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� Our contributions:

◦ Methodology for logic design with 

memristors

◦ Performance – robustness tradeoff

◦ Simplified memristor models

◦ Demonstration that the widely used 

memristor model is impractical 
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� MemristorsMemristorsMemristorsMemristors

� IMPLY logic Gate

Design procedure� Design procedure

� Conclusions and future work
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� Memory

� Analog circuits

� Neuromorphic systems� Neuromorphic systems

� Logic
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Y. Ho et al, “Nonvolatile Memristor Memory: Device Characteristics and Design Implications, ICCAD, 2009
A. Afifi et al, “Implementation of Biologically Plausible Spiking Neural Network Models on the Memristor Crossbar-based CMOS/Nano Circuits,“ ECCTD 2009



� RON → logic ‘1’, ROFF → logic ‘0’

� Memristors as the primary building block

� Memristor can be:� Memristor can be:

◦ Input

◦ Output

◦ Computational logic element

◦ Latch
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� Memristors

� IMPLY logic gateIMPLY logic gateIMPLY logic gateIMPLY logic gate

Design procedure� Design procedure

� Conclusions and future work
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p IMP qqqqqpppp

Logic 0  → ROFF

Logic 1  → RON
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p IMP qqqqqpppp

Logic 0  → ROFF

Logic 1  → RON
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� Determine proper circuit parameters

◦ RG?

◦ Voltage levels? V ? V ?◦ Voltage levels? VCOND? VSET?

◦ Logic gate delay?
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� Memristors

� IMPLY logic gate

Design procedureDesign procedureDesign procedureDesign procedure� Design procedureDesign procedureDesign procedureDesign procedure

� Conclusions and future work
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Understand 
circuit behavior 
and determine 

state at 

Simplified 
memristor

switching model

Roughly determine 
circuit parameters
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state at 
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circuit parameters
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p IMP q → qqqqqppppCaseCaseCaseCase
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p IMP q → qqqqqppppCaseCaseCaseCase
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◦ For computing write time and state drift

◦ Two memristance states - RON and ROFF

◦ Charge of Q' must flow to switch from ◦ Charge of Q' must flow to switch from 

ROFF to RON
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Write time
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VSET

State drift



20

Roughly determine voltage levels



� For choosing the value of RG

� Nonlinear behavior

� Fixed threshold voltage V
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� Fixed threshold voltage VON
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Roughly determine RG



� Linear ion drift model

� Nonlinear ion drift with threshold model

23D.B. Strukov et al, “The missing memristor found,” Nature, 2008
S. Kvatinsky et al, “TEAM : ThrEshold Adaptive Memristor Model,” 2011 
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Write time

State variable - x

p IMP qqqqqppppCaseCaseCaseCase State drift
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Memristance MQ
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Write time

State drift

State variable x
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State drift

Memristance MQ

Case 1

Case 3

Time [nsec]

Time [nsec]



Understand Understand Understand Understand 
circuit behavior circuit behavior circuit behavior circuit behavior 
and determine and determine and determine and determine 

state at state at state at state at 

Simplified Simplified Simplified Simplified 
memristormemristormemristormemristor

switching modelswitching modelswitching modelswitching model

Roughly determine Roughly determine Roughly determine Roughly determine 
circuit parameterscircuit parameterscircuit parameterscircuit parameters

26

state at state at state at state at 
beginning of beginning of beginning of beginning of 

operationoperationoperationoperation

circuit parameterscircuit parameterscircuit parameterscircuit parameters

Detailed Detailed Detailed Detailed 
memristor memristor memristor memristor 

modelmodelmodelmodel

Estimate the finalEstimate the finalEstimate the finalEstimate the final
parametersparametersparametersparameters



� Memristors

� IMPLY logic gate

Design procedure� Design procedure

� Conclusion and future workConclusion and future workConclusion and future workConclusion and future work
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� IMPLY logic gate was presented and 

analyzed

� We offered procedures for designing � We offered procedures for designing 

IMPLY logic gates with memristors and 

organized it into a design flow
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� Performance and robustness tradeoff

� Need for refresh because of state drift

� Widely used linear ion drift memristor � Widely used linear ion drift memristor 

model is incompatible for logic design
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� More in the paper – a detailed design 

example

� Future work - complete design � Future work - complete design 

methodology for memristor-based 

logic
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