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Abstract

Bandpass filters are widely used in microwave syste And
miniaturized bandpass filters are required to redtle cost of a
wireless communication system. Therefore, manyopypes have
been studied to meet this requirement. The conwealticomb-line
filter is one of the so many types of proposed-s&ziced filters. In
this thesis, we propose a modified comb-line filtasing a
combination of end shorted parallel coupled linedd dumped
capacitors. Using the above structure, the eledtiength of the
parallel coupled lines in the modified comb-lindtefi, which
determines the size of a comb-line filter, can d@uced to even a few
degrees, resulting in a much smaller circuit aréater-stage
connecting lines have been added to connect thghipaiing
resonators for the suppression of unwanted coupliiig designed
comb-line filter also shows a wide upper stopbdbesign equations
and method will be fully explained in this thesWeasured results of a
fabricated filter centered at 400 MHz show goodeagrent with the
theoretical predications.



Chapter 1 Introduction

Compact microwave bandpass filters are intensetjired in
mobile communication systems. This necessity ham kadtracting
great attention in microwave community and manyouative filter
prototypes have already been proposed. One intenstidied
miniaturized type is step impedance filters (SI&pong which the
quarter-wavelength type SIR is the most attract|\t¢. Slow-wave
resonator filter [2] represents another approaafeducing the size of
band-pass filters by making use of the slow-wavecefin periodic
structures. Each of the above structures can ronzat a band-pass
filter to some extent, but still these filters take a pretty large circuit

area, especially at lower microwave frequency band.

In this thesis we introduce a modified comb-linkefi using end
shorted coupled lines and lumped capacitors. Teetratal length of
the parallel coupled lines is just a few degreesking the total size of
the proposed filter very small even at a low fregyeband. The
spurious passband, an annoying disadvantage of maogostrip
filters, has also been brought to well control gsiime proposed
structure, and the reasons will be given in detailater chapters.



1.1 An introduction to Comb-line filters

The conventional comb-line filter will be brieflptroduced in this
section, as it will be compared with the proposeadified one in
many ways in this paper [3]. Shown in Fig. 1.1 igtraditional
comb-line bandpass filter in stripline form. Thearators consist of
line elements which are shorted-circuited at ong, evith a lumped
capacitanceC; between the other end of each resonator line eieme
and ground. In this figure, Line 1 to n, along witieir associated
lumped capacitance€;’ to C:comprise resonators, while line O to
n+1 are not resonators but simply part of impeddraresforming
sections at the ends. Coupling between resonaasshieved in this
type of filter by way of the fringing fields betweaesonators lines.
With the lumped capacitors, the resonators linds lve less that a
quarter of wavelength at resonance. If the capacit@re not present,
the resonator lines would be a full quarter-wavglenlong at
resonance and the structure would have no pass dtaaldl For the
reasons above, it is usually desirable to makec#pacitances C in
this type of filter sufficiently large that the msator lines will bel, /8
or less, long at resonance. Besides having efti@eapling between
resonators, the resulting filter will be quite smal

One disadvantage of the microstrip parallel coupilést is that the

first spurious pass-band of this type of filter eprs at twice of the

basic pass-band frequency f(9. This is because the even-mode

phase velocity is always slower than that of thd otbde because of



the inhomogeneous medium of microstrip structurbe Tunequal
modal phase velocities atf2 cause the first spurious pass-band. As
for comb-line filters, the second pass band ocetren the resonator
line elements are somewhat over a half-wavelengtiy,| so if the
resonator line elements aré /8 long at the primary pass band, the
second pass band will be centered at somewhatfouertimes the
frequency of the center of the first pass bandh# resonator line
elements are made to be less th18 long at the primary pass
band, the second pass band will be even furtheoveth Thus,

comb-line filters also lend themselves to achiewmgy broad stop

bands above their primary pass bands.

Fig. 1.1 The model of the conventional comb-linesfi



1.2 Research Contents

Chapter 1 depicts the background and purpose efwhirk and

briefly introduces the outline of the thesis.

Chapter2 focuses on the miniaturization of quantavelength
transmission line. The theoretical analysis, cirdaisign equations are
presented in this chapter.

Chapter 3 introduces the design theory of the basslfilters based
on a generalized bandpass filter structure. Therétieal analysis and
detailed design method are explained here, togetilerthe simulated
results through Advanced Design System (ADS).

