
THE AUTHORITY ON 
EMERGING TECHNOLOGIES 
FOR DESIGN SOLUTIONS

MAY/JUNE 2019
electronicdesign.com

From fi refi ghting to 
supermarkets, robots are 
popping up everywhere p12

ROVING ROBOTS
From fi refi ghting to 
supermarkets, robots are 
popping up everywhere p12

ROVING ROBOTS

$10.00    

190509_TI-FIH_ELECDES_US_Snipe.indd   1 5/9/19   11:03 AM

http://electronicdesign.com
http://digikey.com/ti


http://digikey.com


Coilcraft has off-the-shelf power transformers for all 
your high-power PoE applications, up to 71 W (input) at PD!

WWW.COILCRAFT.COM

¨

high isolation voltages within the smallest 

package sizes possible . 

They also support a wide variety of 

standard output voltages to suit a broad 

array of PoE powered devices.

Learn more about our off-the-shelf

PoE power transformers and order free 

samples today at www.coilcraft.com/PoE.

Coilcraft PoE transformers offer dif-

ferent power levels compatible with 

IEEE 802.3af/at, as well as the new high- 

power IEEE 802.3bt standard (up to 71W PD 

input power). 

Available in Flyback and Forward-mode 

models, our PoE transformers provide 

excellent power conversion effi ciency and 

A lot to see
   for PoE

Coilcraft off-the-shelf PoE transformers for 
high-power IEEE 802.3bt applications.

http://www.coilcraft.com/PoE
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How Waterproofi ng Will 
Change the Smartphone 
Design Paradigm
Waterproof ng issues, which are garnering more attention 

than ever, can af ect the design of embedded devices such as 

smartphones.
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waterproof ng-will-change-smartphone-design-paradigm

11 Myths About Energy 
Harvesting 
Is energy harvesting expensive? Hard to implement? 
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Researchers combined conductive threads with a polymer f lm 

to create a f exible mesh of electrodes on a textile backing that 
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turn-fabric-supercapacitor
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2 GHz Clock Generator

Stanford Research Systems

Phone: (408)744-9040  •  info@thinkSRS.com  •  www.thinkSRS.com

• Square wave clocks from DC to 2.05 GHz

• Random jitter <1 ps (rms)

• 80 ps rise and fall times

• 16-digit frequency resolution

• CMOS, LVDS, ECL, PECL, RS-485

• Phase adjustment & time modulation

The CG635 generates clock signals—
fawlessly. The clock signals are fast, clean 
and accurate, and can be set to standard 
logic levels.

How fast? Frequency to 2.05 GHz with 
rise and fall times as short as 80 ps.

How clean? Jitter is less than 1 ps and 
phase noise is better than –90 dBc/Hz 
(100 Hz offset)  at 622.08 MHz.

How accurate? Using the optional rubidium 
timebase, aging is better than 0.0005 
ppm/yr, and temperature stability is better 
than 0.0001 ppm.

You would expect an instrument this good 
to be expensive, but it isn’t.  You no longer 
have to    buy an rf synthesizer to generate 
clock signals. The CG635 does the job 
better—at a fraction of the cost.

Plot shows complementary clocks and PRBS (opt. 01) 
outputs at 622.08 Mb/s with LVDS levels. Traces have 
transition times of 80 ps and jitter less than 1 ps (rms).

mailto:info@thinkSRS.com
http://www.thinkSRS.com
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H
ave you bumped into a robot 

in a store lately? If you don’t 

buy all your produce and 

products online, then you may run into 

one while shopping at a brick-and-mor-

tar store like Walmart (see figure). 

A number of factors have hastened 

this invasion of cobots. They range 

from frameworks like the Robot Oper-

ating System (ROS) to machine-learn-

ing (ML) inferencing to a host of small-

er, low-cost sensors. Robots that used 

to have a couple sensors and maybe a 

camera or expensive LiDAR are envel-

oped in a mesh of sophisticated sensors 

these days. 

Higher-resolution video, infrared, 

and thermal cameras are now avail-

able as are compact radar and LiDAR 

systems, often courtesy of the push for 

self-driving cars. The sensor net feeds 

deep-neural-network (DNN) models 

that provide planning software with 

ever-more detailed information about 

the local environment, including those 

pesky humans that tend to take offense 

when bumping into self-directed 

robots. 

Neural networks are playing a rap-

idly increasing role in robotic systems, 

but they’re a far cry from Asimov’s fic-

tional positronic brain—his three laws 

of robotics are still a bit in the future. 

Hardware acceleration is helping the 

adoption of ML technology, which is 

crucial because many applications, 

including robotics, require multiple 

ML models to process the sensor data 

streams. ML models are also being used 

for planning.  

Neural networks are being employed 

in many components within cooperative 

robots, also known as cobots. Peaceful 

coexistence between cobots and humans 

will depend on how well designers can 

employ these tools and hardware to cre-

ate cobots that perform their tasks while 

interacting with us and the rest of the 

world. 

Cobots wandering around stores per-

forming chores like inventory are just the 

start. There are smart suitcases that will 

follow you through the airport. Small 

delivery robots are being tested now. 

Some are rolling while others fly through 

the air. Not all cobots will be successful, 

but they will continue to improve and 

become more functional as developers 

take advantage of the latest hardware and 

software. 

Editorial
WILLIAM WONG | Senior Technology Editor 

bill.wong@informa.com

When developing your next wireless-sensor-network application, it pays to rightsize 

the network with the optimal number of sensors and consider variables such as the 

network medium, mains, or battery power sources, wireless protocol options, and 

network configuration.

Bumping into

ROBOTS

Walmart is only one of many companies with stores that will have robots roaming the aisles 

looking at inventory. 

mailto:bill.wong@informa.com


Whether you’re designing the medical device of tomorrow or connecting the Internet

of Things, you need cutting-edge product solutions to bring your design to fruition. At

KOA Speer, we’re the ideal partner to help you do just that. Our constantly expanding

line of passive components will give you the solution to make your concept a reality!

  More than just Resistors - yes we're the world leader in thick film resistors,

but our product line is broad  and growing every day, including:

• Shunt/Current Sense Resistors 

• Wide Terminal Resistors 

• High Voltage Resistors 

• Thin Film Chip Resistors

• Surge Resistors

Passive Component Solutions - our engineering group will work with your

design team to develop the passive component solution you need. Many of 

the hundreds of new products we’ve introduced in recent years are the result 

of such collaboration. 

Award Winning Passive Supplier - we’re the industry’s most recognized and

awarded supplier for achieving the highest product quality, on-time delivery 

and responsive customer service. 

Make the Leap from  
Concept to Reality,

visit KOASpeer.com

Ultra-Precision Thin Film 
Resistors (RN73)

Surge Current Thick Film 
Resistors (SG73)

High Voltage Chip Resistors 

(HV73)

From

Concept to Reality

Our new passive component solutions
will help you make the leap! 

NEW! From KOA Speer

http://koaspeer.com


T
he new line of Agilex FPGAs developed by Intel deliv-

ers an impressive array of features, including support 

for the new Compute Express Link (CXL) standard design that 

puts devices on an equal footing with host processors. The 

family takes advantage of the company’s die-to-die intercon-

nect, Embedded Multi-die Interconnect Bridge (EMIB), which 

was originally developed by Altera and is now part of Intel. 

EMIB allows Intel to mix EMIB-linked chiplets or tiles with 

support for high-speed transceivers, PCI Express (PCIe), and 

a quad-core ARM Cortex-A53 complex for the SoC edition 

(Fig. 1). 

The Agilex is based on Intel’s 10-nm technology. It provides 

a 40% performance boost compared to the Intel Stratix 10 

while reducing power by up to 40%. The top-end systems can 

deliver up to 40 TFLOPS (FP16 performance) using the new 

DSP blocks, and are designed to handle DDR5 and provide 

on-chip high bandwidth memory (HBM) along with support 

for off-chip Intel Optane DC persistent memory. The top end 

will also support 112-Gb/s transceivers as well as PCI Express 

Gen 5.

The EMIB support is used to provide connections from 

the FPGA fabric to these interfaces, but it can also be used 

for custom tiles. Intel’s eASIC effort will allow companies to 

incorporate their tiles into custom Agilex FPGAs (Fig. 2). The 

eASIC is an Agilex FPGA with customer-supplied tiles linked 

to the system using EMIB. This provides the flexibility of an 

FPGA with many of the advantages of an ASIC, but with much 

lower startup costs. The approach can be used to integrate 

many chips into one, configurable platform. 

The CXL support (Fig. 3) is one of the major advances for 

Intel’s FPGAs. Though it requires matching support in the 

host processor, it provides a common, cache-coherent, mem-

ory architecture that’s built on PCI PCIe. It essentially puts 

all CXL devices on the same level, allowing the FGPA to gain 

access to shared memory and peripherals. 

CXL is a new platform and Agilex will be one of the first 

out there to include it. Intel will have matching support in a 

future Xeon family, at which point CXL becomes very inter-

esting. From a programming point of view, there’s no differ-

ence between a processor and an FPGA working on the data 

in shared memory. It’s even possible that one instance of an 

application will use processor-based support while another 

employs an FPGA implementation. The operating system 

could transparently utilize what’s needed or available at the 

time. 

Intel FPGAs are already used in the data center in the Alveo 

family, which employs PCIe interfaces. CXL also is built on 

PCIe, but it provides a lower-latency implementation because 

of the cache-coherent nature. n

INTEL AGILEX FPGA  
Brings CXL to Embedded, Data-Center Apps

2. Intel’s eASIC provides a bridge between FPGA solutions and cus-

tom ASICs. 

1. The Agilex FPGA 

uses EMIB con-

nectivity to blend 

its FPGA fabric 

with other devices, 

including proces-

sors, high-speed 

interfaces, and 

memory.

3. Agilex supports the new Compute Express Link (CXL) standard for 

linking devices to host processors in a cache-coherent way. 

10 MAY/JUNE 2019   ELECTRONIC DESIGN
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WILLIAM WONG | Senior Technology Editor

From sidewalks to firefighting and supermarkets to self-driving cars, robots are 

becoming ubiquitous. 

ROBOTS:
 Coming to a Sidewalk 
Near You

R
obots used to be hid-

den in assembly lines or 

research labs. Now you 

can find them in super-

markets, warehouses, and rolling down 

the sidewalk to deliver treats. They’re 

also taking on dangerous chores like 

fighting fires. Some are controlled 

remotely while others are fully autono-

mous. New sensors, improved motors, 

and machine-learning (ML) support 

are all helping to improve what robots 

can do and how closely they can interact 

with people. 

Robots are appearing more frequently 

in assembly lines, with robotic arms and 

systems from companies like those from 

FANUC (Fig. 1) providing a more flexible 

and functional setup. They allow assem-

bly lines to be reconfigured quickly, given 

the advanced programming available as 

well as improved safety around people. 

