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Abstract—This contribution proposes a novel double ground 

plane coaxial resonator that allows to utilize two independent 
coaxial cavity modes in reduced physical volume. This 
configuration of compact high performance filters is an enabler 
for multi-band transmitter architectures using modern Radio 
Frequency data convertors (RFDAC). The benefit of the 
proposed approach is the ease of design and the design flexibility. 
The filters proposed, provide the ability to control the frequency, 
the bandwidth and the introduction of transmission zeroes (TZs) 
separately for each band. A number of designs are presented to 
demonstrate the operation principle and the performance 
characteristics of the proposed filters. A 2x4 pole filter has been 
manufactured and tested with very good obtained results. 

   
Index Terms— base transceiver station, BTS, coaxial, dual-

band, filters, fifth generation (5G), long-term evolution (LTE), 
mass-production, resonators .  
 

I. INTRODUCTION 
O PROVIDE extreme better-than-ever wireless network user 
experience, modern wireless communications systems, 

e.g., the forthcoming fifth generation (5G) wireless systems 
are heading for larger network capacity with higher data-rate 
wireless access. However, frequency spectrum, as the only 
medium of information carrier for wireless communications, is 
getting more-than-ever crowded, especially below 6 GHz. It is 
very difficult for any wireless network operator to occupy a 
large continuous frequency spectrum, leading to frequency 
fragment situation in general. Two very popular and effective 
approaches have been explored both in academia and industry 
for better utilization of frequency spectrum including 1) large 
scale antenna systems [1], which replace the conventional 
simple antenna array (smaller than  16 radiating elements) by 
a bigger active antenna array (greater than 60 radiating 
elements) to significantly increase the spectrum utilization 
efficiency by spatial multiplexing at cost of extra digital horse-
power [2] and 2) carrier aggregation, which directly utilizes 
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multiple frequency bands simultaneously to create a 
virtualized wideband channel serving end users with higher 
data rates at cost of affordable engineering efforts. From end-
user point of view, wider-band carrier aggregation 
transmission will proportionally and directly increase the data 
rates leading to better user experience. 

Due to the physical limitation (such as sampling rate of the 
data convertors (DACs)), the conventional carrier aggregation 
schemes transmit multi-band signals via multiple RF chains at 
the basestation side and combine the multi-band signals at the 
user receiver side. The emerging RF-class data convertors, 
e.g., RFDAC and RFADC (at a couple of Giga Symbols per 
Second -GSPS) enables a very compact single-chain multi-
band radio transmitter solution. Fig. 1 illustrates both 
conventional multi-chain multi-band radio and compact 
single-chain multi-band radio. By utilizing RFDAC, wideband 
/ multi-band power amplifiers (MBPA), two-port multi-band 
filters and wideband antennas, this new radio architecture 
significantly reduces the number of both active and passive 
analog components, making it a very attractive compact multi-
band radio solution for base-stations with inherent almost-
perfect synchronization between multiple frequency bands in a 
dense deployment scenario. 

 

 
Fig. 1. Simplified diagrams of multi-band radio transmitters at wireless base-
stations (using two bands as an example). 

 
Besides the challenges of multi-band RF signal 

conditioning algorithms, like digital predistortion (DPD) and 
crest factor reduction (CFR) for wideband/multi-band PA 
realized in the digital frontend (DFE), a new architecture and 
implementation of two-port multi-band cavity filters is 
essential as indicated in the Fig. 1 for creating this compact 
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single-chain multi-band radio transmitter. Dual-band filters [3] 
- [34] represent an attractive solution to reduce the overall 
number of passive elements and cost for multiband high 
performance radio remote heads (RRHs). There are various 
techniques and approaches in the design, synthesis and 
implementation of dual-band filters [3]-[12]. Dual-band filters 
have been implemented in many different technologies, such 
as, planar [13]-[19], waveguide [20]-[22], combline [23]-[27], 
helical [28], dielectric resonator [29]-[31], substrate integrated 
waveguide [32] and low-temperature cofired ceramic (LTCC) 
technology [33], just to name a few. A signal interference 
approach in multi-band is investigated in [34].  

