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EDITOR’S COMMENT

UK businesses are experiencing the 
knock-on effect of the on-going 
skills shortage and recruitment 

challenges. 

Complex issues such as COVID-19, Brexit, the 
war in Ukraine and rising business costs are 
only adding more fuel to the fire.

According to The Open University’s Business 
Barometer 2022, published in partnership with 
the British Chambers of Commerce, more 
than two-thirds (68%) of SMEs are currently 
facing skills shortages. This rises to 86% for 
large organisations. As a result, more than three 
quarters (78%) are seeing reduced output, 
profitability, or growth.

This is impacting not only company growth 
and profitability, but staff morale and wellbeing 
is being affected also – almost three-quarters 
(72%) of organisations say the impact increases 
workload on other staff.

It is important, now more than ever, that 
companies have a long-term strategic approach 
to address the skills gap. Not only do they need 

Upskill now, before it’s too late 
to be focusing on recruitment processes but 
also on growing talent within – this will open up 
many opportunities.

As Viren Patel, Director of the Business 
Development Unit at the OU commented: 
“Through The Open University’s work with 
employers, we’ve seen how education can 
make a huge difference to workforce impact 
and diversity. Education is a huge enabler and 
has a vital role to easing and solving the skills 
shortage.”

In this July issue, we have a big focus on the 
skills gap: for our e-learning column (pg12), 
Electronic Specifier’s Kiera Sowery talks about 
‘Bridging the engineering skills gap’ and the 
importance of creating equal opportunities 
within the STEM industry. Our own Sam 
Holland also discusses the problem in the 
Women in Tech column (pg10) where he 
considers how the ratios of female-to-male 
employees fare in other STEM-friendly 
industries – and the reasons why engineering 
has one of the widest gender gaps of them all.

You can also check out our Robotics section 
where we talk about a wide range of applications 
from household robots that can do your chores 
for you (pg26) and healthcare robots that can 
help professionals work more efficiently and 
with higher levels of accuracy (pg30). 

Our Memory section also contains some great 
articles on the benefits of industrial DDR5 
RDIMM memory modules (pg32), flash memory 
and how to prepare for memory sourcing 
challenges (pg36) and four reasons to use 
industrial 3D TLC NAND flash as pseudo-SLC 
(pg40).

I hope you enjoy the July issue of Electronic 
Specifier and I look forward to bringing you 
more exciting news from the industry next 
month!

Paige West, Managing Editor 
Electronic Specifier

220630_INSPHex_ELECSPEC_EU.indd   2220630_INSPHex_ELECSPEC_EU.indd   2 6/24/22   12:28 PM6/24/22   12:28 PM



220630_INSPHex_ELECSPEC_EU.indd   2220630_INSPHex_ELECSPEC_EU.indd   2 6/24/22   12:28 PM6/24/22   12:28 PM



DESIGN

6 ELECTRONICSPECIFIER.COM

ELECTRONICS NEWS

NEWS

Egremont-based systems integrator 
Delkia is working on a project with 
Kawasaki. The contract involves 
the development, integration, and 
testing of software to control a 
robotic arm used in nuclear waste 
categorisation.

With five million tonnes of new 

waste yet to be produced by the 

UK’s decommissioning activities, the 

project aims to keep workers safe from 

exposure to radioactive materials.

Currently, nuclear waste across 

the UK’s 17 legacy nuclear sites 

is handled by operators wearing 

PPE, like gloves and air-fed suits, to 

dismantle equipment and manually 

sort materials into low, medium, and 

high contamination risk categories. 

This is labour intensive and costly and 

means staff must work near potentially 

dangerous nuclear substances.

Mark Zuckerburg believes so 
strongly that the future is the 
metaverse that he changed the name 
of Facebook to Meta. Suddenly, 
an old sci-fi word has become the 

hottest mainstream concept with 
billions being invested to create its 
virtual worlds with hardware such 
as augmented reality smart glasses 
and full immersion artificial reality 
goggles.

“Both glasses and goggles have to be 
lightweight with long battery lives,” 
explained Paul Wells, sureCore 
Founder and CEO. “As designers don’t 
want to have the latency of sending 

data back and forth from the cloud to 
the glasses/goggles, huge amounts of 
processing have to be done on board 
which therefore means large amounts 
of power-hungry memory for image 
and video manipulation as well as 
localised high-performance compute.

"...we believe that our technologies 
will be the key to successful, wearable, 
metaverse hardware.”

Control system for nuclear waste robot takes off

Memory technologies enable designers to create metaverse
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NEWS

A laser-welding ‘robotic snake’ 
developed by the UK Atomic Energy 
Authority has demonstrated its 
capability to operate inside of a 
fusion energy powerplant pipework 
and is now patented technology.

The trials at Culham Science Centre are 
another step forward on the roadmap 
to delivering safe, sustainable, low 
carbon fusion energy to the grid.

The £2.7m, seven-year project by 
UKAEA’s RACE (Remote Applications 
in Challenging Environments) was 
delivered as part of EUROfusion’s 
flagship DEMO programme, expected 
to be ITER’s successor.

The DEMO snake will be deployed and 
operated remotely inside a hazardous 
environment without being touched by 
humans. It can also work effectively in 
pipes packed together, with little space 
for access.

Tristan Tremethick, Lead Mechanical 
Design Engineer, UKAEA, said: “In 
fusion machines, pipework has to be 
connected and disconnected remotely 
because of the hazardous environment. 
Pipework in DEMO is extra challenging 
because of the limited working space. 
We’ve been looking at different ways of 
tackling this and I’m delighted our new 
snake has passed its first set of trials.”

Robotic snake solves fusion energy pipework challenge

Armed forces around the world are 
integrating robotic and autonomous 
military systems and EVs into their 
operations.

Once a vision of the future, these 
technologies have become reality 
in international conflicts and 
deployments. Armies and other 
emergency forces will increasingly use 
RAS, for example, for disaster control 
and explosive ordnance disposal. 
Unmanned, computer-controlled 
vehicles can provide situational 
awareness or assistance in remote 
regions.

Already, RAS are being deployed for 
border surveillance and to provide 
support in hostile environments, 
particularly in extreme climatic 
conditions or in response to 

heightened military threats.

A wide range of sensors and systems 
are used to survey and reconnoitre 
entire areas, thus facilitating the 
mission. These systems can help 
emergency responders perform tasks 
more safely and efficiently.

Typical application areas include 
cargo mules for transporting supplies, 
medical evacuations, and remote-
controlled combat systems. These 
unmanned ground vehicles must be 
able to detect obstacles and people 
so that hazards can be eliminated. 
Armies must rely on innovations and 
cutting-edge technologies of this kind 
to eliminate the need for ‘boots on the 
ground’. However, this also entails a 
risk that should not be underestimated

The lack of personnel in the field 

means that certain processes must 
be redesigned. In the event of a 
system failure, service or maintenance 
personnel may be unable to enter 
the area of operations directly due 
to a hazardous situation. Therefore, 
the interfaces must be designed in a 
way that ensures maximum reliability 
– even under the most adverse 
environmental conditions and when 
subjected to extreme vibrations..

Robotic Autonomous Systems (RAS)
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Siemens and NVIDIA have joined 
forces to create an industrial 
metaverse to increase use of AI-
driven digital twin technology that 
the companies say, “will help bring 

industrial automation to a new 
level.” 

The companies plan to connect the 
newly introduced Siemens Xcelerator, 
an open digital business platform, 
and NVIDIA Omniverse, a platform 
for 3D-design and collaboration. This 
will enable an industrial metaverse 
with physics-based digital models 
from Siemens and real-time AI from 
NVIDIA. 

The Siemens Xcelerator platform 
connects mechanical, electrical and 
software domains across the product 
and production processes and enables 
the convergence of IT and OT.

The addition of Omniverse to the open 
Siemens Xcelerator partner ecosystem 
will accelerate the use of digital twins 
that can deliver productivity and 
process improvements across the 
production and product lifecycles.

Siemens and NVIDIA create industrial metaverse

NEWS

An increase in automation and 
attention to detail given by drones in 
agriculture is one the main reasons 
that farmers are adopting such UAVs. 
Fact.MR introduces its report into 
this increase in drone-based farming.

A major technological advancement, 
in recent times, is in the area of UAVs 
(unmanned aerial vehicles), more 
popularly known as drones. Originally 
developed for aerospace and military 
purposes, drones nowadays have 
found their way into various sectors, 
particularly agriculture, due to the 
enhanced levels of safety and the 
efficiency they provide.

An increase in automation and 
attention to detail given by the drones, 
in farming, is one the main reasons 
farmers adopting them.

Agricultural drones provide many 
advantages and features such as 
monitoring crop and soil data, seed 
planting, crop management amongst 
many others which ultimately 
contribute towards improving 
productivity by efficiently using 
fertilisers, water, and soil. Different 
types of agricultural drones also have 
the ability of determining overall crop 
and plant health, land distribution 
and crop lifecycle thereby maximising 
yield and understand crop planting 
locations.

Agricultural drones market report announced

Polestar reimagines sustainable travel
Polestar, the Swedish electric 
performance car brand, is 
reimagining sustainable travel 
with KOJA, a micro space tree 
house designed by Finnish designer 
Kristian Talvitie. 

The design received an honourable 
mention in the 2021 Polestar Design 

Contest. Preparing for the launch of the 
2022 contest, Polestar decided to bring 
KOJA to life.

Built in the village of Fiskars, an art and 
design hub in southwestern Finland, 
KOJA is the first submission from the 
Polestar Design Contest to be realised 
in full-scale. KOJA is part of the ‘House 

by an Architect’ exhibition during the 
Fiskars Village Art & Design Biennale, 
open from May to September 2022.
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Win a Microchip SAM V71 Xplained 
Ultra evaluation kit (ATSAMV71-
XULT) from Electronic Specifier 
Design and if you don’t win, receive 
15% off your next purchase, plus free 
shipping.

