M ATERIALS SCIENCES

A Topologi cal- Insulat or Sandwi ch for
Effi ci ent M i cr oelect r oni cs

Sci ent i fi c
Achi evement
At the Advanced Light Source (ALS),
researchers synthesized a topological insulator between two
ferromagnetic layers and found that
it is electronically characterized by a
large magnetic band gap.

Si gni fi cance
and Impact

A t ransist or based on a t opological insulat or (purple) would ut ilize t he lossless flow of charge along
t he t opological insulat or?s edges. [Credit : Aust ralian Research Council (ARC) Cent re of Excellence in
Fut ure Low-Energy Elect ronics Technologies (FLEET)]

Sust ai nable t echnologi cal
gr owt h
Advances in microelectronics have put
enormous computing power at our
personal disposal, vastly improving the
ways in which we work, play, and live.
However, these benefits bear significant
energy costs, and scientists are continually
searching for ways to increase computing
power while reducing power consumption.
Toward that end, a team led by researchers
from Monash University in Australia
meticulously grew an ultrathin topological
insulator, atom by atom, and sandwiched it
between two ferromagnetic insulators.
Such a heterostructure had been predicted
to support a rare phenomenon known as
the quantum anomalous Hall (QAH) effect,
in which spin-polarized electrons (i.e.,

electrons with a single spin direction)
travel along the edges of the topological
insulator with near-zero resistance.
A successfully fabricated QAH insulator
would provide a promising avenue toward
viable ultralow-energy electronic and
spintronic devices.

The secr et sauce:
magnet i c or der
To turn a topological insulator (which
includes both spin-up and spin-down
edge currents) into a QAH insulator (with
edge currents of just one type of spin), it?s
necessary to induce magnetic order in the
material. While it?s possible to do this
by adding dilute amounts of magnetic
dopants, it can be a challenging process
that actually results in magnetic disorder,

The results open a new path toward
lossless charge transport and
perfect spin polarization, which
could lead to the development of
ultralow-energy electronics and
spintronics.

which greatly suppresses the temperature
at which the QAH effect can be observed.
A better strategy is to place ferromagnetic
layers on the top and bottom of the
topological insulator, inducing magnetic
order via proximity effects. The challenge
in this case is to overcome the undesired
influence of the abrupt interface potential
arising from a lattice mismatch between
the materials.

M at chi ng lat t i ces
The researchers needed to find a
ferromagnetic material with chemical and
structural properties similar to that of the
topological insulator. This way, instead of
an abrupt interface potential, there is a
magnetic extension of the topological
surface state into the magnetic layer.

One promising architecture involves a
sandwich structure with two layers of the
ferromagnetic insulator, MnBi 2Te4 (MBT),
on either side of the ultrathin topological
insulator, Bi 2Te3 (BT). This MBT/BT/MBT
structure, with a lattice mismatch of
only 1%, had been predicted to yield a
robust QAH insulator phase with a large
band gap? an observable indicator of the
QAH effect.

Synt hesi s and char act er i zat i on
At ALS Beamline 10.0.1, the researchers
synthesized the MBT/BT/MBT heterostructure via molecular beam epitaxy.
The samples were then immediately
transferred to an interconnected chamber
to probe the system?s electronic structure
using angle-resolved photoelectron
spectroscopy (ARPES). The data revealed
features consistent with the predicted
QAH effect: massive Dirac fermions
(cone-shaped bands) with hexagonally
warped (snowflake-like) cross sections,
and a large band gap of 75 meV.
The magnetic origin of the band gap was
confirmed via magnetization
measurements and temperaturedependent ARPES measurements, which
showed that it vanished above the
system?s Curie temperature (about 20 K).
The results were also in excellent
agreement with first-principles density
functional theory calculations. Overall,
the work indicates that this quantummaterial sandwich is a good candidate for
supporting the QAH effect at elevated
temperatures and, in general, provides
insights into magnetic proximity effects in
topological insulators, which will help push
lossless transport in topological insulators
toward higher temperatures.

ARPES allows direct measurement of t he band gap as well as visualizat ion of t he hexagonal warping
(snowflake-like cross sect ions). Bot h were found t o be in agreement wit h t heoret ical predict ions for
t he QAH effect in t his het erost ruct ure.
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