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In atypicd chemicd-mechanicd planarization
(CMP) process material isremoved from the surfaceof a
wafer through mechanicd interadions with the polishing
pad and through the cmbined chemical and mechanicd
adion of adurry containing abrasives and weak etchants.
The palishing pad elastic properties are aiticdly
important to CMP, as they contribute to dired pad-wafer
abrasion and also to indired pad-durry particle-wafer
abrasion.

We investigated the €fed of immersion in water
on the pali shing performance of typicd 1C1000 @dsin
sili con dioxide polishing using a dual-axis polisher. First,
we immersed padsin deionized water for 24 hours or 10
days, and we measured the dastic moduus of the pads
under loads representative of CMP. We found that the
modulus of dry pads was ~370 MPa, whil e the pads
immersed in deionized water had an average moduus of
280MPa. Intheseresults, the duration of immersion in
water beyond 24 hours had no appredable dfed on the
bulk elastic modulus of the pads.

It is believed that the penetration of water into
the surfaceof the palishing pads during immersionin
water led to the reduction in modulus. Spedficdly, the
water in the pad is believed to disrupt hydrogen bonding
between adjaceant polyurethane dchains, reducing the pad
modulus. Infrared spedroscopy analyses of the pads
following immersion confirmed a reduction in hydrogen
bonding in the pads following immersion. When the pads
were dlowed to dry and the water |eft the interior of the
pad, the dastic modulus increased again. Infrared
spedroscopy confirmed the re-establishment of hydrogen
bonds following pad drying (1).

It is generally accepted that harder pads will give
higher removal rates during CMP than softer pads, and we
expeded that the reduction in the pad elastic moduus
resulting from immersion in water would lead to lower
polishingrates. A series of experiments was performed in
which 5 wafers were palished sequentialy over a5 day
periodto test this hypothesis. Wafers 1, 3, and Swere
prime TEOS rate wafers, and wafers 2 and 4 were
redaimed wafers. On day 1, anew 1C1000 fad was
mounted on an IPEC 472 pdisher, and the 5 wafers were
poli shed using a non-optimized, non-commericd process
In-situ conditi oning was applied during the palishing. At
the end of day 1, thetod was %t on ‘wet-idle’ mode for
24 hours. During thistime, water was rayed on the pad
periodicdly to keep the pad surfacewet at all times. On
day 2, approximately 24 hours from the start of
experiments on day 1, the sequence of wafers was
polished again, and the same protocol was repeaed on
day 3. Onday 5, approximately 48 hours after the onset
of experiments on day 3, the sequence of wafers was
polished. In situ conditioning was used at al times, but
no conditi oning was appli ed between the end of poli shing
of wafer 5 on one day and the onset of polishing of wafer
1 on the subsequent day.

The palishing results from day 1 were
inconclusive. The 5 wafers polished and the in-situ
conditi oning during the padlish simply served to bred-in
thepad. Ondays?2, 3, and 5 wafers3 and 5 pdished at a
rate between 2550and 26 A/minute. On days 2 and 3,
wafer 1 pdished at arate between 2400and 2450
A/minute, representing a reduction in rate of ~6%
compared to wafers3and 5. On day 5, wafer 1 pdished
at arate of ~2340 A/minute, representing areduction in
rate of ~10% compared to wafers 3 and 5. The only
differencein the pad between wafer 5 of one day and
wafer 1 of the subsequent day was the immersion in
water. Therefore, it was concluded that the reduction in
hydrogen bonding caused by water penetration into the
pads, and the subsequent reduction in pad elastic
modulus, caused the reduction in pdlishing rate. Since
wafers3and 5 mndays 2, 3, and 5 pdished at roughy the
same rate, it appeas that by the time the 3" wafer is
polished, a stealy-state has been readed. Inthis date,
the rate of pad softening due to the penetration of water
into the pads is balanced by the removal of the pad
surfacedue to the mmbined conditioning and pdishing
processes.

Asthe surfaceof the pad softens with increasing
water penetration, the pad asperities' ability to deformis
incressed. Asaresult, the aea of contad between the
pad asperiti es and the wafer surfacewill increase asthe
pad surfacegrows fter. Theload on any individual
asperity will be reduced as the areaof contad increases,
and this should produce areduction in padlishingrate. The
Greenwood-Willi amson microcontad model (2) is used to
understand the consequences of the reduction in pad
elastic modulus on CMP performance. Using this
approad, it was determined athat as the pad elastic
modulus drops from 11x10° Pato 5x10° Pa, the aeaof
asperity-wafer contad increases by nealy afador of 10.

In addition to increasing the aeaof contad and
reducing the load on individual asperities, asperity
softening also will deaease the locd separation distance
between the pad and wafer. This potentially all ows
increasingly small er particlesto be pushed into contadt
with the wafer surfaceby the pad, perhaps raising the
palishingrate. Thiseffed will tend to offset the reduction
inlocd pressure due to asperity softening.
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