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This article deals with the design and analysis of a microstrip 1 x 8 magic-T power divider (MTPD) for ISM
band (industrial and medical band) array antenna application. First, a basic 1 x 2 magic-T power divider is
designed and optimized. It can divide the power supply in two equal parts (3 dB) in-phase agreement. Then a
1 x 4 power divider has been designed using two identical 1 x 2 magic-T basic power dividers; it divides the power
supply into four equal parts (6 dB) in-phase agreement. Finally, the proposed broadband 1 x 8 magic-T power
divider is constituted by the assembly of two identical 1 x 4 magic-T power dividers; it can divide the power
supply into 8 equal parts (9 dB) in phase agreement. As results obtained, the proposed 1 x 8 power divider has a
— 10 dB wide bandwidth equals about 506 MHz (2.022 GHz to 2.528 GHz) with a minimum reflection coefficient
S11 equals about — 19.12 dB at the operating frequency 2.4 GHz. Moreover, the module of the transmission
coefficients (Siz, Sis, S14, S16, S16, S17, S1s and S19) equal about — 9 dB with a negligible phase shift equals to 2.8°
between the output signals. The design and simulation results of the proposed 1 x 8 power divider is carried out
by HFSS EM simulator using the substrate Rogers RT/duroid 5880 with the total size 424 x 49 x 1.56 mm3. The
proposed power divider is a potential candidate to feed an array antenna, amplifiers and modulators of eight
elements in the ISM band around 2.4 GHz (2.022 GHz-2.528 GHz).

Keywords: Broadband antenna, ISM band, Power divider, Array antenna, Magic-T, Broadband power divider,

Wilkinson power divider.
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1. INTRODUCTION

In the last few decades, the power dividers are widely
used in microwave and wireless communication systems,
especially for designing an array antenna [1-2], amplifiers
and modulators [3]. They are used for power division or
power combining. For an effective data reception and
transmission; an equal power splitter is necessary in
wireless communication. Nowadays, in the ISM band
(industrial and medical band) especially around the 2.4
GHz there are many modern applications that need an
equal power splitter to feed their antenna such as: RFID
(radio frequency identification) technology, GPS (Global
Positioning Systems), WI-FI (wireless-fidelity), Bluetooth
WLAN and Wi-Max [4], etc.

The microwave power dividers available in the
literature are the Wilkinson power dividers [4-5] and the
magic-T power dividers [6]. However, these devices suffer
from some weakness’ such as narrow bandwidth and huge
size due to the use of the quarter wave length branch line
[7]. This is why, recently, the power dividers have been the
subject of many studies with the aim to widen their
impedance bandwidth especially in the ISM band.

* abdelaaziz.elansaril@usmba.ac.ma
T sudipta.das1985@gmail.com

2077-6772/2023/15(3)03003(6)

03003-1

PACS number: 83.40.Ba

In this work, we have focused on the study and design
of a broadband microstrip magic-T power divider because
of its simplicity of integration with PCB (Printed Circuit
Boards) devices, the good impedance matching at its ports
and the good isolation between its output ports. The
proposed 1 x 8 magic-T power divider has one input port
and 8 output ports. It contains of four identical 1 x 2
magic-T power dividers fed by two identical 1 x 4 T magic
power dividers. So, this article presents and analyze the
designed power dividers in 1 x 2, 1 x 4 and 1 x 8 array
structures.

This article has been organized into five sections: after
this brief introduction section 1, Section 2 is dedicated to
study and design of the basic 1 x 2 power divider.
Section 3 discusses study and design of 1 x 4 power divider.
Section 4 deals with the design of the proposed broadband
1 x 8 power divider. Finally, the last section will conclude
this paper.

2. STUDY AND DESIGN OF THE BASIC 1 x 2
POWER DIVIDER (3 DB)

A power divider is a linear and passive electronic
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component that obeys the Ohm's law. It can be used for
power division or power combination as shown in Fig. 1.
Typically, this component provides in-phase output signals
with an equal power division ratio (3 dB, 6 dB or 9 dB...).
But an unequal power division ratio is possible as well.
This component is an inevitable element for designing an
array antenna.

Divider > P,=aP
Pl—> or
coupler —— P=(1-a)P,

P1=P2+P3 Dl\’ldﬁl’ Pl
— r
coupler | P,

a b
Fig. 1 — (a) Power divider. (b) Powers combiner [8]

The most popular magic-T power divider is the basic
1 x 2 T-shaped power divider. It consists of three T-shaped
transmission lines as shown in Figure 2.

