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Abstract. In this paper a very compact design of a dual-
band band pass filter (D-BPF) using dual composite right-
/left-handed (D-CRLH) and open-loop ring (OLR) resona-
tors is presented. To overcome the frequency ratio limita-
tions of D-CLRH resonators technique, the D-BPF design 
combines D-CRLH and OLR resonators to finally perform 
a D-BPF. The filter covers the 2.6 and 3.5 GHz spectrums 
for 4G and 5G applications, respectively. The reported  
D-BPF is designed and optimized using ADS software, and 
is implemented on a Rogers RO5880 substrate with a rela-
tive dielectric constant of 2.2 and thickness of 0.787 mm. 
The overall compact size is 8 × 8 × 0.787 mm3. To our 
knowledge, this design is considered as the most compact 
and smallest size dual-bandpass filters. 
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Band pass filters (BPFs), dual-band band pass filters 
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1. Introduction 
The deployment of 5G wireless communication appli-

cations has been employing in recent years. In many coun-
tries, the 6 GHz sub-band (mid-band) is planned and em-
ployed for the 5G network. The 5G NR bands used in most 
Asian nations, such as Vietnam in these bands are n41 
(2.496–2.690 GHz) and n78 (3.3–3.8 GHz) [1].  

Microstrip dual-band bandpass filters play an im-
portant role in an RF receiver, especially in the newly de-
veloped 5G wireless communication networks. To over-
come challenges about bandwidth, unwanted signals, and 
noise, D-BPFs are necessary to simultaneously suppress 

undesirable signals and select the desirable signals in dif-
ferent frequency bands and bandwidths (BWs) [2–4]. 

The challenges to designing a D-BPF are how to 
achieve high passband selectivity, better performances, and 
larger bandwidth [4], [5]. The technology used behind  
D-BPFs decides how to achieve compact size and better 
performances. Many microwave designers have been 
studying different methods to get the best D-BPF [5–24]. 

Stepped impedance resonators (SIRs) are a popular 
method to design a D-BPF, but they have drawbacks such 
as difficulty in creating the second passband and large 
layout. Also, it would be a big challenge to control the 
passbands independently by using the SIR, as the dual 
passbands response is synthesized by the two resonator 
responses synchronously [5–9]. 

Another method uses modified coupled-line structures 
and step-impedance open-circuited stubs, which can extend 
the bandwidth, but also occupy a large area. Open/short-
circuited stubs can also be used to construct a dual-band 
filter, but they consume a large area as well [10]. In [3] the 
microstrip BPF combines four open-loop ring resonators to 
achieve sharper cut-off frequencies. The utilization of the 
planar four-section resonators can provide either positive 
or negative cross-coupling. The process of designing the 
filter is very simple with a simply structure. However, 
these structures properly consume a large area as more than 
one quarter-wavelength resonators represented in the design.  

Dual-mode resonators such as square loop, stub-
loaded, and microstrip patch, circular disk resonators are 
another basic technique, but they have complex layouts and 
poor performance [11–16].  

Combining two single-band filters is a common way 
to perform a D-BPF, but it also faces the challenge of size 
reduction and performance optimization due to the addi-
tional impedance-matching networks as well as the presen-
tations of more than one quarter-wavelength stub [16], [17].  
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There is a potential candidate to reduce size of a D-BPF 
while fulfilling other requirements. It is the use of dual 
CRLH configuration. The advantages of this technique is 
to miniaturize the microwave devices. Then, many works 
with the improvement in structure and better performance 
are constructed based on this theory [17–19]. Using dual 
CRLH resonators, an analytical design method of compact 
DBFs is investigated in [20], [21]. In these works, the 
group of authors also show 88% size reduction of the pro-
posed structure compared with the published dual-band 
BPFs.  

The proposed design method can independently and 
flexibly control the center frequencies, BWs, and coupling 
coefficients of D-BPFs. As the result, the impedance 
matching of the filter can be easily attained. The valid 
range of center frequency ratio is from 1.6 to 3.11. Com-
pared to other works in [2–24] the valid ranges of center 
frequency and BW ratios in [20], [21] are much larger.  

