H#XR monochromators

Micro .. Soft | Hard
Far IR X IR. |Visiblel U.V. X Xor
Radio |Micro-|IR. UV rey wave -ray ay
wave Y -ray
IJ s Incident
7500m ! \400nm plane wave
\

| visible ¥,
2dsin 6

(—\ ioy Constructive interference
) dsin @ when

white light .
source ] @ @ ® e ] nA =2d sin 6
r ?
o o o o o Bragg’s Law
Micro 11 |visible Uy, [Soft | Hard
wave X-ray | X-ray

Internal Orders (+)

B Zero order

External Orders (-)

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

2d sin®

EXAMPLES:  Si(111)d=3.134 > Emin~2 keV
InS6 (111) d=3.744 = Emin=1.7 ke V

Radiation of wavelength A is reflected
by the lattice plane. The outgoing
waves interfere. The interference is
constructive only if the difference of
optical path is a multiple of A.:

2dsind=nA

Limits:

sind=1 = A___
Amax = 2d @0=90°

Si(311) d=1.644 > Emin=3.8 keV
Beryl (1010) d=7.984 = Emin=0.8 ke V
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Energy Resolution

AA)L = Alf = Adcot g(9)

oA _ 2dcos . OA _2dcos?, n
oY n A n 2d sin®
AO has two contribution :

AV, beam angular divergence
Wepystal LRETINSIC Teflection width of the monochromator

*00

2dsind=nA
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Beam divergence

V)

| E

max min

2d -sinU,,;,, = nAy

2d -sin¥=nA <={9max ~ Ornin > AL o< A

2d -sin,,, =n\

max
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Beam divergence

V)

| E

max min
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Collimating mirror

V)

| E

max min

Collimating premirror
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Collimating mirror

Collimating premirror
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The Darwin curve

AA AE

- =z = Adcot g(9)

nqular divergence

\ AD has two contribution :
[

Wepystal LRETINSIC Teflection width yf the monochromator

2d sin®
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The Darwin curve

2
r A
= 2 e C‘F ‘e—M
sinZﬁB xV | hr
n order of the reflection

A wavelength of the fundamental
eM temperature factor

Vv volume of the unit cell
Ug Bragg angle
R radius of the electron e2/mc?

e

F,. real part of the structure factor related to the
diffracted direction h(h,k,I)

N absorption effects

/ \ angular shift due to the refractive effect

MO-15 April 2011




DuMond Diagram

L

I
|
! sin = A
energy T | 2d “sin

bandpass v //
A P e r—=2711____
Typical resolving power: Y '
E/AE = 103-10% e !
for non collimated beam — %/ ! AY

E/AE = 104-105
for collimated beam

|

|

|
SR = source divergence ()
slit= angular acceptance of the slit
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Crystal Monochromator

\

All rays accepted by the first
crystal are accepted also at the
second.

Second crystal in
non dispersive configuration
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Channel cut
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Channel cut

Channel-Cut Si(111) Monochromator

E=17.7keV

A=0.70A
0= 64°

Much easier to allign!
Exit beam displacement!
Impossible to detune (No more true)
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Double Crystal monochromator

Fixed exit beam
direction
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Undulator
U 5.6 short

Twin Mic beamline

Plane gratings
18m from source

Pin hole
22m from sour

— \/

——

/ M3, Sagittal toroidal focusing mirror
et

Grazing incidence angle 1°

M1, Sagittal cylindrical collimator M%Y\a“e

16m from source

Grazing incidence angle 1°

0.2-2keV (0.2-4keV desired) photon energy range
Moderate resolving power, high flux.

