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ANSYS® SIwave-PI™ is a specialized analysis tool that provides engineers 
with the capabilities that they need to solve these problems and optimize 
decoupling capacitor schemes. Beyond that, combining ANSYS RedHawk™, 
ANSYS Totem™ and SIwave-PI produces an industry-leading solution for 
analyzing chip–package–system PDNs. Engineers are assured of chip-aware 
PDN solutions with in-depth insight on how to solve specifi c PDN issues 
through ANSYS SIwave-PI. R&D teams derive tremendous benefi ts by incor-
porating a comprehensive workfl ow that ANSYS SIwave products off er for 
effi  cient printed circuit board (PCB) design. Since designers do not have the 
luxury of endless time, adopting a seamless workfl ow signifi cantly raises 
productivity. The value in ANSYS SIwave products is not just their use as 
effi  cient simulation tools; they provide a platform for adopting a workfl ow 
for intelligent PCB design, thereby greatly improving time to market for 
enterprises. 

This paper describes ANSYS SIwave-PI for ensuring effi  cient PCB design and 
solving power integrity issues. It presents an eff ective PCB design workfl ow 
that identifi es and eliminates signal integrity and power integrity problems 
while improving overall EMI. 

PI/SI Workfl ow for Intelligent PCB Design
While designing PCB systems, the power distribution system plays an integral 
role in signal transmission. Unless a PCB is designed properly, all of the care-
ful SI and PI engineering on the components and communication links can be 
wasted. ANSYS SIwave off ers advanced techniques for full-system power in-
tegrity including chip–package–system technologies to provide full coverage 
for PI simulation needs. Figure 1 illustrates an approach using ANSYS SIwave 
for effi  cient PCB design.
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Modern design challenges such as 3-D-IC and 2.5-D silicon interposers are excellent ex-
amples of how we pack more transistors into a smaller form factor. This is also evident from 
the trends requiring chip-aware system design with increasing transistor density and higher-
throughput on device IO interfaces. Smaller gate size requires a reduction in gate voltage, 
thereby shrinking power noise margins. It’s a huge challenge to stay within the shrinking 
voltage noise limits and keep pace with increasing current demand, since engineers also 
have to account for signal transitions occurring due to faster edge rates and more transistors 
switching simultaneously. Typically, to address these issues, design engineers have to reduce 
the power delivery network (PDN) impedance. In redesigning PDNs, problems become even 
more complex, as the required PDN impedance reduces to the order of milliohms and, in some 
cases, microohms. An effi  cient power integrity tool is required. 
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Figure 1. PCB workfl ow
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The stages that make up this workfl ow range from early analyses and 
problem detection through optimal design and system signoff . At an early 
stage of the design cycle, DC analysis can be performed for extracting and 
analyzing the resistive network and the impact it has on DC voltage drop, 
DC current distribution and DC power loss. Improper PCB design can cause 
bottlenecks in DC current fl ow that, in turn, result in thermal hot spots. You 
can avoid these potential thermal hot-spot failures by using ANSYS SIwave-
DC very early in the design. The hot spots can be detected via current 
density, voltage gradient and power loss plots. DC simulation results can 
be coupled to thermal CFD simulations in ANSYS Icepak®. The simulation 
results also help in determining and isolating problem areas in the power 
delivery network, which can help designers improve layout during the op-
timization process for minimizing voltage drops. During this stage, imped-
ance optimization can be accomplished, and simulations using SIwave can 
help test the viability of solutions, such as increasing the number of vias on 
the power delivery network to reduce the voltage drop or determining the 
number of decoupling capacitors and their placements for reducing rail col-
lapse. SIwave also helps in analyzing the system in time domain. Another 
key objective of PCB design is to minimize electromagnetic interference; 
this can be achieved by using ANSYS SIwave with its capability to identify 
and isolate sources of EMI problems. Incorporating the EM simulation 
methodology into the workfl ow avoids surprises and reduces duplication 
of eff ort. Moreover, you can link to ANSYS Mechanical™ for stress analyses. 
While the workfl ow helps designers unlock the potential for robust PCB 
design, ANSYS SIwave is easy to use. You get accurate results along with an 
exceptional user experience.

