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Abstract— This paper proposes to design a microstrip directional
coupler with a -10 dB coupling factor with high directivity
working in S-band within frequency 2.25 GHz by using
Aktarzad, ROW Botham and Jones way to give high accuracy.
The calculation of shape ratio w/h and space ratio s/h synthesis
by Bryant and Weiss technique. The paper takes all the
representation of design by using the calculations of main
parameters and Computer-aided design - CAD to arrive at the
optimization case. The manufactured device by using Rogers
3003 microwave board and is measured by a spectrum network
analyzer. The comparison between the results of software and
practical measurements gives perfect close results. This paper
shows the better steps to design the parameters of a microstrip
directional coupler with high directivity.

Index Terms—Microstrip directional coupler, high directivity,
odd and even characteristic impedances, and satellite
application.

I. INTRODUCTION

The Directional coupler is the one widely uses as a
microwave device, it consists of two individual directional
and coupler terms, electrically consisting from two
circuits by side so that they have on each other and that
depending on just how close they are [1][6].

The coupler circuits will be microstrip lines couplers. The
structure has the same widths of parallel microstrip lines.
The calculations can describe the useful estimating degree
of unwanted coupling between the waves on microstrip
lines on the same substrate.

The odd and even mode of characteristic impedances (Zog
and Zo,) have more significance than any parallel coupled
lines within the substrate permittivity and the coupled
structure [1].

There are important parameters for any coupler design
like coupling factor C, Isolation I, transmission factor T,
and directivity D. And must know the difference phase
velocities by odd and even modes will cause the main
effect of which is to degrade the directivity [2].

The important specification for a coupler will include:
The coupling factor C at the mid-band frequency (usually
in dB), permittivity €, and thickness of the substrate of the
board, the characteristic impedance of ports Z, (usually 50
Q), bandwidth and center frequency, Lowest acceptable
directivity D in dB, and the tolerance of coupling factor
over the band (sometimes) [3] [4].

From all of this information, the designer must be find the
widths of microstrip lines and the separation between
them and the coupled region length and the insertion loss
as a function of VSWR or the frequency required over the
band, then the values of odd and even mode of
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characteristic impedances (Zo, and Zo.) and the final
synthesis problem is then identical to that a couple [5].
The manner of Bryant and Weiss to synthesis technique of
the shape ratios (w/h and s/h) are determined from (Zog
and Zo.), then using these values w/h and s/h, recalculate
Zop and Zo. that means of the semi-empirical analysis
formulae. And last step the compare the newly calculated
value of Zo, and Zo, with those originally required [6] [7].
Either synthesis technique by Akhtarzad is modified to
obtain greater accuracy [8].

The coupler directivity is a quality factor of the directional
coupler and is defined as the amount of power appearing
atan uncoupled port [6].

Return loss could find by equations, response figures, or
table [9] [10], see Table I and Table II.

TABLE I
VSWR TO RETURN LOSS CONVERSION CHART [9].

VSWR Return Loss (dB)
1.098 26.612
1.099 26.528
1.100 26.444
1.102 26.281
1.104 26.120
TABLE II
VSWR TO RETURN LOSS AND OTHER PARAMETERS [10].
Retur | VSW | Reflectio | Mismatc | Reflecte | Throug
n R n h Loss | d Power h
Loss Coefficien (dB) (%) Power
(dB) t,r (%)
25 1.12 0.056 0.014 0.32 99.68
26 1.11 0.050 0.011 0.25 99.75
27 1.09 0.045 0.009 0.20 99.80

1. DESIGN CALCULATIONS:

To design a (-10 dB) microstrip directional coupler must
consider the following requirements:

1- Coupling factor ¢’ = —10 dB

2- Single microstrip feed line characteristic

impedances Zy = 50 Q

3- Substrate permittivity €, =3

4- Thickness of board = 1.52 mm

5- System center frequency = 2.25 GHz.
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A- The odd and even characteristic Impedances

The odd and even mode of characteristic impedances (Zog
and Zo.) are important parameters to design a parallel
coupled transmission line. These impedances are
according to functions of the degree of coupling factor (C)
and the characteristic impedance (Zo) (often 50 Q) of
single line terminating. The relationships between Zo, and
Zo. and physical dimensions of coupled transmission lines
are major for the designer (including the substrate
permittivity €;). Analysis of odd and even mode of
characteristic impedances (Zoo and Zo.) as a function of
Shape ratio (w/h), Spacing ratio (s/h), and permittivity of
substrate material (€;) [6].

