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Abstract: In order to realize the comprehensive characteristics of human skin, it is essential to integrate various sensing
modules that can distinguish not only physical deformation but also external stimuli including temperature, light, humid-
ity, and harmful gases. In particular, gas sensors can be expected to monitor air quality by detecting gas molecules present
in the surroundings, as well as to be able to diagnose various diseases early from the gases emitted from the body. For
application to electronic skin, the development of gas sensors using organic transistors is essential, and it focuses on con-
trolling the molecular structure of organic active layers and developing new materials to achieve fast response speed and
high sensitivity. In this paper, we will introduce the recent research trend of organic transistor-based gas sensors and sug-

gest future research directions.

Keywords: organic field-effect transistor, conducting polymer, gas sensor, organic semiconductor, E-skin.

N,
o, it
mlO H:]
oZ
%

o o
o
o,
o
o
M
o
N
®
o
ol
B
=
rO

o N 1o, o

dB A
o
15
5 L

N

o
= Y
e O

%

rlo

i

p

ol

B

J 0
i %

| T
i 2

o ok o
v
m
B
o
i)
rlo
o
[
}1_,
A
QL

° Kl M

4 oz 2L

i

o ™
ofy
QL
Rl

>,

o oX,
4 2
%

7+ 959
skins)oll =
3l 71

oy
1
=
B
ol
R

T
!

"To whom correspondence should be addressed.
ydpark@inu.ac.kr, ORCID®0000-0002-1615-689X
©2024 The Polymer Society of Korea. All rights reserved.

576

Bl BHoltk] 53] 712 AlxE Fule) &

o} /1A ¥AZ Aol 3] AL

) Bae) 9x 52 B shAlsh e A

g 5 5 ek, £ A
=

7| =25 A e] et

ox
(e}
HE
o
<,
m
ox N,

i

4 4
)
i

N RERED
FEWT 97, olef3 §7] EAAZERE FA) 7)) ol
oiM 84 T4 QAE woEy Yok

#7] EAA2EE 43 3R SlolE A 47 2
UG Z2AONA S5 AL TP Qo] TR ol


https://orcid.org/0000-0002-1615-689X
https://orcid.org/0000-0002-1615-689X
https://orcid.org/0000-0002-1615-689X
https://orcid.org/0000-0002-1615-689X

7] ERAZE 79 7R AlAe] il A B3 577

Al g8 A7) ool gk {7 iRl 7SS F
71 Aol vlsl] AN fAg S0 sl AR 27
tget JeE HIE IS
shot, TSk ARl 13 My B2 7AH WS
AL 4 vk AF 0|3 KA 7] B AR ofe] 4
gk S8l vl F8g ke FofollA Bl 3-8 7t
S4E Algitt. f7] iEAlE AAp ok ohvgl 9y
tl2Zo](liquid crystal display), 41 F34= A=} L (radio
frequency identification transponder, RFID), W% A &3}
E WA 2H(light emitting field-effect transistor), Z~FIE7}=
(smart card) 5 TFSSE 58 Fopol| 80| 7p53ic}. !+

HZole f7] AARA; Foprt $73 BUEE B A A
LolllA] ok s she HRA, 54 1A e 3
I 7] SFRHE(VOC)R 22 53 71A19] A e 238
Sk 7] 7k A e e S E B S0 3
2 A%, A, T=]a ti7] /P8AES EAsk] flal 7]
HWHER|Z-0] EARRE skl gt Al £48 idske
ATE gL ek 973 oA {7 ERALEHY AME
NeE7] 215k o] o] Ro|RHA] 7hA AlA, o AlA, 33
AlA 5 TZAR] F7] EAAZEHY A i 2l REl
tFetAl AlFEL JTE? 7] ERRASE Y 7R A

BN

T
S

!
e
-+
=2
s

N

ZHHo7 tEE iy} Pasit

=M e 7k AlMe] H BHE WS Avliska,
I FAME 53] f7] EMALH 7|9ke] 7hX Ak e} A
3l 2 AT Tl gk A=A MNeE AlFetarat st
HA 7] ERALE G g 25 R dHE o
= 7] ERAEET} 7k AN R ZEehe Aok A
AUFS A8 dopr izt gt O deoge HEAS
nAze] 28 9 FHNES Fl bl skekA, A
E4E& WSk A5 EFEt] {71 EAAEH 76k 7t
22 Aol T AT 5L Bt v A E o]
=] A 71 AT A A

7t& HMel B

7R 7 71 87 BUE, 98 A9, A ek @
o4 A o F2sA T Uk olel wel thke §3l 7
2 AL SR o GRET g, 7k AME ASE
WSk ol me} ofe) WEE e S Atk 2 3
EEDN R D R e SRR R
Selx EAAZE WA e] 7k Al BA HEH
P PR R S R R T
A e,

2e)4 E4og Beiso] or, 714 EAjeh AKX el
3} ylo
.