Among the various implementations, combline technology 
represents an attractive solution for BTS applications [35]- 
[39] as it provides advantageous tradeoff in terms of insertion 
loss (quality factor), power handling and volume. The coaxial 
cavity resonator technology offers mass-production, low-cost 
with high technological maturity. Additionally, it offers a wide 
tuning range and wide spurious-free stopband. Recently a 
solution involving triple-conductor combline resonators has 
been proposed and its application in dual-band filters for BTS 
has been demonstrated [25]. It provides significant size 
reduction at the expense of reduced flexibility. 

This contribution demonstrates a novel configuration for a 
dual-band coaxial resonator where two cavities are interlaced 
with the use of an intermediate wall. It allows for independent 
design of the two modes and provides the building block for 
dual-band filters for BTS. By means of design examples, we 
demonstrate the ease of design of filters with these resonators. 
This contribution is structured as following: Section II 
describes the physical configuration and the operation 
principle of the proposed resonator, Section III, describes the 
utilization of the dual-band resonator to demonstrate the 
technique to excite the resonators and to couple them. It shows 
additionally a number of the filter designs. In Section IV 
experimental results are presented and compared with 
simulated, while Section V concludes the paper.  

II. DOUBLE-GROUND PLANE RESONATOR 
Fig. 2 depicts a sketch of the proposed double coaxial 

resonator. With view of Fig. 2, the proposed resonator consists 
of a housing enclosure and an intermediate horizontal wall. 
This horizontal wall divides the housing enclosure into two 
electrically isolated cavities which are utilized to create two 
coaxial resonators. In the cavity at the lower end of the 
housing, a post is introduced. The intermediate horizontal wall 
serves as the open end of the lower cavity and also as the post 
for the upper cavity. Thus, the intermediate wall is 
simultaneously the top lid for the lower cavity and the ground 
plane and post for the upper cavity. For the lower cavity, the 
intermediate horizontal wall is the capacitive loading of the 
resonator post whereas for the upper cavity the wall represents 
the post. 

The operation principle of the resonator is demonstrated in 
Fig. 3 where the field distribution of the two modes supported 
by the structure are given. The field distributions indicate the 
complete electrical isolation between the two modes. Figure 

3a and 3b show the magnitude of the electric field distribution 
of mode 1 and mode 2 respectively, on a two-dimensional 
surface at a cross section in the middle of the cavity. 
Accordingly, Fig. 3c and 3d show the magnitude of the 
magnetic field distribution of mode 1 and mode 2, 
respectively.  

For mode 1 resonator, the current configuration allows for 
increased volume to store magnetic energy at resonance. The 
mode 1 resonator can be considered as a capacitively loaded 
combline resonator or equivalently a stepped impedance 
resonator. Furthermore, it allows the mode 1 resonant mode to 
couple magnetically to neighboring mode 1 resonators The 
opening at the bottom for the two mode 1 resonators can 
provide adequate coupling between them. Comparing the Q-
facotr between the conventional resonator and the proposed 
resonator (the proposed resonator operating at -14.49 % 
frequency drop) the volume reduction is 48.55 %. The Q/Vol 
of the conventional resonator is decreased by 18.03 %. 
Comparing the proposed resonator with the conventional 
resonator (at the same frequency) there is around 58 % less 
volume, and the Q/Volume of the conventional resonator is 
less by 35.39 %. The Q/Volume improvement is due to the 
capacitive loading of the proposed resonator.  

