
 

Optical data storage breakthrough increases
capacity of diamonds by circumventing the
diffraction limit

December 4 2023

  
 

  

Optical spectroscopy and charge control of NV− centers under cryogenic
conditions. a, Energy level diagram of NV−. Light red arrows (solid and dashed)
indicate optical transitions around 637 nm between levels in the ground and first
excited manifolds; dark red arrows indicate ionization photons, and wavy arrows
denote emitted photons. b, Scanning confocal image under green excitation of a
section of the crystal featuring multiple NVs. The insets at the sides show the
optical spectra of the circled NVs in the set upon application of the protocol in
the upper diagram using red illumination of variable frequency; here (and
everywhere else unless noted), the horizontal axis is a frequency shift relative to
470.470 THz. For each case, we obtain a NV-selective image using the same
protocol but with the 637 nm laser tuned to one of the Sz transitions (indicated by
an arrow in each spectrum); only the resonant NV− is visible in the images. The
laser powers are 1.6 mW and 2 µW at 532 and 637 nm, respectively. c, NV−

ionization protocol under strong optical excitation (210 µW) at 637 nm (top).
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MW1 (MW2) denotes MW excitation resonant with the ms = 0 ↔ ms = −1 (ms =
0 ↔ ms = +1) transition in the ground state triplet; the duration of the π-pulses is
100 ns. Relative NV− charge state population as a function of the ionization
interval τI for a representative NV in the set (bottom). All experiments are
carried out at 7 K. PL, photoluminescence; a.u., arbitrary units; λ, wavelength;
APD, avalanche photo-detector; kcts, kilo-counts. Credit: Nature Nanotechnology
(2023). DOI: 10.1038/s41565-023-01542-9

Physicists at The City College of New York have developed a technique
with the potential to enhance optical data storage capacity in diamonds.
This is possible by multiplexing the storage in the spectral domain. The
research by Richard G. Monge and Tom Delord, members of the Meriles
Group in CCNY's Division of Science, is titled "Reversible optical data
storage below the diffraction limit" and appears in the journal Nature
Nanotechnology.

"It means that we can store many different images at the same place in
the diamond by using a laser of a slightly different color to store
different information into different atoms in the same microscopic
spots," said Delord, a postdoctoral research associate at CCNY. "If this
method can be applied to other materials or at room temperature, it
could find its way to computing applications requiring high-capacity 
storage."

The CCNY research focused on a tiny element in diamonds and similar
materials, known as "color centers." These, basically, are atomic defects
that can absorb light and serve as a platform for what are termed
quantum technologies.

"What we did was control the electrical charge of these color centers
very precisely using a narrow-band laser and cryogenic conditions,"
explained Delord. "This new approach allowed us to essentially write and
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read tiny bits of data at a much finer level than previously possible, down
to a single atom."

Optical memory technologies have a resolution defined by what's called
the "diffraction limit," that is, the minimum diameter that a beam can be
focused to, which approximately scales as half the light beam
wavelength (for example, green light would have a diffraction limit of
270 nm).

"So, you cannot use a beam like this to write with a resolution smaller
than the diffraction limit because if you displace the beam less than that,
you would impact what you already wrote. So normally, optical
memories increase storage capacity by making the wavelength shorter
(shifting to the blue), which is why we have 'Blu-ray' technology," said
Delord.

What differentiates the CCNY optical storage approach from others is
that it circumvents the diffraction limit by exploiting the slight color
(wavelength) changes existing between color centers separated by less
than the diffraction limit.

"By tuning the beam to slightly shifted wavelengths, it can be kept at the
same physical location but interact with different color centers to
selectively change their charges—that is to write data with sub-
diffraction resolution," said Monge, a postdoctoral fellow at CCNY who
was involved in the study as a Ph.D. student at the Graduate Center,
CUNY.

Another unique aspect of this approach is that it's reversible. "One can
write, erase, and rewrite an infinite number of times," Monge noted.
"While there are some other optical storage technologies also able to do
this, this is not the typical case, especially when it comes to high spatial
resolution. A Blu-ray disk is again a good reference example—you can
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write a movie in it but you cannot erase it and write another one."

  More information: Richard Monge et al, Reversible optical data
storage below the diffraction limit, Nature Nanotechnology (2023). DOI:
10.1038/s41565-023-01542-9
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