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Optimize Decoupling to Maximize Performance/Cost Ratio

TARGET Z DECOUPLING CAPACITOR OPTIMIZATION _
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3 Step Decoupling Capacitor Optimization

1. Calculate 15t order approximations using simple resistor,
Inductor, capacitor R-L-C models

2. Use Target Z to optimize the decoupling capacitor selection
using high fidelity EM models (ADS PIPro)

3. Validate with full Power Integrity Eco-System simulation in ADS
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Decoupling Capacitors Can Reduce Voltage Ripple

Power Supply Rail Measurements
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Where does the ringing come from?

ENERGY SWINGS BETWEEN THE L AND THE C

Energy stored in Energy stored in
the Magnetic Field the Electric Field
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L C Parallel Resonance Problem in the PDN Design

IMPEDANCE PEAKS CAUSE HIGHER VOLTAGE RIPPLE
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L C Series Resonance Challenge with Capacitors

A CAPACITOR IS AN INDUCTOR AT HIGH FREQUENCIES

Capacitor Impedance Equation Series RLC Impedance vs. Frequency
Model . |
Z =ESR,, +( joxESLy, — j Log |Z]
wxC
ESR T
ESR cap = 1 phase of phase of
C 270,JESL, xC V lags I V leads I
ESL Voltage and current are in ' ~
phase at f,,, ' Lo fF
fcap
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Bandwidth of the Power Supply Control Loop f,,,1,
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Transition from Power Supply to Bulk Capacitor

DESIGNING FOR FLAT IMPEDANCE

PROBLEM
Find the decoupling capacitor that
will maintain a Flat Z Load for the
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maintain flat impedance

Vout (V)
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Adding Decoupling Capacitors
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Maximum Decoupling Capacitor Frequency

HOW FAST IS THE LOAD CHANGING?

Package-Die
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Transition from PCB PDN Supply to Package/Die Capacitor
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Calculate Target Z Limit Line for High Frequencies

TARGET Z AT HIGH FREQUENCIES = MAXIMUM L,y
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VRM + Load and No Decoupling Capacitors

Frequency Domain Time Domain

. Impedance at the Package Pin \1/90Itage and Current vs. Time o

\ No PDN S ] 0.9

R Decouplin - ; 08
£ VRM pling Package/Die 951 No PDN 07 §
= Decouplin > Decoupling 0.6 o
g 114 Control 5 1.00- 05 &
% 2 : 04 >

Q. J

E 1E-2 0.95 0338

Step Forced 0.2

0.1

1E-3 w w ! ! ! ! ‘ 0.90- / ‘ | 0.0

1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9 6E9 100.0n 1.000u 10.004 50.00u

time, sec

KEYSIGHT

TECHNOLOGIES



The Wrong Capacitor Can Add Parallel Resonances

INCREASES PART COUNT TO REACH TARGET Z
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Flat Impedance PDN Design

FLAT Z = MAXIMUM STABILITY AND MINIMUM RIPPLE
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3 Step Decoupling Capacitor Optimization

1. Calculate 15t order approximations using simple resistor,
Inductor, capacitor R-L-C models

‘ 2. Use Target Z to optimize the decoupling capacitor selection
using high fidelity EM models (ADS PIPro)

3. Validate with full Power Integrity Eco-System simulation in ADS
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ADS PIPro EM Simulation of the PCB PDN

1) IMPORT THE PCB
« Select VRM, Sink, Nets, Components
« Run EM AC Frequency Sweep 2) OPTIMIZE DECOUPLING
e —— ‘ i « Select capacitor models
« Setup optimization goals

* Run Optimization 5y GENERATE SCHEMATIC

J r:mmm:n—_:——— i3 e Auto generate schematic
[ with PCB PDN EM model
e e and optimized capacitors.
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Future Topic on How to Reduce Inductance in the PDN

EM SIMULATORS CAN OPTIMIZE LAYOUT FOR LOW L

Loop Inductance

Ideal
Dual
Top and
Bottom
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3 Step Decoupling Capacitor Optimization

1. Calculate 15t order approximations using simple resistor,
Inductor, capacitor R-L-C models

2. Use Target Z to optimize the decoupling capacitor selection
using high fidelity EM models (ADS PIPro)

‘ 3. Validate with full Power Integrity Eco-System simulation in ADS
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Voltage Regulator State Spaced Averaged Models

Measurement Based VRM Modeling

How to Design for Power Integrity
Selecting a VRM

| )

Steve Sandler — PICOTEST

<> PICOTEST

How to Video

http://tinyurl.com/vrm-video
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http://tinyurl.com/vrm-video

Modeling the Power Integrity Ecosystem

VRM + PDN + LOAD = PI ECOSYSTEM
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Summary

DESIGN METHODOLOGY FOR DECAP OPTIMIZATION

1. Calculate 1st order approximations

Target ZTarget ZTarget

2. Decoupling capacitor optimization requires a Target Z input

3. Power Integrity Eco-System includes switching VRM models
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Where to go next?

Webcast Recording

Tutorials in
0 www.keysight.com/find/eesof-tutorials-signal-inteqgrity

KEYSIGHT

Signal Integrity
Webcast Series

*Signal Integrity & Power Integrity Resources www.keysight.com/find/eesof-sipi-resources

*Where to get a free trial of ADS: www.keysight.com/find/eesof-ads
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You’re Invited!

HOW TO VIDEOS | NEW TO ADS?

— “How To” Video Series
www.keysight.com/find/eesof-how-to-videos

— Application Focused

Try ADS! obtain a “FREE” 45-day evaluation copy
(10 min each)

http://www.keysight.com/find/eesof-ads-evaluation

— Free workspace

How to Use Fixture De-embedding to Match , , How to Design for Power Integrity
Signal Integrity Simulations to Measurements How % Design for Pov.gr |r1legr|1y DC-DC Converter Modeling and Simulation —
Measuring, Modeling, Simulating —tn
o1 e tirm Capacitors and Inductors .~ -“”‘.""
S et 551 5
=] = —
DOWNLOAD
DUR NEXT
INSIGHT i o WNLOAD
AN KEYSIGHT 53.5}"&3?}’ egun NEXT
LINSGHT AINSIGHT

KEYSIGHT Signal Inte? rity

TECHNOLOGIES ““Jomrnal


http://www.keysight.com/find/eesof-how-to-videos
http://www.keysight.com/find/eesof-systemvue-evaluation

. __ ”,

”
KEYSIGHT

TECHNOLOGIES




