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Abstract

Coherent acoustic phononroscillations (CAPO) have been observed
1n many materials, such as superconductor, semiconductor, and
magnetic materials using ultrafast pump-probe spectroscopy.
Especially the colossal magnetoresistance manganates La:xCaMn0Os, one
of interesting materials in our lab, exhibited strongly CAPO at
various doping concentrations (x=0, x=0.3 and x=0.58). However,
several mechanisms about the generation and detection of CAPO have
been proposed and disputed each other. In this thesis, we have

prepared LaoCaossMnOs thin films with various thicknesses by pulsed
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laser deposition and have measured the transient reflectivity

(AR/R) as a function of a pump-probe delay at various temperatures.
We found that a slower oscillation with a period of hundreds of ps
in AR/R 1s further modulated with a faster oscillation with a period
of tens of ps. The characterization of these oscillations can be
elucidated by the ultrafast generated strain pulse model, which was
proposed by Thomsen [8]. Moreover, the ultrasound velocity at various
temperatures also has been calculated in this material and is

consistent with that generated by a‘econventional pulse-echo-overlap
technique with a frequencyyof several megahertz [16][17]. The anomaly
of sound velocity near the chargeordering phase transition has been

observed.
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EX T RIERIRED BEL G PF K 2B A% RN K bk
e il eis o PR ERRRF R S g IR P G L A D

r'P“J *ESf °
dedk i ba Ui SRRGIRE RS Das o RIE A B TR R
FrodF- BT RF »p R TT 5+ LRET DA

PERNEIR TRRBEEEUH L Y § RS -
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Hod TR ¢ T@mET A AEE ) 45

2-2 SPATAEF MR A F R
SR4TAEF 5 R 212 (colossal magnetoresistance, CMR) H L ch— f6 » 12
(MR)Z_ & & @ gd sh4epdis T e g o

) R, —R
MR raito =% Eq (2-2-1)

0

Ry 54BN TIE >Ry 213 N BIFFDRTIL c BIENAFFikH

<7 £ xGMR~TMR ~CMR » # ¢ WCMR % #7% ILT| B L B+ i L

(~100%) » s fiz & Be i FEfoft o

2-2-1 MEFH B HH Jahn-TeIIerﬂdisthrtion
gnﬁﬁﬂﬁ;ﬁﬁﬁgi%ﬁﬁfiﬁﬁ%ﬁﬂﬁﬁﬁi

(LaMnQ3) » L ko F1 ﬁﬁ&gﬁg 1150 ?}; 47 &5 % % H-(perovskite structure) »

Sz N S A g .§$$§_£r$]2-65’?'r7‘p

A= Alkaline earth ion

Bl 2-6 4545 5 4T T FI[18]
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AR | S CETGET A AR 4

[
Hels

G B re R A - B G Mo B4f4ES (LaMnO;) ik b
PR RS BEGERRT T LARF DT T o L REF DT T LT
ﬁﬁ?ﬁwﬁoﬁi’ﬂéﬁ%éﬁﬁ%§$4@ﬁ@%ﬁw%,@ﬁw

g e E Ak B 1 3 (crystal field)sc i 2 2 X eg %ty B i FF 5

)

n{é ;a

gh“i

KR 0 RAMNT O 6 R € A2 Az e BT R AR R
A5 % = Jahn-Teller distortion (JTD) » F]pteg% togiv i § £ =x & H B & o ¥ ¢ >
JTID® ¢ % 4 AMN*Og ™ & B8 ¢ 5 4ok EMNT O~ & BB Y 0 T B BR e
SSHRR e P RS 2R TS R g A %A A E A AMNTOg k

o A5 A A AR g g 4 JTD

W P B H Ao B 2-TH T

3d orbitals

:'-++‘
Xy
1, Y Y
: Ak

""""""" yZ,ZX

B 2-7 4% 3d #L3e wc Iy Bl
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[
Hele