Fulfil the requirement of full field imaging and scanning mode

15

 F— |

Source

20m from the source PR-ZP

9je|d suoz
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Zone Plate

i
A ’— = .
| .%«mu%m«mw N
Fresnel lens A _—

w”wvﬁ";ﬂ
S Ej
Y
P

k.
W4

_
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Zone Plate

/ (+1)
A I_L /
. d -
1t
> (0
— o] (0)
_— I
i mA
- I \ sin9,,,=71 m=0, i], :i:2, Ii:3,
¥4 \ Y
A , : m =0
d%\ez Nm = 4 1/m*n% modd
0 m even
(50% absorbed)
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Zone Plate
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Zone Plate

2

vy = fnA
2

f=r” =f0 n odd
nA n

;L_’”nz _MN 7

Higer order focused at

Y

different longitudinal

positions

19
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Yy

)\-X

Y

Yy

Y

Y

Y

Zone Plate

T~ Spatial
~— resolution:

--------- T~ 12ar 7

- Reacheable minimum outermost zone width =20-30 nm

™ Opaque
zones
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Microscopes

Undulator
U 5.6 short

Plane gratings Pin hole

— /

18m from source 22m i@% \{
——— fu—— \ @WE .
| =

Source

M3, Sagittal toroidal focusing mirror ‘
_— 20m from the source PR-ZP

Scanning Sample
(scanned) Detector
OSA
ZP

Monochromatic
light

ED Fluorescence
detector

Full-field imaging

Sample

fixed
Aperture (fixed)

+ versatile detectors can run
simultaneously;

+ easier optics set-up;

- long exposure time;

- complex electronics.

Ideal for spectromicroscopy

21

+ short exposure time;

+ higher resolution - static
system;

- complex optical alignment.

Ideal for dynamic studies
and tomography
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Small spots - Large acceptance

soure”

3uISnd0jJ [BIUOZLIOH

Demagnification 120X20

%. |||||||||||||||||||||
m - BUTSTIO0] TROTHOA ~
(@\
S U
~ INAH
...... N
| JoLIIw uond[jo]
Cosuxg
LTOTETOTIOUOAF
s oouenuy
o ~ Swisnoojorg
* S
™ <t - - - - - - - - - -
= N 3 s[oy urd z
._"- P ) 4 <) =B
-2 2 _.m (e}
- S T
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KB mirrors
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Small spot with KB

A
Shape Length rms errors
w2
Spherical/flat Up to 500 mm < 0.5 urad
L: \ P& Er?*
"~ | Spherical/flat” | > 500 mm 1-2 urad
o L e v
08 -
% Sagittal .
arecton | Toroidal Up to 500 mm < 1 wrad
Mn,-:uz:T:'
Toroidal > 500 mm
T 25 urad sl 0 ' SRR ST
. raa slope errors B \ 0 M
® P Tﬁ'ﬁﬂ; mﬁ% herical UOp to 500 mm’ P
— o e , . -10 — Iﬂ:@ . - |' II. .
(S 5+ I .1\“3:!; "'I L A € " J:'II S . '
= h Ju Q, oy e = "1” é = [0 . .
= ".'-.«:.*.,-.-u-n., - - 20 i Asph rlcal - | > P00 mm !
2 ol Jf r* 2 30 A i) 2
B = dy i T -8
® [ - [ 1
-"% g -40 = ;{ ! 'th E " '
2 ¢ i Y $ 100 |-
5 -50 1 :
‘ |Single eliptical mirror 120 Spherical mirrors
Plane eliptical mirrors 60 in KPB configuration
in KPB configuration
10 & | . | | ! | . | ! | . -140 | | . | ! | ! |
-10 -5 0 5 10 -200 0 200 -600 -400 -200 0
horizontal positon ( um) horizontal position ( um) horizontal posiion ( um)
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Approach best ellipse

—————————e

| m Seformuas e

S 000
b 0 CCe -0
B33 22 I% 36 41 3 A M4 12 nuunxn:uf
\tatnas 3 00L-03
3 200 \ /
3 0OL-04
1902 \ /
'.: L3004
— 2 20ae \ / ——eil
3 00004
- 3 2000 \ /
2 30804
- 3 20008 \ /
3 00L- 04

- :
4 <3 <% D <o ¢ LR 21 L I ] 1
Rpoc 350004

40004

Two unequal moment applied at the edges
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Correction by polishing

(e
w

(Hm)
S oAb

iy
o

, Praofile variation
1
o0

o
. Profile variation (W m)

~
~

—
N

o

Position (mm) Position (mm)
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Correction by polishing

Sample tilted by 76°
2X7 um?

