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Abstract—High-brightness tapered diode lasers emitting at 980
nm with electrically separated straight ridge waveguide and ta-
pered gain-guided sections were fabricated. An output power of
more than 14 W was achieved in quasi-continuous wave (QCW)
operation. The value of the beam propagation ratio M 2 remained
below 2 up to a power of 7.7 W if the sections were separately
contacted. The vertical beam divergence was 18◦ (FWHM) only.

Index Terms—Beam quality, high brightness, high-power laser,
semiconductor laser, tapered laser.

I. INTRODUCTION

D IODE lasers with high output power and high beam quality
are required for many commercial and scientific applica-

tions. One of the most promising devices are tapered diode lasers
which consist of a straight ridge waveguide (RW) section and a
tapered gain-guided section. For a wide wavelength range this
approach has been successfully tested and output powers up to
5 W were achieved [1]–[6].

We investigated experimentally the dependence of the beam
quality of 735 nm tapered lasers on different geometrical pa-
rameters such as the lengths of the RW and tapered sections
in [7]. In this paper, we present experimental data suitable for
a better understanding of the impact of the current injected into
RW section on output power and beam quality which will give
design rules for a further optimization of 980-nm tapered lasers.
In the tapered devices under study the current through the RW
and the tapered sections can be adjusted separately which allows
an independent control of output power and beam quality and
moreover a simplified modulation of the output power. The RW
section was driven in continuous wave (CW) operation, whereas
the tapered section was operated with µs current pulses.

In Section II, details of the device structure and the fabrication
process will be given. In Section III, the dependence of the
output power and beam quality upon the current through the
RW and tapered sections will be presented. Finally, conclusions
will be given in Section IV.

II. DEVICE STRUCTURE AND FABRICATION

A schematic view of the tapered laser under study is shown
in Fig. 1. The vertical laser structure grown by metal-organic
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Fig. 1. Schematic three dimensional view of a tapered laser.

Fig. 2. Profile of vertical far field intensity.

chemical vapour phase epitaxy consists of a super large optical
cavity (SLOC) with a very broad 3.6-µm-thick Al0.45Ga0.55As
waveguide embedded in Al0.70Ga0.30As cladding layers. The
thickness of the cladding layers is optimised for minimal series
resistance and fundamental-mode radiation losses. The active
region is composed of a compressively strained InGaAs single
quantum well sandwiched between tensile-strained GaAsP bar-
riers. This SLOC structure not only reduces the facet load but
also results in an excellent small vertical far field angle of 18.4◦

(full width half maximum), and about 96% of the output power
is included within a vertical far field angle of only 33.6◦ as
shown in Fig. 2. The internal efficiency is larger than 95% and
the internal losses are about 1.4 cm−1, both value determined
from an analysis of the cavity-length dependence of threshold
current and external differential efficiency of equivalent broad
area (BA) lasers.

The fabrication of tapered lasers uses a combination of well-
established processing steps for RW and BA lasers. A total laser
length of L = 4 mm was selected to achieve high output power.
The RW section is formed by reactive ion etching of a mesa
structure.
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Fig. 3. Light-current characteristics of the tapered diode laser emitting at
980 nm with (a) common (solid line: measurements, bullets: extracted from (b);
see text) and (b) separated contacts with the following parameters: L = 4 mm,
LRW = 1350 µm, φ = 6◦, and Rf = 1%. Heat sink temperature T = 25 ◦C.

In this paper, we investigate tapered diode lasers with a RW
width of W = 3 µm and a RW length of LRW = 1350 µm.
The etch depth was selected for an appropriate effective index
step of ∆neff = 5 · 10−3. The tapered section has a length of
Ltaper = 2650 µm and a total flare angle of φ = 6◦.

After substrate thinning and depositing the n-metalization, the
wafers were cleaved and the facets were anti- and high-reflection
coated, respectively (Rf ≈ 1%, Rr ≈ 95%). The devices were
finally mounted, junction side up, on standard C-mounts for the
measurements.

