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Nomenclature

Frequency

Center frequency

Normalized frequency

Fractional Bandwidth

Reflection coefficient

Transmission coefficient

Characteristic Impedance

Scattering Matrix

Transfer Matrix

Reflection coefficient of the even-mode excdati
Reflection coefficient of the even-mode exciati
Wavelength
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Abstract

In recent years, dual-band filters have become ritapb
components for wireless communication products datrowave
frequencies. IEEE 802.11b and IEEE 802.11g wirelegsal area
networks (WLAN) products operate in the unlicensedustrial-
scientific-medical (ISM) 2.4- GHz band. In partiaul IEEE 802.11a
products implement in the ISM 5- GHz band. Therefalual-band RF
components such as dual-band filters, antenna, anglifier are
essential for the development of mobile communicetti to design
more effective RF devices.

This thesis presents a dual-band pass filter streat/hich consists
of a wide-band pass filter and a band stop filtea icascade connection.
This method has been already proposed in somespeblipaper. In
this thesis, the band stop filter is implementedubing a serial-shunted
structure, while the wide-band pass filter is camded by employing
three cascade ring resonators. Both two circugshased on microstrip
transmission line structure. In particular, the dwaidth of each pass
band of the dual-band filter and the center fregyenf the operation
band are controllable by adjusting the characteristpedance of both
the wide-band pass filter and the band stop filiée parameters of the
wide-band pass filter are extracted by using Pdsvédlast square
method [14] which is a powerful method for calcirgtthe optimum
values, and the parameters of the band stop &heiwobtained from the

Chebyshev low pass prototype.

'Vi'



A dual-band pass filter designed by the method @sed in this
thesis has been fabricated and measured. The gemgrite well with
the simulation results. Therefore, it was confirntedt the proposed
design method of a dual-band filter for IEEE 802/blg is available.
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CHAPTER 1Introduction

The microwave region of the electromagnetic specthas certain
properties. These enable microwave signals to jgetpaover long
distances through the atmosphere under all but nilest severe
weather conditions. Both civilian and military ajgptions abound,
including radar, navigation, and the latest “hoplajation,” wireless
communications. However, the microwave spectrumaisfinite
resource which must be divided, cared for, andtéckavith respect.
And this is where microwave filters come in [1]. Eming
applications such as wireless communications coatito challenge
RF/microwave filters with ever more stringent requients such as
higher performance, small size, lighter weight, andre important
factor-lower cost. The recent advances in novel enas and
fabrication technologies, including high-temperatsuperconductors
(HTS), low-temperature cofired ceramics (LTCC), rmlithic
microwave integrated circuits (MMIC), microelectreamanic system
(MEMS), and micromachining technology, have stinedathe rapid
development of new microstrip and other filters RF/Microwave

applications [2].

This thesis presents a dual-band pass filter strectvhich is
constructed by employing the microstrip transmissioe. Because
the microstrip line structure has the advantagebenng fabricated
easily, lower cost, and the high performances éones RF/Microwave

applications.



1.1 Background and Purpose

Present research on microwave filters is very adbecause of the
continuous demands of high-performance circuitsmfrenodern
communication and electronic system. Most of thekwbus far has
focused mainly on the filters for a single frequermand, and the
filters of multiple frequency bands have been Iprggnored. In
recent years, dual-band filters have become impbo@amponents for
wireless communication products at microwave freqies. For
example, global systems for mobile communicaticBSNl) operate
at both 900 and 1800 MHz. IEEE 802.11b [3]-[4] dR&E 802.11g
[4]-[5] wireless local area networks (WLANS) prodsioperate in the
unlicensed industrial-scientific-medical (ISM) 2.45Hz band. In
particular, IEEE 802.11a [6] products implementsha ISM 5- GHz
band [7]. Therefore, dual-band RF components sichduwal-band
filters, antenna and amplifier are essential foz ttevelopment of
mobile communications to design some more effeciveé backward
compatible RF devices.

In this thesis, a new configuration of dual-bandsélter which
can cover the two ISM bands 2.4- GHz and 5- GHaraposed. The
dual-band pass filter consists of a wide-band piéies and a band
stop filter in a cascade connection.

1.2 Research Contents

Chapter 1 depicts the background and purpose sfviiork and



briefly introduces the outline of the thesis.

