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Refraction index

refractiveindex  p=1-0-if3
O=(e?A%2rmc?)[N+Z N [AMA AN A2-1] |
3 (unit decrement) refated to the speed in the medium
B related to the absorption

N=electron density (10%-10%* el ./cmd)
A=adsorption edge’ s wavelength

A far from A= &=Ne’A%/2rmc?

B=Ap /4Tt W,=linear absorption coefficient
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n>1 n<l
Fermat's principle
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Refraction index
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n>1 n<l

' . — H Materia Density N Amin

Snell’slaw: cosy=cosi/n (gond) (electronic®) i
Pentadecane (0il)  0.77 7x10% 64.1sini
y=0 n=cosi Glass 26 78x10?  37.9sini
¢ Aluminum oxide 3.9 115x10%  31.2sini
Gold 19.3 466x10”  15.4sini

i critical angle: total external reflection
1=5%  A,in0lass=3.3nm=375 eV
Amin00ld=1.34nm=923eV

shorter wavelength needs smaller angles of incidence

sini =A(e2N/mmc?)2

Materials with higher density (i.e. higher atomic weight)
have higher reflectivity
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Mirror reflectivity
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Mirror reflectivity
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Figure errors
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vertical position (um)

Figure errors

horizontal position (um)
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Figure errors
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Slope error contribution FWHM (pm)

Slope error = 2.5 prad

Distance mirror-image (m)
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Slope errors (tangential)

Typical manufacturer capabilities (SESO, ZEISS, Winlight, Jobin Yvon)

Shape Length rms errors 10

Distance mirror-image =1m

Spherical/flat | Up to 500 mm | < 0.5 prad

Spherical/flat | > 500 mm 1-2 prad

Toroidal Upto500 mm | < 1 prad

Toroidal > 500 mm > 1 prad

Slope error contribution FWHM (um)

Aspherical Up to 500 mm | 2 prad

0 1 1 1 I

Aspherical > 500 mm 3-5 prad 00 05 10 15 2.0
Slope error [rms] (prad)
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Object Focal property

Object —— — Image

Tangential focusing Sagital focusing
Term F,, of the optical path function Term F,, of the optical path function
(1/r+1/r')cos6/2=1/R.  spherical mirror (1/r+1/r')/(2c0s6)=1/R. cylindrical/toroidal mirror
image. |
AS=21'0, AS=2r1' cosda,
sing
COSEV : 2 9
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Object Slope error effect

Image

Object —@ Image

Tangential focusing Sagital focusing
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Final focus (F30-F03-F12.....)

source 80 Um vertical; r=4000 mm v =400 mm (10:1) B=88°

Beam divergence 100X100 Urad

20

R ey Aealh comens: WANNS eaal)

Spherical Elliptical Cylinder Spherical Elliptical Cylinder
No slope errors No slope errors No slope errors  1trad slope errors  5pirad slope errors 5Lirad slope errors

vertical spot (pum)
8

Beam divergence 500X500 Mrad

vertical spot (um)
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Mirror defects

Slope errors = every deviation from the ideal surface with period larger then ~ 1,2 mm

Typical definition is lirad or arcsec rms.
Alternative definition is N/ 10 or N 20 and so on.... P-V or rms
used for normal incidence mirror or “poorer” quality mirrors

Roughness = every deviation from the ideal surface with period smaller then ~ 0.5-1 mm

Typical definition is Arms.
Alternative definition is surface quality 20-10 or 10-5 (scratch-dig)
used for normal incidence mirror or “poorer” quality mirrors
A dig is nearly equal in terms of its length and width. A scratch could be much longer then width
20-10 means 20/1000 of mm max scratch width 10/100 mm max dig dimension
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Roughness
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Power spectral density

P3SD
Slope errors

(SF<0.5-0.2 mm!)

