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UHF Diplexer

Model 7CZSP-397.5/442.5 is a UHF diplexer that has
been qualified for space applications. The diplexer has
been designed to minimize size and weight while main-
taining a maximum 2 dB insertion loss in the TX and RX
channels. The TX path has been tested for 60W of power
handling in a space-level vacuum and at critical altitude
in a Mars gas atmosphere. To support the low sensitivity
receiver, the RX channel maintains over 100 dB of TX

isolation.
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Ultra-Wideband Wilkinson Power Dividers

Now available are ultra-wideband Wilkinson power di-
viders with exceptional bandwidth of up to 65:1. These
in-phase power dividers provide outstanding isolation,
amplitude and phase balance. Six new models are offered
with frequencies ranging from 0.4 to 65 GHz. Available
in SMA, 2.4 mm or 2.92 mm connector configurations.
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New 2-Way Combiner

Model D8682 is a high power combiner designed spe-
cifically for multi-octave, commercial and military solid
state amplifier applications. This model is only one of
several by the company available with full 20 to 1000
MHz bandwidth, at power levels ranging from 25 to
500W CW. Model D8682 measures 5.2 x 2.7 x 1.8",
with an insertion loss of 0.6 dB (max.), VSWR of 1.35:1
and port-to-port isolation of 15 dB.
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Miniaturize Microwave Power Amplifiers by Means of PCB
Materials Selection

by Jobn Coonrod, Rogers Corporation

ower amplifier specifiers
Pcontinue to seek units

with higher power levels
in smaller packages for com-
mercial, industrial, military,
and even medical applications.
Although the selection of power
transistors and their match-
ing networks is critical to the
ultimate performance possible
with a given amplifier design,
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New Low Noise Wideband Amplifiers

the printed-circuit-board (PCB)
material also plays a key role in
determining the overall perfor-
mance and even the size of the
amplifier.

The dimensions of the trans-
mission lines in a high frequen-
cy amplifier circuit are directly
related to the wavelengths of the
frequencies for which the ampli-
fier is intended. As the frequen-

cies increase, the wavelengths
of those frequencies decrease,
along with the dimensions of
the transmission lines and other
circuit structures on an ampli-
fier PCB. A critical design step
in any high frequency ampli-
fier is determining the imped-
ances necessary to transform
the typically low impedance of
an RF/microwave transistor to
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the characteristic impedance of
the system in which the ampli-
fier will be used, typically 50 or
75 Q. The necessary matching
impedances can be found by
using a Smith Chart and scat-
tering-parameter (S-parameter)
values or performing simula-
tion and calculations with a
computer-aided-design (CAD)
program.

In addition to wavelength,
the dielectric constant of the
PCB material can also deter-
mine the size of an amplifier’s
transmission lines and circuitry.
Air, for example, has a dielectric
constant of 1; practical PCB
substrate materials have higher
values. Materials with extreme-
ly low loss, such as polytetraflu-
oroethylene (PTFE), have values
as low as 2.2. By using PCB
materials with higher values,
however, it is possible to design
amplifier circuits for a given
frequency range that are pro-
portionally smaller than similar
circuits designed on a lower-
dielectric-constant material.

Although using a PCB sub-
strate material with higher
dielectric constant can reduce
the size of high frequency circuit
features, conductor widths must
also be made narrower with a
higher-dielectric-constant mate-
rial to maintain desired imped-
ance values. These shorter and
narrower circuit dimensions
can present challenges for some
circuit fabrication processes.
Fabricating circuits with finer
features requires precise control
of circuit-feature definition as
well as excellent dimensional
stability of the PCB substrate
during the circuit fabrication
process. In addition, as ampli-
fier circuits are miniaturized,
and power transistors more
closely spaced, sound thermal-
management practices must be
followed to ensure the reliability
of these more compact amplifier
designs.

Avariety of different dielectric
substrate materials have been
used for high frequency ampli-
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fier circuits, from low-cost FR-4
materials to higher-cost, higher-
performance PTFE-based PCB
substrates. One material that
has delivered proven perfor-
mance in a wide range of micro-
wave power amplifier designs
is RO4350B™ laminate from
Rogers Corporation (www.
rogerscorp.com). The low-loss
copper-clad thermoset material
exhibits a dielectric constant of
3.48, with low coefficient of
thermal expansion (CTE) for
good dimensional stability with
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temperature. Because it is not
based on PTFE, it can be pro-
cessed with the simple, low cost
methods used for FR-4 sub-
strates.

