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Academia is attempting to resolve the issues surrounding 6G, but a deficiency of mmWave-capable compo-
nents could delay the next leap forward in wireless communications

While the rollout of 5G is still in its infancy, bleeding-edge research around the world is now heavily 
focused on solving a significant problem that is expected to arise within the next few years. Anten-
na-to-antenna links or the “backhaul of the network” are essentially limited to frequencies under 100 
GHz. However, experts are predicting that by around 2025 these lower frequencies, under 80 GHz, will 
no longer be enough to support the evolution of 5G or 5G plus, especially within densely populated 
areas. 

“For 5G networks, at some point, every user will expect to have at least 1 GB/s or higher,” says Dr. Guil-
laume Ducournau. “So, if you’re running 5G in a crowded place, like a commercial center or a big city, 
we have to be able to manage the huge data rates at the antenna collecting point.”

Top Research Institutions Try to Unlock 6G



Dr. Ducournau is a professor at Université de Lille in France and a top academic researcher in THz 
communications. He has authored over 100 peer-reviewed papers published in international journals 
and developed several experimental setups dedicated to the characterization of THz devices for com-
munications in the Lille THz communication cluster.

“Currently there is a dearth of components capable of operating in excess of 100 GHz and then even 
fewer when you push into the THz regime where 6G is expected to excel,” continues Dr. Ducournau. 
“So, unless the industry can come up with better components the problem is going to grow exponen-
tially.”

6G is not yet a functioning technology but will deliver data rates that are 100 times faster than 5G and 
shift from primarily connecting people and things to connecting intelligence. Connected Robotic and 
Autonomous Systems (CRAS), Unmanned Aerial Vehicles (UAVs), artificial intelligence, and even remote 
robotic surgery. However, without resolving the issue of working at millimeter wave (mmWave) and 
THz frequencies, 6G could be greatly delayed.
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“There is an urgent need right now to develop 
components, devices, testbeds, and concepts to 
operate at higher frequencies because, by 2030 or 
so, 6G will require these things,” says Dr. Ducour-
nau. 

Pushing towards THz components
The issue with creating components at frequen-
cies above 100 GHz comes down to physics. 
As you move up the electromagnetic (EM) spec-
trum the wavelengths get shorter. In fact, at a 
frequency of 300 GHz, the wavelength shrinks to 
just one millimeter. At these higher frequencies, 
the constituent parts are tiny and even small 
alignment errors can significantly degrade perfor-
mance.

At such a small-scale, available power and device 
power handling become a big challenge. There-
fore, components at these frequencies must 
operate with exceptionally low insertion loss and 
extremely high performance to allow engineers to 
develop effective signal chains.

In addition to sufficient device power handling, 
high isolation between active components be-
comes of critical importance to minimize signal 
degradation and potential device destruction 
from signal reflections between components. 

For example, Faraday rotation isolators – more 
commonly referred to simply as isolators – are 
two-port components that allow EM signals to 
pass in one direction but absorb them in the op-
posite direction. Isolators are often used in com-
munication systems because they do a good job 
of suppressing standing waves. 

“Isolators have low insertion loss within the micro-
wave bands, but at mm-wave frequencies, where 
we were working at, the loss becomes increasingly 
problematic,” explains Dr. Ducournau. 

A boost for mmWave components
“After doing significant research a few years ago, I 
discovered NASA had awarded a project to Micro 
Harmonics to develop mmWave isolators all the 
way to 300 GHz, and they showed very good per-
formance,” recalls Dr. Ducournau. “I immediately 
called them up.”

Micro Harmonics Corporation (www.Micro-
Harmonics.com) specializes in components for 
mmWave applications and successfully developed 
an advanced line of commercial off- the-shelf 
(COTS) circulators, isolators, and hybrid circula-
tors, many of which can operate well into the THz 
regime.

Professor Ducournau selected an isolator that 
operates with WR-3.4 (220-325 GHz) and features 
a large usable bandwidth of dozens of GHz on 
either side of the center frequency. 

“This allowed us to get the first-ever device char-
acterization of a low noise amplifier operating at 
300 GHz,” states Dr. Ducournau. 

His research team successfully characterized the 
noise floor (NF) along with the IP3 and IP5 of the 

http://www.microharmonics.com/
http://www.microharmonics.com/
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amplifier, which are measurements of nonlinear 
frequency performance.

In addition to isolators, “there’s also a need for cir-
culators at these very high frequencies,” explains 
Dr. Ducournau. “Circulators form part of the core 
system for communication applications but also 
for radar. Having these available could be a big 
boost for system implementation of early proto-
types.”

For example, a new hybrid circulator recently 
developed operates in the 100+ GHz range which 
will be crucial to solving many of the 6G bottle-
necks within the backhaul of the network. 

