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This paper presents a comprehensive analysis of n-p junction currents and polarization effects in diffusion Si detectors (receivers) for
radiation. The mechanisms of polarization induced by charge-carrier capture at localized centers and the formation of space charge in
the detector's sensitive region are investigated. The relationship between the presence of "large-scale" traps, which are local clusters of
impurity atoms, and the appearance of anomalous spectral characteristics in the form of doublets has been established. It has been
experimentally shown that ultrasonic treatment of Si-n-p detectors leads to a significant reduction in polarization effects due to the
redistribution of impurity atoms and smoothing of the potential relief in the semiconductor structure. A physical model is proposed to
explain the mechanism by which ultrasonic influence affects the electrophysical and spectrometric characteristics of silicon detectors.
The results obtained have practical significance for optimizing production technology and improving the operational parameters of
Si-n-p radiation detectors.
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INTRODUCTION

The study of polarization effects in silicon n-p radiation detectors is one of the key areas of modern semiconductor
electronics and detector technology. This issue is particularly relevant in the context of the ever-increasing demands on
the accuracy, stability, and reliability of semiconductor detectors used in various fields of science and technology - from
fundamental research in nuclear physics to applied problems in medical diagnostics, space technology, and radiation
monitoring systems. Polarization effects that occur during the operation of Si-n-p detectors significantly limit their
functionality, reduce temporal stability, and distort spectrometric characteristics, which makes the study of the nature of
these phenomena and the development of methods for their minimization a critically important task [1].

The physical nature of polarization effects in silicon detectors is complex and is associated with charge-carrier
capture and accumulation at localized centers within the semiconductor volume. The formation of a volume charge in the
sensitive region of the receiver distorts the internal electric field, which in turn causes a change in the efficiency of
collecting charge carriers generated by radiation and, as a consequence, degradation of the spectrometric characteristics
of the detector [2]. The so-called "large-scale" traps play a special role in these processes: local clusters of impurity atoms
that form inhomogeneities, the potential relief in the semiconductor structure, and contribute to the appearance of
anomalous spectral characteristics, in particular, doublet peaks [3,4].

Traditional approaches to solving the polarization problem, based on increasing the purity of the source material and
improving detector manufacturing technology, demonstrate some efficiency but do not fully eliminate undesirable effects.
In recent years, alternative methods for modifying the properties of semiconductor structures, in particular, ultrasonic
treatment, have attracted considerable interest from researchers. Experimental data indicate that the effect of ultrasound
on Si-n-p-receivers can lead to a significant reduction in polarization effects due to the redistribution of impurity atoms
and smoothing of the potential relief in the semiconductor structure [5,6].

In this paper, we present the results of a comprehensive study of n-p junction currents and polarization effects in
diffuse Si radiation detectors. Particular attention is paid to the analysis of the mechanisms of polarization occurrence
caused by the processes of charge carrier capture at localized centers and to the study of the effect of ultrasonic treatment
on the electrophysical and spectrometric characteristics of silicon detectors. A physical model is proposed that explains
the mechanism of ultrasound action on the semiconductor structure and allows one to predict changes in the parameters
of Si-n-p detectors resulting from such treatment.

