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Emerging Memory for FPGAEmerging Memory for FPGA
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ReRAM FPGAs Based on Crossbar and 1T1RReRAM FPGAs Based on Crossbar and 1T1R
Crossbar (1D1R)

NanoPLA, CMOL, 3D CMOL, FPNI, NanoASIC, 3D nFPGA, NanoBox…

1T1R Spansion
2005
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ReRAM for FPGA Memory, Routing, and LogicReRAM for FPGA Memory, Routing, and Logic

1 bit SRAM: 
6 transistors

1-bit NOR 
ReRAM: 1 
transistor

Using NOR ReRAM to replace SRAM
ReRAM can provide 4X-6X density and 

i t SRAM!
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power improvement over SRAM!

Micro and Nano Letters 2008



NOR ReRAM as Block MemoryNOR ReRAM as Block Memory
• NOR

C 1 C t t 2
5F

2F

Contact 1 Contact 2

• NAND Both cells are 10F2!NAND Both cells are 10F2!
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NOR ReRAM is better than NAND ReRAM.



ReRAM for FPGA Memory, Routing, and LogicReRAM for FPGA Memory, Routing, and Logic
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2X-3X Reduction in Routing. IEEE NanoArch 2008



ReRAM for FPGA Memory, Routing, and LogicReRAM for FPGA Memory, Routing, and Logic
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2X Reduction in Logic.
IEEE TVLSI, under review

3D rFPGA.



Results Based on Toronto 20 BenchmarksResults Based on Toronto 20 Benchmarks
Area (μm2)

Critical path delay 
(ns)

Dynamic power 
(mW)

2D CMOS
[6]

2D 
rFPGA

2D CMOS 
[6]

2D 
rFPGA

2D CMOS 
[6]

2D
rFPGA

alu4 137700 55080 5.1 4.19 0.062 0.056

apex 166050 66420 6 5.4 0.067 0.060

ape4 414619 165848 5.5 4.05 0.042 0.038

clma 623194 249278 13.1 11.09 0.2 0.180

pdc 369056 147622 9.6 8.14 0.101 0.091

s298 166050 66420 10.7 9.23 0.042 0.038

seq 151369 60548 5.4 4.86 0.065 0.059

spla 326025 130410 7.3 6.07 0.087 0.078

tseng 78469 31388 6.3 5.07 0.029 0.026

Avg. 264381 105752 7.43 6.187 0.1 0.08
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Area improvement is 2X-3X.  Static power improvement is 10X.
Delay and dynamic power improvement is around 20%. 



SummarySummary
• Emerging memory can improve FPGA 

performanceperformance
– Density
– Energy consumption
– Reliability/Radiation harden

• Hybrid structure and CMOS-nano integration 
– Reconfigurable structure and defect tolerance
– Applications to programmable 

analog/neuromorphic ICs
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