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ited green cards for U.S. STEM grads. 

The high-skill bill likely to be taken 

up in the House is the Skills Visa Act, 

which raises the H-1B cap to 155,000 

from 65,000 and doubles the number 

of H-1B visas set aside for U.S. STEM 

grads to 40,000.

Lawmakers have chosen to advance 

the cause of skilled immigration at the 

same time as they grapple with more 

controversial immigration-related 

issues, so none of the visa reforms 

sought by the tech industry will be 

resolved unless the House and Senate 

can settle their differences over what 

to do about the more than 11 million 

undocumented aliens already in the U.S.

Still, the IEEE-USA believes it 

would be better to have an immigra-

tion policy based on “green cards, 

not guest workers” because those 

with green cards hold their own 

visa, as opposed to H-1B workers 

whose visa is held by the company. 

Numerous government studies have 

found that H-1B fraud and abuse is 

rampant. In fact, the IEEE-USA cited 

an analysis of government data that 

showed the top 10 users of H-1B visas 

last year were offshore outsourcers. 

“This is another reason why our 

country should rely more on green cards 

for skilled workers, not H-1B visas,” said 

IEEE-USA president Marc Apter. “Green 

card holders are free to start their own 

companies and create jobs in the United 

States. H-1B holders are not.”

PERCEPTIONS OF H-1B HIRING

About one in five survey participants 

say they work at an organization that 

hires engineers with temporary H-1B 

visas. Nearly a third (32%) of those 

working at such firms say their company 

is looking to employ more H-1B workers 

in the coming year. 

“They’ll work for less, tolerate bad 

treatment, and then leave after a few 

years,” complained one survey par-

ticipant. “They’ll then be followed by 

another younger H-1B holder who’ll pull 
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plus an additional 12 hours at home). This year, 

that number was closer to 49. Companies have 

cut the number of hours engineers spend 

moving between locations and on call this 

year, too.

Also, 40% of engineers believe their com-

pensation is competitive with what other 

employers are paying for similar work, while 

43% feel it’s less competitive. “The only way to 

gain pay increases today is by changing employ-

ers,” one respondent opined. “Staying with the same 

employer will only get you cost-of-living salary increases.”

On average, design & development engineers earned a 

base salary of $96,155 this year and a total compensation of 

$104,072. The engineering job titles that commanded the 

most money this year were software engineering managers 

($141,600), VPs of engineering ($133,051), technical directors 

($127,475), group/team leaders ($116,169), and chief/principal 

engineers ($115,244).

Engineering managers, by the way, were not immune from 

the drop in income in 2013. On average, they earned $109,707 

in base salary and $119,578 in total compensation—a nearly 5% 

dip in their paycheck.

STAYING POSITIVE

Surprisingly, despite current wage stagnation, engineers are 

more likely than they have been in a while to agree that engi-

neering offers the same opportunity for salary advancement 

that it did five years ago. This may be in part because 2008 was 

five years ago—and there’s a sense that the global economy hit 

rock bottom then. But it’s also because market forces continue 

to shift. As one respondent observed: “A skills shortage com-

bined with Boomers exiting the job market has made recruit-

ment of skilled labor difficult.”

But not everyone has a rosy outlook about the future. “The 

economy has been shrinking, manufacturing has moved 

overseas, and many engineering jobs have moved overseas,” 

remarked one engineer. “Companies are looking for the cheap-

est talent, so experience and knowledge do not seem to com-

mand the value they once did. There is an idea, pervasive in 

today’s culture, that anybody can do any job. Perhaps this is 

because there is so much information easily available at the 

touch of a keyboard.”

Geographic location also plays a big role in determining 

what engineers make. As in the past, the Pacific region is still 

on top with total incomes averaging $122,137, followed by the 

West South Central region ($114,251) and the New England 

states ($113,197).

The market segments also play a key role in compensation. 

Chip houses led the way in engineering pay again this year at 

$139,852, followed by software houses ($132,385), computer 

OEMs ($121,972), government/military contractors ($121,672), 

and medical electronics firms ($120,055).

GOTTA LOVE IT

Despite pay and job issues, engineers remain high on the 

profession. Nearly 90% say they would recommend engineer-

ing to a young person looking to choose a career. “Despite the 

salary stagnation I have experienced, engineering is still a very 

interesting and fulfilling profession,” wrote one engineer. “My 

own son just graduated from engineering school last year and is 

now working as an aerospace engineer. He’s loving it.”

“I found it extremely rewarding and challenging,” said 

another. “Owning a company, being its creative core, allows 

AVERAGE 

SALARIES BY AGE

Base salary Total compensation

        50-54 $103,437 $112,353

          55-59 $103,806 $111,974

            45-49 $98,002 $107,926

            60 or older $96,596 $105,050

           40-44 $94,464 $102,912

         35-39 $82,848 $91,696

     30-34 $68,597 $76,059

25-29 $67,811 $74,973

Under 25 $53,083 $58,377

AVERAGE SALARIES  

BY SIZE OF COMPANY
Base salary Total compensation

$5 billion - $9.9 billion $120,457 $130,196

$10 billion or more $115,705 $127,151

$500 million - $999.9 million $114,434 $123,689

$1 billion - $4.9 billion $108,381 $118,549

$100 million - $499.9 million $105,899 $114,596

$25 million - $49.9 million $103,863 $111,851

$50 million - $99.9 million $99,860 $108,002

$5 million - $9 million $98,756 $107,568

$10 million - $24.9 million $91,975 $99,935

Less than $5 million $78,395 $85,775

AVERAGE SALARIES BY 

GEOGRAPHIC REGION
Base salary Total compensation

Pacific $112,057 $122,137

West South Central $104,770 $114,251

New England $104,547 $113,197

South Atlantic $101,539 $111,294

Mid-Atlantic $99,629 $107,221

Mountain $97,585 $106,178

East North Central $92,736 $100,398

West North Central $92,586 $99,255

East South Central $85,500 $92,188
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SupIRBuck® Integrated
Voltage Regulators

Save energy, space and system cost for your POL design

Current Rating Single Output Dual Output

3A IR3823  

4A IR3897  IR3891

6A IR3898

9A IR3899

 12A IR3894  

16A IR3895  

25A IR3847  

 THE POWER MANAGEMENT LEADER 

Current (A)

SupIRBuck®

Size(mm)

Up to 10A

Up to 25A

Up to 3A

10 25

5 x 6

4 x 5

3.5 x 3.5
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LOU FRENZEL | Communications Editor

lou.frenzel@penton.com

I
f you aren’t involved in some form of regular continuing education, you’re doomed to suf-

fer the consequences of ignorance, peer contempt, technological obsolescence, and eventual 

obscurity. And then you retire. I’m not kidding. Electronics never lets up. Changes occur 

hourly not only in the technology but also in the marketplace. You always need to know what 

is going on and how to turn the latest components, methods, trends, and technologies to your 

benefit. Continuing education is the answer.

We all are natural self-learners. You probably learn something new every day without real-

izing it. But you really need to formally assess your current needs and then develop some kind 

of learning activity to educate yourself. What topic would be the most beneficial to you today? 

Think about it. Have you learned DSP yet? How about ARM processors, Linux, or electromag-

netic interference (EMI) mitigation? You also could pick up a foreign language, financial plan-

ning, project management, or how to use machine-to-machine communications (M2M) or 

wireless white spaces. Pinpoint a topic and then figure out a way to learn it.

For years, I’ve been asking engineers how they learn new stuff. Almost all say they use the 

Internet for most learning projects. Web searches usually turn up tons of material that you 

can organize into an informal self-instructional course. Webinars are a key source today, and 

many company-sponsored webinars are available for free. But to dig further, you may need to 

find the latest textbooks, university short courses, or company classes to get the level of learn-

ing you need.

HIT THE BOOKS ONLINE

Massive open online courses (MOOCs) are now available too. Mainstream universities and 

some companies offer these Internet-based classes. There are non-credit online college-level 

MOOCs on every imaginable topic. Many are free, while others have a modest cost. MOOCs 

are still new, but the number of engineering-related courses has been expanding. There may be 

something there for you.

If you haven’t yet discovered this learning alternative, take a look at what’s available. Go to 

www.mooc-list.com/categories/engineering for a quick review of what might inter-

est you. Current and upcoming classes include Modeling and Simulation Using 

MATLAB, Concepts in Nanotechnology, Mobile Robotics, Digital Signal Process-

ing, Introduction to Power Electronics, Linear Circuits, Mobiles for Develop-

ment, and many more. Give yourself a MOOC for the holidays and get back to 

some kind of formal learning. 

MOOCs: The Gifts  
That Keep On Giving

JOIN US ONLINE   

Become a fan @ facebook.

com/ElectronicDesign

Editorial
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RICK ZARR | Contributing Technical Expert

ti_rickzarr@list.ti.com

T
he technology of inductive sensing has been around for 

decades. It’s utilized extensively in industrial automation 

as a means for counting gear teeth or accurately measur-

ing distance to a metal surface without contact. 

Historically, this technique has required complex circuitry, 

making it costly for applications outside of industrial controls 

or portable metal detectors. With new integrated solutions now 

available, though, inductive techniques can be applied to a far 

wider range of applications.

INTRODUCTION

Walter Pepperl and Ludwig Fuchs first employed inductive 

sensing in 1958 in Mannheim, Germany. They wanted to find a 

technology to replace mechanical contacts that would wear out 

in hostile environments or were simply dangerous in explosive 

atmospheres due to arching. 

The basic principle of inductive sensing remains the same as 

Pepper & Fuchs’ original design. It is based on an inductor-capac-

itor (LC) tank circuit pumped by an oscillator where the induc-

tor is made from a sensing coil. As a conductive metal object is 

brought near the coil, eddy currents form in the object as a func-

tion of the distance, the material, and the size of the object.

The eddy currents form an opposing magnetic field that has 

the effect of reducing the oscillation amplitude. This has the 

apparent effect of changing the equivalent parallel resonance 

impedance (RP) of the tank circuit: 

RP = L/RSC

L is the coil inductance in henrys, RS is the coil series resis-

tance in ohms, and C is the parallel capacitance in farads. This 

change in the apparent parallel resistance is measured in these 

systems to determine distance to the target. It can be measured 

in several ways. 

One method is to place a demodulator following the tank 

and digitizing the resultant dc value. As RP changes, the ampli-

tude of the tank diminishes. However, this scheme limits the 

system’s dynamic range and is only useful for switching applica-

tions (metal object detected or not). 

A superior method is to follow the demodulator with a 

closed-loop control system to maintain the LC tank’s oscillation 

amplitude. As a metal object moves closer to the sense coil, the 

opposing magnetic field requires more drive current into the 

tank, which can be accurately measured. This technique pro-

vides a wider dynamic range in measuring RP and improves the 

overall performance (Fig. 1).

APPLICATIONS

There are many applications for inductive sensing. For exam-

ple, mechanical buttons can be replaced in machine controls by 

simply placing a conductive metal slug at the top of each but-

ton so the distance between the top of the button and the coil 

decreases when it is pressed. Since the circuitry knows the posi-

tion of the button, it could even detect how hard (via change 

in position versus time) the button was pushed. This could 

be useful for equipment stop switches where an operator may 

simply want to stop (in the normal shutdown time) a machine 

or execute a panic stop (which locks the machine immediately). 

This arrangement could detect both states. 

Additionally, in harsh environments where dirt or corrosion 

would degrade a normal mechanical contact, this inductive 

proximity button would not be affected. It also can be used for 

intrusion detection in equipment racks or chassis. By placing the 

sensor near the door or access panel, the system could measure 

if it has been opened for security detection or shut down high-

power equipment that potentially could be dangerous, all with-

out the wear and corrosion problems of mechanical contacts.

There are far more applications beyond proximity detection 

for inductive-sensing technology. It can be used to measure 

rotation for applications such as anti-lock brakes, knobs, or 

flow-sensing turbines. This can be done by using a round 

tapered conductive metal target. As it turns over the sense coil, 

Redefining 
Inductive Sensing

Energy Zarr

1. Closed-loop proximity detection can be used to accurately measure 

distance or size.
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the amount of exposed area changes, 

allowing a measurement of the angle. By 

using a ramp-shaped metal target, linear 

position can be measured for applica-

tions such as closed-loop focus control in 

lenses or seat position in automobiles. 

Another use of the same circuitry is to 

measure coil inductance. If the coil has 

a variable inductance such as a spring, 

it can become the sensor (without the 

use of a target conductive material). For 

instance, a spring can be used as a simple 

displacement sensor that already may 

be present in the system. An application 

example might be using the springs in a 

passenger car seat to measure the approx-

imate weight of an occupant—required 

for determining if an airbag should be 

deployed in a collision. 

This technique of using a spring as a 

sensor has many additional applications. 

If the circuitry is sensitive enough, slight 

changes in the deformation of the spring 

can be detected. This can be useful in 

applications such as elder care monitoring 

to measure respiration rate as a person 

sleeps. By instrumenting the bed springs, 

both respiration rate and occupancy can 

be monitored. 

HIGHER LEVELS OF INTEGRATION

To make these applications cost effec-

tive, higher levels of system integration are 

required. New and completely integrated 

inductance-to-digital converters have 

been introduced, such as the Texas Instru-

ments LDC1000, that have extremely high 

accuracy and can be used for all of these 

applications and many more (Fig. 2). 

By including the tank oscillator, closed-

loop detector, counters, registers, and 

interface subsystems into a single pack-

age, engineers can now use inductive 

sensing in applications where it was pre-

viously too costly. Integration also enables 

additional applications that have not yet 

been conceived due to the lower cost and 

small size. (The TI solution is 4 by 5 mm.) 

Applications for highly integrated 

solutions include game controllers, flow 

meters, printers, and musical instru-

ments, as well as numerous automotive 

uses for seat belt detection, throttle and 

brake position, door sensors, closed loop 

seat position controls, and many others.

CONCLUSION

Inductive sensing technology has been 

around for more than 50 years and is 

found in industrial control and manufac-

turing applications. It can sense distance 

to a conductive metal target, rotational 

angle, and linear position as well as mea-

sure the compression of a spring. 

With the introduction of highly integrat-

ed inductance-to-digital converters, many 

new applications will be possible due to 

lowered implementation cost and size. 

Inductive sensing then can move into con-

sumer products and white goods, improv-

ing mechanical performance and support-

ing completely new applications. 

RICHARD ZARR is a technologist at Texas 

Instruments focused on high-speed signal 

and data path technology. He holds a BSEE 

from the University of South Florida and pat-

ents in LED lighting and cryptography.
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amplitude control for accurate measurements of distance or object size.
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DON TUITE | Analog/Power Editor

don.tuite@penton.com

DON’T BE FOOLED by the simple name. The Texas Instruments 

LDC1000 inductance-to-digital converter is the most sensitive 

and versatile position-sensing technology ever offered. It could 

even be called the death knell for Hall effect sensing as it mea-

sures the de-tuning effects of nearby conductors on LC tank 

circuits (Fig. 1).

Typically, the coil in the tank is an 

external planar helix on a printed-

circuit board (Fig. 2). Calibrated to read 

out changes in the coil’s inductance to 

24-bit precision, the LDC1000 drives 

and monitors the tank. The drive fre-

quency, which determines the dimen-

sions of the coil to some extent, can be 

anywhere from 5 kHz to 5 MHz. 

APPLICATIONS

The LDC1000’s target applications 

all involve position sensing, particularly 

industrial, though medical and automo-

tive also represent significant uses. Over 

the past decade, automobile makers 

have replaced virtually every mechani-

cal position sensor with Hall effect 

sensors, which have become as cheap 

as mechanical limit switches and offer 

orders of magnitude greater reliability. 

There’s one problem with limit 

switches and Hall effect sensors, though. 

Their output is binary. They’re open or 

closed. That’s fine for sensing that the 

rear hatch is closed. They can even tell 

an engine control unit (ECU) that the 

shift lever is in drive, neutral, or reverse. 

But they can’t resolve throttle or brake-

pedal displacement. The LDC1000 can. 

In addition, the LDC1000 technology 

isn’t limited to precise measurements of 

linear displacement. Remember that pla-

nar inductor? Imagine what happens when 

a coaxially mounted metal disc gradually 

occludes it. The LDC1000 yields the same 

24-bit precision for angular displacement 

as it does for linear displacement.

Converter Breaks Ground 
In Sensing Performance
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1. Although Texas Instruments calls the LDC1000 an inductance-to-digital converter, it is really a 

position sensor with 20-bit precision.
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If that precision is repeatable, then, is it even usable? Texas 

Instruments says that an apparatus using the LDC1000 placed 

under a hospital bed can detect a patient’s breathing rate. Texas 

Instruments aims to increase its sensitivity and false detection 

software to enable it to monitor heart rate from under a mat-

tress as well.

WHY IT WORKS

Based on practical experience, most engineers will accept 

that bringing their hand near a tuned circuit will de-tune it. It 

may be a little harder to accept the idea that the effect is consis-

tently repeatable, much less repeatable to 24-bit precision. 

An ac current in a coil will generate a field that causes eddy 

currents in nearby conductors. The eddy currents depend on 

the distance, size, and composition of the target conductor. In 

turn, the eddy currents then generate their own field, which 

opposes the field around the coil.

Consider the exciting coil the primary of a transformer and 

the external conductor a secondary, with some arbitrary L and 

R losses. Like all transformers, this one is passive and bilateral. 

It’s also a parallel LC tuned circuit. That’s where the original ac 

signal that’s exciting the eddy currents in the “secondary” piece 

of metal is coming from. (Fans of Nicola Tesla should be start-

ing to smile.)  

Then, the LDC1000 measures the equivalent parallel reso-

nance impedance, RP, where:

RP(d) = (1/([RS + R(d)]) × ([LS + L(d)])/C 

The d designation indicates that those variables are functions of 

the distance to the disturbing conductor (Fig. 3).

The LDC1000 works by simultaneously measuring the 

impedance and resonant frequency of the external LC resonator 

that it’s driving. It does this to regulate the oscillation amplitude 

to a constant level while monitoring the energy dissipated by 

the resonator. By monitoring the amount of power injected 

into the resonator, it calculates the value of RP. Also, measuring 

the oscillation frequency of the LC tank circuit determines the 

inductance of the helical coil in the LC circuit. RP and frequen-

cy are output as digital values.

In addition to providing for oscillation frequencies from 5 kHz 

to 5 MHz, the value of RP can theoretically range from 798 Ω to 

3.93 MΩ. In practice, though, a circuit designer would select from 

a tighter range and enter those values in a pair of registers.

DEMO BOARD

Naturally, there is a demonstration kit (Fig. 4). Its fiber rein-

forced plastic (FRP) demo board is a USB stick that could plug 

right into a desktop computer. Below that, and firmly mounted to 

a robust pivot assembly, is a metal plate that can be moved toward 

or away from the tank coil by a pivot assembly that can be dis-

placed forward and backward by the digital-readout caliper. 

Distance d

Conductance
of metal

Eddy
currents

Target metal
surface

LS + L(d)

RS + R(d)

3. In an application, the LDC signals interface with an external micro-

controller or FPGA.

4. TI offers a reference design that comprises software and a USB-

controlled circuit board with a helical coil for the LC tank. In this TI 

demo setup, an electronic dial micrometer changes the position of a 

metal object relative to the tank coil in fine increments so precision 

and repeatability can be compared.

http://electronicdesign.com
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LOU FRENZEL | Communications Editor

lou.frenzel@penton.com

PROBABLY NO OTHER recent technology has done as much 

to improve the efficiency and linearity of RF power amplifiers 

(PAs) as envelope tracking (ET). And no other company has 

done as much to develop and make the technology practical 

and affordable as Nujira Ltd. While ET is not new, it is a tricky 

technology that Nujira has deployed to help make 4G LTE 

smart phones more efficient, providing greater battery life. 

ET CONCEPTS

Older 2G cell phones used modulation technologies that 

could be amplified by non-linear amplifiers that are far more 

efficient. Today with 3G and 4G technologies, linear amplifiers 

must be used to preserve the modulation content, which pro-

vides the speed required by demanding applications like video. 

While linear PAs are readily available to do the job, their effi-

ciency is poor. Class A or AB linear PAs rarely deliver efficien-

cies better than 25%, so considerable dc power is lost as heat. 

In addition, the overall higher power required shortens battery 

life, resulting in more frequent recharging.

Part of the problem lies in how linear 

PAs deliver their best efficiencies when 

they are operating in saturation. Known as 

compression, this occurs when the ampli-

fier output begins to flatten when further 

input signal is applied. The optimum 

operating point is 1 dB less than the point 

where compression occurs.

