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  Abstract 

The microwave filters play an important role in most RF/microwave applications. They are designed to remove undesired 

harmonics to reduce the system noise or to remove spurious mixing products. DGS slot with an interdigital shape are introduced 

here in two elliptic low pass filter designs. Here a fifth order low pass filter was designed, simulated and fabricated for a cut off 

frequency of 3GHz. Finally a prototype model were designed based on the simulation results obtained. These prototype filter 

designs have more than 20 dB of stop band rejection and a good return loss in the pass band. The fabricated results proved to be 

better than the simulation results. In the first low pas filter design the central aperture was replaced with the interdigital slot 

structure which improved the stop band response at the resonant frequency around 7.8 GHz. To improve the stop band rejection 

two interdigital structures were introduced in the bottom layer (Ground). 
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1. INTRODUCTION 

In recent years there is increasing demand for broader 

bandwidth in wireless communication systems and many 

researches are going on the wideband filters [1-4]. In this 

work the Defected Ground Structures (DGS) [5-10] 

presented here is to improve the performance of a traditional 

microstrip low pass filters. The different applications in 

passive circuits like low pass filters and band pass filters has 

given origin to the Defected Ground Structure (DGS). The 

Defected Ground structure (DGS) have better stop band 

rejection which are helpful in improving characteristics of 

certain devices like efficiency of power amplifiers is 

increased, performance of certain amplifiers and antennas is 

enhanced, harmonic filtering, also size of microwave 

circuits is reduced. The resonant frequency of the microstrip 

line structure is varied or controlled by modifying the shape 

and size of the slot. For improving the pass band responses 

of the microstrip filters useful design equations are given. 

Here two elliptic low pass filter designs were designed and 

simulated than fabricated on an FR-4 substrate with a 

relative dielectric constant of 4.4 and thickness of 1.2mm 

[3],[4].  One transmission zero is introduced in the first low 

pass filter design by replacing the central aperture with 

interdigital structure which consists of metal fingers. The 

resonant frequency of the structure can be controlled by 

varying the distance between these metal fingers but 

keeping the area occupied by the slot constant. Two 

transmission zeroes are introduced in the second low pass 

filter design in the two slots with same finger lengths to 

improve the stop band response. The two transmission zero 

design has better response than one transmission zero design 

for passband and stop band. The resonant frequency of the 

slot can be varied without changing the slot size by 

changing the number of metal fingers [13-20]. In the figure 

1 the interdigital DGS slot [4] introduced here is shown. In 

this technical note all dimensions are in mm. Under the 

microstrip line in the top layer the slot is etched in the 

bottom layer which is the ground metal layer. The major 

advantage to this microstrip line is the tighter capacitive 

coupling provided by the slot in the bottom layer with the 

interdigital DGS. This replaces the slot capacitances by the 

interdigital capacitance. The area of DGS can be reduced 

effectively by using interdigital DGS in the design of 

miniature devices. By modifying the number of metal 

fingers keeping the slot size unchanged the change in 

resonant frequency can be realized. In the one transmission 

zero design the center slot is replaced by the interdigital 

DGS where the slot has width of 4.9 mm and length of 5.65 

mm. There are total 6 metal fingers which have a width of 

0.4mm and length 3.2mm. By increasing length l of the 

metal fingers the resonant frequency of the slot and 

capacitance are increased. From the total 3 slots in the 

bottom layer the dimensions of the center slot is as 

described above and the other two slots have width 4.9 mm 

and length of 3.75 mm. In the two transmission zero design 

also the dimension of center slot is same as first design but 

the other two slots are replaced by interdigital DGS where 

the metal fingers are of width 0.535mm and length of 4mm. 

By these changes in the low pass filter designs the resonance 

is brought down to a remarkable level which is shown in fig. 

11 and 12.  

