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Abstract.  A series of light-emitting modules based on single-mode 
quantum-well superluminescent diodes with centre emission wave-
lengths of about 790, 840, 960 and 1060 nm and a cw output power 
up to 100 mW in free space is developed. A sufficiently long service 
life of these devices is demonstrated.

Keywords: nanoheterostructure, quantum-well superluminescent 
diode.

1. Introduction

A key parameter for many practical applications of superlu-
minescent  diodes  (SLDs)  is  output  optical  power.  In  most 
cases, one prefers light-emitting modules based on single spa-
tial mode SLDs, whose divergence is close to the diffraction 
limit.

At present, the optoelectronic market offers a great vari-
ety of single-transverse-mode laser diodes (LDs) of different 
spectral  regions  with  hundred-milliwatt  cw  output  powers. 
The powers of commercially available SLDs are much more 
moderate. This relates to a lower external quantum efficiency 
of SLDs, as well as to the fact that, due to a higher concentra-
tion  of  nonequilibrium  charge  carriers  in working  regimes, 
SLDs have lower thresholds of catastrophic optical damage 
(COD), while their ageing processes are faster than in LDs. 
The number of publications devoted to improvement of LD 
and  SLD  characteristics  differs  significatly.  Nevertheless, 
during the last two decades, single-mode IR SLDs with a cw 
output  power  exceeding  100  mW  were  studied  in  a  fair 
amount of experimental works (see, for example, [1 – 6]). The 
problem of reliability of these devices usually was not consid-
ered. To date, the mentioned level of power was achieved only 
for  commercial  SLD modules  with  a  wavelength  of  about 
1300  nm  (from DenseLight).  As  to  SLDs  operating  in  the 
nearest  IR  range 750 – 1100 nm, despite  a higher  efficiency, 
the output power of such commercial SLDs does not exceed 
60  mW  (Superlum  Diodes  Ltd.,  EXALOS,  InPhenix, 
DenseLight, Optoenergy Inc., etc.).

An obvious way  to  increase  the  output  power  is  to  use 
SLDs with a wide multimode active channel. However, their 
divergence in the p – n junction plane considerably exceeds the 
diffraction limit [7], which in many cases restricts their practi-
cal application. The same can be said about integrated SDLs 
[8]. A comprehensive solution to the problem is to use MOPA 
systems,  in  which  the master  oscillators  are  SLDs  and  the 
power amplifiers are semiconductor optical amplifiers (SOAs) 
with  tapered channels, whose divergence  is  close  to  the dif-
fraction limit. For example, Toptica and Sacher Lasertechnik 
produce  a  large  series  of  such  SOAs  for  various  spectral 
regions. At an input signal power of 5 – 50 mW, their output 
cw power amounts to 3 W. These MOPA systems, as a rule, 
contain focusing and collimating optics, as well as an optical 
isolator between the SLD and SOA. These systems represent 
a  separate class of devices,  relatively  large-sized and expen-
sive. As far as we know, experiments on creation of such sys-
tems in an integral design without optical isolation [9] yielded 
no practical results.

A rather interesting design is used in SLDs with a multi-
mode  interferometer  as  the  active  channel  [10,  11].  These 
SLDs have a diffraction-limited divergence and, at the same 
time,  allow  one  to  considerably  increase  the  output  power 
and decrease the current load due to a larger volume of the 
active  channel  compared  to  traditional  ‘narrow’  SLDs. 
Unfortunately,  this  design  does  not  solve  the  problem  of 
COD related to destruction of faces.

In  the present work, we  study  traditionally designed  IR 
SLDs. They were made using four high-quality semiconduc-
tor nanoheterostructures, which were grown by MOCVD, as 
well as an optimised technology of formation of active chan-
nels and ionic cleaning of faces prior to deposition of antire-
flection coating [12]. This allowed us to increase the external 
efficiency of SLDs and their COD thresholds. Miniature light 
emitting modules based on the developed SLDs have demon-
strated a rather high reliability at a cw output optical power up to 
100 mW.

2. Experimental samples and their characteristics

The semiconductor nanoheterostructures with quantum-well 
active  layers and  separate  confinement used  for  the  studied 
SLDs  were  specially  grown  by  MOS-hydride  epitaxy  in 
SIGMOS  and  AIXTRON  reactors.  The  main  structural 
parameters  of  these  nanoheterostructures  are  listed  in 
Table 1. All experimental samples had identical design. The 
straight active channel of SLDs was a ridge waveguide 1500 mm 
long and 4 mm wide inclined at an angle of 7° with respect to 
the normal to the antireflection-coated crystal faces.
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As  is  known,  in  quantum-well  SLDs  with  active  layers 
several nanometers thick, at high concentrations of nonequilib-
rium charge carriers, not only the ground but also the excited 
subbands  of  the  energy  spectrum  are  filled. As  a  result,  the 
amplified spontaneous emission spectrum has a typical double-
hump  shape.  This  shape  was  not  observed  for  the  studied 
SLDs. Up to an injection current density of ~104 A cm–2, their 
spectra had a bell-like quasi-Gaussian shape [13], which testi-
fies that the superluminescence is formed only by the quan-
tum transitions from the ground subband. Filling of excited 
subbands in this case is hindered due to a high quantum effi-
ciency and a large length of the active channel (high single-
pass optical gain), which lead to an efficient drop in inver-
sion.

