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ABSTRACT
Microchannels are one of the most significant parts for the Lab-on-Chip applications. The
microchannels fabrication is a crucial task. The Soft Lithography is one of the most favored methods
of microchannel fabrication. The use of CO2 LASER machining for microchannel fabrication using
Acrylic sheet is studied in this paper. The experimentation is carried out to see the effect of LASER
scanning speed and laser power on the depth of the microchannel mold. It has observed that the
channel depth is increasing linearly with increasing LASER power and decreasing with increase in
speed. The straight microchannel configuration with Y shaped inlet having circular & elliptical obstacles
has been fabricated using CO2 laser machining on acrylic sheet. Also, the fabricated molds are used to
prepare the further microchannel molds using the Soft Lithography technique and then the
microchannels prepared from Soft Lithography are used as a mold for the lab-on-chip applications like
check the mixing length & mixing phenomenon etc.
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Introduction

Now a day’s micro total analysis systems (µTAS) play significant role in many of the applications and
Microchannel is one of the prominent part of these systems. The Microchannels are having applications in
various fields like medical, diagnostics, chemical, biological, etc. [1][2]. The Microchannels can be fabricated
by using the Acrylic material more economically and efficiently as compared to other materials like
Polymers, Silicon, and Glass. Due to low cost and straight forward fabrication these Microchannels are
mostly used in Engineering and Medical applications [3] [4] [13] [15]. There are various methods to fabricate
the Microchannels such as hot-embossing [5][6][14] injection molding [7] micro milling [8] infrared laser
ablation [9] Photo chemical machining [10] [11] [12].
The CO2 laser machining is mostly suitable for fabrication of Microchannels or molds of it [16]. The use
of CO2 laser machining not only speeds up the fabrication process, also there is flexibility to change the
channel design as per the requirements. The CO2 laser machining is very more useful for micromachining
[17]. The use of CO2 LASER machining for microchannel fabrication using Acrylic sheet is studied in this
paper. The experimentation is carried out to see the effect of LASER scanning speed and laser power on
the depth of the microchannel mold. It has been observed that the channel depth is increasing linearly with
increasing LASER power and decreasing with increase in speed. The transparent acrylic sheet is used for
the fabrication of molds using LASER machining. The straight Microchannel configuration with Y shaped
inlet having circular & elliptical obstacles has been fabricated using CO2 laser machining on an acrylic sheet.
Also, the fabricated channel molds are used to prepare the microchannel using the Soft Lithography method
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and then the microchannels prepared from Soft Lithography are used as a mold for the lab-on-chip
applications like check the mixing length & mixing phenomenon etc.
2

Materials and Methods

The acrylic sheet is commonly used material for various applications. We have used this material (an acrylic
sheet) in transparent shown in figure 1 below from for fabrication of microchannel molds or directly
microchannels. The channels fabricated from this material will be used for lab-on-chip applications. The
CO2 LASER machining process is used for fabrication of molds using acrylic sheet and. The Soft
Lithography is also one of the techniques used for the fabrication of channels or molds. The molds
fabricated from laser machining are also be used in the Soft Lithography techniques based on requirement
of channel in lab-on-chip applications. As per the requirement we can use any mold or channel fabricated
from LASER machining and the Soft Lithography.

Figure 1: Acrylic Sheet

3

Fabrication of Micro-channels or Molds using LASER Machining

In the Laser cutting technology laser is used to cut the materials and mostly used in industrial applications.
Laser machine works by giving high laser power as an output through computer and then it cuts the material
as per design. The melting of material taking place and leaving the edges with a high surface finish. This
machine can cut the various materials like acrylic, paper, pressboard, rubber, fiberglass wood, plastic, cloth,
leather etc.
Thus, the CO2 LASER machining is mostly useful for micromachining. The use of CO2 LASER machining
for microchannel fabrication using Acrylic sheet is studied in this paper. Then, the detailed experimentation
is carried out to check the effect scanning speed and laser power on its depth. It is observed that there is
increase in depth of channel or molds, when laser power increases and vice-versa.

