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ABSTRACT

Microstrip transmission line is used over the frequency range from 1 GHz to 40 GHz.
The circuit dimensions at higher frequency are very small and circuit losses become high.
In practice microstrip is used extensively over 2 to 12 GHz range where small compact
circuits, suitable for the inclusion of active devices. The circuits using microstrip have
several advantages such as light weight, small size, low cost as compared to
conventional microwave waveguide. This project involves the design and fabrication of
RF subsystems using microstrip line such as low pass filter, bandpass filter, power
divider and hybrid line coupler. The performance of various design is analyse through

simulation and measurement.



ABSTRAK

Talian penghantaran mikrojalur digunakan L;H‘L"le frekuensi di antara 1 GHz hingga 40
GHz. Dimensi litar pada frekuensi tinggi adalah kecil dan kehilangan litar menjadi tinggi.
Dalam praktik mikrojalur digunakan secara meluas pada julat di antara 2 hingga 12 GHz
di mana litar yang kompek dan kecil sesuai digunakan untuk memasukan peranti aktif.
Litar menggunakan mikrojalur mempunyai beberapa kelebihan termasuk ringan, saiz
kecil, harga murah dibandingkan pandugelombang untuk konvensional gelombangmikro.
Projek ini terdiri dari reka bentuk subsistem RF menggunakan talian mikrojalur seperti
penapis lulus rendah, penapis Iulu jalur, pembahagi kuasa dan pengganding hybrid.

Prestasi untuk rekabentuk di analisa menerusi penyelakuan dan pengukuran.
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1.0 INTRODUCTION

The rapid development of wireless communications products over the last ten
years has led to 2.111 explosion in interest in improved circuit design approaches in the
radio frequency ( RF ) and microwave area. Microstrip circuits for microwave
engineering have progressed through the research and development stages and are
now found as integral part of many small-signal microwave systems.

Advanced development of microstrip technology has brought microstrip into a
new era of communication world. Nowadays microstrip has become more and more
popular and important as a communication in radio communication, satellite
communication, cellular phone communications and other microwave transmission.
In fact, microstrip technology reduced bulky conventional microwave components
such as amplifier, oscillator, mixer, filter and detector. These lumped microwave
components can be replaced by microstrip that acts as transmission lines that make
microwave’s components become miniature and lightweight.

Microstrip transmission lines has been discovered to be more efficient than other
types of transmission lines like coaxial line, two-wired line and twisted-pair line. This
mostly due to its lightweight and small sized with a similar or even better performance
compared with those lines, Furthermore, microstrip transmission lines produced less
loss and can be considered as a lossless transmission medium. However, micrdstrip
transmission lines are not suitable for long distance transmission like connection from
one place to another. It is design for small distance transmission for instance the

transmission between two adjacent ports or terminals.



2.0 MICROSTRIP TRANSMISSION LINE
2.1 Introduction

Microstrips  are printed circuit for very high frequency elec-tronics and
microwave. When made of conducting strips deposited upon a dielectric substrate,
they are call microwave integrated circuits (MICs). Printed circuit are also made with
semiconducting substrates, inside of which electronic devices ( transistor, diodes ) are
fabricated by diffusion or ion implantation. The resulting structures are then called

monolithic microwave integrated circuit (MMICs).

2.2 Basic Microstrip

Physically, any microstrip structure consists of a thin plate of low-loss
insulating material, the substrate, covered with metal completely on one side, the
ground plane, and partly on the other, wherg the circuit or antenna patterns are printed.

Lumped components can be connected into the circuit ( discrete components ) or

realized within the circuit ( distributed components ).

2.3 The Substrate

The substrate fulfills two functions:

1. It is a mechanical support that ensures that implanted components are properly
positioned and mechanically stable, just as in printed circuits for low-
frequency electronics.

2 It behaves as an integral part of connecting transmission lines and depogited
circuit components: its permittivity and thickness determine the electrical

characteristics of the circuit or antenna.

2



2.4 Metallization

Most commercially available microstrip- substrates are metallized on both
faces. The circuit paﬁ6111 in realized by the photolithographic process. A mask of the
circuit to be realized in drawn at a suitable scale, cut, and then reduced and placed on
top of a photoresistive layer, which was previously deposited on top of the microstrip.
The structure is then exposed to ultraviolet radiation, which reaches the photoresistive
layers through the mask openings. The exposed parts are removed by the
photographic development, and the metal cover is etched away from the exposed area.
It is possible to deposit metal by evaporation or sputtering upon a bare dielectric

substrate.

25 Substrate Material

Ideally a substrate should have very low-loss and constant dielectric properties
over the range of frequencies for which is used, together with excellent temperature
and dimensional stability. In addition it should be chemically resistant be easy to
machine and provide a good thermal expansion match to the strip conductor material.
For microwave application the value of g dictates the size of the circuit. The
substrate with permittivities ranging from 2.1 to 10 are readily available. Also
important is the lost angle ( tan § ) which gives a measure of the dielectric loss of the

substrate.

2.6 RT/DUROID 5880
In this project, RT/DUROID 5880 is being chosen where it is a glass microfiber

reinforced PTFE composite is design for exacting stripline and microstrip

[FS



applications. Glass reinforcing microfibers are randomly oriented to maximize
benefits of the fiber reinforcement in the directions most valuable to circuit producers
and in the final circuit application. The dielectric constant of RT/DUROIb 5880
laminates is uniform from panel to panel and is constant over a wide frequency range.
Its low dissipation factor extends the usefulness of RT/DUROID 5880 to X-band and
above.

RT/DUROQOID 5880 laminates is easily cut, sheared and machined to
shape. It has excellent dimensional stability and is resistant to all solvents and
reagents, hot or cold, normally used in etching printed circuit or in plating edges and
holes. When ordering RT/DUROID 5880 laminates, it is important to specify
dielectric thickness, tolerance, rolled or electrodeposited copper foil, and weight of
copper foil required.

Laminated microstrip — RT/DUROID 5880 .

(ROGERS) SERIAL NO.: 80310M104ACB

DIELECTRIC CONSTANT, &, = 2.20+£0.02 (Relative Permittivity )

MICROSTRIP HEIGHT, h = 0.031 £ 0.001 Inches

0.78 £ 0.03 mm

l

CLADDING ( COPPER ) 35 pm Rolled or ED COPPER ( loz)

DISSIPATION FACTOR

]

0.0009 typical
( At 10 GHz Nominal )
2.7 Dispersion
While non-TEM modes are not important as limiting factors for high-

frequency operation of microstrip, they may cause dispersion at practical operating



frequencies. As more and more energy id transformed to surface waves, the effective
dielectric constant will increase, resulting in a lower phase velocity. The dispersion
will become stronger wifh increasing substrate thickness and dielectric constant.

The dispersion can be calculated numerically, but the calculation are very-time
consuming and therefore costly. One method has been described by Getsinger , and
his result confirm the above comments. They also show that in the useful operating
frequency range of substrate with low dielectric constant, the dispersion is negligible.
Getsinger'”) has given simple formula for microstrip dispersion. He had obtained the
functional relationship from calculation on a structure, which should similar
dispersion. The resulting formula, with one undetermined constant, has then been

fitted to experimental data for microstrip. The result is

B,

] ey (f)=6, -——L 2.1
1+Gi '

F

Where €. is the effective dielectric constant at zero frequency, G the
undetermined constant, f the frequency and

Z
fﬂ = e 2:2

2u h
The formula given by Getsinger for G = 0.6 + 0.009Z,
For the same substrate thickness, dispersion will increase with the dielectric
constant of the substrate. Thus, .dispersion can safely be neglected for substrate with

g~2 - 3.



2.8 Discontinuities
Discontinuities in microstrip circuit are of eight basic groups :

1. Foreshortened open circuit

ii. Series coupling gap

iii. Short circuit through to the ground plane

iv. Right-angle corners or bend

v. Step-width changes

vi. Transverse slit

vii. T-junction

viil. Cross-junction

Discontinuities involves a change in dimension of the strip conductor giving rise

to a change in electric and magnetic field distribution. This causes losses, reflection

and radiation of energy. .

W1 w2 —— "

Figure 2.1 : Structure and equivalent circuit of the symmetrical microstrip step

(changes in width)



Steps in width exist at the junction of two microstrip lines having different
impedance. The configuration for step discontinuity and its equivalent circuit is

shows in fig 2.1. The step capacitances C, have been given

& {0 Tlops, 28515 4 £, —3.17

A W, W,

[ ]
()

£, <1015< 22 <35
W

2.9 Losses in Microstrip
) Microstrip transmission lines have had widespread use in microwave integrated
circuits. For performing accurate circuit design, it is necessary to have adequate
knowledge of the phase velocity, impedance and losses of four separate mechanisms :
1. Conductor loss

i, Dielectric loss

1ii. Radiation loss

2.9.1 Conductor Loss

Loss due to finite conductivity in the strip and the ground plane can be
calculated if the current distribution on the conductors are known. The current
distribution can only be calculated numerically, making this method unpractical for
orbtaining the general formula for the conductor losses. A rough approximation can be
obtained by assuming uniform current distribution over the strip and the ground plane

under the strip. These can be derived from the attenuation coefficient for loss lines,



a, =————— dB/unitlength- fisin GHz

In practice this yield low results and surface roughness must be taken into

account. The following empirical formula has been developed:

2 AT
a',=a, 1+—-—arctan{1.4[—-—} J 2.5
T o5

Where és = skindepth, A = rms surface roughness, R, = surface resistivity, ¢ =

oy

&

conductivity

2.9.2 Dielectric Loss
Dielectric loss in microstrip is usually much less than conductor loss except for
poor quality substrates. The attenuation of a TEM wave due to dielectric loss is based

on the attenuation constant. The dielectric attenuation factor is given by:

sr(stﬂ = ])tan )

o, =27.3
! VE (e, - 1)1,
Where, A, = /’fgq/r?eﬁ

& = loss tangent

dB / unitlength A




2.9.3 Radiation Loss

In addition to the conductor and dielectric losses, microstrip line also has
radiation losses. The radiation I(é)ss depends on the substrates, thickness and dielectric
constant, as well as geometry. Lewin has calculated the radiation loss for several
discontinuities using the following approximations :

i. TEM transmission

ii. Uniform dielectric in the neighborhood of the strip, equal in magnitude to an

effective value.

iii. Neglect of radiation from the transverse electric (TE) field component parallel

to the strip.

iv. Substrate thickness much less than free-space wavelength.

