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The experimental characterization of a high-power pulsed semiconduc-
tor laser operating in the eye-safe spectral range (wavelength around
1.5 µm), with an asymmetric waveguide structure, a 100 µm wide
stripe, and a bulk active layer positioned very close to the p-cladding,
is reported. An anti-reflection/high reflection coated laser with a stripe
width of 100 µm exhibits a single-facet output power over 25 W at a
pumping current amplitude of 100 A.

Introduction and motivation: High-power broad area pulsed diode lasers
operating in the eye-safe spectral range, i.e. within the wavelength range
from 1400 to 1700 nm, are becoming increasingly important, for ap-
plications including medical instrumentation and range finding/LIDAR
systems [1]. For at least some of these applications, the laser is oper-
ated in the quasi-continuous wave (quasi-CW) regime, with the pump-
ing pulse long enough for the laser dynamics-related effects to be not
significant, but short enough for the current heating to not be an issue.

A number of laser diode designs well suited for operation under
quasi-CW as well as true CW conditions have been proposed. The two
most successful designs are, firstly, ultra-narrow, single transverse mode
waveguide structures [2–5] and, secondly, asymmetric waveguide large
optical cavity designs. The latter, in turn, can involve either (i) single
asymmetry (the position of the active layer (AL) shifted strongly towards
the p-cladding) [6], or (ii) double asymmetry that additionally involves a
larger refractive index step at the interface between the optical confine-
ment layer (OCL) and the p-cladding than that at the OCL/n-cladding
interface and helps achieve single transverse mode operation with a
good beam directionality from a broad stripe device [7–10], or (iii) triple
asymmetry [11], a modification of the double-asymmetric waveguide in
order to somewhat increase the carrier confinement in the AL. The com-
mon feature between all these high-power waveguide designs is the thin
p-side of the OCL. This minimizes the (spatially inhomogeneous) accu-
mulation of carriers (both electrons and holes) in the OCL at high cur-
rents and the corresponding increase in free carrier losses. This effect
was shown [12] to be a major limitation to the output power of the laser,
and the most important one in the absence of laser heating, particularly
in InGaAsP system materials used in the eye-safe spectral region devices
since the free hole absorption cross-section σ h in these materials is al-
most two orders of magnitude higher than the free electron absorption
cross-section σ e [13–15]. With this major loss mechanism minimized,
an additional (more modest) decrease in optical losses at high currents
was predicted to be achievable by increasing the doping of the n-side of
the OCL [16], which was also shown to effectively suppress carrier ac-
cumulation in the waveguide caused by two-photon absorption [16] and
by thermal spill-out from the AL [17].

The steps above appear to largely exhaust the possibilities of main-
taining the power output linearity by minimizing the increase in the par-
asitic optical loss αin at high currents. In the case of pulsed (quasi-CW)
operation, a complementary design route to improving the power output
at high injection levels is offered by using short (0.5–1 mm) cavities,
to increase the output loss αout and thus minimize the effect of any in-
crease of the internal loss at high injection level on the output efficiency
αout/(αout + αin). This needs to be balanced against excessively com-
promising the threshold current of laser operation and in particular the
‘effective’ threshold at high powers. This necessitates the use of a rel-
atively thick bulk or Multiple Quantum Well (MQW) AL, as opposed

Fig. 1 Schematic of the InGaAsP/InP laser structure and the waveguide
mode intensity distribution

to few-well ALs and longer cavities often used for true CW operation.
A double-asymmetric structure with a MQW AL and L = 1 mm, as-
cleaved, was used to obtain over 25 W per element in a laser stack using
tunnelling junctions [18]. The design and performance of a short-cavity
asymmetric waveguide laser with a bulk AL was studied theoretically
in our recent papers for both the eye-safe wavelength range [19] and
shorter-wavelength lasers [20]. It was shown that such a structure, in
which the properties of the AL affect waveguiding, can lase in a broad
single transverse mode, leading to high brightness emission, with a high
confinement factor �a with no need for triple asymmetry, and even dou-
ble asymmetry (asymmetric refractive steps) largely optional. The AL
thickness of 600–800 Å was predicted to allow operation with short
(0.5–1 mm) cavities, making for high output efficiency at the expense
of only a moderate increase in effective threshold currents compared to
longer cavities. Output powers considerably exceeding those reported
with other laser designs were predicted theoretically.

Experimental characterization of short cavity double asymmetric
laser structures (Figure 1) with a bulk AL and a relatively short cav-
ity has been reported in [21, 22]. A total pulsed power output of about
18 W was reported at the bias current of 80 A from a w = 90 µm
wide stripe laser with uncoated facets, mounted p-side up with conduct-
ing glue, with some saturation at higher powers attributed to residual
heating.

