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To explore the microstructure of the prepared MoTe, film, TEMs are performed on the prepared
samples. Obvious lattice fringes are observed in a TEM cross-sectional structure of the MoTe,,
as shown in Fig. Sla. Then, the FFTs are performed on a randomly selected area (yellow line
area), as indicated in the inset. The FFTs reveal that there are three sets of diffraction spots in
the MoTe,, with the lattice spacings of 1.44,2.31, and 2.54 A, corresponding to the (203), (006)
and (103) planes of the MoTe,, respectively. The above measurement results are re-marked in
the nanoscale randomly selected area of Fig. Sl1a. XPS narrow-scan spectra are performed to
verify the elemental compositions and bonding types of Mo and Te, as shown in Fig. S1b. Two
strong peaks located at 228.3 eV and 231.5 eV can be correlated with Mo 3ds, and Mo 3ds,,
respectively, which can be assigned to Mo-Te bonds. Similar peaks are located at 573.1 eV and
583.4 eV, corresponding to Te 3ds,, and Te 3ds),, which are also related to Mo-Te bonds. These
results are consistent with previously reported results.!- > For the XRD diffraction patterns, six
peaks with different intensities can be observed as 30.1° (101), 35.4° (103), 38.9° (006), 49.4°

(106), 60.5° (200) and 644° (203), respectively.** as shown in Fig. S1c. Fig. S1d illustrates the



Raman spectrum for MoTe, thin film, measured at a laser wavelength of 523 nm, two typical

strong peaks can be observed at 233.8 cm™! and 291.1 cm’!, corresponding to the E',, mode (in-

plane atoms oscillation) and B',, mode (out-of-plane interaction). '3
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Fig. S1 Characterization of MoTe,. (a) TEM image of MoTe, film, inset is the FFT image of the yellow

area selected in Fig. Sla. (b) XPS spectrum of Mo 3d and Te 3d. (c) XRD 26é-scans pattern of MoTe,

film. (d) Raman spectrum of MoTe; film.
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Fig. S2 I-V curves measured from nine devices in the same batch.

Fig. S3 shows the threshold voltage distribution of the nine randomly selected devices in Fig.
S2. It can be found that it only fluctuates within a small range and does not affect the resistance

state of the device.
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Fig. S3 Threshold voltage distribution of nine devices in the same batch.



Table S1 Compared with previously reported devices (Retention/ Endurance/ Vgeyrese/ STDP/ PPF/ LTP/LTD)

No. Device structure Structure | Retention (s) | Endurance (N) | Vgeyreset (V) STDP PPF LTP/LT Ref.
D
1 Pt/MoTe,/CQDs/ITO Vertical 3 x 106 1x107 0.31/-0.34 Y Y Y This work
2 Au/Ti/MoS,/Ti/Au Planar N N 0.7/-0.5 N N N 6
3 Ag/h-BN/Cu Vertical 3x103 550 -0.37/0.72 N N N 7
4 Au/Ti/MoS,/Ti/Au Planar 1.5 x 103 5% 10? N Y Y N 8
5 W/MoS,/p-Si Vertical 150 N N N Y Y 9
6 Cu/MoS,/Au Vertical 1x104 20 0.2/-0.3 Y N N 10
7 AWTi/MoS,/Ti/Au Planar 840 160 N Y N Y 11
8 Au/h-BN/Au Vertical 1 x 107 1 x10° -1.5/3.2 N N N 12
9 Au/Ag/MoS,/Si Vertical 1 x 10 10 -0.3/0.4 Y N N 13
10 Pt/SnS/Pt Planar 50 N Y Y Y 14
11 Au/NbO,/NbS,/MoS,/Au Vertical 1500 -1.1/1.2 N N Y 15
12 Pt/h-BN/Ag Vertical 1 x 108 -0.1/0.3 N N N 16
13 Ag/BNO,/graphene Vertical 1x103 1 x10* 0.7/-0.2 N N N 17




