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In this article a planar microstrip multi-circle shaped antenna on flexible substrate (Kapton) has been
designed and validated. The antenna is low profile with only 125 um in hight. The antenna covers all 5G
mid-bands from 3.17-6.42 GHz while exhibiting almost VSWR = 1 at 3.6 GHz. For biomedical application,
the antenna has been realized on the human bio tissue fantom model. The estimated specific absorption rate
(SAR) is within the standards with the highest value of 1.31 W/Kg at 6 GHz. Furthermore, to check the
mobile application compatibility, 4 (4 x 4) and 6 (6 x 6)-element MIMO arrays are designed and validated.
Both MIMO results show port to port (P2P) isolation of below — 18.7 dB. The efficiency is always above 90 %
throughout the entire bandwidth (BW). Other MIMO parameters i.e., ECC and DG are always below 0.002
and almost 10, respectively. The far-field radiation results show that the array can radiate in all directions.
In addition, the 6 x 6 is exposed with the hand and the head voxel phantom model to estimate the SAR. In
each cases, the SAR values are well within the standard range.
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1. INTRODUCTION

The fifth generation (5G) wireless technology is rev-
olutionizing the realm of communication on earth. With
the prominent features such as high data rate, high
throughput and a very low latency (1 ms), this evolution
is transforming the transportation, mobile communica-
tion, healthcare and other applications into another par-
adigm[1], [2]. There are different frequency allocations
for the 5G communication: sub-1 GHz (700 MHz), sub-6
GHz (3-6 GHz) and mmWave (24-90 GHz)[3-4]. Among
these frequency bands, the sub-6 GHz bands are called
the mid-band 5G. Implementation of the multiple input-
multiple output (MIMO) antenna array is one of the key
devices that is catering way forward for the 5G and be-
yond. However, it is still challenging for the antenna de-
signers to produce a highly efficient, and low-profile ar-
ray keeping the MIMO performance intact.

One of the earliest work on realizing the MIMO an-
tennas on flexible substrate has been proposed in [5]. The
authors realized that antenna on the Kapton substrate
which works in the ultra-wide band (UWB). It’s a low-pro-
file 2-element MIMO antenna that has a small dimension
of 22 x 22 x 0.125 mm?. The authors utilized the L-patch
and slots to improve the BW and the isolation. Despite the
wideband capability, the MIMO suffers from a low mini-
mum efficiency of 31.6 % only. Even though the isolation
(— 15 dB) and the ECC (0.3) value is within the FCC
standard (— 15 dB and 0.5 respectively)[6-7], they are at
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the higher side. Furthermore, while it is necessary to
have a higher number of elements to achieve higher data
speed the MIMO has only 2 elements which falls short in
this proposed design [7]. Another, trident shaped dual
band 2-elment MIMO antenna array is proposed for mid
band 5G communications [8]. The proposed design uses
the defected ground structure (DGS) and parasitic strip
in between antennas to improve the resonance and isola-
tion of the MIMO. The array exhibits a good isolation of
— 25 dB in lower band of 3.5 GHz with a good efficiency in
both band reaching up to 86 %. The ECC is remarkably
low < 0.002 and DG is ~ 10 in both bands. However, the
dimension is large with 62 x 25.6 x 1.524 mm3 for 2-ele-
ment array. The isolation of the second band (4.53-4.92
GHz) is low with only — 16 dB. One more point, the an-
tenna fabricated on RO3003 substrate which is although
a bendable substrate but cannot perform well for higher
angle of bending conditions.

One more proposal has been made in [9] with a 2 x 2
array on flexible polyimide substrate. The array is designed
for vehicle to everything (V2X) application in 5G mid band
frequencies. The single element antenna (SEA) of the pro-
posed design utilizes the L-shape feed line with modified
ground structure (MGS) to improve the isolation between
the ports. The antenna exhibits a circular polarization
within a wide-band range between 2.96-6.02 GHz with a
low ECC of < 0.02. Aso, the efficiency is high < 94 %. How-
ever, the maximum mutual coupling between ports is a as
high as — 16.2 dB which could be improved.
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A four port (4 x 4) MIMO antenna array is proposed in
[10] which is suitable for the smartphone applications in
5G midbands. In this proposal the authors used simple
planar loop shaped radiators to tune the SEA to work
within 3-4.28 GHz. The array achieved a high efficiency
around 90 % and also has a good radiation coverage. Yet,
the important parameter Port to port isolation is suffer
dropping down to — 10 dB which is lower than the FCC
standard. Furthermore, the array is not realized on the
flexible substrate. Another four element array is pre-
sented by Mahmoud et al. [11] for 5G band smartphones.
The in band ECC results are remarkable < 0.01. The DG
is always above 9.95 and the minimum antenna efficiency
is around 84 %. However, the array achieved a moderate
— 10 dB BW of only around 880 MHz which is low and
does not cover all the mid band 5G frequencies. Also, the
antenna is fabricated on RO3003 substrate which does
not perform well in higher bending condition and the
MIMO is not suitable for smartphone/biomedical applica-
tions as the authors have not made any SAR analysis.