III. EXPERIMENTAL RESULTS

The output power, the position of the beam waist, the inten-
sity profile in the beam waist, and the lateral far-field profile
were measured in dependence on the currents through both sec-
tions. Whereas the RW section was driven in CW operation, the
tapered section was operated with current pulses of a duration
of 10 µs and a repetition rate of 25 Hz. All measurements were
performed at a heatsink temperature of T = 25 ◦C.

Fig. 3 shows power-current characteristics of the tapered
diode laser with common [Fig. 3(a)] and separated [Fig. 3(b)]
contacting. With common contacting and pulsed operation of
both sections, at a current of about 22 A a maximum output
power of 15 W was achieved. The threshold current was Ith =
0.98 A and the measured slope efficiency was S = 0.78 W/A.
However, for output powers above P = 10 W, strong nonlinear-
ities in the light-current characteristic were observed.

In Fig. 3(b), the dependence of the output power upon the
current through the tapered section Itaper of the same laser, as in
Fig. 3(a), is given. The current in the RW section IRW was varied
from 0 mA up to 500 mA. With the increase of IRW the slope
efficiency of the device increases first from about 0.57 W/A up to
0.77 W/A for IRW = 440 mA and decreases then with a further

Fig. 4. Voltage-current characteristics for separate contacting of the device in
Fig. 3 for (a) RW and (b) tapered sections.

increase of IRW. For the case IRW = 0, the threshold current is
3.84 A. The highest output power of P = 14.4 W was achieved
with IRW = 440 mA and Itaper = 21.2 A. For this optimal RW
current the power-current characteristics remained almost linear
within the studied current range. A further increase of the IRW

does not lead to an improvement of the output power.
Moreover, Fig. 3(b) illustrates that at constant current in the

tapered section the output power can be modulated by a variation
of the current through the RW section. This is much easier
realized than a modulation of the much larger current through
the tapered section.

For a better understanding how the current distributes between
the RW and tapered sections in the case of common contacting,
the voltage-current characteristics of the RW and tapered sec-
tions were measured. The results are shown in Fig. 4(a) and (b),
respectively. From these measurements, the serial resistance of
the RW and tapered sections Rs−taper and Rs−RW, respectively,
were estimated to Rs−RW ≈ 1.35 Ω and Rs−taper ≈ 0.067 Ω.

Assuming that the current through the tapered laser with com-
mon contacting is split like in a parallel circuit, it can be con-
cluded that 95% of the current flows through the tapered section
and about 5% through the RW section.

From this, the power-current characteristics for the case of
common contacting can be simulated based on the measure-
ments for separate contacting. Using the above results, the bul-
lets in Fig. 3(a) were calculated from Fig. 3(b). The agreement
with the directly measured characteristics (solid line) is obvious.
This verifies the assumption that the current is divided according
to the serial resistances of the two sections.

In the following the lateral beam waist profiles and the lateral
far field distribution will be discussed. At first, results for a fixed
current IRW = 440 mA will be given. This current corresponds
to the optimum value as found above. It yields not only the
highest output power, but also the best beam quality at high
output powers up to 7.7 W.
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Fig. 5. Dependence of the (a) lateral far-field profiles and (b) the intensity
profiles in the beam waist on output power for the same device as in Fig. 3.
The current through the RW section was kept constant to IRW = 440 mA. The
relative power in the central lobe Pc is also indicated.

TABLE I
COMPILATION OF BEAM PARAMETERS

The results are depicted in Fig. 5(a) and (b), respectively. In
Fig. 5(a), the profiles of the far-field intensity are given. There
is a slight increase of the far field width (measured at 1/e2

level) with increasing output power. The values are given in
Table I. The intensity profiles measured at the beam waist are
shown in Fig. 5(b). There are only minor side lobes and with
increasing output power the beam waist width increases. Up to
an output power P = 7.7 W the measured beam waist width
(1/e2 level) is smaller than 7.2 µm. The power included in the
central Gaussian-like part is not smaller than 68% in all cases.

