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Thermal bonding is an important technique to fabricate polymer electrophoresis microchip. However, the
metal electrodes deposited on polymer substrate can readily fracture during the thermal bonding. In this
paper, poly(ethylene terephthalate) (PET) was exploited to fabricate the electrophoresis microchip with
an integrated gold electrode for amperometric detection. The fracture of the gold electrode was studied
through FEA (finite element analysis) simulations, the potentially risk positions on the electrode were
shown. The calculation results were tested by bonding experiments and were proven to be consistent
with the experiments. Besides, an optimal bonding temperature for PET chip was also presented based
lectrode fracture
olymer deformation behavior
ynchronous observation
inite element simulation

on FEA simulations and bonding experiments. Considering the low surface properties of PET, oxygen
plasma-assisted thermal bonding technique was used to enhance bonding. Upon treated for 150 s, the PET
substrates could be thermally bonded at 62 ◦C without electrode fracture. The fabricated PET chips were
demonstrated for detection of standard glucose solution. Satisfactory reproducibility was achieved, and
the RSD values of peak height and migration time of the PET CE chips were 0.51% and 2.17%, respectively.
. Introduction

Capillary electrophoresis (CE) microchip has gained increasingly
ttention in recent years. The CE microchip has been developed as
n attractive technique for the applications in biological and chemi-
al fields, primarily due to their advantages such as high separation
fficiency, low reagent consuming and potential portability [1–6].
E microchips made of polymers have several merits in comparison
o quartz, silica and glass-based microchips, such as less expensive
nd not fragile, a wide range of materials to be selected, a diverse
ange of fabrication protocols, and various surface chemistries to
atch the desired application [3,4]. Therefore, various CE chips

ave been developed with polymer materials [7–10].
It is well known that hot embossing and thermal bonding

re important techniques for fabrication of the polymer microflu-
dic devices [11]. However, there is a disadvantage when thermal
onding is used to fabricate a polymer electrophoresis microchip
ntegrated with metal electrodes: for most of the polymer mate-
ials, the bonding must be conducted near their glass transition
emperature (Tg), at which the metal film electrode deposited on
olymer substrate can readily be fractured. Fig. 1 shows the frac-

∗ Corresponding author.
E-mail address: chongl@dlut.edu.cn (C. Liu).

039-9140/$ – see front matter © 2009 Published by Elsevier B.V.
oi:10.1016/j.talanta.2009.05.048
© 2009 Published by Elsevier B.V.

ture on a metal film electrode, which occurs as the thermal bonding
temperature is near Tg. The microchip with broken electrodes can-
not be used for chemical detection. Ueno et al. [12] presented a
method to solve this problem. Firstly, they fabricated the electrodes
by deposited gold onto polymer substrate. Subsequently, they used
a glass wafer to press the electrodes into the polymer substrate.
Finally, thermal bonding was used to seal the chip. Though this
method protects the electrodes from fracture, this method is time-
consuming and complicated. Furthermore, the mechanism of the
electrode fracture was not been studied and presented. Luo et al.
[13] also developed a method to protect electrodes. They fabricated
a rectangle cavity in polymer substrate and deposited the metal
electrode into the cavity. It was obvious that this method was also
complicated and labor consuming. The mechanism of electrode
fracture was also not discussed.

Poly(ethylene terephthalate) (PET) is an attractive polymer used
for CE microchip. Its glass transition temperature (Tg) varies with
the crystallization degree of the material, from 75 ◦C for low-
degree crystallized to 220 ◦C for high-degree crystallized. PET is
a hydrophobic polymer with low surface energy. To seal PET chip

below its glass transition temperature is difficult. Some scholars
used PE as adhesive layer to seal PET substrates at a temperature far
less than the glass transition temperature of PET [14,15]. However,
sealing with the help of PE adhesive layer produced composite chips
with PET/PE/PET structure, resulting in inhomogeneous surface
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of several tens of millimeters on an edge. To show the microelec-
trode deformation and stress, three models were established. Fig. 3a
shows the first model. We took a rectangle specimen geometry of
50 �m high and 500 �m long as the substrate, a rectangle spec-
imen geometry of 8 �m high and 400 �m long as electrode and
Fig. 1. The photograph of fractured electrode.

