
Excellence in Engineering Simulation

SPECIAL ISSUE 2016

Wearing a Wire Under the Hood Charged Up

Best of
High Tech



18
Making Waves

 22
I Hear You 

 26
Charged Up

 30
More Gain,  

Less Pain

 34
Board Games

2 
Delivering the  

Best of High-Tech

3
Under the  

Hood

 7 
Hot Flash 

 11
More Music, 

Less Noise

 
15

Wearing a Wire

 

 38
Overcoming Uncertainties 

in High-Speed 
Communication Channels

41
Maintaining Power and 

Signal Integrity

45
The Backbone 

of the IOT

49
Quantum Leap

52
The Big Chill

Best of High Tech

 
Realize Your Product Promise® 
If you’ve ever seen a rocket launch, flown on an airplane, driven a car, used a computer, 
touched a mobile device, crossed a bridge, or put on wearable technology, chances are 
you’ve used a product where ANSYS software played a critical role in its creation.  
 
ANSYS is the global leader in engineering simulation. We help the world’s most innovative 
companies deliver radically better products to their customers. By offering the best and 
broadest portfolio of engineering simulation software, we help them solve the most 
complex design challenges and engineer products limited only by imagination. 
 
ANSYS, Inc. does not guarantee or warrant accuracy or completeness of the material contained in this publication. ANSYS, 

ALinks, CFD, Chip Power Module (CPM), Chip Thermal Model (CTM), DesignerRF, DesignerSI, DesignModeler, HFSS, 

Icepak, Maxwell, Mechanical, Multiphysics, Optimetrics, Q3D Extractor, Realize Your Product Promise, RedHawk, 

Sentinel, SIwave, Simplorer, Simulation-Driven Product Development, SpaceClaim, Structural, Totem, Workbench, and 

any and all ANSYS, Inc. brand, product, service, and feature names, logos and slogans are registered trademarks or 

trademarks of ANSYS, Inc. or its subsidiaries located in the United States or other countries. All other brand, product, 

service, and feature names or trademarks are the property of their respective owners. 

      Table of

Contents

 ANSYS ADVANTAGE     1

Join the simulation 
conversation
ansys.com/Social@ANSYS

Contact Us
Web: www.ansys.com
Phone: 844.Go.ANSYS (844.462.6797)
Email: info@ansys.com

© 2016 ANSYS, Inc.

https://www.facebook.com/ANSYSInc/
https://www.facebook.com/ANSYSInc/
https://www.facebook.com/ANSYSInc/
http://www.ansys.com
https://twitter.com/ANSYS
https://www.youtube.com/user/ansysinc


© 2016 ANSYS, INC.

DELIVERING THE BEST OF HIGH TECH

ANSYS ADVANTAGE         2

EDITORIAL

The electrification of our world continues at a 
rapid pace. Since the 1960s, Dr. Gordon 
Moore’s prediction that computing performance 
will double every 12 to 18 months has held 
true. The conveniences of the modern world 
— ubiquitous communication through internet-
enabled phones, electronic payments and 
digital streaming — are all due to continuous 
engineering innovations delivered through 
cheaper, faster, more-precise electronics. 
     What a transformation it’s been! The first 
Intel microprocessor, introduced in 1974, 
contained less than 3,000 transistors whereas 
the recent microprocessors and GPUs contain 
more than 10 billion transistors. Similarly, the 
first working mobile phone prototype, 

demonstrated in 1973, weighed nearly 2.5 pounds. In comparison, the latest 
iPhone weighs 4.55 ounces and provides the functionality of a mobile 
computer. These feats required more than just breakthroughs in electronics. 
Innovations in materials science, physics and processing technologies, and 
engineering simulation also deserve credit.

By Sudhir Sharma,  
Director, High Tech 
Industry Marketing, ANSYS

Throughout my engineering career, 
I’ve used many simulation tools 
to design semiconductor devices, 
embedded systems and software. At 
first I used schematic capture tools 
to build circuit boards, but quickly 
learned that simulating the designs  
on computers was more efficient and 
provided more design insight. In a  
virtuous circle, I used simulation  
tools running on Compaq  
computers to help design the next 
generation of better, faster, cheaper 
Compaq computers.
 Since then, engineering simulation 
tools have gotten more sophisticated. 
While early tools enabled engineers  
to model and simulate individual 
components, modern tools use real-
world physics to solve larger prob-
lems, including system integration. 
Andrew Cresci of NVIDIA captured 
this succinctly when he said, “We  
use ANSYS simulation running on  
current-generation GPUs to design  
the next generation of GPUs.”
 The high-tech industry shapes 
far more than communications and 

computing. High-tech innovators are 
actively working with automotive com-
panies to make cars smarter. At the 
2016 Consumer Electronics Show, the 
auto industry stole the spotlight, high-
lighting autonomous vehicles. Tesla 
has added more autonomous driv-
ing capabilities in its cars and three 
Mercedes Benz autonomous vehicles 
are now permitted for public testing  
in Nevada.
 To support all this automation, 
high- tech companies are investing  
heavily in processing capabilities.  
Automation platforms, such as 
NVIDIA’s PX2, are crucial. With 12 
inputs for all types of sensors — from 
video cameras to ultrasonic sensors 
— and the processing capacity of 120 
MacBook Pro computers, the PX2 plat-
form is just one example of complex 
systems needed for modern electronic 
automation. 
 These exciting innovations hide the 
complexity that design engineers must 
overcome to meet strict power, per-
formance and cost specifications. The 
chip designer must ensure that the 

IC delivers the best performance per 
watt of energy; the PCB designer must 
address all signal and power integrity 
issues; the communication system  
engineer needs to produce a robust 
antenna design; and the software 
engineer needs to guarantee low 
latency and high reliability. Many of 
these parameters must be verified 
by tests conducted across a range of 
operating conditions, such as tem-
peratures and voltages. And this is 
just the tip of the iceberg in terms 
of analyses that engineers perform 
to deliver affordable and reliable 
products. 
 This “best of high tech” issue of 
ANSYS Advantage includes many 
examples that validate the value 
of engineering simulation to build-
ing better high-tech products. For 
instance, Chemring Technology 
improved antenna efficiency by  
67 percent and won CES 2013 
Design and Engineering award, NXP 
designed a 75 percent smaller IC for 
automotive infotainment, Vortis tech-
nology improved cell phone battery 
life by 125 percent, and Alacatel-
Lucent built a 10-gigabit-class net-
working product at a much lower cost. 
 ANSYS simulation tools play an 
important part in the smart product 
journey. From semiconductor design 
to structural integrity and aero- 
dynamic performance, high-fidelity 
3-D simulation enables engineers to 
converge on the best solutions faster, 
gain quicker insight into trade-offs, 
and minimize over-design with ease. 
Recognizing the complexity of the 
challenges you face, ANSYS delivers 
the most advanced simulation solu-
tions to speed your innovations.
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The automotive environment presents one of the most difficult thermal 
challenges for electronic component designers.

UNDER THE 
HOOD

By Jehoda Refaeli, NXP Semiconductors, Austin, USA

The electronics in modern automobiles must operate in a high temperature, under-hood environment 
without sacrificing performance or reliability. The traditional approach to thermal design, which is 
based on the assumption that the entire integrated circuit (IC) is at a constant temperature, is fast 
becoming obsolete as higher power dissipation and shrinking form factors make thermal design more 
critical. NXP engineers use ANSYS tools to calculate temperature and current density throughout the 
device, making it possible to predict local junction temperatures more accurately and perform thermal-
aware electromigration (EM) analysis.

T he automotive environment presents one of the most 
difficult thermal challenges for electronic component 
designers because ambient temperatures in under-

hood applications can reach 135 C. The thermal challenge 
is increased because the electronic components are exposed 
to water and dust, so enclosures must be sealed against the  
elements and, in most cases, cannot use a cooling fan due to  
reliability concerns. The design team is faced with the challenge 
of ensuring that device junction temperatures remain at safe 
levels — typically under 150 C — while also guarding against  
failure due to EM (the mass transport of a metal due to the 
momentum transfer between conducting electrons and diffus-
ing metal atoms). Over time, the mass transport in the lattice of  

interconnect material leads to connection failure and circuit  
malfunction. Applications in which high direct current densi-
ties are used, such as integrated circuits, are especially impacted 
by EM. As the size of ICs decreases, the practical impact of EM 
increases. Automotive ICs are particularly susceptible to EM 
because this phenomenon increases as a function of temper-
ature, and the hot under-hood environment combined with 
the increasing heat flux of modern electronics drives up chip 
temperatures.  

Traditionally, NXP engineers used design rules to check 
and correct EM problems. This approach assumes a uniform 
worst-case temperature across the chip, when actually tem-
peratures vary widely between hot spots and cooler areas. As 

AUTOMOTIVE
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NXP increased the speed and power of 
its devices, the company found it pro-
gressively difficult to meet EM specifi-
cations due to the large margin of error 
that the traditional approach produced. 
With ANSYS RedHawk, ANSYS Totem and 
ANSYS Sentinel-TI, NXP engineers can, 
for the first time, accurately determine 
the junction temperature of individual 
complementary metal oxide semicon-
ductor (CMOS) devices and calculate EM 
based on actual temperatures. The ability 
to make design decisions based on ther-
mal gradients enables NXP to increase 
product performance while ensuring reli-
ability and reducing time to market.

AUTOMOTIVE ELECTRONICS 
THERMAL CHALLENGES

An NXP automotive device, consist-
ing of a memory chip stacked on top of 
a system-on-chip (SoC) and connected 
via Cu pillar technology, is used for  
powertrain, safety, motor and battery 
control. This type of 3-D IC stacked 
device can reduce power consumption 
and improve communication speeds, 
but the complex thermal interaction 
between chips is impossible to analyze 
using conventional methods. For exam-
ple, the stacked component needs to be 
validated with high power on the bottom 
and low power on top when a logic oper-
ation is performed, and with low power 
on the bottom and high power on top dur-
ing memory read/write situations. Each 
device must also be validated with man-
ufacturing variation taken into account. 
The two possible conditions that need to 
be evaluated from a thermal standpoint 

are slow processing/low leakage and fast 
processing/high leakage.

In the past, thermal design was 
normally carried out using systems-
level thermal analysis, which pre-
dicts complete system temperature 
based on sources of heat and thermal 
transfer to the environment. But this 
approach is limited because it does 
not take the detailed design of the chip 
into account. In a major simplification, 
power is usually considered to be dis-
sipated uniformly across the chip, and 
the simulation predicts a uniform tem-
perature for the entire chip. This tem-
perature is then used as the estimated 
junction temperature for every CMOS 
device on the chip. The uniform temper-
ature is also used in the electronic com-
puter aided design (ECAD) system as the 
basis for design rule checks (DRCs) for 
EM signoff. The inherent assumption of 
uniform temperature in this approach 

leads to unreliable results. Previously, 
this limitation was addressed by using 
a large margin of safety to account for 
temperature gradients. But today, the 
increase in heat caused by putting more 
CMOS devices in a smaller volume makes 
it difficult or impossible to meet thermal 
signoff requirements using traditional 
methods.

CALCULATING TEMPERATURE 
PROFILE THROUGHOUT  
THE CHIP

NXP addresses this challenge using 
the ANSYS semiconductor thermal tool-
set to model chip details and determine 
the power density and thermal gradients 
at any point. Modeling every wire and 
device in detail would be too compute-
intensive, so chip design is simplified 
by dividing each layer into rectangular 
elements. Each element contains infor-
mation about the power and metal layer 

�Typical NXP automotive component consists of a memory 
chip stacked on top of a system-on-chip (SoC).

The design team is faced with the challenge of ensuring that 
junction temperatures of devices will remain at safe levels while 
also guarding against failure due to EM.

