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The Smart Choice
for Small Spaces

Coilcraft is the brand engineers trust most 

when specifying tiny inductors for wearable technology

Boost the performance and battery life of 

your wearable products with these tiny 

RF and power inductors from Coilcraft:

• Wirewound chip inductors as small as 

0201 size for wireless communications

• Shielded power inductors as thin as 

0.5 mm for power management

• Coupled inductors as small as 2.2 x 

1.45 mm for LED display drivers

You can get started by using our suite 

of web tools to quickly locate the perfect 

inductors for your design. Compare and 

analyze multiple parts based on your 

true operating conditions, and then order 

free evaluation samples with just a click.

Learn why we’re the biggest name 

in ultra-miniature inductors. Visit us at 

www.coilcraft.com.

®

WWW.COILCRAFT.COM

http://www.coilcraft.com
http://coilcraftdirect.com
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FS725 Benchtop Rubidium 
Frequency Standard

• 5 MHz and 10 MHz outputs

• 0.005 ppm aging over 20 years

• Built-in distribution amplifier 
(up to 22 outputs)

• 1 pps input and output

• RS-232 computer interface

$2� 95 (U.S. list)

the accuracy of Rubidium...

SRS rubidium frequency standards have excellent aging characteristics, extremely low
phase noise and outstanding reliability.

The PRS10 component rubidium oscillator is designed for easy system integration. It
has a 1 pps input for phase-locking to an external reference (like GPS) and provides
72 hour Stratum 1 level holdover.

The FS725 benchtop instrument is ideal for the metrology laboratory as well as the
R&D facility − anywhere precision frequency is required. It generates 5 MHz and 10
MHz signals and has a built-in distribution amplifier with up to 22 outputs.

Stanford Research Systems
1290-D Reamwood Ave. Sunnyvale, CA 94089 · email: info@thinkSRS.com

Phone (408) 744-9040 · Fax (408) 744-9049 · www.thinkSRS.com

PRS10 Rubidium Oscillator (10 MHz)

• Less than 5 × 10-11 aging per month

• Ultra low phase noise (-130 dBc/Hz @ 10 Hz)

• 20 year lamp life

• 1 pps input and output

• RS-232 computer interface

$1495 (U.S. list)

9

mailto:info@thinkSRS.com
http://www.thinkSRS.com


3GO TO ELECTRONICDESIGN.COM

IN THIS ISSUE

JULY/AUGUST 2018   VOLUME 66, ISSUE 4

FEATURES 

14 Neural-Network Hardware Drives the Latest  
Machine-Learning Craze   
From self-driving cars to the industrial Internet of Things, neural networks  
are reshaping the problem-solving methods of developers. 

20 IoT Sensor Micros Need to Sip Power   
Minimal power consumption is the watchword for IoT sensors, and  
multiple pathways can be taken to reach this goal.    

22 Not Your Father’s FPGAs Anymore   
FPGAs continue to evolve from the original collection of gates and  
routing to handle tasks from communications to artifcial intelligence.

26 The Persistence of Memory   
A new storage media offers a blend of volatile memory speed and 

non-volatile persistence. Welcome to the world of Persistent Memory. 

32 Whatever Happened to These Once Hot  
Communications Technologies?   
Though 2G/3G cellular, WiMAX, and HomePlug are still around, 

they’ve moved to the background.

36 Fixture vs. Charger Design Tradeoffs 
When Charging Li-ion Cells   
Careful attention to all aspects of system design needs to be paid to 

optimize for capital costs, operational costs, and ease of design and  
construction.

ELECTRONIC DESIGN (ISSN 0013-4872) is published bi-monthly in Jan/Feb, Mar/Apr, May/June, July/Aug, Sept/Oct 

and Nov/Dec by Informa Media Inc., 9800 Metcalf Ave., Overland Park, KS 66212-2216. Paid rates for a one-year 

subscription are as follows: $60 U.S., $90 Canada, $120 International. Periodicals postage paid at Kansas City, MO, 

and additional mailing offices. Editorial and advertising addresses: ELECTRONIC DESIGN, 605 Third Avenue, New 

York, NY 10158. Telephone (212) 204-4200. Printed in U.S.A. Title registered in U.S. Patent Office. Copyright ©2018 

by Informa Media Inc. All rights reserved. The contents of this publication may not be reproduced in whole or in part 

without the consent of the copyright owner. For subscriber services or to order single copies, write to Electronic Design, 

PO Box 2100, Skokie, IL 60076. POSTMASTER: Send change of address to Electronic Design, PO Box 2100, Skokie, 

IL 60076. Canadian Post Publications Mail agreement No. 40612608. Canada return address:  IMEX Global Solutions, 

P.O. Box 25542, London, ON N6C 6B2. 

EDITORIAL MISSION:  

To provide the most current, accurate, and in-depth technical coverage of the key emerging 

technologies that engineers need to design tomorrow’s products today.

Permission is granted to users registered with the Copyright Clearance Center Inc. (CCC) to 

photocopy any article, with the exception of those for which separate copyright ownership 

is indicated on the first page of the article, provided that a base fee of $2 per copy of the 

article plus $1.00 per page is paid directly to the CCC, 222 Rosewood Drive, Danvers, MA 

01923 (Code No. 0013-4872/94 $2.00 + $1.00). Copying done for other than personal 

or internal reference use without the express permission of Informa Media, Inc. is prohib-

ited. Requests for special permission or bulk orders should be addressed to the editor.  

To purchase copies on microfilm, please contact National Archive Publishing Company 

(NAPC) at 732-302-6500 or 800-420-NAPC (6272) x6578 for further information.

COLUMNS & DEPARTMENTS

 4 ON ELECTRONICDESIGN.COM 

11  EDITORIAL

12  NEWS & ANALYSIS

42  IDEAS FOR DESIGN 

 48 LAB BENCH 

14

22

32

48

http://electronicdesign.com


4 JULY/AUGUST 2018  ELECTRONIC DESIGN

The Chronicles of GND  
(Part 2): Single Supply = 
Multiple Problems
Te latest installment of “Te Front End” from Kendall Castor-

Perry, “Te Filter Wizard” looks at how the ancestral “split-

supply” PCB layouts have mostly ceded to “single-supply” 

confgurations, and the GND implications that ofen ensue.

http://www.electronicdesign.com/analog/chronicles-gnd-part-2-

single-supply-multiple-problems

How Modular Design Is 
Transforming Enterprise 
Connectivity 
As transformative technologies such as 5G change the 

connectivity landscape, IT continues to turn more to modular 

approaches for enterprise system solutions. 

http://www.electronicdesign.com/analog/how-modular-design-

transforming-enterprise-connectivity

AI Poses a Tough Road Ahead 
for Autonomous Car Makers
Following recent crashes, reliable performance remains the 

biggest question mark, but cost remains another barrier to 

break through to achieve consumer viability.

http://www.electronicdesign.com/automotive/ai-poses-tough-road-

ahead-autonomous-car-makers

Bitcoin Mining:  
A Thermal Perspective  
Why does Bitcoin mining consume humongous amounts of 

electricity, and how does it relate to thermal engineering? 

Mentor’s John Wilson, Technical Marketing Engineer and 

Electronics Product Specialist, provides the answers.  

http://www.electronicdesign.com/industrial-automation/bitcoin-

mining-thermal-perspective
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Whether you’re designing the communications system of tomorrow or connecting 

the Internet of Things, you need cutting-edge product solutions to bring your 

design to fruition. At KOA Speer, we’re the ideal partner to help you do just that. 

Our constantly expanding line of passive components will give you the solution to 

make your concept a reality!

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

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

• Shunt/Current Sense Resistors 

• Wide Terminal Resistors 

• High Voltage Resistors 

• Thin Film Chip Resistors

• Surge Resistors

Passive Component Solutions - our engineering group will work with your

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

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

such collaboration. 

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

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

and responsive customer service. 

Make the Leap from  
Concept to Reality,

visit KOASpeer.com 

Higher Power Surge
Current Resistors (SR73)

Metal Plate Current 
Sense Resistors (TLR)

Wide Terminal Current

Sense Resistors (WK73R1J)

From

Concept to Reality

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

NEW! From KOA Speer

http://koaspeer.com
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Qualify for a free evaluation product at vicorpower.com

High-performance power

1.8kW

400 -  700VIN
98% efficiency

Isolated fixed-ratio

Ultra-high 
voltage
DC-DC converter
4.4 x 1.4 x 0.3in

110.5 x  35.5  x  9.4mm

500W

200 -  420VIN
93% peak efficiency

Isolated regulated

DC-DC 
converter
1.8 x 0.8 x 0.2in

47.9  x  22.8  x  7.2mm

HIGH POWER

98% 
efficiency
750W, 12/48V bidirectional

Non-isolated 
bus converter
0.9 x 0.6 x 0.2in

23  x  17  x  7.4mm

NEW RELEASE

Up to 96% 
efficiency
8 – 60VIN

10 – 50VOUT, 140W

Cool-Power 
ZVS buck-boost 
switching regulator
10 x 14 x 2.6mm

http://vicorpower.com
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F
inding young, qualified talent to 

work in the tech industry can be 

as challenging as trying to find 

your first job. Having any experience 

tends to improve the odds, but getting 

it isn’t always easy. There are essentially 

three ways to fill out the resume: find a 

part-time job in industry, find an intern-

ship, or go to a university with a co-op 

program. 

The first option is usually like trying 

to find that job without any experience. 

Some are lucky to nab a paid position, 

while others may have to work for free. 

Programmers can often participate in 

open-source projects, but hardware 

designers and engineers may find it more 

difficult to get involved in projects. 

Many universities encourage intern-

ships, and some have programs designed 

to match students with companies that 

have internships. Part of the challenge 

with internships is that they’re often 

unpaid, vary in duration, may be part 

time, and so on. They can provide bud-

ding engineers with a taste of industry 

and even some good training. Howev-

er, unless an internship is repeated, the 

experience is more limited. 

Co-op programs are designed for full-

time positions that repeat over the course 

of earning a degree, and often extend the 

typical four-year program to five years. 

There are no breaks, as students wind up 

alternating between taking courses and 

working, usually alternating semesters. 

This makes it possible for a company to 

fill a position throughout the year with 

different students who are on alternating 

schedules.

Companies benefit by having a known, 

future graduate who will have experience 

with the company and its processes. The 

typical half-hour interview will now be 

a year or more of experience. Students 

benefit from exposure to industry and 

typically gain as much or more education 

in the real world that can also help direct 

their studies in college. 

I can endorse Georgia Tech’s co-op 

programing as a graduate from the pro-

gram with a Bachelor of Electrical Engi-

neering. I was able to pay for Tech with 

my co-op earnings, although these days, 

expenses tend to a bit higher. Other well-

known schools have well-established 

co-op programs, too, including Drexel, 

Northeastern, Rochester Institute of 

Technology, Clarkson University, and 

many more. 

Co-op programs within a company 

require some effort for both human 

resources as well as the groups where 

co-op students work. Though the pro-

grams are generally easier to implement 

in larger companies, small- and medi-

um-sized organizations can participate 

as well. Co-op programs in universities 

are designed to work with all types of 

companies. 

Co-op students can be useful for proj-

ects that might not otherwise be lan-

guishing, simply because the full-time 

staff is too busy. Of course, co-op gradu-

ates can be a good source for new staff, 

although there’s no requirement to offer 

a co-op graduate a job. 

I learned a lot at Georgia Tech and 

at Burroughs where I co-op’ed. I actu-

ally wound up at RCA’s Sarnoff Research 

Labs when I graduated, and I know my 

experience at Burroughs was a good rea-

son for that happening. You may want to 

hire a co-op graduate, so consider look-

ing into starting a co-op program if you 

don’t have one already. 