The hybrid circulator has a much larger working 
bandwidth from 150 GHz to 190 GHz. The current 
state-of-the-art Y-junction circulator has a band-
width of only a few GHz at these frequencies. The 
bandwidths required for 6G are not remotely 
possible using a Y-junction approach. 
“Looking at the D-band development for back-
hauling, such devices would be very useful as 
duplex links targeted in such applications,” says 
Prof. Ducournau.

A small footprint
Simply attaining higher frequencies is not the only 
consideration when moving new research from 
the lab to commercial production. An overriding 
theme in commercialization is the drive to reduce 
the size, weight, power, and cost (SWaP-C) of com-
ponents.

Minimizing the size and weight of mmWave com-
ponents is especially important in today’s wireless 
applications. A standard traditional-style isolator 
in the WR10 band is about 3 inches long, with a 

cylindrical section in the center that’s about 1.3 
inches in diameter. While that may seem small, 
new designs are only 0.75 inches per side and 
0.45 inches thick and are packaged in a design-
er-friendly rectangular cuboid.

These types of improvements in commercial 
components, along with leading researchers in 
the field, are pushing towards widespread com-
mercial 6G technologies potentially by the end of 
this decade.

Unlocking new technologies
Of particular interest to Professor Ducournau 
is the development of remote, robotic surgery 
where a very low time-latency transmission sys-
tem would be required. This is where the devel-
opment of new components for systems with 6G 
speeds and high-reliability low latency communi-
cations are opening the door for the world’s best 
doctors to perform operations on people any-
where on the planet.

“If the energy consumption is low and the devices 
can be mass produced at low cost, the possibili-
ties for new techniques for medical procedures 
would be endless.”

The technical challenges to implementing 6G sys-
tems are enormous. There is a good chance that 
the push to higher frequencies will halt near this 
point due to the practical limits of physics, health 
and safety. 

“There is a strong argument to stay within the 
mmWave or lower THz frequencies because these 
wavelengths keep the radiated power densities 
within the bounds of what most people consider 
safe,” concludes Prof. Ducournau.    •
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Ronk Electrical Industries has a notorious line of 
trusted and durable manual, automatic, double 
throw and disconnect switches. These switches 
are reliable, durable, and have extensive longevi-
ty; in other words - you will have your Ronk switch 
for years to come. All Ronks products, including 
our transfer switches are 100% American made; 
all our production happens in central Illinois. One 
of our most popular top-notch units is our Series 
4+ Manual Transfer Switch. On top of the trust-
ed build of our products, our loyal Ronk family 
ensures top notch customer service and on-site 
technical support should your transfer switch 
have a mechanical issue. Many of our transfer 
switches are available with shorter than average 
lead times when compared to our competitors.

It is crucial to have your power systems working 
to the best of their ability, and to easily be able 
to transfer loads when power continuity is criti-
cal. Not having a backup power source can lead 
to detrimental incidents and losses. With Ronk’s 
Series 4+ Manual Transfer Switch, you will have 
a fast and secure way to transfer loads between 
your main power and an auxiliary power source, 
restoring the power to predetermined circuits. 
Our Series 4+ compact mechanism is completely 
enclosed, with the rotary handle mounted on the 
door and lockable in three positions: On Line, Off, 
and On Auxiliary. Our non-fused Series 4+ Manual 
Transfer Switches are available in different am-
perages, suitable for Use as Service Equipment, 
has single-phase and three-phase power capabili-
ties, and are all UL 1008 listed.  

Common applications for Ronk’s Manual Transfer 
Switch include high rise buildings, commercial 
malls, offices and hotels, data centers, health-
care centers, manufacturing plants, and so much 
more. Heavy duty equipment will vastly benefit 
from a Series 4+ switch. With an ever-growing 
need for emergency backup power systems in the 
most crucial of places, whether it is an industrial 
or commercial building or site, it is imperative to 
have transfer switches that ensure authenticity 
and safety. Inquire about Ronk Electricals’ transfer 
switches today!     •

Series 4+ Manual Transfer Switch
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A small utility in Tennessee installed a complete 
automated power factor balancing system without 

complex SCADA

For the power generation industry, maintaining 
power system balance as closely as possible to 
the ideal power factor (PF) of 1.000 using correc-
tion capacitors and other technology is critical. 
Power factor is a measure of how effectively 
electricity is used, with an equal 1.000 PF bene-
fiting both the customer and utility, and a low or 
high PF indicating poor electrical power utilization. 
A low power factor can overload generation units 
making them work harder for the same amount 
of power. A high power factor can cause instability 
to equipment on the distribution network as the 
voltage rises beyond normal capabilities. In con-
trast, improving the PF can maximize current-car-
rying capacity, improve voltage to equipment, 
reduce power losses, and lower electric bills. 

“The challenge for small municipal utilities and 
co-ops required to maintain proper power system 
balance is that they are more susceptible to large 
industrial loads and typically do not have complex 
SCADA systems to automate the process”, says 
Ryan McAuliffe, Sales Engineer, NovaTech Auto-
mation, a substation automation company that 
has served the power transmission and distribu-
tion market for over 30 years. In addition, smaller 
utilities may not have enough operators to man-
ually monitor and effectively control the PF on a 
24/7 basis.

