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Microwave technology in microstrip design is widely used in various antenna sys-
tems. The active use of phased array (PA) of this type makes developers around
the world search for various options of its construction. To improve individual
characteristics, in particular, expand the scanning angle, as well as optimize the
configuration of the excitation of the PA, they use subarrays that combine a given
number of elements of the entire array. In this paper, we considered various
options for constructing microstrip PA subarrays made on a homogeneous sub-
strate from a high-frequency laminate GIL_GML 1000, in particular, various
methods for their excitation. Using modern, accurate 3D electrodynamic model-
ing environment and HF device analysis, we studied changes in the electrody-
namic characteristics of the simulation model of a multi-element microstrip PA
subarray, depending on how the excitation is organized. This article discusses
three simulation models of subarrays for microstrip PA with various options for
their excitation. All subarrays have a radiation pattern of a special shape. After
calculating the main characteristics, the issue of the most preferred organization
of subarray power supply for the developed PA was solved. It is shown that in
practice, the study of parameters and decision-making on the design of complex
microwave devices, possibly without expensive field modeling.
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Microwave technology in microstrip design is widely used in
various antenna systems. The active use of phased array (PA) of
this type makes developers around the world search for various
options of its construction. To improve individual characteristics,
in particular, expand the scanning angle, as well as optimize the
configuration of the excitation of the PA, they use subarrays that
combine a given number of elements of the entire array. In this
paper, we considered various options for constructing microstrip
PA subarrays made on a homogeneous substrate from a high-
frequency laminate GIL_GML 1000, in particular, various meth-
ods for their excitation. Using modern, accurate 3D
electrodynamic modeling environment and HF device analysis,
we studied changes in the electrodynamic characteristics of the
simulation model of a multi-element microstrip PA subarray,
depending on how the excitation is organized. For each simula-
tion model, the results of calculating the reflection coefficient
(parameter S11) are presented depending on the frequency range,
the gain is calculated in 3D format, as well as in the polar coor-
dinate system. Table 1 presents a comparative analysis of the
main characteristics of the subarray with three power supply op-
tions calculated using microwave modeling in the EMPro envi-
ronment using the FDTD method. The main advantages and dis-
advantages of each option are shown on the corresponding simu-
lation model. As a result, it was concluded that in such parame-
ters as: gain, efficiency, and VSWR, the multi-element subarray
with the power supply connected to its center has the best char-
acteristics (Figure 1, a). The most broadband is the subarray with
power supply connected through the shank, brought to the center
(Figure 1, b).

Currently, the most frequently used various purposed and
based antenna systems (AS) are phased arrays or active electron-
ically scanned arrays (AESA). However, the element base used
in the construction of antenna arrays in the form of slot antennas,
horns, open ends of waveguides, etc., is often quite cumbersome
and expensive. The requirements of compactness, low weight
and relatively low price with acceptable characteristics are suffi-
ciently met by microstrip electronically scanned arrays (AESA).
For the formation of a radiation pattern of a given shape, the ex-
pansion of the scanning angle with the least gain loss, as well as
the optimization of the configuration of the array when organiz-
ing its excitation, subarrays of several microstrip emitters are
often used as a separate element of the PA. However, during
their design and production, many questions arise, the main of
which is the organization of the excitation of a given AS, as well
as their characteristics, such as: gain, efficiency and standing
wave voltage coefficient (VSWR). Since the electrodynamic
characteristics of the PAs as a whole depend on the characteris-
tics of the subarrays, a detailed study of the latter arises.

However, the production of the model of the same subarray,
with various types of power supply, is a rather laborious process,
consuming human, temporal and financial resources. To mini-
mize the above costs, it is advisable to use computer simulation
electrodynamic models made using special programs and allow-
ing necessary AS characteristics evaluation. The work of such
software products is based on the numerical solution of Max-
well's equations in integral or differential form.

This article will consider the PAR subarray, consisting of
eight elements with various types of organization of excitation.
The simulation model characteristics calculation, both of an in-
dividual element of the subarray and of the entire microstrip PA

subarray, was performed using a modern, accurate 3D
electrodynamic modeling and analysis environment for EMPro
RF devices.

At the first stage, a simulation model of an individual
microstrip emitter was created. As a separate element of the
microstrip PA subarray, a rectangular emitter on a homogeneous
substrate was chosen, described in [1]. The type of emitter simu-
lation model and its geometric dimensions are presented in Fig-
ure 1. The simulation model of the substrate of a single emitter is
a square with the geometric dimensions of the sides
L1=L2=93mm.