Similarly in [12], a wearable MIMO is presented
which is designed to locate the early stage tumor in the
breast. However, the authors have not focused on as-
sessing the MIMO performance. The parameter such as
isolation, ECC, DG and others have not been presented.
In [13] the authors have proposed another 4 x 4 MIMO
in 5G frequencies for wearable applications. The an-
tenna achieved a good isolation of over — 20 dB, through-
out the three BWs. Also, the MIMO parameters such as
ECC, DG, TARC are well within the standard. However,
the efficiency is moderate around 80 %. Again, the an-
tenna is on the RO3003 substrate which does not per-
form well in large bending scenarios.

Recently, one more flexible 4 x 4 MIMO array is pre-
sented in [14]. The array is realized on the polyimide
substrate. The achieved BW is remarkable of 122.5 % of
the center frequency. The antenna efficiency is > 93 %
along with the ECC and DG of 0.002 and 9.99, respec-
tively. However, the isolation is little bit on the lower
side with mere — 17 dB value. It is also seen that despite
the large BW, the array does cover the 3.5 GHz 5G band
which means the design cannot be used for smartphone
applications for all mid-band 5G. In table.1, a short sum-
mary is enclosed for better realization of the proposed
work with the recently published works.

Table 1 — Comparison between recent works

vof BW Ele. | Iso. | Effi. | App. | Flex.
GHz dB %
[5] 9.1 2 15 | 31.6 5G yes
[8] 0.62/0.39 2 16 86 5G yes
[9] 3.12 2 [162] 94 | 5G | yes
[10] 1.28 4 10 90 |mobile| no
[11] 0.88 4 [ 20 | 84 | 5G | yes
[12] ~10 4 na | 91.3 | bio no
oy | OOV 4| 20 | 80 | 5G| yes
[14] ~12 4 17 93 | UWB | yes
This mo-
work 3.26 6 |18.7| 95 bile | Yes

(Ele. = Elements, Iso. = isolation, Effi. = efficiency, App. = ap-
plication and Flex. = flexible.)
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To deal with the aforementioned issues, this work
proposes a small in size and low profile planar multi-cir-
cled 6 x 6 MIMO antenna array on flexible (Kapton) sub-
strate which have covered all the mid-band 5G fre-
quency bands with — 10 dB BW from 3.17-6.43 GHz
(3.26 GHz). The antenna efficiency is always above 95 %,
minimum isolation of ~ 19 dB. The ECC is below 0.002
and the DG is almost 10. The SAR results also show that
the SEA and the MIMO array are suitable for bio-medi-
cal and smartphone in 5G frequencies.

2. ANTENNA AND ARRAY DESIGN

Fig. 1 shows the design stages of the proposed SEA.
It is seen that the stage one consists of one circular patch
attached to a 50 Q microstrip feed transmission line (TL)
of to it with a full ground plane (FGP). The circle has a
radius of 5.2 mm, and the TL length is 20.8 mm. At the
second stage, the FGP is truncated to form a partial
ground plane (PGP) leaving no ground plane at the bot-
tom of the radiating circular patch. This technique is
well known to make the patch antennas wide band. At
the third stage, two more circles are added with the orig-
inal single circle (three circle patch) to see the improve-
ment in terms of the BW and gain. Finally, at the final
stage, two more same circular shapes are added on the
three-circle patch to make it a multi-circular patch an-
tenna. All the circular patches are same in radius and
the width of the line is 0.8 mm. Fig. 1b discloses the final
optimized structure of the antenna with an overall di-
mension of 32 x 22 x 0.125 mm?. The radius of the circu-
lar patch has been estimated and later optimized using
equation (1)-(2) with an initial center frequency (fc)
4.5 GHz [15]. Later, the antenna is attached with a
three-layer (skin, fat and muscle) bio-tissue phantom
model in CST MWS. Fig. 1cillustrates the structure and
the dimensions. Table 2 discloses the material proper-
ties of this model at initial center frequency where
& = dielectric constant, o = conductivity, p = material
density, k = thermal conductivity, C = heat capacity [16].

