CLOSING THE LOOP

MEETING HIGH-FREQUENCY
POWER DEMANDS WITH
DECOUPLING CAPACITORS




CLOSING THE LOOP: MEETING HIGH-FREQUENCY POWER DEMANDS

EMA DESIGN AUTOMATION

BREAKING IT DOWN

OBSTACLES TO CLEAN POWER

With frequency and data transfer rates increasing, it is crucial to verify adequate power can be
delivered to vital components in the design.

he inability to supply
adequate power in time
can result in intermittent

board failure and hours
troubleshooting in the lab. Even
an |IC with ample current supply
can experience “power shortage”
if the energy needed to transmit
the data bitstream isn’t available
in time.

Decoupling capacitors are used
to provide the necessary power
instantaneously; however with
multiple voltages and unique chip
requirements, determining the
ideal quantity, size, and location
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is difficult. Often, engineers fail
to verify instantaneous power
delivery and instead over-design
adding an excess of capacitors
which take up vital space on the
PCB.

Designs are constantly
decreasing in size while
increasing in complexity, making
utilization of every part of the
board for placement and routing
crucial; there is no space for
unnecessary components.
Reliable data transmission
involves both a clean path from
driver to receiver in addition to a
well-designed plan to deliver and
return needed power. Inductance
directly impedes this plan and
therefore must be addressed.

RELIABLE DATA TRANSMISSION

TO DELIVER
AND RETURN NEEDED POWER.




CLOSING THE LOOP: MEETING HIGH-FREQUENCY POWER DEMANDS EMA DESIGN AUTOMATION

INCONSISTENT POWER?

HAVE YOU CHECKED YOUR LOOP INDUCTANCE?

oop inductance is the impedance,
L or prevention, the PCB has on the

capacitor to deliver energy. To
evaluate the Power Delivery Network (PDN)

responsiveness it's important to look at

inductance. Inductance is the opposition to S—
change in current flow from the decoupling

capacitor to the IC device; it’s this identical

opposition to change in current that would

restrict a PDN's responsiveness.

Loop Inductance is the Accumulation of the Effects of the:
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Routing Capacitors

The electrical properties of these items can have a direct effect on the Power
Delivery Network (PDN) and the inductance created cannot be ignored,
especially as design speeds increase.
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WHY IS IT IMPORTANT?

WHEN THINGS GO WRONG, THEY GO WRONG FAST

Boards today incorporate interfaces with transfer rates well into the Gigahertz, leaving a small
margin of error for signal transmission.

power issues are often not considered when signal issues
arise. When power can not be delivered instantaneously, often
the board will develop hard-to-troubleshoot issues including:

This signal success relies directly on power delivery, however

Intermittent Board
Failures

Failed Data Signal
Transmission

Incorrect Data Signal
Transmission

Tk

When addressing signal integrity issues, the power delivery must
be verified first. This will ensure the signal integrity problems are

not actually underlying power issues. Power Delivery Networks are
becoming increasingly complex consisting of multiple power planes
and densely populated boards; making them extremely sensitive.
Inductive losses now have a greater effect on PDN Success and
are influenced much more by frequency, as opposed to current. This
creates an increasingly challenging dilemma every time the data
rate ticks up. Meeting PDN demands is achievable; however, it does
require a multi-level approach beginning with the incorporation of
decoupling capacitors.
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When placing decoupling capacitors and creating the fanout, many designers use the following
rules of thumb:

Keep power and ground
planes close to the ICs

Place high-speed ICS
on one layer

Place all decoupling
capacitors onthe same
layer as the ICs

Keep power and ground
planes adjacent

Although following these rules of thumb will help, they cannot guarantee capacitor effectiveness.
Decoupling capacitors will often improve the power delivery network. However, with inductive losses
observed at surprisingly small distances, the actual capacitor behavior may be unexpected and the
improvement may not be enough. The ultimate goal is to find the “sweet spot” where inductance is
minimized and capacitance is maximized. This can be achieved by analyzing the loop inductance to:
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Determine the
responsiveness of the
Power Delivery Network

