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A Novel Power Plane With Integrated Simultaneous
Switching Noise Mitigation Capability Using High
|mpedance Surface

Telesphor Kamgaing, Student Member, IEEE, and Omar M. Ramahi, Senior Member, |IEEE

Abstract—A novel technique for suppressing power plane res-
onance at microwave and radio frequenciesis presented. The new
concept consists of replacing one of the plates of a parallel power
plane pair with a high impedance surface or electromagnetic band
gap structure. The combination of this technique with a wall of
RC pairs extends the lower edge of the effective bandwidth to dc,
and allows resonant mode suppression up to the upper edge of the
band-gap. The frequency range for noise mitigation is controlled
by the geometry of the HIGP structure.

Index Terms—High impedance surface (HI1S), power planes, si-
multaneous switching noise (SSN).

I. INTRODUCTION

ODAY'’S high-speed digital systems have hundreds of

gates that have to switch simultaneously. When the noise
produced by the simultaneous switching of all these gates
approaches the noise tolerance of static CMOS circuits, a
degradation of the signal integrity can occur. In printed circuit
boards (PCB), each digital gate is usually connected between
two power planes representing the power supply Vpp and the
reference plane, as shown in Fig. 1. The simultaneous switching
noise (SSN) becomes acute when the noise generated by the
active devices contains dominant frequency harmonics that fall
within the resonant modes of the power planes. Therefore, the
most effective and efficient approach to mitigating SSN is to
reduce power plane resonance.

Resonance of parallel platesistraditionally mitigated by con-
necting decoupling capacitors (decaps) between the two plates.
Previous works also showed that connecting a resistance in se-
ries with the decoupling capacitor will improve the noise mit-
igation [1]—{3]. These two techniques, however, have practical
limitations. Although they offer excellent performance at low
frequencies, they do not yield sufficient suppression beyond 500
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Fig. 1. Cross section view of a conventional power plane with noise source.

MHz for most practical boards because the capacitors' lead in-
ductance becomes dominant. Another technique for noise sup-
pression consists of etching atrench around the noise sourceand
connecting the island (isolated active device) to the rest of the
board viasmall inductors[3]. Thetrench preventsthe switching
noise from propagating to the rest of the board. This technique,
however, suffers from the limitations imposed by the dominant
lead inductance of the capacitors[3].

In adramatic departure from previous techniques, this paper
introducesanovel techniquethat consists of replacing one of the
plates of atraditional power plane pair with a high impedance
surface (HIS). The HIS structure is designed to provide awide
bandgap expanding from dc to the microwave and radio fre-
quency ranges relevant to the PCB clock.

Il. POWER PLANE USING HIGH IMPEDANCE SURFACE

Novel HIS structures have been introduced in recent yearsfor
suppression of surface waves (see [4] and references therein).
These structures support TM mode waves only at low frequen-
ciesand TE mode waves only at high frequencies. Between the
two regions, there is atransition region, where the HIS behaves
as a perfect magnetic conductor and supports neither TE nor
TM mode waves. Applying such astructure in the parallel-plate
resonant cavity for SSN suppression would require its bandgap
to overlap with the high transmission band of the simple par-
alel-plate system. The HIS surface reported in [4] consists of
hexagonal patches having aperiodicity of « and center vias. De-
signing an HIS surface for Low frequency (<5 GHz) has been
achieved previously by using multilayer patches to increase the
fringing capacitance that together with the via inductance cre-
ates the effect of a parallel resonant circuit [4]. Despite the
shifting of the center frequency into the radio frequency range,
themultilayer design hasanarrow bandwidth at RF frequencies,
which is typically not suitable for switching noise reduction in
that frequency range.

The HIS presented in thiswork and shownin Fig. 2isused in
place of the lower solid plane of the traditional power plane pair
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Fig. 2. Side and top views of the HIS. Also shown athree dimensional view
of the vias and the haf-loop conductor (drawing shows inductor).

(or the upper plane). This HIS consists of periodic hexagonal
patches, which are connected to a solid metallic plate through
two vertical vias. A half-loop conductor is introduced between
the two vias on an intermediate layer as shown in Fig. 2. The
hexagonal patch has been analyzed and modeled in [4] as par-
allel LC resonators. It iswell known that increasing the induc-
tance of a parallel LC resonant circuit decreases its resonant
frequency whileincreasing its fractional bandwidth. Depending
on the size of the patches, the intermediate conductor, which is
in effect an inductor, can be constructed to have more (or even
less) than one turn and can also be distributed on several layers
without impacting the periodicity of the high-impedance sur-
face.

This new concept of extending the conductor in the direction
perpendicular to the via achieves the following two important
objectives: 1) It alowsincreased inductance without increasing
the overall PCB thickness. 2) It introduces a degree of freedom
that allows fine-tuning of the inductance while keeping the ca-
pacitance constant.

I1l. NUMERICAL SIMULATION AND DISCUSSION

To validate the new power plane concept, several full wave
simulations were performed using the finite element method
(FEM) code HFSS from Ansoft. The test structures consist of
a 10x 10 cm board with a thickness of 1.54 mm, and relative
dielectric constant of 4.4. The noise source is placed at the
center of the board with coordinate (5 cm, 5 cm) and the load
is placed at (5 cm, 2 cm). The simulation is performed for
the board without decoupling capacitance and then with eight
decoupling capacitors spread around the noise source as in
[5]. The transmission coefficient S12 calculated by HFSS is
presented in Fig. 3 along with a comparison to experimental
measurements performed in [5]. The purpose of this simulation
is only intended to validate the S12 calculation procedure,
and furthermore, to emphasize that good SSN mitigation can
be achieved only up to about 400 MHz, due to predominant
inductance from the capacitor leads.
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Fig. 4. Transmission characteristics S12 (in decibels) of power plane with
different noise mitigation techniques.

InFig. 4, wepresent theinsertion loss S12 for the power plane
having the HIS introduced in this work. The vias are of length
1 mm. The periodicity of the lattice, a, is 10 mm and the gap
between the hexagona patches, g, is 0.4 mm. The top plate is
placed Imm above the patches. The transmission characteris-
tics S12 is plotted together with those of asimple parallel-plate
structure of same height with and without a wall of RC pairs
placed around the edges of the board (the inductance of the ca-
pacitor leads, L. isincluded as before). A total of 40 RC pairs
were uniformly placed around the PCB, with R = 5.36¢} and
C = 1InF and L, = 0.5nH. The resistance of the RC combi-
nation is selected to match the impedance of the simple par-
alel-plate system asin [1]. Thewall of capacitors offers agood
SSN mitigation capability at lower frequencies. For higher fre-
guencies, however, the noise suppression capability of theHISis
remarkable. In fact, the frequency width of the resulting —20dB
band-gap isapproximately 3.3 GHz. Over the band-gap, the HIS
significantly diminished the surface wavesthat travel within the
plates, which in turn results in significantly reduced Q for the
paralel plate cavity.
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IV. CONCLUSION

A novel concept has been proposed to mitigate resonance in
power planes. The new concept introduces aHIS, or ametallic
electromagnetic band-gap structure, within the power planes.
The HIS is designed to offer large bandwidth at microwave and
radio frequencies. Thisis done by introducing additional induc-
tance to the vias while maintaining both a reasonable thickness
and periodicity. The combination of this technique with decou-
pling capacitorsofferseffectivemitigation of SSN from dctothe
GHz range, making thisapproach of significant interest for today
and future high-speed digital system. The proposed power plane
structure can easily befabricated using existing PCB technol ogy.
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