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• Memory Applications 

• Present Technology Challenges 

• NAND NOR RRAM Comparison 

• NAND vs. RRAM SSD System Performance 

• Crossbar Technology Overview 

• Conclusion 
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Feature NOR NAND RRAM 

Non-Volatility Yes Yes Yes 

Random Read Time 90ns -100ns 50us 
70ns - NOR 

1us - NAND 

Byte Write 

Page Write 

Only once 

Only once 

Not possible 

Not possible 

Yes 

Yes 

Write/Program Time 700us/256B 
>1000us /8KB 

(MLC) 

64us/8KB 

16us/2KB 

2us/Byte  

Erase Time/Size 30ms/4KB >2ms(Block) Not required 

Endurance 105 MLC 103  108 - 1012   

Cell Size 

MLC/Stacking 

6-8F2 

MLC 

SLC 5F2 

MLC 

SLC 4F2 

Stacking, MLC 

Cost Med Low  Very Low 
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NAND Characteristics Implication Remedy Trade off 

Low Retention & High BER Reduce Lifetime ECC & DSP 
Controller Overhead and 

Cost, Power Consumption 

Low P/E Cycles Reduce Lifetime Wear Leveling 
Performance & Controller 

Overhead & Cost 

No Re-Write Feature Write Amplification Garbage Collection 
Performance & Controller 

Overhead & Cost 

Slow Page Read 

Random Read 

Performance & 

Latency 

None Performance 
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NAND Shortcomings: L2P Mapping, Garbage Collection, 

Wear Leveling, Bad Block Management, ECC Complexity 



SSD System  RRAMSSD System  RRAM--BasedBased  
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RRAM-Based SSD substantially reduces NAND shortcomings, 

thus significantly reducing controller complexity 
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SSD System Performance with NAND & RRAM 
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NAND Spec. MLC SLC RRAM 

NAND bus freq DDR (MHz) 100 100 100 

Bud width (bits) 8 8 8 

Page Size (KB) 16 16 4 

Shift Time + Overhead (us) 100 100 25 

Program Time (ms) 1.5 0.3 .032 

Read Latency (us) 50 25 1 

Write Amplification 3 2 1 

Effective Write xfer rate (MB/s) 32 53 160 
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Dies 

MLC-NAND 

SLC-NAND 

RRAM 

•   Maximum utilization of the channel 

•   5X performance improvement 
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Crossbar 3D Crossbar 3D RRAM CELL RRAM CELL   

Simple Material & CMOS Compatible  
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Switching  
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Visualization of Ag Filament, in-situ TEM 
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Yang, et al. Nature Communications, 3, 732, 2012. 
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Breakthrough Characteristics & PerformanceBreakthrough Characteristics & Performance  

• Sub 10nm Cell is achievable 

• Immune to 10 Billion disturb cycles  

• 10Yr 85C Data Retention achieved 

• 100 Million Endurance Cycles Demonstrated 
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Summary 

• Crossbar RRAM feature set offers present and future SSD 

systems with:  

• Superior Performance & Reliability 

• Scalability  

• At a lower cost 

 

• Crossbar has the required technological and 

architectural characteristics to revitalize next generation 

Non Volatile memory systems through its unique RRAM 

offering 



Thank You! 