TR | 2 CEETERT AKBE ) A%

Jahn-Teller
distortion @ Mn

k 4
@
O

B 2-8 Jahn-Teller distortion -+ %, B
2-2-2 iREAEF BRIFF BT
*4P4EF (LaMnOg)® » s2fhF — MRl T > & £ 1|7 O 2p fusd eh B 3
TomEEAd Bhea B eEBea Caed s FCal Bk na h L
HtEF o @ 6 E AN kR A T Mt 4 T}KF;UF A 1 MNOg ¥ ey 1
B4 2 (hole)r m L MNT g 3+ rFd O2p Fus g 3 Mn* #,
Ba g g«ifp{d Zener #7# I e £ 2 #4541 (double exchange

mechanism)[19][20] -

>

it Cazis > '"gFARERE > ¢ NIRAPY B R O EIR G
heB(1-2)4n B 77 o AF %P il % LagapCagssMnOs > o 48 B ¢ 18 5
BRd A AR EFESTRG ARG > BFI T MERHE
RLFBEL A FBBEEN A5 Atype 2 CEtyped f& > # ¢ 1 5

CE-type s 1555‘?,2‘5”)3 B 7k AL o 4cB] 2-9 #1o7
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TR | ¢ TR A AP | 48

A-type é% CE-type ;éhé

[
Hele

Bl 2-9 F4Ep G A #7383 (LagsCasMn0s)[21]

=t
o

THRFAEIRELI R AT BE O F AR R M TP 45 §

AR ERTNTE > 7 @@ @i e AR % L& L)L F 8 &R

-

i3 iv* o e B¢ Jahn-Tellerdistortion £ F4pd € & chk & o ¥
% La;xCaxMnO;(x>0.5) s se Pl e Iy A ab T o + T i
€ & IR0E Wk (stripe) st 7 [22] 0 4eB] 2-9 ¢ > BB FZEF IR &Y DS R
oot 1T EREIH RG> AP DEEFEDD 2 KRR SR
|

AR e BRI SR RPN R AN YRR

[23]» v 7 2T TG f ARt R e TSR R R - §
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Invesiad inlensity (a.)

Figure 1 Pairirg of charge-ordesd 2fripss in Lag 2aCap sMMniliz e, Higheresalation
lattice image obtained at 86 K 2howing 320 pairing of TS, b, Schematic modslin
the a-b plane showingthe pairing and orbital ordering of Mn™ 1TS in blus, and the
Mr* lonz in orangs. ¢ Irverted interesity scan from a =elkected arza ina (a.u,,
arbitrary units). Faire of the strongest peaks are idemtified as WM™ Ck JTS and the
weaker p2aks and valleys as Mn™0: stripes. The same horizontal distances scals
is uzed in b and o to faciltate the com parizon/identification.

B 2-10 7 A7 &R R[22

— ; e 0.5
o ll:.“’qi 75 nm PCMO
(Y an LAO .
10'} LY c
—— b 5
£ . %1?5!:
£ 200 K 0.g
O i 8,
@ ol =
a
0 s 1.5
Bl 2-11 @it A#5HRT 2 M-T ¢ 52[23]
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F2F EWHESEUGZAIEEAY

F=2F BUHUFERLABEER
3-1 & ts it
La0.42Ca0.58MnO3 f‘; LaMnO ﬁ; it 9]’;” %:Q,ﬁi Ca B~k 58%:+ 7 La ;b’,% m oo

Rl R R S 0 2 Jf LB SR & k7 (Substrate) 0 # 17 AR e

T

z
FEER SO R BELIES ] > ot ] R hs R R & E
& o

BB &Y TR S K PRI & LagCagssMnO; 5 41457 Sk

.f‘%’}ﬁ%zr}%] 2-2-1 #95% o @ ¥ * AR L R ¥ EF AT

Substrate Crystal type ™ [a'(A) b (A) c (A)
LaAlO; (LAO) | cubic 3,789 3.789 3.789
NdGaO; (NGO) orthorhombie 5.433 5.503 7.715
SrTiO; (STO) cubic 3901 3.901 3.901