 

     
 
Fig. 2. Computer aided design (CAD) model (Ansys High Frequency 
Structure Simulator HFSS) of a double-ground plane resonator. The dual-band 
resonator is operating at mode 1 frequency of 2600 MHz and mode 2 
frequency of 3500 MHz. The cylinders at the top of the upper cavity and at the 
top of the lower resonator post represent tuning screws. The dimensions are 
given in Table 1.   
 

h1 

TABLE I 
RESONATOR AND FILTER DIMENSIONS 

Symbol Quantity mm 

w cavity width  30  
h cavity height  20.98 

h1 inner cavity height, m1 8 
h2 inner cavity height, m2 11.98 
lp2 post length, m1 15.02 
lp2 post length, m2 9.5 
d1 post diameter, m1 7 
d2 post diameter, m2 13 
wt inner wall thickness 1 

 

d2 

w 
w 

h 

h2 

lp1 

lp1 

d1 
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a) mode  1 – Electric Field                 b) mode 2 – Electric Field  

 
c) mode  1 – Magnetic Field                 d) mode 2 – Magnetic Field  

Fig. 3. Operation principle of the dual-band resonator. Electric field at 
resonant frequency of a) mode 1 and b) mode 2. Magnetic field at resonant 
frequency for c) mode 1 and d) mode 2. Mode 1 resonant frequency is 2600 
MHz and mode 2 resonant frequency is 3500 MHz. Intense color represents 
the higher intensity and less intense color represents lower intensity. 
 

The mode 2 resonator differs from the conventional coaxial 
resonator only in the ratio of the diameter of the post to the 
diameter of the external cavity. In the proposed resonator the 
diameter of the post is larger than the conventional resonator 
diameter. The resonator post is also hollow that allows extra 
volume for the mode 1 resonator. The fact that the mode 2 
conductor can have a large diameter, the area between the top 
lid and the mode 2 post allows for a large volume to store 
electric energy resembling hat resonators which in turn, with 
regards to the Q-factor, compensates for the non-optimum 
diameter and allows for efficient resonators. A study is 
performed (not included for brevity) that calculates the Q-
factor and resonant frequency of the proposed upper cavity 
resonator as a function of the resonator post diameter. The two 
extremes of the study show two cases that represent the 
traditional post diameter to cavity diameter ratio (0.3) and one 
example resonator with wider ratio (0.46). With 15.4 % less 
physical volume, at a 6.47 % lower frequency, the proposed 
resonator with a ratio of 0.46 demonstrates a Q/Vol increase 
by around 5 %. Assuming that the frequency is then matched 
then this means that the benefit will increase. 

The design of the proposed resonator is similar to the design 
of the conventional coaxial cavity resonator. In particular, the 
optimization of the performance of the resonators is dependent 
of the frequency ratio between the two modes.  

In relation to selecting the dimensions of the cavities, as in 
the conventional case this is performed in light of the Q-factor 
requirements. In particular, the resonator with the higher Q-
factor requirement will determine the footprint of the dual-
band resonator. The bottom resonator is preferable operating 
at a lower frequency. Due to the lower frequency of operation, 
it requires more physical volume for the same performance. 
Once the footprint for the top or bottom resonator is 
determined, then the remaining parameters follow. The 
diameter of the post of the bottom resonator is determined 
with the same guidelines, and then the diameter of the top 
resonator hollow post needs to be adjusted to accommodate 

for the post of the bottom resonator. The electrical length of 
the resonator is similar to the electrical length of the 
conventional resonator that is capacitively loaded. The 
frequency can be tuned by adjusting the gap between the open 
end of the resonator and the lid. The respective lengths of the 
two posts are finally determined to fix the two frequency 
bands. The fine tuning of the resonator parameters requires 
further full-wave optimization. The above procedure provides 
first dimensions for the resonators.  

The synthesis process also needs to be adjusted to the 
proposed structure. Firstly, we note that given that the 
responses associated with the top and bottom resonators are 
virtually independent, the synthesis of the two bands in terms 
of the coupling matrix can take place independently. The 
standard procedure can then be applied for each band; for I/O 
coupling, we have proposed to use taping for the lower 
resonator and inductive coupling for the top resonator. The 
group delay technique can again be used in order to achieve 
the required external Q-factor. The coupling coefficient 
between the resonators is controlled by the inductive irises. A 
main factor to take into account is the frequency ratio of the 
two bands (f2/f1). This configuration provides the ability to 
independently control the two bands, in terms of center 
frequency, bandwidth and the introduction of TZs separately 
for each band. A  benefit of this configuration is the high 
levels of isolation between the two frequency bands with a 
minimum sacrifice in the overall Q-factor. It is noted that 
since the lower and upper cavities are electrically isolated, the 
tuning of the two resonances, can now be almost independent 
as compared to prior art. In this case, the post fabrication 
tuning efforts can significantly reduce the overall design 
complexity. This allows to reduce the design complexity of 
radio band (RB) filters for real-life BTS filters.  In summary, 
this technology offers ease of design and high flexibility with 
high performance.  

