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dielectric constants provide excellent
isolation for lower-frequency signals,
particularly in dense circuits with
closely spaced conductive lines. Ma-
terials with higher relative dielectric
constants provide a means by which
a circuit can be reduced in size and
are usually used in lower frequency
applications or where the size of a
board needs to be minimized.

Since conductive transmission lines
must be formed on a dielectric substrate
material to create a circuit, materials
suppliers generally offer their products
in the form of laminates, with different
available thicknesses of copper foil or
thick metal cladding on the surfaces of
the dielectric material For an ampli-
fier, the dielectric constant, the thick-
nesses of the dielectric material and
the copper conductors will impact the
final size and performance of a design.

Various characteristics of a sub-
strate's relative dielectric constant can
be critical to a power amplifier circuit,
such as consistency across the lami-
nate, lot-to-lot uniformity, and stabil-
ity with changes in temperature. For
example, variations in the dielectric
constant across the length (x direc-
tion), width (y direction), and thick-
ness (z direction) of a laminate can
result in changes in the impedance of
a transmission line formed on that

substrate, causing signal reflections
and frequency deviations. Laminate

suppliers typically characterize their

ower-amplifier designers
create a circuit

based on specific active
devices for the output
stage. While the choice of
transistor determines the

ultimate performance of an amplifier,
printed-circuit-board (PCB) materi-
als can also playa major role in an

amplifier design. Selecting optimum
substrate materials for an amplifier
can improve gain and stability, and
enable the maximum output power
possible for a design.

High-frequency amplifier designers
have a wide array of PCB materials
from which to choose, from lower-cost
FR-4 and thermoset-resin dielectric

materials to higher-perfor-

mance (and higher costing) dielectric
materials based on polytetrafluoroeth-
ylene (PTFE) reinforced by woven glass
or ceramic filler (Fig. 7). Understanding
the electrical and mechanical proper-
ties of those materials and how they

impact amplifier performance can help
guide an amplifier designer through
the materials selection process.

All substrate materials are defined
by their permittivity (£). The param-
eter describes the capability of a mate-
rial to act as an insulator of electrical
charges as well as by its capability to
store charges. Substrate materials are
typically defined by measuring their
permittivity relative to that of a vac-
uum, which is unity or 1. Because it
is referenced to a vacuum, the relative
permittivity (or dielectric constant),
£i, of a substrate material is always
greater than 1. For most high-frequen-
cy circuits, vendors offer substrate
materials with dielectric constants
from about 2 to 10 as measured in the
z-axis of the material (or through the
thickness of the material).
I The basic trade off in substrate
materials with lower versus higher
values of dielectric constant is the lev-
els of insulation provided by the ma-
terials. Materials with lower relative

1. Amplifier designers have a wide array

of laminates from which to choose. under-

standing key materials parameters can

simplify the selection process.
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of thermal expansion (CTE). The ther-
mal conductivity is a measure of the
amount of heat that passes through a
unit area of a laminate of unit thick-
ness, with higher values indicating a
better capability of conducting heat
away from the copper transmission
lines and through the dielectric materi-
al. The thermal conductivity is defined
in terms of watts of power per meter
of laminate material per degrees Kel-
vin. For RO4350B laminate material,
for example, the thermal conductivity
is 0.62 W/m/K measured at +100°C.

The CTE characterizes physical
changes in a laminate material with
changes in temperature. In the x and y
directions, the CTE of a dielectric sub-
strate is usually engineered to match
the CTE of copper, so that expansion
and contraction of copper conductors
and dielectric material occur at the
same rate. The CTE of copper is typi-
cally 17 PPM/oC. In contrast, Rogers
RO4350B laminate has CTE values of
14 and 16 in the x and y directions,
respectively, and CTE of 35 in the z
direction when measured from -55 to
+288°C, to closely match the thermal
expansion and contraction of cop-
per traces formed on its surfaces. For
multilayer designs, the z-axis CfE is
of interest to ensure the reliability of
pm connections. Low values of CTE
usually result in excellent dimensional
stability for a laminate used in ampli-
fiers or other high-frequency circuits.

