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ABSTRACT 

In this paper, a tri-band-pass filter suitable for microwave 

applications is presented.  The proposed band pass filter 

consists of four rectangular patches (cells) separated by four 

rectangular slots. The selectivity of the pass bands is adjusted 

by adjusting the position of transmission zeros (TZs). The 

locations of the TZs can be adjusted for different selectivity of 

the filter, by adjusting the dimensions of the rectangular cells. 

Also, the band pass filter’s centre frequency and bandwidth of 

the tri pass bands are independently adjusted by changing the 

length and width between pass band edges, which makes the 

design very simple. Measured results merely agree with the 

simulated values. 
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1. INTRODUCTION 
Band pass filter is a piece of electrical circuit to pass a desired 

frequency band and rejects other unwanted frequencies 

outside the desired band. The rapid growth of microwave 

communication system technology, planar filters find most 

suitable for these applications. Microstrip band pass filters are 

the good candidates to meet these demands as these are small 

in size, low cost, easy to fabricate, high performance and 

multi-frequency.  

The main issue of any filter component is its size and can be 

solved by ACCMRC (Asymmetric Complementary Compact 

Micro Strip Resonant Cell) filter [1] which has a triangular 

patch with transmission zeros to achieve dual band pass 

characteristics. ACCMRC has made up of combination of two 

half-CCMRCs. Two different half-CCMRCs are combined 

into an asymmetric CCMRC (ACCMRC), which has dual-

band response. Due to its compactness structure and dual band 

response size problem is solved [1]. However, this geometry 

offers only dual bands. 

On the other hand selectivity issue is addressed by increasing 

the order of these filters. However, the size, cost and 

complexity of filter increases [2, 3]. The best way to solve the 

frequency selectivity problem is to produce a transmission 

zeros near the pass band edge [1]. In [4], to analyze microstrip 

line filter, coupled resonator theory is used, and it is shown 

that cross-couplings between non-adjacent resonators can 

generate TZs, resulting in elliptic or quasi-elliptic function 

frequency response[5 -10]. Slots are added on rectangular 

patch such that four cells are created out of which top two and 

bottom two cells are symmetrical in dimensions. This results 

in the tri pass band response [11-15]. Also, by adjusting the 

position of transmission zeros filter is operated for different 

selectivity [16, 17]. In this work to excite the tri pass band 

response, rectangular patch is used instead of triangular patch 

as suggested in [1] Also, the presented filter here is simple in 

structure, compact size, and produces tri pass bands.  

More details on the proposed geometry are discussed in 

subsequent sections. Section 2 presents the geometry structure 

of the proposed filter. Design and optimization procedure of 

the proposed filter is presented in Section 3. Section 4 

presents the validation of the fabricated prototype, and 

discussions on the measured results are also presented there. 

Finally, conclusions of this study are presented in Section 5.  

2. FILTER GEOMETRY 
Figure 1(a) shows the basic geometry of proposed tri band 

pass filter using rectangular patch for microwave applications. 

As stated earlier, four unequal cells are etched making use of 

slots on rectangular patch. The detailed optimization 

procedure of the proposed filter and its optimum dimensions, 

and characteristics are presented in Section 3. All parameters 

of the optimized geometry are shown in Figure 1 and its 

optimized values are indicated Table 1. The filter was 

optimized to obtain tri pass bands which are centered at 6.60 

GHz, 7.10 GHz, and 8.19GHz. Also, these are indicative 

frequencies and can be tuned by slot dimensions. Next section 

gives the detailed optimization procedure of the proposed 

filter. 

 
Figure.1: Geometry layout of the proposed filter 

Table 1: Dimension parameters of optimized filter 

geometry. 

Parameter Dimensions (mm) 

A 9.6 

A1 1.45 

A2 1.15 
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A3 1.6 

A4 0.2 

A5 2.45 

A6 1.6 

A7 0.25 

A8 1.55 

W 10.8 

W1 8.6 

W2 8.45 

W3 1.2 

W4 0.4 

W5 2 

W6 2 

3. GEOMETRY OPTIMIZATION AND 

DISCUSSIONS  
In this section parametric study is conducted to optimize the 

proposed filter. The key design parameters used for the 

optimization are length and width between rectangular patch, 

fiddling position and radius of transmission zeros. The 

detailed analysis of these parameters is investigated in the 

following paragraphs of this section. 