The SAM V71 Xplained Ultra evaluation 
kit is a hardware platform to evaluate 
the ATSAMV71Q21, and other ARM 
Cortex-M7 based microcontrollers in 
the SAM V70, SAM S70, and SAM E70 
series. Supported by the integrated 
development platform, the kit provides 
easy access to the features of the 
ATSAMV71Q21 and explains how 

to integrate the device in a custom 
design.

Microchip’s SAM V series of Arm 
Cortex-M7 based automotive 
microcontrollers focuses on in-vehicle 
infotainment connectivity for audio 
amplifiers, telematic control units 
or head units. SAM V MCUs provide 
the best combination of connectivity 
interfaces – including Ethernet 
AVB, MediaLB, USB and CAN-FD – 
with the highest-performance Arm 
Cortex-M core that delivers up to 1500 
CoreMarks. 

SAM V71 devices are a family of 
automotive Flash microcontrollers 
based on the high-performance 32-bit 
ARM Cortex-M7 processor with a 
Double Precision Floating Point Unit 
(FPU). These devices operate at up 
to 300MHz and feature up to 2048 

Kbytes of Flash, and up to 384 Kbytes of 
multi-port SRAM which is configurable 
Instruction and Data Tightly Couple 
Memories to leverage the advanced 
DSP capabilities of the core.

The Xplained Ultra series evaluation 
kits include an on-board Embedded 
Debugger, and no external tools are 
necessary to program or debug the 
ATSAMV71Q21. The kit also offers 
additional peripherals to extend the 
features of the board and ease the 
development of custom designs.

For your chance to win a Microchip 
SAM V71 Xplained Ultra evaluation kit 
or receive 15% off your next Microchip 
purchase and free shipping, visit https://
page.microchip.com/ES-D-SAMV71.
html and enter your details in the 
online entry form.

Win a Microchip SAM V71 Xplained Ultra evaluation kit

Science Minister George Freeman 
has launched a new Plan for Space 
Sustainability to improve the UK’s 
sustainable use of space.

Science Minister George Freeman 
has launched a new Plan for Space 

Sustainability, a raft of measures 
which will demonstrate the UK’s 
commitment, ambition and drive to 
improve the UK’s sustainable use of 
space.

He announced the plan in a speech to 
the 4th Summit for Space Sustainability 
in London, as part of a package which 
aims to make the UK a world leader 
in driving sustainability in space, 
just as the country is here on Earth. 
The Minister announced that the 
government will work with industry 
to establish a new Space Sustainability 
Standard, which will aim to incentivise 

companies to adopt best practice 
in space sustainability and officially 
recognise those who take steps to 
minimise their footprint on the Earth’s 
orbit.

The Standard will help to make the 
UK a more attractive place to operate 
and invest and help unlock sustainable 
private investment, helping to further 
drive the growth of the space sector. 
The Standard will be developed and 
tested by industry and academia, in 
partnership with government and 
the Civil Aviation Authority – the UK 
spaceflight regulator.

National Space Strategy: driving sustainability in space

NEWS
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WOMEN IN TECH

Gender-specific statistics
While it is clear that statistics can be arbitrary 
and misleading, it is important that the said 
‘common knowledge’ – namely that there are 
far more male engineers than their female 
equivalents – can be quantified. This brings me 
to the question of what people may mean when 
considering something to this effect:

‘There are not enough female engineers – but 
there are so many who are men.’

This is certainly a valid concern, but again, it 
needs to be quantified before a criteria can be 
established to define such an issue. To provide 
more specificity to the above emboldened terms 
– ‘not enough’, and ‘so many’ – I’ll now quote 
from Engineering UK’s recent news report:

“New research … has shown that 16.5% of those 
working in engineering are female, compared to 
10.5% as reported in 2010.”

This draws on some key points: there is, at least, 
some rather encouraging news that – from the 

Questioning ‘common knowledge’: 
THE gender gap

WOMEN IN TECH

last decade to this decade – 2022 has seen the 
female engineering workforce increase by over 
6%. But we are nevertheless left with the far less 
encouraging claim of there being ‘not enough’ 
(16.5%) women in engineering in contrast to 
the ‘so many’ (83.5%) men in the industry. 
The problem is, as with so many statistical 
arguments, that all of this information may 
be arbitrary without first asking the definitive 
questions. I believe that such questions, in this 
case, are as follows:

• How do other industries fare when you 
consider the ratio of men to women who are 
working in them?

• What factors have determined such a stark 
gender disparity in engineering, and to what 
extent (if any) can those factors inform the 
reason for an over 6% increase in the female 
engineering workforce over the last decade?

• Having considered the above two questions, 
are there even enough UK engineers – 
regardless of their gender – in the first place?

It is considered common knowledge that there are many more male engineers 
than there are female members of the industry. As Electronic Specifier’s Sam 
Holland considers, the points that are less understood, however, are how the 
ratios of female-to-male employees fare in other STEM-friendly industries – and 
the reasons why engineering has one of the widest gender gaps of them all.

DESIGN
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To approach the first question, I chose a 
professional field that, like engineering, calls 
for a strong understanding of any combination 
of the qualities that fall under STEM (science, 
technology, engineering, and mathematics): the 
medical industry.

To my surprise, a search online led to Statista’s 
figures that show, in mid-2020 (when there 
were 300,000 registered UK doctors) the 
female-to-male ratio of those medical 
professionals was 36:64. While that is far from a 
50/50 split, it is certainly promising as it is close 
to a relatively well-balanced 40/60 divide. Plus, 
doing a search for another undersubscribed 
industry, namely education, leads to the reverse 
effect: female teachers heavily outnumber their 
male counterparts at approximately 76:24.

Again, this is encouraging, but it still highlights 
just how large the gender gap is in engineering. 
And this begs my second question introduced 
above: what factors have determined such a 
stark gender disparity in engineering? The 
gender statistics of the medical and education 
industries reflect that female interest in three 
out of the four entries in the field of STEM are 
thankfully in no short supply. But engineering 
remains the sticking point.

There are of course an impossible number 
of factors that have made this gender gap a 
reality, but I reiterate my view that ultimately 
women are perfectly interested in gaining skill 
sets relevant to engineering. The problem, 
instead, may be down to the UK’s perception 
of engineering itself. As Engineer Diane Boon 
writes in the IET (Institution of Engineering 
and Technology): “It’s not that women don’t 
think they can be engineers … Perception 
of ability isn’t the problem. Perception of 
engineering as a desirable career, however, is 
certainly in play.”

Nevertheless, the gradual closing of the 
engineering gender gap suggests that the appeal 
of the industry is increasing with time: as 
covered earlier, there has been a 6% increase in 
female engineers since 2010, and there certainly 
isn’t a shortage of the female STEM talent 
that may well continue to close the gender 
gap further still. Again, there are an impossible 

number of factors that cause the ebb and flow 
found in any statistics, but I don’t find this 6% 
statistic an arbitrary one: I largely put it down to 
an increase (for both women and men alike) in 
the long-awaited acceptance of engineering as 
an attractive career prospect in the UK.

At the time of writing, Women in Engineering 
Day took place just six days ago, at which 
time it was a joy at Electronic Specifier to see 
the boom of both in-house and contributed 
Women in Tech stories of women’s engineering 
accomplishments. This celebration of the 
industry is of course helping, but I’m now going 
to consider the gender gap a secondary problem. 
So, what about the skills gap itself?

Earlier I asked my third and final question: ‘Are 
there even enough UK engineers – regardless 
of their gender – in the first place?’ This has a 
far less ambiguous answer: engineering is vital 
to the point that we may never have enough 
engineers – regardless of whether they’re male 
or female.

This brings me back to my earlier statement of 
‘common knowledge’:

‘There are not enough female engineers – but 
there are so many who are men.’

My answer to both my final question, and this 
above statement, is presented with my own 
statement:

‘There are not enough engineers – but there 
are so many men and women who are both 
interested in having, and already equipped 
with, all the right STEM talents to close that 
engineering skills gap.’

As an editor of this engineering publication, I 
receive plenty of engineering news stories every 
day that show how exciting the industry really 
is. I think that continuing to publicly celebrate 
and promote industry accomplishments is vital 
to closing both the gender gap and the skills gap 
itself.

Check out Kiera Sowery's piece next, on 
'Bridging the engineering skills gap' for more on 
this!

WOMEN IN TECH
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Of course, not everyone wants to be 
an engineer, but that’s beside the 
point. The point being to create 

a society where everyone, regardless of 
race, gender, ethnicity, or class has access 
to equal opportunities. 

Creating equal access 
I often ask when people’s initial interest in 
STEM was sparked, referring to this as the 
‘lightbulb’ moment. Unsurprisingly, most 
people I’ve had conversations with can pinpoint 
a specific eureka moment where their love for 
STEM began. What’s interesting is this moment 
also tends to be during primary school. 

This shows that to inspire the next generation, 
children need to be introduced to the subject 
as early as possible. Instead of girls growing 
up thinking that their options are limited to 
becoming a nurse, teacher or air hostess for 
example, and other children’s options are 

Bridging the engineering skills gap

limited due to their background, we need to 
create a society of representation. We need to 
get to these students before these stereotypes 
are ingrained. It’s much easier to become 
something when you have a role model. 
Specifically, a strong positive connection must 
be made between engineering and girls to 
reinforce the message that there is a common 
connection.

A greater introduction of STEM ambassadors 
and exposure to discussions in the industry 
from as young as KS2 is imperative to 
challenging these stereotypes. 

Creating equal access also refers to ensuring 
these role models are showcased to rural 
communities, and that they are also provided 
with external support from STEM educators.

Having engineering projects in the classroom 
for young people to develop skills such as 
creative thinking and problem solving, whilst 

E-LEARNING

It is no secret that the demand for engineers continues to exceed supply, and much 
more needs to be done to encourage young people to pursue a STEM education and 
career. Throughout the last 10 months working at Student Circuit, I’ve heard countless 
industry experts voice their concerns regarding the engineering skills gap, and how we 
can rally together to solve the problem.

E-LEARNING

Kiera Sowery, Electronic 
Specifier & Student Circuit
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introducing practical aspects of engineering, 
could be the answer here. Finding ways to 
integrate the STEM curriculum in an interesting 
way through face to face and virtual engagement 
is important as when given the opportunity, 
children are engaged. 