roperties of the channels. Others used a lamination method to
eal PET films [16,17]. This method is time-consuming and costing.
urthermore, it only fits the fabrication of the chips composed of
hin films. Thermal bonding is an effective method to fabricate PET
hip. However, to protect the integrated electrodes from being frac-
ured, bonding must be conducted at a low temperature, which is
ifficult.

In this paper, we reported our studies on exploring the PET
o fabricate electrophoresis microchip integrated with gold film
lectrodes, with emphasis being focused on the investigation of
lectrode fracture and how to avoid it. The causes of the fracture
ere discussed. The optimal bonding temperature and the locations
here fracture would occur were predicted. All the predictions
ere tested by experiments.

. Materials and apparatus

.1. Materials and chemicals

Amorphous PET materials were provided by Dahua Plastic Co.
Hangzhou, China). Its glass transition temperature was 85 ◦C. Its
ensity was 1.30 g/cm3. The cover plates, which were prepared from
mm PET plate, were cut into 20 mm × 48 mm rectangle pieces
ith CO2 laser cutting. The substrates with deposited gold elec-

rodes were all 40 mm × 60 mm × 1 mm rectangle pieces. Microgold
lm electrodes were fabricated onto the PET substrates with the UV-
irected electroless plating technique described in reference [18].
he width of the deposited electrode was 50 �m.

The electrophoresis samples were 99.5% standard glucose
olutions (Sigma, St. Louis, MO). NaOH was a 99.99% standard sam-
le (Semiconductor grade, Aldrich). De-ionized water was used
hroughout the experiments.

.2. Hot embossing and thermal bonding set-up

A nickel master was fabricated using electroforming technol-
gy and used for embossing micropatterns into a PET substrate.
he microprotrusions on the mold (microchannels) with “T” feature
ere 40 �m high and 70 �m wide.

The device used for hot embossing and thermal bonding con-
isted of a DC torque motor, a screw, two press heads, a linear
ncoder and a control system. Several TEC (Thermal Electric Cooler)
Ferrotec, Hangzhou Dahe Thermo-Magnetics Co., Ltd.) blocks were
laced into the press heads for heating and cooling. The tem-
erature of press heads could be increased to 200 ◦C. The DC
orque motor could provide a control accuracy of 0.5 N and allowed
o ensure constant force during the embossing and bonding. A

eam load cell was placed under the lower press head to mea-
ure the embossing force. A linear encoder was mounted on the
ovable plate to monitor the displacement of the upper press

ead. The temperature graph was got by placing two thermo-
ouples into the press heads. All the results were recorded by a
omputer.
2009) 1341–1347

3. Finite element analysis and experimental observation of
electrode fracture

3.1. Polymer deformation modes

Finite element analysis was used to simulate the deformation,
the stress and the temperature distribution on the electrode during
a thermal bonding process.

Because thermal bonding was conducted under polymer glass
transition temperature, a visco-plastic model, presented by Argon
[19] and modified by Boyce [20], was used to simulate the defor-
mation of glassy polymer. This constitutive model considered the
visco-plastic deformation, rate and temperature dependent hard-
ening and softening of glassy polymer. The flow stress in shear was
expressed as follows [20].

�g = S̃
[

1 − kT

AS̃
ln

(
�̇p

�̇0

)]6/5

, S̃ = S + ˛pp (1)

where � was the shear stress, k was the Boltzmann constant, T was
the applied absolute temperature, AS̃ was the zero stress level acti-
vation energy, �̇p was the applied shear strain rate, �̇0 was the
pre-exponential factor, S was a thermal shear stress, ˛p was the
pressure coefficient, p was the pressure. An ANSYS software was
used to simulate the deformation process. The physical properties
and deformations shown in the constitutive model were considered
during simulation.

