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TKEDITORIAL

Not only can ANSYS solutions identify obvious flaws, such 
as structural weakness in a tablet casing, but they can also flag 
the more subtle performance issues that are created when many 
disparate systems come together — for example, the effect of a 
variety of casing materials on thermal management, chip perfor-
mance and electronic signal quality. 

With a strong foundation in structural analysis, fluid dynam-
ics and electronics, ANSYS provides high-fidelity simulation solu-
tions that scale from integrated circuits, discrete components 
and embedded systems to fully functional products containing 
millions of lines of safety-critical embedded software. 

While high-tech engineering teams face more pressures 
than ever, they also compete in one of the strongest and fast-
est-growing consumer markets today, creating incredible 
financial opportunities. According to industry analyst Gartner, 
in 2013 consumers bought 1.8 billion smartphones and 195 
million tablet computers. Many of these devices were devel-
oped using ANSYS software. 

As electronic devices continue to proliferate, engineering 
simulation will continue to help manufacturers not only make 
incremental improvements to key performance aspects such as 
speed and connectivity — but also deliver the game-changing 
product innovations that will have consumers lined up around 
the block. 

 

DRIVING THE HIGH-TECH 
REVOLUTION

Fast-paced and hyper-competitive, the global high-
tech industry is characterized by groundbreaking 
product innovations and rapid-fire market launches. 
Simulation provides an essential means for market 
leaders to quickly introduce revolutionary new 
features and functionality — while still honoring 
their foundational product promise.
By Sin Min Yap, Vice President Industry Strategy and Marketing, ANSYS    

What’s the hottest new high-tech product 
today? By the time this issue of ANSYS 
Advantage is published, that answer will 
have changed multiple times. Such is the 
nature of today’s ultra-competitive global 
high-tech marketplace, in which every com-

pany seeks to introduce the next big innovation. More than ever, 
today’s high-tech product development teams are pressured to 
quickly assess thousands of possible designs and identify the sin-
gle, optimal solution that will have consumers marking the new 
product launch date on their calendars.

In their rush to innovate, high-tech companies cannot afford to 
make a single mistake. As they develop groundbreaking new prod-
ucts, they must actively seek out and address every potential cause 
of failure. In today’s hyper-connected world, it doesn’t take a prod-
uct recall to ruin a brand’s reputation. Even poor user reviews and 
ratings, shared via social media, can undo years of sound brand 
management. “Fail early and fail fast” is the new mantra, as engi-
neering teams seek to eliminate faulty designs and potential weak-
nesses at the earliest possible development stage. 

Given the combination of innovation, speed and quality 
demanded in this industry, it’s no surprise that high-tech compa-
nies rely on simulation-driven product development. By design-
ing and testing products in a risk-free, low-cost virtual environ-
ment, high-tech engineering teams can assess and discard dozens 
of ideas quickly, significantly compressing their design cycle. They 
can develop a complex product consisting of many systems, such as 
chip–package–board, in parallel, instead of optimizing one compo-
nent at a time. They can consider multiple physics simultaneously, 
instead of conducting a series of single-physics studies. 

In addition, engineering simulation helps high-tech product 
development teams manage design complexity, solving advanced 
problems such as reducing power consumption, delivering unwav-
ering signal integrity, and improving bandwidth. With its multi-
physics leadership, systems-level perspective and collaboration 
platform, ANSYS is uniquely qualified to help assess the many 
facets of high-tech product performance. 

Engineering simulation 
will deliver game-changing 
product innovations.
 

ROBUST ELECTRONICS

ansys.com/83hightech
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�Simulation of tension in the metallic structure of cables and trusses for a World Cup stadium

ANSYS ENSURES STRUCTURAL INTEGRITY     
OF 2014 FIFA WORLD CUP STADIUM
CIOL
ciol.com, June 2014

Football fans attending the FIFA World Cup games in Brazil were able to cheer on their 
teams and focus on the action without being concerned about any structural issues. 
Specialists at ANSYS channel partner ESSS and the University of São Paulo analyzed 
the Estádio Nacional Mané Garrincha stadium with ANSYS multiphysics software to 
predict airflow around the stadium and pressures on the stadium roof to account for 
the combined effects of wind, stadium infrastructure and a traditionally rowdy crowd. 
Engineers suggested several changes to improve the integrity of the stadium and the 
safety of both players and fans based on the results of the simulations.

Simulation in the News

  
EPA SELECTS ANSYS FOR SIMULATION SOFTWARE TO DEVELOP 
ADVANCED TEST ENGINE  
Green Car Congress
greencarcongress.com, July 2014

Development of a new fuel-saving and emissions-reducing test engine is under develop-
ment by the U.S. Environmental Protection Agency (EPA) with the help of ANSYS simu-
lation software. The goal is to produce an engine that will help meet recently issued fuel 
standards through improvements to combustion chamber geometries, fuel injection 
strategies, fuel composition, valve timing and intake conditions. With ANSYS FORTÉ, 
the EPA can reduce the need for expensive and lengthy physical prototyping in favor of 
engine design in a virtual setting to reduce both cost and time between design iterations. 

ANSYS DRIVES ELECTRIC VEHICLE INNOVATION WITH GM, NREL AND ESIM 
Bloomberg Businessweek
businessweek.com, June 2014

The world is closer to realizing affordable and eco-friendly electric vehicles. A project to design 
better, safer and longer-lasting lithium-ion EV batteries using ANSYS software is contributing 
to this goal. ANSYS, General Motors, the U.S. Energy Department’s National Renewable Energy 
Laboratory and ESim are working to produce models to improve battery design with optimized 
performance, safety and lifespan, all within shorter design cycles.

VIRTUAL HEART: HOW 
ENGINEERING IS HELPING 
MEDICINE
BBC News
bbc.com, May 2014

Sheffield University is a leading center for 
in silico medicine and intends to map the 
entire human body with software. Models 
assist medical professionals in diagno-
sis, treatment and even clinical trials. 
For example, although doctors can iden-
tify coronary artery disease by viewing a 
series of X-rays, simulation can deliver 
vital information such as blood pressure 
and flow changes. 

      
WHEN A DRONE FLIES INTO  
A JET ENGINE, BAD THINGS 
HAPPEN
Defense One
defenseone.com, May 2014

The sky is crowded with airplanes, 
drones and animals, as evidenced by 
recent multiple near-collisions. As more 
drones take to the skies, pilots and engi-
neers are increasingly concerned that 
a drone flying too close to an airplane 
might be sucked into the engine. Robert 
Harwood of ANSYS states that a drone 
strike would be much like a bird strike, 
but could cause significantly more dam-
age to the engine. Engine regulations 
help to ensure that damage is localized 
if the engine blades break in the event 
of a collision. 

�20-cell battery model

TKNEWS
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MODELING AND SIMULATION 
LIFT AEROSPACE CONTROL 
SYSTEMS 
E&T Magazine
eandt.theiet.org, July 2014

Diversity in the aerospace industry is 
rapidly increasing, including every-
thing from helicopters to airplanes to 
drones. Design requirements for differ-
ent structures and materials drive engi-
neers to rapidly model and simulate the 
aerodynamic performance of the air-
frame and evaluate the materials used 
in construction. Simulation is also used 
in the design of flight control systems 
that integrate the structure and con-
trol components. These components 
include most — if not all — of the elec-
tronics used on an airplane, from the 
aircraft’s aileron and other control sur-
faces to the black box flight recorder. 
Engineers employ ANSYS software to 
ensure structural integrity as well as 
to find electromagnetic solutions to 
enhance safety and comfort for passen-
gers and crew.

YC-BACKED RIGETTI COMPUTING RAISES $2.5M TO CREATE 
COMMERCIAL QUANTUM SYSTEMS 
TechCrunch
techcrunch.com, August 2014

Many companies are attempting to incorporate quantum computing into commer-
cial hardware. Rigetti Computing wants to be a leader in this effort, providing consis-
tent performance improvements through an ANSYS-powered prototyping process. The 
major issues with quantum computing include unpredictable performance and high 
costs. ANSYS solutions help Rigetti rapidly test changes without having to build new 
circuitry with each iteration. This advancement could allow computers to perform 
certain kinds of operations immeasurably faster than traditional processors.

�Aeroelastic wing simulation example

  
ORIGAMI UNFOLDS A NEW WORLD OF SHAPE-SHIFTING ELECTRONICS  
CNET
cnet.com, May 2014

Electrical engineering is taking a large step forward using the mathematical properties of origami. Electronic devices that com-
press and change shape are possible if designed correctly. Companies could put tiny devices into compact spaces by morphing 
forms to optimize space usage. A leading electromagnetics specialist and his team from Florida International University and 
Georgia Tech University are leading the development of origami-influenced antennas. ANSYS HFSS allows the team to conceptual-
ize new antenna models with only one limit: imagination. The software permits designers to work through many different designs 
without expensive physical prototyping.

  
RAISING THE ABSTRACTION OF POWER: TRENDS  
Semiconductor Engineering
semiengineering.com, July 2014

Design requirements for today’s system-on-chip (SoC) devices need a comprehen-
sive power analysis methodology from system to register-transfer-language (RTL) to 
gate for successful system design for power management. System designers histori-
cally used complex spreadsheets to calculate power consumption, which led to prob-
lems like limited reuse, cumbersome sharing, error-prone formulas and no dynamic 
system results. A reliable alternative is performing simulation at many points in the 
design to achieve systems-level power savings.

4MOMS LEVERAGES ANSYS  
TO DEVELOP INNOVATIVE 
PRODUCTS                           
Wall Street Journal
wsj.com, July 2014

4moms is revolutionizing the $8.9 bil-
lion baby gear market with some help 
from ANSYS. Engineering simulation 
tools allow engineers at 4moms to cre-
ate virtual prototypes to reduce time 
and money, while maintaining product 
quality. Using simulation from ANSYS, 
4moms engineers validated certain 
design decisions before crash testing and 
supplemented the crash-testing results, 
enabling the company to operate more 
effectively and efficiently. 

http://eandt.theiet.org/magazine/2014/07/modelling-and-simulation.cfm
http://techcrunch.com/2014/08/11/yc-backed-rigetti-computing-raises-2-5m-to-create-commercial-quantum-systems/
http://semiengineering.com/raising-the-abstraction-of-power-trends/
http://online.wsj.com/article/PR-CO-20140722-906091.html
http://www.cnet.com/news/origami-unfolds-a-new-world-of-shape-shifting-electronics/
http://www.ansys.com/
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By Sudhir Sharma, Director of High-Tech Industry Strategy and Marketing, ANSYS

Our world is more connected than ever, thanks to the growing 
web of visible and unseen electronics that surround us every day. 
ANSYS provides the comprehensive suite of simulation software to 
reliably and cost-effectively engineer high-performance electronic 
devices and systems.

ENGINEERING 
THE "INTERNET 
OF THINGS"

TKBEST PRACTICES
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Today we live in a world based on connectivity and com-
munication, in which a burgeoning network of electronic 
systems and devices helps us navigate our days. 

Smartphones, tablets and GPS systems are the most obvious 
examples, but consider the increasingly sophisticated electron-
ics in cars, homes, hotels and offices that keep us secure and 
comfortable, or the medical implants and prosthetics on which 
many people rely for everyday health. When we visit theme 
parks or attend concerts, we are likely to scan a wristband or 
smartphone for admittance. Wearable wristbands and activity 
trackers can monitor our physical movements, vital signs and 
sleep patterns. Today, high-tech devices are inescapable.

The high-tech industry has coined the term “Internet of 
Things” (IoT) to describe this proliferation of electronic devices 
and systems. There can be no doubt that the Internet of Things 
is poised to change the way we live, work, interact and seek out 
entertainment. As consumers, we can look forward to many 
conveniences; for businesses, the IoT represents an incredible 
opportunity to revolutionize the product development value 
chain. While 2 billion smart devices were sold in 2006, it’s esti-
mated that this figure will grow to 200 billion by 2020. Devices 
will outnumber people by a ratio of 26 to one. [1]   

BIG GROWTH, BIG CHALLENGES
This rapid growth brings significant challenges. As devices 

proliferate, consumers’ expectations for connectivity, energy 
efficiency, reliability, ease of use and structural strength will 
only increase. Electronics must be not only innovative and 

high-performing, but also attractive. And, of course, all this 
functionality and beauty must be delivered at a low price. 

How can high-tech engineering teams manage these 
pressures? Since the industry’s inception, market leaders 
have relied on simulation-driven product development to 
launch their devices quickly, cost-effectively and with a high 
degree of confidence that they will perform as expected in 
the real world. 

For high-tech manufacturers, engineering simulation is the 
key. Designing products in a risk-free, low-cost virtual space 
enables engineers to quickly consider thousands of designs, 
without investing time and money in physical prototypes. They 
can choose a few promising designs, then subject them to thou-
sands of operating parameters — again, with no investment in 
physical testing. Engineers can perfect product components or 
optimize entire systems. They can consider one physics area 
or the complete range of forces that will be brought to bear on 
their designs.

ANSYS: A HIGH-TECH RESOURCE                           
FOR HIGH-TECH TEAMS

When we talked to industry expert Ed Godshalk at Maxim 
Integrated — a world leader in analog semiconductors — he said, 
“When you consider the complexity of designing and packaging 
an electronic system, it’s really impressive that ANSYS software 
can support that full development cycle.” (Read more insights 
from Godshalk in the feature on page 11.) 

That range of capabilities is the result of focused software 
development investments, as well as strategic acquisitions, that 
have positioned ANSYS to support the complete design cycle for 
high-tech devices, including integrated circuits (ICs) and embed-
ded software. Throughout this issue of ANSYS Advantage, you’ll 
see how customers are leveraging ANSYS software every day, and 
at every stage of the development cycle.  

Recently, ANSYS has developed comprehensive solutions for 
both robust electronic systems design and advanced material 
systems design for high-tech engineers. These solutions address 
key challenges for high-tech designers: improving speed and 
bandwidth, maximizing power and energy efficiency, optimiz-
ing antenna performance, and incorporating advanced materi-
als. The sections that follow provide greater insight into these 
challenges as well as relevant ANSYS solutions.

 

�Small form factors of IoT devices require miniaturization of all the components such 
as 3D ICs. ANSYS IC tools help validate power noise and reliability of stacked-die chips 
using the latest silicon process technology.

Consumers’ expectations for connectivity, energy efficiency, 
reliability, light weight and structural strength will only increase.

Functionality and beauty must 
be delivered at a low price.

DESIGNING RF ANTENNAS FOR WEARABLE ELECTRONICS AND 
THE INTERNET OF THINGS

ansys.com/83IOT2

WEARING A WIRE

ansys.com/83IOT1

http://www.ansys.com/Industries/High-Tech
http://www.ansys.com/About+ANSYS/ANSYS+Advantage+Magazine
http://www.ansys.com/
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http://www.ansys.com/83IOT2
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RAMPING UP SPEED AND 
BANDWIDTH

As mobile devices proliferate, more 
and more data is being transmitted and 
received, driving the need for faster wired 
and wireless communications networks. 
Video streaming, interactive gaming and 
high-speed web service are pushing the 
limits of not only mobile devices, but also 
servers, routers and switches. Improving 

speed and bandwidth is an industry 
imperative, but design complexity poses 
a significant challenge.  

For example, designing printed circuit 
boards (PCBs) for high-speed, double data 
rate memory buses or serial communi-
cation channels requires extreme care. 
High data rates combined with low oper-
ating voltages can cause signal and power 
loss. In today’s device-crowded world, 

electromagnetic interference (EMI) and 
electromagnetic compatibility (EMC) 
issues also affect power integrity (PI) and 
signal integrity (SI). 

The ANSYS Nexxim circuit simula-
tor (part of the ANSYS HFSS SI option 
and ANSYS SIwave) offers an efficient 
way to design and test memory chan-
nels for servers that power our cloud-
computing world. When this simulator 
is used in combination with IBIS-AMI, 
or Nexxim’s QuickEye and VerifEye 
models, it represents the industry’s 
leading solution for high-speed com-
munication channel design.

