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ABSTRACT

This thesis deals with the development of tunable Combline filter for Software defined radio
(SDR) applications. The methodology for the design of Tunable Combline filter is explained
in detail and explicit design formulas, to obtain the filter design parameters from
specifications, are included. This tunable filter uses the concept of reverse biased diode as a
Variable Capacitor (Varactor) for tuning purpose. The proposed filter is designed with the
frequency range from 0.5GHz to 3GHz with commercial available varactors as tuning

elements. The parasitic effects and simulation problems are discussed.
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Chapter -1

Literature Review

1.1. Introduction

The growth of mobile communications requires the design of miniaturized, multi-
standard/multi-band, low cost transceivers. These need various tunable or reconfigurable
components including a filter for Software Defined Radio (SDR) systems or multi band
“systems [1]. Software Defined Radio (SDR) is a radio communication techﬁology that is
based on software defined wireless communication protocols instead of hardwired
implementations. In other' words, frequency band, air interface protocol and functionality can
be upgraded with software download and update instead of a complete hardware replacement.
SDR provides an efficient and secure solution to the problem of building multi-mode, multi-

band and multifunctional wireless communication devices [2].
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Fig 1.1 Software Defined Radio (SDR) Transceiver [2]
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The fast-growing wireless market with the emergence of new wireless standards has created
an increasing demand for multi-band and multi-standard base-station/mobile-handsets

products with increased functionality and performance, while still meeting the requirements

of smaller, lighter and cheaper. A .

These new standards, which set these requirements, involve more complex designs of RF
transceiver circuits, where many passive components are intensively used for building of

active devices such as amplifiers, oscillators, as well as for building of passive devices like
filters. [2]
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Filters are required to perform different functions like impedance matching or RF signal
selection. Examples of filters in RF front-ends are pfe-éelect filters, and image-reject filters.
Image-reject filters are responsible for the rejection of the image signals, which are unwanted
signals generated by the mixer and other components, Pre-select filters are needed for the
selection of desired frequency bands while at the same time elimination of any undesired
signals that may be present at the antenna’s output at much higher power levels. These pre-
select filters are often realized as duplexer, which serve to separate transmit signals from
receive signals, which lie in an adjacent frequency band. Without these -duplexers, the strong
transmit signal would leak into the receiver section and saturate the low-noise-amplifier
(LNA), making therefore the receiver to lose sensitivity to the weak receive signal. Generally,

most of these passive components are realized as disctete components and therefore occupy

more space.
Hixes C Filter
RF Input {f)
o NIVY [y
== ==
RF Filter ’ IR Filter IF Filter

Hiver C Filter

LO

Figi.2: Block diagram of Heterodyne Receiver architecture [3]

Heterodyne receivers (also called super heterodyne) are widely utilizéd for current wireless
applications. Historically, heterodyne was the first practical receiver architecture
implemented for cellular phone systems. A block diagram of a heterodyne receiver is shown
in Fig. In this architecture, the signal received at the antenna is first filtered before being
amplified by a lbw-noise amplifier (LNA) (e.g. by 10 to 20 dB). The signal is then further
filtered by an image-reject (IR) filter before being frequency translated to an intermediate
frequency (IF) by the first local oscillator (LO). At the IF stage the signal is further filtered by
an IF filter and amplified before being frequency translated to base-band. Two parallel signal
paths, in-phase (I) and quadrature (Q) are obtained at base-band after two-step frequency
translation. Finally the I and Q signals are further amplified and filtered by low-pass filters,

[2]



_respectively, before being converted to digital signals by the analog-to-digital converter
(ADC).

1.2. Functions of filters in Wireless circuits

Filters are very important components of telecommunication systems. They are required to
perform different functions like impedance matching or signal selection. Although
similarities exist between impedance matching circuits and filter circuits just by looking at

their schematics, there are distinct differences between these functions

Filters for impedance Matching

In RF systems the optimum power transfer is one of the important design
considerations. The Power transfer needs to be maximized from one system block to another.
This is achieved by means of matching networks. Matching networks are some type of
electrical interconnections that are required between each building block. They are realized
using strictly reactive and lossless components in order to achieve power conservation and to

achieve usable gain from the active device (transistors) at microwave frequencies.

Filters for signal selection

The functions of filters in wireless circuits are mostly to reject the unwanted signal
frequencies, while permitting a good transmission of the wanted ones. Depending on the
circuit requirements, these filters can be designed as lowpass, highpass, bandpass, or band
stop.

For the optimal operation of transceivers the isolation of both the transmitter and receiver
‘have to be very large (e.g. 120 dB).The isolation between both the chains can be done using a
duplexer (filter consisting of two band pass circuits), or a switch. Switches are mechanical,
electrical, or electronic devices that open or close circuits, complete or break an electrical
path, or select paths or circuits. The losses of a switch ére usually less than those of a
duplexer.

Filters in a transmitter chain are needed to meet the output noise requirements of the
transmitter, since in some cases the transmitter noises can leak into the receiver via the
duplexer and destroy the receiver sensitivity. The technology of choice for filters preceding

the power amplifier (PA) is SAW (Surface Acoustic Wave). For output duplexers, ceramic

(3]



Band pass filters are also used. Ceramic filters have lower insertion loss and thus have less

effect on the transmitter efficiency.

RF preselect filters

The purpose of RF preselect filters in receivers is to select the desired frequency band
to be received, and to eliminate any undesired signal. These filters are typically realized in
the form of a diplexer or duplexer. Duplexers connect the antenna to the transmitter (Tx) and
receiver (Rx) and provides isolation between the Rx and Tx chains. These filters protect the
receiver from saturation by interfering signals at the antenna and determine the receiver
selectivity. Without the duplexer, the strong transmitted .signal would leak into the receiver
section and saturate the low-noise-amplifier, causing the receiver to lose sensitivity to the
weak receive signal. Diplexers connect the antenna to a dual band transceiver and allow one
frequency band to pass between the antenna and transceiver (e.g., connection of a GSM800-
and PCS1900- dual band transceiver with antenna).

Ceramic coupled-resonator filters are commonly used for front-end receiver filters or
duplexers. Lower-cost discrete LC filters are also used, especially in half-duplex transceivers
where strong interference from the system’s own transmitter is not an issue, and thus lower

out-of band rejection is acceptable.

Image Reiect filters

Image-reject filters (IR Filter in Figure 2.8) placed after the LNA are used to protect
the RF mixer from out-of band interferer signals as well as to reject the undesired signals,
generated by the RF mixer and other components. Without image rejection filtering, any
signal present at the image frequency will be down cb.llverted to the same intermediate
frequency (IF) and will corrupt the desired signal.

The bandwidth of IR filters, centered at the carrier frequency (fc), must be sufficiently wide to
pass the modulation sidebands in the desired channel without distortion. The image frequency
has to be suppressed by at least 10 dB in order to meet the ‘system noise figure (NF). To meet
the system requirements, RF receivers generally need about 65 dB of image rejection. SAW
(Surface Acoustic Wave) filters are typically used to provide image rejection. Low-cost LC

filters can also be used at the expense of lower rejection levels.

[4]



Intermediate Frequency (IF) filters

Intermediate frequency filters (IF Filter) are designed to receive the en;[ire RF
passband and to reject spurious frequencieS and image frequencies in particular. These IF
filters narrow in and select the desired channel from the entire pass band; they provide
thereby additional selectivity to the receiver. These filters help to prevent out-of-channel
noise and help to minimize the loss, thus improving the sensitivity of receivers. SAW filters
are the components of choice for most IF filter applications. They provide the best out-of-
band rejection at reasonable size and cost. Crystal and LC filters can also be used at the

expense of lower performance.

Base Band channel Filters

In baseband sections of wireless transceivers, filters for signal selection are required, e.g.
antialiasing filters located before the A/D converter (C Filter in fig) and reconstruction filters
after the D/A converters. These kinds of filters are generally low pass and remove the
unwanted channels appearing at higher baseband frequencies, after down conversion. These
_' filters are typically realized on-chip using silicon- or Ga As-technologies, for example. As
can be seen throughout this section, many filters are required in wireless transceiver circuits,
and particularly in the analog RF section. Since many of these filters are discréte or surface
mounted, integrating them will lead to a substantial reduction in board size as well as in
weight. For a successful integration however, efficient design and analysis methods are

required.

1.3. Tuning Mechanisms

The tuning mechanism in tunable filters can be classified into three major types:

1. Mechanical Tuning

2. Magnetic Tuning

3. Electronic Tuning

Mechanically tunable bandpass filters are realized using co-axial or waveguide resonators
and have large power-handling capability and low insertion loss. These manually tuned filters
have slow tuning speed and are often large and bulky for application in modern integrated
systems

Magnetically tunable band pass filters have been used extensively in microwave

Communication systems and have single-crystal Yttrium-Iron-Garnet (YIG) spheres. In their

[5]



1.4.1. Varactor Tuned Combline Filter

Fig 1.3 shows a typical varactor tuned combline bandpass filter. The resonator consists of
multi-microstrip transmission lines shorted at the same ends and loaded with varactor diodes
at opposite ends. The transmission lines must have the electrical length which is less than that
of a quarter wavelength line, in order to be resonating with the capacitance of varactor diode
at the centre frequency of the filter. This configuration can provide a wide tuning range with
minimum degradation of the pass band performance. A bandpass filter which has more than
0.45 octaves tuning range with less than 12.5% passband bandwidth variation has been

reported.
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Fig 1.3 Typical Varactor tuned combline bandpass filter [5]

1.4.2. Varactor Tuned Interdigital Filter

The interdigital configuration is as commonly used [] as that of the combline, because only
short positions are different and the varactor diodes are loaded at the open ends as are in the
combline configuration in Fig 1.4. This conﬁguration. enables us to achieve wide tuning
ranges more than 60% of its centre frequency. The centre frequency of the filter is also
determined by the resonance length of the line as well as the capacitance value of the varactor
diodes which tune ,thé resonance frequency. The quality factor of the resonator is a function

of the line length as well as the series resistance of the varactor diode.

[7]
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Fig 1.4 The varactor tuned interdigital bandpass filter [5]

1.4.3. Varactor Tuned Microstrip Line Ring Resonator

M.Makimoto proposed a tunable bandpass filter using microstrip ring resonators. The
resonator is composed of transmission line and varactor diode located between the ends of the
line shown in fig 1.5. This configuration gives relatively wide tuning range and steeper skirt
frequency characteristics due to transmission zeros introduced by series resonance near the
passband. The bandwidth of the second order filter is controlled by tight coupling

characteristics between the two rings shown in fig 1.5.

