27pB - 1 BAT I BRI (2023)

Cu2Sb #(Mn-Cr)AlGe #EEE D sub-THz A I:%Tz%&“ A FI TR

Pee ARG, R Gl 2, /hH PR S EH 22552 R R Y
Ve ] MR 2, =AY 9%k 24, %w5V8 sk, &fE Afd 1!
(AR, 2 AR KR, 34w e e B, 4 )
All-optical investigation of sub-THz magnetization dynamics in CuzSh-type (Mn-Cr)AlGe ultrathin film
Y. Sasaki!, R. Hiramatsu?, Y. Kota®, T. Kubota?, Y. Sonobe?,
A. Sakuma?, K. Takanashi®*, S. Kasai', and Y. K. Takahashi'
(*NIMS, ?Tohoku Univ., 3NIT Fukushima College, “JAEA)

FLHIC

0.1~10 THz £ D B Ak I B D EBRIK LT 7~V VK EFHEN TV D, T 7~ I3 OE

L BRI OFBBEE NI T D Z LD, FIEEAMOIS - fERMRES 6G 35 L O Beyond 5G & X

N RMACEERE~DOICHANPRE SN TS, £, Ao~ ) VOB A+ 175‘3%
TN EGT LD T T ANV AE Y a2 AL W) SENTEER ZEO TV D, KR
VSRR G ME L NS T X0 8 TEER A N D MnGa iEIFEIZ B W T T 7~ S ORI 2 A 7“ 2
7 A . % TV BE NS SN TWAL2]. — T, T 7~ R LR 2= b O m 2h R4k
DI=HIZIE, BEEORELZH nm B2E £ CHBELT 20BN H 5. ARAFZE T, Si Ffk Bl @ imir 7l
ﬁ&ﬁaaﬁ%ﬁﬂ%@&%ﬂﬁiﬁi&%éﬂt CuoSh B (Mn-CnAIGe[3IZ 31T BRI Z A F 2 7 A 2D
TENEFNTIEE VTR,

BRI E

BERAL Si Fetk Elc~ 7 % b v A%y H & IV T MnAlGe B K TY(Mn-Cr)AlGe #ifiFak 2 1EHL L 7-.
TR AR L X FEAR 2 &, Ta(3)/W(0.3)/CoFeBTa(1)/MgO(1.5)/Mg(1.4)/MnAIGe, (Mno 77Cro.23)AlGe(d)/Mg(3)/
MgO(1.5)/Ta(3) (FEHAL nm)Th 5. WeMEEFIE d 1% 3.0~30 nm £ TA L X H7-. REHI IR I

400°c1¥1tw§'a L7z, B ORESE L VSM,
7 2 ORN BN IR ] o0 ks <Ot 7 —%h % (TRMOKE) %
Yl i‘é?ﬁ IR & 1030 nm, 0 3 UJE R L 10 kHz,

0.20

B O WG IT TEM 2 VTR L 72, Bk & 1 73

>
e T T T T T T T
7V 0§ 230 fs D Yh:KGW L —H—Z iz, g Mn-Cr)AiGe |
ERGREL L UER £L org
1(@)IZMEE d=5nm & L72FED MnAlGe 5 LY '%* ' (a)
(Mn-Cr)AlGe JEIE D 5 228 W5 f ORGSS 4 FE AR AT 2 =9 § oL’ L .
RV EEES 7 F TR R Kittel DR THHTX 2L & 0 20 gffo 80
Doyinote. K UbNZIEFERNN /e 7 v B2 T OIRRAK AT s 015 |
PE% 7797 (Mn-Cr)AlGe # % T, MnAIGe L 0 b/h&s7p 2 v  (b) ]
v 7 0er=0.012 A MRTENEGEL TR 2 L RNy o T, © _ 0.10F g
RE TS v & T REOFME iR 5. [4] I X ;
ARFZEIL ISPS FHF £ (21K 14218, 20K05296, 20K15017, .g B Q _
18H03787) 35 & UMFhnASE B T2 h 27 (19J20596) D BI Ak A 52 1) = 0 £ 535
TATHOIT. d (nm)

BE Xk

[1] S. Mizukami, et al., Phys. Rev. Lett. 106, 117201 (2011).
[2] N. Awari, et al., Appl. Phys. Lett. 109, 032403 (2016).
[3] T. Kubota, et al., Appl. Phys. Lett. 118, 262404 (2021).
[4] Y. Sasaki, et al., Small 18, 2200378 (2022).

X 1. (@)MnAIGe 35 L TY(Mn-Cr)AlGe &
BRI 33T D WAk 22 e 4k f @ﬁu %
FE O A7, SRR Kittel DT
ENTHE B2 )T, (D) IR & t" vz
T TEEL oers DIRIE d 7.