However, there are two main points that must be 
highlighted here. Firstly, the frequency ratio is still not 
enough to propose a D-BPF having two center frequencies 
close to each other. For example, 2.6 GHz (n78) and 
3.5 GHz (n41) are two close frequencies which cannot be 
designed based on the dual CRLH resonators technique. 
The range of center frequency ratio is 1.35 (3.5/2.6) which 
is out of the valid range (1.6–3.11). 

To clarify the limitations of this method, a dual-band 
filter design using this dual band CRLH resonators tech-
nique at 2.6 and 3.5 GHz is simulated in ADS. 

 

 
Fig. 1. A design example of the D-BPF with the frequency 

ratio being 1.35: (a) Overall structure; (b) S-parameter 
simulation. 

As shown in Fig. 1(b), S-parameters somehow meet 
the requirements for a D-BPF. However, the stopband 
rejection between two passbands at center frequencies (2.6 
and 3.5 GHz) is 8 dB. It is much smaller than an acceptable 
value of 25 dB. We expected that the center frequency ratio 
would be as small as possible with the stopband rejection 
larger than 25 dB. So, this technique is not usable in de-
signing a D-BPF.  

Secondly, the size of proposed filters in [20], [21] 
could be reduced more when we combine D-CRLH and 
OLR resonators in a compact design. To overcome the 
limitation of the D-CRLH technique while still maintaining 
its advantages, a design is proposed by combining two 
techniques. The first band pass filter is executed to get the 
smaller size and compact shape with higher selectivity 
using a D-CRLH resonator. The second band pass filter is 
finally achieved by adding the open loop ring resonator 
surrounding the first band. The combination between two 
techniques can help to fulfill all requirements, especially 
a very compact size. 

In this work, a very compact DBF with a simple de-
sign procedure is presented for 5G band occupying the 
range of 2.6–3.5 GHz.  

The structure consists of a CRLH and OLR resona-
tors. The organization of this paper is as follows. Section 1 
provides an overview of dual band pass filters and the 
literature providing mainly real relevant state of the art in 
the field. In this section, the proposed D-CRLH resonator 
filter and its limitations are highlighted based on one simu-
lated example designs to propose a new combination tech-
nique for our work. Section 2 provides a proposed method-
ology. Two design examples are presented in Sec. 3 
following by the discussion of the results. Finally, the con-
clusions are given in Sec. 4. 

2. Methodology 
The procedures of the proposed design method 

include four main steps.  

Step 1. Determine the desired specifications of the 
dual-band filter. 

In this step, we first choose the suitable types of reso-
nators for each center frequency of a D-BPF. Then, two 
center frequencies are stuck with the CRLH and OLR res-
onators, respectively.  

Step 2. Design the first band filter using the CRLH 
technique.  

The D-CRLH unit cell is optimized with the accurate 
equivalent circuit sticking with the desired center frequen-
cies (the first resonator frequency) and fractional bandwidth. 

Step 3. Design the second band filter using the OLR 
resonator.  

After step 2, a first band filter is proposed. Then, the 
open-loop ring resonators are added to meet the desired 
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response requirements of the second band filter. It is simple 
to determine the structural design of the OLR resonator. 
The length of the resonator is selected to be λg/2, where λg 
characterizes the guided wavelength at the second resonant 
frequency. The width of the resonator does not have much 
impact on the overall performance. 

Step 4. Adjusting the coupling coefficients between 
the D-CRLH resonators and the OLR resonators. 

It is crucial to determine the shape of the OLR reso-
nator to achieve the requirement expectation. The λg/2 
resonator needs to be bent around the CRLH resonator to 
achieve the compact size. Tuning the spacing between the 
first band resonators and OLR resonators to optimize the 
desired specifications is necessary. This spacing will de-
cide the fractional bandwidth of the second resonator fre-
quency and upper stopband rejection.  

