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Abstract

This paper describes the effects of different modes and engraving parameters on the dimensions of
microfluidic structures produced in PMMA using laser engraving. The engraving modes included
raster and vector while the explored engraving parameters included power, speed, frequency,
resolution, line-width and number of passes. Under the optimum conditions, the technique was
applied to produce channels suitable for CE separations. Taking advantage of the possibility to
cut-through the substrates, the laser was also used to define solution reservoirs (buffer, sample,
and waste) and a PDMS-based decoupler. The final device was used to perform the analysis of a
model mixture of phenolic compounds within 200 s with baseline resolution.
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1. Introduction

The latest developments in miniaturization [1] have demonstrated the enormous potential of
microfluidic devices for agricultural [2, 3], chemical, biomedical, and forensic applications
[4, 5]. Among those devices designed for custom analytical and bioanalytical applications,
microchip electrophoresis (ME) devices are some of the most important ones [6-8]. A
variety of strategies have been employed in the production of devices for ME ranging from
standard photolithography [9] to rapid prototyping [10-12] and assembly [13]. Although
photolithographic techniques have been traditionally used to produce high-end devices using
silica-based substrates, the process can be time-consuming and render chips that are (often)
too expensive for most research laboratories. On the other extreme, techniques using paper
and polyester-toner have been used to manufacture chips in less than 10 min with a cost
lower than $ 0.10 per device, but the chemistry and topography of the materials often hinder
the applicability of the technology [10, 14, 15]. Besides these examples, a range of polymers
have emerged as alternative materials to fabricate ME devices [16—19]. In most cases, these
plastics offer an adequate balance between fabrication procedures, cost, and analytical
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performance. Polymeric materials can be divided into two main groups: elastomers
(including for example, PDMS [20] and polyurethane [21]) and thermoplastics (comprising
polycarbonate and PMMA). Due to its high mechanic and chemical stability, optical
transparency, and excellent dielectric properties [22], PMMA has become one of the most
popular substrates for ME systems. These properties have also allowed for the development
of different fabrication methods including hot embossing [23], injection molding [24], and
laser engraving [25, 26]. The latter is one of the most widely-used, non-contact type
machining process in industry and can be applied across a wide range of materials [27].

Laser engraving of PMMA is typically accomplished using a CO, laser beam to break bonds
in the polymer surface and remove the decomposed material from the ablated regions by the
combination of photochemical and photo-thermal processes (melting, vaporization, and
decomposition) [22]. Although traditionally limited by the resolution of the engraver, the
process has been explored to fabricate microfluidic components for different applications
including injectors [28], channels [29, 30], pumps [31], mixers [32], cytometers [33], valves
[34], reactors [35], and devices for PCR amplification [36].

A number of commercial laser engravers and laser cutters are currently available. Among
other sources available in the US market, Epilog (http://www.epiloglaser.com/), Gravograph
(http://www.gravograph.us/), Mactron (http://www.co2-lasers.com/), Trotec (http://
www.troteclaser.com), Universal (http://www.ulsinc.com/), and Xenetech (http://
www.xenetech.com/) can be mentioned. As most of these systems are tailored toward
specific applications linked to the graphic art industry (and not towards making ME
devices), their size, speed, power, resolution, and cost varies widely. For the experiments
described in this communication, we prioritized the minimum size of the laser spot, which
defines the resolution of the instrument. In this context, this report describes the
characterization of the variables affecting the engraving process (speed, power, frequency,
resolution, and programmed line width) when applied to define microfluidic structures in
PMMA substrates. Aiming to provide general guidelines to apply this technology in the
fabrication of other devices, the engraving conditions were selected to produce either the
smallest possible channels (vector mode) or the best defined structures (raster mode). In
order to demonstrate the utility of the proposed fabrication method, devices were fabricated
using the optimum conditions and used to perform the analysis of a mixture of phenolic
compounds (dopamine, 2-aminophenol and catechol) by microchip-CE with amperometric
detection.