Vicont

Qutput

5}-‘.!,‘:—- 454

Fig 1.5 Typical Varactor tuned second order filter using microstrip ring resonator [5]
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1.4.4. Varactor Tuned Hairpin Filter

Since the hairpin filter is more compact than the other configurations, it can be applied to
miniature systems. The tunable bandpass filter has an octave band tuning range together with
a compact size. Fig 1.6 shows a hairpin tunable bandpass filter which is composed of a half
wavelength microstrip resonator and a tapped open stub. T-junction with a tapped open stub
functions as equivalent K-inverter, and the bandwidth of the filter is dependent on the

transmission line length and varactor (C,) of that. The center frequency of the filter is also
dependent on the resonator loaded varactor (C,). Therefore, the center frequency as well as

the bandwidth of the filter can be tuned. This configuration does not have wideband
performances due to fixed input coupling capacitance.

C1 C1 — '
74.... 74..._

=

Fig 1.6 Second order varactor tuned hairpin filter [5]

1.5. Problem Definition

The work that is presented in this dissertation is aimed to design and develop a Electronically
tunable combline band pass filter with varactors as tuning elements. The frequency range of

operation of the filter is 0.5GHz to 3GHz.

1.6. Organization of the dissertation

Chapter 1 Provides literature review of the filters. It provides brief background of importance
of filters in Software Defined Radio (SDR) and other wireless communication systems.
Different methods of tuning mechanisms and different types of Varactor tuned bandpass

filters are discussed, Problem statement, objective and scope of the thesis.

[9]



Chapter 2. Deals with the theory of filter design using.insertion loss method, concept of
resonant circuits, types of coupling between the resonant circuits, concept of admittance (J)
and Impedance (K) inverters. This chapter concludes with the theory of tunable combline

filter

Chapter 3 This chapter deals with the theory of electronically tunable combline filter with
tunable centre frequency and variable bandwidth within the passband tuning range. This
chapter provides a step by step procedure to design a tunable combline band pass filter
starting from the specifications, Design parameters, transformation of electrical to physical
dimensions of the filter is discussed and finally the designed filter is simulated by using ideal
tunable capacitors using EM simulator ADS (Advanced Design Systcfns). Then the parasitic
~ effects of the commercial varactors are discussed and the filter is simulated again by

including these éffects. Finally fhe filter is fabricated and tested.

Chapter 4 deals with the CAD tool for the design of tunable combline filter with tunable

centre frequency and variable bandwidth within the pass band tuning range.

Chapter; 5 draws conclusions, and finally describes the possible future research directions in
the design of the tunable combline filter. This chapter deals how to control the bandwidth of
the filter within the tuning range of the filter and how to compensate the parasitic effects of
the varactors. Finally this chapter concludes with the concept of tuning using Ferroelectric

materials like BST (Barium Strontium Titanate), Rating (Barium titanate) for faster tuning

(10]



Chapter -2
Theory of Filter Design

2.1. Introduction

. This chapter deals with the theory of tunable filter design, different types of filters , resonant
circuits and the different methods of coupling between the resonant circuits, concept of

admittance (J) inverters and impedance (K) inverters finally concludes with the tunable
filtering mechanisms. |

2.2 Fundamentals of Filter Design using Insertion loss method

Filter Low pass Scaling and Implementation
specifications > prototype "1 conversion "
design '

Fig 2.1: The process of filter design using insertion loss method [6]

Generally a low pass filter prototype is in general defined as the low pass filter, whose

element values are normalized to make the source resistance or conductance equal to one,

denoted by g, = 1, and the cutoff angular frequency to be 'ﬁnity, denoted by 01, = 1(rad/s)

8> &
LT
g T& T& %gm or g.T ig.,
S aki
(n even) (nodd)
(2)

[11]
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Fig 2.2 Low pass profotype filters with ladder network structure and its dual {7]

2.2.1 Prototype filter [8]

Butterworth low pass prototype filter:

For Butter worth response

PERE

» LA((fJi) — 10]0&‘31@[:-“' — [\E’]_’- ) dB ) . (2.1)

The g notation used in figure signifies roots of an nth order transfer function that governs its
characteristics. These represents the normalized values of filter elements with a cut off

frequency of 1. = 1(rad/s).

Element values for normalized Butterworth low pass prototype filter are: .

So =1
g, =2%sin (—5), k=1,2...n 2.2)
Zn+a~1

To determine the order of a Butterworth low pass prototype filter, the specification that

usually given is the stop band attenuation(L,_ in dB) at Q= 0_ for 0.>1.

Lgs

_1}

0> log{10

0
2logh 2:3)

L

[12]
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Fig 2.3: Butterworth (Maximally flat) response [7]
Since quantity in square bracket in eqn has 2n zero derivatives at =0, hence its name is

“maximally flat”.

Chebyshev L.ow Pass Prototype filters:

For chebyshev low pass prototype filters having a transfer function given in

[ lar
ripple constant = € Z\]’ 1010 —1 (2.4)

Where L ;.. is the pass band ripple in dB.

The element values of the two port network of may be computed using the following

formulas:
g.=1.0
g =73 sin(5) (2.5)
2 & sin (BEUE), o, (ST :
g, = A 2 For1=2,3..n (2.6)
Bi—1 w3 rein? (= nJ ) :
ns1 = 1.0 For n odd
"B
coth* (I;-) For n even ‘ (2.7

[13]



B = Injcoth (—i)] 2.8)

17,37/
- -t |3 N . )
y = bmh(?—n) (2.9)

for the required pass band ripple ,minimum stop band attenuation the order of the chebyshev

lowpass filter is found by

i
oc'l‘—i !iGG-lL-As_,l
COsh —_—
y 1ofdtar—y

n=> ' (2.10)

cosh™1Qg

Where L, _ is the stop band attenuation at {}_

For ‘n’ odd, we have equal source and load impedances, but for ‘n’ even we have unequal
source and load impedances. If design leads to ‘n’=even and we need equal source and load

impedances increase either ‘n’ by one or put a impedance matching network at the load end.

L, (@B) ~=

Lar—

@, o' radian o
Fig 2.4 : Chebyshev attenuation characteristics [7]
- L, Is the maximum attenuation (dB) in the passband
1
I = Equal ripple band edge

For w! < coii

La(@Y)=10log(1 + €ces®(n cos_i(%)) - 21D
t

and w? > ¢!

La(@')=10leg,o{l + ecash*(n cos_i(:—i)) ' (2.12)

[14]



For both maximally flat as well as chebyshev type response, “n” is the order or number of

reactive elements present in the circuit.

For a lowpass chebyshev response, if n=even, there are (123) frequencies where L,=0 while if

”
4d

:—1) where L,= 0

-
<

n= odd there will be

2.2.2. Impedance and Frequency Scaling [6]
Impedance scaling:

In the prototype design, the source and load resistances are unity .A source resistance of R,
can be obtained by multiplying the impedances of thé prototype desigh by R, .Let prime

denotes impedance scaled quantities. New filter component values are given by

L*=R,L (2.13)

ct=— 2.14)
O

Ri=R, (2.15)

RI= RgR,, (2.16)

L, C and R, are the component values for the original prototype filter.

Frequency scaling:

For changing the cutoff frequency of a low pass prototype from unity to ti_ requires the

scaling of frequency by the factor of % which is accomplished by replacing w by wi .
£ c

Thus new elements values are obtained by applying the substitution of @ > = to the
“«c

series reactances and shunt susceptance of the prototype filter.

Thus

j:{k=ji Ly=jwl} (2.17)
jBfJ’fC cp=july (2.18)

When both impedance and frequency scaling is done then the new element values then

obtained are
Ru Lh

Li= (2.19)

We

[15]



Ci= = (2.20)

Rgase
. 2.2.3. Filter Transformations:
Low pass to high pass transformation:
The frequency substitution where 3 —» —2¢ can be used to convert a low pass response
<«

to a high pass response .so the basic elements of the low pass elements like inductor is
converted to capacitor and capacitor is converted into inductor in high pass filter

transformation.

Fig 2.5 : Low pass to high pass transformation [7]

Low pass to band pass transformation:

. w0 w & 1, w
The frequency substitution where 3 —*» —— (———) == (———

Mg =My Mg (O} Y Mg s

Where A is fractional bandwidth of the pass band w,; and w, denote the edges of the pass
band and the centre frequency w, =/ w = w,

In this transformation series inductor of low pass filter is converted to series LC circuit and

shunt capacitor of low pass filter is converted to paralle]l LC circuit

[16]
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Fig 2.6 : Low pass to band pass transformation [7]

Low pass to band stop transformation:

h]

w Doy —1 . .
The frequency substitution where @ — &(m— - %) is the general transformation
&}

for low pass to band stop transformation .In this transformation series inductor is replaced

by parallel LC circuit and shunt C is replaced by series LC circuit

L

L EhLSEY
Orered T 3 00— j—o0

— -
C

-

i
a
Y

S
Q0GR

> }-—

C

Fig 2.7: Low pass to band stop transformation [7]

2.3. Resonant Circuits

Resonant circuits are used in practically every transmitter , receiver to selectively pass a

certain frequency or group of frequencies from a source to a load while attenuating all other

frequencies outside of this passband.The perfect resonant circuit pass band would appear as

[17]



! pass band
1

Attenuation

i Frequency

Fig 2.8 :The perfect filter response [9]

0 dBi- _ .
Rpple  fnsertion loss
. b [, | —F
ot i ultimate
] .
=R ‘6DﬁdB Attenuation
= Y w—
Erequency
Fig 2.9: A practical filter response [9]
Quality Factor

The quality factor of a resonator (Q) is a figure of merit that determines the energy

dissipated by a resonant circuit. The general definition for the Q-factor is given by,

Q=0

Erergy stored in resonator

Pawar dissipated

At Resonance Q- factor is
W +We _ 2Wn

F'1053 o pioss

Q =wy (2.21)

Where w; is the resonant frequency and W_ , W, are the average Electric and Magnetic -

energies stored in the resonant structures and P, . is the power loss. At the resonant

frequency both the Magnetic and Electric energies are equal.
In practice, for a resonator to be used in a system, it has to be loaded by external Circuitry.

The losses associated with the external circuitry add to the losses in the resonant structure and

(18]



affects the Q -factor measurement of the resonant structure. In Order to measure the Q-factor

of the resonant structure exactly, the Q -factor associated with the external circuitry (Q,...)

has to be known. The Q-factor of the resonant Structure and the external circuitry is called

the loaded Q-factor (Q.). The Q-factor associated with the resonant structure alone is called

the unloaded Q-factor (Q,) of the structure,Q...., Q.and Q.. are related as

1

1

4
— +
Q. Qu  Qexs

(2.22)

The unloaded Q-factor for the end-coupled and tapped resonator filters are approximately
140-150. This reasonably high value of Q factor is a result of low loss in the filter and
justifies the use of microstrip designs for filters in front-end receiver electronics. The loss can
be further decreased by housing the filter in a metal casing such that radiation losses are
minimized thus increasing unloaded Q-factor of the filter. This is esbecially important in

microstrip circuits since they tend to have high radiation losses due to fringing fields at the

edges of the microstrip line.