A benefit of the proposed solution comes from improving 
the physical configuration to allow transmission zeros, which 
are of pertinent importance in efficient base station (BS) 
filters. Furthermore, the implementation of the transmission 
zeros is feasible in the conventional way (by cross-couplings), 
and can be implemented for TZs both in the upper and lower 
stopbands of the two passbands of the filter. This gives 
increased flexibility of the proposed solution. 

III. COUPLING AND FILTER DESIGN 

A. External Coupling 
 

pd1 



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 

 

4 

 
a)                                                           b) 

Fig. 4. CAD model (Ansys HFSS) of a double-ground plane resonator with 
the excitation method employed. The dimensions of the resonator are that of 
Fig. 2.  
 

The excitation methods of a standard combline resonator and 
of conventional diplexers can also be readily applied to this 
resonator. One common method involves the inner conductor 
of a coaxial line (SubMiniature version A-SMA connector) 
being tapped into the resonator post; adjusting the height of 
the tapping establishes a suitable impedance for the excitation. 
An alternate excitation method isis also considered 
[40]Themethod includes a metallic post protruding the cavity 
from the bottom wall extending to the top wall where it is 
grounded. The inner conductor of a coaxial line (SMA 
connector) is tapped into the bottom end of the metallic post. 
The excitation methods are combined and are employed for 
the excitation of the resonators and the filters. Fig. 4 shows a 
CAD model of the dual-band resonator. Suitable excitation for 
mode 1 is established by adjusting the height of the tapping 
pin to the mode 1 post. Likewise, suitable excitation for mode 
2, is established by adjusting the location and distance of the 
metallic post to the center conductor of the resonator. A wide 
range of external coupling bandwidths can be achieved by this 
excitation technique similar to the excitation techniques of 
single-band resonators. Fig. 5a show the calculated S-
parameters at the excitation port of the dual-band resonator of 
Fig. 4. It clearly shows the two dips in the S11 demonstrating 
the two resonant frequencies of the structure. Accordingly, fig. 
5b shows the group delay at the excitation port.  
 

 
a) 

 
b) 

Fig. 5.  S-parameters a) and group delay b) of a dual-band resonator of Fig. 4. 
Dims (mm): pd1=2.9, pd2=4.6, pl1=9, pl2=9.98, tl=3.6 tw=11. 

 

B. Inter-resonator Coupling 
The inter-stage coupling between adjacent resonators 

follows the same principles as conventional coaxial combline 
resonators. Common slots across the entire length of the 
resonator are employed for both the first and the second 
modes (lower and upper cavities). For the first mode, the 
coupling is predominantly inductive and there is very little 
capacitive contribution at the open end of the coupled 
resonators as opposed to the conventional case. This is due to 
the concentration of the electric field in the inner part of the 
intermediate wall. For the second mode, the coupling is again 
predominantly magnetic but in this case the coupling has the 
capacitive contribution more pronounced compared to the first 
mode, as in the conventional case. By utilizing an iris along 
the width of the cavity (see Fig. 7), the two couplings, 
magnetic and electric, coexist and cancel each other since they 
are opposite in phase. The coupling of non-adjacent resonators 
can be both of inductive (through a slot at any side of the 
cavity, bottom or top) and capacitive (through the commonly 
used technique of a capacitive probe). In the conventional 
coaxial resonator coupling with an inductive iris with an 
opening at the bottom end of the resonators where the posts 
are grounded, the inductive coupling reaches a maximum 
value once the opening is approximately forty percent of the 
total height of the resonator cavity [37],. Thus, in the proposed 
lower cavity resonator, allowing some height before the 
capacitive wall enclosure, one can allow to achieve even the 
maximum of coupling. To demonstrate the coupling between 
two dual-band resonators, Fig. 6 shows the calculated 
coupling coefficients for both modes as a function of the width 
of the intermediate iris opening. The coupling coefficient of 
mode 1 is represented by the solid black curve and it shows an 
increase from a small value to a quite high value as the iris is 
as wide as almost the entire width of the cavity. Similar results 
are shown for the case of mode 2 where the coupling is 
increased as the width of the iris opening is increased. The 
capacitive contribution is introduced at all the iris’ widths. The 
capacitive contribution would also depend on the capacitive 
loading at the open end of the resonator. The coupling is quite 
strong and this is attributed to the greater diameter of the 
upper resonator posts.  
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The final configuration of the filter is defined by full-wave 
optimization. The tuning screws employed for post-fabrication 
tuning of the coupling can be employed as usual. 