Fig. 2 — 1 x 2 T-shaped power divider port layout

To have a lossless T-junction, the impedances Zo, Z1

and Zz must verify the following equation [8]:
111 0
ZO Zl ZZ

Generally, the scattering matrix S of a 1 x 2 power
divider consists of 9 independent parameters as shown
below:

S S Si
[S] =Sy Sps Sy 2
Sy Sy Sy

A power divider that does not contain any anisotropic
materials is reciprocal. Therefore, its S matrix becomes
symmetric (S; = Sji) as follow:

S S S
[S ] =S, Sy Soy 3
Sz Sp3 Say

If this structure is lossless with adapted ports
(S11 = S22 = S33 = 0) the S matrix becomes as follows:

0 S, S
[S]=]S, 0 Sy (4)
SIS SZS 0

Unfortunately, there’s no lossless structure, but we
accept that if Si1, S22, S33 are less than — 10 dB, the
structure is considered as a low-loss structure.

In microstrip technology, to design a power divider, the
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equations (5) and (6) should be considered [9-11]. These
equations allow to switch between the characteristic
impedance and the width of each branch line.
The most widely used feed line in microstrip technology
is the one whose characteristic impedance is equals to 50Q.
Equation (5) can be used to calculate the characteristic
impedance of Zso knowing its width Wso:

, 1207 126
50 — I

Jer [W;fo+1.393+0.0667ln(w;i0+1.44ﬁ Ve
with  Wso>h ®)

Conversely, equation (6) can be used to calculate the
width Wso knowing the impedance Zso:

Wo 2 B—l—ln(ZB—l)Jrg’l[1n(B—1)+O.39—0’61]:| (6
h =« 2¢, &,
With: B= 377z Weo > 2, h: the thickness of the

2Z5O\/g , T

substrate, and & its relative primitiveness. Zso, Wso
represent impedance and width, respectively, when the
line has a characteristic impedance of 50 Ohm.

The design of the basic 1 x 2 magic-T power divider is
shown in Figure 3.

L100 |

Lso I
Wso

Fig. 3 — Design of the proposed 1 x 2 MTPD

Woo

The calculation of the different parameters of this
structure were carried out using the following approach:

1) Knowing the input impedance Zo = Zso = 50 Q, we
found out the output impedances Z1 = Zioo = 100 Q using
equation (1),

i) Equation (6) is used to calculate the width Wso and
Wioo of each branch line from their impedances Zso and Z1
(= Z2) respectively.

iii1) the length of the impedance line 100 Q is initially

chosen L, < %

iv) A parametric study on lengths Lso and Lioo was
carried out to obtain a low loss structure (Si1 lower — 10 dB)
capable to divide the power feed into two equal parts
(S12 = S13=— 3 dB) in phase.

The final optimal dimensions obtained of this structure
are: Wioo = 2.78 mm, Wr = 4.48 mm, Lioo = 60.7 mm,
Lso =15 mm.

The simulation results obtained by HFSS, in terms of
reflection coefficient Si1 and transmission coefficients Siz
and S13 are shown in Fig. 4. In Fig. 4(a) the modules of the
parameters S11, S12 and S13 in dB are represented versus
frequency. It can be noted that the bandwidth is wide,
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equals about 1.4 GHz (from 1.3 to 2.7 GHz), that at the
operating frequency 2.4 GHz, Si11 = — 11 dB (<« — 10 dB
which means there is a low loss structure), Si2 = — 3.27 dB
and Si3 = — 3.26 dB, which are close to the ideal value
— 3 dB. Therefore, the input power was divided into two
parts equal in modules.

Fig. 4(b) shows the phases of S12 and Si3versus frequency.
It can be seen that their phases are respectively equals to
—175.86° and — 174.88°, the phase shift between them is 0.98°
which means that the two signals are in phase.
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Fig. 4 — (a): S11, S1z and Si3(dB) vs. frequency, (b): phases of Si2
and Sis vs. frequency of the proposed 1 x 2 MTPD

3. STUDY AND DESIGN OF A 1 x 4 MAGIC-T
POWER DIVIDER (6 dB)

The proposed 1 x 4 divider is a T junction having one
input port and 4 output ports. It divides the input power
into 4 equal quantities (6 dB) in phase. This type of divider
will be able to feed an array antenna of 4 elements.

For a reciprocal, lossless, symmetric and isotropic T
junction 1 x 4, the S matrix is given by:

0 S, S; Sy
[ S] _ S 0 Sy Sy
S;3 S,y 0 Sy,

13

Sl4 SZ4 834 0

Based on the 1 x 2 MTPD, proposed in the previous
paragraph, the design process has been extended to magic-
T 1 x 4 power divider as shown in Fig. 5. It has one input
port and four output ports. It consists of two identical 1 x 2
MTPD which feeds another 1 x 2 MTPD.
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Fig. 5 — Structure of the proposed 1 x 4 MTPD

The parameters of this optimized structure are given as
follows: Wioo = 2.78 mm, Wso = 4.48 mm, Lioo = 60.7 mm,
Lso=15 mm, Lio1 = 123 mm.

