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The 3 dB, 90° coupler is a passive device with four ports that allows each output to collect half the
input power but in phase quadrature. The 3 dB coupler is often made in microstrip technology where dif-
ferent quarter-wave sections are present to ensure impedance matching. In order to be able to design a du-
plexer operating on several frequency bands, a tunable hybrid coupler was designed in this work. The cou-
pler must be adjustable to operate on the bands 3.3-3.6 GHz and 4.8-5 GHz. The proposed coupler will cov-
er the bandwidth requirements of 5 bands (3.3-3.6 GHz) and (4.8-5 GHz) to be deployed in China. The hy-
brid coupler will be designed by two methods. At the first stage, the coupler will be designed by lumped el-
ements, and then it will be designed using transmission lines. Via the ADS tool, the 3 dB 90° coupler is
dimensioned and simulated to work well at the center frequency of 3.45 and 4.9 GHz. These two frequen-
cies are belonging to the 5G bands. The main purpose of this work is to simulate and analyze the proposed
coupler for 5G frequency bands. The simulation of the reflection coefficient, i.e., S11 parameters in ampli-
tude and phase are presented and discussed. From simulation results we observed that the proposed cou-

pler works under the requirement of 5G application.
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1. INTRODUCTION

Many consumer applications have emerged since
the 2000s for telecommunications. As early as 1995, the
enthusiasm for RF and millimeter had been tipped in
[1]. More recently we have heard a lot about the Inter-
net of Things (IoT) which has taken a big rise since
2012 (first start-ups) and finally since 2015 we notice a
craze for the autonomous car which will soon become
the main market of electronics [2]. These applications
require in RF band (from a few hundred MHz to a few
GHz) low consumption, such as for IoT. In millimeter
bands (between 30 GHz and 300 GHz), we will target
either broadband (in particular for 5G around 28 GHz
[3] and 38 GHz [4], and future generations beyond
100 GHz [5] for which the rate can reach 10 Gbps), or
resolution (for medical imaging between 100 and
200 GHz), [6, 7]. Today, RF applications are used in
different scientific fields. From a commercial point of
view, modern applications that integrate RF include
smartphones, 3G, 4G and Wi-Fi wireless networks,
millimeter-wave collision sensors for vehicles, satellite
communications, global Positioning Systems, RFID
radio frequency identification marking [8], etc. the
global electronics market is still guided to this day by
cellular telephony (future 5G) but in a couple of years it
is really connected objects (IoT) [2].

As a result, active and passive components will play
a vital role in the operation of any electronic device. The
millimeter passive functions are for example impedance
matching networks, couplers and baluns, power divid-
ers or filters. Although the footprint of the components
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passes decreases with frequency, the area used to make
these circuits is much larger than that required for the
active elements. The development of passive microwave
circuits relies on the optimization of effective transmis-
sion lines and waveguides. The design of high-
performance and compact transmission lines is an im-
portant challenge to realize miniaturized circuits in RF
and millimeter bands. In this sense, the objective of this
work is to design a coupler to be used for the duplexer
architecture. In fact, couplers are extremely useful and
versatile microwave components including the first
function is to pair or split the incident signal or power
in such a way disproportionately or equally. In the lat-
ter case, we speak of power divider or 3 dB directional
coupler. They are used in many applications including
wireless telecommunications systems, radar systems,
and in systems biomedical [9]. The coupler can be used
in many applications [19-13].

The purpose of this work is to propose a coupler for
designing a duplexer for 5G applications. In this direc-
tion, a tunable hybrid coupler was designed in this
work. The hybrid coupler was designed by two meth-
ods. A coupler with by lumped elements is designed
and simulated. For the same object, the same coupler
was designed by using transmission lines. Via the ADS
tool, the 3 dB 90° coupler is dimensioned and simulated
to work well at the center frequency of 3.45 and
4.9 GHz. The S11 parameter simulation is carried out in
order to analyze the performance of the proposed cou-
pler. It has been demonstrated that the 3 dB coupler
presented in this work can be used in 5G circuits.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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2. 3 DB HYBRID COUPLER

The primary function of couplers is to couple or di-
vide the incident signal or power disproportionately or
equally. They are used in many applications including
wireless telecommunications systems, radar systems,
measurement and instrumentation systems such as
test systems, vector analyzers, power meters, loop au-
tomatic gain controllers, reflectometers and in biomedi-
cal systems. Therefore, in order to carry out different
treatments at the antennas or circuits it is often essen-
tial to have a coupler. The coupler, which we will dis-
cuss in this paper, is the 3 dB coupler. Fig. 1 shows a
micro ribbon line directional coupler. The fluency graph
of this quadriport is shown in Fig. 2.

