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Studies on Surface Wettability of Poly(Dimethyl)
Siloxane (PDMS) and Glass Under Oxygen-Plasma

Treatment and Correlation With Bond Strength
Shantanu Bhattacharya, Arindom Datta, Jordan M. Berg, and Shubhra Gangopadhyay

Abstract—An issue in microfabrication of the fluidic channels in
glass/poly (dimethyl siloxane) (PDMS) is the absence of a well-de-
fined study of the bonding strength between the surfaces making up
these channels. Although most of the research papers mention the
use of oxygen plasma for developing chemical (siloxane) bonds be-
tween the participating surfaces, yet they only define a certain set of
parameters, tailored to a specific setup. An important requirement
of all the microfluidics/biosensors industry is the development of
a general regime, which defines a systematic method of gauging
the bond strength between the participating surfaces in advance by
correlation to a common parameter. This enhances the reliability
of the devices and also gives a structured approach to its future
large-scale manufacturing. In this paper, we explore the possibility
of the existence of a common scale, which can be used to gauge
bond strength between various surfaces. We find that the changes
in wettability of surfaces owing to various levels of plasma expo-
sure can be a useful parameter to gauge the bond strength. We ob-
tained a good correlation between contact angle of deionized water
(a direct measure of wettability) on the PDMS and glass surfaces
based on various dosages of oxygen plasma treatment. The expo-
sure was done first in an inductively coupled high-density (ICP)
plasma system and then in plasma enhanced chemical vapor depo-
sition (PECVD) system. This was followed by the measurement of
bond strength by use of the standardized blister test. [1336]

Index Terms—Advancing contact angle, bond strength, hy-
drophilicity, hydrophobicity, oxygen-plasma, poly (dimethyl)
siloxane (PDMS), reactive ion etching (RIE).

I. INTRODUCTION

S ILICONE-BASED rubber poly (dimethyl siloxane)
(PDMS) is primarily used in research laboratories all over

the world for building of chip-based microfluidic devices fab-
ricated using lithography and replica molding processes. These
processes essentially use a variety of packaging techniques
from spun on liquid PDMS acting as the adhesion layer [1]
to chemical treatment of surfaces to make weak Vanderwaals
forces that could hold fluid pressures up to around 5 psi. One
technique most commonly used for getting irreversible seals
is by exposing the surfaces to oxygen plasma. The changes in
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the surface texture and chemistry happening at such exposures
have been widely studied by many research groups using a va-
riety of techniques like fourier transform infrared spectroscopy
(FTIR), X-ray photon spectroscopy (XPS), and atomic force
microscopy (AFM), etc. [2]–[4]. Most of this research indicates
that PDMS material in general comprises of repeated units
of— , which on exposure to oxygen plasma
develops silanol groups ( OH) at the expense of methyl groups

. As argued by Garbassi et al. [5], the oxidation of the
surface layer increases the concentration of hydroxyl groups
and this leads to the formation of strong intermolecular bonds
[6], [7]. As the silanol groups are polar in nature, they make the
exposed surface highly hydrophilic and this can be observed by
a relative change in the advancing contact angle of deionized
water [8]. These silanol groups then condense with those on
another surface, when two such layers are brought into con-
formal contact. For both PDMS and glass, these reactions yield
Si-O-Si bonds after loss of a water molecule. These covalent
bonds form the basis of a tight irreversible seal between the
layers [9]. Typically such seals can withstand 30–50 psi of air
pressure and are practically inseparable. Although the various
schemes for formation of these bonds and the chemistry behind
it are very well estimated through hypothesis and experiment,
there is no general rule of thumb, for predicting a set of good
plasma parameter to obtain a reasonable level of bond strength
for a beginner. As a result, for researchers venturing new into
the field of microfabrication using polymer molding and plasma
bonding processes, it may be necessary to try a lot of different
combinations of exposure parameters for establishing the cor-
rect ones for any given plasma setup. This makes it difficult to
achieve a reasonable level of wafer scale bonding between glass
and PDMS and PDMS and PDMS while building microfluidic
devices. As the fluid pressure in microflows never exceeds
5–6 psi [10], most of the fabrication research work focuses on
obtaining a reasonably low level of adhesion, which can just
hold together the flow path structure and does not look beyond
that. The problem is faced in high pressure applications as in
the case of certain peristaltic pump designs where an off chip
compressed air supply is used to drive the fluids in micro chan-
nels created by a twin layer, one formed by bondage between
glass with replica molded PDMS and another between PDMS
and PDMS [11]. Also, in case of systems having pneumatic
microvalves [12], a relatively high level of bonding particularly
between two replica molded layers of PDMS becomes quite
necessary. Another reason for establishing a good level of
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Fig. 1. Blister mask.

irreversible bonding is the enhancement of the robustness of
design during full scale manufacturing of the designs beyond
research laboratories into real world applications.

