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Abstract

The challenges for high-strength adhesive-free sealing of thermoplastic microfluidics have impeded commercialization.
We present the technique of gas-assisted thermal bonding (GATB) for joining thermoplastic surfaces at elevated tem-
peratures to produce microfluidic devices with low distortion. In this technique a pressurized gas is used to supply the force
to bond the two substrates rather than relying on direct contact of thermoplastics with a rigid press. Mechanical charac-
terization tests were performed to analyze and optimize the effect of GATB pressure and temperature on the bonding
strength of laminated polymethyl-methacrylate (PMMA) membranes. Tensile tests on PMMA membranes subjected to
GATB process conditions examined the effects of these conditions on the single membrane’s characteristics. Adhesive
strength was assessed on thin PMMA strips bonded together by GATB in lap shear and T-peel test configurations. The
maximum lap shear and peel strength were found to occur at the lowest tested pressure of 1.17 MPa based on bonding
experiments at 160 °C and 180 °C, respectively. Thereafter, the GATB is compared with the conventional plate-to-plate
method to bond a capping sheet on pre-fabricated microchannels. Channel deformation is quantified by cross-section
imaging before and after the sealing experiments. It was found that GATB enables low-distortion microchannels with
higher uniformity at elevated temperatures, providing a solution for adhesive-free manufacturing of thermoplastic-based
microfluidic systems.

1 Introduction

Microfluidic devices have shown considerable promise in a
wide range of applications from medical screening to
portable energy sources (McDonald and Whitesides 2002;
Guber et al. 2004). For many of these devices the critical
barriers to be resolved before commercialization are cost-
effective manufacturing and high performance (Chin et al.
2012; Sackmann et al. 2014). The limitations of conven-
tional silicon- or glass-based processing techniques have
prompted researchers to explore alternative materials
(Narasimhan and Papautsky 2003). Initially, PDMS was
viewed as a logical base material (Berthier et al. 2012).
However, in recent years, there has been a tendency
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towards the employment of thermoplastics for microfluidic
systems due to material property issues associated with
PDMS, such as surface treatment instability, bulk absorp-
tion of small molecules and evaporation through the device
(Sackmann et al. 2014; Miserere et al. 2012). Thermo-
plastic polymers offer a number of advantages, which
include a wide range of physical and chemical properties,
biochemical compatibility, ease of processing and proto-
typing, light-weight and low cost (Narasimhan and
Papautsky 2003; Tsao et al. 2007). As a result, thermo-
plastic microfluidic systems based on PMMA, polycar-
bonate (PC), cyclic olefin polymers (COP) or copolymers
(COC) have gained increasing attention. Although COC
and COP have recently presented as highly attractive
candidates, the use of PC and PMMA in microfluidic
studies is favorable due to the many advantages like wide
availability in a variety of grades, good chemical compat-
ibility, and molding properties (Tsao and DeVoe 2009).
Injection molding, hot embossing, casting and laser
micro-machining are the common techniques that have
been used for polymer-based microfabrication (Becker and
Girtner 2008; Becker and Locascio 2002; Su et al. 2003).
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Thermoplastic polymers are the most suitable materials for
scaling up in a production process through established
techniques like embossing or injection molding (Marasso
et al. 2014). Among these fabrication methods, CO, laser
micromachining offers rapid prototyping and iterative
design of microfluidic devices, proven to be an effective
technique for scientific trials and small-scale production
(Matellan and Armando 2018). Regardless of the fabrica-
tion method employed, one of the key challenges in cre-
ating most microfluidic devices is to seal a cap on a
substrate containing microscale channels. As a result,
bonding of two or more parts is a fundamental issue for
nearly all microfluidic devices (Tsao and DeVoe 2009).

In direct thermal bonding, substrates are normally
heated to a temperature near or above the glass transition
temperature (Tg) of one or both substrate materials, while
simultaneously applying pressure. Optimization of the
bonding parameters (temperature, pressure and time) is
crucial for successful sealing and has been the subject of
many studies (Eddings et al. 2008; Brown et al. 2006;
Zhu et al. 2007). The use of inappropriate parameter
settings can result in microstructure deformation and
collapse. Alternatively, techniques like solvent and
adhesive bonding have been used to reduce the required
bonding temperature (Velten et al. 2005; Park et al. 2012;
Brown et al. 2006), giving more flexibility in the selection
of materials for the components (Carlborg et al. 2011;
Folch 2016). However, these methods result in inhomo-
geneous sidewalls and the challenge of microchannel
clogging becomes a major issue (Tsao and DeVoe 2009;
Ogilvie et al. 2010).