2. Materials and Methods

2.1 Reagents and Solutions

Dopamine and 2-aminophenol were purchased from Alfa Aesar (Ward Hill, MA, USA).
Sodium phosphate monobasic was received from Fisher Scientific (Waltham, MA, USA)
and catechol was obtained from Acros (Geel, Belgium). All chemicals were used as
received. The background electrolyte (10 mM phosphate buffer) was prepared weekly by
dissolving the desired amount of solid NaH,PO,4. The pH of the solutions was adjusted,
when necessary, using either 1 mol-L™ NaOH or 1 mol-L~1 HCI (Fisher Scientific) and
measured using a glass electrode and a digital pHmeter (Orion 420A+, Thermo; Waltham,
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MA). Stock solutions of dopamine, 2-aminophenol and catechol (10 mM each) were
prepared by dissolving the desired amount of each compound in ultrapure water (= 18
MQ-cm, NANOpure Diamond, Barnstead; Dubuque, lowa). Working solutions were
prepared by diluting the stock solutions in 10 mM phosphate buffer. Standard-grade PMMA
plates (150 x 70 x 1.5 mm) were purchased from Gravograph (Duluth, GA, USA) and used
to produce the microdevices herein described. Sylgard 184 silicone elastomer and curing
agent were obtained from Dow Corning. Sugar, used for the formation of the PDMS sponge
(decoupler), was food-grade and acquired in a local grocery store.

2.2 Instrumentation

A commercial laser engraver (Mini 24, 30W, Epilog Laser Systems, Golden, CO, USA) was
used for all experiments described in this manuscript. This instrument was selected because
(at the time of purchase) it was the most affordable one offering a resolution of 1200 dpi.
The instrument features a CO, laser with a wavelength of 10.6 um that perpendicularly hits
the surface and is focused with the aid of lenses and a mechanical plunger (a manual focus
option is also available). Translation of the beam across the platform (with a maximum
linear speed of 1650 mm-s~1) is accomplished by a series of mirrors and motorized belts.
The position of the beam is controlled by a software interface, which also allows setting the
marking path, the scanning direction, and the conditions selected for the engraving process.
The instrument has two engraving modes: raster and vector. The raster mode is used for
marking materials and can only reach 1200 dpi when the line width is defined to be =127
um. The vector mode, normally used to cut through substrates, can be programed to define
lines (theoretically) as small as 25 pm (0.001 in). This resolution is about 1/10 of the spot
size produced by a system manufactured by Symrad [37] and about 1/6 of the spot size
produced by a system manufactured by Gravograph (600 dpi) [28]. In order to avoid
exposure to monomers released to the working environment after the decomposition of the
substrate, the vent of the engraver was connected to an air filter (model AD350, BOFA,
Staunton, IL), equipped with a HEPA / activated aluminum potassium permanganate and an
activated carbon panel. In order to minimize the deposition of debris on the surface of the
PMMA substrates, the engraving head was also used to impinge a stream of N5 (house line)
on the engraving spot. These strategies also minimize the possibility of ignition of the
vaporized material inside the engraver.

To evaluate the depth and width of the channels produced under each selected condition, a
scanning electron microscope (SEM, JEOL/EO, JSM-6510; Peabody, MA, USA) was used.
The obtained images were then analyzed using the manufacture’s software. Complementary
3D images were obtained using an opto-digital microscope (Olympus DSX-500, Center
Valley, PA) and analyzed using the manufacturer’s software package.

Fabrication of PMMA devices—Besides being amenable to laser-engraving, PMMA
was selected as the substrate because it is optically transparent, resistant to fouling, has
adequate electro-osmotic properties, and can be chemically modified by a variety of
reactions [38].
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In order to rationally select the most appropriate conditions to produce channels on the
PMMA surface, a multivariate approach was first attempted. However, none of the selected
approaches was able to accurately describe (and predict) the effect of the experimental
variables on the dimensions (depth and width) of the channels. Therefore, the following
experiments describe results performed using a classic univariate approach, where each
parameter was individually varied, while keeping the others constant. Based on preliminary
experiments, the selected variables were: power, lateral speed, frequency, resolution, and
programmed line width. In all cases, the selected pattern was designed using graphical
software (CorelDraw Graphics Suite X6) and transferred to the engraver via a network-
based printing protocol. In general, the time required for the fabrication step using the laser
engraver depends on the material, the mode, the conditions selected, and the intricacy of the
design. For example, engraving simple channels on the PMMA surface using the vector
mode takes only a few seconds (to produce the microchip used for the experiments herein
described required less than 5 s), which was comparable to the time required for other
printing jobs sent from the same computer.

