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—) HEFHRYAIRET X

Three different hypotheses existed on how resistance would
respond as temperature approaches 0 K:

n Resistance would increase (Kelvin)
n Resistance would plateau (M atthiessen)

n Resistance would continue to drop gradually to 0 Wand 0 K
(Dewar).

RESISTANCE

Kelvin g TEMPERATURE
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0,15
Mercury
superconducting Perfect conductor
transition
010
A zero
Ri©y) | resistance
statel!
0,05
AR CPP |
N .\\IQIJG_.' T >10°yrs
o 7 41 A0 43 4.4 /at

Temperatura (K)

K. Omnes, Commun. Phys. Lab. (1911).

« 19115, HgfE4.2KT, HPARTZTLIEK
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7R

A superconductor can pin a magnet in free space was first characterized by Messner and
Ochsenfeld in 1933. This phenomenom isnow known asthe “M eissner effect.”

Meissner effect

Thereare TWO distinct properties.
 They have ZERO resistance
* They exhibit DIAMAGNETISM

T > T, T < T,
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Magnetic field
destroys s/c

Electric current
destroys s/c
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=) Theories of Superconductivity

e London Equation

r C r
J=-——>A
4pIL H
12D — 2
N2B =B/l 2
e Ginzburg-Landau Theory
. 2
Fe=F o+aly P+ 2y« 21 B inf + 224 Oy
2m |e C 7]
— T_Tc
a(T)=a, =
, 2\1/2
|Y|2:a(T) chg4p|a(TX3
b & b
e g
L@ g 288009 sav sbly Y =0
2m e i c 2
. 2
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Type |

Magnetization

o |:Ield-

Normal Metal

Mixed State

Normal Metal
Critical Field

Superconductor Superconductor
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Magnetic
Vortex
Quantum
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Vorticesin Typell Superconductors

Magnetic Field

Order Parameter
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Interaction between Vortices

tB tB 1B

Lorenz type force Repulsion
FLo= ) FL=ro3=Lnn.v,
C C 2

Triangular lattice

|4r+|2Nr'(N'|r4)=zFo[d2(F )+ d, (- )]
H()=H,G)+H, ()
2
Fzépol—r|1+l—r|2) (N I—r|1+N’Hr2)(dsf1+dsr2)
|2 _r r r r
U12=8pOH1 (N Hz)d£2+H2 (N Hl)dsrl)
r r ..
_ F oH4p — F o 88|I’1 r2|2
U12_ 4p 12 2p|2K0§ | é
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=) SuperconductorsHave No Resistance
an

— ) Superconductors Have No Resistance

» Resistance isfriction o O O

» Magnetic field vortices

0z

/

~—

D
[0
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=) SuperconductorsHave No Resistance

an
* Resistance isfriction O O O
 Magnetic field vortices S
” f S5 [N A
 Current puts aforce _— —
on the vortices
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=) SuperconductorsHave No Resistance

0
0

N

Vortices can flow

— N = /
N )
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=) SuperconductorsHave No Resistance

0
0

Vortices can flow

0
AN

[0
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=) SuperconductorsHave No Resistance

0
0

Vortices can flow y,
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=) SuperconductorsHave No Resistance

an
| S O j/
Vortices can flow - /
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When do superconductors have resistance?

Magnetic Field

Temperature
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Interaction with Defects

1B Flux Creep
3 W
AC’[IV&IIOm/
= F 0 J

C

|:L

Pinning

Pinning Forces

« \Vacancies, voids, inhomogeneities,
where superconductivity isweak
* Pinning decreases energy |osses

caused by flux creep

vmivv \/ B
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. #BE4§IE/BCSIREY

Then, in 1957, William Bardeen, Leon Cooper, and Robert
Schrieffer proposed atheory now known as BCS theory

19724, ENRYEFER. B3I E—BCSHER
BT (ZE) 64%
FEM 42%: 27%, R_RHESFERER, 365 T8
MR 4155 : 265 fRE FE BRI M, 33FEHIR
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— i A
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3. B ZREBIT Smoking gun: Isotope effect
1/2 o ' Hg'™®
T UM i ——re P
C 417 [ 2 afunction of /
izotopic mass. /
T_: _ H 1935
E 4.1 ngnn..;a/ g
o -
a2 ngnz,/ Hg="-
E. Maxwell, Phys. Rev. (1950) ©ai4 /!f

C.A. Reynolds et al., Phys. Rev. 78 (1950).
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Electron-Phone interaction
® o ® g o toform Cooper Pairs
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=) Cooper¥j

Bardeen, Cooper, Schrieffer & BCSHIERE

Normal Metal Superconductor op ~ hw,

s

F

e Electrons can attract via phonons
e Attraction leads to energy gap D»1.76T,

fFEFermim T, G = hw, SeEl 2 AR B Efizsh = &E R
HY— X3 B+ Cooper i

4o =2 rn

He = ~T8
f‘ ‘; ZhESFIE

B+——/F FtEE{EH BE
BRI AHEERIE
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HgogTlp2Ba,Ca,CuzOg 33

