
Quantum Electronics  44 (4)  286 – 288  (2014)	 © 2014  Kvantovaya Elektronika and Turpion Ltd

Abstract.  Semiconductor lasers with a narrow (~2°) directional 
pattern in the planes both parallel and perpendicular to the p – n 
junction are fabricated. To achieve a low radiation divergence in 
the p – n junction plane, the active region in this plane was designed 
in the form of a trapezium. The narrow directional pattern in the 
plane perpendicular to the p – n junction was ensured by the use of a 
leaky mode, through which more than 90 % of laser power was cou-
pled out.

Keywords: semiconductor laser, active region, quantum well, leaky 
mode.

1. Introduction

An extremely important laser characteristic is the directional 
pattern. In semiconductor lasers of the standard stripe design, 
the divergence is ~10 % in the p – n junction plane and 30 % in 
the perpendicular plane. Fibre lasers and amplifiers must be 
pumped by laser beams of high quality, which is usually 
achieved by using rather complex schemes with astigmatic 
lenses. Because of this, it is desirable to improve the output 
laser beam quality, namely, to narrow the directional pattern 
and achieve identical divergence in both planes.

The creation of semiconductor lasers with an ultrawide 
waveguide with [1] and without [2, 3] confining layers, as well 
as of substrate-emitting lasers [4 – 6], solved the problem only 
partially. The lasers with ultrawide waveguides have a radia-
tion divergence of ~20°. The leaky-mode diode lasers are char-
acterised by a very low divergence (1 – 2°) in the plane perpen-
dicular to the structure (p – n junction), but the divergence of 
their radiation in the plane of the structure corresponds to the 
divergence of standard stripe heterolasers (~10°).

A narrow directional pattern in the heterostructure plane 
was realised in distributed feedback lasers. The angular diver-
gence of their radiation in the structure plane is ~1°, the posi-

tion of the spectral maximum almost does not depend on the 
pump current density, and lasing occurs in the single-fre-
quency regime [7]. However, the fabrication technology of 
these lasers is rather complicated.

One more (simpler) method of formation of low-diver-
gence radiation is the use of a trapezoidal (horn-like) active 
region of the laser [8]. The operation principle of lasers of 
such geometry is based on the fact that the fundamental 
transverse mode has the minimum diffraction divergence, 
while the higher modes are better coupled out of the widening 
active region and efficiently decay in inactive layers. The 
divergence of these lasers is about 2° in the direction of the 
p – n junction, but is high in the perpendicular direction.

In this work, we experimentally study the spectral and 
spatial characteristics of substrate-emitting semiconductor 
lasers with a trapezoidal active region. This laser design allows 
one to considerably narrow the directional pattern and approx-
imately equalise the angular divergences in both planes.

2. Experimental results and discussion

The InGaAs/GaAs/InGaP laser heterostructure with ten 
quantum wells in the active region was grown by MOS-
hydride epitaxy under atmospheric pressure. The parameters 
of the structure layers are listed in Table 1. The thin (67 nm) 
n-type InGaP cladding layer allows the most part of laser 
radiation (more than 90 %) to tunnel from the waveguide to 
the substrate. To compensate high leakage losses, we used ten 
quantum wells in the active region [9]. Based on this hetero-
structure, we made laser diodes with the active region 1 mm 
long. The faces of laser chips were neither antireflection nor 
reflection coated, and the cleaved edges of the structures 
served as mirrors. The active region of the heterolasers had 
the form of a trapezium with bases (cleaved mirrors) 25 and 
125 mm long (Fig. 1). To avoid overheating of the device, the 
laser chips were soldered to a copper heat sink using indium 
solder.

The laser characteristics were measured upon pulsed elec-
tric current pumping (pulse duration 360 ns, pulse repetition 
rate approximately 1.43 kHz). The spectral characteristics of 
the laser diodes are presented in Fig. 2. It is seen that the laser 
diodes of the proposed design emit narrow-band radiation. 
The spectral bandwidth was 2 nm at a pump current of 13 A 
and 3 nm at a current of 15 A. Lasing was observed at a wave-
length of 963 nm; the lasing threshold was 10 A.

The spatial characteristics were measured in the lasing 
regime in the planes parallel and perpendicular to the p – n 
junction. All the measurements were performed at room tem-
perature. In the far field in the plane parallel to the p – n junc-
tion, at a pump current of 11 A we observed a multilobe direc-
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tional pattern with one lobe having an order of magnitude 
higher intensity than the other lobes, a divergence angle of 3°, 
and an angular position of 1°. Such a small deviation of the 
main directional pattern lobe from zero is typical for the con-
sidered structures [10 – 12]. At a current of 11 A, the angular 
position of the radiation intensity maximum was 2.5° and the 
directional pattern was narrowed to 1.5° (Fig. 3).

The directional pattern in the lasing regime in the plane 
perpendicular to the p – n junction has one narrow (2°) lobe 
typical for lasers with considerable leakage through the sub-
strate, with an angular deviation of 4° from the normal (at a 
pump current of 10 A) due to radiation leakage through the 
substrate (Fig. 4). As the current increases to 15 A, the direc-
tional pattern narrows to 1.5°, while the angular position of 
the radiation intensity maximum remains unchanged. The 
observed peak with the angular position ~24° is caused by 
rereflection of radiation from the substrate.

Thus, it is experimentally shown that the semiconductor 
lasers with a trapezoidal active region and a considerable 
leakage to the substrate can generate a low-divergence radia-
tion in a narrow range of pump currents.
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Table  1.  Parameters of laser heterostructure layers.

Layer  
number

Layer type
Doping and 
composition Thickness/nm

1 Substrate n+-GaAs –

2 Buffer n-GaAs 954

3 Cladding n-InGaP 67

4 Waveguiding n-GaAs 318

5 Waveguiding i-GaAs 32

6 Compensating i-GaAsP 18

7 Waveguiding i-GaAs 32

8 Quantum well InGaAs 8

9 Waveguiding i-GaAs 32

10 Compensating i-GaAsP 32

11 Waveguiding i-GaAs 32

12 – 27 8-fold repetition of layers 8 – 11

28 Quantum well InGaAs 8

29 Waveguiding i-GaAs 32

30 Compensating i-GaAsP 16

31 Waveguiding i-GaAs 32

32 Waveguiding p-GaAs 318

33 Cladding p-InGaP 504

34 Contact p+-GaAs 220

25 mm

125 mm

1 mm

Figure 1.  Dimensions of the trapezoidal active region and its position 
on the laser chip.
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Figure 2.  Spectral characteristics of substrate-emitting laser diodes 
with a trapezoidal active region at pump currents of ( 1 ) 13 and ( 2 ) 15 A.
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Figure 3.  Directional pattern of the laser in the plane parallel to the 
p – n junction at pump currents of ( 1 ) 11 and ( 2 ) 12 A.
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Figure 4.  Directional pattern of the laser in the plane perpendicular to 
the p – n junction at pump currents of ( 1 ) 10 and ( 2 ) 15 A.
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