Proceedings of CECNet 2022 357
A.J. Tallon-Ballesteros (Ed.)

© 2022 The authors and IOS Press.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/FAIA220554

A One-to-Two Filter Power Divider Based
on LTCC

Yuanyuan LI', Xianliang WU, Yunfeng HU, Mengying DONG, Yue MA, Xiaolei
GENG and Rongzhen FANG
2 Key Laboratory of Intelligent Computing and Signal Processing, Ministry of
Education, Anhui University, Hefei 230001, China

Abstract. In order to miniaturize microwave devices in RF systems, a power divider
with filtering performance is designed. The filter power divider is based on the
LTCC process, and miniaturization is achieved by cascading a bandpass filter and a
one-to-two power divider. The band-pass filter adopts a fourth-order comb-line
structure, and the one-to-two power divider adopts an LC lumped structure. The size
of the one-to-two filter power divider designed is 10mmx4mmx5mm, which is
working in 3.3GHz-3.6GHz. The simulation results show that the insertion loss(S;;
and S3)) are less than or equal to 4 dB, the return loss(S,) is greater than 15 dB, the
isolation(S;;) is greater than 17 dB, and the out-of-band suppression is greater than
18 dB in 3.8-4.3GHz and 22 dB in 0-3.2GHz and 4.3-6GHz.
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1. Introduction

With the continuous development of communication systems, miniaturized and high-
performance microwave devices have become the focus of current research in the
industry. Filters and power dividers are common microwave passive components, and
their performance and size are critical to the overall system. There are usually two design
methods. One is to design them separately and then cascade them together. The other is
to carry out a comprehensive integrated design to make them have multiple performances
such as power distribution, filtering, and frequency selection at the same time.

Xie Hanyu[l] designed a multi-channel filter power divider with a double-layer
microstrip structure. The final overall size of the filter power divider is 28mmx30mm.
Li Weijin[2] and others designed a filter power divider based on a stepped impedance
resonator, the size of which is 22.6mm x 34.2mm. Wang Yujie[3] and others designed a
dual-pass band filter power divider using the SIW, the size of which is 18.98mm x
19.05mm. LTCC has the characteristics of high integration and low loss. Dai
Yongsheng[4] and others designed an LTCC filter with a center frequency of 60 GHz
and a passband of 6 GHz whose overall size is 1.6mmx0.8mmx0.6mm. Fu Jiahui[5] and
others designed a 1.27GHz-1.58 GHz frequency band, LTCC three-way Wilkinson power
divider, its size is 5.3mmx5mmx1.3mm.

Based on the characteristics of LTCC, this paper realizes an LTCC filter power
divider by cascading the LTCC filter and the power divider, and its overall size is
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10mmx4mmx5mm. Finally, the simulation of the filter power divider shows that:in the
3.3GHz-3.6GHz frequency band, the insertion loss(S;; and S3;) are less than or equal to
4 dB, the return loss(Si1) is greater than 15.7 dB, the isolation(S,3) is greater than 17.5
dB, and the out-of-band suppression is greater than 18 dB in 3.8-4.3GHz and 22 dB in
0-3.2GHz and 4.3-6GHz, meeting the given index requirements.

2. Design principle

The filter power divider designed is formed by cascading a fourth-order comb-line filter
and a power divider.

2.1. LTCC comb-line filter

What shown in Figure 1 is the equivalent circuit schematic of the comb-line filter. The
serial number N represents the Nth resonator, and the serial number 0 and the serial
number N+1 represent the input and output leads respectively. The energy is transferred
between the resonators through side coupling. Each resonator is composed of a short-
circuit transmission line connected to a lumped ground capacitor, which is equivalent to
an LC parallel resonant. The resonant frequency can be tuned by adjusting the size of the
transmission line and the size of the ground capacitance.

o
Node 0 Node N+1

Figure 1. Equivalent circuit structure of comb-line filter.

