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A lot of people have been looking at the

power bus noise problem for a long time.




What Causes Power Bus Noise?
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A lot of equation writing and picture drawing
accompanied this page. The bottom line is
that devices draw current faster than sources
with non-zero impedance can supply it.

Why is this a problem?




Why is this a problem?

Signal Integrity is compromised.

Signal integrity engineers want the power bus
to supply as much current as the active
devices can draw. This part of the
presentation discussed the effect of power
bus noise on signal waveforms.




Why is this a problem?

Can result in conducted and radiated EMI.

The power bus can be a reasonably good
antenna at its resonant frequencies. At other
frequencies, it is not a good antenna but it is
often connected or coupled to the things that
are good antennas.

In response to questions from the audience,
there was also a discussion of shoot-through
current in CMOS devices. Numerous figures
and equations were drawn on a poster board
in the room. The shoot-through current in
CMOS devices can be estimated using the
power dissipation capacitance, Cpd.




Conflicting goals?

Do we want a low-impedance power bus
that can supply lots of current without a
significant change in voltage?

Do we want a high-impedance power bus
that isolates each device from other
devices?

The best design solution often depends on
your perspective.




What is the solution?
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With a few equations and a lot of arrows, the
effectiveness of a bulk decoupling capacitor

for reducing power bus noise was evaluated
here.




What is the solution above 5 MHz?

rym L trace m L trace
|_ ~
Cb P}
Y YY\ YYYN
L trace trace
N/

Power Distribution Model ~ (5 - 50 MHz)

Board without power and ground planes

Then local decoupling capacitors were
included to increase the frequency range of
effective decoupling.




What is the solution above 50 MHz?
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Power Distribution Model ~ (50 - 500 MHz)

Board without power and ground planes



What is the solution above 50 MHz?
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Power Distribution Model ~ (5 - 500 MHz)
Board with power and ground planes

Power and ground planes are important when
significant energy is drawn from the power
bus at frequencies above 50 MHz. They
provide a low inductance connection to
decoupling capacitors (and yes, they also
provide interplane capacitance).




How can we model boards with planes?
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A discussion of power bus modeling of
boards with power and ground planes
accompanied this transparency.




10-Layer Board Impedance Measurement
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Effect of placing a single 1000 pF
capacitor at different places on the board

On boards with closely spaced planes, the
location of a single decoupling capacitor is
not important. Current is drawn from the
planes at high frequencies and from the
capacitors with the lowest connection
inductance at lower frequencies.




4-Layer Board Decoupling
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On boards with a spacing between power and ground planes of ~30 mils
(0.75 mm) or more, the inductance of the planes can no longer be
neglected. In particular, the mutual inductance between the vias of the
active device and the vias of the decoupling capacitor are important. The
mutual inductance will tend to cause the majority of the current to be
drawn from the nearest decoupling capacitor and not from the planes.



4-Layer Board Measurements
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On 4-Layer boards with a 30-mil or greater
spacing between the planes, current is drawn
from the nearest well-connected capacitors.




4-Layer Board Measurements
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4-Layer Board Measurements
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Sharing the via that extends between the
planes maximizes mutual inductance, but it is
not worth doing if you need to put traces on
your decoupling capacitor pads.
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Power Bus Decoupling Summary
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On boards with closely spaced* power and ground
planes:

the location of the decoupling capacitors
IS not critical

the value of the local decoupling capacitors is not
critical, but it must be greater than the interplane
capacitance

the inductance of the connection is the most
iImportant parameter of a local decoupling
capacitor

none of the local decoupling capacitors are
effective above a couple hundred megahertz

none of the local decoupling capacitors are
supplying significant charge in the first few
nanoseconds of a transition.

*The definition of “closely spaced” depends on the size of the board and the dielectric
properties of the board. For most boards this is approximately 10 mils or less.



Power Bus Decoupling Summary
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On boards with widely spaced*power and ground
planes:

local decoupling capacitors should be located as
close to the active device as possible

the value of the local decoupling capacitors
should be 10,000 pF or greater

the inductance of the connection is the most
iImportant parameter of a local decoupling
capacitor

local decoupling capacitors can be effective up to
1 GHz or higher if they are connected properly.

There are exceptions to every rule, so seek the
advice of your company EMC laboratory when
deciding on the amount of decoupling and how to
implement it.

*The definition of “widely spaced” depends on the size of the board and the dielectric
properties of the board. For most boards this is approximately 30 mils or more.



