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Student : Jia-Chuan You Adviser : Prof. Kaung-Hsiung Wu
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National Chiao Tung University

Abstract

In this thesis, we have used ultrafast optical pump optical probe
spectroscopy to measure-the transient reflectivity change AR/R 1n
Lao.«CaossMn0s thin films asa function of delay time at various
temperatures and wavelengths.

A typical transient reflectivity change AR/R curve can be
separated into four components; Namely, fast component, slow
component, fast oscillation component and slow oscillation component.
We found that the relaxation time of the fast and the slow components
were several ps and hundreds of ps respectively. The amplitude of
the fast component exhibits the similar temperature dependence with

that of the resistance and the neutron scattering intensity due to



nanoscale correlated polarons and the amplitude of the slow component
exhibits the similar temperature dependence with that of the
magnetization due to 'spin-lattice ; coupling.

In addition, the slow oscillation with period of hundreds of ps
in AR/R 1s further modulated with fast oscillation with a period
of tens of ps in the AR/R curves. The characterization of these
oscillations can be elucidated by the ultrafast generated strain
pulse model. Moreover, the ultrasound velocity at various
temperatures also has beenicalculated in this material and is
consistent with that generated bya conventional pulse-echo-overlap

technique with a frequency of several megahertz.
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k F BB B A2 Ao F12-10975% o | ¥ #74p efast signal 3 Mn # f e b b

g + % Jahn-Teller distortion %%} (E ) s F L oA B T E B BT R PR iR

Mn e $ui cii £ 95 ((E Y ol d M Bl 38 § 2§ % 2k e i s T e
g
T+ #5275 Hund coupling® ¥ e, p. 3% t % > "E;& 7  Ecp ik

EIBEI 1}‘%}%"”1‘5\ )7:‘\‘] E”ﬁeg‘ff'tzgr_"ﬁﬂké ‘E_ 7};_ °
Eg=05eV:;E =15eV;E=17eV;E =2eV;
JH J CF
O F|Mn it /A =4eVoe
2p eg
*F % % pump-probe*T* i £ K.1.55eV » .1.55 eVATE R ot PR B
# % Jahn-Teller effect 74 2 chEyy o 4345+ 3P » NP avig A5 %k ° 97

F g BB A i > e [ PB4 T Jahn-Teller effect®t 4 4 erinterband

d-d transistion °
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W(z)=(1-R)-2 e ¢ Bq. (2-2-1)

Ag
HP RAFHFOAGBRENFoCEBRITER « &£7 KT 5% rr 5518 (7

cEBRRSE At - R A RSRERYA o d TRALAT
AT(2)=W(z)/C Eq. (2-2-2)
CEr2HRFOEFT A FLERALTR - BEoRiEDRS
d TN AT

o, =—-3BSAT (2) Eq. (2-2-3)
Bi Ml @ B3 PR Glice AP B EISEERT L L e kit

B4 Rz rf',,ﬂﬁ [PERNEL SPE: Me bR~ Fi”ﬁn337p LR FMRA T U
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- 31—" B1.. —3BAAT(2) Eq. (2-2-4)
+

B R T B S AR

o’u, 0Ooy,

—_— E . 2_2_5
p a.tz az q ( )
TE A%

ou33
=— Eqg. (2-2-6
133 o q ( )

3 fE S AR T E

Qp 1+v

Ny (Z,t) = a—mn [—”ﬁj—%eﬂmﬁy—%e*ﬂ”“sgxz—un}

Eq. (2-2-7)

H ¢ v % Poisson’sratio » v e ek (longitudinal sound velocity) e

#-BqQ-2-7)& ks p A

STRAIN {arb. units)

S —

DISTANCE FROM SURFACE :
Bl 2-11 &7 fp P Y pralipt ) %% fimen 2 P BE % BI[10]
BTz RSB FFRMEOL RS FILEREIAY TR K
g B oL R Bd LG vl B SN RS

R HBERI- BRAET AL D]
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C. Thomsen # 7 B[ & 7 { - S enffa) > # 3% 41 k% |

RERF AL T L AL n S RS i

0
” Zﬁ“&)ZT Eq. (2-2-8)

