
Yablonovitch showed theoretically that a 
similar bandgap phenomenon could occur 
for light waves, but only for a few crystal 
structures resembling the diamond lattice, 
and formed of microscopic particles made 
of certain transparent materials. Fortui-
tously, microparticles of the required size 
will often spontaneously arrange themselves 
into analogous ordered structures, termed 
colloidal crystals. Indeed, opals are naturally 
formed, fossilized colloidal crystals of silica 
particles, and the sparkle of opals is caused by 
the energy gaps described above. When light 
shines on an opal, some of the photons will 
have an energy (associated with a colour) in the 
gap. Such photons cannot enter the crystal, 
resulting in nearly 100% reflection. The gap 
energies (and therefore the reflected colours) 
depend on the direction of the incident light, 
giving opals their characteristic ‘fire’.

Despite optimism in the 1990s that a simple 
method would yield diamond-like colloidal 
crystals, more than two decades and several 
innovations5 would be required as a prelude 
to He and colleagues’ achievement. In a dia-
mond lattice, every particle is connected 
to four equally spaced nearest neighbours. 
But making particles that attach to only four 
neighbours does not suffice to form diamond. 
When two such particles come together, they 
must also be rotated such that the other six 
particles they bind to are in the correct relative 
orientation.

To achieve this feat, He et al. synthesized 
microscopic plastic building blocks that 
resemble chubby balloon animals. Each build-
ing block consists of four merged spheres 
in the shape of a triangular pyramid, with a 
recessed sticky patch in the centre of each 
pyramid face (Fig. 1a). When suspended in a 
drop of water, particles that dock together 
through their sticky patches are forced into 
the required angular configuration. These 

In 1987, the physicist Eli Yablonovitch 
predicted that materials called photonic 
bandgap crystals (PBCs) would enable light 
to be handled in the way existing microcir-
cuits handled electrical signals1. Since then, 
one- and two-dimensional cousins of PBCs 
have been microfabricated2, for which sev-
eral applications have been found. Although 
some small PBCs have been formed by direct 
microfabrication3, a bulk 3D PBC material has 
been elusive, along with its potential applica-
tions — including next-generation computing 
technology. On page 524, He et al.4 report the 
growth of opal-like crystals that have the unu-
sual structure required for PBCs: transparent 
micro particles arranged in a manner akin to 
the carbon atoms in a diamond crystal. For 
a working PBC, these materials will need to 
be used as moulds to form Swiss-cheese-like 
‘inverse opals’ that have holes where the cur-
rent crystals have particles.

To understand the physics of materials such 
as PBCs and semiconductors, imagine trying 
to run across a furrowed field. If your stride 
matched the spacing between the furrows, 

you might find that you can run at two speeds: 
quickly, by skipping along the tops of the 
furrows; or more slowly, by letting your feet 
fall in the muddy troughs. Analogously, when 
a wave passes through a periodic medium that 
has alternating more- or less-dense ‘furrows’, 
it can propagate in two ways: with its crests 
on the peaks of the furrows, or with its crests 
falling between these peaks. In general, such 
a wave has two possible energies, correspond-
ing to the two modes of propagation; it is not 
possible for any such wave to have an energy 
in the gap between these values.

In a 3D crystal, the spacing of the furrows 
and the gap energies depend on the direction 
of the wave’s motion with respect to the axes 
of the crystal lattice. However, for certain 
kinds of crystal, there can be a range of wave 
energies, known as a bandgap, for which waves 
cannot propagate in any direction at all. In a 
silicon-crystal semiconductor, the waves are 
electrons, and the bandgap means that elec-
trons of certain energies cannot exist, enabling 
devices such as transistors — the tiny switches 
that are ubiquitous in modern electronics.

Materials science

Elusive photonic crystals 
come a step closer
John C. Crocker

Researchers have long sought materials in which light behaves 
the way electrons do in semiconductors. A workable approach 
for growing such materials in bulk now seems at hand, and 
could lead to advances in computing. See p.524

a b

Figure 1 | Growth of opal-like crystals with a long-sought structure analogous to that of diamond. a, He et al.4 synthesized microscopic plastic particles consisting 
of four merged spheres in the shape of a triangular pyramid, with a recessed sticky patch in the centre of each pyramid face. Some of these patches are highlighted 
in blue. b, When suspended in water, these particles dock through their sticky patches to spontaneously form opal-like ordered materials, in which the particles are 
arranged in a manner analogous to the atoms in a crystal. In the crystal shown, the particles mimic the arrangement of carbon atoms in diamond. Scale bars, 1 µm.

506 | Nature | Vol 585 | 24 September 2020

News & views

©
 
2020

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved. ©

 
2020

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.



particles then spontaneously form highly 
ordered, stable crystals that have the long-
sought diamond structure (Fig. 1b).

The authors have so far produced crystals 
containing only about 100,000 particles and 
weighing less than one microgram. However, 
scaling up their process should be straight-
forward. Then, all that remains to form large 
3D PBCs is to chemically fill the empty space 
in these crystals with pure silicon or titanium 
dioxide (for use with infrared or visible light, 
respectively) and then dissolve the building 
blocks.