Figure Finish

i Roughness (SF>1mm?)
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Roughness

Micromap 512 SURFACE OBLIQUE DISFLAY Research 1.41
EXAFS-1.D@ 512x472  Ixl L34 5538A 2001-12-17 @7:09
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RMS: 3.83 A Term: CYLINDER
Ra: 1.98 A R1: 2.660 km
P-u: 1688.683 A R2: —988.5 m
1.19 mm x 1.180 mmn Al: -2.223 °
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Roughness
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Roughness (A) | 3standard 1 best | 5 standard 3 best
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Beamline layout

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

Monochromator:Select the proper photon energy

L

I
Side view . L o D
: S 5 ] 25
| 1 = | | D3
! =1 Si | 21 10
| o | E, T E| 8.8
o e 5! > I = T
o '175: i | Il ) [ —]
<! 3! 8, R
T =y bkl ; Lo
o' ‘D ]
: ol e~ LT

| 1

1

! 1

Top view

Refocusing section: Adapt the spot shape at the necessity of the experiment
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Basic lattice structure
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Basic lattice structure

BENDINC

Intensity (photons/sec)
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Basic lattice structure

Sezione di macchina 03

Undulator line spectrum
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Sources

An electron travels
towards an undulator at a
speed, v, closs to the
speed of light: because of
relativity, it "sees” the
length L and the period
L/n (n = number of
periods) of ihe undulator
shrinking by a factor =y

BN
AxL2yn )

wavelength furthe
by a factor =|
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Thermal deformation

THERMAL
PHOTON

BEAM h:\\_\\__“‘:-\\‘\ | / BUMP i

1

)

the mirror

abdus salam
international cei

g

iy

ANSYS 8.0
-.516E-06
- .450E-06
-.385E-06
-.319E-06
-.ZS4E-06
-.188E-06
-.123E-06
-.571E-07
.B4SE-08
. 740E-07

(NIRRT |

13



Mechanical and thermal properties of some mirror materials

Dendty Young'smodulus Thermal  Thermal Figureof
expanson conductivity merit

gmlcc GPa @pom°C  (K) Wm°C Ko
Fused slica 219 73 050 14 28
Zerodur 2.53 R 0.05 160 32
Slicon
SCCVD
Aluminum 2.70 63 225 167 742
Copper 8 117 165 301 237
Glidcop 884 130 16.6 365 22
Molybdenum | 1022 3248 4.80 142 296
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Silicon mirrors
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Side cooling
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Internal cooling mirror
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Internal cooling mirror
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Induced slope errors for 400 W source

3GeV Synchrotron source

. 6.6 cm period undulator X, =5.7
glideop .
1.5° grazing incidence s 00 1.5° grazing incidence

awsvs 8.0

b= o——— P —— = =y . wms .47 EERES
,,,,,,,,,,,,,,,,,,
Ah=17}4m slope 26 [ira AT=7.7°
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Induced slope errors for 400 ‘W source
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Density Young'smodulus Thermal Thermal Figure of
expansion conductivity merit

gm/cc GPa (@) ppmP°C (k) W/m/°C kia
Silicon 2.33 131 2.60 156 60
SiCCVD 321 461 2.40 198 82
Aluminum 2.70 68 22,5 167 7.42
Copper 8.94 117 16.5 391 23.7
Glidcop 8.84 130 16.6 365 22
Molybdenum | 10.22 324.8 4.80 142 29.6
I s 0o -
|S  Glideop 1 Molybdenum

4
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Induced slope errors for 400 ‘W source

Density Young'smodulus Thermal Thermal Figure of
expansion conductivity merit
gm/cc GPa (@) ppmP°C (k) W/m/°C kla
Silicon 2.33 131 2.60 156 60
SiC CVD 3.21 461 2.40 198 82
Aluminum 2.70 68 225 167 7.42
Copper 8.94 117 16.5 391 23.7
Glidcop 8.84 130 16.6 365 22
Molybdenum | 10.22 324.8 4.80 142 29.6
0
2 80
z T eod | deop sopmad
% o Aﬁ=9/jm \;3 —— Molibdenum 16.4 prad
% 87 Tangenga\deformanon g&
E 104 I\G/I“I)dryct?genum g
=] Qi=17um E
14
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mirror position (mm) mirror position (mm)
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Induced slope errors for 400 W source
Density Young'smodulus Thermal Thermal Figure of
expansion conductivity merit
gm/cc GPa (@) ppmP°C (k) W/m/°C kla
Silicon 2.33 131 2.60 156 60
SiC CVD 3.21 461 2.40 198 82
Aluminum 2.70 68 225 167 7.42
Copper 8.94 117 16.5 391 23.7
Glidcop 8.84 130 16.6 365 22
Molybdenum | 10.22 324.8 4.80 142 29.6
Invar 36 9.05 141 0.5 10.4 20.8
Supernvar 8.13 145 0.06 105 210

