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el Beamline TS

Prefocusing section: Adapt the source to the monochromator requirements
Adsorb the unwanted power radiation

f_} Monochromator:Select the proper photon energy
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Top view

Refocusing section: Adapt the spot shape at the necessity of the experiment
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e Small spot = Large demagnification Fg'fﬁg
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Demagnification 120X20
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240 X 40 um?

Side view

Exit slit
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Entrance slit
Monochromator\
Deflection mirror

Horizontal focusing

Prefocusing

Pin hole

Top view
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Small spot with KB system
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Plane eliptical mirrors
in KPB configuration
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(elettra

Shape Length rms errors
Spherical/flat Up to 500 mm < 0.5 urad
4 Spherical/flat” > 500 mm 1-2 urad
; Toroidal Up to 500 mm < 1 urad
Toroidal > 500 mm
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@m Approach best ellipse F@E"-‘:p’
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FERMI

Q(m Correction by polishing welettra
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elettr Correction by polishing F@'S:'fﬁpr

Sample tilted by 76°

2X7 um?
BRI RRARS RRRRE ARAR 2 _ e Flux 1x1013 ph/sec
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@m Corrected by variable width %@9

micro-fluorescence & micro-diffraction (HXR)

To picomotors

Bending system

The mirror must be shaped according to the required working distance and angle of incidence
constant thickness but linear width variation.

Open clamping system to let the beam pass trough

Picomotors for the bending driving system (2 for each mirror)
Two different moments are applied at the end of the flat polished substrate
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@m Corrected by variable width F@E'?iﬁy,

'\INV DB rscronw

Verical scan Horzontal scan

2001 Beamline: ID 19
Energy 19 KeV
Gain 3.5 10°
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Bimorph mirror @e:mvmpr

Thin metallic electrode (deposited)

Inert plate (optical material)

Optical surface polished after gluing
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. . FERMI
Bimorph mirror @ezenjpr

Dimension: from 150 mm (single element) to 1400 mm.

C (ole view ) | = P2 f '_i
— e — ""/4
,Q S B
it LU e 1) I @

Radil_lS variation: 370 m (+1500V) to 2300 m (-1500V)

Stability: AR/R=0.8% on 1 day scale
AR/R=2.0% on 10 day scale
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) 1 - FERMI
el Bimorph mirror @d@pr

S
Photon Energy |33.167 KeV
Grazing angle |2 mrad

Souwce size | 510X 30 b

VFM Demag
HFM Demag

Spot dimension |8.5 X 6.0 Ym?
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Plane elliptical mirrors
in KPB configuration
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Small spot comparison

FERMI
(elettra

vertical position (4 m)

vertical position (W m)
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Bendable plane eliptical mirrors
in KPB configuration
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" |Single eliptical mirror
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um)

The only way to have a real
micro-focus is to start from a
flat or spherical surface and

vertical position (W m)

bent it to an mono

dimensional ellipse
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el Out of focus spot %?y

Horizontal Scale (um)
50 100 150 200 250 300 350 400

Vertical Scale (um)
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Out of focus spot F@E'fy

efficiency (%)

Photon energy (eV)
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FERMI
(elettra

Out of focus spot

Monochromator
2x plane VLS

lettra

¢

SPELEEM

e elliptical

Buisnoojay
[EJIHBA,

hendab

m

JoMI uolpsje £ =

a
0

P

typically 1

\\\\\\\\\\ i

NS 1x3
Buiels SIA

Q.
@ Jodl aueld
= HIS [EJUBA

aloyuid

Side view

3

figuratio

Kirkpatrick-B3
con

Bendable ellif
refocusing mir

School on Synchro}ron and free-Electro

Top view



FERMI
OU"’ O‘F Focus SPO{' @elettra

10 cm defocus
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@m Different mirror material F@'é:'?"ﬁpr
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. . FERMI
of focus with SiC | b

