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Microwave Materials
Lay Foundation For PAs

Understanding key material parameters can help
power-amplifier designers to choose the optimum high-
frequency laminate in support of their circuits.

JOHN COONROD

Market Development Engineer

Rogers Corp., Advanced Circuit Materials Div., 100 S.
Roosevelt Ave., Chandler, AZ 85226; (480) 961-1382,
FAX: (480) 961-4533, Internet: www.rogerscorp.com.

ower-amplifier designers

typically 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 play a 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 hicher-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),
&, 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
7-axis of the material far through the

rhickess of the material
The basic trade off in substrar
"l.'lli.'l'l.i.!.\ WITH BOWEer versds |'|:I_'_ 1}
i values of dielectric constant s the ey
els of msulanon provided by the ma-
terrals, Macenals wath lower relative

1. Amplitier designers have a wide array

of laminates from which to choose. Under

standing key materials parameters can

simplify the selection process,

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,

H'CII a5 .."'Ilnl."-f:'llx':. across the fami-
nate, lot-to-lot uniformity, and stabi
ity with chanpes in tomperature, For
example, vanations in the dielectric
constant across the length (% dire
tion), width {y direction), and thick
ness {2 direction) of a laminate can
resilt m changes in the impedance ol
| transmassion lme formed on that
substrare, causing signal reflections
ind  frequency deviations.  Laminate
supphers. typically  characterize then
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—— RO43508 standard laminate
— R043508 LePro™ laminate
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2. This plot compares RO43508 insertion loss with different copper foil types
S Wb for 0.7-remy (0,004} bamiinate
for RO43508 and
RO43508 LoPro lami- ~0.5
nates using 0,1-mm- \\\
thick (0.004-in.thick) | 5 ~1| =
circuit boards.

products in terms

Irmrﬂur; Inss-—li'ﬂfhl.
i

af tolerance wval-

ues for the rela- -5
tve dielectnic
constant m the z =309 10

dirgction as well

as providing dara reparding the rela-
tive dicleceric constant over a defined
temperature range, usually referenced
to the value of the relative dielecrnc
constant at room temperature (+25°CL
Lower tolerance values translate into
mare predictable resules from the de-
sign stage to the production stage, espe-
cially for amplifiers subject to tempera-
ture extremes, such as in an outdoor
cellular communications tower. Tight-
er tolerances support closer agreement
berween modeled and measured per-
formance when designing an ampli-
fier with computer-aided-engineering
{CAE) simulation sofrware.

Changes in the dielectric constant
of o drcuit-board material as a func-
nion of emperature are described by a
parameter known as the thermal coet-
hicient of dielectric constant, In order
to minimize the effects of emperarure
variations, substrate suppliers employ a
variery of fillers for their dielectric ma-
terials, in addition to radidonal glass-
based fillers, The thermal coefficient of
dielecrric constant is defined i terms
of changes in the dieléctric constant in
parts per million (PPM) per change in
temperature in degrees Celsius ("CL

As an example, RO43508 lamimare
from Rogers Corporation [www,rog-
erscorp.com) is a circuit-board mate-
rial with dielectric constane of 3.48
+ (0,05 measured in the z-axis, This
represents a typical vamation of only
£1.4 percent in the relanve diglectric
constant; For fabricating the imped-
ance-matching networks needed for
amplifier designs, the thickness of the

20 in 40 50
Frequency—GHz

0

material is tightly controlled within =8
percent for a 20-mil-thick substrate.
The marerial, which is suitable for
hath low-naoise and high-power RF/
microwave amplifiers, has a thermal
coefficient of dielectric constant of
+50 PPMMC when evalvated with a
short-term exposure test over ambient
temperatures from -50° o +150°C,
indicating an increase of 50 PPM in
the value of the relative dielectric con-
stant for every one-degree Celsius rise
in temperature, OF interest to power-
amplifier designers, RO4350B lami-
nates utilize RoHS-compliant, flame-
retardant rechnology for applications
requiring UL 94Y-0 certification.
RO4350B matertal 1 mechani-
cally stable and uses a thermoser
resin lamnate reinforced by a com-
bmation of glass and ceramuc fillers.
It is engineered to be used in fabrica-
tion processes similar o those used
with low-cost epoxyiglass FR-4 PCB
materials and does not require spe-
cialized preparation (as needed by
PTFE substrates) when fabricatng the
plated through holes (PTHs) used to
interconnect different circuit lavers in
multilaver circut designs. In addinon,
multilaver boards can be fabricared at
FR-4 temperatures with the use of the
RO4400 tamily of prepregs.
Drepending upon the power levels
and efficiency of the design, high-fre-
quency power amplifiers can generate
enough heat o cause variations in
the dielectric properties of a laminate
material. A printed circuits power-
handling capabilities are usually de-
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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

% Dielectric constant = 3,48 3;
R
5 —
1

< >

2.992in. (75.997 mm)

Dielectric constant = 6.15

|

- 1

2.3241in.(59.030 mm) >

2.4-GHz microstrip edge-coupled bandpass
filter size reduction of 29 percent
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 = 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.

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 PPM/°C in the x,
y, and z directions, respectively, com-
pared to CTE values of 14, 16, and 35
PPM/°C 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 +150°C (Fig. 4), compared to a
value of about -160 PPM/°C 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
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1.025 = 6.3 dielectric constant
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4, The temperature coefficient of dielectric constant for RO4360 is
plotted here from -60° to +160°C.

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 heatsink or 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.

Microstrip insertion loss for 20-mil-thick RD4360 laminate

=0.20

~0.60
~0.80 -
=1.00
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5.The insertion loss of a microstrip line is plotted here through 26 GHz
for 20-mil-thick RO4360 laminate.

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
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