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New algorithm uses a hologram to control
trapped ions

May 5 2021
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Experimental setup. Credit: npj Quantum Information (2021). DOI:
10.1038/s41534-021-00396-0

Researchers have discovered the most precise way to control individual
ions using holographic optical engineering technology.

The new technology uses the first known holographic optical engineering
device to control trapped ion qubits. This technology promises to help
create more precise controls of qubits that will aid the development of
quantum industry-specific hardware to further new quantum simulation
experiments and potentially quantum error correction processes for
trapped ion qubits.

"Our algorithm calculates the hologram's profile and removes any
aberrations from the light, which lets us develop a highly precise
technique for programming ions," says lead author Chung-You Shih, a
Ph.D. student at the University of Waterloo's Institute for Quantum
Computing (IQC).

Kazi Rajibul Islam, a faculty member at IQC and in physics and
astronomy at Waterloo is the lead investigator on this work. His team has
been trapping ions used in quantum simulation in the Laboratory for
Quantum Information since 2019 but needed a precise way to control
them.

A laser aimed at an ion can "talk" to it and change the quantum state of
the ion, forming the building blocks of quantum information processing.
However, laser beams have aberrations and distortions that can result in
a messy, wide focus spot, which is a problem because the distance
between trapped ions is a few micrometers—much narrower than a
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human hair.

The laser beam profiles the team wanted to stimulate the ions would
need to be precisely engineered. To achieve this they took a laser, blew
its light up to 1cm wide and then sent it through a digital micromirror
device (DMD), which is programable and functions as a movie
projector. The DMD chip has two-million micron-scale mirrors on it
that are individually controlled using electric voltage. Using an algorithm
that Shih developed, the DMD chip is programmed to display a
hologram pattern. The light produced from the DMD hologram can have
its intensity and phase exactly controlled.

In testing, the team has been able to manipulate each ion with the
holographic light. Previous research has struggled with cross talk, which
means that if a laser focuses on one ion, the light leaks on the
surrounding ions. With this device, the team successfully characterizes
the aberrations using an ion as a sensor. They can then cancel the
aberrations by adjusting the hologram and obtain the lowest cross talk in
the world.

"There is a challenge in using commercially available DMD technology,"
Shih says. "Its controller is made for projectors and UV lithography, not
quantum experiments. Our next step is to develop our own hardware for
quantum computation experiments."

The study, Reprogrammable and high-precision holographic optical
addressing of trapped ions for scalable quantum control, details the
researchers' work published in the journal npj Quantum Information.

More information: Chung-You Shih et al. Reprogrammable and high-
precision holographic optical addressing of trapped ions for scalable
quantum control, npj Quantum Information (2021). DOIL:
10.1038/s41534-021-00396-0
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