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Abstract. A miniaturized planar diplexer utilizing the 
novel spiral-based resonators is proposed. The given cell 
which is initially proposed in this article is composed of 
two separated rectangular spirals which are asymmetrical 
to each other and thus, it is called as ‘asymmetrical sepa-
rated spirals resonator’ (ASSR). ASSR has more superior 
transmission property than the previous prototype and 
extremely compact dimension is also achieved. It is demon-
strated that ASSR can exhibit bandpass performance with 
high frequency selectivity and good transmission property 
within the relatively low frequency band. Based on the 
given characteristic, one planar diplexer composed of T-
junction and two ASSRs is synthesized and the fabricated 
prototype with compact dimension is achieved, thanks to 
ASSRs explored. Simultaneously, the transversal dimension 
of each channel is extremely compact because ASSRs are 
completely embedded in the feed lines. Both the simulated 
and measured results indicate that satisfactory impedance 
matching and high isolation between two channels are 
achieved. Furthermore, the proposed diplexer is uniplanar 
and no defected ground structure is introduced. 
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1. Introduction 
The planar diplexers which are the key components in 

the RF terminals are widely utilized because of their light-
weight, low cost and easy fabrication. Simultaneously, it is 
convenient for the planar diplexers to integrate with other 
printed components. Thus, various methods have been 
extensively studied to design the planar diplexers with 
superior performance. In [1], one planar diplexer based on 
the double-loop-coupled-resonator filter was proposed for 
the 3G communication systems. The given double-loop-
coupled-resonator is composed of two uniplanar double 
spiral resonant cells which were proposed formally in the 
latter literature. The mixed coupling phenomenon within 
the given resonator is utilized to generate the transmission 
zeros with the aim of enhancing the channel isolation and 

band rejection. Whereas, the transversal dimension of the 
given resonator is much larger than the one of the feed line 
which will lead to the difficulty in optimizing the layout 
when the planar diplexer is applied to the integrated cir-
cuits. For the planar diplexer proposed in [2], the square 
ring stepped impedance resonator is utilized to get the 
bandpass filter with compact dimension and satisfactory 
bandpass performance. The given prototype also operates 
through the electromagnetic coupling and the problem of 
large transversal dimension is maintained. In [3], the band-
pass filters of the planar diplexer are designed through 
cascading two sections. One is the composite right\left-
handed section composed of complementary split rings 
resonator (CSRR) and series gap on the conducting strip 
while the other is the combination of CSRRs and shunt-
connected inductive strips. The defected ground structures 
introduced in the given diplexer may lead to the back 
radiation problem. Simultaneously, two different sections 
will surely increase the design procedures and adjustment 
difficulty. On the other hand, the shunt-connected strips 
also cause the problem of large transversal dimension. 
Recently, one planar diplexer based on the combination of 
the substrate integrated waveguide (SIW) and CSRRs 
etched on the waveguide surface is proposed [4]. Rather 
good performance has been achieved, but the disadvantage 
of the large transversal dimension still exists, because the 
transversal dimension of SIW is still larger than the one of 
the feed line. 

In this article, one novel spiral-based resonator is ini-
tially proposed and applied to the planar diplexer. The 
spiral-based resonator derives from the uniplanar double 
spiral resonant cell (UDSRC) and the transmission line 
based on UDSRCs in [5], [6]. In [7], one metamaterial cell 
was presented to solve the limitation to achieve the com-
pact dimension for the previous UDSRC-based transmis-
sion line. The given cell is composed of two separated 
rectangular spirals which are symmetrical to each other and 
here it is called as ‘symmetrical separated spirals resonator’ 
(SSSR) for convenience. The cell proposed in this article is 
the improved vision of SSSR. It is composed of two sepa-
rated rectangular spirals which are asymmetrical to each 
other while it is called as ‘asymmetrical separated spirals 
resonator’ (ASSR) for comparison. It is demonstrated that 
ASSR exhibits more superior transmission property than 
SSSR. Through parametric analysis, simple design rules 
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about the geometrical parameters of ASSR are achieved. 
Then, one planar diplexer utilizing ASSRs is designed and 
fabricated. The fabricated prototype with the compact di-
mension of 0.17λ0.04λis achieved (λ is free-space wave-
length at the center frequency of the lower passband). The 
width of the transversal section of each channel is 0.02λ 
because ASSRs are completely embedded in the feed lines. 
The proposed diplexer is uniplanar, so that there is no back 
radiation problem which is common for the defected 
ground structures. 

