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FISCHER LP360™

PLUG & USE CONNECTOR

EASY MATING

FULLY CLEANABLE

LOW PROFILE

Q No key code, 360° mating freedom

Q Blind-mate, non-magnetic ball locking

Q Fully cleanable, plug and receptacle

Q Easy integration, MOLLE compatible

Q IP68 sealed to -20m/24h

Q 10,000 mating cycles

800-551-0121
FOR MORE INFORMATION, CONNECT WITH US!
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LP360™ PLUG - CABLE MOUNTED LP360™ RECEPTACLE - PANEL MOUNTED OR SEWN-IN

ACTUAL SIZE

ELECTRICAL DATA ENVIRONMENTAL DATA 

Number of contacts 7

Rated voltage (rms) ) 250 V

Typical operating voltage 9-48 V

Max. current rating 3x 5A + 4x 1A  

Max. wire size AWG 24 

Data protocols USB 2.0 and Ethernet

Characteristic Performance Standard

Corrosion  
resistance

1,000h salt mist MIL-STD-883 Method 1009.8

Sealing IP67 unmated
MIL-STD-810 Method 512.6

IP68 mated -20m/24h

Vibration & shock 9,26 rms MIL-STD-202 Method 214 
Condition I

EMI/EMC 360° Protection by design
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FOR FIXED, PORTABLE, OR WEARABLE DEVICES.

MINIATURE HIGH-SPEED DATA CONNECTIVITY SOLUTIONS

FISCHER MINIMAX™ SERIES

Also, check out our new Fischer Minimax™ Series,

with high-speed data transmission.
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Exceptionally high Q, low DCR and a wide range of
inductance values make our wirewound chip inductors a sure bet!

WWW.COILCRAFT.COM

¨

Blue Chip
PerformersPerformers

Our 0402DC and 0805HP Series provide 

the industry’s highest Q factors in their 

respective sizes for super low loss in high 

frequency circuits. Select values from 2.6 to 

820 nH, including 0.1 nH increments from 

2.8 to 10 nH in the 0402DC Series.

Find out why our customers are so 

bullish on our wirewound ceramic chip 

inductors. Order your free samples today at 

www.coilcraft.com.

Engineers love our high-performance, 

low-cost, wirewound ceramic chip inductors; 

considered by most to be the best perform-

ing wirewounds available.

For example, our 0201HL Series is offered 

in seven inductance values ranging from 

22 to 51 nH – the highest currently offered 

in an 0201 (0603) package – making them 

fully optimized for impedance matching in 

700 MHz band LTE and 5G applications. 

See us @

Hall B6 Booth 442

http://www.coilcraft.com
http://coilcraftdirect.com
http://www.coilcraft.com


WHEN YOU’RE CREATING
ENERGY EFFICIENT DEVICES THAT

SENSE CONNECT AND CONTROL

Our broad portfolio of IoT solutions can help your designs do what they need to do while using minimal 

power—from image to proximity sensors to battery-free wireless sensors that measure pressure, temperature, 

moisture, and more. Our market-leading technologies enable ultralow-power and energy-harvesting applications. 

And for wireless data connections, we can equip your designs with Bluetooth® low-energy technology. When you 

think about all the energy efficient IoT possibilities, THINK ON.

onsemi.com/IoT

CONNECT AND CONTROL

THINK ON
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SNN News: BrainChip  
Unveils Akida Architecture
Armed with approximately 1.2 million neurons and 10 billion 

synapses, the Akida Neuromorphic SoC (NSoC) spiking-

neural-network chip developed by BrainChip takes on training 

and inference tasks.

https://www.electronicdesign.com/embedded-revolution/snn-

news-brainchip-unveils-akida-architecture

Novel Techniques, Materials 
Cut Battery-Recharge  
Cycle Time 
To overcome storage capacity and recharge-time limitations 
of conventional batteries, a Cornell team developed a self-
assembling battery with twisted “ribbons.”

https://www.electronicdesign.com/power/novel-techniques-

materials-cut-battery-recharge-cycle-time

Testing the Unknown: 
The Real Problem with 
Autonomous Vehicles
In his latest blog post, National Instruments’ Jef Phillips brings 

to light that regulations, architectures, and neural-network 

algorithms are among the unknowns facing autonomous-

vehicle test engineers, and why that beckons the call for a test 

infrastructure to be put in place.

https://www.electronicdesign.com/automotive/testing-unknown-

real-problem-autonomous-vehicles

Optical Biosensing for 
Emerging Healthcare 
Applications  
Biosensing has only scratched the surface of its potential. 

Using non-intrusive, inexpensive sensors as part of a larger 

information system could be paradigm-changing in terms of 

consumer wellness. Maxim Integrated’s Ian Chen breaks it all 

down.  

https://www.electronicdesign.com/analog/optical-biosensing-

emerging-healthcare-applications
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10 MHz Distribution Amplifers

The FS730 and FS735 10 MHz distribution amplifers 

from SRS provide state-of-the-art solutions to 

challenging signal distribution tasks. 

These distribution amplifers use an input limiter 

design, which removes amplitude modulation from the 

signal, provides fxed amplitude outputs and blocks 

input noise. Virtually any 10 MHz waveform with a 

duty cycle near 50% may be used as an input. 

The FS735 model provides fourteen 10 MHz output 

BNC connectors on the rear panel, with status indicators 

on the front panel.  The half-rack sized FS730 model 

gives seven 10 MHz outputs and is available in both 

bench-top and rack-mount forms.

With mix and match capability, the FS735 can also 

be confgured with 10 MHz, 5 MHz, Broadband, 

and CMOS Logic distribution amplifers side-by-side 

10 MHz Distribution Amplifers

Stanford Research Systems (408)744-9040

www.thinkSRS.com

Additive phase noise in 10 MHz Distribution Amplifers:

Limiter vs. AGC Designs

FS730 and FS735 series ... starting at $1250 (U.S. list)

for other applications. Multiple units can be 

daisy-chained for easy expansion. 

Please visit www.thinkSRS.com for details.

Frequency Ofset from Carrier (Hz)

S
in

g
le

 S
id

e
b

a
n

d
 P

h
a

se
 N

o
is

e
 (

d
B

c/
H

z)

AGC based amplifers

degrade broadband

noise.

FS730/FS735 uses 

a limiter to remove 

spurs and maintain 

low noise.

• Sine wave outputs (+13dbm)

• Amplitude leveling

• Low additive phase noise

• High channel-to-channel isolation

• High return loss

http://www.thinkSRS.com
http://www.thinkSRS.com
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T
he Hot Chips Symposium is 

where the cutting-edge tech-

nology appears, and this year 

is no different.  Parallel processing is 

the name of the game, especially when 

it comes to 5G and machine-learning 

(ML) solutions. 

We got a more detailed glimpse at 

Xilinx’s “Everest” adaptive compute 

acceleration platform (ACAP) that tar-

gets 5G and ML. ACAP is a tile-based 

architecture that’s commonly found in 

high-performance computing and net-

work processing (Fig. 1). The non-block-

ing interconnect delivers over 200 GB/s/

tile and adjacent cores can also share 

results. The instruction set includes inte-

grated synchronization primitives. Like 

an FPGA, the system is scalable, allow-

ing large arrays to tackle more ambitious 

projects. 

Tachyum’s Prodigy chip targets net-

working applications with a pair of 400-

Gb Ethernet links to feed its 64-core 

chip (Fig. 2). It’s designed to address ML 

applications that are becoming increas-

ing important in managing and delving 

into the contents of network traffic. The 

cores use out-of-order (OOO) execution 

courtesy of the compiler. It implements 

instruction parallelism by applying poi-

son bits. All of the I/O is linked via a 

high-speed ring that also connects to the 

multicore fabric. 

On another front, Arm lifted the veil 

more on its ML processor. It includes 

features like static scheduling, where 

convolution operations wait until data is 

DMA’d into memory, providing relative-

ly predictable performance. Convolu-

tion output feature maps are interleaved 

across compute engines; weight and fea-

ture map compression support reduce 

data and power requirements. 

Mythic explained its matrix multiply-

ing flash-memory technology designed 

to deliver deep-neural-network support 

on the edge using a fraction of the power 

needed by alternatives. The hybrid digi-

tal/analog array performs calculations 

with in the memory array where the net-

work weights are stored. ADCs are used 

to read a memory cell’s voltage-variable 

conductance resulting in an 8-bit val-

ue rather than the one or two bits nor-

mally stored in a cell. The architecture 

is designed to support ML models like 

those developed using TensorFlow. 

The integration of ML in almost every 

application space is placing demands 

on hardware and software. These and 

other technologies are rising to meet the 

demand. 

Cool Parallel-
Processing Tech 
at Hot Chips 
Symposium

Editorial

WILLIAM WONG | Senior Technology Editor 

bill.wong@informa.com

1. Xilinx’s adaptive compute acceleration platform (ACAP) is built 

around a tile-based network of parallel processors.

2. Tachyum’s Prodigy chip sports a 64-core array with 400-Gb Ether-

net support to handle networking tasks.

mailto:bill.wong@informa.com


G
lobalFoundries has stated that it would cut short the 

development of new 7-nm manufacturing technolo-

gy, highlighting how hard it now is to stay to stay on the leading 

edge of the semiconductor industry. The change of heart high-

lights the mounting challenges to etching smaller and smaller 

transistors onto the slabs of silicon inside everything from data 

centers and factories to smartphones and thermostats.

The announcement raises questions about whether there 

are still financial benefits to spending billions of dollars on 

the development of chips tattooed with transistors almost the 

width of a virus and the hundreds of millions on equipment 

capable of manufacturing them without the slightest defects.

For Thomas Caulfield, chief executive officer of Global-

Foundries, that stopped making financial sense with 7-nm 

production. The company just doesn’t have enough customers 

to make it profitable. The strategy is to invest in current tech-

nology that could remain in use for years and matters more to 

its customers. But the move leaves Intel, Samsung, and Taiwan 

Semiconductor Manufacturing Corp. to fight over the most 

advanced technology.

“These nodes are transitioning to design platforms serv-

ing multiple waves of applications, giving each node greater 

longevity,” Caulfield said, adding that GlobalFoundries would 

concentrate on the production of chips based on 14-nm and 

12-nm FinFet. The company is focused on adding new com-

ponents to chips, including embedded memories like magne-

toresistive random-access memory (MRAM).

“The vast majority of today’s fabless customers are looking 

to get more value out of each technology generation to lever-

age the substantial investments required to design into each 

technology node,” Caulfield said. “This industry dynamic has 

resulted in fewer fabless clients designing into the outer limits 

of Moore’s Law. We are shifting our resources and focus by 

doubling down on our investments in differentiated technolo-

gies across our entire portfolio that are most relevant to our 

clients.”

The changes are intended to rebalance the world’s second 

largest contract chip manufacturer, which employs around 

17,000 people worldwide and serves customers including 

Advanced Micro Devices, STMicroelectronics, and Broad-

com. The company’s spokesperson, Jason Gorss, said that it 

would have to cut around 5% of the workforce after employees 

are reassigned to new product lines inside GlobalFoundries.

Halting development could have repercussions for some 

customers, blowing wind into the sails of the company’s rivals. 

Mark Papermaster, AMD’s chief technology officer, recently 

announced that the company would shift all 7-nm produc-

tion to TSMC, while using GlobalFoundries to manufacture 

its current product line. “We do not expect any changes to our 

product roadmaps as a result of the changes,” Papermaster said 

in a statement. n

GlobalFoundries Suspends Work  

ON 7-nm TECHNOLOGY

RENESAS ELECTRONICS ANNOUNCED i t 

would buy Integrated Device Technology 

(IDT) for $6.7 billion, looking to supply more 

comprehensive batches of automotive 

chips. The company said that the deal would 

give it radio frequency, interconnect, timing, 

and other chips that could be vital in building 

future automotive and industrial devices.

“This acquisition will bring us complemen-

tary, market-leading analog mixed-signal 

assets,” said Bunsei Kure, chief executive 

officer of Renesas, which holds around 30% 

market share in automotive microcontrollers. 