One of the most exciting possible 
applications of PBCs is for quantum comput-
ers. In these devices, the digital bits that store 
values of ‘0’ or ‘1’ in a conventional computer 
are replaced with quantum bits (qubits) that 
can be both ‘0’ and ‘1’ at the same time. This 
replacement enables impressively faster 
computation of many difficult combina-
torial problems that can be encountered in 
code-breaking. The challenge of building 
practical quantum computers lies in con-
necting many qubits together, typically 
using photonic signals, as well as isolating the 
qubits so that they do not get scrambled by 
interference from the outside world.

The piping around of photons in a PBC 
microcircuit is a solution to the first problem, 
and 2D PBCs have already been used to build 
prototype quantum devices6. But because 
current quantum photonic circuits are thin 
2D sheets, their performance is limited — pho-
tons can leak out and disturbances can leak 
in. A simple solution to both problems would 
be to sandwich these circuits between two 
slabs of 3D PBC. More generally, bulk PBCs 
will enable a broad range of technologies in 
the production of large quantum systems7, 
their controlled manipulation using light, 
and interfacing with conventional electron-
ics8. The ultimate potential and applications of 
such technologies challenge our imagination.
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In plants, calcium ions (Ca2+) function as a 
central signal for diverse stimuli, ranging 
from internal developmental cues to physical 
or biological stresses such as infection. How-
ever, the transient nature of Ca2+ signals and 
the enigmatic identities of plant Ca2+ channels 
have made the role of these ions difficult to 
study. Moreover, the connection between Ca2+ 
channels and specific plant responses is often 
unclear. On page 569, Thor et al.1 now clarify 
one such connection, and report their find-
ing of a type of Ca2+ channel that is activated 
during a specific response against infection. 

Two specialized, moon-shaped cells, 
called guard cells, form a leaf pore called a 
stoma (Fig. 1a). Stomata allow gas exchange, 
including the entry of carbon dioxide for the 
energy-generating process of photosynthe-
sis. They are thus essential for plant survival. 
However, disease-causing microorganisms 
(pathogens) can use stomata as a gateway 
for invasion. To limit infection, plants close 
stomata on recognizing such an attack, in a 
defence response called stomatal immunity2. 
The surfaces of the cells of both plants and 
animals have receptor proteins containing 
regions called kinase domains, and these pro-
teins can recognize evolutionarily conserved 
microbial molecular motifs called patho-
gen-associated molecular patterns (PAMPs) 
and initiate signalling pathways needed for 
defence. 

In the model plant Arabidopsis thaliana, 
a receptor protein called FLS2, which has a 
kinase domain, binds to the bacterial protein 
flagellin, recognizing a region of this PAMP 
called flg22. This recognition event causes 
FLS2 to form an active receptor complex 
with another cell-surface receptor kinase 
called BAK1. The complex adds a phosphate 
group to a cytoplasmic kinase called BIK1. This 
phosphorylation of BIK1 activates immune 
responses3, such as the production of reactive 
oxygen species by the protein RBOHD. BIK1 is 
required for stomatal immunity4, and if guard 
cells contain a mutant version of the gene that 
encodes this kinase, the plant cannot respond 

to flg22. However, the link between PAMP  
recognition and Ca2+-mediated stomatal  
closure regulated by BIK1 has been unclear.   

To join the dots, Thor et al. speculated 
that, through direct phosphorylation, BIK1 
controls the Ca2+ channel(s) required for 
stomatal immunity. The authors focused 
on an ion channel called OSCA1.3, which is 
phosphorylated on sensing flg22. Thor and 
colleagues report that OSCA1.3 is permeable 
to Ca2+, and that phosphorylation of OSCA1.3 
by BIK1 at serine amino-acid residue 54 (in the 
same type of motif as that phosphorylated 
by BIK1 in RBOHD) activates this channel on 
pathogen recognition (Fig. 1b). Furthermore, 
the authors’ observation that the gene that 
encodes OSCA1.3 is specifically expressed 
in stomata is consistent with a role for the 
channel in stomatal immunity. 

The OSCA family of proteins are evolution-
arily conserved ion channels, and A. thaliana 
contains 15 members of this family. Each ion 
channel is probably formed of two OSCA pro-
teins. The largest group of these proteins, 
clade  1, includes OSCA1.1, OSCA1.2 (also 
known as OSCA1) and OSCA1.3 (refs 5–7). 
OSCA1.1 and OSCA1.2 are Ca2+-permeable 
channels that are also permeable to several 
other types of positively charged ion (cations), 
and they are activated by an ionic imbalance 
known as osmotic stress5,7 . 

Thor et al. observed no clear effect on the 
immune response to flg22 in a mutant plant 
in which the gene OSCA1.3 was disabled. 
However, in a plant engineered also to have 
a mutant version of another clade 1 member 
— the gene OSCA1.7 — stomatal closure on 
perceiving flg22 was impaired and suscep-
tibility to bacterial infection was enhanced, 
compared with the response in the wild-type 
plant. OSCA1.7 has a similar protein motif to 
the one phosphorylated on OSCA1.3 by BIK1, 
and is activated through phosphorylation by 
BIK1 to generate a Ca2+ influx into cells. Thus, 
it seems that OSCA1.3 and OSCA1.7 are Ca2+ 
channels that regulate stomatal immunity and 
they probably function in a redundant manner, 

Plant biology

Calcium channel helps 
shut the door on intruders
Keiko Yoshioka & Wolfgang Moeder

Disease-causing microorganisms can invade plants through 
leaf pores called stomata, which close rapidly in a calcium-
dependent manner on detecting such danger. The calcium 
channels involved have now finally been identified. See p.569 
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