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In fiber-optic communication lines most widely used single-frequency lasers. Wherein, in the wevelenqth 
division multiplexinq require dynamic stability of the laser with a very narrow spectral line. These requirements 
are most appropriate semiconductors lasers with extended cavity. 
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Single-Mode Polarization-Stable 850 nm Vertical-Cavity Surface-Emitting 

Lasers with Rhomboidal Current Aperture 

N. A. Maleev a, M. A. Bobrov a, S. A. Blokhin a, A. G. Kuzmenkov a,b, M. M. Kulagina a,  
Yu. M. Zadiranov a, A. A. Blokhin c, A. P. Vasil’ev a,b, A. G. Gladyshev a,b,  

A. G. Fefelov d, V. M. Ustinov a 

a
 A. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences, St.Petersburg, Russia 

b 
Submicron Heterostructures for Microelectronics, Research and Engineering Center 

of Russian Academy of Sciences, St.Petersburg, Russia 
 
Peter the Great St.Petersburg Polytechnic University, St.Petersburg, Russia 

d 
Joint stock company “Research Production Enterprise “Salut”, N.Novgorod, Russia 

The new approach for single-mode polarization-stable vertical-cavity surface-emitting lasers (VCSELs) 
is proposed. It’s based on rhomboidal selectively-oxidized current aperture combined with intracavity-contacts. 
Rhomboidal-aperture intracavity-contact VCSELs based on MBE-grown AlInGaAs heterostructures were fabri-
cated and investigated for different aperture sizes. Devices with aperture size of 1—2.5 m demonstrate con-
tinuous-wave single-mode lasing at 845—852 nm with side-mode suppression ratio (SMSR) >30 dB, threshold 
current less than 1 mA, output power of 1—2.5 mW and orthogonal polarization suppression ration (OPSR) >20 
dB for operation range temperature of 20—80 º .  

Keywords: vertical-cavity surface-emitting laser, nanoheterostructure, single-mode lasing, polarization, 
selective oxidation, current aperture. 
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Impact of Photon Lifetime and Mode Volume on Characteristics of 850 nm 

Oxide-Confined Vertical-Cavity Surface-Emitting Lasers 
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We investigate the simultaneous influence of photon lifetime (via mirror loss) and mode volume (via ap-
erture size) on the performance of 850 nm vertical-cavity surface-emitting lasers (VCSEL). It was also found 
that the dynamic characteristic of the large aperture VCSELs are mainly limited by the self-heating effect, while 
the damping effect sets the intrinsic limit of the reachable modulation bandwidth for smaller aperture VCSELs. 
The decrease of the differential gain (caused by the increased scattering loss) with aperture partially compen-
sates the positive effect of the reduced photon lifetime and leads to an optimum aperture range for maximizing 
the optical bandwidth: up to 24—25 GHz at aperture 4—6 m for the given VCSELs design. 

Keywords: heterostructure, vertical-cavity surface-emitting laser, optical modulation bandwidth. 
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Internal Optical Loss in Pulsed Semiconductor Lasers Based on  

AlGaAs/InGaAs/GaAs Separate Confinement Quantum Well  

Double Heterostructure 

N. А. Pikhtin, D. A. Veselov, . V. Lyutetskiy, D. N. Nikolaev, D. A. Romanovich,  
S. . Slipchenko, Z. N. Sokolova, I. S. Shashkin, I. S. Tarasov c 

Ioffe Physical-Technical Institute, Russian Academy of Sciences, 

 Saint-Petersburg, Russia; e-mail:nike@hpld.ioffe.ru 
 

Temperature and current dependencies of internal optical loss in high power semiconductor lasers based 
on AlGaAs/InGaAs/GaAs separate confinement quantum well double heterostructure have been investigated. 
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Mesastripe 100-m aperture lasers emitting in 900—1100 nm range have been investigated in wide range of 
100ns-pulsed drive currents and temperatures (0—140  ). A technique of an absorption coefficient study in 
laser heterostructure layers under pulsed current excitation of semiconductor lasers has been developed. It has 
been established, that an increase of internal optical loss on free carriers with pulse pump current rise is one of 
the dominant causes of high power laser diodes light-current characteristic saturation. The dependence of 
Fabry—Perot resonator parameters on internal optical loss has been studied. An option of optimal correlation of 
internal and external optical losses changing of Fabry—Perot resonator parameters has been shown. 

Keywords: laser heterostructure, semiconductor laser, internal optical loss, optical output power. 
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Method for Determination of Capture Velocity of Charge Carriers  

into a Quantum Well in a Semiconductor Laser 
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A simple method for determination of the capture velocity of charge carriers from a three-dimensional re-
gion (waveguide region) into a two-dimensional region (quantum well) is proposed. The method is based on 
measurement of the threshold current density and internal differential quantum efficiency in a semiconductor 
laser structure. The method also allows determining the two-dimensional carrier density in a quantum well, 
which is otherwise not so easy to measure in a multilayer laser structure. 

Keywords: capture velocity, quantum well, semiconductor laser. 
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Stimulated Emission in the GaAs/InGaAs Structure  

with Thin InGaP Layers Grown on Ge/Si Substrate  

S. M. Nekorkin a, B. N. Zvonkov a, N. V. Dikareva a, V. G. Shengurov a, S. A. Denisov a,  
 A. A. Dubinov b,c, V. J. Aleshkin b,c, K. E. Kudryavtsev b, , P. A. Yunin b 

а 
Physico-Technical Research Institute of Lobachevsky State University of Nizhni Novgorod, 

Nizhni Novgorod, Russia; e-mail: dnat@ro.ru 
b 
Institute of Physics of Microstructures, Russian Academy of Sciences,  

Nizhni Novgorod, Russia 
c 
Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia 

The results of a study of GaAs/InGaAs laser heterostructure with InGaP thin layers grown by MOCVD 
on Si (100) substrate are presented. The Si-substrate contained the pre-deposited by HWCVD a thin Ge buffer 
layer. The stable stimulated emission at a wavelength of 920 nm is obtained under optical pumping.  

Keywords: silicon, germanium, AIIIBV semiconductors, lasers, optical pumping, laser generation. 
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Interband Сascade InGaP/GaAs/InGaAs Laser with a Tunnel  

p-n-Junction with Radiation Coupling out through the Substrate 

D. A. Kolpakov a, B. N. Zvonkov a, S. M. Nekorkin a, N. V. Dikareva a,  
V. Y. Aleshkin b,c, A. A. Dubinov b,c 

a
 Physico-Technical Research Institute, Nizhny Novgorod State University,  

Nizhny Novgorod, Russia; e-mail: kolpdm@gmail.com 
b
 Institute for Physics of Microstructures, Russian Academy of Sciences,  

Nizhny Novgorod, Russia 
c
 Nizhny Novgorod State University, Nizhny Novgorod, Russia 

 
The multi quantum well interband two-cascade laser with a tunnel p-n-junction within a single waveguide 

and the output radiation through the substrate is developed. In the paper it is shown, that such a construction of a 
laser heterostructure provides more efficient fulfilling of the quantum wells compared with conventional multi 
quantum well laser with output radiation through the substrate, which helps to lower the generation threshold. 

Keywords: AIIIBV semiconductor lasers, tunnel p-n-junction, radiation coupling out through the substrate. 



 43

С а а    а а    ч   а   а  
в а  в   а ФТР  

. А. И , . В.   

Униве и е  ИТМО, Санк -Пе е у г, Р ия; e-mail:  

И я я я я      -
    (Ф ) .    я  

 ,   (    )      . 
         , -

я Ф     я . И    Ф    
 я     11 . я     
я    . 

К юч вы  ва: , я я,  , -
 . 

Вв  

Ш  ,       -
  я.       -

  я (   )     
я    я.      я   

     ,    -
 . К    —    ,   

        .  
Ф  (Ф )  я я я   я -

я    [1—3]. Э   я   Corning ( ША), 
Optigrate ( ША), PD-LD ( ША)  ИИ    И  ( я). 
Ф  ,   ,   :   -
я я,      350—2500 , я -

я, я  я .     -
     (  99%). 
К   ,      . 

     ,      -
            .   я  

 я     я,    
 я,         ,  -
я  я    .  

Э  

В   я      -
    я ( . 1). 

1053         1055           1057     ,  

I  

 
. 1. И   я  ; I = 3.5 A, P = 2.3 В . 



 44

В          
   : , я  , я 

я  ,          -
 ,     ( . 2). Д   -

я  1  я       я     
       . Д я я  я 

    2  ,     
 ,       . 

 

. 2. я     . 

Д я я     , я я  
      . Д я   я  

  , я   . Х     
  ,   -       

 я  я    .  я  -
я  я  ,        -

. Д    ,    я, -
   , я ,       

 . К   ,  15     -
 я    . я   
 ,     я . 

 , я    ,  я  
 я      . ,      

      я . 
  я       . В  

 я  , я   ,  ,    
    ,    .   -

  ,     . ,   -
        50 %. К -
,    я       50 %  
я  46 %.  ,   я    30 %. 
Д         . И -

я   я   ,     . -
я     ,  -    -

    . К    я .  
          ,   -

   я,  “ ”   я  я  -
 ( -      я я    )   -

я  . В     я . В  
   я    ,    -

 ,     ,      
  46 %.     — -

    11  ( . 3),      
 .        .  



 45

1059.2       1059.4        1059.6     ,  

 

I  

 
. 3.  я     . 

 
    0.8      .  

   ,  я     . 
В я    30 %,  я    я  -  

я     . ,    -
  ,  я      я   

 , я     .  

За юч  

 я я      
     . Ф       
я      .   
 я       11  я. -

 я        я 0.8 
. ,        Ф    я 
   . я      

я   . У ,  я я 
я   .  

а а  
1. . А. К , . В. , . И. , В. В. , И. В. . Св -

ва е ных а вых г г а  на у ь их ных ек ах. .  . 1991. . 70. № 
6. . 1296.  

2. O. M. Efimov, L. B. Glebov, L. N. Glebova, K. C. Richardson, V. I. Smirnov. High efficiency 

Bragg Grating in Photo-Thermo-Refractive Glass. Appl. Opt., 1999, V. 38, N 4. P. 619—627. 
3. O. M. Efimov, L. B. Glebov, V. I. Smirnov. Interaction of photo-thermo-refractive glass with 

nanosecond pulses at 532 nm. Proc. SPIE. V. 5273. P. 396—401. 
 

Spectral Stabilization of Laser Diode Radiation with Intracavity  

Bragg Grating on PTR Glass 

S. A. Ivanov, N. V. Nikonorov 

ITMO University, St. Petersburg, Russia; e-mail: ykkapoh@gmail.com 

In this paper authors present spectral stabilization of laser diode with volume Bragg grating recorded on 
photo-thermo-refractive glass. In presented work were measured radiation spectra of pure LD, radiation in dif-
fracted beam and radiation of LD with external cavity based on Bragg grating. Model for calculation of such 
system was suggested. It takes into account diffraction efficiency of Bragg grating, transmittance of glass and 
reflection index of mirrors. Implementation of external cavity with Bragg grating allowed achieving bandwidth 
of emission spectra about 11 pm. And such cavity doesn’t affect the output power of laser source.  

Keywords: hologram, spectral stabilization, PTR glass, laser diode. 
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Separate Longitudinal Pumping of High-Power Semiconductor Lasers 

A. A. Afonenko, D. V. Ushakov 

Belarusian State University, Minsk, Belarus; e-mail: afonenko@bsu.by 

An integrated model for the calculation of the injection laser power characteristics, taking into account 
the heating of the active region, the capture of charge carriers in quantum wells and features of the processes of 
injection and intraband absorption in the lasers with wide waveguides has been developed. Depending on the 
heat sink efficiency the model allows to describe the regimes of catastrophic damage and gradual decrease of 
efficiency with the increase of the efficiency of the pump current. It has been shown that the separate longitudi-
nal pump can increase the maximum output power and catastrophic damage threshold. 

Keywords: high-power semiconductor lasers, balance equations, drift-diffusion model, heat effects, 
separate longitudinal pump, power characteristics. 
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Dual Resonance Modulation Characteristics of Optical  

Injection-Locked Fabry—Perot Lasers 

E. S. Dorogush, A. A. Afonenko  

Belarusian State University, Minsk, Belarus; e-mail: dorogushelena@gmail.com 

Modulation characteristics of multimode semiconductor (Fabry—Perot) optical injection-locked lasers 
are analyzed on the basis of distributed cavity model. The positions of the resonance peaks are determined by 
the cavity length and frequency detuning of master laser from the slave laser. When choosing appropriate cur-
rent bias and injection power modulation efficiency near the resonance peaks is comparable to low frequency 
modulation efficiency for the free-running laser. 

Keywords: optical injection locking, coupled reduced equations, modulation characteristics. Fabry—
Perot laser. 
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Rate of Intersubband Transition in Quantum Wells as a Result  

of Their Scattering on Polar Optical Phonon Modes 

A. N. Drozd, A. A. Afonenko 

Belarusian State University, Minsk, Belarus; e-mail: drozdan@bsu.by 

We calculated the potentials of localized polar optical phonon modes. The rates of intersubband scattering 
on interface and bulk modes in GaAs/AlGaAs quantum well are calculated. The universal approximation of the 
rates is proposed. This approximation is valid at room temperature for wide quantum wells. 

Keywords: intersubband scattering, interface phonon mode, quantum well, heterostructure. 
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New approach for High Peak Power Lasing Based on Epitaxially-Integrated 

AlGaAs/GaAs Laser-Thyristor Heterostructure  

S. O. Slipchenko a, A. A. Podoskin a, A. V. Rozhkov a,  N. A. Pikhtin a, I. S. Tarasov a,  
T. A. Bagaev b, M. A. Ladugin b, A. A. Marmalyuk b, A. A. Padalitsa b, V. A. Simakov b 

а 
I. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences, 

St. Petersburg, Russia; e-mail: serghpl@mail.ioffe.ru 
 b 

M. F. Stel’makh Research and Development Institute “Polyus”, Moscow, Russia  

A new approach to generation of high optical peak power by epitaxially and functionally integrated high-
speed high-power current switch and laser heterostructure (so-called laser-thyristor) has been developed. In 
frame of the approach The epitaxially integrated AlGaAs/GaAs heterostructure of low-voltage laser-thyristor has 
been studied and optimized for generation of high-power pulses at a 900-nm wavelength. Experimental laser-
thyristor samples with a 200-µm aperture have been fabricated and studied. The maximum static blocking volt-
age does not exceed 20 V. As a result, the maximum optical peak power reaches 40 and 8 W at FWHM pulse 
durations of 95 and 13 ns, respectively. An analysis of the potential dynamics has shown that the heterostructure 
provides pumping of the active layer with up to 90-A pulses. 

