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Last time:

Semiconductor devices

Today:
Superconductivity
Your questions
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Superconductivity
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Heike Kamerlingh Onnes
Nobel prize 1913 (Low T research including liquid He)
PhD RUG on ‘new proof for the rotation of the earth’
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Is zero resistance enough?

Ideal metal has zero resistance at T=0K
(no xtal imperfections, impurities
or phonons)

resistivity

“impure metal”
ocT

Also in shubnikov-de haas effect
Zero resistance (no scattering possible)
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Meissner Ochsenfeld effect (1933)

Superconductor is also a
perfect diamagnet.

b » F F F

1

Structure of Matter —WS13/14 — van

Loosdrecht — Lecture 10 5



Type | and |

Type |: destruction of superconductivity upon applied magnetic field
by first order phase transition

Type II: At first critical field: flux penetration, superconductivity
destroyed at second critical field

4 Type I A Type Il

HAT)

Bz0
(Vortex or Mixed State)

B=0
{Meissner State)

¢ B =0 (Meissner State)

YBCO vortex state
(decorated)

Structure of Matter — WS13/14 — van Loosdrecht — Lecture 10 6



BCS Theory (1957)

Bardeen, Cooper & Schrieffer: condensation of Cooper pairs

Electrons ‘bind’ together through lattice polarization
—> bosons - condensation > energy gap for excitations

Nobel prize 1974
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Flux quantization

Earth’s magnetic field ~ 500 mG, so in 1 cm? of B,

b = j g . dA — ngoo there are ~ 2 million @’s.

h
-15
=—~2%x107" V-s : -
o 2e Total flux (field*area) @ is integer
multiple of ¢,
VoruMEs 7, NUMBER 2 PHYSICAL REVIEW LETTERS Jury 15, 1961

EXPERIMENTAL EVIDENCE FOR QUANTIZED FLUX IN SUPERCONDUCTING CYLINDERS®

Bascom S. Deaver, Jr.,and William M. Fairbank
Department of Physics, Stanford University, Stanford, California
(Received June 16, 1961)
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Current Current
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1986, start of a new era on

superconductivity
Z. Phys, B - Condensed Matier 64, 185193 (1936) Cmd

skt Matter
© Springer-Verlag 1986
ghuﬁu,. JA (L '07[7& 74 JJ@ é-C'Z’_
bor I 268 ©/£€ ch?ger
Possible High T, Superconductivity -
in the Ba—La~—Cu=0 System /{uﬂf(ﬁ‘_ 07,( 9

J.G. Bednorz and K.A. Mailler
IBM Zarich Research Laboratory, Rischlikon, Switzerland

Received April 17, 1986

Bednorz & Muller, nobel prize 1987
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Temperature (Kelvin)

High Tc superconductors
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The perovskite superconductors

(La,Ba),CuO, (T.=38 K) TIBa,Ca,Cu,0q, 4 (T.=123 K)
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