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1 Overview

This document outlines the operation and functionality of the Signal Hound Spike™ spectrum analyzer
software. Spike™ is compatible with Signal Hound’s line of spectrum analyzers and tracking generators
which include,

e SM series - SM200A / SM200B / SM200C / SM435B / SM435C
e SPseries - SP145

e BB series - BB60A / BB60C / BB60D

e SAseries - SA44 / SA44B / SA124A / SA124B

e TGseries-TG44/TG124

viii



-Preparation | What's New

o ATG series device can only be interfaced when a compatible spectrum analyzer is
connected in the Spike software.

This document will guide users through the setup and operation of the software. Users can use this
document to learn what types of measurements the software is capable of, how to perform these
measurements, and how to configure the software.

1.1 WHAT'S NEW

With Version 3.0, the software has been rebranded Spike. The software now supports all Signal Hound
spectrum analyzers and tracking generators. Some older versions of the SA44 and SA124 require a
firmware update to work with Spike.

1.2 SOFTWARE UPDATES

The latest version of the Spike software is always available at www.signalhound.com/Spike. As of Spike
Version 3.0.10, the software will also alert a user when a newer version of the software is available. This
alert will appear in the status bar as well as on the Help->About Spike dialog. The software will provide a
link to where the latest version can be downloaded.

2 Preparation
2.1 SYSTEM REQUIREMENTS

Supported Operating Systems*

e Windows 11/10 64-bit
e Ubuntu 22.04/20.04/18.04 64-bit (SM, SP, and BB devices only)

Minimum System Requirements

e Processor requirements
o SM435B, SM200B/A, SP145, BB60D/C/A
» Intel Desktop quad-core i5/i7/i9 processors, 4th generator or later**,
o SM435C, SM200C
= For 200MS/s I/Q streaming, 8" generation i7 or newer or {9 is
recommended.
o SA44/SA124
» Dual-core Intel processors.
e RAM requirements, the software will on average require less than 1GB of memory, certain
configurations for the BB and SM products can consume several GB of memory.
o Recommended -8 GB
o Minimum - 4 GB
e Peripheral support
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o SM435B, SM200B/A, BB60D/C/A
= USB3.0
o SP145
= USB 3.0 type C port with 1T0W power delivery.
= Or, USB 3.0 using external power supply.
o SM435C, SM200C
*= 10GbE network connectivity through NIC via SFP+ connectors or through
Thunderbolt 3 to SFP+ adapter. See network setup guide for more

information.
o SA44/SA124
= USB2.0

e Graphics drivers
o OpenGL 3.0 support

(* We do not recommend running the Signal Hound products in a virtual machine, i.e.
Parallels/VMWare/etc.)
(** Our software is highly optimized for Intel CPUs. We recommend them exclusively. Xeon processors
are not recommended)

2.2 SOFTWARE INSTALLATION (WINDOWS)

The software can be found on the CD included with your purchase or on our website at
www.SignalHound.com/Spike. The most current version of the software is always on the website.

Once you have located the software, on Windows systems run the Spike Installer(x64).msi or the Spike
Installer(x86).msi and follow the on-screen instructions. You must have administrative privilege to
install the software. The installer will install the device drivers for the SM, SP, and BB series devices. The
SA and TG series drivers must be installed separately and can be found at www.signalhound.com/Spike.

It is recommended to install the application folder in the default location.

Note: It is becoming more common for customers to need to enable the “High Performance” power plan
in the Control Panel -> Power Options menu. If you are using a low power/ultra-portable PC or laptop,
consider this step to ensure optimal performance. See power management settings for more
information.

2.3 SOFTWARE INSTALLATION (LINUX)

Download the latest Linux Spike application at www.signalhound.com/spike. Follow the installation
instructions found in the README file included in the download.

10
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2.4 DRIVER INSTALLATION (WINDOWS)

The drivers for the SA series devices must be downloaded and installed separately. Visit the
www.signalhound.com/Spike page to download the USB drivers. The installer must be run as
administrator.

The drivers for the USB 3.0 devices are placed in the application folder during installation. The
\drivers\x86\ folder are for 32-bit systems and the \drivers\x64\ folder for 64-bit systems. The drivers
should install automatically during setup. If for some reason the drivers did not install correctly, you can
manually install them in two ways by following the instructions below.

To manually install the USB 3.0 drivers, navigate to the application folder (where you installed the Spike
software) and find the Drivers64bit.exe file. (If on a 32-bit system, find the Drivers32bit.exe file) Right
click it and Run as administrator. The console output will tell you if the installation was successful.

If manually running the driver installers did not work, make sure the driver files are in their respective
folders. You can also right click on the .inf file in the respective driver folder and select “Install”.

If for some reason the drivers still did not install properly, contact Signal Hound.

2.5 DRIVER INSTALLATION (LINUX)

Signal Hound USB devices use the libusb driver on Linux. Please follow all installation instructions found
in the README file in the Linux application download.

2.6 CONNECTING YOUR SIGNAL HOUND

With the software and device drivers installed, you are ready to connect your device. The supplied device
USB cable should be connected to the PC first, then connected to the device. If your device supplies a Y-
cable, ensure both USB ends are connected into the PC before connecting the device.

Once connected, you can verify the device has been properly recognized by the computer by looking in
the device manager under the “Universal Serial Bus Controllers” tab.

Once connected, run Spike. The first time a device is run on a new PC, it may require additional
initialization time.

If your device uses a 10GbE network connection, please see our separate network configuration manual
for additional instructions.

11
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2.7 RUNNING THE SOFTWARE FOR THE FIRST
TIME

Once the software and drivers have been installed and the device is connected to the PC, you can launch
the software. This can be done through the desktop shortcut or the Spike.exe file found in the installation
directory. The default installation directory for Spike on Windows is C:\Program Files\Signal Hound\Spike.
If a USB device is connected to the PC or an Ethernet device’s network address has been saved when the
software is launched, the software will attempt to open the device immediately.

If no USB device is connected to the PC and no Ethernet device's network address has been saved, the
software will notify you. If multiple devices are found, a selection dialog will appear allowing you to
choose which device to connect. Cancel to go into Idle mode.

Please select a device to connect:

SA44/124: 51810459
BBEOC: 41500089
SM200A: 18104276
SM435C#1: 192.1638.2.10
SM435C#2: 102168211

Connect | | Cancel

Figure 1: Multiple Devices Found dialog
In Idle moce, a device can be opened using the File > Connect Device menu option.

If your Signal Hound device is connected to the PC and the Spike software still reports no devices found,
see the Troubleshooting section for more information.

Note: If you see the IF overload message on program startup, please see this troubleshooting tip.

3 Getting Started

This section describes the Ul in detail and how the Ul can be used to control your Signal Hound spectrum
analyzer.

12
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Below is an image of the software on startup. If a device is connected when the application is launched,
the software begins sweeping the full span of the device:

Menu Bar I Spike: Signal Hound Spectrum Analyzer Software —cr X
> |[Fie_EdtPresets sefings _Analysisiode _Utiiies _Help

> | spectrogram [on <[] ersistence Clear singe | O muto |
Tool Bar Ref -30.000 dBm RBW 300.000000 kHz VBW 300.000000 kHz =
Div 10.0 Atten Auto
hec One - o [ somssoesre|
e soan [=]-J[ somomoere]|
o Cad Grasiede &m
o I 7
Update Step | 20000000mHz |
Hige O [ Full Span I Zero Span |
Control (| Export I Clear ] 70
= et 2= seoo][em ~]
Fice on H008
setfea | 1o00o00mre] =
Update Preamp ut -
Actve m] 10,
[ poaksearen Beta |
[ To Center ToRef ] NaveRaw [
; [ PeakLeft Peak Right | 13000 T [== sooooo000 ke
Start 11.000000 MHz Center 3.005500 GHz Stop 6.000000 GHz  vew [=]=][ 300000000z
Span 5.989000 GHz 76659 pts in 219 ms  auerBW

RefOffset 0.000| dB

Auto VBW

Enabled [ ] ‘ Frequency (MHZJ‘ Amplitude (dBm)] | Add Row ]
4 Gromd Pomer TrgerTpe [Ampituse Level ~ ﬂ 00 0 Osita setectea Rows
1 2000 -0
[ owooma| | Leel 40000 vigeo Unis
\ 20000000 ue| | importiasi \ Dstectr |
3.000 ‘Save Mask Swp Time 1.000 | ms
(m]

Status
s LY
21

Figure 2: Spike™ Ul after launch

3.1 THE MENU
3.1.1 File Menu

e Load User Preset - Load a user selected preset. See Presets for more information.

e Save User Preset - Save a user selected preset. See Presets for more information.

e Print - Print the current view. Whether or not the control panels are included alongside
graticule is chosen in Preferences > Screenshot Settings > Include Control Panels in Image.

e Save as Image - Save the current view as a PNG, JPG, or BMP image.

¢ Quick Save Image - Capture the current view as a PNG image without specifying the file
name or save location. The image files are named in increasing order and prefixed with
Spikelmage. The save directory is the last directory used to save an image file. If an image
file has never been saved, this defaults to MyDocuments/SignalHound.

¢ Manage Correction Data - Bring up dialog to view and clear correction data files for your
Signal Hound devices. See Correction Data for more information.

e Connect Device - If no device is connected, this will attempt to discover all Signal Hound
devices connected to the PC via USB and list the devices and their serial numbers. It will
also list saved network devices by name. From this list, a single device can be selected.

e Manage Ethernet Devices - Bring up dialog to add, edit, and remove name and addressing
information for Signal Hound networked devices. See Ethernet Devices for more
information.

o Disconnect Device - This option disconnects the currently connected device. This option
combined with “Connect Device” is useful for cycling a devices power or swapping devices
without closing the Signal Hound software.
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e Exit - Disconnect the device and close the software.

3.1.2 Edit Menu

e Restore Default Layout - After selecting this option, the software will restore its original
layout the next time the application is launched.

e Title - Enable or disable a custom title. The title appears above the graticule and is included
in the screen captures via printing as well as session recordings.

e Clear Title - Remove the current title.

¢ Hide Control Panels - Temporarily hides all visible control panels. Useful for presentations
or for viewing on small resolution displays.

e Show Control Panels - Shows any control panels that were previously hidden. If the mode
changes or a preset is loaded, the software will automatically show any hidden control
panels.

e Theme - Select a color theme for the application. This sets every color in the Colors section
of the Preferences dialog.

e Preferences - Opens a configuration dialog allowing further configuration of the software.

3.1.3 Presets

Presets are an easy way to store and load measurement configurations. Each preset stores the full
software configuration making it easy to switch between measurement configurations and pick back up
where you left off.

Presets have the file extension ‘ini" which is a Windows initialization file. The Spike software can store and
load presets in three ways. In the file menu, the user can save and load explicit preset files by selecting
the ini files directly. Alternatively, in the Presets menu, up to 9 presets are available for quick use. These
presets are always available and can be quickly loaded with keyboard shortcuts. Finally, a power on
preset can be saved from the Presets menu, which will automatically load when a device is connected.

Presets can only be loaded by the same type of device which was used when the preset was saved.

Presets accessed through the Preset menu are stored in
C:\Users\YourUserName\AppData\Roaming\SignalHound\. AppData\ is a hidden folder by default on
Windows systems. Each quick preset is stored in its own folder labeled “Preset [1-9]". The main file has
the .ini extension and is named “Preset [1-9].ini". The power on preset is named “PowerOnPreset.ini”. To
use a preset on a different computer, simply copy the preset folder to the new computer in the correct
path.

The power on preset can be deleted from the Presets menu, or it can be manually deleted from the file
system.

3.1.4 Settings

e Reference - Change the source of the reference oscillator and whether a 10 MHz reference
signal is emitted.
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o Internal or external reference can be chosen. If external reference is chosen, ensure
a 10MHz reference is connected to the appropriate BNC or SMA input port.
o Forselect devices, a reference output can be enabled.
Device Options
» SM analyzers
e Use Internal Reference - Use the internal 10 MHz clock.
e Use External Reference - Use an external 10 MHz clock into the
“10 MHz In” SMA port.
¢ Internal Out Enabled - Emit a 10 MHz reference signal from the
“10 MHz Out” SMA port.
= SPanalyzers
e Use Internal Reference - Use the internal 10MHz clock.
¢ Use External Reference - Use an external 10MHz reference clock.
If one is not present and this selection is chosen, a large frequency
offset will be present in the measurement.
= BB60 analyzers
¢ Use Internal Reference - Use the internal 10 MHz clock.
¢ Use External Reference (AC) - Use an external 10 MHz AC/sin wave
reference clock into the “10 MHz Ref In/Out” BNC port.
e Use External Reference (DC) - Use an external 10 MHz DC/CMQOS-
TTL input clock into the “10 MHz Ref In/Out” BNC port.
e Reference Out - Emit a 10 MHz reference signal from the “10 MHz
Ref In/Out” BNC port. Internal corrections will not be applied since it
is assumed that the incoming signal is from an instrument
referenced to the BB60's own 10 MHz output.
= SA124B
¢ Not Set, Use Internal Reference - Use the internal 10 MHz clock.
¢ Internal Reference Out - Emit a 10 MHz reference signal from
from the “10 MHz Ref In/Out” BNC port.
e Use External Reference - Use an external 10 MHz clock into the
“10 MHz Ref In/Out” BNC port.

¢ Not Set, Use Internal Reference - Use the internal 10 MHz clock.

¢ Internal Reference Out - NOT USED.

e Use External Reference - Use an external 10 MHz clock into the
“10 MHz Ref In”" BNC port.

e Reference Level Offset - Adjust the measurement amplitude to compensate for an
attenuator, probe, or preamplifier. The offset is specified as a flat dB offset. This offset is
then applied to the measurement. See Using the Reference Level Offset for more
information.

e Spur Reject - See Spur Rejection for more information.

e Enable Manual Gain/Atten - Enable the ability to change gain and attenuation. Signal
Hound recommends keeping gain and attenuation set to automatic and controlling the
sensitivity of the receiver through the reference level control.

15



-Getting Started | The Menu

3.1.5 Analysis Mode

This menu option allows you to switch between the main measurement modes in Spike.

e Idle - Suspend operation.

e Sweep -See Swept Analysis for more information.

e Real-Time-See Real Time Spectrum Analysis for more information.

¢ 1/Q Analysis (Zero-Span) -See 1/Q Analysis (Zero Span) for more information.

¢ 1/Q Analysis (Multi-Channel) -See I/Q Analysis (Multi-Channel) for more information.
¢ Harmonics - See Harmonic Analysis for more information.

e Scalar Network Analyzer - See Scalar Network Analysis for more information.
e Phase Noise- See Phase Noise for more information.

¢ Analog Demodulation - See Analog Demod for more information.

o Digital Modulation Analysis - See Digital Demodulation for more information.
e EMC Precompliance - See EMC Precompliance for more information.

¢ Interference Hunting - See Interference Hunting for more information.

e Spectrum Emission Mask - See Spectrum Emission Mask for more information.
¢ Noise Figure - See Noise Figure for more information.

e Bluetooth® Low Energy - See Bluetooth® Low Energy for more information.

e  WLAN - See WLAN Modulation Analysis for more information.

e LTE - See LTE for more information.

e Mapping - See Mapping for more information.

e VCO Characterization - See VCO Characterization for more information.

e Pulse Analysis - See Pulse Analysis for more information.

3.1.6 Utilities

e Path Loss Tables - See Managing Loss Tables for more information.

e Limit Lines - See Managing Limit Lines for more information.

e Audio Player - See Audio Player for more information.

¢ Measuring Receiver - See Using the Measuring Receiver Utility for more information.

¢ Frequency Difference Meter - See the Frequency Difference Meter for more information.

¢ Timebase Adjustment - See Adjusting Your Timebase for more information.

e Tracking Generator Controls - If a SA or BB series spectrum analyzer is the current active
device in the software and a Signal Hound tracking generator is connected to the PC,
selecting this utility introduces an additional control panel for controlling the tracking
generator output manually. The tracking generator will only respond if the scalar network
analysis mode is not active.

e SA124 IF Output - Brings up a dialog box to control the IF downconverter for the SA124
spectrum analyzers. While the SA124 IF downconverter is active, the device cannot perform
other tasks.

e SMA435 IF Output - Control the SM435 as an IF downconverter. The SM435 device must
have the IF output option. The SM435 can function as a 24-43.5GHz to 1.5GHz
downconverter, with 800MHz of bandwidth. While the device is functioning as a
downconverter no other measurements can be performed.
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e Self-Test - Brings up a dialog box to manually self-test SA44B and SA124B devices. The
dialog will explain the process of setting up the device for self-test and will display the
results immediately after the test is performed.

e BB60D UART Controls - See BB60D GPIO Controls for more information.

e SP145 UART Controls - See SP145 GPIO Controls for more information.

e SM GPIO Controls - See SM GPIO Controls for more information.

o Diagnostics - Brings up a dialog window with various temperature and power sensor
measurements depending on device. Also, for devices that have active cooling, provides fan
setpoint control.

¢ Networked Speed Test - See Networked Speed Test for more information.

e GPS Control Panel - See GPS for more information.

e SM Network Configuration - See SM Network Address Configuration for more
information.

e 1/Q Recorder - See |/Q Recorder for more information.

e SCPI Log - See SCPI Log for more information.

3.1.7 Help

e User Manual - Open the Spike user manual in the system default PDF reader.

¢ Signal Hound Website - Open www.signalhound.com in the system default web browser.

e Support Forums - Open the signal hound support forum web page in the system default
web browser.

e About Spike - Display version and product information.

3.2 THE CONTROL PANELS

The control panels are a collection of interface elements for configuring the device and configuring the
measurement utilities of the software. Each control panel can be moved to accommodate a user’s
preference. The panels may be stacked vertically, dropped on top of each other (tabbed), or placed side
by side. This can be accomplished by dragging the panels via the control panel's title bar.

Different measurement modes will show different control panels. These controls are described in more
detail in Analysis Modes.

3.3 THE TOOL BARS

The tool bar is located under the application menu. The toolbar is populated with commonly used
functionality and view related controls for the current software configuration. All measurement modes
share a set of controls while some measurements provide additional controls.

The shared functionality is described below.

e Single - Request the software perform one more measurement before pausing.

e Auto - Request that the software continuously perform measurements.

¢ Recal - Recalibrate the device for any potential temperature drift. This button should be
pressed any time the software presents the Perform Cal annunciator or when the user
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believes a recent change in temperature is affecting the measurement accuracy. Most
measurement modes will auto recalibrate the device when a 2C temperature drift has been
measured.

e Preset - Restores the software and hardware to its initial power-on state by performing a
device master reset.

3.4 PREFERENCES

The preferences menu can be found under Edit Menu >Preferences. The preferences menu contains a
collection of settings to further configure the Spike software.

e Trace Width - Determines the overall width of the trace being drawn on the graticule.

e Graticule Width - Determines the width of the lines that make up the graticule.

e Graticule Dotted - Set whether the non-border graticule lines are dotted or solid.

e Display Line Width - Determines the width of the display line being drawn on the
graticule.

e Export Sweep Minimums - When this control is selected, the Export trace button will
export a CSV of the form (frequency (Hz), min amplitude, max amplitude) instead of the
normal form (frequency (Hz, max amplitude).

e Export Scale - Select the frequency units to be used when exporting a trace.

¢ Real Time Frame Rate - Set the update rate of the device and software when operating in
real-time mode. Higher frame rates improve the resolution of events but also require
higher PC performance. Can set values between 4 and 30 fps. This setting affects the SA
and BB devices only.

¢ Include Control Panels in Image - Toggles whether the control panels will appear along
with the graticule in screenshot functions “Save as Image,” “Quick Save Image,” and “Print.”

e Auto Reconnect - Automatically attempt to reconnect device after a forced disconnect.

e Auto Reconnect Timeout - Duration of auto-reconnect attempt.

e Auto Recal - Automatically recalibrate the device when a 2C temperature drift has been
measured.

e Power Cycle on Preset - When enabled, instrument will be power cycled before restoring
default settings on pressing green Preset button.

¢ Font Size - Change the global font size and overall interface scale.

e Keyboardless Entry Dialogs for Touchscreens - When enabled, to support touch screen
devices, dialogs will appear for keyboardless entry of alphanumeric values into fields such
as frequency, amplitude, and time.

e Colors - Control the color of various software features.

e SCPI Enabled - When enabled, the Spike software will listen on the chosen IP port for an
incoming connection. If this selection is changed, the software must be restarted to take
effect.

e |IP Port - The port on which the Spike software listens for an incoming connection for SCPI
control over TCP/IP.

e Lockout Dialog Enabled - Show a modal alert dialog to indicate that Spike is being
operated remotely via SCPI commands.

e Log Enabled - Timestamp and save to a log all incoming and outgoing SCPI messages.
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e Log Max Entries - The maximum number of total entries in the log.

e Log Max Message Length - The maximum number of characters that a SCPI message in
the log may retain. Longer messages entering the log will be truncated to this length.

e Log FIFO Mode - Drop the oldest messages when new messages are received or sent after
the log max entries has been exceeded, otherwise new messages will not be logged.

3.4.1 Language Selection

The Spike software offers multiple language choices for most user-facing text and strings. The first time
the software is launched on a PC, Spike will attempt to determine the best translation based on locale.
Once loaded Spike will remember the last language used.

In the preference menu, a user can change the translation Spike uses. Simply select the language of
choice and press “Apply”. Once applied, the software will need to be restarted to take effect. On the next
program launch, the selected language will be loaded.

3.5 THE STATUS BAR

The status bar runs across the bottom of the application. When the mouse enters the graticule the
status bar displays the frequency/time value for the x-axis and the amplitude/frequency value for the y-
axis. The status bar readings should not be used for precise measurements but is great for quick
estimations.

The status bar also displays information about the current device connected if there is one. The type of
device, temperature of the device, power supplied to the device, the device serial number and firmware
version are displayed.

3.6 ANNUNCIATOR LIST

Annunciators are warnings and indicators providing useful information to the operator. Annunciators
are typically displayed in the upper left-hand corner of the graticule. Below is a list of all annunciators
and their meanings.

e IF overload - This indicator appears when hard compression is present on the displayed
measurement. This annunciator will appear in the top center of the graticule and will
trigger the UNCAL indicator. This occurs when the input RF signal reaches the maximum
possible digital level. To fix this, decrease input signal amplitude, increase the reference
level, increase attenuation, or lower gain.

e USB/UDP - This indicator appears when data loss occurred over USB (for USB devices) or
the network (for 10GbE devices). The data loss results in an incomplete or failed
measurement. The software will continue to attempt to perform measurements in this
scenario until a successful measurement can be performed. If you see this message
regularly, this is an indication of potential PC problems, such as out of date drivers, faulty
USB hardware, or over-taxed system.

e Perform Cal - This indicator appears when the device has deviated more than 2 °C since its
last temperature calibration. The software will automatically recalibrate the device in most
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measurement modes. For some measurement modes such as I/Q streaming, the user can
determine when to recalibrate the device by pressing the Recal button on the user
interface.

e Low voltage - This indicator appears when the device is not receiving enough voltage from
the USB 3.0 connection. The voltage value appears when this annunciator is present. The
device requires 4.4V. If this annunciator appears, it may indicate other problems. Contact
Signal Hound if you are unable to determine the source of this problem.

¢ High temp - Specific to the SM series. When the FPGA internal temperature reaches 95C,
this warning is shown. The software should be closed, and the device allowed to cool off.

e Span limited by preselector - Specific to the SM series. When the preselector is enabled
and the user configured span is limited by the bandwidth of the preselector filter, this
warning is displayed.

e PLT - Indicates the path loss table is active.

e RLO - Indicates the reference level offset is a non-zero value.

e CPU Resources Exceeded - Indicates that the current measurement was unable to
properly finish due to either inadequate CPU resources or due to an interruption of the
system during the measurement. Many measurements for Signal Hound devices require
minimum processing requirements to complete real-time tasks. If the processor is unable
to keep up with the required processing, you will see this warning. The measurement data
should be ignored.

e Uncal - This indicator appears whenever any warning indicator is active to notify the user
that the device may not be meeting published specifications. This is also indicated in scalar
network analysis mode to denote that the store through calibration has not been
performed.

e Swept Real Time - Active when an SM series device is configured in real-time mode with a
span greater than 160MHz.

4 Analysis Modes

The Spike software provides several analysis modes for your spectrum analyzer. Each mode and its
measurement capabilities are described below. Note that not all modes are available for all Signal Hound
spectrum analyzers.

4.1 SWEPT ANALYSIS

This mode of operation is the mode which is commonly associated with spectrum analyzers. Through
the software you will configure the device and request the device perform a single sweep across your
desired span. Spans larger than the devices instantaneous bandwidth is the result of acquiring multiple
IF patches and concatenating the results of the FFT processing on each of these IFs.

The processing performed on each IF patch is determined by the settings provided. Each time a trace is
returned, the device waits until the next trace request. For you, the software user, you can choose to
continuously retrieve traces or manually request them one at a time with the Single and Auto buttons
found on the Sweep Toolbar.
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4.1.1 Sweep Settings Control Panel

The Sweep Settings control panel controls the sweep acquisition parameters for the device in standard
swept-analysis and real-time modes.

4.1.1.7 Frequency Controls

Center - Specify the center frequency of the sweep. If a change in center frequency causes
the start or stop frequencies to fall outside the range of operation, the span will be
reduced. Using the arrows changes the center frequency by step amount.

Span - Specify the frequency difference between the start and stop frequencies centered
on the center frequency. A reduced span will be chosen if the new span causes the start or
stop frequencies to fall outside the range of operation. Use the arrows to change the span
using a 1/2/5/10 sequence.

Start/Stop - Specify the start and stop frequency of the device. Frequencies cannot be
chosen that are outside the range of operation of the active device.

Step - Specify the step size of the arrows on the center frequency control.

Full Span - This will change the start, stop, center, and span frequencies to select the
largest span possible.

Zero Span - Enter Zero-Span mode using the current center frequency.

4.1.1.2 Amplitude Controls

Ref Level - Changing the reference level sets the power level of the top graticule line. The
units selected will change which units are displayed throughout the entire system. When
automatic gain and attenuation are set (default), measurements can be made up to the
reference level. Use the arrows to change the reference level by the amount specified by
the Div setting.
Div - Specify the scale for the y-axis. It may be set to any positive value. The chosen value
represents the vertical height of one square on the graticule.

o Inlinear mode, the Div control is ignored, and the height of one square on the

graticule is 1/10t™ of the reference level.

Atten - Sets the internal electronic attenuator. By default, the attenuation is set to
automatic. It is recommended to set the attenuation to automatic so that the device can
optimize fo dynamic range and compression.
Gain - Gain is used to control the input RF level. Higher gains increase RF levels. When gain
is set to automatic, the best gain is chosen based on reference level, optimizing for dynamic
range. Selecting a gain other than Auto may cause the signal to clip well below the
reference level, and should be done by experienced Signal Hound users only.
Preamp - If the device connected has an internal preamplifier, this setting can be used to
control its state.

4.1.1.3 Bandwidth Controls

RBW Shape - Select the RBW filter shape. See RBW Filter Shape for more information.
RBW - This controls the resolution bandwidth (RBW). For each span a range of RBWs may
be used. The RBW controls the FFT size and signal processing, similar to selecting the IF
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band pass filters on an analog spectrum analyzer. The selectable bandwidths displayed
change depending on the RBW Shape selected.
o RBW:s are available in a 1-3-10 sequence. (e.g. 1 kHz, 3 kHz, 10 kHz, 30 kHz, 100 kHz,
...) when using the arrow keys.
VBW - This controls the Video Bandwidth (VBW). After the signal has been passed through
the RBW filter, it is converted to an amplitude. This amplitude is then filtered by the Video
Bandwidth filter. When VBW is set equal to RBW, no VBW filtering is performed.
o Al RBW choices are available as Video Bandwidths, with the constraint that VBW
must be less than or equal to RBW.
o InReal-Time mode VBW is not selectable.
Auto RBW - Having auto selected will choose reasonable and fast RBWs relative to the
span. When changing span, it is recommended to have this enabled along with Auto VBW.
Auto VBW - When enabled, VBW will equal RBW.

4.1.1.4 Acquisition Controls

Video Units - In the system, unprocessed amplitude data may be represented as voltage,
linear power, or logarithmic power. Select linear power for RMS power measurements.
Logarithmic power is closest to a traditional spectrum analyzer in log scale.

Detector - The detector specifies how amplitudes in each bin are calculated. Each
frequency bin in a sweep is the result of several FFTs depending on RBW/VBW/SwpTime.
The results of the FFTs are then either averaged or min/maxed based on the choice of
detector. Choose min/max to show the range between the min and max value. When
min/max is selected, markers are placed on the max values. To place markers on the min
values, select min detector.

Sweep Time

o For SA series devices, the sweep time value is ignored.

o For BB and SM series devices, sweep time is used to suggest how long the spectrum
analyzer should acquire data for the configured sweep. The actual sweep time may
be significantly different from the time requested, depending on RBW, VBW, and
span settings, as well as hardware limitations.

Sweep Interval - For all devices, the device will sweep at intervals of no more than the
configured sweep interval. For example, a sweep interval will cause the device to sweep at
most once per second.

4.1.2 Measurements Control Panel

The Measurements control panel allows the user to configure the spectrum related measurements. This
control panel is visible while the software is in standard swept analysis and real-time operating modes.

41.2.1 Trace Controls

The software offers up to six configurable traces. All six traces can be customized and controlled through
the measurements control panel. When the software first launches only trace one is visible with a type of
Clear & Write.
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e Trace - Select a trace. The trace controls will populate with the new selected trace. All
future actions will affect this trace.

e Type - The type control determines the behavior of the trace over a series of acquisitions.

o Off - Disables the current trace.

o Clear & Write - Continuously displays successive sweeps updating the trace fully
for each sweep.

o Max Hold - For each sweep collected only the maximum trace points are retained
and displayed.

o Min Hold - For each sweep collected only the minimum trace points are retained
and displayed.

o Min/Max Hold - For each sweep collected, the minimum and maximum points are
retained and displayed.

o Average - Averages successive sweeps. The number of sweeps to average together
is determined by the Avg Count setting.

e Avg Count - Change how many sweeps are averaged together when a trace type of
average is selected.

o The current count of averaged sweeps is displayed on the line below when a trace
type of average is selected.

e Color - Change the color of the selected trace. The trace colors selected are saved when
the software is closed and restored the next time the software is launched. They are also
configurable in Preferences > Colors.

e Copy To - Copies the contents of the currently selected trace to a different trace. The
contents of the destination trace of overwritten. If the destination trace type is off the trace
type is set to clear and write. The destination trace is set to, update=off, and display=on.

e Update - If update is not checked, the selected trace remains visible but no longer updates
itself for each device sweep.

e Hidden - If checked, the selected trace will

e Clear - Reset the contents of the selected trace.

e Export - Save the contents of the selected trace to a CSV file. A file name must be chosen
before the file is saved. The CSV file stores (Frequency, Max Amplitude) pairs. Frequency is
in Hz, Min/Max are in dBm/mV depending on whether logarithmic or linear units are
selected.

4.1.2.2 Marker Controls

The software allows for six configurable markers. All six markers are configurable through the
measurements control panel.

e Marker - Select a marker. All marker actions taken will affect the current selected marker.

e Type - Specify the marker measurement type. For normal and delta marker readings,
select Normal; for noise measurements, select Noise; for channel power at marker, select
Channel Power; for N dB band, select N dB.

e Place On - Select which trace the selected marker will be placed on. If the trace selected
here is not active when a marker is placed, the next active trace will be used.

e Update - When Update is ON, the markers amplitude updates each sweep. When OFF, the
markers amplitude does not update unless moved.
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e Active - Active determines whether the selected marker is visible. This is the main control
for disabling a marker.

¢ Pk Tracking - When enabled, the selected marker will be placed on the peak signal
amplitude at each trace update.

e Pk Threshold - Specify the minimum amplitude required for a signal to be considered as a
peak for the peak left/right buttons.

e Pk Excurs. - Specify how far the amplitude needs to fall around a peak to be considered a
peak for the peak left/right buttons.

e Ch Power Width (Only visible for Channel Power marker type) - Specify the bandwidth of the
channel power measurement.

e N dB Offset (Only visible for N dB marker type) - Specify the offset used to determine the N
dB band.

e Set Freq - Manually place the marker on the selected trace at the selected frequency.
Enable the marker if it is currently disabled. The marker frequency will be rounded to the
closest available frequency bin.

e Peak Search - This will place the selected marker on the highest amplitude signal on the
trace specified by Place On. If the selected trace is Off, then the first enabled trace is used.

e Delta - places a reference marker where the marker currently resides. Once placed,
measurements are made relative to the position of the reference point.

e To Center Freq - changes the center frequency to the frequency location of the selected
marker.

e To Ref Level - changes the reference level to the amplitude of the active marker.

e Peak Left - If the selected marker is active, move the marker to the next peak on the left.

e Peak Right - If the selected marker is active, move the marker to the next peak on the
right.

e Min Peak - If the selected marker is active, move the marker to the lowest amplitude
signal.

¢ Next Peak - If the selected marker is active, move the marker to the next highest peak.

o Disable All - Disables all markers.

For peak left/right/next, peaks are defined by a group of frequency bins 1 standard deviation above the
mean amplitude of the sweep.

4.1.2.3 Occupied Bandwidth

e Enabled - When enabled, occupied bandwidth measurements will become active on the
screen.

e Target - Select which trace the occupied power measurement is performed on.

e % Power - Percent power allows the percentage of the integrated power of the occupied
bandwidth measurement to be adjusted.

41.2.4 Trace Math Controls

All controls related to the trace math capability in Spike. For more information see Trace Math.

e Enabled - Turns on/off trace math.
e Op1 - Set the first trace math operand.
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e 0Op2 - Set the second trace math operand.

¢ Result - Set the trace math result trace (destination).

e Operation - Select the trace math operation.

o Offset - Set the trace math offset. Only applies to certain operations.

4.1.2.5 Display Line Controls

The display line is a configurable visual only reference line shown on the graticule for sweep and real-
time modes. The line is always drawn at a single y-amplitude across the entire graticule regardless of plot
scale.

e Enabled - Turns on/off the display line.
e Level - Set the y position of the display line.

4.1.3 Channel Power Control Panel

See Channel Power for more information about taking channel power measurements.

4.1.4 Intermodulation Distortion Control Panel

See Intermodulation Distortion for more information about taking intermodulation distortion
measurements.

4.1.5 Sweep Recording Control Panel

See Sweep Record and Playback for more information about sweep recording.

4.1.6 Sweep Toolbar

The sweep controls are visible when the device is operating in the normal sweep and real-time
measurement modes.

e Spectrogram - Enables the spectrogram display. See Spectrogram.
e Persistence - Enables/disables the persistence display. See Persistence.
¢ Intensity - Controls the intensity of the persistence display.

4.1.7 Sweep Plot

The plot displayed in both sweep and real-time measurement mode has several of the same zoom
capabilities of the plots throughout the application. See Zoom and Axis Manipulation for more
information.

The sweep plot is returned to auto scale when the measurement configuration changes. This can be due
to the user changing a measurement parameter or loading a preset.
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4.1.8 Peak Table

The peak table is a feature, in addition to markers, which allow the user to measure the absolute and
relative amplitudes and frequencies of several signals present in spectrum at once. The peak table is
available in sweep and real-time measurement modes. The peak table displays up to 99 peaks sorted by
frequency or amplitude, which exceed the user's peak threshold settings. The peak threshold and
excursion settings operate similarly to the ones available for markers (see Measurements Control Panel).

Ref -20.000 dBm RBW 3.000000 kHz VBW 30.000000 Hz
E)iv 10.0 _ _ _ Atten Auto

-40.00("

-60.00|

-80.00|

-100.00(-

-120.00

Start 9.000000 MHz Center 54.500000 MHz Stop 100.000000 MHz

Span 91.000000 MHz 149094 pts in 12274 ms

Enabled Frequency ‘ Amplitude{dBm) | Delta Freq | Delta Ampl (dB) -
Threshold ‘ -100.00 | i 9999399 MHz -24.36 0.000000 Hz 0.00
Excursion ‘ 6.00 | i 19.999998 MHz ~ -77.69 9.999999 MHz -53.33
Sort Order ‘ Frequency v| i 29.999386 MHz ~ -88.01 19999387 MHz ~ -63.66

4139.999935 MHz ~ -8041 20999997 MHz ~ -66.05

? 49999994 MHz ~ -83.04 39999995 MHz 68,68

; 59.999993 MHz ~ -94.48 49999994 MHz ~ -70.13 -

| Sweep Recording H Peak Table |

Figure 3: Peak table measuring the harmonics of a 10MHz input CW signal.

4.2 REAL-TIME SPECTRUM ANALYSIS

All Signal Hound spectrum analyzers can operate as real-time spectrum analyzers. Real-time spectrum
analysis can be performed by selecting Analysis Mode -> Real Time in the main file menu. When the device
is in real-time analysis mode, the bandwidth is limited to the real-time bandwidth, which is different for
each Signal Hound device.

Analyzing signals in real-time mode is critical for characterizing short duration spectral events, such as
spurious emissions or for interference hunting. Real-time analysis is also great for monitoring spread
spectrum signals and observing frequency hopping communications channels.

These types of applications are possible because real-time spectrum analysis guarantees 100%
probability of intercept for signals of a specific duration. That duration is dependent on the Signal Hound
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spectrum analyzer and the resolution bandwidth. Any signal that exceeds that duration is guaranteed to
be captured and displayed by the Spike software.

When in real-time mode, a special persistence display is shown. A screen shot of the software in real-
time mode is shown below.
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Figure 4: SA44B analyzing an FM radio station in real-time spectrum analysis mode. The persistence display is shown on the bottom half of the
application and a 2-dimensional waterfall plot is shown on top.

The persistence display shows a three-dimensional view of the signal density in the given span, where
the X and Y axis still show amplitude over frequency, while the color of the plot is the density of the
spectrum at any given point. As the spectrum density increases at a given point, the color of the plot will
change from blue to green to red. The Signal Hound spectrum analyzers can create these plots from
thousands to over a million traces worth of data per second to create these complex displays (depends
on RBW). The persistence display is the accumulation of roughly 2/3 of a second of real-time data
acquisition.

4.2.1 Control Panels

Real-time spectrum analysis shares controls panels with standard spectrum analysis. See Swept Analysis
Mode for more information.

4.3 1/Q ANALYSIS (ZERO-SPAN)

Zero span analysis allows a user to view and analyze complex signals in the time domain. The application
can demodulate AM, FM, and PM modulation schemes, and display the results through multiple
configurable plots. A user can enter zero span mode by using the Analysis Mode drop down file menu, or

27



Analysis Modes | 1/q Analysis (Zero-Span)

by pressing the zero-span button on the Sweep Settings control panel. Below is an image of the software
operating in Zero-Span mode.
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Figure 5: Triggering and measuring a pulsed waveform in zero-span mode.

