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ABSTRACT

Directional couplers are used in RF and microwave signal routing for isolating, separating or combining
signals. They find use in a variety of measurement applications: Power monitoring, Source levelling, Isolation
of signal sources. But Directional couplers are operating at different frequency band for different application.
We will design Directional coupler at 3.4GHz frequency in Ranging Transponder of IRNSS system using
Microstrip Technique. Design of Directional coupler is done by using Advance Design System (ADS). By using
lumped components (Inductive or capacitive compensation techniques) or multi section technique or different
designs, results can be achieved as per the specifications. Here, 3-dimentional directional coupler technique is
used to get results as per the specifications. Our target specifications met with the fabricated results but the
frequency is shifted. This could be happened because of fabrication problem: material permittivity may be
changed compared to simulation material, tangent constant may be different.
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1. INTRODUCTION

The term microwaves may be used to describeelectromagnetic (EM) waves with frequencies ranging from 300 MHz to
300 GHz, which correspondto wavelengths (in free space) from1 mto 1 mm. The EM waves with frequencies above
30 GHz and up to 300 GHz are also called millimeter waves because their wavelengths are in the millimeter range (1-
10 mm). The millimeter wave spectrumat 30MHz-300 GHz is of increasinginterestto service providers and systems
designers because of the wide bandwidths available for carrying communications at this frequency range. Such wide
bandwidths are valuable in supporting applications such as high speed data transmission and video distribution.

Directional couplersare general purpose tools used in RF and microwave signal routing for isolating, separating or
combining signals. They are used in a variety of measurement applications: Power monitoring, Source leveling,
Isolation of signal sources, Swepttransmission and reflection measurements. Directional coupleralso providing taps for
cable distributed systemsuch as cable television, separating transmitted and received signals on telephone lines.

Directional couplers are passive reciprocal networks. It is a four-port network where all four ports are ideally matched
and lossless. Directional couplers can be realized in microstrip, stripline and waveguide. Directional couplers are used
to sample a signal, incident and reflected waves. When two transmission lines are close together, because of the
interaction of the electromagnetic fields of each line, power can be coupled between the lines.
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Figure 1 - Directional Coupler
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1. A portion ofthe wavetraveling fromport 1 (input) to port 2 (output) is coupled to port 3 (forward coupled), but not
to port 4.

2. A portion of the reflected wave traveling from port 2 to port 1 is coupled to port 4, but not port 3.

3. A portion of the wave incident on port 4 to port 3 is coupled to port 2, but not port 1; and a portion of the wave
incident on port 3is coupled to port 1, but not

port 2.

2. IRNSS

Indian Regional Navigational Satellite System (IRNSS) is a regional satellite navigation systemowned by the Indian
government. The systemis being developed by Indian Space Research Organization (ISRO).

There are two types of transponder is used in IRNSS:

(i) Navigation transponder (ii) Ranging transponder.

IRNSS is an independent Navigation Satellite System providing services in the Indian Region. IRNSS is being
implemented by the Indian Space Research Organization. The project is being managed by the lead center viz., ISRO
Satellite Centre, Bangalore with support from the other work centers viz., Space Application Centre, Ahmedabad,
ISTRAC. IRNSS provides fairly good accuracy and the whole constellation is seen all the time. IRNSS system
provides the Dual frequency user with a targeted position accuracy less than 20 meters in the coverage area.

3. DESIGN APPROACH

Parameter Values
Coupling -20 dB
Return loss <20 dB
Insertion loss 0.4 dB
Isolation 30 dB
Directivity 20 dB

Table 1 — Target Specification

A. Microstrip Coupled Line Design

Figure 2 — Coupled line structure

Coupling and the operational frequency are known parameters at beginning of the design. Based on the known
parameters, the proposed procedure has the following steps.
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Parameter Value
Coupling, C 20 dB
Centre frequency, f 3.4 GHz
Substrate name FR4
Substrate permittivity, Er 4.6
Substrate thickness, h 1.6 mm
Copper thickness, t 0.035 mm
Tan o 0.002
Characteristic Impedance, Zo 50 Q

Table 2 — Design Specifications

B. Find Ben- and Odd-Mode Impedances

< Pl
1+ 1020 1— 1020’

~{E -
1—10'z0 1+10'z0

Zoe=2Zo v Zoo=2Z,
Z, is 50 Q. After calculations the even and odd mode impedances, Zoe and Z,, are 55.277 Q and 45.226 Q
respectively.