These days, robots aren’t always sit-

ting in fixed locations. Autonomous, 

mobile robots like those from KUKA 

(Fig. 2) move throughout factories 

often equipped with robotic arms or 

other actuators to do more than just 

roll around. Like many mobile robots, 

including self-driving cars, these mov-

ing platforms include a range of sensors 

to determine their position as well as 

objects in its surroundings. Technolo-

gies ranging from radar and LiDAR to 

thermal, 3D cameras, and ultrasonics 

are being used.

Cover Story

 Coming to a Sidewalk  Coming to a Sidewalk 
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SECURE MEASURES

Keeping autonomous robots in a self-

contained area like a warehouse can sim-

plify the use of robots, since they would 

only bump into other robots. Allowing 

a person to move into that space could 

be hazardous unless the robots were 

equipped with more sensors and soft-

ware. Amazon is using a slightly differ-

ent approach by having employees wear 

a special vest when moving into these 

more restricted areas. The vest provides 

location information about a person so 

that robots know to steer clear. 

Robots operating in a secured area 

allows them to be simpler and move 

faster. Still, robots are being used in 

close quarters with people doing jobs 

that tend to be monotonous. For exam-

ple, Giant Food Stores are now home to 

a host of Marty robots (Fig. 3) that roam 

around the stores looking for spills. The 

robot has a number of obstacle detec-

tion sensors, but its slow movement 

and the lack of any arms or protrusions 

makes it a relatively safe device. 

Similar-sized robots are being devel-

oped to handle inventory chores. Robots 

that will stock shelves are generally 

limited to warehouses at this point, but 

could be used during the time a store 

is closed and with a limited numbers of 

humans around. People could also wear 

something like Amazon’s vest and have 

additional controls to make it safer to 

work around robots. 

Brain Corp.’s line of robotic solutions 

13GO TO ELECTRONICDESIGN.COM

1. All sorts of robots, like these from FANUC, 

are providing more flexible assembly lines 

and working in closer proximity with people.

2. KUKA can combine mobile robotic platforms with robotic arms to support mobile pick-

and-place operations.

• Magnetic pole pitch 

 of 1 or 2 mm

• Incremental RS422-compatible

 output

• BiSS/SSI serial interface

iC-MHL Series
12-Bit Linear/Rotary Position 
Hall Encoder 

www.ichaus.de/mhl

phone: +49 6135 92 92-300

SENSOR+TEST Nuremberg, 

June 25 – 27, 1-532

Laser World of PHOTONICS Munich,

June 24 – 27, B2-316

http://www.ichaus.de/mhl
http://electronicdesign.com


Robots

includes some giant Roombas designed 

to handle industrial-sized cleaning 

chores like supermarkets (Fig. 4). These 

don’t bump into walls and furniture like 

tiny vacuum-cleaning robots. Instead, 

these floor scrubbers are designed to 

detect local obstacles in order to perform 

their function with limited or no human 

intervention. They typically operate 

when the store or area is closed so that 

there are few people to get in the way. 

ROBOTS THAT DELIVER

Delivery robots approximately the 

size of shopping carts are taking to 

the sidewalks. Robots like Postmates’ 

Serve (Fig. 5) are designed to handle 

local deliveries. Postmates already uses 

people driving cars to handle deliveries, 

but many are often within walking dis-

tance, perhaps enabling the use of Serve 

in such cases. 

Under the hood of Serve is NVIDIA’s 

Jetson AGX Xavier. It has a laser range 

finder on top along with other sensors 

spaced around the robot. Its large wheels 

are designed to go over curbs. They have 

already applied for a commercial permit 

in San Francisco, but it won’t be long 

before this type of robot becomes more 

common.

TAKING ON DANGEROUS 

SITUATIONS 

The terrible f ire at Notre Dame 

Cathedral saw a number of robots in 

use, including Colossus (Fig. 6) from 

Shark Robotics. It has a 360-degree HD 

camera, thermal cameras, and NRBC 

sensors for detecting hazards. Colossus 

is designed for remote control as well as 

autonomous operation for hours. It can 

be equipped with a fire house, allowing 

it to get closer to a fire than would be 

recommended for human firefighters. 

Other robots used to help control the 

fire included DJI Mavic Pro and Matrice 

M210 drones. These didn’t deliver water 

like the Colossus, but they did fly over 

Notre Dame cathedral to provide infor-
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3. Marty is a slow-moving robot on the look-

out for spills in Giant Food stores. 

4. Brain Corp. offers a number of robots that are industrial-sized Roombas for handling large 

cleaning chores. 
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Robots

mation about the status of the fire. These 

stock drones, which utilized conven-

tional cameras, were remotely piloted. 

Drones equipped with thermal camer-

as are being used in similar situations. 

Firefighters actually had to borrow the 

drones, since they didn’t have any at this 

point. 

One challenge with drones is that geo-

fencing is being used more often. DJI’s 

drones take this into account—the area 

around the cathedral was fenced, so DJI 

cooperated to disable that feature, allow-

ing the drones to be used in this instance. 

Sensor, ML, and robot platforms are 

making it possible to put robots in close 

proximity with people. However, tools 

like NVIDIA’s Isaac Robot Engine simu-

lator (Fig. 7) actually help develop and 

test robots. This type of simulation envi-

ronment is also being used for self-driv-

ing car development, providing a much 

safer and cheaper way to test systems. 

One of the challenges with these sim-

ulation environments is incorporating 

the sensors so that their characteristics 

match that of the real-world systems. 

Another challenge is to handle a large 

number of robots. 

Such systems are becoming more 

sophisticated, too, so that they can be 

part of hardware-in-the-loop testing, 

where a real robot is being utilized with 

these same tools. Likewise, the simula-

tors also support running the robotic 

software on a real platform like the Jet-

son Nano, while sensors operate in the 

simulated environment. 
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5. Postmates’ Serve delivery robot is con-

trolled by NVIDIA’s Jetson AGX Xavier. 

6. Colossus, developed by Shark Robotics, 

was used to help fight the fire that gutted 

much of Notre Dame cathedral in Paris. 

7. NVIDIA’s Isaac Robot Engine simulation system can support HIL robotic testing. 

http://polyphaser.com
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D
o e s  t h e  r e l e n t l e s s 

expansion of wireless 

technologies and ser-

vices signal the end of 

wired networks? Does the growth of the 

Internet of Things, forthcoming 5G, and 

ever-faster Wi-Fi foretell the eventual 

death of copper cabling? Some are pre-

dicting just this. Here are my thoughts. 

THE WIRED WORLD

How many times have we wired the 

world? The first wired network was the 

telegraph, circa 1850. I’m not making 

this up. Telegraph lines actually came 

before the telephone and electrical pow-

er transmission. These didn’t show up 

until the late 1870s through the early 

1900s. All three—telegraph, telephone 

and electrical power businesses—even-

tually created massive networks and 

grids that remain today. The telephone 

system grew into a massive enterprise 

including fiber and DSL wiring.

But that’s not all. In the 1960s, we got 

community TV antenna systems that 

morphed into the huge cable TV net-

works. Today these hybrid-fiber-cable 

(HFC) systems cover most of the U.S. In 

the 1970s and later, local-area networks 

(LANs) began connecting millions of 

PCs with twisted pair. 

Somewhere along the way, factories, 

process plants, and other industrial 

facilities got wired with fieldbuses like 

HART, Modbus, PROFINET, Ethernet, 

and others. Office buildings, homes and 

even complete cities were wired with 

twisted-pair Ethernet. And let’s certainly 

not forget the Internet and all the related 

fiber connecting the world. Now, wired 

networks have taken hold in cars, SUVs, 

and trucks. New vehicles have LIN, 

CAN, MOST, even Ethernet. What have 

I left out?

Given the huge wired infrastructure, 

you would think that the answer to the 

burning question is a solid “NO, wireless 

is not killing the wired world.” 

WIRELESS IS WINNING

However, all of the most recent net-

working hype, development, and appli-

cation seems to be wireless-related. Wi-

Fi everywhere. Massive expansion of 

the 5G cellular network and billions of 

smartphones. The public switched tele-

phone network is fading away as sub-

scribers abandon it for cellular service 

only. Bluetooth cable replacement, wire-

less headsets and speakers, and many 

others. Satellite TV distribution com-

peting with cable TV. 

Then there’s the Internet of Things 

that’s mostly wireless with its billions of 

sensors. Wireless utility-meter reading. 

And no telling how 5G will affect things. 

Initially, 5G broadband wireless services 

will challenge the DSL operators and 

cable companies. 

With all those wireless signals floating 

around, it’s amazing that the EMI hasn’t 

compromised at least some of those sys-

tems. It’s only going to get worse, so we 

should all be worried.

THE DEATH OF WIRED SYSTEMS IS 

PREMATURE

Mark Twain is acclaimed to have said 

“The reports of my death are greatly exag-

gerated.” That’s probably the case here. 

When you think about it, aren’t many if 

not most of those wireless systems tied 

together to other networks with cables? 

The cellular system can’t exist with-

out all of those attendant fiber intercon-

nects. Server interconnects in data cen-

ters use exotic cabling like Infiniband. 

And isn’t it wired Ethernet that ties all 

those Wi-Fi access points together to 

a server in a closet that is connected to 

outside fiber. Home wireless still needs 

that cable or DSL wiring to get internet 

access. Don’t all wireless networks actu-

ally have a wired connection to some 

other system? 

LOU FRENZEL | Contributing Editor

Communications

(Continued on page 47)

While wireless grabs all of the headlines, wired networks continue to reliably do their 

jobs. But, despite their reliability and relative ubiquity, some foresee the demise of the 

wired side. 

Is Wireless  
Killing Our  
Wired 
Networks?
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Virtual reality is finding its way into a range of applications, from controlling drones to 

training workers about safety zones.

WILLIAM WONG | Senior Technology Editor

V
irtual reality (VR) has 

made a dent in gam-

ing, but its real value 

is in commercial and 

industrial environments. Improved 

graphics, lighter-weight goggles, and 

better software along with lower costs 

will make VR solutions ubiquitous 

across many arenas. 

One area where VR is coming into its 

own is in training. VR allows training 

to be more interactive as well as put-

ting users in situations that might oth-

erwise be unsafe or hard to replicate 

in the real world. Oftentimes, training 

has consisted of books and Powerpoint 

presentations with minimal on-the-job 

training. 

Royal Innovative Solutions (RIS) 

is  one company that’s  working to 

bring VR to the highways. Their VR 

training solutions targeting highway 

safety and construction help reduce 

lost time from injuries and minimize 

litigation costs related to working in 

hazardous environments (Fig. 1). The 

training environment uses a combina-

tion of VR and 3D animation. The VR 

approach boosts learning and reten-

tion rates. 

The ability to rehearse operations 

in a realistic environment can lead to 

increased operational efficiency and 

production as well. Furthermore, RIS is 

Industry Trends

1. Royal Innovation Solutions is leveraging VR for training purposes.

Virtual 
Reality  
Isn’t Just for 

Games
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bringing training to many states where 

highway safety training was minimal 

or non-existent due to the costs and the 

ineffectiveness of book learning. VR 

also allows training to be done almost 

anywhere.