The second part of the problem is that 

3G and 4G signals like LTE have a high 

peak to average power ratio (PAPR), sug-

gesting that the dynamic range of signals 

to be amplified is very wide. Orthogo-

nal frequency-division multiplexing 

(OFDM) modulation used in LTE is par-

ticularly susceptible to high crest factors, 

producing multiple peaks and valleys of 

power. As a result, the amplifier spends 

a lot of time amplifying small signals 

where the power efficiency is low. With 

OFDM, as much as 80% of the PA dc 

power is wasted. 

ET solves this problem. It varies the PA dc supply voltage to 

match the modulating signal level (Fig. 1). At peak signal levels, 

the dc collector or drain supply is high while the supply volt-

age is decreased at low signal levels. The result is that the PA is 

always operating near its optimum point for best efficiency. 

An ET power supply modulator varies the supply. Nujira 

developed and perfected this technology. It improves efficiency 

and battery life while the amplifier remains linear, minimizing 

harmonics and intermodulation distortion (IMD).

While maintaining the amplifier in compression, digital 

pre-distortion (DPD) can further improve linearity. DPD takes 

a digital version of the signal and modifies it by an algorithm 

that compensates for any non-linearity. For example, an inverse 

function of the gain variation can correct any non-linearity in 

the PA gain caused by varying the supply voltage. This can be 

done in a lookup table. 

A more comprehensive DPD technique samples the PA out-

put with a fast analog-to-digital converter (ADC) and feeds the 

ET Boosts RF Power Amp  
Linearity And Efficiency

Best Communications

1. In conventional PA circuitry, the signal to be transmitted is sent to the PA usually via a driver 

amplifier. The PA supply voltage is fixed and delivered by a buck-type dc-dc converter. At low 

signal levels the wasted power (red area) is significant. With ET, the signal is sent to the PA for 

amplification in addition to the baseband envelope signal that is sent to the ET power supply 

modulator that varies the supply voltage. This approach keeps the amplifier in compression, 

improving efficiency and reducing dissipated heat.
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signal back to DPD circuitry that 

forms the correct inverse func-

tion to linearize the PA. DPD 

with ET provides the optimum 

level of linearity and power/heat 

reduction possible.

SIGNATURE PRODUCT

Nujira’s Coolteq.L NCT-L1300 

ET power supply (ETPS) is an 

alternative to common buck 

dc-dc converters used to power 

existing handset power amplifiers 

(Fig. 2). The IC tracks the base-

band derived RF signal envelope 

and dynamically modulates the 

PA supply rail with wide band-

width and tracking accuracy. The 

device maintains the PA in its 

highly efficient compressed state 

while providing constant gain 

despite any mismatched load. 

Its benefit is best in high peak-to-average-power ratio (PAPR) 

modulation schemes like WCDMA, HSPA, and OFDM.

The NCT-L1300 boasts an input voltage range of 2.5 to 5.25 

V and an output voltage range of 0.5 to 5 V in a buck-boost 

circuit format. The rms output power in ET mode is 1.2 W. Effi-

ciency is 80%. The device supports an average power tracking 

(APT) mode to maintain high system efficiencies at reduced RF 

transmit powers. 

The control interface is the MIPI RFFE 1.1 standard two-

wire serial interface. The operating mode of the IC, either ET or 

APT, is controlled with a single write-mode signal. The modu-

lation input is analog differential compliant to the OpenET 

Class 2.0 specification. The device works with IC PAs with 

power levels up to 29 dBm and can potentially increase overall 

efficiency to the 40% to 50% range.

The basic bandwidth specification of the NCT-L1300 is less 

than 20 MHz, which is very usable even in LTE applications. 

However, this same part can achieve a bandwidth of 40 MHz. 

Nujira tested the device by transmitting a 200 resource block 

LTE waveform using the carrier aggregation feature of LTE-

Advanced to achieve an instantaneous data rate of up to 150 

Mbits/s. The test PA delivered 27-dBm output with an error 

vector magnitude (EVM) of 3% and an adjacent channel leak-

age ratio of –35 dBc.

The latest versions of the NCT-L1300 break the 50% efficien-

cy level in LTE applications. It can achieve an adjacent channel 

performance of better than –50 dBc without DPD. The typical 

noise specification is –135 dBm/Hz. The fast mode switching 

lets the device support both TD-LTE and FD-LTE formats.

Additionally, ET can make CMOS PAs suitable for LTE. 

Most handset PAs are gallium arsenide (GaAs). They work 

well and most handsets use them, though they are expensive. 

CMOS PAs are available but have not proven to be linear 

enough for LTE. They are used in some 2G and 3G phones 

because of their low cost. Now combining an inexpensive 

CMOS PA with a Nujira ET chip creates an LTE-suitable PA. 

Recent Nujira tests indicate an adjacent channel leakage power 

ratio of –38 dBc with a 28-dBm CMOS amplifier achieving 

57% efficiency.

A 16-band, multi-mode, multi-band ET reference design 

targets RF front ends for 4G smart phones. It uses the NCT-

L1300 ET chip along with a minimum number of PAs to cover 

the wide range of LTE frequencies from 700 MHz to 2700 MHz. 

This makes it possible to greatly reduce the number of PAs but 

also provides a way to minimize the number of phone models 

to cover selected 3G and 4G bands.

Incidentally, while the signature part is the NCT-L1300, 

Nujira also makes an ET power modulator for LTE cellular 

basestations and remote radio heads. Designated the HCT-

H4010, the module supports power levels to 60 W and pro-

vides an alternative to some of the Doherty PAs used in bases-

tations to improve efficiency.

Finally, Global Cleantech 100 recently recognized Nujira for 

its energy savings products. This is the third year in a row that 

Nujira has received such recognition. Global Cleantech 100 is a 

list of companies with the most promising private environmen-

tally friendly technology expected to have a significant impact 

on the market over the next five to 10 years. 

2. The Nujira NCT-L1300 is the gray chip in the center of the board. This is all you need to linearize one or 

more PAs in LTE handsets for maximum efficiencies in the 45% to 50% range.

http://electronicdesign.com
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DIABLO TECHNOLOGIES’ Memory Channel Storage (MCS) 

made a big splash when it was first released as TeraDIMM, and 

for a good reason. This dual-inline memory module (DIMM) 

brings terabytes of flash memory to processor memory chan-

nels instead of having it connected via disk interfaces like 

Serial ATA (SATA), Serial Attached Storage (SAS), or even PCI 

Express (Fig. 1). It essentially puts the solid-state disk (SSD) 

next to the cores instead of one or two peripheral interfaces 

away from the applications. 

Hard-disk storage interfaces like SATA provided sufficient 

bandwidth to handle devices that also had very high latency 

levels compared to DRAM. It made sense to utilize an interface 

that would hide the complexity of the storage device. 

Solid-state storage changed the interface equation. Its lower 

latency and faster transfer rate still weren’t on par with DRAM, 

but it was significantly faster than hard-disk storage. The 

interface started to be the bottleneck. Moving SSDs closer to 

the processor was the reason for connecting flash memory via 

PCI Express. PCI Express bandwidth is higher than storage 

interfaces like SATA and SAS because it has to handle these 

interfaces as well. 

KEY FUNCTIONALITY

This is why companies like Fusion-io have been delivering 

PCI Express-based flash memory storage products. The non-

volatile memory NVM Express (NVMe) standard is one inter-

face designed to bring flash memory storage to the processor 

that is built on PCI Express. 

Still, even PCI Express can limit flash memory storage per-

formance. It provides a low-overhead interface, but using the 

DRAM memory interface can 

reduce that overhead further. 

The challenge is that this inter-

face was designed for volatile, 

byte-accessible memory that 

requires periodic refreshing. 

DDR3 DIMMs also imple-

ment a demanding communi-

cation protocol for initializa-

tion and general operation. 

Unfortunately, simply replacing 

DDR3 DRAM memory chips 

with flash memory chips is not 

an option. Diablo Technologies 

had other ideas. 

MCS plugs into the DDR3 

DIMM sockets. Its Diablo 

Technologies controller chip 

implements the DDR3 protocol 

and interfaces with the on-

module flash memory chips, 

which include support found in 

Memory Channel Storage   
Puts SSD Next To CPU

1. Diablo Technologies’ Memory Channel Storage (MCS) plugs into a 

standard DIMM socket and implements the DDR3 protocol, but it has 

flash memory chips on board, not DRAM.

2. TeraDIMM can be mixed with DRAM DIMMs. Used on multiple channels, it increases bandwidth avail-

able for flash storage access.
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advanced flash memory controllers such 

as wear leveling. 

Diablo Technologies’ first partner was 

SMART Modular Technologies. The 

SMART ULLtraDIMM employs Diablo 

Technologies technology along with 

SMART’s Guardian Technology Platform 

architecture for flash memory storage. 

The ULLtraDIMM has less than 5-μs 

write latency and a random performance 

of 150k read IOPS and 65k write IOPS. 

The sustained read and write perfor-

mance is 1 Gbyte/s and 760 Mbytes/s, 

respectively. This scales linearly while 

maintaining a consistent write latency. 

The DIMMs are available in 200-Gbyte 

and 400-Gbyte versions. They use 19-nm 

multi-level cell (MLC) flash memory 

chips. And, the ULLtraDIMM can handle 

up to 10 full rewrites for five years. 

MCS targets enterprise class serv-

ers with multiple memory sockets and 

multiple channels per processor (Fig. 2). 

The memory channels provide the high-

est bandwidth interface to the processor. 

This accelerates memory access and 

enables the connection of terabytes of 

flash storage directly to the processor.

KNOW YOUR TRADEOFFS

The tradeoff between DRAM and 

flash storage in large installations is 

critical, though. Many applications need 

as much DRAM as possible and fill all 

DRAM sockets. Users need to determine 

the proper mix of DRAM and MCS stor-

age. Some applications may benefit from 

more flash storage.

The other advantage of using the 

DIMM approach in a multi-processor, 

multicore system is that the memory 

channels are logically shared among 

all cores. This non-uniform memory 

architecture (NUMA) approach has dif-

ferent latencies for accessing storage not 

directly attached to the processor chip, 

but it is very low. It does allow any core 

to access any MCS DIMM, though. Most 

enterprise systems will take a balanced 

approach, but an embedded system that 

could partition the software might dedi-

cate a processor chip or two for non-vol-

atile storage chores and attach some or 

all of the flash memory DIMMs directly 

to those chips. 

DRAM DIMMs must be added in a 

balanced fashion when using multiple 

memory channels. The same type of 

DRAM needs to be used on each channel 

because DRAM is accessed in parallel. On 

the other hand, MCS storage can be add-

ed one DIMM at a time since each DIMM 

is designed to be accessed individually. 

Different capacity MCS DIMMs can be 

used on any memory channel, although 

most installations are likely to use the 

same style DIMM within a system.

MCS DIMMs require BIOS support so 

they can be recognized and properly ini-

tialized. Likewise, operating system (OS) 

support is necessary to handle this type 

of flash storage. Device drivers are the 

easiest way to make this work. The MCS 

memory then can be utilized like an SSD. 

The only difference is the available band-

width and reduced latency. 

The other alternative is to provide direct 

access by the OS and applications. This 

requires OS modifications that Diablo 

Technologies is developing. It eliminates 

even the device driver overhead. 

In some sense, programmers are 

relearning technology that used to be 

quite common when core memory 

was the standard. There is a difference 

because core memory is more akin to 

non-volatile DRAM. Viking Technolo-

gy’s ArxCis-NV NVDIMM uses this type 

of approach. This DIMM backs up and 

restores DRAM to on-module flash. An 

off-module supercap provides transition 

power when system power is removed 

either accidentally or on purpose. 

The ArxCis-NV NVDIMM runs at 

DRAM speeds and looks like DRAM to 

the processor cores. The difference 

between it and Diablo Technologies’ 

MCS is capacity and speed. Mixing 

DRAM, NVDIMMs, and MCS DIMMs 

in a system would be possible and may be 

useful for some high-performance, high-

reliability applications.  
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MOBILE AND PC USER INTERFACES have moved past the key-

board and mouse to touch and non-touch interfaces. Capacitive 

touch interfaces are the norm with smart phones and tablets. 

Non-touch interfaces are the new technology, and they will be 

found in more devices in 2014 (see “Consumer Electronics Take 

User Interfaces Beyond Your Fingertips” at electronicdesign.com). 

3D imaging is one of the non-touch interfaces that is having 

a major impact even as other 3D technologies such as 3D print-

ers are also taking off. Hollywood, for example, is using dual 

cameras to make major motion pictures in 3D (see “Prometheus 

Takes Flight With Cutting-Edge VFX Technology” at electronicde-

sign.com). The cameras are expensive, and so is the mechanical 

and electronic support hardware. Low-cost, dual-camera solu-

tions are available, but they tend to be more expensive than the 

two other 3D imaging technologies. 

TOP TECHNOLOGIES

Microsoft’s original Kinect sensor for the XBox gam-

ing system uses one of these 3D imaging technologies from 

PrimeSense (see “How Microsoft’s PrimeSense-based Kinect 

Really Works” at electronicdesign.com). The PrimeSense system 

emits an infrared pattern that is read using a 2D infrared sen-

sor. A system-on-chip (SoC) analyzes the distortion of the pat-

tern reflected back to the sensor to generate the 3D depth field. 

The other available 3D imaging technology measures time-

of-flight from an emitter to the sensor (see “Time-Of-Flight 3D 

Coming To A Device Near You” at electronicdesign.com). This 

is what SoftKinetic’s DS311 3D sensor does (Fig. 1). Micro-

soft’s Kinect 2 for the XBox One employs the time-of-flight 

approach (see “XBox One And PlayStation 4 Look More Alike” 

at electronicdesign.com). 
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3D Video Sensors  
Improve User Interactivity
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2. The SoftKinetic module allows developers to easily 

incorporate 3D sensing in embedded applications.

1. SoftKinetic’s DS311 can handle 

hand and finger recognition at a range 

of 0.15 to 1 m. It can also manage 

body recognition from 1.5 to 4.5 m 

using a brighter IR emitter setting.

3. Creative Tech-

nology’s Senz3D 

employs SoftKi-

netic’s DepthSense 

technology.
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Developers have access to SoftKi-

netic’s DepthSense technology, which 

the DS311 uses. The module is available 

to OEMs, so embedded developers can 

incorporate non-touch 3D sensing in 

their applications (Fig. 2). This technol-

ogy also is inside Creative Technology’s 

Senz3D (Fig. 3). SoftKinetic has licensed 

its DepthSense pixel technology to Mel-

exis and Texas Instruments (TI). The 3D 

Current Assisted Photonic Demodulator 

(CAPD) sensor is available from SoftKi-

netic’s partners.

The DS311 combines a 2D color cam-

era with the 3D sensing system to deliver 

a color image with 3D depth informa-

tion. The image recognition software 

also can use the color information to 

identify and track objects from balls 

to arms. The DS311 incorporates dual 

microphones as well to support video 

conferencing and recording. Video and 

image recognition can operate at speeds 

up to 60 frames/s. 

The main difference between the 

DS311 and the Senz3D is that the DS311 

can handle hand and finger recognition 

at a range of 0.15 to 1 m in addition to 

body recognition at a range of 1.5 to 4.5 

m. Designed for hand and finger ges-

ture recognition, the Senz3D replaces 

a laptop HD camera. The DS311 uses 

a brighter infrared emitter that can be 

used for both, although only one mode 

at a time. SoftKinetic’s technology and 

the Senz3D are the reference design for 

Intel’s Perceptual Computing software 

development kit (SDK). 

Body movement and gesture recogni-

tion software are part of the SDK. Soft-

Kinetic provides this technology as well. 

The hand and finger gesture recognition 

address Senz3D deployments. Future 

laptops and tablets will have this hard-

ware built in. Users will be able to swipe 

by gesturing instead of touching the 

screen. Body movement and gesture rec-

ognition is more for gaming platforms 

and applications like Microsoft’s XBox.

Mobile device application control and 

gaming are just two applications for 3D 

time-of-flight sensors and software. 3D 

scanning for 3D printing is yet another. 

They are also useful for robotic applica-

tions that need to identify objects to 

locate and avoid, such as parts on an 

assembly line or people in a hallway. 
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IN NOVEMBER, INTERSIL ANNOUNCED a new family of power 

management ICs, including a highly integrated, digital dc-dc 

power controller with what it calls a “ChargeMode” control 

loop technology. ChargeMode eliminates control loop compen-

sation from the design process. The ZL8800 enables fast tran-

sient response without compensation, reducing design time. 

And thanks to its excellent transient response, it reduces output 

capacitor size and board space, according to the company. 

Target systems typically require control and monitoring 

of every power rail to maximize reliability. System designers 

use external monitors and sequencers to provide the added 

functionality around the point-of-load converters (PoLs). The 

ZL8800 integrates all of those functions and provides for con-

trol through the industry-standard PMBus interface. Telemetric 

data on the power supply includes temperature, input current, 

output current, input voltage, and output voltage.

ZL8800 output can operate independently, or it can be paral-

leled, with split phases, to supply higher current levels. Output 

voltages can range from 0.54 to 5.5 V. Input voltages can range 

from 4.5 to 14 V. 

POWER NAVIGATOR GUI

Intersil’s PowerNavigator user interface simplifies design 

with the ZL8800. Designers can use the drag-and-drop utility to 

set up and control any power supply architecture. 

“Traditional digital power controllers achieve loop stability 

using the same pole-zero placement approach as analog control 

techniques, except in the digital domain they implement PID 

(proportional-integral-derivative). While well understood, this 

approach does not take advantage of the benefits offered with 

digital signal processing to enable stable, fast transient response 

power supplies,” said Chance Dunlap, senior marketing man-

ager at Intersil. 

“The proprietary ChargeMode control loop from Inter-

sil is the first digital loop to break away from the traditional 

approach, utilizing digital control to its full extent. Implement-

ing non-linear control with over-sampling of the output, a wide 

loop bandwidth can be obtained without excessive phase shift. 

In addition, a unique digital convergence approach ensures that 

the loop remains stable without the need for compensation,” 

Dunlap said. 

“With Intersil’s fourth generation ChargeMode digital con-

troller, a power supply can now be realized that offers high 

performance with fast design time and high reliability, while 

avoiding complicated compensation settings,” he said.1

HISTORY

To understand why this is a landmark product, it helps to 

review the evolution of PoL voltage regulation. The part of 

Intersil that developed the new devices used to be Zilker Labo-

ratories. So, this announcement primarily concerns PoL dc-dc 

conversion using the Intermediate Bus Architecture (IBA) 

under a somewhat loose definition of IBA. Intersil acquired 

Zilker Labs in the first quarter of 2009.

Turn back the clock to 2004, when IBA was a bright and shiny 

new thing. Powering the arrays of cabinets filled with blade 

servers in data centers was a challenge. Each of the CPUs in 

these blade servers had three or four power rails whose current 

demands would switch wildly between milliamps and amps as 

the CPU chips switched from dormant states to full activity. 

IBA distributed unregulated 48-V dc from a front end at the 

ac power drop to the cabinets. Inside the cabinets, each board in 

the system has its own step-down supply, or bus converter, that 

BestPower

Intersil’s PowerNavigator software handles ChargeMode control 

transparently within the GUI. The value of ASCR “gain” optimizes 

transient response. It can range from 100 to 1200. Its default value is 
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changed the front end’s 48 V to 12-, 8-, or 

5-V bus voltages. Then the bus voltage was 

stepped down and regulated by PoL buck 

converters at each load. The key to making 

those PoLs work was abandoning the idea 

of analog feedback in the bus converters 

and going to digital control loops.

The issue of digital control created lots 

of controversy. During the 2004 IEEE 

APEC conference, there was spirited 

debate during the sessions of the Power 

Supply Manufacturers Association as 

to whether digital control would really 

work, whether anybody would pay for 

it, and whether design engineers at the 

systems-level companies would abandon 

their familiar analog design approaches.

This opened the door to a number of 

semiconductor startups that were com-

mitted to making the design of digitally 

controlled dc-dc converters, especially in 

data centers, simple and bulletproof. Ear-

ly innovators included Primarion (now 

part of Infineon), Power-One (acquired 

by ABB), Silicon Laboratories, Vicor 

(with a proprietary alternative to IBA), 

and Zilker Labs (now with Intersil).

Each of these companies approached 

the market with design tools that includ-

ed some kind of graphical user interface 

(GUI) intended to simplify, among other 

things, the task of compensating the volt-

age-control loop in the digital domain 

by programming PoLs without human 

intervention. Some of these GUIs were 

simple “fill in the box” screens. Others 

had on-screen sliders and dynamic dis-

plays of the feedback transfer function 

that let power supply designers develop a 

“feel” for potential circuit behavior.

