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Fig. S1 SET voltages (a) RESET voltages (b) distribution for pure-HfO2 MDs and the curves are Gaussian fits to the 

histograms. 

Fig. S2 SET voltages (a) RESET voltages (b) distribution for CDMDs and the curves are Gaussian fits to the 

histograms.



Table S1. Comparison of the performance metrics with other active electrode memristor devices.

Device structure VSET [V] VRESET [V] ROFF/RON Retention [s] Reference

Ag/ZrO2/graphene/Pt 1.0 or −2.5 -1.0 - 104 1

Ag/SiOx:Ag/TiOx/p++-Si 2.5 -1.25 102 103 2

Ag/AgInSbTe/Ta 0.19 -0.37 - - 3

Ag/ WS2/Pt 3.0 -3.0 103 103 4

Ag/amorphous TiO2/Pt 2.3 -2.3 - - 5

Ag/S-layer protein 
/ITO/PET 8.0 -8.0 103 4×103 6

Ag/ZrO2/WS2/Pt 0.18 -0.1 106 4×104 4

Ag/graphdiyne film/ITO 1.3 -0.84 - - 7

Ag/PVPy-Au@Ag NPs/ITO 3.0 -3.2 103 104 8

Ag/TiO2/Al 0.68 -0.68 - - 9

Ag/HfO2/CDs/Pt 0.18 -0.08 104 2.4×105 This work



Table S2. Comparison of the performance metrics with other QDs memristor devices.

Device structure VSET [V] VRESET [V] ROFF/RON Retention [s] Reference

Ag/(InP/ZnS) QDs/ ITO 1.8 -1.5 102 104 10

Al/CdSe/ZnS QD-PMMA/ITO 2.5 -1.8 103 104 11

AgNWs/CA QDs/PVP/AgNWs/PVP 0.9 -0.9 106 1.1×104 12

Cu/PVA/MoS2 QDs/PVA/Cu 2.3 -2.8 1.5×102 1.2×104 13

Al /MoS2 QDs/ FTO -2 2.4 5×10-4 103 14

Mg/fibroin/MoS2-QDs/ITO 1.6 -1.5 105 1.1×104 15

Ag/graphene-QDs/PVP/Ag 1.5 -1.8 102 - 16

ITO/(PAH/CdSe QDs)10/Al 2.7 -1.5 102 - 17

 HfO2/Ge QDs–HfO2/HfO2 - - 103 - 18

Ag/N-GO QDs/Ti 0.25 - 107 - 19

Ag/InP QDs/ITO 3.8 -2.1 - - 10

Ag/HfO2/CDs/Pt 0.18 -0.08 104 2.4×105 This work



Fig. S3 SET voltages distribution of the first (a), second (b), and third (c) batches of CDMDs. RESET voltages 

distribution of the first (d), second (e), and third (f) batches of CDMDs. The curves are Gaussian fits to the 

histograms.

Fig. S4 SET voltages distribution of the first (a), second (b), and third (c) devices of CDMDs. RESET voltages 

distribution of the first (d), second (e), and third (f) devices of CDMDs. And the curves are Gaussian fits to the 

histograms.



Fig. S5 SET voltages and RESET voltages distribution of Ag/MoO3/Pt (a, b) and Ag/ZrO2/Pt (c, d) memristors, 

respectively. And the curves are Gaussian fits to the histograms.

Fig. S6 SET voltages and RESET voltages distribution of Ag/MoO3/CDs/Pt (a, b) and Ag/ZrO2/CDs/Pt (c, d) 



memristors, respectively. And the curves are Gaussian fits to the histograms.

Fig. S7 Resistance distribution Statistics of three batches (a) and three devices (b) of CDMDs.

Fig. S8 Resistance distribution statistics of (a) CDMDs (MoO3), (b) CDMDs (ZrO2).

Ⅰ STDP learning function
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where A+ and A− were defined as the maximum synaptic strength modification when  is near zero.   ∆𝑡𝑝𝑜𝑠𝑡 ‒ 𝑝𝑟𝑒  𝜏 +
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Fig. S9 Paired-pulse facilitation (PPF) characteristics of CDMDs and the waveform used for PPF measurement. The 

purple line shows the empirical fitting result obtained by using Equation (S2). 

Ⅱ Simulates the PPF functions of biological synapses

The PPF ratio is defined by
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Here, G1 and G2 are the conductance values after the first and second pulses, respectively. The two fitting time 

constants τ1 (21 ns) and τ2 (142 ns) are relevant to fast and slow decaying terms, respectively.



Fig. S10 Only formal learning process waveform (b) and conductance state (a).

Fig. S11 Waveforms applied to the device, representing the preview (a) and review (b) processes respectively.
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