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Concern over test costs 
is nothing new, but 
this time, there’s a dif-

ference. That became clear at a 
panel session held at the 2017 
IEEE International Microwave 
Symposium (IMS) in June and 
at the 2017 IEEE EMC+SIPI 
Symposium “Ask the Experts” 
panel session held in August.

What’s different this time? 
It’s about low-cost, low-pow-
er consumer devices being 
developed by thousands of 
small companies and some 
large ones. In most cases, these devices 
will connect to the internet, often over a 
wireless connection. Designers of these 
devices may lack RF design experience, 
even if they’re electrical engineers. 
These designs may incorporate Wi-Fi or 
Bluetooth connectivity while others use 
cellular data connections.

Devices that use Wi-Fi and Bluetooth 
connectivity may simply design in a 
module that incorporates RF compo-
nents such as transceivers and power 
amplifiers (Fig. 1), and possibly even 

antennas. Startups likely can’t afford 
wireless test equipment. For production, 
they may simply test a device by verify-
ing that it connects to a wireless access 
point or Bluetooth device.

Simple tests mean that designers rely 
on RF module manufacturers for some 
testing. At the IMS panel, Jason White of 
National Instruments noted that consum-
er devices will put pressure on module 
and semiconductor companies to do more 
testing. “Digital content in ICs is being re-
placed by RF content,” said White. “That’s 

Test costs too much

Fig. 1: An RF module from Telit adds connectivity to 
T-Mobile’s LTE network. 

Fig. 2: Over-the-air tests are performed in small chambers such as this one from octoScope. TO
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changing how IC manufacturers test their 
products. IC testers will need to become 
more flexible and adapt to those needs.”

Simple “go/no-go” connectivity tests 
may be acceptable as long as the product 
works, but what happens when it fails? 
That’s when more measurements will be 
needed and, thus, more sophisticated 
(and more expensive) test equipment. 
Because of that price pressure, we’re 
seeing lower-cost test equipment such 
as spectrum analyzers and network 
analyzers appear on the market. Just 
because an RF module works doesn’t 
mean that it will work when integrated 
into a product. At the IMS panel, Chris 
Scholz of Rohde & Schwarz explained 
that antennas and signal paths can affect 
performance, something those who lack 
RF inexperience might not realize.

Devices that connect to cellular net-
works need more rigorous testing; carriers 
want to be sure that devices connecting 
to their networks will properly communi-
cate. A few years ago, Verizon set up In-
novation Centers in Waltham, Massachu-
setts, and San Francisco, where designers 
can, for a fee, bring their products in for 
testing with simulated networks.

With 5G coming, test costs for 
cellular connectivity will surely go up, 
at least initially. That’s because early 
products will need intense characteriza-
tion and interoperability testing. While 
early 5G networks will likely operate at 
frequencies below the popular 6-GHz 
ceiling, we’ll later see millimeter-wave 
(mmWave) frequencies come into use for 
the first time in high-volume products.

At mmWave frequencies, wireless 

modules may indeed have integrated 
antennas, which will require over-the-air 
(OTA) testing for devices. Such tests need 
to be conducted with the DUT in a cham-
ber (Fig. 2) as opposed to using a cable.

Another issue regarding low-cost 
devices arose at the IEEE EMC+SIPI 
Symposium. During a signal-integrity 
panel session, someone asked if anyone 

will perform signal-integrity tests on low-
cost devices. This caught the panelists by 
surprise, with a few admitting that they 
hadn’t thought of it. The discussion went 
beyond test as the audience member not-
ed that designers are creating devices that 
are just good enough in performance to 
meet price and battery-life requirements.

Martin Rowe

Simple “go/no-go” 
connectivity tests may 
be acceptable as long as 
the product works, but 
what happens when it 
fails? That’s when more 
measurements and, thus, 
more sophisticated test 
equipment will be needed.

Viewpoint 5
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SHEFFIELD, ENGLAND — As I write 
this note on a train hurtling toward 
Paddington Station from Northern 

England, the world seems to be coming 
to an end. Hurricanes in America and the 
Caribbean, an earthquake in Mexico, re-
cord typhoons in Asia, flooding in Europe, 
and mudslides in Africa all remind us how 
fragile life can suddenly be.

While every disaster presents its 
unique logistical and technical challenges, 
emergency electronics such as text message 
mapping, mobile ad hoc networks, and 
real-time satellite imaging often provide 
life-saving intelligence in the crucial first 
hours after disaster hits. Then there are the 
heavy-duty rescue tools, such as the Danish 
Navy’s Absalon-class amphibious ship 
delivering 900 cubic meters of cargo and a 
40-bed floating hospital or the British Ar-
my’s 64.5-ton Titan rough-terrain engineer 
vehicle powered by the Challenger tank 
chassis complete with a bulldozer blade 
and folding bridge. Both vehicles run on 
a massive electronic and communications 
hardware apparatus and are networked into 
a fleet of mobile response units.

Students and faculty members at the 
University of Washington have shown 
how developed technologies could be 
brought together quickly and cheaply to 
construct a teleoperated robot, drones for 
damage surveillance, or vests outfitted 
with sensors and GPS tracking worn by 
search-and-rescue dogs. Beyond techni-
cal knowledge, perhaps what best marks 
engineers as uniquely effective individuals 
in any relief effort is their willingness 

to accept total ownership of a problem, 
devise a solution that incorporates re-
quirements from others, and then marshal 
the resources and logistics to deliver the 
solution. It is not surprising that many 
professional, as well as academic, engi-
neering communities have set up efforts 
to respond to the aftermaths of disasters 
as well as prevent disasters from happen-
ing in the first place.

But at AspenCore, we notice that 
these efforts, by and large, seem con-
fined to individual institutions and lack 
network scale. There also seems to be 
a missing global dimension despite the 
growing cross-border nature of disaster 
relief challenges. As a global information 
house serving the engineering commu-
nity, AspenCore believes that even better 
relief solutions happen when members 
of the community are well-informed and 
well-connected to one another and to 
hardworking, thoughtful public officials 
and nonprofit organization leaders.

To that end, AspenCore will be publish-
ing a series of features profiling some of the 
engineer-initiated disaster relief programs 
that we recommend to our readers. Our 
correspondents in the Asia Pacific, Europe, 
and the Americas will also be interviewing 
governments and nonprofit groups that 
have proven their experience and techno-
logical skill leadership. We urge you to send 
us your list of organizations and individuals 
that you believe ought to be championed 
and supported by the rest of the global 
engineering community. Our editors will 
vet the list with your help and publish a 
directory of contacts later in the year.

Not all of us can be at ground zero 
when disaster strikes, but we can help 
those who are onsite to rescue more 
victims and helprebuild. If you have sug-
gestions or comments, email me at  
victor@aspencore.com or write to any of 
your favorite AspenCore editors. Thank 
you for your support. ☐

Engineers 
developing  
tech to aid 
in relief 
efforts
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Some people love the smell of freshly cut grass 
because it signals mental associations with sum-
mer. A group of researchers at the University of 

Maryland love it when the groundskeepers mow the 
lawn because each cut blade of grass can be used as a 
cable for a unique battery that can deliver ionic signals 
to instigate mental impulses. Welcome to science.

Pretty much every battery ever developed in 
the history of batteries supplies an electric current 
through a wire. The Maryland team has developed 
what they believe may be the first battery to ever 
deliver an ionic current. And because the materials 
used for most wires (such as metal, carbon, semicon-
ductors, etc.) cannot conduct ions, the researchers had 
to find materials that could; they’re using things like 

U. of Md. 
develops 
what may 
be the first 
biocompatible 
ion-current 
battery
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cotton string, as well as grass they lit-
erally went outside and plucked from 
the campus lawn.

Everyone knows that biological 
organisms operate on electrical im-
pulses; these impulses are the basis of 
electrocardiograms (EKGs), electro-
encephalograms (EEGs), and Keanu 
Reeves plugging himself into The 
Matrix. What’s less widely understood 
is that these biological impulses are 
ionic, not electric. When a synapse 
fires, it’s not transmitting electrons, 
it’s transmitting sodium ions. Simi-
larly, muscle cells fire based on ions 
crossing ion channels in molecular 
membranes.

Of course, it is possible to stimulate 
biological processes with an electric 
current, but that results in electro-
chemical reactions that tend to disrupt 
and sometimes harm biological sys-
tems, according to the paper describing 
the new battery, which may be read at 
http://go.nature.com/2weSGI1.

Ionic current would provide more 

precise monitoring, powering, and 
activation, but all attempts thus far 
at interfacing with ion-triggered bio-
logical systems by necessity involved 
somehow converting electric current 
to ionic current.

What if an ionic current could 
be produced and delivered direct-
ly? There is ionic activity in electric 
batteries, but that activity is designed 
to produce electric current and is 

confined within the battery. The 
Maryland researchers wondered if it 
was possible to invert the design of 
the battery.

They’ve demonstrated that it is 
possible. In their paper, they introduce 
their new battery by contrasting it with 
traditional ones: “A traditional battery 
includes the cathode and anode, which 
are connected by an ionic medium (for 
example, liquid electrolyte); externally, 
the electrons travel through a circuit to 
power devices. Oppositely, the inside 
of an electron battery is connected by 
an electrical conductor that only allows 
electrons to be transported from the 
negative to the positive electrode, while 
the ions flow through ionic cables and 
are transported externally to create a 
circuit of ions.”

The ionic cables, as noted above, 
are strings or grass soaked in electro-
lytes. There are polymers and ceram-
ics that will serve, but the researchers 
say that they all have inferior conduc-
tivity and flexibility compared to the 
solutions that they are using.

The researchers provided details 
of the construction of their electron 
battery: It has a lithium metal anode 
and a vanadium oxide cathode. Both 
the anode and the cathode are sealed 
in glass tubes filled with organic 
electrolyte. “One end of the glass 
tube is sealed with the ion exchange 
membrane (IEM), which retains the 
electrolyte and allows ions to pass 
through,” says the paper. “The elec-
trodes are connected with an electri-
cally conductive wire that allows the 
transport of electrons and serves as 
the internal circuit.” The grass cables 
are attached onto the IEM of each 
electrode to conduct ions and serve as 
the external circuit.

The next steps will include de-
termining if it is possible to create a 
version of the electron battery that 
is practical for medical applications. 
Those applications could include 
precise manipulation of brain signal-
ing, which could be useful to control 
any number of disabilities that have 
neurological causes.

Brian Santo

There is ionic activity in 
electric batteries, but 
that activity is designed to 
produce electric current 
and is confined within the 
battery. The Maryland 
researchers wondered if it 
was possible to invert the 
design of the battery.

