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Figure 1 (Color online) Possible functional modules of the OECT-based in-sensor memory and computing integrated system in the future. A flexible
neural interface device based on OECT is conformally attached to the brain tissue for sensing. After capturing biological signals, the next step involves
in situ amplification, filtering, and other processing, followed by the simulation of neural functions to perform neuromorphic computing. Finally, the
signals are output to the backend silicon-based devices for transmission, or to stimulate the organism and elicit a response, thus forming a closed-loop
system. OECT has the potential to build an integrated system that can incorporate a series of functions including perception, amplification, processing,
memory, and computing.
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Figure 2 (Color online) Device structure and working mode of OECTs. (a) Schematic diagram of a typical OECT structure; (b) transfer
characteristics of depletion-mode and accumulation-mode OECTs. Chemical structure and charge changes before and after doping in (c) depletion-
mode and (d) accumulation-mode OECTs (taking a p-type material as an example).
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Figure 4 (Color online) Circuit diagram and device design of OECT. (a) Schematic circuit diagrams of resistive-load inverter, unipolar diode-load
inverter, unipolar zero Vg inverter, and complementary inverter. (b) Comparison of the output voltage, current, gain, and the corresponding input
voltage for unipolar inverter (left) and complementary inverter (right). (¢) Common-mode rejection circuit using combined enhancement and depletion
mode OECTs. Left side illustrates applied ¥V, (offset at —0.2 V) with various pulse amplitudes between 100 pV and 200 mV. ¥, response
corresponding to each V;, pulse is illustrated on the right side [70]. (d) Schematic diagram of an IGT cross section consisting of a vertical channel
length (L) defined by the thickness of the interlayers between the source (S) and drain (D) contacts [75].
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HAEZEE .

SR, HETSETOECTH HL % 45 M AT T B, 4R
FEEAR,  PTRe AT I R A0S 5 A0 3K 2 R BRTEAS 57K
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R i A BT LA S R R A S — I e 22 S T A A e 2

K, MAGEHAT I H] (common mode rejection,
CMR)Z 5 Z R AL, Uguz5 4R 7 —Fh 5t T
OECTIEA % Dhse 2 a5t (Bl4c). Hihd R
FORFR 1 p B FE IS B iy 0 55 R p B0 8 5 R ot A 2 R IR
AT DA PR A S A4 MR i N AH [ET AN 5] g, A
A B LG 8OR, T 75 Uik B n] B4 e a1
MR, AH AR IR EE SRR E, OREE R 2N (E
SHL T AR TR ERINE 5 IR A BERT. Seki-
tani B AR AL 8 20 194 R I L T LR 5
(organic thin-film transistor, OTFT)f) 24y Fi 4% 3 H T
W e S S, ADER60 Hz H 1 I8 e 75 11 TR AR
JERI1/60. 202445, b5t R LR BA IR T
FETHR K M SR 22 0 IORAR, $eim T IR
HEREMNLEE S PR, (HIX L 50 1 3 15 a5
AR R AR R AT R 1 R B S /. TR R
i, HAES Mg A &K p A 25 i TAE,
I F IR BRI AR R I AL AR A S A I RE ).
Bk, H R A A E I AL I 7 TR I A
PERE ) 22 73 UK ZR I HGE.

OECTHI D Re PR 5 H TAERrEA L. OBCTE £
{5 FHIR NS HL e T 1R A g/ Ag CLE AR 3R AT 2 4,
P AAI T (1) PR J5T 5 AR A X o i A AN T Bl Y —
oy, 8, MU ROE B TR IEIE, X R R
BB - FS Bl 2 R I S e 22 AN AR E 1) TARIRES,
AR SR 2 (B A7 AE B B, e CAAE O K AR FL . 1
b, B AE LR TR 5 A Wi T (AR N (R BRI T
OECTHIMA B B, fHH I R18 TOTFT. X TH M
FRIME, A SARE ML R PAT BB IRENE S
AR FRAT 5% (R A, A S AR I N T 1 ) 2 5 Bk
PN EAUE T AL EERE 1. OBCTIX — K #i T4
fife O RO R RPN MR AR B PR T iz s A i AT
TREE, T HATAS A 2 A A 2 R HL B R Ak,
12y 7 HAE R e FastE I R g 1. T AE
OECTHEMS T BT CMOS S5 oML #8514 1 T 6 HhL i,
WA o IR 3K — P A