The control panel contains inputs for controlling the capture settings of the device as well as specifying
trigger conditions for the zero span sweeps. Available triggers are video and external. Video triggers
begin the sweep only after a signal exceeds the amplitude specified in the Video Trigger input. When
external triggering is selected, acquisition occurs when a trigger is detected on the spectrum analyzer
trigger input port.

The control panel also contains a section to define the measurement interval, a subset of the zero-span
capture that will be visible for measurement in the various plots. The Time Overview plot shows the
interval in relation to the whole capture and provides an interface to control the same parameters
graphically.

Zero-Span mode has the capability to record and playback 1/Q waveforms using the record and playback
control panels. For an in-depth discussion of I/Q record and playback see Zero-Span Recordings.

The application window is split into multiple views and provides a control panel for controlling zero span
acquisitions. Zero span mode currently offers ten unique plots.
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4.3.1 Zero-Span Settings Control Panel
4.3.1.71 Capture Settings

Input Pwr - Expected input power of the signal. Input power controls the reference level
and the gain and attenuation. It is suggested to keep gain and attenuation set to Auto so
the software can best choose them based on the Input Pwr.

Center - Specifies the tuned center frequency of the capture, or in another way, the OHz
frequency of the I/Q data capture.

Step - Controls how much the center frequency shifts when pressing the center frequency
arrow keys or using the up/down arrow keys on your keyboard when the center frequency
text is highlighted.

Decimation - Controls the overall decimation of the I/Q data capture. For example, a
decimation of 2 divides the analyzer sample rate by 2. Increasing decimation rate increases
the possible capture time of the software but decreases the time resolution of each
capture.

Sample Rate - Displays the sample rate of the current visible 1/Q data capture. This
number is equal to the device sample rate divided by the decimation value.

IF BW - (Intermediate Frequency Bandwidth) Controls the bandwidth of the passband filter
applied to the 1/Q data stream. The bandwidth cannot exceed the Nyquist frequency of the
I/Q data stream.

Auto IFBW - When set to Auto, the IF Bandwidth passes the entire bandwidth of the I/Q
data capture.

Swp Time - (Sweep Time) Controls the length of the zero-span data capture. The length is
relative to the sample rate selected by decimation. Sweep times are clamped when the
resulting capture contains less than 20 samples, and at the upper end, when the resulting
capture contains more than 65536 samples.

4.3.1.2 Trigger Settings

Trigger Type - Select a trigger type for the data capture. Possible trigger types are
immediate, video, external, and frequency mask trigger.

o Immediate trigger causes an acquisition immediately.

o Video trigger triggers an acquisition once the sample amplitude crosses the user
specified trigger level.

o External trigger triggers an acquisition when a signal event is detected on the
external trigger input port on the spectrum analyzers. Not all Signal Hound
spectrum analyzers have access to this trigger type.

o Frequency mask trigger, see Frequency Mask Triggering for more information.
Trigger Edge - Select whether to trigger on a rising or falling edge. Applies to both external
and video triggers.

Video Trigger - Select the amplitude for the video trigger to trigger on. This value is
ignored if video triggering is not selected.

Trigger Position - When a video or external trigger is selected, trigger position determines
what percentage of samples of the sweep are displayed before the trigger. For example, in
a 100-point sweep with a 10% trigger position, the sweep will display the 10 points before
the trigger occurrence, and the first 90 points after the trigger.
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e Edit FMT - Open the frequency mask trigger editor dialog. See Frequency Mask Triggering
for more information.

4.3.1.3 Measurement Interval Settings

The measurement interval settings menu in zero-span controls the measurement interval, or subset of
the full capture, displayed by all the plots except Time Overview and Waterfall.

e Auto Interval - When auto interval is enabled, the measurement interval is the entire
capture.

¢ Interval Offset - The time into the capture for the measurement interval to start.

¢ Interval Length - The length of the measurement interval.

4.3.1.4 FFT Settings

The FFT settings menu in zero-span controls the FFT parameters for the spectrum and waterfall plots,
and the waterfall's spectrum view.

e RBW - The desired RBW for the spectrum plot. Lower RBWs increase the required FFT
window length. If the FFT window length is not long enough to achieve the desired RBW,
the spectrum window will show a warning and the user will need to either increase RBW or
increase the FFT Window length or overall capture size to display the spectrum plot.

e« Auto Overlap - When auto overlap is enabled, an overlap percentage is chosen to produce
the maximum number of FFTs up to Max FFTs.

e Overlap % - The percentage of overlap between FFTs.

e Max FFTs - The maximum number of FFTs. Computation will stop when this number is
reached, even if only a portion of the capture has been covered.

e Step Length - The length of time from the start of one FFT to the start of the next.

4.3.2 Record / Playback |/Q Control Panels

See Zero-Span Recordings.

4.3.3 Frequency Mask Triggering

Frequency mask triggering (FMT) is available in zero-span measurement mode. FMT works by taking
overlapping FFTs on the input I/Q data and checking each FFT result against a user defined frequency
mask. When the FFT results exceed the user defined mask, the software triggers the acquisition starting
at the beginning of the FFT that exceeded the mask. The FFT size is based on the current RBW with an
overlap rate of 50%. The flat-top window is used for all spectrum processing in zero-span mode. The
frequency mask can be configured using the FMT editor.
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Figure 6: FMT editor

The editor mirrors the standard zero-span spectrum plot as a guide for mask building. Using the editor
buttons, you can add or remove mask points, create a mask using the spectrum plot as a baseline, apply
frequency and amplitude offsets, and import/export existing masks for future use. Additionally, each
point in the mask can be dragged on the spectrum plot using the left mouse button for quick mask
building. When finished editing, select OK on the dialog and the mask is updated. Note: The frequency
mask is not updated with the new values until you have selected OK on the dialog.

4.3.4 Zero Span Toolbar

These controls are available in zero-span measurement mode.

¢ Add Measurement - Add a new measurement plot to the view area.

e Auto Fit - When Auto Fit is selected the visible views will be auto scaled to fit the available
application space. Disabling Auto Fit allows a user to scale and move the views into a
custom configuration without the software interfering.

e Reset View - Resets the view area to the default configuration.

4.3.5 Zero-Span Plots

All plots in zero-span follow the basic plot interface in Spike.
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4.3.5.7 Time Overview
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Figure 7: Time Overview plot with the measurement interval set to encompass the triggered pulse.

Shows and allows adjustment of the measurement interval in relation to the whole capture. The
measurement interval is the portion of the capture that is displayed by every other plot, except for the
Waterfall plot, which shows all computed FFTs across the capture.

The measurement interval is represented by the unshaded region. Adjust the interval by dragging it or
dragging its start and end points.
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Figure 8: AM vs Time plot on triggered waveform.
Shows the AM waveform over time. Can choose between log (dBm) or linear (mV) y-axis units.
When triggering is enabled, a vertical gray bar appears at the trigger location.

When the spectrum acquisition settings are set to manual, a gray shaded region covers the FFT region
selected.

You can export the 1/Q values of the acquisition by right clicking and selecting Export I/Q (.csv) in the
context menu.

4353 FMvs Time

Plots the waveform as frequency vs time.

4354 PMvs Time

Plots the waveform as phase vs time. Can choose between radians or degrees as the y-axis units.
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Figure 9: Pulsed CW
Plots the individual I and Q channels as amplitude in mV vs time.

4.3.5.6 1/Q Polar Plot

Plots the I/Q values as mV on the cartesian plane. The plot scale is set to the selected reference level of
the acquisition.
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4.3.5.7 Spectrum Plot
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Figure 10: FM signal with max hold.

-105.00

Shows the frequency spectrum of the part of the zero-span capture defined by the measurement
interval. The plot shows the amplitude over frequency of the waveform signal.

Under FFT Settings in the control panel, RBW is selectable up to the maximum number of points in the
sweep. A flattop window is used with zero-padding to achieve selected RBWs. The FFTs max-held to form
this plot must all begin and end within the measurement interval. Thus, the interval must be at least the
size of one FFT for the plot to have data. If the selected RBW is not able to be met with the measurement
interval portion of the acquisition size, a warning message is shown with the length of time required to
meet the RBW.
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4.3.5.8 CCDF Plot
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Figure 11: Comparing synthetic noise signal to a Gaussian reference and ideal test signal.

The Complementary Cumulative Distribution Function (CCDF) plot shows how often the signal is above
the average signal power. The x-axis of the plot runs from 0dB above the signal mean to a user selected
reference level. The y-axis is the percentage of time the signal appears above a specific a given
amplitude.

The plot can be configured to operate on a single I/Q capture or a series of I/Q captures, by selecting the
capture mode. When the capture mode is set to continuous, the capture time control sets the
continuous capture buffer size. New samples are shifted into this buffer and the oldest samples are
shifted out.

A Gaussian reference curve can be plotted which represents the ideal Gaussian distribution. A user
stored reference waveform can be stored by pressing the Store Ref button. This stores the active user
trace in memory. The reference waveform is stored until the Store Ref button is pressed again.
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4.3.5.9 Waterfall Plot
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Figure 12: Measuring deviation of FM signal using reference marker, with a spectrum view of peak.

Shows the frequency spectrum of the signal over time. When an FFT sweep is selected with the marker, it
is shown in the Waterfall Spectrum View above. The Spectrum View can be enabled and disabled from
Preferences in the context menu.

This plot is functionally the same as the Spectogram.
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4.3.5.10 Channel Power Plot
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Figure 13: Measuring main and adjacent channels of an FM signal in Zero Span’s Channel Power plot.

Configures and measures the channel power of a main channel and an optional adjacent channel,
consisting of a lower and upper component.

The plot is created by averaging FFTs across the measurement interval and taking channel power
measurements on the resulting spectrum. FFTs default to 50% overlap but spread out if required to keep
the number of FFTs at the configured maximum within the measurement interval.

The configuration dialog is accessed through the context menu. Use it to set the main channel width,
enable the adjacent channel and set its width and offset, set the maximum number of FFTs, and reset to
the default configuration. Widths and offsets default to % of the sample rate, with 100 max FFTs.

IN Channel Power Configuration ? st
Channel Width 2.000000 MHz

Adjacent Channel Enabled
Adjacent Channel Offset 1.500000 MHz
Adjacent Channel Width 1.000000 MHz

Maximum Mumber of FFTs 100

Resetto Defaults

Figure 14: Configuration dialog for the Zero Span Channel Power plot.
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4.3.6 Zero-Span Recordings

WARNING! Zero-Span recording can consume a large amount of space on your hard drive in a short
amount of time. Caution must be exercised, particularly if you are storing waveforms on your Windows
disk drive. See I/Q Capture: Precautions for more information.

In Zero-Span mode, a user can save and playback a short duration 1/Q waveform. Waveforms are
recorded in SigMFO format.

For long term 1/Q recording see I/Q Recorder.

4.3.6.7 Recording

I/Q captures are performed using the Record 1/Q control panel in zero-span mode. This control panel
allows you to change the capture settings of the I/Q data. The settings are described below.

e Save Directory - The default directory for the I/Q waveform files to be stored.

o File Prefix - Applies a file name prefix to all files saved. Useful for creating identifiable file names.
e Capture Size - Specify the minimum capture length for a single file.

e Max Number of Files - Specify the number of waveforms to record.

Acquisitions begin by pressing the Start button located on the Record 1/Q control panel. If the trigger
type is set to No Trigger acquisitions begin immediately. If either External Trigger or Video Trigger are
selected, the software will wait until a trigger occurs before starting acquisition. When the number of files
to save is greater than 1, and a trigger is active, each file will require a trigger to begin acquisition.

The Spike software plots do not update during acquisition, but several statistics show you the status of
the acquisition and the current capacity remaining on the selected disk drive.

4.3.6.2 Playback

A file recorded through the Record 1/Q control panel can be viewed in the software using the Playback
1/Q control panel.

Start waveform playback by pressing the Open File button and selecting the metadata file for the capture
you are interested in viewing. Playback should begin immediately.
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Figure 15: Playback 1/Q control panel interface during waveform playback.
Several tools exist for accelerating measurements during I/Q playback.

e The I/Q scroll bar provides a preview trace for the full 1/Q capture and a selectable region to
quickly scroll through the entire waveform capture.

e The step size control specifies the number of samples to advance each time the view is updated.
The step size control is only applicable when no triggering is active.

e The playback rate controls the speed at which the Spike software is updated when loading
waveforms from the 1/Q file.

e The Single/Auto buttons can be used to step through the capture manually.

e Enabling Video Trigger will force the Spike software to search the capture for a trigger before
updating the plots. If no trigger is found, the capture will stop at the end of the file.

4.3.6.3 Using the 1/Q Playback Control Panel to Analyze a Recording in
Spike

To begin playback, press the Open File button. This prompts you to select the metadata file of the
recording you wish to analyze. Only one file may be open at a time.

If Spike can open the file, you should see the playback scroll bar populated with the I/Q preview trace
and the Playing message found below the scroll bar.

To play through a file normally, ensure the Playing message is displayed and the Auto button is pressed
in the toolbar and No Trigger is selected. You should see the view window in the scroll bar slide to the
right as the contents of the file are updated in the plots.

At any time, you can press the Single button in the toolbar to pause the playback and single step through
the file.

You can also slide the view window within the scroll bar to quickly move anywhere in the file. By doing
this you will cause the playback to be Paused and must press the Play button for the playback to
continue.
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To video trigger on the contents of the file, ensure your video trigger is properly configured, press the
Single button on the tool bar, ensure the file is not currently paused by pressing the play button. Then
pressing Single should align the next capture on the next video trigger found. If no trigger is found in the
remaining contents of the file, the plot view moves to the end of the file.

For any mode of playback, the playback toolbar must display the Playing message or else the software
will not update the waveform. If you see the Playing message and the software still is not updating the
on-screen waveform, ensure you are currently not in single trigger mode.

Looking for a trigger within a very large file may cause the software to delay several seconds or more.
Use the scrollbar to quickly navigate to the region of interest or capture smaller files to reduce this delay.

4.3.6.41/Q File Format

Each I/Q capture is in SigMF®© format. This format contains one metadata file and one data file. SigMF©
has support for multiple captures per data file but currently Spike only processes the first capture when
playing back captures as that is how Spike records them.

The metadata file contains the acquisition settings and scale factors necessary to reconstruct the original
I/Q waveform. The metadata fields are described below. The fields prepended by core are defined in the
SigMF®© standard. The fields prepended by signalhound are a part of the signalhound SigMF© extension.

e core:hw - Product name of the analyzer used in the acquisition.

e core:datatype - Should be Complex Short indicating the binary format of the binary I/Q file.

e core:sample_rate - Sample rate in Hz, of the I/Q waveform acquisition.

e core:datetime - ISO8601 date time string with nanosecond precision. The timestamp references
the first sample in the I/Q waveform acquisition.

e signalhound:reference - The reference level, in dBm, set in the Spike software for the
acquisition.

e signalhound:bandwidth - Cutoff frequency of the I/Q bandpass filter.

e signalhound:scale - Used to scale the I/Q data from full scale to mW.

e signalhound:preview - Values used to create the waveform trace on the 1/Q playback scrollbar.
The values are created using a max hold decimation algorithm on the full I/Q waveform capture.

The binary file contains signed 16-bit I/Q values. The binary file has little-endian byte ordering. Samples
are stored in sequential order as
I, Q1, 12, Q2 ... In, Qn
The values are stored as full scale, ranging from -32768 to +32767 representing floating point values
between -1.0 and 1.0. To recover the original values, perform the following steps.
1) Read in the binary file to signed 16-bit complex values.
2) Convert the full scale 16-bit | and Q integer values into floating point values in the range of -1.0 to
+1.0.
3) Multiply each | and Q value by the inverse of the scale factor in the metadata file.
4) The I/Q samples should now be scaled to mW, where 12 + Q2= mW.
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4.3.6.5 Precautions

Precautions must be taken when performing 1/Q captures to ensure your existing data does not become
corrupted and your I/Q waveforms are captured without error. Below is a list of recommendations and
precautions when using the I/Q record capabilities of the Spike software.

1)

2)

3)

4)

Store waveforms to an external hard drive and not the operating system (OS) hard drive. If your
OS hard drive approaches 100% capacity, you will run into issues which will prevent your OS
from operating properly. If you absolutely must store 1/Q waveforms on the same drive as your
OS, keep 20% of the disk free. (Windows suggests 15%)

Calculate the expected capture size beforehand using this simple formula.
Size of Capture(Bytes) = SampleRate(S/s) * CaptureTime(s) * 4
For example, a 5 second capture with the BB60C at the full sample rate is
40MS/s *5 x4 = 800MB

Ensure your hard drive write speed exceeds the acquisition speed of the analyzer. For many
sample rates on BB and SM series devices, standard hard drive write speeds will be insufficient
to sustain long term captures. This will create gaps in the data which will affect the quality of
your measurements. A simple calculation of the record speed is

Write Speed (Bytes per second) = Sample Rate * 4

It is expected the hard drive write speed exceeds this value by a reasonable margin. For some of
the highest BB and SM series sample rates, a combination of solid-state drives and/or RAID
configuration will be necessary.

Ideally, an operator should be present at the software and monitoring the acquisition status. In
the use case where you are capturing several triggered events over a extended time interval,
consider performing test runs on known signals to ensure your acquisitions settings are correct
before committing to a long acquisition process.

4.4 1/Q ANALYSIS (MULTI-CHANNEL)

Multi-Channel analysis allows a user to view and analyze complex signals in the time domain. The
application can demodulate AM, and PM modulation schemes, and display the results through multiple
configurable plots. A user can enter multi-channel mode by using the Analysis Mode drop down file
menu, or by pressing the Multi-Channel Analysis button.
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Figure 16: Triggering and measuring a pulsed waveform in multi-channel mode.

The control panel contains inputs for controlling the capture settings of the device as well as specifying
trigger conditions for the multi-channel sweeps. Available triggers are video and external. Video triggers
begin the sweep only after a signal exceeds the amplitude specified in the Video Trigger input. When
external triggering is selected, acquisition occurs when a trigger is detected on the spectrum analyzer
trigger input port.

The control panel also contains a section to define the measurement interval, a subset of the multi-
channel capture that will be visible for measurement in the various plots. The Time Overview plot shows
the interval in relation to the whole capture and provides an interface to control the same parameters
graphically.

The application window is split into multiple views and provides a control panel for controlling multi-
channel acquisitions. Multi-Channel mode currently offers six unique plots.

4.4.1 Multi-Channel Settings Control Panel
4.4.1.1 Device Settings

e Ref - Expected input power of the signal. Reference level controls the gain and attenuation.
It is suggested to keep gain and attenuation set to Auto so the software can best choose
them based on the Ref.

o Shared Center - Specifies the tuned center frequency of the capture, or in another way,
the OHz frequency of the 1/Q data capture.

¢ Channel Config - Opens the channel configuration dialog.

o Enabled - Used to enabled specified channel
o Use Independent LO - Used to enabled the Independent LO for the specified
channel
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o Independent Center - Specifies the tuned center frequency of the capture using
the independent LO for that channel, or in another way, the OHz frequency of the
I/Q data capture.

Step - Controls how much the center frequency shifts when pressing the center frequency
arrow keys or using the up/down arrow keys on your keyboard when the center frequency
text is highlighted.
Sample Rate - Displays the sample rate of the current visible 1/Q data capture. This
number is equal to the device sample rate divided by the decimation value.
IF BW - (Intermediate Frequency Bandwidth) Controls the bandwidth of the passband filter
applied to the 1/Q data stream. The bandwidth cannot exceed the Nyquist frequency of the
I/Q data stream.
Auto IFBW - When set to Auto, the IF Bandwidth passes the entire bandwidth of the I/Q
data capture.
Swp Time - (Sweep Time) Controls the length of the zero-span data capture. The length is
relative to the sample rate selected by decimation. Sweep times are clamped when the
resulting capture contains less than 20 samples, and at the upper end, when the resulting
capture contains more than 65536 samples.
VSG Enabled - Used to enable the VSG
VSG Level - Expected output power of the VSG signal
VSG Offset - Offset frequency of the VSG signal. The VSG uses the shared LO so this offset
is in reference to the Shared Center.

4.4.1.2 Trigger Settings

Trigger Type - Select a trigger type for the data capture. Possible trigger types are
immediate, video, external, and frequency mask trigger.

o Immediate trigger causes an acquisition immediately.

o Video trigger triggers an acquisition once the sample amplitude crosses the user
specified trigger level.

o External trigger triggers an acquisition when a signal event is detected on the
external trigger input port on the spectrum analyzers. Not all Signal Hound
spectrum analyzers have access to this trigger type.

Trigger Channel - Select the channel to trigger from when trigger type is Video

Trigger. This option is greyed out if video triggering is not selected.

Trigger Edge - Select whether to trigger on a rising or falling edge. Applies to both external
and video triggers.

Trigger Level - Select the amplitude for the video trigger to trigger on. This value is ignored
if video triggering is not selected.

Trigger Position - When a video or external trigger is selected, trigger position determines
what percentage of samples of the sweep are displayed before the trigger. For example, in
a 100-point sweep with a 10% trigger position, the sweep will display the 10 points before
the trigger occurrence, and the first 90 points after the trigger.

4.4.1.3 Measurement Interval Settings

The measurement interval settings menu in multi-channel controls the measurement interval, or subset
of the full capture, displayed by all the plots except Time Overview and Waterfall.

44



-Analysis Modes | I/q Analysis (Multi-Channel)

e Auto Interval - When auto interval is enabled, the measurement interval is the entire
capture.

¢ Interval Offset - The time into the capture for the measurement interval to start.

¢ Interval Length - The length of the measurement interval.

4.4.1.4 FFT Settings

The FFT settings menu in multi-channel controls the FFT parameters for the spectrum and waterfall
plots, and the waterfall's spectrum view.

e RBW - The desired RBW for the spectrum plot. Lower RBWs increase the required FFT
window length. If the FFT window length is not long enough to achieve the desired RBW,
the spectrum window will show a warning and the user will need to either increase RBW or
increase the FFT Window length or overall capture size to display the spectrum plot.

e« Auto Overlap - When auto overlap is enabled, an overlap percentage is chosen to produce
the maximum number of FFTs up to Max FFTs.

e Overlap % - The percentage of overlap between FFTs.

e Max FFTs - The maximum number of FFTs. Computation will stop when this number is
reached, even if only a portion of the capture has been covered.

e Step Length - The length of time from the start of one FFT to the start of the next.

4.4.2 Multi-Channel Toolbar

These controls are available in multi-channel measurement mode.

Add Measurement - Add a new measurement plot to the view area.
Reset View - Resets the view area to the default configuration.
Calibrate - Opens the Calibration Dialog. See Multi-Channel Calibration.
Cal Status - Status for the calibration.
o Cal: Not Applied - No calibration as been applied
o Cal: Applied(Exact) - There is a calibration applied and it was collected on the
exact frequency the device is tuned to.
o Cal: Applied (Interpolated) - There is a calibration applied and it is based on the
linear interpolation of two calibration points since we are not currently tuned to an
exact point where a calibration was done.

4.4.3 Multi-Channel Plots

All plots in multi-channel follow the basic plot interface in Spike except for the markers.

4.4 3.7 Multi-Channel Markers

Markers can be dropped on the nearest x-axis point for each active graph by left clicking. For time
domain plots these markers are also shared between plots. Further control of the marker can be
performed by using the left/right arrow keys to move the markers a single index left or right. When
markers are active, selecting delta marker in the context menu places reference markers at the current
marker location. Selecting delta marker again disables the marker.
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The marker readout along with the basic plot marker readout info now includes a channel to channel
delta for quick and easy channel to channel phase and amplitude delta readings.
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Figure 17 Multi-Channel Markers on a PM vs Time Plot
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4.4.3.2 Time Overview
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Figure 18: Time Overview plot with the measurement interval set to encompass the triggered pulse.

Shows and allows adjustment of the measurement interval in relation to the whole capture. The
measurement interval is the portion of the capture that is displayed by every other plot, except for the
Waterfall plot, which shows all computed FFTs across the capture.

The measurement interval is represented by the unshaded region. Adjust the interval by dragging it or
dragging its start and end points.
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4.43.3 AMvs Time
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Figure 19: AM vs Time plot on triggered waveform.
Shows the AM waveform over time. Can choose between log (dBm) or linear (mV) y-axis units.
When triggering is enabled, a vertical gray bar appears at the trigger location.

When the spectrum acquisition settings are set to manual, a gray shaded region covers the FFT region
selected.

You can export the 1/Q values of the acquisition by right clicking and selecting Export I/Q (.csv) in the
context menu.

4.4.3.4 PM vs Time (Rad)

Plots the waveform as phase in radians vs time.

4.4 3.5 Phase Delta vs Time

Plots the waveform as phase in radians vs time for all the channels relative to the lowest active channel.
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4.4.3.6 Spectrum Plot
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Figure 20: FM signal of 1MHz Deviation

Shows the frequency spectrum of the part of the multi-channel capture defined by the measurement
interval. The plot shows the amplitude over frequency of the waveform signal.

Under FFT Settings in the control panel, RBW is selectable up to the maximum number of points in the
sweep. A flattop window is used with zero-padding to achieve selected RBWs. The FFTs max-held to form
this plot must all begin and end within the measurement interval. Thus, the interval must be at least the
size of one FFT for the plot to have data. If the selected RBW is not able to be met with the measurement
interval portion of the acquisition size, a warning message is shown with the length of time required to

meet the RBW.
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4.4.3.7 Waterfall Plot
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Shows the frequency spectrum of the signal over time. When an FFT sweep is selected with the marker, it
is shown in the Waterfall Spectrum View above. The Spectrum View can be enabled and disabled from
Preferences in the context menu. What channel is displayed can be selected from Channel Selection in
the context menu.

This plot is functionally the same as the Spectogram.

4.4 4 Multi-Channel Calibration

Multi-Channel Calibration offers users a mechanism for calibrating the channel to channel amplitude,
phase delay, and phase offset. The corrections collected are all with reference to channel 1.

4.4 41 The Multi-Channel Calibration Setup

The standard setup for performing the Multi-Channel Calibration requires a 4 channel splitter and 5
cables of the same length. The user must connect the PCR4200s VSG to the input of the splitter and each
output to one of the PCR4200 channels. A diagram of the setup can be seen in the figure below.
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Splitter

Figure 22: PCR4200 Calibration Setup

4.4 4.2 The Multi-Channel Calibration Dialog

The calibration dialog can be opened with the Calibrate button in the Multi-Channel Toolbar. Included in
the dialog is graph with the currently selected corrections.

e View - Select which of the corrections to display on the graph.

e Load Calibration - Opens a file dialog used to select a calibration file to load.

¢ Unload Calibration - Unloads the currently loaded calibration.

e Perform Calibration - Opens the Perform Calibration Dialog

e Status - Displays the number of points in the current calibration or “No calibration loaded”
otherwise.

e File - Name of the calibration file that is currently loaded.

e Temperature - Temperature in degrees Celsius that the device was when the currently loaded
calibration was performed.

e Calibrated - Date and time at which the currently loaded calibration was performed.

e Setup - Short description of the user hardware setup for the currently loaded calibration.
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Figure 23: Multi-Channel Calibration Dialog with currently loaded configuration

4.4.4.3 Perform Calibration Dialog

Dialog for configuring and performing a calibration. Included here is an image showing the typical
hardware setup needed for performing the calibration. When the calibration is completed, you will be
prompted to save to file. The file extension is .shmccal.

Setup Description - Short description of the user hardware setup for the currently loaded calibration.
Start Freq - First step of the calibration.

Stop Freq - Final step of the calibration.

Step Freq - Step size used when forming the calibration.

Calibrate - Starts the calibration.

Cancel - Cancels a calibration that is currently being performed.

Cal Points - The number of points in the calibration.

Progress - Shows the progress of the calibration as a %
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Figure 24: Perform Calibration Dialog

4.5 HARMONIC ANALYSIS

The harmonic measurement mode provides the ability to measure up to 10 harmonics of a specified
carrier frequency. Each harmonic measurement consists of a sweep at the fundamental and all
harmonic frequencies. The span, RBW, and VBW can be controlled. All harmonic sweeps are plotted
sequentially, and the amplitudes are reported as dBc. Total harmonic distortion is reported in the upper
right-hand corner of the spectrum plot.
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Figure 25: Carrier frequency at 1MHz and 9 harmonics.
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4.5.1 Measurement Procedure

The first sweep is performed centered at the selected Center Freq. If peak tracking is enabled, the center
frequency measured at is the frequency of the previously measured fundamental. The frequency and
amplitude of the fundamental is measured. The amplitude is measured using either a peak search or
channel power, depending on the Meas Type selection. When channel power is selected, the frequency is
measured using the center of the 90% occupied bandwidth.

All subsequent harmonics are measured at multiples of the measured fundamental frequency. The
amplitudes are measured in the same way and stored as dBc.

The spectrum plot and harmonic list are updated as the harmonic measurements are performed.
Measuring and plotting all harmonics is considered a single measurement.

4.5.2 Harmonic Controls

e Center Freq - The center frequency of the fundamental measurement.

e Step - Controls the frequency step of the arrows on the Center Freq control.

e Span - The measurement span used at each harmonic.

e RBW - The measurement RBW used at each harmonic.

e VBW - The measurement VBW used at each harmonic.

¢ Input Level - The maximum expected input level. It is recommended to set this value to 5
dB above the maximum expected input level.

o Disp Ref - The displayed reference level of the spectrum plot.

e Div - Vertical spectrum plot division height.

e Harm Count - Number of harmonics to measure and plot.

e Meas Type - Select the measurement type at each harmonic. When peak is selected, a
peak search is performed to find the frequency and amplitude of each harmonic. When
channel power is selected, a channel power measurement is used to find the amplitude
and occupied bandwidth measurement is used to find the frequency of each harmonic.

e Trace Type - Select the trace behavior.

e Pk Tracking - When enabled, the fundamental frequency is measured at the previously
measured fundamental frequency. When any setting is changed, the tracking center
frequency is reset to the selected Center Freq.

4.6 SCALAR NETWORK ANALYSIS

If a BB or SA-series spectrum analyzer and tracking generator are both connected to the PC, select
Analysis Mode > Scalar Network Analysis in the file menu. Scalar network analysis is used to measure the
insertion loss of a device such as a filter, attenuator, or amplifier across a range of frequencies. This
mode, when used with a directional coupler, can also measure return loss.
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Figure 26 The SA44B and TG44A sweeping a passive bandpass filter.

To learn more about scalar network analysis and how the Signal Hound devices perform this task, please
refer to the Signal Hound Tracking Generator user manual.

Ensure the TG sync port on the tracking generator is connected to the Sync Out port on the SA series
spectrum analyzer.

4.6.1 Scalar Network Analysis Control Panel
4.6.1.1 Tracking Generator Settings

e Sweep Type - Specify whether an active or passive device is being swept. This will affect
the attenuation and gain used during the sweep. Failing to properly set this value may
result in reduced dynamic range or IF overload.

e Sweep Size - Specify a suggested sweep size. The final sweep size is affected by this
suggestion as well as hardware limitations.

e High Range - If high range is selected, the software will optimize the sweep for dynamic
range when a 20dB pad store through is performed. Sweep speed will increase when
unselected at a penalty of lower dynamic range.

e Store Thru - Press this button to normalize the sweep on the next acquired sweep. This
may be re-pressed in the event a poor normalization occurred.

e Store 20dB Pad - Perform a normalization when a 20dB pad is inserted in the RF path.
Should only be performed after a normal “Store Thru".
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4.6.1.2 Frequency Settings

Center - Specify the center frequency of the sweep. If a change in center frequency causes
the start or stop frequencies to fall outside the range of operation, the span will be
reduced. Using the arrows changes the center frequency by step amount.

Span - Specify the frequency difference between the start and stop frequencies centered
on the center frequency. A reduced span will be chosen if the new span causes the start or
stop frequencies to fall outside the range of operation. Use the arrows to change the span
using a 1/2/5/10 sequence.

Start/Stop - Specify the start and stop frequency of the device. Frequencies cannot be
chosen that are outside the range of operation of the active device.

Step - Specify the step size of the arrows on the center frequency control.

4.6.1.3 Amplitude Settings

Plot VSWR - Plot the return loss as VSWR.

Ref Level - Specify the displayed reference level of the plot. Changing this value causes the
display to update immediately and does not affect the calibration status of the
measurement. Specified as dB or SWR depending on whether Plot VSWR is selected.

Div - Specify the vertical plot divisions. When plotting VSWR, the graticule ranges from 1.0
at the bottom of the plot, to 1.0 + 10 * div at the top. When plotting on a log scale the
graticule will range from Ref Level at the top of the plot and Ref Level - 10*div at the bottom
of the plot.

4.6.2 Measurements Control Panel

See Measurements Control Panel in Swept Analysis mode.

4.6.3 Configuring Scalar Network Analyzer Sweeps

The controls for Frequency, Amplitude, and Tracking Generator are used to configure sweeps, as follows:

Use the Frequency controls to configure the desired center frequency and span.
o For most devices, a start frequency of >250 kHz and a span of >100 kHz is
recommended. This maximizes dynamic range, sweep speed, and accuracy.
o (SA44/SA124 only) For crystals or other very high Q circuits with a bandwidth of 50
Hz to 10 kHz, select a span of 100 kHz or less. A slower narrow-band mode will be
automatically selected. In this mode, a 100-point sweep takes about 7 seconds, but
the sweep updates at each point.
Use the Amplitude controls to set the Reference Level, a good starting value is +10 dB.
Using the Tracking Generator Controls:
o Select the desired sweep size. A 100-point sweep is a good starting point.
o If measuring an amplifier, select Active Device
o Leave High Range checked unless faster sweeps are needed at the expense of
dynamic range.
o If accurate measurements are needed below -45 dB, use the default settings of
Passive Device and High Range.
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4.6.4 Performing Sweeps

Before accurate measurements can be made, the software must establish a baseline, something to call 0
dB insertion loss. In the Spike software, this is accomplished by clicking Store Thru.

1. Connect the tracking generator RF output to the spectrum analyzer RF input. This can be
accomplished using the included SMA to SMA adapter, or anything else the user wants the
software to establish as the 0-dB reference (e.g. the 0-dB setting on a step attenuator, or a 20dB
attenuator in an amplifier test setup).

2. Click Store Thru and wait for the sweep to be completed. The sweep should be normalized at 0
dB when this process is completed. At this point, readings from 0-dB to approximately -45 dB are
calibrated.

3. (Optional) If accurate measurements are needed below -45 dB, insert a fixed SMA attenuator,
and then click Store 20 dB Pad. The actual attenuation value does not matter, but it must
attenuate the signal from the TG by at least 16 dB and not more than 32 dB. This corrects for any
offsets between the high range and low range sweeps, giving accurate measurements down to
the noise floor.

4. Insert the device under test (DUT) between the tracking generator and the spectrum analyzer
and take measurements. All traces and markers are accessible during the network analyzer
sweeps.

Note: Changing the sweep settings (frequency, amplitude, etc.) will require repeating steps 1-4.

4.6.4.7 Improving Accuracy

One shortcoming of the Signal Hound tracking generators is poor VSWR / return loss performance.
However, this can be easily overcome by adding good 3 dB or 6 dB pads (fixed SMA attenuators) to the
output of the tracking generator and / or the input of the spectrum analyzer. A good 6dB pad will
improve return loss by nominally 12dB to >20dB and should enable accurate measurements. These
may be included when sweeping the "thru," effectively nulling them out. This will decrease the overall
dynamic range.

4.6.4.2 Testing High Gain Amplifiers

When measuring an amplifier that will have a gain of 20 to 40 dB, the use of a 20-dB pad is required.
Insert the 20dB pad before the Store Thru and leave the pad on either the SA or TG when connecting to
the amplifier. For amplifiers with more than +20 dBm maximum output, the pad should go on the
output of the amplifier. If an amplifier cannot safely handle -5 dBm, place the pad on the amplifier's
input.

4.6.5 Measuring Return Loss

A directional coupler of appropriate frequency range (sold separately) may be used to make return loss
measurements.
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e Connect the tracking generator to the directional coupler's "OUT" port.

e Connect the spectrum analyzer to the directional couplers "COUPLED" port.

e Use the "IN" port as the test port. Leave it open (reflecting 100% of power).

e If acableis used between the test port and the antenna, connect it to the IN port but leave
the other end of the cable open.

e Click Store Thru. The sweep should be normalized to 0 dB.

e Connect the device under test (e.g., antenna) to the "IN" port or cable. Return loss will be
plotted.

Once again, measurement accuracy will benefit from 3 to 6 dB pads on the Signal Hound devices prior to
Store Thru. This method is not as accurate as using a precision vector network analyzer, but with a good
directional coupler, accuracy within a few tenths of a dB is typical.

4.6.5.1 Adjusting an Antenna

To adjust an antenna for a certain frequency, use the Return Loss setup, above. Lengthen, shorten, and
tweak impedance matching elements until the desired return loss is achieved. Be aware that you will be
radiating some RF during this process. It is your responsibility to understand and obey the laws
regarding transmitting on those frequencies.

4.6.6 Levels Used in Sweeps

This section covers the amplitudes used by the tracking generator for the various sweep configurations
available in the Scalar Network Analysis mode.

If High Range is disabled, the tracking generator sweeps the specified frequency range at -30dBm.

If High Range is enabled, the tracking generator sweeps at 2 levels, once at -30dBm, followed by another
sweep at -10dBm. These two sweeps are used to generate a single measurement (sweep) in the Spike
software.

If Passive Device is selected, the analyzer will expect the signal to be at or below the tracking generator
output power (no amplification)

If Active Device is selected, the analyzer will allow up to 20dB of amplification.

If you exceed the analyzer's expected input level, the analyzer can be overdriven resulting in an invalid
measurement.

If you need additional amplification, add an attenuator in the signal chain.

4.6.7 Manual Tracking Generator Sweeps

To test devices with bandwidths below 50 Hz (e.g., 60 Hz notch filter), or if more than 90 dB of dynamic
range is needed, do not use Scalar Network Analysis mode. Instead, stay in Swept Analysis mode and
use Utilities>Tracking Generator Controls to set the tracking generator to a CW frequency output.
Use Peak Search and Delta to establish relative amplitude, then insert the DUT and manually tune the TG
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across a narrow range of frequencies. A TG output of -10 dBm combined with an RBW of 10 Hz should
give around 130 dB of dynamic range for most frequencies. Care must be taken in cable and device
placement to avoid crosstalk.