“IDT’s products combined with our MCUs, 

SoCs, and power-management ICs will 

enable Renesas to widen its product offerings 

as well as to expand its reach into areas such 

as the growing data economy-related space.”

RENESAS BUYS INTEGRATED DEVICE TECHNOLOGY in $6.7 Billion Deal

(Continued on page 48)
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E
l ec t r ica l  eng ineers  are 

increasingly having to take 

the good with the bad. Even 

though salaries, satisfaction, 

and employment continue to rise, profes-

sionals still worry about working condi-

tions, ongoing education, shortsighted 

management, and outsourcing and 

offshoring, according to 1,300 respon-

dents to Electronic Design’s latest sub-

scriber survey. Many respondents won-

der whether tightening deadlines, long 

hours, and endless studying are worth it. 

Despite everything, the survey results 

show the profession remains in high 

spirits. Almost 90% of respondents say 

that they enjoy their current jobs, while 

two-thirds acknowledge that employers 

pay them what they deserve. But around 

40% of respondents admit that they have 

considered moving onto another less 

stressful or more profitable profession. 

Respondents report working an average 

of 50 hours per week, not including time 

on call.   

Salaries are booming. The survey 

shows that the profession’s average sal-

ary is currently $113,624 compared 

to $105,040 last year and $97,644 five 

years ago. The average bonus amounts 

to $4,492 with a median of $3,000 

as opposed to the $3,870 average and 

$1,000 median five years ago. More 

than 60% of respondents expect their 

total compensation to exceed what they 

brought home last year, with a median 

jump of 4% in compensation.

Contrast that with the 30.8% of elec-

trical engineers who expect total com-

pensation to remain the same versus last 

year. In addition to boosting salaries, 

many companies are ramping up other 

forms of payment as the Trump admin-

istration curtails corporate taxes. Over 

the last year, the percentage of respon-

dents rewarded with stock has grown 

from 14% to 17%. One-fourth say their 

employer shares profits, an increase of 

4% since 2014.

Generally, respondents can’t shake the 

feeling of the grass being greener on the 

other side. Around 37% say that their 

pay compares with what other engineer-

ing employers are paying. Only 13.5% of 

respondents say their earnings are some-

what more competitive—less than half of 

the 31.5% that say their pay is somewhat 

less competitive. The results also show 

that 12.5% feel their pay is much less 

competitive than at other companies.

Over one-third of respondents sense 

that their employers are shortchang-

ing them. The consensus among these 

JAMES MORRA | Senior Content Editor

Taking the Good  
with the Bad in 
Electrical Engineering
Salaries are booming and satisfaction remains high, but many professionals harbor 

concerns about working conditions, ongoing education, shortsighted management, 

and outsourcing. Mounting demand for engineering talent could change all that, 

though. 

(Continued on page 20)

Sponsored by
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JOB SATISFACTION

DO YOU BELIEVE 
THAT AN ENGINEERING 

SHORTAGE EXISTS?

WOULD YOU LEAVE THE 
PROFESSION? WHY?*  

MOST IMPORTANT FACTORS IN JOB SATISFACTION

Challenges that  
accompany
the design of 
new products

8.01
Opportunity to 
design products 
that can benefit 

society

7.62
Compensation 
you receive for 
the work you do

7.73
Researching 

potential 
design 

solutions

8.01
The recognition 
you get from 
others for the 
work you do

6.83
Working in team 
situations with 

peers

7.11
Your company's 

culture and 
values

7.41
The pressures 

associated with 
solving design 

problems

6.67

[Based on a scale of 1 to 10]

Staying current with new and emerging technologies

Looming project deadlines

Product reliability issues

Product quality issues

Nothing keeps me up at night

Price/performance issues

Dealing with reductions in staff

Age discrimination

Concerns about job security

Component availability issues

Concerns about the general health of the economy

Outsourcing issues

Product interoperability issues

Specifying the right products/vendors for my designs

Concerns about financial health of your company

Documenting ROI on engineering expenditures

Try something different

Do something more fulfilling or satisfying

To make more money

Start a business

Do something less stressful

Ready to retire

Burnout

Have more freedom/free time

No further chance for advancement

The poor job outlook for engineers

Switch to teaching

WHAT PROFESSIONAL ISSUES 
KEEP YOU UP AT NIGHT?*

0% 10% 20% 30% 40%

0% 10% 20% 30% 40%

YES 40%

YES 90% YES 33% YES 67%
YES 63%

37% YES
SOMEWHAT

59%
32%

HOW SATISFIED ARE YOU IN YOUR JOB?

VERY SATISFIEDEXTREMELY SATISFIED SATISFIED NOT VERY SATISFIED NOT AT ALL SATISFIED

21% 2%36%32% 9%

NO

9%NO

60%NO

33%NO67%NO10%NO

IS YOUR COMPANY HAVING 
DIFFICULTY HIRING? IF YES, 
FOR WHAT SPECIALTIES?

Analog

RF

Power

Digital

Embedded

Software

Mechanical Design

Systems engineering

0% 10% 20% 30% 40%

YES 62%
38%NO

ARE YOUR FEELING 
INTELLECTUALLY 

CHALLENGED BY YOUR 
CURRENT PROJECTS?

HAVE YOU BEEN 
CONTACTED BY A 

HEADHUNTER IN THE 
LAST YEAR?

DOES YOUR ORGANIZATION 
EXPERIENCE CHALLENGES 

HIRING WOMEN FOR 
ENGINEERING ROLES?

WOULD YOU 
RECOMMEND ENGINEERING 

AS A CAREER PATH TO 
YOUNG PEOPLE?

*Respondents were allowed to pick more than one answer.
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BY EXPERIENCE

40 years or more

35–39 years

30–34 years

25–29 years

20–24 years

15–19 years

10–14 years

5–9 years

1–4 years

Less than 1 year

BY CAREER

BY INDUSTRY

BY LOCATION

$129,108

$109,311

$108,850

$109,720

$102,624

$123,127

$128,178

$105,463

$109,720

$101,675

Computer product design

Communications systems and equipment

Industrial controls systems and equipment

Test and measurement equipment

Power design

Research & development

Software design/development/programming

Medical products

Consumer products

Automotive products

Avionics, marine, or space

Military products

ICs and semiconductors

Mobile equipment

$0 $30000 $60000 $90000 $120000 $150000

SALARIES

$114,984

$122,071

$126,416

$124,167

$122,758

$117,129

$113,924

$91,224

$72,014

$57,682

Increase

Decrease

Same

How will 
your 2018 

compensation 
compare to 

2017? 

$130,539

$118,328    

$96,270.00

$102,398.00

$118,235.00

$104,696.00

$112,250.00

$112,237.00

$117,138.00

$114,532.00

$126,564.00

$136,811.00

$144,057.00

$105,250.00

1

2

3

Executive/operating 
management

Engineering 
management $129,376

Design & development 
engineering $113,999

$132,212

AVERAGE SALARIES

$113,624 

$4,492

$3,000 

$2,764 

Average Base Salary

Average Bonus

Median Bonus

Average Stock Options

Sponsored by
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HIGH VOLTAGE DIODES - STANDARD AND CUSTOM

INFO@DEANTECHNOLOGY.COM

WWW.DEANTECHNOLOGY.COM

+1 (972) 248-7691

PERFORMANCE
SUPERIOR

www.deantechnology.com

Dean Technology ofers an exceptional range of high voltage diodes 

for all applications including power supplies, medical equipment, 

instrumentation, control systems, voltage multipliers and military. If 

our standard range of products aren’t exactly right, we are able to 

customize every detail, generally with little to no increase in lead 

times or price.

Contact DTI today to fnd out about the exact diode 

for your high voltage design.

http://www.deantechnology.com


GavazziOnline.com • 847.465.6100 • Info@CarloGavazzi.com

Carlo Gavazzi is one of the fastest growing SSR manufacturers worldwide!  
Contact us if you’re interested in a free evaluation sample (qualifed OEMs only).

Chassis mount solid state relays (SSRs) available in 
one, two or three pole switching designs.  Single 
phase types up to 125 amps, two pole types up 
to 75 amps and three phase types up to 75 amps.  
Also offered in our new slim-line design (up to 90 
amps) and compact fast-on type (up to 25 amps).

DIN rail or chassis mount solid state contactors and 
SSRs which are UL508 rated for motor loads, and 
feature integrated heat sinks, fans and large load 
terminals. Designed for switching single phase loads 
up to 85 amps (15 Hp) and two or three pole types for 
switching up to 75 amps per phase (25 Hp).

Specialty SSRs for your growing demands: 
System Monitoring SSR for line /load voltage and 
load current, fused SSRs provide more protection, 
and 1, 2 and 3 pole proportional controllers with 
several switching modes: phase angle, distributed 
burst (1, 4 or 16 cycle), or soft start.

Solid State Relays and Contactors Solid State Relays and Contactors Solid State Relays and Contactors Solid State Relays and Contactors 

EDUCATION

Sponsored by

ARE YOU ARE BEING 
CHALLENGED INTELLECTUALLY? 

SHOULD ENGINEERS BE 
MULTI-DISCIPLINED?

ARE STUDENTS LEARNING 
THE RIGHT SKILLS?

IS IT DIFFICULT FINDING 
QUALIFIED CANDIDATES?

Yes

Yes

Somewhat

No

Yes Yes

No

No

No

WHICH ONE OF THE FOLLOWING 
BEST DESCRIBES YOUR HIGHEST 
LEVEL OF EDUCATION?

High school or less

Attended college

Associates degree

Bachelor's degree

Bachelor's plus graduate studies

Master's degree

Doctoral degree

0% 10% 20% 30% 40%
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HOW DO YOU MAINTAIN YOUR EDUCATION?

Seminars

Webcasts

Engineering videos

White papers

Trade shows/conferences

Engineering textbooks

E-books

In-house education

Online forums

Publications

0% 10% 20% 30% 40% 50% 60% 70% 80%

FOR WHICH FORMS OF 
EDUCATION DOES YOUR 
COMPANY REIMBURSE COSTS?

Seminars

Trade shows/conferences

Engineering textbooks

Publication subscriptions

Engineering association dues

College tuition

Certifications

Online training

Other 

0% 10% 20% 30% 40% 50% 60%

NEED FOR STRONGER FOCUS 
ON STEM EDUCATION EARLY ON?

DO WORKERS RIGHT OUT OF 
SCHOOL BRING NEW SKILLS?

Yes Yes

No

No
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respondents is that 20% higher pay on 

average would bring them to market 

value. In addition to higher compensa-

tion, respondents report that employers 

are slowly improving health benefits, 

retention bonuses, and other incentives 

to fill open engineering positions with 

more than journeymen and contractors. 

But electrical engineers are changing 

jobs more often. The survey showed that 

the number of respondents who have 

worked for their current company less 

than four years increased from 26% to 

38% over the last five years. Only one-

tenth of respondents are actively looking 

for new jobs, while 30% say they would 

follow up if they heard about an interest-

ing opportunity. Nearly 32% indicate 

they would listen if personally offered 

a position.

More than two-thirds of respondents 

said a headhunter has contacted them 

within the last year. All told, the number 

of electrical and electronics engineers 

is projected to grow from 318,300 to 

347,000 over the next decade, according 

to the U.S. Bureau of Labor Statistics. 

Around 40% of respondents said that 

their company is going to boost engi-

neering staff over the next year and 50% 

say that staffing will stay the same, with 

the remainder foreseeing cuts.

That suggests mounting competition 

for engineering skills, putting pressure 

on professionals to teach themselves 

about the latest technology and integrate 

it into increasingly complex and com-

pact products. Many express that they 

struggle to devote enough time to con-

tinuous education. Only around 54% 

say that they are compensated for trade 

conferences. One-third indicate that 

they are reimbursed for online training, 

up from around 25% in 2014. 

Some respondents feel that employers 

are unwilling to train new engineering 

hires. Others argue that the qualifica-

tions for many new jobs are unreason-

ably broad, giving companies ground 

to hire contractors or start outsourcing. 

Two-thirds say that their companies are 

having trouble filling open engineering 

positions. That could be why the num-

ber of respondents who believe in an 

engineering shortage has jumped from 

51% to 63% over the last year.

