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Photonic integration aims to combine separate optoelectronic devices onto a single 
chip. The goal of this work is to place a passive modulator waveguide above an active 
laser waveguide with barrier layers between them isolating each device, allowing them 
to be optimised independently. This monolithic photonic integrated circuit should 
reduce cost, power input and footprint, and open up possibilities for the integration of 
other passive and active components which are usually incompatible materially [1,2]. 

Previous efficient designs allowed the mode to be spread between both the active and 
passive guides [3]. However, this fails in one of the key tasks of photonic integration, 
which is that each component should not affect the other. The epitaxy for the proposed 
twin waveguide has been designed to isolate the waveguides while allowing a 
transition between them, with an additional design inspired by adiabatic tunnelling [4] 
including a third transparent guide in the barrier region to aid coupling dramatically, 
Fig.1.  

 

Fig. 66. Up-Down Waveguide device architecture, with the index indicated by the colour. 
The higher index passive material forms a ridge above the active waveguide. 

In order to entice a transition between the upper passive guide and the lower active 
guide tapers are used to alter the effective index of the upper waveguide resulting in 
coupling to the lower guide. These adiabatic tapers are designed to incur as little loss as 
possible while conserving space.  

By examining overlaps between the mode at different points along the device and using 
beam propagation method (BPM) simulations [5], up-down tapers were optimized to 
minimize both loss and taper length. The linear taper was found to offer the least loss, 
while simultaneously being the easiest to process, and a barrier thickness of 1 um is the 
least required between the active and passive sections to isolate them. 
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Linear tapers 1mm long are found to be necessary to transition down and up efficiently, 
with a straight laser section between the tapers resulting in an overall device length of 
up to 2300m. The three waveguide device allows 85% power transfer compared to 
34% for a two waveguide device, Fig.2. 

Tests are currently underway on the lower active waveguide, following which the full 
structure will be grown and processed. 

 

Fig. 2. Comparison of the power along the length of devices for a 2 waveguide (WG) Up-
Down Coupling device and a corresponding 3 WG device. Almost a full transition from the 

passive WG to the lower active guide occurs midway before a transition back to the 
passive waveguide. 
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