Chapter 4 shows the whole fabrication process, fidfFSS
simulation to measurement. Analyses of the measws®dts also take
up some space here. The reasons for the differéretegen measured
and simulated results are explained.

Chapter 5 is the conclusion of this research wimlkowed by the
future research plan.



Chapter 2 Miniaturization of the Quarter-wavelength

Transmission Line

2.1 Introduction

The quarter-wavelength transmission line has béaying a very
important role in many microwave circuits, funciiog as impedance
transformers, phase inverters and so on. Howeweanany cases, this
quarter-wavelength is too large to be compatiblth wither parts of
microwave systems. This problem has become everreein
monolithic microwave integrated circuit (MMIC), s a large circuit
area always results in a high chip cost. Hirota ppsed a
size-reduction method which utilizes combinationd short
high-impedance transmission lines and shunt luncapdcitors [4], as
shown in Fig.2.1. With the help of lumped capaaioa A/4
transmission line can be made to be as shokfl#s Therefore, this
size-reduction method has been employed in varikugls of
microwave circuits where quarter-wavelength traissimon line exists.
However, an obvious disadvantage of this methodthiat the
impedance of the shortened transmission lfe increases rapidly as
its electrical length decreases. Usually the lengtithe shortened
transmission line could be no smaller thdt2, because the large
impedance (over 100 Ohm) inevitably results in g/ Bin microstrip
line that is hard to fabricate using the generethieg method.



Fig. 2.1 Size-reduced quarter-wavelength transomissine using
shortened transmission line and lumped capacitors.

Another approach to miniaturize the quarter-wavgllen
transmission line is to use lumped inductors arEhciors, as shown
in Fig.2.2. The lumped elements do take up very lismspace.
However, the design of lumped-element circuits mhetsomewhat
empirical, and it needs precise inductor modelsethasn careful
measurements of test elements. This inductor canebkzed with
air-wound coils, but such coils must be space-wowith gaps
between turns, resulting in wide variations in thaductance value
[5]. Spiral inductors represent another possiblammmise, although
their quality factor (Q) is often sacrificed to gdate inductance.
Equivalent lumped-element models for spiral indtetbave been
obtained from two-port S-parameter measurementsrelmodels do
not lend themselves readily to design applicatitbesause their
elements are difficult to evaluate in advance [[@], [8]. Gupta
presented a quasi-lumped-element branch-line cgupliich uses
lumped capacitors and short-circuited transmisiims as inductors,
but the resulting design is inconvenient to falieda)].



Instead of continuing the search for applicableuatdrs, we
propose in this paper a method to replace the todughown in
Fig.2.2, by using a combination of end shorted émlipines and
lumped capacitors. With this method, the quartevedength
transmission line can be made to be as short amwadegrees,
resulting in a very compact circuit. The impactatetl to the
imprecise inductor value has been eliminated siocly lumped
inductors are utilized.

2.2 Size-reducing method of th&l transmission line

The size-reduction of quarter-wavelength transmis$ine is done
here through a series of equivalent circuit tramsfdgion. As
mentioned above, the quarter-wavelength transnmsBie can be
equated to a combination of lumped inductor andacims, as
illustrated in Fig.2.2 (a) and (b). The value of tapacitors is needed
for further study, and it can be obtained by conmgathe ABCD
matrices of the two circuits in Fig. 2.2, as given(2.1) and (2.2),
respectively:

A BY (0 jz 2.1)
c b) (jrz, o '
A B) (1 O0)1 je)( 1 0
c D) ljec, 1)l0 1 JljaC, 1
_ 1-w’CL jol
_{ij+jaJC1—ja)3CfL 1—a)201L] (2.2)



By making 1-«’CL =0 andjZ,= jalL, we can get the value of
C,as,

C,= (2.3)

where Z,is the characteristic impedance of the quarter-Veamgth

transmission line andv the angular frequency.

90 .

i >
O— Z, ——0
(@)

|
O AR O
o T H,
(b)

Fig. 2.2 The quarter-wave transmission line: (gjrdiuted and (b)

equivalent lumped elements.

