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optics products

performance
o quality o type of optics o technologies
metalens
o throughput + diffractive
+ refractive
o market price ¢ hologram
o PRL o materials
o durability o shape, smoothness, precision
o centering, mounting, coating
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optics products: design digital twin

performance <

o quality o type of optics o technologies
*  metalens

o throughput + diffractive
* refractive

o market price *  hologram

o PRL o materials

o durability o shape, smoothness, precision

o centering, mounting, coating
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performance

o quality

o throughput
o market price
o PRL

o durability
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optics products

VAN

o type of optics
* metalens
« diffractive
+ refractive
* hologram

o materials

o shape, smoothness, precision

o centering, mounting, coating

O

360 technologies

« Fixed Abrasive Grinding
ontrolled Polishing

Turning
ve Mirror Finishing

- Rod grinding
« Double sided cylinder polishing
+ D shape drawing

diamond turning

« ultra precision fine grinding

- shaping

d back side etching
hin

- Bell Tremend]

+ Double sided lapping

+ Lapping

« Overarm polishing

« Overarm grinding

- Double excentric polishing

« Ductle Grinding

« lon Beam Figuring

- lon beam planarization

- Plasma Assisted Chemical Etching

« Chemical Vapor Machining

Assisted Finishing
I Fi

- Bowlfeed
- float polishing
+ prescision Glass molding
+ Injection molding

ing

+ Grinding
+ Curve generator

+ Full aperture chemical etching
- iotn beam figuring

* S © www.PanDao.ch, 2026
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Optics Market

Nobody needs a single digital twin per
technology...

o 360 technologies

Fixed Abrasive Grinding
Computer Numerical Controlled Polishing
Float Polishing

Emission Machininy

Off-axis curve generat
Wagner point eliiptical generator
Rod grinding

Double sided cylinder polishing

Ice polishing
Synchrospeed grinding

Laser polishing

Laser induced diamond turning
ultra precision fine grinding
Ultrasone shaping

Laser induced back side efc
Rocknroll polishing

Belli Tremendi

Double sided lapping
Lapping

Overarm polishing

Overar grinding

Double excentric polishing

Plasma Assisted Chemical Etching
Chemical Vapor Machinin;
Magnetic Field Assisted Fi
Magnetorheological Finishing
Fluid Jet Polishing

Bonnet polishing

Bowlfeed

float polishing

fon Glass molding

n molding

Milling

+ Grinding
+ Curve generator
+ Full aperture chemical etching

fotn beam fig
Super polishing

ing
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Optics Market

What we really need:

« fabrication chains digital twin
optimised for your product

N
A N
W
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two digital twins in the workflow ”

performance
Aa
A4
(o]
<
a:
Zi
=y
o quality o type of optics o best fabricatiuon chain
* metalens
o throughput » diffractive o out of 360 different OFT
« refractive
o market price *  hologram o digitally
o PRL o materials
o  durability o shape, smoothness, precision
o centering, mounting, coating
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digital twin communivcation

...today performance 3 >manufacture

performance
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conquering the Optics TRILEMMA

(1) design

(2) producibility analysis

(3) optimum fabrication chains
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functioning principle

overarm
IBF
MRFE
SPDT " ...
CCP

Bonnet PAN DAO

U P M FROM OPTICS TO FABRICATION

Ductile
FJE
3D print

. - -
. “SepGhold .
< e )ﬁjectlonMold
- ] .~
BowlFeedRol ™

‘;mm

-

hasmaPoI
LaserPol

etc”. ' SLE
” - Plasma
-

x

360.OFTS -
- ‘b ’

OUTPUT

* best fabrication
chain
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three different digital twins possible

OUTPUT
best manufacturing chain

'/- 360 technologies )

* @ market performance

/ \ —>| Core

INPUT \ _ ittt
optics system -~ ~

[+ company technologies )
L > PAN DAO ( ' — * (@ market performance
FROM OPTICS TO FABRICATION + Digital ) ’

Sister
- 1SO10110 or MIL i ] i P if il
- Cockpit PanDao \ ! SN ,

\. /

» company machines
* (@ company performance

-
f
.,

Digital
Twin
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[ Optical Design & Eng. ]

