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MODEL AND ALGORITHM OF CREATION OF SILICON PHOTODIOD
WITH HIGH SENSITIVITY IN THE MIDDLE INFRARED AREA
OF THE SPECTRUM

The sensitivity of the photodiode will depend on the amount of radiation power that it must register. The char-
acteristics of a photodiode, as is known, are determined by its design. In particular, the characteristics of the
material used, the configuration of electric fields, the mobility of charge carriers, the width of the SCR (space
charge region), etc. Additionally, the characteristics of the photodiode are determined by the external applied
voltage and the wavelength of the received optical radiation. In the case of its absorption only in the SCR (region
of space charge) and at small distances around it, for example, in a p-i-n photodiode, its frequency characteris-
tics will be determined mainly by the flight time of the generated charge carriers through the SCR. .The subject
is to create an algorithm for building a photodiode, which must work at a certain wavelength, for example, at a
wavelength of 0.95 um. Silicon of the p-type conductivity with a specific resistance of at least 10 kQ « cm was
chosen as the starting material. The goal is to create a model and algorithm for developing a photodiode capable
of providing maximum values of current monochromatic sensitivity due to the maximum collection of photogen-
erated charge carriers in its volume at the appropriate external bias. Task: To fulfill this requirement, theoretical
and experimental research must be conducted. Methods: technological processes for manufacturing the pro-
posed photodiode can be similar to the processes of forming planar p-i-n photodiodes based on silicon. The
proposed technical solution determines the correlation between the area of collection of photogenerated charge
carriers and the area of their generation. The result can be achieved by changing the design of the photodiode
crystal, considering the obtained theoretical conclusions. Results: An analysis of the factors determining the
current monochromatic sensitivity of the photodiode was carried out. A design of a photodiode with increased
sensitivity compared to a serial photodiode of the FD - 309 type has been developed. Conclusions: The proposed
calculation was used to estimate the sensitivity of the photodiode. The operating voltage and, accordingly, the
width of the OPZ (area of space charge) W was chosen considering the absorption depth of the operating wave-
length of 0.95 um. The calculation shows that the current monochromatic sensitivity of such a photodiode can
be increased to 0.57 A/W in contrast to the declared sensitivity of 0.5 A/W. Comparative studies of the produced
batch of created photodiodes and FD - 309 photodiodes were conducted, which showed that the proposed pho-
todiode really has a current monochromatic sensitivity at a wavelength of 0.95 zm not less than 0.55 A/W. Sim-
ultaneously, its rise time is reduced from 50 ns to 10 ns, and the capacitance is 90 pF instead of 100 pF
in FD - 309.
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will depend on the amount of radiation power that it must
register [1]. The characteristics of the photodiode are

Introduction

Detection of light fluxes, in particular
monochromatic radiation fluxes, has been and remains an
urgent task of electronics and lighting. To solve this
problem, in particular, photodiodes created on the basis
of various semiconductor materials are used. The
required material to create a photodiode is selected taking
into account the width of its band gap, which determines
its long-wavelength limit of absorption of optical
radiation. Accordingly, the spectral sensitivity range of
the material should correspond to the spectral sensitivity
range of the photodiode. In this case, when the
photodiode operates at a certain wavelength, this
wavelength must be within the sensitivity of the
photodiode. Of course, the sensitivity of the photodiode

known to be determined by its design. In particular, the
characteristics of the material used, the configuration of
the electric fields, the mobility of the charge carriers, the
width of the space charge region (SCR), etc. In addition,
the characteristics of the photodiode are determined by
the external applied voltage and the wavelength of the
optical radiation received by the photodiode. In the case
of its absorption only in the SCR (space charge region)
and at negligible distances around it, for example, in the
p-i-n photodiode, its frequency characteristics will be
determined mainly by the time of flight of the generated
charge carriers through the SCR (space charge region).
When developing silicon photodiodes, it is also
necessary to ensure maximum sensitivity with a
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minimum noise level of the device, ie to ensure a high
level of threshold sensitivity, which is largely determined
by the dark current of the photodiode.

State of the Art

There are several ways to increase the sensitivity of
the photodiode. It can be increased by reducing the
recombination of charge carriers, as proposed in [2]. The
absence of grain boundaries reduces the recombination
of charges and provides a linear response in bright
light [3].

