
A new design for titanium:sapphire (Ti:sapphire)
lasers created by Stanford researchers shrinks
the powerful technology down to the microscale,
allowing the lasers to fit on a chip. It’s a
drastic reduction in size that could have big
consequences for a range of technologies from
atomic clocks to quantum computers.

“This is a complete departure from the old
model,” said Professor Jelena Vučković, whose
lab created the laser. “Instead of one large
and expensive laser, any lab might soon have
hundreds of these valuable lasers on a single
chip.”

The new laser design was led by Dr. JoshVB
Yang when he was a graduate student in Vučkovic
´’s lab, along with Professor Kasper Van Gasse 
of Ghent University and Dr. Daniil Lukin, a
postdoctoral fellow at Harvard University. Yang is
now the CEO of Brightlight Photonics, a startup
working to commercialize the technology.

Yang began working with Ti:sapphire lasers in
Prof. Vučković’s lab as part of research into spin
qubits, fundamental components for a kind of
quantum computer. The lasers have a number
of qualities that set them apart, including the
ability to produce very short pulses of light, on
the order of quadrillionths of a second, across
a wide range of wavelengths. The downside is
that traditional Ti:sapphire lasers sit on bulky
optical platforms which can’t be easily moved or
integrated into other things. The lasers were also
prone to breaking.

“When they work, they're awesome,” Yang said. 
“But there are many months when you can have 
just downtime because your laser isn't working.”

Yang’s new design, which includes technology
licensed to Brightlight through OTL, changes all
of that. Thanks to a waveguide amplifier etched
into a thin wafer of titanium-doped sapphire, their
new Ti:sapphire laser can live on the same kind
of chip that powers a computer.

“One of the significant advantages is that you
have no moving parts,” Yang said. “Not only does
it not run into as many problems, but you can
take it outside of the laboratory.”

Their laser could also be far cheaper than
existing ones: In a test run published in 2024 in
the journal Nature, Vučković and her team were

able to power their Ti:sapphire laser using a 
commercially-available green laser pointer, far
smaller and cheaper than the powerful lasers 
normally needed to “pump” Ti:sapphire lasers.

Yang helped found Brightlight in the summer of 
2024 after getting his PhD. Time spent with the 
Stanford Venture Studio, run by the Graduate 
School of Business at Stanford, helped set 
him up to hit the ground running, he said, by 
connecting Brightlight with contacts who advised 
on startups and commercialization.

Yang said the first applications Brightlight 
is pursuing center on atom-based quantum 
computers and optical atomic clocks. Ti:sapphire 
lasers are essential to creating the qubits that 
power quantum computing, and Brightlight’s 
design is small enough to potentially reach the 
million qubit scale necessary to power a true 
quantum computer.

Brightlight also received a contract from NASA 
in 2024 to explore using Ti:sapphire lasers for 
optical atomic clocks aboard orbiting spacecraft, 
which could replace, and improve upon, existing 
timing systems relying on GPS.

“When you're preparing a payload to go into 
space you really want to save as much weight 
and size as possible,” Yang said. “We're working 
on taking the high performance of one of the 
best-in-class lasers and putting it in a form factor 
that can go into space.”

Future applications could also include 
optogenetics, a technique that lets scientists 
control brain activity with light, and optical 
coherence tomography, a kind of high-resolution 
imaging for living tissues. As Brightlight grows its 
manufacturing capabilities, Yang predicts they’ll 
be able to put thousands of lasers on a single 
chip, bringing costs down significantly. With that 
many Ti:sapphire lasers working together, the 
future could be brilliant.
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“When you’re putting together a payload to
go into space you really want to save as much
weight and size as physically possible."

TINY BUT BRIGHT
High-Performance Lasers Go Chip Scale

O
n a thin crystal of titanium-sapphire, a stream of photons races in a tight 
spiral, growing brighter as it moves. The river of light emerges as a beam 
of brilliant red, flying away into the darkness. And it all comes from a tiny 
device the size of a computer chip.
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https://stanford.edu/~jela/
https://www.nature.com/articles/s41586-024-07457-2
https://www.brightlightphotonics.com/
https://www.gsb.stanford.edu/experience/learning/entrepreneurship/beyond-classroom/venture-studio