End-to-end design and optimiza-
tion for complex high-speed electronic 
devices is faster, easier and more accu-
rate thanks to new functionality in the 
ANSYS SIwave electromagnetic simula-
tion suite for the design of high-speed 
PCB and IC packages. This functional-
ity is available via three targeted prod-
ucts: SIwave-DC, SIwave-PI and SIwave. 
Engineers can quickly identify poten-
tial power and signal integrity problems 
with increased flexibility, and more eas-
ily access a complete set of analysis capa-
bilities that they can leverage throughout 
the design cycle.

High-tech–industry product devel-
opment teams routinely use coupled 
multiphysics software from ANSYS to 
analyze the trade-offs among speed, band-
width, signal integrity, power integrity, 
thermal performance and EMI/EMC. For 
example, a smartphone manufacturer 
recently leveraged a suite of ANSYS soft-
ware — including ANSYS HFSS, ANSYS 
Icepak, ANSYS Mechanical and ANSYS 

�High-tech-industry product development teams routinely use coupled multiphysics software from ANSYS to analyze the 
trade-offs among speed, bandwidth, signal integrity, power integrity, thermal performance and EMI/EMC.

�As the sophistication of electronics increases, engineers must consider the 
comprehensive characteristics of the environment in which the equipment will operate — 
for example a cell phone within a car. 

BEST PRACTICES
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process design platform to the 14 nm 
platform. The 14 nm Tri-Grate process 
technology enables chips to operate at 
lower voltages with lower leakage, pro-
viding chip designers with the flexibil-
ity to choose transistors targeted for low 
power or high performance, depending 
on the application.

ANSYS is continually developing newer 
and better methods to ensure design 
robustness at the earliest possible stage. 

STAYING CONNECTED
The proliferation of wireless devices 

creates new performance demands for 
antennas and radio systems, which need 
to deliver uninterrupted connectivity.

In designing antenna systems, engi-
neers must consider the comprehensive 
characteristics of the environment in 
which the antenna will operate. This can 
include modeling such effects as a plas-
tic covering over the antenna, the inter-
action of a mobile handset with the 
human hand, or the way an antenna is 
installed in an automobile. With so much 
functionality crowded into devices — and 
so many wireless systems residing in 
close proximity — EMI is on the rise.

DesignXplorer — to significantly accel-
erate the development of a smartphone 
shielding system to maximize data speed 
and throughput.

At Alcatel-Lucent, engineers are using 
ANSYS HFSS to ensure integrity and reli-
ability, while also minimizing costs, as 
they link ICs on two separate boards 
across a high-speed channel. (See story 
on page 35.)

OPTIMIZING POWER AND 
EFFICIENCY

Few issues are as important in the 
high-tech industry as effective power 
management. To help address this issue, 
ANSYS has created a strategic initiative 
centered on supporting the design of 
robust, power-efficient electronics.

Traditionally, engineers analyzed 
power consumption and delivery issues 
via a siloed approach, looking sepa-
rately at the chip, board and package. 
Today, ANSYS supports the industry’s 
only truly integrated chip–package–sys-
tem (CPS) design methodology, which 
allows component optimization — as 
well as co-analysis and co-optimization 
across the entire system. This approach 
balances the lower operating voltages 
needed to conserve power with the con-
sistency and reliability required to elim-
inate field failures.

By combining advanced physics solv-
ers with industry-leading solutions for 
power-efficient electronics design, engi-
neers can confidently predict systems-
level performance at an early design 
stage, long before lab system integra-
tion. The resulting capabilities for full 
electromagnetic extraction, SI/PI/EMI 
analysis, chip-level power optimization 
and reliability verification, and thermal 
and mechanical stress simulation are 
unmatched in the high-tech industry.

ANSYS also fosters partnerships 
with high-tech industry leaders to create 
unique simulation capabilities. For exam-
ple, ANSYS and Intel® Custom Foundry 
teams have developed reference flows 
using ANSYS RedHawk for system-on-
chip (SoC) power and electromigration 
sign-off, ANSYS Totem for custom intel-
lectual property (IP) power — and EM —
integrity, and ANSYS PathFinder for full-
chip electrostatic discharge validation. 

This collaboration extends the work 
on the Intel Custom Foundry 22 nm 

�Designing printed circuit boards (PCBs) for high-speed, double data rate memory buses or serial communication 
channels requires extreme care. High data rates, combined with low operating voltages, can cause signal and power loss. 
Simulation of current distribution in a package is shown.

ANSYS software provides critical 
capabilities in multiphysics, systems-level 
simulation that will drive the continuing 
growth of the IoT.

INTEGRATED CHIP–PACKAGE–SYSTEM 
SIMULATION: THE COMPLETE 
ELECTRONICS SOLUTION FROM ANSYS 
AND APACHE

ansys.com/83IOT5
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material affected the electrical perfor-
mance of a printed circuit board, relying 
on ANSYS SIwave to model the new board 
versus a conventional PCB. [2] 

At the University of Pittsburgh and 
Carnegie Mellon University, engineers are 
using ANSYS PExprt and ANSYS RMxprt 
to assess the performance of new nano-
composites that have the potential to revo-
lutionize power transformer technology. 
(Learn more in our Web Exclusive.)

 

INVESTING IN THE FUTURE
Since the earliest days of the high-

tech revolution, simulation-driven 
product development has been a criti-
cal strategy for satisfying consumers’ 
increasing demand for device function-
ality, speed, bandwidth, aesthetics and 
other product characteristics — while 
still meeting revenue and margin goals. 
ANSYS has helped hundreds of high-tech 
companies launch their game-changing 
designs quickly, cost-effectively and con-
fidently, creating market leadership and 
building some of the industry’s stron-
gest brand reputations.

Historical trends enable us to confi-
dently predict that high-tech manufac-
turers will continue to deliver incredi-
bly innovative products that we cannot 
even imagine today. We can also be con-
fident that — with a commitment to stra-
tegic acquisitions as well as development 
of new software features and functional-
ity — ANSYS will continue to invest in our 
high-tech customers’ success. 

References

[1] A Guide to the Internet of Things 

intel.com/content/www/us/en/internet-of-things/
infographics/guide-to-iot.html

[2] Simulation and Design of Printed Circuit Boards 
Utilizing Novel Embedded Capacitance Material

multimedia.3m.com/mws/mediawebserver?mws
Id=66666UgxGCuNyXTtnxM2NxT_EVtQEcuZgV-
s6EVs6E666666--&fn=Huawei%20White%20
Paper.pdf

Engineers are also challenged to 
develop new antenna technologies that 
require multiple frequency bands and 
greater efficiency, all within a smaller 
physical profile.

ANSYS is the industry leader in sim-
ulating the performance of antenna, 
microwave, wireless and radio frequency 
(RF) systems. With new solver capabili-
ties in ANSYS HFSS — such as finite ele-
ment method (FEM) domain decomposi-
tion, 3-D method of moment (MoM) and 
hybrid FEM–MoM — antenna engineers 
can rapidly solve electrically large, full-
wave electromagnetic models. These 
models can accommodate regions of com-
plex materials, as well as geometries with 
outer regions that are electrically large. In 
addition, transient solutions allow engi-
neers to examine the behavior and scat-
tering of radiation across time and space. 

While antenna models are very large, 
high-performance computing (HPC) capa-
bilities from ANSYS allow engineers to 
increase problem size and complexity while 
minimizing time-to-solution. Engineers at 
Synapse — a leader in wearable electronics 
— have used ANSYS HFSS in an HPC envi-
ronment to increase antenna range by a 
factor of five, while reducing their overall 
design cycle by 25 percent.

At Vortis, engineers are applying 
ANSYS software to solve the problem of 
wasted RF energy in cell phones, which 
not only reduces battery life but also cre-
ates acoustic noise. The company’s inno-
vative new phased-array antenna system 
is just one example of how simulation-
driven product development is impacting 
the future of the IoT. (See page 28.)

INCORPORATING ADVANCED 
MATERIALS

At ANSYS, today there is a cross-indus-
try strategic initiative aimed at supporting 
the incorporation of advanced composite 
materials into the product development 
process — and with good reason. Composite 
materials are no longer used only by auto-
makers and aerospace manufacturers. 

Today, high-tech companies turn to 
advanced lightweight, yet strong, mate-
rials to create flexible mobile and wear-
able electronics. However, a range of 
complex issues must be considered when 
evaluating new materials — including 
electrical conduction properties, struc-
tural strength, dimensional stability over 
time and resistance to thermal build-up. 
Design for manufacturability is also an 
important consideration.

High-tech engineers simulate the 
assembly of composite layers and con-
duct finite element analysis via ANSYS 
Composite PrepPost and other special-
ized modeling tools, subjecting these 
models to a range of real-world condi-
tions. Electrical performance is verified 
using ANSYS HFSS and ANSYS SIwave, 
while ANSYS Icepak analyzes the ther-
mal performance of electronic systems 
and devices.

ANSYS offers the industry’s most com-
prehensive solution for evaluating the 
potential of advanced materials to reduce 
weight, while also optimizing conduc-
tivity, signal integrity, dimensional sta-
bility and thermal management within 
devices. For example, 3M recently pub-
lished a groundbreaking study on how a 
novel embedded-capacitance composite 

�Every electronic device contains one or more integrated circuits that need to deliver power, performance and 
reliability. ANSYS IC tools provide comprehensive analysis coverage, including power integrity, electromigration 
and thermal reliability within the context of the entire system.

THE RACE TO 6G — FASTER NETWORKS 
AND DEVICES PROMISE A WORLD OF 
NEW POSSIBILITIES

ansys.com/83IOT3

HIGH-PERFORMANCE ELECTRONIC 
DESIGN — PREDICTING 
ELECTROMAGNETIC INTERFERENCE

ansys.com/83IOT4
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SPARKING A 
REVOLUTION

By ANSYS Advantage staff

Over a 30-year career, Ed Godshalk has pioneered some of the 
high-tech industry’s most important product development and 
testing techniques. He has a long history of using simulation 
for microwave and electronics design. Here, Godshalk 
discusses the historic role of engineering simulation — and 
looks toward a future in which simulation will make even 
greater contributions.

THOUGHT LEADER

S ince his career began in the early 1980s, Ed Godshalk 
has always had a dual focus: designing higher-per-
forming electronics components and systems, while 

also developing the underlying test and measurement tools 
and processes that enable true product innovation. He has pio-
neered a number of measurement methods and systems for 
product development that have helped shape the modern high-
tech industry. For example, while at Cascade Microtech in 1990, 
Godshalk designed the world’s first waveguide input wafer probe, 

which covered V-band (50 GHz to 75 GHz), and later W-band (75 
GHz to 110 GHz). This enabled development of early millimeter-
wave integrated circuits.

Today, Godshalk is a distinguished member of the tech-
nical staff and director of the Electromagnetics Group at 
Maxim Integrated, one of the largest analog semiconduc-
tor manufacturers in the world. He manages an expert staff 
charged with developing advanced models and measure-
ments necessary for Maxim to introduce advanced products. 

http://www.ansys.com/
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These products are used by leaders in mobility and consumer 
products such as Samsung; major automakers in Asia, North 
America and Europe; medical device manufacturers; and 
large search engine and social media companies.

Recently, Godshalk shared his perspective on simulation, as 
well as his view from the front lines of the high-tech industry’s 
ongoing battle to combine high product quality with low cost 
and speed to market. While virtual product development prac-
tices first revolutionized the high-tech industry 30 years ago, 
Godshalk believes that the future holds even greater potential 
for high-tech engineering teams to leverage value from simula-
tion-driven product development. 

You have a long history of using simulation in the high-tech 
industry. How did it change your work as an electrical engineer?

It’s impossible to overstate the value that engineering sim-
ulation brought to the table 30 years ago. In the early 1980s, 
the standard way to design microwave circuits was via graphs, 
equations and a lot of complex math. This was the situation 
when I was a student and young engineer. Often the only way 
to test those systems was to physically construct large-scale 
physical models, which were expensive, unwieldy and heavy. 
One example, made in aluminum, weighed more than 300 
pounds! When I began using microwave circuit simulation in 
the mid-1980s and HFSS 1.0 to simulate full-wave electromag-
netic fields in the 1990s, it was a true game-changer. Suddenly, 
there was software that could not only automate and accelerate 
all the complicated math involved in systems design, but also 
support rapid virtual prototyping and testing. Simulation soft-
ware was such a powerful tool that it increased the productiv-
ity of development staff involved in electromagnetic simulation 
problems by something like 10 times. Engineering simulation 
really created the foundation for the incredible gains we have 
realized in electronics performance. It laid the groundwork for 
the impressive degree of innovation we have witnessed in the 
high-tech industry. Simulation removed the obstacles to fast, 

confident, cost-effective product innovation. It eliminated the 
time and money wasted on tedious, trial-and-error circuit test-
ing. It changed everything.

How does engineering simulation add value for your team at 
Maxim Integrated today?

There is strong consumer demand for increased function-
ality of electronic devices and connectivity. At Maxim, we 
help our customers offload some of their engineering costs by 
reducing part counts. That means placing more and more func-
tionality into each of our systems, while maintaining or even 
reducing their physical profile and cost. But this raises complex 
issues. How will signal integrity be affected when functions 
reside so close together? Will thermal build-up be a problem? 
A suite of ANSYS software — including HFSS, SIwave, Maxwell 
and Q3D Extractor — helps to understand the trade-offs and 
maximize system performance. Today, engineering simulation 
is an even more vital capability than it was 30 years ago. ANSYS 
helps with understanding and solving today’s advanced devel-
opment challenges. 

What changes have you seen in simulation software and prac-
tices over the years?

As our design challenges have become more complex, fortu-
nately both software and hardware have evolved to help meet 
these new challenges. In terms of software, ANSYS solutions 

Engineering simulation created the foundation for the incredible gains 
we have realized in electronics performance and the impressive degree 
of innovation we have witnessed in the high-tech industry.

SYSTEMS ENGINEERING FOR SMART PRODUCTS

ansys.com/83sparking1

�Engineers at Maxim Integrated must place more and more functionality into each 
system, while maintaining or even reducing their physical profile and cost. The company 
uses the suite of ANSYS electronics software to understand the trade-offs and maximize 
system performance.

ANSYS helps with understanding 
and solving today’s advanced 
development challenges.

THOUGHT LEADER
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other technologies to be as small as possible without losing 
any functionality. Our customers also are trying to increase 
data transfer speed and bandwidth — again, to meet consumer 
needs for uninterrupted content. Connectivity and signal 
integrity are related consumer concerns that our customers 
focus on.

While these are daunting challenges, the good news is that 
ANSYS software and simulation-driven product development 
can help us overcome them. Simulation allows us to study all 
these problems in depth and arrive at optimized solutions.

How would you describe your relationship with ANSYS over the 
past three decades?

I was an early customer of Ansoft (the company that 
developed HFSS and is now part of ANSYS), and today Maxim 
Integrated leverages a wide range of ANSYS solutions. I think 
that gives me a unique perspective. ANSYS solutions have always 
been very intuitive and easy to use, and the graphical user inter-
face just keeps improving. It’s very easy for new users to get up 
and running. The company also has great customer support. My 
team and I have had a strong, collaborative relationship with 
both ANSYS customer service staff and software developers over 
the years.

I have observed that ANSYS has done a great job at keep-
ing up with trends in the high-tech industry. When we needed 
to model larger systems or work in an HPC environment, ANSYS 
had the software tools ready. As the job of electrical engineers 
has evolved, the software company has been right there with us 
in terms of technology development. 

In the future, our industry is going to produce all kinds of 
high-tech electronic innovations. I firmly believe that ANSYS 
software will significantly contribute to their development. 

are much more integrated today, making it easier to bring mul-
tiple tools to bear on a single design problem. ANSYS software 
is also more comprehensive. When you consider the com-
plexity of designing and packaging an electronic system, it’s 
really impressive that ANSYS software can support that full 
development cycle. 

In the area of best practices, a great impact resulted from the 
introduction of high-performance computing (HPC) resources 
— and the simultaneous launch of simulation software that’s 
customized for HPC environments. At Maxim, we’re focused on 
high-complexity, numerically large design projects. ANSYS HPC 
Packs and multi-core processors help improve time to market. 
We run quite a few eight-core processors and even a 32-core proc-
essor. Engineering simulation has enabled the development 
of faster computers, which in turn have enabled larger, faster 
simulations. It’s really a closed-loop process that keeps making 
our electronics simulation capabilities better and better.