5 ~

\‘P‘/ ésoo _I LI | LU I LU I LI I_ FluX 1X1013 ph/sec

2500 - — = FWHM=2 um

g 2000 | | -

;000 = - g \

51500 |- - 200 \* i

g 2 |

— o= — “ —

21000 |- - ;1000 / \

3 2

N =500 ‘ —

= | | 9] :

é 500 | 1 1 g 0 .,Mw”/ﬂ j \N\‘“\
-10 -5 0 5 10 -10 -5 0 5 10

Position( wm) Position( wm)

D. Cocco X-Ray optics, Erice, 6-15 April 2011



Corrected by variable width

micro-fluorescence & micro-diffraction (HXR)

\/

L

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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Corrected by variable width

SOurce
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Corrected by variable width

T FWHMS0 2 microns

Vertical scan

Horizontal scan

2001 Beamline: ID 19
Energy 19 KeV
Gain 3.5 10°
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10

Hybrid systems

Higher order corrected by:

Dynamic variation of the moment of Inertia

Correction of low frequency shape errors

Piezoceramic Layer
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Hybrid Systems

100x10° 4, ,
: : ——-100Vel1
' : — -100 Vel 2 1094
801 . : 100 Vel 3
. : === Electrode 1
3 . ! = == Electrode 2
® 60 ' ' Electrode 3
S ' : 50
) ! '
8 40+
2 1
@ 1
© '
3 '
@ 20 !
o ] ° B
047
20 S——y — | | | | I “S0 -
0 50 100 150 200 250 300 350
o 10OVl 2
- 100 = —a 200N 0l 2
- 100y sl 2
v FLICTREOT POSITON
«150x70 ~

.

12 12 Y Y Y Y Y
0 SO0 1090 1S90 00 IS0 30 IS0
Mirrer pasitios (mm)

11 D. Cocco X-Ray optics, Erice, 6-15 April 2011



Larger dynamical range

RN i A R

From flat to Iesls than 1 m
image distance
Angle of incidence above 2° -

Residual shape (um)

2.2 1 1 | | 1 1 1 I
-180 -140 -100 -60 -20 20 60 100 140 180

Mirror position (mm)
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Other systems (larger dynamical range)

D 100 200 300
Lg_ Mirror position (mm
o 2 -
©
2.0
i T 1.4 . N\
=] B )
2 > 08 e \
L g 02 / \
< : \ N\
2 .04
©
3 -1.0 \
8 6] N /
0 | | | | = L,
0 50 100 150 200 "2180 -140 -100 -60 -20 20 60 100 140 180
Mirror position (mm Mirror position (mm
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Bimorph mirrors

Thin metallic electrode (deposited)

Inert plate (optical material)

Optical surface polished after gluing
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Bimorph mirrors

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

A
Z
PZT 1 I
PZT 2 L : B
. s Y /. —
L~ iPL. 1 __1E
C (side view ) N - t IE
Res - P |
N = 1 _—

1
—— \
67 , t\\_ e T —"?'--_’- -} - Z o

Radius 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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Bimorph mirrors

configuration (300 mm)
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Photon Energy |33.167 KeV
Grazing angle

Source size 510 X 30 Wm?