Keywords: pulse semiconductor laser, laser-thyristor, epitaxially integrated heterostructure. 
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Powerful Pulse Laser Diode Matrixes 

D. V. Shabrov a, V. V. Kabanov a, Y. V. Lebiadok a, D. M. Kabanau a, 
G. T. Mikaelyan b, A. P. Bunichev b 

а 
B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: d.shabrov@ifanbel.bas-net.by 
b 
JSC “SPE “Inject””, Saratov, Russia 

The results of research and development of the laser diodes matrix SLMP-6NP-845N based on 
AlGaAs/GaAs heterostructure are presented in the paper. The laser source enables to achieve high power laser 
pulse at a wavelength of 846 nm with an effective form, a wide range of duration (from tens to hundreds of 
nanoseconds) and the pulse repetition rate up to 10 kHz, and a peak power density up to 35 W/mm2 with 
effective concentration of laser radiation in a given solid angle 27° × 8°. 

Keywords: laser diode matrix, pulse mode, directional diagram. 
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LD-Pumped Low Gain Picosecond Oscillator 

M. V. Bogdanovich, K. I. Lantsov, L. L. Teplyashin, U. S. Tsitavets,  
A. G. Ryabtsev, G. I. Ryabtsev, P. V. Shpak 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: ryabtsev@ifanbel.bas-net.by 

A concept for low-gain diode-side pumped picosecond oscillator is presented. Optical scheme has been 
developed according to the threshold requirements for continuous wave mode-locking operation deriving from 
saturation properties of semiconductor absorber and available gain. 

Кeywords: low-gain medium, diode side-pumped laser, continuous wave mode-locking. 

Introduction 

Continuous wave mode-locking nowadays is the most popular and simple technique for the 
generation of short optical pulses within the picosecond or femtosecond range depending on a gain 
medium property. In this work the basic principles of mode-locking operation are discussed and 
applied for the laser active medium with a quite low gain provided by the side-pumping geometry. 
Main aim of the work was determination of the conditions for stable mode-locking operation under the 
diode-side pumping as it promises an easy scalability and simplified pump delivery unit. 

1. Mode-locking mechanism 

The continuous wave active mode-locking was firstly demonstrated for dye lasers [1] that 
exhibit high gain and fast cross-relaxation times. Due to wide gain spectrum of dyes the shortest pulse 
durations of 6 fs already have been achieved. Later, the mode-locking was predicted for the case when 
the fast saturable absorber is inserted into the laser cavity. After all, the soliton stabilization 
mechanism was formulated [2] for the scheme with the slow saturable absorbers having the recovery 
times much longer than the optical pulse length. Basic principle of the mode-locking operation 
consists in providing the short gate with the positive net gain which locks the longitudinal modes and 
provides the generation of short pulses (Fig. 1) [3].  

 
Fig. 1. Locking mechanism for laser with the fast saturable absorber. 

2. Gain medium and cavity design requirements 

Side pumping scheme was chosen for the analysis because of its simplicity and scalability for 
the high power operation [4]. However, the inversion population density distribution within the active 
medium is not perfectly matched with the lasing mode, as for the case of longitudinal pumping 
scheme, and, therefore, an additional attention should be paid to the cavity design. Also, a problem of 
low gain originates from a side pumping design peculiarities that cause lower modulation of the gain, 
and thus demand for a higher modulation depth (about of 3% magnitude or higher) of the SESAM 
reflectivity to achieve stable mode-locking.  

From the other side, in order to avoid Q-switching instability caused by SESAM a criterion for 
intracavity circulating energy Ep should be satisfied [5]: 

Ep  >  (Fsat,LAeff,LFsat,AAeff,AΔR)1/2,                                           (1) 
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where Fsat,L is the saturation fluence of the gain medium; Aeff,L is the effective mode area within the 
gain medium; Fsat,A is the saturation fluence of the saturable absorber; Aeff,L is the effective mode area 
within the saturable absorber; ΔR is the reflectivity change of the SESAM. 

Saturation fluence of the active medium can be easily estimated with the following equation: 

Fsat,L = h/(2L),                                                                                          (2) 

where L is the stimulated emission cross-section of the gain medium, h is the photon energy. 
In order to avoid damage of the SESAM the saturation value of the passive absorber S = 

Ep/Fsat,AAeff,A should be kept below of 20. In our experiment this parameter didn’t exceed 2 in the 
regime of the CW mode-locking. 

As a gain medium for our investigation the Nd:YVO4 crystal cut along optical axis a (Nd 
doping concentration of 0.5%) have been chosen. Pumping radiation of the continuous wave diode 
array with maximum output power of 18.6 W was delivered to the active medium from the side using 
pair of cylindrical lenses for beam focusing (see Fig. 2, a) resulting in the asymmetrical population 
inversion density distribution in the active medium (see Fig. 2, b).  

 

             
 

Fig. 2.  Side pumping geometry (a) and numerically calculated spatial profile of the population 
inversion density under side-pumping (brighter is higher) (b). 

 

As a saturable absorber SESAM with a recovery time of 10 ps and reflectivity modulation of 
4% was used. The recovery time of 10 ps is four times more than the lowest pulse duration that could 
be achieved with the NdYVO4 gain medium if spectrally limited pulse would be produced.  

Taking into consideration the requirements of Eq. (1) and our pumping conditions, the cavity 
parameters were calculated to provide 70 µm waist radius at the SESAM and 250 µm waist radius at 
the gain medium. The length of the cavity was chosen long enough (13 m) to accumulate a rather large 
amount of energy for making the condition (1) true. Plain output coupler with 95% reflectivity was 
placed close to active medium resulting in a single output beam. 

3. Results and discussions 

According to the side-pumping scheme with low gain, the lasing threshold for continuous 
operation was rather high and reached 6 W (see Fig. 3) of pumping power incident on the crystal (it 
should be noted that available pumping power was limited to 15 W because of 20 % losses at focusing  
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mode-locking CW mode-locking
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Fig. 3. Output power of low-gain side-pumped picosecond oscillator. 

optics). Stable mode-locking was achieved above 14 W of pumping power resulting in output power 
of 150 mW. Taking into account the repetition rate of 21 MHz the pulse energy of 7.5 nJ has been 

a
b
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reached. At this conditions the beam quality parameter of output radiation M 2 didn’t exceed 1.1 and 
stable mode locking lasted for hours. 

At the expense of the beam quality and stability of mode-locking the output power could be 
increased to 1 W with small adjustment of the laser cavity. We expect that the output power of several 
watts in stable mode-locking regime could be reached if the higher pump power from diode array (or 
an additional diode array) would be available. This scheme also promises relaxed requirements for 
electronics speed due to low repetition rate of the mode-locked pulses. This approach can be 
convenient if such a laser is used for seeding of the regenerative amplifier. 

Conclusion 

A picosecond oscillator, featuring low-gain diode side-pumping scheme, was developed. A 
requirements for the cavity and SESAM characteristics, originating from low gain of the active 
medium, has been formulated. Laser is working in CW mode-locked regime at 20 MHz repetition rate, 
with output power not less than 150 mW. 
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Nonlinear Optical Effects on Residual Rare Earth Ions  

and Diode Pumped Solid-State Lasers 

I. A. Khodasevich a, A. S. Grabtchikov a A. A. Kornienko b, E. B. Dunina b 

a
 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: asg@dragon.bas-net.by 
b
 Vitebsk State Technological University, Vitebsk, Belarus 

Results on investigations of KGW and YVO4 crystals upon exposure of continuous-wave infrared laser 
radiation are presented. Nonlinear optical effects caused by the presence of low concentrated rare earth ions are 
discussed. Obtained data are important for development of diode pumped solid-state laser systems.  

Keywords: up-conversion, erbium ions tullium ions, solid-state lasers. 
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Single-Frequency Generation of the Solid-State Nd:YAG Laser  

with Diode Pumping 

M. V. Bogdanovich, V. S. Kalinov, O. E. Kostik, K. I. Lantsov, K. V. Lepchenkov,  
V. V. Mashko. A. G. Ryabtsev, G. I. Ryabtsev, L. L. Teplyashin  

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus; 

e-mail: g.ryabtsev@ifanbel.bas-net.by 

The experimental results on single-frequency generation of the Q-switched solid-state Nd:YAG laser 
with diode pumping under injection seeding are presented. As the master (injection) laser the developed con-
tinuous single-frequency solid-state Nd:YAG laser was used. Generation power of injection laser ranged from 1 
to 10 mW while maintaining single-frequency lasing. Tuning of the master laser wavelength to the main laser 
resonator eigenmode was carried out by piezocorrector. To investigate the spectral composition of the radiation 
generated by the Q-swithched laser the interferometric method was applied using a Fabry—Perot interferometer 
with a free spectral region of 1 GHz. Optimization of the parameters for the Q-switched laser resonator was not 
conducted. At lasing energy 40 mJ per pulse the pulse duration was equal to 12 ns and the spectral width of 
single-frequency generation was no more than 75 MHz. 

Keywords: single longitudinal mode laser, diode pumping, active Q-switching, injection seeding, 
Fabry—Perot interferometer. 
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Research of an Opportunity of Creation of SemiConductor Laser  

Illumination of Small Duration for Work of Active-Pulse Systems  

of Vision at Smoke Conditions  

V. A. Gorobets a, V. K. Kuleshov b, B. F. Kuntsevich a, N. S. Leshenjuk b, A. V. Surikov c 

a
 B. I. Stepanov Institute of Physics, National Academy of Science of Belarus,  

Minsk, Belarus; e-mail: bkun@ifanbel.bas-net.by 
b
 Command-engineering Institute of the Ministry for Emergency Situations  

of the Republic of Belarus, Minsk, Belarus 
c
 Institute for retraining and professional development of the Ministry  

for Emergency Situations of the Republic of Belarus, Minsk, Belarus 

The paper is devoted to development of the power unit for the semiconductor laser (L-13 type) with du-
rations of radiation pulses ~5 ns.  

 Keywords: active-pulse system of vision, the block of laser illumination. 
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Energy and Spectral Characteristics of LD-Pumped Ytterbium-Erbium 

Laser within a Wide Temperature Range 

M. V. Bogdanovich, A. V. Grigor’ev, A. I. Enzhievskii, K. I. Lantsov, K. V. Lepchenkov,  
V. N. Pavlovskii, A. G. Ryabtsev, G. I. Ryabtsev, I. E. Svitsiankou, V. S. Tsitavets,  

M. A. Shchemelev, G. P. Yablonskii 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus; 

e-mail: g.ryabtsev@ifanbel.bas-net.by 

Results of studying the peculiarities of changing the energetic and spectral characteristics of LD-pumped 
Yb,Er-lasers with varying the ambient temperature within the –40  +50–60 C. It has been ascertained that the 
main changes registered experimentally in the output energy and lasing wavelength can be most probably related 
with forming the thermal lens in the laser active element. In addition, as it is follows from results of measuring 
the boro-silico-phosphate glass photoluminescence and absorption spectra the changes in the structure of the 
optical transitions between the lasing levels 4I13/2  4I15/2 should taking into account during analysis of the related 
temperature test data. 

Keywords: ytterbium-erbium laser, boro-silico-phosphate glass, LD-pumped. 
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High Power Continuous Wave KGd(WO4)2:Nd Laser  

with Diode-end-Pumping 

А. А.  Bui, V. I. Dashkevich, V. А. Orlovich 

B. I. Stepanov Institute of Physics, National Academy of Sciences, Minsk, Belarus; 

 e-mail: bui.anastasiya@gmail.com 

With using the working 4F3/2 —
4I11/2 transition, quasi-continuous-wave (quasi-CW) and CW high-power 

lasing at of KGd(WO4)2:Nd (KGW:Nd) lasers based on Np-cut and Ng-cut crystals longitudinally pumped by a 
diode laser at 879 nm is realized. At incident pump power of 26.8 W for the Np-cut element and 17.3 W for the 
Ng-cut one powers, the powers of CW lasing at 1067.2 nm were equal to 9.4 and 5.4 W, respectively, with the 
Ng-cut crystal providing the laser operation in the fundamental TEM00 mode. At quasi-CW pumping with the 
duty cycle of 10%, the peak power of generation lasting periodically 10—20 ms was ~11 W for both crystals. 
With respect to the absorbed pump power, the slope efficiency was 66.4 % for CW laser operation and 77.4 % 
for the quasi-CW mode. 

Keywords:
 diode pump, Np-cut and Ng-cut KGW:Nd crystals, 4F3/2—

4I11/2 transition, continuous-wave 
and quasi-continuous-wave lasing, intracavity frequency doubling. 
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Wavelength Conversion of a Side-Diode-Pumped Laser into  

the 560—620 nm Region at Stimulated Raman Scattering 

V. Yu. Markevich, V. A. Orlovich, R. V. Chulkov 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus, e-mail: vumarkevich@gmail.com 

Raman conversion of radiation of a frequency-doubled side-diode-pumped Nd:YAG laser has been in-
vestigated in a KGW crystal. A single-pass scheme of a Raman shifter, schemes with 2-mirrors linear and  
4-mirrors z-type Raman cavities have been considered. The 1st, 2nd, and 3rd Stokes pulses with energies of 26, 
15, and 14 mJ have been obtained at the 559, 588, and 621 nm wavelengths, respectively. 

Keywords: stimulated Raman scattering, side diode pump, potassium gadolinium tungstate. 
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Model of Longitudinally-Diode-Pumped Raman Laser with Excited State  

Absorption of Radiation at a Fundamental Wavelength 

S. V. Voitikov, V. I. Dashkevich, V. A. Orlovich 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: s.voitikov@dragon.bas-net.by 

A model of a longitudinally-diode-pumped solid-state Raman laser with the excited state absorption of 
laser radiation has been proposed. In the model, laser and Stokes waves in the resonator are approximated by 
Gaussian modes. The model takes into account the pump-power dependent aberration losses caused by the 
thermal lens. In the case of an actively Q-switched Raman laser the time-dependent loss in the Q-switch was 
estimated by measuring the time dependence of the deflected beam intensity. The proposed theoretical 
description was used to simulate the dynamics of the experimentally studied longitudinally-diode-pumped 
actively Q-switched self-Raman Nd:YVO4 laser, generating eye-safe Stokes radiation at a wavelength of 
1524 nm. The calculations are in good agreement with the experimental data. 

