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 Resolution
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Overlay errors
Photoresist response
E-beam and X-ray lithography




Design => Mask => Wafer
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(1) Starting wafer with layer
to be patterned

(2) Coat with photoresist
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(3) Bake the resist to set its
dissolution properties
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(4) Expose resist by shining
light through a photomask

(5) Immerse exposed wafer
in developer

(6) Etch the film

Figure 15 Steps required for a pattern transfer using

optical lithography.
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*Optional steps

Figure. Typical process flow
in photolithography step 4




Optical Lithography
‘Contact printing:
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* ~ 1 um for visible photons

Figure 7.16  Intensity as a function of position on the

L4 mUCh Smal Ier for X' ray waler for a proximity printing system where the gap
. increases linearly from g 5 0o g 5 15 mm fafter Geikas
lithography and Ables)

6




SEOSSSSS™ oxsemer
H B B 4X stepper
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e ~ 0.2 um resolution (deep UV photons)
« trade off: optics complicated and expensive

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

Separation Depends
on Type of System
Projection
Proximity
—- \\
——-
w
> ———
— Contact
Incident Mask Resist Wafer . Light Intensity
Planc Aperture at Resist Surface

Wave




Optical Stepper

Field size increases
with future ICs

Scribe line

wafer
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Image field

Translational
motion

Excimer Laser Stepper

Diffuser

Lens
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Objective
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Figure 714 Optical train for an excimer laser stepper
(after Jain).




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)
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* Laser pulsed plasma (13 nm, EUV)

« 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 — —
aperture 7 |

0 f Focal
plane

NA = numerical aperture of lens =siné

k, = a constant between 0.25 and 1, depending on optics, resist
and proces latitude




Line and Space Definition for the class
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Qualitative Explanation of Image Degradation by Lens

Mask lens
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Mask Intensity
A
I
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Why ?

The lens has to collect at least the n = 1diffracted beams
to show any spatially varying intensity on wafer.
Therefore, B (= 21,) < A/NA
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Simulated Aerial Images with Various Degree of Defocus

Aerial Image Intensity
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Note degradation of
image contrast
and image slope
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FIG.7.10  Aerial 1mage intensity of a 0.8\ /NA line and space pattern as focus 15
changed i steps of 0 4 Rayleigh unus.

Different photo images
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@ want smalll,

(2) want large DOF

777/

Requirements (1) and (2) need a compromise between A and NA!
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Contrast:

The contrast is always
between 0 (no variation)
and 1 (perfect minimum)
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*Simulated aerial image of an isoloated line
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