
6th International Conference on Microelectronics and Computer Science, Chişinău, Republic of Moldova, October 1-3, 2009  
 

         335

 

I. INTRODUCTION  
The generation power of laser diodes is saturated with 

increasing the pump current as a result in heating the active 
region. The spreading the injected carriers, the growth of 
the threshold quantity and the concentration of current 
carriers in the waveguide layers provide decreasing the 
laser quantum yield and increasing the internal optical 
losses. Respectively, the laser output power and efficiency 
drop. Maximum values of the laser output power are 16 W 
in CW regime and 145 W at pulsed operation (pulse 
duration of 100 ns, pump current of 200 A) for typical 
single laser elements with a wide stripe contact [1].  

Development and study of powerful semiconductor 
injection lasers are important nowadays. High efficiency 
laser diodes emitting at wavelengths of λ = 0.8 µm are 
widely applied in different fields of science and technique. 
These lasers are directly used not only in industry 
equipment (spectroscopy, metrology, technology, 
medicine, etc.), but also for purposes of fiber-optical 
communication and pumping of solid-state lasers [1–3]. 
Therefore increasing the output optical power, brightness, 
efficiency, operation time, the receiving of the narrow and 
stable spectral radiation line, and lowering of the internal 
optical losses in the laser diodes belong to the major tasks.  

The main progress in the development of powerful 
semiconductor laser sources is attained for laser diode 
elements based on the GaInAs, GaAsP, and AlGaAs solid 
solution systems [1–7]. The Al-containing structures and 
Al-free lasers have similar properties and characteristics as 
well as some specific drawbacks [1, 3].  

In this work, output power characteristics of high 
efficiency quantum-well heterolasers with a wide stripe 
contact based on the AlGaInAs semiconductor compounds 
are studied. In detail, polarization of the emitting radiation 

                                                           
  The paper was partly supported by Belarusian Republican Foundation 

for Fundamental Research.  

and output beam divergence parameters in dependence on 
the pump current are measured and ways of obtaining the 
improved laser characteristics and properties are discussed. 
It is shown that the laser elements can be applied together 
with focused and collimated optics for different purposes. 
e. g., the described laser diodes are suitable as optimal 
sources for the pumping of solid-state lasers and fiber-
optical amplifiers. Stable and improved output power 
characteristics of the heterolasers are made by more soft 
and careful producing the ohmic contacts and at the 
achievement of the most uniform distribution of the lasing 
intensity in the p–n junction plane.  

II. EXPERIMENTAL  
Investigations of the output characteristics of powerful 

semiconductor lasers operating at the wavelength in the 
region of 800–810 nm are carried out with samples 
marking as EZ-1 and ET-2 (St. Petersburg, Russia). The 
active region of the quantum-well heterostructure lasers 
includes the AlGaInAs quantum wells of width 10 nm and 
the AlxGa1-xAs gradient waveguide layers (thickness of 
0.15 nm, x = 0.3÷0.6). Laser elements are soldered to a heat 
sink by the p-type layer, reflection coefficients of the cavity 
opposite sides are 0.9 and 0.2 [8]. Thermal parameters of 
the heterolasers were studied before in [9].  

The laser diodes are excited in the regime of current 
pumping by saw-tooth pulses with the duration of 10 ms 
and repetition frequency of 10 – 1000 Hz. Increasing the 
current amplitude up to 4 A did not result in change in the 
sample output characteristics that illustrates a high quality 
of the laser diodes and quite effective heat removing.  

At the study of laser polarization characteristics, the 
polarization coefficient of radiation P max min/K I I=  is 
determined as a ratio of the intensity at maximum of the 
transparence of an analyzer (Imax = TE) to the intensity at 
minimum (Imin = TM). Then, it is easily to connect the 
coefficient Kp with the degree of the radiation polarization 
p, i. e., p p(TE TM) (TE TM) ( 1) ( 1)p K K= − + = − + .  
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Developed laser diodes are possessed of a relatively low 
degree of polarization. To investigate reasons, which cause 
small values of the coefficient Kp, the distribution of the 
intensity and polarization degree in the p–n junction plane 
has been determined by means of a CCD array. From 
results of measuring the width of the radiation field using 
the CCD array at a definite distance (2.5 cm), the 
parameters of far-field lasing diagram are obtained as well.  

III. RESULTS AND DISCUSSION  
Optical power–current characteristics of the laser diodes 

are presented (taking into account losses at optics) in Fig 1. 
The laser power P at the pump current I ≈ 3.5 A is about of 
P = 3.5 W. The lowest thresholds are observed for laser 
diodes 6ET-2 и 3EZ-1. Dependencies P(I) are practically 
standard linear characteristics [5, 6].  
 