Keywords: diode pumped laser, Raman laser, eye-safe radiation, excited state absorption, active  
Q-switch.   
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In the frame of previously proposed approach for description of semiconductor laser polarization the in-
vestigation of different mechanisms to obtain statistical parameters of VCSEL in polarization switching region. 
It is shown that spontaneous intensity noise cannot be regarded as the main factor as it usually considered in 
semiconductor laser theory, but determinative role play carrier density and injection current fluctuations.  
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Definition of Distance up to Motionless Objects with the Help of Active-

Pulse Systems of Vision on the Basis of SemiConductor Lasers 
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It is shown that the offered algorithms which are not demanding knowledge of parameters of the active-
pulse system of vision, can be used for the exact definition of distance up to objects. 
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Paper presents results on growth by a plasma-assisted molecular beam epitaxy and studies of AlGaN 
MQW heterostructures emitting in the range of 280—290 nm. It is shown that the carrier recombination kinetics 
is governed by radiative recombination processes at 300 K. The high structural quality of the MQW structures 
caused by using AlN-sapphire MOCVD templates and high growth temperatures (750—760 º ), as well as the 
efficient carrier localization in the 2-nm thick QWs formed by a sub-monolayer digital alloying technique al-
lowed one to achieve the high power of the output mid-UV radiation under the electron-beam pumping (15—20 
keV, 0.6—1.1 mA): 161 mW in pulse-scanning and 39 mW in CW regimes, respectively. 

Keywords: AlGaN, quantum well, plasma-assisted molecular beam epitaxy, mid-UV spectral range, elec-
tron-beam pumping, output power, quantum efficiency. 
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Room-temperature QW ZnSe-based laser array pumped by a pulsed electron beam with an energy of 

5.6 keV have been studied. Output pulse power up to 100 W per one facet at wavelength of about 550 nm was 
measured. 
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This paper reports on MBE growth and studies of laser structures with the asymmetric ZnSe/2.8 ML-

CdSe QDs/Zn1–xCdxSe QW active region, where the CdSe QDs are deposited on a ZnSe surface and then over-
grown by 5 (structure A) and 2 nm (B) thick Zn1–xCdxSe QWs with Cd content of x = 0.35 and 0.5, respectively. 
Tensile strained ZnSSe/ZnSe waveguide superlattices are used to compensate the compressive stress induced by 
the active region. The structures demonstrate good structural quality and room temperature lasing at  = 573 nm 
(A) and 593 nm (B) with the threshold power density of 1.3 and 2.53 kW/cm2, respectively. 

Keywords: АIIВVI semiconductors, molecular-beam epitaxy, quantum dots, yellow spectral range, laser. 
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Laser Characteristics of Heterostructure with CdSe/ZnCdSe  

Quantum Dots Emitting in the Yellow Spectral Region 

A. G. Vainilovich a, E. V. Lutsenko a, V. N. Pavlovskii a, G. P. Yablonskii a, I. V. Sedova b,  
S. V. Sorokin b, S. V. Gronin b, G. V. Klimko b, S. V. Ivanov b 

а 
B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, 

 Minsk, Belarus; e-mail: a.vainilovich@ifanbel.bas-net.by 
b 
A. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences, St. Petersburg, Russia 

Low-threshold lasing in yellow spectral range  ≥ 570 nm in lasers based on AIIBVI heterostructure, 
grown by MBE on GaAs (100) substrate has been demonstrated. Obtained values of internal laser characteristics 
indicate the possibility of achieving high laser quality AIIBVI heterostructures not only in the green but in the 
yellow part of the visible spectrum. 

Keywords: semiconductor laser, yellow spectral region, ZnCdSe quantum dots, optical pumping,  
AIIBVI compounds. 
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Investigation of Green Band in Cathodoluminescence and  

Photoluminescence Spectra of Heavily Doped AlGaN:Si 

I .V. Osinnykh a,b, P. A. Bokhan a, Dm. E. Zakrevsky a, T. V. Malin a,  
V. F. Plyusnin b,c, K. S. Zhuravlev a,b 

a 
A. V. Rzhanov Institute of Semiconductor Physics, Novosibirsk, Russia 

b 
Novosibirsk State University, Novosibirsk, Russia 

c 
V. V. Voevodsky Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia 

Green band of superradiance in the optical transitions through levels of defects in the AlGaN layers of  
x > 0.5, heavily doped with donors was observed. Involves the development of efficient light sources of blue-
green spectral range based on this phenomenon. Exponential kinetics of luminescence with a characteristic de-
cay time of 50 ps means intracenter mechanism. Weak temperature dependence of the luminescence in the tem-
perature range 5—750 K shows large values of activation energy. 

Keywords: AlGaN, photoluminescence, cathodoluminescence. 
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Anomalous Temperature Behavior of the Exciton-Phonon Luminescence  

and Exciton-Electron Interaction in ZnO 

V. A. Nikitenko, S. M. Kokin, S. G. Stouchin, S. V. Mukhin  

Moscow State University of Railway Engineering, Moscow, Russia; e-mail: nikitenko100@mail.ru 

In this work are presented the results of a study of the exciton radiation spectra of crystals of zinc oxide 
in the temperature range from 10 to 300 K. It is shown that in some samples at temperatures above 150 K is 
observed anomalous behavior characteristics of the exciton-phonon luminescence (EPL) of free excitons, which 
can be interpreted as a manifestation of exciton-electron interaction. Features temperature behavior EPL of free 
excitons are closely associated with deviations of the composition and with the general violations of the transla-
tional symmetry of the samples, and it allows to offer a non-destructive method of quality control of such crys-
tals. The revealed regularities help to better understand the mechanisms of laser generation and exciton lumines-
cence of zinc oxide at a temperature close to the room. 

Keywords: zinc oxide, luminescence, exciton, the single crystal. 
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Luminescent Materials Based on Copper-Containing  

Potassium-Alumina-Borate Glass 
 

P. S. Shirshnev, N. V. Nikonorov, D. S. Agafonova, A. I. Sidorov, D. I. Sobolev 

ITMO University, Saint-Petersburg, Russia, e-mail: pavel.shirshnev@gmail.com 

Potassium-alumina-borate glass was synthesized with copper ions and clusters. It is shown that this 
material has a high glass transition temperature , the quantum yield of luminescence is 45 %. The material may 
be promising for use as inexpensive luminophor. 

 
Keywords: luminescence, quantum yield, cluster, copper ions. 
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Optoelectronic Hydrogen Sensor Based on MOS Diode and IR LED 

Yu. P. Yakovlev a, E. A. Grebenshchikova a, A. N. Imenkov a, N. D.Il’inskaya a,  
O. Yu. Serebrennikova b, A. M. Ospennikov b, V. V. Sherstnev a 

a
 I. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences,  

St. Petersburg, Russia; e-mail: yakovlev@iropto.ioffe.ru 
b
 Russian Institute of Radionavigation and Time (RIRT), St. Petersburg, Russia

 

 

In this paper the realization of a new type of compact hydrogen sensor based on optocoupler: LED  
IR LED and a MOS diode with a palladium layer on the substrate InP will be discussed. In the base of a new 
concept, the idea of using strong photovoltage dependence of a Schottky diode with a palladium layer on the 
hydrogen concentration is laied. It was found that there is general characteristic for such diodes: in gas-hydrogen 
mixture photovoltage changing under irradiation of structures with infrared light is stronger than the change of 
the electrical characteristics of the MOS diode with a palladium layer without illumination. Electric and photo-
electric properties of MOS diode based on Pd- xide—InP, as well as the speed of hydrogen sensors with 
sensitivity threshold of 0.01% were studied. 

Keywords: sensors, hydrogen, MOS diodes, concentration of hydrogen, sensitivity. 
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я     я       
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    300 К, я   1—40 А· –2  я я   
10—100 В.   я   200  1000 Å     -

я.  я    10–4—10–6  . .  ё  -
я    200—500 Å.     -

  Cr/Au-Ge/Au  Cr/Au-Te/Au   я   n-InP.  -
      Si3N4. И     

    -18. 
 . 1 я    -   (ВАХ) 

   120—270 К (     ),   
я   я  я     

 я я. Д я    ВАХ      
я я 10—100.     ( . 1,  a) RPd, Rs, RD, RInP — 

я  я,  ,     n-InP -
.  я RPd  RInP я   1%  я  
,     . Д     
   я я RU=0 = Rs + RD я  15  6.5    -

 ( . 1,  ),   Т < 200 К  я я  ,   Т > 200 К 
я     ~0.35 В, я   

 ,   ВАХ  270 К. В   eVb, я 
 я   I = 0   ВАХ   я  я ,  -

  я    0.64  0.4 В.   -
 я  я  U > Vb    RD я  , -

      я я     
Rs,     120—270 К я  290  340 , . .  -

  . А я я   ВАХ  я  >0.4 В,  
 я ВАХ j = j0[exp(eU/) – 1], ,      -

  ,    ( . 2).    
я ,  ,  я   -n-  -

 АIIIВV [4, 5]. Д я      я я  
    = 0cth(0/kT) [4]. 

В      (Т < 200 К)      -
   0 ≈ 0.16 В,   я  ,      

(Т > 200 К)  = kТ,  ≈ 8.5,   я   ( . 2, ). Д я -
 j0 ( . 3)     j0  exp(mT), m ≈ 4 · 10–3 К–1, m0 = dg0/dT ≈ 

 6 · 10–4 В/К —   я    InP.  
  j0  exp(–/kT), Δ = g0/ ≈ 0.17 В, g0 ≈ 1.43 В —   

 InP  Т = 0 К.        -
 я  ~200 К     я  я  ( З), 

   я   З я   ,   -
   . 

 

   I, 10–4 A                                                                                  j, A/ 2 

U, B             U, B 
. 1. ВАХ  ;  — -
я  (a)     U = 0( ).

 . 2. я   ВАХ;   —
я   . 

 

а 
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j0, А/ 2 

1000/Т, 1/К        
. 3. я   j0. . 4. я     -

  N2 + 2% H2. 

 

 ,       я    
  Pd- —n-InP  я   ,   -

 , я   —n-InP,    
 я   -    .    -

   я   <200 К,     -
    .  
В     я     -

    . Д    Pd  200—250 Å   
~1000 Å   n-InP    1016—1017 –3   

      .  . 4 я  -
 ,       (  -

 ~55 )   N2 + 2% H2. 

а а 
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2. . . К я, . . , А. . , . В. , В. . Ф . 

Ф . 1992. T. 26, № 10. C. 1750. 
3. Х. . . Э    я я     

Ш     А3В5  я      . 
А . . … -  , . , Ф И . А.Ф. И  А  (2010). 

4. . Ш . Ф   . .  . ., . 1992. К . 1, . 2.  
. 209. [M.Shur. Physics of Semicoductor Devices. Prentice-Hall, Inc. 1990]. 

5. А. . , В. . , В. В. , В. . , И. . , . . Ф -
. Ф . 1984. . 18, № 6. . 1032. 

Properties of Pd-Oxide—InP Structures Sensitive to Hydrogen 

E. A. Grebenshchikova a, Yu. S. Mel’nikov b, V. G. Sidorov b,  
V. V. Sherstnev a, V. A. Shutaev b, Yu. P. Yakovlev a 

a 
A. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences,  

St. Petersburg, Russia; e-mail: sidorov@rphf.spbstu.ru 
b 
St. Petersburg State Politechnical University, St.Petersburg, Russia  

Metal-oxide-semiconductor (MOS) structures (Pd-oxide—InP) have been fabricated to produce hydrogen 
sensor which can operate efficiently at room temperature. Carrier transport mechanisms of the structures at 
100—300 K have been studied. It is established that oxide behaves just as ohmic resistance and oxide–Pd inter-
face potential barrier causes rectification with thermo-tunnel carrier transport mechanism. Characteristics of the 
structures change essentially when hydrogen is present in environment. 

Keywords: hydrogen, MOS structures, current-voltage characteristic, transport mechanisms, InP. 
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Вы в ы  ы в ющ  p-i-n- ы  

 а  ИК а  ч  

И. А. А , В. В. Д , . Д. И я, . . К , . В. К ,  
. Ю. , . . , Ю. .   

Фи ик - ехниче ки  ин и у  и . А.Ф. И е Р и к  АН,  

Санк -Пе е у г, Р ия; e-mail: igor@iropt9.ioffe.ru 

В     я   1.2—2.4   
  GaSb/GaSbInAs/GaAlAsSb    (  50 )  

 ,    . И   
      Si3N4  0.3    

      ,   я   
. Ф      3—5 Ф     0.8—1.5 Ф 

   3.0 В.  , я    я -
    0.1—0.9, я  50—100 .  я  -

 2—10 . Ф  я     Id = 200—1500 А 
   U = −(0.5—3.0) В,      

Ri = 1.10—1.15 A/В     D*(max,1000,1) = 0.9  1011 В −1    1/2  -
  2.0—2.2 .  

К юч вы  ва:  , ,  , -
 p-i-n- . 

     p-i-n-   -
   я    я  -

  1.3—2.4 . Д   я    -
   , я  ,   ,    -
я       я     -

,   ВЧ    В     ,   
-     ,    . . 

     я  -
   ,   я    GaSb(100) 

  GaSb/GaInAsSb/GaAlAsSb   , 
 ,    ВЧ  я я -

   я  я.  
я я      — -

     ( . 1).    -
  ,    . Ч я -

      50 , я  —   я -
  50×70 .  CrAuNiAu       

n-GaSb   . Ф       p-GaAlAsSb 

                                                а                                                                      

  
. 1. Ф я         

( я  ( )  я ( )) (а),  я я  ( ). 
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 я     20    85 .   
 Cr-Au  2200 Å    Au  3—6 . 

Д я я         
 10 ,  —   ,  .   -

   я я    60×40 . я 
     45    {110} . 

     я .   
       0.3 , я-

  я    0.2   я Si3N4  0.1 .  
 я         -

 . 
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100      200       300 t,  
0
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I, . . 

 
                  –400          0          400       800 t,  

 

.2.       я   = 1.3 . 
 