Different fabrication methods to generate complete Lab-
on-a-Chip solutions based on thin and flexible films (Lab-
on-a-Foil) have been previously reviewed by Focke et al.
(2010). In a second review paper (Truckenmiiller et al.
2011), thermoforming of film-based biomedical microde-
vices was explored. In addition, fabrication techniques like
micro pressure forming (Truckenmiiller et al. 2011), vac-
uum bagging (Cassano et al. 2015), thermal bonding in
water (Kelly and Woolley 2003), gas-assisted embossing
(Peng et al. 2014), UV-nanoimprint lithography (Chen
et al. 2015), pressure sensitive film sealing (Huang et al.
2007), interfacial layer bonding (Chow et al. 2005), roll-to-
roll lamination (Miserere et al. 2012), and rubber-assisted
hot embossing (Nagarajan and Yao 2011) have been pre-
viously introduced and studied. However, to the authors’
knowledge, bonding of polymer-based substrates have not
been investigated by an air-cushion press (ACP). The
present study adds a new approach to this list for cost-
effective fabrication of polymer-based devices, capable of
targeting various applications for low-cost and light-weight
disposable chips.
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ACP technology has formerly been employed to
advance hot embossing technology (Guo 2007). In a hot
embossing process equipped with ACP, called gas-assisted
hot embossing (Peng et al. 2014), a pressurized fluid
presses a solid mold and substrate against one another to
stamp the intermediate layer, with improved pressure uni-
formity, yield, and stamping speed (Gao et al. 2006). In this
work, the ACP technology commonly used in hot
embossing has been adapted to bond polymer substrates
together as an advancement to the common plate-to-plate
method used in thermoplastic-based microfluidic sealing.
Figure 1 illustrates the GATB in comparison with plate-to-
plate thermal bonding.

In the present work, GATB process parameters are
studied by measuring the bonding strength between PMMA
surfaces. The bonding strength is quantitatively represented
by the lap shear failure load and peeling strength. As a
point of reference, the characteristic PMMA tensile
strength was determined both for untreated samples and for
samples treated under GATB bonding conditions to quan-
tify the effect of processing and to contrast with the
bonding strength results. Finally, the GATB method is
compared with the conventional plate-to-plate hot pressing
to bond a capping on pre-fabricated microchannels.
Microchannel deformation in both cases is estimated by
cross-section imaging before and after the sealing process
at elevated temperatures.

2 Experimental

0.05-mm-thick PMMA strips (Goodfellow Corp.) were
used as the bonding materials for mechanical testing. For
the mechanical strength measurements, the PMMA thin
strips were cut along their long dimension as received.
Figure 2a—c illustrates the three different mechanical tests
performed on the flexible PMMA films. First, tensile tests
were done on single layer unbonded strips exposed to the
GATB conditions to understand the effect of the process
parameters on the characteristics of PMMA film. For this
reason, rectangular test specimens (20 mm length and
10 mm width) were prepared and then tested at both
untreated and after experiencing various GATB treatment
conditions. GATB treatment was performed on a batch of
single samples at a constant pressure of 1.38 MPa at five
different temperatures ranging from 140 to 180 °C in
10 °C increments.

Lap shear and T-peel experiments were used to quantify
and compare the failure strength of the bonded samples.
The T-peel specimens were bonded by the GATB method
at three different pressures of 1.17 MPa, 1.38 MPa, and
1.59 MPa, and temperatures from 140 to 180 °C. The lap
shear specimens were prepared at the same pressures but
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with bonding temperatures from 130 to 180 °C in 10 °C
increments. For the lap shear and T-peel sample prepara-
tion, two thin strips of PMMA with an overlap area of
5 x 10 mm? were laminated as shown in Fig. 2d, e. As
illustrated, single lap shear and T-peel specimens were
prepared from two PMMA films that overlap in the joint
area. PMMA films were bonded without any prior surface
treatment and remained under bonding conditions for
1 min. The unbonded area of the T-peel strips were created
by interposing a removable metal foil between the lami-
nating layers. At least three samples were tested under
identical conditions to ensure the reproducibility of the
results. All mechanical tests were measured with a
rheometer (Fig. 2f) equipped with a 2 kgf load cell
(Rheometric Scientific, ARES RDA-II) for tensile testing
at room temperature. The grip-to-grip distance was set to
be 1.6 cm and the samples were loaded at a speed of
0.1 mm/s in all mechanical tests.