RF and Microwave Resonators

RF and microwave resonators are lumped element networks or distributed circuit structures
that exhibit minimum or maximum real impedance at a single frequency or at multiple

frequencies. The resonant frequency £, is the frequency at which the input impedance or

admittance is real. The resonant frequency may be further defined in terms of series or shunt
mode of resonance. The series mode is associated with small values of input resistance at the
resonant frequency, while the shunt mode is associated with large values of resistance at the

resonant frequency. Some typical lumped and distributed resonators are shown in

Resonators may be characterized by their unloaded quality factor Q, which is the ratio of the
energy stored to the energy dissipated per cycle of the resonant frequency .Resonators are
also characterized with respect to their reactance (0) or susceptance (B) slope

parameters,which are defined respectively as

— wgdR(wy _wgdBlod
2 do G = W, and ﬁ 3 Qe &T 00 = W,

These are important resonator parameters because they influency Q.. and the coupling factor

between resonators in multiple resonator filters. The following table provides the reactance

(19]



and susceptance slope parameters of some common

lumped element

and distributed

resonators.
Resonator type Reactance slope () Susceptance slope (B)
Series LC gL or ——

i 8C
Shunt LC @0{_: or 1-

Dnl

Shunt = 2,C
l:s . 5 T[Z
=Line (short) Nz
) 2
* Line (open) Yo
) 2
A':b 0 &’ﬂ a ~
< Line (short + C) = (cot g + g ese €.2)
= Line (short) mYs
. 4

Table 2.1: Slope Parameters for Different Types of Resonators [3]

Q,= may also be defined in terms of the reactance or susceptance slope parameters as

03 . . .
Q= = BR., where R_. = Resonator series resistance ,R_;, = Resonator shunt resistance.
fzs

2

Together these resistances represent the resonator loss.

2.4. Coupling of Resonant circuits

The coupling mechanism that is used is generally chosen specifically for each application,as
each type of coupling has its own peculiarcharacteristics .The most common forms of

coupling are :capcitive, inductive ,transformer(mutual) and active (transistor)

Capacitive Coupling

Capacitive coupling is probably the most frequently used method of linking two or more |

resonant circuits.

[20]
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Fig 2.10: Circuit arrangement for a two resonator capacitively coupled filter [9]
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Fig 2.11: The effects of various values of capacitive coupling on pass band response [9]

Inductive Coupling

R L,
s YT,
YTt . H
J. L,
e x’;:j {
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v L3 T S 2 '3
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Fig 2.12: Circuit arrangement for a two resonator Inductive coupled filter [9]



o

Lo

51
..—7-—-r—:-ut-—u‘-‘u-¢nt-a.-.-.-‘-_.-—.-[—-.-

-Allarnsalion

[SDOU

1
i
i

Frequency

Fig 2.13: The effects of various values of inductive coupling on pass band response [9]

2.5. Immitance Inverters

Immitance inverters are either impedance or admittance inverters. An idealized impedance
inverter is a two port network that has a unique property at all frequencies ,that means if it is

terminated in a n impedance Z, on one port, the impedance Z, seen looking in at the other

2

portis Z, = Ea where K is real and defined as the characteristic impedance of the inverter.
2

As can be seen, if Z, is inductive/conductive, Z; will become conductive/inductive, and

hence inverter has a phase shift of = 90 degrees .Impedance inverters are also known as K-

inverter. The ABCD matrix of ideal impedance inverters may generally be expressed as

[ o=z o] e

i1
ils
e

An ideal admittance inverter is a two-port network that exhibits such a property at all

frequency that if an admittance Y, is connected at one port, the admittance Y, seen looking in

the other portis Yy = ] where J is real and called the characteristic admittance of the

A
1

1

(8]

inverter. Similarly, the admittance inverter has a phase shift of = 90 degrees .Admittance
inverters are also referred to as J-inverters. In general, ideal admittance inverters have the
ABCD matrix -

. 0 i
SR

[22]



A series inductance with an inverter on each side looks like a shunt capacitance from its
exterior terminals, likewise, a shunt capacitance with an inverter on each inverter on each

side looks like a series inductance from its external terminals.

o— (SO0 g s I- 3]

K K —» =C

G—_ —O < —©

Fig 2.14: Impedance inverters used to convert a series inductor to shunt capacitor [7]

- L
o— . o oo
: —»
J clJ
| «

Fig 2.15: admittance inverter used to convert a shunt capacitor to series inductor [7]

Inverters have the ability to shift impedance or admittance levels depending on the choice of
K or J parameters. Making use of these properties enables us to convert a filter circuit to an

equivalent form that would be more convenient for implementation with microwave

structures.
g 2 g n ’
_— | ———— :
(neven) !
go l 'gl l g3 g'“'l or gn | ' é gn+1
(n even) (n odd)

Fig 2.16: Low pass filter prototype [10]
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Fig 2.17: Low pass filter proto type modified with impedance inverter [10]
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Fig 2.18: Dual of Low pass prototype filter

IRRESRES

b

L. ! 7 N LI} 1 Y S
Y, Jai 1‘ Jis I I e Y .

Fig 2.19: Low pass filter modified with Admittance inverter

The low pass prototype filter can easily be transformed to bandpass filter with shunt parallel

Iy 7 Jl ; ———-I;‘ -
Y 1J- Js 213- i i Y, .

Fig 2.20: Band pass filter using Admittance inverter

resonators as shown in fig:

[24]



Important generalizations are obtained by replacing the Lumped LC resonators by distributed
circuits. Distributed circuits can be microstrip resonators, or any other suitable resonant
structures. In the ideal case, the reactance or susceptances of the distributed circuits should be

equal those of the lumped resonators only near resonance.

2.6. Coupled Lines

When two unshielded transmission lines are close together, power can be coupled between
the lines due to the interaction of the electromagnetic fields of each lines. Such lines are
referred to as coupled transmission lines .Coupled transmission lines are usually assumed to
operate in TEM mode, which is rigorously valid for stripline structures and approximately
valid for microstrip structures. Coupled line structures cén be used to implement directional

couplers, hybrids, and filters.

Fig2.21: cross section of coupled microstrip lines [11]

Coupled Line Theory

The coupled lines or any other three wire line, can be represented by the structure shown in
fig.. If we assume TEM mode of propogation, then the electrical characteristics of the
coupled lines can be completely determined from the effective capacitances between the lines

and the velocity of propogation on the line.

C12

W S W 1

—> — -« ’ ]
e Ci1 —— —— C22
Microstrip Coupled Line Equivalent Capacitance Model

Fig 2.22: Microstrip coupled lines and its equivalent capacitor model
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Types Of Excitations For The Coupled Line
1. Even mode of excitation
2. Odd mode of excitation

For the even mode of excitation the currents in the strip ‘conductors are equal in amplitude
and in the same direction, and the odd mode, where the currents in the strip conductors are

equal in amplitude but in opposite direction.

- ~
e )

- —

A

L CPETITIETO o

-

Fig 2.23: Electric and Magnetic Field lines of a coupled line operating in even mode

,

: ‘;J Lo L,l\\\. .
[ THREHERTN <

Fig 2.24: Electric and Magnetic Field lines of a coupled line operating in odd mode

For the even mode, the electric field has even symmetry about the center line, and no current

flows between the two strip conductors. This leads to the equivalent circuit shown, where £,

is effectively open circuited. Then the resulting capacitance of either line to ground for the

even mode is
Co =4y =Caa

Characteristic impedance for the even mode is

\"p CE‘

~ Qe

Where V), is the phase velocity of propogatif)n on the line

[26]



For the odd mode, the electric field lines have an odd symmetry about the centre line, and a
voltage null exists between the two strip conductors. We can imagine this as a ground plane

through the middle of .. In this case, the effective capacitance between either strip

conductor and ground is
Co= Cyy 12045 = Cop 1204 (2.25)

Characteristic impedance for the odd mode is

Z oo =0 _ Where 'Vp is the phase velocity of propogation on the line
v p c'
An arbitrary excitation of a coupled line can always be treated as a superposition of

approxirhate amplitudes of even and odd modes.

2.7. Theory of Tunable Combline filter

A Electronically tunable combline filter consists of coupled lines shorted on one end and
terminated with varactor tuning diodes on the other. Combline structures are grounded on one
end and are capacitively Ioadedv at the open end. If the lines are a quarter wavelength fong,
“magnetic coupling near the grounded ends and electrostatic coupling at the open ends are
equal in mégnitude but opposite in phase, resulting in no coupling (an all-stop structure). With
capacitive loading at the open ends, the electrostatic coupling sections are shortened and

coupling is predominantly magnetic.
Combline filters have the following attractive features over other conventional filters
(a) They are compact

(b) They have strong stop bands, and the stop bands above the primary pass band can be

made to be strong

(c) If desired, they can be designed to have an unusually steep rate of cutoff on the high side
of the pass band

(d) Adequate coupling can be maintained between resonator elements with sizeable spacings

between resonator lines.

[27]



(e) Filters of this type can usually be fabricated without dielectric support materials so that ,if

desired, dielectric losses can be eliminated.

In the case of a tunable band pass, the length of the combline is selected such that the
coupling between resonators is reduced at the proper rate as the frequency is increased..
Although several methods exist for exciting the resonator, input and output tapping is one of

the easiest. A typical tapped combline filter is shown in fig. 2.25.

%Q %Q ;;' €.

A

0D —>

Y11 ¥az

Tap line input Va3 Tap line output.

Y1z ¥21

Fig 2.26: Transmission.line Equivalent circuit for Tapped line input combline filter [12]
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Where Yr= V4 — J:‘t_z s (226)

ve =2 (v~ v), 2.27)
Yz = VMpz — Xz — Mz (2.28)
V3 T M3z T Mag (2.29)

all line lengths not indicated =0
The equivalent circuit suggested by Cristal for the tapped line input combline filter is shown
in Fig .The admittance inverter used to derive the equations for the combline filter consists of

pi configuration, i.e., a series shorted stub of characteristic admittance of . and two shunt

shorted stubs of characteristic admittance -3y, .Therefore vy is split into two parts, with

e ~
oo

V= {———\ added on the left to the input stage and ¥z = -¥;, forming the shunt stub of the

Fig 2.27: Circuit of Tapped line input stage of combline filter [12]

New Equivalent circuit for input stage: The ABCD matrix of the first two elements is

1 O cos{) Zesin] re B
[_j}’q' cot@® 1] [j}’r sinfl  cosQl ]—[p 8] : (2-30)-

Where 0 is the electrical length of resonators

@ is the electrical length from ground to input line - *
0=0-09

¥t {Z7) admittance (impedance) of the first and second elements

[29]



Multiplying the above matrix by the ABCD matrix of the other elements of the input stage
(Ci, ¥y The ABCD matrix of the input stage becomes

a B1[1 0] J[a+8By B] .
[r a] [» 1] - [r+ay a] (2.31)
Where y=j oCi -jy; coté (2.32)

The series inductance must be compensated for by introducing an additional shunt

capacitance C? at the first resonator. This is the capacitor that found necessary to introduce

when comparing the tapped input filter to the transformer input filter.

