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ECE 536 – Spring 2022 

 

Homework #5 – Solutions 
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Problem 3) 

 

The current density at threshold Jth in a semiconductor laser is related to the carrier density by the 

following relation 
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The carrier density at threshold is given by 
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where  is the total loss per pass, and  is the beam confinement factor.  We can use the approximate 

relations 
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from which 
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and 
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Problem 4) 

 

The threshold carrier density for this case is 
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Using the same model as above for the threshold current 
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Now, we need to realize that here the active region d should be the width of the quantum well region.   

The simplest implementation of the structure could be to form a step-index optical waveguide (e.g., a core 

with 20% and a cladding with 60% Al mole fraction) with a GaAs quantum well in the middle. In this 

course we have seen before quantum well prototypes with well width 10 nm = 10-6 cm.  With this choice 

we obtain a threshold current density      
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which is about three times smaller than the threshold of Problem 3.  This is consistent with the 

expectation that a quantum well laser should be more efficient than the bulk DH device.  In order to be 

fully consistent with the confinement factor  = 1.8  10-2, the width of the core in the waveguide could 

be chosen so that the optical power is distributed accordingly in the well, the core and the cladding layers 

and one could analyze the shape of the optical power, assuming for instance a monomode optical profile, 

to estimate more precisely the optimal width of the well.  We don’t need to go that far for our purposes, 

but just consider that, for a wider quantum well, more carriers need to be injected, thus requiring higher 

current, in order to reach the necessary carrier density in the active volume.  The opposite occurs for a 

narrower well.  Then, for a fixed core layer of the waveguide, the confinement factor can be fine tuned by 

changing the width of the quantum well.  In the expression for the carrier density at threshold there are 

two competing factors: the differential gain, which tends to be higher for a quantum well laser with 

respect to a bulk DH device, and the confinement factor, which tends to be lower.   

 


