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Coilcraft BCL/BCR Series conical inductors 
operate across a frequency range of 10 MHz 
to 40 GHz, letting you replace a series  
of narrow band inductors with one part. 

Both series provide excellent return loss 
and insertion loss. Their unique conical 
shape optimizes the effects of capacitance,  
maintaining high impedance across your 
frequency spectrum.  

WWW.COILCRAFT.COM

Choose from a rugged, surface mount 
package or our flying lead configuration. 
And for applications below 6 GHz, 
try our high current 4310LC 
wideband bias choke.

Learn more and order your  
free evaluation samples 
by visiting us online at:  
coilcraft.com/conicals.

 

®

from this single component

Ideal for use in Bias Tees, Coilcraft conical inductors offer  
flat bandwidth and high impedance to 40 GHz



b a t t e r y h o l d e r s . c o m

MPD
m e m o ry  p r o t e c t i o n  d e v i c e s

H E L P I N G  Y O U R  I D E A S  C O M E  T O  L I G H T  T H I S  2 0 1 7
M e m o r y  p r o t e c t i o n  d e v i c e s

T h e  I n d u s t r y  s t a n d a r d  s i n c e  t h e  8 0 ' s*        *



EDITORIAL STAFF 
516-667-2300         FAX: 516-667-2301

Managing Editor Greg Lupion
516-667-2379   •   glupion@aspencore.com

Senior Technical Editor Paul O’Shea
941-359-8684   •   poshea@aspencore.com

Contributing Editor Majeed Ahmad Kamran 

Contributing Editor Patrick Mannion

Digital Content Manager Jeffrey Bausch

Technical Content Manager Nicole DiGiose

Chief Copy Editor Lori O’Toole

Digital Content Manager Max Teodorescu 

Assistant Editor Jennifer Korszun 

Graphic Designer Giulia Fini

Cover Design Giulia Fini

Subscriber Service 1-866-813-3752

Subscriber Service Fax 1-847-564-9453

Reprints (Wright’s Media) 1-877-652-5295

Published by AspenCore
1225 Franklin Avenue, Suite 400

Garden City, New York 11530
TEL: (516) 667-2300  •  FAX: (516) 667-2301

Victor Alejandro Gao
General Manager

Steve Cholas
Group Publisher Electronics Group

Vol. 59, No. 8      January 2017

11

4

Cover Story
14  41st Annual Product of the Year Awards

Wireless Networking Special
22 Choosing an LPWAN technology for a wireless IoT network

24 How to quickly implement BLE beacons

Features

7 Thermal Management
The heat is on: high-power surface-mount resistors

10 Thermal Management
Increasing the efficiency and reliability of liquid cooling

12 Analog ICs
Add robust and reliable isolation to high-speed 
SPI communication

Touch Points

 4  Outlook (Technology News): 
Tiny, energy-e�  cient radio makes an IoT world 
more possible

 6 Viewpoint: 2017: IoT and the year of the engi-preneur

New Products

 26 Packaging & Interconnections

 30 Power Sources

Product Mart

 32  Electronic Products Presented 
by the Manufacturer

Scan to 
download 

EP calculator 
app:

CO
VE

R 
IM

A
G

E:
 S

H
U

TT
ER

ST
O

C
K

Electronic Products Magazine (USPS 539490) (ISSN 0013-4953)—Published monthly by AspenCore, 1225 Franklin 
Avenue, Suite 400, Garden City, NY 11530. Periodicals postage paid Garden City, NY and additional mailing offices. 
Electronic Products is distributed at no charge to qualified persons actively engaged in the authorization, recommen-

dation or specification of electronic components, instruments, materials, systems and subsystems. The publisher reserves the right to reject any 
subscription on the basis of information submitted in order to comply with audit regulations. Paid subscriptions available: 
U.S. subscriber rate $65 per year, 2 years $110. Single issue, $6.00. Information contained herein is subject to change 
without notice. No responsibility is assumed by the publisher for its accuracy or completeness.
Postmaster: Send address changes to Electronic Products, PO Box 3012, Northbrook, Il 60065-3012. 
Phone: 847-559-7317  ©2017 by AspenCore. ALL RIGHTS RESERVED
Publications Mail Agreement Number 40012807. 
Return Undeliverable Canadian Addresses to: Station A PO Box 12, Windsor, ON N9A 6J5

  2 Contents

JANUARY 2017 • electronicproducts.com • ELECTRONIC PRODUCTS



Tel: (408)744-9040  •  www.thinkSRS.comStanford Research Systems

• 2 GHz, 4 GHz & 6 GHz models
• Excellent phase noise
• AM, FM, ΦM, PM & sweeps
• Square wave clock outputs
• Ethernet, GPIB & RS-232

SG382 ... DC to 2 GHz

$3900

DemoDirect
Free 30 day trial
 Call (408)744-9040

RF Signal Generators 
                     just became affordable !

Check this out ...



A Stanford University research 
team has developed HitchHike, 
a tiny, ultra-low-energy wire-

less radio that could bring us closer to 
a world that completely embodies the 
Internet of Things. The group was led 
by Sachin Katti, an associate professor of 
electrical engineering and of computer 
science, and Pengyu Zhang, a postdoc-
toral researcher in Katti’s lab.

This world in which every device 
is controlled wirelessly — implantable 
biosensors, wearable devices, smart 
cars, smart home sensors, and more — 
has been nothing more than a dream 
because there hasn’t been a two-way 
radio smart and small enough to make 
it possible. The IoT requires a new class 
of energy-efficient Wi-Fi radios to pass 
commands to and from the network to 
a myriad of devices, and that’s where 
HitchHike comes into play.

“HitchHike is the first self-sufficient 

Wi-Fi system that enables data trans-
mission using just micro-watts of energy 
— almost zero,” said Zhang. “Better yet, it 
can be used as-is with existing Wi-Fi with-
out modification or additional equipment. 
You can use it right now with a cell phone 
and your off-the-shelf Wi-Fi router.”

Named for its clever design that 
hitchhikes on incoming radio waves 
from a smartphone or laptop, HitchHike 
translates those incoming signals to its 
own message and retransmits its own 
data on a different Wi-Fi channel. The 
prototype’s dimensions are about those 
of a postage stamp, but the engineers be-
lieve that they can possibly make it even 
smaller than a grain of rice, which would 
make it useful in implanted devices, such 
as a wireless heart rate sensor.

Energy usage has always been a 
roadblock in the journey to IoT. Hitch-
Hike consumes 10,000 times less current 
than Wi-Fi radios. In fact, according to 

Tiny, energy-efficient 
radio makes an IoT 
world more possible
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the researchers, the tiny radio uses such 
little power that a small battery could 
power it for a decade or more. It can even 
potentially harvest energy from existing 
radio waves to power itself — perhaps 
indefinitely.

HitchHike acts as more of a reflector 
than a radio. It merely bounces Wi-Fi 
signals back into the atmosphere — a 
signal known as backscatter. To work as 
a true radio, it must be able to produce 
messages of its own, which is why the 
research team developed what they call 
“code word translation.” A Wi-Fi signal 

is really little more than an endless 
stream of ones and zeroes in the binary 
world, which standard Wi-Fi transmits 
through a set of predefined code words. 
HitchHike translates the incoming code 
words into its own data. (If, for instance, 
the incoming code word indicates a zero 
and HitchHike wants it to remain a zero, 
it passes that code word unaltered. If, 
however, HitchHike wants to change that 
zero to a one, or vice versa, it translates 
it to the alternate code word.) Next, to 
avoid radio interference between the 
original signal and the new data stream 
coming from HitchHike — both of 
which are transmitted at the same time 
and on the same channel if unmodified 
— HitchHike instead shifts its new signal 
to another Wi-Fi channel.

“HitchHike opens the doors for wide-
spread deployment of low-power Wi-Fi 
communication using widely available 
Wi-Fi infrastructure and, for the first 
time, truly empowers the Internet of 
Things,” said Zhang. Researchers said 
that HitchHike could be available for 
incorporation into wireless devices in the 
next three to five years.

To read the research team’s paper that 
describes and demonstrates HitchHike, 
please visit http://bit.ly/2gTjyrm.

Lori O’Toole

The IoT requires a new class 
of energy-efficient Wi-Fi radios 
to pass commands to and 
from the network to a myriad 
of devices, and that’s where 
HitchHike comes into play.
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• High Voltage Thick Film Resistor HV73 - 2x rated working voltage of
standard thick film - AEC Q200 Qualified

• Surge Robust Thick Film Resistor SG73 - High power (10x) pulse 
power capability - AEC Q200 Qualified

• Precision Pulse-SG73P & Precision Surge-SG73S - AEC Q200 Qualified

• Wide Terminal Thick Film Resistor WK73 - Superior thermal shock 
characteristics - AEC Q200 Qualified

• Anti-Sulfur - Excellent anti-sulfuration characteristics - 
High heat resistance -  RK73B, RK73H, RK73A, SG73

   Get On-Board with KOA Speer Specialty Resistors , 
call 814-362-5536 or visit KOASpeer.com 

Ask for your 
FREE Samples!

SpecialtyResistorAd_EP8_13_Layout 1  8/15/13  1:25 PM  Page 1
Outlook 5

ELECTRONIC PRODUCTS • electronicproducts.com • JANUARY 2017



“Hi Alexa, what’s going to happen 
with electronics in 2017?” She 
couldn’t help me today, but this 

time next year, I expect a lot more from her.
Of course, the Alexa I am referring to is 

Amazon’s virtual personal assistant: artifi-
cial intelligence (AI) beautifully packaged 
beside me in the form of the second-gener-
ation Echo Dot. I have it because I am tear-
ing it down for DesignCon 2017 (January 
31st to February 2nd). It’s now also on my 
Santa list for this year, and I’m so excited 
about it, I’d like to give one away, too, so 
come join me at the Chiphead Theater at 2 
p.m. on Wednesday, February 1st.

I am excited about this particular 
teardown because virtual assistants 
and the AI behind them — whether it’s 
Google Home, Siri, or Cortana — are 
actually starting to be really useful. This 
is especially so with billions of Internet of 

Things (IoT) devices now coming down 
the line. Forget clapping: with a simple 
request, Alexa can dim the lights to 30%, 
raise audio system volume, and call for 
take-out — all right after telling you that 
the forecast calls for more snow.

The other reason I’m excited is that 
Alexa can understand me! (I’ve got a wee 
bit of an accent.) If Alexa can understand 
me from across the room above the noise 
of the kids playing with the dog, then AI 
and smart, voice-controlled interfaces 
have finally landed. Of course, the micro-
phones, hardware, and the software inside 
the Echo Dot enable all of this, so that’s 
what I’ll be exposing at DesignCon. In the 
meantime, what’s on tap for 2017? I’ll give 
you a hint: it’s about opening up to new 
career opportunities.

By the time you read this, CES 2017 
will likely have come and gone and you’ll 

already be updated on the basic tech trends. 
However, as I write, technology titans are 
preparing to meet with President-elect 
Donald Trump after a year that saw indus-
try-wide consolidation in semiconductors.

While the number of major companies 
designing or producing semiconductors 
is decreasing, according to the World 
Semiconductor Trade Statistics (WSTS), for 
2017 and 2018, the revenue from all prod-
uct categories will actually increase, reach-
ing $354 billion in 2018. The prediction is 
of ~3% growth in 2017 and ~2% in 2018.

This raises a couple of questions. First, 
where are those semiconductors going?

IoT devices and support systems will 
likely be a key driver of semiconductor 
growth. However, it’s also very likely that 
any investments in infrastructure and 
transportation will have a strong semicon-
ductor play as architectures for smart cities 
evolve. I’m pretty sure that our tech titans 
are letting their thoughts be heard on ev-
erything to do with smart technology. This 
investment is also good for autonomous 
vehicles, as self-driving vehicles will require 
a lot of infrastructure support, including 
their own lanes.

Other key areas likely to drive semi-
conductors in 2017 include the usual 
suspects: mobile handsets, infrastructure, 
robotics, medical, wearables, communi-
cations, energy, home automation, and 
military/aerospace.

This brings us to the second question: 
If fewer companies and fewer designers 
are producing more semiconductors, what 
becomes of the “extra” designers?

The answer is the application of semi-
conductors. I have seen engineers from 
IC companies move out and form their 
own startups, developing an IoT device. 
These newly fledged “engi-preneurs” are 
now promoting their own ideas on Kick-
starter or have already received funding 
by going the more traditional venture 
capital or banking route.

New ideas and a friendlier business 
environment may well fan the engi-preneur 
flame, and that could be the single-most 
exciting and productive trend of 2017.

If you are an engi-preneur or intend 
to be one this year, let us know: we’d like 
to tell your story.

Patrick Mannion

2017: IoT and the year 
of the engi-preneur

6 Viewpoint
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The heat is on for the passive 
electronic component industry 
as it is seeing an increase in new 

surface-mount high-power devices, es-
pecially resistors. This is exciting because 
it creates opportunities to reduce the 
overall size of electronics. Unfortunately, 
we must still abide by the laws of physics. 
Resistors generate heat as a result of the 
properties that they create. When more 
power is applied to a resistor, more heat 
is generated. If this heat is not properly 
transferred from the part, the part may 
shift in value and, eventually, will fail.

