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Odovzdavanie vedomosti
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Absirace—My research zroup is dealing with the experimen-
tal study of superconducting maerials with competing orders.
My enlleagues are studying the coexitence of superconductivity
with magnetism and the inflsence of charge density waves and
multiband Fermi level to the superconducting characieristics. The
subject of my PRID work is the study of the influence of ki
dimensionality and nano-size effects for the superconducting
properties in ultra-thin films. During the first year of my thesis
1 am studying the physical properties of superconductors and
strongly disordered systems, the influence of upplmd magnetic
field for the hasic
with Low Temperature Scanning Tunneling \ll(‘m.copr (STM)
measurements. In this paper | am pesenting the actual state
of my studies

Keywords—Superconductivity, Disordered system, SIT, Scan-
ning tunneling microscopy

L. INTRODU

TION

This peper is dealing with the basic physical pro
ties of strongly disordered superconducting materials. Af-
short introduction, the charackeristic properties of su
istance and the ideal diamag-
cfism are presented 1 discuss the influence of dis
conducting state and show possible mecha
of the superconductor-insulator transition SIT). | shaw the ba-
es berween the bosonic and th

in K1 The upenm:m shows the supercomducting trans
W the clectsical resistance jumped. from aneasursbly small

samplk was immeasurahle. This inkeresting hehaviour was
naturally called superconductivity. A cril

he sampie had wie i rssitionsd from pormnal

28 April 1911, Heike Kamer-
o the Royal Netherlands
ciences. This day is officially called like
nductivity [1], [2

s pre
Iy y Academy of Art and
disordered superconductors. the Day of Birth of Supe

An important discovery in this ara were made by the
grear German physi ner and Ochsenfeld In thei

IL. SUPERCONE
On 10 July 1908, the great Dutch physicist Heike Kam
lingh Onnes opened a new chapter in low temperature phy
He was able to reach first liguefied helium *He in the
By the way, the boiling point of helium *He is 4.22
mal atmospheri re. In addition, when w
of helium *He, we can mach a temperature around 1 K too. 1
Afier some time, Heike Kemerlingh Onnes observed the  the superconductor afier crossing the mu.al emperature T,
behavior of varios metals s ury, lead and tin, while  The perfect conductor would tend to trap in the fux of mag-
iHe For cian =
various metals. One

ists Mei

day. be discovered that at shout 4.2 K the clectrical tance
¥ sample fell abrupdy to zero. We can show it in ¥ _
Figure |. He said that the clectrical resistance of his mercury It follows that M H. The magnetic induction I inside
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Meracia zostava na Meracia mikrokontaktova

STM/STS merania aparatura vhodna na
4bodové odporové merania |,



Vyskum

- Demokritos z Abdéry
e (460 — 370 pred Kristom)

,Kolkokrat treba delit jablko, kym
sa dostanem na jeho najmensiu,
dalej nedelitelnu cast — atom?“




Vyskum

- Demokritos z Abdéry
e (460 — 370 pred Kristom)

,Aku chut, vénu, a teda viastnosti
bude mat tato najmensia, dalej

nedelitelnu ¢ast — atom?

Bude to este jablko?”
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S W&, (460 —370 pred Kristom)
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Vyskum MoN

090 Megr. Vladimir Komanicky, Ph.D.
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Vyskum MoN

12000
. . . Rs 1nm
* Meranie v 4bodovej konfig. Van der Pauw 4, Rs 3nm
; , ) , Rs Snm
* Umerne ako narasta neusporiadanost, 11200 Rs 10nm
rastie aj elektricky odpor supravoditov v ., Re30mm
normalnom stave a klesa kriticka teplota 0s00
(T.). Dochadza tak k SIT prechodu. i
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hrubka (nm)

Vyobrazenie zavislosti T, od
hrubky tenkych filmov MoN

Nanormované supravodivé
prechody (uzke, jednofdzové)

Transpotné merania na tenkych
filmoch MoN o hrubke 1 - 30 nm



Vyskum MoN
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Piezo-¢lanky vertikdlneho pohybu \.

/E 1)drziak vzorky; Tepelné kotvenie vodicov m
2)1K vana; Piezo-trubica
! »  3)4He zasobnik; Rastrovaci hrot H]ﬂ

4)supravodivy magnet (8T); Pohybujtici sa stolik so vzorkou

)
)
)
)
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)
)
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Kapacitny polohovy senzor

Piezo-¢lanky pozdiZneho pohybu —
Titanovy korpus

—+

6)sorbcna pumpa;
i 7)hladinomer;

Bronzova pruZina

2| | 8)3He zasobnik. =
1 4
Kryosystém JANIS HE-3-SSV Schematické zndzornenie hlavy STM.
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Vyskum MoN

* meranie topografie STM (MoN 3 nm)

3D histogram korugdcie povrchu
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Pomocou STM v méde konstantného pridu merany povrch (300 x 300 nm?) MoN 3 nm v 2D a 3D zobrazeni s
prislusnym histogramom korugdcie povrchu. Povrch je zretelne Cisty a hladky s drsnostou na urovni 0,4 — 0,5 nm,
s dobre definovanou Strukturou.
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* meranie teplotnych zavislosti tunelovych spektier STS (MoN 3 nm)

s e - Nazorny fit
v g tunelového
" § spektra podla
o5 § Dynesovho
modelu
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— namerané data
0,1 —_— fit

vodivost (a.u.)

tunelova vodivost(a.u.)