Khodagholy 841 ™7 T 4 sk K i 1 9358 117
4 WL HLAL 2 84 7K (internal ion-gated organic electro-
chemical transistor, IGT) (F4d). X Fh & AR5 78 FH VA 18
WAL S R B B8 1 PR, W] IR A AL R ), RERSAE
MHZzHi#E F W #AE. thah, AN E & A B O L
IR, DR Ik 70 V7 4 ol FEL B o 0 55 S 1) R AR AT

8

HEREVE. CHRRMERE, TTHERETOECTHI IR
%, NMZRIRA IR #5%. [HE— e, 18
XRh AR R, A @ L Wt Xl AL E
P RRR g K G, NI R T 88 7 B 5 v 1 v ) 28
T#Eh. MR A EE AR L
TEAEMIRT, SAMIRTESIBEAR T SN, E LS
—. [RGB AR R TR T — V) B HACU,
FAE DA 20 2 ) S 26 B R R AR 25 B, R,
XFHE AL E A IR KI5 R .

SR, T LIRTGT S 4 & 1 ¥4 18 1 ) R FR 78
PEDOT:PSS, [ /E#) i B AMNE B R, 23R
MUK, 524, TP RE 2, KN T T 44E
PERAR, DI FEAR T NMHANE. Aid, 3 Ff o Sk
WA A E R . ATV, R H TS KR
mPEREp AL nZ DK O B ALY SR A RL, iR
AR A0 L A o A R TE AR AR R I 7, SRR A H
% PR SR AR O ST A, T A s e S AR
HRECR BRI LS T i, MR T OECTH A
PEWE RN ZE D TR S DI RE AR AL S, A S ARG
SR 2 REALEE. BhAh, TEShRRIS I TH, TR IE
7 FH BRI PR SEAR B AT RL, AT DAE— 2D B AR A E
JE, BB ThFE. FAh, (F A TAEE I BE X i
JEf KBS S b, ] B g

4 HESKMOECT H T EAITH

T FR TS 24 B4 5 A 2 R 48 XA A2 L RE
BEREAE O AR BIAPZ2 RGUK (RS, BN 2 RER /K
RN SIS M RS, AT, BT RGAES
BN MBS S AT A H 5 T IR 4 e L 5 2B 2
GUARARSE. 2 HONAT I N AR FH SR AT 2 b WA
FORHLRI),  JF B 2™ i 1B, ANUEM A R
72, T HMEAE KPR pRp R E TAE, IR 7S
M2 RGMER I, WA SN, AR IEAUK
M TARSEILSS, TN SN ST AR S
W7 S AEMHLAAIL RS, B TR AED
FTACEAN, AN SAREE T DU MO R
GIFE5Z .

M RGEHIMIDREREA BALRMZ T, Bt
REAFP L TC R AN RS AI A, N AP ehRes
ROV ZETTAT N, MRAERS E SF BUR G A IR AR



T ERE: e

sl ok shAE AL, RIZR1IE(spike). AHLN AL JCIE
EHZNHEIRG A, [EMENZE AFMEIEE %
HORB SR ae" ) B, SIS 2 E
o 7 ) e FEL LTS A P BR i 52 Z E  BRAU) AR b
ZF, FTOECTIA HLHLAL #4128 T (organic electro-
chemical neuron, OECN) W] A H & Ay A1 18 5 1Y)
B SR IE T RIS AT . HE S iE 7=
PR JOECN:  HLHLES T IBIE ) /) 5 (AL T HL 3 (1)
PTG, FET AL BT AEL 21 (organic  electro-
chemical nonlinear device, OEND){ £ 7t Fl & T it
FE AL AN K BT (leakage integrate-and-fire, LIF)HJOECN
(Kl5a).