PMMA devices were produced using a previously designed layout [39]. These microchips
consist of four reservoirs (3.0 mm wide), a double-T injector (split = 200 pm), a separation
channel (4.8 cm effective length) and a series of channels to connect the reservoirs. An
additional reservoir, placed 200 pm away from the waste reservoir, and filled with a PDMS
“sponge” [40] was used as a decoupler. The decoupler, similar in design to the one reported
by Lunte et al [41], was selected to minimize the formation of bubbles in the separation
channel and decrease the noise of the detection step [42—-44].

Briefly, the fabrication sequence began by laser-cutting the reservoir for the decoupler (vide
infra, Figure 5A) in a flat layer of PMMA and casting a mixture of PDMS, curing agent
(ratio of 10:1 by weight), and powdered sugar. Next, the PMMA layer was placed in the
oven and kept at 80 °C for 20 min to cure the PDMS. Then, the substrate was immersed in
deionized water and placed in the ultrasonic bath to dissolve the sugar and form the PDMS
sponge. Next, the PMMA layer was placed again in the engraver to cut the solution
reservoirs and engrave the channels. Once engraved, the PMMA substrate was rinsed with
DI water (to remove debris deposited on the surface) and bonded to a blank piece of PMMA
using a combination of pressure (the device clamped between two glass plates) and
temperature (120 °C) for 10 min.

Electrophoresis and electrochemical detection—Injection and separation processes
were performed with a 3-channel homemade high-voltage power supply with maximum
voltage output of £ 4.0 kV [45] and standard Pt wires. Injection of the sample was
performed using the floating method [46] by applying 800 V (duration of 10 s) between the
sample and sample waste reservoirs, while keeping all other reservoirs floating. Then, the
selected separation potential was applied between the buffer and the decoupler reservoirs,
while floating the other reservoirs. All solution reservoirs were filled with the same volume
(25 L), and the electrophoresis experiments were performed at room temperature. End-
channel amperometric detection [39] was selected to monitor the separation process. For all
experiments, an electrochemical analyzer CHI 810B (CH Instruments, Inc, Austin, TX,
USA) was used. A 25 um gold wire was used as the working electrode and aligned at the
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end of the separation channel perpendicular to the electrode channel. A platinum wire,
placed in the buffer waste reservoir, was used as a pseudo-reference [47]. For all of the data
reported here, the working electrode was set at a potential of + 700 mV (versus Pt), as
defined by preliminary experiments (data not shown).

and Discussions

In general, the dimensions of the microchannel can be affected by two main sets of
variables. The first group includes the thermophysical properties of the substrate. In this
regard, and although a variety of plastics can be treated with CO5 lasers [48], PMMA was
selected because it presents high absorbance in the IR region (a ~ 0.92), low heat capacity,
and low conductance [49]. The second group of variables associated with the laser includes
the incident power, lateral speed, frequency, and spot size. Therefore, the effect of each
optical parameter of the engraver was investigated to define a set of conditions that would
take advantage of the resolution of the engraver (1200 dpi) and produce structures with
dimensions suitable for microfluidic devices.

3.1. Microfabrication of channels using vector mode

As previously stated, this engraving mode is typically used to cut-through the substrates and
defines the smallest spot size. Therefore, the experiments herein described aim at taking
advantage of the resolution of the system (1200 dpi) and define channels with dimensions
adequate to fabricate ME devices.