Despite the challenges and sacrifices 

of an engineering career, more than 90% 

would recommend the profession to 

young people. Even though the num-

ber of engineering students entering the 

workforce is falling, many respondents 

say that the future of the profession 

looks bright. More than half agree that 

recent graduates are bringing new skills 

to their company, while almost two-

thirds say that engineering students are 

learning the right skills to succeed.  

(Continued from page 12)

Sponsored by

November 13–16, 2018

smart, safe & secure
Trade fair

• 17 halls

• Full range of technologies, products and solutions

Conferences & forums

• 4 conferences

• 11 forums

• New TechTalk for engineers and developers

Talent meets Industry

• electronica Experience with live demonstrations

• e-ffwd: the start-up platform power

• electronica Careers

co-located event

Connecting Global Competence
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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


BONNIE BAKER | BB@ATW, LLC

I
t seems like, in the near future, 

renewable-energy source tech-

nologies such as solar and wind 

power have a chance to sur-

pass traditional fossil fuels in terms of 

usage. I mention solar and wind power 

because these energy generators seem 

to be more visible than other types of 

renewable energy. Being born and bred 

in Arizona, I’m certain that solar ener-

gy sits at the top of the list. After all, it 

seems like almost every other week I 

see the occurrence of a new solar-panel 

installation, and there’s no shortage of 

annual sunshine in my neighborhood. 

But, let’s step back and look at the big 

picture. According to the U.S. Energy 

Information Administration, renewable 

energy sources in 2017 collectively had 

a minor impact on the energy consump-

tion in the United States (Fig. 1).

Fossil fuels such as petroleum, natu-

ral gas, and coal account for at least 80% 

of energy consumption in the United 

States. But, enough about this evil glob-

al-warming, climate-modifying fuel. 

For those that argue that natural gas isn’t 

a threat to global warming, they may 

be wrong. Natural gas emits less car-

bon dioxide than fossil fuels and coal 

to be sure. There’s a widespread effort 

to replace other fossil fuels with natural 

gas. The pitfall with this movement is 

that the by-product of methane or natu-

ral-gas combustion is water and carbon 

dioxide. Ouch. 

Let’s concentrate on the future of 

renewable fuels (Fig. 2). Five renewable 

fuels are ahead of the pack in today’s 

energy creation and consumption land-

scape. The origin of these fuels is from 

biomass energy, hydropower, wind, 

solar, and geothermal. 

BIOMASS ENERGY 

The most prevalent renewable energy 

today involves biomass. The production 

of biomass energy comes from recently 

living organic matter like plants. This 

is a nice renewable resource because 

plants can be quickly regrown, and a 

Technology
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ENERGY CONSUMPTION IN THE U.S. (1776-2017)

1. Renewable fuels, at below 5 quadrillion BTUs, collectively rank a little more than nuclear 

fuel. (U.S Energy Information Administration)

 Is

RENEW-
ABLE 

ENERGY
Ready to Topple 
Fossil Fuel’s 
Domination?
Heavy dependence on oil, gas, and coal may dissipate 

sooner than you think as the infrastructure matures 

around alternative sources like wind and solar.
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Renewable Energy

main source of energy for them is water, 

CO2, and solar. 

I can remember that the craze a 

while ago was using biomass fuels to 

replace the petroleum fuels in cars or 

trucks. At that time, I had an image in 

my mind of a confused truck driver at 

a truck stop feeling like he was a cattle 

magnet. Gosh darn, that corn-based 

biomass fuel. 

 The creation of bioenergy comes 

from wood (largest biomass), miscan-

thus, switchgrass, hemp, corn, poplar, 

willow, sorghum, sugarcane, bamboo, 

eucalyptus, palm oil, etc. (Fig. 3). Bio-

mass fuel’s contribution to carbon is 

somewhat of a wash. Harvesting and 

burning plants for energy produces car-

bon. However, the generation of new 

plants require time, water, and the con-

sumption of carbon dioxide. I guess 

that’s what makes it a wash.

The good news is that we humans 

have a huge repository of wasted trash 

that often happens to be renewable 

organic waste. The origin of renewable 

natural gas (RNG), or biomethane, is 

from organic wastes that have a mois-

ture content. Cities, towns, and busi-

nesses around the country already use 

RNG to manage local waste and power 

vehicle fleets. And one innovative com-

pany in Fair Oaks, Ind.—a dairy farm 

company—powers milk delivery trucks 

with cow manure RNG. On the plus 

side, this saves them $2.5 million in 

annual fuel costs, while at the same time 

reducing 24,000 tons of CO2 emissions.  

California is at the forefront for pass-

ing a bill that targets 100% renewable 

energy by 2045. The claim is that this 

initiative bill creates new jobs and pow-

ers homes, businesses, and cars with 

clean, zero-carbon energy. The actual 

date may not be achievable; however, the 

state’s direction is clear. 

HYDROPOWER

Hydropower or water power has 

been an effective resource for humans 

since the beginning of time. Basically, 

this power comes from falling water. 

When harnessed, it takes on various 

energy-producing forms: watermills 

for irrigation, waterfalls for electric-

ity, or stored water in dams—the water 

from a released dam flows as kinetic 

energy through turbines to produce 

electricity. This style of renewable ener-

gy generates 19% of electricity world-

wide.1

Most hydroelectric power plants are 

located on a river at a high elevation, 

with a dam to hold back the water in 

a reservoir (Fig. 4). The water flows 

through a penstock pipe into the dam. It 

then pushes the turbine, which turns an 

electric generator. 

2. A worldwide view of renewable fuel in 2013 highlights bioenergy at the front of the 

pack. (Credit: Wikipedia)

3. Plants and waste are natural biomass 

energy makers.Long-distance 

power lines

Generator

Turbine

Penstock

Intake

Reservoir

Tailwater

4. With this dam, steeper drops generate more water power and thus energy.
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WIND

 An engineer can easily consider wind 

a form of solar energy. Differences of 

temperature at the Earth’s surface, 

when lit by sunlight, creates an atmo-

spheric movement. This is because the 

sun causes uneven heating and cooling 

events in the atmosphere. The sun owns 

part of the changing wind conditions as 

does the earth rotation and other topo-

graphical factors. 

Extremely large fans or windmills, 

with turbines, convert the wind to 

electricity (Fig. 5). In this manner, 

wind can cut business or home elec-

trical costs. Commercial-grade wind-

powered generating systems presently 

meet the renewable-energy needs of 

many organizations. Single wind tur-

bines generate electricity as a supple-

ment to an organization’s existing 

electrical supply. 

When the wind blows, power gener-

ated by the system offsets the need for 

utility-supplied electricity. The electric-

ity purchase of utility-scale wind farms 

is in the wholesale power market, either 

contractually or through a competitive 

bid process.

SOLAR

So now it’s time for me to come back 

to my hometown of Tucson, Ariz. The 

Davis-Monthan Air Force Base in Tuc-

son has installed quite an array of solar 

panels (Fig. 6).

“For a minimal investment in man-

power, projects like this provide sub-

Renewable Energy

5. Wind turbines in Lamar, Colo. make up a 

162-MW Colorado green wind farm. Each 

turbine produces 1.5 MW of electricity.
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stantial savings,” says Lt. Col. Brian 

Stumpe, the 355th Civil Engineer 

Squadron commander. “The Davis-

Monthan engineers found that in the 

first 10 months of operation, the array 

produced 33,083,404 kWh of electricity, 

enough to power over 3,600 homes. This 

amounts to a $500,000 per year savings 

for Davis-Monthan and the Air Force.”

Now, renewable-energy projects 

like the Davis-Monthan array are part 

of the Air Force’s overall strategy to 

provide energy resiliency, reliability, and 

security, as well as cost savings. Power 

systems located on secure installations 

deliver necessary predictability, and 

dollar savings free up resources that 

can be reallocated to other mission 

priorities.

GEOTHERMAL ENERGY

Another form of alternative energy 

is geothermal electricity. Barring any 

property investment on Hawaii’s Big 

Island, this energy is usually sustain-

able and reliable. Magma conduits, hot 

springs, or hydrothermal areas provide 

Earth’s heat energy to spin turbines or 

heat buildings (Fig. 7). 

One drawback to geothermal energy 

is the limitations of location. Only 

a small number of places allow for 

the cheap harnessing of this energy. 

However, in certain areas of the world, 

such as Iceland, Indonesia, and other 

regions with high levels of geothermal 

activity, it’s an easily accessible and cost-

effective way of reducing dependence 

on fossil fuels and coal to generate 

electricity. 

LOCATION, LOCATION, LOCATION

One problem with renewable energy 

is the limitations that ensue due to the 

“
The Davis-Monthan engineers found that in the first 10 months of 

operation, the array produced 33,083,404 kWh of electricity, enough 

to power over 3,600 homes. This amounts to a $500,000 per year savings for 

Davis-Monthan and the Air Force.”   
                                                                                                            — Lt. Col. Brian Stumpe
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Renewable Energy

dependence on nature. A secondary 

issue is the expense of alternate energy 

compared to traditional sources such 

as oil and natural gas. Until very recent-

ly, running coal-fired or oil-powered 

plants was cheaper than investing mil-

6. Solar panels on 170 acres of underutilized land collect sunlight energy. (Credit: U.S. Air Force /1st Lt. Sarah Ruckriegle)
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lions in the construction of large solar, 

wind, tidal, or geothermal operations. 

Ongoing improvements make solar 

cells, wind turbines, and other equip-

ment viable energy competitors. All over 

the world, nations and communities are 

making efforts to hasten the evolution 

toward cleaner, more sustainable, and 

more self-sufficient methods.

GALLOPING INTO THE FUTURE 

Are the days of coal and oil domina-

tion winding down? Some say yes, or at 

least Californians would say absolutely. 

There are several ways to generate pow-

er from biomass, hydro, wind, solar, and 

geothermal sources. These renewable-

energy source alternatives to fossil fuels 

are already becoming an important part 

of our power-generation mix. So, what 

do the years in the future hold? Or a bet-

ter question is: “When will the renew-

ables dominate?” 

REFERENCE

1. http://water.usgs.gov/edu/wuhy.html

7. The Krafla is a geothermal power station located in Iceland. (Credit: Wikipedia Commons/Ásgeir Eggertsson) 
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U.S. IoT ANALYTICS MARKET BY VERTICAL, 2014-15 (USD BILLION)

2014        2015         2016        2017         2018        2019         2020         2021        2022         2023        2024         2025

Manufacturing             Energy and utilities               Retail and e-commerce              Healthcare and life sciences

Transportation and logistics               Others

1.23 1.52

Source: Grand View Research

A closer look at the top IoT use cases today in the business-to-business and business-

to-consumer sectors can help determine the growth potential for the analytics of 

things. 

SIDDHARTH MISHRA | Senior Research Analyst, Information, Communication, and Next-Generation Technologies, Grand View Research

T
he exponential rate of growth in the Internet of 

Things (IoT) has of course led to more and more 

things, from wearable devices to factories, becom-

ing embedded with technology. Consumers, as 

well as enterprises, are increasingly realizing the full potential 

of IoT, ultimately reducing cost and leveraging more robust 

data analytics. 

Regardless of all the technological advances, end-users and 

businesses haven’t yet completely tapped into the vast pos-

sibilities of the IoT. One of the reasons for this is that today’s 

users lack the knowledge on how to collect and utilize data 

from the connected devices. Though it’s theoretically possible 

to collect and analyze more data than ever before, the actual 

implementation still lags behind.

There’s an ever-increasing need to think about the relation-

ship between connected devices and the optimum utilization 

of data in various analytics use-cases. Companies that haven’t 

yet started leveraging the abundance of data are missing the 

IoT bus. 

As per the estimations made by Grand View Research, the 

global IoT analytics/analytics of things market size is expected 

to reach USD 57.3 billion by 2025, following a CAGR of over 

29% from 2017 to 2025. Increasing demand for cost-effec-

tiveness and advanced technologies has boosted the adoption 

rate of analytics of things among enterprises. IoT analytics is 

helping enterprises and individuals gaining real-time insights, 

thereby optimizing the decision-making process.