2. Design of ASSR 

2.1 Improvement of Spiral-Based Resonators 

The spiral-based metamaterial cell, uniplanar double 
spiral resonant cell (UDSRC) was initially investigated in 
[5], [6]. This cell is produced by connecting two rectangu-
lar spirals in series with thin metallic strip. But single 
UDSRC cannot exhibit the expected bandpass property like 
the left-handed transmission line. As shown in Fig.1, 
‘prototype A’, the UDSRC-based transmission line was 
proposed and its left-handed propagation property was 
demonstrated. 

  
Fig. 1. Schematic representation of the improvement of spiral-

based resonators. 

For ‘prototype A’, to get the bandpass property, two 
or more UDSRCs are necessary and thus, further miniaturi-
zation is difficult to some extent. To solve this limitation, 
‘prototype B’, SSSR is proposed in [7] and the bandpass 
property can be achieved with only two rectangular spirals. 
For this cell, the two rectangular spirals are separated and 
arranged symmetrically to each other. In this article, ‘pro-
totype C’, ASSR is proposed. Different from SSSR, the 
two separated rectangular spirals of ASSR are asymmetri-
cal to each other. It will be seen that this change can im-
prove the transmission property greatly in the following 
analysis. Then, the geometry of ASSR is depicted in detail 
in Fig. 2.  

It is interesting to investigate the influence of the 
geometry difference between SSSR and ASSR by compar-
ing the transmission property through full-wave simulation. 
All the simulations in this work are implemented by HFSS. 
Two groups of geometrical parameters are chosen in the 
comparison whose results are shown in Fig. 3. In addition, 

it should be noted that W2 should be set as small as possi-
ble. Because both SSSR and ASSR primarily operate 
through electromagnetic coupling, the large W2 may de-
grade the transmission property greatly. Thus, W2 is kept 
constant to 0.1 mm throughout this work. Meanwhile, W1 
is set equal to 4.6 mm, the width of 50 ohm microstrip line 
in this article. The substrate with relative dielectric con-
stant of 2.2 and thickness of 1.5 mm is utilized in both 
simulation and fabrication. 

 
Fig. 2. Configuration of ASSR  

 
Fig. 3.  Comparison of S21 of ASSR and SSSR. In this figure, 

‘1’ represents the combination of the geometrical pa-
rameters: L1 = 4.8 mm, W3 = 0.7 mm, W4 = 0.2 mm.  
‘2’ represents the combination: L1 = 5.4 mm, 
W3 = 0.7 mm, W4 = 0.2 mm. 

According to the compared results, S21 of SSSR in 
both cases is higher than 10 dB in the given frequency 
range and thus, the transmission property of SSSR is not 
satisfactory. In [7], perfect bandpass performance was 
achieved through fabricating SSSR on the substrate with 
three layers, where the top and bottom layers were both the 
substrates with dielectric constant of 2.2 and the thickness 
of 2.4 mm and the middle one are the air layer with the 
height of 9 mm. The effective dielectric constant of the 
given three-layers substrate is approximately estimated to 
be much lower than 2.2 which is the minimum relative 
dielectric constant of single-layer substrate achievable for 
our experimental condition. Thus, it can be concluded that 
SSSR is not suitable for the application utilizing the single-
layer substrate. Whereas, ASSR exhibits the passband with 
superior transmission property. It means that ASSR is more 
applicable than the other two prototypes. 