You mentioned cost control as a priority for your customers. 
What other challenges do they face?

Some of the biggest challenges in the high-tech industry cen-
ter on power — harvesting it, converting it, storing it and using 
it more effectively. To make futuristic product ideas — like wear-
able electronics — practical, the development of radically new 
power technologies that maximize efficiency, while minimizing 
impacts on the environment, will be important. 

Product miniaturization is also a huge focus for our cus-
tomers because consumers want their phones, tablets and 

�S-parameter model for IC die in package on PCB

PRODUCT INTEGRITY IN A NEW WORLD OF SMART PRODUCTS

ansys.com/83sparking2
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HOT BOX

By Matt Richter, Expert R&D Engineer, Keysight Technologies, Santa Rosa, U.S.A.

Simulation helps cool the calibration head for 
the world’s fastest real-time oscilloscope.

O scilloscopes are digital instruments that display and 
measure the wave shape of an electrical signal. High-
performance oscilloscopes, which are capable of mea-

suring signals at very high frequencies, are used primarily in 
high-speed serial communications, radio frequency/radar/aero-
space and high-speed physics applications.

Keysight Technologies (formerly Agilent Technologies), which 
bills itself as the world’s premier test and measurement company, 
develops equipment with breakthrough capabilities that help 
solve tough measurement challenges. For example, the Infiniium 
90000 Q-Series oscilloscope is the first to reach the 60 GHz bar-
rier, enabling engineers to make measurements on a new genera-
tion of fiber-optic transponders and systems that provide higher 
levels of data communications speeds than previously possible. 

As part of the design of the world’s highest-bandwidth real-
time oscilloscope, Keysight Technologies determined that it 
needed to develop a new electrical calibration source to ensure 

TEST AND MEASUREMENT

36 mm

Flow

�Typical fan/heat exchanger configuration
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that the oscilloscope could set a new 
standard for measurement accuracy. 
This design of the calibration source 
(Agilent N2806A) involved challeng-
ing electrical, mechanical and thermal 
requirements. Keysight utilized ANSYS 
CFX computational fluid dynamics (CFD) 
software to model the environment and 
produce a design that could exceed all of 
the requirements. Keysight delivered a 
first-pass success on the design and is 
now shipping the world’s highest-band-
width real-time oscilloscope based on 
this calibration technology. 

The major challenge in designing the 
package for the calibration head was cool-
ing. The head contains two integrated cir-
cuits (ICs) that dissipate a total of 3.2 
watts within a 35-mm-wide by 42-mm-
long by 15-mm-high box with 5,250 mm2 

surface area. Because of the limited size 
of this box, the energy released by the 
circuits produces a considerable tem-
perature increase, which can adversely 
affect handling comfort. The packaging is 
built around a machined-aluminum base 
incorporating the heat sink and cavities 
for mounting the ICs. To address this cool-
ing challenge, the engineers decided to 
try a cross-flow heat exchanger approach 
even though they had no experience with 
this configuration. Building physical pro-
totypes would normally take up to eight 
weeks and require first-pass success with 
the prototypes to ensure on-time project 
completion. Instead, Keysight engineers 
turned to ANSYS CFX computational 
fluid dynamics (CFD) software to model 
and simulate the cross-flow configura-
tion. They first performed an airflow-only 
analysis to determine pressure drop, then 
followed up with a heat-transfer anal-
ysis to determine temperature rise. The 

design created with the aid of simulation 
worked perfectly when production parts 
were built.

EVALUATING ALTERNATIVE 
COOLING DESIGNS

Before employing simulation, 
Keysight engineers made a quick calcu-
lation to determine if the unit could be 
cooled with free convection using a for-
mula to determine temperature rise in a 
package. In this case, the rise was pre-
dicted to be 86 C, much higher than the 
design specification of 15 C — the limit 
at which the device can be comfortably 
handled. Forced air was needed to cool 
the head, but what type of forced-air 
cooling would provide the best results? 
The fan/exchanger configuration that 
Keysight normally uses positions the 
fan on top of the head blowing air 
downward onto the heat sink and exit-
ing around the sides of the unit. This 
approach requires a relatively large 
package height, and the connectors 
need to be positioned toward the edge 
of the unit, which was not compatible 
with the connector placement on the 
front of the instrument that the head 
was used to calibrate.

Keysight engineers then looked at the 
alternative of a blower/cross-flow heat 
exchanger design in which the airflow 
is perpendicular to the face of the heat 
sink. In this application, the inner walls 
of the case form a curved channel that 
directs the air around the top of the heat 
sink. This approach offered the advan-
tage of reduced height requirements and 
enabled the connectors to be centered on 
one side of the calibration head. Since the 
wrapped flow configuration was previously 

unproven, access to simulation was crit-
ical in optimizing the design. It would 
have taken six to eight weeks to build the 
physical prototype parts, and the cost of 
computer numerical control (CNC) pro-
gramming for manufacturing would have 
been about 20 percent of the overall first-
run cost. Consequently, a failed initial 
prototype design would have led to bud-
get and schedule overruns. 

Keysight engineers used simula-
tion to evaluate design alternatives and 
prove out the cross-flow configuration. 
The team had been using ANSYS struc-
tural and thermal tools, and decided 
to use this project to evaluate ANSYS 
CFX software. CFX works within the 
ANSYS Workbench environment, so it 
shares the same interface as the struc-
tural and thermal tools that Keysight 
uses. Workbench also integrates well 
with PTC® Creo® Elements/Direct™ CAD 
software, which is part of the Keysight 
toolkit. The CFD technology also offers 
sophisticated meshing tools, a flexible 
solver and a variety of physical models, 
so it handles all of Keysight’s fluid-flow 
simulation requirements.

SIMULATING AIRFLOW AND 
HEAT TRANSFER

The primary concern of the cross-
flow design was that the flow rate of 
the blower would be reduced due to the 
pressure drop associated with redirect-
ing the airflow over the heat sink. The 
blower manufacturer provided a fan 
curve showing the flow generated at any 

�Final head design using cross flow. Image on left is without a cover; image on right shows transparent cover.
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ANSYS COMPUTATIONAL FLUID 
DYNAMICS SOFTWARE
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TEST AND MEASUREMENT

particular pressure drop, but the pres-
sure drop through the calibration head 
was initially unknown. The team cre-
ated a proposed design and used CFD 
to predict the pressure drop at various 
flow rates. They reasoned that the pres-
sure drop could be reduced by increas-
ing the heat exchanger channel area, so 
they created a second simulation model. 

Simulation results showed that the sec-
ond configuration did indeed create less 
pressure drop, resulting in a higher flow 
rate sufficient to cool the calibration head.

To ensure that this cooling airflow 
would be sufficient, engineers then built 
a heat transfer model with 1.5 million 
tetrahedral elements. The ICs were con-
figured as heat generators, and the con-
ductivity of the housing was based on 
aluminum. The airflow predicted by the 
first simulation was used as a mass-flow 
input. The heat transfer simulation took 
about 15 minutes to solve on a personal 
computer; it showed that the case tem-
perature rise was well within the 15 C 
design specification.

SIMULATION RESULTS MATCH 
EXPERIMENT

Keysight engineers went one step fur-
ther by constructing a cross-flow proto-
type using on-hand parts. Included were 
a similar heat sink from another project, 
a blower and a plastic duct. The proto-
type was constructed to match the latest 
design configuration as closely as possi-
ble. Physical measurements showed that 
the heat sink rose in temperature by 9.5 C. 
Keysight engineers modeled the prototype 

in CFX and ran a simulation to validate 
the simulation method. The simulation 
predicted a temperature rise of 9.5 C, 
a perfect match with the physical mea-
surements. Minor differences in pressure 
drop and flow between the simulation 
and physical measurements were within 
the margin of error of the measurements. 
These results helped to build confidence 
in the simulation methodology.

The simulation results helped 
Keysight engineers to convince manage-
ment that the cross-flow design would 
deliver the desired results. Brad Doerr, 
R&D project manager for Keysight’s high-
performance oscilloscopes, summa-
rizes Keysight’s experience using ANSYS 
CFX: “Keysight oscilloscope custom-
ers demand world-class measurement 
accuracy to enable emerging technolo-
gies. In producing the 90000Q family of 
oscilloscopes, the Keysight design team 
needed to develop a superior calibration 
source to ensure that the product could 
deliver the industry’s highest real-time 
bandwidth, lowest noise and best jitter 
performance. In designing the N2806A 
calibration source, the Keysight R&D 
team utilized ANSYS CFX software to 
simulate the environment and optimize 
the design. As a result, the team suc-
cessfully produced a highly robust solu-
tion that exceeded the requirements 
for thermal stability, signal integrity 
and usability. Success was achieved 
on the first prototype, and this helped 
Keysight become the first oscilloscope 
manufacturer to break the 60 GHz real-
time bandwidth barrier and enable a 
new class of ultra-accurate high-band-
width measurements.” 

�Airflow-only model results

�Airflow-only model

�Heat transfer model

�Heat transfer results

The team successfully produced a 
highly robust solution that exceeded 
requirements for thermal stability, 
signal integrity and usability.
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Ooma offers consumer and business products that provide 
free and low-cost U.S. and Canadian telephone calling as well 
as advanced cloud-based telephony services to its global base of 
customers. One of the greatest challenges on a recent new prod-
uct was designing the DDR3 subsystem at the lowest possible cost 
while getting the design right the first time. The DDR3 subsystem 
resides on a system-on-chip (SoC) with an ARM microprocessor 
core. The DDR runs at 533 MHz, and data is clocked on both rising 
and falling edges for a total bandwidth of 1,066 Mbit per second. 
The initial concept design was created using Cadence® OrCAD® 

REFRESH 
YOUR 
MEMORY

Ooma saved 50 cents on each of hundreds of thousands of 
devices by using ANSYS tools to design a DDR3 subsystem 
that does not require a termination voltage regulator.

Consumer electronics manufacturing is all about being 
first to market with a reliable product at a lower cost 
than the competitors’. These days, nearly every con-

sumer product contains embedded memory to support the logic 
core that delivers device functionality. Using low-cost standard 
commodity memory requires that devices comply with double 
data rate (DDR) standards issued by the Joint Electronic Devices 
Engineering Council (JEDEC). The DDR interface consists of sig-
nals for control, address, clock strobe and data that are transmit-
ted between the memory controller and DDR dynamic random 
access memory (DRAM). 

Ooma, which is working to re-invent home telephone service, 
supports a DDR3 standard on its latest-generation devices that 
delivers higher performance, but with this performance comes 
tighter signal integrity requirements for the memory control-
ler. The company’s engineers met this challenge by using ANSYS 
electronic simulation software and tools to simulate performance 
of the DDR interface in the early stages of the design process, 
then iterate to an economical solution that avoids the need for a 
termination voltage regulator.

CONSUMER ELECTRONICS

Consumer electronics 
manufacturing is all about 
being first to market at a lower 
cost than competitors.

By Michal Smulski, Hardware Engineer, Ooma, Palo Alto, U.S.A.

http://www.ansys.com/Industries/High-Tech/consumer-electronics
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Capture and Allegro® layout tools. Ooma 
engineers connected the components, 
generated the net list, routed traces and 
generated the Gerber files used to fabri-
cate the printed circuit board (PCB). 

On slower-running buses, the engi-
neering team sometimes performs sig-
nal integrity calculations by hand. But 
the speed of this bus generated concerns, 
particularly about timing — the ability 
of the design to produce a valid signal at 
the DRAM within the time frame allowed 
by the specification. Signal integrity was 
another concern, specifically that parasit-
ics created by the PCB traces might dis-
tort the signal. The normal starting point 
to meet these specifications is to use design 
rules that specify the geometry of the traces, 
such as their maximum length and spacing. 
But with this signal speed, rules of thumb 
are not sufficient to ensure that the design 
will work. Allegro offers a signal integrity 
tool, but Ooma engineers felt it was insuffi-
cient for this problem because it lacks 3-D 
simulation capabilities. Engineers instead 

Engineers analyzed the simulation 
results with the ANSYS DDR Compliance 
Toolkit to provide a quick verdict on the 
ability of the design to meet the DDR3 
specification. The simulation provided 
an eye diagram that combined the shape 
of every possible waveform that could 
be generated by the design; the diagram 
is used to visualize and diagnose perfor-
mance. With this design flow, engineers 
quickly updated the design — for exam-
ple, by inputting a different design rule 
and rerouting the traces — and deter-
mined whether or not the new design 
would meet the DDR3 specification. 

The high-speed switching signals 
used in DDR3 memory generate reflec-
tions that cause the signals to overshoot 
and undershoot the voltage specification, 
making it challenging to meet design tar-
gets. The data signals are terminated in 
the memory controller, which eliminates 
reflections on these wires. But there is no 
internal termination on the control and 
address signals. Simulation of an early 
version of the design showed that these 
reflections would make it impossible to 
meet the DDR3 specifications. A relatively 
simple solution is to add a termination 

used ANSYS electronics tools, which provide 
a complete timing and signal integrity solu-
tion that includes a full 3-D model. Another 
advantage of ANSYS tools is that the engi-
neering team has the ability to simulate 
antennas, which are used in an increasing 
number of Ooma products.

The SoC and memory vendors pro-
vided buffer IBIS models and parasitic 
package models of their products. The 
interconnect model was directly exported 
from Allegro to ANSYS DesignerSI via 
ANSYS ALinks, which streamlines the 
transfer of design databases from pop-
ular third-party EDA tools into ANSYS 
simulation products. Models for the 
data, address and control buses were 
extracted with ANSYS HFSS, an electro-
magnetic field solver package. The full 
DDR3 design was created in Designer-SI 
and simulated with ANSYS Nexxim, a 
circuit engine for high-speed channel 
design. The 3-D HFSS model of the inter-
connects between the controller and 
memory accounts for capacitance, induc-
tance, coupling, resistance to ground, 
resistance to power and inductance to 
power. The design consisted of 40 data, 
address and controls signals. Ooma engi-
neers generated 3-D models of these sig-
nals by grouping them based on trace 
location and function to limit memory 
requirements to reasonable levels. 

Engineers needed 
to design the DDR3 
subsystem for a new 
product at the lowest 
possible cost while 
getting the design 
right the first time.

�Extracted subset of Allegro layout including memory 
chip, controller and traces, and assigned ports used to 
model data byte 0 in Designer-SI.

�Schematic page for simulation (top). All extracted trace models are placed here and connected to package and buffer 
models. Each box is an HFSS model of DDR3 traces.

DDR VIRTUAL COMPLIANCE USING 
ANSYS DESIGNERSI

ansys.com/83DDR

CONSUMER ELECTRONICS

http://ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+DesignerSI
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http://ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
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voltage regulator to terminate these wires, 
at a cost of about $.50. But this is a signifi-
cant cost when multiplied by hundreds of 
thousands of units.

To avoid this expense, Ooma engi-
neers tried terminating the control and 
address lines with an inexpensive series 
resistor between the controller and mem-
ory. The resistor is not as good at control-
ling reflections as a termination voltage 
regulator, so signal integrity simulation at 
various corner cases becomes much more 
critical. The higher the value of the resis-
tor, the better the job the resistor does in 
damping the reflections. However, larger 
resistors tend to round off the leading and 
trailing edges of the signal, which makes 
it tougher to meet the timing specification.

In this case, Ooma engineers swept 
the value of the resistor from 0 ohms to 
100 ohms, while using the simulation to 
determine the impact on timing and sig-
nal integrity. They also made further 
adjustments in the PCB traces. In the end, 
the iterated design meets signal integrity 
and timing requirements without a termi-
nation voltage regulator. This entire proj-
ect was completed in a few weeks by a 
single design hardware engineer without 
involving expensive signal integrity con-
sultants. The validated design was then 
manufactured, tested and FCC certified; it 
is currently in mass production. 

This entire project 
was completed in a 
few weeks without 
involving expensive 
signal integrity 
consultants.

�Singled-ended clock eye diagram

�Eye diagram of data signal with 60 ohm internal termination

�Single-ended DDR3 address and control signals with 68 ohm resistor termination. With this value, the design passed 
AC overshoot and undershoot specifications.