Д      : С = 2.0—3.0 Ф  -
 я  С = 0.8—1.0 Ф    U= −(1—3) В   -

  50 .     . 2. -
 GaInAsSb/GaAlAsSb- , я    я  -

   0.1—0.9, я  t0.1—0.9 = 90—150 . Ш   я -
 2—10 . Ф  я      

ID = 200—1500 А    U = −(0.5—3.0) В,   -
  SI = 1.10—1.15 A/В     

D*(max,1000,1) = 9.0  1010 В –1    1/2    2.0−2.2 . 
 

High-Performance High-Speed  p-i-n Photodiodes 

 to Register IR Laser Radiation 
 

 I. A. Andreev, V. V. Dudelev, N. D. Ilynskaya, G. G. Konovalov, E. V. Kunitsyna,  
O. Yu. Serebrennikova, G. S. Sokolovskii, Yu. P. Yakovlev 

 

A. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences, 

St-Petersburg, Russia; e-mail: igor@iropt9.ioffe.ru 
 

High-efficiency, broad bandwidth (2—5 GHz) GaInAsSb/GaAlAsSb p-i-n-photodiodes with air-brigde 
frontal contact operating in the 1.2—2.4 m spectral range at room temperature have been developed for the 
first time. The distinguishing feature of photodiodes with air- brigde frontal contact is separation of photosensi-
tive and contact areas. “Air-bridge” contact was isolated from contact area by 0.3 m thick Si3N4 dielectric 
layer. The best results on value capacity and reverse dark current were obtained for photodiodes with dielectic 
layers under frontal contact at contact mesa. The GaInAsSb/GaAlAsSb photodiodes demonstrate the capacitance 
as low as С = 3.0—5.0 pF at reverse bias U = 0 V and С = 0.8—1.5 pF at U= −3 V, respectively. The response 
time of p-i-n-photodiode is estimated at t0.1—0.9 = 50—100 ps, a FWHM is about 220 ps. The photodiode band-
width of 5—10 GHz was reached. The photodiodes are characterized by low level of the reverse dark current 
(200—1500 nA at reverse bias U = –(0.5—3.0) V), high monochromatic current sensitivity (1.10—1.15 A/W at 
 = 2.0—2.2 m) and high detectivity D*(max,1000,1) = 0.9  1011 W–1  cm  Hz1/2). 

Keywords: ultrafast photodiodes, heterostructures, air-brigde frontal contact, bandwidth. 

U, В Id = 5.9 А 
U = 1 B 
FWHM 220 

-368-4 
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О  а ы а в InGaN- в в  

в а   вы  ю щ  ч  

А. В. Д  , А. . В  , . В.  , . В. Ш  , . В.    , 
В. В.   , Ю. В.    , В. И. Ц   , . В.   , . .     

а Ин и у  и ики и . Б. И. С е ан ва НАН Бе а у и, Мин к, Бе а у ь;  
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 Б е ки  г у а венны  униве и е  и . А. С. Пушкина, Б е , Бе а у ь 
в Цен  ве и ных и э ек нных ехн ги  НАН Бе а у и, Мин к, Бе а у ь 

         я  
   Rebel Z-          

.   я , я   33   -  
 , я  ~18 В / 2  я    1 А.  , 

я            
 . ,   я   

  .  
К юч вы  ва:  ,   .  

Вв  

       я -
   ( Д)       [1]. 

  Д     я,  я -
    [2]. И     -  

          
    [3]. К  ,  Д  я я   
  , ,   .   -

 , я       Д, я я я  -
 .        Д, 

    , я   .  

Э   ва   

 я  1.5×0.5 2, я я    33 Д, -
        . И -

 Д  Rebel LXZ1-PE01-0048 [4],     ~500   -
  .  Д я     1  

1000 А.  я  Д 2.2 2. я  я -
 я       60 В    

. я        200 А,  
    ,     -

       , я я  4×4 2. 
Д я   я  Д     -

   я    ~0.08 К/В ,   , 
  . 

 я , я  33 Д Rebel LXZ1-PE01-
0048. Д я     :  я, я -

,   , я я ( я  ),  Д  -
  Д.     ,    
я        я  -
  , я я я    , 

  Д      P ,      
.   1×1 2,    я   10 , 

 ,    V   = 10–11 3.      -
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    я  ,    
.    я я я  

  Д    . В    -
   Д,  .  я   , 

  я     я    
T = 20  , я я  ,     -

  .  

Р а ы  х  

 . 1 ( )  я   Д.   1 А -
я я  Д я  ~100 В . я  я 

Д P           . З -
 К Д Д      . 1,      

 я I  Д       -
 я  20 º . я   я 18 В / 2 -

   1 А,   К Д Д  = 13.4 %. 
 

     1             10          100        1000 i, A 

, % 
 

   40 
 

   30 
 

   20 
 

   10 
 

     0 

 I, В / 2

 

 16 
 
 12 
 
 8 
 
 4 
 

 0

   

 

0           0.5          1.0          1.5         2.0 

330

325

320

315

310

305

300

295

 
. 1. З    -
я I  К Д      

;   — я  
. 

. 2.  я я 
       

350 А. 

 
      -   -

  P , я      Д,    -
я      я.  . 2  -

 я я    Д     -
 7.86×1010 В / 3   я    -

 Д. Д         P     
350 А  V . . К  ,   я  332 К.   , 

 я  я  Д,    ,    
  я  Д   .    -

  я      ,  я  -
   Д.  

   я    я  -
 ,     500  1000 А.  -

         
  . 3 ( я 2). Д я  я   -

  Д    FLIR А655sc [5].  . 3 -
      ( я 1)   

  .  . 4  ,    FLIR А655sc, я 
  350 А. К  1—4  ,   я   

T1—T4: T1 = 59.1º , T2 = 59.2º , T3 = 56.8º , T4 = 64.4 º .Д я я  -
  Д,       .    

    я Д    T3 = 56.8 º   T4 = 64.4 º . 
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200             600              1000 i, А

Т,   
  160 
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  40 

 

1 
 

2 

                               
. 3. И   (1)   

   (2)   -
      . 

 . 4. И    
   350 А,   

 ;  
 
К    . 3  4,    Д   ( я 2) 

     я    -
я   Д. Э         -

    Д. 

За юч  

     я  33 ,   
  . я я  я  -

 13.8 В     1 А,     ~18 В / 2.  
, я      . ,  

          
я  .  

а а 
1. www.eetimes.com/design/smart-energy-design/4238275/Liquid-cooled-LED-arrays-as-bright-as-30-

headlights?pageNumber=0 
2. K. Lee. J. Korean Phys. Soc. 2011. V. 59. P. 3239—3245. 
3. .В. . Ха ак е и ики ин ек и нных а е в ви и г  иа а на ек а и их в -

ные и енения. . . 4-  В .     “ -
 :   я”, 10—13 я я 2014 . , я. . 40. 

4. www.philipslumileds.com/uploads/375/DS105-pdf 
5. E. V. Lutsenko. Annual Proceedings the Technical University of Varna 2010. International Scientific and 

Applied Conference Opto-Nano Electronics and Renewable Energy Sources 2010. Proceedings, p 38-42. 
ISSN 1312-1839. 21—25 September 2010, St. Constantine and Helena Resort, Varna, Bulgaria 

6. www.flir.com/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=30801&libID=39364 

Determination of Crystal Temperature of InGaN LEDs in Matrix  

with High Emission Power Density 

A. V. Danilchyk a, A. G. Vainilovich a, M. V. Rzheutski a, P. V. Shpak a, E. V. Lebiadok , 
V. V. Borushko b, Y. V. Trofimov c, V. I.  Tsvirko 

c, E. V. Lutsenko a, G. P. Yablonskii a 
1 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus, e-mail: a.danilchyk@ifanbel.bas-net.by 
2 Brest State University by A. S. Pushkin, Brest, Belarus 

3 Center of LED and Optoelectronic Technologies, National Academy of Sciences of Belarus,  

Minsk, Belarus 

To create a matrix with high-density of radiation miniature light-emitting diodes (LEDs) Rebel Z-series 
was used with a tight fit on the printed aluminum circuit board. Matrix, consisting of 33 LEDs, emitting in the 
blue-green region of the spectrum, and radiation power density was about 18 W/cm2 at injection current of 1 A. 
A model describing the distribution of heat during operation of the matrix was created. It is shown that the re-
sults of measurements of the temperature of the matrix of LEDs using a thermal imager are consistent simulation 
results and measurements of the temperature of the p-n-junction LED performed by optical method. 

Keywords: matrix light emitting diode, temperature of the active region. 
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Па а ы  ха а  щ ых в в  

а Cree XPE-HEW  

. . В  , В. К. К  , В. .  , А. . З  , А. . Ч я    

а Бе у ки  на и на ьны  ехниче ки  униве и е , Мин к, Бе а у ь 
 Бе у ки  г у а венны  униве и е , Мин к, Бе а у ь  

вНТЦ ик э ек ники Р и к  АН, С.-Пе е у г, Р ия; 
 e-mail: vklavik@gmail.com  

  я  я    ( ИД) 
 Cree XPE-HEW.      ( Д ) 

   я     ИД,   
     ИД,  я      

    я . Д я    
 я  “  ”,       ИД,  
   я   я .  

К юч вы  ва: ,  Cree XPE-HEW,  ,  я 
, .  

Вв   

  ( ИД) я  я ,    
 thin-film flip-chip (TFFC) – Rebel  vertical thin-flip (VTF) – Cree. К  , ИД  

     DBC (Direct Bonded Copper), 
     я      

Rjc    [1—4]. В       
ИД  Cree XPE-HEW     “ ”   . 1.  

a                               

    
. 1.    ИД (а)   PCB   “ ” ( ). 

М а  а а ы СИД  

Д  я   ИД    
   ( Д ),   я 

      , ИД   
[5]. И        я   я я 

     я Rth , я  
 Cth  я я    . Д я я  Rjc 

        JESD51-
14. К  , я     ИД    

 T3Ster- я [6].  
ИД Cree XPE-HEW     DA1000   

 я   (Direct Attach)   AlN DBC [7].   
   SiC      Sch = 1 2 ( . 2).  

   ИД  Cree XPE-HEW   . 1. У  
я   я       
 . Д я я   . 2  я ИД  Rebel ES.  



 137

           

 А (+)  
94575  
Gap 75  
К  (–) 
945795 

t = 335 

 

. 2. И   ИД  Cree XPE-HEW      
   я   Direct Attach DA1000.  

 

 1.    ИД  Cree XPE-HEW.  

     
(В /  · К) 

 
( ) 

У  я, 
 

  SiC 3.50 330 45 
Ч  ИД  GaN 1.30 3.5 45 
Э   Au-20Sn 0.57 50 0 
 Cu 3.98 75 60 
DBC   AlN 1.00—2.00 500 0 
 Cu 3.98 75 60 

  SnAgCu 0.58 75 0 
  Cu 3.98 70 0 

PCB    2.2 100 0 
Al   Al 1.20—2.40 1588 60 

 2.    ИД  Cree XPE-HEW  Rebel ES. 

ИД  I, А  U, В  К Д, %  Popt, В   , 
 

 , 
/В  

Cree XPE-HEW 350 3.058 33.55 0.359 120.4 112.47 

Rebel ES 350 2.819 33.24 0.328 114 115.54 

 

Р а ы  

       ИД   
. 3. В   Д    К   Ф   я  

  я      T3Ster. В 
я  R2  R4    «  »,   

 я  я  GaInN-    DBC   
  DBC–Al . А  я    я    

 ИД [6]. В   Cree 1  Cree 2   
 я я    R4.  

В    ИД     DBC я  
Cree 1 я  5.1 К/В ,  я Cree 2 — 5.2 К/В ,      – 6 К/В . 

   R1 – R5  ИД–  MCPCB я  14.1  
16.3 К/В  я  Cree 1  Cree 2.   T3Ster   R1 

– R5 я  Cree 1 я  13.9  я Cree 2 — 15 К/В . И  . 3, а   ,  
  я R4 (    DBC  MCPCB)  
   ИД R1 – R3. В    , 
  я  DBC   , я я -

   я  DBC-MCPCB,      
 я   .  
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. 3. З  Д :    я (а), я   

 я    ( ), я я я   
T3Ster (в), я ВАХ    Rebel ES (г).  

За юч   

 Д   T3Ster     ИД   
Cree XPE-HEW.      я 

    ИД  я    я  
 .  
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Parameters and Characteristics of Powerful Light-Emitting Diodes  

Types Cree XPE-HEW  

A. S. Vaskou a, V. K. Kononenko b, V. S. Niss b, A. L. Zakgeim c, A. E. Chernyakovc  

a 
Belarusian National Technical University, Minsk, Belarus 

b 
Belarusian State University, Minsk, Belarus  

c
NTC Microelectronics, Russian Academy of Sciences, St. Petersburg, Russia;  

e-mail: vklavik@gmail.com  

The analysis of the profile of thermal resistance of powerful light-emitting diodes (LEDs) type Cree XPE-
HEW is approved. Thermal relaxation method of differential spectrometry (TRDS) is used for identifications of 
LED components of thermal resistance and other thermal parameters of LEDs, their dependence on the structure 
and configuration of the LED is obtained, the active area and its modification at redistribution of heat flow along 
the section of the emitters is found. For this type of LED configuration the phenomenon of "bottleneck" occurs, 
which exists within the boundaries of layers of the LED, and the change of the thermal resistance with current 
excitation of the diodes is examined.  

Keywords: light-emitting diode, type Cree XPE-HEW, thermal resistance, thermal time relaxation, 
efficiency.  
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Peculiarities of Gas and Water-Oil Media Analysis on the Basis  

of LED-Photodiode Optocoupler of IR Spectral Range 

. V. Bezyazychnaya a, M. V. Bogdanovich a, D. . Kabanau a, V. V. Kabanov a, Y. V. Lebiadok a,  
A. G. Ryabtsev a, G. I. Ryabtsev 

a, P. V. Shpak a, E. V. Kunitsyna b, V. V. Sherstnev b, Yu. P. Yakovlev 
b 

а B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: y.lebiadok@ifanbel.bas-net.by 
b A. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences, St.-Petersburg, Russia 

The report focuses on the investigation of the peculiarities of light emitting diodes and photodiodes  
application to the gas and water-oil media analysis. 

Keywords: light emitting diodes for IR spectral range, gas media analysis. 