In this paper, the three-layer broadside coupled stripline[6-7] is used as the resonator
to design, and its structure is shown in Figure 2. The front end of the stripline in the
middle layer is open and the back end is grounded, and the front ends of the upper and
lower striplines are grounded and the back end is open, and they are symmetrical with
respect to the stripline in the middle layer. The resonator is located in the center between
the two ground plates. The distributed inductance of the three-layer broadside coupled
stripline resonator is the distributed inductance of the single-layer stripline, and the
distributed capacitance is the total capacitance formed by the distributed capacitance of
the single-layer stripline and the two coupling capacitors.

The distributed inductance and distributed capacitance per unit length of the three-
layer broadside coupled stripline[6] are expressed as:

fo T (1)

8arch(e™'*")
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The resonant frequency of the three-layer broadside coupled stripline resonator is:
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Figure 2. Geometry of a three-layer broadside coupled stripline resonator.
2.2. Wilkinson power divider

The Wilkinson power divider has a simple structure. By directly connecting an resistor
between the output ports to absorb the reflected energy, the isolation between the ports
is increased, and the effect of consuming the reflected power can also ensure the
matching between the ports.

The use of quarter-wavelength transmission line in the power divider will make the
physical size larger, so this paper uses the equivalent circuit of type 7 [8] to replace the
quarter-wavelength transmission line to minimize the size.

o
Portl

Figure 3. Circuit diagram of lumped-element one-to-two-way Wilkinson power divider.

Figure 3 is the circuit diagram of the lumped-element one-to-two-way Wilkinson
power divider. The parameters in the figure can be calculated by equations (4)~(6).

L= Z,sin@ (4)
w
C = ! tang (5)
Zy@w 2
R=27, (6)

3. Models and Simulations

The filter power divider designed in this paper is composed of a LTCC filter and a power
divider in cascade. Its indicators are shown in Table 1. In this paper, LTCC multi-layer
metallized wiring is used in the design, and silver is used as the wiring conductor. The
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dielectric constant of the ceramic dielectric used is 5.9 and its tangent loss angle is
0.0005 , and the height between each stripline is 0.1 mm.

Table 1. Parameters of filter power divider

Indicator Filter Power divider Filter power divider
Center frequency 345G 345G 345G
Bandwidth 300MHz 300MHz 300MHz
Insertion loss 1dB 3.5dB 4.5dB
Return loss 12dB 15dB 15dB
Isolation - 15dB 15dB
Out-of-band 15dB(0-3.1GHz,3.8- - 15dB(0-3.1GHz,3.8-
suppression 6GHz) 6GHz)

3.1. LTCC fourth-order combline filter

The design steps of the distributed bandpass filter: First, the length, width and layer
spacing of the stripline are preliminarily determined through the relationship between
the center frequency and the physical quantities related to the stripline. Then use HFSS
software for 3D modeling and simulation, and determine the bandwidth by optimizing
the spacing between the resonators. Finally, between the first and fourth-order resonators,
Z shape cross-coupling is added to introduce transmission zeros to enhance out-of-band
suppression.

| 2.1 o 2.4 13—~
Figure 4. Top view of the fourth-order comb-line filter.

The model structure of the fourth-order comb-line filter is shown in Figure 4, and
the data units in the figure are all millimeters. The filter size is 10mmx4mmx4.5mm.

In this design, Z shape cross-coupling is inserted above and below the first and fourth
resonators[9], and the output signal of the main coupling channel is 180° out of phase
with the output signal of the cross-coupling channel[10], so that cancel each other out
and introduce transmission zeros near the upper and lower sidebands. Finally, by
continuously fine-tuning the parameter variables, the simulation curve of the fourth-
order comb-line filter with and without Z shape cross-coupling is finally obtained, which
is shown in Figure 5.

