
Electronic supplementary information (ESI)

Designing carbon conductive filament memristor devices for memory 

and electronic synapse applications

Zhenyu Zhou,a Jianhui Zhao,a Andy Paul Chen,b Yifei Pei,a Zuoao Xiao,a Gong Wang,a Jingsheng Chen,b 

Guangsheng Fu,* a and Xiaobing Yan* a

a National-Local Joint Engineering Laboratory of New Energy Photovoltaic Devices, Key Laboratory of 

Optoelectronic Information Materials of Hebei Province, The College of Physics Science and Technology, Hebei 

University, Key Laboratory of Digital Medical Engineering of Hebei Province, College of Electron and Information 

Engineering, Hebei University, Baoding 071002, P. R. China.

b Department of Materials Science and Engineering and Department of Physics, National University of Singapore, 

Singapore 117576, Singapore.

*Corresponding authors 

E-mail: yanxiaobing@ime.ac.cn; xiaobing_yan@126.com; fugs@hbu.edu.cn

Electronic Supplementary Material (ESI) for Materials Horizons.
This journal is © The Royal Society of Chemistry 2020

mailto:xiaobing_yan@126.com


Fig. S1. TEM image and film thickness.

Fig. S2. TEM images and defect analysis. (a) Cross-sectional TEM compositional images for GDs. (b) Zoom regions 

in a) marked by the red frame. (c) Raman spectrum of a graphene edge. The laser excitation was at 514 nm. D peak 

at 1376 cm-1, G peak at 1581 cm-1, 2D peak at 2701cm-1. (d) -(f) The atomic intensity of graphene layer collected 

from (b), (d) extracted from the red line, e) extracted from the blue line, (f) extracted from the saffron yellow line.



Fig. S3. Electroforming process for devices. (a) I-V forming curve of GLDs. (b) I-V forming curve of GDs.

Fig. S4. Resistance versus switching power of different GLDs and GDs, Triangles denote RON and the corresponding 

PRESET, while box denote ROFF and the corresponding PSET。Blue: GLDs; Red: GDs.



Table S1. Comparison of other devices parameters with Ag and Cu CFs.

 

Fig. S5. Resistances change before and after electrode cutting. Insets show the cross section of cells with conductive 

filaments.



Fig. S6. I-V curve and linear fit (a)The typical I–V curve of GDs. Red circle was LRS. (b) Ln I vs. Ln V plots of the 

I-T characteristics obtained from(a).

Fig. S7. Element cumulative probability for switching region of AlN layer at LRS. Cumulative probability is 

abbreviated as CP.



Fig. S8. HRTEM images for deformations region. (a) Cross-sectional HRTEM compositional images for 

deformations region. After electrical operations, showing deformations likely caused by gas bubble formation at 

AlN/Graphene interface. (b) Enlarged TEM images are taken from the red rectangular region in (a).

Fig. S9. Schematic of Pulse stimulation. (a) -(d) The pulse schemes. (a) The positive and negative pulses correspond 

to the potentiating and depressing pulses, respectively. (b) Pulse modulation with different intervals, widths, 

amplitudes. (c) the waveform used for PPF measurement with different interval (Δt). (d) Pulse schemes for the 



asymmetric Hebbian learning rule.

Fig. S10. A pair of presynaptic spikes and the EPSC triggered by two spikes with an inter-spike interval time of 

10µs. A1 and A2 represent the amplitudes of the first and second EPSCs, respectively. The PPF index, defined as 

the ratio of A2/A1.