 All the three fabricated low pass filter designs have the 

length of 25.6 mm and breadth of 11.6mm. 
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2. MICROSTRIP LOW-PASS FILTER DESIGN 

GEOMETRY AND MATERIAL PARAMETERS 

WITH DGS INTRODUCING SLOTS IN 

GROUND LAYER 

The cut-off frequency of the low-pass filter can be adjusted 

by setting proper values of the lumped elements of the filter 

[8-12] can be adjusted as per the requirement. Based on the 

characteristic impedance Zo, effective dielectric constant 

 eff and the dielectric constant  r which is 4.4 for the FR-4 

substrate, the capacitor and inductance values of the filter 

elements by the stubs of the high/low impedance 

transmission lines are calculated. The height of substrate 

which in these designs is h=1.2mm and the  eff is calculated 

based on the ratio of the width w of the transmission line 

and height h.  

 

From the following equation the effective dielectric constant 

can be found [1-4].   
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The phase velocity vp is calculated from 
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Where c represents the velocity of light. The transmission 

line length l can be calculated from the equations as follows  
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With the help of commercial simulator the characteristic 

impedance ZO and the width W are calculated. The filter 

layout is constructed based on these calculations. 

 
The approximate transmission line calculations are W = 

0.34mm, ZO = 100Ω, l = 2.85mm and L = 1.6nH.  For W 

= 8mm      ZO = 20Ω,  l = 3.48mm and  C = 1.15pF. For 

characteristic impedance ZO = 50Ω, W = 2mm.  

 

Fig -1: Top (above) and bottom (below) layouts of a fifth 

order microstrip low–pass filter with slots under the 

transmission lines. (All dimensions are in mm) 

      

 
 

 

Fig -2: Top (above) and bottom (below) Layers of a fifth 

order Microstrip low-pass filter (Fabricated). 

 

The first low pass filter design is shown in figure (1) where 

there are three apertures in the ground layer. The dimension 

in the figure are in mm. In this design the slots were inserted 

in ground metallization layer under the low pass filter 

transmission line which is in the top layer. In the ground 

layer the two side slots have width of 4.9mm and the length 

of 3.75 mm. The center slot has width of 4.9mm and length 

of 5.65 mm. In Figure 2 the fabricated low pass filter are 

shown, it shows the top layer of 5th order filter along with 

the bottom layer with three apertures in the ground layer. 

The filter designs were tested with the help of SMA 
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connectors connected at the input and output of the filters. 

Here no transmission zeroes were introduced in the design. 

The transmission zeroes are introduced by replacing the 

apertures in the ground layer [4]. This leads to the designs 

introducing transmission zeroes. Fig. 3 shows the simulation 

results for the insertion and return loss of the low-pass filter 

without the use of transmission zero design. In the Fig. 3 a 

resonance is observed around 7.8 GHz which has as 

insertion loss (S21) of -14dB approx. There is another 

resonance around 7.9 GHz which has an insertion loss of -

41dB. This design has the pass band insertion loss of -0.1dB 

and it matches with the simulation results shown in Fig. 3. 

The minimum return loss in the pass band is -13dB. Fig. 4 

shows the tested results of the fabricated low pass filter 

taken on the Scalar Network Analyzer. The results after 

fabrication have proved to be better than the simulation 

results. The stop band rejection of the filter are almost same 

in the simulated and tested results and the resonance at 7.8 

GHz is very low in the tested results compared to the 

simulation one. It has maximum insertion loss in the pass 

band of -0.43dB. The 2nd harmonic at 6GHz has insertion 

loss of -18.74 dB and 3rd harmonic at 9GHz has insertion 

loss of -22.22 dB. 

 

 
Fig -3: Simulation Result for Insertion loss (S21) and return 

loss (S11) of a fifth order low-pass filter. 

 

 
Fig -4: Hardware Testing Results on Scalar Network 

Analyzer for Insertion loss (S21) and return loss (S11) of a 

fifth order low-pass filter. 

