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Abstract: This paper presents the development and market trends of nano biosensors. These biosensors must possess high
sensitivity and selectivity to effectively detect diseases. Presently, many research groups are focusing on the field-effect transistor
aspect of nano biosensors, which can identify diseases such as Down syndrome, bladder cancer, breast cancer, and numerous
other cancers, utilizing graphene and transition metal dichalcogenide materials. In the case of in-vitro diagnostics, the use of
nano biosensors has been rapidly growing since the onset of the COVID-19 pandemic. This paper also discusses market trends
and the outlook for both national and international enterprises engaged in the nano biosensor field. Nano biosensors are expected
to play a beneficial and significant role soon, contributing to the early diagnosis of diseases and subsequently improving patient

outcomes.
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Fig. 1. Working principle of a FET-based biosensors for detection of SARS-CoV-2 virus [2].
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Fig. 2. Schematic of a typical metal-oxide-semiconductor (MOS) transistor. (a) p-channel and (b) n-channel.



558

42 (thin film) EAX]AE(TFT)2] Bho] @ AlA = ¥
O

3} P BAtere] w2 §at EAMA| AE|0) HF WS
£45Hs PAlo|AIE, WA 2717k AL Aopx| o] EAA

E3F AFobN =Tt 945] BolA Foisks dl A7 A
o} [5]. 2ol v]sl} FET &2} Ul vfo] @ AlA = YA &
Ao AF2 A717F Ule L AEA|QF ¥ &5 Y A0
AR A RAE A8E & e mHAO] 7|EHG
FIE o] 1= 24Y Y Hio] AN A 27} 7H5-5)
O A Ol &s] A= lon, tfuAl A&
a3t 8ol ois 7 31k Zo] eIt

Shiyu Wang et al.& Z2j& 7|¥te] FET v}o] QAllA]
£ MRSt 2374 2(0.37 pM) R Eo]d = VIR o
€ 25 vl w5kl o JFHShA| A|AY 7Hs-shal whe S
FARRS Bolal Qltt [1] 3(a)] [6]. BYES MoS;2}
Au thi JAFS S5 FET ulo] 9414 9] 7]'5:8}5 o] 2:9]

10°

(@) [T ENY

10° |

10° °
10" ¢

10" ¢

Limit of detection

10"

10"

Time (min)

Fluid Gate

Back-Gate

2
ol F.S.=Forward Sweep
“T\ 10 R.S. = Reverse Sweep
g_ Dry Environment
i 107
b Ik
< 10?2
£
=]
O 103
£ .
© y Vps =100 mV 7
o 107f Lch=1pm
-2 -1 0 1 2

Back-Gate Voltage (V)

Drain Current (uA pm™)

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 6, pp. 556-562, November 2023: Park et al.

1 o]2 &3 A&E§HAI7E 100 M ujgto]nd, 240%9] =&
SHEW =2 Eo|d S /HFon 1 M &% o]t 21
2 St DNAL F&st SEdo=ni iR sy
o Ujof 219 FAR Q] uhE S AEFo =N s
T RS dotdlS32 J. Liu et al. 1Fo|A B 5HY

[ 3(b)] [7]. 28 3(c)= ol AP AAl a1} EfA]
2] vio] @ AllA 9] 7 Alo] EQ} WSe,/MoS;2] 0] &7
& 1x0] AXt2 Nernst 7491 59 mV/pHES % 1}5}9

o] 27Xd MA &1 EWMA]AE|(ion-sensitive field-
effect transistor, ISFET) 74 & dFAtut hEAF 7445 2 &
Apol A Altto] 7h53t Zolata W st} [8]. Yang et
al 122 upor x7] Atk AxH2 [GZ0 YHEA| Alas
o]-&sll Al A AA S AAste oAl 7HA] S/ B

FOF U DAL AY LA S 23 4o] Uepd 7
ot [9]. A7HL F

ET vjo] @Al o] Al A|ofof tsh

Ti/Au
deposition

Oz plasma

etching
ZiEE LB

Au NP
Probe PMMA  functionalization
immobilization passivation

m—'“

o0 Dry Environment
£
3
iSO -
S |AVee=05V
-
&
g2 Ve =2V
5
[$]
£10¢
©
S
[=]
0 - g =-0.5
0.0 0.5 1. 0 1.5

Drain Voltage (V)

Fig. 3. An example of device application of FET-based biosensors using graphene, MoS», and WSe: materials [6-8].
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Fig. 4. Device application of IGZO based FET biosensor for early diagnosis of bladder cancer [9].
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