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ABSTRACT: Conventional measurements of interfacial strength focus on a single vari-
able, whereas many variables couple nontrivially and simultaneously to define this
property. We present a combinatorial methodology that allows the effects of multiva-
riable environments on interfacial strength to be investigated in a high-throughput,
parallel, and quantitative manner. This technique is largely based on the theory of
Johnson, Kendall, and Roberts that quantifies adhesion through the contact and sep-
aration of a spherical lens and flat substrate. For our experiments, we fabricated a
combinatorial library consisting of a two-dimensional array of spherical caps and a
complementary substrate. The array of spherical caps was brought into contact and
subsequently separated from the substrate, whereas the relative displacement and
contact area of the individual lenses were recorded. With gradient library-fabrication
methods, two adhesion-controlling parameters can be continuously varied along the
orthogonal axes of the array. In this manner, each lens quantifies the interfacial
strength at a unique point in parameter space. We demonstrate this multilens contact-
adhesion test by measuring the effect of temperature and coating thickness on the
self-adhesion of polystyrene thin films. © 2003 Wiley Periodicals, Inc. J Polym Sci Part B:
Polym Phys 41: 883–891, 2003
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INTRODUCTION

Combinatorial methodologies provide the user
with a set of tools to evaluate a large parameter
space optimally in a short period of time. Over the
last decade, these powerful methods of experi-
mental design have accelerated the development
and optimization of new drugs in the pharmaceu-
tical industry, and recently the “combi” way of
thinking has begun in the field of materials sci-

ence.1,2 Early efforts in materials science largely
focused on applying combinatorial methodologies
to aid in the development of new materials; how-
ever, combinatorial methodologies have an equal
or greater potential to play a significant role in
the characterization and measurement of mate-
rial properties.3,4 Polymer adhesion is an impor-
tant area of materials science that could be im-
pacted by combinatorial methodologies. Polymer
adhesion governs the performance of critical com-
ponents in numerous industries including elec-
tronic packaging, automotive, biomedical, aero-
space, and (of course) office supplies. Although
polymer adhesion is controlled effectively in many
situations, our understanding of the fundamental
mechanisms of adhesion is elementary. Conven-
tional experiments have focused on a single vari-
able’s effect on adhesion, whereas many variables
such as surface energy, molecular weight, tem-
perature, and contact geometry couple nontrivi-
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ally and simultaneously to determine the overall
polymer adhesion. We have developed a combina-
torial methodology that allows the effects of mul-
tivariable environments on polymer adhesion to
be investigated in a high-throughput, parallel,
and quantitative manner. This new technique al-
lows an upward of 1600 unique combinations of
variables to be investigated in our configuration
within the same time required for a single con-
ventional adhesion experiment. This increase in
throughput not only allows quantitative measure-
ments of adhesion on an efficient timescale, but it
also allows new areas of parameter space to be
explored. These benefits will ultimately advance
our fundamental ability to build predictive mod-
els of interface formation and failure. We present
this combinatorial adhesion methodology and
demonstrate quantitative high-throughput mea-
sures of the self-adhesion of polystyrene (PS) and
the adhesive strength of polystyrene/poly(dimeth-
ylsiloxane) (PDMS) interfaces. Future research
areas that can be investigated with this new ex-
perimental technique also are highlighted.

EXPERIMENTAL

Of the numerous techniques that exist for char-
acterizing polymer adhesion, we have chosen to
develop a combinatorial method on the basis of
the theory of Johnson, Kendall, and Roberts
(JKR).5 This theory describes the quantification
of the adhesion energy between two surfaces
through the monitoring of the contact area (A
� �a2) during the contact and separation of a
spherical cap with a flat substrate. The original
form of the JKR equation is5

a3 �
9R

16E �P � 3��R � �6�RP � �3��R�2� (1)

where R is the radius of curvature of the spherical
cap, E is the elastic modulus of the contacting
system, P is the applied force, and � is the work of
adhesion. This equation can be rearranged to
have the form of a fracture mechanics equation6,7

� �
3�P� � P�2

32�Ea3 (2)

where the work of adhesion, �, is equivalent to
the energy-release rate for a propagating crack at
the interface of the contacting system. For eq 2, P�

� 4Ea3/[3R(1 � �2)], the Hertzian contact force
for a sphere contacted a plane with � as Poisson’s
ratio.

Classically, the JKR technique/theory has been
used to quantify the surface energy of soft, elastic
solids, but in recent years, it has been extended to
characterize the adhesive behavior of a wide spec-
trum of polymer interfaces including glassy poly-
mers, elastomers, pressure-sensitive adhesives,
and biological materials.7–11 Additionally, the re-
sults of this technique correlate with other indus-
trially recognized methods such as the peel test
and the probe-tack method.12,13 This demon-
strated versatility provides the motivation for de-
veloping a combinatorial adhesion test on the ba-
sis of the JKR method.

Our combinatorial JKR test consists of an ar-
ray of spherical caps (microlenses) that is brought
into contact with a flat (complementary) sub-
strate. Accordingly, this approach is referred to as
a multilens contact adhesion test (MCAT). The
contact area of each microlens with the comple-
mentary substrate is monitored with an optical
microscope as a function of relative displacement
during a controlled contact and separation pro-
cess. Because the measurement of the force at
each microlens contact point is difficult, we used a
modified version of JKR theory to quantify the
adhesion energy from the applied displacement
and resulting contact radius7

� �
2E��� � ��2

3�a (3)

where � is the applied relative displacement, and
�� � a2/R, the Hertzian displacement for a con-
tacting sphere and flat plane. Equations 1–3 are
only applicable for geometrically unconfined sys-
tems. As the contact radius becomes comparable
or greater than other length scales associated
with the deforming body, correction factors must
be applied to extend the applicability of the JKR
theory.7

For a conventional MCAT experiment, we pre-
pared our materials library such that two adhe-
sion-controlling parameters vary along orthogo-
nal axes and the experiment combinatorially
maps the dependence of adhesion on these two
parameters in a single test. This approach is dem-
onstrated by testing the self-adhesion of PS and
the adhesion of PS/PDMS interfaces as a function
of temperature (T) and film thickness (h).
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LIBRARY FABRICATION

To fabricate the PDMS microlens arrays used in
this research, we used a replication molding tech-
nique similar to the methods applied for making
PDMS stamps for soft-lithography process-
ing.14,15 In our process, we begin with a fused-
silica microlens array that serves as a master.
The fused-silica microlens array used in this work
was purchased from MEMSOptical, Inc., but sev-
eral manufacturers and processes exist for fabri-
cating microlens arrays.16–20 The specific pattern
geometry or size scale of the microlens array used
in this work is not necessary or specific for this
combinatorial adhesion test. From the master mi-
crolens array, a PDMS negative mold was cast
with Dow Corning’s Sylgard 184 mixed in a 10:1
mass ratio of base-to-curing agent and cured at
room temperature for 48 h. This PDMS negative
was subsequently coated with a layer of approxi-
mately 10 nm of evaporated carbon. The carbon
layer acts as a barrier layer for casting a PDMS-
positive microlens array. From this PDMS micro-
lens array, an epoxy negative mold is cast to ex-
pedite repeated fabrication of PDMS-positive mi-
crolens arrays. The PDMS microlens arrays are
swollen in heptane for 12 h to remove un-
crosslinked PDMS and subsequently air-dried for
30 h and under vacuum for 2.5 h at 60 °C.

For these tests, we fabricated a PDMS micro-
lens array with each microlens having a diameter
of 250 � 1 �m, a radius of curvature of 366 � 1
�m, and an edge spacing between microlenses of
10 � 0.1 �m. With these dimensions, the micro-
lens library contains approximately 1600 micro-
lenses in a square centimeter area. These dimen-
sions are not critical to the use of our method;
however, they enable high-throughput imaging
under an optical microscope and an easily acces-
sible magnitude of applied force range for contact
and separation.

To compare the adhesive strength of PS/PS and
PS/PDMS interfaces, we created a combinatorial
library consisting of a PDMS microlens array par-
tially coated with a thin film of PS and a PS-
coated Si wafer as the complementary substrate.
Both uniform and gradient thickness PS coatings
were cast from toluene solutions with a flow-coat-
ing technique whose details have been pub-
lished.3 The molecular mass of the PS used to coat
both the Si wafer and the microlens array was
114,200 g/mol.21 To coat the microlens arrays
with PS, a PS solution was flow-coated onto a
glass slide. This coated glass slide was slowly

submerged into a bath of deionized water to allow
the PS coating to be peeled off the glass slide and
float at the air/water interface. This floating PS
coating was subsequently picked up onto the mi-
crolens array. All PS coatings were air-dried for
24 h and annealed at 90 °C for at least 2 h on the
microlens array. Specifically, the PDMS micro-
lens array had a single-strip region coated with a
216 � 10 nm thick PS film (Fig. 1). This library
design exhibits two distinct interface regions
upon contact—PS/PS interfaces within the PS-
coated microlens region and PS/PDMS interfaces
on either side of the strip region. Accordingly, our
combinatorial adhesion test is designed to com-
pare simultaneously the different levels of adhe-
sion for these two polymer interfaces.

The strip-coated PDMS microlens library was
brought into contact with the PS-coated substrate
at the controlled rate of 1 �m/s with an actuator-
driven device. The adhesion test apparatus con-
sists of a vertically positioned actuator fixed to an
automated X-Y translation stage mounted on an
optical microscope (Nikon Optiphot). We used Na-
tional Instrument’s Labview software to control
the motion of the actuator, to record the displace-
ment readings of the actuator’s linear encoder,

Figure 1. (a) Combinatorial library including micro-
lens array and complementary substrate. (b) Optical
microscope images of the top surface of a PDMS mic-
rolens array. Artificial shading in left image indicates
region coated with PS film. Magnified image on right
illustrates the conformal coating of floated PS coating
stretched over individual PDMS microlenses.
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and to collect the images of contact areas between
the microlens array and the coated Si substrate.
Upon reaching a relative displacement where the
microlenses were contacting the PS-coated Si wa-
fer, the direction of motion was reversed at 1 �m/s
until the library components resumed their initial
separated state.

RESULTS

This test was conducted at two temperatures—25
and 100 °C. At 25 °C the contact areas, as moni-
tored by optical microscopy, did not indicate any
differences between the adhesion of the PS/PS
and PS/PDMS interfaces [Fig. 2(a)]. However, at
100 °C the PS/PS interfaces remained in contact
for an extended period of time during separation
relative to the two surrounding PS/PDMS re-
gions. This difference in contact history is evident
by comparing the image sequences in Figure

2(a,b). At time ta, the image portrays the micro-
lenses coming into contact. At time tmax, the im-
age exhibits the microlenses at the maximum
point in compression. At time tf, the image shows
the contacting microlenses shortly before final de-
tachment. In Figure 2(a), the microlens array is
brought into contact at 25 °C. At this tempera-
ture, the order of contact upon approach is nearly
identical to the order of contact upon retraction.
This indifference in contact history for any region
of the microlens array suggests that within the
optical resolution of our test, no discernible dif-
ference in the adhesion of PS/PS and PS/PDMS
interfaces at 25 °C is measured. The sensitivity of
the adhesion measurement is dictated by the op-
tical resolution of our image-capture device, the
resolution of our linear actuators, the precision of
our linear encoders, and the elastic properties of
the contacting system. For these initial measure-
ments, the instrument was not optimized for
near-thermodynamic adhesion strengths. Now, a
new instrument is being fabricated with this sen-
sitivity and will be discussed in a future publica-
tion.

At 100 °C [Fig. 2(b)] the region of microlenses
at initial contact (ta) is clearly different from the
last region of contact (tf). The last region of con-
tact is mainly confined to the region of the array
where the PS/PS interfaces are located. This hys-
teresis in contact history is due to an increase in
adhesion energy that is caused by an apparent
increase in molecular diffusion and entanglement
across the mobile PS/PS interface. As a conse-
quence of this increased adhesion at 100 °C at the
PS/PS interface, the PS coating on the PDMS
microlenses fractured around the perimeter of the
contact areas, and welded regions of PS from the
coating on the microlens array were observed on
the PS-coated Si wafer upon full retraction of the
microlens array (Fig. 3). Because the PS/PS inter-
face welding did not occur at 25 °C, a critical
temperature must exist between 25 and 100 °C
for developing the threshold PS/PS molecular ad-
hesion during the specified contact time.