3.2. Finite element analysis model

Fig. 2a shows an illustrative diagram of a polymer electrophore-
sis microchip integrated with a metal electrode. During a thermal
bonding process, the cover plate pressed the electrode severely,
especially at the regions of the plate out-side edge and the reservoir
in-side edge (shown in Fig. 2). Fig. 2b is a section view achieved
by cutting the microchip along the electrode. We established an
FEA model, similar with the section view shown in Fig. 2b, to show
the deformation and stress. “L” was defined as the length of the
electrode in the reservoir.

The actual substrate had an initial square shape with dimensions
Fig. 2. A schematic of an electrophoresis microchip integrated with a metal elec-
trode. (a) The whole structure of an electrophoresis microchip; (b) the cross-section
schematic of the microchip.
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ig. 3. The meshed model for finite element analysis. (a), (b) and (c) are meshed
odels as the values of “L” are 200 �m, 400 �m and 500 �m.

wo-rectangle specimen geometry of 50 �m high and 90 �m long
or each as cover plates. The length of the electrode in the reser-
oir (L) was 200 �m. Fig. 3b shows the second model. We took
rectangle specimen geometry of 50 �m high and 800 �m long

s the substrate, a rectangle specimen geometry of 8 �m high and
80 �m long as electrode and two-rectangle specimen geometry of
0 �m high and 180 �m long for each as cover plates. The value of
was 400 �m. Fig. 3c shows the third model. We used the same
arameters of the substrate with the second one except for the
over plates. We took two rectangles specimen geometry of 50 �m
igh and 165 �m long for each as cover plates. The value of L was
00 �m. The space between these two rectangles was used to rep-
esent the reservoir. The purpose of establishing three models was
o discuss the effects of “L” on the electrode fracture. The element
as composed of 8 nodes and coupled temperature displacement.

o simulate the heating process during thermal bonding, the tem-
erature loads were actived at the bottom line of the substrate and
he two top lines of the cover plate. The bottom nodes of the meshed
ubstrate were constrained in the Y-direction. Contact pairs were
stablished between the substrate and electrode. The properties of
hese contact pairs were set to “bonded” to simulate “deposition
f the electrode”. Contact pairs also were established between the
over plate and the electrode, and their properties were set to “nor-
al contact”. A pressure load (2000 N), which was the same with

he pressure used in actual bonding, was applied to the top line of
he cover plate.

PET was used as the polymer material for simulation. The
echanical properties of PET were measured by a series of ten-

ile experiments at different temperature. The test shown the
lastic modulus of PET at 62 ◦C, 75 ◦C and 82 ◦C were approxi-
ate 210.45 MPa, 75.21 MPa and 11.23 MPa, respectively. The yield

tresses at 62 ◦C, 75 ◦C and 82 ◦C were 18.32 MPa, 6.24 MPa and
.82 MPa, respectively. Its coefficient of thermal expansion, ther-
al conductivity and specific heat were chosen as 7.6e−5 K−1,

.213 W/(m × K) and 1465 J/(kg × K), respectively. The density of
he PET was 1150 kg/m3, and its coefficient of thermal expansion
as 8.9e−5. The material of the electrode was gold. Its density,
oefficient of thermal expansion, specific heat and thermal conduc-
ivity were 19320 kg/m3, 14.2e−6, 129 J/(kg × K) and 318 W/(m × K),
espectively. Its elastic modulus, yield strength, fracture stress and
oisson ratio were 171 GPa, 205 MPa, 230 MPa and 0.42, respec-
ively.
2009) 1341–1347 1343

The temperature dependent shear modulus of glassy PET was
given as follows [21].

log � = log(1205.0) − 0.00118(T − 298) (2)

where � was the shear modulus, and T was the applied absolute
temperature. The Poisson ratio (�) for glassy PET was 0.34.