% 30T ek B

AR Y s W LaMnOs S F B Ca § B 5 A BEF R

/J\
TABLE 1. Structural data and Mn** content in La, _,.4,MnO; and La,_ Mn,_0; samples.
[ ] ]
X Lattice
or Crystal parameters
Composition 8 Mn*t (24) structure® (&) or (7 Fio (A Mn-0-Mn (7]
La, _.Ca,MnOy 0.1 19 R a=35480 1.954 164
a=60.40
0.2 25 C a=7.744 1.944 180
03 33 C a=7.6099 1.936 180
0.4 30 C a=78677 1.931 180
0.3 44 C a=7.668 1.922 180
E—

# 3-2 LCMO £ & &% & # #icsg (- [24]
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d gt 3R Sendh 1 ¥ Bl 4 3 NdGaOs (NGO) #2 LaAlO; (LAO) 2.
(LAO <L3042C3058Mn03<NGO) » B ) VPR S fé‘H»’}l T & Ztk#“

VR AN s b -

32 EWHBH T

A § % bR T 5 48% PLD (Pulse laser deposition) &k = & % i3 9
TENE SR & TR R fEd B 5 KeF B S 3 5 K 5 248 nm o PR
FE R %20-30ns #F hEAFFZ2 FEHAERREAL S S 5Hz 2 3-5

Jem® » A F SRR % A R T30 A o AT B R EMT k

Eoriptla i av d B E§aE e LCMO o 41 o Fe & G R T Bk pR

BAES a i TviEag pHaeAES ,%gtbgva AR R

A BT

Lo B fEie #hir iz Al ~ K5 P~ 7 B 3 4 k(DI water)

GPETE Y 0 P RF R BT FRLOS A RUSE Y F W e
2. F BIRAURBAAFAERET A AN b TR0 ARRE A BARL o H

7RHE-F e R WA AP R S g e R R AR

b
R

3. MM A Y » B Ep o REWEFF 2 FRIF AL IR
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36 1~2 x 10 torr o
B BAE > % - B 15°C/min -5 R EZE 2 3 120°C % =

PEg 30°C M5B REFAF 770°C > £Fd ~§ 531 32 R4 L 3x107

=y

B e 7 B AR o
TEEEE ST DR EFEAF S SHz ~ F 5H S 350 mW ~ R T 6
=< #c 5000p -
FEAXUEHPHRAE > T 2~ 85 5§ 1F

(quench)™# i§ ° " i§ = F S~ & = FHEAE -

B 3-2 "% Fg b4k AL 7B
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3-3 EWA AP ERA A
FBESFEE S APEESER AL OR i R 2T S

*F %Y o i Xk 5 (X-ray diffraction » XRD) %k 4 47 1k &%

7
7!13
F}.

et RIE—FAMGER -BERE—FEAMGER S ARE
Lag 4,Cag ssMnO; $k & ericharge ordering §3 & 4B cnfp i g 255 1 2 R+ 4

kg pic4i(Atomic Force Microscope » AFM) k5B &% o T F R & -

3-3-1 X sk 3884 (X-ray diffraction » XRD)
FI# Xeray go # 805 H R I > S0P F AR TR B 2 B SR R
W2 b o AR Sk 3 OX-ray SEig A HE R NRIGAKU e seid & - H 2 d 4

e E Tk 2. E- B e Xeray s BPEIA L QA WP BV 0L g de a 1720

\'N

i PHW”%ﬁ%%’%@ﬁﬁgﬁt%®m®ﬁ@%ﬁgﬁ,%

RS Moh P BRI - YEsE B R
2dSin6= nA Eq (3-1)

HPdi B REEYL6 T ARG BFIE; 05 Xray® # 52 FF e

.IWV
\4-

dhk AR SR E S nL T B BT D SR RS A B M AR

WHTR R L LR SR R TR TV g R SR RS
s R XRDF R R ? o $2ip] # LCMO (X=0.58) 1 - 4p 41 Jis e+ i

