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Far-field blooming, a serious far-field dependence on driving current, affects the stability of beam quality and
applications of broad-area (BA) diode lasers. In this Letter, the lateral ridge waveguide (LRW) is introduced to
BA lasers by a simple and cost-effective approach to control the far-field stability and beam divergence. The
influences of LRW length on output power, near- and far-field, are investigated and it is found that the optimized
LRW length is able to improve both the far-field blooming and output power. The mechanism behind this is
analyzed and a 0.13°/A dependence of lateral divergence angle on the injection current is achieved.
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High-power diode lasers with broad-area (BA) waveguides
are widely used for pumping of solid-state lasers and fiber
lasers, direct material processing, security, and defense.
However, the BA diode lasers suffer from a serious
current-dependent far field (FF) in the slow axis (lateral
direction of the waveguide), i.e., the FF blooming effect[1,2],
which reduces significantly the brightness of diode lasers
with the increase in injected current, although the power is
still increasing. The injection-sensitive FF will affect the
effective collimating, fiber coupling efficiency, power sta-
bility as pumping source, and so on, which limits the real-
istic applications of BA diode lasers.
To solve this issue, many approaches have been pro-

posed, including external cavity techniques[3–7], thermal
path engineering[8,9], and phase structures[10–12]. These
methods are effective in suppressing the FF blooming ef-
fect, but increase the complexity and hence the fabrication
cost, which is sensitive for the industrial manufacturing
of high-power BA diode lasers. The other extensively
used method is the distributed electrode design to tailor
the gain distribution[13–19], which is realized by the pat-
terned electrode, including the nonuniform electrode
patterns[13–15] and multi-stripe[16–19] patterns. Although
the nonuniform electrode pattern realizes the narrow slow
axis FF[14,15], there is no demonstration of the improvement
of FF blooming. For the multi-stripe gain devices, periodic
gain profiles are formed to reduce the filamentation effect.
However, the use of selective ion implantation results in
the large lateral divergence[16,19] and the double-lobed
FF[17,18] due to the deep modulation on the gain distribu-
tion. The restricted FF blooming effect[19] was demon-
strated but with a widened lateral divergence. A
simple, effective, and low cost approach is desired.

In this Letter, multiple lateral ridge waveguides
(LRWs) were introduced to BA diode lasers by dry etch-
ing to manipulate the gain distribution, and the manipu-
lation intensity was controlled by the length of the LRW.
Compared to the ion implantation method, the LRW de-
fined by the standard lithography and etching technique is
easy to use to control the gain guiding accurately without
the implant-generated point defects. The modified gain
distribution suppresses the lateral carrier accumulation
(LCA) near the edge of the mesa and the carrier dissipa-
tion in the central area. The influences of the LRW length
on the near field (NF), FF pattern, as well as the output
power of the BA lasers, were investigated in detail and the
mechanism behind them was analyzed.

The schematic diagram of the BA LRW laser is shown
in Fig. 1. The epitaxial layers were grown on nþ GaAs
substrate by metal organic chemical vapor deposition
(MOCVD), which is the super large optical cavity (SLOC)

Fig. 1. Schematic diagram of the BA LRW laser under
investigation.
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structure[20]. The gain medium is two InGaAs/GaAsP
quantum wells (QWs) and embedded in the 3.0 and
1.2 μm thick n- and p-type Al0.1Ga0.9As layers. The
emission wavelength of QWs is 965 nm. The bottom
and top cladding layers are, respectively, n- and p-doped
Al0.15Ga0.85As and Al0.2Ga0.8As. The top layer is 200 nm
pþ GaAs for ohmic contact.
A 160 μmwide stripe was defined by lithography and an

inductively coupled plasma (ICP) etching and the etching
depth was 1 μm. Then the negative photoresist was used
to pattern the LRW on the mesa with an individual ridge
width of 8 μm and a period of 15 μm. To realize a gain
modulation on the active region, the grooves of 650 nm
depth were formed through ICP etching down to a
100 nm residual p-doped cladding layer. After that,
200 nm SiO2 was deposited and the contact window
was opened with a residual of 7.5 μm SiO2 near both sides
of the mesa. Then the p-side metal contact, wafer thin-
ning, polishing, and n-side metal contact were performed
by standard processing. For experimental characteriza-
tion, the single device was mounted with the p-side down
on a C-mount heatsink without a facet coating. The same
BA laser without LRW was fabricated from the same
wafer for comparison.
Figure 2 shows the continuous-wave (CW) light power

from both facets versus current (L-I) characteristics of the
standard BA lasers and BA LRW lasers with different
lengths of LRW at 20°C. The cavity length is L ¼ 1 mm.
Here, a ratio r of the LRW length along the longitudinal
direction to the whole cavity length is defined to describe
the modulation intensity of the LRW on BA lasers. r ¼
10% stands for the LRW length of 100 μm. Similarly, the
standard BA laser is expressed as r ¼ 0%. The threshold
currents of the LRWBA lasers are increased gradually with
the increase of the LRW length. However, the slope effi-
ciency increases first, and then decreases compared
to the standard BA lasers. Meanwhile, the lasers with r ¼
10% and r ¼ 20% have a higher output power (∼4.8% and

3% at 4 A) than that of standard lasers. The improved
efficiency might be due to the following reasons. The slope
efficiency ηs is proportional to the internal quantum effi-
ciency ηin, i.e., ηs ∝ ηinαm∕gth. Here, αm is the mirror loss
and gth is the threshold modal gain. The introduction of
LRW will suppress the lateral current spreading and leak-
ing, and hence improve the internal quantum efficiency
ηin

[21]. However, the increase of the LRW length or the
ratio r will lead to a strong gain perturbation and high
selfheating, and hence increase the threshold modal gain
and reduce the slope efficiency. Hence, the dependence
of quantum efficiency on the ratio r is intrinsic to the
trade-off between the improved internal quantum effi-
ciency and the deteriorated threshold modal gain and
selfheating.

