Test of a 600 mm mirror F3 at radius curvature center point

ALCOR
SYSTEM

For Public release

Date : 02/04/2018
Written by : C.CAVADORE

The mirror to be tested is a 600 mm F3 parabolic mirror (k=-1). It was figured in 2007 by a company that is not to be
disclosed in this report. The thickness is 57 mm, and is made of SUPRAX glass. It not coated.

Figure 1.

ALCOR
SYSTEM




The company that did figure this mirror, checked it with a knife edge test (caustic test), and claimed to be a A/19 PTV
error mirror.

The mirror support must be very well designed to avoid any astigmatism due to glass elastic flexure by gravity. This was
a something important to solve. It is held by 90° side supports.

The focal length is 1804 mm, and the place to perform the curvature radius test is located at twice this distance, i.e
3608mm. The longitudinal abberation due to the parabolic shape is 25 mm

The shack hartmann used is an ALCOR-SYSTEM 100x100 device, that has been put at 3.6 m from the mirror, with a 10u
led lit pinhole. A 50 mm collimator focal length has been installed. This is a center of curvature test, with an enormeous
spherical abberation (12.55 waves @550 nm that is 6902 nm Z8 zernike).

Many optical stages are used under the shack hartmann, because the mirror has no degree of freedom motion. A Z stage
axis was missing for this test.

Results
Two analysis have been achieved:

1. Full diameter @ 594 mm (actual measured diameter), up to chamfer.
2. Slightly stopped down to @ 583 mm.
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The global RMS error, including astigmatism is 140 nm (A/4 rms). This is far from A/18 PTV measured with knife test.

Full diameter




Zernike Fringe ]

Z1[Tilk ) A773AT.0 [zet to zero)
22 [Tilk SFER.0 [zt to zemo)
Z3 [Defocus] B09.9 [zet ta zero]
Z4 [Astigmatism +45°) 1555

Zh [Aztigmatism -45°] 441

Z6 [Coma ¥) 8362 [zet to zero]
Z7 [Coma ™) B72.2 [zetto zem)
Z8 [3rd zpherical] £951.3| [zt to zerm)
Z9 [Trefail %) 0.3

Z10[Trefail 'r] g0

Z11 [5th astigmatizm +/-45°]  155.3
Z12 [5th astigmatizr 0-90°]  63.9

Z13[Tetrafail 1) 327
Z14 [Tetrafail 2) 384
Z15[5th Trefoil x-axis) 124
Z16 [Bth Trefaoil y-axiz) 734
Z17 [Bth Cama =-axiz) 146
Z18[Gth Coma y-asis) 226.7
219 [5th zpherical] A17.2
Z20[Tth zpherical] 7B 7
Z36 [3th zpherical] 2245
Z2E [Quadrafail 1) 373
Z27 [Quadrafail 2] 417
All unitz in nm
Min | -305.4 Rmz 1407
Max 5238 Peak-F | 829.2
Coma 10132 Astig. | 1616
FIT eror [az pikel per spot] | 0.394 e

&l unitz in Lambda £ =
Peak to Peak 0.7
RAm:z 3.9

Zernike Data

200

1 PN I I

-100
-150

nm
o 8

Z1 £2 Z3 Z4 Z5 Z8 T Z8 29 210 ZN A2 213 214 2156 216 217 Z218 219 2B F36 226 227

Figure 4.

Spherical aberration has been canceled out, and computed to be 6902 nm theoretically, it has been measured at 6951
nm by the Shack Hartmann, so the difference is only 50 nm that is quite good. Parabolic figuring was achieved properly
and spherical aberration error is negligible for this mirror.

PSF reconstruction shows that Strehl ratio is only 8 % that is not an outstanding performance.
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Strehl ratio -

in: 2.32E-009 Max: 7.58E-002 ®=75"'=85 |=0.000293
Strehl ratio - 7.58%

80% EE radiuz : 12.46 pm [diffract : 1.54 pm) | 1.43 arcsec [diffract : 0.18 arcsec)

PSF dizplay type Scale
O Linear Display box
O Logll Bow scale [pm) EE Apply
@ Square root Fizel zcale : 0.64 arczec/pixel
Figure 5.

