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Introduction

Vector network analyzers are the primary tool for accurate characterization of RF and microwave 
components, providing precision measurements of both magnitude and phase responses. For many 
�G�H�Y�L�F�H�V�����D���F�R�Q�W�L�Q�X�R�X�V���Z�D�Y�H�����&�:�����V�W�L�P�X�O�X�V���U�H�V�S�R�Q�V�H���F�R�Q�o�J�X�U�D�W�L�R�Q���L�V���V�X�I�o�F�L�H�Q�W��

�+�R�Z�H�Y�H�U�����P�D�Q�\���5�)���D�Q�G���P�L�F�U�R�Z�D�Y�H���D�P�S�O�L�o�H�U�V���X�V�H�G���L�Q���F�R�P�P�H�U�F�L�D�O���D�Q�G���D�H�U�R�V�S�D�F�H���G�H�I�H�Q�V�H���D�S�S�O�L�F�D�W�L�R�Q�V��
require testing using a pulsed-RF stimulus. This application note focuses on new pulsed-RF S-
parameter measurement techniques and capability provided by Keysight Technologies, Inc. PNA 
Series of microwave vector network analyzers. This application note discusses the advantages and 
disadvantages of the two detection techniques commonly used (wideband and narrowband detection), 
and compares and contrasts the PNA series network analyzers (including the PNA-L) with the former 
industry standard for pulsed S-parameter measurements, the 85108A pulsed RF-network analyzer 
system.
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Figure 1 shows an example of a modern microwave system – in this case, a radar system.
It is apparent from the block diagram that these systems are composed of many 
�L�Q�G�L�Y�L�G�X�D�O���5�)���D�Q�G���P�L�F�U�R�Z�D�Y�H���F�R�P�S�R�Q�H�Q�W�V�����V�X�F�K���D�V���D�P�S�O�L�o�H�U�V�����P�L�[�H�U�V�����o�O�W�H�U�V���D�Q�G��
antennas. Accurate magnitude and phase characterization of these components is 
�F�U�L�W�L�F�D�O���I�R�U���H�I�I�H�F�W�L�Y�H���V�\�V�W�H�P���V�L�P�X�O�D�W�L�R�Q���D�Q�G���Y�H�U�L�o�F�D�W�L�R�Q�����6�R�P�H���R�I���W�K�H�V�H���F�R�P�S�R�Q�H�Q�W�V���F�D�Q��
be tested with conventional swept-CW signals; this will yield traditional S-parameter 
measurements. However, some of the components must be tested under pulsed-RF 
conditions to simulate their intended operating environment. This application note covers 
�W�K�H���V�S�H�F�L�o�F���S�X�O�V�H�G���5�)���P�H�D�V�X�U�H�P�H�Q�W�V���X�V�H�G���P�R�V�W���R�I�W�H�Q���D�Q�G���W�K�H���W�H�F�K�Q�L�T�X�H�V���E�\���Z�K�L�F�K���W�K�H�\��
are achieved.
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Figure 1. Block diagram of a typical radar system
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Pulsed-RF component testing

The topic of pulsed-RF testing is often focused on measuring the pulses themselves. This 
is critical, for example, in evaluating radar system performance and effectiveness. When 
measuring components however, the pulses are merely the stimulus, and the vector 
network analyzer (VNA) measures the effect that the device under test (DUT) has on the 
pulsed stimulus. Any non-ideal behavior of the pulses themselves is removed from the 
measurement since the VNA performs ratioed measurements. This means that each 
�6���S�D�U�D�P�H�W�H�U���P�H�D�V�X�U�H�P�H�Q�W���F�R�P�S�D�U�H�V���D���P�H�D�V�X�U�H�G���U�H�p�H�F�W�L�R�Q���R�U���W�U�D�Q�V�P�L�V�V�L�R�Q���U�H�V�S�R�Q�V�H��
with the incident signal, providing ratioed magnitude and phase results. Figure 2, shows 
�W�K�H���F�R�Q�o�J�X�U�D�W�L�R�Q���I�R�U���P�H�D�V�X�U�L�Q�J���I�R�U�Z�D�U�G���6���S�D�U�D�P�H�W�H�U�V�����W�K�H���5���U�H�F�H�L�Y�H�U���P�H�D�V�X�U�H�V���W�K�H��
�L�Q�F�L�G�H�Q�W���V�L�J�Q�D�O�����W�K�H���$���U�H�F�H�L�Y�H�U���P�H�D�V�X�U�H�V���W�K�H���U�H�p�H�F�W�L�R�Q���U�H�V�S�R�Q�V�H�����D�Q�G���W�K�H���%���U�H�F�H�L�Y�H�U��
measures the transmission response. S11 is the complex ratio of the A and R receivers, 
and S21 is the complex ratio of the B and R receivers.
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Testing under pulsed-RF conditions is very valuable for devices that will be used in a 
pulsed-RF environment, since the behavior of many components differs between CW and 
�S�X�O�V�H�G���V�W�L�P�X�O�X�V���W�H�V�W�����)�R�U���H�[�D�P�S�O�H�����W�K�H���E�L�D�V���R�I���D�Q���D�P�S�O�L�o�H�U���P�L�J�K�W���F�K�D�Q�J�H���G�X�U�L�Q�J���D���S�X�O�V�H����
�2�U�����W�K�H���D�P�S�O�L�o�H�U���P�L�J�K�W���H�[�K�L�E�L�W���R�Y�H�U�V�K�R�R�W�����U�L�Q�J�L�Q�J�����R�U���G�U�R�R�S���D�V���D���U�H�V�X�O�W���R�I���E�H�L�Q�J���V�W�L�P�X�O�D�W�H�G��
with a pulse. Also, particularly for radar systems, measuring the transient behavior within 
the pulse is critical for understanding system operation. Unintended modulation on the 
pulse (UMOP) can cause system problems in radar systems such as decreased clutter 
rejection, decreased target velocity resolution, undesired spread of phased-array- 
�D�Q�W�H�Q�Q�D���E�H�D�P���S�D�W�W�H�U�Q�V�����D�Q�G���X�Q�L�Q�W�H�Q�W�L�R�Q�D�O���L�G�H�Q�W�L�o�F�D�W�L�R�Q���R�I���U�D�G�D�U���V�\�V�W�H�P�V����
Characterizing the amplitude and phase versus time in the pulse is crucial to 
characterizing and containing UMOP.

Many devices simply cannot be tested with CW stimulus at the desired power levels. For 
�H�[�D�P�S�O�H�����P�D�Q�\���K�L�J�K���S�R�Z�H�U���D�P�S�O�L�o�H�U�V���D�U�H���Q�R�W���G�H�V�L�J�Q�H�G���W�R���K�D�Q�G�O�H���W�K�H���S�R�Z�H�U���G�L�V�V�L�S�D�W�L�R�Q��
�R�I���F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q�����D�Q�G���Z�K�H�Q���W�H�V�W�L�Q�J���R�Q���Z�D�I�H�U�����P�D�Q�\���G�H�Y�L�F�H�V���O�D�F�N���V�X�I�o�F�L�H�Q�W���K�H�D�W��
sinking for CW testing. Testing with pulses allows the test-power levels of these devices 
to be consistent with actual operation, resulting in more realistic characterization 
without thermal-induced damage. Characterizing these devices on-wafer prevents 
�G�H�Y�L�F�H�V���Z�K�L�F�K���G�R�Q�j�W���P�H�H�W���W�K�H�L�U���V�S�H�F�L�o�F�D�W�L�R�Q�V���I�U�R�P���E�H�L�Q�J���S�D�F�N�D�J�H�G�����V�D�Y�L�Q�J���W�K�H��
manufacturer considerable time and money.
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Pulsed-RF measurement types

This section covers the four basic ways that pulsed-RF stimuli are used in conjunction
�Z�L�W�K���9�1�$�V�����7�K�H���o�U�V�W���W�Z�R���W�\�S�H�V���D�U�H���S�X�O�V�H�G���6���S�D�U�D�P�H�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V�����Z�K�H�U�H���D���V�L�Q�J�O�H
complex data point is acquired for each carrier frequency. The data is displayed in the
�I�U�H�T�X�H�Q�F�\���G�R�P�D�L�Q���D�V���P�D�J�Q�L�W�X�G�H���D�Q�G���R�U���S�K�D�V�H���R�I���W�U�D�Q�V�P�L�V�V�L�R�Q���D�Q�G���U�H�p�H�F�W�L�R�Q�����)�L�J�X�U�H��������
�7�K�H���W�K�L�U�G���D�Q�G���I�R�X�U�W�K���P�H�D�V�X�U�H�P�H�Q�W���W�\�S�H�V���D�U�H���G�R�Q�H���Z�L�W�K���D���o�[�H�G���5�)���F�D�U�U�L�H�U�����D�Q�G���G�L�V�S�O�D�\��
data in the time domain.

trace point

Average pulse

Magnitude and phase data 
averaged over entire pulse width

Point-in-pulse

Magnitude and phase data 
averaged over specified acquisition 
width and position within pulse
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Figure 3. Average and point-in-pulse measurements
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Average and point-in-pulse pulse measurements

�$�Y�H�U�D�J�H���S�X�O�V�H���P�H�D�V�X�U�H�P�H�Q�W�V���P�D�N�H���Q�R���D�W�W�H�P�S�W���W�R���S�R�V�L�W�L�R�Q���W�K�H���W�U�D�F�H���S�R�L�Q�W���D�W���D���V�S�H�F�L�o�F
point within the pulse. For each carrier frequency, the displayed S-parameter represents
the average value of the pulse. This occurs for example when doing narrowband 
detection without any receiver gating. Point-in-pulse measurements result from taking 
�G�D�W�D�R�Q�O�\���G�X�U�L�Q�J���D���V�S�H�F�L�o�H�G���D�F�T�X�L�V�L�W�L�R�Q���Z�L�Q�G�R�Z���Z�L�W�K�L�Q���W�K�H���S�X�O�V�H�����7�K�L�V���Z�L�Q�G�R�Z���P�X�V�W���E�H
�V�S�H�F�L�o�H�G���L�Q���W�H�U�P�V���R�I���W�L�P�H���G�X�U�D�W�L�R�Q�����Z�L�G�W�K�����D�Q�G���S�R�V�L�W�L�R�Q���Z�L�W�K�L�Q���W�K�H���S�X�O�V�H�����G�H�O�D�\�������7�K�H�U�H
are different ways to do this in hardware, depending on the type of detection used
(Figure 4). With wideband detection, the window is generally set by the data sampling
�S�H�U�L�R�G�����G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���,�)���E�D�Q�G�Z�L�G�W�K���R�I���W�K�H���L�Q�V�W�U�X�P�H�Q�W�����D�Q�G���D���V�S�H�F�L�o�H�G���G�H�O�D�\�����:�L�W�K
narrowband detection the acquisition window is set with a hardware switch or “gate”,
which only allows measurement of a slice of each pulse. The gating can be performed in
either the RF or IF portion of the measurement receiver (PNA Option H11 provides IF
gates). Both wideband and narrowband point-in-pulse techniques will be covered in
depth later on.
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�)�L�J�X�U�H���������D�����1�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q���X�V�H�V���K�D�U�G�Z�D�U�H���V�Z�L�W�F�K�H�V�����J�D�W�H�V�����L�Q���W�K�H���5�)���R�U���,�)���S�D�W�K���W�R���G�H�o�Q�H
�W�K�H���D�F�T�X�L�V�L�W�L�R�Q���Z�L�Q�G�R�Z�����E�����%�U�R�D�G�E�D�Q�G���G�H�W�H�F�W�L�R�Q���X�V�H�V���W�K�H���V�D�P�S�O�L�Q�J���S�H�U�L�R�G���W�R���G�H�o�Q�H���W�K�H���D�F�T�X�L�V�L�W�L�R�Q
window.
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�3�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V

�3�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V�����)�L�J�X�U�H���������G�L�V�S�O�D�\���W�K�H���P�D�J�Q�L�W�X�G�H���D�Q�G���S�K�D�V�H���R�I���W�K�H���S�X�O�V�H
versus time, instead of frequency. The data is acquired at uniformly spaced time positions
across the pulse. This is achieved by varying the delay of measurement with respect to
�W�K�H���S�X�O�V�H���Z�K�L�O�H���W�K�H���F�D�U�U�L�H�U���I�U�H�T�X�H�Q�F�\���L�V���o�[�H�G���D�W���V�R�P�H���G�H�V�L�U�H�G���I�U�H�T�X�H�Q�F�\��

For all of these measurements, there may not be a one-to-one correlation between trace
points and the actual number of pulses that occur during the course of the entire 
measurement. For example, with narrowband detection, many pulses can occur before 
enough data is collected for each trace point. With wideband detection, the analyzer 
may not be able to completely process a trace point during the time between pulses, 
resulting in skipped pulses between displayed trace points.

Figure 6 shows in more detail how the data acquisition occurs for point-in-pulse and
�S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V�����7�K�L�V���H�[�D�P�S�O�H���V�K�R�Z�V�������S�X�O�V�H�V���U�H�T�X�L�U�H�G���I�R�U���H�Y�H�U�\���W�U�D�F�H���S�R�L�Q�W��
but actually the number of pulses needed varies with pulse-repetition frequency (PRF)
and IF bandwidth, and ranges from one (using wideband detection) to many (using
narrowband detection). The differences between the detection modes is explained 
starting on page 9. For point-in-pulse measurements, the gate position is constant 
(relative to the pulse trigger) for all the pulses, regardless of carrier frequency. Each 
�V�X�F�F�H�V�V�L�Y�H���W�U�D�F�H���S�R�L�Q�W���U�H�S�U�H�V�H�Q�W�V���D���K�L�J�K�H�U���F�D�U�U�L�H�U���I�U�H�T�X�H�Q�F�\�����)�R�U���S�X�O�V�H���S�U�R�o�O�H��
measurements, the gate position is constant only during the time it takes to measure 
one trace point. For each successive trace point, the gate delay is increased, so that 
after all the trace points are acquired, the delay will have spanned the range set up in the 
�S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W��

Figure 6. Pulsed-RF data acquisition (time-domain view)
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Pulse-to-pulse measurements

Pulse-to-pulse measurements are used to characterize how a pulse stream changes
versus time due to variations in the performance of the DUT. For example, thermal 
�H�I�I�H�F�W�V���L�Q���D�Q���D�P�S�O�L�o�H�U���F�D�Q���F�D�X�V�H���J�D�L�Q���U�H�G�X�F�W�L�R�Q���D�Q�G���S�K�D�V�H���V�K�L�I�W�V�����7�K�H�V�H���P�H�D�V�X�U�H�P�H�Q�W�V��
�D�U�H���G�R�Q�H���Z�L�W�K���D���o�[�H�G���5�)���F�D�U�U�L�H�U�����D�Q�G���W�K�H���G�D�W�D���L�V���G�L�V�S�O�D�\�H�G���D�V���H�L�W�K�H�U���P�D�J�Q�L�W�X�G�H���R�U���S�K�D�V�H��
�Y�H�U�V�X�V���W�L�P�H�����7�K�H���P�H�D�V�X�U�H�P�H�Q�W���S�R�L�Q�W���U�H�P�D�L�Q�V���o�[�H�G���L�Q���W�L�P�H���Z�L�W�K���U�H�V�S�H�F�W���W�R���D���S�X�O�V�H���W�U�L�J�J�H�U��
Figure 7 shows an example of a pulse stream decreasing in magnitude over the course of
�V�L�[���S�X�O�V�H�V�����G�X�H���W�R���J�D�L�Q���U�H�G�X�F�W�L�R�Q���L�Q���D���K�L�J�K���S�R�Z�H�U���D�P�S�O�L�o�H�U���D�V���L�W���K�H�D�W�V���X�S��

One trace point for each successive 
pulse, with no pulses skipped

P1 P2 P3 P4 P5 P6
..

...
CW pulses

VNA data display

Time domain

 
 Figure 7. Pulse-to-pulse (single shot) measurements

Pulse-to-pulse measurements require wideband detection, and the data processing in 
the analyzer must be fast enough to keep up with the pulses. There must be one trace 
point per RF pulse, and no pulses can be skipped. Since pulse-to-pulse measurements 
can capture information from a non-repetitive pulse stream, the measurement falls 
under the general category of “single-shot” (as opposed to repetitive) measurements.
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Pulsed-RF Detection Techniques
The next section provides an overview of the two different detection techniques,
wideband and narrowband, commonly used in network analyzers. Each detection
technique has its advantages and disadvantages. However, either technique can be used
�W�R���D�F�F�X�U�D�W�H�O�\���P�H�D�V�X�U�H���6���S�D�U�D�P�H�W�H�U�V���R�I���D�P�S�O�L�o�H�U�V��

This application note assumes the reader is already familiar with pulsed-RF 
measurements. The basic concepts of pulsed RF are reviewed in Figure 8. When a signal 
is switched on and off in the time domain (i.e., “pulsed”), the signal’s spectrum in the
frequency domain has a sin(x)/x response. The widths of the lobes are inversely related
to the pulse width (PW). This means that as the pulses get shorter in duration, the
spectral energy is spread across a wider bandwidth. The spacing between the various
spectral components is equal to the pulse repetition frequency (PRF). If the PRF is
10 kHz, then the spacing of the spectral components is 10 kHz. In the time domain, the
repetition of pulses is expressed as pulse repetition interval (PRI) or pulse repetition
period (PRP), which are two terms for the same thing.

