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Technical Digest: The ILD — 100 ® for Advanced CMP  Pad
Surface Characterization

Bulk modulus of a typical ‘hard’ pad ranges from 500 to 700 MPa which is much
larger than the apparent modulus of the surface of the pad (typically in the range
of 1 — 20 MPa). This difference is due to the fact that CMP pads have rough
surfaces (i.e. appx. tens of microns) consisting of asperities which compress
easily under loads typically used in CMP processes. Since CMP involves contact
between the wafer and the surface of the pad (i.e. not the bulk region of the pad),
information regarding the mechanical properties of the pad surface cannot be
overlooked when synthesizing pads with desired surface properties.

Araca’s new incremental loading device, ILD — 100 ® (figure 1) is a contact
method used for quantifying the distribution of pad asperity heights under
compression.

Figure 1: Araca’s new incremental loading device, ILD — 100 ®



The instrument measures the vertical displacement of the surface of a pad to
sudden incremental loads at equal time intervals as shown in lower curve of
Figure 2.
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Figure 2: Example of incremental loading events (lower curve) and on a pad
sample and the displacement in the pad (upper curve) in
response to the loading events

Compression of the pad surface resulting from incremental loads is shown in the
upper curve of Figure 2 where an initial rapid deformation upon the application of
each load can be seen. For each successive load, the elastic-plastic
compression decreases. Between load applications, the surface can be seen to
creep under the load. Experience has shown that pad and slurry formulations, as
well as different surface preparation methods of the same pad using a
conditioner will produce different elastic-plastic and creep responses in this test.
At very high loads (not practically possible with the ILD — 100 ® as we
intentionally limit the number of weights), most of the asperities would be crushed
and the displacement would be in the submicron range predicted by elasticity
theory for the measured bulk modulus.

During incremental loading, the first load samples the response of the highest
asperities; the second load brings many more of the lower asperities into play,
and so on. The method can therefore be viewed as a way of sampling the
number and height distribution of the asperity population mechanically. A plot of
the initial elastic-plastic incremental displacements versus the ratios of the
successive pressures is often a straight line on a log scale as shown in Figure 3.
This indicates that successive displacements decrease exponentially with each
added load. The slope of this can be described with a single number known as
the pad abruptness parameter ( ) and defined as the distance over which the



pressure ratio drops by a factor of e (about 2.7). The length is therefore the
distance by which the surface compresses if the load is increased by a factor of
2.7. This type of behavior is non-linear but is typical of rough surfaces. Rough
surface mechanical contact theories, such as the Greenwood and Williamson
theory, predict that this kind of behavior will happen when the contacting
asperities have exponentially distributed heights.
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Figure 3: Pressure ratio vs. incremental displacements from
an incremental loading test

It is critical to note that when is small, the asperity summits overall have a tight
range of heights. When is large, very tall summits are seen to be interspersed
with lots of lower summits. On a CMP pad, the above 2 cases correspond to
contacting surfaces that are relatively smooth or rough, respectively. In the case
of the rougher surface, at any given load there will always be a significant
number of tall asperities that are highly compressed. The actual contact
pressures and shear stresses at the summits of these asperities will therefore be
high, and this can promote delamination, localized heating, defects and reduced
planarization efficiency. Since pad-wafer contact is required for material removal
in CMP, variations in can be associated with changes in the coefficient of
friction and in the chemical and mechanical rate constants.

For a CMP pad, surface height distribution can also be characterized using white
light optical interferometry. The value of determined from interferometry (which
represents a surface height decay length) is essentially the same as the
mechanical deformation length measured by ILD — 100 ®. Figure 4 compares
measurements made with the two methods.



Figure 4: Comparison of measurements from interferometry
and incremental loading

While both methods give comparable results, there are several important
differences between them:

Cost — Interferometry requires access to a tool that costs 4 — 5X more
than the ILD — 100 ®.

Sample Size and Measurement Time — At the high resolutions required to
image typical pad surfaces, only a few square millimeters can be sampled
with a stitched interferometry image in a reasonable length of time (i.e.
appx. 2 hours per image). With the ILD — 100 ®, samples that are 100X
larger than those measured by interferometry can be measured in less
than 5 minutes.

Relevance to CMP — Interferometry is a non-contact method. This leaves
some doubt about what will happen when a load is applied to the pad. ILD
— 100 ® is a contact method that provides information about the rough
surface under CMP-relevant loads.

