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Photonics is the science of generating, 
manipulating, and detecting light. This control 
bridges the gap between science and society 
by developing new technologies using 
various materials, device structures and 
arrangements. The applications range from:

• Sensors
• Displays
• Solar cells
• Optical fibre
• Memory storage

Something about photonics

BEAMeeting Munich 2025

[1] https://en.wikipedia.org/wiki/Solar_cell
[2] https://www.tech-faq.com/photodetector.html
[3] https://www.jenoptik.com/products/optical-systems/optical-precision-components/diffractive-optical-elements-doe-microoptics
[4] https://www.agc.com/en/products/electoric/detail/doe_and_diffuser.html

[1]

[2]

[3]

[4]

https://en.wikipedia.org/wiki/Solar_cell
https://en.wikipedia.org/wiki/Solar_cell
https://www.tech-faq.com/photodetector.html
https://en.wikipedia.org/wiki/Solar_cell
https://www.jenoptik.com/products/optical-systems/optical-precision-components/diffractive-optical-elements-doe-microoptics
https://en.wikipedia.org/wiki/Solar_cell
https://www.agc.com/en/products/electoric/detail/doe_and_diffuser.html
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• The fabrication of photonic devices is a multistep process:
1. Design and planning of layout and materials
2. Substrate preparation

a) Thin film deposition (CVD, MBE, sputtering…)
b) Photoresist coating

3. Pattern definition
a) Photolithography
b) Deep-UV lithography
c) E-Beam lithography
d) Laser direct write
e) Nanoimprint lithography

4. Sputtering (lift-off) or etching

Fabrication of photonic devices

BEAMeeting Munich 2025
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• Introduction

•Design Creation and Preparation  

•Pattern definition and example applications cases
• Case 1: Photonic crystals

• Case 2: Waveguides

• Shape fidelity correction 

Outline

BEAMeeting Munich 2025
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Python Module

BEAMeeting Munich 2025
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Often you will face the challenge to write large areas with a 
predefined pattern:

BEAMER allows:
• A way to generate a unit cell like reference pattern

• Take a given main field size and populate the unit cell into that mainfield

• Generate a pattern automatically pending on the stencil pattern 
dimensions

• Generate the final pattern using field control and writing control

Populating arbitary shapes with patterns

BEAMeeting Munich 2025
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• BEAMER delivers a ready-to-use Python code 
for grating generation with defined:
• Tool settings

• Grating parameters

• Layout from user 

Grating generation

BEAMeeting Munich 2025
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• BEAMER delivers a ready-to-use Metalens 
Python code with defined:
• Tool settings

• Lens central-wavelength and focus 
information

Metalens generation

BEAMeeting Munich 2025
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Metalens generation

BEAMeeting Munich 2025

• Tool settings
• Lens central-wavelength and 

focus information

Design created with settings in 
mind for subsequent writing 



Advancing the Standard

10

Python Module GUI

BEAMeeting Munich 2025

In BEAMER 7.3.0 Python GUI Script is introduced

Allows to create a custom dialog with access to desired parameters
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• Introduction

•Design Creation and Preparation  

•Pattern definition and example applications cases
• Case 1: Photonic crystals

• Case 2: Waveguides

• Shape fidelity correction 

Outline

BEAMeeting Munich 2025
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Advantages of e-beam lithography

• Capable of very high resolution (a few nanometer)

• Flexible technique works with infinite types of patterns and various of 
materials

• Direct exposure from CAD data

[1] AMO GmbH - Germany
[2] NIST CNST - USA
[3] Weizmann Institute – Israel
[4] Stanford University, USA

7nm

[1] [2] [3], [4]

BEAMeeting Munich 2025
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Electron beam systems are not “office printers”