BEortend B o L BLAOE NGOAF crud 2k B+ i Eorhz & & >

T LEHR Fechphe LF S SR b o
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A B3-37 > ALCMOE WA £ A LAOFXRDE] » At AP+ i3 Im &
NATR 2+ 3 - BP A& E > v B2 k840 S LCMO (004) » £ 7 g% 8
ek 2 ch o g Bk auedn IR T A Hm R S B R
B W3-45 LCMOE S & NGO+ ¢ shXRDF » Ligk H Y - %
1 B]3-34248 e ILCMO (004)% & b > 54 i ¥ 12 5 $]LCMO (002) ~ LCMO
(006) % (& > &8 _F| % B BIpFcrX-Ray# & #3505 B A9 $33 2% % :9(002)
(006)% & » L f247 ) K ehE % o 2 oh > T2 LAOZ NGO A B /| »+ %

AWLCMO S R F fic ) ERT HE B2 hé B8 3 o

d Eq(3-1)% BI3-3 ~ B34 F ik B~ ¥ 4 B R e

¥ T84 307 Wik B A i ¥ T ARk

LCMO #mE £ % LAO # 4 NGO ##

Lattice mismatch : 1.7 % 2.4 %

# 3-3LCMO £ F4r & 1% 87 feA2i £
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s LR LR S I IWLT

3
b

/

L

(0£0) OV

(020) ov1

_J

(00) ONDT

_J

(0T0) OV1

T
80

T
70

T
60

T
50

T
40

30

T
20

T
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6000 —

4000 +

2000 -

(‘ne)Ausuaul

20(degree)

B 3-3 LCMO =& & LAO £ 4 2. XRD §]

(900) ONDT

-

(0gg) OSN

(¥00) OND1

I

(022) 09N

(zo0o) oo
~au

<

(0TT) OON

80

4000 -

3000 -

2000
1000

(‘n"e)Aususu

20 (degree)

B 3-4 LCMO = £ % NGO £+ 2. XRD H
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3-3-2 #re—E AR M %E R (R-T Dependence)
%z 7 {#3 LCMO (X—O 58)/_: 83_%\‘?‘_,,;—,13{}7]‘;& ,4. » 2\ IFB’%’%?%* 7 %L—_!é_
RIZ S R R G AP FRSEY PR FORERAS R

& BB 3-5

T A E =L

I e s
— I T AR XS

=

b | Cryas-puirg ‘

L 1 |
KEIMTHLEY [ KEITHLEY I KEITHLEY | LakeShore
2001 | 220 FRO | 196 SYSTEM DROC-D10A
Multi-rmeter | Current Source 1 (B2 1Y ; contraller

1 - S— _..| l _l | ."“"" N

OB ]
T R -

| Coamnprter

Bl 3-5 w BRE P4 sk
R R B3-6(a) > st N BB ASBAC D = BAUE
[V AV T d 5B Co A R Ap 30— B % e B4 6B -
C2 B > #irtd Ay » DT in | § % 2EEHEHA D o @ d DRI > 5
£ 7|HT R E A L AR 0 B 250 S Eq (3-2)%7 o dpET B Seha
£l 4oB3-6(b) 0 atE st HNABA B A BABA BT V] >

A B7 PE_’SJ‘*Q_IJ\;}';)' 21, MTI,Z ’ \:‘; A%%J%mﬁ,/”“l g z«t‘ f';l—-;ﬁfﬁx\_/l:’_'?‘fir% ,
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S E PR JERM B8 2R R MOTIE o T ARL2r 0 B 2N 4eEq (3-3)

BT o
Rm:\li:$:R Eq (3-2)
Rm:\T/:M:R+2r Eq (3-3)
r +
—--wvw—- A1) AaAan— A1)
¥ B(Vv')
: ;O
L c(v’)
r r
L=—A~— D (1) =W~ B (1)
Bl 3-6(a) = BE P Bl3-6(b) = B-E R