[4] Proposes a bulk organic heterojunction
consisting of a low-band non-fullerene and a polymer
that provides broadband response spectra of up to 1 pm
with a maximum external quantum efficiency of
approximately 54% at 850 nm. The main disadvantage of
the design is the high cost of its manufacture.

Photodetectors of the n+-p type, made of
hyperdoped silicon prepared by ion implantation and a
femtosecond pulsed laser, demonstrated a significant
improvement in absorption and photoresponse at near-
infrared (IR) wavelengths. The device, manufactured
with an implantation dose of 10 ions/cm?, showed the
best results [5]. However, at such a high dose of
implantation, the dark currents of the photodiode should
significantly deteriorate.

In [6], a silicon sensor of ultraviolet radiation with
more than 90% intrinsic quantum efficiency (CE) and
high selectivity to the UV (ultra violet) band without the
use of optical filters is presented. The sensor is designed
for applications that require UV  (ultra violet)
measurement under strong background visible and near-
infrared light, such as solar measurement. The sensor
consists of monolithically formed silicon photodiodes
with different spectral sensitivity: a high-sensitivity to
ultraviolet light photodiode with an internal KE of almost
100% for UV (ultra violet) light and a photodiode with a
low level of sensitivity to ultraviolet rays of 10% with
internal. The photodiodes were optimized according to
their sensitivity to visible and infrared light, and the UV
(ultra violet) signal is extracted from the background
radiation by the method of differential spectral response.
With this approach, an internal KE of more than 90% for
UV light was obtained, with a residual internal KE for
non-UV (ultra violet) light below 20% for 400 nm, 5%
for 500 nm, 2% for 600 nm, and 0.6% for IR (infrared).
light [6].

High-sensitivity ~ metal-insulator-semiconductor
(MIS) diodes with a positive photo response are fabri-
cated by introducing polycrystalline composite thin films
of Ce-WOs as an interfacial layer (IL) between the metal
(Cu) and the semiconductor (p-Si) [7]. Ce-WO; films
were successfully grown on a quartz substrate with 0.4, 8

and 12 wt. % Ce at an optimized base temperature of 400
°C. The inclusion of Ce atoms in the WOz matrix pro-
moted better optical [20] absorption. A significant sensi-
tivity of 20.61 mA/W was recorded on these structures.
But such operations complicate the design and technol-
ogy of the photodiode, which increases the cost of the
product.

You can use as a starting material fullerene C60 [8]
or graphene [9]. However, the operating time of such
photodiodes is small, and the material itself is expensive.
The best solution, in our opinion, is to optimize the de-
sign of the photodiode taking into account the peculiari-
ties of its operation, as done in [10 - 14].

The study of known technical solutions shows that
the available methods of increasing the sensitivity of the
photodiode in the IR (infrared) region of the spectrum,
listed above, have a certain effect. But they also have
certain shortcomings that need to be addressed or
improved.

On the other hand, there are known methods of
modeling the structure of the photodiode to increase its
sensitivity, methods of mathematical and software

modeling. In particular, [15] developed analytical
equations for estimating the magnitude of the
photocurrent generated under different operating

conditions of the photodiode [16, 17], and [15] showed
the results of developing a stationary physical-
topological model of p—i—n - photodiode, which is based
on drift-diffusion carrier transfer scheme. charge in
multilayer heterostructures based on InyGa; — xAsytaking
into account the Fermi-Dirac distribution function for
electrons and holes, the dependence of the alloying
impurity mobility and the electric field strength, as well
as thermoelectron emission and tunneling of charge
carriers at hetero boundaries.

Computer simulation of avalanche photodiode
design was performed in [18]. The pulse behavior of a
single photon has been studied after calculating the
sensitivity of an avalanche photodiode [19]. The
phenomenon of negative differential capacitance of p-i-n
InGaAs/INP photodetectors has also been studied, which
becomes more obvious with decreasing frequency [20].
In the article [21] the influence of the effective potential
barrier on the capacitance, feedback and photodiode
capacitance is studied.

To increase the sensitivity of the photodiode in a
model of general fixing processes for 3-D attached
photodiodes is presented, which can be used to model
photodiodes with small dimensions by calculating the
charge in the space charge (SCR) and investigates the
mechanism of depletion of the internal region. SCR
(space charge region) is analytically extracted.
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Objectives

As can be seen from the literature analysis, today,
among the models and algorithms for developing
photodiodes operating in the near-infrared region of the
spectrum, factors that affect the sensitivity of the
photodiode are taken into account, such as residual
sensitivity after photodiode irradiation. However, among
the known works, the effect on the sensitivity of the
photodiode of the depth of the barrier region between
different regions of conductivity of the photodiode,
which actually form the p-n junction, is not considered.
This region is formed due to the difference in the
concentration of charge carriers in the doped region and
the region of intrinsic conductivity.

