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VirtualLab Fusion Technology — Solvers and Functions

ldealized Lens Functions

For the Idealized Lens Component (from Component Catalog)



Abstract

The idealized lens function works without
Information about the actual lens surface and
material. In the spatial (x) domain, it defines

1. the change of wavefront phase according to different
lens types, and, therefore

2. also the change of the spatial frequencies (ray

directions) that follows from the wavefront phase.
The lens functions are defined in focusing and
collimation mode respectively, as their design
working modes. Additionally, three different
lens function types are available — they
defines the relation between e.g. the angle of
Incidence and the location of the focal
position.
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Function Algorithm

« Both the input and output fields are defined on the plane refer-
ence surface, in the following form

V1 (p,2) =U" (p,2) exp (1" (p, 2)) ,

out out - out inpUt
Vi (pa Z) =U] (pa Z) exXp (l’l,b (pa Z)) ’ plane
. . . . wave
where 1) Is the wavefront phase part, U ;| Is the residual fields, o
and p = (z,y) as the transverse coordinates. "
« The idealized lens functions are defined for the design wave- 32

length \P, design refractive indices »'™P and »°“%*P, and the
output field is to be calculated pointwisely

V¥ (p,z) =B(p,2)V'(p,2),
or, explicitly, with -
— the redisual field: US"(p, z) = b(p, 2)U" (p, ), and
— the wavefront phase part: 1°"'(p, z) = ¥"(p, 2).
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Function Algorithm

« To summarize it, the lens function can be expressed as

v (p) = ¢"(p) + Av(p);
OUt(P) = K" (p) + Ar(p); input
t _ plane
- UY'(p) = b(p)U" (p). e ——
« And to explain the above ™0 | noUtP
— the change in the wavefront phase A (p) corresponds to the \D
major lens function, and it will be determined according to differ- > >
ent lens types;
— the change in spatial frequency Ax(p) follows from A (p) com-
pletely and it is directly related to the bending of ray direction; o k?:rtllzl;:
— the change in the field vector components b(p) follows the rule - wave

of idealized grating functions, as a special case.




Lens Modes Definition

The lens function can be considered, with its design parame-

ters and in its design situation, as follows:
focusing mode

1. It focuses an input plane wavefront into spherical one, with the [ :j
—

focal location dependent on input direction (focusing mode);

2. Reversely, it collimates an input spherical wavefront (from a point
on the focal plane) into a plane one, with the output direction
dependent on the input point location (collimation mode).

« For focusing mode, let us consider plane waves that covers collimation mode
the whole lens area in x domain, scanning with different angles,
and the full response at any p for any k" can be found. — ‘ ]

* For collimation mode, we consider point sources located at
different lateral positions, which emit light cones coverning the
whole lens area, and the full response at any p for any ™ can
be found.




Lens Functions in Different Modes

* For focusing mode, we can find that

— The input wavefront phase " = k™" - p;

— The output wavefront phase ¢°" = —k5ntPy |
with r = /Tlp — pFIIZ + /%

— In this case, p~ must be calculated according to a particular lens
mode with respect to k", and then r and ! will follow.
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* For collimation mode, in a reversed manner, we can find

— The input wavefront phase ¢ = kJn"™Pr,
with r = \/||p — |2 + [%; p"
— The output wavefront phase ¢! = k. p;

— In this case, p" is fixed (and thus for r too) for a given p and
", and «°“' must be calculated according to a particular lens
mode.




Lens Function Types (Focusing Mode)

For the 10 configuration: the question is how to calculate

pF from kN? illustration according to the f-tan® mode
* We list the following three lens modes >~ /
— f-tan® mode: p© = ftanf £ = fH |
. [[="]] KD i
with K2 — /(ER0)2 = [[w%
— f-sin@ mode: p" = fsinf-E— = fEf"'—'.nD; :
=] kg niM

T&,-,,

ftan6

— f-0 mode: p" = f# KT \ith § = sin~" [”K’—m”}

||Kin|| ’ kgnin,D

Above, the term " /||x"|| can be regarded as a normalized di- ~_

S

rection vector. By substituting the expression of sin # and tan 6, |
. . . . The chief ray does not
the corresponding simplified forms are obtained as above. change its direction
when the embedding
- With p" determined, we can fix K% = k§n°UP(pF — p)/r. media are the same in
the f-tan® mode.




