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Correction to: Nano-Micro Lett. (2022) 14:58 neuroscience is a form of short-term plasticity manifested as

https://doi.org/10.1007/s40820-021-00784-3 . . . .
strengthening the second excitatory postsynaptic potentials

(EPSPs) in rapidly evoked two close spikes [151, 152]. Itis

The original version of this article, unfortunately, contained ) ]
. . . _ . shown that the PPF index decreases exponentially towards
some mistakes and unintentional wrong description of Fig. 6 ) o ]
. . 100% as the inter-spike time At increases from 0.1 to 40 ms,
and the caption of Figs. 9, 10. . ¢ with the biological Fio. 66, Furth
. . . . in agreement wi e biological synapse (Fig. 6f). Further-
The correct version of Fig. 6 is below. The mentioned fig- £ . & y .p (Fig. 6)
. . more, it can be seen that the change in the second EPSP at
ure name for the Fig. 6 on the manuscript should be updated.

small At tends to enhance with increasing spike width and
voltage. Additionally, they also demonstrated the LTP, LTD,
and STDP to show emulation of the synaptic device using

In 2D vdW synaptic devices, the length of the tunneling
barrier can be increased or decreased on the trapped or de-

trapped electrons. Kumar et al. reported memristive and neu-

. . . WS,/ZnO heterostructure (Fig. 6g). Unlike conventional
romorphic devices composed of vertically grown WS, layer dicital b . i ed
and ZnO (Fig. 6e) [149]. The interlayer separation between tgital memory, iiman Memory 15 commonty represente
as short-term memory (STM) and long-term memory (LTM)

[153, 154]. The STMs are lost within minutes, whereas
LTMs are permanent changes, lasting from hours to years

WS, and ZnO layers serves as an effective porous medium
allowing the ZnO to grow with defects. The interfacial

region of ZnO, the very contiguous to WS, layer, consists ) . - o
. . . . ... or longer [155]. In this synaptic device, a transition from
of highly non-stoichiometric oxygen-deficient condition, as

confirmed by depth-dependent XPS measurements. In this fSTM t%I;TtM 1sl (())b\s]er;?d Z 1nIcreasmg the p uls.e volfte;igle
defective interfacial layer, the randomly distributed oxygen rom+9.710+ 1. (Fig. 6h). mage programming ot the
. . . letters "C" and "T" for 3 X 3 synaptic arrays demonstrated
vacancies play the role of charge trapping/de-trapping cent- . . . o
trainable memory behaviors using the memorizing and for-

getting of STM and LTM (Fig. 6i). The letter "T" is stored as
LTM and the letter "C" is stored as STM, overwritten on one

ers. Hence, as the programming pulse is applied, injected
charge carriers fill the defects, causing internal conduct-

ance change. To realize the relevant neurological functions

. . L array. Measuring the current of the pixels in the array imme-
in synapses, various plasticities were demonstrated under diatelv after 1 . it is difficult o disti <h bet
. TP e . iately after learning, it is difficult to distinguish between
diverse electric stimuli. Paired Pulse Facilitation (PPF) in y ) g. £
the two letters in the image contour clearly. However, the

A @ Springer

| SHANGHAI JIAO TONG UNIVERSITY PRESS



https://orcid.org/0000-0002-4004-5372
https://orcid.org/0000-0002-2538-2354
https://orcid.org/0000-0001-7402-5356
https://orcid.org/0000-0002-0685-7991
https://orcid.org/0000-0002-6952-7359
http://crossmark.crossref.org/dialog/?doi=10.1007/s40820-022-00816-6&domain=pdf
https://doi.org/10.1007/s40820-021-00784-3
https://doi.org/10.1007/s40820-021-00784-3

71 Page2of3

Nano-Micro Lett. (2022) 14:71

a b Vig>0 V<0
1

W, Mos;
333 hBN
2 Graphene

Forget
Stimulit

| Top gate
233223232223232323832282

Al,0, 00,

TR -
00

Stimuli2
Remember Graphens hBN CriAu

S
Topgate OO
(e seses 314

oo

Grapheno hBN CriAu

>
3

PPF index (%)
a
o

0 10 20 30

h At (ms)