3.3. Procedure for simulation

We conducted three simulations under different bonding con-
ditions:

1. The first simulation was performed under 363 K (82 ◦C) and
2000 N by using those three models established in Section 3.2.
Two points on the electrode (the points “A” and “B” shown in
Fig. 3) were selected, and the stress variation on these points
was discussed to demonstrate the effects of “L” on the electrode
fracture.

2. The second simulation was conducted by setting the bonding
temperature and pressure to 335 K (62 ◦C) and 2000 N, respec-
tively. The results got at 62 ◦C were compared with those got at
82 ◦C, to show the effects of bonding temperature on electrode
fracture.

3. Finally, with the bonding temperature and pressure being
respectively changed to 348 K (75 ◦C) and 2000 N, the last simu-
lation was carried out to achieve the optimal temperature region
for PET complete bonding and electrode protection.

3.4. Experimental observation of electrode fracture

First, we studied the effects of temperature on electrode fracture.
The steps were as follows:

1. The PET chip integrated with gold electrode was bonded at
82 ◦C and 2000 N conditions. After releasing from the bond-
ing machine, the electrode topography on the bonded chip was
observed with a microscope.

2. The bonding experiments were repeated at 62 ◦C and 2000 N
conditions, and the change of the electrode was observed as
described in 1.

3. The results observed at 62 ◦C were compared with the results
obtained at 82 ◦C to analyze the electrode fracture. The experi-
mental results were also compared with the simulation results
to study the mechanism of electrode fracture.

4. We performed bonding experiments at 75 ◦C and observed the
integrated electrode. The optimal bonding temperature was dis-
cussed in Section 4.1.

Second, we studied the effect of “L” on the electrode fracture.
The steps were as follows:

1. The chips were bonded at 82 ◦C and 2000 N with the varied “L”
values of 200 �m, 400 �m and 500 �m, respectively.

2. The fracture site on the electrode was recorded, and it was com-
pared with the simulation results to show the effects of “L”.

4. Results and discussions

4.1. The effects of bonding temperature on electrode fracture
Fig. 4a exhibits the simulation results of bonding PET chip at
82 ◦C and 2000 N by setting “L” to 400 �m. It is observed that the
electrode has been pressed to be serpentine at 82 ◦C and the ten-
sile stress near the reservoir wall is large (Fig. 4a). The value of the
tensile stress at the left side of the reservoir wall is approximate
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ig. 4. The results of bonding PET chip at 82 ◦C. (a) The simulation results of local s
chieved by bonding at 82 ◦C and 2000 N.

00–420 MPa. The value of the maximum tensile stress outlined
y black circle line is 480–539 MPa. All these stresses have gone
eyond the gold fracture stress which is 230 MPa and may result

n electrode fracture. Hence, the region near the reservoir wall
ecomes a potential risk position to occur fracture. Furthermore,
he tensile stress near the cover plate side wall is 240–539 MPa,
hich is also larger than the fracture stress of the gold. Fig. 4b

hows the actual photograph of the electrode integrated on PET
ubstrate which is achieved by bonding at 82 ◦C and adjusting L to
e approximate 400 �m. The fracture occurs in the region outlined
y circle line which is according to the dangerous region predicted
y simulation. However, though the electrode deformation is large
ear the side of the cover plate, no fracture was observed in this
egion.