Fill Those Vacant 
Tech Jobs with 
Co-op Students

Editorial

WILLIAM WONG | Senior Technology Editor 

bill.wong@informa.com

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


M
icron has been barred from selling certain memory 

chips in China after a preliminary ruling came 

down in patent infringement cases brought against it by United 

Microelectronics Corporation and Fujian Jinhua Integrated 

Circuit. The company called the order was unfair because the 

patents in question were not used in its products. But it also 

said that restrictions will only hurt its business slightly.

The order undercuts the sale of DRAM modules and solid-

state drives sold under Micron’s Crucial and Ballistix brands. 

The company said on Thursday that it expects to lose only one 

percent of its revenue because of the order, which was handed 

down by Fuzhou Intermediate People’s Court in Fujian Prov-

ince. Micron still estimates to generate between $8 and $8.4 

billion of revenue in the fourth quarter ending in August.

In December, Micron introduced a lawsuit in United States 

District Court for the Northern District of California that 

accused UMC of stealing trade secrets and giving the technol-

ogy to Jinhua. The Taiwanese chip manufacturer responded in 

January with a lawsuit alleging that Micron had infringed on 

its patent rights in China. Micron said that its claims “rely on 

distorted interpretations of the patents and improper evidence.”

“The central government of China has often stated that the 

rights of foreign companies are fairly and equally protected in 

China,” the company said, adding that it believed the ruling 

to be “inconsistent with this proclaimed policy.” Joel Pop-

pen, Micron’s general counsel, added that it “will continue to 

aggressively defend against these unfounded patent infringe-

ment claims while continuing to work closely with its custom-

ers and partners.”

Boise, Idaho-based Micron has been hoovering up profit as 

demand for memory chips, used in everything from smart-

phones and servers to thermostats and cars, outstrips supply. 

In turn, that has raised prices for its products. The company—

which only two years ago was losing money, eliminating jobs 

and weighing an acquisition offer from China’s Tsinghua Uni-

group -nearly doubled its year-over-year profit last quarter, to 

$3.82 billion. n

MICRON BARRED FROM  
Selling Some Memory Chips in China

GROWING REQUIREMENTS FOR lower power and high performance in 

embedded devices could push electronics engineers toward more 

specialty memory chips. That could include chips based on Cross-

bar’s resistive random-access memory, or ReRAM, which attempts 

to bridge the gaps between nonvolatile flash memory technology 

and high-speed RAM.

Crossbar recently announced an agreement with Microsemi Corpo-

ration, one of the largest American makers of military and aerospace 

semiconductors. Microsemi said that it would license Crossbar’s 

intellectual property and collaborate on the development of chips inte-

grated with ReRAM technology, which Crossbar said is scalable down 

to 10 nanometers. The terms of the deal were not disclosed.

Crossbar’s ReRam represents bits using the resistance of the cir-

cuits, which can be set and reset by a pulse of voltage. The memory 

is composed of silicon switching material sandwiched between two 

electrodes. When a voltage is applied, a metallic filament forms in 

the switching material, connecting the electrodes and changing 

resistance between them. Reversing the voltage causes the filament 

to recede, cutting off the conductance.

The company says that chips embedded with ReRAM technol-

ogy devour less power, access information with lower latency, and 

have more endurance than flash memory devices, such as NOR 

and NAND. In addition, Crossbar’s memory devices are nonvolatile, 

meaning that they preserve what’s stored inside them after the sys-

tem powers down. It sets the technology apart from DRAM devices 

that forfeit information when powered down.

Crossbar is also targeting the embedded space, with an eye 

toward edge computing, communications infrastructure, and auto-

motive applications. Another focus is artificial-intelligence tasks, 

which are constantly bobbing for information stored in memory. n

CROSSBAR EYES EMBEDDED SPACE with Resistive Random-Access Memory
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MORE POWER ON 

YOUR PCB

PCB Terminal Blocks for Power Electronics

• Compact dimensions and high current carrying capacity – up to 72 A
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From self-driving cars to the industrial Internet of Things, neural networks are 

reshaping the problem-solving methods of developers. 

A
rtificial-intelligence 

(AI) research covers 

a number of topics, 

including machine 

learning (ML). ML covers a lot of 

ground as well, from rule-based expert 

systems to the latest hot trend—neural 

networks. Neural networks are changing 

how developers solve problems, wheth-

er it be self-driving cars or the industrial 

Internet of Things (IIoT). 

Neural networks come in many forms, 

but deep neural networks (DNNs) are 

the most important at this point. A 

DNN consists of multiple layers, includ-

ing input and output layers plus multiple 

hidden layers (Fig. 1). The number of 

nodes depends on the application; each 

node has a weight associated with it. An 

input, such as an image, is supplied at 

one end and the outputs provide infor-

mation about the inputs based on the 

weights. 

The magnitude of the inputs, weights, 

and calculations done at each node are 

of no importance in a logical sense. 

However, they’re crucial in terms of 

implementation, because this affects the 

amount of computational performance 

necessary for a system, as well as the 

amount of power required to perform 

the calculations. The fewer bits involved, 

the lower the performance and power 

requirements; hence, a more efficient 

implementation.

As it turns out, the number of bits 

used to encode weights and calcula-

tions done can often be significantly 

reduced—sometimes to a single bit—

although eight bits is typically suffi-

cient. Some implementations even 

employ small floating-point encodings, 

since the number of significant digits is 

less important than a value’s potential 

range. 

TRAINING AND INFERENCE

There are different ways to create and 

implement DNNs. The typical method 

is to design a network and then train 

it. Training consists of presenting input 

data and matching results so that the 

weights in the nodes within the DNN 

matrix are adjusted with each new piece 

of information. 

The architecture of a DNN is simple, 

but not so much when it comes to design 

Neural-Network 
Hardware 
Drives the Latest  
Machine-Learning Craze

Tech Report
WILLIAM WONG | Senior Technology Editor

Input Hidden Output

Neural network

Input Hidden Output

Deep neural network

Hidden Hidden

1. Deep neural networks (right) have multiple hidden layers. 
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and implementation. The overall system 

results can be affected by a number of 

issues, from the format, size, and qual-

ity of the input to the type of output 

desired. Likewise, the training process 

of a successful design assumes that the 

model will converge over time as more 

examples are presented. In essence, the 

system comes to recognize the desired 

characteristics. 

The resulting weights and network 

model are then used as an inference 

engine. In this case, there’s no change 

to the network while in use. Essentially 

all of the machine learning (ML) for this 

type of system is done in the training 

session. A better implementation with 

more training or a different model can 

replace an existing implementation if 

additional input is available. 

For example, an image-recognition 

system in a car could also record imag-

es that would subsequently be sent to 

the cloud for additional training. This 

would allow thousands of cars to pro-

vide information to a cloud-based train-

ing system, which in turn would gener-

ate an improved model that could be 

distributed to those cars in the future 

after testing. It’s probably not a good 

idea to have a self-direct learning sys-

tem for each car that would change on 

its own, because it would be difficult to 

determine if the training was improving 

the system or not. 

Trained models can often be opti-

mized so that the inference engine 

employs smaller weights or uses fewer 

resources. For example, the number of 

bits utilized for weights and calculations 

may be reduced but provide the same 

or similar results. Keep in mind that a 

DNN is designed to deliver probabili-

ties as results, and it’s possible that false-

positive and false-negative results can 

be generated. The idea of a good design 

is to minimize or effectively eliminate 

these, especially in safety-related appli-

cations like self-driving cars, but these 

consequences in other applications may 

be more than acceptable. 

DIFFERENT NEURAL NETWORKS

Convolutional neural networks 

(CNNs) are a specific type of DNN. 

CNNs are normally used for image rec-

ognition. There’s also recurrent neural 

networks (RNN) designed to address 

temporal behavior, allowing the system 

to address problems such as speech and 

handwriting recognition. RNNs can be 

used for a variety of audio and video 

processing applications, too. 

Another type of neural network is the 

spiking neural network (SNN). Unlike a 

DNN, where information always propa-

gates through the network, an SNN has 

nodes that trigger when a threshold is 

reached. The output can actually be a 

train of signals from the system, rather 

than values, as results for all outputs in 

a DNN. This is more akin to how the 

brain operates, but it’s still an approxi-

mation. 

“Spiking neural networks, consid-

ered by many to be the next generation 

of artificial intelligence, is based on an 

explicit incorporation of time in the 

form of events or spikes for representa-

tion of data,” says Nara Srinivasa, CTO 

of Eta Compute. “When this represen-

tation is sparse and the hardware that 

runs these models is fully asynchronous, 

these event-driven networks can learn to 

solve machine-learning-type problems at 

a fraction of the power consumption of 

machine-earning approaches today.” 

SNNs can often address applications 

that DNNs and their ilk are less adept 

at performing. For example, a DNN 

trained to recognize flowers in images 

can now be used to scan new images 

to find things that look like a flower, 

but it may be difficult to selectively 

identify a particular type of flower. An 

SNN can often do the latter; however, 

it may be less effective identifying any-

thing that looks like a flower. 

The challenge for developers new to 

this space is that high-level ideas like 

DNNs and machine learning are easy to 

appreciate. The sticking point is that no 

one solution that works best all of the 

time. Likewise, the tradeoffs in design-

ing, implementing, and delivering a sys-

tem can be difficult to address because 

of the number of options as well as the 

implications of choosing among them. 

In addition, the tradeoffs in training, 

accuracy, and speed may make some 

applications possible, while others 

become out of reach. 

Implementation issues are further 

complicated because hardware opti-

mization can significantly affect the 

performance of a system. As noted, 

different possible implementation cri-

teria and hardware optimized for one 

approach may be unsuitable or even 

useless for another. 

2. Google’s TensorFlow Processing Unit (TPU2) delivers 45 TFLOPS. The newer TPU3 is eight 

times more powerful. 
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SPECIALIZED ML HARDWARE

Hardware acceleration can signifi-

cantly improve machine-learning per-

formance across the board. Some hard-

ware is often targeted at training, while 

other hardware may be optimized for 

inference chores. Sometimes a system 

can do double duty. In certain cases, the 

hardware can reduce the power require-

ments so that a system can run off of 

very little power, including battery-

operated environments. 

At one end of the spectrum is Google’s 

TensorFlow Processing Unit (TPU2). 

TensorFlow is one of the more popu-

lar ML frameworks. The TPU2 (Fig. 2) 

is designed for the cloud where dozens 

or hundreds of TPU2 boards would be 

used to handle a range of training and 

inference chores. 

Unlike many ML accelerators, the 

TPU2 targets a subset of the comput-

ing used in a DNN model. Of course, it 

targets the area that’s the most compu-

tationally intensive, allowing the host 

processor to fill in the blanks. Each 

of the TPU2 chips has 16 GB of high 

bandwidth memory (HBM) support-

ing a pair of cores. Each core has a sca-

lar floating-point unit and 128-×-128, 

32-bit floating-point mixed multiply 

unit (MXU). It can deliver 45 TFLOPS 

of processing power. 

Google has already announced the 

TPU3. It’s eight times more powerful 

than the TPU2, and is water-cooled. 

At the other end of the spectrum 

is Intel’s Myriad X visual processing 

unit. The Myriad X includes 16, 128-

bit VLIW SHAVE (Streaming Hybrid 

Architecture Vector Engine) processors. 