2.2 Characteristic of ASSR 

In order to design the ASSR-based components effec-
tively, it is essential to investigate the design rules with 
respect to the geometrical parameters. Firstly, the influence 
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of L1 is studied and Fig. 4 presents the simulated S 
parameters of ASSRs with different L1.  

 
Fig. 4. Simulated S-parameters for ASSRs with different L1. 

In this case, W3 = 0.1 mm and W4 = 0.3 mm. 

It is seen that the passband of ASSR moves down-
ward with the increase of L1 and thus, L1 can be adjusted 
directively to achieve the passband within the required 
frequency band. Furthermore, from the results of S11, it is 
obvious that ASSR exhibits the bandpass property with 
two transmission poles. When L1 becomes smaller, these 
two poles separate more greatly and the frequency selectiv-
ity of the passband is deteriorated. In the extreme case, 
such as L1 is smaller than 2.9 mm, the single passband may 
degrade to the dual-passband as shown in Fig. 4. For planar 
diplexer, ASSR operating in the relatively low frequency 
band is beneficial, because of its high frequency selectivity 
and the poles which are sufficiently close to each other. 
The poles close to each other will alleviate the difficulty to 
get impedance matching in the synthesis procedure. Thanks 
to its intrinsic convoluted geometry, the dimension of 
ASSR is very compact, even operating in the relative low 
frequency band. Miniaturization enhancement of the com-
ponents utilizing ASSR can be obtained due to the compact 
topology of this cell. With the aim of explaining this spe-
cial property clearly, the dimensions of different ASSRs 
are compared in Tab. 1. 

 
Tab. 1. Comparison of the dimensions of ASSRs with 

different L1. 

Then, the parametric analysis of W3 and W4 are 
implemented and the results are depicted in Fig. 5 and 
Fig. 6, respectively. 

As shown in Fig. 5, with the increase of W3, the pass-
band shifts upwards and the bandwidth is broadened. In all 
cases, the transmission property within the passband is 
superior. It means that the passband and the bandwidth can 

be adjusted with respect to W3 for keeping the profile of 
ASSR (2L1+W2 and W1) constant. Thus, W3 provides 
another possibility to control the electromagnetic perform-
ance of ASSR. Furthermore, the minimized fabrication 
tolerance which can be achieved in our limited conditions 
is 0.1 mm while the width of ASSR, W1, is kept constant 
to 4.6 mm in order to get compact transversal dimension. 
Limited by these conditions, the values of W3 which can 
be utilized are within the limited range. 

 
Fig. 5. Simulated S21 for ASSRs with different W3. In this 

case, L1 = 5.5 mm and W4 = 0.2 mm. 

As observed in Fig. 6, the increase of W4 will also 
make the passband shift upward and the bandwidth 
broaden. But, the transmission property within the pass-
band degrades with the increase of W4. This disadvantage 
makes W4 not suitable to be an adjustment parameter. 
According to the above analysis, W4 is set to 0.2 mm or 
0.3 mm. Subsequently, the bandpass property fulfilling 
required specifications can be easily achieved following 
the above-mentioned design rules. It is a good start point to 
design the diplexer.  

 
Fig. 6. Simulated S21 for ASSRs with different W4. In this 

case, L1 = 5.5 mm and W3 = 0.1 mm. 