AUTOMOTIVE

Layer Thickness in  .mh

LAYER 10 METAL1 0.530000 VIA12  0.729000 
METAL2 0.530000 VIA23 0.729000 METAL3 
0.530000 VIA34 0.729000 METAL4 0.530000 
VIA45 1.106750 METAL5 0.990000 TOP_LAYER 
0.177500  

�Each layer of chip is divided into elements with dimensions in microns to create a chip thermal model (CTM). The chip 
thermal model contains a multi-layer structure of thin layers on top of a silicon chip and the temperature profile with model 
resolution in microns.

Chip Thermal 
Model
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density based on the detailed design, 
as well as the thermal conductivity 
between layers. This information is used 
by ANSYS RedHawk (for SoCs) and by 
ANSYS Totem (for custom digital devices 
such as memory dies, as well as analog 
and mixed-signal ICs) to calculate the 
temperature profile across the chip. This 
becomes the base temperature profile of 
the chip. The temperature gradients on 
the chip are dominated by the power dis-
tribution of the chip’s CMOS devices. 

Wire temperatures on a chip are fur-
ther increased by Joule heating and ver-
tical thermal coupling from devices to 
wires. In the past, Joule heating was not 
a major concern, but today, with wires 
placed closer to each other than ever 
before and buried in low-thermal-con-
ductive dielectric materials, Joule heat-
ing of wires can no longer be ignored; 
therefore, a Joule heat model of each 
wire is created using the root-mean-
square (RMS) current on a signal wire, or 
the average current on a power or ground 
wire, along with thermal coupling. The 
temperature change of each wire is cal-
culated directly based on the power, 
size, aspect ratio, elevation, thermal 
conductivity and thickness of dielectric  

�CTM is used to provide tile-based temperature-dependent power density and per-layer metal density maps.�Temperature and EM maps

M2 Temperature Map

Signal EM (M2) Map

�Joule heat is calculated for each wire and its neighbors.
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material using a simple linear superposition principle, so min-
imal computational effort is involved. The localized thermal 
effects of Joule heating on current density and temperature are 
added back to the thermal analysis based on the chip thermal 
model (CTM).

Dynamic power, which relates to the operation of devices on 
a chip, was dominant in traditional designs. However, the pro-
portion of static power, driven by leakage current, is catching 
up in new chip designs. Static power scales with temperature, 
so this phenomenon is particularly important in under-hood 
automotive designs. The power map for distributed tempera-
ture on the chip is used to calculate static power. The static 
power generates additional self-heating, and the CTM and EM 
analyses are updated to take this into account. 

ANALYZING THE CHIP-PACKAGE-SYSTEM
The CTM model for each chip along with 3-D IC and package 

details is passed to ANSYS Sentinel-TI, which performs a CTM-
based thermal analysis to generate converged temperature 
and power maps of the complete system. The system thermal 
boundary conditions are fed back to RedHawk and Totem for 
use in re-running the CTM-based thermal analysis to take the 
effects of the other chip and the package into account. The con-
verged power map produced by Sentinel-TI can also be passed 
to ANSYS Icepak, which can perform a complete system analy-
sis and simulation of the complex airflows around the package. 

Rather than relying on a single temperature value repre-
senting a whole chip, NXP engineers can now view plots that 
show the temperature at any point in the chip so they can eas-
ily identify individual devices with excessive junction tem-
peratures. They can also perform thermal-aware EM checks 
based on the actual temperature experienced by each wire on 
the chip. Based on this information, engineers can make cor-
rections into the design early in the process to eliminate trou-
blesome hot spots. They can also address different operating 
and process conditions, which were not considered in the past, 
simply by re-running the model based on the relevant condi-
tions. The result is that NXP engineers can improve the per-
formance and reliability of critical automotive semiconductors 
while reducing time to market.  

NXP addresses this challenge using the ANSYS semiconductor 
thermal toolset to model the detail of the chip and determine the 
power density and thermal gradients at any point. 

The ability to make design decisions based on thermal gradients 
enables NXP to ensure reliability and reduce time to market. 

Wire Temperature Map Wire EM Map

�Actual wire temperatures are used to calculate thermal-aware electromigration (EM).

�ANSYS Sentinel-TI analyzes the complete thermal flow path of the ICs, package and 
system. 3-D IC and package details are crucial in accurate on-chip thermal analysis.

Junction Board

Top or Case-Top

AUTOMOTIVE

Heat flow in 3-D IC/package/board (conduction)
Heat dissipation from exterior surface (convection and radiation)
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By Roy Davis, Senior Manager, Ann Arbor, USA
Klaus Neumaier, R&D Engineer, Fairchild Semiconductor, Munich, Germany

Using a reduced-order method, engineers at Fairchild Semiconductor have been able to decrease 
development time for electronic components for electric and hybrid electric vehicles. By employing 
ANSYS Icepak for thermal management and ANSYS Simplorer for multi-domain systems design, the 
engineers performed dynamic thermal analysis under realistic power loss conditions approximately 
2,000 times faster than a full 3-D thermal analysis.

I
n electric vehicles (EVs) and hybrid electric vehicles (HEVs), 
many of the systems we take for granted in internal com-
bustion automobiles must be implemented differently. In 

addition to the main powertrain motor–generator sets, some 
accessory systems are also electrified. For example, because 
the engines in these vehicles do not run continuously, electri-
cally driven air-conditioning (AC) compressors and transmis-
sion oil pumps may be used instead of usual engine accessory 
belt-driven systems. All of these electric drives require fast,  
efficient and reliable power electronic converters.

Fairchild Semiconductor, a pioneer in the semiconductor 
industry, produces a wide range of power components suitable 
for these power electronic converters, as well as a complete 
portfolio of low- to high-power solutions for the mobile,  

industrial, cloud, automotive, lighting and computing indus-
tries. A typical Fairchild inverter consists of an array of six insu-
lated gate bipolar transistors (IGBTs), each of which is paired 
with an anti-parallel diode, to convert DC voltage provided by 
the vehicle’s battery pack into three-phase AC voltage required 
to drive the AC motors. Two IGBTs and two diodes form each 
“half-bridge” powering one phase of the motor. A single IGBT 
and diode pair form one bi-directional switch and, in combina-
tion with the other switches in the inverter, operate according 
to a pulse-width modulation scheme to generate the AC wave-
forms necessary to control the motor.  Switching the IGBTs on 
and off at 5 to 20 kHz results in pulsed DC voltages that average 
out to yield a sine wave on each phase, with the three sine waves 
being 120 degrees out of phase with each other. The three-phase  

HOT FLASH

ELECTRONICS
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sinusoidal drive produces a rotating elec-
tric field in the electric motor, precisely 
controlled in a closed-loop feedback sys-
tem to generate the necessary torque to 
drive the load.

EV or HEV power train inverters are 
rated in the 50 kW to 100 kW range, and 
AC compressors are in the 6 kW range, 
so the power dissipated in these devices 
is high, and thermal considerations are 
critical to their design. The traditional 
approach is to simulate the circuit to 
determine power dissipation under spec-
ified operating conditions. These power 
losses are then used as inputs to a 3-D 
thermal simulation that predicts junction 
temperatures on the IGBTs and diodes. 
This approach usually requires about 8 
hours to simulate tenths of seconds of 
operating time needed to thermally char-
acterize a design iteration under a given 
set of operating conditions. In addition, a 
considerable amount of engineering time 
is tied up running separate electrical 
and thermal simulations and manually  

passing data back and forth. Fairchild 
engineers have improved the inverter 
design process by using ANSYS Icepak 
to develop a systems-level linear time-
invariant (LTI) reduced-order model 
(ROM) that runs in the ANSYS Simplorer 
system simulation environment to pre-
dict thermal performance in minutes 
rather than hours or days. 

VALIDATING THE ROM METHOD
Fairchild engineers created an Icepak 

model of the three-phase inverter, 
including its package and enclosure. 
They ran a few simple simulations to 
validate the model’s accuracy, and per-
formed a steady-state simulation. Then 
they performed a series of step response 
analyses in Icepak for a set of input and 
output quantities to build a compact 
model. For the inverter, the power dis-
sipation of the six IGBTs and six diodes, 
as well as the heat sink temperature, is  
typically used as input, while the junc-
tion temperatures provide the set of 

output quantities. Based on the fully 
described thermal system, the team then 
used Icepak to generate a linear time-
invariant reduced-order model (LTI ROM) 
that can be used in Simplorer to simu-
late specified electrical and thermal con-
ditions in a fraction of the time required 
for a full 3-D thermal simulation. 

Fairchild engineers evaluated their 
initial ROM against a full 3-D thermal 

�The inverter converts direct current to three-phase alternating current by generating pulses that combine to yield a sine wave.

In electric vehicles (EVs) and hybrid electric vehicles (HEVs), 
many of the systems we take for granted in internal combustion 
automobiles must be implemented differently.

+DC

-DC

M
Battery

�3-D thermal analysis accurately determines thermal 
status at a high computational cost.

ELECTRONICS
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analysis to test its accuracy. The tem-
peratures of all components as pre-
dicted under a step-load test by the 
ROM were a near perfect match (below  

1 percent error) with the predictions 
made by the full 3-D thermal analysis. 
The solver time for this full 3-D simula-
tion was about two hours, while the ROM 

took about one minute to run. Then, a 
variety of pulse load tests were employed 
to compare the results of the ROM against 
3-D thermal analyses. Again, the ROM
results matched the 3-D analysis very
closely (below 2 percent error level). In
this case, the 3-D model took eight hours
to solve for 150 milliseconds of operat-
ing time, while the ROM took four hours
to solve a much longer 150-second time
period. In this case, the ROM provided a
2,000-to-1 speedup, taking half the time
to produce 1,000 times more informa-
tion. Fairchild engineers did not feel the
need to validate the results with physical 
testing because they have validated 3-D
thermal analysis against physical testing 
many times and found a very close corre-
lation every time.

FIRST USE ON ACTUAL PRODUCT
The Fairchild team used the ROM 

method to develop a three-phase inverter 
for an air-conditioning compressor for 
an EV. Engineers used Icepak to create 
a ROM of the components, package and 
enclosure. They imported the model into 
Simplorer and computed the demands on 
the inverter with the compressor motor 
spinning at 5,000 rpm when the air-
conditioner is turned on. The ROM com-
puted the junction temperatures of each 
device. Once the ROM was developed, the 
Simplorer environment enabled integra-
tion of device models, load models, pack-
age model and control systems elements 

Fairchild engineers 
have improved the 
inverter design 
process by using a 
reduced-order model 
to predict thermal 
performance in a 
minute or two. 

�A reduced-order model created by varying load on components and ambient temperature in 13 separate 3-D thermal 
analysis runs

6 IGBT, 6 Diode, Tref

13 Analyses   26h

ROM (Ideal HS) Versus 3-D Step Response Test

SYSTEM-LEVEL SIMULATION USING 
ANSYS ICEPAK AND ANSYS SIMPLORER
— WEBINAR

ansys.com/system101

�A reduced-order model provides a near perfect match to 3-D thermal analysis results.
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to generate systems-level performance 
projections and design optimization. The 
engineer can also change circuit param-
eters to run under different operating 
conditions. 

In this project, the ROM enabled 
Fairchild engineers to react to changes 
in design specifications and evaluate 
design alternatives in much less time 
than was possible in the past. For exam-
ple, originally the customer said the 
heat sink would run at 85 C, but phys-
ical tests showed that it would actually 
run at 105 C. Engineers simply changed 
one parameter in Simplorer, and in a 
few minutes the ROM produced updated 
results. Motor operating conditions (such 

as switching frequency) also changed 
several times during the design process; 
Fairchild engineers were able to quickly 
evaluate the impact of each change.

Fairchild engineers expect substan-
tial time savings in developing robust, 
reliable inverters. Key engineering team 
members involved in the project are 
already experiencing significant work-
load reductions. They fully expect that 
completely integrating ROM-based anal-
ysis methods with ANSYS tools into the 
development process will reduce engi-
neering expenses, encourage innovation, 
and enable the company to take on more 
product development projects. 

