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Ultrafast Dynamics in (110)Y(;,Cag3Ba,CuzO7;

Probed by Polarized Femtosecond Spectroscopy

Student : Ming-Tao Chiang Adviser : Prof. Kaung-Hsiung Wu

Department of Electrophysics

National Chiao Tung University

Abstract

Anisotropic dynamics: of ¥Y;xCaBa,Cu;0,5 thin films probed by a
polarized femtosecond pump=probe system were investigated in our laboratory.
In this thesis, we have successfully prepared the well-textured (110)-oriented
Y.7Cag3Ba,Cu;07s thin films by pulsed laser deposition (PLD), and the (110)
purity of (110)YCBCO thin films, as revealed by x-ray diffraction in National
Synchrotron Radiation Research Center, was better than 98%. In addition, by
used the encapsulated bulk annealing method to manipulate the oxygen content
of the (110)YCBCO films, we can systematically investigate the relaxation
dynamics of photoexcited quasiparticles for the ab-diagonal (nodal direction) as
a function of various hole doping, i.e. overdoped, optimally-doped and

underdoped regions in a single (110)YCBCO film.
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L7 @R P kL2 4 5 (off normal)E & i B G, #73) chdESE B

4 fj.%{STO(OlO)J—' B ONYERTE & > ho[B) 2-7 1T 0 & JF 6 B R 90°eh ¢
22 45%hy b BERHEFO 2054 B A W% LQ2)ERIER o

BplhiE R 4o £

A=1.54052 (§) 26 6 X ® I(det/mon)
STO (110) 32.46 16.38 -90 0 70.1
STO (010) 22.75 11.43 -135.13 89.97 44.28

% 2-3

233 REBFEFS

Bl 2-8(a) Al # 514 0 -2@#prsd % e % 7 i & £ 4(110)STO
AAE g WE T F A G (110)-24(103)YCBCO & fe gzt > £ @ # 4 eh
SRBHT A T KO208Fp? APT 1FR Al 528 Rl &5
L3 L B o 4ol 2-8(b)“7F 0 T YCBCO(220)(2 % 2 YCBCO(206)) $Ed4 4
@22 STO(220)465644% @ ertp¥t & B 4 I > Al 2 cnip ¥ & Bt RI B 5 %
% KA 0 de 230 STk S 0 k0 LRI AP R SR
£ % 4 YCBCO(110)2 YCBCO(103)> @ ¥ Az 8 14 @iz A45H dhe B

—F']‘A;\ELE";’J)%EO

19



P

SR TR S R 1

sample: Al
T v v T v
A =0.154 nm [ b
3 (@) [—— Sample : Al (b)
Smaple : R1
! —

[ STO(220)

STO(110)
STO(220)
YCBCO(220) or
YCBCO(206)

Intensity (a. u.)

Intensity (a. u.)
YCBCO(110) or
YCBCO(103)

i

N
20 25 30 35 40 45 50 55 60 65 70 75 80

20 (degree) 26 (degree)

B 2-8 (a)Al 5 XRD'B ()t # Al # 52 R1 # 51 XRD B

(110)-2 (103)-YCBCO @ttt 2 A5 % — 48 10] % 1% 55 0 o) 2-9 7

T(Mied ~FS RLA)HELERSEZ e DA ELBLZ6,, 26,

v
»

ERETHET A~ F VA0) ? & > =% E ¥ m I YCBCO FHFF

218 e T RSN 58 B AP R[21] 0 1t A A w2 £ p)(110) % 5227 (103)

G, PTA 4 RMERPE B o T P NP E ST P e R R S

/

(110)YCBCO # (103)YCBCO firrd 4 & & %+ 3 o b $3¢ » 24 0 £ 32](110)

& 5082(103) 4 506G, “rA 4 Bt © 0 Al 48 S e R Pl & Ao d 2-4 97

JRANIREZIE -

oo (A2 52 Rl 5B RlE % B A L 2-5)
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E '-:\i:— G B B TS, r*’é”’l‘?—/*\ i

k-space [110],,
LG o (103)YCBCO
— (110)STO (110) (100] (010]
4 G(103)
G
(110)YCBCO Gupy | @0
[010]
[010] [100]
Gz
[001]
[001],,
B 2-9 (110)-.,93(103)-YCBCO‘.;‘s;;ﬁ& % (110)STO & ¥ +
i BLEgEE ¢ ST 7B
(a)
1=1.03022 (&) 20 6 X ) I (det/ mon)
(110)YCBCO(102)| 18.4024 | 9.2016 | -144.002 | 45.8563 10.163
(103)YCBCO(102)| 18.1979 | 9.0526 | -101.739 | 2.2447 0.231
(b)
1=1.03022 (&) 20 6 X ) I (det/ mon )
(110)YCBCO(112)| 23.8812 | 11.9406 | -115.044 | 93.0494 7.589
(103)YCBCO(112)| 23.9466 | 12.3829 | -130.937 | 107.112 0.147

1 24

* (110)YCBCO(102) * (110)YCBCO ##-5(102)T & # & 2 ensest ik &
* (103)YCBCO(102) * (103)YCBCO 3 H(102)% & “7 4 4 chighbtii i
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Fod W EHA SRR ESEA