It also has a pair of 32-bit RISC pro-

3. DJI’s SPARK drone uses Intel’s Myriad 2 visual processing unit (VPU) with ML support to 

recognize gestures such as framing and taking a picture. 
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cessors along with hardware accelera-

tors and neural-network hardware. Its 

16 MIPI lanes support up to eight HD 

cameras. The earlier Myriad 2 was used 

in DJI’s Spark drone (Fig. 3). It allows 

a drone’s camera to recognize gestures 

in order to perform functions such as 

framing and taking a photo.

These are just two examples of dedi-

cated ML hardware. 

GPGPUs AND FPGAs DO AI

Dedicated hardware isn’t the only way 

to support machine learning. In fact, 

conventional CPUs were used initially, 

but alternatives typically provide much 

better performance, making it possible 

to employ much larger and more com-

plex models in applications. Likewise, 

many applications require a range of 

models to operate on different data. 

Self-driving cars are good example—

multiple models would be employed 

for different functions, from analyzing 

an engine’s performance to recognizing 

people and cars around the vehicle. 

Two frequently used platforms in ML 

applications are GPGPUs and FPGAs. 

As with dedicated hardware, developers 

need to consider many options and trad-

eoffs. These types of platforms provide 

more flexibility since they depend more 

on the software. This tends to make it 

easier to support a wider range of mod-

els and methodologies as well as support 

new ones. Dedicated hardware is gener-

ally more limited. 

These days, the GPGPUs from Nvid-

ia, AMD, Arm, and Intel can be used 

for computation, not just for delivery 

of flashy graphics on high-resolution 

displays. In fact, GPGPUs dedicated to 

computation with no video outputs are 

common and target ML applications in 

the cloud. This works equally well for 

GPGPUs in desktops, laptops, or even 

system-on-chip (SoC) platforms. 

Part of the challenge for GPGPUs and 

FPGAs is that they were tuned for dif-

ferent applications. For example, sin-

gle- and double-precision floating-point 

matrix operations are quite useful for 

everything from simulating weather to 

finding gas and oil from sensor infor-

mation. Higher precision is usually an 

advantage. 

Unfortunately, DNNs and the like 

may underutilize this type of preci-

sion, as noted earlier. Still, GPGPUs 

and FPGAs often handle small integers 

well, and the latest generation of these 

platforms is being tailored to handle the 

types of computations needed for ML 

applications. On the plus side, many 

applications will require additional 

processing that these platforms already 

support to massage incoming data or 

process results. Overall, such platforms 

GO TO ELECTRONICDESIGN.COM 17

http://electronicdesign.com
http://www.pcbcart.com
mailto:sales@pcbcart.com


are more adaptable to a wider range of 

programming chores. 

FPGAs have an edge when it comes to 

adaptability. This can be especially use-

ful where methodologies are still chang-

ing, and new approaches may require 

different hardware acceleration. GPG-

PUs will work well if the application fits 

the hardware. 

Andy Walsh, Senior Director, Strate-

gic Marketing at Xilinx, notes “Artificial 

intelligence is a hotspot of innovation 

in computing today. But to stay best-in-

class, both network models and accel-

eration algorithms must be constantly 

improved. To keep pace with the design 

cycles in AI, developers are looking for 

more than just a chip. They need a com-

puting platform that is highly perfor-

mant and adaptable.

Recognizing this need, we’ve recently 

unveiled a new product category that 

goes far beyond the capabilities of an 

FPGA. The breakthrough adaptive com-

pute acceleration platform from Xilinx 

is a highly integrated, multi-core, het-

erogeneous platform that can be pro-

grammed at the hardware and software 

levels.  Using tools familiar to develop-

ers, an adaptive compute acceleration 

platform (ACAP) can be tuned to deliv-

er performance and power efficiency for 

AI inference that outshines any other 

processing platform.”

Embedded FPGAs (eFGPAs) are 

being quick to embrace machine learn-

ing. For example, Flex Logix Technolo-

gies’ EFLX 4K AI (Fig. 4) has DSP blocks 

that can deliver 10 times the MACs com-

pared to the EFLX 4K DSP that employs 

typical FPGA DSP blocks. The AI DSP 

block eliminates logic not required for 

ML matrix operations and is optimized 

for 8-bit configurations common in 

ML applications. The AI DSP blocks 

can also be configured as 16-bit MACs, 

16-×-8 MACs, or 8-×-16 MACs.

AI eFPGAs allow a designer to incor-

porate just the amount of ML computa-

tional power needed for an application. 

A smaller, more power-efficient version 

might be used with a microcontroller, 

while larger arrays could be used where 

more performance is needed. 

SOFTWARE MAKES AI WORK

Regardless of the hardware used, ML 

and AI applications need software to 

take advantage of the hardware. On the 

plus side, vendors of general hardware 

such as CPUs, GPUs, and FPGAs are 

delivering software that works with the 

standard machine-learning frameworks. 

This means that applications developed 

on the frameworks can be ported to dif-

ferent hardware, giving developers a 

choice of what hardware will be used in 

a particular application. 

Neural Networks 
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Choosing which hardware platform to use 

for an application can be difficult, since dif-

ferent approaches may offer performance 

and efficiency levels that vary by an order 

of magnitude. Likewise, the AI portion of 

an application may only be a fraction of the 

code involved, even if it requires a significant 

portion of the computational support. 
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4. Embedded FPGAs (eFPGAs) like Flex Logix 

Technologies’ EFLX 4K AI are delivering building 

blocks optimized for today’s ML frameworks.

F
lex Logix 

Technologies’ 

EFLX 4K AI has DSP 

blocks that can deliver 

10 times the MACs 

compared to the EFLX 4K 

DSP that employs typical 

FPGA DSP blocks. 
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Minimal power consumption is the watchword for IoT sensors, and multiple pathways 

can be taken to reach this goal.

M
any devices  in 

the Internet of 

Things (IoT) are 

battery-operated 

or they may even use power-scavenging 

systems. The bottom line is that the pro-

cess tends to be the part of the system 

using the most power, so optimizing 

how it uses power is critical. 

The typical way to minimize power 

requirements is to run at full speed for 

as little time as possible and power down 

at other times. These days, most micros 

have a range of power-down modes 

with different power-utilization features 

that developers can take advantage of 

depending on the application. Some 

may only need to run the real-time clock 

(RTC), while others may have to main-

tain some or all of the RAM contents. 

These methods usually help with 

almost any microcontroller, but what 

other options do developers have when 

choosing a low power platform?

CHIP DESIGN

Microcontroller chip designers gen-

erally choose technologies that will min-

imize power requirements while provid-

ing performance. Each iteration tends 

to improve power utilization, but some 

techniques offer significant advantages 

over the conventional method.

Eta Compute takes an asynchro-

nous approach versus the conventional 

clocked design. The challenge with a 

clocked design is that it’s always cycling, 

and thus consumes power while in this 

mode. Eta’s design, with its Cortex-M3 

and spiking neural-network support, 

takes advantage of this approach. The 

machine-learning (ML) ASIC consumes 

less power than most Cortex-M3 plat-

forms. 

Another approach is applied by 

Ambiq Micro for its Apollo 2. Its Sub-

threshold Power Optimized Technology 

(SPOT) platform uses transistors biased 

in the subthreshold region of operation. 

This allows the Cortex-M4F to consume 

less power than most Cortex-M3 imple-

mentations. Floating-point support is 

included. A Bluetooth version of the 

chip is available, too. 

The challenge with both approaches is 

that the design process is more difficult 

than the conventional chip design. New 

design libraries help, but at this point, 

the technologies have been applied to a 

limited number of chips. Nonetheless, 

both hit the sweet spot for IoT devices.

MEMORY DESIGN

Texas Instruments’ (TI) 16-bit MSP430 

family has been known for its low-power 

operation. The family includes a wide 

variety of chips that target specific sensor 

and control applications. 

One feature found in in the TI 

MSP430 FRAM (ferroelectric RAM) 

group of chips is FRAM memory. This 

non-volatile memory technology doesn’t 

have the speed and lifetime limitations 

that bog down flash memory. It was 

IoT Sensor Micros
Need to Sip Power

Microchip’s Configurable Logic Cell design tool helps designers link smart peripherals 

together.
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originally used for data storage, but now 

TI has chips with a unified memory for 

code and data, which creates significant 

flexibility in memory allocation. 

Non-volatile data storage has other 

advantages for IoT environments where 

the processor runs only part of the time 

because data needn’t be stored in flash 

memory, or RAM doesn’t require bat-

tery backup. This allows the MSP430 to 

use very low power modes because the 

FRAM doesn’t need power to maintain 

its contents. Not having to move data 

to and from flash storage means start-

up and shutdown is faster, which also 

reduces power requirements. 

FRAM is exclusive to TI’s MSP430, 

but a competitor looms on the hori-

zon. Magnetoresistive RAM (MRAM) 

shares FRAM’s features compared to 

flash memory. Standard MRAM micro-

controllers aren’t available yet, but the 

foundries used by fabless micro vendors 

are now including MRAM as part of 

their standard fare. 

PROCESSOR OFFLOAD

Smart peripherals are another way to 

limit power consumption by allowing 

data acquisition and transfer while the 

processor is in sleep mode. A smart I2C 

slave device may have built-in address 

recognition, allowing it to wake up the 

processor when the device is selected. 

The other way to build smart periph-

erals is to link multiple peripherals 

together. For example, Microchip’s Con-

figurable Logic Cell (CLC) can tie the 

outputs from peripherals to the input 

of another peripheral or interrupt. With 

the CLC configuration tool (see figure), 

designers can generate designs quickly 

and easily.

Most microcontroller vendors have a 

variation of CLC for their chips. STMi-

croelectronics calls its implementation 

“autonomous peripherals.” NXP’s term 

for intelligent peripheral management is 

FlexIO. And Silicon Labs has its Periph-

eral Reflex System (PRS). NXP has its 

own set of configurable peripherals.

Cirrus Logic’s PSoC takes configu-

ration to the extreme with near FPGA 

flexibility. Not only can designers con-

figure the linkage between peripherals, 

but also the peripherals themselves. 

PSoC chips come with a set of digital 

and analog blocks that can be config-

ured into a range of standard and cus-

tom peripherals. 

Power ef f iciency is  af fected by 

numerous aspects of a design, including 

the processor and its memory, periph-

erals, and their configuration. Devel-

opers will need to consider all of these 

aspects when selecting a device to meet 

the cost and lifetime requirements of a 

system.  
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F
PGA’s, like GPUs, have changed 

significantly from their initial 

inception that took a narrow-

er view of the solution space. 

They’ve morphed from a collection of gates 

and routing to taking on jobs that range 

from communications to artificial intelli-

gence (AI). 

CHANGING FPGA LANDSCAPE

FPGAs used to be single chips like most 

devices. Though they’ve grown in size in 

terms of transistors, the underlying architec-

ture is morphing as well. FPGAs, large and 

small, are still available and useful in their 

original context, but the overall FPGA solution landscape is 

much broader. 

At the high end, interposer technology is allowing types of 

devices to be combined on a single die. Xilinx’s adaptive com-

pute acceleration platform (ACAP) pushes the envelope with 

multiple hard cores employing different silicon node processes 

and analog support, such as mixed signal and SERDES onto a 

single chip (see figure).

Interposer technology is available in a number of forms 

like Intel’s embedded multi-die interconnect bridge (EMIB). 

EMIB uses through-silicon vias (TSVs) like other interposer 

technologies, but smaller, individual interposers are utilized 

between die. This is more like using connectors than a back-

plane. TSV technology is also applied in stacking dies, which 

are common in high bandwidth memory that’s also being tied 

to FPGAs. 

Mixing technologies brings significant advantages when it 

comes to analog technology. It allows for high-speed SERDES 

to be optimized, since they utilize transistor technology differ-

ent from that needed for FPGA fabrics. 