 

C. Frequency Ratio 
A dual-band filter requires two separate passbands while 

providing rejection in a guard band in between the two 
passbands. The upper limit of the frequency ratio is restricted 
by the spurious harmonic resonances of the lower resonators 
(see Fig. 14). The lower limit is effectively restricted at the 
point where the guard band is significantly reduced in 
comparison with the passbands. In this respect, this lower limit 
of this ratio is dependent not only on the centre operating 
frequencies of the filters but also on the bandwidth associated 
with each band as well as the skirt selectivity. The number of 
poles on each band of the dual-band filters determines the 
intra-band rejection levels of the filters. In practice, the dual-
band filters are required to fulfil two distinct frequency bands 
of 4G and 5G cellular systems. The dual-band filter here is 
focused on two frequency bands. The lower frequency band is 
long-term evolution (LTE) frequency division duplexing 
(FDD) downlink (DL) band 7 (LTE FDD Band 7 DL: 2620-
2690 MHz) and the higher frequency band is LTE FDD DL 
band 22 (LTE FDD Band 22 DL: 3510-3590 MHz). The 
physical dimensions in the manuscript are not adopted on a 
strict performance criteria, but as a study unit with some 
mechanical dimensions required to ease the design and the 
fabrication and handling of the prototypes. Thus, they 
represent not fully optimized resonators. 

D. 2x2 Pole Filter Design 
This section shows the design of filters based on the 

proposed dual-band resonators and presents design examples. 
The design of the filters follows the conventional design of the 
coaxial filters, starting with the design of the individual 
resonator. The design of the individual filters follows the 
conventional design. Fig. 7 shows the CAD model of 2x2 pole 
filter. The excitation of the previous section is employed at the 
input and output resonators. The coupling irises are employed 
to couple the mode 1 and mode 2 resonators. Tuning screws 
are required to fine-tune the frequency of the two modes. Fig. 
9 (solid line) shows the obtained S-parameters of the 2x2 pole 
filter of Fig. 7. The rejection levels at the lower and upper 
stopbands of the filters are relevant to the order of the filter.  

E. 2x4 Pole Filter Design 
Fig. 8 shows a CAD model of a 2x4 pole filter. Each band 

has 4 poles that are arranged in a folded configuration. Fig. 9 
shows the obtained results of the filter (dashed lines). The two 
bands are the same as the previous example. Fig. 9, shows the 
comparison of the simulated results of the 2x2 pole filter vs. 
the 2x4 pole filter and demonstrates the rejection levels 
improvement with the number of poles of each filter. It is 
demonstrated that the isolation levels between the two bands is 
almost -80 dB and can be improved with the order of the 
filters as shown in this example.    

 

 
Fig. 6. Calculated coupling coefficient for the two modes as a function of the 
iris length for mode 1 and mode 2.  
 
 

 

 
 

Fig. 7. CAD model of the 2x2 pole filter. The figure shows half of the filter. 
The green elements represent the tuning elements.  
 

