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A MEMS tribogauge was used for on-chip and in-situ characterization of nano-tribological phenomena
(stiction, friction, and wear). The measurements were made on the sidewall surfaces on the tribogauge at
the third structural polysilicon layer in the device. The device consists of two orthogonally oriented
comb-drive mechanisms that are used for both actuation and sensing functions. One actuator applies a
normal load (Fn) to a contacting surface, while the other actuator induces a tangential load (FT). A LabVIEW
controlled AD7747 capacitance sensor is used to measure the position of the interacting surfaces. This
data is converted into adhesive force information. The spatial resolution of the characterization apparatus
is ±10 nm. Experiments were conducted with tribogauges with and without a self-assembled monolayer
(SAM) coating. The SAM coatings being explored have a fluorocarbon tail group. The tribogauge with no
SAM coating is UV/Ozone cleaned to remove organic contaminants. The tribogauge characterization
includes: measurement of baseline stiction force FbaselineFOTS , static (FS) and dynamic (FD) coefficient of friction,
and induced stiction force Finduced

FOTS . The UV/Ozone treated tribogauge was used to measure the baseline
stiction force. Additional experiments showed that the induced stiction force increases in proportion to
the increase in the number of load cycles, indicating degradation of the SAM coating and inducing surface
topographical changes to the interacting surfaces.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Microelectromechanical systems (MEMS) have moving parts that
can travel from sub-micrometer to a few micrometers for each input
pulse. For example, an electrothermal actuator (chevron) can travel
up to 10 μm [1]. Rotational gears designed in the SUMMiT-V [2] process
can operate for millions of rotary cycles [3]. In each rotational cycle,
contacting surfaces slide against each other in the hub region. If
either the acting force or restoring spring force in the MEMS device
(contacting and sliding devices only) is less than the surface adhesive
force, the device fails to operate. Since the surface adhesive forces can
be a showstopper for MEMS devices, a tribology study becomes impor-
tant forMEMS [4]. Nano-tribology is the studywhich involvesmeasure-
ment of nano-tribological phenomena such as adhesion, friction and
wear of surfaces under relative motion.

Surface adhesive force can be minimized by either physical modifi-
cation or chemical modification of the surface. Physical modification
of the surface is usually achieved in the fabrication process. By creating
rough surfaces, contacting area can be reduced resulting in lower
adhesive force. Chemical modification is preformed as a post fabrication
step. In chemical modification, a chemisorbed layer onMEMS surface can
alter adhesive properties of contacting surfaces [5]. Chemicalmodification
fax: +1 806 742 1245.
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ofMEMS surface has proved to be a commercial success for reliable oper-
ation of Texas Instruments—DigitalMicromirrorDevice (DMD). Since the
DMD mirrors have several thousand contacting cycles every second, a
low-surface energy coating becomes necessary for the operation of
these devices. Several chemistries were evaluated by Texas Instruments
for their DMDproduct [6]. One of themost popular chemicalmodification
methods is deposition of a self-assembled monolayer on MEMS devices.
Researchers have studied several monolayer nanocoatings for MEMS
devices. Studies were either performed on nanocoated MEMS devices
[7] or nanocoated sample surfaces (such as silicon wafer pieces). All the
nanocoated sample surfaces are characterized using commercially avail-
able tools such as a nano-indenter, an atomic force microscope [8], an
interferometric microscope, an electron microscopy, and a contact angle
goniometer.

The atomic force microscope (AFM) is a powerful tool to measure
surface forces [9]. Using pull-off force measurements, the adhesion
force of MEMS surfaces can be measured. Nano-tribology studies
can be performed on MEMS surfaces using AFM. However, the main
drawback of this device is the study is performed on the interaction
between the AFM probe material and the MEMS surface material.
By using dissimilar materials to study tribology, uncertainty is intro-
duced in the measured adhesion and friction values. To overcome
this issue, several researchers have designed MEMS tribometers,
which measure stiction and friction forces between the actual
contacting surfaces.
S tribogauge, Surf. Coat. Technol. (2012), http://dx.doi.org/10.1016/
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Fig. 1. SEM image of ‘MEMS tribogauge’.
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Some of the early MEMS tribometer designs include capacitance
based cantilevers; the most recent ones are designed using comb-
fingers. Mastrangelo et al. [10] were the first to measure stiction
forces between structural layers using bent cantilever beams. de
Boer et al. used a specially designed “hinge-pad test structure” to de-
termine sliding friction [11]. A wobble motor was used to obtain the
magnitude of the friction force by monitoring the actuation voltage
required for inducing the motion of the motor by Lim et al. [12] and
Mehregany et al. [13]. Prasad et al. [14] and Sneft and Dugger [15]
were among the first to measure the dynamic friction on sidewall sur-
faces. Sneft and Dugger used optical techniques to obtain the dynamic
friction coefficient from their devices. de Boer et al.'s version of a
MEMS tribometer, the “Nanotractor,” was used to obtain the static
friction coefficient for varying normal loads. It was used for compre-
hensive tests with different coating materials [16].

