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The trend in the microeledronics industry
towards fabricaing smaller and smaller feaures on larger
wafers with more layers of meta in the badk-end is
increasing the time and cost pressure on traditional
empiricd process development for plasma eching. This
has triggered adive exploration of dry etch mechanisms to
correlate general plasma and surface taraderistics with
process conditions. A phenomenologica understanding
of etch processes has improved significantly over the last
decale. Integrated equipment-feaure modeling of plasma
etching processs has evolved to the point that a“knob-to-
fedure” description of the dch process can be dfeded
given the right model inputs. With cdibration from initial
experiments, an integrated model can efficiently link
etching results to process knobs, and provide predictive
suggestions for processand equipment optimizaion. The
development of an integrated plasma ejuipment-fegure
modeling infrastructure with incorporated surfacereadion
medanisms, and its application to a photoresist/dieledric
etching system, are the focuses of this work.

The simulation herarchy developed here
includes coupled equipment and feaure scde models.
Discharge eguipment modeling is based on the 2-
dimensional Hybrid Plasma Equipment Model (HPEM),
which has been developed at the University of 1llinois.[1]
The plasma is approximated as a fluid in the HPEM.
Eledromagnetic fields, eledron energy distribution,
spedes urce functions, densities, and fluxes are
cdculated by sequential modules in an iterative fashion.
The HPEM results on spedes fluxes and eledromagnetic
fields are post-processed in a Monte-Carlo sheah model
to generate energy and angle distributions of fluxes
incident to the wafer. The fluxes and their distributions
are inputs to the feaure scde model, which computes the
time evolution of profil es using a Monte-Carlo technique.

We  investigated etching of  stadked
photoresist/SIO, filmsin inductively coupled fluorocarbon
(c-C4Fg/CF,4 based) discharges. The gas phase dhemistry
isbased on a validated set of eledron impad cross £dion
data[1l] The dch mechanism for SIO, includes neutral
passvation, CF, polymerizaion, and ion asdsted removal
of volatile products, which are generally believed to be
the dominant processes.[2, 3] The medanisms devel oped
here for photoresist etching consist of ion sputtering, ion
adivation, polymer depasition, and atomic F etching of
adivated sites. lon-surface interadions are energy and
incident angle dependent in the model. Modeling results
on etch rates for SO, and photoresist were validated by
comparing with experiments at various bias powers.[Fig.
1] Profile simulation was aso validated by comparing
modeling and experimental results.[Fig. 2] The model
guantitatively cgptured the nature of the evolution of the
photoresist corner facd, which was attributed to the
angdar dependent sputter yield. The validated
SiOy/photoresist  etch model was then applied to
investigate the performance of a representative inductive

plasmareador with 300mmwafer. The impaa of various
procesdequipment parameters (gas chemistry, power
supply, gas inlet, etc.) on the plasma properties (fluxes,
ion energy, etc.), and their influences on etch results (rate,
seledivity, profile, etc.), were investigated.
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Fig. 1. Comparison o experimental and simulated etch

rates for SiO, and photoresist at various bias powers.

Results were obtained from Ar/c-C,Fg plasma éching
conducted in acommercial inductive discharge toal.
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Fig. 2. Etched photoresist profiles from (a) simulation,
and (b) experiment. Results were obtained from Ar/c-
C,Fg plasma etching conducted in a commercial
inductive discharge tool.
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