�Differential clock eye diagram without series termination

http://www.ansys.com/
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HOT WIRE
Multiphysics simulation helps 
to achieve robust electronics 
design for high-power antennas 
and microwave components.

The aerospace and defense industry is charged with deliv-
ering advanced electronics systems faster and at a lower 
cost than ever before. Antenna and microwave design 

engineers must balance competing requirements for reduced 
size, high power delivery, rock-bottom cost and excellent reli-
ability. The result is that antennas and microwave components 
operate at higher power levels and higher frequencies while 
being contained in smaller form factors. The inevitable outcome 
is increased risk that temperatures will greatly impact product 
performance. Traditionally, electrical design and thermal design 
are the responsibility of two different groups, each operating 

RF AND MICROWAVE

Antennas and microwave 
components operate at higher 
power levels and higher 
frequencies while being contained 
in smaller form factors.

By Amedeo Larussi 
Senior Principal Electrical Engineer 
Raytheon Corporation, Goleta, U.S.A.

http://www.ansys.com/Products/Simulation+Technology/Electronics/RF+&+Microwave
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HFSS integrated into the broader ANSYS 
simulation portfolio (for example, ANSYS 
Mechanical and ANSYS Fluent), it was easy 
and intuitive to perform multiphysics sim-
ulations within ANSYS Workbench.

encouraged investigation into the poten-
tial for coupled simulation capabilities. 
This led to the selection of ANSYS HFSS to 
enable coupling between electromagnet-
ics and thermal analysis. Raytheon engi-
neers began using the tools extensively 
to design microwave systems with excel-
lent results. In 2007, the group needed to 
add vibration and fluid dynamics capabil-
ities to the coupled analysis toolkit. With 

with their own separate requirements 
and analysis tools — and with only lim-
ited cross-group interaction. This com-
mon failure to more fully account for 
design dependencies has, in some docu-
mented cases, resulted in serious product 
malfunctions.

For example, the heat generated by 
microwave components can increase the 
dielectric loss tangent of some materi-
als; the consequence is more heat pro-
duction and the potential for a runaway 
reaction. In extreme cases, product fail-
ure could prevent a mission from being 
accomplished or even cause loss of life. 
Combining electrical, thermal and struc-
tural simulations often provides unprece-
dented insight toward preventing failures 
and improving product performance. 
Raytheon Corporation — a technology and 
innovation leader specializing in defense, 
security and civil markets throughout the 
world — uses comprehensive robust elec-
tronic design solutions to improve the 
reliability of its products, reduce time 
to market, and control engineering and 
manufacturing costs.

MULTIPHYSICS SIMULATION 
A BRIEF HISTORY

Engineers have long been interested 
in combining high-frequency electromag-
netic simulation with thermal analysis, 
but before the turn of the millennium, 
there was no efficient way of doing so. 
About 2002, Raytheon management 

�Photos (normal left, magnified right) show damage to the microwave junction.

ROBUST ELECTRONIC SYSTEM DESIGN 
PRACTICES FOR AEROSPACE AND 
DEFENSE PRODUCTS

ansys.com/83wire

�ANSYS HFSS model of microwave junction

http://ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
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VOLTAGE BREAKDOWN AT 
MICROWAVE JUNCTION

In an example from a recent proj-
ect, a high-power signal is received by 
the antenna plane. The effective received 
radiation signal flows to a microwave 
feed circuit. Although both the electri-
cal and thermal groups signed off on the 
design, a voltage breakdown occurred at 
a microwave junction, where a co-axial 
pin connects to a microstrip trace at the 
frequency of interest. Shortly after power 
was turned on, excessive heat destroyed 

the connector. To address this, Raytheon 
engineers modeled the components in 
HFSS. This software accurately models 
microwave components, such as tuning 
screws and probes, to a fine level of detail. 
HFSS employs the finite element method, 
using small unstructured mesh elements 
when needed, along with large elements 
when small elements are not needed, to 
reduce processing time without sacrificing 
accuracy. Adaptive meshing refines the 
mesh automatically in regions in which 
field accuracy needs to be improved. 

Raytheon engineers imported ini-
tial design geometry from a computer-
aided design (CAD) file. They defined 
the electrical properties of the materi-
als, such as permittivity, dielectric loss 
tangent and bulk electrical conductiv-
ity for the Kovar® housing, alumina sub-
strate, Teflon® insulator, and beryllium, 
copper and Kovar pins. Engineers then 
defined boundary conditions that specify 
field behavior on the surfaces of the solu-
tion domain and object interfaces. They 
defined ports at which energy enters and 
exits the model. HFSS computed the full 
electromagnetic field pattern inside the 
structure, calculating all modes and ports 
simultaneously for the 3-D field solution. 
(The dielectric properties of the materials 
are temperature dependent.) The HFSS 
electrical field analysis at 25 C showed 
that the electrical field in the area in 
which the failure occurred does not 
exceed 1.5x106 volts per meter (V/m), as 
compared to the 2.952x106 V/m value for 
voltage breakdown in air. 

COUPLING ELECTRICAL AND 
THERMAL SIMULATION

The real-life situation is more com-
plex because ambient temperature affects 
the dielectric properties of the materials, 
and the dielectric properties of the mate-
rials affect the heat that is generated by 
microwave components. Raytheon engi-
neers took advantage of the integration 
built into ANSYS Workbench between 
HFSS and ANSYS Mechanical to cap-
ture these interdependencies. The HFSS 
model was coupled to ANSYS Mechanical 
to perform a transient thermal simula-
tion. Boundary conditions for natural 
convection cooling were added on the 
bottom face. The temperature distribu-
tion was used to perform a static struc-
tural analysis. 

Engineers employed ANSYS Workbench 
coupling to apply temperature fields (deter-
mined by physical measurements) to 
ANSYS Mechanical to calculate the ther-
mal stresses associated with these tem-
peratures. The structural simulation 
showed high stresses and deformation 
up to 22 µm in the inner connector. 
Thermal analysis indicated that temper-
atures actually reached 86 C on the bond 
ribbon and the pin near the point where 
they connect, which translated into a 
lower breakdown voltage. Raytheon 

Raytheon engineers took advantage of 
integration capabilities in ANSYS Workbench 
to capture electromagnetic and thermal 
interdependencies.

�Electrical field analysis at 25 C

�Electrical field analysis at 86 C

RF AND MICROWAVE
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engineers re-analyzed the components 
at 86 C using the dielectric properties 
at the higher temperature and discov-
ered that the electrical fields in the area 
where the failure occurred exceeded the 
2.45x106 value for voltage breakdown 
in air at this temperature.

The simulation results helped 
Raytheon engineers understand how the 
failure occurred, and they corrected the 
design to eliminate future failures. The 
team solved the electromagnetic model at 
the initial temperature, sent the electro-
magnetic loss to the thermal simulation 
to determine the impact of the losses on 
temperature, sent the temperatures back 
to the electromagnetic model to calculate 
losses on the new temperatures, and con-
tinued to iterate until steady-state tem-
perature changes were reached. After a 
few more changes to the materials used in 
the product, the simulation showed that 
the design worked perfectly, and this was 
confirmed by physical testing. 

The simulation showed that the design 
worked perfectly; this was confirmed   
by physical testing.

�Multiphysics analysis accurately predicts voltage breakdown damage. Physical damage on left and simulation on right. 
Fields are plotted on the right.
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Gap

http://www.ansys.com/
http://www.gompute.com


© 2014 ANSYS, INC. ANSYS ADVANTAGE  Volume VIII  |  Issue 3  |  2014         24

By Kate Moore, Technology Centre Manager (Electromagnetics and RFICs), 
Robin Granger, Senior Consultant Engineer, and Michael Jessup, Consultant 
Engineer, Chemring Technology Solutions, Romsey, U.K.

ANSYS HFSS helps to deliver innovative 
communications and networking solutions.

A s industry finds more and wider uses for electronics, 
electrical engineers must take into account a broad range 
of factors when designing these smart products — from 

the environment in which they operate to interference with other 
electronics to highly original usage of consumer and commer-
cial devices. In ensuring that operation meets and even exceeds 
expectations, Chemring Technology Solutions’ engineers fre-
quently face the challenge of understanding, diagnosing and pre-

dicting the behavior of electromagnetic waves as they propagate 
between antennas, printed circuit board (PCB) traces, packages 
and other parts of the system. Chemring leverages ANSYS HFSS 
to simulate the electromagnetic behavior of components and 

WIRELESS TECHNOLOGY

MAKING 
WAVES

MODELING TOUCH SCREENS

ansys.com/83screens
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systems, making it possible to evaluate 
many more design alternatives compared 
to the build-and-test method. The end 
result is that the team is able to develop 
more innovative, robust designs in less 
time than would be possible using tradi-
tional procedures. 

HEARING AID CONTROLLER
At Chemring Technology Solutions, 

400 engineers apply their technical 
knowledge to solve difficult problems in 
radar and wireless technologies, electron-
ics and mobile communications, and soft-
ware engineering across diverse markets, 
ranging from finance and transport to tele-
communications and security. Chemring 
engineers recently assisted in the design 
of the SurfLink Mobile® wireless hear-
ing aid controller from Starkey Hearing 
Technologies. The controller enables 
two-way stereo audio streaming between 

a Bluetooth® device, such as a smart-
phone, and a wireless hearing aid. The 
greatest challenge was achieving a target 
of 50 percent radiation efficiency for the 
device’s Bluetooth and 900 MHz radios, 
the result being that at least half the radio 
signal power produced by the device is 
transmitted into the airwaves. Engineers 
built a rough physical prototype using a 
3-D printer, FR4 circuit board material 
and copper tape; they also simulated the 
design with ANSYS HFSS. The rough pro-
totype measurements and simulation 
corresponded well, and predicted radia-
tion efficiency of 80 percent at 900 MHz. 

But when engineers built a true prototype 
using actual components, measurements 
showed efficiency of less than 25 percent.

The poor radiation efficiency was 
quickly traced to the touch screen sensor, 
which was absorbing approximately 4.5 
dB. Engineers noticed that the indium tin 
oxide (ITO) coating on the touch screen 
physically extended to the top and bot-
tom edges of the screen, rather than 
just on the active surface — a parame-
ter that had been assumed in the HFSS 
model. Engineers made this change to the 
simulation model, and it showed a drop 
in efficiency to 25 percent (matching the 

�SurfLink Mobile wireless hearing aid controller from 
Starkey Hearing Technologies

Engineers must 
ensure that device 
operation meets 
and even exceeds 
expectations.

�ANSYS HFSS simulation of controller with ITO coating covering full screen (top) predicts 24 percent to 29 percent 
efficiency. HFSS simulation of controller with upper 8.5 mm of ITO removed (bottom) predicts 66 percent to 70 percent.
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experimental value and verifying the accu-
racy of HFSS for this type of simulation). 
Engineers negotiated partial removal of 
the coating with the touch screen man-
ufacturer to ensure reliable operation 
and product integrity.  The prototype 
and updated simulation model showed 
efficiency of between 66 percent and 70 
percent. The SurfLink Mobile wireless 
hearing aid controller went on sale in 
fall 2012 and has won numerous awards, 
including the CES (Consumer Electronics 
Show) Innovations 2013 Design and 
Engineering Award.

BODY NETWORK
Chemring Technology Solutions’ 

Gekko surface-wave technology is an 
alternative wireless solution enabling 
communication between devices over a 
surface. The signal doesn’t travel through 
a wire; instead, it moves wirelessly over 
the surface of a fabric that incorporates 
a dielectric-coated conducting material 
that creates surface waves that deliver 
the wireless data. Surface-wave technol-
ogy combines the reliability, security and 
performance of a wired system with the 
flexibility of a wireless system. Gekko 
overcomes one of the main issues with 
conventional body networking solutions: 
the signal’s inability to propagate from 
the front of the body to the back, or around 
a limb, without the use of repeaters or 
reliance on reflections. Electromagnetic 
surface waves follow the propagation sur-
face and provide a channel for secure and 
robust communications. 

Building an effective solution required 
a solid understanding of surface-wave 
propagation. In particular, propagation 
around curved surfaces was not well 
understood. ANSYS HFSS was used to 
model surface-wave propagation around 
curved surfaces and to understand how 
surface impedance and wavelength can 
be varied to control the radiation from a 
particular bend. For example, the team 
evaluated around-torso propagation by 
creating a half-cylinder HFSS model 
with a diameter of 260 mm to approxi-
mate a female adult’s torso. Wave ports 
were placed on the opposite sides of 
the cylinder and used as transmit and 
receive transducers. 

The simulation results showed that 
the surface wave propagates around the 
cylinder at 23 GHz and 60 GHz, while a 

conventional radio signal cannot prop-
agate around the body without use of 
repeaters. These simulations were used to 
construct a controlled environment to test 
the effect of and optimize design parameters 

before going to the expense of building a 
prototype. The results also provided a very 
visual way to inform people of how surface 
waves work, which is much more effective 
than a prototype demonstration.

�Simulation of complex magnitude of electromagnetic field over a cylinder representing (a) torso covered with surface-wave 
garment, and (b) bare skin torso. Losses are much higher in the bare skin torso.

�Track shaping makes a significant difference in high-frequency performance.

WIRELESS TECHNOLOGY

http://www.ansys.com/


© 2014 ANSYS, INC. ANSYS ADVANTAGE  Volume VIII  |  Issue 3  |  2014         27

77 GHZ RADAR
Chemring engineers designing a 

radar system at the 77 GHz frequency 
used HFSS throughout the design process 
of the complete system, which included 
PCB, IC and antenna. When working 

with lower frequencies, engineers typic-
ally use manufacturers’ data sheets to 
provide important design information, 
such as the dielectric constant and the 
loss tangent. But data sheet measure-
ments are usually made at much lower 

frequencies, so they are not accurate at 
77 GHz. To confirm this, Chemring engi-
neers built a simple prototype of the 
device and used HFSS to simulate it. As 
expected, the simulations did not match 
the prototype measurements because 
the material properties were not valid at 
77 GHz.  

So engineers adjusted the dielectric 
constant and loss tangent until the mea-
sured results overlaid the simulation at 
the peak. They had to consider that the 
as-manufactured traces differ from the 
perfect design geometry, and at these 
frequencies these differences have an 
impact. Engineers used HFSS to change 
the profile of the traces; this shaping 
improved the correlation between simu-
lations and measurements. Next, they 
altered the generic bondwire models in 
HFSS to match the geometry of the actual 
bondwires. Again, they saw improve-
ments in correlation. At this point, the 
HFSS model closely matched the perfor-
mance of the prototype. 

Chemring engineers used the HFSS 
model to evaluate alternative design 
approaches and optimize design 
parameters, such as antenna dimen-
sion trace geometry. They then used 
the model to analyze the effects of 
over- and under-etching to determine 
what manufacturing tolerances had 
to be achieved to ensure final product 
performance. The result was a substan-
tial improvement in the performance 
of the finished product and a reduction 
in the time required to get the product 
to market.

At Chemring Technology Solutions, 
ANSYS HFSS plays a key role in most 
projects involving wireless communi-
cations, radar and high-frequency net-
working in which electromagnetic fields 
are critical. HFSS automatically gener-
ates an appropriate, efficient and accu-
rate mesh for solving the problem. The 
end result is that Chemring engineers 
can evaluate as many alternatives as 
they want in the early stages of the 
design process. Once the design direc-
tion has been determined, Chemring 
engineers assess the design space 
to optimize key design parameters. 
Finally, they often evaluate the sensi-
tivity of the design to manufacturing 
variation, which saves money in manu-
facturing and gets the design right the 
first time. 

�Parametric simulations show the effects of over- and under-etching, which helps to determine how much manufacturing 
variation can be tolerated.

�HFSS predictions for identical circuit with different bondwires for radar system

Engineers can evaluate as many alternatives 
as they want in the early stages of the 
design process, then assess the design space 
to optimize key design parameters.
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MORE GAIN, 
LESS PAIN

By James R. Johnson, Founder/Chairman, Vortis Technology, Inc., San Carlos, U.S.A.

Using simulation, Vortis can design a more efficient 
cell phone antenna in up to 90 percent less time. 