S - T(K)
Vyobrazenie 3D grafu teplotnych zdvislosti tunelovych spektier Fitom jednodlivych teplotnych zavislosti
(0,439 4,279 K) v B = O T. Priblizne pri T = 3 K miznu supravodivé tunelovych spektier podla Dynesovho modelu
érty spektier a dochddza k uplnému potlacéeniu supravodivosti. ziskané hodnoty parametra energetickej

medzery A, dalej prefitované podla teplotnej
zavislosti energetickej medzery v sulade s BCS
tedriou. 14



meranie polovych zavislosti tunelovych spektier STS (MoN 3 nm)
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tunelova vodivost (a.u.)

B(T)

Vyobrazenie 3D grafu polovych zavislosti tunelovych spektier (0 —8 T) pri T = 0,5 K. Pribliznevpoli4-5T

1
o - N w & o o ~ @

B(7)

vidiet tplné potldacanie energetickej medzery (H.,). Nad H, zjavne nedochddza k uplnému potlaceniu

medzerovej Struktury tunelovych spektier (Zeby tzv. Altshuler-Aronov efekt?).
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VyVOj

V supravodicoch existuju dve energetické (teplotné) skaly:

* energeticka medzera A, ktora odpoveda energii potrebnej na
roztrhnutie Cooperovho paru,

» fdzovd tuhost J (phase stiffness) (oznacovand aj pg), suvisi so
schopnostou supravodica viest elektricky prud bez straty energie a je
umerna koncentrdcii supravodivych nosi¢ov ndboja ng (superfluid
density).

#2 h — Planckova konStanta
J= ang 3D: a = &, 2D: t < &, a — mriezkova konstanta
4m m — elektrénové hmotnost
a=t £, — koherenéna dizka
t — hrabka filmu
m Ko — permeabilita vakua
= — elektrénovy naboj
ng 232 N jovy nanol
Ho€ A — magneticka hibka vniku
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e zariadenie na uréenie absolUtnej hodnoty magnetickej hibky wvniku A,
vyuzitim dvoj cievkovej techniky merania vzajomnej induk¢énosti M

N . 1%
(b) M=M +iM! =2
14r L - ] wld
120 7 420
10 -~ T 80 3nm{_ - 15} | ni
o 8-' = }\M'/ 1ol 39 nm |
=~ -E 40 < 23 nm
= e} - S g 9t 13 nm-
al = 0 ] | - r‘: ! , g.5 nmj
ol 4 81216 | 3 >
4 — 0 N 1 . 1 N 1 .T(K). ) N O f \ '
20 0 10 20 30 40 50 0 4 8 12 16 20
kil d(nm) T(K)

Schematické zndzornenie primdrnej P. Raychaudhuri at al., APPLIED PHYSICS LETTERS 96, 072509 (2010)
kvadrupdlovej cievky (hore) a sekunddrnej

dipolovej cievky (dole), medzi ktorymi sa
nachddza supravodivy tenky film.

PRINCIP: tenky supravodivi film chrani sekundarnu cievku pred magnetickym
polom vytvorenim primarnou cievkou, pricom stupen tienenia zavisi od A 17
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\\yvoj - doplnenie

V supravodicoch existuju dve energetické (teplotné) skaly:

* energetickd medzera A, ktora odpoveda energii potrebnej na roztrhnutie
Cooperovho paru,

» fdzovd tuhost J (phase stiffness) (oznaCovana aj pg), suvisi so schopnostou
supravodica viest elektricky prud bez straty energie a je Uumerna koncentrdcii
supravodivych nosi¢ov naboja ng (superfluid density).

h — Planckova konstanta
2 . ~ .
] _ h ang 3D:a = 60 2D: t < 50 a — mriezkova konstanta
- m — elektrénova hmotnost
m a=t ¢, — koherenéné dizka
t — hrabka filmu
m Ho — permeabilita vakua
Ng = ——— e — elektrénovy ndboj
292 Y nNaboj
Up€ A A — magneticka hlbka vniku

Pre tieto energetické Skaly plati, ze

o A«J pri konvencnych supravodiCov. Zanik supravodivého stavu tu suvisi so zanikom
Cooperovych paroy,

o A=) pri kupratoch,

o A>J pri poddopovanych materidloch. ZvySovanim teploty tak najskor dochadza k zaniku
schopnosti supravodica viest supravodivy prud a aZ naslednému zaniku Cooperovych parov. Tie
mOzZu preto existovat aj pri teplotach vyssich ako je kriticka teplota.



\\yvoj - doplnenie

o0 T(K) R T(K)
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& — povrchova hibka (skin depth)