The figure depicts the U.S. IoT analytics market size 

estimates and forecasts, broken down by various verticals 

including manufacturing, energy and utilities, retail and 

e-commerce, healthcare and life sciences, transportation and 

logistics, and others. Manufacturing is expected to be one of 

Industry Trends

IoT’s Next Revolutionary 
Shift Through Analytics

A wide range of vertical markets contribute to the IoT analytics ecosystem. (Source: Grand View 

Research)
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Analytics of Things

the most lucrative segments, while healthcare and life sciences 

will likely emerge as the fastest growing vertical over the fore-

cast period.

DEVELOPING IoT ANALYTICS USE-CASES

Industries: Shift Toward Optimization

Manufacturing, power generation, oil & gas, and logistics 

& transport are becoming a perfect breeding place for IoT 

advancement. Most of these industries have become exten-

sively automated, which offers boundless potential for data 

collection. The companies are increasingly struggling to 

remain competitive in the market by achieving the best results 

at the lowest possible costs. Businesses worldwide are looking 

forward to collecting more and more data by establishing a 

connected ecosystem.

Though many industries have automated their business 

processes, they still have a long way to go to fully harness 

the capabilities of IoT analytics. Automation has allowed 

the enterprises to process and ship orders faster than ever 

before. However, the implementation of IoT analytics in order 

tracking and machine performance is anticipated to help the 

enterprises better optimize their manufacturing and inventory 

processes.

The implementation of IoT can help various industries ana-

lyze the data collected from almost every single part of their 

inventory, manufacturing, and distribution processes, thereby 

reducing wastage, quickly optimizing their operations, and 

predicting accurate time for machine maintenance.

Smart Cities: Improving the Quality of Urban Life

The transformation toward a smart city is already on its way 

in many urban areas around the world. Something as simple 

as an electronics sign informing passengers when their bus is 

supposed to arrive, or giving its current running status, is an 

example of IoT solving problems in smart cities.

Navigation is one of the biggest hassles in megalopolises. 

Tracking the real-time location of trains, buses, metros, trams, 

and subways is expected to help commuters overcome sig-

nificant difficulties related to public transportation. Moreover, 

municipalities can utilize this data to schedule their mainte-

nance or repair activities for public transport and infrastruc-

ture, aiming toward the least disruptive time for work and 

allocating the most efficient workforce for the same.

IoT data has the potential to significantly improve the 

quality of life in cities, particularly where public facilities are 

involved. For instance, Barcelona, Spain has started utilizing 

sensor-equipped trash cans to help city management regulate 

the service routes, keep the trash can empty, and decrease 

traffic.

Future applications of IoT analytics in smart cities is limit-

less in scope. With more objects in cities becoming a part of 

the IoT, city planning is expected to be shaped from effective 

utilization of analyzed IoT data, in order to optimize public 

relationships with the urban environment. New bus or train 

routes could be strategically planned by using years of traf-

fic data. City power grids in most metropolises have already 

started tracking the power consumption, so we foresee the 

development of solutions, such as blackout prevention, that 

will effectively manage city power consumption and supply.

Customer-Driven Innovation

The buzz about IoT has now become a roar in the retail 

industry. Retailers are increasingly leveraging the benefits of 

IoT to upgrade their customer experience, provide new ser-

vices, and enter new markets. Data collected from IoT devices 

and sensors not only help retailers attain an enhanced man-

agement of energy usage and store assets, but also enhance in-

store marketing efforts. IoT-delivered data provides real-time 

insights into employee productivity and inventory manage-

ment.

The majority of the advances in the retail industry are pri-

marily focused on the customer’s journey of selecting items 

through the store. For instance, several retailing giants have 

started utilizing smart check-out stations, which are designed 

to weigh, scan, and automatically complete all check-out pro-

cedures within a smart cashier-less checkout station.

All of these examples represent how the retail sector is 

implementing IoT analytics to enhance the customer experi-

ence by alleviating the worst parts of shopping, like waiting for 

items to ship or waiting in line. Furthermore, some innovative 

startups are working on the development of new IoT data 

use-cases, which are expected to reveal a better analysis of 

buyer interaction during the purchase process. The analysis is 

primarily based on the following parameters:

• How are customers moving in the store?

• How long are they in dressing rooms, waiting in 

queues, and/or looking at products?

• What type of difficulties do they face while shopping?

• What is influencing them to move to brick-and-mortar 

stores?

IoT Analytics Shaping Human Habits

Wearable technology is one example of how IoT analytics 

is being used to shape human habits. Consumers increasingly 

use fitness trackers and smartwatches for their self-improve-

ment. These devices allow a user to analyze his/her behavior 

by tracking steps traveled, miles run, sleep, or minutes without 

any motion.

The advent of IoT in the human ecosystem has led to the 

development of smart refrigerators, allowing users to remotely 

check the inside of the fridge (with the help of interior cam-

eras) and notify them when food is about to expire. We believe 

that it’s only a matter of time before a smart fridge will be 
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SEPIC, Boost, Inverting, and Flyback Controller Solves the Voltage 
Drop Problem of High Impedance, Long Length Industrial Power Lines

Introduction
The LT®8710 is a versatile DC/DC controller that supports 
boost, SEPIC, inverting, or flyback configurations, and is 
widely used in automotive and industrial systems. The 
LT8710 includes features that enable use in applications 
with high impedance power supplies, or where input 
current must be limited.1 For example, long power lines 
in industrial plants and warehouses add significant input 
source resistance as well as a significant voltage drop from 
converter to load. This value can change as equipment is 
relocated, further complicating regulation. Solar panels also 
have a high impedance input, with a peak power output and 
a narrow voltage range. This design note demonstrates how 
the LT8710 can solve the problems of high impedance and 
current limited input sources, through the example of a 
lithium-ion battery charger.

Circuit Description and Functionality
Figure 1 shows a charger solution for a 20V lithium-ion 
battery, commonly used in portable power tools. The 
voltage source, VSRC, is 24V via a high impedance power 
line, resistor RLN, resulting in the voltage VIN at the charger 
input terminals. The voltage source could be considered 
as a popular 12V solar panel with 22V to 24V open-circuit 
and 18V to 19V optimum operating voltage. The charger 
is based on a synchronous non-coupled SEPIC topology 
and controlled by the LT8710. The power train consists of 
discrete inductors L1, L2, transistors Q1, Q2, decoupling 
capacitors between the inductors, and input/output filters. 
Resistor RSC sets 2A of charge current, ICHRG; resistor 
RV(FL) sets the float voltage of 21V. The resistor divider 
RIN1, RIN2 sets input voltage regulation level which is 18.6V 
in this example.

Figure 1. Electrical Schematic of LT8710 Li-Ion Battery Charger In High Impedance Input Lines
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Figure 2 illustrates the functionality of the charging solution 
over time. When VIN and power source voltage VSRC are 
above 19V, the LT8710-based SEPIC charges the lithium-
ion battery to the programmed 2A, ICHRG. As VSRC drops 
below 20V, the value of VIN drops correspondingly. When 
VIN reaches the input voltage regulation level, the LT8710 
reduces the charging current, ICHRG, to maintain VIN, even 
as VSRC continues to decline. The horizontal axis represents 
normalized time, which can be hours for a solar panel, 
or minutes, or seconds for power supplies in complex 
industrial systems. 

Another way to control the load for converters based on the 
LT8710’s input current is to monitor voltage of the capacitor 
from the IMON pin. Select resistor RSC to provide a voltage 
close to 50mV at the maximum current. A corresponding 
voltage is reflected across the IMON capacitor. If there is 
no current flow and the voltage across the ISP and ISN pins 
is zero, then the IMON voltage is approximately 0.616V. If 
the ISP–ISN voltage is 50mV, it reflects the IMON voltage 
as 1.213V. This feature, as well as many others, can be 
evaluated using our demonstration circuit DC2067A2 and 
corresponding LTspice models3.

Conclusion
The LT8710 is a versatile and flexible controller that 
supports synchronous SEPIC, boost, and inverting 
converter topologies. Along with a wide range of input 
voltages and switching frequencies, it includes advanced 
features, such as the ability to regulate the input voltage 
and output current based on input current or voltage. These 
features make the LT8710 ideal for industrial, solar panel 
systems and other current limited applications. 

References
1. Data Sheet, LT8710 Synchronous SEPIC/ Inverting/

Boost Controller with Output Current Control.  
http://www.analog.com/LT8710

2. Demo Board, DC2067A—LT8710EFE Inverting Demo 
Board | 4.5V ≤ VIN ≤ 28V; VOUT: –5V @ 6A 
http://www.analog.com/en/design-center/evaluation-
hardware-and-software/evaluation-boards-kits/
dc2067a.html

3.  Circuit Simulation, LTspice Models of the Converters 
Based on LT8710 
www.analog.com/en/design-center/evaluation-
hardware-and-software/lt-spice-demo-circuits.html

Data Sheet Download
www.analog.com/LT8710

Figure 2. Graphs of Charging Current (ICHRG) 
as a Function of the Voltages Power Supply 

(VSRC) and Charger Input Terminals (VIN )
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Analytics of Things

developed that would be able to precisely track the way a user 

eats, wastes, and buys food.

Personal betterment with IoT is simply the process of 

automatically collecting the behavioral data and using it to 

modify the way an individual behaves. Increasing sophisti-

cation of wearable devices is likely to support the trend, i.e., 

self-improvement with IoT. With many consumer/individual 

items becoming a part of the IoT system, market incumbents 

are expected to stay focused toward optimizing the utilization 

of IoT data.

INTERSECTING IoT ANALYTICS WITH CONNECTED 

WORLD = HUGE ROI POTENTIAL

Be it improving machine behavior, or resource management, 

or enhancing personal routine, IoT analytics has the potential 

to significantly revolutionize the way we achieve our goals. 

The intersection of IoT analytics with the 

web of things will likely open the door to 

myriad business opportunities. 

Grand View Research predicts there 

will be almost 100 billion devices con-

nected to the internet by 2025. These 

include everything from smart-home 

devices to industrial equipment and 

critical machine tools to driverless 

cars. The growth in the IoT devices is 

anticipated to lower the cost required 

to embed almost any item with a sen-

sor and permit real-time transfer of the 

data collected from sensors over cellular, 

wireless, or other networks. 

SIDDHARTH MISHRA is a consultant with 

Grand View Research and is responsible 

for the company’s syndicate and consult-

ing market research across the Informa-

tion, Communication, and Next-Generation 

Technologies domains. His primary focus is 

on disruptive and emerging technologies 

and solutions delivered to multinationals, 

enterprises, government agencies, and 

SMEs across the globe. His key areas of 

interest include the IoT, Industry 4.0, smart 

factories, and other emerging technologies 

shaping the new-age industry. He complet-

ed his Master of Business Administration 

in Marketing (2013-2015) after Bachelors 

of Electronics & Communication Engineer-

ing (2008-2012). Siddharth has extensive 

experience in the Internet of Things (IoT) 

industry and worked mainly with the global 

and regional technology providers, system 

integrators, and wireless connectivity ser-

vice providers, helping them make better 

business decisions. For the last couple of 

years, he’s been involved in the continuous 

monitoring of the Analytics of Things Mar-

ket, thereby keeping a tab on all emerging 

and latest trends and developments in the 

industry worldwide. 
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BONNIE BAKER | BB@ATW, LLC

Y
our utility Power Factor is the ratio of the 

system’s Real Power and the Apparent Power 

(Eq. 1). This unitless factor ranges from −1 to 

1. The Power Factor ratio aptly describes the 

type of storage elements in the circuit and the stability of the 

current-to-voltage relationship. More importantly, for utility 

companies, this ratio provides insight into a user’s power con-

sumption habits, enabling them to apply fees related to lower 

value Power Factors (usually below 0.80 or 0.85). 

Power Factor = Real Power/Apparent Power      (1)

Inductive or motor-control environments are most apt to 

impact the system’s Power Factor. Consequently, many indus-

trial processing facilities are piquing the interest of utility 

companies due to their typically low Power Factor numbers. 

These facilities have a large number of induction motors that 

drive pumps, conveyors, and other machinery in the plant. 

Induction motors, with their inductive elements, cause low 

positive Power Factors.  