Further Relevance to CMP — Interferometry operates at room temperature
and can only measure pad samples that are dry. ILD — 100 ® can
measure dry as well as moist, or even wet, samples as long as the
moisture does not interfere with the capacitance probe. Most importantly,
the ILD — 100 ® allow for the measurements to be performed controllably
at temperatures ranging from room temperature to 60 T thus mimicking
the actual temperatures encountered during CMP.

Additional Information — In addition to surface height information, when
used in the ‘cyclic loading mode’ (see the section below for details),



mechanical responses such as (1) elastic and plastic compression, (2)
creep, (3) elastic rebound, (4) creep recovery, and (5) plastic deformation
can also be quantified with the ILD — 100 ®. These metrics are critical in
characterizing and comparing pad materials, and in designing pads with
desired surface properties.

ILD — 100 ® is also capable of mimicking cyclic events that are much similar to
the loading cycles of a fixed area of the pad surface as it passes under a wafer
during CMP (shown in Figure 5).

Figure 5: Example of cyclic loading and unloading
events on a pad sample in the ILD-100®

Mechanical responses that can be quantified with the ILD — 100 ® include: (1)
elastic and plastic compression, (2) creep, (3) elastic rebound, (4) creep
recovery, and (5) plastic deformation, all of which are critical in characterizing
and comparing pad materials, and in designing pads with desired surface
properties.

As seen in Figure 6, when the load is dropped onto the pad surface, one can see
an immediate elastic-plastic response followed by creep. When the load is
released, the pad immediately rebounds, but not by the full amount of the initial
compression. As time passes with the load removed, the surface begins to
display some creep relaxation. This indicates that the initial load has plastically
deformed some of the surface asperities. With further cyclic loadings, the initial
loading response decreases over time as the surface accumulates plastic
deformation. At a sufficiently large number of cycles, plastic deformation
saturates and the surface responds essentially viscoelastically (that is, with equal
elastic compression and rebound interleaved with periods of equal creep and
creep relaxation). Our experience has shown that these types of responses to
cyclic loading can be quite different as a function of pad type, pad moisture
content, conditioning process, pad age, applied pressure, pad grooving and the
like.



In the ILD — 100 ®, an annular pad sample, with a fixed one square-inch area, is
mounted on a flat, polished cylinder. A metal-coated optical flat is then placed on
the top surface and a capacitance probe is precision-threaded up through the
hole in the annular pad sample until the surface of the flat can be detected. When
a load is applied, the capacitance probe measures the change of the gap
between the flat and the tip of the probe. Under the conditions described above,
nearly all of the measured displacement can be attributed to pad asperity
deformation.

Figure 6: Example of the type of mechanical responses provided by the ILD —
100 ® on a conditioned hard polyurethane pad sample at room temperature

Araca’s ILD — 100 ® can be used on pad samples that may or may not have a
sub-pad. Their surfaces can also be dry, moist or even wet as long as the
moisture does not interfere with the capacitance probe. Most importantly, the ILD
— 100 ® allow for the measurements to be performed controllably at
temperatures ranging from ambient temperature to as high as 60 T thus
mimicking the actual temperatures encountered during CMP. In all cases, for the
measured data to be more representative of ‘real-life’ situation, it is strongly
recommended that the pad sample be previously broken-in and conditioned
using the customers’ or Araca’s BKM methods.

Before the starting of any tests with the ILD — 100 ®, a light pre-load with a
centering ball is placed on the optical flat. The total initial load on the sample is
appx. 0.3 Ib. The reason for applying such a light pre-load is to flatten the
sample, which usually is slightly distorted after being cut from the pad, and to
deform any edge burrs that might be present.



After the system has stabilized (this takes a minute or so), triggering mechanisms
are used to incrementally drop known weights onto the pad sample. The exact
weight of the first and subsequent loads depends on the pressure range at which
the customer would like to test the pad. To avoid large oscillations, the weight is
dropped only a few tens of microns (the ILD — 100 ® allows for an adjustable
drop distance via a micrometer at the top of the load stack). The ILD — 100 ®
comes with several weights to ensure that the entire range of typical CMP
pressures is covered.

During an experiment, the deformation of the surface is continuously recorded as
a function of time using Araca’s proprietary FSX — 100 ® data analysis and
reporting software which is build on top of National Instrument’s LabView ®
software.

For further information on Araca’s ILD — 100 ®, please see our brochure at
http://www.aracainc.com/products/ild-100. For additional information and a price
guote, please contact us at araca@aracainc.com or call us at 520.465.1419.

We'll will be happy to also test your pad samples using our ILD — 100 ® unit in
Tucson, AZ.



