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Spin wave excitation by ultrafast magnetic field pulse for magnonics

Nagashima, Takeshi
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TGG YIG TGG

An novel scheme for spin wave excitations using near magnetic field pulses
induced by optical pulse illumination was proposed and invesigated.
Terahertz radiation spectroscopy and optical pump - terahertz magneto-optical effect probe system were
developed to study the mechanism of the optically excited spin waves. The excitation of the spin waves in

YIG by the magetic field pulses generated by optically excited TGG was examined.
During the course of this research, characteristic terahertz pulse radaition from TGG excited by the

optical pulses was found. To calrify the origin of the radiation from TGG, the transmission of terahretz
waves through TGG was investigated.



¥ XL C—19,. F—19, 7Z—19

1. WFZERsE S0 5

AE P EERAE ORIV~
T )= AT N ATIEAE VR AENE
BCTHhDH. PERIEIC K DA &35
0% 100 GHz LA F O 7 7 Z ~ )L fiigkic
LEESTEY, FRUELEZOLNDT

TV IR B DO RIRIINETH S .

Z DR AE D A ¥ P ORI X PR
Her L ZAE AV B ATV AL, 2].

ZOBRRITT = A MRV A B
FHZ X 0 BEERCH 7 7 77— R &
0 TRHME (b 2DWIEREE) VA B34
L, 2B MY HEZos TAE NI
Ehd, LIRS TWS., ZoW7 7 F
F=HWRBET I I NE, @A UM
HAEDT OIS SV A E RKEL TER
EREL, EERICBITD 7 777 —%hE

(VT ER) DR MBI R
BWZ stk b,

L AVRMEHED N E TOZEND
JAhiE A B R b LT EROMIIE T
BEND &5 BN <, B L 2%
R RMEIACTH 5. F206 00 A MRS
ECIHITED BB BB EREHS 5720
WCHMENE BRIRT DM EN B 508, HEH D
ZIVE TOMFETHEHZ L > TITo v 2
FEIZX O A EERMECERWEERH
D EnbnoTnd (B B $ 4.3 THz
D Co0) . ZDO=DEEHMERIZEIT DA
VU EEIE DB RN ML o TN D.

2. MO BEW

2V B TR ORI WS~
T )= AT NA ATEELEZONDE
BN CTORBEERA R 5%
R REET 5. 7= b MY UL A R
Wk DAV UEEEEE WD, A
NS T ST BRI BT T~V B
RAfEIR 4> ¢ (THZ-TDS) THi T %.

FPREBBEH SV AR ETH L E
Z OB ELDOERERE & Z OISOV TR
HT S, BRIV EROKRX 72
TGG 7> & DI IV A ke 7 7~ 3 fi bt
BEME R ONT T~ LY IR B A R D

WA BFRRENER D FL i CHRAET D2
Wl AR LT, BHE DN L A
EIE T A RN RS > 7= A e
B DO &2 A 5 .

3. Dk

Bl A R E OMES & Fig. 112K
T R E RS VR BT A IR B
FIAEBE OBERER 2 (ERT2 . FEh]
DUTHERS S NV A & U CE BRI A &
VAT S, LTI L 2R

(3:38)

IR, FRIUC L o THEREITA E UK
MHBEINDE LN, ZNHITANRED
STH LV,

WL A
A Vi
B VA (MR
xt’yi&w)@\
A AaY V411 ¢ S a— -~

RN T Y WS L
R PERHERR

Fig. 1 AUEHIEEOIEA .

ATty 1 AN PN A/
WMEENINE TITHRTE IOV A
& NiO & X MnO 225 DT T~V 8L
AFEHHRET S T 7 T T =R T UIC K
DEMMICHTX 5. S ABREHZ X
0 SV ZHEST T AN AL ANEFRJE D IRF
A7 — N CTHALDOEEBNEL D, Z O
BB 2 A4 U S 5 A0 % i v A
IS, LT EHNBRE NI EH T 7 7
T—hR, TROBEESVANRKEL 2
HiEZLND.