 
Fig. 1. Output power characteristics P(I) for heterolasers 

(1) 5EZ-1, (2) 6ET-2, (3) 3EZ-1, and (4) 13EZ-1.  
 

Dependence of the laser power efficiency η on the pump 
current I (Fig. 2) displays a weak saturation, as compared 
known results, where at not high currents (2–3 A) a 
maximum of the efficiency occurs and then at further 
increasing the current a drop of the value η takes place [5]. 
The highest efficiency is for lasers 5EZ-1, 3EZ-1, and 6ET-
2. However, it is necessary to conclude that operation of 
this type lasers is undesirable without a compulsory heat 
removing at the pump above 3 A, because a further 
increasing the current results in the Joule heating and can to 
enhance degradation and failure of the structures [1, 3–6].  
 

 
Fig. 2. Dependence of the power efficiency on the current 

η(I): (1) 5EZ-1, (2) 6ET-2, (3) 3EZ-1, and (4) 13EZ-1.  
 

Comparison of dependences of the radiation intensity 
versus pump current at two orientations of the transparence 
plane of an analyzer is displayed in Fig. 3 (laser 3EZ-1). 
Laser diodes 5EZ-1, 3EZ-1, and 13EZ-1 manifest the TE 
polarization (electrical vector E is oriented in the p–n 
junction plane). For quantum-well heterolasers 5EZ-1 and 
3EZ-1, the polarization coefficient of radiation is of the 
order of 30 and 20 respectively. The lowest polarization 
coefficient of radiation Kp ≈ 8.2 is for laser 6ET-2 with the 
TM-type polarization.  
 

 
Fig. 3. Dependence P(I) for laser diode 3EZ-1 at (1) 

maximum and (2) minimum transparence of an analyzer.  
 

Low values of Kp are connected with a high level of the 
spontaneous emission and result from nonuniform 
distribution of the radiation intensity and polarization in the 
p–n junction plane as well too. However, the distribution 
forms do not practically change versus pump current. As it 
was detected, the laser elements manifest the width of the 
lasing region of the order of 250–270 µm that differs 
markedly from the stripe contact width ≈ 150 µm.  

Typical diagram of the laser radiation directivity P(θ) in 
the p–n junction plane is shown in Fig. 4. The total angular 
width at the half of the emission intensity lies from 4 ° for 
laser sample 3EZ-1 to 11 ° for sample 13EZ-1. Therewith, 
it is significant that such a distribution of the laser radiation 
intensity remains invariable with the increase of I.  
 

 
Fig. 4. Far-field pattern for laser 3EZ-1 in the p–n junction 

plane at currents (1) 1.5, (2) 2.0, (3) 2.5, and (4) 3.0 А.  
 

Typical far-field pattern of the radiation in the plane 
perpendicular to the p–n junction is shown in Fig. 5. Values 
of the total divergence angle in the far-field distribution are 
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from 23 ° for sample 5EZ-1 to 32 ° for sample 6ET-2. With 
the increase of I the far-field laser beam intensity, which is 
described practically by the Gaussian function, does not 
change that manifests conservation of a single-mode 
character of the lasing.  

Study of the radiation polarization in the p–n junction 
plane points that vector Е varies quasi-periodically along 
p–n junction. This factor reflects markedly at an integral 
polarization coefficient. So, e. g., for laser sample 6ET-2 
the integral polarization coefficient equals Kp = 8.2, but in 
the central region with width of ≈ 50 µm the value Kp is 36.  
 

 
Fig. 5. Far-field radiation pattern for laser diode 5EZ-1 in 
the plane perpendicular to p–n junction at pump currents 

(1) 1.5, (2) 2.0, (3) 2.5, and (4) 3.0 А. 
 

A possible reason of the nonuniform distribution of the 
polarization in the p–n junction plane is a mechanical 
influence at ultrasonic soldering the contact supply. Such 
an influence can be enough strong if to take into account a 
small depth of p–n junction deposition. Thus, at producing 
the contacts it is necessary to minimize any mechanical 
influence on the crystal with a view to receive more 
uniform distribution of the radiation intensity and degree of 
polarization.  

IV. CONCLUSION  
Obtained quantities of the output characteristics shown 

that powerful semiconductor heterolasers with a wide stripe 
contact based on the AlGaInAs compounds can be 
effectively applied for various purposes together with 
focused and collimated optical elements. In particular, 
these laser diodes are suitable as optimal pump sources for 
solid-state lasers and fiber amplifiers [1, 3, 8, 9]. Stable and 
improved output power characteristics and parameters of 
the heterolasers can be received by means of more careful 
producing the connection supplies and obtaining the 
uniform distribution of the radiation intensity in p–n 
junction plane.  
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