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( Sensitivity of a charge—detecting label-free DNA sensor using

field-effect transistors (FETs) depending on the Debye length )
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Abstract

The effects of cations are very important in field-effect transistors (FETs) type DNA sensors detecting the intrinsic
negative charge between single-stranded DNA and double-stranded DNA without labeling, because the intrinsic negative
charge of DNA is neutralized by cations in electrolyte solution. We consider the Debye length, which depends on the
concentration of cations in solution, to detect DNA hybridization based on the intrinsic negative charge of DNA. The
Debye length is longer in buffer solution with a lower concentration of NaCl and the intrinsic negative charge of DNA is
more effective on the channel surface in longer Debye length solution. The shifts in the gate voltage by DNA
hybridization with complementary target DNA are 21 mV in 1 mM NaCl buffer solution, 7.2 mV in 10 mM NaCl buffer
solution, and 5.1 mV in 100 mM NaCl buffer solution. The sensitivity of FETs to detect DNA hybridization based on
charge detection without labeling depends on the Debye length.
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Fig. 1. The treatment of biofunctional molecules on the

channel surface of diamond SGFETs and the
lengths of biofunctional molecules in electrolyte
solution. We immobilized single-stranded DNA
(12-mer) on the partially aminated groups v
biofunctional molecules (glutaraldehyde,
terephthalic acid).
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The Debye length in agueous solutions can be
determined by the Graham equation, which is
simplified for 1:1 electrolyte solutions (NaCl),
presented as shown in equation 1.
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