T 2T, AR TITERM B E LT
T EHAS 87 rad/(T m) (£ 800 nm 12 T)
EIEFITRK E WEFENEIR Tb;GasO, (TGG)
WZEH LE[3]. £9 TGG DY v A fhikd
e 7SIV A DR E EJ T T~V A
ZRE L.

Z DA b RRBEVER MnO A3 ERERRO K
XSG SNVAERETAZENZNET
DFEH DI THNoTWND. AV K
S DRZAZ B E LT, R 7 -
T TV RO R RN S AT L &
ME L, Jor UV ABEHNZ X 2 M BHRE DR
R Ryl

%12 TGG M O} Gd3GasOy, (GGG)
W IR (YIG) 21ERL, Lo
ITHER N A & R OF B2~
EN X H 72 IR L - R EE 2 A9 5
T TSIV WIS AT MR .

(1) 7OV AJHE TGG 725 DT T~/ ik
Lh)

L0 RE 2L ARk R L A &
BH DIV T EROKE 72 TGG 12D
WCHE MM Z A LT,

W77 7T —WENEL DRI, HiR
FeFhiR Y L A RS L o TRéSR 7L AN
AU, BERPUEGT i 28 U CAiis7e 7
TIPSV AT S IS,
UL R 800 nm & UV SL AR 40 fs DY S
NWARENC K > CTRAET DT T~V R
VA Z BN LT R & Fig. 2 12



(2

(b) T T T T

TGG
= 1F 200mW, Tmm
g 1 PO Y
g‘ 0 AR ! n\«“‘ WM ‘M A P ‘
= v
e
=
g
< Ll
3x10° 1 1 1 1

5 10 15 20 25 30
Delay Time (ps)
(c) T T T T T
‘. TGG i
80x10 200mW, 1Tmm —P
—_~ — S
= L
ER \ —R 4
s \
K
Q
3 40 j -
&
E i l
< 20 | \ \/V \ -
0 1 1 1 1 | %
0.0 0.5 1.0 15 2.0 25 3.0

Frequency (THz)

Fig. 2 (a) FEBREE. (b) SHRBREDOHK VAT
JEE 2N TGG 6D T T~ Wl . 7t 5 P,
S, L XU RITZNZI p EHMEE, s BRI, ZH
D FEE L OEENY [RSE. (c) (b)DFEEE 7 — 1 =
B L THOLNTZIRRART .

Fig.2 (a) (2T X D ICKMFELIRED
Herov A NG 45 FE TR L, O
TN S DT T~ 0 2 %l
E LTz, ZAUIRAL BT S A HETT
AL D728, BERM - o —7
DOBRPZBH TR D LT 5720 7T
b5, RBREREHTOE—LRARy ME
Z5mm ThHho7-.

B oS % Fig. 2 (b) (127,
L5 P, S, L KO RITFIE /v 2 DR
REEEZELTBY, TALN p ERFE, s
B, 2210 PR R OV RN D PR
WZHRHE LTS, JRHRT 7~ Er
AWNBII S TR, F ORI K OVE 5 A
7 R JU(Fig. 2L YL 2 DR Sk
BIZEBRWZ Enbnd., 7775 —
HRE TV TIEMRE DS E TR b BN
WAMKREL 2D ETRENDZ LD,

DOBIHEAENEE L TV D AR H 2.

Fig.2 (b) TI% 1~1.5 THz O I a5y
DRBRPHD X IICH AL, Z ORI
i) & D> DFFRE 72 b 23FAE T D AT REME D
H5.

ZZTTGG DT T~V IRIFIE IR A
7 MVOIRERIFEZRE LT, # 2% Fig.
3TN

LOpmv—T T T T T T

TGG (111)

Amplitude transmittance

Frequency (THz)

Fig. 3 TGG D7 7~/ HFHBME AT bV OIREL
1t.