Footprint 260 mm

VFM Demag
HFM Demag
8.5 X 6.0 Hm’

Bimorph

e e e % -

mirrors
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10 F

2.5 urad slope errors

€
3 ;
5 ‘4" i
3 "'3 '.'?f, 'f&'.‘ t"L*f xF
S of ..,"‘*fj,‘*ll I
S { ’MJ ﬂ& i M,
S ‘ 'tl'h:n" ‘j!l ‘;11:."""
¢ '"j! \?ﬂu\r'w tﬂ,.'\
_5 e |I' | ‘lh”f'l F\"‘h ||l‘|| | |I
Plane elliptical mirrors
in KPB configuration
10 = | I ] ]
-10 -5 0 5 10
horizontal position ( um)

18

Small spot comparison

vertical position (4 m)

vertical position (W m)

10

-10

-10

0

-10

1 urad slope errors

Bendable plane eliptical mirrors
in KPB configuration

- | 1 1

-5 0 5

10

" ISingle eliptical mirror

-200 0

horizontal position ( um)

The only way to have a real
micro-focus is to start from a
flat or spherical surface and
bent it to an mono
dimensional ellipse

vertical position (W m)

-100

-120

-140

!
.'Il P -,p W

T Mm;»

|I'I I|l

| Spherical mirrors
in KPB configuration
— 1 ! | ] ] ] ]
-600 -400 -200 0
horizontal position ( um)
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vertical position (4 m)

10

Out of focus

1 urad slope errors

Bendable plane eliptical mirrors
in KPB configuration

- | 1 1

-10 -5 0 5

horizontal position ( um)

10

Vertical Scale (pm)

°

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

107 . .
= Slope error of the internally cooled mirror
©
o 57
A
8
o 07
0

-5

-10x177
T T T T 1
0 20 60 80 100
X (mm)
30— ,/\ . \ A Horizontal Scale (um)
25| | Slope error bendable mirror e \\
201 /““ ! / \
15 / W \
. 10p /«/ \ | \
2 ) / L,
§ 51— / \\\ //\ / \‘ g
é °r / \ / \/ s“ \‘\ 2
@ -5 — \// \ /f/ ’/\/ \\ i
10 L /3 \\ ﬁ‘,/ \"\ %_j g
15 lu/\ // “\‘ ‘f \\ A >
20 — \‘/ \\ “[ d\\\ , \\ c/ |
25— \\ J/ \HJ“ \\ y‘f
-30x107° |- e / V -
| | | | | | | \ V | | | | | |
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

20

Photon energy (eV)
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Out of focus

10 cm defocus

o i mmammi

INTERNAL LIMITS

——GO0D ONLY

INTENS = 7629.00
10T = 25000
LOST = 17371

Vertical: 3. 7
HistoHorizFWHM: 0.00817366

Histovert FiwHM: 0.0511315

user unit

Harizonlal:1: ¥ Fuser unit%

P S S S SR ST SR ST SN AN S T S SN T SN ST ST SR (N ST S ST ST SR SR ST SN SR NN SHNT SR ST ST S S SR L - SPUTEN U SR Srrar

-G.010 —0.0G0 0.010 G.020 0 200 400 600 800
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Different mirror materials

10— —— actual glidcop mirror 5urad
—— SiC toroids 2 urad
5 —
AN
o)
o
o 0 -
Q
o
’ 1
_5_
-10x10°

20 40 60 80 100
x (mm)

o —
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Out of focus with Silicon mirrors

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

residual profile (SILICON)

INTERNAL LIMITS

——G00D ONLY

"Residual height (mm)

Residual height: 18 nm P-V; 5 nm rms
| | | | | | | | |
150 200 250 300 350 400 450 500 550

The bimorph mirror is property of GM/CA CAT at the APS (funded in whole or in part with Federal funds from the National Cancer Institute (Y1-
CO-1020) and the National Institute of General Medical Science (Y1-GM-1104)). ACCEL instruments GmbH is the main contractor for the
realization of the GM/CA CAT beamlines.
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Residual slope (rad)

25x10°°

20

15

10

-10

Metallic vs Silicon

-120

-80

-40

40

80 120 160 200 240

relative mirror position (mm)

280 320 360 400 440 480
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Wavefront / Coherence

n}'u

XI .......