There are new technologies using 
aluminum nitride (AlN) ceramics in 
place of aluminum oxide that boast 
extreme power ratings; for example, 
>100 W for a 1206 case size. The AlN 
ceramics have a much better thermal 
conductivity than that of aluminum 
oxide, approaching that of beryllium 
oxide. At first glance, this is very exciting 
and impressive until one considers how 
they are going to transfer the massive 
amount of heat away from the device and 
the rest of their circuit. Applying 100 W 
to a 1206-sized resistor will heat up the 
resistor rapidly to temperatures in excess 

of 500°C, which will melt solder joints 
and potentially damage most electrical 
components, especially active devices, if 
not properly dissipated.

Why do these resistors have these rat-
ings? The devices themselves are capable 
of running at these power ratings due to 
the higher thermal conductivity of the 
substrate and the ability to transfer the 
heat away from the device. The chal-
lenge is where that heat gets transferred. 
Manufacturers include footnotes in the 
datasheets indicating active thermal 
management, elaborate heat sinks, or 
simply that the user must maintain the 
device at a given temperature — for 
example, 155°C.

 Is it easy or cost-effective to imple-
ment the necessary thermal management 
for these high-powered resistors? No. This 
article is not intended to overwhelm the 
reader with thermodynamics and com-
plex equations. The intent is to discuss a 
few techniques to manage the heat that is 
generated by high-power surface-mount 
resistors and the effects they will have on 
design space, complexity, and cost.

Background
There are two main types of heat transfer 
with high-power surface-mount resis-
tors: 1) conduction through the substrate 
and conductors to the board and traces 

(see Fig. 1), and 2) convection to the 
surrounding environment.

 Conduction is the predominant means 
of heat transfer and, thus, many manu-
facturers will provide a thermal resistance 
for their device. Thermal resistance gives 
a first-order approximation of how well 
the device transfers heat to the board and 
traces as power is applied — that is, °C/W. 
This rating lacks many details. The main 
issue is the properties of the test card used 
to establish the rating. For example, the 
amount of copper employed on the test 
card will significantly affect the resulting 
thermal resistance of the device. Some 
manufacturers provide the details about 
how their devices were tested to establish 
the power rating or the thermal resistance. 
In many cases, the techniques employed 
are not practical in application.

 Convection is an important factor to 
consider, especially if a board is enclosed. 
The heat that is radiated can quickly 
increase the ambient temperature to 
unsafe and damaging levels. If a board is 
encapsulated, it can be detrimental to the 
high-power component and surrounding 
components as it prevents transfer of 
heat by means of convection. It is highly 
recommended that high-power resistors 
not be encapsulated.

 Some manufacturers’ power ratings 
assume an infinite heat sink. An infinite 
heat sink is one that can carry an infinite 
amount of heat away from the device. 
This is not realistic and, thus, may limit 
the amount of power that can be applied 
to a component.

The heat is on: high-power 
surface-mount resistors
Designers must be very careful when selecting 
high-power surface-mount resistors because the 
burden is on them to maintain thermal control

BY DARIN GLENN, Senior Engineering 
Manager, Vishay Intertechnology
www.vishay.com

Fig. 1: Predominant types of heat transfer 
for high-power surface-mount resistors.

Fig. 3: Example of implementing  
a thermal backplane.

Fig. 2: Example of implementing  
heavy board traces.

Thermal Management 7
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Thermal management techniques
Heavy board traces:
A simple and common technique is the 
use of heavy board traces. Adding sur-
face area and volume to board traces is 
an easy technique to employ. Since most 
of the heat transfer from these devices is 
through conduction, this is a common 
technique. An example is shown in Fig. 2. 
There are two options in employing this 
technique: 1) increase the width of the 
traces, and 2) increase the thickness of 
the traces.

This technique spreads the heat gen-
erated by the resistor to the entire board, 
which increases the area over which 
the heat is radiated to the surrounding 
environment. The challenge occurs when 
steady state is reached. If active thermal 
management techniques are not included 
in the design, then the board and the sur-
rounding environment eventually reach 
a peak temperature that may exceed safe 
operating temperatures.

This technique is typically lower in 
cost. There are still higher costs due to 
the amount of metal used for the traces 
(typically copper). In addition, there is 
added weight and increased board size to 
accommodate the heavy board traces.

Thermal backplane:
A similar, more robust technique is 
to employ a thermal backplane. This 
technique uses a larger copper plate on 
the back side of the board to transfer the 
heat away from the circuit. As with the 
heavy board trace technique, the heat is 
spread over a large thermal mass, which 
will increase the area to transfer heat by 
convection and radiation. An example 
is shown in Fig. 3. Also, if active thermal 
management is not employed, the board 
and surrounding environment may ex-
ceed safe operating temperatures.

 This technique adds higher cost as 
the backplane is typically made of heavy 
copper. In addition, this technique will 
add weight to the design and most likely 
restrict the board to a single layer, adding 
board size.

Oil submersion:
Submersing a board into oil is an effec-
tive method to carry heat away from the 
board and attached components. Since 
the oil is in direct contact with every sur-
face of the board, the conduction of heat 
is very efficient. An example is shown in 
Fig. 4. A couple of challenges with this 
technique are oil contamination and 
material compatibility. The oil must have 
very good dielectric properties. If the oil 
becomes contaminated, the dielectric 
properties may be decreased and lead 
to arcing and, thus, failure of the device 
or the board. The oils used can be very 
custom and may not be compatible with 
the materials of the high-power resistor, 
other components, or even the solder.

 This technique, again, is limited at 
steady state if active thermal manage-
ment is not employed. The fixed volume 
of oil will eventually reach a peak tem-
perature that may exceed safe operating 
conditions.

This technique adds significant costs 
as the oils are typically a higher cost, and 
there must be some type of vessel to con-
tain the oil. In addition, in many cases, 
gold contacts/terminations are employed 
to avoid reaction with the oil, adding 
very high costs.

Active cooling:
Actively cooling a board can be very 
effective but at a much higher cost, 
typically over $10,000 when a compres-
sor is used. One common technique 
is to employ a chiller, which circulates 

coolant. This can be used with a thermal 
backplane, wherein the coolant circulates 
through channels in the plane or tubing 
that is thermally connected to the surface 
of the plane. An example is shown in Fig. 
5. This method can also be used with 
the oil bath, wherein the oil is circulated 
continuously through the chiller. Both of 
these techniques “pump” heat away from 
the thermal backplane or the oil bath.

 Another technique is to employ 
forced air, whether conditioned or 
unconditioned. Applying forced air to 
a board is relatively easy and can be 
achieved at a reasonable cost. The effec-
tiveness of this technique is limited as it 
relies on convection and the surface area 
of the high-power resistor. An example 
is shown in Fig. 6. There are high-power 
resistors that are encased in heat sinks, 
which aid in the cooling process by 
significantly increasing the thermal mass 
and surface area. To employ this tech-
nique requires adequate free space sur-
rounding the board to properly circulate 
the air. The air typically must be filtered 
to prevent contaminants from degrading 
the performance of the electronics.

 High-power surface-mount resis-
tors offer increased power capabilities, 
even with standard board-mounting 
techniques, due to the reduced thermal 
resistance of the substrates (for example, 
AlN), typically two to three times that of 
standard chip resistors. In order to achieve 
higher power, more elaborate techniques 
must be employed, as discussed in this 
article. Designers must be very careful 
when selecting high-power surface-mount 
resistors. Simply because a data sheet 
claims extremely high powers, the burden 
is on the designer to maintain certain 
criteria — for example, maximum surface 
or terminal temperatures that are typically 
noted in the fine print. ☐

Fig. 5: Example of implementing circulated 
coolant though a thermal backplane.

Fig. 4: Example of implementing oil 
submersion.

Fig. 6: Example of  
implementing forced air cooling.

8 Thermal Management
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As data processing demands 
grow and densities increase, so 
do the challenges of removing 

heat effectively. Liquid cooling offers 
greater efficiencies than air-based 
systems, improves component life, and 
reduces operating costs for high-per-
formance computers, medical lasers, 
MRI machines, power management 
equipment, projectors, radars, televi-
sions, and more. However, concerns 
about mixing liquids and expensive 
electronics persist. 

An effective solution to address 
those concerns are quick disconnects 
(QDs). QDs play an integral role to 
ensure reliable, leak-free cooling system 
performance. Given the wide range of 
uses for liquid cooling and the multiple 
QD options available today, a few key 

considerations help guide the selection 
of the right QD for specific applications.

Flow rates and pressure
QDs of the same size can deliver sig-
nificantly different flow performance. 
For example, independent testing of a 
recently released 1/8-inch QD showed 
a 23% better flow rate (flow coefficient: 
CV = 0.37) than other currently avail-
able 1/8-inch connectors. This higher 
flow capacity reduces pressure drop 
through the connector by an average 
of 34%, minimizing the burden on 
cooling system pumps and optimizing 
performance.

When specifying the coupling, 
pressure drop across the connector must 
be factored in to understand the impact 
that the connector has on overall system 

performance. To calculate the pressure 
drop for a given flow rate through a QD, 
use the following equation:

Q = Cv √ΔP/S
Q = flow rate in gallons per minute
Cv = flow coefficient of the connector
ΔP = pressure drop in PSI (Δ between 
the upstream pressure and the down-
stream pressure)
S = specific gravity of fluid grams/
cm^3

Considering the number of quick 
disconnects potentially used in a total 
system, this calculation and specifying 
decision significantly impact overall flow 
and efficiency.

Fluid media
To ensure reliability, it is essential to ver-
ify the chemical compatibility between 
coolants and QDs, which are available in 
many different materials. The connector’s 
housing, seals, and valves must withstand 
constant exposure to the cooling fluids 
without swelling, shrinking, corrod-
ing, or otherwise becoming distorted. 
Appropriate coolant selection and use 
also helps to avoid other issues that can 
impair cooling systems, such as degra-
dation of nonmetallic components and 
biological growths or debris that obstruct 
fluid passages and valves. 

Seals and valves
Non-spill QD couplings allow discon-
nection under pressure without drips 
or leaks — a critically important factor 
in protecting electronics from exposure 
to fluid and enabling hot swapping of 
equipment.

QDs used in liquid cooling applica-
tions stay connected for months or years 
at a time, but when disconnected, they 
must function flawlessly and without 
coolant drips. Some valve technologies 
are better suited for these situations. 
Look for QDs employing frictionless 

Increasing the efficiency and 
reliability of liquid cooling
Quick disconnects play an integral role to ensure 
reliable, leak-free cooling system performance

BY DAVID VRANISH  
Liquid Cooling Business Development Engineer, Colder Products Company
www.cpcworldwide.com

Fig. 1: Double-sealed internal valves open upon connection and close upon disconnection for 
drip-free disconnections — critical for liquid cooling of electronics.

Friction-free sliding  
valve — no seal friction 
in coupled state

Redundant 
multi-lobed, 
low-friction 
seals

10 Thermal Management
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valves, which eliminate valve sticking 
due to seal compression set and keep 
connection forces low.

While many QDs employ O-rings, 
some connectors offer multi-lobed 
seals (see Fig. 1). Multi-lobed seals 
provide redundant protection against 
leakage, greater resistance to debris or 
foreign contaminants, and require less 
force to connect. Multi-lobed seals also 
retain their shape better than O-rings, 
which helps to maintain QD perfor-
mance during extended periods of 
connection. 

Double-shutoff  couplings use poppet 
valves that trap a small amount of liquid 
within the coupling body that can drip 
out when disconnected. While the 
leakage is likely just a drop or two, it 
might raise safety or reliability concerns 
around electronics. In contrast, true 
dry-disconnect couplings feature fl ush-
face valves that allow no more than a 
coating of coolant on the valve surfaces, 
virtually eliminating the possibility 
of dripping onto vital components. 
High quality, precision-made, internal 
fl ush-face valves ensure secure, auto-
matic closure upon disconnection, even 
aft er operating in the open position for 
months or years. 

Metal, plastic — or both
Some liquid cooling systems use 
all-metal ball-and-sleeve couplings 
developed for the hydraulics industry. 
However, the seals and internal valves 
of these couplings were not designed for 
low-pressure/high-fl ow applications or 
ease of use.

Metal QDs remain popular because 

they are rugged and capable of tolerating 
rough handling. However, all-metal QDs 
are more susceptible to corrosion, and 
coolant-system maintenance is a must to 
facilitate lasting leak-free performance. 
When choosing a metal QD, be sure to 
select products specifi cally designed for 
liquid cooling applications.

QDs made from engineered polymers 
off er more than suffi  cient strength and 
durability in low-pressure (<200 psi), 
moderate-temperature (<80°C) applica-
tions such as liquid cooling for elec-
tronics. High-quality polymers produce 
robust, compact, lightweight, and less 
expensive QDs that eliminate corrosion 
risk — key for maintaining cooling sys-
tem operation.