T oday’s cell phone antennas waste about 50 percent of 
their power transmitting RF energy into users’ heads 
and bodies. This reduces battery life and produces an 

annoying buzzing sound in lower-cost hearing aids used around 
the world. Vortis’s new end-fire phased-array cell phone antenna 
design reshapes the signal pattern so that much less energy goes 
into the user’s head and body. This helps to improve battery life 
and eliminates the buzzing for hearing aid users. 

An antenna that provides the desired figure-eight signal pat-
tern in free space was developed using phased-array theory, but 

WIRELESS TECHNOLOGY

Vortis engineers reduced the 
time required to customize the 
design of an antenna by up to 
90 percent using simulation.

http://www.vortisantenna.com/
http://www.ansys.com/


© 2014 ANSYS, INC. ANSYS ADVANTAGE  Volume VIII  |  Issue 3  |  2014         29

this design must be customized for every 
phone on which it is used to take into 
account the effects of the packaging, the 
cell phone itself and the user’s head and 
hand. Vortis engineers reduced the time 
required to customize the antenna design 
for a specific phone by up to 90 percent 
using ANSYS HFSS. ANSYS Optimetrics 
evaluated the design space and identified 
the optimal value for design parameters. 

LIMITATIONS OF CURRENT CELL 
PHONE ANTENNAS

Simple omnidirectional wire anten-
nas that consist of a wire, plated trace 
or PCB structure sitting on the top, side 
or bottom of the handset provide ade-
quate performance for most mobile 
phone applications; they are almost 
universally used because of their low 
cost and simplicity. But there are many 
applications for which these designs 
are not sufficient or, at the least, higher 
antenna performance can offer major 
advantages: industrial and recre-
ational use in fringe areas, devices for 
the hard of hearing (about 10 percent 
of the population), and applications 
in which longer battery life is more 
important than size. 

When cell phones operate, there is a 
handshake mechanism between the cellu-
lar site and the handset. When the signal 
is strong, the handset reduces energy out-
put to save the battery, and, when the sig-
nal is weak, the handset increases power 
to maintain the connection. As much as 
35 percent of the energy radiated by con-
ventional omnidirectional antennas can 
be absorbed by the head, and as much as 
15 percent is absorbed by the hand. This 
energy must be replaced by increasing the 
energy output of the phone, which con-
tributes to draining the battery.

Wearers of hearing aids often experi-
ence electromagnetic interference (EMI) 
problems with conventional omnidirec-
tional cell phone antennas. These antennas 
radiate a digital pulse that generates cur-
rents in the wires in the hearing aid. These 
currents are amplified by the hearing aid 
and broadcast by the speaker with a volume 
to the user of 45 decibels to 85 decibels. The 
resulting buzz often makes it difficult to use 
the cell phone and hearing aid at the same 
time.  Most advanced and expensive hear-
ing aids have resolved this under industrial 
collaborative programs — some with the use 
of ANSYS HFSS software. However, lower-
cost units still suffer from this problem.

NEW ANTENNA DESIGN 
ADDRESSES THESE PROBLEMS

The Vortis antenna overcomes these 
problems. The end-fire phased-array cell 
phone antenna radiates a signal in the 
shape of an eight with deep nulls lateral to 
the elements and high-gain longitudinal 
to the elements. The antenna is oriented 
so that the nulls coincide with the user’s 
head and hand, and the high gain areas 
enhance the signal forward and rearward 
of the head to improve the overall uplink. 

The efficiency of the Vortis antenna 
has been tested in free space at 60 percent, 
which is a 50 percent improvement over 
the average omnidirectional cell phone 
antenna. When this number is expanded 
to incorporate the 40 percent DC to RF 
energy conversion efficiency typical to 
handsets, the savings in battery consump-
tion is an estimated 125 percent improve-
ment. This provides 2.25 times more talk 
time than the traditional antenna. When 
Vortis is tested against an experimental 
phantom head, the improvement in effi-
ciency is even greater due to the reduced 
loss from head absorption. Since the 
Vortis antenna radiates much less energy 
around the user’s head, the interference to 
hearing aids is substantially reduced.

Vortis engineers have further compressed the 
design process by using HFSS Optimetrics.�2-D radiation pattern of Vortis antenna calculated by 

HFSS . Reduced amount of red at the head indicates a better-
distributed signal.

�2-D radiation pattern of conventional omnidirectional 
cell phone antenna calculated by ANSYS HFSS 

�3-D radiation pattern of Vortis antenna

http://ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS/Options/ANSYS+Optimetrics
http://www.ansys.com/
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WIRELESS TECHNOLOGY

�Step-by-step process for using ANSYS HFSS simulation to customize antenna design for specific cell phone �Simulation results show how figure-eight–shaped radiation 
pattern was restored at each step of the design process.

Phone + Vortis + POD + 

rubber wraparound

Case VI

Vortis + POD (surrounding radome)

Case II

Vortis antennaCase I

Vortis + POD + rubber wraparound

Case III

Case V
Simulation with phone + Vortis + POD + 

rubber wraparound + human head

Case V
Simulation with phone + Vortis + POD + 

rubber wraparound + human head

Vortis + POD + rubber wraparound

Case III

Free spaceCase I

PROCESS SIMULATION

http://www.ansys.com/
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single step by adding all of the elements 
that need to be considered in the begin-
ning of the simulation process and then 
using the Optimetrics parametric anal-
ysis tool to generate a designed experi-
ment consisting of a series of iterations 
to explore the complete design space. 
The design parameters used in this 
experiment were those that had been 
shown in earlier simulations to have 
the greatest effect on the radiation pat-
tern. The design of experiments results 
were used to estimate the value of each 
relevant design variable that would pro-
duce the best fit to the desired figure-
eight pattern.

Using HFSS and Optimetrics, Vortis 
can create a customized antenna design 
for a specific cell phone in one-tenth the 
time and cost required with the build-
and-test method. 

When Vortis originally created its 
concept design, engineers used phased-
array theory to create the design of an 
antenna that would radiate its trademark 
figure-eight pattern in free space. But in 
the real world, the antenna design must 
be adjusted to account for the absorption 
effects of its package, the phone itself, 
and the user’s head and hand. Therefore, a 
custom design is required to address indi-
vidual phone and device requirements 
with which the antenna is used.

Originally, the company’s engi-
neers adapted the design to a new cell 
phone by building a prototype of the 
free-space design and testing it with 
the cell phone and a dummy head and 
hand. Based on test results, the engi-
neers modified the original design in an 
effort to recreate the figure-eight pat-
tern under real-world conditions. They 
then built and tested a prototype. Each 
design iteration cost about $5,000 and 
took about one week. An average of 10 
design iterations were required to cre-
ate a satisfactory custom design for a 
typical application, so the costs were 
about $50,000, and the lead time was 10 
weeks, potentially making the process 
10 times faster and easier.

SIMULATION REDUCES DESIGN 
COST AND TIME

With more design variables and 
tighter schedules, simulation is the only 
means to meet today’s design require-
ments. A year ago, Vortis began using 

ANSYS HFSS simulation to adapt its 
antenna design for specific cell phones. 
Engineers began by using ANSYS ALinks 
for MCAD to import the geometry of the 
Vortis antenna, antenna package, rubber 
wraparound (sometimes used to connect 
the antenna package to the cell phone), 
cell phone and ANSYS human head 
model. Engineers began with the basic 
free-space antenna design and added 
the antenna package, reran the simu-
lation and noted how the radiation pat-
tern was distorted. They adjusted the 
antenna design and, in the course of 
several iterations, restored the original 
figure-eight pattern. Next they added the 
rubber wraparound and cell phone to the 
model geometry. They reran the simula-
tion and noted the resulting distortion 
in the radiation pattern. They created 
and simulated additional iterations 
to remove the distortion. Finally, they 
added a head and a hand to the model 
and went through the same process. 

Recently, Vortis engineers have fur-
ther compressed the design process to a 

ANSYS HFSS FOR ANTENNA 
SIMULATION

ansys.com/83antenna

Using HFSS and Optimetrics, Vortis can 
create a customized antenna design for a 
specific cell phone in only about one-tenth 
the time and cost required with the build-
and-test method.

�Antenna radiating energy looking top-down in near fields �Test results confirm simulation accuracy.

Free space

vortisantenna.com

http://www.ansys.com/83antenna
http://www.vortisantenna.com/About.html
http://www.ansys.com/
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MANAGING IP 
RISKS

By Karthik Srinivasan, Corporate Applications Engineer Manager, Analog Mixed Signal, ANSYS

IP-aware SoC power noise and reliability analysis 
workflow is required in the FinFET era.

O ne of the biggest benefits of system-on-chip (SoC) 
designs is that they are modular and build upon previ-
ously validated intellectual property (IP) components, 

either developed in-house or purchased from external sources. 
This approach enables SoC engineers to quickly create new 
designs and shorten time to market. But, because engineers who 
are designing the individual components are often not the ones 
who are designing the SoC, challenges arise during full-chip ver-
ification. The IP and SoC designers may have different expecta-
tions with regard to the conditions for final sign-off. If the gap in 

IC DESIGN

IP and SoC designers may have 
different expectations with 
regard to the conditions for 
final sign-off.

http://www.ansys.com/
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expectations is large, it can create design 
issues that affect the final product’s per-
formance, functionality and release date. 

IP engineers often validate their 
designs as if each component were operat-
ing in near-ideal conditions. SoCs are veri-
fied and signed off with mainly abstracted 
or, in many cases, black-box views of the 
IPs. However, as more and more high-
speed and noise-sensitive components 
get placed next to each other, or next to 
the core, digital logic failure conditions 
emerge that once were not considered. 
This worsens when these IP components 
share one or more power and ground sup-
ply domains. For example, when a bank of 
high-speed DDR interfaces is placed next 
to a bank of memory, the switching of the 
DDR can generate sufficient noise on the 
shared ground network to adversely affect 
memory operation. 

As designs migrate to smaller silicon 
technology nodes, especially 3-D transis-
tors or FinFET, differing design goals for 
IP and SoC designers will adversely affect 
power noise and reliability. When the sup-
ply voltage is scaled down from 1+V lev-
els to the sub-700 mV range, fluctuations 
that had been between 5 percent and 
10 percent increase to about 15 percent 
to 20 percent because of a combination 
of higher peak current, increased current 
density and reduced supply voltage levels. 
Thus, the impact of power noise becomes 
more significant for FinFET-based designs 
than in earlier technology. Accurate pre-
diction of these fluctuations in the power 
and ground network is critical to ensure 
that IP components continue to operate 
as designed in the full-chip context. The 
traditional divide-and-conquer approach 
of over-design doesn’t work when on-chip 
resources become scarcer and noise cou-
pling increases due to the presence of 
multiple voltage islands. Design and ver-
ification of IP components for power noise 
immunity requires a two-step approach.

LAYOUT-BASED DESIGN 
ANALYSIS

As a first step, the IP itself needs to be 
simulated extensively during the design 
process to ensure that the power distri-
bution network and signal interconnects 
are as robust as possible. For this particu-
lar step to be successful, the methodology 
should be applicable to any type of com-
ponent but with some differences based 
on each type. In addition, the approach 

must support many different analy-
ses and needs within a single environ-
ment; these include static and dynamic 
power noise modeling, substrate guard 
ring design verification, power- and sig-
nal-line electromigration sign-off, and 
electrostatic discharge integrity verifica-
tion. Because of the customized nature of 
these designs, the simulation environment 
should be layout driven. In contrast to typ-
ical SPICE-based simulation approaches 

that are difficult to analyze, the results 
should be overlaid on the layout to enable 
quick in-design fixing and iteration. 

A layout-based approach highlights 
design weaknesses quickly through static 
and dynamic simulations. The connec-
tivity and static IR simulations must be 
performed early in the design process to 
identify and fix gross grid issues. As the 
design matures, dynamic voltage drop 
analysis can be used to isolate specific 

�Requirements for a successful IP power noise verification environment

�Typical SoC architecture with multiple IPs

IO

IO

Std-cells
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IP
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Std-cells

Memory
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areas of the design that are likely to fail 
from simultaneous switching.

The simulation environment should 
be SoC-aware so that the IP designer can 
include the impact of the SoC-like switch-
ing noise coupling, power-ground grid 
impedance and package parasitics easily 
into runs without compromising the turn-
around time and required simulation effi-
ciency. An ANSYS-based framework can 
enable such an SoC-aware IP analysis and 
sign-off methodology.

ACCURATE MODELS WITH 
EMBEDDED RULES

The second step involves creating 
accurate, representative and compact 
models of the IP component that not 
only capture the physical and electrical 
attributes but also incorporate embed-
ded rules. These models can be plugged 
into the SoC analysis to ensure that the 
IP obtains a robust power-ground con-
nection and model its impact on other 
parts of the design. The embedded rules 

provide a straightforward mechanism to 
check whether or not the connectivity 
of IP at the SoC level meets the expecta-
tions of the designer. 

As designs move to 14 nm tech-
nologies based on FinFETs, power 
noise and reliability become the top 
concerns. This is especially true for 
IP components, as they involve mul-
tiple parties and design steps lead-
ing to increased chances of failure. 
Having a  robust validation methodol-
ogy that also incorporates a model cre-
ation and model use framework using 
ANSYS Totem and ANSYS RedHawk will 
enable both IP and SoC designers to 
meet future challenges. 

IP-SOC INTEGRATION FLOW

ansys.com/83IP
Accurate prediction of fluctuations in the 
power and ground network is critical to ensure 
that IPs continue to operate as designed.

�Layout-based power and reliability verification from early phase to sign-off for custom and analog IPs. This approach highlights design weaknesses quickly through static and dynamic simulations.

�Full chip sign-off with accurate IP macro models

IP/Block Design
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IP/Block IR, DvD, 
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Full-Chip DvD/EM/ESD Sign-off
IP Boundary Condition Sign-off
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IC DESIGN

http://www.ansys.com/83IP
http://www.ansys.com/Products/Simulation+Technology/Electronics/Integrated+Circuits/ANSYS+Totem
http://www.ansys.com/Products/Simulation+Technology/Electronics/Integrated+Circuits/ANSYS+Totem
http://www.ansys.com/Products/Simulation+Technology/Electronics/Integrated+Circuits/ANSYS+RedHawk
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OVERCOMING 
UNCERTAINTIES 
IN HIGH-SPEED 
COMMUNICATION 
CHANNELS

By Rick Rabinovich, Senior Principal Design Engineer 
Alcatel-Lucent Enterprise, Calabasas, U.S.A.

ANSYS HFSS helps verify the ability of cost-effective 
laminates to support communications speeds                
of 10 gigabits per second or greater.

NETWORKING

Each new generation of networking products delivers 
higher performance than the last — at equal or lower 
cost. Engineers tasked with designing high-speed 

communications channels for these products face a difficult 
challenge. The increased uncertainties involved in system 
performance at speeds of 10 Gb/s and higher encourage engi-
neers to design for higher safety margins by choosing more 
sophisticated printed circuit board (PCB) laminate materials 
despite the higher costs. On the other hand, competitive pres-
sures place a premium on the use of the most cost-effective 
materials and components, which may create uncertainties 

in product performance, possibly forcing a redesign at great 
expense after the hardware becomes available. 

Engineers at Alcatel-Lucent Enterprise — a leading pro-
vider of products and innovations in Internet protocol (IP) and 
cloud networking, as well as ultra-broadband fixed and wire-
less access — addressed this challenge by using ANSYS HFSS 
to evaluate the performance of different materials and compo-
nents in the early stages of the electronic design process. As 
an example, engineers extracted simulation channels from the 
post-layout database of two boards, concatenated them, and 
ran simulations in the frequency and time domains. They used 

http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
http://www.ansys.com/Industries/High-Tech/communications-networking-storage
http://www.ansys.com/
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separate boards connected with a high-
performance connector. The design 
specified that the frequency domain 
insertion loss (IL) must increase mono-
tonically until its Nyquist frequency of 
6.25 GHz without exceeding 20 dB, and 
the return loss (RL) must stay above 
12 dB up to 6.25 GHz. In addition, the 
design needed to achieve stringent time-
domain performance. The bit-error rate 
(BER) should be 10 to 22 or better after 
the signal has passed through the analog 
equalizer and decision-feedback equal-
ization (DFE) filters located in the SerDes 
receiver IC.