• Trial-and-error approach to get best base dose for 

different processes

• Dose variation depends on local area density

• Stitching problems for large patterns

• Line edge roughness

• BEAMER overcomes these challenges

• Enabling faster and accurate writing using advanced 

corrections and data preparation techniques

BEAMER: Lithographer´s best choice

BEAMeeting Munich 2025

GOOD DATA IN GOOD SAMPLE OUT

What you want

What you get 
w/o data 
optimization

What you get 
w/ data 
optimization

[1] University of British Columbia
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• Metasurfaces are two-dimensional 
metamaterials that consist of  
subwavelength structure arrays

• Metasurfaces find application in 
metalenses, metaholograms, 
structural colours, imaging, sensing 
and beam manipulation

• The geometry tolerance and 
roughness control of the nano-
structures determines the final 
functionality of the device

Metasurfaces

BEAMeeting Munich 2025
[1] https://phys.org/news/2024-09-metasurfaces-tiny-tech-big-potential.html



Advancing the Standard

15

Case 1: Photonic crystal

BEAMeeting Munich 2025

• Complex polygons used in the 
original design

Need to get optimal fractuing

BEAMER provides functions to 
optimise fracturing, reducing 

resources waste
w/o BEAMER 

data optimisation
w/ BEAMER data 

optimisation
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Flow overview

BEAMeeting Munich 2025

Create circle 
polygon

Merge the fractured 
circles with the larger 
circles

Fracture the rings with 
Curved Fracturing

Import file

Reduce vertices

Create room for 
the rings

Merge all together

Export to tool 
format

Export GDS and 
Re-Import with 
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Flow overview

BEAMeeting Munich 2025

Merge the fractured 
circles with the larger 
circles

Fracture the rings with 
Curved Fracturing

Import file

Reduce vertices

Create room for 
the rings

Merge all together

Export to tool 
format
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Flow overview

BEAMeeting Munich 2025

Merge the fractured 
circles with the larger 
circles

Fracture the rings with 
Curved Fracturing

Import file

Reduce vertices

Create room for 
the rings

Merge all together

Export to tool 
format

Create circle 
polygon

Create circle 
element
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Useful modules

• Useful modules in BEAMER
• GDS and DXF Import with Shape 

detection:
Shapes maintained during later processing to 
improve PEC correction and fracturing

• Grid
Layout smoothing reduces vertices for curved 
structure

• Fracture
Tool recognised primitives using different 
strategies

BEAMeeting Munich 2025
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Case 2: Waveguides

BEAMeeting Munich 2025

• Long and low-loss waveguides are structures 
designed for restricting the propagation of 
electromagnetic or sound waves in one 
direction

• Losses in large-area high-resolution 
nanostructures waveguide are mainly due to

• Material absorption

• Geometry dependent scattering and 
reflections

• Sidewall/line edge roughness (LER)

• Stitching errors

[1] Fraunhofer Heinrich-Hertz-Institute
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Useful modules and methods

BEAMeeting Munich 2025

• Bulk and sleeve strategy
• Bias:

Separating coarse and fine areas optimising 
exposure time

• Merge:
Putting both regions together for proximity 
correction or further processing

• PEC:
Dose correction

• Fields - Assist Layer usage
• Fields:

Using Fields Follow Geometry and Assist 
Layer to detect and optimise writing order of 
full waveguides

sleeve

bulk

overlap
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• Bulk & Sleeve strategy:

• Split layout into Bulk & Sleeve regions

• Bulk written with a high beam current and beam step size 
(bss)

• Sleeve written with a low beam current and bss

• Modules

• Bias: biasing the shapes to create the bulk and overlap 

• Minus: create the sleeve

• PEC: performing dose correction

• Extract: separate sleeve & bulk

• Benefits

• shorter exposure time 

• better CD control 

• less sensitive to dose error

Precise CD control & short exposure time 

BEAMeeting Munich 2025
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Flow overview

BEAMeeting Munich 2025

Merge bulk & sleeve

Create bulk

Export sleeve
(bss: 5nm)

Create overlap

Export bulk
(bss: 25nm)

Import file

Create sleeve

sleevebulk

overlap

Dose correction
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Low edge roughness & low stitching error