Therefore, the aim of the study is to develop a
model and algorithm for creating a silicon photodiode
with high sensitivity in the near infrared region of the
spectrum, taking into account the difference in the
concentration of charge carriers in the doped region and
the region of intrinsic conductivity.

Model

As a model, consider a p-i-n photodiode based on p-
type silicon conductivity with a resistivity of at least 10
kOecm This material is able to provide small values of
photodiode capacitance and maximum collection of
photogenerated charge carriers in its volume at a
corresponding external offset in the near infrared region
of the spectrum due to the fact that silicon has a band gap
of 1.1 eV, accordingly, its red border the photoeffect
(Amax) reaches 1.1 pm.

Consider the possible design of the proposed
photodiode wused for calculations, a schematic
representation of the section, which is shown in Figure 1.
In general, the proposed design corresponds to the design
of a standard p-i-n photodiode made by planar
technology, in which the p-n junction is created by boron
diffusion into silicon. But it does not consider the
influence of protective rings and areas that are usually
located outside the photosensitive area.
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Fig. 1. Schematic representation of the cross
section of the structure of the proposed photodiode

In Figures 1: 4 — protective thick layer of silicon
oxide, 2 - metal ohmic contact, 3 - translucent layer of
silicon oxide, 5 - ohmic contact to the reverse side of the
photodiode. n, i, p, p + - designation of photodiode
regions with corresponding conductivities.

Optical radiation of different wavelengths
penetrates into silicon at different depths. The decrease
in its intensity, according to the law of absorption of
optical radiation, in e (2.7) times occurs at a depth of 1/a,
where a is the coefficient of light absorption (hereinafter
the depth of absorption). In particular, when a silicon
photodiode is illuminated by monochromatic radiation
with a wavelength of ~ 1 um, its absorption is mainly
carried out at a depth of 1 mm - 1000 times longer than
the wavelength.

It should be noted that the thickness of the
semiconductor substrate of the photodiode should not
exceed the sum of the absorption depth of the working
wavelength and the diffusion length of non-basic charge
carriers, ie inequality (1) must be satisfied:

H< 1o +L, (1)

where H is the thickness of the semiconductor substrate
of the photodiode;
1/0 - depth of absorption of the working wavelength;
L is the diffusion length of non-basic charge carriers.

Given that the diffusion length of non-basic charge
carriers in silicon can reach several hundred microns, and
the width of the space charge region, depending on the
operating voltage and concentration of non-basic charge
carriers, can reach from several tens to several hundred
micrometers, the thickness of the crystal can be limits,
however, it should be no more than the sum of the depth
of radiation absorption of the working wavelength and
diffusion length of non-basic charge carriers (1) and no
more than the sum of the width of the space charge,
diffusion length of non-basic charge carriers, and depth
pn junction [20].

In addition, it is necessary to take into account the
depth of the barrier region, which is formed at the
boundary of the regions of p- and n-type conductivity due
to the difference in the concentration of charge carriers in
the doped region (n-type conductivity in Fig. 1) and the
region of intrinsic conductivity. type of conductivity in
Fig. 1. The width of such a region can be from 0.3 to 1
um depending on the depth of the p-n junction and the
average concentration of impurity charge carriers, which
are formed during the diffusion of boron into silicon.

Therefore, the above requirements can be met by
performing inequality (2):

H<W+ hp-n+hbar.+|—; (2)

where W is the width of the SCR (space charge region);
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L is the diffusion length of charge carriers;
hp-n - depth of p-n junction;
hoar is the depth of the barrier region.

