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Circuit Boards Utilizing Soft Substrates
1.0 General

1.1 Purpose The purpose of this document is to aid in the
design of microwave circuit boards. This document is not
intended to include information relating to the detailed electri-
cal design of microwave circuits. Rather, it is intended to
include information from which practical, functional, and cost-
effective circuit boards may be designed once the design
engineer has determined the circuit requirements. This design
aid is to be used by microwave circuit design engineers, pack-
aging engineers, and drafters. It is restricted to microwave cir-
cuit boards using substrates specified in IPC-L-125 (See sec-
tion 5.0).

1.2 Scope This document addresses microwave circuitry.
For the purpose of this document microwaves apply to radio
waves in the frequency range of 100 MHz and to 30 Ghz. The
document also applies to operations in the region where dis-
tributed constant circuits enclosed by conducting boundaries
are used instead of conventional lumped-constant circuit
elements.

1.3 Terms and Definitions

Anisotropy: The condition for a substance having differing
values for properties, such as permittivity, depending on the
direction within the material. Isotropy describes the case
where a property is the same in all directions. Isotropy may
exist in non-crystalline homogeneous (single phase) sub-
stances. In a microwave laminate based on a polymer com-
posite, anisotropy of the dielectric layer exists.

Characteristic impedance (Z o): For a uniform transmission
line of any length, the ratio of inductance per unit length to
capacitance per unit length. A 50 ohm characteristic imped-
ance is often used because it matches that of most test
instrumentation. When a signal propagating along a transmis-
sion line encounters a change in Zo, scattering of the signal
will occur, that is, some of the signal will be reflected back-
wards along the line.

Coaxial Cable (coax): A transmission line having a center
conductor coaxial with an outside shield conductor of inside
diameter larger than the center conductor and separated from
it by dielectric.

Coefficient of Thermal Expansion (CTE): The ratio of
dimensional change of a material to the dimension per degree
of temperature change. Typically CTE values refer to linear
dimensions in a particular direction such as the X, Y, Z
orthogonal axes where Z refers to the thickness direction and
X to the planar direction of greatest orientation of a compos-
ite structure.

Copper Weight: The mass of copper per unit area for a foil.
The copper foil industry typically expresses weight in ounces
per square foot (oz/ft2). A copper foil weight of 1 oz/ft2 corre-
sponds to a nominal 34 µm thickness.

Copper Thickness: The thickness dimension of the copper
cladding on a laminate.

Cut-off Frequency: Frequency of a transmission line at
which modes other than TEM are generated. Also, in a low-
pass or highpass filter it is the frequency where the response
falls off by 3 dB.

Dielectric: An electrically insulating or non-conducting mate-
rial. The properties of permittivity (dielectric constant) and loss
tangent (loss factor or tan δ) for such a material determine
how it will alter an electromagnetic wave as it propagates
through the material.

Dielectric Thickness: Dimension of the laminate excluding
the thickness of the copper cladding.

Directional coupler: A device or structure which causes
some of the energy propagating along one transmission line to
be transferred to a second transmission line so that most of
the transferred energy propagates in a specific direction along
the second line. The other direction is considered isolated. At
lower frequencies this function can be accomplished in a
design with lumped capacitive and inductive elements while at
microwave frequencies two stripline or microstrip traces that
run parallel to each other for a certain distance can serve the
purpose. One use for such devices is to sample amplitude or
phase of a signal traveling in a specific direction.

Directivity: The difference between the isolation and the
coupling values of a directional coupler.

Dissipation Factor: Also referred to as tan δ, the ratio of the
energy dissipated in a material to the energy stored.

Distributed Component: A component whose parameters
are distributed over an area of copper on a microwave
laminate.

Effective Permittivity (effective dielectric constant or K’ eff):
The permittivity of a single dielectric medium, such as in
coaxial line or stripline, that has the equivalent propagation
velocity of a mixed media configuration, such as air and solid
dielectric in microstrip.
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