The ROM took half the time compared with 
the previous method to produce 1,000 times 
more information.

Integrating ROM-based analysis methods 
with ANSYS tools into the development 
process will reduce engineering expenses, 
encourage innovation, and enable 
the company to take on more product 
development projects. 

�ANSYS Simplorer determines power losses and uses ROM to compute junction temperature.

Phase V Transient Power Losses Diode and IGBT Junction Temperature

ELECTRONICS

Diodes IGBTs

Upper
Diode

Lower 
Diode

Lower 
IGBT

Upper
IGBT
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ROBUST ELECTRONIC 
SYSTEMS

MORE MUSIC, 
LESS NOISE

By Jacob Bakker, Consultant Physical Verification, NXP Semiconductors N.V., Eindhoven, The Netherlands

As automotive infotainment units 
become more complex, designers turn 
to simulation at the chip level to ensure 
reliable, noise-free performance.

D igital radios are becoming increasingly common 
accessories in automobiles, but their design poses 
a major challenge: The integrated circuit (IC) con-

tains both analog and digital components that need to work 
together without disturbing each other. The power supply,  
external interfaces (USB, HDMI, VGA, etc.), radio signal 
receiver and sensor actuator are analog devices, while the 
data processing and memory storage units are digital. If they 
could be widely separated — for example, on two different 
ICs on one printed circuit board — then noise would not be a 
problem. But as designers continually compress components 

The integrated circuit board 
contains both analog and 
digital components that need 
to work together without 
disturbing each other.
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into smaller and smaller footprints to 
save space and cost, analog and digi-
tal signals are pushed closer together, 
increasing the chances of audible noise 
and sound disturbances coming from 
the radio.

NXP Semiconductors N.V. in 
Eindhoven, The Netherlands, is the 
world’s market leader in digital radio 
ICs for automobiles. As a global supplier, 
its products must be capable of decod-
ing signals from all three major digi-
tal terrestrial radio standards that are 
popular in different parts of the world. 
Continuing a tradition of innovating com-
plex electronics, the company recently 
produced a novel series of digital radio 
chips, dubbed SAF360x — integrating 

all three radios and up to six ICs into a  
single IC with a footprint that is 75 per-
cent smaller and much more cost effec-
tive than its predecessor — using ANSYS 
Q3D Extractor and ANSYS RedHawk elec-
tronics simulation software to minimize 
analog–digital interference. 

DIGITAL AGGRESSORS AND 
ANALOG VICTIMS

When radio frequency (RF) analog 
and digital baseband circuitry are com-
bined on a single IC, the switching (from 
digital zero to one and vice versa) of the 
digital circuitry creates noise. Each 
switching event corresponds to a volt-
age swing between ground and the oper-
ating power-supply level. If too many 

transistor gates switch at once, volt-
age on the power supply grid drops and 
ground bounce occurs, which can prop-
agate from the digital side to the analog 
through the common substrate of the 
IC, interfering with analog devices and 
reducing performance.  In the case of 
the SAF360x, the radio’s sound quality 
could be impacted. The digital circuitry 
is referred to as the “aggressor” and the 
RF analog circuitry as the “victim.” In 
digital radio ICs, the digital components 
are usually responsible for about 90 per-
cent of the noise, caused by millions of 
switching transistors. When the same IC 
has multiple RF circuitry integrated, the 
noise coupling problem is huge. Both 
the frequency of digital switching and 
the proximity of the digital to the ana-
log components are major design crite-
ria in these circuits. 

The noise signals must propagate 
through some medium connecting the 
analog and digital sections of the IC to 
produce interference. Often the silicon 
substrate is the major contributor to the 
propagation path. The noise within the 
IC travels through the resistive intercon-
nects, capacitive coupling between the 
transistor junctions, or through the sub-
strate. At the package level, the induc-
tive coupling from I/O bonding wires 
serves as a medium. 

SILENCERS 
Two approaches are used to mini-

mize interference in these digital–ana-
log ICs: passive isolation structures that 
act as shields to prevent noise trans-
mission, and optimal design of both 
analog and digital circuits to mini-
mize noise concerns from the start. 
Passive isolation structures like guard 
rings provide a low-resistance connec-
tion to the substrate, ensuring that the  

CHIP-PACKAGE METHODOLOGIES 
FOR AUTOMOTIVE AND EMBEDDED 
APPLICATIONS

ansys.com/92music

ANSYS RedHawk selects the worst power cycle automatically, so it is 
easy for engineers to see if their design meets specifications even in 
the worst-case scenario.

�Aggressor–victim model of noise propagation in digital–analog IC chips

�IC block floorplan used for simulation by NXP engineers

ROBUST ELECTRONIC 
SYSTEMS

http://www.ansys.com/92music
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substrate is grounded at the location of 
the guard ring, thus making both ana-
log and digital circuits less susceptible 
to noise; often multiple, parallel guard 
rings are needed. Deep N-well shields 
are another means of passive isolation, 
in which n-type (negatively charged) 

wells of material are implanted deep 
in the p-type (positively charged) sub-
strate to minimize propagation of noise 
through the substrate. Optimal design 
involves practices that ensure that radio 
frequency and analog components are 
noise tolerant to begin with — perhaps 

through use of differential signals — and 
that digital circuits generate a minimum 
amount of noise when switching.

Once both of these approaches have 
been implemented (passive isolation and 
noise tolerance/noise minimization) to the 
best of the designer’s ability, the team tests 
the resulting noise profiles for each design 
using simulation. The engineers at NXP 
used an IC block floorplan consisting of 
two radio-frequency/analog tuners, a dig-
ital processing block, an analog-to-digital 
converter (ADC) and digital-to-analog con-
verter (DAC) block, a processor unit block, 
and a package model for the simulation. 

SIMULATING NOISE GENERATION 
AND PROPAGATION

Because the inductance (L) of the 
semiconductor package is important —  

Using ANSYS RedHawk and ANSYS Q3D 
Extractor, NXP engineers designed a new 
IC chip for a digital automobile radio with 
a 75 percent footprint reduction, lower 
costs and superior sound quality.

�Extraction and analysis workflow for simulation

�In use case 1 (left), the digital switches were allowed to happen naturally, causing most switches to occur around
9,000 picoseconds; in use case 2 (right), engineers programmed the digital processing unit to spread switching out 
over a wider interval of time, resulting in lower, more-uniform current spikes. (Note the different current scales on 
the y axes.) 

�RedHawk automatically selects the worst power cycle 
(indicated in red).

http://www.ansys.com/Products/Semiconductors/ANSYS-RedHawk
http://www.ansys.com/Products/Electronics/ANSYS-Q3D-Extractor
http://www.ansys.com/Products/Electronics/ANSYS-Q3D-Extractor
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the L di/dt effect is dominated by pack-
age inductance — NXP engineers used 
ANSYS Q3D Extractor to extract the 
package model for the analysis. They 
used CSE, the substrate analysis ker-
nel for the solver engine, that is an 
add-on to ANSYS Totem. Inputs for 
the simulation included the tech file, 
which contains images of the metal 
layers, dielectric constants and other 
physical properties of the design; 
netlist, which describes how the IC 
components are assembled; GDSII 
layout, which contains the geome-
tries; and substrate tech file, which 
contains the foundry-supplied sub-
strate physical properties. Another 
input type was the digital block mod-
els contained in the RedHawk power 
library; for each digital cell, this model  

contains the current waveforms when 
the cell is switching as well as the 
effective series capacitance and resis-
tance when the cell is not switching. 
Engineers then input the digital vec-
tor data in the voltage change dump 
(VCD) file to describe the switching of 
the actual cells being analyzed. 

For each use case, 200,000 digi-
tal cells were included in the model. In 
the initialization step, all inputs were 
processed and formatted for RedHawk. 
Next, the power and ground (PG) net-
work and substrate extraction were done 
to account for all propagation paths in 
the system. Finally, RedHawk performed 
the noise coupling analysis. 

The simulation portion of this analy-
sis took less than 60,000 MB and a maxi-
mum time of approximately 175 minutes.

TAKING THE NOISE OUT
Noise maps and waveforms are 

the primary results of the simulation. 
ANSYS RedHawk Explorer displays the 
power profiles, showing average power 
over time, for all cycles of the simula-
tion. RedHawk automatically selects the 
worst power cycle in the VCD file, so it is 
easy for engineers to see if their design 
meets specifications even in the worst-
case scenario. 

Simulation results helped to identify 
voltage drop scenarios in the system.  
Graphs of demand current and bat-
tery current over time reveal the spikes 
in current for two different use cases. 
Measuring the noise generated naturally 
by the IC and when the gate switching 
is preprogrammed to occur over a wider 
time interval gives engineers valuable 
optimization data. 

The current spikes correspond well 
with the times when the most digital 
gate switches occurred. Spreading the 
gate switches out in time reduces the 
noise propagation level in the combined 
digital–analog IC chip.   

The programming of digital cir-
cuitry also affects which gates switch 
by location on the IC. This can help to 
reduce the noise levels since the dis-
tance between the digital switching 
gate “aggressor” and the analog “vic-
tim” might change. This effect, how-
ever, is less prominent compared to the 
timing changes.

So what can be done to minimize 
noise propagation in a digital radio IC 
chip? Because engineers have a pro-
grammable digital block, they can con-
trol the number of cells that switch at a 
given time. By minimizing simultane-
ously switching circuits, they can reduce 
the current spike and, hence, the voltage 
drop in the system that leads to noise 
propagation from the digital side to the 
analog side of the IC. 

Using ANSYS RedHawk and ANSYS 
Q3D Extractor, NXP engineers designed 
a new IC chip for a digital automobile 
radio with a 75 percent footprint reduc-
tion, lower costs and superior sound 
quality. But they are not stopping there. 
The team is already designing its next 
product, and with ever-shorter design 
times, it could be on the market in short 
order, helping NXP retain its position as 
global leader in ICs for digital automo-
bile radio applications. 

ROBUST ELECTRONIC 
SYSTEMS

�Programming the locations of switching cells (yellow) for two use cases can affect noise propagation to a
small degree.

Use case 2Use case 1

�Use case 1 (red plot) shows natural switching of the cells, with most of them occurring at about 9,000 picoseconds, 
causing a large current spike. In use case 2 (blue), cells that were preprogrammed to switch over a longer time interval 
result in a smaller current spike due to fewer cells switching simultaneously at about 22,000 picoseconds. 

http://www.ansys.com/Products/Electronics/ANSYS-Q3D-Extractor
http://www.ansys.com/Products/Semiconductors/ANSYS-Totem
http://www.ansys.com/Products/Semiconductors/ANSYS-RedHawk
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http://www.ansys.com/Products/Electronics/ANSYS-Q3D-Extractor
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ELECTRONICS

I nterest in body-worn wireless 
devices has grown in recent 
years because of actual and 
potential applications in health-
care, sports, law enforcement, 
entertainment and other areas. 

For example, the U.S. Department of 
Defense is working on a wireless device 
to be worn by soldiers that will allow 
medics to measure vital signs and col-
lect other medical information from the 
troops. Body-worn wireless devices have 
been developed to measure and record 
an athlete’s performance, such as run-
ning speed and the number of strides.

Regardless of the application, using a 
wireless device in close proximity to the 
human body creates a number of major 
design challenges. The radiated power of 
the device must be kept below levels that 
can create a health hazard. The device’s 
power consumption, size, aspect ratio and 

weight must be minimized to make it suit-
able for wearing. Yet the device must be 
designed to deliver a signal of sufficient 
power to the right location, with good 
reception by the target device — despite 
the fact that the human body may absorb 
a significant portion of the signal. 