Now to replace the lumped inductor, we first ad@ w@vtificial LC
resonances consisting o, and L, at each side of the lumped
inductor, as shown in Fig. 2.3. The ABCD matrixtbé dotted PI
network is given below in (2.4):



rTT T i
|
o BN o
LW
Ci— Co L3 Xo  Xo3Ld Co7=Ca
IR R i N |
— — I__— _________ - __J - —

Fig. 2.3 Equivalent circuit of &/4 transmission line with artificial
resonance circuits inserted.

A B
(c Dj: T @4
2X,+—2% 1+—2
L >(L

where

X, = shunt impedance in the Pl network;

X, = series impedance in the PI network.

Before moving forward with our theory, let's firgtllook at
Fig.2.4, where an end-shorted coupled line pair itséquivalent Pl
network are offered. (880 phase shift does exist between (a) and
(b), but will be proved to be ignorable in designthe proposed filter)
[10]. The ABCD matrix of this Pl network is:



1+ Z, tand 1
' . % tané@ J % tand
(A BJ_ Lo =Ly, e Lo
' T im 2 2
CcC D 2iZ, tang+ 2Jzzoez tan“ @ 1+ ZZZ(,Etarﬂ
0070 _tang ——0T® {3rg
ZOe - ZOo e “m

where

(2.5)

Z,.,Z,,= even and odd mode impedances of the end shastgulecl

lines, respectively

6= electrical length of the miniaturized transmissiioe.

Port 1

Port 1'

(b)

Fig. 2.4 The end shorted coupled lines (a) anckthevalent Pl

network (b).
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According to (2.4) and (2.5), if the following tvemuations:

1480 29 ZZZOEZL“H, (2.6.1)
X, 0070 _tang
ZOe_ 0o
1 1
— = (2.6.2)
X, jizzoc’zoe tand
ZOe_ 0o

are satisfied, we can see that the Pl network é& dbtted box in
Fig.2.3 would be equal to the Pi network shown im. 2.4 (b). And
by simplifying (2.6.1) and (2.6.2) we get :

Xy =Zetand (2.7.1)
X, :%tanH (2.7.2)
Oe_ZOO

Based on (2.7.1) and (2.7.2), we can replace ticaits in the
dotted box in Fig.2.3 with the end shorted coupitees in Fig. 2.4
(b). The resultant circuit is illustrated in Figg2From (2.7.1), the
value of C, is:

1

—— 2.8
wZ,, tand (2.:8)

0

11



Fig. 2.5 The miniaturized quarter-wavelength linéhvend shorted

coupled lines and lumped capacitors.

In the following simulation and fabrication, we ays use one
capacitor C that is equal to the sum@f andC,, and we get the
simplified circuit of the miniaturized quarter-wdeegth
transmission line, as expressed in Fig. 2.6. Eqng8) will be used
in this paper to calculate the capacitor C.

C=C,+C,
1.1 (2.9)
wZ, i’y tand

Where Z, is the characteristic impedance of the quarterelemgth
microstrip transmission line.

12



Fig.2.6 Miniaturized quarter-wavelength transmisshioe with the
lumped capacitor C.

2ZOeZOo

If we define Z' = as the characteristic impedance of the

Oe_ZOo

end shorted coupled lines, then with (2.7.2) we get

Z =X, cotd (2.10)
From (2.1) and (2.2), we can g&t = Z,, so (2.10) can be

re-expressed as:
7' = 2ZOeZOO
Loe =Ly,
— Z0
" tand
The following table lists a set of data calculatbbugh (2.9) and

(2.11)

(2.11) for the interested readers. In the tableuarter-wavelength
transmission line working has been miniaturizediiferent length
from 1 degree to 12 degree. By fixing,, at 70 Ohm, we can get
Z,,.The value of C is calculated supposing the anduéguency w

is 1 GHz.

13



Table 2.1 A set of design data at 1 GHzdference.

6(Deg) |Z'(Q) | Zu (@) |Z (@) |C(PP)
1 2864.50 70.00 66.71 133.50
2 1431.81 70.00 63.77 68.30
3 954.06 70.00 61.04 46.59
4 715.03 70.00 58.50 32.53
5 571.50 70.00 56.23 29.18
7 407.22 70.00 52.09 21.71
8 355.77 LL?O.OO 50.23 19.37
9 315.69 70.00 48.49 19.54
10 283.56 70.00 46.86 16.08
11 257.23 70.00 45.33 14.88
12 235.23 70.00 43.88 13.88

14




Chapter 3 Bandpass Filter Design Theory
3.1 Introduction

The filter to be studied here is based on a gemedhlbandpass
fiter model provided by [11], as shown in Fig.3.lyhere
Bn(w) (N=1~N) represents resonant circuits ang ~ (n=1~N)
admittance inverters. An idealized admittance itereoperates like a
quarter-wavelength line of characteristic admitand at all
frequencies. Thus, if an admittan¢eis attached at one end, the
admittanceY, seen looking in the other end is:

Yeuet (3.1)

----------------------------

Fig. 3.1 A generalized, bandpass filter circuitngsiadmittance
inverters.

