


The QD laser behaves quite differently; at 293 K, it lases at about 1020 nm and at 80 K it lases at about 1010 nm. The small 
change in lasing wavelength in the QD laser comes about due to a decrease in state-filling as the temperature decreases. As 
seen in Figure 2, the position of peak gain blue shifts as the current is increased, until lasing finally occurs. Figure 3 shows 
that the threshold current density decreases as the temperature is decreased, thus leading to a decrease in the state filling at 
lower temperatures. Thus, the red shift due to the decreased state filling is compensated by the blue shift due to the change in 
bandgap, leading to a lasing wavelength that is only weakly dependent on temperature. 
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Figure 2 Subthreshold EL from the QDL at various current 
densities. The ground state emission is at 1150 nm. 
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Figure 3 Lasing wavelength versus temperature for QD 
and QW lasers. The solid lines are linear curve fits to the data. 

Further evidence to support the state-filling hypothesis is presented in Figure 4. The lasing wavelength is plotted versus 
laser length at 293 K. The lasing wavelength for the QD lasers decreases sharply as the length of the laser decreases, 
compared to the QW lasers that lase at about the same wavelength for all lengths. Since the mirror loss increases as the 
length decreases, the shorter QD lasers must operate higher on the gain curve. Thus, shorter lasers have more state filling 
and lase at shorter wavelengths compared to longer lasers. 

In order to better understand these results, we have performed simulations of gain in the QDs. The key term in the 
expression for gain is the density of states (DOS). We have modeled the DOS as a superposition of Gaussian distributions 
centered around the various transition energies. The widths of the transitions are assigned from the measured experimental 
data. The integrated area under a given Gaussian is equal to the number of dots times the degeneracy of the given state. The 
gain versus energy at a specified carrier concentration is shown in Figure 5. The most iµiportant thing to observe is that the 
energetic position of the gain peak shifts to higher energies as the carrier concentration increases. This corresponds to the 
measured behavior of the QD lasers as shown in Figure 4. 
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Figure 4 The quantum dot lasing wavelength changes 
dramatically as the laser length changes. The quantum 
well 1asing wavelength barely changes. 
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Figure 5 Gain versus energy for a quantum dot DOS 
that includes the energetic distribution of the discrete 
states due to size fluctuations in the quantum dots. 
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In conclusion, we have demonstrated QD lasers that lase from excited states at temperatures from 80 K to 300 K. The 
temperature dependence and length dependence of the lasing wavelength show that state filling is an important effect in QD 
lasers that have only a single layer of QDs. Simulations that account for the size distribution of the QDs can explain the 
length dependence of the lasing wavelength. Further modeling results will be presented at the conference. 


