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Abstract-Superluminescent diodes are fabricated with a bent
waveguide to prevent optical feedback. The bent ridge waveguide
is formed with one end normal to the cleaved facet and the
other angled at 7" from the facet normal. The spectral ripple
of these devices is around 10% at 6 mW output power. The farfield pattern emitted from the angled facet is crescent-shaped.
As the device is set up in an external-cavityconfiguration, lasing
operationis observed regardlessof the additional 10.8 dB bending
loss introduced by the bent waveguide.
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I. INTRODUCTION
UPERLUMINESCENT DIODES (SLD's) are useful for
applications in areas such as optical gyroscopes and sensors, broad-band traveling-wave optical amplifiers, and in
external-cavity semiconductor lasers. These devices are made
by reducing the reflection at either or both facets of a laserdiode structure. This purpose has been achieved by several
methods, including antireflection coating the facet [11, tilting
the laser stripe [ 2 ] , polishing the facet at Brewster angle
[3], dry etching the facet at an angle to the pumping stripe
[4]. Bending the mesa stripe near the output facet [5] is
also an effective way. This method is particularly attractive
because it requires no more processing steps than fabricating
conventional laser diodes and it provides the SLD a flexibility
that the two facets can be randomly oriented at different angles
with respect to the waveguide. In addition, bending the mesa
stripe is very important for applications in integrated optics,
for example, in semiconductor interferemetric modulator [6],
directional coupler switch [7], and monolithic integrated ringcavity semiconductor laser [8]. In this letter, therefore, we
report on the design and the fabrication of SLD's with the
bent mesa stripe as well as the bending influence on the
characteristics of SLD's.
The devices are fabricated on a MOCVD grown graded
index separate confinement heterostructure (GRINSCH) substrate with two 80-A GaAs quantum wells separated by a
50-A Alo.zGao.sAs barrier layer. Fig. 1 shows a sketch of
the bent-waveguide SLD. The ridge waveguide is 5 pm wide
and approximately 500 pm long with a 280-pm bent part. Due
to the difficulty of forming smoothly bent waveguide on the
processing masks, our SLD's are designed to have the bent
ridge waveguide consisting of fourteen segments that connect
one after another. Each segment is 20 pm long and is oriented
at an increasing angle with respect to the direction of the
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Fig. 1. The top view of the superliminescent diode with bent waveguide.

220-pm straight waveguide, which is aligned along
direction. The segment nearest to the output facet is at an
angle of 7" from the normal of the cleaved facet. The ridge
waveguide, including the straight and the bent parts, is created
by wet etching. Using proper chemicals, wet etching could
be insensitive to the orientation of the ridge that is aligned
within 10" from the [OlT] direction [9]. Etching is stopped
at -200 nm above the GRINSCH layer. The fabrication is
completed by n-contact metallization. The devices are cleaved
apart. The usual SLD's with the tilted laser stripe [2] are
also fabricated on the same substrate for comparison. No facet
coatings were applied to both types of devices.
The L - I curves and spectra of the bent-waveguide SLD's
are measured. The L - I curves are similar to those measured
from other types of SLD's [4]. The output power is 6 mW
as the pumping current is 77 mA. The measured spectra
have a period well corresponding to the overall length of the
waveguide, indicating that each connection corner between
those bent segments introduces no optical feedback. The
spectral ripple is around 10% and the FWHM spectral width
is -180 A at the output power of 6 mW. The spectral ripple is
significantly reduced due to the small retro-reflectivity at the
bent-waveguide facet. On the other hand, the reflectivity of
the straight-waveguide facet is still large and causes the light
emitted from the bent-waveguide facet to experience doublepath amplification. Therefore, the measured L - I curves
show that the output power emitted from the bent-waveguide
facet is much larger than that emitted from the straightwaveguide facet. For comparison, 7' tilted-stripe SLD's with
approximately the same length are fabricated nearby. Shown
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Fig. 2. Measured spectra of the (a) bent-waveguide SLD and (b) tilted-stripe
SLD at 6 mW of output power.

bent-waveguide facet of the bent-waveguide SLD' s because
the light therein experiences only single-path amplification.
It had been noticed that the far-field patterns emitted from
the angled facet is crescent-shaped [lo]. The bent-waveguide
SLD also demonstates a similarly crescent-shaped far-field
pattern emitted from the bent-waveguide facet. However, a
careful examination of the far-field patterns emitted from those
two types of SLD's reveals a discrepancy. Shown in Fig. 3(a)
and (b) are the contour plots of the CCD images of the
far-field patterns emitted from the bent-waveguide facet and
the tilted-stripe facet, respectively. In Fig. 3(b), the contour
curves are more dense in the left-hand side than in the righthand side. This phenomenon is not unusual for the far-field
pattern emitted from the angled facet associated with a straight
waveguide [lll. Nonetheless, the contour plot in Fig. 3(a)
shows an opposite behavior. This different behavior is due
to the bending effect, which causes the field distribution to
concentrate toward the outer radius of the bending waveguide
[12]. The asymmetric field distribution in the waveguide
then leads to the novel asymmetric behavior of the far-field
emission pattern. In fact, the asymmetric field distribution
also causes the far-field pattern emitted from the straightwaveguide facet to be asymmetric. Fig. 4 shows such an
asymmetric profile of the far-field emission pattern along the
junction plane. This observation indicates that the asymmetric
field distribution has not evolved into the symmetric guiding
mode even though it has propagated along the straight portion
of the waveguide for 220 pm.
In order to see if the bending waveguide will prohibit the
bent-waveguide SLD from pratical applications, experiments
on such a bent-waveguide SLD in an external-cavity configuration are performed. As shown in Fig. 5, the laser cavity is
formed between the extemal mirror and the straight-waveguide
facet. Output light is measured at the straight-waveguide facet.
Regardless of the crescent-shaped far-field emission pattern,
the collimator (Coming C230-TM-B) still couples about 80%
of the light from the bent-waveguide facet to the external
cavity. With R
100% of the external mirror, a nice L - I
curve is obtained for output power up to over 10 mW.
Different reflectivity of the external mirror has also been used
to determine the bending loss of the bent waveguide. As the
mirror reflectivity decreases from 100% to 34%, the threshold
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Fig. 3. Contour plats of CCD images of the far-field pattems: (a) emitted
from the bent-wavegluidefacet of the bent-waveguide SLD, (b) emitted from
the tilted-stripe SLD. The contour curves are plotted at intensity values 70,
60, 50, 40, 30, and 20 from the center to outside with maximum intensity
values 77 and 78 for (a) and (b), respectively.
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Fig. 4. Measured asymmetric profile of the far-field emission pattern emitted
from the straight-warvegnide facet of the bent-waveguide SLD.

current of the external-cavity laser increases from 31 mA
to 35 mA and the differential quantum efficiency decreases
from 22.6% to 17.3%. The curve of the threshold current
vs. the log of th,e external-mirror reflectivity is closely linear.
From this plot, the bending loss is determined to be 10.8 dB.
Although the additional loss introduced by the bent waveguide
is significant, the large gain of the pumping stripe overcomes
this additional bending loss and still leads to the oscillation of
the external-cavity laser. A Au-coated 1200 lines/mm blazed
grating has also been used as the extemal mirror in the Littrow
condition. The oscillation wavelength could then be limited
within one Fabiy-Ptkot mode of the diode chip and is tunable
within the gain bandwidth.
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11. CONCLUSION
Superlumineiscent diodes with a bent waveguide are fabricated and characterized. The bent ridge waveguide is formed
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