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ABSTRACT 
This paper reports the development of a silicon-based microfluidic device that enables ultra fast melting curve analy-

sis (MCA) for genomic studies (DNA) and drug discovery (proteins). The system relies on the flow of nanoliter-sized 
discrete phase samples through a buried silicon channel. The samples are subjected to a temperature gradient generated 
by two external heaters along the channel. The channel also simultaneously serves as a light guide to illuminate the drop-
lets and guide the emitted fluorescence to the detector outside the channel. The system  provides a simple melting analy-
sis of fluorescent-labeled molecular complexes, with high multiplexing capability and throughput. The chip-based solu-
tion is attractive due to nanolitre sized samples handling, resulting in fast heat transfer thus achieving ultra fast MCA for 
genomic studies and drug discoveries . 

KEYWORDS: Melting curve analysis, Silicon channel, Microfluidics. 
 

INTRODUCTION 
Detecting DNA melting temperature through melting curve analysis (MCA) is a standard technique which is used to 

verify the specificity of the real-time PCR using a fluorescent intercalator such as SYBR-GREEN[1]. This procedure is 
typically performed after the PCR is completed in the real-time PCR instrument. More recently Ilija et al uses microflu-
idics device fabricated by xurography method to perform temperature gradient flow PCR [2], which even lower the cost 
in manufacturing this device.  Generally a melting-curve analysis system (which is often a real-time PCR instrument) con-
sists of a temperature controlled part, set of capillary tubes or wells, a light source, a filter set and a fluorescence detec-
tion unit, typically photo multiplier tube or CCD camera. Unfortunately, as of now these systems are bulky, costly and the 
melting curve is detected from rather large volumes of samples of more than a few µL. Performing statistics to increase 
the confidence requires large amount of proteins and drugs, thus increasing the cost of drug discovery. In drug discovery, 
differentiation in melting temperature when drug is applied indicates drug reaction on the protein unfolding [3]. Therefore  
it is of great interest to develop a simple tool that enables MCA at high-throughput for very low  sample volume. 

THEORY 
A high-throughput system for ultra-fast MCA is proposed (Figure 1). The system and methods carried out will be an 

inexpensive alternative to currently used. The sample is injected as a plug (droplet or drumlet) into a flow of oil confined 
inside a capillary tube, where the oil flow rate determines the propagation speed of the sample, as the sample propagates 
through the capillary tube,  which is subjected to a temperature gradient along it by using the PID controlled heating ele-
ments at both ends of the capillary, the florescence alters due to the temperature change in the droplet. At the same time 
the fluorescence is excited by a blue laser where its light beam is guided into the tube via a fluidic t-junction. Light inter-
acts with the sample inside the capillary and the emitted fluorescence intensity and is detected at the other end of the cap-
illary by a photomultiplier tube (PMT) while the fluorescence amplitude is recorded. An image of the real device integra-
tion is shown in Figure 5b. The silicon chip is mounted on a heater controller while a rapid prototyped interface is used to 
transfer samples in and out from the chip during the experiment. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: a) Schematics design of the silicon based microfludic chip. Droplet of a sample with double stranded DNA la-
beled by SYBR Green I enters through 1st T-junction and exits at 2nd T-junction subjected to a temperature gradient 
created by two heaters. The fluorophore is excited by the blue laser source and emission is detected by the photomultip-
lier tube (PMT). b) Complete device with microfludic interface. 
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EXPERIMENTAL 
The fabrication process of the chip uses only single mask to create a monolithic silicon based microfluidic with 

350µm diameter circular channel (see the process in Figure 2). The fabrication resulted in buried channels with nearly 
perfect circular cross-section. The fabrication begins with a deep reactive ion etching (DRIE) of a 350 µm deep and 25 
µm wide trench  using 1µm SiO2 as a mask. This mask defined both channels as well as the inlet reservoirs. Then, 70 nm 
of thermal oxide (SiO2) was thermally grown to protect the trench sidewalls. Subsequently the SiO2 at the bottom of the 
trench was removed by anisotropic plasma etching to expose the Si substrate below while leaving the trench sidewalls 
protected. Next, isotropic etching is performed by XeF2 vapor, resulting a nearly perfect circular profile channel forming 
at the bottom of the trench while keeping the integrity of the sidewall. At the same time, a ‘donut’ shaped pattern, design 
to allow the configuration of the inlet reservoir, indicated the completion of the circular channel, when the donut is fully 
released and fall off the chip. Later, the remaining SiO2 was removed by buffered oxide etcher (BOE). As the last step, 
the channel walls were coated and simultaneously sealed by a parylene-C coating, creating an encapsulated buried chan-
nel in the Si chip. Figure 3 shows the cross-section scanning electron micrograph (SEM) of the buried channel and the in-
let holes in the chip. 

 
Figure 2: Fabrication process flow for microfluidic 
chip showing creation of encapsulated channel for 
DNA droplets’ flow and reservoir for inlet or outlet of 
sample. 

 
Figure 3: a) SEM photo of chip level showing one open 
inlet hole and the channel. b) cross section(i) showing 
the inlet hole. c) cross section(ii) showing the buried 
channel inside the silicon substrate. d) Channel encap-
sulation by parylene-C coating (inset) T-junction of 
sample mixing. e) Inlet of samples encapsulated by pa-
rylene-C. 
 

RESULTS AND DISCUSSION 

To demonstrate the applicability of inline optics for MCA, a scale-up system that resembles Figure 1 was built and the 
preliminary results on DNA in micro-liter droplets were shown in Figure 4. The evolution of the fluorescence intensity 
depicted the denaturation and renaturation of DNA duplex, with a melting temperature of 60°C (Figure 4a and b), which 
was further confirmed with the LightCycler (Roche).  
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Figure 4: PMT detection of fluorescence in in-line optics a) MCA  from 55°C to 95°C, showing denraturation at 60°C b) 
MCA from 95°C to 55°C showing a promising reversible process –renaturation of the same DNA at 60°C. 
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The previous results show a limited resolution of the melting point. A preliminary experiment to verify the heat trans-

fer function was performed in time domain system in a virtual reaction chamber (VRC) as described [5]. The PMT output 
was plotted against the scanning temperature from 60°C to 100°C with temperature scan rate as a parameter (Figure 5).  
A sharp fluorescence reduction at the melting temperature(Tm) was observed. When the scanning temperature rate was in-
creased from 0.1 °C/s to 5 °C/s, it is found that the melting point shifted, indicating a thermal lag due to heat transfer. 
From this, the correlation between temperature scan rate and the Tm shift gives the heat transfer rate between the heater 
and the sample. The heat transfer rate was determined to be 2.4 °Cs-2. The same methodology can be applied in the flow 
through system by transforming time domain to space domain and the flow rate (effectively the temperature scanning 
rate) can be estimated, resolving a nominal flow rate to expedite future analysis. 
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Figure 5: MCA of droplet based system with different temperature scanning rate, showing a heat transfer characteris-
tics, can be used to determine heat transfer in the system. 
 
CONCLUSION 

The innovative use of inline optics coupled with nano-droplet flow in a self-aligned silicon light guide proposed here 
promises great potential for a rapid MCA system for drug discovery. By incorporating digital microfluidic functions up-
stream of the analysis, the system will provide a high multiplexing and could be extended to the recently reported DNA 
sequencing by denaturation [6]. 
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