Beamlines
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Some of the Photon sources at Elettra

Wavelength(nm)
1000 100 10 1 0.1
1021E_||||||| [T T 1 [T T 1 [TT T T 1 1 [TT T T 1 1 _§
s P Flettra | -
Q E=2 GeV
o 20 |
= 107 =400 mA| =
o - .
N L _
O - 3 i
o p— .
E 107 u12.5 — \ -
" i - Short US.6 A\ :
S ] SCW -
<100 = "EY 1 |
75) - -
C — _
g - 3 W14.0 -
£ B —]
e 17 | _
g 10 ¢ Short W15.0 -
E : / ]
8 P _
&5 16 |~ Bending Magnet _
~ 10 E E
© — _
g :
10154_ L] L] Lo L] LM b
10° 10’ 10° 10° 10" 10°

Photon Energy (eV)

Wednesday, July 10, 2013



The beamline

Observe at sample:

Photon Photon Sl e, .
7% \ * Absorption spectra
flux flux P \
/ \ Photoelectron spectra
: anl

Diffraction

Y

e o

Grating slit =ETRS
or crystal Curved Focusing
— focusing lens (pair
Monochromator mirror of curved
(glancing mirrors,
incidence zone plate
reflection) lens, etc.)

 is the mean of bringing radiation from the source to the experiment
transforming the phase volume in a controlled way: it demagnifies,
monochromatizes and refocuses the source onto a sample

* must preserve the excellent qualities of the radiation source

Wednesday, July 10, 2013




Brilliance

b where:
113 _ ® is the photon flux
Brllhance o Uy o’ 0/ BW Oyx,y are the source sizes
xr

O’x,y are the source divergences
BW is the bandwidth
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Brilliance

(I) where:

Brﬂliance — ® is the photon flux

Ox,y are th r '
Op0,0", 0/ BW Xy e the source sizes
O’x,y are the source divergences

BW is the bandwidth

Figure 1.2.1: The Practical Meaning of Brilliance

Source Monochromator Expenment

Mirror Entrance Grating Exit Shit
Shit

a. Phase space, 0, x Ty X Oy X0y, large.

g——-&

Large focus volume

Lower flux density
The source must be demagnified

Consequences:
The vertical aperture 1s enlarged
The optical aberrations increase

The tangent errors increase
The cost increases

b. Phase space, 0y X 0y x @'y X 0"y, small:

&=

-Small focus volume
-Higher flux density

The source size is not resolution limiting
Consequences:
The vertical aperture remains small
The optical aberrations decrease
The tangent errors decrease
The cost decreases
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Brilliance

b where:
113 _ ® is the photon flux
Brﬂhance o O'y o’ 0/ BW Oyx,y are the source sizes
xr

O’x,y are the source divergences
BW is the bandwidth

Liouville’s theorem

For an optical system the occupied phase space
volume can only increase along the optical path
(without loosing photons) (oc’)final=(cd’)initial
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Brilliance

Example a focussing element:
by reducing the size we increase the divergence

——
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VUV, EUV and soft x-rays

Wavelength
1 um 100 nm 10 nm 1 nm 0.1 nm = 1A
| | : 1 1 : I TII
i [ | CuK
IR B ; ; 2a,
Uv E Itraviolet Hard X-rays
: Si Ck Cuk
| 1 1 | | |
i eV 10/eV 100 eV 1 keV 10 keV
Photon energy
4-30eV

These regions are interesting because they are characterized by the
presence of the absorption edges of most low and intermediate Z elements

-> photons with these energies are a very sensitive tool for elemental and
chemical identification

But... these regions are difficult to access.
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VUV, EUV and soft x-rays

Ultra-high vacuum

VUV, EUV and soft x-rays have a high degree of absorption in all materials

- No windows
-> The entire optical system must be kept under vacuum

Ultrahigh vacuum conditions (P=1-2x10-9 mbar) are required:

* Not to disturb the storage ring and the experiment

- To avoid photon absorption in air
- To protect the optical surfaces from contamination (especially from

carbon)
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VUV, EUV and soft x-rays

VUV, EUV and soft x-rays have a high degree of absorption in all materials
-> No lenses: only mirrors!

