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Plane Cavity Resonance

by Barry Olney
IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA

Plane pairs in multilayer PCBs are essen-
tially unterminated transmission lines—just
not the usual traces or cables we may be accus-
tomed to. They also provide a very low-imped-
ance path, which means that they can present
logic devices with a stable reference voltage at
high frequencies. But as with signal traces, if the
transmission line is mismatched or unterminat-
ed, there will be standing waves: ringing. The
bigger the mismatch, the bigger the standing
waves and the more the impedance will be lo-
cation dependent.

Following on from my previous columns, Re-
turn Path Discontinuities and The Dark Side—
Return of the Signal, in this month’s column,
[ will cover plane cavity resonance and look at
how it impacts electromagnetic radiation.

When return current flows through the
impedance of a cavity, between two planes, it
generates voltage. Although quite small (typ-
ically in the order of SmV) the accumulated
noise from simultaneous switching devices can
become significant. And unfortunately, as core
voltages drop, noise margins become tighter.
Figure 1, illustrates the electromagnetic fields
resonating in a cavity. This voltage, emanat-
ing from the vicinity of the signal via, injects a
propagating wave into the cavity which can ex-
cite the cavity resonances or any other parallel

Se3F233, Electric

structure (for instance, between copper pours
over planes). Other signal vias also passing
through this cavity can pick up this transient
voltage as crosstalk.

The more switching signals that pass through
the cavity, the more noise is induced into other
signals; it affects vias all over the cavity, not just
the ones in close proximity to the aggressor sig-
nal vias. This cavity noise propagates as stand-
ing waves spreading across the entire plane pair.
This is the primary mechanism by which high
frequency noise is injected into cavities—by sig-
nals transitioning through cavities, using each
plane successively as the signal return path.

At low frequency, the cavity impedance (Fig-
ure 2) looks inductive due to the inductance of
the voltage regulator module (VRM). However,
the VRM inductance, combined with the plane
resonance, produces an anti-resonance peak
at ~35Mhz, in this case. The plane resonance
depends on a number of factors including con-
ductor loss, plane area, dielectric constant and
dielectric thickness between the plane pairs. In
this example, the planes naturally resonate at
~300MHz with harmonics beginning at ~1GHz.
If the AC impedance is high, at the fundamental
frequency or at any of the odd harmonics, then
the board will tend to radiate from the fringing
fields at the edges of the planes.

Figure 1: Electromagnetic fields propagating through a plane pair cavity (Source: Wikipedia).
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Figure 2: Impedance profile of a plane cavity with VRM (Source: iCD Design Integrity).

Signal paths are designed to be low Q reso-
nators to dampen the ringing and to increase
the bandwidth. However, cavities composed of
a power and ground plane, can have very high
Qs. This means even a slight amount of cou-
pling, from signal paths, can drive resonances
and give rise to long range noise voltages with-
in the cavity. Knowing the cavity resonant fre-
quencies, that one might encounter, can high-
light potential problems.

When the cavity has open end boundary
conditions, resonances arise when a multiple
of half wavelengths can fit between the ends
of the cavity. Figure 3 shows the cavity reso-
nance of a plane pair with a resonant frequen-
cy of 1GHz. If the signal clock frequency (or
harmonics) are multiples of 1GHz, then noise
can be injected into the plane cavity. When the
clock or data harmonics overlap with the cav-
ity resonant frequencies, there is the potential
for long range coupling between any signals
that run through the cavity. This is one reason
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why all return planes should be GND layers, so
that stitching vias between GND planes can be
placed adjacent to each signal via transition to
minimize the possibility of exciting the cavity
resonance.

Cavity resonances are (at first) a signal in-
tegrity issue but the amplification of cavity
resonance excited by fast rise time signals, at
high frequencies, can also contribute to electro-
magnetic emissions (EMI). The frequency com-
ponents of the voltage noise are related to the
peak impedance of the cavity and the frequency
components of the return currents. In any com-
plex system, with typical interconnect density,
avoiding signal layer transitions is not practi-
cable and is an issue that designers must live
with. However, one can learn to avoid injecting
excessive noise into the cavity or at least mini-
mize the impact.

The goal of designing a high-performance
cavity is to reduce the impedance peaks below
the target impedance level and to push the peak
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width directions will coincide
at some frequencies, causing
higher-Q peaks—more intense
resonances—than usual. So it is
best to avoid square planes and
simple L:W ratios by choosing ir-
rational numbers.

