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Abstract ─This paper presents a simple technique 

to design a low-pass filter using defected ground 

structure (DGS) having a remarkable sharp 

response in transition band and rejection better 

than -20 dB up to 20 GHz. The fabricated filter 

has a 3 dB cutoff frequency at 3.4 GHz and it is as 

small as 22 mm × 12 mm. The insertion loss in the 

pass-band is less than 0.6 dB from DC to 3.1 GHz. 

The design of the filter is simple and it gives 

desired frequency response. Measured results 

show good agreement with simulated ones. 

 

Index Terms ─ Bandpass, band-reject, defected 

ground structure (DGS), maximally flat prototype, 

and roll-off rate. 

 

І.  INTRODUCTION 
Low-pass filters play an important role in RF 

circuits and systems, which rejects the higher 

harmonics and spurious responses of circuits.  

Conventional implementation of a low-pass filter 

(LPF) involves the use of open stubs or stepped- 

impedance microstrip lines. These structures have 

gradual cutoff response that only by increasing the 

number of sections, filter rejection characteristic 

can be improved. This improving method 

increases the passband insertion loss and filter 

physical size. 

Defected ground structures (DGS) have been 

reported to improve the performance of traditional 

microstrip-based low-pass filters (LPF) [1-4] i.e., 

rejection properties of LPF have been improved. A 

DGS structure offers series connected quasi-

lumped inductive element to a microstrip line. Its 

implementation reduces the length of LPF. The 

performances of low-pass filter, i.e., sharpness 

factor (the ratio of pole frequency to cutoff 

frequency), suppression of harmonics in the stop-

band and low insertion loss in the passband; are 

significantly affected by the type of DGS slots. 

The initial investigations on DGS have been 

carried out around simple geometrical shapes 

include square, circle, and triangle [1]. The simple 

geometrical shape DGS slots are modeled as a 

series-connected lossless inductor and capacitor 

(LC) parallel resonator [1]. Typical properties of 

LPFs can be obtained by using periodic defected 

ground structure (DGS) [2]. In periodic structures 

usually LPF is designed with conventional 

methods like Chebyshev [3] or Bessel [4] 

prototype. After that the equivalent LC circuit of 

DGS slots is used to realize the reactive elements 

of designed LPF [3]. In this method we need some 

diagrams, which show the equivalent inductance 

or capacitance versus the relative area of DGS [3]. 

In periodic DGS method we need to increase 

the number of sections for having a sharp response 

[5]. For example, to design a flat (low ripple) LPF 

with Chebyshev prototype, for a sharpness factor 

better than 1.1 and 20 dB attenuation in pole 

frequency we need a filter with order of nine or 

more [6]. As mentioned earlier by increasing the 

number of sections (to have a sharp response) the 

passband insertion loss and filter physical size is 

increased. 

In this paper a new method to design a 

filterusing DGS slots is presented. In the proposed 

method we designed the top layer conventionally 

and after that by adding some DGS units to the 

bottom layer, we obtain desired filter responses.  

DGS units lead to some attenuation pole 

frequencies. By adjusting the dimensions of DGS 

units the pole frequencies can be controlled, 

consequently filter characteristics like sharpness 

factor and stop-band rejection can be adjusted. 
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ІI. INTRODUCING TWO DGS UNITS
It has always been a challenge for a defected 

ground structure (DGS) to obtain simultaneously

low resonant frequency and a small circuit area. 

Some papers have related the resonant frequency 

to the size of DGS (area which DG

surrounded) [7]. But there are some results that 

show we can have lower resonant 

lower size [8]. In the following sub

usual DGS are going to be introduced. 

one has a sharp attenuation pole 

response, which can be used to make transition 

band of LPF as sharp as possible. The second one 

has a wide attenuation pole, which can be used to 

extend band-stop. 

 
A. First DGS unit resonator 

Figure 1 (a) shows the schematic of DGS unit 

resonator. This DGS has two parallel stubs

are bent. This resonator is excited 

microstrip line. This kind of DGS usually used for 

band-stop filter [8]. Band-stop filter can be 

designed by cascading several band-

After that we should adjust the coupling 

different resonators. If two or more of th

are used with a sufficient distance among

attenuation in pole frequency will be 

This DGS unit can be modeled by LC circuit shown 

in Fig. 1 (b). The parameters of this LC circuit 

model are obtained from frequency response.