Overlap area

The GATB process employs a nanoimprint lithography
(NIL) apparatus (Nanonex, NX-1000) originally dedicated
to thermal NIL (Tan et al. 2004; Zhou 2013). Figure 3
illustrates the apparatus utilized for bonding the polymer
components. The gas pressure is transferred to the sample,
which is sandwiched between two sealing films. Prior to
the introduction of the pressurized nitrogen gas into the
chamber, the sealing films and the sample are put into
contact under vacuum. During the process, the temperature
over the components is precisely controlled by an IR-lamp
and a thermocouple near the sample. The diameter of the
sample processing area is 110 mm, which provides enough
area to press a batch of five bonding specimens in our
experiments. The tool is capable of GATB processing (with
a dwell time of 1 min) of about twelve batches per hour.

For proof of concept, the GATB technique was used to
seal microfluidic channels. 2-mm-thick PMMA acrylic
sheets (ePlastics Corp.) were used as substrates to create
the microfluidic channels. A CO, laser from Universal

@ Springer



3926

Microsystem Technologies (2019) 25:3923-3932

Fig. 3 Schematic of the
nanoimprinter apparatus utilized
for bonding polymer substrates

Laser Systems Inc. (ILS 9.75) at a power of 15 W was used
in continuous wave to etch microchannels on the PMMA
acrylic sheets. Acrylic pieces 4 x 6 cm” in size were cut
along their long axis to prepare two sets of bonding spec-
imens under the same conditions. The acrylic pieces with
the etched patterns were cut in half, and each half was
capped by either GATB or conventional hot pressing after
1 min of oxygen plasma treatment. The conventional hot
press lamination was performed using a Carver 4388
machine equipped with a digital pressure gauge. In the
conventional hot press system, thermoplastic layers were
pressed between two mirror-shine polished stainless-steel
sheets. In both bonding experiments, the temperature was
monitored carefully by a thermocouple near the bonding
components.

For cross-sectional imaging of the fluidic channels,
PMMA acrylic substrates were first scored with a knife and
then broken together. Measurements of microchannel
dimensions were taken before and after sealing at 170 °C
and 1.24 MPa for a dwell time of 1 min. Cross-section
surfaces were analyzed using a Quanta FEG 450 scanning
electron microscope (SEM) after conductive coating.
Thickness calculations on various spots on the specimens’
surface were obtained by a Mitutoyo digital micrometer
before and after bonding the sheets.

3 Results and discussion

Direct bonding of thin polymer films with conventional
rigid plate systems is challenging especially when the film
thickness becomes small (Sgndergaard et al. 2012; Gordon
and Fakley 2003). Figure 4 illustrates the lamination out-
come of as-received PMMA thin strip membranes bonded
with two different techniques, conventional hot press and
GATB. In the conventional hot press sample, contact
imperfections generate a non-uniform pressure distribution
that does not allow the PMMA layers to join together
satisfactorily. However, on the GATB sample, the isostatic
pressure accommodates surface irregularities to produce a
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Fig. 4 Laminated PMMA membranes by GATB and conventional hot
press technique at 160 °C and 1.17 MPa

more uniform distribution of stress. Surface imperfections,
lateral shifts, and rotation between the bonded components
are more easily tolerated and compensated (Gao et al.
2006). Hence, GATB can be considered as a strong can-
didate for joining thermoplastic surfaces to create high-
strength sealed microfluidic devices. As a thermoplastic
material, PMMA bonding serves as a prototype that
demonstrates the concept that is applicable to a variety of
thermoplastics useful for microfluidics and other applica-
tions (Mahmoodi and Besser 2018). Future work to explore
the details of the GATB process with other specific ther-
moplastics will be of great interest for the research and
manufacturing communities which can leverage this
approach.

3.1 Mechanical characterization

Tensile tests were carried out to study the effect of GATB
processing conditions on the PMMA membranes’ tensile
strength. To prepare these samples, single unbonded
PMMA membranes were subjected to 1.38 MPa of gas
pressure at five different temperatures from 140 to 180 °C.
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The product tensile strength diagram is shown in Fig. 5a.
The results demonstrate a small peak at 160 °C, after
which the strength slightly decreases with the further
increase in the applied temperature. Accordingly, from the
range of the strength recorded, it can be seen that the
tensile strength of PMMA films is not remarkably influ-
enced by the GATB treatment and the failure load after the
treatment remains in the same range as for the untreated
samples with a deviation of less than 2% in the average
strength data.

