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Pre-Cursor
• IMPORTANT NOTICE: Please note that this session will be recorded. By joining these 

webinar sessions, you automatically consent to such recordings. If you do not consent 
to being recorded, do not join the session.

• Q&A will not be recorded

• MS Teams essentials (App Users):
• Right click on image, use „Pin“ to enlarge

• This webinar / session is an overview / introduction to e-beam lithograpyh simulation
• Initiated by simulation results presented at Proximity Effect webinar series
• It picks out essential ingredients, focus on example from Proximity Effect Webinar
• In case you want / need more depth -> Contact support@genisys-gmbh.com

eBeam Simulation Webinar
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Outline
• E-Beam Exposure Simulation

• 3D Resist Development Simulation
• 3D Simulation using LAB

• Lateral development effect

• Over-Dose-Under-Size ODUS

• Multi Layer Resist Processes

• Greyscale (3D) Lithography

• Summary

• Q&A

eBeam Simulation Webinar
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eBeam Simulation Webinar

Backscatter: 10-30μm
• Acceleration Voltage
• Substrate Material

Beam Size: 2-100nm
• Current
• Voltage

Forward Scatter: 1-10nm
• Acceleration Voltage
• Resist Material & Thickness

X-Z View

Excitation Volume

X-Y View

Backscatter Range

Incendent Electron Beam
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TRACER calculates the absorbed energy spread over resist thickness and distance.

Live Demo

eBeam Simulation Webinar
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Simulation Result
• Simulation Result for GaAs wafer with 500nm PMMA resist exposed at 50keV exposure  

eBeam Simulation Webinar

3D - View 

Resist-Top

Resist-Bottom

2D - View At different resist depth
- Red - resist top
- Blue – resist center
- Purple – resist bottom

Beam incident point

Distance from beam incident point
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Modeling Absorbed Energy

eBeam Simulation Webinar


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Absorbed Energy in Resist

eBeam Simulation Webinar
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2D Intensity Simulation
• Threshold model assumes 

• 0 development (dissolution) rate < D2C
• ∞ development rate > D2C
• Resist is clearing at same time for > D2C 

eBeam Simulation Webinar
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Resist Contour

eBeam Simulation Webinar

A constant energy (D2C) is tied to 
the  resist development to where 

the resist edge will land.
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BEAMER 2D Simulation
Extended e-beam  simulation functions
 Intensity image simulation of multiple regions

 Easy simulation of additional regions
 Multiple region selectable by drop-down

 Extended viewing and analysis
 2D only, 1D only, 1D + 2D views
 1D image at user defined cut-line
 Matrix-view for loops

 Powerful evaluation
 Measure image intensity, slope, log slope at 1D view
 Export data for external evaluation (e.g. Excel, MatLab)

eBeam Simulation Webinar
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3D e-Beam Lithography Simulation

Layout

3D
Bulk Energy 3D Resist Development

Mask

eBeam Simulation Webinar

Proximity

E-Beam 
Exposure

3D PSF
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3D Energy Modelling
3D absorbed energy in the resist:

• Convolving the (dose modulated) layout with 3D PSF
• 3D PSF and stack definition need to match

eBeam Simulation Webinar

Wafer

1.0 0.8

3D – PSF from TRACER 

Resist-Top

Resist-Bottom

Beam incident point

Distance from beam incident point
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3D Resist Modelling
3D resist development model based on development rate 
model parameter:

• Bulk image intensities are converted in dissolution rate
 Threshold / Diffused Threshold
 Development rate model preferred for e-beam lithography
 MACK 4 Model preferred for optical lithography, but may also be 

used for e-beam with DNQ type resists
 CAR Models for chemically amplified resists

• The development front over is modeled removing the 
resist from top to bottom over development time using a 
fast marching algorithm
• Moving in all direction (isotropic “etching”) depending 

on local dissolution rate

eBeam Simulation Webinar
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Development Rate Model
• Typical positive Resist (PMMA) process

• Exposure is changing resist chemistry (e.g. molecular weight)
• Dissolution rate is depending on local change of chemistry (e.g. 

higher rate for lower molecular weight)
• Development rate is function of developer and temperature

eBeam Simulation Webinar
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Simplest way to measure Development Rate: Contrast Curve

PSI: Schleunitz A., et al. (2014). Novel 3D micro- and nanofabrication method 
using thermally activated selective topography equilibration (TASTE) of 
polymers. Nano Convergence. 1. 7. 10.1186/s40580-014-0007-5. 
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Measuring Resist Contrast Curve

eBeam Simulation Webinar

• Expose pattern of shapes with varying dose
• Width > 3 × Beta or PEC corrected (want flat region)

• Size easy to measure with profilometer, spectrophotometer
ellipsometer, AFM

• This example, for 100 kV on Si, uses 150 um x 300 um rectangles
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Rate Extrapolation
• Development rate table/curve can be generated from the contrast curve 

eBeam Simulation Webinar

IMPORTANT: 
• Contrast Curve is measured only until D2C , binary lithography is using much higher doses ( ~x2) 
• Development rates for higher doses need to be extrapolated (to this Base Dose)

• How good is this extrapolation? Does it follow a power law, or does it “saturate”?

