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STABLE RESHAPERS OF IMPULSIVE CURRENT FOR THE POWER SUPPLY OF LIGHT-
EMITTING DIODES 
Stable generators of light impulses nano and subnanosecond duration can find a wide usage in an experimental tech-
nique, instrument-making. As a light source in such generators it is perspective to use stable, broadband, fast-acting 
light-emitting diodes on the basis of carbide of silicon, working in the mode of electric break-down. There is a ne-
cessity of creation of stable reshapers of pulse current for their power supply. A objective of this paper is creation of 
such reshapers on the basis of the avalanche and high-speed field-effect transistors. 
A lot of types and copies of inexpensive epitaxial transistors working in the avalanche mode is tested. The optimal 
interval of break-down voltages of collector junction is experimentally determined. Temporal instability of reshapers 
on avalanche transistors is investigated. Behaviour of their ageing(degradation) is studied. The circuit design of re-
shaper on the field transistor working by avalanche transistor control is developed. That allows to form the subnano-
second impulses of current through light-emitting diodes by amplitude to 1 А. 
Keywords: impulse shaper of current, light-emitting diode, silicon carbide, avalanche transistors. 
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The development of growth process of multilayer semiconductor structures enables investigation of a new class 
of infrared detectors – detectors on quantum structures. The current trends of infrared receivers’ development are 
caused by active material research for a variety of nanostructures. The current state of development of infrared 
quantum structure detectors using ternary semiconductor alloys is considered. The maximal detectivity values of 
traditional detectors and quantum structure detectors are presented. The analysis of parameters for different types 
of materials and structures is performed. 

Keywords: infrared photodetectors; bulk detectors; quantum well infrared detectors; quantum dot infrared 
detectors; superlattices; detectivity. 

 
 
Introduction 
Recent achievements in combining new materi-

als have introduced the alloys of binary compounds 
(A2B6, A3B5, A4B6) to the list of materials suitable for 
detection. Ternary semiconductor alloys are widely 
used for creating semiconductor devices. By changing 
material composition researchers can manipulate the 
properties of material, and even obtain materials with 
new qualities. 

Cutting-edge advances in microelectronics tech-
nology in mid-to-late XX century contributed to the 
creation of devices with elements of a micron size. At 

the present stage of semiconductor electronics – 
nanoelectronics - new elements whose dimensions are 
reduced by several orders of magnitude are created. 
The principal difference between elements of 
nanoelectronics and microelectronics is in existing 
quantum effects. Multi-component semiconductor 
compounds of the varying composition expand oppor-
tunities to create nanoscale structures: superlattices, 
quantum wires, quantum dots. The efforts of many 
research groups are aimed at creating new objects 
based on such structures: devices and systems with 
improved performance. 
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1. Ternary alloy detectors 
1.1. Traditional Detectors  
For more than two centuries, the infrared radia-

tion (IR) is the object of study: finding ways of detect-
ing and applying it. Researchers distinguish the near 
(NIR; 0,7-1,0 m), short wavelength (SWIR; 1,0-3 

m), middle wavelength (MWIR; 3-5 m), long 
wavelength (LWIR; 8-12 m) and very long wave-
length (VLWIR; 12-30 m) regions of the infrared 
spectral range. Infrared radiation is absorbed by the 
molecules of different substances contained in the 
atmosphere. This characteristic is the basis of chemi-
cal sensors operation and is taken into account in de-
velopment of receivers for different purposes. Infrared 
detectors are in demand for military and civil applica-
tions (astronautics, environmental monitoring, indus-
trial and technological processes, medicine, fiber-optic 
systems, night vision devices, monitoring system of 
moving and static objects, etc.). 

At present, HgCdTe is the most widely used 
semiconductor material, which allows creating high 
performance infrared photodetectors. The most com-
mon parameters of single element infrared detectors 

are normalized detectivity *D , sensitivity, dark cur-
rent and operating temperature. They have been de-
termined by  electronic, optical, thermal and mechani-
cal properties of used materials. 

,
A f

D D A f
NEP

 
    where D is a detectivity, A 

is a cross-sectional area of the detector, f  is a band-

width of the device, NEP  power level of optical sig-
nal at that signal-to-noise equals to 1 [1].  

Demand of Hg1-xGdxTe as a material basis for IR 
detectors development is associated with: 

 ability to change the width of energy gap E  
in a wide range; 

 low dielectric constant; 
 low value of electron effective mass; 
 weak dependency of the lattice constant value 

on composition variation x ; 

 a wide range of operating temperatures. 
By changing the molar composition x  of ter-

nary semiconductor alloy the dependence of the en-

ergy gap E  on alloy composition and temperature 
T, K can be obtained for HgTe (x=0) and CdTe (x=0) 
as in [2] 

2 30,302 1,93 0,81 0,832E x x x      

     
45,35 10 (1 2 )T x   . 

