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The stability of pdishrateisa aiticd fador in the cntrol
of oxide chemicd mechanicd poalishing processes. While
it is generally accepted that polish rate stability, and even
absolute pdish rate, are highly coupled to pad
conditioning, the mechanisms by which pad conditioning
effeds polish performance through modificaion of the
pad surfacestate ae poarly understood

Pad conditioning is the ad of removing or abrading a thin
layer of the pad to refresh and maintain the palishing
surface In a state of the at process conditioning is
achieved through contad of the pad with a diamond
abrasive disc. To enable advanced CMP processes, amore
complete understanding of the relationships between pad
conditioner design, conditioning process parameters, pad
surface morphology and pdish performance must be
developed. The &ility to manipulate pad conditioner
surfaces by changing parameters guch as diamond crystal
size, diamond crystal morphology and crysta surface
density has been uilized to generate a range of pad
surfaces on a variety of pad platforms and in a range of
different CMP applications. In addition, analyticd
techniqgues have been developed to quantify subtle
variations in the pad surface morphology. The
combination of these tools combined with an extensive
database of pdlishing data, has enabled some significant
insights into the medhanisms involved in the control and
maintenance of padlish rate through pad conditioning in
oxide CMP.

Succesdul design of a mnditioning strategy for oxide
CMP involves driking a balance between the influence of
the conditioner and the wafer on the pad surface Figure 1
illustrates 2.4 x 1.8 mm verticd scanning interferometry
images of typicd “conditioning dominated” and “wafer
dominated” pad surfaces and representative line scans
extraded from these image data. On the nditioning
dominated surface the pad has been subjeded to a
“bres-in" process consisting of prolonged pad-
conditioner contad without polishing wafers. The wafer-
dominated surfaceis generated through prolonged wafer
palishing in the @sence of conditioning. As figure 1
ill ustrates, the dfed of the pad-wafer contad isto deform
pad surface aperities. Conversely, the dfed of pad-
conditioner contad is to restore and maintain a random
distribution of surface aperities through the removal or
modification of the damaged layer induced by pad-wafer
contad. Polish rate stability can be redized by adjusting
process conditions and/or conditioner surface design to
modify the aility of the cnditioner to corred the
deformation caused by pad-wafer contad and thereby
maintain a onsistent pad surface

When pad surfacedata of the type ill ustrated in figure 1
are represented in the form of a probability distribution as
a function of pad height, charaderistic feaures are
observed. In most cases these distribution functions can be
acarately modeled with 1 or 2 modified Gaussan or
Peason component peds, from which a handful of

charaderistic fitting parameters can be etraded. This
methoddogy alows for the quantification of both subtle
and grosschanges in pad surface statistics.

Numerous experimenters have demonstrated the
phenomenon of an approximately logarithmic deca/ of
polish rate in the &sence of pad conditioning. In an
analogous dynamic example, non-linea deviations from
Prestonian polish behavior can be interpreted in the
context of the cmpeting effeds of the pad-wafer and pad-
conditioner contad. Figure 2 illustrates non-Prestonian
polish rate behavior induced through insufficient
conditioning. As the wafer down-presaure isincreased, the
wafer effed on the pad surface ca begin to out-pacethe
conditioners ability to compensate, resulting in a
depresed pdish rate. The data in figure 2 show
significant deviation from Prestonian polish behavior as
conditi oner aggressvenessis reduced. As the wafer down
force and hence the glazng effed of the pad-wafer
interadion, is increased the deviations from ided behavior
becwme more significant. Evaluation of the pad height
probability distribution functions associated with these
various process conditions yields ggnificant insight into
the surface morphologicd medianisms through which
conditioning ads to effea palish performance Additional
data will further illustrate how this behavior can be
modified and controlled with conditioner and process
design. A review of the arrent and historicd
understanding of pad conditioning, as well as additi onal
processexamples and a general model for both in situ and
ex situ conditioning will be presented.
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Figwe 1 — Pad surface data illustrating pad surfaces
dominated by pad-conditioner and pad-wafer contad.
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Figure 2 — Polish rate data ill ustrating deviations from
Prestonian pdlish behavior. Three different conditioners



with varying relative levels of aggressveness (high,
medium and low) were used.



