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EDITORIAL

Elon Musk steps on gas in 
race to build electric car
Tesla’s FSD Computer accelerates EV development as 
designers compete to define emerging car space 

For more than a 
decade, Tesla 
engineers have 
been obsessed 
with making the 
world’s most ef-
ficient electric 
vehicles. The 

polemic electric car maker is 
confident that it is on track to-
wards that goal with its recent 
release of the FSD (full self-driv-
ing) computer, a new custom 
chip designed to enable full 
self-driving capabilities. 

The chip is now designed into 
all new Model 3, X and S vehi-
cles, as announced by CEO Elon 
Musk during the company’s 
Autonomy Day this past April. 
As a result, Tesla vehicles already 
travel farther on a single charge 
than any other production EV on 
the market. Tesla has accom-
plished this without increasing 
the cars’ battery size, proving its 
expertise in system-level design 
can make its cars dramatically 
more efficient.

Tesla shared a vast amount of 
details about its FSD dual SoC 

14nm computer, indicating that 
the 12 ARM core chip has a 
modest GPU, a custom neural 
network compute part, while the 
SoC packs 250 million gates, 6 
billion transistors at 260 mm2. 
Work is also already underway 
on a next-generation chip, ac-
cording to Musk, who claims 
Tesla is now about halfway 
through its design. 

Adding to the intrigue, the 
FSD replaces Tesla’s Autopilot 
2.5 computer, powered by 
NVIDIA chips. Customers will 
now be able to pay the car maker 
to pull out existing Nvidia-based 
computers from older vehicles 

and retrofit new computers with 
Tesla’s own chip. 

Pete Bannon, the veteran chip 
architect leading Tesla’s project, 
claims that the FSD computer 
can handle data at almost seven 
times the rate of Nvidia’s tech-
nology – (144 trillion operations 
per second, compared with 21 
trillion for Nvidia). Bannon says 
the FSD represents the brain in 
Tesla vehicles, processing input 
from eight cameras, 12 ultrason-
ic sensors, a front-facing radar, 
plus GPS and mapping data. 

One other ear-pricking admis-
sion made by Musk at the Tesla 
media event was his pronounce-
ment regarding future use of Li-
dar sensors in vehicles. 

“LiDAR is a fool’s errand, 
and anyone who relies on Li-
DAR is doomed,” he said stark-
ly. Musk went on to explain that 
he’s not wholly anti-LiDAR, 
just when it comes to cars. He 
called other LiDAR devices on 
cars, “expensive sensors that are 
unnecessary.”

Only time will tell which pursu-
ant of autonomous car technolo-
gy eventually drives away with 
majority market share?   
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Model 3 autonomous Tesla with no steering wheel; (above) Full Self-
Driving Computer (FSD).
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IOT

FEDDEV ONTARIO 
SUPPORTS SAFETY 
TECHNOLOGY
In an increasingly digital and con-
nected world, the Government of 
Canada is supporting start-ups, such 
as SmartCone Technologies Inc., 
that are using innovation to develop 
products to protect the safety of Ca-
nadians.

FedDev Ontario recently contrib-
uted $187,500 to the Ottawa-area 
firm in order to accelerate the market 
entry of TheSmartCone—a portable 
surveillance and Internet of Things 
device, containing multiple sensors 
with embedded software, housed in-
side any object, such as a traffic cone 
or utility box.

The high-tech detection and early 
warning system of TheSmartCone 
uses flashing lights, audio and visual 
messages, posted to traffic signs to 
alert the public. This warning system 
increases public safety by sharing per-
tinent on-the-ground information in 
many situations including controlling 
bicycle lane traffic, managing vehicle 
fleets, monitoring traffic incident 
scenes, asset tracking, crowd control, 
site security surveillance and more.

PHOTONICS

POET TECH OPENS 
PHOTONICS DESIGN 
CENTRE IN OTTAWA

Optoelectronic developer POET 
Technologies Inc., San Jose CA, has 
entered into an agreement with Otta-
wa-based MillView Photonics Inc., to 
establish a collaborative design center 
in Canada’a capital.

MillView was established two years 
ago by Dr. Trevor J. Hall, Professor in 
the School of Electrical Engineering 
& Computer Science and founding 
director of the Centre for Research in 
Photonics at the University of Ottawa.

The agreement between the two 
companies brings together in one lab 
the MillView team, including Dr. 
Hall, additional staff from MillView, 
and three PhD-level photonics engi-
neers from POET. 

“MillView is similarly situated to 
bring in the specific talent needed to 
address and solve a broad range of 
engineering challenges in 

Schlegel is founder & CEO of Schle-
gel Capital and Pavestone Company’s 
Bedrock Logistics in Dallas, TX. He 
provided the initial funding for the 
centre in 1998. 

“These guys are unlike anyone else. 
They are filling a market need that is 
critical to the safety and welfare of 
Canadians. They are smart and driven 
and I know they’ll do well,” said 
Schlegel. The Guard-Ex founders are 
looking to complete their prototyping 
and commercialization process within 
the next year. 

CONTRACT MANUFACTURING

MICROART INJECTS MORE 
CAPITAL INVESTMENT

Microart Services, an electronics 
manufacturing services (EMS) pro-
vider with factories in Markham ON 
and Buffalo NY continues to upgrade 
with additional capital equipment.

Thus far in 2019, the firm has pur-
chased two additional high-speed 
pick-and-place machines, one flexible 
pick-and-place, two screen printers, a 
3D X-ray, an X-ray component 
counter, plus a factory floor smart 
cart for SMT component storage.

PCB PRODUCTION

BITTELE OPENS NEW PCB 
FACILITY IN MARKHAM
Bittele Electronics Inc. will launch a 
new Canadian assembly facility in 
Markham ON this June. 

The building will be fitted with 
brand-new, state-of-the-art equip-
ment including fully automated as-
sembly lines inside the 14,000-sq-ft 
facility feature fully automated pcb 
loading, solder paste printing, com-
ponent placement, reflow and in-
spection. 

NEWSWATCH

The SmartCone 
portable 
surveillance & IoT 
unit contains 
multiple 
sensorswith 
embedded 
software.
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photonics,” says Dr. Hall, a graduate 
of Cambridge University.

POET Tech’s CEO, Dr. Suresh 
Venkatesan, added: “We have assem-
bled a team in one place dedicated to 
one goal – the design and develop-
ment of waveguides and filters for our 
Optical Interposer platform. In addi-
tion, this places POET squarely in 
both a region and university where 
photonics design and development 
are vibrant and pervasive.”