14 Au/LiyMoS,/Au Planar N N N N N Y 18
15 Au/GaSe/Au Planar 1 x 10 5x 103 N N N N 19
16 Au/Ti/MoS,/T1/Au Planar N N N N Y 20
17 Ag/CrPS,/Au Vertical 1 x 102 0.4/-1.7 N N N 21
18 graphene/MoS,_,O,/graphene | Vertical 1 x10° 1 x 107 1/-1.2 N N N 22
19 Ag/WO;_,/WSe,/graphene Vertical N N N Y Y 23
20 Au/Ti/h-BN/graphene Vertical 50 5.2/-3 N N N 24
21 Ti/Au/MoTe,/Ti/Ni Vertical 1 x10° 1/-1.5 N N N 25
22 Pd/WSe,/WO;/Pd Planar N N N Y Y 26
23 Ag/MoO,/Ag Planar 1x10* 8 x 102 0.6.-0.24 N N N 27
24 Ag/graphdiyne film/ITO Vertical 1x103 N 1.3/-0.84 N N N 28
25 Ag/2DPgra+ppa/ITO Vertical 3.5x 10* 200 1.5/-3.3 N N N 29
26 Ag/MP/ITO Vertical 1 x10° 1 x 10 0.6/N N N N 30
27 Ag/2D/3D perovskite/Pt/Ti Vertical N 2700 0.18/-0.11 N N N 31
28 Al/polymer membrane/ITO Vertical 1 x10* 20 -1/3 N N N 32
29 Al/hollow MEH-PPV/2D Vertical 3 x 10* 50 2.2/-2.9 N N N 33

CMP/ITO




30 Ag/MoS,/polymer/Au Vertical 1x103 300 0.4/-0.4 N N N 34
Table S2 Compared with previously reported devices (Ve Vieset!|Cy 0f Vied/|Cy 0f Vesed])

No. Device structure Method Vet (V) Vieset (V) |Cy of Vo |Cy of Vpeged| Ref.
1 Pt/MoTe,/CQDs/ITO Spin-coating 0.31 -0.34 3.9 % 1.18 % This work
2 Ti/PdSeO,/PdSe,/Au Ozone treatment 0.7 -0.9 4.8 % 3.6 % 35
3 Al/WS,/MoS,/ITO Solid-state sulfurization 0.7 -0.8 21 % 45 % 36
4 Ag/ZnO/WS,/Al Physical sputtering 1.4 -1.4 N N 37
5 Ag/ZrO,/WS,/Pt Spin-coating 0.16 -0.06 3.8% 13.3% 38

Physical sputtering
6 Pt/HfO,/TiO,/TiN Physical sputtering 0.75 -0.75 7.3 % 3.6 % 39
7 ITO/TiO,/HfO,/Pt Physical sputtering 1.8 -1.5 2.8 % 2.7 % 40
8 Pt/HfO/AL,O5/W ALD 1.43 -0.54 18.9 % 12.9 % 41
9 Graphene/MoS,_,O,/Graphene Mechanical exfoliation 1.2 -1 N N 22
air annealing
10 Ti/h-BN/Au CVD 1.8 -0.8 N N 42
11 Au/h-BN/Au CVD 2.7 -0.9 2% 9.6 % 43
12 Ti/h-BN/Au CVD 0.66 -0.41 22.7 % 12.2 % 44