RETIIHS A TRWA, BEOKRT L
L 12 1.0~1.7 THz OB OB BB BB
5. BEBROBAITIRERTICIEIZ®G L
TEL, MLPOEBAIIFELR I SIS
B2 5. TGG FEAMIZEEERTH Y,
RN B SN2 W TTh .
PLEXY 1.0~17THz X7+ / X 5%
UL D RIHEMEDS E 0.

Fig.2 (b) » D WE (c) TIERiR LA
W28 DT T~ PR R OTFEILS E
TEXR2WNWHOD, Y VAR T + /7 v o
HDT T~V N EE L TN D
LbOLEZLND.

(2) H/SWVAR T T T~ VYRR
R v — T HE

YoV AR T T~ I B D
T, AV UENDOBHFZ T TIERL, Ok
X¥ U T ARG LIk mES L CTHEL
HWENDZENDD. KNV ARST-T 5
ALY T —THRIZE VT )V T OR
MAHTETE S, ARLTIEICELY MnO 12D
WISV AEA B U & &b, ok
Fr UTHRERINDEZ ENRDNLLTND.
AV A BETHIChTE0,
X U 7T OARIBRRITEERSEILRD.
WSV AR T T T~V T 0 — T
TINFX v UV 7T OFELOZEDFME D
ZEMTEDLOD, v U 7R
DFEMIZ DN TEE o A AR E L.
T ITHFx v U T ARSIt 5 7
DIZKF Y VT OREE (ETHHNIEFR—
V) BHIET D FIEERE - LT,

BN 0.8 T FEEE DOREG ZFIIN L 7278 &
K SNVAR T T T~ T a— 7
ExT 5. RO % Fig. 4 127,
Her S A DY K LR, TOEERD



2OV ANEIZF N F R 1 kHz, 800 nm M Tf 40
fs ThH-oT-.

EO sampling

Radiation pulse
[ ’ | Pellicle Probe pulse

—WG3

C—IWG2
ﬁlt.er '
g: -\
InAs : H Pum
ﬁ‘t/ P
Permanent I J

magnet

08T Sample

Fig. 4 Yo/ SV AR 77 T~V SR~
0—7' 2T LD,

Tu—7YE LCTEBRRELET 7~y
PN 2R NFSEDMR, ZORF VA
ORI 23 5. BTt sy U 7ick
> TRET 7~V P id— I FE R Y6
2B, XX VT OMEE (BE1HDHVIES
—L) X VRO A~Y 7 ¢ —3Y)
VDD, T T~V 0 2 DR
REEZFHHT 22 LT, v VU T7To0EE
HETED.

JRBLSERED 72 DI ki GaAs w7 =
\ZOWTHIE L7z#s R % Fig. 5 1=, Fig.
SITNFIE X v U 7 AR L TW BB T
DFT T~V RV ADEGRT v
DO Z R L TWD . KT T ~b
VWV AIFERRIETH Y, HoOLEEND
ThHZEND, PRIND X HICHEE
FNEE RSB Z R L TND 2 ERbn
5.

0,004 - = Pump’gL
4 Pump 50mW

0002 -

=
i . =
A .. e e
o, 0000 o - .
[ aaaad A 2
-0.002 -

-0.004 -

T T T T T
-0004 0002 0.000 0002 0.004

Ex

Fig. 5 Yt/ SV AFHEE GaAs 7235 DT T~V S <
IV A DIFSEIREE.

MnO(111) MnO(111)
4| (@ Kerr RT (b) Faraday RT
08T 08T
) Delay : ~10ps 2 Delay : ~10ps
S
> 0 S OF A s ppaRe i
o b Sl axt
2
2
3 —a— Nopump —a— Nopump
—e— Pump: 1W —e— Pump: W

Fig. 6 (a) X \b)IZZ L UL Z i MnO f & ifi
K OEHD D DT T~V RGOV A DIFEIREE.

