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Polisher and Experiment

Araca APD-800 Polisher and Tribometer
Measures shear and normal forces on the wafer.

The Experiment
300 mm blanket Cu wafers
3p x 3V:

p: 1, 1.5, 2 PSI
V: 1.2, 1.5, 1.8 m/s

Slurry: PL-7106 w/0.03% H2O2 @ 250 ml/min
Pad: IC1000 k-groove
Dresser: 3M A165
Time: 60 sec



Preston Plot of the Removal Rate
Mean removal rates in this experiment do not follow Preston’s Law: 𝑹𝑹 = 𝒄𝒑𝒑𝑽.

How can we make sense of these measurements?



Removal Rate vs. Shear Force/Wafer Area
We start with something more basic than Preston’s Law: No CMP tool can remove material 
mechanically without applying a shear force to the wafer.

𝐶𝑂𝐹 ∙ 𝑝 =
𝑀𝑒𝑎𝑛 𝑆ℎ𝑒𝑎𝑟 𝐹𝑜𝑟𝑐𝑒

𝑊𝑎𝑓𝑒𝑟 𝐴𝑟𝑒𝑎



Removal Rate vs. Shear Force/Wafer Area
The data fall on/near lines that radiate from a point on the RR axis that are indexed by speed. This
is not an accident – it happens in every experiment we have examined.

Shear Force Law
𝑅𝑅 = 𝑅𝑅0 + 𝑐𝑝(𝑉) ∙ 𝐶𝑂𝐹 ∙ 𝑝

𝑅𝑅0
Baseline Removal Rate
Not a static etch rate



The Slope Function cp(V)

𝑐𝑝 𝑉 = 𝛼 + 𝛽 ∙ 𝑉 ∙ 𝑉

𝑐𝑝 𝑉 also passes through the origin

since there is no mechanical removal
at any pressure if 𝑉 = 0.

In addition to the slopes corresponding to the three experimental conditions, we know with
certainty that 𝑐𝑝 𝑉 has to pass through the origin.  This is insured by the second factor of 𝑉 below.



Removal Rate vs. pV
Since the data are close to the radiating lines, the shear force model is close to the data …
but, it doesn’t provide any more insight into why the data are this way. The key is the COF.

This equivalence also occurs in 
Preston’s Law, except it involves 
only one line instead of a group of 
radiating lines.





The Removal Rate Near the Experimental Space

B

M H

𝑅𝑅 = 𝑅𝑅0 + 𝑐𝑝(𝑉) ∙ 𝐶𝑂𝐹( Τ𝑉 𝑝) ∙ 𝑝

The RR data have the same concavity as the corresponding points on the Stribeck curve. 
The arrangement of points is a lubrication effect.



The Removal Rate Near the Experimental Space
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The points in the convex hull of the data all lie in the mixed lubrication part of the Stribeck
curve where there is plenty of data. The interpolation in this region is reliable.



The Removal Rate Near the Experimental Space
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Hydro

Hydro

The reliability of the extrapolations in the indicated areas depends on how well the Stribeck
model represents the boundary and hydro regions of the curve.



The Removal Rate Near the Experimental Space
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Pressure Threshold

The model predicts a pressure threshold for shear force removal. At the given speeds, this is just the 
minimum 𝑝 Needed to overcome summit/wafer)lubrication and begin engaging in solid/solid contact.



Baseline Removal Rate RR0 and Contact Area
Archival Experiment: 300 mm Cu polished on D100 using PL-7106 to test conditioners.
Pad samples were taken and contact area measured @ 2 PSI by confocal microscopy.

Gritted  - Cuts the pad surface, producing pad fragments

Not Gritted – Scrapes the pad surface

Conclusion: RR0 is related to contact area.
Hypothesis: Pad fragments cause it. 



Large Contact Areas = Compliant Pad Fragments

Archival Data: Broken pore walls can produce very large contact areas.















Supplementary Slides



Shear Force Law Removal Rate Model Summary

𝑅𝑅 = 𝑅𝑅0 + 𝑐𝑝 𝑉 ∙ 𝐶𝑂𝐹 Τ𝑉 𝑝 ∙ 𝑝

𝑐𝑝 𝑉 = 𝛼 + 𝛽 ∙ 𝑉 ∙ 𝑉

𝐶𝑂𝐹 Τ𝑉 𝑝 =
𝐶0

𝑏 ∙
𝑉
𝑝

𝑎

+ 1

𝑹𝑹𝟎 is the baseline removal rate, the common intercept in a plot of RR vs. 𝐶𝑂𝐹𝑝.
When 𝑅𝑅0 < 0 , the horizontal axis intercept is a removal rate shear force threshold.

𝒄𝒑 𝑽 is the slope function, an empirical fit to the slopes of the rays in the RR vs. 𝐶𝑂𝐹𝑝

plot that also passes through the origin.

𝑪𝑶𝑭 Τ𝑽 𝒑 is an empirical fit to Stribeck data. It describes the balance between
solid/solid contact and lubrication in summit/wafer contacts. It is the fluid-dynamic part 
of the theory.

𝐶0 is the limiting COF at very low speed or very high pressure.
𝑏 is the ratio of the dynamic viscosity to a length scale, Τ𝜇0 𝛿0.
𝑎 is related to the slope at the solid vs. lubricated balance point: 𝑠𝑙𝑜𝑝𝑒 = Τ−𝑎𝑏𝐶0 4.
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