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The ultimate shape of a structure affects the optical, electrical or fluidic 
performance of devices

• Medical devices (tissue engineering)
• Biofluidic devices
• MEMS
• Thermal sensors
• Microfluidics

Why is pattern fidelity important?

What are the determining factors and how to easily improve? 

2 µm5 µm2 µm
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Optical Proximity Effects
• Beam has a „blur“ which spreads 

the intensity radially, not 
necessaraly radial-symetric

• Exposure is on a pixel grid, typicall 
much smaller than the beam

• x/y dependency by scan / step 

• Beam is focused to one plane, 
depth of focus is NA dependent 
(write head)

• Resist is not fully transparent, 
mostly bleaching, leading to depth 
dependent intensity

Beam size is larger than pixel 
size & it‘s direction dependent

Not constant along z-axis

Proximity & Process Effects

Top view Side view

Scan direction dependency
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Process Effects
• Resist is not „digital“, most 

laser resists are quite low 
contrast

• Dissolution rate depends on 
local intensity (3D!)
• Lateral development

• Depth dependent 
development time

• Resist development loading 
effects
• Macro-loading (very large 

area)

• Micro-loading (very small area)

Proximity & Process Effects
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Exposure result:
Dimension (CD), feature fidelity (e.g. corner rounding), 
profile (sidewall angle) depends on tool and process 
parameters
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Layout

3D Bulk Intensity

3D Resist

Laser Exposure

3D 
Concentration

Analysis using 3D Laser Simulation
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BEAMER provides the tools to 
to correct for major proximity 
and process effects

Laser direct write systems (also 
MLA) can use BEAMER to 
prepare data for exposures

BEAMER improves Laser Lithography

How?

2 µm5 µm2 µm
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Rule-OPC calibration and correction

Expose and 
process calibration 
pattern

Create correction rules

Run Rule-OPC on desired design

Measure results 
with CD-SEM
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Maskless Aligner 150

• The tool

Writing performance Write Mode I

Minimum feature size [µm] 0.6

Minimum Lines and Spaces size [µm] 0.8

Global 2nd layer alignament [nm] 500

Local 2nd layer alignament [nm] 250

Backside alignment [nm] 1000

Exposure time 405 nm laser for 4“ wafer [min] 35

Max. write speed 405 nm laser [mm²/min] 285

BEAMeeting EIPBN 2024
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The experiment

• The layout

C
D

 →

Density →

Gratings at 0, 50, and 100% density
Lengths 100 µm / 10 µm
CD → 0.4 – 1 µm in steps of 0.1 µm

→ 1.2 – 2 µm in steps of 0.2 µm
→ 3 – 5 µm in steps of 1 µm

• The process 
We thank Dr. Srimongkon for her 
support during the experiments
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Exposure Results

• The layout

C
D

 →

Density →

• SEMs of 2 µm gratings @85 mJ/cm²

0%

50%

100%

Gratings at 0, 50, and 100% density
Lengths 100 µm / 10 µm
CD → 0.4 – 1 µm in steps of 0.1 µm

→ 1.2 – 2 µm in steps of 0.2 µm
→ 3 – 5 µm in steps of 1 µm
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• ProSEM to process ALL the SEM images

The results in numbers

5 µm

Target structure
Contour structure

What can be corrected?
• Width
• Height
• Corners

BEAMeeting EIPBN 2024
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1. Emulate experimental beam conditions

2. Obtain Serifs to improve corners

3. Analyse the Bias to improve width and height

The strategy

Target structure
Contour structure
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• Using Laser simulation to find the Resist Threshold

Process threshold

Gaussian beam
Threshold simulation
ProSEM Contour

Target layout
Loop to obtain the Threshold

BEAMeeting EIPBN 2024
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1. Emulate experimental beam conditions

2. Obtain Serifs to improve corners

3. Analyse the Bias to improve width and height

The strategy

Target structure
Contour structure
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Optical Proximity Correction
(Rule-OPC)

Localised corrections

• When only minor or localised corrections are required

BEAMeeting EIPBN 2024
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• Rule-OPC
Adjustment of Rules according to 
measurements feedback (SEM images)

2D lithography corrections

1st section

2nd section

BEAMeeting EIPBN 2024
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Rule-OPC process

Layout

2nd section of parameters – table of 
rules determines changes for each 
segment

Segmentation

1st section of parameters used to 
split layout to segments 

Applying rules
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• Using loops allow us to quickly examine several conditions  

Serifs rules

Rule-OPC structure
Simulation
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1. Emulate experimental beam conditions

2. Obtain Serifs to improve corners

3. Analyse the Bias to improve width and height

The strategy

Target structure
Contour structure
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• Using ProSEM to get the height and width of the inner gratings

Getting the bias 

∆𝐶𝐷 = 𝐶𝐷𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝐶𝐷𝑡𝑎𝑟𝑔𝑒𝑡

BEAMeeting EIPBN 2024
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Linearity and process signatures

Different calibration scenarios are exposed and measured

Iso-Dense

Dense

∆𝐶𝐷 = 𝐶𝐷𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝐶𝐷𝑡𝑎𝑟𝑔𝑒𝑡
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• Serifs and Bias rules are all included in a single Rule-OPC module 
(one for vertical and one for horizontal gratings)

The final flow

Ready for a second exposure!

Layout
Rule-OPC

BEAMeeting EIPBN 2024
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Experimental Results after correction

0%

Gratings of 5 µm @85 mJ/cm² exposure

50% 100%

Did we do better?
BEAMeeting EIPBN 2024
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CD before and after corrections

Without
correction

10 µm

With
correction

10 µm

Target Target

BEAMeeting EIPBN 2024
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Serifs result

Target structure

Without correction
With correction

• Contours taken using ProSEM
• Corners overlap to compare roundness

Can we do things even faster?

0% 50% 100%

500 nm
Curvature 0% [nm] 50% [nm] 100% [nm]

Without Correction 505.36 404.28 555.89

With Correction 277.95 328.48 252.68

BEAMeeting EIPBN 2024
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• LAB can simulate the experiment with the first exposure

An easier path

1st exposure 
result

Simulation

BEAMeeting EIPBN 2024
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• LAB has an internal Optimizer within the Rule-OPC module that avoids 
external Loops

Optimising Rule-OPC

Immediate visual feedback

BEAMeeting EIPBN 2024
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Modeling the experiment

Without
correction

With
correction

Squares 
instead of 
rectangles

BEAMeeting EIPBN 2024
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• BEAMER provides numerical means to improve 
layouts

Rule OPC (among others)

• Rule-OPC allows selective modifications to a 
structure

• A team effort speeds up a process

Conclusions

Target structure

Contour structure

Rule OPC structure

BEAMeeting EIPBN 2024
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Thank You!

Headquarters
GenISys GmbH 
Eschenstr. 66
D-82024 Taufkirchen (Munich)
GERMANY

 +49 (0)89 954 5364 0 

 +49 (0)89 954 5364 99

 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 (45) 530 3306 

 +81 (45) 532 6933

 apsales@genisys-gmbh.com

support@genisys-gmbh.com
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