Reflectivities drop down by increasing the grazing incidence angle
-> only reflective optics at grazing incidence angles (1-2 degrees)

10 Gold

0.8 4

0.6

reflectivity

0.4

0.2 -

0.0—

0 500 1000
Photon energy (eV)
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VUV, EUV and soft x-rays

Mirror reflectivity
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Focusing properties

The meridian or tangential plane contains the central incidence ray and the
normal to the surface. The sagittal plane is the plane perpendicular to the
tangential plane and containing the normal to the surface.

A x
|
I
l
I

OB =r'
% [Sagittal
N direction
N\

.\‘
N ——————

Meridian
direction
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Paraboloid

Rays traveling parallel to the symmetry axis OX are all focused to a point A.

Conversely, the parabola collimates rays emanating from the focus A.

+Y

. . >
Line equation: Y =4aX

Paraboloid equation: Y? + Z° = 4aX

— a+————

where: a = fcos” 4

SP parallel to X0

Position of the pole P:

X =atan’ 9
Y =2atan 9

Paraboloid equation:

x*sin 9 +y’cos” 3 +z° —2xysind cos$ —4axsecI=0

J.B. West and H.A. Padmore, Optical Engineering, 1987
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Ellipsoid

= ¥

Line equation: i B
a’> b’
Ellipsoid equation:
XZ Y2 22
— o — o — =]

a- b~ b ;
where:a:r;r; b:a\“—ez é
I
1 > > |
e=—n[r +r'"=2rr'cos(29) : |
2a i '

Rays from one focus F, will always be perfectly focused to the second focus F,.

z(sinZS l] 2[0052.9J 3 (4fc059) 2sin 9 e* —sin® 9
X +— |+ +5—X — Xy

h* a* b’
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Toroid (1)

The bicycle tyre toroid is generated by rotating a circle of radius p in an arc of

radius R. In general, two non-coincident focii are produced: one in the
meridional plane and one in the sagittal plane

Z
Tangential focus: f

I 1 )cosd | |
— + pr—
i, 2 R

Sagittal focus:

P

Bicycle tyre toroid

J.B. West and H.A. Padmore, Optical Engineering, 1987
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Toroid (2)

x*+y?+2> =2Rx—2R(R - p) +2(R - p)(R - x)* + »*

X
4
A i
Z i 1
= > E = e
\\\ “\‘K E T //’_,{_——/
\:\\ : JOR e
o= iy

For p=R - spherical mirror

A stigmatic image can only be obtained at normal incidence.

For a vertical deflecting spherical mirror at grazing incidence the horizontal
sagittal focus is always further away from the mirror than the vertical
tangential focus. The mirror only weakly focusses in the sagittal direction.
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The Kirkpatrick-Baez spherical mirrors configuration

Incident hard X-ray

Horizontal focusing
mirror

Vertical focusing 3

mirror /

Focal point
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Gratings

The diffraction grating separates the different components of the spectrum by
redirecting the radiation by an amount which depends upon the wavelength.

k=-2

k=-1
22l
= 1E k=2 k=1
(© 10 k=0
onc

sina + sin 3 = Nk

N=1/d is the groove density, k is the order of diffraction (£1,12,...)
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VUV, EUV and soft x-rays beamline

Basic elements:
« mirrors to focus, deflect and filter

» gratings to diffract
- slits to spatially select the radiation

Optical elements have to preserve (as much as possible!) the quality
(brilliance) of the radiation
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Conserving brilliance

Brilliance decreases because of:
* roughness and slope errors on optical surfaces

- thermal deformations of optical elements due to heat load produced by the
high power radiation

- aberrations of optical elements

In the following we will consider OEs with theoretical surface shapes
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Perfect imaging and aberrations

An ideal optical element is able to perform perfect imaging if all the rays
originating from a single object point cross at a single image point.

