


    i 



    ii 



Bi2-xPbxSr2CaCu2O8+�

Jc

, , , ,

,

E-mail: hamada@sk.kuee.kyoto-u.ac.jp

1.
(Josephson Junction: JJ) 

 (Macroscopic Quantum
Tunneling: MQT) �

MQT

JJ MQT 1980
JJ MQT T *

100 mK [1]

Bi
(Intrinsic Josephson Junction: IJJ) 

~ 1 K MQT [2]
IJJ

��p

MQT
[3][4]

JJ MQT
SIS IJJ

- IJJ

 ( 1)
(Focused Ion Beam: FIB) double side etching

3 [5]

 ( 1) Ar 2

Bi2Sr2CaCu2O8+� (Bi2212) 2-5 IJJ
0.5 K MQT

[6] -  (I-V)

1  ( )  ( )

Ic (Ic1)
MQT

T * ~ ���p /kB

Ic1

Bi2212 Bi Pb
Jc ~ 1 kA/cm2 1

Jc ~ 10 kA/cm2 [7]
Bi2-xPbxSr2CaCu2O8+� (Pb-Bi2212) IJJ

T*
IJJ

Pb-Bi2212
3 nm ( 2 ) 4 �m2

Jc ~ 2 kA/cm2

�J

2. Pb-Bi2212
Bi2O3 PbO SrCO3 CaCO3 CuO (

99.9%) Bi : Pb : Sr : Ca : Cu = 1.8 : 
0.2 : 2 : 1 : 2 [8]

Pb-Bi2212 In sapphire

Ag
 ~ 1 �m2

Ar 1-2 IJJ
SiO2

1



3.
(1) Pb-Bi2212

Pb Tc

-  (��-T )
X  ( 2) Tc ~ 85 K

Bi2212
X c

~ 3.09 nm Bi2212

2 Pb-Bi2212 � -T X

(2) I-V Jc

2 I-V 3 5 K (<Tc)
10-6 	cm2

Pb
Jc 1

3 IJJ I-V  ( : Bi2212 : Pb-Bi2212)

4�m2 2 Jc Bi2212:

0.02 kA/cm2 Pb-Bi2212: 2 kA/cm2

(3)

Pb-Bi2212 IJJ I-V
4

Jc

( A: 2.0 kA/cm2 4�m2 B: 3.2 kA/cm2 1�m2)
Kramers [9][10]

Tesc

5 Jc �J[11]
A B 1.3�m 1.0�m A

�J

B
�J A

4

5 Tesc

4.
Bi2212 Pb 10%

1 Jc

Pb-Bi2212 IJJ
�J

[1]A. O. Caldeira andA. J. Leggett, Phys. Rev. Lett. 46 (1981) 221.

[2] K. Inomata et al., Phys. Rev. Lett. 95 (2005) 107005.

[3] S. Kashiwaya et al., Supercond. Sci.Technol.20 (2007) S10.

[4] S. Li et al., Phys. Rev. Lett. 99 (2007) 037002.

[5] H. B. Wang et al.,Appl. Phys. Lett. 78 (2001) 4010.

[6] K. Ota et al., cond-mat/arXiv:0807.1194v1

[7] , 67 (1998) 1171.

[8] A. Irie, M. Sakakibara, G. Oya, IEICE Trans. Electron., Vol. E77-C, No. 8

(1994) 1191.

[9] H. Kramers, Physica 7 (1940) 284.

[10]T.A. Fluton and L. N. Dunkleberger, Phys. Rev. B 9 (1974) 4760.

[11]T. Kawakami and M. Suzuki, Phys. Rev. B 76 (2007) 134503.

