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High-frequency laminates provide foundation
for advanced mobhile networks

By Art Aguayo, Jr., Rogers Corporation, Advanced Circuit Materials Division

dvanced wireless networks such as

those based on 3GPP Long Term

Evolution (LTE) and WiMAX
technologies must meet subscribers’ growing
appetite for mobile access to high-speed data.
For example, the demand for mobile data is
projected to grow at a compound annual rate
of 108 percent through 2014.! By that time,
the amount of data traveling through mobile
wireless networks is expected to reach 3.6 EB
or 3.6 billion TeraBytes of data. Meeting the
performance and cost targets of these emerging
wireless networks starts at the printed-circuit-
board (PCB) level, with reliable laminate
materials optimized for the environmental
and electrical requirements of the many
RF/microwave components in these systems.
Rogers Corporation (www.rogerscorp.com),
with a long history of supporting wireless
infrastructure components and subsystems
from first-generation (1G) analog networks to
the more spectrum-efficient digital networks
like LTE (4G), has developed innovative
laminate materials (see Figure 1) with the
right blend of characteristics to meet the high-
data-rate demands of these emerging mobile
wireless networks. Among these laminates are
several materials optimized specifically for
amplifier and antenna applications.

Materials for base-station power amps

One of the more critical components in a
wireless base transceiver station is the power
amplifier, since it must provide the output
power and linearity to transmit signals

with complex digital modulation but do so
efficiently so that power consumption and the
cost of operating the amplifier are minimized.
The laminate materials for these wireless
base-station power amplifiers are typically
differentiated by composition or dielectric
constant. For example, laminates are formed
of thermoplastic resin systems, such as
polytetrafluoroethylene (PTFE), with Teflon®
from DuPont a well-known example of this
type of material, as well as using thermoset
resin systems.? Fillers, such as woven glass
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and/or ceramic powders, are used with both
types of materials for improved mechanical
integrity. Laminate materials for base-station
amplifiers can also be selected by their
electrical properties, such as their relative
dielectric constant (Dk). Materials with lower
Dk values in the range of 2.55 to 3.5 are
available with good stability and low loss,
while materials with higher Dk values, such
as Rogers RO3006™ laminate with a Dk of
6.15, allow designers to fabricate finer circuit
features for a given frequency in order to
create smaller power amplifiers.

One of the most popular substrate materials
for base-station power amplifiers has been
RO4350B laminate from Rogers Corp.,
attractive for its blend of high performance,
high plated-through-hole reliability, and
moderate cost. With a low Dk of 3.48, this
thermoset resin laminate is often used along
with Rogers RO4450B and RO4450F™
prepreg materials (with the same Dk and
matched electrical characteristics) to form
multilayer RE/microwave circuits. The
RO4350B materials are also commonly used
as cap layers with low-cost epoxy/woven-glass
substrates such as FR-4 when fabricating
multilayer circuit boards.

In some parts of the world, 4G LTE
networks will deploy at 700 MHz, with
network operators focusing on reducing
capital expenditure (CAPEX) and operational
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expenditure (OPEX). One way to achieve

this is by developing base stations that fit in
tower-mounted installations with the smallest
possible footprint. And this means reducing
the size of the RF/microwave circuitry as much
as possible. Material options with a low Dk
value, such as RO4350B thermoset laminates,
yield larger PCBs, while high Dk materials
such as RO3006 PTFE-based laminates, with
a Dk of 6.15, yield smaller circuits. Compared
to thermoset materials, PTFE-based materials
have added manufacturing expense because
they require special processing steps when
fabricating multilayer PCBs with plated
through holes.

In support of the infrastructure of LTE
and other 4G networks, Rogers Corporation
recently introduced a new product for
developing smaller, lower-cost power
amplifiers. This new material, RO4360
high frequency laminate, provides designers
with many of the advantages of RO4350B
laminates, but with the high 6.15 Dk needed
for achieving smaller RF/microwave circuits.
Table 1 compares some of the key electrical
parameters related to amplifier circuits for
R0O4350B laminate and RO4360 laminate,
including Dk, dissipation factor (Df), thermal
conductivity, and coefficient of thermal
expansion (CTE).

Thermal management is a particular
concern for designers of RF/microwave
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power amplifiers trying to develop circuits

in smaller footprints. Since such design
approaches result in increased power densities
and PCBs operating at higher temperatures,
selecting a substrate material with optimal
thermal conductivity can significantly decrease
temperature rise in the circuit board. RO4360
laminate, with thermal conductivity of

0.8 W/m/°K, provides improved heat flow
compared to many traditional PTFE-based
high-Dk materials, providing RF/microwave
designers with a greater margin of safety when
calculating operating temperature.

