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Lifetime tests of superluminescent diodes

P.A. Lobintsov, D.S. Mamedov, S.D. Yakubovich

Abstract. The process of slow degradation of a batch of 48
superluminescent diodes (SLDs) with different active-channel
lengths L, (24 diodes with L, = 600 pm and 24 diodes with
L, = 1000 pm) made of a heteroepitaxial wafer is studied.
The diodes were divided into six groups, each containing eight
diodes, and were tested at the stabilised injection current
I =140 mA and the heatsink temperatures 25, 55, and 70 °C.
The median lifetime of a SLD with L, = 600 pm was 3000,
2450, and 1900 h at temperatures 25, 55, and 70°C,
respectively. The calculated lifetime for a SLD with
L, =1000 pm exceeds 100000 h at 25°C and is 53000 h
at 55°C and 30500 h at 70 °C. The obtained results confirm
that a perspective technical solution providing an increase in
the lifetime of high-power SLDs is the design with non-
injected ends of the active channel which reduces current and,
hence, thermal loads.
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1. Introduction

Superluminescent diodes (SLDs) are widely used as
radiation sources in optical sensors of different types, in
particular, in fibreoptic gyroscopes, for which the most
important characteristic is the reliability. SLDs differ from
conventional laser diodes (LDs) with a plane resonator by a
strong suppression of the positive optical feedback. For this
reason, a specified output power is achieved in SLDs at a
much higher density of the injection current than in LDs of
the same design based on the same semiconductor structure.
In addition, the distribution of photon density and
concentration of nonequilibrium carriers along the active-
channel axis in SLDs is more inhomogeneous than in LDs.

A complicated and diverse problem of the reliability of
LDs was studied, unlike SLDs, in many papers [1].
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However, due to the circumstances pointes out above, by
no means all the results obtained for LDs can be applied to
SLDs.

In this paper, we present the results of resource tests of a
sampling batch of SLD-38 commercial radiation sources
manufactured for several years. Such tests are performed
periodically because even a small deviation from techno-
logical regimes at any stage of the SLD production can
accelerate the degradation of devices. We studied only slow
degradation (aging). Devices showing rapid degradation
caused by the technological waste (‘infant mortality’) and
catastrophic degradation of different types were screened
during preliminary thermoelectric training for 100—200 h.

2. Configurations and output characteristics
of SLDs

The separate-confinement (GaAl)As double-heterostructure
diodes emitting in the spectral range between 820 and
840 nm had the conventional configuration of SLDs. The
active channel was a ridge waveguide of width 4 um whose
axis was inclined at an angle of 7° with respect to the
normal to crystal facets. The active-channel length L, could
be varied from 200 to 1200 pm. Crystal facets had AR
coatings. Crystals were soldered, the p-side upwards, on
copper heatsinks. Such a design is not optimal for heat
removal; however, it considerably simplifies the assembling
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Figure 1. Light—current characteristics of SLDs with different active-
channel lengths L,.
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Figure 2. Dependences of the width AZ of the spectral band of the SLD
on the active-channel length L, measured at different output powers.
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Figure 3. Dependences of the temperature of the emitting SLD facet on
the active-channel length measured at different output powers.

of diodes and their coupling with optical fibres in SLD
modules.

Figure 1 presents the dependences of the output power
of SLDs with different L, on the injection current density J.
They show that a specified level of the output power is
achieved in longer SLDs at considerably lower current
densities than in short SDLs.

In the first approximation, by neglecting the saturation
of the optical gain g(1) and residual reflections from active-
channel ends, the spectral density of the output power of an
SLD is described by the known expression

exp{[g(4) —o]L,} — 1
P(2) ~ S(2) ) —o :

(D

where 4 is the radiation wavelength; S(1) is the contribution
of spontaneous radiation to the guided mode; and « is the
coefficient of dissipative losses.

By assuming a linear relation of the maxima of S(1) and
g(4) with J, this expression well describes the light—current
characteristics presented in Fig. 1. It follows from (1) that,
irrespective of the spectral band shape g(4), the width 4 of
the output emission band decreases with increasing L,. This
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Figure 4. Dependences of the output power on the operation time for SLDs with the active-channel lengths 1000 (a) and 600 um (b) for the injection
current 140 mA and thermal stabilisation at temperatures 25, 55, and 70 °C.
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is reliably confirmed by the experimental dependences
AA(L,) obtained for the constant output power (Fig. 2).

