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A Design of Size-reduced Low Pass Filter Using Artificial Dielectric
Substrate Structure

Jakyung Koo1, Jaehoon Lee1, Jun Lee1, Jongsik Lim1, Yongchae Jeong2,
Sang-Min Han1, and Dal Ahn1

1Soonchunhyang University, Korea
2Chonbuk National University, Korea

Abstract— A design of size-reduced microwave low pass filter using artificial dielectric substrate
(ADS) structure is described in this paper. The ADS structure in Fig. 1, which has been proposed
by Caloz group in 2007, consists of the upper layer on which microstrip lines and circuit patterns
are printed, and the lower layer which has a lot of metalized via-holes. The effective permittivity
and permeability of the ADS structure increase due to the lots of metalized via-holes, so they
contribute to the size-reduction of high frequency circuits. In this work, a low pass filter (LPF),
as an example, which is one of widely used high frequency circuits for wireless systems is designed
and measured for the verification of the proposed idea of size-reduction using the ADS structure.
A stub-type 2 GHz LPF is designed on the normal microstrip substrate (Fig. 2) and compared
to the size-reduced LPF patterned on the ADS structure (Fig. 3). When the thicknesses of the
upper and lower substrates are 5mils and 31mils, respectively, and their dielectric constant is
2.2, the core size of the normal LPF (the dotted area in Fig. 2) on the 36mil-thick substrate is
653.71mm2(= 32.25mm × 20.27mm). However the dotted box for the pure LPF area (Fig. 3)
of the miniaturized design using the ADS structure is only 330.7mm2(= 21.93mm× 15.08mm),
which is only 50.6% of the normal design. The measured S-parameters shown in Fig. 4 present
typical performances as a LPF with the worst S21 and S11 are −0.85 dB and −11.4 dB without
a critical degradation in the characteristics as a LPF.

Figure 1. Figure 2.

Figure 3. Figure 4.
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