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minimal invasive intervention
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2D & 2.5D Lithography 3D Printing
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Figure 1.2 Typical applications of freeform optics: (a) freeform prism eyepiece for head-
mounted display; (b) solar concentrator; (c) rear-view mirror with no blind-spot; (d) laser

beam shaper. [41-44]
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Derive the mapping relationships between source
and target based on energy conservation

Freeform Surface Construction )Geedback modiﬁcatioD

Construct the freeform surface with the Modify the source target
mapping relationships by using Snell’s law mapping relationships based
on the simulated results
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Figure 2.2 Flow diagram of the design process [68]
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Figure 2.5 Diagram for freeform surface construction in (6, ¢) coordinate system
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[1+n*> —2n(Qut - In)]">- N = Out —n- In, (2.11)

where In, Out are the unit incident vector and unit output vector separately, and

they can be expressed by

In:ﬁ’/\ﬂ, (2.12)

outzﬁ/|ﬁ|. (2.13)

Now with the information of the normal vector field, we can build the whole
freeform surface. The exact calculation procedures will be mntroduced 1n the next

section.
normal vector field at point P; ; can be derived according to Equation (2.11).
Assuming P;; on curve C(j) 1s a known quantity, the neighboring point P;;+1 on next
curve C(j+1) can be calculated from the following equation:

(P, —P )N =0. (2.14)

i,j+1 - i,f
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Figure 2.15 Simulation results for #-v ray mapping: (a) irradiance distribution: (b) x

Figure 2.11. Simulation results for (1, v) rav mapping: (a) irradiance distribution; (b): £ -
= 3 profile; (c) y profile.

profile; (c) y profile.
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3.1.1 DOUBLE-POLE RAY MAPPING MECHANISM

Figure 3.1 Diagram for double pole coordinate system: (a) perspective view: (b) top Figure 3.8 Simulation results in FRED software: (a) irradiance distribution, (b) X profile
view; (c) bottom view. plot, and (c) Y profile plot.
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Figure 4.1 (a) TIR lens with outside flat top surface, (b) TIR lens with mside flat top
surface: (c) TIR lens with faceted (Fresnel) TIR surface [88] Figure 4.3 Ray trace of TIR freeform lens in 2D diagram
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Diamond turning machine

Diameter 1.00 inch Surface radius 16 mm
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E[M(30)] = E[M(X1)] =n2//dAcost9dQ (1)

Fig. 1. Layout of the integrated system for freeform optics design, fabrication,
and measurement.
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In this module, a series of evaluation algorithms and
software for the evaluation of continuous freeform optical
R | surfaces have been developed, such as the Integrated Freeform

PR .-~ Characterization Method (IFCM) [26], the Robust Freeform
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Fig. 4. Machining strategies for ultra-precision raster milling. (a) Cutting Strategies. (b) Cutting path planning.

averaging or removal means, after which the surface matching
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Ingo Sieber" Design of freeform optics for an ophthalmological applicatiétroc. of SPIE Vol. 9131
9131082.

Figure 1. CAD model of the active optical element (combination of adjustable optics, piezo actuator, and silicon linkage)
[16].
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Optics integrated in
the housing
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‘ . [ 0 | Figure 4. Example of an Alvarez-Humphrey surface (left). On the right, the variation of the refraction power by
Cornea lens means of a shift of the Alvarez-Humphrey surfaces perpendicular to the optical axes (z-axes in the figure) is
shown.
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Figure 3. Optical subsystem of the demonstrator of the Artificial Accommodation System. The cornea lens, a sketch of the

housing with the integrated optics, the AH optics, and the image plane are shown.