Fig. 2a and Fig. 2b comprises the layouts of the 4 x 4
and the 6 x 6 MIMO arrays respectively for the mo-
bile/smartphones in 5G frequencies.

anen e cenep Five
> > Cirelos i
PGP PGP PGP

Third stage

Firststage Second stage Fourth stage

(a) Design Stages

32.00 mm

Antenna

l%

22.00 mm

(b) Final layout (c) bio-tissue phantom

Fig. 1 — The (a) stages of the proposed single antenna and the
(b) final optimized structure of the antenna
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Table 2 — Material properties of skin, fat and muscle
& o ) k C
S/m Kg/m3 W/mK J/igK
Skin | 34.9 0.856 1100 0.3 3.5
Fat 9.8 0.051 900 0.2 2.5
Ngf' 482 | 0.943 | 1080 0.5 3.5

For both cases, the array is modelled on a the Kapton
substrate with a dimension for 160 x 76 mm?2 that re-
sembles the 6.67-inch display smartphones. Also, for the
arrangement of the elements of both MIMOs, 900 polar-
ization diversity technique is adopted. All antennas are
denoted as A1-A4 for 4-element and A1-A6 for 6-element
MIMO. In case of the 6 x 6 array, the A5 and A6 are kept
at the opposite side of the board. The distance between
A1-A6 and A2-A5 is the same as 80 mm. Later, the 6 x 6
array has been validated with the hand and the head
phantom separately to check the SAR performance. The
setup with hand and head is illustrated in Fig. 2c and
Fig. 2d, respectively. All the results are presented, ana-
lyzed and discussed in detail in the next section.

Substrata

E
E
g
£ 150.00mm

b

(c) MIMO with hand (d) MIMO with head

Fig. 2 — The MIMO layouts and the setups for the SAR cal-
culation

3. RESULTS AND DISCUSSIONS
3.1 Single Antenna Results

Fig. 3a comprises the s-parameter (S11) results for
stages of the proposed SEA. The simulation is performed
from DC-12 GHz in the beginning. At the first stage (S1)
it is seen that there are no visible — 10 dB portions on
the spectrum and almost all signal is reflected back to
the source. At the second stage (S2), a clearly visible
drop in the amplitude on the frequency vs S11 plot. It is
realized that due to the modification of FGP to PGP, the
antenna is exhibiting a wider — 10 dB BW from 4 GHz to
6.5 GHz. However, as the target BW should include all
the mid-band 5G frequencies it still does not cover the
3.5 GHz band. At the third stage (S3), the BW is made
wider as it starts from 4 GHz and reaches beyond
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11 GHz. However, the 3.5 GH band is still not in the
working BW and also, beyond 6.5 GHz is not in the scope
of this design. The fourth stage solves this issue by add-
ing two more circular patches and rearranging them.
The S11 results show that the — 10 dB BW starts from
3.17 GHz and reaches 6.43 GHz. However, a small par-
ametric study also did the final step on the microstrip
feed width (w) of the SEA. Fig. 3b comprises the results.
It can be seen that the best resonance can be obtained at
w = 6.5 mm. Continuing with effect of design stages
Fig. 3c reveals the realized gain enhancement of this
proposed design. It is observed that the at first stage the
gain in bad mostly staying below — 20 dB in the BW.
However, as the stage progresses, the gain improves and
at the last stage it is seen the gain becomes +(ve) at
3 GHz. Also, it stays positive throughout the BW and
reaches 4.1 dBi at 6 GHz. So, it can be said that the gain
is significantly improved by this proposed method. From
Fig. 3d and 3e it is also confirmed the antenna in work-
ing around 3.26 GHz which is 68 % of the center fre-
quency of 4.8 GHz and can be considered as an ultra-
wide band antenna. Fig. 3f and Fig. 3g represent the
3-D and the 2-D far-field radiation patterns of the SEA.

