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Study on new read-disturbance mechanism and i1ts solution in Spin-Orbit Torque
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In order to realize the proposed bidirectional reading method SOT-RAM (which
can reduce the disturbance by about 10 times), we investigated the material parameter dependence,
element size dependence, and memory cell array resistance dependence. We were able to confirm the
reduction of the proposed method for any material parameter and element shape. In addition, from the
magnetization state analysis including the magnetization vortex, it was found that the spin current
acts on the left and right magnetization of the free layer, and the magnetizations antagonize each
other across the magnetization vortex to reduce the disturbance. Furthermore, in the array
structure, the effect of different current path resistance depending on the location of the memory
cell was investigated. As a result, it was found that sufficient disrupt reduction can be obtained
even if up to about 1000 wires are connected to common wiring.

MRAM SOT-MRAM



RAM

)
( ) (2019 )
(2020 )
021 )
MRAM
MRAM
4.1 SOT-MRAM
1(b) @
1 a

(a) itkDFAH LIER (b)) EARBAH LA

P

SOTTARA—THE SOTT4RE—T4THHEL

1 a SOT-MRAM b SOT-MRAM
4.2 SOT-MRAM
SOT-MRAM
SOT-MRAM
SOT-MRAM 2

5ns



100

& 3 3

N
S

Magnetization reversal possibility
3

(a) /S —=EA (b)

Seot

g

a
3

uo"‘i 1000 2000 3000 4000 O o0 2000 3000 4000 SO0 6000 7000 ol;. V4000 8000 12000 16000
Current [HA] Current [uA] Current [pA]
@ MmAEHAHLAXSOT-MRAM
A GEEDSOT-MRAMEE A Hi LIZEE
SOT-MRAM
2 3
45
4.3 SOT-MRAM
SOT-MRAM
X
4
X-Y V4
X
Y 30nm X 30 45 60 90 120 150 180nm
3 Y X 30nm
Yy 30 45 60 90 180nm
4
3
X 90nm X 90nm
X 90nm X 90nm
y
X
X
4
4 Y



8000 _
I -
7000 | ° 200m
. =y
6000 | ° o 3
— ®
<. 5000
=
fi# 4000
i ® MHAHEHHLAXSOT-MRAM
3000 A GEEDSOT-MRAMEHH LI
#
2000
1000 L A A A A A A
0 1 1 1
0 50 100 150
FFIEX [nm]
3 X
4.4 SOT-MRAM
5
5
n
n
L nl
SOT-MRAM X 90nm Y 30nm
10
6
85 90 100
400nm 3
1000
ole ahe b ol g
- e B B B
BL1
B |H [T I [ ]I] .
BL2 vD
ST L L L L
. N B s
BL1
B |H Il [ I !l ll]
' BL2  \p
L L L L
- e BB
BL1
B |H [ |” |” ]II
= B

A

50000

® mARFEAHLAXSOT-MRAM
A HEFEDSOT-MRAMEE A H LIEK
40000 |
y B .
& 2.0nm
§230000 | ;-
i@ — Fom
8
_\l%zoooo i "
i}
@]
10000 | L4
. A
0 A A A ‘ . .
0 50 100 150 200
FFIEY [nm]
4 X
2
2
2
170mQ /sq MOS
1 [um] L [um]
c [%] 100
c 6
c 85 90%
2
W 100 200
85 90 100 1
400nm
20000
® A MHAELARSOT-MRAM ¢
[ A HEEDSOT-MRAMEEHA H LEEH
16000 |
<
s 1
E 12000 |
i
-
5 8000 | .
# L)
4000 o 7
I °
o ®
AAAAA A A A A 23
0 1 1 1
20 40 60 80 100
Eirtbce [%]
6



W [nm]

100 232 349
200 464 698
400 928 1396
4.5
SOT-MRAM
10
SOT-MRAM
3
45
SOT-MRAM
y
SOT-MRAM

1000

SOT-MRAM



1 1 0 1

Yuwa Kishi, Akihiro Yamada, Mengnan Ke, and Takayuki Kawahara 58

Examination of Magnetization Switching Behavior by Bi-Directional Read of Spin-Orbit-Torque 2022

MRAM

IEEE Transactions on Magnetics 1 10
DOl

10.1109/TMAG.2022.3154025

7 0 5

Akihiro Yamada, Yuwa Kishi, and Takayuki Kawahara

Bi-directional read method to reduce SOT-specific read disturbance for highly reliable SOT-MRAM

IEEE 14th International Memory Workshop (IMW 2022)

2022

Akihiro Yamada, Yuwa Kishi, Mengnan Ke, Takayuki Kawahara

Magnetization Switching Behavior in Bi-directional Read of Spin Orbit Torque MRAM

2022

Yuwa Kishi, Akihiro Yamada, Mengnan Ke, Takayuki Kawahara

Evaluation of Device Size and Array Resistance Dependence in Read Disturbance Reduction Effect by Bi-directional Read SOT-
MRAM

2022




Akihiro Yamada, Yuwa Kishi, Mengnan Ke, Takayuki Kawahara

Examination of Magnetization Switching Behavior by Bi-directional Read of Spin Orbit Torque MRAM

IEEE/AIP 2022 Joint MMM-Intermag Conference (2022 Joint)

2022

Yuwa Kishi, Akihiro Yamada, Mengnan Ke, and Takayuki Kawahara

Evaluation of Read Disturbance Reduction Effect by SOT-MRAM Bi-directional Read on Device Size Dependence

IEEE International Magnetics Conference 2021 (Intermag 2021)

2021

Yuwa Kishi, Keisuke Tabata, Mengnan Ke, and Takayuki Kawahara

Evaluation of Read Disturbance Reduction Effect by Bi-directional Read on Ferromagnetic Material Properties of SOT-MRAM

IEEE/AIP 2020 Magnetism and Magnetic Materials Conference (MMM2020)

2020

Takayuki Kawahara

Annealing Processing and Emerging Non-volatile Memory for Al Chips

33rd IEEE International System-on-Chip Conference (SOCC 2020)

2020




https://ww.youtube.com/watch?v=Nz179x-K9Qo
2022.03.17

https://ww.tus.ac.jp/today/archive/20220317_3801.html
2022.03.17
Making Memory Serve Correctly: Fixing an Inherent Problem in Next-Generation Magnetic RAM
https://ww.tus.ac.jp/en/mediarelations/archive/20220317_3801.html
RAM
https://youtu.be/1-ffzDog_z0