Effect of speed and power—Figure 1A shows the effect of the engraving speed on the
microchannel dimensions (depth and width). In this case, the speed (X-Y translation) was
varied in a range between 10 and 100%, corresponding to 165 mm-s~1 and 1650 cm-s~1,
respectively. As it can be observed, the speed at which the laser traveled across the surface
has significant effects on both the width and the depth of the engraver channels. In general,
the faster the speed, the smaller and narrower the channels. For example, displacing the
beam at 10% of its speed results in channels that are 464 + 2 um deep and 122 + 4 um wide.
However, if the speed is set at 100%, channels of 79 £ 1 umx78 + 1 um can be obtained.
This inversely proportional relation was somehow expected as the lateral speed controls the
number of laser pulses applied per unit area [29]. As it can be seen in Figure 1B, the energy
distribution of the laser beam on the surface [26, 49] resulted in Gaussian-shaped channels.
Because higher speeds enabled the fabrication of channels with the smaller dimensions, a
speed of 1650 mm-s~1 was selected as optimum and kept constant for the remaining
experiments described in this manuscript.

The second variable influencing the dimensions of the channels was the laser power. Based
on preliminary results, and considering that the instrument is furnished with a 30W laser,
experiments were performed by varying the power from 10 to 50%. The results are
summarized in Figure 2A. It is important to mention that while power values lower than
10% (< 3W) rendered poorly-defined channels; power values above the selected range (>
50% or > 15W) produced channels that were considered too big for microchip-CE
applications. Within the selected range, an almost linear relationship was obtained between
power and width/depth. Again, this trend can be attributed to the amount of energy delivered
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to the surface of the PMMA, removing larger amounts of material and producing deeper and
wider channels. Based on these results, a power of 10% (equivalent to 3W) was selected as
optimum because it allows the fabrication of microdevices with the smallest channels. As an
example of the topography obtained with the optimized conditions, Figure 2B shows a 3D
image of the channels produced. Besides showing the shape of the channel, it is also evident
in the figure that a small fraction of the material accumulates at the edge of the channel. This
behavior has been attributed to the softening of polymer density caused by the irradiation,
resulting in increases in volume and rise of the material [37, 49]

Effect of frequency, resolution and line width (dimensional accuracy)—Unlike
the lateral speed and laser power, the frequency, resolution, and programmed line-width
were found to have no statistical impact on the dimensions of the engraved microchannels
using the vector mode. Results related to the effects of these variables on the dimensions of
the channels have been included as Supplementary Information. It is also important to
mention that although no significant differences were observed in the dimensions (depth or
width) of the channels when frequencies in the 1000 to 5000 Hz range were selected,
frequencies lower than 1000 Hz did not yield to the formation of complete microchannels in
PMMA substrates. This was especially important when a combination of low frequencies
and high speeds were programed, leading to the formation of a series of unconnected holes
(also provided as supplementary information), where each laser pulse hit the surface. Based
on these results and aiming to have the greatest flexibility in the experimental design, a
frequency of 2500 Hz was selected for all experiments.

The second variable investigated was the resolution. In the case of the selected instrument,
the resolution can be varied in the range of 150 to 1200 dpi (dots per inch). Although higher
laser resolution equates to finer detail in the engraved features in raster mode, only small
variations were obtained when the vector mode was used (selected to engrave the thinnest
possible lines). In this case, it was observed that rather constant depths were obtained
throughout the selected interval, showing only a small increase in the channel width at
resolution values around 300 dpi. At 1200 dpi, the dimensions of the channels were found to
be 70 £ 10 um and 80 + 10 um in width and depth, respectively. It is important to mention
that although these observations would not justify the purchase of a system with a resolution
of 1200 dpi, the selected system could allow engraving other microfluidic elements (such as
reactors or mixers using raster mode) at a lower scale (see Raster mode).

