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Design of i-line photoresistsfor small pattern shortening

Pattern shortening (shrinkage of long axis of resist pattern) by defocusing is frequently
attached importance to process specific mask pattern.

At SPIE Microlithography symposium 1995, we proposed a hew analytical procedure on
dissolution behavior of i-line photoresist and a new design criteria for the advanced i-line
photoresist®. By using this new procedure, we also studied on pattern shortening. In this report,
wed like to discuss the design of i-line photoresist having small pattern shortening.

1. Optical image smulation

Figure 1 and 2 show simulated aerial images of L-shape mask pattern at two different focus
offsets. It appears that there is almost no shrinkage of aerial image at the threshold intensity in short
axis by defocusing, and also found that the width of the aerial image of long axis significantly
shrinks. Therefore, it is clear that the pattern shortening should be originated in the shrinkage of
aerial image, which depends on the exposure conditions (such as NA, s). However the pattern
shortening also depends on the photoresist, and we'd like to discuss the resist design to minimize
the pattern shortening.

2. Design concept for smaller pattern shortening

Figure 3 and 4 show the dissolution rate curves and lithographic performance of typical i-
line photoresists. In Figure 3, Resist A gives a slight slope and Resist B gives a steep slope in the
dissolution rate curve. At SPIE, we proposed that the steep slope of dissolution rate curve is
essential to obtain a high resolution and a wide separation DOF?. In fact, Resist B gives higher
resolution and wider DOF than those of Resist A.

By considering the nature of optical images discussed in 1., aresist which has higher
fidelity to the aerial image should give alarger pattern shortening in accordance with the shrinkage
of the aerial image. On the other hand, the resist with the low fidelity to the aerial image should
result in a small pattern shortening. In Figure 3, Resist A shows wider intermediate range between
soluble and insoluble regions. It indicates that Resist A has lower fidelity to the aerial image than
ResistB. The fact that Resist A gives smaller pattern shrinkage in Figure 4 is consistent to this
hypothesis..

As mentioned above, it was suggested that the DOF performance and the pattern shortening
are conflicting each other. Therefore, it is necessary to optimize the balance of these two
performances according to various cases.
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Figure 1
Simulated aerial images
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Figure 2

Cross section of aerial images
at various focus offset
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Figure 3
DRM curves of typical i-line photoresists
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Figure 4-1
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Evaluation Conditions

Substrate: Silicon
(Pretreated with HMDS)
Coating Thickness: 0.75um
(Top of swing curve)
Prebake: on a hot plate
90°C 120sec
Exposure: NSR-200519C
(NA=0.57, 0=0.60)
Post Exposure Bake :
on a hot plate
110°C 60sec
Development :
PD523AD 23°C 60sec
Puddle development
ized water
23°C 20sec

Rinse: Deion
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