MATERIALS AND METHODS
For the fabrication of Si-SDD (semiconductor diffusion detectors) detectors, we used p-type monocrystalline silicon
ingots with a resistivity of p = (10+14)-10’Q-cm and a minority carrier lifetime of T = 450+650us, as well as lower-
resistance p-Si ingots with p< (2+5)-103Q-cm and t=800+1000us. The oxygen concentration No, was no more than
10'%cm™ and the dislocation density Np~10*cm™. The cylindrical ingots were cut into plates up to 0.5 mm thick. The
plates had an area S from 0.25 cm? to 2.0 cm?. The Si plates were ground on both sides with M15 abrasive powder. After
appropriate chemical treatment, aluminum (Al) with a thickness of 1=0,45um =+ 0,5um was sprayed onto one side of the
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Si plates; during this technological procedure, the edges of the Si plates were protected with a mask. After that, a solution
of phosphorus pentoxide P,Os was applied to the other side of the Si plate, and this coating was dried. The next
technological step was the phosphorus diffusion into the Si plates. The samples, located in quartz cassettes, were placed
in a diffusion furnace. Phosphorus diffusion was carried out at a temperature of T = 1073K in a stream of inert gas for a
time of t = 60 minutes. Then the temperature was slowly lowered to room temperature. Aluminum deposited on the Si
wafer is alloyed with it at T=820K and then, diffusing from the melt into the Si wafer, forms a heavily doped p*-layer of
silicon. After cooling, the Si wafer undergoes a series of chemical-technological operations to clean and remove the
phosphosilicate glass on the n*-layer obtained by phosphorus diffusion. Gold with a density of about 30+50 pg/cm? was
sputtered onto the input window of the Si-n-p structure. Electrical contacts to the n- and p-layers were made in the form
of pressure or by attaching thin metal wires using conductive silver pastes. The structure was then mounted in a case.
Large-area Si-n-p structures can be cut into smaller plates and also used to make SDD detectors for specific purposes. It
is also envisaged to protect and seal the semiconductor detector edges with specialized protective coatings [7,8].

The theoretical analysis and experimental studies presented in this work aim to deepen the understanding of the
physical processes underlying polarization effects in silicon detectors and to develop effective methods to minimize them.
The results obtained are not only fundamentally important for semiconductor physics but also practically valuable for
optimizing production processes and enhancing the operational performance of Si-n-p radiation detectors, opening new
opportunities for their use in various scientific and technological fields.

It was found that local clusters of impurity atoms with an effective size [>6um+30um are present in Si-n-p radiation
detectors, determining the behavior of the signal amplitude in different intervals of electric and temperature fields. It was
found that at E>1500 V/cm and T>168 K, the efficiency of collecting nonequilibrium charge carriers increases
significantly and the doublets of spectral a-lines and "humps" in the temperature dependences of the signal amplitude
disappear. The main physical processes and mechanisms determining the occurrence of the phenomenon of "polarization”
of Si-n-p detectors were investigated. This phenomenon is due to the existence of local gold atoms that arise during the
technology of manufacturing Si-n-p detectors and act as effective capture centers.

Previously, similar studies were carried out in detail for Si(Li)-p-i-n-detectors [9], where it was shown that the
energy resolution is significantly affected by the inhomogeneities of the specific resistance of silicon. Since the process
of compensation of inhomogeneity in the manufacture of SDD (semiconductor diffusion detector) - Si-n-p-detectors does
not exist, then the effect of self-regulation of the system (sensitive region) does not occur here, as in the case of lithium-
ion drift. Therefore, the potential relief of the concentration of the main dopant is preserved. This leads to fluctuations in
the carrier lifetime and, in the case of the formation of local clusters of impurity atoms, leads to a strong inhomogeneity
of the electric field in a given microvolume of the sensitive region of the radiation receiver [10].

The experiments conducted allowed us to establish critical parameters at which the influence of these
inhomogeneities is significantly reduced: at an electric field strength exceeding 1500 V/cm and a temperature above 168
K, a significant increase in the efficiency of collecting nonequilibrium charge carriers is observed. Under these conditions,
the characteristic anomalies in the spectral characteristics of the detectors, such as the doublet peaks of gamma lines and
specific "humps" in the temperature dependence of the signal amplitude, practically disappear.

The physical interpretation of this effect is that the increased field strength provides sufficient energy for charge
carriers to overcome potential barriers created by impurity clusters, while the increased temperature promotes thermal
activation of carriers captured at localized centers. In the course of the study, the main physical processes and mechanisms
underlying the well-known but poorly understood phenomenon of "polarization" of Si-n-p detectors were thoroughly
studied. Our experiments convincingly showed that this phenomenon is directly related to the presence of local clusters
of gold atoms in the semiconductor structure, which form during the manufacturing process of Si-n-p detectors.

