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Abstract 

 

This paper describes the design, manufacturing and experiments of a lumped element band pass filter in a 

new topology. The design starts from a second order capacitive coupled resonator topology. An additional 

series inductor is inserted in the filter classical topology, for shifting two transmission zeros on the real 

frequency axes in the filter’s band stop, to improve the high frequency response. Design equations for the 

new band stop resonance frequency are presented together with the analysis of the correspondence 

between the band pass and band stop attenuation vs. the quality factor of the shunt and series inductors 

used. The filter is supported on a 6.4 μm thin dielectric membrane, and is manufactured using silicon 

micromachining, in CPW technology. Measurements illustrated a minimum 2.75 dB insertion loss at 5.5 

GHz in the band pass, and more than 40 dB attenuation, at 8 GHz. 
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1. Introduction 

 

Wireless communications have developed rapidly in the last years and have been applied for 

many services such as Internet and mobile phones. Band pass filters are important components of 

wireless systems as they enable band selection in RF transceivers. The growing wireless market 

has raised interest in novel architecture design and new technologies in order to reduce 

complexity and increase the performances. 

Different kind filters for wireless applications in the 5 GHz frequency range with low 

insertion losses in the band pass have been reported in several technologies [1-5]. Lumped 

element filter design for this frequency range has been reported using low-temperature co-fired 

ceramic (LTCC) [6] or micromachining techniques [7]). MEMS technologies, including 

membrane suspended techniques, have been developed in the last years, with a lot of 

applications in manufacturing of circuits working in the microwave and millimeter wave 

frequency range [8-16].   The aim of this paper is to illustrate a new topology of a lumped 

element band pass filter with an improved high frequency band stop response. Analyzing the 

transfer functions of the lumped topologies presented in [6] and [7] we found out that the 

transmission zeros of the presented WLAN filters, were at frequencies f=0 and f=∞. 

In this work, starting from a standard filter topology with transmission zeros at frequencies 

f=0 and f=∞, we designed and fabricated a filter with improved frequency response by shifting a 

part from the zeros from f=0 to the real frequency axis, above the filter’s band pass, for enhanced 

upper band stop rejection. 

The novel filter’s topology imposes a simple way to determine and shift the band stop 

resonance frequency compared to the typical filters that provide zeros in the band stop. The 

equations of the new filter topology show a band stop resonance determined by only 2 elements 

compared to the standard filter topologies where the band stop resonance is influenced by more 

filter elements. 



The filter has two shunt inductors and one series inductor responsible for the transmission 

zero control. Next section briefly presents the design approach. The influence of the series and 

shunt inductors quality factors on the filter frequency response is investigated in detail for 

minimum insertion losses at 5.2 GHz (band pass) and maximum attenuation at 8 GHz (stop 

band).  

Section 3 presents the filter fabrication and measurements. In order to increase the inductor 

quality factor, the structure was manufactured on a 6.4 μm thin SiO2/Si3.4N4/SiO0.7N0.7 

membrane. The membrane was released by silicon micromachining. The filter structures were 

measured on wafer and the results are in good agreement with electromagnetic simulations. 

 

 

2. Filter design 

 

 The band pass filter structures are in coplanar waveguide (CPW) technology. The main 

steps of the design procedure are presented below. First the membrane supported lumped 

elements (spiral inductors and interdigital capacitors) are modelled using intensive 

electromagnetic (EM) simulations and a database was created [12, 13]. Next the filter prototype 

was investigated using the Ansoft Designer SV software package. The preliminary design 

consisted of a trade between the filter frequency response shapes and the available component 

values from the database.  This investigation demonstrated the difficulty of the control for a 

given rejection frequency in the higher stop band. In order to solve this problem, the filter 

transfer response was investigated in deep on the basis of closed form equations and 

Mathematica software package. More details are given in this section. 

 Next step in the design flow is the filter layout generation and preliminary EM analyses 

with Zeland IE3D software package [17]. The simulator is based on the Method of Moments 

algorithm and performs electromagnetic analysis for arbitrary 3-D geometry maintaining full 



accuracy at all frequencies. Because of the frequency dispersion of the lumped components 

parameters, the results differ from the prototype frequency response. Layout optimization started 

with the results from previous step as the initial guess. The IE3D software includes an 

optimisation engine that allows the definition of multiple objective functions. The optimised 

variables are the layout dimensions. The optimisation efficiency depends on how far is the initial 

guess from the desired filter response. 

