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MRAM Products: Examples

1st Gen.             2nd Gen.           3rd Gen. ~
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MTJ/MRAM Structure: Everspin

❑ 2nd Gen. STT-MRAM: In-plane MTJ ❑ 3rd Gen. STT-MRAM: p-MTJ

▪ SAF: Synthetic antiferromagnetic structure  

▪ SyF: Synthetic ferromagnetic structure

▪ DSF: Dual spin filter structure

▪ DTB: Dual tunnel barrier structure

❑ 4th Gen. STT-MRAM: p-MTJ

Ver. ME-2201-01
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✓ Samsung FDS SOI & HKMG process

✓ BOX=25 nm, SOI channel thickness=7.6 nm

✓ GOx: HfSiO/SiON

✓ Gate: NiPtSi/Poly-Si/TiN, Lg=50 nm

✓ Al detected at HfSiO layer just under TiN 1)  

1) Al additives affect reliability (TDDB). Al addition in PMOS devices increases the TBD, which is caused by a decrease in the leakage current with Al dose. 

This current reduction is responsible for lower defect creation in the gate oxide, and thus for the higher breakdown time TBD.

Ref.

Everspin 28 nm

MRAM Cell Gate

(NiPtSi/Si/TiAl/TiN/(La)HfON/SiO)

Access Gate Structure: Samsung MRAM
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MRAM/pMTJ Structure: Avalanche vs. Everspin vs. Samsung
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eFLASH vs. eMRAM: Ambiq Apollo MCU Series 

Apollo2

Apollo4Apollo3

Apollo

22 nm eSTT-MRAM Cell

(Apollo4)  

40 nm eFLASH 2D NOR ESF3

Cell (Apollo3)

Ver. ME-2201-01
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MRAM: Samsung, Avalanche, Everspin, TSMC 

Device Samsung MRAM Avalanche MRAM Everspin MRAM TSMC MRAM

Parent Products
Sony CXD5605 GPS Receiver
@ Huawei GT 2 Smartwatch

Renesas M3008204
(Avalanche AS3008204) 

EMD3D256M08G1
Ambiq Apollo4 2M AMA4B
Fitbit Luxe (Fitness Band)

Memory Block 
Capacity

8 Mb
(embedded)

8 Mb
(embedded)

256 Mb
(Stand-alone Die)

16 Mb
(embedded)

Device Type STT-MRAM STT-MRAM STT-MRAM STT-MRAM

Technology Node
(CMOS Process)

28 nm 40 nm 40 nm 22 nm

Cell Size 0.036 µm2 0.032 µm2 0.155 µm2 0.046 µm2

MTJ Type P-MTJ (perpendicular) P-MTJ (perpendicular) P-MTJ (perpendicular) P-MTJ (perpendicular)

MRAM Layer Between M6 and M7 Under M1 SL Between M3 and M4 Between M3 and M4

Die Markings S4LP173 AV16B EMD3D256M WHITNEY apollo 4 ambiq 2020

# Metal Layers 11 7 5 10
Ver. ME-2201-01
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MRAM Cell Gate Structure

Everspin 28nm Samsung 28nmAvalanche 40nm

• Gate-First, HKMG

• NiPtSi/Poly-Si/TiN Gate

• HfO/SiON GOx

• SOI(7.6nm)/BOX

• Lg=50nm

• NiPtSi/Poly-Si Gate

• SiO(2.0nm) GOx

• Lg=45nm

• L-shape SiN Spacer

• Gate-First, HKMG

• NiPtSi/Poly-Si/TiAl/TiN Gate

• La-doped HfON/SiO GOx

• Lg=30nm

Ref. PMOS: HfON/SiO/SiGe

TSMC 22nm

• Gate-Last, HKMG

• NiPtSi/Poly-Si/TiN Gate

• HfO/SiON GOx

• Lg=28nm
Ver. ME-2201-01
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Intel XPoint Memory: Gen1 vs. Gen2

1st Gen.

2nd Gen.

128 Gb Die 256 Gb Die

Ver. ME-2201-01
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Intel XPoint Memory: Gen1 vs. Gen2

Gen2 Cell Structure

Gen2 WL CONT Layout

Ver. ME-2201-01
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Intel XPoint Memory: Gen1 vs. Gen2

Landing Pads Interconnection

CostDummy Blocks
Cost Model Ver. 4Q-2020
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FRAM Products: Fujitsu vs. Cypress 
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Emerging Memory in Future?

▪ Ferroelectric Memory (FeFET, FTJ)

▪ ReRAM (Metal Oxide)

▪ SOT-MRAM

▪ Carbon Memory (Nanotube, Graphene, a-C)

▪ ECRAM (Electrochemical RAM)

▪ DNA Memory

▪ Mott Memory (Mott Oxide)

▪ Macromolecular Memory (vs. Molecular Memory)

▪ etc. (OTS, Mott Switch, …)


