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Overview

• STT-MRAM Technology Background

• STT-MRAM Technology Specifications

• STT-MRAM Use Cases

• Silicon Data
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STT-MRAM Technology Background
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MRAM Technology Evolution  
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Toggle MRAM
❑ Production since 2006

❑ 256kb – 16Mb

❑ 35ns Parallel (SRAM), SPI, QSPI

❑ Commercial, Industrial, Automotive

STT-MRAM (iMTJ)

❑ Production 2015

❑ 64Mb ST-DDR3, 90nm node

❑ Commercial

STT-MRAM (pMTJ)
❑ 256Mb ST-DDR3, 40nm node, Prod. 2017

❑ 1Gb ST-DDR4, 28nm node, Prod. 2019

❑ Commercial
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MRAM States
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▪ Magnetoresistance Effect

• Parallel = Low 

• Anti-Parallel = High

• MR = (Rhigh/Rlow-1)*100%

• RA = Rlow * Area

▪ Aluminum Oxide (Toggle)

• MR ~40% at 25C

• Higher RA material

▪ Magnesium Oxide (STT-MRAM)

• MR >120% at 25C

• Lower RA material
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STT-MRAM Integration

• Magnetic Tunnel Junction (MTJ) 

integrated between metal layers

• No changes to transistor integration

• Fast development on advanced nodes

• Simple 1T-1MTJ structure

• One transistor select device

• Cell area constraints similar to DRAM

• MTJ connected directly to Bitline
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STT-MRAM Operation

• Read Operation

• Low voltage to avoid disturb

• Detect High or Low resistance state

• Low power

• Write Operation

• Current direction determines state 

• Some overdrive required for low BER

• Too much overdrive impacts endurance
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High->Low

Iwr

Low->High

Iwr
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STT-MRAM Technology Specifications
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Memory Performance with Persistence
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256Mb ST-DDR3 and 1Gb ST-DDR4 
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256Mb 

ST-DDR3

1Gb 

ST-DDR4

VDD / VPP 1.5V 1.2V / 2.5V

Data Retention 3 months / 70C 3 months / 70C

Endurance 1e10 cycles 1e10 cycles

Uniform Lifetime

Writes per Chip

320 PBW
3.8 years continuous

1280 PBW
15.2 years continuous

Peak Bandwidth 

per x16 Chip

2.67GB/s 2.67GB/s
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STT-MRAM Use Cases
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Enterprise Storage
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SSD QoS Improvement
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Storage Accelerator
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1GB STT-MRAM Storage Accelerator
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https://www.smartm.com/salesLiterature/dram/nvNITRO_Accelerator_overview.pdf
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Fabric Accelerator
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Silicon Data
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Data Retention

18

• 1Gb Data Retention

• Accelerated Testing at Elevated 

Temperatures

• Demonstrates 10yr at 85C
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Endurance
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• 1Gb Endurance

• Accelerated Testing at elevated 

voltages

• Well behaved TDDB Weibull 

distribution

• Testing validated 1E10 cycles 

through every page

Red = accelerated bias

Blue = operating bias
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Write Operation
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• 1Gb Write Operation

• Normal switching distributions

• Wide operating range
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Summary
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Summary

• 1Gb STT-MRAM is here!

• Built on 13 years of MRAM production experience 

• STT-MRAM delivers 2.67GB/s write and read performance per chip

• ST-DDR4 interface with JEDEC DDR4 compatible footprint

• STT-MRAM delivers over 1 Exabyte lifetime writes per chip

• Supports a lifetime of write data buffering with low chip count

• STT-MRAM delivers highly reliable solutions

• Demonstrated reliability and persistence without capacitors or batteries

• Large persistent memory capacity improves QoS
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