The simulation results of this structure in terms of S
parameters are shown in Fig. 6. Fig. 6(a) represents modules
of the parameters Si1, Si2, Si3, Si14 and Si5 in dB versus
frequency. It can be noted that the structure has a wide
bandwidth equals to 900 MHz (from 1.75 to 2.65 GHz), that
it's a very low loss at the operating frequency 2.4 GHz with
S11 = — 40 dB; and that the transfer parameters with the
values of S12 =—6.42 dB, S13=—6.36 dB, S14=—6.51 dB and
S15 = — 6.47 dB are almost equal and are close to the desired
ideal value — 6 dB. Therefore, the input power was divided
into 6 equal quantities.

Figure 6. (b) shows the phases of Si2, Si3, S14 and S1s
versus frequency. According to this figure it is clear that
these parameters are in good agreement. Indeed, at the
operating frequency the phases of the parameters Si2, S13,
S14 and S15 are — 104.86°, — 106.72°, — 102.63°, — 105.46°
respectively.
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Fig. 6 — (a): S parameters vs. frequency, (b): phases of Siz, Si3, S14
and Si5 vs. frequency of the proposed 1 x 4 MTPD

4. STUDY AND DESIGN OF THE PROPOSED
MAGIC-T 1 x 8 POWER DIVIDER (MTPD 9 dB)
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The 1 x 8 MTPD is a 9-ports T-type junction; one input
port and 8 output ports. It can be used to feed an 8-element
array antenna. For a symmetric, reciprocal and lossless
structure its matrix [S] is as follows:

0 S, S35 S, S5 S S Sis Sy

Sz 0 Sy Sy Sy Sy Syr Sas Sae

Sz Sis 0 Sz Ss; Sse Sy Sss S

Sy Say Sy 0 Sis S Sir Sis Sie

[S]: S5 Sps S3s Sis 0 Sy Sy Sy Sie |(10)

Sie S Sss Sie Sse 0 Ser Sgs Seo

Siz Sy Sy Siz Ssp Sez 0 Spg Sy

Sig Sys Sss Sis Sss Sgs Szs 0 Sy
[S19 Sa9 Ssz9 Sig Ss9 Sgg SS9 Sgg 0|

Based on the previously designed 1 x 2 and 1 x 4 MTPD,
the design can be extended to 1 x 8 MTPD, it consists of
four identical 1 x 2 MTPD which are fed by two others
identical MTPD as shown in Fig. 7. The proposed 1 x 8
MTPD divide the input signal power into eight equal
quantities (a power division ratio equals to 9 dB) in phase
agreement.

Fig. 7 — Structure of the proposed 1 x 8 MTPD

The final dimensions of this optimized magic-T 1 x 8
power divider are as follows: Wioo = 2.78 mm,
Ws0=4.48 mm, L1oo=60.7 mm, Lso=15mm, Lio1 =123 mm,
Lio2 = 240.7 mm. The simulation results of the optimized
1 x 8 MTPD in terms of S parameters are shown in Fig. 8
and 9. Fig. 8(a), (b), (c) and (d) show a comparison between
the reflection coefficient Si11 and two transmission
coefficients of two neighboring output ports having the
same power supply. it’s clear that the structure has a wide
bandwidth equals 506 MHz (from 2.022 GHz to 2.528 GHz)
with a minimum reflection coefficient of — 19.12 dB at the
operating frequency 2.4 GHz. Moreover, the values of the
transmission coefficients Siz, S13, S14, S16, S16, S17, S18 and
S19 are almost equal to — 9 dB throughout this band. The
value — 9 dB confirms that the input power has been
divided by 8 and distributed equally to the 8 output ports.

