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Abstract

The use of biosensors for early stage disease detection and disease prognosis is becoming
more and more popular every day. Among the different available biosensing platforms, Field
Effect Transistor (FET) based sensors are the most popular nowadays for their various
applications. The FET based biosensors offer the advantage of high sensitivity, low
concentration of analyte detection, real-time sensing capability, quick response, and most
importantly ease of integration with the integrated circuits (ICs). The wide usability of FET
biosensors lies in the variable working characteristics such as working in chemical and
physical medium and the variety of materials that are available for its fabrication. FET based
biosensors have possibility of scalability and commercialization because they follow standard
complementary metal-oxide semiconductor (CMOS) compatible fabrication process steps.
This work majorly focusses on the development of highly sensitive biosensors based on the
FET technology for saliva and plasma-based biomarker detection on a real time basis and the
prospects of their batch fabrication.

In this work, a highly responsive FET biosensor based on tungsten trioxide (WO3) thin
film to detect physiological concentration of total ammonia (ammonium NH4" and NH3) in
human body fluids is presented. The elevated level of ammonia in the body fluids indicates
improper functioning of organs, mainly liver. Thus, real-time monitoring of ammonia
concentration in human body fluid acts as a prognostic marker for liver disorders. It has been
observed that the fabricated FET device shows reliable and accurate results towards ammonia
sensing with the peak response of 498 at 100 pM and a limit of detection (LoD) of 6 uM.
This is also capable of real-time detection of very low concentration of ammonia (2 pM) with
a wide detection range from 2 to 100 uM. This study demonstrates a unique and stable sensing
platform, that is capable of direct detection of ammonia concentration in human plasma,
without any preprocessing of sample for point of care applications.

Apart from ammonia, the second most common analyte associated with the improper
functioning of human organs is hydrogen sulphide (H>S). Human plasma and saliva normally
contain 10 uM to 100 uM of hydrogen sulphide, variation in this concentration range has
been linked to various disorders. Owing to the advantages of layered transition metal
dichalcogenides (TMDs) like high surface to volume ratio and good charge transport
characteristics, an ultrasensitive field-effect transistor using layered TMDs is demonstrated

to detect dissolved H»S in plasma and saliva. The developed biosensor effectively utilizes a



few layers of MoSe> as a channel material for the FET device. The fabricated biosensor
exhibits the highest response of 78 at the lowest H>S concentration of 1 uM and a wide linear
dynamic range (between 1 uM and 1 mM). With the lowest detection limit of 1 puM, the
fabricated biosensor is appropriate for quick and real-time detection of H>S in plasma and
saliva for point-of-care applications.

Layered TMDs show promise for sensing due to their high surface to volume ratio but
lack in selectivity. To address this issue, an innovative hybrid structure is proposed for precise
bioanalytes detection. So, this work focusses on the organic/inorganic hybrid transistor
structure for biosensing application. Organic polymers are crucial for the interfacial
characteristics of the sensors as organic polymer film have redox sensitivity, bio-
immobilization potential, and ion-to-electron charge transportation make it appealing for
analyte sensing. With the excellent electron transport capability of inorganic 2D TMDs and
high surface sensing capability of organic polymers via electron to ion transport,
MoSe2/P3HT hybrid transistor has been fabricated. This hybrid FET device is used for
ammonia detection in saliva and plasma in the concentration range of 0.5 pM to 1 mM. This
hybrid sensor shows improved response and more stable output towards the ammonia
detection as compared to only inorganic or organic FET device.

Eventually, the device architecture of WO3 FET device was further optimized and
fabricated to demonstrate its applicability in another biosensing application. The channel
surface of WO; FET device is modified with different bio linkers to make it specific for
particular biomarker detection. In the first step of this work, WOs3 thin film channel layer is
modified with (3-Aminopropyl) triethoxysilane (APTES) cross linker to bind the CYFRA 21-
1 antibody with the channel layer, next the surface is modified with the bovine serum albumin
(BSA) blocking agent to avoid any nonspecific interaction at FET channel surface. At last,
CYFRA 21-1 antigen in artificial saliva interacted at the channel surface to detect oral cancer
biomarker in saliva. The presented work demonstrated the detection capability of different
CYFRA 21-1 concentrations in artificial saliva to detect oral cancer biomarker and showed a
response in real-time. In this work, the FET sensors fabrication is demonstrated over entire
2-inch wafer and the uniformity among the device is tested from the prospective of batch

fabrication and scalability.
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RIS TRUT ! SHRT BT Ul A 3R AT & GaigHH & ol TSR BT SUART
& & it ¥ e AT 81 38T ¢ fafid Suasy SRR wiewm §, wice
Sthac CifoReR (Thse) SMUTRG ¥R SHTSTdhd 30 fafia SrIual o fore Jed die g
g1 Thscl YR SRR I Ade=iard], faRayur &1 udl & & 9 A6,
JRdfad THT Ydad &Hd], @Rd Uil iR e Ag@yul ®0 I Thidhd Ao
(TS P Y TBIHRUT T S BT AH UG HRd & | Thscl TG I AP
SUATAT uRad=ita St faRiwarsit & Ffgd & o fo Imafe ok ifas mrem &
BT HAT 3R 39 i & g Suass il o fafaedr | Twel snenfd s
A Whafafee 3R AEaRieRu Bt YHGAT § Rifd d AFe R UTd-Hass
efara® (eHseity) Wra fFafur ufesar @Rl 1 ureH $Rd 81 98 B I 0 9
IRATID THI & YR TR AR 3R WISH- TR SRHTDR T Udl T & o Thael
dH-id TR YR AYH Hadg=Nd TARRR & f[abN 3R 396 o9 FHfor &t
TGS IR dhfed B