At the resonant frequency of the filter, the lines are significantly less than a quarter
wavelength long, thus the filter is physically compact and it possesses a broad stop band
bandwidth.

The following figure shows the equivalent circuit of the combline filter. The resonators are
composed of distributed inductors in parallel with lumped capacitors, while the coupling
between the resonators is via series distributed inductors.

If the series coupling inductors are now shunted by identical elements but with opposite sign

it can be seen that the transfer matrix between the r th and r+/ th nodes in the network will be

follows:
!";—; b3 75 Yr-.—LT }rr.r 2 ?.u— P
P ¥ ITY Y \ecama M Fasas? 4
i
BN _ 4 R I
b 3 Y c., T Cr o Yo Yne 3 ¥
i 2
;
Fig 2.28: Equivalent circuit of the combline filter [13]
Y+ ¥y ¥ Yl‘ =2 Yo F e o Y 4T 4 +¥ .
J — Y : ‘\ .
L
— - Y.4+Y, . +Y —=c 5 c
z i el ;- rre: § : —y— - =] reel ‘};-M § —§_ vel
Er . ~irr Cr-‘ H
h i
i 4 i
(@) (b)

Fig 2.29: Formation of impedance inverters in the combline filters [13]
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. tang
1 0]y jiau® 1 0 L -
(T) ]‘Y!';.}'--Z-i 1 Yrr+1 jrats =1 e e (2.33)
tand 0 1 tan® ) 0
- Which is the transfer matrix of an admittance inverter of admittance
— Y;',r+l
r,r+l _tan 0 (2.34)

2.8. Conclusion

In this chapter we have studied the resonant circuits and the types of coupling between the
resonant circuits and the concept of Immitance Inverters and the theory of coupled lines and
the modeling of an coupled line by an admittance (J) inverters. Finally theory of tunable

combline filter is studied.
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Chapter -3

Design of Tunable Combline filter with tunable centre ﬁ'equency
and Variable Bandwidth within the pass band tuning range

3.1. Introduction

This chapter deals with the step by step design procedure of tunable combline band pass filter
starting from the design s'peciﬁc':ations. [14]

- Design Tool

The simulation tool used for the design of the. tunable filter is Agilent's Advanced Design
System (ADS).

Design Procedure

The design method of the tunable filters can be split into three.
1.Design specifications
2.Design parameters

3.Filter Physical dimensions

Design Specifications

Design Specifications required for the filter design are

Frequeney band of operation : 0.:5 GHz - 3 GHz
1 dB band width : : 20MHz
Centre frequency tunability step ' : 20MHz
Pass band insertion loss <2dB

- Pass band VSWR 1.5:1
Rejection @ +80MHz away from centre frequency ) | .: 60dB minimum
Impedance : 50 ohm
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3.2. Converting Band pass filter to normalized Low pass prototype [15, 19]

3.2.1. Calculation of pass band ripple from the specifications:

Ly = —10log{1 — (232 gp (3.1)

Ar VSWRE1
from the specifications VSWR given is 1.5 . so the pass band ripple is L, =0.1772dB

3.2.2. Calculation of the order of the filter

Usually for the bandpass filter the order of the filter is calculated by converting the bandpass

specifications to the lowpass specifications using the frequency conversion
e

1= 1 ow L We
AL

(3.2)

! is the lowpass equivalent frequency of the bandpass frequency

Aw is the equiripple fractional bandwidth

the value of equiripple fractional bandwidth (Aw) = 0.01552 and o is the rejection
@+80MHz away from centre frequency ( f;) .The value of the f;=1.224GHz and the value of
the w is 1.224GHz + 80MHz =1.304GHz. By putting the value in the equation (1.3) we get

1 as 8.16425 _this is the value of Qs to be substituted in eqn.1.2 .From the values obtained

we get the order of the filter as

-h— } 100.1%60_1
+ €05 N30 IR01772 7 .
in= = 3.29
= —ry -
cosh™*8.16425

from the symmetry of the chebyshef response the order of the filter is choosen as n =5

3.2.3. Calculation of equiripple fractional bandwidth

Bandwidth
i

equi ripple fractional bandwidth (Aw) = (3.3)

where Bandwidth is the equiripple bandwidth

from the given specifications 1dB bandwidth = 20MHz and we have calculated L,. (pass’
band ripple) as 0.1772dB,

[33]



By using the formula that

Ls(w') =10iog,,(1+€ cosh®(ncosh™? [—j—:)j where w? = wl | (3.4)

«+1= 1dB frequency(which is given in the specifications) and w} = edge of the ripple band

Lar

E=10%c -1 ' (3.5)

2772

=10 ~ -1= 0.04164
by using the formula (1.5) we get %- =1.049

from the calculations equiripple bandwidth is 19.0599 MHz

equi ripple fractional bandwidth (Aw) = 0.01557 since f,=1.224GHz

3.2.4. Determination of normalised Lowpass prototype filter coefficients

The element values of the two port network of may be computed using the following

formulas:

from the specifications of the filter we get the filter coefficients as
go~1

g,=1.30178

g,= 1.3455

g,=2.12879

g.=1.3455

g:=1.30178

1
(3
li
o

[34]



3.2.5. Determination of Bandpass Design parameters from the normalized lowpass

prototype [16-17]

Calculation of Coupling Coefficients
where Aw is the fractiohal bandwidth

My = ——= = 0.01172
M, = ——— = 0.00917
8283
Aver
Mg .=—— = 0.00917
V8384
A'r
M, == = 0.01172
TovEsEs

(3.6)
(3.7)
(3.8)

(3.9)

(3.10)

Qe'l - S . _
3.2.6. Implementation of Coupling Coefficients for determining the spacing between the

resonators using EM simulator [18, 25]

Weak coupling

Resonance

Resonance
Frequency 1 o

Frequency 2

i e

K.L_’.

Fig 3.1 :Extraction of coupling coefficients between resonators using EM simulation

If we loosely couple to the pair of resonators tuned to same frequency we get the double peak

response shown in figure

(35]



fy f

Fig. 3.2: Frequency response of double tuned resonator pair [20]

The null between two peaks should be around 20 dB more to guarantee loose coupling

between the resonators.
The expression for coupling coefficients is [20]

K = farcH—fLow — fHicH —frow
fy furey i ow

(3.11)

(B} k1

in,_H is the frequency of Higher Peak and f, ,,, is the frequency of Lower peak

The values of spacing for the required coupling coefficients is shown in figure

spacing between resonator 1 and resonator 2 is 6.9 mm which is equal to the spacing
between the resonator 4 and resonator 5 ,spacing between resonator 2 and resonator 3 is

7.6mm which is equal to the spacing between the resonator 3 and resonator 4.

3.2.7. Implementation of External quality factor for determining the taplength position
of the input and output feed at the first and last resonators using EM simulator [21]

—Re weak coupling
Feed 1 3 Resonator _l -

Fig. 3.3: Extracting ( Q.)using EM simulator
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N IO ——

. Fig 3.4 : Frequency response of singly tuned resonator

- Q. can be calculated by using the formula : Q, = 395D ;?xh-.ri In (3.12)

3.3. Design of Tunable Combline Band pass filter [22-23]
The general specifications required for the tunable filter are

1. The TUNING RANGE or TUNING BANDWIDTH ([f, f,]): the range of frequencies in
‘which the filter should be tuned.

2. INSTANTANEOUS BANDWIDTH range ([ AB, .;.,, AB;.,,..])the filter has within the

tuning range, given for a attenuation level (L dB).
3. Maximum VSWR in the filter pass band.
4. CAPACITANCE RANGE ([C... .. . C...,... ]) of the tunable elements used.

3.3.1. Determination of the filter electrical design parameters

Electrical design Parameters of the filter are:

1. Design center frequency ( f;)

2. Resonator electrical length (6,)at f;

3. Instantaneous bandwidth ( AB, ;)
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4. Tuning device capacitance (C.,) at {;

Center frequency ( f;)

Design center frequency ( f; .): £y, =yf.1a (3.13)
From the given specifications f, =+/0.5+ 3=1.224 GHz

Resonator electrical length ( ©5)at f,

The instantaneous bandwidth dependencé on the resonator electrical length (0) is given by

QBL —k &.tan( &) | (3.14)

tan(f1+6.{12tan(87)%)
K is constant depends on the resonator geometry

G.tan( d) )

[13] Defining T' =10 log ( AB.,)=10 log(tgn{_ 581 +tanl 877

(3.15)

I': normalized instantaneous bandwidth

Plotting I and & in matlab we get the graph as. 6,,... occurs at around 53 degrees

Since the typical specification consists of maintaining the instantaneous bandwidth within a

range, ([ ABy .y, £Byga.)) -Then I is useful to select ( 63 )

-

Defining 4T = 10log S2tmas (3.16)

where ([ 3By, AB;... 1) =(20MHz 50MHz])
where AT =3.979

'minl > 8::1‘.:)3:] =T [: S )_ AT

Mmaw

)
& |

Then the range of values of &;is B < By 80

d

(3.17)

mini minl

2

,,,
g
[ 2]

8.ia1 =14.4 degrees and 9,,;,,, = 82.6 degrees which are obtained from MATLAB plot.

Then the range of values of 8, is35.79< 6, <37.44
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8¢ is selected as 36 degrees

-4 T T T T T X: 53 | — T T
Y: -4.999

-8 i X:15 ’ . X:82 ]
Y:-8.932 - Y:-9.008

12} _

16k -

J |

22 | ! 1 ! L | | 1
0 10 20 30 40 50 60 70 80 . sl

Resonator electrical length (6)

Fig: 3.5 Plot of Normalized Instantaneous Bandwidth Vs resonator electrical length

Instantaneous Bandwidth ( ABy4 )

4B ! A nax - <
L!Tl];n ABLI}( BL}) S ABLG S _ﬂ!—'- -'ﬁBI_n[\ 60) (3,18)

. . L
mma , } 4Bj E.emax;

As mentioned previously AB; ., =20MHz and AB; .,,.=50MHz and 8.,,,.. occurs at 53
degrees.from the calculations we have choosen 6,=36 degrees and AB, .( 8,) is calculated

as 0.2760 and the value of AB,  (€,.,.)is 0.31626 and ©,,8, satisfy the relation

Canin1 $01 = 00, < B0 (3.19)

minl —
Note: In substituting the values of the 8, in the equations, &, should be in radians.