A third, “best-of-both-worlds” 
option combines the strength of a 
metal exterior with high-performance 
engineered polymer components 
inside. The rugged exterior with-
stands physical abuse while robust 
engineering-grade thermoplastics resist 
corrosion and optimize flow. 

Adroit latch and joint designs 
simplify QD use
An older technology, ball-and-sleeve 
couplings are cumbersome to use, 
confusing for technicians to operate, and 
expensive. In contrast, cooling systems 
equipped with well-designed QDs make 
maintenance and servicing easier. 

A seemingly small but signifi cant 
advancement in QDs is the incorpora-
tion of ergonomically designed thumb 
latches for simple, intuitive, one-handed 
operation. A push of the thumb latch 
quickly connects or disconnects the QD. 
Other convenient and practical features 
available today include latches with an 
audible click, signaling a secure connec-
tion, and color-coded (see Fig. 2) parts to 
ensure accurate cold-side and return-side 
connections.

Too oft en, the mounting confi gura-
tion for connectors is an aft erthought. 
With the wide variety of available 
mounting options — threads, in-line, 
rigid mount, panel mount, elbow — 
designers and engineers should select 
the most convenient mounting option 
for manufacturers and end-users alike. 

Th is is another area where all QDs are 
not equal. Some QDs now incorporate 
swivel joints and elbows to eliminate 
tube kinking and allow easier connec-
tion and disconnection, particularly in 
tight spaces. 

Conclusion
Connections are a point of vulnera-
bility in cooling systems if they do not 
function optimally. With the ability to 
select from multiple QD platforms and 
manufacturers, there is no reason to 
risk underperforming QDs that lead 
to drips, leaks, compromised fl ow, or 
hassles in connecting or disconnecting 

tubing. Conversely, high-quality, robust 
QDs allow users to connect cooling 
system components with speed and 
confi dence.

QD suppliers that understand the de-
mands of liquid cooling off er a wide se-
lection of QDs, including purpose-built 
cooling couplings and custom design 
capabilities. Technology advancements 
around latching mechanisms, high-fl ow 
valves, and advanced materials off er sig-
nifi cant advantages over older technolo-
gy connectors, removing risk for cooling 
system designers while simplifying the 
ability to meet end-user requirements. 

QDs purposely designed for liquid 
cooling applications enhance system 
usability, effi  ciency, and long-term, leak-
free performance. ☐

QDs made from 

engineered polymers 

offer more than sufficient 

strength and durability in 

low-pressure (<200 psi), 

moderate-temperature 

(<80°C) applications.

Fig. 2: Non-spill QD 
features like swivel and 
elbow joints, color-coding, and thumb 
latches create fast, easy, and foolproof liquid 
cooling connections.
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Serial Peripheral Interface (SPI) is 
an inter-device bus protocol that 
provides fast, synchronous, and 

full-duplex communication between a 
master and one of several slave devices. 
The master device — such as an MCU 
or FPGA — drives the clock and selects 
a slave device, such as an ADC or digital 
output driver, to address.

Every SPI device consists of a single 
shift register and control circuitry so that 
the selected device can simultaneously 
transmit and receive signals. There are 
four signals used in SPI communication, 
as shown in Fig. 1:
•  SCLK: The synchronous clock used 

by all devices. The master drives this 
clock and the slaves receive it. Note that 
SCLK can be gated and doesn’t need to 
be driven between SPI transactions.

•  MOSI: Master Out, Slave In. Also 
called DO on the master or DI on the 
slave. This is the main data line driven 
by the master to all slaves on the SPI 
bus. Only the selected slave clocks data 
from MOSI.

•  MISO: Master In, Slave Out. Also 
called DI on the master and DO on 

the slave. This is 
the main data line 
driven by the se-
lected slave to the 
master. Only the 
selected slave may 
drive this signal.

•  CS: Chip Select. 
This signal is 
unique to each 
slave. When active 
(generally low), the selected slave must 
drive MISO based on SCLK transitions.

Isolation design challenges
For many industrial control applications, 
the communication pathway between 
the digital processor core (MCU) and 
the I/O module devices must be isolated. 
Isolation helps to minimize noise and 
ground loop problems. Moreover, it 
provides protection for expensive control 
units like MCUs and FPGAs.

The traditional approach to signal 
isolation has been to use optocouplers. 
However, several drawbacks make 
optocouplers unsuitable for modern, 
high-speed SPI data transfer applica-
tions. Optocouplers are bulky, introduce 
long propagation delays, and lead to 
high power consumption. So the smaller 
CMOS capacitive digital isolation chips 
have now replaced optocouplers.

However, the use of digital isolators in 
themselves is not a panacea. For digital 
isolators to be effectively used in high-
speed SPI communication, it is necessary 
for them to meet several challenging 

voltage and timing parameters.
Typically, the voltages in the analog 

and digital domains of the isolator are at 
different levels. Therefore, for an isolator 
to be effective, it must be able to operate 
across a broad voltage range in both 
analog and digital domains.

Furthermore, since SPI is a de facto 
standard rather than a formal standard, 
there is no clearly defined clock frequen-
cy. Although many legacy devices may 
use a clock frequency in the 5–10-MHz 
range, the newer devices have much fast-
er data transfer requirements, using clock 
frequencies between 50 and 75 MHz. An 
effective isolator must be able to operate 
over this wide SPI frequency range.

By placing a digital isolator between 
a master and a slave device, additional 
signal delays are created for the SPI bus. 
The master uses the rising clock edge to 
send data and the falling edge to sample 
the data sent back from the slave.

So the system designer needs to 
check the timing budget to ensure that 
the isolator propagation delay does not 
violate the master’s timing requirements 

Add robust and reliable isolation 
to high-speed SPI communication
SPI is a commonly used protocol for communication between a digital processor 
core and peripherals in industrial applications. However, it is often necessary that 
the peripherals and the core are electrically isolated. While isolation and SPI are 
both mature technologies, interfacing the two is not a trivial task.

BY MICHAEL JACKSON, Analog IC Design Engineer, and  
SEAN LONG, Director, Applications for the Industrial and 
Healthcare Business Unit, Maxim Integrated
www.maximintegrated.com
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Fig. 2: Timing mismatch due to isolator delays.
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Fig. 1: The master and slave SPI connection.
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for sampling MISO. Otherwise, the 
master will lose synchronicity or errors 
will be introduced into the received and 
transmitted data, as shown in Fig. 2.

A single digital isolator part may con-
sist of several isolation channels — typi-
cally between one and four. It is, therefore, 
critical that the delay is matched between 
isolator channels. Otherwise, a propaga-
tion delay skew may be introduced. So it’s 
crucial in situations in which, for example, 
a clock is transmitted via one channel of 
an isolator and data via another.

Finally, the addition of a digital iso-
lator to the circuit will inevitably cause 
current consumption to increase. An 
effective isolator should not contribute 
excessively to the power budget to avoid 
heat dissipation in small enclosures.

Addressing voltage and timing woes
Take, for instance, a typical isolated, high-
speed SPI communication circuit between 
an FPGA and an ADC, as shown in Fig. 3. 

The ADC is isolated from the FPGA using 
two digital isolators. SCLK clocks data 
(MOSI) from the FPGA to the ADC. At 
the input to the ADC, the isolated SCLK is 
represented as CLK and the isolated MOSI 
is represented as DIN.

During low-speed 
SPI communication, 
the master clock is 
also used to clock data 
(MISO) traveling in the 
reverse direction. In 
order to compensate for 
the fact that the master 
clock (SCLK) has 
already been delayed 
by the isolation in the 
forward direction, a 
copy of CLK (the iso-
lated SCLK) is returned 
when clocking data in 
the reverse direction 
from the ADC to the 
FPGA. It ensures that 

the timing of CLK and DOUT are still in 
sync by the time they have been isolated 
and reach the FPGA as RETURN_SCLK 
and MISO, respectively.

Hence, for this arrangement to be 
successful, it is essential to not only have 
low isolator propagation delay and low 
channel-to-channel skew but also low 
part-to-part skew. Therefore, CMOS digital 
isolators should be specifically designed to 
meet these requirements and ensure that 
the circuit arrangement can be implement-
ed successfully to provide isolation in high-
speed SPI communications (Fig. 4).

The MAX14934/35/36 and 
MAX12930/31 families of digital isolators 
shown in Fig. 3 are based on Maxim’s 
proprietary capacitive isolation technol-
ogy. They provide high isolation voltage 
protection (up to 5 kVrms) while also sup-
porting data rates of up to 150 Mbps. The 
parts operate over a wide supply voltage 
range (1.71 V to 5.5 V) with typical propa-
gation delays of 5 ns (7.5 ns maximum).

A maximum pulse width distortion of 
1 ns — combined with a maximum chan-
nel-to-channel skew of 0.9 ns and a max-
imum part-to-part skew of 3 ns — ensure 
reliable operation in high-speed SPI 
communication circuits. Moreover, by 
providing both quad (MAX14934/35/36) 
and dual (MAX12930/31) options, these 
digital isolators can also be used in 
programmable logic controllers (PLCs), 
telecommunications, and medical instru-
mentation applications. ☐

MAX14935

MAX12930

FPGA
1.8V I/O

DIGITAL VDD = 1.8V

SCLK

MOSI

/ CS

/ RDY

DIGITAL GND

1.6Msps, 
20-BIT, SPI-

SAR ADC
3.3V I/O

ANALOG VDD = 3.3V

CLK

DIN

CNVST

/ RDY

ANALOG GND

MISO DOUT

RETURN_SCLK CLK

Fig. 3: A typical high-speed SPI isolation circuit.
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RETURN_SCLK
1 2 3 4
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PROPAGATION DELAY FROM ISLOATOR

CLOCK TO DATA VALID
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Fig. 4: Timing with clock return to master.
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FROM THOUSANDS OF PRODUCTS, the editors of Electronic Products have 

chosen those that they see as the most outstanding. As always, the selection is based on 

a signi� cant advance in technology or its application, innovation in design, or gain in 

price/performance. � is year’s winners are:

Advanced Linear Devices  

Analog Devices

Cadence Design Systems Inc.

Intersil

Keysight Technologies

Linear Technology

Maxim Integrated

Mentor Graphics

Microchip Technology

SiTime Corp.

Telcodium Inc.

Teledyne LeCroy

Texas Instruments

ADVANCED LINEAR DEVICES
ALD8100xx/ALD9100xx SAB MOSFETs
www.aldinc.com
Advanced Linear Devices (ALD) off ers a 
universal PCB designed to automatically 
balance leakage currents and manage over-
voltage, enabling ultra-low-power usage in 
supercapacitors used in a series stack. Th e 
board uses ALD’s SAB MOSFETs (SABMB16, SABMB8100XX, 
SABMB9100xx) to balance the leakage current in each individual 
supercapacitor cell from 0.1 F to 3,000 F. It is designed to allow 
system engineers to test, evaluate, prototype, or use for in-produc-
tion products.

Supercapacitor balancing is required by cell manufacturers 
when used in stacks of two or more. Balancing manages overvolt-
age limits, a main cause of product failures.

Th e balancing technology reduces leakage current, enabling 
ultra-low-power operation. Each device in the ALD8100XX/AL-
D9100XX SAB MOSFETs provides a circuit design alternative for 
passive or active balancing methods by off ering automatic active 
leakage current regulation and space and cost-saving alternatives 
to op-amp-based balancing schemes.

Engineering testing shows that the ALD method of cell bal-
ancing extends the product life of stacked caps. Applications for 
supercaps and this cell-balancing technique include energy har-

vesting, transportation, backup power, 
and automation.

SABMB16/SABMB810025/
SABMB910025 are universal appli-
cation boards. Th e fi rst two versions 
in the series are SABMB810025 and 

SABMB910025. Th ese are 2.5-V universal boards allowing 
designers to select either the ALD810025 SAB MOSFETs or the 
ALD910025 SAB MOSFETs for installation. A third version is 
unpopulated to allow engineers to select the appropriate SAB 
MOSFETs based on their design specifi cations. All three options 
are delivered ready to use, designed for balancing any size of su-
percapacitors with little power dissipation. No user circuit design 
or hardware engineering is necessary.

 Importantly, the charging or discharging of supercapaci-
tor currents pass through the supercapacitors but do not pass 
through the SABMB16 boards or SAB MOSFETs mounted 
on the PCB board. In many cases, the total additional leakage 
current contributed by the PCB is approximately zero, or no 
more than a small percentage of the highest supercapacitor cell 
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leakage current in the stack. Th is contrasts with other methods of 
balancing in which the additional power dissipation used by the 
balancing circuitry far exceeds the supercapacitor power burn 
caused by its own leakage current.

Th e SABMB16 is designed for ease of use as a plug-and-play 
PCB for supercapacitors of 0.1 F to 3,000 F. Th e average additional 
power dissipation due to dc leakage of the supercapacitor is zero, 
which makes this method of supercapacitor balancing energy-ef-
fi cient and suited for low-loss energy-harvesting and long-life 
battery-operated applications.

