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Abstract The research of the basic parametric
characteristics of integrated circuits that affect the radar
equipment was conducted, a comparative analysis of
modulators and demodulators was carried out and the
methodological approach of assessment of effectiveness of
interchangeability of chips in a radar equipment is tested.
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l. INTRODUCTION

In the development, improvement, and repair of
equipment, it is often necessary to replace electronic
components. In particular, such situations are common in
radar equipment. Accordingly, an important aspect of
substitution is the development of certain techniques and
technologies that allow the replacement of electronic
components with improvement (or preservation) of the
technical characteristics of the equipment. An analysis of
the current state of microelectronics research showed no
specific technique for evaluating chip interchangeability in
radar equipment. The authors of various studies mainly
study the issue of import substitution and the importance of
this process, however, their research focuses more on the
specific use of imported chips in military equipment. For
example, in one of the articles, the authors discuss the
problems of import substitution of the electronic component
base in the defense sphere. Based on the production
experience, the authors assess the domestic and imported
electronic component base, analyze state measures on
import substitution and propose concrete actions in the use
of the import base [1]. However, this study does not have a
specific methodology for evaluating the efficiency of chip
interchangeability, there are no recommendations for
improving the characteristics of integrated circuits (IC)
under development but only shows the need to use foreign
electronic component base (ECB) in conditions of poor
quality of domestic chips under development.

To solve this problem, a chip interchangeability
efficiency evaluation method was developed for in radar
equipment based on a critical set of the circuit and
parametric characteristics.

Il. METHOD DESCRIPTION

The essence of the developed method for evaluating the
efficiency of the chip interchangeability is to determine the
critical parameters of the chip under investigation (by
comparison with the most competitive analog), in terms of
operability, reliability and performance of the unit (s) of the
equipment where it is used, as well as to assess the impact
of the circuit and parametric characteristics of the chip on
the characteristics of the radar equipment.

The basic idea of the method for evaluation of chip
interchangeability efficiency is presented in the block
diagram in Figure 1.
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Fig. 1. Block diagram of the method

I1l. APPROBATION OF THE METHOD

The study of the possibility of effective replacement of
IC with their improved versions or analogs, the cost of
which is considerably lower, was carried out on the example
of comparison of modulators and demodulators.

Currently, modulators and demodulators are widely
used in radar equipment, especially in transmitters and
receivers. The characteristics of the modulators and
demodulators directly affect the characteristics of the
transmitting and receiving paths, respectively.

For example, increasing the output power, suppressing
the carrier frequencies and stray sidebands of the quadrature
modulator allow to increase the radiated power of the
transmitter, while reducing the consumption current of
individual modules provides to decrease the total power
consumption, which will permit in the future to introduce
new developments with improved technologies into modern
radar systems without additional power consumption.
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During the first stage of testing the method, comparative
analysis of quadrature modulator 1327MA015 and
functional analog of ADL5375 used in radar systems was
carried out.

The main comparative characteristics of the
1327MA015 and ADL5375 chips are shown in Table 1 [2,
3].
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As a critical set of parameters of the compared ICs
according to the developed method, the following set of
parameters was determined: consumption current, carrier
frequency suppression and sideband suppression, output
signal level (power).

One of the most important characteristics of modulators
and demodulators is current consumption [4]. In the
comparative analysis, the ratio of current consumption to
chip temperature was obtained for the 1327MAO015 and the
ADL5375 (Fig. 2). As a result of the study, at a power
supply voltage of Ucc =5 V and an ambient temperature of
25 °C, it was found that the consumption current of the chip
1327MAO015 is 40 mA lower than that of the ADL5375, and
therefore the power consumption is also lower.
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Fig. 2. The ratio of current consumption to chip temperature

Note that the main parameters for modulators are carrier
frequency and sideband suppression. In the course of the
conducted study, there were obtained ratios of carrier
frequency suppression and sideband suppression on local
oscillator frequency for 1327MAOQ15 and functional analog
of ADL5375 (Fig. 3, 4).
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Fig. 3. Carrier frequency suppression and sideband
suppression for 1327MA015
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Fig. 4. Carrier frequency suppression (a) and sideband
suppression (b) for ADL5375

Analysis of the results of the study showed that the
ADL5375 chip is superior to the 1327MAO015 chip in
suppressing the carrier frequency by 10 dBm, and in
suppressing the parasitic sideband by 20 dBm.

