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New diode effect mechanism by a magnetic anisotropy torque
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In this study, we have obtained the diode sensitivity of 4.40 x 10 V/W
which is a bolometer level thanks to the heat controlled magnetic anisotropy and spin-torque auto
oscillation. This diode sensitivity is the world"s best in the sub-GHz frequency region. The
magnitude of the heat controlled magnetic anisotropy in this study is approximately 2.7 p J/Wm which

is three times higher than the previous result. This result was published by the journal "Nature
Communications"” as a first author. This paper was published by "Nikkan Kogyo Shinbun", "Denpa
Shinbun", and think piece of the Institute of Electronics, Information and Communication Engineers.



¥ X C—19,. F—19—1, 2—19 (58

1. BFFEBRAG S R DT 5

AL b= AT R R OAE AT A% o a=r
FIALIe~ A7 ai R R IREINTND, AEV ML Y e A F— FEE
AF—RZhE[A. A. Tulapurkar et al, Nature (2005)]i%%
D—DTHY, MT] (T~ A7 iz IS 5 LE T EE (5 MTJ
AF—REE) BREETLIBLETHS (K1), AL MLy
B AA— RN RANL GRS A A — R a2 DR 2
TAHZENRHBNI2 D72 E[S. Miwa et al.,, Nat. Mater,
(2014)], Mg/~ A 7 ORI EATEL THHE HTH D,
DI, AE = ZATIE MT] 3R IARO G - @5 5 B2 1558 7L L THIfF S Tn5, 8
REAF—ROF A A — R 3,800 V/W ZitB 2 722 &R, AR EE DM L3 ED LT
BO. KI8T V/W DX AA—RKENIREIINTUWALS. Tsunegi et al., Appl. Phys. Express (2018)],
ZOMMEEZ BmEEAASEHILIZEY | AE UMV E A — R RO R#EAZ T 52l o7
W, FIZIE, BIERLFERW —FT TT7 478 THEAZSN TV DR A—Z T SRIMRJE I HCH T
24 J V/W OB EKE -~ A7 il B EE S5 8 L T3 [https://www.irsystem.com/product/
bolometer/]73, ) 1 GHz ¥T65 TIEE D X7 B ¥ A A4 — RIS TS S TRy,

AL IVI LA A —RO@ENACIIE T @ EAE L VY OFI |3 B AR 2R3, mzh$
AE VMV DL TIAE U NIV AT 7— V7 AV HE NV | IR RS BT b, B
FEBIESTEEMICIDAC VY (LT, BFERM ) REPMLN TS, ITF, Fox 138G
L7 5 MgO[FeBMgO RICEBWCIHEF ICRKEREEL KIET 2225 LM, Goto et al., Nat.
Nanotechnol, (2019)], ZAFFE ML 78T, P a— VB> TRER EH L, R EFHENEN T2
ETHALIZAE L DAL U ML ThhD, RFREHI Tl DAY U R TUAT 77— L DR E L A7) &
BB ZIIZD 10 SREOKREIEZHTHIEN DT, BARE UL, ZTNETIEE D ENE
BB T L DBIE N, ~ A7l A CHINE T DIEE Ml BRI 572 Th D, 2D
FO e RESEH R R BT EBENRIETILZIZZNETE B SN TEL T, 5% IO & 5
WL T2ZE T, EHRDNVITRE D KRB WFRFCE D, RWFZEIL, 8RR A A — N2 B2 oA
R U THEL BGRE L 7 |IZ XD @B R A I 72 TN HZ LT X AA — R RO &
EAREZETRESTEDD, EVOIMEIZIED,

T ) — 8
| g

- 1 BRI C B
R RaAUhe A (MT)) &
1A — RO,

2. WFFED B HY
AN I AU M Z AT —RIZRIHATAHZET, AT~V EO B EICB N T, Rar—Z1
~V (245 V/WEULE)DEHREZ BT,

3. WFgEDJ5ik

BN L7 NE NI BT D LIRSS MgO|FeBMgO #1& D MT] & 5, EIRER T . B~ 724k
R T IR W T~ A7 a2 FINU 7RISR A L R R AR E 45, £, s ER o2k
7R EEFARDHIE T, XA —NELEOBAEFTERIZ OV THLMNITT S,



AWFFETIE EREMT] 2RI 9528 T, R A—2 LA

1[)7 3 T T SR T
DX AF—REE (440 T V/W) EEBRTHILTHY e L
2 AT o
L72(K2), ZhUTEFID B Th-7z 24 J7 V/W %13 Z 5L |
BN BH AF— R T, = S ;
B3I ARER TR AR LET, -55 dBm © Il EI ko
AR
BN OZA7PEERTICHINT S8, R CHI10.6mV & TAA—k
@Iﬁ{ﬁ%{fﬁﬁi%{%‘?‘é:kb\ﬁj\blof:(ﬁﬁ@?@%ﬁﬁ%%)0 1 1 1 L 1

-
o
S

8 10 12 14
0

FIEOFAK 116 dB ZET DL, X4 — g R e -

(349440 77 V/W LD, ZOfEIE, SNETIZAE UMY o 20— R 2 8 5 %5

IEAF—RICELTRES MRS OF (4 — R APFREOME ST, fERORA—F L
. AUV H A — R OFERE ENE

(20 75 V/W) DF) 20 fEDRESLIeD, ABFFEORE R E LI DO G,

. B ERSR OB EREZER LU TOIS A

FFEnD,

TN B DAY i T O %R IX
WERMFFEDKIBAE (2.7 1]/ Wm) DREETHLHI LD
BN Te, ZOBUI I DAL il = O 1A L
b AF—RBIEDOH KO —FThoLEZLID, : =

