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In this paper, a low profile ultra-wideband microstrip antenna is proposed for millimeter wave applica-
tions below 100 GHz to meet the demands of high data rates in the future wireless communication sys-
tems. The proposed antenna consists of a non-uniform hexagon shape radiating element on the top of 13th
layer of ceramic. The proposed antenna geometry is designed using Low Temperature Co-fired Ceramic
(LTCC) technology for 3D multilayer vertical integration. HFSS and CST Studio are used for design and
simulation of this ultra-wideband antenna. This antenna covers a bandwidth of 33.5 GHz that ranges from
62.5 GHz to more than 96 GHz with a peak gain of 5.7 dBi, stable radiation pattern across the bandwidth,
and compact size of 3.16 x 3.2 mm?2. The limitation of the narrow band in microstrip antenna is successfully
dispensed by increasing the matching impedance bandwidth to more than 40 %. The proposed microstrip
antenna is very useful for modern wireless communication systems because of its capability of covering a
very wide bandwidth with favorable impedance matching and a stable radiation pattern at the considered
frequency range. This antenna has another advantage in terms of the ability to be directly integrated with
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other RF chips using LTCC multilayer technology.

Keywords: Ultra-wideband, Microstrip antenna, LTCC, Multilayer, mm-waves.
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1. INTRODUCTION

After the increased demand of broader bandwidth,
the interest toward the millimeter-wave spectrum at 30
to 300 GHz has considerably increased in the past few
years [1, 2]. The focus on ultra-wideband technology is
due to the ability of this technology of transmitting a
large amount of data with low transmission power in
the short-range indoor and outdoor wireless communi-
cations [3]. The antenna is one of the most important
components of the communication system and plays a
critical role to take advantage of this spectrum, and
many researchers have been working on improving the
antenna response to give better performances and effi-
ciency of the radiating element design [4]. The narrow
bandwidth is a critical drawback in high data rate sys-
tems; antennas with ultra-wide bandwidths (UWB)
permit to overcome this disadvantage because of their
ability to support multiple bands, and several re-
searchers have performed significant works in design-
ing UWB antennas over the last two decades [5, 6].

Ultra-wideband technology is defined as the com-
munication technology that occupies a bandwidth of
more than 20 % of its center frequency [7]. A wide vari-
ety of antenna designs for various applications have
been proposed in the literature. However, the design
and implementation of the UWB antennas themselves
present many challenges. To support the characteris-
tics of UWB technology, the UWB antenna should keep
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favorable impedance matching and radiation pattern at
a broad frequency range [8]. Microstrip antennas offer
very attractive characteristics such as their small size,
lightness, low cost, etc. [9-11]. Based on printed tech-
nology, this type of antenna has a wide range of appli-
cations in wireless communication, in particular in mo-
bile communication devices [12]. However, microstrip
patch antennas have a low gain and a very narrow op-
erating bandwidth which is generally less than 5 %
[13]. To design this antenna, Balanis defined a set of
design rules and guidelines for microstrip patch anten-
nas, which can be modified and optimized according to
the intended use [14, 15].

The integration method of UWB antenna with the
wireless module is very distinguishable criterion com-
pared to microwave antennas in the preexisting wire-
less communication systems. At millimeter waves,
there are generally two approaches for antenna packag-
ing, namely the system on chip and system in package.
LTCC offers an attractive solution for easy, compact
and high flexibility for multilayer vertical integration
topology [16, 17]. The LTCC technology has been ac-
tively studied for millimeter wave antenna and package
solutions. It offers low conductor and dielectric losses
and high design freedom through the high possible
number of layers, easy integration, flexible via holes
distribution, and is mechanically strong [18, 19]. For
such reasons, it is preferred over high-volume PCBs for
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high performance millimeter antenna design.

In the rest of this paper, we focus on developing an
UWB microstrip antenna realized in LTCC technology
operating in the millimeter frequencies with acceptable
performances to meet the demands of high data rate in
future wireless communication systems. The geometry of
the proposed design is described in section 2 of this paper,
using the indicated technology, which inherently uses
substrates with dielectric permittivity of 4.11 and strip
line feeding structure at mm-wave frequencies that are
the two major challenges for achieving an ultra wideband
operation. The simulation results, obtained using HFSS
and CST Studio, show that these challenges have been
successfully overcome and wideband characteristics are
achieved with this simplified antenna design as presented
in section 3. Section 4 concludes the paper.