Figure 1. Simulation model of a single emitter
with its geometric dimensions

A separate element of the microstrip PA subarray is a square
emitter with sides A = 15.2 mm and B = 15.2 mm, which is fed
by a microstrip line with a length of F = 30.4 mm and a width of
E = 3.8 mm. The wave impedance of the entire antenna is also
controlled by symmetrical slots of the emitter with dimensions
C=57mmand D =0.63 mm.

For rectangular emitter (shown in Figure 1) characteristics re-
search, its excitation was carried out using a simulation model of
a pin located in the lower part of the shank of a microstrip emit-
ter. The power supply model consists of a voltage source and a
50 ohm resistor connected in series between the microstrip print
and the ground plane.

The signal excitation model is a Gaussian pulse. In the time
domain, it is presented in Figure 2. In this paper, the presented
model of the excitation signal will be further used for all studied
models of the PA subarrays.

When choosing a dielectric substrate, we used the review of
microwave dielectrics used in microstrip antennas presented in
[2, 3]. As a result, for the study, a simulation model of an indi-
vidual emitter was chosen, made on a homogeneous substrate
from a high-frequency laminate GIL_GML 1000 with parame-
ters (¢ = (3.05 — j0.004) £0) and a thickness S = 1.524 mm.

Consider some characteristics of the simulation model of an
individual emitter shown in Figure 1.

The results of calculating the reflection coefficient (parameter
S11) for the simulation model of an individual element of the
microstrip headlamp sublattice on a GIL_GML 1000 substrate
are presented in Figure 3. The resonant frequency of this emitter
is Fres = 5.39 GHz.
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Figure 2. Model of the excitation signal of the studied antennas
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Figure 3. The calculated S11 is the parameter of the simulation model
of an individual element of the microstrip PA subarray on a GIL_GML
1000 substrate

Figure 3 shows the calculated frequency dependence of the
parameter S11 for the frequency range from 4.5 GHz to 6.5 GHz.
These results are summarized in table 1, as the minimum (Fmin)
and maximum (Fmax) frequency values at a reflection coeffi-
cient S11 = -10 dB. The difference between Fmax and Fmin
determines the bandwidth of the simulation model of an individ-
ual subarray element of the microstrip PA at S11 =-10 dB.
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Table 1
Substrate type | Fmin, GHz | Fmax, GHz | Fres.,, GHz | A Fmax, GHz
GIL_GML 1000 5,34 5,44 5,39 0,10

Table 1 presents the absolute values of the results of calculat-
ing the parameter S11 = -10 dB for a simulation model of an
individual subarray element of a microstrip PA with a uniform
substrate GIL_GML 1000.

Figure 4 shows the calculated frequency dependence of the
power at the input of the simulation model of an individual ele-
ment of the microstrip PA on a GIL_GML 1000 substrate in the
range from 4.5 GHz to 6.5 GHz, excluding losses.
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Figure 4. Frequency dependence of power at the input of a simulation
model of an individual element of a microstrip headlamp on a
GIL_GML 1000 substrate

Figure 5a,b shows the calculated value of the gain of an indi-
vidual element of the microstrip PA subarray on the GIL_GML
1000 substrate in 3D.

The gain with perfect matching of the individual emitter of
the microstrip PA subarray on the GIL_GML 1000 substrate in
the polar coordinate system is shown in Figure 6.

Since the elements of the microstrip PA considered above are
weakly directional, a polar coordinate system is selected to dis-
play the radiation pattern in 2D format. The advantage of beam
image in this system is a visual representation of electromagnetic
energy spatial distribution emitted by the antenna.
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b)

Figure 5. The calculated gain with perfect matching for the model of
microstrip PA subarray individual element on a GIL_GML 1000
substrate in 3D format

Theta = [0° 180°]; Phi = [0°, 360°]. The white arrow indi-
cates the direction of the main lobe Theta = 50°; Phi = 90°.

As a result of simulation, the following characteristics of
microstrip PA subarray individual emitter obtained on the
GIL_GML 1000 substrate were obtained:

- maximum gain - 2.153 dB;

- net input power - 0.0005834 W,
- radiated power -0.0002304 W;
- Efficiency - 39.5%.