A PTFE laminate, with its
lower dielectric constant (typi-
cally 2.2) and lower dissipation
factor (loss) than RO4350B
material, can ensure maximum
gain from an amplifier with
minimal generation of heat. But
PTFE materials are also more
expensive than RO4350B lami-
nates, with a higher cost of circuit
fabrication. To support tighter

cost and loss budget require-
ments, additional PCB materials
were developed to complement
RO4350B laminates, using the
same non-PTFE dielectric sys-
tem but with a special copper
laminate to minimize conduc-
tor losses. With dielectric con-
stants ranging from 3.0 to 3.8,
these newer RO4350B LoPro™
laminates feature a low-profile
copper foil with low loss and
excellent thermal characteristics
for use in power amplifiers at
microwave frequencies.

Figure 1 offers a comparison
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of the RO4350B and RO4350B
LoPro PCB materials along with
performance curves for low-cost
FR-4. All three of these sub-
strates are thermoset materials.
The fourth curve is for a PTFE-
based material, RO3035™ sub-
strate from Rogers, a ceramic-
filled PTFE system that sup-
ports ease of circuit fabrication
compared to traditional PTFE
substrates while maintaining
the low-loss advantages of stan-
dard PTFE substrates. All four
PCB materials have been used
in power amplifier designs for
a variety of different frequency
bands and applications.
Designers seeking to minia-
turize high frequency circuits
have traditionally been lim-
ited to PTFE-based laminates
when seeking materials with
high dielectric constants. PTFE
laminates have been available
with dielectric constants of 10
and higher, allowing designers
to achieve significant reductions
in the size of their amplifier cir-
cuits. Typically, the PTFE mate-
rials used to design reduced-
form-factor amplifiers have a
dielectric constant around 6.
Unfortunately, PTFE is a soft
material subject to dimensional
changes over temperature, a
problem that can cause unwant-
ed changes in performance when
the substrate materials are used
in high power amplifier circuits.
Because circuit features shrink
when using higher-dielectric-
constant PCB materials, the
dimensional instabilities of
PTFE substrates can pose prob-
lems for many high frequency
designs, especially amplifiers.
The low thermal conductivity
of PTFE materials can also place
limits on amplifier power levels
as circuit size is reduced and
heat-generating power transis-
tors are more closely spaced.
For designers seeking to min-
iaturize their amplifier circuits,
a practical alternative to high-
dielectric-constant PTFE PCB
materials is RO4360™ [ami-
nate recently introduced by
Rogers. Its dielectric constant
of 6.15 is comparable to that
of the PTFE substrates used to
design miniature power ampli-
fier circuits. This non-PTFE,

Rogers, Con’t on pg 70
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glass-reinforced thermoset material builds
on the legacy of RO4350B laminates,
although with increased thermal conductiv-
ity for handling higher output-power levels
in amplifier circuits. Standard RO4350B
materials have thermal conductivity that is
considered quite respectable, at 0.62 W/m-
K. The newer RO4360 laminates improve
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upon this value by about
22%, with thermal con-
ductivity of 0.80 W/m-K.

20mil Microstrip Insertion Loss,
Phase Length Difference Method

Since the RO4360 laminate
is based on glass-reinforced

thermoset dielectric rather

than PTFE, its dimensional

040

stability is quite good, and

080

the material is well suited

Loss (dB/in)

to standard, FR-4-type cir-
cuit fabrication processes.

0.70 =i

08 T === 03035
RO4350B LoPro

= RO43508

om 1| === High Tg FR-4

How much miniaturiza-

tion is possible by design- 4%
ing an amplifier with a 100
higher-dielectric-constant
PCB material? As an exam-
ple, Figure 2 shows the
difference in fabricating a

Figure 1: Microstrip insertion loss of different circuit
materials used in power amplifiers

Frequency (GHz)

microstrip edge-coupled

filter using a laminate with

dielectric constant of 3.48
(top) versus one with a
dielectric constant of 6.15
(bottom). For the operat-
ing frequency of 2.4 GHz,

Dk =3.48

a size reduction of about

2.992" (75.997mm)

29 percent was achieved
with the higher-dielectric-
constant material.

In selecting a PCB mate-
rial for a power amplifier,

Dk = 6.15

laminates with minimal
variations in thickness and
dielectric constant gener-
ally deliver circuits also
capable of minimal devia-
tions in expected perfor-
mance. As an example,
Doherty amplifier configu-

2.4 GHz Microstrip Edge Coupled Bandpass filter
size reduction of 29%

Figure 2: The same 2.4-GHz filter was fabricated on
a laminate with dielectric constant of 3.48 (top) and
dielectric of 6.15, with the higher-dielectric-material
yielding a considerable saving in physical size.