It is seen that the intensity of the radiation is the
highest on the z-x plane which can be considered as an
omni-directional pattern and Fig. 3g confirms this as it
is seen that the E-plane (¢ = 0) is full circular,

. s-Parameters [Magnitude] N

S-Parameters [Magnitude]
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Fig. 3 — The antenna design performance parameters of the
SEA
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and the H-plane (¢ = 90) is a half-cut apple shape with
two nulls exactly opposite to each other at 90° and — 90°
from boresight. Lastly, from Fig. 3h it is seen that the
radiation efficiency (RE) is always above 95 % and also
the total antenna efficiency (TE) is mostly above 90 %
throughout the BW. All of these antenna parameters’ re-
sults show that the proposed antenna has good perfor-
mance within the targeted operating BW. The following
section reveals the results of the 4 x 4 and 6 x 6 arrays.

3.2 MIMO Design Results

Fig. 4 comprises the combined reflection parameters
(F-parameter), VSWRs and the isolation characteristic
of the 4 x 4 and 6 x 6 MIMO arrays. The F-parameter
represents the Si1 of the ports while in presence of other
antennas. From Fig. 4a and Fig. 4b for 4 x 4 and 6 x 6
MIMO respectively, it can be seen that for both cases the
targeted 3-6 GHz band is preserved as the value staying
below — 10 dB throughout that range. Similarly, from
Fig. 4c and Fig. 4d, it is seen that the VSWR values for
4 x 4 and 6 x 6 MIMO, respectively, of different ports are
also staying below 2 throughout the BW.
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Fig. 4 — The F-parameter, VSWR and the Isolation charac-
teristic of the 4 x 4 and 6 x 6 MIMO arrays
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This confirms that both of the proposed MIMO ar-
rays are working well within 3-6 GHz band. Fig. 4e-4h
represent the port to port (P2P) isolation for both MIMO
designs. In the case of 4 x 4 (Fig. 4e) it is seen that the
lowest is — 23 dB between port 2 & 4. Fig. 4f illustrates
the same scenario for 6 x 6 where it reveals the P2P iso-
lation of port 1 with other five ports. It is observed that
the lowest isolation is — 23.5 dB at 3.15 GHz between
port 1 & 5. From Fig. 4g and Fig. 4h, it is seen that the
isolation become a fraction low also between port 2 & 5
and port 4 & 6 with a value of — 18.3 dB at 3.2 GHz for
both of the cases. As the minimum isolation standard set
by FCC for P2P isolation is <— 15 dB it can be concluded
that the all the P2P isolation is well within the standard.
Next, Fig. 5 reveals some more performance parameters
for both MIMO designs. Fig 5a and Fig. 5b the 3-D com-
bined far-field radiation pattern for 4 x 4 and 6 x 6
MIMO respectively.

(b) 3-D (6 x 6)

I

[—phi=0 (ex6) 100
[— phi=s0 (axa) o5 |- AF
|— Phi=p0 (5x8)

—RE (4X4)
—RE (6X6)
—TE (4X4)
—TE (6X6)

85
£ 8o

65 I
25 3 35 4 45 5 55 6 6.5
Frequency / GHz

Theta { deq vs. dBl

(c) 2-D (d) Efficiencies

Realized Gain (RG)

"
5]

—RG (4X4)
—RG (6X6)

dBi
ANO NSO D

Frequency [/ GHz

(e) Realized Gain (RG)

Fig. 5 — Far-field Radiation, efficiencies and the RG compar-
ison between 4 x 4 and 6 x 6 MIMO

Despites some nulls in the radiation, it can be ob-
served that the radiation has an all-directional charac-
teristic. This scenario can be confirmed by looking in
Fig. 5¢ where the 2-D E- (¢ = 0) and the H-plane (¢ =90)
radiation pattern is illustrated. It is clearly visible that
the arrays can radiate/receive the electromagnetic sig-
nals from all direction which is necessary for the mobile
phone application in any frequency. Fig. 5(d) comprises
the RE and TE for both proposed MIMOs. It is seen that
in terms of the RE both designs act almost similar by
staying around 95 %-98 % inside the BW. However,
while observing the TE responses, it is seen that the
6 x 6 MIMO outperforms the 6 x 6 MIMO in some points
on the spectrum. While the highest value for 6 x 6 MIMO
reaches around 97 %, the 4 x 4 MIMO stays below 95 %
in certain frequency ranges. A similar situation can be
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observed about the combine RG results shown in Fig. 5e.
It is realized that the RG of 6 x 6 MIMO is around 1 dB
more throughout the entire BW. It means the increase
in the element number can improve the efficiency and
the gain of the array. Fig. 6 reveals the other two im-
portant parameters named ECC (p.) and associated DG
of the proposed MIMO. The standard permits the ECC
to be as low as possible and the DG should be as close as
to 10 [17]. These parameters are calculated by using (3)
and (4) wherea=1& b=2, 3, 4, 5, 6.

