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CHAPTER1I
INTRODUCTION

1-1 Diplexer

It's a network that splits a signal to two or more loads, dependent on frequency. It is the
simplest form of a multiplexer, which can split a signal into many different signal bands. Often
a diplexer is used to route signals, based on frequency, to two different receivers. A diplexer
can also be used to create a "matched" filter that is non-reflective outside of the intended

passband. It can also be used as a bias tee, to feed your favorite active device with DC power.

It is the network that permits a transmitter and receiver to use the same antenna, at or very
near the same frequency. This is not used in radar, where the returned signal is going to be very
close to the transmitted frequency. In a diplexer, the signals have to be offset in frequency by

an appreciable percentage so the filters can do their job sorting them out.

Diplexers are generally used to separate whole fréquency ranges. For example, a certain
Diplexer may have two output ports, and one input port. Port A (Input), port B (Cutput 1) and
port C (output port 2). Port A may be connected to a device that produces multiple frequency
ranges, for example HF (High Frequency - Less then 30 MHz) and say VHF (Very High

Frequency - 130 MHz - 174 MHz). The Diplexer might be used to separate these two "bands"
(HF & VHF) into to different antenna.




1-2 Microstrip

Cross-section of microstrip geometry:-

&

Conductor (A) is separated from ground plane (D) by dielectric substrate (C). Upper dielectric

(B) is typically air.

A mierostrip is a thin, flat electrical conductor separated from a ground plane by a dielectric
layer. Microstrips are used in printed circuit designs where high frequency signals need to be
routed from one part of the assembly to another with high efficiency and minimal signal loss
due to radiation. They are of a class of electrical conductors called transmission lines, having
specific electrical properties that are determined by conductor width and resistivity, spacing
from the ground plane, and dielectric properties of the insulating layer. A microstrip
transmission line is similar to a stripline, except that the stripline is sandwiched between two

ground planes and respective insulating layers.

1-2-1 Inhomogeneity

The electromagnetic wave carried by a microstrip line, exists partly in the dielectric substrate,
H and partly in the air above it. In general, the dielectric constant of the substrate will be greater
than that of the air, so that the wave is travelling in an inhomogeneous medium. In

; consequence, the propagation velocity is somewhere between the speed of radio waves in the

ﬂ substrate, and the speed of radio waves in air. This behaviour is commonly described by stating

the effective dielectric constant (or effective relative permittivity) of the microstrip; this




being the dielectric constant of an equivalent homogeneous medium (i.e. one resulting in the

same propagation velocity).
Further consequences of an inhomogeneous medium include:

« The line will not support a true TEM wave; at non-zero frequencies, both the E and H
fields will have longitudinal components (a hybrid mode). The longitudinal components

are small however, and so the dominant mode is referred to as quasi-TEM.

« The line is dispersive. With increasing frequency, the effective dielectric constant
gradually climbs towards that of the substrate, so that the phase velocity gradually
decreases: This is true even with a non-dispersive substrate material (the substrate

dielectric constant will usually fall with increasing frequency).

« The characteristic impedance of the line changes slightly with frequency (again, even
with a non-dispersive substrate material). The characteristic impedance of non-TEM
modes is not uniquely defined, and depending on the precise definition used, the
impedance of microstrip either rises, falls, or falls then rises with increasing frequency.
The low-frequency limit of the characteristic impedance is referred to as the quasi-
static characteristic impedance, and is the same for all definitions of characteristic

impedance.
+ The wave impedance varies over the cross-section of the line.

1-2-2  Characteristic Impedance

A closed-form approximate expression for the quasi-static characteristic impedence of

microstrip line was developed by Wheeler
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where wer is the effective width, which is the actual width of the strip, plus a correction to

account for the non-zero thickness of the metallization. The effective width is given by

+£1—, 4e
Weg =W+ 1 > = In

e ()

with

Zo = impedance of free space,

€y =dielectric constant of substrate,
w = width of strip,

h = thickness (‘height") of substrate and

1 = thickness of strip metallization.
This formula is asymptotic to an exact solution in three different cases

1. w > h any €r(parallel plate transmission line),
2. WK h, Ep == 1(wire above a ground-plane) and
3. w< h, Er 2> 1.




CHAPTER II
MODEL DESIGN AND ANALYSIS

2-1 Designing steps

The four main designing steps :

)

2)

Determine the one type resonator network, to realize the specification, from the original

prototype.

From the network parameters, evaluate the even and odd ordered characteristics

impedances, Z _and Z , , applicable to the parallel-coupled microstrip.

