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Narrow-Linewidth Semiconductor Lasers:

One Technigue Does Not Fit All

Nicholas Gagnon, Product Line Manager, Lasers

Introduction

This paper aims to position two different lasers manufactured by TeraXion, the PureSpectrum™-NLL Narrow-
Linewidth Laser and the PureSpectrum™-TNL Tunable Narrow-Linewidth Laser.

We will clarify each of these lasers’ respective narrow-linewidth enabling technology, the 1/f noise
suppression for the PS-NLL and the white noise optical filtering for the PS-TNL. We will also review the main
technical features and finally pinpoint the respective market applications for which these laser modules are
recommended.
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Figure 1. DFB semiconductor laser (SCL) equipped with a linewidth reduction system.

The <5 kHz narrow-linewidth of the PS-NLL (1 ms
observation time) is enabled by a proprietary electro-
optical frequency locking loop. The DFB laser diode’s
(free-running, 500 kHz linewidth) frequency fluctuations
are converted into intensity fluctuations by a frequency
discriminator, using an ultra-narrowband notch fiber

0

Bragg grating (FBG), as demonstrated in Figure 1. The
frequency fluctuations are corrected by feedback to the
laser-injected current and the flicker noise (1/f noise) is
thus suppressed, significantly reducing the linewidth of
the laser, as shown in Figure 2.
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Figure 2: Linewidth measurements of a freenning (red) and a frequenelpcked laser (blue).
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The power spectral density (PSD) of frequency noise of
the free running semiconductor Laser shows a 1/f
frequency noise behavior from 1 Hz up to 100 kHz
followed by a white noise plateau. When the frequency-
locking linewidth reduction system developed by
TeraXion is activated, the frequency noise is
considerably reduced (up to 40 dB) in the frequency
range from DC up to 100 kHz. After 100 kHz, the noise

.E+10

increases to reach the white noise plateau of the free-
running laser at 1 MHz. This feature is a consequence of
the 1 MHz locking bandwidth of the frequency locking
loop. The bandwidth is limited by the intrinsic frequency
modulation response of semiconductor lasers that
present a phase shift between thermal effects at low
frequencies and carrier effects at high frequencies.
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Figure 4: ITLAased narrowlinewidth laser equipped with white frequency noise optical filtering system.
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The PS-TNL features a 1 kHz narrow-linewidth calculated from
awhite frequency noise value of >500 MHz. The white noise
filtering system is based on true optical filtering using an ultra
-narrowband multiwavelength FBG. This full C-band tunable
gridless operation ITLA laser module is positioned for
coherent communication and advanced modulation format
research at 100 and 400 Gbps and soon 1 Thps.

The white noise optical filtering system developed by
TeraXion shows its benefits above 100 MHz, as shown in
Figure 5. The white-noise plateau of the free-running ITLA

(black) is considerably reduced in the frequency range >100
MHz (by up to 20 dB), when the ultra-narrowband
multiwavelength FBG-based optical filtering system is locked
on the ITLA laser, as demonstrated in Figure 4. The white
frequency noise optical filtering system developed by
TeraXion is effective between 100 MHz and 10 GHz (green).
After 10 GHz the white noise of a typical SCL laser is by design
significantly reduced; white frequency noise optical filtering is
therefore not required. TeraXion believes the next-generation
ITLA lasers may benefit to use the principle of FBG-based
white noise optical filtering to achieve better phase noise
performances.
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Figure 5: Measured PSD of Frequency Noise (PSDFN) of an ITkArfnéag (black) and a white noise filtered ITLA laser (green).

to 100 kHz) for applications such as test and measurement, as

Summary

well as interferometric (acoustic/vibration), Brillouin and

Rayleigh fiber optic sensing, and in high frequencies (>100

TeraXion targets two main applications where its power MHz) for applications such as coherent communication and

spectral density of frequency noise (PSDFN) reduction advanced modulation format research at rate of 100 and 400

techniques can demonstrate benefits: in low frequencies (up Gbps, with an eye on 1 Thps

TeraXion
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PSNLL
Narrow-Linewidth Laser (Single wavelength) Tunable Narrow-Linewidth
Filtering type Frequency locking loop based on a Fiber White noise suppression by optical filtering with
Bragg Grating (FBG) multi-channel FBG
Laser type Semiconductor DFB ITLA semiconductor laser diode

C-band tunable
Up to 4 mW (6 dBm)

single wavelength laser diode

Up to 100 mW (20 dBm)

Output power

Filtering efficiency range ~40 dB 1/f frequency noise reduction

between DC to 100 kHz
(1 MHz locking bandwidth)

~20 dB white noise suppression
between 100 MHz to 10 GHz

Linewidth 1 kHz

(Lorentzian contribution to linewidth calculated from white
frequency noise value at >500 MHz: n 2=~ S0)

< 5 kHz

(1 ms observation time)

Wavelength stability

Long term, under stable case
temperature (A)

Wavelength drift versus case|
temperature (B)

0.3 pm (in 15 hours) (A)
0.4 pm / °C (B)

0.6 pm (in 15 hours) (A)
0.2 pm /°C (B)

Fast frequency tuning
range Up to £ 200 MHz (10 kHz linewidth) NA

Dimensions A: 30 x 64 x 90 mm (connectorized)

B: 20 x 64 x 105 mm (pigtailed) 44x219x301 mm

Temperature of

operation 0to+70°C (B version) +10 to +35 °C

Applications targeted Fiber Optic Sensing / Acoustic,

. Coherent Communications Research
Interferometric measurements

Figure 6: Comparati ve -hldtardPENL darowvieewidth Laserr(tgpidl specificatior®)S

Please visit TeraXion’s web site at www.teraxion.com for more information,
or contact Nicholas Gagnon at ngagnon@teraxion.com

About TeraXion

TeraXion is a leading-edge photonic solutions provider for high-end applications of the optical communications,
industrial lasers and optical sensing markets. Its line of OEM chromatic dispersion management solutions includes
Telcordia-qualified low-loss static and tunable dispersion compensators for terrestrial and submarine networks.
TeraXion offers customized filtering solutions based on advanced FBG technology and narrow linewidth
semiconductor laser sources for RF photonic and coherent detection systems.
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improvements, withdrawals and/or changes to its product lines and/or product
characteristics at any time and without prior notice. Although every effort is made
to ensure the accuracy of the information provided on this spec sheet, TeraXion Inc.
does not guarantee its exactness and cannot be held liable for inaccuracies or
omissions.
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