INVAR®
Carpenter Technology Inc.

Alloy 36 iron-nickel(36%) alloy with carbon (0.02%),
manganese (0.35%), Silicon (0.2%)
Supernvar: iron-nickel(32%) alloy with carbon
(0.02%), manganese (0.40%), Silicon (0.25%),
Cobalt (5.5%)

the
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Induced slope errors for 400 W source

Density Young'smodulus Thermal Thermal Figure of
expansion conductivity merit
gm/cc GPa (@) ppm/°’C (k) W/m/°C kla
Glidcop 8.84 130 16.6 365 22
Molybdenum 10.22 324.8 4.80 142 29.6
Super | nvar 8.13 145 0.06 10.5 210
0—
21 Ahi=4pim 7
e 7 g i 2o ot
2 5 E! —— Molibdenum 16.4 prad
5 5 —— Super Invar 9.15 prad
5 Ah=9m g
© -10— Tangential deformation -
: — Vioybenun
= 124 fSup)(lerlnvar E
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=1
o] 7um
T T T
0 50 100 150 0 20 40 60 8 100 120 140 160
mirror position (mm) mirror position (mm)
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SuperInvar
Density Young'smodulus Thermal  Thermal Figure of
expansion conductivity merit
gm/cc GPa (@) ppm°’C (k) W/m/°C kla
Glidcop 8.84 130 16.6 365 22
Molybdenum 10.22 324.8 4.80 142 29.6
Super | nvar 8.13 145 0.06 10.5 210

wisTS 3.0 wsTS 3.0

— —— S
~-z318-06 735806 172805 T70E-05 3678-05 20 48.968 77.935 106.903 135.87
- - s1e-05 34.484 63.451 92.419 121.386 150.354

Afi=6Lm AT=130°
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Carbon contamination

Effect of the contamination:
Strong adsorption at the carbon edge (<270 eV)

Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface

250 eV 260 eV 270 eV 280 eV 290 eV 300 eV 310ev
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Carbon contamination and cleaning

Contamination process:
Hydrocarbons adsorbed by the surface
Cracking induced by the incoming radiation
Formation of graphitic carbon layer (mixed C coumpond)

Effect of the contamination:

Strong adsorption at the carbon edge (=270 eV)
Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface

UV lamp discharge

+ 300-500 V (DC)

1100 mA-14
P 0.5-1 mbar O,

ﬁ &%}A} the abdus salam
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Other contamination

Effect of the contamination:
Strong adsorption at the O/Cr edge
Reduction of reflectivity due to enanchment of the surface roughness
general deterioration of the surface

40x10° -

0.4
536.2eV

30
= ; 0.3 — Cr contamination
s )
2z 542.8 eV 2
2
g 20 2
£ E o02f
- CO contamination
0 01
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510 520 530 540 550 500 520 540 560 580 600
Photon Energy (eV) Photon Energy (eV)
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Soft X-ray monochromators
Monochromator:Select the proper photon energy
Side view [ S P o o
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Diffraction grating

¥-ray

Far LR
Radia [Micro-[ 1R |uv
wave Yorey

White Tight
source

Hard
X-ray

Soft
X-ray

IR

Vis'bi% u.v.

a

|
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Internal Orders (+)
Zero order

External Orders (-)

n = d(sin(a)-sin(B))

dlet

Gratings profiles

PV g\

Blaze profile

Blaze gratings:

