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Ultrafast Dynamics in YMnO; Thin films

Probed by Femtosecond Spectroscopy

Student : Tsai-Fu Tsai Adviser : Prof. Kaung-Hsiung Wu

Department of Electrophysics

National Chiao Tung University

Abstract

In this thesis, pure hexagonal and orthorhombic phases of YMnO;
(h-YMO and o-YMO) thin films were prepared by pulsed laser deposition.
The basic characterizations of these ¥ MnQO; films, include the crystal
structure, electric structure, magnetic properties, were measured by X-ray
diffraction, X-ray absorption spectrum and magnetization, respectively. In
addition the ultrafast dynamics of both samples were also measured by a
femtosecond pump-probe technique. According to these analyses, we can
compare the different properties between the h-YMO and o-YMO films,
explain the coupling among electron, spin, and lattice, and further
understand the physical mechanisms of the multiferroic behavior of the

YMO material.
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0 > 3 0 =
g000 4 = ! = =
I >
i ]
(8]
=
BO00 — A
i A A
4000 - J' J le
) L ]
2000 4 A=
i - A
DI_.'II_J‘_III'I'I_J'll._I'I'I'I'I'
10 14 20 248 30 345 40 45 0 a4 G0 [}] 70
degree
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2-3E a8 P
2-3-1 X-Ray$E$+22 ®-Scan
41 # X-Ray ¥£%+ (X-Ray Diffraction » XRD) ¥ 1 & 4R % ¥egihs 2 H

S 12 ¥ Boo A F B % hX-Ray 5+ 4 47 %  REGAKU® = 3 5% 3§ 94 b4

& o § X-Ray » #H{k 5-FF > € 2 2 ¥E5¢ > 1345 7 3 (Bragg) $E44i% £ -
2dsinO=nA ... ................... (2-1)

d 2 &HtTa Fapedg 0 5~k ir Bend b

AR Bkt B on B EEke

B12-3-1-1% BI2-3-1-3 % =4& & FEYMO & %17 XRDR] -

—— YMnO_fETO(100)
3000 — 800° CA400mJA0HZ/A000P/0.1 1tor
S
2500 — g
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02 ]
= £
—. 2000 4 &l i
S O g
s E
=
= 1500
=
I
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U T Jll' T U T U lL I L T T U 1
10 20 a0 40 50 &0 70 80
20(degree)

B12-3-1-1  O-YMO/STO(100)XRD Rl
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B12-3-1-3  h-YMO/MgO(100)5XRD ]
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#>+0-YMO/STO(100)F+O-YMO/NGO(100) /& %= £ > 4 ipe vt g
R F AL o 2 $#3h-YMO/MgO(100) = # ¥ 14 = & dipuresfhexagonal
Y MnO;(YMO) & % > 2% e t*ﬁ d O-Scanshghe T_i 4 7 fFE W
£ 7 {=(orientation) o B]2-3-1-4 3 h-YMO/MgO(100) ;% % d-Scan o 2\ i
1 MgO(220) itz gk - KR * 7 P FEg HIMgO & = ¥l ¥ - B
Al h-YMO(112) (v ®eriggk » P g &) 5 = B phibfiigim & =

£ o FYMO(002)i: FMgO(011)& MgO(0-11)* % $ 7| (alignment) °

. h-TMO{0002WMa0{100)
7 —-scan of MgO(220)
——— p-scan of h-YMO{112)
2.0 <
£
m
£ 10l
=
0.5
ool LU LI L L L L

T Ll T T T

¥ T J T T
0 &0 120 180 240 300 360
®-scan(degree)

B2-3-1-4 % h-YMO/MgO(100)3& %::d-Scan 2 YMO h = £ 2
+ Bl = A5 5 MgO(100); = &) 5 & Bhexagonal snYMONE %35 fp = &

Fl2) > 9 16 - R o
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Tz ot FEREJ* PIAQEEF T~ 2 (Superconducting
Quantum Interference Devices » SQUID) - SQUID # Z gl & F i* 2 4
% % (Josephson) 7 " »c g™ B & B I % o

