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FROM OPTICS TO FABRICATION

Incident Rays

— Red ray
Green ray
R — Blue ray
= Field angle#0
» Field angle=0
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PANDAO (' mastering freeforms

FROM OPTICS TO FABRICATION

conquering the freeform TRILEMMA:

1. design

2. producibility analysis

3. optimum fabrication chains
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fab process 2> 2 fab chain
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Vakgroep Optica |
Stralengang door lenzenstelsel
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design > design for best performance...

human

interaction

fabrication chain
design
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FROM OPTICS TO FABRICATION

a ) 4 )
INPUT OUTPUT
T 1SO10M0 > PAN DAO ( ' P . best fabrication chain
+ throughput FROM OPTICS TO FABRICATION
. | y, \ y,
!
*  material - glasses, plastics, crystals, metals, germanium, silicium, CaF2. WC
* guality - IR to EUV
« dimension 2> 0.3mmtol5m
* geometry -> plano, spherical, cylindrical, aspherical, off-axis aspherical, freeforms
* throughput —> prototyping to mass production
» characteristics 2> ©

© www.PanDao.ch, 2024
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FROM OPTICS TO FABRICATION

(INPUT A £UTPUT \
.« 1SO10110 B PAN DAO (' ,| * bestfabrication chain

+  throughput FROM OPTICS TO FABRICATION * cheapest

\_ -/ + fastest

* risk analysis

+ technological
« financial

« fabrication cost

/
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~

/]NPUT

mastering freeforms

-

OUTPUT

Total Number Of Diameter Tolerance

- 1so10m0 'PANDAO | —
» best fabrication chain

« throughput FROM OPTICS TO FABRICATION
\_ y; \§ YV,
[ Reshar Prenbos™ [ ome oo g Resulting most cost-efficient fabrication chain:
Batch Size: Lens Diameter [mm]:  Center Thickness Knoop hardness (HK):
| 1000 | [ 220 | [mm]: | 600 | Side 1:

[ 30 |

Center Thickness Acid resistance (AR):

Lenses: [mm]: Tolerance [mm]: AR1 .
5000 [| 01 || 005 |
Suited for LIDT Quter cylinder Material suited
length bigger for precision
Ieng dian?gter gla:s molding _»
X -
Shape: Defect Size(5/)[mm]: Clear Aperture[mm]:  3/Power{fringes]:
aspheres v || 0063 || 200 || 3 |
Roughness: smallest midspatial Decenter(4/)[min]: Hrregularity[fringas]:
Customn (Sq [nm v  wavelength accepted Specified: A | 2 |
| 1 | [mm]: [ 1 |
E |

Asphericity[um]: Smallest Radius Of

100 Curvature[mm]:

Concave parts
included?

| Mot Included

| 673
Radius of removal Coating:
sphere[mm]: Antireflex
| 860 |

Sagitta [mm]:

» cncsub aperture rough grinding
» fabrication cost: 8.00€

« cncsub aperture grinding
= fabrication cost: 27.45€

» ccp wheel polishing
«» fabrication cost: 80.26€

Cost 115.71€
Capability factor: 0.999
Chain uniqueness: 1

Total fabrication cost: 115.71€

Serial batch lead time: 1.9573 days

vld-[]
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Product life cycle example
first light

prototyping

null series

serial production

© www.PanDao.ch, 2024



http://www.pandao.ch/

PMANDAO (' mastering freeforms

Product life cycle example

500
€
sag ct fig.,
50 o,
50
cnc full aperture €= precision glass molding (PGM)
polishing '
i Number of lenses
5 1
10 100 1000 10000 100000 1000000 10000000
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FROM OPTICS TO FABRICATION

Freeform optics

* no symmetry: z(X,y)
« MSW, Slope, SLRC, MLC, LS, gauge, etc

local, smallest, concave maximum local cross section |ocalSag at
radius of curvature (SCRC) (MLC) of area with SCRC - scRe

sag
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FROM OPTICS TO FABRICATION