Another area where VR is having a 

major impact is in drone technology. 

Drone racing, like the International 

Drone Racing Association competi-

tions, has participants piloting drones at 

very high speeds through flight mazes. 

A more practical tool is the DJI Gog-

gles from DJI for their complement  

of consumer and commercial drones 

(Fig. 2). The VR headset is integrated 

with the flight control and camera sys-

tem. It provides 1080p resolution to 

both eyes with an 85-deg. field of view. 

The drones can transmit at that resolu-

tion when the headsets are nearby and 

at 720p over longer distances. Up to four 

users are able to share the experience 

from a single drone. 

A touchpad on the right side of the 

goggles can be used for command and 

control. It’s also possible to use head 

tracking for control of the camera or the 

flight. Flight control and camera control 

are split; therefore, a pilot can handle 

flight control while other users view 

or control the camera. This can make 

tracking an object easier since a pilot 

doesn’t have to worry about the drone 

movement as well as the camera move-

ment. Head tracking makes camera 

movement very simple and natural. 

The DJI drones have a number of 

flight control modes that blend well with 

VR. The simulated fixed wing mode 

allows a drone to act like a plane that 

flies at a constant speed. The VR head-

set movement is used to adjust yaw and 

pitch. There’s also terrain following and 

a tripod mode that allows users to con-

centrate on camera movement. 

The DJI Goggles are designed for 

drones compared to the conventional 

VR glasses. Antennas are built into the 

headband and it’s balanced for head 

movement. The headset can flip up or be 

easily removed to provide viewing of the 

outside world. The touchpad is a use-

ful addition and can be easily disabled. 

The system also has an HDMI input for 

external video feeds. 

VR is being used in other applica-

tions, from car showrooms to present 

the latest model cars and trucks to virtu-

al vacations for exploring venues with-

out leaving home. The 1080p resolu-

tion is currently the norm, with 4K and 

higher pushing the envelope in cost and 

performance. These are also pushing the 

GPUs driving the systems because of the 

higher bandwidth. 
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able to view the camera video at the same time.
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When developing your 

next wireless-sensor-

network application, 

it pays to rightsize the 

network with the optimal 

number of sensors and 

consider variables such 

as the network medium, 

mains, or battery power 

sources, wireless protocol 

options, and network 

configuration.

MARK BEECHAM | MCU and Sensor Product Manager, Silicon Labs

www.silabs.com

Product Trends

W
i t h  t h e  r i s e 

of the Inter-

net of Things 

( IoT) ,  we’ve 

seen a growing trend toward collecting 

and aggregating sensor data for a wide 

array of smart-home, industrial, green-

energy, transportation, and smart-city 

applications. The general belief across 

the industry was the more data sent to 

the cloud or to a local control system, 

the better. 

Much of this sensor data was in the 

form of physical sensing for human 

occupation, object detection, tempera-

ture, humidity, light, sound, and vibra-

tion. Over time, developers realized 

the difficulty of deploying large sensor 

networks, and many cloud companies 

concluded that access to vast amounts 

of data doesn’t necessarily add value if 

you can’t act on that data for decision-

making. 

In today’s cost-sensitive environment, 

every deployed sensing device or net-

work must balance the complexity of 

development and deployment with the 

value delivered to IoT service providers, 

cloud companies, and end users. We’re 

now seeing a trend in deployed sensor 

networks of simplifying the network 

and measuring only what can be trans-

lated into cost savings and/or a more 

positive end-user experience. 

SENSOR NETWORK TRENDS AND 

USE CASES

Let’s consider two use cases that 

exhibit the emerging trend of deploying 

the optimal number of sensors required 

by the IoT application: a retail store and 

a commercial office building. 

A store’s most valuable real estate is 

its merchandise shelves, and a key met-

ric is customer conversion. Most large 

retailers would benefit from a sensor 

network measuring occupancy, custom-

er and item location, inventory level, 

and more. Ideally the system would use 

sensor data to increase the likelihood of 

customer purchases. The sensors could 

use new Bluetooth tracking technology 

such as angle of arrival (AoA) and angle 

of departure (AoD) as well as received 

signal strength indicator (RSSI) or phase 

shift for distance. 

Such AoX (Fig. 1) and distance tech-

nologies enable the network to trian-

gulate the position of a customer’s 

smartphone or a device embedded in 

the shopping basket/cart to detect the 

customer’s location and where shoppers 

spend their time in the store. This data 

combined with facial-recognition tech-

nology or smartphone identification 

could assign a portfolio to each shopper 

anticipating items they’re most likely 

to buy and either offer in-store sales or 

bundles to incentivize them or deliver 

Rightsizing Your Sensor 
Network Design for the IoT
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Sensor Network Design for IoT 

targeted marketing campaigns after in-

store visits. 

The optimized sensor network 

could also provide store managers 

with insights into buying decisions for 

various product types. For example, 

the sensor network might reveal that 

certain customers spend a lot of time 

comparing toothpaste brands while act-

ing quickly with shampoos, choosing 

a brand they know. This information 

enables the store to intelligently stock 

their shelves with items customers are 

more likely to purchase, increasing the 

store’s efficiency and profitability. 

Converting an office building into a 

sensor-laden smart building will reduce 

maintenance and operating costs and 

enhance safety, comfort, and conve-

nience for its occupants. Climate control 

is a major cost factor for facilities man-

agement. It can cost more than $50,000 

a month to adequately cool or heat a 

typical 100,000-square-foot building. 

Cutting this cost by 15% by adding a 

$300,000 smart sensor network would 

be a wise investment, paying for itself in 

a few years. 

Another valuable addition would be 

a sensor network optimized for damage 

avoidance. The ability to sense threats 

such as water leaks, flooding, smoke 

and fire and then react quickly can save 

significant repair cost while protecting 

occupants and even saving lives. Threat 

reduction through sensor networks 

could also reduce insurance premiums.

While these two sensor network 

examples can directly enhance the 

deployer’s top or bottom line revenue, 

1. Angle of Arrival and Angle of Departure (AoX) technology, supported by Bluetooth 5.1, 

enhances the development of indoor positioning systems.
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there are two key challenges to consider 

when implementing a sensor network: 

the physical medium for deployed sen-

sors and how the sensor data is handled.

THE PHYSICAL MEDIUM

Every sensor network is configured 

differently, depending on the applica-

tion requirements and physical environ-

ment. For example, some networks may 

be deployed in retail environments with 

uniform coverage while others may be 

implemented in corporate offices with 

varying room sizes. Some networks may 

be used 24/7 while others are active par-

tially on a given day. A factory plagued 

with electromagnetic noise from motors 

can be a challenging environment for 

sensor networks, making some types of 

sensing or communication techniques 

impossible. Each of these scenarios 

requires an optimal sensing solution. 

Consider the example of a com-

mercial building. A common goal is to 

reduce energy consumption and cost 

for lighting and HVAC systems. There 

are two options: minimize lighting and 

HVAC usage in areas with little to no 

occupancy or implement power-effi-

cient modes of lighting and climate 

control. With either option, deploy 

sensor types that are absolutely neces-

sary, such as occupancy, light level, and 

temperature sensors. Additional sensors 

for humidity or pressure can add more 

confidence by ensuring that occupants 

aren’t negatively impacted by optimizing 

lighting and climate controls.

To deploy an optimal sensor network, 

the developer must make a few decisions 

upfront:

“Will the sensing nodes be battery pow-

ered or wired?”

A battery-powered wireless sensor 

node is easier to install as there are no 

power lines to run. But battery replace-

ment every few years can negatively 

impact the ROI equation. Running 

power lines (mains or power over Eth-

ernet) can also be an expensive upfront 

cost, and local code compliances vary by 

region. Deploying a low-voltage system 

like PoE can be more cost-effective than 

running 110 V or 220 V to every sensor 

node. Another economical option is to 

install low-voltage LED lighting along 

with the sensor network for easier access 

to energy savings. 

“Will the sensing node use wired or 

wireless communication?”

The solution depends on the trad-

eoffs of using wired power and wired 

data communications versus battery 

power and wireless data. Wireless can 

be cost-effective since there’s no need 

to run data lines throughout a building, 

but other upfront engineering costs and 

complexities must be considered when 

implementing a wireless network. For 

new construction, it’s very easy to run 

CAT5, which can pass data and power 

to every node. 
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Sensor Network Design for IoT 

With CAT5 wire, the data rate can 

be lower than the typical 1 Gb/s, mean-

ing the CAT5 cable can run more than 

100 meters. However, for some building 

renovations, accessing hard-to-reach 

places to run cable such as dropped ceil-

ings can be nearly impossible. In such 

cases, wireless connectivity may be the 

best option.

When implementing a wireless net-

work, developers must consider which 

medium and protocol to use. Wi-Fi is 

attractive from its ease-of-use due to 

the pervasive infrastructure and famil-

iarity of IP packets, but Wi-Fi can only 

support a limited number of end nodes 

and access points and consume lots of 

power compared to other short-range 

options. While Zigbee solves the power 

problem, developing a Zigbee network 

may be challenging for developers who 

lack mesh expertise. The deployer will 

need to gauge the strengths and draw-

backs of each protocol choice (Fig. 2) to 

determine the best path. There’s no per-

fect solution. The best wireless choice is 

one where tradeoffs can be tolerated to 

achieve optimal application goals.

“Where will decisions based on sensor 

data be made?”

Depending on the requirements of a 

commercial building or home, the deci-

sion to turn an HVAC system on or off 

can be made locally within the building 

by an HVAC controller. Alternatively, 

the sensor data can be sent to the cloud 

2. Developers have a wide choice of short-range protocols for wireless-sensing applications 

used in building automation.
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Sensor Network Design for IoT 

for processing, enabling remote control 

of the HVAC system. 

This choice of local or remote data 

processing and control depends on 

many factors, including the complex-

ity of the computations required for 

decision-making, how much data must 

be processed, and if post data process-

ing or remote monitoring are needed. 

Local processing and control may be 

feasible for a smart home with limited 

data requirements. However, manag-

ing an HVAC system for a building with 

many rooms may require a gateway to 

transmit data to the cloud.

HANDLING SENSOR DATA

Handling the data generated by hun-

dreds of sensor nodes is a showstop-

per for many developers attempting to 

deploy large-scale sensor networks. Set-

ting up a few nodes in a lab and getting 

them to communicate to a host or the 

cloud is relatively simple, but the net-

work design becomes exponentially dif-

ficult as the number of nodes increases. 

The application that collects local 

or cloud-based data must identify and 

time-stamp all data to build an accu-

rate model of the building. For a smart 

office, a host system will receive data 

from hundreds of sensors. This can be 

an unrealistic, expensive, and difficult 

problem. While a sensor on each end 

node may cost only $0.50, the require-

ments for a mesh network and cloud 

computation overhead may far outweigh 

the cost of the sensors. Experienced sen-

sor network deployers are now adding 

only what’s absolutely required to each 

end node. This rightsizing approach 

cuts data overhead and reduces the pow-

er consumption of end nodes, which can 

save battery-replacement cost.

