Keysight X-Series

Signal Analyzers

This manual provides documentation for the following models:

N9040B UXA

N9030B PXA

N9020B MXA
Real-Time
Spectrum
Analyzer
Measurement

KEYSIGHT Guide

TECHNOLOGIES



Notices

© Keysight Technologies, Inc.
2015-2016

No part of this manual may be
reproduced in any form or by any
means (including electronic storage
and retrieval or translation into a
foreign language) without prior
agreement and written consent from
Keysight Technologies, Inc. as
governed by United States and
international copyright laws.

Trademark Acknowledgments

Manual Part Number
N9060-90040

Edition

Edition 1, February 2016

Supersedes: February 2015
Printed in USA/Malaysia

Published by:

Keysight Technologies
1400 Fountaingrove Parkway
Santa Rosa, CA 95403

Warranty

THE MATERIAL CONTAINED IN THIS
DOCUMENT IS PROVIDED “AS IS,”
AND IS SUBJECT TO BEING
CHANGED, WITHOUT NOTICE, IN
FUTURE EDITIONS. FURTHER, TO
THE MAXIMUM EXTENT PERMITTED
BY APPLICABLE LAW, KEYSIGHT
DISCLAIMS ALL WARRANTIES,
EITHER EXPRESS OR IMPLIED WITH
REGARD TO THIS MANUAL AND
ANY INFORMATION CONTAINED
HEREIN, INCLUDING BUT NOT
LIMITED TO THE IMPLIED
WARRANTIES OF
MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE.
KEYSIGHT SHALL NOT BE LIABLE
FOR ERRORS OR FOR INCIDENTAL
OR CONSEQUENTIAL DAMAGES IN
CONNECTION WITH THE
FURNISHING, USE, OR
PERFORMANCE OF THIS
DOCUMENT OR ANY INFORMATION
CONTAINED HEREIN. SHOULD
KEYSIGHT AND THE USER HAVE A
SEPARATE WRITTEN AGREEMENT
WITH WARRANTY TERMS

COVERING THE MATERIAL IN THIS
DOCUMENT THAT CONFLICT WITH
THESE TERMS, THE WARRANTY
TERMS IN THE SEPARATE
AGREEMENT WILL CONTROL.

Technology Licenses

The hardware and/or software
described in this document are
furnished under a license and may be
used or copied only in accordance
with the terms of such license.

U.S. Government Rights

The Software is “commercial
computer software,” as defined
by Federal Acquisition Regulation
(“FAR”) 2.101. Pursuant to FAR
12.212 and 27.405-3 and
Department of Defense FAR
Supplement (“DFARS”) 227.7202,
the U.S. government acquires
commercial computer software
under the same terms by which
the software is customarily
provided to the public.
Accordingly, Keysight provides
the Software to U.S. government
customers under its standard
commercial license, which is
embodied in its End User License
Agreement (EULA), a copy of
which can be found at
http://www.keysight.com/find/sweula
The license set forth in the EULA
represents the exclusive authority
by which the U.S. government
may use, modify, distribute, or
disclose the Software. The EULA
and the license set forth therein,
does not require or permit,
among other things, that
Keysight: (1) Furnish technical
information related to
commercial computer software
or commercial computer
software documentation that is
not customarily provided to the
public; or (2) Relinquish to, or
otherwise provide, the
government rights in excess of
these rights customarily provided
to the public to use, modify,
reproduce, release, perform,
display, or disclose commercial
computer software or
commercial computer software

documentation. No additional
government requirements
beyond those set forth in the
EULA shall apply, except to the
extent that those terms, rights, or
licenses are explicitly required
from all providers of commercial
computer software pursuant to
the FAR and the DFARS and are
set forth specifically in writing
elsewhere in the EULA. Keysight
shall be under no obligation to
update, revise or otherwise
modify the Software. With
respect to any technical data as
defined by FAR 2.101, pursuant
to FAR 12.217 and 27.404.2 and
DFARS 227.7102, the U.S.
government acquires no greater
than Limited Rights as defined in
FAR 27.401 or DFAR 227.7103-5
(c), as applicable in any technical
data.

Safety Notices

A CAUTION notice denotes a hazard. It
calls attention to an operating
procedure, practice, or the like that,
if not correctly performed or adhered
to, could result in damage to the
product or loss of important data. Do
not proceed beyond a CAUTION
notice until the indicated conditions
are fully understood and met.

A WARNING notice denotes a hazard.
It calls attention to an operating
procedure, practice, or the like that,
if not correctly performed or adhered
to, could result in personal injury or
death. Do not proceed beyond a
WARNING notice until the indicated
conditions are fully understood and
met.




Where to Find the Latest Information

Documentation is updated periodically. For the latest information about these products, including instrument software
upgrades, application information, and product information, browse to one of the following URLs, according to the name
of your product:

http://www.keysight.com/find/N9040B

http://www.keysight.com/find/N9030B

http://www.keysight.com/find/N9020B

To receive the latest updates by email, subscribe to Keysight Email Updates at the following URL:
http://www.keysight.com/find/MyKeysight

Information on preventing instrument damage can be found at:

www.keysight.com/find/PreventinglnstrumentRepair

ls your product software up-to-date?

Periodically, Keysight releases software updates to fix known defects and incorporate product enhancements. To search
for software updates for your product, go to the Keysight Technical Support website at:

http://www.keysight.com/find/techsupport
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http://www.keysight.com/find/PreventingInstrumentRepair
http://www.keysight.com/find/MyKeysight
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1 About the RTSA Option

The Real-time Spectrum Analyzer Measurement application uses ASICs and
FPGAs to convert sampled signal data into signal spectra at a very high rate,
nearly 300,000 spectra per second. Spectrum data is combined to create
information-rich displays such as density (also called histograms),
Alternatively, the stream of spectra can be sequentially tested against limits
and logical criteria to produce a spectrum-specific and behavior-specific
frequency-mask trigger (FMT).

The table below shows the license required for UXA with the RTSA option:

License Description Notes

N9040B-RT1 Real-time analysis up to maximum Requires N9040B-B2X 255
available bandwidth. Includes MHz Analysis Bandwidth or
frequency mask triggering on signal ~ N9040B-B5X 510 MHz
duration > 17.3 ps Analysis Bandwidth

N9040B-RT2 Real-time analysis up to maximum Requires N9040B-B2X 255
available bandwidth. Includes MHz Analysis Bandwidth or
frequency mask triggering on signal ~ N9040B-B5X 510 MHz
duration > 3.837 ps Analysis Bandwidth

— Wider band wid th: As the signal bandwidths and spans to be analyzed
continue to increase, greater bandwidth is necessary. The UXA has the
required combination of IF bandwidth, signal sampling and signal process
to handle 510 MHz continuously. This gap-free bandwidth applies not only
to real-time spectrum analysis but also FMT, gap-free time capture and
real-time magnitude calculations for IF magnitude triggering.

— Better dynamic range: The UXA allows small signals to be detected in the
presence of large ones by providing up to 75 dB of spurious-free dynamic
range across its full 510-MHz analysis bandwidth.

— Higher probability of intercept: The term POl comes from the field of signal
surveillance and reflects the likelihood that a transient signal will be
detected. The UXA advanced processing architecture combines with its
510-MHz analysis bandwidth and wide dynamic range to provide 100
percent POl for signals with durations as short as 3.837 ps.
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About the RTSA Option
Defining Real-time Analysis

Defining Real-time Analysis

In a spectrum or signal analyzer with a digital intermediate frequency (IF)
section, Real-time operation is a state in which all signal samples are
processed for some sort of measurement result or triggering operation. In most
cases the measurement results are scalar, power or magnitude, corresponding
to traditional spectrum measurements.

In addition to the gap-free analysis, a real-time RF analyzer may be defined as
having four more key attributes:

— high-speed measurement
— consistent measurement speed
— frequency mask triggering

— advanced composite displays

In general, the stream of spectra from real-time processing can be used in one
of two ways; the spectra can be combined into a composite spectrum display
or successively compared to a limit mask to implement frequency-mask
triggering. Both of these capabilities are present in the RTSA option.
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2 Theory

The following topics are in this chapter:
“Real-time Analysis” on page 10
“Block Diagram” on page 10
“Real-time Operation” on page 11

“Overlap Processing” on page 12
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Theory
Real-time Analysis

Real-time Analysis

In real-time analyzers, measurement operations process all incoming
information. For RF signal analysis this is usually sampled IF data.

Modern real-time analyzers can maintain real-time analysis indefinitely,
though this is achieved in part by performing only streamlined signal
processing such as power spectrum or magnitude. Some applications require
only a limited period of real-time operation and can benefit from time capture
and post-processing where additional measurement flexibility and vector
operations such as demodulation are important.

In the area of real-time, the required duration varies widely by application. The
emphasis in some measurements is on long duration and live displays, while in
others it is essential to avoid gaps and fully process every sample.

The processing power required for continuous real-time operation generally
scales with the number of samples/second involved, and thus the analysis
bandwidth. Therefore given a specific amount of processing power, there is a
maximum bandwidth where the processing can keep up with the sampled
data, and this is the analyzers real-time bandwidth (RTBW).

One often overlooked factor in real-time analysis is the resolution or bit depth
of the samples and processing. For a given sample rate, for example, it will take
significantly more processing power to handle 12-bit samples compared to
that required for 8-bit samples.

Block Diagram

This is a simplified block diagram of the Real-time system implemented in the
FPGA.

