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1.1 W continuous-wave, narrow spectral width (<1 A) emission
from broad-stripe, distributed-feedback diode lasers (A=0.893 um)
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By etching a distributed-feedback grating directly into the Al-free optical confinement region of a
100 um stripe InGaAs/InGaP/GaAs diode laser, 1.1 W cw front-facet output power has been
obtained at 0.893m with a spectral full width at half maximum of 0.9 A. These devices have 1 mm
long cavities and shallow gratings with a coupling coefficient,7 cm 1. The combination of long
device length and low grating coupling results in both efficient operation as well as a longitudinally
uniform field profile. As a result, all excited lateral modes oscillate at the same longitudinal cavity
resonance to high power levels. Using shallow gratings etched in an InGaP upper confinement layer
permits the growth of a high-quality cladding layer over the grating surface yielding excellent
device performance. Facet-coatéaPo/95% devices demonstrate external differential quantum
efficiencies of 51% and peak wallplug efficiencies of 32% at 1.1 W cw output powerl 993
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High-power, narrow spectral width semiconductor laserdnGaP cladding layers below the active region of the laser
have application potential for magnetic resonance imagingtructures:® Sagawaet al.” used a structure with InGaAsP
(MRI) using laser-polarized noble gases, gas spectroscopgpnfinement layers, but the quaternary regrowth over the
and as low chirp pump sources for solid-state lasers. Of pagrating was apparently of poor quality yielding relatively
ticular interest for MRI are 0.894m diode lasers that may poor device performance. Sin and Horik&waescribed a
be used for polarizing Cs in a process to generate spirstructure using GaAs confinement layers and InGaP cladding
polarized Xe gas.For this application, watt-range cw pow- layers. The binary alloy produces a higher quality regrowth,
ers and narrow spectral width;2 A full width half maxi-  but the low barrier heights of the structure results in poor
mum (FWHM)' are required to obtain efficient p0|arization carrier confinement to the quantum well. In turn, this gives
of the Cs atoms without the need of excessive gas temper&ise to carrier leakage out of the quantum wells.
tures or pressures. These objectives have been attained by Here, we present results from 16n stripe DFB lasers
using broad-stripe distributed feedback lasers with shallovPPerating at a wavelength of 0.8@3n that demonstrate high
gratings made in an Al-free optical confinement region. ~ POWer, narrow spectral width, and excellen_t performance.

Conventional broad-stripe Fabry—Perot diode lasers use§hese double quantum well, separate confinement hetero-
for obtaining high powers generally have a spectral fullStructure(DQW-SCH lasers use a broad, Al-free waveguide
width at half maximum of~20 A or more at high drive with a DFB grating etched in its upper surface. The lasers are
level€ and broaden further under quasi-cw operafidn. fabricated in a two-growth process. The absence of exposed

order to narrow the spectrum of diode lasers, frequency seb-containing compounds during the fabrication of the grat-
lective feedback from index-coupled gratings may be used'd Provides for good regrowth quality yielding low interface
for passive wavelength control in the form of distributed loss. This promotes high external differential quantum effi-

feedbackDFB) or distributed Bragg reflecto®BR). DFB ciencies of 51% and high peak wallplug efficiencies of 32%

lasers that use the GaAs/AlGaAs material system are difficuf®t 1.1 W. The spectra of these devices driven at high powers

to make because of the high reactivity of Al to oxyg‘en. have a half width of 0.9 Aat 1.1 W cw, and 1.2 Aat 1 W

Large performance penalties result from the oxidation thapmsed(5 #s, 2 kH2. Subthreshold spectra analysis reveals a

occurs during fabrication of AlGaAs gratings. To alleviate relatlvgl)_/ small cou.pllnch value of 0.7, which provides for
the problem, devices with the grating outside the active re'-[he efficient operation of the lasers.
: A schematic of the DFB laser structure is shown in Fig.

gion (i.e., DBR lasers have been employed. Single-mode )
powers as high as 278 mW have been obtained from narrov%/' The SCH consists of two dfGa oA quantum wells

stripe (4 zm) DBR laser$ However, DBR lasers show se- within an Iny 4/G& s4P optical confinement region that is sur-

vere mode hopping at high power levels due to thermallyrounded by 195(GayAlogosP cladding layers. The 55 A

. . o : “Jguantum wells are bounded by 200 A INnGaAsIkE, (
induced changes in the refr‘?‘c“"e index of the ?Ct've re@uon.: 1.62 eV) transition layers to improve the interface quality.
As a consequence, stable single-mode operation Onl_y 0CCUHe optical confinement region thickness of 6500 A is below
o.v'ersmalll power intervals §eparated bylspectrally noisy Uahe cutoff thickness for the second-order transverse mode.
sition regions. In order to improve the interface quality for This insures lasing of the fundamental transverse mode,
DFB lasers on GaAs substrates, gratings have been placed gfce the first-order mode is suppressed by its poor optical
confinement factor. The large band gap of the
dElectronic mail: earles@cae.wisc.edu Ing 5(Gay sAl9.5)0 5P cladding layers insures good carrier con-
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FIG. 1. Schematic cross section of DFB 0.89® emitting laser structure.
The active region consists of two 55 A wide,jiGa, 9 AS quantum wells
surrounded by 200 A thick InGaAsFE{=1.62 eV) barriers and 0.am
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FIG. 3. High-power cw spectra for 100m stripe DFB laser operation at
10 °C heatsink temperature. The spectra have a temperature dependence of
0.6 Arc.