The following results were calculated according to the
above requirements.

f1—100’/20
ZOO =Zo m (1)
=360
f1+100’/20
ZOe =Zo m (2)
=69.37 Q

B- The characteristic impedances
approximation calculation of coupling
around -10 dB or more so

Zo =+Zo.Zo, (3)

=49.973 Q

To calculate the single microstrip characteristic
impedances are

Z0oo

Zoso =" 4
=18 Q
Zo.

Zose =" (5)
=35Q

C- Shape ratio w/h and Spacing ratio s/h

The shape ratio of w/h and s/h are found from Zo, and
Zo, by two universal graphs, equations, or with aid of
software [12]. Both cases must go with two stages. The fir
stage involves the determination of an equivalent single
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microstrip ratio (w/h). The second stage has the required
shape ratio (w/h) and spacing ratio (s/h) of coupled
microstrip structure to the equivalent of single
microstrip shape ratios. The final results will be
independently about the permittivity of substrate for a
considerable range and are given by Akhtarzad, Row
Botham, and Jones, not only by graphical form but also by
formulas [6][8].

D- Calculations of w/h and s/h

g= cosh(g (6)
=1.03
Where
5=0.24,
h=1.25and
d= cosh(n% + % (7
=275.6
w)y 2 _q1 (2d—g-1
D (3),, = 2ecosh™ (2557 ) +
4 w
hll1+24 8
(142 €% ( s ) (8)
=8.64
w _ 2 -1 (2d-g+1
2 (1), = et (21)
=4

cosh [()(5),, |+ cosn [, -2
cosn [B)3),. ]~ coon [B)0), ] (o)

3) %= % cosh™! [

=0.149

E- Coupling region length

The maximum degree of coupling occurs when the length
of the coupling region is made Agm, where Agm is the mid-
band wavelength.

As a rough first approximation will lose the coupling
amount perhaps less than - 10 dB and we can consider
that uncoupled, the width of the microstrip evaluates the
mid-band wavelength. To avoid the error rise to 10 % or
more, the odd mode and even mode of wavelength should
be taken for greater accuracy [6].

c 3%108

A= }: = 225+10° a1
=133.33 mm
y 133.33
Agm - \/S—r - V3 (12)
=76.98 mm
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Quarter wavelength

/‘lgm
4
=19.24 mm

(13)

F- Directivity

Directivity is a quality factor of the directional coupler
and we can define it as the amount of power that will
appear at the uncoupled port and can express as the
Isolation minus coupling [11] as shown below.

Directivity = Isolation — Coupling (14)
=20.51 —10.407
=10.105dB

G- Returnloss

In the construction of a solid homogeneous medium,
without air gaps, the voltage standing ratio VSWR
becomes the most limiting parameter of frequency on
coupler directivity [11] [13]. Return loss according to
VSWR in dB is expressed in the equation below. See Table
L

Return losse (dB) = —201logq, [ (15)

= 26.444 dB

VSWR—l]
VSWR+1

I1l. SIMULATION DESIGN AND ANALYSIS

The directional coupler was designed by using Genesys
software according to theoretical calculations and
analyzed by simulation measurements, the sketch of
schematic and layout are shown in figures 1 and 2
respectively
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Fig.1: Schematic of directional coupler

Fig. 2: Layout of directional coupler

VSWR for all ports are (1.094) in mid-band

(2250 MHz) as shown in Figure 3.
The coupling factor in the mid-band is (-10.012
dB) as shown in Figure 4.

Input impedance in mid-band (50.8 - j 4.18)

ohm, Figure 5.

Isolation between the ports in mid-band as
following according to Figure 6.

S12=S34=-0.523 dB
S13 =S24 =-23.664 dB
S14=S23=-10.012 dB
Characteristic Impedances for all ports in mid-
band as shown in figure 7.
S11=(51.888-j4.18) Q
S22 =(51.888-j4.18) Q
S33=(51.888-j4.18) Q
S44 =(51.888-j4.18) Q

VSWR1 VSWR2,VSWR3,VSWR4

04|

02

L 1250MHz

| msoMee

|
[1.094,

 350MHz

11.067.