The objective of this work is the development of a MEMS chip-
based characterization tool to be used for in-situ studies and quanti-
fication of nano-tribological parameters including stiction, friction,
and wear. In this paper, the design of the ‘MEMS Tribogauge’ and
details of the characterization setup are presented. Other researchers
have made significant progress in the study of adhesion; friction and
wear for sidewall MEMS surfaces [14,17–21]. Major characteristic
features of our device are: our tribogauge design occupies a relatively
small area on theMEMS chip ~550×600 μm (out of ~2800×6200 μm),
the smallest tribometer found in the literature is at least 100% larger
than our device [18]. There is no linkage between the normal axis
comb drive and lateral axis comb-drive. This leads to individual mea-
surement of the normal and lateral forces. Design by Sneft and Dugger
[15] had the lateral and normal axis tied together. They had to imple-
ment post-process calculations to precisely measure the adhesion
forces. By using Sandia's high performance comb-drive, more force
can be generated and there can be more sense capacitance per unit
area. Our comb-drive does not undergo the levitation effects as de-
scribed by Spengen et al. [19]. We have verified this experimentally
using an interferometry tool. Other tribometer designs [12,15,16,18,19]
have a ‘double-fold spring system,’ which has a dimple contacting the
bottom poly-Si surface. When these devices are under operation, the
surface–surface interaction between a dimple and the bottom poly-Si
will add to the measured stiction force. This corresponds to adding
noise to the absolute stiction force. In our design, the high performance
comb-drive does not have this issue. Hence our design will measure
authentic stiction force between the actual reference surfaces.

2. MEMS tribogauge description

2.1. Design

The ‘MEMS tribogauge’ is fabricated using Sandia National
Laboratories SUMMiT-V process [2]. A scanning electron image
of the fabricated device is shown in Fig. 1. In the SUMMiT-V pro-
cess, five polysilicon layers are used; four layers are used as struc-
tural layers (labeled ‘MMPOLY1 to 4’) and one layer is used for
anchoring purposes/electrical connections (labeled ‘MMPOLY0’).
The comb-drive assemblies used in this design are referred to as
high performance comb-drive actuators (HPCD), which are in-
cluded as “library parts” in Sandia's design tool plug-ins for the
AutoCAD software.

These actuators utilize all the mechanical layers of polysilicon for
the comb-drive fingers, the central shuttle, and the supporting spring
assemblies. The detailed explanation of the suspension system is pro-
vided by Rogers et al. [22]. The stationary combs are anchored to the
substrate while the movable combs are suspended by the springs. The
comb fingers are arranged as comb banks. A total of 16 comb-banks
are included in the design. Each comb bank has 20 pairs of comb fin-
gers. 8 comb-banks are stacked in the Y axis while the remaining
8 comb-banks are stacked in the X axis. The 8 comb-banks in the X
Please cite this article as: A. Vijayasai, et al., Characterization of a MEM
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and Y axes are equally divided as actuation and sense assemblies.
Both X and Y axis comb-drive assemblies are arranged orthogonally
and the interacting surfaces between them (in MMPOLY3) gauge the
tribological phenomena. The X-axis comb-assembly is divided into
two parts and joined through a beam connected to the push head of
one assembly at one end and pull head of the second assembly on the
other end. The normal load between the references surfaces used for
measurements is applied by the Y-axis assembly while the lateral
force to initiate lateral load between the surfaces is applied by the
X-axis assembly.

The comb fingers used in both the X and Y axes have the same
number of actuation fingers and sense fingers. The electrostatic force
generated by the comb-drives for both X (Fxe) and Y (Fye) axes are
given by [22]:

Fey ¼ Fex ¼ Ftot:¼
Nεt
g

V2 ð1Þ

where, N=number of actuation fingers in the comb-drive=80, V is the
driving voltage, ε=εo . εr=product of permittivity of free space
(8.854×10−12 F/m) and relative permittivity (1), respectively, t=
thickness of each finger ~7×10−6 m, and g=gap in-between movable
and anchored fingers which is ~0.9×10−6 m.