Power Integrity Challenges
A PDN is a complex multi-stage network, consisting of several components: 
voltage regulator module (VRM), all interconnects and the metallization on 
the die, for supplying power and return current. The purpose of a PDN is to 
deliver clean power, provide a low-impedance reference path for signals, and 
minimize electromagnetic interference (EMI).

There are distinct stages within the PDN: die, package, PCB, discrete decou-
pling capacitors, discrete inductors, etc. Power integrity analysis occurs at 
various levels of granularity. For example, engineers can analyze the die, 
package and PCB independently or as a complete system. Analysis of one 
part of the system should never preclude other relevant parts. The SIwave 
environment enables you to include diff erent parts of the PDN into one 
complete power solution to perform comprehensive analysis. Such a holistic 
system-wide solution accurately predicts performance of the system PDN. 

In many cases, engineers start analyzing a power system design in the fre-
quency domain and then switch back and forth between the time domain and 
frequency domain to study and better appreciate the system response. Based 
on this study, they redesign the PDN in the frequency domain and return to 
the time domain for further analysis. SIwave provides the capability to easily 
transition back and forth between the two domains.

Figure 2. Complex multi-stage PDN
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Case Study: ML405 Test Board with Virtex™-4 FPGA
Figure 3 shows the ML405 physical PCB and its equivalent representation in 
SIwave, after all the board, package and passive components were imported 
from Cadence® Allegro® and Cadence® APD. 

SIwave can extract complete designs (which include multiple, arbitrarily 
shaped power/ground layers, vias, signal traces, wirebonds and circuit ele-
ments) while producing highly accurate models very quickly, without requiring 
potentially laborious layout partitioning by the user. Multiple layout topolo-
gies similar to those in this case study are supported, such as PoP, SoC, SiP 
and PKG on PCB. Integration of ECAD translation enables simple and seamless 
geometry translation from popular third-party electrical CAD (ECAD) vendors. 
Table 1 provides an overview of the ECAD technologies supported.

Vendor ECAD Layout Tool Versions Actively Supported
Altium Designer using ODB++ R10 and higher
  
Cadence Allegro v15.7 and higher
 APD v15.7 and higher
 SiP v15.7 and higher
 OrCAD using ODB++ V16.3 and higher
  
Mentor Expedition using ODB++ EE7.9.1 and higher
Graphics PADS using ODB++ v9.4 and higher
 BoardStation Classic v2007 - v2007.7 (uses HKP   
  design fl ow)
  
Zuken CR5000 V13 and higher (sold by Zuken)
 CR8000 v2013 and higher (sold by Zuken)
 CADSTAR using ODB++ v12.1 and higher
  
Other Formats .anf, .xfl , .dxf & .gds 

Figure 3. ML405 board and its SIwave model

 Table 1. ECAD technologies supported
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This FPGA board uses low-cost PCB design materials (FR4) with minimum 
layers, reducing cost, to create a testing vehicle for Xilinx FPGAs. Simultane-
ous switching noise (SSN) is caused by the parallel memory bus performing a 
read or write operation to/from the SDRAM to the FPGA. The memory signals 
are single-ended interfaces that reference power and ground nets with mul-
tiple parallel nets switching at the same time and adding noise to the PDN. 
This is typically an area of concern for design engineers due to the degrada-
tion in set up and hold times between data (DQ) and strobe (DQS) signals. 
This can be observed by performing a time-domain SSN simulation with 
ANSYS SIwave. Engineers analyze various decoupling capacitor schemes and 
optimize the PDN for meeting an impedance profi le while minimizing cost 
along with decoupling capacitors’ type, location, and manufacturer. SIwave-
PI enables engineers to refi ne PDNs and evaluate from the chip to the system 
the savings that can be realized by utilizing the aggregate behavior of the 
PDN as a whole.

