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Abstract: We report the successful demonstration of a laser-based direct-write technique for patterning of various porous materials to fabricate more diversified and multifunctional paper-based 
microfluidic devices that find applications in affordable point-of-care medical diagnostics. 

Introduction 

Since its origins in the 1990’s, microfluidic engineering technology has been widely used for implementing lab-on-chip type devices[1]. However, there is still a bottleneck in the development of 
commercialized products which, can be attributed to a disconnect between users, academic researchers and manufacturers[2]. This situation is however changing with the emergence of wicking-based 
microfluidic devices. During the last two decades, paper has been thoroughly researched for fabrication of such microfluidic devices. Several methods have already been reported for creating fluidic patterns 
in cellulose paper such as photolithography, inkjet printing, printing of wax etc.[3] However, these methods are not easily and cheaply applicable for patterning of various other porous materials.  
Here, we present our results that show the successful demonstration of laser-patterning of cellulose paper and various other porous materials that include nitrocellulose membranes, glass fibre filter and 
fabric, using a laser-based direct-write technique.  

Conclusions: 

We believe that our laser-based technique is an ideal choice for low-cost and mass-scale fabrication of microfluidic devices that can be used for a variety of applications such as clinical diagnostics and analytical chemistry. 

 

Laser-patterning of various porous materials for fabrication of fluidic devices  Other porous materials 

Fabric 

Glass fibre filter 

Polyester fibre  

Material patterned – Nitrocellulose membrane 

Experimental parameters  

• Laser - 405 nm c.w.; output powers: 0.3 - 10 mW; scan speed: 0.05 - 10 mm/s 

• Corresponding incident laser fluences: ~ 0.375 J/cm2 - ~ 2500 J/cm2 
Results 

1. Smallest feature size produced~ 50 µm  

2. Conditions necessary to contain and guide fluids:  
• Barrier-wall size ~ 60 µm; Channel widths ~ 100 µm [5] 

Experimental parameters  

• Laser - 405 nm c.w.; output powers: 1 - 100 mW; scan speeds: 4 - 10 mm/s 

• Corresponding incident laser fluences: ~ 1.25 J/cm2 - ~ 312.5 J/cm2 
Results 

1. Smallest feature size produced ~ 50 µm  

2. Conditions necessary to contain and guide fluids:  
• Barrier-wall size ~ 120 µm; Channel widths ~ 80 µm [4] 

Material patterned – Cellulose filter paper  

Schematic of the laser-based paper-patterning procedure 

Step 1. A porous substrate is soaked with a light-sensitive photo-polymer. 

Step 2. A laser beam is then scanned over the pre-soaked substrate.  

Step 3. Substrate developed in a solvent to wash away any un-polymerised material. 

The polymerised barriers created, define the fluidic structures in porous substrate. 

The technique relies on the concept of light-induced photo-polymerisation and the fluidic flow-paths are formed by patterning of photo-polymer barriers that extend throughout the thickness of the porous 
substrate, and demarcate the fluid-flow regions within the porous substrate[4, 5]. 

• A laser beam is focused and scanned over the porous substrate to write a user-defined 2D design. 

• The width, depth and quality of the resultant structure depends on the incident laser fluence. 

• Laser powers required can be as small as few mW; even laser-pointers can be used. 

• Writing speeds can be as fast as m/s; well-suited for rapid fabrication.  

Schematic of the laser-based direct-write process 

 

Laser-based direct-write patterning procedure  

Validation of patterned devices as diagnostic sensors via implementation of various bio-chemical assays or chemical reactions 

Semi-quantitative detection of BSA, Glucose and nitrite in water Semi-quantitative, multi-analyte detection of glucose 
and BSA via a lateral flow type device (T-shape) 

Quantitative C-Reactive protein detection via a sandwich 
ELISA using a multi-well plate like design 

Experimental parameters and results:  

1. Grids patterned in cellulose and nitrocellulose with laser powers of 70 
mW and 1 mW respectively, with a scan speed of 10 mm/s. 

2. Simultaneous multiplex detection without any cross-contamination. 
3. Result available in < 1 min; well-suited for rapid diagnostic. 

Experimental parameters and results:  

1. T-junction patterned in cellulose with a laser power of 70 mW and a 
scan speed of 10 mm/s. 

2. Simultaneous detection of BSA and glucose on a single fluidic device. 
3. Simple, compact, lateral-flow-type device that needs no additional 

equipment. 

Experimental parameters and results:  

1. Grid patterns created in nitrocellulose with a laser a power of 1 mW at 
10 mm/s. 

2. Calibration curve plotted by measuring the colour intensities for 
known concentrations can then be used for determining unknowns. 

3. Detection limit ~ 10 ng/mL (similar to micro title plate based ELISAs). 

            Cellulose                         Cellulose                     Nitrocellulose 
 BSA concentration (mg/ml)  Glucose concentration (µg/ml)    Nitrite Concentration (M) 
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