Pinpoint ineffective
capacitors

Make adequate use of the
power and ground planes

ldentify increased mounting
inductance from ineffective
routing

Inductance is not obvious to the untrained eye, but it is predictable. Developing a basic
understanding of inductance will help identify issues while designing.
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HOW TO DETERMINE

LOOP INDUCTANCE

Evaluating the inductive loop provides insight into the functionality of decoupling capacitors, guiding
capacitor placement and guaranteeing adequate power delivery without over-designing.

Inductance is an accumulation, not a physical entity; therefore, many aspects of the PCB design need
to be incorporated to perform an accurate analysis including:
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Stackup Layout Capacitor Capacitor

Parasitics Performance

While this can be nearly e
impossible to accomplish with
manual calculations, software
can aid in realistically predicting
pin-to-pin inductance. This
prediction can be used to control
inductance, driving our decisions
to produce a more responsive
power delivery network.
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HOW TO

FIX/IMPROVE LOOP INDUCTANCE

With schematic and stack-up typically fixed, we can improve PDN performance by controlling capacitor
placement and loop inductance with the following actions:

nnnnnnnnnn Pinpoint Ineffective Capacitors
Analyze each capacitor to minimize over-designing and eliminate
excess capacitors.
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Optimize Routing and Placement AN AAASGL 2

Capacitors have an effect on PDN responsiveness. Minimize the loop by
relocating capacitors closer to decoupled power pins and improving routing.

Optimize Fanout
Analyze how the capacitor is attached to the power plane. Adjust

the direction of the vias and the distance from the capacitor to
improve inductance.

Optimize Via Design
Analyze via design/size to determine if it is acceptable for the required
power delivery.

Improve Stackup if Possible
Minimize the distance to the plane by adjusting the stackup design
before layout.

Improve Copper Usage
Verify the type of copper used is best for the design and increase the
amount of copper to improve power delivery.

These actions can help improve overall PDN responsiveness but even with proper planning and design
adjustments during the PCB layout, unwanted inductance and the effects that come with it can still occur.
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CONCLUSION

EASILY INDENTIFY POWER INTEGRITY ISSUES WITH SIGRITY

While inductance is predictable and we can work to mitigate its impact with the rules of thumb
mentioned, the real challenge lies in identifying inductance issues that directly affect PDN
responsiveness.

Loop inductance issues often result in an unreliable PDN and create inconsistent design

failures which are very hard to debug in the lab. By developing a proper understanding of PDN
responsiveness and inductance, design teams can build the effective and responsive PDNs required
for today’s technological demands.

Sigrity is a complete electrical analysis platform built to solve S, Pl, and EMC design challenges
across the board. Accurately predict loop inductance with the incorporation of capacitor models,
routing, distance to the plane, and capacitor placement for a realistic representation of the Power
Delivery Network. Sigrity makes quick work of discerning the good connections from the bad to
easily ensure inductance is minimized and capacitance is maximized. Guidance in suspected
problem areas, as well as customized reports help analyze the effectiveness of capacitor placement,
optimize fanout and routing, improve responsiveness, and increase overall PDN success.

With Sigrity You Can

0 Accurately Predict Loop Inductance 0 Improve Power Responsiveness 0 Drive Overall PDN Success

More Information on Signal Integrity, Power Integrity, and EMC Design Solutions

go.ema-eda.com/SigrityPI info@ema-eda.com Download Sample Report



http://go.ema-eda.com/SigrityPI
mailto:info%40ema-eda.com?subject=Sigrity%20Information
https://www.ema-eda.com/sites/default/files/Sample%20Report_Loop%20Inductance.pdf
https://www.ema-eda.com/sites/default/files/Sample%20Report_Loop%20Inductance.pdf