Understanding the 
opportunities  
Once an initial interest has been sparked, the 
next challenge is encouraging students to 
stick with it and ensure they understand the 
opportunities available. A huge part of the 
problem is this lack of understanding, not just 
for students, but for parents and teachers. We 
need to think about educating parents, teachers 
and students across the board.

Access should be given to information, 
case studies and STEM ambassadors with 
information from a diverse range of roles, so 
students can see the required skills and various 

routes into engineering and technology roles, 
allowing them to broaden their horizons.

Secondary schools need to make it their 
responsibility to ensure all students understand 
every opportunity available to them, and 
not just the university pathway. The value 
of apprenticeships specifically is something 
that needs to be vocalised. Everyone tends to 
understand the benefits of attending university, 
however there isn’t the same confidence with 
achieving a qualification from an apprenticeship.

An issue here is a lack of understanding from 
a teaching point of view. Of course, many 
teachers aren’t specifically trained in STEM, 
and apprenticeships, therefore offering career 
advice might seem daunting to them. This 
could be why they revert back to speaking about 
university as it’s considered a safer option to 
discuss.

But apprenticeships are an essential component 

E-LEARNING

RZ/V2L SMARC 
PMIC Kit
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to bridging the engineering skills gap, and 
people need to recognise they are important and 
viable in education.

It’s vital to focus on upskilling academic staff 
so they are equipped with the knowledge to 
pass onto children, giving them the opportunity 
to be curious, as children often are! A key way 
to do this is for engineers to become teachers 
themselves, so they have the well-rounded 
knowledge and passion that is so important 
to create that initial spark in the younger 
generation. 

Parents of students have got plenty of opinions 
and are looking for the best route for their 
children, therefore its vital that they have access 
to this information too. 

Providing continued support
This encouragement and support shouldn’t stop 
after students choose to study a STEM subject 
at university, or to complete an apprenticeship. 

There is a strong, specific need to provide 
continued support for female undergraduates 
to boost confidence and provide networking 
opportunities.

Support should also be available, so students 
feel comfortable reaching out later down 
the line to facilitate life-long learning and 
access further training. This could be through 
taking part in a refresher, a short course, or a 
postgraduate degree. 

Over the next five years
Things are looking up, and we are certainly in a 
better position now as opposed to 10, even five 
years ago due to a massive effort from lots of 
people across all industries. 

In the next five years the focus should shift 
to primary age children to help bridge the 
gap. Focusing on skills that can be applied to 
different disciplines such as resilience, creativity, 
maths and science can be built on throughout 
the education system. Taking a leap of faith and 
influencing children from as young an age as 
possible is what is important. This begins with 
assessing the education system and the way 
children are taught. It’s vital that every child is 
given the same opportunities and to do this, the 
education system must be universal. 

Student Circuit, a free online learning platform 
and engineering community for those 
undertaking further education within the 
world of electronic and electrical engineering, 
is proud to sponsor ESD’s e-learning column. 

At the heart of Student Circuit is the drive to 
inspire and encourage the next generation of 

engineers, achieved by encouraging students 
to participate in online quizzes, share project 
ideas, write about topics that interest them, 
and read the latest industry news.

To join the journey, contact  
editor@student-circuit.com.
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Most of the lithium-ion (Li-Ion) 
batteries used to power 
equipment and machinery 

rely on a battery management system 
(BMS) to protect the battery’s internal 
chemistry. The BMS safeguards the 
longevity of the battery by preventing 
damage to the core elements of the cells. 

Without a BMS there is a real risk of 
damage due to the uncontrolled and 
unmanaged flow of energy through the 
battery. This can result in damaged 
electrodes, significant degradation, and 
the longevity of the Li-Ion battery can be 
greatly hampered. The BMS runs constant 
diagnostics on the health of the battery to 
ensure that the power needs of the user 

can be achieved without compromising 
battery health. When it comes to selecting a 
battery partner, ensuring that they operate 
with an effective BMS should be an absolute 
priority. 

The role of the BMS 
Within the battery casing, the BMS 
operates as the battery brain by controlling 
all functions. At its most basic, the BMS 
evaluates the battery in relation to the 
equipment or charger, ensuring that the 
correct flow of energy occurs based on 
internal and external conditions, such 
as charge/discharge parameters and 
temperature. The BMS connects to the 
thermistors that constantly monitor 
individual cell and pack temperatures, 
allowing the BMS to control the energy 
flow and keep the battery within its optimal 
operating window. 

The BMS uses a power map that governs 
all the rules and boundaries for safe, 
long-life battery operation. The power map 
determines the flow of energy throughout 
the battery enabling the BMS to optimise 
the charge and discharge rates based on 
cell temperature, state-of-charge (SoC) 
and state-of-health (SoH). Combined, the 
BMS and the power map are crucial for 

The importance of the BMS  
for protecting battery health

Understanding the importance of a battery 
management system (BMS) is crucial to ensure 
a product meets its output needs and safety 
regulations for a range of environments, says Nick 
Moore, Director of Product Management at  
Briggs & Stratton.

BATTERY MANAGEMENT

Figure 1. Briggs & 
Stratton’s Vanguard 
10kWh range of Li-Ion 
battery packs allow 
for up to 100kWh 
when paralleled with 
other packs.
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protecting the overall battery health and 
preventing long term battery degradation.

The BMS enables users to gather data on 
the health of the battery, and is crucial 
for diagnosing the internal health of the 
battery. Recording data on temperature, 
charging speed, and charge status allows the 
user to understand the overall health of the 
battery and protects user safety. 

Protecting the internal 
chemistry
Throughout the charging process, the BMS 
controls the transfer rate of lithium-ions 
within the battery, to minimise dendrite 
growth (a form of lithium plating) on the 
negative electrode. When charging a Li-Ion 
battery, the charge moves from the cathode 
to the anode, but if the process is not 
controlled, dendrite growth can build-up on 
the anode impacting the effectiveness of the 
flow of electrons. Without a BMS – or with 
an inadequate power map – dendrite growth 
will more quickly limit the useful energy 
(capacity) of the battery, which can lead to 
a dangerous shorting of the battery.

The temperature at which the battery 
is stored, charged and discharged can 
also significantly impact its degradation. 
Operating or storing a battery at high 
temperatures can shorten its life by limiting 
capacity. Overcharging, deep discharging or 
charging more quickly than recommended 
(high C rate) can also shorten life 
expectancy. The BMS’s control of energy 
flow makes it crucial to protecting the 
internal chemistry and preventing dendrite 
growth.  

Temperature control 
The BMS also helps to maintain battery 
temperature by controlling the flow 
of energy. It does this by constantly 
monitoring and measuring the temperature 
and the charge and discharge currents, 
alongside the voltages of each individual 
cell bank. When a Li-Ion battery exceeds 
its maximum temperature it can go into 

a thermal runaway event, whereby the 
temperature rises rapidly releasing the 
battery’s energy. This will not occur, 
however, when the battery is properly 
managed and protected with a BMS.  

Temperature operating windows have 
greatly increased for Li-Ion batteries due 
to the data that is collected by the BMS. 
It enables them to be used from -40˚C to 
+70˚C, dependent on the battery cell, by 
adjusting the discharge rate to counter 
external conditions. Low temperatures 
reduce the rate of reaction within the 
battery cells causing a slower discharge rate. 
A BMS can compute lower temperatures 
and carefully control the rate of discharge 
to avoid damaging the cell. 

In ambient temperatures, the BMS 
controls charging and discharging to 
prevent dendrite growth to reduce the 
risk of lithium plating, which impacts the 
effectiveness of the battery. Whilst the 
controlled charging process can result in 
a slow charge rate for the user, the health 
of the battery is maintained allowing for 
its power capacity to remain constant 
regardless of the change in external 
conditions.

Figure 2. The 5kWh integrated Vanguard commercial Li-Ion battery system is designed for 
construction machinery and utility vehicles.

BATTERY MANAGEMENT
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Since 2018, an electric ferry, converted 
from diesel operation, has been 
running the Helsingborg (Sweden) to 

Helsingor (Denmark) route 46 times a day. 
It has a 4.1MWh battery and 6MW of power 
via four 1.5MW propellers and a diesel 
engine for emergency use. The route is just 
4km (2.5 miles) but the battery would only 
last for 14km or 8.7 miles so fast charging 
via automated connection on the quayside 
keeps it topped up. Charge times are 
between five and nine minutes.

In Norway, a fleet of electric ferries operate on 
the Hareid to Selesund route and use smart 
charging at the dockside. Strong headwinds 
mean the electricity consumption can be high 
for the 16km (10 mile) journey. The rapid 
charging and grid supply system was developed 
by Norwegian Electric Systems (NES) using 
Danfoss’s Vacon NXP DC/DC converter, 
designed for hybrid systems, and the company’s 
Vacon NXP grid converter. These air and 
liquid-cooled drives are specifically designed for 
energy storage and marine energy management.

Electric travel - a ferry good idea

Terminal power
An automated charging tower on the shore 
connects to the ferry in seconds and charges 
350kWh in six minutes. “This scale of charging 
places stringent demands upon the smart grid 
onshore at both ends of the route, in Hareid and 
Sulesund, which supports reliable power supply 
for the electric vessel rapid charging system,” 
explains Danfoss country manager, Norway, 
Håvard Wolden.

It was soon realised that the ferry terminals 
in Hareid and Selesund required extra power 
to achieve the necessary charging power. NES 
strengthened the power grid on both sides, and 
retrofitted vessels with batteries, converter and 
power control technology. 

“During charging, the system ensures the 
charging power adjusts to transfer exactly 
the energy required, not more and no less. By 
ensuring optimal charging power, the system 
avoids unnecessary wear on batteries and 
power electronics, both onboard and on shore,” 
explains Torbjorn Haygland, vice president of 

Scandinavian countries are adopting electric ferries with gusto. Caroline Hayes 
looks at different projects that save energy and gets commuters off the roads

Canderla’s Flying 
Ferry will be trialled 
in Stockholm

SUSTAINABLE TRANSPORT
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energy design at Norwegian Electric Systems.

