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Abstract

In this paper, a lowpass — bandpass dual band microwave filter is designed by using
deep learning and artificial intelligence. The designed filter has compact size and
desirable pass bands. In the proposed filter, the resonators with Z-shaped and T-shaped
lines are used to design the low pass channel, while coupling lines, stepped impedance
resonators and open ended stubs are utilized to design the bandpass channel. Artificial
neural network (ANN) and deep learning (DL) technique has been utilized to extract
the proposed filter transfer function, so the values of the transmission zeros can be
located in the desired frequency. This technique can also be used for the other electrical
devices. The lowpass channel cut off frequency is 1 GHz, with better than 0.2 dB
insertion loss. Also, the bandpass channel main frequency is designed at 2.4 GHz with
0.5 dB insertion loss in the passband.

Keywords

Artificial neural network (ANN), deep learning (DL), dual band, lowpass — bandpass,
microwave filter

1. Introduction

Microstrip structures are widely used in microwave devices. Microwave filter is
basic device which can be used to design the other microwave devices, such as
diplexers [1-2], power dividers [3-4], power amplifiers [5-6] and several other
devices for mobile and wireless communications systems [7]. In communication
applications, sometimes it is necessary to separate the lowpass frequencies from the
higher frequencies. Therefore, the multiband filters and diplexers are important in
this application. Subsequently, the dual band lowpass-bandpass filter would be
desirable in the modern communication systems applications. In previous works,
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several dual band filters have been designed, but they suffer from poor parameters,
such as large size, undesirable return loss, and undesirable insertion loss.

In [8], a dual band filter is designed using open ended stubs and diodes. However,
in this filter, the insertion loss is high in both lowpass and bandpass channels. In
[9], a multi band filter is presented by using two quarter wave length lines and open
ended stubs. There is a lowpass channel and two bandpass channels in the designed
filter in [9], but the insertion loss in channels are very high. For example, there is
1.9 dB insertion loss in one of the bandpass channels, which is not acceptable.

A multi band filter with one lowpass channel and two band pass channels are
presented in [10]. In this filter, stepped resonators are utilized to sharpen the
transition band in the lowpass channel. In the designed filter in [10], the lowpass
channel cutoff frequency is 1 GHz with 0.8 dB insertion loss, and the bandpass
channels are at 2.4 and 5.8 GHz with 2.1 and 2.5 dB insertion loss, respectively.
According to the results in [10], the obtained insertion losses are not acceptable,
which mean large amount of power will be lost in the channels of this filter.
Besides, neural networks, which are useful tools in solving the engineering
problems have been recently used to model the filters [11-15]. In [16] back
propagation ANN is utilized for designing of a microstrip filter. Stepped impedance
resonator and open stub lines are used to design the lowpass filter in [16]

In this paper, a dual band lowpass-bandpass filter is designed by utilizing the deep
learning and artificial intelligence techniques. The basic structure of the filter is
adopted from a diplexer structures designed by authors in [17]. The designed
operating frequency are applicable frequencies which can be used in Wi-Fi and 5G
applications.

2. Design of the Double Band Lowpass-Bandpass Filter

The designed lowpass-bandpass filter is composed of a lowpass part and a bandpass
part. The presented filter is designed on a RO4003C substrate with 0.813 mm
thickness and 3.38 of permittivity.

2.1. Low Pass Filter Design

To design the final lowpass-bandpass filter, at first, the lowpass filter (LPF) is
designed. In design of the lowpass filter, bandwidth, transition band sharpness and
transmission zeros are important factors. To design of the lowpass filter, firstly, a
resonator with desirable response is presented. The LC equivalent circuit (LCEC) of
the primary lowpass resonator is depicted in Figure 1. Also, LCEC frequency
response of the proposed primary resonator is shown in Figure 2. The values of the
utilized inductors and capacitors in the LCEC of the primary lowpass resonator are
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listed in Table 1.
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Figure 1. The LCEC of the primary lowpass resonator.
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Figure 2. The LCEC frequency response of the proposed primary lowpass
resonator

Table 1. The values of the utilized inductors and capacitors in the LC circuit of the
primary lowpass resonator.