ADC

(400 MSAls, 14-bit)

Real-time corrections and decimation

Time Domain Overlap
Processor Memory
FFTEngine
(292,968 FFT'sis)
Powervs Time Spectrum Density trace Frequency
trace memory trace memory memory Mask Trigger

Display processor
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Theory
Real-time Analysis

The ADC is running at 2.4 GSamples/s, 14 bit. Next is the real-time decimation
and correction process. It is at this point that the paths are separated into the
frequency and time domain. In the frequency domain the overlap memory is
where the variable overlapping is handled before going into the FFT engine
running at just under 293,000 FFTs/s. The memory is branched into different
traces — Spectrum, Density and Power versus Time as well as the Frequency
Mask Trigger, which monitors the real time stream of results and compares it
to the mask that may have been set up.

These trace memories feed the information to the display processor to provide
the required instrument display.

Windowing

Windowing functions are applied to the digital data before the FFT process.
This reduces the effect of spectral leakage that could occur when using FFT
analysis. The selected window function is dependent on the type of results
needed from your measurement. The following filters are available for this
function:

Gaussian

Flattop
Blackman-Harris
Rectangular
Hanning

Kaiser

Real-time Operation

Real-time operation occurs when the calculation speed is fast enough to
ensure gap-free analysis of sampled data. In this case each CALC includes
computation of an FFT or a power spectrum as well as averaging, display
updates, and so on.

Tq To T3
CALC 1 CALCo CALC 3
T T2 ik > Real Time Processing
CALC 1| CALC2 | CALC 3 However some data
may still be “lost”
rgaps!\&
T4 T2 T3 «— NOT Real Time

CALC 1| cALCo | CALC 5
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Theory
Real-time Analysis

In this diagram T refers to the analyzer’s time record for FFT processing. The
analyzer collects a block of contiguous samples from the ADC that is digitizing
the IF signal and then performs an FFT to obtain a power or vector spectrum.
This sample block may vary in size or it may be fixed.

It is important to understand that the time length of the block T will be shorter
when bandwidths are higher and sampling is faster.

The loss of data refers to the frequent case where the samples in a time record
are "windowed" or attenuated at the beginning and end of the record, to avoid
spectral leakage or to form the equivalent of different resolution bandwidth
filters. This attenuation of data at the edges of the time record is often so
significant that some samples are effectively lost. The solution to this problem
is overlap processing.

Overlap Processing

Overlap processing provides significant benefits for signal analysis when
processing is faster than sampling by performing additional FFTs with
partially-new time records as samples come in.

Overlap 0% T T2 T3
CALC1 \CALC 2 CALC3
Overlap 50% | £ T Processor Idle
T2
T3
Window /"4\
Function T5
CALCfcALC, [cAaLcs[caLe, [caLcdcaLcy

In this diagram, 50% overlap is shown, where each new FFT is performed on
50% new samples and 50% from the most recent samples of the previously
processed data. Potential overlap percentages vary continuously from 0% to
100% in increments of 1 sample. Actual overlap varies depending on the
analyzer and software settings, and may or may not be set-able.

With significant overlap it is possible to configure analysis so that all samples
are processed for some FFT result with no or minimal attenuation or
de-emphasis due to windowing. Overlap can thus improve probability of
intercept (POI) and accuracy.

12



Keysight X-Series Signal Generators
UXA N9040B

Real-Time Spectrum Analyzer Measurement Guide

3 Signal Detection and Analysis

A major benefit of real-time analyzers is the ability to find elusive signals and
signal behavior quickly and reliably, whether the goal is to discover or
characterize the signals, or to understand detail as an element of
troubleshooting or optimization.

This chapter contains the following topics:

“Swept Spectrum vs. Real-time Spectrum Measurements” on page 14
“Display Views - Real Time Analyzer Measurement” on page 19

“Hints on Touch Ul Operation” on page 30

“Measure the Hopping Signals” on page 32

“Measure a Narrow Pulse Signal” on page 41

“Measure the Transient Signal” on page 47

“FMT Setup Details” on page 53

“Trigger Setup Details” on page 57

“Save Data” on page 59
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Signal Detection and Analysis
Swept Spectrum vs. Real-time Spectrum Measurements

Swept Spectrum vs. Real-time Spectrum Measurements

Figure 3-1

Real-time spectrum measurements offer an advantage over swept
measurements because there is no loss of data.This is important when you are
interested in finding elusive signals or small signals that are near the noise
floor.

Single Sweep

Swept analysis will find events that are stable in the frequency domain and
display the amplitude, but no phase information is gathered. The following
graphics are examples of swept spectrum analysis of a signal in the ISM 2.45
GHz band. This band is lightly regulated with WLAN the dominate occupant
sharing with Bluetooth, cordless phones, microwave ovens and other devices.

Depending on the degree of spectrum/time occupancy, a single sweep from a
swept spectrum analyzer may show nothing or a portion of one or more signal
bursts. It can be very difficult to interpret such a measurement.

14



Signal Detection and Analysis
Swept Spectrum vs. Real-time Spectrum Measurements

Figure 3-2 Peak Hold (long duration)

Rt s i e e R e i |

Peak hold is a useful tool for understanding some aspects of the signal
environment and a long measurement with peak hold will eventually catch
most of the signals in the band. However, long peak hold measurements often
result in some signals in the band obscuring others. Swept spectrum analysis
is not a very productive way to understand the activity in this band. Refer to the
following graphic.

Figure 3-3 Real-time Density view

When the results are viewed in a "Density" (Histogram) display, the real-time
analyzer provides a good understanding of this frequency band and the signals
in it. Since the measurements are gap free and all signal samples are
represented in the display, it is possible to see most of the signals in the band

15



Figure 3-4

Signal Detection and Analysis
Swept Spectrum vs. Real-time Spectrum Measurements

at a glance or over a short measurement time. Individual display updates
combine thousands of spectra and shows the signal dynamics and unexpected
behavior.

Note that the action of combining 10,000 spectra into one display update can
cause signals present at different times to be displayed on the same spectrum
update. The signals that appear to be multi-tone in the following graphic are
actually Bluetooth frequency hop patterns. The signal is never actually
transmitted on multiple frequencies at once.

Real-time Spectrogram view: 30 ms frequency acquisition time

Ref -38.00 dBm

Center 2.45000 GHz Snan 100.0 MHz
Res BW 122 kHz Acqg Time (30.00 ms){821 pts)

In the "Spectrogram" display, the same spectral data is shown with a time
dimension added to the spectrum display.

A short acquisition time has the opposite effect of the longer time of the
previous example, and thus a single spectrogram display (or buffer) will
represent a shorter time period, with finer time resolution.

16



Signal Detection and Analysis
Swept Spectrum vs. Real-time Spectrum Measurements

Figure 3-5 Real-time Spectrogram view: 1 ms frequency acquisition time

Ref -38.00 dBm

Center 2.45000 GHz Span 100.0 MHz
Res BW 122 kHz Acq Time 1.001 ms)(821 pts)

Top view:
Individual lines of the bottom view are shown as amplitude vs. frequency.
Bottom view:

The individual spectrum lines are real time, but in most cases are formed (as
controlled by the analyzer’s detector setting) from a number of individual FFT
calculations. In this configuration each line represents about 10,000 FFT
spectrum calculations. Amplitude is represented by color, as visualized in the
top view.

This combination of many spectra to form one spectrum update causes
repeated Bluetooth hops over a limited channel pattern to form a set of vertical
lines near the top of the spectrogram display.

The time axis view of the spectrogram can reveal important aspects of signal
behavior of the spectral environment. Note the group of bursts in the bottom
half of the spectrogram, between the rightmost WLAN signals. Note also the
diagonal bar in the spectrogram at the same point in time but moving from the
leftmost WLAN signal across the center one. This appears to be from some sort
of channel scanning and is occasionally visible in the density displays.

The short acquisition time can have a large effect on the appearance and
content of the spectrogram display or buffer. The buffer and display will cover
a proportionally shorter span of time and may not show some longer-term
phenomena, but the additional time resolution can reveal important spectral
behavior that would otherwise be obscured.

17
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Swept Spectrum vs. Real-time Spectrum Measurements

Here the increased time resolution allows the individual WLAN bursts and
Bluetooth hops to be much better resolved. It becomes clear that even the
Bluetooth hops that overlap the WLAN bursts in frequency often do not overlap
in time, and that collisions are not as frequent as the previous display would
suggest.

Note, however, that each spectrum line in the spectrogram and in the trace
above still represents hundreds of individual FFT results from the real-time
measurement engine.

To summarize, when the signal or behavior in question is short in duration or
infrequent in occurrence or is unexpected, the large amount of data processed
and represented by a real-time analyzer can provide the best chance of
detection.

18



Display Views -

Normal

Density

Signal Detection and Analysis
Display Views - Real Time Analyzer Measurement

Real Time Analyzer Measurement

Frequency ¥

Adten: 10 dB Trg: Froe Run PNO: BestWide  Canter Freg; 1500000000 GHz
inl Preamp. Off F Gan: Low 100 % POL 1264 ps.
8, Iat LNP Not Enabled Det: Paak
werage Type
Speetum

ScalefDiv 10 dB Ref Level 0.00 dBm

Center 1.50000 GHz Span 40.00 MHZ
Res BW 151 kHz Acq Time 30.000240 ms (821 pts|

Dec 25, 2014

The Normal view is a single window showing Real Time, Gap Free Frequency
vs. Amplitude, with frequency on the X-axis and amplitude on the Y-axis.