Blaze condition Laminar gmtiﬂy-f N

Blaze angle=(a+()/2
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Laminar profile

higher efficiency

Higher spectral purity
Higher resolution

1A

n/]zjd (sin(a)-sin(B))
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Gratings profiles

PV g\

Blaze profile

L

Laminar profile

50

= —— Laminar grating
— —— Blaze grating

Grating efficiency (%)

| | | |

200 400 600 800

Photon energy (V)

Relative efficiency (1Sl md/z"d ord)

10

Laminar grating
Blaze grating

200 400 600 800

Photon energy (eV)
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n = d(sin(a)-sin(B))

dlath

Gratings profiles

PV g\

Blaze profile

L

Laminar profile

10 =

y=90°gd=2400 /mm

Efficiency (%)

blaze angle () (deg)

Efficiency (%)

groove height (nm)
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Diffraction grating production

Mechanical ruling  blaze profile  smaller blaze angles; higer efficiency

Holographically recording  laminar and blaze profile (large blaze angle)
higher groove density; lower spacing disomogeneity

the abdus salam @lem

international centre for theoretical physics

Mechanically ruled grating

Mechanically ruled (CARL ZEISS Grating Ruling Engine GTM6) with blazed profile down to 0.5-0.7°

tal Instruments
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Holographical grating

==

Development

- W W Wy

Photoresist
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Holographical grating
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Gratings profiles

SN\ D N L

Blaze profile Laminar profile
10 = 5
y=90°gd=2400 /mm
8 — 200 eV ar
— 800 eV
g s g st
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P 1 W=60% gd=2400 I/mm
— 200 eV
— 800 eV
ol 0 1 | | |
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Shallow blaze gratings
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2500 eV Miao | g |visiblg uy.[Soft | Had
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Shallow blaze angle grating realization w

» Thermal evaporation of Gold
on the Si substrate (plus Cr
binding layer)

« Grooves formed by plastic
deformation of the ruling layer

Mechanically ruled by the CARL
ZEISS Grating Ruling Engine GTM6

e abdus salam m
international centre for theoretical physics

Shallow blaze angle grating realization w

* Thermal evaporation of Gold
on the Si substrate (plus Cr

binding layer)
« Grooves formed by plastic
L e ®%% o e © e, © deformation of the ruling layer
e, e § o fe. *c 7 eRedlization of low micro-
‘e °® e e °® ° °.° roughness blaze grating with
®

°20<gd<5000 I/mm and down
to 1.5° of blaze angle

*Ar+ ion etching (200 mm
diameter collimated beam)
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Shallow blaze angle grating realization w

‘E%;% e abdus salam
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.:' °8 0 %c " o0 ° .'.roughness blaze grating with
o e °°0°  ® & e 20<gd<5000 I/mmand down
° . e o e o0 1.5° of blaze angle

» Thermal evaporation of Gold
on the Si substrate (plus Cr
binding layer)

* Grooves formed by plastic
deformation of theruling layer
*Realization of low micro-

*Ar* ion etching (200 mm
diameter collimated beam)

* Ar*ion etching rate on gold
much larger then on Silicon
*An angle reduction of afactor
3 (even higher if Art + O*is
used) can be achieved by this
technique

*Roughness and anti blaze
angle are also reduced.

el

nm

Our grating w

Plane substrate 600 [/mm gold coated
80X5 mm useful area, blaze angle 0.4°

/ /\ |
) / / sef |0

=y
2
o
)
o
=
=
o
=
B
i
o
@ 100
o
~
o H
vad
)
3
o
<
=)
"
=] 07
o~
e
-100

0

T T T
2 4 6 8
um

' ‘E%;% e abdus salam M
1 international centre for theoretical physics

28



Expected performance

P
1000ev ..., 1600 eV
20
... 770eV
g
= 151 .
g ooev it 3000 eV
2
2
5
=
£
s
o
400ev

sl

ol 1 I ! I I ! I 1 !