There are numerous circuits that operate as imger@ne of the
simplest forms among these inverters is a quarterelength
transmission line. The admittance inverter parameté the
quarter-wavelength transmission line inverter va#J =Y, where
Y, is the characteristic admittance of the transmissiwe. Although

15



the inverter properties are relatively narrow-band nature, this
quarter-wavelength line can be used without anyblpra as an

admittance inverter in our proposed narrow bandrl

3.2 Size-reduced Bandpass filter

We here employ the above discussed quarteriemayt
transmission line inverters in our proposed filt&ased on the
bandpass filter model in Fig.3.1, a one-stage bas&lpfilter is
proposed in Fig.3.2, where two LC resonant circluitetions as,(w)
and B,(w). To get a compact filter, th@/4 transmission line
admittance inverter is miniaturized using the mdtbscussed above,
resulting in the circuit in Fig.3.2 (b). Here weositd mention that the
two inductors in the resonant circuits at each sifiehe admittance
inverter in Fig. 3.2 have been replaced by the kmlgines as
discussed in last chapter. The two LC circuits laidden but still
functions as resonators, which has reduced the aurob needed
lumped elements in the proposed filter. Therefdhe circuit in
Fig.2.6 can be used as the finally miniaturized-stage bandpass

. —
N, J__ s I.J__ [ M
l L

(@)

16



(b)
Fig. 3.2 A one-stage bandpass filter based orgémeralized filter
model (a) and its miniaturized form (b).

Fig.3.3 gives the ADS model of the proposed siziiced one- and
two-stage filters. A three-stage filter can be im=l simply by
connecting one more stage and is therefore omiteed. Two- and
three-stage filters certainly have sharper skidrabteristics, but in
fabrication the use of many stages usually leads rielatively larger
insertion loss. Therefore, a compromise sometinhesild be made
between sharp skirt characteristics and small fieserloss. The
simulation results of the 1-, 2- and 3-stage of ghgposed bandpass
filters have been given Fig.3.4 to confirm the d&sion in this
paragraph, where the electrical length of the cedifihes is chosen to
be 7 Degree.

— Il
— i

+
+
!

17



(b)
Fig. 3.3 Model of the proposed one-and two-stagelpass filter.

0
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P stages
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T
~, -20
&
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-40 T T T T T T T T T
200 240 280 320 360 400 440 480 520 560 600
Frequency (MHz)

(b)
Fig.3.4 Simulation results of 1, 2 and 3-stagesffdtfor comparison

of skirt characteristics: (a) Passband; (b) retoss.



Beside insertion loss, bandwidth is another impuarfsrameter of
the bandpass filters. There are mainly two factaffecting the
bandwidth of the proposed bandpass filter: thetetad length and
coupling coefficient of the end shorted couplededin Firstly, the
bandwidth varies as the electrical length of thepted lines changes.
The longer the length of the coupled lines, thgdathe bandwidth is.
In Fig.3.5, the quarter-wavelength transmissione lihas been
miniaturized to 1, 2 and 3 degrees and the sinarlatesults of ADS
fully proved the correctness of the above discussid/hen we
miniaturize the quarter-wavelength transmission,liwe can choose a
proper electrical length according to the bandwrétjuired.

