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Abstract

With the shrinkage of the dimensions of integrated circuit devices, the feature
size required in the photolithography is getting smaller and smaller. As a consequence,
the amount of pattern that one photomask containing is getting more and more. For
the 65-nm process node, manufacturing the contact-hole layer photomasks for the
layout of logic device can be the most critical lithographic challenge. To achieve all
pitches from dense to isolated simultaneously in a single photomask print ,we requires
low-K1 imaging techniques with high numerical aperture (NA) and various

Resolution Enhancement Technologies (RET). The off-axis illumination (OAI) is one
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kind of RET, it will be helpful to the dense-contact printing. However, OAI will
decrease the depth of focus (DOF) of larger pitches contact-hole pattern and increase
the mask error enhancement factor (MEEF).

To solve this problem, we attempt to apply “Super-Focus Latitude Enhancement
Exposure” (Super-FLEX) to OAI. Thus we find a set of appropriate parameters of
pupil filtering method, using these parameters we can find the best parameters for
mask modulation method. Then we can generate a contact-hole pattern which is
suitable for OAI by the mothod approximated to mask modulation method. But the
process window of this pattern is unacceptable. We must tune the parameters of this
pattern design additionally. Finally we simplify this pattern and make it seem to the
combination of the anti-scattering bar, (ASB). and rim-type PSM and its process
window is comparable to that of rim-type PSM with conventional illumination.
Furthermore, when we using this pattern design with OAI , the spectrum image on the
projection pupil plane is very similar to that of rim-type PSM. They are both with the

benefit of pupil filtering effect of the Super-FLEX and capable of increasing the DOF.
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Figure Captions

Chapter 1

Figure.1-1 A schematic view of a typical projection optical-exposure system
and resolution enhancement technologies.

Figure.1-2 The definition of partial coherence factor, o, and NA of the exposure
system.

Figure 1-3  The various types of PSMs.

Figure 1-4 Shematic view of the FLEX method

Chapter 2

Figure 2-1 The optical lithography exposureand alignment system in a stepper
Figure 2-2 Crossection view of the optical lithography exposure system

Figure 2-3  Basic setup of the optical imaging system

Figure 2-4 The E-D window chart

Figure 2-5 The Bossong Plot

Figure 2-6  The chart to determine process window

Chapter 3

Figure 3-1 The simplified calculation model of Super-FLEX .
Figure 3-2 Principle of the pupil filtering method .

Figure 3-3  Some typical curves of cos(2npf 2 - 6/2) when 6=0.
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Figure 3-4

Figure 3-5

Figure 3-6

Figure 3-7

Figure 3-8

Figure 3-9

Figure 3-10

Figure 3-11

Figure 3-12

Figure 3-13

Some typical curves of cos(2npf 2 - 6/2) when p=1.

E-D curve of 100nm contact-hole using BIM

with conventional illumination, set EL = 7% .

E-D curve of 100nm contact-hole by lens pupil filtering method using
BIM with conventional illumination .

(NA=0.75, EL =7%, £=0.67, 6 =235)

the 2-D contour and 1-D profile of cos(2npf 2 - 6/2) curve,

p=0.67, 6=235°

Principle of the mask modulation method for the Super-FLEX effect.
The result of the modulated pattern contour and profile calculated by
computer program.

The result of the modulated pattern contour and profile calculated by
computer program. (“the center square.are 100% transmissible with 0°
phase , and the four out-trigger are 100% transmissible with 180° phase,
the else region is opaque.)

The E-D curve of the 100nm contact-hole pattern which is modified by
the result of the modulated pattern, set EL=7%.

The E-D curve of the 100nm contact-hole pattern using the mask
modulation method with OAI, set EL=7%.

Our contact-hole pattern design
( the center square are 100% transmissible with 0" phase , and the four
out-trigger are 100% transmissible with 0" phase, the four square

phase-shifting AF are 100% transmissible with 180° else is opaque.)
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Figure 3-14 Modeling and analysis of OAI projection system.

Mask pattern m(x,y) on the object plane received oblique incidence
by partially coherent illumination creating an diffraction distribution
a(fefo, fy-foy)

Figure 3-15 The Fourier transform image of our design on the pupil plane with
conventional illumination. (the dash circle represents the pupil.)

(a) continuous distribution (b) contour .

Figure 3-16 The spectrum image, on projection pupil plane, of our pattern design

with OALI . (the dash circle represents the pupil.)

Chapter 4

Figure 4-1 E-D curve of 100nm contact-hole using-BIM with lens pupil filtering
method.(change B)-.