The beam parameters are compiled in Table I for separate
contacting with the optimal current IRW = 440 mA. A calcula-
tion of the beam propagation ratio M2 from the 1/e2 levels of
the intensity profiles of the far-field and beam waist yields even
at this high output power values smaller than 2. These small M2

values illustrate the nearly diffraction limited properties of this
laser up to an output power of 7.7 W.

The difference in the beam quality between the case of com-
mon and separate contacting is shown in Fig. 6 where the beam
propagation ratio M2 is plotted versus the output power. The
solid squares show the results for common contacting, the open
circles the results for separate contacting with IRW = 440 mA.

For the case of common contacting up to an output power of
P = 5 W the M2 value is close to 1. A further increase of the
output power leads to a broadening of the beam width and hence

Fig. 6. Dependence of the beam propagation ratio M 2 on the output power
for common and separate contacting.

Fig. 7. Dependence of the beam waist width determined at the 1/e2 level
upon the output power with (a) separate and (b) common contacting. In (a), the
different curves were shifted for better clarity.

to an increase of M2. However, above P = 6 W, M2 decreases
again and at P = 6.5 W there is a minimum with M2 = 1.3. At
a larger power the beam quality degrades again.

For separate contacting there is a monotonous increase of
M2. But this effect is significantly smaller compared to the case
of common contacting, and it demonstrates the advantage of
separate contacting.

Finally, it was checked whether the beam waist width in the
case of common contacting can also be deduced from the mea-
surements with separate contacting similarly as it was done for
the power-current characteristics. For this purpose, measure-
ments of the lateral beam waist width as a function of IRW for
three different currents through the tapered section were per-
formed. The results are given in Fig. 7(a). It can be seen, that
there is a nonmonotonously behavior of the beam waist width
versus IRW. For small values of IRW the beam waist is narrow.
With increasing current the beam waist width increases. How-
ever, even at higher currents there are also regions with a smaller
beam waist width.



1226 IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 11, NO. 5, SEPTEMBER/OCTOBER 2005

The crosses in Fig. 7(b) show the dependence of the beam
waist width on the current for the case of common contacting.
The dots represent the deduced data from the experimental re-
sults shown in Fig. 7(a). There is a strong correlation between
the deduced data and the directly measured ones.

The experiments show that based on measurements with sep-
arated contacts the features of a tapered device with com-
mon contacts are predictable. Based on the assumption of
a parallel connection of RW and tapered sections, not only
the electrical properties, but also the beam parameters can be
determined.

IV. CONCLUSION

In the experiments presented, the potential of tapered lasers
with electrically separated RW and tapered sections has been
investigated. For the epi-side up mounted diode lasers under
study emitting at 980 nm output powers up to 14 W in quasi
CW operation were measured.

For the separate contacting of RW and tapered sections and
a suitably chosen current through the RW section at an output
power of P = 6.5 W more than 70% of the power lies inside
the central lobe and the beam propagation ratio is M2 ≤ 1.2. At
an output power of 7.7 W still a good beam quality with a low
value of M2 = 1.9 was obtained. Thus, together with the low
vertical divergence these devices have an excellent beam shape,
which allows an effective coupling of the laser light into fibers.

The measurements of devices with separate contacting allow
conclusions on the electro-optical properties of devices with
common contacting.
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Germany, on high power and high brightness diode lasers.

Frank Dittmar received the Diploma degree in physics from the Wilhelms-
University, Münster, Germany, in 1996. In 2002, he joined the Ferdinand-Braun-
Institute and is currently pursuing the Ph.D. degree.

Until 1997, he continued working on stabilized tunable diode lasers and
spectroscopy. From 1997 to 2002, he worked on electron probe micro analysis
with an EDS manufacturer. His research interests include the design optimiza-
tion of high-power taper lasers and the characterization of their beam quality.
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