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Abstract

The necessity of early disease detection and advanced therapeutic approaches have
motivated the development of analysis tools that provide a better diagnosis in a rapid
and cost-effective manner. Therefore, the next generation of biosensing platforms,
especially for the point-of-care applications, require small, inexpensive,
multifunctional, portable and reliable devices characterized with the metrics of direct,
label-free detection, rapid response, high detection sensitivity for low sample
concentrations and easy fabrication with a low associated cost. Endowed with a
potential to meet these requirements, nanoscale Field Effect Transistors (FETS) are
highly suitable for the development of future high-performance and integrated
bioanalytical systems. Accordingly, the recent years have seen many efforts utilizing
nanoscale FETs for a host of such biosensing applications. Despite notable progress,
the development of such devices into robust commercial tools is still challenging.
Further developments require careful designs combining the advances in the
understanding of molecular interactions, engineered functionalization schemes,
alternate and facile device fabrication routes and novel device structures with
enhanced sensing capabilities.

Given the limitation of conventional charge based FET biosensors for the
detection of neutral and very small concentrations of target molecules, dielectric
modulated field effect transistor (DMFET) biosensors have been demonstrated in the
recent past. Such devices have shown to exhibit advantages of higher detection
sensitivity and small required sample volumes. Nevertheless, to thoroughly

understand their sensing mechanisms and the role of factors affecting their sensing



performance, this work provides an insight into the importance of DNA orientation
effects on the functioning principles of DMFET biosensors. Using 2D simulations, the
work provides a correct explanation for the reason of lower sensitivity of n-channel
DMFET biosensors than their counterpart p-channel devices.

For the development of reliable portable sensors and point-of-care analyzers,
device miniaturization and reduced costs are the two key concerns. Although the use
of nanoscale structures and materials facilitate small device sizes, the controlled
doping of such scaled-down devices is technologically challenging and results in
reliability concerns in their performance. To address these concerns, the work
proposes an approach to electrostatically induce doping in the nanowire based
DMFET and DM Tunnel FET (DM TFET) biosensors by exploiting the dielectric
properties of biomolecules. With reduced thermal budget requirements, these designs
offer improved manufacturability and can be easily fabricated on glass or plastic
substrates, hence, offering prospects for low cost mass production.

Although most of the works on FET biosensors have been based on ohmic
contacted devices, the Schottky contacted FET biosensors are potentially more
advantageous for their simple, dopant-free processing and an enhanced sensitivity due
to longer Debye screening lengths. Capitalizing on these features, this work also
presents a highly sensitive Schottky Barrier FET (SB FET) biosensor with dual
polarity sensing capability. Further, the work elucidates a strategy of electrically
reconfiguring the device to deliver multiple functionalities with different sensing
responses. The design is also recognized to achieve a significantly wide and tunable

Dynamic range, without considerable structural or chemical modification overhead.
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TR A7 BT ydl T 3R Iofd Fafbiia efPaivr 1 siazaerar A T8 fazayur
JUSRUI & fIbTd &1 IR fbar & S Aol Y IR AT UHT b ¥ SR g
UaH Hd ¢ 3T, SATel Wit & IR wiew, ARy ¥U ¥ ulde-3iit-
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glhdc Tifoie’ (DMFET) SRR &1 UeRiH far T g1 39 dvg & IUHRul A
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fthR 4, I Haa i 3R I7cb Hda UGRH Pl UHIdd P a1l BRI Bl
YT DI 3! dRe A YA & oY, I8 ST DMFET SRR & &1 fRIgidl i)
SITAT NG JUE & T8 B o Side® UGH $al g1 2D RgaRe &1
STIN XA gU, I8 B 398 JaHe U-d9d IUSHRON Bt ga-l § -+
DMFET SRIRRR ! 1 Yag=idd & HRU & N e T6t Wela=o yer

HAT B

faygia dided IW iR poc TR & 9o & fou, Iuaxu
TYHROT 3R HH AN ol TgW R & | Tl AR d IRa-1si 3R Il &
JUTRT  BIS IUHRU HTHR P JiaeT gt 7, TH Wb d-S13 SUHRUI &1 Fafa
ST dbiep! =4 J Tl & S 37 Uex= § fayg-igar ot fiar &1 ufkom
21 39 fRidref &1 g HRA & fo1g, I8 ST 919-3MU] & dielectric T[0T BT SUTNT FRb
AR (NW) 3T DMFET 3R SIUH caubhsd! (DMTFET) SRR #
gdaeRefe® w0 ¥ URd St & o uer =PHIu &1 Uara &dl 81 HH yHd
SolC SHTaIHAIS & Y, A FSHTE dgaR &1 ¥ fafHior & gaH & § 3R
N ¥ Hi 1 WIed Tebce W TT¢ S Udhd g, 9fAE, HH ANd dld 99
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SIUc-Had TRIARUT 3R T Debye ShI-TT & HRUI Tdh g1 YdgRITerdl & g
WAGHE g | S faRIarsft &1 ITANT Fxd gU, T8 B GIex! Yard Yda & &
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