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Abstract. We successfully fabricated Lab on chip components and integrated for possible use in biomedical
application. The sensor was fabricated by using conventional photolithography method integrated with PDMS micro
channels for smooth delivery of sample to the sensing domain .The sensor was silanized and aminated with 3-
Aminopropyl triethoxysilane (APTES) to functionalize the surface with biomolecules and create molecular binding
chemistry.The resulting Si-O-Si- components were functionalized with oligonucleotides probe of HPV, which
interacted with the single stranded HPV DNA target to create a field across on the device. The fabrication,
immobilization and hybridization processes were characterized with current voltage (I-V) characterization
(KEITHLEY, 6487). The sensor show selectivity for the HPV DNA target in a linear range from concentration 0.1
nM to 1uM. This strategy presented a simple, rapid and sensitive platform for HPV detection and would become a
powerful tool for pathogenic microorganisms screening in clinical diagnosis.

INTRODUCTION

The Lab on Chip is device made up of a transducer and a fluidics component to deliver biological element that is
can be an enzyme, an antibody or a nucleic acid to sensing domain [1-8]. The bio-element interacts with the analyte
being tested and the biological response is converted into an electrical signal by the transducer[1, 2]. It mechanism
can be summarized as follows: when a target molecule comes in close contact with the receptor, non negligible
partial charges appear in both the receptor and target molecules[3] This modulates the surface charge profile of the
functional layer, which affects the distribution of the electrostatic potential throughout the nanowire[4-6]. This in
turn affects the conductance of the nanowire, and thus fluctuations in current can be detected when a voltage is
applied at the appropriate terminals [37-44]. The amount of current response depends on the concentration of the
target molecule in the liquid [9-15]. Hence, the device suitable for early detection of cancer and related because
future developments in early gene specific detection that cause cancer and chronic disease technology offers the
potential for improved capabilities over traditional medical diagnosis, prognosis, and treatment [16-25]. The
detection of DNA related disease states is steadily rising specific and more accurate information that the other
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methods of detections [26-36]. Thus, the study proposed, the Human Papillomavirus (HPV) Lab on chip that has
capability of identify a targeted biomolecule related to (HPV) various.

EXPERIMENTAL

Prior to integration, the transducer surface was modified, since, the transducer is silicon, it required to be
modified for the target probe attachment, it was modified with following procedure, using 3-Aminopropyl
Triethoxysilane (APTES) as a facilitator to immobilize organic biomolecules on the inorganic surface. 5% APTES
in DI water. The 1ul of APTES (0.01M) was dropped on an active area of silicon nanowire device kept for drying
in dry cabinet for 3 hrs until it clearly dry. The device further, treated for Human Papillomavirus (HPV) DNA probe
attachment and APTES has amine terminated functional group at the end, a modified of 5’end probe with carboxyl
group (COOH) was needed onto the surface. |uM of DNA in deonized distilled water was applied in the active area
and incubated for another 3 hours in a moist environment at room temperature. Now the device is ready for HPV
virus detection. The PCR product of HPV strain 16 was first denatured into single stranded DNA by heating in
thermoshaker for 5 min and then quench to stop the reaction in ice for 5 min. 1 microliters of this single stranded
DNA was then applied in active area of silicon nanowires and incubated for 1 h. The sensitivity of the Lab on Chip
was examine in a series of solutions with different concentrations of the target ssDNA (HPV). The measured
currents of the amine-based probe-DNA-modified silicon nanowire device for target sSDNA concentrations of 0.1, 1,
5, 10, 15, 20, and 25 nM. The integration of silicon nanowire biosensors with microfluidics devices is central to the
development of bio sensing chip. Potentially, small-scale and low-density microfluidic networks with individually
optimize flow channel and chambers analogous to electronic integrated circuits can enable highly efficient sample
preprocessing steps with minimal human input. Small volumes of processed samples are combined with different
assay reagents and automatically delivered to integrated sensors for detection and diagnosis. The integration of
engineered silicon nanowires with microfluidics devices provides a novel sensing platform that could be used for
multiplexed responses of molecules is presented here.It is started with first step which is to activate the surfaces of
the PDMS and the silicon substrate in oxygen plasma so that they will permanently bond. Each surface is oxidized
in the plasma and covalent siloxane (Si — O — Si ) bonds form when the two surfaces are brought into contact.

