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Emphasis of the common theoretical background for 
different types of microstructured layers



Wavefront Surface Response Function

Unifying approach for dealing with different structure 
concepts in optical modeling and design
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General Field Interaction with Curved Surface 
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Wavefront Surface Response (WSR)
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Wavefront Surface Response (WSR)

Wavefront Surface 
Response
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How to Realize a Desired Wavefront Surface Response (WSR)?
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Metasurfaces 

Realization of wavefront surface responses by 
nanostructured layers



Physical Effects for Realizing Metasurfaces

• Propagation phase delay
− Centrosymmetric

(polarization insensitive)

− Rotationally asymmetric
(form birefringence)

• Resonance 
phase delay

Y. F. Yu et al., Laser Photonics 
Rev. 9, 412-418 (2015). 

N. Yu et al., Science 334, 
333–337 (2011). 

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 

P. Lalanne et al., J. Opt. Soc. 
Am. A 16, 1143-1156 (1999). 
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Physical Optics Modeling: Metasurface Layer

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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Physical Optics Modeling: Metasurface Layer

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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Calculation by Fourier 
modal method (FMM), 
a.k.a. RCWA



Metasurface Building Block
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Physical Optics Modeling: Metasurface Layer

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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Metasurface layer

Linear Wavefront Response Function



Plane Wave through Plate: Ray and Field Tracing

n = 2

n = 1

n = 1.3

Law of refraction
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Plane Wave through Plate: Introducing Metasurface
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n = 1.3
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Propagation Plate with Metasurface: Ray and Field Tracing
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Plane Wave through Plate: Ray and Field Tracing
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Plate with Metasurface: Ray and Field Tracing

n = 2

n = 1

n = 1.3

Right circularly 
polarized 
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Plate with Metasurface: Ray and Field Tracing
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Plate with Metasurface: Ray and Field Tracing

n = 2

n = 1

n = 1.3

Linearly 
polarized 
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Polarization Dependent Fuction of Nanofin Metalayer

Linear Polarized (Ex) Left Circularly PolarizedRight Circularly Polarized
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Polarization Dependent Fuction of Nanofin Metalayer
Elliptical Polarization:
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High-NA Metalens Simulation

input plane wave
- normal incidence

- wavelength @532nm
- beam diameter 2mm

- polarization state
a) R-circular

b) Linear
c) L-circular

2 m
m

f = 725 µm

NA = 0.8 ?
PSF

How to calculate the point 
spread function (PSF) at the 
focal plane of a metalens, with 
polarization effects considered?

Desired to function 
as a focusing lens

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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High-NA Metalens Simulation
m

et
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R-circular polarization input linear polarization input L-circular polarization input 

4.
5 m

m

Only desired 
mode

Both desired 
and conjugate 

modes
Only conjugate 

mode
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High-NA Metalens Simulation
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R-circular polarization input linear polarization input L-circular polarization input 

2 µ
m

FWHM=355µm
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Diffractive layer

… with application to lenses



Physical Optics Modeling: Diffractive Layer
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Physical Optics Modeling: Diffractive Layer
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Wavefront Surface Response of Focusing Lens
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Structure Design 

Profile quantization
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Focusing Diffractive Lens with NA=0.2: Ray and Field Tracing

5 mm
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Focusing Diffractive Lens with NA=0.2: Ray and Field Tracing
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Focusing Diffractive Lens with NA=0.2: Ray and Field Tracing

• Amplitudes in Focus (Same scaling!)

Amplitude Ex Amplitude EzAmplitude Ey
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Focusing Diffractive Lens with NA=0.57: Ray and Field Tracing
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Focusing Diffractive Lens with NA=0.57: Ray and Field Tracing
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Focusing Diffractive Lens with NA=0.57: Ray and Field Tracing
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Focusing Diffractive Lens with NA=0.57: Ray and Field Tracing

• Amplitudes in Focus (Same scaling!)

Amplitude Ex Amplitude EzAmplitude Ey

Vectorial grating 
effects reduce spot 
quality for high NA

LightTrans International



Lens with NA=0.1 and 8 Height Values: Ray and Field Tracing
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Inclusion of Higher Orders
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Lens with NA=0.1 and 8 Height Values: Ray and Field Tracing

Higher orders have low 
energy and are defocused in 
focal region of 1st order: No 

detrimental effect
LightTrans International



Combination of OpticStudio® and VirtualLab Fusion

Complementary workflows



Standard Workflow

• Design of system with optional inclusion of ideal 
Wavefront Surface Response (WSR) function. 

• Decision about most suitable flat optics layer to 
realize WSR. 

• Design of layer structure. 
• Analysis of the performance and detrimental 

additional subfields. 
• Tolerancing. 
• Export of fabrication data. 

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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Standard Workflow

• Design of system with optional inclusion of ideal 
Wavefront Surface Response (WSR) function. 

• Decision about most suitable flat optics layer to 
realize WSR. 

• Design of layer structure. 
• Analysis of the performance and detrimental 

additional subfields. 
• Tolerancing. 
• Export of fabrication data. 

Combination with OpticStudio® via Binary Surfaces, 
which represent a special form of a WSR. 

M. Khorasaninejad et al., 
Science 352, 1190-1194 (2016). 
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detectors
− point spread function
− modulation transfer

function (MTF)

Color Aberration Correction by DOE

plane wave 
− wavelength (486, 587, 656) nm
− field of view along y-axis (0; 20)°
− linearly polarized along x-axis
− aperture 5 mm × 5 mm

lens solution
− wavefront response function
− diffractive lens
− meta lens

Optimization of Binary 
Surface = Wavefront 
Surface Response in 

OpticStudio®

LightTrans International
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Standard Workflow

• Design of system with optional inclusion of ideal 
Wavefront Surface Response (WSR) function. 

• Decision about most suitable flat optics layer to 
realize WSR. 

• Design of layer structure. 
• Analysis of the performance and detrimental 

additional subfields. 
• Tolerancing. 
• Export of fabrication data. 

Import into VirtualLab 
Fusion and perform 

design. 
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Standard Workflow

• Design of system with optional inclusion of ideal 
Wavefront Surface Response (WSR) function. 

• Decision about most suitable flat optics layer to 
realize WSR. 

• Design of layer structure. 
• Analysis of the performance and detrimental 

additional subfields. 
• Tolerancing. 
• Export of fabrication data. Analysis in VirtualLab 

Fusion. 

LightTrans International



Inclusion of Higher Orders: On-Axis

with 
wavefront
response 
function

Electric Energy Density 
[1E6 ( ⁄V m)²]

Electric Energy Density 
[1E3 ( ⁄V m)²]

Electric Energy Density 
[( ⁄V m)²]

simulation time per 
order ~seconds

+1st diffraction order 0th diffraction order -1st diffraction order
LightTrans International



Results: MTF for Various Diffractive Lens Structures

detection of modulation
transfer function

MTF w/o DOE

MTF w/ DOE: Continuous, 8, 
and 4 levels

MTF w/ DOE: Binary

LightTrans International



VirtualLab Meta- and Diffractive Surface Solutions

• We prepare a new VirtualLab 
product for design and modeling 
meta- and diffractive surfaces to be 
released in 2019. 

• It will be based on the theory 
presented in this talk. The 
examples shown in this talk will be 
included as special Use Cases 
together with suitable workflows.  
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