13 Au/MoS,/Au CVD 1 -1.25 N N 45
14 Cu/MoS,/Au CVD 0.25 -0.15 N N 10
15 Ag/WS,/Pt Spin-coating 3.12 -2.93 N N 38
16 Ti/a-BN/Si Physical sputtering 3.1 -1.7 32% 12.2% 46
17 Ta/TaO,/Pt ALD -0.55 0.94 10.9 % 53 % 47
18 Pt/0% dopedAl-HfO,/TiN ALD -1 0.78 93 % 9.3 % 48
19 Pt/9.8% dopedAl-HfO,/TiN ALD -1.58 0.69 18.8 % 9.8 % 48
20 Pt/16.5% doped Al-HfO,/TiN ALD -1.64 0.67 16.3 % 6.7 % 48
21 Pt/31.8% dopedAl-HfO,/TiN ALD -1.34 0.85 16.3 % 26.0 % 48
22 Pt/46.2% doped Al-HfO,/TiN ALD -1.15 1.08 10.9 % 15.8 % 48
23 Ag/ ZrO,/Pt Physical sputtering 0.64 -0.43 34.4 % 48.8 % 38
24 Ti/HfO,/ Pt ALD 1.3 -1.12 27.7% 42.8 % 49
25 Pt/HfO,/TI/W ALD 0.88 -0.38 12.5 % 21.0 % 41
26 Pt/HfO,/W ALD 1.75 -0.60 343 % 25% 41
27 TiN/HfO,/Pt Physical sputtering -1.31 1.54 11.5 % 17.5% 50
28 Pt/Ti/SiOy/Ni/Cr Self-assembly 1.6 -0.77 11.3% 13.0 % 51
29 Ag/Si0,/Si CVD 1.11 -0.47 51.5% 31.8% 52




30 Ag nanocones/SiO,/Ag CVD 0.27 -0.22 28.0 % 32.2% 52
Table S3 Compared with previously reported devices (V/ Vi eset/Set Power/Reset Power)

No. Device structure CF type Vet (V) Vieset (V) Set Power (W) Reset Power (W) Ref.
1 Pt/MoTe,/CQDs/ITO C 0.31 -0.34 10° 10° This work
2 Ag/TiO,:Ag/pt Ag 0.2 -0.3 104 1073 53
3 Ag/Ta,Os/Pt Ag 0.3 -0.06 10 10! 54
4 Ag/Si0,/Pt Ag 0.36 -0.42 10 102 55
5 Ag/Si0,/Pt Ag 4 -2 106 102 56
6 Ag/SiGe/Si Ag 3.6 -2 107 104 57
7 Ag/amorphous TiO,/Pt Ag 2.3 -2.3 103 104 58
8 Ag/a-LSMO/Pt Ag 0.5 -0.25 1073 10° 59
9 Cu/AIN/TiN Cu 1.5 -0.8 103 10+ 59
10 Ag/AgInSbTe/Ta Ag -0.8 0.4 10 104 60
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Table S4 Compared with previously reported devices (Accuracy)

No. Device structure Application Accuracy Ref.
1 Pt/MoTe,/CQDs/ITO Handwritten digit recognition (MNIST) 96.9 % This work
2 Pd/Auw/WO,/Si0yW Handwritten digit recognition (MNIST) 88.1 % 61
3 Au/Ti/GaO,/Ti/Au Fingerprint recognition (FVC 2002) >90 % 62
4 Au/Cs;Sb,Bro/Au Letters recognition 96 % 63
5 Ag/PsHT@POM/Ag Emotion pattern recognition 912 % 64
6 Ag/MoQO;/CsPbl,Br/MoQO3/ITO Handwritten digit recognition (MNIST) 88.7 % 65
7 Ag/CsPbl;/Ag Neural firing pattern recognition 87 % 66
8 Au/NdNiO;/LaAlO,/Pd Handwritten digit recognition (MNIST) >80 % 67
9 Au/MAPDBI/ITO Fashion-MNIST Classification 90.1 % 68
10 Au/Cr/PEDOT:PF4/Cr/Au Flower pattern classification (Iris dataset) 96.7 % 69
11 Pd/SiOx:Ag/Ti/Pt Handwritten digit recognition (MNIST) 83 % 70
12 Ag/OGB(CsPbBr;)/pTPD/PEDOT:PSS/ITO Neural firing pattern recognition 85.1 % 71
13 Ag/PVP@Ag NW/Ag Handwritten digit recognition (MNIST) ~90.4 % 72
14 Ti/PdSeO,/PdSe,/Au Handwritten digit recognition (MNIST) 93.4 35
15 Au/CQDs/ITO Handwritten digit recognition (MNIST) 96.7 % 73




