Generating and Applying
High-Power Output Signals
Design and application of the Agilent E8257D
PSG signal generator with Option 521

In RF testing, an essential attribute of every signal generator is the maximum
output power it can supply to a device under test (DUT). To ensure valid
measurement results, it must be capable of maintaining spectral purity
and level accuracy while delivering output power of +25 dBm or more.
Delivering a pure, accurate signal at those levels not only ensures improved
measurement accuracy but also enables testing with greater dynamic
range and at extreme or unusual operating conditions.
The Agilent E8257D PSG analog signal generator delivers those capabilities
when equipped with its ultra-high output power option (Option 521, 10 MHz
to 20 GHz). In that conﬁguration, the PSG ensures measurement accuracy
by addressing three key areas: spectral purity, impedance matching and
automatic level control (ALC). ALC in particular plays a key role in correcting
for mismatches and frequency-response variations, ensuring level accuracy
that provides meaningful test results.
This application note describes both the inner workings of the PSG with
Option 521 and the applications of its high-power output signals. With
Option 521 installed, the PSG can help you simplify the testing of high-power
ampliﬁers, overcome losses within automated test equipment (ATE) systems,
and address the attenuation of signals within long cable runs. Ultimately,
the beneﬁts of using the PSG with Option 521 include reduced cost, size and
weight of the resulting test conﬁguration or test system.

Creating a better high-power signal generator
The Agilent E8257D PSG is a fully synthesized signal generator with high
output power, low phase noise and optional ramp sweep capability.
When equipped with Option 521, it can produce output power of greater
than +30 dBm (typical) up to 14 GHz and greater than +27 dBm (typical)
up to 20 GHz. The internal design of the PSG ensures the delivery of
spectrally pure signals with stable level accuracy at high output levels.

As shown in Figure 2, the harmonic performance is relatively consistent
at different power levels.

Designing for spectral purity
In any signal generator design, the levels of the harmonics present in
the output signal are a function of the actual output power. The lower
the output power, the lower the harmonics; the higher the output power,
the higher the harmonics.
One possible solution is to add ﬁlters that reduce harmonics across speciﬁc
frequency ranges. In the PSG, for example, Option 521 includes selectable
harmonic ﬁlters for carrier signals below 2 GHz. This reduces the level of
harmonics, but at the expense of a lower maximum output level.

Figure 2:
The levels of instrument harmonics track along with output power level

Within the signal generator block diagram, the placement of the ﬁlters
affects the tradeoff between harmonic rejection and maximum output
power. In the PSG block diagram (Figure 1) the harmonic ﬁlters
are placed at the input of the high-power ampliﬁer stage. This is the
appropriate choice when higher output power is the main goal;
however, the level of the harmonic components will be higher than if
the ﬁltering was performed closer to the output of the power amp.
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Ensuring accurate impedance matching
One key challenge in the design of the power ampliﬁer stage of Option
521 was ensuring proper impedance matches at two critical points:
between the output of the preamp-and-ﬁltering stage and the input of
the power amp; and between the power amp output and the input
of the ALC detector and step attenuator. As shown in Figure 3,
impedance mismatches with the power ampliﬁer can cause output
power to roll off rather signiﬁcantly at low frequencies.
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Figure 1:
Inside the PSG, ﬁltering attenuates harmonic signals
at the input of the power ampliﬁer

Adding a high-power ampliﬁer to the signal generator introduces
another tradeoff in spectral purity: it affects the instrument’s broadband
noise ﬂoor. This will appear as several decibels of additional phase
noise at offsets greater than 1 MHz from the carrier frequency. Adding
the ampliﬁer will also affect spurious response, though not necessarily
in terms of higher levels. Instead, the spurs may shrink due to changes
in gain ﬂatness or shift up or down in frequency due to impedance
changes that affect the time constants within the various subcircuits.

Figure 3:
As shown by the upper trace, impedance mismatches associated with the
addition of an internal power ampliﬁer can have a negative effect on output
power performance (notice low-frequency rolloff)

Matching issues often arise due to the structure of the combining
network for the multiple ampliﬁers that comprise a power amp. There
are two ways to mitigate these problems. One is to use parallel RC
circuits at the input and output of the power ampliﬁer to create closer
impedance matches (refer back to Figure 1). The other is to amend the
combiner network (also called a Wilkinson combiner or divider) with
additional segments that accommodate the long wavelengths of lower
frequencies. Because both approaches cause losses in the RF path,
they must be applied with care.
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Enhancing ALC and level controlt

Dynamic leveling corrects for impedance mismatches by using an
external detector that provides a DC feedback signal to the PSG’s
external ALC input (Figure 4). This approach makes it possible to level
the PSG’s output power based on a signal that is farther downstream
from its RF output. The PSG provides adjustments to optimize inputs
from diode-based detectors.