MODELING THE SYSTEM
Synapse Product Development solves 
such difficult engineering challenges 
from concept through manufacturing 
for leading consumer electronics and life-
sciences companies. One of the compa-
ny’s specialties is developing body-worn 
wireless devices for a wide range of appli-
cations. The design of the antenna is 
often a major challenge in these devices 
because the body absorbs so much energy. 
Synapse uses the ANSYS HFSS 3-D full-
wave electromagnetic (EM) simula-
tor and the ANSYS human body model 

WEARING A WIRE
Simulation helps to optimize body-worn wireless devices for an emerging 
class of applications.

By Bert Buxton, Senior Electrical Engineer 
Synapse Product Development, Seattle, U.S.A.

ANSYS HFSS simulation output shows power absorbed by foot and ground.

Synapse uses ANSYS 
HFSS and the ANSYS 
human body model to 
evaluate performance 
of various antenna 
designs by modeling 
the complete system, 
including the 
wireless device and 
antenna and their 
interactions with 
the human body.

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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to evaluate the performance of various 
antenna designs by modeling the com-
plete system, including the wireless 
device and antenna and their interac-
tions with the human body. The ability to 
evaluate designs without building phys-
ical prototypes typically helps Synapse 
engineers to increase the performance of 
the antenna by a factor of five compared 
to the original design concept.

Antenna design focuses on transfer-
ring power from transmitter to receiver. 
A dipole antenna is a well-established 
reference for performance and has the 
perfect geometry to optimize the power 
transfer of the antenna. For a 2.45 GHz 
antenna built with an FR4 printed cir-
cuit board, the wavelength is 60 mm, so 
the total length of the dipole should be 
30 mm. This is too long for most body-
worn wireless devices. So instead, elec-
trical engineers design a smaller antenna 
with properties as similar to a dipole as 
possible. For example, they attempt to 
match the antenna’s radiation resistance 
to the optimal load impedance of the 
transceiver. Radiation resistance is that 
part of an antenna’s feedpoint resistance 
that is caused by the radiation of electro-
magnetic waves from the antenna.

The complexity of the antenna geom-
etry required for body-worn wireless 
devices makes it very difficult to create an 
acceptable design in a reasonable amount 
of time using the traditional build-and-
test design process. Facing this and many 
other difficult design challenges, Synapse 
engineers evaluated a number of differ-
ent simulation products. ANSYS provides 
a solution for nearly all of their design 
challenges, including circuit, electro-
magnetic, mechanical and thermal simu-
lation. ANSYS software enables automatic 
data transfer to simultaneously optimize 
the product over multiple disciplines 
and domains. Synapse’s management 
staff concluded that purchasing all of 
its simulation tools from a single ven-
dor would deliver great benefit, such as 
a single-support contact for questions  
and training.

THE DESIGN PROCESS
The design process typically begins with 
the industrial designer providing a con-
cept that incorporates the electronics and 
antenna. Synapse electrical engineers 
then use ANSYS HFSS to optimize the 
wireless antenna design. The engineer 

© 2012 ANSYS, INC.

starts the modeling process by import-
ing the geometry of the initial design 
from a SAT file. The next step is defining 
the electrical properties of the materials, 
such as permittivity and dielectric loss 
tangent, permeability and magnetic loss 
tangent, bulk electrical conductivity, and 
magnetic saturation.

Optimizing the performance of the 
antenna requires close attention to the 
way in which the human body affects 
antenna performance — thus the need 
for a systems approach to analysis. The 
ANSYS software’s human body model 
enables users to set the dielectric constant 
for different parts of the body. Typically, 
Synapse engineers vary skin thickness 
from 0.4 mm to 2.6 mm and assign it a 
dielectric constant of 38. The thickness 
of the fat layer is chosen to account for 
all impedance-matched effects, typically 
half of the wavelength, with a dielectric 
constant of 5.3. The muscle serves as a 
termination to the model with a thick-
ness of approximately 20 mm and a 
dielectric constant of 53.

HFSS automatically specifies the field 
behavior on object interfaces and defines 
a geometrically conforming tetrahedral 
mesh. Adaptive meshing refines the 
mesh automatically in regions in which 
field accuracy needs to be improved. The 
software computes the full electromag-
netic field pattern inside the solution 
domain. The next step is computing the 

Smith chart helps engineers to match impedance of antenna and transmitter.

generalized S-matrix from fields calcu-
lated in the solution volume. The result-
ing S-matrix allows the magnitude of 
transmitted and reflected signals to be 
computed directly from a given set of 
input signals, reducing the full 3-D electro-
magnetic behavior of a structure to a set 
of high-frequency circuit parameters.

The HFSS simulation shows the 
power absorbed by the body and the gain 
of the antenna in the form of a color map 
incorporating both the body and sur-
rounding airspace. In the typical case, 
simulation results show that the areas 
of the body closer to the antenna absorb 
more power. In the case of a device worn 
in a shoe, for example, the results will 
identify the amount of power absorbed 
by the ground as well, which sometimes 
turns out to be even larger than the 
energy absorbed by the foot. Based on 
these results, electrical engineers pro-
vide feedback to the industrial design-
ers and system engineers, including 
information about the geometry of the 
antenna as well as how close and where 
on the body it can be positioned.

INCREASING RANGE 
WHILE SAVING TIME
The antenna performance information 
provided by simulation plays an impor-
tant role in the system design of a body-
worn wireless product. The antenna gain 
results are critical in link analysis, which 

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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Power absorption of a product worn specifically on the wrist 

3-D gain of product worn on the wrist

Guided by 
simulation, 
electrical 
engineers 
typically can 
increase the 
range of the 
product by a 
factor of five 
while saving 
an estimated 
three months 
of development 
time.

determines the range and throughput. 
The antenna gain also helps to determine 
how much transmit power is required, 
which, in turn, impacts battery life. In 
the typical case in which more than one 
device is worn on the body, the antennas 
of all devices are optimized simultane-
ously to align the gain between them and 
to minimize battery power consumption.

In addition, simulation is used to 
make the antenna smaller to meet indus-
trial design and mechanical design objec-
tives while achieving the required level of 
performance. As the size of the antenna 
is reduced, it works over a narrower band-
width of frequencies. Simulation predicts 
not only in-band performance but also 
out-of-band performance, and it helps to 
avoid radiating at frequencies that would 
interfere with other devices. Guided by 
simulation, electrical engineers typically 
can increase the range of the product 
by a factor of five, relative to the initial 
concept, while saving an estimated three 
months out of a traditional 12-month 
development cycle. 

ELECTRONICS



ANSYS ADVANTAGE  Best of High-Tech    2016                            18

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.

http://www.ansys.com/
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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
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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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T  oday, we usually think of smart watches and fitness 
devices as the premier wearable electronics, but hear-
ing aids are wearable electronic devices that have long 

improved quality of life for millions (if not billions) worldwide. 
The hearing aid market has rapidly evolved recently with the 
introduction of wireless hearing aids that incorporate settings 
that can be changed while being worn; the aids also can com-
municate with electronic devices such as smartphones. Design 
of these products is complex because the antenna and other 
wireless components must be integrated inside a tiny package. 
Conforming the antenna to fit these constraints can degrade 
antenna performance and creates the potential for near-field 
coupling effects with other electronic components. Starkey 

Hearing Technologies RF engineers overcame these challenges 
by using an ANSYS HFSS simulation tool to optimize antenna 
design while considering the effects of other components and 
the wearer’s body. The result is substantial improvement in 
hearing aid performance combined with reductions in product 
development time and expenses.

DESIGN CHALLENGES
With the advent of Starkey Hearing Technologies’ 900 MHz 

wireless hearing aid technology, hearing aid wearers have 
new options to wirelessly connect with multimedia devices 
and easily change hearing aid settings. Accessories connect-
ing hearing aids to electronic devices such as televisions and 

I HEAR 
YOU

By Casey Murray, Senior Radio Frequency Design Engineer, Starkey Hearing Technologies, Eden Prairie, U.S.A.

Simulation improves hearing aid performance 
while saving time and money by quickly 

iterating through design alternatives.

HEARING AIDS

Manufacturers are adding wireless technology while hearing aids are 
becoming smaller than ever. This creates major design challenges.

�Starkey Hearing Technologies’ Halo™, a made-for-iPhone® hearing aid

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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smartphones are a few examples. These 
hearing aid products also utilize wireless 
accessories that enable users or medical 
professionals to make adjustments to the 
hearing aid without having to remove it 
from the ear. Beyond accessory commu-
nication capabilities, 900 MHz signals 
are used for communication between the 
hearing aids (ear-to-ear communication). 
This technology allows user controls on 
the left and right hearing aids to be con-
figured for different operations (e.g., left 
is for volume, right is for memory) since 
the hearing aids will remain synced via 
ear-to-ear commands. 

In addition to Starkey Hearing 
Technologies’ 900 MHz products, Halo™, a 
made-for-iPhone® 2.4 GHz wireless prod-
uct, was recently introduced to the mar-
ket. Halo communicates directly with an 
iPhone using Bluetooth® wireless technol-
ogy, so users can stream telephone calls 
and music to their hearing aids and con-
trol their experiences through an app on 
their phones. 

Manufacturers are adding wireless 
technology and other features while hear-
ing aids are becoming smaller than ever. 
This creates major design challenges. 
The hearing aid consists of many compo-
nents, including microphones, a flexible 
printed circuit board, a battery, a receiver, 
an antenna and, in many cases, a telecoil. 
The flexible printed circuit board incorpo-
rates more than 60 different components 
and integrated circuits. The RF designer 
must manage all these components in a 
constrained space where the potential for 
the performance of the antenna to degrade 
is very high. Traditionally, antennas were 
designed based on textbooks and litera-
ture, but that approach addresses only 
very simple geometries and does not con-
sider potential interactions generated by 
other components in the hearing aid and 
the wearer’s body. The toughest challenge 
involves hearing aids that are designed to 
fit inside the ear because of their excep-
tionally small size. The outer package for 
these products is custom-designed to fit 

the wearer’s ear. This means that the elec-
tronics must be small enough to fit into 
the smallest ear size that the hearing aid 
is designed to accommodate.

SIMULATION PROCESS
Starkey Hearing Technologies RF 

designers address these design challenges 
by using ANSYS HFSS to simulate a wide 
range of design alternatives that take 
into account the actual geometry of the 
antenna, components within the hearing 
aid, and the user’s body. Engineers must 
generate concept designs for the antenna 
to fit within the packaging constraints. 
The greatest modeling obstacle is mesh-
ing large features, such as the human 
head, in conjunction with small features, 
such as hearing aid circuitry. Starkey 
Hearing Technologies engineers worked 
closely with ANSYS application engineers 
to develop a process that creates consis-
tently meshable models. The Starkey 
Hearing Technologies team has also devel-
oped scripts for pre-processing, running 
simulations and post-processing that 
ensure simulation results are comparable 
across different designers and projects.

The simulation sequence normally 
begins with modeling the antenna alone 
as a subsystem, and then modeling the 
antenna with other hearing aid compo-
nents. Finally, the antenna and hearing 
aid are simulated in place on the wear-
er’s head as a full system to understand 
how the absorption of power by the wear-
er’s body affects antenna performance. 
Engineers evaluate the ability of proposed 
designs to meet performance require-
ments despite variations in the wearer’s 
head size, ear shape and position in which 
the hearing aid is worn. Simulation lets 
engineers explore the design’s sensitiv-
ity to parameters such as antenna topol-
ogy, the line width of the copper that 
makes up the antenna, and antenna exci-
tation locations. Engineers can easily add 
and remove components of the hearing 
aid from the model to understand their 
impact on antenna performance.

STARKEY HEARING TECHNOLOGIES 
AND ANSYS

ansys.com/91hear

�For hearing aids worn in the ear, all the components 
must fit within a package that accommodates the smallest 
ear size.

�Starkey Hearing Technologies’ SurfLink® Mobile 
accessory device communicates with a hearing aid.