As microsirip is an open structure, power will be lost by radiation caused by any
discontinuity in the strip. Radiation loss is proportional to (W/A,)?, and the frequency
at which certain substrate thickness can be used for a certain device or circuit will
therefore have an upper limit, depending on the total amount of radiation that can
tolerated ( and the dielectric constant of the substrate ). It can be represent as,

Y =G+ Gs+B 2.7
Where,

G, = conductance due to space-wave propagation

G, = radiation conductance

B = susceptance



10

2.10 Q-factor

Many microwave integrated circuits require very high quality resonant
circuits. The quality factor Q of a microstrip line is very high, but limited by the
radiation losses of the substrate and with low dielectric constant.
Defining Q = woU/W, where U is stored energy and W is the power lost per cycle and

then®:

_w, (/207 +1/2¢7 2 )2

er unit length 2.8
= (RiZ+Gr2)n P ©
But V =1Z; and then,
_wo L1z, +CZ ) 55

< 2(R/1Z, + GZ ,)

Replacing Zg by +/L/C we obtain

ElZ,#62

But=wovLC and @ = R/2Z,+GZ,/Z
And therefore
0=p12a
Finally SAg =27 so
O =n/adg and
a =/ QAg nepers/meter

and for a length / meter,

2()=8685 B 2.10
OAg

LRy



2.11 Static — Tem Parameters
There are many significant microstrip design calculation that require TEM-
mode which result from transmission line theory. Below are some fundamental

design parameters involved.

2.11.1 Propagation Modes

Any transmission system which is filled with a uniform will support a well
defined mode propagation ( TEM for coaxial lines, TE for waveguides ). This is
because the boundary conditions are relatively simple and can be satisfied by single
wave fypes. A structure with a dielectric interface will not support a single
propagation mode because of the added boundary conditions at the dielectric
interface. Gupta(5) have shown that longitudinal electric and magnetic components are
also present. Fortunately the majority of the transmitted energy is propagated in a
field distribution with closely resembles a TEM mode and is referred to as a quasi
TEM. A ty.pical distribution of the field is shown in figure 2.5.1. Note hoe the E field
is spreads out in the dielectric material because g, > 1. This effects the amount of

coupling between two adjacent lines.

11



Figure 2.2 : A typical distribution of the field

2.11.2 Characteristic Impedance Z
For a microstrip geometry the impedance to TEM wave will be of the form™®:

% =F 2.11
£

The phase velocity V, of the wave travelling along the line is given by,
V,=—— 2.12

If the dielectric substrate could be removed leaving air-spaced line of the same
geometry ( velocity of light in free-space ¢ = 2.99393 X 10%ms™ ), it characteristic

impedance Zg; would be,

7, = | 2.13
C‘I

Z, =cL 2.14
1

Zy =— 2.15



Where L is inductance, C is capacitance and C, is the capacitance per unit

length this structure. Eliminating the equation 2.13, 2.14 and 2.15 gives,

B st 2.16
¢ CC,

2.11.3 The Effective Permittivity ( €err)

The velocity in the microstrip is v = o 2.17
VLC
. ; - 1
and in the equipment air line ¢ = 218
LC,
from which it is seen that,
pm—— = 2.19  and therefore
VEur <
&

¢ e i
Ep=—=|— 2.20

n

The characteristic impedance of the microstrip can then expressed as

(.}
o
—

Zy =2, €y
This important result. It states that the characteristic impedance of a microstrip

can be determined in terms of the Z; of an equivalent air line ( with simple boundary

condition ) and an effective permeability.

2.11.4 Wavelength (1p)
The synthesis regarding a single line and parallel lines need different approach

where the latter involves with extensive calculations. Depended on the single line
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. . 2 - . .
microstrip, we know that ¢, = (C/ v F) . For free space ¢ = fA, and in microstrip

vp=1Ag substitute into ¢, = (c/ v, )2 and giving (2),

,
g
Il
TR
|
%
)
b2
N

2
thus 4, = g 225
Eur
in F gigahertz and A, millimetre
300
A, =——= mm 224
F.le

eff



30 RF .SUBSYSTEM DESIGN USING MICROSTRIP TRANSMISSION

LINE.

3.1 Low Pass Filter Design.

Table 3.1 shows the typical sequence which starts with a prototype
specification and finishes with a practical, fully dimensioned and microstrip circuit.
For this design we shall employ cascaded section of the microstrip as indicated by
step 3 (1) of the Table 3.1, although this technique is only really useful at frequencies
up to several gigahertz. It is first necessary to analyse the direct substitution of the

lumped filter elements such as microstrip length.

3.1.1 Scaling The Prototype Values

When specify the filter, choose the appropriate atienuation response, and write
down the low-pass prototype values and the next step is transform the prototype
circuit into usable filter. After that make sure the cut-off frequency of the prototype
circuit is 0.159 Hz (w = 1 rad/sec ), and it operates between a source and load
resistance that normalized so that Ry = 1 ohm. The transformation is affected the

following formulas'":

C':i and L=RL /2xf, 3.1
27,

15



Table 3.1 :Low-pass filter design procedure

Select prototype for desired
response characteristic
(always yields normalized values
and low-pass network)

Insertion-loss
Synthesis
procedure

Transform for desired frequency
band and characteristic impedance
(yields lumped network)

b2

[VE)

Realize result of step 2 in suitable
microwave form

( microstrip)

Low-pass design

3(1)
Cascaded microstrip lines,
each section < A,/4
Where C — the final capacitor value

L — the final inductor value
Cn — a low-pass prototype element value

L, —a low-pass prototype element value

16



R — the final load resistbr

F. — the final cut-off frequency

The normalized low-pass prototype source resistor must also transformed to its

final value of the load resistor. Thus the ratio of the always remain the same. The

detail steps for designing the low-pass prototype filter are mentioned below:

1

Mo

(8]

D

Define the response by specifying the required attenuation characteristics
at selected frequencies.

Normalize the frequencies of the interest by dividing them by the cut-off
frequency of ﬁlter.l The step forces your data to be in the same form as

that of the attenuation curves, the 3 dB point on the curve is:

Sy, =1

Determine the maximum amount of ripple that can allow in the pass
band: Remember the greater the amount of ripple allowed, the more
selective the filter is. Higher values of the ripple may allow to eliminate
a few components.

Match the normalized attenuation characteristic ( step 1 and 2 ) with the
attenuation curves. Allow a small “fudge-factor” for good measure.
This step reveals the minimum number of circuit element that can bet
away with-given the certain filter type.

Scale all the elements to the frequency and impedance of final design.

3.1.2 The Microstrip Parameter

Consider a practical low-pass filter with alternating high and low impedance

sections. There will be fringing fields from the ends of the low impedance line. Let

us first consider a predominantly inductance given by,

L
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A 2
I, = —% sin ‘]{"Z}(L}
Z

o f)
2r .
With the two shunt-capacitance elements
I [ "
(L, = tan | 2L 33
- 2=f2 am

Where,
Ag1 — the wavelength associated with the high impedance microstrip line

Zy1. — the characteristic impedance associated with the high impedance microstrip line.

LC LC
YL N
—
(1) Lumped equivalent
High impedance _ T High impedance
Low impedance

(11) Microstrip form

Figure 3.1 : Inductive length of line with adjacent capacitive line

The figure 3.1 shows that the inductive length of line / with adjacent lengths of
low impedance ( capacitive lines ) and therefore, wide microstrip lines.
In a similar manner for the low impedance line, the line of length for the

desired capacitance is given by,



A
1, = —*sin"[27/CZ ] 3.4
27 .

And the two series-inductance elements of the T—equi‘valent model are

B, = S g [ ELe 3.5
2zf A

ol
Where,
Ao — the wavelength associated with the low impedance microstrip line

Zoc — the characteristic impedance associated with the low impedance microstrip line.

L

Tw-ﬁj:
I [

. (1) Lumped circuit

High impedance

L.ow impedance Low impedance

(i1) Microstrip form

Figure 3.2 : Capacitive length of line with adjacent inductive lines

19
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The transmission line lengths of practical low-pass filter are around using an

interactive procedure.

50 ohm ' 50 ohm

Figure 3.3 : Complete 5 element low pass filter
The filter is the equivalent of a 5 element L-C ladder network. The L and C
values are designed to produce the required cut-off frequency, the frequency
determining the limit of the pass band range and the rate at which the loss rises in the

attenuation band.
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The series inductance L elements are synthesised using short lengths of high
impedance lines as indicated in fig. 3.1. The characteristic impedance of a microstrip
line is a function of its width w; the smaller w the highc-ar the impedance. The shunt
capacitance C elements are synthesised again by short lengths but of relatively large w
to give the line a low characteristic impedance. Short lengths of low impedance line
terminated in high impedance lines simulate closely a shunt capacitance as indicated
in fig 3.2

In complete filter fig. 3.3, corrections must be made for the abrupt junction
discontinuities between adjacent elements and the effects of terminations on the L and
C line elements. In practice microstrip filters are designed using computer aided
design packages which accurately model all these effects and also contain facilities for
simulated testing and optimisation. In this way the L and C line lengths and
respective widths can be abtained with good degree of confidence that they satisfy the

filter specification before fabrication is commenced.

3.1.3 Specification

The specification for the low-pass filter are as following :

1. Operating frequency ( cut-off frequency ) = 2.1 GHz

2. Insertion Loss = <-0.5

3. VSWR = < 1.5

4. Ripple = 0.5dB

5. Attenuation for all frequencies above 3 GHz = 28 dB (out of band )

6. Type of filter = Chebyshev filter
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The required specification are shown in figure 4.4, The cut-off frequency f;
(3 dB down ) for the low-pass filter are chosen to be at 2.1 GHz. The minimum

requirement of attenuation is 28 dB at 3 GHz.