The value of Lp and Cp are found from the

following equations [1], 
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The symbol ��is the pole frequency and 

dB cutoff frequency. The dimensions of Fig.

as follows: L = 5.4 mm, L1 = 2.6 mm, L2 = 3.6 

mm, L3 = 1.7 mm, L4 = 2.5 mm, L5 = 1.2 mm, L6 

= 0.4 mm, G = 0.2mm and the width of microstrip 

line is 1.6 mm. The resonant frequency is affected 

by any changes in the dimensions of DGS. This 

unit has been designed on a substrate with 

dielectric constant 2.2 and thickness of 0.635 mm. 

The simulation results of this structure, which has 

been done by HFSS [9] are shown in Fig. 2. 

 

DGS UNITS 
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Some papers have related the resonant frequency 

DGS (area which DGS is 

. But there are some results that 

resonant frequency with 

subsections two 

introduced. The first 

attenuation pole in frequency 

make transition 

as sharp as possible. The second one 

which can be used to 

schematic of DGS unit 

two parallel stubs, which 

This resonator is excited by a 50 Ω 

This kind of DGS usually used for 

stop filter can be 

-stop resonators. 

the coupling amongst 

If two or more of this DGS unit 

among them, the 

be increased [8]. 

can be modeled by LC circuit shown 

The parameters of this LC circuit 

model are obtained from frequency response. 

The value of Lp and Cp are found from the 
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is the pole frequency and ��is the 3-

dB cutoff frequency. The dimensions of Fig. 1 are 

as follows: L = 5.4 mm, L1 = 2.6 mm, L2 = 3.6 

mm, L3 = 1.7 mm, L4 = 2.5 mm, L5 = 1.2 mm, L6 

= 0.4 mm, G = 0.2mm and the width of microstrip 

line is 1.6 mm. The resonant frequency is affected 

by any changes in the dimensions of DGS. This 

n designed on a substrate with 

dielectric constant 2.2 and thickness of 0.635 mm. 

The simulation results of this structure, which has 

are shown in Fig. 2.  

 

Fig. 1 (a) Schematic of the first DGS unit

equivalent circuit. 

Fig. 2. Simulated S-parameters for DGS unit 

shown in Fig. 1. 

 
As illustrated in Fig. 2 there are two 

attenuation poles in the frequency response of this 

DGS. One of them is in 3.6 GHz

in 14.7 GHz. Totally if all dimensions become 

larger with the same scale (the area of slot 

becomes larger), the resonant frequency will 

decrease. This is because of an 

inductive reactance of the slot [3]

different area has been done on a

line. The first attenuation pole frequency 

different area of DGS is plotted

second pole is located beyond 7 

affect our design procedure. 
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parameters for DGS unit 

Fig. 2 there are two 

attenuation poles in the frequency response of this 

DGS. One of them is in 3.6 GHz and the other one 

Totally if all dimensions become 

larger with the same scale (the area of slot 

becomes larger), the resonant frequency will 

an increase in the 

[3]. Simulation for 

done on a 50 Ω microstrip 

attenuation pole frequency versus 

S is plotted in Fig. 3. The 
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Fig. 3. First pole frequency versus DGS area

axis) and L2 (right axis). 

 
As Fig. 3 shows, by changing the area of DGS

we would have a desired pole in a wide r

frequency from 1.8 GHz to 6 GHz.

altering other dimensions of DGS unit

attenuation pole frequency will change as well

Fig. 3 we can also see increasing the length L2 

causes a noticeable decrease in the attenu

pole frequency. Another parameter

significant effect on pole frequency is the width G.

Figure 4 shows that when G 

attenuation pole frequency increases

is due to an increase in the capacitance property of 

the slot [10], [11]. 

 

Fig. 4. Simulated S-parameter for G variation.

These results illustrate there are 

degrees of freedom to design DGS slot 

selectivity is high enough to get

attenuation pole frequency. 

 

B. Second DGS unit resonator 

All DGS slots can be grouped 

categories: (i) simple DGS slot and (ii)
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First pole frequency versus DGS area (left 

changing the area of DGS 

a desired pole in a wide range of 

GHz. Moreover, by 

r dimensions of DGS unit, the 

will change as well. In 

increasing the length L2 

the attenuation 

Another parameter, which has a 

ency is the width G. 

 increases, the 

frequency increases as well. This 

an increase in the capacitance property of 

 

parameter for G variation. 

there are three or more 

to design DGS slot and the 

high enough to get the desired 

can be grouped in two 

slot and (ii) complex 

DGS slot. In the first category there are simple 

geometrical shapes; such as square, triangle, circle 

and etc. In the second group the slot

have more complex geometrical shapes; such as 

H-shape, open-square [12], spiral

digital [12].  

 In this paper H-type DGS has been 

produce the second pole of the LPF

H-type DGS is shown in Fig. 

values of a, b, c, L1, and W a

pole frequency could be obtained.

S-parameters of this DGS as a function of L1 is 

shown in Fig. 6.  

