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Coupling Suppression in Microstrip Lines Using a
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Abstract—A perforated ground plane is used to suppress the a #
coupling between adjacent and intersecting transmission lines. Ex- RS
perimental results indicate 40-dB suppression of broadside cou-
pling between two adjacent 50€2 lines. A new option in the de-
sign of circuit routing schemes is proposed by demonstrating 28-dB
coupling reduction between two intersecting 502 lines.

Index Terms—Coupling, crosstalk, photonic bandgap (PBG).

. INTRODUCTION

major limitation in realizing high-density monolithic

microwave integrated circuits is the parasitic coupling _
and crosstalk that arise between neighboring transmission lines. L
There have been several studies aimed toward alleviating these
problems. One approach involves thinning the substrate under

signal lines to facilitate quasi-TEM mode propagation, but thfgg: 1. Coupling reduction scheme for adjacent microstrip lines carrying
. . lved etchi 1 ifferent frequencies. Perforations in the ground plane serve as photonic-
requires an involved etching process [1]. bandgap structures to suppress coupling between adjacent transmission lines.

This paper introduces a coupling-reduction scheme for high-

Qensity circuits that allows adjacent lines FQ lie closer or eV8his topology is very design friendly, requiring little or no
intersect each other. We address a specific case of transmjg¢romagnetic simulation to predict the stopband frequency.
sion-line coupling that occurs when the lines carry different fre- T jetter demonstrates how the perforated ground plane
quencies, as in a transmit/receive module routing different Uy cture is employed in two different circuit topologies to
link and downlink frequencies. _ reduce unwanted coupling and crosstalk in high-density cir-
Coupling suppression is achieved with planar photonigyits The first example consists of a pair of closely spaced
bandgap (PBG) structures that function as a form of plangficrostrip lines, one carrying a Ku-band signal and the other
filtler residing in the normally unused ground plane. Thig, x_pand signal, which would be the scenario in a fully
avoids additional top-layer filtering circuitry, thus savingniegrated transmit/receive module routing different uplink
valuablle c.:hlp.real-estate area. PBG structures_ for MICrowaygq downlink frequencies. In the second example, the PBG
transmission lines have been proposed for use in compact fillgr ression concept is used for two intersecting lines that are
design, circuit-size reducpon_ due to its slow-wave nature _a@%ch designated to carry a specific frequency band, adding an
for numerous other applications [2]-[7]. One of the earlie§iieresting degree of freedom in interconnect layout design.
demonstrated PBG structures for microstrip transmission lines
consists of a square lattice of etched circles in the ground
plane [2]. The lattice period is approximately half of a guided _ ) o
wavelength at the stopband center frequency. As a resultFig- 1 shows two adjacent 30-microstrip lines separated by
1 mm. The lines are printed on a 0.71-mm-thick RT/Duroid sub-

) . ) ) strate withe,. = 2.2 and incorporates a perforated ground plane
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Fig. 2. Measured and simulated transmission coefficient (S34) of Line B feig. 4. Coupling reduction scheme for intersecting microstrip lines.
the adjacent-line structure of Fig. 1.
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5. Measured and simulated coupling reduction (S23) between Lines A
Fig. 3. Measured coupling reduction (S14) between Lines A and B for t%d B for the intersecting-line structure of Fig. 4.

adjacent-line structure of Fig. 1.

_— . . . Ill. I NTERSECTINGTRANSMISSIONLINES
therefore, must be optimized to achieve the desired attenuation

level and frequency separation of the two signals. The latticeMultilayer architectures are sometimes used in high-density
periods are: = 9.8 mm for Line A andb = 6.1 mm for Line B.  circuits in which a transmission line on one layer must be routed
These spacings are approximately half of a guided wavelengitross another transmission line on a second layer. Fig. 4 pro-
at the stopband frequency of each respective line. poses an alternative single-layer architecture consisting of two
Fig. 2 compares the measured and simulated transmissioniatersecting, frequency-selective microstrip lines. Here, Line A
efficient (S34) of Line B, which is designed to reject Ku-bandconnecting Ports 1 and 2) is intended to guide an X-band signal
signals while allowing other frequencies to propagate unimnd has a PBG ground plane designed to prevent coupling of
peded. The simulations were performed using SoaneBoth Ku-band signals traveling on Line B (connecting Ports 3 and
the measured and simulated data show a wide stopband in4heThis scheme permits new options in the layout of integrated
Ku-band ranging from 13—18 GHz. At X-band, the insertion logwillimeter-wave circuits. For example, in addition to the space
is comparable with the same adjacent line structure on a regudaving and simplified architecture offered by intersecting two
solid ground plane, as expected. lines, the microstrip line section residing over the PBG circle
Fig. 3 shows the coupling between the two adjacent linéatice need not be straight, but may also bend [2], increasing
(S14). For a regular ground plane, the close proximity of thtbe potential overall circuit size reduction. Although a specific
two lines results in a nominal coupling of 10 dB across a widatersection angle is presented here, this is not believed to be
band. In contrast, the perforated ground plane results in a 40-alimitation of this approach as in integrated optics, where two
coupling reduction at 17 GHz and a 26-dB reduction at 9 GHz.dptical waveguides can intersect each other with minimal cou-
must also be noted that, because the filtering affect of the grouplihg only at the so-called magic angle [8].
plane perforations is mainly due to the etched circles directly Fig. 5 compares the simulated and measured cross coupling
under the transmission line due to the high field concentratibbetween Lines A and B printed on a ground plane with PBG
in that area, a single row of circles in the signal propagation dattice dimensions identical to the ones discussed in Section II.
rection may be used to achieve even higher circuit density at ther a regular ground plane, the coupling is between 6—-8 dB. For
cost of slightly lower coupling reduction levels as compared the perforated ground plane, reductions of 20 dB at 11 GHz and
a complete square lattice of circles. 28 dB at 17 GHz were observed.



LEONG et al: COUPLING SUPPRESSION IN MICROSTRIP LINES 171

The approach is valid in cases where microstrip lines support

-10 ; _‘;i signals at diﬁerent frequencigs, as ina transm.it/receive _module.
. . PN For two adjacent transmission lines, broadside coupling was
8 2 AU TURUUS SOUUUR UUN SO suppressed by as much as 40 dB. For two intersecting lines,
e coupling was reduced by as much as 28 dB. Together with
$ .30 Loeedonead L I I the slow-wave propagation effect inherent in PBG structures,
E ---5-511: N this coupling-suppression approach offers new possibilities
Q. 40 [~----} T 1 EARAti SRRRET SEEREE SUOEED  REL i ; in circuit layout and transmission-line routing, potentially
@ P : increasing circuit and system-level integration.
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