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Background and Motivation

 Emerging integrated circuits featuring

memristors

 Efficient block level representations are

required for high level design space

exploration
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Novel Contributions

 Verilog-A model for memristor which includes

threshold and non-linear dopant drift for TiO2

 Memristor programmable Schmitt trigger

oscillator design

 Polynomial metamodels for proposed

oscillator

 Verilog-AMS model embedding polynomial

metamodels
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Memristor Model

 The Memristor Model

 Based on coupled variable-resistor of TiO2

 Hard switching/terminal state problem
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Proposed Memristor Model

 An exponential dopant drift model expressed

 Eq 2 is modified to be extended as:

 Circuit Parameters are retained
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Verilog-A Memristor Model
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 Spice memristor models are source type dependant

 Verilog-A is not restricted and hence more suitable.

 Memristor device model implemented in verilog-A ansd

MATLAB Simulink



Memristor Based Programmable Oscillator
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Memristor Based Programmable Oscillator
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Programming Process

 Reset:

 Reset closed

 Memristor state set to 1

 Set:
 Set closed

 Set to desired state.



Programming Simulation
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 tset = 80ms,

 x = 0.1



CMOS Implementation

 90nm technology

 1-V Power supply

 Ln, Lp = 100nm
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Oscillator Characteristics
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Power has no noticeable 

change

For R = 100KΩ,

Schmitt exhibits larger jitter due to domination from resistor thermal noise

For R = 50KΩ,

Resistor noise is reduced, memristor exhibits more jitter

For R = 10KΩ,

Memristor is insensitive to higher frequency, schmitt exhibits more jitter.



Metamodeling for the Memristor Based Design
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Verilog-AMS Module

Polynomial Metamodeling

Verilog-AMS Integration

Transient Simulation



Design Parameter Ranges
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Memristor Surface Response
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Surface response for a  

subset of tset and IP



Transient Analysis of Memristor Oscillator
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Comparison of Verilog-AMS-POM with SPICE
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Conclusion

 The proposed memristor device model is

demonstrated and retains circuit parameters

 The polynomial metamodeling technique

creates accurate and efficient models

 Verilog-AMS-POM improves the simulation

speed significantly.
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Thank you !!!
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