Next, the accuracy in which the engraver can produce channels with the dimensions
programmed in the software (dimensional accuracy) was investigated. Again, and although
it was expected that this variable would have critical effects on the dimensions of the
features engraved using the raster mode, only small differences were obtained when line
widths between 0.001 and 0.010 mm were programmed. In this case, channels with
dimensions of 85 + 7 ym (width) and 88 + 5 um (depth) were obtained. This behavior is the
result of the selected engraving mode (vector), which is designed to focus the laser in a
smaller area in order to cut through the material, ignoring the programmed line dimensions.

Number of laser passes and reproducibility—As mentioned earlier, due to the
energy distribution of the laser beam engraved, channels adopt a Gaussian shape where the
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dimensions can be mainly controlled by the laser speed and power. An additional approach
that can be considered to control the dimensions of the engraved features is the number of
passes of the laser beam. Klank and co-workers evaluated this effect for the first time using
1-mm thick PMMA substrates [26]. Keeping the laser speed and power constant, the authors
found that the channel depth linearly increases with the number of passes while the channel
width is only slightly affected. One year later, the same research group studied the influence
of the cutting sequence, the number of cut passes, the laser beam velocity and the laser
radiant flux over the microchannel dimension. The authors found that, at constant channel
depth, the width can be varied as much as 27% by just altering the power and the number of
laser passes [49]. Similar results were also found by Romoli et al. [37], who reported that in
addition to the variations in the width of the channel, additional passes could favor the
formation of large bulges over the cutting edges. In another report, it was found that the
power multiplicity can cause an increase in both depth and width channel, while just the
depth was changed when the multiple passes was employed [50]. For the experiments herein
reported, the effect of the number of laser passes on the width and depth of the channels was
investigated. Channels were cut with the CO5 laser using a different number of passes (1 - 5)
while keeping the speed (100%, 1650 mm-s~1) and power (10%, 3W) constant. Figure 3
shows the dependence of width and depth as a function of the number of passes. As it can be
observed, both the channel width and depth showed significant increases with the number of
laser passes. According to these results by performing multiple engraving steps in the same
position, the width and depth of the channel can be increased from 78 £ 1 pymto 115+ 1 um
and from 84 + 1 to 282 £+ 1 pm, respectively. Although the possibility of engraving multiple
passes certainly increases the versatility of the methodology, all microchips used in this
manuscript were produced with a single pass.

Another important criterion to evaluate is the reproducibility of the proposed methodology.
This parameter was evaluated in two ways. This first one was by comparing the dimensions
of a series of channels (at least 5), consecutively made under the same experimental
conditions. As it can be observed in the results presented in Figures 1-3 (error bars within
the data points), the relative standard deviation in width and depth was in all cases lower
than 7%. However, greater variances (up to 15%) were observed when channels were
fabricated in different batches, where at least one variable was adjusted between channels
(see Supplementary Information). Although these variations can slightly affect the
dimensions and roughness of the channels formed, we consider that the ease and cost of the
proposed fabrication procedure greatly surpass these limitations. In addition, if channels
with very specific dimensions are required, a calibration step could be implemented.

3.2. Microfabrication of structures using raster mode

In order to fabricate microfluidic structures (other than channels), the possibility of using the
engraver in raster mode was also investigated. This approach is an alternative to the one
recently proposed by Do Lago and co-workers [35] who fabricated and characterized a
glucose sensor using a laser-engraved microchannel. Other procedures to fabricate structures
(although more complex in our view) have been also proposed [32]. As a complement to the
vector mode, the raster mode can engrave features with lateral dimensions larger than 110
um. Although not described in this manuscript, preliminary experiments indicated that using
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50% power and 50% speed yield structures with depths lower than 200 um, matching those
obtained using the vector mode. Subsequently, the effect of the resolution was investigated
by engraving a series of cylindrical pillars in 300, 600, and 1200 dpi. The process involves
the removal of the PMMA in an area of 1 cmy leaving the pillars untouched. These
structures resemble previously reported designs used to perform sample pretreatment or on-
chip separations [51, 52]. As it can be observed in Figure 4, the resolution has a significant
impact in the fabrication outcomes, significantly affecting the shape, roughness, and depth
of the engraved elements. At 300 dpi (Figure 4A), it was observed that the shape of the
pillars was not clearly defined, that the height of the resulting features was only 26 + 5 um,
and that the roughness of the surrounding surface was 4.2 um. At 600 dpi (resolution of
most commercial instruments, Figure 4B), the pillars (77 £ 9 um) can be clearly identified
and the roughness of the surface decreased to 3.0 um. At 1200 dpi, however, a much better
definition of the programmed features was achieved, reaching a height of 128 + 4 ym and a
roughness of the engraved surface of just 1.4 um. The results highlight the importance of
using the highest possible resolution in this mode, which can have significant effects of the
roughness and therefore in the resulting flow profile.