Network topology is a multivari-

able problem. A trending solution is to 

use a hybrid topology that combines a 

mesh network with a bus or tree topol-

ogy. For example, in a smart office, it 

makes sense to deploy many smaller 

sensor mesh networks that can leverage 

each other to hop messages that reach 

an aggregator or an access point (Fig. 3). 

This access point can be part of another 

mesh network that’s one step away from 

the host or includes the host and other 

aggregators. Using these “middle” nodes 

simplifies a difficult problem by essen-

tially splitting the work between the 

aggregators and the host. 

By using a hybrid topology, the cloud 

can receive organized data, easing the 

burden on the cloud application and 

enabling a more scalable network. The 

cloud application will most likely be cus-

tomized for the specific task and must 

be created or licensed to provide moni-

toring capabilities for the building. 

The current trend is to implement 

such an application through “software as 

a service” (SaaS). For example, an insur-

ance company wishing to cut HVAC 

cost usually doesn’t have the core com-

petence to develop this application on its 

own. The application provides feedback 

and configurations that facility man-

agers can use to custom-control their 

building environments to their liking. 

CONCLUSION

Sensor networks can be a challenge 

to deploy. No one sensor network layout 

or measurement portfolio fits every IoT 

application. One network may focus on 

tracking assets or people, while anoth-

er prioritizes sensing environmental 

changes to cut cost or avoid disasters. 

Whichever sensor network approach is 

chosen, it must bring value. This val-

ue must offset the cost and complex-

ity of the physical medium in which 

it’s deployed as well as the system that’s 

deployed to handle the data and ulti-

mately make decisions. 

Deploying a sensor network must be 

carefully planned from battery-pow-

ered end nodes to large-scale cloud-

based applications. When deploying or 

designing a sensor network, consider all 

aspects—even the slightest oversight can 

cause insurmountable tradeoffs. Con-

sider how each sensor node will be pow-

ered, how data will be transferred and 

its path to the host application, and how 

the network will be serviced or scaled up 

over time. Sensor networks are beginning 

to achieve optimal value-to-cost ratios, 

and more businesses will deploy them to 

reduce cost, gain intelligence, and differ-

entiate from the competition. 

MARK BEECHAM is a product market-

ing engineer supporting and defining 

Silicon Labs’ 8- and 32-bit microcontroller 

and sensor products. Specializing in 

embedded systems and sensors, Mark 

joined Silicon Labs in 2015; previously he 

worked for IBM and Texas Instruments. 

He holds a BSEE from Texas A&M Uni-

versity.

3. Smart offices can deploy smaller sensor 

mesh networks that leverage each other to 

hop messages that reach an aggregator or 

access point.
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As the level of software integration becomes greater in embedded applications, 

designers are looking for ways to simplify the process. A dual-core digital signal 

controller offers one solution.

Design Separately, 
Integrate Seamlessly with 
Dual-Core Controllers

E
mbedded applications are 

becoming complex  and 

sophisticated to meet several 

objectives. First, applica-

tions need to improve efficiency, which 

requires significant controller perfor-

mance to run sophisticated algorithms. 

Next, the ubiquitous internet availability 

is enabling embedded applications to 

become “smarter” and more “connect-

ed.” The third objective is to reduce cost 

by integrating several functions like sen-

sor interfacing, connectivity, motor con-

trol, digital power conversion, security, 

and safety in a single controller.  

Such a high level of integration 

requires respective domain experts to 

handle specific functional areas or mod-

ules; then, multiple functions need to 

be integrated into an end application. 

Often, multinational companies hav-

ing their teams spread across the globe 

makes it even more important that vari-

ous modules be able to be designed sep-

arately and integrated seamlessly with 

ease to reduce the development risk and 

efforts.

EFFICIENCY IMPROVEMENT

First, let’s look at how the objective 

of improving energy efficiency requires 

increased controller performance. Con-

sider the example of a motor-control 

application. The industry has been 

moving away from brushed dc motors, 

which offer 75-80% efficiency, and 

toward brushless dc (BLDC) motors or 

the newer permanent-magnet synchro-

nous motors (PMSMs). These motors 

offer up to 85-90% better efficiency, 

reduced acoustical noise, and increased 

product lifespan. 

A typical brushed dc motor con-

trol requires very simple direction and 

speed-control techniques that can be 

accomplished using an entry-level 8-bit 

microcontroller. In comparison, con-

trolling a sensorless BLDC or PMSM 

motor with “field-oriented control” 

(FOC) is more sophisticated and com-

putationally intensive. It allows for close 

control of energy used by the motor 

over a wide range of load or speed, and 

helps significantly improve the effi-

ciency. Additional control algorithms 

may also be implemented based on 

Engineering Essentials

1. Today’s applications are increasingly “smart” and “connected.” (Courtesy of Microchip)
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application requirements, like “Rotor 

Stall Detection and Recovery,” “Wind-

milling,” “PI Loop Saturation and Anti-

windup,” “Flux Weakening,” and “Maxi-

mum Torque per Ampere,” which help 

improve the performance and response 

to a dynamic load, plus increase the 

overall efficiency. 

All of these advanced control tech-

niques are computationally intensive, 

involving math operations such as 

divide, multiply, square-root, and trig-

onometric operations, requiring sig-

nificant central processing unit (CPU) 

bandwidth. Because these control func-

tions need to be executed periodically 

at a high frequency, it’s necessary that 

the CPU gets allocated at a specific time 

interval. 

Such tight control-loop execution can 

take up most of the CPU bandwidth and 

impact other time-critical functions in 

a complex application. An embedded 

developer will have limited flexibility to 

add any additional functionalities like 

communication, safety monitoring, and 

system and housekeeping functions that 

could interfere with the time-critical 

control of the motor. The challenge 

increases in digital power applications, 

where the time-critical control-loop 

functions need to be executed at an even 

higher frequency.

COMPLEX SOFTWARE

Now, let’s consider the next objective 

driven by internet or cloud connectivi-

ty. The latest industry trend is for appli-

cations to be “smart” and “connected,” 

offering intelligence and accessibility 

from anywhere. These requirements 

demand embedded applications to 

include multiple software stacks such 

as:

• The main appl icat ion func-

tion software. In our example, 

this function implements motor 

control, housekeeping, and user-

interface operations that are com-

monly required in most of the 

applications.

• The communication software 

running the necessary network 

application protocols for connec-

tivity.

• The security software for IP pro-

tection, privacy, data integrity, 

authenticity, and access control, 

and for thwarting any hacking 

possibilities.

• If applications involve human 

operations and may cause bodily 

injuries due to malfunctioning, 

then even the functional safety 

software needs to be part of such 

safety-critical applications.

• Some of the end applications may 

also have customization require-

ments where certain features will 

be unique to specific variants 

targeted for different market seg-

ments.
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All of these function requirements 

necessitate various domain expert teams 

to be involved in developing respective 

software stacks and be able to optimal-

ly and quickly integrate them into an 

end application. Experts from multiple 

domains will need to coordinate very 

closely to design and implement an end 

application. This scenario gets further 

complicated in multinational companies 

where the expert teams will be spread 

across the globe.

COST REDUCTION

Finally, cost optimization is an impor-

tant objective that’s common to all end 

applications. Often, embedded engi-

neers will not have the budget to con-

sider a multi-microcontroller design, 

where an individual software stack can 

be executed on different microcon-

trollers with very little coordination. 

Going for a single microcontroller 

design with very high integration will be 

the most optimal solution. This further 

enables cost reduction due to a compact 

PCB design and a reduced number of 

external components like crystal oscilla-

tors and passive components.

WHAT ARE THE DEVELOPMENT 

CHALLENGES?

To implement sophisticated algo-

rithms and execute multiple software 

stacks, embedded designers often 

choose a higher-performance micro-

controller. However, this may not be the 

best choice due to the challenges associ-

ated with time-critical execution, mul-

tiple software stack development, inte-

gration, and testing. 

A simple scheduler or a real-time 

operating system (RTOS) may serve the 

purpose of scheduling and executing 

multiple tasks from different stacks on a 

high-performance CPU in a time-spliced 

manner. But, a scheduler or an RTOS 

adds overhead that consumes CPU band-

width, memory, and other microcon-

troller resources. The time-splicing also 

increases switching overhead, reducing 

the effective CPU utilization. 

The scenario gets further complicated 

when two time-critical complex control 

loops need to be executed periodically at 

a precise and overlapping time interval 

or when two asynchronous safety-criti-

cal functions must be executed simulta-

neously in real time. In such cases, con-

sidering an even higher-performance 

microcontroller will not always serve 

the system requirements. 

Even if a high-performance single 

core microcontroller has enough CPU 

bandwidth to accommodate multiple 

software stacks, maybe together with 

an RTOS, there are many other design 

complications to consider. Develop-

ing, integrating, and testing multiple 

software stacks needs a considerable 

amount of coordination among subject 

matter experts. It requires designing a 

compatible and modular software archi-

tecture that dynamically shares resourc-

es and exchanges information. The com-

plications further increase if any of the 

legacy stacks doesn’t have compatible 

architecture:

• Legacy stacks may have different 

architectures based on either poll-

ing mode or interrupt mode.

• Legacy stacks may be using the 

same microcontroller’s resourc-

es, which now need to be shared 

without any conflicts to avoid 

hazards like race condition and 

deadlock.

• Stacks may have several common 

global variables and functions 

with the same names.

• Each stack may function perfectly 

when executed individually but 

may malfunction on integration. 

Debugging such an integrated 

solution will be a nightmare that 

increases the development time.

An already available standalone stack 

may not always help in reducing the 

development time when implemented 

on a single-core microcontroller. All of 

these challenges pose significant devel-

opment risk and increase the time to 

market.

DUAL-CORE CONTROLLER

A dual-core controller helps to 

improve efficiency, simplify develop-

ment efforts, and reduce cost with the 

following offerings:

• It offers higher performance than 

a similar single-core controller 

operating at twice the speed and is 

ideal for applications with two or 

more time-critical functions.

• It simplifies software development 

with dual independent cores that 

enable geographically dispersed 

software development; seamless 

integration with very minimal 

coordination; and easy feature 

customization across multiple 

variants of a product line.

2. A typical dual independent core controller block diagram.  (Courtesy of Microchip)
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ADI’s High Power Silicon Switches 
Save Bias Power and External 
Components in Massive MIMO  
RF Front-End Design 
Bilge Bayrakci
Analog Devices, Inc.

Multiple input, multiple output (MIMO) transceiver archi-
tectures are widely used in the design of high power RF 
wireless communications systems. As a step into the 5G era, 
massive MIMO systems covering cellular bands are now  
being deployed in urban areas to meet the emerging demand  
for high data throughput and a new variety of services. The 
availability of highly integrated single-chip baseband trans-
ceiver solutions, such as ADI’s new ADRV9008/ADRV9009 
family of products, made this achievement possible. Similar 
integration toward lower power consumption for thermal 
management and smaller size for cost is still needed at the  
RF front-end section of these systems in order to accommo-
date more MIMO channels.