BRI FARERPN 2 L83 L 20,=2.07x10"° Wbz %
B BRI R RETIH TR N NS A PR
SQUIDE_d & i ) B 5 E AR E R ke v i 43 PR KRS R
BB FHARBFRICF A BEAEGEDE S TR A E TR
TR RETER GBI E O RE R Y 0 T EHARERE A

g8 R DT e Rl RI0IE ] R

3

BB g ETF o
P e R N L NRNE KBS R R E o

YMOF i ef g+ - SR > i A A R RIRE L o B
2-3-2-1 % H § YMOR: it & y(susceptibility)sHg 7] o d B34+ 12§
1% Lh-YMO} ®F B A hTy - * & 70K2 + : O-YMO#Ty S 4
40K o @ B 2-3-2-2 5 E g - SRR o ¥ 1§ Lh-YMO=E g
h-YMO:hH § e7TxG - L8 0 ¥ 5 30KGE &R L8 - B R F]¥ i &

H e gt g o
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300] 0 YMIO, )
7 LuMnQ, M/ﬁr‘
+ | I| =l
=
22004 7 N
= Hexagonal
= ' phase
T P
100 ’Mﬁ”
=l
™
-‘\J.LFW ;“;\]HHI'HEHE
a-—lr phase
{]_ |'|--.i'.. | L LA LI T T |
100 { 100} 20} 300
TiK)
Bl 2-3-2-1 H %h-YMOZ2O-YMOR®: i+ Fy(susceptibility) &
RETTTTTY
B AR o [6] ::cj-;:_;:: )

2 )
) 26
5 E H=100 Oc
£ « 4
2 =
= =, 3 lzrey
KW/
= I] "‘"Hﬂ-ﬂ!u—fij----p-.-qpqg-.
006 Pk 0 50 100 150 200 250 300
o 20 40 60 80 Temperature(K)
T (K}
B12-3-22 = F:O-YMO/STO(100) 85 1+ %y 38 & e bl o 7 o

[10] 5 + B % h-YMO % & (polycrystal)sgs iv F 22 8 B 8 Bld 40 o

[11]
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@ 2P A g P 2Th-YMO/MgO(100) 5% %-enTy & O-YMO/STO(100) &
Ty - B @37 90F & #% & 40K\ T » B 2-3-2-3 1 Rl 2-3-2-5 5 YMO
Bt F R R R o @ Y K BRI ET S R
Bt o (O-YMO/NGO(100)%] 57 NGO £ 4F ez it 5 % 3N @A © g

L MR E B AR ] W# oo ) e

. H=3000e
1 *, «  FCh-YMO Thin Film
25 - " +  ZFCh-YMO YHin Film
i . «  MgO100)
£} _
= 20 .
@ .
©
E 15 -
X
2 J
2 10
m
i .
5 * T,=34.7K
fo]
o 4 .
= -'%‘MWW-
0 - ——
5 _ M it T —————
T T T T T T T - T T T . :
0 50 100 150 200 250 300

Tem perature(K)

@ 2-3-2-3  h-YMO/MgO(100)ZFC(Zero Field Cooling){= FC(Field

Cooling)srgz it & 228 & chif 4 B o
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Magneti zation(x10'sem u)

=30
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o

E

H=300 Oe
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..“_,_::.... +  JRC-O-YMO thin film

“uy o FC-O-YMOthin film

A A G e

I I T I T I T I T I
50 100 150 200 250 300
Temperature(K)

Bl 2-3-2-4  O-YMO/STO(100YZEC(Zero Field Cooling){r FC(Field

Cooling) ez v & 228k enfd 1% B~

H=2000e
o DY MOMGO00)
25 . « NGO substrate
D=y MO thin film
2.0 4
E)
E
[T *a
© 15
D [ ]
E LN ]
-E 1.0 7] .. ..
TU' - '. ..t.
:E ] *s .h’
2
= —— ol
0.0 4
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B 2-3-2-5  O-YMO/NGO(100)ZFC(Zero Field Cooling)f FC(Field

