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Microsystem Fabrication 
Process

Lecture 11
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Lithography

Key topics

• ResolutionResolution

• Depth of focus

• Overlay errors

• Photoresist response

• E-beam and X-ray lithography
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E beam and X ray lithography
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Design => Mask => Wafer
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Figure. Typical process flow
in photolithography step
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Optical Lithography

Contact printing:

h

Photo
mask
plate

photoresist
wafer

Resolution R < 0 5 m
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Resolution R < 0.5 m

Mask plate is easily damaged or
accumulates defects

Proximity printing:

h

g ~ 20 m

photoresist
wafer

exposed

R = k(g)1/2
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• ~ 1 m for visible photons
• much smaller for X-ray
lithography
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Projection printing:

h De-magnification: nX
10X stepper
4X stepper
1

photoresist
wafer

1X stepper

lens
Focal plane
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exposed

• ~ 0.2 m resolution (deep UV photons)
• trade off: optics complicated and expensive

Aerial Images Formed by Contact Printing, Proximity Printing and Projection Printing
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Optical Stepper

Scribe line Field size increases
with future ICs

1 2
wafer
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Image field
Translational
motion

Excimer Laser Stepper
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Photon Sources

• Hg Arc lamps 436 (G-line), 405 (H-line) and 365 (I-line) nm

• Excimer lasers: KrF (248 nm) and ArF (193 nm)

• Laser pulsed plasma (13 nm, EUV)
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Source Monitoring

• Filters can be used to limit exposure wavelengths
• Intensity uniformity has to be better than several % over the collection area
• Needs spectral exposure meter for routine calibration due to aging

Projection Printing Considerations

(1) Resolution
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k1 = a constant between 0.25 and 1, depending on optics, resist
and proces latitude
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Line and Space Definition for the class
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remaining on the

Lens
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simulation domain

Positive resist
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wafer

Bragg Condition
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Ray of light
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Qualitative Explanation of Image Degradation by Lens
Mask
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,2,1,0 n

sin  = NA of lens
P

L L

P = 2L

Effect of Fourier
components on aerial
image of a reactangular
waveform
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Simulated Aerial Images with Various Degree of Defocus
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Example of DOF Problem


Field
Oxide
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Different photo images
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Requirements (1) and (2) need a compromise between  and NA!
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Requirements (1) and (2) need a compromise between  and NA!

Image Quality Metric: Contrast
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 The contrast is always
between 0 (no variation)
and 1 (perfect minimum)
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Image Quality Metric: Slope of Image
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*Simulated aerial image of an isoloated line