Meanwhile, simple dc-dc PoL regula-

tors grew more functionally complicated. 

With the “hard part” of the design 

streamlined by the GUIs and the soft-

ware behind it, it became a point of prod-

uct differentiation to enhance conversion 

efficiency across broad load-current 

ranges using techniques such as parallel-

ing multiple digital PoLs while staggering 

their clock phases. There was also differ-

entiation in external control buses.

Zilker Labs was one of the leaders in 

this aspect of power supply design, but 

it always did things a little differently. 

In 2006, it introduced a controller-less 

autonomous approach for multiple PoLs in 

which regulators in the group would turn 

on in order, starting with the device with 

the lowest address and continuing until all 

of the devices in the chain were on. 

No device would start its turn-on 

routine until the previous device was in 

regulation. The device with the highest 

address would turn off first, followed in 

reverse order by the other devices in the 

group. The clock was automatic in phase-

spreading, when all converters were 

synchronized to the same switching. 

The phase offset for each chip was deter-

mined by its device address. Phase offset 

was the device address times 45°.

In 2008, Zilker introduced PoLs 

that provided what the company calls 

adaptive compensation. The new chips 

then could dynamically modify loop-

compensation coefficients in response to 

varying load conditions, without exter-

nal components.

Thus, the ZL8800 and Power Naviga-

tor continue the evolution of digital pow-

er control. In another sense, they’re more 

than an incremental step forward, thanks 

to the totally compensation-capacitor-

free loop control and the simplicity of the 

drag-and-drop user interface. 
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AMD’S HETEROGENEOUS SYSTEM ARCHITECTURE (HSA) 

hardware framework provides Heterogeneous Uniform Memory 

Access (hUMA) to CPUs and GPUs (Fig. 1). It radically changes 

the way CPUs and GPUs will interact at the software level. 

In the past, GPUs were implemented as separate entities with 

their own memory and a communication channel to the host 

processor. The host would use the channel to move data and 

GPU code into the GPU memory. Initially, the GPU was used 

only for driving displays. The software was a closed system that 

only the GPU vendor could access.

Eventually the GPU vendors opened up the GPU for compu-

tational chores because the number of cores and the GPU archi-

tecture could sometimes improve speed by as much as two orders 

of magnitude. Not all applications show this much improvement, 

but many provide significant advantages over CPUs. 

IN OPERATION

GPUs have moved from their display-only chores into com-

putation-only applications or mixed environments where the 

GPU handles display and computation chores at the same time, 

much like how a CPU handles multitasking. 

Programming a GPU can get tricky because of its architec-

ture, which synchs a number of 

cores in a more advanced sin-

gle-instruction, multiple-data 

(SIMD) configuration. Higher-

level programming frameworks 

like NVidia’s CUDA (see “Is 

Your Personal Computer A 

CUDA-Enabled Speed Mer-

chant?” at electronicdesign.com)

and OpenCL (see “OpenCL 2.0, 

OpenGL 4.4 Officially Released” 

at electronicdesign.com) have 

made the job significantly easi-

er by simplifying the movement 

of data between the CPU and 

GPU memory. 

The movement of data from 

one memory to another has 

a range of impacts including 

address translation issues. The copying and translation issues 

disappear when HSA is used because the CPU and GPU share 

the virtual address space. 

HSA supports existing software development frameworks 

like OpenCL that are currently used on GPUs and CPUs. This 

makes migration to HSA platforms easier. There are several 

ways to do this, including simply using the CPU and GPU, as 

in the past. It doesn’t take advantage of HSA, but it will work. 

Recompilation to take advantage of HSA could significantly 

improve performance. 

Software development becomes more interesting when com-

pilers and operating systems have native HSA support. Popular 

C/C++ compilers like gcc and LLVM will support HSA. Other 

compilers will also support HSA, including Java. 

The OpenJDK Sumatra Project is designed to put Java on 

top of HSA, generating a combination of CPU and GPU code 

depending upon the application (Fig. 2). HSAIL is a virtual 

machine for the GPU. It has a byte code designed to mimic 

GPU functionality but at a generic level, just like the Java Vir-

tual Machine (JVM) is used for CPUs. The HSAIL Finalizer 

generates native GPU code from the byte code generated by 

compilers like gcc or LLVM. This maintains Java’s portability 

Best Software

1. AMD’s Heterogeneous System Architecture (HSA) allows CPU and GPU cores to use the same virtual 

memory address space so data does not have to be copied for use by different types of cores. This 

greatly simplifies programming and considerably improves speed. 
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while allowing a compatible Java application to run on a range 

of CPU/GPU combinations. 

HSA also includes hQ, which allows CPU and GPU task 

management. It enables tasks running on each platform to 

invoke and interact with tasks running on the other platform. 

Also, the AMD CodeXL tool suite provides GPU debugging 

as well as CPU and GPU profiling. It is currently available as a 

Microsoft Visual Studio plug-in and as a standalone application 

running under Windows or Linux. 

ON THE MARKET

AMD’s Kaveri desktop APU will be the first platform to 

include HSA support. Kaveri chips will be available in 2014. 

The Bolt C++ Standard Template Library (STL) is optimized 

for the HSA heterogeneous computing platforms. Bolt C++ 

STL will let C++ programmers utilize an HSA APU without 

resorting to the more complex OpenCL approach.

HSA is not specific to a CPU or GPU architecture. Not all 

vendors that will be building CPU/GPU SoCs will adopt it, but 

some versions will be built around Arm CPUs and other GPU 

architectures. The HSA Foundation that was formed to manage 

the architecture includes major chip vendors such as AMD, 

Arm, Texas Instruments, Samsung, and Qualcomm. 

2. Java will eventually have seamless HSA support via the Sumatra 

project, which will generate code for CPU and GPU cores as necessary. 
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Lamda/Stream API
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CPU GPU
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AS ELECTRONIC COMMUNICATIONS circuits and sys-

tems become more complex and critical, testing 

grows far more difficult. Also, new standards 

impose unusually demanding specifications 

that take time to validate. One key out-

come is a significant increase in produc-

tion test time that is now a big part of the 

cost of any new product. 

This certainly is the case with new 

100/400-Gbit/s fiber-optical components and 

products. These super-high data rates present a 

challenge not only in research, design, and develop-

ment but also in production. Tektronix’s optical test solu-

tions, which mix new products, existing products, and product 

enhancements, simplify and speed up optical testing. 

100-GBIT/S TESTING

The demand for ever-faster Internet access continues to 

increase along with mobile data speed and volumes thanks 

mostly to video applications. Ever-faster fiber-optical networks 

in long-haul, short-reach, and backhaul systems are addressing 

the need for extra speed. While 10-Gbit/s systems are common, 

more carriers and companies are upgrading to 40-Gbit/s and 

100-Gbit/s systems. New components and products are now 

available to meet the demand.

Several different standards support the 100-Gbit/s rate. 

For short-haul applications such as data centers, disk arrays, 

private local-area networks (LANs), and metro networks, Eth-

ernet 802.3 standards are usually used. For example, Ethernet 

100GBASE-R4 uses four parallel multi-mode or single-mode 

fibers, each with a data rate of 25 Gbits/s (25.78 Gbits/s actual). 

Sonet OTU4 uses four parallel fibers to deliver 25 Gbits/s (27.95 

Gbits/s actual).

Another common test need is shorter electrical connections 

in optical switches, routers, and transport or data center equip-

ment. The Optical Internetworking Forum (OIF) has common 

electrical interface (CEI) standards called implementation 

agreements (IA) that define 4x25G links over backplanes or 

from chip to chip or chip to module. The most common are 

CEI-25G-LR (long reach) and CEI-25G-VSR (very short reach), 

which present their own test challenges.

For electrical 4x25G testing of chipsets, transceivers, or 

systems, a standard set of instruments is used. For signal gen-

eration, either the PPG3204 pattern generator or the BSA286C 

BERTScope can be used. The test signal is then sent to the new 

LE320, a 32-Gbit/s, two-differential channel, nine-tap linear 

equalizer, for receiver testing (Fig. 1). 

The device under test (DUT) gets the LE320 enhanced sig-

nal. The DUT output goes to one of several display options: the 

PED4000 error detector, BSA286C BERTScope, or DSA8300 

sampling oscilloscope. Software for analysis includes the JMAP 

bit error rate (BER) contour and jitter analysis, the 80SJBN jitter 

and timing analysis, or the CEI-VSR compliance test.

The need for 4x25G testing is becoming more important 

as the industry moves from silicon design to transceiver and 

system design. Designers are creating network elements that 

allow data rates up to 100 Gbits/s, which will be delivered using 

four lanes of 25 to 28 Gbits/s. Design challenges emerge when 

transmitting these high frequencies on printed-circuit boards 

(PCBs), even for short distances. 

The key to successfully testing such systems is the LE320, 

which provides test engineers with versatile output signal con-

ditioning and tunable input equalization to create an optimal 

system for testing four electrical channels operating at 25 to 28 

Gbits/s each. The Sampling Oscilloscope Option CEI-VSR will 

help to ensure efficient and consistent compliance testing sup-

port so designers can smooth the transition to manufacturing.

Designers developing systems that run at 10 Gbits/s or faster 

need an equalizer in front of receiver inputs or a pre-emphasis 
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New Gear Accelerates  
100/400-Gbit/s Optical Testing

1. High-speed data 

communications silicon 

requires stressed, 

equalized signal 

conditioning to fully 

characterize re-

ceiver performance. 

The Tektronix LE320 provides a flexible nine-tap 

filter configuration that enables BERTs and oscillo-

scopes to measure specific signal conditions for silicon 

and system physical-layer testing.
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module on transmitter outputs. As speeds increase, designers 

have had a limited selection of signal conditioning products 

beyond 12 Gbits/s for meeting these requirements. 

The LE320 supports signal conditioning on data rates from 8 

to 32 Gbits/s in a nine-tap design used to deliver the high-pre-

cision error rate testing required by 100G communication stan-

dards like CEI-28G-VSR. Its remote head design enables design-

ers to minimize cable length in their test system and avoid signal 

degradation issues, which are significant at 25 to 28 Gbits/s. 

With programmable equalization, the LE320 can be configured 

to provide standards-specific equalization, 

permitting BER analysis on otherwise closed 

eye signals.

Multi-lane, high-data-rate standards are 

driving the need for multi-channel BER 

instruments. Stressed receiver tests, four-

channel end-to-end BER testing, and cross-

talk tests are now among the suite of tests 

driven by the move to multiple high-speed 

parallel lanes. 

Jitter measurements are also a major part 

of 100-Gbit/s electrical testing. The Tektro-

nix PPG/PED line of multi-lane BER testers 

(BERTs) has been enhanced to provide 

expanded jitter impairment capability, new 

output adjustment flexibility, and higher-

speed error detection capability to better 

meet the requirements of these standards. 

The extended range of jitter insertion 

options includes option HFJIT, which 

now provides BUJ as well as RJ and SJ; and 

high-amplitude/ low-frequency PJ as part of new option LFJIT. 

Option ADJ adds adjustable outputs with fast rise/fall time and 

low intrinsic jitter required for 32-Gbit/s multi-channel pattern 

generator applications. The PED4000 series of error detector 

products, which are capable of data rates of up to 40 Gbits/s in 

one- or two-channel configurations, has enhanced data-rate 

margin testing.

The IA for OIF CEI 3.0 specifies the tests and limits for 

devices based on OIF standards. CEI-28G-VSR, which is one of 

those standards, is intended for use in very short-reach electri-
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2. Tektronix’s complete end-to-end solution for testing 100G/400G coherent modulation sys-

tems comprises the OM5110 optical transmitter and AWG70001A arbitrary waveform genera-

tor pair (left), which together provide a greater than 32-Gbaud modulated test signal output, 

and the OM4106D optical modulation analyzer and MSO73304DX 33-GHz oscilloscope (right), 

which provide a complete coherent modulation analysis system.
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cal channels in pluggable optical transceivers. These electrical 

interfaces must be able to meet system BER targets and undergo 

rigorous testing and debug cycles. 

Until now, performing all the required tests for CEI-28G-

VSR compliance and isolating problems related to jitter or noise 

has been difficult and labor intensive. Integration with Tektro-

nix 80SJNB serial data link analysis software enables deeper 

debug and timing root cause analysis without the need to move 

to a different instrument or measurement setup.

By using Option CEI-VSR with the Tektronix DSA8300 sam-

pling oscilloscope, design engineers can perform compliance 

measurements in less than 5 minutes, reducing their testing 

time by approximately 95% compared to manual alternatives. 

100/400-GBIT/S OPTICAL TESTING

High-speed optical networking is increasingly being used 

for short-reach data-center applications. This is creating a need 

for test equipment to support analysis of multi-mode, 850- and 

1310-nm signals found in 100Gb (4x25) Ethernet systems. 

For long-haul applications, designers are now turning to 

coherent modulation techniques to get the most from avail-

able fiber bandwidth. This is creating a need for test systems 

to help ensure optimum performance and low BERs using 

formats such as dual-polarization quadrature phase shift key-

ing (DP-QPSK), polarization-multiplexed QPSK (PM-QPSK), 

and polarization-multiplexed 16-phase quadrature amplitude 

modulation (PM-16QAM). 

To address this problem, the 32-GHz 80C15 multi-mode 

optical sampling module for use with DSA8300 series sam-

pling oscilloscopes provides high-quality acquisition of 850- 

and 1310-nm multi-mode signals. With a tightly controlled 

frequency response, the module enables repeatable automated 

compliance testing for all of the short-reach standards ranging 

from 22 to 32 GHz.

The combination of a DSA8300 series mainframe and an 

80C15 multi-mode optical sampling module delivers ultra-low 

instrumentation noise and phase noise (jitter) for <100-fs RMS 

electrical and optical jitter measurements. It delivers the test 

margin needed to accurately measure the low-power signals 

used in short-reach applications. It also supports mask testing 

including mask margins based on standard specified hit ratios.

For long-haul applications, the OIF’s DP-QPSK technique 

over single-mode fiber is the de facto standard using the optical 

transport network (OTN) protocols. DP-QPSK is a modula-

tion technique that effectively quadruples the data rate over 

standard on-off keying (OOK) of the laser in systems using 10 

Gbits/s or less. 

QPSK transmits two bits per symbol or baud as it combines 

two carriers of the same light frequency with a 90° phase shift 

between them. Then the two QPSK signals are multiplexed on a 

single fiber by transmitting one QPSK signal with a horizontally 

polarized orientation and another QPSK signal is transmit-

ted with vertical polarization. The combination of QPSK and 

dual polarization produces a fourfold increase in data rate over 

OOK, allowing a lower clock rate at 25 GHz to be used. 

The receiver uses coherent demodulation, meaning the DP-

QPSK signal is mixed with a local oscillator signal at the clock 

frequency allowing the receiver to sync in both frequency and 

phase to recover the bits. This coherent detection also helps 

mitigate optical impairments like chromatic and polarization 

mode dispersion. Additionally, it improves the signal-to-noise 

ratio, allowing longer fiber reaches to be used.
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The AWG70001A arbitrary waveform generator generates 

the signal in the test setup for long-haul coherent modulation 

testing (Fig. 2). The PPG3204 32-Gbit/s pattern generator also 

may be included. The generated signal is sent to the OM5110 

multi-format optical modulator and transmitter. The transmit-

ter drives the fiber cable to the receiver, the OM4106D coherent 

lightwave signal analyzer. 

The output is viewed on the DPO73304DX digital phosphor 

oscilloscope. The MSO73304 33-GHz oscilloscope also may be 

used. The OM1106 optical modulation analysis software ana-

lyzes the signal. Once the setup has been adjusted, the transmit-

ter or the receiver is replaced with the device to be tested.

For long-haul optical research and development applications, 

the OM5110 modulates all common formats including binary 

phase-shift keying (BPSK), PM-QPSK, 

and PM-16QAM up to 46 Gbaud with 

fully automated and manual bias control 

of the modulator and RF amplifiers, 

giving users complete configurability 

and versatility. With the introduction of 

the OM5110, Tektronix is the only test 

and measurement vendor that offers a 

complete coherent optical test system 

from signal generation to modulation, 

acquisition, and analysis. 

The OM5110 offers built-in C or L 

band lasers along with support for exter-

nal lasers. Automatic bias control allows 

for quick setup and easy operation of 

the modulator, while the manual bias 

control capability enables users to take 

control of all bias voltages for testing 

specific scenarios. 

The AWG70001A 50-Gsample/s 

arbitrary waveform generator and the 

OM5110 make up a complete coherent 

optical signal generation system that’s 

ideal for the design of the most effec-

tive coherent modulation formats. By 

adding an optical modulation analyzer 

and oscilloscope, such as the OM4106D 

coherent lightwave signal analyzer and 

DPO73304DX digital phosphor oscil-

loscope, engineers have access to a 

complete, end-to-end coherent optical 

test system. 

The next challenge is testing systems 

beyond 100 Gbits/s. Already in demand, 

new standards and products for 400 

Gbits/s, 500 Gbits/s, and 1 Tbit/s are 

being developed. These rates will be 

achieved with multiple wavelengths 

multiplexed on a single fiber. New sys-

tems will use two, five, eight, or 10 light 

carriers using coherent modulation 

schemes like DP-QPSK or DP-16QAM. 

Formal standards have yet to be set. Tek-

tronix’s optical test systems can support 

that coming challenge. 

BestTest&Measurement
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5 Issues Shaping The 
Electronics Supply Chain
In 2014, electronics industry executives will look to 

emerging technologies for growth while focusing on 

student-centered investment opportunities and keep-

ing counterfeit parts out of the supply chain.

THE ENERGY PORTION of TTI’s industrial business 

has been a bright spot on the economic horizon 

and is likely to continue on that path, according 

to Lew LaFornara, vice president of supplier 

relations for the company. Industrial markets 

have been a mixed bag recently, he explains. But 

with an increase in domestic oil and gas explora-

tion and new production techniques causing 

growth in both areas, companies selling to those 

customers are seeing steady increases.

Indeed, domestic oil and natural gas produc-

tion is rising, causing many suppliers to sharpen 

their focus on traditional energy markets. Shale 

oil production in particular is set to jump by 

nearly a third this year to 3.3 million barrels a 

day due to new extraction techniques. Econo-

mist Jack Ablin, who spoke to distributors and 

manufacturers at the recent ECIA Executive 

Conference in Chicago, pointed to the growth as 

a key positive sign on the economic landscape.

Continued on Page 40

Continued on Page 44
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Energy Markets Stay Strong 
Rising domestic oil and gas produc-

tion and a continued focus on ener-

gy-efficient electronics fuel distrib-

utors’ growth in energy markets.
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A SHOW OF HANDS at a recent electronic components industry meeting con-

firmed what many executives are feeling as 2013 comes to a close: the flat to 

only slightly up business conditions that have characterized the electronics 

supply chain for the last two years are going to stick around for a while. Only 

about a third of the executives listening to an economics presentation at the 

1. Wearable technology, 3D printing, and robotics are three emerging technologies 

that supply chain companies should focus on in 2014, said author and futurist Jack 

Uldrich of the School of Unlearning. (photo by Curtis Ellzey)

Oil production in the United States grew by nearly 2.7 

million barrels a day to reach more than 11 million bar-

rels a day from 2008 to 2012. This increase surpasses 

the total oil production of other leading countries. 

(courtesy of IER, http://www.eia.gov/countries/index.cfrm?view=production)
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Electronic Components Industry Associa-

tion’s Executive Conference in Chicago in 

late October raised their hands when asked 

if they thought their companies would fin-

ish 2013 with higher sales than 2012. 

This is new to an industry in which 

growth tends to outpace the general econ-

omy, and it’s leaving many looking for 

new strategies that will help them better 

compete in a changing business climate. 

ECIA’s annual conference tackled the 

issue with the theme “Shift Happens” and 

presented a slate of speakers from inside 

and outside the industry offering insight 

on how manufacturers and distributors of 

electronic components can navigate the 

change and still meet buyers’ and design 

engineers’ growing list of demands. 

The ECIA audience of distributors, 

manufacturers, and manufacturer repre-

sentatives covered a big slice of the elec-

tronics marketplace. Presenters discussed 

everything from new market opportuni-

ties to honing your supply chain niche. 

Their advice provided a roadmap of 

where component suppliers will be look-

ing for growth and offers a glimpse at 

areas the supply chain of the future will 

focus on. Here are five of them.

