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Zero resistance in YBCO
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Meissner effect in RBCO, R =rare earth ions
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Vortex structure in type Il superconductor
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Vortex pining in type Il superconductor

Supercurrent

Vortex line
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BCS Theory Work?

kgT .~ ho exp[-1/g]
g =N(@O)V

L K1

Phonon-electron interaction

k2’

Cooper pair

k2



Models for High-T, materials

BCS-like  kgT=E_ . exp[-(1+ 1)/ A]

RVB kgT=C 6 (t %/t H)U (Anderson, 1987)
Hubbard model

kBTc: t I ) eXp(-U O/t I ) (Cyrot, 1987)
Charge-transfer/hole-depletion
T.=T.,,—A(n'—n,) ? (Liechtenstein, 1995)

BCS + dx2.y2 Symmetry
T.=[ny(P), V (P)] (Chen et al., 2000)
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Double exchange (1951, Zener)
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Phase diagram of manganese oxide

Ryo Maezono, Surnio Ishihara, and Naoto Nagaosa
Department of Applied Physics, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

Hk = Z ti7 dis d joy' (Kinetic energy of e, electrons)
oyy (1)

Huud = — Jh Z Sir4i-Se,i  (Hund coupling between e, & t,, spins)
i

Honsite = —Z( ,ET 24 &Sezg ) (Coulomb interaction between
i e,-clectrons)

Hs = JsZ §:29i -_S’tzgj (Super exchange t,, spins)
(1)
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CMR effect toward to spintronic applications

Type MR Field Temp. Material

OMR 0.01%  ~Tesla RT Cu,Al

AMR 2% 10 Oe RT Fe,Co,Ni

GMR 5~10% 2 Oe RT Fe/Cr

TMR 20% 10 Oe RT Co/AlO/Co

CMR 10(99.9%% 2T RT(200K) La-Sr-Mn-O
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Interesting physics in SC/FM

%/ SC pair

Boundary conditions —

1)
2)
3)
4)
°)
6)

Superconductor

Ferromagnet

Proximity effects
Magnetic vortex pinning
7 —phase shift

Spin injection
Spin-accumulation
Andreev reflection



Proximity effect

1) Influence of magnetism on supercond.

Intermixing = effective exchange field

Heffect: Hex [dF/(ds+dF)], Tc oscillation
Al y
| tnt 11
S0 e X
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2) Influence of supercond. on magnetism
Intermixing = reconstruction of magnetic order

T oscillation

curie



Vortex pining by domain wall
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Experimental set-up (1)

RF sputter system
(Millton CVT, 13.6 MHz)
Base pressure 10-8 torr
four guns

Substrate temp. 1000 C




LSMO Target Making

Step 1
Step 2
Step 3
Step 4

Step 5

Pre-heating La,0,;: 900C/ 3 h.

Mix La,O, , SrCO,, MnCO,

Reaction: 1200°C/ 24 h

Pellet :d =5 cm, Thick =1 cm, 3 tons/ cm-2

Anneal: 1400°C /16 h



Film making

Ar

...................... >
LaAlO, substrate

O,

ty

Reactive co-sputtering process



e Substrate =

e Target =

e RF power =

e Base pressure =

e Mixed gas =

e Sputtering pressure
e Base temperature =
e pre-sputtering =

e Working distance =

e Annealing tempert.

® Annealing time =

Si (100) , LaAlO3(100)
YBCO, LSMO

80 Watt
3 x 107 torr

Ar:0,=98:2

70 mtorr

Room temperature
3 minutes

10 cm

800 — 920 °C (700 C)

1 hrs



Post-annealing conditions

v

v

LaAlO, *

Y,Ba,Cu;0,_5 , 150 nm
700°C for 1hour in O,
300°C for 6 hours

La, ,SrysMnOg
10 to 50 nm

920°C for 1 hour in
02




Experimental set-up (1)

e X-Ray Powder Diffractometer e Physical Property Measur. System

(Japan MAC Sience, model MXP18) (Quantum design)
7 Tesla, 1.4 —400 K

Resisitivity, I-V curve

AFM (Solver P4
o (Solver P47) AC/DC susceptibility




Structures of LSMO layer
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La, ,SrysMnO; (LSMO) ]

T (K)

R (Ohms)
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® For t g\ 10 <50 nm
Ferromagnetic insulator

® For t; q\;0 = 50 nm

Ty =360 K
Ferromagnetic metal
MR =-6.81%

(at room temperature)



Intensity (a.u.)
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*YBCO phase
orthorhombic

(020)

SEI 3.0kV  X50,000

20 Pure YBCO

30KV X50,000 100nm WD 3.0mm

Y/L(30nm) Y/L(50nm)



Resistivity for YBCO(150nm)/LSMO(t)

006 LSMO(50nm)- FM Metal
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Ground state of high-T. superconductor is an insulator ?
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Thermoelectric power

Obertelli et al., PBR 46 (1992)
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Summary of MR in YBCO/LSMO(t) bilayers
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Proposed effective circuit
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V (volt.)

I- V Characteristic (2 K)
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Magnetic dependent critical current density
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V (Volts)

V (mvolt)

YBCO (150nm)yLSMO(@0nm)
at 2 K with 5T field

I(mA)

@ Observing anti-clockwise hysteresis in
YBCO/LSMO bilayers



PHYSICAL REVIEW B VOLUME 52, NUMBER 1 1 JULY 1995-1

Flux-flow fingerprint of disorder: Melting versus tearing of a flux-line lattice

S. Bhattacharya and Mark J. Higgins
NEC Research Institute, 4 Independence Way, Princeton, New Jersey 08540
(Received 25 April 1994)

1. Fingerprint of dynamics generated disorder via interaction between flux-line
lattice & pinning centers.

2. A‘“tearing” of a soft lattice in a narrow regime of (H, T).

3. Afirst order depinning transition.

151




VOLUME 85, NUMEER 15 PHYSICAL EEVIEW LETTERS U Octorer 2000

Equilibration and Dynamic Phase Transitions of a Driven Vortex Lattice

Z.L. Xiao and E. Y. Andrei
Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08855

F. Shuk and M. Greenblatt

Department of Chemistry, Rutgers University, Piscataway, New Jersey 08855
{Received 31 January 2000}
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History effect in inhomogeneous superconductors

Y. Liu, H. Luo, X. Leng. Z. H. Wang. L. Qiu, and S. Y. Ding®
Department of Phvsics and National Laboratory of Selid State Microstructures, Nanjing University,
Nawnjing 210093, People’s Republic of China

L.Z Lin
Institute of Electric Engineering, Chinese Academy of Science, Bejjing 100080, People 5 Republic of China
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Conclusion

% Suppression of T, in YBCO/LSMO(t) bilayer is
observed at t = 50 nm, which should be originate from

Intrinsic proximity effect.
& Reversal of the sign of MR ratio in 50-nm YBCO/LSMO

bilayer indicates the competition between

superconductivity and ferromagnetism.

& We have observed magnetic pinning effect and

hysteresis in V-l curves of YBCO/LSMO bilayers.