Another change in the FPGA space is the rise of embedded 

FPGAs. Usually, FPGA intellectual property (IP) was only 

used in chips from FPGA vendors. Now a number of embed-

ded FPGA vendors provide IP so that FPGA fabrics are part of 

a system-on-chip (SoC) solution. This is the flip side of FPGA 

SoC designs from FPGA vendors that incorporate hard-core 

processors and peripherals with an FPGA fabric. In both 

instances, the approach is to use compatible FPGA technology 

that meshes with the other IP versus using interposer technol-

ogy to link dissimilar silicon components. 

Also worth mentioning is the impact of flash-based FPGAs. 

Their low power and instant-on capabilities allows them to be 

used in applications such as mobile or in IoT devices where 

RAM-based FPGAs may be impractical.

CHANGING ARCHITECTURES

The use of hard-core processors and peripherals in FPGAs 

has been commonplace for a while, as are building blocks like 

DSP and floating-point units, but even these are changing as 

application demands shift. 

Product Trends

Xilinx’s adaptive compute 

acceleration platform 

(ACAP) combines a 

range of cores and 

technologies with 

its FPGA fabric.

FPGAs continue to evolve from the original collection of gates and routing to handle 

tasks from communications to artificial intelligence.

Not Your Father’s 

FPGAs Anymore
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FPGAs

AI is one tool that’s reinventing how FPGAs work. These 

days, AI’s machine learning (ML) means implementing deep-

neural-network (DNN) support. DNN inference support can 

benefit from small floating-point or integer support, whereas 

most DSP blocks lean toward larger values amenable to the 

problems addressed by earlier FPGAs. 

FPGA vendors have been eyeing the lookup table (LUT) 

and interconnect fabric as well, to see how to improve imple-

mentations in the face of wider FPGA usage. 

Another way FPGAs are changing is the use of custom blocks. 

It’s most common in embedded FPGAs, but some vendors 

like Achronix will incorporate custom or customer IP into a 

conventional FPGA fabric. This is different than the afore-

mentioned interposer support in that the IP uses the same 

silicon technology employed by the FPGA logic. Moreover, it’s 

designed to work within the FPGA interconnect fabric versus 

adding hard-core blocks. The custom IP support is integrated 

into the FPGA software tools so that the custom IP blocks can 

be connected and utilized like the usual FPGA LUTs.

Custom IP of this type is normally included in columns 

like LUTs and other FPGA building blocks such as DSP units. 

However, custom IP can have other advantages; for example, 

an additional connection fabric that’s independent of the 

FPGA connectivity fabric. This can be handy for high-speed 

applications (e.g., networking), where it’s possible to improve 

the flow of data significantly compared to a conventional 

FPGA implementation. 

SOFT CORES AND RISC-V

Soft-core processors have been common since FPGAs 

appeared. Some vendors had their own optimized soft-core 

processors, such as Intel and its NIOS II and Xilinx with its 

MicroBlaze. There are a number of third-party cores for pro-

cessors, like the venerable 8051 and Arm’s Cortex-M1. The 

latter tended to provide more mobility between FPGAs com-

pared to the proprietary soft cores from FPGA vendors, which 

were optimized for their FPGA hardware. 

Enter RISC-V. RISC-V is actually an open-source instruc-

tion set standard. However, it leads to hardware implemen-

tation, including those on FPGAs. This approach has been 

spearheaded by Microsemi’s Mi-V FPGA ecosystem. RISC-V 

is available for most FPGA platforms, in addition to showing 

up in RISC-V-based SoCs as well as GreenWaves Technolo-

gies’ multicore GAP 8 SoC for machine-learning applications. 

Even as FPGA hardware continues to morph, one of the 

greatest changes for FPGA technology is the software used to 

create the IP that runs on the FGPA. But that will have to wait 

for a future article. 
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MARK CARLSON | Co-Chair of the SNIA Technical Council and the SNIA Cloud Storage Technical Work Group 
www.snia.org

A new storage media offers a blend of volatile memory speed and non-volatile 

persistence. Welcome to the world of Persistent Memory.

The Persistence of

MEMORY

T
ypically, when you run a 

software program on your 

computer, mobile device 

or via a server in the cloud, 

you’re using volatile memory, or mem-

ory that doesn’t retain its contents when 

the power is off. When the code is fin-

ished with its tasks, the resulting data 

is usually handed off to non-volatile 

media, like a hard drive or solid-state 

drive (SSD). The data can live there until 

it needs to be pulled again for a given 

software process. 

Imagine, though, that you could cut 

down on the lag, or latency, that hap-

pens with this hand off? You’d have the 

perfect blend of volatile memory speed 

and non-volatile persistence. In fact, the 

new nascent storage media is called just 

that: Persistent Memory. 

A number of competing technolo-

gies exist on the market. Companies are 

all trying to get the lowest latency pos-

sible out of the underlying media. The 

ultimate goal with persistent memory 

is to achieve the same or better latency 

than dynamic random-access mem-

ory (DRAM); then it can be a DRAM 

replacement.

Persistent media already exists, but it 

uses a workaround by placing it behind 

DRAM, which has the lowest latency. 

What the host sees is fast DRAM laten-

cy. It makes that DRAM persistent by 

using Persistent Memory media as a 

backing store of sorts for the DRAM. 

So, when the host is busy rewriting or 

even refreshing the DRAM, and when 

the power fails, the device has enough 

power to persist what’s in DRAM.

The devices shipping now that sup-

port this sort of persistent media are 

called non-volatile dual in-line memo-

ry modules, or NVDIMMs. While the 

main promise of persistent media is 

speed, it also can protect against power 

interruptions, allowing end users and 

processes to work with data even if the 

power is interrupted to a given device.

There are three types of NVDIMM 

devices: NVDIMM-N, NVDIMM-

P, and NVDIMM-F. NVDIMM-N 

is a memory-mapped DRAM with 

no system access to flash. It features 

a low-capacity of 2 to 32 GB and very 

low latency of tens of nanoseconds. 

NVDIMM-F is memory-mapped flash 

while DRAM isn’t system-mapped, 

featuring a high capacity of 100 GB to 

one terabyte and a low latency of tens 

of microseconds. Finally, NVDIMM-

P is memory-mapped flash and mem-

ory-mapped DRAM with both byte 

and block drive-oriented access. It 

has the same high-capacity ability as 

NVDIMM-F, but carries a low latency of 

hundreds of nanoseconds.

PARADIGM SHIFT

Persistent Memory media is surely 

a sea change in our computing para-

digm. A similar transition came when 

SSDs came along. NAND (Not-And) 

devices were placed into enclosures 

Engineering Essentials

An NVDIMM-N is one type of persistent-media device.
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Persistent Memory

and connected to computing devices 

with the same form factor as the previ-

ous spinning disk technology. Com-

puting devices use the same interface, a 

serial-attached small computer system 

interface (SAS) or Serial AT Attach-

ment (SATA), to talk to it. Suddenly, 

all of the applications that were on the 

hard drive work with solid state, only 

a lot faster.

The problem was, however, that 

without changes to the software, these 

new media devices were too fast for 

the underlying computer architecture. 

There was a latency limitation with 

SAS and SATA interfaces, as well as the 

driver stack above them, which limited 

the performance in that form factor and 

using those interfaces. A brand-new 

interface just for SSDs called NVMe, or 

NVM Express, had to be created. Now, 

devices can take full advantage of SSD 

performance.

NVMe SSDs work on a PCIe bus, so 

computing devices aren’t restrained by 

lower-performance hard-disk drives. 

Consequently, new issues need to be 

resolved, like dissipating the heat from 

a bunch of NAND devices. Now a num-

ber of new form factors have the prom-

ise of fully taking advantage of solid-

state storage. 

The same will likely happen with 

new persistent media, but this time as 

well, there needs to be software changes 

to get full performance from the new 

paradigm.

SOLVING THE SOFTWARE

Software, from the operating sys-

tem on up, needs to be rewritten to 

deal with new, lower latency and the 

end of the need to write data to slower 

non-volatile destinations. Many appli-

cations today assume that memory 

isn’t persistent. Therefore, sharing that 

data with another machine or another 

instance of the application, the cluster, 

or somewhere, requires that it’s already 

coded to write it out to a block device. 

The app will write data to memory and 

use it in memory, but at some point, it 

needs to be checkpointed and written 

out to some persistent media, typically 

an SSD or a hard drive.

For software to take advantage of per-

sistent memory, it will have to change 

the operations and realize that when its 

reading and writing in memory, that’s 

it. It’s already persistent. So, code won’t 

have to stage it out to another device.

The operating system itself needs to 

understand that memory is persistent, 

too, so it can pass that persistent-mem-

ory model to the applications it runs. It 

must add new features to the language 

itself to accommodate and optimize for 

this new model. 

SNIA MODEL

An NVM programming model 

developed by SNIA explains the techni-

cal issues involved. For example, there’s 

a command called flush. The reason 

we use flush is because some of your 

data might be in memory and some 

might be in a processor cache. So, if 

your data is still in the processor cache, 

it’s not persistent, but if you flush it out 

to memory, then it can be persistent. 

Therefore, where it once had to execute 

a checkpoint and send it out to the SSD, 

now it just has to do a checkpoint, or 

a flush.

That gets all of the data out of the 

cache and into the DRAM, for one 

thing. And if the power fails right then, 

the application and its data are saved 

in NAND flash memory, and its data 

would still exist. When the application 

comes up again, what it thought was in 

memory is still there.

The bottom line is that your applica-

tions will run several orders of mag-

nitude faster than if you’re writing out 

to SSDs. It will initially cost more to 

implement this new memory architec-

ture. That might make some business 

people worry. Businesses will have to 

pay more, but they will get more per-

formance, and maybe the improved 

performance will actually make it pos-

sible to charge more, which is usually a 

good business choice.

Ult imately,  it’s  about making a 

tradeoff. Some things won’t change 

in an app, but others will need to be 

modified if they’re to take advantage 

of this performance. Thus, you could 

make some interim steps that will result 

in better performance without having to 

change anything.

Software Hardware

Block mode

Application User space

Load/store

Block driver Byte addressable

NVDIMM driver

MRC + BIOS modules

Kernel space

THE “INGREDIENTS”

SMB

NVDIMM Energy module

SAVE trigger
DIMM interface

CPU/memory controller Power supply

Platform hardware

NVDIMM

BIOS

OS

The “ingredients” of persistent media include platform hardware, OS and software.
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Swapping out all of your SSDs for 

persistent-media devices will be very 

expensive, especially now, when the 

technology is new. Changing all of your 

software to take advantage of persis-

tent media will also involve a layout 

of capital, so you might find a middle 

path and just upgrade the devices and 

software that offer the best return on 

your investment. 

WHAT IS SNIA?

The Storage Networking Industry 

Association (SNIA) is an organization 

made up of storage networking pro-

fessionals. It provides a wide variety 

of whitepapers and educational docu-

ments, including the “NVDIMM Cook-

book: A Soup-to-Nuts Primer on Using 

NVDIMMs to Improve Your Storage 

Performance.”

The association has a technical work 

group that’s developing specifications, 

white papers, and educational material 

around the NVM programming model. 

The Solid State Storage Initiative, which 

is a group meant to go out and promote 

adoption of solid-state and persistent 

memory, is aiding in that effort. The 

Initiative has a special interest group 

(SIG) that’s focused on NVDIMMs and 

persistent memory.

The same group has also done a num-

ber of BrightTALK webcasts, and pre-

sented at professional conferences. They 

present a substantial track every year 

on solid-state and persistent memory at 

the Storage Developer Conference every 

year in September.  