When bonding was conduct at 82 ◦C, the bonding temperature
as close to the glass transition temperature of PET. The modu-

us of PET decreased sharply, which results in large deformation

f substrate and cover plate during bonding. Based on the analy-
is mentioned above, large deformation had more danger to induce
lectrode fracture. As the bonding temperature was far lower than
he glass transition temperature, the modulus kept at a high-level,

ig. 5. The results of bonding at 62 ◦C. (a) The calculation results of whole stress distribut
eformation on the electrode near the wall of reservoir; (c) and (d) are the electrode achi
on the electrode at the region near the wall of reservoir; (b) the electrode fracture

which resulted in small deformation. We simulated the bonding at
62 ◦C to show the electrode deformation and stress. Fig. 5 shows
the calculation results of bonding at 62 ◦C and set the value of “L” to
400 �m. Fig. 5a shows the whole stress distribution and deforma-
tion of the electrode. Fig. 5b shows the local stress and deformation
near the reservoir wall. Compared with the results shown in Fig. 4,
the stress near the reservoir wall is only 1.17–1.81 MPa, and the max-
imum tensile is only about 2.11 MPa, which are all far less than the
fracture stress of gold. The results indicate that reducing bonding
temperature is an effective method to protect electrode from frac-
turing. Fig. 5c and d shows the electrodes achieved by bonding PET
chip at 62 ◦C. The electrode fracture is not seen. The experimental
observation accords with the simulation results. We also simulate
the electrode deformation at 75 ◦C. This simulation is conducted
by setting the modulus of the PET as 75.21 MPa. The calculation
results show the maximum tensile stress is about 140–160 MPa.
Because the maximum tensile stress is only slightly smaller than the

fracture stress of gold, bonding at this temperature may also result
in electrode fracture. In actual bonding experiments, we observed
electrode fracture at this temperature. However, we thought that
bonding at this temperature was not good. Based on these discus-

ion and deformation of the electrode; (b) the calculation results of local stress and
eved by bonding PET chip at 62 ◦C.
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starts. The cover plate begins to press the electrode, but the elec-
trode has not deformed. Fig. 8b–d shows the press process. The
cover plate presses the electrode from top downwards. Because of
the press of cover plate, the polymer materials in substrate are
extruded into the space without pressure (the reservoir), which
ig. 6. The simulation results to exhibits the effects of “L” on electrode fracture. (
00 �m; (c) the stress as L is 500 �m; (d) the stress as L is 100 �m.

ions, we thought the bonding temperature must be lower than
5 ◦C, and 60–70 ◦C was ideal.

.2. The effects of “L” on electrode fracture

“L” represents the length of the electrode in the reservoir (shown
n Fig. 2). The simulation results indicate the value of “L” has sig-
ificant effects on the stress distribution and deformation of the
lectrode.

We have chosen two points on the electrode to exhibits the
tress variation, point “A” is in the middle of the electrode, point
B” is near the wall of the reservoir, these two points have been
hown in Fig. 3b. The tensile stress in point “A” reduces from
21–181 MPa (Fig. 6a) to 0.49 MPa (Fig. 6b) as the value of “L”
ncreases from 200 �m to 500 �m. The tensile stress in point “B”
emains at 200–300 MPa (Fig. 6a–c) as the value of “L” varies from
00 �m to 500 �m. To show the tensile stress variation clearly, we
erform another simulation by setting “L” to 100 �m. It is found
he tensile stress in point “A” is 520–594 MPa, which is far larger
han the stress in point “B” (Fig. 6d). From the analysis, we got the
ollowing conclusions:

1. The tensile stress in the middle of the electrode reduced as the
value of “L” increased.

. The tensile stress near the wall of reservoir remained steady as
the value of “L” increased. The tensile stress at this region always
remained at 200 MPa ∼300 MPa, which made it become a risk
position to occur fracture.

. The tensile stress concentration point on the electrode moved
from the middle (point A) to the side (point B) as the value of “L”
increased.

The results as L is 400–500 �m has been shown in Fig. 4b. The

racture position is near the predicted position given by simulation.
ig. 7 shows the results achieved by setting “L” to 200–300 �m.
ome fracture occurs near the reservoir wall, others occur under
he reservoir wall. These results also accords with the simulation
esults. These experiments shown the region near the wall of the
stress distribution on electrode as the value of L is 200 �m; (b) the stress as L is

reservoir was the most dangerous region to occur electrode frac-
ture. During bonding experiments, we found the fracture occurs in
the middle of the electrode, which indicated the tensile stress was
smaller than the fracture stress of the gold in this region.

