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Annotation. Experiments have been carried out and the influence of Mn impurity
on high-voltage p°-n°® heterojunctions based on a lightly doped gallium arsenide layer
has been studied. The influence of Mn impurity on the position of the p°-n° transition
has been studied, the concentration and nature of the distribution of the main charge
carriers have been determined, diffusion length of minority charge carriers, mobility of
charge carriers, emergence of deep levels in a lightly doped gallium arsenide layer.
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Introduction. In modern microelectronics, applications of large complex
semiconductor structures, which are formed when different chemical elements are used
together - heterostructures. Heterojunctions, with different band gaps and varying
degrees of doping, have received wide practical application in emitting and
photoelectric devices (LEDs, lasers, photodiodes, etc.). Potential well formed by the
peak in the energy diagram of the transition makes it possible to increase the efficiency.
Light-emitting electronic devices.

It is of interest to study the influence of isovalent atoms on the process of
formation of smooth p°-n° transitions, since their use allows you to change the
concentration level and spectrum of small impurities and deep-level traps due to
interaction with background impurities in the melt and changes in intrinsic point
defects in epitaxial layers.

Method. Currently, epitaxial methods for producing single-crystal layers for the
manufacture of various semiconductor devices are widely used [1]. Epitaxial growth
methods make it possible to combine in time the process of crystallization of a
semiconductor material and the production of a device structure. Gas transport,
molecular beam and liquid phase epitaxy (LPE) have become the most widespread.
Ideal joining of crystal lattices into a semiconductor heterojunction is possible using
LPE. This method makes it possible to produce not only two-layer but also multilayer
heterostructures. One of the most promising areas in the rapidly developing field of
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semiconductor micro-, opto- and nanoelectronics is the development of methods for
improving the perfection of gallium arsenide heterostructures and controlling the
electrical parameters of semiconductor devices. Understanding the role of impurities
and the resulting defects is crucial for explaining a range of phenomena from diffusion
to one-way injection, or for building a theory of processes occurring in alloyed
materials.

Various studies in the field of semiconductor materials science, namely, the
study of the peculiarities of the processes of interaction of various impurities and
defects in the structure of a semiconductor led to the need to create and produce new
materials with different properties, which can be achieved through doping with various
impurities.

In this regard, there is a growing need to study the processes of interaction of
various impurities and the formation of defects in a lightly doped layer of gallium
arsenide doped with impurities of transition metals and rare earth elements in order to
develop methods for controlled stabilization of the parameters of semiconductor
devices.

Despite the huge number of experimental results, the processes of formation and
development of the defect structure of a gallium arsenide heterostructure doped with
impurities of transition elements still remain unknown.

The purpose of this work is:

- to determine the location of the p°-n° transitions;

- determine the concentrations and nature of the distribution of the main charge
carriers of the lightly doped GaAs layer;

- determine the diffusion length of minority charge carriers (MCCs) in lightly
doped GaAs layers;

- determine the mobility of charge carriers in lightly doped epitaxial GaAs layers;

- study the peculiarities of the behavior of Mn atoms in GaAs and determine the
influence of technological doping modes on the parameters of deep centers formed by
these impurities;

- study the influence of Mn atoms and the processes of thermal defect formation
in lightly doped GaAs layers;

- study the processes of degradation of deep centers in lightly doped GaAs layers
at high operating temperatures;

- HW3Y4YUTb BJIWAHHUC JOIIOJIHHUTCIBHO BBCIACHHBIX HpHMeCGﬁ Ha IIpOoHICCCH
noiy4enns P°-n° mepexona B caGoaerupoBaHHbIX clIoIx GaAs.

Methodology. To solve the problems, the following methods were used:

After growing the epitaxial structures, the thickness of the layers, their planarity
and the location of the p®-n° transition were first determined.

To determine the location of the p°-n° junction or space charge region (SCR),
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the electrooptical effect method was used [2]. The electrooptical effect manifests itself
in the occurrence of double refraction in an electric field. In the case of an epitaxial
structure with a p®>-n° junction, double beam interference should arise in the SCR due
to the indication of optical anisotropy at the p°-n® junction. During the studies, a MIC-
5 microscope was used.

To determine the concentration and nature of the distribution of the main charge
carriers, the capacitance-voltage method was used using a mercury probe with layer-
by-layer etching of gallium arsenide layers. A typical distribution of charge carrier
concentration in one of the resulting p°-n° structures is shown in Fig. -1.

[Na-Ng]-Cm?
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Fig. - 1. Distributions carrier
concentrations charge in one
p%-n? structures.
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The diffusion length of the NCC is the most important characteristic of any
semiconductor material [5]. To determine the diffusion length of the NCC in lightly
doped GaAs layers introduced with Mn impurities, a method was used to study the
current distribution induced by a small diameter electron probe and is determined by

the expression.
To—X
L)

where X is the distance from the excitation area to the p°-n° transition, ro is the
radius of the excitation area.
The diffusion lengths Lq in n° — GaAs, determined by this method from the slope
of the dependence L,; = f(x), reached 7+10 um at zero bias and increased to > 90
um at Uy = 100 V. Measurements were carried out using a jXA-5A scanning electron
microscope microanalyzer. In Fig. - 2.
The dependence of the diffusion length of electrons on the current in a lightly
doped p° — GaAs layer 40 pum thick is presented. t can be seen that starting with current
densities j > 50 A/Cm?, the diffusion length L, practically does not change and reaches

I =1loexp (
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values of 75+85 pum. The increase in Ln in the region of lower currents is apparently
associated with the saturation of electron capture centers.

He charge carrier mobilities were determined by measuring the Hall effect in

epitaxial layers grown on semi-insulating substrates.

The measurements were carried out by the Van der Pai method on samples
with six ohmic contacts obtained by melting Minddean droplets into an epitaxial
layer. The values of electron mobility in n-GaAs layers are in the range =

50006000 cm?/V-sec, and the hole mobility in p°-n°-GaAs layers is = 30005000
cm?/V-sec.

L, pm
Fig. - 2. Typical dependences D0 1
L,=f(1)in p® = GaAs layers.
1-p°-5-10% cm3; |
2-p°-210% cm?, 60 2
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The results of studies of the mobility of the main charge carriers in the n°-regions
showed that there is a high degree of compensation in the epitaxial layers Fig. - 3. As
follows from the figure, the degree of compensation in the n° layer increases as it
approaches the p°-n° transition.
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Fig. - 3. Electron mobility 14000
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This nature of the dependence of mobility may indicate that the total concentration
of infected centers in the layer decreases with increasing thickness of the n®-layer and
with decreasing crystallization temperature of the layer.

To determine the energy parameters of deep levels in lightly doped layers
introduced with Mn impurities, the method of transient capacitive deep level
spectroscopy (DLTS) and photocapacitance (PC) were used. ). In all layers obtained
by the LPE method, in addition to shallow acceptor and donor levels, deep levels A(E.
+0.4eV), B(Ec + 0.54 eV), C(E. + 68 eV) were detected (Fig. — 4). The
crosssection for capturing deep levels corresponds to the value o
=8:10" cm?, 6:10% cm?, 4-10"1” cm?. In the literature, these levels are designated HLS5,
HL3, HL2 [3-4].

The recombination properties of the p° region are largely determined by the deep
acceptor A and B centers. At the same time, the main. These centers play a role in the
p — part of the p° region. In p°-GaAs, they, detected by capacitance spectroscopy
(LLTS) and attributed to a growth defect, are traps for holes, and their concentration
decreases exponentially with decreasing growth temperature.

Unit rat.
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Fig.-4. DLTS spectrum one of the
samples doped with Mn impurity. ,, |
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The IR absorption spectrum of these samples doped with Mn impurities at
temperatures from 20 °C to 200 °C are presented in Fig. - 5, and the kinetics of the
influence of temperature in the range from 20 °C to 200 °C at deep levels is shown in
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Fig. - 6.
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Rice. - 5. IR absorption spectrum \4
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Along with shallow acceptors and shallow donors, deep acceptors determine the
position of the p°-n° junction and the size of the SCR [6]. The part of the p° layer
adjacent to the substrate has a relatively high concentration of small acceptors, greater
than the concentration of small donors and sponge acceptors.

As mixing progresses from the substrate deeper into the layer, the difference Ng m.
— Nm.a. decreases and then becomes equal to zero and changes sign, however, due to
the presence of deep acceptors, the type of conductivity of the layer does not

change.

If 0 < Ngm. — Nma. < Nag., then the Fermi level will be close to the position of the
first deep acceptor level — A. With further displacement deeper into the layer, when
Nag- < Nma. — Nma. < Nag., the Fermi level will approach the position of the

second level - B and further to the third level - C.
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Fig. - 6. Kinetics of influence | /-*
operating temperatures at deep *°1 \.:\\
levels Mn-doped samples. ] N Ny
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Estimates show that the resistivity of the region of non-field ionization of centers
with levels A, B and C at 300 K is 10° Ohm-cm or more. Layer coordinate, where Ny,
= Nam. + 2Nag4. is the location of the p°-n° transition. Further, in the n-type
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layer, the electron concentration will be determined by a decrease in Ndg.m.
— Nag. Therefore, the p° region consists of two parts: a low-resistance p° and a high-
resistance i part, and the p°®-n° junction is located on the border of the i and n?
regions.

Conclusions. In conclusion, we note that

- The positions of the p°-n°® transition or the space charge region of the lightly
doped GaAs layer doped with Mn impurities are determined. The thickness of the p°
region is determined by the values of the transmission coefficient and the
recombination properties of the resulting p°-n° transitions [7,9].

— The nature and profile of the concentration distribution of the main charge
carriers have been studied. The carrier concentration in the p°- and n°-regions ranged
from 1-10%cm= to 0.1-10%° cm3[7].

- The mobility of charge carriers is determined. The mobility of charge carriers
was, in the n® layer p, = (5+6)-10% cm?/V-sec, and in the p° layer p, = (400+450)
cm?/V-sec [7,10].

- The diffusion lengths of the NCC in lightly doped GaAs layers doped with Mn
impurities were determined [8,13];

- A comprehensive study of the properties of a lightly doped GaAs layer doped
with Mn impurities was carried out and it was found that these impurities form deep
levels with ionization energies E.— 0.4 eV, E.—0.54 eV, E. = 0.68 eV in n°-GaAs <Mn
>

[7.8];

- The influence of deep centers created by Mn impurities has been studied and it
has been established that impurities are unstable in the gallium arsenide lattice when
operating temperatures change and the kinetics of the influence of temperature on deep
levels is nonlinear [11,12].
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