FIGURE 1. Microfluidic surface preparations

The activation is done with a plasma and prior to this, it was clean in cleaner/sterilizer unit, the silicon and
PDMS are placed on a glass microscope slide, which is then loaded into the glass chamber of the cleaner. After
three minute the, it then loaded plasma spreen and is turned on 250 (watt) power, establishing a pale blue plasma.
The inlet valve on the chamber is then slowly opened to let in a small stream of air, turning the plasma pink. We
found that a 45 second exposure to the oxygen plasma (after it has turned pink) consistently yielded strong bonds.
After 45 seconds, the plasma spreen power is turned off and the chamber is vented, and the pieces are be removed
figure 2.
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FIGURE 2. Surface activated silicon nanowires and microfluidic devices

Within three minutes of surface activation, the silicon substrate and PDMS pieces must be brought into contact
for permanent bonds to form. During this short window of time, they must be precisely aligned before they are
brought into contact. To accomplish this, we have developed the following method for alignment using the high
resolution mask aligner FIGURE2. After the silicon and PDMS surfaces have been plasma activated, these pieces
are loaded into the mask aligner using simple adapters. One adapter holds the transparent PDMS in the aligner,
where a photo mask would ordinarily go. The other adapter holds the silicon sensor devices below the PDMS in the
aligner, where a substrate would ordinarily go. The sensor comes into clear focus as it approaches the height of the
PDMS. When the substrate and PDMS are well aligned, they are brought into conformal contact and the surfaces
quickly "wet" and form permanent bonds. This method is capable of aligning and bonding the PDMS and substrate
with a precision of approximately 1 microns.

FIGURE 3. Microfluidic alignments on sensor array

The second approach is manual approach with equal precession as mentioned above; the resulting devices were
bonded with a PDMS cover in which access holes had already been drilled. Before final bonding, device chips were
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cleaned with oxygen plasma at 200W for Imin and immersed in DI water to form hydrophilic surfaces in
microfluidic channels which again facilitate the aqueous solution injection during experiment. The device chips
were taken out and dried by nitrogen gun figure 3. A piece of fresh PDMS cover with access holes was cleaned in
isopropanol (IPA) for 3min assisted by ultrasonic treatment. Finally, the PDMS cover was aligned and pressed onto
the device chip to complete bonding process.

BONDING TENSILE TEST

The bonding test was performed by using the tensile strength tester. In order to fit the sample to the gripper of
the machine, a piece of PDMS attachment substrate was adhered to both the top and bottom surfaces of the sample.
Chloroform was used to attach this attachment substrate to the samples. The evaluation results with various
parameters are listed in Table 1. The bonding strength was about 0.015MPa. The results show that the thickness of
the interfacial layer does not greatly affect the bonding strength. However, it does affect the bonding quality. Fewer
bubbles formed with a thinner PDMS layer. Besides the thickness of PDMS layer, the pre-curing time of PDMS at
room temperature also has a significant influence on the bonding quality. Sufficient pre-curing time (~20 hours) is
needed to reduce bubble formation and achieves a larger bonded area. A larger bonded area leads to a stronger
bonding strength.

TABLE 1. The evaluation results with various parameters
PDMS  Curing time at

Salr;lp thickne room ter';(l))lz:(rlgtlfre B(zirﬁleng Bonding strength 3(:::2 ButSJble
No. ss temperature °C) (hr) (MPa) (%) formed
(um) (hr)
1 10 20 90 3 0.015689 100 No
2 25 20 90 3 0.015389 95 Yes
3 35 20 90 3 0.014711 95 Yes
4 10 6 90 1.5 0.011922 90 Yes
5 25 6 90 1.5 0.009900 85 Yes

S—— 3

FIGURE 4. Integrated device
BONDING LEAKAGE TEST

The most common concern about microfluidic system is the leakage problem. Many existing polymer-to-
polymer substrate bonding methods such as gluing by epoxy or methanol suffered from uneven bonding and leakage
near the edge of the device figure 4. Therefore, our fabricated device was tested for leakage. Since both glass and
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PDMS are transparent, it is difficult to examine the bonding quality by human eyes. Color dye was pumped into the
channel, and no leakage occurred in the channels as shown in figure 5.

FIGURE 6. Biosensor final electrical tests

RESULTS AND DISCUSSION

From figure 7 we notice the response of the device to SINW/APTES/ssDNA probe molecule alone give current
of 2.15x107'°. However, when SINW/APTES/ ssDNA target molecule gives the current 11.73x10°A with the same
range of voltage, this changes in current value due molecular interaction was reported Adam and Hashim (2014).
The reason for this, when a single charged ssDNA target binds to ssDNA probe (receptors) linked via APTES to the
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nano transducer, the conductance of a semiconducting nanowire changes from the initial value (Bashouti et al.,
2013; Broonstrup et al., 2010) have reported similar argument most of reported literatures based argument due to the
localised negative charges of single stranded ssDNA probe. The phosphate ions in ssDNA strands carry a negative
charge, which result in electrostatic activities. =~ When the ssDNA unbinds, the conductance returns to the normal
value. From the figure 12.The conductance of a second nanowire device without receptors should show lower
change during the same time period and it set as reference value. When SiNW was tested the absence of target
DNA, there was no detectable signal even after the voltage increased. During I-V characterization for both target
and probe, repetitive measurements were conducted for the same sample understand different conditions.
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FIGURE 7. Electrical response of silicon-nanowire-based detector to pH from 2 to 14.

The pH-dependent current response was investigated using a standard two-probe I-V measurement set-up. A
very low current is expected because of the high resistance of the silicon nanowires. For this purpose, a Keithley
2400 source meter with a current resolution of 10pA was used. To determine the capability of the device, it was
treated as a FET and subjected to various pH values. Since the surface of the device is hole-dominated (p-type
material), it responds well to pH. In order to further strengthen this response, we protonated the surface of the silicon
nanowire in a low-pH fluid to apply a positive surface charge. In particular, in a buffer solution of pH3, on the
nanowire surface become positively charged -NH;",which induces mobile carriers (holes) to form inside the
nanowire. This approach was proposed by other researchers too. Under these conditions, the nanowire surface acts
as a positive top gate affecting the mobile carriers inside the nanowire FIGURE 7. For example, when the surface of
the silicon nanowire is deprotonated in lower pH liquid, the mobile carriers are depleted accordingly. When the
modified p-type Si nanowire device was tested in solutions with pH 2 and 14, it exhibited stepwise increases in
conductance. This is consistent with the results of a similar experient performed by many other researchers, where
the pH was changed stepwise from 2 to 14 manually using a dropper. In fact, the conductance increased
approximately linearly with pH, which is excellent behaviour from the standpoint of sensing. This behaviour results
from the presence of two distinct receptor groups that are protonated/deprotonated over different pH ranges: silanol
and ammonium groups. From a mechanistic standpoint, the increase in conductance with increasing pH is consistent
with a decrease (increase) in the surface positive (negative) charge, which “turns on” the p-type FET through the
accumulation of carriers. The key role that the surface receptor plays in defining the response of the nanowire
sensors was increasing the surface charge and reducing the resistance of the nanowire. This mechanism was also
demonstrated by Lehoucq et al.(2012). In particular, single charged molecules attached to the surface were
examined, and the experienced by test charges at the silicon nanowires were simulated at different pH
concentrations. The charge accumulation diminishes as the pH decreases and becomes negligible at pH 2 because
more silanol surface groups are protonated, resulting in less negative charge on the silicon surface according to the

reaction ST + OH <> Si — O~ + H " . The decrease in surface charge diminishes the charge accumulation as the
acid concentration increases (pH decreases), which can be explained by DLVO theory (Adamczyk and Weronski
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1999). A high concentration of ions in the medium restricts the ion transfer and leads to more charge accumulation,
since electrostatic interactions are stronger thanthe attractive van der Waals forces (Adamczyk and Weronski 1999).
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FIGURE 8. Device response for HPV molecules before and after hybridization

Figure 8 show the detection activities data from one device that shows the electronic detection of HPV molecules
hybridization. The control chips with exactly the same configuration which was tested prior to hybridization
process, in this case when hybridization did not occurred at all its shown no change in conductivity, this can be
observed in the same figure. The I-V measurements recorded from 0.1 to 1 V across the device, significant increase
in current after the capture of HPV molecules.
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FIGURE 9. Device response to various HPV molecular concentrations
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SUMMARY AND CONCLUSION

Nano Lab on chip framework with precised 20nm sized was developed. The surface was modified for specific
molecular detection, the sensor recognizes and captures HPV targeted molecule. The captures HPV targeted
molecule is electrically detected. The integration of Nano-wire sensor with micro channels provides rapid, cheap and
controlled manufacture of Nano-scale diagnostic tool with high yield. The presence of probe on the sensor surface
shows a robust increase in conductivity with increase in HPV molecule concentration. Hence, with its excellent and
sensitive detection capability of a DNA linked HPV virus, the device can help in early diagnosis and improved
therapy. Such genomic chips can find applications in many electrical sensors for detection of biologically relevant
molecules and species.
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