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Abstract: This paper presents a compact bandpass filter with stopband and high attenuation by using multilayer 
folded broadside-coupled quarter-wavelength stripline resonators in a low-temperature co-fired ceramic (LTCC) 
substrate. The proposed bandpass filter centered at 1.1 GHz with a fractional bandwith of 4.5 % shows the first 
spurious frequency at 3.8 times the center frequency. In comparison to the conventional half-wavelength  
hairpin bandpass filter with the same passband performance, the proposed bandpass filter shows not only a 50 % 
size reduction but also a wider stopband from 1.3 GHz -3.8 GHz with a high rejection level up to 60 dB.  
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

With the rapid growth of satellite and mobile 
communications, excellent performance, small size, 
low cost and high reliability electronic products have 
attracted people’s attention. Passive device is an 
important part of RF modules, and that in all 
components account for a considerable amount, 
which occupies a large area in the system. Using 
planar integration technology can not effectively 
reduce the size. Advanced low temperature co-fired 
ceramic technology using three-dimensional 
multilayer integration technology, makes it possible 
to realize passive devices small size, high 
performance and low cost 0.  

Microwave filters are essential circuit-block in 
communication system. LTCC filter can satisfy the 

characteristic of miniaturization and high 
performance very well. To meet this demand, there 
has been much research conducted on multilayer 
filters with various configurations, such as embedded 
multilayer LTCC interdigital bandpass filter 0, 
embedded stepped-impedance hairpin resonators 0 
coupling by two slots in a common ground plane and 
multilayered interdigital-hairpin filters 0. These 
technologies make filters more compact and improve 
the suppression.  

As a widely used type of microwave filter, the 
hairpin bandpass filter is known for its features such 
as easy to design, light weight and compact structure, 
so there are many researches to alleviate the spurious 
performance. By introducing square grooves 0, right-
angle triangle grooves0 at the middle of parallel-
coupled line sections and defected microstrip 

http://www.sensorsportal.com/HTML/DIGEST/P_2515.htm

http://www.sensorsportal.com


Sensors & Transducers, Vol. 182, Issue 11, November 2014, pp. 146-149 

 147

structure 0 can be to suppress the spurious harmonics 
in microstrip hairpin filters, while  
the desired passband response is maintained  
almost unchanged. 

In this paper, a new design of a parallel-coupled 
hairpin bandpass filter using stripline multilayer 
folded broadside- coupled quarter-wavelength 
resonators is proposed. Firstly, we divide a resonator 
fabricated in a single layer structure into six sub-
resonators located in different layers that vertically 
parallel. Multilayer parallel-line hairpin resonators 
are proved to operate as stepped impedance 
resonators and reduce the size of resonators. These 
techniques can suppress the spurious response at the 
first-harmonic frequency. The first harmonics 
suppression level is up to 60 dB. This enhanced 
performance of the proposed filter has been verified 
by full-wave analysis and experimental results, and a 
good agreement between these results is obtained. In 
Section 2, we describe the structure of the proposed 
filter. In Section 3, an L-band filter centered at 
1.1 GHz with a fractional bandwith of 4.5 % shows 
the first spurious frequency at 3.8 times the center 
frequency. In comparison to the conventional half-
wavelength hairpin bandpass filter with the same 
passband performance, the proposed bandpass filter 
shows not only a 50 % size reduction but also a wider 
stopband from 1.3 GHz -3.8 GHz with a high 
rejection level up to 60 dB. Finally, some conclusions 
are drawn in Section 4. 
 
 
2. Anlysis of the Filter Structure 
 

Fig. 1 is the layout of a three-order multilayered 
hairpin BPF with tapped-line input and output. The 
filter consists of sixteen layers of dielectric substrates 
and five metal printing layers. The shielding boxes of 
the filter are treated as a perfect ground. There are 
four-layer dielectric substrates between the top metal 
or the bottom metal to the ground floor, the other 
layer is 2-layer dielectric substrate. The key point for 
the miniaturization of new filters is to use the 
multilayer to allocate the resonators that stack 
sections vertically instead of horizontally on a single 
plane. Each resonator of filter is composed of 6 sub-
resonators that are vertically parallel and horizontally 
parallel on a same layer. Then strong coupling 
between sub-resonators on different dielectric layers 
can reduce the length of the resonator. Sub-resonators 
is folded into a U- shape, both end of the resonators 
is open.  