-10 4

-20 -

S, (dB)

304

.40 -

-50

60 +—+—r—r—1—+—1——1——
05 06 07 08 09 10 11 12 13 14 15

Frequency (GHz)

(@)
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05 06 07 08 09 10 11 12 13 14 15

Frequency (GHz)

(b)

Fig. 3.5 Different bandwidth according to differeséctrical length
of the coupled lines: (a) Passband; (b) Return loss

Another factor that affects the bandwidth of miarated filter is
the coupling coefficient of the coupled lines. Troee this point, let's
first check the phase variation of th&, parameter of the
miniaturized quarter-wavelength transmission liméyich is given
here as:

_ Yo
Sy D, (-1) (3.2)

Where

AY = (Y +Y) (Yot Yo — Vi o

20



Vi1 = Yo = —[Yg COtE - j% cotd + jB

Yy, Y,
Yor = Y12= ") 002 % cotd

B =Y,,cotd+Y, cotd (3.3)
Y - YOo _YOe
° 2
Yy, » Y, are the odd and even mode admittance of the aduple

lines respectively.

In equation (3.2), the minus value in the parergbeshows the
180 phase difference between the original quarter-vemggh
transmission line and its equivalent miniaturizeatwit, which was
introduced when we equated the Pl network to thd siorted
coupled lines.y,,, ¥,,, ¥,,, Y;, are the y-parameters of the equivalent
circuit of the quarter-wavelength transmission lifg resonance
frequency, equation (3.3) is satisfied when the rattaristic
admittance Y, of the end shorted coupled lines is equal to thahe
shunt capacitance. With a straightforward anal/ticanipulation, the
equation for the phase 08,,can be derived as

Phase of S,, :gn+ tan™ x, + tan*x, (3.4)
x, =2 ~2cotg - Yoe CO (3.5)
YO 0
_B-Y,cotd (3.6)
Y0

21



Near the center frequency, x X, are expressed by-cotéd
andcotd, respectively, using (3.3). The phase 8f is —90 at the
resonance frequency. If the frequency deviates fribi®d center
frequency, the relatiorC,w=Y,, cotd can not be satisfied and the
phase of S, starts to deviate from90 . At this point, the most
important item is to decrease the frequency seitsgitiof the
equivalent A/4 transmission line. I¥,, is small, the frequency
sensitivity decreases because of the very smalitsiaiue of C w

in the artificial resonance circuit. The coupliragéficient K is:

K =00 Yoo (3.7)
Y00 +YOe
From (3.7), the following relation is obtained:
1-K
Oe 1+ K 0o ( )

In (3.8), when the coupling coefficient is nearlyity, Y,, is very
small. The 90 phase shift near the center frequency is indepérafen
the coupling coefficient K. The larger the coupliogefficient K, the
broader the bandwidth of the bandpass filter, lastiated by Fig. 3.6,
where the electrical length of the coupled lineghssen as 7 ° and

two stages are used.
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Fig.3.6 Relation between the bandwidth and couptioefficient of
the coupled lines: (a) Passband and (b) Return loss

The proposed miniaturized filter is a kind of cofiri® filter, but is

different from the traditional one mentioned in theroduction part of

this paper. Before concluding the design theorthefbandpass filter,

23



a comparison is made here between the proposed-loenfiter and
the traditional one.

Firstly, an inter-stage microstrip transmissiarelis used between
two resonators (stages) in the modified comb-lilterfto prevent the
unwanted coupling between the neighboring two ratwose. At the
same time, the insertion of the short transmis$ie does not affect
the active characteristics of the modified bandiitss.

Secondly, there are resonance circuits at bothnijhaet and output
ports. In a traditional comb-line filter, the endosted transmission
lines used as input and output are equivalent totsnductors. A
very small length of the input and output transioisdine will lead to
a very small inductance and therefore an extrernale impedance,
and the input signal will not be able to flow alt dlhis has hindered
the miniaturization of the traditional comb-lindtdr. Usually the
length of transmission lines in the traditional dwhme filter is about
A/8. However, in the modified one, the problem is sdlwith the
resonant structure used at both the input and opimtis. At the same
time, two more poles are added because of the agdedant circuits,
which contribute to the sharp shirt characteristiésthe modified

com-line filter.
Finally, the size of the modified comb-line filtean be extremely

- . . .22, Z .
miniaturized according t6 =—2%-% whose potential has been

Oe 0o

neglected in traditional comb-line filters. ForiaenZ, , the electrical

length of the parallel coupled lines can be madyg small, so long as

we chooseOe =Z00 -
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Chapter 4 Fabrication and Measurement

4.1 EM simulation using HFSS

The theoretical values calculated through the deduequations
have been confirmed through ADS simulation. And width and
length of each transmission line can be obtainedADS Line
Calculation Tool. However, the ADS simulation aralcalation are
carried out in ideal cases, which have not takdo gonsideration
many potential factors that may affect the perfaroes of the filter.
At the same time, two very sensitive composing parshis filter,
capacitors and the inter-stage connecting lines imeistudied as they
will be proved to be very sensitive in this desigrarcuit. For the
above reasons, we utilized an electromagnetic sitouAnsoft HFSS
to simulate the designed filter before fabricatiOm the one hand we
can get to know the different parts that affect peeformances of the
whole circuit, and on the other hand we can savh thee fabrication
cost and time.