4.7 PHASE NOISE MEASUREMENTS

You can use the phase noise measurement mode to measure single side band (SSB) phase noise of an
input RF signal. Phase noise can be measured using any single Signal Hound spectrum analyzer, or by
using the PN400 phase noise test system. To learn more about making measurements with the PN400
phase noise test system, see the section on cross-correlation.

File Edt Pressts  Sefings  AnaisisMode  Ulitiss  kelp

Toolbars ~ —i Single

Ref 10 dBcHz Carrier Freq 7.999830596 GHz
Div 10.0 Num Divs 15 Auto Atten __Carrier Level -511 dBm
: Warker 1 540645 MHz -119 82 dBGHz
Traca one > SgnalFreq 10050050 GHz
Tioe Nomal 200 F | Peak Tracking
g Count 0] | ) ¢ ﬂ'l‘h." L IW | i Ampl Thrash 50,00 |8
v @ AR "Jl,‘ I Sonet Sach 7
| iy —— ssan
Smooming Ssarcn stop 44000000 612
lllL’\
50,0} }

Smoos Aperture 1000 |% Search
Hide Spurs

Spur Thresholg 5000 |08

2

Offsst 0000ja8 | 700) 11‘_" Mezs Type | Phase Noiss

— . I StarlOfised | 104z
Export Ciear -B0.0 -\‘1\%\ T T T Stop Offset | 10HZ
90.0| iy
.

waner  [one o0

Trace One - ¥

Enabied [ 110 ~

.
Delta Marker "
Azl | s e
]
4\
............. ’ A N

Enabled -130.0) N

Tace [ one o)

eas stant 1000000 Kz

Meas Stop 1000000 WHz| | 150.0|

LeaaDetsuns
160.0 Vsupply £.000 |V
Start 10 000000 Hz Stop 10 000000 MHz

Sweep Time 1570 | YeusplyLimitkin 0500 |v
Vsupply Limit Max 15.250 |v

Viune 5000)v

Trace | Trace 2 Tace3 Taced Tace5 ace6 Viung Limit Min -1.000 v
0H 2453 Viune LimitMax 28000 v

W0H: -4 Oulput Enabled [+

TMH 11953

WMH | -14198

| | Sweoa | INTREF | SM-18104255 Fw4510 | 4e02C - 2538W

Figure 27: SM200B measuring the phase noise of a VCO at 8GHz.

4.7.1 Measurement Theory

This section describes phase noise measurements made with a single spectrum analyzer. For
measurements made using the PN400 phase noise test system, see the section on cross-correlation.

The phase noise measurement requires a fixed CW input into the analyzer. If at any point the input
signal is removed, the measurement updates will stop, and a warning will be displayed on the phase
noise plot.

When configuring a new measurement, a coarse frequency estimate must be made. The coarse
frequency estimate of the input signal can be measured automatically using the signal search function or
manually entered in the carrier frequency setting. Once a coarse frequency estimate is made, a fine
frequency and amplitude estimate is performed. This provides the measurement configuration for the
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phase noise measurement itself. A fine estimate is performed prior to every phase noise measurement
to ensure optimal settings are always used in the event of signal drift.

The phase noise measurement is performed directly using an FFT approach. Either phase noise, AM
noise, or the combination of both can be measured. The resulting sweep contains 100 points per
decade. Each phase noise measurement result is used to update the user configured traces and trace

measurements.
h 4
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Figure 28: Measurement Flow Graph

4.7.2 Cross-Correlation
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Using the PN400 adapter and 2 SM200/435 spectrum analyzers, Spike can perform cross-correlated
phase noise measurements improving the sensitivity of the measurement by up to 35dB over the base
SM phase noise performance.
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Figure 29: Cross-Correlation Measurement at 3.7GHz Carrier Frequency
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To enable cross-correlation, follow these steps,

1) Connect your equipment according to the diagram below. Optionally connect a shared 10MHz
reference or 10MHz reference output from the DUT to the 10MHz reference input to the SM
devices if external reference is desired.

2) In the phase noise measurement mode, connect to both the PN400 and second SM analyzer
using the controls found in the configuration control panel.

3) (Optional) Configure the VCO supply and tuning voltages if measuring a VCO.

4) Enable cross-correlation.

SM #1

AR RRRRRRRRRTROOON N
G rigger 1 Out —
o Lo
- — Trigger 2 Out -
o0

] ] PN0o ~ DRO

SM #2
LT —
@ ® O

Figure 30: Typical Cross-Correlation Setup Using the PN400 Adapter.

4.7.2.1 Measurement Theory

This section covers cross-correlated phase noise measurements. For non-correlated phase noise
measurements, see Measurement Theory.

Cross-correlation is a method which can improve the phase noise measurement performance of any
single device by making a simultaneous measurement on a second device and using signal processing to
achieve these performance gains. The more cross-correlations that can be performed, the better the
noise floor improvement. Spike uses a direct FFT method, which results in the ability to perform more
correlations at wider offsets. The number of correlations is displayed for each decade.

Cross-correlation improves performance by a factor of

5+ Logl10(# of correlations)
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Below is a table of expected performance improvements based on correlation count.

Correlation Count Gain (dB)
10 5

100 10

1,000 15
10,000 20
100,000 25
1,000,000 30
10,000,000 35

Below is the measurement flow graph. The main difference from non-correlated measurements is that
once the maximum correlations have been achieved the measurements stop and the user must
manually restart a correlated measurement. Any change to the measurement settings will automatically
restart the measurement.

Wait For Remeasure [d—————NMax Correlations Reached

Requires additional correlation

Y Update Traces
Apply Offset
Coarse Reference Fine Frequency and Phase Noise Cross-Correlation Smooth
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Decade Table

t I Update Markers
Configuration Changed

Figure 31: Cross-Correlation Measurement Flow Graph

The Spike software limits the number of correlations to for each offset. Once the maximum number of
correlations have occurred at a given offset, processing for that offset stops, but will continue for the
other offsets. Maximum correlations occur for wider offsets faster than close in offsets.

4.7.2.2 Reference

For the best results, both SM analyzers should use the same reference clock. Below is a short description
of the possible reference settings. This setting overrides the Spike reference setting in the Settings ->
Reference menu.
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¢ Int Ref - Both devices use their internal 10MHz references. A configuration step attempts
to get these clocks to match as closely as possible.

e Ext Ref - Both devices use an external 10MHz reference. Preferably one that it shared with
the DUT, or one that the DUT is providing directly.

e RF Ref - The input RF frequency is used to discipline the 2 SM devices. When RF ref is
selected, signal search is bypassed and the entered Signal Freq is used.

4.7.2.3 Gain Indicator

The gain indicator is the gray region located below the trace when cross-correlation is enabled. It
represents the ideal trace location if the full performance gain of cross-correlation was realized. As the
number of correlations is increased, if the gain indicator improves significantly faster than the measured
trace (or the measured trace no longer improves), it would indicate additional correlations are not
providing additional benefit. It is up to the customer to determine how much separation between
measurement trace and gain indicator must be present to feel confident in the resulting measurement.

Figure 32: The separation near "A" would indicate we are adequately measuring the DUT at this frequency offset. The lack of separation at "B"
indicates either additional correlations are needed, or this measurement performance is out of range for this DUT (if we are already at max
correlations).

4.7.2.4 Measuring Near Cardinal Frequencies

Spurious signals can appear when measuring near or at 100MHz multiples while taking advantage of
cross-correlated phase noise measurements. Using an external reference that is shared between the SM
devices and DUT, or using RF Ref can reduce or remove these mixing spurs.

4.7.3 Phase Noise Control Panel

This control panel appears when the measurement mode has been changed to Phase Noise. These
settings control the acquisitions parameters of the sweep, trace and marker outputs, and jitter
measurement configuration.
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4.7.3.1 Frequency Settings

o Signal Freq - When signal search is disabled, this value will be used for the coarse
frequency estimate.

e Peak Tracking - When enabled, small drifts in the signal frequency will be tracked during
the fine estimation procedure.

e Ampl Thresh - Specify the minimum detected carrier level needed to perform a phase
noise measurement. If this threshold is not met, the software will continue to look for a
valid carrier frequency.

e Signal Search - When enabled, the input frequency of the signal is estimated using a wide
band sweep between the search start and stop frequencies. This sweep can take significant
time for slower Signal Hound spectrum analyzers, and manually entering the input
frequency may be desired when known.

e Search Start - Start frequency used for automatic signal search. Ignored if signal search is
disabled.

e Search Stop - Stop frequency used for automatic signal search. Ignored if signal search is
disabled.

4.7.3.2 Sweep Settings

When using the SA44/SA124, the start/stop offsets can drastically affect measurement speed. See the
section on measurement speed for more information.

e Meas Type - Selects between phase noise, amplitude noise, or both for what to measure
and display.

e Start Offset - Select the first decade to be measured and plotted.

e Stop Offset - Select the last decade to be measured and plotted.

4.7.3.3 View Settings

These settings control the vertical range of the phase noise plot. The total vertical range of the plot can
be calculated as,

[Max, Min] = [DispRef,DispRef — Div * NumDivs]
o Disp Ref - Specify the displayed reference level as dBc/Hz.

e Div - Specify the plot division height in dB.
¢ Num Divs - Specifies the number of vertical plot divisions.

4.7.3.4 PN40O

These settings are used to connect and control the PN400 accessory.

The limits are used to constrain the Vsupply and Vtune settings. When out of range voltages could
damage the VCO, it is best practice to set the limits prior to settings the voltages to prevent accidental
entries.

64



-Analysis Modes | Phase Noise Measurements

Connect - Used to connect to the PN400 over USB. An attempt to discover and connect the
PN400 is made when entering phase noise measurements. It is only necessary to manually
connect when the PN400 is connected to the PC via USB after phase noise measurements
have started.

Load Defaults - Revert all voltage output values to their defaults.

Vsupply - Specify the supply voltage.

Vsupply Limit Min - Specifies the lower limit on the Vsupply setting.

Vsupply Limit Max - Specifies the upper limit on the Vsupply setting.

Vtune - Specify the tuning voltage.

Vtune Limit Min - Specifies the lower limit on the Vtune setting.

Vtune Limit Max - Specifies the upper limit on the Vtune setting.

Output Enabled - Enables the Vsupply and Vtune on the PN400 using the user entered
Vsupply and Vtune values.

4.7.3.5 Cross Correlation

Connect 2" Analyzer - Used to connect to another SM device required for cross
correlation measurements.

Status - Shows status of second SM device connection. Must be connected to enable cross
correlation.

Enabled - Enables cross-correlated measurements. Requires second SM device and PN400
to be connected before enabling.

Reference - Select the timebase reference of the cross-correlated test system. This setting
overrides any individual reference setting. See the cross-correlation section for more
information.

XCorr Factor - Sets the number of cross-correlation processing steps to occur before the
measurement stops. Each processing step represents a specific number of correlations per
decade.

Gain Indicator - Enable/disable the gain indicator display on the plot.

Counts Visible - Enable/disable the display of the cross-correlation amounts per decade
on the plot.

4.7.3.6 Trace Settings

Trace - Select the active trace. All other trace settings apply to this active trace.
Type - Select the active trace type.
o Off - Trace disabled/not displayed.
o Normal - Trace is overwritten with each new measurement.
o Averaging - Up to “Avg Count” successive traces are averaged together. Averaging
occurs in dBc/Hz units.
o Reference - Trace does not update with each new measurement. Current trace is
held.
o Max Hold - A max hold detector is applied with each new measurement. The
detector occurs for each frequency bin.
o Min Hold - A min hold detector is applied at each frequency bin with each new
measurement.
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Avg Count - When trace averaging is enabled, set the number of traces that are averaged
together to create the output trace.

Update - Stops the update of this trace. Similar functionality to Reference trace.

Hide - Hides the display of the trace on the plot. Depending on settings, will continue to
update while hidden.

Smoothing - When enabled applies a smoothing window to the trace. The window length
is controlled by the smoothing aperture.

Smooth Aperture - Controls the window size for the smoothing window. Larger window
sizes improve smoothing at the expense of accuracy.

Hide Spurs - When enabled a spur reject algorithm attempts to remove spurs from the
trace.

Spur Threshold - Threshold determination for the spur rejection algorithm. The spur must
rise this amount above neighboring bins to be considered a spur.

Offset - Applies a fixed dB offset to the measurement. All trace measurements, including
smoothing, spur reject, markers, and jitter occur on the offset trace.

Move To - Move the current trace to the trace selected. That trace will then become a
reference trace.

Export - Export the current trace to a CSV file.

Clear - Clears any accumulated averaging or min/max held results.

4.7.3.7 Marker Settings

Marker - Select the active marker. All other marker settings apply to the active marker.
Trace - Specify which trace the marker is placed on.

Enabled - Enable/disable the marker.

Delta Marker - Toggle the delta marker measurement. A reference marker is placed at the
current marker position when the delta measurement is enabled.

4.7.3.8 Jitter Settings

Enabled - When enabled, the integrated RMS jitter calculation is performed and displayed
on the graticule.

Trace - Specify which trace the jitter measurement is performed on.

Meas Start - Specifies the start frequency of the integrated RMS jitter calculation.

Meas Stop - Specifies the stop frequency of the integrated RMS jitter calculation.

4.7.4 Vibration

Mechanical vibration can impact phase noise performance in oscillators. Vibration can negatively affect
both the DUT and Signal Hound spectrum analyzers. Mechanical isolation might be necessary for
sensitive measurements, especially from things like fans, keyboards, etc.

4.7.5 Measurement Speed (SA44/SA124 only)

Sweep speed is greatly affected by the start and stop frequency. The following configurations have the
largest effect on sweep time.
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- Start frequencies at 10Hz and 100Hz. This affects all devices and can add 10+ seconds to the
sweep time.

- A stop frequency of 10MHz decreases sweep speed dramatically for the SA44/SA124 devices.
This can add 25 seconds to the sweep time.

Any changes to the configuration will not be applied until after the current sweep is performed.
Additionally, other actions such as changing the measurement mode or closing the software will not take
place until the current sweep is finished.

4.8 DIGITAL DEMODULATION

In this mode, users can measure modulation quality such as EVM, magnitude, and phase error, and
characterize impairments such as I/Q offset, amplitude droop, and group delay via equalization filters.

The Spike software allows the demodulation of PSK, QAM, ASK, FSK, and custom constellation patterns
using several standard filter types.

4.8.1 Digital Demodulation Control Panel
4.8.1.1 Demod Settings

e Center Freq - Specify the carrier frequency of the modulated signal.

e Freq Step - Specify the step size applied when using the center frequency arrays.

¢ Input Power - Specify the maximum expected input power of the input signal.

e Sample Rate - Specify the symbol rate of the modulated input signal.

e Result Len - Specify the number of symbols in the measurement.

¢ Modulation - Specify the modulation format of the input signal. See the symbol mappings for
each of the supported schemes in the Appendix: Constellation Mappings.

e Edit Custom Mod - Bring up the constellation editor. See Custom Modulations.

e Source Filter - Specify the filtering to be performed by the demodulator. See Selecting the
Measurement Filter for more information.

e Filter Alpha - Specify the bandwidth coefficient of the measurement filter. See Selecting the
Measurement Filter for more information.

e Auto IF Bandwidth - Specify whether the software selects an IF bandwidth automatically based
on configuration. If automatic bandwidth is selected, the bandwidth is chosen as 2 times the
symbol rate.

¢ IF Bandwidth - Specify the width of an IF bandwidth filter to be applied before demodulation.
This filter is used to reject out of band interference or adjacent channels.

¢ 1/Q Inversion - Specify whether to swap I/Q channels before demodulation occurs.

e Averaging - When checked, measurement averaging occurs.

e Average Count - Select the average count for the modulation quality metrics on the error
summary panel.

e Pts/Sym - Displays the samples per symbol or oversample rate. Not selectable.

e 1/Q Offset - When enabled, removes the 1/Q offset prior to the error calculations.

e Ampl Droop - When enabled corrects any linear amplitude error prior to the error metric
calculations.
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4. 8.1.2 Wide Carrier Estimation

See Wide Carrier Estimation for more information.

Enabled - Enables wide carrier estimation.
Range - Sets the wide carrier estimation search window.

4.8.1.3 Trigger Settings

These settings affect the trigger used to frame the result/search window.

Trigger Type - Specify the trigger source.

Trigger Level - Specify the video trigger level. The measurements will occur once this amplitude
threshold has been met.

Trig Delay - Specify the number of symbols to delay the measurement by after a video or
external trigger.

4.8.1.4 Sync Search
See Sync Search for more information.

Enabled - When enabled, pattern sync search occurs within the measurement results.

Pattern (Hex) - Specify the sync search pattern.

Pattern Length - Specify the number of symbols in the sync pattern. The pattern bits are
specified in the Pattern entry. If the number of bits in the pattern entry are greater than the
number of bits necessary to meet the length specified, then the least significant bits are used. If
the pattern is shorter than the length specified, then the pattern is padded with zeros to reach
the number of symbols specified.

Search Length - Specify the size of the search window in symbols. The pattern will be searched
for within this window.

Offset - Number of symbols to offset the result window from the start of a successful sync
search.

4.8.1.5 Equalization

See Equalization for more information.

Enabled - Enables adaptive equalization.

Filter Len - The filter length in symbols.

Convergence - Adaptation rate of each adaptive step.

Hold - When enabled, stops adapt steps.

Reset Filter - Resets the filter kernel to the unit impulse response.

4.8.2 Digital Demodulation Toolbar

This toolbar provides several controls to help the user customize the view layout.

Add Measurement - This control allows a user to add to the view area one of many
default data views.
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e Auto Fit - When Auto Fit is selected the visible views will be auto scaled to fit the available
application space. Disabling Auto Fit allows a user to scale and move the views into a
custom configuration without the software interfering.

e Choose Setup - Select from several default configurations.

4.8.3 Selecting the Measurement Filter

It is possible to specify a baseband filter to be applied to the received data. Specifying the correct filter is
necessary to demodulate the system under test. Below is a table of the possible configurations that the
software provides.

Selected Source Filter Meas. Filter Used Ref. Filter Used
Raised Cosine None Raised Cosine
Root Raised Cosine Root Raised Cosine Root Raised Cosine
Gaussian None Gaussian
Rectangular None Rectangular

A user must also select the filter bandwidth, sometimes referred to as the filter alpha. If the
measurement filter is root raised cosine, then the filter alpha of the transmitter filter must be provided to
produce accurate demodulation.

All filters used have an impulse length of 32 symbols.

When the rectangular filter is selected, the sidelobes generated by the rectangular filter on the reference
waveform are filtered out. Only the main lobe is present in the reference waveform. A filter cutoff equal
to the sample rate is used. Put another way, the bandwidth of the I/Q baseband reference waveform
after this filter is applied is 2 times the sample rate.

4.8.4 Custom Modulations

Spike can demodulate custom constellations. These constellations can be configured in the constellation
editor. The custom constellations must adhere to the following rules.

e The number of symbols must be a power of two.
e The constellation must be symmetric about a 180, 90, 45, or 22.5-degree angle.
e The constellation cannot have duplicate points.

Differential encoding is not customizable with the constellation editor, nor is any | or Q time offsets (i.e.
OQPSK). Any currently configured custom modulation is stored in the user presets. If the custom
modaulation is not valid, the measurement defaults to QPSK.

4.8.4.1 Constellation Editor

The constellation editor can be opened with the Edit Custom Mod button on the digital demodulation
control panel.
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I/Q values can be entered directly in the symbol table. The constellation plot shows the currently entered
I/Q values. For loading a large constellation, it is recommended to load a formatted CSV file.

e Add Symbol - Inserts a new symbol row at the end of the symbol table.

¢ Remove Symbol - Removes the row of the currently selected cell. If no cell is selected, the
last row is removed.

e Load Default 1/Q Map - Selects and populates the constellation table with a default
selection

o Define APSK Mod - Opens the APSK Editor

e Load - Load a formatted CSV file containing a saved custom constellation.

e Save - Save a formatted CSV file describing the custom constellation.

e Clear Table - Remove all symbols.

e Accept - Verifies the constellation and if the constellation is valid, stores the constellation
as the active custom modulation.

IN Constellation Editor ? >
Symbol - Q -1 Add Symbol |
|1 | 00DOD 0.269450 0.269450 | Remaove Symbol |
> |oooot 0.008625 0.368075
'3 |ooot0 0.260450 -0.269450 32 symbols
4 |ooomt 0.008625 -0.368075
500100 -0.260450 0.269450
6 000" 0.098625 0.368075 | Load Default 0 Map - |
i 7 |o0110 -0.260450 -0.268450
| 8 oot -0.008625 -0.368075
. . 9 |01000 0.923380 0.382683 | Define APSK Mod |
. ¢ 10 |01001 0.382683 0.923380
. ole o 11 o010 0.707107 0707107 | i |
*Jde % 12 |oton -0.000000 -1.000000 | Save |
. els o * (13 _|01100 -0.707107 0.707107
. o . . . 1401101 0.000000 1.000000 | — |
5 oo -0.923880 -0.332683
. . 16 |o1111 -0.382683 -0.923880
s 40 '17 | 10000 0368075 0.092625
18 | 10001 0.004877 0.094877
T4 15 |10010 0.368075 -0.008625
20 |10011 0004877 -0.004877
21 |10100 -0.368075 0.098625
22 10101 -0.004877 0.034877
23 |10110 -0.268075 -0.008625
24 10111 -0.004877 -0.004877
25 | 11000 1000000 -0000000  _
i " Accept

Figure 33: APSK32 in the constellation editor.

4.8.4.2 APSK Editor
The APSK editor can be opened with the Define APSK Mod button in the Constellation Editor.

There are four parameters that are used to define each APSK ring. They can each be manually edited in
the table found in the APSK editor.
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e RingID - ID number where 0 is the inner most ring

o # States - The number of symbols represented in this ring

e R#/RO - The ratio of the radius of this ring to the inner most ring(RO)
e Phase - The phase offset of the first state in this ring

Some of the addition controls for the APSK Editor are described below.

e Load Default 1/Q Map - Selects and populates the constellation table with a default
selection

e Add Row - Adds another ring to the table

e Remove Row - Removes the last ring from the table

e Load - Loads a previously APSK configuration

e Save - Saves the current configuration to a csv

e Accept - Validates that the total number of states is a power of 2, stores the data, and
closes the window

g8 APSK Editor ) <
Ring ID # States R#RD Phase | 3ZAPSK - | [
° ! 1.000000 0.785398 || Add Row R
12 2.530000 0.261799

2 16 4300000 0.000000 | Remove Row |

| Load |

| Save |

| Accept |

Figure 34F: APSK32 in the APSK editor.

4.8.5 Wide Carrier Estimation

When enabled, wide carrier estimation performs an additional search step over a custom frequency
range. This allows for demodulation of signals with large carrier frequency error. This additional step is
implemented as a sweep prior to demodulation using the user specified range as the sweep span. An
occupied bandwidth measurement is performed, and the center frequency of the estimated occupied
bandwidth is used as the new center frequency of the demodulation measurement. This step is
performed prior to each demodulation measurement.

The range should be set to at least two times the maximum expected frequency error plus half the signal
bandwidth.

w
—)

B
Range = 2 * (CF,pppr + >
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4.8.6 Sync Search

When sync search is enabled, demodulation occurs over a duration of search length symbols (user
selected). The sync pattern is then searched for within this search length. If the sync pattern is found, the
position of the first symbol that matches the pattern is used to frame the measurement. An additional
offset can be applied to this framing. See the diagram below.

Search length must be longer than measurement length. The measurement is not allowed to go beyond
the search length. Ideally, search length would be much larger than the measurement length. If the
offset adjusts the result outside the search window, the sync pattern is considered not found.

Sync search can be used in combination with triggering. When performing sync search on pulsed
waveforms, ensure the search length does not exceed the pulse duration, as demodulation occurs over
the entire search length. For example, if the pulse duration is 512 symbols, search length should be no
more than 512 symbols, thus limiting your result length to less than 512.

If the search pattern occurs more than once in the search length, only the first occurrence is considered.
If the search pattern is not found, “Pattern Not Found” will be displayed on the demod bits plot.

Trigger (IMM/Vid/Ext)

!

L |

| Sync Pattern Length

Result Length

- Offset &————> +Offset

Search Length

Figure 35: This diagram illustrates how sync search is performed and how the measurement is framed within the search length.
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4.8.7 Equalization
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Figure 36: Characterizing a QAM64 waveform over a heavily impaired channel using equalization.

Equalization is used to measure and correct for the amplitude and phase frequency response (group
delay) over the measurement channel due to fading, multi-path, reflections, or system components such
as filters, amplifiers, etc. This allows some linear effects/impairments to be removed from the system
isolating non-linear errors.

Equalization is only available for PSK and QAM modulation formats.

The Spike software uses a complex adaptive LMS FIR filter to perform adaptive equalization. The
adaptation step is performed on the measured and reference waveforms and the filter weights output
from the adaptation step are applied to the I/Q data on the next measurement prior to symbol lock,
carrier recovery, and demodulation.

Since equalization is performed blind (no training sequence), large EVM and bit errors may cause the
equalization filter to have difficulty adapting and converging.

It is important to ensure the frequency error of your signal is a small percentage of the symbol rate. We
recommend a 1% frequency error or less. Small equalization filters will be more resistant to frequency
errors. We recommend tuning the analyzer to an ideal center frequency before running equalization.
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When the filter is reset, the filter is initialized with the unit impulse response. Below is a list of conditions
on which the equalization filter is reset.

e Program startup

e Leaving and entering the digital demodulation measurement mode.
e The measurement filter is changed.

e Symbol rate has changed.

e Equalizer filter length is changed.

e The reset filter button is pressed.

The filter length is calculated by the equation,
e Tap count = (User Selected Filter Length - 1) * Pts/Sym + 1

The convergence factor selected by the user is scaled by a normalization factor of 1.0e-6. Larger
convergence values allow the equalizer to adapt faster to the current channel conditions but is more
susceptible to noise and may cause the filter to become unstable. Smaller convergence values cause the
equalization filter to adapt more slowly to the channel but resist noise and other non-periodic
fluctuations in the signal.

We recommend starting with values between 1-100 to converge quickly on the channel conditions and
reducing the convergence factor as EVM improves.

If at any point the filter becomes unstable, it will no longer be applied to the measurement data and will
wait for the user to reset the filter. You can see when afilter is unstable on the equalization plots.

The equalizer filter impulse, frequency response, and phase response can be viewed using the equalizer
plots.

The equalizer filter impulse response can be exported in the context menu of the equalizer impulse
response plot.

4.8.8 High Order QAM Signals

This section contains a few tips for making measurements with high order QAM modulations.

e The measurement length should be 2-4 times the modulation order. For example, when
measuring 256QAM signals, use between 512-1024 symbols.

e Ensure there is adequate randomness in the symbols/data. Ideally, all symbol points will be
hit in a measurement indicating a random bit sequence.

e Ensure the frequency error is small. Even a small center frequency error will cause invalid
measurement results. User lower order modulations to measure and offset for frequency
beforehand or use a common timebase where applicable.

e Measurements can take several seconds up to 1 minute for large captures with high order
QAM. Once the measurement has started, it must finish before accepting new
configuration changes. Where possible ensure all other settings are correct before selecting
the high order QAM modulation.
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4.8.9 Customizing the Display

Spike allows a user to add and organize the measurement displays. The displays can be added to the
main view area by selecting the “Add View” combo box on the toolbar and selecting the measurement
displays. If “Auto Fit” is enabled, the view is added to an organized grid of views. If Auto Fit is disabled,
then the user can move and resize the view to their liking. The view organization is saved when the
application is closed and restored on the next program invocation.

All plots in digital demodulation mode adhere to the basic plot interface in Spike.

4.8.9.1 Error Summary

The Spike software provides an error summary read-out which displays modulation quality metrics such
as error vector magnitude (EVM), phase error, magnitude error, and frequency error. These error values
are used to measure signal characteristics and quality. Most error values are provided as a peak and
RMS average value taken over a sample size chosen by the user. The error value is first averaged over
the capture interval at each symbol, and then peak held and RMS averaged to generate the displayed
values. For peak symbol error values over a single

Q capture, see the Error vs Time plots.

m
@
a

Modulation quality metrics are described below.

A

. g EVM is a common way to measure the quality of a
e Magnitude Error

communication system. EVM is defined as the root mean
square (RMS) of the error vectors. It is calculated in the
5 Spike software as

Reference Vector
Phase Error I

Measured Vector

1 «pe
Jﬁzg 1(Ierror2 + Qerrorz)
%EVM =

Figure 37: Visualization of the EVM, Magnitude and Phase Normalization Reference
Error Calculations

* 100%

Magnitude error is defined as

_ |Magreference [Tl] | - |Magmeasured [n] |
Normalization Reference

Magnitude Error|n]

for each symbol. The RMS average and peak are calculated using all magnitude measurement errors for
the given capture window.

Phase Error is defined as
Phase Error[n] = Anglereference [n] - Anglemeasured [n]
FSK Error is defined as

RMS(FSK Error at each symbol)

FSK Error = —
Deviation
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where the error at each symbol is

FSK Error at Symbol i = FSK Measured|[i] — FSK Reference|i]
and deviation is the peak frequency deviation.

Frequency Error is defined as the difference between the reference carrier frequency and measured
carrier frequency, where the reference frequency is the user supplied center frequency.

The Spike software uses a normalization reference of one. This is defined as the value of the maximum
constellation magnitude. The Spike software forces the largest constellation magnitude to be one for
each of the selectable modulations.

4.8.9.2 Constellation Diagram

QAM16 Ref-30.000 dBm
1.60 ‘7Vec1urs and Points >,

-1.60

-1.75 1.75
Figure 38: Constellation Diagram for a QAM 16 Input Signal

The constellation diagram helps a user visualize the quality of the signal and identify signal impairments
such as phase noise, amplitude imbalance, and quadrature error. The constellation plot displays the
modulation states and transitions of the input signal in the complex plane.

4.8.9.3 Symbol Table

The symbol table displays the demodulated bits of the input signal. The number of bits shown is equal to
the symbol count selected times the number bits each symbol represents for the modulation type
selected. The bits can be displayed in binary or hexadecimal format.

The symbol table will also display the trigger pattern and whether it was detected.
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4.8.9.4 Eye Diagram
E Eye Diagram EI@
| Channel Q Channel

16

-16

-1 Sym | +1 Sym

Figure 39: Eye diagram for a Pi/4DQPSK signal

Spike allows the addition of an eye diagram display in modulation analysis mode. The eye diagram is
used to visualize system performance characteristics, such as signal distortion, inter-symbol interference,
signal-to-noise, and timing errors.

4.8.9.5 Errorvs Time

Spike provides several error-vs-time displays. These displays offer a symbol resolution view of the
common quality metrics such as EVM, magnitude error, and phase error. Below is the EVM vs Time plot,
displaying individual EVM error over all symbols in the configured capture.

T BV vs Time =N 5
EVMvs Time 5.59 % Peak Emr

10
Yo

%

253 Syms

Figure 40 : EVM vs Time plot
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4.9 EMC PRECOMPLIANCE

Precompliance measurements are available for SM, SP, and BB series devices. Precompliance
measurements are accessed through the Analysis Mode -> EMC Precompliance file menu selection.

Precompliance mode provides useful measurement functions for easily testing emission regulation
requirements. These measurement capabilities include,

e Setting up to 10 log scaled sweep ranges with custom limits and sweep parameters.
e Path loss and antenna factor tables for calibrating your test setup.
e Aspur table showing all spurs which break the user defined limits and thresholds.

e Quasi-peak, peak, and average detectors for testing signals of interest, shown the bar
meter plot.

e Detector lists which store results for the bar meter detector graph.

These functions provide a usable workflow for making conducted and radiated emissions precompliance
measurements on your product.

Each function is detailed further below.

I Spike: Signal Hound Spectrum Anslyzer Software
File Edit Presels Sefings AnalysisMode Uliies  Help

o | O

Freguency 100 000000 Kz |

Ref 1000 40w/ Sweep Time 7 ms Row 000000k
Div10.0 dB Failed Auto Gain/Aften Peak aeP Avg (RMS

5365 46,06 4732 Disp Start 150.000000 kHz

Disp Stop 1000000 GHz

Disp Ref ||~ 70.000 || B -
Max Input HE 50.000 || dBuv -

ow 10.000 (0B

Set Marker 100.000000 WHZ

10.0| Pk Thresnold 7.00 | aBuv

Pk Excurs 500 a8
Peak Search Disable

0.0
To Ret To Metars.

PeakLen PeakRIgN

-10.0|

4 Meter Sefings
20.0| Freq 100000000 WHz

Bandwidih 120.000000 KHz

teas Time 100000 ms
794 waTips | RMS

30,

150 000000 kHz 1000000 GHz 4354

Stant st
I = &
Clear Toust
Export Spur Range Freq | Amg (dBuV) | Limit (dBuV) Margin (48)

= 17377830, 3651 5500 1848

Snbaciad Bpar 705630, 443 5500 083
To ster 5500 am
5500 1956
Scan Spurs S0 s

500 1550

Failing Only - s

4.9.1 Pre-Compliance Control Panel

o Disp Start - The start frequency used when auto frequency display range is disabled. See
Auto Freq below.
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Disp Stop - The stop frequency used when auto frequency display range is disabled. See
Auto Freq below.

Auto Freq - When auto freq is enabled, the trace display will show the full frequency range
determined by all active EMI sweeps. When auto freq is disabled the trace display will only
span the frequency range selected by the Disp Start/Stop controls. This can be used to
selectively display a region of interest.

Disp Ref - This is the reference level used for the trace display.

Max Input - Specify the maximum input signal to be received by the unit. This controls the
sensitivity of the unit. This value will be used to all active sweep ranges. Select a value that
is roughly 5dB higher than the largest expected input.

Div - Adjust the y-axis scale of the plot.

Trace Type - Select between a clear-and-write, max-hold, and average trace behavior. All
ranges will follow this behavior.

Average Count - Specify the number of trace averages to occur when trace type is
average. All ranges will use this value.

Export - Export the current sweep to a CSV file.

Clear - Clear the displayed sweep.

Set Marker - Manually set the marker frequency.

Pk Threshold - Specify the minimum amplitude required for a signal to be considered as a
peak for the peak left/right buttons.

Pk Excurs. - Specify how far the amplitude needs to fall around a peak to be considered a
peak for the peak left/right buttons.

Peak Search - Set the marker to the frequency of the largest amplitude signal found.
Disable - Hide the displayed marker.

To Ref - Set the reference level to the current marker amplitude.

To Meters - Set the bar meter frequency to the current marker frequency.

Peak Left - Move marker to the next peak on the left.

Peak Right - Move marker to the next peak on the right.

Freq - Select the meter center frequency.

Bandwidth - Select the bandwidth used for the meter readings.

Meas Time - Select the acquisition time to be used for the meter readings.

Start - Start meter detection. This will interrupt sweeps.

Stop - Stop meter detection. The software will resume sweeping.

Clear - Clear the current and peak meter readings.

To List - Store the current meter readings to the meter list.

4.9.2 Range Table

Rangs Table

!

EEEEEEERE

Load Default

Save Table
Load Table

Encbled | StartFreq | StopFreq | RBW Shape | RBW | vew  [autovBw|Vvideo Units | Detector | Dwell Time (ms) | Threshold (dBu¥) | Limit Start (dBul) | Limit Stop (dBul) | Selectivity (d6) | Trace

Disabled 9.000000 kHz 150.000000 kHz CISPR ~ 200.000000Hz 200.000000Hz Autb — Power ~ Peak 1.000 40.000 60.000 60.000 6.000

Disabled 150.000000kHz ~ 30.000000 MHz CISPR ~  9.000000kHz ~ 9.000000 kHz Auto Power ~ Peak ~ 1.000 40.000 50.000 50.000 6.000

Enabled 30.000000 MHz  230.000000 MHz CISPR ~ 120000000 kHz 120.000000 kHz = Auto Power Peak ~ 1.000 30.000 40.000 65.000 6.000

Enabled 230.000000 MHz ~ 1.000000GHz CISPR ~  1.000000 MHz ~ 1.000000 MHz Auto Power Peak ~ 1.000 30.000 47.000 60.000 6.000

Disabled 150.000000kHz ~ 30.000000 MHz CISPR ~  9.000000kHz ~ 9.000000 kHz Auto Power Peak ~ 1.000 40.000 60.000 60.000 6.000

Peak ~ 1.000 40.000 60.000 60.000 6.000

Disabled 150000000 kHz ~ 30.000000 MHz CISPR ~  9.000000kHz ~ 9.000000 kHz Auto

Disabled 150.000000kHz ~ 30.000000 MHz CISPR ~  9.000000kHz  9.000000 kHz Auto Power Peak ~ 1.000 40.000 60.000 60.000 6.000

Disabled 150.000000kHz ~ 20.000000 MHz CISPR ~ 9.000000kHz ~ 9.000000 kHz Auto Power Peak ~ 1.000 40.000 60.000 60.000 6.000

]

Disabled 150000000 kHz ~ 30.000000 MHz CISPR ~  9.000000kHz ~ 9.000000 kHz Auto Peak ~ 1.000 40.000 60.000 60.000 6.000

Disabled ~ 150000000kHz  30.000000MHz CISPR ~ 9.000000kHz ~ 9.000000 kHz Auto ~ Power
- - Power

Power — Peak - 1.000 40.000 60.000 60.000 6.000

Peak ~ 1.000 40.000 60.000 60.000 6.000

11/ Disabled 150.000000kHz ~ 30.000000 MHz CISPR ~  9.000000kHz  9.000000 kHz Auto Power

Figure 42: Range Table Control Panel
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The range table allows you to customize up to ten sweep ranges. Each range can have its own frequency
range, RBW, VBW, and test limits. Changes to the range table are reflected immediately in the software.
The table can be saved to disk and imported later.

e Load Default - Load the default range table inputs.

e Save Table - Save the current table setup to a CSV file.

e Load Table - Load a previously save table setup. This overrides the current setup.

e Enabled - Enable or disable the selected range. Enabling ranges are swept and shown on
the sweep display.

e Start Freq - Select the start frequency of the selected range.

e Stop Freq - Select the stop frequency of the selected range.

e RBW Shape - Select between the 6dB CISPR RBW (Gaussian) or Flattop 3dB RBW filter.

e RBW - Resolution Bandwidth.

e VBW - Video Bandwidth.

e Auto VBW - When enabled, tracks RBW. When disabled, VBW must be equal to or lower
than RBW.

