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Abstract

In this paper, a A/4 hairpin resonator is proposed to reduce the size of planar resonators
for a LTCC MLC bandpass filter. The A/4 hairpin resonator operates as stepped impedance
resonator (SIR) without changing the width of the planar resonator. It is composed of two
sections those are parallel coupled line and transmission line. The characteristic impedance of
two sections is different each other. The design formulas of the bandpass filter using the
coupling element at the arbitrary position are derived from even and odd-mode analysis. The
formulas can take account of the arbitrary coupling of lumped and/or distributed rescnators.
The advantage of this filter 1s its abilities to change freely the coupling structure between
two resonators. Experimental bandpass filters for 240 Band are implemented and their

performances are shown.

1. Introduction

As wireless network services developed rapidly, the need for compact, low~cost, and high
performance filters is increasing. So far, coaxial and monoblock filters have been mainly used
for mobile and wireless systems, but the miniaturization becomes marginal. Recently, LTCC
MLC filters start to be used widely, the configuration of which is LC chip type or planar chip
tvpe.{11-[3]

In this paper, a A/4 hairpin resonator is proposed to reduce the size of planar resonators
for a LTCC MLC bandpass filter. The A/4 hairpin resonator operates as stepped impedance
resonator(SIR) without changing the width of transmission resonators. It is composed of two
sections those are parallel-coupled line and transmission line. The characteristic impedance of
two sections is different each other. By using the n equivalent circuit for parallel-coupled
lines, the equivalent circuit of the bandpass filter with A/4 hairpin resonators can be
expressed. And the electromagnetic coupling of the parallel coupled lines and the other
coupling element at the arbitrary position of resonators can be transformed to an mnverter
between two resonators. The design formulas of the bandpass filter with A/4 hairpin
resonators are derived from even and odd-mode analysis and the design procedure is
described.
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2. Design

Fig. 1(a) shows the LTCC MLC bandpass filter configuration using A/4 hairpin resonators.
The equivalent circuit of the proposed filter is presented in Fig. 1(b). Each resonator is
composed of parallel~coupled line and transmission line, the electrical length of which is 12
and 63 The capacitors Co, Czs make up the input and output coupling and the capacitor Cp2

and electromagnetic coupling between parallel-coupled lines make up the coupling between two
resonators.
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Fig. 1. (a) Structure of LTCC MLC bandpass filter using A/4 hairpin resonators

(b) Equivalent circuit.

In the equivalent circuit of Fig. 1(b), the symmetrical parallel-coupled lines can be analvzed
by bisectional method.[4] There is a symmetrical reference plane in the parallel-coupled line
structure as shown in Fig. 2(a). If the lines are excited by svmmetrical voltages with respect
to the plane, the characteristic admittance of the lines equals the even mode admittance Y..
Thus the even mode input admittance of the coupled lines is as follows:

Y, =—jY cot8 (1)

And, if the lines are excited anti-symmetrically with respect to the plane, the characteristic

admittance of the lines equals the odd mode admittance Y, The odd mode input admittance of
the coupled lines is as follows:

Y_ =—-jY cotf (2)

The elements of p equivalent circuit for parallel-coupled lines shown in Fig. 2(b) are as
follows:

Y=Y, =¥, =¥, cot8 3)
YS(‘ _ YO(’ — r YO - )’('
Y, = 5= J > cotf (4)

261



?

|
|
[ O Y ®
Ye, Ye,
el v, 1|y,
l Yl YZ
L | L

Symmetrical plane =

(a) (b
Fig. 2. (a) 2-port parallel-coupled lines, (b) 7 eguivalent circuit.

By using the 7 equivalent circuit for parallel-coupled lines, the equivalent circuit of
proposed bandpass filter with A/4 hairpin resonators can be expressed as shown in Fig. 3(a).
The series element of 7 equivalent circuit 1s given as follows:

Y,’=-j

cmelz 6, = (61 +62) (5)

In order to convert an inverter between resonators, Ci2” of Fig. 1(b) can be transformed to
Ci2” [5], as shown in Fig. 3(a), which is given by:

Cone Y.C,'(tan, +cotB,)
% (coth, +cot8,)(¥, +Y, tan 8, cotf, — 2C,, 'tan,) (6)

