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Nomenclature

f : Frequency

f 0 : Center frequency

Q : Quality factor

C : Capacitance

A : Wave-length

SIR : Step impedance filter
MMIC : Monolithic microwave integrated circuit
MIM : Metal-Insulator-Metal
7 : Characteristic Impedance
Zoe : Even mode impedance
7o : Odd mode impedance

Y : Characteristic admittance
0 : Electrical length

Sii(i =j) : Reflection coefficient
Sii(i 7 j) : Transmission coefficient

K : Coupling coefficient
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Abstract

Shiwei Shan
Dept. of Radio Science & Engineering
Graduate School, Korea Maritime Univ.

Supervisor: Prof. In-ho Kang, Ph.D

Bandpass filters are often used in microwave systems, especially in
the modern wireless communication system. Microwave bandpass
filters with compact size, low cost, good stopband and monolithic
integration for single transceiver chip are required because the

limited space is allowed for most mobile platforms.

In this thesis, a very compact GaAs bandpass filter using a
combination of end shorted parallel coupled lines and lumped
capacitors was designed, fabricated and measured. Using the above
structure, the electrical length of the parallel coupled lines in the
GaAs filter, which determines the size of a GaAs filter, can be
reduced to even a few degrees, resulting in a much smaller circuit
area. Inter-stage connecting lines have been added to connect the
neighboring resonators for the suppression of unwanted coupling
which play an important role as an indispensable component. In
addition to it, the designed GaAs filter also shows a wide upper

stopband.

After fabrication, the real size of the bandpass filter is extremely



small, just about 0.54X0.78mm?*. Measured results of a fabricated

filter centered at about 5 GHz also show good agreement with the

theoretical predications.
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Chapter 1 Introduction

In modern wireless communication systems, radio technologies
have made evolved to multi frequency, multifunction, and
multi-standard architectures. Microwave bandpass filters with
compact size, low cost, good stop band and monolithic integration for
single transceiver chip are required because the limited space is
allowed for most mobile platforms. Many studies on reducing the
size of bandpass filter have been made. To reduce the size, step
impedance resonator (SIR) filters [1]-[3] and slow wave filters [4]
were developed. In spite of small size and simple planar structure of

these filters, they take up quite a large area.

Comb-line filters using low temperature co-fired ceramic (LTCC)
or ceramic materials with the multi-layer technology can be used as
reduced size [5], [6]. However, these filters can not be easily
fabricated by commercial MMIC process due to 3-dimensional
structure and low relative permittivity, compared with high one of
ceramic filter. SAW filters are widely used in the mobile
communication market. They are still not compatible with standard
IC technology and presently available in the frequency range up to
3GHz [7]. An active bandpass filter can be integrated in one singe
manufacturing process. In this case, the active circuit which behaves
as a negative resistance is inserted [8] and has a drawback associated

with nonlinearity and poor noise figures [9].



In this paper, GaAs process-based MMIC filter will be introduced
for the RF single transceiver chip. It is composed of simple planar

diagonally end-shorted coupled line and lumped capacitors.

The main advantages of this MMIC filter are as follows. The
electrical length of resonator in MMIC filter can be reduced as small
as a few degrees. The most chip filter using this concept can be
designed to be smaller than 2x 1 mm®. The spurious stopband can be
expanded up to above 10 times center frequency. This property will
be most powerful as the image rejection filter in the transceiver
system. This technology is available to any kinds of standard
fabrication process because the topology of this filter circuit is only
planar two dimensional structures. Finally, it is also broadly
applicable from IF to millimeter band because the electrical length of

it can be arbitrarily controlled.

:_M_MTC_FiEer_} :_M_MTC_FiEer_}
| = #DT = ﬂ—?—
: : LNA : :
Switch | | | (| vco
[ I | I
| | | I
H X ==
| MMICFilter | pa | MMICFilter |

Fig.1.1 The transceiver chip model.