ENTREPRENEURS

LAURIER STARTUP 
FOCUSES ON ROAD-
SAFETY TECHNOLOGY
Waterloo-based Guard-Ex, an im-
pairment screening device startup 
company founded by participants in 
the Schlegel Centre for Entrepreneur-
ship and Social Innovation’s Launch-
Pad incubator at Wilfrid Laurier 
University, have raised a $1-million 
CAD seed round.

The four founders, Laurier students 
Harmeet Chauhan and Rahul Malho-
tra, Laurier business graduate Baltej 
Sandhu and University of Waterloo 
student Dastiger Khan, launched 
Guard-Ex in 2017 to address the need 
for an accurate and unbiased roadside 
impairment screening device for law 
enforcement.

As opposed to traditional impair-
ment screening methods, Guard-Ex 
takes an innovative approach by using 
physiological indicators such as eye 
movement and body temperature, 
rather than measuring chemicals from 
saliva or breath. Guard-Ex has devel-
oped a universal impairment screen-
ing device with the help of machine 
learning to screen for real-time im-
pairment. Guard-Ex automates the 
manual process that is conducted by 
law enforcement officers today. 

Sole investor, Bob Schlegel, is a 
CPA and 1972 graduate of the eco-
nomics program at Laurier’s Lazaridis 
School of Business and Economics. 

Tech startup Guard-Ex co-founders invented an impairment screening device.
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Venturing out with two 
planes to service the 
forestry industry more 
than three decades 

ago, Harbour Air has emerged to 
become one of the largest all-sea-
plane airlines in the world and a 
vital piece of B.C.’s transportation 
infrastructure. With more than 
450 staff and transporting more 
than 500,000 passengers each 
year, the Nanaimo-based airline 
recently partnered with an engi-
neering firm, magniX, in an effort 
to pioneer the world’s first all-elec-
tric airline. 

West Coast Report sat down 
with Harbour Air Seaplane’s 
founder and CEO, Greg Mc-
Dougall, to learn what has aided 
their success so far, why they 
want to become an all-electric 
airline, and why they are so keen 
to tackle big obstacles in aviation. 

“I grew up in Santa Barbara, 
California, but came up to B.C. 

every year to spend the summers 
at our family cabin on the coast, 
which could only be accessed by 
float plane. I always knew I want-
ed to be a pilot and when I grad-
uated in 1974 returned to 
Canada to begin flying,” says 
McDougall. 

When he began his career, the 
culture of seaplane flying carried 
a wild west mentality. He recog-
nized there was an incredible op-
portunity for these aircraft as a 
reliable way to get around the 
coast, however, it was imperative 
to elevate the safety, perception, 
and profession of seaplanes to 
that of commercial airlines. This is 
where they have earned their suc-
cess, as McDougall explains: 
“Our steadfast focus on safety, 
innovation and service was the 
breakthrough of our operation 
and certainly its ongoing success.” 

The task of plane electrifica-
tion is a challenging one. 

Harbour Air has been committed 
to sustainability by becoming the 
first fully carbon-neutral airline 
in North America in 2007, 
through the purchase of carbon 
offsets. They are now pushing the 
boundaries of aviation by becom-
ing the first commercial airline 
powered by electric propulsion. 

“The decision and vision to go 
electric, and specifically to oper-
ate the world’s first all-electric 
commercial flight, has been a 
goal of ours for a number of 
years. We are excited to bring 
commercial electric aviation to 
the Pacific Northwest, turning 
our seaplanes into ePlanes,” says 
McDougall.

The aviation industry is hung 
up on a traditional way of operat-
ing and is handcuffed by its de-
pendence on jet fuel. On the 
other hand, Harbour Air, owing 
to their short-haul routes, aircraft 
size, and progressive agenda is in 

HARBOUR AIR spreads its wings  
with world’s first electric seaplane

a unique position to morph into 
an electric airline. Their average 
flight time is 30-minutes, which 
makes electric propulsion a via-
ble option. The pilot e-plane will 
come into service later this year.

“The first step currently being 
developed is the (electric) conver-
sion of one of our DHC-2 de 
Havilland Beaver aircraft, a 
six-passenger commercial sea-
plan. Harbour Air and magniX 
expect to conduct first flight tests 
of the all-electric aircraft in late 
2019”, explains McDougall. 
“From there the aircraft and com-
ponents will go through certifica-
tion and approval. Once approved 
we’ll look to expand the conver-
sion across the entire fleet.” 

WEST TECH REPORT

Sohail Kamal is  
EP&T’s West Coast 
correspondent.  
sohail@nextgear.ca
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tech hardware companies.
Representing a one-stop-shop for 

anyone involved in IoT design, Cata-
lyst clusters together everything hard-
ware designers need to get to market 
quickly in the IoT sphere, whether it’s 
help with prototyping, certification, 
IT, industrial design and branding, 
even component sourcing.

“This place is designed for entre-
preneurs by entrepreneurs,” says 
McBride, who aside from being 
co-founder & ‘chief hype guy’ for Cat-
alyst, resides as CEO of Miovision, 
also a tenant within the facility. 

If your design world re-
volves around the Internet 
of Things (IoT), you should 
be aware of Catalyst, be-

cause there’s some really cool stuff 
happening there. 

Kurtis McBride, the driving force 
and steward behind the project has a 
vision of the Kitchener Ontario-based 
innovation hub becoming one of the 
world’s leading development centres 
for IoT designs. Located at 137 
Glasgow St, the 475,000-square-foot 
former car tire factory has been con-
verted into a hub of burgeoning, high-

“Catalyst is a sum of its own parts, 
so each of us (tenants) have a vested 
interest in strengthening it, which of-
ten means lending our own brands to 
strengthen the Catalyst brand.” 

Catalyst is described by McBride as 
a brand vessel – housing all of the 
uniquely different individual brands 
under one roof. 

Tenants represent all segments 
of electronics design cycle
The facility itself is best described as a 
mall comprised with tenants, each 
representing a portion or segment of 
the electronics design cycle. McBride 
identifies two classes of tenants within 
Catalyst, including amenity and ser-
vice providers, along with the user-class 
occupant. 