“The charging system reduces peak power 
consumption by drawing onshore battery 
power instead of energy from the grid, for 
short intervals of time, for example with the 
electricity price is high” he continues.

The onshore power supply is supplemented 
with battery storage systems powered by 
Danfoss grid converters. The electricity used to 
supply the system is supplied from renewable 
sources, to minimise losses and optimise 
operating costs.

Replacing the diesel ferry fleet has saved an 
estimated 7,000 tonnes of CO2 emission each 
year, based on 32,000 vessel charging sessions.

Sweden’s super chargers
‘Super fast’ charging is in place for the Echandia 
Marine fleet of Green city Ferries, operating 
in central Stockholm, Sweden. The Movitz 
electric passenger ferry is equipped with a new 
battery system, Echandia LTO, based on battery 
technology that enables superfast charging. The 
ferry can be fully charged within 10 minutes 
with up to 500kW charging power.

The fast charging station in central Stockholm 
provides considerably higher charging power 
than those available for charging electric cars, 
says Echandia Marine’s Bilal Malla. Movitz 
operates using ‘power as a service’ provided 
by Swedish power company, Vattenfall. The 

company supplies the charging station, battery 
system and drive line and also operates and 
maintains the system. 

Flying ferries
Stockholm will also be the home for Candela’s 
P-12 Shuttle, an electric flying ferry with 
hydrofoils which lift it out of the water to ‘fly’ 
across the commuter Ekerö to the city centre. 
The 30-passenger ferry will travel at a top 
speed of 30 knots, using 0.1kWh per passenger 
kilometre, says the manufacturer. It should 
halve the commute of 15km from 55 to 25 
minutes.  

The carbon hulled vessel creates near-zero 
wake for a smooth crossing for passengers and 
without causing wave damage to other vessels 
or shorelines.

Next year, the capital will conduct a nine-month 
trial. If successful, the city’s fleet of more than 
70 diesel ferries may be replaced with the P-12 
Shuttles.

Currently there are two 200-passenger ferries 
operating, but they are less than a third full on 
each crossing. The two departures per day could 
be replaced with a P-12 Shuttle leaving every 11 
minutes, says the Erik Eklund, chief, commercial 
vessels at Candela.

The Suløy ferry terminal, Norway, uses renewable energy (Picture:NES)

SUSTAINABLE TRANSPORT

Fast charging at Sweden’s Movitz ferry terminal  
(Picture:Vallenfall)
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Global EV sales more than doubled 
between 2020 and 2021, reaching a 
6.75 million by the end of that year 

(according to figures from EV Volumes). 
With sales now getting close to one million/
month, BloombergNEF expects that there 
will be a total of 26 million plug-in EVs on 
our roads before the start of 2023. 

EV manufacturers, and the tier 1 technology 
partners that supply them, are looking to 
develop exciting new battery concepts that will 
give them a competitive edge - since it is mainly 
via the battery that EV differentiation will be 
realised. 

They are, unfortunately, under enormous 
pressure to achieve that goal within the briefest 
possible timeframe, so that they are not too late 
to market. Achieving sustainable scalability that 
does not compromise on safety is the key to 
this. 

The evolving EV landscape
Although in the past the battery aspect of EV 
manufacturers’ vehicles would be offloaded 
to their chosen battery supplier, everyone no 
longer favours this practice. 

Seeing how unquestionably important superior 
battery design can be to the success of an 
EV model, many manufacturers are looking 
to tighten up their supply chain. They are 
bringing battery development work and even 
battery production in house (or in some cases 
collaborating with battery suppliers on joint 
ventures in this area). 

In order that production volumes can be 
increased, to keep up with the unprecedented 
EV demand now starting to be experienced, 
battery testing needs to be carried out at a 
faster pace and test capabilities expanded 
substantially. The cost of test also needs to be 

T&M: BATTERY TESTINGThe Impact of Battery Testing in  
Achieving Vision Zero Objectives

Increasing concerns about the impact of climate change have been driving electric 
vehicle (EV) uptake until now. This has been combined with government incentives and 
legislative measures in some countries - the EU, for example, recently announcing a ban 
on the sale of new internal combustion engine (ICE) vehicles from 2035 onward, In the 
last few months, a new factor has started to have a major influence, as rising fuel prices 
have further encouraged the transition away from ICE dominance.  
By Arturo Vargas, Chief Solutions Marketing Manager, National Instruments (NI)
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reduced, to make operations more economical. 

Therefore these companies must own their test 
strategy and overcome the problems that are 
inherent to fast growth such as sustainability as 
operations scale up and coordination of work as 
organisations increase in size. 

The dynamics affecting EV 
battery design
EV batteries’ form factors will become ever 
more constrained, with a greater number of 
cells being squeezed into a given volume. This 
will place battery cells under even greater 
stresses than before and thereby increase the 
safety risks involved.

The transition from 400V to 800V based EV 
powertrains will enable faster charging, which 
will be appealing to car buyers. In addition, it 
can bring increased efficiency levels (extending 
EV range) and reduce heat generation that will 
impact the thermal management needed. 

 If they are to prove the validity of their latest 
battery designs, engineering staff must have 
a better understanding of what is going on 
within the battery cells. They need to be able 

to determine the places at which unacceptable 
stresses might be happening or find where 
production/assembly-based defects are situated. 

 Among the various safety-oriented issues that 
engineers have to address are:  

• The temperature dependency of battery 
performance - which if not attended to will, at 
a certain point, can result in thermal runaway 
occurring. 

• The high-power hazard of not only the 
batteries, but the equipment used to test them 
(e.g. battery cyclers)

• Mechanical tests need to be done on battery 
cells, modules, and packs to characterize 
behaviour under stress, vibration, etc.

• Electrical performance testing, like open 
circuit voltage (OCV) and AC internal 
resistance (AC-IR).

Avoiding  a short circuit or thermal runaway 
is paramount. As well as the hefty costs 
that having to recall a model will cause, 
EV manufacturers cannot put their brand 
reputation in jeopardy through incidents of this 
kind. That is why more sophisticated battery 
testing will be an essential part of the vision 

T&M: BATTERY TESTING

Figure 1. NI 's battery test 
system set-up
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towards zero emissions and zero automotive-re-
lated fatalities.

Taking EV batteries into 
other dimensions
Because of the energy storage capacity that EV 
batteries provide, there is the prospect of them 
not just being used for transportation purposes. 
Bi-directional operation will mean that they may 
also serve as an energy storage reserve within 
the home. 

Here they could enable peak shaving - so 
that electricity might be drawn from the grid 
at off-peak times, when tariffs are low, then 
utilised at times when tariffs are higher (thus 
reducing utility bills and saving money). 

Another possibility is to leverage such storage 
for grid frequency stabilisation - helping prevent 
power outages when demands on the grid are at 
their highest. 

Employing EV batteries in this way within 
domestic environments will mean that safety is 
even more critical, so to make certain that such 
functions do not cause fire hazards. 

Implementing better test 
solutions
Engineers clearly need detailed information 
on the batteries they are developing, as they 

continue to push the performance envelope. 

Measurements must be captured at high speed 
across a large number of different channels and 
over long test runs. Through the data collected, 
it will be possible to identify problems, and then 
work out what the appropriate action will be to 
resolve them. 

This might be to alter the production/assembly 
process to eliminate regularly occurring faults. 
It could also be to tune the battery management 
system (BMS), to compensate for any 
underlying nuances within the battery design. 

The long test times that have to be undertaken 
mean that multiple battery pack DUTs must be 
running in parallel. In many cases, this will be 
across several different test sites within a global 
organisation, each of which might be using 
different items of test hardware. 

Often manufacturers will rely on proprietary 
data platforms at the backend to deal with the 
large datasets, enabling issues to be uncovered 
quicker. 

With the test criteria constantly evolving 
- reliance on a closed, vendor-dependent 
approach for testing can prove problematic and 
costly. 

It is also very difficult to scale such 
arrangements, and this will limit EV 

T&M: BATTERY TESTING

Figure 2.  NI battery test system  
software workflow
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manufacturers’ ability to handle the future 
workload volumes that they are going to face. 

In contrast to this, the NI Battery Test System 
(BTS) offers an open platform-based system 
that is flexible enough to adapt to changing 
test requirements and has complete scalability. 
Through its use, a more than 40% reduction 
in the engineering time needed for acquiring, 
manipulating, and analysing data can be realised 
- meaning that new batteries are introduced 
after a far shorter development period.  

This software-connected and data-centric 
system enables integration of all the different 
hardware elements that constitute the test 
set-up. 

These include the battery cycler and power 
electronic circuitry (for charging/discharging the 
battery DUT), the environmental chamber (for 
keeping the battery DUT within the stipulated 
ambient conditions), the data acquisition 
hardware, and the data/system management 
equipment (for accessing the measurement data 
and analysing the results).

The modular nature of the I/Os of the NI BTS 
means that extra measurement channel capacity 
can be added, as test volumes are ramped up, 
without significant increases in either cost or 
complexity. 

This provides battery suppliers and EV 
manufacturers with the ability to scale their test 
activities, so various different test procedures 
can be running simultaneously on a large 
number of batteries situated at different sites. 

The I/O flexibility also gives 
the assurance that equipment 
from numerous third-party 
vendors can be used in the test 
system. The upshot of this is 
that any outlay already made 
on such equipment (which will 
generally come at a high price 
tag) is not wasted.

To further facilitate battery 
testing tasks, NI has just 
introduced its latest version of 
the BTS. 

Innovations within this version include a 
specific workflow via which engineers can 
request a test, and define the particular 
parameters involved. 

By automating the process, and leveraging a 
shared database, the test lab manager has all 
the information needed to define exactly the 
test procedure for it to be executed correctly. 
They can assign responsibility to technicians 
and operators to change the configuration as 
required.      

In addition to this, through the recent 
acquisitions of Heinzinger, NH Research, 
and Kratzer Automation, NI now has the 
necessary power electronics expertise to offer 
a complete testing portfolio to customers. This 
has extended the scope of the company’s test 
capabilities even further, making the company a 
one-stop-shop for EV battery testing. 