D2C DBase
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Rate Extrapolation
• Development rate table/curve can be generated from the contrast curve 

eBeam Simulation Webinar

IMPORTANT: 
• Contrast Curve is measured only until D2C , binary lithography is using much higher doses ( ~x2) 
• Development rates for higher doses need to be extrapolated (to this Base Dose)

• How good is this extrapolation? Does it follow a power law, or does it “saturate”?

• Measure CC at shorter development time
• Identical rate model for both – this supports power law extrapolation beyond the measurable part

D2C DBase D2C120 DBaseD2C60

r =r0 ( D / D0)
γ

r : rate at dose D
r0 : rate at dose D0
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Development Rate with RDA system 

eBeam Simulation Webinar
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Mack Development Model

fit of experimental data with 
Mack model

3D resist simulation vs. experiment after 
resist parameter calibration

Simulation

eBeam Simulation Webinar



Advancing the Standard

22

LAB Simulation: Origin of Lateral Development

eBeam Simulation Webinar
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Outline
• E-Beam Exposure Simulation

• 3D Resist Development Simulation
• 3D Simulation using LAB
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eBeam Simulation Webinar
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Shape PEC Principle

Shape PEC goal:
Move edges locally to 
compensate for short- and 
mid-range energy loss and 
obtain a uniform dose at all 
layout edges.

In a DRC step all edge segments 
are analyzed for the CD and 
distance to adjacent shapes.
A set of representative 
evaluation points (+) is defined.

Move for all PEC segments 
(eval. points) are iteratively
adjusted.

eBeam Simulation Webinar
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Bulk Energy
• Simulation is carried out for 100keV electron exposure on 200nm PMMA on GaAs substrate
• The PSF varies with beam scattering into the resist.
• 20% more energy at the bottom for unexposed area.

eBeam Simulation Webinar

Energy in depth of resist

Resist bottom

Resist top

PSF

Resist top

Resist bottom

ODUS
(overdose = 2)
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Substrate
• What matters the backscattering: substrate material

• The resist profile enhancement is more apparent for GaAs substrate.

Dose PEC

ODUS
(overdose = 2)

eBeam Simulation Webinar

Si GaAs
Cumulative energy of PSF

Si

GaAs

Si

GaAs
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CD

Bigger lift-off process window 
when using ODUS
(resist edge-slope)

eBeam Simulation Webinar

Application: Single Layer Lift-off
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Simulated CD Sensitivity
• In theory, the enhanced image contrast results in enhanced CD sensitivity. 
• The CD change with 5% exposure dose is compared for PEC and ODUS.
• With negative resist profile for ODUS(overdose = 2), the CD change at the resist top is responsible

for patterns from lift-off technique. The CD change for positive resist profile (PEC) is decided at 
the resist bottom.

eBeam Simulation Webinar

Dose PEC

ODUS
(overdose = 2)

Position
Simulated
CD change

Resist bottom 16 nm

Resist Top 6 nm

Dose PEC

ODUS
(overdose = 2)

Dose PEC ODUS
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eBeam Simulation Webinar
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Multi Layer Resist Process

Wafer

Resist 1 – PMMA

Resist 2 – MMA

eBeam Simulation Webinar

• Exposure may consist of multiple 
(e.g. two) „target“ layers

• PEC needs to adjust to two targets

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

layer

Wafer

Resist 1 – PMMA

Resist 2 – MMA

Wafer Wafer

Resist 2 – MMA
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Application Case: Dolan Bridge 

eBeam Simulation Webinar

E-beam Simulation 

Wafer

Wafer

After Development Evaporation with 2 angle
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Application Case: T-Gate
• Combination of

multi-layer resist
and dose steps on 
the wing.

• Energy and resist 
development front 
after BEAMER 
correction

eBeam Simulation Webinar
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eBeam Simulation Webinar
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3D Grayscale
• Grayscale lithography requires

• Adjust absorbed energy at all location
• Consider contrast curve (development rate) for target
• Consider proximity effect, also over z (resist thickness)
• Consider 3D development front 

eBeam Simulation Webinar

Contrast Curvex – z Absorbed EnergyTarget Shape Lateral Development
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Lateral Development

• Isolated shapes develop independently, with 
development rate depending on exposure 
dose

• When regions of different dose are adjacent, 
as in 3D lithography, the regions have a large 
interaction, and lateral development 
correction is essential if you want the correct 
height in each

eBeam Simulation Webinar

2x Dose 1x Dose

2x Dose 1x Dose
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Summary
• Absorbed energy simulation of e-beam lithography is straight forward

• Electron scattering PSF is modelled well by Monte-Carlo simulation
• Absorbed energy in the resist iscomputed by convolution of PSF with the (dose 

modulated) layout
• Absorbed image analisys enables optimization of litho quality (image contrast, cd/dose 

sensitivity) 
• 1st leve approach: x-y resist contour can be modelled using threshold model using

• 3D e-beam simulation including resist development process 
• Absorbed energies are transfered to dissolution rate using Development Rate Model
• Develoment Rate Curve can be generated from Contrast Curve 
• Development front over development time is simulated using a fast marching with local 

development rates
• Application example for 3D e-beam simulation

• Density dependent lateral development
• Overdose-Undersize (ODUS) for improved resist profile
• Multi-layer resist processes: Dolan Bridge, T-Gate with shaped wing
• Greyscale (3D) lithography

eBeam Simulation Webinar
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