Modification of internal temperature distribution in
broad area semiconductor lasers and the effect on
near- and far-field distributions
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Abstract: The results from two novel experimental techniques to investigate the influence of
thermal effects on large aperture, high power semiconductor lasers are presented. The first
technique is achieved via fabricated micro-stripe heating elements, integrated onto the laser diode
using standard photolithographic technology. The second involves focusing an Ar* beam onto the
injection stripe of a standard broad-area laser to investigate the effect of localised heating. Results
from both experiments show that the internal temperature distribution has a pronounced influence
on the near- and far-fields of large aperture semiconductor lasers. By tailoring this distribution,
significant improvements to near- and far-fields can be obtained.

1 Introduction

High brightness semiconductor lasers not only require high
output power but also good spatial coherence. Standard
broad-area lasers suffer from poor spatial coherence and
much work has focused on improving their near- and far-
field distributions [1, 2]. Broad area lasers exhibit multiple
linear (Hermite-Gaussian) lateral modes or, equivalently,
self-stabilised non-linear modes and tend to self-focus and
form filaments at high output powers [3, 4, 5]. Previous
investigations have highlighted the contribution of thermal
effects to the emission characteristics of these devices [6,
7, 8], however, experimental detail and analysis have been
lacking. In previous work, we investigated the background
temperature distribution in broad-area lasers, and measured
an approximately parabolic lateral temperature profile [9].
We now demonstrate the effect of modifying the tem-
perature distribution. By using simple resistive heating
elements integrated onto the p-contact of a standard
broad-area laser, we show how control of the temperature
distribution can influence output brightness. In addition,
we have used a high-power laser spot to investigate the
effect of localised heating on the near- and far-fields.
Moreover, such effects may be useful in producing beam
modulation or steering. Localised heating is often caused
by poor packaging, leading to solder voids between the
device and the heat-sink. As such, a more detailed under-
standing of its effect on output characteristics is essential.

2 Micro-stripe heaters

In order to control the temperature distribution along the
length of the 150 um wide injection stripe, a 20 um wide
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micro-heating element was placed along the p-contact
using a photolithographic liftoff process (Fig. 1). The
devices investigated were gain guided SQW-GRINSCH
devices, operating at 820nm, bonded to gold-plated
copper heatsinks, and are listed in Table 1. The heating
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Fig. 1 Broad area laser with micro-stripe heating elements located on
the p-metallisation

Table 1: Epitaxial structure for the SQW-GRINSCH
820 nm wafer

Material Dopant concentration Thickness
GaAs Zn:1.0.10"%cm—3 0.2um
GaAs Zn: 5.0-10"8 cm 3 0.2 um
Alg 60Gag s0AS Zn: 1.0-10"8cm—3 1.5um
Grade to Aly30Gag70As undoped 0.1 um
Aly30Gag 70AS undoped 0.1 um
GaAs undoped 60A
Aly30Gag 70AS undoped 0.1 um
Grade to Aly g0Gag 40AS undoped 0.1 um
Alg 60Gag 40AS Si: 3.5-10"7 cm—3 1.5um
GaAs Si: 2.0-10'8cm—3 0.5um
GaAs substrate Si: 1.0.10"8cm—8 500 pm
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element was insulated from the p-contact by a 0.2 um
Si;N, layer, and connected to ‘an external current source.
The devices were bonded epitaxial side up and operated in
pulsed mode (5us/1kHz). Current applied to the heating
element produced a lattice temperature change which
shifted the spontaneous emission peak wavelength
(0.24nm/°C) [9]. The spontaneous emission from the
front facet was observed, and measuring the peak wave-
length shift the temperature rise produced by the micro-
stripe heaters was estimated. A quadratic change in peak
wavelength with applied heating current was observed,
thereby indicating Joule heating.