Cooling) s g it F 228 B b} (4 ) o
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2-3-3 R+ 4 BcE(AFM) & #F 4 38 T + Bk (SEM)
FAparig * cDAFMEE (T4 5 W 58 (tapping mode) » H #£ 4+ 8

R el o @B R B T 4 L RS RS 2 B it

RS

_;:r:rbn
FA g (B 4 Ao i R R W R BRI R R
d AFMentgip] > 27 B D) &4 6 ok o @ SEMA & § % kg
FPMoi e Gk va@F P WE TR RGBT ERES %R

FvdE s E-Fgent (A BRSREREETERF R BIE

$ 15008 =+ ) - FEF BIFE R T L Far A RILA R
< e R 0 dopl¥TG o 1ATE B]2-343-1 3 §]2-3-3-3 5 2 i ArdF s (HAFM

22 SEM ]
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Roughness Analysis

Image Statistics

Img. Rms (Rg) 5.983 nm
Img. Ra 4.63% nm

Box Statistics

Rms {RqD 6,266 nm
Mean roughness (Ra) 4 726 nm
nm Section Analysis

[~ ]

=

|

- /

b=

Q‘ -

|

o | 1 |

0 1.00 2.00 3.00
am z ?
surface distance 401.63 nm
Spectrum Horiz distance(L) 19E.44 nm
vert distance 22.637 nm
angle - e
Surface distance
Horiz distance
vert distance
Angle
' Spectral pericd DC
oC Min Spectral freg 0 uz

Spectral RMS amp 0.00003 nm
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NONI SEl 10.0kV  X20,000 Tum WD 12.2mm

B12-3-3-1 <& h-YIMO/MgO(100)AFM 32 SEM ]

]

Roughness Analysis

Image Statistics

sto-1,000

Feak ofF __ Sumit oFF ____ ZeroCross.on Gexcursor |
29

0.25 Img., Rmz [Rg2 1.580% nm
Img. Ra 1.201 nm
Box Statistics
rm= (RgJ 1.345 nm
Mean roughness (Ra) 1.074 nm
|
a
0.25 n.50 0.75 L.00 pm
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. Section Analysis
=
Eg
=1
T el ."'\-.I
= i W, HE N |'Il VoA Y
™ FAATIRY B e, o
TR VY, \!J v '!r"\'n"ﬁ Y
=l
e
i
i ; | |
¢ 0.25 0.50 0.75 1.00
I
o surface distance 177.52 nm
Spectrum L3 173,81 nm
11.45%6 nm
d.426 °
surface distance
Horiz distance
vert distance
angle
Spectral fils
Do Min spectral Q0 Wz
sto-1,000 spectra p

bBigi tal Instruments ManoScope

Scan siz 1,000 pm
Scan prate 1,001 Mz
Humber of samples 512
Imags Data Height
Data seale G000 rm

wiew angle

{__\. Tight angle

e 0,200 pmidiv
60,000 mmfdiv

B12-3-3-2 % O-YMO/STO(100):AFM ]
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7.5 Am

0.0 Am

Digital Instruments ManoScope

Scan size 2,000 pm
Scan rate 1.001 Hz
Humber of samples €12
Image Data Helght
Data scale 15.00 mm

um
noo-810-.004
Digital Instruments ManoScope
Scan size 2,000 pn
Scan rate 1.001 Hz
Humber of samples 512
Imags Data H=ight
Data scale 10,00 rm
view angle
_<:_',\'_ Tight angle
i i i _.'.<_
0.5 1.0 1.5 pm fod

* 0,500 pm/Sdiv
2 10,000 renfdiv
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Roughness Analysis

