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Superconductivity

CREATING THE FUTURE

The 200 Horsepower Mot
uses high temperature
supercond ucting rotor
coils, The high
lemperalure
superconducting
motors are much
smaller, lighter and
more efficient when
compared to a
conventional motor.
Utilities and industry
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Superconductivity was first
discovered in 1911 by the
Dutch physicist,

Heike Kammerlingh Onnes.
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Temperature dependence
of resistance of mercury.
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Discovery of High Temperature Superconductors
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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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Drude Model
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The change in speed Av acquired by an electron
%2 s : : s
74 between collisions fluctuates n time. I'he change, averaged over
all electrons, is called the drift speed vy.
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Magnetic field induces a

screening current (Lentz’ rule) N A
which generates an opposite ,p\
magnetic field inside the %
sample —> g
cooling magnetic
field
OFF

An ideal conductor in magnetic field
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Meissner effect:

Superconductor always
expels the magnetic flux
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Josephson junctions
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Levitation experiments
A Hpi w4 & 3 http://www.hitcworld.org/

g Meissner-Ochenfeld effect
"’ L\ plus flux trapping
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INTERMAGNETICS’ MRI MAGNETS ARE USED ';'.' TSN
IN ALL MODELS OF PHILIPS MEDICAL SYSTEMS'
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MRI

INTERMAGNETICS" MRI MAGNETS ARE USED
IN ALL MODELS OF PHILIPS MEDICAL SYSTEMS’
NT SERIES MRI SCANNERS.

A large SC magnet inside

% W General Electric Medical System#: &
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4. This stabilized local oscillator integrates
semiconductor and superconductor
technologies.
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SQUID
a wtanning QUID chip b. SQUID and modulation area €. Scan area
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Magnetic Signal Levels

Tesla

-

-

SQUID g *

Earth's magnetic field

Traffic, appliances, etc.

Power transmission lines
(at 10 m)

Human heart signals Limit of non-SQUID

= technology

Optic nerve signals (1 Hz bandwidth)

Muscle impulses; spontaneous brain activity

Evoked brain signals

Nichium SQUID limits
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Magnetoencephalography
(MEG)




Design for Low T, dc SQUID

(c)

(a) SQUID loop (b) Stripline (c) &(d) Bias current and voltage signal leads (e)
Josephson Junction (f) Pick-up coil (g) Shunted resistor (h) Contact hole (i)
Modulation:coil

National Tsing Hua University
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Specification of SSM system

Operating temperature: 4.2K

SQUID modulation frequency: 100kHz

Corresponding transfer function: 1.6V/Q®,

Flux noise: 2x10-5® Hz /2

Residual field reduction: Low temperature mu-metal for reduction
External field: Solenoid coil ~ 3 Gauss maximum

Spatial resolution: ~10 pm

Scanning range: ~1mm x 1mm

Motion control: 50N loading maximum, 0.1um increment minimum
10 Data acquisition: NI A/D converter ~ 333 kS/s, 16-Bit, 2.5uV
sensitivity

WO NMNRWOWNR
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Edge pinnin
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observation
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After turn-off the applied field, the
| edge pinning  vortices  were
[y - Jvev Lleally, . . . o L
0 100 2000 300 400
H{fitr)

plied  100mG..ambient field (c) applied 200mG ambient field
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By apply pulse current with duration time: 5 sec and
change the amplitude from 10mA to 150mA

The pinning force per unit length can be estimated by:

f=1.xdy,

where J =I/A is the current density in these meander line

10mA pulse current apply (pinning force per unit length for 3
pinning-sites were below 500 nN/m)

50mA pulse current apply (pinning force per unit length for
these pinning-sites were large than about 2.5 puN/m)

D - - 5I] - - - - t['1- - 1‘?} - - - - IE'] - Slty
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100mA pulse current apply (pinning force per unit length for 3
pinning-sites were below 5 UN/m)

h =0 i 50 00
Fimi

150mA pulse current apply (pinning force per unit length for
T tbese pinning-sites were large than 7.5 uN@

i 50 100 150 K rersit m) I




Study on FeSe, Te,, thin film by
_S>sM

Resistance (mQ)

