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Experimental Demonstration of Spatial Hole Burning
Reduction Leading to 1480-nm Pump Lasers Output
Power Improvement

Ali Guermache, Vincent Voiriot, Damien Locatelli, Frédéric Legrand, Rose-Marie Capella, Philippe Gallion, and
Joél Jacquet

Abstract—Observation of spatial hole burning reduction is
reported for the first time to our knowledge on flared 1480-nm
high-power InGaAsP-InP buried ridge lasers. We determined the
longitudinal carrier density profile by spatially resolved sponta-
neous emission measurements for slightly tapered and straight
active waveguides. The tapered stripe shows spatial hole burning
reduction leading to 25% output power enhancement.

Index Terms—Flared waveguide, pump lasers, semiconductor
lasers.

1. INTRODUCTION

ECENT progress in data transmission systems requires

high output power single transverse mode laser diodes
for Raman and erbium-doped fiber amplifier pump sources.
Several approaches have shown high output power emission
[1]-[3]; the design rules in these papers are mainly related
to the active volume increase through large [1] or flared [2]
waveguides or the use of multimode interferometer [3]. Such
designs lead to electrical and thermal resistance decrease
and slope efficiency of the light—current (L-I) characteristic
increase. Flared waveguides have been initially proposed for
980-nm pump lasers in order to reduce photon density close
to the antireflection coating facet and, as a consequence, limit
the catastrophic optical mirror damage at high output power
[4]. In this work, we compare the longitudinal carrier density
distribution in straight and flared buried ridge InGaAsP-InP
pump lasers using the spontaneous emission measurement
method [5]-[7]. In such lasers, high and low reflectivity mirrors
are deposited at the rear and front facets, respectively. The
asymmetric reflectivities are at the origin of inhomogeneous
photon distribution along the cavity that induces inhomoge-
neous carrier distribution through stimulated emission process.
Measurements show a much flatter carrier profile along the
cavity associated with a higher maximum output power for the
flared devices. Flatter longitudinal photon and carrier distribu-
tions improve the overall gain of the cavity and reduce the gain
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Fig. 1. Experimental setup.

saturation at high bias currents. As we are aware, this is the
first time that a reduction of longitudinal spatial hole burning
(LSHB) in flared devices leading to output power increase is
demonstrated experimentally.

II. DEVICE STRUCTURES

The structure is an InGaAsP-InP buried ridge waveguide.
The gas source molecular beam epitaxy grown active layer con-
sist of five compressively InGaAsP strained quantum wells sep-
arated by four lattice matched barriers. The active layer is sand-
wiched between two nonintentionally doped 1.17-pm InGaAsP
separate confinement layers. The photoluminescence peak is
centered at 1470 nm. Selective growth is then performed to re-
alize p-n InP blocking layers on both sides of the dry etched
mesa. The ridge is then buried with optimized p-doping profile
InP cladding and InGaAs p++ contact layers. Then, metallic
contact layers are deposited on both the p- and n-sides.

III. EXPERIMENTAL SETUP

The experimental setup is shown in Fig. 1. The collected
spontaneous emission rate (Rs,) [7] is related to the square of
the carrier density (V) in the active region by

Ry, = a(2) - B-N*(z) (1

where a(z) is the coupling coefficient along z (see Fig. 1), B
is the radiative recombination coefficient, and N (z) the carrier
density profile along the active stripe. The isotropic character of
the spontaneous emitted photons allows collecting spontaneous
light from the side of the laser with a lensed fiber. The laser is
longitudinally cleaved near the guiding region (50 zm) to opti-
mize the light collection and is mounted onto an AIN submount
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Fig. 2. Straight and flared device schematics.

placed on a copper heatsink. The lensed fiber is mounted on an
xyz piezoelectric stage and coupled to an HP 81524A power-
meter. Due to the 3-um spatial resolution of the experimental
setup, accurate carrier density profile can be obtained for both
flared and straight cavities. The device schematic of such cavi-
ties is shown in Fig. 2.

IV. RESULTS AND DISCUSSION

Equation (1) shows that carrier density N (z) can be obtained
from the spontaneous emission measurements for the different
position of the lensed fiber along = and at different current levels
for each position. To determine the relative carrier density pro-
file above threshold, a reference measurement is done below
threshold for each position. It has been demonstrated in [7] and
[8] that the carrier density profile below threshold is constant
along the active stripe. Thus, we can obtain the carrier den-
sity distribution above threshold normalized to the value below
threshold, and the unknown coupling coefficient a(z) in (1) is
suppressed.

We have plotted in Fig. 3(a), for a straight waveguide the
carriers density profile along the cavity for different currents.
Carrier density is maximum on the high reflectivity side and its
value increases continuously above threshold when current in-
creases. At the opposite, the carrier density is minimum on the
low reflectivity side and decreases for increasing current before
increasing again. Such a behavior has already been observed in
[8] for broad area lasers and is confirmed here for transverse
single mode devices.