MIMO architectures allow the RF power requirements on 
building blocks, such as amplifiers and switches, to be 
relaxed. However, as the number of parallel transceiver  
channels increase, the complexity of the peripheral circuits  
and power consumption scales accordingly. ADI’s new high 
power switches in silicon technology are designed to simplify  
the RF front-end designs by eliminating the need for periph-
eral circuits and reducing power consumption to negligible 
levels. ADI’s new high power switches in silicon offer RF 
designers and system architects the flexibility to increase 
their system complexity without RF front ends becoming a 
bottleneck in their designs.

In time division duplex (TDD) systems, there is a switch 
function incorporated at the antenna interface to isolate  
and protect the receiver input from transmitted signal power. 
This switch function can either be used directly at the antenna 
interface in relatively lower power systems, as shown in 
Figure 1, or used on the receive path, as shown in Figure 2, 
for higher power applications to ensure proper termination  
to the duplexer. Having a shunt arm on the switch outputs  
will help to improve the isolation.

PA

Tx

Rx

LNA

RF Leakage

Transmit

SPDT T/R

Figure 1. Antenna switch.
 

Figure 2. LNA protection switch.

PA

50 Ω

Tx

Rx

LNA

Reflected

Transmit

SPDT T/R

Duplexer

Visit analog.com

Design Note

Primary Logo Secondary Stacked Logo

http://analog.com
http://www.facebook.com/AnalogDevicesInc
http://www.linkedin.com/company/3450
https://twitter.com/adi_news
http://www.youtube.com/user/AnalogDevicesInc


 
Analog Devices, Inc. 
Visit analog.com

For regional headquarters, sales, and distributors or  
to contact customer service and technical support,  
visit analog.com/contact.

Ask our ADI technology experts tough questions,  
browse FAQs, or join a conversation at the  
EngineerZone Online Support Community.  
Visit ez.analog.com.

©2019 Analog Devices, Inc. All rights reserved. Trademarks and 
registered trademarks are the property of their respective owners.

Data sheet download mouser.com/ADRV9009
Primary Logo Secondary Stacked Logo

PIN diode-based switches have been the preferred solutions 
due to their low insertion loss characteristics and high power 
handling capabilities. However, their need for high bias 
voltages to reverse bias for isolation and their need for high 
current to forward bias for low insertion loss are the short-
comings in the design of massive MIMO systems. In Figure 3, 
a typical application circuit is shown for a PIN diode-based 
switch and its peripherals. Three discrete PIN diodes are 
biased through their bias-tee circuits and are controlled 
through a high voltage interface circuit. 

ADI’s new high power silicon switches are better suited  
to massive MIMO designs. They run on single 5 V supply 
with less than 1 mA bias current and do not need external 
components or interface circuits. In Figure 4, internal circuit  
architecture is shown. A FET-based circuit operates on low 
bias currents and low supply voltages, bringing down the 
power consumption to negligible levels and helping the 
thermal management at the system level. Besides the ease  
of use, the device architecture yields better isolation as  
more shunt arms are incorporated on the RF signal paths. 

High Voltage and High Current Bias Generation and
Standard Logic to High Voltage Control Interface

Tx Rx
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50 mA
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Figure 3. PIN diode switch.
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Figure 4. ADRV9008/ADRV9009 Silicon switch.

Figure 5 shows a side-by-side comparison of printed circuit 
board (PCB) artwork between PIN diode-based switch and 

new silicon switch on a single-layer PCB design. The silicon 
switch can fit into more than 10× smaller PCB area. It has 
simplified power supply requirements and does not need high 
power resistors.

Figure 5. Side-by-side comparison of a PIN diode-based switch 
design to a silicon switch.

ADI’s high power silicon switches can handle an RF peak 
power of up to 80 W—that is enough to cover, with margin, 
the peak-to-average power ratio requirements for massive 
MIMO systems. Table 1 shows ADI’s family of high power 
silicon switches that are optimized for different power levels 
and various package options. These devices inherit the 
intrinsic advantages of silicon technology and yield better 
ESD robustness and part-to-part variation compared to its 
alternative solutions.

Massive MIMO systems will continue to evolve and there will 
be further need for even higher levels of integration. ADI’s 
new high power silicon switch technology is well suited for 
multichip module (MCM) designs to integrate with LNAs to 
offer a complete, single-chip solution for TDD receiver front 
ends. ADI will also scale new designs toward higher frequen-
cies and will lead similar solutions for millimeter wave 5G 
systems. Circuit designers and system architects will also 
benefit from the advantages of ADI’s new silicon switches 
in other applications, such as phased array systems, as ADI 
expands its product portfolio with high power silicon switches 
toward X-band frequencies and higher commonly used 
frequency bands.  

About the Author
Bilge Bayrakci is a marketing and product manager 
for RF and MW control products at ADI. He has an 
M.S.E.E. degree from Istanbul Technical University 
and more than 20 years of experience in the semi-
conductor industry. He has been with ADI since 2009. 
He can be reached at bilge.bayrakci@analog.com.

Table 1. ADI’s New High Power Silicon Switch Family

Part Number Frequency Insertion Loss Isolation PAVRG PPEAK Package

ADRF5130 0.7 GHz to 3.5 GHz 0.6 dB, 2.7 GHz 
0.7 dB, 3.8 GHz 45 dB, 3.8 GHz 20 W 44 W 4 mm × 4 mm

ADRF5132 0.7  GHz to 5.0 GHz
0.60 dB, 2.7 GHz 
0.65 dB, 3.8 GHz 
0.90 dB, 5.0 GHz

45 dB, 3.8 GHz 
45 dB, 5.0 GHz 3.2 W 20 W, 3.8 GHz 

10 W, 5.0 GHz 3 mm × 3 mm

ADRF5160 0.7 GHz to 4.0 GHz 0.8 dB, 2.7 GHz 
0.9 dB, 3.8 GHz 48 dB, 3.8 GHz 40 W 88 W 5 mm × 5 mm
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Dual-Core Controllers

DUAL-CORE CONTROLLER: 

BETTER PERFORMANCE

A dual-core controller facilitates 

higher software integration by allowing 

different functions to execute on two 

independent cores. It’s particularly help-

ful if an application requires execution 

of two time-critical functions periodi-

cally at a precise time or as a response to 

asynchronous events. With each time-

critical function executing on two differ-

ent independent cores, there will be no 

contention between the functions. This 

improves the overall CPU utilization 

due to reduced or no context switching 

overheads between the functions. 

Many dual-core controllers come with 

dedicated resources that further reduce 

the switching and arbitration overheads. 

Some of the dual-core controllers also 

feature dedicated fast Program RAM 

(PRAM) coupled to one of the cores, 

typically to the slave core, which fur-

ther improves the performance. Thus, 

a dual-core controller offers higher per-

formance than a similar single-core con-

troller operating at twice the speed.

DUAL-CORE CONTROLLER: 

SIMPLIFIED DEVELOPMENT 

Many dual-core controllers offer 

dedicated memory, peripherals, and 

debug support with each core. A flexible 

resource-management scheme further 

allows shared resources allocation to 

either of the cores as per an application’s 

requirement. 

Such a microcontroller architecture 

enables independent software develop-

ment with very minimal coordination 

between domain experts and facilitates 

easy integration. A dual-core controller 

particularly simplifies integrating two 

software stacks that are based on dif-

ferent architectures or require similar 

microcontrollers’ resources, which can 

now run on two independent cores. 

It’s similar to developing the stacks to 

execute on two different controllers, but 

with the benefits of improved perfor-

mance, optimal resource utilization, and 

reduced cost. This eliminates any com-

plications associated with the stack inte-

gration, time-spliced resource sharing, 

and the associated hazard conditions. 

A dual-core controller also enables 

easy post-integration debugging as each 

core comes with its own debug inter-

faces. Due to minimized dependencies 

between the stacks, the debugging gets 

extremely simplified to isolate issues 

and rectify them. Offering so many 

advantages, a dual-core controller sig-

nificantly reduces the development risk 

and time to market.

To add to the list of benefits, a dual-

core controller enables easy custom-

ization without modifying the main 
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functionality. By architecting the main 

functionality to run on one core, the 

custom features can be implemented 

on another core. All of these offerings 

of a dual-core controller simplify soft-

ware design even are multiple teams 

are involved across the globe, and they 

enable seamless integration with very 

minimal coordination efforts.

DUAL-CORE CONTROLLER:  

COST REDUCTION

By offering higher performance, a 

dual-core controller enables an embed-

ded designer to realize complex appli-

cations using a single microcontroller. 

By simplifying the development, a 

dual-core controller drastically reduces 

design time and risk and enables com-

petitive designs with reduced cost and 

time-to-market.

To practically realize all of the above 

benefits of a dual-core controller, a lit-

tle experiment was conducted. In this 

demo, one of the cores (typically the 

slave core) implements motor control 

running a FOC algorithm to control a 

BLDC motor. To offer a graphical user 

interface, the other core (the master 

core) executes a graphics stack to inter-

face an OLED display and implements 

a system function to interface with the 

potentiometer and buttons that control 

the speed and state of the motor. 

To demonstrate the design simplicity 

offered by a dual-core device, the graph-

ics stack and the motor-control soft-

ware were developed by two different, 

geographically separated teams. With 

the flexibility to maintain independent 

software architecture, very little coor-

dination was required between the two 

teams. One team with the expertise in 

motor control could very quickly imple-

ment the FOC algorithm to control a 

BLDC motor. And with the other team 

having expertise in graphical user inter-

face development, both teams could 

leverage their experience in respective 

areas and quickly complete the project. 

There was very minimal coordination 

required to establish an agreement that 

would convey the buttons and potenti-

ometer status between the two cores. 

As an extended experiment, both the 

teams used already available software 

libraries to implement motor control 

and the graphics interface. As a result, 

the project was completed in no time, 

with very little effort spent on integrat-

ing two different legacy stacks. Because 

of the high performance of the core, a lot 

of CPU bandwidth was still available on 

both cores. To push the limits, an OLED 

display interface was also added on the 

slave core to showcase dynamic motor 

parameters without affecting the motor 

performance. Here’s the live demonstra-
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Dual-Core Controllers

tion of the motor-control application 

with the GUI running on a dual-core 

digital signal controller (DSC). 

An example of a dual-core controller 

that has all of these benefits is Micro-

chip’s dsPIC33CH128MP508 dual-core 

DSC. The dual-core dsPIC33CH offers 

high performance with dedicated mem-

ory and application-specific peripherals, 

suiting it for high-performance embed-

ded, motor-control and digital power-

conversion applications. The dual-core 

in this family enables designers to devel-

op firmware for different system func-

tions separately and then be brought 

together seamlessly without code blocks 

interfering with each other. 

HARSHA JAGADISH is a product market-

ing manager in Microchip Technology’s 

16-bit microcontroller business unit. He has 

eight years of experience in the semicon-

ductor industry and currently focuses on 

high-performance embedded solutions.