F T 3 HOECN M 1 A ] B A AT i S BUp 1
(antiambipolar) [FIBBLAE NOECTVA I A kLR A=)
PR 2 O BN B T I TE OIS/ T A s TE
FEIRWE, ST T MNAEDD S R T B S
JORE. BT S I OECNRE S LUEZIT 100 HzF A1)
BB R AU R, AT DLE 52 B IR 22 o 4
I, IR LA DA £, Bon AR
PR PAFR 88 1. SRT, IXFHOECN ) HL B 45 1 i
iR, TBEREREMOECTA REFFELIEAT, NIFRN
R TR PR

3T OENDF N 20 o™ m] 3k 58 747 B8 ) X0 5
HERIH R HEAYIE LN AIT N, Y EES
MR ESEAMAS A EAER. BRI R
il T EIEMARE e B 115, SR, © R EE
FEREERIANCGLTIS V), AES5EMRG w2 EW
Sk 7 R

LIF OECNHLB 5 M 8T 1L, Refig i 5 HAh 2 142
B, R 54V R G, 52 T BRSS . filtn, 78
B N TR SRS 475 5 4 e e P Y K o L A i
45 3L, LIF OBCN{ 8L 45 #) S 5 H H B R il A
FRYGHE A& e YIRE, K HAQUE R AR H YE
% I, FacchettiZ it 1 Y i 1 RS (A4 R DA 2 2
FLOECTRE SR 45 4), ] DA 2 FLAG B /N 4 4 T AR
IR 8 () AT A HESQ UV L, 12F 1T OECN S ALk ik 2
AN TRAEE R, FFRk T —MEABRMEE). arkk
B G5 MMETEES RS, X — N LEAMARFH,
JE SRR AR AR TR ERAE MR SZ 4%, 40 A o TR
OS5, OBCN7R YL Te, F & FhR AL ALK
AT 5 Y A RO ZE AR 1 AU N TR AT 5

HAb s & ot AT R A8 M AR 5%, 5l K Rl 5 = M,
SEPL T SE R AP TS BN [ i

bR 7R JCAh, OBCTIE il U S i T g, A
TARZ LA TR ARIX AN 76 2= LR 2% 1 52 N s
RS TERES), X —REHBNIRA LR
WAL G T2 TN R BRI, R T+ 5
b FRE R RE . R AT, TEANPRE T )
T R A, PR i AR A AT BRI, 5 RS
fEZE A, WAL (S 5 (ESb). SRALHTFA S TCERM
5 B FRAE 2 fp A FE (synapse  weight). Sk 5 A] A2 4
CEVE BT R AE OO, B R S Al T BB 4k (synaptic
plasticity). 7EREZHIBECT, KAl 2 ToEsh 7R/
I [A] A 1 SR B 55, PR A LA I AR 12 12 (short-/
long-term memory, STM/LTM). Zfidm] %8 14 fs i 28 ¥
“ERegim It ) A ARG S, AL 251 P
T RACAZAE NVEAT . FE RN X 2, SR fighm]
IEPE R 5 ) A B SR, TIE N LA e, ix
—HLH I GR 22 X 45 (1A% .

i A FH 5 DU 0k I (PTHF ) 4 35 85 7 sl A i 38
FEL AR SRR, T A T IR W A s 1 B a5
BAFOECTH A 4E &) it (non-volatile), R 4482 k4%
MRS, B AR EIFAE, Ky ekay L
REFFB IR, IR RA S LZNE R, HIES
ZA KPR, YR e RARSE N, R 2 Rk
3 (multipulse facilitation, MPF) (&5c). R4 LI AR FF
I A, KX AP AZ RE 140 ASTMAILTM. 3 Fh
B A28 771 89 ML fish 1445 (organic synaptic tran-
sistor, OST)A] LA N B (I A ThaE, Wngs sy 26
At LR VE I AE 2 31, I A IS A B
HLPH 5 5 RPN E 5 R PEOECTAE pike ke,  mT LS IR
KA B N OB ) S R o g,

