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Highly Sensitive AII-PEDOT:PSS Organic Electrochemical Transistors
by Tuning the Channel-geometry Using Laser-induced Patterning
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EAR] poly(3,4-ethylenedioxythiophene):poly(4-styrenesulfonate) (PEDOT:PSS)= Ay =3}3H4
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Az de] 85 ARt B A= 800 S/em o XA PEDOT:PSS Z&34
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TZ7F OECTS] Al Aeol mXe 932 AFsisint 53] Alde] % W37} phosphate-buffered saline(PBS)
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Abstract: Poly(3.,4-ethylenedioxythiophene):poly(4-styrenesulfonate) (PEDOT:PSS) has been utilized for both channel
and gate materials of an organic electrochemical transistor (OECT) as a vitamin-C sensor, because it can sensitively con-
vert biochemical signals into electronic signals. In this work, using highly conductive PEDOT:PSS film over 800 S/cm,
we investigated the effect of channel geometry on the sensing performance of all-PEDOT:PSS OECT sensors fabricated
by laser-induced patterning process. The channel geometry significantly affected the changing-rate of channel resistance
values as well as the noise level of OECTSs in an electrolyte solution. For a fixed size of gate and channel electrodes, the
OECT with the smallest channel width and highest channel resistance performed 32.69% decrease in limit of detection
(LOD) value and two times faster response time, compared to the OECT without tuning the channel.

Keywords: organic electrochemical transistor, vitamin C sensor, poly(3,4-ethylenedioxythiophene):poly(4-styrenesul-
fonate), laser patterning, ascorbic acid, limit of detection.
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styrene sulfonate(PEDOT:PSS)= A% ¥4 o] 7hdslal A&
sleHd AeE Az ez YgtsA Wdke & Qe o=
OECT®] A4 B AlP|E E42 B AL = SUth(Figure 1(b)).
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Al-PEDOT:PSS OECT®] 27} Al o] 72| Ao
B vRITh=s AR & Ui 9lom, oleigh gt
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P(Conamel/Coue)®l W2 OECTE] A52 7 F2351A v5
AL QTR y kel Wslel] disk ATE ke yrt E A
AF2 MM 9 7Heel AEIAIE PFET dEA Aot
53] all-PEDOT:PSS OECTOlA] y 72 Ad-Al0|EL] WA
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At o1& FE3] a8l 3 5 2 A Al L]
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Figure 1. (a) Various applications of Vitamin C sensors; (b) The
molecular structure of PEDOT:PSS; (c¢) schematic image for laser
induced micropatterning of the PEDOT:PSS film.
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dgol &Y A HoAE RAbele tX Y 2y
2o A} AolE A=E EeElske Flo] et o=
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7rdaA Az 4= Ath(Figure 1(c)). =3, dlo]A e
715 o] &3le] AZHE OECT &4} 7% 5y, g AlolE
Afole] Azl F Alo|E el A7)t FE Ax ] Aol Tl
A= FFo] Had v ok’ giFE<] all-PEDOT:PSS
OECT A3 Aol -+= 10-100 S/eme] W& 7] Are =
Zk= PEDOTPSSE ARE-31], -8 “Jollx ] PEDOTPSSS]
A Ao g 22 %k LOD F71E #4ssiit
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& (Clevious™, PH-1000, 1-1.3 wt% in water, Germany)®]|
6 vol%2] ethylene glycol(Alfa Aesar, USA)Z} 0.5 wt%2] &
22A) 7| (Capstone™, FS-31, USA)S &35l E3ES
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acetoneZ} isopropyl alcoholZ Z}7z} 5% 59t ultrasonic bath
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glolA sEES o183 A =

S 89 400 pLE 2AE 23 &= 500 pmellA 3027+ 2~
FREIT 1 &, f2171% flol 4% H=A PEDOTPSS
LES 120°C 213 QEolA skt Bt e A=A ZT

714 A4S AHs] 18 PEDOTPSS ZE9] WAL
A" SMU(Keithley 2400, USA)S AM&3le] 243 o2
HHE 24 A]|2="(20J4, Delcom Instrument, Inc., USA)S
ARgste] wat 1At A2 PEDOTPSS Z&52 7
= At YA FEFHEHN A TR LAE O] FAR
AF& v) 74 (SU5000/Hitachi, Japan)S ©]-8-3fo] 243} T}
PEDOT:PSS 52| 7] A=x 54 4 WAy F
AE o]&ste] ALkst.