% 2-4(a)¢ - (110)YCBCO(102)£2 (103)YCBCO(102) 45544 (& chw I i+

(O 20 xBQERRE) SRS EMERREAARE  BFAP
1 250 (2-6)3 B (110) % H4 & 7 A & V(110)

110)1
(10} i1y % (2-6)

V (110)% =
A10) 1 (i py +A03) 1 iy

JE G 2-4(a) ~ 2-4(b) e B B3R B s eniE % > AP en Al 50 V(110) % iE 98%

'l‘,[ F o

AR 0 A F E kSRR B A2 58RI S0 V(110) -
Baded 2-5 97 o RI P SE(103)YCBCO #40~ A2 #5158 4p 4

(YCBCO(110) : YCBCO(103) & 7:30);°

Sample Substrate Buffer layer V(110)%
R1 STO(110) none 0%
A2 A-STO(110) YCBCO 72%

% 2-5

22



E '-:ﬁ:— G B B TS, r’%‘fﬁ-/”\ 17

2.4 EAA AL
24.1 @ 2 34 (in-plane @ scanning)

¢ - scanning < R ¥ 148 = 35 Pl 2 RS B8 0 RS A w E RS
B i 360 TR FF R 0 Aok A - SR 0 2§ ¢ 2 %o 3607
PLRIER§ MRID| 2 B AT RApE e -2 ¢ &4p £ 180 4o 2-9

TR o

k-space | @,
— aipsto A E'H[]}}O]-sfb'.__l
— (110)YCBCOR| 1 E ¢
G /:\G(no) ‘"'""/-i-\ Gany
350 1 380
[110]¢,

B 2-9 YCBCO(112)¥2 STO(111) # ¢ -scanning =7 7, B
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$o R BOTRK &S R EA

A * - scank B W] A 1A a0 2 e(110) YCag3:BCOE #(Al $k

S e(112)T & 22 (110)STO A 4 er(111) T & chdisis & > 9 252 % 4r- B 2-10

#7575 > YCBCO(112)T & 22 STO(111)= 5 & NI B bt & > =8 A b &

¢ =90"% ¢ =270%437 > B L F FEFWHM(¢)A % 5 0.9%2 020« %]t »

d ¢ - scanning 7 S % 0 AT 12 i (110) Yo,Ca03BaCusOqs i o £
% (110)StTiO; £ 45 T & F chghs M (5 5 ¢

YCBCO[110]// STO[110] 4= YCBCO[001]// STO[001]

Al YEBCO(112)
i STO(111)

Intensity (a. u.)

VAT OO0 (ORTNN o

rrrrerrrrrerrrrrtat
0 40 80 120 160 200 240 280 320 360

¢ (Degree)

Bl 2-10 (110)YCBCO ¥ - & (112)# ¢ scanning

& (110)STO #+-T & (111)# ¢ scanning

24



o SWEE 2 IS RS

242 HHEH Y R (0 —scan)
o — scaning?é_i?dﬁ.% P AERERE- BT o Mg B2 {8 Ik

B RI2048 TR B oM 0] R ki #04  JL P PRI T
BRIF04E B %> T L o-scan ¥ 5 NG HARR DI o AP ERAL
# 5 1Y Cag3sBCO(220) %2 YCay;:BCO(112) s b4 8 K #iw — scanning’ §F 2
% b 3-6(a) ~ (b)¥F 7 0 HFHWM(0)A %) 5 0.23°2 039° « Al 4 5

R1 & % ¥ A2 & & YCBCO(112) 0 — scaning & B| 2. v fin kg & 4o 2-6 #7

TF [e]

Al (@) AL (b) 1

- YCBCO(220) ~ YCBCO(12) " .

_ 0 ] [ ]

p FWHM =023 S FWHM = 0.39° S . .

| \l ./ L J
= | . " ! | 1=

/ | | [

S u L} / u 1
s . - . \ 1<
> . . . . >
E- A ]2
2 . . . . ]z
o F N '.. ./ u 2

L ]
E r g d d 1%

I _.J' '] ,- b l

L l. [ ] -

- = . "
1 ]
j A 1 A 1 .ll\b —J A 1 ‘h\_
22.4 11.0 115 12.0 125

216 21.8 22.0 222

0 (degree) 0 (degree)

Bl 2-11 (a)¥+(110)Y(-Cag;Ba,Cu;07.5:7(220)T % Fiw-scanning

(b)$(110)Y(7Cap3Ba,Cuz0757(112)-T % Fiw-scanning
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E '-Iﬁi‘ R g R R r%f#—/”\ 17

Substrate Buffer layer Rocking Curve (110)%
FWHM
R1 STO(110) none 0.55 0%
Al STO(110) YCBCO 0.39 98%
A2 STO(110) YCBCO 0.41 72%

% 2-6

wp e

%‘%E‘ 233 & eXray¥ESHiE 5k S A TAL R E RIS A2 R &0
"M% ¢- scanningfro — scaningsF FH Sk ER AP LWUF B &EF D