ANALOG 
DEVICES
AD9162 DAC
www.analog.com
The AD9162, a 16-bit, 
12-Gsample/s DAC from 
Analog Devices, sports 
a whopping 2.5-GHz 

bandwidth that has plenty of headroom for the 1.794-GHz 
optional future requirement specified by the cable industry’s 
DOCSIS 3.1 standard. Cable operators will benefit with the 
ability to plan next-generation network upgrades and capacity 
expansion without changing converter designs and, as a bonus, 
can satisfy consumer demands for higher quality, always-on 
data, and video streaming.

Th e DAC’s high dynamic range (–82-dBc SFDR at –167-dBm/
Hz NSD) allows signals to be synthesized across a wide frequency 
spectrum from direct-to-RF up to 6 GHz. In wireless applications, 
this eliminates an IF-to-RF conversion stage and local oscillator 
generation, reducing base station component count, size, and 
power consumption.

Th e AD9162 also supports all wireless communication 
infrastructure protocols, including WCDMA, LTE, LTE-A, and 
point-to-point, enabling advanced multiband and multi-standard 
radio designs. Th is DAC has an integrated 2x interpolator that 
enables confi gurations for lower data rates and converter clocking 
to reduce overall system power and ease fi ltering requirements. In 
mix-mode operation, the DAC can be confi gured to reconstruct 
RF carriers in the second and third Nyquist zones up to 7.5 GHz 
while maintaining high dynamic range.

Th is DAC will also lead us into the 5G era that needs to 
provide adaptive beamforming that will be required to overcome 
the propagation challenges for access systems. Beamforming 
will need to adapt to 5G customers and their environment to 
deliver the payload. It is looking like hybrid MIMO systems 
will be used in the microwave and low millimeter wave bands, 
while in V bands and E bands — where bandwidth is plentiful 
— the systems will likely employ only beamforming to reach the 
required throughput goals. Th e AD9162 is able to meet all of 
these challenges.

CADENCE DESIGN 
SYSTEMS INC.
Virtuoso ADE 
Product Suite
www.cadence.com
Cadence’s Virtuoso Analog 
Design Environment (ADE) 
suite off ers up a rich set of tools 
to analog, mixed-signal, and RF 
IC designers.

 ADE’s Explorer component enables 
schematic probe placement, marching waveforms (waveform plots 
during the simulation instead of waiting until the end) so you don’t 
have to wait for a full simulation cycle if something is not working, 
pass/fail reports, and PVT corners plus Monte Carlo stats.

Th e Assembler analyzes your circuits with multi-stimulus test 
benches across corners and variations and compares circuit per-
formance to design specifi cations. Separate “mini runs” perform 
conditional or dependent simulations. Existing-design migration 
to new technology nodes is supported.

ADE’s Veri� er module links multiple tests across the design 
team, allowing you to easily verify that all of the moving pieces of 
the analog design are contributing to the overall design specifi ca-
tions set by your chip architect. Manual attempts to do this work 
oft en lead to mistakes because there is a disconnect between those 
methods and the design soft ware.

Finally, the Variation option targets advanced node (≤16 nm) 
stats, yield estimation based on 5- and 6-sigma boundaries, easy 
creation of 3-sigma corners, and more.

INTERSIL
Digital 
Multiphase 
Family
www.intersil.com
Intersil launched a 
new platform prod-
uct called the Digital Multiphase Family, which includes digital 
multiphase controllers and companion power stage products, 
that is a power solution for supporting infrastructures for data 
centers, wireless bay stations, networking switches, and routers. 
Th e platform supports high-current loads for devices such as 
memory chips.

Th e product is digital and can be tuned on the fl y, changing 
quickly as the need arises. Th e multiphase controllers feature a dig-
ital compensator that helps power designers develop solutions that 
have no external compensation because device tuning is managed 
digitally with soft ware. Th e company says that a complete power 
solution can be developed in 30 minutes compared to spending 
days managing RC tables with competing designs.

Th e product solution provides diff erent interfaces, and all of 
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them provide a PMBus for the data-out telemetry features. It also 
provides the adaptive voltage scaling interface (AVSBus), which is 
an interface between the device and the processor. The processor 
determines how much power is required and essentially tells the 
controller what it needs to support different tasks. The controller 
supports Intel, IBM, AMD, Broadcom, ARM, Qualcomm, and 
other processor chips. The product also supports optical transport, 
routers, and switches for wired infrastructure; base stations and 
line cards for wireless needs; and server, storage, and accelerator 
cards for the data center.

The solution features 12 digital multiphase controllers and 
a companion smart-power stage, including the industry’s first 
digital solution with an AVSBus. The new digital controllers 
provide up to seven phases assignable in any combination across 
two outputs and combine with smart-power stages to provide 
a scalable solution from 10 A to 450 A. The result is enhanced 
power optimization and more energy-efficient networking and 
communications infrastructure equipment.

KEYSIGHT TECHNOLOGIES
CX3300 Device Current Waveform Analyzer
www.keysight.com
Whenever a semiconductor or system changes state, there’s a good 
chance that the current it draws will also change. A typical example 

is a cell phone, which draws more current when you make a call 
or turn on Wi-Fi. Digital circuits also need more current when 
switching states than when in idle states.

The most common way of looking at current is either with an 
oscilloscope connected across a shunt resistor or with a current 
probe around a wire or cable. You have to configure the oscillo-
scope to display in amperes or calculate the current yourself. But 

you often have to measure small currents or small changes in cur-
rent. With Keysight’s CX3300 Device Current Waveform Analyzer, 
you get up to 200-MHz bandwidth, 14-bit or 16-bit resolution, and 
system noise low enough to measure the small amounts of current 
drawn by today’s devices. The CX3300 comes in two models: 
two-channel and four-channel.

To measure current, you insert a current sensor into the 
CX3300 and connect one of several sensor heads between the 
sensor and circuit under test. You connect the sensor head in series 
with your circuit’s current flow. The CX1101A current sensor lets 
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Ideal for synchronous rectification applications
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ADVANTAGES
High power density
Easy to mount
Space savings
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High current handling capability
Avalanche rated
175°C operating temperature
International standard packages

FEATURES APPLICATIONS
Synchronous rectification
High current switching power supplies
Battery powered electric motors
Resonant-mode power supplies
Electronic ballasts
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you measure current from 40 nA to 10 A with 100-MHz band-
width. Two other sensors are available when you need more chan-
nels or lower-level measurements. In addition to current probes, 
the CX3300 lets you connect up to eight logic inputs so that you 
can correlate current draw to the states of digital signals.

Because the CX3300 functions like an oscilloscope — except that 
the vertical scale is in units of current, not voltage — you get many 
of the same functions that you get on a standard oscilloscope.

Prices: CX3322A (two-channel) $33,000; CX3324A (four-chan-
nel) $41,000. Current sensors range in price from $4,800 to $6,900.

LINEAR TECHNOLOGY
LTM4631 μModule
www.linear.com
Linear Technology introduces the LTM4631, a dual 10-A or 
single 20-A µModule (power module) step-down regulator in a 
1.91-mm-high LGA package with a 16 x 16-mm footprint. The 
packaging is what makes this module significant and sets it apart 
from the competition. Why? Because the device provides a regula-
tor, including the inductor, in one package, while the competition 
needs two chips. That means that the Linear product needs 400 
mm2 compared to 750 mm2 for one competitor. At 1.91 mm, the 

height of the package is also very significant because it’s under 2.00 
mm, which is a barrier to designs that aim to provide solutions for 
the underside of the PCB.

The micro-module can be placed on a PCB very close to the 
load, such as an FPGA, and can share one heat sink covering 
both of the low-profile packages. It frees space on the top side for 
components such as DDR-QDR memory and transceiver ICs. 
Examples of applications include plug-in and mezzanine cards in 
embedded systems, data storage systems, gateway controllers, and 
40- to 100-Gbps networks.

For this module design, the company figured out how to make 
the inductor smaller, which materials to use, and even how to get 
the accuracy down to 1.5% error for the total dc output error over 
line, load, and temperature. The regulator operates from 4.5- to 
15-V input supplies and regulates an output voltage from 0.6 to 
1.8 V, and operates from –40°C to 125°C. Its two outputs operate 
180° out-of-phase, each capable of delivering 10 A or 20 A when 
the outputs current share. Two devices can also current share, 
delivering up to 40 A.

MAXIM 
INTEGRATED
Pocket IO PLC 
Development Platform
www.maximintegrated.com
Industrial monitoring and control is a significant appli-
cation for the emerging Internet of Things (IoT), one with a clear 
potential for a significant return on investment. But retrofitting 
legacy industrial systems with networked monitoring and control 
devices can be a significant design challenge. The Pocket IO PLC 
development platform simplifies and speeds up Industrial IoT 
design by providing a powerful, compact, low-power networked 
monitoring and control unit that developers can use to prototype 
and experiment.

Sensing and control of industrial systems has evolved. Simple 
sensors that merely sent data now have bidirectional communi-
cations to enable remote control of configuration and settings. 
Programmable logic controllers have moved from centralized 
to distributed control and have become more capable. Together, 
the two trends have enabled the creation of intelligent control 
systems that make local decisions about industrial activity and 
are reconfigurable to alter or implement processes on the fly.

The Pocket IO development platform provides the process-
ing, communications, and sensor interface capabilities needed to 
implement such intelligent control systems. It is compact (3.5 x 
3.5 in.), programmable (Arduino Sketch or Intel Edison IDE), and 
environmentally rugged, using parts rated for –40°C to 125°C. 
For power, it can operate from batteries through 42 Vdc. It offers a 
suite of 30 IO ports, including analog, isolated digital, motor con-
trol, and both serial and field bus interfaces. Communications to 
the device take place over USB or Wi-Fi, and developers can utilize 
a smartphone as their graphical user interface. This abundance of 
resources provides developers with the ability to get started with 
adding connected sensing and control to legacy systems and enter 
the Industrial IoT era.

MENTOR 
GRAPHICS
Tessent 
DefectSim
www.mentor.com
Finding a problem 
with your prototype 
board is bad enough, but when the bug is in your latest IC master-
piece, you know it’s going to be a bad day. Heads may roll.

The verification of digital IC designs is a whole profession 
unto itself, and Mentor’s Tessent DefectSim works to bring sim-
ilar thoroughness — not just to analog/AMS designs, but also to 
parts of your digital circuitry that aren’t covered by scan testing.

DefectSim uses the circuit’s schematic and layout to help it 
generate simulated defects, like shorts, opens, and process varia-

JANUARY 2017 • electronicproducts.com • ELECTRONIC PRODUCTS

18 Cover Story



tions. The likelihood of each defect is calculated, guiding users in 
DFT and ATE efforts. SPICE simulation time is greatly reduced 
compared to simulating every potential defect.

The test time for digital circuit blocks in ICs has greatly de-
creased in the last 20 years, thanks to scan-based design-for-test 
(DFT), automatic test pattern generation (ATPG) tools, and scan 
compression. These technologies have greatly reduced the number 
of test vectors applied by automatic test equipment (ATE) while 
maximizing the coverage of a wide range of defect types. But for 
analog circuits, test time has hardly decreased at all. DefectSim 
provides a measure of test quality and pathways to improve it while 
reducing test time, and it can facilitate compliance with high-rel 
requirements like ISO 26262.

MICROCHIP 
TECHNOLOGY
AWS-ECC508 Security 
Solution for IoT Devices
www.microchip.com
Securing an intelligent connected 
device’s communication with cloud services 
from end to end is a challenge, and one of the 
biggest problems is the assignment, protection, and management 
of public decryption keys and certificates for authentication of de-

ployed devices. Microchip’s ECC508 in conjunction with Amazon 
Web Services (AWS) creates a secure provisioning platform and 
associated support chip that streamlines the implementation of 
communications security.

Some of the critical steps in effectively implementing en-
cryption-based security include generating a unique key for 
each device, protecting the confidentiality of keys throughout 
the manufacturing chain, ensuring that device end users can 
readily establish a trustworthy connection to the web server, and 
protecting the device keys throughout the device’s operating life. 
Prior solutions to these challenges involved costly equipment and 
logistics, including the installation of expensive hardware secure 
modules and use of secure rooms in factories and conducting 
periodic factory security audits. The ECC508 comes from Micro-

chip with a unique key in each device along with the 
digitally signed certificates needed for 
device authentication when establishing 
a web connection.

But hardware alone does not provide 
a full security solution, so Microchip also provides 
services for the monitoring and maintenance of 
device keys in support of the ECC508. These services 
include identification of parts that go missing during 
production or replication of keys, as well as decerti-

fication of suspect parts, to help prevent counterfeit products from 
compromising security or even functioning.

