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Abstract

The design method for a small lowpass filter (LPF) having a multilayer structure, which can be embedded in RF modules, is
presented. Low loss, three dimensional inductors and capacitors have been investigated and incorporated to design a chip-type
LPF. The Chebyshev LPF has been designed with a cutoff frequency of 2 GHz, a ripple of 0.1 dB, and a high attenuation (<—30
dB). The low temperature cofired ceramic (LTCC) materials have a dielectric constant of 7.8, a loss tangent of 0.0015, and a
metallization of silver. The characteristics of the embedded passives (of which the structures were rectangular helical inductors and
parallel-plate capacitors) have been analyzed by 3D structure simulator and the equivalent circuit simulated.
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1. Introduction

Recently, the handsets for mobile communications
have become very popular and miniaturization is
essential. Thus, several technologies have been devel-
oped to miniaturize RF and microwave components,
circuits, and system.!™ Among them, low temperature
co-fired ceramic (LTCC) technology enables size
reduction of microwave devices by fabrication in two
or multilayer configurations. Several kinds of multi-
layer microwave devices have been developed and
design methods and fabrication procedures reported.*”’
Hence, they can be easily incorporated in the design of
a variety of RF components such as voltage con-
trolled oscillators (VCOs), power amplifiers (PAs), and
mixers.

In this paper, an approach for the design of a chip-
type lowpass filter (LPF) using a multilayer structure is
presented. The design method for the chip-type LPF is
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developed using the equivalent circuit of a Chebyshev
model. By employing the proposed design method, the
multilayer chip LPF configuration can be made more
compact and flexible. The designed chip-type LPF was
realized by implementing the multilayer chip inductors
and capacitors. Each lumped element was implemented
using ceramic material and Ag metal layers. The dielec-
tric constant and loss tangent was chosen to be 7.8 and
0.0043, respectively for 3D structure design of the MLC
chip LPF.

This paper presents the experimental results showing
the changing of the frequency characteristics with a
lumped-element value. The simulated results for the
designed chip-type LPF show a validation of the pro-
posed design method.

2. Equivalent circuit of Chebyshev LPF (Lowpass
filter)

Fig. 1 shows the equivalent circuit of Chebyshev LPF,
with a passband ripple of 0.1 dB and a cutoff frequency
of 2 GHz. The circuit consists of two series inductors
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Fig. 1. Equivalent circuit of LPF with attenuation pole.
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Fig. 2. The structure (a) and equivalent circuit (b) of the embedded
inductor.

and two shunt capacitors, and a series resonator is
designed in order to enhance the stopband character-
istics of the LPF. For the equivalent circuit shown in
Fig. 1, the component values are simply given by the
equations of a Chebyshev model.?

3. Analysis of the embedded lumped elements
Prior to designing the structure of MLC chip LPF,

design and analysis of the embedded passives must be
completed. They are based on a ceramic with a dielectric
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Fig. 3. The frequency characteristics of the embedded inductor
(W1=0.15 mm, S;=5,=1.2 mm, H;=0.2 mm, n=2 turns).

constant 7.8 and tangent loss 0.0043. The embedded
inductor with multilayer configuration is based on
rectangular helical structure, as shown in Fig. 2(a).
The standard high frequency equivalent circuit model
of the embedded inductor is shown in Fig. 2(b). The
L, R, and C; represent the inductance, the loss, and
parasitic capacitance in the rectangular helix; C,
represents the parasitic capacitor coupled with the
ground plane. The quality factor Q and effective
inductance L.y tend to change because of parasitic
capacitances such as Cy and C; of the equivalent cir-
cuit [Fig. 2(b)]. Accordingly, the inductive structure is
designed to suppress these parasitic capacitors in order
to improve the inherent properties of the inductor
such as L.y and Q.

Fig. 3 shows the properties of the embedded inductor
as a function of the gap H, between rectangular helix
and ground plane. The effective inductance L.y of the
structure can be adjusted by increasing and reducing the
shunt parasitic capacitor C,, which is related to H,.
Moving the ground plane closer to the inductor foot-
print increases C,, thereby cancelling part of the
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Fig. 4. The structure of the conventional MIM capacitor (a) and the
multiple MIM capacitor (b).

effective inductance L.; and making Q higher. On the
other hand, moving the ground plane further from
structure reduces C, and increases Lg. The reduction in
L. consequently increases the self resonance frequency
(SRF) and reduces the peak value of Q. As indicated in
Fig. 3, two full-turn inductors with H, of 0.2 mm and
1.0 mm exhibit L.g of 3.2 and 7.2 nH with the O of 53
and 81 at 2.0 GHz and SRF of 4.6 and 3.5 GHz,
respectively.

Fig. 4 shows the structures of the conventional
metal-insulator-metal (MIM) capacitor and the
embedded capacitor. The MIM structure consisting of
a dielectric layer sandwiched between two rectangular
plates of area S in Fig. 4a implements a capacitor with
the capacitance given by C=¢g(e.S/g. This MIM capa-
citor can be miniaturized by a parallel combination of
pairs of plates of smaller size, as shown in Fig. 4b. Fig. 5
shows the properties of the capacitor as a function of
the number of plates with S =1.0x1.0 mm? and g=0.1
mm. The reduction in C.g consequently increases the
SRF and the value of Q. The multiple MIM capacitor
with either two or six plates exhibit C.y of 1.3 and 5.3
pF with the SRF of 4.4 and 2.0 GHz, respectively.

4. Design of the MLC chip LPF

Fig. 6a shows the structure of the MLC chip LPF,
which is designed using 100 pm-thick tape with a
dielectric constant of 7.8 and a loss tangent of 0.0043.
It has a size of 2.0x1.2x1.0 mm?. The LPF consists of
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Fig. 5. The frequency characteristics of the multiple MIM capacitor
(S =1.0x1.0 mm, g=0.1 mm).

three inductors and three capacitors, which are sepa-
rated by ground planes in order to suppress parasitic
couplings, as shown in Fig. 6a. Fig. 6b shows the
simulated results for structures shown in Figs. 1 and 6a.
An attenuation pole at 3.7 GHz is realized to enhance a
skirt characteristic in the rejection band. Table 1 shows
the comparison between circuit-simulated and struc-
ture-simulated result, for which maximum insertion loss
and minimum attenuation of circuit- and structure
simulation are 0.1 and 0.5 dB within the passband of
1920-2170 MHz, and 41 and 32 dB in the rejection
band at higher than twice cutoff frequency of 2 GHz.

Table 1
Comparison of the circuit-simulated results and structure simulated
results

Passband Insertion loss Attenuation
[MHz] [dB] [dB]
Circuit 1920-2170 0.1 dB max 41 dB min
Structure 1920-2170 0.5 dB max 32 dB min
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Fig. 6. The structure (a) and simulated results (b) of the MLC chip LPF.

5. Conclusions

The structural analysis of LTCC-based passive com-
ponents (3D rectangular helical inductors and parallel-
plate capacitors) is reported for the design of a small
MLC chip LPF. The LPF has small size (2.0x1.2x1.0
mm?) uses dielectric material (¢,=7.8) and lumped pas-
sives, and achieves high attenuation(< —30 dB) by rea-
lizing an attenuation pole at 3.7 GHz. The library
incorporates the topologies of compact inductor and
capacitor yielding a Q as high as 81 at 2 GHz and the
corresponding SRF of 3.5 GHz for a 7.2 nH induc-
tor. The Chebyshev lowpass filter was designed with
a cutoff frequency of 2 GHz band and a passband
ripple of 0.1 dB.
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