thick InGaP confinement layers. The grating has a period of 2740 A and gorrugation. Because InGaP is much less prone to oxidation

depth of~500 A.

finement for the structurgresulting in higher internal effi-

than Al-containing compounds, no special procedures are
necessary for regrowth. Thus, the InGaAIP cladding layer is
simply grown over the grating followed by @"-GaAs cap

ciencies and less temperature sensitivity than would be ogayer for good ohmic contact. An oxide-defined 1@@n

tained from an entirely Al-free structure.

stripe laser structure is processed from this material, and bars

The broad-stripe DFB lasers are fabricated in a two-ste'® cleaved and facet coated to produce 1 mm long lasers

metal—organic chemical vapor depositiMOCVD) growth
process. The laser basmwer clad and active regignis
grown at a temperature of 700 °C or(E00) n*-GaAs sub-
strate. A holographically patterned second-order gratifg (

=2740 A) is wet etched directly into the InGaP confinement

with 5%/95% facet reflectivities. This grating fabrication
technique is directly applicable to lasers at many other wave-
lengths such as 0.808m emitting Al-free active region la-
sers for pumping Nd—YAG lasers.

The cwP-I curve fa a 1 mmlong, 100um wide DFB

layer over the active region. The best results have been frof@ser at 10 °C is shown in Fig. 2. The threshold current den-

500 A deep gratings anisotropically etched along (1),

sity Jy, is 240 Alcnt; the differential quantum efficiencyy ,

“dovetail,” direction. The overgrowth is performed under 1S 51%; and the peak wallplug efficiency,, reaches a
the same growth conditions as the base. Surface mass traf§aximum value of 32% at 1.1 W (7-&hreshold). By com-
port that occurs during regrowth yields a nearly sinusoidaParison, Fabry—Perot devices made without gratings, but
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FIG. 2. Cw light current and wallplug efficiency, , characteristics for a
100umxX1 mm contact area, 5%/95% facet-coated DFB lasar (

=0.893um) at 10 °C heatsink temperature. The differential quantum effi-

ciency is 51% and they, reaches a maximum of 32% at 1.1 W.
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with the same structure and dimensions have at 20 3§ &t
225 Alcnt and 74 of 62% with characteristic temperatures
for threshold current density and external differential quan-
tum efficiency ofTo=200 K andT,=480 K, respectively.
Spectral measurements were performed on the broad-
area DFB lasers with a 1.25 m spectrometer and a photomul-
tiplier tube. The spectrum is predominantly single frequency
near threshold with a temperature dependence of 0.6 A/°C
and maintains a narrow linewidth up L W output power
(Fig. 3). The FWHM for the cw spectrum at 0.53 W is 0.5 A
FWHM, and at 1.1 W, if we approximate a width based upon
the envelope of the peaks, the spectrum broadens to about
0.9 A FWHM. Under pulsed-current conditions the spectrum
is broader than the cw spectrum, which can be attributed to
thermal and carrier density transieiithirp). The spectra of
the lasers measured withs pulses at a frequency of 2 kHz
yield widths of 0.9 and 1.2 A FWHM at 0.5 and 1.0 W,
respectively. In contrast, the near-threshold spectra of the
Fabry—Perot lasers with the same structure have a width of
over 10 A FWHM, and reach 20 A FWHMtd W cw.
Parameter extraction has been performed on these lasers
by fitting the measured amplified spontaneous emission
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FIG. 5. Calculated longitudinal field profile of an asymmetrically coated
FIG. 4. Comparison of theoretical and experimental amplified spontaneouBFB laser for different values otL. The endpoints, a=0 andz=1 nm,
emission spectra. The modeled spectrum hat avalue of 0.7. correspond to 5% and 95% facet coated mirrors, respectively.

(ASE) spectrum to a simple model as described by Schatz For applications where high power and narrow spectral
et all Figure 4 shows a measured subthreshold SpectrUIWidth are necessary, we have demonstrated that a broad-area

(yaser with an Al-free broad-waveguide structure can easily be
turned into a high powefl W), narrow spectrum1l A
FWHM) source by placing a DFB grating directly on the
optical confinement region. In addition, the introduction of
the gratings did not seriously affect the performance of the
lasers.

and the modeled ASE. From the fit, we have determine
approximate values for the coupling coefficient
~7cm %, and the effective mirror loss for the DFByrg
~6cm L. The fitted coupling coefficient is slightly lower
than the calculated value of 9.5 cifor a perfectly sinu-
soidal grating using perturbation thedfyThe low coupling

(kL~0.7) provides a more uniform field profile along the  gpecial thanks to Jeff Morris of LDX Optronics for lend-
cavity than devices with highly coupled gratings. Calculateqg the authors his packaging expertise, and Dan Christensen
field profiles for DFB lasers with asymmetrically coated fac- ;nq pave Jones of the Wisconsin Center of Applied Micro-
ets(5%/95% are shown in Fig. 5. The calculations, based ongjecironics for their technical assistance. This work was sup-

the general solutions to the coupled-mode equatiors- ported by the National Science Foundation, Grant No. BES-
sume no phase shifts at the facets. It can be seenxthat gg12244.

values between 0.5 and 1 should provide relatively uniform

longitudinal field profiles. This suppresses the multiple-
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