�Hearing aid components

Starkey Hearing Technologies increased  
the use of HPC licenses to reduce simulation 
time by over 90 percent.

http://www.ansys.com/91hear
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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HEARING AIDS

ITERATING TO AN  
OPTIMIZED DESIGN

The antenna design process typi-
cally starts with developing a link bud-
get from which hearing aid performance 
requirements are derived. These are 
defined by two key metrics: total radi-
ated power (TRP) (for hearing-aid-to-

accessory communication) and receive 
sensitivity (for accessory-to-hearing-aid 
communication). With an understanding 
of the radio performance connected to the 
antenna, requirements are derived from 
these two metrics. Engineers use HFSS to 
calculate the radiation efficiency of the 
antenna, which is added to the power 

sent into the antenna to yield the TRP. 
There are other key antenna parameters 
that the designer needs to consider to 
understand antenna radiation properties. 
One example is effective isotropic radi-
ated power (EIRP), which is the amount 
of power radiated at a single angle. This 
quantity is usually quoted in the direc-
tion of maximum antenna gain. The 
designer can obtain the hearing aid’s pre-
dicted EIRP by using peak realized gain 
from HFSS and adding the power incident 
at the antenna. HFSS enables the designer 
to make comparisons between different 
antenna designs regardless of type, size 
or form based on these key metrics.

Simulation is also used to diagnose 
the performance of a proposed design and 
gain insight into how it can be improved. 
For example:

• Impedance plots predict the imped-
ance of the antenna across a range 
of frequencies and are used to match 
the load impedance (antenna imped-
ance) to source impedance to achieve 
maximum power transfer. 

• Radiation patterns are used to tune 
the direction in which the antenna 
power is radiated to minimize power 
wasted by radiating into the body and 
maximize power directed toward the 
accessory or smartphone. 

• Current density plots show the 
potential for interaction between 
each of the hearing aid components
and the antenna. 

Simulation results are verified by
testing in an anechoic chamber (a room 

�Typical simulation sequence (from left to right): antenna only, antenna with some hearing aid components, antenna with some hearing aid components on head

�Impedance plot

�Radiation  patterns

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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with walls that completely absorb elec-
tromagnetic radiation), isolating the 
device under test from outside sources of 
energy. Measured results correlate well 
with simulation predictions, typically 
within 1 dB to 3 dB.

In the past, HFSS simulations were 
performed on high-performance comput-
ing (HPC) towers with 8 to 16 cores each 
taking about 11.5 hours to complete. 
Starkey Hearing Technologies recently 
transitioned to an HPC cluster that can 
be accessed easily by all the company’s 
designers and provides efficient use 

of ANSYS HPC licenses. The HPC clus-
ter hardware includes one virtual node 
for scheduling and three computational 
nodes, each with 48 cores and 192 GB of 
RAM. The HPC cluster uses 48 cores to 
reduce simulation time to less than one 
hour. This greater-than 90 percent reduc-
tion in simulation time enables Starkey 
Hearing Technologies designers to iter-
ate through more design variations in a 
project time frame, ultimately resulting 
in a more robust product for the end user. 

With the growing use of wireless 
technology in today’s hearing aids, elec-

tromagnetic performance is becoming 
more and more critical to hearing aid 
performance and reliability. Simulation 
makes it possible to consider the impact 
of various antenna designs and compo-
nent placement strategies in the early 
stages of the design process. Simulation 
also enables engineers to consider the 
effects of different head geometries and 
wearing positions on the performance 
of proposed designs prior to the proto-
typing phase. Simulation saves months 
of testing time and tens of thousands 
of dollars in resources for each design 
project by refining antenna options 
through virtual prototypes rather than 
physical prototypes. Using engineer-
ing simulation also reduces the risk 
of expensive mechanical tool itera-
tions. Starkey Hearing Technologies 
has plans to increase its deployment 
of simulation by using a wider range 
of head models and incorporating full-
body simulations. 

�Testing on a human in an anechoic chamber

Simulation saves months of testing time and 
tens of thousands of dollars in resources for 
each design project.

http://www.ansys.com/Products/Platform/ANSYS-High-Performance-Computing
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N eurostimulators that are placed under the patient’s 
skin deliver mild electrical signals to provide pain 
relief by blocking pain messages before they reach 

the brain. Unlike oral medications that circulate through the 
patient’s body, the neurostimulator targets the precise area 
where pain is experienced. Patients can try a neurostimula-
tor to see if it relieves their pain before committing to long-
term therapy; the device can be surgically removed later if 
the patient decides to pursue a different treatment. The bat-
teries of rechargeable neurostimulators are recharged by 

WEARABLE DEVICES

By Venkat Gaddam, Senior Electrical Engineer, Medtronic, Minneapolis, U.S.A.

Medtronic ensures the safety of recharging 
subcutaneous medical devices through simulation.

�Diagram of recharger and neurostimulator 

�Typical Medtronic 
neurostimulator
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low-frequency inductive energy trans-
fer using a recharger that is attached to 
the patient’s belt. The recharger emits 
a non-radiating magnetic field rang-
ing from 3 kHz to 300 kHz that pene-
trates human tissue and the implanted 
device’s sealed metal enclosure for com-
munication and recharging.

Depending upon the operating 
configuration, wireless power trans-
fer devices operating at frequencies 
above 9 kHz are subject to Part 15 and/
or Part 18 of Federal Communications 
Commission (FCC) rules. Medical device 
manufacturers routinely file Office of 
Engineering and Technology Laboratory 
Division Knowledge Database (KDB) 
inquiries with the FCC to obtain fur-
ther guidance for wireless power trans-
fer compliance evaluations.  As a result 
of one such inquiry, Medtronic ― the 
world’s largest medical technology com-
pany ― was asked to demonstrate radio 
frequency (RF) exposure compliance for 
a wireless power transmitter. 

The cost and time required to 
build a test rig capable of measuring 
specific absorption rate (SAR) ― the 
rate at which energy is absorbed by 
the human body when exposed to an 
RF electromagnetic field ― from the 
recharger is quite high. Medtronic was 
able to avoid these costs and delays 
in developing its neurostimulators 

by using ANSYS Maxwell electromag-
netic field simulation software to sim-
ulate the operation of the recharger 
and predict SAR in local body tissues. 
Simulation showed that SAR generated 
by the recharger was far below existing 
FCC limits; the FCC accepted the sim-
ulation results for certification of the 
neurostimulator recharger.

TRANSCUTANEOUS RECHARGE 
INDUCED SAR

The existing FCC RF exposure require-
ment prescribed by §2.1093(d)(2) requires 
a SAR exposure limit of 0.08 W/kg as aver-
aged over the whole body, and a spatial 

peak SAR not exceeding 1.6 W/kg as aver-
aged over any 1 gram of cube-shaped tis-
sue. SAR is the variable typically used to 
quantify the effects on tissue exposure 
to RF signals (defined as the time deriva-
tive of the incremental energy absorbed 
by an incremental mass contained in a 
volume of given density). Spatial peak 
SAR is determined by calculating the 
SAR values in the neighborhood of the 
electromagnetic source. The domain is 
then divided into cubes of a given size, 
and the average SAR value in each cube 
is evaluated. The peak spatial-averaged 
SAR is determined by the cube with the 
highest average SAR value.

Medtronic engineers were confident 
that their recharging system produced 
low levels of exposure but needed to 
measure these levels to obtain approval 
for a new product. There are a number 

MEDTRONIC AND ANSYS

ansys.com/91charged

�10-gram tissue model in ANSYS Maxwell with recharger coil

Medtronic was able to avoid costs and 
delays in developing its neurostimulators 
by using ANSYS Maxwell to simulate the 
operation of the recharger and predict SAR 
in local body tissues.

https://www.youtube.com/watch?v=6C_mAx0jaFs&feature=youtu.be
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
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WEARABLE DEVICES

of FCC-certified testing organizations 
that perform SAR measurements on a 
contract basis, but Medtronic engineers  
soon learned that these organizations 
were not set up to run tests at frequen-
cies as low as those used by the neuro-
stimulator recharger. 

ESTIMATING SAR WITH 
ANSYS MAXWELL

Medtronic engineers used ANSYS 
Maxwell to estimate the SAR values gener-
ated by the recharger coil, with the expec-
tation that the FCC would accept accurate, 
validated simulation results in lieu of 
physical testing. They selected Maxwell 
because the tool makes it easy to set up 
the model and mesh, and solution times 
are relatively short. Medtronic engineers 
employed human tissue models that are 
available with Maxwell, including muscle 
sectioned into 10-gram cubes and mus-
cle sectioned into 1-gram cubes. They 
also used a section tissue model con-
taining skin, fat, fascia and muscle lay-
ers. The engineers specified the strength 
and geometry of the magnetic field gen-
erated by the charger. Maxwell adaptively 

�Coil positioning in ANSYS human body model

Engineers were confident that the recharging system produced levels  
of exposure far below the limit specified in the regulation but needed 
to measure these levels to submit a new product.

�SAR values based on the simulation results

Muscle

Muscle

Muscle (swept cube)

Model Type

10

1

1

9.953

15.63

15.68

24.877

24.965

25.09

Mass for
averaging (g)

Peak spatial 
averaged SAR 
(mW/kg)

Peak local SAR
(no averaging)
(mW/kg)

http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
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generated an appropriate mesh for solv-
ing the problem and used the finite ele-
ment method to calculate the quasi-static 
electromagnetic field throughout the solu-
tion domain. 

Medtronic engineers worked with 
ANSYS support engineers to create a sim-
ple Visual Basic script that calculated SAR 
values based on the results of the simu-
lation. To calculate the peak spatially 
averaged SAR, the script calculated the 
SAR at every element in a 0.25-meter by 
0.19-meter by 0.04-meter tissue section. 
Each 10-gram cube had 2.15-centimeter 
edges. The peak SAR values as predicted 
by Maxwell simulation were much lower 
than the current FCC limits.

VALIDATING THE SIMULATION
Medtronic engineers used three differ-

ent methods to validate the accuracy of 
Maxwell’s predictions. First, they created 
a very simple model and hand-calculated 
the magnetic field with the Biot–Savart 
equation ― which relates the magnetic 
field to the magnitude, direction, length 
and proximity of the electric current ― 
and at the same time performed the cal-
culation with Maxwell software. Second, 
they set up a simple physical test using 
a NARDA Safety Test Solutions® elec-
tric and magnetic field probe analyzer to 
measure the magnetic fields generated by 
the recharger, and then compared these 
measurements to a Maxwell simulation. 
Finally, engineers used ANSYS HFSS 3-D 
full-wave electromagnetic field simulator 
to simulate peak 10-gram–averaged and 
peak 1-gram–averaged SAR values. The 
Maxwell simulations generated results 
within a few percent of those produced by 
each of the validation methods.

Medtronic included the Maxwell sim-
ulations as part of its new product sub-
mission to the FCC. Medtronic engineers 
were further able to demonstrate that the 
SAR value would not have been any larger 
if the tissue geometry in the model had 
been divided into a different set of cubes. 
This was addressed by moving a cube 
around the tissue geometry in discrete 
step sizes and calculating the average SAR 
value at each possible position for the 
cube. Sweeping the cubic volume deter-
mined the average SAR value of every pos-
sible cube within the tissue volume of 
interest. The results showed that the max-
imum possible peak average SAR value 
for a 1-gram cube is 15.68 mW/kg, less 

than 1 percent higher than the value in 
the model that was arbitrarily partitioned.

Medtronic determined that ANSYS 
Maxwell provides a fast and relatively sim-
ple method of measuring 10-gram and 
1-gram peak spatially averaged SAR as

required to comply with FCC regulations 
for recharging devices. The FCC accepted 
the simulation results, saving the company 
a considerable amount of time and money 
that would have been required to obtain 
the same data using physical testing. 

Engineers used three different methods to 
validate the accuracy of Maxwell’s predictions.