 142

В  в  в  в ва  10
4
—10

8
 В /

2
 а ы, 

  в  ю  а в ва   

а  Eu
3+

 ха  в а CaGa4O7  

. . я , . В.  , . В.  , В. . 
 , . .  , 

. .  , . .  , . А. А  , . .  ,  

а Ин и у  и ики и . Б. И. С е ан ва НАН Бе а у и, Мин к, Бе а у ь;  
e-mail: max.leanenia@gmail.com 

 Ин и у  и ики НАН А е а ана, Баку, А е а ан 
в Бакин ки  и иа  МГУ и . М. В. Л н ва., Баку, А е а ан  

И  я (Ф ) я CaGa4O7,   Eu3+,  -
   я 104—108 В / 2   300 К.  Ф  

CaGa4O7:Eu3+       ,      612  
615     5D0→7F2   Eu3+.   -

я    Ф   я    104  108 В / 2. В я ,   Ф  
CaGa4O7:Eu3+ я   я  я  104  2·107 В / 2    

   50 %   я   108 В / 2. У ,  Ф  
CaGa4O7:Eu3+    я     1.12—1.29 .  -

 я я  106  7·107 В / 2     -
я Ф   612   60 .  

К юч вы  ва:  я,   я, я, -
.  

Вв  

А   Eu3+ , ,     
 я я я   я я      

  [1, 2].  я (CaGa4O7),   Eu3+, 
  Ф    570—710  [1]. В  я я   

    я  620  703      Eu3+  -
  [3, 4]. В       Ф   -
я CaGa4O7:Eu3+. Д я я   я    

   я       -
  ,  я        

я,   я  я я . 

1. М а а 
Х   CaGa4O7:Eu3+(3 .%)   . -

 CaGa4O7:Eu3+     .  -
     CaGa4O7:Eu3+   .  

я Ф        
   300 К. В я  я я  ,   

 Ф    104—108 В / 2    
( я  )     ( я  - ) 

 Ф   CaGa4O7:Eu3+      
 Ti:Al2O3-   393     15 .   

    0.07   0.1 . 

2. Р а ы  х   

 CaGa4O7:Eu3+(3 .%)   300 К     
     я   612  615  ( . 1, я 1'). -
    570—710   я   я  -



 143

  [1, 2]. И  Eu3+     я   
 CaGa4O7   ,         Ф  я 
   5D0→7Fj (j = 1—4) [1].  , Ф     612  615  

я      5D0→7F2   Eu3+.   -
    587, 655  700     я 5D0  

 7F1, 
7F3  7F4  ( . 1, я 1').  

 

4.5 4 3.5 3 2.5 2

250 300 350 400 450 500 550 600 650 700
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1'

5
D

0
7

F
4

5
D

0
7

F
3

5
D

0
7

F
2

5
D

0
7

F
1

7
F

0
5

D
4

7
F

0
5

L
6

7
F

0
5

D
2

 

, 

I , . .

1

2

3

h, В

 
. 1.  Ф  (1')  λ  = 393   я Ф   λ  = 612 (1), 700 (2)  587  (3)  

я CaGa4O7:Eu3+   300 К. 
 

 я Ф     = 587, 612  700     я   -
     275       350—475  ( . 1,  

1—3). Ш я    я   
CaGa4O7      Eu3+.     363, 
393  466  я    7F0→5D4, 

7F0→5L6  7F0→5D2   Eu3+ .  
     Ti:Al2O3-    

 393      104—108 В / 2  Ф  CaGa4O7:Eu3+ 
      ( . 2, а). В    -

я 2·107 В / 2  CaGa4O7:Eu3+  я   Ф  ηФ   
  587, 612, 615  700 ,      

Ф     IФ /I  ( . 2, ). Д    я  108 
В / 2     Ф      50 %.  -

   я  108  104 В / 2    -
 Ф    .  , я  . 

 

580 600 620 640 660 680 700 720
10

-2

10
-1

10
0

10
1

10
2

10
3

10
4

 

, 

IФ , . .

10
8
 В /

2

10
4
 В /

2

10
4

10
5

10
6

10
7

10
8

10
-1

10
0

 

I , В /
2

, . .

1

4

2

3

 
 

. 2.  Ф  CaGa4O7:Eu3+   я  я   104—108 В / 2 (а)  
   Ф   587 (1), 612 (2), 615 (3)  700  (4)    

я  393  ( ). 



 144

0 1 2 3 4 5 6 7 8

10
-1

10
0

10
1

10
2

 

, 

IФ , . .                   a

1

2

3

4

       
0 1 2 3 4 5 6 7 8 9 10

10
-2

10
-1

10
0

10
1

10
2

 

, 

IФ , . .                       

1 2 3 4 5 6 7

 
. 3.  К  я Ф  CaGa4O7:Eu3+    587 (1), 612 (2), 615 (3)  700  (4)  

1 В / 2 (а)   я Ф   612   я  я 1 (1), 13 (2), 28 (3), 38 (4), 
49 (5), 63 (6)  72 В / 2 (7)  393  ( ). 

 

К  я Ф  я CaGa4O7:Eu3+ я -
 ,  я  я Ф     587, 612, 615  700  -

я я   1.12—1.29  ( . 3, а). 
 я я  104  7·107 В / 2 я  -

  я Ф     612   60      
я ( . 3, ). 

За юч  

Ф  я CaGa4O7:Eu3+(3 .%)       570—710 , 
     612  615    5D0→7F2   

Eu3+. В  я Ф  CaGa4O7:Eu3+   300 К  я 
    260   я    363, 393  466 . В я  

я  я    Ф  я CaGa4O7:Eu3+  
я    104  108 В / 2. ,   Ф  я   -

 104—2·107 В / 2,     я  108 В / 2  
    Ф      50 %. Ф  CaGa4O7:Eu3+   

 587, 612, 615  700     я     
1.12—1.29 .  я я  104  7 · 107 В / 2    

  я Ф     612   60 . 

Б а а   

     Ф  я    
А   (  № EIF-BGM-2-BRFTF-1-2012/2013-07/02/1)  -

     (  № Ф13АЗ-020). 

а а  
1. M. Puchalska, E. Zych. Effect of Na+ co-dopant and activator concentration on luminescent 

properties of CaGa4O7:Eu3+. J. Lumin. 2012. V. 132. P. 2879—2884. 
2. F. Du, Y. Nakai, T. Tsuboi, Y. Huang, H. Seo. Luminescence properties and site occupations of 

Eu3+ ions doped in double phosphates Ca9R(PO4)7 (R = Al, Lu). J. Mater. Chem. 2011. V. 21. P. 
4669—4678. 

3. P. A. Loiko, V. I. Dashkevich, S. N. Bagaev, V. A. Orlovich, A. S. Yasukevich, K. V. Yumashev, 
N. V. Kuleshov, E. B. Dunina, A. A. Kornienko, S. M. Vatnik, A. A. Pavlyuk. Spectroscopic 

characterization and pulsed laser operation of Eu3+:KGd(WO4)2 crystal. Laser Phys. 2013. V. 23. 
P. 105811—105818. 

4. J. H. Park, A. J. Steckl. Laser action in Eu-doped GaN thin-film cavity at room temperature. Appl. 
Phys. Lett. 2004. V. 85. P. 4588—4590. 



 145

Effect of Excitation Level in the Range of 10
4
 – 10

8
 W/cm

2
  

on the Photoluminescence Spectra, Kinetics and Efficiency  

of Eu
3+

 Doped CaGa4O7 Chalcogenide Semiconductor  

M. S. Leanenia a, E. V. Lutsenko a, N. V. Rzheutskij a, V. N. Pavlovskii a, G. P. Yablonskii a,  
T. G. Nagiev b, B. G. Tagiev b, S. A. Abushev b, O. B. Tagiev b,c 

1 
B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, 

 Minsk, Belarus; e-mail: max.leanenia@gmail.com;  
b
 Institute of Physics, National Academy of Sciences of Azerbaijan, Baku, Azerbaijan;  

c
 Department of M. V. Lomonosov Moscow State University in Baku, Baku, Azerbaijan 

The photoluminescence (PL) of CaGa4O7 compound doped with Eu3+ ions is studied over a range of 
pulsed excitation levels from 104 to 108 W/cm2 at 300 K. The CaGa4O7:Eu3+ PL spectrum consists of a set of 
lines in the red spectral region with the most intensive at 612 and 615 nm due to electronic transitions 5D0→7F2 
in Eu3+ ions. Drastic stability of the PL spectra position and shape is obtained at excitation levels from 104 to  
108 W/cm2. It is shown that PL efficiency of the CaGa4O7:Eu3+ is constant for excitation intensities from 104 to 
2 · 107 W/cm2 and has a reversible fall only by 50% while increasing the pump level up to 108 W/cm2. It was 
established that the PL of CaGa4O7:Eu3+ has monoexponential decays with time constants in the range of  
1.12—1.29 ms. PL decay times at 612 nm exhibit slight reduction at 60 mks while increasing excitation level 
from 106 to 7 · 107 W/cm2.  

Keywords: calcium oxogallat, trivalent europium ions, photoluminescence, efficiency.  
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Kinetics of Active Region Overheat Temperature of InGaN Laser  

Operating at High Injection Currents Measured  

with Nanosecond Resolution 

M. V. Rzheutski a, E. V. Lutsenko a, A. V. Danilchyk a, V. N. Pavlovskii a,  
G. P. Yablonskii a, M. Aljohenii b, A. Aljerwii b, A. Alyamani b 

а 
B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: m.rzheutski@ifanbel.bas-net.by  
b 
KACST, National Nanotechnology Center, Riyadh, Saudi Arabia 

A method of estimation of laser diode junction temperature at different time after starting of injection 
current pulse is demonstrated. The method is based on measurement of lasing spectra kinetics with nanosecond 
resolution using a streak-camera. A commercial InGaN laser diode (las ~ 439 nm) was investigated at injection 
current highly exceeding the nominal value.  

Keywords: InGaN laser diode, junction temperature, kinetics of junction temperature, pulsed operation 
mode. 
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On application of heat pipes in design of LED lights 

Y. V. Trofimov a, O. H. Penyazkov b, S. I. Lishik a, P. P. Pershukevich a, L. L. Vasiliev b 

а 
Center of LED and optoelectronics technologies, National Academy of Sciences of Belarus, 

Minsk, Belarus; e-mail: sergey.lishik@gmail.com 

 
b 
Institute of Heat and Mass Transfer, National Academy of Sciences of Belarus, 

 Minsk, Belarus 

The results of the applicability of the heat pipes as a heat sink for high-power LED lights designed for in-
door lighting industrial facilities (shops, warehouses, sports complexes, etc.) are presented. Different designs of 
LED lights in terms of optimum thermal design, manufacturability, ease of manufacture and cost reduction are 
investigated. LED light with low power consumption, low weight and small dimensions are developed. The 
batch of developed LED lights is now undergoing a trial operation on the real object. 

Keywords: LED light, heat pipe. 
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 я . Д я       

~1020 К   250 . В    я     
~1620    ~40 ,    ,    -

   .  
    (FeIn2S4)1–x(In2S3)x    -

 ,   (FeIn2S4)1–х(In2S3)х — -
 . У  я       

Д -3   CuK-    .  
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Д я я       
   0.15.05.0 ,     

.       я 
(  я 1—2 )   .   я -

      CuSO4. 

2. Р а ы  х  

    ,  -
      я   

   .   я ,    
 In2S3, FeIn2S4,          -

,  я   .     
        

 . 
 

0.0 0.2 0.4 0.6 0.8 1.0
10.60

10.65

10.70

10.75

10.80
 

x
FeIn2S4In2S3

                 1.0 2.0 3.0
0.001

0.01

0.1

1 1.56
2.07

1.7

2.7
2.79

(FeIn
2
S

4
)

1-x
(In

2
S

3
)

x

In

 . .

1

2

3

 
 

. 1. К я  
  я  а 

я  (FeIn2S4)1–x(In2S3)x 

 . 2.    -
 я -  

     
(FeIn2S4)1–x(In2S3)x  300 К; х = 0.8 (1), 0.6 (2)  0.4 

. % (3) 
 

      я   
a = 10.612  0.005 Å я я FeIn2S4  a = 10.772  0.005 Å я  In2S3. И  -

 а   х я я      В  ( . 1).  
И   -   ,   -

  , ,     я -
я K  5  я я  я U  5 В (Т = 300 К).     

  я    я   я  
   (FeIn2S4)1–x(In2S3)x. 
  -   In/(FeIn2S4)1–x(In2S3)x   -

    .    -
 я ,       

     (In)     
(FeIn2S4)1–x(In2S3)x.     я 
(ħ) я -   In/(FeIn2S4)1–x(In2S3)x   . 2. В -

,    я я      -
 1—3.5 В. 

За юч   

 я -      -
 (FeIn2S4)1–x(In2S3)x ,      я -
я K  5  я я  я U  5 В  Т = 300 К. У ,   -

ħ, В 

  ħ 
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  In/(FeIn2S4)1–x(In2S3)x      -
      1—3.7 В  300 К.  
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Growth and Structures Based on the Single Crystals  

of Solid Solutions (FeIn2S4)1–x(In2S3)x 
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We present the results of growing crystals of solid solutions (FeIn2S4)1–x(In2S3)x and study stationary cur-
rent-voltage characteristics of the structures based on the single crystals. 

Keywords: growing single crystals, solid solutions, stationary current-voltage characteristics. 
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И а а ы  ы а  а в FeIn2Se4 

И. В.  , . А.  , . Ф.  , А. . К  , . В.   

а Бе у ки  г у а венны  униве и е  ин а ики и а и э ек ники, 
Мин к, Бе а у ь; e-mail: s.pauliukavets@bsuir.by 

 Ин и у  и ики и . Б. И. С е ан ва НАН Бе а у и, Мин к, Бе а у ь 
в Ме уна ны  г у а венны  эк гиче ки  униве и е  и . А. Д. Саха ва, 

Мин к, Бе а у ь 

И  ИК  я  FeIn2Se4  я я  Е||   Е . -
     ,  я, я  -

я  я .   я . 

К юч вы  ва: ,   К —К , -
 я ,   я , я    . 

Вв  

И    ,      -
,    я       

.       FeIn2Se4, я я  -
  AIIB2

IIIX4
VI (  A = Fe, Mn, Ni, Co; B = Ga, In; X = S, Se, Te).  -

 я  -   я      
   я       ,  

 я   , ,  , я  , -
   , я    [1, 2]. 

В я     я   -
я  FeIn2Se4   ИК я. 

1. М а а 
 FeIn2Se4      -

    [3].    ~14    ~40 ,   
 .  

 ИК я я   -  FIR-30    550—
50 –1        2 –1.   