2.324" (59

rations have become widely
adopted in microwave amplifiers for wire-
less communications systems. The Doherty
amplifier is capable of high efficiency
with generous gain and output power. To
achieve that efficiency, however, the ampli-
fier requires quarter-wavelength impedance
matching sections between several portions
of the amplifier circuitry. The quarter-
wavelength transformers are formed by
printed conductors on the PCB. To achieve
proper phase response, it is essential that
the laminate material chosen for the trans-
former offers tightly controlled thickness
and dielectric constant. When the multiple
impedance matching sections of a high
frequency power amplifier can be tightly
controlled, with minimal reflected energy,
the amplifier’s efficiency can be optimized.
The RO4360 laminates achieve a dielec-
tric constant tolerance within +2.4% of
the nominal value (6.15), with a thickness
tolerance that is within £7.5% for a 20-mil-
thick laminate, to ensure tight control of
impedance transformation circuits.

Many high frequency power amplifier

circuits are based on microstrip technol-
ogy, although some newer designers are
also using stripline. Each technology has
its benefits and limitations in terms of
bandwidth and dispersion, although circuit
fabrication approaches differ for the two
technologies. A microstrip PCB can be fab-
ricated as a simple nonplated-through-hole
(PTH) board, which requires a simple and
inexpensive process. Stripline requires a
multilayer construction in which PTHs are
fabricated to connect different circuit lay-
ers. Fabrication of stripline circuits is more
complex and costly than that of microstrip
circuits.

Stripline circuits are typically formed
using laminate and bonding layers of a
substrate. Since the materials are different,
a traditional problem has been in construct-
ing a homogeneous stripline structure with-
out involving complex fabrication process-
es. Fortunately, along with the release of the
high-dielectric-constant RO4360 laminate
material, Rogers also recently introduced
its RO4460 prepreg bonding layer mate-
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Figure 3: Measurements of microstrip fabricated on 20-mil-
thick laminate and prepreg materials show extremely low
loss with frequency of both materials. The materials are
also suitable for multilayer stripline circuits.

rial with dielectric constant of
6.15 matched to that of the
RO4360 laminate. The prepreg
is a thermoset material with
electrical and mechanical char-
acteristics that are nearly iden-
tical to the RO4360 laminate,
allowing the fabrication of
homogeneous stripline. In addi-
tion, since neither the laminate
nor the prepreg contains PTFE,
standard, low cost fabrication
processes can be used in form-
ing stripline amplifier circuits.
Typically, prepregs devel-
oped for use with a particular
substrate material will exhibit
different dielectric properties.
But the RO4460 prepregs were
engineered to match the dielec-
tric constant and loss character-
istics of the RO4360 laminates;
in fact, the prepreg’s dissipation
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factor is the same or better
than that of the laminate to
ensure low-loss microstrip and
stripline circuits fabri-
cated with the laminate/
prepreg system. As evi-
dence, Figure 3 shows
the results of microstrip
circuits formed on the
laminate and prepreg
materials and tested for
insertion loss. Although
the loss characteristics
track with increasing
frequency, the prepreg
shows consistently lower
loss than the laminate
material, even at higher
frequencies.

For amplifier design-
ers concerned with meet-
ing environmental com-
pliance or Underwriters’

CALL FOR ISOLATOR PRICING

Laboratories (UL) requirements
for safety, the 6.15 dielectric
constant laminate and prepreg
materials are RoHS-compliant
and certified to UL 94 V-0 spec-
ifications. The materials have
also been proven to be quite
robust when used in lead-free
soldering processes.

When miniaturization of a
power amplifier circuit is an
issue, the simplest solution is the
use of a higher-dielectric-con-
stant PCB material. A number
of materials have been available
for some time, although most of
these are based on PTFE. While
the material provides excellent
low-loss performance, it offers
limited dimensional stability
as a function of temperature—
a true concern for designers
of high frequency, high-power
amplifiers. As an alternative,

WWW.MPDIGEST.COM SEPTEMBER 2010 ¢ PAGE 71

recently developed non-PTFE
laminates and prepreg materi-
als, both with a dielectric con-
stant of 6.15, feature excellent
dimensional stability with tem-
perature with low loss, consis-
tent thickness, and consistent
dielectric constant. This higher-
dielectric-constant materials sys-
tem supports smaller amplifiers
using both microstrip and strip-
line technologies, and without
the complex processing steps
needed when using PTFE.

RO4350B, LoPro, RO4360,
RO4460 and RO3035 are
licensed trademarks of Rogers
Corporation.
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