2. ANTENNA DESIGN

The geometry of the proposed ultra large band an-
tenna is shown in Fig. 1. This geometry is designed
based on LTCC multilayer technology for vertical inte-
gration, the proposed antenna consists of a non-uniform
hexagon patch placed on the top of 13th layer of ceramic,
and is considered as the main radiating element. This
multilayer microstrip antenna is fed by the 50 Ohm strip
line in the 8th layer. The strip line is connected to the
radiating element using a vertical probe which allows
the use of a thicker substrate in order to increase the
antenna bandwidth. The strip line and the radiating
element are separated by the top slotted ground in the
9th layer. The proposed UWB antenna has dimensions of
3.16 x 3.2 mm?2 printed on LTCC dielectric substrate
with relative permittivity and loss tangent of 4.11 and
0.008, respectively. The antenna geometry has been de-
veloped respecting the LTCC technology design rules.
The layer thickness is 0.75 um for each tape after firing
and the metal layer is 6 um thick. More LTCC design
properties are presented in Table 1.

The dimensions of the radiating element are calcu-
lated using a MATLAB algorithm based on the trans-
mission line model [14]. In the general case, the anten-
na length is equal to half-wavelength at the operating
frequency. By using the transmission line model, the
effective length must be calculated taking into consid-
eration the non-homogeneity between the two media of
propagation which are the air and the dielectric. Due to
the inaccurate results in terms of antenna dimensions
using the transmission line model, a massive paramet-
ric study is applied in order to fix the desired frequency
range of operation and to optimize the other antenna
characteristics. Hence, the obtained outputs of length
and width of this algorithm are kept as the initial val-
ues of parametric study [20]. Note that the parametric
study permits more than three-dimensional parameters
to be varied while the other parameters are fixed in a
constant value. First, the parametric study was applied
by considering a rectangular patch in order to optimize
the length and the width of the radiating element.
Then, the length of the strip line was optimized to de-
termine the best excitation position. Next, the corners
of the radiating elements were truncated and another
parametric study was applied in order to optimize the
response of this UWB antenna by looking for the wider
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Fig. 1 — Antenna geometry

bandwidth, the higher gain, and the best impedance
matching. Thus, the applied parametric study includes
all dimensional parameters of the antenna. Note that
this parametric optimization is repeated until reaching
an optimal solution that meets the design requirements
in terms of the antenna performance previously indi-
cated. The final optimized dimensions are presented in
Table 2. The antenna corners are truncated in order to
give more design freedom to the optimization through
the parametric study by increasing the number of pa-
rameters to be optimized. The goal of this geometry, as
an UWB antenna, is to make this antenna capable of
receiving all frequencies at the same time instant by
increasing its fractional bandwidth. Besides, the an-
tenna to be manufactured in LTCC technology can be
directly and easily integrated with RF chips on LTCC
substrates. Thus, the proposed antenna is simplified in
order to reduce fabrication cost and to facilitate the
manufacturing process.

Table 1 — LTCC design criteria

Dielectric per-
mittivity &=4.11 Conductor type Gold

Number of
layers above
the strip line
ground to the

antenna
radiating ele-
ment

Loss tangent tand = 0.008 NL=4

Number of
layers
between the
strip line and
the top ground
layer

Layer

thickness NL=1

75 um

Number of
layers below
the strip line

Metal layer

thickness NL =8

9 um
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Table 2 — Antenna parameters

Parameter Length
dim1 0.49 (mm) 0.1290
dim2 0.45 (mm) 0.11940
dim3 0.438 (mm) 0.11540
dimF 1.39 (mm) 0.36640
Probe radius 0.05 (mm) 0.01340
Probe height 0.5009 (mm) 0.13240
Slot radius 0.24 (mm) 0.06340

3. SIMULATED RESULTS

Two software are used for simulation of this UWB
microstrip antenna, HFSS (High Frequency Structure
Simulator) and CST Studio. The two used software en-
able fast and accurate analysis of high frequency (HF)
devices such as filters, couplers, antennas, planar and
multilayer structures. Fig. 2 shows the obtained sur-
face current distribution of the designed UWB antenna
at different frequencies 66 GHz, 75 GHz, 85 GHz and
93 GHz. This figure shows that the high magnitude of
the surface current is around the feeding probe posi-
tion, and is minimal at the edges of the radiating ele-
ment. Since the voltage is inverse to the current, the
low magnitude of the current at the radiation edges
means that the voltage is at its peak value and the cor-
responding corners are considered as the radiating
edges of the microstrip UWB antenna.