   1.5×2.5 ,    FeIn2Se4. 
 FeIn2Se4 я я я     ZnIn2S4-

(IIIa),   Fe2+   ,      In3+ 
  (Int) ,  я —  (In ). 

 -   [4],       
  12    : 

 opt = 7A1 + 7E. (1) 

    ,   я  А1  Е    
,   (6A1 + 6E) . В     

я я я    ИК,     К . 

2. Р а ы  х  

ИК  я  FeIn2Se4  я я  Е||c     
 . 1. В      я  я  Е||c  
   (60, 182  193 –1),   я  Е  —    

(58, 69, 78, 181, 193  204 –1). 
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50          100           150          200         250         50            100          150          200 , –1 
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R, %                               a 
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. 1. ИК  я  FeIn2Se4  я я  Е||c (а)    ( ). 

 
 ,      я   

    К —К  (ДА-К-К) [5], -
    я ,     

(ДА)   К —К  (К-К)  . В  ДА-К-К  К-К я-
я     R(ω),   , я    -

    . я я я    я 
 ДА,   я   ε(ω) я : 

 

2 2
, ,

2 2
, ,

( )

( )
LO n LO n

n

TO n TO n

i g

i g




    
  

   


. (2) 

   -  LO-     я. Ч -
   я       ,   

я —   . З       -
 ДА-К-К    я    -

 я. 
     ИК  я    

LO   TO ,  я gn,   ∞.  я  Sn 

  я: 

 
2

,
2

,

1
4

LO n
n

TO n

S 
 
  
   

, (3) 

В я ε∞  я ε0   я    
: 

 0 =  +   4Sn. (4) 

    . 1. 

        1.    FeIn2Se4. 

я я Е||c я я Е  № 
 LO, –1 TO, –1 gn Sn 

№ 
 LO, –1 TO, –1 gn Sn 

1 198 188 5 0.09 1 212 198 7 0.012 
2 188 175 6.5 0.013 2 198 188 5 0.09 
3 62 58 2 0.012 3 188 176 6 0.012 
     4 80 76 2 0.009 
     5 70 67 1.5 0.008 
     6 61 55 3 0.02 

    ИК  я  -
 я ,    FeIn2Se4. Э   я  

   [6]    я: 
  – 1 = 2/(х2 + х) (5) 

 x = es
*/Zeffe —   я . 
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      [7], -
 я  : 

 
* 3

2
Se

Ze







 

, (6) 

     [8],   LO-  
TO-  -      я  -

 я я     (  я)  -
я   ( )   ε∞  -

 я  ,   : 

 
** 2

3
SB ee

Ze Ze

 
 , (7) 

В я  я  ,   
я , я    ,     (4)—(7),   

. 2.     ,   ИК  я -
  я    ,  я     

ε∞,     я ,     
    FeIn2Se4. 

        2. Д  я    я   FeIn2Se4. 

я я 
я ε∞ ε0 eS

*/Zeffe eS
*/Ze eB

*/Ze  0/ 
 

— —  

Е||c 12.1 1.13  3
2 2

1
1.13LO TO

n
    

Е  

10.7 

12.6 

0.68 0.77 – 3.26 

1.18  6
2 2

1
1.13LO TO

n
    

За юч  

   я  я я  Е||c    я  
 FeIn2Se4       я я  

 . 
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Infrared Reflection Spectra of FeIn2Se4 Single Crystals 
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а 
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IR reflection spectra of the FeIn2Se4 single crystals are investigated at range of 550—50 cm–1. Parameters 
of phonons and dielectric constants are defined. Effective charges are calculated. 

Keywords: single crystals, analysis of variance of the Kramers—Kronig relations, dielectric constant, ef-
fective ion charge, charges Born and Szigeti. 
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К ва ы  ы  ч  ч   

 а в  ю в 

Д. В.  a, А. В. Д  , В. А. Ж  , А. В. К  ,  
. В.  , . В.    

a
 Бе у ки  г у а венны  ин и у  е гии,  
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    я    
-    ,  я  ,  -

      И   А  .  

К юч вы  ва: я, , ,  я.  

Вв  

    я    
 —    . Э   , ,  -

   ,   я   
[1—4]. В   ,      
(CIE), ,   (Ф )   я  -

      ,       я     [4]. 
 [4], я  я я       -

  я    ,   -
  я CIE А,     Т  = 2856 К.  

 [4]     80-  .,    -
я я я   я,     

 я ( И),     я CIE А. В -
 я я  я    я  -

,   я     я я   . В  
 я  я      

  ( ИД)  я,   я      
я  . 
И ИД  я  я  И  я.  

В я    ,     -
я  я   я [5—7].     -

  я   ,     -
я         : КА- К ,  
КА- ЮК  ( я)  -я  Э  0693 (У ),     -

   я я  я   -
,   я    ИД  я   -

я [8—10]. У ,     я  я  ИД-
  я    я   . 

 я  я    я  -
 я     4 %   я  я  6—

10 % [8—10].   я  ,     
  ,   , .  -

 я    ИД-    -
  ,      я,   

    ,    
я  я  я  ИД. 
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    я  я  я  И   я  
 У Ф        я 

 ,   Ф . Д я     -
    И   А    -
   я (К ИИ)    -

   ИД  я.  

К ва ы  ы  ч  ч   

    я  ,   Ф  -
я        я   -

  (И ),  я     У    
,     ,   я, 

 .  И  я я    . В -
  я      И  я я  я, 

  я  И  я я   ,    
      [11]:   ; 

   я;   я -
; я  я я я   . -
      ,    -

   И ,    [11]. ,   -
          -

  я.  
 . 1     К ИИ,    -

  я. В яя     я.  
      5/1. К я К ИИ   я 
   . В    я -

я 16 ИД: Lumileds Luxeon S1000 LXS8-PW27 (8 ),   Luxeon S1000 LXS9-PW30 
(8 ). Э  ИД  Т    2725—2795  3045—3129 К.  Т   
  я  я ~2900 К. ИД    -

   я      К ИИ  
  4. Д я я   я ИД я 

 я 3  14   Fischer Elektronik LA 9/200 230V, -
  . В  я я   , -

 я я  ИД        я-
я    я  я    я , 

,  я     я. В  я я я 
 ИД  я ,  я  я   . 
В       К ИИ я   -

 -   HLX64640 10     
150 В .    ,      К ИИ,  -

я      К ИИ.   -
я я     я,     -

 я . Д я я -    ИД  я   
я  Aghilent 6576  BK Precision Х195 .   -

я я   . К    я я -    ИД 
я я я  Aghilent 3440. 
        
 К ИИ ,    я  ,   

 я  0.5     95 , К ИИ    -
   500        1000   ;  -

я    2.3 %;    -
 я     я я  2856 ± 200 К;  -
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. 1. У  К ИИ: 1 — я  К ИИ; 2 — ; 3, 14 —  я;  
4 — я  К ИИ; 5, 8, 11, 13 — ; 6,12 — ; 7 — ; 9 — ;  

10 —  я. 

я      ±10 К  -
  я   ИД.    К ИИ   

   . Д   К ИИ   
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    я    
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Combined Reference Radiation Source for Luxmeters Calibration  

D. V. Skums a, A. V. Danilchyk b,V. A. Zhdanovskii b, A. V. Kreidzich b,  
E. V. Lutsenko b, S. V. Nikanenka a 

a
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b
 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus. e-mail: s.nikonenko@dragon.bas-net.by 

The combined reference radiation source for luxmeters calibration, on the basis of small quartz-halogen 
lamps and LEDs, which created jointly the Belarusian State Institute of Metrology and the Institute of Physics of 
the National Academy of Sciences of Belarus, is presented. 

Keywords: photometry, calibration, irradiance, radiation source. 
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В     ,    -
   я       -

       я    я  
я    я .  я    я -

  я я     я     ,   
 .   я         
  .  

К юч вы  ва:  ,  я, я , я я.  

Вв  

  ,   ,   -
   я    ,     . И -

я          
  ,          

      [1].  -
 я         ,     

 . У   я     
я    я  я   ,     -

 я      . В я      я 
      я я -

 я,       . К   -
    я   .  

П а в а а ач      а а    

   , я     -
       h, я  

я   я,  ,    
   я  le,      

 . В    я di я я я    
,  di ≥ le,      я я я   

  .  я  , я  ,  
           
я    я   .  
У   я я я     я -  
я   я я   я . В    
     я   “   ”  -

      ,   
я    R, я  T  “ я ” S   я   

 (  R + T + S = 1).   я  я я     -
    .     -

    ,  я    я  
       я я   -

           я    -
        k ( . . 1). 
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q–(k,,a) q–(k,,b)

q+(k,,a)
q+(k,,b)

qa
+(k,) 

qb
–(k,) 

i + 1i – 1 

 

        a                                b 

. 1.    я     . 
 

В          я     -
я          -

 ε(k)  : 
2

* * * * * * * *( , , ) ( , ) ( , , , ) ( , , )

B

a a

V

q k a q k P k k q k a k dk d


              ,     (1) 

2
* * * * * * * *( , , ) ( , ) ( , , , ( , , ))b b

B

q k b q k P k k q k b k dk d

V

   


                    (2)  

З  q+(k,Ω,a) —     я    -
 k, я я   x = a   Ω(θ,φ)   я;  = |cos|; 

d* = = sin*d*d*; qa
+(k,) = qa

+ —    , -
      . В я  Pa

–(k,k*) = Pa
–(k,, k*,*)  я-

      k*     -
 k ( я  kx > 0      х = а  kx < 0). В  я  

  (2)   x = b  я я   .    я 
    k,  я ε(k) я я я  -

. 
 я VB

+[[0,k*max];*
+]  VB

–[[0,k*max];*
–]    

 я  я  В —З . В  я я   
[2]   я    я     

    .    я  -
  я       [3]     

q(k,Ω,x) = q+(k,Ω+,x) – q–(k,Ω–,x).  
В  я     v(k)   я   

     .       
 я  f1     

0 0
( , , )

cos ( , , ) cos ( , , )(1 ( , , ))exE
E

k B

eEd q k x
q k x q k x f k x

l k Tdx


             (3) 

З  lk = v(k)(k) — яя    я     
(k), Eex — я       я; qE(k,,x) = 
= [2/(2)3](k,)f1(k,,x), q0(k,,x) = [2/(2)3](k,)f0(k,,x) —    -

    я      k  -
    (,). 

    я (3)   я  (1), (2) 
я  : 
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* 0 0( , , ) ( , ) ( , , )[1 ( , , )]exp exp
x

k ka

s a x a
q k x C k q k s f k s ds

l l

                   

  
 

 (4) 

* 0 0( , , ) ( , ) ( , , )[1 ( , , )]exp exp
b

k kx

s b x b
q k x C k q k s f k s ds

l l

                         
 , (5) 

  = eEex/kBT, cm–1;   = d/lk; C*
+(k,)  C*

–(k,) — я   х . 
    (1)  (2) я    

    , : 

 * 0 0
1

[( ) ( )]
1

a a b a a b
ea b

C q R e q R e Q R e R e Q
R e R

            
        


.                   (6) 

З   я      , -

       , 0 0 ( , , )
b

a

Q q k s    

[1 – f0(k,,s)]exp[(s – a)/lk]ds, 0 0 0( , , )[1 ( , , )]exp[ ( ) / ]
b

k

a

Q q k s f k s s b l ds        .  -

я я   я я   

* * * *( , , , ) ( , )b a b a

VB

R e q P k k q k    


    e–*k*

2dk*d. 

К    (4)—(6), я      (  -
) ,    я   я,  я   я  я я -

 Pa
–(k,,k*,*)  Pb

+(k,,k*,*)   . К  C*
+(k,)   C–(k,), -

    , я    ,     .  
,  ,   я        

  (   )  я,      .  
И     я  я я я   

2( ) ( , , )

VB

Q x q k x k dkd 


    ,      2( ) ( , , )

VB

Q x q k x k dkd



                       (7) 

В я     я ( , я 2)    
   : 

2
1 2 * * * * 2 * * * * * *

2

( , , ) ( , , ) ( , , , ) ( , , )a a

VB

q k a T q k a P k k q k a k dk d    


              (8) 

Р  а ач   а а  в х  ы  

   я       
   я    ,     ,    -
    я я.     C*

+(k,)  C*
–(k,) 

     я   я    -
    я  . Ч     ,   

 . , ,    ,  
  я  x = a, х = b1 = b2 = b  x = c,  ( ) -
     k,    х = b я -
я : 

)]1 1 1 1( , , ) [1/(1 ( , )q k b G k            (9) 

 1 1 2 2
1 2 1

1 1 2 2
1 2

1 1

1 1
a b c b

a b c b

e R e T e R e T
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Passage of Charge Carriers Flux through Border of Layers 

 M. B. Kerimi 

Centre of Technologies, Turkmenistan Academy of Science, Ashgabat, Turkmenistan; 

e-mail: mb2krmi@yahoo.com  

In case of a plane-parallel solid-state structure layer with a small micro-relief and small, densely located 
nanoscale Heterogeneity on borders in the relaxation time approach the kinetic equation with integrated bound-
ary conditions for differential charge carriers flows solution is obtained in a general view. Nonlinear dependence 
of the flows on dispersion probabilities on the borders and mutual influence of properties in two-layer structure 
is shown, it is near to adjacent borders especially. The density flows losses expression on adjacent border of the 
two-layer structure in the kinetic theory frame is received.  

Keywords: differential flows, layer boundary, dispersion, distribution function. 
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 dN(x,t)/dt = j/e – R(N) – gG(x,t)S(x,t) + FN(x,t) (3) 

З  A0(x), B0(x) —   я      ; Am(x,t) 
Bm(x,t) — - я я ; N(x,t) — я ; S(x,t) — -

 ; R(N) —   ; G(x,t)  G0(x) —  
я     ; j —   ;  —  

-  я ; b —    я   ; 
kb — я я я; x0 —      -

, g — я  ; Fa(x,t), Fb(x,t), FN(x,t) —   . -
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1. Sz.-Ch. Chan, J.-M. Liu. Tunable narrow-linewidth photonic microwave generation using 

semiconductor laser dynamics. IEEE J. Sel. Topics in Quantum Electron. 2004. V. 10, N 5. 
P. 1025—1032.  

2. X.-Q. Qi, J.-M. Liu. Photonic microwave applications of the dynamics of semiconductor lasers. 
IEEE J. Sel. Topics in Quantum Electron. 2011. V. 17, N 5. P. 1198—1211.  

