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Abstract: Two-dimensional ferroelectric o-In,Se, was fabricated using the mechanical exfoliation method,
and the structural characteristics of the samples were analyzed by atomic force microscopy (AFM).
Ferroelectric channel transistors with a-In,Se; as the channel were prepared by electron beam lithography.
This work reveals that the out-of-plane polarization of a-In,Se, can be effectively modulated by applying
electrical pulses to the top-gate electrode, enabling the short-term plasticity (STP) through synaptic
potentiation and depression. Significantly, cumulative gate voltage pulses amplify the ferroelectric
polarization in the channel via domain alignment dynamics, resulting in a progressive enhancement of
synaptic current, which facilitates transition from STP to long-term plasticity (LTP). Furthermore, the
tunable LTP characteristics modified by pulse amplitude engineering demonstrate the capability of
a-In,Se; device to emulate complex synaptic learning rules.

Key words: mechanical exfoliation; two-dimensional ferroelectric a-In,Se,; out-of-plane ferroelectricity ;

ferroelectric channel transistors; synaptic transistors

« URSEEA: 2025-03-02 SABEH: 2025-03-13 F&EEBH: 2025-04-08 I'ﬁ'ﬁ
EETH: BHLADH 2030 - IRk 52 midtor " SR H (20222D0209200) i
EEE T $IR(2000454), 55 HARAE: K4 EEIZALZR4; E-mail: huchen@ime.ac.cn
BIEEE: ZMHA9874E4L), B MIRARE: (RIEMBHE FAR1F S

E-mail: pengsongang@ime.ac.cn ZR20250041




104 iRz (HARHERR H3E30)

964 4

BRE AR N EER S A M EE A M, H
AR TR T o A D B P il 2 R R A TR B
MY AL F A AR A . kA A BHEE S FL I /R T AT 5K
RS ARHE Jy []  ] 3 B, RBLI AR D R £
AL RrE, PO 1z 0 T8k B B LA B
it #% (FeRAM) %5 Hi, T 254 (Setter et al., 2006). %%
MM, 5040 H AR TE 99 oK RUEE 79 1z FH T I R A% o
. (1) SR AR . ARER T/ 5 0 Ak A%
XoF B A e 5 B4 S o S RO Ak HRL A R A 5
4, WRBWAY, BEIRR A LA LS
(2) I S5 P R A« g vl JE 2 B o3 2l S G %
FILGOKR GO B, 52 Bt igigng . 2w B
VS T ARONE B 2 L B E P B e A R
(Junquera et al., 2003).

X — RS RO ™ H i 24 T 4 H R AR R
FEAFi S AL 2 SR i i i — 2P R e . AR
K, THEJE T AR REE DGR R Sk T A PR
Bt TR ERAR, 4R AR a-In,Se, MUK I
FURERE M, AR I A AT T A AR
T 2 A RE H AN ] J2 8 i A7 B AN X PR T
SRy, HE /i R A RS A (Ding et al.,
2017), Adi 75 5 rp 9 (AR - 1) B RN, DR FE RS
M) 4k i % (Cui et al., 2018; Wan et al., 2019;
Xue etal., 2019; Wangetal., 2021), XEE4pHAN
{XHES) T K F 228 508, IR R AR 4E
R #h 20 S N 2 it T O & (Wang et al.,
2017).

1o 495 (%) K PR 37 80N A AT FH K P AR A S
AT, G HRR B LR fb R 4R ey — o 2
P a7 (Sietal,, 2019), i LL o-In,Se, /E N
E)ZE, (A BAT B A S 2 ey R PR RS B F far
PP EEALE . E AR B XT T a-In,Se, M K
Yy BREPE R AT T N D WF 58 (Chen et al., 2023;
Urakami et al., 2024; Wangetal., 2024), JfX}H
FEMLTE SN 1 T 18 2 @1 (Wan et al.,
2019; Wang etal., 2022; Yinetal., 2024), {B1E
FIH 4k o-In,Se, 15 1 = S AR PR AL 8 FL T 25
D7, R IR I8 A LT PN /T AR AR A e A
il A= DI RE A FEAR R i R 58 . Witk AHE
A H T LA a-In,Se; SN 8 18 19 3 200 AR
(FeCTs, ferroelectric channel transistors), % 4t 45
RN AT 5 0 85 i RO 17 5 1Y) 5 55 X 5 fioh T 9
PER DL . % TAE B E R AL S a1k 32
i) 3 5 T IR AR A AR i SR R PR A A I, 3