Cortex M3 32-bit MCUs

For more information, please visit www.zilog.com
Design With Freedom

Part Numer

Z32F06410AES
Z32F06410AKS
Z32F12811ARS
Z32F12811ATS
Z32F38412ALS

Cortex-M3  
Cortex-M3  
Cortex-M3  
Cortex-M3  
Cortex-M3

64KB
64KB

128KB
128KB
384KB

8KB
8KB

12KB
12KB
16KB

48MHz
48MHz
72MHz
72MHz
72MHz

12-bit x 2-unit
12-bit x 2-unit
12-bit x 3-unit
12-bit x 3-unit
12-bit x 2-unit

1.5MS/s
1.5MS/s
1.5MS/s
1.5MS/s
1.5MS/s

6-16bit
6-16bit
6-16bit
6-16bit

10-16bit +FRT

2
2
2
4
4

2-unit 11ch
2-unit 8 ch

3-unit 16 ch
3-unit 16 ch
2-unit 16 ch

Core Flash SRAM Max. Freq. ADC Resolution ADC Speed Timers UART ADC

1
1
2
2
2

SPI

1
1
2
2
2

12C

1
1
2
2
2

MPWM

48LQFP
32LQFP
64LQFP
80LQFP

100LQFP

Pkg.

Top Applications:
•  Wearables
•  Robotics
•  Identity and tracking
•  Smart lighting
•  Medical instrumentation
•  Automotive control systems
•  Building automation
•  Domestic household appliances
•  IoT

Key Features:
•  High Performance Low-power 
•  Cortex-M3 Core
•  64KB, 128KB, or 384KB Code Flash
•  Memory with Cache function 
•  8KB, 12KB, or 24KB SRAM 
•  Watchdog Timer 
•  External communication ports 
•  Six General Purpose Timers

All major development tool environments supported including:
•  Keil
•  Segger
•  IAR
•  GCC

Z32F0640100KITG
Z32F1280100KITG
Z32F3840100KITG

ZNEO32! 64K Evaluation Kit
ZNEO32! 128K Evaluation Kit
ZNEO32! 384K Evaluation Kit

ZNEO32! Evaluation Kits

UART x 4

SPI x 2

GPIOs

IOSc
(20MHz)

PLL
(Max 80MHz)

Ext. OSC
(8MHz xtal)

POR

LVD

Trace/ETM

JTAG/SWD

Cortex-M3
Max 72MHz

SYSCON
CODE FLASHROM

(128KB)

Flash Controller

SRAM
(12KB)

DMAC

OPAMPx4

COMPx4

12-bit ADC
1.5Msps
(3-Unit)

3-Phase
PWM #2

3-Phase
PWM #1

TIMER x 6

WST

VDC
5V-to-1.8V

I2C x 2
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SITIME CORP.
Elite Platform MEMS Super-TCXOs
www.sitime.com
With 5G coming in a few years, telecom providers are increasing 
small cell deployment, adding microwave backhaul systems as well 
as synchronous Ethernet and optical communications as commu-
nication networks become increasingly more densely deployed. 
Communication equipment has to face more exposure to high 
temperature, thermal shock, vibration, and widely varying air flow 
— a very bad environment for quartz oscillators in networking, 
server, storage, and telecom (NSST) systems in which dynamic 
timing performance is critical.

Enter the MEMS oscillator architecture. SiTime Corp. has in-
troduced an innovative Elite Platform that features Super-TCXOs 

(temperature compensated 
oscillators). This platform will be 

a necessity in helping commu-
nications equipment to deliver 

the highest performance, best 
reliability, and highest quality of 

service, even in the presence of 
environmental stressors — es-

pecially vibration.
These new solutions employ an innovative 

DualMEMS architecture with TurboCompensation. The MEMS 
architecture provides a robust, reliable, and proven TempFlat MEMS 
that eliminates activity dips and has 30 times better vibration im-
munity than quartz timing devices. With DualMEMS temperature 
sensing, which has 100% accurate thermal coupling, the MEMS 
oscillator enables 40-times-faster temperature tracking to ensure the 
best performance under airflow and rapid temperature changes.

The devices also have highly integrated mixed-signal circuits 
with on-chip regulators, a TDC (temperature to digital converter), 
and a low-noise PLL that deliver five-times-better immunity to 
power-supply noise; 30-uK temperature resolution that is 10 times 

better than quartz; and support for any frequency between 1 and 
700 MHz. No fan needed here, with –40°C to 105°C operation in 
outdoor equipment.

TELCODIUM 
INC.
AC Series  
GAN FETs
www.telcodium.com
Telcodium introduces the 
AC series of redundant power 
supplies that replace the typical three-module power supply 
architecture (that have two power supply bricks and an inter-
mediate bus converter [IBC]) with a single power module with 
redundant ac feeds. The power module operates at 94% true 
system efficiency (TSE) — reducing average energy loss by 13% 
or more. To achieve the same TSE with the typical three-module 
power supply, the bricks and IBC would each need to yield a 97% 
efficiency — which exceeds the 80Plus Titanium specification 
(95% x 95% = 90.25%). This has yet to be demonstrated by any 
other power supply manufacturer. Additionally, the new module 
is 30% smaller than the typical versions with two bricks and 
eliminates the standalone IBC.

The high efficiency and size reduction were made possible by 
the use of JEDEC-qualified 650-V GaN FETs from Transphorm 
and also some innovative design engineering. The smaller size is 
a big deal for the targeted market for this power supply, which 
includes the data center, server, and telecom markets.

The new GaN technology power supply and patented technolo-
gy parts provide from 92% to 94% TSE. They are 30% smaller and 
only use 16 W of heat while delivering 243 W to the system. Mul-
tiplied by the number of servers used in a data center or telecom 
center, these differences add up to thousands of dollars saved.

XEL6030 Power Inductors for
High Switching Frequencies

Superior current handling ... up to 41.0 Amps
Extremely low DCR ... and ultra-low AC losses 
Optimized for high frequencies ... up to 5+ MHz 
Soft saturation ... withstands high current spikes

Free Samples @ coilcraft.comCompact footprint: 6.36 x 6.56 mm
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TELEDYNE LECROY
HDO9000 Series High-Definition 
Oscilloscopes
www.teledynelecroy.com
When it comes to any kind of signal digitizing, you always 
face the tradeoff between bandwidth and resolution. Tele-

dyne LeCroy’s HDO9000 series bridges the gap between its traditional 8-bit and 12-bit 
oscilloscopes, but its flexible architecture lets it find the best combination of resolution and 
sample rate. The HDO9000 line gives better resolution than attainable with 8 bits but with 
higher bandwidth than you get with their 12-bit cousins.

Teledyne LeCroy’s 10-bit technology even has its own name, dubbed HD1024, with 
models of 1-GHz, 2-GHz, 3-GHz, and 4-GHz maximum bandwidth. All bandwidths are 
available with MSO options. The HD1024 technology uses a combination of timing and 
ADC code offsets to achieve 9 or 10 bits from 8-bit, 5-Gsample/s ADCs.

The acquisition system can take four samples at a time but does so only twice per clock 
period, resulting in 10 Gsamples/s. Each time you double the number of vertical samples, 
you gain an additional bit of resolution. That explains why you need four samples for each 
clock cycle, dropping the overall sample rate to 10 Gsamples/s. The same ADC code offset 
applies at 10 bits, just doubled from 9 bits. The entire bit-selection process occurs automat-
ically, adapting to signal conditions.

Because of the HDO9000’s maximum bandwidth of 4 GHz, the 10 Gsamples/s still 
provides 2.5x oversampling. That satisfies the Nyquist criteria, making it possible for the 
oscilloscope to extrapolate the signal shape between samples. Oversampling improves tim-
ing resolution for models with lower bandwidths or at higher sampling rates (fewer bits).

If you need even more resolution, the HDO9000 can provide that, but you will pay 
for it in bandwidth. That’s because the oscilloscope uses signal processing to achieve 13.8 
bits of vertical resolution. That process uses the common filtering technique of reducing 
bandwidth, which reduces noise.

While the additional bits let you see details that might go missing in 8-bit oscil-
loscopes, the HDO9000 series also gives you lots of analysis capabilities. Math tools 
include digital filters, tracks and trend, and demodulation. Signal analysis tools include 
eye diagrams and protocol decoding. The HDO9000 series also includes Teledyne    
LeCroy’s MAUI user interface.

TEXAS INSTRUMENTS
LMG3410 HV GaN Power Stage
www.ti.com
The LMG3410 70-mΩ, 600-V GaN FET 
power stage is the first high-voltage driv-
er-integrated GaN solution. The power 
stage delivers 50% lower power losses in a 
totem-pole PFC compared with state-of-the-
art silicon, FET-based boost power-factor 
converters. These benefits are especially im-
portant in isolated high-voltage industrial, telecom, enterprise computing, and renewable 
energy applications.

With its integrated driver and features such as zero reverse-recovery current, the GaN 
FET provides reliable performance, especially in hard-switching applications in which it can 
reduce switching losses by as much as 80%. Unlike standalone GaN FETs, the LMG3410 inte-
grates built-in intelligence for temperature, current, and undervoltage lockout (UVLO) fault 
protection. The 8 x 8-mm quad flat no-lead (QFN) package decreases power loss, component 
voltage stress, and electromagnetic interference (EMI) compared to discrete GaN solutions.
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IN

RDRV
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Ultra-Miniature | High Reliability

Quartz Crystals, Oscillators
and Sensors

STATEK CORPORATION

AS9100C 
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512 N. Main St., Orange, CA 92868 
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Lots of things matter to a user, 
developer, or operator of a wireless 
IoT network — security, quality 

of service (QoS), reliability, energy con-
sumption, etc. All of these are important, 
but one parameter consistently tops this 
list: cost. It’s arguably the one that has 
done more to hold back the realization 
of the lofty projections for IoT than any 
other. And a major contributing factor to 
this cost has consistently gone unrecog-
nized: network capacity. 

Network capacity
The primary costs in a wireless net-
work are obviously associated with the 
hardware at both ends of the wireless 
link: the base station and the terminal 
device. Additional costs, such as data 
processing, storage, etc., are not consid-
ered here because we’re only comparing 
the OTA link technology. End-device 
BoM costs for all three technologies are 
reasonably equivalent; at least the differ-
ences are essentially negligible, so we’re 
not considering these, either.

Network capacity is arguably the most 
significant parameter to factor into our 
cost calculation. It determines cell size 
and, consequently, the number of base 
stations in the network. And base station 
count is the primary factor in a viable 
total cost of ownership calculation.

Normally, we think of network 
capacity as a measure of the number of 
end devices connected simultaneously to 
a single base station, so we’ll keep with 
this convention and see how MAC total 
throughput, transmission frequency, 
and data payload all factor into capacity 
calculation below. 

Fig. 1 shows the MAC throughput 
for three popular LPWAN technologies: 
LoRa, Sigfox, and Weightless. These 

numbers pertain to EU regulations. LoRa 
is a spread-spectrum technology, Sigfox 
uses ultra-narrow-band, and Weight-
less-P is a narrow-band technology.

How did we calculate this?
We have made objective assumptions on 
the modelling criteria. In fact, we have 
been considerably more conservative in 
our assumptions than other published 
models suggest for Sigfox and LoRa. And 
we declare the criteria — here they are:
•  Weightless-P adaptive data rate with 

10-dB margin, PER target 0.1%
•  Scheduled uplink capacity is calculated
•  Mean data rate determined by through-

put for randomly positioned nodes 
with properly assigned data rate

•  Weightless-P: –134-dBm sensitivity for 
0.625 Kbps, EU Tx power is 14 dBm, 
and U.S. Tx power is 27 dBm

•  Sigfox and Weightless-P MAC 
throughput based on urban Hata mod-
el (BST antenna height 30 m and ED 
height 0.5 m)

•  Coverage for Weightless-P is 1.5 km for 
EU and 3.8 km for U.S.

•  LoRa MAC throughput based on 
Ingenu white paper but removed 
over-conservative assumptions on 
repetition rate

•  Capacity loss due to slot granularity is 
absorbed by assuming 50% protocol 
overhead and 50% UL half duplex ratio

In any wireless system, the data 
throughput determines the achievable 
network capacity. Higher data through-
put enables larger data packets, more 
frequent transmissions, and a greater 
number of end points. These funda-
mental parameters are the key factors in 
the scalability debate. Increase any one 
of these and you are stress-testing the 
scalability of the network. Let’s look at a 
typical scenario.

Smart meters
In the utility metering sector, a 15-min-
ute reading interval is the accepted de-
fault frequency of uplink transmissions. 
And a data packet of 200 bytes would be 
considered normal. What does this mean 
for Sigfox, LoRa, and Weightless?

First, for this example, we could 
discount Sigfox based on the payload 
limitation of 8 bytes, but I’m using this 
as the basis for comparison of network 
capacity, so let’s keep going — 200 bytes 
every 15 minutes is 800 bytes/hour or, 
expressed in bits per second, 1.78 BPS. 
The MAC throughput divided by the 
end-device data throughput will define 

for us the number of nodes 
that can be serviced — this 
is how data rate and capaci-
ty are linked.

Weightless-P can handle 
2,769 end points per base 
station with these uplink 
characteristics; LoRa can 
manage 52 end points; and 
Sigfox can accommodate 789 
end points.

Network capacity (end points per base station).

Choosing an LPWAN technology 
for a wireless IoT network
UNB, narrow-band, or spread-spectrum: which works for the IoT?
BY FABIEN PETITGRAND
Chief Technology Officer, Ubiik Inc.
www.ubiik.com

Fig. 1: MAC throughput for three popular LPWAN technologies, according to EU regulations.