Within the PSG signal generator the ALC system continuously monitors
and controls the average output level of the carrier signal. The goal
of the ALC is to hold the output power constant by countering the
effects of circuit drift caused by temperature variation with time.
As shown in Figure 4, a coupler and detector are used to sense the
RF power at the ampliﬁer output before the signal reaches the step
attenuator. The detected power level is fed back to the ALC system
to control its modulator. By changing the gain of the RF path in
real time, this feedback loop adjusts the ALC modulator to retain a
precisely controlled output level.

In general, external dynamic leveling uses either a power meter or a
crystal-diode detector. The key difference is a tradeoff between speed
and accuracy: The power meter-based approach is often more accurate
while the diode-based approach is usually faster.
In most cases, a combination of static and dynamic leveling is the most
effective approach. Working in concert, the static ﬂatness correction
removes frequency response errors, including those from the coupler
and diode detector, while dynamic leveling will correct for mismatches
that vary with frequency and signal level.
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Figure 4:
This simpliﬁed block diagram illustrates the structure
of the PSG’s ALC feedback system

less than 30 μs. It allows the user to set and ﬁx the maximum
allowable power levels, ranging from +15 dBm to +33 dBm
(factory preset is +25 dBm).

Optimizing level accuracy
The ability to achieve precise level accuracy depends on leveling
techniques that correct for mismatches and frequency-response
variations. The two most commonly used methods are static leveling and
dynamic leveling. Static leveling is performed prior to a measurement
while dynamic leveling is performed during a measurement.

We used a highly failsafe approach by implementing this

Static leveling relies on an array of user-created calibration factors
that ensure the delivery of ﬂat power at an interface beyond the
signal generator’s RF output connector. The calibration array can be
generated by an Agilent power meter under the control of the PSG
signal generator. The two instruments step through a list of userdeﬁned key frequencies, generating and measuring the associated
power levels. The PSG will interpolate the required power-offset values
for frequencies between measured points, enabling ﬂat output
power levels across the signal generator’s frequency range.

the power clamp feature to external or internal power leveling

capability in hardware rather than software: If the instrument
is inadvertently reset, the hardware implementation ensures
that it will not return to a state of maximum power. Linking
provides additional protection.
For further protection, the clamp value can be saved in a
user-deﬁned preset and as part of a saved instrument state.
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Applying high-power signals
Unfortunately, this widely used approach has three noteworthy
shortcomings: the conﬁguration is somewhat complicated; it requires
costly test accessories capable of handling high power; and its
overall accuracy depends on the cumulative precision of every
element within the system. Cost and complexity will increase if
multiple narrowband preamps are needed to maintain proper input
power across the AUT frequency range.

As shown in the following examples, the capabilities built into a PSG
signal generator equipped with Option 521 can help you simplify the
testing of high-power ampliﬁers, overcome losses within automated
test equipment (ATE) systems, and address the attenuation of signals
within long cable runs. In many applications, the resulting measurement
conﬁguration or test system will be smaller, lighter and less costly
because you can eliminate external equipment such as preamps,
couplers and detectors.

The PSG with Option 521 enables the simpler test conﬁguration
shown in Figure 6. Because the PSG with Option 521 is capable of
providing +25 dBm or more of output power, then the preamp
and external leveling coupler can be removed. This reduces system
cost and also improves system performance.

Simplifying ampliﬁer testing
Traveling wave tube (TWT) microwave ampliﬁers are a classic example:
They produce more than 100 W or +50 dBm of output power and
require input levels of +25 dBm or greater. Unfortunately, most of
today’s microwave signal generators don’t provide leveled outputs with
that much power. As a result, the only option is to connect the signal
generator to an external microwave preampliﬁer and the support
equipment necessary to monitor, level and calibrate the signal delivered
to the TWT.
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Figure 5 shows a commonly used conﬁguration for the testing of highpower ampliﬁers. The signal generator output, which is typically +10 to
+23 dBm, is fed into a preamp with 30 to 35 dB of gain. The preamp
can be either a broadband device or one that matches the frequency
range of the ampliﬁer under test (AUT).
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Figure 6:
Simpliﬁed conﬁguration for ampliﬁer testing with high-power signal generator

To maintain the desired ±0.5 dB level accuracy across the AUT
frequency range, the PSG can obtain correction factors from the power
meter (static leveling). For greater level accuracy, the external leveling
coupler can be added to this conﬁguration (dynamic leveling). This
makes it possible to accurately measure AUT input power and enables
external power leveling for the PSG (Figure 7). This retains some
of the cost and complexity of the original conﬁguration (Figure 5);
however, it eliminates the cost of either one broadband preamp
or multiple narrowband preamps.
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Figure 5:
Example conﬁguration for testing of high-power ampliﬁers
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To keep the input power as ﬂat as possible, the preamp output is fed
into a leveling coupler, which provides a proportional sampling point
that is fed into the external input of the signal generator’s ALC. This type
of dynamic mismatch correction is necessary due to the high likelihood
of variation in the frequency response of the preamp. To adequately
characterize the AUT gain, the coupler’s output signal must have a level
accuracy of at least ±0.5 dB at the ampliﬁer input.
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Figure 7:
Simpliﬁed conﬁguration with high-power signal generator and
external dynamic leveling