In the next step, the cohesion between bonded PMMA
films in a lap shear configuration was assessed. The lap
shear test is a technique commonly used to measure the
shear strength of adhesives between a wide range of
combinations of similar or dissimilar materials (Gordon
and Fakley 2003). The plot of the failure load versus the
bonding temperature is shown in Fig. 5b. The lap shear
curves at different pressures follow a similar trend with a
peak appearing at 160 °C, however, the reduction in the
strength after the peak happens more rapidly in the two
higher pressure levels. Moreover, at GATB temperatures
higher than 140 °C (and including 140 °C and 1.59 MPa),
the lap shear joints were found strong enough not to allow
the bonded strips to separate from their interface. Conse-
quently, all the failures happened at the edges of the lap
area except for the samples prepared at 130 °C (all three
pressures) and, 140 °C at pressures of 1.17 MPa and
1.38 MPa. Also, the lap shear plots can be compared with
the single membrane tensile test plots. The lap shear data
shows a more pronounced peak strength at 160 °C among
the other lap shear samples at different pressing tempera-
tures. The lap shear data also shows a higher range of
failure load variation with the temperature.

For samples prepared at the two lower temperatures and
with which interface separation takes place, shear strength
can be estimated as the measured force at breaking divided
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by the contact area, disregarding the nonuniform shear
stress distribution and the fact that the highest shear stress
happens at the overlap edges (Wu 1982). Accordingly, the
average shear strength for 1.17 MPa curve rises from 0.27
to 0.29 MPa when the temperature increases from 130 to
140 °C. Comparable data has been obtained for the lap
shear strength of polystyrene and poly (2,6-dimethyl 1,4-
phenylene oxide) (PPO) 100-um-thick films laminated by
conventional hot pressing below T, over relatively long
time periods (Boiko and Prud’Homme 1997). The authors
of the cited work recorded a shear strength of approxi-
mately 0.14 MPa for PS/PS and 0.03 MPa for PPO/PPO
after bonding 24 h at respectively T,—41 °C and Ty—
126 °C (Boiko and Prud’Homme 1997). For 0.8-mm-thick
COP with T, of 136 °C, a shear strength of 0.03 MPa is
reported at bonding conditions of 126 °C, 0.9 MPa, and
30 min (Pemg et al. 2010). They have shown that the
bonding strength increases rapidly as bonding temperature
increases, but when the bonding temperature exceeds
135 °C, the embedded microchannels start to collapse. In
our work, however, the lap shear strength is studied at
temperatures above T, to analyze the high-temperature
bonding conditions. A more detailed analysis of
microchannel sealing at temperatures well above T, is
detailed in the next section.

The T-peel test was adopted to determine the peel
strength of the joints. The T-peel test is a common
approach to measure adhesion between flexible materials
(Ballarin et al. 2013; Khan and Poh 2011). This method
works by exerting a force perpendicular to the overlap
region and by pulling the adhered materials in opposite
directions to separate the contact surfaces (shown in
Fig. 2). Figure 6 shows the peel strength as a function of
the processing pressure. As shown, the peel strength varies
only weakly with GATB pressure. Similarly, Ogilvie et al.
(2010) reported that the bond pressure has little influence

1300
130 140 150 160 170 180

GATB Temperature (C)
the failure load with respect to the GATB processing temperature in a

lap shear test. The error bars correspond to the standard deviation of
the mean from at least three experiments (mean + SD)
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on the T-peel strength of PMMA acrylic sheets. However,
Fig. 6a indicates that by increasing the bond temperature
the overall level of the peel strength substantially
improves. For the samples pressed at temperatures greater
than or equal to 160 °C and pressures higher than
1.17 MPa, the peel strength becomes high enough that the
overlapping area is unable to be separated through T-peel
testing. Thus, we conclude that a failure mode transition in
the peel strength occurs at 160 °C (Khan and Poh 2011).