Lens Function Types (Collimation Mode)

* For the Ol configuration: the focal location is fixed as

p"=p— fE"/KMP = p— £330,

for any p and k™", and the question is how to determine x°!!?

illustration according to the f-tan6 mode

« We find reverted relations for the following three lens modes o K Sl
— f-tan® mode: K k°“tD‘; , h \
with K290 — (K921 + /1] :
— f-sin@ mode: k™' = —kEnOUT’DpTF; i
— f-0 mode: k' = — ||| IIgEII’ f

with ||| = kgn°*Psin@, and 6 = ||p" ||/ f.




Comparison with Other Models (Example #1)

Filter by

(- Light Sources

- Components

- Ideal Components
- Programmable Funct
- Stored Function

[+ Beam Splitters
(- Diffusers

@) Jones Matrices
+)- Manipulators

+}-- Mirrors

+- Miscellaneous F

(- Grating Transmissi

pr
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...does not work for

large angle or in off-

axis mode; limited in
paraxial cases.

10 mm

+- (-

088888 -8 8-8-8

- Achromats

- Aspheres

-asphericon SPA™ Acylinders
-asphericon SPA™ Axicons

-asphericon SPA™ High-NA
-asphericon SPA™ Low-NA

-Cylindrical Lenses
- Functions

Ideal Lens (Lens Equation)
- Mimor Field in xy-Plane
- Radial Birefringent Element

-asphericon SPA™ Beamexpanders

-asphericon SPA™ UV grade fused =

- Rotate and Shift Field in x-y-Plan=

- Set Spherical Phase Radius
Gratings
Mirrors
Single Lenses

For this example, it
works the same way as
the F-Sin(Theta) mode

in this document.




Comparison with Other Models (Example #1)

idealized lens functions according to this document...

(a) f-tan @ mode (default) , (b) f-sin # mode , (c) f-0 mode

3D View 2D View

\§
does not change — o 10mm
its directionin = All d k
: moades WOrKS
this mode.
beyond the

paraxial cases.
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Comparison with Other Models (Example #2)

Filter by - Achromats
sl f1- asphericon SPA™ Acyinders
- Components - asphericon SPA™ Axicons
- Ideal Components i&)- asphericon SPA™ Beamexpanders
- Programmable Funct " asphericon SPA™ High-NA
_ Shored Rindiion - asphericon SPA™ Low-NA
Apertures [#- asphericon SPA™ UV grade fused =
e i Cylindrical Lenses
= Functions
| 8 Ideal Le - Agimshal Brefingent Bement
Stop 3D View 2D View Ideal Lens (Lens Equatnon o
.. Zemike & Seickl | - ::;ﬁﬂ Hﬂ;:n -
GB"g;:" S In @ symmetric setup, | «=» | Rotate and St R ineg-%m 2 O b 7
,_ Grat'l;s';'?l'ransmissn)r optlcal reciprocity can | Gratuset Spherical Phase Radius . _no re_C|prOC|ty
- Jones Matrices be seen. f Min'o?sgs with this model

+)- Manipulators —\/
+}-- Mirrors

Single Lenses
+- Miscellaneous Funfg@ / §
Special Comy s . I -
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Comparison with Other Models (Example #2)

idealized lens functions according to this document...

setup, reciprocity is seen
in all three lens modes.

(a) f-tan @ mode (default) (b) f-sin # mode (c) f-0 mode
[ B8 36: Idealized Lens (F-TanTheta) =R (=R < | ( B8 37: Idealized Lens (F-SinTheta) o 2= [ B 38: Idealized Lens (F-Theta) o] ]
3D View 2D View 3D View 2D View 3D View 2D View
Gy Q Ol @ Q 4 Ol @ Q 4 Ol
X X X
LZ LDZ . ‘ .
T For a symmetric optical o
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