2



4.7k��@ 30K  5.8kΩ @ 300K
43 ��cm @ 30K

Nb Nb

MgB2
meander

3



-0.007

-0.006

-0.005

-0.004

-0.003

-0.002

-0.001

0.000

�

-0.007

-0.006

-0.005

-0.004

-0.003

-0.002

-0.001

0.000

�

�x=200�m
(3�m)

�1/2=25ns
V=4.7mV

110MHz preamplifier + 20 MHz filter

�1/2=25ns

1

4

23

e

μ

4



THz

PREST-JST

E-mail: kaneko-r@ile.osaka-u.ac.jp

Abstract

�

GB

500

5












0 100 200 300 400
-0.3

0.0

0.3

0.6

0.9

1.2

1.5

THz on
THz off


V
(�

V
)

Voltage(�V)

 800nm fs laser
Ti: sapphire laser

Photoconductive
antenna

Perioridal mirror

Cryostat THz

15K


V-VOscillator

Josephson
junction

[1] D. H. Auston, K. P. Cheung, P. R. Smith, Appl.

Phys. Lett. 45 (1984) 284

[2] K. McClatchey, M.T. Reiten, R.A. Cheville,

Appl. Phys. Lett. 79 (2001) 4485

[3] T. Kiwa, M. Tonouchi, Supercond. Sci.

Technol. 17 (2004) 998

[4] I. Kawayama, R. Kinjo, T. Kiwa, H.

Murakami, M. Tonouchi, IEEE Trans. Appl.

Supercond. 17 (2007) 321

6



YBCO SQUID  

 

     

 

1-3 

E-mail: Kurematsu@sup.ee.es.osaka-u.ac.jp 

 

Abstract SQUID YBCO(YBa2Cu3O7- )

SrTiO3(STO) PLD(Pulsed Laser Deposition)

Ar SQUID I-V

-V

 

 

1.   

SQUID

(NDE)

SQUID

YBCO

SQUID

SQUID

SQUID

 

 

1.  SQUID  

10 10mm2 STO[001]

PLD YBCO

15Pa 10Hz

103mJ 5 768

240nm

 

1

2  

1  SQUID  

2  SQUID  ( ) 

 

3  SQUID  ( ) 

(AA’ ) 

SQUID Loop 

50μμm  

50μμm  

A  A’ 

7



.

D I-V -V

SQUID

.

D I-V -V

SQUID

4  SQUID I-V4  SQUID I-V

-100 -50 0 50 100

-0.7

-0.6

-0.5

-0.4

-0.3

V[
V]

I[mA]

SQUID

1 1 SQUID

3.75mm

3.75mm 560 m 53.5pH

9.86mm2 SQUID 5

Ar YBCO

SQUID 2

3

5

Ar YBCO

SQUID 2

3

5  SQUID -V5  SQUID -V

0 1 2 3 4 5

-10

-5

0

5
V[

�V
]

���

�

SQUIDSQUID

22

SQUISQUI   

4 5 4 RN 2.5

@77K Ic 36 A

Jc 3.0 103A/cm2

5 Vp-p 15 V

IcRN

SQUID L L IcL/ 0

1 [2]

L 0.931

4 5 4 RN 2.5

@77K Ic 36 A

Jc 3.0 103A/cm2

5 Vp-p 15 V

IcRN

SQUID L L IcL/ 0

1 [2]

L 0.931

SQUIDSQUID

SQUIDSQUID

[13.3. ]

[2] S. Wunderlich, F. Schmidl, L. Dorrer, H.

Schneidewind, and P. Seidel, IEEE Trans. Appl.

Supercond., vol. 9, pp.71-76, 1999

8



SQUID
2 SQUID

SQUID 2
SQUID

SQUID

1

SQUID

2

3-
4

IS
-)( 3

0�B

I= S

IS 4  0

)2(
)(

)1cos3()(

22

2
5

22

2
3

xz
zx

r
zB

�
�

�

�� � 2 SQUID

3
5

20 3 5
4

1:
SQUID SQUID

3 3 203

3.1 1

9



4 3 5
a

( 5) 5
5

SQUID

5 :

5m SQUID
6

6 :

7 0 50

2
SQUID 1/2 y

7 :

3.4 2 SQUID
2 SQUID

( 8) 2 SQUID 0 15
SQUID

5mm 10
2 SQUID

90 2 SQUID

8 : 2 SQUID

4
SQUID

SQUID
3

SQUID 1:1
y 2

SQUID 1/2
SQUID

90
SQUID

SQUID

10



Bi2201

, ,

Email:takamaru@sk.kuee.kyoto-u.ac.jp

1. Bi2212 Bi2223

[2]

Bi2201[1]

2.