BEAMeeting Munich 2025

• Fields module with Assist Layer provides optimised 
writing control for long waveguides:

• Reduce LER: 

• Multipass Mode with Sub Field Offset

• Reduce stitching errors: 

• Field Traversal (Fields Follow Geometry): 
place fields  following long contiguous 
structures

• Field Sorting with Assist Layer: expose each 
waveguide at the time

• Benefits

• low edge roughness

• low stitching errors
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Flow overview

BEAMeeting Munich 2025
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• Introduction

•Design Creation and Preparation  

•Pattern definition and example applications cases
• Case 1: Photonic crystals

• Case 2: Waveguides

• Shape fidelity correction 

Outline

BEAMeeting Munich 2025
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Shape Fidelity Correction

For some applications shape fidelity and corner sharpening might become 
critical and require additional correction 
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Standard PEC

PECNo Correction

Good result on the edge

Shape fidelity at the 
corner still might be 
improved 

E-Beam simulation

Fractures with 
dose assignments
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Corner PEC

Corner PEC introduces an 
“Edge” of desired width and 
allows to specify relative doses 
factors for edge, bulk corners 
individually.  



Advancing the Standard

30BEAMeeting Munich 2025

PEC Corner PEC

Edge with dose 
assignments 
introduced

Fractures with 
dose assignments

Corner PEC

Manually increased 
dose on corners
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Corner PEC

With loop there is 
possibility for user to 
choose better parameters

PEC

Corner PEC



Advancing the Standard

32BEAMeeting Munich 2025

Rule-OPC: changing shape outline 

Adding Rule-OPC step

Allows to improve 
shape fidelity even 

further

Rule-OPC allows very flexible manual correction, 
does not take exposure effects into account

Lookup tables could be used during correction 
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Shape-PEC 

Using Shape PEC
Shape PEC provides 
automatic correction, 
adjusting doses and 
moves edges to get 
better results 
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Shape-PEC 

PSF

Effective Short range Blur
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Shape-PEC 

Correction control
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“Staying Sharp
Improving Corners at the Nanoscale”

Presented by Amrita Banerjee, PhD
Research Associate

May 28, 2019
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Corner Serif example

100nm squares with 
applied serifs on 
corners

Elionix F125, SCON, 125kV
Univ. Tohoku (Prof. Totsu: Micro System 
Integration Center (μSIC))
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Summary on fidelity correction methods

Correction Method Action

PEC Fractures introduced, outline preserved

Corner-PEC PEC + Additional fractures introduced with 
manual control, allows to target corners, 
outline preserved

Rule-OPC Manual correction by changing shape outline, 
provides a lot of flexibility 

Shape-PEC Automatic correction, PEC + correction 
allowed to change shape outline

(No Dose assignment)

PEC Corner-PEC Rule-OPC Shape-PEC

(E-Beam)

(E-Beam)

(E-Beam + Laser)

(E-Beam + Laser)
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• BEAMER enables faster and accurate writing using advanced corrections and 

data preparation techniques

• BEAMER mitigates e-beam artifacts and corrects proximity effects

• BEAMER optimises the fracturing, field control and proximity correction of a 
wide range of photonic devices

Summary

BEAMeeting Munich 2025
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info@genisys-gmbh.com

Thank You!

Headquarters
GenISys GmbH 
Eschenstr. 66
D-82024 Taufkirchen (Munich)
GERMANY
 +49-(0)89-3309197-60 
 +49-(0)89-3309197-61
 info@genisys-gmbh.com

USA Office
GenISys Inc. 
P.O. Box 410956
San Francisco, CA
94141-0956
USA
 +1 (408) 353-3951 
 usa@genisys-gmbh.com

Japan / Asia Pacific Office
GenISys K.K. 
German Industry Park
1-18-2 Hakusan Midori-ku 
Yokohama 226-0006
JAPAN
 +81 (0)45-530-3306 
 +81 (0)45-532-6933
 apsales@genisys-gmbh.com

support@genisys-gmbh.com
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