Figure 8. Pulsed-RF network-analysis terminology

Another important measure of a pulsed RF signal is its duty cycle. This is the amount of
time the pulse is on, compared to the period of the pulses. A duty cycle of 1.0 (100%)
would be a CW signal. A duty cycle of 0.1 (10%) means that the pulse is on for one-tenth
�R�I���W�K�H���R�Y�H�U�D�O�O���S�X�O�V�H���S�H�U�L�R�G�����)�R�U���D���o�[�H�G���S�X�O�V�H���Z�L�G�W�K�����L�Q�F�U�H�D�V�L�Q�J���W�K�H���3�5�)���Z�L�O�O���L�Q�F�U�H�D�V�H���W�K�H
�G�X�W�\���F�\�F�O�H�����)�R�U���D���o�[�H�G���3�5�)�����L�Q�F�U�H�D�V�L�Q�J���W�K�H���S�X�O�V�H���Z�L�G�W�K���L�Q�F�U�H�D�V�H�V���W�K�H���G�X�W�\���F�\�F�O�H�����'�X�W�\
cycle is an important pulse parameter for narrowband detection.

Measured S-parameterPulse width (PW)

1/PW

Duty cycle = 
on time/(on+off time) 

= PW/PRI

Pulse repetition frequency
(PRF = 1/PRI)

Time 
domain

Carrier frequency 
( fc)

Pulse repetition period (PRP)
Pulse repetition interval (PRI)

Frequency 
domain
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Overview of wideband detection

Wideband detection can be used when the majority of the pulsed-RF spectrum is within
the bandwidth of the receiver, as shown in Figure 9. In this case, the pulsed-RF signal will
be demodulated in the instrument, producing baseband pulses. This detection can be
accomplished with analog circuitry or with digital-signal processing (DSP) techniques.
With wideband detection, the analyzer must be synchronized with the pulse stream, so
that data acquisition only occurs when the pulse is in the “on” state. This means that a
pulse trigger must be supplied to the analyzer that is the same frequency as the PRF, and
that has the correct delay relative to the pulse stream. For this reason, this technique is
also called synchronous acquisition mode. 8510-based systems had a built-in pulse
generator to synchronize the data acquisition, while the PNA relies on external pulse
generators.

Figure 9. Wideband (synchronous) detection

The advantages of the wideband mode are the fast measurement speed, simplicity of the
test setup, and that there is no loss in dynamic range when the pulses have a low duty
cycle (i.e., a long time interval between pulses). Measurements take longer as duty cycle
decreases, but since the analyzer is always sampling when the pulse is on, the signal-to-
noise ratio is essentially constant versus duty cycle.

�7�K�H�U�H���D�U�H���W�Z�R���G�L�V�D�G�Y�D�Q�W�D�J�H�V���W�R���X�V�L�Q�J���Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����7�K�H���o�U�V�W���L�V���W�K�D�W�����F�R�P�S�D�U�H�G���W�R
�Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����W�K�H���Q�R�L�V�H���p�R�R�U���R�I���W�K�H���L�Q�V�W�U�X�P�H�Q�W���L�V���K�L�J�K�H�U���G�X�H���W�R���W�K�H���Z�L�G�H�U���,�)
bandwidth used for detection. In the 8510, for example, this limited the best-case 
dynamic range to approximately 60 dB. Another disadvantage of this technique is that 
there is a lower limit to measurable pulse widths. As the pulse width gets smaller, the 
spectral energy spreads out—once enough of the energy is outside the bandwidth of the 
receiver, the instrument cannot detect the pulses properly. Another way to think about it 
�L�Q���W�K�H���W�L�P�H���G�R�P�D�L�Q���L�V���W�K�D�W���Z�K�H�Q���W�K�H���S�X�O�V�H�V���D�U�H���V�L�J�Q�L�o�F�D�Q�W�O�\���V�K�R�U�W�H�U���W�K�D�Q���W�K�H���U�L�V�H���W�L�P�H���R�I��
the receiver, they cannot be detected. In the 8510, the narrowest pulse width that could 
be used was about 1 us.

Generally, if the pulse width required for testing the DUT is long enough to use wideband
detection, it is the preferred method.

Receiver BW

Pulse trigger
Frequency domain

Time domain
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Overview of narrowband detection

Narrowband detection is used when the bandwidth of the receiver is too small to contain
�W�K�H���V�L�J�Q�L�o�F�D�Q�W���H�Q�H�U�J�\���R�I���W�K�H���S�X�O�V�H�G���5�)���V�S�H�F�W�U�X�P�����6�L�Q�F�H���W�K�H���S�X�O�V�H�G���5�)���V�L�J�Q�D�O���F�D�Q�Q�R�W���E�H
�I�X�O�O�\���F�D�S�W�X�U�H�G�����W�K�H���D�Q�D�O�\�]�H�U���J�R�H�V���W�R���W�K�H���R�W�K�H�U���H�[�W�U�H�P�H�����o�O�W�H�U���H�Y�H�U�\�W�K�L�Q�J���D�Z�D�\���H�[�F�H�S�W���I�R�U
one spectral component, as shown in Figure 10. With narrowband detection, all of
�W�K�H���S�X�O�V�H���V�S�H�F�W�U�X�P���L�V���U�H�P�R�Y�H�G���E�\���D�Q�D�O�R�J���R�U���'�6�3���E�D�V�H�G���o�O�W�H�U�L�Q�J���H�[�F�H�S�W���I�R�U���W�K�H���F�H�Q�W�U�D�O
�I�U�H�T�X�H�Q�F�\���F�R�P�S�R�Q�H�Q�W�����Z�K�L�F�K���U�H�S�U�H�V�H�Q�W�V���W�K�H���I�U�H�T�X�H�Q�F�\���R�I���W�K�H���5�)���F�D�U�U�L�H�U�����$�I�W�H�U���o�O�W�H�U�L�Q�J��
the pulsed-RF signal appears as a sinusoidal (CW) signal, so there is no need to 
synchronize the analyzer samples with the incoming pulses, and a pulse acquisition 
trigger is not required. Because an acquisition trigger is not used for narrowband 
detection, the technique is also called asynchronous acquisition mode.

Figure 10. Narrowband (asynchronous) detection

Although a data acquisition trigger is not needed for narrowband detection, it should be
noted that, when gating is employed, the gate switches do require a synchronous trigger
so that the gate is turned on during some portion of the time when the pulse is also on.
However, since gating is not an essential element of narrowband detection, the 
technique is still considered as an asynchronous process.

When older network analyzers like the 8510 use narrowband detection, the PRF has 
to be high compared to the IF bandwidth, to ensure that all of the undesired spectral 
�F�R�P�S�R�Q�H�Q�W�V���D�U�H���o�O�W�H�U�H�G���D�Z�D�\�����)�R�U���W�K�L�V���U�H�D�V�R�Q�����W�K�H���W�H�F�K�Q�L�T�X�H���L�V���D�O�V�R���V�R�P�H�W�L�P�H�V���F�D�O�O�H�G���W�K�H��
“high PRF” mode.

Keysight developed a unique “spectral-nulling” technique for the PNA which enables
narrowband detection using wider IF bandwidths than normal. This novel technique
�\�L�H�O�G�V���I�D�V�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V���W�K�D�Q���W�K�R�V�H���R�E�W�D�L�Q�H�G���E�\���F�R�Q�Y�H�Q�W�L�R�Q�D�O���Q�D�U�U�R�Z�E�D�Q�G���o�O�W�H�U�L�Q�J��
and lets the user trade dynamic range for speed.

The main advantage to narrowband detection is that there is no lower pulse-width limit,
�V�L�Q�F�H���Q�R���P�D�W�W�H�U���K�R�Z���E�U�R�D�G���W�K�H���S�X�O�V�H���V�S�H�F�W�U�X�P���L�V�����P�R�V�W���R�I���L�W���L�V���o�O�W�H�U�H�G���D�Z�D�\���D�Q�\�Z�D�\��
leaving only the central spectral component. For example, the PNA in narrowband mode
can easily make S-parameter measurements with 100 ns pulses. Another advantage is
that for duty cycles in the 1% to 100% range, measurement dynamic range is usually
�V�L�J�Q�L�o�F�D�Q�W�O�\���E�H�W�W�H�U���W�K�D�Q���W�K�D�W���R�E�W�D�L�Q�H�G���I�U�R�P���Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����G�X�H���W�R���W�K�H���Q�D�U�U�R�Z�H�U���,�)
�E�D�Q�G�Z�L�G�W�K���o�O�W�H�U�V���W�K�D�W���D�U�H���X�V�H�G��

The disadvantage to narrowband detection is that measurement dynamic range 
decreases as duty cycle decreases. As the duty cycle of the pulses gets smaller (i.e., 
a longer time interval between pulses), the average power of the pulses gets smaller, 
resulting in less signal-to-noise ratio. In the frequency domain, you can see this effect by 
observing the magnitude of each spectral component decrease as duty cycle decreased, 
resulting in decreased measurement dynamic range. This phenomenon is often called 
“pulse desensitization”. The degradation in dynamic range (in dB) can be expressed as 
20*log (duty cycle).

Time Domain

IF Filter

Dynamic range degradatio
= 20* log [duty cycle]

IF Filter
Frequency domain
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Comparing the two techniques

Figure 11 shows the effect of duty cycle on pulsed dynamic range. The 8510, using
broadband detection, has around 62 dB of dynamic range, independent of duty cycle.
Using narrowband detection, the PNA’s dynamic range decreases with decreasing duty
cycle. For every factor of 10 decrease in duty cycle, the dynamic range is reduced by 20
dB. The cross-over point is approximately 0.1% — this means that for duty cycles of 0.1%
or more, the PNA will have as much or more dynamic range than an 85108A system. This
duty cycle range covers most radar, electronic warfare, and wireless communications
measurement applications. The PNA’s inherent high dynamic range (compared to the
8510) helps it overcome the limitations of narrowband detection. Also, the PNA has the
advantage of being able to measure components needing pulses narrower than 1 us,
which is the 8510’s limit.

Figure 11. Duty-cycle effect on pulsed dynamic range

Note that the x-axis of this chart is the system duty cycle, which takes into account any
�J�D�W�L�Q�J���W�K�D�W���W�K�H���3�1�$���X�V�H�V���I�R�U���S�R�L�Q�W���L�Q���S�X�O�V�H���R�U���S�X�O�V�H���S�U�R�o�O�L�Q�J���P�H�D�V�X�U�H�P�H�Q�W�V�����,�I���W�K�H���J�D�W�H
�L�V���V�X�F�K���W�K�D�W���R�Q�O�\���R�Q�H���o�I�W�K���R�I���H�D�F�K���L�Q�F�R�P�L�Q�J���S�X�O�V�H���L�V���P�H�D�V�X�U�H�G�����W�K�H�Q���W�K�H���R�Y�H�U�D�O�O���G�X�W�\
cycle is effectively reduced by a factor of 5.

In summary, wideband detection offers dynamic range independent of duty cycle, but
there is a limit to how narrow the pulsed stimulus can be. Narrowband detection has no
lower pulse-width limit, but measurement dynamic range is proportional to duty cycle.
For the pulse widths and repetition frequencies used in many radar applications, the PNA
using narrowband detection offers faster measurement speeds and more dynamic range
than the 8510 using wideband detection.
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In-depth view of wideband detection

�7�K�L�V���V�H�F�W�L�R�Q���F�R�P�S�D�U�H�V���K�R�Z���W�K�H�������������D�Q�G���3�1�$���K�D�U�G�Z�D�U�H���D�Q�G���o�U�P�Z�D�U�H���L�P�S�O�H�P�H�Q�W
�Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����)�L�J�X�U�H���������V�K�R�Z�V���D���V�L�P�S�O�L�o�H�G���E�O�R�F�N���G�L�D�J�U�D�P���R�I���W�K�H���,�)���S�R�U�W�L�R�Q���R�I���D�Q
85108 (8510-based) pulsed-RF system. The incoming 20 MHz pulsed-IF signal is mixed
with a 20 MHz local oscillator to produce baseband I/Q pulses (this technique is called
synchronous detection). The detection bandwidth is about 1.5 MHz for the I and Q
outputs, which is equivalent to a 3 MHz pre-detection bandwidth. This bandwidth yields
pulses that have about a 300 ns rise time (1/t). The pulse width must be greater than
several t’s in order for the detector to fully respond to the pulses. Due to the bandwidth
�R�I���W�K�H���D�Q�D�O�R�J���G�H�W�H�F�W�R�U�����W�K�H���V�S�H�F�L�o�H�G���P�L�Q�L�P�X�P���S�X�O�V�H���Z�L�G�W�K���I�R�U���W�K�H���������������L�V�������X�V�����E�X�W���L�Q
practice, the pulse width can be pushed down to perhaps 500 ns or so.

Figure 12. Time-domain view of wideband detection in the 85108 pulsed-RF system

After the pulses are detected, a fast sample-and-hold circuit is used prior to the 
relatively slow (by today’s standards) analog-to-digital converter (ADC). Once the pulses are 
digitized, magnitude and phase is calculated. The actual sample point can be programmed 
�Z�L�W�K���D�Q�\���D�U�E�L�W�U�D�U�\���G�H�O�D�\���Z�L�W�K���U�H�V�S�H�F�W���W�R���W�K�H���S�X�O�V�H���W�U�L�J�J�H�U�����7�K�H���X�V�H�U���V�S�H�F�L�o�H�V���W�K�L�V���G�H�O�D�\���Y�D�O�X�H��
�W�R���D�F�F�R�P�S�O�L�V�K���S�R�L�Q�W���L�Q���S�X�O�V�H���P�H�D�V�X�U�H�P�H�Q�W�V�����3�X�O�V�H���S�U�R�o�O�L�Q�J���L�V���D�F�K�L�H�Y�H�G���E�\���V�W�H�S�S�L�Q�J���W�K�H��
sample delay from arbitrary start and stop values to cover the duration of the pulse.
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Figure 13 is a conceptual block diagram of how the PNA achieves wideband detection.
�6�L�Q�F�H���D�O�O���R�I���W�K�H���3�1�$�j�V���,�)���S�U�R�F�H�V�V�L�Q�J�����o�O�W�H�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�R�Q�����L�V���G�R�Q�H���Z�L�W�K���'�6�3�����W�K�H��
�L�Q�F�R�P�L�Q�J���S�X�O�V�H�G���,�)���V�L�J�Q�D�O���L�V���V�D�P�S�O�H�G���G�L�U�H�F�W�O�\�����7�R���J�H�W���R�Q�H���o�O�W�H�U�H�G���W�U�D�F�H���S�R�L�Q�W���X�V�L�Q�J���W�K�H��������
�N�+�]���,�)���E�D�Q�G�Z�L�G�W�K���R�I���W�K�H���3�1�$�����o�Y�H���G�D�W�D���V�D�P�S�O�H�V���D�U�H���U�H�T�X�L�U�H�G�����P�R�U�H���R�Q���W�K�L�V���O�D�W�H�U�������Z�K�L�F�K��
requires 30 us of acquisition time (6 us per sample). However, due to the IF settling time, 
the pulse must be present about 20 us prior to sampling. This yields a minimum pulse 
width of about 50 us. To achieve this value, the “auto-IF-gain” mode of the PNA’s 
receivers must be turned off, and the IF gain must be set manually. This should be done 
empirically – the higher the IF gain, the better the dynamic range of the measurement, 
but care should be taken to ensure that the PNA’s receivers are not in compression.

�8�V�L�Q�J���W�K�H���3�1�$��
20 us settling + 30 us acquisition = 50 us minimum pulse width (using 35 kHz IF band-
width)

Figure 13. Time-domain view of wideband detection in the PNA

Note that the trigger delay of the PNA (the time between the external pulse trigger and
when the PNA actually takes data) is about 70 us. This means the PNA must be triggered
about 50 us before the pulse modulator is triggered. This 50 us of “pre-trigger” plus the
20 us IF settling time gives 70 us.