2.30 5.00 pm

Image Statistics

Img. Rms (RqQ) 0,918 nAm
Img. Ra 0.732 Am
Box Statistics
rRm& (Rgl 0.207 Am
Mesn roughness (Ra) 0.735% rAm

ngo-310-. 000

®) 2-3-3-3

SEI 15.0kV  X50,000
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2-3-4 Xwz k¥ i7i8 % %1 (X-ray absorption near edge
structure; XANES)

XANES: & & 2 4rHftchz s €+ e fi (2

K edge (O 1sF|2p% #uds chwxfz) » kP S B £

A oA %“i\?—? At A o ¥ Pl E XANESk Henad A2 2 1 2T 5 A

% (Total Electron Yield » TEY ) £2 Xk % sk & & (X-ray Fluorescence

Yield » FY) o 4r§12-3-4-1 o Xk itk & > € o N & T = Tliged i

Rk T Fpd B T TINE  RF|ITRFI DT R BRI

R AR £ R R RN S

T+ L5 BT S (Augerelectron) ) X95% o £ T F 4§ L pify !

[

RV ESERE S

&3

=K §

—\\

.rvaf e

W\

g MR T S AR E PR G B Rd W IETI 2B R G
E% 42 340 gRERER DT I F L LA ARRI T TR

-

T AT R R A R B & D Rt

/II \;'

T 4

-~

S

ud

.E 3
RIBLT R A oS e gt pET 2T F A S XL FRAEF

T R BHA RS R b o Tl ¥ D ke &

TR g R PRGN 4 ] EVIFRBURE DT S B T F

B ¥ XCEF kA KDk T SR A 4 o
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Auger
Electron
Photo-
electron A
A
EV
8- B
hv Fluorescent
L’ﬂ\ Photon
ot ‘1

B2-3-4-1 Xk HFHLAFRIZE - XL r FHEEFT R TR

PR FERI AL FE - [12]

F AP L3 % Mn L-edgel XAS L 538 > o B]2-3-4-25 F %212
3t & e9Mn L-edge XASK ¥ @ [§]2-3-4-3 5 2 7 c7h-YMO O-YMO
Z_Mn L-edge XAS:E:# < 02h-YMO/MgOm 3 > 2% iF* esMn L-edge XAS
KA B]2-3-4-27 o L BITE AT E om AP E N3 % L h-YMO
2 0O-YMO > H #£2Mn L-edge XAS £ 3% 4 #ci7 5 ¥ Mn,O;:7Mn L-edge
XASkHAp e o 1 30 K-edge XASE2# » F] 5 & W3- #-Mne3diLid 4
™ e % Ll » @ Jahn-Teller distortionf =¢ 4 2 e % ty#Ls* © F]* h-YMO
22 0-YMO ek 23 ;ﬁr&*{fj& 7 7 o h-YMOZ$® & O K-edge XAS:kZ#d 4

2
At

Ik

HENBEAYEASB-C Do A~BA B EF 5 &M e
#-Mn 3d-O 2Pcidridd &~ | 5B [ 380> » & K Sai3d,~b:3d,~c:
3d,,~d:3d, >, ve:3d, e CR) 5 Y 4d-0 2P=8 & #3# ; DR £ Mn 4d-0
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2PeR = fiudd o O-YMORR 4 O K-edge XASEd Mt & /L% it & 5
H-~T1~J~K- F]1 & %33 #Mn 3d-O 2P 4 2] = § B sc & c0H ©
€% iy & 7ty o JR 5 Y 4d-0 2P/ = fuds o KR 5 Mn 4d-O 2P
R 2 e o ¥ P O-YMOeKfrH-YMODR| 5 % £ £ - O-YMO
KA T I - BERE o F s HHYMOSG DR & A =5 B o 4 & F F]ER
ion(ff-+ *% 4+ )2x % 7 Mn 4sp states of H-YMO 7% >+ O-YMO[13] - &l

2-3-23% 2-3-6 5 Mn L-edge XAS3k 3% 220 K-edge XASk 3% H -

Mn L, -edge XAS —— Experiment
i —— Theory (Cl)
W
E | M -
P Eife
=z
=
@ Efiab
=
= 1
- Difference
640 650 660

Photon Energy (eV)

B12-3-4-2 H-YMO?% e 4& 1t 3 & ciMn L-edge XAS sk 2 7 18 45 sk 23 1L

F ) - [14]
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Sample Cument(SC)
Mn L-edge

T b Y MOMgO[100)

| 0-YMO/ST O(100]

Lo
X
c
3
£ 0- ' MO/N G O] 100)
] !
5, .
[==1

£
n
5 '-'-] =
£ H
— i L'

]

!