(110)Y047C30.3B32CU3O7_5‘;E’:BE:(AI ’ng r‘{") °
243 % & T EH A (Surface morphology )

A S 4 B cEL(ARM) 2 2 e T B ACEL(SEM) A B 3 LR AL
g foR1 E A & T B AL 0 4B 2-12(a > b)fr B 2-13(a~ b)#rw o H A
178 5 % B 0 (110) YCap;BCOE e 6 T & & (RMSiE) 5 4.352 nm >
HEPERYL 180~250nm~ B A 9 % 140 ~ 190 nm ; (103) YCao3BCO &
Wiehd g TR RMSE) S 8911nm: B S £ B X5 450~750nm ~ B A
%5 120~200nm e ¥ & SEM g 7 12 iF ¥4 31(103) YCap3BCOE
Wekom G A Al R (R RS 1367 m > B RN S 250 nm)

TR E R I IR A P (103) YCagsBCOE it o
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S Rl

Spectrum Zoo Center Line

Section Analysis

i 1
0 1.00 2%

Surface distance
Horiz distance(L)
vert distance
Angle

Surface distance
Horiz distance
vert distance
Angle

Spectral period
Spectral freq
Spectral RMS amp

¥110-1.000

182.99 nm
181.64 nm
0.920 nm
0.290 ©

9 nr

nr

pC
0 Hz
0 nm

Offset: Off

_(110) YEBCO 1 AFM %’ 4l

== ik
P&

SEl 15.0kV  X10,000

B 2-12(b) (110) YCBCO 1 SEM % if ]

27

1um WD 12.0mm



E ?‘ﬁz— E I Y ;%"f?—/”\ 17

Cursor Marker Spectrum Zoom Center Line offset Clear

Section Analysis

Curso fixed Zoom: 2:1 Cen line: Off Offset: Off

B 2-13 () _(103)YEBCO : AFM #: ¥
ElS),

SEl 15.0kv¥ X10,000 1um WD 149mm

B 2-13(b) (103) YCBCO 1 SEM ¥ i 8]
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i
Iy
s

SRR 8 R e AR A
244 @@?ﬁ",'b“

APt FREDLIE-ERDER SRR BRAZF IO T IR E R R
R B A TE TR R R (T) 0 KA 2 S | B e
* ik w LR PR o do) 2-14(a) 0 St BN e BoAB-C-D v
BB SV SV ST d B Cz PRI KRBT > dpg - Bt hg
g B~ C2 [ frid ABMG » PT iR | § 2 258 H& A5 0 @ d D
Bhond o TR IR FERm G EHCA 2R H o5V 5 (2-7) o o AR
i SLena BEE R 4ol 2-14(0b) 0 kS EDABR 2L A~Ba ELA
Wl ST 7 A Bz B Bl Ve s d ARRg » TR § 58S
ETREHF S T E PR ERM e S E T ROT 0 T S RP2r

H 2 XN e(2-8) 97 o

Rm:VT:$:R (2-7)
Rm_\li '(err)zmzr (2-8)
":"’\N\-"‘—"A(l ) —-—i\/\:f\/h A(I+)

7 B(Vv")
R R Y
- 4 C(V-) ()
r
| s AN\ S D(|-) _--'V\:V_ B(l-)
Bl 2-14 (a) = 2= P Bl 2-14 (b) & B8 |
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B TR 2R A

d 2.2 Fendggi s o A A 0k en(110)Y,Cag3BaCus 0535 B(Al 15

) e b AR &R 2R 4R FRERE AR 2-16 4T 0 AT L A
- ®(110) Yo7Cag3Ba,CusO7.57% ¥+ :x g H § 32 13) » Bl 2-15(a) ~ (b) 4 ¥
FAl £ 5 0% ke 2T 5 5 (110)YCBCO [110] & = £ 55

(110)YCBCO=3[001] 7 & #7 & P 7 3| crR-THRE 7% @] ©

100 100

under-doped (40 K) I under-doped (40 K)
90 under-doped (65 K) (a) 90 L (b)
—— optimally-doped (79 K)
- over-doped (74 K)
80 I over-doped (63 K) 80 -
70 | 70 |
S e} 60 k
) I L
(&)
g 50 50 |-
X7, : -
O 40} 40 |
m o
30 | 30 |-
20 20 |-
10 | // 10 |
O-I.J/l.l.l.l.l. 0 L 1 s 1 . 1 . 1 .