The PNA-L, a lower-cost version of the PNA, can also perform wideband pulse detection.
The PNA-L has a wider maximum IF bandwidth than the PNA, allowing wideband
detection to work with pulses as narrow as 10 us or 2 us, depending on the model (see
Figure 14). The “auto-IF-gain” mode must also be turned off to improve the IF settling
time. Note that, unlike the PNA, the PNA-L cannot use narrowband detection with
spectral nulling. The next section discusses narrowband detection for the PNA in more
detail.

...
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�
���1�R�W�H�����I�R�U���S�X�O�V�H�G���5�)���P�H�D�V�X�U�H�P�H�Q�W�V�����W�K�H���,�)���D�X�W�R���J�D�L�Q���P�R�G�H���V�K�R�X�O�G���E�H���W�X�U�Q�H�G���R�I�I�����L���H������
set IF gains manually)

Figure 14. PNA and PNA-L minimum pulse widths for wideband detection

Figure 15 shows a longer pulse than that shown in Figure 13, illustrating how the PNA
�F�D�Q���S�H�U�I�R�U�P���S�R�L�Q�W���L�Q���S�X�O�V�H���D�Q�G���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���X�V�L�Q�J���Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q��
�7�K�H���X�V�H�U���V�S�H�F�L�o�H�V���W�K�H���S�R�V�L�W�L�R�Q���L�Q���W�K�H���S�X�O�V�H���Z�K�H�U�H���G�D�W�D���L�V���D�F�T�X�L�U�H�G���E�\���V�H�W�W�L�Q�J���W�K�H���G�H�O�D�\���R�I
the PNA point trigger relative to the RF modulation trigger. The width of the acquisition
�Z�L�Q�G�R�Z�����Z�K�L�F�K���G�H�W�H�U�P�L�Q�H�V���W�K�H���U�H�V�R�O�X�W�L�R�Q���R�I���W�K�H���S�R�L�Q�W���L�Q���S�X�O�V�H���R�U���S�X�O�V�H���S�U�R�o�O�H��
measurement) is determined by the PNA’s IF bandwidth. Using the 35 kHz 
(recommended) IF bandwidth on the PNA, the smallest resolution that can be achieved 
using wideband detection is 30 us. As you will see in the next section, narrowband de-
tection and IF gates can provide much higher resolution (20 ns or better).

Figure 15. Point-in-pulse measurements in the PNA using wideband detection
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Figure 16 shows a typical PNA setup for making wideband pulsed-RF measurements.
�7�K�L�V���F�R�Q�o�J�X�U�D�W�L�R�Q���F�D�Q���E�H���X�V�H�G���I�R�U���S�X�O�V�H���W�R���S�X�O�V�H���P�H�D�V�X�U�H�P�H�Q�W�V���R�U���I�R�U���S�R�L�Q�W���L�Q���S�X�O�V�H
�P�H�D�V�X�U�H�P�H�Q�W�V�����Z�K�H�Q���W�K�H���S�X�O�V�H���Z�L�G�W�K���L�V���V�X�I�o�F�L�H�Q�W�O�\���Z�L�G�H�����,�Q���W�K�L�V���H�[�D�P�S�O�H�����W�K�H���S�X�O�V�H
�J�H�Q�H�U�D�W�R�U���V�H�W�V���W�K�H���R�Y�H�U�D�O�O���S�X�O�V�H���W�L�P�L�Q�J�����7�K�H���3�1�$�j�V���W�U�L�J�J�H�U���P�X�V�W���E�H���V�H�W���D�V���I�R�O�O�R�Z�V��

 Trigger Source = External
 Trigger Scope = Channel
 Channel Trigger State = Point Sweep
�8�Q�G�H�U���(�[�W�H�U�Q�D�O���7�U�L�J�J�H�U��
 Input Source = TRIG IN BNC
 Level = Positive or Negative Edge

Besides setting the auto-IF-gain to off, the PNA’s sweep should be set to step-sweep
mode, and the frequency-offset mode should be turned on with an offset of zero Hz. This
ensures the PNA’s source will remain phase-locked in the presence of a pulsed-RF
reference signal.

Figure 16. Typical PNA hardware setup for wideband detection
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Note that the IF gates included in Option H11 are not needed for wideband detection,
since point-in-pulse measurements are done by adjusting the pulse delay of the trigger
signal to achieve acquisition at the desired point in time, instead of using RF or IF gates
as required when using narrowband detection. Wideband measurements also do not
require Option H08, which is the pulse software application used for narrowband
detection. For point-in-pulse measurements, which essentially are S-parameter 
measurements, the start and stop frequencies must be set up to the proper values. For 
pulse-topulse measurements, the PNA is set up in CW-time mode. In this case, each 
trace point is a subsequent pulse, and all pulses have the same carrier frequency. The 
minimum PRI that the PNA can keep up with without missing pulses depends on which 
PNA or PNA-L is used, and is summarized in Figure 17.

Figure 17. Fastest PRI and PRF values for pulse-to-pulse measurements using wideband detection

�)�L�J�X�U�H���������L�V���D�Q���H�[�D�P�S�O�H���R�I���S�X�O�V�H���S�U�R�o�O�L�Q�J���X�V�L�Q�J���Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q���Z�L�W�K���W�K�H���3�1�$�����)�R�U
this measurement, the PNA uses the same external trigger setup as described above,
except the point-sweep mode should be unselected. The external trigger is used to start
the measurement, and then the PNA takes data as fast as it can (see the timing diagram
in Figure 19). There is no need to increment the delay of the trigger as was done with the
8510. Note that for n-points, the pulse must be longer than n times the PNA’s data-point
acquisition time. This results in a minimum measurable pulse width that is much longer
than the minimum pulse width that can be used for point-in-pulse measurements, where
the pulse must only be longer than one times the PNA’s data-acquisition time (plus a bit
�H�[�W�U�D���I�R�U���,�)���V�H�W�W�O�L�Q�J���W�L�P�H�������)�L�J�X�U�H���������V�K�R�Z�V���W�K�H���P�L�Q�L�P�X�P���S�X�O�V�H���Z�L�G�W�K���I�R�U���S�X�O�V�H���S�U�R�o�O�H
measurements versus the number of measurement points for various PNA and PNA-L
models.
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�)�L�J�X�U�H�����������'�D�W�D���D�F�T�X�L�V�L�W�L�R�Q���I�R�U���S�X�O�V�H���S�U�R�o�O�L�Q�J���X�V�L�Q�J���W�K�H���Z�L�G�H�V�W���E�D�Q�G�Z�L�G�W�K�V���R�I���Y�D�U�L�R�X�V���3�1�$���D�Q�G
PNA-L models

PW = 2 ms
PRF = 50 Hz
Duty cycle = 10%
Points = 101
IF BW = 35 kHz

PNA
(40 kHz)

Sample
Trace point

t
Acquisition = 4 samples x 6 us/sample = 24 us
Time per point = 24 us

PNA-L*
(250 kHz)

t
Acquisition = 4 samples x 1 us/sample = 4 us
Time per point = 8 us

PNA-L**
(600 kHz)

t
Acquisition = 47 samples x 25 ns /sample = 1.175 us
Time per point = 2.35 us

* 2-port, 20, 40, 50 GHz
**2-p ort, 6, 13. 5 GHz; 4-port,  20 GHz

�)�L�J�X�U�H�����������3�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���L�Q���W�K�H���3�1�$���X�V�L�Q�J���Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q
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�)�L�J�X�U�H�����������0�L�Q�L�P�X�P���S�X�O�V�H���Z�L�G�W�K���I�R�U���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���I�R�U���Y�D�U�L�R�X�V���3�1�$���D�Q�G���3�1�$���/ models

Figure 21 shows the importance of setting the proper trigger-delay value for the 
measurement, to achieve accurate point-in-pulse measurements. When the PNA’s data 
acquisition is not properly positioned within the pulse, you see either pure noise, or a 
noisy response that is smaller than the true response. The correct trigger delay setting is 
generally derived empirically. The trigger delay can be set using the PNA’s trigger-delay 
feature, or via the pulse generator’s timing. Note that most pulse generators have more 
timing resolution for the delay setting than can be achieved using the PNA’s trigger-
delay feature.

Figure 21. Example traces showing proper and improper trigger-delay settings for wideband
detection
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In-depth view of narrowband detection

This section focuses exclusively on the PNA and its unique “spectral nulling” technique
for narrowband detection. Spectral nulling allows the use of wider bandwidths, 
improving measurement speed (typically by a factor of 10 or more).

To understand how the spectral nulling works with narrowband detection, the pulsed-RF
signal with a 1.7 kHz PRF shown in Figure 22 will be used as an example. Figure 23
shows a “zoomed-in” view around the central spectral component, which is shown in the
�k�]�H�U�R�y���R�U���F�H�Q�W�H�U���S�R�V�L�W�L�R�Q���R�I���W�K�H���o�J�X�U�H�����V�L�Q�F�H���W�K�H���S�X�O�V�H�G���5�)���V�L�J�Q�D�O���K�D�V���E�H�H�Q���Q�R�U�P�D�O�L�]�H�G���W�R
the carrier frequency in this example. Due to the 1.7 kHz PRF, you expect to see spectral
�F�R�P�S�R�Q�H�Q�W�V���R�Q���H�L�W�K�H�U���V�L�G�H���R�I���W�K�H���F�D�U�U�L�H�U���D�W���L�Q�W�H�U�Y�D�O�V���R�I�����������N�+�]�����2�Q�O�\���W�K�H���o�U�V�W���D�G�M�D�F�H�Q�W
�V�S�H�F�W�U�D�O���F�R�P�S�R�Q�H�Q�W�V���D�U�H���V�K�R�Z�Q���L�Q���W�K�H���o�J�X�U�H�����7�K�H�U�H���D�U�H���W�K�R�X�V�D�Q�G�V���R�I���R�W�K�H�U���V�S�H�F�W�U�D�O
�F�R�P�S�R�Q�H�Q�W�V���S�U�H�V�H�Q�W���W�K�D�W���D�U�H���E�H�\�R�Q�G���W�K�H���V�F�D�O�H���R�I���W�K�H���o�J�X�U�H��

Figure 22. Pulsed-RF spectrum of narrowband measurement example

First null = 1/PW = 1/(7 us) = 143 kHz 

PRF = 1.7 kHz
Pulse width = 7 us
Duty cycle = 1.2%
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�)�L�J�X�U�H�����������$���]�R�R�P�H�G���L�Q���Y�L�H�Z���R�I���W�K�H���H�[�D�P�S�O�H���S�X�O�V�H���V�S�H�F�W�U�X�P���V�K�R�Z�L�Q�J���L�G�H�D�O���D�Q�G���S�U�D�F�W�L�F�D�O���o�O�W�H�U���U�H�V�S�R�Q�V�H�V
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�,�I���\�R�X���F�R�X�O�G���E�X�L�O�G���D�Q���L�G�H�D�O���o�O�W�H�U���W�R���V�H�O�H�F�W���W�K�H���F�H�Q�W�U�D�O���V�S�H�F�W�U�D�O���F�R�P�S�R�Q�H�Q�W���E�X�W���o�O�W�H�U���D�Z�D�\
�H�Y�H�U�\�W�K�L�Q�J���H�O�V�H�����L�W���Z�R�X�O�G���O�R�R�N���O�L�N�H���D���U�H�F�W�D�Q�J�O�H���F�H�Q�W�H�U�H�G���D�W���]�H�U�R���+�]�����$���S�U�D�F�W�L�F�D�O���o�O�W�H�U
however requires a transition region between the passband and stopband. Typically, the
�V�W�R�S�E�D�Q�G���P�X�V�W���E�H���D�W�W�H�Q�X�D�W�H�G���E�\���������G�%���R�U���P�R�U�H���W�R���o�O�W�H�U���R�X�W���X�Q�G�H�V�L�U�H�G���V�S�H�F�W�U�D�O��
�F�R�P�S�R�Q�H�Q�W�V���D�Q�G���D�F�K�L�H�Y�H���V�X�I�o�F�L�H�Q�W���P�H�D�V�X�U�H�P�H�Q�W���G�\�Q�D�P�L�F���U�D�Q�J�H�����7�K�L�V���P�H�D�Q�V���W�K�D�W���W�K�H��
�����G�%���E�D�Q�G�Z�L�G�W�K���R�I���W�K�H���o�O�W�H�U���P�X�V�W���E�H���V�R�P�H���I�U�D�F�W�L�R�Q���R�I���W�K�H���3�5�)�����7�K�H���Y�D�O�X�H���R�I���W�K�H���I�U�D�F�W�L�R�Q��
�G�H�S�H�Q�G�V���R�Q���W�K�H���V�H�O�H�F�W�L�Y�L�W�\���R�I���W�K�H���o�O�W�H�U�����7�K�H���V�H�O�H�F�W�L�Y�L�W�\���L�V���R�I�W�H�Q���H�[�S�U�H�V�V�H�G���D�V���V�K�D�S�H���I�D�F�W�R�U����
which is the ratio of the 60 dB bandwidth divided by the 3 dB bandwidth. The smaller 
�W�K�H���V�K�D�S�H���I�D�F�W�R�U�����W�K�H���I�D�V�W�H�U���W�K�H���o�O�W�H�U���U�R�O�O�V���R�I�I�����D�Q�G���W�K�H���Z�L�G�H�U���W�K�H���,�)���E�D�Q�G�Z�L�G�W�K���W�K�D�W���F�D�Q���E�H��
�X�V�H�G���I�R�U���Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����7�K�H���o�J�X�U�H���V�K�R�Z�V���W�K�D�W���I�R�U���D���J�L�Y�H�Q�������G�%���E�D�Q�G�Z�L�G�W�K�����o�O�W�H�U�V��
with different shape factors will roll off at different rates.

�1�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q���F�D�Q���E�H���D�F�F�R�P�S�O�L�V�K�H�G���H�L�W�K�H�U���Z�L�W�K���D�Q�D�O�R�J���R�U���G�L�J�L�W�D�O���o�O�W�H�U�L�Q�J�����D�V
�V�K�R�Z�Q���L�Q���)�L�J�X�U�H�����������7�R���D�F�F�R�P�P�R�G�D�W�H���D���Z�L�G�H���U�D�Q�J�H���R�I���3�5�)�V�����Y�D�U�L�D�E�O�H���E�D�Q�G�Z�L�G�W�K���o�O�W�H�U�V���D�U�H
very desirable to optimize measurement speed. The classic way to implement an analog,
�Y�D�U�L�D�E�O�H���E�D�Q�G�Z�L�G�W�K���,�)���o�O�W�H�U���L�V���E�\���X�V�L�Q�J���W�K�H���V�\�Q�F�K�U�R�Q�R�X�V�O�\���W�X�Q�H�G���W�R�S�R�O�R�J�\�����7�K�H���K�H�D�U�W���R�I��
�W�K�H���o�O�W�H�U���L�V���D���S�D�U�D�O�O�H�O���/�&�����L�Q�G�X�F�W�R�U���F�D�S�D�F�L�W�R�U�����U�H�V�R�Q�D�W�R�U���G�U�L�Y�H�Q���E�\���D���Y�D�U�L�D�E�O�H���V�H�U�L�H�V��
resistance, usually achieved with a PIN diode. As the series resistance is increased, the 
�E�D�Q�G�Z�L�G�W�K���R�I���W�K�H���o�O�W�H�U���V�H�F�W�L�R�Q���J�H�W�V���V�P�D�O�O�H�U�����&�R�Q�F�D�W�H�Q�D�W�L�Q�J���P�X�O�W�L�S�O�H���U�H�V�R�Q�D�W�R�U���V�W�D�J�H�V��
�L�Q�F�U�H�D�V�H�V���W�K�H���V�H�O�H�F�W�L�Y�L�W�\���R�I���W�K�H���o�O�W�H�U��

�9�D�U�L�D�E�O�H���E�D�Q�G�Z�L�G�W�K���G�L�J�L�W�D�O���o�O�W�H�U�V���D�U�H���G�R�Q�H���X�V�L�Q�J���'�6�3���D�O�J�R�U�L�W�K�P�V���S�H�U�I�R�U�P�H�G���D�I�W�H�U���D�Q
�D�Q�D�O�R�J���W�R���G�L�J�L�W�D�O���F�R�Q�Y�H�U�V�L�R�Q���R�F�F�X�U�V�����7�K�H�U�H���D�U�H���W�Z�R���E�D�V�L�F���W�\�S�H�V���R�I���G�L�J�L�W�D�O���o�O�W�H�U�V��
�o�Q�L�W�H���L�P�S�X�O�V�H���U�H�V�S�R�Q�V�H�����)�,�5�����D�Q�G���L�Q�o�Q�L�W�H���L�P�S�X�O�V�H���U�H�V�S�R�Q�V�H�����,�,�5�������7�K�H���W�R�S�R�O�R�J�L�H�V���R�I���W�K�H�V�H
�W�Z�R���o�O�W�H�U�V���G�L�I�I�H�U�����D�Q�G���H�D�F�K���K�D�V���W�K�H�L�U���D�G�Y�D�Q�W�D�J�H�V���D�Q�G���G�L�V�D�G�Y�D�Q�W�D�J�H�V�����7�K�H���E�D�Q�G�Z�L�G�W�K���D�Q�G
�V�H�O�H�F�W�L�Y�L�W�\�����V�K�D�S�H���I�D�F�W�R�U�����R�I���G�L�J�L�W�D�O���o�O�W�H�U�V���D�U�H���F�R�Q�W�U�R�O�O�H�G���E�\���W�K�H���o�O�W�H�U���W�R�S�R�O�R�J�\�����Q�X�P�E�H�U���R�I
delay elements, and weighting factors.