16 Ag/ZrO,/WS,/Pt Handwritten digit recognition (MNIST) 87 % 38
17 Cr/Au/MoS,/WO05/Si0,/Si Handwritten digit recognition (MNIST) 93.2% 74
18 Pt/BTO/NSTO Handwritten digit recognition (MNIST) 96.4 % 75
19 Pt/BTO/LSMO/NSTO Handwritten digit recognition (MNIST) ~90 % 76
20 Ag/Cs;Cu,Is/ITO Handwritten digit recognition (MNIST) 94 % 77
21 Ag/IGZO/ITO Handwritten digit recognition (MNIST) 91.2% 78
22 Al/MXene-ZnO/ITO Handwritten digit recognition (MNIST) 85 % 79
23 Al/MXene-ZnO/ITO Image recognition 83 % 79
24 Ag/ P;HT/perovskite/ ITO Handwritten digit recognition (MNIST) 85.5% 80
25 Ag/MoS,/Pt Handwritten digit recognition (MNIST) 90.37 81
26 Ag/CH;NH;3PbI/ITO Handwritten digit recognition (MNIST) 81.8% 82
27 Au/SWCNTs/Au Handwritten digit recognition (MNIST) 85.46 % 83
28 Pt/NbO/TiN Handwritten digit recognition (MNIST) 95.7% 84
29 Ni/SiN,/AlO,/TiN Handwritten digit recognition (MNIST) 87.9 % 85
30 TiN/TaO,/HfAlIO,/TiN Arrhythmia detection 96.6 % 86




As an important learning rule in neural networks, STDP reflects the influence of the precise
time (AT) between presynaptic spikes and postsynaptic spikes on synaptic weights (Fig. S5a).
AT > 0 results in enhanced synaptic connectivity, known as long-term potentiation (LTP). In
contrast, AT < 0 results in weakened connections between synapses, known as long-term

depression (LTD).%”-8 STDP can be fitted by the following formula:

e

where A is the scaling factor, 1 is the time constant, and w is the constant of the sub-association
component. We demonstrate the STDP properties of the CQD-based memristor, as shown in
Fig. S5b, and it can be found that the synaptic weight (AW) decreases with increasing AT. And

the fitting parameters of STDP are counted, as shown in Table S5.
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Fig. S6 STDP pulse waveform and characteristics of CQDs-based devices. (a) Programming pulse

waveform selected for STDP measurement. (b) STDP characteristics of the CQDs-based memristors

Table S5 Spike-timing-dependent plasticity (STDP) fitting parameters of CQDs-based

memristors

STDP
Asymmetric Hebbian learning

rule

AT >0 AT <0

A 3.458 -13.221

T 27.461 -16.628




Paired-pulse facilitation (PPF) refers to the summation of the biological synaptic input time.
By changing the time interval (AT) between two consecutive input pulses, the simulation of
information learning and forgetting behavior is realized.?>> * The PPF behavior can be

reasonably fitted by the following formula:

()
C; and C, are proportional constants, and t; and 1, are time decay coefficients. The PPF
properties of the CQD-based memristor are demonstrated in Figs. S6a and S6c. Obviously, the
synaptic weight (AW) decreases with increasing AT. The programming pulse waveforms
selected for PPF measurement are shown in Figs. S6b and S6d. And the fitting parameters of

PPF are counted, as shown in Table S6.
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Fig. S7 PPF characteristics and pulse waveform of CQDs-based devices. (a, ¢) PPF characteristics of the

CQDs-based memristors. (b, d) Programming pulse waveform selected for PPF measurement.



Table S6 Paired pulse facilitation (PPF) fitting parameters of CQDs-based memristors

PPF
AT >0 AT <0
G 8.739 -1.095
T 32.417 35.894
C; 19.725 -0.965
T, 32.418 35.813
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