Related to a laminate's CTE is its
glass transition temperature, Tg. This
is the temperature at which the CTE
makes a drastic change from a low
value to a much higher value, cor-
responding to a change in phase for
the laminate's resin system. Because
such a change in CTE can result in
unpredictable or unstable electrical
performance, amplifier designers usu-
ally specify laminates with the highest
possible Tg, to withstand the temper-
ature extremes of soldering and other
production processes. As an example,
the Tg of RO4350B laminate is more
than +280°C, .considerably higher
than most other organic substrates.

termined by the width and insertion
loss of its conductors as well as by the
ground-plane spacing. But a dielectric
material parameter-the dissipation
factor-can also playa major role in
determining the ultimate output pow-
er available from a given amplifier de-
sign. The dissipation factor, which is
also known as the loss tangent, is the
ratio of the material's loss to its ca-
pacity .All laminates suffer some loss;
in a power amplifier, the loss results
in added generation of heat, dictating
the use of a laminate material with
the lowest dissipation losses possible
to minimize thermal effects. Low-loss
materials can also ensure maximum
gain from an amplifier design. As an
example, RO4350B laminate has a
low dissipation factor of 0.0031 at
2.5 GHz for low insertion loss in both
low-noise and high-power amplifiers.

Moisture absorption is a material
parameter that can affect the value of a
laminate's relative dielectric constant,
since most resin-based dielectrics will
absorb small amounts of water under
conditions of high humidity. Since wa-
ter has a dielectric constant of about
73, absorption by a low-dielectric-
constant substrate material can raise
the relative dielectric constant, leading
to variations in impedance for conduc-
tors. Laminate moisture absorption can
also increase leakage current, and cre-
ate reliability problems in high-power
amplifiers or require the use of an ex-
pensive package to protect the circuit-
ry from moisture absorption, leading
to increased dielectric losses and over-
all deterioriation in performance. The
dissipation factor of the material can
also be affected by moisture. Depend-
ing upon the expected environmental
conditions for an application, ampli-
fier designers generally select a mate-
rial with low moisture absorption. For
RO4350B material, for example, the
moisture absorption is extremely low,
at 0.06 percent when tested with 48
hours emersion in water at +50°C.

Two other laminate parameters
related to high-power capabilities are
thermal conductivity and coefficient
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With the increasing use of digital
modulation in wireless communication
systems, amplifier designers must mini-
mize the amount of distortion exhibited
by their circuits. Particularly in systems
relying on multitone signal formats,
intermodulation distortion (IMD) can
be a limiting factor in bit-error-rate
(BER) performance. To minimize the
substrate as a source of passive inter-
modulation (PIM), amplifier design-
ers can specify laminates specifically
engineered for low PIM. For example,
RO4350B LoPro laminate from Rogers
Corporation is essentially a variant of
the firm's RO4350B material, using re-
verse-treated copper foil in place of "a
more standard" electrodeposited (ED)
copper (Fig. 2). The dielectric proper-
ties of the RO4350B LoPro material
remains the same as that of RO4350B
material, but with lower insertion loss
and improved PIM performance (typi-
cally -150 dBc). The LoPro technology
results in a laminate with smooth cop-
per surface, reducing conductor losses.

High-frequency power-amplifier
designers have traditionally used lam-
inates with dielectric constants from
3.0 to 3.5. But increasing demands for
miniaturization in both commercial

Of course, shrinking an amplifier's
circuitry can lead to challenges in dis-
sipating the heat generated by the ac-
tive devices. The thermal conductivity
of RO4360 laminates is somewhat
higher than that of RO4350B materi-
al, at 0.8 W/m.K versus 0.64 W/m.K,
to support the higher power densities
of smaller amplifier circuitry. At the
same time, the CTE performance for
the two materials is comparable. The
CTE values for RO4360 laminates are
about 17,15, and 30 PPWC in the x,
y, and z directions, respectively, com-
pared to CTE values of 14,16, and 35
PPWC in the x, y, and z directions,
respectively, for RO4350B laminate.
The RO4360 material has a thermal
coefficient of dielectric constant of
-120 PPM!°C in the z direction when
evaluated in a short-term test from
-50 to +lso°C (Fig.4), compared to a
value of about -160 PPWC for other
commercially available laminates with
relative dielectric constant of about 6.

