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mastering freeforms

conquering the freeform TRILEMMA:

1. design

 2. producibility analysis

   3. optimum fabrication chains
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fab process → →  fab chain
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INPUT

• ISO10110

• throughput

OUTPUT

• best fabrication chain
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Producibility analyses: 

just one click away... 

INPUT

• ISO10110

• throughput

Interfaces from

➢ Code V

➢ Zemax

OUTPUT

• best fabrication chain

mastering freeforms

http://www.pandao.ch/


© www.PanDao.ch, 2024

• material  → glasses, plastics, crystals, metals, germanium, silicium, CaF2. WC

• quality  → IR to EUV

• dimension → 0.3 mm to 1.5 m

• geometry → plano, spherical, cylindrical, aspherical, off-axis aspherical, freeforms

• throughput → prototyping to mass production

• characteristics → ☺

INPUT

• ISO10110

• throughput

OUTPUT

• best fabrication chain

mastering freeforms
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INPUT

• ISO10110

• throughput

360 OFTs

CNC

   overarm

  IBF

MRF

SPDT

CCP

  Bonnet

   UPM

    Ductile

       FJP

          etc…

PGMold

  InjectionMold

     DL

       BowlFeedPol

       FloatPol

      EEM

    PlasmaPol

   LaserPol

  SLE

 Plasma

etc..

OUTPUT

• best fabrication chain

mastering freeforms

http://www.pandao.ch/


© www.PanDao.ch, 2024

INPUT

• ISO10110

• throughput

OUTPUT

• best fabrication chain

• cheapest

• fastest

• risk analysis

• technological 

• financial

• fabrication cost
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Product life cycle example 

first light (TRL ≥ 123)

prototyping (TRL ≥ 456)

null series (TRL ≥ 678)

serial production (TRL ≥ 89)
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Freeform example

mastering freeforms

E
A

H

http://www.pandao.ch/


© www.PanDao.ch, 2024

Freeform optics

• no symmetry: z(x,y)

• MSW, Slope, SLRC, MLC, LS, gauge, etc

E
A

H
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5

789 glass 3 50000 132 5

789 glass 3 50000 132 5

789 glass 3 50000 132 5

789 glass 3 50000 132 5

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

789 glass 0.07 500 132 5 IBF

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

789 glass 0.07 500 132 5 IBF

789 glass 3 500 132 0.1 IBF

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

789 glass 0.07 500 132 5 IBF

789 glass 3 500 132 0.1 IBF

456 glass 3 500 132 0.1 FJP

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

789 glass 0.07 500 132 5 IBF

789 glass 3 500 132 0.1 IBF

456 glass 3 500 132 0.1 FJP

789 german 3 500 132 0.1 SPDT

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

789 glass 0.07 500 132 5 IBF

789 glass 3 500 132 0.1 IBF

456 glass 3 500 132 0.1 FJP

789 german 3 500 132 0.1 SPDT

123 fused 

silica

3 500 3 0.1 full aperture laser polish

Freeform example

mastering freeforms
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TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

789 glass 3 500000 132 5 PGM

789 glass 0.07 500 132 5 IBF

789 glass 3 500 132 0.1 IBF

456 glass 3 500 132 0.1 FJP

789 german 3 500 132 0.1 SPDT

123 fused 

silica

3 500 3 0.1 full aperture laser polish

789 fused 

silica

3 500 3 0.1 PGM

Freeform example

mastering freeforms
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Optics Industry’s Game Changer

• reads in lens data

• determines the optimal fabrication chain at minimum cost and risk$
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design         and     fabrication

Optics Industry’s Game Changer

• reads in lens data

• determines the optimal fabrication chain at minimum cost and risk$

• balancing design and fabrication

http://www.pandao.ch/
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…selected customers

Leica Camera, 

Wetzlar, Germany

http://www.pandao.ch/
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→ cuts down development 

time by factor of 2

→ cuts down number of 

meetings

→ cost impact analysis of 

design parameters

Optics Design

→ cuts down vendors 

quotes by 30%

→ minimize risk of vendors 

failure

→ enables vendors audits

Optics Purchasing

→ cuts down 20% fab 

chains cost

→ fab chain marketability 

analysis

→ capacity steering with 

one click

Optics Production

→ annual UNIVERSITY 

lectures at Rochester, 

Arizona, Huddersfield 

and in Jena

→ in-company training of 

Optics Fab engineers

Training

… based on the information provided by PanDao customers

…selected applications

http://www.pandao.ch/
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• many thx

• dōmo arigatō

• grazie

• dank je wel

• dzenkuje

• vielen Dank

www.PanDao.ch

http://www.pandao.ch/
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