29 HM H, AMd IR & R Uardf § o Smfar (3FifAad NH,* 3R NHs) &1
RIS THTIAT BT Udl T o ol ETReA TRATRES (WOs) Uda flhed R sema
TH IS IARGHT Thsc] SRR Ud a1 a7 81 YRR & R Terd & srifar
BT 3T WR 3N, T- U J Ihd & ffad B &1 3 Hd1 81 3 UHR, AT IRR
& R Yard § ST THRI B dRdidd T59 &1 FIRF! 98d fabR] & e te
IS AR & &Y § S Hal || I8 11 T | fop FAiftfd twsdl feasy 100 um
R 498 &1 TRH ufafehar 3R 6 uM B UM (LoD) I THAT & Ir 3 IR o
fe=m & fayag ok e uRom fe@mar 81 98 2 ¥ 100 uM dF &1 fawgd Tga I
& 1Y ST (2 uM) Bt 9g§d HH TigdT BT IRAMAS JHI BT Tal 1 H off Jem g |
Tg T U Sifgaid 3R fRR Tde Ha &1 UaiRid &Rl g, S 7a Wi & s
UHTIAT T Udel Udl T H W& €, TTHT SuanT & foig & foe 79 & et oft
JAURIRGRU & foT|

SAAT & 3fATdl, A 31 & SfId HIHBN I ST ARl Jad 3TH fazelyor
gISSIoH YehISS (H,S) | A WISHT 3R aR H AR IR gRSNH b3S & 10
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uM ¥ 100 M BT 8, 39 T drar & fiaar &1 fafis faer) T Siet i g | 3 9dg
T AT SUTd SR 3w TTo] URagH [aRydTal okl Wikd Yehav T S e o gy
@S & WEGEl & HRU, WA 3R aR H gfed HyS &1 Udl & & fae wWRa
AT BT ITIRT FRP T HfA Ydea &F-UHTd TiforRer &1 UeRH farar ST g1
I RId SRR JUTdt &0 3 Thsc! fSagd & o1t Ueh o-dt 9if & &9 § MoSe, 1
$S WAl BT YA Hxal g | FHTHd TR 1 xM B T HH H,S FisdT 3R Ue fawqd
I faia A1 (1 )M 3R 1 mM F S TR 78 BT I=adH ufaferar UefRfd s 2|
| pM P T8 HH UgaH 1 & 1, FAifd IR @ge-siiw-dar sy & fag
ATSHT 3R AR & H,S $T @Rd 3R aRdfad J0g § Tal @ & e Suged |

WG SIS 3R S Tdg q HET U & HRU Fdad & Y arer fewm §
Afeh TTATEGT | HHI g1 39 T B! 8 B & (01T, YeIh IR BT Ul
T & forE U I qui-Tehx TR URATad & | ST, T8 HTH SR ST
& 1T BT/ 3prales quf-Tar CifvRer e )R Hiad 81 e TiferR TR
B! TRBGRYA faRwdrell & g Agayl § Hifs PreHe dgas el o Ysia
Hae-TRRad!, Sa-fRRIER0T &HdT 3R HTH-H-Sadei- dref Uikde- 39 [axayur daed
& forg e a1 §1 ST &l Tt CUHS! & IHT Sadgi- URde &
3R g I 3 URagd & HIegH ¥ HIaa Uik Bt o Tag Haad &Hdl &
1Y, MoSe, /P3HT BRSNS Tiforer o1 fAufur fovam mar 81 39 g13fors uwad! feagy &1
IR AR 3R oA H AT &1 gdl T & o8 0.5 uM T 1 mM Bt THTIT JT
 foraT ST B | I8 BISfore U had @I a1 Hle-d Thac! (Sarsd &1 ga-T d
SFNfT BT UaT T & oY gk wfdfsrar 3k i fRR fkom fearar 21

3{dUT, WO, FET fSarsy & fSarzy snfdheaer & T 3R IR Ui &
2g®! TSIl Yaikid @34 & e iR sdfad SR Ffifd fsar mam wo, Twset
fSared &I oa Uag &I fafis Srnfdier & a1y SN forar ofrar § arfes 39 faviw
SR BT U A & Tore fafRry s=mam S 9o | 39 S & Ugd 9l §, WO, Taeit
e c TR &1 Id URd & T CYFRA 21-1 Telaia! ol Sigq & faw (3-ufammniten
TTRUTRARICH (APTES) $19 feidhr & W1 TN foram ST 8, $9 91 Ide & Thacl
oA DI Ydg W et 1t TR-fARy ard<iia T s & fore MieTa TRy Tegfie (@eyn)
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