This paper is intended to develop a general regime for the
estimation of the bond strength using the differential advancing
contact angle of glass and PDMS surfaces using the sessile drop
method. We vary the plasma exposure dosages by controlling
the parameters like time of exposure, reactive ion etching power
and chamber pressure in a high density Trion inductively cou-
pled plasma system. Such a technique promotes easy attainment
of the required bond strength by observing the relative varia-
tion in surface wettability. Similar experiments are carried on a
plasma enhanced chemical vapor deposition (PECVD) system.
We get similar trends establishing confidence in the technique.
We also measure the contact angle of chemically treated glass
and PDMS surfaces and correlate it with the bond strength. As
the bond is reversible in nature, we find the strength by using
peel test.

II. EXPERIMENTAL

A. Fabrication of Blisters in PDMS for Bond Strength
Measurement

The bond strength is measured using the blister test wherein
a blister of 3 mm diameter is made in PDMS using photolithog-
raphy and replica molding techniques. The masks for selec-
tive patterning are designed by Adobe illustrator and printed
by using a high-resolution printer [see Fig. 1]. The fabrication
of the blister is done in two layers. The negative photoresist
SU8-2075 is spun onto a cleaned glass wafer of 63.5 mm di-
ameter. The typical thickness of the resist in our experiment
is about 200 micron after spinning. The SU8 is next patterned
using the mask as shown in Fig. 1. This negative is used to cast
the PDMS (GE Silicones RTV 615) up to 2.5 mm thickness.
After curing the PDMS cast, pieces of size 12.7 mm 12.7
mm are cut around the blister shapes. These are then bonded to

Fig. 2. PDMS blister.

pieces of plain PDMS, or cleaned glass slides of similar size by
plasma treatment. For glass/PDMS bonding, the glass slides are
thoroughly cleaned by boiling in piranha solution (5:1 ratio of
concentrated and 30% solution) for 3–4 min and
then, repeatedly washed in DI water before plasma exposure.
After fabricating the blister, an input port is attached to it using
a steel pipe and a poly eukaryotic ether ketone (PEEK) (Mc-
Master Carr) tubing, which is epoxied to one of the edges [see
Fig. 2]. A regulated nitrogen supply is connected to the device.
The pressure at which the blister starts to fail is noted down [13].

B. Description of the Plasma Tool

The first plasma equipment we use is a cluster tool designed
with a state-of-the-art plasma etch and deposition capabilities.
The inductively coupled plasma (ICP) is used as the primary
plasma source to create plasma by inductively coupling the RF
power via a copper coil. ICP is used to generate high-density
plasma in a ceramic tube above the chuck. Then, RF power is
supplied to the chuck to drive the ions to the sample, thereby
increasing etch rate and anisotropy [14]. The parameters varied
are chamber pressure, RIE power, and time of exposure for
our present study. To test the repeatability of this data we use
a capacitatively coupled PECVD system. In this system, a
13.56-MHz RF power supply with a maximum power of 300
W is used to support the plasma. The flow rate of each gas is
regulated using mass flow controller before being admitted to
the gas manifold. The pressure in the chamber is controlled
using a butterfly valve [15] and the samples are placed on the
cathode.

C. Contact Angle Measurement

Contact angle measurement is the ideal method to charac-
terize surface wettability and widely used technique in studies
of loss and recovery of hydrophobicity of silicone rubbers. So,
this method can be used to accurately measure the hydrophilic
characteristic of a surface for a polymer like PDMS, whose sur-
face properties change speedily with post exposure time [16].
Thus, for accuracy of measurement, the contact angle measure-
ment system used in this experiment is positioned close to the
plasma exposure tool. This enables us to capture the image of a
water droplet, dropped on the plasma treated sample within the
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first one minute of the plasma exposure. A CCD camera of the
contact angle setup was used for this purpose. Simultaneously,
a separate set of Glass-PDMS and PDMS-PDMS substrates ex-
posed in the same run of the exposure tool are brought into con-
formal contact with each other after a similar span of time, as
required to transit the exposed wafer and put a water drop over
it. The surface hydrophobicity of a solid surface is determined
by its free surface energy. Often, it is defined on the basis of
the static contact angle between the surface and a water droplet.
The fundamental equation for measurement of solid surface ten-
sion by contact angle measurements is described by the Young’s
equation [17].