Phbon Enirg

ﬁxlﬁ ﬁél] 635 | G610
Photon Energy(ev)

F12-3-4-3 H-YMO#OQ-YMO:Mn L-edge XAS % -

Intensity (Arb. Units)

530 535 540 545 550 555
Photon Energy (V)

Bl2-3-4-4 H-YMO=0 K-edge XAS:k 2% B o [14]
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BITRIAT BB LA

= %ﬁ 24

J

g

[ 100

(] '?’MD."STD
“ﬁ%ﬁﬁu
S
casarlino

555

&30

(*s3iun-gue) Ajisuaju|

540 45 850

535

525

Photon Energy(ev)

B12-3-4-5 H-YMO2 O-YMO2z O K-edge XAS % 3 ]
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(&) Mn L, ,-edge — Elfab (k) O K-edge
Hexagonal —  Elfc Hexagonal

DyMnO,

n3d

{}rthc:rh'ﬂht':lic —

Intensity (Ark. Units)

. . _PyMnO,

640 650 GE0 530 540 550
FPhoton Energy (eV) Photon Energy (eV)

B]2-3-4-6 Hexagonal rphaééé'i? 6ﬁhq}rhombic phase*t 7 ¢ &1t & w

O K-edge XAS k3 B« [14] b

| k ]
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31 i 4

B P R AR 47 50w 47 B % YL(pump-probe system) ® o P i@ A k4
BT R R82 AR Ak o H Y bR T A2 w ket s X
(pump beam) » @ ¥ — g & 5 & T & 2 — k! G5 B € (probe
beam) ; ¥ ¢h o AP g kR R V- BED M RpF R R
% (time delay stage) o F]puBV st =4 & if ek fg X > R @ P
“rF & O 247 6 S ok S g s N E A4F 5 275.5MHz > 2 5%

frfer% r2_ B 7 I 5 13ns(nanosecond.” 107) -
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hoB13-20 § B R R Rz (5 B H F S A e g
b Hg L Ao@]3-27 B b 2 Bl em gL o AN R IRk K e
Al - BRI~ SR EE e 0 B R F ki P B (photodiode >
PD)Z JEB-jidh & F SFerff iRk L cnig B o b bV ¥ flgpin s B
(Lock-in Amplifier) s jie » *5 (€ F 5497 & 4 enfesn 1 J| P 5L o F]
B Gk gsk L b o € e~ ] (modulate) 7 e 20 Bk )]
% (Acousto-Optic modulator » AOM) o & 35 ip| k& #% e g k7% e ~ b4
¥ o enps AR L tenpE g > A W 02 5k 1 8] B (photodiode » PD) JE @
B13-2% = Wi enT R Bale Bl P il (t) 2-DCTREGE » M4
gk B aE B @ Al OX A E Bt s L AR o #-Al (1)/ Io(t)?jﬁg "
l- Bl H hARRENEE <Y AP i &ﬁmﬁﬁﬂ,nw%?