L1=5.4 nH L2=0.6 nH L3 =5.5nH
Cl=2pF C2=23pF
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2.2. Artificial Intelligence and Design of the Lowpass Filter

After designing the primary lowpass resonator, in the next step the artificial neural
network (ANN) and deep learning (DL) is utilized to design the lowpass filer. The
ANN and DL are used to extract the transfer function of the primary resonator, so
the values of the transmission zeros can be located in the desired frequency. In this
paper multilayer perceptron (MLP) neural network with several layers is considered
for deep learning.

The transfer function of the presented LC circuit can be used to identify the
resonator behaviors, such as transmission zeros locations. However, the extracting
of the transfer function is a complex procedure even impossible in some cases.
Therefore, ANN and DL tools are used to model the transfer function of the LC
circuit of the primary resonator. The structure of proposed ANN model is shown in
Figure 3, which consists of an input, two hidden and an output layers. Also, the
block diagram of the designed neural model is shown in Figure 4.

Hidden layer Hidden layer

Output

|

Figure 4. The block diagram of the designed neural model.

The estimated and real resonator transfer function is depicted in Figure 5. As can
be seen in Figure 5, the proposed model can precisely estimate the transfer
function of the resonator. The results show that the root mean square errors
(RMSE) of the designed ANN model are 0.013 and 0.017, respectively which
show high precision of the proposed model.
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Figure 5. The estimated and real the transfer function of the resonator.

The obtained regression results for training and testing procedures of the
designed neural model are illustrated in Figure 6. As seen, the designed ANN
model has precisely modeled the transfer function of the primary resonator.
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Figure 6. The regression results for training and testing steps of the the designed
neural model.

2.3. Lowpass Filer Design

According to the obtained transfer function by using the ANNSs, the transmission line
realization of the proposed primary resonator is designed. The frequency response
and layout of the proposed primary resonator are shown in Figure 7(a). As seen, the
dash line curve shows LC circuit model response and solid line shows the layout
electromagnetics simulation (EM simulation) of the primary resonator. According to
the results, the obtained frequency response of the primary resonator layout verifies
the primary resonator transfer function. Also, the obtained transmission zeros are
located at desired frequencies. The effects of parameter "d (mm)" on the response of
the primary resonator is shown in Figure 7(b).
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Figure 7. (a) The frequency response and layout of the proposed primary resonator
(b) Effects of parameter "d (mm)" on the response of the primary resonator.

Then, the Z-shaped resonators are designed similar to the primary resonator design
procedures. These two Z-shaped resonators improve the suppression band and also
sharpen the transition band of the lowpass filter. The frequency response and layout
of the proposed Z-shaped resonator are illustrated in Figure 8.
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Figure 8. The frequency response and layout of the proposed Z-shaped resonator.

The lowpass filter is obtained by combining the designed primary resonator and
Z-shaped resonator. The frequency response and layout of the primary lowpass
filter are illustrated in Figure 9. As seen, the obtained suppression band is not very
wide, so in the next step, two suppressers are added in the layout to form the
proposed low pass filter.
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Figure 9. The frequency response and layout of the primary lowpass filter.
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The frequency response and layout of the final proposed lowpass filter is shown in
Figure 10. As can be seen in this figure, the proposed low pass filter has a very wide
suppression band, sharp transition band and flat passband, which are desirable
factors for a lowpass filter.
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Figure 10. The frequency response and layout of the proposed lowpass filter.

2.4. Design of the Bandpass Filter

Designing of the bandpass filter (BPF) is an important step to design the dual band
filter. The fundamental frequency of the BPF should be precisely located at the
desired frequency. To design the BPF at the desired frequency, a resonator
composed of two coupled open ended stubs is used as shown in Figure 11. The
frequency response and layout of the primary BPF are depicted in Figure 11. The
desired operating frequency can be achieved by tuning the lengths of the couple
lines and the gap between the coupled lines. The result shows that the desired main
frequency of 2.4 GHz is correctly achieved for the coupled lines resonator
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Figure 11. The frequency response and layout of the primary bandpass filter.