A S e 2 A o 9Be B A
W. Jin 762 A el 23 3D mlolaR ZRIYS F3t
Z24% 3173% B4 3 ZHdR (photothermal interferometry,
PTI) 7} AIMES BArsk thFigure 1).° #249] F<E A5 5
217 FF(cavity)?] °]£2] HH3HE 7IWEOR 66 um o]
PlolER 3ES 7RI Al | PTI 71 A7) wint 9] o)
ME StE ol oS A8k oz S H AU
A @7IE 160 ppbel, 0.5% wwke] A gl 38 Al
BT ol 24 PTI 71 A= whg7] W B wiEf ]
EUEE % o8 gkt 22 g1to] Aok Eofellr vk
7IAE Ak AR 73S dolE o SiTh
H7|8k8t 7ka WM. A713)st 71 M= 2 A=, 3
o A5 F A5S He dad gdom FAHEH. 7]
shst A= 2 A5 de] S B Aks) vkl ofsl 2
Aske 7 A5 4] AR B A81E Sl 51 7IAE
A8l defoltt. iAo W sl 531 7|4
el &2 WIS Holn Ao Aedths 45l
Ak, gk AHS Pk opel 1 Feol] A dFE T

(@ (b) 0.05 - .
12 a""
- @ (aannnii
Pump light ‘—.‘004 T |'|||||I||'|"|'| I|I||'|||5
= 5 =
Probe light = s e £ | ||| | |||| ||| ~| | [l || |
sM s g I
-] S ol
@ z S ALAARR RN
£ 002 2l
E | 1450 1550 1650
< [ Wavelength (nm)
0.01 { ||'|II
|
sl N

0 100 200 300 400
Cavity Length (pm)

Figure 1. (a) Sectional view and SEM image of the 3D microprinted
FP cavity; (b) FFT result of the reflection spectrum of the 3D micro-
printed FP microcavity. The inset in (b) is the corresponding reflec-
tion spectrum. Reproduced with permission from Ref. 45, Zhao, P.
et al., Laser Photonics Rev. 2024, 18, 2301285. ©2024 The Authors.
Laser & Photonics Reviews published by Wiley-VCH GmbH.
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Figure 2. Gas sensing performance. Response/recovery times of
COsy(g) (left) and NO,(g) (right) using MXene and MXene/lignin
hybrid sensors. Repeatability of MXene and MXene/lignin hybrid
sensor response. Response (%) of MXene and MXene/lignin hybrid
sensors to CO,(g) (left) and NO,(g) (right). Reproduced with per-
mission from Ref. 50, Devara, 1. K. G. et al., EcoMat. 2024, 6,
e12453. ©2024 The Authors.

=9 AlF9o] W3S Aolslal 3 x70 WIS HAGEE
AAEA. w2 FETE 712> AlME CMOS 3|29 414
E3lro] 4820 74T 74| 7] A2ES 1= )
a8Fo 7 ALRE 9)\1:]__51

F7] ERAILE 7|9k Alx AA] ofof AL WA o A
Zsl=d), o Fdsty AEgstE % gl 71E FET Al
AR g oeket @30 AMEE e AEE 7R
Tt ¢7] ESAAE 7)uk MM 7k wke-o 87 wies|
Ae Ad 2 A3 U Aa} AlE)ols} 71A BAe] s
S = Qg Aoln, o] UAl Mk, Hat ols: 2 E¥ A
Fo] BistE olojitt. 2yt {7] EAMALE S M Ad
& WREAE se] B sRe] BA1 Yol JEEe] o
1= 47] EdX2E 70 A AR L2E 7)H 72A]
AJ%so] AFHAT. Jia Huang A7EL o3 A2 FH3)
| 98l 77dsla 83349 whHo 2 oAl 87 biex) vk
Raind Eﬂzl*ﬂ A @%ﬁ“t}(ﬁgure 3).2 oA
T2E2 7 §7) EFX2EH ANE ZrkE BAE 53 %
de HIxs) 1 FH A= Aol ﬂgﬂr Aste] 45
Zgo] W} eHog dojFoz g ¢ wWE FEAI}
AR Y =245 ¥ E]i 71sAS BYth o) B3 &
£ 712 AAe A 7PsA

\1

N



7] ERAIZE 7IRE 7k Al o] HA AT 5% 579

Normalized ID
Normalized ID
o
[-]

V= -10V
02f °

=0=pristine OFET
—a—porous OFET
'l

1 fl 1 1 i
0 200 400 600 800 1000

=0=pristine OFET
0.84 | 7> pO muleF E'!

0 200 400 600 800

Time (s) Time (s)
(c)
- ‘_qi;ippn:ppm 3ppm S5ppm 10ppm
157 7
=t G1il1 1
° 'S I H
: ]
ﬁ 06 g t l 13 |
5 & b
5 04} \l 11 % .i
2 v =-10V -,'l 1 l
02} :
—s— porous OFET \' \
00 =500 1200 1800 2400 3000 3600
Time (s)

Figure 3. Sensing responses of the pristine and porous OFETs.
Compared I changes of the two OFETs in response to (a) 0.1 ppm
NH;; (b) 1 ppm NH;; (c) The time-dependent responses of the
porous OFET upon exposure to ammonia vapors at various. Repro-
duced with permission from Ref. 52, Lu, J. et al., Adv. Funct. Mater.
2017, 27, 1700018. ©2017 WILEY-VCH Verlag GmbH & Co. KGaA,
Weinheim.
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Figure 4. Carrier injection and transport scheme of four typical
OFET geometries. Reprinted with permission from Ref. 64, Di, C.
et al., Acc. Chem. Res. 2009, 42, 10, 1573-1583. ©2009 American
Chemical Society.
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permission from Ref. 72, Li, M. Z. et al., Adv. Intell. Syst. 2020, 2,
2000113. ©2020 The Authors. Published by WILEY-VCH Verlag
GmbH & Co. KGaA, Weinheim.
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