Multi Dielectric Substrate

Circuits

When different microstrip circuits are etched on a single dielectric substrate, circuit
performance will be compromised. This paper describes an alternative, the multi-

dielectric substrate (MDS).
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icrostrip transmission line dimensions
M decrease with increases in dielectric con-

stant, due to increased density of the
electromagnetic fields around the etched line.
Losses then usually increase for two reasons. First,
higher dielectric constant materials usually have
higher loss tangent. Second, reduced conductor
line widths have higher ohmic loss.

In many design situations this causes a conflict,
since both small size and low loss are often desir-
able. The design engineer is then confronted with a
choice between a circuit which is small but lossy
versus one which has lower loss but requires much
more area. This conflict is progressively more diffi-
cult to resolve as operating frequency increases and
wavelength dependent dimensions become smaller.
Having to choose a single dielectric material that
represents the best compromise for several differ-
ent circuits is unnecessary. A multi-dielectric sub-
strate (MDS) can be used.

Solid state amplifiers represent a subsystem de-
sign that exemplifies the desirability of the MDS
approach. In a solid state amplifier (Figure 1.) the
input signal power is amplified by first splitting it to
drive several parallel transistors. This amplified
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Figure 1. A high power solid state amplifier uses micro-
wave power splitters and combiners in conjunction with
parallel RF transistors gain stages to produce a single,
amplified output.

power can be split and amplified again or recom-
bined into a single output.

The splitters should have the lowest losses practi-
cal in order to minimize the number of transistors
in the presvious stage. Even more so, combiners
should have lower loss, not only to minimize gain
stages, but also to reduce prime power consump-

tion. Splitters and combiners are best realized using
low dielectric constant substrates.

Microstrip transistor matching circuits should be
as small as possible. These circuits strongly impact
overall amplifier size and weight. Transistor match-
ing circuits are best designed on high dielectric sub-
strates.

These separate assemblies must then be electri-
cally connected both at the printed conductor and
at the ground plane. The use of a multi-dielectric
substrate circuit with common ground plane and
continuous etched conductor patterning, an ap-
proach designed and developed cooperatively by
our firm and Arlon Inc., Bear, Delaware, accom-
plishes these functions.

The printed circuit medium is created by bonding
two or more different dielectric materials to a single
aluminum carrier (Figure 2). The pattern consist-
ing of a number of different dielectric areas, their
sizes and relative positions are established by the
requirements of the various circuit elements of the
subassembly. A low dielectric material (having di-
electric constant, K = 2.18) may be selected for low
loss circuits whose dimensions need not be mini-
mized. A high dielectric material (K = 10.2) may
be selected for small dimensioned circuits.

A single sheet of copper foil is then bonded on
top. Because this uninterrupted foil covers all of the
dielectric interfaces, no connectors or jumper wires
are needed between circuits. This is a very impor-
tant advantage. Elimination of jumpers reduces as-
sembly labor, insures circuit reproducibility and
materially improves reliability. The single continu-
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Figure 2. Two or more different dielectric materials are
placed on a single aluminum backplane to form a “multi-
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Dielectric #2

dielectric substrate”. Later a single sheet of copper foil is
applied which covers the entire substrate pattern.




ous ground plane also spans all of the circuits of the
subassembly.

In manufacturing a MDS, tolerances of dielectric
thickness and placement must be carefully con-
trolled. All dielectric thicknesses were controlled to
within one-half mil so that common etching proce-
dures could be used. Greater height differences
could result in imperfect contact between the cir-
cuit mask and the copper sheet, leading to defocus-
ing of the etched circuit, particularly at dielectric
interfaces.

Dielectric sheets must be carefully trimmed and
placed on the aluminum carrier to prevent overlap-
ping or gapping between materials. Placement of
materials is also important to assure that dielectric
regions are located appropriately on the carrier.
Otherwise, circuit irregularities might occur. For
example, if a 50 ohm transmission line crosses an
interface from low to high dielectrics, the etched
conductor line width should decrease accordingly
in order to preserve the 50 ohm characteristic im-
pedance.

Ideally, an abrupt change of width might be made
in the etched conductor pattern at the dielectric
interface. In practice, however, some tolerance in
the location of the interface must be allowed, and it
is appropriate to taper the width between the two
required 50 ohm lines for a distance along the line
equal to the tolerance. Little degradation in circuit
performance is observed when the placement toler-
ance is small.

Applications

Recent solid state amplifier designs realized at
our firm demonstrate the optimization of circuits
made possible by splitting them into different di-
electric substrates. The MDS was used to put the
pieces back together to form an amplifier subas-
sembly.

One type of L-Band transmitter contained six
double-sided amplifier “panels”. Each panel side
consisted of twelve power modules built on high
dielectric substrate. See Figure 3. These power
modules were connected with appropriate micros-
trip splitters and combiners built on low dielectric
substrate. All of the components had been screwed
to the panel cold plate, which also served as a com-
mon ground plane. Etched conductors must also be
connected.

The MDS would remove the need for these con-
nectors and still allow circuit optimization through
selection of different dielectric materials. Three
large substrates could replace 18 small substrates,

Figure 3. Three large MDS substrates can replace 18
small substrates which populate one side of an L-Band
transmitter “panel”.

with corresponding reduction in the transmitter
production labor and material.

The frequency up-converter of another L-Band
transmitter is built on a MDS. This assembly mixes
and amplifies incoming signals with both matched
and unmatched components. As before, space allo-
cations demand the use of high dielectric for minia-
turization of transistor matching. Low dielectric is
used for components internally matched to 50
ohms, since minimizing insertion loss is more desir-
able than minimizing size. In this application, com-
ponents are placed to bridge interfaces, making in-
terface placement tolerances less critical. The use
of MDS also facilitated circuit fabrication because
the up-converter is too large to be accommodated
by a single piece of high dielectric substrate materi-
al.

In the case of the L-Band transmitter the MDS
would be used to interconnect different power
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