Real object Real image
space space
0 Optical
system

Deviations from perfect imaging are called aberrations.
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Aberration theory

Image quality is essential for achieving high energy and spatial resolution
-> knowledge of aberration theory is necessary

It shows what the different aberration terms are and how they play a role
in the image formation = it teaches how aberrations can be reduced

Goal: understand in general terms how to treat mathematically the
focusing properties of a concave optical element.

We will study the case of a grating.

The general theory of aberrations of diffraction gratings applies Fermat’s
principle to derive expressions for the aberration coefficients.
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Fermat’s principle

Light-rays choose their paths to minimize
the optical length

B
F= | n(r)dl
(7) A
A
n (7)is the index of refraction of the

medium

In other words:
a light-ray going from A to B must traverse an optical path length which is stationary
with respect to small variations of that path
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Theory of conventional diffraction gratings

For a classical grating with rectilinear grooves parallel to z with constant
spacing d, the optical path length 1s:

z F=AP+PB+kNAy

where A 1s the wavelength of the diffracted light, k 1s the order of
diffraction (£1,£2,...), N=1/d 1s the groove density
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Perfect focus condition (1)

Let us consider some number of light rays starting from A and impinging
on the grating at different points P. Fermat’s principle states that 1f the
point A 1s to be imaged at the point B, then all the optical path lengths
from A via the grating surface to B will be the same.

B 1s the point of a perfect focus
if:

o _y d_y

v 04

for any pair of (y,z )
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Perfect focus condition (2)

Equations:

oF oF
F=AP+PB+kNAy - & =0 = =0 for any pair of (y.z)

can be used to decide on the required characteristics of the diffraction
grating:

the shape of the surface

*the grooves density

the object and 1mage distances
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Aberrated 1image

OF OF :
and — are functions of y and z and can not be made zero for

0y 0z

In general,
any y,z

—> when the point P wanders over the grating surface, diffracted rays fall on
slightly different points on the focal plane and an aberrated image is formed

* B,: gaussian image,

produced by the central ray

* B: ray diffracted by the

generic point P on the

grating surface

 Aberrations: displacements
x of B with respect to B,
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Grating surface

The grating surface may 1n general be described by a series expansion:

Q0
= b
X = a,y'z

\ \
i=0 j=0

a,,= 0= a,,= 0 because of the choice
of origin

j = even if the xy plane is a symmetry
plane

X

Giving suitable values to the coefficients a;;’s we obtain the expressions for
the various geometrical surfaces.
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a; coetticients (1)

I I I

dpp = » dy = y dpp = ;

2p = R “ 4dR*p SR>"
Aoy = ];; a,=0; a; =90
8p- ’
Sphere, cylinder and plane are special cases of toroid:
R=p >
R=0; =
R=p=0o0 -
- cos 3 3sin” &
oy = » Uy = s G5 = 3 ;
41 cosd 4 f 32 /7 cos 9
tan $ sin & cos 3
d, =— 5, Uy =~ 5
8/ 8/
., ~ 5sin” $cos 9 Lo sin” &
0 641> " 64f7cos’ 9
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a; coefticients (2)

1 cos 9 b’ sin” &
dyy = > Uy = s oy = L g
41 cosd 4f 64f/°cos’ 3| b
a, = Ll \/e —sin” 9; amzsmf,gx/ez—sin2.9 :
© 8f7cosd - 8f
b’ 5sin’ 3 cos’ 9 Ssin® 9 1|
Ay = 3 3 > - T3 )
64/ cos” | b a a
sinf8 |3, p(. cos &)
Oy =— cos” d——| 1-
16/ cos” & | 2 a 2 )
_] -]
where f=|—+—

http://xdb.Ibl.gov/Section4/Sec 4-3Extended.pdf
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Optical path function (1)

F=AP+PB+kNA %

AP=1(x, —x) +(y, -y +(z, -z

—_— 7

PB:\/(xh _x)z +(J’h _}’)2 +(Zb _Z)~

X, =rCcosa y, =rsina

GOS0 v, =r'sinf
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Optical path function (1)