Freeform example

TRL material 3/ numbers size MSW chain

Specify your Product:

| Load/Store Products | v|
| Load from File | | Clear all parameters Load stereotype product: Load typical tolerances:
Please select: hd Please select: hd
| General Information | v|
Name: Description: Number of Sides: Material-
| PanDao D4 freeform_sphCX | | type D freeform_sphericalcX | | Two ~  Custom
Batch Size: Lens Diameter [mm]: Center Thickness [mm]: Material type:
| 20 || 132 || 60 | glasses
Total Number Of Lenses: Diameter Tolerance [mm]: Center Thickness Tolerance [mm]: Material cost per Volume [E1]);
| 500 || 01 || 01 || o |
Suited for LIDT Outer cylinder length bigger Won-circular circumference[mm]: Knoop hardness (HK):
lens diameter Not Specified v || 600 |
Acid resistance (SR):
AR1 v
Alpha (-30/70) [1/°C]:
| 7

[ Material suited for precision
glass molding

© www.PanDao.ch, 2024
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FROM OPTICS TO FABRICATION

Freeform example

TRL material 3/ numbers size MSW chain

789 glass 3 500 132 5 ccp bonnet

Resulting most cost-efficient fabrication chain:

Side 1:

s Cnc sub aperture rough grinding
« fabrication cost: 7.77€
« fabrication fime: 10.55min

s Cnc sub aperture grinding
« fabrication cost: 18.76€
« fabrication time: 38.67min

s ccp bonnet
« fabrication cost: 57.34€
« fabrication time: 89.64min

Cost 83.87€
Time 138.86min
Capability factor: 0.998

© www.PanDao.ch, 2024 Chain unigueness: 2
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Freeform example

TRL material 3/ numbers size MSW chain
789 glass 3 500 132 5 ccp bonnet
789 glass 3 500000 132 5 PGM

Resulting most cost-efficient fabrication chain:

Side 1:

e precision glass molding
» fabrication cost: 22.81€
« fabrication time: 17_58min

Cost 22.81€

Time 17.58min
Capability factor: 1.000
Chain unigueness: 0

© www.PanDao.ch, 2024
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FROM OPTICS TO FABRICATION

Freeform example

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

Resulting most cost-efficient fabrication chain:

Side 1:
» cncsub aperture rough grinding
« fabrication cost: 7.77€
« fabrication time: 10.55min
« cncsub aperture grinding
« fabrication cost: 18.76€
« fabrication time: 38.67min
s ccp bonnet
« fabrication cost: 57.34€
« fabrication time: 89.64min
* ccpion beam figuring
+ fabrication cost: 69.64€
+ fabrication time: 59.04min

Cost 153.52€
Time 197.90min
Capability factor: 0.993

© www.PanDao.ch, 2024 Chain uniqueness: 0



http://www.pandao.ch/

PANDAO (' mastering freeforms

FROM OPTICS TO FABRICATION

Freeform example

TRL | material 3/ | numbers | size MSW chain
789 glass 3 500 132 5 ccp bonnet
789 glass 3 500000 132 ) PGM
789 glass 0.07 500 132 5 IBF
789 glass 3 500 132 0.1 IBF

Resulting most cost-efficient fabrication chain:

Side 1:
s cncsub aperture rough grinding
- fabrication cost: 7.77€
- fabrication time: 10.55min
# cnc sub aperture grinding
- fabrication cost: 18.76€
- fabrication time: 38.67min
s ccp bonnet
« fabrication cost: 57.34€
« fabrication time: 89.64min
s ccpion beam figuring
« fabrication cost: 22.66€
« fabrication time: 9.23min

Cost 106.53€

Time 148.09min

Capability factor: 0.337
© www.PanDao.ch, 2024 Chain unigueness: 0
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FROM OPTICS TO FABRICATION

Freeform example

TRL | material 3/ | numbers | size MSW chain
789 glass 3 500 132 5 ccp bonnet
789 glass 3 500000 132 ) 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

Resulting most cost-efficient fabrication chain:

Side 1:
e cnc sub aperture rough grinding
- fabrication cost: 7.77€
+ fabrication time: 10.55min
s cnc sub aperture grinding
« fabrication cost: 18.76€
« Tabrication time: 38.67min
» ccp wheel polishing
« Tabrication cost: 52 52€
- fabrication time: 80.73min
s ccp fluid jet polishing
« fabrication cost: 16.68€
« Tabrication time: 17.01min

Cost 95.73€

Time 146.96min

Capability factor: 0.999
© www.PanDao.ch, 2024 Chain uniqueness: 4
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Freeform example

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

Resulting most cost-efficient fabrication chain:

Side 1:
» cncsub aperture rough grinding
« fabrication cost: 16.32€
» Tfabrication time: 27.42min
s cncsub aperture grinding
- Tfabrication cost: 49.98€
« Tabrication time: 100.55min
s diamond turning
« fabrication cost: 67 46€
« fabrication time: 90.29min

Cost 133.75€

Time 218.26min

Capability factor: 0.997

Chain unigueness: 0
© www.PanDao.ch, 2024
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Freeform example

TRL | material 3/ | numbers size MSW chain
~| Resulting most cost-efficient fabrication chain
789 glass S ccp bonnet
. cr.1c sub aperture rough grinding
789 gIaSS E s fabrication cost: 1.73€ PGM

® cncsub aperture grinding

* fabrication cost: 1.49€

789 | glass | 0.( - coptasermeting IBF

» fabrication cost: 0.72€

A Cost 3.94€

789 glass S Capability factor: 0.997 IBF
Chain uniqueness: 0

456 glass 3 FJP

A Total fabrication cost: 8.96€
789 german ™ Prototype batch lead time: 10.67 days SPDT
123 fused 3 500 3 0.1 full aperture laser polish

silica

© www.PanDao.ch, 2024
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Freeform example

TRL | material 3/ | numbers size MSW chain
789 glass 3 Resulting most cost-efficient fabrication chain ccp bonnet
Side 1:
789 glass 3 eI PGM
789 g|aSS OC E:;;iﬁ\?;factor 1.000 I BF
Chain uniqueness: 1
789 glass 3 IBF
456 glass 3 FJP
789 german 3| Total fabrication cost: 86.70€ SPDT
123 fused 3 500 3 0.1 full aperture laser polish
silica
789 fused 3 500 3 0.1 PGM
silica

© www.PanDao.ch, 2024
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* reads in lens data

« determines the optimal fabrication chain at minimum cost and risk$
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PMANDAO (' Optics Industry’s Game Changer

* reads in lens data
« determines the optimal fabrication chain at minimum cost and risk$

» balancing design and fabrication

fabrication
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H H ADVANCED

V Technologies

A HHV GROUP COMPANY

JOY<€

Optical Systems Design

...Selected customers

Leica Camera,
Wetzlar, Germany

& SAFRAN HENSOL@"—
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Carl Zeiss AG
Jena, Germany
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optics  worldwide
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...Selected applications

[ Optics Purchasing Optics Design ]
cuts down vendors > quts down development
quotes by 30% time by factor of 2
minimize risk of vendors > cuts down number of
failure meet_mgs _
> enables vendors audits — costimpact analysis of
design parameters

. < |PAN DAO N /

FROM OPTICS TO FABRICATION

: . . ..
[ Optics Production } [ Training ]
- cuts down 20% fab - annual UNIVERSITY
chains cost lectures at Rochester,
- fab chain marketability Arizona, Huddersfield
analysis and in Jena
- capacity steering with - in-company training of
one click Optics Fab engineers

o / - /

© www.PanDao.ch, 2024 ... based on the information provided by PanDao customers
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FROM OPTICS TO FABRICATION

( . PanDao GmbH

Stop reading coffee grounds during the optical design stage about optics
fabrication cost: start using PanDao and enjoy your coffee
#supplychaindesign #opticaldesign

Ubersetzung anzeigen

“‘\NDAO‘l

L0 fabrication
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