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Advancing the Standard

Living on the edge

Corrections using PEC

BEAMeeting Munich 2025
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▪ The Edge…

▪ Edge PEC

▪ Surface PEC

▪ Lateral development

▪ In depth look

Outline
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We all are driving our processes towards the edge of the possible.

It may be the edge of a design or the edge of a surface or multilayer-stacks 
leading to multiple-edges …

Let us dive in the setup and purpose of each correction method in BEAMER 
and let us then go further into some algorithmic details to understand 
better the mechanism of each

BEAMeeting Munich 2025
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• Correction’s target
• Adjust all feature edges to the same absorbed energy: 

Set-On Dose of resist

• Inside the feature E(x) > Set-On Dose:
• Resist remains (negative)

• Outside the feature E(x) < Set-On Dose:
• Resist is removed (negative)

• Correction’s equation
• E(edge) = 0.5 = D(x)  PSF

Proximity Effect Correction (PEC)  

Dose factor = 0.5
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• PEC works for any layout condition and shape

• Yields excellent CD control at best process latitude

• Resolves lines and gaps symmetrically
• Reduces exposure dose in large areas lowering the scattering within gaps

• Sets “Isofocal” correction – insensitive to blur variation

Absorbed Energy after PEC

Target

E



Advancing the Standard

7BEAMeeting Munich 2025

• The parameters of the exposure beam define the PEC result …
• Point Spread Function (PSF)

• Determines area of interaction between the beam and the substrate

• Ideally Gaussian Beam shaped described using the FWHM

• Blur
• Extension of the beam beyond its FWHM

• Includes interactions with substrate  Secondary Electrons, Process 
Effects 

• Applications need diverse substrate conditions …
• Single layer

• Multiple layers
• Several layer thicknesses

• Resist heights imply significant transition angles

• Various materials   Different responses

Requirements
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Multi Layer Resist Process

Wafer

Resist 1 – PMMA

Resist 2 – MMA

• Exposure of two or more layers

• PEC adjust targets depending on 
number of layers

• The ratios of D2C control the
threshold for correction

• D2C of resist 1 at one exposure layer
• D2C of resist 2 at second exposure

layer

Wafer

Resist 1 – PMMA

Resist 2 – MMA

Wafer Wafer

Resist 2 – MMA
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• Calculates dose corrections based on individual contrast curves ensuring 
resist removal for every layer

• Mode allowing bridge-like structures

3D Edge PEC

BEAMeeting Munich 2025

Dolan Bridge
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• General:

• Control on beam features

• PSF Representation

• Blur

• 3D-PEC

• Control on dose settings

• Contrast curves definition

• Base Dose

The Details

BEAMeeting Munich 2025

Wafer

Resist 1 – PMMA

Resist 2 – MMA

Top layer – feature dimension

Bottom layer – undercut 



Advancing the Standard

11

3D Edge Examples

BEAMeeting Munich 2025
N Foroozani et al 2019 Quantum Sci. Technol. 4 025012 Weizmann Inst. Of Science

Wafer

Wafer

Resist 1 – PMMA

Resist 2 – MMA
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Resist 1 – PMMA
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• Calculates dose corrections to compensate for process effects in 3D 
single layer exposure

• Mode allowing gray-tone lithography

• Short-range correction not included

3D Surface PEC

BEAMeeting Munich 2025

Fresnel Lens
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• General:
• Control on beam features

• PSF Representation

• Blur

• 3D-PEC
• Control on dose requirements

• Contrast curve definition

• Base Dose 

• Lateral development

• Surface Definition Type

The Settings
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3D Surface Examples

DOEs Convex lenses Fresnel lenses

Heidelberg Instruments
BEAMeeting Munich 2025
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• Surface and other larger area correction add energy to the
critical neighbours.

• This additional energy influences the development behaviour
causing the lateral development.

• For surfaces the energy influence is recalculated, for edges a 
buffer created

Lateral causes

BEAMeeting Munich 2025

0.2µm 0.2µm
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3D PSF - Varying Rates in Z

BEAMeeting Munich 2025

Fig. 3D-PSF (z-dependency)  [3.4µm PMMA, 100kV]

Fig. z-dependent dose deposition 
in the resist. The length of the 
arrows illustrates the increasing 
development rate towards the 
bottom.
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• A dev. rate model is optimized to fit the experimental contrast curve

Fitted Development Rate Model 

BEAMeeting Munich 2025

Fig. Fitted Development RateFig. Contrast Curve Fit
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• One exposure dose forms a unique absorbed energy image in the resist. 

Knowing the Development Rates

BEAMeeting Munich 2025

Fig. Fitted Development Rate



Advancing the Standard

22BEAMeeting Munich 2025

• Knowing the energy distribution in the Resist (3D PSF) + how the energies 
translate into Rates (Dev. Rate Model) → enables us to simulate and 
correct for the development effects.

Putting the things together

3D 
Simulation 

and PEC

3D PSF Dev. Rate 
Model
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3D Surface Algorithm

BEAMeeting Munich 2025

• Lateral development is directed. It moves from 
pixels with higher resist removal to the adjacent 
pixels with lower rates.
• Once a pixel is optimized it has not to be revisited.

• Optimizing a pixel:
• An exposure dose change @ position(x,y) causes a 

propagating rate(z) change.
• Iteration finishes when the pixel height is on target.
• In addition to the CC optimization also lateral 

propagation from already visited neighbors is 
considered.

• The performance of the algorithm is highly 
depending on the pixel size!

Fig. Schematic representation of a fast 
marching method.
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T-Gate PEC Algorithm

BEAMeeting Munich 2025

• The local rates are integrated in lateral direction along an 
evaluation line as long as lat. dev. time (tlat) is completed, 
yielding the lat. dev. bias.

• PEC dose and bias are adjusted  iteratively until the resist 
front stops at the original gate width.

Fig. Development simulation of the 
exposed structure

Fig. Optimized PEC layout with dose and bias 
adjustments.
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PEC: dose profile optimization

BEAMeeting Munich 2025

a) Start dose profile b) Final optimized dose profile

The dose profile determines where the development will stop.
The PEC result is obtained by iteratively optimizing bias and dose of the critical structures.
It is accomplished when the fronts stop at the targets.

Start

Simulate 
Dev. Front

Adjust 
Bias/Dose

Stop

Check

Compute 
Dose profile
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• Advanced PEC applications require information about the resist 
development process

• BEAMER uses the PSF (2D or 3D) and a Contrast Curve 
measurement to fit a Development Rate Model

• The model is then applied during simulation PEC

Summary
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Thank You!

Headquarters
GenISys GmbH 
Inselkammerstr. 5
D-82008 Unterhaching (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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