Gold atoms, when they penetrate the silicon crystal lattice, form deep energy levels in the semiconductor's forbidden
zone and act as effective centers for capturing charge carriers. The process of carrier capture and subsequent release at
these centers has characteristic time constants that determine the dynamics of polarization effects. Charge accumulation
at localized centers distorts the detector's internal electric field, which in turn alters the efficiency of charge collection
and, consequently, degrades the spectrometric characteristics of the receiver. These effects are especially pronounced at
low temperatures and low field strengths, when the probability of thermal release of captured carriers is minimal, and the
drift velocity is insufficient to overcome potential barriers effectively.

For a more detailed study of the causes of polarization effects and low values of the functional characteristics of the
radiation receivers, Si- SDD were selected. Then, Si- SDD were divided, in accordance with the selection, into 3 groups
(recall that the polarization effect consists in the fact that, being in the operating mode, the radiation receiver gradually
worsens its functional characteristics due to the strong capture of charge carriers by traps [6]. After heating to room
temperatures, the radiation receiver restores its characteristics).

a) Group 1. In this group, Si- SDD had high functional characteristics and insignificant capture effects were observed
in them, the linearity of the A(1/E) dependence was preserved in a wide range of electric field strengths E;

b) Group 2. Capture effects were observed in the Si- SDD of this group (the field dependences A(1/E) had a nonlinear
form in the region of low values E<1000 V/cm), which is associated with shallow capture centers. The detectors of this
group had average spectrometric characteristics. In this case, the spectral lines had a long decline on the low-energy side,
which is due to the presence of a certain number of local clusters of impurity atoms in the sensitive layer.
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¢) Group 3. The polarization effects of Si- SDD of this group manifested themselves most clearly and quickly for
radiation registration times t,<2 hours. The spectral lines of this Si-SDD group showed doublets (Fig. 1, spectra 1 and 2).
As shown above, these Si- SDD have significant sizes of local clusters of impurity atoms, determined by us using the
phase-frequency method [7].
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Figure 1. Spectral o-lines of the isotope >*! Am from Si-n-p-detector No. 12 d=130 pm, T=300 K. a) spectra 1 and 2 were obtained
at E=400 V/cm and E=550 V/cm before irradiating the detector with ultrasound. b) spectra 3 were obtained at E=550 V/cm and
T=300 K after irradiating the detector with ultrasound with [*=0.4 W/cm?, =15 MHz for 43 min.

It seems interesting to us to analyze the observed phenomena for Si- SDD of the second and third groups, using for
this purpose not only the study of the shapes of the spectral lines, the dependences A(1/E), A(T), but also using such an
important tool as the analysis of the electrophysical characteristics of these groups of radiation receivers.

RESULTS AND DISCUSSION

We conducted an independent study of the causes of the observed phenomena by analyzing the additional behavior
of the dependence of the current density on the reverse bias voltage at temperatures T = 300 K based on the Fowler-
Nordheim field emission model [11].

This model describes the behavior of this dependence quite well in the presence of inhomogeneities in the region of
p-n-junctions [12,13].

The studies were carried out for 15 most prominent representatives of each group. Typical results for two of them
are given below. For simplicity and convenience, we introduce the following designations: Si-receivers with a strong
capture effect Si- SDD -R and with a weak one - Si- SDD -W, respectively. Figure 2 shows the measured dependences
of the current on the reverse bias voltage Vyat a temperature of T =300 K for two Si-n-p radiation detectors Si- SDD -R
and Si- SDD -W, containing, respectively, large-scale and small-scale local accumulations of impurity atoms. It is evident
from the graph that a sharp increase in the current (deterioration of the characteristics) of Si- SDD-R and Si- SDD -W
begins at a voltage of V, = 1,5 V (curve 4 in Fig. 2) and V,= 3.0 V, (curve 1 in Fig. 2), respectively. In addition, it was
found that the reverse current of Si- SDD -R is almost independent of temperature in the temperature range T =77 + 300
K, but at the same time a noticeable temperature dependence of the reverse current was observed in Si- SDD -W.
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Figure 2. Current dependences on reverse voltage for Si- SDD -W and Si- SDD -R radiation receivers, T=300K
a) Si-PI-W-curve 1 before ultrasound irradiation, curve 2- after irradiation; b) Si- SDD -R-curve 3 before ultrasound irradiation,
curve 4- after irradiation. Parameters of ultrasound 1*=0.4 W/cm?, =15 MHz, t=45 min, T=300K.