170 171 172 173 174 175 176 177 178 179

Included angle (deg)
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Grating s equations

Optical path function
o0 =MDy +(sina —sin B)  grating equation

cos® a _cosa cos B _cosp

r r' R r'

Fao = ( . = ] tangential focus
r

cos’a cosajsina _{cosz,/a’ _cos,Bjsin,B

‘@ the abdus salam
¥

international centre for theoretical physics

} primary coma
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Rowland condition

Rowland Circle

Kgratingzz ﬂmw[and circle

T 2007300~
j"?

D
r=Rcosx =
O]

r'=Rcosp

( 2 2
cos a _coscﬂ cos” B —COS’Q tangential focus

Faoo = p R J p
.

cos’ B cosf| sinB '
R v primary coma

eletha

¢ abdus salam
international centre for theoretical physics

Plane/spherical grating monochromators
2 2
Fio = —NAD, +(sina —sin B) Fox = (COS a_ co;a + COS' B_ co;ﬂj
r r

] ]
25.0 50.0

] I [} [l [l i
75.0 100.0 125.0 150.0 175.0 200.0
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Plane/spherical grating monochromators

2 2
. . Cos”a _ cosa |, Cos cos
Figo =—nAD, +(sina —sin 5) Fooo = - + 'ﬂ— B
R r R
g‘é\(\g
e
\C’&\Q

&
/‘5‘)7@/ Exit slit/image
e

amirmr: (a +ﬂ }/ 2

beta v

88.60
88.40
88.20
88.00
87.80

87.40
87.20
87.00
86.80 -

I ] I [} I [l I
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Plane/spherical grating monochromators

$8°
e
A
AC
s
=N o
/ﬁ Exit slit/image
o
— ((\\ﬂ
Entrance slit/source q\é\e
h mirror axis ~ h/2 grating center
the abdus salam m
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Plane/spherical grating néonocﬁromators

\(\e(\
/@ﬁ Exit slit/image
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Spherical grating monochromator efficiency

Efficiency (%)

15
10 D
TS —
5 ~

0 200 400 600 800 1000 1200 1400 1600
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Resolving power

Source

Grating

Lo FWHM = 1.6 meV
a{\(\g = o8-
) of 3
59“6\ \:: 0.6
Exitslit 2
Wi £ 04—
iy <& -
Entrance slit /&““ 0.2+
o®
0. 1 L

I
44.998 44.999 45.000 45.001 45.002
Photon Energy (eV)

ﬁ (-‘E%) the abdus salam &
e L international centre for theoretical physics

Q{g‘go[ying power smaller aresand s,
/ smaller will be the bandpass
(%j = Co[:ff’) Aa :?S DA grance = sleo ra) entrance slit contribution
NKkA = sin(ar) - sin(B8) <:
(% ] - co’\sl(f) ap=S a, =2 [;zﬁﬂ) exit slit contribution
r
Resolving power = £/NE
o FWHM = 1.6 meV
) ‘a{\(\g 3 o8-
2 $
Exitslit 2
Wi ¢ £ 0.4
~ O
Entrare sit 4«\\“ o
?\ | | |
., Py . . 44.998 44.999 45.000 45.001 45.002
Note: the angular precision of the grating rotation have to allow Photon Energy (oY)

the energy selection i.e. 0.2-0.3 Urad
45/0.0016 = 28000
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Resolving power

Typica Spherical grating monochromator resolving power

30x10° T T T T T T T =
— SG1
% —SG2 | 7
— SG3
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200 400 600 800 1000 1200 1400 1600
Energy (eV)
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Resolving power
Typica Spherical grating monochromator resolving power +50-250 V
30x10° = T T T T T T T

— SG1

2 — SG2 Photon in
— SG3
— SG4 )

2] Gasinlet

1(nA)

sssian Width . ata
FWHM: 34 £ 3 mev — Fitted Data

Resolving Power
T T
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M v

> 11000

1 1 1 1 1
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i I
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Resolving power