The design procedure of a novel dual CRLH resona-
tor (step 2) is presented in [20], [21]. In our work, we only 
try to present step 3 and step 4 most simply. It is a complex 
process to design a BPF using the CRLH technique. To 
simplify the technique mentioned in [20], [21], we high-
light some main points as below. The D-CRLH structure is 
a combination of an interdigital capacitor and a shunt me-
tallic line at both sides to perform a single-mode D-CRLH 
resonator, as shown in Fig. 2(a). 

The interdigital capacitor consists of many microstrip 
lines. The fingers provide coupling between the input and 
output ports across the gaps. Np is the number of finger 
pairs. The more fingers the interdigital capacitor has, the 
more fractional bandwidth the filter will be. The length (L) 
and width (W1) of the capacitor are tunable (changing the 
value of the interdigital capacitor) to define the center 
frequency. Parameters Se and S0 are the gaps between each 
finger and at the end of the finger. Wf is the width of the in-
out ports that decides the value of S11. The shunt metallic line 

 
(a) 

 
(b) 

Fig. 2. Single-mode D-CRLH resonator. (a) Schematic layout. 
(b) Equivalent circuit model [20], [21].  

is proposed by its shape with some parameters, namely, 
L12, L13, L14, and W3. 

So, there are 11 structural parameters of the single-
mode D-CRLH resonator that need to be tuned for optimi-
zation. 

It is necessary to reduce 11 parameters to reduce the 
complexity of the technique. Typically, the gaps Se and S0 
are the same to simplify the design. The width of the finger 
should be equal to the gaps. To achieve a compact and 
small size, the finger’s width needs to be reduced. How-
ever, as the limitation of the precision machines, the mini-
mum W2, Se, and S0 should be greater than 0.15 mm. Then, 
instead of using a bent and folded shunt metallic line, it can 
be replaced by a straight line to eliminate the L12, L13, and 
L14 parameters of the inductor. The inductor’s width can be 
chosen the same as the finger’s width (W3 = W2). The 
length of the inductor is reduced, and the length of the 
capacitor’s finger will be increased.  

As a result, there are only some main variable quanti-
ties for the resonator, including L, W1, W2, S0, and Np as 
they are indicated in Fig. 3(a). With the help of the simula-
tion EM function in ADS, it is easier for designers to opti-
mize and achieve the design expectations.  

Figure 2(b) shows equivalent circuit model for the D-
CRLH resonator unit cell. The resonant frequencies and 
BWs of the first passband depend mainly on the values of 
C1 and L1 where C1 and L1 represent the capacitance of the 
interdigital capacitor and inductance of the shunt metallic 
line, respectively. The relation among these characteristics 
is presented by the following equations: 
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R1 is the series D-CRLH resonator’s attenuation effect. 
Different combinations of (L1 and C1) with constant L1 × C1 
allow for independent control of the bandwidth for the first 
passband. 

The circuit model can be input into the ADS to opti-
mize the capacitance and inductance to obtain the optimal 
dimensions. Based on the extracted parameters as well as 
the empirical formulas of the interdigital capacitor and high 
impedance line, the initial values of the dimensions can be 
estimated. 

The two single-mode resonators are cascaded to per-
form a dual-mode D-CRLH resonator as shown in 
Fig. 3(a). At this step, one new structural parameter of 
interest is the gap or spacing between two single-mode 
resonators (G). Spacing G is the main factor affecting the 
coupling coefficients of the resonator A and B. By keeping 
G constant, the coupling coefficient remains stable. This 
makes it easy to achieve good impedance matching by 
choosing a suitable G. 
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(a) 

 
(b) 

Fig. 3. Dual-mode D-CRLH resonator. (a) Schematic layout. 
(b) Equivalent circuit model.  

Finally, there are 6 interest parameters deciding the 
overall performance of the first passband filter as they are 
shown in Fig. 3(a) compared to 11 parameters in [20], [21]. 

