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Overview

* Introduction
— Isara 400

>



Isara 400: Next generation ultra-precision CMM

* Isara 400 offers 3D ultra-precision and a large measuring volume:

Measuring volume 400 x 400 x 100 mm
Traceable measuring uncertainty: U,y = 50 nm (k=2)
Full 3D measurement (-90° to +90°)
Product mass up to 32 kg R
Air bearings for 3D scanning @ o
Exchangeable probe with kinematic mount | P

« 3D Probe system: Triskelion 3D ultra-precision tactile probe E %

T_—

» Other possible probe systems: Optical probes,
capacitive probes, oscillating fiber probes etc.

>



Isara 400 concept
* Abbe principle in 3D:

— Measurement systems remain in line with measurement point

 X/Y movement of mirror table, Z movement of metrology frame
7

Metrology frame / z-axis

Granite
vertical
guiding
surface




Isara 400 design concept




Isara 400 design
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Overview

« HLEM: Aspherical Lens Measurements
— Setup & Alignment
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Precision Engineering

Measurement HLEM optics

 All measurements done with tactile probe measurements
« Slope limited by probe body

17.5 mm




Measurement setup 2, 3, 4




Measurement setup 9, 6, 7




Measurement etup 8
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Measurement setup
o Alignment of part

— Step 1: manual probing of 9 points

— Calculate best fit alignment
(x,y,Z,Rx,Ry,(Rz))

— Only manual action needed

— Step 2: perform automated coarse grid
— Recalculate best fit alignment

* Very quick on-machine alignment
— Setup time: ~30 min

— Automated alignment of more complex
and free-form optics equally simple

Precision Engineering



Measurement setup

 (Grid measurement of part

— Perform fine grid of
measurement points

— Recalculate best fit alignment
and visualize form deviations

« Scan measurements
— Not performed (due to time limitation)
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HLEM Measurement
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Overview

« HLEM: Aspherical Lens Measurements

— Results
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Measurement of sample 2
Small Asphere
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Measurement of sample 2

* Grid spacing: 0.26 mm

* Number of points: 2682

* Measurement time: 9 hours

* Measured diameter. 14.7 mm

* Probe used: Triskelion A-250-0011 (& 500 um Ruby tip)

X [mm]




Measurement results: sample 2

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 2: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
A b ot performed to determine
- . position and orientation
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Measurement results: sample 2

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 2: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
S = 260 performed to determine

position and orientation

— Focus on inner part (311
mm)

600 nm

400

1 200 — Noticeable contamination

10

y [mm]
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Measurement results: sample 2

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 2: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
Region of mte:eostt;t:ir;srf:xrzlz:\urg:;s [-Inf:480] nm performed tO determine
RMS = 258 nm position and orientation
400 nm '
0 — Focus on inner part
200 — Qutliers (due to
| 100 contamination) excluded
— 10 .
£ | oo (circles)
> - 1-200

-300
-400

-500

-600
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Measurement results: sample 2

* Deviation from theoretical design, with variable radius
— Best fit optimisation:

HLEM 2018 - Sample 2: Best fit measurement: Surface deviation:
" . . . Region of interest, inside margins [-Inf:200] nm
position, orientation and radius

R (from aspherical formula)

— AR =-1.014 pm (-0.019%)

5 outliers excluded
RMS = 50 nm

150 nm

100
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Measurement results: sample 2

« Deviation from theoretical design, with variable radius and k

— Best fit Optimisation: HLEM 2018 - Sample 2: Best fit measurement: Surface deviation:
‘o . . . Region of interest, inside margins [-Inf:98] nm
position, orientation and radius

7 outliers excluded

R and k (from aspherical it diy
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Measurement of sample 3

Asphere
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Measurement of sample 3

* Grid spacing: 0.48 mm

* Number of points: 3125

* Measurement time: 9 hours

* Measured diameter: 29.5 mm

* Probe used: Triskelion A-250-0011 (& 500 um Ruby tip)