[39]



Range of values of AE;;is 20.8MHz < AB;, <43.63 MHz

AB,, is choosen as 30MHz

¢.tani &’
tan{ 8}+8.(1+tan{ 8)?)

Where AR, (6)=

Tuning Device Capacitance (C.4) at f;

The equation that relates a tuning frequency and its corresponding tuning capacitance is

L anftan 0.C (F)=1 | (3.20)

v

w

9 is the resonator electrical length at the tuning frequency f , Y, is the resonator line
admittance which is choosen by the designer to fix the admittance level within the filter. The
tuning device provides a variable capacitance within a range ([C...;;,, » C.nai ])- The smallest
capacitance tunes the highest tunable frequency, fyi.., ah;i the largest capacitance tunes the

lowest one, f_ ... €, {f) is the capacitance at the centre frequency.

The maximum tunable frequency can be expressed as an implicit function of C_; by means of

f

Mraa

c ) =1,Ctan b, (3.21)

smin 230,

9
tan( 3 fyr
The minimum tunable frequency can be expressed as an implicit function of C_; by means of

f

mrun Csma:{ tan(l:_: fm t=_m) = rOCsG lan 60 (322)
the range of ([C...;;., ; Comas ) taken is [0.2pF  2.7pF].

for the value of . C_, we plot the above two equations in MATLAB shown

the range of possible values of C_, is given by

P[5 N . Bofa,
fzdani=¢ ™) n fy &anf fo _)C

.1 _.:' s e -ar 3-23
fo.tan® smin s0 fo.tan 8 smax ( )

f, =3GHz, £=0.5GHz, £f,=1.224GHz, 9,= 36 degrees , ([C.min » Comax 1) = [0.2pf '2.7pf]

(40]



The range of possible values are 0.172 < C_, <0.878 “The value of capacitance choosen is

- 0.75pF.

2.5

Centre frequency

o

X:0.1186
Y:05 . .
0.5-a" -

| 1 1 1 | l | | L L 1
0.1 02 - 0.3 0.4 0.5 0.6 07 0.8 0.9 1 1.1

Capacitance (pF)

Fig 3.6 Plot of tuning device capacitance Vs tuning frequency

3.4. Filter Physical Dimensions

HYBRID -MIC tunable combline filter design using ADS(Advanced Design System)
The substrate used for the design of tunable combline filter is

£.=3.38

Thickness of dielectric =1.524mm

(41]



copper thickness =9um
Dissipation factor =0.0024
3.4.1. Calculation of width and length of the resonators

By using Line Calc in ADS (Advanced Design Systems) the width and length of the

microstrip lines are
width =4.2 mm for 44.565 ohm filter iﬁ;crnal impedance
length =12.4296mm for an electrical length of 36 degrees
width =3.512mm for 50 ohm feed line.

The resonator line admittance , 1s choosen to fix the admittance level within the filter.

3.4.2. Calculation of Spacing between the resonators by using parametric extraction

of coupling coefficients using EM simulator

MSub
MSUB
N o 50 ohm line

=1. mm .
Er=3.38 (3.512mm width
Mur=1

Cond=5.813E+07
Hu=3.9e+034 mil

T=9 um
TanD=0C
Rough=0 mil
| Loosecoupling
Via hol? Spacing l(mm) 7
groundin } //
g~ v e /
. : 4
z:;::mll/ng/ ¥ 50 chm line
Svdthy : ' s ——e—(3:512mmwidth

10mm lerigth)

Fig 3.7 : structure for extracting the coupling coefficients between resonators in ADS
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spacing between resonator 1 and resonator 2 is 6.9 mm which is equal to the spacing
between the resonator 4 and resonator 5 ,spacing between resonator 2 and resonator 3 is

7.6mm which is equal to the spacing between the resonator 3 and resonator 4.

fra =3.523
f(e =3.490GH e)dradk 2 mom _a..5(21))=8.556

BleMractk 2_ mom _a.S@ 1))=-3.651

S21

i e e b = R

Mag. [dB]

3.60  3.65
Frequency

Fig 3.8 Spacing between the resonators is found by extracting the K value

vl

K value is given by K= fon—frow —  fucw —frow
fo thioH” FfLow

(3.24)

0016 - N\ -

0014 A .

2 coefficients
/

0012 r ™~ -

o0 \ | -

Lo
{

Couplin

Q005 T .

0004 |- —— i

0.00z

v
e ]
]
oo
Rs)
-
Q
=
s

Spacing between the resonators (mm)

Fig 3.9: Graph extacted between Spacing of the resonators and coupling coefficients
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3.4.3. Calculation of taplength position by using parametric extraction of external

quality factor using EM simulator-

‘ MSub

M3US

MSub1

H=1.524 mm
Er=3.38

Mur=1
Cond=5.813E+07
Hu=3.89e+034 mi!
T=9um

TanD=0
Rough=0 mil

__—50 ohm feed line

Variable tap
1 iti Tight couplin,
eagth poston, ghicospline

.

,,—-“’e"'

—

'Via hole grounding

\\LOOSB couplmg

__50 ohm feed line
— !

Fig 3.10 Structure for extracting external quality factor using ADS

"1 5 ] m1 ] i !
! reg=9,219G Hz i
: ! dBJindg_1_mom._a..8(2,1)=-20.1 B i

=18 e S RRET [Peak : i ; o
J ! F ™1 i i
; ]

21 e I Fnd =S, EUZ(S}HZ 5

E eg=8:181GHz reg=8. :

dB{indq_1_mom_a..S(2,1))=-23.4 dB(findg_1! mom_a..5(2,1)}=-23.
" T T . ( - — I Voo T

-24- ‘

Mag. [dB]

T LI B B B I S S

|
|
|
930 935 940 945 9S50

925
Frequency

Fig 3.11 : Taplength position for the require.d value of external quality factor is 7.5mm
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3.5. Layout of the filter and simulation results

Design Tool : The simulation tool used for the design of the tunable filter is Agilent's
Advanced Design System (2.5D EM simulator)

MSub }

MEU8

MSub1

H=1.524 mm
Er=3.38

Mur=1
Cond=5.813E+07
Hu=3.8e+034 mil
T=8um

TanD=0
Rough=0 mil

Via hole grounding

1e-010 pF {i}

Term2
Num=2
Z=50 Ohm

» Fig 3.12: Layout of the filter in ADS including Via Hole Groundings [24]

Capacitance Values Required For Tuning The Filter: .

Capacitance Values Centre Insertion | Rejection@60dB | Return 1-dB
(C1,C2,C3,C4,C5) Frequency Loss from Centre Loss | Bandwidth
(pF) (GHz) (dB) Frequency (dB) (MHz)
(MHz)
21.2,22,2,22,22 0.553 -0.111 46.2 -15.944 4
18.2,19,2,19,19 0.595 -0.046 38 -19.946 2
13.2,14,2,14,14 0.689 -0.111 24 -15.002 2
10.2,11,2,11,11 0.773 -0.150 24 -14.019 2.8
8.2,9,0.1,9,9 0.850 -0.1 22 -15.221 4
6.3,7,0.1,7,7 0.955 -0.061 30 -17.161 5

(45]




Capacitance Values Centre Insertion | Rejection@60dB | Return 1-dB
(C1,C2,C3,C4,C5) Frequency Loss from Centre Loss | Bandwidth
(pF) (GHz) (dB) Frequency (dB) (MHz)
(MHz)
5.2,6,0.1,6,6 1.026 -0.001 34 -28.4 6
4.6,5,0.1,5,5 1.114 -0.085 40 -16.617 9
4.1,4.5,0.1,4.5,4.5 1.167 -0.008 38 -25.838 5
3.6,4,0.1,4,4 1.229 -0.032 35 -23.227 8
3.2,3.5,0.1,3.5,3.5 1.302 -0.027 53 -20.408 6
3,3.3,0.1,3.3,33 1.335 -0.01 42 -16.297 5
2.85,3.1,0.1,3.1,3.1 1.373 -0.04 40 -16.108 5
2.7,2.7,0.1,2.7,2.7 1.454 -0.003 33 -18.109 3
2.3,2.3,0.1,2.3,2.3 1.548 -0.005 88 -29.132 4
2.1,2.1,0.1,2.1,2.1 1.605 -0.006 40 -24.418 <
1.5,1.9,4.5,1.9,1.9 1.667 -0.008 22 _-20.636. 3
1.2,1.7.4.5,1.7,1.7 1.737 -0.033 24 -17.034 2.8
1.2,1.5,4.5,1.5,1.5 1.816 -0.047 28 -21.008 3
0.9,1.3,4,1.3,1.3 1.906 -0.083 29 -21.743 2.8
0.7,1.1,4,1.1,1.1 2.011 -0.176 32 —14‘.402 2.8
0.6,0.9,4,0.9,0.9 2.134 -0.149 30 -14.7 3
0.5,0.7,4,0.7,0.7 2.279 -0.048 28 -18.387 3
0.2,0.5,4,0.5,0.5 2.456 -0.049 20 -21.047 2.8
0.1,0.3,4,0.3,0.3 2.669 -0.115 24 -17.642 2.9
0.1,0.1,4,0.1,0.1 2.934 -0.061 36 -17.713 2.8

Table 3.1: Capacitance Values Required For Tuning The Filter
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Flowchart for the Tunable Combline Filter Design

STEP 1: Determination of basic prototype filter parameters from the given specifcations

Design specifications for the Band pass filter

v
conversion of Band pass specifications to low
pass specifications to calculate the order of the
filter ,ripple in dB

A
Determine the Normalized low pass prototype
filter coefficients

A 4
Determination of Band pass design parameters from the low pass
parameters (calculation of K(coupling coefficients) and external
quality factor) '

Step 2

STEP 2: Design of tunable combline band pass filter

Specification for the tunable band pass filter like Tuning range or
tuning bandwidth ,Instantaneous bandwidth, Maximum VSWR in the
filter pass band, Tuning capacitance range . -

l

Determine the centre frequency (refer (2.1))

A

Determination of Resonator electrical length (8g) at f;

refer 2.1.2

Y

Determination of instantaneous bandwidth and tuning

device capacitance (refer 2.1.3 and 2.1.4)




yes |,

!

Determination of physical dimensions
of the filter.

