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Abstract- A novel  ultra wideband band  (UWB ) bandpass filter is developed using ground plane aperture technique  for  effective  enhancement  of  the capacitive coupling  factor in the parallel-coupled microstrip line (PCML). The PCML with two external lines is characterized by an equivalent J-inverter network with its susceptance and two electrical line lengths.
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I .INTRODUCTION
              Since the Federal Communications Committee (FCC) authorized the unlicensed use of UWB (3.1-10.6 GHZ) for indoor and hand-held systems in 2002, an increasing interest has been generated among both academic researchers and industrial engineers on exploring various UWB components and systems. Parallel coupled microstrip line (PCML) has found a wide range of applications in the design of planar integrated filters and couplers [1]-[2]. To realize a broad bandpass filter, a usual procedure is implemented by reducing both its strip and slot widths with aim at achieving a tight coupling degree in addition to increasing the number of resonators.
In this work, a ground plane aperture technique is utilized and developed for effective enhancement of a tight coupling over the frequency range of interest and realization of periodic frequency-dependent coupling characteristics over a wide frequency range [3]. This is achieved by forming a wide aperture on the ground plane at the PCML section. The two-port PCML with external lines is generally characterized as an equivalent J-inverter network. Consequently, a novel multi-pole and broadband microstrip bandpass filter with a single line resonator is originated by attaching a uniform line section between the two PCML sections with a backside aperture. A closed-form equation   is   established to demonstrate the operating mechanism of the proposed filter. It is shown that the multi - pole bandpass   behavior is   generated   by   the first/second order resonant modes of the line resonator and the J-inverter susceptance with the same value as the characteristic admittance of the microstrip line in the PCML.  Fig. 1 (a) depicts a schematic layout of the PCML with backside aperture. Fig. 1 (b) presents its equivalent circuit topology, in which PCML section is made up of a J-inverter susceptance (J) and two equivalent electrical line lengths (θ/2).
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Fig. 1. (a) Topological view of parallel-coupled microstrip line (PCML) with a ground plane aperture and (b) Equivalent circuit 
II. ULTRA WIDEBAND BANDPASS FILTER
Now, our attention is focused on the design of multi-pole ultra wideband filter with a single line resonator and PCML sections with an aperture in the ground plane. Fig. 2 (a) shows the schematic layout of   microstrip bandpass filter proposed for achieving ultra wideband and multi-pole resonator (MMR) bandpass behavior. A microstrip MMR line is used to link two identical PCML sections with a backside aperture. Fig. 2 (b) presents its complete equivalent circuit topology.  

The PCML section is characterized as a J-inverter susceptance (J) and two electrical lengths (θ/2) that represent its series capacitive coupling and equivalent phase shifts, respectively [4]. On the other hand, the central uniform line can be perceived as an additional phase factor 
[image: image3.wmf]f

, so that the total electrical length 
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 should be made up of three separate parts, i.e.,
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This equivalent line resonator is formulated to generate three resonant frequencies. 
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Fig. 2. (a) Geometry of Ultra wideband bandpass filter with aperture in the ground plane (b) Equivalent circuit of UWB bandpass filter. 
To investigate its electrical behavior, let us start with the characterization of its equivalent cascaded circuit topology as shown in Fig. 2(b). On the basis of a transmission line theorem, its reflection coefficient (
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1 can be further simplified as follows to provide a better understanding of its fundamental filtering performance:
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Considering the fact that the pole is usually defined as a frequency point where 
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 achieves a minimum value, it is understood from equation (2) that there exist multiple poles of frequency where
[image: image13.wmf]0

180

F=

, 
[image: image14.wmf]0

360

F=

, 
[image: image15.wmf]0

540

F=

and  
[image: image16.wmf]1

J

=

. The former three poles correspond to the first, second and third order resonant frequencies, and we can find in the following that the frequency spacing between them basically forms a desired ultra wide bandwidth of the filter. The latter one or two poles are contributed by a highly enhanced J-inverter susceptance (
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), and they are arranged around the central operating frequency through a suitable choice of the aperture width W =2.8mm as depicted in Fig. 2 (a).
  Here we have designed a multi-mode resonator (MMR) with the electrical length of 
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, i.e.,  multi-mode resonator’s physical length L is  equal to 12.25mm, then according to the equation (1), the electrical length of the PCML , 
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, should be equal to 450 (since, here we are using PCML in two sides of MMR, addition of these two PCML  electrical lengths equals to 900 which satisfies equation (1)). From this requirement of PCML’s electrical length, we can calculate PCML’s length, i.e., equal to 6.32 mm. Coupling gap between two microstrip lines is 0.1mm. Width of MMR is 0.9mm and PCML’s width is 0.2mm. And the transmission line (which is used for source impedance and load) width is same as MMR’s width and length which is chosen as 5.0mm and it is independent of filter specifications. All these specifications of filter are shown in Fig. 2 (a) and simulated results are shown in Fig. 3. The substrate we have chosen is FR4 epoxy with
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 and thickness 1.6mm.
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Fig. 3. Frequency responses for the filter, shown in Fig. 2(a)
            