5 Mol HgBa,Ca,Cu;0q

D L. o

% 100 Superconductors * 81,5 ,Ca,Cu.Ox,

8 80f Liquid Oxides

5 60 ' Nltrogen YBazCU3O7 L3 A 220

T Niobium LSS

= L&y g55(15CUO,

o

g

% Regular
Superconductors

Elementsand alloys

Two kinds of superconductors. Conventional and High Tc materials.
The more complex in the composition, the higher the T,
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—) Difference Between Conventional and High T,

Differencein Structurefor Conventional and High T,

High-Temperature
Superconductors:

Regular Materials
) L ayered structures

3-Dimensional Structure
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1. Motivation

High-Temperature Formulas

HgBa2CEL2CU308
T1,.Ba,Ca,Cu-;O

2 2 2 3~10 Cu — Copper
Bi,Sr,Ca,Cu304, O = Oxygen

La, Sro,cu0, | CuO = CopperOxide

Cu+0O
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1. Motivation

High-Temperature Formulas

HgBa2CEL2CU308 /\
Bi,Sr,Ca,Cu;04q O = Oxygen

La, Sro,cu0, | CuO = CopperOxide

Superconductivity Here

Still Important! — »
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1. Motivation 1-Dimensional Structure

with multi-elements

140 Hg-Ba-Ca-Cu-O °
i TI-BaCaCu-O \l ]

120 | Bi-Sr-Ca-Cu-O i
N P I

100 F ’ S

T Tc increases with
60 L ) Y-B4CUO - : |Or;creasmg number

A S-CU-O eements and
40 L Hg BaCu-O . decreasing dimen-
In tionality?
20 | Sn ] -
0 - S - - -v/
0 1 2 3 4 5
_ Number of Elements :
Regular M aterials High-Temperature
3-Dimensional Structure Superconductors:

L ayered structures
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Difference in M echanism
RSUUIAT FUG IS SRS R
BURSTEOTY EBLOT BURGICON UTYOTS

» A Magnetic Attraction ?

» Spin attraction ?
© © © ©

o o o o e Thelattice after all ?

Electron-Phone interaction  Something else ?
toform Cooper Pairs :
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The Electronic Phase Diagram of the HTSC

300

non-Fermi liquid

Temperature (K)

pseudogap

Fermi liquid

antiferromagnetic insulator

0

0.0 0.2

p
underdoped optimally doped overdoped

All the pure Cu?* compounds are
antiferromagnetic insulators with
high T. The Cu must be oxidised
(hole doped) to achieve super-
conductivity i1.e. by cation
substitution or changing the

oxygen content. Doping oxidises
some Cu?* to Cudt,

This frustrates the magnetic order which changes from long range to short

range (p = 0.03). Then the system becomes metallic for p > 0.04 and
superconductivity isfound for p = 0.05- 0.24. T, max occursfor p = 0.16. Above

p =0.24the HTSC behave as Fermi liquids.
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Anniversary of the First Man-Loading HTS Maglev Vehicle in the World
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As for the advanced functional materials, the most
Important aspect is the behaviors of electrons

Thebehavior of an electron: Chargeand Spin

i
7
—f

I i
Charge-Charge: 1leV Spin-Spin: 10-100meV

The charge properties have been studied and used in many aspects.
Recently, alot of people pay much attention on the spin characteristics.
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GMR

1.0 A R/R(H=0)

%%(Fe 3nm/Cr 1.8nm)sq

08 [
(Fe 3nm/Cr 1.2nm)s;s
0.7 [T
0.6 [ (Fe 3nm/Cr 0 9nm)g,
0.5 —
] | I | [ I
-40 -30 20 -10 0 10 20 30 40 H ( G )

The magnetoresistance for Fe/Cr multilayers at
4.2K. The current and magnetic field direction
isalong (110)axis

M. N. Baibich et al., Phys. Rev. Lett. 61, 2472 (1988).
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GMR Head Structure

Integrated Lead Suspension/ Pico Slider

Inductive Write Head
P2 Laye

Inductive Write . 3 :
GMR Read Sensor o ol

Antiferromagnetic

Co) r Write Coils
i Exchange Film

i
Contact . Contact

Spin Valve/GMR Sensor
e, " Hard Biaa
Hard Bia -

NiFe GMR Co GMR
Spacer  Free Film Pinned Film

Commercial IBM giant magnetoresistance read head.
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(Colossal Magnetoresistance effect, CMR)EJ Z& I}

- 19934, MEEPETTFAFK Helmolt §AfELa,,;Bay;MnO;,

FRIMEET 60% K MREH

e 19944, £ H IBM AFE K Jin £ AfELa-Ca-Mn-O# R 7E
6T F& 77KH‘J‘&,§§UT 127000% HKIMRZL MY o

mﬂ magurlu: leld strengths
-
= nezgative _ I (O) -0 (H )
Z 1077 nmggnf:m- MR% =
= resistance I (H )
=z :
é’ 5 metallic phase | /] insulating phase
10°2} 1)
[
[ , .
D 100 200 300
Temperature

Phys. Rev. Lett. 71, 2331 (1993) : Science 264, 413 (1994)
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ABOS_ A,BO, A,B,0-
perovskite K,NiF, bilayer
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