The Laser Diode in External Optical Injection Regime  

for Generating Microwave Signals  

A. A. Afonenko a, S. A. Malyshev b, A. L. Chizh b 

а 
Belarusian State University, Minsk, Belarus; e-mail: afonenko@bsu.by 

b 
B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: chizh@ieee.org 

Numerical simulations of the spectral characteristics of the optically injected laser diode have been per-
formed based on the dynamical distributed cavity model. It has been shown that in the unstable locking regime 
microwave spectrum width can be smaller than the width of the optical spectrum of the laser source in a free-
running regime. Outside the locking region a significant increase of the microwave spectrum width can occur in 
comparison to the case of direct photodetection two optical frequencies. 

Keywords: laser diode, optical injection, distributed cavity model, the laser dynamics, regular pulsations 
of radiation. 
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 я       -
 ,         я    -

 я  ( )  -   (VCSEL)   
  [1]. И я       -

  я   я   я , 
  я       я   .  
В  [2, 3] я я     ,    

 я       я     -
  я  я       -

    я  .   -
        я    

.   [2, 3]   я   
, я    я   , ,  

, я  [1]. Х я  я   
(    я  ),  я     -

   я   я  .  
В        [2] 
 я    я  .  -

      ,     
     я , я   . 

Т ч а   

З   я   [2, 3], я  я  я 
     я     

я   я . В   -   -
 я      . 

   я       
я я       [4]. К    [2, 3], -
  я я я    я,  -

 я     я ,     -
  VCSEL,      ( ,  ). К -

,    я  , я     
 ,         -

    я   я  я  
     : 

kx,y = Gx,y()(1 + bx,y(J/J0 – 1)),     (1) 
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 Gx,y() я     я я , -
я    ,   ; J  J0 —   -

    ;  bx,y я    -
 я     . Ф ,  bx,y я  -

   -     . К   
,    Gx,y() я VCSEL    . 

У      я   я 
   я      

R(,) = Rxfx()cos2 + Ryfy()sin2,   fx,y() = 1 – R(1 – sin2n( + x,y)),   (2) 

     ; x,y я     -
  я  я;   n   .  

R я    “ я ”  fx,y()   я  
,  я   я я я   .  

У я,   я  я,  -
,     я VCSEL    

GaAs. , я        
,   ,         

я я   . И       
  180 . 

2. Р а ы ч ых а ч в 

        Gx,y()  
fx,y() ,        x,y   -

 я      я . Д    
 ,      я  25—40 , я   
 ,     [5].  ,   

R > 0.1 ( я VCSEL   я я   )   -
я   я я    -
я fx,y()   я       я Gx,y().  

  VCSEL   я , я -
  я R(,) я я   я, 

 я  я     VCSEL. В  
        я ,  

       я   , -
   я   я  я .  

   - я   я,      
 я  .  ,  ,  я  -

 я  (     я  )  
я    .  

 ,    я   , -
я   ,     . .,  я    
я   я   . ,     

    я  , я    
 .  я я я        ,  -

   . И  я , ,  -
         я.  . 1 

  я        я Rx/Ry 
    я 0.999,    я VCSEL. 

  ,          
 я       я Rx/Ry.  
   я      я -

    ,     [6].    
  я    я ,    -

     . 
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Spectral-Polarization Radiation Composition of Surface-Emitting  

Semiconductor Lasers in Polarization Instability Region 

L. I. Burov, A. S. Gorbatsevich, E. S. Sokolov 

Belarusian State University, Minsk, Belarus; e-mail: burov@bsu.by 

The previously proposed approach for semiconductor laser polarization is generalized to consider spectral 
parameters in polarization switching region. It is shown that laser radiation has a complex spectral-polarization 
composition that considerably changes in f polarization instability region. The developed approach provides pos-
sibilities to describe a very wide set of effects related to polarization switching VCSELs. 

Keywords: semiconductor laser, polarization switching, spectral shift, dichroism, birefringence. 
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)     .  
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  я  я  

 

 
   

   
Д  -

  я 
К я  69 ± 2.7 — 

я  85.4 ± 4.3 P < 0.001 

       2. -   50-       
  -   

f 
яя 

 M,  
В   

я  , % 
яя 

 L,  
В  -

 я  , % 

К я  530.3 ± 8.2 100 44.0 ± 0.9 100 

я  735.6 ± 10.0 138.7 ± 7.7* 58.5 ± 0.8 132.9 ± 0.6* 

* Д    я P < 0.05. 
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Laser and LED Equipment to Improve Incubation Efficiency of Spawn of 

Valuable Species of Fish in Piscicultural Industrial Complexes 

N. V. Barulin , I. A. Leusenko b, A. V. Mikulich b, A. B. Ryabtsev b, V. Yu. Plavskii b 

а 
 Belarusian State Agricultural Academy, Gorki, Belarus 

b 
 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: v.plavskii@ifanbel.bas-net.by 

On the basis of long-term fundamental and applied studies on the effect of low-intensity optical radiation 
on the piscicultural and biological and economically useful characteristics of seeding of sturgeon and salmon 
fishes the series of laser-optical devices based on semiconductor lasers and LEDs giving possibility to apply the 
low-intensity optical radiation to spawn under industrial production has been created. It is shown that the use of 
developed technological equipment allows to increase the efficiency of artificial reproduction and cultivation of 
valuable species of fishes by increasing the survival rate of embryos and larvae, stimulation of size and weight 
characteristics of fish fry as well as optimization of technology for aquaculture product at a low cost of the 
equipment for its implementation. 

Keywords: semiconductors laser, LEDs, aquaculture, sturgeon, salmon, fertilized eggs, laser-optical 
technologies. 
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В  В , % 75.5 79.1 76.2 73.2 

 



 183

В  №3 ( . 4),   я я     я  -
 я      25 В ,  

        -
  В   В . В  № 3-1,   я я  25 Д / 2,  

    В  = 71.1 % ,   13.4 % ,  я -
 .     В    № 3-1    № 3-4 

  — 2.3% (В (3-1) = 75.5 %, В (3-4) = 73.2 %). В   В  
= 79.1 %    № 3-2,   я 50 Д / ².  В   В    

  ,    .  

За юч   

      я  
я    0.67    я   я   

50—70       я     -
    я    . Д я -
     я   -

  я (  ,  я)  я    -
 я  я    я  я.  

а а  
1. V. Yu. Plavskii. Principles of Creating Devices for Magneto-Laser Therapy with a High Magnetic 

Field Strength within the Optical Radiation Coverage Zone. In: “Research Advances in Magnetic 
Material”. Eds. C.Toulson, D. Marwick. New York, Nova Sciences Publishers Inc. 2013. P. 1—32. 

2. В. Ю. , . В. , . . я, А. И. я , А. В. , 
. . , В. . У . Инн ва и нные е ы вышения э ек ивн и 
ни к ин ен ивн  а е н  е а ии в ве е в е енных е ав ени   
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The Use of Semiconductor Lasers to Increase Hatchability  

when Irradiated Turkey Poults Hatching Eggs 

N. A. Dubina , M. V. Shalak a, V. Yu. Plavskii b 

а 
 Belarusian State Agricultural Academy, Gorki, Belarus 

b 
 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: v.plavskii@ifanbel.bas-net.by 

The data showing the positive effect of semiconductor laser radiation red spectrum (wavelength 670 nm, 
a dose of 45—50 J/cm2) in combination with a constant magnetic field (magnetic induction 50—70 mT) on the 
hatchability of turkey poults with short-term exposure (40—60 s) in the hatching eggs. 

Keywords: semiconductors laser, turkeys, hatchability, hatching eggs. 
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The Use of Semiconductor Lasers and LEDs as Fungicidal Factor  
 

A. I. Tretyakova , A. V. Mikulich , L. G. Plavskaya , I.A. Leusenko , V. Yu. Plavskii , 
I. L. Morozova b, T.E. Kuznetsova b, A. E. Pyzh b, E. L. Ryzhkovskaya b,  

N. I. Schastnaya b, V. S. Ulashchik b 

a 
 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: v.plavskii@ifanbel.bas-net.by 
b 
 Institute of Physiology, National Academy of Sciences of Belarus, Minsk, Belarus 

The ability of polyene antibiotic amphotericin B to act as photosensitizer and to enhance its fungicidal ac-
tion upon exposure to radiation (semiconductor lasers and LEDs) corresponding to absorption band of ampho-
tericin B has been shown.  

Keywords: semiconductors laser, LEDs, fungicidal action, photodynamic therapy, amphotericin B. 
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Nephelometric Method for Determination of the Microphisical Parameters 

of Blood Erithrocytes 

D. A. Smunev, M. M. Kugeiko  

а 
Belarusian State University, Minsk, Belarus, e-mail:kugeiko@bsu.by 

We obtained the regression relations between the microphysical parameters of erythrocytes in human 
blood presented in form of spheroids and the low-angle directional scattering coefficients () in the spectral 
window of blood. The efficiency of using these regression relations for double-angle measurements was esti-
mated. It is shown that we can, concurrently with microphysical parameters of erythrocytes, refraction index, 
determine shape parameter, such as asphericity of erythrocytes, and dimension of the large axis of spheroid to a 
precision of a few percent. 

Keywords: erythrocytes, microphysical parameters, directional scattering coefficients, multiple regres-
sions, shape parameters. 
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Properties of Zinc Oxide Nanoparticles Synthesized  

by Discharge with Liquid Anode 

V. S. Burakov, M. I. Nedelko, V. V. Kiris, N. V. Tarasenko 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus, e-mail: tarasenko@ifanbel.bas-net.by  

In the paper the results of studies on characteristics of zinc oxide nanoparticles synthesized by atmos-
pheric pressure glow discharge with liquid anode have been discussed. The main factors such as and the liquid 
composition and parameters of the generated plasma affecting the morphology and phase composition of the 
formed nanoparticles have been analyzed. 

Keywords: electrical discharge with liquid anode, nanoparticles, zinc oxide, absorption, band gap. 
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Molecular Beam Epitaxy of Linearly Graded InxGa1–xAs/GaAs  

Metamorphic Buffer Layers  
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T. A. Komissarova, S. V. Ivanov 

I. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences,  

St.-Petersburg, Russia e-mail: sorokin@beam.ioffe.ru  

Paper presents results on molecular beam epitaxy (MBE) of linearly graded metamorphic buffer layers 
(MBL) on GaAs(001) substrates with low threading dislocations density (less than 106 cm–2) in cap layer. The 
MBE growth conditions for growing MBLs are determined, and In stepback calculations within the frames of ex-
isting models are compared with experimental data. The structural and electrical properties of the MBL struc-
tures are discussed. 
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  Jp= 500 A/ 2 я    Д я я  -

      ,     - я  
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К юч вы  ва:  , я - я я,  , 
  .  
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  ( Д)  Э  (Leo Esaki) [1] я    
    ,     я я  я-

    я я я  я     -
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    , ,    -
 .    я я я я  -

я    [2]       ( Э) [3]. 
Ц  я   —   я -   ( Э) Д  

   ,     я я -
   Э    АIIIВV. В   я 

  [4—7]  , я    (Jp, 
A/ 2) Д Э ,   , я я я   

,   я    я ,     -  
- . З  я   я (>1019 –3)   GaAs 

,  я  MOCVD,   Э  я я я . В  -
   , я    -

я p-  n-  Д n-GaAs:Si/p-GaAs:Be  Э,    ВАХ  
 Д.  

1. Э   

 Д AlGaAs/GaAs:Si/GaAs:Be    n+-GaAs:Si (001)  -
   Э (SemiTEq, я). я   

АIIIВV      Ga  Al, Si  Be ( я n 
 p- я),     я    -

 (Veeco).   я я  570 ° ,   -
    As4.   я in situ  -

       (Д Э ).   -
я я   . Д я     

      : T ~ 510 ° , -
я    GaAs(001)  (24)As  c(44)As  -

   As ( .    GaAs(001)  [8]),  T ~ 580 ° , 
я      GaAs.  

Д    Д ( . 1) я я  я  
 Э.   Д    n-GaAs(100) (n = 2  1018 –3)  

   n-GaAs:Si   я n = 2  1018 –3,  -
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   (      Э) n-Al0.4Ga0.6As:Si 
 50  (n = 2  1018 -3), я  Д n+-GaAs:Si/p+-GaAs:Be   

d = 10—20 ,   p-Al0.4Ga0.6As:Be (p = 2  1018 –3),  300-    
p+-GaAs:Be (p = 3  1019 –3 я  #B  #C  p = 1  1019 –3 я  #A)  -

 10-   p+-GaAs:Be   я p = 5  1019 –3. Д я   -
я p-  n-    Д   я   я  

(Al)GaAs:Be  (Al)GaAs:Si  300 К.  
И ,     , я     

 я GaAs  Э, я я я   .   
  Д   я GaAs:Si     

Al0.4Ga0.6As:Si я   TS = 580 ° ,   ТS    
400—430 °    я я   Si [9]  я 

    Be [10]     я  -
.    Д GaAs:Si/GaAs:Be   .1 . В  #  

я я  n-    δ-   
 я  δ-  Si (     Si  

6  1012 –2)  я  1.5      n-GaAs:Si (ТSi   -
я n ~ 1.2  1019 –3    GaAs:Si    Э). 
Д я я       -

      n-  p-GaAs: AuGe-Ni-Au  AgMn-Ni-Au. 
 я        500—520 º . 

 
        1.     

