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Superconductivity was first 
discovered in 1911 by the 
Dutch physicist, 
Heike Kammerlingh Onnes.

Temperature dependence 
of resistance of mercury.
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Discovery of High Temperature Superconductors 
�¬�ä�÷
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HTS (still ~ -150-200 C) Could it be you?

National Tsing Hua University

Academia Sinica 6/45

1988 Nobel 

1913 Nobel 

75 yrs

1987���ö�S (C.W.Chu)�õ�†	*�2
(M.K.Wu) discovered YBaCuO 
with Tc > 77K

Air = 78% N2
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According to Onnes, "Mercury has passed into a new state, 
which on account of its extraordinary electrical properties 
may be called the superconductive state". 
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Lord Kelvin

Onnes Surprise!
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Drude Model
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Eddy Current
Demonstration
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Levitation experiments

Meissner-Ochenfeld effect
plus flux trapping
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SC magnet
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Advantage of SC Generator
- Higher Efficiency
- Lower weight and volume
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A large SC magnet inside
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See details in Brain
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(Cellular phone base stations coverage)
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Magnetoencephalography 
(MEG)
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Specification of SSM system
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Shielding current distribution 
dissolving
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The magnetic field distribution image of different shape 
Nb thin film (2000Å) within the ambient field below  100mG. 



Edge pinning observation

(a) (b)
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The Nb film with square patterns (200 � m x 200� m) was cooled to 4.2K
and degaussing by applied 21mG (a) applied 50mG ambient fiel d (b)
applied 100mG ambient field (c) applied 200mG ambient field (d)
applied 300mG ambient field

(c) (d)
After turn-off the applied field, the
edge pinning vortices were
observed clearly



@� %������ ���� 9��
 (,, � m width, 2000Å thickness and field cooled at 30mG ambient field.

Pinning force estimate
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Study on FeSe xTe1-x thin film by 
SSM

National Tsing Hua University

Academia Sinica

Resistive transition in various magnetic fields of
Fe(Se0.5Te0.5). The inset shows onset T c vs. applied field. The
estimated upper critical field H c2(0) is 72.5 T



Vortices at Nb, NbSe2, YBCO

����������	
�

0 10 20 30 40 50
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

S
Q

U
ID

 o
ut

pu
t (

V
ol

t)

0.44F
0

National Tsing Hua University

Academia Sinica

0 20 40 60 80 100
-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

S
Q

U
ID

 o
ut

pu
t (

V
ol

t)

Scanning Steps (3mm/Step)

0.5F
0

0 10 20 30 40 50

Scanning Steps (3mm/step)

���
 
 �������	
�

�������������������	
�

�	��� �



0.6

0.8

1.0

1.2

0.6

0.8

1.0

1.2

0.6

0.8

1.0

1.2

0.6

0.8

1.0

1.2

0.6

0.8

1.0

1.2

0.6

0.8

1.0

1.2

0.6

0.8

1.0

1.2

 S
Q

U
ID

 o
ut

pu
t (

V
ol

t)
 (

1.
6V

/F
0)

Single Votex (Nb thin film) Profile with diff. SSM approach height 
 10mm     peak~0.08F

0

 20mm     peak~0.55F
0

 30mm     peak~0.56F
0

 40mm     peak~0.58F
0

 50mm     peak~0.58F
0

 60mm     peak~0.6F
0

 70mm     peak~0.6F
0

Single vortex in Nb thin film with different 
approach heights

National Tsing Hua University

Academia Sinica

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

0 5 10 15 20 25 30 35 40

0.0

0.2

0.4

 S
Q

U
ID

 o
ut

pu
t (

V
ol

t)
 (

1.
6V

/

 Scanning Steps (1.5mm/step)

0

FWHM~9.3mm



Single-vortex sensing by a loop
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Where J0(z) is the regular Bessel function 
of order 0, and hz

(I) is the weighting factor.

By substituting the weighting factor 
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D. Agassi, J.R. Cullen.  Physica C 334(2000)274–282

Where � is the chirality of a single vortex , � =1/� , and D[q]=(q2+� 2)1/2

By substituting the weighting factor 



Calculated flux when the pickup coil is 
directly above the vortex core, assuming 
that the pickup coil radius is a:

frrr
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For a Nb thin film with 200nm thickness, 
and for a 5� m radius pickup loop:

Single-vortex sensing by a loop
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Study on FeSe0.3Te0.7 thin film
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FC at �²10mG
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Simulation a Real Flux Scanning
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for � =1700nm 

for � =1700nm, FWHM ~13.3� m
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Deposited Nb square (300x300 � m2 ) on FeSe0.3Te0.7 /STO 
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FC at 10mG
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FC at -10mG
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FC at -10mG
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for � =1100nm 

for � =1100nm, FWHM ~12.2� m
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Simulation results of sensing single vortex trapping in a high-permeability 
and superconductor bi-layer
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Physics Today ( January 2008, page 30):
Issues and Events 
Next-generation high- Tc superconducting wires 
debut in the power grid 
Electric power companies are demonstrating the 
capacity of new flexible wire to deliver more curre nt 
in less space and to limit power surges.
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in less space and to limit power surges.
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Thank you for your attention
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