A filter using the GaAs process technology for single transceiver
chip is designed and fabricated at 5.5GHz to maximize the effect of
size reduction method because SAW filter covers the frequencies

below 3GHz and ceramic filter is still too large to insert in RF
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transceiver system. Simulation and measurement results are also
provided to verify this very compact miniaturized GaAs bandpass

filter.

The contents of the thesis are illustrated as follows:
Chapter 1 briefly introduces the outline of this thesis, the
background and the purpose of this work.

Chapter 2 presents a size reduction method for the
Quarter-wavelength Transmission Line. This new method utilizes
combinations of diagonally end-shorted coupled lines and shunt
lumped capacitors. This chapter also explains the key factors which

effect on the bandwidth of the filter.

Chapter 3 describes a design of two-stages bandpass filter in detail,
including theoretical analysis, circuit design and simulated results by
ADS and HFSS.

Chapter 4 shows the simulated results. The experimental results of

the fabricated filter are also demonstrated and discussed.

Chapter 5 is the conclusion of this thesis. It summarizes the

research work and proposes applications of this new type of filters.



Chapter 2 Size Reduction Method for the

Quarter-wavelength Transmission Line

2.1 Introduction

A microwave filter is a two-port network used to control the
frequency response at a certain point in a microwave system by
providing transmission at frequencies within the passband of the filter
and attenuation in the stopband of the filter. It is well known that they
can be divided into four types of filters in RF and microwave system
mainly in terms of frequency selectivity characteristics, such as
Low-Pass Filter (LPF), High-Pass Filter (HPF), Band-Pass Filter
(BPF), and Band-Stop Filter (BSF). Their representative frequency

responses are shown in Fig.2.1.

« Bandpass « Lowpass

Increasing Attenuation

Increasing Freguency — -

Fig.2.1 The classification in terms of frequency responses.



The low-pass filter allows low-frequency signals to be transmitted
from the input to the output port with little attenuation. However, as
the frequency exceeds a certain cut-off point, the attenuation
increases  significantly with the result of delivering an
amplitude-reduced signal to the output port. The opposite behavior is
true for a high-pass filter, where the low-frequency signal
components are highly attenuated or reduced in amplitude, while
beyond a cut-off frequency point the signal passes the filter with little
attenuation. Bandpass and bandstop filters restrict the passband
between specific lower and upper frequency points where the
attenuation is either low (bandpass) or high (bandstop) compared to

the remaining frequency band.

If following the different implementation methods of filters, there
are two main kinds of filters, such as lumped-elements and
distributed-elements filters. Lumped-elements filters are frequently
applied in low-frequency band because the wavelength of the
operation signal will be comparable to the size of the lump-elements
itself, whereas the distributed-elements filters can be used in

high-frequency band extending to decades and hundreds of gigahertz.

Filters have become indispensable devices not only in the field of
telecommunication, but also in many other types of electrical
equipment. Due to the variety and diversity of the filter types, it often
becomes necessary for a designer to carefully consider which filter to

adopt for a particular application.



2.2 Size Reduction Method

Miniaturized microwave bandpass filters are always in demand for
systems requiring small size and light weight. This demand is much
increased recently by rapidly expanding cellular communication
systems.  Although parallel-coupled microstrip filters with
half-wavelength resonators are common elements in many
microwave systems, their large size is incongruous with the systems

where the size reduction is an important factor.

The planar filter structures which can be fabricated using
printed-circuit technologies would be preferred whenever they are
available and are suitable because of smaller size and lighter weight.
The A/2 hairpin resonator and slow-wave resonator filters of planar
structure are not only compact size, but also have a wider upper
stopband. However, this type of filters is still too large to be inserted
into commercial transceiver system. Although the lumped-element
approach, which uses spiral inductors and lumped capacitors, leads to
small circuit size, they suffer from higher loss and poorer power

handling capability.

The size-reduction method proposing by Hirota is attractive in
view of using shorted transmission line and lumped capacitors.
However, the circuit size could not be much reduced due to the
limitation of the high impedance of the transmission line. It is
therefore desirable to develop new types of microstrip bandpass

filters which actually meet the requirement of small size.



