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Optical Fabrication Technologies

» everything started with hand polishing
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Optical Fabrication Technologies

* ... numbers have been rising
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Optical Fabrication Technologies

« ... today hundreds of techniques
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Optical Fabrication Technologies

» ... selection criteria

« fabrication cost

* through-put
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* geometry
« surface roughness
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Laser polishing

» ... selection criteria

« fabrication cost

* through-put
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Laser polishing

» ... selection criteria

+ fabrication cost
* through-put

* geometry

« dimension

- surface quality ———_

 material

—

surface roughness
3/ shape accuracy
5/ defects

MSF

material stress
SSD

residuals
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no residuals
arrays

10um FP

fast

all shapes

no mech.contact
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Laser polishing

» ... selection criteria

« fabrication cost

« through-put
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Laser polishing: process

* ... remelting material

» two regimes: trade off
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* ... remelting material

» two regimes: trade off
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» short pulses .
* shallow melting zone
* shape
* roughness
* mechanical stress
» refractive index
« MSW
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Laser polishing: process

* ... remelting material

» two regimes: trade off

v v

» short pulses « continuous wave
« shallow melting zone + deeper melting zone
* shape
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Laser polishing: process

* ... remelting material

« process parameters

O O O O 0O O O

starting roughness
starting temperature
process kinematics
overlap

energy & intensity

scan velocity

dwell time map software

Scannig parameters: Laser beam:
> V., Scan velocity = f,, repetition frequency
= dy path offset = d, spotdiameter @1/’

(beam overlap in %) = P, Laser power .
> scan-guide > t, pulse duration Beam profile
(bidirectional, wobbel, ...) = A wavelength Qeeam
= number of passes = focus offset

= beam profile

Workpiece:

= temperature (up to 400°C)
= initial topography
(roughness, homogeneity, inclusions)
= material properties

(thermal expansion, absorption, ...)




Laser polishing: process

* ... remelting material
* process parameters
(1) pre-heating
(2) LP processing

(3) post-heating
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Laser polishing: process

* ... remelting material

» performance (fused silica)

fine ground surface Sq 1200 nm rms

0 100 200 300 400 500 600 700 800 pm

ISO 25178 - Rauheit (S-L)

F: [Analyseablauf] Ausgerichtet (LS-Ebene)
S-Filter (As): GauB, 2.5 ym
L-Filter (Ac): GauB, 0.08 mm

laser polished surface Sq 2 nm rms

ISO 25178 - Rauheit (S-L)

F: [Analyseablauf] Ausgerichtet (L5-Ebene)
S-Fifter (As): GauB, 2.50 um
L-Filter _()I C) Gaufj, 0.08 mm

nm

nm

sq 957
Sp 3608 nm
Sv 55.65 nm
sz 9172
sa 1.55 nm
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Laser polishing: fabrication chain

* ... remelting material

CNC fine ground

SQ =500-1000 nm rms
ssd =20 um

laser polishing

A 4

Sg=2-4nmrms

selective laser etching

SQ =500 -1000 nm rms
ssd <5 um
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Laser polishing: next steps

« ... stay as long as needed: only

* in situ, in process quality monitoring

Oliver Faehnle, Rolf Rascher, Christian Vogt, and Daewook Kim, "Closed-loop laser polishing using in-process surface finish metrology,” Appl. Opt. 57, 834-838 (2018) O



Laser polishing: next steps

... stay as long as needed: only

in situ, in process quality monitoring: IRM

iij:;:ng Oscilloscope
» quality detection from «within» /\ © 0
Laser o O

Photodiode B

Photodiode A

Oliver Faehnle, Rolf Rascher, Christian Vogt, and Daewook Kim, "Closed-loop laser polishing using in-process surface finish metrology,” Appl. Opt. 57, 834-838 (2018) O



Laser polishing: next steps

« ... stay as long as needed: only

* in situ, in process quality monitoring: IRM

» quality detection from «withiny»

D
* during laser polishing o
CO2 laser [~-===""7"77" S
Sample
HeNe laser| 5
“M2 | D

Oliver Faehnle, Rolf Rascher, Christian Vogt, and Daewook Kim, "Closed-loop laser polishing using in-process surface finish metrology,” Appl. Opt. 57, 834-838 (2018) O



Laser polishing: next steps

» ... stay as long as needed: only

* in situ, in process quality monitoring: IRM
» quality detection from «withiny»

* during laser polishing

Oliver Faehnle, Rolf Rascher, Christian Vogt, and Daewook Kim, "Closed-loop laser polishing using in-process surface finish metrology,” Appl. Opt. 57, 834-838 (2018) O



Laser polishing: next steps

« ... stay as long as needed: only

* in situ, in process quality monitoring: IRM
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Laser polishing: next steps

» ... stay as long as needed: only

* in situ, in process quality monitoring: IRM
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Conclusions

* ... laser polishing

is fast, non contact, no residuals, ccp with small FP

works for some materials nicely

2 process windows:

* roughness reduction only
 ablation

works excellently together with SLE

nextsteps: in situ , in process control
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