27pB -2 AT Bl BARERF R FANR I ELE (2023)

ELREE N TSRS I 1 2 T 3 IR 52 4 \ﬁﬁrﬁiix SE I E

MR — 2 SRR . AEMEIA 20 ARILEIL 2, NP 12
("HORABME, 2 5K CSRN, 3 PERRAT)
Broadband polarization-selective magnetic resonance spectroscopy using circularly-polarized microwave
field in perpendicularly-magnetized synthetic antiferromagnets
Y. Shiota'?, T. Arakawa®, R. Hisatomi'?, T. Moriama'?, and T. Ono'-?
('ICR, Kyoto Univ., 2CSRN, Kyoto Univ., *AIST)

[ZLHIC

WRT— A v FRKATICHES LI R RIL. o0 &7 3 RS2 AT A EE— 2 A L
THY ., ZOEESMMREEZFIAT 22 LT 7 VICREBHELZBINT S Z ENARETH D 12, —iKIZ, B
RAGIRHE IR B AS— A AN R DAL ERRRIE O~ A 7 n Wb D720, ZhvE TRASRILIRO[E
MR OFRmITIZ E A E SN T e ode, Eo, KRBEMERITRO BT A 12 L > TG #00S THz 18
WIZH B0, BHRITIENRRONTLE S, & ORI T, FEBNEREZ I LT o Ossatk g ok
FOPATICRE G LTe N TIRRBEME R O ILIBIZER L, REMO~A 70 A N v T8 E N, T » R
7T ERND Z L TR TR S S S E 2T 2O THRET 5 Y,

EEBRAE

AEHI R EMALE S % 52 Co/Ni RN — 2D N LEREEMEREZ AWz, IRHEERICFRE~ A 7 2
EREISEDLEDICA—N—D TV T IGEREM~ A 7R v T8 ENAT Yy AT T %
W72 9, Fig. 1@ 2R $ & 912, BEMERI 6 U CREICHIB Z M L~NY MLy U —2 7 F 5 4 % (VNA)
TSy ESEETNENMET D2 LT, EAMRE~A 7 aiflc X554 2 iz e Lz, £/, Sy
ARG NV LS, AT MV DFESETRD Z & T, BRI OEIGmEZ B — 2 OfF 5 TR TE 5 X 91
1E BB AT - T2,

KRR @ ® "
Fig. 1(b) | % B B Ak A\ T 5 3 B 1E 14 Szt Siz 5n
[Co(0.2)/Ni(0.6)]s.5/Ru(0.5)/[Co(0.2)/Ni(0.6)]:.5 st ponz | | poni porz| o
(BEAZ : nm) OFBHZ I CHIRE L 7o 5 it I. i i1 £,
BT, T DR b ALK AT O R R

N

f (<100 ~ 100 mT) (T3S T[AldAEMM: oD 5
725 ZODRKILEE — B OEBEEH IR
L7, F-H O ER LRI BRI 72
FEAT D~ O 3R 6D o ILIE JE IR B DGR AEME T Hew @
b LRE S X O sk b R
REe—HTHMENEONT,
HIETIIHEY I 21— aitkoT
1Tolo~A 7 vl OMMEIARTE L=k 7
AF I AOFFEMIZOWT Hikin T D,

o

Frequency (GHz)

™

Hext ®

Magnetic field (mT)

Fig. 1 (a) Schematic illustration of measurement setup for
broadband polarization-selective magnetic resonance spectroscopy
using circularly-polarized microwave field. (b) Color plots of
AS,, —AS;;  on  perpendicularly  magnetized  synthetic

antiferromagnets.
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THz magnetization dynamics is a key property of antiferromagnets that could harness the THz forefront
and spintronics. Recently, advancements in THz techniques have realized some of the key experiments on
antiferromagnetic resonance. However, the measurement principles used in those studies rely on the volume
of the materials and thus the same principle can hardly be applied for characterizing thin films which is a
central interest when considering any antiferromagnetic integration devices.

One of the solutions could be the DC voltage detection of the magnetic resonance resulting from a
nonlinear coupling of the induction current and the magnetoresistance change associating with the
magnetization dynamics, both of which are irrespective to the volume of the material. The only concern for
this method is that it generally requires a sizable irradiation power of > mWatt, which is to be resolved by
the gyrotron irradiation that is introduced in this study.

Test samples, ferrimagnetic GdixCox (20 nm)/ Ta (3 nm), were shaped into a 1.5 mm x 5 mm piece with
electric leads connected on the longitudinal ends for measuring DC voltage. The sample is then placed at the
end of a hollow waveguide carrying 154 GHz continuous electromagnetic wave fed from the gyrotron

apparatus. DC voltage measurements were carried out with sweeping external magnetic field. Figure 1 shows

DC voltage measurements for Gdo.17Coo.s3/Ta film at various '
I @ 154 GHz 300 K
temperature. We observed a clear DC voltage peak (marked by N *
0 2 uvl N 200 K
the star) at a certain magnetic field and the peak shifts with = Pw'/‘-.\?' -
g
varying the temperature, which are consistent with the resonant E’ ]
(=}
. > 50 K .
properties of GdCo. - % ’
W——
As the gyrotron frequency is scalable up to THz, our I
. . . 2 4 6 8
demonstration can be an important milestone toward the THz woH (T)
measurements for antiferromagnetic thin films. Fig. 1 DC voltage spectra at different

temperatures [1].
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Fig. 1 Dispersion relation of
acoustic magnons on SAF.
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