The support springs in the comb-drives produce a restoring force
which is equal in magnitude to the applied electrostatic force. The
restoring force in both X (Fxe) and Y (Fye) axes is given by Hooke's law:

Fey ¼ Fey ¼ K�δ ð2Þ

where, k=Kx=Ky=spring constant and δ=linear displacement
made by actuator (δx for the X axis actuator and δy for the Y axis
actuator).

2.2. Operation

The tribogauge device can be used for in-situ stiction, friction and
wear studies. Measurement of stiction and friction forces between
reference surfaces is illustrated in Fig. 2. In Fig. 2, ‘surface 1’ is the
surface on the protrusion of MMPOLY3 in the Y axis, and ‘surface 2’
is on the X beam of MMPOLY3 in the X axis. The Y protrusion (labeled
‘Y HEAD’) can be actuated to apply a normal load between the
surfaces, while the X beam (labeled as ‘X HEAD’) can be actuated to
induce lateral motion between the surfaces.

In the first mode represented in Fig. 2(a), wherein the device is
used to quantify stiction force at the contact, the actuator associated
with surface 1 (Y HEAD.) is initially in the power-off state and the
two surfaces are not in contact with each other (Fig. 2(a) ‘1’). In the
S tribogauge, Surf. Coat. Technol. (2012), http://dx.doi.org/10.1016/
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Fig. 2. Illustration of (a) stiction measurement and (b) friction measurement.

Fig. 3. Outline of the electronic characterization setup. This setup can be used for
tribogauge which has two drives and two sense connections in X and Y axis .
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approach cycle, the actuator connected with the slider is powered on
with an increasing DC voltage. The point at which both the surfaces
are in contact is recorded as the engage point. This happens at a DC
signal of VE volts (Fig. 2(a) ‘2’). If the DC signal is increased beyond
VE, a normal load force is applied on surface 2. The value of the
‘normal load force’ is proportional to the DC signal greater than VE.
In the retract cycle, the DC signal is decreased below the engage
point VE. In both approach and retract cycles, the step change of the
applied DC signal is ΔVα. It is observed that the point of release occurs
at a step value of ΔV2 which is greater than ΔV1 (Fig. 2(a) ‘3’ and ‘4’).
The difference in the point where the contact was established and the
point where the contact was lost will provide information regarding
the stiction force acting between the contacting surfaces.

In the second mode of operation, as represented in Fig. 2(b), the
friction between the surfaces in contact can be studied. In order
to quantify friction, the first step is to achieve the engage point
(Fig. 2(b) ‘1’); this is similar to the explanation of the first mode
(Fig. 2(a) ‘2’). The normal force acting at the contact can be controlled
by the applied DC signal on the comb-drive actuators connected
to surface 1. The applied normal force is proportional to ΔVα

(Fig. 2(b) ‘2’). Once the surfaces are brought into contact with each
other with a pre-determined contacting force, the actuators on surface
2 are powered up with a DC voltage to induce a lateral motion between
the contacting surfaces (Fig. 2(b) ‘3’ and ‘4’). The difference between the
displacement versus voltage curve when surfaces are in contact versus
when not in contact provides information regarding the friction force
between the surfaces. The frictional force depends on both the sliding
distance of X HEAD and the normal force applied by the Y HEAD.
Please cite this article as: A. Vijayasai, et al., Characterization of a MEM
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3. Experimental test setup

3.1. Experimental setup

The experimental setup used in the measurement of capacitance
from the tribogauge is shown in Fig. 3. The tribogauge device along
with an array of ~20 other devices is fabricated on a single MEMS
chip. This chip is wire-bonded on a 48pin DIP sealed with a glass lid. A
capacitance sense board from Analog Device's model#AD7747-EB is
used to sense capacitance values from the tribogauge. A Honeywell–
HIH 4000-001 sensor is used to measure relative humidity (R.H.). Ca-
pacitance read-out and relative humidity values are recorded in log
files. Measurement of the change in capacitance with respect to step
increments of actuation voltage will produce results in the femtofarad
range. Characterization of the capacitance sensor board showed an
error ~±110 aF. This value corresponds to a displacement value of
~±10 nm.