7R & e R e £ B BT O AR/RAEPF I & 14 cn BEAS 0

PP AT RIS 2 E R g Y - B R o RS STk
PR £ 2 (8 o BACE R o5 B PF R R 0§ SR IR R ok ez e
BERR PR > 2 P2 g 3 Bk & = B eh3d & I [ (relaxation time) > %] &
AT end St AF 5 75.5MHzo % fefert e RV IR eRPERY £ 5
% 13ns (nanosecond ° 10_9) o hr¥ F P ek e R < 2N 13nspEF o

Bl fe— B3 SPHFRZELERNT o R LRI ¥ - B% e

RE e T RERMORAL
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(a) . n(t) \
pump pulses ""'-.___ \""-.._1
— —=_p time
(b) . &— 1308 —>
probe pulses ‘ ‘
| - : p lime
- e = :
t (delay) - AD modulator
LS @ B7KHz at pump pulses

(c)

probe pulses

{from sample) firis

|--p,,_L 0.01 ms —}:a-|

=
]

detector & lock-in amplifier

@ 8TKHz

Alf) | I(t) = AR(f) I R{#)

B13-2 3 -3 i H R (pump-probe technique) ° [15]
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32 AT E A5

Bl 3-3(a)s e R RIER CRDERB AP LRDRRIEET
% &+ (Ti: Sapphire Laser) » @ H &% %k Jh % Coherent Verdi V5 # it &

S0 B ek £ Z S32nm o Bk g I H F LSW e B EF

b iR AT SRR ek HARS Y s £ 5 800nm

R B Bt o RbTR R 2 37fs= + 0 PRiEFE ST E AP 5 5 75, 0MHz -

-
Ti : sapphire laser
20fs @ 75.50MHz

.

computer

P : Polarizer , PD : Photo Diode , AOM : Acousto-Optic Modulator ,
M : Multimeter , RF : RF Driver , F : Function Generator ,

D : Delay Stage Controller ,

B 3-3(a) & @4 BIR Rk SR o

SRETF TS ks R ieD] i

i AR 2T BRE &
WP TR E A o Gl B F A 248 BEBUR
(Acousto-Optic modulator » AOM) ~ B % %LE Z 9%k § 5 5 o gt
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5YZ Hh WP
k5~ g $ 7 5k 33 = positive group velocity dispersion (GVD) > ¢t IR
Fef g N AP D RPFAIREEL R F A RE o AT AT S RS
kLY o bk - BEEH SIS B oA L HBERH I
* ,]* A _#& Enegative group velocity dispersionsc g o F] )I%'P" s e
FRF A E 4 HGVDIR S I 54 o 4opt T F ARG S AT R
ik om VKRG BR R o H W R TR AFsZ Y FS L
PEE AP TR R R G S s o0 FEd EBHE S § M
B R PRAR 3 Ak pE R B R o

TEH R AGE - G PR E R ¢ AGE- BAKE S A X
B EHRGHEL LA FTRA S 80:20 3 Fkdgoa PRI A2
ek f L2 G oped K f(pump beam) ooV (b - 3 f AR T A2 - fi2

% ¥ B & & (probe beam) °

¥ % & (pump beam)

HASAEA EEE k2 18 B LS BE 3 4] E (Acousto-Optic
modulator’ AOM)> -k 24 4] B(AOM) v ehx * o i@ 2Leng b & (chopper)
Lo e i BRI S g BB (AR
B BRI E - AR ET Fawe 2 A U T LR ERS OR

BAES > S S hd R v G A BB RS ks b
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BV B R
TRREG E T SR B S L DI HOR G o B AR RATR L
¢ AN * el B4E & 5 770kHz o

KELGHE T B AP EBAOME » T K mijé{+ﬁ d R # T

oo 7R bteirie s g- BRERAER LR (Delay Stage) o #F iRk &
Bk EE R Rk B2 {8 BT RS T DR fos &
[l ﬁ?”L e A fodR iR e R TSR 2 B adp s - 1o
FDAPTERDPEFEFRTH G o AF %Y RS T O
Newport PM500 series °

Ris£7T Rk i b gl L & Bi(Half-wave plate) ~ # 3= (Polarizer)
FRESHE a LAt SABEN ENRR o Rk D F L