�6�R�����K�R�Z���Z�L�G�H���D���o�O�W�H�U���F�D�Q���W�K�H���3�1�$���X�V�H���W�R���V�X�F�F�H�V�V�I�X�O�O�\���S�H�U�I�R�U�P���Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q�"���7�R
�D�Q�V�Z�H�U���W�K�D�W���T�X�H�V�W�L�R�Q�����\�R�X���Q�H�H�G���W�R���X�Q�G�H�U�V�W�D�Q�G���D���O�L�W�W�O�H���P�R�U�H���K�R�Z���W�K�H���3�1�$�j�V���G�L�J�L�W�D�O���,�)���o�O�W�H�U�V
work.

Classic analog variable-bandwidth bandpass filter:

Digital filtering: digital-signal processing after
analog-to-digital conversion

Anti-alias 
filter

ADC Digital-signal 
processing

Z-1 Z-1x(n)

h(0) h(1) xx ...

+

 
�)�L�J�X�U�H�����������$�Q�D�O�R�J���Y�H�U�V�X�V���G�L�J�L�W�D�O���o�O�W�H�U�L�Q�J
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�7�K�H���3�1�$�j�V���,�)���o�O�W�H�U�V���D�U�H���L�P�S�O�H�P�H�Q�W�H�G���D�V���)�,�5���o�O�W�H�U�V�����)�L�J�X�U�H���������V�K�R�Z�V���D�Q���H�[�D�P�S�O�H���)�,�5
�W�R�S�R�O�R�J�\�����7�K�H���Q�X�P�E�H�U���R�I���o�O�W�H�U���V�H�F�W�L�R�Q�V���R�U���k�W�D�S�V�y�����0�����L�V���Y�D�U�L�D�E�O�H�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���,�)
�E�D�Q�G�Z�L�G�W�K�����7�K�H���Q�D�U�U�R�Z�H�U���W�K�H���E�D�Q�G�Z�L�G�W�K�����W�K�H���O�D�U�J�H�U���W�K�H���U�H�T�X�L�U�H�G���Q�X�P�E�H�U���R�I���o�O�W�H�U��
sections. M is also the minimum number of ADC samples required to produce one trace 
�S�R�L�Q�W�����$�V���W�K�H���o�O�W�H�U���E�D�Q�G�Z�L�G�W�K���Q�D�U�U�R�Z�V�����P�R�U�H���V�D�P�S�O�H�V���D�U�H���U�H�T�X�L�U�H�G�����U�H�V�X�O�W�L�Q�J���L�Q���O�R�Q�J�H�U��
measurement times. The table in Figure 25 shows M (the number of sections and the 
�Q�X�P�E�H�U���R�I���V�D�P�S�O�H�V���U�H�T�X�L�U�H�G�����I�R�U���H�D�F�K���R�I���W�K�H���3�1�$�j�V���V�W�D�Q�G�D�U�G���,�)���o�O�W�H�U���E�D�Q�G�Z�L�G�W�K�V�����2�Q�F�H��
enough samples are taken to produce a trace point, the analyzer steps to the next point, 
which would be a new carrier frequency for point-in-pulse measurements, or a new delay 
�Y�D�O�X�H���I�R�U���S�X�O�V�H���S�U�R�o�O�L�Q�J�����7�K�H���W�D�S���Z�H�L�J�K�W�L�Q�J�V�����o�O�W�H�U���F�R�H�I�o�F�L�H�Q�W�V�����K���Q�����F�R�Q�W�U�R�O���W�K�H���V�K�D�S�H��
�I�D�F�W�R�U���R�U���V�H�O�H�F�W�L�Y�L�W�\���R�I���W�K�H���o�O�W�H�U�����,�Q���R�U�G�H�U���W�R���L�P�S�O�H�P�H�Q�W���W�K�H���k�V�S�H�F�W�U�D�O���Q�X�O�O�L�Q�J�y���W�H�F�K�Q�L�T�X�H����
�L�W���Z�L�O�O���E�H���Q�H�F�H�V�V�D�U�\���W�R���F�U�H�D�W�H���Q�R�Q���V�W�D�Q�G�D�U�G���R�U���F�X�V�W�R�P���,�)���o�O�W�H�U�V�����Z�L�W�K���0���Y�D�O�X�H�V���W�K�D�W���I�D�O�O��
between those listed in the table.

�)�L�J�X�U�H�����������)�L�Q�L�W�H���L�P�S�X�O�V�H���U�H�V�S�R�Q�V�H�����)�,�5�����o�O�W�H�U���E�D�V�L�F�V

Incoming 
sampled signal

t

Z-1 Z-1 Z-1 Z-1

x x

+

x

+

h(0) h(1) h(2) h(3)xx x

+...

h(M-2) h(M-1)

++

Unit delay

...x(n)

Sample 
decimator

y(M)M

Example FIR topology

Complex filtered 
output (e.g., S21)

t

MBWMBWMBW

1288050772k
95,5201.5204070533k
71,64021440100345k
47,7603960150257k
28,68057202001910k
19,56074803001615k
14,28010292500820k
948015211700630k
7200201491k535k
4800301011.5k440k

Standard PNA IF filters

143,280
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�1�R�Z���W�K�D�W���\�R�X���N�Q�R�Z���P�R�U�H���D�E�R�X�W���W�K�H���G�L�J�L�W�D�O���o�O�W�H�U�V���L�Q���W�K�H���3�1�$�����\�R�X���F�D�Q���O�R�R�N���D�W���W�K�H�L�U���V�H�O�H�F�W�L�Y�L�W�\��
�)�L�J�X�U�H���������V�K�R�Z�V���W�Z�R���R�I���W�K�H���3�1�$�j�V���V�W�D�Q�G�D�U�G���o�O�W�H�U�V���L�Q���W�K�H���I�U�H�T�X�H�Q�F�\���G�R�P�D�L�Q�����,�W���L�V���F�O�H�D�U���W�K�D�W
�W�K�H�V�H���D�U�H���Q�R�W���L�G�H�D�O���U�H�F�W�D�Q�J�X�O�D�U���o�O�W�H�U�V�����7�K�H�����������+�]���o�O�W�H�U���R�Q���W�K�H���O�H�I�W���U�H�T�X�L�U�H�V���œ���������N�+�]���W�R
�D�F�K�L�H�Y�H���V�W�R�S�E�D�Q�G���D�W�W�H�Q�X�D�W�L�R�Q���R�I���������G�%�����8�V�L�Q�J���W�K�H���o�O�W�H�U���Z�L�W�K�R�X�W���D�Q�\���k�W�U�L�F�N�V�y�����O�L�N�H���V�S�H�F�W�U�D�O
nulling) means the PRF must be 50 kHz or greater to ensure that the unwanted spectral
�F�R�P�S�R�Q�H�Q�W�V���D�U�H���V�X�I�o�F�L�H�Q�W�O�\���o�O�W�H�U�H�G�����,�Q���W�K�L�V���F�D�V�H�����W�K�H���,�)���E�D�Q�G�Z�L�G�W�K���Z�R�X�O�G���E�H�������������R�I���W�K�H
�3�5�)�����7�K�H���V�K�D�S�H���I�D�F�W�R�U���R�I���W�K�H�����������+�]���o�O�W�H�U���L�V�������������F�R�P�S�D�U�H�G���W�R���D���W�\�S�L�F�D�O���V�S�H�F�W�U�X�P���D�Q�D�O�\�]�H�U
�G�L�J�L�W�D�O���o�O�W�H�U���V�K�D�S�H���I�D�F�W�R�U���R�I���D�E�R�X�W���������)�R�U���W�K�H���������N�+�]���o�O�W�H�U�����W�K�H���3�5�)���Z�R�X�O�G���K�D�Y�H���W�R���E�H
�J�U�H�D�W�H�U���W�K�D�Q�����������0�+�]���W�R���H�Q�V�X�U�H���W�K�D�W���W�K�H���X�Q�Z�D�Q�W�H�G���V�S�H�F�W�U�D�O���F�R�P�S�R�Q�H�Q�W�V���D�U�H���V�X�I�o�F�L�H�Q�W�O�\
�o�O�W�H�U�H�G�����,�Q���W�K�L�V���F�D�V�H�����W�K�H���,�)���E�D�Q�G�Z�L�G�W�K���Z�R�X�O�G���E�H�������������R�I���W�K�H���3�5�)�����7�K�H���V�K�D�S�H���I�D�F�W�R�U���R�I���W�K�H
�������N�+�]���o�O�W�H�U���L�V�����������Z�K�L�F�K���L�V���E�H�W�W�H�U���W�K�D�Q���W�K�H�����������+�]���o�O�W�H�U�����E�X�W���L�V���V�W�L�O�O���I�D�U���O�H�V�V���V�H�O�H�F�W�L�Y�H���W�K�D�Q
�W�K�H���o�O�W�H�U�V���R�Q���D���V�S�H�F�W�U�X�P���D�Q�D�O�\�]�H�U�����6�R�����W�K�H���V�W�D�Q�G�D�U�G���,�)���o�O�W�H�U�V�����L�I���X�V�H�G���L�Q���D���F�R�Q�Y�H�Q�W�L�R�Q�D�O
manner, are not particularly well suited for narrowband pulse detection, as the IF bandwidths
must be very narrow compared to the PRF (typically between 1% and 0.1% of the
�3�5�)�������U�H�V�X�O�W�L�Q�J���L�Q���V�O�R�Z���P�H�D�V�X�U�H�P�H�Q�W�V�����9�1�$���G�L�J�L�W�D�O���o�O�W�H�U�V���D�U�H���Q�R�W���R�S�W�L�P�L�]�H�G���I�R�U���V�H�O�H�F�W�L�Y�L�W�\
���D�V���D�U�H���V�S�H�F�W�U�X�P���D�Q�D�O�\�]�H�U���o�O�W�H�U�V�������E�H�F�D�X�V�H���I�R�U���6���S�D�U�D�P�H�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V�����W�K�H���o�O�W�H�U���L�V
always exactly tuned to the incoming signal, or stated another way, the IF signal always
�I�D�O�O�V���L�Q���W�K�H���F�H�Q�W�H�U���R�I���W�K�H���o�O�W�H�U�����:�L�W�K���W�U�D�F�N�L�Q�J���o�O�W�H�U�V�����J�R�R�G���V�H�O�H�F�W�L�Y�L�W�\���L�V���Q�R�W���Q�H�H�G�H�G��
�,�Q�V�W�H�D�G�����9�1�$���o�O�W�H�U�V���D�U�H���R�S�W�L�P�L�]�H�G���I�R�U���V�Z�H�H�S���V�S�H�H�G���D�Q�G���O�R�Z���Q�R�L�V�H���E�D�Q�G�Z�L�G�W�K��

�)�L�J�X�U�H�����������3�1�$���,�)���o�O�W�H�U���V�K�D�S�H�V�����D�������������+�]���o�O�W�H�U���Z�L�W�K�����������N�+�]���V�S�D�Q�����6�K�D�S�H���I�D�F�W�R�U��� �����������E�����������N�+�]���o�O�W�H�U���Z�L�W�K�������0�+�]��
span. Shape factor = 67

75 dB 75 dB

)b)a
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Using spectral nulling for wider IF bandwidths

�%�X�W���Z�D�L�W�����7�K�H���V�W�R�U�\���G�R�H�V�Q�j�W���H�Q�G���K�H�U�H�����7�K�H�U�H���D�U�H���D�W�W�U�L�E�X�W�H�V���R�I���W�K�H���G�L�J�L�W�D�O���,�)���o�O�W�H�U�V���L�Q���W�K�H
�3�1�$���W�K�D�W���D�O�O�R�Z���\�R�X���W�R���L�P�S�U�R�Y�H���R�X�U���P�H�D�V�X�U�H�P�H�Q�W���V�S�H�H�G���V�L�J�Q�L�o�F�D�Q�W�O�\�����)�L�J�X�U�H���������V�K�R�Z�V���D
�W�\�S�L�F�D�O���Q�D�U�U�R�Z�E�D�Q�G���o�O�W�H�U���R�Q���W�K�H���3�1�$�������������+�]���L�Q���W�K�L�V���F�D�V�H�������,�I���\�R�X���O�R�R�N���Q�H�D�U���W�K�H���F�H�Q�W�H�U���R�I
�W�K�H���o�O�W�H�U���U�H�V�S�R�Q�V�H���R�Q���W�K�H���O�L�Q�H�D�U���P�D�J�Q�L�W�X�G�H���W�U�D�F�H�����\�R�X���Z�L�O�O���Q�R�W�L�F�H���V�R�P�H�W�K�L�Q�J���Y�H�U�\���L�Q�W�H�U�H�V�W�L�Q�J��
There appear to be nulls in the frequency response at periodic intervals. If you display
�W�K�H���o�O�W�H�U���U�H�V�S�R�Q�V�H���Z�L�W�K���D���O�R�J���P�D�J�Q�L�W�X�G�H���I�R�U�P�D�W�����W�K�H���I�U�H�T�X�H�Q�F�\���Q�X�O�O�V���D�U�H���T�X�L�W�H���F�O�H�D�U�O�\
seen. The frequency interval between nulls is directly proportional to the IF bandwidth,
�Z�K�L�F�K���L�Q���W�X�U�Q���L�V���L�Q�Y�H�U�V�H�O�\���S�U�R�S�R�U�W�L�R�Q�D�O���W�R���W�K�H���Q�X�P�E�H�U���R�I���V�H�F�W�L�R�Q�V���R�I���W�K�H���G�L�J�L�W�D�O���o�O�W�H�U�����0��
�1�R�W�H���W�K�D�W���W�K�H���S�H�D�N�V���R�I���W�K�H���o�O�W�H�U���U�H�V�S�R�Q�V�H���F�D�X�V�H���W�K�H���S�R�R�U���V�H�O�H�F�W�L�Y�L�W�\���V�H�H�Q���L�Q���W�K�H���S�U�H�Y�L�R�X�V
�o�J�X�U�H�����)�L�J�X�U�H���������V�K�R�Z�V���K�R�Z���W�R���W�D�N�H���D�G�Y�D�Q�W�D�J�H���R�I���W�K�H�V�H���Q�X�O�O�V��

�)�L�J�X�U�H�����������&�O�R�V�H���L�Q���Y�L�H�Z���R�I���W�K�H�����������+�]���3�1�$���,�)���o�O�W�H�U

Figure 28. Filtered output using spectral nulling
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�,�I���W�K�H���Q�X�P�E�H�U���R�I���o�O�W�H�U���V�H�F�W�L�R�Q�V���F�D�Q���E�H���F�K�R�V�H�Q���V�X�F�K���W�K�D�W���W�K�H���o�O�W�H�U�j�V���I�U�H�T�X�H�Q�F�\���Q�X�O�O�V
�H�[�D�F�W�O�\���D�O�L�J�Q���Z�L�W�K���W�K�H���3�5�)�����W�K�H�Q���W�K�H���X�Q�G�H�V�L�U�H�G���S�X�O�V�H�G���V�S�H�F�W�U�D�O���F�R�P�S�R�Q�H�Q�W�V���Z�L�O�O���E�H���o�O�W�H�U�H�G
away, leaving the desired center spectral component. PNA Option H08 allows these
�F�X�V�W�R�P���,�)���o�O�W�H�U�V���W�R���E�H���F�U�H�D�W�H�G�����,�Q�V�W�H�D�G���R�I���W�K�H���V�W�D�Q�G�D�U�G�������������������������������������������������o�O�W�H�U���V�H�T�X�H�Q�F�H��
�\�R�X���F�D�Q���F�R�Q�V�W�U�X�F�W���,�)���o�O�W�H�U�V���Z�L�W�K���D�U�E�L�W�U�D�U�\���E�D�Q�G�Z�L�G�W�K�V���O�L�N�H�����������+�]���R�U���������+�]�����7�K�H���E�D�Q�G�Z�L�G�W�K
�R�I���W�K�H�V�H���o�O�W�H�U�V���P�X�V�W���E�H���F�K�R�V�H�Q���E�D�V�H�G���R�Q���W�K�H���3�5�)�����W�R���H�Q�V�X�U�H���S�U�R�S�H�U���V�S�H�F�W�U�D�O���Q�X�O�O�L�Q�J�����:�L�W�K
this technique, the IF bandwidth can be much higher compared to the conventional
�o�O�W�H�U�L�Q�J���V�K�R�Z�Q���S�U�H�Y�L�R�X�V�O�\�����U�H�V�X�O�W�L�Q�J���L�Q���P�X�F�K���I�D�V�W�H�U���P�H�D�V�X�U�H�P�H�Q�W���V�S�H�H�G�����,�Q���S�U�D�F�W�L�F�H�����L�I���D
really wide bandwidth is desired, the PRF of the pulses may need to be adjusted slightly
to ensure proper nulling. If the PRF cannot be adjusted, then the IF chosen will be as
narrow as necessary to achieve proper spectral nulling.