A 3 dB hybrid coupler is a 4-port device that allows
the signal injected on a port to be separated into two
identical signals equivalent to half the initial power, or
— 3 dB, but with a phase difference that can be either
90° or 180° as shown in Fig. 3. If the outputs are mis-
matched, part of the signal ends up on the isolated
port. The hybrid coupler is a microwave device that is
widely used as a protection circuit against reflected
waves and as an adder, as for example in a balanced
PA [14]. Since the hybrid coupler is composed of pas-
sive elements, it is reciprocal.

It is possible to consider using the hybrid coupler
directly as a duplexer. In this case, the T signal will be
applied to port 1 and it will be transmitted to the an-
tenna (port 3). In reception, the signal from the anten-
na will be transmitted to Rx connected to port 2. How-
ever, this topology is not optimized at all for optimal
transmission of Tx and Rx signals. Indeed, part of the T«
signal will load on port 4 while part of the signal re-
ceived by the antenna will be found on port 1, i.e., T%.

Port 1 Port 3

pot2 C——— T portd

Fig. 1 — Microstrip line directional coupler

n
@

Fig. 2 — fluency graph of a quadriport
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Fig. 3 — A 3 dB hybrid coupler

J. NANO- ELECTRON. PHYS. 13, 03032 (2021)

3. MODELING AND CHARACTERISTICS OF
A 3 DB HYBRID COUPLER

In order to be able to characterize the hybrid cou-
pler in amplitude and phase, we use the parameters S.
regarding this 4-port device, assuming that all ports
are suitable, the parameters S are described as follows:

0 Siz S13 Sis
[S] — 521 0 523 524—
S31 Sz 0 53

541 542 543 0

Knowing that the hybrid coupler chosen in this
study has a phase of — 90° on the direct channel, that it
has a port on which the signal is totally isolated and
that the injected signal is divided in half as shown in
Fig. 1, the ideal s parameters will then be:

/0 0
0 0

1
V2
=
i

[s] = | o1
vz vz 0 0
S
V2 V2
In general, a hybrid coupler can be designed either
in discrete elements or using transmission lines.

I
NlHle-.

4. SIMULATION RESULTS

4.1 Hybrid Coupler Design Using Lumped
Elements

The design of the hybrid coupler will be done using
lumped elements. The generally used topology of a hy-
brid coupler using discrete elements is shown in Fig. 4.
In order to characterize the structure, the admittances
parameters are used to extract the S parameters.

1 1
lv,

v1 ‘ i Y6

Ya Y4
i2 ia

vz’ Yz Y5 ‘w,

T T

Fig. 4 — 3 dB hybrid coupler using lumped elements

The matrix of a 4-port device in admittance is of the
following form:

11 Y11 Y12 Y13 y14- Vl
12 — y21 YZZ y23 Y24 VZ
I Y51 Y33 Y33 Vi [\ V3
14 Y41 54-2 Y4—3 Y4—4- V4-

Each Y;; parameter is calculated by canceling the
corresponding voltages. Thus, we can build our matrix
in admittance for the hybrid coupler:
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L i+ Y+, -, -¥, 0 A
L\ _ ~Ys ,+Y:+Y 0 Y, v,
L |~ Y, 0Y+Y,+Y, Y, Vs
I 0 Y Y, Ys+ Y, + Y5/ \V,

where Y, Y,, Y3, Yy, Vs, Yy, Yy, Yg, Yy are the admittance
represented in Fig. 2. From the matrix [Y] it is possible
to extract the matrix [S]. For this, we assume that the
impedance matching is checked, so we have:

1
a; = ?Z—O(Vi + Zoly),

b= 5= (Vi = Zola),

lﬁl S-PARAMETERS I

S_Param

SP1

Start=3.0 GHz
Stop=5.50 GHz
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SO, b,:

which mean

(Vi = Zol)

Vi = Zo[YIVy) =

(Id = Z,[Y])

while Id represents the
[S] is described as

= [s]a;,

= [s](V; + Zoly),

[s1(Vi + Zo[Y1V;)),

[s1(7d + Z,[YD),

unit matrix. Thus, the matrix

[S]=(1d — Zo[YD{Ud + Zo[YD ™"

We are therefore able to model and apply pass-
through relationships between component values and
admittance or S parameters for a coupler.