P, B 2R E R OECT M i A T
K 5 N LML S, P78 RME S,
R B Sie iz e 00, fERAERE, MR L
SR RSP N N (NN E | R 2 C v LR TS A = A
TSR A B R/ £ B BRI R, X
bt A 28 1 mT DUASE #53 AS [5] (1) ik oo 5 31 it i 2| OEC T ),
FEA 2 B ) s 2 HCH PR FR R AN A [R], BIOECT R #%
T MR (EI5d). NG BET b, ®PYA
BRIy — A4S TR K 7 51 (B 0000 0001 5]
1111), 2545 OECT, 8 i Sz Hg i i FeiAE, wf
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a 9 vout E.
—A\\W\
R Voo
p-OECT
C——
®
Vout
n-OECT
b o c
presynaptic neuron ,1| ! presynapse voltage
I 1
: neurotransmitter : Input || |
I 1
] 1
] ic!
) @ " presynaptic |
: membrane : )OECT
| . i
: 3 A postsynaptic | t ti t
ostsynaptic curren
' wlr . membrane | H e
o
! ¥ e !
I 1
I 1
1 1
_______________________ 1
d U —

o oo @

Ips (normalized)

Time Readout time point Input layer Reservoir layer Output layer

B 5 (MzhcEE) OECTH FHEIUMEA RGIFMATHATESIIH. (2) A THFMOECN (£). 2TFOENDHJOECN (H)Fl
LIF OECN (4)¥] HL % 25 F7m 7 E™. (b) A9 Al (c) 25 T-OBCTHI A T 98 fil 7 2 . 2Bk v, S Ml i i 28 Jo R 5 i 5
PRZE TCIE S TR IR, P22 368 [ DR s i PR TS, A P T R A J L F) 32 A R Mo J5 e 28 TG R DM A i B2 pE AR 220 B o 2
TR TS, AE N LR A rh, OECTRE iy N (S L SR Mk BT 4o 28 70 ) LR e 0 i L (SR LU SR Ak o 22 70) FRLUVAL. Y PR RN LA
AT, (d) B CAZ 5P FIOECTHIUEIR F I (Ins) X A Rl N 4- I [BIA Kok FE AU IR R () RCARGURER, HRNZ . 17
i 2 AN HY )2 2 AR

Figure 5 (Color online) OECTs for mimicking neural system and conducting neuromorphic computing. (a) Schematic circuit diagrams of
conductance-based OECN (left), OEND-based OECT (middle), and LIF OECN (right) [83]. Schematic illustration of (b) a biological synapse and (c)
an artificial synapse based on OECT. In biological systems, presynaptic and postsynaptic neurons are connected via synapses, where neurotransmitters
are released from the presynaptic membrane and act on the receptors on the postsynaptic membrane. The activity of the postsynaptic neuron is
modulated by neural events through neurotransmitters. In artificial synapses, OECTs convert input voltage (analogous to presynaptic neurons) into
output current (analogous to postsynaptic neurons), with the magnitude of the output current being tunable. (d) Response of the source-drain current
(Ips) of OECTs possessing memory characteristics to different 4-timestream pulse trains. (e) Schematic diagram of the RC system, which consists of an
input layer, a reservoir layer, and a readout layer.

DLHEIT H A S B, 52 RO AINT S RS R R 2 A TR, (B KL OECT®
B AT TOECTIAN TR AT T MK BEHRI ARSI, ML e S
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T ERE: e

AT TERER, Wi 7 eENPfrERxmaiy
BIPEG ). DR 20234 K T AT R4t
102450 AN FEPIRZS . 58 3h & VE H A 1 10000 ROk
FFOEBCT S fih, 3@ ik 53 il I O /N v e 38 1k 42 i
FHENB2AF RS/ RSAHEX, Fa8FrES K
/AR S S R A ) e, TR, A2 e i 7 T
FELVATE HR Y B BE TR G SUE S 45 F(GIBS), {EAH A1
PR R A SR T 5 S it AR 5 O it S AmAT A,
AR T — A BRI A BRI )
R0 R % B4 2 N T, SR, 1% es 4k 2 2k
PERSEEUE BT B TR R R, BTk s
TV AR B A T M K A M 1 % K e AR R
VIR TT AR — B I R, 2 7 HAE AR A
HRIFE. B ST AP R AT AR 2 — AN BRI Bk
%, JCH A KBS sL B TS DI Re.