F=AP+PB+kNA %

AP=1(x, —x) +(y, -y +(z, -z

—_— 7

PB:\/(xh _x)z +(J’h _}’)2 +(Zb _Z)~

X, =rCcosa y, =rsina

GOS0 v, =r'sinf
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Optical path function (2)

I :ZE/kinj

ijk

1, 1 , ]
:F000+J’F100+ZF011+Ey-ono+EZ F020+5y3F300
1 9 1 1 2 ]
"‘EJ’Z Flzo"'gy F400+4y z sz()+8z Foa

] | . 1 ,
+ yzly, +5)’F102+Z)’-F202+5y 2L Tines

k
F,=2,C,

(a2, r)+z C.(B,r'")+ Nkif,,

(

| when ijk =100

\0 otherwise

S =3
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Perfect focus condition (3)

oF oF

— =0 — =0 ¢ any pair of (y,z)

o &

|

F., =0 forall ijk=(000)

beo ) . .
Each term Ejky <" 1n the series (except F,,, and F,,,)

represents a particular type of aberration
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F. coetlicients (1)

_ !
B =140

2
fort;r" >>27..7.

F.oo = NkA —(sina +sin )

7. 2
COS”a  Cos’
Foos :( + ,ﬂj—2a20(003a+cos,8)

44 r

I
o =—+—,—2a02(cosa+cos,8)

roor
T(r.a) ]l . TP | .
F.\, = ,2) sin o + ( ,’B) sin 3 —2a,,(cosa +cos )
r r
Sr.a)|. |SE.PA].
P = ,2) sin o + ( ,'B) sin # —2a,,(cosa + cos 3)
r r
: ]
where T(r,oz)zcoS a—2a20cosa and S(r,a¢)=—-2a, cos o
&

and analogous expressions for 7 (7', ) and S, /)
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F; coefticients (2)

4T(r o)
F400 [ I"

Jsm a— r'(ra) [4T(l 'B)}sm b -
r

-

siInx cosa  sin /3 ¢os ,B
-8a,, +

F, - {25(;» )

—

+4a,,a,, {— - i,} —4a,,(cosa +cos f)- 4a|2[
gy

'
& &

28 (r, ﬂ)}
r'

sm2a+{

—,} —8a,,(cosa +cos B)—

smﬁ{

2050 |

'
&

} —8a,,(cosa +cos B)+4a, [l 5 i,}

' G &

’ﬂ

!
’A

r

S (ra) | | SPGB

SIN & COS X N sin /7 cos [

!
’A

&

T(r,a)sv,a)}_[r(r', B)S(r, )

|

|
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F;; coefticients (3)

Zp
Fop=—""——
r
z, sina sin /3
Fiyy =- 2z - - g
2
z sina z, sinf
Floz— 2 L3 :
r r
2'2 = 2 2 . 7ﬂ
z SIn” & Z: sin”
F,O,z(_"j T(r.a) +(—") ———T(r, )
Poil X 1 NEe gl 7
I 2sin‘a | z 2sin’ ,6’
an—_; L(rma)= ,hz T(r D)=
ro| ro | rel ro
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Gaussian 1mage point (1)

oF oF
If we apply Fermat’s principle to the central ray: (—j =0 (—] =0
y=(,z=0 y=0,z=0

o4
Floo = () ==> sina+sin S, = NkA grating equation
Z, _ Zy law of magnification

Fouy =0 == in the sagittal direction

The tangential focal distance 1’ is obtained by setting:

2 P

COS" & COs” (la :

ono =) o) ( 3 ,'B"]—Zazo(cosa+cosﬂo)=0 tangential focusing
4 Fo

The three above equations determine the Gaussian image point B,(1’,3,Z,)
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Gaussian 1mage point (2)

V4

A
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Sagittal focusing

While the second order aberration term F,,, governs the tangential focusing,
the second order term F ,,, governs the sagittal focusing:

1 . : :
Frpo=0 ==> _ e 205 (cosar +cos B)=0 sagittal focusin

S &

Example: toroidal mirror
Substituting  a,, =

and imposing a=-f =0

l+l cosS:l l+l I =l
r T 2 R r r'J2cos8 p

{

| |=
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Sagittal focusing

While the second order aberration term F,,, governs the tangential focusing,
the second order term F ,,, governs the sagittal focusing:

1 . : :
Frpo=0 ==> _ e 205 (cosar +cos B)=0 sagittal focusin

S &

Example: toroidal mirror
Substituting  a,, =

and imposing a=-f =0

l+l cosS:l l+l I =l
r T 2 R r r'J2cos8 p

{

| |=
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Aberrations terms

Most important imaging errors:

Eais defocus

Ben astigmatism

Bavo primary coma (aperture defect)
Hne astigmatic coma

Byalisns Bos spherical aberration

There 1s an ambiguity in the naming of the aberrations in the grazing incidence case!

Wednesday, July 10, 2013



Ray aberrations (1)

The generic ray starting from A will arrive at the focal plane at a point B displaced
from the Gaussian image point B, by the ray aberrations Ay, and Az,

Z

A

b Ay,
/! | Az,

0
// o
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Ray aberrations (2)

Substituting the expansion of F , the ray aberrations for each aberration type
can be calculated separately:

Provided the aberrations are not too large, they are additive: they may either
reinforce or cancel.

Ay, = ZA)’bijk Az, = ZAZbijk

ijk ijk
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Aberrated 1mage

Example of footprint on the grating:

A 2w=44mm

< >

| 21=2mm

= W

Substituting y=tw and z==%I in the ray aberrations Ay, " and Az 'k , we
evaluate the contributions of the rays which are more distant from the

pole of the grating
- size (Ay, * Az,) of the resulting aberrated image
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Detfocus and coma contributions

The defocus contribution is linear in the ruled length (£ w) of the grating, the error

in the dispersive direction 1s symmetric about the Gaussian image point:

!
e
tw)y=—>—F, 2w

200 (
cos /3,

Ay b

The coma contribution is proportional to w? giving a dispersive error which only
occurs on one side of the Gaussian image point for rays from both the top and the

bottom of the grating (y=%w):

!

AV, " (W) = — Fiyy 3
cos /3,
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Comparison ray trace - aberration calculations

Example
Z 4 7 A
., B o B
r.(H()
> > l;()2()
B, : B, 1-' '
Ray trace simple tells us that the Aberration-based calculations

ray arrives in a certain point specify the different contributions

Wednesday, July 10, 2013



Aberrations contribution to resolution

oA
AAd =] — A
[ aﬂ ja =const ﬂ
cos [
= A
Nk b
A
Substituting: Af = AV, > Kol cos f Ay,
I"' Nk rr
s OF .. L eF
Substituting: Ay, = COSOIBO o S AA= Nk o
AA = 1 F_ iy~ z/
Nk < ™
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Aberration theory: conclusions

 BF OF |
* Perfect focus condition: - = 0 —— 0 for each pair (y,z)

. i)
> all the coefficients F,;, must be zero

* Non-zero values for the coefficients F,, lead to displacements of the rays
arriving in the image plane from the 1deal Gaussian image point.

* We have found the expressions for these rays displacements and the
corresponding contributions to wavelength resolution. In this way the impact
on the imaging and energy resolution properties of a given grating can be
evaluated.

» By a proper choice of the grating shape, groove density, object and image
distances, the sum of the aberrations may be reduced to a minimum.
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Ag s- and p- polarized reflectivity at iiw=20eV

I A AN AN N AN AN AN AR AN B AN A AN AN AN AN AN AN B AN AN AR AN AN AN AN A AN AT AN AN AN AN SN

Ag

T A I I

Lvvv v bov o bvvv v b v v v b v

Reflectivity

IIIII]IIIIIIIII]IIIIIIIII]IIIIIIIII]IIIIIIIII]IIIIIIIII]IIIIIIIII]IIIIIIIII]IIIIIIIII]IIIII

20 30 40 50 60 70 80 90
Angle of Incidence (Degrees)
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Experimental reflectivity of Ag for p-polarized light

Reflectivity scale
0.0 0.2 0.4

S — '

1.0

100

AN (o) o0
O o o

Photon Energy (eV)

N
o

0— | | |

0 20 40 60 80
Incidence angle (degrees)
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Refraction index

In the Lorentz-Drude model we can write the refraction index as

e*ng Js
= |1
nw) UL Z (W2 — w?) 417

S

N |

where the ws can be regarded as the absorption edges of the atoms
constituting the medium. At high photon energies, the expression becomes:

1 e*ny, qs
n(w) =1 > (w? —

2 €gm w2) + 1y

S
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Refraction index

SO we can write the refraction index as

5~ €2 )\?