Because of the increased power
densities of newer device technolo-
gies, including silicon-carbide (SiC)
and gallium nitride (GaN) transistors,
even the most advanced laminate ma-
terials require careful thermal design

3. The size of a 2.4-GHz microstrip bandpass

filter can be reduced by 27 percent using a

laminate with relative dielectric constant of

6.15 (bottom) instead of 3.48 (top}.

and military systems has many ampli-
fier designers seeking laminates with
higher dielectric constants, since such
materials can allow circuit dimensions
to shrink while maintaining required
impedances. For example, for amplifi-
er designers accustomed to RO4350B
laminates with a dielectric constant of
3.48, the use of RO4360 laminates
from Rogers Corporation, with a
dielectric constant of 6.15 :t 0.15 in
the z direction (at both 2.5 and 10.0
GHz), can result in a considerably
smaller amplifier circuit without sac-
rificing performance (Fig.3) or cost.
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5. The insertion loss of a microstrip line is plotted here through 26 GHz

for 20-mil-thick RO4360 laminate.

4. The temperature coefficient of dielectric constant for RO4360 is

plotted here from -60° to + 160°C. The RO4360 material is based on the same proven tech-
nology as RO4350B material, but with a higher dielectric
constant. It is a glass-reinforced, ceramic-filled thermoset
laminate that can be processed with the ease of low-cost
FR-4 material. It is suitable for use with lower-dielectric-
constant materials in multilayer designs. Normally, an
increase in dielectric constant implies an increase in the
dielectric-constant tolerance as well. But for the RO4360
laminates, the tolerance for the relative dielectric constant
is :!:0.15 or :!:2.4 percent of the full value of relative dielec-
tric constant, which is tightly controlled for a material with
this value of relative dielectric constant.

For laminates with higher relative dielectric constants,
the dissipation factor will usually be higher than for materi-
als with lower values of relative dielectric constant. For the
RO4360 material, however, the dissipation factor is nearly
the same as that of RO4350B material, 0.0038 in the z
direction at 10 GHz for RO4360 material versus 0.0037 in
the z direction at 10 GHz for RO4350B material, resulting
in low insertion loss for the stripline and microstrip match-
ing circuits used for power amplifiers (Fig. 5). Of interest to
amplifier designers is the improvement in thermal conduc-
tivity for the RO4360 material versus RO4350B laminate,
an improvement of 22 percent by merit of thermal conduc-
tivity of 0.80 W/m-K. In addition to reducing the size of an
amplifier circuit, the higher relative dielectric constant of
the RO4360 material helps to reduce radiation losses in a
design. Similarly, RO4360 laminate provides CTE perfor-
mance that is comparable to that of RO4350B laminates.
The RO4360 material exhibits CTE of about 17 PPMrC in
the x direction, 15 PPMrC in the y direction, and 30 PPM/
°C in z direction, compared to x, Y. and z values of 14,16,
and 35 PPMrC, respectively for RO4350B laminate.

There can be many possible interactions between any
substrate and the circuit fabrication, assembly processes and
end user application. Because of these concerns, a thorough
evaluation of the circuit material should be performed. Even
though RO4000 materials have been used extensively for
many years in power amplifier applications, good engineer-
ing practices suggest that due diligence is recommended.llfIR~

when creating a compact amplifier with either RO4350B or
RO4360 materials. Heat generated by an active device must
follow a low-resistance thermal path from the device and
the laminate to either a dedicated heatsinkor metal pack-
age flange serving as a heatsink. In extreme cases, forced-air
cooling may be required to ensure that any active devices do
not exceed their rated junction temperatures.
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