


still less than ideal for holding and
dispensing drug coatings. Stents were
initially designed as scaffolding
structures that had to be able fo flex
as they were inserted and expanded
by a balloon catheter. Thus, they are
typically constructed of a wire mesh or
perforated alloy tube, which provides
good radial strength and relatively
minimal metallic surface coverage. A
more ideal drug-delivery stent might
utilize a larger surface area, smaller
gaps, and very litfle strut deformation
after deployment. Compounds with
narrow toxictherapeutic windows or
different physicochemical properties
may require an even more customized
stent platform.

Coating Concerns

The achievement of an ideal
relationship between stent structure,
coating matrix, drug, and vessel wall
is extremely challenging.” As some
manufacturers experiment with different
materials and stent structures, others
are making rapid progress with
coatings research. There are several
approaches to coating sfents with
medications. Some drugs can be
loaded directly onto the bare metallic
surface of the stent, but most often

a coating matrix that includes the
medication is required. The coating
matrix ensures drug refention during
stent insertion and helps regulate
drug-elution kinetics. By manipulating
the release kinefics of various drugs
in the same coating matrix, distinct
phases of the restenosis process may
be fargefed.

Drugs are released into the blood
stream by particle dissolution or
diffusion when non-bioerodable
matrices are used, or during polymer
breakdown." Ultimately, the thickness
and uniformity of the drug coating
determine the location and amount of
the drug that will be applied to the
surrounding artery. Infimately

understanding and controlling this
process is of the utmost importance in

delivering a successful freatment. Areas

with foo thin a coating might increase
the risk of restenosis, while areas
coated too thickly could lead to a
variety of other complications.?

Metrology Requirements

The production of specialized sfents
that are both efficacious and cost
effective depends upon fast and
extremely accurate characterization of
both stent surfaces and their coatings.
The comparison of such parameters as
inner and outer diameters, cut foces,
and coating differences can be a
fime- and costinfensive practice. With
underlying structures that range from a
millimeter to a centimeter in diameter,
and coating thicknesses from
approximately 1 to 10 microns, stent
manufacturers need a flexible but
extremely reliable and accurate
metrology solution. Even as small as @
micron difference in coating thickness
can have catastrophic consequences
in medication delivery and duration.

Optical profiling, or white light
interferometry, has been firmly
esfablished as the preferred technique
for noncontact, 3D measurements of
surface topography. Other techniques,
like bright field imaging, are unable
fo provide quantitative 3D height or
roughness information about the drug
coating thickness, its uniformity, or the
characteristics of the underlying stent
surface. An optical profiler measures
thickness for every point in the field
of view, highlighting variations in
thickness and uniformity across an
area up to 50 sq mm. Rapid vertical
scans [a few seconds per field of
view), combined with automation
routines ensure that the entire

stent and coating surface can be
measured simultaneously, with fully
recallable stored data for further
analysis as required.

A Vision 3D analysis reveals
a pinhole (in blue on left side) in a
stent's coating.

Optical Profiler Film
Analysis Capabilities

Recently developed algorithms in
Veeco's Film Analysis Application, a
Whyko Vision® software option, use
this full data to accurately quantify
coating thicknesses from approximately
100 nanometers and above. The
package utilizes two algorithms for film
measurements. The Envelope algorithm
measures film thickness down to about
2 microns, whereas the Fourier
Transform algorithm can extend the
film thickness measurement to less than
0.1 micron, but requires longer
measurement times. Using these
algorithms, researchers and
manufacturers are provided a
repeatable and simple means of
displaying critical parameter data

for top and bottom surfaces of a
coating or multiple coatings, as well
as detailed information about the
underlying substrate. Figure 2, for
example, displays a film analysis
comparing data from the top and
bottom surfaces of the coating that
reveals inconsistency in coating
uniformity, including a froubling

bare spot.




The Envelope algorithm obtains the
thickness of semiransparent films by
measuring through the film to the
substrate with the vertical scanning
interferometry (VSI) technique. In VS|,
the optical system is franslated
vertically such that the upper and
lower film surfaces pass through focus.
At each infersection of materials with
a different index of refraction, light is
reflected back into the inferferometer.
For each location in the field of
view, two sefs of interference fringes
develop during the scan. One set
corresponds to the best focus at the
air/film interface; the second set
corresponds to the best focus at the
film/substrate interface.

