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Abstract Excimer laser ablation technique was intro-

duced into this work to fabricate a passive planar

micromixer on the PMMA substrate. T-junction shaped

and width-changed S-shaped microchannels were both

designed in this micromixer to enhance mixing effect. The

mixing experiment of distilled water and Rhodamine B

with injection flow rate of 500 and 1,500 lm/s validates the

mixing effectivity of this micromixer, and indicates the

feasibility of excimer laser ablation in the microfabrication

of l-TAS device.

1 Introduction

Microfluidic systems have been widely applied in bio-

chemical, biological and chemical analysis for their

potentials and advantages, such as small amounts of sample

and reagent, less time consumption, lower cost and high

throughput. Micromixer is a main component in the

microfluidic system or l-TAS (micro total analysis system)

because of the importance of the rapid and efficient mixing

process in many unit operations, including heat exchange

or chemical reaction. Different mixing principles and mi-

cromixer designs have been reported in order to enhance

fluid mixing within the microchannel. Micromixers can be

mainly categorized as active micromixers and passive

micromixers. Active micromixers generally require exter-

nal power source for mixing enhancement, such as

mechanical (Evans et al. 1997), acoustic/ultrasonic (Yang

et al. 2001; Liu et al. 2003), electrokinetic (Oddy et al.

2001), magnetic (Bao et al. 2001; Lu et al. 2002) or thermal

source (Tsai and Lin 2002). Active micromixers have

higher mixing efficiency; the mixing time and micro-

channel length required for uniform mixing are less than

those for passive micromixers. However, the requirement

of external power makes them difficult to be integrated

with other microfluidic devices. Furthermore, the relatively

high power consumption and cost make active mixers less

attractive for disposable applications. Contrarily, passive

micromixers are simple to operate because the mixing

process occurs along with the structure change of micro-

channel, making them attractive and suitable for

integration with other devices. The passive micromixers

mainly have two types of mixing mechanisms namely

chaotic advection (Liu et al. 2000; Kim et al. 2004; Bhagat

et al. 2007) and lamination (Wu and Nguyen 2005; Ducrée

et al. 2006). In chaotic advection micromixers, 3D channel

structures and planar designs were used to enhance fluid

mixing. The fabrication of 3D structure and multiple-layer

mixers is much more complicated, but the planar mi-

cromixer is easily integrated with the microfluidic system.

In the geometrical designs of planar micromixers, the

methods of adding the obstructions into the microchannel

were often used. The other type of passive micromixers is

the lamination micromixers based on molecular diffusion.

Uniform mixing can be achieved by lamination at lower

Reynolds number.

The most common used substrate materials in fabrica-

tion of micromixer include silicon, quartz, glass and

polymers. As one primary kind of thermoplastic polymer,
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poly (methyl methacrylate) (PMMA) has been widely used

for the fabrication of microfluidic devices. In this research,

T-junction shaped and width-changed S-shaped micro-

channels were designed in the micromixer configuration to

enhance mixing effect. Excimer laser direct writing abla-

tion technique was introduced into this work to fabricate

the micromixer on PMMA substrate. The fabrication time

and cost could be decreased observably, especially in the

step of lab research because of the flexibility of laser fab-

rication and low price of polymer. The mixing effect of

micromixer was viewed by simple mixing experiment

between distilled water and Rhodamine B. The main pur-

pose of this work was to validate the mixing effectivity of

this micromixer configuration, and indicate the feasibility

of excimer laser ablation in the microfabrication of l-TAS

device.

2 Experimental

2.1 Micromixer configuration and fabrication

The configuration of the passive planar micromixer was

designed, as shown in Fig. 1, with exterior chip size of

70 mm 9 65 mm.

In this configuration, four silicone capillary tubes were in

advance connected between the holes H3 and H9, H4 and

H8, H5 and H7, H6 and H10, respectively. Rhodamine B

solution and deionized water were injected into the micro-

channel from Inlet 1 and Inlet 2, respectively. Rhodamine B

solution was separated as two streams in the T-junction (T1)

of Species A and respectively flowed into the holes H3 and

H4, and then they were introduced into the holes H8 and H9

through the capillary tubes. Similarly, the deionized water

was also introduced into the holes H7 and H10. Two

streams introduced from the holes H7 and H9 were con-

centrated into one stream at T3 of Species C and farther

concentrated into a brand new stream with other stream,

which was concentrated at T4 between the Rhodamine B

solution and the deionized water introduced from the holes

H8 and H10, respectively. The new concentrated stream at

T5 flowed along with the microchannel M1 and orderly

passed through M2, M3, M4 and M5. The dimension variety

of cross section between these microchannels resulted in the

change of flow rate. Moreover, the existence of M3 and the

position difference between M2 and M3 caused the flow

turbulence of stream. After that, the stream was decelerated

and flowed to Outlet along with microchannel M5. Finally,

the stream was collected with a micro container.

The depths of all microchannels were all 200 lm. The

widths of microchannels M1, M3 and M5 were all 1 mm.