Conclusion
The battery suppliers serving the EV sector and 
the vehicle manufacturers themselves need to 
keep progressing battery designs if they are to 
stay ahead of the competition. Implementing 
expansive, highly automated, software-con-
nected test systems will allow them to conduct 
detailed and accurate battery testing at higher 
throughputs. 

Test procedures are completed rapidly and 
with greater cost-effectiveness, which will bring 
tangible commercial benefits.

T&M: BATTERY TESTING
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Household robots, also deemed as 
domestic robots, are autonomous 
service robots primarily used 

to carry out mundane tasks in a home, 
including cleaning floors and mowing lawns. 
Alternatively, they can be used for education 
and entertainment, specifically elderly 
assistance. Sales are expected to increase 
by 46% per year, with over 55 million units 
forecast to be sold in 2022, according to the 
International Federation of Robotic Report 
2019.

Gary, the service robot
Unlimited Robotics is on a mission to provide 
an alternative for boring, repetitive tasks and to 
simplify the process of hardware development. 
The team of software developers, mechanical 
and electrical engineers, and AI, ML and 
computer vision experts have built service 
robot, Gary. Gary is a 140cm tall robot with 
‘unlimited applications’, capable of mapping 

its environment and communicating, whilst 
autonomously moving around. Unlimited 
Robotics has designed Gary so its user can 
utilise an internal app market, meaning the 
relevant applications can be installed to get the 
correct services. Applications include taking out 
the laundry, hoovering, ironing, and scheduling 
activities.

Currently, there is a waiting list to secure Gary, 
with delivery expected during October-Novem-
ber 2022.

The future is robotics
With £2m spent weekly on R&D, Dyson has 
always invested heavily in the future. At the 
International Conference on Robotics and 
Automation (ICRA) in Philadelphia, Dyson 
shared a rare glimpse into what it has been 
working on at Hullavington Airfield, Wiltshire 
– a London laboratory close to the Dyson 
Robotics Lab at Imperial College. Plans are 

What’s in store for the future of 
household robots?

Gaining traction due to COVID-19, the demand for household robotics has accelerated, 
with many consumers wanting to save time and effort. Expected to be valued at $21.9bn 
by 2027, the market is booming. The market is predominantly being driven by huge 
investments from companies in R&D. Electronic Specifier’s Kiera Sowery discusses 
what’s in store for the future of household robots with reference to Gary, an all-in-one 
service robot from Unlimited Robotics and manufacturing giant, Dyson’s plans for the 
end of the decade.

ROBOTICS: DOMESTIC
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in place to accelerate the development of an 
autonomous device capable of household 
chores, with the work being led by Dyson’s Chief 
Engineer, Jake Dyson, son of Sir James Dyson.

Dyson’s aim is to improve people’s daily lives by 
developing robots that can perform household 
chores and save people time.

A video reveals glimpses of what Dyson is 
working on, showing the robot in a household 
setting, with robot arms picking up plates, 
bottles of laundry detergent and a soft toy, 
however the commercial devices that this 
might lead to are not yet demonstrated. New 
research in manipulation, robot learning, visual 
perception, and compliant control, demonstrate 
what might be possible of its household robots. 
The video also shows the deployment of 
advanced robots for mapping environments, 
allowing it to understand the structure of 
the household as safety and compliance is 
paramount with this use case.

Everything is top secret! However, this video 
is Dyson’s attempt at generating excitement 
with the hope to accelerate its recruitment of 
700 more engineers over the next five years. 
Dyson is half-way through its largest engineering 
recruitment drive, with 1,000 engineers, 
scientists and coders joining this year. Dyson is 
supercharging its robotics ambitions, recruiting 
another 250 experts across computer vision, 
machine learning, sensors, and mechatronics 
divisions. 

The plan is to create the UK’s largest, most 

advanced robotics centre at Hullavington 
Airfield where it will work on new types of 
domestic robots, with hopes to bring this latest 
technology into homes by the end of the decade. 

Until now, Dyson’s robots have been floor-based 
vacuum cleaners, with the first designed 20 
years ago, the DC06. Now, the Dyson 360 
Heurist robot vacuum exists, based on an 
intelligent 360° SLAM vision system allowing 
it to position itself in a room. Sensors take 
distance measurements every 20 milliseconds as 
it travels. 

This new era of household robots is extremely 
exciting. Several companies are heavily 
investing in R&D due to the increasing 
demand for autonomous robots in the daily 
lives of the urban population. The industry is 
expected to play a crucial role in the overall 
smart home ecosystem, accelerated by 
increasingly connected devices easily controlled 
and monitored through smartphones and 
advancements in AI and cognitive learning. Due 
to this ease of use and technology such as voice 
recognition, consumer confidence in smart 
devices is growing.

ROBOTICS: DOMESTIC
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As the many different functional safety 
requirements are quite broad and     
complex, a management framework 

is required to regulate the processes and 
organisation of activities. A holistic approach 
is therefore needed, which requires expertise 
in various application fields across all project 
phases – from design and development to 
manufacturing and installation, testing, 
certification, placing into service, and 
decommissioning. 

In the past, dangerous machinery movements 
could be reliably stopped by opening one of 
the monitored doors in the safety guarding. 
However, the increasing connectivity of systems 
and plants, plus the growing possibilities of 
remote control, has seen a paradigm shift – away 
from the prevention of access and the reliable 
shutdown of machines, and through to the 

reliable identification of people and continued 
operation. Such an improvement minimises 
disruption to the production line. 

As digitalisation, automation and connectivity 
have progressed, safety requirements 
for machines and machine systems have 
grown more comprehensive and complex. 
A safety-related control function is one 
of the measures that contribute to the 
overall reduction of risk in machinery use. 
Consequently, electrical, electronic or 
programmable electronic systems (E/E/PES) 
are used increasingly in the field of safety 
applications. However, as what is considered 
to be ‘state-of-the-art’ moves on at a dramatic 
pace (particularly in view of innovations such 
as Industry 4.0), new components and systems 
must frequently become available which are too 
technologically advanced for current standard 
requirements.

Technological progress in functional safety
Functional safety is becoming ever more significant as products continue to be 
further digitalised and automated. Improving the functional safety of products also 
introduces economic opportunities, including safe product design, early prevention 
of conformity-related problems, fewer product recalls, and shorter time to market. 
Stewart Robinson MIET MInstMC, Principal Engineer and Functional Safety Expert 
at TÜV SÜD discusses.
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Machinery manufacturers must now show 
compliance with the European Machinery 
Directive 2006/42/EC or the UK Supply 
regulations. To demonstrate compliance with 
legislation, machine builders can choose to work 
to the harmonised/designated standards EN 
ISO 13849 (Safety of machinery - Safety-related 
parts of control systems - General principles 
for design) or EN IEC 62061 (Safety of 
machinery - Functional safety of safety-related 
control systems). These can be used to achieve 
compliance in the field of functional safety; 
plus, as neither is technology-specific, they can 
both be applied for safety systems using any 
technology.

Automated safety
Increasing system connectivity requires even 
more suitable approaches to protect systems, 
such as automated operator identification and 
the shutdown of machines. With such high 
levels of automated safety, the safety-related 
parts of controls systems will become more 
complex.

An analysis by the Health and Safety Executive 
(HSE) of incidents connected with the 
safety-related parts of control systems revealed 
that poor design and implementation, together 
with incorrect specification, accounted for 
59% of the primary causes identified. These 
are the types of problems that a full validation 
process could have uncovered before the control 
systems went into service.

A new version of EN ISO 13849-1 will include 
requirements for the verification and validation 
of Safety-Related Parts of Control Systems that 
is currently in EN ISO 13849-2.

EN ISO 13849-2 spells out the basic validation 
requirements very clearly in Section 4.1, 
Validation Principles. It states: “The validation 
shall demonstrate that each safety-related 
part meets the requirements of ISO 13849-1, in 
particular (for example):

• the specified safety characteristics of the safety 
functions provided by that part, as set out in the 
design rationale, and

• the requirements of the specified performance 

level (see ISO 13849-1:2006, 4.5)”

It also explains: “Validation should be carried 
out by persons who are independent of the 
design of the safety-related part(s).”

Carrying out the calculations required by 
EN ISO 13849-1 and EN IEC 62061 remains 
a complex task. While there are software 
packages that help to guide users through the 
compliance process, the growing complexities 
caused by ever greater technology innovations 
and integration means that is becoming a more 
complex and resource-hungry task to ensure 
compliance with these standards.

Innovative technologies have contributed 
significantly to greater efficiency and a higher 
degree of automation, therefore allowing 
improvements in operability and profitability. 
Alongside this, the importance of machinery 
functional safety has increased continuously, as 
the safety system contributes significantly to risk 
reduction and must therefore be aligned to these 
more versatile and complex applications.

To mitigate against systematic faults, the 
effectiveness of safety measures must also be 
fully verified. This will confirm the robustness 
of components, as well as the complete lifecycle; 
plus of course, the development process must 
also be considered during such an assessment. 
As mentioned previously, a holistic approach to 
functional safety is therefore required.

ROBOTICS: SAFETY
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The healthcare robotics 
market
Medical robots are helping a range of 
healthcare professionals work more 
efficiently and with higher levels of 
accuracy. In some cases, robots assist 
doctors with tasks they haven’t been able 
to do in the past. According to a report 
from Research and Markets, the global 
medical robotics market is expected to hit 
$30.41 billion by 2027. Robots are becoming 
increasingly efficient and able to be used 
for various purposes, driving widespread 
adoption in the healthcare industry.

Other driving forces behind using robots in 
healthcare include:

Modern robots are gaining both intellectual and mechanical skills that will push 
the current boundaries of their capabilities and functionality. As the technologies 
powering these robots advance, what other use cases will emerge? As Technical 
writer, Devin Partida, explains, one sector that can greatly benefit from robots is 
the healthcare sector. How can robots play a role in healthcare, and what does the 
future hold for healthcare robotics?