Figure 6b shows the peel strength along with the GATB
process temperature. The peel strength generally improves
with respect to temperature. As mentioned above, at tem-
peratures higher than 160 °C, the failure happens at the
overlap edges in all samples. According to Nising et al.
(2003), PMMA starts to soften at temperatures close to T,
(approximately 115 °C), however, depolymerization does
not begin thoroughly until 180 °C (Becker and Gértner
2000). Based on the results in Fig. 6b, the improved
bonding strength at higher process temperatures can gen-
erally be described by the increasing numbers of bonds
becoming activated to bridge the interface between the
lamina. It has been reported that typically the peel strength
of acrylic adhesives—chemically similar to PMMA—
gradually increases with temperature, reaches a maximum,
then decreases as temperature is raised further (Kim and
Mizumachi 1995). This behavior agrees with the results
reported here. The results of Fig. 6b are also in good
agreement with the lap shear (Fig. 5b) and the single
membrane tensile test results (Fig. 5a) presented earlier.
While a constant increase of peel strength with temperature
happens below 170 °C with all three pressures, the peel
strength curves exhibit divergent behaviors based on
pressure after the failure mode transition at 160 °C.

The presented mechanical results confirm that high-
strength adhesive-free joining of thin thermoplastic films
can be achieved using GATB. Referring to the measure-
ments in Fig. 6b, the maximum failure load was observed
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for processing at 180 °C and the lower pressure of
1.17 MPa. Based on the T-peel and lap shear results, it can
be concluded that when the process temperature is higher
than 160 °C (the failure mode transition temperature),
increasing the GATB pressure can effectively reduce the
failure strength. From the tensile strength of single mem-
branes (Fig. 5a), it was found that the decrease in the
characteristic strength of the film with process temperature
is relatively insignificant. It is widely agreed that high
bonding pressure can induce global and localized defor-
mation or may lead to significant thickness variation in
microfluidic devices under processing conditions (Chow
et al. 2005; Sun et al. 2006; Wang et al. 2011a, b).
Therefore, the recorded strength results also reflect the
effect of deformation on the GATB samples.

SEM cross-sections of the bonded PMMA films using
GATB for 1 min at 180 °C and pressures of 1.17 MPa and
1.59 MPa are shown in Fig. 7. We observed that the
overall thickness of the joined membranes stayed uniform
over the entire cross-section and was measured to be about
112 pm and 106 pm for 1.17 MPa and 1.59 MPa samples,
respectively. The SEM results confirm that the drop in the
failure load at higher pressures can mainly be explained by
the increase of deformation and thinning of the films.
Increasing the processing temperature does not signifi-
cantly impact the characteristic strength of the PMMA
films, nevertheless this deformation is enough to drop the
bonding performance of both the lap shear and T-peel
specimens at temperatures above 160 °C. On the other
hand, the occurrence of the peak GATB bonding strength at
temperatures well above T, indicates that GATB can
effectively control the thinning of films at the applied
bonding conditions. In a thermoplastic-based microfluidic
system, the bonding method must not lead to deformation
that results in significant dimensional change of the
microchannels. For this reason, channel deformation of a



Microsystem Technologies (2019) 25:3923-3932

3929

Fig. 7 SEM cross sections of
GATB laminated PMMA films
at 180 °C and different
pressures of a 1.17 MPa and,
b 1.59 MPa

50
pwm

PMMA-based microfluidic system after joining at elevated
temperatures is studied in the next section.

3.2 Sealing of microfluidic devices

Sealing of laser-machined microchannels was compared
between the GATB and conventional hot pressing (Fig. 8).
To achieve this goal, PMMA acrylic sheets were first
engraved by laser micromachining, and then the sheets
were capped by the two different techniques. A range of
sealing temperatures from 140 to 190 °C, at a constant
pressure of 1.24 MPa, displayed that in a 1-min compres-
sion it is possible to seal the device at or above 150 °C,
however, a robust sealing of PMMA sheets does not occur
below 170 °C. This is consistent with the data achieved for
the bonded PMMA membranes and a previous work on
high-temperature bonding of PMMA acrylic sheets that

Fig. 8 Cross-section SEM
images of laser micro-machined
acrylic sheets, a before capping,
b capping by GATB, c after
capping by conventional hot
pressing, d w/d ratio of
microchannels and the average
thickness measurements of
specimens before and after
bonding through the two
different capping approaches.
The data extracted from 10
measurements of the w/d ratio
(mean + SD, n = 10) and 10
thickness measurements per
sample (5 samples) on different
spots (mean =+ SD, n = 50)

indicates 165 °C as the required temperature (Sun et al.
2006). We observed that at temperatures lower than
170 °C, samples can easily be separated and all specimens
de-bond in the cross-section preparation. When the bond-
ing temperature is equal to or surpasses 170 °C, the bonded
sheets break as a single piece. Therefore, sealing of the
microchannels was performed at 170 °C to ensure a high-
strength seal was achieved.

