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Fig. 16. Interferometric autocorrelation traces (IACs) for modulation with AC amplitude m =5
for different DC pumping levels including SHB. a) p=1.1b) p=1.45,and c) p = 1.61

The grating decay time T, is always smaller than the upper state lifetime T,, see Eq. (19).
When the effects of carrier diffusion are negligible, i.e. T, becomes close to T, the strength of
SHB increases (the amplitude of the inversion grating relaxes slower) and the side lobes in the
IAC become more pronounced. In Fig. 17a we see the effect on the side lobes when T,
increases from 5 ps (used so far) to 10 ps. The same behavior also occurs when T, decreases.
As explained before, decrease in T, results in increase of the effect of SHB and subsequent
deterioration of the pulse quality as it is shown in Fig. 17b.
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Fig. 17. Interferometric autocorrelation traces (IACs) for modulation with AC amplitude m =
5, and DC pumping level p = 1.1 a) for T, = 50 ps and T, = 10 ps b) for T, =5 psand Ty = 2.5
ps. Comparing the two figures with Fig. 13a we see that the structure is more pronounced in
these figures due to the stronger SHB.

6. Conclusion

We have shown by numerical simulations the limitations in achieving stable short pulse
generation from actively mode-locked QCLs, due to the limited upper state lifetime and
spatial hole burning. A stable regime of modelocking only occurs for carefully adjusted DC
pumping level close to threshold and strong modulation of the pump current in a short
modulator section. SHB helps to reduce the pulse duration, but deteriorates pulse quality.
Further increase in DC pumping results in pulse lengthening and deterioration of pulse quality
both due to spatial hole burning and increased gain modulation due to gain saturation by the
pulse and subsequent partial gain recovery. Simulations and experimental results show the
same trend as DC pumping increases.
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