TERSAL B S A W T Ah KT A 22 T e Hp, R i &t
115 (reservoir computing, RC) &R Gt k&2 0E,
H HHT B2 07 L@ KA TAEOECTR 23 RC
M TR R MEE T, BAZO=244H:
BMNE . TR E(ES5e)”. it FET
OECTHIRCHS: HINZERIKMFH, 12 H A
HSTMIMOECT, FT-# Mkt 75145 imAd, i
EEH BEALTMPIOECT, H K s i E # e ikl
TR SR, XM N TR fhake v] LS 5T Jeid 42 D g
JOECT #2088 i A5 IR AR AR A, SEINAE L3l (S Ak AT
PR35 TR 51 Ui (TR A5 ) o 22368 T 52 45 R T
PIThee. HETRB RS S — P )
RIEFPEAL, OECTTE/KYEAN T H A7 il RE VA 1 idt
— A,

PR LA TH B A% O JE AR R 3 45405 NG 1) # 22
JUAI R M1z, HA FE HH AL T AR A 448 I 28 fg N T o
ZMGE ARG, HTEYWME RG ARG BB &
PR e, BLHE R FE AR R g FH T RGN ) 2 AR R
XA 22 ZR 40 FH F TR AT R B S A 5, T R B4
ZRAN A RS IIEE BRIk, fEEmES,
R TE I O S B IR FE () T R T R A SRS
ST SEIM A R Ui Re R R A RE. Rk, B AR
W FAT N AL RS E A, OECTHI LAEJE
HETE TR, YRS TE0EE SR BEE
T, BT AEIRE RGUE TG PIALE]. PRtk P
ARG B TR AR E S OECT UM 4l AR &

RGN BB, BT Y S A0
TR IR AZHE /1 FIOECT #3172 # 28 JU B 22 R iAot
WU BRI ). TP AE 2 PR RERIOECT
FOBL, R E SRR RO I R, ARSI

5 HEERE

OECTHRA I WM AL Ak TR
IR i, BT LA T OECTHI ML T8 1F DR A 5 — 4K
PR SR (0 5 e DL T EUKHT 5. D SeBla A%
Gt R ARZ AL A, B PR EARTIFERIE
SAEEE, T OECT R 28 F i o 1 34 75 22 S35
R IIFPEIERE . SEINDCAG 0 885 5 F AT S 0 = & 1Y)
Thee, RWEED . HIRFOMEAER. EhL
IR ERr AT

HoE, MEIT R RS K RFE T OECTH B T 4%
PRI IEAOP IR, O 1 filig 2 T OECT i v itk B T A4b
WA, WERREE L RRENE. RAUR BT
PEREFIp R A R sOOUR AR H AT, AR EE T p 2R,
nBUFIRURR BRI v R e AR T+ S A 58 3, A
BHEF A EF, R A E M REC R H, 72
W FEKLUMORES . e fe i TR S 3ems, it —2
PeAtn AP RE,  DUROE I i i e 5 5 P A e
SR B T IEIT R B 2 XA R BeAh, SadtRl
SINE L DhRE, SEOLSE E R RS R SR,
BETT 2 Z AL SEPR R 7oK, o2 BT TR
AL AEN AR SN, 2T OECT [ a1 7 2
T A=A R HO3R R, B4, 1 NOBCT R BT I
AR ETTREIF AT, B E IR BT RE
KA, FETOECTH AR R BE 55 2 23 57 T 11 246 Pt
TIAGE, GG BNIN AT AL (L 2 v iR RS, X
LB R 2K A 2 OECT A M BE 5 44 P9 A J0) T A g
A A RORL R B SRR, S SRIKTER
AR, PRREPRKBESI IR E, AT LA = A
SEMAL T SRR, ERAE— E R Lt
B TIREL AR A5 AFTERE RS2, TSR THELAE AR
AT AR RE M S M

Fok, eGSRt 2 T, o T AR R OR UL, S ]
AL L A AL L SN IR R AR I D RE G E
HAl, S%TOECTINETUK 2 LRI E R BHI P
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b, T AR S A R R T I A D BT
ff13E T OBCTHI FLBR A5 #4 fRT R, BRIREAR, IEA 2 LA
AR TERERI 2 THRE I 53R, AR 2 75 1 ST HEAR
FEL IR PR AR 5 ) RS T T T 2R itk L, 455 OECTHY
KPR, 5 R8BI SR S A AR R B 22 5,
XYOECT gs A i BEAT B S 104K, DA 2 A0
FEBCUT ARG B, BETOR A A R T OECT £ 1k
FLBR, AT T AR FRENS AR R S I R K P PR v s
DL (2 A AR FL B Dh .