 

 

Fig. 5. Schematic of H-type DGS.

 

Fig. 6. Simulated S-parameter of H

L1 variation. 

 Other dimensions of H-type DGS are as 

follows: a = 4 mm, b = 2 mm, c

= 1 mm. It is evident from Fig. 6 that as L1 

decreases the attenuation pole frequency increases. 

Furthermore, we can see that t

have a wide rejection around pole frequency

approximately from 5 GHz to 13

to a better stop-band rejection in LPF
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III.  DESIGN LOW-PASS FILTER

 
A. Maximally flat low-pass filter 

In the proposed design method

band-rejection and sharpness of the 

obtained by the use of DGS; therefore

to use a prototype for top side, which gives a flat 

response through pass-band and m

low-pass filter prototype with low order is the best 

choice. Since by increasing the order of filter, 

size, the passband insertion loss, and nonlinearity 

of phase response will increase [6]

choose low orders. 

A LPF with cut-off frequency 

using conventional method, without ripple factor 

in the pass band (maximally flat response)

been designed [6]. The prototype has the following

normalized components: g1 = 0.6180, 

�� = 2, �� = 1.6180, �� =0.6180.

inductances and two shunt capacitances of the

prototype are computed by, 

�� � ��� 
!�

                                  

"# � �$
!�� ,                                

where %& = 50 Ω, '�= 2π��, i=1, 3, 5 and j=2,

The LC circuit and its equivalent distributed 

elements is shown in Fig. 7. 
 

Fig. 7. (a) LC circuit and (b) equivalent distributed

circuit. 

The schematic of the designed LPF is shown in 

Fig. 8. To find the dimensions of 

element we can use following formulas,

(inductor)             (� ) *+ 
�,                       

(capacitor)          	(� ) ��-
+  ,                     (6)
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0.6180, �� = 1.6180, 

=0.6180. Three series 

inductances and two shunt capacitances of the 

                                  (3) 

                                (4) 

, i=1, 3, 5 and j=2,4. 

The LC circuit and its equivalent distributed 

 
quivalent distributed 

The schematic of the designed LPF is shown in 

ig. 8. To find the dimensions of the distributed 

t we can use following formulas, 

                      (5) 

,                     (6) 

where (� is the electrical length of capacitor and 

inductor, .& is the filter impedance, 

the highest and lowest characteristic impedance 

that can be practically fabricated, L and C are 

normalized components (��). 
 

 

Fig. 8. Schematic of primary LPF.

After computing (�, the length of distributed 

elements ( � ) can be calculated. The width of 

distributed elements, which refers to 

be calculated by following formulas 

narrow strips (i.e., when %&	> (44
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where h is the thickness of substrate and 

relative permittivity. Filter implementation from 

LC circuit to distributed elements is mentioned 

completely in [6]. In Table 1 the calculated 

dimensions of distributed elements are shown.

The LPF has been designed on the substrate 

having ST= 2.2 and thickness h

frequency response of the designed LPF is shown 

in Fig. 9. As it can be seen the roll

and there is a small insertion loss in pass

Also after frequency of 14 GHz the rejection 

property is going to decrease. In the next par

will see that high roll-off rate, low insertion loss in 

pass-band and wide stop-band (up to 20 GHz) 

is the electrical length of capacitor and 

is the filter impedance, %Uand %V  are 

the highest and lowest characteristic impedance 

that can be practically fabricated, L and C are 

 

Schematic of primary LPF. 

, the length of distributed 

) can be calculated. The width of 

which refers to %Uand %V can 

llowing formulas [13]. For 

> (44-ST) Ω), 

;
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5 A
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1BW 
&.�AX
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                            (10) 
 

is the thickness of substrate and ST is the 

Filter implementation from 

LC circuit to distributed elements is mentioned 

Table 1 the calculated 

dimensions of distributed elements are shown. 

designed on the substrate 

2.2 and thickness h = 0.635mm. The 

frequency response of the designed LPF is shown 

in Fig. 9. As it can be seen the roll-off rate is low 

and there is a small insertion loss in pass-band. 

Also after frequency of 14 GHz the rejection 

property is going to decrease. In the next part we 

off rate, low insertion loss in 

band (up to 20 GHz) 
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could be obtained simultaneously by using proper 

DGS in correct position.    

 

Table 1: Calculated dimensions of distributed 

elements. 
section %�=%V,%U=ΩB (��=K2ZB [�	=

1 57 30 1.6

2 12 21 12

3 110 52 

4 12 21 12

5 57 30 1.6

 

 

Fig. 9. Frequency response of prima

B. Adding DGS to primary designed L

In this part we want to show by adding DGS 

units to primary LPF the desired characteristics 

would be obtained. To design a LPF having a 

cutoff in 3.4 GHz and a 20 dB rejection band up to 

20 GHz the following structure 

proposed. As it can be seen from Fig. 