The spectral width A4 is an important parameter of an
SLD determining the time coherence of its radiation. One
can see from Figs 1 and 2 that the active-channel length L,
should be selected based on a compromise between the
higher efficiency of longer SLDs and the broader spectrum
(low coherence) of short SLDs. The economic factor
determined by the number of SLDs fabricated from one
heteroepitaxial wafer also plays an important role.

Due to the reasons pointed out above, the regions of the
active channel of an SLD adjacent to crystal faces experi-
ence the maximum current and radiation loads. Most of the
factors determining the SLD aging have the activation
nature [1]. Therefore, the temperature of these regions in
the operating regime of SLDs is an important parameter
determining the rate of slow degradation. The method for
measuring the averaged temperature of LD end-faces by
analysing the short-wavelength wing of the spontaneous
emission spectrum is described in [2]. The results of similar
measurements performed for SLDs at the heatsink temper-
ature +25°C are presented in Fig. 3.

As expected, the facets of short SLDs were heated
stronger than that of long SLDs for the same output power,
which suggests that aging will occur faster in the former
case.

3. Lifetime tests

We studied slow degradation of 48 SLDs made of one
heteroepitaxial plate. 24 SDLs had L, = 600 um and the
rest 24 SLDs had L, = 1200 um. These samples were
divided into six groups, each containing eight SLDs, which
were tested at the stabilised injection current 7= 140 mA
and heatsink temperatures 25, 55, and 70°C.

At the heat conduction temperature of 25 °C, the output
power was ~ 10 and 20 mW for SLDs with L, = 600 and
1000 pm, respectively. The test results are presented in
Fig. 4. According to the common failure criterion as the
decrease in the output power by 50 % for I = const, the
median lifetime was 3000, 2450, and 1900 h at temperatures
25, 55, and 70 °C, respectively. This means that there is no
point in using such SLDs in this operating regime except
some technical applications where such a short service life is
acceptable. The median lifetime for SLDs with L, =
1000 um was 53000 h at 55°C and 30500 h at 70°C. As
for the service life of SLDs at temperature 25 °C, at which
most of the diodes are used, we have no at present the data
sufficient for its measurement (resource tests are being
continued). We can assert, however, that it exceeds
100000 h.

The results presented above confirm that the design with
non-injected active-channel ends [3] providing the reduction
of current and, hence, thermal loads is a promising technical
solution for high-power SLDs.

Taking into account the results of this study, we used
SLDs with the active-channel lengths L, = 1000 and
1200 pm in high-power SLD modules. These modules
assembled in a standard Butterfly housing produce more
than 30 mW at the output of a single-mode fibre. The results
of resource tests show that the predicted service life of these
modules is no less than 30000 h.

New SLD-381-HP3 modules have the following parame-
ters:

Optical power at the output of a single-mode fibre / mW.. no less than 30

Operating current / MA no more than 350
Operating Voltage/V .................................. no more than 2.8
Central wavelength/nm ........................................ 820850
Half-width of the emission spectrum/nm .............. no less than 10
Residual spectral modulation/% ..................... no more than 5

Acknowledgements. The authors thank A.T. Semenov for
his attention to this study. This work was partially
supported by the ISTC (Grant No. 2651p).

References

L. Jimenes JI. C.R. Physigue, 4, 663 (2003).
Sweeney S.J.. Lyons L.J., Adims A.R., Lock D.A. IEEE J. Sel.
Top. Quanium Electron , 9 (5), 1325 (2003).

3. Lobintsov P.A., Mamedov D.S , Prokhorov V.V., Semenov A.T.,
Yakubovich S.D. Kvantovaya FElektron., 34, 209 (2004) [ Quantum
Electron., 34, 209 (2004)].


http://dx.doi.org/10.1070/QE2004v034n03ABEH002613
omis
�,�&�2�,! ����' 3.�	-,! ˇ���' �
,1˘,
,! 4�4�' �	�	�,! ��5�'

omis
6.1��,!&0˘ ��ˇ� ���
������ ���˘���
�' +�' ��7 (���
) 8 ˛��
���

omis
�������
˝� +�' ��7 (���
)9�

http://dx.doi.org/10.1016/S1631-0705(03)00097-5
omis
�&�	�	� �� ˜�˙�  !��	"��' �' ��" (���")�

http://dx.doi.org/10.1109/JSTQE.2003.820912
omis
�*		�	+ ����' �+,�� ����' �-.�� ��/�' �,01 ˇ��� #��� $� ˇ���

omis
%��� ˛��
��� �������
�' , (�)' ˝"�� (���")�



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice


