, Japan



X-ray fluorescence (XRF) microimaging systems

Scanning C\ v, Imaging
i Sample
20 238 |
w5 53 —
< 3 <& P
-
B=— Excitation x-ray Obj ecltive or
B> X-ray fluorescence | Pinhole camerg
| mage detector
Characteristics | Scanning microscopy | maging micr oscopy
Spatial resolution Spot size of microbeam | | Obj ective,.c_lete.ctor,
— beam coherence, focusing device and magnification
_ Crystal analyzer, M onochromator,
Ener gy resolution SSD, SDD CCD with photon counting
: Short (even real-time
M easur ement time L ong (due to scan speed N
9 speed) imaging available)




Single photon counting method of CCD camera

| mage acquisition:

= elemental mapping imaging

Energy analysis.

Only when one or less photon is incident to a pixel,
photon energy can be analyzed with CCD camera.

(Single photon counting measurement)

n [electrons] = %
E (eV) : photon energy

n: number of electrons
Energy resolution: ~150 eV.

Experimental conditions:

Exposur e condition: ~10'1 photons/ pixel.

10%2 —103% images for an elemental mapping image with reasonable quality.

Only the pixelswhich satisfy the single event condition are chosen.
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: ! CuKa |
FeKa !
""" 6.40keV | | """'?Skev

704f - J S —

000 ' e —

0.00 5000 000 9000 12000
)

2173

1449F

Photon counting spectrum of whole image
370 : i

27.ar

0.00 000 G000 000 12000
&E%

Photon counting spectrum of Cu mesh
154 T T T

i

200mMm
m B Cuka
e | JEE
: - ; Elemental mapping image of
* o 3000 A000 9000 {12000 CU meSh an d Fe f0||

Photon counting spectrum of Fe foil obtained with photon counting method




Problem of photon counting measur ement

L ong measurement time = Low duty rate

- Low framerate = long readout time (3-4 sec/frame).
L ow counting rate (long exposur e) = slow shutter speed

e.g. XRF photon counting imaging experiment of Cu mesh and Fe fail
Total time for measurement: ~1400sec.
Genuine exposure time: 1sec” 300 = 300 sec
~1100 sec wasting time due to the readout time (3-4 sec x 300).

Intensity of the incident x-ray : detuned to ~1/20 of full power (ID detune)
because short exposure is not available due to the slow shutter speed
(about 0.5-1 sec needed for operational stability)
— count rate cannot be so high.

|f these problems wer e solved,
required acquisition time (with full power x-ray) would be only 10 sec order.

Timefor

Dead time acquisition
1100 sec 300 sec
15 sec
Required

acquisition time



Photon counting

Dispersive XAFS



XAFS Project

XAFS

2005.4.6







BLO1B1

421 m_; 462 m !

Optics hutch ; ; Ex%eurt'g;}emal

: ’ : . ’ ’ Measurement
Saction 1 : Seclion 2 ; Seaction 3 ; Sectian 4 : Seclion 5 ; Section 8 | system
=

1= = = |
i View part  Double-crystal
(FE) Water-cooled p monachromator View port Viewport g |Be window SR light

: Wa'rerr‘ mglr-rd 'r’-traj.I it Mirror Iﬁ
irror stopper Ak M—
|l i b | ] -
fi

I'.
4 I}
' |

Gate valve Detlection stage Downstream shutter Elevation stage

' I
Oom 32.9m 35.9m 42.1m 47m

Bending 1st collimating mirror Double-crystal 2nd refocusing mirror Sample
magnet monochromator
source




X

= |1=10exp(-nt) mt=-In(11/10)
- X

9.5 10.0 10.5x10° ' 9.0 9.5 10.0 10.5x10°
X-ray energy (eV) X-ray energy (eV)

= CuK (8.984 keV) s Cu K-edge XAFS
= Sample: Cu foll =




XAFS

X-ray Absorption Fine Structure

(50-1500 eV) (-50-50 eV)
~ EXAFS - XANES

9.5 10.0 10.5x10° 8960 8980 9000 9020 9040
X-ray energy (eV) X-ray energy (eV)







Cu/Ce0,
—— Cu0
— Cu,0
— Cu

8980 9000 9020
Photon energy (eV)




100x10°

—— Transmission
—— Fluorescence

8 3 S

(n-e) pja1A aouadsaion]4

[hS]
o

6800 7000 7200 7400 7600 7800 8000
Energy (eV)

= Fe K-edge XAFS by Hou et al.
1 wt% Fez0, / polycarbon
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Energy (keV)

m GeSbTe
X




e DXAFS station




Target of XAFS beamline at SPring-8

BLO1B1 Conventional XAFS
Thin/dilute sample
BL19B2 Multipurpose BL
for industrial use
BL28B2 Time resolved XAFS
BL37XU Site-specific XAFS
Ultra thin/dilute sample
BL39XU Polarized XAFS (XMCD)
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Energz Diseersive XAFS SDXAFSZ
</

Top View

White X-rays

Bent Crystal

E High

Position Sensitive Detector
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Bragg configuration (E<12keV) Laue configuration (E>12keV)

Top view
White X-ray polyihromaté)ir( 111) White X-ray  Si(422) 300-500mm
= mirror 200-500 —  niror 300-800mm
| E | -500mm | \V/ : | V \q

A A
. . A A
slit absorber  sfit " — 300-800mm gt absorber i

polyc

I/ sample
romator

sample

N /




Design goal of DXAFS station

Energy range 5-40 keV
photon flux 10°-101! photons/sec
Energy resolution A E/E 2x 104
Focused beam size
vertical (FWHM) 0.2mm
horizontal (FWHM) 0.2mm
Raito of higher harmonics ]

: . .| <104
contaminant to first harmonic
Minimum time resolution tens of milliseconds

__—

flux 10°-10'1photons/s
PSD 103
106x 103/(10°-10%1) 100 -1072 sec
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CCD-type C4880-80-24
pixel size 9.9 X 9.9um
dimensions 494(V) x 656(H) pixel

read out time

36msec / Full Flame
6ms / subarray (70(V)x 656(H))

Front view

Fluorescence screen <
and lens system

'““ Side view

Fluorescence screen

" bop

-~ Specification of the CCD

{P43 (GdzOzS:Tb)J |
thickness : 40pm

CCD | Optical lens
(1:1or1:2)
|

— /

X-ray (
>

[

Pi

Be window

Mi

Fror



// Pd
) .

pixel

100
0

400 N
300 -
200 -

Pd K 24.3keV) CCD

XANES
=

0 160| 200 3_60 400 500 600
Pd K-edge pixel

>
3
j= N
|} L 24 |} |} 2 |} |}
24200 end 1609, 5000
1 j\/\/“m
24200  _ 24600 25000

Energy(eV



Dispersive XAFS BL28B2

QXAFS QXAFS 1 2

—— DXAFS: 18 msec

11 —— DXAFS: 288 msec
—— QXAFS. 3sec

\ WMMW

0.8

—— BLOIBL m/\/\f\/\(\/\ﬂﬁf\w;

BLO1B1 covoluted with gaussian 7
0.7 (FWHM: 8.0eV) vy v U \/‘/ V U o
| | | |
12

—— DXAFS

06 | ] ] ] ] | ] ] | ] ] | ) 6 8 10
24350 24375 24400

Energy (eV) k(A
= Pd K XAFS @24.3 keV
Pd
QXAFS: Si(111)
DXAFS: Si(422)

14 16




Gd202S:Tb  1/3

25keV

W  6.5mm
@ 13mm
Gd20:S:Tb 3ms
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« MSGC, YAP Imager X,Y
SPring-8
SLS
e Microstrip-Ge ASIC IDE VA32cg-
TA32

« CCD color imaging

ASIC
« DXAFS
* Charge integration type ASIC

. s




