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Abstract—This paper investigates a quasi triangular of ctefit ground structure (DGS) for low-pass
filters (LPFs) application. An equivalerRLC circuit model is presented and its corresponding
parameters are as well extracted using the paremelationships. The LPFs using the proposed DGS
pattern combined with open stubs are designed abdcéted. The proposed LPF presents the
advantages of small size, low insertion loss arch-wlide stopband with 20 dB attenuation from 4

GHz to more than 20 GHz. The simulated resultsinbetaby equivalent circuit model (ECM) and full-

wave EM show good agreement with the measured ones.

[.INTRODUCTION

Recently, there has been an increasing interasigrowave circuits design especially microstripeiil
using defected ground structure (DGS). Nowadays)ymasearchers focus on this type of structure
because it offers various advantages such as yweliea to RF/microwave circuits to reduce the size

[1]-[5], improve the performances [6]-[9] and eggkrformed to extract the equivalent circuit [4]:]



A DGS is realized by etching off a defected patteom the ground plane. An etched defect
disturbs the shield current distribution in thewgrd plane. This disturbance changes the charaatsris
of the transmission line to achieve the slow-waffecé and bandstop property [1]-[3]. It provides an
attenuation pole frequencig)and a cutoff frequency.. A variety of DGS shapes for low-pass filters
(LPF) applications has been presented in literasuh as dumbbell shaped DGS [1]-[3], semicircle
shaped DGS [4], elliptic shaped DGS [10], asymroddGS [11], cross-shaped DGS [12], equilateral
u-shaped DGS [13], dual reverse U-shaped DGS fhdltiple T-shaped DGS [15]. However, there is
always a tradeoff between the performance (suckt@shand and passband characteristics) and the
physical size of the filter.

In this work, a quasi triangular of DGS is propo$&dLPF design, which is simple, compact and
has controllable topology. The use of the propd3&s$ pattern along with H shape open stubs [10]
provides a wider and deeper stopband and compattenthan the conventional LPFs [12]-[1%he
analysis of different number of DGS-LPF is inveategyl and carried out with the EM simulation IE3D
software. Equivalent circuit model (ECM) based amped elementd CR parallel resonant circuit)
[10] is used to characterize the proposed DGS-URFfrequency response is obtained using the
Agilent ADS circuit simulator. The substrate maaérsed for the design is RO4350B Rogers material
with a thickness of 0.254 mm and a relative pemityt of 3.63. The conductor strip of the microptri
line (50Q2) on the top plane has a calculated width w of @62. The theoretical and measured results

are presented with good agreement for LPF fabanati

1. DESIGN CONCEPT AND CIRCUIT MODELING

The proposed DGS pattern is obtained by etchirlgtacsnnecting with two half of modified triangular
defected in the ground plane, as Figure 1 shownil&ily to the conventional structures [1]-[3], ghi

structure provides an attenuation pole frequefgcgnd a cutoff frequency.. Therefore, it can be



represented by BCR parallel resonance circuit in series with the $raission line [10] as shown in

Figure 1.
The proposed DGS dimensions/,, g and ¢ are considered to be respectively 7.84, 0.5

and 0.94 mm and the circuit elements are extracsed) the following equations [10].
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where «wy =27y and «. =27, are the angular resonance frequency and 3-dB fcluggfuency of the
DGS, respectively.

To confirm the validity of the ECM, a comparison @iparameters with the full-wave
electromagnetic (EM) simulations is presented iguFé 2. The extracted elemerntsC andR are
respectively 2.73 nH, 0.32 pF and 2.31. K500d agreement for both insertion and returne®ssin be
seen whereas some discrepancies appear for fragaemgher tharfy. It could be caused by the

simplicity of the equivalent lumped model; the dizaited effects are not included.

[11. DETERMINATION OF AN APPROACH EQUIVALENT CIRCUIT USING THE

DISTRIBUTION OF EM-FIELD ALONG OF THE PROPOSED DGS-RESONATOR

The objective of this short investigation is toifyethe dependence of the equivalent circuit elet®en
on the surface as the distribution of electromagrietld. The field simulation results are shown in
Figure 3 (a-b). As Figure 3.a shows, at the frequér= 1 GHz the RF power is transmitted from input
port to output port. At the reject frequency f & %Hz the signal is blocked in port one as shown in

Figure 3.b. As known, at resonance frequency, idld ifs concentrated along the DGS-unit as two



equal electric and magnetic energies. The magfietitis located around the triangular area (zgne |
while the electric field is concentrated in a sncaldnnel slot (zone Il) as shonw in Figure 3. Deloem
on this field method, the EM distribution leads design an approach equivalent circuit that

corresponds to the DGS-resonator, thus to desigpproximated circuit of the desired filter.