As the conductors of filters are mounted on a sub-
strate, their characteristics therefore affect the overall per-
formance. For a PCB, the dielectric constant (εr) has the 
most impact on the electrical characteristics of the filter 
design. To achieve low loss and minimum difference be-
tween simulated and fabricated PCB layout filter designs, 
Rogers RO5880 substrate with a relative dielectric of 2.2 
and thickness of 0.787 mm is chosen. The minimum width 
and spacing of each physical piece is 0.2 mm for the exact 
requirements of size deviation and tolerance machining. To 
reduce cost, we highly recommend another material of 
Rogers RO4350B for the substrate. 

3. Result and Discussion 

3.1 Circuit Design 
The design procedure will be further explained by de-

signing an example of dual-band filters. The center fre-
quencies of the two passbands are 2.6 GHz (n41) and 
3.5 GHz (n78), and the center frequency ratio is around 
1.35. Following the design procedures mentioned above, 
we first define two center frequencies with the CRLH and 
OLR resonators, respectively. The 2.6 GHz band is se-
lected as the first band using a D-CRLH resonator. The 
remaining frequency (3.5 GHz) is chosen as the second 
band by the OLR resonator technique. 

Based on this theory mentioned in [20], [21] and 
a simple summary of the methodology, a very compact  
D-CRLH filter is designed. The schematic of the D-CRLH 
filter is derived from its equivalent circuit model and 
shown in Fig. 4(a). A single mode resonator is composed 
of a MICAP capacitor and a MLIN inductor. To simplify 
the design, we set all the capacitor parameters G, Ge, Wt, 
Wf to be equal. We only vary two parameters (a, b) that 
correspond to the length of the inductor and the MICAP 
capacitor. We adjust them to achieve the desired  
S-parameter performance at the center frequency of 
2.6 GHz, as shown in Fig. 4(b). 

 
(a) 

 
(b) 

Fig. 4. The schematic (a) and its simulation (b) of one single-
mode resonator. 
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Fig. 5. The geometrical structure of the first bandpass filter with the D-CRLH resonator at a center frequency of 2.6 GHz band (a) and 

simulation results (b). 
 

W1 W2 S0 L1 Np G S1 S2 S3 S4 L 

3.4 0.3 0.2 7 6 0.35 0.2 0.2 0.2 0.4 38 

Tab. 1. Dimensions of the D-BPF (in mm). 

We construct a dual-mode resonator from two single-
mode resonators A and B, as shown in Fig. 5(a). The gap G 
is the coupling coefficient that affects the impedance 
matching significantly. Also, coupling coefficient will 
influence BW. Therefore, we need to adjust the gap G 
between the two resonators to obtain a good S-parameter 
performance. 

The dimensions of the filter are estimated and listed 
in Tab. 1.  

As can be seen in Fig. 5(b), the second-order filter has 
a sharp selectivity with two transmission zeroes near the 
passband. The simulated return loss and insertion loss are 
0.1 and below –20 dB. The fractional bandwidth is 
250 MHz covering the frequency range of 2.45 GHz to 
2.7 GHz. Transmission on zeroes (GHz) is at 1.96 and 6.4. 
Upper stopband rejection (–25 dB) is 4.32 (6.4/1.48). The 
harmonic appears at 6.4 GHz, indicating that this filter has 
25 dB upper stopband rejection till 2.46f0. The simulated 
insertion loss is 0.1 dB.  

To achieve dual-band characteristics, resonator 3 is 
added to the second-order filter. The equivalent elements 
of D-CRLH resonator and OLR resonator are shown in 
Fig. 6. 

Resonator 3 is the OLR with the shape being bent 
around resonators A and B to achieve the compact size as it 
is shown in Fig. 6. There are two main parameters of the 
resonators which primarily decide the performance of the 
second band. First, the length of the resonator 3 is selected 
to be λg/2, where λg represents the guided wavelength at the 
resonant frequency of 3.5 GHz: 

 
g

eff

300 .
f

λ
ε

=  (3) 

 
Fig. 6. The equivalent circuit for the proposed dual-band 

filters combining a D-CRLH resonator and OLR 
resonator. 