3.3. Integrated decoupler

As an additional capability, the laser engraver can be used to cut through the substrate by
adjusting the variables in vector mode. For the substrates selected for this project, selecting
20% speed and 80% power was enough to cut through and define the reservoirs in the
PMMA layer. In order to demonstrate this possibility, an additional reservoir was engraved
at the end of the separation channel and used as a decoupler. Figure 5A shows the position
of the decoupler with respect to the working electrode used for amperometric detection. To
avoid introducing a significant amount of solution into the separation channel, this reservoir
was filled with a PDMS sponge, fabricated from a mixture of PDMS and sugar. These
PDMS sponges have been used by different research groups and applied to form conductive
scaffolds containing carbon nanotubes [53] or to facilitate the absorption of gaseous CO»
[54] or oil from water [40]. In this case, the PDMS sponge was selected as a decoupler
because it is simple and can be easily produced, without incurring in significant additional
expenses or metallic components (thin layers or wires). Most importantly, this approach was
implemented to avoid the formation of bubbles on the electrode surface and reduce the noise
level of the analysis caused by the interference of the electrophoretic current on the
detection circuit. In accordance to previous reports [55-57], the decoupler was placed 200
pum away from the detection electrode, as a balance between noise reduction and diffusion.
This distance was also considered optimal as it minimized the deformation of the substrate
between the decoupler and the waste reservoir (also cut through) and results in consistent
data after re-alignment of the PMMA layer during the fabrication process (that also requires
engraving the channels).

In order to evaluate the performance of the proposed decoupler, the baseline noise was
investigated as a function of the potential applied in the separation channel. For these
experiments, the baseline noise (peakto- peak) was measured at the working electrode when
the ground electrode (Pt) was placed either in the decoupler (D) or the waste reservoir (W).
The results are summarized in Figure 5B. In general, significantly larger noise values were
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obtained when the Pt electrode was placed in the waste reservoir, downstream from the
detection circuit, reaching almost 2.5 nA when 1000V were applied. Although these values
are relatively low, they indicate that the separation current is affecting the detection step. On
the other side, when the Pt electrode was placed in the PDMS sponge (upstream from the
detection electrode) an average of 91% reduction in the noise was obtained, reaching 0.4 nA
at 1000V. The effect of other variables, including the shape of the decoupler or the
composition of the sponge, was considered outside the scope of the present report.

3.4. Analytical performance of the PMMA device

As a proof-of-concept, the analytical performance of the PMMA device fabricated by CO,
laser engraving was demonstrated by performing an analysis of a series of phenolic
compounds (dopamine, 2-aminophenol, and catechol). The device consists of a decoupler
and a series of microchannels fabricated using the conditions (speed, power, frequency,
resolution and line-width) that produced the smallest dimensions. Conditions for the analysis
(electrolyte concentration, pH, detection potential) were optimized based on previous reports
from the group [58, 59]. As shown in Figure 6, cathodic migration (towards the waste
reservoir) was observed for dopamine (pKa;= 8.9, pKay= 9.6, pKaz= 12.0) [60, 61] and 2-
aminophenol (pKaj= 4.78, pKay= 9.97) [62]. Catechol (pKa;= 9.3, pKay=13.3) [60, 63],
was neutral in the selected background electrolyte. As it can be observed, all compounds
were successfully separated within 200 s with baseline resolution. The migration times for
dopamine, 2-aminophenol, and catechol were 60 s, 103 s and 150 s, respectively. The use of
a decoupler ensured a good separation and prevented the formation of bubbles on the
electrode surface.