The mission of the Persistent Memory 

and NVDIMM Special Interest Group 

(PM/NVDIMM SIG) is to educate on 

the types, benefits, value, and integra-

tion of persistent memory, as well as 

communicate the usage of the NVM 

T
he Storage Networking Industry Association (SNIA) is an organi-

zation made up of storage networking professionals. It provides 

a wide variety of whitepapers and educational documents, including 

the “NVDIMM Cookbook: A Soup-to-Nuts Primer on Using NVDIMMs to 

Improve Your Storage Performance.”

Increased Reliability 
for Industrial Applications
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and vertical layouts with 12-80 pin combinations.

Designed with surface mount solder tabs for additional

board retention strength, it can withstand lateral and 

twisting forces in high vibration environments.

Temperature range of -55°C to +125°C 

Assists with blind mating

Fully shrouded connector system

Tested to perform up to 500 operations

www.harwin.com/kontrol
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programming model created to simplify 

integration of current and future persis-

tent-memory technologies. It also hopes 

to influence and collaborate with mid-

dleware and application vendors while 

developing useful case studies, best 

practices, and vertical industry require-

ments around persistent memory. Fur-

thermore, the PM/NVDIMM SIG hopes 

to coordinate with other industry stan-

dard groups to promote, synchronize, 

and communicate a common persistent-

memory taxonomy. 

All of that activity and energy is going 

into creating a future where persis-

tent memory is the norm and persis-

tent media is commonplace. SNIA has 

formed an alliance with a group called 

OpenFabrics Alliance (OFA), which 

focuses on low-latency fabric intercon-

nects between CPUs and servers. Persis-

tent memory gives you the ability to take 

an NVDIMM from a failed server and 

plug it into a new server so that every-

thing is back online and available. It 

helps with data durability and availabil-

ity—while the NVDIMM is swapped 

into a new server, the data is unavail-

able, which may mean the application is 

unavailable, and customers may not be 

paying money at that time.

Persistent memory over fabrics allows 

you to mirror the data that’s written to 

local persistent memory over to remote 

persistent memory. That means if your 

server dies and can’t be repaired, the 

application can use the data on a differ-

ent server. Thus, your application is still 

available, the data is still available, and 

your customers are still paying.

That makes it so there’s no impact on 

the customer side. A slight hiccup could 

occur when an app finally determines 

that the server really is down while it has 

to switch over to the secondary, but that 

happens pretty quickly—a lot faster than 

unplugging the NVDIMM and putting 

it in a different server.

GAZING INTO THE CRYSTAL BALL

In the distant future, it’s not hard 

to imagine how much faster your lap-

top would be to get to a specific task 

without the need to boot up. A laptop 

would pick up wherever it was before, 

meaning whatever windows you had up 

and wherever your cursor was on the 

screen—all exactly the same as when 

you powered it off.

The cloud will benefit from the use 

of persistent memory, too. The new 

technology is going to make it so that 

any given machine can support many 

more clients. Businesses can have more 

customers deferring the cost of that one 

server by being able to service a greater 

influx of customers. All they give you 

is a slice, and that slice is based on how 

fast things can get done, and how fast 

they can take your data and put it on 

that server. If that data is already sitting 

in persistent memory, it’s just running 

right now. It can start generating income 

right away since time isn’t spent on load-

ing your applications and data. 

That will help businesses decrease 

overhead as well. Typically, with a nor-

mal boot, devices have to read in a lit-

tle piece and then a bigger piece, start 

running the operating system, subse-

quently start running the applications, 

and, finally, present the prompt (or the 

web page). During that time, custom-

ers aren’t being charged; there’s no work 

happening. Persistent media can elimi-

nate that downtime on every server. As 

a result, more applications can be run 

on every server, which will ultimately 

help defray the cost of switching over to 

a persistent-memory paradigm.

Ultimately, while persistent mem-

ory and associated media is just com-

ing into play, the technology itself will 

have far-reaching implications for our 

increasingly computerized and cloud-

based world. Faster,  durable,  and 

mobile memory devices mean more 

effective computing abilities across 

applications in both business and pri-

vate domains. 

C omp anies ,  a f ter  s ome cost ly 

upgrades to both hardware and soft-

ware, can begin to reap the benefits with 

more efficient systems, far less notice-

able downtime or failure, and increased 

ability to serve more customers across a 

variety of domains. As we see the tech 

move into personal use devices like lap-

tops and possibly tablets and handheld 

devices, persistent memory is the fore-

front of a new, more powerful way to 

manage our computing needs. 

TO LEARN more about the work that SNIA 

is doing around these topics, please visit 

our website at www.snia.org/pm.

Persistent Memory

Persistent memory will change the way applications transition to a new stack.
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WHEN YOU’RE CREATING
ENERGY EFFICIENT DEVICES THAT

SENSE CONNECT AND CONTROL

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

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

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

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

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

onsemi.com/IoT

CONNECT AND CONTROL
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Though 2G/3G cellular, WiMAX, and HomePlug are still around, they’ve moved to the 

background.

Whatever Happened to These 
Once Hot Communications 
Technologies?

LOU FRENZEL | Contributing Editor

C
hange is inevitable. You’re only as good as your 

last successful product or technology. If you’re a 

follower of communications technologies, you 

know what I am talking about. As new and better 

devices and techniques are discovered and emerge, they leave 

the older standards to fade away. New competitive technolo-

gies quickly make the existing and older technologies obsolete. 

That’s how the modern electronics industry works these days. 

Several once promising technologies come to mind when 

considering this phenomenon. These are the 2G and 3G cel-

lular standards, WiMAX, and the power-line communications 

(PLC) technology HomePlug. All have faded into near oblivi-

on as they’ve been superseded by newer and better technology. 

For whatever it’s worth, here’s a brief look at these technologies 

to bring closure to your curiosity.

2G/3G CELLULAR

The second-generation cellular was digital technology that 

replaced the first-generation analog FM systems. Several digi-

tal standards were developed based on a time-division mul-

tiple-access (TDMA) scheme (e.g., IS-136). Most of these 

enjoyed a short success, but quickly the European GSM (Glob-

al System for Mobile) communications technology gradually 

replaced them all. 

It’s still around today, mainly in Europe and some devel-

oping countries. In the U.S., though, it’s mostly been phased 

out. AT&T turned off their GSM network in January of 2017. 

Verizon says it will keep GSM on until the end of 2019, and 

T-Mobile will maintain its GSM network until the end of 2020. 

Sprint plans to hang on until the end of 2021. The main reason 

for maintaining 2G is probably the companies’ responsibilities 

toward fulfilling the machine-to-machine (M2M) contracts. 

Also on the way out are the 3G networks that were supposed 

to replace 2G. 3G cellular systems used spread-spectrum tech-

niques like code division multiple access (CMDA). Two stan-

dards emerged—the CDMA of Qualcomm called cdma2000 

and wideband CDMA standard of the Third Generation Part-

nership Project (3GPP). Verizon and Sprint built cdma2000 

networks while AT&T and T-Mobile made UMTS W-CDMA 

networks. Both camps were successful, bringing higher data 

rates and increased network capacity. 

Most of these 3G networks are still in operation, and the 

majority of phones have a 3G fallback provision if a local LTE 

network is not available. (I experienced this myself recently in 

the boonies of Wyoming.) The 3G technologies are also used 

in some M2M and Internet of Things (IoT) applications. But, 

invariably, these 3G networks will be phased out.

3G may last longer than desired simply because many LTE 

networks still don’t support voice. A voice call from an LTE 

phone is usually handled by 3G. While some of the more 

advanced LTE networks have implemented voice over LTE 

(VoLTE), many still switch you over to 3G for a voice call. In 

addition, the carriers are encouraging M2M and IoT custom-

ers to use the newer Cat-M and NB-IoT modules that are 

compatible with their LTE networks. Carriers are no longer 

certifying 3G products for their networks.

The core technology in most cellular networks today is Long 

Term Evolution (LTE) or what we all call 4G. It uses the more 

spectrally efficient orthogonal frequency-division multiplexing 

(OFDM) to get higher data rates, increased capacity, and great-

er reliability. LTE Advanced, a further enhanced version, has 

already been implemented with more operators still to adopt. 

Eventually, though, the 5G New Radio technology being 

developed by the 3GPP will emerge around 2020 and gradu-

ally work alongside LTE and eventually replace it. Who needs 

Communications Update
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Design Note

 All registered trademarks and trademarks are the property of their respective owners.

42V, 2A/3A Peak Synchronous Step-Down Regulators with 2.5µA 
Quiescent Current and Ultralow EMI Emission
Dong Wang 

Introduction
The LT®8609, LT8609A, LT8609B and LT8609S are 
synchronous monolithic step-down regulators that feature a 
wide 3V to 42V input range. This device family is optimized 
for applications requiring low EMI, high efficiency and 
small solution size—suitable for demanding automotive, 
industrial, computing and communications applications. All 
regulators in this series have the same 2A continuous, 3A 
transient (<1 second) load current capability. Their features 
are summarized in Table 1.

The LT8609, LT8609A and LT8609S feature 2.5µA 
ultralow quiescent current, important for battery-powered 
systems. With integrated top and bottom N-channel 
MOSFETs, the regulators exhibit impressive light load 
efficiency. The LT8609B operates in pulse-skipping mode 
only, with higher quiescent current than the other devices, 
but offers lower ripple during light load operation. 

All can pass CISPR 25 Class 5 radiated EMI regulation, 
the most rigorous EMI standard for automotive equipment. 
Furthermore, the LT8609, LT8609A and LT8609S feature 
spread spectrum frequency operation to reduce EMI 
peaks. The LT8609S displays the most impressive EMI 
performance in this family, based on its proprietary Silent 
Switcher®2 technology, described below.

5.5V to 42V Input, Low EMI, High Efficiency 5V, 
2A Supply
A 5.5V–42V input to 5V/2A output power supply is shown 
in Figure 1. This solution features a 16-lead LT8609S 
regulator with a 2MHz switching frequency. Only a few 
components are required for the complete solution, 
including inductor L1 and a few passive components. 
Figure 2 shows that this solution can achieve 92.9% peak 
efficiency.

Burst Mode Operation to Improve Light Load 
Efficiency
During light load operation and no-load standby mode, 
high efficiency and low idle current are important for 
battery-powered applications. The LT8609, LT8609A 
and LT8609S feature a low 2.5µA quiescent current in 
Burst  Mode® operation. During light load and no-load 
conditions, the switching frequency is gradually reduced, 
greatly reducing power loss while keeping the output 
voltage ripple relatively low. Figure  2 shows that light 
load efficiency remains above 85% while the power loss 
approaches zero at minimal loads.

Design Note 573

Figure 1. Ultralow EMI Emission LT8609S  
12V to 5V Synchronous Step-Down Converter
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Figure 2. Efficiency vs Load Current for LT8609/09A/09S 
Based 12VIN to 5VOUT Step-Down Converter
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High Switching Frequency with Ultralow EMI 
Emission & Improved Thermal Performance
EMI compliance is a concern in a number of environments, 
including automotive systems. With integrated MOSFETs, 
advanced process technology, and up to 2.2MHz operation, 
all of the devices in this family can achieve small solution 
size while satisfying the most stringent EMI standards. 
Spread spectrum frequency operation, which reduces EMI 
peaks, is available in all but the LT8609B. Furthermore, the 
LT8609S incorporates Silent Switcher 2 technology. Silent 
Switcher 2 devices feature integrated hot loop and warm 
loop caps to make EMI performance insensitive to board 
layout and the number of board layers. A board with fewer 
layers can be used to reduce manufacturing costs without 
sacrificing EMI and thermal performance. 