Figure 2: CO2 LASER Machine

The above figure 2 indicates the CO2 LASER machine used for the microchannels or molds
fabrication. The acrylic sheet will keep cutting or engraving area of machine. The input will be
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given through computer as image or Auto-CAD or CATIA drawing. We have to set required
cutting laser power and travel speed through same computer and the fabrication is carried out as
per given inputs and molds or channels are fabricated.
3.1

Design of Micro-channel or Molds

The following figure 3 indicates the drawings (with dimensions in mm) of microchannels with
different configurations (Y type channel with Circular & Elliptical obstacles). This drawing will be
given as a input to the machine and accordingly the fabrication will be carried out on acrylic sheet.

Figure 3: Microchannel with
Circular Obstacles

3.2

Figure 4: Microchannel with
Elliptical Obstacles

Fabrication of Micro-channels or Molds using LASER Machine

Laser machine works by giving high laser power as an output through computer and then it
cuts the material as per design. The following micro-channels shown in figure 5 & figure 6 with
Circular & Elliptical obstacles are fabricated using LASER machining process and using following
selected parameters on LASER machine.
Table 1: Performance Parameters of LASER Machine

Width of
Channel

0.5
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Scanning
Speed

Laser
Power

100

60

100

40
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Depth of channel
Achieved
0.516
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Figure 5: Fabricated microchannel or mold
with Circular Obstacles

4

Figure 6: Fabricated microchannel or mold
with Elliptical Obstacles

Fabrication of Micro-channels or Molds using the Soft Lithography

The Soft Lithography process includes fabrication channel or mold using Polydimethylsiloxane (PDMS).
After the CO2 fabrication of channel or mold it is filled by PDMS and then degassed in vacuum designator
to remove the sir bubbles. Then, the PDMS solution is cured at room temperature or by baking in oven.
After cooling, the PDMS mold can be peeled off from the mold and it will be used for micro molding. The
detailed soft lithography process used for fabrication of channels is shown by following figures 7 & 8.

Figure 7: Soft Lithography Process for Microchannels fabrication

Figure 8: Pouring of PDMS during fabrication of Microchannels using Soft Lithography
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5

Conclusions

The Microchannel is one of the essential components for Lab-on-Chip applications like biological, medical
and chemical applications. The fabrications of Y-shaped micro-channels are carried out using Laser
machining with circular & elliptical obstacles is straight microchannel or molds. The fabrication is carried
out for given dimensions. The depths recorded as around 0.5 mm. The fabricated molds from laser
machining are used the soft lithography process for fabrication of PDMS micro-channels.
The Y-shape micro mixers with two different geometries such as circular and elliptical have designed. CO2
Laser Machining is used for mold making of micro mixer. The Y-shape PDMS channel with circular and
elliptical obstacles will be used for further experimental analysis or testing in Lab-on-Chip applications.
References
[1]
[2]
[3]
[4]
[5]

[6]
[7]
[8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]

[16]

[17]