Chapter 2 focus on a design of wide-band passr.filide
theoretical analysis, circuit design and the sinadaesults by ADS
(Advanced Design System) are presented in thistehap

Chapter 3 introduces some types of the band shgpsfibased on
microstrip line structure briefly. And in additiorthe theoretical
analysis and design method are explained in detad.

Chapter 4 shows how the dual-band pass filterabzed by using
the wide-band filter and band stop filter as présénin previous
chapters. And the evaluation for this design prepdas this thesis is
exhibited in this chapter.

Chapter 5 is the conclusion of this research wartt presents a
future plan.



CHAPTER 2Wide-band Pass Filter

2.1 Introduction

It is well-known that there are four types of fike in
RF/Microwave system mainly, such as Low Pass Filtdigh Pass
Filter, Band Pass Filter, and Band Stop Filterthiis chapter, we will
present a design of wide-band filter based on rsta transmission
line structure.

Fig. 21 Frequency responses of a band pass filter

A band pass filter is an electronic device or dir¢hat allows
signals between two specific frequencies to pasat that



discriminates against signals at other frequenciks.is used
extensively in mobile communications system, esplgci used in

communication receivers and transmitters, primarily

Fig. 1 illustrates the typical frequency respn®f a band pass
filter. The cutoff frequencied.;andf., are the frequencies at which
the output signal power falls to half of its levat fo, the center
frequency of the filter. The valuk; - fcp, expressed in hertz (Hz),
kilohertz (KHz), megahertz (MHz), or gigahertz (QHis called the
filter bandwidth. The range of frequencies betwigandf,is called
the filter pass band [8].

There are many types of BPFs (Band Pass Filtec$) asi end-
coupled, half-wavelength resonator filters, pataiteupled, half-
wavelength resonator filters, hairpin-line filtensd inter-digital band-
pass filters, etc. In this thesis, however, we dietd design the wide-
band BPF by employing cascade ring resonatorsrddmsons why we
do not use the others are explained below. On@ndashat we need
a wide-band pass filter from 2.35 GHz-5.05 GHz, jbat the parallel-
coupled, half-wavelength resonator, series-shumggmission line
structure and ring resonator can achieve the battdwie need.
Nevertheless, if we implement the wide-band pdss fivith the
bandwidth we need by employing series-shunted itnegsson line
structure, the wide-BPF size should be larger thaasing the ring
resonator structure [2], and further more, the-fitigr is more easier
to fabricate than the coupled-line structure BRI imore important
just that the BPF with ring resonator has more IpgHormance,



lower insertion loss and better skirt characterssf]-[11].

2.2  Theoretical Analysis

The schematic diagram of a three-stage ring reesorfdter is
shown in Fig. 2.2.

Fig. 22 Schematic diagram of a three-stage ring resoffiter

As shown in Fig. 2.2, the total length of the risgchosen to be
equal to one wavelength at the center frequencye Tihg has
characteristic impedances of @hd Z and a length ofA.. Three open
stubs have their length ak /4 and characteristic impedance of ¥

Z3 pand 4 3 respectively.

One stage ring filter will be analyzed firstly, atsresults will be applied

to the three-stage ring filter.



2.2.1 Even-mode Analysis

From Fig. 2.2, we can find that the each sepaiatg nesonator
circuit is symmetrical and reciprocal along the Asis, and therefore
we can analyze this circuit by the even-odd modthate

Fig. 23 Even-mode equivalent circuit

The even mode excitation is obtained by applyingatgvaves at
two ports of the network, while the odd mode exmtais obtained by
applying out-of-phase waves at ports 1 and 2. Eadent circuits for
these two modes are shown in Fig. 2.3 and Fig[1B}in which Z;

and Z, are the input impedances for even-mode and oddemod
respectively.



The input impedanceZ® for even-mode, which is illustrated in
Fig. 2.3, can be calculated by using the well-kndvamsmission line
theory [8]. Since g is input impedance with an open stub, so it is

expressed as equation (2.1) below.
. n
Z, = _lecOt(EDfn) (2.1)

Where 41 and Z are input and characteristic impedance showngn Fi
2.3 and f, is a normalized frequency by center frequefjcyand
expressed as equation (2.2).
f
[~ (2.2)
fo

The input impedance of the open-stub employedrig resonator
circuit is calculated as equation (2.3).

stz—qzzscomgm]n) (2.3)

And then we can calculateddising this obtained result above.