3.2. Evaluation of the setup measurements with accurate dimensions

The origin of electrostatic forces and the counteracting spring
restoring forces in the tribogauge depends on critical dimensions of
the fabricated device. It is important to minimize approximations
while measuring nano-scale tribological phenomena. Our current elec-
trical characterization setup demands accurate inputs of tribogauge di-
mensions, while using it as the ‘device under test.’ We have measured
the critical dimensions using an electron microscope from Hitachi
(#S3400N). These dimensions were incorporated in the calculations
and results are compared for FEA analysis againstmeasured capacitance
values.

The capacitance of the comb-drive mechanism can be calculated
from the equation:

C ¼ ε:A
g

¼ N⋅ εoεr tlð Þ
g

ð3Þ

where, N=total number of comb-fingers=80; εo=permittivity of
free space=8.854×10−12 F/m; εr=relative permittivity=1; t=
thickness of each finger ~7×10−6 m; g=gap in-between movable
and anchored fingers ~0.7×10−6 m; l=overlap length of comb fin-
gers (displacement in μm).

We have performed electrostatic modeling on one pair of comb-
finger with COMSOL multi-physics software. The drive capacitance of
the entire comb-drive assembly is approximated by multiplying the
S tribogauge, Surf. Coat. Technol. (2012), http://dx.doi.org/10.1016/
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result with the total number of comb-fingers. The fringing field effect is
neglected in the model. The geometry of both the AutoCAD design and
the measured design are modeled in the software. Fig. 4 shows capaci-
tance of simulated values and experimentally measured values as a
function of displacement. The simulation results of the AutoCAD design
dimensions (ii) show amaximumvariation of ~57fFwith fabricated de-
sign dimensions (iii). This implies that post-fabrication inspection of di-
mensions is important for quantifying micro/nano adhesion forces.
Experimentally measured values (i) fall in-between (ii) and (iii), but
are closest to (iii). For experimentally measured values, both electronic
sensing and optical characterization schemes were used. A total of four
chips were used in the experimental measurements.

Comparing Eqs. (1) and (3) a relationship between applied force
and capacitance is found:

Ftot: ¼
C:V2

l

 !
: ð4Þ

Evaluating the performance of our electronic sensing setup, we
have calculated the variation in applied force to be 10.4nN, i.e., ±
1.8% of the measured value.

3.3. Spring constant calculation and levitation effects

The value of the spring constant, K, is calculated to be 20.0 μN/μm
for both axes (Kx=Ky). An optical system (Olympus #BX60 micro-
scope) was used for capturing images and post process image soft-
ware (National Instruments - Automated Inspection) was used to
calculate the spring constant.

In a comb-drive actuator, a levitation force can induce variation in
expected device motion. In stiction experiments, the variation of de-
vice motion can lead to inaccurate results [23]. A Veeco # NT1100 in-
terferometric microscope was used to determine surface topography.
The results suggest the absence of levitation effects in our device.

4. Results and discussion

4.1. Experiment 1 — baseline stiction force

For baseline stiction force measurement, a pristine tribogauge de-
vice is used. The measured stiction force is the aggregate of the vari-
ous interfacial forces. The interfacial forces scale with the topography
of the contacting surfaces. For stiction measurements, the normal axis
Fig. 4. Comparison of capacitance vs. displacement values for simulation; experimen-
tally measured values.

Please cite this article as: A. Vijayasai, et al., Characterization of a MEM
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of the tribogauge is actuated using a DC signal. The basic operation
was described earlier; DC signal (0–45 V) is applied to the device in
increments of ΔVα=100 mV. At every increment, the capacitance is
measured from the sense comb-fingers. A LabVIEW GUI is used to
control the actuation and sensing functions.

During the approach cycle (0–45 V), the point when the capaci-
tance reaches saturation is called the pull-in point. During the retract
cycle (45–0 V), the point at which the capacitance readout begins to
measure values greater than pull-in is called the pull-off point. By ob-
serving the approach and retract curves, there is a region of disconti-
nuity. This region gives information on stiction force calculation. In
this region, there is a point where the capacitance change is greater
than ±110 aF per decremented step. This point is called the release
point.

By observing the capacitance values from the capacitance readout
mechanism, the pull-in, pull-off, and release points can be identified.
The quantified measurement of force at the release point equals to
the stiction force.