Figs. 2 and 3 show the near- and far-fields at 1.17,.
When no current is applied to the heating element, no high-
intensity peaks in the near-field are visible at the position
of the heating stripe. However, the application of heating
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Fig. 2 Near-field distribution at 1.1ly,. The arrow indicates the position
of the micro-stripe heater
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Fig. 4 Effect of increasing the heating current on the far-field distribu-
tion at 1.51
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current leads to the appearance of a strong peak, located
at the position of the micro-heater. This effect is very
pronounced in the far-field, which shows a significant
improvement (the FWHM narrows from ~4° to ~2°),
thereby resulting in increased brightness. The total power
remains approximately constant.

These results suggest that heating can improve the lateral
optical field distribution by forming a thermal waveguide
along the length of the device. This thermal waveguide
arises due to the local increase in refractive index with
temperature. We found a temperature rise of ~8°C leads to
the most significant improvement in the near- and far-
fields. Previous work on the temperature dependence of
refractive index [10], found a value of 5 x 107*K~! for
dn/dT in GaAs. From our measured temperature rise we
therefore estimated a corresponding local increase of
~0.12% in refractive index. Thus we see that a relatively
small temperature and corresponding refractive index rise
has a significant impact on the near- and far-fields. Increas-
ing the temperature above this value we observed a
deterioration in the quality of the near- and far-fields, as
the improved guiding is offset by the temperature induced
reduction in the local optical gain (Fig. 4). This shows
competition between changes in refractive index and opti-
cal gain as we applied heating to the active region. There-
fore we conclude that for low levels of heating (up to
~8°C) there is an improvement in the near- and far-field
distributions leading to increased brightness. Further
increases in heating causes a decrease in the output
intensity.

3 Ar' spot heating

To investigate the effect of heating in a localised and easily
controlled manner, we focused a variable power Ar™ laser
(Coherent Innova 318, 1 ~488 nm) onto the laser’s 100 um-
wide injection stripe. The devices investigated in this
section differed from those in the previous section. Again
they were gain guided SQW-GRINSCH devices bonded to
gold-plated copper heatsinks, however they operated at
980nm, and are listed in Table 2. The devices were
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Table 2: Epitaxial structure for the SQW-GRINSCH
980 nm wafer

Material Dopant concentration Thickness
GaAs Zn: 7.0-10'8cm 3 0.1 um
Grade to Al 4GaggAs Zn: 1.0-10" cm—3 0.1 um
Alg 4Gag sgAS Zn: 1.010"®cm—3 1.2um
Grade to GaAs undoped 0.1 um
GaAs undoped 100 A
Ing 2Gag gAs undoped 70 A
GaAs undoped 100 A
Grade to Aly,GaggAs undoped 0.1 um
Alg 4Gag gAs Si: 2.0-10"®cm—3 1.2um
Grade to GaAs Si: 2.0-10® cm—3 0.1 um
GaAs Si: 2.0-10cm—3 0.5um
GaAs substrate Si: 2.0-10'cm—3 500 um

bonded epitaxial side up and operated quasi-CW (80 us/
500 Hz). Previous work [11] has indicated that 50% of the
incident power from Ar" laser was absorbed into the gold-
chrome metallisation of the p-side contact and causes
temperature rises of several degrees in the active region.
There was no optical pumping from the Ar* spot. The Ar*
light reflected from the metallisation was blocked using
an infra-red filter. The heating spot was measured to
be approximately 10 um FWHM and its position on the
injection stripe was viewed on a CCD camera (Fig. 5). The
spot was placed at various lateral and longitudinal posi-
tions on the injection stripe and the near- and far-field
distributions were observed. Fig. 6 shows the positions of
the three different lateral positions of the spot (at the stripe
edges and centre) and Fig. 5 shows the spot in lateral
position 3.