Fig. 9(a), (b), (c) and (d) show the phases of the
transmission coefficients of two neighboring output ports
having the same power supply, versus frequency. They
show that almost all curves are in good agreement which
means that all output signals are in phase agreement.
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Fig. 8 — (a) S11, Sz, S13 versus frequency; (b) S11, S14 and Si5 versus
frequency; (c) Si1, Sis, Si7 versus frequency; (d) Sii, Sis and Sio
versus frequency of the proposed 1 x 8 MTPD

Table 1 summarizes the modules and phases of the
transmission coefficients (S12, S13, S14, S16, S16, S17, S18 and
S19), and the phase shift between two neighboring output
ports having the same power supply at the operating
frequency 2.4 GHz.
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Table 1 — Summary of transmission coefficient values and their
angles at operating frequency 2.4 GHz

S parameters|Value (dB) |Angle(deg) [Phase shift
o v T o Ml
Se T —as er1s ] 2
s —oor [ osoo | 2
ST —ous 0w 2

Based on these results, it can be concluded that
proposed power divider has a power distribution ratio
equal to 9 dB with negligible phase shift of about 2.8°
between the output signals. Therefore, this divider is a
potential candidate for feeding an 8-element array
antenna.
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Tupoxocmyrosuit MikpoCMy:KKOBUM aiabHUK moTy:kKHOCTI 1 x 8 Magic-T nisa sukopucranusa g ISM
aAHTEeHHHUX peuriTeax
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CraTTsa mpucBsiyeHa Po3poOlIll Ta aHaJN3y MIKPOCMYKKOBOTO MiIbHUKA HOTy:KHOCTI 1 x 8 magic-T (MTPD) ms
3aCTOCYBAHHSI AHTEHHOI pelmniTky miamasony ISM (mpomucioBwmit 1 Memuunwmii miamason). CrmoyaTky po3po0JsieHo Ta
ONTHUMI30BaHO 0A30BUI AUIBHUK IMOTYsHOCTI 1 x 2 magic-T. Bin mMoike posmiinTH 'KMBJICHHS HA JIB1 PIBHI YaCTHHU
(3 nb) 3a cuudasuaum yaromrenusm. [lotim OyB po3pobseHHI MUIBPHUK TOTY:KHOCTI 1 X 4 3 BUKOPHUCTAHHSIM JIBOX
1IeHTHYHUX 6a30BUX JUIBHHUKIB MOTY:KHOCTI 1 X 2 magic-T; BiH IIUTE A:KepeJIo *KUBJIEHHS Ha YOTHPHU PIBHI YaCTHHU
(6 nB) 3a curdasuum yaromprenasm. Hapenrri, 3amrporioHoBaHII IIMPOKOCMYTOBHE JIIBHUK IOTYKHOCTL 1 X 8 magic-T
CKJIAJAEThCA 3 ABOX IMeHTUYHMX TUIBHHUKIB MOTY:KHOCTI 1x 4 magic-T; BiH Moike PO3OIINTH IJKepesio sKHUBJICHHS Ha
8 piBumx uvactuH (9 a1B) y dasoBomy ysromxenHHl. 3rigHO 3 OTPUMAHUME pe3yJIbTATAMU, 3aIIPOIIOHOBAHUM JIIBHUK
moTy:kHOCTI 1 X 8 Mae mmpuHy cMyru mpomyckanusa -10 ab, mo mopisaoe mpubmausno 506 MI'm (six 2,022 I'T'i mo
2,528 I'Tm) 3 mimiManbHEUM KoediiieHToM Bimburta S11, mo mopiBHIoe mpubiansHo — 19,12 1B ma pobouiit wacroTi
2,4 I'T'n. Kpim Toro, momysis KoedirienTis mepemaui (S12, S13, S14, S16, S16, S17, S18 1 S19) nopiBHIOE IPUOIH3HO —
9 n1b 3 HesHaunuM ¢$as3oBUM 3CyBOM, piBHUM 2,8° MiK BHXITHUMH CHUTHAJIAMHU. Pe3yJbTaTh IIPOEKTYBAHHSA Ta
MOMEJIIOBAHHS 3aIIPOIOHOBAHOIO JIJIbHUKA HOTY:KHOCTI 1 x 8 BukoHaHo Ha cumysaTopi EM HFSS 3 Buropucranuam
migxmagkur Rogers RT/duroid 5880 i3 sarayipuuM poamipom 424 x 49 x 1,56 Mmm3. 3ampomoHOBaHUN JIIBHUK IIOTYKHOCTL
€ IOTeHIIMHAM KaHIUIATOM [JIA SKMBJIEHHS aHTEHHOI PEINTKH, MiACU/IIOBAYIB 1 MOAYJIATOPIB 3 BOCBMH €JIEMEHTIB y
miamasoni ISM 6mmsesro 2,4 ['Tir (2,022 I'T-2,528 '),

Kmiouosi ciosa: Illupoxocmyrosa amrena, Hiamasom ISM, linmpHuk moryskHocti, AmTenHa pemritka, Magic-T,
IMuporocMyropuit TiIbHUK mOTYsKHOCTI, Jinsauk notyskaocti Wilkinson.
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