¢ Video Units - Video processing unit type.

e Detector - Select between Peak and Average detectors.

e Dwell Time - Select the duration the spectrum analyzer dwells at any given frequency. This
is helpful for capturing a periodic event. It is recommended to have the peak detector
enabled when increasing dwell time.

e Threshold - Minimum signal level for a signal to be considered a spur. This value must be
lower than the limit setting.

e Limit Start - Set the limit at the start frequency at which a signal is considered to fail the
test setup.

e Limit Stop - Set the limit at the stop frequency at which a signal is considered to fail the
test setup.

o The limitis drawn between the limit start and stop values. If you desire a flat limit,
set them equal. The limit line is interpolated on a logarithmic scale.

e Selectivity - Determines how sensitive the spur detector is. Higher values increase the
necessary separation needed for a signal to be considered a spur. Caution: low selectivity
values may greatly increase the number of reported spurs.
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4.9.3 Frequency Scan Display

Ref 60.00 dBuV
Div10.0 dB

Failed

Sweep Time 1014 ms

Auto GaiantF%ﬂ

40.0

30.0

200

10.0

0.0

16k
-40-0g9 400000 kHz

Figure 43: Frequency Scan Display Showing Four Configured Sweep Ranges.

1
1.000000 GHz

For precompliance measurements, the main display is the frequency scan display. This plot shows all

configured sweep ranges on one plot. The frequency axis is logarithmically scaled.

The plot stretches from the minimum to maximum configured frequencies. It displays each sweep range
along with visible red lines denoting the limits you entered and numbered spur markings. A single
marker is available by clicking anywhere in the spectrum.

The visible sweep can be configured using the control panel, either as a max hold or normal trace.
Configuring the sweep as max hold can assist in finding signals of interest, such as intermittent and short

duration events.

4.9.4 Spur Table

Export Spur Spur
Table

Selected Spur
To Meter

Scan Spurs

[] Failing Only

h = @ = Wn &= O

b e e b e e e e

Range

Freq

112.855528 kHz

17.127989 kHz
9.841918 kHz

21.400449 kHz
25672910 kHz
11.253356 kHz
47.092432 kHz
42.800898 kHz
29983517 kHz

| Amp (dBuV)
13.29

10.92
8.51
764
6.46
2.89
135
0.55
0.30

| Limit (dBuV)
10.00

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00

Margin (dB)
3.29

0.92

-1.49
-2.36
-3.54
-7.11
-8.65
-9.45
-9.7

Figure 44: Spur Table Sorted by Spur Amplitude
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The spur table lists all signals above the minimum threshold set for each sweep range. The spur column
value correlates to the numbered spur shown on the frequency scan display. Only the first 100 spurs will
be shown. Spurs which violate the upper limits set in the range table will be highlighted red.

Once you have identified one or more spurs of interest, it is easy to begin measuring each frequency of
interest. Using the Single button and pausing the sweeps will cause the spur table to stop updating. Then
you can sort by frequency or amplitude and measure each frequency of interest independently using the
Selected Spur to Meter button.

e Export Spur Table - Export both the peak table and meter list to a CSV file.

e Selected Spur to Meter - Move the currently selected spur frequency to the meter
frequency input.

e Scan Spurs - Take meter measurements at all spurs and add results to Meter Readings list.

e Failing Only - Only measure failing spurs (spurs that exceed the limit) on Scan Spurs.

e Spur - The spur number. The spurs are ordered by frequency by default.

e Range - Signifies which configured range the peak is presently in.

e Freq - The frequency of the spur.

e Amp - The amplitude of the spur.

e Limit - The interpolated limit of the range in which the spur occurs.

e Margin - The difference between the amplitude and the limit (Amp - Limit).
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4.9.5 Bar Meters
Frequency 100.000000 MHz

RBW 120.000000 kHz
Peak QP Avg(Lin)
4706 4424 1427
4681 4280 1098

dBuVv

Figure 45: Bar Meters Measuring Pulsed Signal

The bar meters' display is the second measurement tool for
precompliance testing. The bar meters show you three different
detector readouts at a single center frequency.

The bar meter measurement is activated using the Start and
Stop buttons found on the control panel. It is automatically
started after clicking the Selected Spur To Meter button in the
Peak Table panel. While these detector measurements are
active, sweeps are no longer updating.

The frequency and bandwidth can be selected through the
control panel, and there are several quick ways to populate the
configuration for your signal of interest, such as the markers To
Meters button which sets the detector frequency to the current
marker value, and the Selected Spur to Meter button, which
moves the frequency for the currently selected spur in the spur
table to the meter settings.

The bar meters show the output of up to 4 detectors. The peak
and quasi-peak detectors are always shown, and the average
detector can be set to RMS or linear average.

A red limit line is shown at the meter frequency, interpolated
from Limit Start and Limit Stop in the Range Table.

The meter's update at the rate set by Meas Time on the meter
settings control panel.

The meter's store and display the max held detector values read since the last time the Clear button was
pressed. Pressing the To List button stores the current peak detector values to the meter list.

4.9.6 Meter List

Export Meter
Readings
Delete Selected
Clear List

Frequency

RBW (6dB)

Peak (dBuV)

Quasi-Pk (dBuV) | Avg Lin (dBuV) | Avg RMS (dBuV) |  Limit (dBuV) Date/Time Comments -

1

~

=

7

171.362305 kHz
204931641 kHz
238.500977 kHz
272.070312 kHz
305.639648 kHz
327.001953 kHz
372.778320 kHz

9.000000 kHz
9.000000 kHz
9.000000 kHz
9.000000 kHz
9.000000 kHz
9.000000 kHz
9.000000 kHz

2449
FERE
3261
2230
1916
2340
1954

1.00 18.06 18713 1634 Thu Mar 25 10:...
9.43 1797 1830 16.34 Thu Mar 25 10....
18.00 25.96 26.47 16.34 Thu Mar 25 10...
849 14.96 1577 1634 Thu Mar 25 10:...
540 11.03 1218 16.34 Thu Mar 25 10....
970 16.87 17.44 16.34 Thu Mar 25 10...

5.4 10.55 12.02 1634 Thu Mar 25 10:...

Figure 46: Meter Reading Results

The meter list is generated by taking detector measurements at various frequencies and saving them
with the To List button, or by clicking Scan All in the Peak Table panel. This list can be exported into a CSV

file.
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e Export Meter Readings - Export meter readings to a CSV file.

e Delete Selected - Remove the selected meter reading(s).

e Clear List - Remove all readings from the list.

e Frequency - The frequency that the meter reading was performed at.
e RBW - The resolutions bandwidth of the measurement.

e Peak/Quasi Pk/Avg - The detector results of the measurement.

e Limit - The interpolated limit of the range in which the spur occurs.

o Date/Time - Timestamp of the reading.

e Comments - Entry field for notes about the reading.

4.9.7 Report Panel

Report &

DUTName  [vsGzsA |

Report Humber [01234X |
Generate Report

DUT Info |S/N 51520021 ‘

‘ Cleaginiy | Date of Test 3/25/2021 ~|

TestEngineer [Jay Inslee J

Notes Another great test,

Figure 47: PDF Report configuration and generation.

The report panel enables the generation of a formal PDF report of the results of the precompliance
testing. The report contains all the readings in the Meter Readings list, in tabular form, a snapshot of the
sweeps plot, the metadata as entered (report number, DUT product name, DUT product info, date of
test, test engineer, and notes), and a full description of the spectrum analyzer used under test
equipment, including the manufacturer, model number, serial number, and firmware version.

e Generate Report - Generate and save the PDF report to chosen location.

e Clear Info - Clear metadata entry fields.

e Report Number - Identifying number for report.

e DUT Name - Name of product under test.

e DUT Info - Additional description of product under test (eg. serial number).
e Date of Test - Date the readings were carried out.

e Test Engineer - Engineer responsible for test.

¢ Notes - Additional information.

4.9.8 Quasi-Peak Measurements

Quasi-peak (QP) measurements are available through the bar meters display. QP measurements begin
when pressing the Start button on the precompliance settings control panel.

The QP detector in Spike is defined by the CISPR 16.1 and ANSI C63.2 standards. The characteristics are
shown below.

Frequency Range Charge Time Constant Discharge
Time Constant
9-150 kHz 45 ms 500 ms
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150kHz - 30 MHz Tms 160 ms
30 MHz - 1 GHz Tms 550 ms

The charge time is defined as the time needed after the instantaneous application of a constant RF
sinewave voltage at the instrument input, for the output voltage to reach 63% of its final value.' The
discharge time constant is the time needed, after the instantaneous removal of a constant sinewave
voltage applied to the input of the instrument, for the output voltage to fall to 37% of its initial value."

The QP detector is realized in the Spike software with digital filters.

4.9.8.1 Damped Output

The output of the QP detector is simulated as a critically damped meter with time constant of 160ms for
9 kHz - 30 MHz and 550ms for 30 MHz - 1 GHz.

This meter output is realized in the Spike software with digital filters.

4.10 ANALOG DEMODULATION

The Spike software can perform analog modulation analysis on AM and FM modulated signals. This
mode provides several plots and measurements for analog modulation analysis. Analog modulation
measurements are available through the Analysis Mode->Analog Demod file menu.

This mode provides 5 views for the AM and FM time and frequency domain. All plots in analog
demodulation mode adhere to the basic plot interface in Spike.

¢ AM Time Domain plot shows the amplitude modulation over time in the units specified by the
Input Level settings.

e AM Spectrum plot displays the frequency spectrum of the AM waveform. The y-axis shows the
AM depth% on a logarithmic scale, using 100% depth as the reference.

¢ FM Time Domain plots shows the FM demodulated signal over time with a selectable frequency
reference level.

e FM Spectrum displays the frequency spectrum of the FM waveform. The y-axis is frequency
deviation in Hz, with the reference level reference level equal to the device sample rate.

e Analysis Summary displays the modulation measurement results for the AM and FM
waveforms.

Configuring the software to perform measurements involves selecting the input signal power level,
carrier frequency and low pass filter using the controls found on the right-hand side control panel. The
low pass filter is applied to the demodulated signal before modulation analysis is performed. Changes to
the settings are reflected immediately in the acquisition.
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File Edt Presels Setings Analysis Mode Uilties Help
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Figure 48: Viewing a broadcast FM signal and observing the 19kHz FM pilot tone in analog demodulation mode.

The ana

log demodulation mode performs a number of basic measurements on an audio signal such as:

Carrier Frequency records the carrier frequency.

Carrier Error records the difference between the measured carrier frequency and
configured center frequency.

Avg Power records the average power of the entire capture in dBm.

Peak (+/-) records the minimum and maximum peak of the audio signal, recorded in Hz for
FM and depth% for AM

RMS records the root mean square of modulation. RMS is displayed as Hz for FM and
depth% for AM.

Modulation Rate records the frequency of the AM/FM modulation.

SINAD (Signal-to-Noise And Distortion ratio) records the signal quality defined by the
function

Psignal + Pnoise + Pdistortion

SINAD = . . .
Pnoise + Pdistortion

THD (Total Harmonic Distortion) records the presence of harmonic distortion in the audio signal as

defined

by the function

JVE+ V24 o+ V2
4

THD =

or in words, the RMS of the first nine harmonics to the RMS of the fundamental frequency.

Both SINAD and THD measurements occur for AM or FM depending on which demodulation type is
selected for Zero-Span.
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4.17 INTERFERENCE HUNTING

Interference is a critical concern wherever RF signals are broadcast or regulated. When links are noisy,
signals are dropped, or data rate is low, interference is a likely culprit. If interference is present, then
there will be an elevated noise floor on the receive channel. The interfering signal itself may not be on
the receive channel, however it must be within the analyzer's bandwidth. Interference Hunting mode
provides tools to help spot and characterize such a signal.

File zan Presets _Sefings _AnaysisMode Umitles Help

= Singe Can ||
10001000 Sweeps [ swees contguraion ]

Threshold Acquwred Center 1.260000 GHz
Enadled Span 1500000 GHz
Acamime 10005 s s00000000 Mz
Acq Mode Average o Stop 2.000000 GHz
g Ofset 7000 | o8 v Swep 20.000000 MHz
8 Ref -30 000 RBW 300.000000 kHz. VBW 300.000000 kHz
3 Color EEE—] peluce
Import Export - . Y — - RefLevel allw -30.000 | dBm ~
Acaurs Baseine o 7o00] &
44.00|
[ra— oo00000us T -
Deviation 1000000 WHz RBW = B 300 000000 Kz
Lo Fo vaw -l 300.000000 kHZ
v naarew
e
FreaFomat | Center Ganaman
Orfomel SoEEEEE
Color
Video Units | Powes -
Detecor | e -
Swp Time 1.000 ms
100. =
Start 854 530878 MHz Span 306 796742 MHz Stop 1161328 GHz
,
LR —
L S e MOV A BV p R - A A s
4999997682 MHz 1249531 GHz 1.999062 GHz
&
Export Events | Center Freq Bandwidth Level (dBm) | Threshold (d8m) |  Margin (dB) Start Time Dunation
donssume oz s o s 0717 083840183 001391
Clear Evonts
3 899.804206 MHz 11171570 MHz 1221 43170 10893 20/07/2017 08:58:40:282 00:00:11:292
9 (1097343 GHe 5312498 MHz 12160 82262 10102 20/07/2017 08:58:42:566 00:00:09:008

Figure 49: Detecting events in Interference Hunting mode with an acquired baseline. Yellow area on right is an exclusnon zone.

A signal can be detected by setting a baseline, or an amplitude threshold above which a signal is
considered suspicious. Any time a signal occurs above this baseline level, an “event” is created in
software to describe this instance in as much relevant detail as possible. An event stores the frequency,
bandwidth, peak level or channel power, threshold (baseline level at that frequency), margin (decibels
over threshold), start time, and duration of the signal.

Events are then displayed in a list on screen that updates after every sweep, and they can be logged as
they occur in a CSV file. Logging allows for unmanned operation over an extended period of time, which
is especially useful for sparsely intermittent signals. The software can sit for days watching, and it will
automatically capture all relevant details of interesting signals, producing data for later inspection.

4.11.1 Setting a Baseline

A baseline can be either a flat line, representing a single amplitude level threshold, or can be acquired
over a period of sweeps. In the latter case it may represent, for example, a max held image of the noise
floor.
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Figure 50: A flat baseline. Figure 51: An acquired baseline.

A flat baseline can be set instantly by simply choosing a threshold level. A baseline is acquired by setting
a time interval for acquisition, and a mode of acquisition-- min hold, max hold, or average. Once
acquired, a decibel offset can be applied to move the baseline to the desired location on the amplitude
axis. Acquired baselines can be exported and imported, using a CSV format.

4.11.1.1 Baseline File Format

A baseline is saved as a CSV file, consisting of a header and a list of points defined as (frequency,
amplitude) pairs. If you export an active baseline, you will observe the file format below.

BASELINE, Version 1
startFreq, 2.00E+09
binSize, 100.0E+06

RBW, 30.0E+03

VBW, 30.0E+03

refLevel, -20.00

div, 10.00

timestamp, 1.50714E+12
offset, 5.00

frequency(Hz), amplitude(dBm)
2.00E+09, -50.00
2.10E+09, -51.00
2.20E+09, -48.00
2.30E+09, -39.00

Table 1: Baseline file format example.

The frequency of each point is inferred from startfreq and binSize as defined in the header; the first
point's frequency is equal to startfreq, and each following frequency is spaced binSize from the one
before it. The frequencies listed are for convenient reference and are NOT USED when importing the
baseline.

RBW, VBW, refLevel, and div reflect the sweep settings at the time of capture. Like the timestamp and
point frequencies, they are for reference and are ignored. Offset refers to the dB offset specified in the
Baseline section of the General Control Panel.

Custom baseline CSV files utilizing this format can be edited or created in a spreadsheet editor and then
imported.
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4.11.2 Defining Events

For a single sweep, an event is the portion of a signal that is above the baseline. However, since an event
has a time dimension, and may exist over multiple sweeps, the issue arises of when to consider a single-
sweep event to be merely a snapshot of an ongoing multi-sweep event, when to consider it as the full
event, and when to not consider it an event at all.

...........................

Figure 52: A single-sweep snapshot of an event.

Two parameters are available to fine-tune what constitutes an event in the time domain—frequency
deviation and minimum duration. Deviation refers to the maximum allowable difference in center
frequencies between consecutive snapshots for those snapshots to be considered part of the same
event. Minimum duration sets a lower bound on how long a signal must persist before being considered
an event.

Deviation

(Hz)

YN
o] N
ANARE

| P 1

Figure 53: The frequency deviation between two single-sweep snapshots of an event.

To maximize capture and catch quick or jumpy signals, set minimum duration to zero and deviation to a
high value. To more tightly restrict what constitutes an event for more persistent and steady signals, set
minimum duration to a higher value and dial down deviation.

4.11.3 Regional Zoom

Interference Hunting mode provides regional zoom functionality, which allows for close visual inspection
of specific parts of spectrum without changing span.

949 999587 MHz 999 950737 MHz 1.049902 GHz

Figure 54: The regional zoom controller.
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The regional zoom controller is located below the main sweep plot, appearing as a horizontal strip. It is
used to control what portion of the sweep is visible in the main plot by adjusting the lower and upper
bounds of the unshaded region. These bounds, visible as vertical black lines, to the left and right of which
are the unseen shaded regions, can be dragged in either direction, and the entire unshaded window can
be dragged.

The full sweep at the current span setting, along with any baselines and events, is always visible in the
regional zoom controller.

Ref-30.000 RBW 300.000000 kHz VBW 300.000000 kHz
Mkr. 998 989565 MHz, -40.076 dBm

I

44,00,

-72.00)

Start 981.718323 MHz Span 37265609 MHz Stop 1.018984 GHz

3nmm THz 1249531 GHz - ! ! 1.999062 GHz.
Figure 55: Regional zoom being used for close inspection of event.

4.11.4 Exclusion Zones

Exclusion zones are areas of spectrum where events cannot occur. By excluding known sources, large
areas of spectrum can be monitored with decreased risk of false positives. An exclusion zone is defined
by a start and stop frequency.
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Figure 56: A signal breaking a flat baseline threshold and falling partially within an exclusion zone (the yellow shaded portion). Only the
unexcluded part of the signal is considered an event (the red shaded portion).
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4.11.5 Spectrogram

The spectrogram, or waterfall, is a useful view in this mode, and can optionally appear above the main
plot. It is described in more detail in Display Modes.

4.11.6 Sweep Settings Control Panel

See Sweep Settings Control Panel in Swept Analysis Mode.
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4.11.7 Interference Hunting Toolbar
e Spectrogram - Enables the spectrogram display. See Spectrogram.

4.11.8 General Control Panel

The General control panel contains the basic controls specific to Interference Hunting mode. It is divided
into two sections, Baseline and Events, which are the two main abstractions introduced by the mode.

4.117.8.1 Baseline

A baseline defines the threshold, at each frequency it
contains, above which a signal is considered to be an
event. A baseline can be either a flat line, where the
threshold is the same across all frequencies, or it can
be acquired from a signal over a period of time.

e Threshold - Specifies which type of baseline is
being used: an acquired one, or a flat line
(minimum signal).

e Enabled - Specifies whether a baseline will be
displayed on plots and used to detect events.

e Acq Time - The amount of time over which a

new baseline is acquired.
e Acq Mode - What type of

4  Baseline

Threshold |Acquired --|
Enabled

Acq Time | 1.000s |
Acg Mode |Auerage v|
Offset | 5.000 | dB
Flat Line | -70.000 | dBm
| Import || Export |

Acquire Baseline |

Figure 57: Baseline subset of General Control Panel

accumulation function to use on consecutive sweeps during baseline acquisition.
e Offset - The amplitude offset of an acquired baseline from its original level.
¢ Flat Line - The amplitude that is the constant threshold for what is considered an event.

e Import - Load a saved baseline.
e Export - Save the current baseline.

e Acquire Baseline - Begin acquiring a new baseline according to the current acquisition

rules.

4.11.8.2 Events

An event is an incident where the input signal jumps above the threshold set by the baseline over a
frequency range. It is defined by a frequency, bandwidth, peak level or channel power, threshold
(baseline level at that frequency), margin (decibels over threshold), start time, and duration of the

signal.

+ Win Duration - The minimum amount of ime

a signal must break the baseline to be
considered an event.
e Deviation - The allowable variation of the
center frequency of an event.
e Level - The mode of level calculation.
o Peak - The highest amplitude of event.
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Min Duration | 0.000000 us |
Deviation | 1.000000 kHz |
Level | Peak v|
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o Channel Power - The channel power surrounding the center frequency of the
event.
e Auto-Width - In Channel Power
mode, automatically choose a bandwidth for chari A& BoWer CompoatioA. contro! Panel
¢ Bandwidth - In Channel power mode, manually input a bandwidth for channel power
computation.
e Freq Format - The frequency format to be used in event list and logging.
o Center /Bandwidth - Specify an event using its center frequency and bandwidth.
o Start/ Stop - Specify an event using its start and stop frequencies.
e Dur Format - The duration time format to be used in event list and logging.
e Basic (s) - Display time in seconds.
¢ Extended (hh:mm:ss:ms) - Display time in clock format.
e Color - The color of an event on the plots.

4.11.9 Measurements Control Panel

See Measure Control Panel in Swept Analysis Mode.

4.11.10 Exclusion Zones Control Panel

An exclusion zone is an area of spectrum in which an event cannot take place. An exclusion zone is
defined by a start and stop frequency. It is useful for ignoring known sources.

Exclusion Zones e Add Zone - Adds a new exclusion zone definition
to the list and activates it.
_ ¢ Remove Zone - Removes the highlighted
_ Name Start stop | exclusion zone definition from the list.
1 ([ LTE 1.350000 GHz 3.300000 GHz e Clear - Removes all exclusion zone definitions
2|[F] Bluetooth 2.402000 GHz 2.480000 GHz from the list.
e All - Activates all exclusion zone definitions in
the list.
¢ None - Deactivates all exclusion zones
definitions in the list.

fuldLong e Import - Import a saved set of exclusion zone
PLAMIve Sord definitions.
Clear e Export - Export the current list of exclusion zone
definitions for later loading.
Al Mone
Import Export Figure 59: Exclusion Zones Control Panel

4.11.11 Logging Control Panel

Events can be logged in real time as they occur by being automatically written out to a CSV log file.
Logging can occur over long periods of time and does not require monitoring. Logging continues until
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either the logging is manually cancelled, a set amount of time has elapsed, or a set number of maximum
events has been reached.

Logging

Save Directory | Select | Capture Size | 1.000 s | Time Elapsed: 0
|C:J’UsersIRoger!DocumentsISignaIHound | Unlimited Events Events Captured: 0

File Prefix [iHLOG | MaxEvents | 1000 | File Size: 0
| Start | MaxFile size (GB) | 1.000|  Disk Free: 145.9233 GB

Figure 60: Logging Control Panel

e Save Directory - The default directory for the CSV event list files to be stored.

¢ File Prefix - Applies a file name prefix to all files saved. Useful for creating identifiable file
names.

e Capture Size - Specifies the length of time during which logging takes place.

¢ Unlimited Events - No upper limit on events captured-- continue for the duration of the
capture size.

e Max Events - The maximum number of events that can be logged during one capture.

e Max File Size - The maximum file size allowed for a CSV log file.

4.11.12 Event List

Current events appear in the event list, which is updated every time a new sweep arrives from the
device. The event list can be continuously sorted by any of its columns and can be exported to a CSV file
for a quick snapshot of events occurring at that time. When events are cleared, all future events are
considered new, and start times begin at the time received and durations begin at zero.

Event List

| Export Events | Centerfreq | Bandwidth | Level (dBm) | Threshold (dBm) | Margin (dB) | Start Time | Durtion
3|009.099565 MHz 624909728 kHz  -40137 -81.000 10,363 20/07/2017 08:15:24:794 00:01:05:440
| Clear Events | -
2(120.039010 MHz 78124966 kHz  -80.345 -81.000 0.655 20/07/2017 08:15:55:115 00:00:35:119
4|2999999 GHz 468749796 kHz  -60.766 -81.000 20234 20/07/2017 08:15:56:445 00:00:33:789

Figure 61: Event List

e Export Events - Save the current event list table to a CSV file, preserving the current
sorting rule.
o Clear Events - Delete all events in event list table.

4.12 SPECTRUM EMISSION MASK

The spectrum emission mask (SEM) measurement is used to detect out of band spurious, interfering,
and excessive emissions. Emissions are tested against a mask that can be defined as relative to the in-
band power of a signal at frequency offsets relative to the center frequency.
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Masks are entered manually in the offset table. Spike also contains several preset masks that can be
loaded directly into the table. Mask offsets are drawn on the graticule using shaded regions, green for
passing, red for failing.

When configuring the SEM measurement, an input level should be chosen that is as close to the
expected input power as possible. This will improve the dynamic range of the measurement. An IF
overload message will appear if the input power is set too low.

All configured offsets are measured relative to an amplitude reference. This reference is measured using
either a peak measured value, the channel power, or directly set by the user. The span of which the peak
or channel power is measured is selectable and defaults to the span between the first configured offset.
The reference is calculated for each sweep.

The plot in SEM mode adheres to the basic plot interface in Spike.

Ref-10 000 dBm RBW 30000000 kHz VBW 30.000000 kHz

Reference -33.388
Pass

-30.00

-50.00 \
— |

—_—

-70.00

iy, Hndwlyy n,ruw«wmmﬂ e gy NMW””WWWW

-80.00

1020735 500 Wi -21.000 MHz -7.000 MHz 0 7.000 MHz 21.000 MHz 35.000 MHz

Figure 62: Testing input against an 802.11 OFDM transmission mask.

4.12.1 Control Panel

The following is a description of the various controls in the SEM Settings control panel.

e Center Freq - The reference frequency for the offset table and tuned center frequency of
the sweep.

e Step - Controls the frequency step size when using the center freq arrows.

e Span - Frequency span around the center frequency.

¢ RBW - Resolution bandwidth, using a flattop window.

e VBW - Video bandwidth.

e Input Level - The maximum expected input level of the signal.

e Div - Controls the plots y-axis scale.

e Video Units - In the system, unprocessed amplitude data may be represented as voltage,
linear power, or logarithmic power. Select linear power for RMS power measurements.
Logarithmic power is closest to a traditional spectrum analyzer in log scale.
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o Detector - As the video data is being processed, choose whether min/max or avg
amplitudes are stored.
e Trace Type - Specify whether a clear/write or max hold trace is used.
e Meas Type - Specify how the reference amplitude is measured.
e Reference - Specifies the amplitude reference directly.
e Width Set - Specify the range of frequencies over which the channel power amplitude
measurement reference is calculated.
o When set to Auto the span between the center frequency and first frequency offset
is used.
o When set to Manual the entered width is used.
e Width - Direct set width.
e Meas Width - Actual measurement width.
e Load Mask - Load a predefined offset table based.

4.12.2 Context Menu

e Show Pass/Fail Indicator - Toggles visibility of pass/fail indicator located at top center of
graticule.

4.12.3 Configuring Offsets

Up to 16 offsets can be configured. Offsets can be tested against an absolute amplitude or one relative
to the measured power of the in-band channel and can have linear shape (flat or linear slope). Offsets
are configured as uppers offsets but are then applied as both upper and lower, symmetrical around the
center frequency.

Offset Table: El

State [ Start Freq [ Stop Freq [ Limit Start [ Limit Stop [ Mode =
10.000000 kHz. 20.000000 kHz. -25.000 -25.000 Relative

Save Table
Enabled

Enabled 20.000000 kHz 30.000000 kHz -35.000 -35.000 Relative
30.000000 kHz. 60.000000 kHz. -35.000 -65.000 Relative

60.000000 kHz. 75.000000 kHz -65.000 -65.000  Relative

Load Table Enabled

]

U\‘\nlb‘w‘N‘b—‘

Enabled

Enabled 75.000000 kHz. 100.000000 kHz -80.000 -80.000 Relative

AR REEEREEE
e

Disabled -1.000000 Hz -1.000000 Hz 0.000 0.000 Absolute

=
Figure 63: SEM offset table editor.

4.12.4 Results

The result of each configured offset is displayed in the results table. The results table shows the largest
margin of both the upper and lower offset on one row. Results can be exported to a custom CSV.

The frequency and level columns display the frequency and amplitude of the worst margin in the given
offset.
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Results =]
Export Peak Lower Frequency | Lower Level I Lower Margin I Lower Pass/Fail | Upperfrequensy | Upper Level I Upper Margin I Upper Pass/Fail -
Table 1 (999987895 MHz 8075 1862 Pass 1000010 GHz 8755 642 Pass
2 (999877926 MHz 9126 013 Pass 1000023 GHz -90.00 286 Pass
3 (999540334 MHz 9464 1384 Pass 1000059 GHz 9304 1382 Pass
4 (999933302 MHz 9440 1327 Pass 1000062 GHz 9443 1330 Pass
5 (99917963 Mz 9539 074 E s 0503 140 R
6 A A N/A N/A NA NA NiA NiA -
Offset Table

Figure 64: SEM Results Table.

4.12.5 Limitations

Not all Signal Hound devices can perform all mask measurements. The dynamic range limitations of
some Signal Hound devices such as the SA44, SA124, and BB60 series spectrum analyzers might prohibit
certain mask measurements such as the AM/FM masks at the outer offsets. To avoid failing
measurements in these situations it might be necessary to disable the outer offsets.

(A note about the legacy software broadcast mask measurements,) The legacy Signal Hound software
performed custom sweeps to help overcome the dynamic range limitations of the SA series devices.
These custom sweeps are not performed in the Spike software and thus you might have different results
when comparing to the legacy software, particularly when comparing the FM broadcast mask
measurements.

4.13 NOISE FIGURE

Noise figure measurements are available for SM, SP, and BB series devices. For more information, see
Limitations.

Noise figure is a measure of the noise a device contributes to a signal, expressed as the degradation in
signal/noise ratio as the signal passes through the device. It is not a direct measurement, but is
computed, using the Y factor technique, from several measurements taken by the spectrum analyzer.
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s 001000 GHz 3.001000 GHz

38.8208 Gai

35931 D160 Gz 3001000 GHz

Figure 65: Noise figure and gain plots of a small wideband amplifier, tested with an SM200A and an Agilent 346B noise source.

4.13.71 Process Overview

The measurement consists of two steps, each of which measures the noise power level when the noise
source is in an ON and OFF state. In the first step (calibration), the noise source is connected directly to
the spectrum analyzer. Then, in the second step (DUT measurement), the DUT is inserted in the signal
chain between the noise source and the spectrum analyzer.

The DUT properties are derived from the difference between the DUT measurement system and the
calibration system.

Once a calibration is performed for the current configuration, repeated measurements can be taken
without the need for repeating the calibration step.

4.13.2 The Y Factor Method

The Y factor technique is a common method of calculating noise figure (NF). Its computations are carried
out in terms of noise temperature (T) in linear scale.

Noise figure is expressed on the logarithmic scale. Noise factor (F) is the linear equivalent:
NF =10 logyo F
(1)

TheY factor is defined as the linear ratio of noise power level when the noise source is ON and OFF:
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N,
y = —toN

NOFF

()
The Y factor can be converted to noise temperature:

ON OFF
T = Tsource =Y (TSource

Y -1

3)

where TIY._ .. is the excess noise ratio (ENR) of the noise source, and T2EE . is the ambient room
temperature, generally considered to be 290 K.

Noise factor can then be derived from noise temperature:

F=1+—=
OFF
TSource

@
The measurement setup is considered a two-stage system, where the DUT is stage 1, and the spectrum

analyzer is stage 2. The noise factor of a two-stage system (F12) can be derived from the noise factors of
its component stages (F1, F2) and the gain of its first stage (G1):

F2_1

1

FlZ = F1 +

®)
This equation can be written in terms of noise temperature for stage 1:

T,
T, =Ty, _G_
1

®)
DUT gain is computed:

ON OFF

G. = Niz' — Nz

1= ON OFF
Nz _le

@

So, after noise temperatures have been calculated from the calibration (T,) and DUT measurement (T1)
steps, the noise figure of the DUT is calculated using equations 4, 6, and 7.

4.13.3 Control Panel

The following is a description of the various controls in the Noise Figure Settings control panel.
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e Freq Mode - Choose between Swept and Fixed mode. In swept mode the number of
measurement points specified by Points are evenly distributed across the span. In Fixed
mode, only the Fixed Freq is tested.

e Start/Stop - The lowest and highest frequencies to test (when not in fixed mode).

e Center - The center of the range of frequencies to test (when not in fixed mode).

e Span - The range of frequencies to test (when not in fixed mode).

e Points - The number of frequencies to test, evenly spaced across the span (when notin
fixed mode).

o Fixed Freq - The frequency tested in fixed mode.

e Ref Level - The power level of the top graticule line.

e RBW - Resolution bandwidth, using a flattop window.

e VBW - Video bandwidth.

e Auto RBW - Having auto selected will choose reasonable and fast RBWs relative to the
meas span. When changing meas span, it is recommended to have this enabled along with
Auto VBW.

e Auto VBW - When enabled, VBW will equal RBW.

e Meas Span - The span of the sweeps taken during measurement at each test frequency.

e Averaging - If averaging is enabled, then for each frequency test point, the number of
power readings defined in “Avg Number” will be averaged.

e Avg Number - The number of sweeps averaged during measurement at each test
frequency, if averaging is enabled.

e Room Temp - The ambient temperature of the room, in Kelvin.

e Play Alert - When enabled, a sequence of beeps will play when a full sweep through the
measurement points is completed.

¢ Noise Source (Cal) - Select the noise source to be used for the calibration step. (See Noise
Sources & ENR Tables for more info.)

¢ Noise Source (Meas) - Select the noise source to be used for the measurement step. (See
Noise Sources & ENR Tables for more info.)

¢ Manage ENR Tables - Opens a manager for the persistent collection of noise source ENR
tables. (See Noise Sources & ENR Tables for more info.)

4.13.3.7 Noise Sources & ENR Tables

When the noise source is receiving power (ON state), its “hot” noise temperature is the excess noise
ratio (ENR) at the frequency being measured. A table of ENR values is a part of the spec of a noise
source, and is often printed on the device. This table must be manually entered into the software
to obtain accurate measurements.

The ENR Table Manager allows for the addition, removal, renaming, and editing of points of each
ENR table. It is accessed via the “Manage ENR Tables” button. Once entered, an ENR table will
persist across sessions until deleted. There is no limit on the number of ENR tables that may be
stored, although in practice this would not exceed the number of noise sources available for use.

The table(s) used for calibration and measurement are saved and loaded in global presets and
matched by name to the current noise source list.
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Keysight 346B 2614410315 Name |Keysight 246B 2614410315 |
BBEOC-3 AmpTest RevA

Mumber of Points 20 Pts

| Edit Points |

| Remove Source |

| Add Noise Source |

Figure 66: Noise Source ENR Table Manager

4.13.4 Results Table

This table displays the measured noise figure and gain at each frequency tested. The table can be
exported as a CSV file using the “Export Results Table” button.

Results &

Export Results Frequency [ Noise Figure (d8) | Gain (dB)
Table 1.001000 GHz 423 3882

1.201000 GHz 434 3810
1401000 GHz 429 3833
1601000 GHz 447 3731
1.801000 GHz 446 3750
2.001000 GHz 440 37.06

Pl E [~

Figure 67: Noise figure results table.

4.13.5 Making Measurements

Taking a noise figure measurement is a process that consists of a sequence of manual steps with
different physical connections. Because of this, Noise Figure mode does not make continuous
measurements.

At any point a measurement can be cancelled using the “Abort” button on the progress dialog. This will
revert the state to before the aborted measurement was begun.

4.13.5.7 Calibration

For the most accurate characterization of the DUT, the system should first be calibrated. This establishes
a baseline, accounting for the analyzers's noise contribution, that can later be subtracted out to isolate
the DUT's performance. This process is often called second stage correction.

The calibration step is optional. If the DUT has high gain (exceeding 30 dB), and the spectrum analyzer
has low noise figure, then the second stage error is minimal, and calibration can be skipped. Otherwise,
skipping calibration will generally result in substantially higher errors. Note that calibration is required for
gain measurement.

Calibration is initiated with the “Calibrate” button on the main toolbar. When this process is complete,
measurements can be taken with maximum accuracy. A calibration will hold (i.e. calibration data is
stored in memory) for the duration of the Spike session, or until the configured measurement points
change. In practice, measurement points are affected by the settings in the control panel's “Frequency
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List” section. If other aspects of the configuration change, such as sweep settings or averaging, the
current calibration will continue to be utilized, but at a reduced measurement accuracy.

The software is always in one of three calibration states, shown as “Cal State” in the toolbar:

- Uncal (red) - There is no valid calibration currently stored. High measurement error is likely
unless the DUT has at least 30 dB gain.

- ~Cal (yellow) - There is a valid stored calibration, however the measurement accuracy has been
reduced due to changes in the configuration since last cal.

- Cal (green) - There is a valid stored calibration whose settings are identical to the current
configuration.

A fresh calibration can be run at any time. For the most accurate measurements, run a calibration
whenever settings change and the calibration state goes out of green “Cal”.
4.13.5.2 Measurement Process

Throughout the measurement process, modal dialog boxes will prompt the user to make the necessary
connections.
The process is as follows:

1) Configure the measurement.

a. Define the frequency list using the “Frequency List” section of the control panel. This is
the list of test frequencies at which measurements will be performed. If “fixed” is
checked, then the frequency list will contain one frequency only, that defined by “fixed
freq”. Otherwise, the span between start and stop will be divided evenly by the number
of points.

b. Define the measurement settings. This includes the settings for each sweep (meas span,
the Amplitude and Bandwidth sections of the control panel), the number of sweeps to
average at each point (Avg Number), the ambient temperature (Room Temp), and
selecting the ENR table that corresponds to the noise source being used.

2) Calibration (Optional).
a. Connect the noise source directly to the spectrum analyzer.

b. Follow prompts to switch power to the noise source on and off.

-

Moise Source

Spectrum Analyzer
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Figure 68: Noise figure calibration step setup.
3) DUT Measurement.
a. Insert the DUT in the signal chain between the noise source and the spectrum analyzer.

b. Follow prompts to switch power to the noise source off and on.

Moise Source
DuT

Spectrum Analyzer

Figure 69: Noise figure DUT measurement step setup.
4) Results.

a. Noise figure and gain calculations at each frequency will be shown in the Noise Figure
and Gain plots, and the Results table.

5) Repeat steps 3 -4 as desired, or return to step 1 to define a new configuration.

4.13.6 Annunciator List
413.6.7 Invalid

If the noise figure or gain calculation fails, an “Invalid” annunciator will be printed in red on the noise
figure and gain plots.

This will happen if the signal measured with the noise source powered ON is ever not higher than the
signal with the noise source powered OFF. In this case, make sure the noise source is powered and
generating a signal as expected and retake measurement.

