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Fig. 3. (a)—(c) Voxel surfaces obtained from the scanning-white-light inter-
ferometry. (a) Flat and (b) ball surfaces are voxel arrays of 640 x 480 pixels
with corresponding Z-heights about their surface mean. Each square pixel had
a side length of 97 nm. The two surfaces were numerically brought into contact
to calculate the interfacial contact area.

The contact-area results for a 60-mN target normal load using
the voxel calculation method are shown in Fig. 4. The total
area determined by the voxel method was 30.7 zm?, having an
equivalent circular contact-spot radius of 3.13 um. Also shown
in Fig. 4 are the contact-area results obtained using the “gold-
standard” Hertzian and G—-W methods for the same target load
of 60 mN [3], [11]. The gray area shown in Fig. 4 spans the
range of areas obtainable by altering one of the statistical input
parameters in the G—W model, which is the average asperity
radius of curvature 3, from 100 nm for the smaller area to
1 pm for the larger. The effective contact areas were 18.3 and
57.9 pm? for the 100 nm and 1 ym radius of curvatures, respec-
tively. The standard deviation of the asperity-height distribution
was chosen to be 5 nm, although significant freedom exists
also in the determination of what consists of an “asperity” and
distribution about the height mean [12].

While the Hertzian and the G—W calculation methods are
both capable of predicting the contact size, neither the Hertzian
or the G-W method is capable of predicting the spatial distribu-
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Fig. 4. Contact areas calculated using the voxel, Hertzian, and G-W methods.
One notable aspect of the voxel method is the visualization of minor contact
spots within the larger contact area. This information is not obtainable with
the Hertzian and G—-W methods which only compute the effective circular
spot area.

tion of lesser contact spots within the greater contact area itself.
The capability of the voxel method to compute both contact-
area magnitude and local spatial distribution is useful when the
spatially distribution dependent properties, such as electrical
contact resistance and thermal conduction, are to be considered.

III. DiscusSION

The previous section demonstrated that the voxel contact
method, although based on very simple material arguments,
yielded a contact-area result that is comparable to what was
obtained with some of the most widely utilized methods,
which are the Hertzian contact and the G-W model size for
a macroscale contact. However, the unique nature of MEMS
contacts, with very lightly loaded surface interactions, does not
readily lend themselves to the use of traditional contact-area
calculation methods where surface roughness is less influential.
An example of the utility of the voxel-based approach in the
MEMS contact-area calculation is shown in Fig. 5(a)—(c). The
same numerical procedure used to generate the contact area in
Fig. 4 was used to find the contact area, shown in Fig. 5(c),
which is produced by two gold MEMS device surfaces sub-
jected to a load of 1.5 uN.

The irregular surface topography obtained by AFM scanning
represents the characteristic length scale which determines how
the MEMS device surface interactions perform. Operational
friction, wear, and adhesion behaviors stem from the details of
how such rough surfaces interact. Using the measured surface
topography directly to calculate the interfacial contact, instead
of idealized models, seems logical as the ability to obtain high-
resolution surface topographical data from the areas of interest
advances.

The use of this approach in a real MEMS design setting
must be modified to account for the lack of specific knowledge
of registration between the device surfaces. For example, se-
quential application of the voxel contact method using first the
total area of potential contact shown in Fig. 1(a) would identify
the potential areas of contact with limited spatial resolution.
A second topographic scan that is taken at higher resolution
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Fig. 5. (a)—(c) Voxel surface contact for the MEMS electrical contact surfaces
subjected to a 1.5-uN load. The contact area was generated by the interaction
of the surfaces shown in (a) and (b), and it is shown in (c) as a single black
island which measures approximately 30 X 50 nm. The material hardness used
for the voxel simulation was 2 GPa.

centered about the region identified in the coarser topographic
scan, shown in Fig. 1(b), would be used to calculate a spatially
refined contact-area result. Alternatively, the entire contact sur-
face could be imaged and numerically stitched together to form
a high-resolution voxel surface model that is used to calculate
the contact area in a single computational step. Either approach
refinement is achievable with available surface imaging tools
such as AFM that is capable of bridging the length scales
required.

A number of major limitations remain in such direct treat-
ments of surface contact. One limitation is that the far-field
elastic deformations and flexibilities are not modeled, and thus,
the contact patches do not necessarily provide static equilib-
rium. Another limitation is that the surface scans must be
fine enough to capture a finite number of contact events; the
minimum contact area of this model is L2. The redistribution
of the displaced material is expected to result in a real contact
area that increases more rapidly with an applied load than in the
present case. This method strikes a balance between the rigor
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of using the actual surface topographic measurements and the
mathematical simplicity of directly intersecting the discretized
surfaces. Finally, this method is not meant to “reinvent the
wheel” with respect to the underlying foundation of contact me-
chanics but to show how the combination of surface analytical
tools and numerical computation was not available to earlier
investigators can quickly and accurately estimate the interfacial
contact area of real engineering surfaces.

IV. CONCLUSION

The voxel contact area calculation method outlined previ-
ously is preferable to the statistical contact area methods such
as G-W for lightly loaded contact between rough surfaces,
which is due to the absence of assumptions about asperity
shape and distribution. The quantitative topographic data taken
from two surfaces of interest can be used to directly compute
the predicted contact area using the straightforwardly obtained
material constants and simple constituative models. The voxel
rough surface contact model also allows for predictions in
contact-area shape, which is an ability that is completely lack-
ing in the statistically based models. The resulting prediction
of contact-area size and spatial distribution can be used to help
explain the low-force electrical contact and thermal phenomena
for the MEMS applications.
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