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6. Materials in OECT

 Electrolyte

 Channel material

 Electrode (Gate, S&D)

 Encapsulation

 Substrate
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6. Materials in OECT
6.1 Electrolyte & Electrode & Encapsulation & Substrate

Electrode:
 S&D,
Au, carbon, conducting polymer…
 Gate
Ag/AgCl, conducting polymer, Au…

Encapsulation:
Parylene C, SU-8…

Substrate:
Glass, SiO2/Si, PET, PI, PU, parylene, SEBS,…

Electrolyte:
 Aqueous
NaCl, KCl, PBS…
 Ion liquid
EMIM TFSI…
 Solid state electrolyte
Polymer matrix & ions
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6. Materials in OECT
6.2 Channel

N-type P-type Ambipolar

Polymer Small 
molecular

Depletion/Accumulation mode

Classification
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6. Materials in OECT
6.2 Channel Organic  Semiconductor Unit
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6. Materials in OECT
6.2 Channel Small molecular

K. Liu#, P. Li#, T. Lei*, et al. Adv. Funct. Mater. 33, 2300049 (2023). 

Merit:
• precise chemical structures
• no batch-to-batch variations
• potential high carrier mobilities

Challenges
Poor tolerance to ions

Method
 Improve intermolecular interaction
 Provide stable transport paths for 

ions and electrons
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6. Materials in OECT
6.2 Channel

K. Liu#, P. Li#, T. Lei*, et al. Adv. Funct. Mater. 33, 2300049 (2023). 

Small molecular

Different 
Packing
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6. Materials in OECT
6.2 Channel

K. Liu#, P. Li#, T. Lei*, et al. Adv. Funct. Mater. 33, 2300049 (2023). 
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6. Materials in OECT
6.2 Channel

K. Liu#, P. Li#, T. Lei*, et al. Adv. Funct. Mater. 33, 2300049 (2023). 

Different 
OECT 
performance
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6. Materials in OECT
6.2 Channel Small molecular

Adv. Mater., 35: 2300252 (2023)
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6. Materials in OECT
6.2 Channel

Polymerization methods used for OECT polymers

PEDOT, polyaniline, polypyrrole

All donor polymers

D-A

D-A

IID, BDOPV, BTI, PBFDO
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6. Materials in OECT
6.2 Channel

P-type polymer
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6. Materials in OECT
6.2 Channel N-type polymer

O
O

NN

N

O O

N

BBL

n

PgNaN

N

N O

O N

N O
C12H25

C12H25

O

O

7

7

n

O

N

S S

S

N

S S

R

R

O O

O O

F
F

n

O
O O

O
O

O

R =

f-BTI2TEG-FT

N

N

OO

O O

S

S

R

R R1 
=

p(C6-T2)

n

6 3

 Molecular weight  D-A  Side chain  D-A

P(gTDPPT) P(gTDPP2FT)X = H X = F

O
O O

O3

3

N

NO

O

S

S

R

R

S

X X

R =n

 Doped state engineering

O

OO

O

n

PBFDO

m-

m H+

 Depletion mode

N
R O

O
O

O
O

N
RO

F
F

n

 D-A



Page14
Bioelectronics and Neuromorphic Computing with Organic Electrochemical Transistors
Peiyun Li
Summer term 2026

6. Materials in OECT
6.2 Channel

P. Li#, J. Shi#, T. Lei*, et al. Nat. Commun, 13, 5970 (2022). 



Page15
Bioelectronics and Neuromorphic Computing with Organic Electrochemical Transistors
Peiyun Li
Summer term 2026

6. Materials in OECT
6.2 Channel Ambipolar polymer

Single component

 D-A
 high-spin
 Proquinoidal

 Balanced p-n transport
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6. Materials in OECT
6.2 Channel Ambipolar polymer

Nat Commun 16, 396 (2025).



Page17
Bioelectronics and Neuromorphic Computing with Organic Electrochemical Transistors
Peiyun Li
Summer term 2026

6. Materials in OECT
6.3 Hydrogel

Mater. Today, 36: 102-124 (2020). Acc. Mater. Res. 2, 1010–1023 (2021). 

 Mechanical properties
 Multiple functions
 Excellent biocompatibility

From OMIEC to Semiconducting Hydrogel
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6. Materials in OECT
6.3 Hydrogel PEDOT:PSS

Adv. Mater. 2020, 32, 1904752 Science 390,824-830(2025)
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6. Materials in OECT
6.3 Hydrogel N-type Semiconducting Hydrogel

P. Li#, W. Sun#, T. Lei*, et al. Science, 384, 557-563 (2024).
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6. Materials in OECT
6.3 Hydrogel N-type Semiconducting Hydrogel

P. Li#, W. Sun#, T. Lei*, et al. Science, 384, 557-563 (2024).
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6. Materials in OECT
6.3 Hydrogel N-type Semiconducting Hydrogel

P. Li#, W. Sun#, T. Lei*, et al. Science, 384, 557-563 (2024).
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6. Materials in OECT
6.3 Hydrogel

Science 386, 431–439 (2024)

Solution exchange
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