The equivalent circuit of multilayer parallel-
coupled BPF of Fig. 1 can be transformed to a 
simplified equivalent circuit, as shown in Fig. 2. 
The coupling elements, Y12 ’ can be calculated by 
even and odd-mode analysis 0. Therefore, each 
resonator of the equivalent circuit is composed of 
the stepped impedance resonator (SIR), which 
reduces the size of resonator less than uniform 
impedance resonator 0. Consequently, we can 
design the multilayer parallel-coupled line filter by 

the conventional bandpass filter design theory 
using immittance inverters and resonators. 
 
 

 
 

Fig. 1. Three-order multilayered hairpin BPF. 
 
 

 
 

Fig. 2. Simplified equivalent circuit of three-order 
multilayer parallel-coupled BPF. 

 
 

3. Filter Design and Measurements 
 

For the demonstration, an L-band filter is 
designed at the center frequency of 1.1 GHz with a 
fractional bandwith of 4.5 %, rectangle coefficient 
is 3, stopband rejection is 35 dBc. With the 
traditional filter design methods, it always takes a 
long time to accomplish the filter design. Filter 
design with Electromagnetic Field (EM) simulator is 
relatively straightforward. The design procedures are 
the same as those for conventional parallel-coupled 
BPFs in 0. Parameters such as external quality factor 
Qei, Qeo and coupling coefficients Kij can be 
calculated as follows: 
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where ig ’s are the element values of Chebyshev 

lowpass prototype filter, FBW is the fractional 
bandwith, and n is the order of the filter. Here we 
take n=7 . For the design and fabrication 
convenience, the filter is designed to be symmetric. 
The coupling coefficient is used to determine the line 
gap between two parallel-coupled lines. Using the 
full-wave electromagnetic (EM) simulator IE3D 0, 
the coupling coefficient is calculated as  
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where af  and bf  are the low and high resonant 

frequencies of the transmission responses. Taping 
positions from the center of the resonator to the 
input/output port can be used to determine external 
quality factors. The proposed filter was embedded in 
an LTCC substrate (Ferro A6M tape). The typical 
relative dielectric constant of each sheet is 5.9 with a 
loss tangent 0.002 and measured thickness of each 
layer is 0.094 mm. The final dimensions are shown in 
Fig. 3. There are sixteen dielectric structures, five 
silver footprints are arranged on the fourth, sixth, 
eighth, tenth and the twelfth layer. The overall size of 
the filter is 25 mm×13.3 mm. We know that the 
conventional hairpin filter is using folded half-
wavelength resonators. But the lateral size of the 
proposed resonator in this paper is about 25 mm, 
which is less than a quarter of the waveguide length. 
The multilayer stripline resonator length of the 
proposed filter is about half of the conventional 
single hairpin filter, thus using multilayer resonator 
structure can greatly reduce the size of the filter. We 
can conclude that the proposed design allows a size 
reduction of 50 %, as compared to the conventional 
microstrip hairpin resonator filters implemented on a 
single layer at the same band.  

Fig. 4 show simulated and measured frequency 
response of the multilayer stripline hairpin band-pass 
filter with LTCC substrate. It can be seen from the 
graphs, simulated results and measured results are in 
good agreement with the exception that the measured 
center frequency and the first spurious frequency 
slightly toward lower frequencies and return loss 
deteriorate. The measured pass-band insertion loss is 
about 6 dB and the passband return loss is about 
14 dB, this may be caused by the fabrication 
deviations of the filter and the dielectric, conductor 
losses. The out-of-band rejection in the low 
frequency is better than 70 dB. The filter has the 
center frequency at 1.07 GHz downward 40 MHZ 
and the first spurious response at about 4.15 GHz. Its 
first spurious response is about 10 dB. The proposed 
filter has wide upper stopband from 1.3 GHz  
-3.8 GHz  with a high rejection level up to 60 dB 
and has the first spurious frequency at 3.8 times the 
center frequency. The first spurious of the filter is 
lower than the traditional hairpin filter. 
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Fig. 3. Configuration and dimensions of the proposed BPF. 
 
 

 
 

Fig. 4. Simulated and measured frequency responses. 
 
 

4. Conclusion 
 

In this paper, a novel compact embedded and 
multilayered BPF is proposed by using folded 
quarter-wavelength stripline resonators, and a seven-
resonator filter of this type is developed. The size of 
the proposed filter is reduced to about 50 % that of 
the conventional microstrip hairpin at the same band. 
The proposed filter has successfully suppressed the 
spurious passband at 2 f0 and has a wider stopband 
and high attenuation. The simulated and experimental 
performances of the filter have been presented, and 
have good agreement between the experimental and 
numerical results. 
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