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Supercondutor e ferromagneto
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Supercondutividade
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Meissner Effect

Superconductor
B =0 - perfect diamagnetism: y,, = -1 AAAAAL
B=xy(H+M)=0 .
M=yH=-H el
- Field expulsion unexpected; not 2}3 Cool
discovered for 20 years. NV
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Critical Parameters for SC

a Superconductor
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Type I and type IT SC

London Theory " magnetic penetration depth A

)

Ginzburg-Landau Theory coherence length &

A+E& " two kinds of superconductors!




Conductors in a Magnetic Field

VxE =5
ot
VxB=p,J oE




Comportamento diferentes

Supercondutores dos tipo | e tipo ll:

Superconductor tipo I

Estado normal

> H
He
Campo magnético aplicado
Superconductor tipo II .
[ ]
Estado misto:
Estado normal
Estado Estado
Meissner misto
. H
Hel He2

Campo magnético aplicado
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Vortices

Screening current

Estado misto de um SC do tipo II, quando (H) é H,; < H < H_,,
formam-se tubos de vortices, a variagdo da densidade dos pares de
Cooper (n,) e a variagdo da densidade de fluxo.
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Efeito de Proximidade

Metallic contact between a normal metal and a superconductor

s ] s

Andreev reflection

Normal metal conductor
(Semiconductor)

Electron-hole correlations: proximity effect
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Incident electron

Reflected hole

Supercurrent s——- Andreev bound states (ABS)




Domain-wall supercondutividade

Positively magnetized domains

Negatively magnetized domains




Domain-wall supercondutividade




Campo sempre matar SC ?

Array of CoPt dots covered by Al film

1.35 ! ! !
Demagnetized ;

50 K e 25 kOe Magnetuzed
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ext

The phase boundaries Tc(Hext)for an S/F hybrid,

consisting of an Al film and an array of magnetic dots, in the
demagnetized state, in the completely magnetized state in positive
direction as well as in several intermediate magnetic states
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Campo aumenta Tc
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Campo aumenta Jc¢

H (Oe)
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Hysteresis curves of Jc (a) at T = 6K for
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Type IT Superconductors (§ <L)

Normal state cores Superconducting region

\




Campo dos dots

: ~~— Dot's Flux Lines
Magnetic Dot

MAGNETIC DOT

R © T % ST P s
P 4 & 4 b V\ \/ ( .\f\'l'l\‘nn']‘l‘. VORTEX )
Vol > e o o
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Supercurrent —/ x Superconductor | SUPERCONDUCTOR




Campo sempre matar SC ?




Nossos resultados

Cagelretes

3.6*8’— “ﬁ;:;’i?‘“ﬁ‘
. e © e, G

100 nm Lead (Pb) film with varying Co particles fraction
 Here we will show results for 4% volume fraction of Co
- Co nanoparticles: ~4.5 nm diameter




Bi/Co: Sample preparation

Evaporador de matriz

Bomba Bomba
célula Knudsen

criogénica turbo

. )
Cadmhcide Co - ipsrtura i (\ D )
el Lo

AT |—h U_:]iu lﬁj; —
o \ B ) s':Jbstrato

substrato para TEM magneto supercondutor
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ensidade de Co 1mm 1mm
1 1

Cabeca da amostra
giratéria ( 360°)

3 balangas
de quartzo

Injetor de Ar =+ —
== R
=

Feixe de clusters

_L 9mn

5| 6 7 8 9 10 11 12 13




articles

06r 8K =07
. eSS
O
S5 03} o i
£ g

v - Cpégo ]
% 0.0

1< i ¢ ]

()
.03} |
= _ 8@8080@ .
e
06 E:8 ]

-0.4 -0.2 0.0 0.2 0.4

- Narrow size distribution ~ 4.5 nm diameter
- Coercive field = 0.025 T




Resistivity measurements (

p(107pQ m)

~| Pure Pb

uQ m)
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/~ 3.1 nm
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Spontaneous vortices
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Scaling analysis

Y4 E [t =R (t[™ J)
o — r=(T-T5)/Ts

T,.= 315K,

—

Critical exponents:
w3 v=0.25
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Magnetic field polarity

10f Positive field:
E o.ig B+ — Bex'[ T BCo
is?o.m; Negative field:
” 1E—3;-
1E-4§- ‘ B— ‘:H Bext ‘_BCO ‘
Current (mA)
B. >B_

* Particles aligned at T>T,

* Field (<0.01 T) turned on for T=2.9K (<T_)
s



Magnetic field polarity
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Magnetic field polarity

Sample 3 at3.2K
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Field (<0.01 T) turned on for T=3.2 K (>T,.)



Phase Diagram for Pb/Co 4 vol%

Y.T. Xing et al, PRB 78 224524 (2008)




Magnetic properties
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Magnetic properties
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Magnetic properties
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Origin of PME: Interaction between Co and Pb

Y.T. Xing et al, PRB 80, 224505 (2009)




T. as function of Co-volume fraction

\

Co atoms \

\

v (vol% Co)

Y.T. Xing et al, Eur. Phys. J. B 76, 353 (2010).

|
as-prepared \ |.
after annealing ! |
from magnetic \ 1
measurements after annealing | !

|
.I....I....I....II...I...I.
1 2 3 4 3) 6

1. Low critical Co-volume
fraction due to the formation
of spontaneous vortices.

2. Annealing leads to a decrease
of critical Co-volume fraction

Explanation:

& = 0.855(&o0) />
d=2& ; & =83nm

Increase of mean free path/
gives increase in ¢ :

10 nm
25 nm

§(as prepared)
§(annealed)



Shorter coherence length? -Bi film

Bi: ¢ ® 7 nm Much shorter than &,
Bulk Bi:
Rhomboedral structure, semimetal with very

small E ~ 27.2 meV and Fermi surface (10>
times Brilloin zone)
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Fermi energy, overlap energy [meV]
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Temperature [K]
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Bulk Bi: not superconducting!

