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A Typical PDN
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Power Integrity

Power Planes

Is about managing
noise voltage here
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Flat Impedance is Ideal, but...
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Impedance ignores the VRM generated noise
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The Nature of a Peak
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Natural Response
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RESONANT SINE Exponentlal growth
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27% larger than sine excitation
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The Two response

This oscilloscope

screenshot shows both
the natural (step)

response and the -.
forced (resonant ﬁ \ '\
square wave) response AVAVEE r\g"'\.u,x“-m~—v-—-—--—-—-—-—f 'l
at the same time. '"

The exponential decay,
exponential growth and
impact of resonant Q
are all clear here.
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Multiple Resonances
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Rogue Waves

Creating a worst case current L
pattern results in a voltage £ P i,
response of 586mVpk. e
The excursions were all w0
excited and phased to sum — 200
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Target Impedance

For a single Impedance peak

4.7,
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Solving for an equivalent impedance Target Impedance Bandwidth
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But beware of additional resonances and noise sources!
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Dynamic Current is Complicated

When the core activity
starts it appears as

both a step and also as
high frequency content

When the activity stops
it appears as a step.

The exponential decay
is clear and the
response is asymmetric

_ PCB-50mv/diV
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When the core activity
is at a repetition rate
that matches the die
resonant peak, we can
see the much larger
forced response.

We can’t see the
exponential growth in
this picture
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Forced Response
PCB - 100mv/div

Core — 100mv/div
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Rogue Wave

Rogue waves may be rare, but
do exist and are relatively Ll

| mnuii
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simple to generate in the lab.

This oscilloscope screen shot
shows a Rogue wave on the MHHH"
output of a DDR termination "M
regulator. |
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Conclusions

1. Target impedance is a tool that helps design a robust PDN that results in acceptable noise
2. While flat impedance is ideal, careful management of the peaks can result in an acceptable
design

Keep in mind that the VRM and system also generate noise that will appear at the die

4. Multiple sources are additive.
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Thanks for Attending Our Session!

Maintain your Integrity - Power Responsibly
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