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Field-portable DNA biosensors have the potential to greatly improve diagnosis of disease,
forensic DNA analysis, food safety monitoring, and biowarfare detection. These sensors detect
hybridization of complementary strands of DNA, one immobilized onto the sensor substrate and the other
free in solution. Most DNA sensors suffer from lack of portability or the inability to process large
numbers of samples in parallel. Field effect transistor (FET) based DNA sensors, which detect
hybridization by sensing negative charges on target DNA through the field effect, have the potential for
both high throughput and portable detection [1].
In this work we present a novel depletion mode FET sensor that incorporates: 1) III-V
semiconducting materials, 2) a hafnium oxide gate dielectric, and 3) direct immobilization of DNA to the
surface. Our work differs from previously demonstrated FET biosensors that use doped silicon
semiconductors with a silicon dioxide gate dielectric and complex crosslinking chemistry between the
surface and the DNA [1]. We hypothesize that depletion mode FETs are more sensitive, due to the lower
density of states in the III-V materials (AlGaAs/InAlAs) [2]. Further, our novel method of directly
immobilizing DNA onto the gate significantly simplifies sensor fabrication and brings DNA closer to the
sensor surface. This places the majority of the DNA within one Debye length from the gate oxide
surface, which potentially increases device sensitivity [3].
Figure 1, bottom left, shows a schematic cross section of the FET that was designed and
fabricated. Semi-insulating (SI) InP was used as a substrate and molecular beam epitaxy (MBE) was used
to lattice matched grow the III-V layers followed by in-situ growth of hafnium oxide by reactive electron
beam evaporation of metallic hafnium in oxygen. Standard photolithography, reactive ion etching, metal
evaporation, and rapid thermal annealing was used to fabricate contacts, and isolate individual devices.
Finally, photoresist was used to insulate the contact leads, leaving only the HfO2 gate region and contact
pads exposed. Polydimethylsiloxane (PDMS) was used to create a reservoir to allow placement of liquids
on the gate area without shorting the source to drain. Figure 2, top, shows the ability of the FETs to detect
increasing concentrations of double-stranded lambda DNA (48 kbp long). Single strand phosphorylated
DNA (29 bp long) was patterned onto the exposed gate dielectric using a BioForce Nano-enabler quill
pen printing tool. Figure 2, bottom left, shows the ability of the FET to detect the immobilization of the
DNA even after rinsing. In comparison, Figure 2, bottom right, shows the FET does not respond to the
biological buffer (Tris-EDTA) that the DNA is suspended in. To our knowledge, this is the first
demonstration of FET-based sensing of DNA using probes directly linked to the gate surface via
phosphate-dependent immobilization.
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