The overall reproducibility of the process (from design to separation) was analyzed by
comparing the separation of dopamine and catechol (100 uM each) obtained with three
different devices. In such cases, variations lower than 10% were obtained for the respective
migration times. This variation, which is likely to be the result of the slight variations
reported for the engraving process (also within 10%), was considered acceptable for the
scope of our work.

4. Conclusions

In summary, the effects of parameters of the CO, laser engraver systems in the production
microchannel in PMMA substrate were extensively investigated. In addition, the use of a
new decoupler fabricated using a mixture of PDMS/sugar was also investigated. The
presented results show that the power and speed of the laser beam are the two most
important parameters to control when the engraver is used in vector mode. Using a speed of
1.650 cm s~1 and power of 3 W, channels with dimensions in the 80 um range (width and
depth) can be systematically fabricated. Besides the power and speed, the number of passes
of the laser beam showed a significant effect in the dimensions of the channels produced.
Experiments performed using the raster mode allowed demonstrating the importance of
selecting a system with the highest possible resolution. Although not incorporated in the
final design, the possibility of engraving a series of well-defined pillars was demonstrated
using 1200 dpi. The engraver was also used to integrate a PDMS-based decoupler,
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preventing the formation of bubbles and minimizing the noise of the detection system.
Overall, the proposed methodology presents itself as a viable option for fast fabrication of
microchip-CE devices, minimizing the use of specialized facilities and speeding up the
concept-to-device transition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Page 13

100% speed

Figure 1A: Effect of engraving speed on the microchannel dimensions. The relative values
correspond to a maximum laser speed of 1650 mm-s~1. Other conditions: power: 10%,
frequency: 2500 Hz, resolution: 1200 dpi, and line-with:; 10 pm.
Figure 1B: Representative 3D images of the channels obtained at either 100% or 10% lateral
speed. Other conditions: power: 10%, frequency: 2500 Hz, resolution: 1200 dpi, and line-
with: 10 ym.

Electrophoresis. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Gabriel et al. Page 14

500 150

( ]
/ -

400 a. - 120
— .7 I —~
| -/ I
T 300 §/ L 90 T
£ £
3 2004 60 =
= =
(o} ©
© 100+ F30 =
) =

O L] L) L) 0
0 15 30 45 60
Power (%)

A:

Figure2.
Figure 2A: Effect of laser power on the microchannel dimensions. The relative values are

based on maximum laser power of 30 W. Other conditions: lateral speed: 100%, frequency:
2500 Hz, resolution: 1200 dpi, and a programmed line-with: 10 pm.

Figure 2B: 3D image of a channel fabricated using 10% power (3W), 100% lateral speed,
2500 Hz, 1200 dpi resolution, and a programmed line-with of 10 um.
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Figure 3.

Channel dimensions (depth and width) as a function of the number of laser passes. Channel
fabricated using 10% power (3W), 100% lateral speed, 2500 Hz, 1200 dpi resolution, and a

programmed line-with of 10 um.
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Figure4.
Cylindrical pillars engraved using raster mode at (A) 300, (B) 600 and (C) 1200dpi.
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Figure5.
A: Position of the decoupler (PDMS sponge) with respect to the detection electrode and the

waste reservoir.

Figure 5B: Peak-to-peak noise collected at the detection electrode as a function of the
separation potential when the ground electrode was placed in either the waste (W) or the
decoupler (D) reservoir.
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Figure®6.
Electrophoretic separation of dopamine, 2-aminophenol and catechol (100 uM each) on

PMMA device produced with CO5 laser. Running buffer; 10mM PBS (pH 7.5).
Electrokinetic injection: 800 V during 10 s; Separation under an electric field of 160
V-cm~1. Amperometric detection at + 0.7 VV (vs. Pt).
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