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PI is Not My Problem

“Power is not my 
problem, its yours.”
-- high speed designer

“What do you want, I 
gave you 5Vdc?!?!”
-- power supply designer
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Power Supply Designers 
& Manufacturers

PCB 
Designers

Circuit Designers

Dirty Secret: They’re both wrong. 

Power is everyone’s problem.



Power Integrity Applies to Everyone
 Power Integrity is about getting the right power to the load

 PI is NOT A SYSTEM ISSUE! 
 PI is NOT A HIGH-SPEED ISSUE! 
 PI is NOT A POWER SUPPLY ISSUE! 
 It is an EVERYONE issue - YES, IT APPLIES TO YOU!!! 

 Overstress and regulation issues? Sure.
 Dynamic current issues? Sure.
 Low current issues? Sure.
 Jitter issues? Sure. 
 Heritage design issues? Sure.
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“The Unfortunate State of Power Integrity in Space Systems” – Space Power Workshop 2017

RELIABILITY 
ISSUES

PDN 
Impedance 

Resonances

Lower 
Voltages 

Higher 
Switching 
Speeds 



The Power Distribution Network (PDN)
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What we get

What we want

Power Integrity is about controlling FLAT impedance



The Basic Problem: How we get into trouble
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Fighting a Lack of Data
 These things are impacting designs and they need to be considered and addressed
 Impedance is how we communicate – it’s the answer

 IC manufacturers need to provide the output impedance data
 VRM Models need to reflect accurate output impedance and they usually don’t - RL models are a minimum
 Capacitor models are often bandwidth limited and not measured using a 2-port measurement

 Impedance needs to be Flat
 There’s a VRM, a plane, and a load. How do we make them like each other?

 You can’t pick a VRM because of its size pick it for its impedance
 Decoupling needs to be appropriate for the dynamic currents and is specific to a PCB design

 Lack of Awareness  The power supply is a common source of system issues
 Poor EVMs, Reference Designs, and Lack of Trade Studies result in system issues
 Parts and EDUs often not available for testing before the final design pass EM is Simulation needed
 Where are the resonances, what are the dynamic currents?
 You almost always need an iteration
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It’s easy to get right if you follow a few basic rules and
Measure - Model - Simulate - Measure



Example: Power to Core WCCA

 The Target Impedance Concept
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Each power rail has an allowed voltage range to work with, often 
5% of Vout, but can be smaller or larger.  For example, a 2.5V 
power source suppling 1A, may have an allowed operating range 
of 5%...

∆𝑉𝑉 = 2.5𝑉𝑉 � 5%= + 125mV

From this allowed range, subtract the DC terms, ripple and PSRR to determine the Target Impedance. Some 
engineers BUDGET 1/3rd of the noise for dynamic current, which would reduce this to + 42mV. Sensitive circuits 
that include PLLs, such as SERDES transceivers are often lower voltage and typically + 20mV or less.

Assuming one resonant peak and excitation at the resonant peak frequency
BW(Trise) =

0.35
Trise

While the edge speed and dynamic
current are unknown, a conservative
BW limit was 300MHz in this case

Current
RippleAllowedVoltageSupplyPowerZ )_()__( ×

=Target

+𝟐𝟐.𝟓𝟓𝐕𝐕_𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓𝐓_𝐈𝐈𝐈𝐈𝐈𝐈𝐓𝐓𝐈𝐈𝐓𝐓𝐈𝐈𝐈𝐈𝐓𝐓 =
𝟏𝟏
𝟑𝟑

·
𝟐𝟐.𝟓𝟓𝐕𝐕 � 𝟓𝟓𝟓
𝟏𝟏𝐀𝐀 � 𝟓𝟓𝟓𝟓𝟓

= 𝟓𝟓.𝟓𝟓𝟎𝟎𝟑𝟑𝛀𝛀

Decoupling 
and Load
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Example: Power to Core WCCA
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Measured ISL75051output impedance

SRL
X_p_2_5VDC_U21_RL

L=7.9e-008 H*1.2
R=0.006 Ohm*.8

 

Ref

X_p_2_5VDC

Improper capacitor selection



Example: Power to 32Gb/s SERDES Transceiver
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Example: Power to 32Gb/s SERDES Transceiver
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The 1.2V MGTVCC powers the transceivers. There are 10 
total transceivers and each results in a 500mA step at turn 
on. At least one bank of 5 is required or 2.5amps, meaning 
that the Zo has to be < 4mΩ (2.5mΩ in order to account for 
WC)

The specialized D2Cap™ VRM controller has no 
compensation or linear control  NO WAY TO FIX IT!

Measuring the excess inductance and solving for the 
capacitance requires 18,000uF to achieve the 10mV 
allowed transient.

The switching frequency and output inductor were 
modified at the expense of efficiency. This reduced the 
required capacitance to 1200uF.  Note: due to 8nH 
inductance of the pins an additional 1300uF per pin we 
required after the connector.



Example: Power Impact Clock Jitter
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Example: Power Impact Clock Jitter
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Injecting the Harmonic Comb signal at the Clock 
capacitor shown earlier reveals the impedance 
resonance

Clock and buffer

10nF cap

Sensitivities identified by interrogating with the comb



Example: Power Impact 
Clock Jitter
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Flattening the impedance eliminates the jitter



YOU CAN’T TEST YOUR WAY OUT OF PI!!

 PCB design / decoupling “rules-of-thumb” generally don’t work well
 Involves trade-offs - the impact on resonances need to be weighed carefully 
 Should be based on Test Data
 But measurements are often hard to perform – Lack of Access

 A mismatched VRM exacerbates resonances
 Almost impossible to fix due to lack of controller ESR caps and board space

 Tolerances make Qs much worse – give rise to rogue waves
 Simulation is challenging, time-consuming, and expensive

© AEi Systems 201814



Lessons Learned
 Power Integrity Matters to the Entire System

Don’t ignore it, believe its trivial or irrelevant, or leave it until the end

 Perform Measurements Prior to Selecting the VRM

Select the RIGHT VRM, not the BEST VRM

 Design for Flat Target Impedance

 Plan for Iterations/Board Spins “Get it right the 2nd time”
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