1. EMERGING TECHNOLOGY

Component suppliers are always looking 

for “the next big thing” that will shake up 

the electronics industry, but such innova-

tions have been elusive in today’s flat mar-

ket. Still, companies should keep some key 

product trends on their radar screens, said 

Jack Uldrich of the School of Unlearning 

on the first day of the conference (Fig. 1). 

Wearable technology is one area. 

Uldrich told attendees that it “absolutely 

could be” a huge market in the not too 

distant future, pointing to the wearable 

computer Google Glass as an example. 

The convergence of wearable technology 

and mobile health monitoring is another 

big area, according to Uldrich. He not-

ed a wide range of fitness and health-

monitoring devices, such as the FitBit 

activity tracker, a wireless-enabled wear-

able device that measures a range of per-

sonal health metrics. Uldrich also cited 

3D printing and GE’s goal to produce 

jet engine parts using the technology by 

2016, as well as robotics, a hot area for 

U.S. manufacturers. 

“This technology is getting exponen-

tially better,” Uldrich said of 3D printing 

in particular.

2. THE INTERNET OF THINGS

The Internet of Things is all about 

connectedness—connecting people, 

processes, and things to the Web. It’s a 

growing opportunity for companies of 

all kinds, according to Uldrich and Intel’s 

Rick Dwyer, who also spoke at the ECIA 

conference. 

To put it in perspective, Dwyer said 

that as of late October, there were 10.7 

billion people, processes, and things con-

nected to the Internet—an impressive 

installed base of potential business that 

will only grow. The key to capitalizing on 

this potential is figuring out how to sell 

the services and solutions people need 

to enable their projects, programs, and 

ideas, Dwyer said.

“What can we do differently to cap-

ture the value of the Internet of Things?” 

he urged companies to ask. He also 

described opportunities in the Smart 

Grid as a prime example, as utility com-

panies look for new ways to manage 

and analyze energy use and spending, 

opening the door for companies that sell 

devices and technology that will allow 

them to do so in an online environment.

3. HONING YOUR NICHE

Finding your place in a changing mar-

ket is one of the most difficult parts of 

being in business, but it’s nothing new 

if you ask Steve Fisher, CEO of Phila-

delphia-based specialty distributor PEI-

Genesis. In a presentation focused on 

business evolution and the importance 

of maintaining a “culture that cares and 

values that matter,” Fisher recounted his 

family-owned firm’s evolutionary jour-

ney from a small startup distributor of 

electronic parts to one of the world’s 

leading assemblers of precision connec-

tors and power supplies.

Founded in 1946 by Fisher’s father, 

Murray Fisher, and his best friend Bernie 

Bernbaum, PEI-Genesis has been honing 

its niche as an international manufactur-

er, assembling distributor, and engineer-

ing design firm for connectors and power 

supplies ever since. But today’s difficult 

economic times are presenting new chal-

lenges. After years of consistent growth, 

Fisher said PEI-Genesis has struggled 

to grow over the last 18 months. But he 

advised that tough times are an oppor-

tunity to look in the mirror and ask if 

you are still relevant and then make the 

changes necessary to remain so. 

Careful evaluation of business trends 

and internal capabilities has led PEI-

Genesis to its place as a high-mix product 

business that builds more than 10 million 

connectors a year, Fisher explained. And 

though he didn’t say exactly what’s next 

for the firm, he emphasized that chang-

ing with the times while holding on to 

the values of its founding fathers will be 

a driving force in the company’s ongoing 

evolution. He suggested that all supply 

chain companies should use a similar 

guiding light in today’s shifting economy.

5 Issues 

Continued from Page 39

2. “[FIRST] turned my life around. It inspired 

me to try harder in school. I knew I couldn’t 

become an engineer with a 2.7 GPA,” engi-

neering student Tim Balz told attendees at 

an electronics industry conference in late 

October. (photo by Curtis Ellzey)
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4. INVESTING IN THE FUTURE

In one of the most inspiring presenta-

tions of the ECIA event, and the only one 

to receive a standing ovation, teenager 

Tim Balz explained how the FIRST sci-

ence and technology program changed 

his academic life and put him on the path 

to becoming an engineer and entrepre-

neur (Fig. 2). His talk served as a wakeup 

call about the importance of investing 

in students to ensure a more successful 

electronics industry in the future. 

Balz is a freshman at the Rose-Hulman 

Institute of Technology in Indiana. Yet he 

said he wouldn’t be there if it weren’t for 

FIRST—For Inspiration and Recognition 

of Science and Technology, a program 

that encourages elementary, middle, and 

high school students to develop their sci-

ence, engineering, and technology skills 

through teamwork and competition. 

Schools throughout the country form 

FIRST teams that are sponsored by teach-

ers, community volunteers, and cor-

porations. The teams are charged with 

building a robot that can perform a spe-

cific task in a series of competitions held 

across the country. Corporate sponsors 

play a large role in supplying the electron-

ic components, tools, and other products 

students need to build their robots. 

Balz emphasized the need for industry 

involvement in the program by telling 

his compelling story. A motocross rider 

with a 2.7 grade point average, Balz had 

little interest in academics until one of 

his teachers asked him to join his school’s 

FIRST program in his sophomore year. 

He quickly became a team leader, and 

before he was out of high school he had 

founded Freedom Chairs, a non-profit 

organization that recycles and rebuilds 

powered wheelchairs for people in need 

of mobility. The 18-year-old is president 

of Freedom Chairs, which is staffed by a 

team of student volunteers from Balz’s 

alma mater, Plainfield High School.

“[FIRST] turned my life around,” 

Balz told attendees. “It inspired me to 

try harder in school. I knew I couldn’t 

become an engineer with a 2.7 GPA.”

Balz finished with a 3.65 GPA.

5. STANDING UP TO COUNTERFEITS

Despite recent efforts to reduce the 

threat of counterfeit electronic compo-

nents entering the market, the situation 

is not getting much better, according to 

Avnet’s Ed Smith, who made the subject 

a centerpiece of his presentation. Smith, 

who is president of Avnet Electronics 

Marketing Americas, warned of a misun-

derstanding among customers about the 

meaning of authorized distribution and 

called for a campaign to educate buyers 

about the dangers of sourcing compo-

nents from the open market. 

Although counterfeit parts can find 

their way into authorized distributors’ 

inventory through customer returns, 

independent distributors and brokers 

represent the greatest threat because they 

do not purchase components directly 

from the original manufacturer. Many 

independents specialize in obsolete and 

hard-to-find parts and invest in testing 

and purchasing programs designed to 

detect counterfeits and keep them out 

of the supply chain, but only authorized 

distributors receive components directly 

from original component manufacturers.

Smith discussed efforts by authorized 

distributors to address the counterfeit 

problem, including supply chain man-

agement programs, design support, 

product obsolescence programs, and 

aftermarket support designed to help 

customers avoid turning to the open 

market. He also said it’s time to hold cus-

tomers accountable for their role and 

urged new regulations that hold buyers 

responsible for purchasing counterfeits 

by making it a criminal offense. 

A bad part can cause military equip-

ment to fail on the battlefield, putting sol-

diers’ lives in danger, Smith said. Bogus 

parts in the commercial market are dan-

gerous as well, as a faulty medical device 

or commercial jet system puts everyone 

in danger. In addition to emphasizing 

the need for ongoing involvement by 

authorized distributors, Smith’s points 

represent another attempt to keep the 

issue front and center in an increasingly 

complicated economic landscape. Q

DistributionResource|GlobalPurchasing

NAND Flash 
Memory Market 
Decelerates 

But the sector will still hit 

record revenue this year of 

$24 billion.

GROWTH IN THE global NAND flash 

memory market is slowing in the sec-

ond half of 2013 following diminishing 

demand for local data storage in smart 

phones and tablets, due in part to the 

rise of cloud-based devices, according 

to a new market research report from 

industry researcher IHS Inc.

NAND bit shipments were set to 

grow 8% in the third quarter according 

to early estimates. That’s down from 9% 

in the second quarter, IHS reports, and 

will be followed by an even lower 5% 

in the fourth quarter. Fourth-quarter 

growth will be down sharply compared 

to the year-earlier period, when the 

market grew 16%.

“The fast-growing season for flash 

memory appears to be running out of 

momentum as density growth levels off 

in many of the products that are leading 

users of NAND,” says Ryan Chien, stor-

age systems analyst at IHS. “Moreover, 

few upcoming devices are expected to 

increase their NAND options, further 

dampening growth in the short term.”

Despite the second half, IHS is pro-

jecting a record year in both shipments 

and revenue for the NAND flash indus-

try in 2013, with 39 billion Gbytes of 

shipments and $24 billion in revenue. 

IHS points to cloud storage, growth 

in low-end smart phones with limited 

NAND use, and consumer indifference 

to NAND-heavy devices like game con-

soles, PCs, e-readers, and USB drives as 

key reasons for the slowing market.

“Streaming media options and free 

cloud storage are diminishing the pros-

pects for increased NAND usage in 

smart phones,” Chien says. “This is true 

for all three major mobile operating sys-
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tems—Apple’s iOS, Google’s Android, 

and Microsoft’s Windows Phone.”

NAND prices are rising despite the 

slowdown in usage. IHS points to a 

small supply chain disruption due to a 

fire at South Korean memory suppli-

er SK Hynix in Wuxi on September 4. 

The incident caused the manufacturer 

to shift some of its NAND capacity to 

DRAM and opened the door to possible 

supply chain challenges down the line. 

Formulated to keep track of move-

ments in NAND pricing over time, the 

IHS NAND price index has jumped 

nearly 10% since the fire, signaling 

some nervousness in the market. But as 

demand concerns have started to weigh 

on the market, prices have drifted over 

recent weeks, according to IHS.

NEW PRODUCTS

NAND products continue to make 

their way to the market. For example, 

Toshiba’s new embedded NAND flash 

memory modules integrate NAND 

chips that are fabricated with the compa-

ny’s 19-nm second-generation process 

technology and comply with the latest 

e-MMC 1 standard. 

Designed for application in a wide 

range of digital consumer products, the 

modules target smart phones, tablet 

PCs, and digital video cameras. The line-

up of single-package embedded NAND 

flash memories includes densities from 

4 to 128 Gbytes. Each device integrates a 

controller to manage basic control func-

tions for NAND applications.  

Kingston Technology’s SSDNow 

mS200 mSATA solid-state drive offers 

a cost-effective performance boost with 

a dual-drive option that allows room for 

adding high-capacity storage in capaci-

ties up to 120 Gbytes. Ideal for system 

builders, OEMs, and enthusiasts, the 

mS200’s miniscule form factor is eight 

times smaller than a traditional 2.5-in. 

hard drive, making it ideal for note-

books, tablets, and ultrabooks. Q

“We are moving toward energy inde-

pendence,” Ablin said, pointing to new 

hydraulic fracturing, or “fracking,” tech-

niques many U.S. companies are using 

to reach areas previously unable to be 

drilled. “U.S. domestic production of 

crude oil and natural gas is rising. And 

innovation in the private sector is lead-

ing the way.”

Combined with ongoing efforts 

aimed at energy efficiency in both con-

sumer and industrial circles, energy-

focused distributors are betting on such 

innovations to drive growth into 2014.

FOCUSING ON OIL AND GAS

In the past four years, U.S. oil and 

natural gas production has increased 

by nearly 2.7 million barrels per day to 

more than 11 million barrels per day, 

according to the Institute for Energy 

Research (IER), which calls the growth 

“impressive.” In a report published ear-

lier this year, IER said the increase alone 

equals more oil than the total produc-

tion of Brazil, Venezuela, Algeria, or 

Qatar (see the figure).

American companies that supply the 

oil and gas industry are taking note. 

This summer, distributor PEI-Genesis 

created a new position aimed at grow-

ing its energy-related business, nam-

ing Mike Brawner oil and gas business 

development manager for North Amer-

ica. PEI-Genesis says the new position 

will help expand its work with harsh-

environment and explosion-proof con-

nector brands as well as its proprietary 

explosion-proof cable assemblies. 

“This new role is strategic to the long-

term development and growth of the 

North American oil and gas market,” 

said Dave Jones, director of global sales 

at PEI-Genesis. “Based in our Houston 

office, Mike will be local to our custom-

ers and suppliers to help us develop the 

rest of the Gulf region.”

As further evidence of energy market 

growth, Ablin pointed to the increase in 

natural-gas powered vehicles during the 

recent ECIA conference. Nationwide, 

more trucking companies and shuttle 

bus providers are turning to natural-gas 

powered vehicles, he said. 

This fall, for example, logistics pro-

vider UPS expanded its use of natural-

gas powered vehicles with a deal to 

purchase liquefied natural gas (LNG) 

fuel from an Indiana startup company 

to power 1000 of its semitrailer trucks 

in use throughout the Midwest. UPS has 

used LNG fuel in its fleet since 2000 and 

added 48 new LNG trucks to its long-

haul network just two years ago.

EFFICIENCY REMAINS A PRIORITY

Conservation and energy efficiency 

continue to drive strength in the energy 

sector as well. Many distributors point 

to consumer and industrial demand for 

energy-efficient lighting solutions and 

technology related to smart homes and 

businesses as key growth areas. 

“I don’t know of a company today in 

any industry that isn’t focused on con-

serving energy,” says Lindsley Ruth, 

executive vice president of distributor 

Future Electronics. 

Ruth notes the large amount of energy 

consumed in electronics, which causes a 

long-term focus on energy reduction 

and efficiency among component mak-

ers and distributors. A key market is 

lighting, where a shift continues from 

traditional sources to LED technology. 

Also growing in importance are devices 

focused on smart homes and offices. 

Technologies that help homeowners 

control heating, air conditioning, elec-

tricity, and security systems remotely, 

for example, are increasingly in demand.

Another way to conserve energy is 

through the use of wireless technology 

and extended battery life. Ruth calls this 

“a tremendous challenge and opportu-

nity within the electronics space.”

Future has developed targeted efforts 

to serve both markets. Its Future Energy 

Solutions and Future Lighting Solu-

tions groups provide sales and service 

resources for those markets. Q

Energy Markets

Continued from Page 39

NAND Flash Memory 

Continued from Page 42
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KICKSTARTER HAS FUNDAMENTALLY CHANGED how con-

sumer products are developed and delivered, including embed-

ded computing products. If you haven’t heard about Kickstart-

er, you probably have been staring at your pet rock too much. 

The site generates cash for startup projects from people 

interested in supporting them. The projects can range from 

TV shows and movies to 3D virtual reality platforms. The 

ultimate goal is to create enough cash to build a product or 

support an endeavor. Project supporters benefit as well. For 

example, they may be first in line for the product once it’s 

finally released. 

Projects must meet a monetary target within a specified 

timeframe. Supporters pledge money via credit card, which is 

charged only if the project exceeds its monetary goals. The proj-

ect creators receive most of the money, and Kickstarter gets a 

cut. Projects that don’t reach their goal within the specified time 

are closed, and the supporters’ credit cards are not charged. 

SUCCESSFUL KICKSTARTS

Some projects have been very successful and popular, mov-

ing from ideas into the marketplace. 

The wireless, e-paper Pebble watch 

from Pebble Technology is now avail-

able at Best Buy, and it isn’t the only 

smartwatch funded through Kickstarter 

(Fig. 1). The Square smart-phone credit 

card reader, which costs just 2.75% per 

swipe, was kickstarted too.  

Kickstarter isn’t limited to consumer 

electronics. My daughter funded her 

Project Ninja Panda Taco game via the 

platform (see “Is Kickstarter The New 

Way To Get Capital?” at electronicde-

sign.com). Even movies and events have 

been launched using it. 

In the consumer electronics market-

place, three successful Kickstarter proj-

ects really stand out: the Virtuix Omni 

3D VR platform, Oculus VR’s Oculus 

Rift 3D glasses, and the Sixense STEM 

System 3D position sensor (Fig. 2). 

Using an Omnivision OV9715 RGB camera and dual 204-

MHz NXP LPC4330 microcontroller, the Pixie CMUcam5 

from Carnegie Mellon University and Charmed Labs is another 

success (see “Tracking Movement Optically And Cheaply” at elec-

tronicdesign.com). 

The Pixie’s open hardware design and open-source software 

will give robotic developers a flexible platform for experimenta-

tion (Fig. 3). The Pixie itself isn’t a consumer electronics prod-

uct, but it is a building block for develop-

ers who may eventually come up with an 

idea that could be turned into something 

solid via Kickstarter. 

Gumstix’s Kickstarter project for its 

Geppetto development platform is anoth-

er example of building on Kickstarter (see 

“W. Gordon Kruberg Explains How To 

Kickstart A Gumstix” at electronicdesign.

com). Geppetto is a high-level, Web-based 

board design tool with one function: cre-

ate a carrier board for Gumstix modules. 

Normally a designer would use Gep-

petto to design a board and then order a 

bunch. There are startup costs plus the 

Kickstarter Changes How
Consumer Ideas Turn Into Gold

1. The wireless Pebble smart watch from Pebble Technology uses an 

E Ink e-paper display.

BILL WONG | Embedded/Systems/Software Editor

bill.wong@penton.com

Best Consumer

2. Sometimes Kickstarter projects can play 

off of each other like Virtuix’s Omni virtual 

reality platform, Oculus VR’s Oculus Rift 3D 

virtual reality glasses, and Sixense’s 3D posi-

tion sensing controllers. 
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cost per board. Gumstix has made it possible for a design to 

be made public as a Kickstarter project. Essentially it allows a 

minimum number of boards to be ordered by supporters where 

the startup costs are amortized among the initial group. 

Some projects specifically target the consumer electronics mar-

ket, like the Ouya (Fig. 4). Like the Sony PlayStation and Micro-

soft XBox gaming consoles, this tiny gaming platform connects 

to HDTVs. The 

difference is the 

price—the Ouya 

costs less than 

$100. 

An NVidia 

Tegra 3 system-

on-chip (SoC) 

powers the Ouya, 

which also runs 

Android. That’s 

comparable to 

higher-end smart phones and tablets. The Tegra 3 doesn’t have 

the performance of the PlayStation and XBox, but it does pro-

vide sufficient horsepower for more than 500 games. It can even 

be a video playback platform using the XBMC app. More are 

available each day. 

Not convinced yet? Check out Kickstarter for the latest in 

consumer technology. It offers everything from mobile heart 

monitors to credit card readers and probably the next big thing 

in consumer electronics. 

BestConsumer
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3. The Pixie CMUcam 5 from Carnegie Melon University and Charmed 

Labs uses an NXP dual-core microcontroller to give robots a visual 

experience. 

4. The Ouya game platform has more than 500 games that are free to 

try. It is based on NVidia’s Tegra 3 SoC. 
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THE QUEST FOR GREATER ENERGY EFFICIENCY envelops all 

market sectors. Probably no other segment of electronics can 

deliver greater returns in efficiency than industrial control. For 

example, electric motors consume 40% of the world’s electric 

power, and most of those motors are used in industrial automa-

tion. Increasing labor costs are driving the increased use of fac-

tory automation and robotics as well. 

The need for greater industrial motor power efficiency and 

performance has never been more significant. Developers of 

industrial drives are demanding lower power consumption, less 

torque ripple, and more precise speed control. The key to achiev-

ing these ends is higher precision analog conver-

sion within the closed-loop control scheme.

Another factor is the increased use of photo-

voltaic (PV) equipment for alternative energy 

systems, which also are rated on their efficiency 

and performance. The key to the increased 

adoption of solar systems is improved effi-

ciency. Solar PV has become the largest source 

of new generation capacity added to the global 

electricity grid, and it is set to become the fast-

est growing source of renewable energy genera-

tion over the next decade. 

Increased measurement accuracy is required 

to meet ever-more stringent grid compliance 

requirements. Faster power control loops, 

fueled by the emergence of gallium-nitride 

(GaN) and silicon-carbide (SiC) power switch-

ing technologies, are combining with better 

accuracy to enable significant performance and 

cost improvements in the next generation of 

solar PV inverter topologies. 

The Analog Devices ADSP-CM40x series 

improves efficiency and performance in motor 

control and PV systems via more precise 

control. The widely deployed three-phase 

permanent magnet (PM) motors use pulse-

width modulation (PWM) to control speed and 

torque. The PWM signals are developed by a 

processor that in turn gets its inputs from a con-

trol program that’s modified by feedback sig-

nals derived from the motor’s voltage, current, and speed. The 

control algorithms ensure that precise outputs are developed so 

they adapt to fluctuations in system behavior in real time. These 

sensorless vector control techniques have been developed to 

simplify and improve system response at lower cost.