 TS, ºC n+ (GaAs:Si), –3 p+ (GaAs:Be), –3 d,  Jp, A/ 2 Vp, B 
#A (1-638)  430 7.2  1018 2.5  1019 20 9.1  10–4 0.1 
#B (1-752)  400 1.2  1019 5  1019 20 3.7 0.6 
#C (1-755)  400 >1.2  1019 5  1019 13 500 1.15 

2. Р а ы  х  

В [5]  я я я   я  n-,   p-  
Д  я 6  1019 -3,  я я  CЭ     

    Jp ~ 0.1 А/ 2  я   
я   А/ 2   .     -

  я GaAs:Si n = 7.2  1018 –3,    -
 ТS = 580 °   Э GaAs,   я    -
    Jp = 1  10–3 A/ 2 (  #A) ( . . 2) 
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δ-Si 
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S = (0.30.3) 2 
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. 1 Д   #A, #B  #                      . 2 ВАХ   #A. 
У  я я      -

я    я TS    я  я ТS = 400 ° .  
В   я я TS  я      -
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 я  n+-GaAs:Si  p+-GaAs:Be.      
ТS = 400 °        Si [9]     
1.5     я   GaAs:Si (  n = 1.2  1019 –3),  -

       Jp = 3.7 A/ 2 (  #B). Д я  я 
  Д     Д  d = 14    -

 δ-    n+-GaAs:Si. В  я  #C Jp = 500 
A/ 2   /  25.    ,     #B 

 Jp=3.7 A/ 2 ( . . 3)   ,  я я 
Д    Э  я   200  [11]. 
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GaAs:Si/GaAs:Be Tunnel Diodes Grown by Molecular Beam Epitaxy 

G. V. Klimko , T. A. Komissarova , S. V. Sorokin , E.V. Kontrosh, A. A. Usikova , 
N. D. Il’inskaya, V. S. Kalinovsky , S. V. Ivanov  

I. F. Ioffe Physical-Technical Institute, Russian Academy of Sciences,  

St. Petersburg, Russia; e-mail: gklimko@mail.ru  

The results on both design optimization and molecular beam epitaxy growth of n+-GaAs:Si/p+-GaAs:Be 
tunnel diode (TD) structures are presented. The achieved maximum peak current Jp = 500 A/cm2 allows one to 
use the TDs to connect the cascades in multi-junction solar cells as well as to use them in tunnel-coupled laser 
diodes. 

Keywords: tunnel diode, molecular beam epitaxy, heavy doping, multi-junction solar cells. 
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я     ,   я -
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InGaN —     я я я     

 . В - ,     я   
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 .      я InGaN   



 205

,      ,    
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InGaN/GaN Heterostructures with Various Localization of Carriers 
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In this paper, we report on studies of optical and structural properties of InGaN-based heterostructures, 
including quantum wells, quantum dots and superlatticies (SLs) formed by MOVPE. It was shown that by varia-
tion of reactor conditions during InGaN growth allows strong modification of heterostructures properties, that 
results in modification of emission spectra and a complex luminescence kinetics. InGaN structures with three 
dimensional carrier localization show higher efficiency of luminescence due to suppression of non-radiative 
carriers recombination, but mostly at low excitation level. 

Keywords: InGaN, quantum wells, quantum dots, luminescence. 
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Technology of Formation and the Characteristics of the Built-in  

a Diamond Heat Sink Temperature Sensor  

M. S. Rusetsky a, N. M. Kazuchits a, V. A. Martinovich b, I. A. Khorunzhii b 

а 
Belarusian State University, Minsk, Belarus, e-mail: kazuchits@bsu.by 

b 
Belarusian National Technical University, Minsk, Belarus 

Physical and technological aspects of the thermistor formation in diamond heat sink are considered. Ex-
perimental investigation and numerical simulation of temperature distribution in diamond heat sink were carried 
out. It was found that thermal time constant of thermistor is about 10 ms. 

Keywords: HPHT diamond, heat sink, thermistor, speed. 



 212

О  ч х ха а  в вых 
а    а в   

. В. , В. . , А. В. я  

Ин и у  и ики и . Б. И. С е ан ва НАН Бе а у и, Мин к, Бе а у ь;  
e-mail: g.v.sinitsyn@gmail.com 

 я  я    ( ) -
я   , я  .      

 я     я     -
  . И   я я  я   -

   я . 

К юч вы  ва: я  я ,   я , -
я , я я,   я.  

Вв  

Д я я  я    -
       ,     

  я   . В    ,     -
   ,     я  

я      я  я  . Ф  
   я       я   

     .   я 
  я  ,    -

   я    . И  -
 я я я       

    я      я.  
В  я        -
я    я,       

    .        
я   я         -

 я  я,        
. И       я   я -

. В       я я  -
  я , , яя ,        
я  ,  я   . 

М  а ч а а а в 

И     я я   
    я      -

   я  я. В - ,   
 я         , 

        . В - ,   
я     я   я -

    . ,    -
 я  я я  я      

  .  
В   я      -
я я    я   , 
я  .  я я  -

 ,       ,  я  
я    ,      -

.          
я     я      



 213

 , я   . Э   я я  я -
    я  ,  я я 

    я    я   
я  я.      я -

   ,   я      
  я,    ,   я   -

 ,      .   -
 я  . 

Ч я  я я n    k -
, я    я, я  -

 ,       

 () = L – [4i()]/, (1) 

  —  я; () — я ; L    -
    я  . Д я  -

   Д —   

 () = ne2/[m(1 + i)], (2) 

 e, m,   n — я  , я , я     -
я  я  .  n  k   я  

 
   

2 2 2
2 2

2 2 2 2

4 4
2

1 1
L

ne ine
n k ink

m m

   
     

      
, (3) 

 я    (2)  (1). 
Д      я n  k,   -

    я        
я   . 

Э  

Э  я      И  
 А      ,  
я    я  я    0.1—3.5  . 

И      я    я-
 ,    .   -

   я   /    103. 
      (time-domain) ,  

я я  я   я    
       . Ф   -

  я       я -
 я   . 1.  

 
. 1. Ф     я      

 : 1 —  ; 2, 3 —  ; 4 —   
    75 ; 5 —  . 



 214

 . 2  я  я   я -
          
 я    . 

100 110 120 130 140 150

-2

-1

0

1

2

3

4

5

 

 

я
 

 
я,

 
. 

.

t, 

a

1 2 3
0.0

0.2

0.4

0.6

0.8

1.0

1.2

 

К
 

я

f, 
 

. 2. В я  я   я    (а)  
  ( я я)   ( я)  я 

( )     

       -
 (   0.32  ,  1100 2/В , я -

 1.8·1016 –3, я    160 )   , -
  . 

За юч  

  я    я  
 , я  .      

      я   -
,  , , я    я   

    .    -
            
   я   . 

Determination of Electrophysical Characteristic of Semiconductor Wafers 

by Coherent Terahertz Spectroscopy 

G. V. Sinitsyn, V. L. Malevich, A. V. Lyakhnovich 

B. I. Stepanov Institute of Physics, National Academy of Science of Belarus, Minsk, Belarus; 

e-mail: g.v.sinitsyn@gmail.com 

A theoretical model of reflection of broadband pulses of terahertz (THz) radiation from the stratified 
medium taking into account its dispersion has been built up. On the basis of this model a non-contact technique 
for measurement with a depth resolution of the charge carrier density and mobility in semiconductors is devel-
oped. The required parameters of the sample are found by comparing the experimentally measured and calcu-
lated THz reflectance spectra. 

Keywords: carrier concentration, charge carrier mobility, wafer, terahertz spectroscopy, non-contact 
electrical measurement. 
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Reflection and Absorption of Terahertz Radiation by Photoexcited  

Electron Plasma in Semiconductor  

V. L. Malevich, G. V. Sinitsyn 

 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

Minsk, Belarus; e-mail: v.malevich@ifanbel.bas-net.by 

The influence of two-dimensional layer of photoexcited free-carrier plasma on reflection, transmission, 
and absorption of terahertz (THz) radiation in semiconductor is considered. It has been shown that under a quite 
reasonable photoexcitation level one can optically control of THz reflectivity of semiconductor and modulate 
THz radiation.  

Keywords: photoexcited semiconductor, terahertz radiation, electron plasma, Brewster effect, total inter-
nal reflection. 
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On the Reliability and Quality of LED Products 

Y. V. Trofimov a, S. I. Lishik a, V. S. Posedko a, V. I. Tsvirka b 

а 
Center of LED and Optoelectronics Technologies, National Academy of Sciences of Belarus, 

Minsk, Belarus; e-mail: trofimov@inel.bas-net.by 

Work experience of LED devices in various operating conditions analyzed. Information on the most vul-
nerable elements of the of LED devices obtained. The main design and technological errors and ways to over-
come them in the design of LED technology are analyzed. 

Keywords: LED light, quality, reliability, degradation. 
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Optoelectronic Oscillator with Low Phase Noise 

K. B. Mikitchuk, A. L. Chizh, S. A. Malyshev 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belasrus, Minsk, Belarus  

e-mail: mikitchuk@ieee.org, malyshev@ieee.org, chizh@ieee.org 

The theoretical study of the phase noise of optoelectronic oscillators based on fiber-optic delay lines is 
presented. The noise floor and spurs level of optoelectronic oscillators with all-electronic and all-optical gain are 
compared. 

Keywords: optoelectronic oscillator, phase noise, spur level. 
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Application of Radiation of High-Power UV Light-Emitting Diodes  

to Achieve a Significant Increase in Rates of Grafting  

Photopolymerization on Surfaces  

A. A. Gorbachev, A.V. Danilchyk., L. V. Shkrabatovskaya, L. K. Prikhodchenko, 
E. V. Lutsenko, O. N. Tretinnikov 

B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus; 

e-mail: a.gorbechev@ifanbel.bas-net.by 

Possibilities of significant increase in the rate of UV-induced graft-polymerization on the surface of 
polymeric materials with the use of radiation of high-power UV light-emitting diodes (LED) have been investi-
gated. A homemade UV emitter consisting of six LED chips, which produces radiation at the wavelength of 365 
nm with the maximum power density of 200 mW/cm2 and the illumination area of 75 cm2, was used. A 6-fold 
reduction in the duration of the process of photopolymerization was achieved, as compared to the duration under 
the use of UV source on mercury lamps with the power density of 12—14 mW/cm2 at the same wavelength.     

Keywords: UV light-emitting diodes, grafting polymerization, surface. 
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Ин и у  и ики и . Б. И. С е ан ва НАН Бе а у и, Мин к, Бе а у ь; 
 e-mail: y.lebiadok@dragon.bas-net.by 
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1. Y. Taniyasu, M. Kasu, T. Makimoto. An aluminium nitride light-emitting diode with a wavelength 

of 210 nanometres. Nature. 2006. V. 441. P. 325—328. 
2. D. Hofstetter, E. Baumann, F. R. Giorgetta, J. Dawlaty, P. A. George, F. Rana, F. Guillot, E. 
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Structural and Energy Characteristics of Gallium Vacancy  

at GaN/AlN Interface 

. V. Bezyazychnaya, V. . Zelenkovskii, D. . Kabanau, V. V. Kabanov,  
Y. V. Lebiadok, G. I. Ryabtsev 

B. I. Stepanov Institute of Physics, National Academy od Sciences of Belarus,  

Minsk, Belarus; e-mail: y.lebiadok@ifanbel.bas-net.by 

The energy characteristics of GaN/AlN heterointerface in dependence on the extent of mixing of the 
gallium and aluminum layers are discussed in the present work 

Keywords: AlN, GaN, cluster, heteroboundary, density functional theory. 
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Optimization of Spectral and Energy Parameters of Laser Therapy  

of Neonatal Jaundice 

S. A. Lisenko, M. M. Kugeiko 
 
Belarusian State University, Minsk, Belarus; e-mail: lisenko@bsu.by 

A non-invasive method for monitoring the effectiveness of photochemical processes occurring in the skin 
of newborn jaundice during phototherapy has been developed, which make it possible to evaluate the 
effectiveness of treatment with the use of specific therapeutic setting and to optimize the illumination of the skin 
of the patient. The method is based on measurements of the diffuse reflectance spectra of the skin of the patient 
prior to and during treatment, ultra-fast algorithm for calculating of multiply scattered flows inside and outside 
the skin, and the analytical model of the process of photoisomerization of bilirubin (subject to ZZ-bilirubin, ZE-
bilirubin and lyumirubina). It is shown that in order to achieve maximum effectiveness of phototherapy, the light 
from the spectral range of 484—496 nm must be used. 

Keywords: newborn jaundice, laser therapy, skin, optical parameters, diffuse reflectance spectrum. 
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Stimulated Emission in Cu(In,Ga)Se2 Solar Cell Thin Films 

I. E. Svitenkov a, V. N. Pavlovskii a, E. V. Lutsenko a, G. P. Yablonskii a, A. V. Mudryi b 

a 
B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,  

 Minsk, Belarus; e-mail: v.pavlovskii@ifanbel.bas-net.by  
b 
Scientific-Practical Materials Research Centre of National Academy of Sciences of Belarus, 

Minsk, Belarus 
 

The paper presents the results of a study of emission spectra of Cu(In,Ga)Se2 solar cell thin films excited 
by a nanosecond pulsed N2 laser radiation with intensities in the range from 2 to 100 kW/cm2 at a temperature of 
20 K. A sharp narrowing of the spectrum, superlinear dependence of the emission intensity on excitation 
intensity, as well as stabilization of the band position and the half-width of the emission spectrum of the 
Cu(In,Ga)Se2 layer with increasing excitation intensity are characteristic for stimulated emission in 
semiconductor materials. 

Keywords: Cu(In,Ga)Se2,photoluminescence, solar cell, thin film. 
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 В. А. 13, 55 
 . В. 212, 215 

 А. А. 196 
 Д. В.   94, 161 

 . . 26, 55 
 . Ф. 157 
 . В. 157 

 Д. А.  188 
 Д. И.  122 
 . .  173 
 З. . 26, 30 

 . . 131 
 . В. 102, 106, 111,  

196, 200 
 . .   118 
 В. . 102 

 А. В.  70 
я . И. 184 

 
Та в Б. Г.  142 

 . .  142 
 . В. 192 

 И. .  26, 30, 55 
 . .  94 

 К. Ю.  13 
я  . . 62, 67 

 В. .  62, 73 
 А. А.  106 

 . . 226 
я  А. И. 184 

 Ю. В. 133, 149,  
218 

 

ащ  В. С.   184 

У  А. А.  200 
У  . .  204 
У  В. .  18, 22 
У  Д. В.  46 

 
Ф в А. Г. 18 

 
Х а в ч И. А. 65 

Х  И. А. 208 
 
а в А. Ф. 204 

Ц  В. И.  133, 218 
 
Ч а  Н. А. 204 

Ч я  А. .  136 
Ч  А. .    170, 222 
Ч  . В.   80 
 
а в Д. В.   59 

Ш  . .   91 
Ш  . В.   180 
Ш  И. .   26 
Ш  В. .  35 
Ш ё  В. В. 124, 128, 140 
Ш  . . 122 
Ш я . В. 226 
Ш  . В.  62, 133, 140 
Ш  В. А. 128 
 

в М. А. 73 

 
 П. А.  35 

 
 Г. П. 73, 106,  

111, 133, 142, 146, 235 
 Ю. . 124, 128,  

  131, 140 
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