Y ois 4 enija £ o 8ne(k) ~ dnp(k) A B E

H

* 5 B $E O E

o ALk RS KRS s B

d Eq. (2-2-8)¢ Al § 3 0 83 | Ao F o

222 | B3 4R I e BEFRIRGL £ ol

fig- & 0 AP RIERIE S SR RS o G T R G 2
BRenk i+ 0 € 2 4 BF W S B A ) BAERIRL A & vt b

R -

EFAPHREG R § AT RER G r BRI T &

e=(N+ix)’ Fo. 2-2:9)
He e AT ¥ nadrsF 730 ok G378 F mit -
AR RS AT N e R R S
) on . OK
Ae(z,t)=2(n+ix) +i Msa Eq. (2-2-10)
7733 a 33

j’%—%{ E)“&’T’Jc‘aj’i_r»
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E V=Ezg Eq. (2-2-11)

TR ETLE I

E,V=rEe " Eq. (2-2-12)

E V=t Ezge" Eq. (2-2-13)
ro > toA Bl R R S ihdEcE T Gl ko kA AR Y R Y ke B o

T 5 AR R R0 RSN IR0 ¥ Bio &Maxwell’s ARV 2 T 4o T

0’E, @’
P e e + Ac(z.D]E, (2) Eq. (2-2-14)

Bois o FRIRIE ~ SE T AR B € F 204 F SEUUNG o B R Sk A
GONE Bk T 0 d O b SRR A ) R S s 1 R R ik B R
F A o 4Bl 2-12 47

strain pulse

i

probe pulse

> film Substrate

e

—» 7
Bl 2-12 8 4R = Flor & BI[21]
BEAPT LR

) T 2ikz' i(—K,z'-at
E, = +trte e )Eoe'( oz~ at) Eq. (2-2-15)
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Hoe G5 AOEH D B E 70T 3 e
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_ Ky o~ ik '
r=r, +§t0t°-[0 dz'e™ Ag(z',t)

Cr +Ar Eg. (2-2-16)
VT T

AR =r, + Ar|" —|r,|’ Eq. (2-2-17)
#Eq. 2-1-14)F » Eq. 2-121) 3+ 8 I & 4o

AR(t) = j: f(2)n;(z,1)dz Eq. (2-2-18)

He

on . (4mnz oK 47mz
f(z)=f { sm( —¢j+ cos( —¢ﬂe”§ Eq. (2-2-19
’ 033 A 0133 A 9. ( )

foroi @R E M2 ¥ B ASEPERE -
f(z) T_% % sensitivity function » & 2} ,Tﬁl{;‘i— TR AGTER BIRAE
O F SF R EOT RGP T SRS EFFRH D B BRFOR

FiEs o B 2-1397 o RRFREFLIBATER (G M
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SENSITIVITY FUNCTION f (arb units)

1
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B 2-13 a-As,Tesisensitivity function$:% & 0k % B][10]
£ 15 24 i 3R F J<_sensitivity function 42 8 11 2 F ¥ # 22 4 £ B % iK_Eq.

(22-19)¢ Fref@R)s B mdpimipi 8¢ Y20 sy % g e B

A

Z =0y, xt Eq. (2-2-20)
. [ 4mz . (4 .
sin —¢ |=sin| — o xt Lo |{=smiw 't — -

(/1 ¢j (/1 : ¢j (@ it—¢) Eq. (2-2-21)
ZU,_2_7z:>z__27z_ 2 A

- “ o 4m_ ono, Eq. (2-2-22)

2
A

d o bikda o, VRS e R E & Tzzznu Eq. (2-2-23)
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1 i 1 — ]
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FIG. 1. Photoinduced transmission in g-AssTe; for
films of different thickness at room temperature.
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GA PR dEEWER A0 A SRR REER R
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g4 T _uxs Eq. (2-3-2
4 4 4 q'(__)

Hoodso BB ¢ L& oo Bk o f5 B0 S >t B o B N3

BT EEHARR MG T Eq.

mr i Bca ey od TRAT
Aa = Oa %, n
% | on Eq. (2-3-4)
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¥=F FEuArAFHEER
R TR NS AR %2 S E ML 2 ]l* PLD & £ & LAO(001)
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EN- BT IEERE
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'S Eq. (3-1)47 7 o 4p T @ seh