THE PROCESSOR

The ADSP-CM40x family of mixed-signal control proces-

sors is based on the ARM Cortex-M4 processor core with a 

floating-point unit operating at frequencies up to 240 MHz 

and integrating up to 384 kbytes of SRAM memory, 2 Mbytes 

Best Industrial

1. The Analog Devices ADSP-CM40x mixed-signal control processor integrates the 

industry’s only embedded dual 16-bit ADC with up to 14 bits of accuracy together with a 

240-MHz floating-point ARM Cortex-M4 processor core. The ADSP-CM40x comes in four 

versions. The CM402F and CM403F have 40 general-purpose I/O (GPIO) and come in a 

120-lead low-profile quad flat package (LQFP). The CM407F and CM408F have 91 GPIOs 

plus USB and Ethernet and come in a 176-lead LQFP.
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of flash memory, accelerators, and peripherals optimized for 

motor control and PV inverter control (Fig. 1). An analog 

module comprises two 16-bit SAR-type (successive approxi-

mation register) analog-to-digital converters (ADCs) and two 

12-bit digital-to-analog converters (DACs). The processors 

operate from a single voltage supply generating its own volt-

age supplies using internal voltage regulators and an external 

pass transistor.

The series is the first of a new generation of mixed-signal 

control processors being developed by Analog Devices for 

precision control applications. In addition to its analog conver-

sion performance and 380-ns conversion speeds, the ADSP-

CM40x provides a full sinc filter implementation to interface 

directly with isolated sigma-delta modulators (AD7400A and 

AD7401A) that are used in shunt-based current sensing system 

architectures. The availability of an on-chip sinc filter elimi-

nates the cost and engineering resources required to implement 

that function in an FPGA. Each ADSP-CM40x device features 

eight general-purpose timers with PWM output, three-phase 

PWM units with up to four output pairs per unit, two con-

troller-area network (CAN) modules, one two-wire interface 

(TWI), and three UARTs.

MOTOR CONTROL

High-end industrial motors operate more efficiently and 

with greater high-speed and low-speed torque control when 

the motor drive can more precisely and dynamically control 

currents fed into the motor windings in a closed-loop system. 

This starts with more accurate/precise sampling of motor cur-

rents. Two common approaches to sampling motor currents are 

through magnetic Hall sensors or with current shunts. 

In Hall sensors, the ADC integrated with the processor 

performs the conversion. The integrated ADC on the ADSP-

CM40x provides up to 14 bits of accuracy with 380-ns conver-

sion latency. Very precise current samples then can be made 

available to the current loop control algorithms very quickly 

within the control loop time, allowing for more sophisticated 

algorithms to calculate more precise PWM output settings that 

control the current that in turn drives the motor more efficient-

ly, smoothly, and accurately. 

Unlike Hall sensors, which are isolated, shunts are non-

isolated sensor devices. So, you need an isolation barrier that’s 

typically provided by a very precise sigma-delta modulator like 

BestIndustrial

Thousands of enclosures
Hundreds of sizes
Next-day shipping

POWER DISTRIBUTIONENCLOSURES CLIMATE CONTROL

2. The ADSP-CM40x EZ-KIT board provides the basis for developing 

motor controls or PV inverters when combined with accessory boards 

and appropriate development software.



the AD740x. However, a sigma-delta modulator produces a 

modulated digital bit steam that must be filtered and decimated 

by a sinc filter to produce the 16-bit samples that the control-

loop algorithms can use. Typically these filters have been imple-

mented in FPGAs, but the CM40x’s integrated sinc filters per-

form this function without the need for an (expensive) FPGA. 

ADI also provides software to produce model-based designs 

that minimize time-to-market by optimizing production code. 

This is done through the use of MathWorks’ ARM Cortex-M 

optimized Embedded Coder and tool suites. Engineers can 

deliver designs from simulation to final code implementation in 

an embedded platform. 

Through optimized code generation, device drivers, and 

compiler suites, engineers can plug their designs directly into 

an environment for model-based design using MATLAB and 

Simulink software, streamlining the workflow from system 

modeling to controller deployment to verification and certifica-

tion, greatly speeding the development process. 

SOLAR DEVELOPMENT

The ADSP-CM40x also provides a high-performance signal 

chain solution for today’s modern, grid-tied solar PV Inverters. 

This mixed-signal control processor integrates the floating-

point ARM-Cortex M4, which can accept up to 24 channels of 

analog sense inputs with 16-bit precision analog-to-digital con-

version. On-board memory supports both the dc-dc boost stage 

and the dc-ac inverter stage. 

The ADSP-CM403 integrates a highly capable PWM control-

ler with up to 20 outputs along with ADI’s advanced isolated 

gate drivers and optional sigma-delta shunt-based current mea-

surement for the grid side. Isolation between the dc and ac sides 

as well as between machine and human interfaces is enabled 

with ADI’s patented iCoupler digital isolation technology. This 

solution provides all the hardware, software, and signal process-

ing capability needed to simplify and optimize system-level 

solar PV inverter designs.

The availability of more precise current and voltage samples 

enables more precise control loops in PV inverters. Analog-to-

digital conversion speed is becoming equally as important as 

precision as control-loop frequencies are increasing to accom-

modate the faster switching speeds of more efficient power 

switches, including GaN and SiC devices. 

ADC precision can always be improved with “averaging,” 

which takes the average of multiple samples to produce a more 

accurate, average sample. But this is done at the expense of the 

sampling speed or conversion latency, which impacts control-

loop timing requirements. The CM40x ADC can convert simul-

taneous samples ever 380 ns while competitive solutions can 

take more than 2 μs to produce an “averaged sample” that is still 

not as accurate as the CM40x sample at 380 ns. 

PV inverters must also increasingly address grid compliance 

requirements. The CM40x’s built-in harmonic analysis engine 

can provide efficient power spectrum analysis to enable the 

inverter to better match grid currents and with fewer harmonics. 

Finally, ADI offers development kits to facilitate both motor 

control and PV development (Fig. 2). The CM40x EZ-KIT 

includes the processor and all of the related memory, I/O, and 

ADCs/DACs. Add to that a high-voltage power board with all 

the circuitry need to run a three-phase PM synchronous 

motor for development and testing. ADI also offers a solar PV 

inverter kit to complement the CM40x EZ-KIT for PV devel-

opment projects. 

SOFTWARE & SERVICESIT INFRASTRUCTURE
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CEPHASONICS offers an ultrasound platform that’s well 

designed and getting smaller with each generation. But the 

company also has introduced a business model to sell and mar-

ket products that serve very specialized niches. 

Basically, Cephasonics turns customers into salesmen. That’s 

more than having customers trumpet the virtues of their prod-

ucts. Cephasonics puts customers in charge of extending the 

product’s utility within their own niches. 

CUSTOMERS FIND CUSTOMERS

Cephasonics’ products range from 

rack-mount down to pocket-watch sizes 

that can make and deliver real-time 

ultrasound images to a PC, laptop, or 

tablet. In the classic business model, the 

company would conduct research, find 

a niche, and build a market by attending 

medical tradeshows and finding poten-

tial customers. 

Instead, Cephasonics goes to shows 

and finds physicians with particular 

specialties who aren’t intimidated by 

the prospect of writing code or having 

it written. Doctors who write their own 

code to fill their own needs alone, though, would waste a lot of 

time. Cephasonics addresses this conundrum as well. 

Take an anesthesiologist who needs to provide proof that he 

performed a procedure to get paid for it by an insurance com-

pany. Sometimes, he delivers a very small amount of anesthetic 

to a very precise point in a patient’s body. The needle goes in 

and is guided by an ultrasound device that also records an 

image of the delivery. A generic ultrasound device would not 

document the process automatically, though. 

The Cephasonics platform enables the anesthesiologist to 

write code that matches the captured image to the patient, 

the time of day, and all of the documentation that the insurer 

requires. While this would help this particular physician, many 

other anesthesiologists are in similar situations. The doctor 

now can market the complete platform to other doctors with far 

more credibility than the best sales reps that Cephasonics can 

hire. The doctor shares in the profits from each sale as well. 

Yes, the government will license each new instance of an 

application based on the same qualification data for the plat-

form, which is somewhat simplified because the platform is bat-

tery-powered. You can guess what happens next when another 

doctor in a related field discovers what’s going on. And while 

that’s all happening in the medical arena, Cephasonics already is 

looking at non-destructive testing. 

HARDWARE AND SOFTWARE

Cephasonics started with the cQuest 

Cicada, a complete 64-channel ultrasound 

front-end system that connected on one 

end to an ultrasound transducer and on the 

other to a PCI Express or USB interface to 

a back-end host PC or laptop. Launched 

in 2012, Quest Ultrasound application 

programming interface (API) software 

offers the means of developing complete 

ultrasound-based products. 

The API is a set of C++ libraries and 

header files providing user access to thou-

sands of system parameters, and it could be 

used to acquire data from and control all 

Cephasonics cQuest Ultrasound platforms 

while abstracting the underlying hardware. Version 3.0 of the 

API software supports multiple focal zones, full control of Dop-

pler processing parameters, common imaging modes, and dual 

and quad parallel-beam processing.

Earlier this year, Cephasonics entered the ultrasound 

research market with the cQuest Griffin and cQuest Firebird 

research systems. In 1024-, 2048-, and 4096-channel con-

figurations, the rack-mounted cQuest Griffin is the world’s 

first commercial large-channel-count ultrasound research 

platform. The cQuest Firebird is a flexible and configurable 

64-channel baseline ultrasound research platform in a desktop 

package. These products target institutions that are explor-

ing new applications of ultrasound technology in capacitive 

micromachined ultrasonic transducers, unique-geometry 

transducers, elastography, and photoacoustics. 

According to Cephasonics CEO and president Richard 

Tobias, the large-channel-count cQuest Griffin research system 

DON TUITE | Analog/Power Editor
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allows researchers to conduct beam-

formation research with large-element-

count 2D matrix arrays that could trans-

late into clinical breakthroughs. 

“It provides an unrivaled ultrasound 

generator and data-acquisition system 

of up to 4k channels for RF or baseband 

operation with an optional beamformed 

B-mode path for positioning,” he said. 

When research institutes are grappling 

with a difficult make-or-buy decision, 

the cQuest Griffin affords an enormous 

savings in development resources, time, 

and money, he added.

The Cephasonics hardware and soft-

ware helps researchers by allowing them 

to use the familiar front-end MATLAB 

user interface while concentrating on 

ultrasound-research advancements. 

“Researchers can start writing code 

immediately on the compact, lower-cost 

cQuest Firebird and then switch once 

they take delivery of the larger-channel-

count cQuest Griffin,” Tobias said. 

The cQuest Griffin comprises Nx128-

channel transmitter modules that 

include delay and pulsing circuitry for 

each channel, Nx128-channel receiver 

modules that include time gain cor-

rection (TGC) and analog-to-digital 

conversion circuitry, and Nx128-channel 

DSP modules that include demodula-

tion, filtering, and optional decimation. 

An optional beamformed data path 

allows quick imaging or verification of 

probe placement. The acquisition, pro-

cessing, and control blades are housed 

in a rack with the acquired ultrasound 

data available to the user via a shared 

memory interface.

SHRINKING PLATFORM

The Cephasonics cQuest Dragonfly is 

a complete 32- or 64-channel embedded-

ultrasound host module in a standalone, 

5- by 4.5-in. form factor (see the figure). 

The Dragonfly will also interface to an 

external host. It is intended to provide an 

easy and fast way to develop ultrasound-

based products ranging from portable 

standalone imagers to application-

specific appliances, adding ultrasound 

capabilities to existing equipment in both 

medical and industrial applications. 

Like its predecessors, the cQuest Drag-

onfly uses the cQuest Ultrasound API, 

providing a scalable development plat-

form across all of the company’s hard-

ware. The system hardware includes all 

the ultrasound-specific front-end trans-

mit and receive analog, digital, and pow-

er circuitry along with an embedded 

miniature host computer module. 

http://electronicdesign.com
http://acces.io


M
ost people have 

never heard of 

compound semicon-

ductors like gallium arsenide (GaAs), 

indium phosphide (InP), or gallium 

nitride (GaN). But they do rely on the 

smart phones these materials have 

enabled, as well as other vital applica-

tions like radar and satellite commu-

nications. Many of these innovations 

wouldn’t have been possible without 

the work of Lester Eastman, who died 

on August 9, 2013, at the age of 85. 

“Professor Eastman had a tremen-

dous impact on the field of microwave 

electronics, particularly the area which 

uses compound semiconductors,” 

said Michael Spencer, a professor of 

electrical and computer engineering 

at Cornell University and one of East-

man’s former students. “First with gal-

lium arsenide, and then later with other 

III-V materials such as alloys of gallium 

arsenide with aluminum arsenide, indium phosphide, indium 

gallium phosphide, and so forth.” 

A MATERIALS PIONEER

Eastman was renowned for his pioneering work in com-

pound semiconductor materials and high-speed devices for 

microwave and semiconductor laser applications. He began 

this work in 1965 at Cornell University as an associate profes-

sor, and it continued through his retirement in 2011—and even 

afterward, as he mentored students and colleagues from several 

scientific disciplines. 

“One of the most important applications of gallium-arsenide 

materials has been in the development of low-noise amplifiers. 

These compound-semiconductor-based transistors operate in 

such a way that you can receive very, very faint signals from dis-

tant sources,” Spencer said. 

“As a matter of fact, one of the early science applications of 

these types of transistors was in the great antennas that are lis-

tening for communication from deep 

space. And these gallium-arsenide-

based devices had the lowest noise 

figure of any other kind of electronic 

device. So one big application was 

low-noise, high-gain microwave 

amplifiers,” Spencer continued. 

Eastman’s later work focused on 

gallium-nitride high-power micro-

wave devices, which provide power 

to send signals across great distances. 

These transistors power phased-array 

radar systems for military applica-

tions, for instance, with other radar 

applications expected to use the tech-

nology in the future. 

“Professor Eastman led a research 

team that was the pioneer or one of 

the pioneers in developing gallium-

nitride-based technology. When we 

talk about gallium-nitride technol-

ogy, it really is gallium nitride plus 

aluminum gallium nitride. It works 

together, and the technology that has proved so beneficial is a 

heterojunction technology of gallium nitride and aluminum 

gallium nitride,” Spencer said. 

Among other innovations, this team developed polarization 

doping. Historically, researchers would add intentional impuri-

ties to produce electrons or holes in semiconductor materials. 

But chemical group III nitride materials exhibit spontaneous 

polarization, so doping occurs as a result of electrons shifting 

to compensate for the fixed charge due to the polarization. 

Polarization doping offers many semiconductor performance 

advantages that Eastman’s team explored, publishing many 

significant papers on the topic. Many military and commercial 

applications have benefitted from their work. 

“The most recent innovation that people have tried to exploit 

this material system for is power,” Spencer said. “When I talk 

about power, I don’t mean microwave power now. I mean nor-

mal, low-frequency power converters like you have in a power 

supply. And people have invested a lot of money in pursuing the 
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Lester Eastman: Materials Pioneer  

Leaves A Legacy Of Teaching

Cornell University celebrated Lester Eastman’s six 

decades with the school with a 2008 symposium 

titled “Tubes to Transistors: Megahertz to Terahertz.”
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idea that a gallium-nitride system might be an interesting sys-

tem for making low-frequency, high-power converters. That is 

under investigation. But in the meantime, all of the microwave 

applications are actually in production.” 

A BIG MAN ON CAMPUS

Perhaps Eastman’s tenure at Cornell is as remarkable as his 

innovations. He earned his BSEE at the upstate New York cam-

pus in 1953, followed by his MS in 1955 and his doctorate in 

1957, all in electrical and computer engineering. He was then 

named an assistant professor in 1957, an associate professor 

in 1960, a full professor in 1966, and the John L. Given Profes-

sor in Engineering in 1985. In 2011, he was named a Professor 

Emeritus. No matter the title, though, he always displayed great 

enthusiasm for the work. 

“Most of us who had Les remember him best as a research 

advisor. He always had a really great grasp of the overall picture, 

and he could determine where the key innovations or challenges 

were and where to focus everybody’s energy and how to make 

the research group work as a team. I think that’s where his talent 

was,” Spencer said.

 “You could always come to his office at 8 o’clock in the morn-

ing, and he would give you a mini-lecture on the latest develop-

ments in compound semiconductors. It was almost like he was 

talking from a script. It was just a wonderful thing.”

In 1977, Eastman was a founding member of the National 

Research and Resource Sub Micron Facility, now known as the 

Cornell Nanofabrication Facility. Also in 1977, he initiated the 

Joint Services Electronics Program at Cornell and directed it 

for 10 years. He brought this experience in founding and lead-

ing research programs to Europe, which he visited 111 times 

during his career. For instance, he helped Sweden establish its 

$90 million nanoscale facility, and he helped Germany estab-

lish one as well. 

Yet Eastman always returned home to Cornell, where he co-

authored more than 600 publications. He also tallied a campus 

record of 125 PhD students under his direct supervision, in 

addition to 75 post-docs. His former students include Donald 

MacLean Kerr Jr., former director of Los Alamos National 

Laboratory and now principal deputy director of National Intel-

ligence, David Welch, cofounder of Infinera Inc., and 27 profes-

sors in the U.S. and abroad. 

“I think it was just the kind of person he was. He loved his 

work, and he loved working with people. And he always seemed 

to bring out the best in people,” Spencer said. “He always did 

best in one-on-one situations.”

Eastman earned many awards and honors during his career. 

Cornell, for example, honored him with a symposium entitled 

“Tubes to Transistors: Megahertz to Terahertz” in June 2008 to 

celebrate his 60th year at the university. Also, the IEEE sponsors 

the biennial Lester Eastman Conference on High Performance 

Devices. The next event is scheduled for August 5-7, 2014, at 

Cornell University.  

ENGINEER AS ENTREPRENEUR

Eastman was a U.S. Navy veteran, serving as radar special-

ist on the aircraft carrier U.S.S. Coral Sea from 1946 to 1948. 

Spencer says that this experience “absolutely informed” East-

man’s research later, especially as he launched Cayuga Associ-

ates, which produced impact ionization avalanche travel time 

(IMPATT) and Gunn oscillators and then early gallium-arse-

nide FETs with micron-size structures. An earlier company he 

founded served the military as well. 

“The first one actually made a product called Gunn diodes. 

And this company existed in the late ’60s, early ’70s, during 

the time of the Vietnam War,” Spencer said. “And these Gunn 

diodes were gallium-arsenide devices that emitted high-energy 

microwave radiation when you applied a battery voltage to 

them. So these devices, which his company manufactured, were 

used as distress beacons for downed pilots in Vietnam.”

Eastman also consulted for several companies and the MIT 

Lincoln Laboratories in the United States and for three com-

panies in Europe. He served on the Department of Defense’s 

Advisory Group on Electron Devices for six years and on the 

Senior Advisory Board of the Fraunhofer Institute of Applied 

Physics in Germany for another six years. And, never straying 

too far from academics, he was the external examiner of several 

PhDs in Europe. 

“Professor Eastman, like many others, recognized that sci-

ence is international. He spent his sabbatical in Sweden and 

developed a lot of connections there, and of his 125 students, a 

huge fraction of them are international students. He was espe-

cially proud of the fact that he had 125 students, and he would 

always talk about their accomplishments. That was the source 

of the greatest pride for him,” Spencer said. “It was a privilege to 

have known and worked with him.” 

Cornell University celebrated Lester Eastman’s six decades with the 

school with a 2008 symposium titled “Tubes to Transistors: Megahertz 

to Terahertz.”

http://electronicdesign.com


B
ell Labs was home to many inventions, but the C 

programming language developed there had one 

of the biggest impacts. Many people have worked 

on C to make it what it is today, the most used programming 

language around. Three stand out, though: Ken Thompson 

and Dennis Ritchie, who created it, and Brian Kenighan, who 

authored The C Programming Language with Ritchie 

Ritchie and Thompson both worked with BCPL (Basic Com-

bined Programming Language), which was used on Multics. It 

was the basis for the B language developed by Thompson for 

UNIX on the 18-bit PDP-7 from the Digital Equipment Cor-

poration (DEC). The PDP-7 had a 1.75-μs memory cycle time, 

and an add instruction took 4 μs to execute. The typical system 

had only 4 kwords. 

Ritchie modified B, which eventually became the C program-

ming language. One major difference was C’s handling of point-

ers. C also had a character type. It was designed to be adapted to 

new hardware like the 16-bit DEC PDP-11. Ritchie and Thomp-

son received the ACM Turing Award in 1983 for their work on 

C as well as UNIX. Thompson wrote the first version of UNIX 

in assembler, followed by many iterations written in C. 