�Validating the model against analytical and physical testing results

�1-gram muscle tissue Maxwell model

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
http://www.ansys.com/Products/Electronics/ANSYS-Maxwell
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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.ansys.com/
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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://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/Option-Optimetrics
http://www.ansys.com/


ANSYS ADVANTAGE   Best of High-Tech   2016         32

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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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

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

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. 

http://resource.ansys.com/Resource+Library/Technical+Briefs/ANSYS+HFSS+for+Antenna+Simulation+-+Application+Brief
http://www.ansys.com/
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/Option-Optimetrics
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HIGH-TECH

By Stephen P. Zinck, President, Interconnect Engineering, Inc., North Berwick, U.S.A.

ANSYS Electronics Desktop saves hundreds of  
thousands of dollars and months of time in the design 

of a high-speed printed circuit board.

T o support the vast amounts of data transfer required
by the Internet of Things and Big Data requires high-
speed networking technologies, such as 100 gigabit

Ethernet. This creates enormous challenges for equipment sup-
pliers. On-board, high-speed communication channels are now 
being pushed to 25–28 Gb/s and beyond — nearly double the 
state of the art about a year ago. As data rates increase, the bit 

period (the time allotted to send a bit) has shrunk to below 40 
picoseconds. This is considerably less than the time required for 
the bit to travel from transmitter to receiver. The insertion loss 
incurred by the printed circuit board (PCB) materials increases 
with frequency, expanding the potential for eye closure (a 
reduced signal) in the channel due to physical losses and reflec-
tions. Achieving a reliable link under these conditions would be 

BOARD GAMES
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demanding, even if cost and time to mar-
ket were not a concern. Yet, in today’s 
cost-competitive environment, manufac-
turers cannot afford to use exotic, pre-
mium materials and components except 
when absolutely necessary.

HIGH-SPEED INTERCONNECT 
DESIGN CHALLENGES

Traditional methods leave designers 
with questions like whether a design will 
be functional and robust under all possible 
conditions; whether we should have chosen 
a more expensive board material; whether 
strip-line transmission lines or micro-
strip transmission lines will be needed to 
meet the design spec. Building a physi-
cal test prototype to assess just one design 
approach could cost more than $100,000 
and take months to develop. At these high  

signaling rates, it is almost impossible to 
do any level of design, verification and test 
(DVT). Areas where a measurement can be 
taken on the board will result in a closed 
eye because testing cannot be performed 
at the end of the transmission line, which 
is deep inside the package and device. 
If designers only guess at the required 
changes for a re-spin, the whole expen-
sive cycle begins anew and will likely be 
repeated. Several small networking equip-
ment startup companies have gone out 
of business because they were unable to  
produce robust designs within time and 
cost constraints.

In stark contrast to this guesswork 
and rule-of-thumb approach, simulation 
brings confidence and science to the engi-
neering process. The marriage of time 
domain and frequency domain simu-
lations, during early design phases or 
even late in the development cycle, pro-
vides the deepest insight into whether or 
not an interface or channel will be robust. 
For example, a time-domain simulation  

might produce an eye diagram that shows 
that the channel works, but the frequency 
domain reveals a notch that is unex-
pected. By examining, through simu-
lation, each of the circuit elements that 
comprise the system channel, it becomes 
possible to identify which aspect of the 
design (the vias, a differential pair too 
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�ANSYS HFSS S21 insertion loss plot of the extracted channel

�ANSYS HFSS 3-D layout of cutout section of one of 28 
6-inch Gb channels

In contrast to the guesswork and rule-of-thumb approach, simulation 
brings confidence and science to the engineering process.

ANSYS ELECTRONICS DESKTOP 

ansys.com/93board
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close to a ground void, a component 
placement issue or a material problem) is 
causing the notch. 

100-GIGABIT ETHERNET
NETWORKING PRODUCT

Interconnect Engineering Inc. is an 
independent consulting company with 
clients ranging from startups to Fortune 
500 businesses. One of Interconnect 
Engineering’s clients is a networking 
equipment supplier that builds multiple 
100-gigabit Ethernet networking prod-
ucts. One particular design features four
channel-bonded, 28 Gb/s links running
bidirectionally from a ball grid array
(BGA) device to a quad small-form-fac-
tor pluggable (QSFP) optical module.
The risks involved in this design were
increased because vendor-supplied
guidelines and constraints were not

easily attainable based on the physi-
cal layout that the customer design sup-
ported. To avoid risking the company on 
a series of board spins that would have 
potentially cost hundreds of thousands 
of dollars — and taken months to com-
plete — the supplier asked Interconnect 
Engineering to simulate the design prior 
to building a prototype. 

While Interconnect Engineering Inc. 
has long used and supported ANSYS elec-
tronic design tools, this project provided  

the opportunity to put the new ANSYS 
Electronics Desktop to the test. This tool pro-
vided a major advantage in this application 
by reducing the amount of time required 
to analyze the design in both the time and 
the frequency domains. The Electronics 
Desktop integrates EM tools, circuit/ 
system simulation, ECAD links and  

�An example of notch behavior and resulting eye diagram that shows margin

�IBIS-AMI schematic of the 28 Gb interface shown in the circuit simulator

ANSYS Electronics Desktop integrates EM 
tools, circuit/system simulation, ECAD links 
and compliance reporting.

http://www.ansys.com/Products/Electronics/ANSYS-Electronics-Desktop
http://www.ansys.com/Products/Electronics
http://www.ansys.com/Products/Electronics/ANSYS-Electronics-Desktop
http://www.ansys.com/Products/Electronics/ANSYS-Electronics-Desktop
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compliance reporting. This new tech-
nology delivers a single desktop for 
ANSYS HFSS, HFSS 3D Layout, HFSS-IE, 
Q3D Extractor and HFSS Planar EM cir-
cuit and system simulation design 
types. Users can insert HF/SI analyses 
into projects that co-exist, with drag- 
and-drop dynamic links between elec-
tromagnetic and circuit simulations 
for simple problem setup and reliable 
performance. Working within a single 
graphical user interface, rather than 
moving back and forth between sev-
eral different programs, eliminates the 
need to export data from one program to 
another. For example, users can insert 
S-parameter elements or IBIS-AMI mod-
els into a circuit simulation with simple
import features. Overall, the Electronics
Desktop provides significant efficiency
gains and ease-of-use for solving com-
plex problems.

FREQUENCY DOMAIN 
SIMULATION

In this project, the network equip-
ment supplier provided Interconnect 

Engineering with the PCB design in 
Allegro .brd file format. An engineer 
imported the databases into ANSYS 
Electronics Desktop, extracted the rel-
evant channels using the cutout sub-
design function, and selected the 
traces from the silicon device to the 
optical module. The engineer created  
port excitations based on component 
specifications then set up solder-ball 
models for the silicon device and sur-
face roughness models for the traces 
to add fidelity and accuracy. Engineers 
then ran frequency domain simulations 
with ANSYS HFSS and generated the 
S-parameter results for each of the mul-
tiple iterations. The simulations took
about three days to run on multiple
24-core machines, as the area was quite
large for the solvers to mesh. 

The engineer modified the via char-
acteristics and anti-pad structures and 
re-arranged the PCB layers to address 
some potential issues. The engineer 
then went through several iterations 
until a design was found that met the 
insertion loss (IL) and return loss (RL)  

specifications. He considered alternative 
board materials and identified the least-
expensive material that would comfortably 
meet IL and RL specs. Overall, Interconnect 
Engineering identified areas in which cor-
ners could be safely cut to reduce manu-
facturing costs, along with areas in which 
money needed to be spent, such as back-
drilling to ensure a robust design.

TIME DOMAIN SIMULATION
IBIS-AMI models for the BGA inter-

face device and optical transceiver mod-
ule were also acquired. These models 
were imported into ANSYS Electronics 
Desktop. Engineers then performed 
time domain simulations by creat-
ing a circuit simulation environment 
using one instance of the several four-
port S-parameter models of the com-
plete channel generated in the frequency 
domain. The eye diagram showed prob-
lems in one channel, so the engineer 
reconfigured transmitter and receiver set-
tings, including pre-emphasis, equaliza-
tion, output amplitude, process case and 
voltage settings, to maximize the open-
ing of the eye. When simulations were 
complete, the eye correlated to a bit error 
rate of better than 1 x 10-12 (less than one 
error in a trillion bits), indicating that the  
channel was compliant in the time 
domain. Finally, the engineer reviewed 
the frequency domain to make sure that 
the design changes, based on the time 
domain simulations, did not have any 
adverse effects. 

The entire project was completed 
in about four weeks. During this time, 
Interconnect Engineering investigated 
dozens of potential solutions. The com-
pany recommended a design that pro-
vided sufficient positive margin to 
ensure that the channel will work under 
any foreseeable circumstances, while 
keeping manufacturing costs at the low-
est practical levels. The network equip-
ment supplier built the prototype based 
on the simulation results, and it worked 
as predicted. The result was that the 
networking supplier saved hundreds 
of thousands of dollars and months of 
time that potentially would have been 
required to develop a working product 
without simulation. This vendor also 
kept manufacturing costs at or near the 
lowest possible levels and saved cus-
tomer relationships by meeting product 
time-to-market goals. 

HIGH-TECH

�Statistical eye diagram plot of the 28 Gb interface shown in the circuit simulator

The networking supplier saved hundreds 
of thousands of dollars and months of 
time that potentially would have been 
required to develop a working product 
without simulation.

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-Q3D-Extractor
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-Electronics-Desktop
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-Electronics-Desktop
http://www.ansys.com/Products/Electronics/ANSYS-Electronics-Desktop
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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/Electronics/ANSYS-HFSS
http://www.ansys.com/Solutions/Solutions-by-Industry/High-Tech/Communications-and-Networking-Equipment
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 

NETWORKING

�Board B�Board A

�Insertion loss simulation

�Return loss simulation

http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://resource.ansys.com/Resource+Library/Technical+Briefs/ANSYS+HFSS+3-D+Layout+-+Application+Brief
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/
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
http://www.ansys.com/Products/Electronics/ANSYS-HFSS


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 
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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/Electronics/Option-ALinks-for-EDA
http://www.ansys.com/
http://www.ansys.com/Products/Electronics/ANSYS-HFSS
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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

http://www.ansys.com/Products/Electronics/ANSYS-SIwave
http://www.ansys.com/About-ANSYS/Social-Media
http://www.ansys.com/
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  The 
Backbone 

of the IOT
The rapid growth of the Internet of Things (IoT) is generating a huge 
increase in internet traffic. Companies that deliver the ultrahigh-speed 
systems-on-chip (SoCs) for multiterabit networking equipment must 
provide the highest level of data integrity while meeting power,  
performance, bandwidth and cost requirements. The ANSYS  
semiconductor toolset enables ClariPhy to meet this challenge  
and deliver SoCs without additional fab spins.

By Nariman Yousefi, Chief Executive Officer, ClariPhy, Irvine, USA

A
s the Internet of Things (IoT) grows from six billion connected devices today to an 
estimated 20 billion by 2020, global data traffic is expected to increase nearly five-
fold, passing a new milestone figure of two zettabytes by 2019. [1] (One zettabyte 
is equal to a billion terabytes.) ClariPhy engineers are delivering next-generation 

communication architectures fabricated on the most advanced technology process nodes to 
enable the fabric of networks across the globe to handle rapid increases in data traffic without 
compromising quality of service. For these state-of-the-art designs to meet stringent perfor-
mance and quality (reliability) requirements, the power delivered to the transistors inside 
these ultralarge system-on-chip (SoC) designs has to be robust across the chip and across all 
operating conditions. To meet these specifications, the global power distribution network 

(PDN) must be constructed with awareness of requirements 
on the chip (e.g., voltage drop, routing resources), the pack-
age (e.g., package plane, decaps) and the PCB (e.g., voltage 
regulator module placement).
     In the past, ClariPhy engineers were able to simulate 
the PDN on the chip but could not accurately account for 
package effects or analyze the segments and components that 
comprise the package. With the reduced margins of the most 
advanced process nodes used today, PDN problems rooted in 
the package could necessitate an extra foundry spin, which 
could potentially delay delivery of the chip by a year.
     Today, ClariPhy engineers use the ANSYS semiconductor 
design toolset to simultaneously model and analyze power–
noise coupling across the chip as well as the package. They 
can now make intelligent trade-offs to manage the noise at 

HIGH-TECH

^ Diagram shows important impact of package on PDN.
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the chip and package levels from the early stages of the design process. This makes it  
possible to deliver new products within a time window that enables success in the market.