D. Chemical Treatment of Glass and PDMS

The glass and PDMS surfaces are chemically treated using
three different methods and the relative change in contact angle
on the surfaces is measured. In the first method, pieces of PDMS
and glass are immersed in 0.5 M (molar) boiling HCl for 10 min.
The second method involves boiling the glass and PDMS in pi-
ranha for five minutes [9]. The third method for surface treat-
ment begins by dipping the samples in acetone in an ultrasonic
bath for five minutes. These are then rinsed with DI water and
dipped in 30% Hydrogen peroxide for one hour. Rinsing is again
done with DI water and Ethanol and then, compressed air is
blown to dry the surface [18]. The chemically treated pieces are
brought into contact to form a sealing. The force of adhesion of
the chemically treated PDMS-PDMS and PDMS-Glass surfaces
is observed qualitatively and the post treatment contact angle of
the surfaces is measured using DI water. The bond strength is
qualitatively checked by peeling of the two chemically treated
PDMS surfaces or, the chemically treated PDMS and glass sur-
faces. The data obtained in the above experiment show that the
contact angle level of PDMS does not change much and subse-
quently, the bond is of a reversible nature wherein the PDMS
can be peeled off easily from a weakly bonded assembly. The
quantitative measurement of bond strength was not possible due
to the reversible nature of the weakly bonded surfaces. So, the
blister test could not be used for estimation of bond strength.

III. RESULTS AND DISCUSSION

The bond strength and contact angle are tabulated [see
Table I] and plotted as a function of chamber pressure (mtorr),
RIE power (W) and time of exposure (s) for PDMS-PDMS and
PDMS-Glass bonding, respectively. In case of PDMS-Glass
bonding, the contact angle was measured on the glass surface.
The contact angles of piranha cleaned glass and PDMS before
the exposure are 20 and 109 , respectively. In the first set of
experiments, the bond strength is measured by varying chamber
pressure and keeping ICP at 150 W, RIE power at 20 W oxygen
flow rate at 20 sccm and the time of exposure at 30 s. Bond
strength is found to increase with an increase in chamber pres-
sure. In the second set of experiments, the RIE power is varied
at a constant chamber pressure (1000 mtorr for Glass-PDMS
and 700 mtorr for PDMS-PDMS) and all other parameters
remaining same as before. In the third experiment, the time of
exposure is varied and other parameters kept same as before.
The variation in RIE power and time of exposure indicates

maximum bond strength at a certain optimum value of power
and time. This observation is true for both PDMS to PDMS and
PDMS to glass bonding. In the following subsections we will
describe these effects in details.

A. Effect of Chamber Pressure Variation

Fig. 3(a) and (b) illustrates plots for contact angle and bond
strength versus chamber pressure for a fixed RIE power and ex-
posure time for Glass-PDMS and PDMS-PDMS bonding, re-
spectively. Bond strength is measured as the value of pressure at
which interfacial separation of the pressurized blister starts oc-
curring. As our measurement setup is not capable to accurately
measure below five degree contact angle, all angles below 5
have been replaced by an average value of 2.5 . Physically, such
a situation can only occur as the surface silanol bond density
reaches its maximum thus inducing in the surface highest de-
gree of polarity. The error bar for bond strength is 2 psi. Error
bar for the contact angle is found to be 2.5 . The error bar
has been computed on the basis of results obtained by repetition
of experiments at sixteen different observation points among a
total of around 50 points.

