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TECHNICAL ABSTRACT  
We report about the new tunable semiconductor whispering gallery mode laser with controlled absorber that 

combine both the construction simplicity and a wide tuning range that is about a halfwidth of the optical amplification 
spectra. The lasers were grown by molecular beam epitaxy on an n-GaSb substrate. Deep mesa circular WGM lasers 
with diameter of 185 μm  have been fabricated from the grown wafer by conventional photolithography and wet 
etching. We have studied WGM lasers of a new design. The difference between the device under study and the common 
WGM laser is in the construction of the upper contact. The upper Au+Cr contact in the lasers under investigation 
consists of two 10μm wide semicircular arcs located at 5 μm from the mesa edge. The two parts of the contact were 
separated by    10 μm wide gaps to provide electrical insulation. One part of the contact (bias) was  under  the  voltage  
large  enough  for  the  lasing  and another (control) part was under the lower voltage that changes from 0 (the potential 
of the substrate) to 0.85 V. We have studied the dependence of the lasing spectra on the voltage applied to the 
control contact. The experiment sketch is shown in Fig1. 

It was found that when the voltage applied to the control contact changes from 0.85 V down to zero the spectral 
position of the laser line shifts from 2.24 to 2.28 μm. The lasing spectra for the different control voltages are shown in 
Fig.2. 
 
 
 
 
 
 
 
 
 
 
FIG.1. The circuit representation of the experiment. R is inter- 
contact resistance that was about 10 ohms in our case                     FIG. 2. The spectra of the laser under different biases  
                                                                                                     on the control contact 

 
The qualitative explanation of the observed effect can be elucidated by Fig.3. The schematic energy diagram of 

the emitting part of the laser is shown in Fig.3(A). In the energy interval from E0 that is the energy distance 



 

 

between the bottoms of the electrons and holes size-quantization sub- bands to E1 that is the difference between the 
Fermi quasilevels, there is an optical amplification and generation take place at the energy near the peak of this curve. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
FIG.3. Sketches of the zone diagram and optical amplification-absorption  spectra  for  a single-well semiconductor 

laser. (A) in a lasing regime, (B) under zero bias, and (C) total amplification spectrum when the control contact is 
grounded 

 
When the control contact is grounded (connected to the substrate of the sample) the device effectively consists of 
two parts. In one part there is the optical amplification with the spectrum a shown in Fig.3(A) and another part is an 
absorber with the spectrum Fig.3(B). The gain of the whole device is the net amplification and absorbtion of the 
two parts of it, and it is approximately equal to G=exp(αl + βl), so for the same length of these two parts the 
generation will take place near the peak of the effective gain spectrum that is equal to peak of the α + β. In the 
absorbtion part the Fermi level in the quantum well is attached to the level of the chemical potential in the bulk. In 
this case there can be some carrier density in the thermodynamic equilibrium either in the electron or in the hole 
quantum well. What well will be partially filled in a specific case depends on the relative position of the well in p-n 
junction, band diagram, dopant concentration, and so on. As an example in Fig. 3(B) we consider the situation when 
the hole quantum well is filled, that was the case for the structure under investigation. 

The optical amplification for the emitting part of the device looks like that in Fig.3(A) and absorption spectra 
for the control part looks as in Fig.3(B). One can see that the net amplification-absorption spectrum of the whole 
device should have a shape shown in Fig.3(C), so there is an energy interval between E0  and ET where the optical 
amplification exists. Thus, there is a red shift of the net gain spectrum shown in Fig.3(C) comparing with Fig.3(A). 
Due to the high Q-factor of the WGM resonator this small amplification is enough for the device to start lasing and 
the tuning range essentially exceeds that for a strip laser with the same active region.  When  the  voltage  applied  to  
the  control  contact varies from the voltage applied to the emitting part down to zero the net amplification spectrum 
smoothly changes from that shown in Figs.3(A) –3(C) following the current-voltage characteristics and results in the 
smooth shift of the laser emitting spectrum. The difference between the amplification and absorbtion edges for the real 
device at room temperatures is not so pronounced as in Fig.3, but it is ample to provide the 40 nm shift of the peak 
of effective amplification spectrum. 
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