Microwave materials for backhaul radios

With their increased data capacities, emerging
4G wireless communications networks also
require impressive backhaul communications
links. These networks must not only send
large amounts of data between a mobile user
and a base transceiver station, but between
different nodes in the network and eventually
to the main switching station for entry into the
internet backbone. Backhaul connections are
typically made by copper or fiber-optic wires or
by microwave radios. With the increased data
capacities of 4G networks, these microwave
radio links must take advantage of the wider
bandwidths at higher operating frequencies,
typically including 24 GHz, 38 GHz, 42 GHz
(in Europe), and at unlicensed bands of

60 GHz and higher.

Of course, generating and processing these
millimeter-wave frequencies are not trivial
tasks. The loss budgets for microwave radios
operating at these higher frequencies become
critical, for example, when available power
typically diminishes with increasing frequency.
When designing components for these higher-
frequency microwave radios, it is essential
to understand the losses affecting a radio’s
signal strength from a materials perspective,
in particular dielectric losses and conductor
losses. Materials nominally developed for use
at frequencies below 40 GHz must be modified
for suitable performance at higher frequencies.

One way in which Rogers optimized their
RO4000® family of PCB materials for higher-
frequency use was by minimizing conductor
losses through the use of reduced-roughness
copper. The use of low-profile copper on
RO4000 dielectric materials had not been
possible because of the reduction in peel
strength that occurs when using lower-surface-
area copper. The development of LoPro™
foil enabled the use of copper foils with
significant lower surface roughness (a decrease

Figure 2: Comparing
LoPro foil and
standard conductive
foil on R04003C
laminate (plotted

as dB/inch loss in
the y-axis against
frequency in GHz in
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@10GHz | @10 & 2.5GHz | conductivity X,Y,Z
W/m/'’K
RO4350B 3.48 0.0037/0.0031 0.62 14/16/35
laminate
RO4360 6.15 0.0038/0.0030 0.80 17/15/30
laminate

Table 1: Comparing thermoset low- and high-Dk microwave materials.

*Per IPC-TM-650 2.5.5.5

in RMS roughness by as much as a factor of
6) without sacrificing copper peel strength.
Measurements performed on 0.008-inch-thick
(0.2-mm-thick) RO4003C laminates with
standard copper versus those with LoPro foil
revealed a 30 percent to 40 percent reduction
in insertion loss for the laminates with LoPro
foil compared to the laminates with standard
copper (Figure 2).

Data in Figure 2 were taken by measuring
basic print and etch samples, with no plating
of the 50-Q copper traces. In practice, copper
traces require some form of protection against
corrosion, and metallic plating is often used
for this purpose. Electroless nickel/immersion
gold (ENIG) is commonly used to protect
against corrosion, although it contributes to
increased conductor loss. For that reason,
when conductor losses must be minimized, as
in high-frequency 4G backhaul applications,

alternative metallic finishes should be explored.

Base-station antenna materials

Emerging 4G cellular networks such as

LTE employ a number of novel techniques,
including multiple-input, multiple-output
(MIMO) antenna approaches, to achieve high
levels of performance even in environments
with severe fading and multipath effects.

To meet the requirements of MIMO PCB
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base-station antennas, Rogers developed its
RO4730™ Antenna Grade material with low
loss and excellent mechanical stability. Part
of the company’s RO4000 family of materials
products, RO4730 laminate consists of a
thermoset resin coated on woven glass with
microsphere filler. The combination results
in a reliable material with Dk of 3.0 and low
loss tangent (Df) of 0.0023 at 2.5 GHz with
mechanical properties much like FR-4.

Unlike soft PTFE/woven glass laminates
that have traditionally been used for
fabricating PCB antennas, more rigid materials
are better suited for larger PCB antennas
which typically employ laminates with an
unbalanced distribution of copper (copper
traces on one side of the dielectric and a
full ground plane on the other side). A key
performance parameter for antennas used in
advanced mobile wireless networks is passive
intermodulation distortion (PIM), which is
essentially the unwanted mixing of two or
more signals in a passive component, such
as an antenna. The component parts of an
antenna, such as the substrate material and
its copper cladding, contribute to PIM and an
understanding of their relative contributions
can help in specifying PCB antenna substrates
with inherently low PIM. Research at Rogers
Corporation on how to minimize PIM at the
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material level has led to the integration of
LoPro foil with RO4730 dielectric material.
To evaluate the PIM performance of this
material, a 50-Q transmission line is fabricated
and tested by measuring the level of the
third-order signal produced by a two-tone
swept signal at 1900 MHz and +43 dBm.

