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Abstract Submission Template

-Instructions- PLEASE READ

1. Do not alter this template.

2. Anything typed outside the “Replace this text with your abstract title/body”” area will be ignored.

3. For scientific equations, use only standard characters, Microsoft Equations Objects, or MathType.

4. If you wish to embed a webpage, use the “Insert Hyperlink” function within Microsoft Word.

5. Do not insert Charts or Images into the abstract. This will cause your abstract to be rejected after
submission.

6. Do not retype author lists. These will be automatically added; add only your abstract in between the
“abstract” delimiters and your title in between the “title” delimiters.

7. Do not alter the fonts or size/color of the text. Such changes will be ignored and replaced with the
standard.

8. There is a limit of 1300 characters. However, depending on such variables as the amount of “white space”
or use of mathematical equations, some abstracts with less than 1300 characters will exceed our publication
space limitations, and will be rejected. You will be able to preview your formatted abstract and check its
length later in the submission process.

9. When saving this document. Use “File -> Save AS’ and save as an RTF document. Please note the
location where you save this document as you will need it when you upload it using the browse button.

-/Instructions-

-title-
Non-uniform magnetization in LaAlO,/SrTiO; superlattices.
-/title-

-abstract-

Recently, Brinkman et al., [Nature 6, 493 (2007)] reported magnetism induced at the interface between LaAlO;
(LAO) and SrTiO; (STO) inferred from transport measurements. They found the magnetization to be greatly
enhanced at low temperatures (i.e., liquid He temperature) and by application of high (10+ T) fields. We report
polarized neutron reflectometry measurements of the magnetization depth profile of two LAO/STO superlattices
with the same number of bilayer repeats. For low temperatures and a field of 11 T, the intensities of the superlattice
Bragg reflections for both samples exhibited a dependence upon neutron beam polarization. The spin dependence
was much weaker at small field (and low temperature) and disappeared altogether at 11 T and 300 K. These
observations demonstrate that the magnetization depth profile has the period of the LAO/STO superlattice. The
neutron spin dependence was more pronounced for the sample with a thin LAO layer compared to one with a thick
LAO layer, suggesting that the magnetism may be interfacial in origin.

-/abstract-
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Emergent phenomena in LAO/STO

+ Competition of order parameters, e.g.
polarization and electric field, in LaAlO5 and
SrTiO; bilayers may lead to hew emergent
phenomena including:

~ Magnetism
- Conductivity (2DEG)
- Superconductivity

For a review see: R. Ramesh and D.G. Schlom, MRS Bulletin 33, 1006 (2008)
and articles therein.



Outline

+ Can the existence of magnetism in LAO/STO
be confirmed?

* Why do we care? If true, we might have at
hand, a mechanism for carrier induced
ferromagnetism.

* How do we confirm magnetism? We look for
its signature in LAO/STO superlattices with
polarized neutron reflectometry.



Magnetic effects at the interface
between non-magnhetic oxides™

+ 26 u.c.of LAOon TiO,- = /=7
terminated STO. i R

+ Magnetization derived i i/ s,
from resistance F/ @ F
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‘Sample fabrication

+ LAO/STO superlattice grown in the group of
J. Santamaria, Spain.

- Sample grown via high pressure pure oxygen
sputtering technique at T = 900°C, P = 3 mbar
(0,) and 3 A/min.

* Annealed at T = 500°C, P = 900 mbar (O,) for
30 minutes.

* The STO substrate was TiO,-terminated, and
the STO layers ought to be too.

* My sample: [LAO(4 u.c.)/STO(12 u.c.)]i5



TEM and X-ray characterization

* Might the STO on LAO interface be rough because
of non-integer u.c. LAO thickness?
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Polarized neutron reflectometry

non-spin-flip reflectivities give M ”( Q)

Polarized Neutron Reflectivity
S
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p(z) = N@)b(z) + Cu(z)]

L‘ magnetism
chemistry

number density of atoms

Measurement of the neutron scattering

as a function of wavevector transfer Al
(of order 0.1 A1) allows us to determine

the structures and properties of

materials that are non-uniform with

nanometer resolution. Modeling



Why neutron scattering?

Relatively strong,
predictable, and well-
understood interaction with
magnetism.

Scattering is directly
related to L and S.

Quantitative Scomplemen‘rs
MOKE, XMCD).

Penetrating (there are
probably better choices for
surfaces).

Compatible with many forms
of sample environment.

Statistical.
Discriminating.
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Modeling the nuclear structure

p(2) = N(2)|b(z) + Cu(2)]

15x
ASTO I
CFLAO-STO
Ost01A0
AV i
We conclude that PNR

"sees” a less uniform sample
than do X-rays.

- We ignore magnetism.
- We use literature Nb values

for STO and LAO.

- We constrain all LAO-STO

interfaces to have the same
roughness, likewise for STO-
LAO interfaces.

- "Thickness constrained" model:

Aao=19 Aand Agp = 38 A

- "Thickness unconstrained”

model: A 4, = 20+3 A and Acrp
= 38+3 A, i.e., somewhat less
than 1 unit cell variation.



At high B and low T, magnetization varies
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Modeling the magnetic structure

We used the "thickness unconstrained” model for the nuclear
structure of the superlattice. An adequate predictive model of
the nuclear component of the Bragg reflection.
We assumed the magnetization M within each LAO layer is
uniform and the same for all LAO layers. Likewise for the STO
layers (but M 4o # Ms10).

- To see non-uniform M within each layer, we would need

measurements of more Bragg reflections.

The spin dependence of the Bragg reflection tells us only the
change of M, AM, (and its direction) across the LAO-STO
interface. For example a change from 5 to O emu/cm3 or 105
to 100 emu/cm3 affect the Bragg reflection the same way.

The spin dependence of all the other PNR data tells us
something about the magnitude of M (i.e., whether 5 or 105
emu/cm3 was correct).



Reflectivity

At high B and low T, LAO is magnetic,
STO is not magnetic.
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Conclusions

The raw data show a positive spin dependence at the Bragg
reflection that more than compensates for a negative spin
dependence due to instrumental bias.

We see a variation of magnetism in the sample that has the
period of the superlattice.

Modeling suggests the spin dependence is consistent with
magnetization in the LAO layer of ~5-10 emu/cm3, and no
maghetization in the STO layer.

We do not suggest the magnetism is necessarily
ferromagnetism, nor do we suggest the magnetism is necessarily
uniform within the LAO layer.

We plan new measurements at lower temperatures with more
samples, including a BTO/STO superlattice, using a new method
(the Flipper égalitaire) to reduce instrument bias.



Intensity

Wide angle X-ray characterization
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Electron beam focused
to atomic dimensions
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