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Goal of this work: Memristive Convolutional Neural Network (MCNN) 

 Material/process/device: Self-rectifying/neurotransmitter-mimicking memristor array 

 Circuit/system: Basic building blocks, HW/SW platform, and learning algorithm 

 Applications: MNIST, MNIST-DVS & Poker-DVS (Event-driven), ImageNet (Color), etc 
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  Material/process/device, modeling, array characterization, circuit 
design, learning algorithm 
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 Innovative memristive materials by mimicking Neurotransmitter 
 CMOS-compatible Atomic Layer Deposition process 
 Self-rectifying and low-power memristor by multi-layer stacking 
 30 x 30 CMOS-compatible TR-free vertical-type crossbar arrays  

Memristor crossbar array: 

Feasibility of 3-D extension 
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materials: 
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Material/process/device: Self-rectifying/CMOS-compatible 
memristor arrays 



Summary 

Circuit/ 
systems 

 Scalable and expandable memristor array architecture composed of 
memristor-array tiles (to be used in RRAM macro) 

 Basic building blocks (Memristor-CMOS hybrid) 
 HW/SW platform for MCNN learning and execution 
 Chip-in-the-loop learning with defect-repair scheme 

Application
s 

 MNIST hand-written digits (95% performance of the state-of-the-art) 
 MNIST-Dynamic Vision Sensor (DVS), Poker-DVS for Event-Driven 

operation, ImageNet for Color Recognition, etc 

 Selector-free/self-rectifying and neurotransmitter-mimicking devices by 
stacking multiple layers and alloying diffusive metal 

 Atomic Layer Deposition (ALD) for multiple-layer stacking 

Material/ 
Process/ 

Device 

Design and fabrication of memristor crossbar arrays for target applications! 



- Tri-layer tunnel selectors for memristor memory cells enabled by ALD 

Multi-layer selectors and memristors (‘16 Adv. Mater.) 

- Self-rectifying memristors and novel power-saving scheme suggested 
 

Low-power and self-rectifying memristor system (‘16 Nano Lett.) 
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Figure 3 Electron transport of the single layer and trilayer barriers at various temperatures.   

Measured data from the 5nm TaN1+x single layer (a) exhibits larger temperature dependence 

than that of a 3nm TaN1+x/ 1nm Ta2O5/ 3nm TaN1+x trilayer (b). The same data plotted in 

different formats shows that the single layer barrier exhibits Schottky-like thermionic 

emission fitted with a barrier height ~ 0.6eV (c), while the trilayer barrier resembles Fowler-

Nordheim tunneling under sufficiently high field (>1.4MV/cm in the dotted box) (d). 

Nonlinearity and current density as a function of film thickness (e)  
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 Self-rectifying m
emristor 

 Pt/NbOx/TiOy/Nb
Ox/TiN 

 Low current  und
er 10 nA 

 Asymmetric volta
ge scheme 

Appendix: Realization of memristor in crossbar array 