ZB+E2MMZHQ
Z,=2, p (2.4)
Z,+ 2, tan() )

Where 43 and 4 are the input and stub characteristic impedances
shown in Fig. 2.3. Even-mode input impedanZé can be expressed
as equation (2.5).



ze = futli (2.5)
ZLl + ZL2
Therefore, the even-mode reflection coefficient banderived as

follows.

—_ Zii _Zo

=%n " %o (2.6)
©Zn+Z,

r

2.2.2 0Odd-mode Analysis

Odd-mode equivalent circuit is shown in Fig. 2.4.

Fig. 24 0Odd-mode equivalent circuit
All the parameterg ,,Z,,,Z°

in?

etc. in the odd-mode equivalent
circuit can be calculated in the same manner a®miecused for the



even-mode analysis. In this case, the odd-modeatedh coefficient
is shown as follows.

O —
MY :M (2.7)
Zi?1 + ZO

2.2.3 S-parameter Extraction from Even-odd Mode.

The scattering parameters of each ring resonatauiti are
extracted by the above results from even-odd modéysis.

LR (2.8)
FE

2.9
> (2.9)
According to the symmetrical and reciprocal projsttS, and

S,2 can be obtained from equation (2.8) and (2.9)ctlyes follows:

S, =S, (2.10)

S, =S, (2.11)

2.2.4 Analysis of 3-Stage Ring Resonators Circuit.

Fig. 1 shows a 3-stage ring filter. The analysighoe for ring 2
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and ring 3 is the same with that for ring 1. Inerdo calculate the
reflection coefficients of this cascade circuit plyp the transfer
matrices is necessary [9]. The calculation processe explained as
follows. First, the transfer matrix of the singlag filter shown in

should be calculated.

Ti Ti
T =} 1-2} 2.12
{Tz'l T, (212)
Where
i i i [Si
T,=9,- Slls. 2
21
Tliz = S_.1
21
: S;
" _S_?Z
21
i 1
21

Then the cascade transfer matrix of the total diisu

[ =[], ], (2.14)

2.3  Adesign of 2.35-5.05 GHz Band Pass Filter.

For the purpose of this work, we should design dewhand pass
filter whose bandwidth is from 2.35 GHz to 5.05 GHased on the



analysis presented in the previous section, thégulemethod and

processes for this circuit are demonstrated below

Above all, a calculation method of Powell's Leagu8re Method
[12] is introduced simply now. Powell's Least Squavlethod is a
powerful method for minimizing a sum of squaresxoh-linear parity
functions without derivatives. There are a numbieamgproaches to
optimizing an objective function. When one is afolgraph a function
and look at it, it is very easy to discover the imiom point in that
function. However, in complex analysis such a Visug is impossible
to produce without enormous expenditures of timd aamputing
resources. Every time a function is evaluateds itasting somebody
money. In a business setting, therefore, the nurabéunction calls
must be decreased when optimizing a function oigdespace. There
are a number of algorithms that can accomplish e purpose of
the program described herein is to optimize a fonatonsisting of at
most 10 independent variables by finding its mimmualue. The
manner in which this is accomplished is by usingv&lbs Method to
define a search direction, and a quadratic linecbke#o find the
minimum point along that search direction. Afteceatain number of
Powell iterations, line searches, and function scallk reasonable
minimum can usually be produced, if not completatgct.

The parity functions used in this paper are shoalnw:

Within the pass band spectra:

f,= 235~ 505 GHz

-1 2-



Fl(zl1 Z,,2,,2,,Zs, fl) = Z QS.1|2 + (1_|821|)2)

Within the first stop band spectra:

f,=135~ 235 GHz

F.(2,,2,,25,2,,2Z5, 1,) = Z (1821|2 + (1_|811|)2)

Within the second stop band spectra:

f,= 505~ 605 GHz

F.(2,,2,,25,2,,Z5, 15) = Z (1821|2 + (1_|811|)2)

Therefore, the total parity function is

F=F+F,+F,

(2.15)

(2.16)

(2.17)

(2.18)

A search cycle of this method starts with the comemal ring

resonators circuit parameters shown in [10], amdditained optimal

results are shown in Table 1 below.

Table2.1 Parameters extracted by Powell's Least Squarkddet
Z; Z> Z31 Z3 Z33
55Q 120Q 16Q 25Q 40Q




24 Simulation Results.

The theoretical frequency responses are showrngir2ts below.

