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Abstract - Microfluidics technology has been attracting significant interest due to its vast potential to create miniature tools 
for life sciences. In recent years, micromolding of polydimethylsiloxane(PDMS) has become a pervasive tool for fabricating 
microfluidic devices . One of major advantage of PDMS, in addition to ease of use and excellent molding and optical 
qualities, is its bonding property with glass or to itself without the use of adhesives. Conventional method used for creating 
this permanent bond used is activation of bonding surfaces by oxygen plasma treatment. Conventional methods used for 
PDMS bonding are costly, bulky, equipment requires high maintenance. To overcome these drawbacks, for fabricating 
PDMS prototypes beyond specialized engineering laboratories, we require simpler, more economical means of surface 
activation. Plasma ‘guns’ such as the Tri-Star Duradyne offer a somewhat less bulky alternative to traditional vacuum 
plasma systems, but is a costly affair. They do not require vaccum chamber but for achieving desired plasma controlled gas 
flow is required. Corona discharge for surface activation during PDMS-PDMS (polydimethylsiloxane) or PDMS-glass 
bonding may be used as an alternative method. In the current work we have put our effort in designing and developing a cost 
effective, custom made, hand held corona discharge system for surface activation of Polymer/Glass channels. We have used 
a flyback transformer for generating high voltage that may aid to generate corona discharge. The main advantage of this 
Corona-treated PDMS is that it can be peeled off within the first 30 minutes, and re-bonded without obvious bonding 
strength degradation, which may allow us for sufficient time for layer by layer accurate alignment and bonding of multiple 
fluidic chip components, during multilayer soft lithography process. After surface activation with this custom made device, 
surface wetting property of PDMS polymer was found to be enhanced equivalent to a conventional oxygen plasma treatment 
method. Further, a long and narrowly shaped microfluidic chip was sealed successfully in which no noticeable leakage was 
observed, even at comparatively very high flow rates of DI water. 
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I. INTRODUCTION 
 
Polydimethyl siloxane (PDMS) is a popular type of 
polymer used in the rapid prototyping of microfluidic 
systems. The fast fabrication time, biocompatibility to 
various biomedical tests, high gas permeability to be 
beneficial for cellular application, as well as optical 
transparent down to 280nm for a number of 
fluorescence detection, all made PDMS widely 
adopted in microfluidic applications.  
 
In the fabrication of PDMS based multi-layer 
microfluidic devices, the method of bonding used to 
combine molded layers as well as the alignment of 
the interconnection between layer and layer stand as 
critical problems in the design consideration, and 
without a good seal, leakage of fluids will inevitably 
occur due to a breakdown of the bonding between 
two PDMS layers. The bonding quality of the PDMS 
is determined by numerous factors, including the type 
of technique adopted, the cleanliness of the bonding 
surfaces, the ratio of PDMS base to cure agent cross-
linking, as well as the curing process. Among these 
factors, the choice of the type of technique is the most 
critical issue. In many cases, the complexity and 
precision of the microfluidic channel design highly 
require the bonding techniques to fulfill the design 
criteria, thus in some circumstances, the bonding 

technique may not be suitable for practical 
application, or it may alter the geometry and surface 
chemistry within the microchannel, which would be 
problematic in microfluidic based biomedical 
applications. 
 
Among the numerous bonding methods, oxygen 
plasma treatment has been widely used by many 
research groups to create effective PDMS-PDMS 
bonding strength. The principle underlying plasma 
treatment is that it can remove surface contaminants 
and generate reactive chemical groups. In particular, 
the -O-Si (CH3)2- unit in PDMS can be converted to 
silanol group, thus facilitate bonding by changing the 
surface chemistry from hydrophobic to hydrophilic. 
However, the surfaces can quickly revert to their 
hydrophobic tendency once exposed toatmosphere, 
which will result into drawbacks such as 
requirements for exquisite skill for alignment as well 
as cleanroom facility. In a word, typical oxygen 
plasma bonding is expensive, bulky, requiring high 
maintenance pieces of equipment, and can only be 
used in the specialized engineering laboratories. 
Therefore, a low cost, portable and efficient bonding 
device with consistent bonding results is urgently on 
call. Recently, such a method has been developed 
with the use of a commercially available corona 
system. 
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II. MATERIALS AND METHODS 
 
1. Corona Setup  
The electronics behind the device used for generation 
of corona  is simple, it contains  only 2 resistors 
(27ohm, 240ohm), a flyback transformer, a power 
supply and a  MJE13009 transistor .One of the 
important  electronic instrument used for generation 
of corona is Flyback transformer. A flyback 
transformer (FBT), also called a  line output 
transformer (LOPT), is a special type of 
electrical transformer.  The flyback transformer is 
used in the operation of CRT-display devices such as  
television sets and CRT computer monitors. 
 