The ampliﬁer drives a load that is usually water- or oil-cooled to handle
the high-power output of the AUT. As with the coupler, the output
of the load is proportional to the AUT output, bringing the signal
into a range that is easily measured with commercial power sensors
and power meters.
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Conclusion
The PSG with Option 521 provides multiple advantages, ranging from
simpliﬁed test conﬁgurations to reduced size, weight and cost of
a test system. The ability to deliver a pure, accurate signal at +30 dBm
or greater can ensure improved measurement accuracy and also
enable testing with wider dynamic range and at extreme or unusual
operating conditions.

Overcoming signal losses within an ATE system
A typical ATE system accumulates signal-power losses throughout a
variety of system elements: cabling; switches; and the passive
couplers, combiners, isolators, and so on, that enable signal sharing.
The availability of greater power from the PSG can overcome these
losses and thereby ensure greater measurement accuracy. Extra
power also makes it possible to insert ﬁlters and signal monitors,
improving overall measurement quality.

Related information

The decision to include a high-power signal generator brings widebandwidth and relatively low-noise ampliﬁcation of stimulus signals to
the ATE system. Ultimately, the use of the PSG with Option 521 reduces
system cost by eliminating narrowband ampliﬁers and the associated
switching systems.

Data sheet: Agilent E8257D PSG analog signal generator,
publication 5989-0698EN
Data sheet: Agilent EPM Series power meters,
publication 5965-6382EN

Addressing attenuation in long cable runs
Application note: Agilent Radar Measurements,
publication 5989-7575EN

When testing antennas or satellite subsystems the signal source may
reside a signiﬁcant distance from the DUT. On an antenna test range,
for example, the transmit antenna may be placed on a tower that is
15 to 80 feet tall (Figure 8). During indoor testing, satellite subsystems
may be placed into a thermal/vacuum chamber but the test system
will be outside the chamber, which may be quite large. To further
complicate the situation, the access ports may be far above the ﬂoor
in a high-bay building.
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Figure 8:
A high-power signal generator can overcome cable attenuation
in antenna testing

In such cases, the most common solution is to use long runs of coaxial
cable; however, these cause considerable losses in RF power and, of
course, the attenuation increases dramatically at higher frequencies.
Although the losses can vary widely depending on cable quality, typical
values for 100 feet of coax are 45 dB at 12 GHz and 70 dB at 20 GHz.
One solution is the Heliax type of coaxial cable, which is inherently
low loss; however, it can be difﬁcult to work with because it is rigid and
not meant for the frequent movement and reconﬁguration of a typical
test environment.
An alternative solution is additional ampliﬁcation within the signal
source. With the extra output power integrated into the source, there
will be savings in cost, space and weight.

5

www.agilent.com
Remove all doubt

For more information on Agilent Technologies’ products,
applications or services, please contact your local
Agilent ofﬁce. The complete list is available at:

www.agilent.com/ﬁnd/contactus
Our repair and calibration services will
get your equipment back to you, performing like new, when promised. You
will get full value out of your Agilent
equipment through-out its lifetime.
Your equipment will be serviced by
Agilent-trained technicians using the
latest factory calibration procedures,
automated repair diagnostics and genuine parts. You will always have the utmost
conﬁdence in your measurements.
Agilent offers a wide range of additional
expert test and measurement services for
your equipment, including initial start-up
assistance, onsite education and training,
as well as design, system integration, and
project management.
For more information on repair and
calibration services, go to:
www.agilent.com/ﬁnd/removealldoubt

Americas
Canada
Latin America
United States

(877) 894-4414
305 269 7500
(800) 829-4444

Asia Paciﬁc
Australia
China
Hong Kong
India
Japan
Korea
Malaysia
Singapore
Taiwan
Thailand

1 800 629 485
800 810 0189
800 938 693
1 800 112 929
0120 (421) 345
080 769 0800
1 800 888 848
1 800 375 8100
0800 047 866
1 800 226 008

Europe & Middle East
Austria
Belgium
Denmark
Finland
France

01 36027 71571
32 (0) 2 404 93 40
45 70 13 15 15
358 (0) 10 855 2100
0825 010 700*

Germany
Ireland
Israel
Italy
Netherlands
Spain
Sweden
Switzerland
United Kingdom

07031 464 6333
1890 924 204
972-3-9288-504/544
39 02 92 60 8484
31 (0) 20 547 2111
34 (91) 631 3300
0200-88 22 55
0800 80 53 53
44 (0) 118 9276201

*0.125 €/minute

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

Other European Countries:

www.agilent.com/ﬁnd/contactus
Revised: July 2, 2009

Product speciﬁcations and descriptions in this
document subject to change without notice.

© Agilent Technologies, Inc. 2009
Printed in USA, September 30, 2009
5990-4695EN