Figure 2 shows that the LT8609S features the best peak 
and full load efficiency of the device family. Figures 3 and 4 
show a CISPR 25 EMI and thermal performance comparison 
of the Figure 1 solution on 2- and 4-layer boards.

Conclusion
The devices in the LT8609 family are easy-to-use 
monolithic step-down regulators with integrated power 
MOSFETs and built-in compensation circuits. They are 
optimized for applications with wide input voltage range 
and low EMI noise requirements. Low, 2.5µA quiescent 
current and Burst Mode operation make them excellent 
battery-powered step-down converter solutions. 200kHz 
to 2.2MHz switching frequency range make them suitable 
for most low power to micropower applications. Integrated 

Data Sheet Download
www.analog.com/LT8609

Figure 3. CISPR 25 Radiated EMI Performance Comparison 
Between 2- and 4-Layer Boards for the Circuit in Figure 1

Figure 4. Thermal Performance Comparison Between  
2- and 4-Layer Boards for the Circuit in Figure 1

Part Package Performance Operation Mode

LT8609 MSE-10 High efficiency Burst Mode operation 
Pulse-skipping mode 
Spread spectrum mode 
Sync mode

LT8609A MSE-10 Optimized for both efficiency and EMI performance Burst Mode operation 
Pulse-skipping mode 
Spread spectrum mode 
Sync mode

LT8609B MSE-10 High efficiency Pulse-skipping mode

LT8609S LQFN-16 Silent Switcher 2 technology incorporated with best 
efficiency and EMI performance

Burst Mode operation 
Pulse-skipping mode  
Spread spectrum mode 
Sync mode

MOSFETs and up to 2.2MHz switching frequency capability 
minimize solution size. CISPR 25 scanning results show 
excellent radiated EMI performance, compliant with the 
most stringent EMI standards. Silent Switcher 2 technology 
in the LT8609S makes its performance immune to layout 
and layer changes, greatly reducing development and 
manufacturing costs. 

http://www.analog.com/LT8609?doc=DN573.pdf
http://www.analog.com/LT8609?doc=DN573.pdf
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±2000 V High Speed Pulse Generator
PVX-4000 Series All-in-One High Voltage Pulse Generators

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

with your computer… It’s that easy! 

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

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

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

• Pulse rise and fall times ≤50 ns

• Repetition frequencies to 30 KHz

Directed Energy, Inc.  an IXYS Company
www.directedenergy.com  | +1-970-493-1901

Communications Technologies

2G/3G today when most cellular activity requires fast digital 

data rates? LTE will be around for many years as 5G gradu-

ally takes over. Fixed wireless access first, then handsets and 

mobile service, and finally IoT and M2M services. Until then, 

your only choice is LTE.

WIMAX

Worldwide Interoperability for Microwave Access, or 

WiMAX, came on the scene about the same time as LTE. For 

a while, the two technologies were competing for the next 

cellular standard. Sprint/Clearwire even had a rather exten-

sive WiMAX cellular network, but eventually abandoned 

it in favor of LTE. LTE won the standards battle, big time. 

Both technologies use OFDM; however, LTE is primarily a 

frequency division duplex (FDD) technology, while WiMAX 

uses time division duplex (TDD). 

WiMAX, an IEEE standard (802.16) is now known pri-

marily as a last mile, fixed wireless access technology to be 

used for internet access where it competes with cable and 

DSL. Its data rates typically max out at 30 to 40 Mb/s. How-

ever, recent upgrades to the standard now provide data rates 

to 1 Gb/s. WiMAX is still available, but mostly outside the 

U.S. For more updates, go to the WiMAX Forum at www.

wimaxforum.org.

HOMEPLUG

HomePlug is a PLC standard. It transmits data over the ac 

power lines within a home or building. The technology uses 

a form of OFDM that’s superimposed on the ac mains 60-Hz 

voltage. Its primary use is as a home-networking technology 

for connecting to the internet. Simply plug the modem into 

an outlet and its signal will reach another modem at another 

outlet via the home wiring. No other wiring is needed. 

The HomePlug technology is standardized as IEEE 1901. 

Multiple other PLC versions and standards are used in industry.

Despite the convenience of no extra wiring and data rates up 

to over 1 Gb/s in the latest form, HomePlug just didn’t catch on. 

With de facto Wi-Fi so cheap, convenient, fast, and featuring 

regular upgrades, HomePlug didn’t stand a chance. Yet Home-

Plug is still available. For more details, go to www.homeplug.org.

It’s routine for multiple technologies to emerge and compete 

for some new application and standard. One eventually wins 

the battle while the others either fade away or find new but 

more limited applications. Sometimes it pays to hold off in 

committing to a technology until it emerges as the winner. On 

the other hand, those who bet on the winner early in the game 

get a head start and are usually more successful financially. It’s 

a risk most companies take at some point. Shine up your crys-

tal ball for the best results. 

http://www.wimaxforum.org
http://www.wimaxforum.org
http://www.homeplug.org
http://www.directedenergy.com
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Visualization of 

deformation and 

von Mises stress in a 

hyperelastic car door seal.

NONLINEAR STRUCTURAL 
MECHANICS  MODELING

Nonlinear structural analysis is concerned with 

structures where structural response, such as defor-

mation or stress, is not proportional to inputs like 

applied loads. This behavior arises from:

•   Nonlinear constitutive behavior, such as plasticity 

and hyperelasticity

•  Large deformation, such as buckling

•   Nonlinear boundary conditions, such as contact 

and friction

In this webinar, we will discuss the built-in and 

user-defined features that the COMSOL® sof ware 

provides to capture nonlinear structural behavior 

and will highlight some best practices.   The webinar 

includes a live demo in the COMSOL Multiphysics® 

sof ware and concludes with a Q&A session.

SPEAKER:
Temesgen Kindo, Applications Engineer, COMSOL

Temesgen Kindo works at 

COMSOL as an applications 

engineer, specializing in 

structural mechanics and 

equation-based modeling. 

Before joining the Burl-

ington, MA of ice, Temes-

gen received his PhD in 

civil engineering from Duke 

University. He is interested 

in nonlinear mechanics, 

multiphysics problems, 

and applied mathematics.

FREE WEBINAR
August 16, 2018  |  2:00pm ET

Hosted with 

https://event.on24.com/wcc/r/1797416/CD833766CB3AB7A6BA1377ABACC4B581


Careful attention to all aspects of system design needs to be paid to optimize for 

capital costs, operational costs, and ease of design and construction.

W
hen forming 

l i t h i u m - i o n 

cells in manu-

facturing, or 

when testing large quantities of cells for 

evaluation, it’s important to select your 

charging and discharging systems with 

the proper size for the task. In manu-

facturing, where you may be charging 

and discharging thousands of cells at a 

time, total power consumption and heat 

generation must be considered. Oversiz-

ing a system to give margin may seem 

like a good idea, but you must take into 

account the additional capital cost, sys-

tem size, and operational expenses. 

Two key factors that need proper 

sizing are the maximum voltage of the 

charging circuit and the minimum volt-

age of the discharging circuit. Let’s look 

at each of these in more depth.

The cell itself will be the determin-

ing factor of the voltage that’s needed to 

charge the cell. For example, the maxi-

mum charging voltage may be 4.2 V. This 

voltage, of course, is the maximum volt-

age that must appear on the terminals of 

the cell, but this will not be the maximum 

voltage of the charging system. 

The charger must be able to source 

more voltage to overcome voltage drop 

in the wires and the contacts to the cell. 

The available voltage at the terminals of 

the charger will need to be the sum of 

the maximum voltage on the cell (4.2 V 

in our example) plus the voltage drop in 

the wires, which will be the resistance of 

the wires times the maximum current 

flowing through the wires (Fig. 1).  

Your first inclination may be to speci-

fy a charger voltage that is 2 or 3 V high-

er than the cell’s maximum charge volt-

age. This will give you a wide margin in 

the resistance that you can have in your 

wiring and contacts. By accommodating 

a high resistance wiring path, you can 

then use longer wires or thinner wires, 

simplifying fixture design.

However, while having extra voltage 

on the charger to accommodate a higher 

resistance path seems like a benefit, it 

comes at a high cost. First, consider the 

Fixture vs. Charger
Design Tradeoffs
When Charging Li-ion Cells

BOB ZOLLO | Solution Architect for Battery Testing, Electronic Industrial Solutions Group, Keysight Technologies Inc.

What’s the Difference?

1. Voltage drops in the wires when charging a cell.
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extra power needed by the charger. The 

power in the wires, which is V_drop × 

I_in_wire, must be added to the power 

being supplied by the charger. You will 

also need to buy a larger charger that 

can source more power to supply what 

was lost in the wires. You will pay for 

this power in increased electricity con-

sumption. 

Next, you must consider that the 

power in the wires will be lost as heat. 

Normally, the wires will be bundled 

together, and this heat can build up. 

Lastly, all of the excess heat generated 

by the more powerful charging circuit 

and the loss in the wires will add a larg-

er heat burden on the environmental 

systems/air conditioning, which itself 

must be sized larger and will cost more 

(increased capital), as well as require 

more electricity to operate (increased 

operational expense).

THREE POSSIBLE SCENARIOS

Let’s look at three cases:

Case 1:  Charging a 3-AH 18650 cylin-

drical cell to 4.2 V, using 18 AWG wire of 

20 feet total length (includes both posi-

tive and return path) and 20 mΩ of con-

tact resistance.

Case 2: Charging a 100-AH pouch 

cell to 4.2 V, using 4 AWG wire of 20 

feet total length (includes both positive 

and return path) and 20 mΩ of contact 

resistance.  

Case 3: Charging a 100-AH pouch 

cell to 4.2 V, using 0 AWG wire of 8 feet 

total length (includes both positive and 

return path) and 5 mΩ  of contact resis-

tance.  

So, as you can see, simply deciding 

to give more voltage margin on wir-

ing design to allow for an easier design 

with increased resistance of the wires 

has many ramifications on operational 

expenses and capital expenses. You must 

consider the tradeoffs.

WHAT ABOUT DISCHARGING?

Now, let’s look at discharging the 

cells. In this case, while the resistance 

of the wires still causes a voltage drop 

when discharge current flows, the volt-

age drop reduces the voltage on the cell 

Fixture vs. Charger Design 

THREE CHARGING SCENARIOS

Parameter

CASE 1

When charging a 3000-mAH 
18650 cylindrical cell

CASE 2

When charging a 100-AH 
pouch cell with long wires, 
too thin wire, poor contacts

CASE 3

When charging a 100-AH 
pouch cell with short wires, 

thicker wires, better contacts

Max voltage on the cell (V)  4.2  4.2  4.2 

Max charge current (A)  3  100  100 

Wire size 18 AWG 4 AWG 0 AWG

Wire resistance per foot 0.0064 Ω/ft. 0.0002486 Ω/ft. 0.0000983 Ω/ft.

Wire length (sum of wire length 
in the positive path and 

the return path)
20 ft. 20 ft. 8 ft.

Contact resistance (Ω) 0.02 0.02 0.005

Total resistance (Ω in wire) 0.148 0.024972 0.0057864 

Voltage drop in the wire (V) 0.444 2.5 0.58 

Power dissipated in the wire (W) 1.332 250 58 

Voltage required at the charger 
(V)

4.644 6.7 4.78 

Power delivered to the cell (W) 12.6 420 420 

Power supplied by the charger 
(W)

13.932 670 478 

Conclusions
For low current, wire size 
and length have minimal 

effect

Switching to larger wire, 
making wires shorter, and 

lowering contact resistance 
can reduce lost heat to 

1/5th and reduce size of 
charger by 30%
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2. Voltage drops in the wires when discharging a cell, too.

when it gets to the terminals of the dis-

charger circuit. This means the power 

of the discharger circuit can be lower, 

as some of the energy coming from the 

cell is lost in the wire before it gets to the 

discharger (Fig. 2).