SIGFOX LORA WEIGHTLESS-P

MAC throughput bits/s 1,404 93 4,923
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Impact on cost of ownership
The CAPEX on an IoT base station might 
be in the region of USD$5K — let’s not 
get too hung up on the exact numbers. 
Ancillary equipment might cost  
USD$4K. Site engineering could cost an 
additional USD$7K. In terms of OPEX, 
site rental might be around USD$2.5–4K 
per year and backhaul and communi-
cations another USD$2.5–4K per year. 
Over a 10-year time span, the lifetime 
cost of the base station will be in the 
region of USD$50–80K. Bottom line: 
The BST hardware BoM cost is virtually 
irrelevant when calculating the total cost 
of ownership.

Taking the lower end of these figures, 
USD$50K, we can calculate the cost to 
cover a typical city. Let’s use San Diego, 
CA, as our example, with a population 
of just over 3 million people. The typical 
San Diego household has two people, 
deriving 1.5 million households con-
suming energy — each with, let’s say, one 
utility meter.

For a Sigfox network (assuming that 
Sigfox’s technology was suitable for this 
use case) servicing 1.5 million house-
holds, approximately 1,500,000/789 base 
stations would be required. That is about 
1,900 base stations with an approximate 
cost of USD$9.5 million per year.

For LoRa, the same calculation de-
rives 1,500,000/52. This equates to about 
29,000 base stations with an approximate 
cost of USD$14.4 million per year.

The same calculation for Weight-
less-P., 1,500,000/2,769 equates to 542 
base stations with an approximate cost of 
USD$2.7 million per year.

The difference between these costs 
hardly needs to be pointed out and the 
conclusion is clear: network capacity 

matters. Whilst for some use cases, it 
might be possible to absorb the addition-
al cost of multiple base stations, many 
other applications are far more price-sen-
sitive and commercially unsustainable. 

In this article, we have set out how 
we calculated MAC throughput in an 
LPWAN network. We ran the numbers 
for UNB, NB, and spread-spectrum 
modulation schemes, and we showed 
how this parameter in these technolo-
gies impacted an important deliverable: 
network capacity. We then went on to 
show how capacity is directly related to 
cost. But MAC throughput is important 
for other reasons, too. It has implications 
for virtually every characteristic that 
matters in an IoT network. It has a direct 
link to QoS, to security, and to network 
performance.

 To provide the user with the highest 
QoS, it is necessary to offer acknowl-
edgement of all uplink traffic from 
every node for every transmission. That 
requires a downlink capability that is 
intrinsically related to MAC throughput. 
So for true maximum QoS in a use case 
in which this is critical, don’t ask if the 
technology has a bidirectional capability; 
ask if it can offer 100% acknowledgement 
of uplink traffic, even in a large network. 
And ask the vendor to define “large.”

 Security is one of the fundamental 
obstacles for wireless technologies, and 
it’s easy to see why. The over-the-air 
(OTA) link is a key vulnerability and 
the implications for a breach in a large 
IoT network are severe. Weightless-P, 
like the majority of LPWAN connectiv-
ity technologies, offers a high level of 
security for the OTA link with AES-
128/256 encryption and authentica-
tion at both the terminal and network 
ends. But no security protocol is fu-
ture-proofed — threats evolve continu-
ously and need to be countered with an 
ever-changing protection regime. This 
requires the ability to update protocols 
at not only the network side of the link 
but also the terminal. With hundreds, 
thousands, or tens of thousands of end 
devices at remote locations, it is imme-
diately clear that only an OTA firm-
ware upgrade is commercially feasible 
to maintain security. No other option 

is realistic, and yet, without the ability 
to provide effective broadcast and 
multicast capabilities, this is simply not 
possible. Once again, MAC throughput 
is the key to this option.

 Network performance is really about 
managing a finite resource — spectrum. 
Spectrum is the limiting factor and 
quickly becomes apparent as networks 
grow — in terms of the number of end 
devices deployed, the size of the typical 
data payload, and the number of trans-
missions sent per unit of time. A spec-
trally efficient technology can maintain 
the acknowledgement of uplink traffic 
for all nodes and all transmission. That 
means that every device can respond to 
changes in its environment that affects 
its ability to effectively communicate 
with the base station through dynamic 
configuration of both transmit power 
and data rate. This can only be achieved 
with acknowledgement of every uplink 
transmission from every node. And 
that, once again, is predicated on MAC 
throughput. ☐

Cost of ownership (lifetime cost of base 
station is USD$50K).
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Bluetooth beacons enable proximi-
ty-based contextual awareness, but 
implementing beacons on a prod-

uct can present some interesting design 
and development challenges. First, there 
is no official Bluetooth Special Interest 
Group (SIG) beacon standard; instead, a 
number of pseudo standards are emerg-
ing. Then there is the issue of range de-
termination, impact on the overall power 
budget, and ensuring security.

After defining beacons and present-
ing a quick look at competing beacon 
approaches from Apple, Google, and 
Radius Networks, we will discuss how 
best to go about implementing beacons 
to address these design challenges. 

What is a beacon?
A beacon is a small, battery-powered, 
wireless device that uses Bluetooth Low 
Energy (BLE) to advertise its presence and 
services. It does this by broadcasting (ad-
vertising) a beacon identifier to compatible 
devices, such as smartphones, within its 
proximity. That identifier also contains a 
small amount of customizable embedded 
data. A BLE scanner on a smartphone, for 
example, routinely scans for advertising 
packets and then decodes them to deter-
mine the beaconing device’s location and 
services and interact accordingly.

The emerging pseudo-standards take 
advantage of some of BLE’s native facili-
ties and the widespread use of Bluetooth. 
The more prominent ones are Apple’s 
iBeacon, Google’s open-source Eddys-
tone, and Radius Networks’ AltBeacon 
(see Table 1).

Proximity-aware applications rely on 
knowing which beacons are nearby. But a 
beacon’s RF range can vary from <1 me-
ter up to 500 m, depending on transmit 
power, so determining proximity based 
solely on receiving a beacon identifier 
packet is impracticable.

In practice, distance is approximated 
by comparing a calibrated transmit pow-
er figure in a beacon’s advertising packets 
to the received signal strength indicator 
(RSSI). Environmental and other factors 
influence the signal strength, but an 
approximate distance is generally good 
enough for proximity applications.

Future versions of the Bluetooth 
specification will likely incorporate 
multi-antenna angle-of-arrival (AoA) 
and angle-of-departure (AoD) features to 
accurately determine the spatial location 
of another Bluetooth device. Such fea-
tures will enhance Bluetooth’s usefulness 
in applications needing high-accuracy 
location detection — potentially to with-
in tens of centimeters.

Beacon services and packet structure
A beacon can include multiple services. 
When a service needs to be advertised, 
its universally unique identifier (UUID) 
is broadcast in the device’s advertising 
packet. Subsequently, when a Bluetooth 
scanner receives an advertising packet, 
the UUID is registered by the operating 
system to a specific application, which 
takes follow-on actions.

The format of advertising and data 
packets is the same (Fig. 1). Beacons fol-
low the standard advertising packet for-
mat and embed the data payload in the 
pseudo-standard’s pre-defined structure. 
This allows the OS to treat a beacon’s 
advertising packet differently from other 

Bluetooth advertising packets.
BLE devices transmit advertising 

packets on a selectable interval, from 
20 ms up to several minutes. The same 
packet is sent on all three of the adver-
tising channels every time the device 
advertises, making it more likely that a 
scanner will pick it up.

Within the advertising packet, the 
data payload is structured as one or more 
(length, type, data) triplets. The length 
field defines the combined size of the 
subsequent type and data fields. This is 
followed by the type field, which desig-
nates whether the data is a name, a service 
UUID, a universal resource identifier 
(URI), or one of many other defined data 
types. The data packet comes next.

Transmitting a single beacon packet 
can take up to 376 µs, but could be shorter, 
depending upon the pseudo-standard, and 
the frequency with which this happens is a 
trade-off between power consumption and 
acceptable application latency.

Considerations for designing a 
beacon product
In its most basic form, a beacon can 
be implemented with a wireless sys-
tem-on-chip (SoC) device or a module, 
along with a battery and a mechanical 
enclosure. More typically, a beacon will 
include other components that provide 
functional user interaction as well as sen-
sors. The pre-certified module approach 
provides the fastest time-to-market, 
avoiding significant upfront engineering 
investments and RF compliance testing, 
while a discrete SoC design might pro-
vide size or cost savings (Fig. 2).

Selecting a field-proven BLE stack 
that actively manages sleep modes is 

How to quickly implement BLE beacons
BY JOE TILLISON, Senior Manager, 
Field Marketing, Silicon Labs
www.silabs.com

Fig. 1: BLE packet format is the same for 
both data packets and advertising packets.
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Table 1: OS support for BLE technology and beaconing pseudo-standards.

Platform Bluetooth Low Energy (BLE) 
Technology Support Native* Beacon Support

Apple iOS & Apple Mac iOS 7.0 (2013) / OS X iBeacon

Google Android 4.3 Eddystone

Android and iOS 4 AltBeacon

*  Note that this table shows only native OS support. Each major OS supports other beacon types and their applications.
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crucial for power-management reasons: 
broadcasting for just 1 ms every 100 ms 
means that, for 99% of the time, it should 
be sleeping. Also, it’s best to use a stack 
that can, for example, define multiple 
beacon frame types (iBeacon, Eddys-
tone-URL, etc.) along with their timing 
parameters. The stack can then interleave 
these autonomously, without running the 
more power-hungry application code. 

Other important software features 
include watchdog timers as a fail-safe 
mechanism, real-time clocks to set bea-
con on/off cycles to preserve power, and 
the ability to support firmware updates. 

Beacon application code can be 
relatively simple and implemented with 
a high-level programming language such 
as BGScript (Fig. 3). The benefit of this 

approach is that the developer can focus 
on the application instead of the timing 
and complexities of the protocol stack 
underneath. 

This example code supports the 
BGM111 module. The code’s advertising 
packet is constructed to use the Apple 
AirLocate Service UUID of 74278bda-
b644-4520-8f0c-720eaf059935, with 
major and minor fields of 0x00, meaning 
that they are unset. The calibrated Tx 
Power value of 0xD0 correlates to –48 
dBm at one meter. 

The beacon’s transmit power and 
beaconing interval play an important 
role in battery life and trade off desired 
range and proximity accuracy (Fig. 4). 
Higher transmit power provides longer 
range and a wider coverage area, but the 

transmitter will draw down the battery 
more quickly with each beacon event. 

In terms of performance, a shorter 
beaconing interval means that there are 
more beacon events to capture, providing 
more motion resolution and, therefore, 
better location accuracy. A longer inter-
val means that the beacon will have lon-
ger battery life but fewer opportunities 
to get captured, especially by a moving 
smartphone.

Security
Beacons broadcast only, so they don’t 
collect data. An in-range smartphone then 
accesses the broadcasted services, typical-
ly over Wi-Fi or its cellular network. As 
such, beacons do not pose any additional 
security threats or attack surfaces. For the 
beaconing provider, when attaching to 
the beacon has a monetary value through, 
for example, reward points, care must be 
taken to reject constant requests from the 
same device. This is accomplished using 
time-stamping and other techniques. The 
same applies to a beacon’s device-man-
agement functions, in which standard 
BLE security features, such as pairing and 
authentication, are used to restrict access 
to internal functions.

Conclusion
It’s hard to imagine that we all won’t be 
touched by beacon applications in the 
near future. Indeed, they may be the 
next killer app. Product designers across 
hundreds of industries will have lots of 
new challenges to address as they move 
to adopt wireless. Choosing the right 
vendor with innovative technology, a 
market-proven stack, and great custom-
er support will help to ensure that the 
developer has a smooth experience and a 
superior final product. ☐

Fig. 4: A beacon’s average battery life is 
determined by transmit power and its 
transmit/sleep duty cycle.

Fig. 3: BGScript iBeacon example code for the BGM111 BLE module.

Fig. 2: Typical pre-certified BLE beaconing module and Bluetooth SoC reference design.
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Waterproof 
connectors for 
Fast Ethernet boast 
endurance of high 
insertion cycles
Keystone Electronics Corp. has 
unveiled a series of connectors 
that are IP68-rated for underwater, dust, and other harsh envi-
ronments and are fully compliant with IEEE and IEC standards. 
The company is mainly targeting these waterproof connectors 
at the 100Base-T Fast Ethernet applications.

The underground and underwater cable connections 
demand far more reliability and ruggedness due to their use in 
locations that are hard to access on a regular basis. The newly 
released family of connectors — encompassing RJ45 jacks and 
sockets — are rated for 125 VAC RMS and can endure a mini-
mum of 500 insertion cycles.

Moreover, amid a variety of design applications required 
in the networking domain, Keystone provides a number of 
mounting and port size options. That, for instance, includes an 
RJ45 plug housing as well as waterproof cable jack cover and 
connector assembly.