Freguency Responses of the |S11]|and |S21]|(dB) versus frequency
0

i T Al T T T T T T il I .
' a . ' ' ' ' ' i '

1811] and |S21] (dB)

15 2 25 3. .35 4 485 5 55
Freguency (GH2)

Fig. 25 Theoretical Frequency Responses

As shown in above Fig., the pass band is from 53%- GHz,
and the out of pass band, i.e. two stop bands baweme less than -
20 dB.

And now the simulation results by using ADS (Adveasdesign
Simulation) tool are exhibited below, and compareih the
theoretical results.

-1 4-
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Fig. 2.6 Simulation results by ADS.

Comparing the simulation results with the theosdtiesults, we

can find that our design scheme is reasonable mutigable.

The physical sizes of this wide-band pass filteyppised in this

thesis are shown in Table 2 below.

-1 5-



Table2.2  Physical sizes of this wide-band pass filter.

Zy(Q) Width (mm) 1.0909
50 Length(mm) 12.2833
Z,(Q) Width (mm) 0.9283
55 Length(mm) 24.7457
Zy(Q) Width (mm) 0.1355
120 Length(mm) 26.4401
Z34(Q) Width (mm) 5.1422
16 Length(mm) 11.4567
Z3AQ) Width (mm) 3.1218
24 Length(mm) 11.6994
Z34(Q) Width (mm) 1.2926
45 Length(mm) 12.1880

Printed Circuit Board:Metal thickness: 0.034mm.
Substrate thickness: 0.5mm.

Relative permittivity: 3.5.




CHAPTER 3Band Stop Filter
3.1 Introduction

As presented in chapter 2, we know that band sligpsf are also
very important components in RF/Microwave systenmd aits
frequency responses are shown in Fig. 3.1. Thefesitof band stop
filters can be understood easily with referencethe relational
description in chapter 2.

A

Insertion loss (dB)
i

Fig. 3.1 Typical frequency responses of a band stop filter

Where do we apply band stop filters usually? WHenrgjection
of a signal is required, it is natural to thinkterms of a notch. Just as

-17-



a true band pass filter offers improved selectivityer a single
resonator, the band stop filter offers improve@cgpn over a simple
notch or even a cascade of notches. However, therglerealization
difficulties of distributed structures are worsendéy particular
difficulties associated with the band stop struetur

In this thesis, we intend to design a band staerfivith microstip
line structure. A schematic diagram is shown in Big@ below.

Fig. 3.2 Schematic diagram of band stop filter with serlasted
subs fom = 3

Fig. 3.2 is a transmission line structure of a batup filter with
three open-circuit-shunted stubs (n=3), where thant quarter-
wavelength, open-circuited stubs are separated iy elements
(connecting lines) that are a quarter wavelengtlg lat the mid-stop-
band frequency. Filtering characteristics of thkefi then entirely
depends on design of characteristic impedancge$orZthe open-
circuited stubs, and characteristic impedances, Zor the unit
elements, as well as two terminating impedancg@sa@d % |,

-1 8-



respectively, and the other parameters are indicateorresponding

place in Fig. 3.2.

This distributed band stop structures can theakyic be
transformed directly from a conventional L-C bantbps filter.
However, in practice, this direct transformationgg unrealistic line
impedances, often on the order of hundreds of ohkwsoda’s
identities [15] can be used to help this processerting admittance
inverters and forcing the line impedances to beceomewhat more
reasonable. An edge coupled band stop filter is alailable, but is
only realizable for very narrow bandwidths. So wepmse a band
stop filter using the serial-shunted structure,anee we must have
got a bandwidth of 2.45 GHz ~ 4.95 GHz.

3.2  Theoretical Analysis

Firstly, the theory background is explained belang a group of
optimum formulas will be introduced in section 2.