Afien: 10 dB Trig: Free Rus PNC: Best Wde  Center Freg: 1.500000000 GHz
Int Preamp: OF F Gain: Low 100 % POI: 1364 =
. Int LNP- Not Enabled Det Peak
Average Type:

Scale/Div 10 dB Ref Level 0.00 dBm

Center 1.50000 GHz Span 40.00 MHz
Fes BW 151 kHz Ay Time 30.000240 ms (821 pts

The Density view uses a bitmap to represents the signal density at each
frequency and amplitude point determined by the current analyzer settings.
The density is defined as the number of times a frequency and amplitude point
is hit during a capture interval, which is the time a signal spends at each
frequency and amplitude point in a given time period.
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Signal Detection and Analysis
Display Views - Real Time Analyzer Measurement

In this view, the X axis represents frequency, the Y axis represents amplitude
and the Z axis represents number of hits. This view therefore displays three
dimensional data on a two dimensional display, using color to represent the
third dimension.

The view will also display a white trace over the bitmap. This trace shows the
real time spectrum for the latest capture interval. The white trace is Trace 1
with detectors Peak, Negative Peak and Average derived from the density
values and Sample being the last FFT that was used by the density bitmap.

The bitmap is made up of cell values that are floating point numbers from O to
1, with O being no signal present and 1 indicating constant signal presence. For
example, 0.5 indicates a signal was at the given frequency and amplitude point
exactly half of the time.

The key to these colors is displayed as a color bar on the right side of the
graphical display, as opposed to the left side of the display where Spectrogram
shows the color bar. This is to avoid confusion that the color bar represents
amplitude, as it does in the other views.

In Density view, high density is represented by the color at the top of the color
bar and low density by the color at the bottom of the color bar.

I High Density

20



Signal Detection and Analysis
Display Views - Real Time Analyzer Measurement

PvT
KEYSIGHT |:|purFlF ) |:|pu|.-'. 500 an...-_mag___ Trg: Frea Run Fﬂ[ubin":lm :_?«Fr;;l‘l‘f(m!uhz
L III ;:g:z;(ﬂ.'}dﬁ trgli:.":-]m_lnl lll*."{:‘:[:n;ml(d :’4“"\@‘ Wil
PVT
Scale/Div 10,00 dB Ref Level 0.00 dBm
uestpd beped T
0.000s ScaleDiv 3.000 ms. 30.000 m:
BW 255.176000 MHz cq Time 29999787 ms (1024 p
The PvT view shows the RF envelope power over a user defined time period.
The horizontal axis represents time and the vertical axis represents amplitude.
Spectrogram

NN
Frequency ¥ |- Ry

KEYSIGHT  [Input: RF Input Z:50 @ Atten: 10-dB Trig: Free Run PNO: Best Wide Center Freq: 1.500000000 GHz
=2 Coupling: AC Conections: Off  Int Preamp: Off IF Gain: Low Avg|Hold: 1001100 (Center Frequency Settings
ExtGain:0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Det: Peak 100 % POI: 7.496 ps 1.500000000 GHz
Align: Auto Average Type:

Span (Acq BW)
100.000000 MHz

Full Span
Start Freq
1.450000000 GHz

Stop Freq
1.550000000 GHz

Ref Level 0.00 dBm

Display Trace 1 Start Time 41.8503 s

The Spectrogram View allows you to view a history of 10,000 traces, with up to
633 traces being displayed at any one time. In the Spectrogram View, each
horizontal line in the spectrogram display represents one historical trace,
which is the summary of an accumulation over an acquisition time interval. The
data streams upwards from newest to oldest; the latest trace displays on the
bottom and the oldest trace on the top.
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Display Views - Real Time Analyzer Measurement

Note that whenever you save state while in Spectrogram, and then recall the
state, Spectrogram comes back with all the settings just as they were when
you saved the state, but not including the Spectrogram data itself. If you want
to save the Spectrogram data, you can Export it using Meas Results, and
import it into a PC, although you cannot load it back into the analyzer.

In the Spectrogram View, the spectrogram window allows you to view a history
of the last 10,000 traces. If the Spectrogram view is active at the same time as
Normal View in a multi window layout, the two views will be coupled together.
The Normal window shows the trace indicated by the Display Trace parameter
in the View/Display menu. The Display Trace key determines which of the
traces in the Spectrogram window is currently being viewed in the Normal
window. A white line across the Spectrogram window shows the current
position of the Display Trace. Display Trace can be selected as a Trace Number
or Time. We will use Trace Number to describe the functionality in this section.
On entry to the Spectrogram view, Display Trace has a value of 1, which means
it is set to the latest trace to be acquired.

Every time an acquisition completes, the latest trace is displayed at the bottom
of the Spectrogram and the historical traces are moved up one position. If
active, the data displayed in the Normal window is the extracted trace from the
Spectrogram data determined by the Display Trace value. Once the trace data
has been written into the Spectrogram, it cannot be modified.

The Spectrogram can hold 10,000 traces. When the Spectrogram occupies a
full vertical size Window, 633 traces can be displayed in the trace window at
any one time. The Display Trace will be used to determine which traces are to
be displayed. Navigating through the Spectrogram will be the same as
navigating through any window, with the Display Trace being the equivalent of
the cursor and the scroll bar used to indicate and control where in the 10,000
trace range is currently being displayed.

When you select a Display Trace that causes scrolling down through the
Spectrogram traces, i.e. a Display Trace value less than the current Display
Trace value, the lower value of the Spectrogram window will be the new
Display Trace value. When you request a Display Trace that causes scrolling
up, i.e. a Display Trace value greater than the current Display Trace value, the
upper value of the Spectrogram window will be the new Display Trace value.

For example, if you have Display Trace set to 100, the lower value of the
Spectrogram window will be 1 and the upper value 633. If you then set the
Display Trace to 1000, this is scrolling up therefore the upper value of the
Spectrogram window will be 1000 and the lower value 368. If you then set the
Display Trace to 200 this is scrolling down, therefore the lower value of the
Spectrogram window will be 200 and the upper value 32.

If the Spectrogram display window has not yet filled with 633 traces, the oldest
trace is the highest numbered trace that has data in it. The value of Display
Trace is annunciated in the upper left corner of the bottom window, along with
the start time of that trace.
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Display Views - Real Time Analyzer Measurement

If you select a historical trace that has not yet been acquired, both the trace
window and spectrogram window will remain blank until such time as the trace
you requested is available. The Spectrogram window will then be populated
one trace at a time as the subsequent traces are acquired, with the trace
window showing the trace corresponding to the Display Trace value you
requested. If you select a historical trace that is has been acquired, the
Spectrogram window will be populated with the available historical traces and
the trace window will show the trace corresponding to the Display Trace value
you requested.

Any variable change that restarts an acquisition will clear out the spectrogram
and start it over, unless you are in the idle state (single mode or waiting for a
trigger), in which case it will be cleared out when you start an acquisition
again. The Restart key will clear out all spectrogram traces and start over. The
spectrogram display is also cleared on exit from the Spectrogram View, so
every time you enter the Spectrogram View, the spectrogram window is empty.

You can Pause and Resume the spectrogram at any time. Pausing the
spectrogram will cause the accumulation of traces to stop and allow
adjustment of the Display Trace parameter to view any historical traces. On
resume, the existing historical trace data will not be cleared, and subsequent
captures will be added to the historical data. Although this will result in a gap
in the spectrogram data, the data captured will still be done so in real time. The
time stamp of each trace will identify that the spectrogram data is not gap free
after a pause and resume.

The colors in the Spectrogram represent signal amplitude. The key to these
colors is displayed next to the Y Axis in the upper window. By changing the Y
Axis parameters you can change the scaling; that is, by changing the Ref Level
or Scale/Div, the colors will get remapped to new Amplitude values. Note that
this will, however, restart the Spectrogram.

Each horizontal line in the spectrogram represents a single trace, and the
vertical axis represents time. For all values of Display Trace, the trace in the
trace window will be updated on completion of an acquisition. To freeze the
spectrogram, put Trace into View, or put the analyzer into Single mode (note
that unless the Average/Hold Number=1, putting the analyzer into Single will
not freeze the Spectrogram until the number of traces specified by the
Average/Hold Number have been taken).

While in Spectrogram View, all functions and settings work as normal, except
as noted below.

— The Single key causes a specified number of traces to be read into the
spectrogram, after which the acquisition stops. The number of traces to be
read into the spectrogram is controlled with the "Average/Hold Number"
key in the Meas Setup menu. For example, if you set the "Average/Hold
Number" to 5, then every time you press Single, it will take 5 acquisitions
and put the b traces into the Spectrogram; then it will stop the acquisition.
Note that you can set the "Average/Hold Number" to 1 to capture a single
trace into the Spectrogram when the Single key is pressed.
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— Inthe Spectrogram View, if the Trace is saved, exported or queried, the data
that gets saved or returned is the data from the Display Trace in the
spectrogram.

— Selecting or moving a marker that is turned on but not on the current
Display Trace will NOT move the marker to the current Display Trace. A
marker must remain on the trace that originally added it.

— Turning on a marker which is turned off will turn it on in the center of the
current Display Trace.

— When a Peak Search is performed, if the selected marker is turned on but is
not on the current Display Trace, it is first moved to the center of the current
Display Trace before performing the search.