Some potential remedies to this issue include:

- Using a noise source with sufficient ENR

Increasing averaging

Increasing meas span

Setting reference level for maximum sensitivity

o The table below shows what this value would be for compatible analyzers:

SM200/435 -20 dBm or lower
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SP145 -30dBm or lower

BB60C -50 dBm or lower

BB60OD -30 dBm or lower

413.6.2 IF Overload

This indicates that an IF overload occurred during a measurement. See “IF Overload” in Annunciator List.

4.13.6.3 IF Overload (Cal)

This indicates that an IF overload occurred during the calibration utilized by the measurement. See “IF

Overload” in Annunciator List.

4.13.7 Limitations

e SASeries - Noise figure measurements are not available for SA series devices. Their use of
software image rejection makes them unsuitable for broadband noise signals.

e BB Series - For best results, keep ENR + gain below 40 dB.

e SP Series - For best results, keep ENR + gain below 50 dB.

e SM Series - For best results, keep ENR + gain below 60 dB.

4.14 BLUETOOTH® LOW ENERGY
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The Bluetooth Low Energy measurement mode allows customers to perform general purpose Bluetooth
Low Energy measurements as well as test Bluetooth Low Energy waveforms against the Bluetooth
Special Interests Group (SIG) test specifications for Bluetooth Low Energy transmitters. The Spike
software performs automatic detection and demodulation of Bluetooth Low Energy waveforms and
displays the results in several standard measurement windows. Additionally, decoded Bluetooth Low
Energy packets can be saved to a .pcap file for further analysis in many pcap file analyzers. These
features make Spike an affordable and easy option for Bluetooth Low Energy troubleshooting, pre-
compliance, monitoring, and device manufacturing.

The Spike software supports waveforms meeting the specifications outlined in the core 5.2 spec. Spike
supports the 1TMHz PHY only.

4.14.1 Measurement Concepts
4.14.1.7 Demodulation

When Demod measurement type is selected, Spike performs packet demodulation at the center
frequency selected. An I/Q capture with a specified search length is performed, and a valid waveform is
searched for over this interval. If a valid Bluetooth Low Energy waveform is detected, full demodulation
occurs, any applicable transmitter tests are performed, and the measurement windows are updated.
This will update all plots except the in-band emissions plot.

Detection is performed using a moving average power detector combined with a preamble detect. If a
valid preamble is detected the access address and PDU header is decoded. The PDU is de-whitened
using either the center frequency selected or if overridden, the specified channel index. The waveform is
rejected if the signal length does not match the expected size as specified in the PDU header.

4.14.1.2 Transmitter Testing

The Spike software performs the following transmitter tests as defined by the Bluetooth® SIG*.

e TP/TRM-LE/BA-BV-01-C, output power

e TP/TRM-LE/BA-BV-03-C, in-band emissions

e TP/TRM-LE/BA-BV-05-C, modulation characteristics

e TP/TRM-LE/BA-BV-06-C, carrier frequency offset and drift

*Tests are defined in RF-PHY.TS.p15.

By default, test limits are defined to match the specification. Test limits can also be changed by the user.
Output power, modulation characteristics, and carrier offset and drift measurements are all performed
in the demodulation measurement mode. These tests are performed automatically when a valid

payload is detected.

e Output power measurements are performed over all valid Bluetooth Low Energy
waveforms.
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Carrier offset and drift measurements are performed when the physical layer PDU bits
(transmitted bits) are equal to the pattern 10101010 or 01010101,

Modulation characteristic measurements are performed when the physical layer PDU bits
(transmitted bits) are equal to the pattern 00001111 or 11110000. Please note, some
measurements such as f2/f1 require both 01010101 and 00001111 patterns to be
transmitted before a valid measurement can be made.

The PDU type does not have to be a test packet (access address 0x071764129) for the payload bits to be
checked, any PDU type will be searched.

414.1.3 In-Band Emissions

The in-band emissions test is activated by selecting the in-band emissions measurement type in the
control panel. When this measurement is active, only the in-band emissions measurement plot is
updated.

The in-band emissions test is performed by perform a sweep over the full 2.4GHz band using the sweep
configuration outlined in TRM-LE/BA/VB/03. The transmit channel is automatically detected by looking
for the highest channel power from the 40 Bluetooth Low Energy transmit frequencies.

The sweep configuration used is,

Span = 81MHz

RBW = VBW = 100kHz
Detector = Average
Sweep time = 100ms

4.14.2 Control Panel

The following is a description of the measurement controls found on the Bluetooth Low Energy Settings
control panel.

Measurement - Select between demodulation measurements and in-band emissions. See
the Bluetooth Low Energy Measurement Concepts section for more information.

Channel - Quick frequency select. This control is used to change the center frequency for
demodulation measurements.

Carrier Freq - Manual frequency selection for demodulation measurements. When
Override Ch. Index is unselected, the carrier frequency determines the transmit channel
and therefore the seed used for PDU de-whitening.

Step Freq - Controls the amount the carrier frequency changes when using the arrow
buttons next to the carrier frequency control.

Bandwidth - Specify the acquisition bandwidth for demodulation measurements.
Override Ch Index - When enabled, the channel index can be specified manually for
purposes of PDU de-whitening. This allows measurements on signals generated at any
frequency. When disabled, the channel index is inferred from the carrier frequency setting.
Channel Index - When override channel index is enabled, the channel index is used to
seed the PDU de-whitening.
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e Ref Level - Specifies the maximum input power to the spectrum analyzer.

e Search Len - Specifies the length of the window in which a valid waveform is searched.
Longer search lengths increase capture probability at a decrease in measurement speed.

o Edit Test Limits - Change the test limits for the transmitter tests. Limits are only stored in
the user presets. Modified limits do not persist through program instances unless saved
and loaded through the preset menu.

e Select Save Dir - Select the default directory in which PCAP files are stored.

e Start Recording - Starts the PCAP recording. See PCAP recording for more information.

4.14.3 Bluetooth® Low Energy Measurement Windows

Measurement windows can be added to the plot area using the Add Measurement combo box.

File Edit Presets Settings Analysi

Add Measurement = ||

In Bal AMvs Time Search
000 AMws Time Capture

10,00 FMvws Time Search

-20.00  FMvs Time Capture

~30.00 Eve Diagram |

-40.0C

_5g.of  SPectrum

-60.00  BitInfo

-0.00 Transmitter Characteristics
-80.00 In Band Emissi
50,00 ”n and Emissions ]

Most measurement plots use the basic plot interface.
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414.3.17 AM vs Time Search

-20.00)

AM vs Time Search x

-10,00 dBm AM vs Time

-30.00(
~40.00(-
-50.00(
-50.00(-

-70.00)1

'5.999875 ms

The AM vs Time search plot is active for demod measurements and shows the full waveform search
period. If a waveform was detected it will be underlined in blue. This plot will update even if no signal
was found, making this plot useful for troubleshooting, or verifying signal activity at the frequency of
interest. Both capture status and annunciators are present on this plot.

The annunciators that can appear in this plot are:

No Signal Found, indicates the power detect algorithm did not detect a packet. This can occur if
the signal to noise ratio is too low, or if the packet started before the search window took place
(search window starts in the middle of an already started packet.

No Preamble Found, indicates the leading edge of the packet did not appear to contain a valid
preamble. Valid preambles will contain at least 8 alternating bits. If the SNR is too low, or if the
frequency offset is too large, this error can occur.

Format Error Detected, can indicate the expected waveform does not match the measured
waveform. When the demodulated header does not match a valid pattern, or when the
expected payload extends beyond the packet signal this error can occur. This is most common
when an interfering packet is transmitted mid packet, or when the SNR is too low.

4.14.3.2 AM vs Time Capture

This plot shows the amplitude vs time over the captured waveform, from the first symbol of the
preamble to the last symbol of the CRC.

414.3.3 FM vs Time Capture

This plot shows the frequency vs time over the captured waveform, from the first symbol of the
preamble to the last symbol of the CRC.
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4.14.3.4 Eye Diagram

Eye Diagram

[ x|
00k : : : : : : : :

Eve Diagram
320K ;

240k]
160k
80,0k
0Hz
-B0.0kK
-160k|
-240k]
-320k]
-400k - .

The eye diagram shows every FSK symbol transition in the captured waveform. The eye diagram can

provide a quick at-a-glance view of the signal health, including frequency offset, drift, noise, filter
performance, or symbol timing errors.

4.14.3.5 Spectrum

Spectrum

x|
3.34 dBm*™ . _ : : : : : :

Spectrum

-15.38
-34. 10
-52.82|
-71.54
90,29
-108.98
-127.70
2145, 41l £ 4o
-165. 13™
-183.85

-4.,00 MHz

Freqﬁency 3.99 MHz

The spectrum is calculated over the capture interval. A Nuttall window is used.
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4.14.3.6 Bit Info
Bit Info [ x|

Preamble 10101010

Access Address Ox71764129
POU Type Test Packet
Type 0111 {01010101)

RFL 0000
Length 01111111 (127)
CRC 0xA2CACD (Passed)
Bits 101010101001010010000010011011101000111 =

011100000111111100101010101010101010101
010101010101010101010101010101010101010
101010101010101010101010101010101010101
010101010101010101010101010101010101010
101010101010101010101010101010101010101
0101010101061010101010101010101010101010
101010101010101010101010101010101010101
010101010101010101010101010101010101010
101010101010101010101010101010101010101
010101010101010101010101010101010101010
101010101010101010101010101010101010101
010101010101010101010101010101010101010
101010101010101010101010101010101010101 -

The bit info plot displays the various data components of the captured waveform. Each component of
the PDU header is displayed as well as the bits for the entire capture. The PDU type is determined both
from the current channel index selected and the access address value. The CRC pass/fail message is only
displayed for advertising and test PDU types.
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4 14.3.7 Transmitter Characteristics

Transmitter Characteristics |I|
Cutput Power

Ava Count 107410

Total Avg Power -1.09 dBm Pass

Max Avg Power -1.08 dBm Pass

Pk Power -0.79 dBm Pass

Avg Power -1.09 dBm Pass

Pk - Avg 0.30 dB

Madulation Characteristics

f1Avg

f24ug 233.830 kHz

f2Max Ratio 1.00 Pass
f2 111

Carrier Offset and Drift

Capture Count 10/10

Freamble CFQ -G2519 Hz Fass
Max CFO 284.051 Hz Fass
Max Drift 246.570 Hz Fass
Max Drift'50us 321.296 Hz Pass
Maximum CFO 335583 Hz Pass
Maximum Drift 362,397 Hz Pass
Maximum Drift's0us 362,397 Hz Pass

This plot displays all transmitter test results except in-band emissions. Test results appear once a valid
packet has been detected for that test. Results are averaged/max-held for up to 10 captures. Test results
can be reset by changing any configuration parameter or by pressing the Recal button.

414.3.8 In-Band Emissions

In Band Emissions \Il
0.00 dBm In Band Emissions

: : : : : Result PASS
-10.00
20,00 BLE Tx Channel =
-30,00 Pk Power -24.37 dBm
~40.00 Adj Power Lower30-01 dBm
-50.00

Adj Power Upper~40-11 dBm
-00.00
-70.00f Failed Channels 0
-30.,00(:
-50.00[ :
-100.005 Z5co00 eHz ' — Frequency ' ~ 7.432000 GHz
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This plot displays the test results of the in-band emissions transmitter test. This plot is only updated
when the measurement type is set to In-Band Emissions. See Measurement Concepts: In-Band Emissions
for more information.

4.14.4 PCAP Recording

The Spike software can be configured to store every successful demodulated packet into a .pcap file. The
pcap file uses the libpcap file format with the LINKTYPE_BLUETOOTH_LE_LL_PHDR link layer header type.
When recording is active every packet displayed when the Demod measurement type is active is stored
into the pcap file. Recording can be started and stopped using the Start/Stop button on the control
panel.

Spike does not provide software which displays the contents of the pcap files. Several third-party
applications exist for this.

4.15 WLAN MODULATION ANALYSIS

The Spike software can be used for 802.11b/a/n/ac/ax/ah modulation analysis. The software performs
several physical layer (PHY) measurements including RF quality and performance metrics, channel
characterization, and bit level troubleshooting.

This section covers the various settings and controls for performing measurements, the measurement
windows, demodulation procedure, and finally a measurement walk through.

WLAN measurements are available for SM, SP, and BB series devices.

4.15.1 Control Panel

The following are descriptions of the various settings available on the control panel.

e Standard - Select the WLAN standard you wish to measure. When measuring 40MHz
signal, the 40MHz standard must be selected. For AH signals, bandwidth is automatically
detected.

e Max DSSS Symbols - Maximum number of DSSS symbols to measure. Applies to 802.11b
waveforms only. Packets are truncated to this length.

e Decode PSDU - When enabled, OFDM PSDUs are decoded and shown in the decoded bits
view. Only BCC encoded payloads can be decoded in Spike. This setting does not apply to
DSSS waveforms.

e Eq Training- Specify how the equalizer is trained. If preamble is selected, only the long
training sequence is used to estimate the channel response. If “preamble + data” is
selected, then the payload is also used to estimate the channel response.

e Track Amplitude - Enable amplitude pilot tracking. If enabled the pilot amplitudes are
used to adjust the channel estimate for each data symbol. Assists with correcting amplitude
fluctuations throughout the transmission.

¢ Symbol Offset - (OFDM only) Specify a symbol offset as percentage of the guard interval.
Specify a value between -100 and 0.0. -50% is default and results in sampling the symbol
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halfway through the guard interval. -25% offset results in sampling the symbol 75% of the
way through the guard interval. When a short Gl is detected, the symbol offset will become
a % of the short Gl length.

e 2.4 GHz Ch. - Select a carrier frequency by selecting an industry defined channel. This has
the same effect as manually entering a new carrier frequency.

e 5 GHz Ch. - Select a carrier frequency by selecting an industry defined channel. This has
the same effect as manually entering a new carrier frequency.

e Carrier Freq - Select the center frequency of the measurement. For all OFDM waveforms,
this should be the frequency of the center-most null DC subcarrier. Ensure the carrier
frequency is within +/- 624KHz for 20/40MHz OFDM and +/-2.7MHz for DSSS signals of the
channel center frequency. Outside of these limits, the software will not be able to achieve
proper carrier recovery and symbol synchronization.

e Step Freq - Select the frequency step size when using the up/down frequency buttons. This
can be useful for stepping through several adjacent channels.

e IF BW - Select the baseband filter bandwidth. This filter is applied before the measurement
is performed. This filter should be wide enough to accommodate the signal of interest. If
the BW it too wide, it may allow triggering on adjacent channels.

e Ref Level - Determines the maximum signal input level before potential IF overload and
clipping occur. For OFDM signals this may be several dB above the expected average power
of the input signal due to OFDM having a high PAPR. Reference level also adjusts the
sensitivity of the instrument. If reference level is too high relative to the signal level, this will
negatively affect SNR and ability to trigger on packets.

e Meas Filter - DSSS pulse shaping filter applied to the waveform. Currently this is fixed as a
rectangular window.

o Filter Bbt - Adjust the pulse shaping filter coefficient. Currently not used when the
rectangular window is applied.

e Search Len - Length of search window. See Measurement Concepts for more information.

e OFDM Trig Threshold - Specify a sliding window trigger threshold for OFDM
measurements. The threshold must be positive. A lower threshold triggers signals with
lower SNR at the expense of triggering on erroneous signals. This threshold is roughly the
level above the noise floor (in the time domain) needed for packet detection to occur.

e DSSS Trig Level - Video trigger level used for DSSS measurements. This is an absolute
trigger level. The AM vs Time (Search) window can be used to estimate a valid trigger level
when first setting up a measurement.

4.15.2 Measurement Windows

Several measurement windows can be added to the main application. Most measurement windows
target either OFDM or DSSS modulations. A quick setup button is available to quickly switch between
OFDM and DSSS measurement window configurations. Additionally, the measurement layout can be
saved and loaded through the presets.

Most measurement plots use the basic plot interface.

Below is a summary of some of the measurement windows.
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4.15.2.1 AM vs Time (Search)
AM vs Time (Search) |I|

-10.00 dBm

-20.00
-30.00
-40.00
-50.00

0o0s ' ' T Time ' '  G.09a275 ms

The AM vs Time search plot is active for successful and un-successful measurements and shows the full
waveform search period. If a waveform was detected it will be underlined in blue. This plot will update
even if no signal was found, making this plot useful for troubleshooting, or verifying signal activity at the
frequency of interest. Both capture status and annunciators are present on this plot.

4.15.2.2 Decoded Bits/Data

Decoded Bits/Data [ x |
Display Type |Elinar§.r hd |
Display Width | 16 |
Q000000000000000 -
0010101000010100

1010011001101010
0110000111110111
1110100001001111
1100111110111100
0111000111111000 -

When the PSDU is BCC encoded and Decode PSDU is selected, the decoded bits appear here. For non
802.11ax waveforms, the leading service bits and trailing zero bits are discarded, and only the specified
payload size is displayed. For 802.11ax waveforms all bits up to the post-FEC bits are displayed, including
all leading zero service bits.
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4.15.2.3 MAC Header Info

MAC Header Info EEN
Frame Cirl 0x0000 -
Protocol Version 00
Type 00 (Management)
Sub Type 0000 (Association R
To DS ]
Fram D3 0
Maore Frag ]
Retry 0
Fower Mgmt. 0
Maore Data 0
Protected Frame 0
+HTC/Order 0
Cwration 1D 0x5428
Addr 1 65:56:86.EF17.F2 =
L] .

This window shows the decoded payload as a MAC header. This window will only show valid MAC
header info for non-aggregate payloads.

4.15.2.4 Symbol Table

Symbol Table [x]
7122|—121‘—lzﬂl—llg‘—113‘—117%—115‘—114‘—113‘—112‘—111‘—llﬂ‘—lﬂgl—lﬂﬁ‘—lﬂ?l—lﬂﬁ‘flﬂi|—1E14‘flﬂjl—lﬂl‘flﬂll—lﬂﬂ‘ 99 | -98 ‘)97 | 96 ‘)95 | 94 ‘ 83 ‘ 92 ‘ 81 W -89 ‘ -88 ‘137 ‘ -86 ‘135 ‘ -84 | 83 ‘ -82 | 81 ‘«\iﬂ | -79 ‘,73 | 7%
11 1 0 0 0 0 0 1 1 1 0 0 1 1 1 0 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 1 1 0 1 1
TD 0 0 1 0 1 .1 1 1 1 0 1 1 0 1 0 1 1 1 0 1 1 1 1 0 0 1 0 0 1 1 .D 0 0 0 0 1 0 1 0 1 1 1 1
3_1 1 0 0 1 0 .D 1 1 0 1 1 o 0 o 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 .D 1 1 1 0 o 1 1 1 0 0 0 0
4_D 1 0 0 1 0 .D 0 0 0 0 0 1 0 o 1 1 0 1 0 0 1 1 1 1 0 0 0 0 0 0 .D 0 0 1 1 o 1 0 0 1 1 0 1
?1 1 1 1 1 0 .D 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 1 0 0 0 0 .1 0 0 0 0 1 1 0 1 1 1 1 0
?1 0 1 1 1 1 -D 0 0 1 1 1 1 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 1 -1 1 1 1 0 0 1 0 1 0 1 1 1

The symbol table shows the transmitted bits for an OFDM waveform. Each OFDM symbol is represented
on a different row. Only data and pilot subcarriers are shown, pilot subcarriers are highlighted in red.
Each subcarrier is demodulated with its respective constellation (BPSK for pilots, refer to the MCS for the
data subcarriers).

4.15.3 Measurement Concepts
4.15.3.1 Search Window

Measurements are performed by acquiring data equal in length to the user specified search length. This
acquisition is referred to as the search window. Then, a valid packet is searched for within the search
window. The WLAN standard selected determines what algorithms are used to detect a valid packet. The
packet must be fully contained in the search window for successful demodulation. For this reason, the
search length should be sufficiently larger than the expected packet length.

If no packet is detected, the AM vs Time (Search) window is updated with an appropriate error status. If a
packet is detected, but demodulation fails, the measurement is considered a failure and the AM vs Time
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(Search) window is updated with an appropriate error message. At that point, a new search window will
be acquired, and a new measurement attempted. Only one measurement is performed on a search
window.

4.15.3.2 802.11 A/N/AC/AX Demodulation

The demodulation process for 802.11a/n/ac/ax is as follows.

e Asliding average power window using the OFDM threshold is used to find the leading edge
of a packet transmission.

e The L-STFis used to perform symbol timing.

e Frequency offset is measured and corrected using the L-STF and L-LTF.

e Equalization for the L-SIG is performed using both L-LTF symbols with an averaged zero-
forcing algorithm. Equalization on the PSDU is performed with a zero-forcing algorithm on
the LTF sequence preceding the data symbols.

e Symbols are demodulated using a user defined symbol offset (default -50%).

e Pilot tracking occurs over the PSDU. Both phase offset and timing are tracked, correcting
for both residual frequency offset and sample rate offset through the PSDU. The pilot
errors are measured after equalization on each data symbol.

e The PSDU is decoded if both the PSDU Decode setting is enabled and the PSDU is BCC
encoded. If LDPC encoding is detected, PSDU decoding does not occur.

4.15.3.3 802.17 AH Demodulation

Bandwidth is automatically detected for AH measurements. For any given bandwidth, the center
frequency specified should be the frequency of the center-most null DC component of the signal.

When the 802.11ah standard is selected, the demodulation process is as follows,

e Asliding average power window using the OFDM threshold is used to find the leading edge
of a packet transmission.

e Initial symbol timing is performed using the STF.

e A bandwidth detector is used to determine the bandwidth of the signal (1/2/4/8MHz).

e Fine symbol timing is performed on the LTF.

e Frequency offset is measured and applied using the STF and LTF.

e Equalization is estimated using the LTF and a zero-forcing algorithm.

e Symbols are demodulated using the specified symbol offset (default -50%)

e Pilot tracking occurs over the PSDU. This also determines the symbol rate error.

e The PSDU is decoded if BCC encoded.

4.15.3.4 DSSS Demodulation

Signal detection occurs using a user supplied video trigger with a small amount of hysteresis followed by
a preamble detect for synchronization. The waveform is then fully demodulated using standard
BPSK/QPSK demodulation techniques.
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4.15.4 WLAN Measurement Walkthrough

This section will guide you through making an OFDM WLAN measurement in Spike.

1) The first step is to determine if and where a WLAN signal is present. The easiest way to do this is
by using the sweep measurement mode to find and center on a frequency of interest. In the
picture below, the spectrum shows a WLAN signal at 1GHz is being generated by a signal
generator.
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2) Once you have found a signal of interest, switch into WLAN measurement mode using the
“Analysis Mode” drop down file menu. This will also carry over the current center frequency and
reference level.
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3) The first time the WLAN measurement tool is enabled, the layout will be preset for OFDM
measurements, and the default standard set to 802.11a. You might see something like the
picture below. In this case the AM vs Time (search) window is showing you the search waveform
and a status message. In this case the status message indicates that a trigger was not found and
we need to adjust our trigger settings.
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4) The AM Vs Time (Search) plot is the most important plot for troubleshooting. Taken from the
image above, this plot indicates that a video trigger was not found. We can see from the settings
control panel the video trigger level is set to -30dBm and the highest amplitude measured in the
search window is -40dBm. We need to lower the video trigger level.

I M vs Time (Search) [= || =]

0.00

-10.00
-20.00
-30.00
-40.00
-50.00
-60.00

dBm

Trigger Niot Found

Tme ' ' 5,998 ms

5) We also need to setup our measurement using the WLAN settings control panel.

Select the waveform type. In this example the input waveform is an 802.11n 20MHz
waveform. Select this from the standard drop down menu entry.

It may be necessary to adjust the center frequency of the measurement. This can be
done with the carrier frequency setting.

The input level control is the reference level and should be set to above the maximum
power of the input waveform. Decreasing the input level control when possible will help
increase the sensitivity of the analyzer and might improve your measurements.

Set the trigger level and search length. The search length is the length of the capture the
software will acquire and look for a valid waveform. The trigger level is the amplitude
used to detect the start of a waveform within the search length. In this example, we will
set the trigger level to -55 based on the waveform shown in the AM vs Time (Search)
plot.
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WLAN Settings
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6) Once all relevant settings have been updated, you can see the other windows updating and no
longer see a status message in the AM vs Time (Search) plot. Notice in the AM vs Time (Search)
plot a blue bar under one of the signals. This indicates that this part of the search waveform was
used to make the measurement.
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7) Pressing “Single” will force the software to make one more valid measurement. Screen updates
where a trigger was not found, or the measurement was invalid will not pause the software.

8) Add more measurement windows using the “Add Measurement” drop down menul.

9) Save your current configuration using Save/Load presets. This will save all measurement
windows/locations and settings. Un-check “Auto Fit” if you plan on organizing the measurement
windows in a custom fashion.

4.15.5 Troubleshooting

e Ifthe search window reports “Invalid Packet Format”, this means the first triggered
measurement was not able to be demodulated using the current standard. This might
mean the waveform was of a different standard or the signal was impaired beyond being
able to successfully demodulate it.

e Ifthe search window reports “Not Enough Samples"” this means the waveform was detected
but was at the end of the search window and would not be able to be successfully
demodulated. If you see this often, try increasing the search window length.

e Ifthe search window reports “Trigger Not Found”, verify the waveform is present in the
search window and that your trigger level is set to a proper value for the levels you see in
the search window.

e Use the IF Bandwidth control to reject out of channel signals. WLAN waveforms coexist with
other signals including WLAN and Bluetooth®. Out of channel energy might interfere with
the measurement.

e The BB60C/D is only capable of measuring 20MHz BW OFDM waveforms.
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416 LTE

Note: The LTE measurements in Spike require that the correct MATLAB® runtime libraries are installed. This is a
free software download and installation instruction are provided in the Appendix.

Note: LTE measurements are supported on 64-bit Windows and Linux operating systems only.
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LTE measurements can be made using the SM, SP, and BB line of spectrum analyzers. The LTE
measurement mode in Spike provides basic downlink cell measurements including cell search and
scanning capabilities.

The primary measurements available are listed below,

e Cell search and measurement at a specified center frequency.

e Cell scanning over a range of specified frequencies and LTE bands.

o Detected cells are aggregated in a scan results window.

e Automatic MIB decoding and reporting of cell configuration values,
o Physical Cell ID

o Bandwidth

o Duplex mode

o Frame configuration
e Power measurements

o RSSI/RSRP/RSRQ

o Frequency error
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o EVM for PBCH and PSS
o PAPR calculation
e Automatic SIB1 decoding and reporting of various cell access related data,
o Al MCC/MCN pairs including Country/Provider lookup
o EARFCN calculation
o TAC/Cell Identity
e Standard spectrum analysis plots for the measured LTE frame
AM vs Time
Spectrum plot
Waterfall plot
Constellation for PBCH and PSS

O O O O

4.16.1 Measurement Concepts

Spike supports two LTE acquisition modes,

1. Single frequency cell search and measurement. This is where the analyzer is tuned to a specific
frequency. Cell search occurs at this frequency. If a cell is detected, full cell synchronization and
demodulation occurs. Use this acquisition type when performing transmitter testing or
characterizing a single cell. This is also the quickest way to determine if a valid cell exists at a
specific frequency. This is the default measurement in the Spike LTE measurement mode.

2. Cell scanning. The software scans a range of user configured frequencies/bands looking for cells.
At each frequency cell search occurs. If a cell is found full synchronization and demodulation
occurs. The software adds the measurement to the cell search results table, updates the plots
with the latest measurement, and advances to the next frequency. Specific LTE bands can be

scanned, or custom frequency ranges can be entered.

4.16.1.7 Cell Detection

Spike uses the PSS and SSS for the cell search. The cell must be within +/- 7.5kHz of the selected center
frequency for a cell to be detected. If the PSS/SSS is detected, Spike uses this to determine the duplex

mode, cyclic prefix length, and decode the MIB.

If any step between the start of the cell search process and decoding the MIB fails, the entire
measurement is considered failed, and the software will report an error measurement status code. If the
MIB is successfully decoded, the measurement is considered valid, and the software will attempt to

decode the SIB1.

The SIB1 is transmitted on even numbered frames. If the frame detected in the cell search process
above is odd numbered, the software will look at the next frame for the SIB1. Regardless of which frame
is used for SIB1 decoding, the first valid frame in the captured I/Q data is used for the measurement
plots. If the SIB1 is not able to be properly decoded, the measurement will continue as valid with the

fields related to the SIB1 empty.

This entire measurement process occurs on roughly 40ms worth of captured I/Q data from the analyzer.
The I/Q data is captured at the highest bandwidth possible to allow all possible cell bandwidths.
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In the single frequency measurement configuration, the reference level used is specified by the user in
the Ref Level control. When performing a scan, the reference level is chosen automatically. At each
frequency the software begins by configuring the analyzer in the most sensitive configuration. If the
input causes an IF overload, the measurement is retaken with a higher reference level until an IF
overload no longer occurs.

4.16.2 Control Panel

Following are descriptions of the controls found in the LTE settings control panel.

e Center Freq- Specifies the measurement center frequency when performing single
frequency measurements. This value is not used when performing cell scans.

e Freq Step - Specifies the frequency step when using the arrow buttons next to the center
frequency controls

e Ref Level - Specifies the measurement reference level when performing single frequency
measurements.

e Correlation Threshold - Specifies the cell search correlation threshold. Must be between
0.0 and 1.0.

¢ Include in Results - When enabled, single frequency measurements are placed in the cell
search results list.

e Configure Scan - When pressed, brings up a dialog for selecting the bands for the cell
scan. When finished, the Scan Info label should display a summary of your choices.

e Scan Type - When set to single, a single scan through all configured bands occurs when
Start Scan is pressed. When set to continuous, the software will continuously scan the
configured bands until Stop Scan is pressed or the software leaves the LTE measurement
mode.

e Sort By - Determines how the cell search results are sorted by in the cell search results
table. Choices are sorting by RSSI, frequency, or time.

e Keep - When result grouping is enabled, and the software detects a duplicate cell, a
decision must be made to determine which data to show for that grouped cell. This setting
controls whether the last measurement made is shown in the results table, or the one with
the highest power.

e Group Results - When enabled, cell search results are grouped together in the cell search
results table. Results are considered the same cell when the frequency and Physical Cell ID
match.

e Max Results - Determines the maximum number of cells that can be shown in the cell
search results table.

e Start Scan - Starts a scan of the user configured bands and shows the cells found in the
cell search results table.

e Stop Scan - Use this to stop a cell search mid-scan, or to stop a continuous scan.
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4.16.3 Cell Search Results

LTE Cell Search Results
File
Freg  |EARFCN|  Rssl RSRP | RSRQ | Cell dentity | Physical CelllD| BW | Duplex | Antennas |PLMN Count|Mcc/Mcn| Country/Network Time Count

1|751.00MHz 52300  -46.01 dBm -67.81dBm -4.15dB 1342210 409 10 MHz FDD 4 1 311/480  United States/Verizon Wireless Thu Decemnber 9 21 2:45:07 pm 1
Z 73150 MHz 50350 -5595dBm -89.98 dBm -18.21dB 21885718 304 5MHz FDD 4 2 310/260  United States/T-Mobile Thu December 921 2:45:05 pm 1
? 1970.00 MHz 1000.0  -61.18 dBm -86.65dBm -8.02dB 78142232 409 10 MHz FDD 4 1 311/480  United States/Verizon Wireless Thu December 9 21 2:45:03 pm 1
: 212750 MHz 21250 -67.70 dBm -97.35dBm -1060 dB 78142230 409 15 MHz FDD 4 1 311/480  United States/Verizon Wireless Thu Decernber 921 2:44:35 pm 1
? 1937.50 MHz 675.0 -68.45 dBm -96.86 dBm -9.42dB 21885708 304 15 MHz FDD 4 2 310/260  United States/T-Mobile Thu December 921 2:45:00 pm 1
; 1987.50 MHz 1175.0  -76.34 dBm -96.98 dBm -6.50dB 21885808 304 5MHz FDD 4 2 310/260 United States/T-Mobile Thu December 9 21 2:45:04 pm 1

Figure 70: Result of cell scan.

The cell search results window collects the scan results and if enabled, the single frequency
measurement results in a simple ordered list. Results can be grouped together or can be individually
placed in the list. When grouping is enabled, grouping occurs when both the frequency and cell ID
match. Results can be sorted by frequency, amplitude, or time.

Each line in the cell search results shows a summary of a cell detected during a scan. The results can be
cleared at any time or continue to be accumulated for subsequent scans. Results can be exported in a
CSV format for post processing, or a custom format that can be imported into the software later.

4.17 MAPPING

N spike Signal Hound Spectrum Analyzer Software
File Edt Presels Setings AnalysisMode Utiites Help

o | O e

Map
Fle
R ||/ | Q| poinis: 80315000 | wose:GPS Traciing CenerFrea | 751000000 vz | [
{ : L ¥ e~ * span [ 20.000000 MHz
i i Meas Bandwidt | 10.000000 Mz H
g < Japp— S Reflewl [=][=][ 10000 am ~|
oz SO Y M S = o REW [=][= 10.000000 kHz
i vew [=][= 10.000000 Hz
AtoRBW |
i Auto VBW [
: videounits | Power
Detector [ Average ]
SweepTime [ 1.000 ms

Declination 15.000 |deg
Occupied Bandwicth 99.000 %

GPS Meas Speed 0100 s
GPS Meas Min Deita 3000/ m

\ NaxPoints 5000 |
\
= i Clear Points
'l-d"“” ' ;

arifieasi 196 Sieet =
\ i 4 o Setings
g. \ Y . <
] = \ k. 4 ., AudoEnavlea
Volume
o — '
nog s
s -13.58 dBm Freq Bandwidth | Power (d48m) Peak (d4Bm) | Occupied Bandwidth Time Latitude | Longitude |Pc~|
i’ Ma v
1751000000 MHz 10000000 Mz -46.83 6885 9150387 MHz 19/10/2021 11:5243531 457703683 1225225400 (1 .
’ ectum v
009 2 751.000000 MHz 10.000000 MHz -47.12 024 SIA00MHz 1971072001 11251858 457703650 1225225783 (1, | P -
40,09 3 751.000000 MHz 10.000000 MHz 5281 TOT 1ATSTEMM 19/1072021 115255544 457703617 1225226267 (1 | Measurements Tadle [
2.0 4 |751.000000 MHz 10.000000 MHz -53.60 O 1810078 M 19/10/2021 115301574 45.TTH0N7 -122.5226183 (1
il 5 1751000000 MHz 10.000000 MHz -50.74 T80 1267TIEMH: 19/10/2021 11:5303:417 45704267 +122.5225967 (1
6 [751.000000 MHz 10.000000 Mz 45.74 6757 9160152 MHz 19/10/2021 115305276 457704383 1225225350 (1
7.0
7| 751.000000 MHz 10.000000 MHz -47.89 AT 816594 MH:
2.0 8 |751.000000 MHz 10.000000 Mz 4561 N8 SITHMHz
0.0 9 |751.000000 MHz 10.000000 MHz ~4433 M6 9TBMH 19/10/2021 1:53:09:432 45704400 ~122.5223567 (1
e . L A AR . )« | N R 10 |751.000000 MHz 10000000 MHz -43.50 MAS 12648920 MH: 19/10/2021 11:53:0:201 45.7704417 122.5223033 (1.
Occupied Bandwidth 2 995300 MHz 11 |751.000000 MHz 10.000000 MHz -49.32 -68.82 10615230 M-z 19/10/2021 11:53:11:276 45.7704417 -122.5222500 (1 = |
1100957 G50 755 SR

SI2004 - S01AHZ 1BV

Mapping mode binds measurements to geolocations. It includes functionality for compound
measurements, georeferenced map import, GPS integration, automated measurements, heat mapping,
grid testing, report generation, measurement directionality with visual triangulation, Received Signal
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Strength Indicator (RSSI) expressed in the frequency of an audio tone, session import/export, and KML
file export for integration with Google Earth and other compatible programs.

4.17.1 Measurements

4.17.1.1 Compound Measurements

Mapping mode can take multiple distinct measurements at a time. Whenever a measurement is
triggered, all configured measurements are performed one after another.

The Measurements Editor is used to define the list of configured measurements. It is accessed by
pressing the Configure Measurements button in the Meas Settings control panel.

Mapping mode can perform channel power measurements and several kinds of LTE measurements.
These are selected between using the Type select in the Meas Settings section of the Measurements
Editor.

417.1.2 Channel Power

The channel power measurement type takes a channel power measurement over the center channel
spanning the Meas Bandwidth, using the configuration specified in the Meas Settings section of the
Measurements Editor.

It results in readings for power, peak, and occupied bandwidth.

41713 LTE

Note: The LTE measurements in Spike require that the correct MATLAB® runtime libraries are installed. This is a
free software download and installation instruction are provided in the Appendix.

Note: LTE measurements are supported on 64-bit Windows and Linux operating systems only.

The LTE measurement type performs a single frequency cell search and measurement. The result can be
specified as either RSSI or RSRP by LTE Meas Type. See LTE Analysis Mode for detailed information about
this measurement.
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4.17.2 Measurement Settings Control Panel

Meas Settings

4 Meas Settings

Active Meas | Cell -LTE 700 ¢/751 -]

| Configure Measurements |

4 pgint Settings

Declination | 0.000 | deg
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Max Points | 10000 |

| Clear Points |
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Yolume L

4 plot Settings

Map
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Rows | 5 |
Columns | 4 |
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Vert Scale E !

| Configure Report |

| Generate Report |

Figure 71: Meas Settings Control Panel

The following is a description of the various controls in the Measurement Settings control panel.

4.17.2.1 Meas Settings

e Active Meas - Selects which measurement configuration and corresponding points are
shown throughout the interface in the map, spectrum, and table views.

e Configure Measurements - Opens the Measurements Editor dialog for managing
measurement configurations.
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4.17.2.2 Point Settings

Declination - The adjustment for declination, specified in positive or negative degrees,
applied to angles manually entered into the Azimuth field in the detail view of a point in
map view. Declination can be found using a website such as NOAA.

Occupied Bandwidth - The percentage power in occupied bandwidth calculation.

GPS Meas Speed - The minimum time passed since last measurement for new
measurement to be taken.

GPS Meas Min Delta - The minimum distance from location of last measurement for new
measurement to be taken.

Max Points - The maximum number of measurements that can be acquired. This will not
retroactively affect measurements taken.

Clear Points - Clears all measurements. A confirmation dialog will be shown.

4.17.2.3 Audio Settings

Audio Enabled - Enables Received Signal Strength Indicator (RSSI) audio tone. This will use
the system audio configuration. The frequency of the tone increases with the channel
power of the signal being measured.

Volume - The volume of the audio tone.