2.3 Hirota’s size reduction method for A/4 transmission line

The reduced A/4 transmission line using combinations of shortened
transmission line and shunt lumped capacitors proposed by Hirota is
shown in Fig.2.2. A transmission line shorter than a quarter of a
wavelength has a lower inductance and capacitance. The approach is
to offset the inductance drop by increasing the characteristic
impedance of the transmission line and to offset the capacitance loss
by adding lumped capacitors. The ABCD-matrices of the circuits in
Fig. 2.2 (a) and (b) are as follows,

0 jZ,
[ABCD]=| j (2.1)
ZO
[ABCD]_ 0 CO.SO jZsin® .0
joC, 1 j% cosf || joC, 1
(2.2)

cos0-wC,Zsind JZsinf

- j%+2 ijlcose-j(wCI)ZZsine cos0-oC,Zsinf

where Zy, Z, 0, o, C; are the characteristic impedance of the A/4 line,
the characteristic impedance of the shortened line, the electrical
length of the shortened line, the angular frequency, and the shunt

capacitor, respectively.

Then we obtain the relation equations as follows:
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Z=27,/sin0 (2.3)

oC| = (1/Z,)cos6 (2.4)

T0/2 Zy

< »

(b)
Fig.2.2 (a) The A/4 transmission line. (b) Shortened transmission line
equivalent to the A/4 transmission line.

From equation (2.3), the characteristic impedance Z inclines to be
higher as the electrical length 6 goes smaller. But if 0 is very small, Z
will become too high to attain. As far as to now, the limitation of the
electrical length of the transmission line is about A/8 ~A/12. Therefore,
it is necessary to overcome the high impedance of the shortened

transmission line.
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(b)
Fig.2.3 (a) Diagonally end-shorted coupled lines. (b) Equivalent
circuit of the coupled lines.

Fig.2.3 (a) and (b) show the diagonally shorted coupled lines and

its equivalent circuit. The ABCD-matrix of the circuits is,

1 01| cos® jZsin® 1 0
[ABCD]=| 1 |} sing 1 2.5)
JZ  tanf

After calculation, the characteristic impedance of the diagonally

shorted coupled lines is given by:



27 7
Z — oe 00 2'6
7 .7 (2.6)

oe 00

We can see from the equation (2.6) that the shorted coupled lines
are proper for extremely miniaturized A/4 transmission line as the
high characteristic impedance can be easily achieved by choosing

Zoe = Z00.

PN
— /"[\ AN
: Z A I IR °
L \ ! | \
. iL =
0,"7\ /.\ 0 | (IJI 1
: Resonance (S S
Circuit S
________ i
(2)
-7 1

(b)
Fig.2.4 (a) Equivalent circuit of Hirota’s reduced-size A/4 line

including artificial resonance circuits. (b) The final equivalent A/4
transmission line circuit.
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In Fig.2.4 (a), the artificial resonance circuits are inserted to
Hirota’s lumped distributed A/4 transmission line. The high
impedance transmission line with shunt lumped inductors can be
replaced by coupled lines shown in Fig.2.4 (b). The parts in two

dotted square boxes are equivalent when the following equations are

satisfied:
wL,=7,6 tan0 (2.7)
oL = 2.8)
‘ o C, '
C=C,+C, (2.9)

The final miniaturized A/4 transmission line is shown in Fig.2.4 (b).
It is feasible to obtain very high impedance using coupled lines. The
peculiar feature of this extremely miniaturized A/4 transmission line
is that resonance circuits are located at edge side of the transmission
line. When the miniaturized A/4 transmission lines are connected in
series, the cascade circuit becomes a typical bandpass filter, with the
M4 section as an admittance inverter. The circuit and its principle

circuit show in the Fig.2.5.

11



Resonance ~_Quarter S =" TQua’t‘?’ Resonance
circuit Transmiss Resonance ransmiss circuit
ion Line circuit ion Line
J-inverter J-inverter

Fig.2.5 The equivalent bandpass filter.