3.1 Lateral positioning

We first investigated the effect of local spot heating at a
fixed longitudinal position for the different lateral posi-
tions. In Fig. 7 the near-field with and without spot heating
at 1.17,, is plotted. Again, by observing the shift in the
peak wavelength of the spontaneous emission, we esti-
mated the local temperature rise due to the spot heating to
be ~5°C. The pronounced positive guiding effect of the
spot heating is obvious, and can be explained as follows.
The spot heating is superimposed on the already present
background temperature distribution. This temperature

\ .
Ar spotin

lateral position 3

Fig. 5 CCD image showing heating spot position the highlighted injec-
tion stripe. Detail shows the wire bond and the copper sub-mount
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Fig. 6 Lateral spot positions on the injection stripe for a fixed long-
itudinal position
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Fig. 7 Nearfield distribution at 1.11,. (Circled numbers indicate the
lateral positions of the heating spot according to Fig. 6)
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distribution, through the temperature dependence of the
refractive index, produces a similarly shaped lateral refrac-
tive index profile. Thus we would expect a higher refractive
index at the centre of the injection stripe than at the stripe
edges. Therefore the fractional change in refractive index,
produced by the spot heating, is expected to be greater at
the stripe edges than at the centre. This is seen clearly in
Fig. 7, where there is strong guiding at the edges of the
stripe (lateral positions 1 and 3), but little effect at the
centre. Fig. 8 shows the far-field distribution, with -and
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Fig. 8 Far-field distribution at 31,
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without spot heating, at 37,,. Again strong positive guiding
can be seen when the spot is placed at the stripe edges. The
intensity under all four curves in Figure 8 remains
constant, indicating no significant reduction in gain at
this heating level (Ar* power of 180 mW, local temperature
rise ~5°C).

We further investigated the competition between the
increase in refractive index and reduction in optical gain
due to localised heating. Fig. 9 shows the near-field at
1.11,, for different levels of spot heating power. There is
strong guiding for an Art power of 180 mW, but as the Ar™
power is further increased, the output intensity is decreased
due to a reduction in optical gain. This reduction in optical
gain is also apparent when we plot the peak power at 37,
versus Art power (Fig. 10). It is important to note that
at levels of Art power that produce the best guiding
(<180 mW) there is no significant reduction in output
intensity. However, at higher levels of Art power
(2300mW) there is a significant reduction in output
intensity. We have thus observed that low levels of loca-
lised heating (up to ~5°C) can have a significant impact on
the near- and far-field distributions. At higher levels of
heating the expected reduction in output intensity is seen.
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Fig. 9 Effect of increasing localised heating on the near-field distribu-
tion at 1.11,,. The arrow indicates the position of the heating spot
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Fig. 10 Effect of increasing the incident Ar* power on the output power
at 3 I,
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Fig. 11 Near-field distribution at 1.11,, for different longitudinal posi-
tions of the heating spot .

3.2 Longitudinal positioning

The effect of local spot heating at a fixed transverse
position for different longitudinal positions along the
entire length of the injection stripe was also investigated.
In Fig. 11, with the heating spot in lateral position 3 (Fig.
6) at an Art power of 180 mW, the near-field at 1.17,, is
plotted for different longitudinal spot positions. We found
the guiding effect of the spot heating to be affected very
little by the longitudinal position along the stripe. It is also
worth noting that the effect seen at the different lateral
positions was the same regardless of longitudinal position.

4 Conclusions

‘We have shown that the internal temperature distribution of
broad-area lasers has a very significant influence on their
near- and far-fields. A simple technique for producing a
thermal waveguide in order to control and improve the
brightness of standard broad-area lasers has been demon-
strated. In addition we have used spot heating to investigate
the effect of a localised temperature increase on the near-
and far-fields of these devices. In both cases we see that
applied heating can have a significant effect on the output
characteristics. Low level heating, if applied correctly, can
improve near- and far-fields significantly while higher level
heating causes a reduction in output intensity. Thus we
have clearly shown that even small perturbations in the
internal temperature distribution can have a pronounced
effect on device performance.
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