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temperature controlled at 20°C with a Peltier cooler. These
were operated in pulsed mode at 5% duty cycle and 20 kHz
repetition rate. Figure 3 is the I-V-L curve of these chips.

We observe that the regrown interface is seamless and the
planarization ability is remarkable. The I-V curves measured
under pulsed conditions with a duty cycle up to 20% indicate
that there is no leakage. The reason why continuous wave
operation is not reached may be attributed to the too large
width of the ridges as well as high doping in the structure
as can be inferred from the maximum current density of
4 kA� cm2.

3.2 4.7-� m QCL

The cross-sectional view of the BH-QCL fabricated from an
8-� m-deep etched ridge is shown in Fig. 4. We also con-
ducted, in a separate experiment, regrowth around a � -striped
QCL (Ref. 26) (not treated here), shown in Fig. 5. It is clearly
seen that our regrowth process with a clean regrown interface
yields good planarization without any rabbit ear formation.
We would like to point out that the realization of total pla-
narization across the entire sample depends upon the ridge
etch depths and the distance between them, but is largely
insensitive to the sample size. When the etched ridges are
deep and the distances between them are large, sufficient

planarization near the mesa to enable adequate metal contact
on the ridge in the subsequent process can be achieved in a
relatively short time, e.g., 20 min as in the case of regrowth in
Fig. 4. As we have conducted numerous experiments with
varying depths of etched ridges, it is possible to summarize
the InP:Fe regrowth time as a function of etched ridge depth,
as shown in Fig. 6. The data points in Fig. 6 are a collection
from several regrowth runs on etched QCL ridges of different
widths, separations, and even basic structures. Even though it
may suffer from a certain consistency, we believe that these
are qualitatively informative for the rapidity of the regrowth
process.

It is clear from this figure that the regrowth of InP:Fe
around a 14-� m-deep ridge can be done in <40 min. This
quick regrowth time is particularly interesting to minimize
the risk for the unwanted intermixing of well and barrier
as described earlier by Glew et al. for telecom lasers.16

These authors investigated the blue shift caused by the inter-
mixing of wells and barriers at temperatures ranging from
550 to 750°C for varying durations of up to 120 min.
They concluded that the blue shift of the investigated tele-
com laser is a power function of time and an exponential
function of temperature. Although no similar annealing
results on QCLs are available in the literature, intermixing
phenomena in QCLs are likely to result in changes in the
designed operation wavelength and in performance. The
I-V-L curves for three BH-QCLs resulting from 10-� m-wide
and 6.5-� m-deep ridge are shown in Fig. 7. The figure shows
reproducible behaviors from laser to laser. Lasers of the same

Fig. 2 Cross-section SEM image of 9-� m-deep wet-etched QCL
ridge after regrowth of InP:Fe for 13 min.

Fig. 3 I-V-L curve of BH-QCL emitting at 5.5 � m measured at 20°C
under pulsed conditions (duty cycle Š5%, repetition rate Š20 kHz).
3-mm-long chips with 17.5-� m-wide ridges were mounted epi-side
up on copper heat sink.

Fig. 4 BH-QCL resulting from a 8-� m-deep etched ridge.

Fig. 5 BH � -striped QCL.
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