Representation of Time

In the Spectrogram view, zero time is the point where the first trace started,
meaning that each subsequent trace point is at a positive time that represents
when that point was gathered, relative to the start point. Each trace is time
stamped as it starts, and this time is remembered for each trace. As successive
traces appear their start times get successively larger, relative to the start time
of the oldest trace. If a marker is placed on the live trace and its readout is set
to Time, the time of this marker will increment by about the acquisition time for
every new acquisition. If the measurement is paused, the Spectrogram will stop
updating. When resume is selected the spectrogram will retain the existing
traces and continue updating using traces from the point at which Resume was
selected. The time stamp of the individual Spectrogram traces will show the
time from the beginning of the measurement the trace relates therefore
showing there was a gap in the Spectrogram capture.
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Trace Zoom

Real-Time SA 1 N
Spectrum & PvT ! + n Frequency V|-, -

KEYSIGHT lInput: RF Input Z:50 Q Atten: 10 dB Trig: Free Run PNO: BestWide  Center Freq: 1.500000000 GHz Contor Fi
L - Coupling:AC Comrections: Off  Int Preamp: Off IF Gain: Low 100 % POI: 5117 s enter Frequency
ExtGain:0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Det: Peak 1.500000000 GHz

WAlign: Off Average Type:
Zoom Center
1.500000000 GHz

Span (Acq BW)
500.472650 MHz

Zoom Span
40.0000000 MHz
Full Span
Start Freq
1.245263675 GHz

Ref Level 0.00 dBm

Stop Freq
Span 509.5 MHz
Acq Time 30.003200 ms (1739 pts (736325 Gl e

Zoomed Trace CF Step

ScaleiDiv 10 dB Ref Level 0.00 dBm 50947265 MHz

Auto
Man

Freq Offset
0Hz

Zoom Center 1.50000 GHz Zoom Span 40.00 MHz|
Res BW 1.15 MHz q p

== - ? Dec 25, 2014 | 7y

12:3240AM 5=

In the Trace Zoom view, the screen is split into two windows. The top window is
a normal spectrum analyzer window, and the bottom window ("Zoom
Window") shows a "zoomed" representation of the traces in the top window.
The data in both windows is identical, but the bottom window typically shows
fewer data points, spread across the whole display, which allows you to see the
data in those points more clearly.

The zoom region is indicated by a blue shading over the whole region. In the
top window, this indicates which subset of the data is zoomed in the bottom
window. The entire Zoom Window is shaded, to indicate that it represents the
zoom region. You can set the span of the Zoom Window using the Zoom Span
key (in the Span menu) and you can set the Center Frequency of the Zoom
Window using the Zoom Center key (in the Frequency menu).

It is important to emphasize that the data and state in the two windows is
IDENTICAL. The Zoom Window is simply a close-up view of a region of the top
windows' traces. Therefore all traces and markers are the same in both
windows; and any state changes you make affect both windows.

You set the number of sweep points shown in the Zoom Window separately
from the top window. Changing the number of points in the bottom window
WILL change the Zoom Span and does NOT change the number of points in
the top window, because the more points you show in the bottom window, the
greater is the percentage of the top window that you are showing in the
bottom.

25



Signal Detection and Analysis
Display Views - Real Time Analyzer Measurement

Two functions in Trace Zoom depend on which window is selected (the
selected window has a thick green border around it). When the Zoom Window
(bottom window) is selected, the Points key in the Sweep/Control menu
changes to Zoom Points and adjusts the number of points in the bottom
window. Also, for all Peak Search functions, if the bottom window is selected
the search function will operate ONLY within that window. This allows you to
perform a Peak Search over a specified, limited frequency range, while still
viewing the larger frequency range in the top window.

In any correspondence or telephone conversation, refer to the product by
its model number and full serial number. With this information, the
Keysight representative can determine the warranty status of your unit.
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Combination Views

Density Spectrogram
n Frequency ¥

KEYSIGHT oy | eRn Center Frequency

re] ] abie ol : 1.50 GHz
Average Type:

Spectrum
Scale/Div 10 dB bof Lavel 0.00 dBm

1.450000000 GHz

Stop Freq
1550000000 GHz
CF Step
10.000000 MHz

Auto
Man

Span 100.0 MHz]
Acq Time 80.000601 ms (821 pts) [Freq Cifeat

Display Trace 1 Start Time 26.4813 5 OHz

The Density Spectrogram provides a dual view with the top window showing
the Density trace and the bottom window showing the Spectrogram trace.

In this view, the top window X axis represents frequency, the Y axis represents
amplitude, and the Z axis represents number of hits. This view therefore
displays three dimensional data on a two dimensional display, using color to
represent the third dimension. The X axis for the bottom window represents
frequency and the Y represents the Spectrogram trace history and the Z axis
colors represent the signal amplitude.

As with the Density view, the top window will display a white trace over the
bitmap. This trace shows the Spectrogram trace specified by the Display Trace
parameter. The default will show the most current Spectrogram trace.

See “Density” on page 19 and “Spectrogram” on page 21.
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PvT Spectrum

Frequency v

Input 250 0 Amen: 10 48 Trg Free Run  PNO BestWide  Center Freq: 1.500000000 GHz T
) Coupling: AC Comections: Ol It Preamp: Off IF Gain: Low 100 % POI. 8166 ps sl Settings
' ExtGain000dB  FreqRel Sense, Int LNP: Not Enabied Del: Peak r

Abgn: At

Scale/Div 10.00 dB Ref Level 0.00 dBm

0.000 5 ScaleiDiv 3.000 ms.
| Acq BW 100000000 MHz
Spectum T
ScalelDiv 10 dB Ref Level 0.00 dBm

[Center 1.50000 GHz
Res BW 479 kHz

The PvT Spectrum provides a dual view with the top window showing the
Power vs Time trace and the bottom window showing the Spectrum trace.

The horizontal axis for the top window represents time and for the bottom
window represents frequency. In both the top and bottom windows, the vertical
axis represents amplitude.

See “PvT” on page 21 and “Normal” on page 19.
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PvT Spectrogram

Frequency 7 -

Attenc 10 dB Trig: Free Run FNO: Best Wide S00000000 GHz
¢ Int Preamp: OF IF Gain: Low 0
Ref Semse, Int LNP- Mot Enabled Dt Paak o0 66 s

Ref Level 0.00 dBm

0,000 5 Scale/Div 3.000 ms 26,699 ms
q BW 100.000000 MHz Acq Time 29.998725 ms (1024 p

Spectrm
Scale/Div 10 dB Ref Level 0.00 dBm

(Center 1.50000 GHz Span 100.0 MHY
Res BW 479 kHz q Time 29.998725 ms (821 pes)

The PvT Spectrogram provides a triple view with the top window showing the
PvT trace, the bottom window showing the Spectrum trace, and the left
window showing the Spectrogram.

The horizontal axis for the top window represents time and for the bottom
window represents frequency. In both the top and bottom windows, the vertical
axis represents amplitude.

See “PvT” on page 21 and “Spectrogram” on page 21.
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Hints on Touch Ul Operation

Measurement Block Diagram

The block diagram provides a quick way to view and change different settings
for the current measurement. Tapping different blocks will bring up different
menu panels on the right side.

Add a Measurement

Ingut Z: 500 Agan: 10 dB Tikg: Frea R PO Fast o Typas: Loy Powss

Compctons- O I Praamp: OF  Gala: O IF Gain: Low NFE: O

3 FroqRef Sorse. Int LNF: ot Enatiod Sig Traek: O " 1
Algn: fas

(e ———
GHe

Ref Level 0.00 dBm

.
Start Freq
1 NKHD Mz

GHr

Video BW 3.0 MHz

Tap the "+" sign on the top of the screen, and a new measurement screen is
added, which is the copy of previous screen. Tap the screen tab and it brings
you to the Mode/Meas/View browser.
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Select a Measurement

Mode | Measurement | View Selector

Specinm Anayzer 1

To launch S960{ VEA press the bution below.

Tap the screen tab on the top, it brings you to the Mode/Measurement/View
Selector dialog. The dialog has three columns that enable you to choose which
mode, measurement and view will be used in the current screen.

Multi Screen

Roef Lavel 0.00 dBm el Level 0.00 dBm

[Center 1.50000 GHz Span 100.0 MH;
Res BW 479 kHz Aeq Time 30.000726 ms (821 pis)

Multi-Screen allows you to view all the screens at one time. To make one

screen active, tap it and the remaining screens are suspended with their last
measurement result in view.
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Measure the Hopping Signals

To demonstrate the following procedure, we are using a signal generator to
create a list sweep waveform with combinations of WCDMA, WLAN, GSM,

WiIMAX and CW signals.

Procedure

Step

Action

Notes

1 Configure the
instruments

i L]
ooooo §

RF Output

« KRR

— e Input

Signal Analyzer

2 Preset the UXA

a. Press the Mode Preset key on the
front panel. Or tap Mode Preset in
the preset drop down list on the top
right corner of the touch screen.

requency |
h

Mode Preset

User Preset

Save User Preset
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Mode Preset - Returns the current
Mode to a known state. Mode Preset
only presets the current Screen, it does
not affect any other Screens.

Restore Mode Defaults - Resets all
additional settings of the current mode
as well as all of the Mode Preset
settings.

Restore Screen Defaults - Resets the
Screen configuration to the factory
default; deleting all screens, all screen
names, and all screen states. A single
screen will remain, set to the power-on
Mode in a preset state with the default
screen name.



Signal Detection and Analysis
Measure the Hopping Signals

Step Action Notes

3 Initialize the RTSA a. Tap the Screen Tab drop down arrow
mode to access the
Mode/Measurement/View Selector
dialog and select Real Time
Spectrum Analyzer, Spectrum &
PvT, Density.

b. Tap the OK button on the bottom of
the dialog.

c. Double tap Center Frequency, and
enter 1.5, GHz.
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Step Action Notes

Center Frequency

13.255000000 GHz

pan (Acq BW)
509 472650 MHz

Full Span

tart Freq
13.000263675 GHz

top Freq
13.509736325 GHz

CF Step
50.947265 MHz

d. You may configure the settings such
as Ref Level using annotation
hotspot.