In (3) εeff is dielectric constant and equal to 2.2 and f is 
frequency in GHz [22], [23]. So, the total length of the line 
is 58 mm with λg/2 being 29 mm. Then, the length must be 
tuned and simulated in ADS to optimize the parameters. 
The actual length of the OLR resonator after optimizing is 
around 38 mm. Second, the gaps between the first band 
filter and the OLR resonator (S2 and S4) have a huge impact 
on the S-parameters of the second band as well as the over-
all D-BPF design. At this step, there are some ways to bend 
the OLR resonator around the first band filter. The gaps are 
also differently tuned to achieve a specific expectation. 
There are 2 versions as shown in Fig. 7 below. 

For example, in Filter I, the main line is bent into 7 
smaller lines around the resonators 1 and 2 to minimize the 
overall space of the dual-band filter and, therefore, achieve 
the compact size. S1 and S2 or S3 and S4 are the spaces 
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between the first band filter and the OLR resonator. These 
parameters are optimized to achieve the fractional 
bandwidth and S-parameter of the second passband as well 
as the overall S-parameter of the D-BPF. For the second 
version, the transmission line is bent as a spiral inductor. 
The length of each spiral line is simply determined based 
on the way they are bent around the previous resonator and 
the defined total length.  

To simplify the design procedure, we choose the 
width of the OLR resonator equal to the width of the first 
resonator (W2 = 0.3 mm). Figure 7 shows the configuration 
of the designed BPF combining 2 different techniques. 
Obviously, the size of the designed filter is very compact. 
The optimized parameters are obtained by using the EM 
Simulator in the ADS environment to achieve a good per-
formance of S-parameter as they are indicated in Fig. 10. 

The overall size of Filters I and II shown in Fig. 7 are 
7 × 9 mm2 and 8 × 8 mm2, respectively. The size of the 
resonator is very compact with only 0.058λg × 0.077λg and 
0.068λg × 0.068λg, where λg is the guided wavelength of  
50-Ohm microstrip at center frequency for the first band 
(2.55 GHz). 

3.2 Measurement Result 
The proposed D-BPF is implemented on a Rogers 

RO5880 PCB with a relative dielectric constant of 2.2 and 
thickness of 0.787 mm. The final structural dimensions and 
the layout of the proposed D-CRLH and OLR resonators 
dual-band filter are shown in Fig. 8. 

To facilitate the measurement process, input and out-
put ports are bent and expanded to the 50-Ohm SMA con-
nection. As there is an outer-resonator coupling between 
the ports and assembled resonators, it is necessary to calcu-
late how it effects on the overall S-parameter by optimizing 
in ADS. 

The measurement is carried out using an E5080B 
ENA Vector Network Analyzer to obtain the S-parameter 
of design. The measurement set-up is shown in Fig. 9. The 
Keysight RF electronic calibration (ECal) module is first 
used to make calibration of vector network analyzers fast, 
easy, and accurate. This step is very important to maintain 
accuracy, standardization, and repeatability in measure-
ments, assuring reliable benchmarks and results. 

The S-parameter simulation and measured results of 
Filters I and II are shown in Fig. 10 and summarized in 
Tab. 2. 

Figure 10(a) shows the S-parameter simulation and 
measured results of Filter I. For the first passband, it can be 
seen that the measured center frequency is 2.62 GHz with 
minimum insertion loss, return loss, and 3-dB fractional 
BW of 1.19 dB, 18 dB, and 11%, respectively. The first 
band has a sharp selectivity (50-dB attenuation) with 
transmission zeroes near the passband at 1.94 GHz. 

For the second band, the center frequency is 
3.55 GHz while minimum insertion loss and return loss are 
1.14 dB and 20 dB, respectively. The 3-dB fractional BW 
is 3.2% from 3.45 to 3.56 GHz. The stopband rejection 
between two passbands is larger than 30 dB, peaking at the 
lowest point of 32 dB. The transmission zeroes are posi-
tioned at 5.1 GHz with more than 25-dB attenuation, re-
spectively. The simulated and measured center frequency 
ratio is 1.35. 