Thus, to ensure the maximum sensitivity of the
photodiode for measuring monochromatic light fluxes, it
is necessary that the thickness of the semiconductor
substrate of the photodiode H, the diffusion length of
non-basic charge carriers L, the depth of the barrier
region hbar, the depth pn junction hp-n and the width
SCR (space charge region) system of inequalities (3):

H<1/a+L,
H< W + hgn+ hpar + L. 3)

It is also worth considering the mode of operation
of the photodiode at high wavelengths, such as the
wavelength of a laser based on yttrium-aluminum garnet
(YAG) - 1064 nm, which is less than the red limit of the
photoelectric effect in silicon and is widely used in
optoelectronics. According to equation (1), when
operating at such a wavelength, at a depth of p-n junction
of 3 - 5 um, and a depth of absorption of the working
wavelength of 1.064 mm, the crystal thickness of the
photodiode should be approximately 1.1 mm. In this
case, the entire i-region of the photodiode of this
thickness will give large values of dark current. In
addition, the capacitance of the photodiode will also
depend on its thickness. Therefore, when working at such
a wavelength, the photodiode crystal is made twice as
thin, and the contact on the reverse side is solid and
mirror, which allows the use of double passage
everywhere of the radiation beam crystal.

Therefore, the system of equations (3) should be
supplemented by an appendix that relates to the above
circumstances - the operation of the photodiode at a
wavelength close to the red limit of the photoeffect

H<2/a+L,
H <W + hpn+ hpar + L. 4

Algorithm

Thus, taking into account the above calculations, we
can propose the following algorithm for calculating the
design of a photodiode with high sensitivity in the near-
infrared region of the spectrum, shown in Figure 2.

Therefore, at the beginning of the calculation it is
necessary to determine the operating wavelength of
optical radiation. In the case of using silicon as a source
material, the analysis of its spectral sensitivity
characteristics shows that at a wavelength of more than 1
um the depth of radiation absorption in it increases
significantly. Therefore, since the working wavelength is
greater than 1 pum, the calculation is performed on the left

branch of the algorithm. As smaller as possible, then
according to the right branch. In both cases, the depth of
the barrier region hbar is taken into account.

Using the created algorithm, consider the design of
a photodiode that must operate at a certain wavelength.
For example, at a wavelength of 0.95 um.

1/a>1um 1/a<lum

H<w?2+L H<a+L

L H < W+ hpnthpar +L J

Fig. 2. Algorithm for calculating the design
of a photodiode with high sensitivity
in the near-infrared region of the spectrum

To meet this requirement, it can be manufactured on
a silicon substrate of p-type conductivity with a
resistivity of at least 10 kOscm, orientation (111) with a
lifetime of non-main carriers (200-2000) psec. The
thickness of the substrate should be no more than 1 mm.
The depth of the p-n junction can be 3 - 5 pym. A
protective layer of silicon oxide about 150 nm thick must
be formed above the PFC. On the reverse of the silicon
substrate to reduce the resistance at the metallization -
silicon boundary, it is necessary to create a region of p+
- type conductivity with a depth of up to 1 pm. Through
the window in the protective layer (4) a contact (5) of
gold with a thickness of about 0.7 um is formed. The
thickness of the metallization layer on the reverse side (7)
should be in the range of 0.5 - 1 pm.

Technological processes of manufacturing the
proposed photodiode may be similar to the processes
used in the formation of planar p-i-n photodiodes based
on silicon.

Results and Discussion

The proposed calculation was used to assess the
sensitivity of the photodiode type PD-309 [1]. The
operating voltage and, accordingly, the width of the SCR
(space charge region) W, were chosen taking into
account the absorption depth of the operating wavelength
of 0.9 um. The calculation shows that the current
monochromatic sensitivity of such a photodiode can be
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increased to 0.57 A/W in contrast to the declared
sensitivity in [21] 0.5 A/W.

Technological processes of manufacturing the
proposed photodiode can be similar to the processes used
in the formation of silicon-based planar p-i-n
photodiodes. Such processes are widely used serially in
microelectron-rom production. Namely, the p-n junction
can be created using planar technology based on
phosphorus diffusion.

The process of diffusion in the planar technology of
manufacturing semiconductor devices is decisive. In our
case, phosphorus diffusion was carried out in two stages
from solid sources of phosphorus. To obtain a high value
of sensitivity, it is necessary to achieve an optimal con-
centration of minor charge carriers. It was determined by
monitoring the surface resistance of silicon wafers after
phosphorus diffusion.

A region of p+ - type conductivity with a depth of
up to 1 um on the reverse side of the silicon substrate is
created using boron diffusion.

To check the validity of the proposed calculation
and technology, a test batch of 10 photodiodes was
manufactured. The design of the created photodiode was
studied together with the serial photodiode FD-309. The
batch of serial photodiodes also consisted of 10 pcs.