The bandwidth of the filter can be controlled by the coupling
coefficient since the bandwidth of diagonally end-shorted coupled

line is closely related to the coupling coefficient [10].
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Chapter 3 Bandpass Filter Design Theory
3.1 Introduction

The filter we studied here is based on a generalized bandpass filter
model provided by [11], as shown in Fig.3.1, where B, (w)(n=1~N)
represents resonant circuits and J,, (n=1~N) admittance inverters.
An idealized admittance inverter operates like a quarter-wavelength
line of characteristic admittance J at all frequencies. Thus, if
admittance ¥, is attached at one end, the admittance Y, seen

looking in the other end is:

Y =2 (3.1)

§Y0 IE(CO) Joa IE@ 2 IE“(EI Jnrt @1(00) §Yn+1

Bi(®): Resonance circuit; J, »+1: Admittance inverter.

Fig.3.1 A generalized, bandpass filter circuit using admittance
inverters.

There are a lot of circuits that operate as inverters. One of the
simplest forms among these inverters is a quarter-wavelength
transmission line. The admittance inverter parameter of the

quarter-wavelength transmission line inverter will be J =Y, where

13



Y, is the characteristic admittance of the transmission line. Although
the inverter properties are relatively narrow-band in nature, this
quarter-wavelength line can be used without any problem as an

admittance inverter in our proposed narrow band filters.

3.2 Size-reduced Bandpass Filter

We here use the above discussed quarter-wavelength transmission
line inverters in our proposed filter. Given the bandpass filter model
in Fig.3.1, a one-stage bandpass filter is proposed in Fig.3.2, where
two LC resonant circuits functions as B,(w) and B,(w). Here the A/4
transmission line admittance inverter is miniaturized using the
method discussed above to get a very compact filter resulting in the
circuit in Fig.3.2 (b). Here there are two inductors should be noticed
in the resonant circuits at each side of the admittance inverter in Fig.
3.2 have been replaced by the coupled lines as discussed in last
chapter. These two LC circuits are hidden but still function as
resonators, which have reduced the number of needed lumped
elements in the proposed filter. Therefore, the circuit can be used as

the finally miniaturized one-stage bandpass filter.

Admittacnce Inverter

o— W4 —

1 1
Co Lo Co Lo
e 1o

(a)
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(b)

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

Fig.3.3 gives the ADS model of the proposed size-reduced one-
and two-stage filters. A three-stage filter can be made simply by
connecting one more stage and is therefore omitted here. Two- and
three-stage filters certainly have sharper skirt characteristics, but
many stages usually lead to a relative larger insertion loss in
fabrication. Therefore, a compromise method sometimes should be
made between sharp skirt characteristics and small insertion loss. The
simulation results of the 1- and 2-stages of the proposed bandpass
filters have been given in Fig.3.4, and here we chose 7 degrees as the
electrical length of the coupled lines.

I
== S_Param ‘
18 S

C=3.52pF Stop=60.0 GHz
Step=0.01 GHz

Term
Term1

Ni’m=1 = : FC i3 Term
Z=50 0hm = ¢ |y c2 Term2

TL1 C=3.52 pF Num=2
= Ze=80.0 Ohm Z=50 Ohm
Z0=57.55 Ohm =
E=7 —— —
F=5.5 GHz - -
(a)



c S_Param c
I o1 SP1 o
C=3.52pF Start=0 GHz C=3.52pF
Stop=60.0 GHz
Step=0.01 GHz
Term
Term1 = Term2
Num=1 E{ } — T Num=2
Z=50 0hm = CLIN \L c2 l c3 CLN = Z=50 Ohm
TL1 C=3.52 pF C=3.52pF TL2
= Ze=80.0 Ohm Ze=80.0 Ohm =
Z0=57.55 Ohm Z0=57.55 Ohm
E=7 p— — E=7
F=5.5 GHz - - F=5.5 GHz

(b)

Fig.3.3 Model of the proposed one- and two-stage bandpass filter.

104

1 stage

.50 4

4 6
Freq[GHz]

(a)
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-10 2 stages }

&
=1

0 2 4 6 8 10
Freq[GHzZ]

(b)

Fig.3.4 Simulation results of 1- and 2-stage filters for comparison of
skirt characteristics: (a) Passband; (b) return loss.