8 Outlook
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Component integration has been 
the driving force of the semicon-
ductor industry for more than 

60 years. It’s right there in the industry 
term integrated circuit, or IC. And year 
after year, diligent circuit designers, 
engineers, and product marketers look 
for opportunities to take chips to the 
next level of integration to reduce cost, 
shrink device and board size, and mini-
mize bill-of-materials (BOM).

Why not? There are many good 
reasons and advantages for system 
designers to integrate more function-
ality into an IC. First is convenience. 
Soldering down one chip is always 
better than having to solder down two. 
Next is interoperability. Integrated 
components are, of course, designed 
to work together. There is no need to 
worry about matching digital inter-
faces, impedances or messy glue logic. 
Finally, the cost is a big incentive for 
component integration. Cost reduction 
has been the promise of integration 
realized now in economical computing 
systems and low-cost microcontrollers 
(MCUs) with an ever-increasing slew 
of functions.

When functions are complemen-
tary in achieving a system goal, then 
integration makes a lot of sense. The 
integration of high-performance op 
amps with analog-to-digital converters 
(ADCs) is a good example. The next 
step is integrating these analog com-
ponents with an MCU. Together, they 
accomplish a system requirement with 
all the advantages of integration.

However, not all integration incurs 
advantages without significant disad-
vantages or tradeoffs. In some cases, 
the better choice for a system design 
may be to continue with discrete com-
ponents. Often, the deciding factor in 
whether to integrate or not is the effect 
of noise on the various components. 
Sensitive analog measurement integrat-
ed with noisy switching components 
rarely results in an improved system.

Another instance when integration 
comes into question is when there are 
parts of the system that are space-criti-
cal. It’s generally related to the parasit-
ic capacitors, loops, and inductors in 
the system. When one parameter must 
be minimized, it often takes prece-
dence over any advantages that may be 

gained by integration.
Finally, the cost benefit of inte-

gration can sometimes reverse. This 
situation is seen with power MOSFETs 
in which discrete components end up 
being cheaper than equivalent integrat-
ed devices because of the specialized 
fab process and packaging associated 
with them.

Case study: isolated gate driver
A common component that exempli-
fies the advantages of discrete over 
integrated components is the isolated 
gate driver. Isolated gate drivers are 
used when switching high-voltage rails 
in power conversion systems.

Besides the requirements associated 
with effective driving of switch gates 

Why gate drivers are the 
preferred discrete solution
The integration model, while often favorable, falls short for gate drivers 
used in switching circuits for power converters. Discrete semiconductors 
keep noise in check and place the driver close to the switch.

BY RUDYE MCGLOTHLIN
Director of Marketing, Power Products, 
Silicon Labs
www.silabs.com

Fig. 1: A discrete isolated gate driver optimizes the system in several ways: A) Controller 
package can be reduced and no space along the package is wasted; B) gate drivers are 
optimized to reject transient noise and prevent the controller from experiencing it; and C) 
parasitic induction and capacitance is minimized by placing the driver close to the FET.

10 Discrete Semiconductors
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— fast current sourcing, low propaga-
tion delay, and high transient immu-
nity — there are also distinct require-
ments associated with the isolation, 
such as package spacing.

There are clear reasons why an 
isolated gate driver is not a good candi-
date for integration into its paired sys-
tem controller. For example, the fast, 
high-voltage switching of a field-effect 
transistor (FET) gate is inherently 
noisy. The gate voltage on the high-side 
switch travels through the entire range 

between the lower rail and the upper 
rail during the typical switching cycle. 
In some areas of the switching cycle, 
it can change by hundreds of volts or 
more in tens of nanoseconds or less.

This fluctuation produces huge 
transients on the gate driver output. 
Dedicated gate drivers are designed to 
reject these transients, but introducing 
this noise into the package can affect 
all circuits present on the die. If those 
circuits were sensitive analog circuits 
or time-critical digital circuits, they 
would be overwhelmed and their func-
tions would be fruitless.

Another reason that integration is 
not an option for these components is 
that the gate driver needs to be close to 
the switch that it is responsible for (Fig. 

1). The switch used and its associated 
requirements for heatsink mass and 
airflow often set the size for the switch-
ing subsystem. For switching half 
bridges, and especially for full bridges, 
integrated components make it impos-
sible to locate the gate driver close to 
all of the FETs being used — at least 
two, but often four or more, devices.

When designing a half-bridge or 
full-bridge circuit, component place-
ment and PCB layout are critical to 
performance. To get the best perfor-
mance, current return paths and the 
effects of parasitic elements — stray 
capacitance and inductance — must 
be minimized. Parasitic capacitance 
and inductance are unavoidable, but 

The integration model 
falls short in some 
application cases. Gate 
drivers used in switching 
circuits for power 
converters must remain 
discrete components 
to keep noise from 
interfering with system 
controller functioning 
and to allow drivers 
to be placed close to 
switches to reduce 
parasitic effects.
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keeping the driver close to the FET 
minimizes adverse effects.

Creepage requirements
Finally, the unique creepage require-
ments associated with the galvanic 
isolation deter integration of this com-
ponent (Fig. 2). Creepage is defined as 
the spacing along the package between 
exposed metal on the outside of the IC. 

Generally, as the bus voltage increases, 
the creepage gets larger. Typical creepage 
for isolated gate drivers runs from about 
4 to 8 mm and even larger.

In the theoretical case of integrating 
an isolated gate driver, this creepage 
requirement places a large burden on the 
rest of the components. Integration with 
a system controller would require the 
package to grow in size, and a large area 

left free of pins or exposed metal might 
reduce creepage.

That might significantly reduce the 
peripherals available to controllers that 
usually have pins around four sides 
of a device with functions assigned to 
each. Increasing the package size and 
accommodating the requirements of the 
isolation barrier will surely increase the 
system cost.

Silicon Labs offers several families of 
high-performance discrete isolated gate 
drivers. Some include options for single 
gate drivers that can be placed very close 
to the power switch. Other families have 
high-side/low-side pairs, which provide 
the same benefits of a discrete driver in 
noise immunity and cost optimization. 
However, care must be taken in layout 
of these devices to maintain symmetric 
parasitic environments.

The Si827x driver family from Silicon 
Labs, for example, provides a very high 
level of transient noise immunity. The 
device operates as expected even in the 
presence of 200-kV/μs common-mode 
transients. Other gate driver families, 
such as the Si8239x, offer up to 5-kV 
isolation ratings in packages with 8-mm 
creepage.

Integrated vs. discrete
Integration of components into a more 
capable single device makes sense in 
many cases. Integration of analog and 
mixed-signal functions, memory, and 
high-performance digital logic has been 
a boon for the semiconductor industry 
for decades.

The integration model falls short in 
some application cases, though. Gate 
drivers used in switching circuits for 
power converters must remain discrete 
components to keep noise from interfer-
ing with system controller functioning 
and to allow drivers to be placed close to 
switches to reduce parasitic effects.

Using isolated gate drivers as discrete 
components in a system design can 
reduce overall system costs due to the 
unique package size requirements. At-
tempting to integrate these components 
creates a distinct burden that can only be 
addressed with expensive, non-standard 
packaging. ☐

Fig. 2: Problems with integrated isolated drivers include A) wasted package space due to 
creepage requirements; B) high-voltage transient noise coupling in package to sensitive 
digital signals; and C) layout requirements increasing distance to FET and worsening 
parasitic effects.

Fig. 3: Discrete isolated gate drivers provide basic functionality for efficient switching, 
including under-voltage lock out (UVLO) and enable pin (EN) for asynchronous control. Dual 
isolated gate drivers add more functions, such as overlap protection, but need more care in 
layout.

12 Discrete Semiconductors
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Increased complexity of the electronics 
systems in large defense platforms has 
inspired several open systems architec-

ture (OSA) initiatives to step up their game. 
As working groups from these initiatives 
are collaborating on strategies to solve re-
maining challenges, matching solutions for 
high-performance embedded computing 
systems continue to emerge.

The Department of Defense does not 
provide a standardized open architec-
ture framework for common embedded 
system services. This is forcing programs 
to look to the commercial world for 
solutions. For example, many military 
branches have initiatives underway 
espousing the module interoperability, 
maintainability, openness, usability, and 
reliability virtues of an OSA.

These initiatives are utilizing several 
different OSAs for board and system form 
factors. The programs see many different 

approaches as appropriate (not conflicting); 
there is no “one architecture to rule them 
all.” Each of these initiatives has at least 
one common goal: interoperability. Yet this 
single goal itself is a daunting challenge.

Numerous OSA-related initiatives have 
active working groups meeting to discuss, 
develop, and implement strategies. Table 1 
lists key initiatives for defense applications 
that are implementing OSAs

The breadth of standards-based solu-
tions makes it very difficult to ensure the 
interoperability necessary to design long-
life-cycle platforms that handle products 
from multiple sources. One of the biggest 
problem areas is a standardized platform, 

Military/aerospace platform 
interoperability challenges 
system designers 
Widely accepted OSAs seek improved 
standardized system management

BY JERRY GIPPER
Executive Director, VITA
www.vita.com
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Table 1: Relevant OSA initiatives with system management strategies that are an imperative for interoperable modules.

Initiative Sponsor Mission

TENA integrated Network 
Enhanced Telemetry (iNET) 
Project

Test Resource and Management 
Center (TRMC) and supported by 
the U.S. Joint Staff

TENA is enabling interoperability among ranges, facilities, 
and simulations in a quick and cost-efficient manner and 
fostering reuse of range resources and range system 
developments.

Modular Open Systems 
Approach (MOSA)

Department of Defense (DoD)

The DoD’s MOSA is to design systems with highly 
cohesive, loosely coupled, and severable modules 
that can be competed separately and acquired from 
independent vendors.

Vehicular Integration for 
C4ISR/EW Interoperability 
(VICTORY)

Industry Military ground vehicle electronics integration.

Modular Open Radio 
Architecture (MORA)

VICTORY, Army CERDEC I2WD
Extends VICTORY to support radio frequency (RF) 
systems.

Future Airborne Capabilities 
Environment (FACE)

The Open Group

A government-industry software standard and business 
strategy for acquisition of affordable software systems 
that promotes innovation and rapid integration of portable 
capabilities across global defense programs.

Sensor Open Systems 
Architecture (SOSA)

The Open Group, FACE

Enables government and industry to collaboratively 
develop open standards and best practices to enable, 
enhance, and accelerate the deployment of affordable, 
capable, interoperable sensor systems.

Joint Common Architecture — 
Airborne Mission Systems

The Open Group, U.S. Army Instantiation of FACE.

Hardware Open Systems 
Technology (HOST)

NAVAIR
Defines virtual and physical interfaces to hardware such 
that interoperability and reuse of hardware components 
can be realized.

Mil/Aero Systems 13
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system, or chassis management strategy 
that supports the various standards in 
play today.

