
sible spin states, two can be selected to represent 
the  two states  of  a  qubit .  T hus,  the 
spin of  a single defect in diamond can act as a 
quantum bit. The spin can be controlled using la-
sers and microwaves. A laser prepares the NV cen-
tre in a well-defined state, while microwave pulses 
manipulate its spin and create quantum superpo-
sitions, enabling quantum logic operations.

The state can also be detected optically. When 
laser light is directed at the centre, it emits fluo-
rescence whose intensity depends on its spin 
state. Detecting this light therefore provides a way 
to read out the qubit.

This optical initialisation and readout, along 
with diamond’s relatively stable environment, 
makes NV centres attractive for quantum tech-
nologies. Their spins can retain quantum 
information for comparatively long peri-
ods, a property known as quantum 
coherence. 

NV centres can also operate at 
or near room temperature, un-
l i ke  s u p e r c o n d u c t i n g 
Josephson junctions, 
which require ex-
t r e m e l y  l o w 
t e m p e r a -
tures. 

D
IAMONDS are supposed to be flawless. 
But when it comes to quantum comput-
ing, a little imperfection can actually 
be a good thing. As Galileo once said, 
“the universe is a grand book open be-
fore us”. And sometimes, there is more 
to a beautiful crystal than meets the 

eye — a tiny defect can be turned into a tool for 
processing quantum information.

Quantum computing uses qubits, unlike con-
ventional computers, which use bits that are ei-
ther on or off. Qubits can exist in superpositions, 
allowing quantum systems to process informa-
tion in ways classical computers cannot.

Several physical systems are being studied for 
building qubits, including superconducting cir-
cuits, trapped ions, semiconductor devices and 
defects in diamond. One particularly interesting 
approach uses nitrogen-vacancy (NV) centres.

Diamond is made entirely of  carbon atoms, 
each bonded to four neighbours in a tetrahedral 
structure. An NV centre is a tiny defect created 
when one carbon atom is replaced by nitrogen and 
an adjacent position is left empty. This vacancy, 
together with the nitrogen atom, forms the nitro-
gen-vacancy centre. The negatively charged NV-
minus form is particularly useful for quantum 

technologies.
Its most important feature is its elec-

tron spin, a fundamental quantum 
p r o p e r t y  t h a t  c a n 

store infor mation. Al-
though an NV centre 

has several pos-
THE 
DIAMOND 
THAT 
COMPUTES
Diamonds are known for their purity, but in 
quantum technology, imperfections can be useful

 A nitrogen-vacancy 
(NV) centre is created 
when a carbon atom in 
the diamond lattice is 
replaced by a nitrogen 
atom, leaving an 
adjacent empty site 
called a vacancy

 The negatively charged 
NV- centre has an 
electron spin that can be 
used to store quantum 
information. Two of its 
spin states can be 
selected to represent the 
two states of a qubit

A perfect 
diamond crystal

A vacancy is 
created

e - beam

Quantum computing uses qubits, unlike conventional 
computers. Qubits can exist in superpositions.

1

2

Initialisation
A laser is directed 
at the NV centre 
to prepare its 
electron spin in a 
well-defined 
quantum state

Manipulation
Microwave pulses 
interact with NV 
centre’s electron 
spin, allowing its 
state to be 
controlled and 
quantum 
superpositions to 
be created

Readout
The NV 
centre emits 
fluorescence 
when 
illuminated 
by a laser

(This piece is written by Dr MS Ramkarthik, a theoretical 
physicist at VNIT Nagpur whose work has focused on 

quantum computing for over a decade)

The intensity of the 
fluorescence 

depends on the spin 
state, allowing the 

quantum state to 
be measured 

opticallyTHREE ESSENTIAL 
CAPABILITIES

Nitrogen
Electron

Microwave

Diamond
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WHAT’S 
NEW

Europe launches 
two satellites
Europe has launched two Earth-
observation satellites aboard a 
Vega-C rocket from Kourou, 
French Guiana. Sentinel-3C, the 
latest Copernicus spacecraft, 
will monitor Earth, while FLEX, 
short for Fluorescence  Explorer 
will study vegetation and 
photosynthesis. Both satellites 
reached their planned orbits 
after liftoff on September 15.

Venus may have 
swallowed its moon
New UC Riverside research by 
astrophysicist Stephen Kane 
suggests Venus may have once 
had a moon — but swallowed it. 
The planet’s gravity, combined 
with its spin rate, could have 
pulled the moon back onto its 
surface without a collision. The 
study was published in The 
Astrophysical journal.

Monkeyflowers 
evolve salt defence
Coastal monkeyflowers have 
evolved to absorb less salt and 
tolerate salt spray better than 
inland plants, Michigan State 
University researchers found. 

S
OUTH Korean researchers 
from Pohang University 
of Science & 
Technology (POSTECH) 
have developed a new 

cell culture membrane that 
recreates not only the 
tissue-specific components 
of the intestine but also its 
soft physical environment. 

This new 
development 
provides cells 
with an 
environment 
that more 
closely 
resembles 
the intestine 
and does 
away with 
conventional 
culture 
platforms 
made of 
synthetic 
materials 
which are far 
stiffer than 
original 
intestinal 
tissues. 
Synthetic 

materials fail to fully 
reproduce the tissue-specific 
extracellular matrix (ECM), 
and while the cells may 
represent the intestine, the 
environment in which they 
grow does not. The 
researchers integrated both 
biochemical signals and 
physical cues into a single 
culture membrane. 

GUT TWINNING 

A membrane 
that recreates
the intestine

Nirad Mudur

Science is a world  in 
itself. Here are some 

interesting facts that 
connect with you 
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This gives researchers three essential 
capabilities: prepare, control and 
measure a qubit

A flaw with 
a quantum 

twist HOW A 
DIAMOND 

QUBIT IS 
CONTROLLED

Microwave

Laser
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