Attenuation { dB )

A
0
3 N
-28
'. >
21 3 Frequency ( GHz)
Figure 3.4 : The required low-pass filter response

3.1.4 Designing The Circuit

Let us further assume that a suitable prototype has been selected, to meet this
speciﬁcation and that the transformed, lumped low-pass filter network has been
calculated. For a fifth-order Chebyshev filter, the element values of each section is
given in table 3.5. Some prior design information must be provided about the
microstrip lines, because expressions for inductance and capacitance depend upon
both characteristic impedance and length. It is reasonable to initially fix the
characteristic impedance because their orders of magnitude are roughly prescribed
according to :

I. Zo (capacitance ) <Z, ( 50 ohm ) << Z,. ( inductance )



ii. Zo, must not be so large that its manufacture becomes inordinately difficult
as a narrow line or its current-carrying . capability becomes a limitation. In
this case the values given below are reasonable starting values of impedance :

Capacitance lines : Z,. = 20 ohm

Inductive lines  : Zyo. = 90 ohm

3.1.5 Simulation and Optimization

In this project, the simulation and optimization of the microstrip low-pass filter
is done by using a software called PUFF which is a computer aided design for
microwave integrated circuits. PUFF is a scattering parameter and layout calculator
for microwave circuits. It was created as an inexpensive and simple-to-use alternative
to professional software whose high cost, copy protection schemes and training
requirements create difficulties in academic environment,

PUFF uses a circuit laid out on the screen using cursor keys, a frequency or
time domain analysis is available with a few keystrokes. It uses a simple heuristic
format. The layout that is created on the puff screen is scale replica of the circuit.
The parameters that can be obtained from the PUFF are: Sy, ( return loss ), Si2 (
insertion loss ), Sz1, Szz, Smith chart response and the design layout. The advantage of
using PUFF is that theoretical design can improved by simulating the design and
modify to get the best design. If desired, the simulation also can be 0ptimizéd to meet

the desired specification.

3.2 Band Pass Filter Design

3.2.1 Introduction

2

-

o
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In this chapter the design procedures of the band pass filter using the parallel-
coupled microstrip lines will be discussed. Generally, the design process is divided
into two- categories, that are :

e Mathematical calculations
o Simulation with PUFF
The final result of the design process is obtained after doing some manual
optimisation in PUFF by doing some adjustments to the TEM-parameters in order to

meet the best design requirements.

3.2.2 Design Procedures For Mathematical Calculation
The main design steps are as follows :

1. Mapping from low-pass prototype to band pass.

[Re)

Determine number of resonators, that is the order of the filter.

Calculate admittance inverters values.

5]

4, Evaluate the even and odd mode characteristic impedance ( Z,e and Z, ).

5.  Calculate the value of resonators width (w) and separation (s).

6.  Calculate the resonators length.

7. Simulate with CAD package — PUFF

8.  Analysis and optimisation.

The design steps 1s done according to the method shown by Terry Edwards in
his book ‘Foundations for Microstrip Circuit Design’. The recommended steps are

very systematic-and easy to apply.

Step 1
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Designing process starts with the transformation of low pass prototype into band
pass requirement. The purpose of this idea is to determined the number of resonators
that is needed to meet the attenuation requirement. This is to determine the order of

the filter. The mapping of low pass prototype into band pass is done by using the

. w, 2(f -
equation below : — = —[MJ 3.6
w o Jo

I

fz_fl ~

where o = ——~— 3.7

Jo
8 = fractional bandwidth
f; = lower pass band
» = upper pass band
fo = center frequency
w. = prototype cut-off frequency (equals to 1.0)
@ = defined at filter spe;:iﬁcation (started at early stage)
fi = frequency at desired attenuation

The characteristic of a insertion loss characteristic response for bandpass filter

is shown in figure 3.6
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Figure 3.6 : Desired filter response

Step 2

Determine the order of the filter that is the value for ‘n’, by examining the
filter prototype specifications which meet the insertion loss requirements, that is
should be at least 20 dB (desired attenuation) for the desired frequency in the design
specifications. For n™-order of filter there will be n+1 number of resonators (coupled
region). The order of the filter is determined by referring the graph for Chebyshev
characteristic for 0.01 ripple. This graph is provided by G.Matthaei, L.Young and
E.M.T Jones in their book ‘Microwave Filter, Impedance Matching Networks and

Coupling Structure’.

Step 3
A network consisting of admittance inverters and uniform-type resonant

circuits were used. The admittance inverter parameters are then calculated.



For the first coupling structure Jo _ o0 g 3.8
¥, . 28,8,

. . . J j e+l o
For intermediate couplmg structures +|j=lm(n-l) =

———— 39
10 2a)r: Y g;g,l-i-l
. Jn n+l 7[5
For the final coupling structure = 3.10
Y(J zgngﬂ-H

(3 3

The quantities ‘g’ refer to the prototype elements value which is readily
available from the table provided in the book by G.Matthaei and groups. The value

for ‘g’ is selected according to the order 9n0 of the filter.

Step 4
The odd-mode and even mode coupled line impedances Zy, and Zg. are then

calculated by using the formula :

Zo.), o = 2,1+ aZ, +a*2,?) 311
and (Zy ) s = 20(1 +aZ, + azzuz) 3.12
where a =l

Zy = system characteristic impedance (usually 500)

Step 5
The microstrip line dimensions are finally obtained as follows. The width (w)
and separation (s) with relation to odd and even mode characteristic impedances is

evaluated by using equation below



w [ expH' 1
— = - 3.13
h 8 4expH'

where H'= Z, 2(8’ +]) + l(g’ _]) |n£ -:4i1n4 3.14
1199 20e, +1)\ 2 &

. . Z e
Using Akhtarzab et al. Synthesis :  For (w/h)se Z; = S 3.15
For(wh), Z, = Z; - 3.16

The value of s, that is the separation can be calculated by :

y 2 _ cosh(z/ 2Yw/h),, + cosh(z/ 2)(\4:/]1)m -2 o

— = —cosh - 3.

h =« cosh(z/2)(w/h),, +cosh(z/2)w/h),, ?

However, in this project, we are not calculating manually the dimensions for.
the width (w) and separation (s). the final determination of these values (for fully
manual calculation) will need some approximation method by using the general
curves by Akhtarzad et al. This curves is attached in Appendix C. in this project the

results for these dimensions are obtained from PUFF simulation.

Step 6
The length of the resonator is calculated by using equation below where we

300
have to evaluate : AH i 3.18

_FH

e ‘The physical length of the resonators is ,/2

e The physical value of the coupled region is /4

In order to compensate the fringing effect, microstrip line is shortened by d

where the value of d can be evaluated by equation 3.19. The fringing effect has to be



considered in the fabrication process. In PUFF simulation model this effect is

/e | 319
fz _fl

neglected. 0=

3.2.3 Bandpass filter specification

The substrate used to design is RT Duriod 5880. The specification for the filter is:

Zy 2 5002

h 0.510mm

Values of the parameters for chosen substrate.

Er = 2.20

fo = 2.0 GHz

f) = 1.9GHz

£y = 2.1GHz

Af = H-—f = 0.2GHz

Response selected : Chebyshev

Attenuation : >20dB insertion loss

Ripple 3 0.01 dB

fi=1f; . 1.7 GHz (assumed value at 20 dB)
where

fi= frequency at desired attenuation, in this case at 20 dB

fo = centre frequency

f) = lower frequency at 3 dB

i)

I

upper frequency at 3 dB

Al bandwidth

29



Now consider the Chebyshev graph for prototype filter insertion loss

characteristic for pass band ripple of 0.01 dB, this is attached in Appendix .

'
i

Zidlo1=]-3-1=2

w

c

From the Chebyshev graph, n = 4 gives attenuation more than 20 dB, as the

requirement for the design. So a fourth order band pass is being designed.

3.3 Band Stop Filter Design
In this chapter the design procedures of the band stop filter will be discussed.

The designed of band stop filter that will be discussed is;

(a) band stop filter using parallel line and
(b) band stop filter using open circuited stubs.

Generally, the designed process is divided into two categories, that are :

(1) Mathematical calculations

(2) Simulation with PUFF

The final result of the design process is obtained after doing some manual

optimization in PUFF by doing some adjustments to the TEM-parameters in order to
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meet the best design requirements. The designed finally will be fabricated refer to the

result of the designed process. The substrate use for fabricate is RT Duroid 5880.

3.3.1 Bandstop Filters Design Using Parallel Lines
e Step 1

Designing process starts with the transformation of low-pass prototype into
band-stop requirement. The bandstop characteristic function is given in the case of

the Butterworth approximation problem in the 0-plane by

K@?)= [i] 3.20

Q c
where jQ = jtand 3.21
JQ, = jtang, 3.22
The frequency response of the circuit 1s
o = f—[ @ 3.23
2w,
6. = -’r—( i 3.24
2 \w,
where wo= mid-band edge
®,= upper-band edge

o = radian
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Figure 3.7 : Frequency Response of Bandstop filter

Step 2

Determine the number n of resonators used in the band-stop filter structure
(which is equal to the number of reactive elements in the low-pass prototype). The
number n of resonator is equal to the peaks of attenuation at mg, 3wy, etc, each have a
multiple-order pole of attenuation.

The design of the Butterworth filter is complete once it degree is specified. This

quantity is fixed by the definition of its lower and upper band edge:

_ log 10 (A_"l) '1'-)5
= 5.2
210g p (Q,/9,)
a
where A =10 Yo 3.26
where €. = upper-band edge

Q) = frequency at which the attenuation is stopband
The degree of the equal ripple solution is fixed by the attenuation o, at Q; in

the stop band.

Step 3
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The required development in the case of the parallel line topology now be

illustrated for the degree-3 network in figure 3.8

}

o
——\f’\/\
i
=}
gﬂlfm
—

Figure 3.8: Degree-3 Bandstop Ladder Network

The entries of the ladder network are defined by £1 i o ;
Q Q ., Q.