FREQUENCY DOMAIN 
SIMULATION

Alcatel-Lucent engineers used 
ANSYS Designer and ANSYS HFSS to 
simulate this channel. The simula-
tion started by building a frequency 
domain model in HFSS that was ported 
into Designer to analyze the struc-
ture performance in the time domain. 
This process provided more accurate 
results than the competitive approach 
of starting with a time-domain model. 
In Designer, engineers extracted the 
channel on each board from the post-
layout database using the cutout sub-
design function. They verified the 
stackup, edited the cutout to elimi-
nate incidental shapes that extend 
the simulation time, and created the 
port excitations. Then, they ported the 
structure to HFSS to account for the 
copper surface roughness and to gen-
erate a higher-fidelity model. 

Engineers then ran the frequency- 
domain simulation and verified that 
each board met the expected frequency- 
domain specifications. They generated 
a four-port S-parameter channel model 
of each board in HFSS. After creating a 
circuit schematic in ANSYS Designer, 
they imported the models of the two 
boards and the connector model pro-
vided by the manufacturer, and con-
catenated them to simulate the IL and 
the RL of the complete channel. The 
results showed that the IL was 10.7 dB 
and RL was above 12 dB up to 7 GHz. 
Both of these simulations met IL and 
RL requirements. 

that connected one IC to the connec-
tor. The channel started at the IC and 
extended about 0.5 inch on the top sur-
face until it transitioned to layer 3 to 
reach its final destination at the connec-
tor. Board B comprised Megtron 4 mate-
rial holding the SerDes receiver IC and 
an 11-inch differential channel that con-
nected its IC to the connector. 

The project’s simulation objective 
was to verify that a 12.5 Gb/s channel 
can reliably link two ICs located on two 

HFSS to determine the lowest-cost solu-
tion to reliably link integrated circuits 
(ICs) on two separate boards across a 
12.5 Gb/s channel.

The channel links two boards, A 
and B, through an inter-board connec-
tor. During the initial concept design, 
relatively low-cost board materials 
were selected. Board A comprised an 
enhanced FR4 material that held the 
serializer-deserializer (SerDes) transmit-
ter and a 3.3-inch differential channel 

ANSYS HFSS 3-D LAYOUT

ansys.com/83layout

NETWORKING

�Board B�Board A

�Insertion loss simulation

�Return loss simulation

http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+DesignerSI
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
http://www.ansys.com/83layout
http://www.ansys.com/
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TIME-DOMAIN SIMULATION
Next, engineers created a circuit with a 

single instance of the concatenated chan-
nel and used the time-domain reflec-
tometry (TDR) probe built into Designer 
to visualize the impedance profile of the 
channel under test. The impedance dis-
continuities are responsible for increased 
IL, RL and closure of the eye. The results 
showed the expected profile of a three-
inch board, connector and 11-inch board. 
The simulation results also showed an 
impedance discontinuity on board A that 
represented the trace transitioning from 
the top to the inner layer in the layout.

EYE DIAGRAM SIMULATION
Engineers then created a circuit to 

run the eye diagram (eye mask test) 

simulation. They used the same single 
instance of the four-port S-parameter 
model of the complete channel used in 
the TDR simulation and added the IBIS-
AMI models of the transmit-and-receive 
SerDes provided by the IC manufacturer 
at each end of the channel. Using ANSYS 
Designer, the IBIS-AMI register settings 
were configured to maximize the open-
ing of the eye.

Engineers measured the eye diagram 
at the receiver IC after the built-in analog 
receiver and DFE filter. Even though the 
display showed a closed eye at the receiver 
IC pad, the continuous-time linear equal-
izer (CTLE) and DFE filters at the receiver 
opened the eye within the silicon. The fil-
tered signal eye mask correlated to a BER 
better than 10 to 22. Therefore, the simu-
lation results indicated that the channel 
was also compliant in the time domain.

Designer and HFSS’s powerful com-
bination of frequency- and time-domain 
analysis enabled Alcatel-Lucent engi-
neers to remove the uncertainties of the 

trade-off between performance and cost. 
The HFSS 3-D simulation confirmed with 
a high degree of certainty that the chan-
nel will operate properly and meet fre-
quency- and time-domain specifications. 
The results showed that a reliable prod-
uct can be built with less expensive mate-
rials and connectors and will still exceed 
the BER objective. Engineers also verified 
that the channel meets the IL and RL 
frequency-domain specifications. As a 
result of this work, Alcatel-Lucent engi-
neers were able to reduce PCB costs by 
67 percent and achieve 5 percent sav-
ings in the overall cost of the system 
while avoiding the risk of expensive 
late-stage design changes that disrupt 
the project schedule. 

Thanks to David Choe of ANSYS for his mentoring, 

great technical knowledge, familiarity with the 

tools, and patience while demonstrating the use of 

ANSYS Designer and ANSYS HFSS. Thanks also go 

to Michael Nisenson at ANSYS for his continuous 

and steadfast support.

HFSS 3-D simulation confirmed with a 
high degree of certainty that the channel 
will operate properly and meet frequency- 
and time-domain specifications.

�Simulated signal at receiver �Eye mask simulation shows signal after RX equalizer and DFE.

�TDR simulation

http://www.ansys.com/
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PCB DESIGN

MAINTAINING 
POWER AND 
SIGNAL INTEGRITY

By Larry Zu, President, Sarcina Technology LLC, Palo Alto, U.S.A.

The ever-changing hardware that supports big data and the 
Internet of Things must be fast, reliable and quickly developed.
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E   very few years, a new electronic invention changes 
our lives. These devices and services rely on pow-
erful data centers, which demand robust chips as 

well as high-speed interconnects and input/output (I/O). 
Accordingly, the printed circuit boards (PCBs) must be 
powerful and well-designed to provide quality solutions for 
power integrity and signal integrity. Additionally, all con-
nectors and electrical and optical cables connected to the 
PCB must provide a reliable environment for high-speed 
digital signals. 

To keep pace with big data and the Internet of Things, 
PCB/chip speed and reliability are paramount. To meet 
aggressive specifications, engineering teams need accurate 
simulations to validate and improve designs before they are 
taped out — and well before prototyping. 

Sarcina Technology has expertise in designing high-per-
formance, application-specific integrated circuits (ASICs) 
and their PCBs. The company employs state-of-the-art simu-
lation tools from ANSYS for these challenging tasks. 

TO SIMULATE OR NOT 
Simulation software gives engineers the ability to do amaz-

ing things. However, having that capability may require a 
significant outlay of funds for both software and necessary 
engineer training. This raises the question: Is simulation soft-
ware worth the increased non-recurring engineering cost?

Electrical simulation software gives designers all the 
tools needed to successfully design complex products the 
first time, every time. For instance, electronics developers at 
Sarcina Technology use the ANSYS HFSS 3-D full-wave solver 
for modeling because of its accuracy and reliability. An orga-
nization can use a variety of factors — including competition, 
price, profit margin, design constraints and system intrica-
cies — to determine if simulation software is the right choice.

BIDIRECTIONAL CHANNEL FOR    
SYSTEM-IN-A-PACKAGE (SiP) 

The ASIC chip inside an SiP can communicate with either 
the internal low-power double data rate (LPDDR) die inside the 

To keep pace with big data 
and the Internet of Things, 
PCB/chip speed and reliability 
are paramount.

�3-D view of LPDDR package model

�Bidirectional channel simulation environment for SiP package

ANSYS HFSS 3-D LAYOUT

ansys.com/83power

http://www.ansys.com/Industries/High-Tech/communications-networking-storage
http://www.ansys.com/83power
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
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Cadence® Allegro® Package Designer 
software using the ANSYS ALinks for EDA 
translator and editor. The model was 
then ported to ANSYS HFSS to provide a 
full-wave S-parameter model for simul-
taneous noise switching analysis. The 
team then simulated this S-parameter 
model with read-and-write mode for data, 
strobe, address, command, control and 
clock signals for both internal and exter-
nal LPDDRs. 

Eye diagrams at both the internal 
LPDDR die and external LPDDR chip were 
captured. The Sarcina team observed 
that, contrary to conventional thinking, 
the silicon wafer FF (fast P-type and fast 
N-type transistors) process corner had 
the worst eye diagram. This is because 
the fast edge rate at FF wafer corner 
introduces higher ripples. As a result, 
the eye diagrams are dramatically worse 
than the SS (slow P-type and slow N-type 
transistors) corner. In actuality, the 
SS corner has the best eye diagrams, 
even better than those of the TT (typ-
ical P- and N-type transistors) corner. 
This is due to the slower rising and fall-
ing edge rates, which help reduce rip-
ples when no termination is present for 
LPDDR architecture. Through this simu-
lation, Sarcina Technology’s engineering 
team learned that it must use higher-
grade LPDDR die, which requires smaller 
setup and hold time and, as an added 
benefit, gives more margin to the sim-
ulated eye diagram. Subsequent auto-
matic test equipment debugging results 
showed that the higher-grade LPDDR 
was necessary for the SiP to pass DDR 
read-and-write tests. This simulation 
gave Sarcina Technology the rationale 
to order the higher-grade LPDDR wafer, 
which it would not have done without 
rigorous DDR channel simulation. The 
simulation helped the engineering team 
come up with a successful system on the 
first try.

DEBUGGING A PCB DESIGN
Sarcina Technology’s engineers also 

use electrical simulation in debugging 
PCB designs before the boards are assem-
bled. This helps to avoid post-assembly 
lab debugging, which can be quite expen-
sive and time-consuming. Data center 
customers demand first-time success in 
chip, package and PCB designs to meet 
the increasing demands of big data for 
large data transfers.

SiP or an external LPDDR memory chip 
on the PCB. Since there is no termina-
tion for the first generation of DDR, large 
ripples are anticipated at the LPDDR 
receiver side, both inside and outside 
the SiP package. In addition, the LPDDR 
operates at the smaller 1.8 volts, as 
opposed to the traditional 2.5 volts. This 

further reduces the voltage swing and 
makes the receiver eye diagram appear 
even worse. Because of these factors, 
Sarcina Technology ran rigorous bidirec-
tional channel simulation for the design 
of an SiP package with its PCB.

The engineering team imported a 
3-D model of the LPDDR package from 

PCB DESIGN

�Simulated eye diagrams for internal and external LPDDRs under FF and SS corners. The FF corner has more ripples than 
the SS corner due to faster edge rate.

�DDR3 differential clock net’s topology for designed PCB and its daughter card from ASIC chip’s controller to termination 
at daughter card. During the daughter-card layout, Ctt1 was inadvertently placed on the board, which shifted the clock and 
clock# crossover point in the eye diagram and violated hold time.

Electrical simulation software gives 
designers the tools necessary to successfully 
design complex products the first time.

http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+ALinks+for+EDA
http://www.ansys.com/
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For example, consider the design of 
a DDR3 differential clock network topol-
ogy for a potential PCB that includes a 
daughter card containing several DDR3 
memory chips. The ASIC DDR3 control-
ler (inside the ASIC chip) is on the main 
PCB board. During the daughter-card 
layout, a decoupling capacitor was inad-
vertently placed on the board. During 
post-layout DDR3 channel simulation 
for the address bus, the engineering 
team realized that the clock and clock# 
crossover point could not be posi-
tioned at the center of the address eye 
diagram because this created a hold-
time violation. 

After reviewing all simulation 
schematics and layouts in the PCB 
and its daughter card, the misplaced 
capacitor was revealed. Engineers used 
ANSYS SIwave to extract DDR3 electri-
cal models for both PCB and daugh-
ter card. The extracted models allowed 
the team to perform what-if analy-
ses with and without the capacitor to 

quickly identify the cause of the prob-
lem. Following removal of this capac-
itor from the simulation, the clock 
and clock# crossover point was repo-
sitioned close to the center of the eye 
diagram, which met both setup and 
hold-time specs. 

Whether designing an LPDDR lay-
out with ANSYS HFSS for simultaneous 

switching noise analysis or extracting 
DDR3 electrical models with ANSYS 
SIwave, Sarcina Technologies utilizes 
ANSYS simulation solutions to meet the 
ever-increasing demands of custom-
ers that develop the chips, packages 
and PCBs required by big data and the 
Internet of Things. Simulation is impor-
tant to ensure first-pass success. 

�DDR3 address simulated eye diagram with (b) and without (a) removal of capacitor Ctt1
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Simulation@Work

ABOVE 
THE CLOUD
Cloud computing reduces by 80 percent the time required for a coupled CFD and structural simulation.

By Marius Swoboda, Head of Design Systems Engineering, and Hubert Dengg, Thermal Analyst  
Rolls-Royce Germany, Dahlewitz, Germany

FLUID–THERMAL 
SYSTEM DESIGN

Rolls-Royce uses an in-house, specialized struc-
tural code to determine the operating tempera-
ture of jet engine components such as turbine 
disks. The thermal boundary conditions for such 
an analysis are usually determined by mounting 
thermal sensors on the components and captur-

ing heat flux measurements while the engine is running. One 
problem with this approach is that the thermal design of a new 
engine cannot begin until late in the product development proc-
ess, when the first prototype becomes available. At this point, 
changes to the design are expensive, limiting what can be done 
to optimize thermal performance. 

Rolls-Royce is a leader in the implementation of a new high-
performance computing (HPC) cloud approach in which its struc-
tural solver is coupled with the ANSYS Fluent computational 
fluid dynamics (CFD) solver to provide heat flux predictions at 
many points on component walls without reference to a phys-
ical prototype. Performing this coupled simulation requires a 
high level of computational power because the solution is time-
dependent. This means that CFD and structural solutions must 
be computed to convergence at each time step as the solution pro-
gresses. Rolls-Royce reduced the wall-clock time to perform the 
simulation by 80 percent by running the simulation on a hosted, 
shared HPC cloud system.

CHALLENGE OF HIGHER INLET TEMPERATURES
Engine manufacturers continue to increase turbine entry 

temperatures as they strive to improve engine efficiency. In 
this process, engineers must often redesign the engine’s cool-
ing and sealing systems to prevent the overheating of criti-
cal internal components. Rolls-Royce engineers determine 
the operating temperatures of these components by perform-
ing a thermal analysis with an in-house, specialized structural 
code. One of the inputs to the thermal analysis is the transient 
heat flux at an array of points on the walls of the components 
under study. Engineers believed that they could achieve major 
improvements in the design process by determining the heat 
flux with CFD, then coupling the CFD code to the structural 

Rolls-Royce reduced the  
wall-clock time to perform   
the simulation by 80 percent.
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code to exchange the data at each 
computational cycle. The goal was to 
achieve an iterative loop with smooth 
exchange of information between the 
structural and CFD simulations so 
that the team could ensure consis-
tent temperature and heat flux on the 
coupled metal–fluid domain inter-
faces. This continuous update of the 
heat transfer information to the com-
ponents gives an accurate represen-
tation of the range of temperatures 
they will experience during startup 
and steady operation.

The conjugate heat transfer sim-
ulation process is very computation-
ally demanding, especially when 3-D 
CFD models with more than 10 million 
cells are required. With internal HPC 
resources at full capacity, Rolls-Royce 
engineers considered using cloud 
resources to access HPC capabilities 
for this application. Engineers had to 
overcome several challenges. An inter-
face between structural and CFD codes 
was available but had to be upgraded 
to allow for HPC. The other challenge 
was configuring the ANSYS Fluent 
process to run on several machines 
when called from the structural 
software. While a Fluent calculation 
spawned flawlessly on multiple cores, 
only one machine was used for the 
structural code within the coupling 
procedure. A change to the use of ded-
icated Fluent licenses in the cloud 
allowed the process to run indepen-
dently of the in-house licensing and 
the queuing system. In the end, the 

licensing process ran much faster in the 
cloud than in-house.