To explore this critical welding temperature,
we used a high-throughput methodology in which
a sample similar to the one described above was
brought into contact with a PS-coated Si wafer on
a temperature gradient stage4 with 100 °C 	 T
	 80 °C. In this experiment, we observed that for
a 216-nm-thick coating of PS on PDMS the tran-
sition to PS/PS welding occurs at approximately
89 � 0.9 °C (Fig. 4). This temperature of 89 °C is
below the glass-transition temperature (Tg) for

Figure 2. Images showing the contact areas of con-
tacting microlenses within an array at different times
during a test: ta takes place during initial contact (ap-
proach), tmax is at maximum compression, and tf is near
final retraction of the microlens array. (a) PDMS mic-
rolens array coated with thin PS on the center rows
contacting a PS-coated Si wafer at 25 °C, (b) same
sample tested at 100 °C, and (c) image sequence pro-
duced by simple simulation on the basis of classical
JKR theory for a planar array of soft spheres contacting
a flat, rigid plane. Center rows of array are defined with
higher interfacial adhesion (�) values.

886 CROSBY, KARIM, AND AMIS



bulk PS where a significant increase in molecular
diffusion may have been expected, thus suggest-
ing that film thickness may play a role in the
welding temperature. We repeated this test with
the only modification being the thickness of the
PS coating on the PDMS microlens array. For a
coating thickness of 30 nm, the welding transition
temperature is 75 °C, thus confirming a thickness
dependence for this coating-failure mode.

To further explore this phenomenon, we cre-
ated a library where the thickness (h) of the PS
coating on the PDMS array varied along the film-
length direction, and a temperature gradient (T)
on the PS-coated wafer was applied in the orthog-
onal direction. As Figure 5 illustrates, the combi-
natorial adhesion test maps the trend of the crit-
ical welding temperature of PS self-adhesion as a
function of film thickness for nearly 800 (h, T)
combinations.

ANALYSIS AND DISCUSSION

Qualitatively, the continuous imaging of the con-
tact areas provides a quick and simple assess-
ment of the relative adhesion values across the
surface of a combinatorial library. The areas
where the microlenses remain in contact the long-
est are adhesively stronger relative to the areas

with shorter contacting times. This idea is dem-
onstrated in Figure 2 where a sequence of images
exhibits the hysteresis in contact history. In Fig-
ure 2(c) we used a simple simulation on the basis
of the classical JKR theory to illustrate the qual-
itative mapping of surfaces with MCAT. For this
simulation, we do not consider interlens coupling
that occurs when the contact radius, a, becomes
comparable to the interlens spacing. This inter-
lens coupling has been investigated by Hui et al.22

For our simulation, we controlled the displace-
ment of a plane of soft, elastic, spherical caps
contacting a flat, rigid plane. By defining the ad-
hesion energy, �, and the elastic modulus, E, of
each lens, we iteratively calculate the contact ra-
dius and contact force for each lens. The resulting
data for this simulation are presented as images
of the contact areas for the contacting lens array
as seen in Figure 2(c).

For these results, we defined a center region of
the multilens array with a higher value of �. The

Figure 3. PS weld spots deposited on the PS-coated
Si wafer after final detachment of a partially PS-coated
microlens array at 100 °C.

Figure 4. (a) Normalized contact history (�/�max vs
a/amax) for PS/PS (F) and PS/PDMS (�) interfaces.
Note the increase in hysteresis for the PS/PS interface.
(b) Energy release rate (�) versus normalized contact
radius (a/amax) for PS/PS (F) and PS/PDMS (�) inter-
faces during the unloading portion of the test. (c) Image
of PS weld spots deposited on the PS-coated Si wafer
after contact and separation of a PS-coated microlens
array. The thickness of the PS coating on the Si wafer
is 80 nm. The thickness of the PS coating on the PDMS
microlens array is 216 nm. Temperature scale indicates
the temperature of Si wafer substrate.
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elastic modulus of all lenses was identical. We
also defined the microlens array with a variance
in lens height and a tilted alignment relative to
the flat, “complementary” plane. These defini-
tions simulate the conditions of our initial exper-
iment where PS/PS interfaces have a higher ad-
hesion at elevated temperatures and our planar
alignment is nonideal. The time sequence in Fig-
ure 2(c) demonstrates the ability for MCAT to
qualitatively distinguish regions of relatively
higher adhesion across a surface of varying adhe-
sive strength. In fact, the results of this simple
simulation are nearly identical to the qualitative
results of our PS/PS and PS/PDMS test depicted
in Figure 2(b). Additionally, the simulation re-
sults indicate that ideal alignment between the
two contacting surfaces is not required for quali-
tative measurements.

Likewise, a quantitative analysis can be used
to determine the change in adhesion energy

across our combinatorial library. With the mea-
sured quantities, contact radius (a) as a function
of displacement (�), and knowledge of bulk me-
chanical properties of the contact system, we have
sufficient information to use eq 3 to determine the
adhesion energy.