In particular, the spectral characteristics of the
sensitivity of both types of photodiodes S(A), their
current impulse sensitivity SiA, the rise time of the
transient characteristic  (photoresponse) and the
capacitive characteristics of the photodiodes were
measured and investigated. As a rule, the value of the
pulse monochromatic sensitivity of a photodiode is
smaller than its current monochromatic sensitivity,
therefore, to evaluate both values, only one of them can
be studied, namely, the pulse monochromatc sensitiviity.

The spectral characteristics of the sensitivity of
photodiodes S(A) and their impulse sensitivity were
studied according to standard methods with the following
clarifications:

- displacement on the photodiode 27 V;

- load resistor in the circuit of the photosensitive
element 10 kQ + 1 %;

- modulation frequency (1 + 0.2) kHz;

- power of optical radiation with a wavelength of
0.95 um 10*- 108 W;

- duration of pulses 0.1 - 1.0 ps.

Limits of permissible relative measurement error
S(M) do not exceed *+ 10 %.

The results of the study are shown in Figure 3 in the
form of averaged values obtained on batches of 10
photodiodes. each In fig. 3, it can be seen that the current
pulse sensitivity of the created photodiode is on average
0.55 A/W, and that of the serial one is 0.5 A/W. The
difference is 0.05 A/W, or 10% of the average sensitivity
of service photodiodes of the FD - 309 type and 0.07 A/W

of the theoretically calculated value. The difference
between the obtained sensitivity values of serial and
newly created photodiodes is due to the fact that the
design of the newly created photodiode is based on the
fact that the thickness of the semiconductor substrate of
the photodiode H, the diffusion length of minor charge
carriers L, the depth of the barrier region hbar, the depth
the occurrence of the hp, p-n junction and the width of
the SCR (area of space charge) correspond to the system
of inequalities (3). More precisely, the dimensions of the
specified quantities and their ratio determine the optimal
volume for collecting photogenerated charge carriers.
Such optimization eats an additional 10% of sensitivity.

The difference between the obtained sensitivity
values of the newly created photodiodes and the
theoretical values is explained by the increase in the
defectiveness of the photodiode structure during thermal
and chemical operations for its creation.
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Fig. 3. Averaged spectral characteristics
of current monochromatic sensitivity of serial
photodiodes FD-309 (1) and created photodiodes (2)

In general, the spectral range of sensitivity of the
newly created photodiodes is 0.4 - 1.1 um. Which corre-
sponds to the sensitivity range of serial photodiodes of
the FD - 309 type.

A comparative study of the rise time of serial and
newly created photodiodes was also carried out
according to the standard method with refinements
similar to the refinements given for the measurement of
pulsed monochromatic sensitivity and spectrl sensitivity.
At the same time, the duration of the pulses was set to
100 ns so that it was possible to reliably see the
photoresponse of the photodiode at the level of 10 ns or
more.

The limits of the permissible relative error of
measurement of the rise time did not exceed + 15%.
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The results of the study are shown in Figure 4 in the
form of superimposed typical oscillograms of the rise
time (photoresponse) of the created and serial
photodiodes.

Fig. 4. Typical oscillograms of series (1)
and created (2) and photodiodes

From fig. 4, it can be seen that the rise time of the
created photodiode from illumination by optical radiation
with a wavelength of 0.95 pum with a power of
10*- 10° W is about 10 ns, in contrast to a series photo-
diode, in which this parameter, measured under the same
conditions, is at the level of about 50 ns. As can be seen
from the measurement results, the obtained value is ap-
proximately five times smaller than the rise time of a se-
ries photodiode.

According to calculations, the rise time of the pro-
posed photodiodes should be even shorter. But it was an
average of 10 ns. Such a result can be explained in the
same way as the result obtained when measuring the sen-
sitivity, namely, the increase in the defectiveness of the
photodiode structure during thermal and chemical opera-
tions for its creation.

This conclusion is confirmed by the fact that in
terms of pulse current sensitivity, the newly created pho-
todiode is better than the serial one, but the obtained
value is also lower than expected.

The capacity of newly created and
photodiodes was investigated.

Capacity measurements were carried out according
to standard methods with the following clarifications:

- displacement on the photodiode 27 V;

- load resistor in the circuit of the photosensitive
element 10 kQ + 1 %;

- measurement is made at a frequency of 100 kHz
+ 20 %;

- the amount of alternating voltage supplied to the
photodiode did not exceed 1 1-103 V;

- the error of capacity measurements is no more than
+ 5%.

serial

The results of the study are shown in Figure 5 in the
form of typical averaged dependences of created (2) and
serial (1) photodiodes.