4.3. The deformation mode of the electrode

The deformation behavior of the electrode during thermal bond-
ing has been shown in Fig. 8. Each image corresponds to a different
stage of deformation. Fig. 8a shows the state when the bonding
Fig. 7. The bonding experimental results as L is 200–300 �m. The electrode fracture
has been observed near the wall of the reservoir.
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ig. 8. The calculation results. Each image corresponds to a different stage of defo
rocess; (e) the maximum tensile stress has increased above 300 MPa which can re
19 MPa.

esults in the electrode is jacked up to form a protrusion (which
ikes a “hill”). The tensile stress near the wall of reservoir increases
bove 300 MPa in Fig. 8e, which can result in electrode fracture. In
ig. 8f, the maximum tensile stress reaches its peak, which is about
80–539 MPa.

Because the coefficients of thermal expansion are different
etween PET and gold, the heating may cause thermal stress
etween PET substrate and gold electrode. We calculated the value
f thermal stress to show its effects. Fig. 9 shows the thermal stress
uring bonding. We did not add pressure to the electrode and the
ubstrate in this simulation as we only wanted to study the effects
nduced by thermal stress. Fig. 9a is the whole deformation of the
ubstrate with an integrated gold electrode. Fig. 9b and c are local
esults to show the stress in the middle of the electrode and at one
nd of the electrode, respectively. In the middle of the electrode,
he tensile stress is only about 1.17–2.40 MPa (Fig. 9b), which is far

ore less than the fracture stress of the gold. The maximum tensile
tress occurs at one end of the electrode, which is shown in Fig. 9c.
he value of the maximum tensile stress is about 4.2 MPa. The stress
annot destroy the electrode. However, this tensile stress may sep-
rate the electrode from the polymer substrate. Hence, it could
e concluded the flow and deformation of the polymer materials
uring bonding were the main causes of electrode fracture.
.4. Fabrication of PET electrophoresis microchip without
lectrode fracture

We used CO2 laser to fabricate reservoirs on PET cover plate
the plate without electrode). The diameters of the reservoirs

ig. 9. The thermal stress during bonding. (a) The whole deformation of the substrate wi
nd one end of the electrode, respectively.
on. (a) The state when the bonding process starts; (b), (c) and (d) show the press
electrode fracture; (f) the maximum tensile stress reaches its peak, which is about

were all 2 mm. Subsequently, we used hot embossing to replicate
microchannels on the cover plate. The channel had “T” feature. The
mold used for replication was produced by UV-LIGA and electro-
forming. In the previous report [18], the hot embossing of PET chips
was performed at the temperature of 70 ◦C and pressure of 0.5 MPa.
In the present work, it was found that the replication precision of
microchannel was improved with the increase in embossing tem-
perature. As the temperature increased to 90–100 ◦C, the replication
precision of the channel was good. Unfortunately, the reservoir cells
fabricated on the cover plate severely deformed as the embossing
temperature increased to above 98 ◦C. Therefore, the hot embossing
should be conducted at about 90 ◦C so as to get acceptable replicate
precision and reduced the risk of the deformation of the reservoir
cells.