Locally the gain can be expressed as follows:

T 7% [N (2) = No]
1+eS5(z)

g(N,z) = 2)

where S(z) is the photon density, (dg/dN) is the differential
gain, I the confinement factor and ¢ is the non linear gain coef-
ficient that generally refers to the spectral hole burning effect.
On the low reflectivity side, the photon density is high and,
therefore, the carrier density is low due to stimulated recombina-
tion process. In this region, when the current increases, the gain
decreases according to (2) on one hand due to the photon density
increase and on the other hand through carrier density reduction.
To maintain the oscillation condition (i.e., after one round-trip
the gain equals the total losses) above threshold, the gain on the
high reflectivity side must increase. This is why we observe the
increase of carrier density on the rear side of the cavity when
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Fig. 3. (a) Longitudinal relative carrier density profile for straight stripe.
(b) Longitudinal relative carrier density profile for a straight and a flared stripe
at I = (I, Iy). Inset: Variance F' as a function of current intensity.

current increases [Fig. 3(a)]. Altogether, in such devices, when
the current reaches a value around 1 A, the gain saturation close
to the output facet becomes the dominant process and the output
power saturates.

In order to limit this effect and to push the power saturation
at higher currents, we designed flared devices where the active
waveguides widens close to the front facet. This leads, for given
output power, to a lower photon density on the low reflectivity
side, and to power saturation reduction, as compared to straight
waveguides. We expect therefore higher output power with such
design.

Lasers including flared and straight active stripes have been
fabricated on the same wafer and their characteristics are com-
pared in the following. The cavity length is 1000 pm and both
flared and straight chip facets were coated simultaneously. The
reflectivities of the rear (z = 0) and front (z = 1000) facets
are 95% and 0.1%, respectively. The widths of the straight and
flared stripes at the rear facet are about 3 ;ym, and at the front
facet, the width of the flared stripe is less than 10 ym in order
to maintain single transverse mode operation at high power. All
measurements were done at room temperature, 7' = 25 °C.

As the LSHB effect is maximum for high power level, we
compare in Fig. 3(b) the longitudinal carrier density distribution
for straight and flared waveguides at their respective saturation
currents I and I;. The saturation currents are defined as the
currents corresponding to maximum output power. As expected,
the carrier density is found more uniform in the case of flared
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Fig. 4. (a) Output power as a function of current density under pulsed

operation (pulse width = 300 ns at 10 kHz). (b) Output power as a function
of current intensity under CW operation. Inset: Far-field pattern for the flared
stripe. Js current density corresponding to I, I, saturation current for the
straight laser J; current density corresponding to I, I; saturation current for
the flared laser.

laser. We introduce the variance parameter F' (3), to quantify the
carrier profile flatness (i.e., the spatial hole burning) as in [9]

1 [ (N() =N\’

where L is the cavity length and N the average carrier density
value.

In the inset of Fig. 3(b), the F' factor is plotted as function of
the current for both straight and flared devices. As expected, F
is lower for the flared waveguides, as compared to straight one.
A reduction of the variance by a factor larger than two, from
4 x 1072 (straight) to 1.6 x 102 (flared) is deduced at 0.5 A
from the inset of Fig. 3(b). An improvement of the output power
figure is, therefore, expected with this flared laser.

It is confirmed in Fig. 4(a), where the power—current char-
acteristic shows a clear improvement in the case of the flared
structure as compared to the straight one. This improvement oc-
curs as soon as the threshold is reached. Experiment depicted
in Fig. 4(a) is done under pulsed current injection (pulsewidth:
300 ns at 10 kHz) to be free from thermal effect that can strongly
affect power saturation in continuous-wave (CW) regime. In
addition, we plot the power characteristic as a function of the
current density to take into account the difference of the ac-
tive volume between both structures. As a consequence, we can
conclude that LSHB reduction observed in Fig. 3(b) is the only
factor that leads to power increase in flared structure. However,
this point is to be confirmed in CW regime.
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This is done in Fig. 4(b) where the L—I characteristic is
plotted for both waveguide types. The maximum output power
is 25% higher for the flared device at the saturation currents
(305 versus 245 mW at Iy and I,). It is important to note
that saturation currents defined in Fig. 4(b), I and I, when
reported in current density J, and J; in Fig. 4(a), leads to the
same power increase of around 25% [from 360 mW at .J, to
445 mW at J¢, see Fig. 4(a)]. This confirms the consistency
of our results and the strong impact of the LSHB on power
saturation in pump lasers. Moreover, the flared stripe shows a
single transverse mode operation in CW regime for / varying
from 0.05 A to 0.8 A [see inset Fig. 4(b)].

V. CONCLUSION

We experimentally demonstrate that nonuniform carrier and
photon distributions along pump laser are one of the main ori-
gins of power saturation for asymmetric cavity pump lasers.
Using spatially resolved spontaneous emission measurement,
we demonstrate that for slightly flared active waveguide, better
carrier uniformity is recorded. A 25% maximum output power
improvement is obtained with this flared device as compared to
straight waveguide from the same wafer, which is attributed to
the longitudinal spatial hole burning reduction.
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