Figure 5 shows that the capacitance of the created
photodiode is about 87-90 pF at 27 V. The capacitance of
a series photodiode is about 100 pF with a similar bias.
We see that the difference in capacitance between the
photodiodes is small.

This is due to the fact that despite the fact that the
thickness of the semiconductor substrate H of the crystals
of the newly created photodiode and the series
photodiode is approximately the same, the SCR in both
photodiodes differs by about 10%. Which, taking into
account the measurement errors of sensitivity and
capacitance, coincides quite well.
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Fig. 5. Typical capacitance characteristics
of serial (1) and newly created (2) photodiodes

Comparative studies of the newly reconstructed
photodiode and its closest direct analogues were also car-
ried out on the main indicator - the value of pulse or cur-
rent monochromatic sensitivity (Si) at a wavelength of
950-960 nm. Photodiodes of the type FD - 309 (CKB
"Rytm", UA), S12271 (Hamamatsu, JP), BPX 65 (Sen-
sors Inc., USA) and FD — 18 - 225 (NVP "BYT", UA)
were chosen as analogs.

The results of the comparison are shown in Table 1.
The comparison was also made according to the follow-
ing parameters: operating wavelength (A,), rise time
(photoresponse (1), capacity (C) and operating volt-
age (Up).

Photodiode parameters were obtained from the of-
ficial websites of the above companies.
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Table 1  practical application. In particular, in medical and biolog-
Results of the comparison ical research to study the dynamics of energy processes
N in cellular structures, as well as in light engineering re-

ame, ! )
manufacturer Ao | Sin | L | G| Uy, search when measuring the brightness of the road sur-

Newly created

photodiode, UA 950 | 0.55| 10 | 87| 27
FD - 309

CCB "Rytm", UA | 950 | 05| 50 100 27
S12271

Hamamatsu, JP 960 | 0.4 | 60 | 10| 120
DX 65 950 | 0.55| 17 - 50

Sensors Inc., USA

Table 1 shows that the created photodiode has better
parameters compared to its direct analogue FD 309. The
Japanese photodiode S12271 has a significantly lower
sensitivity, but at a longer wavelength. An estimated
recalculation shows that its sensitivity at a wavelength of
950 nm can reach a little more than 0.5 A/W. Its rise time
is worse than the rise time of the newly created
photodiode, despite the fact that the operating voltage of
the analog is 120 V, which should help reduce the rise
time.

The photodiode BPX 65 from the company Sensors
Inc., USA, shows the same sensitivity value as that of the
newly created photodiode and a close value of the rise
time, but at almost twice the operating voltage. It should
be noted that analogs have values of current
monochromatic sensitivity, which, as mentioned above,
is greater than impulse sensitivity. Therefore, despite the
approximate identity of the characteristics of the newly
created photodiode and its analogs, its pulse sensitivity is
higher than that of analogs.

Conclusions

A model and algorithm for creating a highly
sensitive silicon photodiode in the near-infrared region of
the spectrum was developed, taking into account the
difference in the concentration of charge carriers in the
doped region and the region of intrinsic conductivity.
Also, during the development of the algorithm, the
influence of the absorption depth of optical radiation on
the choice of the thickness of the photodiode crystal is
taken into account.

Application of the FD-309 photodiode modification
algorithm showed that its current monochromatic
sensitivity at a wavelength of 0.95 pm can be increased
from 0.5 A/W to 0.57 A/W. In the experiment, it was
possible to obtain 0.55 A/W.