• Advancements in, and increasing adoption 
of, robotic systems 
• Increased funding for medical robot 
research 
• The realisation of robot-assisted surgeries 
and their benefits 
• The advantages of robot-assisted training 
in rehabilitation therapy

Alongside the above benefits, robots offer 
further advantages in the medical field, 
including shorter hospital stays, lower 
operating costs, and reduced risks of 
post-surgical problems for patients.

Due to the effects of the COVID-19 
pandemic, the healthcare industry faces 
labour shortages. A recent survey found 
that 30% of U.S. healthcare workers lost or 
quit their jobs, 31% of workers considered 
leaving during the pandemic, and 19% 
thought about leaving the healthcare 
workforce entirely.

It’s possible the adoption of robotics in 
the healthcare sector could serve as a 
solution to ongoing labour shortages that 
are straining the nation’s entire healthcare 
system.

How robots are revolutionising healthcare

ROBOTICS: HEALTHCARE ROBOTICS: HEALTHCARE
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Types of robots transforming 
the healthcare sector
There are various types of robots in the 
medical field that provide multiple benefits: 
the following subsections explore three 
core healthcare robotics technologies and 
how they work.

Exoskeletons
Exoskeletons have traditionally been used 
in physically demanding jobs, such as 
manufacturing and logistics occupations, 
but they’re now carving out a place in 
healthcare. Robotic exoskeletons use 
various technologies, including sensors, 
actuators, algorithms, mechanical 
structures, and control strategies, to 
execute and mimic human motor functions.

A critical part of exoskeleton functionality 
is cognitive human-robot interaction 
(cHRI). Bioelectric signals, like the 
electromyogram (EMG), electroenceph-
alogram (EEG), and electrooculogram 
(EOG), assist with cHRI. Pneumatic, 
hydraulic, and electric actuators, among 
other sensor technologies, also assist in the 
second aspect of exoskeleton functionality, 
known as physical human-robot interaction 
(pHRI). Designing an exoskeleton is highly 
technical but greatly beneficial in the 
medical field. 

Surgical robots
Robotic surgery is commonplace in the 
modern healthcare industry: the technology 
allows doctors to perform minimally 
invasive procedures, which lead to shorter 
hospitalisations and a faster period of 
recovery for patients. A trained surgeon will 
use master controls to manipulate various 
robotic instruments during robotic surgery.

The instruments respond to the movements 
to help perform surgical procedures. The 
systems behind surgical robotics are not 
capable (yet) of performing surgery on 
their own. All movements come directly 
from the surgeon, helping them operate 
with next-level precision. Health conditions 

such as heart surgery, endometriosis, 
thoracic surgery, gynaecological surgery, 
and urologic surgery have all benefited from 
using surgical robots.

Social robots, robotic 
companions, and care robots
There’s a shortage of caregivers and nursing 
home employees in the industry. Robots 
may be a viable solution for these shortages. 
Advanced companion robots provide social 
interaction to patients (especially older 
patients who reside in a nursing home) and 
help with daily tasks or the combating of 
loneliness.

These robots are partly or fully autonomous 
and offer benefits such as companionship, 
support for daily activities, medication 
compliance, and health monitoring. They 
often come with state-of-the-art navigation 
tech and sensory and perception systems. 
It’s possible that future care robots may 
come equipped with facial recognition 
algorithms and telepresence technology 
and will connect to IoT wearable devices to 
monitor patient health closely.

The future of healthcare: 
robots leading the way
The field of advanced robotics is often 
described as ‘futuristic’ or even ‘something 
straight out of a science fiction movie’, such 
as the films iRobot, The Terminator, or 
WALL-E.

Professionals in science, engineering, and 
technology know this is simply untrue. 
Robots already play a significant role in 
advancing the healthcare sector, and they 
will likely evolve and offer even more 
benefits in the future.

ROBOTICS: HEALTHCARE
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The memory bandwidth of DDR5 is 
twice that of DDR4. If the transfer rate 
is calculated at the initial 4,800Mhz, 

it is 50% higher than the 3,200Mhz of DDR4. 
In addition to significant improvements 
in performance, DDR5 memory has also 
made good progress in capacity, stability and 
power-saving efficiency. Enterprise and data 
centre servers, AI, high-speed computing and 
other applications are expected to become 
the early adopters of DDR5 technology in the 
industrial market. 

DDR5 RDIMM industrial server memory, 
with its excellent performance and reliability, 
shoulders critical tasks such as increasing the 
speed of massive data transfers and ensuring 
that servers operate at optimal workloads.

With this said, what are the differences in 
technical specifications of DDR5 RDIMMs 
(registered dual in-line memory modules), 
which demand special attention during 

DDR – Double Data Rate: the benefits of  
industrial DDR5 RDIMM memory modules

Following Intel's release of the 12th-generation Core desktop processor Alder Lake, the 
next-generation server platform Eagle Stream and AMD’s Zen4 Genoa will be launched 
in 2022. This will officially kick off the industrial applications for DDR5 memory modules, 
and along with this, the design and research into related products will also begin. 
This piece from Apacer discusses the advantages and applications of the company’s 
cutting-edge memory technology.

MEMORY: TECH

product development? When adopting DDR5 
industrial memory, what’s the best way to 
grasp the advantages and seize the market 
opportunity?

DDR5 RDIMM server 
memory modules’ seven key 
differences to DDR4
1. Dual-channel architecture, double the 
bandwidth

DDR5 memory is developed with a new 
channel architecture, providing two sets of 
completely independent 32-bit sub-channels. 
Not only does the double bandwidth mode 
improve overall performance, but it also 
effectively shortens access latency and 
improves channel efficiency.

The DDR5 RDIMM server memory has dual 
40-bit sub-channels, adding eight bits to the 
existing 32 bits of each channel to support the 
use of an ECC (error correction code)-based 
error detection and correction mechanism. 
The design of the RCD (registering clock 
driver) can further reduce the load of the CPU, 
strengthen the signal integrity and reduce 
interference.

2. Double the number of bank groups and 
improved performance

Compared with DDR4, the bank groups of 
DDR5 memory have increased from four to 
eight, and the total number of banks has also 
increased from 16 to 32. This doubling of the 
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number of bank groups helps to increase 
the amount of data transmitted, thereby 
optimising the overall core timing parameters. 
This allows the memory to respond to 
execution actions at a faster speed and achieve 
ultra-high performance.

 3. Voltage drop means great power savings

The standard operating voltage of DDR5 
memory is reduced from DDR4’s 1.2V to 
just 1.1V, which improves the power saving 
efficiency by 8%. Alongside this reduction 
of system power consumption and heat 
generation (especially in industrial systems), 
server applications that require 24/7 operation 
will also enjoy additional power saving 
benefits.

4. PMIC makes the signal more stable

With the voltage reduced to 1.1V, in order to 
ensure voltage accuracy for stability during 
high-speed operations, DDR5 memory also 
adds power management functions. Instead 
of the traditional control method through the 
motherboard, the DDR5 memory is equipped 
with a power management integrated circuit 
(PMIC), which can control the system power 
load with both increased efficiency and an 85% 
improvement in power conversion efficiency. 
The technology thereby improves signal 
integrity and compatibility, and even reduces 
the cost of the motherboard design for power 
supply.

In addition, although they both output a 
working voltage of 1.1V, there are currently 
two PMIC specifications used in DDR5 
memory. Unlike the use of 5V PMICs seen 
in DDR5 UDIMM (unregistered dual inline 
memory module) and SODIMM (small outline 
dual in-line memory module), for server 
applications, DDR5 RDIMM server memory 
uses a 12V PMIC. Special attention should be 
paid to system platform design.

5. Equipped with On-die and Side-band ECC 
for automatic error correction

In order to achieve higher performance, DDR5 
memory has been improved in both capacity 
and data density. However, the technology 

scaling may also increase the risk of data 
errors. DDR5 RDIMM server memory supports 
On-die and Side-band ECC mechanisms, 
which can automatically detect and correct 
data errors in the memory. They provide 
end-to-end complete protection for the data 
transmission process and improve memory 
data fault tolerance, thereby improving data 
accuracy.

More importantly, this error correction 
mechanism also contributes to the stable and 
reliable performance of the system, meeting 
the reliability, availability and serviceability 
requirements of server applications for 
long-term operation.

6. Temperature sensor configuration can avoid 
overheating

In addition to adopting new components such 
as RCDs, PMICs and SPD hubs, DDR5 RDIMM 
server memory also adds a high-precision 
temperature sensor. This provides detailed 
memory temperature data to monitor the 
heat dissipation of the memory in real time. 
When designing the airflow of the system, the 
R&D personnel can also calculate the heat 
dissipation more accurately, therefore avoiding 
excessive heat accumulation and affecting the 
stability of the system operation.

7. Same bank refresh function shortens delay 
time

In DDR4, for a refresh to occur, all banks need 
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to be in an idle state and cannot execute other 
instructions at the same time. The Same Bank 
Refresh function of DDR5 memory allows 
the system to update a specific bank without 
affecting the access of other bank data, 
meaning that it greatly reduces overall idle 
delay and improves system performance.

Preparing for the move to 
DDR5
The demands of the industrial market for 
massive data processing and high-perfor-
mance computing continue to grow, and 
this is accelerating the need for memory 
technology upgrades. The introduction of 
DDR5 technology has also become inevitable. 
Processor platforms that support DDR5 
applications in the market have been launched 
one after another.

This is a critical moment for users to introduce 
DDR5 memory and related system platforms. 
The following three subsections explore some 
metrics that can be used as a reference for 
selecting DDR5 industrial memory products in 
the future.

1. The JEDEC 1.0 mass production version test

In the process of development and testing of 
DDR5 products, they must comply with the 
standards formulated by the JEDEC Solid 
State Technology Association and also be in 

accordance with the specifications of the mass 
production version recognised by JEDEC. 
At present, JEDEC has released the DDR5 
RDIMM server memory 1.0 mass production 
standard.

This means that, when a user selects DDR5 
RDIMMs, they should apply special attention 
to whether the manufacturer has completed 
the test in accordance with the JEDEC 1.0 
standard specification, as this will determine 
whether the technology is ready for mass 
production. (At the time of writing, Apacer's 
DDR5 memory has completed the latest 
JEDEC mass production version test, and 
mass production is just around the corner.)