|SaaS;_b + SbaS;bl (1)
(1 - |Saa|2 - |Sba|2)(1 - |Sbb|2 - |Sab|2)

DG = T=TniP @

Fig. 6a and Fig. 6b illustrate the ECC for 4 x 4 and
6 x 6 MIMO respectively. From both results it can be
seen that the values are always below 0.001 from
3-6 GHz and also, they stay below that beyond 6 GHz
which is remarkable for MIMO arrays. Similarly, Fig. 6¢
& Fig. 6d reveal the associated DG results. As expected,
it is seen that the values are above 9.99 and mostly 10
throughout the entire BW and this confirms the quality
performance of the proposed design. Next section reveals
a detailed SAR analysis to affirm the compatibility of
this design for bio-medical and mobile phones.

1D Results\ECC 1D Results\ECC

0.005 0.005
I =—ECC12 =—ECC12
0.004 —ECC13 0.004 —Ecc13
-—ECC14 —ECC14
0.003 0.003 R
0.002 0.002 —Fecis
0.001 0.001
o 0
2 3 4 5 6 7 2 3 4 5 6 7
Frequency | GHz Frequency { GHz
(a)dx4 (b) 6 x 6

1D Results\DG 1D Results\DG

—DG12
| —DG13
—DG14

—DG12
{—DG13
—DG14
| —DG15
—DG16

3 4 5 6 7 2 3 4 5 6 7
Frequency / GHz Frequency / GHz

(c)4x4 (d) 6 x6

Fig. 6 — ECC and DG responses for 4 x 4 and 6 x 6 MIMO

3.3 SAR Results

Fig. 7 reveals the SAR calculations of the SEA (Fig.
7a & Fig. 7b) and the MIMO (Fig. 7c-7f). The reference
power and the averaging method is chosen as 50 mW
(+ 17 dBm) and IEEE C95.3 for the calculation. It is seen
from Fig. 7a and Fig. 7b that the SAR is 1.13 W/Kg and
0.313 W/Kg for 1 g and 10 g tissue respectively. As we
know the FCC standard for 1 g and 10 g tissue are
1.6 W/Kg and 2.0 W/Kg respectively [2], the values are
well within the range and suitable for bio-medical appli-
cations. Moving onto the MIMO, the 6 x 6 array is chosen
for its superior results in terms of the efficiencies and
the realized gain. Fig. 7c and Fig. 7d comprise the port
1 and port 2 SAR results respectively for hand phantom
model. The results for port 1 and port 2 are presented as
the other ports nominally resemble the results. At port

J. NANO- ELECTRON. PHYS. 17, 01010 (2025)

1 it can be seen that the SAR value is 0.461 W/Kg. Sim-
ilarly, at port 2 it is seen that the SAR is lower with a
value of 0.293 W/Kg. So, it can be concluded that for
hand, the SAR results are remarkably low which is suit-
able for smartphones.

Fig. 7e and Fig. 7f continue to show the port 1 and
port 2 SAR values for the head phantom. It is observed
that the MIMO exhibits lower SAR values with the prox-
imity to a head model. The port 1 and 2 SAR values are
0.106 W/Kg and 0.172 W/Kg respectively. These very low
SAR values confirm that the proposed design is suitable
for the smartphone applications. However, all these re-
sults are taken at 5 GHz which is close to the center fre-
quency. Finally, the detailed SAR values at different fre-
quencies are presented in Table 3. Where, it can be seen
that the SEA SAR values are between 0.84-1.31 W/Kg
and for the MIMO it’s between 0.16-0.97 W/Kg in differ-
ent frequencies which are all within the SAR standard.
W/kg

0313
0.28

(b) Bio-tissue (10 g)