The facility sits on property that is 
equivalent to 24-acres in size, whereas 
the building consumes about half of 
that – the other half allocated to park-
ing spaces. The work environment 
here for the more than 2,000 employ-
ees of approximately 30 different 
firms is convivial – it is collaborative 

CATALYST 137  
IoT design 
epicentre
Kitchener-based turn-key ecosystem on its way  
to becoming the world’s largest IoT manufacturing  
space, spurred by its ‘pay it forward’ mentality
BY STEPHEN LAW, EDITOR

INTERNET
OF THINGS COVER STORY

The Catalyst137 campus is described as 
a ‘brand vessel’ that houses all of the 
uniquely different individual firms and 
services under one roof.

Catalyst137 is the result of a converted car tire factory located in downtown Kitchener ON. 
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to join, as it was determined to be too 
much of a stretch.

“If you are a company that focuses 
on creativity and technology to drive 
a business model – that is a match 
with our perspective,” he says.

Also part of the model was to en-
sure that Catalyst allocated a small 
percentage of its available space to 
small three to 10-person start-up 
companies.

“It will serve as a late-stage incuba-
tor for firms that are growing and 
taking next stage steps, but are unsure 
of just how much space they will ulti-
mately require,” he adds.

McBride points to the Kitchener/
Waterloo Region as the obvious birth-
place to such a concept. The decline 
and contraction of BlackBerry as 
Canada’s crown jewel of electronics 
leadership, spread the seeds of tech 
knowledge around the community, 

spawning hundreds of new tech firms 
as a result. 

“We have a density of talent here, 
not just engineering talent, but all the 
supporting talent that goes around it,” 
says McBride. “It is probably pretty 
unique, not just in Canada, but any-
where in the world. Some of that talent 
left town – but, a lot of it is still here. I 
like to think Catalyst delivers oppor-
tunity by providing a physical density 
and a brand vessel to communicate 
that capability.”

Collaborative, supportive 
working environment

Lending support to the collabora-
tive working environment, the facili-
ty’s common areas include a gym, café 
and a brew pub, while a 6,000-square-
foot special event space at the front of 
the building is offered up for free to all 
Catalyst tenants. McBride stresses the 
importance of clustering together ca-
pabilities, talent, capital and cultural-
ly aligned companies - then stepping 
back and letting ‘it’ happen.

“You don’t know what is really go-
ing to happen within these walls, but 
things do happen and will happen,” he 
says. 
“We all compete for talent, capital and 
to a lesser degree customers. We tend 

– or, as McBride puts it “operates 
within a very pay it forward culture.”

Under the amenity umbrella resides 
such players as contract manufacturer 
Sigmapoint; product design and engi-
neering firm SnapPea Design; Clause-
hound brings start-up-focused legal 
resources; Blakes is one of Canada’s 
top business law firms; Swift Labs 
Inc., provides wireless & IoT product 
development and testing services; 
electronic component distributor 
Mouser Electronics. Firms such as 
Strive and Madhatter perform digital 
marketing and demand generation. 
EDC, BDC and NRC form a govern-
ment and capital support network.

“The Catalyst brand is more than a 
physical building filled with tenants 
who sign leases – that is not what this 
is all about,” says McBride. “It is 
about bringing people together to 
help each other to build companies 
and create wealth for the country.”

Sitting at just over 80% capacity (at 
time of writing), the community of 
start-up peers boasts a variety of play-
ers. Leading the way as anchor tenant 
is McBride’s own firm, Miovision, 
which creates smart city intelligent 
solutions for in-house and outsourced 
traffic data collection and advanced 
traffic signal operations.

Other user-side residents include an 
IoT innovation lab for Toyota; Electric 
vehicle technology company Fleet-
Carma; Fleet telematics by Geotab; 
blockchain cryptocurrency firm Kik.

“Sustainability was very important 
to us, we wanted to make sure that we 
have a model that wasn’t going to fall 
apart if the existing political support 
on tech changes. We want it to be a 
sustainable model,” McBride says. 
“All of the tenants must be viable 
commercial entities with business 
models. The idea there is you can 
deliver all of these different services, 
but there is no need for the govern-
ment to prop it up with support. It 
supports itself.”

Sourced best-in-class players 
for each IoT bucket
While vetting prospective tenants, 
McBride says he looked at the land-
scape as an emerging designer and 
thought about what types of services 
are necessary to launch a concept. 
Once it was determined – he went out 
to source best-in-class players “in 
each bucket.” It was important to de-
termine that they service the IoT 
ecosystem, as well as being capable of 
paying their rent. McBride did turn 
away a number of entities that sought 

Kurtis McBride, 
co-founder & 
‘chief  hype guy’ 
for Catalyst137 
says the facility 
operates under a 
pay it forward 
culture. 

“We have a density  
of talent here – not  
just engineering talent, 
but all the supporting 
talent that goes 
around it”
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close proximity to graduating engi-
neers does inject some synergistic 
energy.

“The feeling amongst many (UofW) 
graduates is that they often find a 
ready-made ecosystem that accepts 
them right here in Waterloo,” he says. 
“When you map out all of these differ-
ent assets – it is a great place to come 
and build your business.”

McBride believes the KW region’s 
abundance of capabilities in engineer-
ing, design and product management 

helps draw talent in globally. He says 
this synergy of braintrust provides a 
‘concentration of thought’ that the 
Federal and Provincial Governments 
can draw upon to run better innova-
tion policy. 

“How do we turn Canada into an 
innovation economy – much like Ger-
many, USA, Japan and Korea – be-
cause those were not accidents – those 
were intentional,” he notes. “I think 
with this culture, there is a higher ve-
locity of collective community learn-
ing, which actually then creates 
success – which begets success,” Mc-
Bride continues. 

“The idea with this building is we 
want to create venues for the kind of 
collision that happens organically out 
in the community. We want to kind of 
take that organic osmosis culture that 
we already have and provide venues to 
amplify and accelerate it.” 

to look past all of that and tend to fo-
cus on the idea that ‘a rising tide lifts 
all boats’,” he adds.

“As for our journey in the next five 
years? Who knows what will come out 
of this place, but my sense is if you 
cluster all of these things in one place 
– Catalyst becomes a destination for 
other firms looking in.”

McBride serves example of a recent 
visit by Volkswagen, which stopped in 
for a tour of the facility - simply be-
cause they heard about it. 

“They asked to take a look around 
and who knows, maybe they’ll hang a 
shingle on our property one day. And, 
by doing so, maybe that creates busi-
ness development opportunities for a 

little start-up that doesn’t exist here 
yet,” McBride adds. 

