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Abstract - This paper conducts a study on the way the PCB’s
parallel plates’ performances are affected by the loading of low
cap. elements such as low cap-decoupling capacitors in
conjunction with other lumped element. The ficlds and impedance
profiles are rigorously evaluated and analyzed on various cases
loaded with the above components and their effects will be given
to bring better PCB EMC schemes

1. Introduction
In the PCB circuitry, layers are stacked and the power-bus as
parallel plates will cause the cavity resonance and spurious
spikes in its impedance as the EMI noise'!™®.
Therefore, it needs examining that placing local elements on th

e parallel plates affects the initial resonances® ®, As the local co
mponents, decoupling capacitor(DeCap)s are used to weaken the r
esonance.

This paper investigates the structure loaded with DeCaps and p
ossibly with vias in the same structure.

2. Theory

The power supply plane and its ground form parallel plates. In
Fig. 1, such a structure is illustrated with W, by W, by W in s

ize.
r l :y // Wx

(% 1> Parallel plates of interest

The feeding is made at (X, Ys). The observation is done at (X,
Ys). The intermediate region between the metal planes correspond
s to the PCB's substrate and 4.2 and 0.02 are each chosen as its
relative dielectric constant and loss tangent. The impedance of th
e structure is given as follows.
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mn is 1 and 4 for (m=0, n=0) and (m=0, n=0) each. With (m=0,
n=0) or (M=0, n=0), wn is 2. tanf, ¢, I, f and j denote loss-tangen
t, permittivity, permeability, frequency and v =1 , respectively. E
gn. (1) itself does not have terms to consider Np, loads with the

equivalent lump clements(Z.) of which can be simply expressed
as a serics equivalent circuit.

Ziw = R + J Lo 1/(0Cr)) (2

In order for the loading effect to be included, the following matri
ces can be used.
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These are manipulated as
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which is the generalized input impedance. The generalized trans-
impedance can be obtained in a similar manner. On account of it
s denominator's zeroes, the impedance profile has resonance. Rese
arches have seen the mounted elements on either or both of the
parallel planes can change the resonance characteristics.

3. Numerical Experiments

All the cases go with the observation point (X,=1444 mm,
Y,=100 mm) and the feed point at (Xs=44.4 mm, Ys=50 mm). The
structure’s size amounts to {(W,=200 mm, W,=150 mm, W.=15
mm).
Firstly, we investigate the impedance of the structure when we c
hange the number, distribution and positions of DeCaps. Four cas
¢s arc dealt with, where 4, 16, 25 and 36 DeCaps are evenly dist

ributed in the structure.

b

<18l 2> 4 and 16 evenly placed DeCaps

They look like square matrices of DeCaps’ positions. The 4 and

16 DeCaps are placed as follows, For evaluating the impedance b
etween (X« Yo and (Xo, Yo), all the DeCaps are given 7.3 nF as
capacitance, 0.5 nH as ESL, and 85 mf as ESR which is comme
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rcially available. Now we compare how the 4, 16, 25 and 36 DeC
aps affect the impedance(Fig. 3).

Seeing Fig. 2, it is obvious the more DeCaps are placed in the p
ower-bus, the wider becomes the resonance-suppressed regime. P
articularly, from the use of 16 DeCaps, the impedance can be low
ered by over 40 dB at 500 MHz with respect to the 4 DeCap-ca
se.
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<38l 3> Impedance of 4 and 16 evenly placed DeCaps

Next, we are dealing with the rectangular matirces of DeCap pos
itions. Example 1 is to compare 2-by-4 and 4-by~2 rectangular
distribution. Each of them has 8 DeCaps in a total. The followin
g shows the illustration of these two ways of placement. When t
he impedance is calculated, all the DeCaps are assumed the same
as those of Fig. 3. Example 1 results in not much difference bet
ween the two cases, since the density of population is close to e
ach other.
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<I# 4> 4-by~2 and 2-by~-4 rectangularly placed DeCaps

However, the 4-by-2 case is superior to the other in noise-suppr
ession around 500 MHz, because DeCaps are in the vicinity of bo
th the two ports. Similarly, in Example 2, 12 DeCaps are laid in
two distribution cases as 4-by-3 and 6-by-2. They are illustrat
ed as follows.
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<18} 5> Impedance of 4-by~2 and 2-by-4 rectangularly
placed DeCaps

Solving Example 2 on the rectangular matrix of placement, the D
eCaps are identical with Fig.s 3 and 5.

Lastly, the cases are handled with no loading, only 1 DeCap, 1 v
ia, and 1 DeCap and 1 via, with (X0=0, Yo=0), and 1 via at {Xv
=100 mm, Yv =75 mm) and 1 DeCap at (Xp =200 mm, Yp=7> m
m) are used. The DeCap has Cp =47 pF with Rp=52 Ohms and
Lp =38 nH Similarly, the value of the via is given as Ly =1.097n
H as can be done in [5].

As case 1 goes with neither vias nor DeCaps, it shows its origin
al resonance modes. With only the DeCap loaded, case 2 sees the
successful damping of {1, O-mode. It is a matter of course that
the other resonance modes at higher frequencies undergo slight ¢
hanges. In case 3, a via centered at the planes shifts (2, 0) and
(0,2) modes and results in no intended damping. but causes an additio
nal resonance around 120 MHz which is believed to be a critical
noise. This via still brings that extra resonance with (1, 0) reson
ance mode damped by the DeCap in case 4. These noises could
stem from added inductance. So keep in mind their correlation.

Impedance[ohm]

~—— with neither deCaps nor vias
sasen with 1 deCap only

with 1 centered via only

with 1 deCap and 1 centered via
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<28 6> Impedance of DeCaps placed with a via

3.4 B
Considering the EMI-causing resonance related to the cavity-typ

¢ parallel planes, the structure’s impedance has been rigorously e
valuated. Based upon this prediction method, DeCaps and vias ar
e used to damp the undesirably high impedance with resonance.
This can lead to success in suppressing the specific resonance.
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