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Equivalent Circuit Model of the Slotted Ground
Structures (SGSs) Underneath the Microstrip
Line
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Abstract—In this paper, the equivalent circuit model of the
slotted ground structures (SGSs) underneath the miostrip line is
presented. The slotted ground structures are etchedff on the
ground plane to provide the stopband over the desid frequency
range. The frequency response of the stopband care lletermined
by the dimensions of SGSs. The interaction betweehe SGSs can
equivalent to a parallel T-network circuit and the elements can be
derived from the simple formulas. Current distribution on the
ground plane shows the interactions of electromagtie waves
propagation around the SGSs at 3.75 and 4.32 GHz. édsured
results of the SGS are in good agreement with theMEand circuit
simulation.

Index Terms—slotted ground structure (SGS), circuit model,
microstrip line, current distribution, stopband.

I. INTRODUCTION

Photonic bandgap (PBG) structures with periodiaysare
etched on the ground plane have been proven tadardlie
high rejection in desired frequency range [1-3]wduwer, there
are five parameters need to concern such as filiotr, cell
distance, cell shape, cell position and numbereditcwhen
designing the PBG structures. Defected ground tsireis
(DGSs) with semi-lumped characteristics are wideslgd in the
filtering devices [4]. The DGSs exhibit the behavad multi
PBG structures and/or a wide stopband in perforeawbich
are used to suppress the spurious response of absve
devices with harmonics [4]-[9]. Due to their filleg and
slow-wave effects, the slotted ground structur€s3$§) attract a
growing interest among the various types of the D3 J8].

To evaluate the frequency response of the SGSs,
full-wave electromagnetic (EM) simulation is useduning the
dimensions of the SGSs. However, it costs a lotimé for
achieving the optimum design. The optimization base an
equivalent circuit model of the device is requiretihe
equivalent circuit models for the DGSs were repbria
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Fig. 1. (a) Top view and (b) the equivalent ciramiddel of the single slotted
ground structure. (The gray is the metallic conduand the white is the etched
ground plane)

and an ideal transformer to model coupling to tlu [9].
However, it is well known that typical microstripé has losses;
the microstrip line should be carefully consideried the
equivalent circuit model. H. W. Wt al. proposed an effective
equivalent circuit model of the circular SGS undbe
microstrip line. The equivalent circuit model catsiof lumped
elements which can be demonstrated a transfornteeba the
SGS and the microstrip line [11]. Although the eqilént
ttiecuit model has been demonstrated between theostiip
line and the single SGS, the interactions on tloaigel plane
between the periodic SGSs should be further demraiest J. S.
Honget al. proposed the T-network with a lowpass circuit to
represent the interaction between the two SGS (&i3.
However, the T-network with the lowpass circuit caat

[9]-[12]. T. Itoh et al. proposed an ideal transmission linedescribe the interactions between the SGSs.

characterized by its impedance and electrical lefatthe slot

Manuscript received December 22, 2009. This worls wapported by the
National Science Council of Taiwan, under Grant NeB=2218-E-168-003.

H. W. Wu is with the Department of Computer and @Gamication, Kun
Shan University, Tainan 710, Taiwan. (correspondiathor to provide phone:
+886-6-2051237; fax: +886-6-2050009; e-mail: hwwud@lrksu.edu.tw)

C. Y. Hung is with the Department of Electronicsgireering and
Computer Sciences, Tung-Fang Institute of Techngldtpohsiung 829,
Taiwan. (e-mail: goliro.goliro@gmail.com)

ISBN: 978-988-18210-4-1
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

In this paper, we propose the equivalent circuitet@f the
slotted ground structures (SGSs) underneath thesti@ line.
The single SGS can be modeled by par&leT circuit and the
extraction of the equivalent elements can be ddrivem the
simple formulas. The interaction between the twé&S@an be
further proven by the parallel T-network circuitngoined with
lowpass- and highpass circuit. The modeling metbbdhe
SGSs underneath the microstrip line is describddlksvs.
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Unic:zhnm interaction for the slotted ground structures.