The stiction force can be obtained from Eq. (4):

Fstiction ¼ Fpull�in−Fpull�off ¼
Cpull�in−Cpull�off
� �

⋅ VFpull� in
2 −V2

Fpull�off

� �
lpull�in−lpull�off
� �

2
4

3
5
ð5Þ

where, Fpull-in=Force experienced by the comb-drive mechanism dur-
ing the approach cycle; Fpull-off=force experienced by the comb-drive
mechanism during the retract cycle; Vpull-in=approach voltage at the
pull-in point; Cpull-in=approach capacitance at the pull-in point;
lpull-in=approach displacement of the comb fingers at the pull-in
point; Vpull-off=retract voltage at the pull-off point; Cpull-off=retract
capacitance at the pull-off point; lpull-off=retract displacement of
comb-fingers at the pull-off point. The values of lpull-in, lpull-off are not
measured optically, instead they are calculated from the trend-line
equation of (i) in Fig. 4.

The devices received from Sandia National Labs are ‘dry cleaned’
using a UV-O tool (Model # Novascan PSPD UV-4), for a duration
of 20 min. Then, the devices are placed inside a nanocoating tool
(Integrated Surface Technologies #RPX-550). The devices are coated
with per-fluoro-octly-trichlorosilane (FOTS). The stiction force was
found to be FbaselineFOTS ~120±10 nN. All the cleaning and measurements
were performed in a lab environment at 25 °C and 35% R.H. The
contacting area used during the experimentwas 44.4 μm2. For any pris-
tine device, the first measurement of stiction force is termed baseline
stiction (Fig. 5).

4.2. Experiment 2 — induced stiction by scrub loading with constant
normal load

First, the baseline stiction force is measured for the tribogauge.
Then, the stiction force is measured as a function of increasing scrub
load cycles. In a scrub load, the normal load force of ~1.9 μN is applied
followed by a tangential load force ~27.7 μN at various frequencies.
The various frequencies followed in the experiment are 1 Hz (from
1 to 10 load cycles), 5 Hz (from 20 to 100 load cycles) and 100 Hz
(beyond 100 load cycles). The load cycles are in logarithmic progres-
sion, stiction force is measured after every load cycle. The values of
measured stiction force against load cycle are shown in Fig. 6. Exper-
iments were carried out for a pristine tribogauge device (coated with
FOTS SAM) at 25 °C and 35% R.H. Overall, it was observed that the
stiction force increased as a function of load cycles.

The values reported in Fig. 6 are measured for one device. The Y
error bars has a maximum value of 15 nN. The measured values
have very few quantized locations compared to normal load experi-
ment. To confirm this response, two more devices were tested (re-
sults not shown in Fig. 6). A similar increase in stiction force was
S tribogauge, Surf. Coat. Technol. (2012), http://dx.doi.org/10.1016/
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Fig. 5. Sample plot showing magnified portion of the plot indicates the pull-in, release
and pull-off points.

Table 1
Summary of Fig. 6.

S.No Load cycle FOTS coating

Stiction force
(nN)

Increase in stiction force

Range Δ stiction force
(nN)

A 1.0E0 132 – –

B 1.0E1 263 A to B 131
C 1.0E2 395 B to C 132
D 1.0E3 656 C to D 261
E 1.0E4 786 D to E 130
F 1.0E5 1045 E to F 260
G 1.0E6 1304 F to G 260
H 1.0E7 2323 G to H 1019
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observed. From 1 to 1E7 load cycles, the measured stiction forces
between three devices varied between ±45 nN and ±650 nN.
Assuming conformal coverage of the SAM in tribogauge devices, we
suspect the variance is mainly caused by different topologies of the
interacting surfaces.

Observations from Fig. 6:
Table 1 summarizes the value of data points at every load cycle in

Fig. 6. Some of the major observations are:

(i) There is a small increase in the stiction force in thefirst 5 load
cycles (131 nN). The increasing response is polynomial.

(ii) From load cycle 6 to 70 the stiction force is constant, but it
again gradually increases from 80 to 100 load cycles
(131 nN). The increasing response is polynomial.

(iii) From load cycle 200 to 1.0E6 the stiction force increases
steadily (910 nN). The increase response is linear.

(iv) Again from 2.0E6 to 1.0E7 the behavior of stiction force is
polynomial. The increase is steep in this region (~1020 nN).
Optical observations of FOTS coated device after 1.0E7 load cycles
reveal no particle debris on the “Y HEAD” and “X HEAD.”