“We want this place to become a 
globally renowned destination that 
companies come to in order to get to 
market fast and get exposure. Under 
this roof, there will be opportunity for 
large global brands to come here and 
take up 500-square-feet of office space 
and to proclaim their interest in par-
ticipating,” enthuses McBride.

To its advantage, Catalyst is situat-
ed roughly 3km from the University of 
Waterloo, considered as the ‘MIT of 
Canada’ and consistently ranked 
amid the top technical universities 
countrywide. Albeit mostly circum-
stantial according to McBride, the 

More than a 
physical building, 
McBride says 
Catalyst137 is 
about bringing 
people together to 
help each other 
– to build 
companies and 
create wealth for 
the country.

“With this culture, 
there is a higher 
velocity of collective 
community learning, 
which actually 
creates successs”
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Alistair Fulton is vice-
president and general manager, 
wireless & sensing product 
group at Semtech.

The United Nations esti-
mates that 68% of the 
world’s population will live 
in an urban setting by 

2050. As more residents move to city 
locations, government officials contin-
ue to adopt new smart solutions to 
better manage services improve qual-
ity of life and reduce operating ex-
penses in a sustainable way. Smart city 
solutions can be leveraged in a number 
of ways to improve parking, the flow of 
traffic, street lighting, maintenance, 
waste management and pollution.

LoRa Technology and low power 
wide area networks (LPWAN) based 
on the LoRaWAN™ protocol have 
emerged as a top option for cities as 
they look to deploy a smart infrastruc-
ture. This technology provides a smart 
sensing and control infrastructure to 
collect and analyze data from thou-
sands of connected devices in a 
streamlined manner, in order to make 
intelligent decisions about the services 
they need to offer. 

Why LoRa?
There’s lots of discussions about 5G, 
but it’s still hard to predict when this 
disruptive technology will become a 
reality. LoRa Technology is available 
today all around the globe with more 
than 600 known use cases and 87-mil-
lion devices deployed. 

LoRa Technology enables data 
communication over a long range 
while using very little power. When 
connected to a non-cellular 
LoRaWAN network, LoRa accommo-
dates a vast range of IoT applications 
by transmitting packets with import-
ant information. LoRaWAN fills the 
technology gap of cellular and Wi-Fi/
BLE based networks that require ei-
ther high bandwidth or high power, or 
have a limited range or inability to 
penetrate deep indoor environments. 
In effect, LoRa Technology is flexible 
for rural or indoor use cases across 
smart cities, homes and buildings.

LoRaWAN operates in unlicensed 
radio spectrum, which means that any 
city can use the radio frequencies 
without having to pay copius amounts 

of fees for transmission rights. LoRa 
Technology is also highly secure and 
offers an efficient, flexible and eco-
nomical connectivity solution ideal for 
IoT applications whether indoor or 
outdoor and installed in public, pri-
vate or hybrid networks. Simple sensor 
data can fuel analytics platforms, such 
as those for artificial intelligence and 
machine learning. These require data 
diversity which is made possible by 
low-cost LoRa-enabled sensors.

Enhancing the quality of life 
In 2016, the City of Calgary became 
one of the most innovative cities in 
Canada. For 20 years, Calgary worked 
to build a strong infrastructure with 
internal city business units, civic part-
ners, educational institutions and the 
broader industry. Calgary was the first 
city in North America to deploy 
LoRaWAN-based networks. Its smart 
city approach helped the city become 
more sustainable by bringing open-
ness to data sharing and technology, 
as well as building trust and transpar-
ency with municipal government and 
citizens.

The City of Calgary worked with 
government officials to source fund-
ing in order to bring its vision of a City 
Network of Things Platform (CNoT) 
to life. Through extensive research 
Calgary proved its commitment to 
innovation and to providing business 
units, industry partners and citizens a 
secure and resilient IoT infrastruc-
ture. LoRaWAN is able to provide 
security functionality, ease of imple-
mentation and comprehensive net-
work coverage to Calgary’s one 
million residents.

With help from various technology 
vendors such as Semtech, the City of 
Calgary was able to deploy more than 
300 miles of dark fiber for a high speed 
reliable data network with 10 radio 
towers and Wi-Fi access points in-
stalled at traffic intersections. Contin-
ued efforts to secure additional 
funding for the City’s underlying fiber 
backbone and new IoT network laid 
the groundwork for increased connec-
tivity to provide coverage and data 

transfer capabilities for public safety 
organizations, water and waste man-
agement and transit organizations. 
These actions allowed Calgary to 
avoid monthly service expenses in-
curred from third party mobile carrier 
tower leases and optimized asset 
tracking for its 3,300+ vehicles around 
the city.

LoRa in real life? 
The range of smart city applications 
for Calgary is vast. Some examples are: 
•  The Urban Alliance is able to mea-
sure noise levels to address issues and 
improve the quality of life for resi-
dents. With help from the University 
of Calgary, the Urban Alliance is able 
to use LoRa-based sensors to charac-
terize noise and create a use case on 
Calgary’s LoRaWAN based network. 
•  The Shanganappi Golf Course 
uses LoRa technology to track the 
pace of play, improving operational 
efficiencies to ensure the overall expe-
rience is enjoyable for customers. 
Location sensors embedded within 
the golf carts share real-time informa-
tion to course marshals to avoid 
anomalies in pace of play. Once de-
tected, these oddities can be swiftly 
addressed making for a seamless golf-
ing experience.
•  Calgary’s Devonian Gardens uses 
LoRa-based devices to measure soil 
conditions for urban canopy mainte-
nance and water valve status remotely, 
which saves time, conserves resources 
and provides more accurate and time-
ly data. By utilizing LoRa-based de-
vices to gain an understanding of 
fundamental characteristics such as 
air, water, light and humidity, Calgary 
can provide more efficient predictive 
care to these plants.

LoRaWAN and LoRa Technology 
has been a great catalyst for Calgary 
to foster innovation and accelerate 
IoT development in the city. 

5G vs LoRa:  
Inside the city of Calgary
BY ALISTAIR FULTON

INTERNET
OF THINGS FEATURE

68%
of the world’s 

population will live 
in an urban setting 

by 2050
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Developing a new 
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leads to challenges for 
even the most 
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10 Tips for improving  
IoT design success
From wearable tech and home automation gadgets  
to intelligent industrial sensors, there are a number  
of design pitfalls awaiting the unwary design engineer  
BY CLIFF ORTMEYER

INTERNET
OF THINGS FEATURE

experienced design engineers. 
The successful integration of an 
IoT edge device calls for good 
design and manufacturing, 

adequate deployment, timely 
battery replacement if applica-
ble, and an ability to accept and 
incorporate software/firmware 
updates as required. 