The use of the Fowler-Nordheim model allows one to calculate the dependence of the reverse current density on the
reverse bias voltage I(Vy) based on an equation of the following form [11]:
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I(T,E)= TA(T, E"YD(E,E")dE' (1)

where A(T,E!) is a function describing the process of charge carrier transfer to the barrier surrounding the local cluster of
impurity atoms, D(E,E!) is the transmission coefficient describing the probability of charge carrier tunneling through the
barrier. This is true, since the barrier becomes repulsive after the carriers are captured by the local cluster of impurity
atoms, or the barrier is initially repulsive due to the nature of the atoms forming the cluster. Then, as calculations and
computations show [11], the functions A(T,E') and D(E,E'") can be written as follows:

A(T,E") = (4nm"-KT/h®)In[ 1+exp(-E/KT) @)
D(E,E') = exp(-4(2m")"*(q®s-E')**V(y))/2h’qE, (3)
where y = (¢*-E)"*/q®s )

The following notations are used in the equations: m* - is the effective mass of charge carriers; k is the Boltzmann
constant; T is the absolute temperature; h* - is the Planck constant; q is the electron charge; ®,- is the barrier height; E -
is the electric field strength; E! -is the carrier energy (electrons or holes); V(y) -is the Fowler-Nordheim function. In the
calculations, it is assumed that V(y) = 1. For T— 0, equation (1) will have the following form:

1(0,E) = ¢’Eexp(-4(2m")*(q®s)**/3h*qE)/16n’h*2q®s )

It is natural to assume that near a local cluster of impurity atoms, the electric field is amplified by 3 times, since the
presence of the cluster causes the emergence of a local p-n junction, the electric field of which determines the processes
of carrier drift in a given place of the active element (sensitive region) of the radiation receiver [12]. That is, the expression
for the electric field in this case will have the following form:

E= B(2qNp/es)2(Vi+Vp) 2. (6)

Where Np is the donor concentration, & - is the semiconductor permittivity, V; - is the built-in voltage, and Vy - is the
reverse bias voltage. The calculation is based on a model of an abrupt p-n junction, assuming that local clusters of impurity
atoms are located near the region of the maximum field of the p-n junction of the Si radiation receiver. Given the above,
the electric field gain can be calculated as follows.

First, by numerical integration of equation (1), the dependences I(Vy) are calculated for different values of the
effective barrier height ®=(m*/m)'*®p at temperatures T = 77 K and T = 300 K. These dependences for the values q®
=0,31; 0,52 and 0.72 eV at Np=1,2:10""cm™ and V;=0 were calculated, measured and presented as an example for the
value q®@ = 0.31 eV in Figure 3. Then, a comparison of the experimental dependences I(Vy,) with the calculated
dependences I(Vy,) was carried out until they completely coincided and the coefficient B was determined from a simple
relationship (7):

B =[ Vb (theoretical value)/ V,, (experimental value) ]2 @)

It is easy to see that the values of the coefficients B for the Si- SDD -R and Si- SDD -W radiation receivers are
Bi1 =128 and B, =13, respectively. The effective barrier height @ is also determined using the matching procedure
described in [11]. It was found that the value of @ for Si- SDD -R and Si- SDD -W is ®r = 0,62 V and ®w = 0.67 V,
respectively.