KENNETH THOMPSON

“Our collaboration has been a thing of beauty. In the 10 

years that we have worked together, I can recall only one case of 

miscoordination of work,” Thompson said about Ritchie in his 

ACM Turing Award Lecture: Reflections on Trusting Trust. “On 

that occasion, I discovered that we both had written the same 

20-line assembly language program. I compared the sources 

and was astounded to find that they matched character for 

character. The result of our work together has been far greater 

than the work that we each contributed.”

Also in his Turing Award lecture, he described how he had 

incorporated a backdoor security hole in the original UNIX 

C compiler. To do this, the C compiler recognized when it 

was recompiling itself and the UNIX login program. When 

it recompiled itself, it modified the compiler so the compiler 

backdoor was included. When it recompiled the UNIX login 

program, the login program would allow Thompson to always 

be able to log in using a fixed set of credentials. 

The initial C compiler source code included the hack. The 

source code for subsequent compilers had it removed, though. 

The binary would include the backdoor when compiled with 
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ter. Thompson also wrote the first version of UNIX using C at Bell Labs. Ritchie was a key developer for UNIX and worked on the Plan 9 operat-

ing system and environment as well. Brian Kernighan (right) co-authored The C Programming Language with Ritchie.
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a compiler that includes the backdoor 

code. After discussing the backdoor, 

Thompson stated, “The moral is obvi-

ous. You can’t trust code that you did not 

totally create yourself.”

Thompson has worked on a variety of 

projects, including the QED and ed edi-

tors. This included his construction algo-

rithm for converting regular expression 

into nondeterministic finite automaton. 

The algorithm improves the performance 

of expression pattern matching. He also 

developed the widely used character 

encoding scheme, UTF-8, with Rob Pike 

and helped create the world champion 

Belle chess computer hardware and soft-

ware with Joseph Condon. 

Thompson works for Google as a Dis-

tinguished Engineer, where he helped 

design the Go programming language. 

He received a BS and MS in electrical 

engineering and computer science from 

the University of California, Berkeley. 

DENNIS RITCHIE

Born in 1941, Ritchie and started 

working at Bell Labs in 1967 after 

graduating from Harvard University with 

degrees in physics and applied math-

ematics. He did part-time graduate work 

on the Massachusetts Institute of Tech-

nology’s Project MAC using the Multics 

system. While at Bell Labs, he earned his 

PhD, also from Harvard. 

Ritchie met and worked with Thomp-

son and Kernighan at Bell Labs, where he 

was a key developer for C and UNIX and 

wrote The C Programming Language with 

Kernighan. He also was responsible for 

many Unix ports to new hardware. Addi-

tionally, Ritchie worked with Thomp-

son, Rob Pike, Dave Presotto, and Phil 

Winterbottom at Bell Labs on the Plan 

9 operating system and programming 

environment. 

Plan 9 was designed to be a distrib-

uted, grid computing platform. It evolved 

into the Inferno operating system, which 

is now available from Vita Nuova (see 

“Inferno Operating System Burns Its Way 

Into Embedded Systems” at electron-

icdesign.com). Inferno ran on a virtual 

machine called Dis using a communica-

tion protocol called Styx. Applications 

were written in Limbo. 

Dennis Ritchie died in 2011 a week 

after Steve Jobs passed away. 

BRIAN KERNIGHAN

Kernighan received a bachelor’s degree 

in engineering physics from the Univer-

sity of Toronto and a PhD in computer 

science from Princeton Univerisity. He 

wrote a number of UNIX applications in 

C such as cron and ditroff, but he did not 

work on the C language development. He 

also wrote a tutorial for the B language 

developed by Thompson (see “Interview: 

Brian Kernighan Talks About Computers, 

Programming, And Writing” at electron-

icdesign.com). B turned into NB (New 

B) and then into C, so he wrote the first 

draft of The C Programming Language. 

Ritchie wrote the system programming 

sections as well as Appendix A. 

Kernighan went on to many other 

programming projects like AWK with 

Al Aho and Peter Weinberger and EQN 

with Lorinda Cherry. He developed the 

Ratfor FORTRAN preprocessor, which 

essentially took a C-style program flow 

and generated FORTRAN source code. 

Ratfor was written up as part of the “Soft-

ware Tools” series from Prentice Hall, 

where he was the software editor. 

Also, Kernighan came up with the orig-

inal name for UNIX, Unics (Uniplexed 

Information and Computing Service). It 

was a variation on Multics (Multiplexed 

Information and Computing Service), an 

early mainframe, time-sharing operating 

system used at Bell Labs.

Currently, Kernighan is a professor 

with the Computer Science Department 

of Princeton University, where he is the 

undergraduate department representa-

tive as well. He has continued to write 

with other software notables like P.J. 

Plauger for The Elements of Programming 

Style. His latest book, D is for Digital, is 

based on his Princeton course, “Comput-

ers in Our World.” It is designed to 

describe how computing works for a 

non-technical audience. 
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S
huji Nakamura enabled 

an entire industry based 

on high-brightness LEDs 

replacing incandescent, gas-discharge, 

and fluorescent lighting in vehicles, 

homes, businesses, and outdoors. He 

did it by developing a practical way to 

manufacture efficient blue and ultra-

violet LEDs, which are the basis for 

“white” LEDs.

The challenge for LED lighting is 

that the wavelength of the light emit-

ted is determined by the band gap 

of the semiconductor material from 

which the diode is fabricated. Red 

and green LEDs were fairly easy. But 

blue, which could be used with “yel-

low” phosphors to produce a mix of 

photons that would appear white, was 

another story. 

Theoretically, some compound 

semiconductor materials from groups 

III and V of the old atomic table might 

be satisfactory. However, the process 

technologies needed to create them were yet to be uncovered. 

Building on decades of prior work, Nakamura unlocked the 

secret. (In today’s atomic table, groups III and V are now desig-

nated groups 13 and 15.)

Nakamura also is a hero to many working engineers for his 

legal actions to collect his fair share of profits that accrued to his 

employer from his invention. A Japanese court deemed an ini-

tial single royalty payment of less then $200 in yen would more 

fairly have been on the order of $180 million. Ultimately, the 

parties settled on the equivalent of $8.1 million.1

The case was closely watched in Japan as a test of long-held 

notions that employees should sacrifice for their companies and 

that there was something unseemly about individual workers 

seeking a bigger cut of profits than their coworkers.

Traditionally, corporate engineers and scientists in Japan were 

treated just like less skilled employees. Unlike American com-

panies, Japanese companies seldom signed contracts with their 

researchers specifying how profits 

from their inventions will be shared.

BUILDING ON EARLIER WORK

Nakamura’s research didn’t take 

place in a vacuum. Previously, the 

hunt for an economically sustainable 

way to manufacture blue LEDs on sil-

icon carbide (SiC), gallium phosphate 

(GaP), and gallium nitride (GaN) had 

been long and frustrating, with very 

disappointing electrical-to-optical 

conversion efficiencies.2

In the late 1960s and early 1970s, 

RCA came very close to develop-

ing viable blue LEDs, thanks to the 

research of James Tietjen, Jacques 

Pankove, Ed Miller, David Stevenson, 

and Maruska, working collaboratively 

at RCA Laboratories and Stanford 

University. When RCA went out 

of business in 1986, though, that 

research virtually stopped. 

Meanwhile, in Japan in the late 

1960s, Isamu Akasaki had begun working on GaN-based blue 

LEDs at the Matsushita Research Institute. Then, in 1989 at 

Nagoya University, Akasaki developed the first GaN p-n junc-

tion blue/UV LED. The p-n junction was a major breakthrough. 

AS NAKAMURA TELLS IT

In a speech at the Takeda Award forum in 2002, Nakamura 

described his evolution from a young graduate engineer with a 

specialty in electronics to a semiconductor process researcher.3

In his first job after graduation at Nichia Corp., he researched 

GaP crystal growth heating compounds in quartz tubes. It was 

not ideal. 

“I spent almost every day welding quartz tubes, inserting raw 

materials and heating them in the furnace, where they would 

explode with a loud bang,” he said. “I was just a quartz-welding 

technician at that time! I couldn’t imagine my present situation. 

At that time I thought that my whole life was over.” 
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Shuji Nakamura: Blue Skies Await  

For Blue LED Illumination

Shuji Nakamura built on the work of earlier research-

ers to develop a practical semiconductor process for 

fabricating blue LEDs, which are the basis for high-

brightness “white” LEDs. 
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He then investigated gallium arsenide (GaAs), which can be 

produced using a similar method. At this time, GaAs was used 

for red and infrared LEDs. After three years of that, he worked 

on the epitaxial growth of gallium aluminum arsenide (GaAlAs) 

and developed practical infrared and red LEDs.

Speaking perfectly frankly, he said, “Unfortunately, the devic-

es which were developed did not sell well, and so the company 

spoke badly of me. I was seen as a freeloader.”

Nevertheless, while he had been developing LEDs during 

those 10 years, he had always wanted to try and develop a blue 

LED. But the company feared that it lacked the resources to 

pursue that goal successfully. 

“After completing my tenth year, I was urged to quit the com-

pany and so I blew a fuse. I decided to propose the development 

of the blue LED, which I wanted to develop, and if it was impos-

sible, then I would resign the company.”

Nakamura was surprised when company founder Nobuo 

Ogawa approved. 

“I stuck my neck out and said, ‘We need a budget of several 

hundred million yen in order to complete the development of 

a blue LED.’ He replied ‘okay.’ Then, I asked him to permit me 

to study abroad at Florida University for one year. Again, ‘okay.’ 

Everything was okay in just 5 seconds. It was that easy,” he said. 

“I went abroad to Florida University where I wanted to study 

MOCVD (metal organic chemical vapor deposition), and on 

my return I started the research of blue LEDs,” he said. 

Nakamura noted that the price of the MOCVD equipment 

was 2 hundred million yen, which made him feel pressure to get 

some results. “So I began to modify the equipment in my own 

way. I continued making these modifications every day for one-

and-a-half years,” he said.  

In the summer of 1990, he invented Two-Flow MOCVD. 

“When I used this to grow GaN crystals, I could get results 

superior to the data of what had been the best in the world up 

until then. I was absolutely delighted,” he said.  

Using the modified equipment, he made crystals one after 

the other. Over two to three months, he produced several “first 

in the world” and “best in the world” results, such as indium 

gallium nitride (InGaN).

He also experimented with modifying the structure of the 

LED devices. “I could get an extremely bright light,” he said. He 

made other breakthroughs, including obtaining p-type GaN. “I 

had succeeded in getting p-type GaN simply by heat treatment,” 

he said. “Once again it was the quality of the equipment that 

had allowed me to produce such high quality p-type GaN.”

This was in the summer of 1990. That work resulted in a blue 

LED that emitted strong light in a laser diode.

SECRECY AND PATENTS

Ironically, considering the patent issues that would later 

evolve, this activity almost did not result in patents.

“The company prohibited publishing articles and speaking at 

academic conferences. Even applications for patent types that 

were subject to public disclosure were prohibited. All patent 

applications were limited to ‘know-how’ applications (not made 

public by the patent office),” Nakamura said.  

Yet Nakamura had felt humiliated when he first arrived at 

the university in Florida. He felt the other grad students did 

not respect him because he had not published as they had. He 

decided he was not going to put up with that any more.

“After I succeeded with Two-Flow MOCVD, I submitted the 

articles in secret. Before submitting the articles, I made patent 

applications as a way of covering my back once the articles were 

publicized,” he said.  

“I succeeded in commercializing the blue LED in 1993. This 

device emitted bright light with intensity more than 100 times 

brighter than previous devices. I also developed and announced 

the commercialization of green LEDs in 1995. I achieved the 

first laser oscillation in late 1995 and succeeded in the com-

mercialization of the blue laser in about 1999. In the meantime 

I made several hundred patent applications and about 50 

important patents were granted that produced profits for the 

company,” he said. 

In 1999, after he was moved into management, a job that he 

hated and called “stamping papers,” Nakamura left joined the 

faculty at the University of California, Santa Barbara. Later, he 

founded Soraa, the only company now making commercial 

GaN-on-GaN LED lighting products. 
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While he was at Nichia, Nakamura developed a process for making 

a diode with a band-gap voltage that would enable junctions to emit 

photons with a “blue” wavelength when they were forward-biased. 

That process technology enabled a whole range of products from con-

sumer home and automobile lighting to more efficient outdoor lighting 

and to controls and drivers for all those applications. 
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T
here was a time not so long 

ago when calculators weren’t 

standard equipment for 

computations. The log() button did 

not exist, and some math had to be 

done by hand. John Napier and his 

logarithm simplified these tedious cal-

culations. In 1614, he published Miri-

fici logarithmorum canonis descripto, 

which translates to A Description of the 

Wonderful Table of Logarithms. There 

are strikingly few books written about 

Napier, but from those that we have, 

we know that the Napiers of Merchis-

ton were a noble, well-respected family 

and that John Napier did not have a 

day job, allowing him more time to 

focus on his studies.  

Napier is best known for logarithms 

and his “bones.” Although these two 

terms are often clumped together, they 

really have nothing to do with each 

other. While Napier’s bones are used 

for simple multiplication and division 

problems (made simpler by addition and subtraction), they 

could not be used to calculate large problems like logarithms 

can. After working on logarithms for 20 years, he published his 

book and has been known as their inventor ever since. How-

ever, there was quite an unknown competition during this time 

period that is rarely discussed. Not only is Napier the creator of 

a tool that has changed the life of engineers forever, he also had 

the cunning to ensure his idea was used. 

RACE TO THE FINISH

John Napier was not alone in trying to find an easier way to 

accurately make calculations. During his time, astronomers 

were constantly making mistakes because of the large computa-

tions they had to perform. Joost Būrgi was one of these compet-

itors. But Napier was smart, and he knew that it was important 

to get his work recognized. Publishing in English, printing his 

tables instead of handwriting them, and including a “user man-

ual” with each book all made it easier 

to spread his ideas. Napier also was 

not afraid to take criticism, and he 

discussed how to improve his original 

system with Henry Briggs. 

“Napier started his tables by say-

ing […] that the beginning of the 

logarithmic values was 0 and it actu-

ally needed to be 1 to make the rest 

of the tables fall in line. So Briggs 

already had this idea, but Napier 

knew this was a problem,” said Dr. 

Kathleen Clark, associate professor 

at the School of Teacher Education at 

Florida State University.

Napier was so dedicated to his 

visits with Briggs that he actually died 

after one of his journeys. Būrgi, on 

the other hand, had a different set of 

responsibilities. 

“Būrgi was employed by the royal 

court, the Habsburgs of Czechoslova-

kia, so he basically just went between 

his home country and Prague,” Clark 

said. Although Būrgi had similar ideas and was potentially 

working on them before Napier, he was not published until 

Napier’s text had been out for six years—thus the term loga-

rithm had already been coined. So, would Būrgi’s method have 

been used if he had been of the same social standing as Napier? 

“It is possible, although there are several other features of 

Napier’s work that made it popular; that it was immediately 

useful for the computation of sines, for instance, proved to be 

a huge advantage,” said Dr. Clemency Montelle, senior lecturer 

in the Department of Mathematics and Statistics at University 

of Canterbury. “Būrgi was at a royal court as well and had a few 

powerful friends.” 

Although Napier had a social advantage, Būrgi seems to have 

had many connections as well. Questions about whether or 

not Būrgi’s work would have been used more had he had this 

advantage, then, seem irrelevant. Napier’s work was the best in 

the long run. 
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John Napier: Logarithm Inventor  

Put Religion First

While John Napier of Merchiston is known for invent-

ing the logarithm, mathematics were only a hobby 

while he campaigned against Queen Mary for the 

Protestant cause.
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LOGICAL WIT

It wasn’t all book smarts with Napier. He was also able to 

outwit many people. Mark Napier, a decedent of his, wrote in 

his Memoirs of John Napier of Merchiston about how John dealt 

with thieving servants: “Having missed some property, and 

suspecting his servants, he ordered them one by one into a dark 

room, where his favorite [rooster] 

was confined, and declared that the 

cock would crow when the guilty one 

stroked his back, as each was required 

to do. The cock remained silent dur-

ing all the ceremony; but the hands of 

one of the servants were found to be 

entirely free from the soot with which 

the feathers of the mysterious bird had 

been anointed.” 

Napier was a successful farmer as 

well, causing some to say he dabbled in 

alchemy.

“Evidently Napier spent a good 

deal of time going around dressed in a 

nightgown and cap. This led people to 

say that he was dressed as a warlock. 

Some biographies include the claim 

that Napier made a deal with the devil,” 

said Michael J. Caulfield, professor of 

mathematics at Gannon University. 

However, Napier did not need the 

devil’s help to make sure his crops were 

cared for. After warning a neighbor 

about his pigeons eating his crops, 

Napier threatened to catch the birds 

and keep them. The neighbor, not 

believing such a thing was possible, 

told Napier that if he could catch the 

birds then he could have them. The 

next morning the neighbor found 

Napier putting the birds into a sack. 

Napier had fed the birds brandy soaked 

peas, making them drunk and easy to 

obtain! This is just another example 

of one of the unorthodox ways Napier 

handled problematic situations. 

FIRST AND FOREMOST, A  

DEVOUT PROTESTANT  

John Napier’s commitment to the 

Protestant church may be overlooked 

due to his notable contributions in 

mathematics. Yet he considered his 

work regarding the church, A Plaine 

Discovery of the Whole Revelation of St. 

John, to be his greatest achievement. He believed that if he was 

ever going to be known for something, this would be it. 

Napier predicted that the world would end between 1688 

and 1700, due to the belief that Pope Clement VIII was the 

Anti-Christ. At this time in the United Kingdom, the Catholic 

church—headed by Queen Mary—was trying to regain power 
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over devout Protestants. Napier was very active in the move-

ment against the queen. In addition to his writing, he set up 

artillery equipment that was meant to help the cause. One of 

these pieces includes the first modern-day tank, described as a 

vehicle covered in metal plates that men seated inside it drove. 

One of these inventions also included a mirror for burning 

enemy ships at any distance.   

A driving force in the crusader’s quest to protect Scotland 

and the Protestant religion may have been his father’s imprison-

ment by Queen Mary in 1571 after Napier returned home from 

studying abroad. 

“From the moment his mind began to work he aspired to be 

a Protestant champion and applied his whole energies to that 

sacred cause,” Mark Napier wrote in his Memoirs. Although 

there is little known about John Napier’s 

life as a religious man, his mathemati-

cal studies were only a hobby. He spent 

more of his time contributing to the 

controversial religious wars and tending 

to this castle. 

SURVIVING BONES

Napier’s bones are his second most 

famous invention—behind logarithms, 

of course. But even though they are usu-

ally grouped together, Napier’s bones and 

logarithms have nothing to do with one 

another. 

“Napier’s bones was a device that 

would actually use lots of intermediate 

addition, instead of one large addition,” 

said Clark. They really are not suitable 

for trigonometry or any multiplication 

greater than 9. 

While the bones are no longer consid-

ered useful, they were quite an innova-

tion for the times—like a basic calcula-

tor. Napier’s bones are also known as 

Napier’s rods, which is a more accurate 

description. Before Napier’s tables could 

be mass produced and printed, his bones 

were physical rods, with the highest 

quality rods made out of ivory (which is 

why they are now called his bones). 

The significance of his logarithms 

cannot be argued. Although the calcula-

tor also takes care of this function now, 

the logarithm greatly changed the lives of 

astronomers in Napier’s time. 

“The logarithms developed by Napier 

allowed Johannes Kepler to more easily 

see the patterns hidden in Tycho Brahe’s 

data and thus to formulate Kepler’s three 

laws of planetary motion,” said Caulfield. 

“Later, Pierre-Simon Laplace, who lived 

in the late eighteenth and early nine-

teenth centuries, said that Napier ‘by 

shortening the labors doubled the life of 

the astronomer.’” 
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T
his year, we recognize John 

R. Carson for two major 

contributions to commu-

nications technology: the invention 

of single-sideband (SSB) modulation 

and his rule for estimating frequency 

modulation (FM) bandwidth. We still 

use these cornerstones of communica-

tions theory today. 

THE MAN 

While we remember innovations, 

we often know less about those who 

developed them. More commonly 

known as J.R. Carson, John Renshaw 

Carson was born in Pittsburgh on June 

28, 1886. 

