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Abstract The bond strength dependence on bonding
temperature and bonding pressure in traditional ther-
mal bonding and surface modification bonding of
PMMA is investigated. The results show that the bond
strength of the latter bonding method is larger than the
former. The effects of post-annealing and aging on
bond strength are also demonstrated. Then the bonding
parameters of temperature and pressure are optimized,
and typical bond strength of 1 MPa is obtained at
bonding temperature of 95�C, bonding pressure at
2 MPa, bonding time for 3 min and 50�C post-
annealing for 2 h. The successful bonded microfluidic
device was obtained through this optimized thermal
bonding method.

1 Introduction

Microfluidic or lab-on-chip devices have attracted
increasing interest over the last decade (Becker and
Locascio 2002). Glass was initially the material of these
devices, but polymers (Zhao et al. 2003) such as poly-
methyl methacrylate (PMMA) have a great potential to
be used for these devices because of its low cost, easily
fabrication, and chemical properties (Becker and Loca-
scio 2002). A key step in the fabrication of these
microfluidic devices is the enclosing of microchannel by
cover plate. This layer-to-layer bonding is a very
important procedure and challenging issue in the design
and fabrication of polymer-based microfluidic devices.
Several methods for the bonding of PMMA substrates

have been demonstrated, including thermal bonding in
convection oven or in hot embossing machine (Kelly and
Woolley 2003; Fiorini et al. (2003), gluing (such as SU-8
resist, PDMS films, etc.) (Han et al. 2003), laser lami-
nation (Roberts et al. 1997), and surface modification
(associated with other bonding methods) (Lee et al.
2003; Zhu et al. 2004). Among these methods, thermal
bonding is currently the mostly used method. For the
thermal bonding method, the bonding parameters’ affect
on the bond strength and the breakage of microstruc-
tures need to be evaluated and optimized for the bond-
ing process. In this article, two methods of PMMA
wafer boding, namely the traditional thermal bonding
and surface modification bonding were performed.
Bonding temperature, surface modification and pres-
sure’s effect on bond strength was investigated and
optimized, post-annealing and aging’s effect on bond
strength is also presented.

2 Experiments

2.1 Microchannel fabrication

The microchannel structure (see Fig. 1a) were fabricated
in hot embossing system HEX 02 (JENO0PTIK Mik-
rotechnik GmbH, Germany) by Ni mould (see Fig. 1b)
which is fabricated through UV-LIGA technique.

2.2 Traditional thermal bonding

The blank PMMA substrate and patterned micro-
channel PMMA were put together and heated to the
bonding temperature before the bonding pressure was
applied in hot embossing system HEX 02. After
bonding pressure was applied, the bonding temperature
was kept constant for minutes before cooling down.
When the substrate was cooled down to 75�C, the
bonding pressure was unloaded, then the bonded
sample was cooled down to room temperature slowly.
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In this experiment, the bonding pressure ranged from
0.5 to 2.5 MPa, bonding temperature ranged from 88
to 100�C. The bonded PMMA samples were post-an-
nealed at 50�C in oven for 2 h.

2.3 Surface modification bonding

The surface of PMMA is modified with its monomer
(MMA) before bonding which developed by Zhu et al.
(2004) as in the article. After surface modification, the
PMMA substrates were clamped and to be thermal
bonded in the hot embossing system.

2.4 Bond strength measuring

The bond strength dependence on bonding pressure and
temperature was measured by tensile testing in MTS 809
system (MTS Systems Co., USA). The tensile load was
increased with the ratio of 30 N/s. The maximum force
was divided by the bonded area to calculate the bond
strength before failure.

3 Results and discussions

3.1 Bonding temperature’s effect on bond strength

Figure 2 shows the bonding temperature’s effect on
bond strength of both bonding methods. In this figure, it
can be seen that the bond strength of surface modifica-
tion is high and steady for bonding temperature from 91
to 97�C.

Higher temperature will damage the patterns al-
though it can heighten the bond strength. For example,
the microchannel collapsed at the bonding temperature
of 100�C (see Fig. 3a). At bonding temperature of 97�C,
sidewalls of the microchannels draped (see Fig. 3b). At
lower bonding temperature, the microchannels (Seen as
Fig. 3c–d) retain the same as the embossed microchan-
nel. In order to obtain considerable bond strength and
high quality of bonded microchannel, temperature of

91–95�C was chosen as the bonding temperature for the
surface modification bonding.

3.2 Bonding pressure’s effect on bond strength

In this case, 95�C was selected as the bonding temper-
ature. Figure 4 shows the bonding pressure’s effect on
bond strength of the two bonding methods. The bonding
pressure’s effect on bonding quality is also demonstrated
in Fig. 5. The sidewalls of microchannels draped at
bonding pressure of 3.0 MPa (see Fig. 5a), while others
remained well when bonding pressure was below
3.0 MPa (see Fig. 5b–d). In order to obtain high quality
bonded microchannel and considerable bond strength,
bonding pressure should not be higher than 2.5 MPa.

3.3 Post-annealing and aging’s effect on bond strength

The experiments show that post-annealing (50�C for
2 h) heighten the bond strength considerably for the two
bonding methods (see Fig. 6a). Inner stress of the
bonding interface may reduce during the post-annealing

Fig. 1 The SEM of Ni mould
and microchannel

Fig. 2 Bonding temperature’s effect on bond strength. The bonding
pressure and time is 2 MPa and 3 min, respectively. The bonded
sample was not treated with post-annealing
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process which can heighten the bond strength. The bond
strength was measured to investigate the aging’s effect
(see Fig. 6b). It can be seen that the bond strength of
surface modification is steady for aging, while the bond
strength of traditional thermal bonding was affected by
post-annealing and aging more easily. The results indi-
cate that the bond strength of surface modification is
steadier than traditional thermal bonding.

The parameters of surface modification bonding are
optimized as the following: bonding temperature at
95�C, bonding pressure at 2 MPa, bonding time for
3 min, post-annealing as 50�C for 2 h. Cross-section
SEM of successfully bonded microchannel is shown in
Fig. 7. The seal of bonded channel is tested through
filling with fuchsine–NaOH solution, and no leakage can
be seen.

Compared to the traditional thermal bonding, sur-
face modification bonding method can get successful
bonding at lower bonding temperature and pressure,
because that surface modified with MMA decreases
surface Tg (glass transition temperature) of PMMA and
the adhesion work, which will protect the micropatterns
during bonding.

4 Conclusion

The bonding strength increases with the bonding tem-
perature and pressure. Bond strength of surface modi-
fication bonding of PMMA is higher than that of
traditional thermal bonding of PMMA for the same
experiment condition. Surface modification bonding
method can get successful bonding at lower bonding
temperature and pressure which can protect the micro-
structures during the bonding process.

Fig. 3 The SEM of effect of
bonding temperature on
bonding quality. The bonding
pressure and time is 2 MPa and
3 min, respectively. The bonded
sample was not treated with
post-annealing

Fig. 4 Bonding pressure’s effect on bond strength. The bonding
temperature and time is 95�C and 3 min, respectively. The bonded
sample was not treated with post-annealing. The bond strength was
measured within 1 day
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