Measurement results: sample 3

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 3: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
RS = 102 rm performed to determine
700 nm position and orientation
600 — Noticeable contamination
500 (same direction, but at larger
1400 radius due to less curvature
| 300 =» contamination located on
| 200 probe tip)
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Measurement results: sample 3

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 3: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
inside margins [-Inf:300] nm :
22 outliers excluded performed tO determlne
RMS = 90 nm position and orientation

. Bt

200 — Qutliers (due to
200 contamination) excluded
| (circles)
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Measurement results: sample 3

* Deviation from theoretical design, with variable radius

. S PTP HLEM 2018 - Sample 3: Best fit measurement: Surface deviation
B BeS.t flt Optlmlsat!on' . inside margins [-Inf:170] nm
position, orientation and radius 26 o;;isers;;cluded
R (from aspherical formula) 4.' el
~ AR=1232um (0.006%) | . 100
50
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Measurement of sample 4

Non circular cylinder
“Aspheric cylinder”
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Measurement of sample 4

47 mm
2809

0

Grid spacing:
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Number of po

8 hours

Measurement time
Measured area
Probe used

24.4 mm x 24.3 mm

Triskelion A-250-0011 (& 500 um Ruby tip)
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Measurement results: sample 4

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 4: Best fit measurement: Surface deviation: ~ — Best fit optimisation
RMS = 229 nm performed to determine
position and orientation
" Not affected by
400 contamination on probe tip

due to curvature direction

1200

y [mm]

10

-200

-400
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Measurement results: sample 4

* Deviation from theoretical design, with variable radius
— Best flt Optimisation: HLEM 2018 - Sample 4: Best fit measurement: Surface deviation:

position, orientation and radius RMS = 188 nm
R (from aspherical formula) 1°

— AR =1.643 ym (0.011%)

400 nm

1200

= 2 . 1
1 -200

-400

-600
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Measurement of sample 5
Cylinder Optic
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Measurement of sample 5

* Grid spacing: 0.39 mm

* Number of points: 5184

« Measurement time: 17.5 hours

« Measured area: 274 mmx27.5mm

* Probe used: Triskelion C-500-0012 (& 1000 ym Ruby tip)




Measurement results: sample 5

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 5: Best fit measurement: Surface deviation: . _ .
all data — Best fit optimisation
RMS = 80 nm performed to determine

500 rm position and orientation
— Noticeable contamination
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Measurement results: sample 5

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 5: Best fit measurement: Surface deviation:

inside margins [-Inf:400] nm — Best fit optimisation
1 outliers excluded .
RMS = 79 nm performed to determine

»0mm- position and orientation

Tzz — Outlier (due to
| 00 contamination) excluded
! 50 (circle)
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Measurement results: sample 5

* Deviation from theoretical design, with variable radius

. . . HLEM 2018 - Sample 5: Best fit measurement: Surface deviation
- BeS.t flt Opt|mlsat!0n. . inside margins [-Inf:400] nm
position, orientation and radius 1 outliers excluded
. RMS =48
R (from aspherical formula) bk

— AR =-5.462 ym (-0.011%)
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Measurement of sample 6

* Convex toroid
Rv =40 mm
Rh =42 mm

Diameter = 50 mm

Assumed formula:

2
z(x,y) = \/<4,Rh2 — x? +Rv_Rh> -y —Ry

>



Measurement of sample 6

* Grid spacing: 0.53 mm

* Number of points: 6286

« Measurement time: 22 hours

« Measured diameter: 47 mm

* Probe used: Triskelion C-500-0012 (& 1000 ym Ruby tip)




Measurement results: sample 6

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 6: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
RMS = 1924 nm performed to determine

position and orientation
— Large deviation from toroid

4000 nm

2000

1-2000

-4000

-6000

20 -10 0 10 20
X [mm]
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Measurement results: sample 6
* Minus sphere of R=40.9 mm