To demonstrate the analysis, we measure the
contact history of the partially PS-coated PDMS
microlens array with a PS-coated Si wafer fixed to
a temperature-gradient stage (Fig. 4). Given the
contact geometry for each individual microlens,
we have a natural gradient in contact times
within a contact area (Fig. 6). In other words, the
outer regions of a contact area have the shortest
contact times, whereas the maximum contact
time is achieved in the center regions of each
contact point. The gradient in contact time yields
a gradient in interfacial strength within each con-
tact area.

During the initial stages of unloading, �o de-
fines the applied energy-release rate at which
interfacial fracture begins. For the PS/PS inter-
faces at 100 °C, we measure �o,PS/PS to be 1.0

Figure 5. (a) Height profile of typical PS weld spot,
(b) magnified image showing representative weld spots,
and (c) image map of critical welding temperature de-
pendence on thickness for the self-adhesion of PS thin
films. Deposited weld spots indicate temperature and
thickness regime where adhesive strength of PS/PS
interface is greatest. PS-coated microlenses that con-
tacted substrate below the solid line did not establish
significant interfacial strength to sustain pull-off
forces. Individual data points (F) collected by indepen-
dent tests. Trendlines are not quantitative but are in-
tended to guide the reader.

Figure 6. (a) Image of microlens array used in Figure
4 during contacting sequence. Highlighted box defines
the region of analysis for parts (b) and (c). (b) Time-
lapse image where color represents time of contact for a
subarray of nine microlenses. A difference in time of
contact exists across the array as well as within the
contact history of a single microlens. (c) A line profile
from the time-lapse image in part (b) defines the con-
tact history of each microlens within the array.

888 CROSBY, KARIM, AND AMIS



� 0.2 J/m2 with a slight dependence on tempera-
ture. In contrast, we measure �o,PS/PDMS as 0.02
� 0.02 J/m2 at 100 °C. For the setup used in
these initial experiments, this measurement of
�o,PS/PDMS is below the lower limit of our resolu-
tion. Although our value for �o,PS/PDMS is slightly
less than the thermodynamic work of adhesion for
this interface, the important point is that we mea-
sure a factor of 50 difference between the two
interfaces. This factor of 50 indicates our ability
to differentiate between the two interfaces on the
same library, while also demonstrating the in-
creased degree of entanglement at the symmetric
polymer-melt interface relative to the melt/elas-
tomer interface at short contact times.

For the PS/PS interfaces, the required driving
force for interfacial failure increases as the center
of the contact area is approached. Once the melt
interface reaches a critical interfacial strength,
fracture along the interface is energetically unfa-
vorable. At this point, energy minimization is
achieved by fracturing through the PS coating,
thus causing a PS weld spot to be deposited onto
the PS-coated Si wafer (Figs. 3 and 4). With the
modified form of the JKR equation based on dis-
placement, we calculated that the energy-release
rate (�) at which each weld spot was deposited is
3.8 � 0.7 J/m2, independent of weld-spot size (Fig.
5). As shown in Figure 4, the size of the weld spot
decreases with decreasing temperature regard-
less of the fact that the maximum contact areas
were uniform and independent of temperature.
This temperature dependence on weld-spot size is
related to either the critical time required to es-
tablish sufficient interfacial strength for coating
failure or the temperature dependence of the PS
coating strength.

The coating failure is essentially a tear mech-
anism (Fig. 7), and the tearing force through the
coating will depend on coating thickness (analo-
gous to tearing a single piece of article vs an
entire pad of article). For a conventional tear test,
the required tear force (F) varies linearly with the
sheet thickness, h23,24

F � KRh (4)

The constant of proportionality, KR, is referred
to as the tear resistance, which is closely related
to the material’s fracture toughness. Previous re-
search has demonstrated that the fracture tough-
ness of a glassy polymer decreases with increas-
ing temperature.25,26 From our results for uni-

form thickness coatings (Fig. 4), we know that the
critical interfacial strength, �, for each weld spot
does not change with the weld diameter. Accord-
ingly, from eqs 2 and 3 we can determine the
applied force (P) at weld deposition. This applied
force at weld deposition is related to the tear
force, F. From our results in Figure 4, an increas-
ing tear force is required to deposit the weld spot
for increasing temperature. Because this relation-
ship contradicts the known temperature depen-
dence for fracture toughness for PS, we can as-
sume that the change in KR with temperature is a
minor effect relative to the time dependence of
critical interfacial strength for determining the
weld size.

