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Transformations Involving Single and Multiple Fields
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Basic Imaging Scenario
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Lens Surface Design 
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Lens Surface Design: Axial Field  
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Lens Surface Design: Axial Field  
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Lens Surface Design: Off-Axis Field  
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Imaging Example: Telecentric Image Side  

• It should be noted that there are 
mentions of configurations in which 
fields overlap yet occupy separate 
regions as a method to correct 
aberrations of flat lenses.   

• Certainly, designing lens surfaces for 
aberration control near image planes 
offers benefits over lenses positioned 
near the stop and pupils. However, this 
applies equally to both flat and "thick" 
lens surfaces. 
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Example of cell phone lens system



Beam Expander Scenario 
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Integrating Flat Lenses into Lens Design Workflows

• Ultimately, flat lenses offer a notable and intriguing 
addition to the array of tools for optical design. 

• The usefulness of flat lenses changes significantly 
based on the context of their application.

It is crucial to integrate flat lens technology 
into lens design workflows to fully 

comprehend and utilize their capabilities. 

Imaging

Illumination

90° X 70°
Diagonal: 114°
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Basic Flat Lens Design Workflow
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Integrating Flat Lenses into Lens Design Workflows
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Integrating Flat Lenses into Lens Design Workflows
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See article on metalenses. 

https://www.lighttrans.com/index.php?id=3391
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This article



Changing the Direction of Planar Wavefronts 
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Surface Design for Transforming Plane Waves   
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Surface Grating Design 
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Surface Grating Design 
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Algorithm for Designing Flat Lens Height Profiles
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Algorithm for Designing Flat Lens Height Profiles
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Algorithm for Designing Flat Lens Height Profiles
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Algorithm for Designing Flat Lens Height Profiles
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Algorithm for Designing Flat Lens Height Profiles: Examples

The examples are configured to showcase 
the design algorithm for illustrative purposes. 

64



Algorithm for Designing Flat Lens Height Profiles: Examples

µm

mm

65



Algorithm for Designing Flat Lens Height Profiles: Examples

µm

mm

66



Algorithm for Designing Flat Lens Height Profiles: Examples

µm

mm

67



Algorithm for Designing Flat Lens Height Profiles: Examples

mm

mm

68



Algorithm for Designing Flat Lens Height Profiles: Examples

mm

mm

69
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Algorithm for Designing Flat Lens Height Profiles
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Fresnel and Diffractive Lenses
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Algorithm for Designing Flat Lens Height Profiles
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Algorithm for Designing Flat Lens Metasurfaces
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Functional Lens 
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Diffractive Lens 
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Diffractive Lens 
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Lens Featuring a Layer with Variable Refractive Index
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Lens Featuring a Layer with Variable Refractive Index
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Metalenses

P. Lalanne et al., J. Opt. Soc. 
Am. A 16, 1143-1156 (1999). 

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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Metalenses: Historical Background and Assessment 

2017

Recommened for an initial insightful read
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Metalenses: Historical Background and Assessment 

… with 220 references
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Design Workflow for Metalenses
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Design Workflow for Metalenses

100



Algorithm for Designing Flat Lens Metasurfaces
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Design and Analysis of a Metalens: Focusing Example

Input field
• wavelength: 1550nm
• polarization: along x
• diameter: 7 0 µm× 70 µm

Lens
• size of unit cell: 790.5nm × 790.5 nm
• substrate glass: 1.5 
• refractive index of pillars:  2.4 (TiO2) 
• shape of pillars: cylindrical
• focal length: 200 µm (NA 0.175)

Parameters from: Bayata, Elyas; Design and Characterization of Optical 
Metasurface Systems, University of Washington, 2022. 
(https://labs.ece.uw.edu/amlab/Thesis/UWPhDThesis_Elyas_Bayati_Final.pdf)

Analysis of Focal Spot
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Metalens System Modeling