0O 40 80 120 160 200 240 280 0 40 80 120 160 200 240 280

Temperature ( K) Temperature (K)
Bl 2-15 (110)YCBCO &% enq et & B % B
(a) 7+(110)YCBCO =7[110] > =

(b) ;5(110)YCBCO 1[001]>
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¥R TR S R A AT

_-iﬁf_ﬁ.
e S
H] #— ====x , BT
e T i
—1—1 ] —,}i’pl‘
|
‘-Jm’pﬂ .
£
‘:ﬁ l
¥

=i S

= = = =

—rl
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‘

Nommn) =8 53 =
OEE0 S| =
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31



OB EF % L2y HTSC #4142 Rig

\n

?1‘5:
it BRI INEFAY
HTSC #1122 m3Z

31 PR Kf5%:

TR 3 RS ER A e f 5% B 75 R RTRE HF

k& 2# (pump-probe spectroscopy)® ZtF £ & H1 & o AAF EY > g AN
PR NF B E D R R e -3 Bk Si(polarized femtosecond
pump-probe system) * & F i 51 2 sy 47 Pl R 2 2 YBa,Cuy 055
AP R AT e R R S B R R A B 0T G FAT/T(S F S

AR/R)énF 38 R, £[22] °

311 EF-FRFENRE

OB —AE R PR AR B 3-1 41 o s Sk fodR Rk E_ R b k8 5 13
ns> Hv n(t)Edpd e ko SRS T A a- BHREE S AP ER()
§¥4 B ek &t & (index of reflection)4p B » 4% w3538 0 fn(t) e EREF N

o F R F (N TSR KRR € T L BERER M ARR(R § 5 AT/

REEN() R D P BB F 2100 ~ 107K & 0 Fpt A
FRAEA(CFTHEA LT RELALPRRAS FD)NHE T LR L



»

P - R R RE R %k Ty HTSC #1142 g

S A Fren s P EeraEl > @ % 448 (lock-in) B 2313 £ R
H & A AP R 8 F Bk 2 4] B (acousto-optic modulator » AOM)
AAlpFLR > APEREAIPEF S 97KHz > C R B A
BE i R &R SRR e AL AR A A 2 F W 5 0.0lms (1/97
KHz) e 5 (B ® 7 [y(t) % 57 pump beam close PFenk SHEE |k et 5L 38
B 5 Io(t)+AI(t) % 5= pump beam opendr » B35 ip| sk cha & P [ 2an(t) e 5 o
FEfpaiiiieg i) F BT U FERACIEL(ALR) K p AT EE B L AT

# 3 e - -

pump pulses 400 ‘
\ time

«— 13ns ——

probe pulses
» time
— e =
t (delay)
AO modulator
A1(1) @ 97KHz at pump pulses
lo(t) l

probe pulses
(from sample) . time

I t— 001 ms—|

ﬂ detector & lock-in amplifier

@ 97KHz at pump pulses

A1) 1 14(t) = AR (1) / Ry(t) e n(t)

B 3-1 R RET AR
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$ZF Bt BHEFPHR A2 HISC #4442

-~ ‘Q\

R g AR~ Banrt g T OUFEESH e oAp chACUEL(41(1) 0 @ DCUEL
L)d 5 F =% TEFB o Bis 5 iﬁ",ért K p AT AR R A H IR

1 % JE 4 ACTUEE(AL(1) * DO BE(Iy(1) (T3a— 1 A B B (%8 40

AR Rpump - Rpump ] [
— open closed — [ ( ) _ ( ) ] / ( r)
R R I oen’ I Gosed™ 1, Closea
closed ’ ’

VAR (A N

— open closed - =
(Ir)pump ]0 (3_ 1 )

closed

A2 LDy =Ly 17 ) gy =1

open closed open
AT LS HdEd B RIAY A EEIRRE 55 ARR(® 5 35 5 AT/T) %
LR o T oo 0 N30T Wi E S FARRE ~ btk R (1) BB

TR S R - AR PR R Rl B %

312 HF-FERIFH L%

e B fy e kST 0 Ao Bl 32 fTor 0 R ALRIR ALY AL T S
(Solid-Laser) % 4 f-4%- & F # (mode-locked Ti:sapphire) g 5218 » A 4 ¥

ok £ R 800 nm o MR HRR R S 20 fs fork RE AR F 5 75 MHz e°% R F & o
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$ BB RFP R L2 T HISC #2 R

).PF
\u

Ti:sapphire laser
20fs @ 75MHz

V4 1 A
L & hd
AOM

Delay stage C Je-

Chamber P [ PRI
i ':

— " DR
voritor T ¢ T e, [ e BB 5 [l

{D Ll ock-in amp. T.A-....f.'.'.'.....'.'.'.'.'.'.'.‘f.‘.'.'.'.'.'.'.'.'.‘f.‘.'.'.'.'.'.'.'.'.‘f.‘.'.'.'.'.'.'.'.'.‘f.‘.'.'.'.'.'.'.'.'.‘f.‘.'.'.'.'.'.'.'.".‘f.‘

Computer
Bl 32 &t %éjff}‘;;sr%f -¥E P %k S

AOM : ¥ 5 483 18 P3 ﬁb&k. CCD #5815,

D: uf B4 B F:;s,,gt,g; %= RF:RF 5 E.

oh
K
&
pal
A
é_
=y
il
A
A
=N
E
5
Tl
N

ek B L E s Blde B oS4 S
#-5k 24 4] E (Acousto-optic modulator) ~ £ 4% ~ iR & X > B B F A2 € 4

@ &k g & positive group velocity dispersion (GVD) » F b ¢ 3% 7% 5§ 5
EHCE pso T Rk R F VIR P Aok aE - AR S (prism pair) #ad ATAE

