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This work presents the characterization of first AlGalnAs quantum wells lasers integrated
in the COBRA photonic integration platform. An analysis of the I-V and LI characteris-
tics of Fabry—Pérot lasers allows a comparative investigation of the material character-
istics and the butt-joint quality.

Introduction

In comparison to InGaAsP-quaternary (P-Q) based active layers as used in the COBRA
platform, AlGalnAs-quaternary (Al-Q) alloys are known to offer enhanced energy effi-
ciency and operation at elevated temperatures [ 1], and enable selective area growth (SAG)
technique, mastered by the III-V Lab [2], to be combined with the COBRA integration
technology [3]. The active-passive integration of the COBRA platform is made through
a butt-joint process [4] which is sensitive to surface preparation methods, particularly so
when using Al-Q alloys [5]. An active structure using Al-Q in its active layer struc-
ture has been implemented with the COBRA generic integration technology. This work
presents the measurement of Fabry—Pérot lasers (FP laser) prepared with Al-Q and P—
Q active layers, with and without passive waveguides, and with and without butt-joint
interfaces to quantify the impact of active-passive integration.

Experiment

Photonic integrated circuits are produced using the same mask set. Two nominally iden-
tical AI-Q wafers (1 and 2) have been fabricated in order to observe process related
variations, and the P—Q wafer fabrication was previously made in a multi-project wafer
run [6]. The Al-Q wafers have been prepared using an active layer stack grown at the
III-V Lab [4]. The regrowth and process steps have been performed at TU/e following
the COBRA generic process flow to create active-passive integrated circuits [3].

For each Al-Q wafer, the analysis of the influence of butt-joint and waveguides losses
on the the FP laser requires three different structures as shown schematically in Figure 1:
One active-passive laser with long passive waveguide sections, one active laser with butt-
joint interfaces, and one all-active butt-joint-free laser structure. They all have a 750 um
long active section, and differ by the length of their passive sections and the presence
or otherwise of the butt-joint interfaces. The initial design has a total cavity length of
4.6 mm, ending with two cleaved facets. In order to dispense with the influence of the
passive waveguides but keeping the butt-joint interfaces in the structure, this laser has
been cleaved 50 pm outside the active section and measured again. The third structure is
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a 750 um long all-active and butt-joint-free laser which has been cleaved from a longer
active device. In this way it is possible to observe the influence of the butt-joint interface
and the active section itself on the laser L-I and I-V characteristics.

All facets are as cleaved, providing a 33 % reflection back into the waveguide and trans-
mitting the rest of the light out of the chip. As a control experiment, measurements are
additionally performed on a 750 um long all-active butt-joint-free P-Q laser with the same
design.

Active-passive laser: 750um active section . . o
| Passive waveguide Metal pad __~Active-passive buttjoint interface Cleaved facet |

" 4.6 mm cavity with cleaved facets

Butt-joint laser: | | 850pm cavity cleaved outside
| | the750um active section

All-active laser: | | 750um all-active cavity cleaved
| | into a longer active section

Figure 1: Design of the 3 Fabry—Pérot laser types with 750 um long active sections.

The laser dies are placed on a gold-plated plate kept at 20 °C using a Peltier module. A
large-area photodetector is placed at a distance of 1 mm to record the total output optical
power coming out on one side of the chip. The measurement of optical power versus
current injection (L-I curve) allows the extraction of the threshold current and the slope
efficiency for one output waveguide. The current-voltage (I-V) characteristic of the de-
vices are also measured to investigate leakage paths.

L-I characteristic

The LI characteristics presented in Figure 2a are obtained by scanning the voltage ap-
plied to the device from O V to 1.4 V with a 0.05 V step and measuring the current passing
through the device up to a maximum of 100 mA. Five lasers have been measured on the
same setup in order to compare their threshold current and slope efficiency, summarized
in Table 1.

The first AlI-Q 4.6 mm long extended cavity laser from wafer 1 did not enter a lasing
regime. This device was therefore cleaved to remove the passive waveguides, while re-
taining the two butt-joint interfaces, leading to a 850 um long cavity. This re-cleaved
structure shows lasing behavior with a threshold current of 47.7 mA. In the case of an all-
active and butt-joint-free 750 um long laser cleaved from a longer active section on the
same wafer, a lasing regime with a threshold current of 22.2 mA is reached. This result
indicates that the butt-joint interfaces may induce large losses in the device, increasing
the threshold and reducing the slope efficiency.

On the second Al-Q wafer, the extended cavity laser shows a threshold current of 25.7 mA
and a slope efficiency at threshold of 102 mW/A. After cleaving the laser just outside of
the active section, the threshold current is reduced from 25.7mA to 22.8mA and the slope
efficiency increases to 124 mW/A. An all-active 750 um long FP laser from this wafer
shows threshold current and slope efficiency of 21.1 mA and 130 mW/A.
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These results are consistent with measurements on other devices from the same wafers.
Lasers with a butt-joint give poor lasing performance on wafer 1 and a respectable laser
performances with wafer 2, and butt-joint-free structures show similar lasing perfor-
mances.

Laser Cavity | Threshold Slope
Wafer number Laser type length Current Efficiency
(um) (mA) (mW/A)
| Active-passive 4600 - -
Al-Q 1 Butt-joint 850 47.7 66
2 All-active 750 22.2 139
3 Active-passive 4600 25.7 102
Al-Q 2 Butt-joint 850 22.8 124
4 All-active 750 21.1 130
P-Q 5 All-active 750 17.1 143

Table 1: Summary of threshold currents and slope efficiencies of 3 FP laser types for 2
Al-Q wafers and one all-active FP laser from a P—Q wafer.

To further explore the origins of laser behavior, the I-V characteristics of the lasers are
measured, as shown in Figure 2b.
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Figure 2: a) L-I characteristic of 3 FP laser types for 2 Al-Q wafers and one all-active
FP laser from a P—Q wafer. b) I-V characteristics of the same lasers.

I-V characteristic

The I-V characteristics presented in Figure 2b are obtained by scanning the voltage from
0V to 1.4V with a 0.05V step and measuring the current passing through the device up
to a maximum of 100 mA. The result allows the extraction of the turn-on voltage of the
structure, and the possible presence of parasitic effects on the diode characteristic.

On both AI-Q wafers, the slope of the [-V characteristic for the active-passive laser is
higher than for the butt-joint laser, after cleaving off the passive waveguides, indicating a
leakage current via the passive section.

The P-Q laser exhibits a turn-on voltage of 0.8V which is consistent with the operating
wavelength. The Al-Q lasers exhibit higher turn-on voltages of 0.9V and 1.0V despite the
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same operating wavelengths. There is a difference in turn-on voltage between the two Al-
Q wafers, but there is no evident change with and without passive regions and butt-joints.
Differences in performance between wafers and with and without butt joints and passive
regions may result from both electrical and optical loss mechanisms. This is the subject
of ongoing analysis.

Conclusion

Al-Q active layers have been incorporated into the COBRA platform for the first time.
Success of integration is evaluated in terms of laser performance with and without passive
and butt-joints. Near comparable result is observed for one of two Al-Q wafers, but there
is evidence of impaired performance due to the butt-joint integration for the second wafer.
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