S. S. Das, S. D. Tilekar, S. S. Wangikar, and P. K. Patowari, “Numerical and experimental study of passive fluids mixing in microchannels of different configurations”, Microsystem Technologies, Vol. 23 no 12, pp. 5977-5988, 2018.
S. S. Wangikar, P. P. Patowari, R. D. Misra, “Numerical and Experimental Investigations on the Performance of a Serpentine
microchannel with semicircular obstacles”, Microsystem Technologies, vol. 24, pp. 3307–3320, 2018.
R. R. Gidde, P. M. Pawar, B. P. Ronge, N. D. Misal, R.B. Kapurkar, and A. K. Parkhe, “Evaluation of the mixing performance in
a planar passive micromixer with circular and square mixing chambers”, Microsystem Technologies, pp.1-12, 2017.
R. R. Gidde, P. M. Pawar, B. P. Ronge, A. B. Shinde, N.D. Misal, and S. S. Wangikar, “Flow field analysis of a passive wavy
micromixer with CSAR and ESAR elements,” Microsystem Technologies, vol. 25, 2019.
A Gerlach, G. Knebel, A. E. Guber, M Heckele, D. Herrmann.,A. Muslija, and T. H. Shaller, “Micro fabrication of single-use
plastic microfluidic devices for high-through put screening and DNA analysis”, Microsystem Technologies, vol. 7, no. 5-6, pp.265268, 2002.
L. Martynova, L.E. Locascio, M. Gaitan, G. W. Kramer, R.G. Christensen and W.A. Mac Crehan, “Fabrication of plastic microfluid
channels by imprinting methods” Analytical chemistry, vol. 69, no. 23, pp. 4783–9, 1997.
O. Rotting, W. Ropke, H. Becker and C. Gartner, “Polymer micro fabrication technologies”, Microsystem Technologies, Vol. 8,
pp.32–36, 2002.
P. McKeown, “From micro to nano-machining-towards the nanometre era”, Sensor Review, vol. 16, no.2,
pp. 4–10, 1996.
H. Klank, J. P. Kutter and O. Geschke, “CO2-Laser micro machining and back-end processing for rapid Production of PMMAbased microfluidic systems”, Lab on a Chip, vol. 2 pp.242–6, 2002.
S. S. Wangikar, P. P. Patowari, and R. D. Misra, “Parametric optimization for photochemical machining of copper using overall
evaluation criteria” Materials Today: Proceedings, vol. 5, no. 2, pp. 4736–4742, 2018.
S. S. Wangikar, P. P. Patowari, R. D. Misra, “Parametric Optimization for Photochemical Machining of Copper Using Grey
Relational Method”, In Techno-Societal 2016, International Conference on Advanced Technologies for Societal Application, pp. 933943, 2016.
S. S. Wangikar, P. P. Patowari, and R. D. Misra, “Parametric optimization for photochemical machining of copper using overall
evaluation criteria” Materials Today: Proceedings, vol. 5, no. 2, pp. 4736–4742, 2018.
Abhay Utpat, N. D. Misal, B. P. Ronge, B. A. Kamble, “Effect of Process Parameters on Etch Depth of Aluminium Material in Photo
Chemical Machining”, Advances in Manufacturing Processes, Lecture Notes in Mechanical Engineering. Springer, Singapore, Dec
2020.
Bandu Kamble, Abhay Utpat, N. D. Misal, B. P. Ronge, “3D Photochemical Machining of Copper By using Colored Phototools”,
International Journal of New Technology and Research (IJNTR, ISSN: 2454-4116, Volume-5, Issue-7, July 2019.
Sandeep Sitaram Wangikar, Promod Kumar Patowari, Rahul Dev Misra, Ranjitsinha R Gidde, Shrikrushna B Bhosale, Avinash K
Parkhe, “Optimization of photochemical machining process for fabrication of microchannels with obstacles”, Materials and
Manufacturing Processes (Taylor & Francis Online), - Issue 5, Volume 36, 2021.
Sachin R Gavali, Sandeep S Wangikar, Avinash K Parkhe, Prashant M Pawar, “Fabrication of Tree Type Micro-Mixer with Circular
Baffles Using CO2 Laser Machining”, Proceedings of the 3rd International Conference on Advanced Technologies for Societal
Applications, Techno-Societal 2020.
Aakash Bawale, Somesh Burande, Rajkumar Bile, Akash Jagtap, Avinash K. Parkhe, “Fabrication and Characterization of Micro
Channel Mold using CO2 LASER Machining”, International Journal for Trends in Engineering & Technology, Volume-36 Issue-1,
ISSN: 2349 – 9303, May 2019.

Proceedings DOI: 10.21467/proceedings.118
ISBN: 978-81-947843-6-4

94

Series: AIJR Proceedings
ISSN: 2582-3922