Il c Il
c1 ©
== C=3.248 pF {t} c2

=~ C=1.4152 pF {t}

Step= oY\
+ Te
Terms P - 1€ i " term
orms H . L1 Term4
L @ L=2.9 nH 4 Num=4
Z=75 Ohm L L [
R= S Z=75 Ohm
_ ce S L4 S L3 C=0.82 pF {t} =
C=2.46 pF {t} L=0.77 nH {t} L=2.091 nH {t}
R= R=
= I 3 — ] -
- T 3 Term
+ Term cs 18 Cc7 Term3
Term2 C=2.1484 pF {t} L2 @ C=0.82 pF {t} Num=3
Num=2 c L=1.45nH{t} c4 Z=75 Ohm
Z=75 Ohm c3 R= =7 Cc=1.16 pF {t}
= 2296 pF {t}

]

Fig. 5 — Schematic of the hybrid coupler using lumped elements
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Fig. 6 — S11 (a) and the phase (b) of the proposed coupler
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Fig. 7 — Schematic of the hybrid coupler using transmission line
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Fig. 8 — S11 (a) and the phase (b) of the proposed coupler

In order to be able to design a duplexer operating on
several frequency bands, a tunable hybrid coupler was
designed. It must be adjustable to work on bands cited
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AnTennuii 3'eqHyBad 3 KoedirienToM migcuieHHA 3 1B Ta sacyBoM dasu Ha 90° MK BUXITHUME IIOPTAMU
— IIe ITACUBHUMN IIPUCTPIN 3 YOTUPMA HMOPTAMH, SIKUM J03BOJISAE KOMKHOMY BUXOY 30MpAaTH MOJIOBUHY BX1JTHOI
IIOTYSKHOCTI, ajie y das3oBiit kBagparypi. Taxkuii 3'eIHyBaY 4acTO BUTOTOBJIAETHCSA MIKPOCMYTOBOIO TEXHIKOIO,
B SIKIM IPUCYTHI P13HI YBEPTHXBUJIHOBI JUISHKH JIJIsA 3a0e3meYeH s y3roKeHHs immenancy. st Toro, mod
MAaTH MOYKJIUBICTD CKOHCTPYIOBATH JYILIEKCED, SKUU MPAaIlioe HA JeKLIBKOX YACTOTHUX J1ara3oHax, y poOoTi
OyB po3po0JIEHUN peryJIbOBaHMM TiOpuaHui 3'eqHyBad. 3'eHYBay IIOBUHEH PETyJIIOBATUCA JJIS POOOTH HA
miamasonax 3,3-3,6 I'T ta 4,8-5 ', 3amponoHoBanwmii 3'efHyBay 3aJ0BOJIBHUTH BUMOTH J0 IIPOILYCKHOL
3maTHOCTI 5 miamasoHis, mo OyayTs posropuyTi B Kurai. IiOpumauii 3'equyBau Oyje CIPOEKTOBAHO IBOMA
meromamu. Ha mepiomy erarri 3'emayBadY Oye CKOHCTPYHOBAHHUN €JIEMEHTaAMU 3 30CE€PEePKeHUMH mapaMer-
pamu, a MOTIM IPOEKTYBATUMEThCS 34 JOIIOMOIO0 JIHIHA esleKTporepeaadi. 3 BUKOPUCTAHHSM 1HCTPYMEHTY
ADS 3'emmyBau 3 koeditrienTom mifcuiieHHs 3 1B Ta 3cyBoM dasu Ha 90° MK BUXIJHUMU IIOPTAMHU pPO3pa-
XOBAHUM Ta 3MOJIEILOBAHUM JJIs pOOOTH HA IeHTPaIbHIN dyacToTi 3,45 1 4,9 I'T'm. Ii aBi yacroTy HaJIeKATD
o manasouiB 5G. OCHOBHOI MeT0I0 po0OTH € MOIE/IIOBAHHS Ta aHAJI3 3aIllPOIIOHOBAHOIO 3'€HyBaya I
vacToTHHX miana3oHiB 5G. [IpemcraBieHo Ta 06roBOpeHO MOIETIOBAHHS KoedillieHTa BIZOUTTA, TOOTO mapa-
Merpa Si1 3a aMILTITYI010 Ta (as3ow. 3 pe3yaIbTaTiB MOJIEII0BAHHS MU IOMITHJIA, IO 3AIIPOIIOHOBAHMIA 3'e/-
HyBaY IIpallioe 3a BUMOraMu JoaaTkiB 5G.

Knrouoesi ciosa: 5G, INopugunit anrennuit 3'eqaysau (3 xoedimientom minennenus 3 1b), Pamiouacrora,
Enementn 3 3ocepeprennmu mapamerpamu, ExBiBasieHTHA cxema.
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