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A Microstrip Line with Additional Capacitive and Inductive Effects
Loaded

Jongsik Lim1, Kyunghoon Kwon1, Seungwook Lee2, Seok-Jae Lee1,
Sang-Min Han1, Dal Ahn1, and Yongchae Jeong2

1Soonchunhyang University, Republic of Korea
2Chonbuk National University, Republic of Korea

Abstract— Microstrip line depicted in Fig. 1 is one of representative transmission lines, and
its characteristic impedance (Zo) is proportional to the ratio of the equivalent inductance (L)
to capacitance (C) per unit length with the mathematical expression of (Zo =

√
L/C). If a

perturbation structure is added to the normal microstrip line, the additional parasitic inductance
and capacitance arise and make the characteristic impedance change from the normal value. The
changed characteristic impedance depends on the property of the added perturbation structure, so
Zo would increases or decreases depending whether the perturbation is an inductive or capacitive
structure, respectively. Fig. 2 shows SIAD (substrate integrated artificial dielectric) structure
proposed by Coulombe et al. in 2007. This structure has a lot of metalized via-holes through
the second dielectric substrate. One of major effects of SIAD falls on the increased equivalent
capacitance. The realizable limitation of the characteristic impedance goes down further to the
lower side if SIAD is added. This means when a specified characteristic impedance of microstrip
line is required after SIAD has been combined, the line width maybe much thinner than normal
one, so sometimes it is necessary to compensate the line width. Fig. 3 is a defected microstrip
structure (DMS), which has the additional equivalent inductance per unit length. If a DMS
pattern is inserted alone on the microstrip line, characteristic impedance increases. It means
one need to enlarge the line width to keep the same specific characteristic impedance. When
SIAD and DMS structures are combined to a normal microstrip line as illustrated in Fig. 4, the
characteristic impedance and line width are preserved similarly to the normal ones while the
advantages of adding perturbation structure such as the increased slow-wave effect and enlarged
electrical length. These advantages are fruitful in reducing the physical length of a fixed specific
electrical length. Fig. 5 shows dimensions of DMS as example in this work. One can compare
the physical lengths of four microstrip lines for the same frequency (1 GHz) and fixed electrical
length (λ/4) in Table 1.

Figure 1. Figure 2. Figure 3.

Figure 4. Figure 5. Table 1.
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