Typica Spherical grating monochromator resolving power

+50-250 V

Photon in

30x10° = T T T T T T T
— SG1
% — SG2
— SG3
2 — SG4 .
5 Gasinlet
o
g 1(nAa)
g \
é T T T T T T 0
o 2p yp >3d
10F
S5 oy
2
g
_;J_g
200 400 = 2t
& oz 2 1 >4 -
£
0.20 -1
015 | \ | B
7 244 245 246 247 248 249 250
== 1 the Jbd 1
(w3 abdus salam Photon Eneray [eV]
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Resolving power
Typica Spherical grating monochromator resolving power +50-250 V
30x10° = T T T T T T T
— SG1 .
2 — SG2 Photon in
— SG3
— SG4 )
g Gasinlet
£ 1(nA)
s 15
o NeK-shell |
ok 1T excitations
i — RO8500 |
| 1 | | I ?i ap
200 400 600 800 1000 1200 140 E 2
Energy (eV) 2
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Resolving power

Typica Spherical grating monochromator resolving power +50-250 V
30x10° T T T T T T T g
— SG1 ;
2 — 562 | Photon in
— SG3
— SG4 .
8 20 7 | Gasinlet
£ 1(nAa)
% 15 B
¢
10k i
L 0 CO:01s - M~
1 1 1 1 1 o ™ ‘}\f R |:| 8000
200 400 600 800 1000 orr 2 ‘/ \
Energy (eV) g o6 / \ ]
g 05 7 L\
& /i N,
% o4 / 534.21eV N,
g o3 v ey
02 r /
) 01 Jooes
e \f Ql‘@ the abdus salam 00 . : ;
I [ : t II C:,\._{, Y N X 534 534 535 535 536 l
dilevl le‘ly international centre f Photon Energy (6V) |

Magnification
s'=image dimension

s=source dimension

Grating

S TTIITE \f /%}‘lg the abdus salam
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Groove errors

Ghosts & Stray Light

sl

Periodic imperfections Random imperfections

. . nA
snf=sina-— _
d I =1, exp- 2mrsing o
. . nA ° A
sinB=sing - —
dy
nra )
A
Maximum deviation rms deviation
fromtheided d-spacing  from theideal d-spacing

e abdus salam
international centre for theoretical physics
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Variable line space grating
= 24 43
D(x) =Dy +Dx +Dyx” +D 17 + I

Groove density D varies along the grating surface:

|

_1|_
7200_2{ ”M)l +( R T R
—_1 1|( cos?a _cosx | sinx cos? _cosp |sin,
F300= 3’“ @2+2H xR TJ{ r,ﬁ Tﬁ} rﬁ}
Fat00 = Car™ Pag + Kagoo
Reduction of higher order aberrations

Increasing of focusing property of spherical gratings
Focusing plane gratings

Constant demagnification ratio of plane VLS monochromators

dleth

ITIIT \f ,%1‘@ the abdus salam
il . . . .
y international centre for theoretical physics




Spherical Variable line space grating

Spherical

(VLS) gratin r V .

Entrance . " Exit

7 sit Side View st
A r Plane Mirror

2 : 2 :
—_1 1|| cos“o _ cosx |sinoc | cos’ ﬂ _ casﬁ smﬁ
F300= 73" Dy +2M 7]7{ *}*

r R | r r R |r

200eV 70eV

H g
s 20 =
g 2 20
g g
5 40 =
c s v
g A=100prad A=300pad § a0 acaooprad |5 g A=300prad
2 ; 8 ¥ =
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oy D1=0cm’ —0cm? & —ovem? | D1=0 Vem’
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Z N[
Z 3]
d
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Variable line space grating

Groove density D varies dlong the grating surface: ~ D(x) =D, +D,x +@2?(2 + @3?(3 + 0

_1|_ cos%oc _ cosec | cos> B _cosp
7200‘2[ ”’”’1*[? N R

T
\\\\>.