The fact that the area of the weld spots does
not equal the maximum contact area indicates
that the PS/PS interface near the edges of the
maximum contact area (where contact time was
the least) did not establish sufficient interfacial
strength to fracture the PS coating. The interfa-
cial strength of a symmetric polymer-melt inter-
face is dictated by the density of molecules that
cross, or “stitch,” the interface and the extent of
interpenetration. Previous theoretical and exper-
imental results have suggested that this density

Figure 7. (a) Image of nine microlenses with PS coat-
ing completely or partially removed from deposition of
weld spot. (b) Schematic demonstrating process of
“tear” mechanism of PS coating during weld-spot dep-
osition (not drawn to scale).
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of interfacial links scales with (t/�rep)n, where t is
time of contact, �rep is the polymer molecule’s
reptation time, and n is 1/4 or 1/2 (depending on
chain-end configuration at the precontact poly-
mer surfaces).27,28 If a critical entanglement den-
sity is achieved, then the coating will fail and a
weld spot will be deposited. In accordance with
previous results, the time to achieve this density
will vary with temperature as indicated by the
changing weld-spot size along the temperature-
gradient axis.

This information is also important for under-
standing the results of our combinatorial experi-
ment in Figure 5 that shows a T-h map where
regions of greater film thickness (h 
 175 nm)
only weld at higher temperatures (T 
 78 °C).
This increase in welding temperature with thick-
ness is related to either the increased tear force
that is required to tear thicker regions of the PS
coating or the thickness dependence of the Tg for
thin polymer films. Although the short times for
developing weld strength at temperatures below
bulk Tg may be attributed to an increased near-
surface molecular mobility,29 the thickness de-
pendence in Figure 5 is not dominated by molec-
ular constraint. Previous research has demon-
strated that molecular mobility of PS films is
most significantly affected for a thickness less
than 100 nm.30 Our thickness dependence is in-
troduced in films greater than 100 nm. Conse-
quently, we believe the thickness dependence ob-
served in Figure 5 is predominantly related to a
thickness-dependent tear force.

According to eq 4, the increase in tear force is
linearly proportional to the increase in coating
thickness. If we consider KR to be insignificantly
dependent on temperature over our temperature
range, then a 200-nm-thick coating will require a
tear force 14% greater than the tear force for a
coating of 175 nm (i.e., 200/175 � 1.14). To trans-
mit this greater tear force, the PS/PS weld re-
quires a greater interfacial strength because F–P
� �0.5. Therefore, at higher temperatures and
equivalent times of contact, our results indicate
that a greater density of cross molecules is pro-
duced across the PS/PS weld to support the
greater tear forces required for coating failure.

CONCLUSIONS

We have developed an adhesion-measurement
technique to investigate the molecular origins of
adhesion in a combinatorial manner. The tech-

nique that makes use of an array of microlenses
and a modified form of the JKR theory allowed us
to qualitatively and quantitatively map the inter-
facial adhesive strength across a surface. We have
demonstrated this approach in the context of PS
coatings and PDMS microlenses. Our test distin-
guished the relative differences in the adhesive
strength of PS/PS and PS/PDMS interfaces at an
elevated temperature, and mapped the trend of
the critical PS/PS welding temperature as a func-
tion of PS-coating thickness. These results are
potentially important for applications such as
electronic packaging where thin films of glassy
polymers are used to establish strong adhesive
interfaces.

Temperature and coating thickness are only
two examples of the variables that can be used in
the combinatorial libraries. More generally, the
methodology is useful for investigating the effect
of multivariable environments (e.g., surface en-
ergy, crosslink density, surface roughness, and
blend formulation) on polymer adhesion. A valu-
able benefit/advantage of the methodology is that
all test points are exposed to the same test condi-
tions, thus minimizing relative variations and al-
lowing dominant controlling factors in adhesion
to be rapidly isolated and determined. In addition
to exploring parameter space, we can improve our
library design by including internal standards
and calibration points for quick assessment of
relative properties. This high-throughput meth-
odology is not only a powerful tool for industrial
investigations where trends in adhesive behavior
need to be quickly assessed, but the technique can
also provide data under unique conditions for
more fundamental investigations of molecular or-
igins of polymer adhesion.
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