4.3. Experiment 3 — friction measurement

4.3.1. Dynamic friction test
First, the X axis comb drive is powered with a sine–wave voltage

signal while the Y axis comb drive actuator is unpowered. In this
Fig. 6. Plot of measured stiction force against scrub load cycle. The scale for FOTS and
FbaselineUV-O ~4.43±0.02 μN.
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motion, both the ‘X and Y HEADS’ are out of contact. The maximum
displacement of the X axis comb drive is represented as dO. Next,
the Y axis comb drive actuator is powered with a specific normal
load (a few nN) followed by lateral comb drive oscillations at the
same oscillating voltage signal. In this motion, both ‘surface1’ and
‘surface2’ are in-contact. The maximum displacement of the X axis
comb drive is represented as dI.

From experiments, the friction force can be measured as:

Fd ¼ 1
2
⋅kx dO−dIð Þ ð6Þ

where, kx=spring constant of X axis comb drive. During the
experiment, the friction force is generated during the approach and
the retract cycle (Fig. 2(b) ‘3’ and ‘4’). Hence, the friction force (Fd) in
Eq. (6) is divided by two.

By Derjaguin's modified version of Amonton's equation, the friction
force between adhering surfaces is given by [16]

Fd ¼ μd Fstiction þ FLy
� �

ð7Þ

where, Fstiction=stiction force between the interacting surfaces (in
Newtons), FyL=Y axis load force (in Newtons) and μd=coefficient
of dynamic friction.

From Eqs. (6) and (7):

μd ¼ 1
2
⋅ kx dO−dIð Þ
Fstiction þ FLy

: ð8Þ

For a pristine tribogauge with FOTS SAM coating, calculations for
Eqs. (7) and (8) shows that Fd=19.4nN and μd=0.02±0.01 (when
FyL~670 nN, FStiction~300 nN) respectively. The same device after
SVSAM data points are in right and left sides respectively. FbaselineFOTS ~132 nN and

S tribogauge, Surf. Coat. Technol. (2012), http://dx.doi.org/10.1016/
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10,000 scrub cycles (tangential sliding force~27.7 μN, FyL~1.90 μN
and FStiction~800 nN) showed Fd=486 nN and μd=0.18±0.02.

4.3.2. Static friction test
When the X HEAD and Y HEAD surfaces are under fixed normal

and tangential loads, respectively, the force required to initiate sliding
between the surfaces is called static friction. Unlike the dynamic
friction test, in this test a specific load is applied on the Y axis
comb drive actuator, FyL and the X axis is powered at small steps of
100 mV (corresponding to FxL ). The static friction coefficient is de-
fined as the ratio of X axis force which initiates sliding between scrub-
ber and slider surfaces (Fx init.) and Y axis load (Fstiction.+FyL).

μs ¼
Fxinit:

Fstictionþ FLy
ð9Þ

Where, μS=coefficient of static friction.
Also the instant when the tangential force Fx init overcomes the

collective force of adhesion and Y axis load is measured as static friction
force FS.

Fs ¼ μs Fstiction þ FLy
� �

ð10Þ

For a pristine tribogauge with FOTS SAM coating, calculations for
Eqs. (9) and (10) shows that μS=0.04±0.01 and FS=52.8 nN respec-
tively (when FyL~1.02 μN, FStiction~300 nN). The same device after
10,000 scrub cycles (FxL~27.7 μN, FyL~1.90 μN and FStiction~800 nN)
showed μS=0.20±0.01 and FS=540 nN respectively.

5. Conclusion

Thisworkdemonstrates characterization of aMEMS tribogauge coat-
ed with FOTS coating. We have performed several experiments using
this device. The tribogauge devices coated with FOTS and no SAM coat-
ing were all tested for the Baseline stiction force. FbaselineFOTS ~120±10 nN,
for a UV-O cleaned device the stiction force is 37.5 times higher. For
tribogauge devices coated with FOTS coatings, induced stiction force is
measured as a function of scrub load. After 10,000 scrub load cycles
the stiction force increased five times. Static and dynamic coefficients
of friction are determined for a FOTS coated tribogauge. The static coef-
ficient of friction for a pristine device is FsFOTS~0.04±0.01, but after
10,000 scrub cycles the value was five times higher. The dynamic
Please cite this article as: A. Vijayasai, et al., Characterization of a MEM
j.surfcoat.2012.07.089
coefficient of friction for a pristine device is FdFOTS~0.02±0.01. After
10,000 scrub cycles a 9-fold increase in force was measured.
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