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Main goal of this hybrid technology:

Electronics
Electron Charge

Get the best of the two worlds to obtain new functionalities or

improve performances of electronics circuits

A.Fertetal, PRL (1988)
P.Grunberg et al, patent (1988) + PRB (1989)

Forum Romanians in Micro- and Nanoelectronics, 6 November 2018, Romanian Academy, Bucharest, Romania



Basics of spintronics Magnetic tunnel junction, Spin valve Magnetoresistance
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Success story : data storage
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MRAM in microelectronics  Dspintec

For portable devices and « instant on » computing, industry needs a universal memory, that combine together low cost, low power, non volatility and speed.
S.Lai, Intel VP Technology
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Samsung ready to mass produce MRAM
chips using 28nm FD-SOI process

Yiling Lin, Taipei; Jessie Shen, DIGITIMES [Tuesday 26 September 20177
Samsung Foundry will soon be ready to enter mass production of magnetoresistive random-access

memory (MRAM) chips built using 28nm fully depleted silicon-on-insulator (FD-S0I1) process technology,
according to Korea media reports.

y i i Py Samsung is reportedly teaming up with NXP and has completed the tape-out of its 28nm FD-50I
Vil N embedded MRAM, which will be first applied to NXP's new low-power i MX-series solution targeted at
m%m automotive, multimedia and display panel applications.
AT In related news, Synopsys announced recently its Design Platform has been fully certified for use on
AV INNENNNRZ Samsung Foundry's 28nm FD-50I process technology A PDK and a comprehensive reference flow,

romnatihls with Synopsys' Lynx Design System, containing scripts, design methodologies and best

TSMC to start eMRAM production in 2018 s now available.

Jun 08, 2017 MRAM production @ GLOBAL FD U N D Q I E S
According to reports, Taiwan Semiconductor Manufacturing Company (TSMC) is aiming to start producing
embedded MRAM chips in 2018 using a 22 nm process. This will be initial "risk production” to gauge market -~ C\/ERSPIN’

reception. TECHNOLOGIES

' The MRAM Company*

GF-Everspin 2X nm eMRAM with superior data retention -
VLSI Symposium

GLOBALFOUNDRIES and Everspin continue to drive embedded MRAM (eMRAM) forward into the 22nm

process node! Please see our technical paper presented this week at VLSI Symposium in Japan

For the first time, we are unveiling eMRAM that can retain data through solder reflow at 260C and 10+

years at 125C, plus read/write with outstanding endurance at 125C.

This is a major breakthrough from GLOBALFOUNDRIES and Everspin that enables eMRAM to be used fc

general purpose MCU's and Automotive SOCs.
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Need for a non-volatile memory (low power & ultrafast) < Dspintec
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Bring non-volatility close to microprocessors

Need for ultrafast memories (sub-ns) directly integrated (process, design) at the heart of the logic
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Need for a non-volatile memory (low power & ultrafast)
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MRAM roadmap  Dspinte
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What’s next?

Last 70 years:
control of M by
magnetic field

Spin injection/detection
/manipulation:

-in semiconductors (Si, GaAs)
-in Graphene

-Topological insulators

GMR and
unnel magnetoresistance (TMR)
Eras

Spin transfer
torque (STT)

Current induced torque

on magnetic gradients:
domain walls, skyrmions...

Racetrack memory
Non Volatile Logic
RF Devices

/'_—"—\ \
Spintronics \
phenomena

y
. d

control
of magnetic properties by
electric field or strain:
-Interfacial PMA
-Multiferroics

(complex oxides
or artificial)

Spin orbit torque (SOT)
Rashba, Spin Hall effect

Spin Logic
Spin Caloritronics
Spin Photonics
f
-

"ﬁum% LY Y'Y

Spincaloritronics

Mixing Heat/spin/charge
Spin Seebeck,
spin motive force

Creation/manipulation

of spin current:
Spin Hall Effect,
inverse SHE

FET Proactive TOCHA 2018-2023
Topological insulators

NANOENGINEERING
FET-OPEN NANOWAY 2019-2022 FLAGSHII
2D Materials = @
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