System management and 
interoperability is a missing link
System management involves many 
tasks and is usually scalable to match the 
complexity of the platform. Typical tasks 
include diagnostics (at start-up and while 
running), hardware inventories, system 
availability monitoring and metrics, 
software inventory and installation, an-
ti-virus and anti-malware management, 
user’s activities monitoring, capacity 
monitoring, security management, 
storage management, network capacity 
and utilization monitoring, anti-manipu-
lation management, and more.

Unfortunately, system management 
functionality is often missing or inad-
equate in many of the commonly used 
standards. To address this gap, standards 
development organizations, such as 
VITA and the Open Group, are working 
on solutions, as are board suppliers and 
defense-program offices.

The interoperability challenge is both 
a hardware and a software problem. From 
the hardware perspective, OSA solutions 
that enable interoperability without 
prescribing a specific hardware design or 
implementation are preferred. This frees 
designers to implement management with 
any of a variety of general-purpose pro-
cessors or FPGAs or other hardware.

On the software side, a system man-
agement standard should support access 
to and usability of all system-relevant data 
in a module. In addition, it should provide 
a standardized method of gathering data 
for analysis to support system and chassis 
management. Finally, a standardized suite 
of core system services (interfaces and 
data structures) that provide a common 
framework for system integration should 
be defined. The more data that can be col-
lected, the better, and it can be left to the 
designer to implement what they need. 
At the same time, a system management 
standard should not:
•  Prescribe design, logic, or otherwise 

inhibit innovation or the implemen-
tation of unique platform-specific 
requirements. The sensitive nature of 

defense platforms often means that 
creative liberties are required.

•  Have dependencies regarding the use 
of an operating system to manage 
time and space resources, high-order 
software languages, or use of applica-
tion software open architectures. Pro-
grammers do not want to be locked 
into specific solutions.

•  “Reinvent the wheel” — make every 
effort to point to existing standards 
where possible rather than invent new 
interfaces and protocols.

Implementation strategy
Different system management strategies 
are used by the initiatives. The TENA 
integrated Network Enhanced Telem-
etry (iNET) project has led to devel-
opment of a basic system management 
standard. The standard primarily relies 
on the Simple Network Management 
Protocol (SNMP) to pass management 
information through the system. The 
standard defines an SNMP Management 
Information Base (MIB) to provide a 
dictionary for management information. 
The devices carry applications, called 
agents, which use the MIB to provide 
their internal status and accept controls 
and configuration. This solution fits well 
with networked systems requiring basic 
system management capability.

The VICTORY initiative includes an 
Ethernet in-vehicle network as part of 
the vehicle infrastructure; basically, man-
agement is baked into the architecture. 
The VICTORY path to a management 
solution is based on the iNET system 
management standard. The MORA 
initiative, as part of VICTORY, is taking 
the same path.

For complex platforms with many 
high-performance embedded computing 
modules, the foundation for robust system 
management comes from the Intelligent 
Platform Management Interface (IPMI) 
specification developed by Intel. IPMI is 
a set of computer interface specifications 
for an autonomous computer subsystem 
that provides management and monitor-
ing capabilities independently of the host 
system’s CPU, firmware (BIOS or UEFI), 
and operating system.

IPMI defines a set of interfaces used 

by system administrators for out-of-
band management of computer systems 
and monitoring of their operation. For 
example, IPMI provides a way to manage 
a computer that may be powered off or 
otherwise unresponsive by using a net-
work connection to the hardware rather 
than to an operating system or login 
shell. From this widely implemented 
IPMI foundation, other standards orga-
nizations have built standards specific to 
their served industries.

For its part, PICMG developed the 
PICMG 3.0 Hardware Platform Man-
agement standard, focused primarily on 
the telecom industry. It was founded on 
IPMI 1.5 and has proven interoperability 
and significant field-testing.

The VPX standard is called out in 
several of the OSA initiatives. VITA 
members developed the ANSI/VITA 
46.11 “System Management Architecture 
for VPX Systems” standard that leverag-
es PICMG 3.0 but with considerations 
for defense system platforms. Overly 
complex or unnecessary functions from 
PICMG 3.0 were dropped while the 
following enhancements were made to 
better enable deployed defense systems. 
These enhancements include:
•  Optimized field replaceable unit 

(FRU) state diagram (power-on/pow-
er-off state machine)

•  Optimized FRU discovery (faster 

Fig. 1: OpenVPX backplanes from Elma 
Electronics include a system management 
interface according to VITA 46.11. 
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system management availability)
•  Enhanced security feature enable-

ment (NVMRO, additional FRU state 
bits/behaviors)

•  Standardized diagnostic management 
features (initiation and result collection)

•  DO-178B and DO-254 aware (tiered 
controller architecture)

New concerns are now arising from 
the Hardware Open Systems Technology 
(HOST) initiative asking if the existing 
standards are complete and sufficient 
in defining all of the required interfaces 
and protocols. The current HOST Tier 
2 specification allows two incompatible 

chassis management approaches. Out-of-
band (dedicated) communications use 
the low-bandwidth I2C bus, per ANSI/
VITA 46.11, but limitations in speed and 
data structure size restrict some desired 
functionality. The in-band communi-
cation channel utilizes high-bandwidth 
Ethernet but is not well-defined by 
HOST. At this point, in-band and out-of-
band chassis management are incompati-
ble, per the HOST specification.

A HOST working group has been 
polling potential users, system integra-
tors, and prime contractors for their 
inputs. Early feedback is highlighting po-
tential insufficiency in ANSI/VITA 46.11. 
Most of the concern centers on whether 
or not I2C has sufficient bandwidth for 
everything that must be monitored.

Fortunately, the flexibility of VPX 
presents plenty of suitable options for 
picking up additional bandwidth. The 
challenge for the HOST and VITA work-
ing groups is to zero in on the solution 
that works best for deployed platforms. 
One option on the table is to upgrade 
ANSI/VITA 46.11 to add applicable 
features of IPMI 2.0 that address some of 

the missing capabilities. Improvements 
in firmware management, diagnostic 
management, and security are being 
considered.

Solutions emerging
The VPX family of standards continues 
to add capabilities as influenced by the 
user community, especially mil/aero us-
ers. Shipping products from the likes of 
Abaco Systems, Curtiss-Wright Defense 
Solutions, Elma Electronics, and Mer-
cury Systems include support for ANSI/
VITA 46.11 System Management. They 
are providing backplanes and individual 
processing and I/O modules all the way 
up to complete systems ready for integra-
tion into a defense platform.

In many cases, modules from several 
of these suppliers will be used, so the 
level of system management support be-
comes critical. Elma Electronics’ Open-
VPX backplane (Fig. 1) includes system 
management interfaces. Also, several 
members of Mercury Systems Ensemble 
3000 and Ensemble 6000 OpenVPX 
board products include on-board IPMI 
controllers (Fig. 2). ☐
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Fig. 2: Several members of Mercury 
Systems’ Ensemble 3000 and Ensemble 6000 
OpenVPX board products include on-board 
IPMI controllers.
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The power grid can be divided into five main areas of 
concern: generation, conversion, distribution, storage, 
and monitoring. As Hurricanes Harvey and Irma made 

clear, the one aspect that is often the most overlooked is the one 
that could help the most in times of crisis. That one is storage, 
and new approaches and technologies to enhance storage are 
emerging as renewable energy starts to offload and even proac-
tively contribute to the grid.

From an electronics point of view, power grid storage can be 
viewed almost like a smoothing capacitor in a power supply: At 
times of extra load, the stored charge keeps the power supply 
steady. One of the main differences, however, is that in the case of 
the power grid, the “load” is able to give back to the source when 
it is used in combination with renewable energy sources. It is this 
symbiotic relationship that makes power grid storage different 
from power supplies or classic battery applications such as flash-
lights or electric vehicles. This relationship has also contributed 
greatly to increased development of grid storage technologies.

From new chemistries to refining charge/discharge profiles and 
closer health monitoring of the system, the emphasis on enhanced 
grid storage efficiency has increased along with the number of 

deployments. According to GTM Research, the U.S. deployed 50.4 
MWh of energy storage in Q2 of 2017, up 6% year over year (Fig. 1).

Behind-the-meter deployments — that is to say, non-utility de-
ployments such as residential and commercial — rose 140% quarter 
over quarter. Breaking it down further, the residential market rose 
89% from Q1 2017, while the non-residential market grew 151%.

Overall, according to the study, behind-the-meter deploy-
ments accounted for 63% of deployments in MWH terms, “which 
results from the fact that the majority of utility-scale systems were 
short-duration, with a discharge duration of 30 minutes or less.”

Battery energy storage systems and renewables
The relationship between battery storage and renewable energy is 
tight. As energy is generated locally using solar, wind, or thermal 
sources, among others, that energy can be stored for use later 
(time shifting). Also, power that isn’t used can be sold back to the 
local utility. However, for data centers and businesses, having the 
locally stored energy is increasingly critical in case of emergencies.

For utilities, battery energy storage serves the purpose of the 
power supply capacitor: It firms the power delivery, providing 
peak power on demand. This requires high in-rush current capa-
bility, so lead-acid (LA) batteries have been popular as they can 
be over-specified while keeping costs down. However, new bat-
tery technologies are catching up, so LA batteries accounted for 

just 0.5% of the market in Q2 2017. Also, 
utilities require long life and reliability, 
features that are lacking in LA batteries.

As a result, the most popular storage 
mechanism by far is lithium-ion (Li-ion). 
In fact, Li-ion comprised 94.2% of the 
market in Q2 (Fig. 2).

Still, new chemistries, such as vanadium 
redox flow (V-flow) batteries, are interest-
ing due to their stability over long periods. 
Unlike traditional batteries that require an 
interaction of two chemicals that change 

state to produce electrical energy, V-flow 
batteries are charged and discharged by a 
reversible reduction-oxidation reaction be-
tween the two liquid vanadium electrolytes 
of the battery (Fig. 3).

The stability, in part, derives from the 
fact that the electrolytes are stored in sep-
arate tanks and not in the battery itself. 
It’s also nontoxic, intrinsically safe, and 
can last 20 years or more.

Power grid storage gets 
smarter and more stable
The support of the power grid through battery energy storage solutions 
has become essential as renewable energy options come online

BY PATRICK MANNION
Contributing Editor

Fig. 1: In Q2 2017, the U.S. deployed 50.4 MWh of energy storage, up 6% over the same period 
in 2016. Behind-the-meter deployments rose 140% quarter over quarter.

Fig. 2: Lead-acid is on the decline, and vanadium redox flow is on the rise, but lithium-ion is the 
clear go-to chemistry for grid-based energy storage, whether behind or in front of the meter. 
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The battery comprises two chambers, positive and negative, 
separated by an ion-exchange membrane. Using pumps, the 
two chambers circulate electrolytes containing the vanadium 
in different valence states. Energy is stored by providing elec-
trons, and energy is released by losing electrons, all through 
the membrane.