0.0 0.5 1.0 1.5 20
ZOBZ LA AL, (kDAL hr= 2T B35 (GHz)
DAL TND AL L AE AR E DI T~ T, 3 #J1-55 dBm D~ A7HEER FI

) o _ HUNMUZZRRIZE AR LR EFI I~ A
BEMERE DR ZESU TOARPELICSWEND oyt oo 8 38 5o BIR, 48 0 8 I 5T
RN, BAOEBILE, BFO/AAORT  BERELEARLN TN, ZOU—I K

) . . BT E B IC L > CTERTHZENT
REFEODEDETITORMBLIED, TDLIRIE X Jrb- 1T EBREE D F5 1] 00 FE A
FICBI DALV FELL A ThOL IS REORRERE ST,

N5,

—H T, ZOFEFTERABITINT THATIvIL PO RBRE LIRS, 2, F O/
PRFDIEIIAD M L7022, Tk DFA T RHRADO~ A7 23 D/RT—73 = BIZT 2.4 pW Hz '
Lipole, MAMBIREAR R A—ZEFEUEMFTHIET 5L, Foxr OFEFI1E 10 £5225 100 fHEEREN
L7025, FERAVITIZ, KOME R~ A7 m DR A2 FTREIC T 57012, FEF O R A OIRRE LA
HEDH TN,

ARWFGEOFEFIT, AR FEF 2L L C Nature Communications 38 H#SA17=[M. Goto et
al., Nat. Commun. (2021)], ZOa 33 A P LEF M LB e L1, B FRBETS
—a—AfFE L E bR SN, o, BGEEMRE T O RESEZHERSE L7201, Y
7 LA (CoFeB|MgO barrier|FeB|MgO cap) ® MgO cap DIF/ECRE G2 b ST, ZDfE R,
MgO DR Z LT ZETRRDIE R T DZEN 0T, ZORERITMERFRE L LEEZ OB
Z# L LT Journal of Physics Condensed Matters s iZ$8#iS7=[R. Okuno, M.G., et al., J. Phys.
Condens. Mater (2020)], EHIZ, RFEFEZBWMOFEFLLTHWDLZET, v/ A HiESE 52
ERA[HETHAZEL LM o7, ZO RS, Applied Physics Letters 5612388 S417-[Y. Yamada,
M.G., et al., Appl. Phys. Lett. (2021)],

12 T T

TAUOREN T
=55 dBm -

RELKEREBE (MV)
o



3 3 0 2

Goto Minori Yamada Yuma Shimura Atsushi Suzuki Tsuyoshi Degawa Naomichi Yamane Takekazu 12
Aoki Susumu Urabe Junichiro Hara Shinji Nomura Hikaru Suzuki Yoshishige

Uncooled sub-GHz spin bolometer driven by auto-oscillation 2021
Nature Communications 536 536
DOl

10.1038/s41467-020-20631-0

Okuno Ryota Yamada Yuma Goto Minori Mizuno Tomohito Yamane Takekazu Degawa Naomichi 32
Suzuki Tsuyoshi Shimura Atsushi Aoki Susumu Urabe Junichiro Hara Shinji Nomura Hikaru
Suzuki Yoshishige

Enhanced electric control of magnetic anisotropy via high thermal resistance capping layers in 2020
magnetic tunnel junctions

Journal of Physics: Condensed Matter 384001 384001

DOl
10.1088/1361-648X/ab94f3

Yamada Yuma Goto Minori Yamane Takekazu Degawa Naomichi Suzuki Tsuyoshi Shimura Atsushi 118
Aoki Susumu Mizuno Tomohito Urabe Junichiro Hara Shinji Miwa Shinji Suzuki Yoshishige

Quasi-maser operation using magnetic tunnel junctions 2021
Applied Physics Letters 192402 192402
DOl

10.1063/5.0050151

3 0 0

Minori Goto, Yuma Yamada, Atsushi Shimura, Tsuyoshi Suzuki, Naomichi Degawa, Takekazu Yamane, Susumu Aoki, Junichiro Urabe,
Shinji Hara, and Yoshishige Suzuki

Giant spin torque diode effect induced by nonlinear spin dynamics in double-MgO magnetic tunnel junctions

The 80th Japan Society of Applied Physics (JSAP) Autumn Meeting 2019

2019




Y. Yamada, M. Goto, T. Yamane, N. Degawa, T. Suzuki, A. Shimura, S. Aoki, J. Urabe, S. Hara, S. Miwa, and Y. Suzuki

Microwave emission using two magnetic tunnel junctions with positive gain

The 80th Japan Society of Applied Physics (JSAP) Autumn Meeting 2019

2019

R. Okuno, Y. Yamada, M. Goto, H. Nomura, and Y. Suzuki

Efficient heat induced magnetic anisotropy change by a multiple interfacial cap layer in a magnetic tunnel junction

The 67th Japan Society of Applied Physics (JSAP) Spring Meeting 2020

2020

2021 6 —_

(Suzuki Yoshishige)




(Hara Shinji)

(Urabe Jun-ichiro)

(Aoki Susumu)

(Yamane Takekazu)

(Degawa Naomichi)

(Suzuki Tsuyoshi)

(Shimura Atsushi)