Input Z: 50 0 Aman 16 dB Tng: Frea Run PRO: Bast Wida Conter Freq: 1 500000000 GHz
Comuctions. OF It Proamp. 08

Ref Level

Specirum . 5.00 dBm
Scale/Div 10 dB

AV &

Span 509.5 MHz
Acq Time 35.003307 ms (1739 pts)
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Step Action

Notes

RealTmeSA1 |
| Spectum & PvT
KEYSIGHT Input Z: 50 0 Atter: 16 4B Trig: Free Run \Wide  Cender Freq: 1.500000000 GHz
on Int Preamp. Off 100 % POL 5117 ps
enge, Int LNF: Not Enabled &

Ref Level 5.00 dBm

.

.‘Il_l,'l_[i.‘ .\2

"

This shows a highly
dynamic signal thatisa
challenge to view and
measure. Note that in
this view some signals
are obscured by
others.

(Center 1.5000 GHz Span 508.5 MHz
Res BW 1.15 MHz Acqg Time 95.003307 ms (1739 pts)
Ml ?
4 Zoom in to the a. Drag the signal and pinch open to
interested signals zoom in and observe the middle left

WCDMA signal as shown below.

b. Oryou may tap Center Frequency
1.43 GHz, SPAN, 160, MHz.

KEYSIGHT Input RF Input Z- 50 0 Atten: 16 dB Trig: Froe Run PNO: BestWide  Contar Freq: 1430000000 GHz
L ) Coupling AC Comections: OfF  Int Preamp: OF IF Gaim: Low 100 % POI: 5 570 s
" EdGan 000dB  FreqRel Sense, int LNP: Not Enabled Det Peak
Al Average Type:

Reef Level 5.00 dBm

Center 1.43000 GHz Span 160.0 MHz
Res BW 765 kHz Acq Time 30.000775 ms (821 pts)
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Step Action Notes
5 Change the a. Tap the hardkey drop down menu Persistence is a trade-off between a
persistence setting and select Display, Persistence, fast-reacting display and extending time
and enter 1.5, s. to see very rare events.
6 Add a marker a. Tap the hardkey drop down menu

and select Marker and Marker
Mode, Normal then drag the marker
or enter the value 1.451 GHz.

The high dynamic
n i Z | Meﬂ:_lE ﬂ Trig: Frea Run PNI_J_: B.est'i\'ide l‘.erll_qlr Freq:cquxll?ﬁ&ﬂd GHz ran g ee nab les yo u to
G 00000 1R Ser, it L. i Eraled et P i 2005 | seea-70dBm
; P signal.

Spectrum

v
Scale/Div 10 dB Ref Level 5.00 dBm Highest Density Hue
100,000 %
i Lowest Density Hue
| 1 0.000 %
Curve Nonlinearity
0%

Span 160.0 MHz

Acq Time 30.000775 ms (821 pts)
= LY
4 P

7 Change the trigger  a. Tap the hardkey menu panel drop down  Frequency Mask Trigger (FMT) is a

setting and select Trigger, Trigger Settings  trigger type available in the real time
Diagram, then tap FMT. Trigger will ~ mode to help address the problem of
be changed from Free Run to FMT. finding and identifying intermittent,

interfering or transient signals.

36



Signal Detection and Analysis
Measure the Hopping Signals

Step Action Notes

b. Tapthe FMT Mask tab then Edit FMT can be used to create a mask on
Mask. To edit the mask, you may the display and then set your trigger
directly drag the circle at the edge of ~ Criteria around how that trigger will be
mask. For more information, see generated. The mask can be generated

“FMT Setup Details” on page 53. by adding points to a table or by editing
an existing mask and you can drag each

point to the desired location. Upper and
Lower masks can be created depending
on the signal you are looking to capture.
You can also choose to build the mask
from an existing trace and then add an
offset to the trace as required. These
masks can be saved and recalled as
required.
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Action

Notes

FMT Setup

# Frequency Amplitude ScaleiDiv 10 dB

Lx Trigger

Mask Type

Upper

Ref Level 5.00 dBm Lower
Mask Name

v

Trigger

Periodic
Sync Src

-25.829 MHz -2.5641 dBm

-18.407 MHz -37.949 dBm

20.803 MHz -38.291 dBm

26667 MHz -2.3932 dBm

Freq Reference
Relative to GF

Add Point

Delete Point Amptd Reference

Mask Hue Relative to RL
170.0

X Offset
Mask Opacity e
15.00 %

Y Offset
Mask Opacity 0.00 dB
Preview

on ter 1.43000 GHz

Cen
off Apply OSEIS  pes BW 765 kHz

= - #) | Dec 31, 2014

. 1:19:46 AM

New Mask Auto/
Holdoff

Delete Mask
Delete All
Masks.

Build Mask
from Trace

Edit Mask

Tap Close to go back to
measurement screen.

. Tap the Trigger tab and select

Trigger Criteria, Inside. For more
information, see “Trigger Setup
Details” on page 57.
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Once you have the mask created you
need to decide on the trigger criteria
and there are a number of choices here.
You can choose to trigger when a signal
enters a mask (e.g. an interferer popping
up) or when it leaves the mask (e.g. an
intermittent drop out of a signal). You
can also trigger when a signal is inside
or outside the mask or if it enters and
leaves the mask or leaves then enter
which could be useful for transient
signals.

For further in depth analysis the
Frequency Mask Trigger can be
combined with the 89600B VSA
software to provide more thorough
characterization of complex signals and
to help find the root cause of problems.
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Action

Notes

Real-Time SA 1
Spectrum & PvT +

KEYSIGHT |input: RF Input Z: 50 O

Coupling: AC Cormections: Off

ﬁ Trigger

Atten: 16 dB Trig: FMT PNO: Wide

Int Preamp: Off FMT: Inside IF Gain: Low Select Trig Source
G- ExGain000dB  Freq Ref Sense, Int [LNP: Not Enabled Det: Peak FMT 1
\Average Type

Align: On

Spectrum
Scale/Div 10 dB

Center 1.43000 GHz
Res BW 765 kHz

- ? Dec 31, 2014
- H 1:24:50 AM

Ref Level 5.00 dBm

Trigger Mask
Upper ¥ | Auto/
Holdoff

Trig Delay
30.00 ms

On

off
# Acgs/Trigger

Total Time:
0.030000775

Periodic
Trigger Criteria Sync Src
Inside u

FMT Mask

1
Chl
18.7800 ps
Time 2
221950 ps
Time Criteria
Disabled v
< Trigger Settings.
Diagram

8 (Optional) Open the
VSA application

P

Tap screen tab drop down and at the
bottom of the window, there is a
button to launch 89600 VSA.

This may take some time to load the first
time.

9 Configure the VSA

o

o

Select Meas Setup, Frequency and
enter 1.43 GHz in the Center input
box.

Select ResBW, and select 12801
from the Frequency Points
drop-down list.

Select Arbitrary from the ResBW
Mode drop-down list.

Select Time and enter 30% in the
Max Overlap (Avg Off) input box.
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You can use the 89600 VSA time
capture function to explore the list
sweep sequence in detail.



Signal Detection and Analysis
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Step Action Notes
2 Vector - Keysight 80600 V34, Software = o < The Capture playback
File Edit Control Source Input MeasSetup Trace Markers Window  Utilities  Help 7 | 1 _
B (1] ® ||%F|S £y 35 Bl W | M- R 50% ] 0% color Normal process IS ent‘rely gap free

et Spectrum < and allows almost infinite
nenat settings of overlap. Playback
will allow you to see and
measure the list sweep
sequence in any way desired.

Measurement paused - recording <Temporary File> | mreer | auroca ok
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Measure a Narrow Pulse Signal

A major benefit of real-time analyzers is the ability to find elusive signals and
signal behavior quickly and reliably, whether the goal is to discover or
characterize the signals, or to understand detail as an element of
troubleshooting or optimization.

The following procedure shows that the Real-Time Spectrum Analyzer
measurement application is capable of capturing a signal with a small pulse
width, 5.117 us, with 100% amplitude accuracy.

Procedure

Step Action Notes

1 Preset the MXG a. Press the Preset key

2 Setupapulseon a. Press FREQ, 1.5, GHz, AMPTD, -10, A pulse with 30 ms period and 30 us
the MXG dBm, RF to On. width is used at first.

b. Press Pulse, Pulse Period, 30, msec,
Pulse Wid th, 30, usec, Pulse to On.

c. Press AMPTD, ALC to Off.

[FREQUERTY W oL T TUDE R fulse |

1.500 000000 00 s=  -10.00 e or il
. [u®&d  [TEd |

Pl g a4

Pulse Redulalion Slalus Informodion (Fres=run}

Pulse Stobe: n Lf':ll::lcna:mu. Froe-fmn Pulgs poriod

Perind: 30,0000 mec H Jeg Dwloy

[T H 0, D000I  sec i . T

Width: L0 e L-
A
OL/17/2013 17507 Dore L of 3

3 Configure the
instruments

Signal Generator

A 1 s s e i

— _jm"‘l RF Input

Signal Analyzer
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Step Action

Notes

4 Preset the UXA a. Press the Mode Preset front-panel
key. Or tap Mode Preset in the preset
drop down list on the top right corner

of the touch screen.

requency v
.

%

User Preset

Save User Preset

Mode Preset - Returns the current
Mode to a known state. Mode Preset
only presets the current Screen, it does
not affect any other Screens.

Restore Mode Defaults - Resets all of
additional settings of the current mode
as well as all of the Mode Preset
settings.

