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VirtualLab Fusion Technology — Solvers and Functions

Local Plane Interface Approximation (LPIA)

For the Curved Surface Component, Lens System Component, Spherical Lens
Component, Off-Axis Parabolic Mirror (Wedge Type) Component



Abstract

The LPIA solver works in the spatial domain
(x domain), locally, in a pointwise manner.
The solver follows that

1. the input field on the surface is treated as a

composition of local plane waves (LPWs), Output LPW

2. the part of the surface seen by each LPW is
considered a plane interface (locally), and,

3. the interaction of the LPW with the local plane
interface can be modeled by the Fresnel (or the
layer) matrix.

At an arbitrary location on the curved surface,

an approximate local boundary condition is

applied, which assumes the interaction of the

LPW with the local plane interface. Thus, the

Fresnel matrix (or layer matrix for coatings)

can be used to connect input and output

fields.
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Solver Algorithm

* Both the input and output fields are defined on the curved sur-
face » = h(p), in the medium with permittivity " and (Pehind
respectively, in the following form

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

VT¥(p,z) =UL (p, ) exp (™ (p, 2)) ,
where 1 is the wavefront phase part, U , is the residual fields,
and p = (x,y) as the transverse coordinates.

» The output field is to be calculated pointwisely
V¥ (p,z) =B(p,2)V'(p,2),
or, explicitly, with
— the redisual field: U"(p, z) = b(p, 2)U" (p, z), and
— the wavefront phase part: ¥ (p, z) = " (p, 2).

surface profile
z = h(p)

input
—_
 —
reference
coordinate
system
—_—
efront ebehlnd




Solver Algorithm

* Both the input and output fields are defined on the curved sur- surface profile
face z = h(p), in the medium with permittivity " and ¢Pehind 2= hip)
respectively, in the following form

V(p,z) =Ul(p,2)exp (" (p, 2))

Ve(p,2) = UL (p, 2) exp (™" (p, 2)) . L,
where 1 is the wavefront phase part, U ; is the residual fields,
and p = (z,y) as the transverse coordinates. _ .
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The output field can also |is 10 be calculated pointwisely

be in either +z or -z , The inout field be i :
direction. Here the +z is V‘ft(p7 z) =B(p,2) V" ne Input Tield can be In
selected as an example. either +z or -z direction.
Here the +z is selected
or, expllcmy, witn as an example. Ffront ebehind

— the redisual field: U"(p, z) = b(p, 2)U" (p, z), and
— the wavefront phase part: ¥ (p, z) = " (p, 2).
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Solver Algorithm

« To calculate B, which is equal to b in this case, we assume
local plane wave and local plane interface interaction:

— calculate the transverse wavevector components k" = (kb k')
in the reference coordinate system, on the surface, as

kin — 8¢m(p7 Z) kin — 8¢in(pa Z) .
¥ Ox S Oy ’
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Solver Algorithm

« To calculate B, which is equal to b in this case, we assume
local plane wave and local plane interface interaction:

— calculate the transverse wavevector components k" = (kI k')
in the reference coordinate system, on the surface, as

Jn_ 0"Np ) 09" (p,2)
r ox Y Oy ’
— transform to the local coordinate system and calculate
k' = (k, k,) there (see appendix, [2, 3]);
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Solver Algorithm

« To calculate B, which is equal to b in this case, we assume
local plane wave and local plane interface interaction:

— calculate the transverse wavevector components k" = (kI k')
in the reference coordinate system, on the surface, as

Jn_ 0"Np ) 09" (p,2)
* Ox Y Oy ’

— transform to the local coordinate system and calculate
k' = (k, k,) there (see appendix, [2, 3]);

— calculate Fresnel matrix b’(kL, k.,) with ™™ and **""
(or the layer matrix for the surface coating);

layer matrix rﬁl
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Solver Algorithm

« To calculate B, which is equal to b in this case, we assume
local plane wave and local plane interface interaction:

— calculate the transverse wavevector components k" = (kI k')
in the reference coordinate system, on the surface, as
Jn_ 0"Np ) 09" (p,2)
T ox Y Oy ’
— transform to the local coordinate system and calculate
k' = (k, k,) there (see appendix, [2, 3]);
— calculate Fresnel matrix b’(kL, k.,) with ™™ and **""
(or the layer matrix for the surface coating);

— apply the Fresnel matrix together with coordinate transformation,
and obtain
b = Yrefb/Yloc
with Yo" 35 the transformation matrices for the transverse field
vectors (see appendix, [2, 3]).
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Appendix — Coordinate System and Transformation

« At an arbitrary position on the curved surface, a local coor-
dinate system z’-y’-z’ can be defined, with 2’ and 3’ as the
surface tangential directions.

« If unit vectors of the local coordinate system can be written as

' = an® + a2y + a1s2,
"= a21® + a2y +a2s2,

= a31x + a32Y + a3z 2 .

then, we can calculate the transverse wavevector components
In the local coordinate system as follows

kf/,; _ [ air a1 Kz L @3 k. .
k, az1 a2 ky az3

with k. = /ek? — ||k||2, and € is the permittivity of the corre-
sponding medium.
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Appendix — Coordinate System and Transformation

» For the the transverse field components, we can find the trans-
formation rule as follows

U/J_ _ Yloc UL
with

_ kg _ ky
Yloc: ( aii ais ko ai2 alszz ) .

k
a21 — Q2335 (22 — G237

* And, the inverse transformation can be written as

reference
coordinate

ref ¢ -/
U,=Y"U.. system
With kf/ k:/
a11 — 31 7% Q21 — 431 77
Yref _ k/z z%
kaz Yy

ai2 — GBQQ az2 — CL32@

 Details on the expressions above can be found in [2, 3].
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Usage in VirtualLab Fusion

« Take the Curved Surface Component as an
example:

— the curved surface profile is specified by an
interface in the Structure tab;

behind \yith the homogeneous

— one can define ¢
medium behind the surface, while ™" is au-
tomatically determined by the preceding sys-

tem;

— when the surface coating is present, its
structure can be edited under the Interface
Specifications as well.

Edit Curved Surface Component

¥
Coordinate
Systems

Position /
Orientation

0q,

Structure

ﬂ

X
E Inteface Specification E E Homogeneous Medium Behind Surface :
i it e E i R\IH-E%I}(EESCI'AOH_:ZDTS in Homogeneous
! |5 Load / Edit BB View |: |5 Load 7 Edit Q, View | :

---------------------------------------------------------------------

surface profile coehind

Edit Conical Interface

Structure  Height Discontinuities Scaling Coating  Periodization

Name VCoat02_632.8nm

7 Q X

Please note: If you save this optical interface to a catalog,
the coating will not be saved as part of it.
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Usage in VirtualLab Fusion

« The channels of the solver can be configured
for the curved surface component:

Edit Curved Surface Component X
— by default, the +/+ and/or +/— channels are — A
pre-selected, corresponding to the transmis- W | e m 2 OO
sion and reflection when the input is along the L Sytem
forward direction:; ﬁ BO 5a8 - oca 5o T
) Position Start Sources Functions Catalogs Windows Optical Setup Tools
— in the manual mode, the —/— and/or —/+ | Ofertton b B & {7 [ New Parametic Optizaton
. 4 U3 Optimize Detector Positions
channels can be enabled, which corresponds @ Col | B s P | Mo drare e
to the transmission and reflection when the | Swowre || Bt £ pre Seeced Eorma
input is along the backward direction. £ i
Choreel
T
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