3. MICROSTRIP LOW-PASS FILTER DESIGN 

GEOMETRY AND MATERIAL PARAMETERS 

WITH ONE TRANSMISSION ZERO 

To improve the stop band response a one transmission 

zero design was introduced in the center slot of ground 

layer in the form of interdigital slot structure. The 

passband return loss and insertion loss are not affected 

but the cut off frequency can be changed by varying 

the dimensions of the slot in the form of width and 

length. The metal finger has a width of 0.4mm and 

length of 3.2mm. The cut off can be shifted back by 

reducing the inductance of the narrow line [4],[8]. By 

increasing the width of the strip the inductance can be 

reduced. The dimensions of the transmission line in 

top layer are the same as previous designs. The 

fabricated low pass filter design with one transmission 

zero is shown in Fig. 6 in which only the bottom layer 

with interdigital slots in the middle. Top layer is same 

as shown in Fig. 2. The fabricated low pass filter was 

tested on Scalar Network Analyzer and its tested 

results are shown in Fig. 8. It has maximum insertion 

loss in the pass band of -0.46dB. The 2nd harmonic at 

6GHz has insertion loss of -21.64 dB and 3rd 

harmonic at 9GHz has insertion loss of -21.01 dB. 
 

 

Fig-5: Top (above) and bottom (below) layouts of a fifth 

order microstrip low-pass filter with one transmission zero. 

(All dimensions are in mm) 
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Fig-6: Bottom Layer of a fifth order Microstrip low-pass 

filter (Fabricated). 

 

Fig-7: Simulation Result for Insertion loss (S21) and return 

loss (S11) of a fifth order low-pass filter. 

 

Fig-8: Hardware Testing Results on Scalar Network 

Analyzer for Insertion loss (S21) and return loss (S11) of a 

fifth order low-pass filter for One Transmission Zero 

Design. 

 

4. MICROSTRIP LOW-PASS FILTER DESIGN 

GEOMETRY AND MATERIAL PARAMETERS 

WITH TWO TRANSMISSION ZEROES 

In the Fig. 9 the top and bottom (ground) layer layout of two 

transmission zeroes is shown. Here in the ground 

metallization two interdigital slots are introduced as shown 

in Fig. 9. The two slots with interdigital DGS has a width of 

4.9 mm and length of 3.75 mm. The center aperture has no 

interdigital DGS and has a width of 4.9mm and length of 

5.65mm. In these interdigital structures the metal fingers 

have a width of 0.535mm and length of 4mm. In the figure 

11 the simulation results are shown. 

 

Fig -9: Top (above) and bottom (below) layouts of a fifth 

order microstrip low-pass filter with two transmission 

zeroes. (All dimensions are in mm) 

 

Fig -10: Bottom Layer of a fifth order Microstrip low-pass 

filter (Fabricated). 

 

Fig -11: Simulation Result for Insertion loss (S21) and 

return loss (S11) of a fifth order low-pass filter. 
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Fig -12: Hardware Testing Results on Scalar Network 

Analyzer for Insertion loss (S21) and return loss (S11) of a 

fifth order low-pass filter for Two Transmission Zero 

Design. 

  

The fabricated low pass filter design with two transmission 

zero is shown in Fig. 10 in which only the bottom layer with 

interdigital slots at the right and left side are shown. Top 

layer is same as shown in Fig. 2. The fabricated low pass 

filter was tested on Scalar Network Analyzer and its tested 

results are shown in Fig. 12. It has maximum insertion loss 

in the pass band of -0.58dB. The 2nd harmonic at 6GHz has 

insertion loss of -19.6 dB and 3rd harmonic at 9GHz has 

insertion loss of -23.04 dB. Thus harmonics in the stop band 

are brought down considerably. 

 

5. CONCLUSION 

A fifth order low pass filter was designed and simulated first 

and its prototype models were developed. These filters were 

designed for the cut off of 3GHz. By properly selecting 

impedances of the transmission lines bandwidth of the 

broadband low pass filter can be independently designed. 

This technical note also introduces interdigital DGS 

structure in the slots introduced in the ground layer. The 

main advantage of the proposed structures is to get a wide 

stop band with a very compact design. You can observe 

from the results obtained that the fabricated LPF shows 

better results in the stop band behavior than the simulation 

results and has stop band rejection of more than 20dB. Thus 

a microstrip elliptic low pass filter with a good pass band 

return loss and better stop band insertion loss is achieved. 
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