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Metrology : Off-line metrology

EUREKA Eurostar project
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BROOKHAVEN imagine| Jophic

BROOKHAVEN SCIENCE ASSOCIATES

Oft-line metrology

Optical head at BNL

*

1.5 meter long mirrors

¢ 50 nrad rms accuracy / 1.2mm
resolution

s HFM and VFM configuration

¢ mirror down to 1.5m of radius

of curvature

s 2D slopes maps, height
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BROOKHRVEN imagine| Jophic

BROOKHAVEN SCIENCE ASSOCIATES
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BROOKHAVEN imagine| Jophic

BROOKHAVEN SCIENCE ASSOCIATES

Flat mirror characterization

Zeiss Silicon mirror on 115mm : R=47km, slopes=0.15 prad rms

Radii of curvature are =43.4km, 43.5km and 56.5km
Max difference to average is 3.6 E-06 1/m (280km)
On 90mm, differences are below 60 nrad rms —B->A

——A->B

=B --> A Offset Gantry

Slope error in prad

L
Mirror coordinate in mm

SOS Trieste| October 4th, 2016 | G. Dovillaire| M COM PPT 2016.01-GD 9



BROOKHAVEN imagine[ Joptic

BROOKHAVEN SCIENCE ASSOCIATES

Toroidal mirror characterization

FromAto B From B to A and data flipped
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FUV wavefront sensors
The Hartmann sensor
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imagine| Joptic

The wavefront

Geometrical approach: surface orthogonal to all rays

Flat wavefront Dlvergmg beam

No aberration Spherical wavefront

No aberration

Collimated beam

Distorted wavefront
Some aberrations

I
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The wavefront

Diffraction approach: surface defined by phase = constant

U(r=a(r).e"" —_ o(F) = 27r5(r)

Amplitude

Phase
Wavefront Aberration
3 =
@ |nradian

s 2
£ O Inmicron
S
5
S %)
<4
& , z In wave
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302 1 0 1 2 3
mm (right-left)
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2nd astigmatism quadrafoil

l— m: angular frequency

astigmatism ZZ( r,B) = r2 c0s20
™~

n: radial order




Hartmann wavefront sensors

Hole array X-ray CCD camera

® Aberrated spot
centroid position

@ Reference spot

MII Ay centroid position

—- — a=Ay/L

Reference flat wave-front
Aberrated wave-front

y

L ' Xé—’z

Holes are small enough to create
diffraction on the CCD

Holes pitch is large enough to avoid
crosstalk
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Hartmann wavefront sensors : slopes integration

How calculating the wavefront knowing the slopes
?

Wave-front estimation from wave-front slope measurements

4_’ + + W.H. Southwell, JOSA VoI70, No 8, AoGt 1980
‘ ‘ S')‘(Fll_l_sx (D|X+1J_(Dix,j
4—» 4—» 4—» 2 Pitch, .

« Successive Over relaxation method »

DUD=D -+ ErH (DY, Pie)
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Hartmann wavefront sensors
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HASO EUV
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Beam lines alignment
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ldea 1 : | understand the wave front | measure

Astigmatism
The benders of my KB do not focus in the same plane

Coma
One of my KB bender is not optimized
My ellipsoid is not aligned

Something
| don't know...
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FERMI : KB alighement at 32nm
FERMI : Giovanni de Ninno, Lorenzo Raimondi, LOA : Philippe Zeitoun

F Wavefront

File Tools
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SLS : automatic control of a KB at 3.5 keV
SOLEIL : Mourad Idir — Pascal Mercére — Pierre Lagarde

Wave-front measurement

Hartmann wave-front sensor

Hard X-ray

CCD camera .

38.62

— Closed loop

mirror

Imaging
optic

Focal spot imaging Visible beam

Removable -
YAG:Ceerystal
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Derivative of Fluorescence

i| ‘'wWavefront sberrations
Tikat 0 C
Tilt at 90°: )
Focus: ()

—

Show 30w F.
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. Knife Edge Scan of Horizontal X-ray beam at LUCIA

22501 ® Derivative of Knife Edge Data

Gauss Fit
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2000 Knife Edge Scan of Vertical X-ray beam at LUCIA
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|dea 3:
Coupling wavefront measurements
and optics simulation software
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Example in visible : telescope alignment

T T
‘ ’

Tzec Maun Foundation

1m diameter telescope
Modified Cassegrain type
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The simulation tool: Zemax

Titge . Lambda

Tit20® @ 253 I gji
Focus @ 2,00 0.15
astigos @@ 1.50- 0.10
Astig 45° B 1.00- 0.05

0,50 0.00
0.00- -0.05
| -0.10
AMS (Lambdz) | E O
0008 OB 100 .15
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0035 08 023
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-2.58 :I [ [ [ T T T T 1
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mm