The maximum bond strength obtained for glass to PDMS
bond is found to be 74 psi. This corresponds to a contact angle
of less than 5 . There is a decrease in bond strength below
100 mtorr pressures. Normally, at a chamber pressure of 100
mtorr or less the plasma etching becomes highly directional and
anisotropic [3]. Here, we would like to hypothesize that the high
level of anisotropy in etching may lead to damage in the siloxane
backbone causing a change in the overall bond chemistry and a
reduction in bond strength. The change in contact angle mea-
sured on the glass surface does not show a sharp decrease with
increase in chamber pressure like that of PDMS as will be ex-
plained later. For PDMS-PDMS bonding the maximum bond
strength is found to be 58 psi. The corresponding contact angle
is found to be less than 5 . The bond strength curve in the low
pressure region ( 100 mtorr) is similar to the curve for glass
to PDMS bonding. In the high pressure region ( 100 mtorr)
there is a gradual increase in the bond strength and decrease
in contact angle with an increase in pressure. The behavior of
the data in the high-pressure region can be explained in the fol-
lowing way. As the chamber pressure increases, the mean free
path of the gas molecules reduce and the plasma becomes more
and more isotropic. With an increase in pressure, the sheath
of charged particles formed near the electrode move closer to
the substrate [3]. So, newly formed ions near this sheath have
smaller distances to travel before striking on to the substrate re-
sulting in less momentum transfer. To explain the increase in
bond strength, we would like to hypothesize that the less en-
ergetic oxygen ions generated in this way may remove methyl
groups from the surface without damaging the siloxane back-
bone.

One more important behavior of the trend is reflected at
pressures below 100 mtorr, where the contact angle of PDMS
rises faster than that of glass. This can be explained by the
fact that glass is more rigid structurally. So, at a low pressure
and greater mean free paths, the ionic momentum transfer
suddenly increases. This situation is sufficient to damage the
flexible siloxane backbone in PDMS leading to a change in
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TABLE I
CONTACT ANGLE AND BOND STRENGTH DATA FOR VARIOUS CHAMBER PRESSURES, RIE POWER VALUES AND TIME OF EXPOSURE FOR

VARIOUS PLASMA SYSTEMS

surface chemistry; however, the momentum transfer is not suf-
ficiently strong to affect the sturdy surface structure of glass.
Thus, the contact angle in the case of glass does not increase

so much at lower pressures as in case of PDMS. As we will
show later, in case of PDMS-Glass bonding, the contact angle
of PDMS surface exhibits a better correlation with the bond
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(a)

(b)

Fig. 3. (a) Plot of contact angle and bond strength with chamber pressure for
Glass-PDMS bonding. (b) Plot of contact angle and bond strength with chamber
pressure for PDMS-PDMS bonding.

strength, compared to the contact angle of glass surface. The be-
havior of the bond strength is by and large reverse to that of con-
tact angle, which fits our theory very well. However, the point
corresponding to the pressure value of 50 mtorr [see Fig. 3(a)]
shows a sudden reduction in the bond strength value which
may indicate an extraordinary damaging of the PDMS struc-
ture causing a substantial loss of surface silanol bond density
[8]. Thus, in this case, although the alteration of glass surface
is relatively less, the damage to PDMS surface causes a huge
decrease in bond strength.

B. Effect of RIE Power Variation

Fig. 4(a) and (b) shows plots of contact angle and bond
strength for variation of RIE power. The data shows an inter-
esting trend wherein the bond strength peaks at 20-W RIE power
for glass to PDMS and PDMS to PDMS bonds. The peak values
of bond strengths are 68 psi for PDMS-Glass and 54 psi for
PDMS-PDMS, respectively. The contact angle trend follows an
inverse behavior to bond strength. The contact angle curve has
a minimum value of 5 at 20 W RIE power level and then goes
up with increase or decrease in RIE power. The bond strength
shows a reverse trend to the contact angle.

(a)

(b)

Fig. 4. (a) Plot of contact angle and bond strength with RIE power for
Glass-PDMS bonding. (b) Plot of contact angle and bond strength with RIE
power for PDMS-PDMS bonding.

This behavior can be explained by considering the plasma
behavior for various bias levels dictated by RIE power. At low
power levels, the kinetic energy of ions incident on the substrate
reduces. This coupled with the ambient high chamber pressure
leads to a large reduction in the number of reactive ions on the
substrate. This is so because a lower power level reduces the
electron acceleration within the plasma environment leading
to a reduction in the radical density. Thus, less number of
active sites form on the substrate surface after etching of
groups in such a plasma environment leading to a reduction
in Si-OH available for surface bondage. Thus, the ions tend
to graze on the surface of the substrate without producing
much chemical or physical change of the surface. The reverse
behavior at higher power levels suggests an increase in the ion
bombardment. Thus, the Si-O-Si, whose dissociation energy
(445 KJ/mol) is much higher than the Si-C bond dissociation
energy (306 KJ/mol.), is affected resulting in damage of the
overall uniquely flexible Siloxane backbone [19]. Contrary to
the chamber pressure variation case, one important observation
in this case is a similar trend in variation of the contact angle
and bond strength in both Glass-PDMS and PDMS-PDMS
bonds. This can be attributed to the constancy in the chamber
pressure due to which directionality never arises in the etching.
This helps in preventing the differential nature of trends in both
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(a)

(b)

Fig. 5. (a) Plot of contact angle and bond strength with time of exposure for
Glass-PDMS bonding. (b) Plot of contact angle and bond strength with time of
exposure for PDMS-PDMS bonding.

cases by eliminating the anisotropicity levels, as in the low
chamber pressure case.

