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Ultrafast Dynamics of Electron, Phonon and
Spin in YMnOj; Thin Films Probed by

Femtosecond Spectroscopy

Student : Yen-Yu Lee Adviser : Kaung-Hsiung Wu

Abstract

In RMnO; compounds, because of it’s magnetoelectric effect these
compounds are much interesting. Magnetoelectric.effect have relations
with the couplings of electron, phonon and spin. In these compounds,
YMnO; with no 4f'spin electrons-makes-it’s-magnetism contributed only
by Mn’" ions, so YMnOs supplies a relatively clatifying environment to
study these compounds. In this thesis, YMnOj thin films were prepared
on MgO(111), MgO(100) and NGO(001) substrates with hexagonal or
orthogonal phases. The basic characterizations of these thin films, include
the crystal structure, electric structure and magnetic properties were
measured by X-ray diffraction, X-ray absorption spectrum and
magnetization, respectively. Moreover, the YMnOj thin films were
measured by femtosecond pump-probe system to analysis the couplings

of electron, phonon and spin.
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—
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Auger
Bl Electron
electron b
A
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B B
by Fluorescent
\’W..’\ Photon
O A
B12-3-3-1 Xk¥ XA FREE - ki r HEpF T3 HR > TR
FPT SRR s A o [33]

5 h-YMnOs » .2 B4 5 - ll%Mn %ﬂ—* B R %—?5@0 %ﬁ—* 2]
MnOs s 4 5 fr*“O ~YMnOs “Tﬁ. - ll%Mn fsﬁ—* L Bl TR %—?6@0 fgﬁ
F erlnOsci 4 S A AR 5 AR B KR (X E & o
& d o dpdp+ —':"i”fq‘ﬁ%‘? R i e ol REEIAUE ff B AL S
f3-(crystal field)s %] & #F it cheg® F i ay Htoe Baw 4 > 2R

A O EEMAL TR ALY > T4 2 hJahn-Teller
distortion > * f= s Fg & HE k » 4rB2-3-3-2 -
B AL g PIMn L-edge XAS k#@itir o B2-3-3-35 A i ih
h-YMO£2 0-YMO2-Mn L-edge XAS*% 3% - B2-3-3-45 7 % Z @ Hant y

[23] -
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e

(A) cubic to hexagonal (B) cubic to orthorhombic

r
'E-'g ‘Eu e
", < xl z e N- }'3
tlls', f F tlg . 7

XZ VZ . x?

Mn't MnOz spinup

MnOg spinup
B12-3-3-2 Mn a5 A wj# (Dh-YM0Z (B)O-YMO d#ss crss & H2)

[18]

14 b 1 Y

12: 4 |
| ¥

10 , ))))»))W

b L TTIRYMO/MGO(L00)

Intensity(arb.unit.)

635 640 645 650 655 660

Photon Energy(ev)

B 2-3-3-3 Mn L-edge *z2 1t ik
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Mn L, -edge XAS —— Experiment
_ ﬁ/-/\_\—/\\_ Theory (Cl)

E/iab

Intensity (Arb. Units)

Differance

640 650 G660
Photon Energy (eV)

1 2-3-3-4 heWMO Min L—.QdFe XAS & B 40 42 [23]

A i . - - N
ST Y

E//ab {b) O K—edge
— E/le aHexagonal

(a) Mn L, ,-edge
Hexagonal

)

=

-]

d

3 nsd, ., ... ...,

> Orthorhombic

g1 I

£ LaMnO, MnO,
| | EI)}'“III‘I.'C}3 | | IDFMI.IOS
640 650 660 530 540 550

Photon Energy (eV) Photon Energy (eV)

B12-3-3-5 h-RMnOs£? 0o-RMnOst& % 4p & «XASsk 3% (a) Mn Les—edge -

(b) 0 K-edge[23] -
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® 3-3-3-T[23] » #Fre st i ap § /g e £ 1)1 B L4 e0h-YMO

A o
h-YMO/MgO(111)
—-—E/lab
= 3 —-—Ellc
‘é‘ -e19+
>
g a
s T St
2
>- -,y
3 N WWA.
c . \
0 ' \
2 Nl Nl
L ; R AP g
} -..h,_" Y 4d Mn 4sp/Y 5sp
——-—-“/ . alg* . . . .

525 530 535 540 545 550 555

photon energy (eV)

Bl 3-3-3-6 h-YMnOs/MgO(111) O K-edge XASt&{+4p ik 535k 2
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FoF B FEPREN PIAZEEFF 2 (Superconducting
Quantum Interference Devices » SQUID) - SQUID# Z @i £ 3 i* 2 G &

%(Josephson) % "4 »c g B & B FH IR % o
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(7, Jpump I,

ﬁ‘l# (If)g;;f’ :(If)ftﬁ:& Z(Ir)% EIE [34]

37



) 230 S 7 1) I ) P

Ji
Hrls
o
~
oh

3-2 FFE-FEPR

Ti : sapphire laser
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