Fig. 3. Top view of the two slotted ground struetiunderneath the microstrip
line. (Dimensions of the two SGSs are the same Figh1(a))
lll.  INTERACTIONBETWEENTHE TWO SGS

Fig. 3 shows the top view of the two SGSs undeméret
Il. - CIRCUIT MODEL OF THE SINGLE SGS microstrip line. The two-pole stopband (expresssg, andfy,)

Fig. 1(a) shows the typical planar microstrip witingle produced by the two SGSs and the interactions apgea
slotted ground structure (SGS). A 8D microstrip line with petween the two SGSs, which can be applied onpghgasis
single SGS etched on the ground plane is designedRuroid  suppression for the filters. Fig. 4(a) shows theijent circuit
5880 substrate having thickness of 0.787 mm anttalic  model of the interactions between the two SGSs. The
constang; of 2.2. The circuit model of the microstrip linetvi  interactions can be modeled by using the paralakfivork
single SGS is shown in Fig. 1(b) [11]. The perfone® of circuit which is combined with the lowpass- and thighpass
single SGS acts like the bandstop filter, the pelr®LC circuit  circuit. The equivalent parameters of the pardlleletwork are

is suitable. i Lo and G are given by derived as follows [14]

R, =¥ Rely" " ] (1a) L, =Im[Z, -Z,)/27f, .i=1or2afo (2a)

G = Im[Yi:i_m]/Zﬂo(fo/ f. =1/ 1) (1b) C, =-Y2r7i [Im[Z,-Z,], i=1o0r2af (2b)

L, =Y/4n*fC, (1) ¢, =-y2r, (Im[z,)] (20)
heref, is the att ti le fi ds th toff

wheref, is the attenuation pole frequency &g e cuto L, =Im[Z,]/ 27, (2d)

frequencies of the single SGS, and"9% is the input ) )
q g i P where Z and 4, can be derived by matching Z-parameters of

admittance of microstrip line to SGS. The SG_S hawving,e two-port T-network [15]. Fig. 4(b) shows thedtency
parameters ot = 5.2 mm, g = 2 mm, and the SGS width of 0.6esponse of the interactions between the SGSsedtiwalent
mm has an attenuation around 4 GHz, which canrbalated  ¢jrcyit model can effectively demonstrate the baiddwof the
first by using a full-wave EM simulation IE3D [13]he  gionhand by parallel T-network circuit. Fig. 5 slsctve current
attenuation level (-37 dB) of the stopband is obser The istibution of the two SGSs on the ground plan8.ab GHz
circuit parameters extracted from the measuredr&apaters 5,4 4.32 GHz, respectively. The interactions betwbe two
and based on the eq. (1) arg=R3.6921 K2, Lo = 3.3379 nH  5Gss are obviously appeared and the current ditioib is
and G = 0.4299 pF. Fig. 2 shows the frequency respoases gimost concentrated on the area between the tws 36375
circuit simulation, EM simulation and measuremeiibe sy, and 4.32 GHz, corresponding to the frequenspaese
attenuation level (-39 dB) of the stopband by ushecircuit o 2-pole stopband. Fig. 6 shows the frequenayoreses of

simulation agrees with those of EM simulation angjrcyit simulation, EM simulation and measurementthe two
measurement due to the extraction of the equivaémistance. g|oited ground structures. It is found fhe= 3.75 GHz andy,=
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Fig. 5. Current distribution of the two slotted gnal structures on the ground
plane at (a) 3.75 GHz and (b) 4.32 GHz.
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Fig. 6. Frequency responses of circuit simulati@V simulation and
measurement for the two slotted ground structures.

4.32 GHz, respectively and the attenuation level tloé
transition is around —20dB. The parameters in éisemant tank
are R =5.917 K, Ly = 0.916 nH, and £= 2 pF affy; and are
Ry =7 KQ, Log=0.729 nH, and £= 1.889 pF afy,. The circuit
parameters of the interactions are extracted fraasurement:
Ls: = 3.5213 nH, L, = -3.2015 nH, £= -0.6492 pF, G =
-0.6461 pF, ;= 0.7092 pF andJ= 3.5022 nH, respectively.
The negative values for the extracted parametgr€l, and G;
are allowed for the typical circuit modeling. Thatdractive
energy stored in the etched slot and metallic gapSiGS is
similar to the lumped-element inverter with negativalues
[16].
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IV. CONCLUSION

In this paper, the equivalent circuit model of tletted
ground structures (SGSs) underneath the microbtrég has
been presented. The single SGS can be modeleddlighRLC
circuit and the extraction of the equivalent eletaecan be
derived from the simple formulas. The interacti@tween the
two SGSs can be further proven by the parallel fivok
circuit combined with lowpass- and highpass circGitirrent
distribution on the ground plane shows the intévast of
electromagnetic waves propagation around the SG&Ss7a
and 4.32 GHz. Measured results of the SGSs areoau g
agreement with EM and circuit simulation.
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