Z A% MnO(111)HuRkG &b (23 L 72 76 3
% Fig. 6 (29, ()L ON(b)ILakkH e m C
o UT=T F ~V 7 300 2 O T
TR LT T~ 300 2 DRIk hE
ARLTWD. (@KROObNE, EELT, Z
NENBR D —IWRKE N7 7 7T —h %
KL TWD., WTERDOEEITYH, Ry
TOFE X > TREFT T~V LR
DOIRICIRREICH B B3 780 HiL7e o
72. MnO TOY¥X v U TITANEEOKE
723d Ny RiIZERESND ETPRREND. A
NEEDRENWEDIZT T~V LR
OIFIEREEALN/NE L, R AT AT
BHiCE ozt EZOND. 5%, E
AR EE O TREE N 2K 5 2 & T,
Bt R e v U 7o T LW %< 0H
RaEons tMfEans.

(3) ITHERES SV A bkl A B D H H

TGG 28T B miys v A %2 FlH
L CHBEMERTH DA v N T AT — %
v NED A ¥ i & 7l A 7.

BWAREIC LD TGG(111) 2 O GGG(111)
FEW D YIG A /ER U7z, i B T
L, YIG AR % iAfiR U7 il e A e a
— 2=k ER EICBfE L. D%,
FERUE T 700°C (ZE5H) T2 WEfEgERL L
<L BA EBERCA 10[E#R VR L, JE X 0.5 um
BREOREZ 57,

—75, BEMEET A % 1.6 m £ THLK
L7eT T~V W o AT W a RS
L7z, ZHIZ X Y HE KT 5.3 ns ORFELE
NELND. B B 189 MHz BL_E DRSS
ERHTE 5.

RTINSV AR R, T e —T R
Jb A DRV LR Y2 DR 2L 2 e
T 5 FIETIE, RS 5~7GHz FRE D,
EENZET R U EREBHIES NS 2
EWEBITNS., AL TH AR 7N
AR Lo TRV ERR SN, Z
NHENST T~V RSB LN D &
FESs.

ERY AT AEA, ERLZEEHOL
2OV A (2L AE 130 fs FLEE) 2 ASTA 45
FE TR LT T~ it oo # H A 5 A
7=, WIE 7 A XL EDE B3I & s
otz WEIFXER TEm L. KoL A
Ze AR B OSBRI D 2 U2 U R L 7235
BIZDOWTIRRTZN, Hr VAT R LF—
200 pJ FEE £ TTIET 7~V IS 13
HEnznoiz.

BN TE R ZRKE LT, ALY
B BEEK IR A K> Tt & b
BRI O EIGIRE LT OB I T 5
2, BRETHREEENT T~ LD
HBHOEWITR W26, BRI LR E L <
INEL o TV DATEEMER B Z B D, &
HIZ, BERLEVAT AT, BEENn-



ARl AR5 C/IIE: A NN e o3 w1 ol e
JeL, EEEOBBLMEIICEVFHES T

HETE 7o —7 v 2L 5.

JE B 5 GHz TIXERE O F 1 60 mm
EIEFIZREWZD, JERDIEFER DK
XX (50 mm) TIEEHTIC X v ESENT,
BENBHTE RN EREE X
Lhb.

[ 3Ciik]
[17 J. Nishitani, T. Nagashima, and M. Hangyo,
Phys. Rev. B 85, 174439 (2012).
[2] J. Nishitani, K. Kozuki, T. Nagashima, and
M. Hangyo, Appl. Phys. Lett. 96, 221906
(2010).
[3] M. Bakunov, R. Mikhaylovskiy, and S.
Bodrov, Phys. Rev. B 86, 134405 (2012).