UniEnergy Technologies (UET) is one of at least three com-
panies that are commercializing V-flow technology, and it most 
recently announced a deployment in Hawaii, a state that gets 
56% of its energy from renewable resources, including hydro-
electric and geothermal. UET will deploy a 100-kW/500-kWhr 
version of its ReFlex energy storage system at the Natural En-
ergy Laboratory of Hawaii (NELHA) Gateway Center in early 
2018. This is part of the state’s effort to partner, share resources, 
and attract companies interested in testing evaluating storage 
systems on the island of Hawaii.

“The UET advanced vanadium ESS can provide many ben-
efits such as improved grid stability through frequency, voltage, 
and reactive power control as well as dispatch capability of 
distributed renewable energy,” said Gary Yang, CEO of UET, 
adding that the technology is “long-lasting, safe, recyclable, and 
cost-effective.”

UET has deployed elsewhere, including a 2-MW/8-MWhr in-
stallation at the SnoPUD Everett Substation in Washington State.

Tesla accelerating Li-ion deployment for BESS
While UET emerges from startup phase to deploy V-flow 
at scale, Tesla is accelerating its push into BESS with Li-ion 
technology. Its Powerwall (residential) and Powerpack (com-
mercial) technology are both offered as a means of provid-
ing support during power outages, or as full-scale, off-grid 
solutions when used with renewable energy sources. A typical 
14-kWhr Powerwall battery costs $5,500, with an additional 
$700 for support equipment, though the inverter is built-in. The 
typical installation cost is $800 to $2,000.

Now on version two, the larger Powerpack system has been 
dropping in price as deployments increase and the technology 
advances. The most recent announcement by CEO Elon Musk 
will see a 100-MW system being deployed in South Australia. 

It will be used to store energy from a wind farm in Jamestown 
and could potentially power up to 50,000 homes. Tesla has also 
deployed at Mira Loma substation in California to help the 
local grid during peak demand.

Like other solutions for grid storage, the Powerpack can 
perform:
•  Peak shaving, wherein the battery discharges at times of peak 

demand to avoid or reduce demand charges
•  Load shifting, which shifts energy consumption from one 

point in time to another to lower energy costs
•  Emergency backup (standalone or tied to a renewable energy 

source)
•  Demand response, wherein it discharges instantly in response 

to signals from a demand response admin to alleviate peaks in 
the grid load

These capabilities can be applied to support the grid, but 
they require a level of real-time monitoring, communications, 
and control that can only come about through effective appli-
cation of acquired data. This level of support is happening in 
the form of the much-discussed IoT, which, together with the 
integration of BESS and renewable technology, will make for 
more efficient use of current energy sources.

The enhanced capabilities, along with falling costs, will also 
making a stronger economic case for the increased use of alter-
native energy sources where applicable. ☐
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Fig. 3: V-flow batteries are challenging Li-ion for large-scale on-site 
industrial deployments as they can last up to 20 years and have an 
almost infinite number of charge-recharge cycles. 
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The next generation of wireless 
communications, known as 
“5G,” will bring new services to 

both mobile and fixed-location users. 
It will also reduce latency, make better 
use of spectrum, and let more users use 
networks. Over the last several years, 
researchers have been exploring new 
concepts and technologies that will define 
5G. New technologies will likely include 
new radios, frequencies, and the abili-
ty to direct signals at users. These new 
technologies will bring with them new test 
procedures.

The 3rd Generation Partnership 
Project (3GPP) is the standards body that 
publishes specifications that define wire-
less communications. 3GPP has outlined 
a timeline for 5G, and the deadline for a 
definition of the first phase of 5G, called 
New Radio (NR), is rapidly approaching 
in December 2017. Fig. 1 shows a timeline 
for NR development.

Although NR Phase 1 will introduce 
new communications protocols that differ 
from the LTE protocol commonly used 
in today’s mobile communications, there 
will be some similarities. The most stark 
differences between LTE and NR are the 
carrier bandwidth and operating frequen-
cy. NR will add beamforming capabilities 
— both in the analog and digital domains. 
Table 1 illustrates a side-by-side compari-
son of key specifications for LTE and NR.

To meet timelines, 3GPP has devel-
oped a phasing plan that consists of two 
NR versions: a standalone version and a 
non-standalone version. The non-stand-
alone version (Fig. 2) will operate with the 

LTE Enhanced Node B (EnodeB or eNB, 
the radio-access part of LTE) as the master 
and a secondary cell of NR gNBs (gNB is 
eNB for 5G new radio) that are connected 
to the Evolved Packet Core (EPC).

The non-standalone version can take 
advantage of existing infrastructure 
during initial deployments. A standalone 
version also exists and should be for-
ward-compatible for future generations of 

wireless standards. Standalone net-
works can co-exist with non-standalone 
networks and operate simultaneously. 
An exact rollout date for standalone 
technology hasn’t yet been set, but its use 
case that’s being taken into account is in 
the NR Phase 1 design. Fig. 3 shows the 
standalone case.

Verizon and Korea Telecom (KT) 
are looking to commercialize pre-5G 
technologies. Verizon plans to deploy 
fixed wireless access based on the 5G 
Technical Forum (Verizon 5GTF or 
V5GTF) physical layer as early as winter 
2017. V5GTF will operate at 28 GHz as 

5G: New wireless technologies 
bring new test challenges
5G is bringing new technologies to wireless 
communications that will change the way that 
ICs, devices, and systems will be tested

BY SARAH YOST
SDR Product Manager,  
National Instruments
www.ni.com

Table 1: LTE vs. 5G capabilities.

LTE NR Phase 1

Frequency of Operation Up to 6 GHz Up to 52 GHz

Carrier Bandwidth Max: 20 MHz
Max: 100 MHz (@ <6 GHz) 
Max: 1 GHz (@ >6 GHz)

Carrier Aggregation Up to 32 Up to 16

Analog Beamforming 
(dynamic)

Not supported Supported

Digital Beamforming Up to 8 Layers Up to 12 Layers

Channel Coding
Data: Turbo Coding 
Control: Convolutional 
Coding

Data: LDPC Coding 
Control: Polar Coding

Subcarrier Spacing 15 kHz 15, 30, 60,120, 240 kHz

Self Contained Subframe Not Supported Can be implemented

Spectrum Occupancy 90% of Channel BW Up to 98% of Channel BW

Table 2: Proposed millimeter-wave frequency bands for 5G. 

Frequency range Supporting companies (min. 3)

3.3–4.2 GHz
NTI DOCOMO, KDDI, SBM, CMCC, China Unicom, China 
Telecom, KT, SK Telecom, LG Uplus, Etisalat, Orange

4.4–4.99 GHz
NTI DOCOMO, KDDI, SBM, CMCC, China Unicom, China 
Telecom

24.25–29.5 GHz N DOCOMO, CMCC, KT, Verizon, T-Mobile, Telecom Italia, BT

31.8–33.4 GHz Orange, Telecom Italia, British Telecom

37–40 GHz AT&T, Verizon, T-Mobile
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a way to deliver high-speed internet in 
“last-mile” applications but won’t cover 
the mobile use. KT is looking to deploy 
pre-5G technology for the 2018 Winter 
Olympics. Specifics of their deployments 
have not been publicly disclosed. 

Operating frequency has been a 
widely discussed and debated topic for 
5G, and clarity is starting to emerge. Ta-
ble 2 summarizes the frequencies under 

consideration.
Although 5G adds millimeter-wave 

(mmWave) frequencies, the traditional 
sub-6-GHz frequencies will still play an 
important role. We could see bandwidths 
up to five times what is currently available 
in LTE. The frequencies listed in Table 2 
represent a majority of the frequencies 
being considered, but it’s not a compre-
hensive list. For example, T-Mobile is 

planning to use a spectrum around 600 
MHz in the U.S. for 5G deployment.

While mmWave frequencies for the 
first phase of NR are defined, there will 
still be a need for multiple bands, de-
pending on region. For instance, Chinese 
regulatory bodies have proposed 24.75–
27.5 GHz and 37–42.5 GHz. The FCC in 
the U.S. has proposed 28 GHz and two 
bands covering 37–40 GHz. The EU has 
specifically stated that 28 GHz won’t work. 
Frequencies 24–27 GHz, plus 38 GHz and 
39 GHz, are under consideration. Korea 
and Japan also plan to use 28 GHz.

Having a better idea of what the stan-
dard will look like is a good first step to 
understanding the commercialization of 
5G, but there are also a number of other 
challenges in both component and system 
design as well as device validation and test 
that may impact the speed of deployment 
of these new technologies. The addition of 
technologies such as beamforming requires 
changes in the design RFIC, including 
power amplifier and transceiver ICs. To 
minimize system loss, antenna arrays are 
being integrated into the same chip or 
module as amplifiers and transceivers. 
Thus, engineers can no longer test these de-
vices with traditional cabled test method-
ologies. Instead, over-the-air testing, which 
was once taboo, is becoming mandatory.

NRs for 5G, especially for mmWave, 
are significantly more complex than LTE 
radios. Much of the existing test equip-
ment can’t handle the combination of 
higher carrier frequencies, wider band-
widths, and over-the-air measurements. 
Indeed, even the simplest measure-
ment tasks such as taking an RF power 
measurement must be rethought for 5G 
because the definition of what it means to 
take calibrated over-the-air measurement 
is not clearly defined as of now.

While the standardization process of 
protocol layers 1 and 2 is rapidly com-
ing to a close, there are still numerous 
challenges that remain to be solved. Thus 
far, 5G has opened a new era in wireless 
communications and it’s clear that this is 
just the beginning. Now it’s time for RFIC 
design and the test and measurement 
industry to take what we’ve learned from 
wireless researchers and develop the tech-
nologies needed to bring 5G to market. ☐

Fig. 1: The first specification of the New Radio technology for 5G is scheduled for release in 
late 2017, with further updates through 2018. 
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Fig. 2: A non-standalone version of 5G shows data-flow aggregation across LTE eNB. 

Fig. 3: The standalone version of 5G new radio can connect to the NextGen Core either from 
an enhanced LTE (eLTE) eNB (left) or in combination with a New Radio gNB (right). 
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By almost any measure, solar power is hot. According to 
the Solar Energy Industries Association (SEIA), more 
than 15 GW of capacity was installed in 2016, and 

while installations are expected to slow in 2017, it’s clear that 
the trend is increased solar capacity over the next five years. 
SEIA predicts that by 2022, more than 17 GW of solar power 
will be installed annually.