3.2.1 Theory Background
This band stop filter is designed using a desigocg@dure as
described in [16]-[17].

The design procedure starts with a chosen ladger-tgw pass
prototype. Then it uses a frequency mapping asvali

-1 9-



Q=04 tar{l—;i] (3.1)

a= co{l—;(l—gﬂ (3.2)

where Q and Q_are the normalized frequency variable and the
cutoff frequency of a low pass prototype filtef, and f, are the
frequency variable and the mid-band frequency efadbrresponding
band stop filter, an&BW s the fractional bandwidth of the band stop
filter defined by

FBW — fCZ 7 fcl
fO
[P
fo - cl 2 c2 (33)

fy and f_, are frequency points in the band stop response as
indicated in Fig. 3.1. It should be mentioned tband stop filters of
this type have spurious stop bands periodicallyered at frequencies
that are odd multiples df. At these frequencies, the shunt open-
circuited stubs in the filters are odd multiples 4f, /4 long, with

Ago
out the main line and cause spurious stop band$idrcase, there is

being the guided wavelength at frequefigyso that they short

no need to be concerned about this point becausesplurious
frequencies are not in the spectral band which easin
Note that the frequency mapping in equation (3Q&yally involves



the Richards’ transformation which demonstrated-iig. 3.3 below.
Therefore, under the mapping of equation (3.3) stint (capacitive)
elements of low pass prototype become shunt (openied) stubs of
the mapped band stop filter, whereas the seriekitive) elements
become series (short-circuited) stubs. The sehieg-sircuited stubs
are then removed by utilizing Kuroda’s identitiekigh are shown in
Fig. 3.4 and we can obtain the desired transmiskien band stop
filter shown as Fig. 3.2 [2].

. Z = pL Z=tZc
p=jw t=jtard
(a)
(o) o
c—— Y=pL Y=tYc
p=jw t=jtard
(o) o
(b)

Fig. 3.3 Lumped and distributed element correspondence under
Richards’ transformation

-21-
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Fig. 3.4  Kuroda’s identity in transmission line form
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3.2.2 Optimum Formulas

With the design procedure in the previous sectithrg unit
elements of the band-stop filter are redundant, toair filtering
properties are not utilized, so that in this setise resultant band stop
filter is not an optimum one. It has been pointed ia [17]-[18] that
for wide-band band stop filters. The unit elemaras be made nearly
as effective as the open-circuited stubs. Therefoyeincorporating
the unit elements in the design, significantly pere attenuation
characteristics can be obtained for the same numibstubs than is
possible for filters designed with redundant uréneents. Also, a
specified filter characteristic can be met with aren compact
configuration using fewer stubs if the filter isstgned by an optimum
method.

The optimum formulas are shown below [2].

Z,=2,=12,
Z,=2,lg
Zin=2yldijn (3.4)

Where g, and J;;,, are the relational optimum parameters, and
Z,, Z; are the input and output impedances, is the impedance
of open-shunted stubs.



3.3 Adesign of 2.45~4.95 GHz Band Stop Filter

For the realization of dual-band pass filter, wed@ band stop
filter with bandwidth of 2.45 ~ 4.95 GHz. So we aalrtain the center
frequency and FBW (Fractional Bandwidth) from equa(3.3).

FBW = % =0702 with f, = % = 37 GHz

0
And that we want to have the circuit size smalepassible as it can
be, so the structures with three open-shunted sitdemployed in
this thesis.

For convenience, element values of the networkign 8.2, for
design of optimum band stop filters with three opbanted stubs and
a pass band return loss level of -20 dB, are tabdilen Table 3.1 for
bandwidths between 30% and 150%. Note that thdatdalielements
are the normalized admittances, and for a giveereete impedance
Zothe impedances are determined by equation (3.4).

-24-



Table 3.1 Element values of optimum band stop filters for I3

and £ =0. 1005

FBW 0, =0, g, Ji, =Jd,,
0.3 0.16318 0.26768 0.97734
0.4 0.23016 0.38061 0.92975
0.5 0.37754 0.63292 0.83956
0.6 0.46895 0.79494 0.78565
0.7 0.56896 0.97488 0.73139
0.8 0.67986 1.17702 0.67677
0.9 0.80477 1.40708 0.62180
1.0 0.94806 1.67311 0.56648
1.1 1.11601 1.98667 0.51082
1.2 1.15215 2.06604 0.49407
1.3 1.37952 2.49473 0.43430
1.4 1.67476 3.05136 0.37349
1.5 2.07059 3.79862 0.31262

In this thesis, we design an optimum microstrip doatop filter
with three open-circuited stubs (n=3) and a fraaldandwidth FBW
= 0.7 at a midband frequengy= 3.7 GHz will be designed. Assume a
pass band loss of -20 dB, which corresponds to pEplei
constante =0. 1005 From Table 3.1, we obtain the normalized
element  values g, =g,=0. 56896 , g, =097488 and
J;, =J,;, =0.73139 denoted as highlighirea The filter is designed
to match 50 ohm terminations. Thereforg, Z50 ohms, and from
equation (3.4) we determine the electrical desigrameters for the



filter network representation in Fig. 3.2.