3.1. Effect of Width (A2 & A4) 
In this study we started the optimization with parameter A2. 

This parameter was changed from 1.1mm to 1.2mm in steps 

0.05mm. Reflection and transmission coefficient 

characteristics are plotted in Figure 2 (a). From the response it 

may be noted that A2=1.15mm offers the flat response 

compared to other cases. Similarly, in another study, A4 was 

changed from 0.15mm to 0.25mm in steps of 0.05mm. In this 

case optimum response was obtained for 0.2mm (Figure 2(b)). 

 
 

(a) 

 
(b) 

Figure 2: Simulated  S11 and S21 vs. A2 and A4 (a) A2 (b) 

A4. 

3.2 Effect of Length (W2 & W4) 
In another effort we studied the effect of W2 and W4 on the 

filter response. In the first case W2 was changed from 8.35mm 

to 8.55mm. Incremental size of 0.1mm was used. All these 

responses are presented in Figure 3(a). Similarly, W4 was 

changed from 0.15mm to 0.25mm with step size of 0.05mm 

(Figure 3(b)). From these two studies we found that 

W2=8.45mm and W4=0.2mm as the optimum values. 

 

(a) 
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(b) 

Figure 3: Simulated  S11 and S21 vs. W2 and W4 (a) W2 (b) 

W4 

3.3. Effect of Feeding Position (W1) 

In this we investigated the effect of feeding position W1. Here, 

the feed position W1 was varied from 8.55mm to 8.65mm in 

steps of 0.05mm. S-parameters of this study are indicated in 

Figure 4. From the Figure 4, it may be noticed that 

W1=8.6mm is the optimum value of feed position as it offers 

good results.     

 

Figure 4: Simulated  S11 and S21 vs. W1  

3.5. Effect of Radius of Vias 
In yet another effort, the radius of vias was varied to observe 

the effect on filter response. The radius was varied 0.2mm to 

0.4mm in steps of 0.1mm. As the radius of the via changes, 

the resonant frequency of all the bands get shifted. From the 

study R=0.3mm was noted as the optimum value. 

 

Figure 5:  Simulated  S11 and S21 vs. R  

From the detailed parametric study conducted we obtained an 

optimum set of dimension which is listed in Table 1. 

4. EXPERIMENTAL VALIDATION OF 

THE GEOMETRY AND DISCUSSIONS 

The proposed geometry shown in Figure 1 with its optimized 

dimensions listed in Table 1 is fabricated on FR4 substrate 

having dielectric constant of 4.4 and thickness of 1.27mm 

Radius of vias is R=0.3mm. The photograph of fabricated 

prototype is shown in Figure 6. In Figure 7, the setup of 

measurement of reflection coefficient of the filter in real time 

environment is shown. Reflection and transmission coefficient 

characteristics of measured results are compared with 

simulated values in Figure 8. The measured results slightly 

mismatch with the simulated values which may be due to 

inaccuracies in the fabricated prototype.   

 

Figure 6: Photograph of fabricated prototype 

 

 
 Figure 7: Photograph of measurement setup.  
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Figure 8: Comparison of simulated and measured S11 and 

S21 

5. CONCLUSIONS 
A tri band pass filter with its characteristics, and design 

methods are investigated thoroughly. From the studies it can 

be revealed that the filter’s selectivity can be adjusted by 

changing the length and width of rectangular cell. The tri band 

pass filter is realized by adding asymmetrical (along 

horizontal) slots on rectangular patch. The proposed band pass 

(BPF) filter is very flexible as its bands can be tuned 

independently. Thus, the tri pass band filter can be a good 

candidate for microwave BPF designs. Future scope includes 

enhancement of pass band characteristics and possible 

excitation of four bands. 
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