SETIEE AN GER > NPT @R SOBEEL o AP E
B &P 0 B 3-7 5 LCMO (x=0.58) & "tk &= & »° LAO £ + e je gz

BAM AR d AR T @i ERPFIP ARG G i

~m

Bkl 220K~230K Tl g 7 Tir 2 FLig 3 A7 ip % > 75
REMOTIFAPF 2 ~100Q 0 - Bt R B2 ERNT AR
LR mpiceng it 50 Bom e filmpiceng it o AP B 3-8 hR LR R T
> Log ® & (4B 3-8) APF UgFR A 20K FiT ¢ T IRT R}

SECARETER TR EL R LA RSN RS S NN
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F2F EWHESEUGZAIEEAY

WRERN T P ATEERE R BT T
s AR TR s d PREAPT U RRED S

EPEF REGIR R c AP ERTBEPERL T

Bl 3-9 5 LCMO (x=0.58) i %% £ > NGO s 4 + 7 R-T Bl > 2P i

BRIk cHR] 3-8 v o AP BT MFIRTIET A MISEIR L A IR g o o

e LR 1o A LN R V) LAOQ%%F’% ok 51754); Gy ﬁlﬁﬁﬁ B 35T

Resistance ()

e ©

5x10°

4x10°

3x10°

2x10°

1x10°

Cooling
Heating

] A ] A ] A ] A ]
100 150 200 250 300

Temperature (K)

B 3-7 LCMO (x=0.58)/LAO =t = & T o RT H
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Resistance (Q)

LS S LR S IV
) N ) N ) N ) M )
—— Cooling
— Heating
10° F E
— 10'F E
)
[}
[8)
c
g
[%2]) 3L .
2 10
(4}
o
10° 3
101 1 " 1 " 1 " 1 " 1
100 150 200 250 300

Temperature (K)

Bl 3-8 LCMO . (x=0.58)/[EAO &1 Log ¢ &~ 7 RT @]

T T A T T T T T T
] Temp. decrease
10" Temp. increase | 3
10° .
10° 3
10° 5 i
1 1 1 1 1 1 1 1 1

100 150 200 250 300
Temperature (K)

B 3-9 LCMO (x=0.58)/NGO Log ¢ &~ ¢ RT
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3-3-3 it R —F B M %E R (M-T Dependence)

A A * 42 H £ F F 37 iR (Superconducting Quantum Interference
Device SQUID) k&Rt BFERM %> £REAEK30KE300K
Srde e B 5 01T - B % 4o B)3-10%77F > “,f T 100 Kaed "ERE— F 4B

W BIE R 920 KALg - BB OE 0 S AR R

R hFE S > BRGE220K 5 Hw BB RTE I P RR R AP Y -
Ro R APHE P FRFEOERFT F AP AL iR & P ]
PRI REEFE F SRR 0  LCMO (x=0.58)F R &0 B G &
Ei g A
I I I x, I I I
5 [
1.26x10” | e I 7
L
= "
/ . aF
] |
T 1.24x10° [ ,' W k" -
£ ] u i [
5 d . :
5 | s
§ 122qa0°f ™ E .
5 "
g %
= 1.20x10° - - 7
"
"
%
118X105 N 1 N 1 N 1 N 1 N 1 N |
0 50 100 150 200 250 300

Temperature (K)

B3-10 LCMO (x=0.58) & "eigz it 55 & 8 & B 7% 8]
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3-3-4 m3 4 Eacss  (atomic force microscope)

Flo Am~ ARPF S ARART HEFHERMNT &R wtksni e TERY
MAFFHPPL LRI R G T LG o A

B4R KRR G TR o BRSO HKEY 0 F - BHRT

o FEIBRFIERSEZe AT 2T A2 RE it 14 A5l 4
PTER 4 AR N GA o I M G e AR fRd R
SRR R BE R F ST Bk KA PTRA R REE 3 o |

ERRTE Y A A P R RhEAG RS Bz BB oo AP ST

Digital Instruments NanoScope
Scan size 2.000 pm
Scan rate 1.001 Hz
Mumber of samples 512
Image Data Height
Data scale 3.000 nm

view angle

Tight angle

% 0.500 pm/div
z 3,000 nm/div

®13-11(a) LCMO (x=0.58)2. o & 4 A e B’ i
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Roughness Analysis