Figure 10(b) shows the measured insertion loss (S21), 
and input (S11) return loss of example II. The simulated and 
measured insertion loss of the first and second bands is 
approximately 0.9 and 1.4 dB in the 2.41–2.7 GHz band 
and 3.45–3.55 GHz, respectively. The 3-dB fractional band-
widths are 12%  and  3.1%,  correspondingly. For both two 

 
Fig. 7.  The layout of Filter I (a) and Filter II (b) of the D-BPF. 

  
                              (a)                                                     (b) 

Fig. 8.  The structure layout of Filter I (a) and Filter II (b). 

 
Fig. 9.  The measurement set-up. 
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Fig. 10. S-parameter simulation (solid line) and measured 

(dashed line) results of Filter I (a) and Filter II (b). 

passbands, the input and output return losses are better than 
15 dB. 

The stopband rejection between two passbands is 
larger than 30 dB, peaking at the lowest point of 40 dB. 
Two transmission zeroes are positioned at 1.94 and 
4.8 GHz with more than 50-dB and 25-dB attenuation, 
respectively. The simulated and measured center frequency 
ratio is 1.35. Overall, there is not much difference between 
simulations and measurements. The contrast between simu-
lated and measured insertion loss is under 0.6 dB in the 
fractional bandwidth. It is highlighted that the S-parameter 
performance of the first band D-BPF as shown in Fig. 10 
for both Filter I and II is a bit different from its simulation 
results of the D-CRLH filter in Fig. 5(b) with the appear-
ance of OLR resonator and its coupling coefficient.  

Filter II has a smaller fractional BW of the second 
passband compared to Filter I. However, transmission 
zeroes at the second band are lower positioned at 4.8 GHz 
compared to 5.2 GHz. With the closer transmission zeroes 
appearing near the second passband edges, a good band 
selectivity for the second passbands can be easily obtained. 
For both design examples, with the use of an OLR resona-
tor, the 3-dB fractional BW of the second passband is 
smaller than that for the D-CRLH resonator passband, 
an average of 100 MHz compared to 280 MHz. The small 
deviation of 0.6 dB between simulation and measurement 
results is mainly due to radiation loss and mismatching 
between SMA connectors. 

3.3 Discussion 
In this analysis, the initial goal is to achieve the most 

compact design with minimum size. At the same time, the 
proposed technique needs to overcome frequency ratio 
limitations of the dual composite right-/left-handed  
(D-CLRH) resonators technique. Two versions of the  
D-BPF are mentioned. The main performances and overall 
size of the filters are compared. The results are summarized 
in Tab. 2. Most publicized designs mentioned in Tab. 2 
have the same center frequencies band with our work for 
comparison. 

It can be seen that the proposed D-BPFs are signifi-
cantly compact with size reduction of over 90%. The struc-
ture consists of composite right-/left-handed and open-loop 
ring resonators. With the addition of OLR resonator, the 
valid range of center frequency ratio is expanded to 1.35. 
The ratio is smaller than the range in [20], [21] meaning 
that this technique can be widely used no matter what the 
frequency ratio is. The valid ranges for the proposed filters 
are also much larger than those of previously published 
works in Tab. 2. Therefore, it is easy to control the center 
frequency with a large flexibility. The first is separated 
from the second band making it convenient for obtaining 
the derivable frequencies. 

Compared with the D-CRLH resonator technique, the 
combination of D-CRLH and OLR resonators remains the 
same selectivity and stopband suppression for the first 
band, but a much better size reduction is achieved. To our 
knowledge, this is considered the most compact and small-
est size dual-bandpass filter with the center frequency ratio 
being very low. All results reflect the advantages of this 
technique compared to other techniques regarding its com-
pact size. 