Carson and his twin brother, Joseph 

Robb Carson, both attended Prince-

ton University and graduated from 

there in 1907 with bachelor of science 

degrees. For interested researchers, 

Princeton’s Mudd Manuscript Library 

has a collection of letters exchanged 

between John and Joseph, mainly about 

the state of student life at the university 

in 1903 and 1904.

John went to the Massachusetts Institute of Technology in 

1907 and 1908 but returned to Princeton where he earned a 

degree in electrical engineering in 1909 and a master’s degree 

in electrical engineering in 1912. Carson taught electrical engi-

neering at Princeton for a while and left the university in 1914 

to join AT&T.

Carson’s serious career in engineering began at AT&T where 

he worked as both an electrical engineer and a mathematician. 

Very early in his work, he invented SSB modulation. He filed 

for the patent entitled “Method and Means for Signaling with 

High Frequency Waves” on December 1, 1915. After signifi-

cant litigation, he was granted patent #1449382 on March 27, 

1923. SSB has had a significant impact on telephony as well as 

radio communication.

The young engineer performed a 

significant amount of mathematical 

analysis of communications methods. 

He analyzed frequency modulation 

and debated Edwin Armstrong, the 

inventor of FM, regarding FM’s noise 

benefits. In his paper “Notes on the 

Theory of Modulation,” published 

in February 1922 in the Proceedings 

of the Institute of Radio Engineers 

(now IEEE), he put forth his now 

well-known Carson’s rule about FM 

bandwidth. 

Carson moved to Bell Telephone 

Laboratories in 1925 and worked 

there until his death in 1940. In 1926 

McGraw Hill published his book Elec-

trical Circuit Theory and Operational 

Calculus. The book is an organized 

collection of material gleaned from the 

many technical papers he wrote for the 

Bell Labs technical journals. You can 

still get a copy of it from Amazon. In 

1937, he received an honorary doctor 

of science degree from Brooklyn Poly-

technic Institute in recognition for his 

many contributions to telephony and radio technology.

Carson never got to see all of the real benefits of his work. 

While he did see the use of SSB in telephone networks, he did 

not witness the surge in SSB usage in radio after World War II.

SINGLE-SIDEBAND MODULATION

SSB is a special form of amplitude modulation (AM) in 

which the carrier is suppressed and one sideband is removed. 

The benefit is the significant reduction in bandwidth needed 

to transmit information using modulation compatible with the 

wire or radio channel (see the figure).

Carson saw his invention used to implement frequency divi-

sion multiplexing (FDM) techniques in the telephone network. 

FDM was used to package multiple conversations for long-dis-

tance calls over a single line. Each call modulated a subcarrier 
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John Renshaw Carson: Modulation’s 

Earliest Innovator

John Renshaw Carson invented single-sideband 

modulation and developed the Carson rule, which 

defines the approximate bandwidth requirements of 

communications system components for a carrier 

signal that is frequency modulated by a continu-

ous or broad spectrum of frequencies rather than a 

single frequency.
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on a different frequency, 

and all of the carriers were 

summed and transmitted 

on a common line. 

The problem was that 

AM consumed consider-

able bandwidth because it 

produced two sidebands 

around the carrier that 

occupied a bandwidth twice 

the highest frequency of 

the audio to be transmitted. 

Because the telephone lines, 

both twisted pair and coax, 

had limited bandwidth 

especially over long distances, few calls 

could be handled. But SSB cut the band-

width in half, doubling the call capacity. 

With the telephone system limiting voice 

spectrum to the 300- to 3400-Hz range, a 

single call could be transmitted in 4 kHz 

of bandwidth.

The multiplex system started with 12 

calls each modulating carriers spaced 

4 kHz in the 60-kHz to 108-kHz range. 

The modulators were diode ring bal-

anced modulators that suppress the car-

rier, leaving two sidebands. The lower 

sideband (LSB) is selected with a sharp 

LC or crystal filter. The 12 subcarriers 

were then combined in a linear mixer to 

form what was known as a basic group. 

Up to five basic groups could be fur-

ther multiplexed on to higher-frequency 

subcarriers in the 312-kHz to 552-kHz 

range spaced 48 kHz apart. The upper 

sidebands (USBs) were used to create 

a super-group. Then, 10 super-groups 

could be combined by modulating sub-

carriers in the 600-kHz to 2540-kHz 

range to form a master group of 600 

calls. Six master groups also could be 

combined to form a 3600-channel jumbo 

group. Combining three jumbo groups 

produced a maximum of 10,600 calls on 

a single line. 

Demultiplexing was accomplished 

with selective filters to recover the 

sidebands and balanced modulators to 

reproduce the original audio. Pilot sub-

carriers were also transmitted to aid in 

the demodulation process.

This SSB form of analog multiplex-

ing first came into use in the 1930s and 

was used extensively throughout the Bell 

telephone system until the 1970s when 

digital multiplexing (T1 and T3 lines, 

etc.) came into use.

The first experiments involving SSB’s 

use in radio occurred during World War 

I. Commercial experimentation contin-

ued throughout the 1920s and 1930s. 

After World War II, SSB was adopted by 

the amateur radio community, which 

significantly contributed to the practical 

development of the technology. 

The Air Force adopted SSB in the 

1950s for long-range bomber communi-

cations, but it is no longer used. Today, 

SSB is one of the dominant modes of 

amateur radio communications along 

with FM and CW. SSB is also used in 

citizen’s band (CB) radios and long-range 

marine radios.

Another application of SSB is in TV 

broadcasting. The original U.S. National 

Television Standards Committee (NTSC) 

TV standard used vestigial sideband 

(VSB) modulation, which is a modified 

form of SSB where one sideband and 

only a part of the other sideband is sup-

pressed. The TV signal then could fit into 

the 6-MHz wide channels assigned by the 

Federal Communications Commission. 

Today, digital TV uses VSB again to 

ensure the TV signal occupies no more 

than 6 MHz. The digital modulation is 

8VSB, where the digital signal is trans-

mitted in eight levels to provide the data 

rate required for high-definition TV. 
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Frequency

Fc–4 kHz +4 kHz

LSB USB removed

Single-sideband (SSB) modulation suppresses the carrier FC 

(dashed line) and eliminates one sideband. Here, the upper 

sideband (USB) is filtered out, leaving only the highlighted lower 

sideband to be transmitted.
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80V Synchronous 4-Switch Buck-Boost Controller Delivers 
Hundreds of Watts with 99% Efficiency – Design Note 521

Keith Szolusha and Tage Bjorklund

12/13/521

Figure 1. LT8705 240W, 48V, 5A Buck-Boost Converter for Telecom  
Voltage Stabilization

L, LT, LTC, LTM, Linear Technology and the Linear logo are registered 
trademarks of Linear Technology Corporation. All other trademarks are the 
property of their respective owners.

Introduction
A DC/DC converter’s efficiency and component tem-
perature are important considerations in high power ap-
plications where high current could overheat the catch 
diode used in an asynchronous buck or boost topology. 
Replacing the catch diode with a synchronous switch 
can significantly improve overall converter efficiency 
and eliminate much of the heat that would be otherwise 
generated in the nonsynchronous catch diode. 

The advantages offered by a synchronous buck or 
boost topology can also be applied to a buck-boost 
topology, where the converter’s output voltage falls 
within its input range. In this case, a synchronous 
4-switch buck-boost converter using a single inductor 
offers the same advantages as a 2-switch synchronous 
buck or boost.
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The LT®8705 is a synchronous 4-switch buck-boost 
controller IC that can deliver hundreds of watts with 
high efficiency for constant voltage or constant cur-
rent applications from wide-ranging inputs (up to 
80V). It uses a robust synchronous switch topology 
and adds the versatility of four servo loops (voltage 
and current at input and output), making it possible 
to design high power battery chargers and solar panel 
converters with minimum component count. These 
are only two examples of the many high power, high 
current telecom, automotive and industrial solutions 
the LT8705 can produce. 
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240W 48V 5A Telecom Power Supply
In telecom applications the input voltage has a wide 
(36V to 72V) range. Power converters that deliver a 
stabilized 48V DC voltage to the loads are commonly 
used. The LT8705 can easily handle hundreds of watts 
at 48V output voltage, at efficiency as high as 99%. 
Figure 1 shows one example with 5A (240W) output.

500W Charger for 12S LiFePO4 battery
Figure 3 shows a circuit for charging a lithium iron 
phosphate battery from a 48V (±10%) input voltage. 
The battery has 12 cells in series, so the maximum 
charge voltage is 44V. This means that the circuit 
will operate in step-down (buck) mode most of the 
time, but at lowest input voltage it must operate in 
buck-boost mode.

At a 48V input voltage the circuit has an efficiency of 
99% at full load. The efficiency is high because only 
the input stage (M1, M2) is switching at high duty 
cycle and M4 is on continuously. The efficiency drops 
slightly if the input voltage is reduced to the minimum 
input voltage (43.2V), as the LT8705 circuit then must 
operate in buck-boost mode when all MOSFETs are 
switching.

An external microcontroller can be used for the charge 
algorithm, and for controlling current and voltage from 
the LT8705 power converter.

Four Servo Loops and Wide Voltage Range
The LT8705’s 2.8V to 80V input and its 1.3V to 80V 
output ranges, combined with its four servo loops, al-
low it to easily solve a number of traditionally complex 
problems. The four servo loops can be used to control 
input and output voltages and currents. For instance, 
the input voltage and current can be regulated along 
with the output voltage and current for maximum 
power point solar panel applications.

The IC outputs a flag for each servo loop, indicating 
which is in control at any given time. This is particu-
larly useful information for microcontrollers in battery 
chargers and solar panel converters. 

Conclusion
The LT8705 is an 80V synchronous 4-switch buck-
boost controller, that can provide hundreds of watts 
at up to 99% efficiency with a single inductor. Its four 
servo-loops allow it to regulate current and/or voltage 
for both the input and output.
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M
ention Bjarne 

Stroustrup’s name to 

programmers, and 

they think of C++.That’s not surpris-

ing since he came up with the object-

oriented programming language and 

continues to be involved in the C++ 

standard, the latest being C++11. 

Stroustrup has master’s degrees in 

mathematics and computer science 

from Aarhus University in Denmark. 

His PhD in computer science is from 

the University of Cambridge. He has 

also taught and written about C++ 

with books like Programming: Prin-

ciples and Practice Using C++. So how 

did he get started designing C++?

“I needed a tool to help me on a 

project where I needed hardware 

access, high performance for systems 

programming tasks, and help with 

handling complexity. The project was 

to ‘split’ a UNIX kernel into parts that 

could run on a multi-processor or a high-performance local net-

work,” Stroustrup said. 

“At the time (1979/80), no language could meet all three 

requirements, so I added Simula-like classes to C. The earliest 

designs added function argument 

checking and conversion (what later 

became C function prototypes), con-

structors and destructors, and simple 

inheritance,” he said. 

“My earliest paper on ‘C with 

Classes,’ as it was called in the early 

years, used macros to implement a 

simple form of generic programming. 

Later I found that didn’t scale and I 

had to add templates,” he added (see 

“Interview: Bjarne Stroustrup Discuss-

es C++” at electronicdesign.com).

C VERSUS C++

C++ started in 1979 when Bjarne 

was working on his PhD thesis. “The 

C++ Programming Language” was 

published in 1985. In 1998, the C++ 

standards committee published 

the first standard for C++ ISO/IEC 

14882:1998. Now known as C++98, 

most C++ compilers support it. C++03 

and C++11 then followed. The next revision will be C++14.

C++ shares quite a bit with C, but it was not a proper super-

set. C11 and C++11 are closer and share most of C’s enhance-

ments. Lambda, or anonymous functions, are part of C++11. 

Hall Of Fame

BILL WONG | Embedded/Systems/Software Editor

bill.wong@penton.com

Bjarne Stroustrup: C++ Creator  

Keeps Developing The Language

Bjarne Stroustrup created C++ and made program-

ming history. He is still working on the latest revi-

sions of the C++ standard. 

When I first was going to teach program-

ming, I looked at the textbooks using C++, 

and I was furious! There were (and are) 

books teaching every little obscure detail 

of C before getting to the far easier to 

use C++ alternatives and deeming those 

alternatives “advanced” to scare off all but 

the most determined student. 

Seriously, how could a standard-library 

vector be as hard to use well as a built-in 

array? How could using qsort() be simpler 

than using the more general and efficient 

sort()? C++ provides better notational 

support and stronger type checking than C 

does. This can lead to faster object code.

Other books presented (and present) 

C++ as a somewhat failed attempt to 

be a “pure object oriented programming 

language” and force most every operation 

into class hierarchies (a la Java) with lots 

of inheritance and virtual functions. The 

result is verbose code with unnatural cou-

plings and lots of casting. To add insult to 

injury, such code also tends to be slow.

As I said, if that’s C++, I don’t like it either! 

I responded by writing Programming: Prin-

ciples and Practice Using C++. It does not 

assume previous programming experience, 

though it has been popular with programmers 

wanting to know what C++ is about.

C++’S AWFUL TEXTBOOKS—IN STROUSTRUP’S OWN WORDS

mailto:bill.wong@penton.com
http://electronicdesign.com
http://electronicdesign.com/dev-tools/interview-bjarne-stroustrup-discusses-c


C++ also supports namespaces for grouping of entities like class-

es, objects, and functions. 

Namespaces can be mixed together without conflicts that could 

be encountered with C when mixing libraries. The syntax of C++ 

is based on C. However, it adds quite a bit more including features 

like operators, operator overloading, templates, and, of course, 

object classes. 

C++ supports static and dynamic polymorphism. It can also 

handle single-object and multiple-object inheritance. Java pro-

vides single inheritance support but allows interfaces per class. 

Virtual functions enable C++ to provide dynamic polymorphism. 

Objects can have constructor and destructor functions. C++ 

memory management includes static, automatic, and dynamic 

memory allocation. Libraries can support garbage collection. 

Templates provide generic function 

support via parameterized types. Class 

and function templates are supported. 

Templates allow classes and functions 

to be instantiated at compile time. 

Compilers generate code as necessary 

when templates are utilized based on the 

defined types. 

Part of the C++ standard is the C++ 

Standard Library. It provides features 

that C++ programmers have come 

to expect including smart pointers. 

It includes multithreading support, 

although C++11 includes native thread 

support within the language. 

C++ is significantly more complex 

than C but there are significant advan-

tages to using it. You don’t have to learn 

all of those features to effectively use 

C++, though, so if you’re looking to learn 

C or C++, I recommend C++. 

C still dominates the embedded pro-

gramming space, but C++ is overtaking 

it as more programmers learn C++ and 

more compilers support it. C++ has had 

a major impact in the consumer and 

enterprise space. 

BEYOND THE CODE

Stroustrup headed up the Large-scale 

Programming Research department at 

AT&T Labs, formerly Bell Labs, until 

2002. He is both an IEEE and ACM Fel-

low. These days he has little time to write 

a lot of C++ programs because he is 

teaching. He is now a Distinguished Pro-

fessor at Texas A&M University, where 

he holds the College of Engineering 

Endowed Chair in Computer Science. 

He still finds programming to be great 

fun. His advice to new programmers is to 

learn to communicate well verbally and 

in print. Of course, they also should 

learn programming fundamentals as well 

as several programming languages. 
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WHEN YOU NEED TO measure temperature using thermistors, 

you face the challenge of linearizing their response to get 

accurate readings. One of the best methods for linearizing a 

thermistor is the polynomial “Steinhart-Hart” equation (S-H), 

which has an error of 0.1°C. The temperature range for this 

design is from 0°C to 100°C. 

7KUHH�WKHUPLVWRU�FRHIILFLHQWV²D��E��DQG�F²DUH�UHTXLUHG�

WR�LPSOHPHQW�WKH�6�+�HTXDWLRQ��,I�WKH�PDQXIDFWXUHU�GRHV�QRW�

SURYLGH�WKH�FRHIILFLHQWV��\RX�FDQ�REWDLQ�WKHP�E\�VROYLQJ�WKH�

6�+�HTXDWLRQ��(TXDWLRQV�������DQG����IRU�WKUHH�GLIIHUHQW�WHP�

SHUDWXUH�SRLQWV��,Q�WKLV�GHVLJQ��D�3,&�0&8�ZLOO�VROYH�VXFK�

HTXDWLRQV�WR�SURYLGH�DFFXUDWH�UHDGLQJV�LQ����PV��)LJ�����

7R�LOOXVWUDWH��ZH�ZLOO�XVH�WKH�QHJDWLYH�WHPSHUDWXUH�FRHI�

ILFLHQW��17&��/0����WKHUPLVWRU��ZKLFK�KDV�WKH�UHVLVWDQFH�

DW�WKUHH�GLIIHUHQW�WHPSHUDWXUHV�VKRZQ�LQ�7DEOH����With these 

three measurements, the temperature is converted to the Kel-

vin scale and substituted into three Steinhart-Hart equations:
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7KH�FKDOOHQJH�IRU�WKH�3,&���)����PLFURFRQWUROOHU�LV�WR�

XVH�(TXDWLRQ���WR�JHW�WUXH�WHPSHUDWXUH�UHDGLQJV��7KLV�SURM�

HFW�FRQVXPHV������ZRUGV�RI�WKH�PLFURFRQWUROOHU¶V�PHPRU\��

,QSXW�$1��LV�GHFODUHG�DV�DQDORJ��DQG�WKH�UHVW�RI�WKH�,�2�OLQHV�

DUH�GHFODUHG�GLJLWDO�RXWSXWV��7KH�DQDORJ�WR�GLJLWDO�FRQYHUWHU�

�$'&��LV�FRQILJXUHG�IRU����ELWV��ZLWK�D�VDPSOLQJ�WLPH�RI�����V��

7KH�WKHUPLVWRU¶V�YROWDJH�UHDGLQJ�LV�VWRUHG�LQ�ELQDU\�IRUPDW�

LQ�WKH�YDULDEOH�³YROW´�ZLWK�WKH�LQVWUXFWLRQ�$'&,1����YROW��

7KHQ��WKLV�UHDGLQJ�LV�PXOWLSOLHG�E\��������WR�FRQYHUW�LW�WR�GHF�

LPDO��DQG�LW�LV�VWRUHG�LQ�D�QHZ�YDULDEOH�FDOOHG�³Y��´�7R�REWDLQ�

HDFK�GHFLPDO�GLJLW�IURP�YDULDEOH�³Y��´�WKH�FRPPDQGV�',*���

',*���DQG�',*��DUH�XVHG�WR�VWRUH�WKHVH�UHDGLQJV�LQ�WKUHH�YDUL�

DEOHV�FDOOHG�GLJ���GLJ���DQG�GLJ��UHVSHFWLYHO\�

7KH�FRGH��DYDLODEOH�ZLWK�WKH�RQOLQH�YHUVLRQ�RI�WKLV�DUWLFOH�

DW�HOHFWURQLFGHVLJQ�FRP��VKRZV�WKH�VRIWZDUH�SURJUDP�ZKHUH�

WKH�IROORZLQJ�YDULDEOHV�DUH�GHFODUHG�IRU�SURFHVVLQJ�DQG�VWRU�

LQJ�WKH�UHDGLQJV��%��$��&��/��YROW��Y���Y���SDWWHUQ��SDWWHUQ���

SDWWHUQ���,��GLJLW���GLJLW���DQG�GLJLW��7ZR�YDULDEOHV��FRQY��

DQG�FRQY���DUH�UHTXLUHG�IRU�ELQDU\�WR�GHFLPDO�FRQYHUVLRQV��

7KH\�LQFOXGH�WKH����ELW�UHVROXWLRQ�$'&¶V�OHDVW�VLJQLILFDQW�ELW�

�/6%���ZKLFK�LV�HTXDO�WR��������P9�

7KH�DOJRULWKP�WKDW�ZDV�GHYHORSHG�WR�JHW�D�WHPSHUDWXUH�UHDG�

LQJ�XVLQJ�WKH�6WHLQKDUW�+DUW�HTXDWLRQ�UHTXLUHV�VHYHUDO�VWHSV��

)LUVW��Fompute the power supply voltage (v1), which is equal 

to 48828 × volt2. Variable volt2 is read with the PIC’s 10-bit 

ADC. If the power supply is correct, volt2 = %1111111111, 

and then v1 = 49,951,044. Now with the instruction DIV32, 

Microcontroller Solves Complex 
Temperature Polynomial Equations
RICARDO JIMENEZ AND ROBERTO C. SOLORIO | INSTITUTO TECNOLOGICO DE MEXICALI  ricardojimenezg@itmexicali.edu.mx

ideas for design
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TABLE 1: THERMISTOR RESISTANCE

Temperature (°C)

Resistance  

(kΩ)

2.7 23

27.5 8.8

66 2.7

TABLE 2: LM103 COEFFICIENTS

Coefficients Value

A 2.501 x 10±4

B 3.505 x 10±4

C ±1.415 x 10±7
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the variable volt2 is divided by 10,000, giving a result equal to 

4995, which represents the approximate value of 5 V from the 

power supply.

