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Electroabsorption modulated lasers (EMLs), comprising a distributed feedback (DFB) laser and 

electroabsorption modulator (EAM) monolithically integrated into the same chip, are attractive because of their 

compact size, low fabrication cost, and their capability to offer a high modulation speed with low drive voltage, 

low chirp, and high extinction ratio [1,2]. The modulation speed of the EML is limited by the RC constant of the 

EAM electrode, which is conventionally configured with either a lumped or travelling-wave (TW) electrode. The 

latter approach overcomes the RC limit by including the EAM in a microwave circuit matched to the source [3]. 

However, due to restrictions imposed by size and materials, TW EAMs have to date been integrated externally 

using a specifically designed material structure or monolithically using selective area growth.  

In this work we report, for the first time, an EML integrated with TW EAM based on the identical epitaxial 

layer design and using a side-wall grating (SWG) for the DFB laser. A novel planarization method based on 

hydrogen silsesquioxane (HSQ) spin-on coating [4], was used to create a 2.4-µm-thick low-permittivity film (εr ≈ 

3.8) on which the TW electrode was fabricated. The EML chip comprised a DFB, EAM, and semiconductor optical 

amplifier (SOA) of lengths 600 µm, 150 µm, and 320 µm, respectively. The devices were initially integrated with 

a single common 2.5-µm-wide ridge separated by 30-µm-long electrical isolation sections. The EAM section was 

deep etched to reduce the p-i-n junction capacitance. In the DFB section, the ridge waveguide was fabricated with 

a SWG of 0.6-µm-recess-depth, a Bragg grating period of 246 nm and included a λ/4 phase shift at the centre of 

the DFB cavity. Images of the shallow-, deep-etch, isolation, and grating sections are shown in Fig. 1(a) and (b), 

and the final fabricated EML is shown in Fig. 1(c). 

     
Fig. 1. (a) SEM image of the integrated ridge, (b) DFB grating, and (c) the final result of the fabricated EML.  

 

The lasing wavelength was 1565 nm at a drive current of 60 mA 

and the side mode suppression ratio was > 35 dB. The device exhibited 

stable single mode operation with no mode hopping. The extinction 

ratio of the EAM reached 22 dB at a bias voltage of −4 V. One-port S-

parameter measurements were made on the coplanar waveguide (CPW) 

input port (bottom) of the EAM with the other port (top) terminated 

with a 50 Ω load. Fig. 2 show the measured S11 and equivalent circuit 

of the EAM. The results indicate a poor port match except around 39 

GHz and therefore an appropriate matching circuit is required to 

improve the device RF performance. 

In summary, a new EML has been fabricated using a simple and low-cost process. The planarization method 

provides a route to manufacturing using regrowth-free fabrication and incorporating transmission line technology. 

The electrical results suggest the device can provide a high modulation speed with low drive voltage, stable 

operation, and a high extinction ratio. However, the port measurements of the TW electrode indicate an appropriate 

matching is required to achieve the highest possible modulation speeds.   
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        Fig. 2. S11 parameter. 