C. Effect of Time of Exposure

The time of exposure has a similar trend as RIE power [see
Fig. 5(a) and (b)]. The bond strength peaks in this case for an
exposure time of 20 s. The values of bond strengths are similar to
that obtained in the earlier cases, with a rise in contact angle and
subsequent fall in bond strength at a longer or shorter exposure
time. The least contact angle value at highest bond strength is
again less than 5 .

One possible explanation can be obtained from Owen and
Smith’s investigation on the PDMS surface after exposure to
high RF power and longer times. The progressive oxidation
of the surface leads to the formation of an extremely brittle
silica layer on the surface. Owen and Smith have clearly ob-
served cracking on the surface under scanning electron micro-
scope (SEM). They mentioned that less harsh, lower RF power,
and shorter treatment times produced uncracked surfaces with a
layer of Silica , which retards the migration of low molar
mass molecules from the bulk of the structure. As this layer is
exposed longer in plasma environment, it cracks and promotes
transport of low molar mass molecules to the surface, which
covers the oxidized layer [20]. This is indicated by a change in

contact angle from less than 5 to 18 . In anticipation of a sim-
ilar behavior, we expose samples to optimum (30 s) and long
times (70 s) of exposure in the PECVD system. We characterize
both surfaces with SEM. The surface with high time of exposure
develops cracks.

We have tried to explain the behavior of both Glass-PDMS
and PDMS-PDMS data trends from the available literature
about PDMS surface transition and dynamics. Here, we will
like to hypothesize that, owing to the prolonged duration of
exposure, the treated PDMS forms excessive surface silanol
concentration causing a reorientation of surface chemical
bonds [20]. This process seems to be accelerated further by
the ambient UV radiations in the plasma. Hillborg and Gedde
[8] have proposed a set of chemical reactions involved in
PDMS surface transition in oxygen plasma with UV radiation.
Their work strongly suggests formation of excessive silanol
bonds under such an atmosphere. As the silanol bond density
increases it results in chemical transformation on the surface
known as surface chain scission reactions. In such a situation
a marked reduction in the number of surface silanol bonds
occur by back biting scission reactions, a physical surface
cracking and a gradual migration of the mobile, low molar mass
PDMS oligomers to the surface as explained in many earlier
PDMS surface transition studies [8], [20], [21]. The dissimilar
behavior of bond strength on both sides of the optimum time
of exposure is currently not well understood; but, preliminary
studies with surface roughness indicate that cracks formed on
the surface at higher times of exposure may contribute to the
increase of surface roughness and may make bond strength
depend not only on the surface recovery but also, on the average
surface roughness due to crack formation. Detailed study of
the distribution of cracks based on depth and their contribution
to bond strength is a promising topic for our future studies.
On the other hand, shorter exposure time may be insufficient
for a removal of adequate number of methyl groups—which is
essential to form an optimum surface silanol bond density.

D. Universal Curves

A general trend was plotted using all values of contact angle
and bond strength for all different plasma parameters [see
Fig. 6(a) and (b)]. The plot gives a universal increase in bond
strength with decrease in contact angle for both Glass-PDMS
and PDMS-PDMS cases for variation of RIE power and pres-
sure. The time of exposure does not follow this universal trend
for exposure times more than 30 s for reasons discussed earlier.
This is true for both Glass-PDMS and PDMS-PDMS bonding.
Identical behavior is observed on the PECVD tool and the new
data points indicated by the open squares and triangles fit the
universal trend perfectly. A curve fitting exercise is performed
on the obtained trends, which shows that a linear fit is the
best fit for the PDMS-PDMS bonding. The fit indicates a zero
bond strength corresponding to a contact angle of 30 deg and a
58-psi bond strength corresponding to zero contact angle. For
PDMS-Glass universal curve, one set of data reflects the contact
angle of glass versus the bond strength [see Fig. 6(a)]; the other
set shows about the contact angle of PDMS versus the bond
strength [see Fig. 7]. The data for contact angle of glass shows a
large scatter. This is because of the different nature of recovery
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(a)

(b)

Fig. 6. (a) Plot of contact angle of glass versus bond strength for variation of chamber pressure and RIE power for Glass-PDMS bonding. (b) Plot of contact
angle versus bond strength for variation of chamber pressure and RIE power for PDMS-PDMS bonding.