One of the factors driving solar system sales is reduced 
prices for photovoltaic (PV) arrays. In 2016, prices for PV arrays 
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Solar array 
simulators put 
inverters to 
the test
To properly test a solar panel, array, 
or inverter, you need to accurately 
simulate varying load and light 
conditions

BY DAN ROMANCHIK
Contributing Writer

Fig. 1: The blue line on this graph shows the I-V curve of a typical 
solar cell. The red line shows the power available at points along the 
curve.
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dropped below $1/W for the first time. 
Another factor is improved inverter 
design, and a significant contributor to 
better design is better test equipment with 
which to test them. Several companies, in-
cluding AMETEK Programmable Power, 
Chroma Systems Solutions, and Keysight 
Technologies, make solar array simulators.

Testing at MPP
To deliver the maximum amount of 
power from solar panels or arrays, 
standalone inverters and grid-tie in-
verters find the maximum power point 
(MPP) for given conditions. They vary 
the load on the solar panel or array until 
it finds the point on the panel’s or array’s 
I-V curve that will deliver the most 
power. The inverter then converts this 
DC power to AC power, which is then 
used locally or fed into the power grid. 
Fig. 1 shows an I-V curve for a typical 
solar array and the power that is avail-
able at points along the curve.

To effectively test the efficiency of 
photovoltaic inverters, you need a solar 
array simulator that accurately simulates 
the output of a solar panel or array. Us-
ing actual solar panels or arrays is just 
not practical because you can’t control 
their output to the degree required to 
simulate all conditions.

To simulate a solar panel or array, 
inverter designers and manufacturers 
use modern, digitally controlled power 
supplies. When coupled with control 
software, these systems can simulate 
solar panel arrays up to 1 MW.

Accurately simulating a solar array 
to test inverters can be quite a challenge. 
As noted earlier, inverters continually 
change their input impedance, search-
ing for the MPP. The simulator must 
respond to those load changes as a solar 
array would. Not only must the simula-
tor maintain its power output, it must 
track the I-V curve of the solar panel or 
array that it’s simulating.

To complicate matters, many solar 
inverters generate AC ripple on their 
DC input, which is connected to the PV 
array. For single-phase inverters, the rip-
ple frequency is twice the line frequency 
(120 Hz for U.S. models). Normally, 
you want a power supply to suppress 

this ripple, but a solar array simulator’s 
power supply must not suppress it. That’s 
because an increasing number of invert-
ers (and virtually all micro-inverters) 
accurately measure the amplitude and 
phase of the ripple voltage and current to 
quickly determine the array’s MPP. This 
approach lets inverters find the MPP fast-
er than converters that use conventional 
dithering techniques (sometimes called 
“perturbate-and-observe”). Faster MPP 
tracking results in higher efficiency in 
cloudy conditions, where the irradiance 
constantly changes.

Another requirement for modern 
solar array simulators is flexibility. Each 

solar array has its own characteristics. 
Solar array simulators must be pro-
grammable, letting them determine how 
inverter designs will work with all of 
these different types of solar arrays.

Finally, solar array simulators need 
to measure and log the inverter’s AC 
output and correlate that data with 
the DC power input. This closes the 
test loop and lets you see your inverter 
design’s efficiency. A block diagram of a 
complete system is shown in Fig. 2.

Staying on the curve
To perform an accurate test, the output 
of a solar array simulator must faithfully 
follow the I-V curve of a solar array or 
solar panel. That is, it must respond just 
as a solar array would to the changing 
load conditions imposed by the inverter 
under test. To evaluate how well a 

To effectively test the 
efficiency of photovoltaic 
inverters, you need a 
solar array simulator that 
accurately simulates the 
output of a solar panel. 
Using actual solar panels 
isn’t practical because you 
can’t control their output 
to the degree required to 
simulate all conditions.

Visit slingshotassembly.com
for an instant quote. 
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Quality?

+
Place your prototype or 
low-volume production 
PCB assemblies order 
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next week.
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simulator can do this, you need to consider three parameters: 
MPP tracking accuracy, output noise current, and phase error 
between output voltage and current.

MPP tracking accuracy is a measure of how much a simu-
lator deviates from a programmed I-V curve under dynamic 
conditions. A simulator with poor tracking can’t accurately 
simulate a PV array.

Excessive output noise current and phase error will make it 
difficult, if not impossible, for an inverter to find the MPP. In 
the real world, there is essentially zero phase difference between 
the output voltage and output current of a solar panel or array, 
even when inverters use MPP tracking strategies that quickly 
change the load. When there is a significant phase error, the 
inverter may lock onto a curve location that isn’t the MPP.

Software considerations
In addition to electrical specifications, a solar array simulator 
needs software that’s easy to use and capable of providing the 
desired test data. This includes:
•  Fast update rate. An update rate of 20 times per second 

allows you to monitor inverter behavior (both operating 
point and sweep amplitude) in real time.

•  Ease of programming. In development environments, it’s 
desirable to change the test curves quickly or develop a 
custom I-V curve. Users should be able to simply enter 
parametric data or import data from other sources.

•  Library of PV curves/irradiance profiles. Having a library 
of curves for solar panels means that you don’t have to gen-
erate your own I-V curves and you can easily test how an 
inverter design will work with a wide range of solar panels. 
Having a set of irradiance profiles lets users simulate nearly 
any type of environmental condition.

•  Array modeling. The simulator software should simulate 
arrays of solar panels as well as a single panel. You should 
be able to build that array and then have the simulator 
output reflect the output of the entire array. To make this 
simulation even more realistic, you should be able to simu-
late the effects of shadowing, aging, and faulty modules.

The only way to get reliable inverter test results is to use 
a PV array simulator that will replicate the output of a solar 
panel or array. The simulator must not only be able to supply 
a significant amount of output power, but be agile enough to 
respond quickly to changes in the load impedance and stay 
on the I-V curve. Simulators that can do this will stay on the 
curve and yield the best test results. ☐

Reference:
Solar Market Insight Report 2017 Q2, Solar Energy Industries 
Association, Washington, D.C. http://bit.ly/2w9QG56

Fig. 2: A system capable 
of testing a PV inverter 
in off-grid mode consists 
of a DC power supply 
to simulate a PV array, 
a power meter, an AC 
load, and a computer to 
control the test system. 
You may also want a 
digital oscilloscope (DSO) 
to monitor the output 
waveform of the inverter. 
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The simulator must not only be able 
to supply a significant amount of 
output power, but be agile enough to 
respond quickly to changes in the load 
impedance and stay on the I-V curve.
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The NVM Express (NVMe), a 
communication interface for sol-
id-state drives (SSDs), is breaking 

the shackles of legacy hard-drive storage 
technology built for spinning media. 
And the second generation of NVMe 
SSDs is here now, pushing the storage 
capacities past 10 terabytes.

The quest for cost- and power-effi-
cient SSDs with higher capacity embod-
ies the transition to NVMe-based flash 
storage solutions. Take NVMe devices for 
data centers, which are moving storage 
outside the server to centralized loca-
tions so that storage can be shared across 
multiple servers and CPUs.

The early adopters of NVMe include 
data analytics, artificial intelligence, and 
machine-learning applications. What 
NVMe storage technology does here is 
turn data into useful information after 
sifting through and analysis while creat-
ing datasets of unprecedented sizes.

Below are the four key trends that 
show where NVMe storage technology 
is headed in the coming days and what 
matters the most in designing NVMe-
based storage devices.

1. NVMe 1.3 specification
The next version of the de facto stan-
dard for SSD interfaces has got a major 
update for the client, enterprise, and 

cloud features. The NVMe 1.3 
version adds 10 new features, 
and below are the three most 
prominent highlights of this 
addition that came after nearly 
two-and-a-half years.

First is the enhanced 
support for virtualization that 
allows designers to flexibly 
assign SSD resources to specific 
virtual machines. Now devel-
opers don’t need to emulate an 
NVMe SSD to the OS, and that 
significantly boosts latency. It’s a 
critical advantage for cloud and 
multi-tenancy environments.

Then there is the Streams fea-
ture that tags data from different 
tenants in cloud hosting envi-
ronments by allowing the flash controller to 
store related data at associated locations. In 
other words, it optimizes performance by 
mixing different workloads on a single SSD.

The NVMe 1.3 specification also 
adds the Sanitize feature, which provides 
a native way to completely erase data, 
thus allowing more efficient reuse and 
decommissioning of SSDs. Other notable 
features include enhanced debugging 
tools and support for bootstrapping in 
low-resource environments.

2. The PCIe alignment
The industry continues to transition rap-
idly toward PCIe-based SSDs and market 
research firm IDC forecasts that PCIe-

based SSDs will contribute more than 50% 
of enterprise SSD revenue by 2021. And 
NVMe is quickly becoming a must-have 
feature for PCIe SSD applications because it 
lowers latency by offloading the host CPUs.

According to IDC, NVMe SSDs are 
quickly displacing Serial Advanced 
Technology Attachment (SATA) storage 
devices while NVMe SSD price points 
are narrowing compared to SATA SSDs.

The NVMe SSDs can essentially use 
most of the PCIe bandwidth. So you can 
move around more data quickly. That’s a 
crucial benefit given that Gen 4 PCIe sup-
ports up to 16 lanes at 16-Gbps line rate and 
boasts the availability of 512-bit data path 
user interface.

The PCIe 4.0 specification is expected 
to be available by early 2018.

3. Advent of NVMe-oF 
architecture
The data-intensive workloads inevitably 
demand low latency in NVMe flash-
based storage systems. Here, the NVMe 
over Fabric (NVMe-oF) architecture 
provides the efficient scaling of NVMe-
based SSDs over data center fabrics like 
Remote Direct Memory Access (RDMA) 
and Fibre Channel networks.

NVMe-oF facilitates the transfer Fig. 1: Here is how virtualization works in the NVMe 1.3 specification.

Fig. 2: PLDA’s XpressRICH4-AXI core is a soft IP for the 
enterprise-class PCIe 4.0 interface.

Four trends to watch in  
NVMe-based storage designs
BY MAJEED AHMAD
Contributing Editor
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of larger data streams between servers 
and storage as well as between storage 
controllers and NVMe enclosures. That 
leads to greater performance, application 
response time, and scalability needed for 
the next-generation data centers.

The NVMe-oF architecture does that 
by enabling the development of high-
ly optimized storage subsystems with 
better throughput, latency, and quality of 
service (QoS). How? By allowing NVMe 
controllers to transfer large data streams 
between NVMe-oF applications without 

CPU engagement in the data plane.
Cavium has recently demonstrated 

its QLogic solution for NVMe over Fibre 
Channel (FC-NVMe) that combines the 
low latency of NVMe flash-based storage 
with the lossless, highly deterministic 
nature of Gen 6 Fibre Channel networks.