¢

with go=g4=1.
The quantities of ‘g’ refer to prototype elements value which is readily

available from the table provide in the book by G.Matthaei and groups. The value of

‘g’ is selected according to the order ‘n’ of the filter. Some of the prototype element

values are listed in and shown in Appendix C.

Step 5
The dimensions of the parallel line circuit where we have to evaluate is;



1

2

) the physical length of the resonator is A,/2 and

) the physical value of the couple region is A,/4.

34

The fringing effect has to be considered in fabrication process. In PUFF

simulation model, this effect is neglected.

3.3.2 Specification for Parallel Line Design

Figure 3.9 : Degree-3 Bandstop Filter Using Pains of Parallel Line

The substrate to design is RT Duroid 5880. The specification for the substrate is

attached in Appendix C. the specification for the filter is:

Cut-off frequency, fo
Atteﬁuation

Ripple

Characteristic impedance, Z,
Substrate relative permitivity, &;

Substrate thickness, h

2.0 GHz

>20 dB

0.01 dB

50 Q

2.2

0.79 mm
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3.3.3 Bandstop Filter Design Using Open Circuited Stub
e Step 1

Designing process starts with the transformation of low-pass prototype into
bandstop requirement. The purpose of designing bandstop filter from low-pass
prototype, it is quite easy to compute the effect of finite resonator on the maximum
stop band attenuation. The relationship of the low-pass prototype response to that of

the basic transmission line filter is illustrated in figure 3.10 (a) and figure 3.10 (b)

Lz=qgz Lin=gn ar
'\I___-_FW\_Q_J g
RD et ~S=0a3 Gh+a cnI -
= 99 <~ =gi] -°° ¢ }] =gn+1 =gn [
n=ewen n=odd
Cad
L L3 L
=0l =g?3 or =gn
F N - -
GO’ : B I , Bl
= = 2 <r R'A+1 a3 i+
=l ": =gz I =an i I7‘=gr1+1 =gn+1 %
n=egwen n=odd
Cbl

Attn-dB
Attn-dB

(d)

Figure 3.10 (a) : Low pass prototype (i), (ii) Four basic circuit types defining the
parameter go, g1,...2n+1 (i1), (iv) Maximally flat and equiripple characteristic defining

the band edge ©;’



All stubs and connecting lines are M4 long
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Attenuation(dg)
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Figure 3.10 (b) : Bandstop filter (i) n-stub transmission line filter derived from

n-element low pass prototype; (ii) equiripple characteristic defining center

frequency wyp, parameter a, and stop band fractional bandwidth w

e Step 2

Determine the number n of resonators are used in the band-stop filter structure

(which is equal to the number of reactive elements in the low-pass prototype). The

number n of resonator is equal to the peaks of attenuation at Wy, 3y, etc., each have a

multiple-order pole of attenuation. The characteristic defining center frequency g,

parameter o and stop band fractional band width is shown on ﬁ'gure 3.10(a).

e Step 3

The prototype network of figure 3.10 (a) to the transmission line network of

figure 3.10 (b) are given as Step 4. The number of stub chosen to design bandstop

filter is; n = 3.

The prototype element values (obtained from table 4.05-2 (a)

Matthaei, young and jones) show in Appendix C. the specification of those filter is:

e Cut-off frequency =

e Input Impedance =

o Ripple =

2 GHz
50 Hz

0.1 dB passband



e Stop band bandwidth

60p

er cent

The design of open circuit stubs band stop filter show in figure 5.8 can be

calculate by using the formula below.

Z
& = —d4
Ag g,
P = Z .8y
i Ag ,
T Z,8, (]+ 1
£ Ag,g,

Zy :Z,:(]+Agog1)

Zy :Z"Ag_“(l'i’Ag.?ga)

4

(O8]
(S
~J

L
)
oo

L2
2
O

3.30

3:31

The source impedance (Z) using is 50 Q and the right hand terminating impedance

(Zp) is also 50 Q.

e Step 5

The dimension of the design in figure 3.11 is refer to A/4 long each stub. The

length of the stub is depend on the value of the impedance. This parameter also can be

visualized by using PUFF,

Figure 3.11: Design of open circuit stubs bandstop filter (n=3)




3.4 Wilkinson Power Divider design

In this project , 2 types of Wilkinson Power Divider are designed, which
consists of uncompensated and com'pensated divider. The shape that being considered
are mitered and radial bend microstrip power divider. Basically, to begin the design

synthesis analysis must be considered.

3.4.1 Synthesis analysis

The synthesis analysis is closed formula to derive the characteristic impedance
and propagation coefficient for a microstrip transmission line. The design of
transmission line, it is necessary to derive w/h for a specific value of the characteristic
impedance, assuming the substrate permitivity is known. Therefore, the analysis is for
determine the w and gt

3.4.2 Design specification

Operating frequency 1-3 GHz
Center frequency 2 GHz
Coupling 3dB
VSWR <1.60
Return Loss at each port >-18dB

20=70.7Q2

Figure 3.12:  Compensation technique for uncompensated Power Divider



Z0=59.46€2

Figure 3.13 : Compensation technique for Compensated Power Divider

Finally, for compensated power divider, need to compensate the symmetrical step. It

is located between quarter wave transformer and input port.

LZ,=50Q L,=42.0402

D

1

Al

Figure 3.14 : Compensation technique for symmetrical step for compensated Power

divider



3.5 Branch Line Coupler Design

This technique determines the shape ratio, w/h and s/h from Zy, and Zg,, using
single microstrip line equation and free space characteristic impedance curve. In both
case (w/h and s/h), there are two distinct stages. First stage, determination of
equivalent single microstrip shape ratios (w/h)s for even and odd modes. The second
stage, relates the required w/h and s/h for the coupled structure to the equivalent single

microstrip shape ratios.

The final results are made independent of the substrate permittivity for a

considerable range. The methodology of the design can be summarized as following;

a) Determine shape ratios for equivalent single microstrip lines.

b) Obtain the shape ratio w/h and spacing ratio s/h for the desired coupled

microstrip structure using the single line shape ratios found at stage (a).

3.5.1 Microstrip Branch-Line Coupler Specification

I. Center frequency 2.0 GHz
2. Coupling 3.01 dB
3. Insertion Loss <-0.5
4. VSWR <2.0

Substrate ROGER RT/duroid® 5880 specification

40



Permittivity, &

Dielectric height, h

I

[
[Re]
o

0.79 mm
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4.0 RESULT , MEASUREMENT & SIMULATION
4.1 Measurement of Filters
The measurement of the filters was done.at the Radio Communication Laboratory
UTM. Two different equipment was used for these measurements:
i, Marconi Instruments,

e MARCONI Test Set 6204 — 10 MHz to 26.5 GHz

e Transmission line Test Head 6583 — 10 MHz — 26.5 GHz

e 50 ohm Termination (dummy load) — Weischel

S e calibration short/open load

e SMA connector cable (MA-COM) S/N: 2056-0000-00
This equipment is used to measure return loss, insertion loss and VSWR. Marconi
analyzer is extremely useful and versatile instrument for the measurement of
microwave signals in multiport networks, It is combination of a number of
instruments in one package. This equipment integrated a synthesized sweep
generator, a four input scalar analyzer, frequency counter and a power meter into one

single compact case.

il Signal Generator 2 GHz ~ 20 GHz. ROHDE & SCHWARZ

iii Spectrum Analyzer — ADVAND TEST R4131D

This equipment is used to measure power (insertion loss) and operating frequency

(pass band).
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Figure 4.1 Set-up connection for the return loss, insertion loss and VSWR using

Marconi equipment.

For the measurement of power and operating frequency, the Signal generator
~and Advantest Spectrum Analyzer is used. Following in the figure 4.2 is a block

diagram of the measurement set-up connection.
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Low-pass filter in the
casing

Figure 4.2 : Measurement system arrangement for measuring power (insertion loss)

and operating frequency (pass band)

4.1.1 Filters Measurement Result

In this project, the result is based on actual measurement where scattering parameters
St1, S12, S5y and Sy is being measured. The definition of each parameter are
summarized as followed:

° Sy —input reflection coefficient with the output port terminated by a matched load.
512 — Reverse transmission (insertion) gain with the input port terminated in a

matched load.
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® Sy — Forward transmission (insertion) gain with the input port terminated in a
matched load.

e S, — Output reflection coefficient with the input terminated by a matched load.

On the other hand, S;; also defined as return loss and S, is defined insertion loss.
From both scattering parameter Sy; is strongly influences the characteristic of the
filter. In the actual measurement, the insertion loss (S21) is measured by the scalar
detector connector to input B and return loss (S)) is measured by the autotester
connected to input A. the results is plotted using a plotied and shown in Appendix H,

I, Jand K

4.1.2 Filters Simulation with PUFF
The design process is further continued with the utilisation of the .PUFF
simulation. From the result of the simulation, the response of the band pass filter can
be visualized. The design is analyzed according to the S-parameters which are
displayed in the PUFF response. To obtain the results from the simulation the
following steps should be followed:
1. Key in the values for the even mode and the odd mode characteristics
impedance in the parts window.
il Do some adjustment of values in the broad window according to the
type of substrate chosen.
a) The circuit of the band pass filter is drawn in the layout window.
b) Then from the plot window the response of the band pass filter can

be obtained. The desired S-parameters should be notified in the
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plot window. After reaching the plot window, the response can be
plotted by typing ‘p’.

¢) The dimension of the circuit arel displayed by pressing ‘=" key in
the parts window for each section of coupled lines.

In-this design, only the value of Sy; (return loss) and Sy (insertion loss) are
taken into account. After the response is plotted, the values of S;; and S»; can be
determined at the different point of frequencies. This can be done in the plot window
by typing ‘PgDn’ and ‘PgUp’.

The simulation process is started with the calculated values. Then, the
simulations for the purpose of the optimization are done by doing some adjustment to

the length of the resonators and increasing the order of the filters.

