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__| 30 yearsof nhanomagnetism:&: spintronics Qspmtec

Giant magneteresistance

T The Nobel Prize in Physics
2007
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The Nobel Prize in Physics 2007 was awarded jointly to Albert Fert
A.Fertetal, PRL (1988)’ and Peter Griinberg "for the discovery of Giant Magnetoresistance”

P.Grunberg et al, patent (1988) +PRB (1989)
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__| 30 yearsof nanomagnetism:&: spintronics Qspmtec
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SPIN IN ELECTRONICS

Spintransfer torque
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__| Technologypushingscience HDDs

Hard disk drives
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_| Technology pushing science: HDDs

Steady progress of HDD, howev:
incremental, keeping the design

Staggering areal density

| o msomoncn - Increasing fundamental and
S i technologicalbottlenecks
I e e ) - Any 2D-based technology is
LT - boundto faceanend

% ! «ofiy Olivier FRUCHART nano mag-cm 12 June 2018 | g
E B anuee T Nanomagnetisnt, Challenges for the Zlcentury Madrid ¢ NanoFrontMagworkshop



_| Technology pushing science: HDDs Ospintec
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K. T. Park et al., IEEE J. Sol. State Circuits 50 (1) 204 (2015)
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IN IN ELECTRONICS

__| Frontier backgroundsfornanomagnetism ngintec

Societal requests and challenges
- Energy consumptioq Pollution, global warming

-, Communication: more, faster, cheaper

- Intelligent systems: comfort, safer, less energy
- Sustainability: energy, material criticality

- Health
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IN ELECTRONI

- Decade®f nanomagnetism
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- Societakhallenges

. EnergyconsumptlonmICT
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__| Continuousgrowth of data handling ngmggg

lihat Happens Online
in b0 Seconds?

Managing Content Shock in 2017

YOUTUBE
hours of video uploaded

EMAIL
emails sent

300
FACEBOOK
200 posts
WHATSAPP
200 messages sent
150
100 ’ 2.46
SN
0
2006 2077 2008 2079 2020 2027 \\
phdvoeid | | GOOGLE
searches
448,800
TWITTER INSTAGRAM
tweets photos uploaded
https://www.smartinsights.com
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__| Continuousgrowth of data handling Qspmtec

1 Farm = Multi - MW operating power
+ Same amount for cooling

Requirements
J Cost
J Environment
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__| Internet of Things abooming market ngj,[g;ggg

35 Connectivity IC with
Power management IC integrated
&ldialo antenna 12 /
ddiangqmm ) NORDIC
. Py v

25

20

Sensor(s)
Micro-controller

15 " Internet of Things

Number of devices in use globally (in billions)

~ tablets

2010 201 2012 2013 2014 2015E 2016E 2017E 2018E 2019E

Source: John Greenough, “The Internet of Everything 2015,” Business Insider Intelligence. Produced by Adam Thierer and Andrea Cas- Req U | I’e m e ntS
tillo, Mercatus Center at George Mason University, 2015.

J  Costweight,material
< Lowpower
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| Memory challenges t@ddress QS intec

A

Processor

Registers

410 32 KB ~ns

L1 Cache (SRAM)

Up to 512 KB ~10 ns
4to 8MB ~30ns
WORKING MEMORY

DynamicRandomAccess Memory (DRAM) >GB ~100 ns

SOLID STATE MEMORY

VIRTUAL MEMORY

Storagememory(HDD)
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__| Memory challenges t@ddress  Dspintec

SRAM leakage

1000

B Leakage power
B Dynamic power

800
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: l
40nm

90nm 65nm 28nm 20nm

2

W/cm

- Logic keeps awaiting data
- Limits speed

- Increases power consumption

Challenges

< Embedmemory
<  (Leakagepower
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_| Why MRAM?  Dspintec

Non-volatile Dense Fast High Endurance
like Flash like DRAM Like SRAM like SRAM / DRAM
10+ years retention 10F2, small overheads ~10ns in normal mode 10*2 cycles, up to 1016

aw!a Aa y20 0KS 06Sad odzi X
- CanreplaceSRAMat 1/6th of size zeroleakage
< Canreplacee-Flashat >105x speedJower power
< CanreplaceDRAM(f runningout of steam)
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__| Genertationsof MRAM

Field-driven
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_| MRAM players  Dspintec
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__| MRAM comingto reality QSPmteC

P
= EVERSPIN
P -:EHMDI.DIE

256Gb in production. 1Tb in the pipes.

Demoat the 7thMRAM
Globallnnovation Forum (Zurich, June 201

https://www.linkedin.com/company/mram-info/
https://www.mram-info.com
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__| Fundamentalfrontiers and challengesefficiency Qspintec
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PES (10° cts/s)

S. Andrieu et al., PRB93, 094417 (2016)

Efficiency of writing

SpinHall, threeterminal?

SpinHall efficiency,
topological insulators?

Electric field effects
Low dampingheusleretc.
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Efficiency of reading

- Electric fieldmultiferroics
- SpinrHall reading?

- Lateral GMR reading?
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__| Fundamentalfrontiers and challenges:isize @spintec

Bit siz retention
t size & retentio PSA STMIRAM
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__| Fundamentalfrontiers and challenges titime Qspmtec

Fast optical switching Gd, Fe,, Co,
. e — 2 C74.6~%3.4
‘ FTynny YR —nn¥a

Physics
- Threetemperature model

- Superdiffusivénot electrons

- Multiphysicsand multiscale
modeling

Technology
- Alloptical or not?

- One shot or stochastic?

- Material versatility?

C. H. Lambert, Science 345, 1337 (2014)
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__| New computing scheme neuromorphic Qspmtec

Brain >0 w || | Highperformance computing 10 MWJ

e

- Low power - High power

- Nontlinear, stochastic - Deterministic
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__| How deoneuronsand synapsesvork? Ospintec

Neuron

Synapse
W;

Neurons Synapses
< Nontlinear - Analog valves (weighs w)
X; ~ W1
A +1 1\
—_
_f: X2 W £ y
- W _
: X3 Yy =T (W Xp + Wy X + W X3)

- Ingredientsfor neural networks: non-linearity, memory and plasticity

% ! . Olivier FRUCHART nano mag-cm 12 June 2018 | Sy
E B anuee T Nanomagnetisnt, Challenges for the Zlcentury Madrid ¢ NanoFrontMagworkshop




__| CMOS=2mulated circuits Qspmtec

- A transistor is nanoscale but it is just a switch

- CMOS does not provide memory (volatile)
Brainscales 20 wafer machine.
CMOSheuron 10100 pum AM neurons, 1B synapses

CMOS synapse 10 um

Scheduler
Memory
Controller =
)
o
5
=
Router Neuron
1.2 million
h transistors

Merolla et al, Science 345, 668 (2614)
< May neurons and synapses be

producedashardware components?
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