Here are 10 ways to avoid po-
tential pitfalls:

1. Robust project planning
According to a recent Cisco 
study, one third of all completed 
IoT projects are considered a 
failure, with 60% of IoT initia-
tives stalling at the Proof of 
Concept (PoC) stage. Businesses 
can reduce the potential for fail-
ure by ensuring their IoT project 
is well planned, scoped, and the 
proof of concept tested prior to 
rollout. Project managers need 
to examine the breadth of the 
project to understand the com-
petencies required – ensuring the 
team has the right skills, or part-
nerships where required.   

2. Utilizing modular 
solutions
Some challenges can be reduced 
by building in modular solutions, 
simplifying the development 
process. Raspberry Pi has an 
ecosystem of products that allow 
designers to focus on their core 
expertise while delivering their 
end product quickly.

3. Considering compliance 
upfront
IoT edge installations can con-
tain varied device types as well as 
router or gateway platforms that 
manage communications among 
all the devices and the wider IoT 
infrastructure. Project designers 
should choose a platform that 
supports an extensive mix of 
protocols for data ingestion, 
such as OPC-UA, BACNET 
and MODBUS, as well as more 
current ones like ZeroMQ, Zig-
bee, BLE and Thread.

4. Choosing the right 
power capability
Most IoT products depend on 
having exactly the right level of 
processing power. Recent devel-
opments in edge technology, in-
cluding AI at the edge, provide 
design engineers with options 
around where that processing 
power sits – either at the cloud, 
gateway or edge itself. Insuffi-
cient capability at any point will 
render them unable to handle 
their target application. Howev-
er, if the processor is too power-
ful, it can also cause problems 
related to pcb real estate, cool-
ing, power use and cost.

5. Identifying the right 
memory option
There are many memory options 
for design engineers: traditional 
external flash memory, embed-
ded flash memory, multichip 
package memory and multi-me-
dia cards. Making the right 
choice depends on your project’s 
priorities.
COST  The more expensive the 
memory selection, the more ex-
pensive the final device. 
SIZE  The amount of space re-
quired for memory processing 
and the more silicon wafer space 
required, the more costs go up.
POWER CONSUMPTION  Most 
IoT devices either run on small 
batteries or rely on energy har-
vesting for recharging. Design 
engineers should choose an op-
tion that uses the least power and 
lowest voltage.
STARTUP TIME  Memory must 
support a quick startup to ensure 
good device performance. Im-
plementing a code-in-place op-
tion, which allows the device to 
execute code directly without 
needing to copy operating code 
from a separate EEPROM chip, 
reduces the time required to boot 
up, as well as the cost of the chip 
with less need for RAM with 
substantial on-chip storage.

6. Getting the most out of 
your firmware
IoT devices are controlled by 
coding implemented in firm-
ware. Design engineers should 
make the following consider-
ations when designing their 
firmware:
•  Ensure a stable firmware ar-
chitecture that is scalable and 
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Cliff Ortmeyer is the 
global head of technology 
product marketing and 
solutions development, 
Newark

well documented.
•  Design for constrained sys-
tems such as low-power MCUs 
with limited memory, no memo-
ry management and no direct 
interfaces.
•  Build in stability and error 
recovery including application 
watchdog timers, error correc-
tion and auto-recovery from 
system faults.
•  Paying attention to inputs & 
outputs including sensor data 
gathering, digital signal process-
ing, local compression, and 
storage of data.
•  Minimizing power consumption 
by writing firmware that allows 
devices to enter sleep mode and 
consume the bare minimum en-
ergy required.
•  Optimizing bandwidth for 
cellular communication from 
your device to the cloud.
•  Revise firmware continuously 
with OTA updates to improve 
stability and functionality. Add 
value without changing hard-
ware.

7. Effective software 
management
In the IoT ecosystem, first to 
market is a huge competitive 
driver, which can mean that se-
curity, quality and dependabili-
ty can be sacrificed for speed to 
release. There are four import-
ant software development prac-
tices:
REVIEW  Proper code review and 
repetitive testing should be a 
priority with a call for strict soft-
ware quality measures. 
ASSESSMENT  Continuous de-
ployment in the connected world 
is common with updates often 
getting pushed multiple times a 
day. With the quality assurance 
burden on the software that in-
teracts with IoT devices is great-
er than ever, if the software isn’t 
continuously monitored and the 
code evaluated, failure is almost 
guaranteed.
RESPONSIBILITY  Management 
must take responsibility for 
quality assurance. Any OEM 
that doesn’t have a set of 

analytics to track its software 
risk is negligent.
ADVOCACY  A cultural shift to 
include education needs to oc-
cur. Developers must champion 
the need for standards.

8. Proper power 
management
Excessive power demand will 
drain an IoT device’s battery too 
quickly and can cause overheat-
ing. Minimizing a SoC’s power 
demand as much as possible is 
key for IoT edge device design-
ers, especially if the device is 
battery-operated or relies on 
energy harvesting. This can be 
done by reducing voltage, fre-
quency or capacitance.  

Design engineers could also 
consider reducing switching ac-
tivity, sacrificing transistor den-
sity for higher frequencies, 
layering heat-conduction zones 
within the CPU framework, re-
cycling at least some of the ener-
gy stored in the capacitors, or 
optimizing machine code by 

implementing compiler optimi-
zations that schedule clusters of 
instructions using common 
components.

9. Prioritizing security 
Security issues include protec-
tion of critical assets, safe crypto 
implementations, secure remote 
firmware updates, firmware IP 
protection & secure debugging.

10. Reducing Electrostatic 
discharge (ESD)
Certain components are sensi-
tive to static electricity and can 
be damaged by ESD. The pcb 
can be damaged as the discharge, 
caused by physical contact with 
a person charged with static, 
passes through the conductive 
pattern to a static sensitive com-
ponent. 

 @EPTmagazine 	 May 2019 / EP&T	 15

EPT_May2019_AMS.indd   15 2019-05-01   11:38 AM

http://www.wago.us/221


  Made in 2-3 Days                                                 No Minimum Order

We’re Ready to Build Your Design.