Low Pass Filter With Casing

RETURN LOSS PUFF and MARCONI Response Graph
0 S o
-
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Figure 4.3:  Low pass filter response simulation and measurement
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4.2 Measurement of Microstrip Brach-Line Coupler
The measurement of the branch-line coupler was done at the Radio
Colmmunication Laboratory UTM.  The same equipment is being used for
measurement purpose.Two different equipments were used for these measurements :
1. Marconi Instruments

e Marconi Test Set 6204 — 10 MHz to 26.5 GHz

e Transmission line Test Head 6583 — 10 MHz to 26.5 GHz

e 50 Q Termination (dummy load) ~ Weinschel

~e calibration short /open load

e SMA connector cable
The equipment is being used to measure return loss and VSWR.

Marconi analyzer is extremely useful and versatile instrument for the
measurement of microwave signals in multiport networks. It is combination of a .
number of instruments in one package. This equipment integrated a synthesized
sweep generator, a four input scalar analyzer, frequency counter and a power meter
into one single compact case. We can have the return loss measurement of the power
divider when we connected the output of the Marconi Instrument to the return loss
port at the Transmission Line Head. Meanwhile other ports are terminated with 50 Q

matching impedance.

il Signal Generator 2 GHz — 20 GHz . SCROHDE & SCHWARZ
i1~ Spectrum Analyzer — ADVANTEST R4131D

The above equipment is used to measure power and operating frequency (pass band).
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The coupling of return loss and insertion loss measurement of the branch-line coupler
can be obtainde by connecting the output of the Marconi Instrument to the return loss
port at the Transmission Line Head. Meanwhile port i, port 2 and port 4 are
terminated with 50 Q matching impedance. The measurement technique used for both
return loss and insertion loss are same except for the changes in the channel A

meanwhile for insertion loss channel B is being used.

4.2.1 Results of the Measurements
In this project, the result have been obtained from actual measurement where
the scatiering parameters S;i, S;a, S2; and S;; were measured. The result of

measurement and simulation is shown as in figure 4.6- 4.11

Port 1 [ Input
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L% ,\‘3 n qfn "t‘j b‘nb‘ f2

-15

Aelum Loss [¢B)

Frequency { GHz)

|- = = 2 par, Mov. Avg. (pull) 2 per. Mov. Avg. (marcani) ]

Figure 4.6 : Shows the comparison result between the return loss obtained from the

simulation and the actual measurement using Marconi Instrument for port 1.
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Figure 4.7 : Shows the comparison between the return loss obtained from the

simulation and the actual measurement using Marconi Instrument for port 2
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Figure 4.8 : Shows the comparison result between the return loss obtained from the

simulation and the actual measurement using Marconi Instrument for port 3.
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Figure 4.9 : Shows the comparison result between the return loss obtained from the

simulation and the actual measurement using Marconi Instrument for port 4.

Power vs freq. ( with casing)
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Figure 4.10 : Shows the power at port 1, port 2 and port 3 according to the reading

obtain from the.
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Figure 4.11 : Shows the power at port 1, port 2 and port 3 according to the reading

obtain from table 4.2.5 (e)
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4.3 Measurement and Analysis of Wilkinson Power Divider

4.3.1 Return loss measurement

Return loss referred to matching of the transmission line sy.st'em which it forms
a part, it causes reflection at the junctions between the line and the component. These
reflections set up the standing wave pattern in the feed lines, as shown in figure 4.12.

The type of instrument that is being used in laboratory for this testing purpose is the

same equipment for filter measurement.

Sl ikl ' { |
10 -

O@ 2 = @@

L

= £l
1 [
10

Signal Generator Spectrum Anaivzer

Wilkinson Power Divider !

.
i
Figure 4.12  Set-up measurement for return loss, insertion loss and VSWR.
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For the measurement of power and operating frequency, the Signal Generator and
Advantest Spectrum analyzer is used. Figure 4.13 shows a block diagram of the

measurement set up connection.

i Marconi equipment Port 2(_0utpﬁl} Por

it I(mnput)
j 50€2 toad

| ,
|
; |
Port 3(output) ' |
I

300 Toad

o [ .o )
r : |: Transmission Line Head

|

|

g Marconi equipment Port 2 {output) Port 1tinput)
i #
|

I

i

——m‘ 509 load

|
! ‘ I
Port 3 (ouiput) |

500 1nad

I
I
!
[ |
! E__ Trans Transmission Line Head :
i

Figure 4.13 : Measurement system arrangement for measuring power and frequency

operating.

4.3.2 Measurement Results for Wilkinson Power Divider
The results that obtained in this project are in terms of return loss or VSWR and

power. The return loss for each ports are measured ; scattering parameters Sy, Sz
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and S33.Figure shows the result from measurement using Marconi instrument and

spectrum analyzer and signal generator

4.3.3 Design Analysis

Basically, in this project there are two type of Wilkinson Power Divider which
are uncompensated and compensated. Furthermore, in this project two shapes of
power divider are discussed. It consists of mitered and radial bend shape. Analysis is
being made for each shape. The comparison between simulation results and testing
using instrument are made for uncompensated power divider in order to determine the
bend shape with better efficiency (refer to figure 4.14). The comparison made in

terms of return loss at each port.
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Figure 4.14 : Comparison between the simulation results and tested results for

uncompensated Wilkinson Power Divider
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Figure 4.15 : Comparison between the simulation results and tested results for

uncompensated Wilkinson Power Divider



5.0 DISCUSSION

5.1 FILTERS

At the design stage, all the parameters values are calculated manually. to get the
desired response. The filter circuits then was simulated by using the PUFF software
package, where all the parameters values are key-in into this package for simulation
and optimization purpose.

The design process of the filters is based on the S-parameters from the PUFF
simulation. We are only concern about S|, (return loss) and S,; (insertion loss). The
basic concept of the filter, the Sy, value should be kept aé low as possible, meanwhile
ﬂie value of S»; should be kept at 0 dB. In order to achieve the best result,
optimization was done. During the optimization process the analysis of the bandwidth
and centre frequency were given more priority. It is realized that while doing
optimizatiOIicertain eITor parameters have to be sacrificed to maintain the minimum
error in the bandwidth and the centre frequency.

In designing the microstrip low-pass filter, all the steps of calculation was
done manually. So, it is really difficult to avoid errors during the works of designing
and fabricating. What we can do is try to minimize these errors as low as possible.
Humans, equipment and natural phenomenon are the factors can cause these
unavoidable errors. The details of the errors could be occur are described below.

o (Calculation — all the parameters in the design filter were calculated using typical
calculator. Because of this, when dealing with small decimal numbers, some error
maybe occurred.

e Assumption — some of the theoretical calculation is only based on some

assumplions.



e Simulation — simulation using PUFF may have some errors because we don’t
know the actual formulas used in this software.
o Five order design gave a better response compared to a seven order design of the

low pass filter using simulation of PUFF.

5.2 Branch Line Coupler

The branch-line coupler circuits was simulated by using the PUFF software
package, where all the parameters values are key-in into this package for simulation
and optimization purpose. From this simulation, the actual dimension is obtained.
F%om the result obtained form the simulation the S;; gives the value of —40.56 dB at 2
GHz. 1t also has the insertion loss around —3.01 dB. Meanwhile form the measurement
obtained form Marconi shows that for port 2 , the best result of return loss is obtained
at the center frequency of 3.72 that is — 26.92 dB. The VSWR obtained_rat this
frequency is 1.32. And the insertion loss is 0.31 dB.
For the port 3 (coupling) the best result of return loss is obtained at the cut off
frequency of 2 GHz that’s around — 17.55 dB and VSWR is around 1.53 and the
insertion loss is around 0.86 dB. Lastly for port 4 (isolation) the best result of return
“loss is obtained at the frequency of 1.98 GHz and the VSWR is 1.28 and it is having

1.27 dB insertion loss.

5.3 Wilkinson power Divider
The simulation results for compensated mitered bend shape power divider in
terms of return loss are; S|y = -60.6 dB, Sy = -82.5 dB, S3;3 =82.5 dB. And the value

ol scattering parameters for compensated mitered power divider ; S11 =-76.3 dB, S
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= -65.9 dB, S3; = -65.9 dB. This results shows us that the output VSWR for
compensated better than input VSWR, and the input VSWR for compensated better
than output VSWR. |

The tested results indicates that return loss for uncompensated mitered
bend shape ; S;; =-15.34 dB, Sy; =-16.51 dB, S33 =-15.30 dB. And for compensated
mitered bend shape ; S, =-17.93 dB, S =-13.61 dB, S33 =-11.83 dB. However, the
radial bend shape value is more better than mitered bend shape. The return loss value
for uncompensated radial bend shape; S = -15.28 dB, Sy = -23.26 dB, S3; = -23.61
dB. And the value for compensated radial bend shape ; S;; = -24.37 dB, Sy, =-17.48
.ldB', S33 =-21.47 dB.

From the comparison above, the tested results of radial bend is better
than mitered bend shape. Anyhow, the design still cannot achieve the simulation
results due to fabrication process such as etching and soldering process. Practically,
the mitered power divider are not a excellent design. Radial bend become choice of a
microstrip’s designer of the good performance. The quarter wave transformer must be
brought closer because the negligible coupling need to avoid. In order to avoid the
coupling, a good decision on discontinuity shape must be considered. As we the
radial
bend shape can provide less coupling effect compare to mitered shape.

Power division measurement indicates that at operating frequency for both

uncompensated and compensated the equal division are occurred For each
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transmitting power varying from 0 dBm, 10 dBm and 20 dBm, the receiving power at

output ports are divide equally. Even the power divide equally at output port but

received power is very low where experienced losses in microstrip transmission line.



Losses as conductor loss, dielectric loss, radiation loss and surface wave loss are take
place. This type of losses are categorized as microstrip transmission losses. External
losses due to soldering also a major factor. The design furthered by doing in die cast
box to minimize the microstrip losses. The loss is predicted to be minimum after been
kept in die cast box.

The design furthered be fitted in die cast box. But the design did not
show a good performance in casing as predicted. This is due to connector. The
available is SMA connector which been used for design but it is not suitable for die
.cas.t box. This will lead to grounding problem as not achieved a good connection to
ground. So, the project in casing is not successful and hopefully be continued by
future student.