3. Design and Fabrication of ASSR-
Based Diplexer 
Based on the above discussion, ASSRs can be utilized 

to design the bandpass filter with miniaturized dimension 
and high frequency selectivity for the planar diplexer. The 
diplexer designed in this article involves T-junctions and 
two channel filters realized by ASSRs while its configura-
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tion is depicted in Fig. 7. At the first step, these two filters 
(filter1 and filter2 shown in Fig. 7) are designed independ-
ently to achieve the passbands with the center frequencies 
at 1.2 GHz and 1.75 GHz, respectively. Under the guide of 
the above design rules, the given specification can be 
achieved effectively while the simulated transmission effi-
cient of these two filters is shown in Fig. 8(a). Next, these 
two filters and the T-junction are combined together to 
synthesize one planar diplexer. Even the two bandpass 
filters satisfy the given specification, the optimization proc-
ess is still necessary to get the impedance matching and 
high isolation between the two channels without distortion 
of the bandpass performance [8-10]. The optimization 
process is implemented through adjusting S1 and S2 
depicted in Fig. 7 and S-parameters of the diplexer after 
optimization are shown in Fig.8 (b). Then, the geometrical 
parameters of the optimized prototype are summarized as 
following: S1 = 4.7 mm and S2 = 3.5 mm. For filter 1, 
L1 = 6.5 mm, W3 = 0.2 mm and W4 = 0.3 mm. For filter 2, 
L1 = 8.9 mm, W3 = 0.1 mm, W4 = 0.2 mm. 

 
Fig. 7. Configuration of the proposed diplexer. 

 
Fig. 8. (a) Simulated S21 for independently designed filter1 

and filter2. (b) Simulated S-parameters for the 
proposed diplexer. 

As shown in Fig. 8, the performance of the two filers 
independently designed agrees well with the results of the 
proposed diplexer which demonstrates that the proposed 
design procedures are effective and usable. To provide 
space for the SMA connectors, 50ohm microstrip lines 
with the length of 5 mm are cascaded at all three ports. The 
proposed diplexer is then fabricated and measured by 
an Anritsu ME7808A vector network analyzer while the 
measured results are listed in Fig. 9. The photograph of the 
fabricated prototype is shown in Fig. 10. 

 
Fig. 9. Measured S-parameters for the fabricated prototype. 

 
Fig.10.  Photograph of the fabricated prototype. 

According to the measured results, for Channel 2, S31 
is better than 0.78 dB at 1.2 GHz while S11 is higher than 
10 dB from 1.19 GHz to 1.25 GHz. Meanwhile, for Chan-
nel 1, S21 is better than 0.47 dB at 1.75 GHz and S11 is 
higher than 10 dB from 1.54 GHz to 1.76 GHz. In addition, 
the measured isolation between ports 2 and 3 is better than 
20 dB within the whole frequency band. On the whole, the 
measured results agree well with the simulated ones and 
the minor discrepancy is due to the fabrication inaccuracy. 
What is more, remarkable miniaturization of the proposed 
planar diplexer has been achieved, thanks to ASSRs util-
ized. Then, Tab. 2 provides a dimension comparison be-
tween the proposed diplexer and other designs with similar 
topology in the previous literatures. 

 
Tab. 2. Comparison of the dimension between the proposed 

diplexer and the references. 

According to the compared results, it is seen that the 
dimension of the proposed planar diplexer is the most com-
pact in all the designs listed in Tab. 2. Furthermore, for the 
proposed diplexer, the extremely compact transversal di-
mension of each channel has been achieved, because 
ASSRs are completely embedded in the microstrip line. 
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4. Conclusions 
In this article, one compact planar diplexer based on 

one novel spiral-based resonator, asymmetrical separated 
spirals resonator (ASSR) is proposed. ASSR with ex-
tremely compact dimension exhibits more superior pass-
band transmission property than the previous prototype. 
Through parametric analysis, the influence of geometrical 
parameters is investigated thoroughly and the given results 
provide an effective guideline to design ASSR. Based on 
the above results, one planar diplexer composed of T-junc-
tion and two different ASSRs is design and synthesized. 
The performance of the fabricated prototype is satisfactory 
and the compact transversal dimension of each channel is 
also achieved. What is more, the proposed diplexer is uni-
planar so that no back radiating problem which common 
for the defected ground structures is introduced. In general, 
the proposed diplexer is suitable for the multiband and 
multiservice applications required compact dimension. 
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