POWER FACTOR

The three elements of the Power Factor diagram are Real 

Power, Reactive Power, and Apparent Power. In Figure 1, the 

graphical relationship of these powers conveniently uses a 

right triangle, where the Pythagorean theorem of S2 = P2 + Q2

becomes very helpful. 

A wattmeter measures Real Power (P) (also known as Work-

ing Power, Actual Power, or Active Power), providing a value 

with units equal to watts (W). The Real Power or P actually 

powers the equipment that performs useful work. 

The Apparent Power (S) measurement is equally simple to 

perform. For the S value (Eq. 3), multiply the total voltage by 

the total current to provide a value with units equal to VA. 

The Apparent Power or S is the “vectorial summation” of Real 

Power (S) and Reactive Power (Q).

The Reactive Power (Q) derivation uses the P and S in 

the Pythagorean theorem (Eq. 2). The Q units are equal to 

VAR. With a positive Power Factor value, Q is the power that 

magnetic equipment (transformer, motor, and relay) needs to 

produce the magnetizing flux. With a negative Power Factor 

value (Eq. 4), Q is the power that a capacitive element needs to 

produce an electric field. 

Q = 1/(S2 – P2)        (2)

To help illustrate these points further, Figure 2 shows a 240-

V ac model driving an inductive load. In the figure, V = 240 

Vrms; I = 9.515 A rms; and P = 2.0 kW.

S = V × I = 240 V × 9.515 A rms = 2.284 kW     (3)

Power Factor = P/S = 2.0 kW/2.260 kVA = 0.88   (4)

As discussed earlier, the industrial processing facilities run 

the risk of running a facility with low Power Factor values. In 

turn, many electric utility companies acquire a low Power Fac-

tor penalty. This incentive drives factories to design-in higher 

Power Factors by adding power-factor-correction (PFC) ele-

ments. 

Product Trends

Reactive power elements such as 

capacitors and synchronous generators 

and motors can help overcome issues 

involving low Power Factor values.

How Does Power Factor 
Correction Impact Your 
Utility Bill? Im

S = Apparent Power

S

φ

P

P = Real Power

Q Q = Reactive Power

Re

Cos(φ) represents 
Power Factor

1. The “power triangle” includes Real Power, Reactive Power, and 

Apparent Power.
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POWER FACTOR CORRECTION

The key contributors to Power Factor 

reduction are transformers, induction 

motors, induction generators (wind-

mill generators), and high-intensity 

discharge (HID) lighting. To battle 

the facility’s low Power Factor values, 

there are reactive power elements that 

increase Power Factor, including capaci-

tors, synchronous generators (utility and 

emergency), and synchronous motors. 

An electric motor load creates a 

lagging (inductive) or positive Power 

Factor. Typically, installed capacitors 

decrease the magnitude of Reactive 

Power (VAR), thereby increasing the 

Power Factor. The correct capacitor of 

appropriate size, wired in parallel, solves 

the low Power Factor problem (Fig. 3).

We will use the Reactive Power value 

to calculate the capacitor size (Eqs. 5 

and 6):

XC = 1/(2 × π f × C)      (5)

XC = V/Q                   (6)

where Q = Reactive Power; V = sys-

tem supply voltage = 240 V rms; XC = 

capacitive reactance agent; f = system 

frequency (60 Hz); and C = new capaci-

tor in farads.

From Equation 5, XC = 52.26, and 

from Equation 6, C = 50.7579 pF or 50 

pF.

LOW POWER FACTORS

Power Factor challengers claim that 

there’s no system penalty for low Power 

Factors. This may be true to a point for a 

typical home power user who may never 

see the impact of a low Power Factor 

regarding increases in electrical bills or 

home electronic performance. There’s 

no benefit for such users in terms of 

PFC. For the utility and industrial users, 

this claim is markedly not true. 

A low Power Factor indicates an 

imbalance that manifests itself as a 

phase shift between the voltage and 

current signals in a power supply. This 

may or may not be an issue. However, 

it’s possible that the power supply may 

dip, and for the heavy motor user, the 

utility company may not respond in 

kind. 

240 V rms
60 Hz

Wattmeter Ammeter

P A

LoadC
50 pF

3. This circuit with power factor correction uses a 50-pF capacitor.

240 V rms
60 Hz

Wattmeter Ammeter

P A

Load

2. In this block diagram of a 240-V ac model driving an inductive load, the wattmeter measures 

the total Real Power of the system and the ammeter measures real-time system current.
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S
ystem in package (SiP) is 

an invaluable tool for deliv-

ering compact silicon solu-

tions. It allows different 

technologies to combine into a single 

package, reducing the bill of materials 

(BOM) of a system while increasing 

the reliability. It can also lower system 

design costs since more complex com-

ponents are combined within a SiP. 

There are many SiP implementations, 

so it’s not surprising that a few myths 

about this technology may be floating 

around.

1. There’s no industry agreement on 

the definition of system in package.

The definition of SiP varies so wide-

ly that the first chapter of TechSearch 

International’s recent SiP report1

includes a list of over 20 definitions, 

contributed by a range of SiP suppliers 

and users. To establish the basis for the 

report and forecasts, the chapter pro-

vides the following definition:

“System-in-Package is a functional 

system or subsystem assembled into 

a standard footprint package such as 

LGA, FBGA, QFN, or FO-WLP. It con-

tains two or more dissimilar die, typi-

cally combined with other components 

such as passives, filters, MEMS, sen-

sors, and/or antennas. The components 

are mounted together on a substrate to 

create a customized, highly integrated 

product for a given application. SiPs 

may utilize a combination of advanced 

packaging including bare die (wire bond 

or flip chip), wafer-level packages, pre-

packaged ICs such as CSPs, stacked 

packages, stacked die, or any combina-

tion of these.”  

By this definition, multichip pack-

ages (MCP) and multichip modules 

(MCM) aren’t considered a SiP, although 

various suppliers would disagree—this 

increases the challenge of analyzing and 

forecasting the SiP market. Many MCPs 

are combinations of devices that are like 

stacked-die chip-scale packages (CSPs), 

where flash and RAM are combined in 

a die stack supplied in high volumes. 

MCPs are also similar to MCM or mod-

ules, where the solution is a custom 

assembly format that’s not a standard 

package platform, like a fine-pitch ball 

grid array (FBGA).  

2. SiP competes with system on a chip 

(SoC).

They are more complementary than 

competitive. SoC has long been an effec-

tive strategy to integrate established IP 

blocks for high-volume applications 

that can absorb the significant comple-

mentary metal-oxide-semiconductor 

(CMOS) design and mask costs (which 

can exceed $300M) associated with a 

SoC.2

However, in today’s system, semicon-

ductor designers are looking for heter-

ogenous integration solutions for SiP 

that have:

The prevalence of system-in-package technology in a host of different applications 

has invariably led to myths about it. UTAC’s Lee Smith dispels some of these fallacies. 

About SiP

LEE SMITH | Vice President, Advanced Packaging Products, UTAC
www.utacgroup.com
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11 Myths About SiP

• Faster time to market.

• Lower design, non-recurring engi-

neering (NRE) and development 

costs (rarely exceed $100k).

• Can integrate semiconductor 

devices (active and passive) that 

don’t scale well in CMOS.

3. SiP requires known-good die 

(KGD).

KGD isn’t required, but may be neces-

sary. Many SiP products are assembled 

with die that rely on the same wafer 

probe test coverage as used in a single-

chip package. KGD may be the right 

quality and reliability strategy for a com-

plex SiP that requires a costly substrate 

or component bill of materials (BOM). 

For high-volume SiP assembly, die is 

supplied in wafer form. Thus, defin-

ing the best probe flow (which could 

include burn-in or voltage screening) is 

critical in developing your KGD strategy 

and supply chain.3

4. Heterogeneous integration (HI) will 

replace SiP. 

HI should be seen as the big-picture 

view for semiconductor technology 

road-mapping beyond Moore’s Law. In 

contrast, SiP is the integration of vari-

ous semiconductor devices within a 

given package platform. The Interna-

tional Technology Roadmap for Semi-

conductors (ITRS) is transitioning 

from a concentration of roadmaps for 

semiconductor fabrication scaling to 

outlining the roadmap challenges and 

requirements for heterogeneous inte-

gration technologies.4

5. SiP requires a printed-circuit-board 

(PCB) laminate substrate.

Due to strong demand for passive 

integration (primarily capacitors and 

inductors) in power-management appli-

cations, leadframe-based SiPs are seeing 

strong growth. Prismark Partners fore-

casts that 3.5 billion leadframe-based 

power SiP will ship by 2021.5 Lead-

frames provide low cost and high ther-

mal conductivity, making them a strong 

SiP platform for lower I/O and higher 

power requirements. 

Laminate-based SiPs in land-grid-

array (LGA) and ball-grid-array (BGA) 

configurations (primarily assembled 

in strip formats) serve the widest range 

of SiP applications; laminates support 

higher-density interconnection require-

ments with wide design flexibility, due 

to the wide range of laminate fabrication 

technologies. Wirebond, flip chip (FC), 

stacked die, embedded die or passives, 

and high-density SMT are all readily 

enabled through laminate substrates.  

Emerging high wiring density appli-

cations are shrinking conductor line 

and space widths below 12 microns with 

roadmaps below 5 microns. This is driv-

ing adoption and development of new 

SiP platforms such as FanOut wafer, 

panel-level CSP, and the use of silicon 

or glass-based interposers with high-

aspect-ratio through vias.  

6. SiP is a planar 2D assembly.

With the growth in die stacking, 

package-in-package assembly, pack-

age-on-package (PoP) stacking, and 

embedded die technologies, 3D pack-

age architectures are providing size and 

performance advantages over 2D planar 

assemblies. 3D SiP solutions offers the 

following performance advantages:

• 3D SiP not only provides package 

footprint reduction on a printed-

circuit-board assembly (PCBA), it 

also enables an increase in semi-

conductor content-to-package ratio 

through 3D integration technolo-

gies. The increased semiconductor 

content includes 3D integration of 

both active and passive devices.

• Reductions in package footprint 

can improve package warpage 

control, PCBA assembly, as well as 

second-level solder-joint reliability.

• Improved electrical performance 

through short vertical intercon-

nects that can reduce circuit delays.

• Enable electromagnetic-interfer-

ence (EMI)/radio-frequency-

interference (RFI) shield isolation 

between semiconductor devices for 

radio-frequency and digital inte-

gration requirements.

7. The SiP architecture, process tech-

nologies, and materials are more criti-

cal than the supply-chain business 

model.

The supply-chain business model can 

make or break the success of a SiP in the 

market. A SiP solution can have 100 com-

ponents in the electronic bill of materials 

(eBOM), but if one component isn’t avail-

able due to delivery or quality problems, 

it stalls SiP manufacturing.  

SiP solutions require advanced 

microelectronic package assembly and 

test capabilities. With the strong trend to 

outsource manufacturing services in the 

semiconductor and electronics industry 

over the past 50 years, outsourced semi-

conductor assembly and test (OSAT) 

providers have been the leaders in devel-

oping and scaling up of advanced pack-

aging technologies. 

The OSAT business model as a con-

tract package assembly test provider to 

their semiconductor customers has been 

based on the consignment of wafers. 

OSAT supply chains have focused on 

equipment, circuit carriers (leadframe, 

substrate, etc.), and materials require-

ments. The growth in SiP has been 

driven by smartphone applications over 

the past 15 years, which has required 

OSAT supply chains to develop sources 

for electronic components. However, 

OSATs procure a very small percent of 

electronic components (estimated at 

1%). 

In a difficult business environment for 

electronic components (due to escalat-

ing component prices and lead times), 

demanding a full turnkey business model 

could adversely impact a SiP’s cost and 

time to market. Thus, SiP customers 

should team with OSAT suppliers in 

defining the optimum business model:

• Consignment model: Where the SiP 

customer procures and consigns the 

eBOM, which is managed by the OSAT 

provider.
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• Pass-through-pricing (PTP) model: 

Where the SiP customer has contrac-

tual agreements for key components 

and establishes supply terms for pass 

through pricing for the OSAT to pro-

cure at the contractual terms. This is 

common when custom components are 

specified or customers have a limited 

source of components qualified.