High pressure phases of Bi: superconducting

(25 kbar ; Bi—1II : Tc=39K
Different structure { 27 kbar ; Bi—1III ; Tc=7.2K
(88 kbar ; Bi—-1V ; Tc=85K

Amorphous Bi (a-Bi): superconducting T.=6 K

Bi-clusters: superconducting

Superconductivity in granular systems built from well-defined
rhombohedral Bi-clusters: Evidence for Bi-surface superconductivity.

B. Weitzel and H. Micklitz, Phys. Rev. Lett. 66, 389 (1991)



Bi films covering Co clusters

ensidade de Co 1mm

Imm
2Zmm
9mn

—

2 3 4 5 6 7 8 9 10 11 12 13

Different Co-volume (area) fractions

Co(5nm) ~100%A Co(2.3nm) ~ 80%A Co(0.7nm) ~ 24% A Co(0.0nm) ~ 0% A




Bi-films (as-prepared)
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Annealed pure Bi-film:

As temperaturas
acima indicam
as temperaturas
de aquecimento

" Te=4.0(1)K

After annealing at 100 K:
Metallic behavior with

2D - weak localization

no indication for
superconductivity

p=py+ Ap

Apx —InT




Bi-film with Co clusters

Co(80% A)Bi(3-5.5nm)
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Explanation

Thermal activated tunneling between islands (or grains)
Electron tunneling (R+) and Cooper pair tunneling (R;)

R =Y R;+R;]

I

B RT for T>TC
1] 0 for T<T,

o R =R, exp(T, / T)?

Tunneling resistance with Coulomb barrier




Explanation

. Co(80% A)Bi(3nm); C9-10

0F - _ 1/2 -
B R=R exp(T,/T) _

28 L 1.9<T<3.6
|1 R =332ka
L L T=86(1)K

B) -
22 - -
4 9<T<4

R, =74kQ

T.=867(4)K

Resistencia (kQ)

20

18 -

16 | o -

Temperatura (K)



Co(24 A%)/Bi(5nm)
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Annealed Bi-Layer

Co(5nm)Bi(6.6nm); C9-10
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Interpretation of result

Resiténcia (k)

[=1
o

R, =584kQ;3.5<T< 60

a= 23~

a=068~2/3
R, =601 kQ; 2.8<T< 100

10 ' 100
Temperatura (K)

1 1 1
40 60 80 100
Temperatura (K)

K Due to annealing
opening of gap in
DOS of 2D
crystalline Bi-layer

This is caused by

(?):

(i) Magnetic
impurities at
surface of Bi

(ii) Stress at the
interface between
crystalline Bi and

Co-clusters.
(iii) Disorder




SC-I transition in 2D systems
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Near QCP

Co(5nm)Bi(6.6nm); C9-10
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Simplificagdo da Formagdo de Vortice

Fluxo Magnético - @

R ————

A nucleagdo de um vértice é possivel proximo a uma regido magnética
com momento magnético suficientemente forte.




Dinamica de Vortice

I —

Corrente - entrando do plano




Dinamica de Vortice

Corrente - entrando do plano
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Forga de Pinning




Corrente - entrando do plano
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Corrente - entrando do plano T
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Sample structure
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. Nanodisk of NiFe .




Laser ablation system

Presure:
3x10-7 torr in one hour

Laser system:
600 mJ




. Ni Plasma .




Sample preparation

Thin films: in vacuum

Nanoparticles: in Ar with a
pressure of 1 torr




Ni nanoparticles prepared in Ar
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nanoparticles prepared in Ar
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XPS spectra of Ni nanoparticles
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XRD of Ni nanoparticles

XRD XRD
PLD in argon PLD in oxygen
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Magnetic susceptibility

3,00E-007
1.8x10” % 1,8x107 1%,
; ] Y
2,50E-007 - — 3 "y o 1000
o H=100 (Oe) ‘ [ % —e— 1kOe
14 1,2x1071 7 %
e H =500 (Oe) 3 7 [ 3 —o— 2kOe
2,00E-007 R °» H=1K (Oe) ,‘é = } \
_ <><><>%<> —~ 1,2x10" 1 RO:
z O 8 ° X 6,0x10°
< 1,50E-007 A X0
2 R, s, E o
£ 15 X W 80 - S858-82: :;;i; b S
° 00 =8=8—8—t—8—p—p—p—s—p—
= 1,00E-007 coaas® ®o0e v %888 2L 0,0 . . . .
, — M < 0 20 40 60 80 100
000004, o Temperatura (K)
5,00E-008 | 3% 0% g,
| °°°°° °o°"3°‘”3’°°03“a»33333 -8-9-998-0-9-9
8&8&5&8&8&5&5&5&8&;&;‘ “8@85508 8 o
0,00E+000 — — ;
o 5 100 150 200 250 300 0 30 60 90 120 150 180 210 240 270 300

Temperatura (K) Temperatura (K)




Sample prepared




Transporte meausrements
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Voltagem (V)
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Magnetic measurements

SQUID

From Google Image:
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Magnetic measurements

SQUID em Portugués:

Lula

Na google Imagem:




Obrigado!
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Work at IF-UFF

Mag = 55.00 K X WD=56mm |59 . 25 be Mag = 55.00 K X
InLens EHT = 20.00 kV & — InLens EHT = 20.00 kV