* minimize risk of project failure in early stages

CASE DESIGN

2 sphericals versus 1 asphere

a) go for asphere

b) e.g.save 50’000 € with 3 PanDao clicks

CASE DESIGN

choice of two endoscope aspheres

a) go for N-SF57

b) e.g.save 63'000 € with 3 PanDao clicks

+ focal length = 150, D = 50, NA = 0.1667, field = 5.2mm

spherical doublet,
N-SF57, HK520, AR1

aspherical lens
N-BK7, HK610, AR1

— | =
\ | —
\
4 \
/ Y
|
|
1 ]
LS 4
5 s
- : —
_—J‘

.

full field 1°
p-v=0991w
ms =0.1972 w

on-axis 0°
p-v=0.1979 w
rms = 0.0380 w

full field 1°
p-v =0.9854 w
ms =0.198 w

on-axis 0°
p-v=0.0012 w
rms = 0.0004 w
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design to producibility

« asphere, diam 220 mm, N-BK7, 5th lambda PV: 3/1(0.2)

length bigger
lens diameter

-7
Shape: Defact Size(5/)[mm]: Clear Aperture[mm]:/  3/Powerfringes]:

Name: Description: Number of Sides: Material:

Asphere Jose Pozo One hd lasses hd i H ; : o
s | 4 4 Resulting most cost-efficient fabrication chain:
Batch Size: Lens Diameter [mm]:  Center Thicknass Knoop hardness (HK}:

1000 220 mm)]: 600 .
| | ||[ 3[]J || | Side 1:
Total Number Of Diameter Tolerance Center Thickness Acid resistance (AR): + cncsub aperture rough grinding
Lenses: [mm]: Tolerance [mm]: AR1 v » fabrication cost: 8.00€

5000 || 01 || 005 | « cncsub aperture grinding

Suited for LIDT Outer cylinder Material suited « fabricati -

for precision

ccp wheel polishin
glass molding P P &

« fabrication cost: 80.26€

fabrication cost: 30.50€

ccp magnetorheological finishing

PANDAO ()

FROM OPTICS TO FABRICATION

aspheres v | 0063 || 200 /AR
Roughness: - - - e : Cost 146.21€

ghness: smallest midspatial Decenter(4/)[min]: 3rregularity[fringas]:

Custom (Sq[nm ~ wavelength accepted Specified: v [ 02 Capability factor: 1.000
| | [mm]: | | 1 \ | Chain uniqueness: 5

5

Asphericity[um]: Smallest Radius Of Concaveparts N~ FTTTTTopee-

100 Curvature[mm]: incuded? = 0 & | TTTT===-3

| 673 | Notincluded  ~ Total fabrication cost @

Radius of removal Coating: Sagitta [mm}: Serial batch lead time: 1.9706 days
sphere[mm]: Antireflex - | 40
| ®60

© www.PanDao.ch, 2026
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design to producibility

[ ]
Name: Description: Number of Sides: Material:
| Asphere || Jose Pozo A| One . glasses -
Batch Size: Lens Diameter [mm]:  Center Thickness Knoop hardness (HK):
[ 1000 || 220 | [mm]: | 600 |
30 |

Total Number Of
Lenses:

Diameter Tolerance Center Thickness

[mm]: Tolerance [mm]:

Acid resistance (AR):
AR1

A

| 5000 |[ 01 || 005

Suited for LIDT Outer cylinder
length bigger

lens diameter

Material suited
for precision
glass molding

Defact Size(5/)[mm]: Clear Aperture[mm}/  3/Power]fringes]:

b

Shape:
aspheres v | 0063 || 200 [ ]|
Roughnass: smallest midspatial Decenter(4/)[min]: Irregularity[fringas]:
Custom (Sq [nn ~ wavelength accepted Specified: Kv | 0.1
[ o [ N
(5 |
Asphericity[um]: Smallest Radius Of Concave paris
100 Curvature[mm]: included?
| 673 | Notlncluded
Radius of removal Coating: Sagitta [mm)]:
sphere[mm): Antireflex v | 40
[ e60 |

