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Switching Noise Mitigation Capability Using High
Impedance Surface
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Abstract—A novel technique for suppressing power plane res-
onance at microwave and radio frequencies is presented. The new metallic planes
concept consists of replacing one of the plates of a parallel power £
plane pair with a high impedance surface or electromagnetic band \ LLiTA.

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 Fig. 1
band-gap. The frequency range for noise mitigation is controlled T
by the geometry of the HIGP structure.
multaneous switching noise (SSN). ductance becomes dominant. Another technigue for noise sup-
pression consists of etching a trench around the noise source and
connecting the island (isolated active device) to the rest of the
_ o board via small inductors [3]. The trench prevents the switching
ODAY'S high-speed digital systems have hundreds foise from propagating to the rest of the board. This technique,
gates that have to switch simultaneously. When the noiggwever, suffers from the limitations imposed by the dominant
produced by the simultaneous switching of all these gatR&d inductance of the capacitors [3].
approaches the noise tolerance of static CMOS circuits, an a dramatic departure from previous techniques, this paper
degradation of the signal integrity can occur. In printed circuiitroduces a novel technique that consists of replacing one of the
boards (PCB), each digital gate is usually connected betwegstates of a traditional power plane pair with a high impedance
two power planes representing the power supphyp\and the surface (HIS). The HIS structure is designed to provide a wide
reference plane, as shown in Fig. 1. The simultaneous switchivandgap expanding from dc to the microwave and radio fre-
noise (SSN) becomes acute when the noise generated byghency ranges relevant to the PCB clock.
active devices contains dominant frequency harmonics that fall
within the resonant modes of the power planes. Therefore, the [I. POWER PLANE USING HIGH IMPEDANCE SURFACE
szt effective a}nd efficient approach to mitigating SSN is to Novel HIS structures have been introduced in recent years for
reduce power pfane rﬁ:slor:ance.. gitionally mit db suppression of surface waves (see [4] and references therein).
R(_esonance of paralle p_ates Is traditionally mitigated by CORyaqe stryctures support TM mode waves only at low frequen-
necting decoupling capacitors (decaps) between the two plaigss and TE mode waves only at high frequencies. Between the
Previous works also showed that connecting a resistance in§gs regions, there is a transition region, where the HIS behaves
ries with the decoupling capacitor will improve the noise Mias 5 perfect magnetic conductor and supports neither TE nor
igation [1]-[3]. These two techniques, however, have practicgyy mode waves. Applying such a structure in the parallel-plate
limitations. Although they offer excellent performance at loWesonant cavity for SSN suppression would require its bandgap
frequencies, they do not yield sufficient suppression beyond 5@0overlap with the high transmission band of the simple par-
allel-plate system. The HIS surface reported in [4] consists of
Manuscript received May 27, 2002; revised July 18, 2002. This work W;Q_exa;gonal patches having a periodicity:@ind center vias. De-
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itor Dr. Ruediger Vahidieck. ringing capacitance that together with the via mductan(_:e cre-
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Digital Object Identifier 10.1109/LMWC.2002.807713 place of the lower solid plane of the traditional power plane pair

model for noise source

Cross section view of a conventional power plane with noise source.
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(or the upper plane). This HIS consists of periodic hexagona 00 | ¥ A 197 1
patches, which are connected to a solid metallic plate throug ] IN ! FVI :'3;;" e
two vertical vias. A half-loop conductor is introduced between 30k ,.’-' r - 78 ; 4 A
. . . . . [ ! . .
the two vias on an intermediate layer as shown in Fig. 2. The & E / HH J o ad
hexagonal patch has been analyzed and modeled in [4] as pe z -40 o Wy, i v
. . . . \ .
allel LC resonators. It is well known that increasing the induc- 7 . E A
tance of a parallel LC resonant circuit decreases its resonal ! v v
frequency while increasing its fractional bandwidth. Depending 60 F ‘.‘_'
on the size of the patches, the intermediate conductor, which i ; v
in effect an inductor, can be constructed to have more (or eve o - f’;x:ﬁﬁﬁmﬁ: ndwellofRC
less) than one turn and can also be distributed on several laye 80 F ~—o— power plane with wall of RC
without impacting the periodicity of the high-impedance sur- Eaes e b et b e
face. 0o o5 1 15 2 25 3 35 4
This new concept of extending the conductor in the direction Frequency (GHz)

pe_rpendlcular to the Vl_a aChIeve_S the foIIowmg two _Importa_rﬁg. 4. Transmission characteristics S12 (in decibels) of power plane with
objectives: 1) It allows increased inductance without increasi@gferent noise mitigation techniques.

the overall PCB thickness. 2) It introduces a degree of freedom
that allows fine-tuning of the inductance while keeping the ca- In Fig. 4, we present the insertion loss S12 for the power plane

pacitance constant. having the HIS introduced in this work. The vias are of length
1 mm. The periodicity of the lattice, is 10 mm and the gap
[II. N UMERICAL SIMULATION AND DISCUSSION between the hexagonal patches, g, is 0.4 mm. The top plate is

To validate the new power plane concept, several full wavwdaced Imm above the patches. The transmission characteris-
simulations were performed using the finite element methdi§s S12 is plotted together with those of a simple parallel-plate
(FEM) code HFSS from Ansoft. The test structures consist 8fructure of same height with and without a wall of RC pairs
a 10x 10 cm board with a thickness of 1.54 mm, and relativelaced around the edges of the board (the inductance of the ca-
dielectric constant of 4.4. The noise source is placed at tRacitor leads, L is included as before). A total of 40 RC pairs
center of the board with coordinate (5 cm, 5 cm) and the lod¢ere uniformly placed around the PCB, with-R 5.362 and
is placed at (5 cm, 2 cm). The simulation is performed fd¢ = 1nF and L. = 0.5nH. The resistance of the RC combi-
the board without decoupling capacitance and then with eighation is selected to match the impedance of the simple par-
decoupling capacitors spread around the noise source agllgl-plate system as in [1]. The wall of capacitors offers a good
[5]. The transmission coefficient S12 calculated by HFSS 8SN mitigation capability at lower frequencies. For higher fre-
presented in Fig. 3 along with a comparison to experimengiiencies, however, the noise suppression capability of the HIS is
measurements performed in [5]. The purpose of this simulatiggmarkable. In fact, the frequency width of the resultiri20dB
is only intended to validate the S12 calculation procedurkand-gap is approximately 3.3 GHz. Over the band-gap, the HIS
and furthermore, to emphasize that good SSN mitigation caignificantly diminished the surface waves that travel within the
be achieved only up to about 400 MHz, due to predominaplates, which in turn results in significantly reduced Q for the
inductance from the capacitor leads. parallel plate cavity.
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IV. CONCLUSION

A novel concept has been proposed to mitigate resonance iff]
power planes. The new concept introduces a HIS, or a metallic
electromagnetic band-gap structure, within the power planes[2
The HIS is designed to offer large bandwidth at microwave and
radio frequencies. This is 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 capacitors offers effective mitigation of SSN from dc to the
GHzrange, making this approach of significantinterest for today
and future high-speed digital system. The proposed power plan&]
structure can easily be fabricated using existing PCB technology.
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