PEDOTPSS Z&E& ¢/t 20|X 7= OJM| THE! & &3
vl Z]Eo] 8 mme! 1064 nm master oscillator power amplifier
(MOPA) 373-% @l o] A 4 (MFPT-20, Maxphotonics Co.
Ltd., Chinay2 294 #lo|#] Az AMg3lon, A4 B
A& A7 100 ns3tt. PA] e 2788 918l 10 mm =71¢]
2D galvanometer scanning head(S-8210A/D, Sunny Technology,
Chinay’} 2=% tAY oA & S99 F e 91 &8&
Z2 a3 AZEYo](SAMLight, SCAPS, Germany)oll 172
= At} ©]% PEDOT:PSS 3EHollA L2 HolA| o] HF
AES 9F 50 pm= T2, PEDOT:PSS ZE34 scanning
head Ate]®] AZl= 20 emXitt. #HF #Hlo|A 3= optical
power meter®} integrating sphere photodiode power sensor
(S142C, Thorlabs, USA)E AMg-3led S8 oH, HolA
e 7 29 210E 7o g ARk T

PEDOT:PSS 7|t AA MME OECT &X|2| &L PEDOTPSS
719k AA AAE OECT A= §8 7193 x 3 cm?) 99
F¥¥ PEDOT:PSS d&°ll Al E-& A st A 2= ATt
glolA = A sjE s} 2golA e tRE ojn]A] Ads
2 A geometryell dFH=E Fulo|EY T 1™ T
F37F 100 kHzo] 2L 270 £=7F 40 mm/sel 15 W o]
A& AHEste] 48 txE sieS PEDOTPSS & ¢4
FAIYTE €| (thermal paper) HIZE Z3} HF ¥ 9 =
71 ¢F 50 um =} #Els}t 24 o]%, all-PEDOT:PSS
OECT= A A A A=ket 71848t Anol] vz =05z,
a1 HF Y9 (OECT &2k 99y A5°] 20 mme] Az
Z 0-3< ARgsled AA=Ah(Figure 2(a)). All-PEDOT:PSS
OECT &2k 93141 0.1 M phosphate-buffered saline(PBS)
(pH 5.8, Sigma-Aldrich, USA) Aa}d & 5 mL=Z AR&-315)
th. A71518F EdiA2E 9] A5 T ] tAY &2 vE
(Keithley 24009} Keithely 2410A, USA)S AR&-3tod, zhzt
22 ERl A (Vps) B AEARIE AR (Vas)E 1718k
2B Q) Af(lhs) B 22AI0E AR5 S48
o} 245 A= AA7ECE Labview AZEO]E AR5
HirE ol 715= AT} AZeE OECTS] AA E5(Cin)el A=
7171 9 LODel| 719kt A 7352 @71 #Jsll PBSell 0.01M
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Figure 2. (a) Experimental setup for measuring the ascorbic acid
concentration using the prepared all-PEDOT:PSS organic electro-
chemical transistors (OECTs); (b) pictures of the fabricated OECT
devices with various channel-geometries by tuning channel width
and channel length, where the y value is fixed as 15.

AA(L-Ascorbic acid, Sigma-Aldrich, Germany) 842 A 2}s}
3, HAF CuE 471 918l dld 2l 001 M AA o] #17]
shel Ao A 02 H7EEQITE v R B Cyu0ll
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Zn g e=

PEDOT:PSS OECTs®] geometry”} 217] 3}8H2] 71#] 580
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EREELE ECE T BRI
349 SHAE S5

2 AFoXE o9 2 &7 IHY
3l7] 918 A=A PEDOT:PSS 5& A&z o7 ngAs}a}
At A At Agsial #dst Hee FHE = = ol
A vlA BEY 3HS =93 E}”M

ARtE HolA e 388 €83l all-PEDOT:PSS
OECTsE AR $18l 2] 714 $lell 6 vol% ethylene glycol
S #7¥s =84 PEDOTPSS £9-8 29l FEslo] 4=
58 A=t Table 13+ 72¢] A =<E PEDOTPSS Z& 8
oF 57 Q/[19] vzl WAES Hlom, Hya 59| FA=
203 nm= A=A o] AFE vl R, $E= 864 S/em®]
=2 A7) AxEE zh= PEDOTPSSS o83t OECT &
2H= Al = A}k o]F Wl ZEo] 50 umo]iL AL &
w9} 97 242E 40 mmss, 15 W2 Z2HE Nd:YAG 24
#lo]A] A28 ARg3le] FEE PEDOTPSS L& 3}
AlolE =55 et th(Figure 2(b)). 22 o= Ad
HA (Achame) 2 AIC1E A (Agye) ©1 22 293.92 mm® B
09.56 mm™]3aL y gro] 15 B A} Alo|E Afele] A7}
0.1 mm2! all-PEDOT:PSS OECT X7} 4= 0t} $2=
T3y #e FASHEHA AE FRE -] A5k,
Figure 2(b)2} 7+o] )8 £ 7}7} 17.64, 10.9, 7.23 mm7}
HE=E Ad Jooll F7HQI #lel#] HEd 8-S st
3%°] OECT &7 Altslglt. glo|AE AR 999 +
%t PEDOT:PSS E5-2 2] HAS i 3| o2 Hg)
3, A7)1E 534 Ut Table 12 #lo]A7F ZAFE Al
74| FZolA PEDOT:PSS Z&2] Ald A& 7hS HojFr)
2E Zo] 714 & Device 19 AMZoA 72.6 Qo AE A
S VeI e, A d Ze] A77F HAEEA 99.7 Q(Device
2), 250.2 Q(Device 3)= Az} 2@ Ado] ZF7181T). ol&
I A WA 2N Ad :%1 s, a5l
s2= AF7E AR Kslal $3]atA HBE AdolA 9