¥ (Dispersion compensation) » & F &7% #F 5 & I i % 5-PF i BiF A <45pse

T B R LSS 2 (8 0 € X5~ % 40( beam splitter)» =it £ 3

ol R oK 0 BB R 802 BB A N B R A E



S fREA KRBT H L AE T HISC #42 R
(acousto-optic modulator » AOM) » H © jgrg kL F e AOM H g S 23 4] &

97.7kHz » 34 = 23 IR F 02 I AP 2~ BRBAEL -

BTk B RS- BREF ALY (time delay stage) » 1 & d
BHGIH BT ETF Ha Tl > ZERFRRTIH B d ) HiE

B0 TR KRR R 2 TR BT R SR A T

B AR PR K BRIk # % (half-wave plate) ~ ¥
2 (polarizer) 2 B L 4 o iR ¥ B Lk B hpd i A B % K Ed|k hikIRS

Gl e ko REAP AP §EERERSELG oo

ARk m 3 > BEFE RS R L SER 2 AR PR A R

3R R FIEGREFR K hd g St kAR e 0 e AP T K At B

FIBAr L TR g RESRERLE ALY RPN BESER T
BEBLAR ST o

o kBRI LD EHE A G R EET T4 B 5 120um £ 80um> ¢

Atk o FRIR AR BT 05 A Gt EE kask BEN o g 4R R oD

FRAKE RN BT KA PR F M R Rk o @ kR B

(photo detector) #--k 2 5L & & = 7 B FL > £ J|* 4 4p 2c <= % (lock-in

amplifier)£? % # 5 & % (multimeter) 4 %] £ p]° £ £ B T %5 * labview #ic 48

T p it 2RI B o

-~
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¥R B HRFF K AIE Y] HISC £z R

TR o AR

i

R NERIP AR EENMEEF Y

| * 3w & §1F (rotary pump) 14 2 & 3 F] i (turbo pump)

ﬁ
(‘F«}
F_*
|
=
).
By
¥
=
N

- N -6 ) . N N YIRS U = s P R =
VHEEZTRHIT I07torr=+ 0 "EE D NEBHE NGRS A ks R

;91 * Lake Shore 331 ¥/ BAc &% 3 in B & (738 ©

ARG E o i R AFRIR L RS w T AR kR o b2 -
A2 A (DLDy) 0 Ae ] 3-3 Tom e FEU RGO AT s B R
(110)YCa3Ba,Cu;075 & % + > & ¥ ab-diagonal * w o { #; £ ¥
(Epump//ab-diagonal ~ Egon/lab-diagonal) fv ir c-axis » o 0 § §) £

(Epump//c-axis ~ Epope//c-axis)[10] -

Z-axis
! Probe
/
YCBCO(110) I - Pump
~ %(ﬁl/
/
i b // //
| a —
: t

B 3-3 &1 EF — R 2B
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?\*
\n

OB EF % L2y HTSC #4142 Rig

321 (Y pFRukfaz i

412 a0 AN P REE R RS A R NE TS N RR R o
AP EEA IR LY > R E B kY s UERT P A
FRIYOELE c 2 BPREFER > L Ric- B2EAAP - BA LB
BBO(Beta-Barium Borate) > BBO &t erdF (2 3 4B 2 nimic®E &£ R 2.7 >
§ ST kB ARk R B0 £ A 4 S B PR (400 nm) 0§ & BBO

A 2 Bspz - BAFERAEE > W - ¥ GO RY At

_%E
o

Fobopo e g SRR ERT R R > AR

T T RN PR Sy

1 -
(w
N
2>t
=
N
=
H
=
a;.
A
By
Ik
W
i
%

PFBBO LM% 2 hipeh- BHEXR, F2 » FEFEL7 2pF, - &
AFEE R M5 A kT B K E (PMT)R iRl - RAF k55 B ERFRF
R TE P DETR o £ 8 B ARG G fi

Fo RisBRIERSZ DT HRFTRYS 40 -

322 HEZRIR &N

LL

A AAERRFZIE AP TV REFHE SRR R SR

ESy

F 2 ,513’2 doT ol

38



$ZF R BHRHFTH LRI TT HISC £122 him
HoRAR S RO R AR SR 0 RS N o3 e AR R 5D
R AR EBRAFREF SIIEGRE I £87 €T T - 0F
Nk s gl pE Rk ke b e AOM B L > AAE S 3 97.7MHz 0 2 #
KEPBT REBEESE > 26 F a4~ LW PIE kP E2L D
1% 4t % 4534 (pinhole)sAp $t =% » & MR D)% B 9 5 0.3~0.6VDC -
Z RS ER MR AR S DY > T W RI kR R Y & 0.3~0.6
VDC mgyvﬁg:] J ﬁ“ﬂﬁ% AR ST ARG w T (T B R o @ AT R T