__1 1|( cos®a _ cosa |sinax [ cos® B _cosf |sin
300 =34 @2+2M ; T]T*(T' R |

Fat00 = ~Car™ Pas* Kagoo

Increasing of focusing property of spherical gratings
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Spherical VLS spectrometer (ComIXS)

Groove density D varies dlong the grating surface: ~ D(x) =D, +D,x +@2?(2 + @3?(3 + 0

cos Goac , cos? B _cos T
7200:§{—n/\@1+><+r,ﬁ_giﬁﬂ | \\>
7. =—Lnmp +1{ cos~v 5inoc+(cas‘2ﬁ_cosﬁjsinﬁ} *

300 3 22 R 7 r R |

If distance source-grating and angle of incidence are kept congtant i.e. R = r

cosxx

_1|_
%200 ‘2( nAD, +

-0 > =sisbln)

A the |
M (d) bt sem )

7 international centre for theoretical physics

Spherical VLS spectrometer (ComIXS)

— 70
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— 50
ali - 40
ne focus 0 e(\}
Spectrometer Source A%~

(w3) 6

— 30

— 20

— 10
Source  r VIS
—
grafing

X (cm)
D,=0 D,=400 l/cm? D,=800 1/cm? D,=1200 l/cm?

2 D,=19200 l/cm
:;[—MQ) +[605r’ﬂ_w£f3j} r=63 cm
R=14 m

T () obeom 3
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Compact Inelastic X-ray spectrometer

Distance sample grating (cm) 63
Distance grating CCD (cm) variable = 42
Angle of incidence(deg) 87.48
radius of curvature (cm) 1432.7

LEG
Energy range (eV) 25-200
D, (o) 4800
D, (fent’) 200
% D, (f/en’) 75

Beamline focus
Spectrometer Source

Y (cm)

Zero order direction

| 1 | 1 |
41.6 41.8 42.0 42.2 42.4 42.6 42.8

X (cm)
== ¥ Al the abdus salam m
IR 5 ¢l

international centre for theoretical physics

Plane VLS grating

Groove density D varies along the grating surface: (1) =D, +D,x +1727c2 + @3763 + 0

- cos’ 21X COSx , COS 2 cos; \
e
e =

__1 1
=== +=
F300= "3 Dy %5 R | 7 . ’

20 cos? ‘
F200 zé{‘"ﬂ’l ‘{m,“’fmrﬁﬂ A plane grating can focus!

7"2

sinex cosZac | sinf cos® f }
2
N

1 1
F300="3m Dy +2[

Fioo =—nAD +(sina —sin 5)

snfB=sna-nAD

e }f}l the abdus salam m
o (43) ol
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Plane VLS grating (nanospectroscopy)

]

Included angle

= Vis

Included angle (26) (deg)

ResoMng Power

ResovngPower] | =& ~>~[( [ sgm
- s
L 1 L |
0 200 400 600 800 1000
Photon energy (eV)
20F
_18F
5
ERTIS
0t 1 1 1 1 Il s
0 200 400 600 800 1000 =
g
Photon energy (eV) =
g
£
S o8t
0.6 |-
I i 1 ! L |
0 200 400 600 800 1000
Photon energy (eV)
) 3
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Microfocusing

Do Demagnification 120X20

2X 2um?*

240 X 40 Hm?2 Accepted divergence 1X1 mrad®
Sideview ———
o LN | D
E & ———7F o =
Lo 8 i E s % g
I o = B EZE Tz 8
=1 5 Q! S = 9| > T @i o
2. 3. g g 4o g L/ S 15
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Top view
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Kirkpatrick ‘Baez configuration

FOCUS

(1/r+1/r')cosB/2=1/R.