Keystone also boasts an in-house application engineering 
team for aiding customers in product modifications and carry-
ing out specific design work. Keystone, an ISO-9001:2008-cer-

tified company, complies with the RoHS standards and is 
headquartered in Astoria, NY.

Furthermore, the maker of connectors and cable assemblies 
has sales offices in Asia, Australia, Canada, and Europe.
Keystone: www.keyelco.com

All standard functions available in  
eight-pin package
NXP Semiconductors has 
launched a 0.8 x 1.35 x 0.35-
mm leadless logic package to 
save board space and reduce 
PCB assembly costs in mobile, 
portable, and IoT applications. 
The company claims that GX 
8 (SOT1233), boasting eight lead logic functions, is the world’s 
smallest leadless logic package.

Portable devices are continuously pushing electronic sys-
tems toward smaller packages, low power consumption, and 
low system costs. Therefore, NXP, which has earlier released 
five- and six-pin functions in the GX package, has made avail-
able the eight-pin package to facilitate most of the Mini Logic 
functions.

Logic functions are used to provide the interface between 
different chips, and having more logic functions in a single 
package simplifies the job of design engineers. Moreover, the 
shrinking design cycles, often demanding the single-chip solu-
tions, are also pushing for a broad spectrum of standard logic 
functions to be integrated into smaller packages.

So most AXP, AUP, and LVC functions are now available in 
a GX package. NXP also claims that the GX 8 logic package is 
more rugged than its predecessor GX packages.

The GX 8 logic package — planned for mass production in 
Q4 2016 — is being priced at $0.42 per unit for 1,000, $0.35 per 
unit for 10,000, and $0.30 per unit for 100,000-piece quantities, 
respectively. NXP is the leading supplier of logic products and 
has been in the logic business for the past 50 years.
NXP Semiconductors: www.nxp.com

Mobile phone connector minimizes breakage 
from improper insertion
Kyocera Connector Products Corp. has 
unveiled a new connector series for 
mobile applications that saves space 
with a low pitch of 0.5 mm and profile 
height of 1.28 mm. The 6811-Series of 
flexible printed circuit/flexible flat cable (FPC/FFC) connectors 
is available in 4 to 16 pins.

These connectors, besides their space-saving profile and low 
pin counts, boost robustness with metal brackets that prevent 
cables from being lifted up out of the connector. The metal 
brackets, for instance, prevent actuators from being unlocked 
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and minimize connector breakage from the unintentional lifting of mated FPC/FFC 
during the assembly process.

Moreover, Kyocera’s 6811 connectors enhance assembly efficiency by using tabbed 
FPC/FFC. That prevents contact misalignment from oblique or shallow insertions and 
enables proper mating conditions with visual confirmation of correct insertion. The 
connectors, for example, can prevent damage from moving the actuator in the wrong 
direction or inserting FPC/FFC too forcibly. 

Mobile phones and similar devices have increasingly been demanding smaller and 
thinner FPC/FFC connectors. Kyocera’s 6809 Series of connectors were launched in 
2014 to meet such requirements in mobile designs.

However, connectors in mobile devices also need delicate handling in the assembly 
process and may be damaged by improper insertion or unintentional manual contacts 
with certain parts. So the 6811-Series has added more robust features to ensure reli-
able connections.

Case in point: the 6811-Series incorporates a front locking mechanism — bottom 
contacts — to make sure it connects applicable FPC/FFC with a thickness of 0.3 mm. 
That’s how these connectors enable FPC/FFC to be fixed with actuator locks.

The actuator that locks FPC/FFC with tabbed cables ensures reliable connection 
even if the FPC/FFC is pulled forcibly. That, in turn, minimizes or eliminates the 
likelihood of deforming the contacts or connector structure.

Kyocera’s 6811-Series connectors are halogen-free and are compliant with RoHS 
standards.
Kyocera: www.kyocera.com

PCIe 4.0 test platform boasts two x4 optical links
Electronic interconnect supplier Samtec has joined hands with interface IP solution 
provider PLDA to help create a platform for networking product developers to test 
PCIe Gen4 architecture for endpoint/PHY/boards with their own software, designs, 

and boards in real time.
PLDA’s PCIe 4.0 platform develop-

ment kit (PDK) is based on the company’s 
PCIe-compliant XpressSWITCH IP and its 
XpressRICH4 controller IP for PCIe Gen4 
technology running on a Xilinx Virtex 
UltraScale FPGA. The test platform, based 
on PLDA’s Gen4SWITCH technology, 
supports one PCIe Gen3 x8 electrical 
upstream and one Gen 4 electrical down-
stream in the backplane.

Moreover, the Gen4SWITCH test platform features one PCIe Gen4 x4 DS port, 
which is connected to an external device under test (DUT). The Gen4 DUT is connect-
ed to Gen4SWITCH via Samtec’s PCUO FireFly PCIe Optical Flyover cable assembly.

Samtec’s PCUO FireFly PCIe Optical Micro Flyover cable assembly provides two 
x4 PCIe 4.0 optical links in PLDA’s PCIe 4.0 PDK. The cable assembly maker claims 
that its PCUO series of interconnect products offers designers required flexibility to 
achieve higher data rates and greater distances.

The PCUO series leverages MMF technology to support the PCIe Gen4 links of up 
to 100 meters. Furthermore, it features x4 optical engine-enabling aggregation for x8 
and x16 PCIe links. The PCUO-based optical links also offer support for bidirectional 
reset and cable present sidebands for both transparent and NTB applications.

Samtec’s FireFly interconnect solutions offer optical connectivity for PCIe-over-fi-
ber applications and claim to do that with high density, ease of routing, and optimized 
signal integrity.
Samtec: www.samtec.com
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Four input rectifiers boost current 
ratings in the new package
IXYS Corp. has expanded its family of input recti-
fi ers in the SOT-227B Minibloc packages to include 
dual-diode confi gurations. What IXYS has essentially done 
here is use the high power density of the SOT-227B packages to 
move a group of input rectifi ers to higher current ratings.

Th e company has introduced four new products to enhance 
the existing portfolio of input rectifi ers in the SOT-227B pack-
age. Th e fi rst one is DMA200X1600NA standard rectifi er that 
features dual confi guration with parallel diodes inside.

Th e reverse-blocking capability in this rectifi er diode is de-
signed to 1,600 V with an extremely low leakage current, and it’s 
matched with a small thermal impedance of 0.3 K/W and a high-
surge current capability of 1,500 A. Th e second input rectifi er — 
DMA200XA1600NA — has an anti-parallel diode circuit inside 
and that allows designers to optimize their construction.

Finally, DAA200X1800NA and DAA200XA1800NA rectifi er 
diodes contain the same parallel and anti-parallel diode confi gu-
rations. However, these rectifi er diodes have been designed using 
avalanche-rated diodes, thus aiming for highest blocking perfor-
mance under severe conditions, for instance, in unstable mains.

IXYS has already made available its SOT-227B Minibloc 
packages for a range of high-performance thyristors and diodes 
targeted for 50-/60-Hz applications. Now these packages enable 

designers to create low-profi le constructions with a 
small package profi le of 12 mm and robust terminals 
enabling higher current conduction.

Moreover, the SOT-227B Minibloc packages boast 
direct copper bonded (DCB) ceramic for the electrical isola-

tion with the lowest thermal impedance, and that contributes to 
strong fi eld ruggedness of these packaging solutions.
IXYS: www.ixys.com

BGA test socket features 
precise ball-to-pin alignment
Ironwood Electronics has unveiled a new 
socket for testing ball grid array (BGA) 
devices; it uses a compression screw 
to apply downward pressure and thus 
allows the device to conveniently intercon-
nect to the target PCB. Th e 77-pin BGA socket is mounted 
using supplied hardware on the target PCB with no soldering.

Th e contactor in the Ironwood’s SBT-BGA-6537 test socket 
is a stamped spring pin with 31-g actuation force per ball and 
cycle life of 125,000 insertions. And the self-inductance of the 
contactor is 0.88 nH, insertion loss <1 dB at 15.7 GHz, and 
capacitance 0.097 pF.

Next, the current capacity of each contactor is 4 A at 30°C 
temperature rise, while the socket temperature range is –55°C 
to 180°C. Th e SBT-BGA-6537 test socket also features a fl oating 
guide for precise ball-to-pin alignment.

To test a BGA device, simply put it into the socket base and 
swivel socket lid onto the base using the shoulder screws. Th e BGA 
socket can be used for hand test as well as specialized applications 
with the most stringent requirements like extreme temperatures.
Ironwood Electronics: www.ironwoodelectronics.com 

Busbar connector with floating alignment 
simplifies assembly
Hirose has released a busbar connector with a fl oating contact 
alignment. It can absorb mounting misalignment of up to 2 
mm in the XY direction and, thus, can ease installation in data 
centers, power distribution units, storage battery systems, and 
uninterrupted power supplies.

Th e PS4 Series of connectors boasts the plug-in mating 
capability, which simplifi es assembly by eliminating the need 
for the installer to touch the conductor, and that reduces the 
assembly and maintenance time. Moreover, plug-in mating 
ensures a rugged connection regardless of the installer’s skillset, 
which, in turn, leads to greater reliability and worker safety.

Hirose’s mating design — which is based on a pending patent 
— makes connector installation easier by allowing it to fl oat to 
the most appropriate mating position where it aligns with the 
busbar. It facilitates connector fl oat in the XY direction and then 
locks it at a suitable place aft er full engagement with the busbar.

Another notable feature that the PS4 busbar connectors off er 

Insulating tubes - made to order
For electrical/electronic coil winding, covers, standoffs, etc., made 
from Nomex™, Kapton™, Mylar™, Resinite, Vulcanized Fibre, 
Thinwall, Dielectric Kraft, flame retardant, heat shrinkable, high 
temperature, high dielectric, round, rectangular, square, material 
combinations, and color coded.

To receive literature & details fast - www.pptube.com

Phone: 847-537-4250 • Fax: 847-537-5777 • E-Mail: sales@pptube.com

Paper Tube Company
1033 S. Noel Ave., Wheeling, IL 60090

The Original - Since 1934

Paper Tube Company
1033 S. Noel Ave., Wheeling, IL 60090

More Than 80 Years- The Original
™ ® DuPont Co.
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is the 
availability 
of two current 
ratings. The 150-A connectors are 
designed for use with a busbar thickness 
of 3.175 mm, or 0.125 inches. Next, 
the 300-A version of PS4 connectors 
supports a busbar thickness of 6.35 mm, 
or 0.25 inches.

It’s worth noting that the higher 
current rating is supported by a fall in 
the contact resistance via a larger contact 
area and multiple contact points. There-
fore, the connector design reduces heat 
generation caused by current flow, and 
that leads to an increase in performance 
and operational life.

The PS4 Series busbar connectors fea-
ture a rated voltage of 600-V ac/dc and 
an operating temperature of –40°C to 
105°C. These plug-in busbar connectors 
are available in a compact design, which 
is applicable to the 1U size.
Hirose: www.hirose.com

Compact package equalizes 
bridge rectifiers in power 

applications
Bourns Inc. has released 

five new bridge recti-
fiers for switch-mode 
power supply (SMPS) 

applications, and these devices come 
in an ultra-low size package of 1.0 x 1.4 
mm, making them highly suitable devic-
es for use in high-density board designs.

Furthermore, the package can be 
mounted onto the bottom side of PCB 
assembly when necessary. The availability 
of bridge rectifiers in a compact package 
allows designers to meet high-efficiency 
energy requirements while avoiding the 
need to specify larger diodes for high-
er-current applications.

The Bourns Model CD-MBL and 
Model CD-DF4 bridge rectifiers feature 
high forward current and low forward 
voltage, making them optimum solu-
tions for ac/dc power applications. On 
the other hand, the Bourns Model CD-
HD Schottky bridge rectifiers ensure 

low forward voltage in a space-saving 
package, enabling designers of set-top 
boxes, monitors, cable modems, and 
other ac-operated devices to achieve 
power-efficient designs.

All five new bridge rectifier series 
from Bourns — CD-MBL1xx, CD-
MBL2xx, CD-DF4xx, CD-HD0x Series, 
and CD-HD2x — are RoHS-compliant. 

The Bourns Model CD-MBL series of 
bridge rectifiers are priced from $0.14 to 
$0.23 in 12,000-piece quantities. Next, 
the Model CD-DF series is priced from 
$0.40 to $0.50 in 12,000-piece quanti-
ties. Finally, the Model CD-HD series of 
Schottky bridge rectifiers are priced from 
$0.24 to $0.48 in 15,000-piece quantities.
Bourns: www.bourns.com
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For more information on IXYS Integrated Circuits Division's Power SSRs visit:
http://www.ixysic.com/Products/SSRPower.htm

IXYS Integrated Circuits Division
(formerly Clare, Inc.) 
Beverly, MA 01915 

Applications:
   • Security
     • Instrumentation
       • Multiplexers
         • Industrial Controls

Dual Normally Open (1-Form-A)

i ' P SSR ii ' P SSR i

1

2

3

4

8

7

6

5

•  2 Amp Load Current (Single-Pole Operation) 
  •  0.15 On-Resistance
    •  60 Volt Blocking Voltage 
      •  5mA Input Control Current
        •  4000Vrms Input-to-Output Isolation

Optically Isolated Solid State Relay
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360-W medical ac/dc supply 
features 4 x 6-in. footprint
Tumbler Technologies + TRUMPower 
launched the TWM360A series ac/dc 
switching power supply that meets BF 
(body floating)-rated output requirements. It 
suits medical applications, is capable of deliv-
ering 360-W continuous output power with 20-cfm 
forced air or 250 W using convection cooling. The power 
supply is an open-frame PCB in a 1.18-in. profile and 4 x 
6-in. footprint.

