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Microwave Radiation Loss
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SUMMARY: A general definition of radiation
loss is the energy on the circuit that is lost by radiating away from the circuit and into the surrounding environment. The lost energy has to go
somewhere, and this can be a source of EMI issues.
These losses become more prevalent at high frequencies, and designers must be aware of potential
interactions between design techniques and circuit
materials.
Circuits used at high frequencies, such as
microwave frequencies, are prone to radiation
losses. There are typically circuit design dependencies, but the circuit material may have an
effect as well, and designers should be aware of
potential interactions between the design techniques and circuit materials.
A typical PCB used at microwave frequencies
experiences total loss, or insertion loss, made
up of four different loss components: conductor, dielectric, leakage, and radiation losses. RF
leakage losses at microwave frequencies are generally not an issue when using PCB materials;
however, conductor losses and dielectric losses
are definitely an issue. Radiation losses depend
on the circuit configuration, design, material
thickness, dielectric constant and frequency.
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A general definition of radiation loss is the
energy on the circuit that is lost by radiating
away from the circuit and into the surrounding environment. The lost energy has to go
somewhere, and this can be a source of EMI
issues.
Impedance mismatches can be a significant
source of radiation loss. Normally the designer
will try to match impedances, but some scenarios in microwave design require different impedance levels. Another issue, which is sometimes
related to impedance mismatch, is radiation loss
due to signal launch. Signal launch happens
where the connector meets the circuit board.
In this area, the signal energy has to transition
from the coaxial wave propagation mode of the
connector to the planar mode of the PCB. The
signal launch areas can have significant radiation loss and the microwave designer will typically put a lot of effort into trying to quiet that
transition.
Circuit losses due to radiation are generally
not an issue with stripline configurations, and
can be much less of a concern with grounded
coplanar constructions. The single-ended microstrip transmission line is more prone to radiation loss and there are several issues which
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Figure 1: Comparison of losses for microstrip transmisison line circuits, of different thickness while
using the same substrate material.
can vary the amount of loss. As general statements, a thicker circuit will have more radiation loss than a thinner circuit. A circuit with a
low dielectric constant will have more radiation
loss than a circuit with high dielectric constant.
Applications operating at lower frequencies
will have less radiation as compared to those
at higher frequencies. Finally, there are interactions between all of these conditions, which
can complicate the understanding of radiation
loss in circuit designs.
To demonstrate some different scenarios,
several examples will be given regarding radiation loss. The software modeling tool that will
be utilized is MWI-2010, which is free to download here. This software can predict insertion
loss of a microstrip circuit and show the different components of this loss.
The first example shows differences in radiation loss when using the same substrate, but
at different thicknesses. Figure 1 illustrates a
comparison in losses of two 50 ohm microstrip

transmission line circuits built on the same
high-frequency laminate. The first circuit is using a laminate of 6.6 mils thickness, and the
second circuit’s laminate is 20 mils thick. The
laminate has a dielectric constant of 3.66, dissipation factor of 0.0037 and is commonly used
in high-frequency applications.
It can be seen in Figure 1 that the table on
the left for the thinner circuit has much lower
radiation losses than the table on the right for
the thicker circuit. It is also obvious that the radiation losses are frequency dependent and the
higher frequencies have the higher radiation
loss values.
The next example demonstrates the differences in radiation losses for circuits using the
same thickness of matieral, but with different
dielectric constants. Figure 2 shows a comparison of 50 ohm microstrip transmission
lines using high-frequency laminates of 20 mil
thickness, with a dielectric constant of 2.20
and 4.50.

Figure 2: Comparison of losses for microstrip transmisison line circuits, with different dielectric constant, using the same substrate thickness.
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Figure 2 illustrates how a microstrip circuit
with the same laminate thickness will have different radiation losses when using substrates
with a different dielectric constant. The table
on the left has much more radiation loss when
using material with a dielectric constant of
2.20 than the table on the right with a circuit
that features material with a dielectric constant
of 4.50.
It can also be seen in Figure 2 that the dissipation factor (Df) is very different between
these two materials. The Df mainly affects dielectric losses. The conductor losses are mostly dominated by copper properties, conductor
width and surface roughness. Even though the
material with a higher dielectric constant will
have less radiation loss, it is necessary to have
a narrower conductor width to maintain a 50
ohm trace, so the conductor losses will be higher than a circuit with a lower diectric constant.
This is one of many tradeoffs that are to be expected when considering the proper material
for an application.
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Radiation loss can be problematic for microwave PCB performance, however, it can also
cause issues by radiating energy to neighboring conductors and components on the PCB.
A thorough understanding of radiation loss
can help to minizize EMI issues as well as optimizing the circuit for higher-frequency performance. PCBDESIGN
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