• Full turnkey model: Where the SiP 

customer requires the OSAT provider to 

source and manage the eBOM.

• Combination business model: Where 

certain key components may be con-

signed or managed, as PTP and standard 

components need to be procured by the 

OSAT or contract manufacturer.

8. There are no new business models in 

the semiconductor industry.

With the record number and value of 

mergers and acquisitions in the semi-

conductor industry over the past three 

years,6 industry analysts and trade edi-

tors have focused on the trends and 

consequences of strong market consol-

idation. Due to the high cost of entry 

into the slowing and highly competitive 

semiconductor industry, analysts specu-

late that the industry is nearly closed to 

new entries and new business models. 

There’s speculation that the following 

business models will continue to domi-

nate the industry going forward:

• Integrated device manufacturers 

(IDMs): Own and maintain semicon-

ductor fabrication factories.

• Fabless device suppliers: Focus on 

design and IP, and rely on contract man-

ufacturers to fabricate, assemble, and 

test their devices.

• Foundry suppliers: Provide contract 

semiconductor fabrication services to 

fabless and IDM suppliers.

However, SiP technology is enabling 

a new semiconductor industry business 

model to emerge—an electronic sys-

tems integration provider. An electronic 

systems integration provider relies on 

advanced substrate and microelectronic 

assembly technologies to design a system 

or subsystem solution by integrating var-

ious semiconductor devices, delivered in 

a SiP format. Octavo Systems is an exam-

ple of this emerging business model.7

The figure illustrates the semiconductors 

(bare and packaged ICs) used in Octavo’s 

OSD335x-SM product delivered in a 21- 

× 21-mm, 256-ball BGA SiP solution.  

The Octavo Systems website features 

information on the trends and solu-

tions available through SiP as a systems 

integration platform. To understand the 

potential of this new business model, 

companies will need to explore the 

product innovations and new services 

emerging for Internet of Things (IoT) 

applications. New IoT applications 

are being developed across all indus-

tries, including banking, manufactur-

ing, retail, healthcare, transportation, 

utilities, and government. The revenue 
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potential for IoT-based products and 

services is forecasted to approach $270 

billion by 2020.8

9. SiP is only used for miniaturization.

Miniaturization is a key advantage of 

SiP, but performance and system optimi-

zation are equally important in today’s 

thrust for higher levels of integration. 

Many original equipment manufacturer 

(OEM) system suppliers have added 

engineers with strong microelectronic 

packaging experience to help them bet-

ter define system architectures and new 

supply chains to expand their use of SiP 

and module solutions. These suppli-

ers have support from electrical, ther-

mal, and mechanical design/simulation 

teams who have the tools needed for 

system performance or reliability opti-

mization. Semiconductor and OSAT 

suppliers have also expanded their engi-

neering and design/simulation teams 

to apply a broader range of advanced 

packaging technologies to develop new 

SiP solutions. 

In addition, semiconductor foundries 

and electronic manufacturing service 

(EMS) providers have added skills and 

capabilities to provide highly integrated 

solutions like SiP or modules. The use 

of SiP is quickly expanding in lower-

performance applications like IoT con-

nectivity and high-performance systems 

like 5G networks.

10. SiP is limited to a sole-source sup-

ply chain.

Multi-sourcing is a common require-

ment for high-volume applications. A 

11 Myths About SiP

Shown are the semiconductors used in Octavo Systems’ OSD335x-SM BGA SiP-based product.

http://beta-layout.com


wide range of OSATs have advanced 

package assembly capabilities and offer 

broad SiP services. If multi-sourcing is 

required for high volume or assurance of 

supply requirements, it’s recommended 

to develop supply-chain strategies to 

address the following:

• Copy exact or copy equivalent 

requirements. Copy equivalent 

allows suppliers to apply their qual-

ified material sets, as well as enable 

alternate sources for passive com-

ponents.  

• Multi-source qualification.

• Market-share agreements for shar-

ing of volumes and maintaining 

capable sources of supply.

• Open sharing of design or manu-

facturing cost and quality improve-

ments.

• End-of-life product management.

11. SiP is only economical for low-per-

formance applications.

SiP solutions aren’t limited to low-

performance requirements and are in 

production across a diverse range of 

applications. Computing, gaming, com-

munications, and networking require 

high performance for challenging elec-

trical, thermal, and mechanical require-

ments with long product lives. Along with 

3D SiP architectures, SiP solutions can 

enable miniaturization and semiconduc-

tor integration to enhance system perfor-

mance by increasing bandwidth, lowering 

power, enabling increased functionality, 

and integrating mixed semiconductor 

process nodes—in smaller product foot-

prints with increased time to market.9

LEE SMITH is Vice President of Advanced 

Packaging Products at UTAC. He has 

broad expertise in microelectronics and 

strong network within the electronics in-

dustry. As a thought leader in advanced 

and 3D packaging, Lee is recognized for 

driving the technology and market develop-

ment for package on package (PoP). Lee 

also possesses a strong passion for grow-

ing business and helping customers suc-

ceed in bringing products to the market.
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What’s the Difference?

Timeliness and cost are two main factors for code 

verification, which separates sound from unsound. But 

recent advances are closing those gaps. 

S
tatic analysis has estab-

lished itself as a “must-

have” for the verification 

of critical software. Nota-

bly, it can find problems that are hard 

to uncover by testing, such as concur-

rency issues and security vulnerabilities. 

Many static analyzers can now associate 

CWE entries (for Common Weakness 

Enumeration,1 a well-known classifica-

tion of security vulnerabilities) to their 

messages, to help users review all mes-

sages related to a given vulnerability. For 

example, CWE-120 is the classic buffer 

overflow. 

But, in general, there’s no guarantee 

that the code is immune from classic 

buffer overflows even after reviewing 

all messages associated with CWE-

120. Indeed, most static analyzers are 

“unsound” in their verification; that is, 

unable to report all potential problems. 

This has led projects to use a combina-

tion of static analyzers to detect as many 

security vulnerabilities as possible. For 

example, Mozilla uses Clang Analyz-

er, clang-tidy, their own checkers, and 

Coverity on its C/C++ code.2

But this still doesn’t provide any guar-

antee that a given vulnerability has been 

fully covered. Enter sound static analy-

sis. Some static analyzers are “sound” 

in their verification and can guarantee 

that a given vulnerability isn’t pres-

ent in some piece of software. In prac-

tice, sound static analyzers output an 

exhaustive list of places where the vul-

nerability could occur, most of which 

are false alarms or “false positives” that 

need to be reviewed. 

While more demanding for users, 

these static analyzers make it possible 

to achieve higher levels of confidence 

than is possible with their unsound 

counterparts ,  which makes them 

What’s the  

Difference 

Between

Sound and 
Unsound 
Static 
Analysis?

Sound tool Unsound tool Unsound tool 
(no false positive)

1. Shown are green and red areas that indi-

cate correct programs and those that have 

a defect, respectively, when using sound 

and unsound tools.
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attractive in a security context. A recent 

workshop at NIST focused on “Sound 

Static Analysis for Security”3 with pre-

sentations from providers and users of 

such tools showing the maturity of that 

field. In this article, we draw on that 

workshop’s results and our experience 

building both sound and unsound stat-

ic analyzers to explain why their differ-

ence matters—and when you should 

use which tool.

DEFINITION OF SOUND ANALYSIS

A sound analyzer is correct with 

respect to a class of defects it can detect 

in a safe and exhaustive way. It offers the 

guarantee that it will detect any such vul-

nerability occurring during run-time. 

This is in contrast with an unsound ana-

lyzer, which might not flag faulty code 

lines (in order to limit the number of 

warnings returned to the user). 

In addition, a sound analyzer is guar-

anteed to be exhaustive, at the expense 

of possible false positives: warnings 

emitted on code for which no problem 

actually occurs at execution time. As 

explained by David Wheeler in his talk 

about verification of legacy software,4

exhaustiveness is a large commitment, 

which can hardly be made by any other 

verification technique.

This difference between sound and 

unsound tools is shown in Figure 1. The 

green space represents the programs 

that are correct, the red part those that 

have a defect. In each illustration, a 

circle represents the answers provided 

by a tool, with the programs inside the 

circle being reported as correct and the 

programs outside the circle reported as 

potentially buggy. 

Though sound tools will never report 

a buggy program to be correct, they may 

report potential errors on correct pro-

grams (false positives). Unsound tools 

will typically generate many fewer false 

positives, but will not detect some erro-

neous programs. Unsound tools are 

sometimes even complete (they report 

no false positives), making them very 

easy to use—every reported bug is a real 

problem and should be fixed. (In litera-

ture, the term “precision” is sometimes 

used to refer to a static-analysis tool’s 

ability to avoid false positives. Thus, a 

complete tool is one that’s absolutely 

precise.) 

An example of a shortcut used by an 

unsound tool to produce fast, mostly 

noise-free outputs is to entirely ignore 

large or difficult-to-analyze functions. 

Likewise, calls to functions of external 

libraries may be skipped. To be fast, such 

analyses are sometimes flow- and path-

insensitive, meaning that they don’t 
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What’s the Difference?

depend on exactly what the function did 

“before” the source code line that’s being 

analyzed. As this usually results in poor 

precision, unsound tools will filter their 

outputs aggressively, using heuristics to 

determine which messages are likeliest 

to be correct.

In contrast, a sound tool is usually 

more accurate, albeit slower and less 

selective (higher rate of false positives). 

Still, even though they aim at detecting 

all occurrences of some kind of defect, 

the guarantees offered by a sound ana-

lyzer are subject to certain assumptions. 

First, most analyzers work on the 

source code, as opposed to, say, the final 

executable. Discrepancies may be intro-

duced by gaps between the logic seman-

tics used for the verification and the 

actual execution of the program on the 

platform (because of bugs in a tool used 

in the compilation process for exam-

ple). Second, a sound analyzer might 

not properly support certain language 

constructs which are too complicated, 

resorting to approximations to handle 

them. 

Finally, to keep the analysis tractable 

and to increase the precision of the tool, 

a sound tool may choose to treat in an 

unsound way some particular language 

features. For example, it might assume 

that calls to completely unknown func-

tions don’t modify variables, or it might 

ignore attempts to manipulate the stack 

through setjmp/longjmp, etc. 

In contrast with unsound tools, a 

sound tool usually reports the assump-

tions it makes, so that they can be veri-

fied by others means. As explained by 

Roderick Chapman, this is part of the 

soundness case of a sound static-analy-

sis tool, and helps to build trust in the 

tool.5 The need for such a gap with “full” 

or “ideal” soundness has been recog-

nized by the research community in the 

soundiness manifesto.6

Please note an important point of 

terminology. Sound is sometimes used 

also for unsound tools! In that context, 

it usually means that all findings are real 

bugs, i.e., that no false positives are ever 

emitted. This is what we called complete

above. Hence, care must be taken when 

reading that a tool is sound. In this arti-

cle, we always use “sound” in the sense 

of “no false negatives”; in other words, 

all possible bugs are reported.

COSTS AND BENEFITS OF SOUND 

AND UNSOUND ANALYSIS

Sound and unsound analyzers bring 

different benefits for different costs. 

The first benefit of a sound analyzer is 

that it guarantees absence of a certain 

class of defects—notwithstanding a 

set of assumptions more or less easily 

reviewable. In addition, while unsound 

analyzers generally aim at detecting 

bugs, sound analyzers can be used to 

verify that the software has some “good” 

properties in a larger sense. These good 

properties naturally include absence of 

certain defects, but aren’t limited to that. 

Some examples of good properties tar-

geted by sound analyzers include:

• Correct data flows: Each function 

only accesses the data it’s allowed 

to access, and its output values 

only depend on the input values 

from which they’re allowed to 

depend. This is particularly inter-

esting for security applications, to 

ensure that secrets don’t leak.

• Absence of some class of defects:

Initialization errors, run-time 

errors, concurrency errors.