Fig. 7. Plot of contact angle of PDMS versus bond strength for variation of chamber pressure and RIE power in Glass-PDMS bonding.

mechanisms on the glass and PDMS surfaces. As we have
explained earlier, the surface modification of PDMS influences
the bond strength more than the glass surface. Thus, when the
contact angle of PDMS is plotted against bond strength for
PDMS-Glass assembly, we obtain a good linear fit [see Fig. 7],
thereby supporting our hypothesis. In this case the fit indicates
a zero bond strength corresponding to a PDMS contact angle of
55 deg and a 72 psi bond strength corresponding to zero contact
angle. Thus, it is clear that the trend shown by the universal
curve is valid until the surface is not damaged severely at larger

exposure times, causing surface cracks. Depending on the
plasma properties, the surface that influences the bond strength
could be glass, PDMS or both.

IV. CONCLUSION

The hydrophobic surface of PDMS becomes hydrophilic
upon oxygen plasma treatment under certain process condi-
tions. We believe that oxygen plasma exposure at lower RF
power with shorter duration makes a thin layer of undamaged
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oxide on the surface of PDMS with active silanol groups. This
largely facilitates an irreversible sealing between the surfaces.
The results follow a universal trend in terms of bond strength
and contact angle measured on plasma treated surfaces. In case
of change of a plasma exposure setup, the new parameters
can be easily established by following the universal trend. It
is observed that one gets stronger bonding as contact angle
decreases, when PDMS or glass is treated by plasma. An
excellent correlation between different plasma parameters and
surface wettability of PDMS or glass surface measured in terms
of contact angle is found. All the results indicate that a contact
angle below 5 degree is a general requirement for getting very
good bond strength and thereby, one can obtain the correct
plasma parameters for surface treatment by investigating and
monitoring contact angle.

REFERENCES

[1] J. Liu, M. Enzelberger, and S. Quake, “A nanoliter rotary device
for polymerase chain reaction,” Electrophoresis, vol. 23, no. 10, pp.
1531–1536, 2002.

[2] H. J. Hettlich, F. Ottenbach, C. H. Mittermayer, R. Kaufmann, and D.
Klee, “Plasma induced surface modifications on silicon intraoccular
lenses: chemical analysis and invitro characterization,” Biomaterials,
vol. 12, pp. 521–524, 1991.

[3] S. A. Campbell, The Science and Engineering of Microelectronic Fab-
rication, 2nd ed. Oxford, U.K.: Oxford University Press, 2001, pp.
231–250.

[4] L. D. Eske and D. W. Galipeau, “Characterization of SiO2 surface
treatments using AFM, contact angles and a novel dewpoint technique,”
Colloids and Surfaces A-Physicochemical and Engineering Aspect, vol.
154, no. 1–2, pp. 33–51, 1999.

[5] F. Garbassi, M. Morra, L. Barino, and E. Occhiello, Polymer Surfaces.
From Physics to Technology. New York: Wiley, 1994.

[6] H. Hillborg and U. W. Gedde, “Hydrophobicity recovery of poly-
dimethyl siloxane after exposure to corona discharges,” Polymer, vol.
39, no. 10, pp. 1991–1998, 1998.

[7] M. L. Chabinyc, D. T. Chiu, J. C. Mcdonald, A. D. Stroock, J. F. Chris-
tian, A. F. Karger, and G. M. Whitesides, “An integrated fluorescence de-
tection system in poly (dimethylsiloxane) for microfluidic applications,”
Analyt. Chem., vol. 73, pp. 4491–4498, 2001.

[8] H. Hillborg and U. W. Gedde, “Hydrophobicity changes in silicone rub-
bers,” IEEE Trans. Dielect. Elect. Insulation, vol. 6, no. 5, pp. 703–717,
1999.

[9] J. C. Mcdonald, D. C. Duffy, J. R. Anderson, D. T. Chiu, H. Wu, O. J. A.
Schueller, and G. M. Whitesides, “Fabrication of microfluidic systems
in polydimethyl siloxane,” Electrophoresis, vol. 21, pp. 27–40, 2000.