�)�L�J�X�U�H���������V�K�R�Z�V���W�K�H�����������+�]���o�O�W�H�U���R�I���)�L�J�X�U�H���������V�X�S�H�U�L�P�S�R�V�H�G���R�Q���D�����������N�+�]���3�5�)���S�X�O�V�H
�V�W�U�H�D�P�����,�Q���W�K�L�V���F�D�V�H���W�K�H���3�1�$���L�V���D�F�W�X�D�O�O�\���X�V�L�Q�J���H�Y�H�U�\���W�K�L�U�G���Q�X�O�O���R�I���W�K�H���o�O�W�H�U�����7�K�L�V���U�H�S�U�H�V�H�Q�W�V
an IF bandwidth that is 29% of the PRF, instead of the 0.1 % to 1% required with
�F�R�Q�Y�H�Q�W�L�R�Q�D�O���o�O�W�H�U�L�Q�J��

If you chose a narrower bandwidth to improve measurement dynamic range (at the
expense of measurement speed), the spectral components would skip more nulls. In this
way, you can trade off dynamic range and measurement speed by varying the IF bandwidth.

�)�L�J�X�U�H�����������=�R�R�P�H�G���L�Q���Y�L�H�Z���R�I���V�S�H�F�W�U�D�O���Q�X�O�O�L�Q�J���Z�L�W�K�����������+�]���o�O�W�H�U�����3�5�)��� �����������N�+�]��

Response of 500 Hz digital IF filter and 1.7 kHz pulsed spectrum
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�)�L�J�X�U�H���������V�K�R�Z�V���Z�K�D�W���W�K�H���Q�X�O�O�L�Q�J���O�R�R�N�V���O�L�N�H���Z�K�H�Q���\�R�X���Q�D�U�U�R�Z���W�K�H���,�)���o�O�W�H�U���E�D�Q�G�Z�L�G�W�K���E�\���D
�I�D�F�W�R�U���R�I���������W�R�����������+�]�����7�K�L�V���H�[�D�P�S�O�H���X�V�H�V���H�Y�H�U�\���Q�L�Q�W�K���Q�X�O�O���R�I���W�K�H���o�O�W�H�U�����Z�K�L�F�K���U�H�S�U�H�V�H�Q�W�V
an IF bandwidth that is about 9.9% of PRF, instead of the 0.1% to 1% required with
�F�R�Q�Y�H�Q�W�L�R�Q�D�O���o�O�W�H�U�L�Q�J�����1�D�U�U�R�Z�L�Q�J���W�K�H���o�O�W�H�U���L�Q���W�K�L�V���P�D�Q�Q�H�U���L�Q�F�U�H�D�V�H�V���W�K�H���G�\�Q�D�P�L�F���U�D�Q�J�H���E�\
about 5 dB (10*log [3]).

Figure 31 illustrates the speed differences between two traces that both use narrowband
�G�H�W�H�F�W�L�R�Q�����2�Q�H���W�U�D�F�H���X�V�H�V���W�K�H���3�1�$�j�V���,�)���o�O�W�H�U�V���L�Q���D���F�R�Q�Y�H�Q�W�L�R�Q�D�O���P�D�Q�Q�H�U�����D�Q�G���W�K�H���R�W�K�H�U
�W�U�D�F�H���X�W�L�O�L�]�H�V���W�K�H���V�S�H�F�W�U�D�O���Q�X�O�O�L�Q�J���W�H�F�K�Q�L�T�X�H�����,�I���W�K�H���V�W�D�Q�G�D�U�G���o�O�W�H�U���E�D�Q�G�Z�L�G�W�K���L�V���W�R�R���O�D�U�J�H��
then large amounts of trace noise can be seen, as shown in the two left-hand plots. The
right-hand plot shows that when both traces have approximately the same trace noise,
spectral nulling results in a 14-fold improvement in measurement speed compared to
�X�V�L�Q�J���F�R�Q�Y�H�Q�W�L�R�Q�D�O���o�O�W�H�U�L�Q�J��

�)�L�J�X�U�H�����������=�R�R�P�H�G���L�Q���Y�L�H�Z���R�I���V�S�H�F�W�U�D�O���Q�X�O�O�L�Q�J���Z�L�W�K�����������+�]���o�O�W�H�U�����3�5�)��� �����������N�+�]��

�)�L�J�X�U�H�����������,�)���E�D�Q�G�Z�L�G�W�K���F�R�P�S�D�U�L�V�R�Q�����F�R�Q�Y�H�Q�W�L�R�Q�D�O���o�O�W�H�U�L�Q�J���Y�H�U�V�X�V���V�S�H�F�W�U�D�O���Q�X�O�O�L�Q�J

Response of 166 Hz digital IF filter and 1.7 kHz pulsed spectrum
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PRF = 2.349 kHz
PW = 10 us (2.4% duty cycle)

With spectral nulling:
IF BW = 415 Hz, sweep time = 1 sec

Without spectral nulling:
IF BW = 30 Hz, sweep time = 14 sec
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Figure 32 demonstrates that decreasing the IF bandwidth of point-in-pulse measurements
using narrowband detection results in more measurement dynamic range (and slower
sweep times), as occurs during normal S-parameter measurements.

The algorithm that PNA Option H08 uses to null unwanted spectral components also
�Q�X�O�O�V�����)�L�J�X�U�H�����������R�W�K�H�U���V�R�X�U�F�H�V���R�I���L�Q�W�H�U�I�H�U�L�Q�J���V�L�J�Q�D�O�V���V�X�F�K���D�V��

 – Aliased spectral components – for narrow pulses with broad frequency content, the 
�X�Q�o�O�W�H�U�H�G���S�X�O�V�H�G���V�L�J�Q�D�O���F�D�Q���Z�U�D�S���D�U�R�X�Q�G���W�K�H���'�&���S�R�L�Q�W���L�Q���W�K�H���D�Q�D�O�\�]�H�U�j�V���U�H�F�H�L�Y�H�U�����D�Q�G 
fold back on top of itself. Although the spacing of these folded signals is the same as 
the unaliased spectral components, the aliased components are unlikely to fall exactly 
on top of the unaliased components. They will appear as a new set of pulsed 
components that are offset in frequency from the unaliased spectrum.

 – Baseband leakage – often in pulsed-RF systems, the baseband modulating signal leaks 
onto the pulsed-RF signal, causing another set of spectral lines that, in general, do not 
align with the main pulsed-RF spectrum. This leakage signal is often called “video 
feed-through”, an old term dating back to the early days of radar.

 – Images – because of the two conversions used in the PNA to down-convert the 
incoming RF to an IF signal, image frequencies exist where the receivers have an 
undesirable response.

Figure 32. Dynamic-range comparison of two bandwidths using narrowband detection

Figure 33. Elimination of additional interfering signals
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�$�O�O���R�I���W�K�H�V�H���D�G�G�L�W�L�R�Q�D�O���V�L�J�Q�D�O�V���D�U�H���Q�X�O�O�H�G���E�\���V�H�O�H�F�W�L�Q�J���D���Q�D�U�U�R�Z�H�U���,�)���o�O�W�H�U���E�D�Q�G�Z�L�G�W�K���W�K�D�Q
�Z�K�D�W���Z�R�X�O�G���E�H���Q�H�H�G�H�G���W�R���Q�X�O�O���M�X�V�W���W�K�H���P�D�L�Q���S�X�O�V�H�G���5�)���V�S�H�F�W�U�X�P�����7�K�H���Q�D�U�U�R�Z�H�U���o�O�W�H�U���K�D�V
more nulls that are more closely spaced in frequency, and these nulls can be used to cancel
multiple sets of offset spectral components.

Spectral nulling can also be done without Option H08, by using one of the PNA’s standard
�,�)���o�O�W�H�U�V�����7�K�H���V�S�D�F�L�Q�J���E�H�W�Z�H�H�Q���Q�X�O�O�V���F�D�Q���E�H���F�D�O�F�X�O�D�W�H�G���D�V�����������>�������W�D�S�V���q���������[���V�D�P�S�O�H�W�L�P�H�@��
However, the PRF must be exactly set to a multiple of the null spacings of the selected IF 
�o�O�W�H�U�����7�K�L�V���O�L�P�L�W�V���W�K�H���p�H�[�L�E�L�O�L�W�\���R�I���K�D�Y�L�Q�J���D�U�E�L�W�U�D�U�\���3�5�)�V���D�Q�G���L�Q���P�D�Q�\���F�D�V�H�V���Z�L�O�O���S�U�H�Y�H�Q�W��
�P�H�D�V�X�U�L�Q�J���D�W���D���3�5�)���V�S�H�F�L�o�H�G���E�\���D���V�\�V�W�H�P���G�H�V�L�J�Q�H�U�����R�U���U�H�V�X�O�W���L�Q���H�[�F�H�V�V�L�Y�H�O�\���V�O�R�Z
�P�H�D�V�X�U�H�P�H�Q�W���V�S�H�H�G�����,�Q���D�G�G�L�W�L�R�Q�����L�W���Z�R�X�O�G���E�H���Y�H�U�\���G�L�I�o�F�X�O�W���W�R���Q�X�O�O���R�X�W���D�O�O���R�I���W�K�H���X�Q�G�H�V�L�U�H�G
�V�S�H�F�W�U�D�O���F�R�P�S�R�Q�H�Q�W�V���V�K�R�Z�Q���L�Q���W�K�H���S�U�H�Y�L�R�X�V���o�J�X�U�H�����8�V�L�Q�J���2�S�W�L�R�Q���+�������D�O�O�R�Z�V���W�K�H���F�U�H�D�W�L�R�Q
�R�I���k�F�X�V�W�R�P�y���,�)���E�D�Q�G�Z�L�G�W�K���o�O�W�H�U�V���Z�K�L�F�K���S�U�R�Y�L�G�H���E�H�W�W�H�U���U�H�M�H�F�W�L�R�Q���R�I���X�Q�G�H�V�L�U�H�G���V�L�J�Q�D�O�V���Z�K�L�O�H
�\�L�H�O�G�L�Q�J���I�X�O�O���3�5�)���p�H�[�L�E�L�O�L�W�\�����U�H�G�X�F�L�Q�J���W�U�D�F�H���Q�R�L�V�H���D�Q�G���L�Q�F�U�H�D�V�L�Q�J���G�\�Q�D�P�L�F���U�D�Q�J�H��

Figure 34 shows a picture of narrowband detection on the PNA, in the time domain. The
bottom image shows the actual down-conversion chain in the PNA. The IF gate switches,
�Z�K�L�F�K���D�U�H���X�V�H�G���I�R�U���S�R�L�Q�W���L�Q���S�X�O�V�H���D�Q�G���S�X�O�V�H���S�U�R�o�O�L�Q�J���P�H�D�V�X�U�H�P�H�Q�W�V���W�R���U�H�V�W�U�L�F�W���W�K�H���G�D�W�D
�D�F�T�X�L�V�L�W�L�R�Q���W�R���D���V�S�H�F�L�o�F���U�H�J�L�R�Q���Z�L�W�K�L�Q���W�K�H���S�X�O�V�H�����D�U�H���S�O�D�F�H�G���L�Q���W�K�H�������������0�+�]���o�U�V�W���,�)���S�D�W�K��
The minimum pulse width that can be applied to these gates is 20 ns. A second 
�G�R�Z�Q�F�R�Q�Y�H�U�V�L�R�Q���V�W�D�J�H���I�R�O�O�R�Z�V�����S�U�R�G�X�F�L�Q�J���W�K�H���o�Q�D�O���,�)���R�I�������������N�+�]�����$�Q���D�Q�W�L���D�O�L�D�V���o�O�W�H�U���L�V��
placed just in front of the ADC. The top waveform shows the incoming pulses, with a 1 us 
PW after gating, and a PRP of 100 us (1% duty cycle).

The middle waveform is the actual voltage waveform at the input to the ADC, and it
�V�K�R�Z�V���W�K�H���S�X�O�V�H�V���V�S�U�H�D�G���R�X�W���E�\���W�K�H���D�Q�W�L���D�O�L�D�V���o�O�W�H�U�����,�Q���W�K�L�V���H�[�D�P�S�O�H���Z�K�H�U�H���W�K�H���S�X�O�V�H�V���D�U�H
relatively narrow, this waveform represents the impulse response of the PNA’s receiver.
The lower waveform shows the sampling process, which occurs continuously, and is
asynchronous to the incoming pulses. You can easily see that for small duty cycles, the
impulse response falls into the noise before the next pulse appears. In this case, the ADC
samples a lot of noise in-between pulses, which lowers the signal-to-noise ratio and
decreases dynamic range. As the time between pulses is increased, more noise is
sampled, further lowering the dynamic range.

Figure 34. PNA narrowband detection in the time domain
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�&�R�Q�W�L�Q�X�L�Q�J���Z�L�W�K���R�X�U���H�[�D�P�S�O�H���R�I���D�����������+�]���o�O�W�H�U�������������V�D�P�S�O�H�V���D�U�H���U�H�T�X�L�U�H�G���W�R���S�U�R�G�X�F�H���R�Q�H
S-parameter trace point. At 6 us per sample, this takes 1.75 ms. With our PRP of 100 us,
we see that 17 pulses occur for each trace point that we acquire. Under normal
conditions, the magnitude and phase of the pulses (at a given carrier frequency) are time
invariant, so we get consistent and repeatable results. If the pulse response changes
during the course of a measurement at a particular carrier frequency, then the resulting
trace point represents the average pulse response over the number of pulses used for
that trace point. The number of pulses required for a single trace point varies according
to the PRF and the IF bandwidth. Because multiple pulses occur for each trace point,
narrowband point-in-pulse measurements require a hardware gate before the ADC.

Figure 35 shows that decreased dynamic range with decreased duty cycle can easily be
observed on the network analyzer by measuring a device with high dynamic range, a
�K�L�J�K�S�D�V�V���o�O�W�H�U���L�Q���W�K�L�V���H�[�D�P�S�O�H�����$�O�W�K�R�X�J�K���o�O�W�H�U�V���D�U�H���Q�R�W���Q�R�U�P�D�O�O�\���P�H�D�V�X�U�H�G���X�Q�G�H�U���S�X�O�V�H�G
conditions, they do serve as useful DUTs to demonstrate pulse de-sensitization effects.

In each plot, we compare a pulsed S-parameter (noisier trace) with a normal, sweptsinusoid
S-parameter (cleaner trace). The top plot shows that with a 5% duty cycle, we can still 
�P�H�D�V�X�U�H���W�K�H���o�O�W�H�U���V�W�R�S�E�D�Q�G���W�R���D�E�R�X�W���q�������G�%���Z�L�W�K���U�H�D�V�R�Q�D�E�O�H���D�F�F�X�U�D�F�\�����7�K�H���Q�H�[�W
plot down (second from top), shows the effect of decreasing the duty cycle by a factor
of three, resulting in a decrease in dynamic range of about 10 dB, and a rather noisy
�P�H�D�V�X�U�H�P�H�Q�W���R�I���W�K�H���o�O�W�H�U�j�V���V�W�R�S�E�D�Q�G�����7�K�H���Q�H�[�W���S�O�R�W���G�R�Z�Q�����V�H�F�R�Q�G���I�U�R�P���W�K�H���E�R�W�W�R�P��
shows that with another decrease in duty cycle (a factor of 10 this time), the analyzer’s
�Q�R�L�V�H���p�R�R�U���K�D�V���L�Q�F�U�H�D�V�H�G���E�\���������G�%�����D�Q�G���L�V���Q�R�Z���D�E�R�Y�H���W�K�H���o�O�W�H�U���V�W�R�S�E�D�Q�G���D�O�O���W�R�J�H�W�K�H�U��
Note that the PW is 100 ns in this example. The lowest plot shows that we can improve
dynamic range by averaging. 100 averages results in a 20 dB improvement in dynamic
range, so the measurement shows about the same dynamic range as the plot second
from the top. For all of these examples, a unique calibration was performed for each set
of pulse conditions.

