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General phase diagram for HTC

C. \lbrma. Nature 468, 184 (2010)

Insulatar and [
antiferromagnetid

What is the nature
What happens near the Mott state?

the superconductor to insulator transition?

Magnetism and Superconductivity are linked! 5
AFM correlations are present at the PG and SC regions of the PD
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La,CuO,,s (6-LCO) vs La, yM,CuO, (LMCO)

We ran out of Sr (=M)!!
That was a lucky accident ...




La,Cu0,,5 (3-LCO) vs La, ,M,CuO, (LMCO)
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Fig. 1. (a) Three dimensional structural arrangement of La,CuQ,.
One tetragonal unit cell is represented. (b) The position of O4 in
the pseudo tetragonal unit cell of La,CuQy g5, The displaced O4
atoms 1o the O3 positions are indicated.

Chailout et al. Physica C (1989)

0-LCO is a HTS derived from the
antiferromagnetic - Mott insulator
La,CuO, (LCO)

Oxygen interstitials (i-O) are located in
between La,0,,; layers, far away from
the CuO, superconducting planes

Disorder is weak and T is the highest
of the La 214 family of compounds

i-O are introduced in specific positions
of the crystal structure



La,Cu0,,5 (3-LCO) vs La, ,M,CuO, (LMCO)
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0-LCO is a HTS derived from the
antiferromagnetic - Mott insulator
La,CuO, (LCO)

Oxygen interstitials (i-O) are located in
between La,0,,; layers, far away from
the CuO, superconducting planes

Disorder is weak and T is the highest
of the La 214 family of compounds

i-O are introduced in specific positions
of the crystal structure



La,CuO,,s (6-LCO) vs La, yM,CuO, (LMCO)

500 | & B Tetra
gonal
400 Orthorhombic Orthorhombic
400 ordered tilts d'SOFlﬂﬂrﬂd tilts
E - {Bmab) "-.:P {Fmmm}
£ £ 300 - >
3 300 @
& 2 \
g— g In-plane |5 | |
E 200 Orthorhombic a 200 ordered —> '
(4]
= E P.nhl’ern;l- ; I
100 _ Superconducting 100 magnetic
Spin glass 9
5 e
0.02 0.05 0.10 0.15 0.20 o Superconducting— I
Sr doping (x) 0.00 002 0.04 0.06 4 b
t Stage Stage Stage
Fig. 1. Comparison of (A) phase diagram for La,_,Sr,CuQ, and (B) proposed Stage 6 4 3 2
phase diagram of La,Cul, . Oxygen doping (y)

Wells et al. Science (1995)

0-LCO phase diagrams is characterized by the presence of miscibility gaps
T, is not continuous depends on the staged number
A continuous phase diagram has never been explored due to phase separation

EDLT are different from bulk crystals
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Epitaxial growth of 0-LCO thin films
Ozone Assisted Molecular Beam Epitaxy

- UHV chamber: 1 x 108 Torr- 1x101° Torr

- Shuttered growth technique

TerowTn = 750°C
- OnSLAO (00 1) substrates

Load/lock chamber

N

- P[O;] =3 x 10 Torr

Substrate heater and rotation

- Reflection High Energy Electron Diffraction

glectron 8u°
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Structural characterization

Specular and off-specular X-Ray Diffraction

Specular: XRR & WAXRD
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Flat thin films textured on (001) direction
GSubstrate =2 A;

GFilm = 4-6 A;

In plane compression
Out of plane traction

Off-specular: Reciprocal Space Maps
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Structural characterization

Atomic Force Microscopy and Scanning Transmission Electron Microscopy

AFM
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Structural characterization
Atomic Force Microscopy and Scanning Transmission Electron Microscopy

STEM
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Transport and Magneto Transport Experiment
EDLT

e O-MBE: 4 u.c. 5-LCO film

e Electrode evaporation: Ag /
liquid N,

e Glass container

* Top gating: Pt coil

 DEMETFSI
I /-:)—CH3
F
H;C—CH, N'—”/’O—QF
| *'_CH3 0=:< Q\\\o
/ F
o
+F -4+ + . + . W w F7<1-
+ — + (aHj
+. t- 4+

Scheme 2. N,N-Diethyl-N-methyl-N-(2-methoxyethyl)Jammonium
bis(trifluoromethylsulfonyl)imide ((DEME]TESI )
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Transport and Magneto Transport Experiment

EDLT
e Gate voltage changed at 245 K
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Transport and Magneto Transport Experiment
EDLT
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Transport and Magneto Transport Experiment
EDLT

Magneto-transport characterization: T < 200K - R(T), IV, R(H)

)

N
=
) a(Cu-0-Cu)

Rsl

The components of the sheet resistance tensor are calculated using the
Montgomery method

20
Montgomery JAP 1971. Dos Santos et al. JAP 2011



Transport and Magneto Transport Experiment

EDLT
'@7 ) b (Cu-0 - Cu) ‘
— ‘ '
~
(v

Rs2

We didn’t expect any anisotropy, the films are tetragonal and the sample is a square
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Transport and Magneto Transport Experiment

EDLT

Rxy
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Transport and Magneto Transport Experiment
Results

75 levels of charge
doping

.................. , 0.1215 > p (holes/Cu) > -0.00625

33 levels of charge
doping
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Rs (Q)

T (K)

Transport and Magneto Transport Experiment
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Superconductor Insulator Transition

INSULATOR S

SUPERCONDUCTOR
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R, (@)