The San Jose, California-based supplier 
of high-speed networking chips has also 
showcased its FastLinQ 45000/41000 
Series network interface cards (NICs) 
that concurrently support Ethernet-based 
RDMA fabrics such as RoCE and iWARP.

4. Evolution of SSD controller
The SSD controller — a key building 
block in flash-based storage systems — is 
a key enabler in the implementation of 
next-generation networking architectures 
like NVMe-oF. For that, however, it’s 
imperative that flash SSD controllers are 
well-aligned with NAND capacity and 
low-density parity check (LDPC) trends.

Hiren Patel, VP of business develop-
ment at IntelliProp, claims that his firm’s 
controller IP manages the command 
and completion queues in hardware to 
accelerate performance and offloads 
the processor from handling numerous 
interrupts. IntelliProp’s NVMe Host 
Accelerator IP core is shipping for 
Xilinx and Altera FPGAs, including the 
Ultrascale Plus and Arria 10 FPGAs. 
The silicon-proven controllers now offer 
a flexible and configurable design for 
enterprise-, cloud-, and client-class solu-
tions used in PCIe-based SSDs.

It’s mandatory that SSD controllers 
designed for enterprise and client SSD 
applications provide high throughput as 
well as data integrity features for storage 
applications. They should ensure user 
data integrity and flash error correction 
by providing end-to-end data protection 
enabled by powerful ECC engines.

Many SSD controllers boast pro-
grammable architecture that allows SSD 
product differentiation through firmware 
customizations. The firmware customi-
zation also allows designers to tweak the 
storage device and take full advantage of 
its features.

In many cases, the controller IP 
provides firmware to facilitate an in-
terface for data movement to and from 
an NVMe endpoint attached to a PCIe 
link. And the flexibility of the firmware 
to tune storage drives leads to unique 
performance attributes.

NVMe poised to dominate
Flash storage is growing relentlessly, and 
NVMe technology is the most prominent 
part of this storage trend due to its ability 
to ensure high performance and low 
latency. So while SATA and SAS storage 
technologies won’t disappear anytime 
soon, NVMe seems poised to become the 
dominant interface for SSDs. ☐

Fig. 3: Mellanox’s BlueField controller chipset for NVMe-oF designs boasts high-speed 
networking, RDMA offloads, and multiple PCIe lanes.

Fig. 4: Microsemi’s NVMe controller minimizes cost by offering firmware reusability. 
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Voltage-controlled oscillator 
supports multiple frequency bands
Fairview Microwave has unveiled voltage-controlled oscil-
lators (VCOs) that allow the frequency of the output signal 
to be varied by adjusting the amplitude of the input tuning 
voltage. Unlike traditional oscillators with a single fixed fre-
quency, the company’s 16 new VCO models cover frequency 
bands ranging from 10 MHz to 4,350 MHz.

Fairview is targeting these VCOs at military electronics, 
SATCOM, test and measurement, and wireless communica-
tions. And applications include phase-locked loops, function 
generators, frequency synthesizers, receivers, electronic 
jamming equipment, and local oscillators.

The new VCOs offer tuning voltages ranging from 0.5 V 
to 20 V, output power from +4 dBm to +12 dBm, and supply 
voltage of 5 Vdc to 15 Vdc. And they incorporate 50-Ω inter-
nal matching to simplify integration onto the PCB. More-
over, second harmonics is as low as –25 dBc and phase-noise 
performance is as low as –120 dBc/Hz at 10-kHz offset.

These VCOs come in a 0.5-in. hermetically sealed 
surface-mount package to meet MIL-STD-883 and MIL-
STD-202 environmental test conditions for shock, vibration, 
and temperature cycle. And all VCO models are RoHS- and 
REACH-compliant and are classified as EAR99.

Tim Galla, product manager at Fairview, claims that the 
rugged, SMT, and hermetically sealed packages allow these 
oscillators to perform in any environment, even in the most 
demanding conditions.
Fairview Microwave: www.fairviewmicrowave.com
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Crystal oscillator boasts frequency 
flexibility, ultra-low jitter
Silicon Labs claims that its new crystal oscillators (XOs) offer 
the industry’s lowest jitter along with a frequency-flexible 
performance. The Si54x Ultra Series XOs bring ultra-low jitter 
down to 80 femtoseconds (fs) for both integer and fractional 
frequencies across the entire operating range.

These XOs facilitate superior jitter margin for demanding 
applications such as 100G/200G/400G line cards and optical 
modules, hyperscale data centers, broadband wireless infra-
structure, broadcast video, industrial, test and measurement, 
and military and aerospace.

Silicon Labs’ new XOs are available with single-, dual-, and 
quad-frequency options in a standard 3.2 x 5-mm package. 
That ensures drop-in compatibility with traditional XOs while 
providing quicker lead times.

Higher network bandwidth and faster data rates continue to 
drive the need for lower-jitter reference clocks. It’s important to 
note that timing jitter defines the purity of a clock signal. So an 
XO functions as the system’s local heartbeat.

Therefore, a clean, low-jitter output means less noise in the 
system. The ultra-low jitter XOs with <200-fs RMS are vital in 
applications in which high clock noise would result in unac-
ceptably high bit error rates (BER), lost traffic, or loss of system 
communication.

“Today’s optical networks, hyperscale data centers, and 
mobile fronthaul and backhaul networks are moving to higher 
speeds, driving the need for ultra-low jitter timing solutions,” 
said James Wilson, senior marketing director for Silicon Labs’ 
timing products.

He added that Silicon Labs’ PLL-based approach to oscilla-
tors enables efficient manufacturing flows and simplified facto-
ry programming, eliminating long lead times and supply-chain 
headaches associated with custom oscillators. Timing suppliers 
usually take 10 to 15 weeks to produce an XO.

On the other hand, Silicon Labs keeps pre-screened XO 
stock on hand, so when an order arrives, the appropriate stock 
is programmed to the exact frequency. Furthermore, each XO 
device undergoes 100% electrical testing before shipment.

This optimized supply chain enables Silicon Labs to ship sam-
ples of any frequency XO in one to two weeks and production 
quantities in four weeks. Wilson claims that they are the shortest 
lead times in the high-performance frequency control industry.
Silicon Labs: www.silabs.com

Clock generators operate on        
a single-rail 1.8-V power supply
Integrated Device Technology Inc. (IDT) has released two 
clock generators that operate from a single-rail 1.8-V power 
supply while eliminating the need for multiple discrete timing 
components. That, according to IDT, reduces board footprint 
and saves up to 60% in power consumption compared to solu-
tions available in the market.

The San Jose, California-based chipmaker has launched 
5L35023 and 5L35021 devices as part of its VersaClock 3S fam-
ily of low-power, programmable clock generators. These clock 
generators, like their predecessors, conform to widely used 
industry standards, including the PCI Express Gen 1/2/3.

IDT is targeting these clock generators at low-power devices 
such as digital cameras, IP set-top boxes, home entertain-
ment, audio systems, multi-function printers, IoT gateways, 
small-business storage, medical equipment, and automotive 
infotainment.

Kris Rausch, vice president and general manager of IDT’s 
Timing Products Division, outlined the following three fea-
tures as the most prominent design highlights:

First and foremost, the proactive power-saving function in-
telligently monitors the power-down status of the downstream 
clocked component, automatically switching between normal 
operation and suspend mode.

Second, three individual programmable PLL designs provide a 
balance between performance; a.k.a. jitter requirement and power 
consumption. That allows the clock generator to operate within 
single-digit mA low-power operation or support high-perfor-
mance requirements such as PCIe Gen 3 with additional power.

Third, dynamic frequency control (DFC), facilitated by 
one-time programmable (OTP) memory, provides the ability 
to dynamically switch between up to four pre-programmed 
frequencies. That enables clock generators to be implemented 
across multiple designs without electrical re-designs.

IDT also offers the DEV5L35021 and DEV5L35023 
development kits to support configuration, verification, and 
programming of clock generators in a single kit.
Integrated Device Technology: www.idt.com

MEMS oscillators for automotive, 
industrial designs
IQD Frequency Products has launched four models of MEMS 
oscillators that cover variations in package style, supply voltage, 
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and frequency range. All four MEMS oscillators are facto-
ry-programmable, and that ensures very short lead times for 
both design-in volumes and full production.

These MEMS oscillators are designed for applications that 
require an oscillator to operate at extreme temperatures. That 
includes the AEC-Q100-qualified automotive-grade products. 

They are particularly suitable for applications such as infotain-
ment, collision-detection systems, in-vehicle networking, and 
powertrain control.

The IQMS-116AUTO and IQMS-117AUTO models are 
housed in SOT23-5 plastic packages, which have the sol-
der joints visible so that they can be fully inspected. The 
IQMS-116AUTO MEMS oscillators have a frequency range 
between 1 MHz and 110 MHz, while the IQMS-117AUTO 
operates in a range of 115.2 MHz to 137 MHz.

For users that prefer plastic SMT packages, the 
IQMS-114AUTO and IQMS-115AUTO models are available in 
five industry-standard sizes: 2.0 x 1.6 mm, 2.5 x 2.0 mm, 3.2 x 
2.5 mm, 5.0 x 3.2 mm, and 7.0 x 5.0 mm.

The IQMS-114AUTO has a frequency range of 1 MHz to 
110 MHz, while the IQMS-115AUTO is available between 
115.2-MHz and 137-MHz frequency bands.

All four models operate over the standard automotive op-
erating temperature range of –40°C to 125°C. But these MEMS 
oscillators can also be specified for operation over the standard 
industrial temperature range of –40°C to 105°C or for applica-
tions with extreme temperatures of –55°C to 125°C.

Frequency stability options can be specified down to 
±20 ppm for the IQMS-114AUTO, IQMS-115AUTO, and 
IQMS-116AUTO and ±25 ppm for the IQMS-117AUTO over 
all of the operating temperature options.

Next, five voltage options are available — 1.8 V, 2.5 V, 2.8 V, 
3.0 V, and 3.3 V — with the current consumption down to 4.5 
mA with no load. All models deliver a CMOS output, 15-pF 
load with a rise and fall time of typically 2.5 ns to 3 ns along 
with a duty cycle of 45% or 55% and the option of an enable/
disable function on Pad 3.
IQD Frequency Products: www.iqdfrequencyproducts.com

Crystal unit miniaturizes, 
maintains electrical 
characteristics
Kyocera Crystal Device Corp. (KCD), a specialist in the devel-
opment and manufacturing of crystal devices, claims that its 

new crystal unit for smartphones, wearables, and other portable 
devices is the smallest in the world.

The CX1008 quartz crystal measures just 1.0 x 0.8 mm, yet it 
delivers the same electrical characteristics as Kyocera’s conven-
tional CX1210 model. And that allows the new crystal unit to 
be adopted without circuit board revision.