LuA
20
10 | —_
2 -
l _ ——— 1
| 1
25 50 ViV

Figure 3. Volt-ampere characteristic of Si-n-p-detector no. 8 before (curve 1 - theory; curve 2 - experiment) and after (curve 3 -
experiment) ultrasonic treatment at I* = 0.4 W/cm?, =15 MHz, t = 125 min at T = 300 K.



671
Polarization Effects in Si-n-p Radiation Receivers EEJP. 4 (2025)

The peculiarity of the presented model of the current transfer mechanism is that the temperature dependences of the
reverse currents of the Si radiation receivers are calculated without introducing any special approximations. For this, as
noted earlier, numerical integration of equation (1) is carried out for different values of B, ®g and reverse bias voltage V.

It was noted above that for Si- SDD -R the reverse current density depends weakly on temperature. This is explained
by the fact that the temperature-independent coefficient D in equation (1) significantly exceeds the temperature-dependent
function A(T,E") due to the very small barrier width. The decrease in the barrier width is caused by a significant increase in
the local field near the local cluster of impurity atoms. In the Si- SDD -W radiation receiver, the reverse current density
strongly depends on temperature due to the low value of the parameter B, = 13, which is associated with smaller values of
local clusters of impurity atoms in this type of Si- SDD -W compared to the values of the local cluster of impurity atoms
existing in Si- SDD -R radiation receivers. From the analysis of the obtained data, it is possible to determine the values of
the intensity of localized (internal) electric fields near local clusters of impurity atoms, the values of which are E = 10°-107
V/cm, which is approximately two orders of magnitude greater than the maximum electric field in the p-n junction of Si
radiation receivers. For example, if we take Si- SDD -R with a p-n junction width of W =20 pum, at a voltage of V, =10V,
the value of E™,., = 5000 V/cm, and for a receiver of the Si- SDD -W type, the value of E™,., =2,5-10* V/cm.

The figures (2, 3) show changes in the current characteristics after ultrasonic waves with a frequency f= 15 MHz
and an intensity I* = 0.4 W/cm? pass through Si receivers.

It is clearly seen that the curves of the dependence of the reverse current on the bias voltage Vy, shift toward lower
current values (Fig. 2, curves 2 and 4; Fig. 3, curve 3). We believe that after the ultrasonic treatment of Si-receivers, a
decrease in the value of q® occurred, that is, a decrease in the height of the potential barrier of the p-n-junctions formed
by the presence of local clusters of impurity atoms occurred, which is reflected in Table 1.

Table 1. The effect of ultrasonic treatment on the value of q®

q®P, eV, before ultrasonic treatment q®, eV, after ultrasonic treatment
0.31 0.25
0.52 0.45
0.72 0.66

Thus, the decrease in the reverse currents of Si-n-p-receivers after the passage of ultrasonic waves through them is
most likely associated with the decay of local clusters in ultrasonic fields.

The spectral lines of Si-receivers measured after ultrasonic processing also underwent significant changes, namely:

a) the energy resolution and shape of the spectral lines improved (the low-energy "tail" decreased, the "humps"
smoothed out (Fig. 1, spectrum 3);

b) the amplitude of the signal "A" increased, which is determined by the position of the peak of the spectral line on
the analyzer screen. "A" was measured in the channels (Fig. 4). In addition, after ultrasonic processing of Si-receivers,
the charge pulses began to have a sharp leading edge and the signal rise time T decreased by an average of 10+15%.
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Figure 4. The amplitude of the signal of Si-n-p-detector no. 12 depending on the magnitude of the electric field strength. T = 300 K.
Curve 1 - before irradiation with ultrasonic waves. Curve 2 - after irradiation with ultrasonic waves I* = 0.4 W/cm?, =15 MHz,
irradiation time t = 40 min

All these experimental data directly indicate that the potential relief in the active region of Si detectors became
smoother after ultrasonic wave treatment, i.e. local clusters of impurity atoms began to exert less influence on the
processes of carrier capture drift. Polarization effects in Si- SDD-W type detectors disappeared completely, and in Si-
SDD -R detectors they significantly decreased. Figure 5 shows the temperature dependences of the signal amplitude for
a Si-n-p detector containing local clusters containing Au atoms in the sensitive region, before and after ultrasonic waves
passed through it (curves 1 and 2, respectively).