Basically, the value of VSWR for compensated is greater than
111}00111pe115ated. This is due to compensated facing extra discontinuity effect
(symmetrical step). This effect will lead to loss of microstrip transmission.‘ The
compensation made for reduce capacitance by shortened Al at the length of quarter
wave transformer to retain correct impedance at step. Anyhow, the perfect
compensated design cannot be achieved as the etching tolerance occurred. So we
cannot achieved the best compensation, hence excessive capacitance still appears.
The explanation would be the possibility for the solution above.

After analyzing the design, the scattering parameters and power

division are satisfied the design requirement.
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6.0 CONCLUSSION

From the overall results of simulation and analysis, it was notified that the stép
band frequency for filter is depend on the resonators length. The width and separation
are principally a function of characteristic impedance and thickness of the substrate.
In designing the microstrip low pass filter all the steps of calculation was done
manually. For the performance evaluation the comparison between the desired and the
simulation response have difference where the cut off frequency at 3 dB shift from 2.1
GHz to 2.66 GHz. at 2.66 GHz the VSWR is 1.14 and return loss is — 25.07 dB so it
cut off aat 2.66 GHz. The shift of the cut off frequency of the low pass filter is due to
the capacitance effect produced by in accurate etching process.

In designing the band pass filter the first optimisation is done by increasing the
resonator length, In order to achieve the best result, During the optimisation process
the anlaysisi of the bandwidth and center frequency were given more priority. It is
realised that while doing optimistaion certain error of parametyers have to be
sacrificed 1o maintain the minimum error in the bandwidth and the center frequency.
From the overll result of simulation of bandpass filter it was notified that the operating
frequency can be shifted by varying the resonators length. Furthernmore the result
also [prove that the cut off response is sharper for the higher order filters

In designing bandstop filter, the result from calculation and comparison with
PUFF is use to choose the best design. The design must be consider the value of
return loss and insertion loss. For bandstop filter the coupling bandstop filter show a

good performance compared with the stub bandstop filter. The value of the insertion

loss 1’01%:011pling bandstop filter design, is —31.06 dB. Compared to the value of



insertion loss for stub bandstop filter design, is —59.09 dB. That’s mean, the
pefformzmce for the coupling design is better than the stub bandstop filter design. The
width and separation are pr'incipally a function of characteristic impedance and
thickness of the substrate. For a chosen substrate these dimension values will not
differ a lot, even though the operating frequency is varied. The physical length of the
resonators simply depend on the wavelength.

How ever, in practically the performance for coupling bandstop design compared
with stub bandstop design, is not same as the result we get from the simulation with
PUFF. Analysis for fabrication bandstop filter (stub) is better than the coupling
Bﬁﬁdséo’p filter. From the measurement, the matching of return loss and VSWR for
bandstop filter by using the stub design have a good matching at lower frequency
(1.17 GHz) and upper frequency (3.34 GHz) with the value of VSWR is 1.10 and
.1.16._ Compared to the coupling bandstop design at lower freauency._(l.%” GHz) and
upper frequency (3.74 GHz) with the value of VSWR is 1.23 1.57.

As a conclusion, practically the bandstop filter design using stub performance is
better than the bandstop filter design using coupling, although in theoretical and
simulation from PUFF is show the coupling bandstop filter is better. This is because
in practically, to fabricate the coupling bandstop filter is quite hard compared with
stub bandstop filter. The space between each coupling give an effect to performance
of the filter consider to the losses and the electromagnetic field.

The design stage for branch line coupler are calculated manually to get the
desired response. The design and fabrication of microstrip branch line coupler
provides a guide line to produce the hardware according to the given specification.

Maximum coupling occurs at A/4 which means at this length the maximum. signal is



coupled at the center frequency 2 GHz and this coupling happens at even and odd
mode of the microwave propagation. Therefore even and odd mode analysis was
implemented in the design methodology

For Wilkinson power divider design it is depend on the shape of the bending that
used in quarter wave transformer. Selecting the good bending shape such as radial
bend shape will perform a better result. In this project, it is obvious that the
performance of the radial bend shape is better and efficient compared to the mitered
bend shape. The testing of the casing and without casing made. However, the testing
of. uncompensated and compensated without casing has been successful.
Unfortunately, for the casing it is facing problems. The problems are due to
grounding connection problem where the connector that provided not suitable for die

cast box.
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Microstrip uncompensated Wilkinson Power Divider layout

Microstrip compensated Wilkinson Power Divider Layout
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Material & tans . Advantages Disadvantages
i @ 10 GHz
Air 1.0006 =0 Pure TEM wave. No support for strip.
Assumed as free space Large physically size.
PTFE 241 0.0003 High thermal expansion.
Poor mechanical
properiies.
Reinforce | 2.3-2.6 | < 0.0001 Improved mechanical | High thermal expansion.
d properties. Variability between
plastics g batches.
Quartz 3.78 0.0001 Reproducible substrate.
Useful in mm range. - -
. Low thermal expension.
Ceramic | 2.5-10 | <0.002 Good " mechanical | Variability between
loaded ' properties. batches.
olastics. ; :
Alumina | 9.8 0.0001 Reproducible substrate- Brittle. -
99.5% : improving with purity. Slightly anisotropic.
pure
Sappire 9.4 0.0001 Reproducible substrates. Anisotropic crystal.
Al, O, 11.6 Very smooth surfaces. Small size-high cost.
GaAs 12.9 0.002 Integration  with high | Thin substrates-
d frequency aciive devices. | (~0.15mm)
Rutile 85 0.004 Reduced size component | Rough surfaces.
TiO,

Temperature sensitive «,.

The properties of substrate materials
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RT/duroid® 3880 glass microiicer rainforced F
composite is designed {or exacting stripling and rz*.i

crostrip circuit epplications.

Glzss reinicrcing microfibers zre randomly GI‘:E."T"C fo]
maximize benelits of fiber reiniorcament in the d
ticns meost valuable to circuil producers and in the

final circuit application.

The dislectric constant of RT/duraid 5880 laminaies
is uniform from panel 1o panel and is conslant over =
wide frequency range. lls low dissipation facier

extends the usefulness of 5880 ta Ku-band and

above.

RT/duroid 5880 laminale is easily cul, sheared and
machined lo shape. It has excellent dimensiona
stability and is resistant to all solvents and reagents,
hot or celd, normally used in etching prinled circuits

or in plating edges and holes. .

Normally supplied as.a laminate wilh electro~
deposited copper cf ¥ to 2 ounces/ft? on both ziczs,
RT/duroid 5680 composiles can also be clad with
rolled copper foil for more critical electrical apglica-
tions. Cladding with aluminum, ccpper or brass plale

may also be specilied.

When requested copper-clad. AT /duroid 5880 com-
posite can be ceriilied 1o MIL-P-13948 Type GRN or
Type GPN microwave malerial specilications.

When ordering AT/durcid 5880 laminales, it is im-
poriant to specily dielectric thickness, tolerance, roiled
or.electrodeposiled copper oil, ‘and welght of copper

foil required.

(See reverse for procduct data)
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Microwave Laminates
Non-Woven Glass Microfiber Relnforced
' PTFE Compos

Features and Benefits:

Meets Mil-5-13949,

® Suitable for military applications.

Lowest electrical loss for reinforced
PTFE marerial. '

® DProvides low insertion loss.
® Able te design high Q circuits.

Low moisture absorption.

® No special storage requiraments.

¢ Reduces effects of moisture on
electrical loss.

Isotropic.

® Improved performance on filters and
directional couplers.

)

Uniform electrical properties over

frequency.

® Repeatable designs.

® Suitable for very broadband
applications. -

Excellent chemical resistance.

® Immune to effects’of typical
processing chemicals.

Typical Applications:
Commercial Airline Telephones
Microstrip and Stripline Circuits
Millimeter Wave Applications
Military Radar Systems
Missile Guidance Systems
Point to Point Digital Radios

Optimum Frequency Range:

ROGERS

¢ Ropers Corporation, Microvave Materials Division, 100 S, Roosevelt Avenue, Chandler, A/

B5226-3415 602 961-1382 FAX: 602 6]

e

i
TR

ites

-4533




| Property/Units Typical Values
- : RT/duroid | RT/duroid
5880 5870
i Dielectric Constant @ 10 GHz | 2.20+40.02 | 2.33+0.02
u Thermal Coefficient of €,
@ 0 to 100°C ppm/°C -129 -115
Dissipation Factor @ 10 GHz 0.0009 0.0012
Tensile Modulus X kpsi 156 189
Y 125 185
Volume Resistivity : Mohmeem | 2X 10 2X 107
Surface Resistivity Mohm 3 X 108 2 X 107
t Compressive Modulus Z axis kpsi 136 120
Moisture Absorption % 0.015 0.015
:i Thermal Conductivity W/m/K 0.20 0.22
| Coefficient of Thermal Expansion
0to 100°C = - X 31 22
Y ppm/°C 48 .- 28
Z LT _ 173
Specific Gravity 2.2 2.2
Rogers laminates can be purchased by contacting your U.S.
customer service representative or one of our overseas offices.
Telephone numbers listed below.

Touroig and DUROID ate rademarks of Rogers Corporation for their mrowave lammnales

?!i«'me data represents lypscal values not stalshical mowmums s not intended to and does ol create any warrantie:

S Rxpress of mphied nduding any warranly of merchantabiay of faness for o parbcuiar
}nm The relative nients of matenals {or 3 spas' spplcaton shoukd be deterruned by your evaluaton

IOGERS

b

&gers Corporation ' o In Japan: In Hoﬁg Kong: In Europe:
rowave Materials Division . Rogers Japan inc. Rogers Soulngasl Asia Rogers N V.