Ax

I .. X, R
T T TiA { R

/ T Wikipeaia is sustained by people like you. Piease donate t oday
YA

9 article discussion edit this page

’

* 0 8 Coherence (physics)

¢ WM ¢ i
~ ‘ /\/ From Wikipedia, the free encyclopedia
= ! >

\!j(/;mm"p:/{\ ' In physics, coherence is a property of waves, that
e veive angbles stationary (i.e. temporally and spatially D
constant) interference. More generally, coherence
describes all correlation properties between

physical quantities of a wave.
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Coherence

Obsect of unknown structure, o)

AK) LK)y

namre

physic:

Dittracted hield, LK)

H. Chapman et al. Nature Physics 2, 839 - 843 (2006)
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Coherence & Wave front Preservation

j TIMER
fERMI beamllﬂes : EIS Switching
Plane mirrors
Shutters o
T L T L *‘\-A . .
a 25 Delay Lines KB System
FEL 1 S m — _ :
FEL 2 2.5° g £A Spectrometer Monochromator . .
25m b TIMEX-LDM LDM

Hutch

A
X; I
N Ax
e | L
>
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Coherence & Wave front preservation

20h -sinv ‘

A

A4 deformation (after all mirrors) needed
A/10 deformation (at each mirrors) acceted
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Coherence & wave front preservation

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
S nm 3° 12 S
5 nm 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
1 nm 1° 7 3
0.5 nm 1° 3.6 1.4
0.1 nm 0.33° 2 <1
29

o,
///

o
I’/‘

10-50 cm

(p:

50cm -1.5m

D. Cocco X-Ray optics, Erice, 6-15 April 2011



Mirror shape errors

10 —
E 5—
=
E /
D
()
< 0 —
= 2 Nm
B
(%]
o
_5 —
-10x10° —
| | AN | | | |
0 20 40 60 80 100

mirror position (mm)

Typical SR mirrors

Required FEL mirrors
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Mirror polishing
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Height [nm]

32

Classical polishing

1) Classical polishing (Computer Controlled
Polishing-CCP)

2) High precision metrology (NOM-Bessy)

3) Ion Beam Figuring or CCP

4) Second itaration with metrology

5) Second IBF or CCP

-20

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

figure profile /nm

)

o =
'-.“v

'ﬁﬂ’ ) 8 £0 -40 -0

0 2

@O 60 80

lateral position /mm

| PV /nm

 before | 484
after _ 14.9
(after -0.5mm | 13.9
after 0.5mm | 183
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| RMS /nm
10.3
39
3.6
4.4

slope RMS
| /arcsec




Height error [m]

Height [m]

33

0E+0

4E-7

After 1st coating = 113nm rms
After 2nd coating = 72nm rms

0 0.1
Lateral [m]

After 1st coating = 259km
After 2nd coating = 275km

05 04 03 02 01

Lateral [m]

Preferential coating techiques

o~ UD lo I
' m
1) Classical polishing
2) High precision metrology
3) Error correction by Rh controlled
P deposition
4) Second itaration with metrology
5) Second differential coating deposition
/ 6) Third.....
7) e
8) ......
/ 9)

nn) Final required slope/shape error reched
(hopefully)
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Elastic emission machining

mirror substrate :Quarz Glass Silicon

Work

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

Problem: max dimension 100mm
(400 with lower precision)

34

after machining
0.3 nm rms

O :
AN Siat et o ;
OISR
S XA % 8
ST | ™

~ Ve, P
L ) R\ W e 0.0
s N

O .
" 00700 +°
Before machining

0.32 nm rms
1.3 nm rms

after machining
0.14 nm rms

Powder used: 0.1um size S102 2im size Si02
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SR sources vs FEL sources

R 3. bunch compressor:
increase of the current

2. booster accelerator:
reduction space-charge effects

< 1. rf photo-cathode gun:
e * @ o o o high quality electron source

Compress the bunch length and
see what’s happen

Synchrotron bunch distribution
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FERMI@Elettra FEL

36

Peak Brilliance (Photons/s/mmz/mrad2/0.196! w)