'e Zonal Sampling x 0 | A(nm) &33

"

Expected performances

A/100 rmms WFE
Diffraction limited PSF
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The measurment tool : HASO4 BB

HASQC4

BROMADBAND

Measured performances

A/10 rms WFE
The coma aberration reduces the

Images contrast
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The measurement is set in the model

(il Lens Data Editor

imagine| Jopt

Edit Solves View Help

Fi—
e

T el

(| Extra Data Editor

Edit Solves Tools View Help

Surf:Type Comment Radins Thickness Glass= Semi-Diameter Conic Par 0 (unused) Decenter X Decenter ¥ Tilt Abom =
CEJ Standard Infinity Infinity 0.000000 0.000000
1* Standard M2 BAFFLE CD Infinity 1035.852000 150.000000| T 0.000000
5TC Standard Infinity 43.864000 500.000000|T 0.000000
X Standard PRIMARY -2849.18000 -1045.06600 MIRRCR 500.000000| T -1.023390
m 0.000000 = 0.000000 0.000000 0.000000|V 0.00(D
S Standard SECCNDARY —-8923.8950000 0.000000 MIERCR 134.074046 —-2.215245
& Coordinat. . T0O8.866000 = 0.000000 0.000000 0.000000| P 0.00¢
7| Coordinat. . 0.000000 = 0.000000 0.000000 0.000000 45.00¢
B* Standard TERTIZRY Infinity 0.000000 MIERCR 134.255947 0.000000
4| Coordinat. . -1417.66278|V = 0.000000 0.000000 0.000000| P 45.00(
1 Paraxial 0.000000 3.135176 S50.000000 1
12§ Zernike F.. Infinity 0.000000 3.135176 0.000000 1.000000 4]
15‘ Paraxial -50.000000 3.135176 50.000000 1
II{A| Standard Infinity - 0.020143 0.000000
-
« [ 3

Maximum Term #

Norm Radius

Zernike #

12' Zernike F.. 3.140000 0.000000 0.225000 —-0.450000 1.0000E-003 0.000000 0.111000 -0 222|:|
13|[ Paraxial . i
[ [ »
The wavefront aberrations are defined by the Zernike
coefficients and included in the simulation software
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The optimization process

imagine| Jopt

Fi—
e

(Il ZEMAX-EE - 31654 - C\Users\gdovillaire\Desktop\Tzec Maun As-Built Rxzmx

File Editors

System  Analysis

Tools

Reports

Macros

Extensions

Window Help

(il Lens Data Editor

Opt | Glb Ham| Tol

T eloe

[l Extra Data Editor

Edit Solves Tools View Help

——T L]

Edit Solves View Help
Surf:Type Comment Radius Thickness Glass Semi-Diameter Conic Par 0 (unused) Decenter X Decenter ¥ Tilt Abom *
OBJ Standard Infinity Infinity 0.000000 0.000000
1* Standard M2 BAFFLE CD Infinity 1035.852000 180.000000 0.000000
5TC Standard Infinity 43.864000 500.000000 0.000000
S Standard FRIMARY —-2849.18000 -1045.06600 MIERCR 500.000000 -1.023350
Em 0.000000 = 0.000000 0.000000 0.000000] V| U.DU(D
5 Standard SECCHNDARY —-8923.850000 0.000000 MIERCR 134.074046 —-2.215245
6| Coordinat. . T08.866000 = 0.000000 0.000000 0.000000| P 0.00¢
7| Coordinact. . 0.000000 0.000000 0.000000 0.000000 45.00(¢
B* Standard TERTIZRY Infinity 0.000000
4| Coordinat. . —-1417.66278| V| Secondary mlrror pOSItlon IS 10000 B 45.00¢
10 Standard Infinity -50.000000
T variable :
12| Zexrnike F.. Infinity 0.000000 [P [P PR -
13 Paraxial -50.000000 3.135176 S50.000000 1
IMA Standard Infinity - 0.020143 0.000000
-
« [ b

Zernike *

Surf:Type Maximum Term # Horm Radius Zernike 1 Zernike 2 Zernike 3 Zernike 4 Zernike 5 Zernike & Zernike 7
11 Paraxial
12| Zernike F.. 15 3.140000 0.000000 0.225000 -0.450000 1.0000E-003 0.000000 0.111000 —0.222|:|
13 Paraxial =
[ [ 3
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The result

Decenter X Decenter ¥ Tilt About X Tilt About ¥

0.032114|WV -0.064225]| WV 3.8623E-003|V 1.5312E-003|V

The secondary mirror must be shifted and tilted to remove
the measured aberration.

Just grab the screwdriver...
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A 4
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Conclusion

g Siit 41m Intermediate
source point for VFM

Laue monochromator
horizontally bent crystal
26.5m
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