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What is ultrafast photonics?
…the study and application of light on very short (sub-picosecond: < 1 trillionth of a second) timescales.
We are investigating and exploiting the remarkable optical properties of nanomaterials to develop new
ultrafast lasers. These lasers generate ultrashort pulses of high-power light, which are needed for many
applications including industrial materials processing and biomedical imaging.
To build such lasers, a saturable absorber is required: a material that acts as a fast optical shutter, opening and
closing rapidly to create pulses. However, currently available materials are limited in speed and versatility.

Why consider nanomaterials?
Advances in materials science have enabled the fabrication of new materials known as
nanomaterials. These have dimensions on nanometre length scales and exhibit
exceptional properties, including the quickest saturable absorber behaviour for any
materials to date and the ability to operate over a wide range of wavelengths (i.e. colours).
Our research considers numerous nanomaterials: carbon nanotubes, graphene, and fewlayer MoS2, each with distinct yet complementary properties. We have used these
materials to develop a variety of short-pulse lasers at different wavelengths.

Nanomaterial-enabled ultrafast laser design
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The laser generates:
0.42 picosecond duration pulses
at 20 MHz repetition frequency
(20 million pulses a second)

Output power of a few milliwatts,
scalable by amplification
Similar designs can be used for lasers at different
wavelengths throughout the near-infrared spectrum

Conclusions
Nanomaterials possess remarkable optical properties,
unlike any other materials to date, and offer new and
exciting opportunities for the development of future
ultrafast optical technologies.
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