10 cm defocus with the SiC
mirror and REAL glidcop
refocusing ellipsoid
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01 =
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Higipveri \WHM: 0.C555032
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. - . FERMI
Out of focus with silicon mirrors (1;'

10 cm defocus with the SiC
mirror and an ellipsoid
with a real BIMORPH

residual profile (SILICON)

INTERNAL LIMITS
==G00D ONLY
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FERMI

Q\M Metallic vs Silicon @eleitra
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el Wavefront / Coherence Fc%'?ﬁ'pr

Xy
| 111" 18 R, A3
f ;9« - Wikipedia is sustained by people ke you. Please donate today.
# ; ). article discussion edit this page history
: WA
L. a'\y e .
REERS Coherence (physics)
N "_.. ) \",' J From Wikipedia, the free encyclopedia
— ') .2

wikireniA 1IN physics, coherence is a property of waves, that

e enables stationary (i.e. temporally and spatially
constant) interference. More generally, coherence
describes all correlation properties between

physical quantities of a wave.

h
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eleth Coherence o=

Obgect of unknown structure, pr)

- @ . NK) = (K
namre s
physu:s

M \ '
what a pecChure!

Ihtiractied field, AR

H. Chapman et al. Nature Physics 2, 839 - 843 (2006)
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M . FERMI
@ Cherence/wave front preservation @'ﬂvp’

]
. TIMER
fERMI beam l'"eﬁane o EIS Switching
Shutters
o . l Diproi
i Delay Lines KB System
FEL 1 ' N —

Monochromator

TIMEX-LDM LDM

P
2.5° 0 Spectrometer
25m "

FEL 2

Hutch
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' . FERMI
Q’«m Coherence (wavefront) preservation @zvpr

20h - sin v
Q= Y
A4 deformation (after all mirrors) needed
A/10 deformation (at each mirrors) acceted
l ~
$ % School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySAppICATIons
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. . FERMI
Q(m Coherence (wavefront) preservation @ez@p,

Fermi@elettra case “, / ‘, e"\
Wavelength | Angle of | shape error p-v | shape error p-v N 2
incidence ¢ =0.25 ¢ =0.1 )
40 nm 6° 47 18
40 nm 3° 95 38
40 nm 1.5° 191 76 3
10 nm 3° 23 9
10 nm 2° 35 14
10 nm 1° 71 28
S nm 3° 12 5
S nm 2° 18 7.2
5 nm 1° 36 14 )
1.67 nm 3° 4 2 20h-sin
A
Xfel(s) case
Wavelength | Angle of | shape error p-v | shape error p-v
incidence ¢ =0.25 ¢ =0.1
1 nm 1° 7 3
0.5 nm 1° 3.6 1.4
0.1 nm 0.33° 2 <1
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M FERMI
Mirror shape error mﬂv?

10 —
€ 5—
£
5
() 0* W
5 2 nm,P-
)
3
-5—
-10x10° —

° 20 40 60 80 100
mirror position (mm) {

Typical SR mirrors

Required FEL mirrors
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elettra

“Classical” polishing with “good” metrology "?5'73'9*
(H. Thiess-Zeiss, f. Siewert-HZB)

Height [nm]

T-0=-

Classical polishing (Computer Controlled
Polishing-CCP)

High precision metrology (NOM-Bessy)
Ion Beam Figuring or CCP
Second itaration with metrology
Second IBF or CCP

- - - - - - - - -

N @ 8 B 1 B e W W W
Itery DOMLON M
' { 'slope RMS
) } PV /nm 'RMS /nm | /aresec
|before | 484 | 103 | 037 |
after | 149 | 39 | 0.22 ]
\after-0.5mm | 139 | 36 | 0.17 \
[after0.5mm | 185 | 44 | o3 |

Height 4. It.: 61 nm pv
Height final.: 22 nm pv

School on Synchrotron and free-Electron-Laser Sources and their 1)'.&1‘1"]2l]35],9|.1115',f‘y APPLICATIONS;
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(elettra

ele (S. Alcock-Diamond, S. Cockerton-Crystal Scientific)

i Preferential coating technique FERMI

S

Mgt avvie |w)