The design starts from the second order capacitive coupled resonator shown in Fig. 1. The 

filter transmission parameter S21(s) is derived in (1). 
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        (1) 

 

where C1, C2 are the series capacitors, L3 shunt inductors C3 shunt capacitors, Z0 the port 

impedance while s the complex frequency and P1(s
6) a polynomial of degree 6 in variable s. 

From (1) results that this topology causes five zeros at ω=0 and one zero at ω=∞.  

A simple way to obtain transmission zeros in the stop band for a band pass filter excepting 

the zeros in the origin and at infinity is to employ the topology presented in Fig. 2, mainly used 

for elliptical filter designs. 

The transmission parameter of this filter can be expressed as (2). 
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   (2) 

 

where C1, C2 are the series capacitors, L1, L2 are the series inductors  L3, L4, C3, C4 are the 

inductors, respectively capacitors from the ground branches from Fig.2 while P2(s
6) is 



polynomial of degree 6 in s. This topology generates zeros in the stop band their position being 

determined by the values of 4 different elements (L3, L4, C3, and C4). 

Our aim is to shift some zeros on the real frequency axes starting from the topology showed 

in Fig. 1 in order to obtain an improved stop band rejection. The aim is to have a transmission 

zero in the upper stopband (other than the zero at infinity). The position of this resonance 

frequency should be easier controlled. The purpose was to do this without to increase too much 

the filter’s complexity from Fig.1 and also to obtain an easier way in controlling the band stop 

resonance compared to the simplest filter topologies that have band stop resonances as the filter 

in Fig. 2. 

Generally this can be done perturbing the elements in the filter’s topology without increasing 

the total number of the filter’s zeros [11]. By inserting an additional inductor in parallel with C2 

from Fig.1 we obtain the topology in Fig. 3. 

The new filter topology from Fig. 3 still has 6 zeros as the filter from Fig.1, the main 

difference is in the fact that two zeros move from f=0 on the real frequency axis, their position 

being imposed only by the resonance between C2 and L2 as shown below: 
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       (3) 

 

where C1, C2, C3, L1, L2, Z0 are the capacitors, inductors and port impedances from Fig. 3 and 

P3(s
6) a polynomial of degree 6 in s. Comparing (3) with (2) it may be seen that the transmission 

zero generated with (3) leads to frequency that can be shifted just by changing the values of L2 

and C2. Both (3) and (2) have besides the zeros at ω=0 and ω=∞ other transmission zeros given 

by the numerator. Since the goal of the proposed filter is to have a high rejection level close to 

the pass band (3) gives a simple way to fine-tune the frequency corresponding to the additional 

transmission zero. 



The effects of the additional series inductor (Fig.3) on the final filter’s transmission 

parameter are evidenced by computing the insertion losses at 5.2 GHz for different values of the 

inductors quality factors. In Fig. 4 the insertion losses of the new filter as a function of inductors 

quality factors is presented. The series inductor quality factor has a much lower influence on the 

band pass insertion losses, a high shunt inductor quality factor would assure low losses in the 

band pass. The additional inductor’s (L2) effects in the filter’s configuration, the band  stop 

maximum attenuation is computed in respect to the series and shunt inductors, the dependence 

being presented in Fig. 5. It is observed that the rejection attenuation is practically determined 

only by the series inductor quality factor. 

The LC components values in Fig. 3 are: C1=0.16 pF, C2=0.06 pF, C3=0.07 pF, L2=6.8 nH 

and L3=4.56 nH if we want to fulfill requirements of the WLAN 5200 standard of ETSI 

(European Telecommunications Standard Institute). The values of the capacitors are low due the 

fact that the membrane on which the filter is suspended allows low values of capacitances and 

inductors with high quality factor.  

A comparison between the filter’s performances using the new topology presented in Fig. 3 

and a filter without the additional inductor (the topology presented in Fig 1) is shown in Fig. 6. 

The values for the filter elements in Fig 1 are chosen so that the two topologies should generate 

the same pass band response (C1=0.27 pF, C2=0.11 pF, C3=0.26 pF, L3=1.44 nH). Fig. 6 outlines 

the benefit of the new topology presented in Fig 3. This topology generates a higher rejection 

level, close to the pass band, at higher frequencies.  