Figure 1. CAD model of the active optical element (combination of adjustable optics, piezo actuator, and silicon linkage)
[16].
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injection inlet
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(@

vertical line at (x;,y;) Node(i, 1)

M) Fig. 4. FEM mesh model of the Alvarez lens. Node (i,1) is
_ o o : ) numbered along the vertical line at coordinates (x;.y;) at the bot-
Fig. 2. (a) Finished ultraprecision diamond-machined mold for £ 4 Node &0V d i I T
injection molding. (b) 3D model of the molded Alvarez lens with tom S}lr Agc; an 0 e (z.[V) 1s the node along the vertical line at
small straight pins and flats designed for assembly. coordinates (x;.y;) at its top surface.




e N

asphericon (www.asphericon.com)

=i

asphericon

Camera systems for Sentinel 4

Potpourri of aspheric and freeform challenges 46



e N

asphericon (Www.asphericon.com) F Aspheres in Space <o\

——

\
asphericon

= Surface roughness

asphericon AngstrOm-Polishing

Surface roughness smaller than 5A is
possible on any aspheric surface.

systems for Sentinel 4

measured [0.001/1.0]
Zygo NewView™ 7100 § -

i 8
- \\ Potpourriof aspheric and freefogn chaenges

Potpourri of aspheric and freeform challenges 46




o N Diamond turning

as p h e ri con (WWW aSp h ericon.co m) Ultra-precise cutting using monocrystalline diamond is the key technology for manufacturing virtually any
~ optical functional surface with the utmost precision. This enables the processing of non-ferrous metals, K
nickel-phosphorus coatings, plastics, crystals and IR lenses. C o

ericon

—

— Surface roughness

Manufacturing dimensions [ISO 10110-1]

ASDNheri~~ A .

Achievab%e diameters mm 1-420
Center thickness mm from 0.5¢
Surface shape [ISO 10110-1; 12] up to

Driven by the idea of developing new technologies and optimizing Irregulqrity -B (PV)? - 100

existing ones, we are continuously refining and improving our processes. RMS irreqularity - RMSi - D am 20

In doing so, we strive constantly to achieve better quality and ever Surface roughness -Rq am 1

greater precision — without ever losing sight of our customers’ economic 1 Depends on diameter and mazerial

interests. 2 Often also called the PV - error of the measured surface. Means the total surface deviation
corrected for Sagitta error (power).

A unique technology to simulate CNC grinding and polishing processes, ‘

specifically developed by asphericon, enables the utmost precision on Available technologies
your aspheric surfaces. In comparison to standard processes, the

asphericon technology works up to 75% faster and masters almost any = Diamond turning with 2 and 3 linear axes
shape and size. ‘ ‘ = Fly cutting

In addition, all production parameters are recorded for each project and = Slow tool servo

saved in an internal database system. This guarantees the traceability of
all process steps and reproducibility at any time.

Processable materials

= Copper, aluminum, brass, nickel silver, nickel
= Nickel-phosphorus layers

= Polycarbonate, PMMA

= Silicon, germanium, zinc sulfide

= IR lenses

Achievable optical component geometries

R T e— measure: — -
' e \\\ Zygo New | = Aspheres = Microlenses
. s D — = Spheres = Fresnel structures halenges 46
L = i S G Potpou | = Cylinders = Diffractive optical elements
> \\ N \ l

= Toroids = Freeforms
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=8 Technologies

Driven by the idea of developing new technologies and optimizing
existing ones, we are continuously refining and improving our processes.
In doing so, we strive constantly to achieve better quality and ever
greater precision — without ever losing sight of our customers’ economic
interests.

A unique technology to simulate CNC grinding and polishing processes,
specifically developed by asphericon, enables the utmost precision on
your aspheric surfaces. In comparison to standard processes, the
asphericon technology works up to 75% faster and masters almost any
shape and size.

In addition, all production parameters are recorded for each project and
saved in an internal database system. This guarantees the traceability of
all process steps and reproducibility at any time.

measure | — aspheres
Zygo New' | — Spheres

= Qylinders
Potpou = Toroids

(WWW aSp h e r| con.co m) F Ultra-precise cutting using monocrystalline diamond is the key technology for manufacturing virtually any

optical functional surface with the utmost precision. This enables the processing of non-ferrous metals,
e = nickel-phosphorus coatinas, plastics, crystals and IR lenses.
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4. Replicated lens

3. UV - exposure

2. Alignment of stamp >
1. Dispensing of polymer K

Fig. 4. Schematic representation of the step and repeat micro imprint process.
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Fig. 4. Schematic representation of the step and repeat micro imprint process.




