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The introduction of  real-time monitoring of  the polymerase 
chain reaction (PCR) represents a major breakthrough in 
specific nucleic acid quantification. This technique employs 
fluorescent intercalating agents or sequence-specific reporter 
probes to measure the concentration of  amplified products 
after each PCR cycle. However, the need for optical 
components can limit the scalability and robustness of  the 
measurement for miniaturization and field-uses. Moreover, 
the addition of  external fluorescent reagents can induce 
inhibitory effects [1] and require extensive optimization 
[2].

We have developed a robust and simple method for direct 
label-free PCR product quantification using an integrated 
microelectronic sensor (Figure 1) [3]. The field-effect 
sensor can sequentially detect the intrinsic charge of  

multiple unprocessed PCR products and does not require 
sample processing or additional reagents in the PCR 
mixture. The sensor measures nucleic acid concentration 
in the PCR relevant range and specifically detects the 
PCR products over reagents such as Taq polymerase and 
nucleotide monomers. The sensor can monitor the product 
concentration at various stages of  PCR and can generate 
a readout that resembles that of  a real-time fluorescent 
measurement using an intercalating dye but without its 
potential inhibition artifacts (Figure 2). The device is mass-
produced using standard semiconductor processes, can be 
reused for months, and integrates all sensing components 
directly on-chip. As such, our approach establishes a 
foundation for the direct integration of  PCR-based in vitro 
biotechnologies with microelectronics.

Figure 1:  Cross-sectional drawing demonstrating 
the basis of the device measurement. Binding of charged 
molecules such as DNA on the sensor’s surface alters the 
distribution of positive mobile charge carrier in silicon, 
results in a modulation of the depletion depth (red arrow), 
hence changing the capacitance. This change in capacitance 
is monitored by measuring the AC current between the 
sensor and the gold electrode.

p Figure 2:  Comparison between steady state response of 
electronic measurements (black), real-time monitoring of PCR 
using Sybr Green I intercalating dye (red), and concentration 
analysis of the products using DNA Labchip kits (blue). No 
fluorescent labels were used for electronic detection and 
concentration measurements.  However the discrepancy with 
the Sybr Green I measurement is likely due to partial inhibition of 
the PCR reaction by the fluorescent reagent.
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