Bandwidth is another important parameter of the bandpass filters
in addition to insertion loss. The electrical length and coupling
coefficient of the end shorted coupled lines are mainly two factors
that can affect the bandwidth of the proposed bandpass filter. The
bandwidth always varies as the electrical length of the coupled lines
changes. The longer the length of the coupled lines, the larger the
bandwidth is. In Fig.3.5, the quarter-wavelength transmission line has
been miniaturized to 3, 5 and 7 degrees and the simulation results of
ADS fully proved the correctness of this discussion. When we
miniaturize the quarter-wavelength transmission lines, we can choose

an appropriate electrical length to meet the bandwidth demand.

17



7 degrees

-60 : T T T

0 2 4 6 8 10
Freq[GHz]
(a)
0
10
-20 7 degrees
o
T
=30
»
-40 -
50
60 T T T T
0 2 4 6 8 10
Freq[GHz]

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

The coupling coefficient of the coupled lines is another factor that

18



can affect the bandwidth of miniaturized filter. To prove this point,
let’s check the phase variation of the S, —parameter of the
miniaturized quarter-wavelength transmission line firstly, which is

given here as:

Sy = —5; ) (3.2)

Where

Ay =y, +Y) (1 +Y) = yiya

— %

Y
)’11:yzzz_j}/()eCOte_j%TCOtH"‘jB
'Yo_Ye
Yo =V =—j= 5 %< cot

B=Y,, cotd+Y,cotd (3.3)

_h, X,
2

» Y, are the odd and even mode admittance of the coupled

Y

Y,

0o

lines respectively.

From equation (3.2), the minus value in the parentheses shows the
180° phase difference between the original quarter-wavelength
transmission line and its equivalent miniaturized circuit, which was
introduced when we equated the PI network to the end shorted
coupled lines. y,,, v, , ¥, » V,, are the y-parameters of the
equivalent circuit of the quarter-wavelength transmission line. At
resonance frequency, equation (3.3) is satisfied when the

characteristic admittance Y, of the end shorted coupled lines is equal

19



to that of the shunt capacitance. With a straightforward analytical
manipulation, the equation for the phase of §,, can be derived as
Phase of

S,, =%7z+tan1 x, +tan™ x, (3.4)
¥,, cot
¥ =2 2ot - Joe 0t (3.5)
0 Y,
B-Y,, cot
x, = 2=t c0t0 (3.6)
Y,

Near the center frequency, x, x, are expressed by —cotf
and cot @ , respectively, using (3.3). The phase of S,, is —90at the
resonance frequency. If the frequency deviates from the center
frequency, the relation C @ =Y,, cot@ can not be satisfied and the
phase of S,, starts to deviate from—90°. At this point, the most
important item is to decrease the frequency sensitivity of the
equivalent A/4 transmission line. IfY,, is small, the frequency
sensitivity decreases because of the very small shunt value of C o

in the artificial resonance circuit. The coupling coefficient K is:

Y- X,,

= 3.7
Y, + X, G
From (3.7), the following relation is obtained:
1-K
Y, = 3.8
Oe 1+K 0o ( )

In (3.8), when the coupling coefficient is nearly unity Y,, is very

20



small. The 90 phase shift near the center frequency is independent
of the coupling coefficient K. The larger the coupling coefficient K,
the broader the bandwidth of the bandpass filter, as illustrated by Fig.
3.6, where the electrical length of the coupled lines is chosen as 7 °

and two stages are used.

-60 T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Freq[GHz]
(a)
0
| K1=0.2\
104 EL=7 deg
] K2=0.13 3 K3=0.16
=0. 3
204 1
— L
o 14
ke i
=30 i
- ]
n i
H
40 !
50 -
'60 T T T T T T T T
1 2 3 4 5 6 7 8 9 10
Freq[GHz]

Fig.3.6 Relation between the bandwidth and coupling coefficient of
the coupled lines: (a) Passband and (b) Return loss.
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This miniaturized filter is a kind of bandpass filter, but its structure
is different from the traditional one mentioned in the introduction part
of this paper. Before concluding the design theory of the bandpass
filter, a comparison is made here between the proposed bandpass

filter and the traditional one.