4.17.2.4 Plot Settings

Map - Shows or hides the map view.
Spectrum - Shows or hides the spectrum plot of the current measurement.
Measurements Table - Shows or hides the table of measurements.

4.17.2.5 Grid Settings

Grid Enabled - Enables or disables grid testing. When enabled, the grid will appear in the
map view, grid test results will appear in the Grid Table, and the report will include those
results.

Rows - The number or rows in the grid.

Columns - The number of columns in the grid.

Horiz Offset - The horizontal position of the grid.

Horiz Scale - The width of the grid.

Vert Offset - The vertical position of the grid.

Vert Scale - The height of the grid.

4.17.2.6 Report Settings

Configure Report - Opens a dialog where report metadata can be edited, such as report
number, date of test, test engineer, and notes.

Generate Report - Opens a file save dialog used to export a PDF report of the current
session.
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4.17.2.7 Session Settings

e Autosave Sessions - When enabled, a new timestamped session will automatically be
saved every time the unsaved point count has reached the number specified in the
autosave interval.

e Autosave Interval (Points) - How many measurement points can accumulate in memory
before the session autosave is triggered.

e Change Directory - Specify the directory where sessions will be automatically saved.

o File Prefix - Specify the prefix for autosaved session files.

4.17.3 Measurements Editor

Cell-LTE 700 /751 - Add Meas
Cell - LTE AWS-1/2145 Eamey) FM Radio - 106.7 |
FM Radio - 106.7 Receiver Settings Duplicate Meas
FM Radio - 97.1
Center Freq | 106700000MHz| |  DeleteMeas |
RefLevel | -40.000 |dBm

Meas Settings

Type | Channel Power - |
Meas Bandwidtn | 200.000000 kHz |
Sweep Settings
span | 1.000000 MHz |
Rew |~ ||~ || 1.000000kHz]
vw [~ ||~ || 300.000000H]|

Auto RBW

Auto VBW || Clear Table

Grid Settings

Use Lower Threshold

Lower Threshold -82.000

Use Upper Threshold

Upper Threshold -81.000

K

Cancel

II

Figure 72: Measurements Editor

The Measurements Editor dialog is used to manage measurement configurations. All configurations
specified here will be performed serially when a measurement is triggered.

When measurement configurations other than grid settings are changed, existing points in the session
will be cleared. A confirmation dialog will appear first.
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¢ Name - Name of this measurement configuration.
¢ Include in Report - Controls whether measurements with this configuration are included
in the report.
e Buttons
o Add Meas - Adds a new configuration with default settings to the list.
o Duplicate Meas - Adds a new configuration with the same settings as the currently
selected configuration.
Delete Meas - Removes the currently selected configuration.
Save Table - Saves configuration list as a CSV file that can be loaded in another
instance of Spike.
Load Table - Loads a set of configurations from a CSV file.
Clear Table - Clears all measurement configurations from the list.
OK - Applies the list of configured measurements. If there are changes beyond grid
settings, a confirmation dialog will appear since it requires clearing the points in the
session.
o Cancel - Exits the dialog without applying the configuration list. Any changes will be
lost.

4.17.3.1 Receiver Settings

This section includes settings common to all meas types.

e Center Freq - The center frequency of the measurement.
e Ref Level - The power level of the top graticule line. This should be no lower than the
maximum expected input level of the signal.

4.17.3.2 Meas Seatings

This section specifies the measurement type and settings specific to that type.

e Type - The type of measurement to be taken.
e Channel Power

o Meas Bandwidth - The bandwidth of the channel bandwidth measurement.
e LTE

o LTE Meas Type - The type of LTE measurement to be taken.

4.17.3.3 Sweep Settings

These settings are applicable to any measurement type operating on sweep data, such as channel
power.

e Span - Frequency span around the center frequency.

e RBW - Resolution bandwidth, using a flattop window.

e VBW - Video bandwidth.

e Auto RBW - Having auto selected will choose reasonable and fast RBWs relative to the
span. When changing span, it is recommended to have this enabled along with Auto VBW.

e Auto VBW - When enabled, VBW will equal RBW.
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4.17.3.4 Grid Settings

These settings are used to define acceptance criteria for grid testing via upper and lower amplitude
thresholds.

e Use Lower Threshold - Enable grid testing against a minimum amplitude value.
¢ Lower Threshold - The minimum amplitude value for a point to be considered passing.
e Use Upper Threshold - Enable grid testing against a maximum amplitude value.
e Upper Threshold - The maximum amplitude value for a point to be considered passing.

4.17.4 Map Settings Control Panel

4 Map Settings

Map Scale (%) | 100.00 |

Heatmapping | Complex - |
Points Visible
Point Border [ |

Point Size I i 1

Point Opacity I ' 1
Azimuth Lines

Min Color (dBm) | !

Max Color (dBm) ¢ ' 1
Auto Colar

Grayscale ]

Figure 73: Map Settings Control Panel
The following is a description of the various controls in the Map Settings control panel.

e Map Scale - The zoom percentage of the map.

e Heatmapping - Selects whether the basic or advanced heatmap is shown in the map view.

e Points Visible - Shows or hides the measurement points and heatmap.

¢ Point Border - Toggles a black border around points.

e Point Size - Controls the size of points on the map.

e Point Opacity - The color opacity of points.

e Azimuth Lines - Toggles lines drawn on the map from directional points at their azimuth
angles. These are only shown when basic heatmapping is selected.

¢ Min Color (dBm) - The power that represents the coldest color on the heat map.

¢ Max Color (dBm) - The power that represents the hottest color on the heat map. This
cannot be higher than the ref level.

e Auto Color - Measurement points are automatically heat mapped based on the power
range across them.
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e Graycale - The heatmap is rendered in grayscale, with light and dark values representing

the amplitude range.

4.17.5 Map View
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Figure 74: Map view with heat mapped measurements taken of a cell tower signal.

The map view contains an interactive, georeferenced map with overlayed measurements, along with
controls and informational readouts.

A map is loaded by choosing Load Map from the local File menu, and then choosing an image from your
hard drive. The map is georeferenced by choosing Set Coordinates from the File menu, and entering the
bounding coordinates, that is the latitude coordinates corresponding to the top and bottom edges of the
map image, and the longitude coordinates corresponding to the left and right. Map is removed with File
> Unload Map. Note that this will clear all measurements and georeferencing coordinates.

See the OSM Map Import Guide for instructions on downloading a georeferenced map from
OpenStreetMap and importing it into Spike.

If GPS data is present, either because the device has an internal GPS, or there is an external GPS
connected to the PC, the user’s current location will be represented by a red target icon on the map.

See the GPS section for details on how to configure GPS with the GPS controls at Utilities > GPS Control
Panel.

On the map, a point represents a measurement tied to a geolocation and a time. There are three modes
for interacting with measurements on the map, represented by icon buttons in the upper toolbar:

1) Select mode - Indicated by the arrow icon, the mouse can be used to select and deselect points.
When a point is selected, its information is displayed in the detail panel on the right.

If a point is directional, then its azimuth angle can be changed by selecting it and dragging the
point around its axis.
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2) Click mode - Indicated by the pencil icon, the mouse can be clicked to capture a measurement
at the location of the mouse cursor. The point is immediately drawn on the map.

3) GPS Tracking mode - Indicated by the GPS paddle icon, this mode is available when there is an
external or internal GPS connected. Measurements are automatically taken at the time and
minimum distance intervals specified in the GPS Meas Speed and GPS Meas Min Delta fields in the
Point Settings section of the Meas Settings control panel.

In the upper toolbar, the map mode is displayed, as well as the number of measurement points
captured over the maximum points set by the user.

417.5.71 Color Bar

From red to blue, the color bar shows the hot-cold spectrum to which points are mapped based on their
measurement results, and what dBm values are represented by the top and bottom. These values can
be configured precisely using the Min Color and Max Color sliders in the Map Settings control panel. If set
to Auto Color, then the top and bottom of the spectrum will be determined by the minimum and
maximum powers of the current set of measurement points.

417.5.2 Measurement Detail Panel

The measurement detail panel appears whenever a point is selected, and shows all the details of that
measurement. They are:

e Frequency - The center frequency at the time of measurement.

¢ Bandwidth - The meas bandwidth at the time of measurement.

e Power/RSSI/RSRP - The measured channel power, RSSI, or RSRP of the signal.

e Peak - The measured peak power of the signal.

e Occupied/Cell Bandwidth - The measured occupied or cell bandwidth of the signal.

e Time - Timestamp for when the measurement occurred.

e Latitude - The latitude dimension of the point's geocoordinates.

e Longitude - The longitude dimension of the point's map coordinates.

e Pixels from Left - The horizontal position of the point on the currently loaded map.

e Pixels from Top - The horizontal position of the point on the currently loaded map.

e Directional - Whether or not the point has a directional component.

e Azimuth - The direction or bearing of the point, specified as an angle in degrees clockwise
from North, from 0 to 360. If a declination is set in the Declination field of the Meas Settings
control panel, then it will be automatically applied to any new value typed into this field. It
will be added once to the angle entered.

4.17.5.3 Sessions

A session includes a georeferenced map image, a set of measurement points, and a preset which
includes measurement and map configurations.

Sessions can be imported and exported using Import Session and Export Session in the File menu. A
session will be saved as three files: one with the .spikemap extension, a JSON format storing the
measurements and map configuration, a .png file holding the map image, and an .ini file storing the
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measurement configuration as in a preset. If the session is manually moved on the hard disk, all three of
these files must be moved together to the same directory.

4.17.6 Spectrum Plot
4.17.6.1 Channel Power

Spectrum
-25.00 dbm

-105.00| . ¢ “‘\ ..
|
|

-115.

Occupied Bandwidth 2.996826 MHz |
+125.0073T 500000 Mz

760,598160 Mz

Figure 75: Channel power spectrum plot showing an FM signal.

The channel power spectrum plot shows the current sweep, with the channel power measurement
window shaded, and diamonds indicating the lower and upper bounds of the occupied bandwidth.

The channel power reading is displayed top center, the occupied bandwidth reading bottom left.
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41762 LTE

Spectrum
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Figure 76: LTE spectrum plot showing a cell signal.

The LTE spectrum plot shows the LTE measurement with the cell bandwidth shaded if there is a valid cell
signal detected.

4.17.7 Measurements Table
4.17.7.1 Points Table

Measurements
Grid
Power (dBm) Peak (dBm) Occupied Bandwidth Freq Bandwidth Time Latitude Longitude Altitude Position (px) Directional Azimuth -
1 |-e033 -40.20 10.000000 MHz 751.000000 MHz 27000000 MHz 11/08/2025 10:31:37:881 45.7703683 -122.5225467 0.00 (1250, 744) No 000"
2 |20 4137 10.000000 MHz 751.000000 MHz 27.000000 MHz 11/08/2025 10:31:52:910 45.7703667 -122.5226000 0.00 (1249, 744) No 000"
3 |sess 339 10.000000 MHz 751,000000 MHz 27.000000 MHz 11/08/2025 10:31:54607 45.7703617 -122:5226400 000 (1248, 744) Ne 0.00°
s | -42.00 10.000000 MHz 751000000 MHz 27.000000 MHz 11/08/2025 10:31:59:657 45.7704067 1225226233 0.00 (1249, 743) No 0.00°
s |-s -31.02 10.000000 MHz 751.000000 MHz 27000000 MHz 11/08/2025 10:32:03:032 45.7704383 -122:5225383 0.00 (1250, 742) No 000"
4299 -31.02 10.000000 MHz 751.000000 MHz 27.000000 MHz 11/08/2025 10:32:03:032 45.7704317 1225225767 0.00 (1250, 742) No 000"
7 |5 337 10.000000 MHz 751,000000 MHz 27.000000 MHz 11/08/2025 10:32:04984 457704433 -1225223767 000 (1253, 742) Ne 0.00°
e |54 4337 10.000000 MHz 751000000 MHz 27.000000 MHz 11/08/2025 10:32:04:984 45.7704417 1225204333 0.00 (1252, 742) No 0.00°
s [imvalia NA N/ 1.000000 Hz 1.000000 Hz 31/12/1969 16:00:00:000 45.7704450 -1225222633 0.00 (1256, 742) No 000"
110 [inwatia A N/A 1.000000 Hz 1.000000 Hz 31/12/1969 16:00:00:000 45.7704450 -122:5223200 0.00 (1254, 742) No 000"
[ |sas -39.24 10.000000 MHz 751,000000 MHz 27.000000 MHz 11/08/2025 10:32:08:736 45.7704450 -1225222083 000 (1257, 742) Ne 0.00°
e | 3572 10.000000 MHz 751000000 MHz 27.000000 MHz 11/08/2025 10:32:10:005 45.7704400 1225221233 0.00 (1258, 742) No 0.00°
iz |17 -35.72 10.000000 MHz 751.000000 MHz 27.000000 MHz 11/08/2025 10:32:10:005 45.7704433 -122:5221617 0.00 (1257, 742) No 000 -

Figure 77: Table showing all measurements acquired in current Mapping mode session.

The measurement points table displays a full list of all measurements captured in the current session.
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There are several options for export in its File menu:

e CSV - Points are saved in CSV format to a file on hard disk.

e KML - Points are saved in KML format, an XML-based geodata format compatible with
Google Earth, Google Maps, and other programs that support the extension. Measurement
details are compiled in an HTML table within the description field. Heat mapping will be
visible in Google Earth.

417.7.2 Grid Table

Measurements

Paints

File

Cell | Status Points Worst Power (dBm) Margin (dB) Avg Power (dBm) Occupied Bandwidth Freq Bandwidth

1 Pass 61 -75.73 9.27 -70.98 10.000000 MHz 751.000000 MHz 27.000000 MHz
2 Pass 64 -68.94 16.06 -62.92 10.000000 MHz 731.000000 MHz 27.000000 MHz
3 Fail 3 -83.71 -a7 -93.62 19.757080 MHz 751.000000 MHz 10.000000 MHz
4 Fail 1 -93.63 -8.63 -93.63 19.781494 MHz 731.000000 MHz 10.000000 MHz
5 Pass 33 -70.89 14nm -65.33 10.000000 MHz 751.000000 MHz 27.000000 MHz
6 Pass 35 -53.17 29,83 421 10.000000 MHz 751.000000 MHz 27.000000 MHz
7 Fail 1 -92.37 -7.37 -92.37 19.763184 MHz 751.000000 MHz 10.000000 MHz
8 Fail 1 -93.87 -8.87 -93.87 19.793701 MHz 751.000000 MHz 10.000000 MHz
9 Pass 37 -72.52 1248 -65.95 10.000000 MHz 751.000000 MHz 27.000000 MHz
10 Pass 39 -46.97 38.03 -3543 10.000000 MHz 751.000000 MHz 27.000000 MHz
1 Pass 106 -68.84 16.16 -58.97 10.000000 MHz 751.000000 MHz 27.000000 MHz
12 Pass 28 -51.46 3354 -41.75 10.000000 MHz 751.000000 MHz 27.000000 MHz
13 Pass 18 -75.79 9.21 -73.43 10.000000 MHz 751.000000 MHz 27.000000 MHz -

Figure 78: Table showing aggregate information of grid cells.

The grid table displays aggregate information for each grid cell, including the grid index number, pass/fail
status, number of points contained by the cell, worst power measured in cell, margin of error (passing
cells have positive margins), average power measured in cell, and measurement configuration details.

The table can be exported as a CSV file with File > Save CSV.
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4.17.7.3 Opening a KML file in Google Earth

= Projects

4 Create project in Google Drive ) e = |
Open project from Google Drive
Create KML file
Import KML file from Google Drive

Import KML file from computer

Signal Hound HQ

Figure 79: Opening a KML file in Google Earth.

To open a KML file of measurement points saved with File > Save KML, open Google Earth in a web
browser. Click the Projects icon, then click the New project button, and then choose Import KML file from

computer.
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4.17.8 Audio Received Signal Strength Indicator (RSSI)

An audio tone can be played which tracks with the channel power of the measured signal. The tone's
frequency rises with the signal power. Toggle on and off and set the volume in the Audio Settings section

of the Meas Settings menu.
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4.17.9 Grid Testing
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Figure 80: Grid test overlay on a building floorplan.

For indoor testing, a grid divides a floorplan into cells, aggregates measurements in each cell, and tests
them against the thresholds set in each measurement configuration.

Enable grid testing and configure the grid using the controls in the Grid Settings section of the Meas
Settings control panel.

Upper and lower test thresholds are set for each measurement configuration in the Grid Settings section
of the Measurements Editor.

The grid is overlaid on the map. Each cell has a unique index number displayed in its upper left corner,
which corresponds to the cell number in the grid table. Each cell displays the worst amplitude seen
within it in the center, and is colored green for passing and red for failing. Cells with no valid
measurements within them are not colored.

4.17.10 Report Generation

Reports can be generated in the form of PDF files. Reports contain general information such as date,
device, and operator, as well as sections for each measurement configuration. For each configuration,
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reports show pass/fail status if grid testing is enabled, measurement settings, a measurements table,
and map image.

If grid testing is enabled, then the measurements table will replicate the grid table in the user interface.
Otherwise, it will replicate the points table.

4.18 VCO CHARACTERIZATION
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VCO Characterization mode evaluates the performance characteristics of voltage controlled oscillators
(VCOs). It includes standard measurements for frequency vs. voltage, sensitivity (frequency change per
volt), power vs. voltage, current vs. voltage, and harmonic power vs. voltage for the first six harmonics.

VCO characterization measurements require a PN400 phase noise tester, and are available for SM, BB,
and SP145 series devices.
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4.18.1 VCO Settings Control Panel

VCO Settings
4 pN400

Status Connected

4 DC Source

Enable Output
Fixed V Supply | £.0000 |V

4 SweepV Tune

Start | 1.0000 v
Stop | 10.0000 |V
Meas Points | 5'.-’|
Dwell Time | 500.000 ms |

wros (=] <] womo][am -
]
|
|
|
|

Auto Freq Band
Freq Start 7.990000 GHz|

Freq Stop 8.007000 GHz |

Freq Resolution 300.000000 Hz|

Channel Power Width

500.000000 kHz |

4 DC Limits

VTuneMin | 1.0000 v
VTuneMax | 10.0000 |V
v Supply Min | 8.0000 |V
V Supply Max | 8.0000 |V

Figure 81: VCO Settings control panel.
The following is a description of the various controls in the VCO Settings control panel.

4.18.1.1 PN400 Settings

e Status - Indicates whether a PN400 device is currently connected.
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e Connect - Button to connect a PN400 device.

4.18.1.2 DC Source Settings

e Enable Output - The overall state of the PN400 outputs. When disabled, no DC power will
emit from the PN400.
e Fixed V Supply - The level of V Supply, the fixed source PN400 output.

4.18.1.3 Sweep V Tune Settings

e Start - The starting or lowest control voltage to be measured.

e Stop - The stopping or highest control voltage to be measured.

e Meas Points - The total number of voltage points to measure.

e Dwell Time - The delay between setting the PN400 output voltages and measuring the
VCO's response.

4.18.1.4 Meas Settings

e Ref Level - The power level of the top graticule line. This should be no lower than the
maximum expected input level of the signal, that is the output level of the VCO.

e Auto Freq Band - Automatically determine the frequency range for measurements.

e Freq Start - The start frequency for each measurement.

e Freq Stop - The stop frequency for each measurement.

e Freq Resolution - The RBW of the analyzer sweep at each measurement point.

¢ Channel Power Width - The width of the channel for power and harmonics
measurements.

4.18.1.5 DC Limits Settings

eV Tune Min - The minimum output voltage level of the V Tune port on the PN400.

¢ V Tune Max - The maximum output voltage level of the V Tune port on the PN400.
eV Supply Min - The minimum output voltage level of the V Supply port on the PN400.
e V Supply Max - The maximum output voltage level of the V Supply port on the PN400.

4.18.2 Measurement Windows
4.18.2.1 Frequency

The frequency vs. voltage plot shows the frequency of the VCO's peak output for a given control voltage.
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4.18.2.2 Sensitivity

The sensitivity plot shows the slope of the VCO performance, as the frequency change between
measurement points in Hz/V.
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4.18.2.3 Power

The power vs. voltage plot shows the power of the VCO's output for a given control voltage.
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4.18.2.4 Current

The current vs. voltage plot shows the current of the VCO's supply output for a given control voltage.
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418.2.5 Harmonics

The harmonics vs. voltage plot shows the harmonic power of the VCO's output for a given control
voltage, at each of the first six harmonics.
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4.18.3 VCO Characterization Measurement Walkthrough

When VCO Characterization mode is entered, Spike will automatically look for a local PN400 and try to
connect to it. If successful, the Status in the PN400 section of the VCO Settings control panel will show
the serial number of the PN400 in green. Otherwise, a dialog will be shown alerting the user that a
PN400 must be connected. At this point, one can be connected to the PC, and the Connect button
pressed.

The mode remains in an idle state until Single is pressed to begin taking a measurement. This should be
done after configuration is complete.

Initially, DC power on the PN400 is disabled. To avoid VCO damage, it should only be enabled after
setting appropriate V Tune and V Supply limits in the DC Limits section of the VCO Settings control panel.
Once this is done, it is safe to enable output in the DC Source section of the panel.

The rest of the configuration is accomplished in the Sweep V Tune and Meas sections of the control
panel, and by setting the fixed output level of the PN400 in the DC Source section.

At each point in the measurement, beginning with the Start voltage and ending with the Stop voltage, the
PN400 V Tune port is set to output the given voltage, execution is delayed by the dwell time, and the
analyzer is swept across the automatically or manually defined frequency band using the configured
frequency resolution (RBW) and reference level. The peak value of this sweep is the basis for the
frequency measurement. The sensitivity measurement considers the frequency measurement from the
current and the previous sweep. The power and harmonics measurements derive from channel power
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measurements taken around the peak and each of the first six computed harmonics using the
configured channel power width. Current is reported by the PN400.

A measurement may be aborted at any time using the Abort button in the tool bar. A configuration
change during a measurement will trigger the measurement to restart with the new configuration.

4.19 PULSE ANALYSIS

ssss888s,

Pulse analysis provides tools for detecting and characterizing pulsed RF signals. This mode offers several
features to system designers working with pulsed signals,

e Compatible with all Signal Hound receivers allowing for analysis bandwidths up to 160MHz.
e Automatically detect and characterize the following pulse types

o CW
o Chirp
o Barker

e Deep pulse history of > 50,000 pulses.
e Detailed pulse performance metrics according to IEEE 181-2025
e Large number of configurable plots,
o AM/FM/PM vs Time
Spectrum/Waterfall
Histograms
Pulse tables
Pulse history
Pulse compression

o O O O O
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o Auto-Correlation
e Deinterleaving
o Classify signals according to up to 5 unique emitters.
o Automatically detect possible emitters from the data.
e Pulse Correlation/Compression Testing
o Perform correlation of measured data against a reference waveform.
o lIdentify the presence of signals too low a level to be captured through normal
triggering methods.

4.19.7 Acquisition

Pulse analysis mode captures and characterizes RF pulses on contiguous I/Q snapshots triggered by a
video, external, or free running trigger. 1/Q snapshots are managed with the capture settings and trigger
settings controls found in the control panel.

4.19.1.1 Capture Settings

The capture settings control receiver and duration of the 1/Q snapshot.

e Ref Level - Controls the sensitivity of the instrument. The maximum pulse amplitude
should not exceed this value.

e Center - Sets the center frequency of the I/Q snapshot.

e Step - Controls the frequency step when using the up/down arrows on the Center control.

e Sample Rate - Sets the I/Q sample rate of the I/Q snapshot.

e IF Bandwidth - Sets the I/Q bandwidth of the snapshot.

e Auto IFBW - Automatically select the bandwidth based off the sample rate.

e Search Windows - Length of the I/Q snapshot.

4.19.1.2 Trigger Settings

These settings affect the trigger that starts the snapshot.

e Trigger Type - Select what type of trigger is used to start the snapshot.
e Trigger Edge - Used for both video and external triggers.
e Trigger Position - How far into the snapshot the trigger will occur as a percentage.

4.19.2 Pulse Detection

Once an 1/Q snapshot is collected, detection and characterization of pulses occur over the I/Q data.
Pulses are detected by using the trigger level setting under the trigger settings controls to determine the
starting edge of a trigger. A list of all viable pulses is collected, and pulse analysis occurs on each
potential pulse. A detected pulse may not meet all requirements of a pulse as determined by the user
and application settings and may be discarded.
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4.19.2.17 Accumulated Pulse Results

When enabled, all valid detected pulses are added to the accumulated results. The accumulated results
contain a running list of detected pulses from the last several I/Q snapshots. The size of the accumulated
results table is configurable. When the accumulated results are full, the oldest pulse is removed before
the new pulse is added.

Pulse history plots display results from the accumulated pulses.

4.19.2.2 Detection Settings

These controls are found in the control panel. They control commonly used functionality related to pulse
detection. More advanced controls can be found in the Measurement Configuration Dialog.

e Trigger Level - Used for pulse detection and if enabled, video triggering.

e Max Pulse Count - The maximum number of pulses that can be detected within one 1/Q
snapshot. Any additional pulses detected are discarded down to this amount.

e Selected Pulse - Which pulse to show on the Pulse View plots.

e Accumulate Results - When enabled store all detected pulses in the accumulated results.

¢ Max Accumulated - Maximum size of the accumulated results.

e C(Clear on Reconfigure - When enabled, clears the accumulated results any time the
measurement configured is changed.

e Pulse Meas Count - Number of pulses detected in the 1/Q snapshot.

e Pulse Accum Count - Number of pulses in the accumulated results.

e C(Clear Accumulated - Clears all accumulated pulse results.

4.19.3 Plots

4.19.3.1T Measurement Views

These views operate on the I/Q snapshot. Time domain views will highlight and number the detected
pulses.

The spectrum plot is generated by performing overlapping max-held FFTs over the full I/Q snapshot
window. How large and how many FFTs are determined from the spectrum settings in the control panel.
All FFTs used in the spectrum plot are also displayed in the waterfall display.

4.19.3.2 Pulse Views

These views operate only on a single pulse within the snapshot. The pulse displayed is selected with the
“Selected Pulse” entry in the detection settings on the control panel. The pulse is padded by 10% of it's
width.

4.19.3.3 Pulse Tables

Pulse tables tabulate the characteristics of all detected pulses. There is pulse tables for both pulses
detected in the current I/Q snapshot and the accumulated results. The file menu within the pulse table
allows you to export the entire table to a CSV.
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4.19.3.4 Histograms

Histograms can be viewed for several pulse characteristics such as pulse width, frequency offset,
amplitude, rise time, fall time, and PRI. Histograms are constructed by dividing the total range of all
observed values for the selected characteristics and dividing that range into 100 steps. Each pulse is then
binned and accumulated.

Histograms operate on the measured pulses from one I/Q snapshot. Use accumulated histograms for
histograms on the accumulated results.

4.19.3.5 Accumulated Histograms

Accumulated histograms have the same functionality as standard histograms except they operate on the
accumulated results table.

4.19.3.6 Pulse History

Pulse history plots key pulse characteristics over time. Pulses from the accumulated results are plotted; if
the accumulated results are disabled, pulses from the current measurement are displayed.

All pulses have high resolution time stamps. This allows for very accurate relative measurements over
the full accumulated result table.

Pulse history provides long term trend analysis in the key characteristics of the pulses.

Fulse History: Amplitude
-37.66 dBm Fulse History: Amplitude
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Figure 82: Pulse amplitude plotted over a 20 second capture window.

4.19.3.7 Correlation Results

These plots display the normalized cross and auto correlation results. The y-axis ranges from 0 to 1,
where zero is no correlation and 1 is perfect correlation. The x-axis mirrors the 1/Q snapshot.

The correlation results plots show the output of both the cross and auto correlation measurements. The
y-axis is the normalized correlation result over the full I/Q snapshot.
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4.19.4 Deinterleaving

Pulse History: Rise Time
0.06 us Pulse History: Rise Time

0.05 us| -
0.05 us|
0.04 us .
0.04 us
0.04 us
0.03 0

15.117248 s

Figure 83: Deinterleaving reveals 2 emitters. Each pulse is highlighted with the emitter color.

Deinterleaving is the process of identifying pulse emitters and classifying pulses as begin transmitted by
these emitters. The Spike software allows the configuration of up to 5 emitters; each emitter is
characterized by its center frequency and pulse width. When enabled, each pulse is compared to the
configured emitters, and a similarity calculation is performed which determines if the pulse was likely to
be transmitted by one of these configured emitters.

The similarity calculation results in a score between [0, 1] representing its similarity with the emitter. If
the result exceeds the deinterleaving threshold, it will be considered as coming from the emitter. If no
similarity result crosses the threshold, the pulse is not associated with an emitter.

Auto emitter detection attempts to find all emitters by using a clustering algorithm on the accumulated
results for both frequency and pulse width.

The emitter and similarity score are displayed in the pulse tables. Several plots color code the pulse with
its associated emitter color.
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4.19.5 Correlation
4.19.5.7 Cross Correlation

Figure 84: Cross correlation with a reference chirp pulse, showing the pulse compression performance.

When enabled, the I/Q snapshots can be cross correlated with a reference pulse. The reference pulse
can be copied from a previously measured pulse or imported from a CSV file. The output is a normalized
plot showing similarity between the reference pulse and the I/Q snapshot and is displayed in the cross-
correlation results plot.

Cross correlation provides some useful insights,

e Pulse compression performance

e At-a-glance pulse similarity detection without needing to inspect pulse tables

e Detection of known low level pulses that may be unable to be detected via normal
triggering methods in the software.

Note: The I/Q snapshot and reference pulse should ideally be the same I/Q sample rate. The software
does not perform any I/Q resampling. Any imported reference must be resampled to the correct rate
prior to importing.
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4.19.5.2 Auto Correlation

Auto Correlation Result

Auto Correlation Result

Figure 85: Autocorrelation reveals the interval of a multi pulse sequence.

When enabled, the 1/Q snapshot can be autocorrelated with a portion of itself. The beginning of the I/Q
snapshot, as determined by the autocorrelation time specified in the measurement configuration dialog,
is autocorrelated with the entire I/Q snapshot and the normalized result is displayed in the
autocorrelation results plot.

The autocorrelation can provide some useful insight,

It can reveal periodic structures in the snapshot. Using markers, the PRI of repeating
structures can be measured directly.

It can reveal regularity in the snapshot.

It can reveal low level unknown repeating structures that may not be detected through the
normal pulse detection methods in the software.

Note: The autocorrelation time must be longer than any periodic structure you want to measure.

4.19.6 Measurement Configuration Dialog

The measurement config dialog is accessed on the toolbar and contains several settings pertaining to
the detection and analysis of pulses.

4.19.6.1 Detection Tab

Detect Chirp - When enabled any pulse with a frequency deviation that exceeds the chirp
threshold will be considered a chirp.

Detect Barker - When enabled, each pulse will be correlated with all possible positive
barker sequences. If the result exceeds a 0.5 normalized cross correlation, that pulse will be
assigned to the barker type.

Pre-Trigger Holdoff - The amount of time the signal must be below the trigger level
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e Ignore Dropouts - The amount of time a pulse is allowed to droop below the trigger level
without being considered the end of the pulse.

e Enable Min Pulse Width - When enabled, all pulses must exceed the min pulse width.

e Min Pulse Width - If the calculated pulse width is less than this amount, the pulse is
discarded.

e Max Pulse Width - If the calculated pulse width exceeds this amount, the pulse is
discarded. This test is always enabled.

4.19.6.2 Analysis Tab

e Rise Lower Threshold - Specifies the start of the transition for the rising edge of the pulse.

e Rise High Threshold - Specifies the end of the transition for the rising edge of the pulse.

e Fall Lower Threshold - Specifies the end of the transition of the falling edge of the pulse.

e Fall High Threshold - Specifies the start of the transition of the falling edge of the pulse.

e Pulse Width Threshold - Specifies where on the transition the pulse width is determined
from.

e Region Ripple - Specifies what percentage of the pulse, calculated from the center of the
pulse, the ripple is calculated from.

e Region Linear FM - Specifies what percentage of the pulse, calculated from the center of
the pulse, the frequency slope is calculated from.

e Chirp Threshold - Specifies the peak to peak frequency threshold on which a chirp pulse
type determination is made. This only applies if detect chirp is enabled.

4.19.6.3 Deinterleaving Tab

For more details on these controls, please see the section on Deinterleaving.

e Deinterleaving - Enables/disables deinterleaving.

e Detection Threshold - Sets the threshold for which a pulse is considered to be related to an
emitter.

e Emitter Enabled - When an emitter is enabled, all pulses are tested against the emitter
specifications.

e Emitter Frequency - Center frequency of pulse of the emitter.

e Emitter Pulse Width - Pulse width of pulses generated by the emitter.

e Pulse Color - Some plots will display the color of the pulses according to their emitter
classification. This controls what color is displayed.

e Auto Detect Emitters - When pressed, a clustering algorithm is run on the accumulated
results in attempt to detect what emitters are present.

e Max Emitters to Detect - When auto detect emitters is run, this determines the maximum
number of emitters that can be automatically detected.

4.19.6.4 Correlation Tab

e Cross Correlation Enabled - Enables cross correlation measurements and results. Will only
occur if a reference pulse is loaded.
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e Import Reference Pulse - Load a reference pulse from a file. The file must contain I/Q
samples as ascii CSV values (floating point), where each 1/Q value is on a new line, and | and
Q are separated by a comma.

e Export Reference Pulse - Exports the current reference pulse to CSV.

e Save Pulse to Reference - Saves a currently measured pulse as the pulse reference for
cross correlation. The pulse entered under Pulse # is the one saved as a reference.

e C(Clear Reference - Clear the reference pulse.

e Status - Shows whether a reference pulse is stored.

e Samples - When a reference pulse is stored, displays the number of I/Q samples in the
reference pulse.

e Auto Correlation Enabled - Enables/disables auto correlation.

e Auto Correlation Time - Select the autocorrelation length.

4.19.7 Pulse Signal Definitions

Pulses are expected to conform to the shape defined by the single positive pulse waveform defined in
IEEE 181-2025. A picture of the pulse and definitions is below,
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A pulse is defined by a rising and falling transition. All percentages are configurable in the measurement
configuration dialog.
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5 Taking Measurements

This section helps a user learn how to measure, analyze, and record signals using the Spike software,
utilizing built-in features such as markers, record/playback, and channel power.

5.1 MEASURING FREQUENCY AND AMPLITUDE
5.1.1 Using Markers

The software has several tools for identifying a signal's frequency and amplitude. The easiest to use is
the marker. There are 6 markers available, each with its own reference.

To activate and place a marker left click inside the graticule or press the Peak Search button on the
marker controls to place the marker on the current trace peak and activate it simultaneously. Once a
marker is active the frequency and amplitude readout of the marker is displayed in the upper right
corner of the graticule. The marker's accuracy is dependent on the span and RBW. Narrower spans and
RBWSs have higher marker accuracy. The amplitude accuracy is NOT dependent on the vertical dB/div,
since the I/Q data is linear in voltage and has much higher resolution than is displayed. The marker may
be re-placed at any time by clicking the graticule or by using the left and right arrows to shift the marker
one sample point to the left or right.

5.1.2 Using the Delta Marker

To measure differences or changes in frequency and/or amplitude use the Delta markers. To use the
delta markers, you must first create a reference point. With a marker active, click the Delta button on the
marker/trace control panel. This places a reference location on the graticule. Now the marker readings
will report the difference between the marker and the reference. To disable the delta marker, press the
Delta button again.

5.1.3 Measuring Low Level Signals

To measure low-level signals, there are a few tricks to getting accurate readings. First, set the reference
level to -50 dBm or lower. This internally selects the highest sensitivity settings. Using an external time
base and narrow span (1 KHz or less) should give the best results. Video averaging may be required for a
stable amplitude reading.

5.2 SWEEP RECORD AND PLAYBACK

Spike provides the ability to store and playback a sequence of sweeps from any Signal Hound spectrum
analyzer. Several controls exist which make it easy to perform short term acquisition and analysis or long
recording projects such as spectrum monitoring. Sweep recording files store a series of sweeps along
with configuration information to a file with the extension (.shr).
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[Version 3.1.13 introduced the SHR file format but will continue to playback the BBR file format from earlier
versions of the software. As of version 3.1.13 the software no longer generates BBR file.]

5.2.1 Sweep Recording

Sweep Recording

Decimation Type Channelizer Enabled Progress Saved Max File Size GEI

Decimation Time Channel Center | 100.000000 1Hz | Sweep Count 15 Max Files

Decimation Count Channel Spacing | 20.000000 MHz| File Size  26.727 MB File Prefix | SWEEP_REC_

Decimation Detector Cutput Units ‘ dBm (Channel Power) - ‘ File Count 1
DiskFree  59.04GB

Figure 86: Active sweep recording.

The sweep recording control panel is enabled in sweep and real-time analysis modes. Most controls on
the recording panel are used to control the amount of data stored. Many Signal Hound spectrum
analyzers sweep at rates that produce very large recording files if not properly managed. The available
controls provide two ways to reduce the amount of data stored.

1) Decimation in time - Decimation in time refers to the action of averaging or max-holding
several sweeps over time. You can control either the amount of time or the number of sweeps
you wish to decimate for. For example, selecting a 1 second decimation time and max hold
decimation detector, the software will perform a max hold detector on sweeps over a 1 second
duration, at which point the max held sweep will be stored to the file. This creates a file with a
sweep being stored every 1 second. By specifying a sweep count, a similar effect is achieved,
except instead of waiting for a specified duration, the detector operation will occur on ‘count’
number of sweeps.

2) Decimation in frequency - Decimation in frequency refers to channelization of the sweep
using a channel power measurement. The channel width and center frequency of the channels
can be selected. The output of the channel power measurement can be stored in dBm or
dBm/Hz units. For example, a channel center frequency of 2440MHz and channel spacing of
1MHz will perform the channel power measurement on 1MHz channels evenly spaced 1MHz
apart from the frequency of 2440MHz. The channel center frequency specified can be the center
frequency of any channel.

Both decimation types can be enabled simultaneously, at which point the channelization will occur
before the decimation in time. If no decimation is required (i.e. store every sweep from the device),
disable the channelizer and select the decimation type ‘count’ with a decimation count of 1.

In addition, the amount of data stored can be limited using the maximum file size and maximum file
count settings.

Press the Start Recording button to begin recording. The first file is created immediately in the configured
directory. When the max file size is reached, recording will continue in another sequentially numbered
file, until the maximum file count is reached. Pressing the Stop Recording button ends the recording
session.
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5.2.2 Sweep Playback

Sweep Playback

QICNDEICYCY = e

J

Sweep: 59/ 2325
Date/Time: 05/02/2018 15:24:01:344
Lat 45879321 Lon:-122.583658 Alt 207.431m

Playback Speed | 64.000 ms |

Sweep Playback || SweepRecording | PeakTable |

Figure 87: Playback of recorded SHR sweep file.

