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Applications 

Directional couplers are general purpose tools used in RF and
microwave signal routing for isolating, separating or combining
signals. They find use in a variety of measurement applications:

• Power monitoring 
• Source leveling
• Isolation of signal sources 
• Swept transmission and reflection measurements

Key specifications

The key specifications for a directional coupler depend on its 
application. Each of them should be carefully evaluated to ensure
that the coupler meets its intended use.

• Directivity
• SWR
• Coupling coefficient
• Transmission loss
• Input power 

Directivity

Directivity is a measure of how well the coupler isolates two
opposite-travelling (forward and reverse) signals. In the case of
measuring reflection coefficient (return loss) of a device under
test, directivity is a crucial parameter in the uncertainty of the
result. Figure 1 shows how the reflection signal, Er, is degraded
by the undesired portion of the incident signal D2. And since 
the undesired signal, D2, combines with the reflected signal
as a phasor, the error in the measured signal Em2 can only be
compensated or corrected on a broadband basis using 
vector analyzers. 

Because the reverse-coupled signal is very small, it adds 
a negligible amount of uncertainty when measuring large 
reflections. But as the reflected signal becomes smaller, the
reverse-coupled signal becomes more significant.

For example, when the return loss in dB equals the value of
directivity, the measurement error can be between -6 to +8 dB.
The higher the directivity specified in dB, the higher the 
measurement accuracy. The effect of the directivity error on the
forward-coupler output, Em1, is less important because the
desired signal is usually a large value. When Agilent couplers
are used for power monitoring and leveling, directivity is less
important than coupling coefficient flatness.

K   and K   :  Coupling coefficients (dB)
D  and D   :  Directivities (dB)
E    = Input signal
E   = Reflected signal from DUT
E    = Measured signal (includes directivity error)
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Figure 1. Effect of directivity on reflection measurement.
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SWR

For many applications, coupler SWR is important to minimize
low mismatch errors and to improve measurement accuracy.
For example, when making swept reflection measurements, it
is customary to set a full reflection (0 dB return loss) reference
by connecting a short at the test port of the coupler. Some of the
reflected signal re-reflects due to the output port (test port) SWR.
This re-reflected signal goes through a wide phase variation
because of the width of the frequency sweep, adding to and
subtracting from the reflected signal. This phase variation creates
a ripple in the full reflection (0 dB return loss) reference. 
The magnitude of the re-reflected signal, and thus the 
measurement uncertainty, can be minimized by selecting 
couplers with the lowest SWR.

Coupling coefficient

In power monitoring and leveling, the most desired specification
is a highly accurate and flat coupling value, because the 
coupling factor directly affects the measurement data. For
wideband leveling, the coupling factor directly influences the 
flatness of the output power. Coupling values of 10 and 20 dB 
are most common but for high power and pulsed systems, there
can be a need for 40 dB coupling.

In reflection measurements, coupling factor is less important
than directivity and SWR, since both the forward and reverse
coupling elements are usually identical, and so the variation of
coupling factors match versus frequency.

Transmission loss

Transmission loss is the total loss in the main line of a directional
coupler, and includes both insertion loss and coupling loss. For
example, for a 10 dB coupler, 10% of the forward signal is 
coupled off, which represents approximately 0.4 dB of signal
loss added to the inherent losses in the main transmission line.  

Transmission loss is usually not important at low frequencies
where most swept sources have sufficient available power.
However, in the millimeter ranges, power sources are limited
and lower loss devices become significant. In general, broad-
band couplers have transmission losses on the order of 1 dB. On
the other hand, directional bridges, which are sometimes used in
place of couplers for reflection/transmission measurements, have
insertion losses of at least 6 dB. This loss directly subtracts
from the dynamic range of the measurement.  

Input power 

High power handling characteristics of directional couplers are
critical when used for monitoring pulsed power systems. Most
couplers designed for test and measurement applications are
not ideal for system powers in the kilowatt range. One reason
is that the coupler’s secondary transmission line often has an
internal termination that limits the coupler’s mainline power
handling capability. A second reason is the maximum power 
rating of the connectors. Such models have a power rating from
20 to 50 W average.



Agilent Technologies’ Test and Measurement
Support, Services, and Assistance
Agilent Technologies aims to maximize the value
you receive, while minimizing your risk and prob-
lems. We strive to ensure that you get the test
and measurement capabilities you paid for and
obtain the support you need. Our extensive sup-
port resources and services can help you choose
the right Agilent products for your applications
and apply them successfully. Every instrument
and system we sell has a global warranty.
Support is available for at least five years beyond
the production life of the product. Two concepts
underlie Agilent’s overall support policy: “Our
Promise” and “Your Advantage.”

Our Promise
Our Promise means your Agilent test and meas-
urement equipment will meet its advertised per-
formance and functionality. When you are choos-
ing new equipment, we will help you with prod-
uct information, including realistic performance
specifications and practical recommendations
from experienced test engineers. When you
use Agilent equipment, we can verify that  it
works properly, help with product operation, and
provide basic measurement assistance for the
use of specified capabilities, at no extra cost
upon request. Many self-help tools are available.

Your Advantage
Your Advantage means that Agilent offers 
a wide range of additional expert test and 
measurement services, which you can purchase
according to your unique technical and business
needs. Solve problems efficiently and gain a 
competitive edge by contracting with us for
calibration, extra-cost upgrades, out-of-warranty
repairs, and onsite education and training, as well
as design, system integration, project management,
and other professional engineering services.
Experienced Agilent engineers and technicians
worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent
instruments and systems, and obtain dependable
measurement accuracy for the life of those products.  

www.agilent.com/find/emailupdates
Get the latest information on the products and
applications you select.

Agilent T&M Software and Connectivity
Agilent’s Test and Measurement software and
connectivity products, solutions and developer
network allows you to take time out of connect-
ing your instruments to your computer with tools
based on PC standards, so you can focus on your
tasks, not on your connections.  Visit 
www.agilent.com/find/connectivity
for more information.
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