A

Drawing of the layout of the filter using
ADS momentum (2.5D simulator)

A

simulate the filter

designed filter

stop

meeting the

requirements

no

Y

y A

optimize the
spacing if
bandwidth
requirement is
not met

optimize the
tap length
position if
ripple content
is more in pass
band

optimize the
length if the
tuning
frequency is
not in the
range of
specification

optimize the
width of
resonators if
insertion loss is
high

[48]




Simulation Results With Ideal Tunable Capacitors:
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Scattering parameter S(2,1),5(1,1) [dB]

Scattering parameter S(2,1),5(1,1) [dB]
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Seattering parameter $(2,1),5(1,1) [dB]

Scattering parameter $(2,1),8(1,1) [dB]
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Scattering parameter S(2,1),S(1,1) [dB]

Scattering parameter S(2,1) ,8(1,1) [dB]
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Scattering parameter $(2,1),5(1,1) [dB]
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‘Variation of S(2,1) with tuning frequency (f)
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Fig.3.13: Simulation Results With Ideal Tunable Capacitors
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Layout Of The Filter Using The Parasitic Effects Of The Varactor
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Fig 3.14: Layout of the filter using the spice model of the varactor
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Simulation Results Including The Parasitic Effects Of The Varactors:
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Fig. 3.15: Simulation Results Including The Parasitic Effects Of The Varactors
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3.6. Conclusion

In this chapter step by step design procedure for the tuhable combline filter is presented
starting from the specifications. The designed filter is simulated using ADS Momentum and
the simulation results with ideal tunable capacitors is presented. The varactor spicemodel is

introduced and the filter is simulated again by taking the package effects of the varactor.
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Chapter 4
CAD For Designing Tunable Combline Filter

4.1. Ihtroduction

This chapter deals with the computer aided designing of tunable combline filter. For
designing the tunable combline filter a MATLAB [26] code was prepared .The specifications
of the filter are provided as the input to the CAD.

The specifications required for the calculation of the order of the filter
1. Equi ripple bandwidth

2. Pass band Ripple

3.Stop Band Rejection

4. Stop Band frequency

4.2. MATLAB Code and Results

The first program calculates the order of the filter from the given specifications and is written
as follows: .

function varargout = Mygui (varargin)

o°

MYGUI M-file for Mygui.fig

e

MYGUL, by itself, creates a new MYGUI or ralses the existing

% singleton*.

a.

El

% H = MYGUI returns the handle to a new MYGUI or the handle to

% the existing singleton*.

a

Gl

% MYQUT { 'CALLBACK', hObject,eventData,handles, ...} calls the local
% function named CALLBACK in MYGUI.M with the given input arguments.
o

o

% MYGUI{'Property', 'Value',b...) <creates a new MYGUI or raises the
% existing singleton*. Starting £rom the left, property walue pairs
are

% apprlied te the GUI before Mygul OpeningFcn gets called. An

% unrecognized property name or invalid value makes property

application
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@

stop. All inputs are passed to Mygul OpeningFcn via varargin.

(

% *See GUI Cptions on GUIDE's Tools menu. Choose "GUI allows only one

% instance to run (singleton)".

¥ See alsoc: GUIDE, GUIDATA, GUIHANDLES

% Edit the above rcext to modify the response to help Myguil

3
¥

% Last Modified by GUIDE v2.5 09-Jul-2010 18:12:00

o°

Begin initialization code - DO NOT EDIT

guli Singleton = 1;

gui_State = struct('gui Name', mfilename,
'gui Singleton', gui_SingleFon,

'gui COpeningFcn', @Mygul OpeningFcn,

tgui_OutputFen', @Mygui_OutputFcn,
‘gui_LayoutFcn', [l .,
'gui Callback', [1):

if nargin && ischar(varargin{1i})

gui_State.gui Callback str2func(varargin{1});
end

if nargout

[varargout {1:nargout}]

gui_mainfen (gui_State, varargin{:});
else

gui_mainfen(gui_ State, varargin{:});

% End initcialization code - DO NOT EDIT

e
|

-- Executes just before Mygul is made visible.
function Mygui_OpeningFcn (hObject, eventdata, handles, varargin)

% This function has no output args, see CutputFcn.

% hObject handle tc figure
% eventdata regerved - to be defined in a future version of MATLAB
% handies  stryucture with handles and user data (see GUIDATA)
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% varargin coumand line arguments to Mygul {(see VARARGIN)

o

s Choose default command line ocutput for Mygui

handles.output = hObject;

% Update handles structure

guidata (hObject, handles) ;

% UIWAIT makes Mygui wa‘t.for user response isee UIRESUME;

% wiwait (handles. figurel) ;

% --- Outputs from this function are returned to the command line.
function varargout = Mygui_OutputFcn(hObject, eventdata, handles)

varargout cell array for returning output args (see VARARGOUT) ;

on?

% hOobject handle to figure
% eventdata reserved - to be defined in a future version of MATLAR
% handles structure with handles and user data (see GUIDATA}

% Get default command line output from handles structure

varargout{1l} = handles.output;
% --- EBExecutes on button press in pushbuttonl.

function pushbuttonl Callback{(hObject, eventdata, handles)

~

% hObject handle to pushbuttonl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATAR]
%fo¥,calculating crder of the filtexr

fl1 = get(handles.editl, 'string’') ;
f1 = str2num(£l);
f2 = get (handles.edit2, 'string');

f2 = str2num(f2) ;

ripple bandwidth get (handles .edit3, 'string');

ripple_ bandwidth

str2num(ripple bandwidth) ;
Lar = get(handles.edit4, 'string');

Lar = str2num(Lar) ;

Las = get{handles.edit5, 'string');

Las = str2num(Las) ;

(70]



fo=sqrt (f1*£2) ;

fprintf ('%s%4a.

', £0)

deltaW=(ripple bandwidth/f0)/1000;

w=E£0+(80/100¢C) ;

wo=£0;

wl=((w/w0)-(w0/w)) /deltaW;

c=(((10.7(0.1*Las))-1)/((10."°(0.1*Lar))-1));

c=0.1l*Las;

d=0.1;Lar;
d=10."4d;
d=d-1;
c=sqgrt (c/4d) ;
e=acosh{c) ;
f=acosh (wl} ;
n=e/f;

fprintf (' $s%4.4L\n!

,'no= :ln)

set (handles.textl0, 'string',num2str (£0)});

set (handles.text6, 'string',num2str(n)) ;

function editl_Callback (hObject, eventdata,

o

hObject handie

o®

eventdata ressrved -

to editi

to be

(see GCBO)

defined in a

future

% handles structure with handles and user data
%5 Hintg: get (hCbhiject, 'String’') returns contents of
% str2double (get (WObject, 'String') ) returns

double

o

function editl CreateFcn (hObject,

=

1

o

o v
ALy

% hObiect

o)

o

% eventdata

reserved -

--- BExecutes during object creation,

to editl

to be

[71]
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% handles empty - handles not created until after all CreateFocns called
% Hint: edit controls usually have a white background on Windows.
% See ISP

C znd COMPUTER.

if ispc && isequal

get (hObject, 'BackgroundColor’'),
get (0, €

rolBackgroundColor'))

(
‘defaultUicon
set (hObject, 'BackgroundCclor ', 'white') ;

end

function edit2_ Callback (hCbject, eventdata, handles)

% hCbject handls to edit2 {see GCBO;

% eventdata reserved - to be defined in a future version of MATLAR
% handles structure with handles and user data (sse GUIDATA)

% Hints: get (hObject, 'String') returns comntents of edit2 as text

% str2double {get (h0bjeckt, 'String')) returns contents of edit2 as a
double
% --- Executes during cobject creation, after setting all properties.

function edit2 CreateFcn (hObject, eventdata, handles)

% hObiject handle to edit2 (see GCRO)
% eventdata reserved - to be defined in a future version of MATLAE
% handies empty - handles not created until after all CreateFcns called

Hint: edit

aP

usually have a white background on Windows.

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultlUicontrolBackgroundColor'))

set(hObject,'BackgrcundColor',‘white');
end
function edit3 Callback (hObject, eventdata, handles)
% hObject  handle tc edit3 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o

Hints:

get (hObject, 'String ")
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% str2double (get (hObject, 'String')) returns contents of edit3 as a
double ’

% --- Executes during object creation, after setting all properties.

function edit3_CreateFcn (hCbject, eventdata, handles)

% hObject handle to &dit3 (see GCBO)
% eventdata resgerved - to be defined in a future versiocon of MATLAB
% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColcr'))

set (hObject, 'BackgroundCclor ', 'white') ;
end
function edit4_Callback (hObject, eventdata, handles)
% hObjéct handle to edit4 {see GCBO)

% eventdata reserved - to be defined in a future version of MATLAR

e

handles structure with handles and user data (see GUIDATAZ)

o

Hints: get (hObject, 'String') returns contents of edit4 as text

str2doublie (get (hObject, 'String')) returns contents of edit4 as a
ouble

Q, o0

o\®

--- Executes during object creation, after setting all properties.

function edit4_CreateFcn(hObject, eventdata, handles)

% hOkbject handle to edit4d {(see GCRO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles empty - handles not created until after all CreateFcons calied

dit controls usually have a white background orn Windows.

% Hint:

(I

o
K3

n

ee IL[8PC and COMPUTER.

if ispc && isequal (get (hObject, 'BackgroundColoxr‘'),
get (0, 'defaultUicontrolBackgroundColox'))

set (hObject, 'BackgroundColor', 'white') ;

end
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function edit5_Callback (hObject,

o

hobject
%5 eventdata

% handles

5 Hints: get (hObiect, 'String') returns contents of editsS as text

% str2double (get (hObject, 'String')) returns

double

% --- Executes during object creation, after setting all properties.
function edit5_CreateFcn{(hObject, eventdata, handles)

% hobjact handle to adits (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAR
% handles empty - handles not created until after all CreateFcns
% Hint: edit controls usually have a white background on Windows.

% See ISPT and COMPUTER.

handle to edits

reserved -~

(see GCBO)

eventdata,

handles) -

to be defined in a future version of MATLAB

structure with handles and user data (see GUIDATZ)

if ispc && isequal(get(hObject,'BackgroundColor{),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundCelor', 'white!') ;

end
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Fig. 4.1: GUI for Calculating the Filter Order, n
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MATLAB code for calculating filter coefficients, coupling coefficients and
quality factor

function varargout = Myguil (varargin)

"% MYGUI1 M-file for Myguil.fig

% MYGUIl, by itself, creates a new MYGUIL or railses the existing
% singleton®.

