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Abstract—This paper presents compact quarter-wavelength 

resonator filters to have multiple transmission zeros points (ZPs) 

with controllable electric and magnetic coupling paths. For two 

coupled resonators, the relative strength of electric and magnetic 

coupling paths determines the transmission ZPs positions that 

can be at either lower or upper stopband. Besides, the location 

of transmission ZPs can be precisely controlled by tuning the 

dimension parameters. Based on the proposed topology and 

configuration, the second-order and fourth-order bandpass 

filters operating at 5.1 GHz have been designed using multi-

layer LTCC technology. 

I. INTRODUCTION 

Filters with compact size, good selectivity, and low cost 
are one of the key components in RF front-ends. As its 
advantages in smaller size and lower cost, miniaturized filters 
have spurred a hot research interest over the past decades. 
Among various compact filter designs, the use of slow-wave 
effect [1], dual-mode resonators [2], and multilayer structures 
[3] are popular. For instance, microstrip slow-wave open-loop 
resonator filters by using capacitive loaded transmission line 
was described in [1]. However, this approach is not very 
practical for large fractional bandwidth filter realization. In 
[2], a dual-mode microstrip ring resonator filter with two 
transmission poles and two transmission ZPs was realized in 
one ring resonator only. But the dual-mode design is more 
complex in design procedures compared to conventional 
structure. With the advancement in low temperature co-fired 
ceramic (LTCC) technology, the multi-layer process can be 
utilized to reduce the size of planar filters tremendously. For 
example, a very compact and low-profile LTCC filter with 
hybrid resonators was demonstrated in [3]. 

The parallel-coupled half-wavelength resonator filter 
configuration [4] is commonly used. However, this type of 
filters occupies large area and suffers spurious from twice the 
center frequency. In contrast, the quarter-wavelength designs 
reduce the size with spurious from three times the center 
frequency. 

In order to meet more rigorous specifications from 
communication technology advancement, the elliptic filters 
which provide finite transmission ZPs at the real axis can 

reduce the number of resonators and this in turn, reduces the 

filter size and manufacturing costs. For planar filter 
application, a modified short-circuited quarter-wavelength 
filter with separate electric and magnetic coupling paths has 
been discussed in [5]. A filter operating at 60 GHz with 
modified hairpin resonators to realize separate electric and 
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Figure 1.  Proposed second-order filter configuration and equivalent 

circuits: (a) proposed filter, (b) M-path, and (c) E-path. 

 



magnetic coupling paths was also reported in [6]. However, 
these designs are still large for modern communication system 
requirements. 

In this paper, a quarter-wavelength resonator filter with 
separate controllable electric and magnetic coupling paths in 
multi-layer structure is proposed. The configurations of 
proposed microstrip filters corresponding to electric or 
magnetic dominant conditions are presented and analyzed. 
Besides the additional ZPs generation and frequency control 
of ZPs, the size reduction is more than 50% comparing to 
same order SEMCP filters in planar realization [5]. The filters 
with ZPs in lower, upper or both stopband have been 
designed and discussed. 

II. SECOND-ORDER FILTER REALIZATION 

The proposed resonator is shown in Fig. 1(a), consisting of 
two separated parallel coupling paths, i.e. the magnetic 
coupling path (M-path) in Fig. 1(b) and the electric coupling 
path (E-path) in Fig. 1(c) formed on three metal layers. Layer 
2 acts as the common ground plane. M-path is formed on layer 
1 using MLs, short stub, and via hole. E-path comprises of 
short microstrip lines (MLs) in layer 1, via from layer 1 to 
layer 3, and long MLs with adjacent open-end traces in layer 
3. Since the common ground layer physically separates M- 
and E-paths and negligible coupling exists in between, the two 
paths can be controlled separately. Thus, second-order filter 
with two controllable and separated coupling paths between 
resonators is realized. 

In Fig. 2, the multi-layer structure in Fig. 1 is detached and 
shown in planar layers, i.e. layer 1 in Fig. 2(a) and layer 3 in 
Fig. 2(b) for illustration purposes. Layer 2 is common ground 
plane with holes for via to go through and is omitted here. 
From earlier discussion, it is easy to observe that the length of 
short stub lsc in layer 1 forms inductive (magnetic) coupling 
and determines the coupling strength in M-path as longer lsc 

results in stronger magnetic coupling effect. At the same time, 
the spacing between two adjacent traces S in layer 3 
determines the capacitive (electric) coupling strength in E-path 
as larger S results in weaker electric coupling effect. 

The LTCC substrate with relative permittivity of 7.1, loss 
tangent of 0.005, and dielectric layer thickness of 85 µm is 
used in analysis and design. The Ansoft HFSS 13.0 is used for 
full-wave simulation. Four cases in different dimensions are 
simulated and shown in Fig. 3. The physical parameters of 
four cases are:  
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Figure 2.  Proposed second-order filter configurations: (a) Layer 1 and (b) 

Layer 3. 
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Figure 3.  Transmission characteristics of the filter in Fig. 1: (a) Case 1 and 

2; (b) Case 3 and 4. 



 Case 1: l1 = 0.9mm, l2a = 0.6mm, lsc = 0.025mm, S = 
0.04mm, l2b = 1.5mm, w = 1.2mm, t = 0.2mm, and via 
diameters d1 = 0.1mm, d2 = 0.2mm. 

 Case 2: l1 = 0.9mm, l2a = 0.6mm, lsc = 0.2mm, S = 
0.04mm, l2b = 1.5mm, w = 1.2mm, t = 0.2mm, and via 
diameters d1 = 0.1mm, d2 = 0.2mm. 