3. Shown is a multi-function complex application block diagram.  (Courtesy of Microchip)
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Using Simulation to Design Cooling 
Systems for Electronics Webinar

   The impact of increasingly powerful electronics on our 

society cannot be overstated. These more power-

ful electronic systems produce significant 

heat that must be dissipated to 

prevent premature component 

failure. Engineers that design 

electronics face a significant 

thermal management challenge. 

This task becomes even more 

challenging when the cooling sys-

tem relies on natural convection 

instead of forced convection from 

fans due to the relatively short life 

expectancy of fans.

   Engineers can use multiphysics simu-

lation software to improve the accuracy of 

their calculations in comparison to analytic and 

single-physics solutions. These simulations include 

heat generated by the component, airflow around the 

component, and radiative heat transfer from the component. 

Heat generation due to resistive heating in the board can be included with heat generated from 

components to determine the heat generated within the system. Airflow through the system due 

to either forced or natural convection can also be analyzed. For many systems, radiation must be 

considered for accurate temperature predictions due to the large amount of heat transfer that 

occurs via this mechanism in many electronics cooling problems.

   In this presentation, Kyle Koppenhoefer from AltaSim Technologies will discuss the analysis of 

an electronics cooling problem subjected to a complex thermal environment. The webinar will also 

include a live demo in the COMSOL Multiphysics® software and a Q&A session.

REGISTER ONLINE AT:

www.electronicdesign.com/webcasts/using-simulation-design-cooling-systems-electronics-webinar

Kyle Koppenhoefer has been one of the principals and leaders at AltaSim 

Technologies for 15 years. He works with customers to identify how 

computational analysis can be used to further develop their products and 

manufacturing processes. Prior to cofounding AltaSim, Kyle worked for 

the Department of Defense and the Edison Welding Institute. He holds a 

PhD in civil engineering from the University of Illinois.

Speaker

Kyle Koppenhoefer,  Principal, AltaSim Technologies

http://www.electronicdesign.com/webcasts/using-simulation-design-cooling-systems-electronics-webinar


W
ith the remark-

able surge in 

d e m a n d  f o r 

connectivity, 

the internet has become the commu-

nications highway for billions of users. 

According to “Internet Live Stats,” 4.2 

billion people traveled the internet in 

2019. That’s about 55% of the world’s 

population, and the amount of traffic 

generated by this connected population 

is truly staggering. 

The vast web of computers and 

mobile devices that transmit, receive, 

and deliver this data wouldn’t even be 

possible without advances in network-

ing technologies. Ethernet is an iconic 

example—one that continues to evolve 

with astonishing rapidity. 

Since the 1980s, when a seven-port 

Ethernet switch was introduced, port 

count has scaled dramatically. Today’s 

Ethernet switches and routers now reach 

1000 ports, and by the end of 2020, 

will accommodate 4000 ports. Also, in 

contrast to the throughput of 10 Mb/s 

of the seven-port Ethernet switches, 

they can now handle throughputs of 

1/10/25/40/50/100/200/400 Gb/s. 

While the Ethernet Alliance can 

foresee the future growth in number 

of ports, the increase of bandwidth to 

1600 Gb/s is less obvious due to limits in 

the transmission medium. Dense wave-

length division multiplexing and proto-

col analysis module signaling have been 

used to overcome these limits to date. 

We may anticipate a move to adopt more 

parallelism to expand the bandwidth. 

Latency in networking switches has con-

stantly decreased, and today the lowest 

latencies have dropped below 1 µs.

A larger number of ports, expand-

ing throughput, decreasing latency, and 

overall improvement in security and 

ease of use are making today’s network 

switches and routers among the larg-

est IC designs ever developed, reach-

ing well beyond a billion gates and now 

on par with the largest processor and 

graphics chips. Verifying such complex 

IC designs, before silicon availability, is 

a daunting task. Fortunately, help has 

already arrived in the form of hardware 

emulation and, specific to Ethernet, 

with the VirtuaLAB Ethernet solution.

This article explains some of the tech-

nology behind why virtual emulation is 

the only way to keep up with the grow-

ing speeds and capacities of Ethernet 

designs.

IN-CIRCUIT EMULATION LIMITS

For example, a design of a modern 

system-on-chip (SoC) with a 256-port 

Ethernet interface and a variable band-

width of 1/25/40/50/100/200/400 Gb/s 

surpasses the capabilities of tradition-

al digital simulators. While hardware 

description language simulation can be 

used at the block level, verification of 

an entire design of a billion gates with 

simulated traffic is unrealistic and must 

be ruled out. This is a primary case for 

using hardware emulation in what’s 

called in-circuit-emulation (ICE) mode.

Unique to the ICE verification mode 

is the ability to test a design with real 

traffic. An ICE configuration requires 

one Ethernet tester per port. Since a 

direct connection isn’t possible due to 

the different speed domains between the 

tester and the emulated design under test 

(DUT), a speed rate adapter is inserted 

between the two. This reconciles the fast 

speed of the tester to the relatively low 

speed of the emulated DUT.

But when we tackle a modern switch 

design that can support a port configu-

ration of 256 ports and variable band-

widths of 1/10/25/40/50/100 Gb/s, 

we start to see some cracks in the ice. 

Because the design has 256 ports, the 

ICE setup requires 256 Ethernet test 

ports, 256 Ethernet speed adapter ports, 

as well as CAT5 and IO cables to the 

emulator system (1K cable channels) 

(Fig. 1). An ICE approach becomes dif-

ficult, not only from a cabling perspec-

tive, but also from a traffic-shape accu-

racy perspective when exercising a DUT 

through speed adapter ports.

Virtual emulation is necessary to scale verification technologies with the growing 

speeds, capacities, and port counts of Ethernet designs, which is where the VirtuaLAB 

Ethernet App steps in.

Virtual Emulation Knows 
No Bounds for Networking 
Design Verification

RON SQUIERS | Solutions Architect, Mentor, a Siemens Business

Industrial Automation
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Apart from the spaghetti-

cable arrangement, the poten-

tial unreliability of the hard-

ware, overall cost, and loss 

of traffic-shape accuracy, a 

frustrating limitation is that 

the entire setup supports only 

a single user located in the 

proximity of the emulation lab. 

Time-sharing using modern 

parallel and batch mode tech-

niques is extremely difficult.

1. A 256-port Ethernet switch is verified using ICE.
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UNTANGLING ETHERNET DESIGN 

VERIFICATION 

On the other hand, a virtual-emulation 

environment frees users from the limita-

tions and restrictions of ICE. Let’s com-

pare the ICE setup to an equivalent one 

using a virtual approach. In the virtual 

scenario, Ethernet testers are modeled 

in software running under Linux and/

or virtual machines on a workstation 

connected to an emulator. This model is 

an accurate representation of the actu-

al physical tester, based on proven-in-

implementation intellectual property. 

Virtual testers typically include 

Ethernet Packet Generator and Moni-

tor (EPGM) functions that do exactly 

that—generate, transmit, and moni-

tor Ethernet packets exchanged with 

the DUT. It should have the ability to 

configure any GMII, XGMII, 25GMII, 

XLGMII, 50GMII, CGMII, 200GMII, 

400GMII, or Physical Coding Sub-layer 

(PCS) interfaces for 1G, 10G, 25G, 40G, 

50G, 100G, 200G, 400G, respectively. 

The interface between the virtual tes-

ter and the DUT can consist of one too 

many instances of the data programming 

interface (DPI) to scale up the emulation 

test system to support terabit through-

puts for the largest networking systems. 

Packet stimulus for transmission and 

packet reception for analysis flows bidi-

rectionally through an EPGM tool to/

from a virtual Ethernet transactor and 

Null-PHY connected to the DUT. One 

xRTL transactor is required for each 

port of any Media Independent Interface 

(xMII) or PCS-supported type (Fig. 2).

For example, VirtuaLAB Ethernet can 

provide up to 64 ports per workstation 

for any speed type. Multiple VirtuaL-

AB applications are able to be bundled 

together across multiple workstations to 

support large port count configurations. 

High-speed optical link cards are used 

to co-model host workstations to the 

emulator. 

This tightly integrated transport 

mechanism is tuned for maximum wall-

clock performance rates and is com-

pletely transparent to the testbench. 

VirtuaLAB Ethernet’s parallel runtime 

architecture has been implemented such 

that data-plane emulation through-

put scales linearly with co-model port 

count (Fig. 3). For example, emulation 

throughput performance with Virtu-

aLAB Ethernet for a 256-port SoC is in 

excess of 1T packets per day.

Apart from enabling high data-plane 

transport, several other benefits come 

from using this approach. First, recon-

figuring the virtual tester to perform 

various functions is fast via remote 

access. Second, the workstation is a 

stable and reliable piece of equipment 

acquired at a fraction of the cost of a 

Virtual Emulation 
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complex Ethernet tester of equivalent 

functionality. Third, these workstations 

fall neatly into standard data-center-

grid engine requirements.

Even more important is the ability to 

handle multiple concurrent users and 

concurrency across distributed software 

models that are essential in support-

ing large software development teams. 

Emulation hardware and software archi-

tecture views must mind this scalability 

aspect from the ground up.

A virtual Ethernet device should sup-

port a directed test mode of operation to 

define and control the streaming of spe-

cific packet types, traffic shape, schedul-

ing and error injection into the emu-

lated DUT, as well as trace and analysis 

of packets returned from the DUT. Vir-

tuaLAB Ethernet is an example of how 

Tcl, Python, and GUI interfaces can ease 

generation, analysis, and scoreboarding 

through rules-based user definitions. 

VirtuaLAB Ethernet can be config-

ured for multiple co-model hosts sup-

ported by one instance of software run-

ning on up to 16 co-model hosts, with 

up to 1K Virtual Ethernet xRTL Trans-

actors connected to Null-PHYs and to 

the DUT ports on the emulator. These 

1K VirtuaLAB instances can be man-

aged through a centralized “controller” 

software application invoked from one 

of the workstations.

COMPLEX TESTING AND ANALYSIS

A virtual Ethernet solution is well-

suited for complex test scenario genera-

tion, monitoring, and automation. For 

example, an interactive and batch-mode 

Tcl/Python programming command 

line interface (CLI) can be incorporated 

to control all media access controllers, 

and to generate myriad protocol and 

traffic flow scenarios. VirtuaLAB Eth-

ernet supports traffic construction CLIs 

over non-homogenous packet types. 

Percentages of traffic per protocol type 

can be mixed, with differing packet sizes 

or random size per flow or stream. It’s 

also possible to control packet transmis-

sion and arbitration.

Driven by the high rate of networking 

technology convergence, virtual Ether-

net is part of a class of virtual network-

ing solutions that includes other related 

protocols, such as Flexible Ethernet, 5G 

Enhanced Common Packet Radio Inter-

face, and Optical Transport Networking. 

Virtual Ethernet solutions also perform 

offline traffic analysis, per port/flow sta-

tistics, and many other complex analysis 

functions. OSI Level 1 – Level 7 stack 

testing should also be provisioned.

