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Introduction

• Resistive Random Access Memory (RRAM)
– High energy-efficient
– Area-compact (Multi-level)
 Good for AI & Automotive SoCs

• Comparison of memories
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Introduction

• Neuromorphic RRAM in NN

• Structure : O2- Filament 
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Degradation & Defect Model

• Degradation Model
– Asymmetric degradation: HRS  LRS
– Linear decrease in short time
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Degradation & Defect Model
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• Fault Model
– Specific value fault: 𝑊0𝑅0𝑊1𝑅1𝑊2𝑅3𝑊3𝑅3
– Slow-write fault: 𝑊𝑖𝑅0.99𝑖
– Fast-write fault:  𝑊𝑖𝑅1.01𝑖

• Dynamic Range Inflate
• 𝑖ൌ0𝑘 𝑆 𝑛 𝑆 is the read output value

62020/8/11

Little

Error 
output



Precompensate ABC

• Berger Code: Detect Asymmetric error
• Precompensate Analog Berger code 
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SDMT BIST

• Sliding-Diagonal March Test 
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SDMT BIST

• RRAM Network Circuit
• Sneak Path Issue
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Stanford’s RRAM Model

• VerilogA model:
HDL code for analog behavior description 
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Stanford’s RRAM Model
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Stanford’s RRAM Model
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• VerilogA Code
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Stanford’s RRAM Model
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• VerilogA Code
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Stanford’s RRAM Model
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• Simulation: Forming
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Multi-level Writing Simulation

• Why Multi-level Writing?
– Better than traditional memory (Greater storage)
– Neuromorphic RRAM for NN
– Make precompensation effective

• How to do Multi-level Writing?
– Change pulse high (Voltage)
– Change pulse width (Time)
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Multi-level Writing Simulation

• After Forming, Set does not require much time 
and bias voltage
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HRS  LRS 
only spend 
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Multi-level Writing Simulation

• Multi-level writing process
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Multi-level Writing Simulation

• Multi-level writing with different Reset V 
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Multi-level Writing Simulation

• Multi-level writing condition with different Reset V
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Multi-level Writing Simulation

• Change the Reset pulse width (times)
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Multi-level Writing Simulation

• Multi-level Writing Curve & LUT
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Conclusions & Future Works

• Innovation and contribution
– Propose a kind of multi-level writing method
– Find out the suitable condition for RRAM model

• What can be done next:
– Simulate and modify our test method
– Insert aging and defect models into the RRAM
– Design multi-level writing circuit for RRAM 
(Each work can simulate on low level simulator)
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Thank you for your attention
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