HTUEL S A A4 o

v & §TF (rotary pump)s 5 £ 15 ~45/% 4 *% 1 10 torr 12 ™ o fodr R A

5 T3 (turbo pump) » £ (5% BB 2 H 310 torr 2 £ o

2

=

—\\

G

B2 {0 7% 1P| 2 Bol o MFE T SR IRAE RIS L AN HC
2 f8 0 BB > kg o L kR KRB EAE TR
BF R ORIR G A AT BB R o PR L e

§4ﬁ§Hﬂmié’ﬁﬁii@ﬁﬁﬁiﬁﬁﬁé%W&?’uﬁ@

ﬁfﬁiigiﬁj]ﬂ%g} "«u-’—— 71‘%]‘&— @ 0 [F |" /F'75F W"/X °

@ ol 2y B
FREFHEE

Bl AR BEFTE Y o F PR R L EIFRIEA F i
FohiE p ke S A G2 £ 4 o AP ¥ power meter v fit &

AR R AR B R T M a0 R R AP Y
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$ZF B BHEFR R LAE ] HTSC 12 R
B R F FEAFRIE R S 5 A0mW L ImW o BiRiR D e b oo F R ST

Fo5 b (AT AT SRR X R Rk TR S o A

RS

AEE o MEF R R EIFE-PEd g kBRI A 4 ehF B (Interference)
Roho oo g A RBMELY NFE o EERE A G LG e fE

170 R F R R AR R AR IE S o B AT AR RIZ e oo

RGBT ER CE ML R RER D ROR A H

9 5720 torr) > MM EE R BB AT E (2 G E 15 A

2
!

+) LREFRRME S - ZRUR 4 Bl 2-680~-660 torr) > L F R D
13K 2+ % L ] pF o A idgf ™ pF > Wi g pe2tirsd Tl e B S 4R
ki3l EArR R PE S %ﬂj"/ﬁﬂ"‘(} 5~10 % 43 "EPB'QF'E/FJ ’ﬂ

LR R w g KBk e £ 2 F S 401 0 R R4 5 R
e Frme 2 8 BRI MT ERAREIR R gApes F
AOM ~ % R B2 SR REKE - S s > 3 CCD 5 J s £ 237

Rk BAFEL Aok FAAIEBELE . A BRI R

o

Ik

iR
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5 = f_ & b ﬁ@f&%;ﬂ? o NI A 7 HTSC #itz him

3.3  hgF-FERIZFEHINAHE

%% W 3-30 fdd el i H(QA)E BALERM YBCO kg~ 45
5 5 frdf Rl R fTiE Az 0 4 B BIY G0h A 1 o B 2 Aon o SRRk

SV ACEARY BB AT o BT KAPE - i3 BB -

AAA[107

2
L . . . . . .
0 4 8 12 16 20 24

Time Delay ( ps)

® 3-3 YBCOLAFL(T <T)hkipsd ~ §+5 ¥ %

frsk s JziE 42T & W
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¥R B HRFF K AIE Y] HISC £z R
SIS e S Rl PR A S SR UL S AL R LR
. & i (intraband) & + -7 + 45 (electron-electron scattering) )4 5 &
F — # 3 $7 % (electron-phonon scattering) »< i > H 3 i pF R A W] 4
7, ~10fs'8 7 ~100fs" @ ¥ R & hr |7 (RI-BFREFED

FEToRE T RS -TS AR ERAR D Sk nE 2 4 R AT

BROE R FFSTE A 03 200 0 AR WSRO R A ETE B
fS[28][29] » X teAg ¥ (T<T)PF > YBCOLF K it FE'iT § A4 - B
Bl 205 B2 A 503 R AR R B 2A~30-50 meV) ¢ § ik F 3 g
BAL N 10065 (5 § RS APl B o sE 0 4 LT G
£150 4 B AT WAL 1B 2 A PR F B P A B 3] [24][25]) #r T £
e B A BT (ho>2A)75 = B # §E A i (near-steady-sate distribution) » 4=

Bl 3-3 chp B #Fn o

~ RE,/27E[S]P 2 ¢ F 4 7 K3 A s fg TR RITI A+ v by B £ R 1.4-3eV

¢ & BirSrCaCuyOs 55 % & Pl ° 17 1][26] °

" Allen’s formula ¢, , = E,/3C,A<@* >[27]> # ¢ E/8 8 Mt %A~ C LT

LR AT BT T Ficfr<o’ >R SF au0S R B R e G

YBa,CusOr.5 P F {345 3 2 £ 8] 7| [28] -
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(over-doped : 7. = 63 KfrT, = 74 K ; near optimally-doped : 7. = 79 K ; £
under-doped : 7. = 63 KfvT. =40 K)errsg it o F# 238 4-1[30] » 2% i 5 g

RERPERT.ETFERQ)M % 4B 4-1 %757 o

T.(p) =T, max[1-82.6(p - 0:16)"] (4-1)
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C
~

T

\
\
40 | @ | 4
’ \
’ \
’
/ \
/
20 | / \ -
/ \
’
/ \
/ \
! \
0 L [ [ [ [ Y

0.00 0.05 0.10 0.15 0.20 0.25 0.30
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E // ab-diagonal in (110)YCBCO 55K
T_=63K 295K
S 52K
270K
50K
250K =
s 200K ~ e
_,\
150K 12K
130K —
x [V r L S~—— 40K
% 148K % |~ 35K
— 110K 30K
B 100K J\ 27K
90K: 25K
_\T' 85K J\ 20K
WMM
| 65K J\ 10K
2x107 I 60K [1x10- I _I\ 8K
(] " (] " Lo (] PR | " (] " Lo (] " 1 " 1 " 1 " 1 " 1 2 (] " (] " (] "
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B 4-2 (110) Y, ;Cag3Ba,Cu;0,5i% % frover-doped (7, = 63 K)