Future research can be devoted to the improvement
of the created photodiode in aim to increase its sensitivity
by optimizing the manufacturing technology for further
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HaInpyra i JOBXHWHA XBHJII IPUHHITOrO OITHYHOTO BUIIPOMIHIOBaHHS. Y pasi Horo noriauHaHHS Tijbku B OI13 (obua-
CTi POCTOPOBOI'O 3apsi/y) 1 HAa HE3HAYHMX BiJICTAHSX HABKOJIO HBHOrO, HAMMPUKIAM, B p-i-n (OTOMIOMI, HOr0 4acTOTHI
XapaKTEepPUCTUKH OyayTh BU3HAYATHCS B OCHOBHOMY 4acOM IIPOJILOTY TeéHepoBaHMUX HOCIiB 3apsy uepe3 OI13. Tlpe-
JIMETOM € CTBOPCHHS aNTOPUTMY IOOYI0BU (POTOIIOAA, TKUH IMOBHHEH MPAIFOBATH HA MEBHIN MOBXWUHI XBmi. Ha-
TIpUKIIaz, Ha foBxuHi xBuii 0,95 MxM. B sikocTi BuxigHOro MaTepiany OyB oOpaHHi KpeMHIN P-THUITY IPOBIIHOCTI 3
MMUTOMUM ortopoM He MeHiie 10 kOM * cM. MeTor € CTBOpEHHS MOJICII Ta aJITOPUTMY PO3pOOKH (POTOMI0IY, 3MATHOTO
3a0e3reuyBaTi MaKCUMaslbHi 3HAYEHHSI CTPyMOBOI MOHOXPOMATHUYHOI YyTIMBOCTI 32 paXyHOK MaKCHMaJILHOTO 300py
(oToreHepoBaHMUX HOCIIB 3apsLy B HOro 00’ €Mi IpH BiJIIIOBITHOMY 30BHIITHbOMY 3MillleHHI. 3aBAaHHA: JUIs 32/10BO-
JIEHHSI L€l BUMOTH MOTPiOHO 3/IMCHUTH TEOPETHYHI Ta eKCIepHMeHTaNbHI nociimpkerns. Meroau: TexHomoriuHi
TIPOLIECH BUT'OTOBJICHHS 3aIIPOIIOHOBAHOI0 (DOTO/10a MOXKYTh OYTH TOAIOHI /10 TpoIeciB GOpMYBaHHS ITaHAPHUX
p-i-n boTomioniB Ha OCHOBI KpeMHit0. [IpormoHOBaHe TEXHIYHE PIllIEHHS 00YMOBIIIOE KOPEJISIII0 MK 00J1aCTIO 300pYy
(oToreHepoBaHUX HOCIiB 3apsmy Ta obmactio ix reHepauii. Pe3ynbrary Mo)KHa JOCSTTH, 3MiHHBIIM KOHCTPYKIIIO
KpucTana (HoToziona 3 ypaxyBaHHSIM OTPUMaHUX TEOPETUYHHPX BHCHOBKIB. Pe3ynbTaTn: [IpoBeneno anamis gaxro-
PpiB, IO BU3HAYAIOTh CTPYMOBY MOHOXPOMATHYHY YYyTIHMBICTH (hoToaiony. Po3pobieHo koHCTpykIito doTomiony 3
ITiIBUIIEHOIO YyTJIMBICTIO y MOPiBHSHHI 13 cepiiiHuM doromionom tumy ®/1-309. BucHOBKM: 3apOIIOHOBaHUI PO3-
PaxyHOK BHKOPHCTaHO JUIsl OLIHKH 4yTiIMBOCTI (oromiona. Pobouy Hanpyry i, BignoinHo, mmpuny OII3 (obnacti
pocTopoBoro 3apsay) W BuOupany 3 ypaxyBaHHSIM INIMOMHM NOMIMHAHHS pobouoi nosxunu xBuwii 0,95 mxMm. Pos-
pPaxyHOK TOKa3ye, 10 MOTOYHY CTPYMOBY MOHOXPOMATHYHY YYTJHUBICTH Takoro (oTojiona MOXKHA 30UIBIINTH /10
0,57 A/Brt Ha BiaMiHy Bix 3asBieHoi uymmuBocTi 0,5 A/BT. [IpoBeieHo MOPIBHAIBHI TOCIIKSHHS BUTOTOBJICHOI Map-
Tii cTBopeHux ¢oroaioniB Ta doromionis dI-309, sxe nmokaszano, 10 3aNPONOHOBaHUI (GOTONI0A MIHCHO BOIOIE
CTPYMOBOIO MOHOXPOMATUYHOIO YYTJIMBICTIO Ha TOBXUHI XBHIi 0,95 MM He menmie 0,55 A/Bt. [Ipu iipomy ioro ac
3pocrants 3MeHmeHo 3 50 He 1o 10 He, a emHuicTb cknanae 90 nd 3amicts 100 nd y GJ1-309.

Karwuosi ciosa: dotomion; KpeMHii; TOBKUHA XBHJI;, MOHOXPOMATHYHHUI, 001acTh MPOCTOPOBOTO 3apsay
(OI13); indpayepsonuii (14).
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