Moreover, VirtuaLAB Ethernet sup-

ports stress testing and error injec-

tion for complex switching topol-

ogy using the mutable (dynamic) port 

ProtoMat® Benchtop PCB Prototyping Machine

What would your day look like tomorrow if you could 

cut yourself free from the board house and produce 

true, industrial quality microwave circuits on any 

substrate right at your desk? LPKF’s ProtoMat 

benchtop prototyping systems are helping thousands 

of microwave engineers around the world take their 

development time from days and weeks to minutes 

and hours. In today’s race to market, it’s like having  

a time machine.

www.lpkfusa.com/pcb

1-800-345-LPKF

“You can’t beat an LPKF system 
for prototyping. We do up to 
three iterations of a design 
within a day.”

LPKF ProtoMat User

9:00 AM

Your circuit design is

done and you’re ready

to make a prototype.

10:05 AM

Your frst board is

ready to test.

11:48 AM

Why not try a different

approach before you

head to lunch? 1:03 PM

Your second board is

ready to test.

3:14 PM

After a few tweaks,

you’re ready to make

your fnished board.

4:09 PM

Your fnished board is

ready to go.

5:00 PM

Nice work. You just

shaved weeks off your

development schedule.

All in a day’s work

4
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Virtual Emulation 

group reconfiguration features for 

1/10/25/40/50/100/200/400-Gb/s full-

duplex speeds. For example, xMII/PCS 

widths, link speeds, link up/down, and 

fault states can all be dynamically con-

figured during emulation runtime, and 

need no recompile steps to support test-

ing numerous port group configurations. 

Many protocol and performance vio-

lations are automatically reported, such 

as cyclic redundancy check, preamble, 

inter-frame gap (IFG), line rate, and for-

ward error correction. Packets can be 

reviewed in interactive or batch sessions 

to examine packet statistics per flow/

port, ingress/egress trace, meta-data 

such as signatures, time stamps, latency 

and content all on the wire.

One of the hallmarks of virtual Ether-

net solutions in emulation is their ability 

to do complex performance analysis of 

large and deeply state-full SoC and mul-

tichip systems. Virtual Ethernet in emu-

lation has been used in validating packet 

classification, filtering, bandwidth rates, 

policing, traffic shaping, class-of-ser-

vice, congestion, memory management, 

packet sequence drops, IFG analysis, 

dynamic load balancing, group multi-

path and network fabrics using signa-

ture analysis features available in virtual 

Ethernet systems.

Virtual Ethernet solutions reside 

entirely within software, so anything can 

be imagined and implemented quickly 

for capture and analysis with 100% vis-

ibility. Examples include custom and 

vendor-specific protocols, support for 

higher function analysis add on and 

even non-standard packet interface 

types. Virtual Ethernet solutions easily 

accommodate architectural exploration, 

integration with third-party tools, and 

bypass SoC logic that has little value in 

being re-verified for systems seeking 

greater test throughput for subsystems.

For some complex test and analy-

sis, millions of packets may be needed 

to hit steady state or transient analysis 

points of interest in the design. Take, for 

example, measuring bit rates for traf-

fic flows in a terabyte Ethernet switch 

with a 32-MB packet buffer. Virtual Eth-

ernet signature generation and packet 

time stamps can be used to measure cut-

through and store and forward latency 

conditions, RFC2544, RFC2889, etc.

TESTING WORLD-CLASS 

STREAMING DEVICES

Virtual Ethernet provides a software-

controlled environment for generating, 

transmitting, and analyzing Ethernet 

packets to test Ethernet SoCs with an 

emulation platform. Because the emula-

tor runs on enterprise servers, multiple 

users located anywhere in the world 

can test over 20 million SoC packets per 

day concurrently. VirtuaLAB Ethernet 

brings complex Ethernet SoC designs 

to market on schedule with significantly 

increased productivity. 

RON SQUIERS is a solutions architect who 

is passionate about innovation, strategic 

product development, and positioning in the 

networking domain. He has developed next-

generation networking, communications, 

and encryption products for Mentor Graph-

ics, Broadcom, Hewlett Packard, SGI, AMD, 

and several startups. Ron received his BSEE 

from the University of California at Berkeley 

and graduate studies at Stanford University. 

He has several patents in networking, en-

cryption, and emulation. Ron is a member of 

IEEE, Ethernet/WiFi Alliance, and Tau Beta 

Pi organizations, and lives and works in the 

San Francisco Bay Area. 

2. One instance of EPGM-DPI communicating to a Virtual Ethernet xRTL is all that’s required.

3. This is a high-level view of the multi-co-model topology.
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BOB ZOLLO | Keysight Technologies, Inc.

Test & Measurement

Wire and contact resistance, which can lead to voltage drops, will wreak havoc when 

testing cells. Here are some tips that can help you alleviate those headaches.

P
roper wiring and probing/

contacting are critical to 

making successful mea-

surements. When test-

ing cells or batteries, using good engi-

neering practices is important to avoid 

noise pickup, signal degradation, and 

unwanted voltage drops through wiring 

and contact resistances.  

If you’re testing cells or batteries at 

high currents, resistance will be a criti-

cal consideration. As test currents rise, 

the resistance in the wires and in the 

contacts will cause significant voltage 

drops.

WIRE-PATH RESISTANCE VOLTAGE 

DROPS ARE PROBLEMATIC DURING 

BATTERY DISCHARGE 

These voltage drops can cause prob-

lems during the discharge of a battery 

into an electronic load, as electronic 

loads have a minimum operating volt-

age. Note when I say electronic load, this 

could be a benchtop electronic load or 

the discharge circuits in a battery tes-

ter (sometimes called a battery cycler). 

As the battery voltage drops dur-

ing discharge, the battery voltage may 

approach the minimum operating volt-

age of the electronic load. 

If large voltage drops occur in the wir-

ing, then the voltage at the input to the 

electronic load may drop below its rated 

minimum operating voltage. When the 

electronic load is operated below its 

minimum operating voltage, the avail-

able current will be derated and you may 

not be able to draw the required current 

out of the battery. 

COMPARING TWO DISCHARGING-

CELL CASES 

Let’s look at the impact of wire and 

contact resistance for two cases of 

discharging a high capacity lithium-

ion cell (see table). The figure shows 

a schematic diagram of the discharge 

setup.

 So, the keys to successful discharge 

operation are:

• Use the shortest wire possible.

• Use thick wires to minimize the 

voltage drop in the wires.

• Use good quality probes to mini-

mize contact resistance. 

These are necessary to keep the total 

resistance low so that the voltage drop 

is minimal at high current during dis-

charge.

The Effect of Wire-Path 
Resistance on Battery 
Measurements

Impact of wire and contact resistance of voltage at input to electronic load or battery discharger.

43GO TO ELECTRONICDESIGN.COM

http://electronicdesign.com


OTHER CONSIDERATIONS

Is the cable well-constructed or 

does flexing the cable change the 

resistance? Inconsistent wire resis-

tance from channel to channel can 

make some channels work properly 

because they meet wire resistance 

criteria to keep the voltage above 

the electronic load minimum input 

voltage when drawing high current. 

Meanwhile, other channels have too 

much resistance and thus don’t work 

properly, causing channel-to-channel 

behavior variation. 

Is the contact resistance changing 

over time? Contacts can become worn 

out and pin-type probes can go out 

of alignment, causing inconsistent 

pressure and inconsistent resistance. 

Contacts also may become dirty from 

dust and chemicals. Monitoring the 

number of cycles of use and perform-

ing preventative maintenance (clean-

ing, alignment, and replacement) can 

reduce these effects.

Furthermore, the batteries them-

selves could be a cause of inconsistent 

contact resistance because the battery 

contacts may be oxidized. Contacts are 

often made of materials that easily build 

up an oxide coating over time. 

CONTACT RESISTANCE IMPACT ON  

VOLTAGE MEASUREMENTS 

Now let’s look at a measurement of 

voltage. Is contact resistance important 

there? Can measurements of cell volt-

age be distorted or impacted by contact 

resistance?

The short answer is no—contact 

resistance will not impact the measure-

ment of voltage. Voltage measurements 

are made with the DMM configured 

with high impedance input. For a typi-

cal DMM measuring voltage, the input 

impedance is hundreds of megohms 

or even gigaohms. Because the input 

impedance is so high, virtually no cur-

rent flows into the DMM measurement 

terminals. If no current is flowing, then 

resistance in the path has no effect on 

measurement.  

But what about a battery tester? Is the 

input impedance as high on a battery 

tester as found on DMM?

Achieving very high input imped-

ance on a measurement instrument is 

challenging. Most battery testers mea-

sure voltage in the same manner as a 

DMM, although the input impedance 

is not usually gigaohms because battery 

testers aren’t trying to measure the wide 

range of devices that a standard DMM is 

expected to measure. 

For example, the Keysight BT2152A 

is a battery test instrument focused on 

measuring self-discharge of lithium-ion 

rechargeable cells.  (For more informa-

tion about measuring self-discharge of 

lithium-ion cells, visit www.keysight.

com/find/bt2152a.) When measuring 

cell voltage with the BT2152A, the input 

impedance is 10 MΩ. At the maximum 

cell voltage of 4.2 V (typical) and 10 MΩ 

of input impedance, the current flow 

into the BT2152A’s input is 420 nA. This 

value is found using Ohm’s law of V = 

I*R or I = V/R, so for a 4.2-V cell con-

nected to a measurement system with 

10-MΩ input impedance, current is cal-

culated as 4.2 V/10 MΩ, or 420 nA. 

Since the input impedance is 10 MΩ, 

only 420 nA of current will flow. With 

total wire-path resistances of far under 

1 Ω (see table), the voltage drop across 

the wire is under 420 nV. Even if wire 

and contact resistances were to become 

thousands of times bigger than what’s 

shown in the table and climb to 10 Ω, 

the voltage drop in the wire resistance 

would jump to 4.2 µV, which is insignifi-

cant measurement error compared to 

the 4.2 V being measured on the cell. As 

you can see, thanks to the high imped-

ance input, the resistance of the wires 

and contacts don’t impact the voltage 

measurement.

However, whenever you’re making 

voltage measurements, noise pick-

up needs to be minimized by proper 

grounding and shielding, but that’s the 

subject for another article. 

Battery Measurements
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ideas for design

HIGH-BRIGHTNESS VISIBLE-LIGHT LEDS 

(VLEDs) require a constant-current 

source. This simple, RFI-free cir-

cuit takes advantage of the normally-

on properties of the new, high-power 

depletion-mode (Dmode) MOSFETs to 

provide this source. 

Historically, the simplest method for 

driving a load such as an LED uses a fixed 

or variable resistance between the power 

source and the load (Fig. 1). While low 

cost, the current doesn’t remain constant, 

but varies with supply voltage and tem-

perature rise with current load. The poor 

efficiency can be improved by replacing 

the passive resistor with an active com-

ponent or circuit whose impedance auto-

matically adjusts to maintain a specific 

value of current, even with varying sup-

ply voltage and/or heavy loads. 