Brilliance

Wavelength(nm)
1000 100 10 1 0.1

1033 S LLLAE B I Sy LU S B L1 B B L1 L0 R B B L L

32
10 P~NZ2
1031 ----- e

, _ A
10" - FERMI@Elettra
1029
1028
1027
10%° 10

10" Increase

25
10
1024
1023

22
10 ~

. v PN

T N [1=400 mA

10% _ 1\ 10%

9 uie.s 3'l \ 1
10 T N S 10
10]3 Short US.G } '.” : 'x.| ?"I o ; S(_».\t\n 18

_ L W14.0"
1017 - 3 1 \ 1017
Short W15.0__———__ \

16 e 16
10 ___—Bending Magnet n A\ ¥ 10
10‘5 T W TTIT BETTTT R TTTT PR TTTY B WAL T ]0‘5

10° 10' 10° 10° 10* 10°

Photon Energy (eV)
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Differences

Intensity (photons/sec)

5
i |
3t %
2
6 ?
5: ! A
2 |
? ‘3GeV I P i L
g% ﬁ150m13penodso5X05mrad | | P
. ——16cm12periods 0.5X0.5mrad . o
N %j560m51 periods 0.5X0.1mrad ! L a
.~ 6.5cm 44 periods 0.5X0.1 mrad ; .
. — 8am25 penod305X01 mrad ; ; o
12 L» b 4 o] L \ H \ L L \ b 4\ H\ _ . w |
2 3 4 5 6 789 2 3 4 5 6789 2 3
10 100 1000
Photon Energy (eV)
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® & @ ¢ g e
’ storage 'o’
.. rnng e o *

3. bunch compressor:
increase of the current

lnsor/,g

2. booster accelerator:
reduction space-charge effects

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

inteqrol
N\ Peok of

SUvep

Power|Woatts/ev]

'| 1L 'U ~1
. . !
———— 4 |
\ o pr— o ' .‘ —— ~ < |

a— = —_— ! — ——
e =P melye toel o o 8
COOUNU e —— = I==

Lo |

i = ' [ B
§ 3300 periods, K=3.7, E=14.35 GeV, 120 Hz rep rate
- = E
= =
<< - 3
= 108 F " I E
> 10°' E .
S » =
- Spontaneocus Spectrun .
=2 =
I—~ - — TR T Y N - = L LAl Ll reael 1 =
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fluence and damage treshold

Fluence (Joules/cm”2) = laser pulse energy (J) / focal spot area (cm”2)
Intensity (Watts/cm”2) = peak power (W) / focal spot area (cm”2)
Peak power (W) = pulse energy (J) / pulse duration (sec)

3. bunch compressor:
increase of the current

\-f ‘lf«
......
2. booster accelerator:
reduction space-charge effects

Iasor

et e Vo
i ,, »
FEL 1: 3, g, /
. 0. 10y €sy b /I
100 fsec; 5 GW > ~ 0.5 mJ 0 e egp A -
FEL 2: @19, 7~

200 fsec; 1 GW 2> ~ 0.2 mJ /

Matrial Damage Safety angle 100 Estimated damage Safety angle 40
threshold nm threshold nm
@ 90 nm (10 /20/40 m) @ 40 nm (10 /20/40 m)
Cu/Glidcop bilk ~ 500 ml/cm? 24° / 90°/ 90° ~ 1000 ml/cm? 41° / 90°/ 90°
Au coating 40 mJ/cm? 1.9°/ 7.6°/ 32° 50 ml/cm? 4.8°/ 20°/ 77°
Silicon bulk 30 ml/cm? 1.5°/ 6°/ 23°
Graphite coating 60 ml/cm? 2.9°/ 11.5°/ 53° 240 ml/cm? 9° / 40°/ 90°
YAG bulk 70 ml/cm? 3.3°/ 13.4°/ 68°
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fluence and damage treshold

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

Reflectivity

40

Wavelength (nm)
41 191410 8 6.55.5 4 3 2 1
|]_ | I I I I | | | |
Au 2°
0.8 —_c e _
= ni 2°
0.6 - -
04 =
0.2 -
0.0%= T T T T T T
200 400 600 800 1000 1200
Photon energy (eV)