Wikg

(c) Hand port 1

Wik Wikg
0.106

0.0

08
0.07
0.06

(e) Head port 1

(f) Head port 2

Fig. 7—The SAR responses on different phantoms with SEA
and MIMO

Table 3 — SAR values for different phantom with SEA and
MIMO

SAR(SEA) SAR (6 x 6 MIMO)
Frea |y e | Fand |
(GHz) Model Model Head Model
10g 1g 10g 1g 10g 1g
3 0.273 | 0.839 | NA | 0.22 | 0.32 | 0.67
4 0.313 1.13 | NA | 0.16 | 0.34 | 0.92
5 0.295 1.1 NA [0.29]0.17 | 0.97
6 0.35 1.31 | NA | 0.26 | 0.66 | 0.187
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4. CONCLUSION

Here, a SEA and MIMO array is designed and real-
ized on flexible substrate (Kapton) with only 125 pm in
hight. The antenna covers all 5G mid-bands from 3.17-
6.42 For biomedical application, the antenna has been
assessed on the human bio tissue fantom model. The
SAR is within the standards with the highest value of
1.31W/Kg at 6 GHz. Furthermore, to check the mobile
application compatibility, 4 x 4 and 6 x 6 MIMO arrays
are validated. Both MIMO results show port to port
(P2P) isolation of below — 18.7 dB. The efficiency is al-
ways above 95 % throughout the entire BW. Other
MIMO parameters i.e., ECC and DG are always below
0.002 and almost 10, respectively. The 6 x 6 is exposed
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with the hand and the head voxel phantom model to es-
timate the SAR. In each cases the SAR values are well
within the standard range.
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IInocka MIMO-auTena 3 KilbKkOMa oBajlaMU HA HYy4YKii migkaaani nua 5G 3acTocyHkis

Fahmida Hossain!, A.K.M. Zakir Hossain!, Muhammad Ibn Ibrahimy?2,
Ahmed Jamal Abdullah AL-Gburi!

v Faculty of Electronic and Computer Engineering & Technology, Universiti Teknikal Malaysia Melaka (UTeM),
76100 Durian Tunggal, Melaka, Malaysia
2 Department of Electrical and Computer Engineering, Faculty of Engineering, International Islamic University,
53100 Gombak, Malaysia

Pospobiiero Ta mepeBipeHo IaHAPHY MIKPOCMYJKKOBY aHTeHy Ha rHydkid miakaamm (Kapton). Aurena
Mae HU3bKUHU mpodisib 1 Mae BucoTy Juire 125 MrM. AHTEeHA 0XOILTIOE BCl cepemHi miamasonu 5G Bixg 3,17 mo
6,42 I'T'i;, memoncrpytoun maitke VSWR = 1 ma 3,6 ['Tr. Jlyist 6iomenuarHoOro 3acTocyBaHHsS aHTeHA OyJsia pea-
JTi30BaHa Ha MojIeJTl (paHTOMa OloTKAaHUHMY JIIoauHU. PosdpaxyHkoBHi muToMuii koeditienT morymmaaHHA (SAR)
3HAXOJUTHCS B MeKaX CTAHIAPTIB 13 HavBuiwmM 3HadeHHsM 1,31 Br/kr ma yvacrori 6 I'T. Kpim Toro, mis
epeBipKHU CyMIiCHOCTI MOOLJIBHUX JOJATKIB po3po0JIeHo Ta mepeBipeHo 4 (4 x 4) Ta 6 (6 x 6)-eJleMeHTHI MACUBHI
MIMO. O6unea pesyabrat MIMO mokasyoTs i3osisirio misk mopravu (P2P) umsrdae 18,7 nb. EdexrusHicTs
3asskau Buire 90 % mo Beit emyal nporyckanus (BW). Tumr napamerpu MIMO, manpurmnang ECC 1 DG, 3as-
sk Hrexde 0,002 1 maiisrke 10 BigmosigHOo. Pesymbrati BUIIPOMIHIOBAHHSA B JAJIbHBOMY MOJIL MOKA3YIOThH, 10
MACHB MOY<€ BUIIPOMIHIOBATH B yCIX HampaMiax. KpiMm Toro, 6 x 6 eKCIIOHyeThCA 3a IOIOMOIOI0 BOKCEIBHOI
danTOoMHOI Mozesi pyku Ta rosioBu st omiHkM SAR. V rkoxuoMy Bunanky suadenus SAR smaxomsitbes B

MesKax CTAHIAPTHOTO Jiama3oHy.

Knrouoei ciosa: [Inanapua mikpocmyskka, Husbkwmit npodine, Cepenniit miamazon 5G, MIMO, SAR.
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