ok ey At T L S R R R ] P R A 7 SR RN T
FEMMTT AT, O K i o A B 8 S i 3
fifp RT3 5

1 Sk

1.1 HSEAERRIE

558 1) K R S 50 o AR A8 SR FH 2K fEL R R Sy
WA T2 3 T A ) S R ok R L R
PE, HAE 2 B b oA s R ORI = W AR R
FOEAN TR BRI EER, AR R AN 1
SR ML 15 2 1) 4 1) 4 4% B b ) a-Tn, Se B R
IEMRE, AT AR RGE S iR ok T2, I HoAH
BTG 8O ARSI T —F A 30
LA B BIL T o BILARCR) B 2 — s Rl B
2% )2 MR 4k #4 B J5 1 (Huang et al., 2020) o AH 1L
TVRAH R B8 3 AR Ay I A AR A IR AN O Tk
Tl A8 PO i ST B 04, A S A X R B

KW A F RIS B2 B 4 o-In,Se,
PR AR SEAT UM R S . WA PE IR IR B
XA 05 A R P b s, LUK 0 R T
W FMER I =, DARE S B A o-In,Se, J2
RARHERE . K5, K0S S R R A
T FEFR LR AR b, S T A AR DA
MR ERAIE L, FTLLRE T R A AR IR TE 100 °C
Pobr BInIE, B TR ERAE, —REEEE
YRR S B FE A AL RERT IR 2Bl Sk 6, f)a, 16
N BB T F AR LA EEE RS, AT
VA3 2 B i %) B0 ofe T LR R A A

1 A AR 2 5 75 21 Y o-In,Se, B 5 1) 62
WIB IR A . b T SRR B 8 o-In,Se, i JE
JEE A AR B R R AR AT SRR, X RE S R
PEAT AFM N, AN 2 BroR, B S TR 4L €0 R 2R
K a-In,Se, W T B, A7 Sk F iy ] by MRS A
LHEEBEAT ), EOXEONEEXE, AFM
FE b RN J7 B 2 A REURE B2 e 1Bl o e
ML R 85 75 2] 1Y) a-In,Se, #1 K} & B 7E 60~100 nm,
1P VRS T R AR A i B AR RN T R SR R (A S RF 2
B e] 8 SE AR LS AR AN ), 3 T 45
1.2 #{/EHE

AR 2 R AT S T2 9%

(1) BRrIaE 2604 8O HLAR R 3 7k 3R
JEEREHI 511 a-In,Se, T ZFE S, TR ) i BE R AE
JERE 2450 90 nm, A& 2 TR 5 (0 i 28 8 B RHX
I P b4 R 2 T HLRE B (Ra) ol 3.437 nm, 2 A HLI



3

MR, AF: o-In,Se, BRHLIAE RO T A B L fil 1 fiE 105

oy =
El1  o-In,Se, 2 WU

Fig. 1 Optical microscopy image of a-In,Se, film prepared
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Fig.2 The AFM result of a-In,Se, samples
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Fig. 3 Optical image of FeCTs based on a-In,Se,
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Fig. 4 The response of the device to single positive

and negative pulse excitation from gate electrode
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Fig. 5 The response of the device to multiple positive and

negative pulse (N = 80) excitation from gate electrode
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Fig. 6 Retention characteristic of FeCTs based on a-In,Se,
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Fig. 7 Long-term potentiation characteristics of a-In.Ses

devices under various pulse amplitudes
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