Jsurf[A_per_n]
4.7351e+802
4. 4656¢+002
4.1951¢+002
3.9246+0802
3.6541e+882
3.3836¢+002
3.1131c+002
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2.5721e+882
2.3817¢+802
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9.4921c+201
6.7872¢c+201
4.0323e+801
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Fig. 3 shows the obtained return loss of the pro-
posed antenna. The related bandwidth in this plot is
defined as the frequency range where the return loss is
better than 10 dB. According to this obtained curve, a
bandwidth of more than 33.5 GHz is achieved for this
designed antenna, that ranges from 62.5 GHz to more
than 96 GHz in the two used software. This antenna
covers a very large bandwidth in millimeter wave spec-
trum below 100 GHz. This return loss graph suggests
that there is good impedance matching at the consid-
ered bandwidth as it ranges from — 12 dB to — 28 dB.
Two main resonance frequencies are observed at
65.7 GHz and 83.4 GHz. One of the serious limitations
of this microstrip antenna was its narrow bandwidth
characteristics compared to UWB Technology needs.
The limitation is successfully dispensed by increasing
the matching impedance bandwidth to more than 40 %.
A slight difference is observed between the two graphs
due to the use of two different simulation solver types.

The difference between two solvers is less remarka-
ble in VSWR characteristics of this antenna as illus-
trated in Fig. 4. According to the obtained curves of the
VSWR at this figure, good impedance matching along
with the whole considered frequency bandwidth, as it is
noted less than 2. The more VSWR curve is closer to
1.0, the less power is reflected from the antenna. This
points how well the antenna terminal input impedance
is matched to the characteristic impedance of the
transmission line.
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Fig. 2 — Surface current distribution

04009-3



D. KHEZZAR, D. KHEDROUCHE ET AL.

0
2
-4
%
8
-10

— 12

m

D -4

= 6

w

-30 I L AL AL DL R AL L B AL B L B |
50 §5 60 65 70 75 80 85 90 85 100 105 110

Frequency (GHz)

Fig. 3 — Antenna return loss
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The imaginary and real parts of the antenna imped-
ance are shown in Fig. 5 and Fig. 6, respectively. It is ob-
served that at the frequency range of interest, the anten-
na input resistance is equal or close to 50 ohms which
means the power that arrives to the antenna is radiated
away. Otherwise, the received power is absorbed by the
antenna. The imaginary part of the input impedance rep-
resents the power which is stored in the near field of the
radiator. This power is not considered as a radiated pow-
er. An antenna with zero reactance and real input imped-
ance (zero imaginary part) is considered to be resonant at
the corresponding frequency. The obtained results of the
antenna reactance (imaginary part of the antenna input

’m‘
100 ——CST
80

80
40

204
0
-20

-40

-80
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-80
-100 o
-120
=140
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Fig. 5 — Antenna reactance
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impedance) and resistance (real part of the antenna input
impedance) show good impedance matching at the consid-
ered frequency spectrum.

Fig. 7 shows the obtained plots of gain as a function
of frequency in the two used software programs. The
antenna gain demonstrates how well the antenna con-
verts input power into radio waves. The obtained gain
is acceptable for the single antenna in this range of
spectrum because the radiating element becomes too
small as its size needs to be scaled to the wavelength.
The performance in terms of gain for this antenna has
a maximum gain of about 5.7 dBi.

6.5
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40
2s ]
3.0
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1.0
05
0.0
054
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Fig. 7 — Antenna gain

Fig. 8 shows the obtained polar radiation pattern of
this proposed antenna in order to check the stability of
the radiation pattern of this designed UWB antenna in
the considered frequency bandwidth. The 3D radiation
patterns at different frequencies 66 GHz, 75 GHz,
85 GHz, and 93 GHz are illustrated in Fig. 9. According
to this figure, the antenna presents another important
factor of performance in terms of stability of the radia-
tion pattern across the bandwidth. The proposed UWB
antenna has omnidirectional radiation with maximum
radiation on the Z-axis. These obtained results make
this antenna very attractive for use in practical devices.