IV.EFFECT OF THE DGSDIMENSIONS ON THE PERFORMANCES

For the proposed DGS, the effect of the dimensitresphysical lengths, ¢,, ¢ and the width g on the

performance of the resonator are studied, baseBMrsimulation results. The structure shown in

Figure 1 with/; = 7.14 mm,/, = 4.84 mm, g = 0.5 mm and ¢ = 0.94 mm is usedisdtudy.

Figure 4 shows both the magnitudes of the tran&faction ;) and the input reflection

coefficient &1) when ¢, is varied while the other parameters of the stmectre kept constant. The

obtained characteristics of the proposed DGS patiee summarized in Tables 1. From the data in

Table 1, it can be seen that an increasg,iteads to a decrease in attenuation pole frequénicy

cutoff frequency f¢) and stopband widthBi\xoqs) WhereasSinax slowly increases with increasing of

the lengthr,. Besides, the capacitance, inductance and resestaxtracted by using (1), (2) and (3),
respectively, increase with the increase of thgtlen .
The characteristics of the proposed DGS pattern afterent/,, ¢ and g are also summarized in

Tables 2, Table 3 and table 4, respectively. tidserved from Table 2 th& f. andBW,4s decrease

when 7, increases whereaS;;mx increases with increasimg. In addition, the capacitance and
inductance increase with the increase of the lengtA rapid increase on the resistance is observed
when increasing the length. From Table 3, it is observed that an increasg irads to a decrease in

both f, andfc while S$;1max Slowly decreases. Moreover, the capacitance laadnductance increase
with the increase of the length ¢ whereas the tagsie progressively decreases with increasing the

length c. From Table 4, it can be seen thato not change with the width g wherdasand BWogs



increase andimax decreases with increasing g. Furthermore, the tatdge and resistance increase
with the increase of the width g whereas the capace gradually decreases with increasing the width
g. Therefore, a proposed DGS operating at diffesslected attenuation pole frequency can be

designed by simply varying the width g.

V. PROPOSED DGS BASED LOW-PASS FILTER: DESIGN CONCEPT AND CIRCUIT

MODELING

The proposed structure of the DGS-LPF is shownigairé 5. The filter consists of a proposed shaped
DGS along with two open stubs known as H shape spdrs [10]. The use of H open stubs in the
proposed DGS pattern permits to increase the augigidpacitance between S0microstrip line and
proposed DGS pattern. Therefore, the charactegistiche proposed DGS-LPF are dependent on the
dimensions of both DGS pattern and open stubs.phlysical parameters of this DGS-LPF structure,
¢, =8.14 mm,/,=55mm, c =0.24 mm, g = 1gE 6 mm and W= 1.3 mm, are considered.
Based on the above discussion, the proposed DGSchRbe modeled as one resonator along with
two shunt capacitorSp which correspond to the open stubs as shown uwr&ig

According to the basic theories of transmissioedinan open stub is modeled as an equivalent
capacitor. The equivalent capacitance with the attaristic impedanceZ{) and length (;) can be

obtained from [16] as:

_1 2711 ¢
Cp = azstan( /]g ] (4)

where A, represents the guided wavelength.

The elementg;, C; andR; of Figure 5 are extracted by the equations desdridy (1), (2) and (3)
and their values are respectively 4.70 nH, 3.89ap#& 3.50 R whereas the shunt capacitarCg

obtained by the equation (4) is 1.09 pF.



The EM and circuit model simulation results of fireposed DGS-LPF are shown in Figure 6.
The 3-dB cutoff frequency of the proposed filteecuial to 3.1 GHz.

From the data provided in Figure 6, it is obsertheat the insertion loss is equal to 0.10 dB and
the return loss is better than 26 dB in the whasspand. Moreover, a wide suppression band at
attenuation level of -20 dB starting from 6 GHznore than 20 GHz is achieved in the stopband.