[10] N. T. Nguyen and S. T. Werely, Fundamentals and Applications of Mi-
crofluidics. Norwood, MA: Artech House, 2002, pp. 247–292.

[11] J. M. Berg, R. Anderson, M. Anaya, B. Lahlouh, M. Holtz, and T. Dallas,
“A two stage discreet peristaltic micropump,” Sens. Actuators A-Phys.,
vol. 104, no. 1, pp. 6–10, 2003.

[12] P. Krulevitch, W. Bennett, J. Hamilton, M. Maghribi, and K. Rose,
“Polymer based packaging platform for hybrid microfluidic systems,”
Biomed. Dev., vol. 4, no. 4, pp. 301–308, 2002.

[13] M. G. Allen and S. D. Senturia, “Analysis of critical debonding pressures
of stressed thin films in the blister test,” J. Adhesion, vol. 25, no. 4, pp.
303–305, 1988.

[14] K. Suzuki, H. Sugai, K. Nakamura, T. H. Ann, and M. Nagatsu, “Control
of high density plasma sources for CVD and etching,” Vacuum, vol. 48,
no. 7, pp. 659–667, 1997.

[15] J. Lubguban, T. Rajagopalan, N. Mehta, B. Lalouh, S. L. Simon, and
S. Gangopadhyay, “Low-K organosilicate films prepared by tetravinyl-
tetramethylcyclotetrasiloxane,” J. Appl. Phys., vol. 92, no. 2, pp.
1033–1038, 2003.

[16] M. K. Chaudhury and G. M. Whitesides, “Correlation between surface
free energy and surface constitution,” Science, vol. 255, pp. 1230–1232,
1992.

[17] M. Morra, E. Occhiello, R. Marola, F. Garbassi, P. Humphrey, and
D. Johnson, “On the aging of oxygen plasma treated ploy (dimethyl)
siloxane surfaces,” J. Colloid Interface Sci., vol. 137, no. 1, pp. 11–24,
1990.

[18] S. Matsuura, H. Kurita, M. Nakano, J. Komatsu, K. Takashima, S.
Katsura, and A. Mizuno, “One end immobilization of individual DNA
molecules on a functional hydrophobic glass surface,” J. Biomolec.
Structure Dyn., vol. 20, no. 3, pp. 429–436, 2002.

[19] S. J. Clarson, J. A. Semlyen, and E. Horwood, Siloxane Polymers. En-
glewood Cliffs, NJ: Prentice-Hall, 1996.

[20] M. J. Owen and P. J. Smith, “Plasma treatment of poly (dimethyl)
siloxane,” J. Adhesion Sci. Technol., vol. 8, no. 10, pp. 1063–1075,
1994.

[21] J. Kim, M. K. Chaudhury, M. J. Owen, and T. Orbeck, “The mechanisms
of hydrophobic recovery of polydimethylsiloxane elastomers exposed to
partial electrical discharges,” J. Colloid Interface Sci., vol. 244, no. 1, pp.
200–207, 2001.

Shantanu Bhattacharya received the B.S. degree in
industrial and production engineering from the Uni-
versity of Delhi, New Delhi, India, in 1996 and the
M.S. degree in mechanical engineering from Texas
Tech University, Lubbock, in 2003. He is currently
pursuing the Ph.D. degree in biological engineering
with the University of Missouri at Columbia.

He worked with Suzuki Motors Corporation as a
Senior Engineer from 1996 to 2002. His research in-
terests include design and development of microflu-
idic platforms for biosensors.

Arindom Datta received the Ph.D. degree in mate-
rials science from the Indian Institute of Technology,
Kharagpur, in 2001.

His broad area of research is growth and charac-
terization of electronic materials and processing. He
worked on diffusion barriers for copper metallization
at the School of Materials Science and Engineering,
Seoul National University, Seoul, Korea, from Feb-
ruary 2000 to August 2001 as a Postdoctoral Fellow.
He worked as a Research Associate with the Nano
Tech Center, Texas Tech University (TTU), Lubbock,

from 2001 to 2002. His principal research area at TTU included design and de-
velopment microelectromechanical systems (MEMS). He is currently working
as a Research Associate with the University of Wisconsin at Madison in the area
of thin film micro/nanosensors for monitoring hostile manufacturing process.

Jordan M. Berg received the B.S.E. and M.S.E.
degrees in mechanical and aerospace engineering
from Princeton University, Princeton, NJ, in 1981
and 1984, respectively. He received the M.S. degree
in mathematics and computer science and the Ph.D.
degree in mechanical engineering and mechanics
from Drexel University, Philadelphia, PA, in 1992.