Custom Electronic Enclosures, 
Sheet Metal Parts & CNC Machining 

for Engineering, Research & Innovation

PROTOCASE
Custom Electronic Enclosures

For Engineers & Designers

 Contact Us Today!  1.866.849.3911 | protocase.com

EPT_May_Protocase.indd   1 2019-04-23   10:32 AM

DIN rail plastic enclo-
sures are used to 
house multiple types 
of populated printed 

circuit boards (pcb) that serve 
various types of applications. 
One of the most popular are the 
single board computers (i.e. 
Raspberry Pi, Arduino and Bea-
glebone).

These enclosures are based on 
DIN (Deutsches Institut für 
Normung) specifications and 
were introduced primarily by 
European manufacturers. These 
embedded enclosures are avail-
able from several different man-
ufacturers around the globe 
today. They come in an array of 
sizes, orientations, colours and 
styles. It really is the next evolu-
tion from the more mature pcb 
supports or carriers. 

Typical vertical sizes (how the 
pcb sits in enclosure) begin at 
7.5mm – and move right up to 
45mm, while the horizontal sizes 
start with 1M (18mm width) 
right up to the 12M (213mm). 
Most vendors offer different fea-
tures and accessories. Some of 
these features have pre-loaded 
terminal blocks, led holes, vents, 
removable covers and sides, clear 
plastic face plates and different 
profiles for multiple board appli-
cations. 

Picking the right DIN Rail 
enclosure for any application can 

be a little challenging when it’s 
the first time working with these 
units. To assist with the process, 
most enclosure makers have 
good information available on 
their websites. Some even have a 
configurator that walks you 
through the design or selection 
steps. 

The pcb has to be designed 
with the enclosure in mind and 
it’s important to look at this up-
front, as it’s a critical stage during 
the design process. 

In most cases you need to leave 
a clean edge or leading edge on 
the board, so it can be snapped 
into place or sandwiched into 
place as you assemble the enclo-
sure.

As part of the selection pro-
cess, it would be wise to use the 
manufacturer’s websites to help 
with this - as discucssed above. 
Here’s what you will find on 
some vendor sites - and it tends 

to be only with the hor-
izontal, multi-board 
enclosures. Most sites 
walk you through the 
selection process, indi-
cating various profiles 
and sizes. In most cas-
es, you will be asked to 
select the type of face 
plate or top cover (sol-
id, clear, rounded, flip 
up and so on). Now 
you will need to choose 
accessories, such as 

screwcaps, jumpers and connec-
tors. Some will even offer a step 
where you can select value-add-
ed features like CNC work, or 
some form of printing.

Many of these features are also 
offered from select manufactur-
ers on the vertical type enclo-
sures. Some makers provide a 
BOM and estimated quote once 
you’ve finished the selection 
process – including all the acces-
sories and value-adds. 

Key points when choosing 
your enclosure
Be sure to check the plastic spec-
ification and approval rating. At 
times, this is not readily available 
on some websites, but it is an 
important step. You will find that 
some vendors use plastic rated 
for 65°C, while others use a high-
er grade plastic that comes with 
an improved rating of 90°C. Wall 
thickness also comes into play 
when using different plastics. 

One last point: not all DIN rail 
enclosures are made by the ven-
dor you selected. If you are look-
ing to include any modifications, 
or added-value, it may be wise to 
choose an original manufacturer 
(OEM supplier). You will have a 
much wider selection of vendors 
to choose from if you only want 
an empty shell and no features. 

Why use these type of prod-
ucts? Here’s some key points:
• � Low cost entry to market, low 

capital startup.
• � Easily scalable to higher vol-

umes, starting with short run 
CNC production to semi-cus-
tom molded solution.

• � Interchangeable common 
covers for product variations.

• � Launching point for the de-
sign cycle with pre-design pcb 
form factor.

• � CNC production can be used 
for certification and testing 
because it is the actual prod-
uct (not a rapid prototype).

• � Standard mounting to DIN 
rail.
In the end, you should be hap-

py with the product you’ve se-
lected for your application – and 
now you are ready to go. 

ELECTRONIC
ENCLOSURES FEATURE

Most enclosure suppliers have info available 
on their websites to help the design process.

Always be sure to check the plastic 
specification and approval ratings.

The printed circuit board has to be designed with the enclosure in mind.

John Meikle is the director of 
electronics, TCH Sales Inc., Toronto, 
exclusive franchised distributor of 
Italtronics enclosures in North America.

Detailing the selection process  
of a DIN rail plastic enclosure
Picking the right enclosure for any application can be a  
little challenging when it’s your first time BY JOHN MEIKLE
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ELECTRONIC
ENCLOSURES NEW PRODUCTS

THIN FILM DELIVERS 
THERMAL CONDUCTIVITY 
OF 2.2W/M•K
FUJIPOLY AMERICA
Sarcon 45-YR-a is a V-0 rated, 
0.45mm thick advanced silicone 
material that eliminates near-micro-
scopic air gaps that exist between a 
heat source, such as a high-perfor-
mance semiconductor and a nearby 
heatsink. The high-performance 
thin-film delivers a thermal conduc-
tivity of 2.2 W/m•K with a thermal 
resistance of .33°C•in2/W. Product is 
recommended for applications with 
operational temperatures that range 
from -40°C to +150°C.

  www.fujipoly.com

ALUMINIUM 
ENCLOSURES PROTECT 
SENSITIVE DESIGNS
BOPLA
Bocube ALU aluminium enclosures 
are IP69 tested and enhance 
protection against harsh environ-

mental conditions, as well as against 
high pressure water jets. Meeting 
protection classes IP66 (strong 
water jets) and IP67 (submersion in 1 
metre of water for 30 minutes), 
product series consists of eight 
sizes. All enclosure components, 
including the hinges, are made of 
metal and joined captive to the 
enclosure. The sturdy units provide 
mounting space for rectangular 
pcbs, while delivering a recessed 
front surface for extra protection. 

  www.bopla.de 

WATERTIGHT 
ENCLOSURES COME 
WITH NEMA 6 RATING
EQUIPTO ELECTRONICS
N6 shielded, high-end NEMA cabinets 
are designed and constructed to 
protect 
valuable 
electronics 
deployed in 
harsh 
environ-
ments. Units 
deliver beyond the basic NEMA rating 
and handle strenuous shock and 
vibration conditions. Product comes 
with 14 gauge steel frame body 
construction and can be custom 
painted, using a durable epoxy paint. 
The fully EMI/RFI shielded units are 
built to protect critical electronics in 
any weather condition.