�)�L�J�X�U�H�����������'�X�W�\���F�\�F�O�H���Y�H�U�V�X�V���G�\�Q�D�P�L�F���U�D�Q�J�H���X�V�L�Q�J���Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q���D�Q�G���D���K�L�J�K���S�D�V�V���o�O�W�H�U

Pulse width = 100 ns
Dynamic range improved 
with averaging (101 avgs) 

Pulse width = 3 � s (DC = 5.1%) 

Pulse width = 1 � s (DC = 1.7%) 

Pulse width = 100 ns 
(DC = 0.17%) 
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�7�\�S�L�F�D�O���V�H�W�X�S���I�R�U���I�R�U�Z�D�U�G���S�X�O�V�H�G���5�)���D�P�S�O�L�o�H�U���P�H�D�V�X�U�H�P�H�Q�W�V

Figure 36 shows a typical PNA setup for making narrowband pulsed-RF measurements in
�W�K�H���I�R�U�Z�D�U�G���G�L�U�H�F�W�L�R�Q���R�Q�O�\�����Z�K�L�F�K���R�I�W�H�Q���L�V���D�O�O���W�K�D�W���L�V���U�H�T�X�L�U�H�G���I�R�U���D�P�S�O�L�o�H�U���W�H�V�W�����7�K�H���H�[�D�P�S�O�H
�H�[�W�H�U�Q�D�O���W�H�V�W���V�H�W���L�V���Q�R�W���M�X�V�W���D�Q���5�)���P�R�G�X�O�D�W�R�U�����,�W���D�O�V�R���L�Q�F�O�X�G�H�V���D�Q���D�P�S�O�L�o�H�U���W�R���E�R�R�V�W���W�K�H
power of test port 1. Higher test-port power is often needed for radar components like
transmit/receive (T/R) modules. The directional coupler is used to provide a reference
�V�L�J�Q�D�O���D�I�W�H�U���W�K�H���E�R�R�V�W�H�U���D�P�S�O�L�o�H�U�����V�R���D�Q�\���G�U�L�I�W���R�I���W�K�H���E�R�R�V�W�H�U���D�P�S���L�V���U�H�P�R�Y�H�G���I�U�R�P���W�K�H
measurement by ratioing. The test set is connected to the PNA via the front-panel RF
jumpers provided by Option 014. For other applications, a simpler test set consisting
solely of one or two RF modulators (switches) could also be used.

Figure 36. Typical PNA hardware setup for narrowband detection

The pulse generators, each with two output modules, provide the pulse timing to control
the modulator and the PNA’s internal receiver gates, which are used for point-in-pulse
�D�Q�G���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V�����7�\�S�L�F�D�O�O�\�����I�R�X�U���S�X�O�V�H���R�X�W�S�X�W�V���D�U�H���X�V�H�G�����R�Q�H���H�D�F�K���I�R�U���W�K�H
RF modulator, A-receiver gate and B-receiver gate, plus one for the two reference-receiver
gates, which can be tied together using a BNC tee. More complicated systems might
require more pulse output modules. The pulse generators are controlled via GPIB, and
the master pulse generator must be locked to the PNA’s 10 MHz timebase. The second
(slave) pulse generator is synchronized via a front-panel trigger signal. The overall
system (PNA and pulse generators) is controlled by the PNA Pulsed Application software
(Option H08).

Option H08 
VB application and DLL

Three output channels drive internal receiver 
gates A, B, and R1/R2 for point-in-pulse and 
pulse-pro�le measurements

Ref In

DUT

PNA

Trigger

GPIB

10 MHz Ref

Src Out

One output channel 
drives RF modulator

81110A family pulse generators

Z5623A H81 pulsed-RF test set

��������
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Figure 37 shows all of the PNA hardware options associated with a typical narrowband
�S�X�O�V�H�G���5�)���V�H�W�X�S��

 – ���������q���&�R�Q�o�J�X�U�D�E�O�H���W�H�V�W���V�H�W
 – UNL – Source attenuators
 – 080 – Frequency-offset mode
 – 081 – Reference switch
 – H11 – IF access
 – 016 – Receiver attenuators (optional)

Figure 37. Typical PNA hardware options for narrowband detection

�2�S�W�L�R�Q���+�������D�G�G�V���W�K�H���,�)���J�D�W�L�Q�J���V�Z�L�W�F�K�H�V���Q�H�F�H�V�V�D�U�\���I�R�U���S�R�L�Q�W���L�Q���S�X�O�V�H���D�Q�G���S�X�O�V�H���S�U�R�o�O�H
�P�H�D�V�X�U�H�P�H�Q�W�V�����)�R�U���D���3�1�$���F�R�Q�o�J�X�U�H�G���Z�L�W�K���2�S�W�L�R�Q���+���������2�S�W�L�R�Q�����������L�V���W�K�H���R�Q�O�\���k�R�S�W�L�R�Q�D�O�y
option – all of the other options are required. Note that although the PNA uses 
dualconversion receivers, only one conversion is shown for simplicity. Option H11 also adds
external IF inputs and auxiliary RF and LO outputs. This additional hardware is necessary
for antenna and mm-wave applications.

The IF gates supplied with Option H11 can only be used with Option H08. Option H08 also
includes the proprietary algorithms that implement the spectral nulling technique used
with narrowband detection. In addition, Option H08 controls the pulse generator(s) used in
�W�K�H���V�\�V�W�H�P�����D�Q�G���S�H�U�I�R�U�P�V���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V��
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B

External IF in

ADC

IF gate

IF gate

Multipliers (1, 2)

Front

Rear Option H11

LOX

X

ADC

R1

External IF in

IF gate
*11H noitpO*11H noitpO
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Pulling it all together with Option H08

Option H08 comes with two software components. One is a dynamic-link library (DLL)
which acts as a “sub-routine”, and is needed for manual and automated environments.
The second portion is a Visual Basic (VB) application that runs on the PNA. This VB
application is used for stand-alone, bench-top use. It interacts with the DLL and sends
appropriate commands to the PNA and the pulse generator(s). The VB application is
assigned to one of the PNA’s macro keys for easy access.

Figure 38 shows how Option H08 operates in the “software domain”. In stand-alone
operation (indicated by the solid arrows), the VB application interacts with the DLL to get
the necessary spectral-nulling parameters. The VB application then sends these values
to the PNA. The application also controls the pulse generators. The VB application does
not have an application-programming interface (API), so in a remote environment where
the user has their own software to control the pulse measurements, the user software
cannot interact directly with the VB application. Instead, the user’s software must call
the DLL, and the returned values must then be sent to the PNA. The software must also
directly program the pulse generators. Remote operation is indicated by the dashed
arrows.

Figure 38. Option H08 in the “software domain”

User softwarePNA + pulse generators

Option H08 VB syntax:
Pulsed. Con�gNarrowBand
(PRF, NumTaps, BW, O�Set, 
SampleRate, Precision)

Dynamic Link Library (.dll)
(contains algorithms for spectral nulling)

Keysight pulse application 
(manual use only – no API available)

��������
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�:�K�L�O�H���W�K�H���+�������D�S�S�O�L�F�D�W�L�R�Q���V�X�S�S�R�U�W�V���P�D�Q�X�D�O���S�X�O�V�H���S�U�R�o�O�L�Q�J���Z�L�W�K���W�K�H���D�E�L�O�L�W�\���W�R���V�D�Y�H���G�D�W�D�����L�W
�G�R�H�V���Q�R�W���V�X�S�S�R�U�W���U�H�P�R�W�H�����V�R�I�W�Z�D�U�H���F�R�Q�W�U�R�O�O�H�G�����S�X�O�V�H���S�U�R�o�O�L�Q�J�����7�K�L�V���F�D�Q���H�D�V�L�O�\���E�H���D�F�F�R�P�S�O�L�V�K�H�G
however with a small amount of program code (Figure 39). Basically, the delay of
the pulse generator output(s) that controls the IF gate(s) for the signal or parameter you
�Z�L�V�K���W�R���S�U�R�o�O�H���L�V���D�U�H���V�W�H�S�S�H�G���L�Q���G�H�O�D�\���D�F�U�R�V�V���D���S�U�H�G�H�W�H�U�P�L�Q�H�G���V�W�D�U�W���D�Q�G���V�W�R�S���G�H�O�D�\�����$�W
each delay, the PNA is triggered via software to make a single receiver or ratioed receiver
(S-parameter) measurement. This is done in a loop. Keysight includes a Visual Basic
�S�U�R�J�U�D�P�P�L�Q�J���H�[�D�P�S�O�H���L�Q���W�K�H���+�������G�R�F�X�P�H�Q�W�D�W�L�R�Q���W�R���G�H�P�R�Q�V�W�U�D�W�H���D�X�W�R�P�D�W�H�G���S�X�O�V�H���S�U�R�o�O�H
measurements.

�)�L�J�X�U�H�����������3�X�O�V�H���S�U�R�o�O�L�Q�J���Z�L�W�K���X�V�H�U���V�R�I�W�Z�D�U�H

Most narrowband pulse applications for the PNA will require a combination of Option H11
and Option H08. For cost-sensitive applications, a PNA without either option can be used,
�Z�L�W�K���O�L�P�L�W�H�G���p�H�[�L�E�L�O�L�W�\���D�Q�G���S�H�U�K�D�S�V���L�Q�F�U�H�D�V�H�G���W�U�D�F�H���Q�R�L�V�H���D�Q�G���G�H�J�U�D�G�H�G���G�\�Q�D�P�L�F���U�D�Q�J�H
due to sub-optimal spectral nulling. Option H08 can be used without H11 if average pulse
�P�H�D�V�X�U�H�P�H�Q�W�V���D�U�H���V�X�I�o�F�L�H�Q�W�����L���H�������Q�R���S�R�L�Q�W���L�Q���S�X�O�V�H���P�H�D�V�X�U�H�P�H�Q�W�V�������R�U���L�I���H�[�W�H�U�Q�D�O���5�)
�V�Z�L�W�F�K�H�V���D�U�H���X�V�H�G���L�Q���S�O�D�F�H���R�I���W�K�H���L�Q�W�H�U�Q�D�O���,�)���V�Z�L�W�F�K�H�V���I�R�U���S�R�L�Q�W���L�Q���S�X�O�V�H���D�Q�G���S�X�O�V�H���S�U�R�o�O�H
measurements.

�1�R�W�H�������2�S�W�L�R�Q���+�������X�V�H�V���W�K�H���I�U�H�T�X�H�Q�F�\���R�I�I�V�H�W���R�S�W�L�R�Q�����2�S�W�L�R�Q�������������W�R���H�Q�V�X�U�H���W�K�H���3�1�$���U�H�P�D�L�Q�V���S�K�D�V�H�O�R�F�N�H�G
with a pulsed reference signal. However, the frequency-offset value is not always zero Hz — sometimes, the ap-
plication uses a frequency offset of 1.389 kHz to compensate for an internal data-acquisition sampling-frequen-
cy shift. When this occurs and you try to set the PNA to its maximum stop frequency, an error will occur that 
says “Response frequencies exceed instrument range”. To prevent this from occurring, set the stop frequency 
to a value that is at least 2 kHz less than the maximum allowed. For example, on a 20 GHz PNA, set the stop 
frequency to 19.999998 GHz or less.

...

– S et carrier to a CW signal

– Increment delay of pulse generator(s) 
 in a loop, for appropriate receiver(s)

– Trigger PNA (via software) to measure 
 S-parameters at each delay setting

– After loops completes, read final trace data

Excerpt from VB programming example:
For i = 0 To LNumPoints

OGPIB.ibwrt IPg, ":SOUR:PULS:DEL" & CStr(IOutput) & " " &  
CStr(H2oEdit_start.Value + H2oEdit_step.Value * i) & Chr$(10)

OGPIB.ibwrt IPg, "*OPC?" & Chr$(10)
OGPIB.ibrd IPg, SOPC
OApp.ManualTrigger True
pgb_meas.Value = i

Next
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�0�R�U�H���&�R�Q�o�J�X�U�D�W�L�R�Q���&�K�R�L�F�H�V

Hardware setups

Up to now, this application note has focused on two typical hardware setups, one each
�I�R�U���Z�L�G�H�E�D�Q�G���D�Q�G���Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����+�R�Z�H�Y�H�U�����W�K�H���3�1�$���D�Q�G���3�1�$���/���F�D�Q���E�H���F�R�Q�o�J�X�U�H�G
in other ways for other pulsed-RF applications. The following examples illustrate the
�p�H�[�L�E�L�O�L�W�\���R�I���W�K�H���3�1�$���D�Q�G���3�1�$���/���S�O�D�W�I�R�U�P�V�����1�R�W�H���W�K�D�W���V�R�P�H���V�L�J�Q�D�O���O�L�Q�H�V���K�D�Y�H���E�H�H�Q���R�P�L�W�W�H�G
for clarity, such as 10 MHz references, pulse-generator-to-pulse-generator triggers,
and GPIB connections. Also, more pulse generators than shown can be utilized for
�L�Q�F�U�H�D�V�H�G���p�H�[�L�E�L�O�L�W�\���R�I���W�U�L�J�J�H�U�L�Q�J���W�K�H���,�)���R�U���5�)���J�D�W�H�V���Z�K�H�Q���X�V�L�Q�J���Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q��
Figure 40 shows an external RF switch used for receiver gating, instead of using the
PNA’s internal IF gate switches. This setup, only used with narrowband detection, can
provide shorter gate widths (< 20 ns) than those obtained using the internal IF gates.
This results in better timing resolution and lets you use a PNA without Option H11. For
�I�R�U�Z�D�U�G�����U�D�W�L�R�H�G�����S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���Z�L�W�K���F�R�X�S�O�H�G���J�D�W�H�V�����D���V�H�F�R�Q�G���5�)���V�Z�L�W�F�K
would be needed for the R1 reference channel.

Figure 40. Using an external RF switch for receiver gating (for narrowband detection)

Ref In

+V -V
Com
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External switch in receiver B loop 
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Figure 41 shows a setup for forward and reverse (bi-directional) pulsed-RF S-parameter
measurements. This requires two RF switches for the modulators, and may or may not
�U�H�T�X�L�U�H���W�K�H���E�R�R�V�W�H�U���D�P�S�O�L�o�H�U�V���D�Q�G���G�L�U�H�F�W�L�R�Q�D�O���F�R�X�S�O�H�U�V���V�K�R�Z�Q���L�Q���W�K�H���o�J�X�U�H�����7�K�L�V
�F�R�Q�o�J�X�U�D�W�L�R�Q���F�D�Q���E�H���X�V�H�G���Z�L�W�K���H�L�W�K�H�U���Z�L�G�H�E�D�Q�G���R�U���Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����1�R�W�H���W�K�D�W
when using narrowband detection with this setup, the forward and reverse modulators
and the R1 and R2 reference receiver gates share two pulse drives. If independent control
�R�I���W�K�H���5�)���P�R�G�X�O�D�W�R�U�V���D�Q�G���5�����D�Q�G���5�����U�H�F�H�L�Y�H�U���L�V���G�H�V�L�U�H�G���I�R�U���I�X�O�O���p�H�[�L�E�L�O�L�W�\�����W�K�H�Q���V�L�[���S�X�O�V�H
output modules are needed, requiring a third pulse generator.