Firstly, a small inter-stage microstrip transmission line is used
between two resonators (stages) in the modified bandpass filter to
prevent the unwanted coupling between the neighboring two
resonators. At the same time, the insertion of the short transmission
line does not affect the active characteristics of the modified

bandpass filter, and performs good effect on the result.

Secondly, there are resonance circuits at both the input and output
ports. In a traditional bandpass filter, the end shorted transmission
lines used as input and output are equivalent to shunt inductors. A
very small length of the input and output transmission line will lead
to a very small inductance and therefore an extremely large
impedance, and the input signal will not be able to flow at all. This
has hindered the miniaturization of the traditional bandpass filter.
Usually the length of transmission lines in the traditional bandpass
filter is about A/8. However, in the modified one, the problem is
solved with the resonant structure used at both the input and output
ports. At the same time, two more poles are added because of the
added resonant circuits, which contribute to the sharp shirt

characteristics of the modified bandpass filter.
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Finally, the size of the modified bandpass filter can be extremely

2ZOeZOO

miniaturized according toZ = , who’s potential has been

0e ~ %00
neglected in traditional bandpass filters. For a given Z, , the electrical

length of the parallel coupled lines can be made very small, so long

as we choose Zpe = Zp, -

As shown above, the main key factors to affect the bandwidth of
the bandpass filter are the electrical length and coupling coefficient of
the end shorted coupled transmission line. The longer the length of
the coupled transmission line, the larger the bandwidth is. The bigger

of the coupling coefficient K, the larger the bandwidth is.
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Chapter 4 Simulation and Measurement Results

In this paper, a two stages GaAs process band-pass filter for SGHz
band WLAN applications is designed. In the two stage structure,
band pass filter behaves as 3 pole topologies like Fig.2.4, because an
admittance inverter per one stage includes two resonators. The
electrical length of coupled lines is set to 7° degrees and Z=410.3 Q
is derived from equation (2.3). This high impedance can be achieved
from equation (2.6) with Zoe ~ Zoo. To solve equation (2.6), there is
a one equation and the two unknowns Zoe and Zoo. Arbitrary Zoe
can be selected and then, Zoo finally is derived. The selection of Zoe
is related to the bandwidth of quarter transmission line with a

resonance circuit.
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Fig.4.1 The simulation circuit by ADS.
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For simple design, two same resonators are cascaded. If
conventional design technique-Butter worth or Chebychev, is used,
components (MIM capacitors, and the conditions of coupled lines) of
each section are different. In the extremely miniaturized
circumstances, it is very difficult to fabricate each component exactly
like designed one because of unexpected coupling between
components. This specified response is achieved through circuit
simulation by Agilent ADS with component values Zoe=80 €,
Z00=60 Q, and four capacitors C=3.52 pF. The physical dimensions
of coupled lines are determined by Zoe and Zoo. Fig.4.2 shows the
ADS simulated result. The wide band characteristic expresses good

spurious stop band.
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Fig.4.2 Simulation result (a) The narrow band characteristic. (b) The
broad band characteristic.

Subsequently, we simulated the circuit with ansoft HFSS V9 to
accomplish the effect of the overall response. After calculation and
optimization, the final circuit of HFSS is shown by Fig.4.3 (a) and (b).
The area size of band pass filter is about 0.54x0.78 mm?>. As far as
authors know, this size is nearly the most miniaturized filter reported
to date at SGHz.
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Fig.4.3 The simulation circuit by HFSS.
After finishing the simulation, we draw the layout circuit in ADS
by using the design kit of Knowledge*on semiconductor company.
Fig 4.4 shows the layout circuit photograph and the microphotograph

of the real circuit.
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(b)
Fig.4.4 (a) Layout circuit by ADS.

(b) One and two stages Microphotograph of MMIC.