ﬁ &%}A} the abdus salam
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Microfocusing
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Microfocusing

2

Sample tilted by 76°
2X7 pm?
3 . FNNIN nanannanas ot toas 13
32 3 s T Flux 1x10% ph/sec
o 2500~ — T FWHM=2um
S 2000 . § 20001 b
= > 1500 -
2 1500 . 3 I~
Z g L 4
£ ool i £ 1000
g S so0f .
Ag 500 B 5 o
I vl bl > o] === IR |
0 5 0 5 10 0 5 0 5 10
Position (um) Position (um)
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Mechanical bender (ESRF)

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 |et 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

_gl[“ =II { (‘E%;¥ e abdus salam M
T international centre for theoretical physics
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Mechanical bender (ESRF)

abdus salam
international centre for theoretical physics

source

EUV and soft x-ray optics

Homogeneous spot

abdus salam
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EUV and soft x-ray optics

profile (mm)

gﬂ-j Homogeneous spot
o
10 —
20 —

Residual slope=1.3 prad
Shape error: 27 nm rms 77 nm P-V
T T T T T
0 50 100 150 200 250
X (mm)
—
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Yem
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I
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Piezoelectric Bimorph mirrors

R, Signorato (ACCEL)
1.9. Fermé S.E.S.O.

Thin metallic electrode (deposited)

Optical surface polished after gluing

ecomna D}IHL al

Inert plate (optical material)

ﬁ &%@ the abdus salam
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Piezoelectric Bimorph mirrors

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

A A
_________________________ = zZ
S ‘ .
T PZT 2
——
T feE -
C (SidE Viﬂw) ’,--puzu-t”"--:':“E-"““ P

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

Il_gl[“ =II ¢ (‘E%;¥ e abdus salam M
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Metrology

Request of higher performance

X\
Request of be* (e\\l.s

"

Better results

w©°
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Metrology laboratory

Clean room class 1000 (BIOAIR) Thermostabilised room (AT= 0.1° rms)

Micromap Promap 512
Reichert POLIVAR 2 MET

WYKO RTI 4100 Long trace profiler (LTP 1)

i

Purchased in 1992 Purchased in 2002 Purchased in 1991
Roughness measurement 3D surface topography Several in house modification
Good repeatability and 2D direct slope measurement

precision (better then 14 rms)

ﬁ {fﬁ\%}% the abdus salam @m

Y international centre for theoretical physics

Lonyg trace profiler (LTP)

AN

Y A

<
<

T

Reference‘ <
—

Surface under test

o)
)
Y

y—
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o

Lonyg trace profiler (LTP)

Time (8)

T T T T
226 A

Temperature (C)
o

Days

Control of environmental conditions

residual slope (urad)

-Thermalisation of the laboratory
-Absence of air turbulence
-Remote control measurement
-Stable supports

0.61 prad
0.63 urad

0.69 prad

0.68 prad

\
Mean slope=0.65 urad 0.65 prad
o05purad

1 1 0.64 prad

% the

"Jiy

100 150 200
mirror length (mm)
abdus salam
international centre for theoretical physics

dor

groove density error (3 k/k)

—

T

)

.

Groove density measurement

External Orders (-)

Internal Orders (+)
Zero order

2 sin(a)=nA/d

3B=0.5 prad

— 1° diffraction order
— 2" d n order

3B=0.5 prad

d-spacing error (nm)

001 —

e

&

@
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0 5 10 15 20 25x10°
groove density (/cm) groove density (I/cm)
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MWYKO RTT 4100

3D measurement of optical surfaces

A /100 precision
A /2000 repeatability

Accessories
Transmission spheres
f /1.5 for sagittal radii and NI mirrors with R<1m
f 124.8 diverger for NI mirrorswith R>2 m

Laser collimated beam

Partic

v
v \ ransmission flat (or sphere)

= / q
m (-'E%; e abdus salam w
0 international centre for theoretical physics

Roughness measurment (Micromap Promap)

Precision 0.5 A rms
Spatial frequency:

1 pmt to 1 mm !

B a | .
= / q
m (-'E%; e abdus salam w
0 international centre for theoretical physics




Detector and
feedback
electronics

Photodiode
(detector)

AFM measurement

Sample surface

the

abdus salam

i
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Height (nm)

h b b vk ok v ow o

AFM measurement

0 500 1000 1500

the

abdus salam

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

Grating position (nm)

Best fit:
blaze=0.4° antibleze=1.34°

i
international centre for theoretical physics Q‘

50