Figure 4 illustrates PDN topology, showing the die itself (as a chip), die-
capacitance providing high-frequency decoupling, package parasitic induc-
tance, PCB decoupling solution, and voltage regulator module; the fi gure also 
shows the equivalent circuit schematic.  Edge rates are an indirect cause of 
power plane noise. The underlying issue is that charge needs to be supplied 
at a broad range of frequencies, which depend on the edge rate, and PCB- or 
package-based decoupling cannot provide this at the highest frequencies in 
use today. Though all of these capacitors and inductances work in diff erent 
frequency ranges, it is important to consider the PDN as a whole to under-
stand the behavior of each part.

The approach of designing the PCB with the specifi ed decoupling capacitor 
requirements by following the data sheets can be ineffi  cient. This is mainly 
because several devices draw off  the 2.5 V rail. The FPGA uses it for IO sup-
plies, the SDRAM runs off  it, and there are many processors and devices that 
need it as well. SIwave can help designers analyze and verify the expected 

Figure 4. PDN topology and its equivalent circuit
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behavior of the PDN’s impedances, including decoupling capacitances and 
parasitic inductances. Figure 5 shows power plane impedance with and 
without capacitors, thanks to the SIwave simulation that comprehensively 
accounted for PCB structures. From the plot, measurement and simulation 
results agree very well.  The PDN impedance correlation validates the design 
process, enables accurate performance prediction, and reduces risks. Ad-
ditionally, SIwave also helps designers to refi ne the PCB decoupling network 
described in the following section.

Automated Decoupling Capacitor Analysis
Modern high-volume PCBs have hundreds to thousands of capacitors for 
meeting the switching demands of high-current integrated circuits (ICs). Ad-
equate decoupling capacitance is necessary for minimizing the voltage noise 
within a PDN. Decoupling capacitor parasitic inductance and the mounting 
location must be accounted for within the analysis to ensure resonances 
within the PDN are properly dampened. Higher inductance values increase 
PDN impedance and can cause greater voltage oscillations within the signal 
nets and noise on the PDN.

Locations of the decoupling capacitors are important; generally, they should 
be placed close to the DUT, accounting keep out areas from the IC and al-
lowing enough room for signal net spacing. SIwave-PI includes PI Advisor, a 
technology that automates decoupling capacitor selection and placement as 
well as optimizes the impedance profi le for ECAD. SIwave’s capacitor library 
browser (Figure 6) contains over 20,000 capacitor and inductor models from 
the industry. It is very useful for evaluating lumped capacitor values with 
mounting inductance and resistance, viewing multiple impedance curves, 
and calculating their parallel impedance with easy user-defi ned fi ltering 
features to narrow down capacitor selection. Users can create their own 
user-defi ned library of capacitors, inductors and resistors from SPICE and 
Touchstone models.

Figure 7 shows a PI Advisor example that illustrates each capacitor’s loop in-
ductance from an observation point in the middle of the CPU. The automated 
technique in PI Advisor uses an advanced genetic algorithm that allows for 
several constraints, such as the total number of capacitors, their type, price 
and desired network impedance to be specifi ed in the cost function. In the 
original design, the PCB power and ground PDN had 74 capacitors; PI Advi-
sor optimized the solution requiring only 18 capacitors (see Figure 8, scheme 
3) to meet the target impedance over frequency. This reduced component 
count results in savings in bill of material as well as a reduced PCB footprint 
and improved layout. The time required for this optimization spanning 1 kHz 
to 1 GHz was only 15 minutes.
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Figure 5. ML405 PDN Impedance

Figure 6. Capacitor browser Library                                             

Figure 7. PI-Advisor example
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Summary
ANSYS SIwave off ers a complete solution for studying power delivery from 
chip through system. Inclusion of ANSYS chip power models (CPMs) provides 
the industry’s leading solution for understanding power delivery, from chip 
to system, in both frequency and time. The solution includes the ability to 
optimize decoupling schemes when an IC, package and PCB are analyzed as 
a complete system or as individual components. Results are provided in both 
the time and frequency domains. Table 2 shows the capabilities off ered with 
the diff erent SIwave products.