FJ A SBA B0 A Ba gEa ul T o
PACB2 B R AT ] AR OREL § 5B A
oo A B P g FERm #-f FE S 0K
(3-2) 5% o

T AR
AT

ZR+2r» H o 50 4rEq
VIR
Rm=—="=R Eq. (3-1
m=T=" q- (3-1)
Rm=%=£QEEQ=R+2r Eq. (3-2)
r +
_—-’VVV\—A(l ) AN A (1)
n B(V')
R R <v>
LonTc (v)
r J .
L==AMN=— D (I ) (=W B (1 )
Bl 3-2(a) = B2 Bl7 & B
BiEw e

Bl 3-2(b) & BLE RIT
B GE R > NP

2
ik g L A
BT o B 33~ B 3-4 fo @ 3-5 5 LCMO (x = 0.58) 55 %otk o &
Ry s
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Device SQUID) % & pleit 5 & FUE R B % > £RF R K30KZ 300K >
e RS 0.1 T i 4o 13-3 ~ BI3-4feB3-5407 > %7 £.9100 Kik
MR — F AR R RR 220Kk - B AR B gL g BN A

TG AR RNED - ARG A220K - 4 2w BRI T infp i
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REREAG - R R A PERGE R ROE R @ AP R
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¥ F E¥F —H#8 (Pump-Probe) £ 7/ % it

4-1 g —4FRIERIRIZ

\ n(t) "
pump pulses s - b N
— —= time
= 13ns —>
probe pulses ‘ ‘
- , » time
=l e =
t (delay) AO modulator
‘\\ @ 97. 7K Hz at puiap pulses

probe pulses

(from sample) firiies

|€— 001ms —>|

=
=
detector & lock-in amplifier
@ 27.7KHz

AKt) 1 1,(t) = AR(t) | R(1)
e n(f)

Bl 4-1 o -7 B 7 % R 2T X B
LR —IERIF R o) FEHYA L DR EREET L LEd
k4 ik 8096 1 20964t A A A i k> g en S s L (Pump) 0 BE ehE 4F
Bk (Probe) o — B g $24]@ i Rk i Apk o & A i kb PR R

G o FRFAREAFESAG B 3 F R BT a()EFRET R
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{7 % (relaxation) > 4rjprF &+ ~ B BRI E 5 BB FE D a)F ERE S
F oS B @ § SN AF S 75.5MHz > TF 13ns § A 24 - B % e
iR EEES B3ns £ h- & HF %ﬁ%ﬁti? SFIRT R IRIR| e kAR o 12
FIRRIE T AT A SN F A S R P E RS A G 0 B d VR KT D
Tt e g AR EShE B eTe s o T ;fgs! R HRIEEBIRPIEP
BoomenF S g FIEF rie o R BB A ) 9 1071075 2t £
738 * 4 4p 2 < B (Lock-in Amplifier) » &k 2 “% P e E 2L E
AL ke b oo Ar - B AR BAR R A R 5 97733
KHz o #7r1 t 4 ip] 6 22 5 s LS Benps P £ 5 t P > o 4 dpoct Bop
P R A B 4-1 0% = 2ot 4 [ot) s DC 3 RIE > (N & F o
BR @ Al(t)s % 4 F 63 e (WE AR 5 14 %M(%Uﬁ&g B F - B
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S KA o B F TR k0 T LR G F e 15 AR
PRI -
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open closed open closed

R R - I Eq (3-1)
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e (1) =(1,

A
open L closed

Joump = (1, Jpumr =1, [28]

¥ohoodob ik Y F o FEEAFF 5T75.5MHz 0 ® R R 0 IR 5
13ns > dok k&7 s F PR AR R O R 13 nsegs 0 AP g A T
Pede 2009 5 (75 0 v pR[29]7 T ML G RAFG AEIIDHA

Pro,CagsMnOs? » 3% SR S fi(us)E 5 3 2 L ¥ ¥ T 5 A% 4w

XS ACT BRI EN R L g A R AT R

| Yerdi VB Tizsapphire Laser
Debirstoos r‘w BS i 20fs @ 75.5MHz
e ‘
-2k L
. HOM
Chamber %
Citar 3

@)

Computer

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

D : Delav Staae Controller.

Bl4-2 o — B2 B S
B — IR BBk BdrBl4-297 > AP SR ASKTEFT RS N
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