1) Classical polishing

Abae 3 coming = T3om ven 2) High precision metrology
3) Error correction by Rh controlled
. Lo deposition
Cabersi o] 4) Second itaration with metrology
5) Second differential coating deposition
, 6) Third.....
\ / 7) ......
8) .......
{ 9)

nn) Final required slope/shape error reched
(hopefully)

Latevad P}

School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySApplicasions
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! Elastic Emission Machining FERMI
(elettra
Q(m (Jtec, K. Yamauchi-0Osaka Univ.) \/"

mirror substrate :Quarz Glass Silicon

.
- .~

f:" > ofv.j\ 30 .
’// TEC é{')ERCP ORATION ul | o o;m.'
‘ 40
» g &
— 6""’/ 00700 +
— Hork Before machining
0.32 nm rms

1.3 nm rms

Chemical reaction are induced
between top-site atoms of mirror and

fine poviders after machining after machining
0.3 nm rms
Problem: max dimension 100mm 0.14 nm rms
(400 with lower precision) Powder used: 0.1um size Si02 2um size SiO2

School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySApplicasions
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elettra

Optical quality: resume

FER\’y
(elettra

Fermi@elettra case

Wavelength | Angle of | shape error p-v | shape error p-v
incidence ¢ =0.25 ¢ =0.1
40 nm 6° 47 18
40 nm 3° 95 38
40 nm 1.5° 191 76
10 nm 3° 23 9
10 nm 2° 35 14
10 nm 1° 71 28
5nm 3° 12 5
5nm 2° 18 7.2
5 nm 1° 36 14
1.67 nm 3° 4 2
Xfel(s) case
Wavelength | Angle of | shape error p-v | shape error p-v
incidence ¢ =0.25 ¢ =0.1
I nm 1° 7 3
0.5 nm 1° 3.6 1.4
0.1 nm 0.33° 2 <1

T-0=-

School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySApplicasions

Manufacturer are not ready for
the challenging short
wavelength request, or, we
must relax ur expectation for a
while!
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cnae FERMI
@&% Brilliance @l\ﬂ?
e
Wavelength{rm)
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Difference with SR sources

Intensity (photons/sec)

10

10

13 |

14 |

w oo

3GV
15 periods 0.5X0.5 mrad
6 cm 12 periods 0.5X0.5mrad
5,6 cm 51 periods 0.5X0.1 mrad

15cm 13

Photon Energy (eV)

=0~

. : \ S
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e 3. bunch compressor:

ncrease of the current

taser 7

FERMI
@elettra

storage
ring
e o ¢

-

ns

-
-.11

o
electron boam
.
‘

2. boost

reduction space-chage efMocts

1. rf photo-cathode gun:
high quality electron source

3¢
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@elettra

¢lettra SR characteristics

FWHM volue 19°
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FERMI &

(@elettra

Thermal deformation

FWHM value 15; 28022.7
v 2G% 518

N Iinteqrol w5 2 ' ‘
T \Peok ot : (5600.00.0.0087%100)
' IMEAMAL
PHOTON . _ l SLeD
UCaMm : - /
e, ‘s P — / .
‘—-’“ AN 'I“(‘;Z;’}\ . .
—— =K : | -
‘. " ' u | ~ -
— ——— , |
- =T 2y -
aen e =eTye ol o =& §73 ‘ ) 4x10 £x10
COOUNY (7, - o —F - o e )
AP | - Phaton {n.;-—;'“' I.-',']
A

100W --> kW

From uW or mW
\ ///V\,M-—\
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Q(d% fluence & Damage threshold F<5'739

% Fluence (Joules/cm”2) = laser pulse energy (J) / focal spot area (cm”2)
b e Intensity (Watts/cm?2) = peak power (W) / focal spot area (cm”2)
=

' Peak power (W) = pulse energy (J) / pulse duration (sec)
=
2. booster accelerator:

1. rf photo-cathode gun:
high quality electron source

3. bunch compressor: -
ncrease of the current L i

c.w. laser ns laser ps/fs laser

FEL 1:
100 fsec; 5 GW 2 ~ 0.5 mJ

FEL 2:
200 fsec; 1 GW 2> ~0.2 mJ

Matrial Damage
threshold
@ 90 nm

Cu/Glidcop bilk ~ 500 ml/cm?