In the design rules the metallization is considered gold 3 μm thick and the minimum distance 

between the capacitors digits is 10 μm. The filter layout was generated and optimized using 

Zeland IE3D. The final filter layout has 5.6 mm*3.7 mm.  

 

 

 



3. Fabrication and measurements 

 

For the filter manufacturing high resistivity (ρ>2 kΩcm), <100> oriented silicon wafers have 

been used. The wafer thickness was 400 μm. A three layer membrane structure with a total 

thickness of 6.4 μm was deposited on the top of the wafer. The membrane structure was 

composed by the following layers: thermal SiO2 (0.8μm), Low Pressure Chemical Vapor 

Deposition (LPCVD) Si3.4N4 (0.6μm) and LPCVD SiO0.7N0.7 (5μm). On the back side of the 

wafer there were deposited just first two layers (thermal SiO2 and Si3.4N4), which will be used as 

mask for the membrane manufacturing, by a bulk micromachining process. A seed layer (Ti/Au 

0.25μm thin) was deposited on the top of the wafer and then the filter structure patterned and 

manufactured by selective gold electroplating through the photo resist mask. The total thickness 

of the gold layer was about 2.5μm. The next step was the partial silicon etching – first the 

dielectric layers were removed from the etching windows by Reactive Ion Etching (RIE) and 

after that, by using a DRIE (Deep RIE) process, silicon wafers were etched to remain 50μm bulk 

silicon under the membrane layers. The air bridges for the inductors were manufactured using 

standard procedures. A sacrificial layer (photoresist with a thickness of about 3μm) was 

deposited and patterned. After the seed layer deposition (0.05μm Au), bridges were obtained by 

gold electroplating up to the desired thickness (~ 2μm) and etching through the resist mask. After 

sacrificial layer removing, the final structure was obtained by etching of the remaining bulk 

silicon under the membranes, using again a DRIE process. The top and bottom SEM photos of 

the filters are presented in Fig. 7a and Fig. 7b. The metallization layout of the filter components 

is visible through the transparent dielectric membrane. Air bridges were used to equalize the 

CPW grounds potential at the discontinuities. The shunt connected parallel LC resonant circuits 

from Fig.3 were split on both size of the CPW to obtain a compact structure.  

S parameters measurements were performed using an on wafer measuring set-up equipped 

with Cascade Microtech coplanar probes and a vector Network Analyzer. The comparison 



between the simulated using Zeland IE3D and the measured S parameters is presented in Fig. 8. 

The simulations are in good agreement with the measured results. The minimum pass band 

attenuation was 2.75 dB at 5.5 GHz and the rejection of –42 dB at 8 GHz. This demonstrates the 

concordance between the analytical approach (3), Zeland EM simulations and the high quality of 

the micromachining fabrication process. The results obtained for the rejection level, close to the 

pass band, are (according to our knowledge) the best results reported up to now for L, C filters 

operating in this frequency range. 

 

4. Conclusions 

 

A new lumped element micromachined band pass filter for WLAN 5200 standard was 

designed and manufactured. The measured results show a minimum 2.75 dB pass band 

attenuation at 5.5 GHz while achieving more than 40 dB attenuation at 8 GHz, which is higher 

than at the previous lumped element attenuations obtained in the upper band stop for WLAN 

filters. The band pass insertion losses are mainly due to the manufacturing problems. The 

benefits of an additional high quality series inductor in a classical topology are evident for 

improving the upper band stop attenuation of the filter. 
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List of Figure captions 

 

Fig. 1. Classical filter topology with transmission zeros at ω=0, ω=∞ 

 

Fig. 2. Topology used essentially for elliptical filters 
 

Fig. 3.Proposed new filter topology 

 

Fig.4. Insertion losses at 5.2 GHz vs. the series and shunt inductors quality factors respectively 

 

Fig.5. Maximum band stop insertion loss (rejection) vs. the series and shunt inductors quality 

factors respectively 

 

Fig. 6 Magnitude of S21 for classical and new topology vs. frequency (simulated results) 

 

Fig. 7 SEM photo of the filter structure: top view (a) and bottom view (b) the filter structure is 

visible through the transparent dielectric membrane 

 

Fig.8. Simulated and measured parameters of the structure 
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