 
Fig. 8. CAD model of a 2x4 pole filter. Each band has 4 poles that are 
arranged in a folded configuration.  
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Fig. 9. Simulated 2x2 pole (solid lines) and 2x4 pole (dashed lines) filters 
superimposed for comparison.  

IV. EXPERIMENTAL RESULTS 
The 2x4 pole design of the previous example has been 

fabricated and tested. Fig. 10 shows the fabricated prototype. 
The prototype was fabricated in Aluminum. It consists of 3 
pieces, the top lid, the intermediate wall and the bottom cover. 
Fig. 10b shows the top surface of the intermediate wall. This 
piece has been made out of one single block of material that 
has been machined both sides. The thickness of the wall is 1 
mm. The bottom piece is also shown in Fig. 10c. The internal 
dimensions of the filter are: 60x60x21 mm3. Fig. 11a shows 
the measured response of the 2x4 dual-band filter. The 
simulated response is superimposed for comparison. The 
measured results compare very well with the simulations. 
There is a slight frequency shift in both of the bands. In the 
low frequency band the measured frequency shift is around 13 
MHz lower whereas in the high frequency band the measured 
shift is  around 16 MHz representing a shift of smaller than 0.5 
% in both cases. The minor discrepancies are attributed to 
mechanical inaccuracies and small deviations of the simulated 
model to the fabricated filter. There is a minor discrepancy in 
the out-of-band performance of the dual-band filter. In 
particular, the out-of-band rejection levels in the intermediate 
frequency band are approximately 73 dB whereas the 
simulated value is around 77 dB. This is attributed to the 
frequency shift in both bands. This frequency shift affects the 
out-of-band performance of the dual-band filter in between the 
two bands. These discrepancies are attributed to the excitation 
inaccuracies. 

 

 
a) 

 
b)                                                               c) 

Fig. 10. Photographs of the fabricated prototype 2x4 pole filter. The 
photographs, show the assembled filter, the intermediate piece and the bottom 
cover. The filter has been machined in Aluminum and then silver-plated.  

 

 
a) 

Fig. 11. Measured (solid line) 2x4 pole filter response, simulated results 
(dashed line) superimposed for comparison.  
 

 
          a)                                                            b) 

Fig. 12. In-band measured (solid line) 2x4 pole filter response, simulated 
results (dashed line) superimposed for comparison, a) lower frequency band, 
b) higher frequency band.  
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          a)                                                            b) 

Fig. 13. In-band measured (solid line) 2x4 pole filter response – insertion loss, 
simulated results (dashed line) superimposed for comparison, a) lower 
frequency band, b) higher frequency band. 
 

 
Fig. 14. Measured wideband response of the 2x4 pole filter.  
 

Fig. 12a and Fig. 12b, show the in-band performance of the 
two frequency bands of the filter. It is demonstrated that in 
both frequency bands, the filter is well-matched at both bands, 
the filter return loss levels are below -20 dB for the lower 
frequency band and smaller than -17.5 dB for the higher 
frequency band. Fig. 13a and Fig. 13b show the in-band 
insertion loss of the filter at the two frequency bands. The 
simulated insertion loss of the low frequency band is ~0.28 dB 
whereas the measured insertion loss is ~0.34 dB. The 
simulated insertion loss of the high frequency band is ~0.28 
dB whereas the measured insertion loss is ~0.39 dB. The 
results in terms of the insertion loss are in excellent 
agreement. The minor discrepancy is attributed to the surface 
roughness. Fig. 14 shows the broadband response of the filter 
and demonstrates the first harmonic output of the filter. The 
first harmonic appears at around 9 GHz in line with 
simulations and represents the harmonic output of the mode 1 
filter. The harmonic output is approximately 3.2 times the 
resonant frequency of the first mode.  

V. CONCLUSION 
A simple and efficient technique to implement dual-band 

filters in coaxial cavity technology is demonstrated. The easy 
of design and implementation along with the compactness of 
the proposed solution are the main benefits. A 2x4 pole filter 
has been designed, manufactured and tested with very good 
obtained results.  
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