Superconductor Insulator Transition

10”4

0.02 holes/Cu

0.056 holes/Cu

S1

20
T (K)

60

La, ,Sr,CuO,

Bollinger et al.
Nature 472, 458 (2011)

YBa,Cu;0,_,

XL, JGB et al. &
PRL 107, 027001 (2011)

FeSe

R (0)

Schneider et al.
PRL 108, 257003 (2012)
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Superconductor Insulator Transition
QPT: finite size scaling analysis

)

;
QPT == °°

_d

g 9
0.056 holes/Cu g = p (holes/Cu)

10°; Scaling function:

| 60 Rs (p, T) = Rs.f( |p-pc| TV*)

T (K)
Rs, p, vz

M. P. A. Fisher, PRL (1990) 28




Superconductor Insulator Transition
QPT: finite size scaling analysis

Rs (p, T) = Rs.f( Ip-p.| T**)  (dRs/dp),. oRs. T/ f'(0)

——3K
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All the isotherms cross at the same point -



Superconductor Insulator Transition
QPT: finite size scaling analysis

(dRs/dp),. «cRs. T/ f'(0)

oT 9T
Direction 1 2 1 2
X Rg,(9T)
p. |0.04] 0.04 0.055|0.055 ] R, (OT)
1 = R,(0T)

Rs. (k)| 21.5 | 15 | 13.5| 125 | _<

= Rsz(OT)
vz | 1.2 | 14 | 1.8 | 1.8 i"’
©

\
(K
'''''
e
v
"h

ANISOTROPIC? ISOTROPIC

Finite size scaling analysis suggest the
presence of a quantum critical point

separatlr.lg the s:uperc?nductmg and ' 10 T 100
insulating regimes.
This result should be confirmed at T < 3K T (K)
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200+

50+

Superconductor Insulator Transition

QPT: Anisotropy analysis

Rs1/Rs2 OT

ISOTROPIC

p (holes/Cu)

p (holes/Cu)
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Superconductor Insulator Transition

QPT: Anisotropy analysis

Rs1/Rs2 OT

p (holes/Cu)

2.324

2.869

3.542

4.374

5.400

An electronic anisotropy is
suggested by the finite size scaling
analysis and characterized by the
coefficient Rs1/Rs2

The presence of the
superconducting transition could
be enhancing the detectability of

the electronic anisotropy

Is this an extrinsic anisotropy?
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Superconductor Insulator Transition
QPT: Anisotropy analysis

RS]_ / RSZ 9 T The anisotropy goes away in
200 magnetic field
2.0-
. 0.9950
1.229
150+
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S 1.5-
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5.400 1-0'
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O I I I I I I I I I ' ' T T T T T
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T (K)

Superconductor Insulator Transition

QPT: Anisotropy analysis

Rs1/Rs2(0T)
Rs1/Rs2(9T)

200

1.125
150

1.272
1.439
1.627
1.839
2.080
2.352
2.659

50
3.007

3.400

e

0.06 0.10

p (holes/Cu)

0.9950

The electronic anisotropy at the insulating
side is magnetic field independent

The electronic anisotropy at the
superconducting side goes away with
magnetic field (4.5 Tand 9 T)

In plane symmetry breaking due to
interstitial oxygen stripes

Strong spin-orbit coupling in a 2D system
could give rise to the magnetic response of
the electronic anisotropy at the

superconducting side
(Caviglia et al. PRL 2010)

The anisotropy could arise from the
presence of charge or spin density waves,

stripes ...
(Kivelson et al. Nature 1998)
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Superconductor Insulator Transition
Hall resistance

Ryv (€2)
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Superconductor Insulator Transition
Hall resistance

p (holes/Cu)
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200

150

Superconductor Insulator Transition

Hall resistance

10.00

15.50

21.00

0.06
p (holes/Cu)

0.10

50

XY

9T |

| I 0.000
- 5.250

10.50

15.75

E .

0.06
p (hoIes/Cu)
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Superconductor Insulator Transition
Hall resistance

200 ——

The presence of a maximum in the
R,y could be revealing an electronic

phase transition

0.000

150 i

(XL, JGB et al. PRL 2012; Balakirev et al. Nature 2003; ] -
LeBoeuf et al. PRB 2011) 1 5.250

9T |

10.50

Rs measured with O T and 9 T are the
same in the temperature range
where the maximum has been found

Is the QPT at zero temperature . ‘ 21.00
promoted by the high temperature e . T

changes in R, ??

15.75

ROLE OF ELECTRONIC INTERACTIONS
IN THE SIT
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Superconductor Insulator Transition
Hall resistance

. . 200 ——
The presence of a maximum in the ]

R,y could be revealing an electronic

phase transition 150

Rs measured with O T and 9 T are the
same in the temperature range
where the maximum has been found

Is the QPT at zero temperature
promoted by the high temperature
changes in R, ??

504

ROLE OF ELECTRONIC INTERACTIONS 0
IN THE SIT

IS THERE ANOTHER TRANSITION IN
T?
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QPT

QPT separating insulating and

superconducting regimes:
Anisotropic??in0 T
Isotropicin9 T

I 0.9950

T (K)

Insulating regime is anisotropic and

# f(H)

T(K) Superconducting regime = f(H)
2.0+ 0.000
[ I Anisotropy is minimized at the SIT
15 ,‘f’ 1007, - w=  The SIT is promoted at higher
= . temperatures by a change in the
- electronic ground state that is
1.0 2o revealed by Rxy
| | 0.02 0.06 0.10
0 20 40 60 p (holes/Cu)
T (K)
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