Restore Screen Defaults - Resets the
Screen canfiguration to the factory
default; deleting all screens, all screen
names, and all screen states. A single
screen will remain, set to the power-on
Mode in a preset state with the default
screen name.

5 Configure the UXA a. Double tap Center Frequency, and

enter 1.5, GHz.

b. Tap the hardkey drop down menu and
select Meas Setup

c. Tap the Global tab and toggle the
Global Center Freq to On.

Q Meas Setup ¥

Global Center Freq Settings
On -

Off
Limits

Global EMC Std
On
Off

Meas
Standard

Legacy
Compat

Tune &
Listen

Advanced
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When the Global Center Freq key is
switched to On in any mode, the center
frequency of the current mode is
copied into the Global Center
Frequency, and from then on all modes
that support global settings use the
Global Center Frequency.
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Action

KEYSIGHT _ Input RF
L () Coepimg: AC
< Ext Gain 00048

Input Z 50 0
Corectons: Off

Specium v
Scale/Div 10 dB

Center 1.5000 GHz
Res BW 3.0 MHz

G eds

Al 10 46
it Proamp- Of
Freq Rof: Sanss, b LNP- Not Enabisd

Trig Free Rum
Gae: Off

PNO: Fast
F Gam Low

Mg Type: Log-Powet | 1|
NFE. O
Sig Track: OFf b

Ref Level 0.00 dBm
Tem Span

CF Slep

50000000 MHz

Auln
Man

Video BW 3.0 MHz Span 500.0

Sweep 1.00 ms (1001 p
. L
ssn Pa

[r———
1 i

- = —
1 so0 00000 ez |

Swept Span

You may notice in the
Spectrum Analyzer mode
Swept SA measurement (span
=500 MHz), the small pulse
signal can not be detected.

6 Initialize the RTSA
mode

a. Tap the Screen Tab drop down arrow to
access the Mode/Measurement/View
Selector dialog and select Real Time
Spectrum Analyzer, Spectrum &
PvT, Density.

b. Tap the hardkey drop down menu and
select Peak Search then tap the
Settings tab and select Delta for
Marker Mode.

Since the global center frequency was
set up in the previous step and the
RTSA mode supports global settings,
you do not need to set center
frequency again.

o
Off

Atien: 10 dB
Int Preamp: OF

Trag: Fress Run Canter Freq: 1.500000000 GHz

100 % POL 517 ps.

anse, Int LNF: Not Enabled Dt

Scale/Div 10 dB

Center 1.5000 GHz
Res BW 1.15 MHz

Average Type:

Ref Level 0.00 dBm

Span 509.5 MHz|
Acq Time 95.003307 ms (1
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In RTSA mode, it helps to
capture the small pulse with
narrow width and long period.

Marker—

Counter
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Step Action Notes

7 Change the pulse a. Press Pulse, Pulse Width, 5.117,
width on the MXG usec.

Q Marker v ' :

KEYSIGHT |input RF Input Z: 50 @ Atten:10.dB Trig:FreeRun  |[PNO:BestWide Center Freq: 1.500000000 GHz Select Marker
L G Couwlng:AC Corections: Off It Preamp: Off IF Gain: Low 100 % POI: 5.117 s
ExtGain:000dB  Freq Ref: Sense, Int LNP: Not Enabled Det: Peak Marker 1
Align: Off Average Type:
AMkr1 0 HZ

Ref Level 0.00 dBm -0.03043 dB
Marker Mode

1A2 Normal
X
I 2 Detta (4)

Fixed

off

Delta Marker
(Reset Delta)

( ettings
gram
Al Markers Off

Couple Markers
On
Off

[Center 1.5000 GHz z
Res BW 1.15 MHz Acq Time 95.003307 ms (1739 pts

Dec 23, 201
A ?

11:13:33 PM

The Marker Delta remains
around 0 dB on each
acquisition.

8 Change the pulse a. Press Pulse, Pulse Wid th, 2, usec.
width on the MXG

Q Marker

HT  Input RF Input Z: 50 0 Atten: 10 dB Trig:FreeRun  [PNO:BestWide  Center Freq: 1.500000000 GHz 'Select Marker
) Couping:AC Corrections: Off int Preamp: Off IF Gain: Low 100 % POI: 5.17 s
Ext Gain:0.00dB  Freq Ref Sense, Int LNP- Not Enabled Det: Peak Marker 1
\Align: Off Average Type:
Spectrum
Scale/Div 10 dB Ref Level 0.00 dBm

Peak
Marker Mode Somth

| Normal Pk Search
‘* 142 Config
M2 Delta (&)

Properties.
Fixed

Marker

Function

Marker—

off
Delta Marker
At Counter

( Marker Settings
Diagram
All Markers Off

Center 1.5000 GHz Span §09.5 MH2
Res BW 1.15 MHz Acq Time 95.003307 ms (1739 pts|

=- - ? 0 »a wx

i) [A)
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Changing to a narrower pulse
width will still capture the
pulse, but an incorrect
amplitude is being reported.
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Step Action Notes
9 Change the pulse a. Press Pulse, Pulse Period, 1, sec.
period on the MXG
10Change the UXA a. Tap the hardkey drop down menu and
view select Display, Persistence, and
enter 1, s.

These changes still

NV
Lo Display - 0
KEYSIGHT _Input RF InputZ-50 0 Atten: 10 dB Trig: Free Run  |PNO: Best Wide |Center Freq: 1.500000000 GHz - gu arantee 100% POI
L G Coing:AC Conections: O It Preamp: Off IF Gain: Low 100 % POI: 5.117 ps Persistence

ExtGain:000dB  Freq Ref Sense, Int LNP: Not Enabled Det: Peak 1.00s
Align: Off Average Type: .
Infinite. Annotation
Finite
Scale/Div 10 dB Ref Level 0.00 dBm -60.79 dB| |Highest Density Hue

100.000 %

Lowest Density Hue
X 7 0.000%

Curve Nonl

0%

Color Palettes

Auto Adjust
Density Levels

Display Line
-25.00 dBm

On

9 Dec 23, 201
s | 11:22817PM | >~

11 Change the pulse a. Press Pulse, Pulse Wid th, 20, ns.
width on the MXG

12Change the UXA a. Tap the hardkey drop down menu BW,
filter type Filter Type, Rectangular.
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Step Action

(Real-Time SA 1 l +
Spectrum & PvT
KEYSIGHT lnput RF Input 250 0 Adten: 10 dB Trig: Free Run PNO: BestWide  Center Freq: 1.500000000 GHz
L ) Coupling AC Conmel Int Praamp: Of ain Low 100 % POI- 5 17 ps
* EdGan000dB  FreqR 58, Im LNP:- Mot Enabled Dt Paak
A Average Type:

Ref Level 0.00 dBm

Xz

Res BW 292 kHz
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Even the narrow pulse is
still captured. The
Rectangular filter is used
to stabilize the amplitude
reading.
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Measure the Transient Signal

For the time/frequency/time rapidly changing signal, the Real-Time Spectrum
Analyzer can help you to observe the varied signal. We will measure a AM/FM

pulsed signal in this example.
Procedure

Step Action

Notes

1 Preset the MXG a. Press the Preset key

2 Setupapulseon a. Press FREQ, 1.5, GHz, AMPTD,

the MXG -10, dBm, RF to On.

b. Press Pulse, Pulse Period, 5,
msec, Pulse Wid th, 2, msec,
Pulse to On.

c. Press AMPTD, ALC to Off.

These steps set up a b m second pulse
period with a pulse width of 2 m
seconds.

[FREmERCY W i TTU0E W Fulse
1.500000000 00 s+=  -10.00 cen ord Wil
[
Pulse 'SU.I"\DCI'
Pulse fodulotion Status Tnformlion Free-funt
Pulie Stale: On Puiln Souwee: Froe-hm
A TR Eflmﬂm&
P o 2 . M) P Pulse Dulsy
Dl 0, NN sec 0. 00000000 saC
Hidth: T 00 pEec
DU
DLAS/013 501 Nore 1 of 2

3 Configure the
instruments

Signal Generator

e T e o

Signal Analyzer
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Measure the Transient Signal

Step Action

Notes

4 Preset the UXA

a. Press the Mode Preset key on the
front panel. Or tap Mode Preset in
preset drop down list on the top right
corner of the touch screen.

requency |

Save User Preset

Mode Preset - Returns the current
Mode to a known state. Mode Preset
only presets the current Screen, it does
not affect any other Screens.

Restore Mode Defaults - Resets all of
additional settings of the current mode
as well as all of the Mode Preset
settings.

Restore Screen Defaults - Resets the
Screen configuration to the factory
default; deleting all screens, all screen
names, and all screen states. A single
screen will remain, set to the power-on
Mode in a preset state with the default
screen name.

5 Select the Real-time
mode

a. Tap the Screen Tab drop down arrow
to access the
Mode/Measurement/View Selector
dialog and select Real Time
Spectrum Analyzer, Spectrum &
PvT, PvT.

Mode | Measurement / View Selector

b. Double tap Center Frequency, and
enter 1.5, GHz.
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Step Action Notes

Center Frequency

enter Frequency Settings
1.5 13.255000000 GHz

pan (Acq BW}
255176000 MHz

Full Span

tart Freq
13.127412000 GHz

top Freq
13.382588000 GHz

F Step
25517600 MHz

This signal provides

Real-Time SA 1
Specuma v " [R G| Py 6 stable pulses on
Ll ot e TR | he display without
Ext Gain:0.00dB  Freq Ref: Sense, Int |LNP: Not Enabled Det: Peak 1.500000000 GHz . . .
Align: Off
g T any tngggr_mg since
PVT 255 176000 MHz the acquisition time
Scale/Div 10.00 dB Ref Level 0.00 dBm . .
e of 30 ms is 6 times
the pulse period of 5
1.372412000 GHz ms and thls |S a
Stop Freq real-time view of

1.627588000 GHz

CF Step power versus time.