Z,=Z, =50 Ohm

Z, = Z, =87.87960hm

Z, =51.28840hm

Z,, = Z,, = 68.36300hm (3.4)

So far, the circuit designs are accomplished, &edstmulation is
implemented and the results are shown in next@ecti

3.4 Simulation.

In this case, we employed the same PCB with the useel for
wide-band pass filter design in previous chapter.

The results obtained by using ADS software tool @esented in
Fig. 3.5.
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Table3.2 Physical sizes of the band stop filter

Za (Q) :
Width (mm) 1.0909
50
Zg (Q) :
Width (mm) 1.0909
50
Width (mm) 0.3518
Z,(Q)
87.8796
Length(mm) 12.8576
Width (mm) 1.0458
Zx(Q)
51.2884
Length(mm) 12.3069
Width (mm) 0.3518
Z3(Q)
87.8796
Length(mm) 12.8576

Printed Circuit Board: Metal thickness: 0.034mm
Substrate thickness: 0.5mm
Relative permittivity: 3.5




Fig. 3.5 Simulation results by ADS

From Fig. 3.5, the simulation results meet the liddasign
purposes well.



CHAPTER 4 Dual-Band Pass Filter
4.1  Theoretical Analysis

In this thesis, we need a cascade circuit congtduegtith two
circuit networks of a wide-band pass filter circand a band stop

filter circuit shown in Fig. 4.1 below..

Firstly, we should analyze the cascade circuit, @tein the total

S-parameters.

]|
[ ]
i I r'-

Fig. 4.1 S-parameters of a cascade circuit with two networks

Assumption that the network 1# and 2# have S-paemiand S'-
parameters, respectively, and then calculate ¢parameters (Total s-
parameters) utilizing T — matrices. The analysecpdures are shown

below.

For network 1 #:
[T ] — |:T11 T12j|
. T21 22
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Where T,=S, _SulS,

S,
le = i
Sy
T21 = _%
21
1
Ty =—
Sy (4.2)

For network 2 #:

Wh SRS S,
ere T =S, - SHS[SZZ
) 21
lel :Sl_ll
Sy
. S
Ty = _ﬁ
21
T. = 1
2 T L
Sy (4.2)
From =[] “3

We can obtain the total Transfer maffiy|:



Tt Tt
T - 11 12
[ t] L_ztl T2t2:| (4.4)

and
e[S S
t t
1 Szz
where
T T T, ¢ _ 1 t_T21t
t — 12 ’ ot l12 Za ,821_ ,Sz___
Si T22t S,=Ty, -I-22t '|'22t 2 Tzzt

So we can deduce the total transmission pararSgtefrom
equation (4.1) ~ (4.3).

LJp-
8;1: 21[521‘ (4.5)

1-S,, 05,
For a small value of S,, and S, , S, equals

approximatelys,, [S,,. From Fig. 2.6 and 3.5, which represent the
simulation results of wide-band pass filter anddatop filter, we can
observe thatS,, andS;, are very small at 2.4 GHz and 5.0 GHz, so
the total transmission coefficier®,, = S,,[5,,. As a result, a dual-
band filter can be obtained by a cascade connedifian wide-band
pass filter and a band stop filter and its trangterction can be
approximated as the product of the transmissiorfficants of two
filters, S°° and S>°F.

Of course, if network 1# and 2# can not meet th@itmn, which



S,, and S, are very small values, the cascade circuits shioelce-

optimized to satisfy the demands we need.

4.2 A design of the Dual-Band Pass Filter and Satnoh
Results

Fig. 4.2 shows the schematic diagram of the duatiblter
consisted of the wide-band filter and band stoterfidiscussed in

previous two chapters.

Fig. 4.2 Schematic diagram of a dual-band pass filter

Fig. 4.3 shows the simulation results obtained B\5A
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Fig. 4.3 Simulation results of the dual-band pass filter

The physical sizes of this circuit are same as a®ssribed in
Table 2.1 and 3.2.