2.5. Design of the Proposed Filter

By combining the designed lowpass and bandpass filters in the previous stages, the
double band lowpass-bandpass filter will be formed, which can be used in mobile
and wireless communication systems. The layout and frequency response of the
proposed dual band lowpass-bandpass filter are illustrated in Figures 12 and 13.
Dimensions of the utilized transmission lines in the proposed filter are listed in
Table 2.
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Figure 13. Frequency response of the proposed filter
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Table 2. Dimensions of the utilized transmission lines in the proposed filter.

Par? Val®  Par. Val. Par.  Val. Par. Val.
L1 11.3 L10 0.22 W1 2 W10 0.53
L2 21.1 L11 6.4 W2 2 W1l 15
L3 6.4 L12 11.8 W3 9.3 W12 2.4
L4 5.4 L13 9 W4 8.6 W13 1.2
L5 6.6 L14 4.5 W5 0.25 W14 0.1
L6 10.3 L15 114 W6 4.6 W15 0.4
L7 6.4 L16 2.6 W7 10.3 W16 1.3

L8 12.3 L17 194 w8 01 Wx, 0l 0.7,0.2
L9 0.24 L18 6 W9 018 92,03 0.18, 0.26

a. Parameter; b. Value

After combining the lowpass and bandpass filter the insertion loss parameter and
impedance matching could not be achieved. Therefore, a stepped impedance
resonator is added in the designed filter structure, which is shown with dimensions
of W15 and L18 in Figure 12. The effect of this stepped impedance resonator on the
proposed filter frequency response is depicted in Figure 13.

3. Results of the Designed Dual Band Filter

The gap (g3) between the coupled resonator of the bandpass filter can be used to
justify the fundamental bandpass frequency and insertion loss of the band pass
filter. Another important transmission line in the designed filter is shown with Wx
width in the layout of the designed filter. Also, the effects of the layout key
parameters (g3 and Wx) on frequency response of the proposed filter are depicted
in Figures 14 (a), (b), and (c). Besides, the effects of the layout key parameters (g3
and Wx) on lowpass fundamental frequency and insertion loss of the BPF are listed
in Table 2.
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Figure 14. The effects of the layout key parameters (g3 and Wx) on frequency
response of the proposed filter. (a) the effect of Wx on frequency response. (b) The
effect of g3 on S21 and (c) S11 scattering parameters of the deigned dual band
filter.

Table 3. Effects of the layout key parameters (g3 and Wx) on lowpass fundamental
frequency and insertion loss of the BPF.

g3 fo (bandpass channel) Insertion loss of
bandpass
0.4 mm 2.5 GHz 1.25dB
0.26 mm 2.4 GHz 0.58 dB
0.16 mm 2.3 GHz 0.58 dB

As results show, the fundamental frequency of 2.4 GHz and the 1 GHz cutoff
frequency are achieved for the bandpass and lowpass channels, respectively. The
obtained insertion losses are less than 0.5 dB and 0.2 dB for the bandpass and
lowpass channels, respectively. The achieved return losses are better than 14 dB for
lowpass channel and better than 28 dB for bandpass channel.

4. Conclusion

In this paper a dual band lowpass bandpass filter is designed by using the artificial
neural network. Simple resonators and matching circuit is used for designing of the
filter. The extracting of the transfer function is a complex procedure even
impossible in some cases. Therefore, ANN and DL tools are used to model the

DOI: 10.33969/1J1EC.2021.31001

14 Journal of the Institute of Electronics and Computer



Saeed Roshani et al.

transfer function of the LC circuit of the primary resonator. By achieved desirable
results, this multi band filter can be utilized in modern wireless systems. The
proposed filter enables the ability of having a lowpass filter and a bandpass filter in
a single device.
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