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CMOS ULSIE T RIFRIE : L—7 D:X%Al

Original paper of Moore’s Law
Original note of

Moore’s Law

With scaling, we keep improving the performance of VLSI.
= However, our situation i1s some what different.
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Paradigm Shift from CMOS to X on CMOS!

CMOS (@ Today’s Platform

Paradigm shift

X on 3D —CMOS @ Future Platform

What 1s the most suitable for X?
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NV-Logic
with CMOS/MTJ Hybrid Technology
for Future Low Power IoT System
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Ultra Low Power System with NV-Computer Systems

Today

/[ B\

i Aain Memory E
MNon
/ Storase (HDD, NAND) \ Volatile

Data Processing Power

Standby Power

> Volatile

System Power
System Power

Time

Future

STI-MRAM

N
Non Volatile

NV-Working Memory
(STT-MRAM)
Storage Memory 3D NAND
(SSD, HDD)

The power consumes during only
data processing.

Time

NV-Computer system with STT-MRAM &3D NAND opens up
the way to realizing zero standby power electrical system.

T.Endoh, ITRS Emerging ResearchM emory Technologies Workshop2010, T.Endoh, STS in SEMICON Korea2010 (Invited)
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Variety of Spintronics based NV-LSI

@ Tohoku University with 300mm Process including RIE Process

For DRAM For SRAM

(VLSI2009) _
1.5nsec / 1Mbit :
Embedded STT-MRAM 600MHZ Nonvolatile TCAM
(VLSI2013) MTJ/CMOSLatch (VLSI12011)
(IEDM 2011)
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500 UW@640X480 _ Nonvolatile
Nonvolatile GPU NV-recognition processors NO“(\(;’L'gtl"zeonP)GA 32b MPU
(ISSCC 2013) (ISCAS 2013) (SSDM2014)
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Power Reduction is realized in many Kind applications

2013 Symposium. on VLSI 2013 IEICE Electronics Express 2012 Symposium. on VLSI 2014 IEEE 1SSCC
NV-TCAM B NV-FPGA H STI-MRAM H NV-MCU

Non-volatile VLSIs for search Non-volatile field programmable : Non-volatile cash memory Non-volatile. microcontrollqr for
engine for big data gate array (FPGA) . embedded in high speed CPU battery-driven sensor device
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2%in case of used for full text search system: 3% in case of implementation to a ty pical application= in case of typical cash operation :  Xin case of use in a wireless sensor device
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NV Brain-Inspired VLSIs
with CMOS/MTJ Hybrid Technology
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watching a Haynas manual?

Full Automotive
Driving

B|g Data SyStem | Al System Inte”igent RObOt
Real-time learning & recognition IS very important !
-> Therefore, brain-inspired LSIs are highly desired.
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Feature
Patterns

(2Edge Feature Patterns

( (@Associative
Processor recognize
what is the target .
object with (DData base categorized by each edge
el el feature patterns are saved in
eature patterns. :
¢ embedded memories

.

To imlprove accuracy of recognition processing, bigger data bases are needed.
—> The power consumption of big data base with large size embedded
memory of associative processor 1s most important issues.
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In the case of
recognition of
people target= == -

L Edge feature Patterns

Number of active memory cells
is only 0. 05% of the data base.

:,-f’ . [ Activate Lr:_a-,-rflu ) i o

e "n-"

@ﬂata hase categnnzed by each edge

e — feature patterns are saved in
oo | B 1 merit: _Large Embedded Memory
geses il ; Only data base of peoples 1s
bl f (opus) _jra — active, other data bases are off.
2 1 “- Pﬂ'ﬂﬂ:‘;mﬂjhls 2 H J '1_-
' z nd °to
J/i = Z7] 2" merit:
— - — Only searching edge feature l
oo Neiching U TWA0] patterns are active. i L

Thanks to two-level IPG with p-MTlJs, developed associative processor

achieves not only zero standby power but also minimized operation power.
Yitao Ma, et. al, JJAP, Vol. 55, No. 4S, pp. 04EF15(11pages), 2016. @Endoh Gr. of Tohoku Univ.
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Fabricated associative processor

i f& | B including 12 core unit processor.
: IE i Specification of Proposed
\ = | Associative Processor
A : f 90nm-
f =e Process CMOS/70nm-
| PRLE SWi: MTIJ
() Procsssor Core (d) My Core Size 0.3mm x 0.9mm
Frequency 20 MHz
Fabricated associative processor Supply Voltage 09V
achieves average operation power of Average
s¢ oD b Operation Power 600 MW
600uW @20MHz under Vce of 0.9V,
Throughput 16
(cycles/vector)

Yitao Ma, et.al, JJAP,Vol.55,No.4S, pp. 04EF15,2016
@Endoh Gr.of TohokuUniv.
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Conclusions
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Paradigm Shift for IoT/AI System

CMOS (@ Today’s Platform

Paradigm shift

Spintronics on 3D —CMOS
(@ Future Platform
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Paradigm Shift of VLSI by Spintronics and 3D Technology

- The order of magnitude higher performance will be achieved.-

High power Speed-up of Logic (MPU/FPGA etc.) will
be restart with excellent low power
MTJ/CMOS

Hybrid 4 )
ore NV-Logic By SpinHOHiCS,

Power :1/100

\_ J
e I
By 3D NAND,

(HDD, NAND) ‘@op, 3D-NAND) @pp, 3D-NAND) Volume : X 100

Curre | @arFuture] (Future | \_ Y,

[ NV-Computer systemwith STT-MRAM and High volume storage System with |

3D NAND opens up the way to realizing zero standby power electrical system. |
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Please check CIES’s renewal HP!
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—g-s-"/ Center for Innovative Integrated Electronic Systems e
TOHOKU

CIESO>V—3Fh QO

Announcement of

3rd CIES T March 21- 22, 2017
Technology Forum 2017#38218(x)-228 (%)

> DAY 1 International symposium Station Conference Tokyo, Sapia Tower 5F
» DAY 2 CIES progress report AF—3yaVI77LRAER YETF4ST— 5F

Technalagy orum
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