Bonding of PMMA nanofluidic devices and its effect on
DNA behavior in nanochannels

Jiahao Wu', Alborz Amirsadeghi ! Bahador Farshchian ', Franklin I. Uba?,
Steven A. Soper’, Jinsoo Kim® and Sunggook Park'
" Mechanical Engineering Department, Louisiana State University, Baton
Rouge, LA, 70803, USA
? Department of Biomedical Engineering, University of North Carolina, Chapel
Hill, NC 27599, USA
I Department of Chemical Engineering, Kyung Hee University, Yongin, Korea
sunggook@lsu.edu

Nanochannel-based fluidic devices have shown tremendous potential in real-time
DNA/RNA analysis', DNA mapping®, electrochemomechanical battery’ and
other applications. Compared to Si/SiO; substrates that are normally used for
nanochannel fabrication, polymer substrates have the advantages such as
versatile surface properties, biocompatible, easy-fabrication, low cost etc.
However, one big issue for all polymer-based nanofluidic devices is how to
obtain a good bonding of nanochannels without break or block the nanochannel
and whether the different bonding methods affect the behavior of biomolecules
in the nanochannels.

In this paper, we show fabrication of nanofluidic devices in
polymethylmethacrylate (PMMA) via two bonding methods and the effect of the
bonding methods on the behavior of DNAs in the devices. Nanofluidic structures
consisting of nanochannels and microfluidic networks were fabricated using
Nanolmprint Lithography (NIL) with a polymer stamp. The use of a polymer
stamp leads to a significant reduction of undesired deformation during NIL due
to the reduced adhesion and thermal stress. Two bonding methods used to seal
the nanofluidic devices are oxygen plasma assisted bonding and solvent assisted
bonding, which were combined with application of air pressure. Compared to the
conventional pressure application method by two parallel platens or clips for
bonding fluidic chips, air pressure ensures homogeneous application of pressure
over the entire chip area. Fluorescein test shows both methods can achieve good
bonding without any leakage or blockage (Figure 1). The deformation of
nanochannel after bonding was estimated reversely from the elongation of A-
DNA and T4-DNA inside nanochannels using the de Gennes’ and Odijk’s theory
(Figure 2). The results showed that the dimensions of bonded channels varied
less than 10% from the original sizes. Furthermore, the incidences of DNA
cleavage were different in these two bonding methods, which is attributed to
different concentrations of oxygen radical residues on the PMMA surface,.
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Fig 1. Top and cross-section SEM images of nanochannel and FITC image of

bonded nanofluidic system
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Fig 2. DNA elongation inside nanochannel (A.-DNA and T4 DNA)