TOWARD IMPLEMENTATION GUIDANCE

Effort 
and 
skills

Platinum: Full 
functional requirements

Gold: Key 
integrity properties

Silver: Runtime
 errors and CWE

Bronze: 
Flow constraints

Stone: Safer, analyzable 
language subset

Only for a subset of the code subject to specific key 
    integrity properties (functional, safety, security)

The default target for critical software 
   (subject to costs and limitations)

For the largest part of the code 
  as possible

An intermediate level 
    during adoption

2. In the SPARK analyzer adoption process, benefits (and costs) increase as the project ascends to higher levels.
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• Verification of key safety or security 

properties: Preservation of safety 

invariants, unreachability of bad 

states, etc.

• Functional correctness: The pro-

gram conforms to its high-level 

specification. In these last two 

cases, required properties should 

be manually expressed by the user 

in a dedicated formal language.

The major benefit of unsound analy-

sis, on the other hand, is its cost. Since 

they require little or no annotations, 

and will focus on limiting the number 

of false alarms they generate, unsound 

analyzers are generally easy to apply. In 

fact, they may produce quick gains even 

when applied blindly on large existing 

code bases. Conversely, sound analyses 

often take more effort to apply. Depend-

ing on the technique used, they may 

require code changes, user-supplied 

annotations, or reviews of numerous 

false alarms.

To alleviate this cost, a project can take 

a step-by-step approach to the adop-

tion of sound tools, achieving increased 

benefits with each step. A scale of confi-

dence levels for the TrustInSoft Analyz-

er was presented by Benjamin Monate.7 

An example of this approach is the 

adoption process for the SPARK ana-

lyzer, which was accomplished as a joint 

effort between AdaCore and Thales.8 

It defines five levels of assurance, offer-

ing increasing benefits (and costs) as a 

project ascends to higher levels (Fig. 2).

Each level builds on the previous 

ones—the higher levels require more 

work to achieve, but also provide more 

gain. To reach the bronze level, no user-

provided annotation is needed, even 

though some work is already required 

to identify parts of the code that should 

be analyzed, possibly rewriting them to 

comply with tool-imposed restrictions. 

Reaching this level already ensures total 

U
nsound static analyzers allow developers to quickly find defects 

in a large code base. Sound static analyzers guarantee finding 

all defects of a given kind, albeit with additional effort. 

±2000 V High Speed Pulse Generator
PVX-4000 Series All-in-One High Voltage Pulse Generators

Simply set pulse width, frequency and voltage  with the intuitive front panel interface, or 

with your computer… It’s that easy! 

With thirty years experience making high voltage pulse generators, Directed Energy is 

your source for benchtop, module and custom/OEM pulsed solutions. 

• 0 to ±2000 V
• Pulse widths from 500 ns to DC
• USB and RS-232

• Pulse rise and fall times ≤50 ns

• Repetition frequencies to 30 KHz

Directed Energy, Inc.  an IXYS Company
www.directedenergy.com  | +1-970-493-1901
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What’s the Difference?

absence of some defects, like uninitial-

ized data, aliasing of parameters, or data 

race conditions. 

The platinum level, at the other end 

of the spectrum, requires writing the 

full functional requirements as specifi-

cation in the code, as well as providing 

intermediate specifications and possi-

bly other annotations when required by 

the tool. But code verified at this level 

is guaranteed to be free from most run-

time errors, and to conform with its sup-

plied specification.

As discussed by Stuart Matthews, the 

level to aim for on a specific project is a 

difficult question.9 It may depend on the 

level of integrity required by the project, 

on the high-level objectives discharged 

by the analysis tool, as well as on the kind 

of code and properties that are envi-

sioned. Different levels may even be tar-

geted on different parts of the same soft-

ware; for example, depending on their 

relative criticality or the features that they 

use (such as floating point numbers, non-

linear arithmetic computations etc.). 

CONCLUSION

Unsound static analyzers allow devel-

opers to quickly find defects in a large 

code base. Sound static analyzers guar-

antee finding all defects of a given kind, 

albeit with additional effort. As empha-

sized by Paul Black in his introduction 

to the workshop,10 there are different 

static-analysis techniques for different 

use cases, which all have their strengths 

and weaknesses. They complement 

each other well, and the appropriate 

technique(s) should be chosen depend-

ing on the use case.

Thanks to its ease of deployment, 

unsound static analysis has become a 

standard tool in serious software devel-

opment. It’s used in most large software 

companies, and advised by best prac-

tices. Due to its higher cost, sound static 

analysis has long been the domain of 

experts. However, with the recent prog-

ress in verification techniques, sound 

static analysis is used in more and more 

projects, and is becoming part of the 

standard development process when 

strong safety or security requirements 

are needed. In the years to come, sound 

static analysis may become a standard 

tool for critical software development. 
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The acquisition is the latest bet that the 

autonomous car of the future will resemble 

the inside of a data center. It combines 

two companies in different businesses: 

Renesas is the second largest maker of 

microcontrollers used to control systems 

ranging from windshield wipers to collision 

avoidance in cars, while IDT targets data 

centers and wireless communications. The 

deal is expected to close in the first half 

of 2019.

IDT’s technology includes timing inte-

grated circuits that act as the time keepers 

inside electronic devices, which could have 

increased importance to enforce the low-

er latency required for automatic collision 

avoidance and other functions. The com-

pany’s RapidIO and PCI Express intercon-

nects are used to move information inside 

servers and could be repurposed to con-

nect cameras, radar and other sensors to 

support high-reliability sensor fusion.

“Renesas acquired IDT to broaden its 

reach in analog and wireless,” said Kevin 

Mak, an automotive analyst with Strategy 

Analytics. “IDT’s position sensors and sig-

nal conditioning devices would be compli-

mentary to Renesas and so there should be 

some immediate expansion of its automo-

tive portfolio. There may also be significant 

IP from other areas that will become more 

important to automotive, such as IDT’s 

clocks and timers.”

Renesas, which reported profits of $1.2 

billion and revenue of around $6.95 billion 

in 2017, has bought its way into new busi-

nesses before. Last year, the second larg-

est supplier of automotive chips bought 

Intersil for $3.2 billion to move into analog 

semiconductors and other chips increas-

ingly required to manage battery levels 

in electric and hybrid vehicles. The chips 

can also be used to boost the efficiency of 

industrial controls systems and robotics. n

News (Continued from page 10)
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ideas for design

SEVERAL YEARS AGO, Paul Rako, in col-

laboration with the late, great Bob Pease, 

wrote a terrific article about the finer 

theoretical and practical points of elec-

tromagnetic solenoid-driver circuits.1

It noted that most solenoids need less 

power to sustain actuation after the 

plunger is pulled in than is needed to 

actuate them in the first place. Impor-

tant power saving and heat reduction 

without loss of mechanical performance 

are therefore possible if drive voltage 

starts out high for pull-in, then backs off 

to a lower value for hold. 

Bob’s method for power reduction 

(see the first figure of Paul’s discussion) 

was elegantly simple, consisting merely 

of a resistor and capacitor connected in 

parallel with each other and in series 

with the solenoid coil. Transient pull-in 

power is supplied by the capacitor, while 

steady-state hold current flows through 

the resistor, chosen to be 60% to 70% of 

the resistance of the coil. Hold current 

is therefore reduced by ~40% and coil 

heat production is cut by more than 60%. 

That’s a pretty impressive reduction in 

solenoid-coil power dissipation. How-

ever, that series resistor consumed power, 

too: 70% as much as the solenoid.

The circuit presented here (Fig. 1) 

takes the same power-reduction princi-

ple to the next logical level by eliminating 

the series voltage-dropping resistor and 

replacing it with efficient switch-mode. 

(Note that the design applies to driving 

relay coils and contactors.)

Driver topology is organized around 

the four analog comparators that com-

prise an old “friend,” the LM339 quad IC 

(A1 through A4) that combine to control 

a power FET (Q1) in response to the log-

ic-level ENABLE input. Solenoid actua-

tion begins when ENABLE activates A1, 

turning on Q1 and A2, starting the drive 

cycle (Fig. 2).

The V1 timing ramp generated by A3 

rises at a rate determined by C1 (pull-in 

time T
pull-in

 = 5 × 105 × C1 = 50 ms for 

C1 = 0.1 µF) and the associated resistor 

network, generating the initial full-volt-

age (V+) PULL-IN pulse V3 at Q1’s gate. 

This continues until V1 arrives at the V2 

threshold of drive modulator A2 (set by 

R1 and R2), initiating reduced-power 

Enhanced Circuit Yields Versatile, 
Efficient Switch-Mode Solenoid/
Relay Driver W. STEPHEN WOODWARD | Technical Consultant
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1. This switch-mode solenoid-drive circuit maximizes hold-mode power savings by using 

comparators to efficiently manage drive waveforms.
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HOLD mode. Modulation of V3 and Q1 

conduction is driven by the A4 oscillator, 

which starts up when V1 rises to A4’s 

threshold, and imposing a triangular 

ripple in V1. This cyclically switches A2, 

thereby establishing a ~70% duty fac-

tor on Q1’s conduction. Subsequently, 

it reproduces the hold-mode solenoid 

power-dissipation savings described in 

the Pease/Rako article, while avoiding 

the inefficiency of a voltage-dropping 

resistor.

The versatility of the resulting driver is 

enhanced by its ability to accept a power 

source from 12 to 24 V, and to accom-

modate solenoid current demand up to 

10 A (i.e., up to 240 W), so that this sin-

gle circuit can serve in a wide variety of 

solenoid-drive applications. Hold-mode 

power consumption is reduced by 60%, 

and overall efficiency easily exceeds 90%. 

Reset of the C1 timing capacitor takes 

less than a millisecond. 

STEVE WOODWARD has authored over 

50 analog-centric circuit designs. A self-

proclaimed "certified, card-carrying analog 

dinosaur," he is a freelance consultant on 

instrumentation, sensors, and metrology 

freelance to organizations such as Agilent 

Technologies, the Jet Propulsion Labora-

tory, the Woods Hole Oceanographic In-

stitute, Catalyst Semiconductor, Oak Crest 

Science Institute, and several international 

universities. With seven patents to his cred-

it, he has written more than 200 professional 

articles, and has also served as a member 

of technical staff at the University of North 

Carolina.

REFERENCE 

“What’s All This Solenoid Driver Stuff, Anyhow?”, 

Electronic Design, August 5, 2013.

V3

V2

V1 PULL-IN HOLDPULL-IN HOLD

ENABLE

2. The drive-sequence timing controls the solenoid pull-in and subsequent hold operation to 

conserve power.
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Today’s ASICs, FGPAs, and off-the-shelf ICs have increasingly stringent power 

requirements. These requirements result in the need to test power rails with 

decreasing voltages and tighter tolerances.

F
or power-integrity tests, 

users rely on oscilloscopes. 

However, with more precise 

requirements, measurement 

errors that approach the required mea-

surement value are problematic. Every 

millivolt of measurement error is criti-

cal; for example, when measuring a 

1.5-V power rail with 2% tolerance. In 

addition, high-speed digital signals and 

other sources can couple onto power 

rails, requiring gigahertz of bandwidth 

to identify. Below are seven tips on how 

to quickly and accurately characterize 

rail noise and identify coupled signals. 

1. Start with a low-noise oscilloscope.

Measurements will never be bet-

ter than the noise of the measurement 

system. Every oscilloscope contributes 

internal broadband noise to measure-

ments. Choosing a scope that has lower 

noise ensures a better measurement 

(Fig. 1). For example, if you’re trying to 

measure a 1.8-V rail with 2 % tolerance, 

having 10 mV of scope and probe noise 

is problematic, since this will be additive 

to the signal you’re measuring.

Oscilloscope manufacturers charac-

terize and publish ac rms noise at each 

vertical attenuation setting, and this 

generally is a good first step in choosing 

a low-noise scope. For power integrity, 

though, the worst-case peak-to-peak 

voltage matters. It’s easy to check this 

value with the scope you’re using. With 

no inputs connected, measure the peak-

to-peak amplitude at the vertical setting 

you will be using.