Excluding the reflection coefficientS,; and transmission
coefficientS,,, there is other important coefficient which isledlas
group delay. It is one of the main factors that eafluence the
performances of the filters. The simulation resafltgroup delay is

shown in Fig. 4.4.



Fig. 4.4 Simulation result of Group Delay

Fig. 4.4 indicates that the GD (Group Delay) valaps1.2~1.3 ns
and 1.3~1.4 ns within two bands centered at 2.4 @tz 5.0 GHz,

respectively. It shows a good flatting charactarist



4.3 Fabrication and Measurement.

A photograph of the dual-band pass filter propadsettiis thesis is

shown below.

Fig. 45 Photograph of the dual-band pass filter proposedhis

thesis

The total length of the filter excluding §D reference lines on
both sides is 85 mm. It is proved that this cascadriit is smaller
than the other one fabricated by different cascadecture proposed
in [7].

Fig. 4.6 shows that the measured results by Wilthetwork
Analyzer 360B and HP 8753D.
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(c) Group Delay

Fig. 4.6 Measurement results: (a) Transmission coefficienib)
Reflection coefficient. (c) Group Delay

As shown in Fig. 4.6 (a) and (b), there are twosgazends at each
band operation frequency 2.4 GHz and 5.0 GHz. Withiese two
pass-bands, two optimum transmission coefficieht®.®61 dB and -
0.579 dB appear at 2.45 GHz and 4.9 GHz and thkect&n
coefficients are -22.421 dB and -18.828 dB, reldyivSimultaneously,
the measured results show a good suppression td@stc within
out-of-bands. There is a little difference with thienulation results

resulting from some losses and dissipation by trasson lines and

-37-



the experimental precision, but these results aceigh to prove that
the proposed design method is practical for impleing dual-band
pass filters whose dual bands can be controlle@das different
demand.

Besides the transmission and the reflection caefits, there is
still an important coefficient left, just group dgl From figure 4.6 (c),
the group delays of two pass bands are 1.3914 dsl&v52 ns,
respectively. They almost agree with the simulatiesults of 1.2 ns
and 1.3 ns shown in figure 4.4 and there are wdafiatter
characteristics within two pass bands.
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CHAPTER 5Conclusions

This thesis proposes a dual-band pass filter forAWLWireless
Local Area Network) 802.11 a/b/g application. Theme two pass
band centered at 2.4 GHz and 5.0 GHz, respectitelythe sake of
implementing this purpose, a wide-band pass fidted a band stop
filter are connected directly. The wide-band palssrfis designed by
employing ring resonators and the band stop filkedesigned by
using series-shunted stubs, which all based orosti@p line structure.

The measured results agree well with the simulatesults. It is
proved that the scheme proposed in this thesisimpifement dual-
pass-band for WLAN 802.11a/b/g application. By tthissis, we also
find that this design method for dual-band is notlyoused for
802.11a/b/g, but also applied for the other caselwheeds dual-band
frequency responses such as GSM and CDMA applicatdhat we
need to do, just adjust the impedance value ob#ral pass and band

stop filter. It's a very useful for mobile commuat®on system.

In future, we will try to reduce the circuit sizg hising the PCB
with high dielectric constant and apply this duahtd pass filter to
WLAN 802.11 a/b/g system. Based on this design otetbf direct
connection of a BPF and a BSF, we can also debigrothers dual-

band filters for communication systems.
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Appendix
Powell's method

Main program

clear all;

global Z S

%

% itmax = maximum number of iterations
% N = number of design variables
%

itmax = 20;

N = 3; % various
%
% initial guess for vector of design variables

20 = [50 130 25];

Z = z0;
%
% initial set of search directions grouped iato
% matrix (each column is a search direction). F
% Powell's method this matrix is the identitgitrix
%
H = eye(N);
%
n=N;
%
% main iteration loop (n minimizations plus mization
% along new conjugate direction)
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%
for iter = 1:1:itmax
iter
%
% perform n unidimensional minimizations
%
S_new = zeros(n,1);

H;
for k=1:1:n
k;
S =H(:,k);
alpha_star = fminbnd(‘fun’, -0.5,0.5);
F = fun(alpha_star);
Z = Z + alpha_star*S;
S _new =S _new + alpha_star*S;
end
%
% generate new search direction, andmiza along it
%
S =S new;

alpha_star = fminbnd(‘fun’, -0.5, 0.5);
F = fun(alpha_star)
Z = Z +alpha_star*S
%
%  substitute one of the initial directiongwihe new one
%
foric=1:1:n-1
H(:,ic) = H(:,ic+1);
end
H(:,n) = S_new;
end
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Sub-program 1: Calculator of s11 and s21.
clc;

clear;

syms Z1 72 Z3 f

f0=3.7;