Compared with the others filter fabricated technology process, the
main advantage of this kind of filter is the extremely miniaturized
size. A size comparison of the different types of compact filters is
show in Fig4.5. Here we got a band pass filter from Japan SOSHIN
electric company, which type is HMDS851H. Its frequency is 5487.5

MHz, and size is 2x1.25x1.0 mm’, So it is much bigger than ours.
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1o Physical Size
Type Author (MHz) Er EL. (mm2)
Slow-wave | Lung-Hwa Hsieh 2000 102 61 21.245%6.691
SIR Hualiang Zhang 2400 4.5 90 20.1x20.4
Ceramic Huiwen Yao 915 382 45 3.0-3.0
Combline
Proposed Shiwei Shan 5500 3.56 7 0.54x0.78

E.L.: The electrical length of a resonator in degree.

Er:  The dielectric of the PCB used for fabrication.

Fig.4.5 The size comparison of different types of compact bandpa
ss filter(one resonator).

Fig.4.6 shows the HFSS simulation results. According to Fig.4.6,
the effects of eight via holes in the filter circuit can be ignored. In
Fig.4.3, there is an inter-stage transmission line 80 um to prevent the
unexpected coupling between two resonators. This concept is well
explained by [12]. Although HFSS has been used to find the proper
capacitor value in the simulation work, it is MIM capacitor that was
employed in the HFSS model for simulation. Capacitance of the
lumped capacitor available in the lab is a little different from that of

the MIM capacitor, leading to a little deviated center frequency.

In the HFSS simulation results, there are two attenuation poles
appear. It can be expected because of the boundary and excitation
setting in HFSS, the inserted inter-stage transmission line and the

coupling between the elements of circuit. When we simulate one
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stage as a unit circuit, there are two poles show up. But if we cascade
it to a two stages circuit, it probably become a little different from the
one stage circuit owing to the size of the inter-stage transmission line.
The number of attenuation poles is different after changing the size of
inter-stage transmission line. For the purpose of optimization, the

final results show in Fig.4.6.

Compared with the measure result, there is a little different
between them because of the design and simulation error, fabrication

process accuracy and artificial error in the measurement.
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Fig.4.6 The comparison measurement data with simulation (a) The
narrow band characteristic. (b) The broad band characteristic.

Fig.4.6 compares the measured data with HFSS simulated results
and it is clear that there is good agreement with the two results. In the
measurement results, the pass band has a maximum insertion loss

6.5dB with 0.9 GHz bandwidth, from 4.8GHz to 5.71GHz and 13dB

return loss.

The measured center frequency is shifted to lower frequency by
0.15 GHz. It is presumed to be resulted from MIM capacitance
fabrication accuracy and simulation error. The bandwidth of
measured data is shrunk from 1.15 GHz into 0.9 GHz.
Simultaneously, the insertion loss also, gets worse from 3.9 dB to 6.5
dB. The loss will be recovered if bandwidth is designed to be wide

because the wider bandwidth is, the better insertion loss is.
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The lower band suppression was > 24dB form 0 — 4 GHz and the
upper spurious stop band is >35dB up to 60 GHz. This ultra-wide
stop band characteristic is a special advantage, comparing the

ceramic or SAW filters.
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Chapter 5 Conclusion

A very compact GaAs band-pass filter using combination of
diagonally end-shorted coupled lines and lumped capacitors was
proposed in this paper. This very compact structure has many
attractive advantages: very small size, low cost, easy-to-design,
easy-to-fabricate, and broad rejection bandwidth and so on. This type
of filters has a wider upper stopband characteristic over 35 dB up to
60 GHz. Using this method, the size of band pass filter at 5 GHz band
with planer GaAs process for RF single transceiver chip can be
controlled arbitrarily in theory and reduced to just a few degrees.

After fabrication, area size of the real circuit is about 0.42 mm?.

Measured results of the fabricated Bandpass filter matched very
well with the simulated performances, which verified the validity of
this size-reduction method. This approach can be further extended
and utilized in the various fabrication processes owing to planer

structure.
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