Al mipic= v R REEM AP §HEREL Ak Shia b oo

# Bk & (probe beam)

d A kST k2 (5 bkt §5E- BELXAHE
(AOM)frjfcss kg F — 2 2 24k >vi— 2 PRI EA PG AR E
KAFIB e ERaAFPES o B &P hE T REFPK LIS
B deges k dend 50252 2 - Rk 0 TREBY S 10t ok
E-Rehe2 S g5 - BRDPFFUEBEE > ol KB i

THE- BREBZEREFFEBEE DB T L c BF BRI T X
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515 B R PR
ol R B PR B BB BT - e b il S L Y S RIR Y
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AR/R(O-YMO/NGO(IOO)):

Piexp(-t/ Py)+P3exp(Et/Pa) o oo e s e (4-3)

WA R B 3 (4-2)2 fitting 5 hiE % 0 A PIE B S EAR/R S
BT L K 4o WY F2 P i e 4o B14-2-1 295K (H-YMO)-~ §]4-2-2
105K(H-YMO) ~ B14-2-3 75K(H-YMO) ~ §]4-2-4 55K(H-YMO) ~ §14-2-5
295K(0-YMO) + §4-2-6 105K(0-YMO) ~ §]4-2-7 40K(O-YMO) -
o BE 3 (4-2)0(4-3) 7 Py~ Py~ Py Bl P R T B Toow
B F @ o NP ATt o E BEET A B F R (relaxation time ) Tpg > R
BPERARTHE T d L5 5 £ 97 fdlacsCasMnOs prmp-probe

B EE B R SRR g% R RS 2 B 2R 2R
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S RO R
MT ANPGRS E kARSI RYT
(coherent acoustic phonon oscillation) ~ -3 % pF i (relaxation

time Ty ) ¥ B 30 3 FF F (relaxation time tqo, ) & %] 31 % ©

fF 2% B4 %5 J= iF (coherent acoustic phonon oscillation) :

£_295K~20K cH-YMO/MgO(100) 5-AR/RU 5527 38 B & it » 2 {9
FOUOEIRG RF DT 5 o 4R Ad strain pulse®T A 4 9[14] o Strain
pulse? = i FIE o £ (pump)d™ & E W > EHCA G F Soja £
M A4 TR o @ R P B(probe) Xt T ks 0 B TR PFE G 0
AR E SRS AR e SR IREE HF R EE A LG B
SF R KA S F IR e B 4-2-8 5 & aELE o @ AP ji strain pulse
modelAZ ¥ 1 {7 vy B Ve dr Frenid 3 F L enfd (0 H 545 e o

VGmM2NT) e (4-4)

A : probe wavelength ; n ! refractive index

B14-2-922 §]4-2-10 5 H-YMO3#& F cri¥ #p &2 47 & o n(refractive index)
] 3% 7% B W) 0 ok R TR RIS R 0 Ao Bl4-2-11 0 @ 2 i ehdE p) sk
# £ (probe wavelength) 5 800nm o ]t 2\ ip# {8 5] B Vg2 )8 & el %
Bl4-2-11 & 2N s 31 iP5 @ J&ty 5 P61 £ 4p (dephasing time) ¥ 8

s 1Y R14-2-1224-2-13 - @ A Ap @ R T=TOKPF L T =T 7 5 5 5
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Probe
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dephasing rate (ps )
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Z 8 #-7] (Three Temperature model)
B REEL S -EF e Rk o AT RN
-4 (Two Temperature model)[17]2 3§ 2@t i & DAL E-F
PR 5P A ) o A BB 0 d RS s TS BT
2 @I Ap e B4 RIIT S " (spin) AR EHALY PR &
pr4 417 = 8 $03] (Three Temperature model )[18,19] & 38 F 2% e