The power supply series includes five single-output models (12, 24, 28, 48, and 54 
V), each with an earth leakage current of <100 µA at 264 Vac, 63 Hz, and 2% to 3% 
output regulation. Output voltage is factory preset to meet the user’s request. It is 90% 
efficient at full load, 230 Vac, and features a power factor of >0.95 at 115 Vac, >0.9 at 
230 Vac. The series can withstand voltage of 5,656 Vdc from input to output, 2,121 
Vdc from input to ground, and 2,121 Vdc from output to ground. Units have remote 
control inhibit function and 2 x MOPP primary to secondary isolation, in addition 
to main output and standby power-on indicators. Standard output connector is a 
six-pole screw terminal block. For 24-V and up output models, there is an optional 
JST P/N B10P-VH-B output connector. It operates from 0°C to 70°C ambient with 
derating of 2.5%/°C from 41°C to 70°C at convection; 2.5%/°C from 51°C to 70°C, 
1%/°C from –20°C to 0°C at 20 CFM forced air cooling. It is approved to the latest 
medical standards, including UL/IEC/EN 60601-1 (Edition 3.1), ANSI/AAMI ES 
60601-1 (2012), CAN/CSA-C22.2 No. 60601-1 (2014), and UL/IEC/EN 60950-1 (2nd 
edition) ITE standards.
TRUMPower: www.trumpower.com 

VITA 62-compliant  
conduction-cooled power supply 
offers 800-W output
Dawn VME Products announces the PSC-
6238 VITA 62-compliant power supply that 
features up to 800-W 3U OpenVPX for 
conduction-cooled systems. The power supply 
operates in a military environment over a 
wide range of temperatures at high power 

levels. It features extended shock and vibration compliance per MIL-STD-810F and 
features an onboard real-time clock with switchable Battleshort and nuclear event 
detect (NED) functions.

The power supply is a wedge-lock conduction-cooled module on a 1-in. pitch 
with an operating temperature from –40°C to 85°C at the wedge-lock edge. It also 
features a six-channel supply that provides full Open VPX support and is current-/
load-share-compatible with up to four PSC-6238 units. The front I/O panel includes 
a three-color LED status indicator, VBAT battery access, and a USB port for status 
display, access menu control, and firmware upgrade.

The embedded rugged system health monitor technology provides for intelligent 
monitoring and control of critical system performance parameters, including voltage, 
current, temperature, and control of power sequencing and shutdown of all voltage 
rails. Custom firmware is available that enables additional features, such as monitor-
ing humidity, shock/vibration events, or customer-specified monitoring windows, 
power sequencing, alerts, alarms, status and control, and event logging.
Dawn VME Products: www.dawnvme.com 

Low Profile from

.18"ht.

Audio Transformers
Impedance Levels 10 ohms to 250k ohms,
Power Levels to 3 Watts, Frequency
Response ±3db 20Hz to 250Hz. All units
manufactured and tested to MIL-PRF-27.
QPL Units available.

Power & EMI Inductors
Ideal for Noise, Spike and Power Filtering
Applications in Power Supplies, DC-DC
Converters and Switching Regulators

Pulse Transformers
10 Nanoseconds to 100 Microseconds. 
ET Rating to 150 Volt Microsecond,
Manufactured and tested to MIL-PRF-21038.

Multiplex Data Bus
Pulse Transformers
Plug-In units meet the requirements
of QPL-MIL-PRF 21038/27.
Surface units are electrical equivalents
of QPL-MIL-PRF 21038/27.

DC-DC Converter
Transformers
Input voltages of 5V, 12V, 24V And 48V.
Standard Output Voltages to 300V (Special
voltages can be supplied). Can be used as
self saturating or linear switching
applications. All units manufactured and
tested to MIL-PRF-27.

400Hz/800Hz
Power Transformers
0.4 Watts to 150 Watts. Secondary Voltages
5V to 300V. Units manufactured to 
MIL-PRF-27 Grade 5, Class S 
(Class V, 1550C available).

See Pico’s full Catalog immediately

www.picoelectronics.com

Delivery-Stock to one week

for sample quantities

Call toll free 800-431-1064
in NY call 914-738-1400

Fax 914-738-8225PICOElectronics, Inc.
143 Sparks Ave. Pelham, N.Y. 10803

E Mail: info@picoelectronics.com
www.picoelectronics.com

Surface Mount

(and Plug In)

Transformers and Inductors

VISIT OUR EXCITING 
NEW WEBSITE 

www.picoelectronics.com
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Compact open-frame power supplies suit 
space-constrained needs
The PBO series of ultra-compact 3-W and 5-W ac/dc power 
supplies are available in an open-frame SIP package. They 
measure as small as 35 x 11 x 18 mm. The 3-W models are 
available in low-profile, right-angle versions measuring as 
small as 35 x 18 x 11 mm, making them suitable for applica-
tions in which vertical board space is at a premium. Typical 
efficiencies are up to 80%, with input voltage ranges of 85 to 
264 Vac or 70 to 400 Vdc. Single-output voltages of 3.3, 5, 9, 
12, 15, and 24 Vdc are available. The 3-W models offer a wide 
operating temperature range of –40°C to 85°C, while the 5-W 

models provide a range from 
–25°C to 85°C. Additionally, 

all models are designed 
to provide 3,000-Vac in-
put-to-output isolation.

The PBO series also 
meets UL60950-1/
EN 60950-1 standards, 

complies with EN55022 Class B limits 
for conducted and radiated emissions, and includes overcurrent 
and short-circuit protections. The power supply boards target 
industrial systems, automation equipment, security, telecom-
munications, and smart home devices.
CUI: www.cui.com 

Mission-critical  
supplies offer outputs  
from 1 kV to 4 kVdc
Behlman Electronics offers the DC-
R2U series of ac/dc power supplies that 
are designed for airborne, shipboard, 
ground, mobile, and industrial applica-
tions. The power supplies accept inputs 
of either 200 to 375 Vdc or 115 to 200 
Vac, three-phase at 57 to 440 Hz (IAW 
MIL-STD-704 and DO-160).

Output power of 1,000, 2,000, 3,000, 
and 4,000 W are available, with voltages 
from 3.3 Vdc to 48 Vdc, along with protec-
tive circuits, controls, and indicators. The 
DCR2U meets MIL-STD-810F for Shock 
and Vibration, and MIL-STD-461E for 
EMI/EMC. The DCR2U power supplies 
are designed to be mounted in 19-in. racks, 
and need 2U (3.50-in.) space. The power 
supply weighs approximately 30 pounds.
Behlman Electronics: www.behlman.com 

Dc/dc converters in 
high-density ChiP 
packaging
Vicor announces 
the expansion of 
its DCM series of 
dc/dc converters using the 
Converter housed in Package (ChiP) 
component format. The DCM in a ChiP 
package is an isolated, regulated dc/dc converter, operating from 
an unregulated, wide range input to generate an isolated dc output.

Aimed at a variety of applications, including UAV, ground 
vehicle, radar, transportation, and industrial controls, four new 
30-V input nominal modules (9- to 50-V range) are offered in 
a 3623 ChiP package (1.52 x 0.90 x 0.29 in.). These converters 
have output voltages of 5, 24, 28, and 48 V and power levels up 
to 160 W, with a power density up to 404 W/in3. Also an-
nounced is a 28-V input nominal module (16- to 50-V range) 
in a 3623 ChiP package with a 3.3-V output at 120 W, a 375-W 
module with a nominal input voltage of 275 V (120–420 V) 
and 12-V output in a 4623 ChiP package, and a 270-V input 
nominal module (160–420-V range) in a 4623 ChiP package 
with a 48-V output at 500 W (1.89 x 0.90 x 0.29 in.), achieving a 
power density of 1,014 W/in3.
Vicor: www.vicorpower.com

Reliable. Available. Now.  tracopower.com

TMF Series
5 to 30 Watt fully encapsulated  
power supply modules for medical  
application.

Power Sources
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Audiolarm II® Piezoelectric Alarms 
The industry’s largest selection of piezoelectric whoops, warbles, 
sirens, beeps and more. Available in variety of voltages and 
output up to 103dB! Rugged panel mount products are IP68 
and NEMA 4X when used with optional gasket. ISO 9001:2000 
registered company – all products made in the USA.

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com

For Any PCB - GHz Bandwidth BGA/QFN Sockets
• Use on any existing PCBs
• No mounting holes
• No soldering
• Patented placement/epoxy system
• 0.32mm larger than IC (per side)
• Bandwidth to 40 GHz
• 0.3mm pitch & up

Quick-Turn Custom Sockets

Ironwood Electronics
Tel: (800) 404-0204
Fax: (952) 229-8201
www.ironwoodelectronics.com

Ultra™ Loud Piezoelectric Alarms 
Ultra Loud selection of piezoelectric whoops, warbles, sirens, 
beeps and more offers 1000Hz lower frequency than industry 
counterparts. Available in variety of voltages and output up 
to 108dB! Rugged panel mount products are IP68 and NEMA 
4X when used with optional gasket. ISO 9001:2000 registered 
company – all products made in the USA.

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com

Turbo® Miniature Piezoelectric Alarms 
Tiny (approx.1”x1”) piezoelectric alarms provide LOUD output 
with a super-sleek design. Available in variety of voltages and 
output up to 103dB! Rugged, tamper-proof, lo-profile panel 
mount design is IP68 and NEMA 4X. Optional manual volume 
control offers increased attenuation. ISO 9001:2000 registered 
company – all products made in the USA.

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com

New TLR2BP Current Sense Resistor
KOA Speer’s new TLR2BP Current Sense Resistor, features a 1.5 
Watt power rating in a 1206 package. This metal plate resistor 
has a thickness as low as 0.6mm and offers superior corrosion 
and heat resistance with an operating temp of -65°C to 
+170°C. AEC-Q200 qualified TLR2BP has low T.C.R. available 
down to +/-50 ppm/°C with 
resistance tolerance of +/- 1% 
and resistance values of 1mΩ 
up to 20mΩ.

KOA Speer Electronics
814-362-5536
www.KOASpeer.com

Turbo Light® Waterproof Led Panel Indicators
Tiny (approx.1”x1”) LED Panel Indicators provide BRIGHT 
output with super-sleek design. Available in variety of voltages 
and output up to 14,500 cd/m2! Rugged, tamper-proof, lo-
profile panel mount design is IP68 and NEMA 4X. Available 
in 5 colors and 3 brightness levels. ISO 9001:2000 registered 
company – all products made in the USA.

Floyd Bell Inc.
Tel: (614) 294-4000
Fax: (614) 291-0823
sales@floydbell.com
www.floydbell.com

TECHNOFEET - Enclosures Feet Kits
Universal feet for plastic and metal enclosures 
METCASE has launched a range of stylish and tough feet kits for 
fitting to any type of plastic and metal enclosures with a wall 
thickness up to 0.12” (3 mm). The feet are moulded in ABS in  
three standard colours: light grey, anthracite and black. The kits  
are available with or without tilt 
feet for canting the enclosures. 
Ask for a free sample!

METCASE Enclosures
Tel: (800) 965-9872
Fax: (412) 220 9247
sales@okwusa.com
www.metcaseusa.com
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Tadiran Batteries
2001 Marcus Ave.
Suite 125E
Lake Success, 
NY 11042
1-800-537-1368
516-621-4980

www.tadiranbat.com

No place  
to replace  
a battery.

PROVEN

40
YEAR
OPERATING

LIFE*

Highly remote locations call for Tadiran batteries.

Battery replacement is costly and often 
dangerous work. Reduce the risk with 
Tadiran bobbin-type lithium thionyl 
chloride (LiSOCl2) batteries. With an 
annual self-discharge rate of just 0.7% 
per year, Tadiran LiSOCl2 batteries enable 
low power consuming wireless devices 
to operate for up to 40 years on a single 
battery, up to 4 times longer than the 
competition. Our batteries also feature the 
highest capacity, highest energy density, 
and widest temperature range of any 
lithium cell, plus a glass-to-metal hermetic 
seal for added ruggedness and reliability in 
extreme environments. 

Take no chances. Take Tadiran batteries that last a lifetime.

* Tadiran LiSOCL2 batteries feature the lowest annual self-discharge rate of any competitive battery, less than 1% per year, enabling these 
batteries to operate over 40 years depending on device operating usage. However, this is not an expressed or implied warranty, as each 
application differs in terms of annual energy consumption and/or operating environment.

ANNUAL SELF-DISCHARGE

TADIRAN

0.7%

Up to 3%

COMPETITORS




