(®)
2010 2013

Nonvolatile-device-based PVT-variation-resilient VLSl system

HANYU, TAKAHIRO

14,000,000 4,200,000

VLSI

VLSI
PVT

The aim of this research is to develop a new paradigm VLSI design methodology whic
h relaxes design margin and realizes high-performance VLSI with high-dependability. In this research, we
developed a MOS/magnetic-tunnel-junction-hybrid logic-circuit style for realizing a PVT-variation-aware VL
SI processor with higher performance capability. For applying the proposed method to large-scale circuit s
tr?ctures,_andoptimization algorithm of circuit parameters based on evolutionary computation technique was
also examined.



Moore
VLSI
MOS
VLSI
More than Moore
22
VLSI
VLSI
MTJ Magnetic Tunnel
Junction 1
1 MTJ
MTJ
RP RAP
2
VLSI
1015
MOS <10ns CMOS
VLSI
CMOS
More than Moore

More Moore




ImTa -lvma

Free layer { /
> Barrier D — /

Fixed layer

2

Low resistance (Rp) High resistance (Rap)
Cross-sectional view

Rwvms
N\ Rap
-hwnﬂ ﬂ ImTa
0 ImTa
Symbol R-| characteristic

1 MTJ R-1

MTJ
MTJ

Vth

Vth 25

23
22

1 MTJ

22

23

MTJ

MTJ
MTJ
1bit
N MTJ
2"N
MTJ



N MTJ
N
1
SPICE C++
Matlab 23
2
MTJ
22 24
22
MTJ
Magnetic Tunnel Junction
24
MTJ 2
lbit N MTJ
PVT VLSl N



1.

N=10

MTJ
LSI

25

N=10"1 MTJ

pMOS

8
M. Natsui and T. Hanyu, "Design of
Process-Variation-Resilient Analog
Basic Components Using
Magnetic-Tunnel-Junction Devices,"

Journal of Multiple-Valued Logic and
Soft Computing, Vol.21, No.5-6,
pp-597-608, 2013.
http://www.oldcitypublishing.com/pd
/3498

2.

1.

M. Natsui, N. Sakimura, T. Sugibayashi,
and T. Hanyu, “MTJ/MOS-Hybrid
Logic-Circuit Design Flow for
Nonvolatile Logic-in-Memory LSI,"
2013 IEEE International Symposium on
Circuits and Systems (I1SCAS2013),
pp-105-108, 2013.

DOI: 10.1109/1SCAS.2013.6571793

M. Natsui, K. Kashiuchi, and T. Hanyu,
"Design and Evaluation of a
Differential Switching Gate for
Low-Voltage Applications,™ 43rd IEEE
International Symposium on
Multiple-Valued Logic (ISMVL2013),
pp-147-151, 2013.

DOI: 10.1109/1SMVL.2013.23

M. Natsui, T. Arimitsu and T. Hanyu,
"Low-Energy Pipelined
Multiple-Valued Current-Mode Circuit

Based on Current-Level Control
Technique,™ Journal of
Multiple-Valued Logic and Soft

Computing, Vol.19, No.1-3, pp.219-231,
2012.
http://www.oldcitypublishing.com/pd
/2910

M. Natsui and T. Hanyu, "Scalable
Serial-Configuration Scheme  for
MTJ/MOS-Hybrid Variation-Resilient
VLSI System,™ 10th IEEE International
NEWCAS  Conference  (NEWCAS2012),
pp-97-100, 2012.

DOI: 10.1109/NEWCAS.2012.6328965

Y. Kim, M. Natsui and T. Hanyu,
"Variation-Resilient Current-Mode
Logic Circuit Design Using MTJ
Devices,” 2012 IEEE International
Symposium on Circuits & Systems
(1SCAS2012), pp-2705-2708, 2012.

DOI: 10.1109/1SCAS.2012.6271866
M. Natsui, T. Nagashima, and T. Hanyu,

"Process-Variation-Resilient 0TA
Using MTJ-Based Multi-Level
Resistance Control,” 42nd I1EEE
International Symposium on

Multiple-Valued Logic (ISMVL2012),
pp-214-219, 2012.
DOI: 10.1109/1SMVL.2012.52

M. Natsui, Y. Kim and T. Hanyu,
"MTJ-Based Optimal Vth-Tuning
Technique for a

Process-Variation-Aware VLSI
processor," The 56th Magnetism and
Magnetic Materials Conference
(MMM2011), pp-480-481, 2011.
http://www.magnetism.org/

17
K. Kashiuchi, M. Natsui, and T. Hanyu,




10.

11.

12.

"Design of a Low-Voltage Logic Gate

Based on Differential-Pair
Circuitry,” 2013 International
Workshop on Emerging ICT, Sendai,

Japan, p. 3-6, 29 October, 2013.

, "MTJ
LSI
, pp.8-1-8-6, 2013 9
14 .
pp.15-1-15-6, 2012 9 15
" 24
, p. 2H18,

2012 8 30 .
Y. Kim, M. Natsui and T. Hanyu, "Design
of an MTJ-Based Variation-Resilient
Basic Gate of Differential Logic,"

24

. p. 1A07, 2012 8 30 .
, "Vth
MOS/MTJ
25 .
pp.17-21, 2012 1 8

K. Kashiuchi, M. Natsui, and T. Hanyu,
"Evaluation of Vth-Variation Effect
on Multiple-Valued Current-Mode

Circuits,” Proceedings of 2011
China-Korea-Japan Electronics and
Communications Conference, p. 157,

University of Electronic Science and
Technology of China, China, 27 October,
2011.

OTA !
23
, p- 268, 2011 8 26
LSI
S 23
, p- 269, 2011 8
26
VLSI ," LSI
2011, 2011
5 16
"MTJ
TCAM o 24
, pp-5-10,
2011 1 8

M. Natsui, "High-yield VLSI design

13.

14.

15.

16.

17.

using emerging functional devices and
its impact,” 2010 Joint Workshop
between  Tohoku University and
National Tsing Hua University, Akiu
Resort Hotel Sakan, Sendai, Japan, 15
December, 2010.

Y. Kim, M. Natsui and T. Hanyu, "Design
of a Dependable Logic Circuit Using
Nonvolatile Programmable Devices,"”
Japan-China-Korea  Conference on
Electronics & Communications 2010, p.
JCK-P-18, Tohoku University, Sendai,
Japan, 1 November, 2010.

L. Yuhui, D. Suzuki, M. Natsui and T.
Hanyu, "MTJ-Based Nonvolatile
Reconfigurable LSI with Fine Grained
Power Management," Japan-China-Korea
Conference on Electronics &
Communications 2010, p. JCK-P-17,
Tohoku University, Sendai, Japan, 1
November, 2010.

, ""MTJ
TCAM
, pp-9-1-9-6, 2010
9 11 .
" TCAM
N 22
, p- 285, 2010 8
26 .
M. Natsui and T. Hanyu,

"Process-Variation-Aware VLSI Design
Using an Emerging Functional Devices
and Its Impact,” Booklet of the 19th
International Workshop on Post-Binary
uLSlI Systenms, pp-20-25, Casa
Convalescencia, Barcelona, Spain, 28
May, 2010.

0

o

http://ww._ngc.riec.tohoku.ac.jp/

o

@

HANYU, TAKAHIRO

40192702

NATSUI, MASANORI

10402661