HFSS is the industry-standard software for S-patamend
full-wave SPICE extraction and for the electromdgnsimulation of
high-frequency and high-speed components. The madelthe
proposed filter in HFSS is offered here in Fig.AMIM capacitor is
used as the model of lumped capacitors, becausextrt equivalent

circuit of lumped capacitor is unknown.
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=IN

Fig. 4.1 Model of the designed filter in HFSS witliM
capacitors being used.

A bandpass filter working at 400 MHz was desigreddnfirm the
theories in the above chapters. According to (2t8,capacitor value
is calculated to be 54 pF. However, in simulatitthre use of 54 pF
MIM capacitor has shifted the center frequency frima predicted
400 MHz to 350 MHz, as illustrated in Fig.4.2. Helog reducing the
capacitor value to 45 pF, the center frequencyhefdesigned filter
can be moved back to 400 MHz. So capacitors of Bslpould be
used to achieve a proper center frequency, ingiete theoretical 45
pF. As a rule of thumbs, the midband of the progoseodified
bandpass filter increases as the capacitor valgecdges, and vice
versa. The dotted line given in Fig.4.2 is the lesti using 36 pF
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capacitors in the designed bandpass filter, wheelds to a 450 MHz
midband.
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rrrrrr 36 pF
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o
e
~, -154
o

-20 4

-25 -

-30 -——
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(b)
Fig. 4.2 The relation between lumped capacitor eadad center
frequency of the bandpass filter: (a) insertiorsjdb) return loss.
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In the following paragraphs, emphasis is laid orecgimng the
functions of the inter-stage connecting transmissioe, first the
effect of width and then that of the length. Fo$tall, we try several
kinds of inter-stage connecting lines with the saamgth but different
widths, With others being the same, different witththe inter-stage
connecting line will affect the insertion loss bgtfilter, as shown in
Fig. 4.3. Also, the center frequency may deviattle from the 400
MHz by a few percent as a result of the differemdtts. In Fig.4.3,
we give the simulated results of HFSS, with the tiwvidf the
inter-stage connecting line being 1.7 mm, 4.0 mmna, 2.0mm. When
a width of 4.0 mm is used, the filter shows thet lpEsformances in
that of both the insertion loss and center frequefdterefore, the
width of the inter-stage connecting line will bedd at 4.0 mm in the
following simulation work where the length of thenmecting line is
changed.

0

-104

-20 4

s, (dB)

.30

-40 4

50

-60

T T T T T T T
200 250 300 350 400 450 500 550 600
Frequency (MHz)

Fig. 4.3 The insertion loss performances accortbntpree kinds of
inter-stage connecting lines with different widths.
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The next step is to change the length of the istage connecting
line until a proper length value that optimizes pegformances of the
bandpass filter is found. Since this filter has rbdecusing on a
miniaturized size, the inter-stage transmissioa between two stages
should also made be as small as possible. Therefegestart our
simulation from a length of 1 mm, but tifg,, performance has been
surprisingly bad with the inter-stage connectingelibeing 1 mm.
When the length is increased;,, gets better. Fig.4.4. lists the
insertion loss performances according to HFSS sitiar, where the
length of the inter-stage connection line has beade from 1 mm to
6mm. From the figure, it is easy to find that imstbandpass filter the
middle connecting transmission line must be lorthan 2 mm for a
good insertion loss. Here 5 mm is used, at whicth ibe center
frequency and insertion has turned to be satisfactamnger lengths
will result in a large circuit area and yet noéttiin this work.