Table 1 also lists the main spectral parameters of the stud-
ied SLDs in the operation regimes corresponding to a cw out-
put power of 100 mW. The COD threshold, which is related, 
as rule, to destruction of faces, was 200 – 220 mW for SLDs of 
types I – III. For the samples of type IV, we observed no COD, 
but  the  output  power  thermally  saturated  with  increasing 
injection current.

Typical light – current characteristics and emission spectra 
of the studied SLDs are presented in Fig. 1. A typical far-field 
radiation is shown in Fig. 2. This figure presents the output 
beam cross section and the angular dependences of radiation 
intensity  in  the planes perpendicular and parallel  to hetero-
layers. As was noted in the Introduction, the obtained radia-
tion powers are not record-breaking for near-IR SLDs. The 
main achievement of the present work is the demonstration of 
a sufficiently high reliability of the developed devices  in the 
considered operation regimes. Figure 3 presents the chrono-
grams of preliminary lifetime tests of SLDs of types II and III 
at an injection current of 400 mA. Extrapolation of the pre-

sented dependences allows us to estimate the median lifetimes 
of these SLDs to be about 15000 and 11000 h, respectively. 
Similar tests are being performed at the moment for SLDs of 
types  I  and  IV.  According  to  preliminary  estimates,  their 
median lifetimes will also exceed 10000 h.

3. Miniature light-emitting modules

As a result of  the performed research, we developed  light-
emitting  modules  in  standard  TOW  and  TO-9  packages. 
Modules of  the  first  type contain,  in addition to a SLD, a 
thermoelectric  microcooler  (TEMC),  a  thermistor  and  a 
monitor  photodiode, which makes  it  possible  to  use  stan-
dard electronic controllers for temperature stabilisation and 
automatic output power control. The chronograms in Fig. 4 
illustrates  levelling off of the TEMC current  in the case of 
temperature stabilization of SLDs at 25 °C for injection cur-
rents of 300 and 400 mA and different environmental tem-
peratures. These dependences show that, at least at environ-
mental temperatures up to 55 °C, these modules can operate 
with the output characteristics shown in Fig. 1. Obviously, 
the use of a larger package and a more efficient TEMC will 
allow  one  to  considerably  extend  the  range  of  allowable 
working temperatures.

Modules of the second type contain only an SLD and a 
monitor photodiode. In the case of using an external tempera-
ture  stabilisation  system,  they  also operate with  the  above-
presented  output  characteristics.  If  they  are  used  being 
mounted  on  a  rather  heavy  heat  sink,  their  output  optical 
characteristics  change with  environmental  temperature,  i.e., 
in the automatic power control regime the central wavelength 
and the spectral width increase with increasing temperature. 
These changes are illustrated in Fig. 5 on the example of mod-

Table 1. Main structural parameters and typical technical characteristics of studied SLDs.

SLD type
Active layer composition 
and thickness/nm

Waveguiding layer composition  
and thickness/mm ISLD /mA lm /nm D l/nm RIFP (%)

COD 
threshold/mW A–1

I GaAs, 3.5 AlxGa1 – xAs (x = 0.25 – 0.5), 0.3 300 795 16 2 – 3 200/700

II GaAs, 9.0 Al0.3Ga0.7As, 0.25 360 840 25 3 – 4 220/700

III In0.2Ga0.8As, 6.0 AlxGa1 – xAs (x = 0 – 0.5), 0.4 370 960 50 4 – 6 220/800

IV
In0.35Ga0.65As,
2 layers 7.0 nm each

Al0.25Ga0.75As, 0.5 425 1060 40 5 – 7
Overheating 
without COD

Note: ISLD is the injection current corresponding to the output power of 100 mW at 25 °С and the presented spectral characteristics; lm is the median 
wavelength; D l is the spectral half-width; and RIFP is the depth of residual modulation of the spectrum due to Fabry – Perot modes.
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Figure 1. (a) Current – voltage characteristics of the studied SLDs at 25 °C and (b) their emission spectra at an output power of 100 mW.
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ules based on SLDs of type II  in TO-9 packages. It  is these 
devices  that  are  commercially  produced  as  the  first  fruit 
(model SLD 340-UHP).

Thus, we  studied prototypes of miniature  single-spatial-
mode  SLD modules with  centre wavelengths  790,  840,  960 
and 1060 nm. It is shown that, at a cw output optical power of 

100 mW, their lifetime exceeds 10000 h. These modules sur-
pass  the  commercially  available  analogues  in output power 
approximately twofold.
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Figure 2. Typical far-field radiation: (a) beam cross section and (b) intensity distribution in the planes ( 1 ) perpendicular and ( 2 ) parallel to hetero-
layers.
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Figure 3. Chronograms of preliminary lifetime tests of SLDs of types (a) II and (b) III at an injection current of 400 mA.
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Figure 4. Transient processes in a TEMC. Injection currents (a) 300 and (b) 400 mA; temperature stabilisation at 25 °C; environmental tempera-
tures ( 1 ) 25, ( 2 ) 45, ( 3 ) 55 and ( 4 ) 65 °C.
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Figure 5. (a) Light – current characteristics at different temperatures and temperature dependences of (b) the centre wavelength and (c) spectral 
width at output powers of ( 1 ) 5, ( 2 ) 10 and ( 3 ) 50 mW for an SLD of type II in TO-9 package (heat sink without temperature stabilisation).