The appearance of a “hump” in the temperature range T = 148 K-168 K is clearly visible, which indicates the
presence of a “large-scale” trap. Such “humps” were absent in gold-free silicon detectors. In the same temperature range,
the spectral line is a doublet (see Fig. 5, spectrum 1). Therefore, it can be stated that gold, being a rapidly diffusing
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impurity in silicon and in the presence of dislocations and stacking faults in it, can be deposited on them, forming Au
clusters. At elevated Au concentrations in such microvolumes of the sensitive region of the Si receiver, strong capture of
charge carriers begins to occur, reducing the mobility and lifetime of the latter [14]. This leads to a sharp increase in
charge losses (a drop in the signal amplitude) and the appearance of a polarization effect. Around the formed clusters of
such impurity atoms, there is a zone of mechanical stresses in which strong absorption of ultrasound occurs, leading to
the disintegration of clusters and a noticeable improvement in the characteristics of the Si-n-p receiver (Fig. 5, spectrum
2 demonstrates the disappearance of the doublet). Curve 2 shows the disappearance of local clusters after the action of
ultrasonic waves on the receiver.
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Figure 5. Temperature dependence of the amplitude of the a-spectrum signal from the >*! Am isotope of the Si-n-p-detector before
(curve 1 and spectrum 1) and after irradiation with ultrasonic waves (curve 2 and spectrum 2) at T=300 K, I* =0.4 W/cm?,
f=15 MHz, t=40 min.

CONCLUSIONS

As aresult of the conducted research, the features of diffusion Si-n-p-receivers, their electrophysical and spectrometric
characteristics, as well as the influence of various types of trapping centers on them were identified and studied in detail.
The obtained results are of significant importance both for the fundamental understanding of physical processes in
semiconductor structures and for practical application in the development and optimization of silicon receivers.

It was established that diffusion Si-n-p-receivers are characterized by the presence of two types of defects: single
trapping centers and so-called "large-scale" traps of charge carriers. It is the presence of "large-scale" traps that has a
decisive effect on the functional characteristics of the studied receivers. These traps are local clusters of impurity atoms
that form inhomogeneities in the semiconductor structure and significantly change its electrophysical properties.

The most striking manifestation of the influence of "large-scale" traps is the appearance of anomalous spectral lines
in the form of doublets. This effect is observed precisely in those Si-n-p-receivers that contain local clusters of impurity
atoms. In addition, pronounced polarization effects are observed in such receivers, indicating a violation of the electric-
field homogeneity in the device's sensitive region.

A detailed analysis of the experimental data allowed us to establish the physical mechanism underlying the observed
anomalies. The appearance of doublets in the spectral lines and characteristic "humps" on the temperature dependences
of the signal amplitude is due to the formation of a space charge in the sensitive region of the receiver. The electric field
of this space charge creates a counteraction to the normal drift of charge carriers to the contacts of the receiver, which
leads to distortion of the recorded signal and the appearance of the above anomalies.

The conducted studies showed that local impurity accumulations within the Si-n-p receiver's structure actually form
built-in n-p microjunctions in its sensitive region. These microjunctions create a complex potential relief, which
significantly affects charge-transfer processes and, consequently, the device's spectrometric characteristics. The
heterogeneity of the potential relief leads to charge carriers generated in different areas of the receiver moving at various
speeds and along different trajectories, resulting in doublets in the spectral lines.

An important practical result of the study was the discovery of an effective method for eliminating the identified
anomalies. It was experimentally established that ultrasonic treatment of Si-receivers with pronounced potential relief
and polarization effects completely eliminates these undesirable phenomena. Ultrasonic action promotes the redistribution
of impurity atoms and a decrease in the concentration of local impurity clusters, which leads to smoothing of the potential
relief and normalization of the electrophysical characteristics of the receiver.