Au coating 40 mJl/cm?
Silicon bulk 30 mJ/cm?
Graphite coating | 60 ml/cm? 2.9°/ 11.5°/ 53° 240 my/&hock waves | 9°/40°/ 90°
YAG bulk 70 ml/cm? 3.3°/ 13.4°/ 68°
School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySApplicasions
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elefira fluence & Damage threshold %’@9

High density carbon (or B4C) are very “strong” materials but...

Wavelength (nm)
41 191410 8 6.55.5 4 3 2 1
Y I I I I I
0.8} \'
‘? 0.6 —
2
]
@
© 04
o
0.2
0.0 ] ] ] ] ] T
200 400 600 800 1000 1200
Photon energy (eV)
Gold or platinum are “soft” or “tender” materials.....

Therefore, the only way to substain such a strong energy density is to stay far
away from the source and work in grazing incidence mode.
Sometimes it is not possible —

) School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySAppICATIons
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el Harmonic rejection @znvpr

YT - - ———————YT w T

Internal Orders (+)

: MIAY PR f) Zero order
. . » a
3 | External Orders (-)

. s e JdL nA = d(sin(c )-sin(B ))

" AN, S ALY A AN

Y .

Examples:
100 nm cff 0.98 o 80.41 11.1 I/mm At=74 fsec FWHM B d
40 nm cff 0.93 o 81.8 33.3 I/mm At=65 fsec FWHM AT_N}“/ C

30 nm cff 1.25 o 82.65 150 I/mm At=300 fsec FWHM

10 nm cff 1.73 o 85.5 600 I/mm At=236 fsec FWHM
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Q\w% Diffraction gratings F@%'?iﬁy,

Micro | b Wisible| U.y, [Soft | Hard
wave X-ray | X-ray

Internal Orders (+)

[3 Zero order
04
External Orders (-)

nA = d(sin(c )-sin(B))

40




@m Why

gratings®

Resolving power = E/AE

30x10° T B
— SG1
251 — §G2 .
— SG3
— SG4
5 20 —
2
o
a
j=2)
c
= 15 - _
[*]
17]
[9)
¥
10 — —
r \ -
| | | | | I t =
200 400 600 800 1000 1200 1400 1600
Energy (eV)

Counts (a.u.)

V=0~
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Monochromator 0.01%

ICTP, Trieste, ITALY Apr. 26 - May 722010,



@m Groove profile chl?ﬁy’

Laminar

A lot of energy deposited on the grating facet

k Almost normal incidence

School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySAppICATIons
ICTP, Trieste, ITALY Apr. 26 - May v 2010

THOT



: FERMI
w Groove profile @lﬂvp,

%

| | L
ﬂ—d Blaze angle=(a+f)/2 ‘\“— —/
d
A lot of energy deposited on the grating facet Energy distributed on the grating facet

1 o
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Grating damage test ?'@97

_TT——
LaSerW’

|
-~ -z, |
¥ ‘ .