* When plane pairs resonate,
their emissions come from the
fringing fields at the board edg-
es. With ground/power plane

0 500M 1G 1.5G6 2G 2.5G 3G

Frequency (Hz)

Figure 3: Amplitude at the far end of planes as input frequency is

swept (Source: Eric Bogatin).

frequency components, above the bandwidth
of the signals.

So, how should engineers and PCB designers
go about reducing cavity resonance and emis-
sions?

e A thin dielectric, in the plane cavity, is
the most effective way of reducing the peak
amplitude of the modal resonance. It reduces
spreading inductance and the impedance, of
the cavity, and also reduces the resonance peaks
by damping the high-frequency components.
Thinner plane separation implies less area of
equivalent magnetic current at the plane pair
edge, or equivalently less local fringing field
volume, and therefore lower emissions for a
given field strength.

¢ A dielectric material with a high dielectric
constant (DKk) should be selected to add more
planar capacitance. This is contrary to the typ-
ical choice of high-speed materials that require
a low Dk. Remember; we are talking about the
dielectric embedded between the planes, which
has little impact of the signal properties.

e The parallel resonant frequencies, of the
cavity, can be pushed up above the maximum
bandwidth of the signals, by reducing the plane
size and by adding stitching vias between (sim-
ilar) planes of a cavity.

e Where the length of a rectangular plane is
a simple multiple of its width, such as 1, 1.5 or
2, the resonant frequencies of the length and

pairs, edge-fired emissions can
be reduced by reducing the
plane separation, as described
earlier, but this technique can-
not generally be used for multi-
ple planes. Alternatively, make
the power planes slightly smaller
(~200 mil) than the GND plane. This modifies
the pattern of the fringing fields, pulling them
back from the edge, and may help reduce emis-
sions to some extent.

Optimization of the PDN is a trial and error
process. A combination of modifications to di-
electric constant and thickness, of the material,
together with an adjustment of plane size can
usually establish the minimum resonance for a
given configuration. Employing AC PDN analy-
sis software (Figure 4) allows one to integrate
the layer stack and dielectric materials with the
PDN and enables visualization of these critical
adjustments. If you can’t see it, you can’t fix it!

Points to Remember

¢ Plane pairs, in multilayer PCBs, are essen-
tially unterminated transmission lines.

e If a transmission line is mismatched or un-
terminated, there will be standing waves-ringing.

e When return current flows through the
impedance of a cavity, between two planes, it
generates voltage which can excite the cavity
resonances.

e Other signal vias, also passing through
this cavity, can pick-up this transient voltage as
crosstalk.

e This cavity noise propagates as standing
waves spreading across the entire plane pair.

e The slightest amount of coupling, from
signal paths, can drive resonances and give rise
to long range noise voltages within the cavity.

September 2017 © The PCB Design Magazine 49



PLANE CAVITY RESONANCE

Irgedarce (o8 mf
o
|

| Faavget=0 0050, Froquid 00MH:.

-1

0001

20001
i

>

iy ey oxee M
| ENG= 40 KT 2338, Fregad llGH:

Phogendent | W1AE e D B

Figure 4: Optimized PDN with projected EMI (Source: iCD Design Integrity).

e When the cavity has open end boundary
conditions, resonances arise when an integral
multiple of half wavelengths can fit between
the ends of the cavity.

¢ When the clock or data harmonics overlap
with the cavity resonant frequencies, there is
the potential for long range coupling between
any signals that run through the cavity.

e Stitching vias between GND planes can be
placed adjacent to each signal via transition to
minimize the possibility of exciting the cavity
resonance.

¢ The frequency components of the voltage
noise are related to the peak impedance of the
cavity and the frequency components of the re-
turn currents.

* The goal of designing a high-performance
cavity is to push the peak frequency compo-
nents, above the bandwidth of the signals, and
to reduce the impedance peaks below the target
impedance level.

¢ A thin dielectric, in the plane cavity, is the
most effective way of reducing the peak ampli-
tude of the modal resonance.

¢ A dielectric material with a high dielectric
constant (Dk) should be selected to add more
planar capacitance.

¢ Effective ways of pushing up the parallel
resonant frequencies is by reducing the plane
size and by adding stitching vias between (sim-
ilar) planes of a cavity.
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¢ Avoid square planes and simple L:W ratios
by choosing irrational numbers.

e Make the power planes slightly smaller
than the GND plane. This modifies the shape
of the fringing fields, pulling them back from
the edge. PCBDESIGN
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