The conducted study of polarization effects in Si-n-p radiation detectors allowed to significantly expand the
understanding of the physical processes underlying this phenomenon and to develop effective methods for minimizing
the negative impact of polarization effects on the characteristics of semiconductor detectors. In the course of the work,
the mechanisms of polarization occurrence associated with the capture and accumulation of charge carriers at localized
centers in the volume of the semiconductor were studied in detail, which leads to a distortion of the internal electric field
and, as a consequence, to the degradation of the spectrometric characteristics of the detectors. Particular attention was
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paid to the study of the role of "large-scale" traps - local clusters of impurity atoms that form inhomogeneities of the
potential relief in the silicon structure and contribute to the appearance of anomalous spectral characteristics.

Experimental studies of the current characteristics of Si-n-p receivers in various operating modes allowed us to
establish a correlation between the parameters of reverse currents and the degree of polarization effect manifestation. It
was shown that the temperature dependence of reverse currents is complex and determined by a set of mechanisms for
charge-carrier generation, including thermal generation in the space-charge region, tunneling through potential barriers,
and generation on surface states. Analysis of the current-voltage characteristics of receivers before and after exposure to
ionizing radiation revealed significant changes in the current structure, driven by charge redistribution at localized centers
and the formation of additional conductivity channels.

An important result of the work was the discovery and detailed study of the effect of a peak doublet in the energy
spectra of Si-n-p-receivers, which manifests itself when registering monoenergetic radiation. It was found that this effect
is associated with the inhomogeneity of the electric field within the detector's sensitive volume, caused by the localization
of charge on impurity centers. A physical model is proposed that explains the mechanism of doublet peak formation and
allows predicting their parameters based on the operating conditions of the receivers. It is experimentally confirmed that
the degree of manifestation of the doublet effect depends significantly on the irradiation intensity, temperature and applied
bias voltage, which is consistent with theoretical ideas about the nature of this phenomenon.

One of the key achievements of the study was the development and experimental testing of the method of ultrasonic
processing of Si-n-p-receivers aimed at minimizing polarization effects. It was shown that the effect of ultrasound of a
certain frequency and intensity leads to the redistribution of impurity atoms in the semiconductor structure, smoothing of
the potential relief and, as a result, to a significant reduction in polarization effects. The parameters of ultrasonic
processing were optimized, providing maximum improvement in the characteristics of the receivers with a minimum risk
of mechanical damage to the structure. Long-term tests of ultrasonic-treated detectors confirmed the stability of the
achieved improvements and the absence of degradation of the parameters during operation.

A comprehensive study of the influence of various factors on the manifestation of polarization effects allowed us to
develop recommendations for optimizing the operating modes of Si-n-p radiation detectors. It was found that increasing
the operating temperature of detectors in a certain range helps to reduce the lifetime of charge carriers at localized centers
and, accordingly, to reduce the degree of polarization. Optimum values of bias voltage were determined, providing a
compromise between the efficiency of charge collection and minimization of polarization effects. Algorithms for
compensating for the effect of polarization on the results of spectrometric measurements by introducing appropriate
corrections when processing experimental data were proposed.

Theoretical analysis of the experimental results allowed us to develop a refined physical model of polarization effects
in Si-n-p detectors, taking into account the spatial distribution of impurity centers, their energy spectrum and the kinetics
of the processes of capture and release of charge carriers. The model successfully describes the observed experimental
patterns and allows us to predict the behavior of detectors under various operating conditions. Based on this model, a
software package for numerical simulation of processes in Si-n-p detectors was developed, which can be used to optimize
the design and manufacturing technology of semiconductor detectors.