PANDAO

FROM OPTICS TO FABRICATION

O

asphere, diam 220 mm, N-BK7, 10th lambda PV: 3/1(0.1)

Resulting most cost-efficient fabrication chain:

Side 1:
* cncsub aperture rough grinding
» fabrication cost: 8.00€
* cncsub aperture grinding
» fabricatior-eest 27 45€

ccp bonnet

+ fabrication cost: 88.14€

» ccpion beam figuring

fabrication cost: 39 54€

Cost 163.12€
Capability factor: 0.972
" “Ghain uniqueness: 0

<
Y
~

Total fabrication cost

Serial batch lead time: 2.0417 days

© www.PanDao.ch, 2026
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design to producibility

500
Cost

[€]

50

5
10

100

lens life cycle analyses

cnc rough grinding
cnc fine grinding
cnc full aperture
polishing

coating

E 1) Precision Glass
bell chucking : 2) bell chucking

Molding (PGM)

mounting 3) mounting

1000 10000 100000

diam

diam 50 mm,
3/ 2(1,0.5))
R50/75mm,
P3,

BK7

Number
of lenses

1000000 10000000

Pﬂl‘ Ilﬂmj \ '

FROM OPTICS TO FABRIC,
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design to producibility -

lens life cycle analyses

glass .a}

1000 €

100

cnc < |2 pgm

Zeonex
10 4 ® __

r
1 | turning < 12> injection molding

10 1072 1073 1074 1045 1016
throughput
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digital twins communicating

« communitaction: Optical Design (Zemax) and Manufacture (PanDao)

« Optics Smart Factory

PANDAO ()
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digital twins communicating

« communitaction: Optical Design (Zemax) and Manufacture (PanDao)

« Optics Smart Factory

Entity example — Microscope with Zemax OpticStudio

} .. . . ) Physical Microscope objective AZOS System (DT
- Build up a digital microscope objective ystem (OT)

system from a physical step up with

AZQOS
« (Pre)-simulate changes in the model A /]
under test A
- Make design decisions it 1
. Aprjtly changes/updates to real-world Design decision N |
entity , B = g b
* DT-Test can also be included in N ]
manufacturing process J::;Ei: i
Adjust machinery to account for drift _[f e | e o A
. PANDAO () \nsys
L—— 3§ ___H = [ —— pated SUTIOPSYS

PANDAO ()
ATION © www.PanDao.ch, 2026
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digital twins communicating

« communitaction: Optical Design (Zemax) and Manufacture (PanDao)

« Optics Smart Factory

Entity example — Microscope with Zemax OpticStudio

. . . . . . Physical Microscope objective AZ0S System (DT
- Build up a digital microscope objective ystem (OT)

system from a physical step up with

AZQOS
« (Pre)-simulate changes in the model A /]
under test ST
- Make design decisions it 1
. Aprjtly changes/updates to real-world Design decision N |
entity - = -
* DT-Test can also be included in BeE = ] cOSt
_ S o/ M re
manufacturing process xﬁ '. '_ I
Adjust machinery to account for drift ? - N
PANDAO () \nsys
_ Pt SYTIOPSYS

PANDAO ()
ATION © www.PanDao.ch, 2026
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located in St.Gallen, Switzerland ”
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...Selected customers

S SAFRAN Edmund Mkrop
N optics | worldwide
@

ASML Carl Zeiss AG @

Jena, Germany =I= Sl
A

el INNOVIZT ZEEROS

TECHNOLOGIES -Schneider
' KREUZNACH

i i} ADVANCED Leica Camera, & oo
A HHV GROUP COMPANY WetZIar! Germany v(l‘w PHOTONICS

A _J OYQE

Optical Systems Design

Optical Consulting GmbH
Photonic Solutions

PANDAO ()

HENSOLDY

o
>
/=)
y
\ /
5%
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* many thx

fr e e fo r m * dbémo arigato

Experiencing
Abstraction

* grazie
* dank je wel
* dzenkuje

e vielen Dank

www.PanDao.ch
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