HAR/R HEE B n% i M T4

TERG RAARREHERE R AN R SELES S e L

E // ab-diagonal in (110)YCBCO
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E // ab-diagonal in (110)YCBCO
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E // ab-diagonal in (110)YCBCO
T.=79.8K
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E // ab-diagonal in (110)YCBCO

T.=40K 200 K
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80K
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N 50K
] 45 K
- 40 K
x| 37K
0% - 33K
R 30 K
o 27 K
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2.5%10% Y/~ 8K

2 0 o 0 2 0 . 0 . 1 . 0 . 1 ., 1 .,

5 0 5 10 15 20 25 30 35 40

Time delay (ps)
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195 3.3 ST AA#H > & G ARRRoc AA/A F |Ad/d|ocn, > Fpt

|

s F B R F AT ARR SR AR hl GEA B DA BT

B oL dRIGA L ARR| MR R R R 2 R ST TR A DR
o 75 FERIEET RRIFINARR > AP AT 0L 258 (4-1) R F i

-4t +0°

AR(Tr)—A(Tmn erf (2 o )]
(4-1)

~4i7, + 0’

+ AT e[ (o \/—GT )]

A(T) 2 54 B R ajrtgichfes $pm - 20 TE R A 5 rHu
BREER 5 st 2 pF R (effective rise-time) o ~ ~\/_r T, RO ke R
B o B 4-6(a)& B 4-8(a)~ %] &_trunderdoped (7, = 40 K)froverdoped (7.= 63
K)enYCBCO %Az ¥ i pF g p& 5 BTAR/R% 1 B > d L 3 RI(B 4-6(b)
4-8(b))¥ M AT A3 A S B 4-7(a) A near optimally doped (7, =

79 K)inYCBCO teAg E i prervg pr F 3tAR/RSE T B> H 30 38 0 0 4 6 psid 14

B F ARIEL o
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d if fed & AP IR R @ ReiE 5 (¢ 2 over-doped : 7. = 63 K4rT,
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K)ehpiph £ bt 5 AR/RIST 11 % & A B e &

¥~ ¥ (afastcomponent): 7~ 03-7ps- & 33 & ¢ HHens
P > » EAKTETER -

2. &M ¥ 4 & (alonger-lived component ) : 7 % 5 30 ps /& B ns
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43 #¥ 3 4 nodal ! (ab-diagonal)irds 4 B

. overdoped - near optimally dopedfrunder dopeds ¥ 4 & ik tg = /|
ARR|=|A(T) "R R M a2 T ERR DG H oS By
EE R G T AP ET B R A (110)Y,Ca3Ba,Cus075:0
ab-diagonal * w  § mAZ ¥ ic Mehy oo SRt 2 ¢h o PB4V, Kabanov

1], Demsar ¥ 4 3 1) 3@ 3453 5 B0 [5])2 AR E i AL E % i I ApiF 2

L

4.3.1 REG B GRE2ESLEE 5]

B 0 E IR TRAL(D S o Ap2 B S IR R e o 5

(4-2)Fc(4-3) 477 [22] :

&lA, A ) 49
;A =const. -
1 + Bexp(-A,/k;T) = * (4-2)
AR/Rlcn =
ARAR| o=, { B/ODThT)
2kBT > =¢ — ZBCS (4_3)
1+ B | —2— -A (T)/k, T
+ 1/”AC(T)CXIO( (T)/ksT)
# ¢ B=N(02# %_#t F] = (dimensionless) 7 - # & # [ 5 10-100 -

£, ~20x10% Jcell' g B =i 7 orofrenr Sf R § 0 ApE LE R A M
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% i I @ A(T) A2 & 4p B chmean-field like gap » 2\ i #7 * 9BCS

BRGAPM 38 E A (T)=ak,T.(1-T/T)"[33]> 4 T >T.

4.3.2

63K) > ¥ b hE

GV

* A1) =0«

Overdoped 7| AR/R| v 7 2_ #cdp & 7
° overdoped : T_= 63K (a) : (b)
[ /% L] Ext 'I 18
L
’/§ \ h 46
g §+ ; g
z ‘F \ % b £
z : 1
bl %\\ - _E_iij ’Pjﬁ %
T }%\E H%+ %+ - 2 E
0 0 2.0 4.0 6.0 8.0 100 ' 2.0 4.0 6.0 ' 8.0 1000

Temperature (K )