1S, Roosevell Avenue Tth Fioor._ ST B_Idg‘ _ 21st Floor. Unit 2 Afrikalaan 188
andler, AZ 85226-3415 2-26-9 Nishi-nippori 118 Connaught Road West B-9000

) Arakawa-ku Sheung Wan. Hong Kon Gent, Belgium

2.961-1382 FAX. 602-961-4533 J 4R :
"'b o ) ' Tokyo 116 Japan 852-2549-7806 32-9-235361
Losite: hitp:/iwww.rogers-corp.com 03 3807 6430 FAX: B52-2549-8615 FAX' 32-9-2353858
9002 CERTIFIED

FAX: 03 3B07 6319

,"’7 Rogers Corparanon PrtedinU S A

0256-057-5 0-ON

o i o Do Rl S



Rogers High Frequency Circuit Material

/
3 E 5.\ E = 2 ki b
L b~ Q .U ‘\w. q -‘E S— .ﬁ CJ Q
v o | o6&k [~ 0 o 0 o ¢+ % © - bl
R B N = = ~ L : . B : iz -
o 3= /5> /g 3 5 3 J ' /
0 T [Te [Ko TN [Bo [T = = = [ = [ =
i FS /K5 /d8s/ E8 | RS |E3 = = = = [ =
Q Ty (2 | Do/ e /285 [ &§ b ~ 7 K i
> !
Composition PTFE PTFE PTFE PTFE PTFE PTFE Hydro- | Hydro- | Hycro- | Hycro- | Hydro-
Glass Glass Woven Ceramic Ceramic Ceramic Carbon | Carbon | Carbon | Carpon | Carbon
Fiber Fiber Glass Ceramic | Ceramic |Caramic | Ceramic | Ceramc
g 2.20 2.33 2.40-2.60 294 6.15 10.2 3.27 4.50 6.00 920 9.80
Tolerance +0.020 +0.020 +0.040 =0.040 z0.150 +0.250 £0.016 | =0.045 | =0.080 | =0.230 | =0.245
Tan & 0.000¢ 0.0012 0.0018 0.0012 0.0018 0.0023 0.0020 | 00020 | 0.0023 | 0.C022 | 0.0020
Thermal
coeff. of £
-50° 10150°C
ppm¢ °C -125 -115 -100 +12 -410 425 “.38 — #-10 =3 “-43
{Typical)
Volume
resistivity
Mohmecm 2310 200 230 10° 20107 5x10° 3x10° Bx10¢ 1x10¢8 2x107 —
{Typical) _ . |
Surface
resistivity i
Mohm 3ap 2x10¢ 4x10 10° X 5x10¢ >A0* | 1x10 1x10° 4x10° —
{Typicai
_ X - kpsi 156 189 1700 120 74 135 1916 2000° 2200 2400
o (MPa) (1078) (1340) {11,730 (828) 511) {932) (13.210) | (13,7901 {{13.168) | {168.547)
3 —_— Ledia . SO
=1
3 Y - kpsi 125 185 1300 120 N 81 1996 2000° 22007 2500 =
‘?n (MPa) {863) . (1277 (85701 (B2B] (628) (529 (13.210) | (13.790) |.15.168) | (16.547)
o™
é Z- kps 136 ° 120 —_ 360° 155 3 42 752 736 373 —
> {MPa) (938; (828) (2482) (1070) (2148) {5116) | (5183) | 15075) | (3864)
Moisture'™
absorption 0.013 0.015 003 g1 005 005 “0.04 0.010 “0.06 N0l “0.16
D24/23% .
{Typical)
Thermal *
conductivity” 0.2 n.22 0.24 0.60 0.49 0.78 0.70 070 0.72 0.7¢ Q7%
W:m K ‘
{Typical
w5
ED —
2ES
t—a &; X 3N 22 15 16 47 24 6 14 16 16 16
-— o
S22 Y 13 28 15 16 34 24 16 Bt 16 16 18"
o = B
T Se oz | o 173 200 24 17 24 20 20 20 20 20
) w
Density
gm:cm’ 2.2 v 2 2.2 20 2.7 2.9 1.78 207 2.37 2.77 277
{lypical) - :
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‘ Cladding
/ = Surface Roughness < Lo
/| 8 g £ | D &S
, o 5 >U £ | w o5
/ . J £7 /= S g O /g £r 7
/ @ T ;."' Q v n: ;.." S_-' .2 E I ] - - £
Q < o =05 [ g £w< ie [E e Z
2 % fo 255 < =R g8 |3 TFEE
o Oo s srz [ o Sef [ F9 [Fx [gREs
O ~ S5 o2 [ W S s Yo [KE [Rxg5%
/ . =
12z (Sum; 70 15 — — 87 Farr 0.4 1
ED {1.81 0.4 (1.83)
‘ 2oz (17.5um) 75 15 33.0 20.0 1.82 Far 0.7 12
| ED (1.8 i0.4) (228) {2103
1oz (35umi 85 15 30.0 280 1.78 1 Fair 1.4 16
EC 2.4) (0.4) (207) {2.80)
{{ 26z i70um; 115 15 32.0. 420 1.78 Fair 28 18
i| ED (2.9) (0.4) (221) {3.15)
| 120z (17.5um) 55 12 20.0 80 178 Excellent | 0.7 9
Rolied (1.4) (0.3) (138) (1.58)
10z {35um) 55 12 22.0 13.0 174 Excellent 1.4 10
Rolled (1.4) (0.3) (152) (1.75)
20:  (70um) 55 12 28.0 27.0 1.74 Excellent 2.8 1
Rolieg i1.4) {0.3) {193) {1.83)
ff -
/ o <)
-' o = Py 3 SE
& - = = L. £ T o
/ [ § En & e EL ;.;95, L E = .Um',},g .“%E
g r5E£ ) 5 e | FE [ES EE ¢ 7%
= 5 s 5 Eg.= g3 588 [ g555 88
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= a
Aluminum 6061 70 Poor 20 2.7 180 2d 5
{1.8) (138}
|Brass 70.30 70 Good £5 8.3 120 20
: carindge (1.8) 1311
Copper 110 70 Fair 1o Foor 3. 8.9 390 17
(1.8) 1242 .
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Now availzble from & ROGERS is a full family of high quality microwave laminiates.
RT/duroid® 53870 and 5880 substrates, composed of uniformly dispersed giass microfibres in & PTFE matrix,
providing the microwave engineer with a microscopically controlied uniform dielectric constant (dk).

" RT/duroid® 6002, glass microfibre and ceramic reinforced PTFE laminates, combining excellent plated-through-hole and

surface mounting reliability with extremely low variation!of dielectric constant in iunction of temperature,
RT/duroid® 6006 and 6010 subsirates, composed of uniformly dispersed ceramic filler in PTFE matrix.

| - . ULTRALAM™ 2000 woven glass reinforced PTFE for improved dimensional stability. .

. -~ ROGERS™ 3001 Boriding Film, for bonding low dielectric constant PTFE microwave stripline packages and other mulii-

|

E
i
|

i
|

" layer circuits.

e, T “ Dielectric constant * Dissipzation factor

, G(éde ; {at 10 GHz nominal)  (at 10 GHz nominal)

. RT/duroid®5870 . 2.33 + 0.02 ©0,0012 typical

: RT/duroid® 5880 ° 7 2.20 + 0.02 0.0009 typical -

: RT/duroid®6002 - . 294 % 0.04 0.0012 typicai

t RT/curoid®6006 - 6.00:0.15 . 0.0019 typical ‘= _

|#i0.2.4 025 ... 0.0024 typical

<710.5 £ 0.25 ; ¥ - 0.0024 typical ~ _
.10.8 £.0.25 =707 £70024 typical -
: 50,0019 typical B £

i-Bonding Film 3001
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jduroid® 5870-5880 RT/duroid® 6005-6010

— Tight tolerance of dielectric constant
"and dielectric thickness.

— Excellent machining capabilities.

! — High peel strength of copper foil 1o substrate.
| — Very low water absorption, typically less than 0.02 %. )
- low outgassing properties. X ULTRALAM™ 2000
— Exceed the requirements of MIL - P - 13949G. _

Ease of fabrication.

Low moisture absorption.

Nearly isotropic electrical properties.
Low strain relief zfter eiching.

it
i

it i
|

Ty

. — Excellent mechanical stability.
. . ‘ - — low tolerance on dislectric constant.
t”d roid® 6002 : — High copper peel strength.

i — Zero temperature cozfficient of dielectric constant. 5 _ )
i — Excellent through hole plating reliability., Rogers™ 3001 Bonding Film

$hoes L o S F e ey e
[i— Very higit sitace mount reliability.
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- Chemically inert.
- Low moisture absorpticn, typical 0.05 %.
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RT/duroid® 5870 and 5880

DIELECTRIC CONSTANT

RT/D5870: &r = 2.33 « 0.02
—RT/D5880: & = 2.20 = 0.02 =
Specification MIL-P-13949G type GRN

CLADDING

COPPER: 5 pm ED Copper (1/8 oz)

9 pm D Copper (1/4 032)

SHEET SIZE AND THICKNESS

Size: inches mm
18x12 457 x 305
18 x 24 . 457 x670
18 x 36 457 x 915
18 x 48 457 x 1219

Thicknass and tolerance:

On special request we can supply Aluminium,
Brass or Copper backed material and Ohmega - ply.

g 0,005 + 10 % 0,13 = 10%
17.5 pm Rolled or ED Copper (1/2 02) 0010+ 7% 0,25+ 7%
~ 35 pm Rolled or EB-Copper (1.0z) —_ 0015+ 7% 0388+ 7%
70 pm Rolled or ED Copper (2 oz) — 0,020 £ 0,001 0,51 + 0,03 —
On special reguest we can supply Aluminium, i —578825 : ggg;_ ?Z?Z ggg
Brass or Copper backed material and Ohmega - ply. 0:125 ; 0:004 3:18 :—: C-,":O
Other shzetsizes and thicknesses avai'sble on raquest,
| R
RT/duroid® 6002
* DIELECTRIC CONSTANT SHEET SIzZ AND THICKNESS
RT/D 6002: &r = 2.4 1 0.04 Size: inches . mm
18x12 457 » 305
CLADDING 18x18 457 x 457
. .COPPER: 5 pm £D Copper (1/8 oz) 18 x 24 - 457 % €10
' 8 uri ED Copoer (1/4 oz) - . ‘ ¢
17.5.pm Rolled or ED Coppsr{1/2 02) Thickness and tolerance:
35 pm Rolied or £D Copper (1 02) 0.005 « 10 % 0,13 = 10 %
70 me Rolled or ED Copper (2 0z2) 0,010 ; 7 9% 0,25 ; 7 %
0,020 + 0,001 0,51 + 0,03
0,030 + 0,001 0,76 = 0,03
Q.DGO + 0,002 1,52 + 0,05

Other sheetsizes and thicknesses availzble on reguest.