  www.equiptoelec.com

ELECTRONICALLY 
COMMUTATED (EC) 
FANS OPERATE IN 
RUGGED DESIGNS
ORION FANS
EC IP68-ATEX electronically 
Commutated (EC) fan series 
includes spark 
proof 
IP68-ATEX 
rated versions 
for applica-
tions involving 
explosive 
atmospheres or flammable gases. 
Devices eliminate the possibility of 
an explosion or fire and are available 
in a range of sizes - including 60mm, 
120mm and 172mm. Most models are 
available with a universal voltage 
range. By maintaining the same 
interface between the fan and 
equipment, EC fans can be used as 

drop-in replacements for equiva-
lent-sized ac fans.

  www.orionfans.com

ROOF-MOUNTED 
COOLING UNITS BOOST 
ENERGY EFFICIENCY
RITTAL
Blue e+ roof-mounted cooling units 
are suitable for enclosures from a 
size of 800 x 
600 mm (W x 
D) upwards and 
provide a 
cooling output 
of 1.3kW. This 
means that cold 
air can also flow 
from above and 
around the 
devices installed inside the enclo-
sure, such as frequency converters. 
Alternatively, cooling can also be 
provided in combination with the 
new VX25 large enclosure system as 
a complete integration solution. 

  www.rittal.ca

POLYCARBONATE 
ENCLOSURES PASS UL 
TESTING
POLYCASE
HD Series of polycarbonate NEMA 
enclosures have obtained an official 
UL 508A Listing to Types 1, 2, 3, 3R, 
3RX, 3S, 3SX, 3X, 4, 4X, 5, 6, 6P, 12, 
and 13. Products can be molded in 
either gray 
or black 
polycarbon-
ate plastic 
and are 
available in 
three sizes, 
ranging from 4.63” x 4.63” up to 
6.63” x 4.68”. Additional features 
include molded on surface-mounting 
flanges, brass inserts in the screw 
towers, pcb standoffs on both the 
base and cover plus an extra deep 
cover that is fastened from the base. 

  www.polycase.com

6U OPENVPX 
BACKPLANES COME IN 
NEW CONFIGURATIONS
PIXUS TECHNOLOGIES
OpenVPX backplanes for 6U 
applications come in new configura-

tions including 
a 9-slot, 6-slot 
power and 
ground, 5-slot, 
and a 1-slot 
development 
backplane. The 

5-slot unit has a BKP6-CEN05-11.2.5 
profile and it features PCIe Gen3 
speed performance. Firm now offers 
power and ground only backplanes 
for development applications. This 
allows signals to pass through to the 
rear transition modules (RTMs) for 
easy prototyping and de-bugging. 

  www.pixustechnologies.com

AIR-TO-AIR HEAT 
EXCHANGER COOLS 
ENCLOSURE, KEEPS 
DUST OUT
PFANNENBERG USA 
PKS Series Air-to-Air Heat Exchang-
ers use firm’s Kinetic System next 
generation cooling technology that 
out-performs conventional heat 
exchangers. Units are lightweight 
and easy to install, while products 

deliver a cooler ambient environ-
ment when closed-loop cooling is 
required, sealing against gas, 
humidity and dust. Products are 
suitable for indoor, outdoor, remote 
and washdown applications that 
require a closed loop system to 
protect electronics.

  www.pfannenbergusa.com/
thermal-management/air-to-air-
heat-exchangers

TEAS OPTIMIZE 
THERMAL 
PERFORMANCE
LAIRD THERMAL SYSTEMS
AA-250 Outdoor Cooler Series of 
thermoelectric assemblies (TEAs) 
are designed for use in outdoor 
environments. 
Units are 
compact and 
deliver efficient 
air-to-air 
cooling and 
heating of vital 
electronics in outdoor environments. 
Products deliver a lower total cost of 
ownership by maintaining the 
appropriate temperature range using 
minimal energy due to its high 
coefficient of performance (COP). 

  www.lairdthermal.com

Visit ept.ca for the latest new 
products, news and industry events.
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DESIGN
SOURCE NEW PRODUCTS

OSCILLOSCOPES COME 
WITH 15.4” DISPLAY, 
DEEP TOOLBOX
TELEDYNE LECROY
WaveRunner 9000 Series mixed-signal 
oscilloscopes come with a large, 15.4” 
display, bandwidths from 500MHz to 
4GHz and sample 
rates up to 
40GS/s. Unit 
provides a deep 
toolbox and a 
complete 
collection of serial 
data debug and validation solutions, 
making it suitable for embedded 
systems, automotive and EMC/EMI test 
applications. Units provide powerful, 
flexible serial triggering with an 
intuitive color-coded decode overlay. 
Additionally, measure/graph and 
eye-diagram test (TDME) packages 
complement the TD packages by 
enabling extraction of decoded data 
and subsequent waveform data plots, 
performing bus timing measurements 
and creating eye diagrams for testing 
against standard or custom masks. 

  http://teledynelecroy.com

PLASTIC CONNECTORS 
ARE COMPATIBLE WITH 
METAL DEVICES
HARTING
Han-Eco B product series includes 
plastic housings that are fully 
compatible with the standard Han B, 
which means that Han-Eco B plastic 
connectors can be mated with Han B 
metal connectors. Devices provide a 
rear mounting option for prefabricat-
ed cabinet harnesses. This feature 
simplifies the assembly process as 

the insert side of the wiring harnesses 
can be easily snapped into the 
bulkhead mounted housing from the 
inside of the switch cabinet – rear-
ward. This simplifies the assembly, 
saving time and costs. 

  www.harting.com

EPTECH 2019

Employing a highly time-efficient table-top display format, EPTECH shows target 

electronics designers, engineers, technicians, technologists, purchasers, 

technical managers and researchers.