He has held Postdoctoral appointments with the
U.S. Air Force Wright Laboratory, Dayton, OH, and
the Institute for Mathematics and Its Applications in
Minneapolis, MN. Since 1996 he has been with Texas

Tech University, Lubbock, where he is now Associate Professor of Mechanical
Engineering and a member of the Nano Tech Center. His research interests in-
clude modeling and design of microsensors, modeling and design of microflu-
idic systems, and the design, fabrication, and control of electrostatic MEMS.

Shubhra Gangopadhyay received the Ph.D. degree
in physics from the Indian Institute of Technology,
Kharagpur, in 1982.

From 1983 to 1985, she was a visiting scientist
with the Universität Kaiserslautern, Germany,
working on semiconductor physics. In 1985, she
joined the Department of Physics, Texas Tech Uni-
versity, Lubbock, as a professor working in the areas
of material science, semiconductor device physics,
microelectronics, and microsensors. She joined the
University of Missouri, Columbia, in fall 2003 as a

LaPierre Chair Professor, Department of Electrical Engineering.


	toc
	Studies on Surface Wettability of Poly(Dimethyl) Siloxane (PDMS)
	Shantanu Bhattacharya, Arindom Datta, Jordan M. Berg, and Shubhr
	I. I NTRODUCTION

	Fig.€1. Blister mask.
	II. E XPERIMENTAL
	A. Fabrication of Blisters in PDMS for Bond Strength Measurement


	Fig.€2. PDMS blister.
	B. Description of the Plasma Tool
	C. Contact Angle Measurement
	D. Chemical Treatment of Glass and PDMS
	III. R ESULTS AND D ISCUSSION
	A. Effect of Chamber Pressure Variation
	TABLE€I C ONTACT A NGLE AND B OND S TRENGTH D ATA FOR V ARIOUS C



	Fig.€3. (a) Plot of contact angle and bond strength with chamber
	B. Effect of RIE Power Variation

	Fig.€4. (a) Plot of contact angle and bond strength with RIE pow
	Fig.€5. (a) Plot of contact angle and bond strength with time of
	C. Effect of Time of Exposure
	D. Universal Curves

	Fig.€6. (a) Plot of contact angle of glass versus bond strength 
	Fig.€7. Plot of contact angle of PDMS versus bond strength for v
	IV. C ONCLUSION
	J. Liu, M. Enzelberger, and S. Quake, A nanoliter rotary device 
	H. J. Hettlich, F. Ottenbach, C. H. Mittermayer, R. Kaufmann, an
	S. A. Campbell, The Science and Engineering of Microelectronic F
	L. D. Eske and D. W. Galipeau, Characterization of SiO2 surface 
	F. Garbassi, M. Morra, L. Barino, and E. Occhiello, Polymer Surf
	H. Hillborg and U. W. Gedde, Hydrophobicity recovery of polydime
	M. L. Chabinyc, D. T. Chiu, J. C. Mcdonald, A. D. Stroock, J. F.
	H. Hillborg and U. W. Gedde, Hydrophobicity changes in silicone 
	J. C. Mcdonald, D. C. Duffy, J. R. Anderson, D. T. Chiu, H. Wu, 
	N. T. Nguyen and S. T. Werely, Fundamentals and Applications of 
	J. M. Berg, R. Anderson, M. Anaya, B. Lahlouh, M. Holtz, and T. 
	P. Krulevitch, W. Bennett, J. Hamilton, M. Maghribi, and K. Rose
	M. G. Allen and S. D. Senturia, Analysis of critical debonding p
	K. Suzuki, H. Sugai, K. Nakamura, T. H. Ann, and M. Nagatsu, Con
	J. Lubguban, T. Rajagopalan, N. Mehta, B. Lalouh, S. L. Simon, a
	M. K. Chaudhury and G. M. Whitesides, Correlation between surfac
	M. Morra, E. Occhiello, R. Marola, F. Garbassi, P. Humphrey, and
	S. Matsuura, H. Kurita, M. Nakano, J. Komatsu, K. Takashima, S. 
	S. J. Clarson, J. A. Semlyen, and E. Horwood, Siloxane Polymers 
	M. J. Owen and P. J. Smith, Plasma treatment of poly (dimethyl) 
	J. Kim, M. K. Chaudhury, M. J. Owen, and T. Orbeck, The mechanis