 Case 3: l1 = 1.3mm, l2a = 0.2mm, lsc = 0.8mm, S = 
0.3mm, l2b = 1.5mm, w = 1.2mm, t = 0.2mm, and via 
diameters d1 = 0.1mm, d2 = 0.2mm. 

 Case 4: l1 = 1.3mm, l2a = 0.2mm, lsc = 0.8mm, S = 
0.4mm, l2b = 1.5mm, w = 1.2mm, t = 0.2mm, and via 
diameters d1 = 0.1mm, d2 = 0.2mm. 

In Case 1 and 2, the length of short stub lsc and spacing 
between two adjacent traces S are relatively small that results 
in weaker coupling in M-path and stronger coupling in E-path. 

Therefore, the E-path dominates in total coupling effect and a 
ZP is generated at lower stopband as in Fig. 3(a). Without 
affecting the passband performance, the transmission ZP is 
shifted from 2.05 GHz in Case 1 to 2.85 GHz in Case 2 by 
varying the M-path coupling strength as in Fig. 3(a). Thus, the 
location of ZP is controllable by tuning the dimension 
parameter lsc.  

In Case 3 and 4, the length of short stub lsc and spacing 
between two adjacent traces S are relatively large that results 
in stronger coupling in M-path and weaker coupling in E-path. 
Therefore, the M-path dominates in total coupling effect and 
two ZPs are generated at upper stopband as in Fig. 3(b). 
Comparing Case 3 and Case 4, the first transmission ZP is 
moved from 6.58 GHz in Case 4 to 6.17 GHz in Case 3 as in 
Fig. 3(b). It is shown that the location of zero points is also 
controllable by changing the physical dimension S.  

In all the four cases, the full-wave simulated results shows 
that the operating frequency is 5.1 GHz, insertion loss is better 
than 0.5 dB, and occupied area is only 1.7 mm × 1.4 mm. The 
locations of transmission ZPs are controllable to be in either 
lower or upper stopband. Moreover, the transmission ZPs are 
capable to be shifted closer to passband so that the filter 
achieves better roll-off performance. However, it is noted that 
the filter rejection is poorer as tradeoff in filter designs with 
ZPs closer to passband. 

III. FOURTH-ORDER FILTER REALIZATION 

Fig. 4(b) demonstrates the fourth-order filter topology by 
using separate coupling paths between adjacent resonators. 
From discussion in Section II, the locations of transmission 
ZPs are determined by the relative strength in coupling paths. 
Thus, the dominant E-path coupling can be set in order to 
generate ZPs in the low stopband, while the dominant M-path 
coupling can be used to generate ZPs in the upper stopband. If 
the filter has both dominant E-path and M-path pairs 
simultaneously, it is believed that the ZPs can be generated in 
both the lower and upper stopband. 

To demonstrate the control of ZPs both in the lower and 
upper stopband, the configuration of fourth-order filter with 

M-path dominant E-path dominant 

l1-M

l2a-M

lsc-M

d2-M

d2-E

lsc-E

l1-E

l2a-E

p
Layer 1

f

d1

G
S
G

G
S
G

 

l2b
SM

SEw

Layer 3

t

 

(a) 

 
 

M

E

E

M
A B C DSource Load

Resonator Source /Load Coupling

E = E-path coupling M = M-path coupling
 

(b) 

Figure 4.  Proposed fourth-order filter configuration and topology: (a) filter 

configuration and (b) filter topology. 
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Figure 5.  Simulation results of proposed fourth-order filter. 

 



one M-path dominant pair and one E dominant pair in Fig. 
4(a) is simulated and studied. Two separate coupling paths 
with dominant M-path coupling are introduced between 
resonators A and B and dominant E-path coupling between 
resonators C and D. The external quality factor and the inter-
stage coupling coefficients can be calculated as in [7]. The 
dimensions are set to be: l1-M = 0.9mm, l1-E = 1.3mm, l2a-M = 
0.6mm, l2a-E = 0.2mm, d1 = 0.1mm, d2-M = 0.1mm, d2-E = 
0.2mm, lsc-M = 0.8mm, lsc-E = 0.025mm, f = 0.1mm, p = 
0.15mm, SM = 0.3mm, SE = 0.08mm, l2b = 1.5mm, w = 1.2mm 
and t = 0.2mm. The ground-signal-ground (GSG) pads with 
150 µm pitches are co-designed for on-chip measurement, 
which are connected to vector network analyzer for obtaining 
scattering parameters. 

The simulation results are shown in Fig. 5. The filter is 
operating at 5.1 GHz, with a 3-dB fractional bandwidth of 
12% and insertion loss of 2.1 dB. The ZPs are located at 2.7 
and 6.7 GHz. The filter occupies only 1.7 mm × 3 mm 
(0.0785λg × 0.1385λg), achieving size reduction of 67% in 
terms of λg

2
 comparing to fourth-order SEMCP filter (0.192λg 

× 0.174λg) in [5] (λg is the guided wavelength at operating 
frequency). 

IV. CONCLUSION 

 In this paper, a multi-layer bandpass filter with separated 
coupling paths is proposed and implemented based on LTCC 
technology. Two kinds of second-order filters with 
transmission ZPs on lower or upper stopband and a fourth-

order filter with controllable transmission ZPs in both lower 
and upper stopband are designed. The filters achieve good 
selectivity, sharp roll-off and compact size. The transmission 
ZPs generation and the coupling characteristics are also 
studied. 
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