From the analysis in Section 3.1, we knew that bonding must be
conducted at approximate 60–70 ◦C. It could be found that more
than half area of the chip was not sealed. We measured the con-
tact angle of the PET and calculated its surface energy. The surface
energy of the untreated PET substrate was only 41.4 nJ/cm2. To seal
the chip entirely was difficult in this surface energy level. Here,
we used oxygen plasma surface activation to improve the surface
wettability and the surface energy of the PET substrate. The treat-
ment parameters were as follows: the excitation frequency was
13.2 MHz; the RF (radio frequency) power was 60 W; the treat-

ment pressure was 150 Pa; the flow rate of the oxygen gas was
3.5e−7 m3/s; the treatment time was 150 s. The surface energy of
PET increased to 81.2 nJ/cm2 after the first 100 s treatments, and the
contact angle dropped rapidly from 84◦ to 38◦. Minimum contact
angle of 34.6◦ was achieved when the treatment time was 150 s.

th an integrated gold electrode; (b) and (c) are local stress at the regions of middle
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ig. 10. The application of the chip. (a) Hydrodynamic voltammogram (HDV) for 0
esponse; (b) five times consecutive injections of glucose.

owever, the contact angle of PET began to increase as the treat-
ent time increased to 180 s. The contact angle increased gradually

rom 35–38◦ to 42–45◦ as the treatment time increased to 200 s.
his observation is somewhat different from that of the previous
ork [18] due to the plasma machine and the experiment condi-

ions adopted in this work are different from those reported in the
revious work. Furthermore, several samples of treated PET acti-
ated for 150 s were placed in ambient atmosphere for 48 h. The
ontact angles were found to increase to 50–60◦. In contrast, the
ontact angles for the treated samples which were stored in vacuum
onditions changed little (only increased to approximate 40◦ after
eing placed under vacuum condition for more than 7 days). This
esult shown the substrates and chips treated by oxygen plasma
ust be stored in vacuum.
The treated substrates and cover plate could be sealed entirely.

he bonding temperature and pressure were 62 ◦C and 2000 N,
espectively. The fracture strength and shear strength for the
onded PET chip were 130 kPa and 280 kPa, respectively.

.5. PET chip application

Hydrodynamic voltammogram (HDV) for 0.2 mM glucose stan-
ard solution was performed to evaluate the effect of potential
pplied to the working electrode on current response (Fig. 10a).
o significant oxidation currents were observed at the detection
otentials lower than 0.55 V. The response current began to increase
harply at the potential of 0.6 V. The HDV exhibited a maximum
lectrochemical response at 0.75 V. The response current began to
ecrease as the detection potential was higher than 0.75 V.

Reproducibility was important for the reliability and viability
valuation of microchip. Consecutive injections of glucose were
erformed to evaluate the reproducibility of PET microchip CE
Fig. 10b). The RSD values of peak height and migration time of PET
E chips for 11 consecutive runs were 0.51% and 2.17%, respectively.
ompared with the results reported in references [21] and [22], the
SD value of peak height was smaller than the reports, and the RSD
alue of migration time was slightly larger than the value reported
n reference [21], but smaller than the reports in reference [22]. In
onclusion, we demonstrated the PET microchips bonded at low
emperature could be employed for the electrophoresis of chemi-
al samples, and the stability and reproducibility of the chips were
cceptable.
. Conclusions

The mechanisms of metal electrode fracture were studied by
nite element analysis and bonding experiments. Based on the

[
[

[
[

glucose standard solution to evaluate the effect of working potential on current

analysis, the causes for the electrode fracture were the flow and
deformation of the polymer under high temperature used for chip
bonding. The bonding temperature and the length of the electrode
in the reservoir played the key roles for the electrode fracture. The
most fragile region of the electrode was near the inside wall of
the reservoir, at which the tensile stress had exceeded the fracture
stress of gold. It had been found bonding PET chip at the tempera-
ture region of 60–70 ◦C preferential.

To bond PET chip, we used oxygen plasma to modify the sur-
face of PET. The surface energy was improved dramatically, which
resulted in bonding temperature decreasing. We fabricated the PET
electrophoresis chip at 62 ◦C and 2000 N. The gold electrode inte-
grated on a PET chip kept unbroken. The fabricated PET chip was
exploited for glucose electrophoresis. The RSD values of peak height
and migration time were 0.51% and 2.17%, respectively.
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