C. Find Physical Dimensions w/ h and s/ h

Calculation of w/h ratio

| )L
o loal T
w —
h - [exp(m\; (8r+1})—1J
Where,
Zoe Zoo

R= 2 and R= 2

Now,

And

The corrected term is given by,
W L
(5 mare ()50
h/s0'=078 “h

The shape ratio for the coupled line is,
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Where,

and

Calculation of spacing ratio s/h
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D. Find Physical Length I

The physical length of the directional coupler is obtained using:

A c
| =4 =4 f+zeft

Where, ¢ = 3 * 10** mnvs and f s operational frequency in hertz.

4. SIMULATION

ADS(Advance Design System) software is used here for simulation.
Various techniques are used to improve directivity.
1.Coupler with lumped element compensation (Inductive or capacitive compensation techniques)

2. Multi-section coupler
3. N-sectional structure

Here conventional technique is used for design of directional coupler.

Parameter Values
Frequency 3.4 GHz
Coupling 20 dB
Dielectric constant of substrate 4.6
Thickness of substrate h 1.6 mm
Microstrip couple line thickness t 0.035 mm
Microstrip couple line Width w 2.86 mm
Interval s between two Microstrip | 2.18 mm
lines

Microstrip line length | 11.82 mm
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Table 3 - Parameters values used in simulation

! Terd
Nt N
I%00m 2=40 Ctem
| seurasieTERS - =
Sebar="¥Sut" Subs=NSa "
g We2 8 mm WL 504 oy
s¢ L= N6am L=11 766 roee
Ste=2 Gy
Styp=d GHz g 1SRN
g o ;::F‘vﬁu." Eeal
W24 mm S WUSh T
HSw! o gend)
1 fem Substr NSt S W1
Eridd o V=DM Clnt W=7 104 rone
ey SHENS"
el W= %6 mm
s e 2184 mm 1
™™ Sclai Vst L1 B2 SwHSAT
m""—h ;n W=2314mm W=2 554 e
7% =1t N6 =1
. 7 5 L=t M6om L\! I e
Brae s b Terecd
Dpesbe= :'::. )
! i
50 0m S
Figure 3- Schematic of Directional Coupler
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Figure 4- Simulation Results of Schematic

Afterdoing designin schematic, further I will design in layout in ADS. In the layout part, if | want Return loss(S11)
than Iwill give input at port 1and other ports will be terminated. Same like that, if | want couplin g(S31) than input will
be given at port 1and output will be taken from port 3,0ther ports will be terminated. Same in other cases for S41, S21,
S33, S44.

Layout output results will be lost slightly compared to schematic results.
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Figure 5- Simulation Results of Layout
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Note here, In all the simulation outputs:
S11-Return Loss, S21-Insertion Loss, S31-Isolation, S41- Coupling.

Parameters Results
S11-Return Loss -24.467 dB
S21-Insertion Loss -0.615 dB
S31-Isolation -28.371 dB
S41-Coupling -20.891 dB

Table 4 — Measured Results

Using multisection technique we can improve the parameters. Here, | have used 3-dimentional directional
coupler.

Stages w S |
1 2.68 mm 1.54 mm 3.5 mm
2 2.68 mm 2.71 mm 3.5 mm
3 2.68 mm 2.78 mm 3.5 mm

Parametrs of transmission line and bens are same as the conventional structure. The simulation results are as
follows: Return loss, Insrtion loss, Coupling and Directivity respectively.
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Figure 6- Return loss
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Figure 7- Insertion loss
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Figure 8- Coupling
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Figure 9- Isolation

Target Specifications are achieved in 3-dimentional directional coupler. Figures- 6 to 9 are simulation results of
layout.

5. CONCLUSION

It can be concluded that the best method for design of directional coupler at 3.4 GHz frequency is microstrip
technology among stripline technology, microstrip technology and waveguide technology. By using lumped
components (Inductive or capacitive compensation techniques) or multi section technique or different designs,
results can be achieved as per the specifications. Here, 3-dimentional directional coupler technique is used to get
results as per the specifications. At center frequency 3.4GHz, return loss S11is greater than -20 dB and insertion
loss is greater than -5 dB. Coupling is 20 dB and Isolation is more than 30 dB. Directivity is about 10 dB. The
specifications of this project have been met.
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