25 517600 MHz

Auto
Man

0.000s Scale/Div 3.000 ms 30.000 m:
lAcq BW 255.176000 MHz Acq Time 29.999787 ms (1024 pts|

== - ? Dec 24, 201

2:16:03AM
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Step

Action

Notes

6

Add AM and FM to
the pulse signal on
the MXG

a. Press AMPTD, ALC to On.
b. Press FM, FM Source, Func Gen 1,

FM Dev, 8, MHz, More, Setup FM
Source, FM Rate, 0.3, Hz, Return,
Return, FM Off On to On.

Press AM, AM Source, Func Gen 2,

AM Depth, 90,%, More, Setup AM

Source, AM Rate, 0.4, Hz, Return,
Return, AM Off On to On.

Change to the
spectrum view on
the UXA

. Tap the Screen Tab drop down arrow

to access the
Mode/Measurement/View Selector
dialog and select Real Time
Spectrum Analyzer, Spectrum &
PvT, PvT Spectrum.

Real-Time SA 1
Spectrum & PvT M +

KEYSIGHT _ [input: RF

L

InputZ-50 &
D Cowing AC Conrections: Off

IAiign: Off

PVT
Scale/Div 10.00 dB

Acq

0.0005
BW 255.176000 MHz

l’ Dec 24, 2014 | /7y
¢ | 23429AM o

Int Preamp: Off
ExtGain:0.00dB  Freq Ref Sense, Int LNP: Not Enabled

Ref Level 0.00 dBm

This view shows a
combination of two
different displays. The
top window shows the
Power vs. Time trace
and the bottom
window shows the
Spectrum trace. In the
bottom window, the

B
n Frequency 7 |-, N

‘Center Frequency Settings
1.500000000 GHz

Span (Acq BW)
255176000 MHz

PNO: Best Wide
IF Gain: Low
Det: Peak

Trig: Free Run Center Freq: 1 500000000 GHz

100 % POI:5.117 ps

Full Span

Start Freq
1.372412000 GHz

Stop Freq
1.627588000 GHz

e horizontal axis
25517600 MHz
Auo represents frequency
ScalelDiv 4000 ms Acq Time 29.999787 ms 1624 pts| Freqh:l):lse‘ and the Vertlcal aXlS
ok represents amplitude.

Ref Level 0.00 dBm

8

Change to
spectrogram view on
the UXA

. Tap the Screen Tab drop down menu

to access the
Mode/Measurement/View Selector
dialog and select Real Time
Spectrum Analyzer, Spectrum &
PvT, PvT Spectrogram
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Action

Notes

KEYSIGHT |Input: RF Input Z:50 O Atten: 10 dB Trig: Free Run PNO: Best Wide
L G ‘Coupling: AC Comections: Off Int Preamp: Off IF Gain: Low
Ext Gain: 0.00dB  |Freq Ref: Sense, Int LNP: Not Enabled Det: Peak
\Align: Off

P 7y | Dec 24,2014/ o
- f | 2ar53am |2

Scale/Div 10.00 dB Ref Level 0.00 dBm

0.000s Scale/Div 3.000 ms
Acq BW 255.176000 MHz

Spectrum
Scale/Div 10 dB Ref Level 0.00 dBm

Center 1.5000 GHz
Res BW 1.15 MHz

Center Freq: 1.500000000 GHz
Avg|Hold: 100100
100 % POI: 5.117 ps.

=1 [his view adds a

Frequency ¥ ' <

Spectrogram trace to
gl setns | the [oft of the dual
Span (Acq BW) window. See
255176000 MHz L:Spectrogram” On

page 21 for more
Start Freq . .
information.

Stop Freq

1.627588000 GHz

CF Step
25517600 MHz

9 Changethe FMrate a. Press FM, More, Setup FM Source,

on the MXG

FM Rate, 1, Hz.

10 Change the span
and spectrogram
view on the UXA

a. Tap the hardkey drop down menu
and select Frequency then Span,

and enter 40, MHz.

b. Tap the hardkey drop down menu
and select Display, Color Adjust,

Auto Adjust Hue Position.
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This sets the Ref Hue Position to the
highest amplitude value found in the
Spectrogram and sets the Bottom Hue
Position to the lowest amplitude value
found in the Spectrogram to enable you
to focus on the signal of interest. See
“Spectrogram” on page 21 for
more information.
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Step Action

Notes

Real-Time SA 1
Spectrum & PvT

KEYSIGHT Inpm RF PNO: Best Wide
Coupling: AC

Input Z: 50 O Atten: 10 dB
Corrections: Off Int Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled

Aiign: Off

Trig: Free Run

PVT

Scale/Div 10.00 dB Ref Level 0.00 dBm

0.000s Scale/Div 3.000 ms

BW 40.0000000 MHz
Spectrum

Scale/Div 10 dB Ref Level 0.00 dBm

[Center 1.50000 GHz
Res BW 191 kHz

Dec 24, 2014
242:00AM

Center Freq: 1.500000000 GHz

Avg|Hold: 1001100
100 % POI: 1534 ps.
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Span 40.00 MH3

A

)

Color Adjust

Reference Hue

0.0

<4

<

Reference Hue Posn
92 %

Auto Adjust
Hue Position

BottomHuePosition
36 %
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FMT Setup Details
£x Tigger v

FMT Setup Mask Type
Upper
i Scale/Div 10 dB Ref Level 5.00 dB: Larmar
Frequency Amplitude cal v ef Level 5.1 m

Trigger

Periodic

Mask Name Sync Src
25829 MHz -2.5641 dBm

-19.407 MHz -37.949 dBm New Mask Auto/

Holdoff
20.803 MHz -38.291 dBm Delete Mask

26 667 MHz -2.3932 dBm ! Delete All
Masks

Build Mask
from Trace

Edit Mask

Freq Reference
Relative to CF

Add Point

Delete Point Amptd Reference
Mask Hue Relative to RL
170.0

X Offset

Mask Opacity 0Hz

15.00 %
Y Offset

Mask Opacity 0.00 dB
Preview -
On

Off

== - ? Dec 31, 2014

1:19:46 AM

Cente!
Res BW 765 kHz

Apply Offsets
tn ksl

Navigate

When you enter the FMT Editor, you can move through the table to edit the
desired point. You can edit the table of values (highlighted in blue).

Frequency

Selects the frequency value of the current row for editing.

Amplitude

Selects the amplitude value of the current row for editing.

Add Point

This inserts a point (frequency and amplitude values that form the mask anchor
points) below the current point. The new point is a copy of the current point
and becomes the current point. The new point is not yet entered into the
underlying table, and the data in the row is displayed in light gray. When you
select the terminating unit, the new point is entered in the table.

Delete Point

This will immediately delete the currently selected point, whether or not that
point is being edited, and select Navigate as the active function. The point
following the currently selected point (or the point preceding if there are no
points following) will be selected.
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Freq/Amptd Reference

Specify that the selected mask is relative to either the center frequency or the
reference level.

Relative to CF - Chooses whether the mask frequency points are coupled to
the instrument center frequency, or whether the frequency points are
expressed as an offset from the instrument center frequency.

For example, assume the analyzer center frequency is at T GHz. If Relative to
CF is "Off", entering a mask point with a frequency coordinate of 300 MHz
displays the mask point at 300 MHz, and the mask point will not change
frequency if the center frequency changes. If Relative to CF is "On", entering
mask point with a frequency coordinate of 300 MHz displays the mask point at
CF + 300 MHz, or 1.3 GHz. Furthermore, if the center frequency changes to 2
GHz, the mask point will be displayed at CF + 300 MHz, or 2.3 GHz.

It is possible to change this setting after a mask point has been entered. When
changing from On to Off or vice-versa, the frequency values in the mask table
change so that the mask points remains in the same position for the current
frequency settings of the analyzer.

Relative to RL - Chooses whether the mask amplitude points are coupled to
the instrument reference level, and whether the amplitude points are expressed
as an offset from the instrument reference level.

For example, assume you have a mask, and the reference level at -10 dBm. If
Relative to RL is "Off", entering a mask point with an amplitude coordinate of
-20 dBm displays the mask point at -20 dBm, and the mask point will not
change amplitude if the reference level amplitude changes. If Relative to RL is
"On", entering a mask point with an amplitude coordinate of -20 dB displays
the mask point at RL - 20 dB, or -30 dBm. Furthermore, if the reference level
amplitude changes to -30 dBm, the mask point will be displayed at RL - 20 dB,
or -50 dBm.

It is possible to change this setting after a mask point has been entered. When
changing from On to Off or vice-versa, the amplitude values in the mask table
change so that the mask points remains in the same position for the current
reference level settings of the analyzer.

Offsets
X Offset - Offsets all the frequency points in the mask by the specified
frequency.
Y Offsets - Offsets all the amplitude points in the mask by the specified
amplitude.
Apply Offsets to Mask - Apply X and Y offsets to the selected mask.
Mask Color

Mask Hue - This parameter allows you to adjust the Hue of the Mask.
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Mask Opacity - This parameter allows you to adjust the Opacity of the mask.
Mask Opacity Preview - Displays the Mask Opacity that will be used.

Mask Type

This selection enables you to select either an upper or lower mask type.