Here, we report the first measurements of single-facet pulsed power
from an anti-reflection and high reflection (AR/HR) coated sample,
mounted p-side down with solder for improved thermal properties. Out-
put power levels of more than 25 W have been measured at currents of
100 A.

The transverse laser structure used was similar to that of [21, 22].
As in those earlier papers, the device was designed to lase at a wave-
length of λ ≈ 1.5 µm. The semiconductor structure was grown by the
metalorganic vapour phase epitaxy (MOVPE) method. Wafer process-
ing (by Innolume GMBh Germany) defined a stripe width of 100 µm,
slightly wider than in [21, 22]. The chips with a cavity length of 1 mm
were AR/HR coated (RAR ≈ 0.05, RHR ≈ 0.95). The chips were then sol-
dered p-side down on ceramic substrate for characterization.

Experimental: The laser diode was driven with current pulses gener-
ated by a capacitive discharge circuit incorporating an EPC2001C GaN-
FET. A current pulse width of about 17 ns (relevant for LIDAR applica-
tions) was used. The current pulse shape and amplitude were sensed over
five upside-down mounted 0402 sized parallel resistors to minimize the
effect of stray inductance on the current pulse sensing. A pulsing fre-
quency of 1 kHz was used, and the average optical output power was
measured with an Ophir 3A-P-FS-12 thermal power sensor head. The
optical waveform shape was measured with a 25 GHz New Focus 4143
detector, and the pulse energy and power were calculated to correspond
with the measured pulse energy per period (average optical power).
Figure 2 shows current and output power transients for a sample with
the injection efficiency among the highest in the batch.

Figure 3 shows the light-current curve corresponding to the transients
shown in Figure 2. As usual with high-power lasers, the output power
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Fig. 2 Measured current pulses and corresponding output power pulses. (a)
Current waveforms as a function of time (b) Optical waveforms as a function
of time

Fig. 3 Measured output power characteristics as a function of current pulse
amplitude

Fig. 4 Measured optical spectra with three current pulse amplitudes

curve in Figure 3 is nearly linear at low currents and shows some sat-
uration tendency at currents high above threshold (at I > 30 A). The
total overall power achieved (≈ 26 W at 100 A from a laser with a stripe
width of 100 µm) compares favourably with published results [2, 4, 5].
It is close to the power achieved per single laser element in the tunnel
stacked MQW structure of [18]. We note that the estimated internal (in-
jection) efficiency of the current structure is modest (ηi ∼ 0.75 estimated
from the low-current slope of the curve and similar to that obtained in
our previous work with similar structures [21, 22] and by some other
authors [23]), indicating that further output improvement should be pos-
sible. At high currents, the curve is saturating; following earlier work
(see [19, 21, 22] and references therein), we attribute this to a combi-
nation of several mechanisms, the most important of which are the di-
rect and (mainly) indirect effect (carrier generation in the waveguide and
free-carrier absorption by these carriers) of two-photon absorption.

Measurements of the optical spectra of the laser diode output showed
the full width at half maximum (FWHM) of the spectrum increasing
from about 10 to 32 nm from a current amplitude of 13 to 100 A
(Figure 4). The spectral broadening was almost entirely in the short-
wavelength direction, which is consistent with the increase in the thresh-
old carrier density simulated in [19] and the corresponding blue shift
(and broadening) of the gain peak in a bulk material [24] and confirms
the virtual absence of current-induced heating.

Fig. 5 Far field measurement results measured with four current pulse am-
plitudes. (a) Fast-axis measurement result (b) Slow-axis measurement result

The fast axis far-field full-width at half-maximum at low currents
was close to the theoretical prediction (24°) but increased to about 33°
at high currents (Figure 5), similar to the case in earlier work [21, 22].
In the slow axis, the far field increased from about 6° to 14° degrees
FWHM within the current range studied, which is typical for laterally
multimode operation.

Conclusion: In summary, we have reported output powers up to 26.5 W
from a short-cavity (L = 1 mm) laser with an asymmetric waveguide
design and a bulk AL located near the p-OCL, operating in the eye-safe
wavelength range in the pulsed regime. The results are commensurate
with the best results in the literature from a single laser within this spec-
tral range; further improvement is expected with an increase in injec-
tion efficiency. We note also that, compared to longer cavity designs, the
shorter lasers can also be expected to allow more devices to be fabricated
from the same wafer.
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