%

% H = MYGUI1 returns the handle to a new MYGUI1 or the handle teo

o

the existing singleton*.

i

MYGUIL {'CALLBACK',f hObject,eventData, handles, ...} calls the local

o°

function nam=d CALLBACK in MYGUI1.M with the given input arguments.

o\P

% M’GUIl(‘Property','Value',<..) creates a new MYGUI1 or raises the

% existing singleton*. Starting frow the left, property value pairs
are

% applied to the GUIT before Myguil OpeningFon gets called. An

% unrecognized property name or invalid value makes property

application
% stop. A1l inputs are passed to Myguil OpeningFcn via varargin.
% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct ('gui Name', mfil ename,
'gul Singleton', gui_Singleton,

'gui_ OpeningFcn', @Myguil_Openinchn, ce

'gui OutputFecn', @Myguil OutputFcn,
‘gui LayoutFcn'!, 1 .,
‘gui_Caliback’, [(1):

if nargin && ischar(varargin{l})
gui_State.gui_Callback = str2func(varargin{1l});

end
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if nargout
[varargout{1:nargout}] = gui_mainfcn (gui_State, varargin{:});
else

gui mainfcn(gui State, varargin{:}):

end ’
% End initialization code - DO NOT EDIT
% --- BExecutss just before Mygulil is made visible.

function Myguil OpeningFcn (hObject, eventdata, handles, varargin)
% Choose default command line output for Myguil

handles.output = hObject;

% Update handles structure

guidata (hObject, handles) ;

% UIWAIT makes Myguil wait for user response {(see UIRESUME)

N

uiliwait (handles.figurel) ;

o\

-~~~ Outputs from this.-function are returned to the command line.
function varargout = Myguil OutputFcn(hObject, eventdata, handles)
varargout{l} = handles.output;

function editl Callback (hObject, eventdata, handles)
% --- Executes during object creation, after setting all properties.

function editl CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontroliBackgroundlColor') )

set (hObject, 'BackgroundCclor ', 'white "} ;
end

% --- Executes on button press in pushbuttonl.

function pushbuttonl_ Callback {hObject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO)
% eventdata reserved - to be defined in a future version of MATLARB
% handles structure with handles and user data (see GUIDATA)

nl = get(handles.editl, ‘string?); .
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nl = str2num(nl) ;

f1 = get(handles.edit3, 'string');

fl = stx2num(f1);

£2 = get (handles.edit4, 'string');

f2 = str2num(£2);

ripple bandwidths= get(handles.editz,'string‘);'-

ripple_bandwidth = str2num(ripple bandwidth) ;

¢

for calculating beta and gamma

%actual orderi{ni} will be given by the user which will be greater than n
fO0=sgrt (f1*£2);

fprintf('%=s%4.4f\n", "£0 = ',£0)

Lar=0.1;

deltaW:(ripple_bandwidth/fo)/1000;

beta=log(coth(Lar/17.37));

gamma=sinh (beta/ (2*nl)) ;

fprintf('%s%4.4f\n', "beta = ',beta)

fprintf ('%$s%4.4f\n', 'gamma = ',gamma)

$for calculating the filter coefficients .
gO:l.O;

g(l)=(2*sin(pi/(2*nl))) /gamma;
fprintf ('%s%4.4f\n','g(l) = ',g{(1))
for k=2:n1
l=(4*gin((2%k-1)*pi/ (2*nl)) *gin((2*k-3) *pi/ (2*nl)) ) ;
m=gamma’2;
o=sin(((k-1)+*pi)/n1)*2;
m=m+0;
p=1/m;
g(k)=p/gk-1);
end
r=rem(nl,2) ;

if (r==0)
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g(nl+l)=(coth(beta/4))"2;
else

g(nl+l)=1.0;
end
$for calculating the coupling coefficients
coupling coefficient l=deltaW/sqrt (g(l)*g(2));
fprintf ('%$s%4.4f\n', 'M1 = ',coupling coefficient_ 1)
coupling coefficient_2=deltaW/sqrt(g(2)*g(3));
fprintf(*%s%4.4f\n','M2 = ',coupling coefficient_2)
coupling coefficient 3=deltaW/sqgrt(g(3)*g(4));
fprintf('%s%4.4f\n', 'M3 = ',coupling coefficient_3)
coupling coefficient 4=deltaW/sqrt(g(4)*g(5));
fprintf ('%s%4.4f\n', 'M4 = ',coupling coefficient_4)
$for calculating quality factor
Q= (g0*g(1l))/deltaw;
fprintf ('%s%4.4f\n','Q = ',Q)
set (handles.text3, 'string',num2str (beta)) ; ot

set (handles.texts5, 'string',num2str (gamma) ) ;

set (handles.text22, 'string' ,num2str(g(l)));
set (handles.text24, 'string' ,num2str(g(2)));

set (handles.text26, 'string’' ,num2str(g(3)));

set (handles.text28, 'string' ,num2str(g(4)));

set (handles.text30, 'string’' ,num2str{g(5)));

set (handles.text32, 'string',num2str(g(6))); -

set (handles.textl1l6, 'string',num2str (coupling coefficient_1))};
set (handles.textl7, 'string',num2str {(coupling coefficient_2));
set(handles.téxtlS,‘string',numZStr(coupling_coefficient_B));

set (handles.textl19, 'string',num2str (coupling coefficient_4));

set (handles.text20, 'string',num2str(Q)) ;

function edit2_ Callback (hObject, eventdata, handles)

% --- Executes during object creation, after setting all properties.
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function edit2 CreateFcn{(hObject, eventdata, handles)

if ispc && isequal (get (hCbject, 'BackgroundColor’),
get (0, 'defaultUicontrolBackgroundColor ')}

set (hObject, 'BackgroundCclor ', 'white');
end
function edit3_Callback (hObject, eventdata, handles)
% --- Executes during object creation, after setting all properties.
function edit3_CreateFcn (hObject, eventdata, hahdles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defauvltUicentrclBackgroundColexr'))

set (hObject, 'BackgroundColor', 'white') ;
end
function edit4 Callback (hObject, eventdata, handles)
% --- Executes during object creation, after setting all properties.
function edit4 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor!'))

set (hObject, 'BackgroundColor', 'white') ;

end
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Fig. 4.2: GUI for Calculation of Filter Coefficients

[79] y



MATLAB code for plotting the graph to calculate the resonator length
function mygui2 ()

¥ y = zeros()
theta=0:1:90;
thetal=theta*pi/180;

y=10*1ogl0 ( (thetal.*tan(thetal)) ./ ((tan(thetal)+thetal.* (1+(tan(thetal)).”2
)Y));

% end;
plot {theta,y) ;
axis ([0 90 -22 -41]);

end

MATLAB code for calculating the resonator length

function varargout = Mygui3 (varargin)

% MYGUI2 M-file for Myguil.fig

% MYGUI3, by itself, creates a new MYGUI3 or raises the existing

% singleton® .

@

N

H = MYGUTI3 returns the handle to a new MYGUI3. or the handle to

o\?

the existing singleton*.

o

% MYGUI3 ('CALLBACK' , hObiject,eventData,handles, ...} ¢calls the local

oe

function nawmed CALLBACK in MYGUI3 .M with the given inpu

T
g)
I

0
ot
3
M
=
m

o

% MYGUI3 {'Propercy!', 'Value ', ) c¢reates a new MYGUI3 or ralses the
% existing sincleton* Starting from the left, property value pairs
are

o°

applied tc the GUI before Mygui3 OpeningFen gets called. An

% unrecognized property name or invalid value makes property
application
% stop. ALl inputs are passed to Myguli3 OpeningFcn via varargin.
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% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_ State = struct('gui_Name', mfilename,

'gui_Singleton’, guil_Singleton,

‘gui_OpeningFcn', @Mygui3_OpeningFcn,

‘gui_ OutputFen', @Mygui3_OutputFcn,
“'‘gui_LayoutFen', (3, ... .-
'gui_Callback', (1)

if nargin && ischar (varargin{1})

gui_State.gui_Callback

str2func (varargin{1});

end

if nargout

[varargout {1:nargout}] gui_mainfcn(gui_State, varargin{:});
else
gui_mainfen(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT
% --- Executes Just before Myguil is made visible.
function Mygui3 OpeningFcn{(hObject, eventdata, handles, varargin)

% Chcocse default ceommand line output for Myguil3

handles.output = hObject;

)

% Update handles structure
guidata (hObject, handles);
% --- Outputs from this function are returned to the command line.
function varargout = Myguil3 OutputFcn(hObject, eventdata, handles)
varargout {1} = handles.output;

function editl_Callback (hObject, eventdata, handles)

% ~--- Executes during object creation, after setting all properties.

function editl CreateFcn (hObject, eventdata, handles)
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if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackaroundColor'))

set (hObject, 'BackgroundColor', 'white');
end
function edit2_Callback (hCbject, eventdata, handles)
% --- Executes during object creation, after getting all properties.
function edit2_CreateFcn (hCbject, eventdata, handles)

if ispc && isequal (get (hCbject, 'BackgroundColor®),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundCelor', 'white') ;
end

% --- Executes on butﬁonApress in pushbuttonl.

function pushbuttonl Callback (hObject, eventdata, handles)

deltaBLmin = get (handles.editl, ‘string');
deltaBLmin = str2num{deltaBLmin) ;
deltaBLmax = get (handles.edit2, 'string');
deltaBLmax = str2num(deltaBLmax) ;
f1 = get (handles.edit3, 'string’') ;

£f1 = str2num(f1) ;

£2

get (handles.edit4, 'string');

£2 str2num(£2) ;

thetaminl = get (handles.edit5, 'string') ;
thetaminl = str2num(thetaminl) ;
thetamin2 = get (handles.edité, 'string');

thetamin2 str2num(thetamin2) ;

$for calculating the resonator length
$deltaBLmin=20; %user has to provide
YdeltaBLmax=50; %user has to provide

fO=sqrt (£1*£2);
deltagamma:lo*loglo(delﬁaBLmax/deltaBLmin);
fprintf (' %s%4.4f\n', 'deltagamma = ',deltagamma)
chetamin1=i2; scaiculated from graph
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$thetaminz=83; %calculated ﬁrom graph

Ri=thetaminl* (£0/f1) ;

R2=thetamin2* (f0/£2) ;

fprintf('%$s%4.4f\n', 'Left bound of thetaf=',R1)
fprintf ('$s%4.4f\n', 'Right bound of thetal= ',R2)

set (handles.text4, ‘string’,num2str (R1)) ;

set (handles.texté6, 'string',num2str (R2));
,set(handles.textlz,‘string‘,numZStr(deltagammai;;
function edit3_ Callback (hObject, eventdata, handles)
% --- Executes during object creation, after setting all properties.
function edit3 CreateFcn (hObject, eventdata, handles)

1f ispc && isequal (get (hObject, 'BackgroundCoclor'),
get {0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundCcloxr ', 'white ') ;
end
function edit4 Callback (hObject, eventdata, handles)
% --- Executes during object creation, after setting ail properties.