Image Statistics

Img. Rms (Rg) 0.322 nm
Img. Ra 0.245 rm

Box Statistics

Ems (Rg) 0.339 nm
Mezan roughness (Ra) 0.252 nm

0b61220-1.003
Fe ofF

nm Section Analysis

=

g | |

0 1.00 2.00

Hm R
Surface distance 121.56 nm
Spectrum Horiz distance(L) 121.09 nm

Vert distance 3.750 nm
Angle 1.774 °

Surface distance

Horiz distance

Vert distance

Angle

Spectral period
[a]ey Min Spectral freq

061220-1.003 Spectral RMS amp

Cen line: off offset: Off

g Bl 3-11(a)~(c)# v i 41> AR Fehd G Ap g T E > & G ok

B E%025nm e
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Yr ¥ BT HEF —FRE R K

¥of H5 7 EF —F# (Pump-Probe) £ #/,4 4t

4-1 g —FRE R RE

\ n(t) “ N\
pump pulses [ S - ‘ e -
= = » time
e 13ns —=
probe pulses ‘ ‘
: J » time
—>  |e= =
t{delay) s, AO modulator
Tu i 97. 7K Hz at prunp pulses

() Al(f W, i

|

probe pulses

(from sample) time

|(§— 0.01 ms —9-|

=
[ =)

detector & lock-in amplifier
07.7KHz

AKt) 1 I(t) = AR(t) | R(1)
e n(t)

Bl 4-1 g -3F BIR % 27 & R
A — RIS o THA L B EIGEET Sk > L5d A
J g ik 8096 1 2096+ F o4 A aE sk o g1 h G EcE Sk (Pump) o 133 e L IF
Bl (Probe) o — B 4s o drdld i kenk e i dple > @ F A ke D

Sk o R REERE AR SEER P EAFRBEENOEFFT RS
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yr R BT M —FRE Rt

7 4 (relaxation) » 4o & F ~ B3 B3I E 5 SHEE )T LEES
FoaE AR B> @ F g 4f 5 ) 75.5MHz s & 13ns € A 4 - Bk iE
RiEBEEEF 13ns R - G RF O RFMHFORIFR LR #

BRI T Ap L N F ot g R PIE RS A G 0 @ d SR Sk ra g eh

Bk B R F G TR BB EAY ] Y 10°~107 ++ g
738 * 44 4p 2+ B (Lock-in Amplifier) » k2 % T BRI E A ME o A E
AL g kR b oo 4 b - B AR Bap 0 414E 5
97.7TKHz o #7121 » J 47 p] 3k &gl KON i enpr L 5 tPF > o gapae
BRI E DT BAFACR 4-1 % = FR0 #on Io() 2 DC T RMEL > AR
%ﬁﬁaRnam®é@%ﬁ%&ﬁ%ﬂﬁARa&@%N@ﬁmﬁg@ﬂ
- i Bt ROL e Bt B R IR R R AL e ko B
AR S50 S SRR B R 6 S ﬁvuﬂﬂ:*iﬁﬁ%ﬁﬁg

AR(t) =
R(t) - SAk AUl L
R -R 7 u - 7 u
AR oo "R | \L g AT e
R R pump ( | J Eq (4-1)
closed —
| pump
closed
() (1 Jpom, A1
(1, Jpure I
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r BT HEF —FRER AR

#o (1 )pume = (1 Jpume, = (1 Jume =1, [25]
Fehodotit? I F 8 enE 4 5 7T5.5MHz » 2 % R e IR 5 13
NS> 4o fk &7 ch5e P 7 < 30 RR el epf R 13nSeris o 2 i ¢ —P— Il =
FE e b f[26]Y R0 IR § R A4
Pro;CaosMnOz® » # ¥ S ifi(us)EF & #72 » L ¥ E75A%4
B0 x g AT B R i B0 0§ AL RN AT

I N It R
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e BT MEE R ER R

4-2 FoF —FBIE B & S

.....................

