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Abstract— It is well known that the characteristic line impedance (Zc) of ideal transmission
lines strongly depends on the ratio of equivalent inductance (L) to capacitance (C) per unit
length, and is expressed as Zc = (L/C)1/2. Fig. 1 shows the normal structure of microstrip
line. The properties of microstrip transmission lines change when a periodic perturbation struc-
ture is added to dielectric substrates. Representatively, if DGS (defected ground structure) or
PBG (photonic bandgap) patterns (Fig. 2), which are equivalently inductive-adding structures,
combine with a normal microstrip line, the Zc and electrical length increase. So the line width in-
creases and physical length becomes shorter if compared to normal microstrip lines for a specified
line impedance and electrical length. Similarly when a capacitive-adding perturbation such as
SIAD (substrate integrated artificial dielectric) structure (Fig. 3) is combined with a microstrip
line, the Zc becomes lower and electrical length increases. So the line width is getting narrower
and physical length becomes shorter for the specified line impedance and electrical length. Even
though the physical length can be reduced effectively by adding a perturbation structure, how-
ever sometimes the resultant line width may be too narrow to be realized or abnormally wide
to be treated as a transmission element In order to solve this problem, the microstrip line struc-
ture with both DGS(inductive)- and SIAD(capacitive)-adding perturbations is proposed in this
work (Fig. 4) Because the inductive- and capacitive-adding perturbation structures lead to the
increased and decreased line width, respectively, the final line width with both perturbations is
close to that of the normal microstrip line for a specified Zc (Table 1). It is noted that the physical
length of the microstrip line with both perturbations for a fixed electrical length is shorter than
the other three lines; normal one, DGS-loaded one, and the microstrip line with SIAD structure
So the proposed microstrip line with both perturbations can be widely applied in reducing the
size of high frequency circuits.

Figure 1. Figure 2. Figure 3.

Figure 4.

Normal
Line

With
DGS

With
SIAD

With
DGS+SIAD

Width (W ) 2.87 3.87 1.28 1.68

λ/4@1GHz 53.71 44.31 41.92 33.77

Remarks
H = (31 + 5) mils = 36mils, εr = 2.2,
T = 0.018mm, Zc = 50Ω, Unit = mm

Table 1.
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