RUNNING SIMULATION   
IN THE CLOUD

Rolls-Royce selected CPU 24/7 GmbH 
& Co. KG to provide remote HPC comput-
ing power on demand. The computation 
was performed on an HPC cluster using 
Intel® Xeon® E5-2690 processors and FDR 
Infiniband® interconnects. The calculation 
was done in cycles in which either the struc-
tural solver or the Fluent CFD solver alter-
nately ran and then passed data to the other 
when the cycle was completed. The CFD 
solution supplied heat flux at the walls, and 
temperature and swirl velocity as outputs to 
the structural code. The structural code pro-
vided temperature at the walls and inlets 
as boundary conditions for the CFD code. 
At each step, multiple iterations of CFD and 
structural solvers ran with solvers exchang-
ing data until their calculated wall temper-
atures matched. The simulation ran for a 
total of 6,000 seconds of simulation time, 
which included startup, low-power and 
high-power engine operation. As expected, 
the bulk of the computational resources 
were consumed by the CFD calculation. The 
CFD part of the calculation was run on all 
32 cores, while the structural part ran on 
only one. 

CPU 24/7 contributed considerable 
expertise to the project, including how to 
set up a cluster, how to run applications in 
parallel based on a message passing inter-
face (MPI), how to create a host file, how 
to handle the FlexNet® licenses, and how 
to prepare everything needed for turnkey 

access to the cluster. During the whole proc-
ess, CPU 24/7 supplied comprehensive and 
expedient technical support. It took only one 
month from the initial concept of executing 
the project on the cloud to the completion 
of the first calculation on the remote clus-
ter. This rapid startup was possible because 
of the smooth collaboration between ANSYS 
and the CPU 24/7 team. 

The results of the coupled CFD–struc-
tural simulation were validated with 
physical testing results. Because of the 
near-linear scalability of Fluent, running 

�CFD model of high-pressure turbine interstage cavity 

�Contours of total temperature for the interstage cavity as outputs of the CFD calculation�Contours of heat flux, which are used as boundary conditions for structural code

http://www.ansys.com/


© 2014 ANSYS, INC. ANSYS ADVANTAGE  Volume VIII  |  Issue 3  |  2014         44

the coupled fluid–structural simulation 
on the HPC cluster in the cloud was five 
times faster wall-clock time than run-
ning the problem on a local workstation. 
By outsourcing the computation workload 

to an HPC cloud provider, HPC resources 
were elastically provisioned and released. 
Rolls-Royce engineers were able to expand 
or shrink HPC capacity as needed, thus 
increasing their operational IT efficiency 
and better utilizing HPC resources. For 
example, the availability of cloud comput-
ing resources makes it possible to scale up 
HPC to run even bigger models that pro-
vide more detailed insights into the physi-
cal behavior of the system. 

There is currently no physical way to 
determine the performance of a proposed 
cooling and sealing design until the hard-
ware is built and tested. At that point, so 
much time and money have been invested 
in the design that changes are very expen-
sive. It is also impossible to evaluate more 
than a few alternatives using the build-and-

test method. Simulation is the only answer. 
One significant advantage of running a cou-
pled structural–fluid simulation in the HPC 
cloud is the potential to iteratively opti-
mize the entire cooling and sealing system 
design in the early stages of the product 
development process. An experiment can 
be designed to explore the complete design 
space, and then engineers can select the 
best possible design for prototyping and 
testing. Rolls-Royce is aggressively pursu-
ing this HPC cloud approach, which has the 
potential to achieve significant improve-
ments in jet engine performance. 

OPTIMIZING BUSINESS VALUE IN 
HIGH-PERFORMANCE ENGINEERING 
COMPUTING

ansys.com/83cloud

FLUID–THERMAL
SYSTEM DESIGN

Running the coupled fluid–structural simulation on the HPC cluster 
in the cloud was five times faster wall-clock time than running the 
problem on a local workstation.

�Cluster load during calculation cycles
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AEROSPACE AND DEFENSE

The use of unmanned aerial systems (UASs) for intel-
ligence, surveillance and reconnaissance (ISR) mis-
sions has shown explosive growth. As their value 
continues to be demonstrated, this growth shows 
no sign of slowing. The UAS sector must address a 
number of key technical and manpower challenges 

in developing autonomously controlled aircraft. Engineers from 
Piaggio Aero faced the challenge of transforming the company’s 
conventional manned P.180 Avanti II executive jet into a UAS. The 
vehicle command-and-control architecture needs to be certified 
against first-generation requirements while supporting a design 
road map that foresees growing functionality to support different 
configurations. This job had to be done with a strictly controlled 
number of engineers to limit overhead and succeed in a very short 
time. Piaggio engineers accomplished these goals with a new 
development process in which ANSYS SCADE models were cre-
ated from scratch, or, if Matlab/Simulink® models were available, 

they were translated via the SCADE Suite Gateway for Simulink®.  
From the SCADE model, the embedded source code was gener-
ated automatically with the SCADE KCG qualified code generator. 
The vehicle control and management system (VCMS) — the digi-
tal infrastructure performing aircraft command and control — was 
tested continually, first at the model phase, then on the host, and 

EYE IN       
THE SKY
A small engineering team designed, verified, generated and integrated 125,000 lines of code to control an 
unmanned aerial system using ANSYS SCADE in one-third the time required had the code been written in C.

By Giuseppe Cinà, Flight Control Systems Manager, Piaggio Aero Industries, Genoa, Italy
Amar Bouali, V.P. South Europe, Turkey, MEA Operations, Esterel Technologies, a wholly-owned 
subsidiary of ANSYS

�P.1HH HammerHead shown in first flight

The first flight of the aircraft 
was successfully completed 
less than two years after the 
project began.
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finally in the target environment so that 
the team could identify problems and cor-
rect them at the earliest possible point.

Piaggio Aero Industries S.p.A. is a mul-
tinational aerospace manufacturing com-
pany headquartered in Genoa, Italy. It 
designs, develops, constructs and main-
tains aircraft, aero-engines and aircraft 

structural components. Powered by two 
Pratt & Whitney Canada PT6-66B turbo-
prop engines, Piaggio’s newly developed 
P.1HH HammerHead will provide sophis-
ticated standoff (deployed at a distance) 
capabilities for any surveillance and secu-
rity need. The VCMS manages flight control, 
propulsion, electrical power generation 

and distribution, landing gear, braking, ice 
detection and protection, navigation and 
communications systems. Partitioning 
techniques were used to create a segre-
gated environment in which software 
applications of each function run without 
interfering with each other to avoid propa-
gating failures. 

DEVELOPING SOFTWARE 
REQUIREMENTS

In the first months of the project, the 
team developed the engine and flight con-
trol laws; it also created the other require-
ments for the embedded software. High-level 
requirements for the VCMS were available in 
several different formats. Systems engineers 
collected some requirements in textual form 
as functions, interfaces and redundan-
cies. Other requirements were captured in 
text from operating manuals such as the 
P.180 Pilot Operational Handbook. Control 
laws, algorithms and equations involved 
in flying the plane were written, simulated 
and validated in MathWorks® Simulink. 
Requirements were generated in the IBM® 

�P.1HH development process

�VCMS architecture

AEROSPACE AND DEFENSE
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Rational® DOORS® requirements manage-
ment environment. Test cases were also 
written in DOORS and linked to operational 
requirements using the SCADE Requirement 
Management Gateway. For each test case, 
test steps and expected results were defined. 

For this project, the software must com-
ply with DO-178B, the de facto standard 
used to qualify all avionics software by the 
FAA, EASA and other certification authorities. 
Piaggio selected ANSYS SCADE as the develop-
ment environment for the VCMS, since SCADE 
automatically generates source code from the 
model and minimizes the effort required to 
verify that the source code corresponds to the 
system model. The ANSYS SCADE KCG code 
generator is qualified as a DO-178B develop-
ment tool, so conformance of the code to the 
input model is trusted, eliminating the need 
for verification activities related to the cod-
ing phase. SCADE’s model-based methodol-
ogy enables system engineers to model each 
function autonomously and check its perfor-
mance on a host computer before the real 
hardware is available. 

CREATING MODELS
SCADE models were created based on 

functional requirements from scratch by 
systems engineers for the textual docu-
ments, and automatically via the Simulink 
Gateway for the existing Simulink mod-
els. The SCADE Requirements Management 
Gateway was used to link the requirements 
to the embedded system design in the SCADE 
model. Engineers employed the SCADE 
Semantic Checker to verify the semantics 
of the model. Problems were identified and 
resolved in the host on the PC environment 
rather than in the much more expensive and 
complicated target hardware environment. 
A small portion of the code, primarily low-
level layers such as input/output, was devel-
oped in C using traditional methods. 

To ensure that the Simulink model was 
correctly translated to the SCADE environ-
ment, Simulink test vectors were trans-
lated into the SCADE environment. The 
test cases were translated to SCADE Input 
Scenarios. Then the test vectors were run in 
both Simulink and SCADE, and the results 
were compared to ensure that the trans-
lated SCADE model had the same functional 
behavior as the original Simulink model. 

SOFTWARE VERIFICATION
DO-178B verification requires proof 

that the functional tests performed by the 
test vectors fully cover model functionality. 
The SCADE Model Test Coverage (MTC) tool 
checked the model coverage and identified 
several areas that were lacking. Additional 
tests were designed and performed to pro-
vide the needed coverage.

Verification activities exponentially 
increase as the number of inputs of each 
model grows and as the number of models 
increases. In the early stages of the project, 
test vector generation, validation and con-
figuration were issues. SCADE LifeCycle 
Qualified Test Environment (QTE) provided 
a solution by automatically running the 
tests in the host environment, comparing 
the results to the expected values and high-
lighting any errors. 

Similar activities were performed on 
the target computer, sending test vectors 
into the executable code generated from the 
models. Piaggio engineers wrote a simple 
test application tool that runs on the target 
and plays a role similar to QTE by running 
the application with the SCADE input sce-
nario then comparing results with the out-
put generated by the same application and 
input on the host.

SYSTEM INTEGRATION
Models to handle different functional 

aspects of the VCMS were progressively 
integrated on the host computer to build 
a virtual VCMS to check interoperabil-
ity of the applications well in advance 

of system integration. These verification 
activities were used to identify and solve 
many integration problems even before 
performing system integration on real 
hardware. As a result, the problems found 
during system integration were small in 
number, and all were mainly due to hard-
ware/software/subsystem integration 
issues rather than to design errors. Once 
system integration was completed and 
the final tests executed, data from the real 
world were fed into the test vectors to fur-
ther verify the model. 

The entire project was completed in 
about 18 months, starting with model 
development performed directly by the 
system engineers and proceeding to com-
pilation, integration and verification of 
the approximately 125,000 lines of source 
code that comprise the VCMS. The work-
ing team — in terms of equivalent full-
time manpower — was limited to less 
than 20 engineers (system and software) 
who worked in tight coordination from the 
early design stages up to final system inte-
gration to meet the challenging target. As 
a result, the VMCS was developed and ver-
ified in an estimated one-third the time 
that would have been required had the 
code been handwritten. 

The first flight of the aircraft was suc-
cessfully completed in November 2013, 
less than two years after the project began. 
The VCMS worked perfectly. The P.1HH 
configuration will grow through incremen-
tal software releases that will add new 
functionalities to expand mission capabil-
ities of the P.1HH. 

�SCADE model validation process

SCADE USAGE FOR UNMANNED 
AIRCRAFT VEHICLES
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DepartmentsACADEMIC

ON THE WING
Butterfly wings generate far more lift than can be accounted for by steady-state, non-transitory aerodynamics.

By Sutthiphong Srigrarom, Associate Professor, Aerospace Systems, University of Glasgow 
Singapore, Singapore

The delicate butterfly is well known for its abil-
ity to fly great distances. The wing structures of 
monarch and swallowtail butterflies are a marvel 
of aerospace design, allowing for a wide range of 
mechanisms to generate force: wake capture, two 
different types of leading-edge vortex, and active 

and inactive upstrokes. Aerospace engineers at the University of 
Glasgow became fascinated with this and saw a perfect oppor-
tunity to capture workings of this natural design in their ongo-
ing development of a butterfly-like ornithopter (flapping wing) 
micro-aerial vehicle (MAV).

Engineers selected the butterfly species based on the require-
ments for an MAV: agility and in-flight stability. Monarch butterflies 

The wing structures of monarch 
and swallowtail butterflies are a 
marvel of aerospace design.

DESIGNING A FLAPPING-WING–TYPE MICRO AERIAL VEHICLE 
USING ANSYS

ansys.com/83wing
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have the ability to turn on a dime while evad-
ing predators, while the swallowtail’s hind 
wings sport unique streamers that appear 
to act as stabilizers. Both wing types gener-
ate far more lift than can be accounted for 
by steady-state, non-transitory aerodynam-
ics, so Glasgow engineers decided to focus on 
transient analysis to discover precisely what 
flow interactions enable butterfly wings to 
perform so effectively.

The work used ANSYS Fluent to study 
the fluid flow. Engineers conducted a fully 
3-D unsteady direct numerical simulation 
(DNS) of Navier–Stokes equations to com-
pletely capture all the structures of the 
flow generated by the wing motion. The 
computer chosen to run the simulations 
was a 64-bit Intel® Core i7-2600 CPU at 
3.4 GHz with eight processors and 16 GB 
of RAM. 

The team treated the butterfly models 
as rigid structures. For fluid-flow studies, 
engineers made the simplifying assump-
tion that the butterflies’ bodies and wings 
exhibited no deformation during flight. A 
half-model of each butterfly was used to 
reduce problem size, and the fluid domain 
around each model was extended to 20 to 
40 times the butterflies’ bodies in all direc-
tions. The mesh was unstructured, with 
approximately 10 million elements clus-
tered around the wings. Engineers used 
observations of real natural flight to model 
the flapping-wing motion during transla-
tion (forward motion) and hovering. The 
effective Reynolds number ranges of the 
flow for both flight modes based on body 
length, maximum wingtip speeds and free 
stream velocity were about 500.

 During CFD analyses, the flight behavior 
of the monarch butterfly served as the stan-
dard for comparison with that of the swallow-
tail butterfly because the differences in the 
flow patterns allowed researchers to isolate 
stabilization effects of the tail streamers. 
Both butterflies have a high flight velocity, 
with a high-amplitude, low-frequency wing 
stroke. Engineers observed from real flight 
that the wing strokes were roughly perpen-
dicular to the body axis. This allowed the 
butterfly fluid model to be solved in a frame 
that rotated about the body axis. The mid-
point of the power stroke (down stroke) at 
φ = 0 degrees was taken as the start-point for 
the simulations, which captured a wing beat 
range from –80 degrees to +80 degrees at a 
frequency of 1 Hz.

The CFD analyses showed that wing 
beats during the hovering motion created 

Both wing types generate far more lift  
than can be accounted for by steady-state, 
non-transitory aerodynamics.

�Comparison of streamlines of both butterflies side-by-side: isometric view, front

�Comparison of streamlines of both butterflies side-by-side: 3-D view, top

�Swallowtail butterfly �Monarch butterfly
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an intensive, stable leading-edge vortex 
along the leading edges of both fore- and 
hind-wings. This vertical vortex rotates 
counterclockwise toward the inside back 
of the wing. Simultaneously, airflow that 
passes directly through the gap between the 
wings at the beginning of the power stroke 
moves along the axis of the vertical vortex 
ring and begins to drive it backward. There 
is a horizontal stopping vortex downstream 
of the butterfly caused by deceleration of 
the wings at the bottom of the previous 
stroke. During flight, both vortices merge 
into a new attached horizontal vortex ring 
generated by the continued flapping of the 
wing. The overall mechanism is similar to 
wake-capturing and is responsible for the 
unprecedented lift generated by the down-
stroke of the butterfly’s wings.

Results from forward flight motion 
were discovered to be quite similar, with 
the main difference being that the leading-
edge vortex ring was tilted. Researchers 
observed that the subsequent vortex for-
mation pattern differed as well. For for-
ward flight, the vertical vortex ring moves 
quickly backward because of convection 
caused by forward motion. At the bottom 
of the stroke, the wings shed a horizon-
tal vortex ring downward and backward. 
Unlike in hovering flight, in which the hor-
izontal ring merges with the vertical one 
and is attached near the edges of the hind 
wings, in migration flight, deceleration 
of the wings at the bottom of the stroke 
is accompanied by vortex ring shedding. 
Leaving the wings, the horizontal vortex 
ring moves downward and backward. 