2T C?

and for A<<As (free electron limit):

n~1—0+410

where, if we assume a single absorption edge at As:

N + Nggs,

0

)\ 2
)\—S lﬂ
Ne? )\?

2mrmc?
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Refraction index

Refractive index, n

o

Infrared

WR

A2 behaviour
A&O«1

O crossover

Visible

Wuv

Ultraviolet

WK LM

X-ray
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F30 effect (primary coma)

0.10

r=30m r'=0.5m
—— Spherical/Toroidal mirror
— Elliptical mirror
— Parabolical mirror
0.08 —
0.06 +—

Fsola.u.)

0.04

0.02

0.00 ;

Grazing angle of incidence (°)
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Figure errors
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Roughness

O = \ ;; > [s(x) = s(0)[




Slope errors (tangential)

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

Shape [Lenght rms errors N
Spherical/flat | Up to 500 mm | < 0.5 urad E 8 e
Spherical/flat | > 500 mm [-2 urad % il
Toroidal Up to 500 mm | < | urad ;g i
Toroidal > 500 mm > | urad E
o of
Aspherical Up to 500 mm | 2 urad
Aspherical [ > 500 mm 3-5 urad 09 e o m: (r)mc e e oY
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Object Focal property

Object —= ) Image

Tangential focusing Sagital focusing
Term F,,of the optical path function Term ¥, of the optical path function
(1/r+1/r')cos@/2=1/R.  spherical mirror (1/r+1/r')/(2c0s6)=1/R_ cylindrical/toroidal mirror

As'=2 1'0, As' =2 1' siné o,
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Object

Tangential focusing

Slope error effect

Image

Object —<j:> Image

Sagital focusing

Slope error contribution FWHM (um)

20 =

15 +—

10

Distance mirror-image = 1m

Typical value ~ 5lrad

As' =2 r1' sInf o,
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F30 effect (primary coma)

0.10 — r=30m r'=0.5m

—— Spherical/Toroidal mirror
— Elliptical mirror

— Parabolical mirror

0.08 —

0.06 +—

Faola.u.)

0.04 ;

0.02

0.00 ;

Grazing angle of incidence (°)
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Final focus (F30-F03)

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

Beamn divergence 100X100 Urad

20 —

-

0 —

20 —

40 —

60 —

Spherical Elliptical Cylinder Spherical Elliptical Cylinder
No slope errors No slope errors No slope errors  1ftrad slope errors  Sitrad slope errors 5iirad slope errors

Beamn divergence 500X500 Urad

20 —

0

—

20 —

—

-40 —

—

-60 —

—
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Mirror defects

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

Typical definition is mrad or arcsec rms.
Alternative definition is A/10 or A/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 than ~ 0.5-1 mm
Typical definition is A rms.
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 than wide 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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Roughness
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Shape Spherical/Flat | Toroidal/aspherical

Roughness (A) | 3 typical (1 best) | 5 typical (3 best)
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Beamline layout

Prefocusing section: Adapt the source to the monochromator requirements

Adsorb the unwanted radiation

f Monochromator:Select the proper photon energy

1

|
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Top view J

Refocusing section: Adapt the spot shape at the necessity of the experiment
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Thermal deformation

PHOTON
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Vertical
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Mechanical and thermal properties of selected mirror materials