Mask Name

Provides a description of up to 60 characters by which you can easily identify
the limit. This will be stored in the exported file and can be displayed in the
active function area to be displayed in a screen capture.

New Mask

Clears any existing mask and creates a new mask of 4 points. Two points will
be at 20% + the Center frequency and at the Reference Level. The other two
points will be at 10% + Center Frequency and 20% below the Reference Level.

When selected the following warning message will appear:

"This will delete all the points in the current mask,
Are you sure you want to do this?

Press Enter to proceed or ESC to Cancel"

Delete Mask

This key/selection deletes the currently selected mask.
When selected the following warning message appears:

"This will delete all the points in the current mask,
Are you sure you want to do this?

Press Enter to proceed or ESC to Cancel"

Delete All Masks

This key/selection deletes both the upper and lower masks.
When selected the following warning message appears:

"This will delete all the points in both the masks
Are you sure you want to do this?

Press Enter to proceed or ESC to Cancel"

Build Mask from Trace

This enables you to generate a mask from the trace displayed in the FMT setup
view. The points generated will provide a rough outline of the current trace,
with a maximum of 20 points.
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The mask points generated by Build Mask from Trace can use X and Y offset to
adjust the mask position.
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Trigger Setup Details

Trigger Setup Details

Trigger Criteria

This parameter is used to define the event that will cause a trigger to occur.
The events are ways that the signal interacts with the frequency mask. The
data captured by RTSA is generated using multiple FFTs. The Trigger Criteria
selection determines which FFTs are used in the data generation.

Enter

Leave

Inside

Outside

Enter - Leave

Leave - Enter

Trigger Mask

A trigger will occur when a signal enters the frequency
mask area. The trigger event will not happen again until
the signal leaves the mask and re-enters.

A trigger will occur when a signal leaves the frequency
mask. This requires a signal to be present in the mask
area.

A trigger event will occur when a signal is in the mask
area and will continue to trigger until the signal is no
longer in the mask area.

A trigger event will occur when the signal is not in the
mask area and will continue to trigger until the signal is
in the mask area.

A trigger will occur when a signal enters the frequency
mask area then leaves it.

A trigger will occur when a signal re-enters the
frequency mask area after leaving it.

This parameter is used to select which Mask to be used for triggering; Upper,

Lower, or Both.

Trig Delay

Controls a time delay during which the analyzer will wait to begin a sweep after
meeting the trigger criteria.
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Trig Delay Diagram

Trigger Point
|
|
- Acquisition Time >
I Data Captured when Trigger Delay = 0
|
|
|
I
I
| - Acquisition Time >
I
re—Trigger Delay Data Captured when Trigger Delay = Positive Value
|
|
|
#of Acquisitions /Trigger

This specifies how many acquisitions worth of data to return for each satisfied
trigger. This is most useful with Spectrogram when you have short Acquisition
Times, yet you want more than 1 Spectrogram scan for every triggered result. If
the number of acquisitions per trigger is 20 and the Acquisition Time is 30
msec, then you will get 600 msec (20 * 30 msec) worth of data after the trigger
condition has been met.
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Save Data

Saving Spectrogram Data

You can save the results of up to 10,000 successive, gap-free sweeps in
Spectrogram mode. Each sweep contains 821 points of amplitude results
representing all the data measured during the interval defined by the
Acquisition setting. The spectrogram engine continues collecting new data
while saving the data and if the save time is less than the collection time to fill
all traces, then it is possible to continually save files with no loss of data.

For example, if you set an acquisition time to 100 ms, it takes about >16
minutes to fill the 10,000 traces. Saving all 10,000 traces to the internal drive
on a UXA takes about 12 seconds. While saving the file, the spectrogram
continues running, with no loss of acquisitions every 100 ms.

To save a the Real-time Spectrum Analyzer Spectrogram results data in .csv
format:

Step Notes

1 Tap the File icon and select Save

ave Recall

a@ O

File Explorer Print Page Setup

Dec 25, 2014
12:44:58 AM

2 Tap Measurement Data,
Spectrogram

Measurement Data
el Spectrum Trace 1 7
Data Type
Trace
Peak Table
Marker Table

Speciragram

Density

3 Tap Save As The Save As dialog box enables you to name the
files and select where you want to save the data.

4 Tap Save To save subsequent files, press Quick Save
and the files will be saved with the same name
but with sequential numbering.
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In the saved data file, each individual line, beginning with Datal represents one
slice of the spectrogram. Datal represents the most recent acquisition and the
last Data(N), represents the oldest, or first trace record in the file.

The second column in the trace data is a time stamp and each individual row
represents all the data captured during that particular time interval. All 821
frequency points are listed (the data goes all the way to column "AEQ" in the
Excel spreadsheet). Refer to the following example graphic.

A B C D E F
1 MeasResult
2 |Real Time SA
3 |A.15.00_RO0G3 N9040B
4 |526 ALV B25 B2X B40 B5X CR3 CRP E£
5 |Segment
6 |ResultType Spectrogram
7 |Measurement Type Spectrum
ENumberofPOints 321
9 |Pvt Number of Points 1024
10 Acquisition Time 0.02000024
11 Start Frequency 1495000000
12 5top Frequency 1505000000
13 Average Count 100
14 Average Type Voltage
15 REW 47838.57657
16 |RBW Filter Gaussian
17 RBW Filter BW 3dB
18 Trigger Source Free
19 |Trigger Level 1.2
20 Trigger Slope Positive
21 |Trigger Delay 0
44 ..
45 DATA
46 |Frequency (Hz) 1.5E+03 1.5E+09 1.3E+09 1.5EH19
47 DATAOD NaN -B87.4727 -87.3202 -B6.7485 -86.285
48 |DATAL 2.97038265 -37.4727 -87.3202 -B36.7485 -B36.285
49 DATAZ 2.940376282 -65.5912 -65.5138 -65.4372 -65.3612
50 |DATA3 2.910377502 -18.6017 -17.274 -17.5993 -19.367
51 |DATA4 2.830371094 -77.0446 -77.2923 -77.3401 -77.1377
52 |DATAS 2.850372314 -87.7282 -87.0363 -B6.7485 -87.1299
53 |DATAB 2.820365906 -26.6022 -25.2755 -25.5999 -27.5751
54 |DATAT 2.790359487 -18.5998 -17.2729 -17.5987 -19.5728
55 |DATAS 2.760360718 -69.1951 -69.2087 -69.2447 -65.2705

60



Signal Detection and Analysis
Save Data

Saving Density Data

The Density result file has the same data as the other Meas Results files with
the additional data: #FFT's, Sample Rate and Acquisition Time.

The format of the data listed under DATA, is a series of frequency and
amplitude points with the value at each point representing the density
percentage, in the range O-1. Therefore, a frequency and amplitude point that
is hit 50% of the time during an acquisition will be represented by 0.5. The
location of the frequency and amplitude point within the bitmap will
correspond to the row and column point in the .csv file.

To save a the Real-time Spectrum Analyzer Density results data in .csv format:

Step Notes

1. Tap File icon and select Save

ave Recall

@ |0

File Explorer Print Page Setup

9 Dec 25, 2014
s | 12:44:58 AM

5 Tap Measurement Data, Density

Save: From Trace
Dafa Typa
Trace
Peak Tatle
Marioes Table

Speciogram

Deesity

6 Tap Save As The Save As dialog box enables you to name the
files and select where you want to save the data.

7 Tap Save To save subsequent files, press Quick Save
and the files will be saved with the same name
but with sequential numbering.

In the saved data file, the header data is listed first. The format of the data will
be a series of frequency and amplitude points with the value at each point
representing the density percentage, in the range 0-1. Therefore, a
frequency/amplitude point that is hit 50% of the time during an acquisition will
be represented by 0.5. The location of the frequency/amplitude point within the
bitmap will correspond to the row/column point in the .csv file.Refer to the
following example graphic.
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Save Data
A B

1 Trace

2 |Real Time SA

3 A.15.00_R0063 NS040B

4 526 ALV B25 B2X BA0 B5X CR3 CRPEAZEMCE 1
5 Scale Per Div 10
6 Segment 0
7 |ResultType Density

8 Measurement Type Spectrum

5 |Number of Points 1739
10 |Pvt Number of Points 1024
11 |Acquisition Time 0.095003307
12 Start Frequency 1245263675
13 Stop Frequency 1754736325
EAverage Count 1
15 |Average Type Voltage

16 RBW 1148125.838
17 RBW Filter Gaussian

18 RBW Filter BW 3dB

19 Trigger Source Free

20 Trigger Level 1.2
21 Trigger Slope Positive

22 Trigger Delay 0
a4 ..

45 DATA

46 | Freg/Ampl 1245263675 Hz
47 |-100 dBm 0.000431143
43 -99.55556 dBm 0.000395214
49 -93.11111 dBm 0.000574857
50 |-98.66666 dBm 0.0007545
51 |-98.22222 dBm 0.000215571
52 -97.77778 dBm 0.000431143
53 -97.33334dBm 0.000862286
54 -96.88889 dBm 0.001149714
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0.000431
0.000395
0.000539
0.000683

0.00018
0.000862
0.000683
0.001186

0.000287
0.000503
0.000647
0.000838
0.000144
0.000826
0.000633
0.001437

0.000503

0.00079
0.000539
0.000575
0.000287
0.000826
0.000611
0.001293

0.000323
0.000395
0.000503
0.000719
0.000252
0.000755
0.000539

0.00079

124555681124584994 12461430¢ 124643622 12467293¢

0.000216
0.000539
0.000719
0.000683
0.000252
0.000503
0.000539
0.001222
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