Functionality  SIwave-DC SIwave-PI SIwave
ECAD Translation  √  √  √ 
SIwave & 3-D Layout GUI  √ √  √ 
I2R DC solver  √ √  √ 
Plane Resonance Solver   √  √ 
Automated Decoupling   √ √
   Analysis Optimization      
SYZ Solver   √  √ 
Frequency Sweep Solver   √  √ 
Synopsys HSPICE Integration   √  √ 
Near-Field Solver    √ 
Far-Field Solver    √ 
Signal Net Analyzer    √ 
Circuit Analysis    √ 
   (IBIS, IBIS-AMI, QE, VE, etc.)

Figure 8. Scheme 3 shows optimized result for 18 capacitors

Table 2. Capabilities off ered with ANSYS SIwave products



ANSYS, Inc. is one of the world’s leading engineering simulation software provid-
ers. Its technology has enabled customers to predict with accuracy that their prod-
uct designs will thrive in the real world. The company off ers a common platform of 
fully integrated multiphysics software tools designed to optimize product develop-
ment processes for a wide range of industries, including aerospace, automotive, 
civil engineering, consumer products, chemical process, electronics, environ-
mental, healthcare, marine, power, sports and others. Applied to design concept, 
fi nal-stage testing, validation and trouble-shooting existing designs, software from 
ANSYS can signifi cantly speed design and development times, reduce costs, and 
provide insight and understanding into product and process performance.
Visit www.ansys.com for more information.

Any and all ANSYS, Inc. brand, product, service and feature names, logos and slo-
gans are registered trademarks or trademarks of ANSYS, Inc. or its subsidiaries in 
the United States or other countries. All other brand, product, service and feature 
names or trademarks are the property of their respective owners.

ANSYS, Inc.
Southpointe
275 Technology Drive
Canonsburg, PA 15317
U.S.A.
724.746.3304
ansysinfo@ansys.com

© 2014 ANSYS, Inc. All Rights Reserved.

References
Pytel, S. G.; Soldo, D. Automated Decoupling Capacitor Analysis for Analog/
Digital Printed Circuit Boards. EMC Compo 2011 – 8th Workshop on Electro-
magnetic Compatibility of Integrated Circuits, Dubrovnik, Croatia.

Pytel, S. G. Solving DC Power Distribution Problems. http://www.ansys.com/
Resource+Library/Technical+Briefs/Solving+DC+Power+Distribution+Proble
ms
Pytel, S. G. Thermal Solutions for 3-D IC, Packages and Systems. ttp://www.
ansys.com/Resource+Library/Technical+Briefs/Thermal+Solutions+for+3-
D+IC,+Packages+and+System

Pytel, S. G. High-Performance Electronic Design: Predicting Electromagnetic 
Interference. http://www.ansys.com/Resource+Library/White+Papers/High-
Performance+Electronic+Design+-+Predicting+Electromagnetic+Interference

Pytel, S. G. SIwave: Port Radius & Port Impedance Impact on Accuracy

Bogatin, E. Signal Integrity Simplifi ed 

Board and Package-Level PDN Simulations DesignCon 2004 – 
Conference Panel

http://www.ansys.com/Products/Simulation+Technology/Electronics/
Signal+Integrity/ANSYS+SIwave

http://www.deepdyve.com/lp/institute-of-electrical-and-electronics-engi-
neers/automated-decoupling-capacitor-analysis-for-analog-digital-printed-
ELW7qOInR5

http://www.electrical-integrity.com/Paper_download_fi les/DC04_PDN_panel.
pdf

Package and Board Power Integrity 
Design with ANSYS SIwave-PI