Thus, molar composition x of ternary alloy de-
fines the cutoff detector wavelength 

λ[μm] 1,24/ E  . 

The main drawbacks of this material are: diffi-
culty of obtaining the uniform composition of the ma-
terial and the thickness of the sample; small size of 

grown wafers; high dark currents; high concentration 
of intrinsic point defects and other crystal inhomoge-
neity [1]. All these problems lead to a low yield rate of 
operable arrays and high costs of the matrix formers of 
IR image. 

During the development of HgCdTe-based IR 
detectors the researchers have been looking for alter-
native materials because of emerging technological 
issues. Ternary semiconductors based on alloys of 
binary compounds A4B6, A3B5 and A2B6 were consid-
ered as alternative materials. 

The most promising A4B6 candidate was PbSnTe 
[1]. Up till the 1970s the technology of the creating IR 
detectors based on PbSnTe has been extensively de-
veloped: devices with high detectivity in the LWIR 
spectral range are designed. However, in contrast to Si 
high static dielectric constant and high thermal expan-
sion coefficient are revealed. The high static dielectric 
constant leads to high capacity of photodiodes and 
respectively to limiting the frequency properties of 
scanning systems based on them. Overcoming the 
second drawback required additional studies for the 
development of image generation systems. These 
properties of solid PbSnTe led to less researches and 
development of IR systems based on it [3]. However, 
in the early XXI century photodetector with high de-

tectivity D
 based on high-doped PbSnTe was de-

veloped. 
The studies of ternary A3B5semiconductor alloys 

are held for InSb and InAs with insertion of thallium 
Ti, bismuth Bi, arsenic As, nitrogen N, gallium Ga, 

phosphorus P. The highest detectivity values D
 are 

obtained for devices based on InAs1-xSbx [4].  
The insertion of arsenic in binary compound InSb 

allowed simplifying the development of IR detectors 
for required wavelengths. InAsSb was the promising 
candidate for detectors development in SWIR, MWIR, 
LWIR spectral ranges [1]. However, the technical is-
sues of growing the single crystals and epitaxial layers 
were mainly solved only to the extent the development 
of molecular beam epitaxy and chemical vapor deposi-
tion of organometallic compounds methods. The tech-
nologies, mentioned above, have also contributed to the 
improvement the characteristics of GaInAs-based de-

vices. The dependency of the energy gap E  on com-
position structure determines the ability to operate of 
detectors in the NWIR, SWIR, MWIR ranges. Design-
ing of p-i-n structures with the low dark current over a 
wide frequency range makes the material in demand in 
the NWIR range for various applications. Improved 
technologies, long-term practical experience allowed 
developing of IR detectors on ternary alloy InGaAs 
with the best characteristics in the NWIR, SWIR ranges 
[5, 6]. Advancing in the MWIR range issue of creating 
high-performance devices is being more complicated 
due to significant increase of dark current and surface 
leakage current. The use of InGaAs in alternative de-
tecting structures (i.e. quantum structures) made the 
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designing of high-quality IR systems (monolithic and 
hybrid architecture) of the SWIR, MWIR and LWIR 
possible. 

In 1990s, the attention of IR detectors developers 
was focused on ternary semiconductor alloys con-
tained mercury (HgZnTe, HgMnTе). Numerous stud-
ies have indicated that the active development of 
growing technology will allow creation of the high 
quality IR detectors in the SWIR range (and even 
higher) with highly stable performance and long life-
time on the basis of such alloys [6, 7, 8, 9]. However, 
the development of HgZnTe-based IR detectors took 
place only in the period from the mid-80s to the end of 
the XX century. 

For the remainder of our article, we shift our at-
tention to modern trends of development of quantum 
infrared detectors, contained ternary alloy semicon-
ductors. 

 
1.2. Quantum Structure Detectors 
During the development of nanoelectronics a class 

of detectors using quantum effects in quantum well 
structures (QWS), superlattice structures (SLS), quan-
tum dot structures (QDS) for registration of IR radia-
tion, was formed. 