Titzapphire Lazer
20fz & Fh.RiHz

Ol §
Chamber 5 S
| -—%¥@L “

thonitor

H
Yesnsead 3 : Tessssamas

i3 g "I TII LN LI E I LI AT IR IR ITIIIIL
@ f o i e oo e

........... -

Computer

AOM : Acousto-Optic modulator, P : Polarizer, PD : Photo Detector,

M : Multimeter, RF : RF Driver F :Function Generator,

D : Delav 5taae Controller.
B14-2 gt =PI £ Pk 5
o — AR RIE R 8 SedeRlA290m 0 R NG SR G EET E T

(Ti:Sapphire laser) » 4% -t 4

—

PR as iR 5 800 nm o PR #FE R 20 fs 0 PR R E
AMF ET55MHz; A &5 EF £ 7 8 ergosd £k 5 Coherent Verdi V5# & &
g dik gt £ 2 532nm o &= %Jﬂ: =5W o

BRI kW ¢ RS- B (F5 I 4048 i (Dispersion
compensation) » g2 ZR A e d Sk pF ek R R R 5 20fs) e F) 5 SaE T 3F S ok
B Glded 4 s F B - Bk 4] B(AO modulator) ~ E 5 R chpt 18
% gﬁ;; ¢ &2 ¢ 4ok (positive group velocity dispersion) @ i@
AR g R~ Bicp Bps o T A PE * fE A4 (tnegative group velocity

dispersion > % B L A H Y frd sk fr s R4 T 5 £ F 124y
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T i BT HEE —FRIE R kA

JlAzend JOofl > Eim b ¥ = 23 A KRR RAL R R R o

BF o TR ZE: 20 F o A58 A ko B NG EE K R
5 AR P o

FFAESH- FEEAFE > SRy > PEEAF FE DA
A B TR o P end 57 B R IEA ] 0 g R KLY A s
sk AT BT 0 PR BR AT T R FAR R S e E k0 A2 BRI F
IR AF] 0w NP AFPEEF S OTTKHZ > b e Bme s BAR R 3 )
BF o BAREEAF BT LTV R R B RIS > AT LB
5 RAPE &0 T g A2 R IO -

B¥FFHEE L EMFTEAERE (Timedelay stage) » iz BurE %3 F 4
BHGIH AT ER MEEN T FHELFH RIS B b HE
o T UL R BRI R SR G PR HERT > LERET 20

o oo AP * g R T A L & Newprot PM500 series ©

v

BB o MOR kB > g k€ i X L 7 (Half wave plate) ~ iR B
(Polarizer) ~ {6 L Ed BEHZRBE I HFda o HY L P BB e
o T NI FINPE DRIk v R K R AR o

R Bher €5 - BEEFER 2R PEEAFIE
EATBEAFIEL NPT g4 PAFPESF > R A ST w2 FR RS

FACH R 24P o Aot - R APE Y FEH T AT A Sy E AR

39



TR BT SEE —FRIE R

ek R o AFRA G D SRR AA SR Y - FE-

¥R (s EARE WP BE £ 5 (Reference) > @ ¥ - i B A

‘ﬁ

LR BEEALY CREFEY I HIRES e BB R o
TR Gd A ik k(P B S 5 ESignal ) - B~ X
i jp] B (Photo Detector) » ¥ *F#5:F R Findk ¥ 7 4 %% A% R - g

—

ARl F AL R R ELDA B0 Pk BRI E Y ip R TR § R A

\

WELR 2 2% 5L (Signal-Reference) fs » #-k 2 gk = 7 RIME 0 B3 2T
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