At the next stage, a simulation model of the microstrip PA
subarray was developed. Figure 7 a, b and ¢ shows a subarray
consisting of eight elements with various options for connecting
a power source. The array elements are located in the nodes of the
rectangular grid, the distance between which along the X and Y axes
was calculated according to the technique presented in [4, 5]:

d, 1 d,

A 7 1+ ssinag A T 1+sinf,
where:
sinay =Ssin O, cos @
sin o =Sin Oy, Sin @y .
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Figure 6. Gain with perfect matching of microstrip PA subarray
individual emitter, on a GIL_GML 1000 substrate in a polar
coordinate system

For this study, a subarray simulation model made on a homo-
geneous substrate from a high-frequency laminate GIL_GML
1000 with parameters (¢ = (3.05 — j0.004) €0) and a thickness of
S =1.524 mm and dimensions of X = 195 mm and Y = 186 mm
was chosen. Parameters were calculated in the frequency band
AF = (4.5 - 6.5) GHz. The excitation signal model is shown in
Figure 2.

Figure 8 a, b and ¢ shows the calculated reflection coefficient
(parameter S11) for each simulation model of the microstrip PA
subarray of eight emitters, shown in Figure 7 a, b and c, respec-
tively. Figure 8a shows that in the subarray in a given frequency
range, two working frequencies can be distinguished. The first
resonant frequency of this microstrip subarray is Fresl = 5.445
GHz and Fres2 = 6.195 GHz - the fundamental frequency of the
array itself. Figure 8b shows that for this subarray, in the consid-
ered frequency range, two working frequencies can also be dis-
tinguished.

The first resonant frequency is Fresl = 5.4375 GHz, and the
second Fres2 = 6.175 GHz is the fundamental frequency of the
array itself. From Figure 8, it can be seen that for this subarray,
three operating frequencies can be distinguished in the consid-
ered frequency range. The first resonant frequency is
Fresl = 5.45 GHz, the second Fres2 = 5.87 GHz (spurious exci-
tation frequency) and the third Fres3 = 6.2 GHz is the main reso-
nant frequency of the array itself.

Figure 9a, b and ¢ shows the calculated gain with perfect
matching, in 3D format, for each simulation model of the
microstrip PA subarray of eight emitters, shown in Figure 7 a, b
and c, respectively. Figure 10 a, b and c, in 2D format, shows the
gain calculated in steps of 5 ° with perfect matching, in the polar
coordinate system, for each simulation model of the microstrip
PA subarray of eight emitters, shown in Figure 7 a, b and c, re-
spectively.
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Figure 7. Subarray, consisting of eight elements, with power connec-

tion: a) — in the center of the subarray; b) — through the shank, brought

to the center of the subarray; c) — through the shank, brought up on the
side of the subarray
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Figure 8. Calculated S11 — parameter of microstrip subarray of eight
emitters simulation model, with power connection: a) in the center of
the subarray; b) — through the shank, brought to the center of the
subarray; c) — through the shank, brought up on the side of the subarray

The main calculated characteristics are summarized in
table 2.

Table 2

Type of Calculated characteristics

subarray with
power con- | Gain, P'“PU'E I(:?UIput
nection vari- | dB ower, | Power,

ants mwW mwW

Efficiency, fr, | AF,
% VSWR GHz | GHz

in the center
of the 8,28 | 1,39 0,81
subarray

58,52 113 | 62 | 01

through the
shank,

brought to 7,45 15 0,72
the center of
the subarray

48,13 1,625 | 6,18 | 0,15

through the
shank,
brought up 722 | 2,25 1,23
on the side of
the subarray

54,73 1,275 | 621 | 0,1

From the presented characteristics and graphs, we draw some
conclusions about the parameters of the considered subarrays.
From Figures 3 and 4, we can view the radiation pattern and gain
of each of the subarrays. In Figure 3, a — Theta = [0°, 180°];
Phi = [0°, 360°], the white arrow indicates the direction of the main
lobe Theta = 65°% Phi = 90°. In figure 3, b — Theta = [0°, 180°];
hi = [0°, 360°], a white arrow indicates the direction of the main
lobe Theta = 70°% Phi = 90°. In Figure 3, ¢ — Theta = [0°, 180°];
Phi = [0° 360°], the white arrow indicates the direction of the
main lobe Theta = 65°; Phi = 80°.
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Figure 9. Calculated 3D format gain of microstrip subarray of eight emitters simulation model, with power connection:
a) the center of the subarray; b) through the shank, brought to the center of the subarray;
c) throu the shank, brought up on the side of the subarray
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Figure 10. The gain of the simulation model of microstrip subarray of eight emitters simulation model, with power connection:
a) in the center of the subarray; b) through the shank, brought to the center of the subarray;
¢) through the shank, brought up on the side of the subarray