To begin a playback of an SHR sweep recording file, press the play icon button on the Sweep Playback
control panel. After selecting a valid file, sweep playback should begin immediately. Use the slider bar as
well as the pause, step, and rewind buttons to control the playback. The playback speed determines the
amount of time to wait before showing the next sweep in the recording. For example, a playback speed
of 1 second plays sweeps from the recording at a rate of 1 per second.

When replaying a saved session, all measurement functionality of the software remains, such as
markers, min/max/avg traces, channel power, occupied bandwidth, persistence, and spectrogram views.

When finished, press the stop icon button and software control will return to the connected analyzer.

Tip: The title is also saved and shown
during playback. Use a title to describe the
session!

>K\Q\\SJ</J Y
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5.3 1/Q RECORDER

I8 1/Q Recorder

File
0,00 dBm

Spectrum Preview FFT Size 18851

Mkr: 3.000000 Gz, -23.22 dBm|

40,

Data Saved

Files S

80

Rate
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100005 575000 Gz
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Figure 88: 1/Q Recorder Utility.

The 1/Q

Recorder utility is used to perform dedicated short to long-term 1/Q captures to disk. The 1/Q

recorder utility can be accessed through the Utilities drop down menu.

It provides simple configuration for the device, file system, and data format, a minimal spectrum preview
window with adjustable RBW, and an informational readout of critical information during capture.

5.3.1 Configuration

The following are descriptions of the various settings and displays on the control panel, used to
configure the capture and preview window, and monitor relevant information.

5.3.1.1 Capture

Center Freq - Specifies the tuned center frequency of the capture, ie. the OHz frequency of
the 1/Q data.

Ref Level - Specifies the expected input power of the signal. This controls the reference
level and the gain and attenuation.

Sample Rate - Selects the sample rate of the current visible I/Q data capture. This number
is equal to the device sample rate divided by the decimation value.

Bandwidth - Controls the bandwidth of the passband filter applied to the I/Q data stream.
The bandwidth cannot exceed the Nyquist frequency of the I/Q data stream.

Auto Bandwidth - When set to Auto, the Bandwidth passes the entire bandwidth of the
I/Q data capture.
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5.3.1.2 Preview

e RBW - The desired RBW for the spectrum preview plot. Lower RBWs increase the required
FFT window length. If the FFT window length is not long enough to achieve the desired
RBW, the spectrum window will show a warning and the user will need to increase RBW to
display the spectrum plot.

5.3.1.3 File

e Save Directory - Selects the directory for the I/Q waveform files to be stored.

o File Prefix - Applies a file name prefix to all files saved. Useful for creating identifiable file
names. By default, the file name includes a second-resolution timestamp and sequence
number.

e Max File Size - Specifies the maximum amount of data to store in a single file.

e Max Files - Specifies the maximum number of files to write.

¢ Max Disk Usage - Specifies the maximum percentage of the hard disk that can be used.
The hard disk is determined by the Save Directory.

o Data File Format - Selects the file format to be used when saving I/Q data. By default, this
is set to binary 16-bit complex integers.

e Center Freq In Name - Inserts the Center Frequency into the file name.

e Sample Rate In Name - Inserts the Sample Rate into the file name.

5.3.1.4 Informational

e Data Saved - Displays the total amount of data written during the current capture.

o Files Saved - Displays the number of files written during the current capture.

o Disk Free - Shows the percentage of the hard disk that is free. The hard disk is determined
by the Save Directory.

e Rate - Shows the current rate of data being captured and written to disk.

5.3.2 Recording

Acquisitions begin by pressing the Record button located in the control panel.

The capture begins immediately, and data is saved in sequentially labeled files in the Save Directory. Each
file is prefixed with File Prefix, followed by a second-resolution timestamp tied to the start of the capture
(not the start of the file). Each file has a maximum size specified by Max File Size.

Recording proceeds until one of the following events occurs or conditions is met:
1) The user presses the Stop button.
2) Max Files have been written to disk.
3) Disk usage will exceed Max Disk Usage.

Several statistics in the Informational section of the control panel show you the status of the acquisition
and the current capacity remaining on the selected disk drive.
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5.3.31/Q File Formats

Each I/Q capture is saved as a sequence of files holding the waveform data in the format specified by the
“Data File Format” dropdown in the “File” section of the control panel.

The available formats are listed and described below.

5.3.3.1T 16-Bit Binary

Files saved in the 16-bit binary format contain I/Q values as signed 16-bit complex integers. They have
little-endian byte ordering. Samples are stored in sequential order as

I‘], Q‘], |2, Q2 “es |n, Qn

The values are stored as full scale, ranging from -32768 to +32767, representing floating point values
between -1.0 and 1.0. To convert these samples to floating point,

1) Read the samples from the file into signed 16-bit complex integer values.

2) Convert to full-scale floating-point values with the following equations,
o float re32f = (float)relés / 32768.0;
o float im32f = (float)imlés / 32768.0;

The data should now be floating point values between [-1.0, 1.0)

3) Optionally, if you want to recover the amplitude accurate I/Q samples referenced to dBm, use
the following equations,

o CorrectionFactor = sqrt (10" (refLevel in dBm / 10.0));

o Re32f *= CorrectionFactor;
o Im32f *= CorrectionFactor;

Once scaled, the I/Q data can then be converted to a dBm value rather than a dBFS value using
the equation,

o Sample power (dBm) = 10.0 * loglQ(re32f * re32f + im32f * im32f);

5.3.4 Preview Window

The preview window shows a spectrum plot of the waveform being recorded. It applies a single FFT
using the specified RBW across a portion of the capture, and updates at a rate of roughly 10 FPS.

The preview window plot adheres to the basic plot interface in Spike.

5.3.5 Precautions

Precautions must be taken when performing 1/Q captures to ensure your existing data does not become
corrupted and your I/Q waveforms are captured without error. Below is a list of recommendations and
precautions when using the I/Q record capabilities of the Spike software.
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1)

3)

4)

Store waveforms to an external hard drive and not the operating system (OS) hard drive. If your
OS hard drive approaches 100% capacity, you will run into issues which will prevent your OS
from operating properly. If you absolutely must store 1/Q waveforms on the same drive as your
OS, keep 20% of the disk free (Windows suggests 15%).

You can set an upper limit on this using the Max Disk Usage field in the File section of the control
panel. The default value is 80%.

Calculate the expected capture size beforehand using this simple formula:
B
Size of Capture (Bytes) = Max Files x Max File Size (kB) * 1000 (@)

Ensure your hard drive write speed exceeds the acquisition speed of the analyzer. For many
sample rates standard hard drive write speeds will be insufficient to sustain long term captures.
This will create gaps in the data which will affect the quality of your measurements. The record
speed will depend on the data file format. For 16-bit binary data, a simple calculation of the
record speed is

Write Speed (Bytes per second) = Sample Rate * 4

It is expected the hard drive write speed exceeds this value by a reasonable margin. For some of
the highest sample rates, a performance hard drive configuration will be necessary. For
example, at its highest sample rate, the SM200C can output 800 MB/s of data.

When evaluating high performance drives to handle this throughput, make sure to note the spec
for sustained write speed and not just burst speed. Otherwise, it will fall behind after writing a
fixed amount of data.

Ideally, an operator should be present at the software and monitoring the acquisition status.
Consider performing test runs on known signals to ensure your acquisitions settings are correct
before committing to a long acquisition process.

9.4 CAPTURING SIGNALS OF INTEREST

CSV files can be created of traces with the Trace Export button found on the control panel. CSV files are
useful for performing further signal analysis or plotting outside the Signal Hound application. When
exporting a trace into a CSV file, the currently shown trace is exported. Because of this it may be difficult
to obtain a CSV file of a signal of interest. For example, an intermittent signal which appears sporadically
may be difficult to capture, or some modes such as Real-Time signal analysis are prohibited from saving
CSV files.

One way to export a desired signal is to record the spectrum using the playback toolbar. After capturing
a signal via recording, the session can be played back and paused on the signal of interest. From there,
the signal can be exported or measured through standard means.
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Min and Max hold traces are another way to capture intermittent hard to view signals. Min and max hold
keep track of the minimum and maximum values over a period storing them in a separate viewable
trace.

5.5 CHANNEL POWER

Enabled State Offset Bandwidth Lower (dBc) Lower (dBm) Upper (dBc) Upper (dBm)  *

Target ‘ Trace One vl Enabled 200.000000 kHz 180.000000 kHz -20.75 -55.22 -20.56 -55.12

Disabled 20.000000 MHz 20.000000 MHzZ N/A NFA N/A NFA

width | 180.000000 kHz |
Power -34.47 dBm

Disabled 20.000000 MHz 20.000000 MHzZ N/A NFA N/A NFA

‘ Start Logging | Disabled 20.000000 MHz 20.000000 MHz N/A N/A N/A N/A

4 4 4 4 4

b= [w e[

‘ Change Directory | Disabled 20.000000 MHz 20.000000 MHz N/A N/A N/A N/A -

Figure 89: Channel Power control panel measuring a broadcast FM signal.

The Channel Power control panel configures, measures, and logs a main channel and 5 adjacent
channels, each consisting of a lower and upper component.

The main channel controls are on the left. Channel power can be enabled from here. This applies to all
channel power measurements, so the main channel must be enabled to take measurements on the
adjacent channels. Target specifies which trace will be used for measurements. Channel width specifies
in Hz the width of the band to measure. Power displays the channel power of the main channel. Start
Logging creates a new CSV file and logs the main channel and all enabled adjacent channels for each
sweep. Logging continues until Stop Logging is pressed. Change Directory sets the directory in which to
save log files.

The adjacent channels are listed as rows in the table on the right. The first three fields are for
configuration, the rest for measurements. The state field is used to enable or disable the channel. Offset
refers to the center-to-center frequency difference between the center channel and the adjacent
channel. Between channels, there is typically (but not always) a small guard band whose power is
ignored. Bandwidth specifies the width in Hz of the adjacent channel.

The adjacent channels, which have a lower and upper component, show the channel power as well as
the difference in power between the center channel and themselves. In the example below the
difference might be used to determine if any power is “leaking” into an adjacent FM band.

For example, the image below shows a channel bandwidth of 180 kHz with one adjacent channel with an
offset of 200 kHz. The image shows the FM station 101.1 in the center channel. Each channel will be
integrated and the resulting power is displayed in the table.

161



Taking Measurements | intermodulation Distortion

Ref -30.00 dBm RBW 308.000000 Hz VBW 77.100000 Hz
Div 10.0 Atten Auto

Mkr 1: 101.0899332 MHz, -74.82 dBm

110.00/

43000 ——™MM——————— -~ - - @ O - @ @@ @@ @ @ @ @ @@ @ @@ @ @ @@ @@ @ @ 1
Start 100.800000 MHz Center 101.100000 MHz Stop 101.400000 MHz
Span 600.000000 kHz Swp Time 33ms (12k pts)

Channel Power

Enabled Bandwidth Lower (dBc) Lower (dBm) Upper (dBc) Upper (dBm)
Target  Trace One kHz -159 -74.17 -17.68
MN/A MN/A
Power -58.23 aBm EELTEL 2 M /A N/A N/A
Stari Logging 4 Di iz ! [ N/A N/A

Change Directory ble: 2 N/A N/A N/A

Figure 90: Channel Power on a Broadcast FM Signal

For best results, set the video processing to AVERAGE, POWER, and turn spur reject off. The software will
throw a warning if the settings are not configured properly when activating channel power.

5.6 INTERMODULATION DISTORTION

Intermod Distortion

Enabled
Product I Frequency I Amplitude (dBm) I Amplitude (dBc) [ TOI (dBm)
2F1-F2 10.065773 GHz -109.785 -2.297 -106.340
F 10.073780 GHz -107.488 N/A NFA
F2 10.081788 GHz -106.722 N/A NFA
2F2-F1 10.089796 GHz -108.232 -1.511 -105.966

Figure 91: Intermodulation Distortion control panel.

The Intermodulation Distortion control panel measures intermodulation products and computes third-
order intercept.

It is expected that two signals are injected, one with lower frequency Fy, and the other with higher
frequency F.. The two highest peaks are found, and considered to be Fi and F.. From these points the

third-order products 2F; - F, and 2F; - F; are derived. These four points are displayed on the graticule as
trace markers.
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Aside from frequency and amplitude, the table shows two additional calculations for the third-order
products. Amplitude (dBc) is the differential amplitude between the third-order products and the base
tones, and TOI is the third-order intercept point. They are calculated as follows (only the lower
calculations are shown):

2% Prower + PUpper

AP ower = P1M3Lowe-r - 3
PUpper PIM3 Lower
TOI ower = T + Prower — _T

5.7 TRACE MATH

U Spike: Signal Hound Spectrum Analyzes

File EGl Presels Selings AnalysisMode Uiiies  Help

Speciogram | Disavlea <[ pussence ntensity [] i Single © A
Ref 8382 dBm RBW 1.000000 kHz VBW 3.000000 Hz
Div 10.0 Atten Auto
Trace | One Center [~ 1.000000 GHz
Type Average Span | 1.000000 MHZ
Awg Count 100 : start 999.500000 WHz
coor : : - oscson oz
CopyTo |- - -103 82 H Step 20,000000 MHz
Update [~ i i Full Span Zero Span
; -
Export Clear ; .
: : RefLevel [~ |[ = -£0.000 || d8m ~
- ; o Ta
Enatled Gain [ -
op1 Trace 1 - H : ) Mten
opz | Tracez - Freamp -
Resut | Trace3 -
Operation | Power it -
Offset ) RBW Shape | Flat Top
! i REW -|[- 1000000 kHz
vew 00000
Marker One - Auto REW
Tyee Normal - ! Auto VBIW
SelFrea 1000000 GHz
- L | ‘ ‘ | ‘ ‘ | || H | I ‘ ‘I I | -
\ 4l D
S R ‘ | )
Pk Trackin 5w Time 1.000 ms
2 Span 1 000023 MHz Swp Twme 452ms (5244 pts}
Pk Theeshold -100.000 || dBm S oos
Pk Escurs. 6.00 |68
ndwidth wer (dBm . -
. o Enabled [+ state Offset Bandwidth | Lower [dBc) Lower(dBm) | Upper(dB) | Upper (dBm)
Target Trace Three ~ | |1 Disabled - 20000000 MHz 20.000000 MHz  N/A NA N/A NA
To Center ToRel
‘Wiamn 120 000000 kHz | 2| Disabled - 20000000 MHz 20.000000 MHz  N/A A N/A NA
PakLeft PeakRight
Power 12142 d8m 3| Disatles -+ 20000000MHz 20000000 MHz WA WA hA WA
StaniLogging 4| Disaties  +  20000000MHz 20000000 MHz /A wa A m
i 5| Oisaties  ~  20000000MHz 20000000 MHz /A A A wa
— Change Directory W
Target | Trace One
Channel Power ‘Sweep Playback Sweep Recording Peak Table

% Power saoa| -

Figure 92: Power difference function measuring signal power below the instrument noise floor.

Trace math performs simple math operations between 1 or 2 traces and stores the results in a user
specified result trace. The source and result traces are selectable from the 6 user customizable traces.
The math operations available are listed below. All operations are defined using a logarithmic plot scale.
If linear mV scale is used, the result is converted to mV. All operations are performed on a bin-by-bin
basis.

o Power difference: A power difference is calculated between two traces and stored in the
result trace.
o Result = Log(Power(Op1) - Power(Op2))
e Power sum: A power sum is calculated between two traces and stored in the result trace.
o Result = Log(Power(Op1) - Power(Op2))
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o Log Offset: A dB offset is applied to a single trace and is stored in the result trace.
o Result =Log(Op1) + offset (dB)
o Log Diff: A log difference is calculated between two traces and stored in the result trace. An
additional dBm offset is applied to the difference.
o Result=Log(Op1) - Log(Op2) + offset (dBm)

When trace math is enabled, the trace math operation occurs at the time the result trace is normally
processed. User traces are processed in order (1,2,3,4,5,6) after a sweep is retrieved from the spectrum
analyzer. For example, the trace math operation {3 = 1 - 2} occurs when trace 3 is to be processed. In
this example, trace 1 and 2 are already processed before the trace math operation occurs. An operation
such as {2 = 1 - 3} means that trace 2 will be the result of trace one (updated just before trace math
occurs) minus trace 3 (last updated on the previous sweep).

A sweep must be retrieved from the analyzer before a math result can be displayed. Ensure all traces in
the math equation are enabled (type not set to Off) to see the trace math result. Trace type operations
can be combined in conjunction with trace math. For instance, trace math can be enabled with a result
trace of 3, and trace 3 can also have trace averaging enabled. Markers can be placed on math result
traces as normal. Use offsets for log operations to offset the result into the plot window.

If the power diff operation is selected, any negative or zero valued bins calculated as the result of the
difference are replaced by the smallest non-zero value in the trace after the difference operation is
performed.

5.8 USING THE REFERENCE LEVEL OFFSET

When measuring a signal that has been attenuated or amplified it is useful to let the software adjust the
measured signal by this offset. In Spike, you can enter this gain/attenuation value so you can directly
view the corrected measurement.

The proper way to set the reference level offset in Spike is the set the reference level offset and then set
the reference level to the value you want to see after the offset is applied. For example, if you are viewing
a 30dBm signal that is being attenuated by 40dB, first set the reference level offset to 40dB, then then
set the reference level to 30dBm.

9.9 NOISE MARKERS

Noise measurements are made using the noise markers in the Spike software. To enable this
measurement, change the active marker type to ‘Noise’ and place the marker on the spectrum.

Noise marker measurements are only available in sweep and real-time modes, and with the average
video detector enabled. For the most accurate measurements, average detector and power video units
should be selected.

The noise measurement reading is normalized to 1Hz and accounts for the under response due to either
log or voltage scale VBW averaging. The measurement is averaged over % a division. The formula used
for calculating the noise reading is below.
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f2
PmW

PdBm/HZ = 10 * loglo ; <SpanHS % NBW) + CdB

Where NBW equals the RBW filter (window function) noise bandwidth. f1 and f2 are frequencies
spanning %2 a display division and are centered on the marker frequency. C is a constant, where C = 0.0
when power video units are selected, C = 2.51 for log video units, and C = 1.05 for voltage video units.

5.10 CHANNEL POWER MARKERS

Channel power measurements can be made quickly using the channel power markers in the Spike
software. To enable this measurement, change the active marker type to ‘Channel Power' and place the
marker on the spectrum.

Channel power marker measurements are only available in sweep and real-time modes.

The bandwidth of the channel to be measured is specified using the Ch Power Width field.

5.117 N DB MARKERS

An N dB marker can be used to measure the bandwidth of a signal in the Spike software. To enable this
measurement, change the active marker type to ‘N dB' and place the marker on the spectrum, on a peak.

N dB measurements are only available in sweep, real-time, and scalar network analysis modes.

Typically used to measure the bandwidth of a filter, the marker is placed on a peak, and the left and right
arrow markers are shown about N dB down the transition band on either side of the peak. The result of
this measurement is the frequency difference between these two arrow markers.

The value of N, called the offset, is specified using the N dB Offset field.

The N dB measurement works by looking for the closest point on either side of the primary marker that
is at least N dB down from the primary marker, and then choosing the point with distance closest to this
offset value.

If no point is found on either side that is at least N dB down, then the measurement returns a result of “--
-"and the arrows are shown at the primary marker.

5.12 RBW FILTER SHAPE

Selecting the RBW filter shape affects how the spectrum analyzer achieves the desired RBW. Different
shapes affect which window function is used and how the bandwidth is defined. Not all shapes are
available for all devices or in all modes. Here is a short description of the filter shapes Signal Hound
provides.
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Flat Top - When this shape is selected, a variable bandwidth flat top window defined at the 3dB point is
used to achieve the desired RBW. The flat top window is selected by default and is recommended for the
most accurate measurements as it has very low scalloping loss.

Nuttall - When Nuttall is selected, the analyzer uses a fixed bandwidth Nuttall window defined at the
3dB point and powers of two FFTs with zero-padding to achieve discrete RBW values. Nuttall windows
offer the fastest sweeps with the lowest number of points in the sweep to achieve the RBW selected. The
downside of the Nuttall shape is the high scalloping loss at around 0.8 dB.

CISPR - When CISPR is selected, the analyzer uses a Gaussian window defined at the 6dB bandwidth
point and zero padding to achieve the selected RBW. This shape is commonly used for EMC/EMI pre-
compliance measurements.

5.13 USING THE MEASURING RECEIVER UTILITY

The Spike software provides the functionality of a measuring receiver to make tuned RF level
measurements (TRFL). TRFL measurements are useful for characterizing attenuators, signal generators,
or any device on which a user wants to measure the accuracy of incremental steps in the output power.

TRFL measurements are capable of making more accurate power level readings and carrier frequency
readings than in standard swept analysis mode and is capable of measuring power to much lower levels
than in swept mode.

The measuring receiver utility can be accessed through File Menu =2 Utility - Measuring Utility. Enabling
the utility will bring up the dialog box shown below.
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22 Measuring Receiver I. 2 ﬁ]

Synchronous Level Detector

Center Freqg 50.000000 MHz

Amplitude Range
W High Power Range
[ ] Mid Power Range
[ ] Low PowerRange

RF Frequency 50.000003 MHz
RF Power -10.211 dBm
Relative Power -9.992 dB
Average Relative Power -9.987 dB
Sync Dane

.Figure 93: Measuring Receiver Control Dialog
5.13.1 Measurement Procedure
This section outlines the procedure for making TRFL measurements with the measuring receiver utility.

1. With the Signal Hound device connected to the PC and application software running, select
Measuring Receiver from the Utilities file menu.

2. The measuring receiver will open and perform a 3-second calibration. Wait for this calibration to
finish and connect the unit under test (UUT).

3. Prepare the UUT by selecting the maximum output power and center frequency of the device.
Ensure the UUT output is a CW signal.

4. Prepare the software by entering the center frequency of the UUT and pressing Sync which
recalibrates the measuring receiver for the new center frequency.

Note: For correct operation, ensure the frequency entered is close to the output frequency of the UUT.

After step 4 above, verify the RF Power and RF Frequency readouts are correct and ensure the Relative
Power readouts are stable and very close to zero. A user is now ready to begin making stepped output
power measurements. Perform the following steps for each output power level step.

5. Decrease/step the output power level of the UUT by no more than 10 dB.

6. Record any relevant readouts.
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7. If the measuring receiver suggests recalibrating the device at a new power range, do so now.
Recalibration takes about 3 seconds and is necessary to make continued accurate
measurements to lower power levels.

8. Returnto step 5.
To start the test over, select a new center frequency or press the Sync button and start over from step 1.

Be careful of IF overload messages which warn that the UUT output power is too large for the current
power range. Avoid this by either decreasing the UUT power or pressing the Sync button to return the
measuring receiver utility to the highest power range.

As the output power of the UUT, the measuring receiver prompts the user to enter new power ranges.
The ranges are finite and a warning will be issued if the user has stepped over a range. To resolve this,
increase the UUT output power slowly until entering the next lower power range.

5.14 TIPS FOR BETTER MEASUREMENTS

Signal Hound spectrum analyzers have internal gain and attenuation settings that are automatically
adjusted for the selected reference level. While the software allows the user to manually control these
settings, the AUTO value should be used for nearly all measurements. Manual control may place the
compression point below the reference level, add spurious or residual signals, or raise the noise floor.

There are times when a user wishes to increase the attenuator by 5 or 10 dB to improve linearity. This
can be important for reducing the amplitude of intermodulation products. Rather than changing the
attenuator setting, simply change the reference level. This is easier and more predictable than manually
controlling the attenuator.

For the best sensitivity and lowest noise floor, set the reference level at, or just above, the maximum
input amplitude. To improve linearity and reduce intermodulation products, set the reference level 10 or
20 dB above the signal level.

For narrow-band and CW signals, the noise floor comes down approximately 3 dB for each decrease in
RBW. When measuring low-level CW signals, narrower RBWs are recommended.

For maximum sensitivity, a reference level of -50 dBm or lower is recommended. This will set the
attenuator to a minimum and set the internal gain to a maximum.

When the detector is set to “average” this is the equivalent to setting the minimum VBW for the current
setup. This will have the lowest peak-to-peak noise floor but will also average intermittent signals. Set
VBW to auto and the detector to “MIN/MAX" or MAX to measure pulsed or intermittent signals.

For making average power measurements, make sure the detector is set to “average” and “power.” If the
signal is modulated, either set the RBW wider than the modulation, or center the signal and use the
channel power utility.
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6 Additional Features

The Spike software has several useful utilities. They are described here.

6.1 SCPI

The Spike software is programmable using SCPI commands. The Spike software maintains a SCPI TCP/IP
socket connection on port 5025 (default). The connection can be disabled, and the port number can be
changed through the preferences menu.

When a SCPI connection is active and a command is received, the Spike software enters a remote
operation mode. When in remote operation, a modal dialog appears in the center of the Spike
application. To return to local operation either press the “Return to Local” button or close the dialog. If
another SCPI command is received, the dialog will reappear.

For programming information regarding Spike and SCPI see the Spike SCPI programming manual in the
SDK download located on the Signal Hound website (on any device download page).

(I scmt =

Spike is in remote mode.
Close this dialog to return to local operation.

Return to Local

L -

Figure 94: SCPI Remote Mode Active Alert Dialog

6.1.1 SCPI Log

When logging is enabled, SCPI commands received, and responses sent by Spike are logged with
timestamps. The log can be viewed in a non-modal dialog via the Utilities = SCPI Log menu option.

In the upper left of the dialog, running counters show the number of commands received, responses
sent, and total messages handled.

The log's active state is shown in the upper right of the dialog. It can be enabled or disabled in the SCPI
preferences. A few milliseconds of overhead can be saved by disabling SCPI logging.

The log can be exported as a plain text file using the “Export” button.

The log can be cleared using the “Clear” button.
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N scPiLog ? X

Total: 2 Commands: 1 Responses: 1 Enabled

2022-01-05 11:13:56.63¢ — *IDNZ?
2022-01-05 11:13:5&.85%7 +~ SignalHound, SMZ00R&, 1810427c,4_4_&

Export Clear

Figure 95: SCPI Log

6.2 PRINTING

Use the File 2 Print menu to print exactly what is shown on the graticule. Be careful, if the software is still
updating traces, the software may not print the desired trace. Use the print preview option to see exactly
what will be printing. Use the Single button to stop the measurement updates to guarantee you print the
desired signal.

Tip: The active color scheme is used for
printing as well. Under the View — Colors
menu, we provide a simple printer
friendly color scheme to help save ink!

;\Q\\S’yj b

6.3 SAVING IMAGES

Use the File = Save to Image menu option to save the current graticule view as a PNG, JPG, or BMP image.
The resulting resolution of the image is the exact resolution of the graticule at the time of the save. To
obtain the highest resolution image, maximize the software and slide the control panels out of the way.
The active color scheme is used in the resulting image.

6.4 CORRECTION DATA

Use the Ffile = Manage Correction Data menu option to open a dialog that provides some useful
correction data management functions.
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E Manage Correction Data ? 2

| Wiew Correction Data |

Explore directory storing cached correction files for Signal Hound devices.

Clear Correction Data

Remove all cached correction files. Use only if instructed.

L -
Figure 96: Manage Correction Data Dialog

Correction data is pulled from some Signal Hound devices and cached locally for faster access. It is
sometimes necessary to manage this data. For example, when a device is recalibrated a new correction
file is generated for it, rendering the old one obsolete. Simply removing the old one will cause the
software to pull the new one from the device. This is done using the “Clear Correction Data” button.

There are two available functions.

1) View Correction Data: This opens the directory on your computer which contains correction
data files for Signal Hound devices in Windows Explorer.

2) Clear Correction Data: This removes all correction data files for Signal Hound devices that have
been cached on your computer. When a device is connected, its correction file will be re-cached.

You should only use these functions if you have recently had your device calculated, or if instructed by
Signal Hound Support. Not all analyzers store calibration data on the device. If you have an older SA
series device, make a copy of the calibration data before clearing any data.

6.5 NETWORK DEVICES

This section covers the configuration and connection of networked (10GbE) devices in Spike. This section
applies to the SM200C, SM435C, and PCR4200 devices.

6.5.1 Connecting Networked Devices

Use the File = Manage Ethernet Devices menu option to open a dialog that provides Ethernet device
management functions.
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N Manage Ethemnet Devices ? >

{SM200C #1 |

SM200C #2 Add Device |

| Delete Device |

Device Name ~ |SM200C #1 |
HostIP Address  |0.0.0.0 |
Device IP Address |132.168.2.10 |
Port | 51665 |

Figure 97: Manage Ethernet Devices Dialog

The device's IP address and port must be known in advance prior to opening the device. This dialog
allows you to register several networked devices in the Spike software by specifying the IP and port
address of the device. When a device is added to this list, it will appear in the File->Connect menu.

When adding a new device to this list, the default IP and port addresses are used. If you haven't modified
your devices IP/Port, use the default values. The host IP address refers to the network interface that the
device is connected to. 0.0.0.0 is the address used for ‘any’ which means that the PC will resolve this later.
We recommend setting the host IP address to actual address of the NIC, and not the “any” address.

Note that a device does not need to be connected to the computer to save or edit a device in this list, but
the device will need to be connected to connect via File > Connect.

There are two available functions.
1) Add Device: This adds a new Ethernet device with default settings.

2) Delete Device: This removes the Ethernet device currently selected in the list.

6.5.2 Networked Device Configuration

This utility is used to modify the IP address and port of a networked device.

The network address of the SM200C and SM435C devices can be updated over USB or the network. The
PCR4200 network address can only be updated via USB.

To access the network configuration dialog, no device should be connected and active in Spike. Then in
the Utilities drop down menu, select either SM Network Configuration or PCR Network
Configuration.
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6.5.2.1 Configuring Over USB

If configuring over USB, ensure the networked device is connected to the PC with the provided USB
cable. In the “Via USB" tab, press the “List Devices” button to show all networked devices connected to
the PC over USB. If no devices are found, troubleshoot the USB connection to the PC.

Once the target device can be found with “List Devices", specify the target device serial number and new
network settings you wish to apply to this device. Once finished, press the “Program Device” button. It
will take a few seconds to program the new settings. At this point, “List Devices” should show the
updated network settings.

When non-volatile is unchecked, the new settings will not persist through a device power cycle.

Looking for devices... Target Device Serial | 70100002 |
S/N: 70100002 Target Device Addr  |192.168.2.10 |
MAC: a4:b2:66:B0:00:61
IP: 132.168.2. 10 Target Device Port | 51665 |
Port: 51665
Mon-Volatile
1 device found.
| List Devices | | Program Device

Figure 98: Configuring the network address over USB.

6.5.2.2 Configuring Over UDP

When configuring over UDP, the new settings are sent in a broadcast UDP packet. For this reason, only a
single SM200C/435C should be connected to the local network interface. While specifying the “any”
address often works, when possible, it is best to specify the host address directly. The update will report
failed if changing to a new subnet, but the update may have still been successful.
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J Configure SM200C/SM435C MNetwork Settings

veuss [

Host Addr |n.n.u.n

Target Device Addr |192.1as.2.1n |
Target Device Port | 51555|
Mon-Volatile

Configure

Figure 99: Configuring the network address over UDP.

6.6 PATH LOSS, LIMIT LINE, AND ANTENNA
FACTOR FORMAT

All correction and limit tables are loaded into the software in CSV file format. This means each value is
separated by a comma, and each logical set of values is separated by a newline. These types of files can
be edited in spreadsheet document software or even a basic text editor.

Values provided are then linearly interpolated.

Path loss tables are [Frequency (MHz), Gain (dB)] pairs which describe the response of one or more
components in the system. A path loss table might look like this

20.0,0.1
200.0,0.4
2000.0, 1.7

Path loss tables are applied to the received sweep before being displayed or processed. The first and last
values are extended to the start and stop frequencies of the sweep configured. It is good practice to
prefix and postfix your table with zeros if you do not wish to extend your corrections beyond the defined
frequency range.

Antenna factor tables are [Frequency (MHz), Antenna Factor (dB/m)] pairs which describe the response
of an antenna. These tables have the same structure and behavior as path loss tables except they
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change the units of measurement to one of electric field strength. Electric field strength measurements

are used in compliance testing.

Limit lines are of the form, [Frequency (MHz), Limit(dBm)]

Limit lines are only tested within the frequency range of the lowest and highest frequency point.

The limit lines are drawn on the graticule and each sweep is tested against them. Indicator text will
appear in the center of the screen denoting whether the trace currently shown passes or fails the limit

line test.

Here is an example of a path loss CSV file built in a spreadsheet program.

732

0

738

2

And here are the resulting path loss corrections applied to incoming traces for a 10MHz span centered at

735 MHz:

Amplitude (dBm)

730 732

We can see the linear interpolation between the two points and flat lines off the sides.

6.7 MANAGING PATH LOSS TABLES

734 736
Frequency (MHz)

738

740

The path loss table dialog provides a user with the ability to manage up to 7 path loss tables and one
antenna factor correction table. Loss tables are [frequency, dB] pairs which characterize loss or gain in
the system. Typical use of loss tables corrects for cables, amplifiers, or attenuators. Antenna factor tables
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are [frequency, dB/m] pairs which describe the response of an antenna and are generated by calibrating
an antenna. Only one antenna factor table can be loaded and should be loaded into the appropriate
spot to ensure the software recognizes its presence.

See Path Loss, Limit Line, and Antenna Factor Format for more information.

Tables can be loaded and removed through the dialog. The file names of the tables are stored with the
presets and are loaded automatically when loading a preset later. If the file name has changed or moved
since the preset was saved, then the table will be removed.

6.7.1 When Are Path Loss Tables Applied?

Path loss tables are applied in two ways.

1) Full: The user provided path loss tables are applied at each output frequency point in the
measurement.

2) Single: Path loss applied at a single frequency: The measurement is corrected for a single
frequency, usually the center frequency of the configured measurement. This is equivalent to a
flat dB offset across the measurement.

Each measurement mode in Spike applies path loss in one of the ways mentioned above. Below is a list
of each measurement mode in which path loss is applied and denotes which application method is used.

Measurement Mode Path Loss Method
Swept spectrum analysis Full

Real-time spectrum analysis Single

Zero-span Single

Harmonics viewer Full

Scalar network analysis Full

Phase noise None

Modulation analysis Single

EMC precompliance Sweeps: Full, QP Detector: Single
Analog demod Single

Interference hunting Full

Measuring receiver None

Spectrum Emission Mask Full
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6.8 MANAGING LIMIT LINES

N Manage Limit Lines ? x
Limit Line 1
Limit Line 2 Enabled
Limit Line 3 Name Limit Line 1 |
Limit Line 4
Limit Line 5 TR | 1]
Limit Line & Type | Upper - |
Reference | Fixed - |
Convert To | Relative |
Interpolation | Linear - |

Pause On Break | |

Show Line
Show Result
Offset (dB)

Puoints To Build

Build Line Build From Trace |

Modify Points

Edit |
Copy To | - |

Mumber of Points 0 Pts

Figure 100: Limit Line Manager

The limit line dialog provides a user the ability to configure up to 6 limit lines. Each limit is stored as
frequency amplitude pairs. The points tested against the sweep are interpolated from the limit line
values. The limit line can be configured to act as a maximum or minimum threshold. Limit lines can be
loaded from CSV files. See Path Loss, Limit Line, and Antenna Factor Format for more information. Limit
lines are also stored in the presets.

6.8.1 Settings

¢ Enabled - Activates/deactivates limit line.

¢ Name - The name of the limit line. This will be displayed on the plot if “Show Result” is
checked.

e Trace - Sets the trace the limit line acts upon.

e Type - Sets whether the line is an upper or lower bound.
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o Reference - Sets whether the frequencies are specified as fixed or relative (to center)
values.

e Convert To - Converts the limit line's reference mode between fixed and relative. This
recalculates the points based on their current position on screen.

¢ Interpolation - Specifies whether linear or logarithmic interpolation is used.

e Color - Sets the color of the limit line.

e Pause On Break - When enabled, Spike will switch to single step mode if the limit line is
violated.

e Show Line - Sets the visibility of the line on the plot.

e Show Result - Sets the visibility of the name and pass/fail status on the plot.

o Offset - Sets an offset to be applied to all the points in the line.

e Points To Build - Specifies how many points should be used when building a line from the
current trace.

e Build Line - Constructs new limit line data from the current trace, using the number of
points set in “Points To Build".

¢ Modify Points - Opens the limit line table editor for editing individual points.

e Copy To - Copies the limit line’s points, type, reference, and offset to the selected limit line.

¢ Number of Points - Displays the number of points in the limit line.

6.9 AUDIO PLAYER

Using the Utilities 2Audio Player menu option, a user can utilize the software to play broadcast audio.
When using Spike™ for audio playback, the dialog box below will appear.

N Audio Player ?|
Frequency Audio Recording
Center Freq 97.100000 MHz | Audio Type | Fi ~|  saveDirectory | Select |
Bandwidth | 120.000000 kHz | luments/SignalHound/audio_rec|
| s | Lowpasse | 5000000 krz | FlePrefx [AUDIOREC |
| A kHz | | +1 kz | HighPass | 20000000 Hz |  eeord | . |
| 20 Hz | Deemphasis (us) | 75.000 |

Figure 101: Audio Player

Change the center frequency using the arrow keys, pressing the fine tune frequency adjustments, or
through manual entry. The initial center frequency is the same center frequency displayed on the
graticule when selecting the Audio Player menu option. A user can also manually change or select
various bandwidths and the type of demodulation. A user may also specify audio low pass and audio
high pass filter cutoff frequencies.

All audio related variables other than center frequency are saved with presets.
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TRY THIS: Utilize sweep mode to find a
signal of interest and start the Audio
Player to immediately begin listening at
that frequency.

%&\5’%

6.10 FREQUENCY DIFFERENCE METER

Spike provides a frequency difference utility to determine the frequency difference between two stable
oscillators. The frequency difference is displayed as a digital readout as well as a zero-centered meter
with selectable parts in 106, 107, 108 10°% 10%, and 10". The frequency difference meter accepts
frequency inputs across the entire operating frequency range of the spectrum analyzer. The types of
measurements available through the frequency difference meter include, measuring, offsetting, and
adjusting your oscillator, and analyzing the stability of your oscillator.