The widths of M2 and M3 were 250 lm. The widths of

other microchannels were all 500 lm.

The micromixer was fabricated on PMMA substrate.

PMMA material with thickness of 1 mm was purchased

from China An’ hui Shuguang Chemical Group, and pre-

cut with low power CO2 laser machine (F1-30 W, HM

Laser Machinery Co., LTD, China) to definite-sized sub-

strates (70 mm 9 65 mm). Before any type of

experimental procedure was carried out, PMMA substrates

were sonicated in deionized water for 10 min, and subse-

quently dried under pressurized air.

Fig. 1 Schematic diagram of

the micromixer on the PMMA

substrate

298 Microsyst Technol (2009) 15:297–300

123



In this work, a commercially excimer laser machine

(LPX305iF, Lambda Physik, Germany) was used to fabri-

cate microchannels on PMMA substrate. Its emission

wavelength is 248 nm, the maximum energy is 1,200 mJ

per pulse and the maximum repetition frequency is 50 Hz

with pulse duration of 30 ns. The translational speed of

working platform could be adjusted from 1.5 to 60 mm/

min. The reduction ratio of objective lens is 10:1. In this

study, three masks, which have sizes of 10 mm 9 10 mm,

5 mm 9 5 mm and 2.5 mm 9 2.5 mm, were used to gain

different sizes of laser beam projected on the surface of

PMMA substrate to fabricate different microchannels. The

fluence of excimer laser and the repetition pulse frequency

were set as 7.02 J/cm2 and 20 Hz; and different transla-

tional speeds of working platform were adjusted from

2 mm/min to 14 mm/min based on the different sizes of

masks. During fabrication, the ablation area was continu-

ously blown with compressed air of 0.2 MPa to blow away

the generated impurity in microchannel. After ablation of

microchannel, the PMMA substrate was irradiated by ex-

cimer laser with lower fluence of 0.18 J/cm2 for 30 times to

make polishing processing for further improving the sur-

face roughness of microchannels. The profile of the

microchannel on the PMMA substrate was viewed and

measured with the non-contact 3D optical profiling system

(Wyko NT1100, Veeco Instrument Inc., USA).

The PMMA substrate ablated with microchannels was

bonded together with other plain PMMA cover substrate to

form a closed structure using hot-press bonding technique

with the home-built spring press machine, which was

placed in a constant temperature electric heater and heated

for 75 min at 105�C. Finally, the bonded micromixer chip

was naturally cooled down to room temperature inside the

spring press machine.

2.2 Mixing experiment

The mixing effect of the passive planar micromixer was

charactered using Rhodamine B solution and deionized

water. A home-built simple air-operated sampling pump was

used to deliver Rhodamine B solution and deionized water to

Inlet 1 and Inlet 2, respectively. The mixing result was

viewed with an inverted confocal microscope. The injection

flow rates used in this research were 500 and 1,500 lm/s.

3 Results and discussion

The microstructure of microchannel was measured with 3D

optical profiling system and analyzed and simulated using

WYKO Vision32 software (WYKO Corporation, USA).

The 3D simulation profiles of microchannels at T-junction

T1 and S-shaped microchannel M3 were shown in Fig. 2a

and b, respectively. The surface roughness Ra of micro-

channel was 2.2 lm.

The mixing effect was viewed with inverted confocal

microscope. Figure 3 shows the mixing effect in micro-

channel M1 (a) and M5 (b), respectively, with different

flow rates. Figure 3a1 shows the initial mixing effect at M1

with flow rate of 500 lm/s. Because of the pre-mixing

effects at T3 and T4, the stream in M1 consists of four

streams, which come from the holes H9, H7, H8 and H10,

respectively. When the stream passed through the width-

changed S-shaped microchannels (M2, M3 and M4), it was

further mixed by the turbulence effect of the designed

microstructure and became uniform in distribution of two

samples, when flowed to M5, as shown in Fig. 3b1. When

the flow rate increased to 1,500 lm/s, the stream in M1 had

four more distinct streams because of the weakness of the

diffusion effect in the straight microchannels, as shown in

Fig. 3a2. However, Fig. 3b2 shows that same final mixing

effect could be received in M5 after the stream passed

through the width-changed S-shaped microchannels. From

Fig. 3, we can conclude that this passive planar micromixer

configuration has obvious mixing effect under different

flow rates in microchannels.

4 Conclusion

In this study, excimer laser direct writing ablation technique

was introduced to fabricate passive planar micromixer on

Fig. 2 Three-dimensional

simulation profiles of

microchannels in T1 (a) and M3

(b)

Microsyst Technol (2009) 15:297–300 299

123



the PMMA substrate. T-junction shaped and width-changed

S-shaped microchannels were designed in this micromixer

to enhance mixing effect. The mixing experiment of Rho-

damine B and deionized water with different flow rates well

validates the mixing effectivity of this micromixer config-

uration, and indicates the feasibility of excimer laser

ablation used in microfabrication of l-TAS device.
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