=12 +0.7 V pulse +1.0Vpulse

= Read @ 0.5V Read @ 0.5V

5. ’

S

" L l

g 60 :_ \\ L™ +

52018] P

5 40 L STM

O [ e —

10 20 30 40

60 uA

30 A

c d
MoS, IIII
D >O00WN s T D OOS0Ns T (6V,250ms) | Y
000 000 %
Back gate Back gate ‘é,
Veg> 0 Veg<0 401 sTM
5
oo.% — © 200
) o,
) (-} N=1 N=3
00" o \-—-.
//-
MoS, ALO; CriAu MoS, ALO, CriAu 0o 4 8 127
Time (s)
9 :
bou toe
£ 10
3 9 b
° T R Ll -
=
§:—_ 9 o %‘ 2
1 ]
20
A
40 ; 0
0 10 20 30 40 -50 25 25 50
j At (ms) At (ms)
After0's After 10 s After 20 s After 30 s

TT

Fig. 6 Memristor devices mediated by charge trapping and de-trapping. a The van der Waals heterostructure device composed of MoS,/hBN/
graphene/hBN layers. b Illustration of volatile characteristics in top gate operation. ¢ Illustration of nonvolatile characteristics in back gate opera-
tion. d Memory type transition from STM to LTM. Reproduced with permission from Ref. [116]. Copyright 2019, Advanced Science. (Color
figure online) e Schematic structure of the Ag/ZnO/WS,/Al memristor. f PPF decays as a function of pulse interval (At) at different pulse ampli-
tude and different pulse widths. g Experimental results for STDP. h The STM to LTM transition and the conductance variation by increasing
input pulse voltage from+0.7 to+1.0 V. i Images of the letters “C” and “T” memorized in STM and LTM mode respectively. j The measured
current history of the 3 x3 arrays from right after to 30 s after the written processes. Reproduced with permission from Ref. [149]. Copyright

2019, Advanced Electronic Materials. (Color figure online)

conductance of the letter "C" gradually decreases over time
due to STM storage and eventually returns to its original
state. Contrastively, the letter "T" remains stored as LTM
(Fig. 6j).

The corrected version of the caption for Figs. 9 and 10 is
as follows:

Fig. 9 Lateral two-terminal electrical synaptic device
demonstration using in-plane ferroelectric SnS thin films.
a Illustration of fabricated Pt/SnS/Pt lateral device. b EPSC
results triggered by 3 V and 20 ms pulse width. The partially
polarized ferroelectric domains retained the current. ¢ PPF
emulation of the fabricated device. d LTP/LTD curves using
identical pulses of 3, 4, and 5 V (conductance states; 50
cycles). e LTP/LTD curves using voltage incremental pulses
(conductance states; 100 cycles). f STDP learning rule dem-
onstration. g Artificial neural network simulation via MNIST
database. h The recognition accuracy of i) ideal (94%), ii)
identical pulses (~80%), and iii) variable pulses (~93.1%).
eproduced with permission from Ref. [179]. Copyright
2020, ACS Nano (Color figure online).

© The authors

Fig. 10 Demonstration of optoelectronic neuromorphic
device application via ferroelectric a-In,Se; thin flakes. a
AFM image of the fabricated optoelectronic memory device
composed of the a-In,Se; channel and electrodes. b Schematic
illustration of a proposed optical memory-based synaptic
device. ¢ The fatigue test with light pulses for writing and elec-
trical pulses for erasing. d Retention measurement over 5000 s.
The on/off ratio decreased drastically after 30 s. e Verifying the
multilevel current switching properties using consecutive light
pulses in the a-In,Se; channel. f Comparison of EPSC fired
by light pulses under different light intensities. g PPF emula-
tion using two photonic stimuli with different light intensities
and pulse intervals. h Demonstration of optical potentiation
and electrical depression with linear relationship for 30 cycles.
Reproduced with permission from Ref. [182]. Copyright 2020,
Advanced Functional Materials (Color figure online).
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the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Com-
mons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory
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regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of
this licence, visit http://creativecommons.org/licenses/by/4.0/.
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