Proper mirror coatings (and multilayers) must be made.
Binding layers are very very important

Gold or platinum are “soft” or “tender” materials.....
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Harmonic rejection and monochromatisation

N T o N Internal Orders (+)
' BESSY FEL ] [3 Zero order
R | 1 a
2 . P! ! ! External Orders (-)
‘ ;7 '. ! 3" harmonic ]
> 0 | R
ol - {0 wrmdin)-sin(s)
| A !
s :
ivelengt m
Examples:
100 nm cff 0.98 o 80.41 11.1 I/mm At=74 fsec FWHM 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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Grating’s groove

Laminar

A lot of energy deposited on the grating facet

k Almost normal incidence

42 D. Cocco X-Ray optics, Erice, 6-15 April 2011



Grating grooves

ﬂ—d Blaze angle=(a+f)/2 ‘\“—y—/
d
A lot of energy deposited on the grating facet Energy distributed on the grating facet
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peak flux (photons/sec)

Multilayers

photon energy (keV) Intensity 20nm (1” harm)

0.1 1 10

,‘,-r:. T T T
BESSY FEL

=100

Intensity 6.33nm (3’d harm)
/

asnd,

\

=10*
-

3 harmonic

BESSY FEL
spontaneous emission

—
-
™
Tq-—.-—-q S BRALL ER AL e
c

sl ssnd sad ssned ssned

Q. Q
\
5
T T 11

Co/C
0.1 L 100 layers

d=4.6 nm

wavelength (nm)

Ratio eff. Multilayer Total
6.33nm/eff. 20nm 6.33nm/eff. 20nm
1 mirror > 57 1 mirror - 0.6

0.01
2 mirrors > 3300 2 mirrors © 33 ' “\_/
4 mirrors > 107 4 mirrors © 10°

0.001

Ratlo eff. 6.33nm/eff. 20nm
1 mirror = 57

? Q) 0.0001 I I I I I I I I
6 8 10 12 14 16 18 20 22 24

Refelctivity (-)

T T TTT+F5

a s

Wavelength (nm)
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45

Shutters :

Plane mirrors

38m

Multilayers

o
o A

EIS Switching

50 Delai Lines

TIMEX

KB Systﬂo
=1 :':I

TIMER

Diproi

LDM
KB Syste

o

X o Monochromator Switchi
FEL 2 mH 4 0§ Spectomete TIMEX-LDM
|0 monitors Safety
Hutch 50-70 m from source
0.9-1.8 mJ/cm2 on the 45° mirror surface at 20 nm
0.9-1.8 mJ/cm? adsorbed

Multilayers suffer from fast aging effect

Material | Efficiency
40 nm Sc/Si 70%
20 nm Mo/Si 70%
13.3 nm Mo/Si 75%
6.33 nm Co/C 50%

Matrial Damage threshold |Safety margin
(@ 32 nm (@ 50 m, 45°

Full beam
l4bsorbed

Silicon bulk 87 mJ/cm” 48 - 48

o-C 60 mJ/cm” 33 -33

SiC 140 mJ/ cm” 77 - 77

B4C 200 mJ/cm” 111 =111
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Multilayers

In focus
Fluence: 180 mJ/cm2

1 mm out of focus
Fluence: 60 mJ/cm2

2 mm out of focus
Fluence: 25 mJd/cm2

3 mm out of focus
Fluence: 12 md/cm2

o-C 60 mJ/cm”

730 um

730 um

> <«

> B4C P00 mJ/cm”

Measured at 400 nm at the EIS laser lab
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Pump and probe - delay line

Delay from -2.5ps to +35 ps
Pump with 1st Probe with 1st or 3rd (multilayer positioned in the fixed “probe” line
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48

Pump and probe - delay line

o= |

M1 mi2 N4
im im

Delay from -2.5ps to +35 ps
Pump with 1st Harmonic
Probe with 1st or 3rd (multilayer positioned in the fixed “probe” line

