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JJD: What is driving the growth in sales of RF/microwave circuit materials?
AA: Three segments have been driving RF and microwave market growth in
2014: wireless infrastructure, automotive, and defense. The deployment of

ol 825eRs V) . wireless infrastructure in support of 4G services (LTE and LTE-A) in regions
| J [ like Asia and the U.S. has created significant opportunities, as these coun-
: | tries adopted 4G early. They are striving to lead the world when it comes to
N\ 'y / | advanced wireless connectivity.
. U Automotive is not an area one first thinks of when it comes to microwave

circuitry. But there are currently RF sensors operating at 24 GHz in vehicles
(radar). These sensors aid the driver in making decisions pertaining to lane
changes and on-coming traffic (as part of Advanced Driver Assistance Sys-

tems). Today, such systems are marketed as convenience features rather than
safety options. We are seeing the adoption of these sensors beyond the tradition-
al luxury vehicles like Mercedes, Acura, and Cadillac. They are now making their
way to mid-size vehicles like VW, Ford, and Toyota, where volumes are much
higher. In the defense industry, the current growth is a result of renewed govern-
ment spending on several major programs. Those efforts were delayed in 2013 as
a part of the effects of the sequestration on government spending.

JJD: What problems faced by design engineers require new material solutions?
AA: Within the markets listed above, we are seeing changes that are driving
design engineers toward new solutions. Those solutions require innovations in

materials. One trend that affects both the automotive and wireless-infrastructure
markets is the use of operating frequencies above 60 GHz—in particular, 77 to 79
GHz. The amount of data that is being transmitted wirelessly is doubling roughly

every year, according to Cisco’s annual VNI report. As a result, data usage is reach-
ing the limits of available bandwidth for microwave backhaul. Limits for available
bandwidth span the 7-to-40-GHz spectrum. A solution is to move to frequencies be-
yond 60 GHz, both licensed and unlicensed, where there is much greater availability.
To vacate the spectrum around 24 GHz, automotive sensors will be transitioning
in the future to frequencies close to 79 GHz. This shift is a product of interference
concerns. In the area of wireless infrastructure, power levels are increasing within
base stations. This means that operating temperatures are increasing as well.
Managing this increase in thermal density—along with the decrease in housing size—
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is creating new thermal-management
issues for designers.

JJD: In which ways have traditional RF/
microwave circuit materials changed to
meet these needs?

AA: In the area of higher operating fre-
quencies, reducing circuit losses is a key
element in developing material solutions
for use beyond E-band. Existing resin
systems can still be used, such as polytet-
rafluoroethylene (PTFE) and possibly
those used in low-loss thermoset materi-
als. However, reducing the conductor
loss component of the total circuit loss

is critical. This is done by using copper
with a lower surface roughness profile
while maintaining good copper peel
strength to the dielectric.

At frequencies above 60 GHz, conduc-
tor loss is much greater than dielectric
loss. Smoother foils are now available on
both thermoplastic and thermoset resins,
resulting in reduction of the insertion
loss of 30% to 50%. To better handle
increased operating temperatures,
heatsinks, metal plates for groundplanes,
and metal alloy coins can be added. They
offer increased thermal conductivity for
areas below the power device.

Thermally, the circuit would also
benefit significantly by having PCB ma-
terials with increased thermal conductiv-
ity. In the past, higher thermal conduc-
tivity was a “nice” bonus for substrate
performance. But recent thermal-density
increases in microwave circuits are ne-
cessitating higher thermal conductivity
with the substrate.

Some designs have required little
change, as they were already using
thermoset materials with high ceramic
loading. These materials have raised
thermal conductivity over traditional
RF/microwave materials. Now, the
industry is seeing needs for thermal
conductivity to increase by as much as
30% to 100% above current industry
standards. As a solution, special ceramic
fillers are being incorporated in existing
resins. Their goal is to evolve the thermal
behavior of substrate products in a
controlled manner.
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JJD: Operating frequencies continue to
get higher in volume applications, such
as 79 GHz for automotive and wireless
backhaul. In those cases, what is critical
about selecting circuit materials?

AA: There is always great emphasis on
the electrical properties of the substrate
materials at these frequencies. And

they are important in both dielectric-
constant control and low loss with the
dielectric and conductor. However, one
property that usually gets overlooked by
RF designers is thickness control. Often,
when a customer discusses material
needs in this space, they ask about
tightening Dk tolerance. Typically,

Dk tolerances are already around +1%
to £1.5%. Many designers forget that
thickness tolerances can be as much

as £10%.

In many RF equations, the effect of
Dk is a factor of the square root while the
thickness impact is a direct product. If
improved stability is truly needed, going
through the analysis in the electromag-
netic (EM) simulator may reveal that
there is more of an advantage in circuit
performance. The focus simply needs to
be on thickness control improvements
rather than on the dielectric constant.
JJD: What markets should we be watch-
ing as possible drivers of future growth?
AA: There are still many opportunities
in several of the existing markets. Full-
out 4G/LTE adoption is still confined
to few countries, although the rest will
eventually follow. Additionally, there is
the discussion about 5G. With no stan-
dards set yet, the form that 5G will take
is still quite fluid. We don’t know what it
means for the materials industry yet.

Meanwhile, the automotive market
is expanding from ADASSs to cars as
wireless-communications hubs. Ford
and Volvo provided demonstrations of
the “car of tomorrow” at World Mobile
Congress in Barcelona this year. Eventu-
ally, organizations like Google will be
pioneering self-driving vehicles.

The Internet has brought about many
changes in the past 15 years. Without
these changes, who knows if we would

be seeing the explosions in broadband
data that have driven so much of the
infrastructure capital expenditures
(CAPEX)? It is likely that the next
technology wave will be driven by what
is today called the Internet of Things/
Internet of Everything (IoT/IoE). It
is too early to say with any degree of
confidence which applications will
drive material development. But many
potential market opportunities would
benefit from the flow of wireless data to
improve process yields, increase energy
efficiencies, keep us safer, or just plain
entertain us.
JJD: What is changing about how
material properties are characterized
compared to the past?
AA: Obviously, what makes these
materials unique are their properties
in the RF and microwave frequency
bands. Most common test methods were
developed in the 1970s, when the only
markets were defense and aerospace.
This has led to materials being character-
ized at X-band frequencies (10 GHz),
as that is where many of these applica-
tions operated. Today, we have wireless
communications from 800 MHz to 2.5
GHz, microwave backhaul radios from
7 to 40 GHz, and now millimeter-wave
backhaul to 60 GHz and beyond.
Additionally, automotive sensors as
high as 77 GHz are being developed.
And there is demand for data specific to
their frequency bands. This frequency-
specific data is not only for circuit mod-
eling. Ultimately, this information also is
used for standardized quality testing.
Unfortunately, there is no standard
test method. Material suppliers have had
to rely on their knowledge of testing and
microwave theory. The data on these
materials is out there now. But I would
caution designers to have discussions
with their suppliers and ask questions
about testing protocols, signal launch
schemes, and calibration methods.
Ultimately, the best approach is to look
at the data and verify if it matches what
you are seeing in the applications and if
it make sense. I
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