Crystal units — used to generate highly stable reference 
signals in digital circuits — are based on the unique material 
characteristics of quartz to oscillate at a precise frequency when 
a specific voltage is applied.

Now the trend toward smaller, more functional smartphones 
and wearable devices requires smaller and better-performing 
crystal units. However, miniaturizing crystal units beyond a 
certain point could compromise their performance because 
electrical characteristics such as equivalent series resistance are 
degraded as the device becomes smaller.

But Kyocera has succeeded in downsizing the crystal unit 
while maintaining its electrical characteristics, first in its cur-
rent CX1210 device measuring 1.2 x 1.0 mm and then commer-
cializing the ultra-small CX1008 crystal unit that measures 1.0 
x 0.8 mm.

Kyocera has accomplished this by developing a crystal 
element design technology in collaboration with Kazuya 
Yamamura, an associate professor at Osaka University. Kyocera 
has avoided the conventional processes and technologies by 

applying the ultra-high-precision plasma CVM technology that 
it developed alongside professor Yamamura.

The new method uses plasma-generated neutral radicals and 
a chemical reaction at the surface of an object. That enables the 
control of the quartz crystal with highly precise surface condi-
tions and thickness.

With this technology, Kyocera is also aiming to acceler-
ate the development of low-frequency, high-frequency, and 
high-precision oscillators for applications such as advanced 
driver assistance system (ADAS), Internet of Things (IoT), and 
5G mobile communications.
Kyocera Crystal Device Corp.: global.kyocera.com/prdct/electro/
product/crystal-device/
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Isolated 8-W DC/DC converter features  
4:1 input range
MINMAX offers the MDWI08 
series of 8-W isolated and regu-
lated DC/DC converters with a 
4:1 input range in a 16-pin DIP 
package measuring 0.94 x 0.54 x 

0.31 in. The converters feature 50-W/in.3 power density.
The MDWI08 family consists of 14 models offering 9- to 

36- or 18- to 75-Vdc input ranges with single-output models 
ranging from 3.3 to 24 Vdc and dual-output models with ±12 
Vdc or ±15 Vdc, delivering 8-W output power. All models 
feature: I/O isolation of 1,500 Vdc; average efficiency up to 86%; 
operating ambient temperature range from –40°C to 80°C (with 
derating >70°C with no forced air cooling required); shielded 
metal package; built‐in EMI filter that meets EN55022/32 Class 
A without additional filtering required; and undervoltage/over-
load/short‐circuit protection. All models have been qualified 
per the CB scheme with safety approvals to UL/cUL/IEC/EN 
60950‐1 and UL/cUL/IEC/EN 623368‐1 standards. All MIN-
MAX products are REACH-compliant, RoHS-compliant, Haz-
ardous Substance Process Management (IECQ QC 080000), 
and conflict-mineral-free backed by a three-year warranty.
MINMAX Power: www.minmaxpower.com

3,200-W three-phase input industrial power 
supply series 
extended with 
48-V model
The TPS3000-48, a 3,200-W 
48-V model, is a new model 
in the TPS power supply 
series. The 2U high product 
delivers 3,200-W output 
power (44 V at 133.3 A) and operates from a wide-range Delta or 
Wye 350- to 528-Vac three-phase input. The 48-V model suits test 
and measurement equipment, semiconductor fabrication, industrial 
printers, and lasers. The high-voltage, three-phase input avoids the 
requirement for step-down transformers and assists phase-load 
current balancing.

The TPS3000-48 features isolated AC Fail, DC Good and 
dropped phase signals, remote on/off, remote sense, and a 
12-V/0.3-A standby supply. A PMBus communications interface 
allows remote monitoring of the output voltage, output current, 
internal temperature, status signals, and fan speed. Additionally, 
the output voltage, overcurrent limit, and remote on/off can be 
programmed by the PMBus. The output voltage can also be ad-
justed from 38.4 to 56.5 V and the current limit point by 70% to 
105% using front-panel potentiometers or an analog 0- to 5-Vdc 
voltage. Up to eight units can be connected in parallel for higher 
power, and internal ORing FETs allow redundant operation.

The 92.5% efficient unit can operate at full load in ambient 
temperatures of up to 50°C, and deliver up to 55% load at 70°C. 

The power supply has 3-kVac input-to-output, 2-kVac input-to-
ground, and 500-Vac output-to-ground isolation.
TDK-Lambda: www.us.tdk-lambda.com

DC/DC 
converters 
target next-gen 
SiC MOSFETs
High-frequency and 
high-voltage switching 
are the main challenges 
of driving SiC MOS-
FETs. Extreme voltage potentials between the control and pow-
er side can wear down isolation barriers and lead to failures. To 
meet these tough requirements, RECOM has recently intro-
duced a new 2-W DC/DC converter series specially designed to 
power the latest generation of SiC MOSFETs.

Switching SiC MOSFETs requires unique turn-on and turn-
off voltages atypical of other IGBT or MOSFET applications. 
The RxxP21503D series provides asymmetrical output voltages 
of +15 V and –3 V, which are needed to efficiently switch sec-
ond-generation SiC MOSFETs.

A typical DC/DC isolation voltage should normally be at 
least twice the working voltage, but the high ambient tempera-
ture and fast switching edges generated by these high-power 
transistors cause additional stress to the insulation barrier. 
Therefore, the new series from RECOM comes with 6.4-kVDC 
isolation to ensure that the isolation barrier stands up to even 
the harshest tests. The internal transformer uses a pot-core to 
physically separate the input and output windings, yet the con-
verter still fits into an industry-standard SIP7 case.

These converters are available with input voltages of 12, 15, 
or 24 V and come equipped with ultra-low parasitic capacitance 
(<10 pF). They are EN-60950-1-certified and fully compliant to 
RoHS2 and REACH. A SiC MOSFET’s high operating tem-
peratures and high-frequency switching are tough on a power 
supply. RECOM, therefore, only uses high-quality name-brand 
components and offers a three-year warranty. Samples are avail-
able from all authorized distributors.
RECOM Power: www.recom-power.com

Fuse blocks and holders  
eliminate size compromises
Littelfuse, a leader in circuit protection, introduced multiple series 
of high-voltage fuse blocks and fuse holders designed for mechan-
ical installation of fuses. Developed for applications from 400 V to 
600 V, these new series include several fuse-mounting alternatives 
to accommodate the mechanical design of the application.

They are optimized for field servicing of equipment that is 
costly to move or for which downtime is unacceptable while 
ensuring the safety of maintenance personnel by preventing 
electrical shocks when fuses must be replaced in the field. The 
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new product series 
include 354, 254, and 520 
Series OMNI-BLOK Fuse 
Blocks for 3AB/3AG, 
2AG, and 5 x 20-mm Fus-
es respectively, 356/359 
Series Screw Terminal 
and Laminated Base 
Terminal for 3AG/3AB 
Fuses, 345 Series Shock-
safe Circuit Board and 
Panel Mount Enclosed Fuse Holders for 3AG/3AB and 5 x 20-mm Fuses, and 150 Series 
In-Line Holders for 3AG/3AB Fuses.

Application areas include data centers (for UPSes and servers), building automa-
tion (for fan control systems and commercial HVAC), industrial power systems (for 
UPSes, voltage regulator modules, high-power battery systems, and power distribu-
tion units and base station power supplies), and commercial appliances (such as air 
conditioners, commercial ventilation systems, drying and ironing rolling presses, and 
industrial washing machines).

The new fuse holders and fuse blocks offer a variety of key benefits:
•  High voltage ratings from 400 V to 600 V and multiple fuse placement options offer 

a complete fuse/holder solution for high-voltage application requirements.
•  Wide operating temperature range (–40°C to 85°C) makes them suitable for use in a 

diverse variety of applications and harsh operating environments.
•  Halogen free, 100% lead-free and RoHS compliance provides designers with confi-

dence that they are environmentally friendly and comply with global regulations.
Littelfuse: www.littelfuse.com

Power monitoring and switching system unlocks unutilized 
power in data centers
CUI announced the production 
release of its second solution 
for unlocking power capacity 
in data center and network-
ing infrastructure. The ICE Switch, manufactured by CUI, is a power monitoring 
and switching system that connects to Virtual Power Systems’ (VPS) ICE (Intelligent 
Control of Energy) Software to provide dynamic redundancy inside a data center. 
Consisting of two identical modules with up to 50 A of current per module, the ICE 
Switch features hot-swap functionality and a configurable single-phase or three-phase 
input. The system, housed in a standard 19-in. 1U package, also carries UL/cUL and 
TUV 60950-1 safety certifications.

In a traditional data center, power is typically provisioned to be 2N redundant, 
meaning that 50% of the power infrastructure is untapped to provide redundancy in 
the event of a failure. The ICE Switch unlocks additional power by allowing data cen-
ters to utilize that stranded power for 1N non-critical servers. Should a failure event 
occur, the ICE Switch shifts critical 2N applications to the redundant power, while 
provisioning any remaining power capacity to non-critical 1N applications based on 
priority levels set in VPS’ ICE Software.

The ICE Software uses a combination of fine-grained telemetry and ma-
chine-learning predictions to distribute redundant power for optimal use and high 
availability. This functionality will allow data center operators to safely and reliably 
add servers without having to further invest in costly power infrastructure to support 
those additional applications.
CUI: www.cui.com
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Coaxial/RF and Ethernet 
assemblies for Positive Train 
Control (PTC) systems
CDM Electronics has announced the avail-
ability of semi-custom and custom cable 
assemblies that are optimized to meet the 
latest requirements of Positive Train Con-

trol (PTC) systems. The PTC coaxial/RF and RJ45 Ethernet assemblies and interconnect 
systems are specifically engineered to ensure the reliability of PTC wireless networks.

These cable assemblies are designed to prevent train-to-train collisions, derail-
ments caused by excessive speeds, unauthorized train movements in work zones, and 
the movement of trains through switches left in the wrong position.

Furthermore, the new connector and cable assemblies come in a variety of config-
urations, including those featuring low-smoke zero-halogen (LSZH). And to ensure 
the utmost design flexibility, coaxial/RF connector options include BNC, N-Type, 
SMA, and TNC interfaces in both cable- and surface-mount formats.

CDM’s cable assemblies can be employed across the full spectrum of PTC systems 
regardless of the functionality being implemented and system architecture utilized, in-
cluding wayside systems such as non-signal, block signal, cab signal, etc. and the degree 
of train control.

These cable assemblies are mainly targeted at on-board locomotives and rolling 
stock, communication and antenna towers, wayside interface units (WIU), base sta-
tions, operations control, and SCADA systems. And they are equally suitable for use 
in signal crossing gates and transit station systems.