Required movement range and step: = 1m. few um
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Shutters :

|0 monitors

Precision required

Plane mirrors

l

<4
38m b
£
<A [
<
X <A
25 4 <4 Spectrometer
25m S
Safety
Hutch

EIS Switching

Monochromator

Spot dimension < 10 um (could easly be less)

Beam offset = 266(angular error on mirror) * r 2

M1 1m\ ./Hn mi2 N4

49

10 ym
<+>

50 Delai Lines

TIMER

Diproi

KB Systﬂo
—

Switching
TIMEX-LDM

r=10-30 m

» d6=1urad
06=0.3urad

06=0.1urad
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Precision required

M3 Detector

Beam in <<9@ T,
> @/‘ D
Beam out
—
M1 M4
M6 M7
, Beam out
Beam in M5 | M6 M7 M8
> | : e I S I l >
M1 (G — — =5 M4
Laser
y M2 mi M3 . =0.
o
- " . 86=0.1urad
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Delay line - Choerent beam diffraction effect

horiz pol, honz cut through peak

11]

IlIIIIIIlIIII[TIllll[lllllllIIIIII]IIIII]]] TTT

TTTTTTTTE

,'"1 4x10

l:== ===!\ > 3x10°

Beam In

|
\:\1|l
|
j;/1"
!
[Illllllll]lIIIIIIIIIIIIIIIIIIIllll[llll[
llJllJlJl[llllllllllllllllllllllllllllllllllllll

T
LI

lllllllllllllllllllllJ//JlLllllllllllllllllllllll
02 0.1 0.1 02
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Metrology

Request of higher performance

-x\
Request of be* R A

o

Better results

xO
AV
\06
NoN -
Pro” OV oetter mirrors

Atomic Force
Microscope

Long Trace Profiler (LTP II)
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Long trace profiler

< Laser beam

Reference ‘ ——

0&
S S

0 2 @Qfdo 600 800
1near 6&6

a

Surface under test
e

detector
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fizeau Interferometer

3D measurement of optical surfaces
\./100 precision

A\./2000 repeatability

A usually 632.8 nm or 1100 nm

Accessories
Transmission spheres

Diverger for NI mirrors with R>2 m

5
RPANE T
Laser collimated beam @%Q e e
N o S —
v Partially reflective
v

v l ( ltransrnission flat (or sphere)
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Roughness measurement

Mioromay 912 SURFACE OBLIQUE DISPLAY Resvareh 1.41
LAt -1, 00 S1ZneTE 31w ax 1314 ZUN1-12-17 WTiv

contro .-

i

a
o | 3
" n 1 | | 5 /!
i ]
' ' 7 1 J '“ ' | .
e (! .3
» '
N ' (B ! ' ) "p \
f 'ﬂ. | "' ; ' : ' B F
Mo W Foeig | I
1 V5 ' !
I '.' A i b i "
1 ! ’ ] !
’ 2
@ ' By -
s 3.9 A Tews: CVYLINMR '
Ba: L.50 A L 2.660 ke Phew -
FeV: O 100,90 A a2 200.5 » | x5
.19 wen = L.10 me AL: .22 * | [ pee3d]
‘ Toom: L.9 .
Michelson Interferometer
L

‘.‘_V‘ Sl v
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electronics

Atomic force microscope

Photodiode

(detector) & ylascr
\\ 7

56

~ 4
“

Sample surface
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residual height (nm)

57

Power spectral density

PSD

Slope errors
(ST<O 5-0.2 mm‘l) Fizeau

’Wlu il

AMMANAAAD

v t L J uﬁ 'u v

' Interferometer A rl Lr rup m rl ‘II

b WWWW

Roughness (SF>1mm?)
Finish

Michelson

Oy A N g
microscope X »
/ 2.5% Mlchelsbn,. ¥
| L8 3 mlcroscopé‘y

A,
— A e 40x

Long Trace
Profilometer

0 100 200

mirror position (mm)
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