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in the future and inform prospective the-
oretical and experimental research in this
field.
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CHEMISTRY

Tackling the challenge of controlling the spin with electric field
Roberta Sessoli

Electric (E) fields are commonly em-
ployed to control magnetization in some
classes of materials such as multiferroics.
However, the extreme confinement of
the electric field, for instance under
the tip of a scanning tunnel microscope,
makes it an ideal tool to manipulate
individual spins, generating interest in
spins as potential quantum bits. Spins
are in fact intrinsic quantum systems that
can be manipulated easily by means of
pulses of electromagnetic microwaves, as
commonly done in magnetic resonance
spectroscopies. Although the coupling
usually involves the magnetic field of
microwaves, the first experiments with
E-field pulses date back to the 1970s
whenMims investigated the symmetry of
the lanthanide ion coordination environ-
ment [1]. A linear effect is characteristic
of an acentric environment. Renewed
interest in spin-electric coupling is mo-
tivated by recent advances in scanning
probe spectroscopies able to perform
single atom CW [2] and pulsed [3]
EPR spectroscopy.These exceptional
tools make possible the optimization of
spin-electric coupling in the qubit and ex-
ploration of the potential for gate control.
In this respect, ensemble measurements
(diluted single crystals or frozen solu-
tions) provide an immense playground.
Excluding rare exceptions, spin-electric
coupling is enhanced by spin-orbit
coupling. Lanthanide-based materials

with the orbitally unquenched contribu-
tion of 4f electrons are promising candi-
dates. Liu Z et al. recently coordinated
a pulsed EPR study on Ce3+ ions (f1,
S = 1/2 and J = 5/2 but with a well iso-
lated ground doublet) diluted in a polar
diamagnetic crystal of yttrium aluminum
garnet (YAG), as shown in Fig. 1 [4].The
standard π/2 − t − π Hahn sequence
generating an echo was modified by in-
sertionof anE-field pulse.TheHahnecho

Figure 1. Diluted Ce3+ ions (f1, J = 5/2) substituting diamagnetic Y3+ ions in the YAG lattice are
operated as spin qubits using mw pulses, as commonly done in pulsed electron paramagnetic res-
onance spectroscopy (color code: Ce, green; Y, cyan; Al, grey; O, red). Liu Z et al. [4] have added an
electric field pulse and demonstrated that it acts as a phase gate modifying the spin echo signal.
The large spin-orbit coupling of Ce3+ ion is a key ingredient for coherent electric field control of the
spin, while the rigid garnet lattice warrants long spin coherence also at moderate temperatures.

intensity was found to depend on both
E-pulse intensity and length, demonstrat-
ing that the E-field is controlling the spin
system. The effect, often quantified as
a frequency shift per V m−1, is about
one order of magnitude larger than that
detected in molecular qubits based on
3d ions. In the same study, the authors
used the E-pulses to control evolution
of the spin system through a phase gate
and to implement the Deutsch–Jozsa
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algorithm, a well-known example of a
deterministic quantum algorithm which
is exponentially faster than its classical
analogue.

However, an E-driven phase gate is
usable only if a large number of opera-
tions can be made before the coherence
is lost. Efficient operation requires strong
spin-electric coupling but the same
mechanisms that originate the coupling
(spin-orbit interaction and atomic
displacements) are also responsible
for magnetic relaxation and loss of
coherence. The Ce3+ in YAG has good
coherence lifetime, 15μs at 10 K, thanks
to its rigid lattice and low nuclear spin
concentration. Interestingly, a contem-
poraneous investigation by Liu J et al.
highlighted even stronger spin-electric
coupling in a holmium(III) polyox-
ometalate [5]. The strength of the effect
has been rationalized considering the

coupling with a vibrationmode of theHo
coordination sphere. Shorter coherence
lifetimes were observed, although these
were enhanced when protected at clock
transitions.

In conclusion, recent advances in
E-field coherent control of spin qubits
suggest that single spin qubit operation
is viable and particularly promising for
discrete molecular systems. However,
optimization of coherence time and
spin-electric coupling poses antithetic
conditions and remains an open chal-
lenge for chemists and physicists working
in this fascinating field.
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Università degli Studi di Firenze, Italy
E-mail: roberta.sessoi@unifi.it

REFERENCES
1. Mims WB. The Linear Electric Field Effect in Para-
magnetic Resonance. Oxford: Clarendon Press,
1976.

2. Baumann S, Paul W and Choi T et al. Science 2015;
350: 417–20.

3. Yang K, Paul W and Phark SH et al. Science 2019;
366: 509–12.

4. Liu Z, Wang YX and Fang YH et al. Natl Sci Rev
2020; 7: 1557–63.

5. Liu J, Mrozek J and Duan Y et al. arXiv:
2005.01029.

National Science Review
8: nwaa267, 2021
doi: 10.1093/nsr/nwaa267
Advance access publication 4 December 2020

MATERIALS SCIENCE

A promising route to neuromorphic vision
Leon Chua

The human vision system has a very
strong capability in perceiving surround-
ings. Such visual perception starts in the
retina, which receives and preprocesses
the visual input in the form of light, and
ends up with high-level processing in the
visual cortex of the brain (Fig. 1a). As
such, we can understand what the visual
inputs represent while consuming little
energy. It has been a long-sought dream
for human beings to build a powerful and
energy-efficient intelligent vision system
that has a superior ability, similar to
the human brain. Computer vision, as a
similarmodel to the human brain, aims at
viewing, processing and understanding
images in the same way as human beings,
and has become one major technological
advancement in building intelligent
machines [1]. However, the mainstream
technology for computer vision is based
on algorithms running on a von Neu-
mann architecture computer, and cannot

emulate the hierarchical organizations
and biological functions of the human
vision system. In particular, traditional
computer vision in conjunction with
the conventional charge-coupled device
(CCD) and complementary metal-
oxide-semiconductor (CMOS) image
sensors suffers from challenges in latency
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Figure 1. Human vision system (a) and neuromorphic vision system (b) composed of crossbar array
and van der Waals heterostructure materials.

andpower consumption as a high volume
of redundant visual information is sensed
and then has to be processed.

A recent work [2] on the develop-
ment of the neuromorphic visual system
attempted to replicate the human’s capa-
bility of visual perception and represents
a significant advancement towards the
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