LSCO YBCO

Bi

Bi

Bi

Bi2201

Bi2201

Ar

300×100�m2

KI

8�m

(FIG.2)

80nm

Ar

O2 200

FIG. 1 

11



FIG. 2 

10

3.

�(
m
	

cm
)

FIG. 3 �ab-T

2.5

2.0

1.5

1.0

0.5

0.0

R
H
(1

0-3
cm

3 /C
)

300250200150100500

temperature(K)

FIG. 4 RH-T

FIG.3 Bi2201 Ar O2

�ab �ab

A as-grown B C Ar

D Ar

O2

�ab

�0

FIG.4 Bi2201 as-grown

RH nH =1/eRH

300K

nHV/N LSCO [3]

p

0.18 LSCO

V

N Cu

4.

Ar

Bi2201

Ar O2

Bi2201

[1]H. Eisaki et al., Phys. Rev. B 69, 064512 (2004)

[2]Y. Yamada et al., Physica C 460, 815 (2007)

[3]Y. Ando et al., Phys. Rev. B 61, 14956 (2000)

12



     
CeCoIn5

CeCoIn5

Tc = 2.3 K
[1] d c ab

 

 

 

ANRv50 Attocube
(ANC150 Attocube : 1 80V
1 8000Hz)

2

 

 

 

90

13



 

 

CeCoIn5

CeCoIn5

ws210

200

 

 

0 ~360

T

ab

10 50 90

2.08 [2]
c

0 ~180

[3]
 

CeCoIn5

T=1.6K T T

2.08

 

[1] C. Petrovic et al., J. Phys: Cond. Mat. 13 (2001) L337. 
[2] T. Tayama et al., Phys. Rev. B 65 (2002) 180504(R).
[3] H. Hu, et al., Phys. Rev. B 73 2006  184511.

 
 

 

14



FeAs
a, a,b

a 1 1
b 1 1

1.

[1]

3d

Fe−As

5 d

( )

Tc

2

MgB2

2

[2]

Jc

FeAs

2. PrFeAsO1−y

PrFeAsO1−y −
PrFeAsO1−y

Tc=51K

Pr f

1 PrFeAsO1−y

(#1) SQUID

1: 5 G PrFeAsO1−y

SQUID

Tc=38 K

PrFeAsO1−y

(#3) 240μm×80μm×25μm

2 50 kG 10 K PrFeAsO1−y

Kogan [3]

γ

5 kG 50 kG 10 K

45K

3

γ = 1.08+0.0068T

3.

0K

γ = 1

15



2: 50 kG 10 K PrFeAsO1−y

3

(DFT)

2 dx2−y2 3

d3z2−r2

[4] 2

3: PrFeAsO1−y

γ 7 K 28 K

5kG 50 kG

FeAs

Nb

4.

FeAs

[5]

−

[6]

[4]

(A)

[1] Y. Kamihara et al., J. Am. Chem. Soc. 130
(2008) 3296.

[2] K. Kuroki et al., Phys. Rev. Lett. 101 (2008)
087004.

[3] V. G. Kogan, Phys. Rev. B 38 (1988) 7049.

[4] L. Boeri et al., Phys. Rev. Lett. 101 (2008)
026403.

[5] D. Kubota, T. Ishida, M. Ishikado, S.
Shamoto, H. Kito, A. Iyo, H. Eisaki,
arXiv:0810.5623v1.

[6] V. G. Kogan, Phys. Rev. Lett. 89 (2002)
237005.

16



 

 

A JST-CRESTB USCC A,B A,B C 

 

 

3He

d-vector d-vector

3He-A

 

Sr2RuO4 NaxCoO2 yH2O p- f-

3He

d-soliton d-vector

 

Bogliubov-de Gennes Fourier-Bessel

p- f- d-soliton

(a): p- (b): f-  

 

1)M.M.Slomaa and G.E.Volovik ,Phys.Rev.Lett.55, 1184(1985) 

2)H.-Y.Kee and K.Maki, cond-mat.0702344v2(2007) 

3)H.-Y.Kee and K.Maki, Phy.Rev.B62, R9275(2000) 

(a) (b) 

17



18




