
Wednesday, April 19, 2017Penn Engineering  |  Singh Center for Nanotechnology Mid-Atlantic Electron Beam Lithography 2017

Gerald G. Lopez, Ph.D.
QNF Senior Manager, Lithography and Process Engineering

School of Engineering and Applied Science Wednesday, April 19, 2017MAEBL 2017

EBL Basics: Spin, 
Contrast and Exposure 
Latitude Curves
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Motivation

You’ve never done e-beam.

You’ve maybe done e-beam.

You’ve done e-beam but made it up as you went along.

I’ve been a grad student before.
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Lithography Competencies

CAD Tooling/ProcessData Preparation
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Process Characterization
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Lithography Process Characterization

• Spin Curve
• Speed Dependent

• Resist Dilution

• Contrast Curve
• Developer Concentration

• Developer Temperature

• Development Time

• Exposure Latitude
• Developer Concentration

• Developer Temperature

• Development Time
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Resist: Spin Curves

Electron Beam Lithography Laser or Mask Aligner Lithography
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Contrast Curve

R
es

is
t 

T
h

ic
k

n
es

s

Dose



Wednesday, April 19, 2017Penn Engineering  |  Singh Center for Nanotechnology Mid-Atlantic Electron Beam Lithography 2017

Contrast Curve: ZEP520A
Optical Image

Film thickness measurements are done with the Filmetrics F40

Process Control 
Monitor (PCM)

The PCM should be exposed 
with a pattern to know if the 

process has moved or not.
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Contrast Curves
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Graphical Definition: Exposure Latitude
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Simulation: Exposure Latitude
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Electron Scattering

Beam Blur

Forward Scatter

Backscatter

Wednesday, July 

20, 2016

QNF Lithography
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Exposure Latitude
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Exposure Latitude + PEC
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Summary

• Getting Started
• Spin Curves

• Contrast Curves

• Exposure Latitude

• Exposure Latitude 
• Effective blur

• Pattern density

• Proximity Effect Correction (PEC) is a superposition of the pattern density 
dependent exposure latitudes 
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Mask Fabrication Services

Soda Lime* >2um >10um

5” Mask $300 $200

7” Mask $400 $300

Soda Lime* >2um >10um

5” Mask $450 $300

7” Mask $650 $400

Industry Rate

Academic Rate

*add $75 for Quartz

*add $75 for Quartz