2250
Freq (MHz)
= VSWR2 & VSWR3

Fig. 3: VSWR of ports
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Fig. 4: Coupling factor of directional coupler
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Fig. 5: Input impedance of directional coupler
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IV. PRACTICAL MEASUREMENTS

Manufactured the directional coupler by Using
Rogers 30003 microwave board see Figure 8,
after manufactured made practical
measurements by spectrum network analyzer
(hp-Agilent- 8510 A), as shown in figures

9,10,11,12 and 13 respectively.

Fig. 8: Manufactured directional coupler

1- VSWRs in mid-band (2250 MHz)
S$11=1.11,522=1.227,S33 =1.133 AND
S44 =1.304

2- Coupling factor =-10.4 dB

3- Inputimpedance = (47.033 -j4.162) Q

4- Isolation between ports
S§12=S34=-0.88dB
S$13=S24=-20.5dB
S$14=S23=-10.40dB

5- Characteristic impedances for all ports
S11=(47.033-j4.162) Q
S$22=(49.334-j10.105) Q
S$33=(52.215-j6.009) Q
S44 = (55.506-j12.912) O

511 wR

Fig 9: VSWR and input impedance of port 1.
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Fig. 10: Fig 9: VSWR and input impedance of port 2.
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Fig 11: VSWR and input impedance of port 3.
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Fig 12: VSWR and input impedance of port 4.
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Fig 13: Coupling factor of Directional Coupler

V. COMPARISON BETWEEN SOFTWARE AND PRACTICAL
MEASUREMENTS AS SHOWN IN TABLE III.

TABLE III
COMPARISON BETWEEN SOFTWARE AND
PRACTICAL MEASUREMENTS
Parameter Software Practical
measurements measurements
VSWR S11=1.094,S22=10.94 S11 = 1.111, S22
S33=10.94,544 =1.094 =1.227
S33 = 1.133, S44
=1.305
Coupling -10.012 dB -10.4 dB
factor
Input (50.888—j4.18) Q (47.033-j4.162) Q
impedance
Isolation S12 =534 =-0.523 dB S$12=S34=-0.88 dB

S13 =524 =-23.664 dB
$14 =523 =-10.012 dB

§13=S24=-20.5dB
$14=523=-10.40dB

Characteristic
impedances

S11=(51.1888 - 4.18) Q
$22=(51.1888 - 4.18) Q
$33=(51.1888-4.18) Q
S44 =(51.1888 — 4.18) Q

S11 = (47.033 - j
4.162) Q
$22=(49.334-j10.105
$33 = (52.215 - j
6.009) Q
S44 = (55.506-j12.912

TABLE IV

THE PRACTICAL SPECIFICATIONS OF
MANUFACTUREDMICROSTRIP DIREC COUPLER

Frequency 1.25 - 3.25 GHz
band
Coupling factor 10 dB
Coupling +1dB
deviation

DOI: http://doi.org/10.24086/cocos2022/paper.810

Insertion loss 0.2 dB
Directivity 10.105 dB
Input 50Q

Impedance
Input VSWR 1.21:1
(maximum)
Power 15w
Connectors Type SMA
(female)

VI. CONCLUSION

This paper designed and implemented the
Microstrip Directional coupler within 10 dB
coupling factor with frequency band 1.25 to
3.25 GHz used in satellite communication and
different applications. Using Akhtarzad, ROW
Botham, and Jones and Bryant and Weiss
manners to calculate the parameters of the
directional coupler. The main parameters
within center frequency 2.25 GHz to achieve
and improve the impedance mismatching to
arrive at 50 Q and try to have high directivity
within 10.105 dB and return loss 26.444 dB
versus 1.11 VSWR. The comparison between
the simulation results and practical
measurements was closely for implemented
microstrip directional coupler.

In implementation Using Rogers 3003 board
has a substrate permittivity €, = 3 and thickness
of the board (h) = 1.52 mm. This paper shows
the correct steps to design and implement the
microstrip directional coupler.
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