Z0=50;

%% Even-mode %%

ZL1=Z1/(j*tan((pi/2)*(f/f0)));

ZL2=2*Z3/(j*tan((pi/2)*(/f0)));
ZL3=Z2*(ZL2+j*Z2*tan((pi/2)*(f/f0)))/(Z2+j*ZL2*tan( (pi/2)*(f/f0)));

Zine=(ZL1*ZL3)/(ZL1+ZL3);

Se=(Zine-Z0)/(Zine+Z0);

%% Odd-mode %%

ZI1=j*Z1*tan((pi/2)*(f/f0));

ZI12=j*Z2*tan((pi/2)*(f/f0));

Zino=(ZI1*Z12)/(ZI1+ZI2);

So0=(Zino-Z0)/(Zino+Z0);



%% Reflection coefficient %%

sl11 = (Se+So0)/2
s12 = (Se-S0)/2;
s21 = (Se-So0)/2

s22 = (Se+S0)/2;
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Sub-program 2: Parity function

function vy = fun(alpha)

global Z S

Z1 =Z(1) + alpha*S(1);
Z2 = Z(2) + alpha*S(2);
Z3 = Z(3) + alpha*S(3);

s11=1/2*(-*Z1/tan(5/37*pi*f)*Z2*(-2%*Z3/tan(5/37*pi*f) +i*Z2*tan(5/37*
pi*N))/(Z2+2*Z3)/(-*Z1/tan(5/37*pi*f)+Z2*(-2**Z3/ tan(5/37*pi*f)+i*Z2*
tan(5/37+pi*f))/(Z2+2*Z23))-50)/(-*Z1/tan(5/37*pi*)*Z2*(-2*i*Z3/tan(5/
37piH)+*Z2*tan(5/37*pi*f))/(Z2+2*Z3)/(-*Z1/tan( 5/37*pif)+Z2*(-
2%i*Z3tan(5/37*pi*f)+i*Z2*tan(5/37*pi*f))I(Z2+2*Z3 ))+50)+1/2*(-Z1
*tan(5/37*pif) " 2*Z2/(i*Z1*tan(5/37*pi*f)+i*Z2*tan( 5/37*pi*f))-50)/(-
Z1*tan(5/37* pi*f)A2*Z2/(*Z1*tan(5/37*pi*)+i*Z2* an(5/37*pi*f))+50);

$21=1/2*(-*Z1/tan(5/3T*pi*f)*Z2X(-24*Z3/tan(5/37*pi*f)+i*Z2*tan(5/37*
pi*f))/(Z2+2*Z3)/(-*Z1/tan(5/37T*pif)+Z2*(-2**Z3/ tan(5/37*pi*f)+i*Z2*
tan(5/37+pi*f))/(Z2+2*Z3))-50)/(-*Z1/tan(5/37*pi)*Z2*(-2*i*Z3/tan(5/
37HpiH)+I*Z2*an(5/37*pi*))/(Z2+2*Z3)/(-*Z1/tan( 5/37*pif)+Z2*(-2*1
*Z3/tan(5/37*pi*f)+i*Z2*tan(5/37*pi*f))/(Z2+2*Z3))+50)-1/2*(-Z1*tan(5
I37*pi*)N2*Z2/(i*Z1*tan(5/37*pi*H)+i*Z2*tan(5/37*p i*f))-50)/(-Z1*tan(5/
37+pi* f)N2*Z2/(i*Z1*tan(5/37*pi*f) +i*Z2*tan(5/37*p if))+50);

%  This is the objective function F to be minindze
segmal = 0;

for f=1.35:0.1:2.35
segmal = segmal + (abs(s21))"2+(1-abs(s11))"2;



end

segmaz2 = 0;
for f = 2.35:0.01:5.05
segma2 = segma?2 +(1l-abs(s21))+(abs(s1l));
end

segma3 = 0;
for f =5.05:0.1:6.05
segma3 = segma3 +(abs(s21))"2+(1-abs(s11))"2;
end

y = segmal+segma2+segmas,
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