
FLUIDICAM         

QUICK & SIMPLE LOW VISCOSITY ANALYSIS HIGH SHEAR RATE

Fluidicam  uses a co-flow microfluidic principle to measure
viscosity. The sample and a reference solution are simultaneously
introduced into the microfluidic channel typically 2.2mm X 150μm)
with controlled flow rates. This results in a laminar flow where the
interface position between sample and reference relates the
viscosity ratio and flow rates.

Images acquired during the measurement allow to calculate the
position of the interface and plot directly an interactive flow
curve.

Colloidal silica slurries are used in the process of chemical mechanical polishing, CMP. This is
an essential process in the semiconductor industry, it is used to make silicon wafers for
circuitry perfectly smooth.

During the polishing process, there is a high amount of shear applied to the CMP slurry so it
is important to characterize the rheological behavior of the slurry at a high shear rate. The
slurries can be filtered to improve their properties, this application note describes how the
filtration affects the viscosity of slurries.

Reminder on the technique

INTRODUCTION
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Fig. 1: Fluidicam measuring principle

Method
A series of CMP slurries were tested using FLUIDICAM       . Firstly,
the stock solution, S1, was tested, then S1 was diluted to obtain
D1 which was also tested. After this, the diluted slurry was
filtered for 5 minutes and 24 hours and re-tested, these
solutions are labelled F5 and F24. Applied shear rates were
between 5 000 - 75 000 s   to mimic the polishing process. All
tests were done with a 50μm chip using a reference solution of
water with dye. Each sample was measured twice at 25°C.

The graph below, figure 2, shows the 2 flow curves for each sample,
S1, D1, F5 and F24.

Viscosity measurements of CMP Slurries

Fig 2.Visocisty of CMP Slurries at 25°C.
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To understand why the viscosity of the solutions increase after
filtration, granulometry measurements were done to determine
the particle sizes in the solutions. The information for the
smallest (<0.6μm) and largest particles (>2.0μm) in the solution
is displayed in table 1

Slurry solutions contain a mixture of large and small particles as
shown by the image a).

Table 1: Particle size measurements using granulometry.

Fluidicam RHEO offers a quick and easy way to
check the dispersion of the particles in CMP

slurries because of the relationship that exists
between particle size and viscosity. It gives

essential information to help formulators tailor
to their specific needs. Measurements are

done quickly (couple of minutes) and
effectively with no re-sampling needed

between different temperatures.

CONCLUSION

Comparative Study: Particle Size Distribution

   

Particle
Size

D1 
(non-filtered)

F5 
(5 min-filtration)

F24
 (24h-

filtration)

<0.6μm 2673676 2551440 2522058

>2.0 μm 24579 3321 3093

It is clear that, after filtration, the number of large particles in the
solution dramatically decreases, approximately 78% less than
D1. However, the number of small particles only slightly
decreases, approximately 6% less than D1.

When this information is coupled with the FLUIDCAM    data it
shows that the increase in viscosity is due to the small particles.
When the solution is filtered the large/small particle ratio
changes because the big particles are taken out, this leads to a
higher viscosity being observed for the diluted sample. The shear
thinning behavior of the non-filtered samples is due to the large
particles because the shear thinning decreases after filtration.
FLUIDICAM   can be used to determine the viscosity of the
solution and therefore give an indication of the size of the
particles present in the solution.

This graph shows that when S1 is diluted to obtain D1 there is a
decrease in viscosity. Shear thinning behavior is observed for
both, with slightly more shear thinning for S1. When D1 was
filtered for 5 minutes to obtain F5 there is a clear increase in
viscosity. The slurry filtered for 24 hours, F24, has an even higher
viscosity. However, after filtration both solutions show less shear
thinning behavior.
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