The smallest measurable thickness is
dependent upon the magnification
objective used. A 50X objective,
because of its shorter depth of focus
and high numerical aperture, can
resolve small distances between the
two fringe sefs and can therefore
characterize thinner films. In order for
the analysis to determine the film's
thickness, the group index of refraction
must be well known and homogenous.
If the index is not known, a step
measurement from the film to the
substrate can be made, and the index
can be back-calculated. For films with
a high index of refraction, thicknesses
as low as 1 micron can be measured.

For thinner films, the new pafent-
pending algorithm determines the
thickness of film by comparing the
measured correlogram from the film
sample with one derived from both
reference measurements and a
physical model of the system. The
thickness is defermined by varying
key parameters in the model and
defermining the properties that produce
the best correlation between theory
and measurement.

The film thickness algorithm requires
that the refractive indices of reference
substrate, film, and film substrate be

known. The Fourier transform of the
reference correlogram is used as a
zerofilm reference for the measurement
algorithm. The material for the
reference substrate can be different
from the film substrate as long as

no film is on the surface and ifs
visible-light refractive indices are
known. The refractive indices of the
film and the substrate over the visible
range should also be known; and af
least one refractive index for each

film and substrate should be provided
it the dispersion of the material is
small. Wyko Vision provides a simple
inferface for entering and generating
these and other “required” parameters,
allowing users fo utilize all the

film thickness algorithm'’s routines
without complexity.

Measuring Parylene Coatings

Of particular interest to sfent and
coating manufacturers is the success
that the Film Analysis package for
opfical profilers has had in
characterizing thin coatings of
parylene. Most silicones, acrylics,
epoxides, polyesters, and urethanes
have toxic or non-biocompatible
aspects and, as liquid coatings, are
difficult to apply uniformly.* On the
other hand, parylene does not trigger
an immunological response and is
deposited as a polymerizing vapor
that can molecule by molecule thinly
coat even around wire junctions and
other small sfent substrate surfaces.

Parylene films have no contaminating
inclusions, they don't “out gas,” and
They form effective contamination,
moisture, and chemical barriers that
are highly resistant to the damaging
effects of body fluids, electrolytes,
profeins, enzymes, and lipids.” In
addition to these valuable properties,
parylene is also effective as a bonding
layer and a drug-release control agent.
As a bonding agent, parylene
coatings are applied between the

metal stent and the drug or drug-carrier
polymer. This surface is much more
conducive fo medication loading than
the bare stent. As a drug-release
agent, parylene can be applied over
the drug-coated stent surfaces in layers
sufficiently thin such that its matrix
structure becomes open and porous.
At these angstrom thickness levels,
parylene allows drug molecules to
pass through it at a rafe that is @
function of film thickness and drug
molecule size.

Manufacturers can also manipulate the
thickness of the coating and vary the
ratio of drug fo parylene in a multiple-
layer construct. These affributes enable
it to provide control of the drug-delivery
rate. In a multilayer device, for
example, a drugo-carrier polymer
ratio that is higher in the inferior layers
than in the external layers could result
in a lower initial dose delivery and in
a fofal dose that would be delivered
more uniformly and over a susfained
period. By placing the greater
concentration of the drug toward the
sfent strut surfaces, control over the
drug’s administration rate can be
improved significantly.® Similarly,
parylene can be used in multiple layers
fo release a combination of drugs in a
prescribed order and timeframe.

Most of these affributes are dependent
upon guaranteeing thin, uniform, and
quantifiable coatings of parylene.
Optical profiling and the Film Analysis
software package provide the
necessary means to accurately
characterize these thin films, relatively
quickly, without impacting the stent or
any of its coatings. Figure 3 shows an
analysis of a parylene coating with an
average thickness of 1.74 microns.
Very specific defails of the fop and
bottom surfaces of the coating and the
uniformity of thickness are available.
The same scan can be subsequently
analyzed for underlying substrate
information or dafa on other layers.