The idea of creating IR detectors on QWS belongs 
to authors of works [10, 11]. Structurally QWS detector 
is a layered semiconductor microstructure, whose small 
geometric dimensions lead to quantization of electron 
states in them. The simplest QWS is a periodic repeti-
tion of layers of two semiconductor materials with dif-
ferent energy gaps. Potential relief determines the 
movement of the carriers towards the crystal growth 
direction. The form of potential relief is described by a 
periodic sequence of wells and barriers. The wells are 
formed in the narrow-gap material of the structure, 
while barriers are formed in the material with a greater 
energy gap. The quantum effect manifests itself when 
the thickness of the well is comparable with the de 
Broglie wavelength: a discrete set of energy states is 
formed in the well. In simple the principle of IR detec-
tor in such structure is explained by excitation E1 of the 
carriers in the ground energy state E0 (Fig. 1).  

 
Fig 1. Infrared detector with structure of quantum 

wells: the operation mechanism 
 
Selection of structural parameters which is re-

quired for operation of the IR detectors on quantum 

wells is based on the size quantization characteristics 
[12]: 

 a finite height quantum well contains a finite 
number of quantized states; 

 if the width of a single quantum well is re-
duced, the first excited state leaves the well and be-
comes a virtual state (continuum); 

 the electron wave functions do not vanish at 
the boundary; they penetrate the barrier and decrease 
there exponentially. 

The first characteristic of size quantization al-
lows managing the size of the QWS IR detector ter-
minal working wavelength. The second characteristic 
explains the possible photoexcitation modes of the 
carriers and the corresponding form of the spectral 
dependences. The narrow spectrum is typical for pho-
toexcitation during "bound state - bound state" transi-
tions, the wide spectrum – during "bound state - vir-
tual state (continuum)" transitions. 

The third characteristic of size quantization ex-
plains the fundamental restructuring of the QWS band 
diagram when thickness of the barriers is reduced: over-
lapping of the carrier wave functions allows forming the 
energy subzones (minizones) (Fig. 2). QWS is trans-
formed into SLS. In SLS the period of alternating semi-
conductor layers far exceeds the lattice constant, but does 
not exceed the free run distance of the electrons. The 
principle of a detector superlattice structure is based on 
intersubband absorption of infrared radiation. 

 
Fig. 2. Minibands formation in the superlattice 

 
The quantum effects manifest themselves even 

more in the quantum dot structures, where movement 
of carriers is limited in three directions. The QDS en-
ergy spectrum is similar to nuclear. The principle of a 
quantum dot structure based IR detectors is analogous 
to the QWS detectors (Fig. 3). 

 
Fig. 3. The principle of IR detector with a dot 

structure in quantum wells [13] 
 
Development of the QWS, SLS, QDS based IR 

detector is actively conducted since the late XX cen-
tury. The most common ternary alloy semiconductors 
to build QWS detectors are: AlxGa1-xAs, InxGa1-xAs, 
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InxGa1-xSb, InxAs1-xSb, InxAl1-xAs, GaInP, AlInP. The 
following systems are used on their basis 
GaAs/AlxGa1-xAs, GaAs/GaInP, GaAs/AlInP, InxGa1-

xAs/InxAl1-xAs, InAs/InxGa1-xSb, InSb/InxAs1-xSb, 
InxGa1-xAs /InP. Each pair of a system is formed of the 
materials with different energy gaps but with consis-
tent lattice constants. Changing the composition of the 
ternary alloy provides control over the (conductivity, 
valence) band gap at the separation boundary between 
the contacting semiconductors, i.e. over the height of 
the potential barrier which is formed along the layered 
structure. The thicknesses of the structure layers de-
termine the width of the quantum well (barrier). The 
calculated dependencies shown on Fig. 4 show: the 
picture of discrete energy states in a well is defined by 
the structure layer thicknesses and the molar composi-
tion of the ternary alloy [13, 14].  

 
a 

 

 
 

b 

Fig. 4. a  dependence of the electron ground state 
energy as well as ground state and excited state 
energy of the hole, as a function of the quantum 
dot base size [14], b  experimentally measured 
spectral responsivity of QD IR detectors 
demonstrating spectral tunability by varying the 
well width from 55 to 100 Å [13] 
 
Thus, controlling the parameters of the quantum 

structure (taking into account external factors) allows 
developing the detectors for various ranges of the IR 
spectrum. It should be noted that the n-type QWS 
detectors has a significant disadvantage: insensitivity 
to the normally falling IR radiation. The p-type QWS 
detectors do not have this disadvantage, but their 
characteristics are inferior to the corresponding 
characteristics of the n-type. Additional devices 
(lattices) are used in the n-type QWS detectors for 
registration of the normally falling IR radiation. 