Assuming that astigmatism can be due to vertical mirror holding method (it does not rotate with the mirror), it can be
removed.

Performance is 124 nm rms. So astigmatism did not play a big role.
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Zemike Fringe
Z1[Tiltx]

Z2[Tilt]

Z3 [Defocus)

Z4 [Astigratizm +45°7)
Zh [Astigmatizm -457]
ZE [Coma <]

Z7 [Coma Y]

Z8 [3rd zpherical)

Z9 [Trefail ]

nm
77370 [zt bo zera)
-fEB.0 [zet to zero)
-B09.9 [zet to zero)
-155.5 [zet to zero)
44,7 [t to zem)
-836.2 [zet to zero)
B72.2 [zet to zero)
£951.3 [zet to zero)
0.3

Z10[Trefoil ') B.0
Z11 [Gth agtigmatisrn +/-45°] 1663
Z12 [Bth astigmatism 0-90°]  E8.9
Z13 [Tetrafail 1) 327
Z14 [Tetrafoil 2 -38.4
Z15 [Bth Trefoil x-axis) 2.4
Z16 [5Gtk Trefoil y-axis) 794
Z17 [Gth Coma s-axis) 14.6
Z18 [Bth Coma y-awis) 2267
Z19 [Gth zpherical) 1172
225 [Tth gpherical) VE.7
Z.36 [9th zpherical) 2248
Z2E [Quadrafail 1] 373
Z27 [Quadrafoil 2] 4.7
All unitz in nm
Min | -273.3 Rms 124.2
Maw |BEZ8 Peak-F  936.00
FIT ermor [as pixel per spot] | 0.394 tore
All unitz in Lambda /
Peak to Peak, DB
Fmz 4.4
Zernike Data
200
150
E |:|
E
c 50
-50
- 100
Z1 zZ2 z3 Z4 75 Z6 T Z8 89 210 Z11 Z12 Z13 214 Z16 Z16 Z17 Z18 Z18 Z26 736 226 22T

Figure 6.

If Zonal reconstruction is performed, figuring defects can be seen in a better way and more accurately. It requires a
shack Hartmann with 60x60 spots at least.
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Figure 7.

Mirror stopped down to @ 583 mm

At the Shack Hartmann level, this is very easy to carry out mirror diameter decrease. The analysis diameter has been
reduced from @ 1110 pixel down to @ 1090 pixels
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This can be achieved on the physical mirror by a 5.5 mm thickness outer ring. Analysis shows that spot elongation error
is reduced by far on the mirror edge.
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Figure 8.

The Modal Zernike analysis computes a 93 nm rms error (compared to 140 nm rms without the stop).
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Zernike Fringe

frm

&l units in Lambda /=
Peak to Peak 1.2

FIT error [az pikel per spot) | 0,204

Z1[Tilkx) 17164.8 [zt ta zero)
Z2 [Tk 10297 [zet to zero)
Z3 [Defocus) 12409 [get to zero)
Z4 [Astigmatism +45%] 1306
Zh [Astigmatism -45°] -44 5
Zh [Coma ¥) -323.8 [zet to zera)
Z7 [Coma ™) -48.2 [t to zero)
Z8 [3rd zpherical] 54491 [zet to zemo]
Z9 [Trefail X 119
Z10[Trefoil 'r] 75
Z11 [Bth aztigmatism +/-457 329
Z12 [Bth aztigrmatisrn 0307 -3.0
Z13 [Tetrafail 1) 95
Z14 [Tetrafall 2) 7.4
Z15 [tk Trefoil s-axis) -29.0
Z16 [Bth Trefoil y-axis) 401
Z17 [Gth Coma «-axiz) a0.9
Z18[5th Coma y-axis) £9.8
Z19[5th spherical] -1E2.5
Z25 [7th spherical] 17.3
£36 [9th zpherical) 862
Z2E [Quadrafoil 1] 231
Z27 [Quadrafoil 2) 169

All unitz in nm

Min | -245.8 Fms 93.1

Max | 221.5 Peak-F  471.3

Coma | 327.4 Astig. 1379

More

Fm: 5.9
5D
G —
E
t 50
=100
-150
Z1 Z2

Z3 Z4 Z5

215 Z16 217 Z18 219 228 Z36 226 227

Strehl ratio increases from 7.7 to 30.5%
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Strehl ratio - 302

Min: B 27E-011 Max: 3.04E-001 F=128Y=h2 [=0.000034
Strehl ratio - 30.36%

80% EE radius : 7.19 pm (diffract : 1.54 pm] | 0.82 arczec [diffract : 0.18 arcsec)

PSF display type Scale
O Linear Diigplay bow
O Logl0 Box zcale [pm) EE Apply
@ Square root Pixel zcale ; 0.64 arczec/pixel
Figure 10.

