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Chemical mechanical polishing (CMP) is a manufacturing process that uses controlled wear to planarize
dielectric and metallic layers on silicon wafers. CMP experiments revealed that a sub-ambient film pressure
developed at the wafer/pad interface. Additionally, dishing occurs in CMP processes when the copper-in-trench
lines are removed at a rate higher than the barrier layer. In order to study dishing across a stationary wafer during
polishing, dishing maps were created. Since dishing is a function of the total contact pressure resulting from the
applied load and the fluid pressure, the hydrodynamic pressure model was refined and used in an existing model
to study copper dishing. Density maps, highlighting varying levels of dishing across the wafer face at different
radial positions, were developed. This work will present the results.
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INTRODUCTION

Chemical mechanical polishing (CMP) is a method used in
semiconductor manufacturing to achieve global planarization
on a silicon wafer, Chemical mechanical polishing (CMP) is
a manufacturing process that uses controlled wear to smooth
a surface with minimal surface damage [1]. While this
rdvanced manufacturing process is suitable for very small-
.cale local and global planarization, much remains to be done
to understand the process. In experiments, it was observed
that a sub-ambient slurry pressure developed [2]. A model
was developed to explain the suction pressures [3].

More recently, copper has emerged as a more favorable metal
interconnect than aluminum [4]. Consequently, research
centers around optimizing copper CMP. Two major problems
with the planarization of copper (Cu) and dielectric materials
are dishing and erosion. Currently, the focus of this work is
on studying the dishing across a silicon wafer. In this paper,
we present the development of dishing-on-wafer maps as a
function of the contact stress and fluid pressure.

THEORY

An existing dishing model determined the average dishing as

the difference between the removal rates of the barrier film

and copper lines. It was reasoned from this, that the copper

dishing, hy, is described by the relationship [5]:
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The interfacial pressure can be determined from contact
stress and the local film thickness.

The pressure model agreed with experiments conducted with
1 steel fixture [3]. In that work, the pressure was predicted

441

according to Reynolds’ equation as a function of the contact
stress o and film thickness h as:
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where, ¢, = pressure flow factor.

The use of the pressure and shear flow factors (¢,, ¢,) account
for the difference in flowrate through a smooth and rough
contact region [6]. Therefore, the pressure equation can be
expressed as:

(3)
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dx\ dx dx [

Taking the boundary pressure values as ambient, equation (3)
was solved using finite differencing in Mathematica®. The
resulting contact stress on the wafer surface gives a total
contact pressure P, which is the difference between the
contact stress and the fluid pressure:

Py (%) = 0(x) = p(x) (4)

This total contact pressure can be used to compute the
dishing as a function of position using equation (1).

RESULTS AND DISCUSSION

In Cu CMP, dishing makes the achievement of global
planarity problematic. Since it is difficult to visualize how the
dishing behaves across a wafer surface, dishing density maps
were developed to capture the varying magnitudes. Dishing
maps are helpful for understanding how it behaves at various
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points on the wafer during polishing. Figure |1 shows a map
»f the copper dishing across the 0.1m wafer.
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Fig. 1: The map shows dishing as a function of position.
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Fig. 2: Copper dishing as a function of contact width.

In Fig. 1, the higher densities of red represent higher dishing
regions. In Fig. 2, the Cu dishing is shown at different
velocities (i.e., pad radii) as a function of contact width using
equation (1).

CONCLUSION

Existing models compute dishing as a function of contact
stresses resulting from the normal load and fluid pressures.
Dishing maps were developed to demonstrate the varying
levels of dishing on a wafer surface. Such maps will serve as
powerful tools for visualizing the effects of dishing and
crosion during CMP. A new model for dishing will also be
introduced in this presentation.
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NOMENCLATURE

B = copper dishing (nm)

= elastic modulus of pad (Pa)

= pressure and shear flow factor

= pad thickness (mm)

= fluid film thickness (um)

= Preston wear coefficient for copper
= fluid viscosity (Pa-s)

= total contact pressure (Pa)

= slurry film pressure (Pa)

= line load (N/m)

= pad conformity constant

removal rate selectivity of Cu/Ta
pad roughness (um)

= applied contact stress (Pa)

= overpolishing time (s)

= linear pad velocity (m/s)

= line width of Cu (um)

= minimum effective line width (um)
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