The start of research of the lattice structures was 
initiated in the first work of L. Esaki and R. Tsu [15]. 
In the work by Herman [16] classification of these 
structures is introduced, according to which the type II 
SL are preferred for construction of the IR detectors. 
They are characterized by the spatial separation of the 
carriers: electrons and holes are concentrated in differ-
ent semiconductor layers. At the present stage SL with 
a various profile of superlattice potential [17, 18, 19] 
as well as SL with strained layers (SLSL) [20, 21, 22] 
are developed, to improve the characteristics of the 

device. An SLSL is based on the use of materials with 
mismatching lattice constant values. The elastic 
strains arising in SLSL allow growing of the high-
quality structures. The first SLSL-based detector was 
designed in the mid-1990s. 

In 1993 success has been achieved (without de-
fects) in growing of a nanostructure with quantum 
dots [23]. This marked the beginning of research in 
designing of QDS-based IR detectors. At the present 
time ternary alloys are also used for cultivation of 
structures with quantum dots: InGaAs (quantum dot, 
barrier layer); AlGaAs, InGaP (barrier layer). The 
energy spectrum of the quantum dot is largely deter-
mined by its size. Changing the molar composition of 
the quantum dot material, as well as of barrier layer 
material, creates an additional way to control the en-
ergy spectrum of a quantum system. In accordance 
with the construction principle the QDS IR detectors 
may have a narrow spectral response, low dark cur-

rent, high detectivity *D . With an ability to absorb the 
normally falling IR radiation the QDS detectors be-
comes an attractive target for a wide range of applica-
tions. 

 
1.3. The Maximal DetectivityValues of Ternary 

Alloy Detectors 
The Table 1 shows the maximal detectability values 

*D of the IR detectors based on traditional and quantum 
structures which utilize ternary semiconductors. 

The detectors based on HgCdTE and InAsSb 

have the highest values of 
*D  in a wide range of the 

IR spectrum among the conventional devices, with the 
first prevailing in LWIR and VLWIR ranges, and the 
second prevailing in the NWIR range. The highest 

value of 
*D  corresponds to PbSnTe based PD in the 

VLWIR range, while GaInAs is an unmatched ternary 
semiconductor in the SWIR range. 

The efforts of QWS IR PD developers are 
focused on the SWIR, SWIR and LWIR ranges. 
Researches and developments are carried out using a 
large number of ternary semiconductors. AlGaAs 
(МWIR, LWIR, VLWIR) and InGaAs (SWIR, 
МWIR, LWIR) are represented in the widest range of 

the IR spectrum. The highest values of 
*D  in the 

SWIR range are achieved in devices based on 
AlAsSb. InAlAs, InGaAs and AlGaAs are the best 

materials in the МWIR range, their *D  being close to 
or even higher than the corresponding values of 
widely used detectors.  

Detectors based on the superlattices and quantum 
dot structures with the use of ternary alloy semicon-
ductors are the latest areas of development. Excellent 
results were obtained for SLS that use GaInSb. A high 

*D  value for a QDS detector on InGaP was obtained. 
Theoretical predictions are presented in [22]. 
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Conclusions 
The performed analysis of the development of the 

IR photodetectors based on ternary semiconductor 
alloys showed that 
 InAsSb (for NWIR, SWIR, LWIR, VLWIR spec-

tral regions), GaInAs (for SWIR region), PbSbTe 
(for VLWIR spectral window) are the alternative 
materials for conventional structures.  

 

 AlGaAs (for SWIR, MWIR, LWIR, VLWIR 
spectral regions), InGaAs (for SWIR, MWIR, 
LWIR), GaInSb (for LWIR and VLWIR regions), 
InGaP (for MWIR) are the variant materials for 
development of quantum structure detectors.  

 Using ternary semiconductor alloys extends po-
tential in IR systems development. 
 

Table 1. The maximal detectivity values 
*D  

D*, cmHz1/2W-1 (Т, K) 
IRPD material 

NWIR (0.7-1 m) SWIR (1-3 m) MWIR (3-5 m) LWIR (5-8 m) VLWIR (12-30 m) 

HgCdTe 
1010(230); [24] 
1,2·109(300); [24] 

1014(77); [25]                         
1012(300); [25] 

2·1013(77); [25]           
7·1010(210); [26] 

2·1013(77); [25]                       
107(300); [27] 

1010(77); [28] 

InAsSb 1014(300); [29] 
1014; [29]                                           
2·1013(130); [30] 

3·1011 (77); [31]                                   
5·109  (200); [31] 

1,5·108(300); [34]                              
3·1010; [35] 

1,5·108  (300); [34] 

HgZnTe  
 

7·1010(300); [14]                       
8·1011(77); [14] 