Assemblies are manufactured using Times Microwave’s LMR Series low-loss 
cables, which are self-healing and feature an operating temperature range of –40°F to 
185°F. And these low-smoke zero-halogen assemblies meet all applicable CMR, UL/
NEC, CSA, and NFPA safety requirements.
CDM Electronics: www.cdmelectronics.com

Automotive connectors boast small pitch, mating reliability
ERNI Electronics has designed the MicroBridge connector in a 1.27-mm pitch specif-
ically for automotive industry requirements. The cable-to-board connectors are based 
on the LV214 and USCAR automotive test specifications.

The new connectors feature Koshiri security and optional connector position assur-
ance (CPA) to ensure a reliable and robust connection. Then there is the double-sided 
interlocking feature that allows the MicroBridge connector to withstand 
vibrations in vehicles despite the compact 1.27-mm pitch.

The MicroBridge female connectors 
— available with IDC and crimp ter-
minations — are comprised of single- 
and two-row versions with two to 40 
pins. The single-row IDC female connector 
is available with a 90° and 180° cable outlet, while the two-row version comes with a 
180° cable outlet. On the other hand, the male connector, developed for SMT designs, is 
available in straight and angled versions as well as in single- and two-row versions.

These automotive connectors are particularly focused on mating reliability. The 
modular design of MicroBridge interconnect systems allows female connectors to be 
mated with their male counterparts having the same number of pins irrespective of 
the termination technique: IDC or crimp.

The crimp contacts in the female connector housing feature primary and secondary 
interlocking, whereas in the IDC versions, the contacts are already assembled in the 
housing. The closed crimp contact ensures enhanced reliability.

Packaging & Interconnections

New Products 31

ELECTRONIC PRODUCTS • electronicproducts.com • OCTOBER 2017

http://www.okwenclosures.com
mailto:sales@okwusa.com


Next, the two forms of IDC termination and an additional 
strain relief allow the MicroBridge connectors to meet the 
exacting requirements posed by the harsh environments in 
automotive electronics. Furthermore, the color and mechanical 
coding optionally available for every number of pins facilitates 
assignment and prevents improper mating.
ERNI Electronics: www.erni.com

Tool-free mounting of PCB connectors for 
two-piece electronics
The new PCB connectors from 
Phoenix Contact are aimed at two-
piece electronics housings. The 1.5 
CLIP PCB connectors boast standard 
latching geometry, so these compact 
connectors with 5.0-mm pitch can be 
latched onto the lower housing part 
without using any tools.

Here, the cost-optimized pin strips in the upper housing part are 
used to make contact with the PCB. And both housing parts can be 
pre-mounted and easily assembled during the startup process.

The PCB connectors come in a broad range, comprised of 
two- to 12-position versions for conductor cross-sections mea-
suring from 0.2 mm2 to 2.5 mm2. And the push-in connectors 
are designed for currents up to 10 A and voltages up to 400 V 
as per the IEC standard.
Phoenix Contact: www.phoenixcontact.com

Interconnect system boosts data speed, 
signal integrity
Molex has added to its zSFP+ interconnect system the ability to 
utilize channels with individual lane data rates of up to 56 Gbps 
to cater to high-density Ethernet and Fibre Channel appli-
cations. The upgraded interconnect system supports PAM-4 
channels in a stacked 2×N port configuration.

While taking the speed to a new level, the upgraded system 
still maintains a low insertion loss and crosstalk as well as ther-
mal and electromagnetic interference (EMI) containment that 
users are accustomed to from the previous zSFP+ system.

Molex claims to provide a passively cooled solution by using an 
enhanced airflow cage design. That maximizes airflow through the 
cage, so the connector is able to lower the temperatures by about 
17°C. “This yields optimal thermal management for next-generation 
systems while eliminating the need for costly heatsinks or cooling 
modules,” said Chris Hagerman, global product manager at Molex.

The 56-Gbps PAM-4 channel interconnect system includes 
EMI ganged cages, which are available in multiple port sizes 
from 2×1 through 2×12. They create flexibility in the PCB signal 

routing of LEDs.
Molex also offers 

terminal and wafer on 
the stacked integrated 

connectors in the zSFP+ interconnect system. The terminal en-
sures superior signal integrity for 56-Gbps PAM-4 applications. 
Moreover, the system allows users to merge standard cables and 
modules at greater data speeds.
Molex: www.molex.com

Waterproof 
connector 
tailored for RF 
telemetry system
Intelliconnect has provid-
ed waterproof adaptors for an RF telemetry system of a U.K.-
based manufacturer of remote water monitoring and control 
systems for irrigation, drainage systems, and data loggers. The 
SMA Interface waterproof adaptors facilitate feedback of the 
status and situation of the monitoring equipment.

System sensors and controls, installed in boreholes, are often 
subject to immersion under flood conditions, so they need to 
operate reliably under extreme conditions. The SMA Interface 
waterproof adaptors connect to a GPS antenna while a second 
SMA Interface is required for an RF transmission antenna that 
provides information on location and system status.

Internal connections are made via an MCX cable link, which 
ensures ease of equipment installation and assembly and the pos-
sibility to upgrade or replace internal components when necessary. 
And the external connector is required to be sealed as per the IP68 
rating. An additional unused connector is fitted with blanking caps 
to allow future upgrades, including activation of GPS.

“The waterproof adaptors can endure harsh conditions, in-
cluding a broad temperature range and the presence of contam-
inants,” said Roy Philips, managing director at Intelliconnect.

Philips added that it’s a standard SMA/MCX waterproof adap-
tor with a custom cable assembly. Intelliconnect supplies a wide 
range of standard and custom RF connectors and components.
Intelliconnect: www.intelliconnect.co.uk

Mounting rail for OpenVPX enclosure 
supports high insertion force
Pixus Technologies has unveiled a mounting rail for standard 
OpenVPX and other boards based on the IEEE 1101 specification. 
The rugged mounting rail supports very high insertion forces.

The high insertion forces of some plug-in modules can cause 
standard mounting rails to bow or crack in OpenVPX systems. 
So the new version features a thicker metal; it has two mount-
ing screws. And it boasts a reinforced design to ensure 
strength and durability.

It comes alongside new offset card 
guides from Pixus and allows 
both 4HP and 5HP plug-
in modules to be used in the 
same subrack. Pixus provides 
mounting rails and subrack 
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components for CompactPCI Serial, CompactPCI, VME64x, 
and other interconnect architectures.
Pixus Technologies: www.pixustechnologies.com

Platinum clad wire can endure corrosion at 
high temperatures
Anomet Products has 
released a metallurgically 
bonded platinum clad moly 
wire and rod for use in 
aerospace, electronics, semi-
conductor, and high-vacuum applications. Anomet Platinum 
Clad Molybdenum Wire provides high oxidation and corrosion 
resistance at temperatures of up to 1,200°C.

It’s an economical design alternative to a pure platinum wire 
for making connectors and switch components. The PtMo wire 
features a smooth and consistent surface finish. And it offers 
superior integrity, formability, and weld ability compared to the 
wire that is electroplated.

Anomet Platinum Clad Molybdenum Wire is available 
in 0.010-in. to 0.060-in. O.D. sizes, with cladding from 14% 
to 38% by weight, depending on the diameter. According to 
Anomet, it’s highly suitable for use in devices that are subjected 
to harsh environments.

The new wire is priced from $1 to $30 per foot, depending 
upon configuration and quantity.
Anomet Products: www.anometproducts.com

IP68-rated fiber plugs, receptacles 
weather extreme conditions
L-com Global Connectivity has re-
leased a new series of LC fi-
ber plugs, receptacles, and 
jam nuts to serve high-
speed data and video applications. 
These IP68-rated fiber products are 
designed to stand up to extreme environments while providing 
high throughput network connectivity.

The IP68-based ruggedized fiber plugs and receptacles offer 
400-lb. pull strength and 450-lb. crush resistance as well as pro-
tection from moisture, liquid, and dust. Moreover, both plugs 
and receptacles are available in multi-mode, single-mode, and 
APC polish single-mode types.

Apart from LC plugs and in-line receptacles, L-com offers 
IP68-rated flange-mount, jam-nut, and daisy-chain-style fiber 
receptacles that are highly suitable for mounting to an enclo-
sure or panel.

L-com is targeting these IP68 fiber plugs and receptacles 
at industrial networking applications that involve fiber and 
in which exposure to chemicals, physical contact, and harsh 
environment is a key consideration.
L-com: www.l-com.com

STYLE-CASE Handheld Plastic Enclosures  
With High Gloss Finish For Modern Electronics  

OKW’s new STYLE-CASE handheld enclosures have a highly polished 
surface finish for a very modern and high quality feel. The high 
gloss finish is easy to clean making it ideal for medical applications. 
The enclosures are molded in white UV-stable ASA plastic or black 
infra-red permeable PMMA. The top section has a recess for fitting 
a membrane keypad. There is a battery 
compartment for 2 1.5V AA cells.

OKW Enclosures Inc.
Phone: 800-965-9872
Fax: 412-220-9247
sales@okwusa.com
www.okwenclosures.com

Kapton™ Insulating Tubing for High Temperature, 
High Dielectric Coil Winding & Insulating Parts. 
• Self-Extinguishing, flame retardent, does not melt.
• Extremely high dielectric strength - 7,000 VPM
• Extremely wide temperature usage, from -269°C to +400°C.
• Extremely strong - very high tear resistance

To receive literature & details fast:

Precision Paper Tube  
Company
Phone: 847-537-4250
Fax: 847-537-5777
sales@pptube.com
www.pptube.com
More Than 80 Years - The Original
™®DuPont Co.

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

100 to 1000 Volt Pulsers
Avtech offers a full line of 100, 200, 500, 700 and 1000 Volt user-
friendly pulsers capable of driving impedances of 50 Ω and higher. 
The AVR Series is suitable for semiconductor and laser diode 
characterization, time-of-flight applications, attenuator testing, 
and other applications requiring 10, 20, or 50 ns rise times.

For data sheets,  
test results & pricing: 

Avtech
Tel: 888-670-8729
Fax: 800-561-1970
info@avtechpulse.com
http://www.avtechpulse.com/

Packaging & Interconnections Electronic Products Presented by the Manufacturer

New Products Product Mart 33

ELECTRONIC PRODUCTS • electronicproducts.com • OCTOBER 2017



• Affordable tooling
• Lower piece-part costs
• Mold life guarantee
• Inspection reports

GET 10,000+ PRODUCTION-GRADE PARTS 
IN AS FAST AS 1 DAY. YES, REALLY.

INJECTION MOLDING 
THAT CRUSHES 
CONVENTIONAL 
MANUFACTURING 
WISDOM

Request your 2018 
Cool Parts Calendar at 
go.protolabs.com/EP7MC

FREE CALENDAR
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