HLEM 2018 - Sample 6: Measurement minus sphere R=40.900000mm

20 | - 0.2mm
157 0.15

1 0.1

10.05

10

1-0.05

-0.1

-0.15

-20 -10 0 10
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Measurement results: sample 6

* Minus sphere of Rv

HLEM 2018 - Sample 6: Measurement minus sphere Rv

0.45mm
20 1
0.4
15
0.35
10
10.3
5L
= 10.25
E 0
> 10.2
5F
10.15
10+
0.1
15}
0.05
20+
s s . 0
20 -10 0 10
X [mm]
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Measurement results: sample 6
* Minus sphere of Rh

HLEM 2018 - Sample 6: Measurement minus sphere Rh




Measurement of sample 7

4th order polynomial freeform
“wild curvature”

) H=Ax"2+By"2+Cx"4+Dy"4

@36.0 + 0.05




Measurement of sample 7

* Grid spacing: 0.37 mm

* Number of points: 4106

« Measurement time: 14 hours

« Measured diameter: 26.2 mm

* Probe used: Triskelion C-500-0012 (& 1000 ym Ruby tip)

Z [mm]
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Measurement results: sample 7

Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 7: Best fit measurement: Surface deviation:

y [mm]

1200 nm

1000

800
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1400

1200

10

-200
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-600

-800

— Best fit optimisation
performed to determine
position and orientation




Measurement results: sample 7

 Form deviation w.r.t. theoretical design

HLEM 2018 - Samole 7: Best fit measurement: Surface deviation: ~ — Best fit optimisation
14 oineide margins [-200:200] nm performed to determine
position and orientation
sonm  — FOCUS ON inner part by
100 excluding large deviations

150

10

y [mm]

1-50

-100

-150
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Measurement of sample 8

4th order polynomial freeform
“mild curvature’

) H=Ax"2+By"2+Cx"4+Dy"4

@36.0 + 0.05




Measurement of sample 8

* Grid spacing: 0.31 mm

* Number of points: 5679

* Measurement time: 15.75 hours

* Measured diameter: 25.7 mm

* Probe used: Triskelion C-500-0012 (& 1000 ym Ruby tip)




Measurement results: sample 8

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 8: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
RMS = 67 nm performed to determine
. 800 nm position and orientation
10 | _ HH . . . .
i «  — Noticeable contamination
iy
1 400
£
E 0 o
5t
0

e
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Measurement results: sample 8

 Form deviation w.r.t. theoretical design

HLEM 2018 - Sample 8: Best fit measurement: Surface deviation: - BeSt f|t Optimisation
oyt margins [Anf:4701 nm performed to determine
- position and orientation
— Qutliers (due to
o contamination) excluded.
1100 (Circles)
=
£ 10

-100

-200

-300
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Overview

« HLEM: Aspherical Lens Measurements

— Reversal measurement
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Measurement results: sample 8

180° rotated (Rz) (Contaminated measurements removed)

HLEM 2018 - Sample 8: Best fit measurement: Surface deviation

inside margins [-Inf:470] nm
2 outliers excluded

RMS =66 nm

HLEM 2018 - Sample 8: Best fit measurement: Surface deviation
inside margins [-Inf:420] nm
10 outliers excluded
RMS =59 n
10 i

Ht

300

y [mm]

-10
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D58 Y-scan repeatabll

Residual in nm

Y-neg 0.1 mm/s compared to

30

20t

— positive 0.1 mm/s
— positive 0.2 mm/s ||
—negative 0.2 mm/s ||

Y-pos 0.1 mm/s compared to

— positive 0.2 mm/s
— negative 0.1 mm/s
|~ negative 0.2 mm/s

ity

Y-neg 0.2 mm/s compared to

— positive 0.1 mm/s

— positive 0.2 mm/s

— negative 0.1 mm/s
L ]
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