However, in the case of receiving/transmitting paths of
radar equipment, this superiority is not critical and is offset
by increased power consumption.
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Fig. 5. The ratio of output 1 dB compression point to the
level of the input modulating I- and Q-signals for
1327MAO015
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Also, consider the important and necessary parameter
for monitoring - output signal level (power). Fig. 5 shows
the ratio of the level (power) of the output signal of the
modulator (output 1 dB compression point) Pour to the level
of the input modulating I- and Q-signals at the frequency of
the modulating signal fes = 10 MHz and at the frequency of
the input signal
Fi = 3 GHz for 1327MAO015 chip.

To perform the comparative analysis, the ratio of the
Pout output signal level (power) to input frequency F, was
obtained at the differential-mode of the ADL5375 chip (Fig.
6).
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Fig. 6. The ratio of output 1 dB compression point to input
frequency for ADL5375

From graphs 5 and 6 we can see that the output 1 dB
compression point at differential-mode of the ADL5375
chip at the frequency of the input signal F, =3 GHz is greater
than that of the 1327MAO015 chip by 5 dBm. However, as
the frequency of the input signal increases, the output 1 dB
compression point of the ADL5375 chip drops significantly,
and if F; = 6 GHz reaches the values of the 1327MA015
chip.

Further, a brief parametric comparison of the quadrature
demodulator 1327MB015 and the analog ADL5380 shown
in Table 2 was performed [2, 3].

Table 2
The main characteristics of the 13274/B015 and ADL5380
chips
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As a result of the comparison of the modulators and
demodulators, it has been found that the quadrature
modulator 1327MA015 and demodulator 1327MB015 have
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an advantage over functional counterparts in power
consumption, but worse in noise suppression within
acceptable limits. For optimum carrier frequency and stray
sideband suppression, subsequent modernization of
quadrature modulators requires iterative adjustment
between the phase and amplitude of the input signal. The
zero value of the stray sideband can be achieved by
adjusting the gain for each channel (1- and Q-channels). [5]

However, the main advantage of 1327MAOQ015 and
1327MBO015 chips is domestic production, which will allow
enterprises that develop and manufacture radar equipment
to qualitatively replace foreign analogs according to the
concept of import substitution, but before replacing it is
necessary to take into account the criticality of parametric
deviations presented above.

By analyzing the obtained data, it may be concluded that
the 1327MAO015 chip has an advantage over the ADL5375
chip in power consumption, as well as in output signal
stability under conditions of increased input signal
frequency, but in order to improve the characteristics of the
transmitting units of the equipment, it is necessary to
improve suppression of the carrier frequency and parasitic
sideband.

IV. CONCLUSIONS

As a result of the study, the main characteristics of
quadrature modulators and demodulators were determined,
equipment units in which ICs could be used were briefly
defined, characteristics of the radar equipment were

determined, which could be influenced by chip
characteristics, and a method for evaluating the
effectiveness of electronic component base

interchangeability in radar equipment was tested.

The proposed method will allow to qualitatively
improve the technology of evaluation of the
interchangeability of ECB in radar equipment. This is
achieved by detecting a critical set of IC parameters for each
specific case of their application in radar equipment and by
detailed analysis of their effect on equipment operability and
reliability. The application of this method allows to reduce
the number of unclaimed chips developed by domestic
enterprises, to improve the quality of the developed ECB, as
well as to show clearly which chips and with what
parameters it is necessary to develop in order to meet the
demand of enterprises producing radar equipment, as well
as to obtain additional financial benefit from the production
of chips.

Further research and improvement of the proposed
methodological approach will make it possible to increase
the efficiency of technical solutions for the
interchangeability of chips in radar equipment based on a
critical set of schematic and parametric characteristics.
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Aunomayus — JlaHHas CTAaTbsl NMOCBSIIEHA HCCJIE0BAHUIO,
pa3padoTke 1 anpodal Uy METOAMKH OlleHKH 3(pdeKTUBHOCTH
B3aMMO3aMEeHSIeMOCTH MHKPOCXeM B PaIH0JIOKALMOHHOI
anmapatype Ha OCHOBAHMM KPHTHYECKOH COBOKYNMHOCTH
napamMeTpU4YecKHX U CXeMOTeXHHYECKUX U MapaMeTPHYecKHX
XapaKTepUCTHK MOJIY/ISITOPOB " JAeMOAYJISATOPOB
0TeyecTBEHHBIX MUKPOCXeM M HX 3apy0esKHBIX aHAJIOTOB.

Knioueevle cnosa — d3JeKTpoHHasi KOMIIOHEHTHasi 0a3a,
paanoJioKanusi, pagnodJeKTPOHHAsl anmapaTrypa, paKeTHO-
KocMuyeckas TexHuka, CBY MukpoasJjieKTpoHuKa.
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