Fortunately, cost-effective, self-contained, auto-
mation platforms can utilize programming logic 
schemes to maintain power system balance, mini-
mizing the need for manual oversight and control.

“Today, automation platforms can maintain 
system balance with PF at virtually 1.000 with 
accuracy to 3 decimal places. The control system 

calculates whether the power system is out of 
tolerance, and if so, initiates a correction using 
the capacitor banks to keep the power factor at 
1.000,” says McAuliffe.

Automating System Balance
In a recent example, a small municipal power util-
ity in Smithville, Tennessee required an automatic 
capacitor control logic scheme for their distribu-
tion network.

“The municipal utility has a small distribution 
network and is contracted [with a major Transmis-
sion Network Operator], under penalty of fine, to 
keep the PF of the power system as close to 1.000 
as possible. However, the system includes a rath-
er large industrial customer, so the utility needed 
a better way to manage their PF,” says McAuliffe.

The utility has two substations with interconnect-
ing feeders through their distribution network 
with the feeder circuit breaker on either end act-
ing as the open or closed point. The capacitors are 
positioned outside the substation fence at various 
locations on those interconnected feeders.

As a solution, the utility chose to implement a 
complete integrated power balancing system 
including capacitors, a capacitor bank controller, 
circuit breakers, and a controlling RTU.

All monitoring, control, visualization, and security 
of the integrated utility power balancing system is 

Achieving Power System Balance
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provided by the OrionLX Substation Automation 
Platform by NovaTech. The OrionLX is a commu-
nication and automation processor that can be 
integrated with practically any equipment, usually 
microprocessor-based relays, meters, and other 
IEDs as well. It can connect to SCADA system or 
itself be a basic SCADA system.

The system uses open-source web technologies 
and pre-configured template pages. This simpli-
fies the building of interactive SCADA and local 
HMI screens to view data from connected IEDs 
and RTUs using standard web browsers. Engi-

neers can open multiple browsers to have graph-
ical interfaces for the different substations and 
key remote monitoring features on different tabs, 
which eases network monitoring. Multiple users 
can be logged in simultaneously.

“With the substation automation platform, the 
utility did not need a dispatcher for PF balancing, 
only a supervisor to oversee the facility,” says 
McAuliffe.

According to McAuliffe, the platform’s System 
Balance scheme helps to ensure that each substa-
tion maintains a 1.000 power factor. The scheme 
will initialize values and then load all previous 
retentive values or default values if there are no 
retentive values. With the scheme, an overall lead-
ing power system state will turn off one or more 
capacitors, and an overall lagging power system 
state will turn on one or more capacitors, provid-
ing alerts and control.

http://clickmetertracking.com/liteline
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To ensure that individual feeders are in balance 
and within tolerance, a second logic scheme has 
been proposed for Individual Feeder Balance that 
will run every five minutes after completion of 
the primary scheme. This is needed due to the 
configuration of the utility’s distribution network 
assets. Although total substation power factor can 
be balanced, it is possible to have two feeders out 
of balance in the condition of one lagging and one 
leading. The second scheme looks at individual 

feeder power factor tolerance and makes correc-
tions as needed. 

Together, the primary and secondary balancing 
schemes provide integrated Volt-VAR regulation 
and optimization. The schemes automatically 
switch capacitor banks in and out to maintain 
power factor very close to balance, summing PF 
on each feeder and comparing it with the me-
tered value reported to the power provider. The 

automation includes features to 
reduce wear and maintenance 
such as never switching the same 
capacitor bank twice in a row.

The system maintains the ability 
to manually control all capacitor 
banks and provides web-based 
HMI for monitoring and control of 
breakers and IEDs in substations.

“Automated power system bal-
ancing comes in handy for small-
er utilities because they don’t 
need to monitor as closely. With 
installation comes more automat-
ic control that can be scaled up to 
the number of required substa-
tions,” says McAuliffe.

Overall, the primary and second-
ary balancing schemes have been 
extremely beneficial for the small 
municipal utility in Tennessee. 
The schemes have reduced the 
labor required for the utility to 
look after the distribution grid, 
and it has maintained almost full 
power factor compliance with the 
Transmission Network Operator.

For more information on SCADA 
solutions from NovaTech Auto-
mation, visit www.novatechau-
tomation.com or call (913) 451-
1880.    •

http://clickmetertracking.com/critterguard
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Live Instructor-Led
People taking this class for the first time
are required by the 70E 2021 standard to 
take it “live”. Whether online or in-person, 
to be compliant, there must be interaction
and engagement with an instructor.  

Great Price 
Less expensive than in-person programs,
with more curriculum and volume discounts!
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20 hours (2.5 days) of practical tutorial 
that includes grounding as a topic!
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