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Chapter 7

ADVANCED LITHOGRAPHY II: OPTICAL HARDWARE

In this chapter the topics related to microlithography optics and hardware
pertinent to IC technology at the start of 2001 decade are discussed. These
subjects include: excimer-laser light-sources; optical-alignment-tools (stepper-
scanners) for the 248-, 193-, and 157-nm lithography generations; resolution-
enhancement-techniques; and next-generation lithography (NGL).

7.1 EXCIMER-LASER DEEP-UV LIGHT SOURCES

Excimer lasers are used to produce the light needed for deep-UV optical
lithographic exposure systems. Deep-UV laser sources will dominate what many
industry experts believe will be optical lithography’s final arena before an
industry jump to the post-optical era. Such laser-light sources are essential
enabling elements for lithography for the next three critical-dimension nodes of
the industry’s roadmap. The term laser is an acronym for light amplification by
stimulated emission of radiation. The krypton-fluoride (KrF) excimer laser is
used to produce DUV light with a wavelength of 0.248-um (or 248-nm). Argon-
fluoride (ArF) excimer lasers are employed to produce DUV light with a
wavelength of 193-nm, and F, excimer lasers for 157-nm DUV light. No
fundamental changes are necessary to allow a KrF-laser to operate as an ArF-
laser, except to change the gas composition in the laser’s plasma tube and the
mirrors that make up the cavity.

By 2001 the KrF-excimer-laser had become the light source of choice in
mainstream, high-volume, advanced IC production (i.e., for 0.35-, 0.25-, and
0.18-um-CMOS technologies). At the same time, ArF-excimer-lasers were being
installed as the light source for 193-nm stepper/scanners that were being used for
advanced process development applications, as well as for some pilot-line
production (i.e., for sub-0.2-um-CMOS process-development lines). It is conject-
ured that ArF lasers will displace KrF between 130-nm and 100-nm, albeit not
until ArF maturity is reached in production. ArF has the potential to be the
dominant source down to the 100-nm to 70-nm technology-nodes. Below 100-
nm, the F, laser appears as a possibility.!

An excimer is an exotic molecule formed by one atom each of a noble gas and
halogen atom. This dimeric molecule is bound only in a quasi-stable excited state.
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