The aerodynamics of the swallowtail 
butterfly were similar to that of the mon-
arch in both flight conditions. Dominant 
leading-edge vortices again emanated 
along the wings’ leading edges. Airflow 
passes through the gap between the flap-
ping wings to move along the axis of the 
vertical vortex ring. The most interesting 
finding of the study was the large impact 
of the streamers on the flow structures pro-
duced during flight. Streamers at the lower 
and outer corner of the swallowtail’s hind-
wings introduce additional horseshoe-like 
vortices around the edge of the streamer. 
Wake vortices become aligned behind the 
wings by these additional horseshoe vorti-
ces, making the swallowtail butterfly flight 
more stable. 

Engineers also found that the lead-
ing-edge vortices that are generated by the 
swallowtail’s wings are enlarged by the 

stabilization, creating a more effective 
wing. The forces and moments of swallow-
tail wings are approximately 20 percent 
greater than those generated by monarch 
wings, even though the area difference 
between the two wings is only 5 percent. 
Since there were few other differences 
between the two models, researchers con-
cluded that the significant increase in 
forces and moments must result solely 
from the streamers. 

Both CFD studies gave engineers 
increased insight into the flow patterns 
required for a light, powerful wing design 
beneficial to the continued development 
of MAV technology. The unconventional 

aerodynamics employed by butterfly wings 
revealed by this study will greatly assist in 
the ongoing refinement of Glasgow’s MAV. 

Support for this project has been provided by ANSYS 

channel partner CAD-IT Consultants (Asia) Pte Ltd.

The unconventional aerodynamics of butterfly 
wings will greatly assist in ongoing refinement 
of Glasgow’s MAV.

ACADEMIC

�Comparison of vortex structures of both butterflies side-by-side: isometric view, below

�Comparison of vortex structures of both butterflies side-
by-side: isometric view, front
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ANALYSIS TOOLS

SpaceClaim 3-D direct modeling software — avail-
able from ANSYS for several years and now part of 
the ANSYS product family — is a powerful tool for 
creating, importing and working with 3-D geome-
try. It has a simple and robust user interface that 
includes tools to defeature both parts and assem-

blies prior to meshing and solving. SpaceClaim has the power 
to simplify and automate what has traditionally been the time-
consuming process of preparing geometry for use in a simu-
lation system. With SpaceClaim, engineers can author new 
concepts and more easily use simulation to iterate on designs 
and drive innovation.

Increased speed and pressure from competition is com-
pelling organizations to find easier, more effective ways to 

BLENDING 
DESIGN AND 
SIMULATION
SpaceClaim and ANSYS bring innovative design and analysis closer together.

By Rebecca Swensen, Senior Product Marketing Manager, ANSYS

SpaceClaim 3-D direct modeling 
software was recently added to 
the ANSYS product family.

�Simulation engineers can easily change and improve the design to improve performance.
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ANALYSIS TOOLS

develop innovative designs. By chang-
ing some workflow practices, an engineer 
can obtain workable geometry early in 
the design cycle. By performing simula-
tion earlier in the design process, perfor-
mance data can be built into the design 
process before key features have been 
determined to save product development 
time and costs.

SpaceClaim’s defeaturing capabilities 
quickly create ideal models for mesh-
ing in a fraction of the time required 
by a traditional computer-aided design 
(CAD) tool. The software was created to 
enable those without CAD expertise to 
work with 3-D models, make the needed 
changes and resume their primary job 
function. SpaceClaim enables compa-
nies to perform analysis up front in the 
design process. 

HOW SPACECLAIM WORKS
To help with bad geometry, SpaceClaim 

makes model repair easy by using a fast 
detect-and-repair approach to fix files. The 
direct modeling software can automatically 

fix common issues when opening files and 
also provides interactive tools for deeper 
repairs. If parts are missing some geome-
try, SpaceClaim’s direct modeling technol-
ogy will blend seamlessly with repair tools 
to reconstruct data. A CAD specialist isn’t 
needed to execute changes; analysts can 
make the changes themselves and com-
municate the edits as needed.

The core of SpaceClaim is four sim-
ple tools that accomplish most of the 
geometry editing: 

• Pull: Add or remove from the design 

• Move: Modify the design

• Combine: Cut solids 

• Fill: Remove and clean geometry

For many common repairs, the auto-
mated detect-and-repair functions do 
most of the work and reduce the need for 
manual patching.

Speeding model preparation for sim-
ulation is an important part of imple-
menting and realizing the full benefit of 
simulation-driven product development.  

�SpaceClaim makes it easy to create solids for analysis 
with automated fixes and simple tools for defeaturing.

CONCEPT MODELING TOOLS DRIVE 
UPFRONT DESIGN EXPLORATION

ansys.com/83blending
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Are you ready to tap HPC for your CAE applications?
High High Performance Computing (HPC) is a critical capability for industry, allowing engineers 
to develop and modify product designs, test virtual prototypes and quickly run 
thousands of simulations of the product in real world conditions.   As a result, products 
are optimized for better user performance and experience, safety, energy efficiency or 
cost of production – enabling companies to be more competitive and reduce time to 
market. 

Now may be the time to add HPC to your CAE environment.
HP high peHP high performance computing solutions empower innovation at any scale.  It’s no 
longer just for big companies.  Together HP and ANSYS can help your company go 
beyond the workstation and offer a solution to t any scale and budget.  We can help 
your IT department ll in the expertise gaps with support from service providers offering 
remote management or with focused training and services to develop in-house 
competence and condence. 

Power beyond the desktop 

HP works with business and technology partners such as ANSYS enabling businesses 
to tap the power of HPC and achieve greater levels of competitiveness and 
innovation.  

Find out more at:
www.hp.com/go/compete
www.ansys.com/hp-hardware

http://www.hp.com/go/compete
http://www.ansys.com/hp-hardware
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GPUs SPEED 
THE SOLUTION 
OF COMPLEX 
ELECTROMAGNETIC 
SIMULATION
The ANSYS HFSS transient solver leverages NVIDIA’s leadership in GPU computing to enable quick solutions  
for transient electromagnetic simulation.

By Hsueh-Yung (Robert) Chao, Lead R&D Engineer, and     
Stylianos Dosopoulos, Senior R&D Engineer, ANSYS

Transient electromagnetic (EM) analysis is indispens-
able for modern electronic design. Since the ANSYS 
HFSS transient solver’s debut, it has been applied 
to a variety of design challenges in the electronics, 
semiconductor, energy, automotive, aerospace and 
defense industries. The product provides robust 

solutions for applications related to electromagnetic interfer-
ence and compatibility (EMI/EMC), signal integrity, time-domain 
radar cross section (RCS), time-domain reflection/transmission 
(TDR/TDT), lightning strike and ground penetration radar (GPR). 
The HFSS transient solver is most beneficial for applications that 
require time-domain intuition and field visualization. It can also 
perform frequency-domain analyses such as S-parameters and 
frequency-domain far fields.

There is a growing interest in studying the electrostatic dis-
charge (ESD) on touch screens of mobile handheld devices. ESD is 
often considered the top reason for post-shipment failure of solid-
state electronics. This phenomenon is inherently transient and 
well suited for analysis by a transient EM solver for field visual-
ization. By simulating field strengths on sensor pads, engineers 
can determine if thin-film oxide will potentially be damaged by 
dielectric breakdown at hot spots. Because of the miniature scale 
of the structures and extremely short duration of discharge, it is 
difficult to obtain reliable prediction through measurement.

In addition to analyzing structures at millimeter scales, the 
HFSS transient solver can solve such large-scale problems as 
the spilled fields induced by switching extra/ultra-high volt-
age (EHV/UHV) bus charge currents in a power substation. The 
transient spilled fields pose a potential safety hazard to per-
sonnel and equipment and cannot be predicted by steady-state 

ANALYSIS TOOLS

�Network analysis of differential stacked vias on four GPUs. Simulation jobs are run 
in parallel as shown by the progress bars and NVIDIA System Management Interface 
(nvidia-smi). The model was discretized into 68,401 tetrahedrons. 

Transient EM analysis is 
indispensable for modern 
electronic design.

http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+HFSS
http://www.ansys.com/
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electromagnetic analysis. It is therefore 
highly advantageous to simulate differ-
ent options of bus layout and equipment 
placement during the early stage of plant 
planning. By extracting the resistance, 
inductance, capacitance and conductance 
(RLCG) equivalent circuits of buses and 
switches through ANSYS Q3D Extractor 
and performing broadband SPICE circuit 
simulation using ANSYS Designer, engi-
neers can obtain time-varying voltage 
sources for an HFSS transient simulation. 

GPU ACCELERATION
The ANSYS HFSS transient solver’s 

engine is based on the discontinuous 
Galerkin time-domain (DGTD) method, 
which is especially compatible with paral-
lel execution on general-purpose graphics 
processing units (GPUs) with thousands 
of cores. With advances in GPU acceler-
ation, more than four teraflops of com-
puting power can be achieved on a 
single GPU that consumes less than 240 
watts of electric power. Release 15 of the 
ANSYS electromagnetics suite enables 
engineers to leverage NVIDIA® CUDA™ 
technology for GPU computing to accel-
erate the HFSS transient solver. The GPU-
accelerated solver can typically achieve 
two-times speedup on one NVIDIA Tesla 
K20 versus eight cores of Intel® Xeon® 
X5675. As a general rule, problems that 
require intense computational effort 
tend to result in higher speedup factors. 
In benchmarks of 15 examples, a maxi-
mum speedup of 5.2 times was achieved. 
Moreover, the solver can detect cases in 
which GPUs may not provide speedup and 
automatically fall back to CPUs. In those 

cases, there is no significant performance 
decrease since CPUs using OpenMP multi-
threading are employed.

The speedup with GPU acceleration 
scales linearly with respect to the num-
ber of GPUs when the simulations are run 
with multiple HPC tasks for parametric 
sweeps or network analyses with multiple 
excitations. For example, if the transient 
analysis of a four-port network takes 40 
minutes in serial on one GPU, the simula-
tion time is reduced to around 10 minutes 
with four GPUs running in parallel. When 
solving four excitations consecutively, the 
speedup of one NVIDIA Tesla C2075 ver-
sus eight cores of Intel Xeon E5-2650 is 
7.2 times. Therefore, the  overall speedup 
is 28.9 times when all four NVIDIA Tesla 
C2075s are used. The assignment of mul-
tiple GPU jobs is fully automatic and 
requires no user intervention. The HFSS 
transient solver uses NVIDIA’s exclusive 

process compute mode to assign one proc-
ess to one GPU. Therefore, engineers will 
encounter no issues of load balancing or 
multiple HFSS processes competing for 
hardware resources on a single GPU.

For example, simulation speedup 
occurs when performing power-surge 
analysis of a smartphone using the HFSS 

�Strong electric fields (red) on the bridges between 
sensor pads of the touch screen of a handheld device cause 
dielectric breakdown of indium-tin-oxide (ITO) thin films. 

To leverage cutting-edge hardware and deliver faster 
engineering simulation technology to users, ANSYS has 
teamed up with NVIDIA® to develop and release a GPU-
accelerated computational fluid dynamics (CFD) solver. 
The result of a multi-year strategic partnership, this 
new solver addresses customer demand for increased 
speed and the ability to handle larger, more complex 
CFD simulation models. Available in ANSYS 15.0, the 
solver — and a new HPC licensing that enables all HPC 
users to take full advantage of GPU technology — broadens 

support for GPU acceleration within the ANSYS portfo-
lio. GPUs can now speed up fluids, structural and elec-
tromagnetic simulations to increase the value of ANSYS 
HPC capabilities. 

— Wim Slagter, Lead Product Manager, ANSYS

Expanded GPU Support Across Multiple Physics

ACCELERATING ANSYS FLUENT 15.0 USING NVIDIA GPUs

ansys.com/83GPU

�ANSYS HFSS transient benchmarks on one NVIDIA Tesla K20 compared with eight cores of Intel Xeon X5675. Only nine of 
the 15 benchmark structures are shown in the figure. Dotted lines indicate cases in which the GPU did not provide speedup 
and CPUs were automatically used.

http://www.ansys.com/83GPU
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+Q3D+Extractor
http://www.ansys.com/Products/Simulation+Technology/Electronics/Signal+Integrity/ANSYS+DesignerSI
http://www.ansys.com/
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transient solver on a GPU. One NVIDIA 
Tesla K40, using 5.99 GB GPU RAM, 
speeds up the simulation 4.8 times when 
compared with eight cores of Intel Xeon 
E5-2687W. For signal integrity analysis of 
the printed circuit board, one NVIDIA Tesla 
C2075, using 3.98 GB GPU RAM, is twice as 
fast as eight cores of Intel E5-2650. 

Moreover, when applying the transient 
solver to analyze the antenna coupling on 
a helicopter, the speedup of one NVIDIA 
Tesla K40 versus eight cores of Intel Xeon 
E5-2687W is 4.5 times, and the GPU RAM 
requirement is 4.35 GB. In all cases, the 
GPU solver requires less memory than its 
CPU counterpart. The frequency-domain 
S-parameters are calculated dynamically 
during the transient simulation. The sim-
ulation shows the resonant frequency of 

the patch antenna at 0.91 GHz and low 
mutual coupling (below –60 dB) between 
the antennas.

INSTALLATION AND SETUP
To access GPU acceleration, you 

must have NVIDIA GPUs and drivers 
installed on your computers and clus-
ters. GPU acceleration in the ANSYS 
HFSS transient solver is officially sup-
ported with the Tesla and high-end 
Quadro series cards. For optimal perfor-
mance, GPUs used for running simula-
tion jobs should not be simultaneously 
used for visualization jobs. Only GPU 
cards with CUDA compute compatibil-
ity 2.0 and above should be used. To 
improve the speedup of transient field 
visualization, the GPU cards should be 

installed on a system with PCI-E 3.0 
slots. A mixture of interface cards with 
lower PCI-E versions may result in the 
data not being transferred from GPU to 
CPU at the highest speed.

Before running HFSS transient sim-
ulations, it is important to ensure that 
GPUs are set with error correction code 
(ECC) disabled for performance, Tesla 
compute cluster (TCC) enabled for 
remote execution, and exclusive process 
enabled for GPU distributed computing. 
The GPU processor and memory usages 
are monitored through NVIDIA’s utility 
program nvidia-smi. 

Thanks to Rickard Petersson and Matt Commens 

for their valuable input to this article. Application 

examples courtesy Jack Wu, Ally Liu and Sara Louie.

�A smartphone for transient field analysis on CPU, 
memory, GPS and Bluetooth ports due to power surge 
during battery charging. The model was discretized into 
1,093,376 tetrahedrons.

�Three patch antennas placed on the tail of a helicopter (top) and their S-parameters from DC to 1.2 GHz (S11 bottom 
left, S12 and S13 bottom right). The length, height and wingspan of the helicopter are 17.73 meters, 4.05 meters and 
5.23 meters, respectively. The model was discretized into 549,247 tetrahedrons.

The ANSYS electromagnetics suite allows you to leverage 
NVIDIA CUDA technology for GPU computing to accelerate 
the HFSS transient solver.

ANALYSIS TOOLS

http://www.ansys.com/


© 2014 ANSYS, INC. ANSYS ADVANTAGE  Volume VIII  |  Issue 3  |  2014         57

http://www.intel.com/pureperformance


© 2014 ANSYS, INC. ANSYS ADVANTAGE  Volume VIII  |  Issue 3  |  2014         58

Winning the Formula One World Constructors’ Championship is a monumental  
accomplishment. Winning it four times in a row is practically unheard of.  
But for Infiniti Red Bull Racing, it was just another day at the office.  

Using ANSYS simulation technology, Infiniti Red Bull Racing is creating virtual  
prototypes of its race cars, so engineers can quickly and inexpensively optimize  
everything from aerodynamics to brakes to exhaust systems. Infiniti Red Bull  
Racing is delivering on its product promise by remaining dominant in one of the  
most competitive environments imaginable. 

 Not a bad day at the office.

Visit ANSYS.COM/redbull to learn how simulation software can help you realize your product promise.

Infiniti Red Bull Racing Wins  
for the 4th Consecutive Year

2010, 2011, 2012, and 2013 Formula One  
World Constructors’ and Drivers’ Champions

ANSYS, Inc.
Southpointe
2600 ANSYS Drive
Canonsburg, PA U.S.A. 15317

Send address corrections to
AdvantageAddressChange@ansys.com

http://www.ansys.com/redbull
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