Using multi-mode resonator in between parallel coupled microstrip lines with the ground plane aperture, we are getting insertion loss less than 2dB in the passband and return loss more than 20dB in the stopband as shown in Fig. 3.               
                If we vary ground plane aperture, we can observe different filter responses and we can understand our filter in different views and we can pick up a good response among them if they are giving slightly different responses. In the Fig. 4 (a) and (b), we have shown responses of this filter for different ground plane aperture widths of 2.6mm and 3mm. If we decrease aperture width from 2.8mm to 2.6mm, we have observed that. return loss is greater than 40dB in the passband.  And if we increase aperture width to 3mm, at around 10GHz, return loss is increasing.  Among these filter responses; we can select our filter to work with aperture width of 2.8mm, because it is giving a good response when compared with other responses. Because all are giving approximately equal good responses, we should choose best one.
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Fig. 4. Filter response for the aperture width (W) of (a)  2.6mm
and (b) 3mm
             Another observation is that, if we take PCML section in the edge of MMR as shown in Fig. 5(a) (which is the conventional way of designing and implementing filters), filter’s performance is changing and failing to give good response. We can confirm this by observing its output as shown in the Fig. 5(b). This filter is giving more reflection (
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) back to the source at around 3 GHz, 8 GHz  and 10 GHz,  which is less than 20dB of return loss level. But this filter is still maintaining the same bandwidth as in the previous filter explained above but performance wise it is less than the previous filters.
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Fig. 5. (a) PCML section is arranged in the edge of transmission line (All specifications (lengths, width) of elements are the same as in above filter in Fig. 2 (a)) (b) Response of filter shown in Fig. 5(a)
III. CONCLUSION
   In this work, bandwidth of a single multi-mode resonator with parallel coupled microstrip line section has been widened using ground plane aperture technique to get ultra wide band response. The operating mechanism of this filter has been explained and its frequency response optimally designed to exhibit its multi-pole and ultra wide band filtering property. We can achieve 7.5GHz UWB bandwidth, and around 2dB insertion loss level in the passband.  We are getting a minimum of 18dB, maximum of 48dB return loss in the passband which is a very good passband filter response.  We have also investigated such filter’s response by changing its PCML section’s position. In particular, we have put the PCML section in the center of the input and output feeding lines of the filter to make the filter more symmetric. As we know from existing filter implementations, these PCML sections are always printed at the edges of the input and output feed lines. By changing PCML section’s position, it has been observed that filter’s bandwidth and performance is still acceptable. And also we presented our filter’s performance with different ground plane apertures widths. It has been observed that ground plane aperture should always be etched symmetrically below the PCML section and increasing its dimensions gives a better filter performance.
                        REFERENCES

[1] G. L. Matthaei, L. Young and E. M. T. Jones, Microwave filters, Impedance-matching networks and coupling structures, Artech House, MA, 1980
[2] I. C. Hunter, Theory and design of microwave filters, IEE, UK, 2001.
[3] L. Zhu, H. Bu and K. Wu “Broadband and compact multi-pole microstrip bandpass filters using ground plane aperture technique,” IEE Proc. Microw. Antennas Propagat., 200, 149, 1, pp. 71-77.
[4] D. M. Pozar, Microwave Engineering, John Wiley and Sons, NY, 2005

[5] IE3D version 10.2, Zeland Corp., Freemont, CA, USA.





































































_1249798836.unknown

_1250606831.unknown

_1250607001.unknown

_1250695701.unknown

_1251365437.unknown

_1250607021.unknown

_1249798927.unknown

_1249799283.unknown

_1249800035.unknown

_1250606804.unknown

_1249799788.unknown

_1249799215.unknown

_1249798917.unknown

_1249797221.unknown

_1249797333.unknown

_1249797165.unknown