Generally speaking, discharger cir-

cuits are electronic loads. All electronic 

loads have a minimum operating volt-

age, typically on the order of 1 to 3 V. 

This means that you can pull full current 

into the discharger (load) until you hit 

the minimum operating voltage. Then, 

as the voltage at the terminals of the dis-

charge decreases, the available current 

will be linearly derated (Fig. 3). 

So, if you are trying to discharge your 

cell down to 3.0 V, and if you have 2.5 

V of drop in the wires (as in Case 2), 

the voltage at the discharger input is 

only 0.5 V. This is probably below the 

minimum voltage of the discharger; 

therefore, the available current will be 

derated as well. 

You may not be able to pull enough 

discharge current to meet your testing 

requirements. It will cause you to have 

to specify a larger discharger in terms 

of maximum current, even though you 

won’t be using that maximum current. 
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Fixture vs. Charger Design 

3. Shown is the operating voltage and current of a single channel of the Keysight BT2200 Cell 

Charger/Discharger System, used for forming cells in manufacturing. While the maximum 

charging voltage can go to 6 V, the drop in the wire needs to be considered. Note the mini-

mum operating voltage during discharge and the derating from 1.9 V to 1.2 V. 

A larger discharger will drive up your 

equipment cost (capital expenses).

Like with charging, heat will exist 

in the wires, and they will be bundled 

together, causing the heat to build up.  

Thus, once again, a simple decision 

to give more voltage margin on wiring 

design to allow for an easier design with 

increased resistance of the wires has 

many ramifications. You must consider 

the tradeoffs.

If your charging and discharging 

operation is on only a few cells at a 

time, perhaps the impact on operation-

al costs and capital costs aren’t signifi-

cant. However, when testing many cells 

or when forming cells in manufactur-

ing, you will have many cells that need 

to be simultaneously tested. Each of 

those cells will require its own charger, 

discharger, fixture, and wiring. Wast-

ed energy, excess heat, and increased 

equipment cost will be multiplied many 

times over. 
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ideas for design

WHEN TAKING MEASUREMENTS control 

circuits use some form of flip-flop that 

responds to a pushbutton switch or oth-

er control input. These all have volatile 

memory and default to an OFF condition 

if power is turned off, and sometimes 

that's even the preferred situation. How-

ever, if your application must remember 

what it was doing when power failed and 

resume from where it left off when pow-

er is restored, you may have a problem.  

The circuit in Figure 1 will deliver an 

output current from 4 to 20 mA for an 

input voltage (V
in

) from 0 to 5 V.  PNP 

transistor Q1 (2N2907) is configured as a 

constant-current source;  its emitter cur-

rent and resistor value (R
e
) are defined by 

the equation:

V
cc

 – V
b
 – V

be

I
e

R
e
 =

where V
cc

 = 5 V, and V
be

 = 0.7 V.

Transistor base voltage V
b
 must be 

within the range of 3.64 V to 1.00 V to 

control the emitter current from 4 to 20 

mA. Thus, a 165-Ω resistor is the appro-

priate value to generate that current loop. 

Since V
b
 will be generated within that 

range, a PIC microcontroller is selected 

to control the transistor’s base voltage. 

A microcontroller that suits these needs 

is the PIC16F1783, because it has both 

analog-to-digital and digital-to-analog 

converters (ADCs and DACs).

The ADC input will be reading the sen-

sor’s input voltage on channel AN0, and 

with some processing, it will then control 

the voltage output in the DAC module. 

An op amp (MCP602) is configured as a 

driver and used to buffer the DAC’s ana-

log output. The 8-bit DAC will provide a 

voltage output with a resolution of 20 mV, 

while the 10-bit ADC has a resolution of 

4.88 mV. Therefore, the ADC reading is 

divided by 4 to make it compatible, and 

the output voltage will be controlled by 

the sensor’s input voltage.

The DAC voltage references are set to 

V
Ref+

 = 3.64 V and V
Ref

− = 1 V, using a 

pair of multiturn trimmer potentiom-

eters. This configuration makes the DAC 

output vary from 3.64 V to 1.0 V. As the 

DAC output voltage decreases from 3.64 

V to 1 V when the sensor’s input voltage 

increases, the PIC micro delivers a volt-

age from 1 V to 3.64 V. Thus, the out-

put voltage must be inverted, so that the 

ADC reading is stored in variable VOLT. 

The ADC’s binary reading in this vari-

able goes from 0 to 255; knowing this, we 

get the equation: 

Microcontroller Efficiently Converts 
Sensor Voltage to Current Loop 
RICARDO JIMENEZ | Imperial Valley College, Imperial, CA

JORGE L. AGUIRRE and THOMAS F. MURRIETA | Instituto Tecnologico de Mexicali (ITM)

1. This circuit, based on a PIC microcontroller with a few added components, converts a 

sensor-based voltage into a 4- to 20-mA current loop. Shown is the circuit as originally drawn 

on a whiteboard.
(Continued on page 44)
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Listing 1: Microcontroller’s code for the PIC16F1783 to control the current source.
'*  Name    : V-TO-I.BAS                                                                                      *
'*  Authors  : Ricardo Jimenez, Tomas Murrieta, and Luis Guzman   *
'*  Date    : 6/08/2017                                                                                        *
'*  Version : PBP3 compiler from www.melabs.com                                 *
'*  Notes   : PIC 16F1783 VOLTAGE TO CURRENT CONVERTER           *
OSCCON= %01101011           ;                    4 MHz internal oscillator
OSCTUNE=0;
ASM__CONFIG_MCLRE_OFF       ;                MASTER CLEAR PIN CONNECTED TO VDD
TRISA= $FF                    ;                                PORTA SET AS INPUT
TRISB= 0                    ;                                     PORTB SET AS OUTPUT
TRISC= 0                    ;                                     PORTC SET AS OUTPUT
ANSELA= $FF                  ;                              PORT A SET AS ANALOG
ANSELB= 0                   ;                                  PORT B  SET AS DIGITAL
ADCON0  = %10000001         ;                   see description in article           
ADCON1  = %11110000         ;                   
ADCON2  = %00001111         ;                   
DACCON0 = %10010101         ;                 DAC SETTINGS WITH EXTERNAL "VREF(+)" AND "VREF(-)"

'///////////LCD CONFIGURATION////////' 
DEFINE LCD_DREG PORTC               ; 
DEFINE LCD_DBIT 0                   ;
DEFINE LCD_RSREG PORTC              ;
DEFINE LCD_RSBIT 4                  ;
DEFINE LCD_EREG PORTB               ;
DEFINE LCD_EBIT 0                   ;       
DEFINE LCD_BITS 4                   ;   
DEFINE LCD_LINES 2                  ;
DEFINE LCD_COMMANDUS 1500           ;
DEFINE LCD_DATAUS 44                ;

VOLT VAR WORD: VOLT1 VAR WORD: VOLT2 VAR WORD : V VAR WORD          ;
UNITS VAR WORD: DECIMALS VAR WORD: CENTS VAR WORD: X VAR WORD      ; 

MAIN:
    GOSUB adc_read     ;
    X = 255 - VOLT     ;                                                              X VARIABLE inverts THE VALUE OF Vin
    DACCON1 = X        ;                                                             DAC output VALUE EQUALS TO X
    GOSUB ANALOG_TO_DECIMAL ;                                                     GOES TO method ANALOG_TO_DECIMAL
    LCDOUT $FE, $01, "Vin = ",   DEC UNITS, ".", DEC DECIMALS, DEC CENTS, "V"   ; displays input voltage Vin
    GOSUB ANALOG_TO_DECIMAL2                                                    ; GOES TO SUBROUTINE ANALOG_TO_DECIMAL2
    LCDOUT $FE, $C0, "VOdac = ", DEC UNITS, ".", DEC DECIMALS, DEC CENTS, "V"   ; Displays DAC’s output voltage
    gosub OUTPUT_CURRENT                                                        ; GOES TO SUBRUTINE OUTPUT_CURRENT
    LCDOUT $FE, $94, "Io = ",  DEC UNITS, DEC DECIMALS, ".", DEC CENTS, "mA"    ;   displays output current Io   
    PAUSE 250                               ;                                       250 mS pause
    GOTO MAIN                               ;                                     GOES TO MAIN method

ADC_READ:                                   ;                                     method to  READ VOLTAGE INPUT ON AN0
    PAUSEUS 10                              ;                                    10 uS pause
    ADCON0.1 = 1                            ;                                  TURNING ON ADC channel 1 
    PAUSEUS 50                              ;                                    50 uS pause to wait for analog reading
    VOLT.LOWBYTE  = ADRESL                  ;                  stores in variable VOLT the ADC low byte 
    VOLT.HIGHBYTE = ADRESH                  ;                  SAVES IN VOLT VARIABLE THE ADC high byte INPUT LECTURE
    VOLT=VOLT/4                             ;                             DIVIDE VARIABLE VOLT BY 4 GIVING THE MAX VALUE OF VOLT = 256
    RETURN                                  ;

ANALOG_TO_DECIMAL:                                                       Binary-to-decimal conversion method
    VOLT1 = Volt * 19                       ;                                     MULTIPLIES VARIABLE Volt BY 19
    VOLT2 = Volt * 62                       ;                                     MULTIPLIES VARIABLE Volt BY 62
    VOLT2 = VOLT2/100                       ;                                     DIVIde VARIABLE Volt BY 100
    V = VOLT1 + VOLT2                       ;                                     
    UNITS =     V DIG 3                     ;                                 SAVES 3rd DIGIT OF VARIABLE "V" IN  VARIABLE UNITS
    DECIMALS =  V DIG 2                     ;                            SAVES 2nd DIGIT OF "V" IN THE VARIABLE DECIMALS
    CENTS =     V DIG 1                     ;                                 SAVES 1st DIGIT OF "V" IN VARIABLE CENTS
    RETURN
ANALOG_TO_DECIMAL2:
    X = X * 100                             ;          "X" EQUALS TO "(255-VOLT)*100" TO GIVE A result IN THOUSANDS
    X = X / 256                             ;                     DIVIDE "X" BY "256" GIVING US A VARIABLE IN A RANGE OF "0" AND "100"
    X = (X * 267) + 10000                   ;         MUTIPLIES "X" BY 267 AND ADDING 10000, THIS GIVE US A 5 DIGITS VARIABLE 
    UNITS =     X DIG 4                     ;               SAVES THE 4th DIGIT OF VARIABLE "X" IN VARIABLE UNITS
    DECIMALS =  X DIG 3                                SAVES THE 3rd DIGIT OF VARIABLE "X" IN VARIABLE DECIMALS
    CENTS =     X DIG 2                     ;              SAVES THE 2nd DIGIT OF VARIABLE "X" IN VARIABLE CENTS
    RETURN                                  ;

OUTPUT_CURRENT:
    X = 43000 - X   ; MULTIPLIES (VCC-VBE)*10000 TO HAVE A  5 DIGITs NUMBER AND SUBSTRACTS THE VALUE OF X
    X = X / 165                             ;         DIVIDES  VOLTAGE "X" BY 165 THAT CORRESPONDS TO THE RESISTOR VALUE
    UNITS =     X DIG 2                     ;                   SAVES THE 2nd DIGIT OF VARIABLE "X" INTO VARIABLE UNITS
    DECIMALS =  X DIG 1                     ;               SAVES THE 1st DIGIT OF VARIABLE "X" INTO VARIABLE DECIMALS
    CENTS =     X DIG 0                     ;                   SAVES THE Zero DIGIT OF VARIABLE "X" INTO  VARIABLE CENTS
    return                                  ;
    END                                     ; 

Microcontroller’s Code

http://www.melabs.com
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DACCON1 = 255 − VOLT

where DACCON1 is the DAC output value. Thus, the output 

voltage when VOLT is 255 will be 3.64 V as shown by:

Vout = [(VRef(+) – VRef(–))

VRef(+) = 3.64 V

VRef(–) = 1 V

256

DACCON1
+ VRef(–)

From the V
out

 equation, we see that changing the DACCON1 

value will change the output voltage value. After controlling 

the DAC’s output voltage, this signal goes to the buffer op amp 

which drives the base of the Q1 to control the output current, 

using the 16 5Ω resistor to generate the current which varies 

from 4 mA when V
b
 = 1.00 V up to 20 mA when V

b
 = 3.64 V.

