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VirtualLab Fusion Technology — Solvers and Functions

Local Linear Grating Approximation (LLGA)

For the Diffractive Lens Component, Holographic Optical Element Component



Abstract

The LLGA 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 (LPWSs),

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

3. the interaction of the LPW with the local linear
grating can be modeled by the FMM/RCWA, TEA, or
the idealized grating function.

At an arbitrary location on the surface, an

approximate local boundary condition is

applied, which assumes the interaction of the

LPW with the local linear grating. Thus, the

FMM/RCWA, TEA, or the idealized grating

function can respectively be used to connect

input and output fields.
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Solver Algorithm

« Both the input and output fields are defined on a reference reference surface
surface (which is usually a plane at z = 0), in the form of

VT (p) = U" (p)exp (" (p)) ,
V¥(p) = U (p) exp (iv*"(p)) ,

where 1 is the wavefront phase part, U ; is the residual fields,
with p = (z,y) as the transverse coordinates.
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« The output field is to be calculated, according to the diffraction
order index [, pointwisely in the x domain, as

V¥(p) =Bi(p) V' (p),

or, explicitly, with
— the redisual field: U™, (p) = bi(p)U" (p), and

— the wavefront phase part: ¥™(p) = ¥"(p) + IAYP(p), where
AyP is the design phase modulation for the working order.
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Solver Algorithm

« The B matrix value is to be determined from the local linear
grating at the location p.

* In practice, the local grating information is usually specified im-
plicity via the design phase modulation A°(p). For exam-
ple, the local grating period can be found as follows

— calculate local grating period projection components
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— then determine the local grating period

d(p) = \/d2(p) + d3(p).

with its orientation along p = 1 (d.,d,).




Solver Algorithm

« The local grating period and orientation fixes the diffraction di-
rections, while the field-related property is to be determined.

* The field-related diffraction property, that is specified by the
matrix b;(p), can be calculated by, either

— using the idealized grating function, or

— using FMM/RCWA as rigorous the solver, or thin element ap-
proximation (TEA), for actual grating structures.
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« The actual grating profile, when needed, is implicitly deter-
mined via the design phase modulation AP (p), as

_AyP
hp) = OéZWAn

with AP as the design wavelength in vacuum, nP as the design
refractive index difference, and « as the scaling factor. Fvm/ Rewa [P
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Usage in VirtualLab Fusion

- Take the Diffractive Lens Component as an

example:
Edit Diffractive Lens Component X
- the reference surface iS SpeCified under the Solid  Channel Operator Diffractive Structure Model
Structure tab and a p|ane surface is used by ﬁ‘ ?é;r;a-c.e-éﬂ;\;crﬁca.ti;; """"""""""" E-I;it;n:;g;e-r;;oljs Medium Behind Suface
Coordinate :Plane Interface E sPMMA_MISC in Homogeneous Medium E
default; Systems || ¥
_ :-_,Load / Edit &) View 5:_ | Load / Edit Q, View -
— one can define Ebehlnd Wlth the hOmOgeneOUS @ e r e T Ea et T TR R s T Ea et behmd ...................
: : : front : Orventaton reference €
medium behind the surface, while ¢™™ is au- surface
tomatically determined by the preceding sys- @
tem; Structure
— the permittivities ¢™™ and (Pehind(= (9rating) I

also defines the design refractive index differ-
ence, as AnP = |Vt — \/¢behind| which is
needed to determine the actual grating struc-
ture.




Usage in VirtualLab Fusion

- Take the Diffractive Lens Component as an
example:

— the design phase modulation A°(p) is
specified, in this case, by a rotational sym-
metric polynomial, with even orders;

— this is a compatible definition with the Binary
2 surface in Zemax OpticStudio® and one
may import the previous designs into Virtu-
alLab Fusion.
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Usage in VirtualLab Fusion

- Take the Diffractive Lens Component as an
example:

— for the field-related diffraction property, one
can choose between idealized grating func-
tion and FMM/RCWA or TEA for actual grat-
ing structrue modeling;

— with the idealized grating fuction, the indices
of the diffraction orders under investigation
shall be specified, together with the desired
efficiencies;

Edit Diffractive Lens Component

>
Coordinate
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Pasition /
Orientation

0q,

Structure

Solid  Channel Operator Diffractive Structure Model
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Usage in VirtualLab Fusion

« Take the Diffractive Lens Component as an
ex ampl e: | Soid  Channel Operator Diffractive Structure Model
L @ Idealized Grating Structure O Real Structure

— for the field-related diffraction property, one BN c.covs o
can choose between idealized grating func- /@ ;@ SSLIEESEE DSrctvo Snuchro Mode
tion and FMM/RCWA or TEA for actual grat- S || e || Ot e Sees o e S
ing structrue modeling; | evenress —

— with the idealized grating fuction, the indices " g% [ Use Profe uanizstion
of the diffraction orders under investigation 5 —_—
shall be specified, together with the desired @ —_—— —
efficiencies; S | [0

— for the actual grating structure, the design flf
wavelength and the scaling factor shall be Cortpat
specified, and one can select the indices of | |—
the diffraction orders under investigation as
well.
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