Second, the thermistor’s voltage drop is computed with the 

same process from the first step, but with another analog-to-

digital channel. Let’s say we have a reading in the ADC of 2.5 

V (adc = 1000000000). The voltage read is then 24,999,936, 

which is divided by 10 with DIV32 for a result of 2499, which 

approximates to 2.500 V.

Third, we proceed to find the resistor’s value with:
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To achieve that, we store in a variable called “dif ” the power’s 

supply voltage minus the thermistor’s voltage. Then we mul-

tiply the thermistor’s voltage by the 10-kΩ fixed resistor, and 

we apply DIV32 to divide this last product by “dif,” resulting in 

the thermistor’s resistance value.

Fourth, we now compute the base 2 logarithm from the 

thermistor’s resistance with 

Equations 7, 8, and 9:

�

�

�

0
0

�

0
0

�

0
0

�

� D

�

� D

�

� D

�

�

�

�

���

���

���

where a0, a1, and a2 are the 

next-digit mantissa in base 2.

Next, we find the character-

istic a0 or logarithm’s integer 

with the function NCD, which 

delivers the most significant 

bit (MSB) of a number. If we 

decrement it by 1, we get the 

base-2 logarithm character-

istic. We know, for example, 

that the base-2 logarithm for 

number 47 is 5.554 using four 

significant digits. Thus, NCD 

(47) = 6, where 47 in binary is 

00101111, and the MSB is in 

the sixth position from left to 

right. If we decrement it by 1, 

we get number 5, which is the 

logarithm’s characteristic. 

To get the logarithm, we 

need the Mantissa (fractions 

part). To compute it, we need the result of the successive divi-

sions “wu” by 2 (). Nonetheless this operation or process can-

not be applied directly, since dividing 47/2 results in 23.5, and 

we lose the fractions part. (PIC Basic Pro does not work with 

fractions.) Therefore, to keep the fractions part, we create a 

special subroutine that performs the following series:

47/2 = 23.5, 23.5/2 = 11.75,  

11.75/2 = 5.875, 5.875/2 = 2.9375, 2.9375/2 = 1.46875

When dividing 47/2 = 23, with a remainder of 1, this “1” 

appears in the first division of the five that will be performed. 

Therefore, the fraction 1/25 = 0.03125. We cannot work with 

fractions, though, so instead of dividing by 1 by 2n, we take 

the number 10,000 as a numerator, and we create a subroutine 

that computes the denominator depending on the number of 

division where appears a remainder of 1. 

Then, we sum all the results of the divisions. To continue 

with this example, we have the following five steps:
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1. This simple circuit for a high-precision thermometer drives a glass LCD with high efficiency, using the 

PIC 16F887 microcontroller. 
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•  47/2 = 23, with a remainder of 1; this is the first division of 5, 

10,000/25 = 312.5 = 312

•  23/2 = 11, with a remainder of 1; this is the second division 

of 4, 10,000/24 = 625

• 11/2 = 5, with a remainder of 1; 10,000/23 =  1250

• 5/2 = 2, with a remainder of 1; 10,000/22 = 2500

• 2/2=1, with a remainder of 0; there is no portion to add

,Q�WKLV�FDVH�WKH�YDULDEOH�³-D´�LV�HTXDO�WR�������DQG�LW�VWLOO�

QHHGV�WR�EH�LQFUHPHQWHG�E\�RQH��7KHUHIRUH��ZH�GLYLGH�³-D´�E\�

�����DQG�WKHQ�ZH�DGG�XS�������7KHUHIRUH��-D� �������REWDLQ�

LQJ�DSSUR[LPDWHO\�WKH�RULJLQDO�TXDQWLW\�PHQWLRQHG�DERYH��

PXOWLSOLHG�E\������ZLWK�IRXU�VLJQLILFDQW�GLJLWV�

2QFH�ZH�KDYH�REWDLQHG�0��ZH�QHHG�WR�JHW�WKH�PDQWLVVD�

XVLQJ�WKH�SURFHVV�GHVFULEHG�LQ�)LJXUH����7KH�GLYLVLRQ�E\��DQ�

LV�QRW�FRPSOLFDWHG�EHFDXVH�ZH�DUH�ZRUNLQJ�LQ�EDVH����DQG�WKH�

GLYLVLRQ�LV�SHUIRUPHG�E\����RU�����:KHQ�UDLVLQJ�WR�WKH�VTXDUH�

SRZHU��ZH�PXVW�DFFRXQW�IRU�ZKHUH�ZH�ZLOO�PXOWLSO\�0D�E\�0D��

DQG�WKHQ�ZH�XVH�WKDW�GLYLVLRQ�E\������ZLWK�',9���EHFDXVH�WKH�

UHVXOW�LV�JUHDWHU�WKDQ����ELWV��

$IWHU�WKLV�SURFHVV�LV�SHUIRUPHG�D�UHTXLUHG�QXPEHU�RI�WLPHV��

ZH�QHHG�WR�FRQYHUW�DQ�WR�D�GHFLPDO�EDVH��7R�DFKLHYH�WKLV��

ZH�PXOWLSO\�E\�WKH�UHVSHFWLYH�ZHLJKW��������������DQG�VR�RQ�

VHTXHQWLDOO\��$QG�EHFDXVH�ZH�FDQQRW�ZRUN�ZLWK�IUDFWLRQV��ZH�

PXOWLSO\�E\�������������HWF�

)LQDOO\��ZH�DGG�DOO�WKH�HOHPHQWV�WR�WKH�0DQWLVVD�DQ�LQ�GHFL�

PDO�IRUPDW�DQG�GLYLGH�WKH�VXP�RI�DOO�RI�WKHP�E\�����:H�VXP�D��
î������DQG�ZH�VDYH�LW�LQ�YDULDEOH�³O��´�VR�³O�´�VWRUHV�WKH�YDOXH�

RI�WKH�ORJDULWKP�LQ�EDVH���RI�WKH�WKHUPLVWRU¶V�LPSHGDQFH��7KH�

ODVW�VWHS�WR�REWDLQ�WKH�QDWXUDO�ORJDULWKP�LV�WR�DSSO\�WKH�HTXD�

WLRQ�VKRZQ�EHORZ�WR�FKDQJH�LWV�EDVH�

2. A signal at 40-Hz delivered by RC2 is used for driving the LCD’s 

common pin.

WE ORIGINALLY CONCEIVED of this idea as a solution 

to the problem faced by engineers in trying to linearize a 

thermistor’s response. We know there are analog methods 

to achieve this, such as putting a parallel resistor across the 

thermistor, constant current bias, or a combination of both. 

Then you get an almost linear response defined by a straight 

line. In this case, you have to design a signal conditioning 

circuit based on op amps, which adds more hardware to the 

project. Another option we had was using the thermistor’s 

characteristic equation, but it is not accurate over the entire 

temperature range. Therefore, we decided to use the vener-

able Steinhart-Hart equation. 

With this in mind, we faced a new challenge: how to get 

the logarithm of a voltage reading. This had to be done with-

out getting overflow errors in the microcontroller. After trying 

with different methods (Taylor series, Babylonian, etc.), we 

found that the most appropriate algorithm for this project was 

the one from Dr. G. Mayer in his paper “computing logarithms 

digit-by-digit.” So the method was developed in base two, 

and at the end of the process, it was converted to base 10. 

Once this was achieved, the final step was to substitute the 

resulting Ln values into the S-H equation to get accurate 

temperature readings.

The total algorithm’s processing time was 32 ms with the 

internal microcontroller’s oscillator set at 4 MHz. Some read-

ers have been asking how to reduce the processing time. 

It can be reduced to less than 10 ms by selecting a higher 

oscillator’s frequency in the algorithm itself. 

We decided to drive a numerical LCD directly without 

external decoders for energy-saving applications. You can 

choose other types of displays to free the microcontroller’s 

ports for other control applications. We are currently working 

with tiny eight-pin based microcontrollers driving serial dis-

plays. The advantage of designing algorithms is that you can 

transfer them to any microcontroller, and you don’t need to 

be tied to a specific structured language.

LINEARIZATION INSPIRES A SOLUTION

CORRECTION

“BUILD A HIGH-FREQUENCY Portable Spectrum Analyzer 

Using Two Filter ICs” by in our Oct. 17 issue repeated Figure 

2 as Figures 3 and 4. See http://electronicdesign.com/test-

amp-measurement/build-high-frequency-portable-spectrum-

analyzer-using-two-filter-ics for the correct figures. 

http://electronicdesign.com/test-amp-measurement/build-high-frequency-portable-spectrum-analyzer-using-two-filter-ics
http://electronicdesign.com
http://electronicdesign.com/test-amp-measurement/build-high-frequency-portable-spectrum-analyzer-using-two-filter-ics
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ORJ�[��OQ��� �OQ�[

:H�NQRZ�WKDW�OQ��� ���������VR�ZH�MXVW�QHHG�WR�PXOWLSO\�

³O�´�E\������DQG�WKHQ�GLYLGH�LW�E\��������XVLQJ�WKH�',9���

FRPPDQG�WR�VWRUH�LW�LQ�YDULDEOH�³OP�´�ZKLFK�LV�WKH�QDWXUDO�

ORJDULWKP�RI�WKH�UHVLVWRU�PXOWLSOLHG�E\������

7R�GULYH�WKH�FRPPRQ�SLQ�RI�WKH�/&'��D�IRU�QH[W�ORRS�

HQDEOHV�WKH�RXWSXW�5&��WR�EH�³�´��)LJ������7KHQ�WKH�VXEURXWLQH�

³'´�LV�LQYRNHG�WR�FRQYHUW�WKH�GHFLPDO�GDWD�WR�D�VHYHQ�VHJPHQW�

FRGH��7KH�/22.83�IXQFWLRQ�GHFRGHV�WKH�GHFLPDO�YDOXH�RI�

GLJLW��WR�D�VHYHQ�VHJPHQW�IRUPDW�WKDW�LV�VWRUHG�LQ�YDULDEOH�SDW�

WHUQ���1RZ�WKH�YDOXH�RI�5&���VWRUHG�DV�D�E\WH�LQ�YDULDEOH�/��LV�

;25('�ZLWK�SDWWHUQ��WR�GULYH�WKH�/&'�LQ�SKDVH��

7KLV�SURFHVV�LV�UHSHDWHG�ZLWK�WKH�RWKHU�WZR�GLJLWV�ZKLOH�D�

���PV�SDXVH�LV�DGGHG��7KHQ��5&��LV�WXUQHG�RII�DQG�VWRUHG�DV�

D�E\WH�LQ�YDULDEOH�/��6XEURXWLQH�'�LV�LQYRNHG�DJDLQ�DQG�WKH�

SURFHVV�LV�UHSHDWHG�ZLWK�WKH�SKDVH�RXWSXW��5&���FKDQJHG�IRU�

DQRWKHU����PV��$IWHU�HYHU\�/22.83�IXQFWLRQ��HYHU\�SLQ�LV�

DVVLJQHG�WR�WKH�FRUUHVSRQGLQJ�SRUW¶V�SLQ�GHGLFDWHG�WR�GULYH�

HDFK�/&'�VHJPHQW��7RWDO�WLPH�UHTXLUHG�LV����PV��)LJ������

Reference
Computing Logarithms Digit-by-Digit, Mayer Goldberg, BRICS RS-04-17. 

ISSN: 0909-0878

Ideas for Design

RICARDO JIMENEZ holds a master’s degree in elec-

tronics from ITM. He is an adjunct professor at Imperial 

Valley College, Imperial, Calif. ROBERTO C. SOLORIO 

holds a BS in electronics from ITM. He is a test engineer at 

Skyworks in Mexicali, Mexico. 

3. The yellow signal is the logarithm’s processing time of 33 ms. The 

7-ms blue line is the time required to get a true reading by the MCU. 

Thus, the total processing time is 40 ms. 

http://www.supertex.com
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DirectConnection

IR’s AUIRF8736M2 Automotive DirectFET®2 Power MOSFET Delivers 
Increased Power Density While Reducing Overall System Size and Cost 

IR has announced the introduction of the AUIRF8736M2 

DirectFET®2 power MOSFET for heavy load automotive 

applications including electric power steering, braking 

systems and pumps that require superior power density in 

a compact footprint. 

Leveraging IR’s benchmark COOLiRFET™ silicon technology, 

the 40V AUIRF8736M2 offers a 40% improvement in 

on-state resistance (Rds(on)) compared to previous generation devices to help minimize 

conduction losses. The dual-side cooling Medium Can DirectFET®2 power package delivers 

excellent thermal performance and low parasitic inductance. 

The device is qualified according to AEC-Q101 standards, features an environmentally-

friendly 100% lead-free package and RoHS compliant bill of materials, and is part of IR’s 

automotive quality initiative targeting zero defects. 

More information is available on the International Rectifier website at

http://www.irf.com/whats-new/nr131010.html 

For more information, contact Sian Cummins,

scummin1@irf.com, 310-252-7148.
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Texas Instruments is looking to fill 
engineering positions working with 
semiconductor technologies. We are 
recruiting @ various educational and 
experience levels:

Some positions may require some travel. 

Please send in resumes using the individual 

URL code for the position listed. EOE.

Manchester, NH
•  Analog Design Engineer -  

http://tinyurl.com/mfutut9

Phoenix, AZ
•  Applications Engineer -  

http://tinyurl.com/oervdb8

•  Analog Design Engineer -  
http://tinyurl.com/pxw8ket

Stafford, TX
•  Applications Manager -  

http://tinyurl.com/pfv2kpa

Santa Clara, CA
•  Production Planning Analyst -  

http://tinyurl.com/lech9tu

Tucson, AZ
•  Product Definer -  

http://tinyurl.com/lobpk3s

Attention Advertisers:

www.pentondigitalads.com
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BILL WONG | Embedded/Systems/Software Editor

bill.wong@penton.com

P
Cs still reside on desktops, and plenty of laptops remain 

too. But there has been an overall decline in their num-

bers due to the popularity of other platforms such as 

smart phones and tablets. However, PC platforms are showing 

up on the gaming front. 

This holiday season the retail shelves are packed with the 

Microsoft XBox One (Fig. 1) and Sony PlayStation 4 (PS4) (Fig. 

2), which are pretty similar under the hood. Both employ an 

eight-core AMD Accelerated Processing 

Unit (APU) that also includes a multicore 

Radeon GPU. 

HARDWARE & SOFTWARE

The XBox One and PlayStation 4 look 

a lot like PCs, including Ethernet, Wi-Fi 

(801.11 b/g/n), and USB 3.0 ports. The big 

difference is that neither gaming console 

runs standard PC operating systems like 

Windows 8 or Linux. The XBox One essen-

tially has Windows 8 under the hood, but it’s 

customized for gaming. It isn’t running Word 

at this point. 

Unlike their predecessors, these 

platforms now can run these 

operating systems. The PS3’s Cell 

processor was a challenge for 

gaming programmers. Microsoft’s 

previous XBox had a more con-

ventional processor, but not one 

that would match anything on the 

PC market. 

The AMD APUs in the latest systems may not match those 

available on general PC platforms, but they are very close. This 

will make it easier for developers to create games that span PCs 

as well as the PS4 and XBox One. Of course, differences in each 

platform’s operating system and graphics interface will likely 

annoy developers who need to deliver multiplatform games. 

There are a couple of new gaming systems around, including 

Ouya’s $99 Android platform. It runs an NVidia Tegra3 that 

makes it underpowered compared to the AMD APU in the 

XBox One or PS4, but it is quite a bit cheaper. 

The other gaming system on the horizon is Valve’s Steam 

Machine (Fig. 3). This PC runs Valve’s SteamOS, which is a 

customized version of Linux. Valve wants to turn its PC success 

into the next popular gaming platform. Its Steam platform has 

been popular on Windows PCs. I spend too much time run-

ning Digital Extremes’ Warframe, which is a free download via 

Steam. It will also be available on the PS4. 

APPLICATIONS

Gaming is the primary purpose for 

these platforms, but they all provide a 

range of multimedia services includ-

ing Netflix, Amazon, and Blockbuster 

video streaming. They all have built-in 

network browsers, although they aren’t 

always as functional or as easy to use as 

those found on other platforms. 

The advantage of more PC-like plat-

forms is the possibility of other, non-

game applications, such as telemedicine 

and finance. The platform similarity 

allows applications that originally were 

designed for the PC to be ported to new 

platforms. These gaming platforms offer 

some useful hardware for features like 

video conferencing as well. So if you’re 

holiday shopping for a new gaming 

system, you might wind up with another 

PC in the house. 

LabBench

Follow Bill Wong on Twitter at #AltEmbedded.

Become a fan at facebook.com/ElectronicDesign.

 

Where Did My PC Go? 
It’s Gone Gaming

1. Microsoft’s XBox One employs a new 

Kinect 3D time-of-flight sensor.

2. Sony’s PS4, like the 

XBox One, utilizes a 

multicore AMD Ad-

vanced Processing Unit. 

Both have eight Jaguar 

CPU cores and an AMD 

Radeon GPU. 

3. Valve’s Steam Machine runs the Linux-based Steam operating 

system, which can run on stock PC hardware. 

mailto:bill.wong@penton.com
http://www.twitter.com/altembedded
http://www.twitter.com/altembedded
http://www.facebook.com/electronicdesign
http://www.facebook.com/electronicdesign
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First 50 MHz 

handheld Scope and 

3000 count DMM

First 200 MHz 

isolated CAT III 

safety rated hand-

held oscilloscope

First 200 MHz 

Color handheld 

oscilloscope

First 100 MHz 

handheld 

Scope and 

3000 count 

DMM

First 200 MHz, 

2 or 4 Channel 

CAT IV safety 

rated handheld 

oscilloscope

First 500 MHz, 

handheld oscilloscope

Watch ScopeMeter 190-II Scenario Videos: 
www.fl uke.com/scopemeter500

After 20 years, Fluke ScopeMeter® industrial scopes still lead, 
now with 500 MHz bandwidth and 5 GS/s sampling speed.
The Fluke 190 Series II extends your troubleshooting arsenal, showing you 
waveform shape, timing, distortion and disturbance in greater detail than ever 
before. Two- and four-channel models fi t any application, measuring signals from 
60 MHz to 500 MHz. ScopeMeter® test tools are number one in ruggedness: 
the only completely sealed, drip-proof, dust-proof IP-51 rated scopes.

http://www.fluke.com/scopemeter500


  Info & Free Samples Selected Monolithic Buck Converters

     , LT, LTC, LTM, Linear Technology and the Linear logo are
registered trademarks of Linear Technology Corporation. All other 
trademarks are the property of their respective owners.

www.linear.com/product/LTC3639

1-800-4-LINEAR
VIN Range (V)

Part
Number

4.5 to 45

4.5 to 45 (60 Trans)

4.5 to 50 (60 Trans)

4 to 65

4 to 76

4 to 150

4 to 150

Quiescent Current (μA)

12

12

12

12

12

12

12

Package

MSOP8E, DFN

MSOP8E, DFN

MSOP8E, DFN

MSOP16E†, DFN

MSOP16E†, DFN

MSOP16E†

MSOP16E†

Output Current (mA)

50

100

20

50 to 500

50 to 500

10 to 100

25 to 250

LTC3642

LTC3631

LTC3632

LTC3630

LTC3630A

LTC3639

LTC3638*

*Future Product
† 4 Pins Removed for High Voltage

Big Volts. Small Solution. 

150V, 100mA, IQ = 12μA, Sync Buck.
Some things may be considered mutually exclusive, but not for our LTC®3639. It is a monolithic synchronous buck 
converter with a 4V to 150V input voltage range, programmable undervoltage lockout and high efficiency conversion. 
Features include a quiescent current of only 12μA, 100% duty cycle operation, a user-programmable current limit from 
10mA to 100mA and internal compensation. The LTC3639 provides best-in-class performance for a myriad of applications 
from industrial control systems and medical devices to automotive and avionic electronics. That’s a lot of capability in a 
simple, compact solution.

VIN VOUT

(1.8V, 3.3V, 5V or Adjustable)
VIN

VFB

GND

SW
4V To 150V

LTC3639

Programmable

10mA to 100mA

Output Current Limit
15mm

25mm

Actual Solution Size

video.linear.com/170

http://www.linear.com/product/LTC3639
http://video.linear.com/170