The SLOC structure diminishes the facet load and nar-
rows the vertical FF divergence. The measured full width
at half-maximum (FWHM) divergence of vertical FF is
14.2° and the divergence with a 95% power content
(ϑ⊥;95%) is only 26.8°. The lateral CW FF profiles at
20°C were also measured and shown. Figure 3 shows
the comparison between the standard laser and LRW laser
with r ¼ 20% and r ¼ 100%. It is obvious that the laser
with r ¼ 20% has a narrower FF profile than that of the
standard laser and the LRW laser with r ¼ 100%. The lat-
eral divergence ϑ∕∕;95% is about 8.51° at 4 A for the LRW
laser with r ¼ 20%, which is decreased about 21.8% and
25.9% compared to the standard laser and LRW laser with
r ¼ 100% respectively. In addition, the LRW laser shows
more peaks in the FF profile, which might be from the ef-
fect of LRW in the resonant direction.

Figure 4 shows the dependence of lateral FF divergence
defined by 95% power content for standard laser and

Fig. 2. Output power curves as a function of current for BA
LRW lasers. The inset shows the influence of r on the slope
efficiencies.

Fig. 3. Lateral FF distributions of standard laser and LRW la-
sers with r ¼ 20% and r ¼ 100% at a 4 A injection current. The
insert is the real spot size, respectively.
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LRW lasers. For the laser without LRW, the lateral diver-
gence increases by 3.81° from 1 to 4 A injection current.
The rapidly increased divergence indicates the serious FF
blooming effect in the lateral direction. When the LRW is
introduced, the FF blooming effect is evidently sup-
pressed. The dependence of the lateral FF divergence
on the injection goes down to 0.13°/A for r ¼ 20%; in con-
trast, it is 1.27°/A for the standard device. Continuing to
increase the ratio r, the FF blooming is suppressed but
with degraded lateral FF angles. The lateral divergence
is over 11° for r ¼ 100%. By comparing the lateral diver-
gence, it is found that the r ¼ 20% is the best structure in
which a good balance between the stable lateral FF and
lower divergence is achieved.
To analyze the mechanism behind the lateral FF, the

NF distributions were measured with a CCD camera with
a 20× microscope objective. The NF characteristics of the
standard laser and LRW lasers are shown in Fig. 5(a) for
1 A injection current and Fig. 5(b) for 4 A injection cur-
rent. For simplification, only r ¼ 0%, 20%, and 100% are
shown for comparison. A comparative analysis of these NF
profiles is performed, which shows that the NF of the stan-
dard laser shows more light at the edge of the device,
which reflects the more serious LCA. The LCA effect is
one of the main reasons for FF blooming[22]. With the
increase of r, the LCA effect is evidently suppressed,
which leads to the improved injection dependence of
FF. However, more peaks appear in the NF profiles that
become sharper and more fluctuated. This is correspond-
ing to the increased FF divergence when r is high, as
shown in Fig. 4. Obviously, the longer the LRW, the
stronger the gain modulation in the devices. Hence, too
strong modulation causes a side effect on the FF angle.
Similar results can be found in the previous works on tai-
loring the gain distribution by the ion implantation
method[16–19]. The ion implantation method often leads
to a strong modulation of the gain distribution and hence
the large lateral divergence[16–19]. As shown in Fig. 5(a), the
space of adjacent peaks is 15 μm, which is consistent with

the period of the LRW.When the current increases to 4 A,
the intensity of the leaked light at the edge of the stripe
intensifies for r ¼ 0%, and the laser with r ¼ 20% exhibits
a relatively stable NF intensity profile with small fluctua-
tions, which is able to be concluded as the NF character-
istics corresponding to low and stable lateral FF.

In conclusion, we demonstrate the capabilities of LRW
for the effective suppressing of FF blooming in BA diode
lasers. The influences of LRW on the quantum efficiency,
output power, NF, and FF are studied. The best overall
performance is obtained from the BA laser with the LRW
length of 20% the cavity length. Limiting the lateral beam
divergence rise to approximately 0.13° per ampere of
current increase, compared to 1.27°/A for the BA diode
laser, is achieved. It is demonstrated that the LRW’s func-
tion on the suppression of FF blooming is due to the im-
provement of LCA, and longer LRW will lead to strong
NF modulation and hence worsen the lateral divergence.
In addition, the approach to defining the LRW via stan-
dard lithography and etching techniques is suitable for
industrial manufacturing. We believe that our results will
contribute to the development of high-brightness BA di-
ode lasers.

Fig. 4. Lateral divergence with 95% power content as a function
of injection current.

Fig. 5. Lateral NF distributions of standard laser (r ¼ 0%) and
LRW lasers with r ¼ 20% and 100% at injection currents of
(a) I ¼ 1 A and (b) I ¼ 4 A.
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