From table 1 it can be noticed that for all subarrays, the reso-
nant frequency (fr) lies within 6.2 GHz. All subarrays are rather
narrow-band, their bandwidth (AF) was determined at the level
of -3dB. The most broadband is the subarray with power sup-
plied through the shank to the center of the subarray (Figure 1,
b). However, the VSWR and efficiency of this subarray are much
worse than the others. As a disadvantage of the subarray, with
power supplied through a shank located on the side, an addition-
al, pronounced, resonant frequency in the region of 5.85 GHz
can be noted. This subarray also has the lowest gain.

Based on the ratio of VSWR and efficiency, it is most prefer-
able to use a subarray with power supplied to its center without
additional shanks. This subarray also has the highest gain = 8.28
dB. However, in the future, in the manufacture of a full-scale
model, difficulties may arise with the installation of the micro-
wave connector.

This article discusses three simulation models of subarrays
for microstrip PA with various options for their excitation. All
subarrays have a radiation pattern of a special shape. After calcu-
lating the main characteristics, the issue of the most preferred
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organization of subarray power supply for the developed PA was
solved. It is shown that in practice, the study of parameters and
decision-making on the design of complex microwave devices,
possibly without expensive field modeling.
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AHHOTauMA

B aHTEHHbIX cMCTeMax pasfMYHOro HasHa4eHusA LMpoko ucnonbdyetca CBY-TexHMKa B MUKPOMOMIOCKOBOM WUCMOSIHEHUU. AKTUBHOE UC-
nosb3oBaHue $a3nMpoBaHHbIX aHTeHHbIX peluetok (PAP) gaHHOro Tvna 3actaBnseT pa3paboOT4MKOB BCEro MUpa MKaTb pasfivyHble Bapu-
aHTbl MX NOCTPOEHUA. [nA ynyyllueHNA OTAENbHbIX XapaKTEPUCTUK, B YACTHOCTU PACLUMPEHUA Yra CKaHMPOBaHUA, a TaK e ONTUMMU3aLmM
KoHbUrypauumn o3byxaeHna AP, B HAX UCMONb3yIOT NOAPELLETKU, OObeANHAIOLLME 3a4aHHOE KONMYECTBO 3/IEMEHTOB BCEM PELLETKM.
B paHHoit paboTe paccMaTpuBanuch pasfivyHble BapuaHTbl MOCTPOEHUs MOAPELUETOK MUKPOMONockoBbiX PAP BbIMOMHEHHbIX HA OAHO-
POAHOW Nnoasioxke u3 BbicokoyactotHoro namMuHata GIL_GML 1000, B 4acTHOCTM, pa3nmyHble cnocobbl Ux Bo3byxaeHua. C noMoLLbto
coBpeMeHHOM, To4YHoW cpeabl 3D anekTpoanHaMuyeckoro MoAenvpoBaHuA U aHanusa BY-ycTpolicTB nccneaoBanncb U3MEHEHUA SMeKT-
POAVNHAMUYECKUX XaPaKTEPUCTUK UMUTALIMOHHOM MOZENIM MHOTO3/IEMEHTHONM Mogpeluetku mukpononockoson PAP, B 3aBucuMocTn oT
cnocoba opraHuzaumu Bo3ByxaeHus. [ns kaxgon UMUTALMOHHON MOAENU MPUBEAEHbI pe3ynbTaThbl paciera KoapduLMeHTa OTpaKeHUs
(napametp S| 1) B 3aBMUCMMOCTM OT YaCTOTHOrO AManasoHa, paccyuTaH KoadduumeHT ycunenus B dopmarte 3D, a Tak ke B monspHom cu-
cTeMe KOOpAMHaT.

Knroyeebie cnoea: ¢)G3UPOSGHHGR dHMeHHaA pewémKa, noapewemKa, nPﬂMoyZOﬂbelfl ussy4yamers, KOB(i)CbUU,UCHm usny4eHus,
be30HaHcHaa Yacmoma, WupuHaA nosoChbl.
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