Densi Young’s Thermal Thermal Figure of merit
ensity . L
(glem?) modulus expansion conductivity k/a
(GPa) a (ppm/°C) kK (W/m/°C)
Fused silica 2.19 73 0.50 1.4 2.80
Zerodur 2.53 92 0.05 1.60 32.00
Silicon 2.33 131 2.60 156 60.00
SiC CVD 3.21 461 2.40 198 82.50
Aluminum 2.70 68 22.5 167 7.42
Copper 8.94 117 16.5 391 23.70
Glidcop 8.84 130 16.6 365 21.99
Molybdenum 10.22 324.8 4.80 142 29.58
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Induced slope errors for a 400W source

3GeV Synchrotron source

6.6 cm period undulator X, =5.7

glidcop

BL6.1

1.5° grazing incid ence asts 8.0 1.5° grazing in cidence

Ah=17m slope 26 Urad AT=7.7°
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Induced slope errors for a 400W source

Density Young's Thermal Thermal Figure of merit
(glem?) modulus expansion conductivity k/a
(GPa) a (ppm/°C) k (W/m/°C)
Glidcop 8.84 130 16.6 365 21.99
Molybdenum 10.22 324.8 4.80 142 29.58
Superinvar 8.13 145 0.06 10.5 175.00
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Induced slope errors for a 400W source

Density Young’s Thermal Thermal Figure of merit
(glem?d) modulus expansion conductivity k/a
| (GPa) a (ppm/°C) k (W/m/°C)
Glidcop 8.84 130 16.6 365 21.99
Molybdenum 10.22 324.8 4.80 142 29.58
Superinvar 8.13 145 0.06 10.5 175.00
Superinvar

ANSYS 8. ANSYS 8.0

Ah=6um AT=130°C
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Side cooling
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Side cooling

| | | |
300 250 200 150 100 50 0

mirror gosition gmmz

o
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Internal cooling
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Internal cooling
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Internal cooling
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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

_s

>
250 eV 260 ¢V 270 eV 280 eV 290 eV 300 eV 310 eV
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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 V)
Reduction of reflectivity due to enanchment of the surface roughness

general deterioration of the surface

UV lamp discharge

+ 300-500 V (DC)

[ 100 mA-14
P 0.5-1 mbar O,
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Grating profiles

Y 2.\ g\ i > -

Blaze profile Laminar profile
Blaze gratings: higher efficiency
Blaze condition %, Laminar gratings: Higher spectral purity
| Higher resolution

Blaze angle=(0t+[3)/2
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Blaze profile

Grating profiles

S N\ea DN\

&

Laminar profile
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Mechanically ruled grating

Digital Instruments NanoScope
Scan size 2.707 pm
Scan rate 0.3005 Hz
Number of samples 512
Image Data Height
Data scale 100.0 nm

view angle

oS
\ \/ -
ﬁ;( light angle

0.500 um/div
100.000 nm/div
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Holographical grating

‘ NG 5 glass \
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Grating s equations

a

B

Optical path function
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Rowland condition

Rowland Circle Sonrce
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Plane/spherical grating monochromators
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Plane/spherical grating monochromators
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Entrance slit/source Q\°
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Spherical grating monochromator efficiency
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Resolving power

40

Source

Grating

FWHM = 1.6 meV

Exit slit

Intensity (a.u.)

Entrance slit

0. | | |
44 998 44 999 45.000 45.001 45.002

Photon Energy (eV)
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Reso[ving p()'zuer smaller are s and s”,

smaller will be the bandpass

b . § - costor : % 3
(Dl ) = cos(a) W AA, e = cost@) entrance slit contribution
do Nk r ’
NkA = sin(ee) - sin(f3)
[ 04 = cos(f) AB = B Al = L“S'B) exit slit contribution
W Nk r Nkr

Resolving power = E/AE

1.0- FWHM = 1.6 meV
. .
\A) © -~ 0.8-
cad & s
> og-
Exitslit ¢
€ 0.4
Entrance slit © 0.2+
QW
0. | | |

44 998 44 999 45.000 45.001 45.002
Photon Energy (eV)

45/0.0016 = 28000

Note: the angular precision of the grating rotation have to allow

the energy selection i.e. 0.2-0.3 Urad
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Resolving power

Typical Spherical grating monochromator resolving power
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Resolving power
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