4. CONCLUSIONS

In this paper, a low-profile ultra-wideband mi-
crostrip antenna is proposed based on the LTCC tech-
nology. The obtained results have been verified using
HFSS and CST Studio. This antenna provides a wide

04009-4
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Fig. 8 — Polar radiation pattern for E plan and H plan

bandwidth in millimeter wave spectrum under 100 GHz
ranging from 62.5 GHz to more than 96 GHz in the two
used software. The obtained results suggest that there
is good impedance matching at the considered band-
width with a peak gain of 5.7 dBi. A good antenna be-
havior is observed in terms of the antenna radiation
pattern and its response stability in the considered
spectrum. This antenna has another advantage in terms
of the ability to be directly integrated with other RF chips
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UWB technology needs.

ACKNOWLEDGEMENTS

This work was supported by the Algerian Ministry of
Higher Education and Scientific Research via funding
through the PRFU project No. A25N01UN280120180001.

11. J.P. Shinde, R. Kumar, M.D. Uplane, Wireless Personal Commun.
75 No 2, 843 (2014).

12. A. Bondarik, D. Sjoberg, 2015 IEEE-APS Topical Conference
on Antennas and Propagation in Wireless Communications
(APWC), art. No 7300200, 1202 (IEEE: 2015).

13. K.D. Xu, H. Xu, Y. Liy, J. Li, Q.H. Liu, IEEE Access 6, 11624
(2018).

14. C.A. Balanis, Antenna Theory Analysis And Design (New
Jersey: John Wiley & Sons: 2005).

15. K.S. Chin, W. Jiang, W. Che, C.C. Chang, H. Jin, IEEE T.
Anten. Propag. 62 Nol, 174 (2014).

16. H. Bong, M. Jeong, N. Hussain, S. Rhee, S.Gil, N. Kim,
Microwave Opt. Technol. Lett. 61 No 5, 1295 (2019).

17. U. Ullah, N. Mahyuddin, Z. Arifin, M.Z. Abdullah, A. Marzuki,
IEEE Anten. Propag. Magaz. 57 No 2, 241 (2015).

18. M. Mosalanejad, S. Brebels, C. Soens, I. Ocket,
G.A.E. Vandenbosch, Prog. Electromagn. Res. 158, 89 (2017).

19. B. Zhang, H. Gulan, T. Zwick, Y. Li, U. Oderfalt, F. Carlsson,
H. Zirath, IEEE T. Compon., Packag. Manufactur. Technol. 5
No 8, 1060 (2015).

20. Bouttout, Y. Bentrcia, S. Benkouda, T. Fortaki, «J. Nano- Elec-
tron. Phys. 10 No 4, 04004 (2018).

Husbkomnpodginpua yasTpamrupoKoCMyroea Mikpocmy:kxkoBa anreHa Ha ocuori LTCC
Ui nogaTkiB Misiimerposoro giamasony go 100 I'l'ig

D. Khezzar?, D. Khedrouche!?, A.T. Denidni2, C. Karnfelt3

L Laboratoire d’Analyse des Signaux et Systéemes, Département d’Electronique, Université Mohamed Boudiaf
de M’sila, BP.166, Route Ichebilia, 28000 M’sila, Algeria
2 Centre for Energy, Materials and Telecommunication, National Institute of Scientific Research (INRS),
Montreal, Quebec, Canada
3 IMT Atlantique, Lab-STICC, UMR CNRS 6285, F-29238 Brest, France