Construction of flyback transformer: -The primary is 
wound first around a ferrite rod, and then the 
secondary is wound around the primary[2]. This 
arrangement minimizes the leakage inductance of the 
primary. Finally, a ferrite frame is wrapped around 
the primary/secondary assembly, closing the 
magnetic field lines. Between the rod and the frame is 
an air gap, which increases the reluctance. The 
secondary is wound layer by layer with enameled 
wire, and Mylar film between the layers. In this way 
parts of the wire with higher voltage between them 
have more dielectric material between them. 
Operation of flyback transformer: -  The primary 
winding of the flyback transformer is driven by a 
switch from a DC supply (usually a transistor). When 
the switch is switched on, the primary inductance 
causes the current to build up in a ramp. An integral 
diode connected in series with the secondary winding 
prevents the formation of secondary current that 
would eventually oppose the primary current ramp. 
When the switch is turned off, the current in the 
primary falls to zero. The energy stored in the 
magnetic core is released to the secondary as the 
magnetic field in the core collapses. The voltage in 
the output winding rises very quickly (usually less 
than a microsecond) until it is limited by the load 
conditions. 

 
Figure 1: Circuit diagram of Flyback Transformer and corona 

generation 
 
2. Mechanism at surface of PDMS (Corona 
Discharge Surface Activation / Treatment) 
Corona discharge surface activation is effective at 
altering the surface of a polymer by attaching polar or 
functional groups to it. Many polymers, in particular 
polyolefin such as polyethylene and polymethylene, 
are chemically inert and cannot bond easily to other 
materials, displaying poor adhesion with inks, paint 

and glues. The reason for this is the absence of polar 
and reactive functional groups in their structure.  
 
What is Corona discharge Treatment? 
Corona discharge treatments are used to alter the 
surface properties of a wide range of materials to 
make them easier to bond, glue and paint. By treating 
parts we both clean and activate the surface, 
improving their adhesion characteristics.UV radiation 
and active oxygen species from the plasma break up 
separating agents, silicones and oils from the surface. 
These are pumped away by the vacuum system. 
Active oxygen species (radicals) from the plasma 
bind to active surface sites all over the material, 
creating a surface that is highly ‘active’ to bonding 
agents. 
 
3. Process of bonding:- 
Bonding is achieved by placing a clean glass slide or 
coverslip (a variety of brands have been used) and the 
PDMS sample bonding side up on a non-conducting 
surface[1]. The glass is wiped with methanol to 
remove residues that may be present out of the box. 
The corona is adjusted to a relatively low level to 
produce a stable but soft corona with minimal 
crackling and sparking. The setting may need to be 
adjusted depending on atmospheric conditions. The 
wire electrode is passed back and forth approximately 
1 mmabove each bonding surface for 30-300 seconds, 
depending on the size of the piece. Treated surfaces 
are then pressed together and left undisturbed for at 
least one hour for bonding to take effect. Leaving 
samples overnight insures complete bonding. 
 
RESULTS AND CONCLUSION  
 
Bonding is achieved over a wide range of treatments, 
as evidenced by contact angle measurements. The 
amount of contact angle reduction for water on 
PDMS is known to be proportional to the dose of 
plasma. A crudeexperiment was conducted inwhich a 
variety of treatments, varying power, time, and 
electrode type, were tested by simultaneously 
activating two ଵ

ଶ
 inch squares of PDMS (Sylgard184 

at a 10 : 1 ratio). One portion was tested for contact 
angle variation with DI water, and the other was 
observed for bonding to similarly treated glass. 
Measured  contact angles ranged from approximately 
95º to 0º(approx)as it was too low to measure. After 1 
hour, all samples except that with the 0º  contact 
angle were bonded solidly. Even an over-treated 
sample with a 0º contact angle will bond if left 
undisturbed overnight, however experience has 
shown that more moderate treatments are preferable. 
For naturally hydrophilic glass surface a zero degree 
contact angle is desired. If we are getting nonzero 
contact angle on glass then it implies that surface 
contaminants are present, and can be removed by 
plasma treatment. 
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The corona system has various advantages over 
conventional plasma chambers. As the corona system 
can be used almost anywhere, it can be used to treat 
PDMS samples and bonding occurs immediately 
upon removal from the master, reducing the chance 
of undesirable substances, and eliminating the need 
for cleaning. Furthermore, the fact that a vacuum 
chamber does not need to be pumped down, saves 
time. Another advantage is that within the first 200 
sec after contact, PDMS can be peeled from the glass 
and repositioned, with normal bonding still occurring 
in the majority of cases. This is not possible with 
most plasma treatments, in which bonding is initiated 
on contact. The mechanism for this difference in the 
onset of bonding is not known. The corona treater 
also has useful applications beyond bonding, such 
ascreating a hydrophilic environment inside a 
previously constructed microchannel. Finally, 
polypropylene connectors, often kept out of 
conventional plasma chambers to avoid residue build-

up, can be treated safely on the bench-top. This 
greatly enhances the strength with which they bond to 
adhesives, making them less likely to break off of a 
device during use. The corona treater is safe and easy 
to use, however some precautions do need to be 
observed. First, the corona produces a significant 
amount of ozone, and should only be used in an area 
with good ventilation. Secondly, the unit produces 
radio frequency (RF) noise, which has the potential to 
affect other equipment.Because of its low cost, ease 
of use, and portability, the hand-held corona treater 
opens the possibility of fabricating  microfluidic 
devices to nearly any laboratory. This could have a 
particular impact in allowing biology laboratories to 
make microfluidic devices for their own testing, 
rather than being completely dependent on 
collaborating engineers. As a result, projects may be 
enabled that would otherwise not have been 
undertaken. 
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