From Figure 6, reasonably good agreement betweeunittmodel and full-wave EM simulations
for insertion loss can be seen below 8 GHz, wheseate discrepancies appear at a higher than 8 GHz.
For return loss, good agreement can be seen abbv®Hz whereas some difference appears from 0.2
to 1.5 GHz. It could be resulted from the simpjiaitf the lumped circuit model that the distributed
effects are not included in this model. This reshibws that the circuit model provides quite good
performances and confirms its validity.

To further improve the stopband rejection, filteasbd on more than one DGS pattern should be
used. Figure 7 (a-b) shows the geometry and tleeitimodel of the proposed LPF using two cascaded
DGS patterns and three open stubs. By using equ@t)o the shunt capacitan€g is equal to 2.07 pF.
The width W5, of the open stub is selected to 2 mm.

Figure 8 shows a comparison $parameters between a filter with 01 DGS patteamgiwith
two open stubs and a filter with 02 DGS patterm@lwith 03 open stubs. From Figure 8, one can
realize that by increasing the number of DGS pattére proposed DGS-LPF achieves return loss
throughout passband range above 20 dB wherea isttipband is more than 20 dB at an ultra-wide
range from 4 GHz to more than 20 GHz. In additimy insertion loss in the passband and sharp
response in transition domain are obtained dudné¢oopen stubs and the resonance characteristic of

two-cascaded DGS patterns.



Comparison of the insertion and return losses batviee results by the full-wave EM simulation
and the extracted lumped model is shown in Figuré# 8an be seen from Figure 9 that the circuit

model provides good performances and confirmsalisity in certain band of frequencies.

VI.IMPLEMENTATION AND MEASUREMENT

The proposed LPF with one DGS in the metallic gctbpfane and two open stubs on the top layer is
fabricated as shown in Figure 10; whereas, the unedsand simulated results are shown in Figure. 11.
From the measured results shown in Figure 11 ntbeaseen that the fabricated LPF has a 3-dB cutoff
frequency at 3.1 GHz, the insertion loss is asdsvd.1 dB in the passband of the LPF and stoplsand i
suppressed below -20 dB from 6 GHz to more thanGXx. The small deviations between the
simulated and measured results may were causetiebgannectors and manufacturing errors. The
performance of this novel LPF is experimentallyreloterized and evaluated with its simulation result
which show a good agreement.

The proposed LPF with two DGSs in the metallic giplane and three open stubs on the top
layer with small in size of 25 x 11 nfnis fabricated as shown in Figure 12. Figure 13wshthe
measured and the simulated results. It is obsdreed Figure 13 that the measured results agree with
the simulated one. Inspecting the measured residt$abricated ultra wide reject band-LPF hasdB3-
cutoff frequency at 3.1 GHz, the insertion lossasslow as 0.1 dB in the passband of the filter and
stopband is suppressed below -20 dB from 4 GHzdrerthan 20 GHz.

The performance of the proposed DGS LPF is sumeiiz Table 5 with other DGS LPFs for
comparison. It can be seen from Table 5 that tlegpqgwed filter provides good performances in
stopband rejection and passband insertion lossnzoré compact in size (25 x 11 rfyrthan those

reported in literature [12]-[15].



VII. CONCLUSIONS

In this study, an ultra-wide reject band compaet-fmass filter (LPF) using guasi triangular of
defected ground structure (DGS) along with Operc@irStubs has been introduced and investigated.
It has been shown that the proposed DGS-LPF hdsvacha return loss throughout passband range
above 20 dB whereas an insertion loss in the staplmmore than 20 dB. Moreover, an ultra-wide
stopband performance from 4 GHz to more than 20 @&Halso obtained. A comparison between
circuit model, EM simulations and measurement testonfirms the validity of the LPF configuration

and the design procedure. The proposed LPF candedwised for wideband microwave applications.
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Table captions

TABLE 1: CHARACTERISTICS OF THE PROPOSED DGS PATTERN WITH BERENT /4 (¢, =4.84mm,g =0.5
mmAND ¢=0.94 mm)

TABLE 2: CHARACTERISTICS OF THE PROPOSED DGS PATTERN WITH BERENT /5 (/1 =7.14mm,g =0.5
mmAND ¢ =0.94 mm).

