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Electrically stabilized frequency-comb lasers
for compact spectrometers
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The invention enables robust, electrically stabilized frequency-comb operation in mid-infrared semiconductor
lasers. By matching a radio-frequency signal to the internal laser dynamics, it keeps the comb stable even under
optical feedback. This allows compact, low-cost spectrometers for spectroscopic sensing and chemical analysis

(e.g. trace gases, liquids, or solids) in analytical chemistry.

background

Compact optical frequency combs are key light
sources for highly accurate spectroscopy and sensing,
especially in the mid-infrared where many molecules
absorb light. Today, semiconductor frequency-comb
lasers are sensitive to temperature and current
fluctuations and, in particular, to light that is reflected
back into the laser. To avoid this, systems require bulky
optical isolators and careful alignment, which increases
cost, limits miniaturization and makes integration into
portable instruments difficult.

benefits

* Robust frequency-comb operation even under strong
optical feedback

» Fewer bulky optics, enabling smaller and cheaper
spectrometers

» Wider and more stable operating range for industrial
environments

» Compatible with established semiconductor laser
platforms such as QCL and ICLs

potential applications

Gas and environmental sensing, industrial process
control, analytical chemistry, biomedical diagnostics,
portable mid-infrared spectrometers
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technology

The technology introduces a new way to operate mid-
infrared semiconductor lasers as stable optical frequency
combs, that is, light sources with many equally spaced
colours or wavelengths, using purely electrical control. A
radio-frequency current is injected into tailored contact
sections along the laser chip so that its spatial pattern
matches the natural internal beat of the laser modes.
This synchronized injection locks all comb lines into a
coherent state while preserving the desired frequency-
modulated comb profile. As a result, the laser remains
stable across a broader operating range and becomes
highly tolerant to optical feedback. The approach is
compatible with quantum cascade (QCL) and interband
cascade lasers (ICL) and can be integrated in compact
spectrometer modules or on a single chip.
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Microscope image of an ICL frequency-comb chip with optimized radio-
frequency injection contacts

development status

Technology Readiness Level: TRL 4-5

options

* R&D cooperation
* License agreement
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