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Our previous work on spatial non-uniformities in deep-reac-
tive 1on etch (DRIE) has provided a method by which an etch-
ing tool and associated “recipes” of operating parameters may
be pre-characterized [1]. That work allowed the wafer-average
pattern opening density (or “loading”) to be related to wafer-
scale etch rate variations. Such variations have been attributed
to loading-dependent interactions of the flux densities of S F

1ons and I neutrals and to shifts in the gross flows of fluorine
across the wafer [2]. Unlike some other approaches [3—3], our
method captures asymmetries in the fluxes within the chamber.
Our approach is now supplemented by an understanding of
how uniformity depends on the localization of etched patterns
within the wafer (Figure 1). A semi-physical model represents
the diffusion of monatomic fluorine etchant parallel to the wa-
fer’s surface, giving a two-dimensional filter which translates a
discretized map of pattern density into a prediction of how etch
rate will vary within and between dies [6]. This die-level mod-
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A Figure 1: Diametrical variation of etch
rate for 11 wafers with differing average
pattern density. Heavy bars indicate the
portion of the diameter into which etched
silicon was concentrated.
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el is readily combined with the existing wafer-level model. To
tune this combined model for a new recipe, a set of about
five test wafers is etched, and fitting algorithms are run with
etched-depth data. Collaborative experiments with Surface
Technology Systems Ltd have demonstrated our approach
in use with a prototype etch tool. Further experiments have
compared the characteristics of different manufacturers’ tools.
We have also quantified a memory effect whereby the aver-
age pattern density of one etched wafer can affect the average
rate and non-uniformity with which a subsequent wafer etches
(Figure 2). In the future we aim to incorporate well-known fea-
ture size or aspect ratio effects into our model [7]. We envisage
our approach being integrated into computer-aided design
systems for MEMS and believe that it will be of particular
use when one is keen to preserve a fast-average etch rate and
is thus loath to win uniformity by reducing the chamber pres-
sure.
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A Figure 2: The influence of the average pattern density (p) of one etched
wafer upon the rate and uniformity with which the subsequent wafer etches. It
is observed that a wafer’s etch rate is slightly accelerated when the preceding
wafer has a very high etched density; moreover, the shape of the nonuniformity
is also echoed.
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