�)�L�J�X�U�H�����������)�R�U�Z�D�U�G���D�Q�G���U�H�Y�H�U�V�H�����E�L���G�L�U�H�F�W�L�R�Q�D�O�����S�X�O�V�H�G���5�)���6���S�D�U�D�P�H�W�H�U���F�R�Q�o�J�X�U�D�W�L�R�Q

Figure 42 shows the PNA used with a pulsed RF signal created by pulsing the DC bias of
the DUT. In this example, the input to the DUT is a swept CW signal, but the output is a
swept pulsed-RF signal. The user has to supply the switches in the DC path of the
�D�P�S�O�L�o�H�U�����R�U���X�V�H���D���S�R�Z�H�U���V�X�S�S�O�\���W�K�D�W���F�D�Q���E�H���S�X�O�V�H�G���R�Q���D�Q�G���R�I�I�����7�K�L�V���F�R�Q�o�J�X�U�D�W�L�R�Q���F�D�Q���E�H
used with wideband or narrowband detection. The setup is often used with wideband
�G�H�W�H�F�W�L�R�Q���W�R���W�H�V�W���R�X�W�S�X�W���D�P�S�O�L�o�H�U�V���R�I���*�6�0���P�R�E�L�O�H���K�D�Q�G�V�H�W�V��

�)�L�J�X�U�H�����������3�X�O�V�H�G���E�L�D�V���6���S�D�U�D�P�H�W�H�U���F�R�Q�o�J�X�U�D�W�L�R�Q

Narrowband detection:
Three output channels drive internal 
receiver gates A, B, and R1/R2 for 
point-in-pulse and pulse-profile measurements

Wideband detection:
One output channel drives PNA TRIG IN

Pulse1 out drives forward 
and reverse RF modulators

–

–

Power supply

Pulsed-RF

– Narrowband detection:
Three output channels drive internal receiver 
gates A, B, and R1/R2 for point-in-pulse and 
pulse-profile measurements

– Wideband detection:
One output channel drives PNA TRIG IN

Pulsed-DC bias to DUT

Pulse1 out

CW
Com

+V -V



36 | Keysight | Pulsed-RF S-Parameter Measurements with the PNA Microwave Network Analyzers Using Wideband and Narrowband Detection - Application Note

Figure 43 shows the combination of a pulsed-RF stimulus with pulsed-bias. This is a
�F�R�P�P�R�Q���F�R�Q�o�J�X�U�D�W�L�R�Q���I�R�U���R�Q���Z�D�I�H�U���G�H�Y�L�F�H���W�H�V�W�����$�O�W�K�R�X�J�K���W�K�L�V���F�R�Q�o�J�X�U�D�W�L�R�Q���F�D�Q���E�H���X�V�H�G
for on-wafer measurements with wideband or narrowband detection, very narrow pulse
widths are typically used, requiring narrowband detection. Note that when using narrowband
detection with this example, three pulse drives are used for the A, B and combined
R1/R2 IF gates. If independent control of all of the receiver gates is desired for full
�p�H�[�L�E�L�O�L�W�\�����W�K�H�Q���V�L�[���S�X�O�V�H���R�X�W�S�X�W���P�R�G�X�O�H�V���D�U�H���Q�H�H�G�H�G�����U�H�T�X�L�U�L�Q�J���D���W�K�L�U�G���S�X�O�V�H���J�H�Q�H�U�D�W�R�U��

�)�L�J�X�U�H�����������3�X�O�V�H�G���5�)���D�Q�G���S�X�O�V�H�G���E�L�D�V���6���S�D�U�D�P�H�W�H�U���F�R�Q�o�J�X�U�D�W�L�R�Q
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Reference signal choices

There are four ways in which the reference receiver can be used for pulsed S-parameter
measurements (Figure 44). A non-gated, CW stimulus (Figure 44a) gives the best dynamic
range as no pulse desensitization occurs in the reference channel, but the effect of the
pulsed stimulus is not ratioed out of measurements of the DUT. For example, if the pulse
duty cycle changes, the uncorrected S-parameter will change, since the test receiver
experiences a change in amplitude due to pulse desensitization, but the reference receiver
does not. For most pulsed-RF S-parameter measurements, a pulsed signal for the reference
receiver is recommended (Figure 44b, 44d). Furthermore, gating all four receivers of the
PNA is recommended (Figure 44d), as this allows use of unknown-through calibrations
(i.e., short-open-load-reciprocal thru, or SOLR).

�3�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���V�K�R�Z���W�K�H���W�L�P�H���G�R�P�D�L�Q���U�H�V�S�R�Q�V�H���R�I���W�K�H���S�X�O�V�H�����)�R�U���W�K�H�V�H
measurements, the reference receiver needs the pulsed stimulus so that the resulting
�S�U�R�o�O�H���W�U�X�O�\���P�H�D�V�X�U�H�V���W�K�H���H�I�I�H�F�W���R�I���W�K�H���'�8�7���R�Q���W�K�H���S�X�O�V�H�j�V���P�D�J�Q�L�W�X�G�H���D�Q�G���S�K�D�V�H�����Z�L�W�K�R�X�W
the pulse’s inherent response affecting the results. Gating of the reference receivers is
�J�H�Q�H�U�D�O�O�\���U�H�T�X�L�U�H�G���I�R�U���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V�����)�L�J�X�U�H�������G����

�7�K�H���F�R�Q�o�J�X�U�D�W�L�R�Q���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������F���L�V���R�I�W�H�Q���X�V�H�G���I�R�U���D���S�X�O�V�H�G���'�&���E�L�D�V���V�\�V�W�H�P���Z�L�W�K
CW input.

Figure 44. Reference signal choices
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Pulse test sets

Keysight can supply a variety of test sets for pulsed S-parameter measurements. Test
sets include a single pulse modulator at a minimum, but may also include additional
�P�R�G�X�O�D�W�R�U�V�����E�R�R�V�W�H�U���D�P�S�O�L�o�H�U�V�����G�L�U�H�F�W�L�R�Q�D�O���F�R�X�S�O�H�U�V�����V�Z�L�W�F�K�H�V�����D�Q�G���V�R���R�Q�����7�K�H���=���������$
H81 2-20 GHz RF modulator gives the PNA pulsed-RF system similar capability to the
85108 in terms of frequency range and output power levels. With only one modulator,
pulsed S-parameters can be done in the forward direction only, which is typical for
�D�P�S�O�L�o�H�U���P�H�D�V�X�U�H�P�H�Q�W�V�����1�R�W�H���W�K�D�W���W�K�H�U�H���D�U�H���I�U�R�Q�W���S�D�Q�H�O���M�X�P�S�H�U�V���R�Q���W�K�H���W�H�V�W���V�H�W���W�R
�E�\�S�D�V�V���W�K�H���L�Q�W�H�U�Q�D�O���D�P�S�O�L�o�H�U���R�U���W�R���V�X�E�V�W�L�W�X�W�H���K�L�J�K�H�U���S�R�Z�H�U���D�P�S�O�L�o�H�U�V�����.�H�\�V�L�J�K�W���F�D�Q���V�X�S�S�O�\
�R�W�K�H�U���5�)���P�R�G�X�O�D�W�R�U�V���D�V���Q�H�H�G�H�G���W�R���I�X�O�o�O�O���W�K�H���W�H�V�W�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���P�D�Q�\���D�S�S�O�L�F�D�W�L�R�Q�V��
through its Component Test “Special Handing” group. For example, other applications
�P�L�J�K�W���U�H�T�X�L�U�H���K�L�J�K�H�U���I�U�H�T�X�H�Q�F�\���U�D�Q�J�H�V�����G�L�I�I�H�U�H�Q�W���L�Q�W�H�U�Q�D�O���D�P�S�O�L�o�H�U�V�����R�U���W�Z�R���P�R�G�X�O�D�W�R�U�V���I�R�U
forward and reverse pulsed S-parameters. These test sets are quoted on an individual
�E�D�V�L�V�����6�R�P�H���H�[�D�P�S�O�H���R�I���R�W�K�H�U���W�H�V�W���V�H�W�V���W�K�D�W���K�D�Y�H���E�H�H�Q���S�U�H�Y�L�R�X�V�O�\���V�X�S�S�O�L�H�G���E�\���.�H�\�V�L�J�K�W���D�U�H��

�=���������$���+������ �����������*�+�]���%�L�G�L�U�H�F�W�L�R�Q�D�O�����W�Z�R���S�L�Q���V�Z�L�W�F�K�H�V�������Q�R���D�P�S�O�L�o�H�U
�=���������$���+������ �����������*�+�]���%�L�G�L�U�H�F�W�L�R�Q�D�O�����W�Z�R���S�L�Q���V�Z�L�W�F�K�H�V�������Q�R���D�P�S�O�L�o�H�U
�=���������$���+������ �����������*�+�]���8�Q�L�G�L�U�H�F�W�L�R�Q�D�O�����Q�R���D�P�S�O�L�o�H�U

Figure 45 shows the Z5623A H83 2-20 GHz test set in more detail. This test set is often
used for testing transmit/receive (T/R) modules used in phased-array radar systems. It
includes two PIN switches for bi-directional (forward and reverse) pulsed-RF stimulus,
and two directional couplers for the reference channels. It does not include internal
�D�P�S�O�L�o�H�U�V�����E�X�W���K�D�V���S�U�R�Y�L�V�L�R�Q�V���I�R�U���V�Z�L�W�F�K�L�Q�J���L�Q���H�[�W�H�U�Q�D�O���D�P�S�O�L�o�H�U�V���W�R���E�R�R�V�W���S�R�U�W���S�R�Z�H�U���L�Q
both directions.
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Figure 45. Z5623A H83 2-20 GHz test set for bi-directional pulsed S-parameters
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Pulse generators

Pulsed S-parameter measurements require one or more external pulse generator.
Keysight 81100 series pulse generators are recommended as they can be controlled with
Option H08. At least one pulse generator must have a 10 MHz reference to lock to the
PNA. This pulse generator is the master. The remainder of the pulse generators (if any)
are triggered by the master. Keysight 81100 series pulse generators can have one or two
output modules. The number of output modules depends on the desired measurements.
The minimum number of output modules required is one, to control the RF modulator. For
�S�R�L�Q�W���L�Q���S�X�O�V�H���D�Q�G���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V�����R�W�K�H�U���P�R�G�X�O�H�V���D�U�H���Q�H�H�G�H�G���W�R���F�R�Q�W�U�R�O���W�K�H
internal IF or external RF gates. Note that gates can share a common output module if
the same pulse width and delay can be applied to two or more receivers. The table below
summarizes the number of output modules and pulse generators required for independent
gate control for various point-in-pulse S-parameter measurements. If independent
control of forward and reverse modulators is desired in addition to all four pulsed
S-parameters, then six output modules are required (3 pulse generators). Two common
�V�H�W�X�S�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�V���������D�Q�G���������D�Q�G���R�Q���U�R�Z�������R�I���W�K�H���W�D�E�O�H���D�U�H���F�R�Q�o�J�X�U�H�G���W�R���K�D�Y�H���W�K�H
R1 and R2 reference receivers share a common pulse output. This allows independent
delay and width control for the A and B gates using only two dual-output pulse generators.

Output modules 
required

Pulse generators 
required

Output module usage for independent controlPoint-in-pulse measurements available

2 1 RF modulator, B gate S21 with ungated reference

3 2 RF modulator, A and B gates S11, S21 with ungated reference

3 2 RF modulator, R1 and B gates S21 with gated reference

4 2 RF modulator, R1, A and B gates S11, S21 with gated reference

4 2 RF modulators, R1/R2 (shared), A and B gates S11, S21, S12, S22 with gated references

5 3 RF modulators, R1, R2, A and B gates S11, S21, S12, S22 with gated references

6 3 Fwd. RF modulator, rev. RF modulator, R1, R2, A 
and B gates

S11, S21, S12, S22 with gated references
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IF gain setting

For normal S-parameter measurements, PNAs (and some PNA-L models) have an IF
automatic-gain-control feature that maximizes measurement dynamic range. For
pulsed-RF measurements, this “auto” mode should be disabled. Option H08, used for
narrowband measurements, does this automatically, but when using wideband detection
(or narrowband detection without Option H08), the user must turn off the “auto” mode
and set the gain of each receiver manually. This decreases the pulse-settling time of the
�3�1�$���V�L�J�Q�L�o�F�D�Q�W�O�\�����:�L�W�K���W�K�H���D�X�W�R���J�D�L�Q���R�Q�����W�K�H���V�H�W�W�O�L�Q�J���W�L�P�H���R�I���W�K�H���3�1�$���L�V���D�U�R�X�Q�G�����������X�V��
with it off the settling time drops to about 20 us. To turn off the “auto” mode, select the
�&�K�D�Q�Q�H�O���P�H�Q�X���!���$�G�Y�D�Q�F�H�G���!���,�)���*�D�L�Q���&�R�Q�o�J�X�U�D�W�L�R�Q�����D�Q�G���X�Q�V�H�O�H�F�W���W�K�H���$�X�W�R�P�D�W�L�F
checkbox. In most cases, the gains of the receivers should be set to Low or Med,
depending on the signal levels involved. The proper gain settings can be determined by
empirical observation of the S-parameter measurements; ensure that receiver compression
effects are eliminated or minimized to acceptable levels.

Reference loop

If your PNA has Option 081 (a reference-receiver switch) and you are using a pulse setup
that routes some of the pulsed stimulus back to the PNA’s reference receiver, be sure
that the R1 input path is set to external. If not, the PNA will use the internal CW source
as the reference, and any external signal-conditioning components (couplers and
�D�P�S�O�L�o�H�U�V���I�R�U���H�[�D�P�S�O�H�����Z�L�O�O���Q�R�W���J�H�W���U�D�W�L�R�H�G���R�X�W���R�I���W�K�H���P�H�D�V�X�U�H�P�H�Q�W�����7�R���V�H�O�H�F�W���W�K�H���H�[�W�H�U�Q�D�O
�U�H�I�H�U�H�Q�F�H���S�D�W�K�����V�H�O�H�F�W���W�K�H���&�K�D�Q�Q�H�O���P�H�Q�X���!���7�H�V�W���6�H�W�{���!���(�[�W�H�U�Q�D�O�����p�R�Z���W�K�U�R�X�J�K���5�����/�R�R�S��

Measuring frequency converters

Pulsed measurements on mixers and converters using wideband or narrowband detection
can be accomplished on the PNA using the Frequency Converter Application or FCA
(Option 083) or by using the basic frequency-offset mode provided by Option 080.
�&�R�P�S�D�U�H�G���W�R���2�S�W�L�R�Q�������������2�S�W�L�R�Q�����������R�I�I�H�U�V���D���V�L�P�S�O�L�o�H�G���X�V�H�U���V�H�W�X�S���S�O�X�V���D�G�Y�D�Q�F�H�G���P�L�[�H�U
calibrations for accurate conversion loss and absolute group delay measurements.

When using either Option 083 or 080, wideband detection can be set up as we have
previously outlined in this application note. For narrowband detection using the H08
pulse application, a special mode of operation must be used that doesn’t overwrite the
frequency offset used in the channel by Option 083 or 080. This special converter mode is
�V�H�W���E�\���V�H�O�H�F�W�L�Q�J���W�K�H���&�R�Q�o�J�X�U�H���P�H�Q�X���L�Q���W�K�H���+�������D�S�S�O�L�F�D�W�L�R�Q�����Q�R�W���W�K�H���3�1�$�j�V���P�H�Q�X�������W�K�H�Q
selecting the Converter Measurements choice (a check mark will appear). In this mode,
the “Fixed PRF” choice should not be used. For point-in-pulse measurements, either
�2�S�W�L�R�Q�����������R�U�����������F�D�Q���E�H���X�V�H�G�����+�R�Z�H�Y�H�U�����W�K�H���S�X�O�V�H���S�U�R�o�O�H���I�H�D�W�X�U�H���R�Q�O�\���Z�R�U�N�V���Z�L�W�K���2�S�W�L�R�Q
080 and does not work with Option 083.

Using power sweeps

Power sweeps can be combined with either narrowband or wideband detection to
measure gain compression and AM-to-PM conversion of mixers and converters. A source
power calibration is recommended for improved accuracy. The procedure for performing a
source power calibration is described in the next section.
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Calibration

S-parameter measurements

Calibrating a pulsed-PNA system is essentially the same as calibrating a normal
S-parameter measurement. Calibration can be done with both wideband and narrowband
detection. Either mechanical or ECal modules may be used. The calibration should be done under 
pulsed conditions, and each unique set of pulse and gating parameters usually requires a 
separate calibration. ECal modules are especially useful for pulsed-RF measurements, because 
numerous measurement setups with unique pulse conditions can be calibrated with a single set 
of connections to the ECal module, making calibration fast and easy.

When using wideband detection, you must set up the proper delay value for the pulse
acquisition trigger before doing a calibration to ensure that data is only taken during the
“on” portion of the pulse.

Note that if you are using narrowband detection and are not gating all of the analyzer’s
�U�H�F�H�L�Y�H�U�V�����W�K�H���X�Q�N�Q�R�Z�Q���W�K�U�X���P�H�W�K�R�G���I�R�U���6�2�/�7���F�D�O�L�E�U�D�W�L�R�Q�V���P�L�J�K�W���I�D�L�O�����:�L�W�K���o�U�P�Z�D�U�H
revision A.06.xx or higher, you can specify the thru choice for both mechanical calibration
kits and ECal modules, so you can easily select another thru method besides the
unknown thru. Gating all of the receivers ensures that the unknown thru calibration
works in all cases.