5. FRFEELIRLE
(BFgefRdE . WFgE 0 S ONEHERF gE
ERS S

UdesEamsc)  (RE 7 1)

[1] J. Nishitani, T. Nagashima, M. Lippmaa,
and T. Suemoto, “Optical pump-terahertz probe
analysis of long-lived d-electrons and
relaxation to self-trapped exciton states in
MnO,” Appl. Phys. Lett., vol. 108, no. 16,
162101, 2016.

[2] J. Nishitani, T. Nagashima, and T. Suemoto,
“Magnetic-excitation-assisted
photoluminescence from self-trapped exciton
states in MnO,” J. Phys. Condens. Matter, vol.
28, no. 1, 016004, 2016.

[3] J. Nishitani, T. Kurihara, A. Asahara, T.
Nagashima, M. Lippmaa, and T. Suemoto,
“Photoexcited d-electron dynamics in transition
metal oxide MnO studied by optical pump-THz
probe measurements,” Phys. status solidi, vol.
13, Issue 2-3, p. 113116, 2016.

[4] S. Tokita, S. Sakabe, T. Nagashima, M.
Hashida, and S. Inoue, “Strong sub-terahertz
surface waves generated on a metal wire by
high-intensity laser pulses.,” Sci. Rep., vol. 5,
8268, Jan. 2015.

[5] & i, #FITEE, <77~V 0l
EHEE,” MRA AN, vol. 19, no. 7, pp. 6-11,
Jul. 2014.

[6] J. Nishitani, T. Nagashima, and M. Hangyo,
“Terahertz radiation from antiferromagnetic
MnO excited by optical laser pulses,” Appl.
Phys. Lett., vol. 103, no. 8, 081907, 2013.

[7] T. Nagashima, M. Tani, and M. Hangyo,
“Polarization-sensitive =~ THz-TDS and its
Application to Anisotropy Sensing,” J. Infrared,
Millimeter, Terahertz Waves, vol. 34, no. 11,
pp. 740-775, Aug. 2013.

(Fx¥EE£) GE 5 4
[1] (#E#5z45) Takeshi Nagashima
“Terahertz Response of Electron Charge and
Spin Studied by Time-domain Spectroscopy”
The 11th Conference on Lasers and
Electro-Optics Pacific Rim (CLEO Pacific Rim
2015)
(No. 28B2-2, August 28, 2015, Busan, Korea)

[2] J. Nishitani, T. Kurihara, A. Asahara, T.
Nagashima, M. Lippmaa and T. Suemoto
“Photoexcited d-electron dynamics in transition
metal oxide MnO studied by optical pump-THz
probe measurements”

11th International Conference on Excitonic
and Photonic Processes in Condensed Matter
and Nano Materials (EXCON 2015)

(Inorg01-Tu03, May 19, 2015, Montreal,
Canada)

[3] PaRfi—, BIREZ, EEES, EE
v T sV Tv—, Kt

NER A BEELY MnO (28T 53¢ d
BrSAFTIT R

A AW B35 70 R ROR S

(No. 23pCP-7, 2015 4-3 H 23 H, FAGHXK
)

[4] (FHFFiH{E) Takeshi Nagashima, Toshiyuki
Iwamoto, and Yukinori Satoh

“Terahertz ellipsometry for evaluation of
wide-gap semiconductors

The 5th  International ~ Workshop on
Far-Infrared Technologies 2014
(IW-FIRT2014)

(No. 6a-5, March 6, 2014, Univ. of Fukui,
Fukui, Japan)

[5] (HFrkE) B
(7T~ e T YA RY—]

Oy H ATk EL2 5182 FB 4 B 19 [\
FEss (2014 451 A 30 H, KIRKKFHZ
Bt &—)

(XEF) G o )

(PE 26 M PEAE)
ok IL (Bt 0 )
oSk (Bt 0 )



6. WrITiik

R EH
B f# (Takeshi Nagashima)
BERIRT - B AP TP - HER

%

WFoeE %5 60332748



