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Fig. 1. The organic electrochemical transistors (OECTSs): (a) Schematic of structure preparation, S, D, and G represents the source,

drain, and gate, respectively; (b) the atomic force microscope image of the semiconductor channel; (c) the laser confocal scanning
microscope image of the gate electrode modified with PEDOT:BTB films.
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Fig. 2. pH-sensitive OECTs: (a) Structure schematic; (b) schematic of the circuit model.
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Fig. 3. Output curves of OECTs, PEDOT:BTB film modifying the gate electrode is obtained by (a) 5 cycles, (b) 10 cycles, and (c)

20 cycles of CV electrodepositions; (d) transfer curves of OECTSs, in which the green, red, and blue curves correspond to (a), (b)

and (c), respectively.
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Fig. 4. Relationship between gate/electrolyte interface capacitance (Cg) and CV times: (a) The Bode electrochemical impedance
spectroscopy (EIS); (b) the equivalent capacitance of Cq (C.). The inset shows that Cg, indicated by C.4 at 107! Hz, increases with
CV cycles. The green, red and blue curves represent the experimental results using 5, 10, and 20 CV cycles.
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Table 1.  Performance comparison of pH sensitive

OECTs.
S R H—R N—
Sk AR (WApH 1) % (pH ) A3 il
[7] RN 5.25 — 5—6.7
9] RN 16 — 4—10
[7] ALK 9.5 — 5173
ABET
[8] PFEREN 11 — 47
[6(] PEDOT:BTB — 14.8 2.3-9.2
A PEDOT:BTB 220 — 29
(b)
0.18 + '/0
0.16 /,/'/'
0.14 /,/'/'
o
/
0.12 + /
,
,
0.10r Q@

10 15 20 25 30 35 40 45 50
Cq/pF

Bl 5 A pHWR S Co MXR  (a)Aipg EHET pH = 2 IS WS BT (ipg) V13 —1L 1% pH W R ; (b) Adpg/ApH FEZ Cq 1Y
RO K. B g, 20 (0, B s o 3R R 5, 10, 20 KK CV i B 9 Il 45 SR

Fig. 5. The relationship between the pH sensitivity and CV cycle numbers: (a) Aipg represents the pH response normalized by the

source-drain transient current (ipg) obtained at pH = 2; (b) Aipg/ApH increases with the Cq increment. The green, red and blue

data represent the experimental results using 5, 10, and 20 CV cycles, respectively.
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Fig. 6. The response of OECT to the ambient pH: (a) the effect of Vi; on OECTs transient response (ipg), Aipg is obtained by nor-
malizing ipg under specific pH level and the value at pH = 2; (b) OECTSs transfer curves under different pH levels; (c) OECTs
transconductance curves under different pH levels; (d) the effect of Vi on OECTSs steady-state response (Ipg), Alpg is obtained by

normalizing Ig under specific pH level and the value at pH = 2.
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Fig. 7. Comparisons of experimental and fitting results: (a) Transfer curves; (b) transconductance curves derived by the fitting

transfer curves; (c) the gate bias corresponding to the peak transconductance under different pH levels; (d) the effect of Vg on the

pH response of transistors. The blue and red data in (c) and (d) represent the experimental and fitting results, respectively.
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I- V characteristics and voltage dependence of pH-sensitive
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Abstract

The pH-sensitive organic electrochemical transistors are expected to be widely used in wearable electronic
devices for in-situ physiological monitoring. However, the unclear current-voltage relationship seriously hinders
it from developing in design, optimization, and application. In the present work, the current-voltage
characteristic of pH-sensitive organic electrochemical transistor is investigated by combining the electrochemical
equilibrium equation with the series model of differential capacitances formed at gate electrode/electrolyte and
semiconductor channel/electrolyte interface. Moreover, a pH-sensitive organic electrochemical transistor is
constructed by using poly (3,4-ethylenedioxythiophene)/polystyrene sulfonate as the semiconductor layer
material and modifying the gate electrode with pH-sensitive polymer (poly (3,4-ethylenedioxythiophene)/
bromothymol blue). The effectiveness of the theoretical model is verified by investigating the output, transfer,
and pH response characteristics of the pH-sensitive organic electrochemical transistor. The experimental results
show that the detection sensitivity can reach up to 0.22 mA-pH-unit', and the pH response is gate-bias
dependent. Then, a polynomial indicating the gate bias effect is introduced to modify the current-voltage
characteristic equation. The goodness of fitting the theoretical model to the experimental results of transfer
curves is found to be 0.998. The comparison between experimental and theoretical results of the gate bias
corresponding to the peak transconductance and pH sensitivity responding to gate bias can also verify the
effectiveness of the modified theoretical model. The results can provide theoretical support for the design and
manufacture of pH-sensitive organic electrochemical transistors based flexible biosensors.

Keywords: organic electrochemical transistors, current-voltage characteristics
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