% o 1M LaosCaosMnOsz et 1 2 3|5+ > drBl4-2-12477F o
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o O |
0 0 '
0 100 200 300 400 0 100 200 300 400
Magnetic specific heat Total specific heat
2 pe 150 P
< 40 <
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LRI RIS he A P I BT I IR T AT ST F
paE & # T gk A6 (electron-electron thermalization) iz £ T 75 & P
B &4 F & (femtosecond) b =2 = § * F| 5 T F et e p gt &
EF Fens A A PR KT FEp E(spin) B L R IFT S
fefo o E TR T fravk i o @ p s FEEEAT - Bl4-2-13
IR F Lo T K TR 5 8 B = 4 §) (subpicosecond)

P ¥ & ) (picosecond) > ~ )’I&{ﬂ i errelaxation time Tpg i E & 27 33

FRF OB L BAF PR P o p g (spin)#ay £ BE SR E D H

T =k ik (spin-lattice thermalization) » @ relaxationtime 1 | RIE_ 7+ p
sSlow
%ﬁf'aaa 2 "ﬁ,él“l e
1 I 1 L] I 1
1.0}

&

@ ngl Lattice Thermal Stress o,

i
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£ 06 .

2]
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o 04 1
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a1 ¥

e % Elactron Tharmal Stress o

0.0 f S

1 " 1 " 1 i I L 1
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Time Delay (ps)

W4-2-13 R+ & g fhenf T g [21)
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U B 2 - PR A S A kA

dT,
C. e Po =Ga(Te =T (4-4)
dT,
C d—tl =G, (T.-T)-G,(T,-T) (4-5)
dT,
CS dt = GS' (T| _TS) .............................. (4—6)

Pin{)"é'f%;;:&

C~C~C Auli T3 @ R 2 s f ot #
€

Te~T1\T AU LTFER S BRER P ER

Gel . GSl & %] g _coupling function

Slow component
Fl4-2-147 Py o n @2 HCAL N Sl s B R
T (1) d44(b)~44(0)3 #F @3t =b/G =C/G > H =

C1>Cs > M G [19]5 K" 'B;ﬁ'zz fﬁ/}» Fﬁg mﬁ'ﬁﬁ;o 1Y 2\ 1]33'_7 VS

M’ o

iﬁ'rslow(rsl)oc CS » JJ18]F v Ce= — T ;ﬁﬁd AT m AT P
kS L% i\. L B = _dM2 s 2
RS FHERMTEB - AP+ 0 FE 5 Cs= e AEE R o d
i j‘qz PR TR AT 2 E Tt (T )mﬁﬁkq\a ode R R B
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o Bl4-2-161 B4-2-185 7 fa 7% IF “%‘*#‘ﬁjrslow(rsl)ﬁ& v X EHE B kg
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#2+0-YMO/NGO(100)7 % » # 7 w2 g Flt (1 ) e 37 (trainstion)

slow
B RTNE 240K » A O-YMOE 5t #oengi 378 B » 240Kt o o
Bael g = o8 B & ﬁ#ﬁr (rsl) Hra & e o H-YMO/MgO(100) 0

T (T )EITE R ET0Kx + o e £ P H- YMO & wengi 3708 & A B

A

-+ (pump) espot size ¥ F 100pm =

¥

40K * 3T 5 oA 7] 5 priF k47 A
Lo @ TR ey B AR WA R A & 242 (short range) hF 4B i
(antiferromagnetic order) » 200K % Ty~ @ &% 7] 5 it chZ £ ig 7

4o¥ 8 oo FPCM-TE] 7 & B chd_ - B & 2 3 (long range) ° F& P45 #-

H-YMO & 5 iaNMR e & ) e85, 0 5 FIAEAR o F 48R i A i 5% (7

» ot #op e m & 70K g

Fast component

—HEBNTF-FF R EER A A 0 R FE P A B
IS BT ET 0 E R §F B BA IR EER -

42-198 41" Agp-F S BB S BHA - WY APT UL Gal0B R

%4

Fprp € &4 p % ¥ (spin orienitation) o #7102\ i 4EIR] B p S B P

4y

EPEEMG SRS - RORGE Y LG D R STT
—pE A 2 FenBIRT S A8 A RE ‘%’d AT PE-T B s o
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