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Mini toolkit for measurements: New NIST
chip hints at quantum sensors of the future

April 102018

NIST's prototype chip for measuring important quantities such as length with
quantum precision. The device works by using a laser to probe atoms to generate
infrared light at a precise wavelength. The NIST chip packs a tiny cloud of atoms
and structures for guiding light waves into less than 1 square centimeter. The
atoms are contained in a vapor cell--the square window on top of the chip, which
1s surrounded by black epoxy holding a fiber-optic array. The penny is a scale
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reference. Credit: Hummon/NIST

Researchers at the National Institute of Standards and Technology
(NIST) have created a chip on which laser light interacts with a tiny
cloud of atoms to serve as a miniature toolkit for measuring important
quantities such as length with quantum precision. The design could be
mass-produced with existing technology.

As described in Opfica, NIST's prototype chip was used to generate
infrared light at a wavelength of 780 nanometers, precisely enough to be
used as a length reference for calibrating other instruments. The NIST
chip packs the atom cloud and structures for guiding light waves into less
than 1 square centimeter, about one ten-thousandth of the volume of
other compact devices offering similar measurement precision.

"Compared to other devices that use chips for guiding light waves to
probe atoms, our chip increases the measurement precision a
hundredfold," NIST physicist Matt Hummon said. "Our chip currently
relies on a small external laser and optics table, but in future designs, we
hope to put everything on the chip."

Many devices use light to probe the quantum states of atoms in a vapor
confined in a small cell. Atoms can be highly sensitive to external
conditions, and therefore, make superb detectors. Devices based on light
interactions with atomic vapors can measure quantities such as time,
length and magnetic fields and have applications in navigation,
communications, medicine and other fields. Such devices generally must
be assembled by hand.

The new NIST chip transports light from the external laser through a
novel waveguide and grating structure to expand the beam diameter to
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probe about 100 million atoms until they switch from one energy level to
another. To determine the laser light frequency or wavelength that the
atoms will absorb to undergo this energy transition, the system uses a
photodetector to identify the laser tuning at which only about half the
light passes through the vapor cell.

The demonstration used a gas of rubidium atoms, but the chip could
work with a wide range of atomic and molecular vapors to generate
specific frequencies across the entire visible spectrum of light and some
of the infrared band. Once the laser is properly tuned, some of the
original laser light can be siphoned off as output to use as a reference
standard.

The NIST chip might be used, for example, to calibrate length
measurement instruments. The international length standard is based on
the speed of light, equivalent to the wavelength of light multiplied by its
frequency.

But more importantly, the new chip shows that lasers and atomic vapor
cells could potentially be mass-produced together like semiconductors,
using silicon materials and traditional chip-manufacturing techniques,
instead of the current manual assembly of bulky optics and blown-glass
vapor cells, NIST group leader John Kitching said. This advance could
apply to many NIST instruments, from atomic clocks to magnetic
sensors and gas spectrometers.

The NIST chip is 14 millimeters (about 0.55 inches) long and 9 mm
(about 0.35 inches) wide. The waveguides are made of silicon nitride,
which can handle a wide range of light frequencies. The vapor cell is
micromachined silicon with glass windows and is similar to those used in
NIST's chip-scale atomic clock and magnetometer, also developed by
Kitching's research group.
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The new device measures frequency with a precision of 1 part error in
10 billion at 100 seconds, a performance verified by comparison to a
separate NIST frequency comb. This performance level is very good for
something so small, although full-scale lab instruments are more precise,
Kitching said.

The research is part of the NIST-on-a-Chip program, aimed at creating
prototypes for small, inexpensive, low-power and easily manufactured
measurement tools that are quantum-based, and thus, intrinsically
accurate. These tools are intended to be usable virtually anywhere, such
as in industrial settings for calibration of instruments. Under this
program, NIST-pioneered technologies would be manufactured and
distributed by the private sector.

More information: Matthew T. Hummon et al. Photonic chip for laser
stabilization to an atomic vapor with 10—11 instability, Opfica (2018).
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