2. Use of high-quality original ICs

In key applications such as the industrial 
market, servers and data centres, the cost 
and goodwill lost due to downtime are often 
too large to measure. These applications 
cannot bear abnormal risks such as unstable 
memory quality. Industrial memory modules 
made with high-quality original DDR5 
DRAM ICs (integrated circuits) from major 
manufacturers have extremely high product 
reliability and warranty protection, and 
accordingly, are the first choice for industrial 
systems.

3. Support for multiple value-added protection 
technologies

The application scenarios of industrial 
memory are diverse, and server applications 
are no longer limited to running in indoor 
computer rooms with comprehensive 
environmental control equipment. Addressing 
the question of how to improve the 
environmental resistance of DDR5 memory 
will be the key.

Nevertheless, there are already mature 
value-added protection technologies available 
on the market, such as conformal coating, 
underfill, and Apacer's patented Anti-Sul-
furation technology, all of which can protect 
the DDR5 module’s surface from external 
environmental challenges such as humidity, 
dust, environmental pollution, vibration, and 
shock.
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Why have the shortages 
occurred?
With COVID restrictions designed to limit 
contact between people, many manufacturing 
businesses were forced to close temporarily. At 
the same time, demand for big-ticket items such 
as private and commercial vehicles dropped 
as consumers considered their economic 
uncertainty. Industries impacted by these 
changes cancelled orders for semiconductor 
products. Simultaneously, with everyone 
learning and working from home, demand for 
consumer products, such as tablets, monitors, 

and laptops, shot up.

Semiconductor vendors filled their 
manufacturing capacity with these new orders 
to stem this demand. Then, as lockdown 
restrictions eased, a perfect storm occurred 
as cancelled orders were resubmitted to 
factories already operating at capacity. Complex 
semiconductor devices typically take several 
months to manufacture, so wafer starts won’t 
happen unless there is enough orders forecast 
for a product. Currently, the industry is 
struggling to prioritise manufacturing to satisfy 
as many customers as possible, but there are 
still many buyers who are missing out.

Such problems have led to purchasing teams 
and design engineers coming together to 
assess appropriate mitigation strategies. Some 
highly specialised semiconductor devices, 
such as microcontrollers and advanced 
analogue solutions, are complicated to swap 
out. However, flash memories, with their 
standardised pinouts and interfaces, seem, on 
paper at least, to be a less-challenging exchange. 
But, as always, the challenges lie in the details 
and, if a second-source device was not approved 
during the development process, it is unlikely 
that a simple device swap will suffice. Even if 
an alternate flash memory functions first time 
round, there may be hidden issues that could 
cause premature failures in the field due to high-
er-than-expected wear.

Flash memory and how to prepare for 
memory sourcing challenges

Sourcing challenges in the electronics industry are nothing new – and in fact, the 
robustness of the supply chain often means that buyers won’t even notice the impact 
of natural disasters on electronics distribution. Nevertheless, since the introduction 
of COVID lockdown initiatives, a series of knock-on effects have occurred that have 
disrupted the supply of semiconductors. This piece from KIOXIA Europe discusses 
component manufacture and distribution difficulties with a particular focus on flash 
memory technology, its various types, and how buyers can make the most of their 
availability in spite of current component challenges.
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Managed flash. e-MMC (embedded multi-media card) and UFS (Universal Flash Storage)

SLC NAND
SLC NAND flash, available with both serial and 
parallel interfaces, provides a relatively good 
level of compatibility between suppliers. At 
the physical level, pin placement and packages 
should be the same, although the solderability 
and suitability of the reels for pick-and-place 
equipment should still be checked. At the 
hardware interface level, Serial NAND uses SPI 
(the Serial Peripheral Interface). Due to the 
various ways the interface can be implemented 
in microcontroller units and system-on-chips, a 
basic test setup should be constructed to ensure 
that the flash memory can be accessed. The 
same applies for parallel NAND flash, where the 
timing of signals may need to be tuned using 
registers internal to the MCU or SoC. 

This leads to the next challenge: the software. If 
the application code has followed best practices 
with the low-level drivers handling the interface 
and the higher levels handling the specifics of 
the external memory device and file system, 
any changes to the code should be reasonably 
straightforward. Adjustments may involve 
adding support for additional registers or 
changing the code to support an entirely 
different register implementation. 
Devices such as KIOXIA’s Serial Interface 
NAND have hardware error correction 
code (ECC) support that can be enabled 
or disabled. 

The default setting of ‘enabled’, or the 
precise method to disengage ECC, 
may not match that of the device being 
replaced. Devices such as KIOXIA’s 
BENAND have integrated ECC capable 
of eight bits of error correction and nine 
bits of error detection. However, parallel 
SLC NAND in KIOXIA’s latest 24nm technology 

node relies on the host processor to generate an 
8-bit ECC for each 512-byte block of memory. 

When 5 or 6 erroneous bits are found, the 
firmware is responsible for rewriting the block 
in its entirety. This process, of course, increases 
the wear on the memory even though no write 
was executed at the application level in the 
software. The engineering team will need to 
closely compare the datasheets of their original 
flash memory choice with the replacement 
solution to understand how these additional 
memory writes will impact the lifetime of the 
flash storage. 

Thanks to the higher level of standardisation 
in the world of managed flash devices, 
switching suppliers for e-MMC and UFS 
(Universal Flash Storage) storage is slightly 
more straightforward. The JEDEC standard 
JESD84-B51A version 5.1a defines the features 
and electrical interface of e-MCC. Released in 
2019, it is generally not thought that further 
changes will be made, lowering the likelihood of 

MEMORY: SOURCING

Figure 1. UFS, or Universal Flash Storage, is steadily becoming the preferred alternative 
to e-MMC in smartphones and automotive applications thanks to its higher throughput.
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physical interoperability issues between SoCs 
and storage. 

e-MMC devices provide separate write/erase 
cycle registers for their ‘Enhanced’ (pSLC) and 
‘Normal’ (MLC/TLC) blocks. However, such 
‘health status’ registers only increment in steps 
of 10%, which is not very granular.

Additionally, this information only provides 
guidance on memory health. Reading ‘100% 
worn’ from this register does not mean that the 
flash doesn’t work: just like how the low profile 
of a car tyre doesn’t indicate an accident will 
happen, it merely states that a disaster around 
the corner is more likely.

UFS is newer, with the JEDEC standard 
JESD220E (also known as version 3.1) released 
back in early 2020. Thanks to its significantly 
higher throughput, it has rapidly established 
itself as the preferred storage option in 
smartphones and is gaining market share in 
automotive (see Figure 1). With developers keen 
to obtain more status information from their 
storage to optimise the user experience, it is 

expected that this standard will continue to be 
updated to support these needs.

While an initial physical exchange of flash 
storage medium may be successful, it is 
necessary to understand how the internal 
controller manages data. While the application 
may only execute a certain quantity of data 
writes, the flash controller may instigate 
additional block erases and page writes as it 
attempts to reorganise unused dead space 
(Figure 2). This disparity between application 
writes by the host SoC and the writes actually 
written to the raw flash cells is known as the 
write amplification factor (WAF). A perfect 
WAF would be one, but a good target value for a 
typical application is four (Figure 3).

The precise way that host writes translate 
into flash cell writes is flash storage supplier 
dependent. So, while the workload may have 
already been assessed during the sourcing of 
the original flash storage solution, the analysis 
process will need to be repeated with the 
supplier of the chosen new device. 

Get support and get it early
Because of the high level of compatibility at 
pin and package level and standardisation or 
similarity in interfacing for flash storage, it is 
easy to assume that sourcing an alternative 
device will be simple. However, the reality is far 
different. Standardisation definitely simplifies 
the process, but subtle hardware differences 
must be understood and are not always visible 
in the device datasheets. 

Should sourcing issues be seen on the horizon, 
it is highly recommended to engage directly 
with flash suppliers and to discuss your needs 
quickly. Engineering teams will be able to 
analyse workload traces and provide guidance 
on any changes required when switching storage 
device suppliers. Additionally, commercial 
teams can offer advice on delivery timeframes. 
With the months-long manufacturing times for 
flash storage, they will be grateful for the insight 
into your demand – vital to ensure that you get 
the products you want when you need them.

Figure 2. The flash controller erases at block level and writes at page level 
to clear unused dead space, leading to a disparity between flash cell and 
application writes.

MEMORY: SOURCING

Figure 3. WAF is defined as the difference between the data written to flash 
memory by the host processor, and the number of NAND memory cell writes 
instigated by the flash controller.
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1. Lifetime
While TLC NAND flash is typically only designed 
for 3,000 programming and erase cycles, the same 
memory in pSLC mode achieves 30,000 cycles with 
the previous flash generation and even up to 100,000 
cycles with the most current flash technology.

By storing only one bit per cell instead of three, the 
capacity is reduced by a third or three times the 
amount of flash must be used. The service life, on 
the other hand, increases by up to 33 times. pSLC 
is therefore excellent for any application in which 
the memory is used for a long period of time and 
a large amount of data is written. The same is true 
in situations when replacement or maintenance 
intervals are associated with high costs or the exact 
write load in use is not known in advance.

The size of a page, or the minimum number 
of memory cells that must be programmed 
consecutively with every write access, is also 
reduced to one third with pSLC. As a result, the 
write amplification factor improves significantly. The 
combination of the extremely high number of cycles 
and the smaller page size results in a lifetime that is 
rarely exceeded by an application. Accordingly, the 
need for maintenance and replacement in the field is 
eliminated.

2. Reliability
To store three bits in a TLC cell, 2³ = 8 electrical 
voltages must be differentiated within the cells. 
However, because only one bit is stored in pSLC 
mode, the readout logic only needs to differentiate 
between two voltages.

The maximum voltage is limited by the type of 
semiconductor technology. In view of this, the 
distance between the eight different TLC voltages is 
far lower than the distance between the two pSLC 
voltages, resulting in more reliable data content 
recognition.