The measurements have shown typical PIM
levels in the range of -160 dBc for RO4730
laminate with LoPro foil. Of course, the PIM
of practical antenna designs can be impacted
by a number of different component parts,
including connectors, solder junctions, and
even PCB layouts, so the values for a complete
PCB antenna fabricated on RO4730 laminate
with LoPro foil may differ from those for
measurements of a simple 50-Q line on the
same material. Still, this material test method
does provide a good indication of expected
overall PIM performance for a PCB antenna
fabricated on the material.

Conclusion

The demanding requirements of emerging
wireless mobile networks and the RF/
microwave components in their base-station
transceiver stations are forcing designers

of amplifiers, antennas, and other key high-
frequency components to carefully consider
their design options and even materials
choices. Rogers Corporation has worked
with the developers of these networks and
their components to better understand the
mechanical, environmental, and electrical
requirements for PCB materials that will
provide the performance levels needed to
provide wireless data at rates of 100 Mb/s and
beyond.

4Note: Teflon is a registered trademark of E.1.
du Pont de Nemours and Company.

R0O4000, RO3000, RO3006, RO4350B,
RO4450B, RO4450F, RO4003C, LoPro,
RO4360, and RO4730 are licensed trademarks
of Rogers Corporation.
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Graphene-based transistors tuned
through water adsorption

Researchers at Rensselaer Polytechnic In-
stitute developed a new method for using
water to tune the band gap of the nanomate-
rial graphene, opening the door to new gra-
phene-based transistors and nanoelectron-
ics. By exposing a graphene film to humidity,
Rensselaer Professor Nikhil Koratkar and
his research team were able to create a band
gap in graphene, a critical prerequisite to
creating graphene transistors. At the heart
of modern electronics, transistors are de-
vices that can be switched “on” or “off” to
alter an electrical signal.

Graphene, an atom-thick sheet of carbon
atoms arranged like a nanoscale chain-link
fence, has no band gap. Koratkar’s team
demonstrated how to open a band gap in
graphene based on the amount of water
they adsorbed to one side of the material,
precisely tuning the band gap to any value
from 0 to 0.2 electron volts. This effect was
fully reversible and the band gap reduced
back to zero under vacuum. The technique
does not involve any complicated engineer-
ing or modification of the graphene, but
requires an enclosure where humidity can
be precisely controlled.

“Graphene is prized for its unique and
attractive mechanical properties. But if you
were to build a transistor using graphene, it
simply wouldn’t work as graphene acts like
a semi-metal and has zero band gap,” said
Koratkar, a professor in the Department
of Mechanical, Aerospace, and Nuclear
Engineering at Rensselaer. “In this study,
we demonstrated a relatively easy method
for giving graphene a band gap. This could
open the door to using graphene for a new
generation of transistors, diodes, nanoelec-
tronics, nanophotonics, and other applica-
tions.” Results of the study were detailed in
the paper “Tunable Band gap in Graphene
by the Controlled Adsorption of Water Mol-
ecules,” published by the journal Small.

The symmetry of graphene’s lattice struc-
ture has been identified as a reason for the
material’s lack of band gap. Koratkar ex-
plored the idea of breaking this symmetry
by binding molecules to only one side of
the graphene. To do this, he fabricated gra-
phene on a surface of silicon and silicon
dioxide, and then exposed the graphene to

Researchers at Rensselaer Polytechnic
Institute developed a new method for using
water to tune the band gap of the nanomaterial
graphene, opening the door to new graphene-
based transistors and nanoelectronics. In this
optical micrograph image, a graphene film on
a silicon dioxide substrate is being electrically
tested using a four-point probe.

an environmental chamber with controlled
humidity. In the chamber, water molecules
adsorbed to the exposed side of the gra-
phene, but not on the side facing the silicon
dioxide. With the symmetry broken, the
band gap of graphene did, indeed, open up,
Koratkar said. Also contributing to the ef-
fect is the moisture interacting with defects
in the silicon dioxide substrate.

“Others have shown how to create a
band gap in graphene by adsorbing different
gasses to its surface, but this is the first time
it has been done with water,” he said. “The
advantage of water adsorption, compared
to gasses, is that it is inexpensive, nontoxic,
and much easier to control in a chip ap-
plication. For example, with advances in
micro-packaging technologies it is relatively
straightforward to construct a small enclo-
sure around certain parts or the entirety of
a computer chip in which it would be quite
easy to control the level of humidity.”

Based on the humidity level in the enclo-
sure, chip makers could reversibly tune the
band gap of graphene to any value from 0 to
0.2 electron volts, Korarkar said.

This study was supported by the Ad-
vanced Energy Consortium (AEC), Na-
tional Institute of Standards and Technology
(NIST) Nanoelectronics Research Initiative,
and the U.S. Department of Energy Office
of Basic Energy Sciences (BES).
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