Resistive transition in various magnetic fields of
Fe(Sey,sTeys). The inset shows onset T vs. applied field. The
estimated upper critical field H ,(0)is725T

@
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Vortices at Nb, NbSe2, YBCO
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Single vortex in Nb thin film with different

SQUID output (Volt) (1.6V/®))

1.2 S

P
o
I

o
o
1

o
o
1

o
I
|

o
(V)
1

0.0 5

—+—60um peak~0.6d

| FWHM~9.3um

approach heights

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

—+—20um  peak~0.55®
30um  peak~0.56®,
— —40um  peak~0.58®
S0um  peak~0.58®

——70um  peak~0.6®
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Wgﬁ: 4
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Scanning Steps (1.5um/step)



Single-vortex sensing by a loop

O h"(p,2) = [ dady(ao)e *h{" (q)
e P plx.y)

(0.0) " (11)
—

__/‘/\\‘ﬂi WhereJy(z) is the _regular B_ess_el function

of order 0, andh,(" is the weighting factor.

Fig. 1. Schematic depiction of a superconductor film m the
presence of a single vortex of chuality ¢ = —1. Shown are the
chosen cylindrical coordinate system, the domams (I), (II) and

(I1T), the thickness d, the induction A(F) Gieldlines flow and the DY SUDSTItUting the weighting fact
thin cvlmdrcal shaft around the core-lme at {x. y. z}={0. 0.

i N qtan(D|[q]d/2)
h,’(q)=¢ o7 D[q](q+D[q]tan|”(D[Q]d/2))

Whereg is the chirality of a single vortexg=1/4, and Dfj]=(g?+?)'/2

D. Agassi, J.R. CullenPhysica C 334(2000)274—-282




Single-vortex sensing by a loop

Calculated flux when the pickup coll is

directly above the

vortex core, assumify z] = j Bdla = J:ﬂf h![ 0, Z] pdpdg

that the pickup coil radius &

Fhox(®o)

1.6

0.8 \

| | | | | |
For a Nb thin film with 200nm thickness,

N

and for a nm radius pickup loop:

N

z (um)
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Study on FeSg;Te, -, thin film

2501
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National Tsing Hua University
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Single Vortex in FeSe, ;Te, ,

—— 10pm
—— 20um
—— 30um
—— 50um
= 0.00- 70um
S 002
5 -0.04 1
£ 0.06- Approach length | Observed ®, FWHM
S -0.08]
g 010 10pm 0.0269, 10.76pm
@ 0127 20pm 0.0550, 9.87um
-0.14 -
-0.16 - 30um 0.0549, 9.83um
-0.18 1
-0.20 +—F———F——7——1——T7——7——1— 50pm 0.055®, 9.83pm
0 5 10 15 20 25 30
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Vortices in FeSe, ;Te, .
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Simulation a Real Flux Scanning

x=R+pCodg]

y = p Sifg]

p=4x’ +y’ =|R*+p” +2RoCody]
. T

: ' ¢ = .‘-0 jo hz[p],o dp d¢
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Deposited Nb square (300x30@m?) on FeSg,Te,,/STO
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Deposited Nb square (300x30@m?) on FeSg ,Te,,/STO

FC at-10mC
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SQUID output (1.6V/®, )
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SQUID output (1.6V/®,)
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Simulation results of sensing single vortex trapping in a higlpermeability
and superconductor bi-layer

pickup CD

1
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]
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The magnetic flux measured by pickup coil is

& _ B [oak) 7ri ple %2 4k
= — Ji[k R]e™** dk

where a(k) is
a(k) = (€*™* k u (k (—1 + Cosh[ds D]) + D Sinh[ds D)) /
(D (k D Cosh[ds D] (2 p Cosh[dm k] + (1 + p2) Sinh[dm k]) +
((k* + D?) pu Cosh[dm k] + (k* + D?* p?) Sinh[dm k]) Sinh[ds D]))

_(DE'\,'A'E-F]/J.E

for 4 = 1 (no magnetic layer)

a(k) » ——=£ =7 which has been solved in Physica C 334, 274 (2000)
D*+k D Coth[ 22|




R=5um.z=2pm.,ds=150nm.A=50nm

National Tsing Hua University
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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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Thank you for your attention
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