Scott Atkinson, Associate Publisher: Tel: 416-510-5207  email: satkinson@ept.ca
Joanna Malivoire, Account Manager: Tel: 1-866-868-7089  email: jmalivoire@ept.ca
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WIRE PROCESSING 
EQUIPMENT HANDLES 
MICRO-COAXIAL CABLES
SCHLEUNIGER
CoaxCenter 6000 fully automatic 
machine for processing micro-coaxial 
cables delivers high precision, 
enabling unit to process down to 
42AWG micro-coax and with the 
length precision to process conform-

able coax. Machine’s QCam 360 
automatically monitors stripping 
quality, eliminating the need for 
time-consuming manual post-pro-
duction quality monitoring process-
es. Machine’s output is 3Xs higher 
than with manual and semi-automat-
ic equipment and requires less 
personnel to operate.

  www.schleuniger.com/wpte
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COMPACT DC-DC CONVERTER 
SERVES HARSH CONDITIONS
MURATA POWER SOLUTIONS
IRS-Q12 series encapsulated 1/16th brick dc-dc 

converter is a board-mount 
power module that 
incorporates advanced 
assembly techniques, 
2250Vdc isolation with a 
basic insulation system and 

an industry leading efficiency. Device’s high 
reliability, safety features and optional packaging 
configurations provide an improved level of perfor-
mance in harsh environmental conditions.

  www.murata-ps.com

300W CONSTANT POWER LED 
DRIVER DELIVERS WIDE INPUT
MEAN WELL
ELGC-300 series of 300W, constant power mode 
LED drivers provide wide ac input range from 
100~305Vac. Devices adopt the Global Input /

Output cable design, 
which can be applied 
worldwide. Units provide 
94.5% efficiency, wide 

working temp range (-40°C~85°C) and dimming 
functions with 3 in 1 / DALI or Smart timer control 
to achieve IoT control. Products also extend with a 
C.C+C.V mode series, ELG-300-24A type.

  www.meanwell.com

PRODUCT SOURCE GUIDE

(847) 956-1920
www.TUSAINC.com

PANEL MOUNT
BEEPERS & BUZZERS

In Stock!  Competitive Prices!  Free Samples!
IP65 RoHS  High Audio / Lighted Output!
Listen to Our Product Selection Online!
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Ultra-Slim Double-Stage  

DIN Rail Filter
SCHURTER’s FPBB RAIL is a compact 
double-stage, single-phase filter measuring 
only 25 mm in width with fuseholder, or 

circuit breaker  and/or  
overvoltage Varistor. 
Ratings 1A to16A at 125 
/ 250 VAC and 250 VDC 
according to IEC/ UL. Ideal 
for those small spaces 
in control cabinets for 
industrial machinery.

CPS

 -
 with optical feedback 
 -capable of unlimited number of actuations
 - ring or backlit area illumination
 -single, bicolor or multicolor versions with bright

 and consistent luminosity
 -momentary action (N.O. or N.C.), or 

 latching action 
 - rated 100 mA, 42/60 VAC/VDC max., variable

 input voltage 5 – 28 VDC
 - impact resistance IK09, ingress protection IP67
 -operating temperature range -20°C - +60°C
 -standard or customer specific legends

Metal pushbutton switch with 
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GOLF TOURNAMENT
Electronics Industry

The 26th Annual

June 27, 2019

Shotgun start at 12:30pm

Glen Eagle Golf Club
Hwy 50, Bolton, Ontario

For more information contact Peter Loney at: 
416.230.3552  •  Eigt2018@gmail.com

Celebrate 26 years of  
raising funds for charity!
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The CoaxStrip 6580 
delivers an impressive 
20 percent boost in 
performance! Powerful 
and precise drives, 
newly implemented 
processing functions, 
and an extremely wide 
processing range are 
just some of the inherent benefits. State-of-the-
art electronics and precision mechanics guarantee 
repetitive, unmatched stripping quality.

New High-Performance Coaxial 
Cable Stripping Machine

schleuniger.com | 905.827.1166

EPT_MarApril_SchleunigerPS.indd   1 2019-02-14   1:24 PM

Rugged pcb screw terminals  
manage high current  

terminations

www.BLOCKMASTER.com
847-956-1680
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Marking its 40th anniversary 
this year, EP&T will feature 
this special column throughout 
2019, providing readers with 

a peek at our past, while paying homage 
to our history.

A Look 
Back 
Celebrating four decades  
of electronics design

In this issue, A Look Back puts its fo-
cus on a Technology Report which 
appeared in EP&T’s September issue 
in 1979. The article, titled: Magnetic 
bubbles fill gaps in memory market, 
details new product announcements 
made by leading manufacturers that 
were taking long, hard looks at feasi-
ble applications – specifically Magnet-
ic Bubble Memories or MBM. The 
thought at the time was that these 
MBMs were finding their place in the 
hierarchy of memory devices available 
to circuit designers at that time.

In lay terms for today’s designer, 
bubble memory is a type of non-vola-
tile computer memory that uses a thin 
film of a magnetic material to hold 
small magnetized areas, known as 
bubbles or domains, each storing one 
bit of data.

The EP&T article indicated that – 
in some respects, the MBM was cre-
ating its own ‘niche’, not merely 
replacing devices already having large 
followings, but carving out new terri-
tories. In fact, 40 years ago MBMs 
were readily available from at least 
three component vendors.
• � Texas Instruments produced two 

devices, the 92-kbit and  254 kbit 
models.

• � Rockwell International offered the 
256-kbit RBM 256.

• � Intel Magnetics had just introduced 
the 128-kbyte (1-megabit) model 
7110.

Whatever happened to bubble 
memory? Well, it certainly was the 
rage – promising to replace the hard 
disk, according to tech columnist, 
podcaster and blogger John C. Dvor-
ak. Invented by Bell Labs in the 1970s, 
it was commercialized by Intel and 
heavily marketed in the early 1980s as 
the ultimate answer for microcomput-
er memory storage. 

“Not only would it retain its mem-
ory after the computer had been 
turned off, unlike Dynamic Random 
Access Memory (DRAM) chips, but 
it wouldn’t have any moving parts,” 
Dvorak says in his blog on the subject.

So what happened? First of all, it 
turned out to be harder to make bub-
ble memory than expected. The fabri-
cation process never proved to be 

smooth or cheap enough to compete 
with other technologies. Further-
more, it required a complex control-
ler, not unlike a hard disk controller, 
to make the system work. Worse, it was 
power hungry. While it was a static 
technology when inactive, it required 
a lot of juice to move those bubbles 
around. Users also discovered that 
glitches in the data were a problem. 
And finally, it was slow, says Dvorak.

All this added up to expense and 
inconvenience. The memory chips 
themselves never came close to the 
price points of DRAM chips, and 
hard disks continued to drop in price 
and improve (a practice still happen-
ing). Combined, the two managed to 
pop bubble memory’s chances at wide 
acceptance. 

An article which 
appeared in 
EP&T’s September 
1979 issue 
illustrated the 
thought that 
MBMs were finding 
their place in the 
hierarchy of 
memory devices 
available to 
circuit designers 
at that time.
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