In summary, to achieve the results as shown in 
Fig. 10, we need to follow 4 steps mentioned in Sec. 3. 
First, a single-mode resonator is designed at 2.6 GHz using 
D-CLRH technique. The dimensions of the MICAP and 
MLIN inductor are tuned to get the optimized parameter in 
Fig. 4(b). Next, a dual-mode resonator is formed from two 
single-mode resonators as they are shown in Fig. 5(a). In 
this step, the gap G between 2 resonators is tuned to 
achieve optimal performances. There is a difficulty to 
achieve expected values of S-parameters as there are many 
variables for tuning. However, it is easier to preserve di-
mension of the MICAP while the length of the wire induc-
tor can be changed. The simulation results with optimal 
performances are shown in Fig. 5(b). 

After achieving the single pass band filter, one OLR 
resonator is added. To get the final result as seen in Fig. 10, 
the spacing between the D-CRLH and OLR resonators G is 
carefully tuned. This parameter determines the fractional 
bandwidth of the second resonator frequency and upper 
stopband rejection, while the length and shape of the OLR 
resonator have a minor effect. The length of the OLR reso-
nator only affects the center frequency of the second pass 
band.  
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Designs Center frequency  
f1 / f2 (GHz) 

Ratio frequency 
rf 

FBW 
(%) 

Return losses 
RLa/ RLb (dB) 

Insertion loses 
ILa/ ILb (dB) 

Size 
(λg × λg) 

Ref. [3] 2.6 / 3.7 1.42 4 / 2.7 13 / 12 1.2 / 2 0.3 × 0.25 

Ref. [5] 2.4 / 5.7 2.38 6 / 7 15 / 12 0.5 / 2.2 0.27 × 0.30 

Ref. [9] 3.65 / 2.55 1.54 12.5 / 10.8 21 / 28 0.4 / 1.7 0.25 × 0.3 

Ref. [10] 2.6 / 5 1.92 31 / 15 18 / 15 0.8 / 1.7 0.59 × 0.89 

Ref. [14] 2.4 / 5.2 2.17 9.2 / 9.5 18 / 15 1.4 / 2.7 0.18 × 0.18 

Ref. [15] 2.55 / 3.65 1.43 6.7 / 5.2 21 / 12 1.22 / 2.13 0.29 × 0.41 

Ref. [20] 2.48 / 1.21 2.04 26 / 10 20 / 25 0.6 / 0.43 0.05 × 0.094 

Ref. [24] 2.5 / 3.8 1.52 8 / 9 23 / 25 1 / 2 0.25 × 0.37 

Filter I 2.6 / 3.5 1.35 11 / 3.2 18 / 20 1.1 / 1.2 0.058 × 0.077 

Filter II 2.6 / 3.5 1.35 12 / 3.1 16 / 18 0.9 / 1.4 0.068 × 0.068 

Tab. 2. Comparison between the proposed filters and filters in references. 

4. Conclusion 
In this work, a very compact and small-size D-BPF 

with a simple design procedure is presented for 4G and 5G 
applications. The circuit configuration is composed of  
D-CRLH and OLR resonators. The first band for the  
n41-5G band is performed by D-CRLH resonators while 
the second for the n78-5G band is created by adding OLR 
resonators.  

The measured results of the two samples show a good 
agreement with simulations. The center frequency bands 
are 2.6 and 3.5 GHz with minimum insertion loss, and 
return loss of 1.1 to 1.4 dB (S21) and 20 dB (S11), respec-
tively. The bandwidths of the first and second bands are 
280 and 110 MHz, respectively. The 3-dB fractional 
bandwidth of the second band is smaller compared to the 
first band. However, this is not our concern in this work. 
The very compact size is 7 × 9 × 0.787 mm3 and 
8 × 8 × 0.787 mm3 for two versions. The use of only one 
OLR resonator in the circuit is considered a smart way to 
save space and reduce the overall size. The first band of  
D-BPF needs to have a very small size. Then, one OLR 
resonator bent around the first band area would be a good 
idea to achieve a compact size D-BPF. The proposed  
D-BPF is attractive for further development and study for 
applications in wireless communication systems. 
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