In Fig 3(a), each resonator is made up of two sections of a transmission line, the
characteristic admittances of which are Yy and Y. And coupling elements are composed of
Yi2' and Ci” . The circuit of Fig. 3(a) can be transformed again to a new equivalent circuit,
as shown in Fig. 3(b). The relations between elements of two circuits can be derived from
even and odd-mode analysis.[0] The capacitance of coupling capacitor and the admittance of
series coupling stub of Fig. 3(b) are calculated by following equations:

Cor Ca Co Ca
o—— o 0——{!—0
6 Yo

Cu
I
&l 1Yo Yo
C" L Y.
Y lI: I
a4 fy. Y. o4 Y. Y.
T T T E3

(a) {b)
Fig. 3. (a) Equivalent circuit of LTCC MLC bandpass filters including n equivalent circuit
(b) Equivalent circuit with an inverter composed of two elements, Ciz and Y2
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= YiG,"(1+1tan’6,)
P (Y, +7, cot8, tand,)(¥, +7Y, cotB, tand, —2C,,"tanh,) (N

C

1

_ Y2Y,,'(1+tan’6,)
(Y, +7Y, cotB,; tan 6, )(Y, + Y, cot8;, tanb; + j2Y,,"tan6;) (8

Y,

Therefore, each resonator of the proposed bandpass filter becomes a stepped impedance
resonator(SIR), equivalently, without changing the width of transmission lines. In Fig. 3(b), the
input admittance of resonators, Y; is given as follows [6]:

_ . Yytan6,tan6, Y,

=% Y,tan6,, +Y, tanf, )]

The resonance condition from Y;=0 can be described as follows:

Y
tanh,, tanf, =—<=R,

Y, (10)
where Rz is impedance ratio. The electrical length of resonator is given as follows:

0,=6,+6,+0, =6, +86,

— -1 Rz
=8, +tan —y (11
The design procedure for the bandpass filter using A/4 hairpin resonators is as follows:
1) Choosing Z., #;2 and Rz, we can determine 63 and Z» bv Eq. 10 and 11,
2) J-inverter, Jfiz can be calculated from the design specification,

3) Ci2 and Y2 1s determined by the notch frequency, w, and following eguation:

i :Iwcu ”jyle

4) Cr2’ and Y2’ can be calculated by Eq. 6, 7 and 8 and then, Z, is determined by Eq. 5.
Then, we can determine the width and gap of parallel-coupled lines from the even and odd
impedances.

3. Results and Discussion

The second-order LTCC MLC bandpass filter using A4/4 hairpin resonators is designed at
the center frequency of 2.45Ghz. The bandwidth is 100Mhz with a ripple level of 0.1 dB. The
relative permttivity of the substrate is 32, Zp is set to 17.42Q, Rz is set to 0.63 and 01 is
set to 29.3°. The design parameters are calculated by using the procedure of the previous
chapter. The simulated and measured frequency responses are shown in Fig. 4. The center
frequency and the bandwidth of measured results satisfy the requirement specification. The
insertion loss and return loss are 1.7dB and 17dB each at the center frequency. The measured
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result agrees well with the simulated result. The dimension of the filter is 2.5*%2.0¥1.0 nm.

20 10
10 5
o ‘ — — 0
-10 - — = N - ~] ~5
”0 - ] ?’ \\\\s’ ‘0
5 0 = 17 ==
2 -30 — P ~15 2
= » s s =
o _ n:; ‘-] . w
40 \\7' X\j 20
-50 i ¥ =25
i L
- —e S21( erent) — ¥ -
60 T SR itercot smaabon) ¢ 80
= S21(EM simutation)
-70 » S1i(measwement) ~35
——S11(crcut simuaton)
~80 —— STUEM simpiation) ~40

195 205 215 2.25 2.35 2.45 2.55 2.65 2.75 2.85 2.95
Frequency[ GHz]

Fig. 4. Simulated and measured frequency response

4. Conclusion

The design procedure for the LTCC MLC bandpass filter using 4/4 hairpin resonators was
presented. It is confirmed that the proposed planar structure can be represented as a prototype
bandpass filter with inverter. The A/4 hairpin resonator with uniform line width has
characteristics of stepped impedance resonators, equivalently. Therefore it reduces the size of
resonators less than uniform impedance resonators. The measured performance of the filters
exhibited good agreement with the simulated results.
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