Assuming an error of astigmatism due to the support (it turned out that astigmatism does not follow rotation when the

mirror is rotated by 90°), the overall error is 74 nm rms (A/7.4), that starts to be a good mirror.
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Zernike Fringe nm

Z1[Tilkx) 17T164.8 [set to zero)
Z2 [Tk 10297 [zet ta zero]
Z3 [Defocus] 12409 [zet ta zero)
Z4 [Agtigmatism +457) 13006 [zet to zero)
25 [batigmatizm -45°] -44 85 [zet o zem)

ZE [Coma ) -323.8 [zet ta zero]
Z7 [Coma ) 482 [zet to zera)

Z8 [Ird zpherical] 4491 [zet to zera)
29 [Trefail ) 19

Z10[Trefail ) 7.5

Z11 [Gth astigmatizm +/-45°] 329
Z12 [Gth astigmatism 0-90°]  -3.0

213 [Tetrafail 1] 95
214 [Tetrafail 2) 7.4
Z15 [5th Trefoil #-axiz) -29.0
Z16 [Bth Trefoil p-asis) 40.1
Z17 [Gth Coma =-axis) R0.9
Z18 [Gth Coma y-axis) B9.8
219 [Bth spherical] 1625
225 [7th spherical] 17.3
Z36 [Ath zpherical] 86.2
Z2E [Quadrafoil 1) 231
Z27 [Quadrafoil 2) 169
All units in nm
Min | -174.5 Rrms 74.2
Max 1536 Peak-P | 3281
Coma |327.4 Aetig. 137.9
FIT enor [az pixel per zpot] 0,204 tiare

All unitz in Lambda £
Peak to Peak. 1.7
Rms 7.4

Zernike Data

50
o] — ! i A __D_—=,--.. I:Il-l:l

-100

-150

Z1 Z2 Z3 Z4 Z5 Z6 ZT Z8 289 Z10 211 Z12 Z13 Z14 Z16 #1686 Z17 Z18 219 Z286 Z36 26 22T

Figure 11.

Strehl ratio jumps to 47%, being an acceptable performance.
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Strehl ratio ; 46.8

i B.92E-010 bax: 4.69E-001 =382 =475 |=0.000043
Strehl ratio - 46.88%

80 EE radius : 7.09 pm [diffract : 1.54 pm] | 0.81 arcsec [diffract : 0.18 arcsec]

PSF dizplay type Scale
O Linear Diizplay box
O Log10 Bow goale (pm) |56 Apply
@ Square root Pixel scale : 0.64 arczec/pisel
Figure 12.

Again, Zonal reconstruction shows better local defects. It shows a central bump that will be hidden by secondary mirror,

or a camera located directly at the primary focus, and another error ring at the edge of the mirror.
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Z3 removed

Figure 13.

If only high frequencies defaults are considered (all Zernike are removed up to Z35), the Shack Hartmann can reveal
many rings from the figuring process. The RMS error of these rings is around 30 nm.

13
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removed
S remos

removed

Figure 14.

Is was also noticed with a knife test with an artificial star located at 4 km, but this test does not give any quantitative
data of the defects.
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Figure 15.

Conclusions

This reports prove that direct test at curvature radius center of a mirror can be performed with ALCOR SYSTEM Shack
Hartmann, and that a very costly flat mirror can be avoided, despite 12.55 A of spherical aberration (Z8, or Z9 of Zemax
software). The A/19 PTV announced by the company that figured the mirror is not realist, this is because of lack of
measurement points (classical issue with the knife test).

The mirror test is not so good at full aperture, but when stopped down a bit its performance increases dramatically.
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