S, (dB)

-60

—r17——7—
200 250 300 350 400 450 500 550 600
Frequency (MHz)

(@)
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(b)
Fig. 4.4 The insertion loss performances accordmgdifferent

lengths in the inter-stage connecting transmiskinm

HFSS simulation is necessary in our work beforeri€altion is
carried out. In the above discussed 400 MHZ barlgdier we
employ HFSS to find the proper capacitor value,apgmum length
and width of the inter-stage connecting line. Teige a different
bandpass filter of this type that working at aeliéint midband or with
a different bandwidth, this kind of simulation woik strongly
recommended.
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4.2 Fabrication and Measurement

Now each design parameter of this 400 MHz bandfiies has
been calculated and optimized in the above sectidere it is
summarized in Table 4.1. The layout of the filtsed in fabrication
that was drawn through Microsoft Visio is given één Fig.4.5 (a),
with the size of the circuit area being 18 mm by®. A comparison
of the sizes of different types of compact filtessmade here, as
illustrated in Table 4.2. A photograph of the fabted filter is
available in Fig.4.5 (b).

Table 4.1 Desigparameters of th€abricated circuits

Parameters Value (unit)
Thickness of PCB 0.762 mm
Dielectric constant of PCB 3.5
Midband 400 MHz

Electrical length of Coupled lineg 7 degree

Length of coupled lines 9.0 mm
Slot of coupled lines 0.7 mm
Width of each coupled lines 1.1 mm
Z,, 70 Ohm
Z,. 52 Ohm
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Width of Connecting line 4 mm
Length of connecting line 5 mm
Lumped capacitor value 45 pF
Port impedance 50 Ohm

_ BTN

-
A 4
|0 -

Fig 4.5 The layout (a) and photo (b) of the desigmwo-stage
bandpass filter centered at 400 MHz.
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Table 4.2 Comparison of the sizes of different cactfandpass
filters (one resonatgr

f, Physical size
Type Author (MHZ) Er | E.L. (mm?)
Slow-wave Jiasheng| 1335 |10.8| 85 16*6.5
Hong
SIR Makimoto 1000 2.6 141 71*5.5

Ceramic Huiwen Yao 915 38.2| 45 3.0*3.0

Combline

Proposed In-ho Kang 400 3.56| 7 9*2.9

E.L.: The electrical length of a resonator igbe.
Er:  The dielectric of the PCB used for fabricat

The measurement of the fabricated filter was dorid whe HP
network analyzer. Fig.4.6 compares HFSS simulatesults and
measured results. And some detailed performancabeobandpass
filter are offered in Table 4.3. The measured aeifitequency is
shifted from 400 MHz to the left by 15 MHz due teetdifference
between MIM and lumped capacitors. Although HFSS bhaen
employed to find the proper capacitor value inghevious work, it is
MIM capacitor that was used in the HFSS model desedimulation.
Capacitance of the lumped capacitor available & I#b is a little
different from that of the MIM capacitor, leading & deviated center
frequency. The spurious passband has been welresggd and not
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observed even up to 10 GHz, as shown in Fig.4.&ad@l refer to
chapter 1 for the reason of the very wide uppeplstad.

Table 4.3 Characteristics of the Fabricated Barslpdter.

Midband (MHZ) 385

Pass band (MHZ) 360 to 410

Insertion Loss (dB) -3.1at f,

Attenuation (dB) 57 at 2f,, -55at 3f,
Ripple 0.9dB

Port Impedance 50 Ohm

—— Measured
Simulated
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-304

S,, (dB)

40 4

504

-60

-— 771
200 250 300 350 400 450 500 550 600
Frequency (MHz)

(@)
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—— Measured
fffff Simulated
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Fig.4.6 Comparison of simulated and measured ies]j Insertion
loss; (b) Return loss; (c) Group delay.
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Fig. 4.7 A broadband performance of the bandpétes fo show the
suppression of the spurious passband.
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Chapter 5 Conclusion

In this thesis, a novel comb-line filter is sucdalg developed
using coupled line structure. Compared with thditi@nal comb-line
filter, the proposed filter takes up a much smatiecuit area. This is
because the electrical length of the coupled lthes determines the
size of comb-line filters can be reduced to justva degrees, with the
help of lumped capacitors. The suppression of fwigus passband
is another advantage of the modified comb-lineefiilfThe spurious
passband was not observed up to 10 GHz. Measusedtsef the
fabricated 400MHz filter matched very well with th@mulated
performances, which verified the validity of theesireduction method.
This size-reducing concept can also be extenddtetMMIC field.
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