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We report ultra-narrow-linewidth distributed feedback (DFB) lasers using erbium-doped aluminum oxide 

(Al2O3:Er3+). The lasers are based on the wavelength-insensitive silicon-compatible waveguide design as 

illustrated in Fig. 1(a). Here, the waveguide consists of five buried silicon nitride segments [1,2] with a blanket-

deposited Al2O3:Er3+ layer using reactive sputtering methods [3]. This design allows for over 85 % of the 

fundamental TE mode intensity to be confined in the gain medium while achieving a near perfect pump-signal 

intensity overlap for over an octave from 950 nm to 2000 nm. 

We utilize this waveguide geometry to design and characterize an ultra-narrow-linewidth laser making use of the 

distributed phase shift (DPS) technique [4]. Here, the laser design targets narrow-linewidth operation by 

increasing output power, maintaining a low pump threshold, and flattening the optical field distribution at the 

center of the cavity to mitigate spatial hole burning. The DPS-DFB cavities are formed using an asymmetric 

design including a continuous segment with varying width wn(x) on one side of the waveguide and periodic pieces 

with spacing dκ(x) on the other side, as shown in Fig. 1(b). This allows for gradual accumulation of the phase 

shift by a sinusoidal change of the effective refractive index Δneff(x) [5]. 

Linewidth is characterized using a recirculating self-heterodyne delayed interferometer with a delay length of 

35 km and an acousto-optic frequency shift of 44 MHz per each pass through the circulation cavity. Contributions 

of the laser linewidth and the 1/f frequency noise are extracted from the measured data using the Voigt function 

fits in Fig. 1(c). The Lorentzian components corresponding to the laser linewidths were measured to be 

30.4±1.1 kHz for the conventional quarter-wave phase shifted (QPS) DFB laser, and 5.3±0.3 kHz for the DPS-

DFB laser. Further improvements may be possible with longer effective gain sections, reducing the pump 

threshold with lower passive losses, and mechanical stabilization of the characterization setup. These results mark 

an important step towards integration of narrow-linewidth rare-earth lasers in silicon photonic platforms. 

  
 

Figure 1: Wavelength insensitive waveguide with distributed phase shift and the resulting laser linewidth 
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