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The ultrashort strain pulse is a picosecond pure mechanical stress without thermal energy, hence it has been actively utilized for the
efficient control of magnetization as new type of an excitation source. In the main body organized into two parts, first I briefly
described how to generate and measure the ultrafast strain pulses. In the second part, I introduced the current research for
magnetization dynamics excited by various types of ultrashort strain pulses. In closing, the prospects for ultrashort strain pulses are
presented in the viewpoint of ultrafast nonthermal phase transition for various materials beyond ferromagnetic systems.
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switching
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Fig. 1. (Color online) Simple diagram of energy transfer among
electron, lattice, spin, photon systems.
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Fig. 2. (Color online) Temperature profiles of electron (black), lattice

(blue), and spin (red) systems in Nickel calculated with three-
temperature model.
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Fig. 3. (Color online) (a) Modeling of the lattice displacement at Ni
surface. (b) Modeling of the strain profile in Ni at A# =35 ps.
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Fig. 4. (Color online) (a) Schematic picture of the time-resolved
pump-probe instrument. (b) Description of the delay time between the
pump and the probe beam.
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(blue) and Ag/e (yellow) of (c) the front side and (d) the back side.

& A7Eo] WM drh17-22]. 18y 231 FYol=
ARl sligshe o A7PES 7k = glems g

o=z A7} Hof 9}11 °‘%k°111 glo]xjel] ol A8 EW
oA HAE ~E 719 WEke g Huiey] &
o 23R Fo AR5 quo}ﬂ oleiitt. ZEd|)] H2%
299] T AR8-2 A WEEA (ferromagnetic semiconductor)
¢l GaMnAsellA] 25 WREACH[6], oo dellA 7
A4 Niol] theh byt S HEALS MOKE Al&e] A4
SRE BT SRSl deAge] SAE WEEsAnH T
Fig. 5= ¥ 2= p=35%lA] Ni(270 nm)y/AlLO; A&
ehAel (a) WS AR, (b) MOKE A% AG¥), MOKE
S Ag=), 28| Aﬂﬂl,] (c) ¥ALE-, (d) MOKE <=
- AQ9), MOKE 3195 Agl=#hZ YERA A°]th Fig.
52} 5(c)e] WAEell YeRd R 2ol <F 100 ps P 5

AN AEE B 5 ke, Nigh ALO,S ofFE] 9l
2(Z=pv)d] FAgto 7 wslE WAL Wole]zt v= 15600 m/s
o= NREE Y& skt Al AlRteldh, WA
T U Hog2 FARASU re = Ly — Zinos) (Zyi +
Zinos) O1BE viA| Wo] A Eo] tE widS A ujo
Al Aoal Azkshd Eldk. 9P MOKE Al (Fig.
5(b)) AM= Age} s B glo)A] Hze) oa A
Sh= 0 psellAle] B2} &dF o] oF 70 ps T2 FEshHe=
20 AR} S5 g, Aol nlaf s AlSellA
HARS oA YEREE 100 ps PHote] 212 21a7t Bk =
AL} o]AS Z2EHQ] B2 vojejel 2uFte] FeARE-

o <J3) al—x@&] A, 23 A% A 7HEAAL 95}
o ¥ MOKE A5t SAoug ghHo] oz

087} Yol oA A B olol.
EdRl e AEAEe SEolie] 20 A% 58 2
Agozn Bt FashA ERIFAET Fig. 5(d), HH=
HE d2vh AY =2 S glers {93 o] o
(excitation source)d Z~EHHQ] 2} AR ARl 55
=3 AL ou)3it}. o] 71¥9] Landau-Lifshitz-Gilbert
(LLG) A8ARIG)) =EdA a2l 27|ekAdoyA)

(magneto-elastic energy)S F7I5le] 7l&d 4= Qo).

N
aM

%
dM - = a—
Yo (Mx Heff) + Vi i

dt ®)

.2 My 2
Eg, () =K sin" 0+ —Z—ZN,.M,.(r)
’ “)
—,uOZM(Z) ext i~ 2 A eff(t)cos 6.

A3)e] 22 A T SE A7 (Hey) ES
2 3 29 AR 58 B4 g

W2
& fra Ao
He oUA] 7] IS 7Issiar slom, ool 24
TS Uehlls AGE o AolErt LLG WA
ke RE A71g Busk Bash) Alse] A4
ALE ()T ASe] ghoe HEd oz Qojxme
(Hefr=— 0E ;. JoM) 2)(4)5F o] B8 o= Helg 7]
Fae 0] FR3T). 2@ At BRI, 4
2}, Ak, A7 e A] gro g Aelen | 71Ee] o=
Fel= AT = AlefslaL 7leHd o, SEd
)l B2t 29 AR 5 fieshe A3t dHAEA A
2 upAet e kel siaske B30 Boln itk de



<34 E=1>> Journal of the Korean Magnetics Society Vol. 30, No. 3, June 2020

ANE RS AP Alole] Zimoln, A A EFAIS,
o= pA(n-2pAT) FE 2EFHN@EHE uidit). A7
sRe] AAZRA (0 =0) ORHE AEHS T wy w
ofe} & sl o3k F4% 2EHR(n=2pAT)°] F835}
o, 719ate] AAHOAME 2EH]Q] F2wk AdEEg 52y
Jo] TQ3lRIth= AS ou|sitt, ~E#Q] HB2Z(~8 ps) Al
FESE E,,.0 fto] WMElEE WislE Aol wakew 7 3
5 o= ppHR 2238 AR 5] AREY Fig. 5(d)yef
Lo F FA0F YR "ot ISl Niel geR 3t
ZHE Zh(M =525 emu/ce, v=>5600m/s, n=4x 107y A}
83109 [7] A=A A 9 2EHQ] Bxoll 23 A7]ekAo]
YA =712 vlwsiid 2k 170 ki/m’, 55 ki/im*e 2 v}
Usa 283 ~Ef)Ql 22 23} Ao7} 7Fssithe A