Table 1. The Measured Electrical Sheet Resistance and Electrical
Conductivity of the Pristine PEDOT:PSS Films and the Measured
Channel Resistance of the Prepared OECT Devices with Various
Channel-geometries by Using Laser-induced Patterning

Device 1 Device 2 Device 3
Sheet resistance 55.1 58.3 574
(/) (£0.4) (*0.7) (*0.5)
Electrical conductivity 385 353 354
(S/cm)
Channel width (mm) 17.64 10.9 7.23
Measured channel 76 99 7 2502

resistance (2)
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o} g Ao ik L3 A EAke 918 silver pasteE
2= WA o] vi2 e G A 24 F9e] el
7k Ad TSR] AR A3 g F3t Zole] A sieS
F7ket] ARV 52 S NS IS g5 Al
Al F2E YRRISATHFigure 2(b)). B3 AE-S A= *H
o] 50 umZ "¢ FMISIEZ OECTS] Ad W) &
FS AR dor, wEbA Al 2 B fARE p 23S %
=0 & F Uk

A A all-PEDOT:PSS OECT 4AR= 0.1 M PBS a2 =
TAE A7)slet S4 A 2HlS o]gale] S ATE WA
o)A HEHPez Ad +25 8IS u, PBS A
glo| A 7HEA PEDOT:PSS A'd 2HA1e] #7124 E4 A
3kE AR S8l Voot Vass 242t -0.5 VF +0.6 VE
A SPEAM [, 0] W3l PSS tH(Figure 3(a)). 7] 3715
oA A Ao A3H0-100% ) LE AZox PBS A
aido] H7Hd wW(100%) o w43 747F #E=E A
7%/ PEDOTPSS 50| &89 GAS o HF9
PSS-rich oA e] PSS-H ZEA} AME & BEajpo] A%
z2hg-0 2 BAE PSSolo| WEA &3l Ert. o] oA
AR A=A PEDOT A AFES e 32 2 Akl
HelZ AErrF 22 FEE WehA Ha, o] It A
o] FA¢ F7Pt e ST Figure 3(a)0] A=
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Figure 3. (a) The curves of I, 5 vs. time; (b) The curves of the calculated
changing rate of I, 5 vs time for the prepared all-PEDOT:PSS OECT
devices with various channel-geometries in a PBS electrolyte.
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HAh ol g Ad 7= Wsle] mE 714 54 W=
PBS &9 7} o] % AXte [, HEE T =E Tl I
o18 4= U th(Figure 3(b)). PBS & WollA AAtE [,
32 Device 194X} Device 2 & Device 308 2=
o F4% A4S BT 53] Helkgo] 1x10%0.01%)= 7+
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Figure 4. (a) Output characteristics of the tested all-PEDOT:PSS
OECTs with various channel-geometries; (b) curves of I s vs. time at
increased ascorbic acid (AA) concentrations (CAA), where the CAA
increased from 1 uM to 20 uM.

Irs8 H3= 23T} Figure 4(b)olA s 418 As)a
£ Wl Cuuoll sk Al 7HAaE YeR™, Cuot
Z7Fee) mEt ¥ist H=rt F7keit o] A= AAE B4
E2 A3} all-PEDOT:PSS OECT AlAfol] thalh o) <
T AFet A S ZF A= vE 27 L2 7F
FHom, ol Ade] Fxo wet fd PG 7] A7l
o2 A wiEelth Cyuot AR F71gel w2} Device 1,
Device 2 % Device 3 OECTs®] I 3419] W3S Ao HHA,
Device 1-= 10 uM®] Cu 5B AF7E 7Haste] o] Hof
Q2% v Device 19 Bl =4 2] 3 Device 2
2 Device 3= 5 uMFE 7713}et &5 wkgo] A== A
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Figure 5. Corresponding OECT calibration curves using 1-Ig,//.x
vs. log [Caa] plots for the tested all-PEDOT:PSS OECTs with var-
ious channel-geometries. The sensitivity (blue dashed line) of the plots
and the LOD (green dotted line) were obtained by fitting 1-/s,//nax
in the Faradaic linear region.
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Table 2. The Calculated Sensitivity and LOD of the Tested
All-PEDOT:PSS OECTs with Various Channel-geometries

Device 1 Device 2 Device 3
Sensitivity (dec™) 0.176 0.196 0.211
LOD (uM) 4.13 3.25 2.78
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