function edit4 CreateFcn(hObject, eventdata, handles)

1f ispc && isequal (get (hObject, 'BackgroundlColor'),
get (0, 'defaultUicontreclBackgreocundColer') )

set (hObject, 'BackgroundColoxr ', 'white ') ;
end |
function edit5_Callback (hObject, eventdata, handles)
% --- Executes during object creaticn, after setting all propsrties.
function edit5_CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundColor ', 'white') ;
end

function edité_Callback (hObject, eventdata, handles)

o@

--- Executes during object creation, after setting all properties.

function edité_CreateFcn (hObject, eventdata, handles)
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if ispc && isequal (get (hObject, 'BackgroundCclor'),
get (0, 'dsfaultUicontrolBackgroundColor'})

set (hObject, 'BackgroundCclor', 'white') ;

:gofthetamum}f e
“the raph—

Fig. 4.3: GUI for Calculating Resonator's Electrical Length

MATLAB code for plotting the graph to calculate the tuning device
capacitance

function Myguid

% for calculating the tuning capacitance

Csmin=0.1;Csmax=1.2;theta0=36;

fO=sqrt (f1*£2) ;

f=f1:0.1:£2;
Cs0=f.*Csmin.*tan((thetaO*pi.*f) ./ (£0%*180)) ./ (f0*tan(thetal*pi/180)) ;
Csl=f.*Csmax.*tan((thetalO*pi.*£)./(£0*180)) ./ (£0*tan(thetald*pi/180));

plot (Cso0,£) ;
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axis ([Csmin Csmax f1 £2]);
hold c¢nj;
plot (Csl,f) ;

axis([Csmin Csmax f1 f2]);hold off; .

end

MATLAB code for calculating the instantaneous bandwidth

function varargout = Myguis5 (varargin)

o

MYGUIS M-file for Myguis.fig
% MYGUI5, by itself, creates a new MYGUIS5 or raises the existing
% singleton*.

, 'Value!', ..

.) creates a new MYGUIE or raises the

Starting from the left, property value pairs

B

xisting singleton*.

are

% applied to the GUI before Mygui5 OpeningFcn gets called. An

% unreccguized property name or invalid value makes property
application '

% stop. A1l inputs arse passed to MyguiSwOQeninchn via varargin.

(S

% Begin initialization code - DO NOT EDIT

gui Singleton = 1;

guil_sState = struct('gui_ Name', mfilename,

‘gui_Singleton',
‘gui_ OpeningFcn',
‘guil OutputFcn',
'gui_LayoutFcn',

Calliback’,

fguil

if nargin && ischar (varargin{i})

gui_sState.gui_Callback
end

if nargout

11

[varargout {1:nargout}]

else

gul Singleton,
@Mygui5 OpeningFcn,
@Mygui5 OutputFcn,
[

(1);

str2func (varargin{l}) ;

gui_mainfcn(gui_State, varargin{:});
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gui_mainfecn(gui_State, varargin{:});
end
¥ End initialization code - DO NOT EDIT
% --- Executes just before Myguib is made visible.

function Mygui5 OpeningFcn (hObject, eventdata,.handles, varargin)
% Choose default command line output for Myguis

handles.ocutput = hObject;

% Update handles structure

guidata (hObject, handles) ;

% UIWAIT makes Mygui5 wait for user response (see UIRESUME)

P

uiwait {handies.figurel) ;

@

--- QOutputs frcm this function are returned to the command line.
function varargout = Mygui5 OutputFcn (hObject, eventdata, handles)
5 Get default command line ocutput f£rom handles structure
varargout {1} = handles.output;

function editl_CallbackkhObject, eventdata, handles)

% --- BExecutes durgng object creation, after setting all properties.
function editl CreateFcn(hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundCeclor'),
get (0, 'defaultUicontrolBackgroundColior'))

set (hObject, 'BackgroundColor', 'white') ;
end
function edit2_Callback{(hObject, eventdata, handles)
% --- Byecutes during obkject c¢reation, after setting all properties.
function edit2 CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, !'BackgroundColor'),
get (0, 'defauitUicontrolBackgroundColcr'))

set (hObject, 'BackgroundColor', 'wnite') ;
end
function edit3_Callback (hObject, eventdata, handles)
% --- BExecutes during oblject creation, after setting all properties.

function edit3_CreateFcn (hObject, eventdata, handles)
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if ispc && isequal (get (hObject, 'BackgroundColor!'),
get (0, 'defaultUicentrolBackgroundColor?))

set (hObject, 'BackgroundColoxr', 'white') ;
end
function edit4_Callback (hObject, eventdata, handles)
% --- Executes duying object creation, after sgtting all properties.

function edit4_CreateFcn (hObject, eventdata, hahdles)

if ispc && isequal(get(hobject,'BackgroundCQidr'),
get (0, 'defaultUicontrolBackgroundColor'))

set (hObject, 'BackgroundCclor', 'white') ;
end
function editS_Callback(hObject, eventdata, handles)
% --- Executes during object creation, after setting all propertiss.
function edit5_CreateFcn (hObject, eventdata, handles)

if ispc && isequal (get (hObject, 'BackgroundColor'),
get (0, 'defauvltUicontrolBackgrcundColoxr!'))

set (hObject, 'BackgroundColor', 'white') ;
% --- Exscutes on button press in pushbuttonl.
function pushbuttonl_ Callbkack (hObject, eventdata, handles)
theta0 = get (handles.editl, 'string'); thetal0 = str2num{thetao) ;
thetaminl = get (handles.edit2, 'string'); thetaminl = str2num{thetaminil);

thetamax = get (handles.edit3, 'string’); thetaﬁax = str2num(thetamax) ;

1

deltaBLmin = get (handles.edit4, 'string'); deltaBLmin str2num (deltaBLmin) ;

deltaBLmax = get (handles.edit5, 'string'}); deltaBLmax

str2num (deltaBLmax) ;

¥for calculating the instantaneous bandwidith deltaBLO

deltaBLn_thetaO=(thetal.*tan(thetaol)) ./ {((tan(theta0)+thetal0.* (1+(tan(theta0
)).%2))) i%theta is thetaminl

deltaBLn_theta=(thetaminl.*tan(thetaminl)) ./ ((tan(thetaminl)+thetaminl.* (1+
(tan(thetaminl))."2)));

2

Ftheta is thetamax which is alwaye 53 degrees

thetamax=53;
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deltaBLn_thetamax=(thetamax.*tan (thetamax)) ./ ((tan(thetamax)+thetamax.* (1+(
tan(thetamax)) ."2)));

Al={deltaBLmin*deltaBLn theta0)/deltaBLn_theta;
2=(deltaBLmax*deltaBLn_thetal)/deltaBLn_thetamax;

$printf{'%¥s%4.48\n', 'Left bound of instantaneous bandwidth=',6 A1)

sprintf{'%s%4.4F\n', '"Right bound of instantaneous bandwidth=',A2)
set (handles.textl13, 'string’',num2str (Al)) ;

set (handles.textl2, 'string’',num2str (A2)) ; .

function edité_Callback (hObject, eventdata, handles)

% --- Executes during objéct creation, after setting all properties.

function edité CreateFcn (hObject, eventdata, handles) cu

if ispc && isequal(get(hobject '‘BackgroundColor'),
get (0, 'defaultUicontrolBackgroundColor ') )

set (hObject, 'BackgroundColor ', 'white!') ;

end

mwmwmmmm.mwmm

it A e

Fig. 4.4: GUI for Calculating the Filter's Instantaneous Bandwidth
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Chapter 5

Conclusion and Future Scope

Conclusion

In this work step by step design procedure and implementation of Electronically Tunable
combline filter with varactors is presented. The parasitic effect of the varactor has a profound
impact on filter insertion loss. Increasing the length of the resonators will decrease the effect

of the parasitic inductance of the varactors.
Future Scope

As we have seen in the design procedure bandwidth within the filter tuning range is not
constant. We have also seen that coupling coefficient (K) is inversely proportional to the

tuning frequency and external quality factor (Qe') is directly proportional to the centre

frequency .If we can able control these two parameters then we can achieve nearly constant
bandwidth within the tuning range. Coupling coefficient (K) can be controlled by placing the
coupling reducers within the resonators of the fiiter [27-28]. As we have seen the resonator
quality factor (Q) is limited by the varactor losses. The varactor losses are compensated by
coupling a negative resistor in the tuned circuit, the negative resistor is realized usihg an
active device [29]. Tuning of the filter can also be done with Ferroelectric materials like BST

(Barium Strontium Titanate),Batio, which have high tuning speed compared to varactors

[30].
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resonators that are tuned by changing the biasing current (typically hundreds of milli
amperes). Advantages of such filters are multi-octave tuning range, spurious free response,
low insertion loss and high quality factor (Q-factor), while their disadvantages are size,
power consumption, tuning speed and incompatibility in integrated Systems. Electronically
tunable filters typically employ variable capacitors that are controlied by applying a bias
voltage, thereby tuning the resonator. These filters providé-octave tuning range, compact size,
fast tuning and compatibility to integrate front ends. Several technologies are used to provide
variable capacitors in tunable filters such as semiconductor diodes (gallium arsenide, silicon
and silicon germanium), ferroelectric thin-films and RF microelectromechanical (MEMS)
switches. Among these technologies, semiconductor diodes suffer from poor power handling,
non-linear behavior and low Q-factor at microwave frequencies. Barium Strontium Titanate
(BST) ferroelectric thin films provide high tunability at room temperature and have a
relatively high power handling capability [4]. They are easily implemented in integrated
planar structures and enable compact designs but suffer from poor linearity hence limiting the
dynamic range of systems.

Recently, RF MEMS technology has provided means of creating highly linear,

Low-loss electromechanical switches that either provide an open circuit with a small
Capacitance (10-80 Fermi Farads) or a short circuit with a small resistance (0.6-1ohms). RF
MEMS switches have several distinct advantages such as very low insertion loss (0.05-0.2
dB), very high linearity (IIP3 > 60 dBm), extremely low power consumption due to
electrostatic actuation and very high isolation. They are very suitable for highly integrated
systems and have been widely used in miniature switchable filters, phase shifters, etc. The
disadvantages of | ‘
RF MEMS are low power handling capability (< 1-2W), medium switching speed (3-100ps),

reliability and requirement for packaging.

1.4. Microwave Planar Varactor Tuned Bandpass Filters [5]

The varactor tuned bandpass filters can have various configurations such as combline,
interdigital, coupled microstrip ring and hairpin and coupled line configurations. Even if there
exist slight differences in the design, the standard bandpass filter design scheme is generally

applied.

(6]
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