DGS units (in white color) have been used. Two 

them are the same, which are located in

symmetry form. Some parts of DGS units

are located behind the top layer components are 

shown with dashed line. The dimensions of th

layer components are like previous section.

The frequency response of the designed LPF is 

plotted in Fig. 11. It is evident from Fig. 11 that 

the sharpness of the transition band is really good.

The first pole is designed to be located

It has a rejection better than 45 dB. This pole leads 

to a 3 dB cutoff frequency in 3.4 GHz. By 

adjusting this pole frequency, which refers to the 

first DGS unit, the cutoff frequency can be 

controlled. As shown in Fig. 6, H-type DGS has a 

wide-band rejection response. By adjusting the 

pole of H-type DGS, a desired and wide rejection 

band will be obtained, consequently spurious 

frequency will be omitted. 

 

0 2 4 6 8
-60

-50

-40

-30

-20

-10

0

Frequency [GHz]

S
 -
 p

a
ra

m
e
te

r 
[d

B
]

 

ould be obtained simultaneously by using proper 

alculated dimensions of distributed 

=\\B ��(mm) 

1.6 5.8 

12 3.2 

1 4 

12 3.2 

1.6 5.8 

 

ary LPF. 

ry designed LPF 

In this part we want to show by adding DGS 

units to primary LPF the desired characteristics 

o design a LPF having a 

dB rejection band up to 

GHz the following structure in Fig. 10 is 

from Fig. 10 three 

have been used. Two of 

which are located in a 

Some parts of DGS units, which 

top layer components are 

The dimensions of the top 

layer components are like previous section. 

The frequency response of the designed LPF is 

plotted in Fig. 11. It is evident from Fig. 11 that 

transition band is really good. 

is designed to be located in 3.7 GHz. 

dB. This pole leads 

dB cutoff frequency in 3.4 GHz. By 

which refers to the 

first DGS unit, the cutoff frequency can be 

type DGS has a 

By adjusting the 

type DGS, a desired and wide rejection 

band will be obtained, consequently spurious 

 

Fig. 10. Schematic of designed LPF.

 

 

Fig. 11. Simulated frequency response of designed 

LPF. 

ІV. FABRICATION AND MEASURMENT
Figure 12 shows the photograph of the 

fabricated filter. Top view of LPF

the dimensions of top view are those

designed in section ІІI, part A. The dimensions of 

DGS unitsin bottom view according

as follows: L = 5.3 mm, L1 = 6 mm, 

2 mm, c = 1.5 mm, d = 3.6 mm, 

2.5 mm, W = 1 mm, i = 1.2 mm, j

0.4 mm. 

The proposed LPF has been

Rogers 5880 substrate having relative permittivity

of 2.2 and thickness of 0.635

measurements have been done by using v

network analyzer Agilent E8363C. 

shows the comparison between the EM simulation

which is done by HFSS [9] and the measured S

parameters of the designed LPF.

between them is observed. After frequency of 18

GHz there is a spurious stop-band in simulated 

results while this spurious stop-

LPF is completely suppressed, which is evident in 

measured results. 

 

10 12 14

 

S11

S21

0 2 4 6 8 10 12
-50

-40

-30

-20

-10

0

Frequency [GHz]

S
 -

 p
a

ra
m

e
te

r 
[d

B
]

 

 

. Schematic of designed LPF. 

 

ed frequency response of designed 

FABRICATION AND MEASURMENT 
shows the photograph of the 

LPF is in Fig. 12 (a), 
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mm, j = 1.7 mm, k = 
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Rogers 5880 substrate having relative permittivity 

of 2.2 and thickness of 0.635 mm. The 

done by using vector 

nalyzer Agilent E8363C. Figure 13 

shows the comparison between the EM simulation, 

and the measured S-
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between them is observed. After frequency of 18 
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(a) 

 

(b) 

Fig. 12. Photograph of the fabricated LPF, (a) top 

view and (b) bottom view. 

 
 

Fig. 13. Simulation (continuous line) and 

measured (dashed line) results. 

 

V. CONCLUSION 
A simple technique has been proposed to 

design a compact LPF. In this method both 

advantages of conventional filter design prototype 

and DGS suppression property are used 

simultaneously. Finally, a LPF with a really good 

sharpness and rejection level better than 20 dB up 

to 18 GHz has been designed and fabricated.The 

effective size of LPF is 22 mm × 12 mm. 

Measured results show good agreement with 

simulated ones.  
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