E Frequency Difference Meter @lﬁ

-0.35948 H=z Measured - Desired
w5 s T T
Desired Frequency | 10.000000 MHz |
Reference Level | 0.000 ” dBm v|

Scale (x104M)

i
F
8
g
10
"

NN ALY

Figure 102: Frequency difference meter observing frequency difference between two 10MHz oscillators

L

Ensure your spectrum analyzer has an external reference connected to the input BNC port and is
activated through the file menu. If an external reference is not connected and active, the internal
timebase of the spectrum analyzer is used. Connect an oscillator to the input RF port on the spectrum
analyzer and set the desired frequency setting. Set the reference level to about 5dB above the input
signal level. Observe the frequency offset (Measured - Desired). As you adjust the input oscillator, use
the scale radio buttons to adjust the frequency range displayed on the output meter. As the scale is
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increased, the damping increases on the output meter. Allow several seconds for the meter to settle on
the smallest scale settings.

6.11 ADJUSTING YOUR TIMEBASE

Using the timebase adjust utility, you can semi-permanently adjust your Signal Hound's internal 10MHz
oscillator. Access the adjustment utility using the Utilities -> Timebase Adjustment option.

. N Timebase Adjustment I. 2 ﬁJ
Frequency Offset -0.09320 Hz
Input Frequency | 10.000000 MHz |
Reference Level | 0.000 ” dBm v|
Adjust Restore
Timebase Drefault
| Daone |

Figure 103: Timebase Adjustment Utility

The utility allows you to adjust the internal oscillator to a high precision external CW source or oscillator
through the RF input port. Using the utility, the Spike software can store an adjustment for the serial
number of the device to use for all future program invocations. Spike stores this adjustment for the
serial number on the local PC. If you connect a difference device or use a different PC, the adjustment
will not be applied.

If you wish to restore the default factory adjustment settings, simply press the Restore Default button at
any time. You do not need to provide an input CW signal to restore the factory adjustment setting.

Steps:

e Connect the high precision source/oscillator to the input RF port on the spectrum analyzer.

e Disconnect any cables connected to the reference in/out BNC port.

e Setthe reference level about 5dB higher than the expected input signal.

e Setthe input frequency to match the input oscillator frequency.

e Ensure the frequency offset reading is stable and reasonable before adjusting the
timebase.

e Press the Adjust Timebase button.

e After adjusting, the frequency offset shown will reflect the new adjustment.
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6.12 SPUR REJECTION

When spur rejection is on additional signal processing is enabled attempting to remove spurious signals
which are the result of mixing products. Spur rejection roughly doubles sweep time and is great for

cleaning up a steady signal, but should not be used for pulsed RF, or modulated signals. Spur rejection is
not available in real-time mode.

6.13 NETWORKED SPEED TEST

This utility tests the speed of a connected networked device, such as an SM200C or SM435C. It shows the
result in Gigabits per second, and updates each second.

Networked device to PC throughput is measured using UDP jumbo packets. This utility can be used for
troubleshooting. For the SM200C/SM435C, network speed should sustain > 8Gbps speeds.

N Networked Speed Test ? =

8.850

(Gigabits / second

Figure 104: Networked Speed Test utility

6.14 GPS CONTROL PANEL

The GPS control panel can be accessed from the Utilities menu.

The Spike software can utilize a GPS device to capture both timestamps and GPS coordinates. The GPS
information can be utilized in several measurements, including sweep recording, mapping, LTE
measurements, and more.

The GPS device can be one internal to a Signal Hound spectrum analyzer (such as in the SP145, SM200,
and SM435 devices), or an external device. For GPS devices internal to Signal Hound spectrum analyzers,
the GPS will auto-lock when the GPS antenna is connected, and the GPS controls are set to “Internal”.
External GPS devices can be connected over serial, (commonly serial over USB). Platform specific
instructions are provided below for connecting an external GPS device. The NMEA sentences from the
external GPS are parsed to determine the timestamps and coordinates.

GPS data is updated roughly once per second. The current GPS lock status can be viewed in the GPS
control panel or in the status bar of the Spike application.

For internal GPS devices, the “Platform Model” can be selected. Choices are stationary or portable.
Portable is recommended for any scenario where the spectrum analyzer is not stationary and allows the
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GPS to maintain lock when velocity does not equal zero (for instance when making drive test
measurements).

GPS Type ' Internal GPS - | |

External GPS Configuration

COMDevice | COM7: USB Serial Device | Microsoft~ |

| Refresh COM Devices

|
Baud Rate Entry | 32400 |
|

Connect || Disconnect

Internal GPS Configuration

Platform |Stationary - | .

Lock Status
Latitude
Longitude
Altitude

Sat in View

SNR

Figure 105: GPS Control Panel

6.14.1 Windows

Connected COM devices will appear in the dropdown COM Device. Select the device that corresponds to
the desired GPS unit. To refresh the list (if a GPS device is plugged in after opening panel), press the
button Refresh COM Devices.

6.14.2 Linux

Enter the name of the serial device as represented in the file system under Device Name. For example,
“ttyACMO". This name can be determined using a command like /s /dev | grep tty.

Pressing “Connect” attempts to communicate with the GPS device. The control panel will warn you if
unable to detect the GPS device or the NMEA data does not match a valid form. The NMEA data must
contain the RMC sentence to be considered valid form.

If an external GPS is connected, the GPS coordinates provided by the external GPS will override the ones
provided by the SM.
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Some messages you may encounter using the GPS control panel.

e Comm Error - The software was unable to find a valid RMC string in the NMEA sentences.
The primary cause for this is an invalid baud rate. Verify the baud rate is set correctly by
looking in the properties window for the COM device in the device manager.

e Locked/Unlocked - Echoes the lock status in the RMC string of either ‘A’ or ‘V'. Coordinates
are not used while unlocked.

e Unable to Connect GPS - Verify the COM port and baud rate are correct before attempting
to connect again. Ensure the device is configured properly on your system.

6.15 GPS DISCIPLINED TIMEBASE

(This section only applies to the SM series spectrum analyzers)

The SM can use its internal GPS to discipline the timebase and internal clocks. This enables more
accurate and consistent frequency measurements as well as accurate time stamping functionality (when
using the API). This discipline behavior is enabled by default and the user only needs to connect the
supplied antenna to start this process.

When the SM is connected to the Spike software, an additional text field appears in the status bar
indicating the current GPS status. The possible GPS states displayed are

- 26.39W | GPSLocked | _=5

Figure 106: GPS state readout in Spike status bar. SM devices only.

1) GPS Unlocked - Either the GPS antenna is disconnected or is connected and hasn't achieved
lock yet. After connecting the antenna expect several minutes for the lock. If you do not see a
lock after several minutes, you might need to reposition the antenna.

2) GPS Holdover - The GPS is unlocked but is using a holdover value from the last time it was
disciplined. A typical message here is GPS Holdover (3d19h) denoting the holdover value is 3
days, 19 hours old.

3) GPS Locked - The GPS has achieved lock but has not yet disciplined the SM. The GPS must be
locked for several minutes before discipline occurs.

4) GPS Disciplined - The SM has been disciplined to the GPS. If the GPS antenna remains
connected, the GPS will continue to discipline (it will usually update every few minutes).

Once GPS disciplining has occurred the software records the last known timebase correction value,
which will be used in future program invocations when a GPS is not present. This stored value is referred
to as the GPS holdover value. This value is stored in the C:\ProgramData\SignalHound\cal_files directory
(hidden directory) and is named of the form sm########gps.bin. It is safe to delete this file.

The state machine below explains how to determine how the SM timebase is being corrected at any
given time. To summarize the state machine, a timebase correction value is generated during production
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and is used until the GPS disciplines the system and is stored as a holdover value. If the device is
recalibrated/adjusted at any time, the newer calibration value will be used over the holdover value. (All
timebase correction factors are timestamped and the newest one is used)

GPS Disciplined Timebase
State Machine (Spike)

( Connect Device )

Holdover value exists & Cal value
newest newest
GPS enabled GPS enabled
Using holdover Using cal value
GPS disciplined GPS disciplined
(2-3 minutes) (2-3 minutes)
GPS enabled

Using disciplined value

Writes/saves holdover
value

Figure 107: State machine for GPS disciplining for the SM.

6.16 BB60OD GPIO CONTROLS

The UART output port on the BB60D can be controlled in Spike using the BB60D UART Controls.

e UART Rate - The UART clock rate can be selected from several predefined values.

¢ Imm Config/Write - The UART output on the BB60D can transmit up to 8 bits. The
immediate controls can be used to directly transmit a byte over the UART port.

e UART Sweep - Up to 8 UART bytes can be transmitted at specific frequencies in a sweep.
This is useful for intra-sweep antenna switching or controlling an external device during a
sweep. When enabled, a UART byte is transmitted when the sweep frequency crosses a
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user defined frequency. When enabled, this functionality will override the 10MHz output
reference if configured.

6.17 SP145 GPIO CONTROLS

6.18 SM GPIO CONTROLS

The GPIO on the SM200 and SM435 spectrum analyzers can be controlled in Spike. There are two GPIO
output modes that can be configured, fixed and sweep. Fixed mode sets the GPIO output pins to fixed
outputs, while the sweep mode changes the GPIO pins at different points in the sweep. The GPIO can be
configured using the SM GPIO Controls found in the File->Utility menu.

The DB15 port on the SM spectrum analyzers has 8 GPIO pins that can be configured. Please see the
user manual for the SM200 and SM435 for a description and pinout of the DB15 connector.

6.18.1 Fixed Output Mode

Fixed GPIO mode is ideal for manually controlling external devices with up to 8 configurable GPIO pins.

In fixed output mode the GPIO pins are fixed. Device measurements are stopped when updating the
GPIO output pins. The GPIO remains fixed until disabled or modified.

6.18.2 Sweep Output Mode

The sweep output mode is ideal for switching between multiple antennas during a single sweep or
controlling any other device via GPIO mid sweep.

In sweep output mode, a sequence of frequencies and GPIO pin values are configured. When the sweep
crosses the specified frequency, the GPIO pins are configured to the pin values associated with that
frequency. The first frequency should be 0 Hz ensuring the GPIO pins start at a specified value.

Up to 8 discrete frequency/GPIO steps can be configured.

The resolution at which the frequency values can be configured depend on the measurement type. In
standard sweep mode, the frequency resolution is 40MHz, and in real-time swept mode, the frequency
resolution is 160MHz. Any attempt to specify frequencies at smaller resolutions will result in unspecified
behavior.

6.19 DEMO MODE

If Spike is opened with no device connected, a dialog will appear with the option to launch the demo
device. This will allow several analysis modes to operate with simulated signals, with most functionality
available.
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Analysis modes that can be demoed are Sweep, Zero-Span, Digital Demodulation, Interference Hunting,
Spectrum Emission Mask, Harmonics, and Mapping.

A o Device Found >

Mo Signal Hound analyzer was detected.
Waould you like to launch the demo device?

Yeg Mo

Figure 108: Demo mode dialog.

6.20 MANAGING LICENSES

| Add License

- - I License Details
Phase Moise / VCO Characterization - 18104276

Phase Moise / VCO Characterization - 12345678 Feature Phase Noise / VCO Characterization

Status Active
Expiration Date 2025-01-25
Serial Number 12345678

In] c426a183-e25a-4e9c-31d2-e8bch9132923
MName Signal Hound Support
Email support@signalhound.com

| Refresh License |

| Remove License |

|
. OpenSSL 1.1.1g 5 Jul 2022 ;

Figure 109: License Manager dialog.

The License Manager dialog is used to add, activate, remove, and see details about licenses stored on the
machine.

All licenses in use locally are displayed in the list on the left, with their associated serial number. Expired
licenses are shown in red text. Clicking on a license will show its details on the right. It will also enable
actions to be performed on it with buttons on the right.

To enable a licensed feature, an active license must be added to the local store. Instructions on how to
do this are below.
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6.20.1 Adding and Activating a License

After purchasing a Signal Hound software license, you will receive a license key that is used to activate
the license in Spike. An internet connection is needed for activation, but from then on, the license is
stored locally and no internet connection is needed.

1. First, make sure Spike is up to date. You can download the latest version here.

2. Navigate to your account page on the Signal Hound website.

Switches v Software v Accessories v

Spectrum Analyzersv  Signal Generators v Resources v

Support v

Figure 110: Navigating to My Account portal on Signal Hound website.

3. Click “Licenses” in the sidebar.

@dev-sub

Profile

Registered: 16 hours, 52 minutes ago

Profile

Forums
Topics Started
Replies Created Topics Started: 0

Engagements
gag Replies Created: 0

Favorites
Forum Role: Participant
Subscriptions

Edit Status Active

License s MZAwW=— Copy
Dashboard

Orders

Licenses

Downloads

Addresses Last order date 24 hours ago

Next payment
peyment P Qctober 14, 2025
methods date
Account details Payment Via Visa ending in 1625
Log out

Cancel Change payment
Figure 111: Viewing licenses in My Account portal on Signal Hound website.

4. Click the “Copy” button to copy the license key to your clipboard.
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5.

Profile

Topics Started
Replies Created
Engagements
Favorites
Subscriptions

Edit

Dashboard
Orders
Licenses
Downloads
Addresses

Payment
methods

Account details

Log out

Figure 112: Copying license key from My Account portal on Signal Hound website.

In Spike, open the License Manager from the Utilities menu.

@dev-sub

Profile

Registered: 16 hours, 52 minutes ago

Forums

Topics Started: 0
Replies Created: O

Forum Role: Participant

Status Active
License B AMZA
Serial Number 18104276
Start date 24 hours ago
Last order date 24 hours ago

Next payment

October 14, 2025
date

Payment Via Visa ending in 1625

Cancel Change payment
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E Spike: Signal Hound Spectrum Analyzer Software
File Edit Presets Seftings Analysis Mode  Utilities  Help

|| spectrogram | | ] Persistence Errar Info
Path Loss Tables

Measurements

2 Troces Limit Lines
Audio Player
Trace | One Measuring Receiver

Type Frequency Difference Meter
Avg Count Timebase Adjustment
Tracking Generator Contrals
Color
GPS Control Panel
Copy To
Py [/ Recorder
Update

Hide []

License Manager

Figure 113: Opening License Manager from Utilities menu.

6. Inthe License Manager utility, click the “Add License” button.

T License Details

Phase Noise | VCO Characterizalion - 12345678 Featura Phase Noise I'VCO Characterization

Stalus Active

Expiration Date 2025-01-25

Serial Number 12345678

(o] c4263183-e25a-4e9¢-81d2-eBbcH913a523
Mame Signal Hound Support

Email suppori@signalhound.com

Reafresh Licensa

Remiowve Licanse

| OpenSsL 1.1.1q 5 Jul 2022 ;

Figure 114: Add License button.

7. Paste the license key into the text field and click “Ok”".
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Enter license key:

B24i0jMxNTMZMDAWTSwidXMIcilGeylpZ Cl
Bl L MWFENmMwLTJEMZ2CtMDFRMNSTiM]C
ZLWIEMTUSMZI MW SIsImyVYWisljoic
IweGE9ydEBzaWduYWxob3VUZCE|p20if3
wibGlZWazZ316ey)pZCIGIMmMOMJZhMTgzL
WUYNWEINGUSYyO4MWQyLWU4YmM20
TEZYTkyMylsImMNyZWFOZWQiOilyMDI0LTA
¥LTHVDIzOQyOjUyLj kS ONVoILC JleHBpenki
CilyMDILTAXLTIVD Aw O jAw O jAwLjAwlF
oif0=_3fagssKmMTYwTZBsx_RweVal
Z3VBOickdRewGnoTTXymeL7aDromadiru
gVasExsRuuZplxit3FZXuETuluBw== —

| Ok || Cancel

Figure 115: Add License dialog.

8. When prompted, enter the serial number of the Signal Hound spectrum analyzer you would like
to associate with this license. When the license becomes associated with a spectrum analyzer via
its serial number it is considered active.

6.20.2 Removing a License

To remove a license, select it from the list, and press the Remove License button. This only removes the
license information from the local machine, but does not affect the license itself, which can be re-added
on this or another machine.

6.20.3 Refreshing a License

If a license was renewed or otherwise altered, the local information can be updated to reflect these
changes by pressing the Refresh License button.

7 Plotting

This section describes the various plots and displays in the Spike software.

/7.1 BASIC PLOT

Several plots in the Spike software adhere to a standard interface. Currently, plots in the following
modes adhere to this interface.

e Zero-span (except CCDF)
e Digital modulation analysis
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e Analog Demod

e Spectrum Emission Mask

e Bluetooth® Low Energy

e WLAN

o LTE

o Noise Figure

e Sweep/Realtime (zoom features only)

Measurement modes not listed here will have custom plots with their own unique interface.

This section describes the features of this standard plot. The plot below is the AM vs Time plot from
zero-span and key points on the plot are labeled and described below.

BN AM Vs Time =N
35.39.dBm= (3 AMVsTime F
Uncal : : : : :

: : H : ; ; i Delta: 39,820 us, -1.25 d|
IF overload H : : : : : : D :

P | (s R N S s s O ........................

0.0s ' ' Bvg Power 2.40 dBm ' 559,980 us

F

Figure 116: Basic plot areas of interest.

A. Main plot window.

B. Marker, left mouse click anywhere in the plot border to place a marker on the closet point
in the graph.

C. Delta marker, enabled through the context menu. Displays the reference point to which the
marker is compared.

D. Marker readout, displays either the position of the marker or if the delta marker is enabled,
the difference between the marker and the delta marker reference.

E. PlotTitle.
F. X-axis label. Might contain additional measurement information relevant to the current
plot.

G. Reference level and zoom indicator asterisk.
H. Error annunciators.
I.  Region to the left of the y-axis. In this region the user can control the y-axis scale.
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7.1.1 Zoom and Axis Manipulation

There are four primary ways to manipulate the x/y axis of the plot.

1) Left click and drag of the mouse within the plot border. This lets the user select a specific region
of interest to display. This can only be performed after enabling drag zoom in the context menu.

IN aM Vs Time =N

-1.65 dBm™ AM Vs Time

Ava Power -24.87 dBm 99,980 us

Figure 117: User is dragging a zoom region around the on period of a pulse.

2) Click and drag to the left of the y-axis, or below the x-axis. This allows the user to move the
reference level or time of the plot.

3) Hover over the area to the left of the y-axis or below the x-axis and scroll the mouse wheel. This
contracts/expands the y-axis or x-axis.

4) In the context menu, select “Set Axes” and manually define the ranges of the x-axis and y-axis.

When the user has modified the axes in any way, an asterisk appears next to the unit of the plot
indicating that the user has overriden the default scale. The user can use the context menu to revert to
previous or the default plot scales.

7.1.2 Markers

A single marker is available for control. Left clicking anywhere within the plot border will place the
marker on the closest point. Further control of the marker can be performed by using the left/right
arrow keys to move the marker a single index left or right on the current graph. If the plot contains
multiple graphs/lines, using the up/down arrow keys will jump the marker between the two graphs.

When a marker is active, selecting delta marker in the context menu places a reference marker at the
current marker location. Selecting delta marker again disables the marker.
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7.1.3 Context Menu

The context menu is activated by right clicking anywhere within the plot. A description of each context
menu item is provided below.

mL’QV;Time EI@

223,607 mV 1/Q Vs Time

Mkr: 371.375000(us, 187.018 mV

178,885} 0 O 0 0 A — S : % : A—

134, 164~ D v Auto Zoom e
Enable Zoom / Disable Drag Marker

82,443 setaxes  peeeeee

44,721 PeakSearch e

: Minimum Search y

0.Dop Place Delta Marker r':'L:'_:' N

44,721 Disable Marker | ||

Export

-89.443

Save as Image

-134. 164

-178.885

-223.6075 53 999.575000 us

Figure 118: The context menu is displayed after right mouse clicking anywhere in the plot.

e Previous Zoom - Restores the previous level of zoom/scale. Additionally, it will show how
many levels of user zoom/scale are active.

e Auto Zoom - Restores the default scale.

e Enable Zoom/Disable Drag Marker - When enabled the marker drag functionality is
replaced with the ability to drag a zoom window on the plot.

e Set Axes - Manually define the ranges of the x-axis and y-axis.

e Peak Search - Move the marker to the location of the largest y-value. If the marker is
disabled, enable it.

¢ Minimum Search - Move the marker to the location of the smallest y-value. If the marker
is disabled, enable it.

e Place Delta Marker - If the marker is enabled, place the reference marker at the current
marker position.

o Disable Marker - Disable the marker and delta marker if enabled.

e Export - Exports all graphs shown in the plot into a CSV file.

e Save as Image - Save the current plot as an image.
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/.2 SPECTROGRAM
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Figure 119: FM broadcast

The software offers a spectrogram display, also called a waterfall display, which displays several sweeps
over time. The spectrogram is available in sweep, real-time, and interference hunting measurement
modes.

The spectrogram stores a selectable number of sweeps in a scrollable history. Each horizontal line in the
spectrogram represents a single sweep. The x-axis represents frequency, the y-axis represents time, and

amplitude is represented using a color-coded scheme.

Enable the spectrogram from the toolbar. The spectrogram can be resized by using the mouse to drag
the splitter bar below the spectrogram display.

Left-clicking on the spectrogram display places a marker on the sweeps, providing a method of
measuring the frequency, amplitude, and time of any event stored in the spectrogram. The marker
readout appears in the upper right of the display. The marker can be disabled in the right-click context
menu.
Right-clicking on the spectrogram display brings up a menu with four options.

¢ Preferences - Opens the preferences menu described below.

e Clear Spectrogram - Clears the current spectrogram display.

e Delta Marker - Sets the delta marker at the currently selected position.

e Auto Scale - Sets the min and max value of the scale to the min and max values of the currently
displayed data.
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The available preferences and a description of their function is below.

e Sweep Depth - The number of spectrums stored in the spectrogram. Once this number of
spectrums has been accumulated, the oldest spectrum is removed to make room for a new
one. Each horizontal pixel line represents one stored spectrum. The current spectrum
count and depth is displayed in the upper left of the spectrogram.

¢ Time Density - Specifies the minimum amount of time each stored spectrum represents. If
the device is sweeping at a faster rate than this value, several sweeps will be accumulated
to create the single spectrum stored in the spectrogram.

¢ Mouse Wheel Scroll Pixels - Controls the scrolling speed of the display when using the
mouse wheel to scroll.

e Auto Scrolling - Controls the behavior of the display when you are looking at past events
(scrolled back through spectrums). If disabled, the plot will not advance when new
spectrums are added to the display. (Note: Once the maximum number of spectrums has
been met in the plot, the display will scroll regardless of this setting.

e Marker Active - Enables/Disables the marker.

e Color Scale - Switch between a color spectrum or gray scale gradient.

e Scale to Ref - When enabled, the reference level and bottom of the graticule are used at
the min and max amplitudes that are mapped onto the color gradient. When disabled, the
min and max color settings are used (see below).

e Min Color (dBm) - When Scale to Ref is disabled, this value overrides the bottom of the
graticule as the minimum amplitude that is mapped onto the color gradient.

e Max Color (dBm) - When Scale to Ref is disabled, this value overrides the reference level as
the maximum amplitude that is mapped onto the color gradient.

/.3 PERSISTENCE

The persistence display is helpful for viewing spectral density over time. Instead of showing a single
trace, persistence uses several sweeps to create an image where color is representative of how often a
signal appears. The software uses the color spectrum to represent density over time. If a signal rarely
occurs in a location, a light blue is used to color the trace. If a signal continues to appear in the same
location the color will change from blue to green to red. Red is an indication of a signal persisting in one
location for a good deal of time.

There are two types of persistence displays, one for standard spectrum analysis and one for real-time
analysis. For standard spectrum analysis, persistence is simply an accumulation of the most recent
sweeps. This display is shown below.
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Div 10 dB REWY 9 86 kHz VBW 9 .86 kHz
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Figure 120: Sweep mode persistence showing the signal from a poorly shielded commercial microwave oven.

Ref -25.000 dBm RBW 39.453125 kHz VBW 39.453125 kHz
Div 8.0 Atten Auto 100% POI 76.800 us

-41.00|

-105.0f

o o
Start 2.429500 GHz Center 2.443000 GHz Stop 2.456500 GHz

Span 27.000000 MHz 1382 pts in 31 ms
Figure 121: Real-time persistence display of a wireless router and Bluetooth® headset coexisting in the ISM band.

In real-time mode, persistence is the accumulation of 2/3" of a second worth of spectrum data. This
means, each update in the persistence display is the accumulation of the result of 1600 - 400000 FFTs.
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8 Troubleshooting

If you experience a problem with your Signal Hound on Windows systems, please try these
troubleshooting techniques. On Linux systems, please consult the README included in the download.

This section will contain general troubleshooting tips as well as device specific tips. If a troubleshooting
tip applies to a specific device, the tip will make note of it.

8.1 THE SPIKE SOFTWARE REPORTS “DEVICE NOT

FOUND” (ALL DEVICES)

Try the troubleshooting tips here first, if these do not work, see the troubleshooting tips for your specific
device below.

Ensure the device is plugged in and the LED is a solid green color. If it is not, unplug then plug in the
device. Once the green light turns on, use the File menu to try to connect the device again.

8.1.1 The Device Light is solid green and still will not
connect.

Early BB60A units sometimes require a power cycle after the PC has restarted or woke up from
hibernation. For these units, try a power cycle before restarting the software.

If it is the first time the device has been connected to a PC, the device might require many seconds to
identify and install the latest drivers for the device. Usually, a PC will notify you if this identification
process is occurring and when it is finished. Wait until the device has been properly identified by your PC.
You can verify this by finding the device in the device manager. It will bear the Signal Hound name if it
has been identified.

If a power cycle still does not allow you to connect the device, it is possible the device drivers were not
successfully installed. See the Driver Installation section for more information.

8.1.2 The device is connected but does not exhibit a solid
green light.

For the BB series spectrum analyzers,

e Power cycle the device by disconnecting the USB cable from the spectrum analyzer end. If
the provided cable is a USB y-cable, ensure both USB ends are connected to the PC before
connecting it to the device.

e Update power management settings.
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e Ifthe device is connected to a charging port, attempt operation after moving the device to a
non-charging port. For devices with a y-cable (SA124 and BB60) this should only affect the
main data cable, not the auxiliary power cable.

For the SA series spectrum analyzers,

e Disable any anti-virus software. Aggressive anti-virus software has been known to interfere
with Signal Hound devices.

e Ensure the driver was configured correctly by your system. In the device manager, find
“Serial Convert A/B" in the “Universal Serial Bus Controllers” tab. Right click and select
properties, select the “Advanced” tab and ensure the “Load VCP" box is unchecked.

8.2 THE SPIKE SOFTWARE REPORTS “DEVICE NOT
FOUND” (BB60, SM200A/B, SM435B)

Ensure the LED on the device is solid green. If the device is solid green, ensure the drivers have been
properly installed by going to the "Device Manager" expanding the "Universal Serial Bus Controllers" tab
and looking for the Signal Hound xxxx while the device is plugged in.

If the LED on the device is not solid green after plugging it in, then it might be necessary to update your
USB 3.0 drivers for your PC. You can upgrade your drivers using these steps.

Fully update your PC through the Windows update utility. Also look for USB drivers provided by your
manufacturer by searching for your PC model number on the manufacturer website or on your favorite
search engine. Only download drivers found on trusted websites.

Unplug the device before starting any USB driver updates, restart your PC afterwards, and verify
operation.

If you continue to experience issues, contact Signal Hound.

8.3 THE SPIKE SOFTWARE REPORTS “DEVICE NOT
FOUND” (SA44, SA124)

Ensure your USB cables are properly secured and the LED on the device is solid green.

Ensure you have installed the USB drivers. Download them from the related downloads section on the
Spike download page.

Ensure the driver was configured correctly by your system, In the device manager, find "Serial Converter
A/B" in the "Universal Serial Bus Controllers" tab. Right click and select properties, select the "Advanced"
tab and ensure the "Load VCP" box is unchecked.
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Ensure the devices are properly powered, some laptops/notebooks may not provide sufficient power by
default. Go to the "Power Options" menu found in the control panel and enable the "High Performance"
power plan.

Disable any anti-virus software. Aggressive real-time anti-virus software has been known to interfere
with Signal Hound devices.

8.4 THE DEVICE DISCONNECTS DURING
OPERATION

There are many reasons a Signal Hound device might experience an issue during operation. Most issues
are USB related issues and some might be related to PC performance. Here are some things you can try
to eliminate this behavior.

e Disable any anti-virus software. Aggressive anti-virus software has been known to interfere
with Signal Hound devices.

¢ Update power management settings.

e Update your USB drivers, see the “Device Not Found (BB60, SM200A/B, SM435B)"
troubleshooting tip.

8.5 THE DEVICE IS NOT VALID

In the event the device ceases to operate or becomes corrupted, the Spike application might tell you the
device does not appear to be valid. Before contacting us, attempt to power cycle the device and restart
your computer to ensure nothing else is causing this issue. If the issue persists, please contact us.

8.6 THE DEVICE REPORTS “IF OVERLOAD" ON
PROGRAM STARTUP

Some Signal Hound devices might report an IF overload condition for a short time after launching the
software or connecting the device through the File menu. This condition is considered normal and is part
of the normal hardware startup process. This condition should last typically less than one second of
operation.

8.7 POWER MANAGEMENT SETTINGS

It is recommended to perform this step with the Signal Hound spectrum analyzer disconnected from the
PC.

Many laptops and PC's are initially configured for energy savings. The Signal Hound spectrum analyzers
are high performance USB devices and can benefit in stability and operation by configuring the PC or
high-performance operation.
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To change your power management settings to high performance you need to access the “Power
Options” menu found in the control panel menu. You can also reach the Power Options menu by hitting
the Windows key and searching for “Power Options”.

Once in the Power Options menu, you need to select the “High Performance” power plan. You may need
to click “Show Additional Plans” to show the high-performance option, and/or “Advanced Settings” to
show power plans.

You may also need to disable “Selective Suspend” in the “USB Settings” section of the Advanced Power
Options settings menu.

8.8 ERROR CODE 48: THE SOFTWARE FOR THIS

DEVICE HAS BEEN BLOCKED

Instructions for BB60C

The device is not able to be found by the Spike software and the driver details for the device reports
“Error Code 48: The software for this device has been blocked because it is known to have problems with
Windows. Contact the hardware vendor for a new driver.”

If you are seeing this message, it is likely the device drivers were improperly installed during the Spike
installation procedure. Re-installing the drivers manually has been effective at resolving this issue. First
uninstall the current driver by connecting the BB60C and navigating to the “Device Manager”. Under the
“Universal Serial Bus Controllers” tab, find the BB60C. Right click and uninstall the driver. If there are any
checkboxes that additionally state to delete or remove the BB60C driver completely, select those as well.

Once the driver has been uninstalled, disconnect the BB60C from the PC. Now we need to manually
reinstall the driver. Navigate to the Spike installation directory at C:\Program Files\Signal Hound\Spike
and find the drivers folder. If you are on 64-bit system select the x64 folder, and select the x86 folder if
you are on 32-bit Windows. Right click the cyusb3.inf file and select install. If the installation succeeds, re-
connect the BB60C and try launching the Spike software.

8.9 THE DEVICE DOES NOT WORK IN MY

WINDOWS VIRTUAL MACHINE (BB60C ONLY)

The Signal Hound devices are not supported to work within Windows virtual machines, but several
customers have reported success after some troubleshooting.

The most common issues reported are device disconnect issues and Spike not being able to detect the
BB60C. Both issues suggest USB configuration errors.

- Customers have reported success using the latest versions of VMware on both Windows and
Apple computers. The PC must support USB 3.0, preferably with a 4" generation or later Intel
i5/i7 CPU.
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- Ensure USB 3.0 SuperSpeed is enabled for the virtual machine. Customers report it is often
disabled by default.

- The Spike installer may not correctly install the BB60C drivers, and might need to be manually
installed. See Driver Installation for instructions for manually installing the BB60C drivers.

9O Calibration and Adjustment

Contact Signal Hound for more information regarding calibration software and required equipment.

10 Warranty and Disclaimer

©2013-2021 Signal Hound. All rights reserved.

Reproduction, adaptation, or translation without prior written permission is prohibited, except as
allowed under the copyright laws.

The information contained in this manual is subject to change without notice. Signal Hound makes no
warranty of any kind with regard to this material, including, but not limited to, the implied warranties or
merchantability and fitness for a particular purpose.

Signal Hound shall not be liable for errors contained herein or for incidental or consequential damages
in connection with the furnishing, performance, or use of this material.

Refer to the End User License Agreement for additional warranty and disclaimer information covering
the Spike software.

10.1T CREDIT NOTICE

Windows® and Excel® are registered trademarks of Microsoft Corporation in the United States and
other countries.

Intel® and Core™ are trademarks or registered trademarks of Intel Corp. in the United States and other
countries.

LabVIEW® is a registered trademark of National Instruments Corporation in the United States and other
countries.

MATLAB® is a registered trademark of The MathWorks, Inc. in the United States and other countries.

The Bluetooth® work mark and logos are registered trademarks owned by Bluetooth SIG, Inc. and any
use of such marks by Signal Hound is under license. Other trademarks and trade names are those of
their respective owners.
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11 Appendix
11.1 USING MULTIPLE USB 3.0 DEVICES ON LINUX

There are system limitations when attempting to use multiple Signal Hound USB 3.0 devices*
simultaneously on Linux operating systems. The default amount of memory allocated for USB transfers
on Linux is 16MB. A single Signal Hound USB 3.0 device will stay within this allocation size, but two
devices will exceed this limitation and can cause connection issues or will cause the software to crash.
The USB memory allocation size can be changed by writing to the file

/sys/module/usbcore/parameters/usbfs._ memory_mb

A good value would be N * 16 where N is the number of devices you plan on interfacing simultaneously.
One way to write to this file is with the command,

sudo sh -c ‘echo 32 > /sys/module/usbcore/parameters/usbfs_memory_mb’

where 32 can be replaced with any value you wish. You may need to restart the system for this change to
take effect.

*Includes both Signal Hound USB 3.0 spectrum analyzers and signal generators.

11.2 COMMAND LINE OPTIONS

The following command line options are available when launching Spike.
--hidden, Hides the user interface, including on the taskbar. To be used in conjunction with SCPI to
allow for ‘headless’ operation. The application can be closed via SCPI commands or manually in the task
manager.
The following dialogs will not be shown in hidden mode:

¢ No device connected

e Multiple devices connected

e Connecting device..

e SCPI remote operation notification
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--preset=n, Load quick preset number n after launching. n must be an integer between [1,9]. For this
command to work, one device must be connected to Spike so that Spike will auto connect, and the
preset specified must have been created with the connected device type.

--preset-user="filename.ini”, Load a user preset on startup. The full path to the file name must
be specified. If the filename or path contains spaces, you must surround it with quotes, otherwise quotes
are not strictly necessary. For this command to work, only one device can be connected to the PC, and
the preset must have been created with the connected device type.

--scpi-port=n, Set the SCPI port after launching Spike. n should be an integer not exceeding 65535.
This has the same effect as modifying the SCPI port through the preferences menu. This command line
assists customers who want to interface multiple instances of Spike with different SCPI ports.

11.3 MATLAB® RUNTIME INSTALLATION
INSTRUCTIONS

To use the LTE measurements in Spike, the MATLAB® runtime and, for Windows, Visual Studio 2019
(VS2019) C++ redistributable libraries must be installed on the PC. The next two sections detail how to
install these freely available libraries.

11.3.1 Installing the MATLAB Runtime

The MATLAB® runtime is freely available for download from the following website.

https://www.mathworks.com/products/compiler/matlab-runtime.html

11.3.1.17 Windows

Download the 64-bit Windows installer for R2021b (9.11). Extract the downloaded folder and run the
setup.exe file. Install the MATLAB Runtime to the default installation folder.

During installation, the installer will add the MATLAB® runtime folder to the system path. If this fails, you
will receive this warning during installation.

“The MATLAB Runtime could not be successfully added to your system path. You must add the following folder
manually: C:\Program Files\MATLAB\MATLAB Runtime\v911\runtime\win64"

This will often fail due to the system PATH environment variable exceeding its maximum length. In this
event, you must add the runtime folder to the system path manually. This can be performed using the
registry editor or through the environment variable editor on Windows. Editing the system path via the
registry editor will allow you to exceed the length limit of 2047 characters. Editing the path via either
method will require you to restart the PC before Spike will properly detect the MATLAB runtime libraries.
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11.3.1.2 Linux

Download the 64-bit Linux installer for R2021b (9.11). Extract the downloaded folder and run the
installation file with:

sudo -H ./install

Install the MATLAB Runtime to the default installation folder, which is /usr/local.

11.3.2 Windows Only: Installing the VS2019 C++
Redistributable Library

The Visual Studio 2019 C++ redistributable libraries are available at the following link. Download and
install the 64-bit (non-ARM) libraries.

https://docs.microsoft.com/en-US/cpp/windows/latest-supported-vc-redist?view=msvc-170

11.3.3 Load Times

The Spike software initializes the MATLAB runtime when the LTE measurements are accessed. This load
time can take typically anywhere from 3-15 seconds. This load time cost will be incurred once per launch
of the Spike application. The presence of anti-virus software can greatly affect these load times. Consider
disabling any real-time AV monitoring software to reduce these load times.

11.4 CONSTELLATION MAPPINGS

BPSK

Data Phase
0 0

1 180°
QPSK
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Note: Positive l-axis is to the right, positive Q-axis is to the top.

32/64/256/1024-QAM

64/256 QAM is defined similarly to 16 QAM. Symbols are increasing from right to left, top to bottom,
starting with 0 in the upper right-hand corner of the constellation diagram and ending with 63/255/1023
in the lower left-hand corner.

OQPSK

Offset QPSK is the same as QPSK, except the Q is delayed by %2 symbol.
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M-FSK

All FSK modulations are gray coded. For example, 4FSK uses the following mapping,

Data Frequency Offset (normalized)
0 -1

1 -1/3

2 1

3 1/3

11.5 MANUAL GAIN/ATTEN SETTINGS (BB60)

All settings must be set to non-automatic values to override the automatic settings.

The preamplifier setting does not affect the BB60 measurement but should be switched from auto for
manual selections to be used.

For the gain setting,

e Gain 0: Preamplifier off, add 5dB to attenuator
e Gain 1: Preamplifier off, do not add attenuation
e Gain 2: Preamplifier on, add 5dB attenuation

e Gain 3: Preamplifier on, do not add attenuation

For the attenuation setting,
e Attenuation 0 - 20dB: adds 0 to 20dB of attenuation, plus any contribution from gain
setting.
e Attenuation 30dB: adds 30dB of attenuation, and the effects of gain 0 and 2 are the same
as gain 1 and 3.

12 References

1. ANSI C63.2 “American National Standard for Electromagnetic Noise and Field Strength
Instrumentation, 10Hz to 40 GHz - Specifications”, American National Standards Institute,
January 1996.
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