Many newer scopes offer 10- and 

12-bit vertical resolution. However, the 

additional resolution is almost always 

JOEL WOODWARD | Strategic Oscilloscope Planner at Rohde & Schwarz in Munich

7 TIPS
for Better Power-Integrity 
Measurements

Test & Measurement

1. Low-noise, high-bandwidth scopes like the 8-GHz R&S RTP enable fast and accurate 

characterization of dc rails. Specialized probes designed specifically for power-rail measure-

ments, such as the 4-GHz R&S RT-ZPR40 power-rail probe, have a number of attributes to 

produce high-accuracy measurements. (Source: Rohde & Schwarz)
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obscured by noise unless averaging or 

high-resolution mode is used. For oscil-

loscopes on the market today, front-end 

noise hasn’t caught up with advances in 

vertical resolution. Noise is a better indi-

cation of measurement accuracy than 

bits of resolution.

2. Use the 50-Ω path.

Many oscilloscopes offer 50-Ω and 

1-MΩ paths. The 50-Ω path generally 

has lower noise. In addition, if using an 

active probe for power-integrity mea-

surements, the probe will use the 50-Ω 

path. Measuring peak-to-peak noise of 

the oscilloscope with the probe you’re 

using on the 50-Ω path will indicate how 

much measurement error you will have. 

3. Use the most sensitive vertical set-

ting possible.

Oscilloscope noise is a function of 

vertical attenuation settings. Smaller 

settings have less noise than larger set-

tings. Most oscilloscopes don’t have 

sufficient offset to use large vertical 

gain. For example, at 10 mV per divi-

sion, the oscilloscope may only offer 

120 mV of internal offset. This forces 

users to choose a lower vertical setting 

to get the signal on the display, and 

therefore will result in a less accurate 

measurement.

There are other ways to compensate 

for limited internal offset. A block-

ing capacitor removes dc offset, which 

solves the problem of insufficient off-

set. But, it eliminates the ability to see 

low-frequency drift that can occur when 

subsystems turn on and off. The ac cou-

pling on scopes also provides dc block-

ing. However, ac coupling has the same 

limitation of eliminating the ability to 

see low-frequency drift, and for many 

scopes is limited to the 1-MΩ path.

4. Use a high-bandwidth scope and 

limit the bandwidth to reduce mea-

surement noise.

Higher-bandwidth scopes are becom-

ing increasingly useful, since they allow 

teams to see coupled signals such as 

high-speed clocks riding on the power 

rail. Because scope and probe noise has 

linear noise density over broadband fre-

quencies, using maximum bandwidth 

will result in over-reporting power-rail 

noise values. 

In the absence of high-frequency 

coupled signals, limit oscilloscope band-

width to reduce broadband noise. This 

technique significantly increases mea-

surement accuracy. A common question 

is “How much should you reduce mea-

surement bandwidth?” 

2. Using an FFT and a high-bandwidth solution, such as the RTP oscilloscope and RT-ZPR40 

power-rail probe, enables teams to quickly determine both coupled sources and the degree 

to which they can limit bandwidth while retaining signal content. (Source: Rohde & Schwarz)

3. Peak-to-peak voltage measurements using an RTP oscilloscope and RT-ZPR40 power-rail 

probe show the impact of bandwidth-limiting at three different values. The 2.5-GHz bandwidth 

setting visually shows coupled signals that are attenuated and ultimately missed with lower-

bandwidth limit settings. (Source: Rohde & Schwarz)
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Better Power-Integrity Measurements

Experienced users often view the 

fast Fourier transform (FFT) to deter-

mine how much bandwidth reduction 

is possible while still capturing peri-

odic and random disturbances on the 

power rail (Fig. 2). When viewing the 

FFT, bandwidth can be reduced to the 

point where no higher-frequency tones 

are present. Another method is simply 

to look at the signal. If the signal shape 

changes at all when you reduce band-

width, you’ve reduced the bandwidth 

too much (Fig. 3). 

5. Use a power-rail probe.

Most osci l loscope manufactur-

ers offer specialized probes crafted 

for power-rail measurements. They 

include a number of capabilities not 

found in other probes. Large built-in 

offset compensates for lack of built-in 

oscilloscope offset. This enables users 

to choose the lowest vertical attenua-

tion setting for reduced noise. Power-

rail probes typically have 1:1 attenua-

tion ratios, meaning they will produce 

significantly less noise than probes 

with 10:1 attenuation ratio. Power-rail 

probes have high dc impedance, typi-

cally 50 kΩ, which is significant, since 

rail impedances are typically in the mil-

liohm range.  

Power-rail probes come with a vari-

ety of connection methods, including a 

50-Ω pigtail coax for the highest-quality 

measurements, as well as a probe brows-

er where flexibility is paramount. Use 

of an SMA pigtail connector requires 

some forethought, since they work best 

when designed in. Browsers are more 

flexible, but don’t have the accuracy of 

SMA pigtails. 

Power-rail probes should have suf-

ficient bandwidth to capture coupled 

signals. Users can achieve a low-noise 

probe with a passive probe that has 

1:1 attenuation ratio. However, the 

probes have bandwidth limits of less 

than 40 MHz. While this approach is 

good, since it uses the higher-imped-

ance 1-MΩ path, bandwidth-limiting 

inherent to the probe eliminates critical 

signal content and will under-report 

peak-to-peak voltage measurements. 

Some manufacturers specify guar-

anteed power-rail probe bandwidth, 

while others provide the typical value. 

For example, the R&S RT-ZPR40 pow-

er-rail probe has a typical 3-dB rolloff 

of 4 GHz. 

Check with your oscilloscope ven-

dor to determine which scope models 

are supported with their power-integ-

rity probes. For some companies, the 

probes will work across all models that 

have a probe interface, while for other 

companies, the probe may only work 

on a subset of models. Worse, inser-

tion of the probe in unsupported mod-

els may run the risk of damaging the 

scope’s inputs.  

6. Use high dc impedance. 

Getting accurate dc values requires 

low measurement loading. If you con-

nect the scope’s 50-Ω path directly to a 

power rail, the 50-Ω loading will change 

the dc level of the rail. To mitigate this 

effect, higher measurement impedance 

is required. The 1-MΩ oscilloscope 

path has a sufficiently high impedance 

level at dc, but unfortunately there’s 

more noise and it isn’t the path sup-

ported with power-rail probes. Power-

rail probes typically have dc impedance 

of 50 kΩ, greater than a million times 

more impedance than the rail itself. 

This means that the dc rail voltage will 

be only very minimally impacted dur-

ing measurement.   

7. Choose a scope with fast update rate.

Even the fastest digital oscilloscopes 

are blind more than 90% of the time. 

Between each acquisition, the scope 

must process the waveform before 

acquiring the next waveform. Infre-

quent events—in the case of power 

rails, this means potential worst-case 

peak-to-peak voltages—can be missed. 

To compensate, users turn on infinite 

persistence, automated measurements, 

and wait until the highest amplitudes 

are found. 

How long should a user wait? It 

depends on the target system. Scopes 

with a fast update rate will show the 

overall noise envelope faster, and users 

will see a better graphical view of the 

dc rail signal behavior. For an oscillo-

scope that updates 1000 waveforms per 

second with automated measurements, 

users will achieve measurement results 

20 times faster than an oscilloscope that 

updates 50 waveforms per second with 

automated measurements enabled. 

Instead of waiting for measurement 

values to converge over 20 minutes with 

the slower scope, a user of the faster 

scope can accomplish the same task in 

just one minute. Since systems incor-

porate an ever-larger number of power 

rails, each of which requires verification, 

the scope update rate is becoming more 

and more important.

Power integrity continues to grow in 

significance as FPGAs, ASICs, and stan-

dard device rails become smaller and 

tolerances become tighter. Choosing 

the right measurement tools enables 

fast and accurate characterization of 

each rail. 

P
ower integrity continues to grow in significance as FPGAs, 

ASICs, and standard device rails become smaller and tolerances 

become tighter. Choosing the right measurement tools enables fast and 

accurate characterization of each rail. 
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Going Mobile 
in the Lab

O
ccasionally I get my hands on some interesting hardware. It gives 

me the chance to check out the latest software tools that you 

use most of the time. This time around it’s the IoT Starter Kit 

(Fig. 1) from the AT&T IoT Marketplace, courtesy of Avnet 

and STMicroelectronics, as well as the Gumstix AeroCore 2 for 

NVIDIA Jetson (Fig. 2). These are very different animals, but 

do have one thing in common: They’re designed to 

get you started quickly.

I actually started work on the earlier 

version of the AT&T IoT Starter Kit, which 

is a two-board set including an Arduino-

compatible 4G LTE shield and STM32L4 Dis-

covery IoT node with BLE, NFC, sub-GHz RF, 

and 802.11b/g/n WiFi support. It also has an 

array of sensors including temperature, humid-

ity, 3-axis accelerometer, 3-axis mag-

netometer, 3-axis gyro, a time-of-flight 

and gesture sensor, and microphone. 

It incorporates a Pmod connector and 

runs Arm mbed. 

The Gen 2 version is a single module 

with a quad core Cortex-A7 running 

embedded Linux. It has GPS on-board 

plus a Pmod connector for attaching 

additional sensors. The module features 

a connector on the bottom, allowing it 

to plug into a carrier board. 

Both come bundled with a six-month 

IoT data plan that can be extended. Set-

ting up the accounts takes longer than 

getting the software up and running. 

They hook into AT&T’s cloud services 

that feature a range of management 

tools and analytic services. 

The platforms are supported by 

AT&T’s M2X Data Service and Flow 

Technology Editor Bill Wong takes a look at AT&T’s IoT 

Starter Kit and Gumstix AeroCore 2 for NVIDIA Jetson.

WILLIAM WONG | Senior Technology Editor

bill.wong@informa.com

Lab Bench

2. I attached the GPS module and a 4K video camera to the Gumstix AeroCore 2 for the NVID-

IA Jetson, which is also host to my Jetson TX2 module.

1. The AT&T Starter Kit (Gen 2) module includes a 4G LTE inter-

face plus a set of on-board sensors.

55GO TO ELECTRONICDESIGN.COM

mailto:bill.wong@informa.com
http://electronicdesign.com


Going Mobile in the Lab

Designer. They are a great way to get 

started with an LTE-based IoT solution. 

The Gumstix carrier board is designed 

for drones and robots but it can be used 

for other applications where bringing 

the compute power of the Jetson TX1 or 

TX2 to bear can be invaluable. The nice 

thing about the Jetson is that the applica-

tions that ran on the development board 

work well with the Gumstix platform. 

The major change is the peripheral com-

plement. The Jetson module only has 

some built-in peripherals like the wire-

less support. The carrier board also has a 

socket for an LTE radio along with a SIM 

card socket. 

The Gumstix board supports up to 

four cameras. I have that many, but 

started with just one that matches my 

Jetson TX2 development board. Getting 

applications to work was simply a matter 

of configuring the drivers. The NVIDIA 

module has its own storage in addition 

to a multicore ARM-compatible proces-

sor and an NVIDIA GPU. 

I did not exercise all of the features of 

the Gumstix board yet, but I did plug in 

the GPS module. Having it on a cable 

allows the antenna to be positioned away 

from the processing module. I left the 

fan on because I still occasionally use 

the module on the development board. 

I didn’t use it with the Gumstix board, 

although it runs a little slower to keep 

cool. I plan on utilizing it with the iRo-

bot Create 2 vacuum turned robot. 

The challenge is board placement, 

since the camera placement can be an 

issue and my board mounting is for a 

Raspberry Pi. The Gumstix board would 

fit into the carrier, although it would 

rattle around. 

One thing I have yet to do is exer-

cise STMicroelectronics’ STM32F427 

on the Gumstix board. This controls 

the servo headers and some peripher-

als. It includes the open-source, PX4 

flight controller autopilot software. This 

comes in handy for aircraft, but can also 

be used for other robots. I’m hoping the 

techs at Gumstix get it working with the 

Create 2 before I need it. 
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MORE POWER ON 

YOUR PCB

PCB Terminal Blocks for Power Electronics

• Compact dimensions and high current carrying capacity – up to 72 A

• Fast, easy connection with Push-in CAGE CLAMP®

• Optimal handling for any application – with or without lever
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 Low Resistance Components 
Enable High Efficiency and 
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DATA SHEET 
www.analog.com/PoE++
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Power Over Ethernet Solutions
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