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INTRODUCTION
The inadvertent deposition of contaminants on silicon
wafers during processing can damage or destroy
integrated circuits. One potential source of contaminant
trandation is the spin coating, which is used widely in
semiconductor manufacturing to deposit layers of photo-
resist. This coating processis well understood and has
been successfully analyzed and modeled (1-6).

In addition to deposition of photo-resist, spin coating is
also used as atool to analyze levels of contaminants that
are generated by liquid handling components and filters.
In thistype of test, aliquid or solvent stream passes
through a component or sub-system and then a small
volume is deposited onto a spinning, unpatterned wafer.
After the liquid spins down and evaporates, the surface of
the wafer is examined for added contaminants, such as
particles.

This technique can generate valuable data, but has some
limitations. As the process parameters are not well
understood, the resulting data is empirical, meaning it
may be difficult to compare data generated at other times
or by other researchers using different liquids or
equipment. Moreover, without a fundamental
understanding of the process, it isimpossible to relate the
contaminant levels on the wafer to the concentrations
present in the liquid.

APPROACH
To analyze the technique described above, we used
polystyrene (PS) and silicon oxide (SiOx) nano- and
micro-spheres dispersed in water, propylene glycol
monomethyl ether acetate (PGMEA) or isopropyl alcohol
(IPA) at bulk particle concentrations (c,) of ~0.1-1 x 10°
cm®. Dispersions of these model particles were deposited
onto wafers at various spin speeds (). The number of
particles per area (N) was counted with optical
microscopy or with alaser particle counter. Particle data
was analyzed with the following equation, which we
derived starting from the fluid mechanics analysis of
Emdlie, Bonner and Peck (1). The resulting number of
particles per area (N) isrelated to particle concentration in
the bulk liquid (c,) viathe spin speed (w) of the wafer and
the liquid properties,

N~ Bulpait)Zc, (1)

where p, 1 and t are the density, viscosity and drying time
of theliquid.

RESULTS
Figure 2 shows the number of particles per area (N)
plotted against the concentration (c,) of 1010 nm SiOx
particlesin IPA at room temperature (~20°C). N increased
with c,. For agiven concentration, the N decreased with
the spin speed (w). In Figure 3, the same data are plotted
as N/(3ul pat)? versus c,, according to eq (1). When
analyzed in this manner, the data from the various spin
speeds collapsed onto a single line with aslope
approximately equal to unity. Thus, the model well
describes the experimental data. Other particle-liquid
combinations behaved similarly.

CONCLUSIONS
We were successfully able to model transfer of particles
from chemicalsto the surface of wafers during spin
coating. Thus, knowledge gained here can be used to
better evaluate products as well as allow for prediction of
product performance in semiconductor processes. This
model and experimental method also could be used along
with laser particle scanners to address the metrology gap
that currently existsin liquid particle counting.
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Figure 1. Number of 1010 nm SiOx particles per area (N)
versus concentration (cp) in IPA at ~20°C.
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Figure 2. Same data plotted as N/(3u paft)? versus c,.
The solid line has a lope of one as predicted by eq (1).



