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Abstract: We report on the phase noise properties of DFB lasers operating near 2.0 wm.
Measured noise spectra indicate intrinsic laser linewidths below 1 kHz. An effective linewidth of

less than 200 kHz for 5 ms measurement times is estimated.
OCIS codes: (140.3490) Lasers, distributed-feedback; (290.3700) Linewidth.

A variety of eye-safe diode-pumped solid-state and external-cavity semiconductor lasers operating near 2 um
wavelength have been developed for applications in remote sensing, high-resolution spectroscopy and optical
metrology [1,2]. These lasers have extremely narrow emission linewidth, which makes them suitable for
spectroscopy and lidar applications. However, these lasers are bulky and are susceptible to environmental
fluctuations, which makes them unfit for airborne applications. Monilithic semiconductor diode lasers have the
advantages of low mass, small size, and long operating lifetime, which are important metrics for airborne and
satellite applications. To date, there has been little work reported on the development of semiconductor diode laser
in the spectral region from 2.0 to 2.1 um, where several vibrational absorption features of water vapor and carbon
dioxide are available [3-5].

We have previously reported on high-power single mode emission from Fabry-Perot and distributed-feedback
(DFB) semiconductor lasers [4,5] emitting at 2.0 wm. Yet, for these lasers to be suitable in lidar and other
spectroscopic applications, they need to have narrow emission linewidth as well. Here, we report on the linewidth
properties of semiconductor laterally coupled DFB lasers operating near 2.0 um wavelength. The lasers were
fabricated from a wafer with two Ing3Gag77A80.1Sbgo quantum wells (QWs) centered within an Aly3Gag7A80.02Sbg.0g
waveguide layer and surrounded by Al gsGag 15A80.07Sbgg3 cladding, grown on a GaSb substrate by molecular-beam
epitaxy. 4-um-wide waveguide ridges were etched into the top cladding layer, and second-order gratings were
etched alongside the ridges. Device facbrication has been detailed elsewhere [5]. The output facets were coated with
an anti-reflection (AR) coating and the back facets were passivated. Individual lasers were soldered epitaxy-side up
onto gold-coated copper mounts for testing.
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Figure 1. (a) Semiconductor diode laser output power (left axis) and voltage (right axis) versus input current. (b) Measured spectra at different
temperatures at 200 mA input current.

The laser mounts were fixed on a temperature-controlled stage. Light was collected using a high-NA (0.56)
aspheric lens AR-coated for 2.0 um spectral region. Collected light passes through an optical isolator and is then
collected into a single-mode optical fiber for further analysis. Figure 1(a) shows CW light-current-voltage curves for



a DFB laser measured at 10 °C on a broad-area detector. Figure 2(b) shows the emission spectra of the DFB laser
under 200 mA input current at different temperatures. Measured spectra show single mode operation of laser up to
250 mA input current, above which the spectra show multimode operation with contributions from the nearby
Fabry-Perot cavity modes.

To analyze the phase noise properties of the lasers, a Fabry-Perot interferometer was used to convert frequency
fluctuations into amplitude fluctuations. The amplitude fluctuations were recorded and converted into phase
information using the phase-amplitude transfer function. A digital Fourier transform of phase fluctuation is then
used to obtain the laser's frequency noise power spectral density. The measured frequency noise spectra reveal two
dominant contributions from different mechanisms: White-noise contribution is due to spontaneous emission
coupled to the cavity optical mode and gives rise to an emission spectrum with Lorentzian lineshape. This
contribution is expected to decrease with increasing laser power before other nonlinearities in the active region
rebroaden the emission linewidth. The second contribution that can be approximated by a 1/f~noise model is due to
temperature and other environmental fluctuations as well as laser drive and detection electronic circuitry.

Figure 2(a) shows measured frequency noise spectra of a DFB laser at different injection currents above
threshold. The white noise region of the spectra reveals a Lorentzian linewidth of less a 1 kHz at 25 mW output
power. The spurious peaks at 15 kHz and below are due to mechanical resonances from the Fabry-Perot
interferomter. Figure 2(b) shows the behavior of the laser linewidth due to white-noise contribution versus the
injection current above threshold current at two different temperatures. The increase in laser linewidth at higher
temperature is mainly due to gain peak offset from the lasing wavelength that is defined by the DFB grating pitch.
The laser lineshape with contributions from both 1/f-noise and white noise contributions is a Voigt profile, with a
total linewidth of 160 kHz at 25 mW over 5 ms period of observation.
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Figure 2. (a) frequency noise power spectral density of a DFB laser after passing through a Fabry-Perot interferometer. (b) Behavior of
laser linewidth versus the inverse of the input current above threshold.

In summary, we have performed frequency noise measurements on single-longitudinal-mode DFB lasers at 2.05
pum. Our measurements show extremely narrow linewidth emission spectra for DFB lasers operating at more than 20
mW output power. Lasers with high output power and narrow linewidth at 2.05 um are important building blocks
for lidar systems for CO, and other atmospheric constituents monitoring.

The research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a
contract with the National Aeronautics and Space Administration.
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