The successful implementation of the developed methods and recommendations in the production of Si-n-p radiation
detectors confirms the practical significance of the obtained results. Detectors manufactured with the proposed
modifications to the technological process and subjected to ultrasonic treatment demonstrate significantly improved
characteristics: increased temporal stability, improved energy resolution, and reduced sensitivity to changes in operating
conditions. This opens new opportunities for the application of Si-n-p receivers across various fields of science and
technology, including nuclear physics, space research, medical diagnostics, and radiation monitoring systems.

Thus, the conducted research makes a significant contribution to the development of the physics of semiconductor
detectors and the technology of their production. The obtained results not only expand fundamental understanding of
processes in semiconductor structures but also have direct practical significance for improving the characteristics of Si-
n-p radiation detectors. Further research in this direction can focus on a more detailed study of the microscopic
mechanisms underlying ultrasound's effect on semiconductor structure, the development of new methods to modify the
properties of silicon detectors, and the expansion of their application scope.
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E®EKTH MOJAPU3ALI B MPUAMAYAX Si-n-p BAITPOMIHIOBAHH S
Aoaymadik I'. I'aioos, Kya6inain 1. Baxados, Mapry6a C. MipkomisioBa, YTkip E. Ikypaes
TawxenmcvKull OepicasHull mexHiyHuil yHigepcumem, Y30exucmau

VY wmiif cTaTTi NpeAcTaBIeHO KOMIUIEKCHUH aHaNli3 CTPyMIB n-p Hepexoxy Ta e(eKTiB moispu3aiii B Audys3iiHux Si-IeTeKTopax
(mpmitMadax) BHIpOMiHIOBaHHS. J[OCTIIPKEHO MEXaHI3MH HOJsipu3anii, iHAyKOBaHOI 3aXOIUICHHSIM HOCITB 3aps/ly B JIOKQJII30BaHHUX
LEHTpax Ta (OpPMYBaHHSIM OO'€MHOrO 3apsay B UyTJIUBIH o00macTi JeTekTopa. BCTaHOBICHO 3B'I30K MK HAsSBHICTIO
"BeMKOMacTaOHUX" MACTOK, SIKI € JIOKaIbHHMH KJIaCTepaMH JOMIIIKOBUX aTOMIB, Ta IIOSIBOI0O aHOMAJBHUX CIIEKTPAIbHUX
XapaKTepUCTHK Yy BUIAAL AyOieriB. EkcriepuMeHTa IbHO MOKa3aHo, 10 YJIBTPa3ByKoBa 00poOKa Si-n-p AETEKTOPIB MPHU3BOIUTH IO
3HAYHOTO 3MEHIICHHs e(eKTiB Mosipu3alii 3aBAsKN Iepepo3MoIily JOMIIIKOBUX aTOMIB Ta 3IJIA[DKEHHIO HOTEHUIHHOTO penbedy B
HaIliBIPOBIIHUKOBIH CTPYKTYpi. 3apONOHOBaHO (Pi3MYHY MOJENb AJIs MOSICHEHHS MEXaHi3My, 3a IOTIOMOTOI0 SIKOTO YJIbTPa3ByKOBHii
BIUIMB BIUIMBA€ Ha €NEKTPO(i3WUHI Ta CHEKTPOMETPHYHI XapaKTEePUCTUKU KPEMHIEBHX AETEKTOpiB. OTpHMaHi pe3ylbTaTH MaroTh
MPAaKTUYHE 3HAYEHHS JUIA ONTHMi3alii TEXHONOril BHPOOHMITBA Ta MOKpAIIEHHS pOOOYMX MapaMeTpiB Si n-p HETEKTOpiB
BUIIPOMIHIOBaHHS.

KutouoBi ciioBa: kpemuicgi demexkmopu, n-p nepexoou; egekmu noiapusayii; yeHmpu 3aXONieHHs; YIbmpazeykoea 00pooKa;
CHEKMPOMEMPUYHI XAPaAKMePUCmMuKu, npocmoposutl 3apso, NOMEeHYIATbHUL peibeh, Ouysiini demexmopu, J10KATbHI QOMIUKOBI
Knacmepu



