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Abstract

This paper explores the topic of metalenses, which has recently gained consid-
erable attention. Metalenses are a distinct class of flat lenses, alongside diffrac-
tive and Fresnel lenses. We present the concepts and showcase the capabilities
of VirtualLab Fusion software for simulating and designing metalenses. The
techniques and features introduced are scheduled to be released in 2025. Reach
out to support@lighttrans.com for additional release details and any inquiries
you may have concerning metalens design and modeling.

This paper derives from the transcript and slides of the webinar "Let’s Talk
About Metalenses," presented by Frank Wyrowski at the Photonics Media we-
binar on May 29, 2024. Consult the slides.pdf file to view all slide images.
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1 Introduction

Slides #4–5

At LightTrans International, we create the VirtualLab Fusion optics software and
distribute it worldwide through our network of distributors. VirtualLab Fusion
serves as a multiscale optical simulation platform developed to manage a wide
variety of optics and photonics applications, with flat lenses being just one example.
This paper highlights the potential of VirtualLab Fusion in the field of flat lenses.
As software developers, it is our responsibility to offer our continuously expanding
customer base robust design and modeling tools to assess and implement metalenses
and other flat lenses in practical applications. In this article, we explore certain tasks
and challenges faced during the integration of flat lenses into the modeling and design
of lens systems in software development.

Slides #6–7

Given that optics software relies on precise and reliable simulation models, it is essen-
tial for us as developers to thoroughly explore the subject and gain a comprehensive
understanding of the fundamental physics. This inevitably brings us to some mathe-
matical analyses and equations, which are essential for a serious discussion. However,
because these mathematical techniques will be integrated into VirtualLab Fusion,
users engaged in practical tasks with VirtualLab Fusion are not required to possess
detailed knowledge of the fundamental physics involved. Alongside an exploration of
theoretical concepts, this paper will include various example simulations and designs.

In wrapping up the introductory remarks, we would like to stress that at Light-
Trans International, we maintain an unbiased stance regarding the significance of flat
lenses. Our mission is to equip you with robust software tools that enable you to
investigate the significance and use of flat lens technology in your work.

Figure 1: Slide #6

2



2 Multiscale Optical Simulation

Slides #9–10

Metasurfaces employ nanostructures with a high refractive index, commonly known
as meta-atoms or metacells, arranged on a substrate that has a lower refractive index.
This approach has been recognized for a while [2], but it has recently gained renewed
interest [3]. For an initial insightful read, consult the review authored by Lalanne and
Chavel [4]. In addition, the informative tutorial by Yang Fan et al. is recommended,
which includes numerous additional references [6].

Slides #11–12

Given that metasurfaces are composed of nanostructures, it is clear that a geometrical
optics approach is unsuitable. Instead, it is necessary to utilize electromagnetic field
theory based on Maxwell’s equations, commonly known as physical optics. Thus,
incorporating metalenses or other flat lenses into a lens system, together with con-
ventional lens surfaces and other components, creates a multiscale system. This
requires an approach to optical modeling that spans multiple scales, often referred to
as multiscale optical simulation. To put it plainly and emphatically: achieving
multiscale simulation is not possible by linking various optics software tools through
data interfaces. Rather, a comprehensive strategy is required, grounded in a sophis-
ticated formulation of the physical optics foundation for optics software. Modeling
optical systems across different scales requires the integration of many and di-
verse simulation models within a unified physical optics framework. This
is the approach that we take with our VirtualLab Fusion software.

Figure 2: Slide #14

Slides #13–15

Among various other technological innovations in VirtualLab Fusion, the advance-
ment of geometrical optics for electromagnetic fields enables its smooth incorporation
with other physical optics simulation techniques. To achieve this, we adhered to the
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