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Abstract. This paper discusses the process technology to fabricate multilayer-Polydimethylsiloxane (PDMS) based micro-
fluidic device for bio-particles concentration detection in Lab-on-chip system. The micro chamber and the fluidic channel 
were fabricated using standard photolithography and soft lithography process. Conventional method by pouring PDMS on a 
silicon wafer and peeling after curing in soft lithography produces unspecific layer thickness. In this work, a multilayer-
PDMS method is proposed to produce a layer with specific and fixed thickness micron size after bonding that act as an opti-
mum light path length for optimum light detection. This multilayer with precise thickness is required since the microfluidic is 
integrated with optical transducer. Another significant advantage of this method is to provide excellent bonding between 
multilayer-PDMS layer and biocompatible microfluidic channel. The detail fabrication process were illustrated through scan-
ning electron microscopy (SEM) and discussed in this work. The optical signal responses obtained from the multilayer-
PDMS microfluidic channel with integrated optical transducer were compared with those obtained with the microfluidic 
channel from a conventional method. As a result, both optical signal responses did not show significant differences in terms 
of dispersion of light propagation for both media. 
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1. Introduction 

In recent years, a microfluidic device is applied as a method for biological and chemical samples 

due to its benefits such as miniaturisation, smooth integration with detection components and therefore, 

able to perform fast detection since it can provide on-site laboratory solution [1,2]. Bio-particles can 

be classified as deoxyribonucleic acid (DNA), protein molecules, bacteria, viruses, spores, pollen and 

biological toxin in a fluid. They have specific optical characteristics depending on their physical struc-

tures and material properties [3,4]. These optical properties can be used to detect the present of the 

particles inside the human blood by integrating an optical transducer with the microfluidic channel. 
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Polydimethylsiloxane (PDMS) is the most widely used as the material in the microfluidic fabrication 

since it is biocompatible with these samples, low cost and optically transparent in frequencies range 

from 240 nm to 1100 nm.  

Previous works on direct measurement of UV absorbance using optical transducer method were re-

ported [5,6] in which the microsystem consists of a UV LED as the light source able to transmit light 

at precise wavelength through a quartz container of Deoxyribonucleic acid (DNA). Due to the demand 

of portable and small micro size of detection device, the integration of an optical transducer into a mi-

crofluidic system has been realized in the other previous works. A light path length is one of the de-

sign requirements that need to be considered as it can increase detection sensitivity in the integration 

of microfluidic with optical transducer. However, most of the previous work required waveguide in 

order to guide the light into detection device [7–9]. The thickness of the chamber layer was used as the 

light path and can be also improved without using the waveguide as reported in these works [10,11]. 

In this work, a microfluidic employed PDMS multilayer as the microfluidic channel and chamber is 

formed for direct measurement of bio-particles concentration in an ultraviolet range. The thickness of 

the PDMS layer determines the optimum light detection in the chamber. For the light to optimally pass 

through the PDMS microfluidic chamber, a multilayer PDMS with precise thickness is required in this 

application in order to achieve light detection and optimal absorption sensitivity. The desired total 

thickness of the PDMS layer after bonding is unable to achieve without spin coat process since it will 

produce imprecise thickness layer. By spin coating, layer thickness of around 220 µm can be produced 

[12]. Therefore, a multilayer-PDMS based microfluidic system is implemented in order to achieve 

precise layer thickness which also acts as a light path length. The fabrication results are illustrated 

through scanning electron microscopic and also microfluidic testing with optical transducer are pre-

sented and discussed. 

2. Methodology 

2.1. Fabrication of SU-8 as a master mold 

The SU-8 master mold was first fabricated using standard photolithography method as depicted in 

Figure 1(a). An inch of a silicon wafer was used as a substrate and treated using conventional silicon 

cleaning. SU-8 2075 from 2000 series of Micro-Chem was used in order to achieve 80 µm microchan-

nel mold thickness. The SU-8 was deposited on a Si substrate then it was pre-spun at 500 rpm for ten 

seconds and ramped at 2500 rpm for 20 seconds for the desired thickness. The mold was soft baked at 

65°C for 5 minutes and continued bake at 95°C for another 10 minutes before exposing to UV light at 

365 nm with 2.6 mW/cm2 light intensity (Karl Suss MJB 3) through a transparency mask for 60 

seconds. After exposure, it was baked again (65°C for 2 minutes, 95°C for 8 minutes) followed by de-

veloped in SU-8 developer for 8 minutes. After the pattern had appeared, the mold was rinsed using 

isopropyl alcohol (IPA) and blow dried using nitrogen. As a final process, the mold was hard baked 

for 30 minutes at 150°C. 

2.2. Conventional fabrication process of double layer PDMS 

The conventional method for fabricating PDMS using standard soft lithography was initiated by 

mixing the PDMS elastomer base (Sylgard® 184 from Dow Corning) with curing agent, ratio of 10:1. 

The mixture was de-gassed in a vacuum chamber until air bubble was completely removed. In order to 
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thermore, the results show that multilayer-PDMS based microfluidic channel did not show significant 

differences in terms of dispersion of light propagation as compare to double layer PDMS. 

4. Conclusion 

A multilayer-PDMS based microfluidic for optical detection of bio-particles concentration has been 

fabricated and analyzed. The fabrication of multilayer PDMS for the microfluidic part of the system 

with a deep channel and chamber was investigated. From this approach, very strong bond between two 

PDMS layers was achieved. With the multilayer concept, the material structure has been improved, 

and it is expected to increase the quality of the chamber structure and light detection. Another advan-

tage, better chamber structure and the specific light path length of approximately to 1000 µm were 

resulted. Only slightly light dispersion occurred when the multilayer PDMS was tested using optical 

transducer. The multilayer PDMS microfluidic channel also has been tested by injecting bio-particles. 

It showed that the light intensity was reduced as the voltage dropped significantly approximately to 2 

V which confirmed the light absorption of the bio-particles inside the chamber. 
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