(e}
< ¢ 5 Uk

ok

N

¢

|

m\l

—

2. AT HO|E I8t AER|Ql HAS| X

2-1. $3}(longitudinal wave)S ©|-&g 2¥ Ao

385N Z83l7] flate] =3 FEE Alolsfor sk
o] AR, Fig. 69l thg 2EdQ] 25 ARSI 2~
A AR 58 Yok Y=2 Ao 7hesithe 29E 19
o2 YeplIdth23]. 2= FA19] A, Aol ARE 114

[e)}

@ [ n

3 Pulses: Stop |

6k I ! 1 ! ! !

AR(H)/Rg (107

(C) 1 _‘"| 2 Pulses: Stop
0 fsaseed % o - e )

Acoustic pulses

2 1
-3
-1
4= | 1 1 | | |
0 50 100 150 200 250 300
Time delay (ps)

Fig. 6. (Color online) Control of spin precession using sequences of
strain pulses. (a) Suppression and (b) amplification of spin precession
using two strain pulses with proper time delays. (c) Suppression of
spin precession using three strain pulses.

- 101 -

- .

[GaAs(x))YAlAsS(x,))],,
x; =59 nm, x, =71 nm
[GaAs(y)) AlAs(r)],
n=42.y,=49

GaAs substrate

Fig. 7. (Color online) Sample structure for an acoustic cavity.

(Tioye AR F7UT,)8) WEeg2 Z-31o(T, = 2n + DT,/2)
58 WFA SAWEFie. 6(a), Ti, =nT,2] ZANE A
& 2 5 SEFAZ 4 UthFig. 6(b)). Fig. 6(c)
= H2 A AE ARSEI T oA H2o] 2 AT BA
glo] ARl 5 HFA sk Al WA 2ot EAlgde
A& HoF) vix] #o]4e] AgkE-(coherence) E/d &
o] 7} 2E#Ql Hxof| o) f=d 23 Mxks dute 1t
AE doA Aojs= Aoz 7hAs] sfAET. AAF -5
% Z7HE B9 29 293S Adske slo] H3iY Ao
o} o]t WL o 2Bl BAE wEY] §iM 2
< F9] #olA Pz P2t ARBEHER F ofl1A] FF|
gt AlE &Ado] ISl Hot olE FE3E WHeE
& M. Bayer ZLEol|A= Fig. 73 7o) o]Fg w3 E A
eretdet, 719 Ad Alm BA7] GagFey Akelell
GaAs/AlAs HE=A] 2AA g58tahs: oF 2 ym& F47] ©]
FTOE FERI ¢l WiE P25 v HiE S 2EF
<l B2 Fug J9H wiHAA T FAHES
(forbidden) A|=}E}ITHS,24]. 1 A3} GaFe 3EHNA AHE
ZE#R] e 2P AR Uil 28 FERES s o
o 29 MIa} 59 dgte B PSRBT FE A
o] A teutet 58 Al 5 wiEe] 2-E Zfolrt Aok
HRALgo] £2 Z 22 g2, 2] Aot & w5olu
H&A 23] B9 Al FAE B 29 & Aol <
TH25]. Fig. &l AkkS B3] Nis 2A7IE §F 5&54=A
Z3H] A9 (@) NI/[SION(x1VIr(xo)l6[SiOx(y1)/Ir(y2) |/ AL Os,
(x1, X y1, y2)=(18, 18, 50, 50), 2&/5% £§o| 3¢
(b) Ni/[Ir(x /Al I3[ Ir(y Y Al(y2) 1s/ALOs, (X1, X2, Y1, ¥2)=
(18, 18, 40, 40) F 7HA dE YepUT A7)olA 7 &
Aol WS poon =265, p,=1236, py=2.73 glem’, g =
597, v, =540, vy=63km/sE AF83ITE. M. Bayer 1
oM 247 AlEE AR o= 2E#Q] H29] RiA}
9 FEajol JS wx= AEY] A&7 ](roughness)E A3k
He Y=, 919 Fig 87 Zo] 343 HEAToE o
2 Fx2 AR A A B F5E e Aol T8

T e e



-102 -

Ni/[S10,(18)/Ir(18)]/[S10,(50)/Ir(50)]/ALO,

1.0}

0.8+

0.6+

0.4+

Reflectance

0.2}

(@)

0.0}, .
0 20

20 60 80
Frequency (GHz)

100

Ni/[I(18)/AL(18)]/[Ir(40)/AL(40)]5/ALO,

.

1.0}

0.8+

0.6+

04}

Reflectance

(b)

0.2r

0.0}, .
0 20

20 60 80 100

Frequency (GHz)
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displayed on respective figures.
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Fig. 10. (Color online) Schematic illustrations of the surface strain wave generation. (a) Electrical way of generation using a piezoelectric material.

(b) Coherent optical way of generation using interference patterns.
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Fig. 11. (Color online) Schematic example of the phase diagram of a
heavy Fermion with external stimuli of pressure and temperature.
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