PROGRAMMING THE MICROCONTROLLER

The microcontroller’s code (see listing on page 43) is written 

using the PBP3 compiler from melabs.com. In the PIC configu-

ration for the DAC module, 8-bit register DACCON0 is used to 

configure the DACOUTPUT2 and both the V
ref+

 and V
ref-

 pins. 

•  The 7th bit, DACEN, turns on the DAC if it is cleared to “0,” 

while a logic “1” enables the DAC module. 

•  The 6th bit is “0” because it’s an unimplemented bit. 

•  The 5th  bit, DACOE1, enables DAC output DACOUT-

PUT2; this bit goes to “0” to disconnect output DACOUT1. 

•  The 4th bit, DACOE2, enables the DACOUT2 pin; setting it 

to “1” enables this pin and setting a “0” value disconnects the 

DACOUT2 pin. In this case, we are using the DACOUT2 pin, 

as it is set to “1.” 

•  For bits 3 and 2, instruction DACPS<1:0> (embedded in 

the DACCON0 register) determines the use of an external 

V
ref+

, where setting a value of “10” enables the use of a FVR 

Buffer2 output. A value of “01” uses V
ref+

 while with “00” it 

uses the V
dd

 as an output range. In this case, we’re using V
ref+

and therefore the value is “01.” 

•  Bit 1 goes to a “0” logic because it is unimplemented. 

•  The Zero bit, called DACNSS, is used to select the negative 

source V
ref-

 ; in this case, it is set to “1” to enable the V
ref-

 pin. 

Thus, the DACCON0 register configuration will be DAC-

CON0= %10010101.

The ADC module has three configuration registers that 

require specific set up. Here, we want to read an analog input 

signal ranging from 0 to 5 V. 

•  For register ADCON0, bit 7 controls the ADC Result Mode 

and it has two possibilities, 10-bit or 12-bit results. This design 

Ideas for Design 

(Continued from page 42)
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uses the 10-bit result, so the bit is set to 1. 

•  Bits 6 through 2 select the analog 

input AN0, so these bits are set 0000. 

•  Bit 1 is the ADC conversion status. 

When this bit is set, the module is pro-

cessing a conversion, and when this bit 

is set to 0, a conversion is completed. Bit 

0 is the ADC Enable bit, and it is set to 1 

to enable the ADC module. 

•  Bit 7 of register ADCON1 is the ADC 

Result Format, which can be in either 

two’s complement or sign-magnitude 

format. Since we are using two’s comple-

ment, this bit is set to 1. 

•  Bits 6 through 4 are the ADC Con-

version Clock Select bits, which are set 

to 111 because the clock which is sup-

plied from a dedicated FRC oscillator 

is selected. 

•  Bit 3 isn’t implemented and is set to 

0. Bit 2 controls the V
ref−

 setup; as it is 

connected to V
ss
, it is set to 0. Bits 1 and 

0 control V
ref+

, which in this case is set to 

00 to connect V
ref+

 to V
dd

. 

•  For Register ADCON2, bits 7 through 

4 are the Auto-conversion Trigger Source 

Selection bits, which must be disabled; 

therefore, these bits are set to 0000. 

•  Bits 3 through 0 are the Negative Dif-

ferential Input Channel Select bits, here 

set to 1111 for the ADC Negative refer-

ence, controlled by ADNREF. 

•  Finally,  the setup registers are 

ADCON0= %10000001, ADCON1= 

%11110000, ADCON2= %00001111.

Figure 2 depicts the circuit assembled 

on a prototyping board.  It includes an 

LCD readout to show the key variables 

such as input voltage, DAC output, and 

20-mA loop current. 

RICARDO JIMENEZ holds a Master’s de-

gree in Electronics. He is an Electronics 

Professor at Imperial Valley College, Impe-

rial, Calif., and is the author of the book “The 

PIC Microcontroller Engineer’s Notebook” 

(2016), ISBN: 978-06962764190. JORGE 

L. AGUIRRE and THOMAS F. MURRIETA 

are in their 4th year at Instituto Tecnologico 

de Mexicali, pursuing degrees in Electron-

ics Engineering.

2.  The circuit was built on a prototyping board with an LCD readout for convenience. The 

two small blue rectangles in the upper left are the trimming potentiometers used to adjust 

the positive and negative reference voltages.
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Lab Bench Clear-Out:  

Compact Logic 
Analyzer and More

M
y Lab Bench has been piling up with 

stuff to check out, and I needed to clear 

some space for new stuff. The latest crop 

includes an economical, compact logic 

analyzer, a new version of my favorite calculator app and some 

sewable electronics kits. These will appeal to new developers 

and makers. 

TINY LOGIC ANALYZER

IKA Logic sells a number of low-cost, USB-based logic 

analyzers and oscilloscopes. I took a look at their top end, 

149€, SQ200 logic analyzer (Fig. 1). This 4-channel logic ana-

lyzer has a 200-MHz sampling rate and can capture up to 

4 Msamples per channel. The system also will operate in a 

mixed capture/generate mode using a digital pattern generator 

to drive one or more connections. Of course, you need to trade 

off inputs and outputs among the four connections. 

The SQ200 has support for adjustable input/output voltage 

and adjustable input resistance, and outputs can support open 

drain with an optional pull up. Input protection is ±35 V. The 

system can also handle two differential pair inputs. 

These all work with IKA Logic’s ScanaStudio (Fig. 2). It runs 

on Microsoft Windows, Linux, and Apple’s Mac OS. 

Less-expensive versions are available with fewer inputs, 

smaller capture buffers, etc. The top end supports the wid-

est range of trigger options including edge detection, level 

change, pulse, pattern, and serial protocol such as I2C, SPI, 

RS-232, CAN, 1-Wire, and JTAG. It was easy to use Sca-

naStudio to trigger on patterns like I2C address and CAN 

frame IDs. The protocol support is open source and available 

on GitHub. 

Getting started with ScanaStudio and the SQ200 for basic 

capture and generation was relatively easy, since the number 

of options is significantly less than high-end logical analyzers. 

Still, for microcontroller projects, platforms like the SQ200 are 

more than sufficient and significantly less expensive. 

The ScanaStudio interface was easy to use and has a good 

complement of time-measurement-related features, as well as 

protocol analysis and presentation. The Signal Overlay feature 

is interesting—it allows for editing of captured streams to see 

how changes affect timing. This can be handy for creating data 

streams to be sent as output streams. 

In addition, the system can be extended using JavaScript, 

although I didn’t have a chance to write any of my own code. 

Users can suggest features and new features are made available 

to ScanaStudio users. 

Technology Editor Bill Wong takes a hands-on look at a compact logic analyzer, a 

handwriting calculator app, and sewable electronics. 

WILLIAM WONG | Senior Technology Editor

bill.wong@informa.com

Lab Bench

1. IKA Electronics’ SQ200 is a four-channel logic analyzer that cap-

tures up to 4 Msamples/channel at 200 MHz.

2. The SQ200 and its siblings work with the ScanaStudio. 
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Lab Bench

The signal-generator script build IDE is actually used to 

create Javascript functions that generate signals. For example, 

it’s possible to create a transaction for an I2C slave device 

using the SQ200 without having a microcontroller manage the 

transaction. This can be handy for testing devices or scenarios. 

The scripts can generate error logs and messages, which is use-

ful for regression testing. 

Overall, the system is very flexible and really limited by the 

capture rate. It’s more than sufficient for microcontroller work, 

easily handling low-speed serial protocols. 

IMPROVED HANDWRITING

I’ve taken a look at some of MyScript’s handwriting technol-

ogy in previous articles. Its Nebo editor uses MyScript’s Inter-

active Ink. It works best with a tablet and pen. The Calculator 

app is free and runs on tablets and smartphones that work with 

Android and iOS. 

MyScript Calculator 2 (Fig. 3) is the latest addition. It adds 

a significant number of features compared to the original app, 

which enabled you to write arithmetic expressions that were 

then solved. Unfortunately, the app only lets you do one at a 

time. Calculator 2 makes it possible to write multiple expres-

sions on the screen, and thus it’s easier to remember results. It 

also allows chained modifications, such as extending an exist-

ing expression. 

The new version retains a history of calculations. They can 

also be exported as text or as an image. The system is mov-

ing toward spreadsheet-like functionality with the ability to 

handle time-order independent calculations of multiple sub-

equations on a page. Edit a value and the system changes the 

results from related equations accordingly. 

Calculator 2 works well on an iPhone, but a tablet provides 

more workspace for more complex calculations. Though more 

detailed work is best with a pen, fingers work just fine in most 

instances. 

For now, Calculator 2 is available for Apple users. Android 

users still have version 1.x available for free. Try out whatever 

version your device can handle. It’s much quicker than using 

a calculator app. 

SEWABLE ELECTRONICS

I didn’t actually test out Sparkfun’s sewable electronics kits, 

but I looked at them before giving them out at my presentation 

on wearable electronics. I had mentioned some of the other 

kits I gave away there, but didn’t have time to write up these 

until now. 

They included the $49 Sparkfun LilyPad ProtoSnap Plus Kit 

(Fig. 4) and the $99 LilyPad Sewable Electronics Kit. They are 

both based on LilyPad USB Plus microcontroller that has an 

ATmega32U4 microcontroller that works with the Arduino 

bootloader. The USB connection is for programming and 

debugging. A 110-mAh lithium-polymer (LiPo) battery pow-

ers the system. The more expensive kit includes additional 

devices. 

The system is essentially a small board designed to be sewn 

into a garment and connected to small displays and sensors 

like the LilyPad Light Sensor, LilyPad Buzzer, LilyPad Button 

Board, LilyPad colored LEDs, and a LilyPad Slide Switch. These 

devices are connected to the microcontroller using uninsulated 

wire that can be easily threaded through fabric. The voltage and 

current is minute, so the potential issues tend to be things like 

unwanted shorts if wires are sewn too close together. 

The wearable technology was developed for Sparkfun by Dr. 

Leah Buechley, who now runs the design firm, Rural/Digital. 

Dr. Buechley was also associate professor at the MIT Media 

Lab. There she founded and directed the High-Low Tech 

group. An online activity guide is designed to get developers 

started with wearable projects. 

3. MyScript Calculator 2 supports limited equation-solving abilities 

as well as multiple expressions.

4. Sparkfun’s LilyPad ProtoSnap Plus Kit is intended to be used for 

the creation of wearable technology. 

I
’ve taken a look at some of 

MyScript’s handwriting tech-

nology in previous articles. Its Nebo 

editor uses MyScript’s Interactive 

Ink. It works best with a tablet and 

pen.
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