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Making Lasers Tunable 
Since the laser’s first demonstration in 1960, scientists have worked 
to expand the range of wavelengths the devices can emit.  

1965: Birth of the OPO
Early lasers could emit light with 
a only small number of fixed 
wavelengths. But scientists eager 
to use the new invention in their 
research wanted more. To meet 
those needs, Joseph Giordmaine 
and Robert Miller of Bell Labora-
tories, USA, in 1965 demonstrated 
the first optical parametric 
oscillator (OPO), which uses a 
second-order nonlinear interac-
tion to generate new wavelengths 
of light. In 1986, the pair won the 
R.W. Wood Prize from OSA (now 
Optica) for their innovation.

1982: The titanium-sapphire laser
Researchers started looking for an alternative to tunable 
dye lasers shortly after their demonstration, because dye 
lasers could be cumbersome. In 1982, Peter Moulton of 
the Massachusetts Institute of Technology, USA, devel-
oped the titanium-sapphire laser, which some consider 
to be the most important tunable solid-state laser. With 
its ability to generate femtosecond to picosecond pulses, 
the Ti:sapphire laser started replacing the dye laser for 
both tunable and ultrafast applications.

1966: The first truly tunable dye laser
The OPO was followed by the optical parametric ampli-
fier (OPA), which allowed researchers to access an even 
wider range of laser wavelengths. But these devices 
required precise tweaking and alignment and tended to 
work only in the hands of specialists. Dye lasers offered a 
potentially more practical approach—and, in 1966, Mary 
Spaeth of Hughes Aircraft, USA, showed for the first time 
that a single-dye laser could be tuned to emit various 
wavelengths. 
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Continuing Innovations
Decades after their invention, research on tunable lasers carries on—to explore 
understudied wavelength ranges, new materials and smaller scales.

2021: A metasurface for lasers
The development of metamaterials and metasurfaces in 
recent years has had a great impact on a variety of sci-
entific fields, and tunable lasers are no exception. Optica 
Fellow Federico Capasso and colleagues at Harvard 
University, USA, developed a metasurface that enables 
control of the properties of laser light, including wave-
length. As a result, the team’s tunable laser has only two 
components, a laser diode and a reflective metasurface.

2022: Tunability and 
polarization
Microstructured optical systems allow 
dispersion of photons that enables a vari-
ety of optoelectronic applications. One 
such system, liquid-crystal birefringent 
cavities, offers a wide range of energy 
tunability and polarization of confined 
photonic modes. Researchers in Europe 
used such cavities to create a new type of 
tunable microlaser that emits two beams 
that are circularly polarized and directed 
at different angles, with potential appli-
cations in quantum communication.

2020: Tunable yellow light
Obtaining yellow laser light has long been an inefficient 
affair, requiring bulky equipment like organic dye or 
copper vapor lasers. In 2020, a team led by Goutam K. 
Samanta used nonlinear crystals to achieve ultrafast 
yellow-light emission with excellent beam quality and 
wavelength tunability between 570 and 596 nm. This 
practical yellow laser could benefit the fields of biomedi-
cal optics, spectroscopy and astronomy.

LASERS ON CHIP: As optical systems get smaller, researchers are exploring other materials for bringing tunability 
to microlasers on chips. One hot candidate is lithium niobate (LN), whose strong linear electro-optic coefficient allowed 
Optica Fellow Ya Cheng and colleagues to show a single-frequency ultranarrow linewidth LN microdisk laser with real-
time electro-optical tuning ability. Developing new materials could miniaturize tunable optical systems even further.

M. Król, University of Warsaw

J. Chase / Harvard UniversityV. Sharma

Tunable microlaser 
emitting two 
beams.

Optical setup 
for the yellow 

laser.

Federico 
Capasso in 

his lab.

For references and further resources, go online: optica-opn.org/then-now/tunable-lasers.
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