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Ultra-Wideband Harmonic Suppression Low-Pass Filter
Using Defected Ground Stripline
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Abstract

This study proposes a design method for implementing a low-pass filter that suppresses harmonic components in an ultrawide band-
width using a stepped impedance structure with a defected ground stripline structure. The proposed defected ground stripline structure
can obtain an impedance ratio that is more than 60 times higher than those of other transmission lines and conventional defected ground
structures, owing to the asymmetrical ground plane of the stripline, making it possible to design a stepped impedance filter with a wide-
band harmonic suppression band and a high harmonic suppression level. In addition, for an efficient filter design, the cross-sectional
shape of the proposed defected ground stripline was analyzed by conformal mapping, and a design equation for calculating the character-
istic impedance with high accuracy was derived, making it possible to design accurately and quickly without EM simulations. Using
the proposed defected ground stripline structure with a high impedance ratio, a 9th-order Chebyshev filter (0.1 dB ripple) with a cutoff
frequency (f.) of 1.1 GHz, providing a high harmonic suppression level of more than 40 dB, up to 36.4 f;, is implemented.

Key words: Defected Ground Stripline, Low Pass Filter, Conformal Mapping, Schwarz-Christoffel Transformation, Ultra-Wideband,
Harmonic Rejection.
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Table 1. The range of characteristic impedance and impe-
dance ratio that can be implemeted in a planar
transmission line.

. Impedance
Transmission line |  Structure Qhamctenstlc ratio
impedance (2 Z,)
MSL Double-sided | 82~97.5 Q 11.9
CPW One-sided |48.2~105.5 & 2.2
CBCPW Double-sided | 8~99.8 Q 12.5
CPS One-sided 109~211 & 1.9
SL Double-sided | 4.1~65.3 Q 15.9
Pmp‘zls)eg_;ti‘)”m Double-sided | 44~2701 Q| 61.4

"Dielectric constant of the substrate: 2.2, height of the substrate:
0.127 mm, height of the stripline and DG-SL: 0.254 mm, gap
between two conductors: 0.127 mm, linewidth range: 0.1016~
3.56 mm; MSL: microstrip, CPW: coplanar waveguide, CBCPW:
conductor-backed CPW, CPS: coplanar stripline, SL: stripline.
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Table 3. Comparison of existing harmonic suppression LPFs and proposed SIFs.

Parameter Ref [4] [5] (7] [9] [10] This work
Minimum return loss [dB] 12 17.8 19.8 137 15 11.8
Cutoff frequency f, [GHz] 1.95 3 1 6.3 2.6 1.1

Harmonic suppression bandwidth 1~82f, 1.08~71. 12~20f, 1.17~33f, 13~42f, | 127~364 f,
Suppression level [dB] 15 30 20 20 25 40
Substrate Rogers 4003 HTS film 267525 Taconic Taconic Duroid 5880
Total dielectric thickness [mm] 0.8 0.5 0.8 0.762 0.762 0.254
[mm X mm)] 25.7x11.56 23.1x32 33x21.4 56.4x5.26 33x30 71.14x5
Circuit size
[4, xA,] 0.272x0.122 0.21x0.03 0.16x0.1 1.694x0.15 0.407%0.37 0.304x0.025
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