B 4-9 (a) over-doped (7. = 63 K)e|AR/R| “Eif A 0% 1 B (%

(b) over-doped (7. = 63 K)eh 7 S8 B % iv M 1%

4B 4-9(a) #7770 |AR/R|BE 405 2

BLRT AR

B % 27K T i 5

A o@
[E307:

gL
B

X E o T

Bt Heeh R R (T, =

MAT,.% 8-10 K=+ H R Sl T A5 2 > 4of

4-9(b)#771 » B FHxsg 173+ (001)YBCO froptimally doped (7, = 90 K)er5e 4 p

B2 SR %[S]> 4033 &7 35 > AR L) A T av I 24 ¢ Frl
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yr R FEREFSEH
3B R H EPFER ¢ 24 R ¥ (anomaly)s i H R RS
FT7=T > tocl/NT) [5]° et bt > d it emidsh % % & 7R ¥ fover doped

4 3 T o 2 ¥t & s (ab-diagonal)  E_7F A2 ¥ st 4 (superconducting gap)

7 &_% 5t M. (pseudo gap) ° :=H_7* F*T foptimally doped FJunder doped =

(110)YBCOZ §F 5% % % [8][9] o Fli+ A i 41 * 254 (4-3)2 i fe B 4-9(a) -

% ¥ Flnodal } Az Eai B A (0)=173+6K =15+0.5meV -

e > AP o475 - Boverdoped (7, =74 K)er|AR/R| 22 3 % PF R 7 4

RS o hoB) 4-10(a > b)FrE o AR R 9 120 KFF |AR/R

S GBS

_’i%“ ’ —ﬁ‘/‘ﬁ}iiﬁ"‘%@\TC’ «]FB‘.‘/'E'J? - "’t.’ W}idﬂ- il ml% b FéAPLE:J\' °

5 6
overdoped : T = 74K (a) (b)
m  Ext
T
4 | }; % A (T)
By oo Jig
g . %
2 | s 42 %
LT ie o4
0 . 2.0 . 4.0 . 6.0 . 8.0 .l(;O .120 . 2.0 . 4.0 . 6.0 . 8.0 .l(;O .120

Temperature (K )

Bl 4-10 (a) over-doped (7, = 74 K)iH|AR/R| “Eif B ch% 1 B 1%

(b) over-doped (T, = 74 K)e 7 "8 B (% I B &
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R o W EER T ARAEMNTY 20 Kty £ 5t g
(anomaly)sHI % » 2 FH it bgR T L5 G hl. = 63 Keunppbg o 5 4
WL =63 K fie™ N> AP IR RT=45K5 # F 8> T=0~45 Kt s
I 204D L FEREFRARER KA (0)=230+14K=20+1meV ; T>45K

SR ) 2 N (4-2) 2 i e 1T B i A, =445+ 80K =38 £ 7T meV -

4.3.3

2 g s ¥

B & AL R ¥ o near optimally doped¥| under doped 3 3 pFRF T
WEE R P YR Aol 4-11 AR R TREF IR E Ma B E
R IR R MATTOHITRE Sl g PR SR (R P L) S
Fer o HAZ HAC M DR EL AL PRAR R i 2 *toverdoped R B S %
@ 2 g &% funder doped (7, = 40 K) » H# ¥ @R 7 & M F 4T
(divergence)i i) { A8 ¥ - ¥ B AR EM AL ELPF DR FHFI L p
WG 3 & 7% & (recombination) = B g ¥+ (Copper pair) > 3 7 7 Bl Fj 3t
7 g ia[30]31]0 d R B R T AT<TPHM EF LKA i

IR e s i (scattering-induced thermalization)[32] °
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R oo AF % F L AT ®YBCOHER + fab-diagonal } 50 & i I
(relaxation rate : 1/ 7 )% ¥ 3 en® 4475 > 4vB] 4-12 #7757 > nodal } el
+ froptimally doped (7. = 90.2 K)eh3 ¥ i@ & 7 5 42T Bk 3 cheE £
(B 4-12 hk s)m 2 2(I/T.) 4 b s 7 #8(1/ 7) & under doped (7, = 90.2 K)
17 5 AT A PI(T/T) 4 W (B 4-12 g &) > 1/ 7= (T/T.) ehw 37 5 k7
EFT<T. P » 23 % (7 52 %k p 3405 E R 9% 22 g (scattering-induced

thermalization) ° F k3 » (110)YCBCO & *-% g under doped (7. = 40 K)

pE (1) T ) A3 T(T/T) Ap B > 4o B] 4-13 #557 o
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FeEritardHmHESE > ATt o (110)YCBCOs 4y 3 T 5 2. ¥ & 5
(ab-diagonal) * > frunder doped ¥ 3 3 F 1% 4| 2 % &t M4 (pseudo gap)m % &_
A2 ¥ 7t M4 (superconducting gap) ° i&&_F * foptimally doped F]under doped
F(110)YBCOZ F % 5 % [8][9] Fle Ao = 3% (4-3) 1 # U H|AR/RI'TIE &
ePff T2 ITd AR feo do B 4-14 #7150 & B 17 FIAp 5 1 450+ 83 K (near optimally
doped : 7., =79 K) ~ 195+ 47 K (under doped : 7.= 65 K)4 2 68 £19 K (under

doped : 7., =40 K) -

@ O nearoptimally doped : T_=79K
~-—underdoped : T =40K
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PESV I 2 g ke * 23N (4-2)F B % oA MApZ (B 0 Fpt 2 M H BT
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