The quantities ‘g’ refer to the prototype element values, for example g =1(the

normalized termination value) and gl =0.781 from the table for a fourth order
chebyshev prototype which is standard data available in many references . The

admittance inverter parameters (J) are then given by:

For the first coupling structure:

Jo /Y = JT18 / 29,9,

For the intermediate coupling structure :

‘lj,j+1/Y0 |j=lto(n—1): H5 / 2wc1/gjgj+1

For the final coupling structure :

‘]n,n+1 /Yﬂ:'\/né‘ / 2gngn+1




k)

4

In these three equations, & is the fractional bandwidth
s=f,-f /1,

The frequency transformation from the low pass prototype filter to the bandpass

microwave filter is then
wlw, =218 (f-f /1))

where @, is the prototype cut off frequency ( it equals 1.0) and , has to be defined in

the filter specifications.

Relate the values of Z _and Z , to microstrip widths and separations (w, s).
(Z,) 5,7 Zo(l HaZytaZ, ")

(Zoo)s5m=Zo(1-aZo+a’Z,?)

wherea=1J, . .

Calculate the whole resonator length 21", stightly less than /2, and therefore of the

coupled-section length I°, which is slightly less than 4 /4,

Here A_is the mid-band and average microstrip line wavelength.
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Filter 1 specifications

Transmission media :- Stripline
Fiiter center frequency :~ 2.25 GHz
Filter bandwidth :- 0.1 GHz

Ripple :- 0.5

QOut of band attenuation :- 2.6 GHz
Attenuation at that frequency :- 40 dB
Input Impedence :- 50 ohm

Output Impedence :- 50 ohm

Internal impedence :- 60 ohm
Relative dielectric constants :- 3.5

Dielectric :- GaAs

11
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Filter 2 specifications

Transmission media :- Stripline

Filter center frequency :- 2.5 GHz

Filter bandwidth :- 0.1 GHz

Ripple :- 0.5

Out of band attenuation :- 2.9GHz

Attenuation at that frequency :- 40 dB

[nput Impedence :- 50 ohm

Output impedence :- 50 ohm

Internal impedence :- 60 ohm

Relative dielectric constants :- 3.5
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Even and Odd Impedances of the Edge coupled band pass filter with center frequency 2.5 GHz

N ( order) Zeven(Q) 7 0dd (€2)
1) 63.077 39.832
2) 52.360 47.354
3) 51.969 48.174
4) 52.360 47.354
5) 63.077 39.832

Even and Odd Impedancies of the Edge coupled band pass filter with center frequency 2.25
GHz

N ( order ) Zeven (£2) 7, 0dd (£2)
1) 63.160 39.851
2) 52.63% 47.227
3) 52.200 . | 47.977
4) 52.639 47.227
5) 63.160 39.851

13




- 2.2 Tools used

2-2-1 Tx Line software

It’s a software used to calculate the Length , Width , Height, Gap and thickness of Coupled
Microstrip Lines which we need to realize Edge coupled filters and finally diplexers.

Here we input even and odd impedances which we calculated manually by using formulae.

2-2-2 AWR software

This software is used to simulate the final result of the edge coupled fiiters and the diplexer.




2-3  Edge coupled band pass filter 1

Results obtained using Txline for filter 1 with center frequency 2.25 GHz

For order (n) =1

- TXLNE 2003 - !-Iicrtrip Coupled Line




For order (n) =2

2 TXLINE 2003 - Microstrip Coupled Line
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For order (n) =3

edLine
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8 Fororder (n)=4
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For order (n) =35
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2.4  Edge coupled band pass filter 2
Results for filter 2 with center frequency 2.5 GHz

For order (n) = 1

1.982
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For order (n) = 4

72 TXLINE 2003 - I'-iicm.r»_trip Coupled Line

¢4 TXLINE 2003 - Microstrip Coupled Lin




For order (n) =5
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CHAPTER III
SIMULATION AND FINAL RESULTS

3.1 Microstrip Edge coupled band pass filter 1

Final output graph of filter 1 :
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- 32 Microstrip Edge coupled band pass filter 2

Finai output graph of filter 2 :
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Final outlay of diplexer

3.3

Outlay circuit of the Diplexer :
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3.4 Final output of diplexer
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CONCLUSION

In this project we have demonstrated a design methodology for microstrip diplexers working at
closely spaced frequencies. The line length connecting the two filters is optimized in such a

way that each filter does not load the other at the operational frequencies. Simulation show

encouraging results,
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