POWER DISTRIBUTION NETWORK DESIGN CHALLENGES
Each chip typically has a maximum dynamic voltage drop that must be maintained through 
the circuit in all modes of operation. With the continuing adoption of lower on-chip supply 
voltages in modern semiconductor devices, circuits are becom-
ing very sensitive to power supply noise. As margins for proper 
functionality decrease, just several millivolts of noise on the 
power rail can make the difference between a logic 1 and a logic 
0, and potentially corrupt the data transmission. But, before the 
power even reaches the die, the system experiences a voltage 
drop at the chip–package interface. Static IR drop plays a role, 
but simulating time-dependent dynamic voltage drop, impacted 
by passive elements such as package inductance and decou-
pling capacitors, is even more important. With the number of 
transistors per square millimeter doubling with each product 
generation, the amount of current and number of signals in this 
small area also tends to double. This makes it increasingly dif-
ficult to supply sufficient voltage to every transistor on the chip under all possible operating 
conditions to avoid a dropped bit that could translate to a data transmission error. 

“ClariPhy engineers use the 
ANSYS semiconductor design

 toolset to simultaneously model
and analyze power noise 

coupling across the chip  
                 as well as the package.”

^ Package extraction flow in 
 ANSYS RedHawk-CPA

10x More Productivity for  
Chip–Package–System Workflows
ansys.com/backbone
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     Previously, separate chip and package teams worked in 
silos, relying upon upfront, project-wide decisions on spec-
ifications to guide their design on the chip. ClariPhy chip 
engineers simulated the voltage delivered across the chip 
and the resulting drop in voltage. But they had no way to 
accurately determine the value of voltage that was conveyed 
to the chip from the package, which in many cases had 
already been reduced, primarily due to the inductive effects 
of the package. This approach sufficed for previous tech-

nologies with generous design margins, but it will simply not work for the latest generation 
of products. The new designs are so intricate that if the first sample comes back from the 
foundry with PDN noise problems, it could easily take a year to fix, drastically reducing the 
revenue generated by the product. 

CO-SIMULATION OF CHIP AND PACKAGE
ClariPhy switched to ANSYS tools a few years ago because of the software’s unique ability to 
incorporate the chip and package into a single simulation, enabling engineers to accurately 
determine dynamic voltage drop with package effects included, and to troubleshoot PDN noise 
problems all the way upstream to the source. Engineers use ANSYS RedHawk chip package 
analysis (CPA) to import the package layout and bump location file and automatically connect 
the bump locations on the chip to the package pins on the layout. RedHawk-CPA generates a 
3-D finite element model to extract the high resolution (per-bump) physical RLCk parasitics  
of the package. Finally, the voltage sources are assigned and a package model is generated  
for use in RedHawk.

      A recent chip–package 
co-simulation showed that  
voltage drop on the metal 1  
layer (the lowest metal layer  
that interfaces with the silicon) 
closely matched the bump 
voltage map (at the interface 
between the package and die), 
indicating that the majority of 
the voltage drop occurred within 

the package. ClariPhy engineers added probe points across three different package locations 
on all 10 package layers. The voltage probes showed a large drop across the package core.  
Engineers then reduced the core height and re-ran the simulation. They discovered that  

effective inductance was reduced between 20 percent and  
30 percent in seven key domains. This reduction in effective 
inductance manifested itself in improved chip power integrity, 
with lower dynamic voltage drops seen across the chip.
      In another example, ClariPhy engineers evaluated the  
impact of merging power domains that were isolated at the 
chip as well as the package to supply adjacent blocks. Edits 
were quickly made in RedHawk-CPA to merge the domains 
and re-extract the package models. The dynamic voltage 
drops were substantially lower in the merged domains.
      In a third case, ClariPhy engineers noticed that multiple 

instantiations of the same block, each of which was sinking the same power through the same 
power grid architecture, had very different voltage drops. They looked at the pin RL maps in 
RedHawk-CPA and determined that the packaging accounted for nearly the entire difference  
in voltage drops among identical blocks. They proceeded to set probes within the package to 
zero in on the root cause.

“Engineers can better understand the 
complex interactions between the

   chip, package and PCB, and address
these issues early in the design cycle.”

^Merging power domains in
 another study provided

a substantial reduction in
dynamic voltage drop.

The Backbone of the IoT (continued)

^ In a chip–package
 co-simulation, voltage drop

on the metal 1 layer on die
(left) closely matched 
voltage drop on bumps  
(right), indicating that  
the package caused the 
PDN problem.
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^ CL20010 LightSpeed-II coherent
 optical transport solution

GETTING THE DESIGN RIGHT THE FIRST TIME
RedHawk-CPA enabled collaboration across ClariPhy chip, package and system 
teams throughout the design of the CL20010 LightSpeed-II™ 200G coherent optical 
transport solution, which has 5 billion transistors and over 
200 million gates. ClariPhy engineers used chip–package 
co-analysis to identify problems and provide timely infor-
mation to the package team during the course of the project 
to help them make necessary edits. These edits were then 
used to update the chip simulation to ultimately mitigate 
package-induced voltage drops on the chip. Furthermore, 
co-designing the two interdependent components prevented 
overdesign and opened up previously unforeseen opportuni-
ties for cost savings.
 The new chip was awarded a perfect 5.0 score in the 2016 
Lightwave Innovation Reviews program. One of the judges 
commented: “This 200G Coherent SoC [system on chip], is truly groundbreaking, 
breathtaking and revolutionary, and ushers in an entire new era in optical  
communications.”[2]
 Equally as important as enabling the package and system effects when 
analyzing the chip, it is critical to take the chip and package effects into account 

when analyzing the system. The ability 
to generate a chip power model (CPM) 
from RedHawk with a direct link into 
ANSYS SIwave enables ClariPhy PCB/
system engineers to analyze the PDN 
of their reference boards, which in turn 
helps customers design their systems 
using ClariPhy chips. 

Chip development can be a  
two-year process, and in the highly 
competitive semiconductor  
industry, reducing time-to-
market is crucial for suc-
cess. A spin could take a 

year, and during that time the market window could close. Issues with 
bugs and noise could destroy a return on a research-and-development 
investment. ANSYS tools allow early trade-offs to avoid bugs and noise 
long before fabrication. Simulation helps ClariPhy to ensure first-pass 
success and avoid prohibitive fab costs. 
 Using the ANSYS chip–package–system workflow enabled ClariPhy  
engineers to better understand the complex interactions between 
the chip, package and PCB, and to address these issues early in the  
design cycle to reduce development cost and deliver better products to  
market quickly.

References

[1] Cisco Visual Networking Index: Forecast and Methodology, 2014-2019 White Paper, 
www.cisco.com/c/en/us/solutions/collateral/service-provider/ip-ngn-ip-next-generation- 
network/white_paper_c11-481360.html

[2] ClariPhy LightSpeed-II CL20010 Coherent SoC, www.lightwaveonline.com/ 
articles/2016-innovation-reviews/clariphy-lightspeed-ii-cl20010-coherent-soc.html

^ In a third case, multiple instantiations
 of the same block had different voltage 
 drops.

^ Voltage probes for the same
 chip–package co-simulation showed

a large drop across the package core
(as indicated by arrows).
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M
arket forecasts for the 
Internet of Things (IoT)  
predict that over a 
trillion sensors will 

soon be deployed around the world, 
collecting data. This data could be 
used to locate objects, understand 
and improve the performance of 
industrial assets, or support crucial 
research to prevent and cure diseases.  
For example, an Airbus 380-1000 
series aircraft is expected to have 
more than 20,000 sensors generate 
more than 7.5 terabytes of data per 
day. By analyzing this data from 
hundreds of planes, airlines and their 
suppliers could improve the reliabil-
ity and performance of the fleet. 

Quantum computers take advantage of quantum 

mechanics to speed up certain important types of 

computing problems by many orders of magnitude. 

Harnessing quantum effects requires reducing the 

temperature of the processor to near absolute zero  

and providing shielding that reduces stray magnetic 

fields to 50,000 times less than Earth’s magnetic 

field. D-Wave uses ANSYS 

electromagnetic and 

thermal simulation tools

to achieve these goals 

in less time and with 

less physical testing.

By Mark Nissen,  
Operations Manager, and 
Sergey Uchaikin,  
Senior Scientist,  
D-Wave Systems,
Vancouver, Canada
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computer performs in a way that 
is analogous to covering the entire 
landscape with a layer of water. The 
more water pooled in a particular 
valley, the higher the probability that 
the solution lies in that valley.

 With the volume, velocity and 
variety of data rapidly increasing, 
quantum computing is a crucial 
technology for gleaning insights and 
driving outcomes. While conventional 
computers store information using 
bits representing 0s and 1s, in a 
quantum computer, the unit of infor-
mation is called a qubit, which can 
be a 0 or a 1 or both at the same time. 
This enables quantum computers to 
consider and manipulate all combina-
tions of bits simultaneously, making 
quantum computation extremely 
powerful. For example, the D-Wave 
2X™ processor with 1,000 qubits can 
evaluate 21,000 possible solutions to 
a problem at the same time.
 D-Wave quantum computers 
implement a quantum annealing 
algorithm that searches for the 
global minimum of a problem, and is 
designed to address a difficult class 
of computing problems, such as con-
trolling risk in a financial portfolio, 
minimizing error in a voice recog-
nition system, or reducing energy 
loss in an electrical grid. This type of 
problem can be thought of as trying 
to find the lowest point in a complex 
landscape consisting of many peaks 
and valleys. Every possible solution 
is mapped to coordinates on the 
landscape, and the altitude of the 
landscape is the energy or cost of the 
solution at that point. The aim is to 
find the lowest point or points on the 
map and read the coordinates, as this 
gives the lowest energy, or optimal 
solution to the problem. A classical 
computer is like a single traveler 
exploring the surface of a landscape 
one point at a time. A quantum 

CHALLENGE OF CREATING 
ISOLATED ENVIRONMENT
For a quantum computer to function 
properly, the quantum processor 
must operate in an extremely cold 
and electromagnetically isolated 
environment. The D-Wave processor 
uses qubits based on the quantum 
unit of magnetic field, so eliminating 
all sources of magnetic fields is espe-
cially critical. Reducing the tempera-
ture of the quantum processor to near 
absolute zero is required to isolate it 
from its surroundings so that it can 
behave in a quantum manner. D-Wave 
quantum computers use a refrigerator 
and many layers of shielding to create 
an internal environment with a tem-
perature close to absolute zero that 
is isolated from external magnetic 
fields, vibration and external RF  
signals of any kind. The D-Wave 2X 
processor operates at a temperature  
of 15 millikelvin, which is approxi-
mately 180 times colder than inter-
stellar space. The quantum proc- 
essor is adversely affected by stray 
magnetic fields, so extreme care must 
be taken to exclude them. The mag-
netic shielding subsystem achieves 
fields of less than 1 nanotesla across 
the processor in each axis. This is 
approximately 50,000 times less than 
the Earth’s magnetic field.
 The conditions required for opti-
mal quantum computing performance 
are greater than those that have been 
required by previous generations of 
supercomputers, and they increase 
with each new product generation. 
Because of this, D-Wave continually 
pushes the state of the art in both 
low-temperature and electromagnetic 

 “Engineers use multiphysics
     simulation employing ANSYS

  Maxwell and ANSYS Mechanical within 
the ANSYS Workbench environment.”