Meta-atom
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Polarization-Controlled Bifocal System
focusing meta lens
• focal length: 60mm
• diameter: 2mm
• designed for right circular 

polarization

plane wave
• 2 mm x 2 mm diameter
• wavelength: 532 nm
• different polarization types

focusing lens
• focal length: 2mm

detector

1mm

1.92mm
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Polarization-Controlled Bifocal System
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Polarization-Controlled Bifocal System

Simulation time a few 
seconds
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Modeling Results: Functional Lens
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Modeling Results: Functional Lens 
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Modeling Results: Functional Lens 
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Modeling Results: Functional Lens 
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Modeling Results: Spherical Lens
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Modeling Results: Spherical Lens
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Modeling Results: Aspherical Lens
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Modeling Results: Aspherical Lens
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Modeling Results: Aspherical Lens
Metalens

45° Linear Polarization
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Metalens System Modeling
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For more information see 
article on metalenses.  

https://www.lighttrans.com/index.php?id=3391
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118


	Flat Lenses: Tracing the Evolution from Smooth Surfaces to Fresnel, Diffractive, and Metalenses
	Function of Lenses 
	Functional Lens 
	Functional Lens 
	Transformations Involving Single and Multiple Fields
	Basic Imaging Scenario
	Lens Surface Design 
	Lens Surface Design
	Lens Surface Design: Axial Field  
	Lens Surface Design: Axial Field  
	Lens Surface Design: Axial Field  
	Lens Surface Design: Axial Field  
	Lens Surface Design: Axial Field  
	Lens Surface Design: Off-Axis Field  
	Lens Surface Design: Off-Axis Field  
	Lens Surface Design: Off-Axis Field  
	Imaging Example: Telecentric Image Side  
	Beam Expander Scenario 
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Insights on the Capabilities of Flat Lenses
	Integrating Flat Lenses into Lens Design Workflows
	Basic Flat Lens Design Workflow
	Integrating Flat Lenses into Lens Design Workflows
	Integrating Flat Lenses into Lens Design Workflows
	Integrating Flat Lenses into Lens Design Workflows
	Integrating Flat Lenses into Lens Design Workflows
	Integrating Flat Lenses into Lens Design Workflows
	Integrating Flat Lenses into Lens Design Workflows
	Integrating Flat Lenses into Lens Design Workflows
	Changing the Direction of Planar Wavefronts 
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Design for Transforming Plane Waves   
	Surface Grating Design 
	Surface Grating Design 
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles: Examples
	Algorithm for Designing Flat Lens Height Profiles
	Fresnel and Diffractive Lenses
	Algorithm for Designing Flat Lens Height Profiles
	Algorithm for Designing Flat Lens Metasurfaces
	Functional Lens 
	Diffractive Lens 
	Diffractive Lens 
	Lens Featuring a Layer with Variable Refractive Index
	Lens Featuring a Layer with Variable Refractive Index
	Lens Featuring a Layer with Variable Refractive Index
	Metalenses
	Metalenses
	Metalenses
	Metalenses: Historical Background and Assessment 
	Metalenses: Historical Background and Assessment 
	Design Workflow for Metalenses
	Design Workflow for Metalenses
	Design Workflow for Metalenses
	Design Workflow for Metalenses
	Algorithm for Designing Flat Lens Metasurfaces
	Design and Analysis of a Metalens: Focusing Example
	Metalens System Modeling
	Polarization-Controlled Bifocal System
	Polarization-Controlled Bifocal System
	Polarization-Controlled Bifocal System
	Modeling Results: Functional Lens
	Modeling Results: Functional Lens
	Modeling Results: Functional Lens 
	Modeling Results: Functional Lens 
	Modeling Results: Functional Lens 
	Modeling Results: Spherical Lens
	Modeling Results: Spherical Lens
	Modeling Results: Aspherical Lens
	Modeling Results: Aspherical Lens
	Modeling Results: Aspherical Lens
	Metalens System Modeling
	Summary