B, £ R GRS O T, A8 BeAT [ AT e 2%
P OECTREAT AL W IR JR AL A5 5 A B, 3k T £
ALK E K OBCTRAU A% Fhif 22 Th BE I AT 42 1
SUSE, HEMOR B A &, A BT R R S U
UK. FEAf AbBR, TS R A PE 555 — R AT
BET RIS AL R AL, SEILXT A2 R 48 (A UL AN
%

iJa, (RS RZEMTTm, MR E
OECTEI RN ZTL A W45, I 5 2 58 JIRVF 2 ] i
P, KA 5 R e 7 i B K B OECT 1 K i AR
BLInL, L ZimfEral SR E, ML
AR R AR TR T 2R, R XU AL AR ] 4k T
SRR TT R A B S RO 3 T ) — Bk
5 )R P ) AR, 8 —ANOECTHIE M

ARG REE DIRE, 0 FE AT A A i 15 3 u
OECTHIMERE R L. Kk, BANRG T EEAKZ
SR ST DRI T R A A 22 s R IS I (R R, ATAT
PRIE RGN R, WTse IR SRR, K
ARG AL GiRE R T2 3R A E R ik 2k, a3
S5 % R S BN R DGR, th4h, OBCTYE KA
WAL RS R S5 5 M7 TH EXTOECT
i 3 Pt T R, AR, OECT T80 35 1 A
R tH VA T, e R B R AR 2 T OFET AIRE 2L 2%
fF, ATRERZE AT IR IR AR A E . 5
4b, OECTTE SEA ¥ 2% 5 A A7 TE VT L 14 1) 2, s
PERIRT I OECT A% A4 5 W 1tk 1) J ity ok 356 88 8 2 1
Al ORAE R AT Hefh, DS 5 3800, TR EERE, AR
N7 23— 30 I R AT AL

BARIES N IEIEEAATAT— A RGeS R D Hh B
HLA& T X6, RIS 58 4@ N AP A A5, (5
OECT LA AR I 14 B8 S FF i B8 4 Rl B oo 23K 11 S A7
S — A & T T RE T — 25 7000 A& I L & 44
BATHAE, @ FA R 208, 780 kI
OECTYEAWI T 5 T M 77, AT LARRCK Hh
B ALEE DR BB S U R R 58 5. Aok,
BATAE LI E L ANA A E RRFIRIGIT,
TR BH e, T2 N R REHILE .

B  AKRRTE -t tRTERBELFARTET.
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Neural interface devices based on organic electrochemical transistors
for in-sensor memory and computing: a perspective
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Materials Science and Engineering, Peking University, Beijing 100871, China
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*Corresponding author (email: tinglei@pku.edu.cn)
Abstract: The biological nervous system has a complex and distinctive structure, enabling exceptionally efficient
information processing. With the rapid development of artificial intelligence, the conventional von Neumann
architecture is encountering unprecedented challenges. The core of fields such as brain-computer interfaces, intelligent
prostheses, and neurorobotics lies in the construction of neural interfaces, which serve as direct communication bridges
between the nervous system and external devices. However, the physical separation of sensors, memory units, and
computational elements imposes constraints on processing efficiency and power consumption control. Faced with the
need to overcome the von Neumann bottleneck and advance novel neural interfaces, the paradigm of sensing, storage,
and computing integration is emerging as a fundamental framework for next-generation intelligent systems and neural
interfaces. Although a fully integrated system encompassing all these functions and allowing directly applying to
organisms has not yet been realized, organic electrochemical transistors, owing to their excellent properties, have opened
up opportunities for the development of advanced neuromorphic computing and bio-interface technologies. Neural
interface devices based on organic electrochemical transistors show broad prospects and are of great significance to the
advancement of in vivo information processing and intelligent bioelectronics.

Keywords: neural interface device, organic electrochemical transistor, in sifu signal processing, neuromorphic
computing, in-sensor memory and computing
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