From the simulation curve what can be seen is that the out-of-band suppression can
be significantly enhanced by introducing transmission zeros through Z shape cross-
coupling. In the operating frequency range of 3.3GHz-3.6GHz, the insertion loss(S21) is
less than 0.9dB, the return loss(S11) is greater than 13dB, the out-of-band suppression is
greater than 17dB in 2.8-3.1GHz and 3.8GHz-4.1GHz, and 19dB in 0-2.8GHz and 4.1-
6GHz, which meets the given indicators.
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Figure 5. S-parameter curve of a fourth-order comb-line filter with and without Z shape cross-coupling.
3.2. LTCC Wilkinson Power Divider

In this section, based on the lumped Wilkinson-type power divider structure mentioned
in Chapter 2, through the multi-layer advantage of the LTCC process, an LTCC one-to-
two power divider is designed.

2.1

0454 H

Figure 6. Top view of LTCC power divider.
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Figure 7. S-parameter curve of LTCC power divider.

Build the HFSS model and the model structure of the LTCC power divider is shown
in Figure 6. The data units in the figure are all millimeters. The final size of the power
divider is 4mm*4mmx0.5mm.

The parameters are continuously optimized, and the final simulation result can be
seen in Figure 7. In the 3.3GHz-3.6GHz frequency band, the insertion loss(S>; and Ss3i)
are less than 3.45dB, the return loss(Si1) is greater than 17dB, and the isolation(S»3) is
greater than 20dB, which meets the design requirements.
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3.3. LTCC filter power divider

The LTCC filter power divider adopts the cascade mode. The filter and power divider
designed in the first two sections are cascaded. To reduce size, power divider is placed
on top of filter and cascaded through metal post. Its structure is shown in Figure 8, whose
data units are all millimeters, and the filter size is 10mm>4mmx5mm.

2 24— 23—
Figure 8. Filter power divider model.

By fine-tuning some parameters, the simulation results are presented in Figure 9.
What shown in the figure is that in the 3.3GHz-3.6GHz frequency band, the insertion
loss(S21 and S31) are less than or equal to 4 dB, the return loss(Si1) is greater than 15.7
dB, the isolation(S3) is greater than 17.5 dB, and the out-of-band suppression is greater
than 18 dB in 3.8-4.3GHz and 22 dB in 0-3.2GHz and 4.3-6GHz, meeting the given
index requirements.

S-parameter[dB]

Freq|GHz]

Figure 9. S-parameter curve of filter power divider.
3.4. Comparison of several filter power dividers

Table 2 shows the comparison of the filter power dividers designed in this paper with
some references. It can be seen from the comparison that the design of the filter power
divider using LTCC in this paper can greatly reduce the size and the insertion loss is
small.

Table 2. Comparison of several filter power dividers

References Center frequency Structure Insertion loss Size
[1]  3.98GHz,6.44GHz Microstrip line 5dB, 4.8dB 28mmx30mm
[2] 1.57GHz Microstrip line 4.3dB >22mmx34mm
[3] 7.5GHz,11.7GHz SIW 3.811dB, 3.328dB >18mmx19.mm

This work 3.45GHz LTCC 4dB 10mmx4mm
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4. Conclusion

Based on the characteristics of high integration and low loss of LTCC process, this paper
designs a power divider with filtering performance.In this design, the working frequency
band of the one-to-two filter power divider designed is 3.3GHz-3.6GHz. In order to
reduce the overall size, a fourth-order comb-line structure bandpass filter and one-to-two
power dividers are cascaded together, resulting in a final size of 10mmx>4mmx5mm, and
finally meet the performance of insertion loss less than or equal to 4 dB, return loss
greater than 15dB, isolation greater than 17dB, and the out-of-band suppression is greater
than 18 dB in 3.8-4.3GHz and 22 dB in 0-3.2GHz and 4.3-6GHz.

For further miniaturization, this paper has the following three suggestions: one is to
use a ceramic dielectric with a higher dielectric constant, the other is to use an LC lumped
structure, and the third is to use a comprehensive integration method to design the filter
and power divider together.
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