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A technology has been developed and an optimal solution has been found for obtaining p0-n0 junctions 

based on lightly doped GaAs layers, with high values of electrical parameters and specified thicknesses of 

the base layers for creating ultra-high-speed high-voltage pulsed three-electrode switches with a photon-

injection mechanism for the transfer of no ne quorum charge carriers. The dependence of the switching sta-

bility relative to the control pulse of the created high-voltage photonic-injection switches in a wide current 

and frequency mode of their operation, its sensitivity to various external and internal influences of these 

parameters has been studied. Those on the thickness of the p0-layer, on the transfer coefficient , on the 

breakdown voltage Utrial, high-voltage p0-n0 transition, on the thickness of the solution-melt, on the tem-

perature of the onset of crystallization, as well as the dependence of the transfer coefficient on the thickness 

of the p0-layer. 
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1. INTRODUCTION 
 

As is known, to create subnano - and picosecond pho-

ton-injection switches based on GaAs and AlGaAs heter-

ostructures, the main need is: 

1. Determination of the optimal temperature-time 

regime for the reproducible production of an n+-p0-n0 

transistor structure with a high-voltage p0-n0 junction, 

in liquid-phase epitasis (LPE), formed due to back-

ground doping with specified parameters and the crea-

tion of sub nanosecond powerful switches based on them. 

2. Study of the influence of the main technological 

factors: the temperature of the onset of crystallization 

tn.cr., the thickness of the solution-melt h, the hydrogen 

flow rate F, the static turn-on voltages Uon, the control 

current Iup, and the dynamic parameters – current rise 

time, turn-on delay time relative to the control impulse, 

the stability of switching on switching structures [1-15]. 

Conducting research on the creation of high-power 

high-voltage switching device structures based on lightly 

doped gallium arsenide is associated with the need to 

search for alternative principles for switching electrical 

power in the sub nanosecond and picoseconds time ranges. 

Since modern laser, accelerator and location technology, 

thermonuclear energy, picosecond spectroscopy of liquids 

and solids, topography, radio engineering, digital technol-

ogy and a number of areas of converter technology require 

the creation of semiconductor switches of this power range, 

which have the traditional advantages of semiconductor 

devices: long service life, reliability, high efficiency and, 
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which is extremely important for a number of applications, 

resistance to external influences (radiation, temperature) 

and instant readiness for operation. 

Due to the need for location technology, defense, dig-

ital technology, two new switching principles have been 

developed - using a control plasma layer and using a de-

layed shock-ionization wave, which made it possible to 

increase the power switched by devices in the nanosec-

ond range by almost two to three orders of magnitude 

and in the picosecond range by almost four orders of 

magnitude [16, 17]. 

The speed, the magnitude of the absolute and specific 

power switched by semiconductor devices largely de-

pends on the processes of filling the region with electron-

hole plasma, which has a high resistance in the initial 

state and blocks the applied external voltage. Such a re-

gion is the region of the space charge, depleted by the 

strong field of the reverse-shifted p-n junction. 

Powerful semiconductor devices developed on the ba-

sis of silicon, such as pulse sharpeners of diode, transis-

tor and thyristors types, operating on the principle of 

switching using a delayed shock-ionization wave, re-

quired the development of new circuitry, a new direction 

of research using new materials, primarily GaAs and 

hetero structures on its basis [18, 19]. 

Currently, epitaxial methods for obtaining single-

crystal layers are widely used for the manufacture of 

various semiconductor devices. Epitaxial growth meth-

ods make it possible to combine in time the process of 
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crystallization of a semiconductor material and the pro-

duction of a device structure. Gas-transport, molecular-

beam and liquid-phase epitaxial have received the main 

distribution. 

When developing high-voltage diodes, transistors 

and thyristors, it is necessary to use GaAs with a con-

centration of the main charge carriers of 1015cm-3 or less. 

A fairly common technology for obtaining such a mate-

rial is LPE, carried out in a quartz container with forced 

cooling of a solution-melt of GaAs in Ga [20, 21]. This 

method, in comparison with other methods for growing 

epitaxial layers, makes it possible to obtain efficiently 

injecting junctions. This is due to the fact that, when 

GaAs is grown by this method, the internal quantum 

yield of radioactive recombination is much higher than 

when GaAs is grown from stoichiometric melts [22, 23]. 

This opens up the possibility of an unconventional ap-

proach to the design of high-voltage devices based on 

hetero structures. In addition, this method has the fol-

lowing advantages over gas-transport and molecular ep-

itaxial: simplicity of equipment, higher growth rates, the 

possibility of reducing the impurity background, etc. The 

physicochemical foundations of LPE are well described 

in a number of monographs [24] and books [25]. 

 

2. METHOD 
 

LPE is an oriented crystallization of single-crystal 

layers of semiconductor materials from solutions of 

these materials. There are several methods of epitaxial 

growth from a solution-melt: growth from a limited vol-

ume and growth from a semi-limited volume of a solu-

tion-melt. The method of growing epitaxial layers from 

a limited volume of a solution-melt has received the 

main distribution. 

Under conditions of crystallization from limited vol-

umes of solutions-melts, both a significantly higher re-

producibility of obtaining layers with a given thickness 

is achieved compared to crystallization from semi-lim-

ited volumes, as well as a higher degree of their planar-

ity. In addition, the growth of layers from a limited vol-

ume of a solution-melt makes it possible to control the 

crystallization rates and conduct the process under con-

ditions closer to quasi-equilibrium. 

Thanks to the development of technology for obtain-

ing high-voltage p-n junctions based on lightly doped 

GaAs, it became possible to create pulsed transistors 

and thyristors based on GaAs-AlGaAs hetero structures. 

Studies have shown the prospect of using photon-injec-

tion mechanisms of coupling between p-n junctions in 

high-voltage multilayer structures, the possibility of 

switching high powers by three-electrode semiconductor 

devices in the sub nanosecond range of durations [18]. 

Therefore, the improvement of the main parameters 

and characteristics (increasing the operating voltage, 

improving the speed, reproducibility and dependence of 

the temperature effect, radiation) of switches is associ-

ated with an understanding of the technological pro-

cesses for the formation of high-voltage p-n structures, 

the choice of the optimal geometry and the search for 

new designs [19, 21]. 

The analysis of the literature data shows [1, 22-28] 

that the production of lightly doped GaAs layers and the 

formation of high-voltage p-n junctions in the process of 

growth have not been clarified, the nature of residual 

impurities is not entirely clear, the influence of techno-

logical factors on the electrical properties has not been 

studied, which makes it difficult to create high-voltage 

switches with subnano and picoseconds speed. 

The static and impulse characteristics of such device 

structures obtained under various technological condi-

tions have not been studied at all. 

The aim of our work is to obtain high-voltage p-n 

junctions based on lightly doped GaAs layers, to study 

the influence of technological factors on their main dy-

namic parameters and characteristics, to create power-

ful photon-injection pulse switches based on them with 

subnano and picoseconds speed, to elucidate the possi-

bility of increasing the power of the switched gallium ar-

senide transistors and thyristors in the sub nanosecond 

range. 

 

3. METHODOLOGY 
 

The proposed technologies for obtaining high-voltage 

p-n junctions based on lightly doped GaAs allowed the 

creation of pulsed transistors and thyristors based on 

GaAs-AlGaAs hetero structures. We have optimized 

technologies for obtaining high-voltage p-n junctions 

based on lightly doped GaAs layers and creating sub-

nano and picoseconds speed photon-injection switches 

based on the principle of photon transfer of non equilib-

rium charge carriers. The main attention is paid to the 

features of obtaining device structures, the influence of 

technological factors on the static and dynamic parame-

ters of switching structures in the mode of high currents 

and voltages. 

Liquid-phase epitaxial is the method of growing epi-

taxial layers from a limited volume of a solution melt to 

obtain and fabricate device structures. Under conditions 

of crystallization from limited volumes of solutions-

melts, both a significantly higher reproducibility of ob-

taining layers with a given thickness is achieved com-

pared to crystallization from semi-limited volumes, as 

well as a higher degree of their planarity. In addition, 

this method makes it possible to control the crystalliza-

tion rates, conduct the process under conditions closer to 

quasi-equilibrium, and obtain "pure" and doped layers of 

high-quality p-n junctions and multilayer device struc-

tures with specified electro physical parameters with 

sufficiently high reproducibility. 

The main problem in creating subnano and picosec-

onds switches based on GaAs is to obtain layers with a 

given thickness of the base regions and a low dopant con-

centration. A study was made of the influence of techno-

logical factors on the properties of epitaxial layers and 

p0-n0 junctions. 

To ensure the optimal impurity distribution profile 

in a quartz container, from a limited volume of an arse-

nic melt solution in gallium on n+-GaAs substrates ori-

ented in the (100) plane, p0- and n0-GaAs layers with 

specified thicknesses were grown, which are the basic 

regions of the structure. 

The position of the p-n transition, the concentration 

profile in the p0- and n0-layers, the thickness of the  

p0-region in depending on the conditions for the for-

mation of an impurity background in the solution-melt 

were obtained in advance planned limits. 
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The lifetime of minority charge carriers (NCC) is an 

important dynamic characteristic of a semiconductor de-

vice. In lightly doped GaAs, the CC lifetime is determined 

mainly by the concentration of deep levels. Its value in 

lightly doped regions of transistor and thyristors struc-

tures was determined by measuring the dissipation time 

of the charge accumulated in these regions and was 50-

500 ns. Such a scatter in the values of the CC lifetime is 

due to the concentration and capture cross section of un-

controllably introduced recombination centers. 

The concentration of carriers in the p0- and n0- re-

gions ranged from 1.0  1015 cm – 3 to 0.1  1015 cm – 3, the 

mobility of charge carriers was, n  (5-6)  103 cm2/V/Vs 

in the n0-layer and p  (400-450) cm2/V/Vs at 300 K. The 

charge carrier motilities were determined by measuring 

the Halle effect in the grown epitaxial layers.  

The thickness of the n0-layer, exceeding the dimen-

sions of the space-charge layer at zero mixing of the p-n 

junction, was (30-35) m and provided the possibility of 

effective separation of electron-hole pairs created by ab-

sorbed radiation. The control of the position of the p-n 

transition, the estimation of the size of the space charge 

region was carried out by a method based on the obser-

vation of the electro-optical effect in gallium arsenide 

during the passage of plane polarized infrared light 

through the crystal. 

For the efficient operation of thyristors and transis-

tors, the thickness of the p0-part should be as small as 

possible, therefore, for them manufacturing can only be 

used n+-р0-n0 structures with certain thicknesses p0- ar-

eas that provide high transfer coefficient values. Defined 

the temperature dependence of p0-layer on temperature 

the beginning of crystallization (Fig. 1), and coefficients 

segregation of fine acceptor and donor impurities the 

level of concentration and the degree of compensation. 

In order to optimize the growth technology and the de-

sign of thyristors, the dependences of the transfer coef-

ficients of structures on the thickness of the low-re-

sistance part of the p0-region and on temperature were 

studied (Fig. 2). 

It can be seen that the transfer coefficient  of tran-

sistor n+-p0-n0 structures drops sharply already at a 

thickness p0  30 m regardless of the temperature onset 

crystallization. At the same time, the thickness of the 

high-resistance parts hi - areas up to hi-120 m are not 

has a significant impact on the value transmission coef-

ficients. 
 

 
 

Fig. 1 – Dependence of the thickness of the p0-layer on temperature 
 

 
 

Fig. 2 – The dependence of the transfer coefficient on the p0-layer 
 

In the region of low values of α and large thicknesses 

of p0-layer, there is a connection between  and produc-

tion technology. 

It can be seen that the choice of liquid phase anneal-

ing is preferable, which is justified due to the higher val-

ues of the transfer coefficient. 

This is especially important for technological control 

of p0. Figure 3 shows dependence of the transfer coeffi-

cient n+-p0-n0 structures on temperature. It can be seen 

that α decrease with increasing temperature. 

The decrease in  with increasing temperature can 

be explained by the temperature dependence of the cap-

ture cross section GA
n and GB

n, which increase in this 

temperature range by factors of 5 and 20, respectively. 

The effect of temperature at the beginning of crystal-

lization and growth technology on the breakdown volt-

ages (Utrial.) of a high-voltage p0-n0 junction was studied 

in n+-p0-n0 structures for the possibility of obtaining 

maximum voltages at the collector junction (Fig. 4). The 

breakdown voltages increased significantly when p-n 

junctions turned out to be displaced from the metallur-

gical boundary and formed during growth. 
 

 
 

Fig. 3 – The dependence of the transfer coefficient n+-p0-n0 

structure on temperature 
 

 
 

Fig. 4 – The dependence of Utr. high voltage p0-n0 transition on 

temperature 
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From Fig. 4 it can be seen that the values of Utrial is 

increase when using a higher temperature, the onset of 

crystallization. The growth of Utrial is explained. a de-

crease in the carrier concentration gradient in the region 

of the p-n junction. However, with an increase in the 

temperature of the onset of crystallization, the transfer 

coefficient of the resulting n+-p0-n0 structures decreases. 

In high-voltage p0-n0 junctions, the allowable voltages 

are determined by the impurity concentration gradient 

in the space charge region (SCR) of the junction and the 

thickness of the n0 region. Therefore, the carrier concen-

tration gradient and the thickness of the n0 region de-

termine the breakdown voltages of the p-n junction. All 

research methodology developed and created in the 

course of the work performed is given in [31]. 

 

 

CONCLUSION 
 

Thus, the above features of obtaining lightly doped 

layers and p-n junctions based on them show a real pos-

sibility of creating high-speed pulse transistors and thy-

ristors. Optimization of the technology for obtaining 

high-voltage p-n junctions based on lightly doped GaAs 

layers, development of new principles for the generation 

and transport of charge carriers in semiconductor struc-

tures based on materials with a high proportion of radi-

oactive recombination made it possible to obtain high-

voltage three-electrode switches with sub nanosecond 

turn-on times. The studies carried out and the results 

achieved indicate broad prospects for the use of gallium 

arsenide and its solid solutions in the development of 

high-speed transistors and thyristors with a photon-in-

jection coupling mechanism between p-n junctions. 

 

REFERENCES 
 

1. D.A. Livshchits, Dissertation for Ph.D. in Physics and 

mathematics Sciences (Russia, St. Petersburg, A.F. Ioffe In-

stitute of Physics and Technology: 2000). 

2. A.S. Kyurenyan, Abstract dis. To the Competition Scientist. 

Cand. Tech. Sci. (M.: VEI: 1975). 

3. Yu.M. Zadiranov, V.I. Korolkov, S.I. Ponomarev, A.V. Rozh-

kov, G.I. Tsvilev, ZhTF 57 No 4, 771 (1987). 

4. Jung H. Hur, Peyman Hadrian, Steven G. Hummel, 

Kemuth M. Dusky, P. Dannel Darkus, Harold R. Fetter-

man, Martin A. Gundersen, IEEE Trans. Electron. Dev. 37 

No 12, 2520 (1990). 

5. R.H. Rediker, I.M. Quist, B. Lax. Proc. IEEE 51, 218 (1963). 

6. U.I. Erkaboev, U.M. Negmatov, R.G. Rakhimov, J.I. Mir-

zaev, N.A. Sayidov, Int. J. Appl. Sci. Eng. 19 No 2, 2021123 

(2022). 

7. U.I. Erkaboev, R.G. Rakhimov, N.A. Sayidov, J.I. Mirzaev, 

Ind. J. Phys. 97, 1061 (2023). 

8. U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, U.M. Negma-

tov, N.A. Sayidov, Ind. J. Phys. 98, 189 (2024). 

9. U.I. Erkaboev, R.G. Rakhimov, e-Prime Adv. Electr. Eng. 

Electron. Energy 5, 100236 (2023). 

10. U.I. Erkaboev, R.G. Rakhimov, e-J. Surf. Sci. Nanotechnol. 

(2023). 

11. U. Erkaboev, R. Rakhimov, J. Mirzaev, U. Negmatov, 

N. Sayidov, Int. J. Mod. Phys. B. 2023 (2023). 

12. U.I. Erkaboev, R.G. Rakhimov, East Eur. J. Phys. 3, 133 

(2023). 

13. U. Erkaboev, R. Rakhimov, J. Mirzaev, N. Sayidov, U. Neg-

matov, M. Abduxalimov, AIP Conf. Proc. 2789, 040055 

(2023). 

14. U. Erkaboev, R. Rakhimov, J. Mirzaev, N. Sayidov, U. Neg-

matov, A. Mashrapov, AIP Conf. Proc. 2789, 040056 (2023). 

15. U.I. Erkaboev, N.A. Sayidov, U.M. Negmatov, J.I. Mirzaev, 

R.G. Rakhimov, E3S Web Conf. 401, 01090 (2023). 

16. I.V. Grekhov, I.A. Smirnova et al., Lett. ZhTF 11 No 15, 901 

(1985). 

17. V.M. Tuchkevich, I.V. Grekhov, New Principles of High 

Power Switching by Semiconductor Devices (Leningrad: 

Nauka: 1988). 

18. Zh.I. Alferov, V.I. Korolkov et al., Lett. ZhTF 12 No 21, 1281 

(1986). 

19. Zh.I. Alferov, I.V. Grekhov, V.I. Korolkov et al., Lett. ZhTF 

13 No 18, 1089 (1987). 

20. H.C. Bowers, IEEE Trans. Electron. Dev. 15 No 6, 343 

(1968). 

21. V.G. Nikitin, I. Rachinska, E.R. Seel, M.N. Stepanova, D.N. 

Tretyakov, T.P. Fedoronko, All-Union Conf. According to 

physical processes in semiconductor structures- Odessa, 3, 

103 (1982). 

22. Zh.I. Alferov, V.M. Andreev, V.I. Korolkov, E.L. Portnoy, 

D.N. Tretyakov, FTP 2 (1968). 

23. Zh.I. Alferov, V.M. Andreev, V.I. Korolkov, E.L. Portnoy, 

A.A. Yakovenko, FTP 3, 860 (1969). 

24. L.Ya. Zolotarevsky, U.M. Kivi, V.G. Nikitin, M.N. Ste-

panova, M.A. Tagasaar, V.N. Timoveev, D.N. Tretyakov,  

At the All-Union Coordinators. Meeting Sections “Semicon-

ductor. Heterostructures”, Tallin. 66 (1979). 

25. S. Zee, Physics of Semiconductor Devices 2 (1984). 

26. U.I. Erkaboev, N.A. Sayidov, U.M. Negmatov, R.G. 

Rakhimov, J.I. Mirzaev, E3S Web Conf. 401, 04042 (2023). 

27. G. Gulyamov, U.I. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, 

N.A. Sayidov, Mod. Phys. Lett. B 37, 10 2350015 (2023). 

28. U.I. Erkaboev, R.G. Rakhimov, U.M. Negmatov, N.A. Say-

idov, J.I. Mirzaev, Rom. J. Phys. 68, 614 (2023). 

 

 

Дослідження впливу технологічних факторів на високовольтні p0–n0  

переходи на основі GaAs  
 

A.M. Sultanov, E.K. Yusupov, R.G. Rakhimov 

 

Namangan Institute of Engineering and Technology, 160115 Namangan, Uzbekistan 

 
Розроблено технологію та знайдено оптимальне рішення для отримання p0-n0 переходів на основі 

слаболегованих шарів GaAs з високими значеннями електричних параметрів і заданими товщинами 

базових шарів для створення надшвидкісних високовольтних імпульсних трьох -електродні перемикачі 

з фотонно-інжекційним механізмом перенесення безкворумних носіїв заряду. Досліджено залежність 

комутаційної стійкості від керуючого імпульсу створених високовольтних фотонно-інжекційних пере-

https://doi.org/10.1109/16.64528
https://doi.org/10.1109/16.64528
https://doi.org/10.1109/PROC.1963.1684
https://doi.org/10.6703/IJASE.202206_19(2).004
https://doi.org/10.1007/s12648-022-02435-8
https://doi.org/10.1007/s12648-023-02803-y
https://doi.org/10.1016/j.prime.2023.100236
https://doi.org/10.1016/j.prime.2023.100236
https://doi.org/10.1380/ejssnt.2023-070
https://doi.org/10.1142/S0217979224501856
https://doi.org/10.26565/2312-4334-2023-3-10
https://doi.org/10.1063/5.0145554
https://doi.org/10.1063/5.0145556
https://doi.org/10.1051/e3sconf/202340101090
https://doi.org/10.1109/T-ED.1968.16189
https://doi.org/10.1051/e3sconf/202340104042
https://doi.org/10.1142/S021798492350015X
https://rjp.nipne.ro/2023_68_5-6/RomJPhys.68.614.pdf


 

MODELING THE TEMPERATURE DEPENDENCE OF … J. NANO- ELECTRON. PHYS. 16, 01010 (2024) 

 

 

01010-5 

микачів у широкострумовому та частотному режимі їх роботи, його чутливість до різноманітних зовні-

шніх та внутрішніх впливів цих параметрів. Від товщини p0-шару, від коефіцієнта передачі , від на-

пруги пробою Uтріал, високовольтного переходу p0-n0, від товщини розчину-розплаву, від температури 

початку кристалізації, а також як залежність коефіцієнта передачі від товщини p0-шару. 
 

Kлючові слова: Рідкофазна епітаксія (РФЕ), Гетероструктури, Високовольтний p0-n0 перехід, Ефект 

Холла, Фонове легування, Розчин-розплав. 