Source power calibration

Whenever accurate port power is desired, a source power calibration must be done. The
procedure is a little more complicated for pulsed conditions, as the readings of the power
meter are affected by the duty cycle of the pulsed-RF stimulus. Currently, the PNA only
uses average power readings (from average or peak-power sensors) when performing a
source power calibration. Therefore, under pulsed-RF stimulus, the power meter will read
�D���Y�D�O�X�H���W�K�D�W���L�V���O�R�Z�H�U���W�K�D�Q���W�K�H���S�H�D�N���S�X�O�V�H���S�R�Z�H�U�����G�H�o�Q�H�G���D�V���W�K�H���S�R�Z�H�U���G�X�U�L�Q�J���W�K�H���W�L�P�H���W�K�H
pulse is on) by 10*log (duty cycle). Note that since the power meter is measuring power
and not voltage, the loss is 10*log (duty cycle) and not 20*log (duty cycle).

When calculating the desired calibrated source power value for the test port, remember
that you are specifying average pulse power rather than peak pulse power. For example,
if you want +10 dBm calibrated peak pulse power at the test port and the pulse duty
cycle is 5%, then the PNA’s calibrated port power should be 
+10 dBm + 10*log (.05) =+10 + (–13) = –3 dBm.

In order to successfully perform a source power calibration, the power-offset feature
must be used to ensure that the PNA’s automatic level control (ALC) circuitry does not go
unleveled as it tries to bring the test port power to the desired calibrated power level. The
value for power offset must compensate for any gain (from booster amps) or loss (from
attenuators or pulse desensitization) that might be present in the system between the
PNA’s internal source and the test port. The pulse desensitization effect due to duty cycle
appears as attenuation, since the power meter reads average pulse power rather than
peak pulse power. When performing a source power calibration under pulsed conditions,
�X�V�H���W�K�H���I�R�O�O�R�Z�L�Q�J���I�R�U�P�X�O�D��
�� �3�R�Z�H�U���R�I�I�V�H�W�����G�%����� ���E�R�R�V�W�H�U���D�P�S�O�L�o�H�U���J�D�L�Q�����G�%�������������
�O�R�J�����G�X�W�\���F�\�F�O�H��
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�)�R�U���H�[�D�P�S�O�H�����L�I���D�Q���D�P�S�O�L�o�H�U���Z�L�W�K���������G�%���J�D�L�Q���Z�D�V���X�V�H�G�����D�Q�G���W�K�H���G�X�W�\���F�\�F�O�H���R�I���W�K�H���S�X�O�V�H�G��
RF stimulus was 5%, then the power offset value should be set to 25 + 10*log (.05) = 25
�������q��������� ���������G�%�����,�I���Q�R���E�R�R�V�W�H�U���D�P�S�O�L�o�H�U���Z�D�V���X�V�H�G�����W�K�H�Q���W�K�H���S�R�Z�H�U���R�I�I�V�H�W���Y�D�O�X�H���Z�R�X�O�G���M�X�V�W
be –13 dB.

When calculating the duty cycle of narrowband measurements, do not include any
reduction in duty cycle due to gating, as the gates only affect the PNA’s receivers, and
the power meter measures the un-gated pulsed stimulus.

Combining our example of +10 dBm calibrated peak pulse power with the example of a
25 dB booster amp and 5% duty cycle, you would initially set the source power on the
PNA to –3 dBm – 12 dB = –15 dBm. Then, when performing the source power calibration
with a power offset of 12 dB, the calibrated output power will be –3 dBm. Although the
PNA will report its source power as –3 dBm, the actual peak power is 
–3 dBm + 13 dB =+10 dBm.

Using the method described above, any inaccuracy in knowing the effective duty cycle
will affect the calibrated output power of the PNA. Inaccuracies might be due to rise and
�I�D�O�O���W�L�P�H�V���R�I���W�K�H���S�X�O�V�H���E�H�L�Q�J���D���V�L�J�Q�L�o�F�D�Q�W���S�R�U�W�L�R�Q���R�I���W�K�H���S�X�O�V�H���Z�L�G�W�K�����$�Q���H�P�S�L�U�L�F�D�O
approach to measuring pulse desensitization (rather than calculating it from duty cycle) is
to simply measure the difference in power of the RF stimulus between CW and pulsed
conditions. This value can then be used to set average and peak power levels.
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Comparing the PNA and 8510

The last section details the performance differences between the PNA and 8510 network
analyzers

Figure 46 shows a comparison between the PNA, PNA-L, and the 8510. The 8510’s
dominant detection mode is wideband, due to its relatively large bandwidth (about 3 MHz
before detection, 1.5 MHz for I and Q pulses after detection). The detection is done before
the analog-to-digital conversion, and is achieved with analog circuitry. The detector
consists of a synchronous down-converter which produces baseband I/Q outputs. Pulse
�S�U�R�o�O�L�Q�J���L�V���D�F�K�L�H�Y�H�G���E�\���Y�D�U�\�L�Q�J���W�K�H���V�D�P�S�O�H���S�R�L�Q�W���D�O�R�Q�J���W�K�H���E�D�V�H�E�D�Q�G���S�X�O�V�H�V�����7�K�H���R�Q�O�\
way to trade off speed and dynamic range with the 8510 is with averaging.

The PNA’s dominant detection mode is narrowband, due to its relatively low bandwidth
�R�I���������N�+�]�����$�O�O���o�O�W�H�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�R�Q���L�V���G�R�Q�H���D�I�W�H�U���W�K�H���D�Q�D�O�R�J���W�R���G�L�J�L�W�D�O���F�R�Q�Y�H�U�V�L�R�Q�����X�V�L�Q�J
�G�L�J�L�W�D�O���V�L�J�Q�D�O���S�U�R�F�H�V�V�L�Q�J�����3�X�O�V�H���S�U�R�o�O�L�Q�J���L�V���D�F�K�L�H�Y�H�G���Z�L�W�K���D�Q�D�O�R�J���V�Z�L�W�F�K�H�V���W�K�D�W���J�D�W�H���W�K�H���,�)
���R�U���5�)�����V�L�J�Q�D�O�V���S�U�L�R�U���W�R���o�O�W�H�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�R�Q�����7�K�H���3�1�$�j�V���Q�D�U�U�R�Z�E�D�Q�G���P�R�G�H���W�U�D�G�H�V���R�I�I
speed and dynamic range using variable IF bandwidths as well as averaging. The PNA
can also do broadband detection with pulses as narrow as 50 us.

�7�K�H���3�1�$���/�j�V���G�R�P�L�Q�D�Q�W���P�R�G�H���L�V���Z�L�G�H�E�D�Q�G���G�H�W�H�F�W�L�R�Q�����$�O�O���o�O�W�H�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�R�Q���L�V���G�R�Q�H
after the analog-to-digital conversion, using digital-signal processing. The widest IF
bandwidths are 250 kHz (2-port 20, 40, 50 GHz models) or 600 kHz (2-port 6, 13.5 GHz and
4-port 20 GHz models) allowing point-in-pulse measurements of 10 us or 2 us respectively.
�3�X�O�V�H���S�U�R�o�O�L�Q�J���L�V���V�L�P�L�O�D�U���W�R���W�K�H�������������H�[�F�H�S�W���W�K�H���V�D�P�S�O�L�Q�J���L�V���G�R�Q�H���R�Q���,�)���S�X�O�V�H�V���L�Q�V�W�H�D�G���R�I
baseband pulses. Normally, wideband detection is done at the widest IF bandwidth, so
the only way to improve dynamic range is by averaging.

Although PNA, PNA-L, and 8510-based systems make measurements with different
hardware and different types of detection, the resulting pulsed S-parameter and
�S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���D�U�H���L�G�H�Q�W�L�F�D�O���I�R�U���D���J�L�Y�H�Q���G�H�Y�L�F�H���W�H�V�W�H�G���R�Q���D�Q�\���R�I���W�K�H���V�\�V�W�H�P�V��
Figure 46. Comparing the 8510, PNA, and PNA-L

8510 (85108A)
 – Dominant mode is wideband detection
 – Detection is done BEFORE analog-to-digital conversion
 – Analog synchronous detector produces baseband I/Q output  
(detector bandwidth = 1.5 MHz)

 – �3�X�O�V�H���S�U�R�o�O�L�Q�J���D�F�K�L�H�Y�H�G���E�\���Y�D�U�\�L�Q�J���V�D�P�S�O�H���S�R�L�Q�W���R�I���E�D�V�H�E�D�Q�G���S�X�O�V�H�V
 – Trade off speed and dynamic range with averaging

PNA
 – Dominant mode is narrowband detection
 – �$�O�O���S�U�R�F�H�V�V�L�Q�J�����o�O�W�H�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�R�Q�����L�V���G�R�Q�H���G�L�J�L�W�D�O�O�\
 – Widest bandwidth = 35 kHz
 – �3�X�O�V�H���S�U�R�o�O�L�Q�J���D�F�K�L�H�Y�H�G���Z�L�W�K���D�Q�D�O�R�J���V�Z�L�W�F�K�H�V���W�K�D�W���J�D�W�H���,�)�����R�U���5�)�����V�L�J�Q�D�O�V
 – Trade off speed and dynamic range with variable IF bandwidths and averaging

PNA-L
 – Dominant mode is wideband detection
 – �$�O�O���S�U�R�F�H�V�V�L�Q�J�����o�O�W�H�U�L�Q�J���D�Q�G���G�H�W�H�F�W�L�R�Q�����L�V���G�R�Q�H���G�L�J�L�W�D�O�O�\
 – Widest bandwidth = 250 or 600 kHz
 – �3�X�O�V�H���S�U�R�o�O�L�Q�J���D�F�K�L�H�Y�H�G���E�\���Y�D�U�\�L�Q�J���V�D�P�S�O�H���S�R�L�Q�W���R�I���,�)���S�X�O�V�H�V
 – Trade off speed and dynamic range with averaging

Figure 46. Comparing the 8510, PNA, and PNA-L
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Figure 47 shows the 85108A’s dynamic range versus pulse width for various duty cycles.
The data was taken using a constant time-per-point of 90 ms. In some 8510 cases, more
averaging could be done in this time frame, resulting in increased dynamic range.

Figure 47. 85108A dynamic range versus pulse width for various duty cycles

Figure 48 shows the PNA’s dynamic range versus pulse width for various duty cycles. The
PNA’s bandwidth was 10 Hz, to match the time-per-point of 90 ms used for the 85108A
data.

Figure 48. PNA dynamic range versus pulse width for various duty cycles
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Figure 49 shows the actual dynamic range versus duty cycle, between the 8510 and PNA.
The bandwidth of the PNA was chosen to give the same time-per-point as the 8510. The
PNA’s dynamic range varies with duty cycle, but the crossover point is at about 0.1%
duty cycle. For most radar applications (duty cycles in the 1 to 10% range), the PNA has
superior dynamic range compared to the 8510.

Figure 49. Comparing dynamic range of the PNA and 8510

�)�L�J�X�U�H���������V�K�R�Z�V���D�Q���H�[�D�P�S�O�H���S�R�L�Q�W���L�Q���S�X�O�V�H���P�H�D�V�X�U�H�P�H�Q�W���R�I���D���E�D�Q�G�S�D�V�V���o�O�W�H�U�����$�O�W�K�R�X�J�K
�o�O�W�H�U�V���D�U�H���Q�R�W���Q�R�U�P�D�O�O�\���P�H�D�V�X�U�H�G���X�Q�G�H�U���S�X�O�V�H���F�R�Q�G�L�W�L�R�Q�V�����W�K�H�\���D�U�H���Y�H�U�\���X�V�H�I�X�O���W�R���V�K�R�Z
the overall dynamic range of the test system. The pulse conditions used for this example
were chosen because they are representative of a typical radar application. Note, there is
excellent correlation between the PNA and 8510 in the passband and transition region of
�W�K�H���o�O�W�H�U�����7�K�L�V���H�[�D�P�S�O�H���D�O�V�R���V�K�R�Z�V���W�K�D�W���W�K�H���3�1�$���K�D�V���D�E�R�X�W���������G�%���E�H�W�W�H�U���G�\�Q�D�P�L�F���U�D�Q�J�H��
and sweeps 6 times faster than the 8510.

Figure 50. Example measurement comparison of PNA and 8510
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Figure 51 is a review of some of the key issues we have covered in this application note.
One thing to note is that the 8510’s narrowband mode is limited to high PRF’s (minimum
PRF around 50 kHz to 100 kHz), and no spectral nulling is available.

Figure 51. Pulse summary

Wideband/synchronous Narrowband/asynchronous

Advantages Constant dynamic range Narrow pulse widths

Disadvantages Lower pulse width limit
�(�O�H�Y�D�W�H�G���Q�R�L�V�H���p�R�R�U

Dynamic range loss with
small duty cycles
No pulse-to-pulse

8510 PW > 1 us Limited*

PNA/PNA-L PW > 50 us/10 us/2 us** PW > 20 ns (limited by IF gate)

PNA options None required H11/H08***

Measurements Average
Point-in-pulse
�3�X�O�V�H���S�U�R�o�O�H

Pulse-to-pulse

Average
Point-in-pulse
�3�X�O�V�H���S�U�R�o�O�H

* Hi PRF, no nulling, no point-in-pulse
** PNA/PNA-L 2-port 20, 40, 50 GHz/PNA-L 2-port 6, 13.5, 4-port 20 GHz
*** Option H08 is usually used in conjunction with Option H11. Without H11, the user can
perform average pulse, or point-in-pulse measurements using external RF gates
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Testing with pulsed RF stimulus is very important for radar, electronic warfare and
wireless communications systems. Modern network analyzers utilize two different
detection schemes, each with advantages and disadvantages. Both wideband and
�Q�D�U�U�R�Z�E�D�Q�G���G�H�W�H�F�W�L�R�Q���F�D�Q���E�H���X�V�H�G���I�R�U���S�R�L�Q�W���L�Q���S�X�O�V�H�����D�Q�G���S�X�O�V�H���S�U�R�o�O�H���P�H�D�V�X�U�H�P�H�Q�W�V��
Pulse-to-pulse measurements require wideband detection. Although wideband detection
has traditionally been the more widely used technique due to the popularity of pulsed
8510 systems, narrowband detection is a powerful alternative for analyzing pulsed-RF
signals. Keysight’s unique spectral nulling technique improves measurement speed
considerably by using wider IF bandwidths. For radar and wireless communication
applications, narrowband detection offers superior dynamic range and speed compared
to the 8510. And with narrowband detection, there is no lower limit to pulse widths.

It is important to remember that although the PNA and PNA-L use different hardware and
detection techniques than the 8510, the measurements and the measurement results are
essentially the same – they both provide accurate pulsed-RF S-parameters.

In addition to providing high-quality pulsed-RF S-parameter measurements, the PNA and
�3�1�$���/���R�I�I�H�U���P�D�Q�\���S�O�D�W�I�R�U�P���E�H�Q�H�o�W�V�����7�K�H���3�1�$���I�D�P�L�O�\���K�D�V���P�R�U�H���P�H�D�V�X�U�H�P�H�Q�W���p�H�[�L�E�L�O�L�W�\
with 32 measurement channels, 128 traces, 16 windows, and up to 16,001 data points.
The PNA family also offers all of the connectivity you’d expect from a PC-based instrument,
such as connecting to printers via LAN, and using USB peripherals. Furthermore, the
�R�S�H�Q���:�L�Q�G�R�Z�V�¤���H�Q�Y�L�U�R�Q�P�H�Q�W���D�O�O�R�Z�V���P�D�[�L�P�X�P���p�H�[�L�E�L�O�L�W�\���I�R�U���D�X�W�R�P�D�W�L�Q�J���P�H�D�V�X�U�H�P�H�Q�W�V��
like running software right on the instrument, and using COM and DCOM for fast program
execution and data transfer. The PNA family also has many features to ease the task of
vector network measurements, like a built-in HELP system, Calibration Wizards, and
electronic calibration that works up to 67 GHz.

Summary

�3�X�O�V�H�G���5�)���P�H�D�V�X�U�H�P�H�Q�W�V��
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���S�X�O�V�H�G�U�I

�$�H�U�R�V�S�D�F�H���	���G�H�I�H�Q�V�H���D�S�S�O�L�F�D�W�L�R�Q�V��
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���D�G

�3�1�$���V�H�U�L�H�V���Q�H�W�Z�R�U�N���D�Q�D�O�\�]�H�U�V��
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���S�Q�D

�(�O�H�F�W�U�R�Q�L�F���F�D�O�L�E�U�D�W�L�R�Q�����(�&�D�O����
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���H�F�D�O

�5�)���D�Q�G���P�L�F�U�R�Z�D�Y�H���W�H�V�W���D�F�F�H�V�V�R�U�L�H�V��
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���D�F�F�H�V�V�R�U�L�H�V
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