SEM cross-section images from cleaved surfaces of the
pre-sealed and sealed microchannels prepared under iden-
tical bonding conditions are compared in Fig. 8b, c. The
width to depth ratio (w/d) of the microchannels were col-
lected from the SEM micrographs before and after sealing
to quantitatively compare the two approaches. The results
obtained from the SEM measurements are shown in
Fig. 8d. The increased distortion of microchannels capped
by the conventional hot press can be observed by

= w/d ratio

= Thickness 4223
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0.5 221
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Thickness (mm)

22
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3
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Fig. 9 Cross-section SEM
images of the sealed
microchannels at 180 °C and
1.24 MPa via, a GATB, and,
b conventional hot pressing.
Top-view of a microfluidic
device sealed by ¢ GATB, and
d conventional hot pressing

comparing the w/d ratios between the two sealing
approaches. Also, Fig. 8d reveals that after the sealing
process, the reduction in the average thickness of PMMA
sheets (=~ 0.5%) is approximately 2x greater for the
conventional hot press samples compared to the GATB
samples. Moreover, the scattering in the recorded data was
found to be noticeably greater in the conventional hot press
bonding, resulting in a more uniform channel shape for the
GATB samples. From Fig. 8d we observe that although the
substrate thinning appears to be negligible compared to the
thickness of the acrylic sheets (~ 0.5%), the channel shape
may be greatly affected by deformation during the sealing
step.

The dimensional stability of the microchannels sealed
with the two different approaches are also compared at
180 °C. Figure 9a, b show the cross-section of the sealed
microchannels obtained through the two sealing methods
when the bonding temperature was raised to 180 °C. The
top-view of the microfluidic devices sealed at identical
bonding conditions are shown in Fig. 9c, d. For both
sealing conditions, the w/d ratio of the microchannels lie in
the same range as observed for the 170 °C condition. Also,
SEM investigations reveal that the conventional hot press-
sealed specimen can experience microchannel collapse
caused by uncontrolled flow of the sealing components
during bonding, which can be inhibited by the GATB
method (Fig. 9a).

Direct bonding of PMMA sheets at elevated tempera-
tures has previously been reported (Sun et al. 2006; Nayak
et al. 2010). Sun et al. (2006) were able to control the
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microchannel deformation during thermal bonding of
PMMA sheets at 165 °C. They employed a relatively low
pressure of 20 kPa in the hot press bonding for an extended
dwell time of 2 h. Here, we have used higher bonding
pressures, and the sealing was performed at 170 °C for a
much shorter dwell time of one minute. Although sealing
of the microfluidic devices at elevated temperatures has
been avoided in most microfluidic studies to reduce the risk
of deformation and unnecessary thinning of layers, the
GATB technique provides the opportunity to control the
microchannel deformation at elevated temperatures and
consequently has potential for producing high-strength
adhesive-free thermoplastic microfluidic devices.

4 Conclusion

We have described an approach for addressing existing
issues with current sealing technologies of microdevices
with a robust, adhesive-free and cost-effective sealing
method for thermoplastic lamina. There is a significant
need to resolve the challenges in MEMS packaging and
fluid encapsulation in order to continue forward momen-
tum in the field of microfluidic device technology in a
variety of application areas. Existing thermal bonding
approaches generally rely on a bonding temperature at or
below the T, of the material to minimize the possibility of
deformation with a great investment of processing time,
however, the implementation of elevated bonding temper-
atures (at least 50 °C above the substrate T,) is a quicker
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and more reliable route to effective sealing in thermoplastic
devices.

Tensile strength results from single layer PMMA
membranes reveal that applying the GATB conditions does
not significantly affect the membrane’s inherent strength.
Lap shear and T-peel tests provided guidance toward the
most suitable GATB process parameters for bonding
strength. The results at different pressures and temperatures
show that the failure load mostly depends on the bonding
temperature and improves consistently before a distinct
failure mode transition. After the transition temperature,
however, higher pressures increase the risk of deformation
and thinning, with potentially negative results for
microdevice assembly.

We found that high-strength sealing of a microfluidic
device on PMMA sheets requires a bonding temperature of
at least 170 °C. When microchannel distortion at this
temperature was compared between the GATB and con-
ventional hot pressing, it was observed that GATB makes it
possible to build less-distorted microchannels, with a pro-
duct channel shape that is more consistent. The GATB
excels in performance largely due to the isostatic pressure
distribution presented to the sample surfaces during the
bonding operation.
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