If, in 3D TLC, the temperature difference between 
writing the data and reading it out later is far apart, 
the controller’s built-in error correction unit may 
be overworked (consider the cross-temperature 
effect). In addition, the charge loss in memory cells 
is affected not only by time, but also exponentially by 
wear. Temperature fluctuations and charge loss can 
cause the readout logic to lose its ability to clearly 
distinguish between the eight voltage levels.

pSLC is the perfect choice for reading data reliably 
and at any time, especially when used under extreme 
temperature conditions – and even after years of 
high wear and tear and when subjected to strong 

Four reasons to use industrial 3D  
TLC NAND flash as pseudo-SLC

TLC (triple-level cell) NAND flash has been making its way into industrial storage 
solutions for some years, thanks to its high storage density of three bits per cell. The 
ability to operate TLC in pseudo-single-level cell (pSLC) with one bit per cell, on the 
other hand, continues to carve out a niche existence. Nevertheless, for a vast number of 
applications the economic advantages of this configuration outweigh the disadvantages. 
In this way, the gap to true SLC memory can be bridged. Roger Griesemer, General 
Manager, Memory Solutions at Swissbit, provides four key arguments for using industrial 
3D TLC NAND flash as pseudo-SLC.

MEMORY: STORAGE
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While TLC memory only has a one-year data retention at 40°C after 3,000 cycles at the end of its life, the same memory in pSLC mode still achieves ten 
years of data retention after 10,000 cycles.

temperature fluctuations.

3. Performance
Given that, with pSLC, only two states instead of 
eight must be programmed or recognised during 
reading, these processes are significantly faster. pSLC 
can be read twice as fast as TLC and written at six 
times the speed.

When reading, just one voltage level per cell must 
be checked with pSLC. A zero is stored in the cell if 
the cell voltage is above this; a one is stored if the 
cell volage is below. In TLC mode, only one voltage 
level must be checked for the first bit of the memory 
cell. For the second bit, two voltage levels must be 
checked and three voltage levels for the third bit. On 
average, two read accesses are therefore required, 
resulting in a two-fold increase in read performance.

Because a deleted cell represents a one and a 
programmed cell represents a zero, pSLC has a clear 
advantage when writing. It makes no difference how 
big the voltage gap is. However, because the desired 
voltage must be reached exactly in TLC mode, each 
cell must be programmed slowly in several steps.

Especially when high write speeds are required, there 
is usually a requirement for a long service life. The 
pSLC mode is the best option here as it meets both 
requirements.

4. Costs
Because three times the amount of flash memory 

is required, switching from TLC to pSLC is 
associated with around three times the cost for 
the same capacity. If you choose true SLC, which 
has traditionally been used for write-intensive 
applications and harsh environmental conditions, you 
must factor in ten times the cost compared to TLC. 
This makes pSLC a serious alternative in terms of 
price.

Especially when the capacity of an SSD is secondary, 
and the requirement is mostly related to the TBW 
(total bytes written), pSLC shows its real strength. 
For example, in an application, log files are written 
in the ring buffer. In theory, 32GB of memory would 
suffice, but a lifetime write performance of 300 TBW 
(terabytes written) is required. A minimum capacity 
of 240GB in TLC  would be required to achieve this. 
All requirements can be met if a 40GB pSLC SSD is 
used instead – and at half the cost. This is because a 
40GB pSLC-SSD is equivalent to a 120GB TLC-SSD.

The optimal choice between low-cost TLC and 
expensive SLC memory is TLC in pSLC mode. At 
a fraction of the cost of true SLC NAND, the latter 
solution combines long lifetime, high performance, 
and temperature insensitivity. Therefore, Swissbit 
essentially offers all its products also as pSLC 
solutions.

TLC NAND flash in pSLC mode not only offers a long 
service life, but it also achieves better data retention. 
In closing, the following graph covers the differences 
between pSLC and TLC depending on wear:

MEMORY: STORAGE
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There is no doubt that the advent of data 
centre network architectures free of 
bandwidth constraints is thanks to the 

latest QSFP optical transceiver technologies. 
The QSFP-DD is a recently introduced optical 
module and cage/connector system that 
features an additional row of contacts, thus 
providing for an eight-lane electrical interface. 
As a result, the transceiver can operate 25G/s 
NRZ or 50G/s PAM-4 modulation over 16 pairs 
of twin-axial conductors or optical fibres to 
support 200G/s or 400G/s aggregate Ethernet 
bandwidth.

Higher density, higher heat
For all of their performance benefits, optical 

transceivers can prove challenging to cool. Air 
gaps of typically 0.2 to 0.3mm between the 
module case and cage – and between the cage 
and PCB – are common. These air gaps are 
created due to mechanical tolerances and result 
in inconsistent thermal performance. 

QSFP-DD modules are the smallest form 
factor 400G/s transceivers, offering the 
highest bandwidth density while providing 
backwards compatibility to lower-speed 
QSFP pluggable modules and cables. The 
400G/s performance arrives courtesy of highly 
integrated and advanced PAM-4 DSP chips, 
externally modulated laser (EML) diodes and 
GaAs laser diodes. However, this performance 
does not come without significant thermal 

Thermal interface materials prove 
essential for latest optical transceivers

With the introduction of QSFP-DD (Quad Small Form Pluggable – Double Density) 
optical transceivers for increased-bandwidth wireless applications, industry faces a new 
challenge. By effectively doubling the number of high-speed electrical interfaces that 
the module supports (in comparison with a standard QSFP28 module) there comes 
even greater need to dissipate heat efficiently and effectively. Any failure to do so 
could compromise the operational performance, reliability, and dependability of these 
high-speed optical devices. Paul Dawidczyk, Global Telecom/IT Market Sales Manager, 
Parker Hannifin Chomerics Division discusses.
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challenges. Optical modules get hot due to their 
use of lasers for transmitting data. Moreover, 
power loads of up to 25W ensure that design 
engineers must consider heat dissipation and 
the application of suitable thermal interface 
materials.

Time for TIMs (Thermal 
Interface Materials)
Various thermal interface materials are available, 
including thermally conductive gap filler pads, 
thermal greases, and thermal gels. These 
materials improve heat dissipation by filling tiny 
air gaps and voids between rough or uneven 
mating surfaces, and through contact with heat 
generating chipsets.

Thermal impedance is an important property 
of a thermal interface material. To provide a 
definition, thermal impedance is a measure of 
resistance to the flow of heat from a hot surface 
through an interface material into a cold surface.

As the thermal interface material has a greater 
thermal conductivity than the air it replaces, 
thermal impedance across the joint decreases 
and the component junction temperature 
reduces. In addition, maximising the contact 
area between the heatsink and the optical 
module lowers thermal resistance and improves 
the system’s ability to cool the transceiver. 

Gels, greases, pads
Thermal gels with high thermal conductivity 
and good flow rate are ideal for robotic 
dispensing in high-volume applications such as 
optical modules. With robotic dispensing, it is 
possible to ensure reliability and consistency, 
while simultaneously reducing time and costs. 
Thermal gels are highly conformable, sin-
gle-component compounds that require no 
cure. Once dispensed, these advanced gels 
(which are available in silicone and silicone-free 
formulations) hold their shape and are perfect 
for applications where long-term stability is 
required. 

High-performance single-component thermal 
greases are another good option for automated 
dispensing where a thinner bond line is 
required. In short, thermal greases provide low 

thermal impedance at thin gaps, allowing the 
use of common heat spreaders. 

A further alternative is thermal gap filler pads, 
which can be die-cut into the exact shape 
required to provide a highly effective way of 
dissipating heat from a specific heat-generating 
component. The soft constitution of thermal 
gap filler pads also serves to dampen shock 
loads and reduce vibration stress. As a point 
of note, although a degree of automated pad 
placement is possible, the equipment and 
fixtures required are typically more specialised 
than those for thermal gels and greases and may 
not be readily adaptable from one application to 
the next. 

Automate to accumulate
Experience suggests that around 5,000 parts 
per annum is the threshold when it becomes 
more economical to use thermal gels and an 
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automated dispensing system. This criteria will 
almost certainly apply to the majority of optical 
transceiver applications. 

Reputable suppliers of thermal interface 
materials will be able to provide support 
with fully automated manufacturing services. 
Automated production units will dispense 
the thermal materials – often alongside 
any requirements for dispensing EMI 
(electromagnetic interference) shielding 
materials – before performing automated 100% 
inspection via a high-specification industrial 
camera and robot unloading of the parts into 
suitable protective packaging.

As a point of note, recent advances in thermal 
gels mean they provide superior performance, 
greater ease of manufacturing and assembly, and 
lower cost in certain high-volume applications, 
particularly as electronic design applications get 
smaller, denser, and more complex.

A TIM for every application
Regardless of the transceiver design, be it a 
stacked card cage or belly-to-belly, it is vital to 
deploy an effective thermal interface between 
the optical cable connector module and the 
heatsink attached to the outer case/cage. With 
speeds of 400G/s now attainable and 800G/s 
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on the near horizon, design engineers must 
consider the thermal heat dissipation needs 
of not only the module, but the interface 
connection on the PCB, as well as at the rack 
unit or cabinet. Cabinets featuring 40U to 46U 
racks require immense thermal heat dispersion. 
Higher data transfer speeds, low latency, and 
constant availability demand more computing 
power, which in turn means higher power 
densities per rack.

Ultimately, the performance and longevity of 
transceiver lasers depend on their ambient 
operating temperature. To help maintain this 
temperature within specified limits, carefully 
selected and applied thermal interface materials 
represent the optimal solution. In tandem, 
designers can reduce thermal spreading losses 
by keeping the heat sources close to the thermal 
interface area, and by increasing the thermal 
conductivity of case materials. 

As each new electronic product generation 
requires higher power in smaller packages, the 
challenges associated with thermal management 
become more intense. In all cases, the best 
way forward is to seek advice from a proven 
specialist in thermal interface materials, one 
that can provide support with design, product 
selection and best-practice manufacturing 
capabilities.
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huge range of AC & DC products 
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Open-frame Power Supplies
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