9·1010(300); [12]                      
4·1011(77); [12] 

1,2·1011(77); [34] 
8·1010(65); [7]            
106(300); [12] 

InGaSb 5,5·1010(300); 37] 5,5·1010(300); [7]    

GaInAs 1013(300); [5] 
1,1·1015(195); [36]                          
1,5·1013(300); [36]    

InSbBi    4,7·108(77); [37]  

PbSnTe 
 

 0,8·1010(77); [12] 2·1010(77); [12] 
1016(7); [38]             
8,7·1012(21); [39] 

tr
ad

it
io

n
a

l 

HgMnTе    **** **** 

InGaAs 
 

5,6·1010(200); [40]                           
3,8·109(295); [40] 

1,2·1011(108); [41]                          
107(300); [42] 

1011(40); [34]               
1,3·1010(100); [43] 

1,8·1010(40); [44] 

AlGaAs 
  

1011(210); [45]                              
1,1·1012(77); [46] 

2·1011(77); [47]                               
1011(77); [48] 

3·1010(50); [49]               
8·1013(33); [49] 

AlAsSb  1,1·1012(100); [43] 2,5·1010(80); [50]   

GaAsSb 
 

5,6·1010(200); [40]                         
3,8·109(295); [40] 

2·108(290); [51]  
 

InAlAs 
  

1,3·1011(100);[43]                     
1·107(300); [42] 

1,3·1010(100);[43] 
 

InGaSb    1010(130); [52]  

Q
W

 InAsSb 
  

**** ****   

AlGaAs 

  

 
5,4·1011(4); [53]                   
1,6·1010(77); [54] 

2·109(60); [56]        
1010(20); [56] 

GaInSb    

1012(77); [55] 1012(77); [55] 

S
L

S
 

InAsSb 

  

**** **** **** 

AlGaAs  109; [57] 1010(77); [58] 1010(130); [59] 1010(130); [59] 

InGaAs   1010(77); [60] 1011; [61]  

Q
D

 InGaP  
  

1012(77); [62]                   
2,4·108(250); [56]   
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Ігоря Сікорського», м. Київ, Україна  
ІНФРАЧЕРВОНІ ДЕТЕКТОРИ НА ОСНОВІ ПОТРІЙНИХ НАПІВПРОВІДНИКОВИХ 
КВАНТОВИХ СТРУКТУР 
Удосконалення технології вирощування напівпровідникових багатошарових структур сприяє створенню 
нового класу приймачів інфрачервоного випромінювання - детекторів на квантових структурах. Сучасний 
етап розробок ІЧ-приймачів характеризується активними дослідженнями матеріалів для різних нанострук-
тур. Найбільш затребуваним напівпровідниковим матеріалом для створення традиційних ФД ІЧ-діапазону є 
HgCdTe. Однак низький відсоток виходу придатних структур на основі HgCdTe підвищує вартість приладу. 
Розглянуто стан розробок ІЧ-детекторів на квантових структурах із застосуванням трикомпонентних напів-
провідникових твердих розчинів. Представлені максимальні значення виявляючої здатності традиційних ФД 
і ФД на квантових структурах. Проведено аналіз параметрів для різних матеріалів і типів структур; 
Ключові слова: надградкова структура, детектор інфрачервоного діапазону, надгратка, трикомпонентні 
напівпровідники, твердий розчин, фотодетектор, виявляюча здатність. 
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ИНФРАКРАСНЫЕ ДЕТЕКТОРЫ НА ОСНОВЕ ТРОЙНЫХ ПОЛУПРОВОДНИКОВЫХ 
КВАНТОВЫХ СТРУКТУР 
Совершенствование технологии выращивания полупроводниковых многослойных структур способствует 
созданию нового класса приемников инфракрасного излучения – детекторов на квантовых структурах. Со-
временный этап разработок ИК-приемников характеризуется активными исследованиями материалов для 
различных наноструктур. Наиболее востребованным полупроводниковым материалом для создания тради-
ционных ФД ИК-диапазона является HgCdTe. Однако низкий процент выхода годных структур на основе 
HgCdTe повышает стоимость прибора. Рассмотрено состояние разработок ИК-детекторов на квантовых 
структурах с применением трехкомпонентных полупроводниковых твердых растворов. Представлены мак-
симальные значения обнаружительной способности традиционных ФД и ФД на квантовых структурах. Про-
веден анализ параметров для различных материалов и типов структур. 
Ключевые слова: сверхрешеточная структура, ИК детектор, сверхрешетка, трехкомпонентные полупро-
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