Constant-current sources constructed 

using the normally-on properties of a 

JFET or Dmode FETs are restricted to 

very low power levels. These devices are 

controlled by voltage rather than cur-

rent as in the older bipolar junction 

transistors. While small-signal JFETs 

are available in both p and n types, the 

new Dmode FETs are able to manage the 

heavy currents required by the new blue 

and white VLEDs for proper operation, 

but are currently restricted to n-types.

In a traditional Dmode FET constant-

current circuit (Fig. 2), only the FET and 

a resistor (fixed or variable) is required. 

Current flowing through the FET gen-

Enhanced VLED Driver Updates 
JFET Constant-Current Source
DAN AWTREY | Engineer

1. Using a 

current-limiting 

resistor is the 

simplest to con-

trol the current 

through an LED.

2. A better 

approach is to 

use a FET as a 

constant-current 

source.
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Ideas for Design 

erates a voltage across the resistor with 

a value chosen to generate the level of 

pinch-off voltage (V
GS(off)

) necessary to 

provide the desired constant current (Io). 

The two-terminal CCS allows the load 

to be arbitrarily connected to either the 

drain or, most commonly, the gate termi-

nal as shown. 

The  IXTP3N50D2 Dmo de FET 

from IXYS Corp. powers a 5-W white 

VLED such as the LZI-00NW05 from 

LEDengin (190 lumens at 1 A); the 

design requires a 1-to-2 W resistor (R
cc

) 

between 2 to 10 Ω. For maximum effi-

ciency, the supply voltage should be as 

near the forward voltage (V
F
) required 

by the VLED(s) for minimum supply 

voltage across the circuit. 

Though the traditional CCS is com-

pact and efficient, it provides only a 

limited range of current control with 

a variable R
cc

, and usually requires an 

individually selected, fixed-value power 

resistor for each FET. This is because 

the pinch-off voltage (V
GS(off)

) required 

to control the FET varies greatly from 

device to device, as does the V
F
 of the 

LED. This tends to make it impractical 

for volume production.

The new design allows for control 

of the pinch-off voltage (V
GS (off)

) of the 

Dmode FET. It replaces the high-wattage 

series R
cc

 rheostat of the standard circuit 

with a series VLED while connecting a 

high-value, wide-tolerance potentiom-

eter (voltage divider) in parallel with the 

VLED (Fig. 3). 

In the complementary combination 

of a Dmode FET and a VLED, the FET 

supplies a current controlled by voltage 

while the LED generates a voltage depen-

dent on current, and the VLED is driv-

en directly from the drain of Q1. Thus, 

maximum current flow is supplied to the 

VLED when the potentiometer is set at 

the source end of R
cc

, with decreasing 

values selected by R
cc

 until the minimum 

current value (determined by the for-

ward voltage of the VLED and the V
GS(off)

of the FET) is reached at the ground ter-

minal of the potentiometer. 

To avoid possibly damaging current 

flow through the LED, it may be neces-

sary to insert a small resistance between 

the gate and R
cc

, as directly connecting 

the source and gate together turns the 

FET fully on. The V
F
 of a single white 

VLED ranges from 3.6 to 3.8 V, and the 

V
GS(off)

 of the IXTP3N50D2 FET ranges 

from −2 to −4 V. This design provides 

a convenient method of varying the 

brightness of the VLED over a wide 

range without regard to the characteris-

tics of a particular FET or VLED, which 

may be of any color or wavelength. These 

values also show that the V
F
 of a single 

white VLED is insufficient to allow the 

potentiometer to turn the control FET 

completely off (Fig. 4). 

If a full-on to full-off range is required, 

the simple solution is to use two LEDs 

in series. This works over the author’s 

unit with a 2.8- to 12-V supply range and 

would work as well up to the voltage limit 

of the FET; however, it requires a heat 

sink. A better approach would be to add 

more LEDs in series to match the supply 

voltage for heating and efficiency rea-

sons. For example, the 500-V, 3-A rating 

of the IXTP3N50D2 could control three 

parallel strings of 100 5-W VLEDS in an 

offline application. 

Rather than the actual value or toler-

ance of the potentiometer, it’s the ratio 

of the resistance value above the wiper 

to that below the wiper, then multiplied 

by the V
F
 of the VLED, that’s important 

in setting the voltage on the Dmode gate. 

The actual value of the potentiometer 

only determines the current it consumes 

and is equal to n times the VLED’s for-

ward voltage, then divided by the R
cc 

value across the VLED (where n is the 

number of LEDs in series). 

For a single VLED with an arbitrary 

100-kΩ potentiometer across the VLED, 

the current is only 0.037 mA (0.14 mW), 

so any low-wattage trim pot is suitable, 

which is orders of magnitude better 

than using a series rheostat. Also, since 

a Dmode FET is voltage-controlled, the 

value of the potentiometer could as eas-

ily be several times this value and still 

stay within the transistor’s specifica-

tions, further reducing control-circuit 

power loss to a negligible value. When 

two (or more) VLEDs are connected in 

series, the potentiometer value may be 

increased proportionally to 200 kΩ (or 

more) to maintain the same level of pow-

er consumption. 

Further, as the circuit contains no 

reactive or switching components, it has 

a unity power factor. Also, it doesn’t cre-

ate EMI, so Part 15 of FCC regulations 

concerning emissions don’t apply. 

DAN AWTREY (now retired) was in engi-

neering and engineering management, 

and is a patent holder and author of over 

20 articles in print and on the web. He 

last appeared in Electronic Design (May 

1996) with ÒA Bootstrap Voltage Convert-

er Using A Digital Gate.Ó 

3. Using a 

potentiometer 

across the LED, 

rather than 

a rheostat in 

series, creates 

a more-efficient 

architecture 

for constant-

current, control-

lable LED drive.

4. Over-

lap exists 

between 

FET control 

voltage with 

VLED inten-

sity; yellow 

shows 

normal LED 

operating 

range.

46 MAY/JUNE 2019   ELECTRONIC DESIGN



Wired vs. Wireless

Clearly, we have taken our reliable 

wired networks for granted. They’re 

considered old technology and get no 

recognition or appreciation. However, 

despite this inattention, even disrespect, 

wired networks continue to improve. 

The cable TV HFC systems keep gaining 

more speed thanks to the latest upgrade 

to the DOCSIS standard. It can easily 

handle 1-Gb/s data, and even faster in 

some instances. 

DSL has also ramped up its speed over 

the years as companies invented tech-

nologies that let you put 1 Gb/s of data 

on a twisted pair. And, after all these 

years, the telecom companies discov-

ered how to minimize 60-Hz induced 

voltage and current interference to the 

PSTN wiring and DSLAMs by using 

the mysterious Induction Neutralizing 

Transformer (INT). The INT has been 

around for a while, but its effectiveness 

hasn’t been fully exploited. Fast data can 

be achieved over twisted pair by using 

the latest standards such as VDSL2, 

G.fast, and others thanks to the INT.

As for other examples of a healthy 

wired infrastructure, consider these. 

Many of the small cells needed for 5G 

will be fiber. IoT nodes are aggregated 

in gateways wired to some other wired 

LAN or internet connection. DSL and 

cable internet connections to homes and 

businesses aren’t going away. New 5G 

broadband wireless may take some busi-

ness, but not all.

If you want an in-depth look at this 

issue, get a copy of the new book, Com-

puter Networking Breakthroughs You’ve 

Always Wanted, Without Needing Fiber 

Optic Cable…Even in the Age of the Inter-

net of Things. It’s written by an acquain-

tance of mine, Russ Gundrum, a veteran 

of the telecommunications and cable 

businesses. He’s also the guy to thank for 

promoting and deploying the INT.

My conclusion is that wired networks 

still serve a real purpose. We actually 

can’t get along without them. Yes, wire-

less is getting all of the attention right 

now, but we should pay some respect to 

the wired networks we use every day.  
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Using machine-learning inference on the edge has never been easier with platforms 

like NVIDIA’s Jetson Nano. 

Lab Bench

N
ot all applications can utilize machine-learn-

ing (ML) inference, but it’s possible with 

most. Doing it at the information source 

instead of in the cloud is becoming easier 

thanks to improved artificial-intelligence (AI) software sup-

port plus hardware acceleration that targets deep neural net-

works (DNNs). Platforms like Renesas’ e-AI, STMicroelec-

tronics’ STM32CubeMx.AI, and NXP’s eIQ all support ML 

and target hardware from conventional microcontrollers to 

systems with hardware acceleration. 

ML hardware acceleration can significantly improve the 

performance of inference applications on the edge, opening up 

new application opportunities that would not be possible on 

stock hardware. GPGPUs and multicore CPUs led the charge, 

but ML-specific hardware has the edge. Even the latest version 

of these platforms have been enhanced to address the infer-

ence chores. For example, Intel’s latest Xeons include instruc-

tions targeting ML and its Movidius video processing unit 

(VPU) zeros in on specific ML application spaces. 

NVIDIA’s Jetson Nano (see figure) brings a full SoC to the 

ML table. The 128-CUDA-core Maxwell GPGPU handles 

processing of most of the DNN models assisted by the 64-bit, 

quad-core Cortex-A57 CPU cluster. The compact DIMM 

module also includes 4 GB of DRAM and runs Linux. Its 

hardware encode and decode support can process a 4K or 

eight 1080p video streams while running ML models on each 

stream. Convection cooling easily handles the 5 to 10 W of 

power, allowing the Jetson Nano to work in compact, low-

power AI applications on the edge. 

Coprocessors are also answering the call for more efficient 

inference and identification chores in embedded systems, 

where a batch size of one is important. Servers typically handle 

large batch sizes more efficiently, but they’re also working with 

larger datasets versus embedded systems that might have a 

single camera delivering data for analysis.

Chips like Flex Logix’s InferX X1 target this space. The chip 

incorporates multiple nnMAX processing tiles specifically 

designed to handle each layer within a DNN model that’s been 

trained on a server using boards like NVIDIA’s latest Tesla T4 

or FPGA boards such as Xilinx’s Alveo or Intel’s Program-

mable Acceleration Cards (PACs). The InferX X1 is optimized 

to implement Winograd acceleration, which can improve 

accuracy and performance of INT8 layers by 2.25. The system 

transforms the 3-by-3 convolution to a 4-by-4 with dynamic 

translation of weights to 12 bits. The support also handles 

input and output translation on-the-fly, minimizing the load-

ing of weights within the system. 

Figuring out whether AI will benefit an application is a 

chore in and of itself. However, once that determination is 

made, lots of options are available to implement these systems. 

Of course, one may have to apply AI just to wade through the 

options. 

The Jetson Nano from NVIDIA is an SoC that supports machine-

learning inference chores in embedded systems. 

The Ever-Improving 

Inference  
at the Edge
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Isolated Flyback 
Controller Solves 
Key EV Battery 
Problems

LT8316
X 16 V to 600 V input voltage range  

targets large battery stacks

X Low 75 µA quiescent current  
minimizes battery drain

X No opto fyback to maintain  
output accuracy

Buy Now at mouser.com/LT8316
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