Grating can be used, but only with blaze profile and in very grazing incidence mode
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@m Multilayer for harmonic rejection "'@'é:'?i"pr
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T 0.1 L 100 layers
- d=4.6 nm
< I ////
E 0.01 4
2
0.001
\/Ratio eff. 6.33nm/eff. 20nm
- 1 mirror = 57
0.0001 | | | | | | | |
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12 14 16 18 20 22 24

Wavelength (nm)
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qwﬁt Multilayer for harmonic rejection

FER\"ilp,
(elettra

TIMER

EIS Switching

Plane mirrors

Shutters = o Dioroi
o . TIMEX iproi
38m g Delay Lines KB System
= = e
- = 5° Monochromator Switching
FEL 2 o 2255m 0 % Spectrometer TIMEX-LDM DM
T KB Syste
|0 monitors Safety
Hutch 50-70 m from source
< =
0.9-1.8 mJ/cm?2 on the 45° mirror surface at 20 nm
0.9-1.8 mJ/cm? adsorbed
Matrial Damage threshold |Safety margin
(@ 32 nm (@ 50 m, 45°
Full beam
Multilayers suffer from fast aging effect Absorbed
Silicon bulk 87 mJ/cm” 48 - 48
-C 60 mJ/cm” 33 - 33
SiC 140 mJ/ cm” 77 - 77
B4C 200 mJ/cm” 111 111

T-0=-
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Metrology

Fsl'\ihy,
@elettra

Better results

vHO

Request of higher performance
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eletr Long trace profiler %5%2:5;2‘
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printing
Rectangle


fizeau

interferometer

FER\";Q,
(@elettra

=0~

Laser collimated beam

3D measurement of optical surfaces
\./100 precision

\./2000 repeatability

A usually 632.8 nm or 1100 nm

Accessories
Transmission spheres
Converger for sagittal radii and NI mirrors
Diverger for NI mirrors with R>2 m

S T
& e e
m@’v" ——
< .
v Partic
v
v

( ( ‘transmission flat (or sphere)
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Roughness measurement
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Michelson Interferometer

School on Synchrotron and free-Electron-Laser Sources and their MultidisciplinarySAppICATIons

ICTP, Trieste, ITALY Apr. 26 - Mayi 72010 51




Atomic Force

=0~

W\

" \
Vo
.-. I
-
Detector and
feedback
clectronics
-.l
> R . \ow [T o - ~— e [ P
Photodsode ™ S T an BME Bew A
‘d"'\\‘:'(‘r’ / ,/ J luw’
4 /,'
A h 8 IK/
\\ "
\\\ ',
—_—T Cantilever and up
e~ e
J S @
[ Sample surface ]

Microscope

FERMI
@elettra

4
] 8
]
ol B - -
s ' ’
-~
Xt
1w
IS FE L
:
L
'_-’.
Y NS W ——
3 ' ) ol
.
A
LR 0 - LY " SO,
T U TS LU T T
-

School on Synchrotron and free-Electron-Laser Sources and their Multidi

ICTP, Triest



Q‘M Power spectral density %‘7‘3"9

PSD
Slope errors

- ! WY
(ST<O 2oz mm ) erferometer W
W
wWWwww

- Roughness (SF>1mm?)

Long Trace
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Books:

W. B. Peatman: Gratings Mirrors and Slit Gordon Sci. Publ. Amsterdam (1997) (Soft X.ray opitcs,
introduction to SR sources)

D. Attwood, Soft X-Rays and Extreme Ultraviolet Radiation, Cambridge University Press
(Interaction radiation-matter, SR sources, UV and Soft X-Ray optics)

A.A. Modern Developments in X-ray and Neutron Optics (Recent achievment in multilayer, metrology,
ray tracing and X-ray lenses)

CXRO X-ray data booklet Lawrence Berkeley Nat. lab. (2001) free (general information and table useful
when using X-ray)

Programs:
Shadow (ray tracing) http://www.nanotech.wisc.edu/shadow/shadow.html
XOP (general optical calculation) http://www.esrf.fr/computing/scientific/xop
SPECTRA (synchrotron source) http://radiant.harima.riken.go.jp/spectra/index e.html

Links:
Centre for X-ray Optics http://www-cxro.lbl.gov/ (general information and on line software)
The international society for Optical Engineering http://www.spie.org
Optics.org http://optics.org
Photonics.com http://www.photonics.com/
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