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Lithography in a nutshell
• In the semiconductor world, lithography is the printing technology 

used to mass-produce chips like microprocessors, memory and 
flash that are at the heart of electronic devices.
• Around 30%-40% of the total cost during IC manufacturing



Lithography in a nutshell
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Lithography in a nutshell
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Students at work



Students at work
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Students at work

Ideal Exposure: 26 seconds

Positive Photoresist (Shipley 1813) results
Profilometer Scan (left) – Optical Microscope (right)

Over Exposure: 30 seconds

Over Exposure: 36 seconds



A simulation tool to mimic the process
• A free tool to teach students lithography
• A tool to allow students try different parameters, combinations quickly and 

convincingly
• A tool to allow cases that cannot be realized in the lab due to costs
• A tool to prepare students for the next level

Matlab Mathworks GNU Octave



A simulation tool to mimic the process
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A simulation tool to mimic the process

a: Period

Dx: aperture
Dx=a*q



A simulation tool to mimic the process

λ: Exposure Wavelength
NA: Numerical Aperture



A simulation tool to mimic the process
History of optics in lithography: Lenses Get Larger, wavelength shrink => NA ↑, λ ↓
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A simulation tool to mimic the process

λ: 432nm
NA: 0.5
1µm Mask
0.5µm Apertures
RESOLVED!



A simulation tool to mimic the process

λ: 432nm
NA: 0.5
0.6µm Mask
0.3µm Apertures
NOT RESOLVED! Resolve!

light



A simulation tool to mimic the process

λ: 193nm
NA: 0.5
0.6µm Mask
0.3µm Apertures
RESOLVED!



A simulation tool to mimic the process

λ: 193nm
NA: 0.5
0.3µm Mask
0.15µm Apertures
NOT RESOLVED! Resolve!



A simulation tool to mimic the process

λ: 193nm
NA: 0.5
0.3µm Mask
NOT RESOLVED!

λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
RESOLVED!



A simulation tool to mimic the process
λ: 193nm
NA: 0.96
0.3µm Mask
0.015µm Apertures (q=0.05)
Underexposed!



A simulation tool to mimic the process
λ: 13nm (Extreme UV)
NA: 0.96
0.3µm Mask
0.015µm Apertures (q=0.05)
Resolved!



A simulation tool to mimic the process
λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
t=2 second exposure
Underexposed!



A simulation tool to mimic the process
λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
t=6 second exposure
Underexposed!



A simulation tool to mimic the process
λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
t=16 second exposure
Underexposed!



A simulation tool to mimic the process

λ: 193nm
NA: 0.5
0.3µm Mask
NOT RESOLVED!

λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
t=25 second exposure
Ideal!



A simulation tool to mimic the process
λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
t=30 second exposure
Overexposed!



A simulation tool to mimic the process
λ: 193nm
NA: 0.96
0.3µm Mask
0.15µm Apertures
t=40 second exposure
Overexposed!



Other Possibilities
• Immersion Lithography, defocusing (Depth of Focus) study
• Resist Chemistry (Dill Parameter C – exposure kinetics)
• Resist Chemistry – Resist Contrast 
• Development time
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