RT/duroid® 6006 ar.d 6010

~

DIELECTRIC CONSTANT

RT/D 6006: &r = 6.00 + 0.15
RT/D6010: &r = 10.2 + 0.25
RT/D6010: &r = 10.5 + 0.25
RT/D€010: &r = 10.8 + 0.25
CLADDING .
COPPER: 5 Hm ED Coepper (1/8 oz)

39 pm ED Copper (1/4 oz)

17.5 pm Rolled or ED Copper (1/2 oz)
35 pm Rolled or £D Copper (1 0z)

70 pm Rolled or ED Copper (2 oz)

On spacial request we can supply Aluminium,

Brass or Copper backed material and Ohmeaga - ply.

SHEET SIZE AND THICKNESS

Size: _ inches . mm
. 20%20 508 x 508
10x 20 254 x 508,
10x 10 254 x 254

Thickness and 1olerance:

= 0,010 + 0,001 0,25 + 0,03
: 0,025 1z 0,001 0,64 + 0,03
0,050 + 0,002 1,27 £ 0,05
0,075 + 0,004 1,91 + 0,10
0,100 + 0,005 2,54 £ 0,13

Ciher sheetsizes and thicknesses avzilabie on request.



ILTRALAM™ 2000

E Digleciric '~ 0.0040

! thickness:

CLADDING
TCOPPERT"

0.0147 + 0.0
0.0190 + 0.001
0.0200 =+ 0.001 s
0.0600 + 0.002

- | DIELECTRIC CONSTANT

ULTRALAM™ 2000+ &r = 2.4-2.6 + 0.04
+0.0004 E&r=240
+ 0.0008 &r= 2,48
&1 =245
Er= 243

5 pm ED Copper (1/8 oz)
9 pm ED Copper (1/4 oz)
17.5 pm Rolled or ED Copper (1/2 02)
35 pm Roll=d or ED Copper (1 oz)
70 prm Rolled er ED Copper (2 oz)
i On spacial request. we can supply Aluminium,_
| Bress or Coppér backed material ang Ohmegz - ply. 1

}, S =28 38
with 0,05 incremeants

SHEET SIZE AND THICKNESS

Size:

Ctrrersteetszes arnd Hrick

inches
18x12
18x24
18 x 48

Thickness and tolerance:

0,0040 + 0,0004

~8,0707:£0,0009

*0,0147 = 0,001
0,0190 = 0,001
00300 + 0,001

£ 0,0600 = 0,002

mm
457 x 305
457 x 5810
457x1219
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nesses avaiizbie on regusst,

DGERS™ 3001 Bonding Film.

Dielectric constant: &1 = 2.28
film thickness: 38 um (C.0015")

Stancard rolls: 305 mm wide (12”) x 15.2 m long (50 )
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Abstract

This paper is concerned with designing a
bandpass filler to be used in microwave
communication  transceiver.  The filter
configuration chosen is based on microstrip
planar resonators for the aperation from 1.9 to
2.1 GHz. The procedures presented here are
applicable for the design of a parallel coupled
bandpass filter. The major design process is
aided by CAD package called PUFF. Different
configuration of resonators with various
" parameters governing the performance of the
filter are investigated using the simulation
model. The results of the simulations are
presented here. The best choice of the
microwave bandpass filter configurations are
recommended

Introduction

Bandpass filters require precise transmission
characteristic that allows a desired band of
signals to pass through the two port network.
Thus between transmitter and receiver, a band
pass filter is used to attenuate unwanted signals,
There are two basic forms of coupled resonator
bandpass filters in microstrip line. The first form
is an end coupled filter which has a capacitive
coupling from each end of the resonator into the
end of the adjacent line. On the other hand, edge
or parallel coupled filters have resonators that are
coupled through the even and odd mode fields
along the edges of the lines. Parallel coupled
filters are generally preferred because they lead
to as much as 50% reduction in length.
Furthermore larger gaps between the lines are
permitted for parallel coupled filters easing the
tolerances and permitting a broader bandwidth
for a given dimensional tolerance. The greatest
significance is that the first spurious response for
a parallel coupled filter occurs a three times the
center frequency of the filter whereas the end
coupled occurs only twice.

Desion Consideration
—-—h-—._.________

Parallel coupled lines are used for the band pass
filter design. For coupled lines maximum
coupling is obtained when the length of the
coupled region is Ag/4. To achieve Tesonance,
each resonator elements has to be Ay/2 in length,
Figure 1 shows the parallel coupling method
which will be used in this design. The frst
coupling structure is formed by wy, 5, ,w; and the
final coupling structure is also consists of s;, w,,
s1 at the opposite end of the filter.

I-._.. —— iy 1y l—f— Iy——fee |,—_I-_ I—

Figure 1 : Parallel coupled bandpass Elter for
seven section configuration

The main design step are as follows

° Mapping from low pass prototype to band
pass

Designing process starts with the transformation
of low pass prototype inta band pass
requirements. The purpose of this idea is to
determined the number of resonatars that is



needed to meet the attenuation requirement. This
is to determine the order of the filter. The
mapping of low pass prototype into bandpass is
done by using this equation

o _2(fi-f
o & 4
where M:-f:;ﬁ

Ar= fractional bandwidth

fi = lower pass band

2= upper pass band

fo= center frequency

¢~ prototype cut off frequency (equals to 1)
®; = defined in filter specification

f; = frequency at desired attenuation

® Determine the number of resonators that is
the order of the filter

Determine the order of the filter that is the value
for n by examining the filter prototype
specifications which meet the insertion loss
requirements, that is should be at least 20 dB
(desired attenuation) for the desired frequency in
the design specifications. For nth order of filter
there will be n +1 number of resonators (coupled
region). The order of the filter is determined by
referring the graph for Chebyshev characteristic
for 0.01 ripple.

° Calculate the admittance inverters values

A network consisting of admittance inverters and
uniform type resonant circuits were used . The
admittance  inverter parameters are then

calculated
For the first coupling structure

Ju _ | wAf
' UZg.g.

For intermediate coupling structures

il vy

Y;} ,_,-1 @ (n-1) 2w='\}g.'g.f'l

For the final coupling structure

=
Yl? “"gngm 1

LI

The quantities g refer to the prototype elements
value which is readily available from the table
provided [1]. The value for g is selected
according to the order (n) of the filter.

e Evaluate the even and odd mode
characteristic impedance (Zg. and Z,)

The odd mode and even mode coupled line
impedance Z,, and Zy. are then calculated by
using this equation [1]

(Zo.), 0 = Z, (1 +az, +a°z,?)

(), 0 = 2,0~ a2, +a°2,?)
where 4= I i
Z, = system characteristic impedance

e  Calculate the resonator length

The length of resonator | is calculated by using
equation given below where we have to evaluate
the physical length of the resonator A2 and the
physical value of coupled region A,/4

where Z, 300

mm
7 Eur
= operating frequency in GHz

Eur = effective permittivity

Simulation

The design process is further continued with the
utilization of the PUFF simulation. From the
result of the simulation, the response of the band
pass filter can be visualized. The design is
analyzed according to the S parameter obtained
from the simulation. The simulation process
started with the calculated values. Then the
simulations for the purpose of optimization are
done by doing some adjusment to the length of
the resonators and increasing the order of the
filters.

The simulation result can be shown as in figure
2to 6 with different order of the filters.



Figure 2: Simulation for 4 order bandpass filter
with five coupled sections of resonators

Figure 3 : Simulation for 4™ order flter with
ditferent length of coupled region

Figure 4 : Simulation for 5% order with six
sections of resonator

Figure 5 : Simulation for 6* order with seven
section of resonator

Figure 6 : Simulation for 7" order with 8
sections of resonators

Discussion

The simulation result for the actual calculated
values show the design still needs a lot of
optimization because the error is very high: &t
was found out that the bandwidth error is 51.8%.
The first optimization is done by increasing the
resonators length i.e. figure 3. The order of the
filter is still the same. However thig is the best
result that can be obtained by varying the
resonator length. The bandwidth error is 43.79%
and this still considered high. So further
optimization is done by inereasing the order of
the filter.

From the overall simulation results, it was found
out that the simulations in figure 6 is the best for
the filter design. This is 7" order filter The
bandwidth error is 8.9% and the center frequency
error is 0.075%. the desired 20 dB attenuation at
the early design stage is 1.7 GHz, but the value
obtained is at 1.8667 GHz. This is acceptable



because we need at least 20 dB attenuation at 1.7
GHz

Conclusion

The design process of the band pass filter is
based on the § parameter from the PIJEF
simulation. We are only concern about Su(return
loss) and Sy, (insertion loss). The basic concept is

in the pass band of the filter, the S;; value should.

be kept as low as possible meanwhile the value
of S,; should be kept at 0 dB.

In order to achieve the best resuit optimization
was done . During the optimization process the
analysis of the bandwidth and the center
frequency were given more priority. It is realized
that while doing optimization certain error of
parameters have to he sacrifice to maintain the
minimum error in the bandwidth with the center
frequency. From the overall result of simulation
it was notified that the operating frequency can
be shified by varying the resonator length. It was
found out that operating frequency is shifted to
the left when the resonator length is increased,
Furthermore the result also prove that the cut of
response is sharper for the higher order filters.
Besides the higher order filter is found to have
narrower bandwidth compared to the lower order
filters. The optimization process was carried out
based on these above mentioned criteria

[1]

[2]

[6]"
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