04009-5


https://doi.org/10.1109/TAP.2015.2425418
https://doi.org/10.13164/re.2018.0448
https://doi.org/10.13164/re.2018.0448
https://doi.org/10.1155/2019/7918765
https://doi.org/10.15546/aeei-2016-0024
https://doi.org/10.15546/aeei-2016-0024
https://doi.org/10.13164/re.2018.0455
https://doi.org/10.13164/re.2018.0455
https://doi.org/10.21272/jnep.8(3).03028
https://doi.org/10.21272/jnep.8(3).03028
https://doi.org/10.1108/WJE-02-2017-0027
https://doi.org/10.1108/WJE-02-2017-0027
https://doi.org/10.1007/s11277-013-1394-3
https://doi.org/10.1007/s11277-013-1394-3
https://doi.org/10.1109/ACCESS.2018.2794962
https://doi.org/10.1109/TAP.2013.2287294
https://doi.org/10.1109/TAP.2013.2287294
https://doi.org/10.3390/s20030777
https://doi.org/10.1109/MAP.2015.2414668
https://doi.org/10.1109/TCPMT.2015.2453407
https://doi.org/10.1109/TCPMT.2015.2453407
https://doi.org/10.21272/jnep.10(4).04004
https://doi.org/10.21272/jnep.10(4).04004

D. KHEZZAR, D. KHEDROUCHE ET AL. JJ. NANO- ELECTRON. PHYS. 12, 04009 (2020)

¥ poGori 3amporioHoBaHa HU3LKOIIPO(QLILHA YIBTPAIIHNPOKOCMYTOBA MIKPOCMYSKKOBA aHTEeHA JIJIS J0ia-
TKiB MUIiMeTpoBoro miamasony Hukde 100 [T mo6 3a10BlIbHUTH IIOTPEOU BUCOKHUX IIIBHIKOCTEH ITepemadl
IaHUX y ManOyTHIX 06e3IpOTOBUX CHCTEMAaX 3B'S3KYy. 3AIIPOIIOHOBAHA AHTEHA CKJIAIAETHCS 3 HEOLHOPILTHOTO
IIeCTUKYTHOIO BUIIPOMIHIOIOYOTO €JIEMeHTY 3BepXy 13-To mapy Kepamiku. ['eomeTpiss 3arporoHOBaHOI aHTe-
HU Po3po0JieHa 3 BUKOPUCTAHHAM TexHoJsorii HusbkoTemmepatypuoi Co-kepamiku (LTCC) myst 3D Gararo-
maporoi BepruranbHoi imTerparti. HFSS ta CST Studio BUKOPHCTOBYIOTHCSA [JIS MIPOEKTYBAHHS Ta MOJIE-
JTIOBAHHSA ITi€l yIBTPAITHPOKocMyroBol auTeru. L{s1 anrena oxormtioe mianasoun yacror 33,5 ', sikmit Bapito-
erbed Bim 62,5 [Tt 1o 6ibire misk 96 [Ty 3 mikoBuM nocumersam 5,7 nbi, Mae cTablIbHY glarpamy CIIpsiMo-
BAHOCTI 110 BCHOMY IaIla30Hy YaCTOT Ta KOMIIAKTHUHN poamip 3,16 x 3,2 mm2. O6MesxeHHsT By3bKOTO JIianaso-
HY B MIKPOCMY’KKOBI#l aHTEeHIl YCIIIIHO 3IACHIOETHCS IIJISXOM 301JIBIIEHHS IIUPUHUA CMYTU IIPOILYyCKAHHS
mouas 40 %. 3amponoHoBaHa MIKPOCMYKKOBA aHTEHA € JysKe KOPUCHOIO [IJIS CyYACHUX 0e3JIPOTOBUX CHUCTEM
3B'sI3Ky 4epes 11 3IaTHICTh OXOIUTIOBATH [Iy’Ke IIMPOKUIA T1ara30H MPOITyCKAHHS 13 CIIPUSTIUBUM y3TO/MKeH-
HAM IMITEIAHCIB Ta CTAOLIBLHOIO iarpaMoi0 CIPSIMOBAHOCTI ¥ PO3TJISHYTOMY Jlamas3oHi yactoT. Lls anrema
Mae I1e OJIHy IlepeBary B ILIaHI MOKJIMBOCTI OyTu Ge3mocepeiHko iHTerpoBaHoio 3 immmuvu RF mikpocxema-
MU 3a omomMorom bararoraposoi Texuosorii LTCC.

Kmrouosi cnosa: Yiubrpammupora cmyra, Mikpoemysxkosa aurera, LTCC, Mynbrumrap, MM-XBHIITI.
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