TABLE 3: CHARACTERISTICS OF THE PROPOSED DGS PATTERN WITH BERENTc (/1 =7.14mm, ¢,=4.84
mmAND g =0.5 mm).
TABLE 4: CHARACTERISTICS OF THE PROPOSED DGS PATTERN WITH BERENTg (¢, =7.14mm, ¢,=4.84

mmAND ¢ =0.94mm).

TABLE 5: PERFORMANCE COMPARISON OF MICROSTRIEPFs

Figure captions

Figure 1. Geometry of the proposed DGS patternitgndrcuit model

Figure 2: Magnitude of5;; and S;; of the proposed DGS unit: Circuit model and Fuliwe EM
simulations.

Figure 3: EM field distribution results (a) in tpass band at 1 GHz, and (b) in the reject band5at 5
GHz.

Figure 4: Magnitude 0%,; and$S;; of the proposed DGS for differemt (¢, = 4.84 mm, g = 0.5 mm
and ¢ = 0.94 mm).

Figure 5: Geometry of the proposed DGS-LPF andiitsiit model

Figure 6: Simulated results of the proposed LPRgushe DGS pattern and two open stubs : Full-wave
EM and circuit model simulations.

Figure 7: Proposed LPF using two DGS units ancetbpeen stubs (a) Geometry, and (b) Circuit model

10



Figure 8: Magnitude 0% and$S;; of the proposed DGS-LPF: 01 DGS along with tworogeibs and
two DGSs along with three open stubs

Figure 9: Magnitude o%; andS;; of the proposed LPF based on two DGSs and three stoibs: Full-
wave EM and circuit model simulations.

Figure 10: Photography of the proposed ultra-wajeat band LPF with one DGS pattern

Figure 11: Measured and simulatégarameters of the proposed LPF with one DGS patter

Figure 12: Photography of the proposed ultra-wajeat band-LPF with two DGS patterns

Figure 13: Measured and simulatggarameters of the proposed ultra-wide reject ldapi with two

DGS patterns
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TABLE 1

61 fo fc SZlmax BWZOd L C R
(mm) (GH (GH) (@B) i, (H) () ()
5.65 7.10 455 -26.44 045 206 0.24 02.26
7.14 5.60 3.65 -26.46 043 273 032 0231
8.48 4.70 3.05 -27.01 0.39 3.02 037 0535
9.90 4.05 265 -27.09 0.36 3.43 0.44 05.82
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TABLE 2

BWaod

’2 fo fo Soam L C R
(mm) (GHz) (GH7)  (dB) (GBHZ) (nH)  (pF) (k)
3.00 650 425 -2326 045 214 027 01.08
484 560 3.65 -26.46 043 273 0.32 0231
500 525 355 -29.35 0.39 243 037 04.32
6.00 460 320 -32.25 035 256 046 08.41
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TABLE 3

c fo f Simax  BWoogs L C R
(mm) (GHz (GH2) (dB) (GHz) (nH) (pF) (k@)

0 590 3.85 -26.48 043 237 0.30 02.46
1 5.60 3.65 -26.46 0.43 250 0.32 02.36
2 530 345 -26.43 043 2,65 0.33 0221
3 5.10 3.30 -26.36 0.43 280 0.34 02.18




TABLE4

g fo o Soimex BWoos | C R

(mm) (GHz) (GHz)  (dB) (GIEi|z) (nH)  (pF) (k)
0.1 470 365 -2838 032 066 173 03.46
0.3 530 365 -27.70 039 229 0.39 02.96
0.5 560 3.65 -26.46 043 250 0.32 02.23
0.7 580 3.65 -2650 050 2.63 0.28 02.25
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TABLE 5

[12] [13] [14] [15]

Characteristics 2006 2006 2008 5011 This work
Substrate materiat(/ h) 44/08 3.38/1524 44/08 2.2/0.788 3.625b4
Cutoff frequency. (GHz) 3.5 2.4 3.7 1.37 3.1

Stopband (dB) with -20dB , 3 156 30610 375-20 412 4 to more than 20

rejection
(F:jag)sband insertion loss <2 <226 <1 ) 0.1
Passband return loss (dB) - >5 ) > 20 > 20

Size( mm) 21 x 20 71x 13 27 X 23 34 x 11 25x 11

16
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Figure 5
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