^ANSYS Maxwell 3-D simulation of
 shielding shown in previous image

^ ANSYS Maxwell 2-D simulation
 identifies small amounts of leakage

through shielding.
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Quantum Leap (continued)

isolation technology. This task is com-
plicated by the fact that changes in 
temperature change the properties of 
the shield, while the minute magnetic 
fields that penetrate the shielding 
produce heat that in turn further 
changes the properties of the shield. 
In the past, D-Wave used handbook 
calculations as a starting point in 
the design of magnetic shielding for 
quantum computers. The calculations 
are only accurate for very simple  
geometries, so engineers primarily 
relied on physical experiments to 
design shielding. These experiments 
were expensive and time-consuming 
because most of them needed to be 
performed in cryogenic conditions. 
Another limitation of the physical 
experiments is that only a few sensors 
fit inside the shielding, limiting the 
amount of information that can be 
obtained. 

SIMULATION TOOLS  
EXCHANGE DATA SEAMLESSLY
D-Wave evaluated a number of 
different simulation tools that don’t 
communicate well with each other. 
Today, engineers use ANSYS Maxwell 
and ANSYS Mechanical within the 
ANSYS Workbench environment to 
automate the process of exchanging 
data between the two software pack-
ages for multiphysics simulations. 
D-Wave scientists employ Maxwell to 
model the operation of the company’s 
shields and the tiny residual mag-
netic fields to which the company’s 
chips are exposed. This information 
is passed to ANSYS Mechanical to 
simulate the effects of these fields 
on the shielding, chips and other 
components; to calculate the heat 

that is generated by the magnetic 
fields; and to determine the effect of 
the resulting temperature change on 
the properties of the materials being 
simulated. ANSYS Mechanical passes 
this information to Maxwell, which 
updates the electromagnetic simula-
tion to take the materials’ property 
changes into account.

OPTIMIZING THE  
MAGNETIC SHIELDING
In the design of a typical shield, 
D-Wave engineers evaluate the perfor-
mance of the shielding with respect 
to distant magnetic fields, such as 
the Earth’s magnetic field, and fields 
nearby, which could be caused by 
very small amounts of magnetic 
material. Engineers often create their 
own materials by entering magnetic 
hysteresis curves, also known as 
B-H curves, obtained from physical
testing data. Generating the mesh
for electromagnetic simulation of the
shielding is challenging because the
difference in scale between the large
features and the small features of
the shield typically is five orders of
magnitude. D-Wave scientists have
had difficulty in the past obtaining
convergence with other electromag-
netic solvers. The Maxwell mesher

automatically increases the density of 
the mesh in areas with high gradients 
while reducing density in areas with 
low gradients so convergence is easily 
achieved. 
 The Maxwell simulation identifies 
any weak points of the shield design, 
such as areas where it is penetrated 
by an external magnetic field. The 
simulation also shows the effects of 
the shielding on the external mag-
netic field. Based on the simulation 
results, D-Wave engineers typically 
change the shield design, for example 
by increasing its thickness in areas 
where penetration is seen. Engineers 
also try to minimize the mass of the 
shield because extra mass increases 
the cost and time required to cool 
the shield to cryogenic temperatures. 
They are frequently able to reduce the 
mass by removing material from areas 
of the shield where performance is 
better than necessary. 
 Simulation helps engineers and 
scientists diagnose proposed isolation 
technology designs and evaluate 
ideas for improvements without the 
need for expensive physical prototyp-
ing and testing. Simulation also pro-
vides more comprehensive measure-
ment of shield leakage to simplify the 
process of developing compensating 
devices. ANSYS solutions help D-Wave 
optimize today’s quantum comput-
ers at a faster pace while providing 
insight that will make it possible to 
achieve huge leaps in performance 
in the next generation. And this next 
generation of computing is vital to  
enable organizations to glean value 
from the vast amounts of data  
generated by the IoT.  

ANSYS Maxwell 
ansys.com/maxwell

^ ANSYS Maxwell simulation of a magnetic 
 impurity located on a D-Wave DW2X 

chip near the active area of the processor 
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“For a quantum computer to function properly,
the quantum processor must operate in an extremely cold and 

electromagnetically isolated environment.”
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To help reduce massive power demands, many data  

centers are increasingly using liquid cooling to complement 

or even replace air cooling systems. The leading provider of 

closed-loop liquid cooling systems for data centers, Asetek, 

uses thermal simulation with ANSYS Icepak to optimize 

cooling system components.

By Kåre Elgaard Buskov,  
Thermal Engineer, and  
Mette Nørmølle,  
Vice President of Engineering, 
Asetek A/S, Aalborg, Denmark

Overheating equipment is an 
archenemy in the big data indus-
try. Producing, storing and analyz-
ing huge amounts of information 
requires ever faster and denser 
processing power. The requisite 
compute cycles — which enable 
the Internet of Things (IoT) — in 
turn produce massive quantities 
of heat that must be removed. In 

2013, U.S. data centers alone consumed 86 billion kWh just cooling their servers 
[1] — the equivalent of powering 7.6 million homes. Worldwide, data center servers
demand roughly 1.5 percent of the electricity generated annually.

To help reduce the industry’s massive power demands, many data centers are  
increasingly using liquid cooling to complement or even replace air cooling 
systems. The Danish company Asetek is the leading provider of closed-loop liquid 
cooling systems for data center computing. In response to market demands for both 
highly dense and highly customized server racks, Asetek is continually innovating 
to develop cooling systems with constituent building blocks that are configurable 
for a wide range of data center needs. As part of the company’s overall design  
process, thermal simulation with ANSYS Icepak computational fluid dynamics 
software is an important tool for optimizing cooling system components.

LIQUID LOOP COOLING SYSTEM
In an Asetek liquid loop system, the cooling liquid is primarily water. The system  
directly targets the areas of highest heat flux within a server. These are primarily 

the CPUs, GPUs and memory modules that can have operating 
temperature ranges of 70 C to 95 C (158 F to 203 F). The main 

parts of an individual rack cooling unit are a metal cold plate, a 
pump, dripless quick connectors, and liquid entry and exit tubes. 
The cold plate, installed above a targeted area, transfers heat from 
the chip to the cooling liquid, which is pumped out of the server 

rack and into the coolant distribution unit for the rack tower. 
The hot coolant passes through a liquid–liquid heat exchanger 
where it is cooled by facilities water before re-entering the 
server rack.

      ANSYS ADVANTAGE 

ELECTRONICS 
COOLING
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      The process of directly cooling hot spots in this manner 
requires maximizing the heat transfer of the system to cool a 
particular processor or other module. For Asetek’s engineers, 
this means optimizing the surface area of the cold plate that 
can transfer heat to the liquid. The cold plate contains a series 
of microchannels through which cooling liquid is pumped. 
The Asetek team uses Icepak to aid in design and configura-
tion of these microchannels to analyze the cooling needs of 
different chips. 

COLD PLATE SIMULATION
For Asetek to begin a cold plate design, the chip manufacturer 
first provides data about the geometry and heat dissipation of 
the particular card or module that needs to be cooled. Depend-
ing on the complexity of the components, Asetek engineers 
will then either import 3-D CAD geometry or build the card  
or module geometry directly inside Icepak. The team also 
builds the cold plate geometry before performing the overall 
thermal analysis using Icepak. A usual mesh size for the fluid 
zone ranges from one to three million cells. A simulation of 
this size range converges in 10 to 30 minutes running on  
four processors. 
 The systems are designed to handle the case in which  
a continuously overclocked chip transfers the maximum  
possible heat to the cooling liquid, at a maximum liquid 

supply temperature specified for the servers. Additionally, 
engineers must create a more compact design to increase the 
density of processors inside the server racks. Further, the 
overall thermal impedance of the system must maintain the 
coolant temperature below a maximum value of 60 C (140 F). 
Some chip designs will thus require higher coolant flow rates 
to dissipate more heat. 
 Typically, the Asetek team will run 30 to 40 simulations 
for a new cold plate design as part of a parametric study. 

They will vary such parameters as the width, height and 
spacing of the microchannel fins, the plate thickness, and 
the flow rate and inlet temperature of the cooling liquid. 
Icepak has been shown to be a good tool to do these kinds of 
parametric studies rather quickly. The entire process, starting 
from the chip geometry to the final cold plate design, is  
usually completed within two weeks. 

ENABLING MATERIAL AND ENERGY SAVINGS
In addition to speeding up design cycles, optimizing cold 
plate designs with Icepak has enabled Asetek engineers to 

ANSYS Icepak 
ansys.com/icepak

^ Icepak model of a CPU cold plate with the solid (brown) and
 fluid (blue) zones. Cooling liquid enters through the tube in

the center, passes through the microchannels in the copper
cold plate, and exits through the two outlet tubes on the ends.

^ Contours of temperature on both the copper cold plate and
 the liquid stream lines showing the fluid heating up over its

path through the cooling unit 
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THE BIG DATA CHILL (continued)

switch from copper to aluminum depending on the  
particular cooling needs. Although copper has superior 
thermal conductivity, new microchannel designs with 
an aluminum plate can outperform legacy copper pin fin 
designs for specific 
applications that have 
lower heat dissipation 
density. Substituting 
aluminum for copper 
can reduce the raw 
materials cost of a 
cold plate by about 
40 percent, resulting 
in lower-cost cooling 
solutions.
    Once a liquid cooling system is implemented in a data 
center, it can reduce the need for expensive blowers 
and air-conditioning systems, and cut the overall power 

“Thermal analysis with Icepak
enables Asetek to continue delivering 

market-leading cooling 
solutions to IoT companies.”

needed for cooling by up to 
50 percent. Such substantial 
savings from power consump-
tion enable companies to 
recover the capital cost of a 
liquid cooling system within a 
year. Using the system’s heat 
exchanger, cooling liquid exit-
ing server racks at 60 C (140 F)  
can be recycled to provide 
heat for water and residential 
and commercial buildings. 
Reusing heat that would other-
wise be vented to the atmo-
sphere can prove beneficial, 

especially in cold climates. At Tromso University, which 
is located above the Arctic Circle in Norway, the facilities 
that house 12,000 students and staff are kept warm year-
round by the heat that Asetek liquid loop systems capture 

from the university’s 
data center.
     At data centers like 
Tromso and around 
the world, Asetek’s 
products are at the 
forefront of enabling 
large-scale energy 
savings. Thermal 
analysis with Icepak 
enables Asetek to 

continue delivering market-leading cooling capabilities to 
the companies designing IoT solutions that keep billions 
of people and machines connected to the internet. Going 

forward, the design team is 
investigating the use of simu-
lation to optimize the pumps 
that drive the cooling liquid, 
and also the air flow through 
complete server racks to 
ensure sufficient cooling of 
all components. All of this  
is leading the future of  
big data looking very “chill” 
indeed.

^Temperature contours on the graphics card cold plate. Away from the GPU, the plate does
 not have microchannels, so the temperature of the plate varies depending on the location of 

other power-dissipating components, such as GDDR memory modules, field-effect transistors 
or inductors. 

ANSYS ADVANTAGE 

^ Temperature contours on the cold plate and microchannels (left) and on the graphics card and
 thermal gap pad strips (right)

ANSYS ADVANTAGE     Best of High-Tech   2016         54



Let’s Meet:
• ANSYS Events

Let’s Exchange: 
• ANSYS Blog 

Let’s Learn:
• ANSYS Website
• ANSYS High-Tech Website

ansys.com/High-Tech

http://b.mdmwest.mddionline.com/
http://www.ansys.com/About-ANSYS/Events 
http://www.ansys-blog.com
http:// www.ansys.com
http://www.ansys.com
http:// www.ansys.com
http://www.ansys.com/Solutions/Solutions-by-Industry/High-Tech
http://www.ansys.com/Solutions/Solutions-by-Industry/High-Tech

	AA-Best-of-High-Tech-June21.pdf
	Blank Page
	Blank Page
	Blank Page




