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Where to Find the Latest Information

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

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

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

Information on preventing instrument damage can be found at:

https//www.keysight.com/find/PreventinglnstrumentRepair

ls your product software up-to-date?

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

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


http://www.keysight.com/find/fieldfox
http://www.keysight.com/find/MyKeysight
https://www.keysight.com/find/PreventingInstrumentRepair
http://www.keysight.com/find/PreventingInstrumentRepair
http://www.keysight.com/find/PreventingInstrumentRepair

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

A.12.9x Firmware — Release B Series FieldFox

For customers upgrading FieldFox firmware, the following is a list of changes from the previous release:
— Initial N99xxB Series FieldFox firmware release -

— Learn more, refer to the FieldFox Configuration Guide:
https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/5992-3701.pdf.

Directional Finding mode -

— Added: support for Interference Finder (Manual Angle of Arrival (AcA))
— RTSA and SA modes -

— Added: support independent trace resets
— SAmode -

— Added: support multiple simultaneous detectors


https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/5992-3701.pdf

Contacting Keysight

Assistance with test and measurements needs and information on finding a local Keysight office are available
on the Web at: https://www.keysight.com/find/assist/.

If you do not have access to the Internet, please contact your Keysight field engineer.

In any correspondence or telephone conversation, refer to the Keysight product by its model number and full
serial number. With this information, the Keysight representative can determine whether your product is still
within its warranty period.

To contact Keysight for sales and technical support, refer to support links on the following Keysight websites:
http://www.keysight.com/find/support (product specific information and support, software and
documentation updates) https://www.keysight.com/find/assist/ (worldwide contact information for
repair and service).


https://www.keysight.com/find/assist/
http://www.keysight.com/find/support
https://www.keysight.com/find/assist/
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Keysight Handheld Analyzers
N99xxB User’s Guide

1T Overview

Models and Options

Table 1-1 Models

Model Max Freq  Description
(GHz)

N9913B 4 Vector Network Analyzer AND Spectrum RF Analyzer
N9914B 6.5 Vector Network Analyzer AND Spectrum RF Analyzer
N9915B 9 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9916B 14 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9917B 18 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9918B 26.5 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9933B 4 Spectrum Microwave Analyzer
N9934B 6.5 Spectrum Microwave Analyzer
N9935B 9 Spectrum Microwave Analyzer
N9936B 14 Spectrum Microwave Analyzer
N99378B 18 Spectrum Microwave Analyzer
N9938B 26.5 Spectrum Microwave Analyzer
N9950B 32 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9951B 44 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9952B 50 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9953B 54 Vector Network Analyzer AND Spectrum Microwave Analyzer
N9960B 32 Spectrum Microwave Analyzer
N9961B 44 Spectrum Microwave Analyzer
N9962B 50 Spectrum Microwave Analyzer
N9963B b4 Spectrum Microwave Analyzer

Minimum Frequency: 30 kHz for all VNA models; 9 kHz for all SA models (SA usable to 5 kHz)

KEYSIGHT
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Accessories

Overview
Accessories

FieldFox Options: For a comprehensive list, view the FieldFox Configuration
Guide at:
https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/
5992-3701.pdf.

The following accessories are included with every FieldFox. Spare accessories
can be ordered at any time. Refer to Table 1-2. Some of the optional
accessories—not included unless requested—are listed in Table 1-3. For more,
refer to http://www.keysight.com/find/fieldfox.

Table 1-2 Accessories

Accessory Part  Description

Number

N99T0X-873  AC/DC Adapter (except for US/Canada)?

N9910X-876 Lithium-lon Battery (High Capacity)

N9910X-877  AC/DC Adapter for US / Canada only?

N9910X-880 Soft-case w/ Backpack & Shoulder Strap

N9910X-891 Quick Reference Guide (printed copy)

a. Depending on your region, the FieldFox comes with either a
N9910X-873 AC/DC adapter or a N9910X-877 AC/DC adapter.

Optional Accessories

Table 1-3

26

Optional Accessories (partial list)

Optional Accessory Description
Part Number

N9910X-872 External battery charger
N9910X-886 17 mm torque wrench
N9910X-887 Replacement Fan Kit

Although not supplied, a USB keyboard and mouse CAN be used with the
FieldFox.

To see a complete list of accessories that are available for the FieldFox, please
visit: http://www.keysight.com/find/fieldfox.
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Overview
FieldFox Manuals, Software, and Supplemental Help

FieldFox Manuals, Software, and Supplemental Help
The following manuals and software are available for the FieldFox.
To access all of these, visit: www.keysight.com/find/fieldfoxsupport
— User’s Guide (Abridged)
— This abridged manual, can be included as an option with shipment.

— This abridged online help version, can be downloaded from
https://rfmw.em.keysight.com/wireless/helpfiles/B_Series_FieldFox
_WebHelp/index.htm#Home.htm.

— Quick Reference Guide — Printed copy with laminated pages for outdoor
use included with shipment.

Supplemental Online Help - Concepts and Reference information. Refer to
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

— FieldFox Data Link Software and Help - Free download. Includes help on
editing calibration kits and cable files. Refer to
FieldFox Data Link Software | Keysight.

— Service Guide - Free download.
FieldFox MW VNA/SA Service Guide (keysight.com)

— Firmware Updates - Check to see if you have the latest FieldFox firmware.
FieldFox Current Firmware (New CPU) | Keysight

Conventions that are used in the Manual

— - indicates a front panel button. The functionality of these buttons
does not change.

The five Softkey menus change dynamically and follow these color
conventions:

- Blue indicates an available setting.
— EXITEY Green indicates a change in menu level when selected.
- Black indicates the default or selected setting.

— Softkey Yellow indicates an active entry in process.
- Grey indicates a key that is NOT available.
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FieldFox Manuals, Software, and Supplemental Help

Safety Notes

The following safety notes are used throughout this manual. Familiarize
yourself with each of the notes and its meaning before operating this
instrument. More pertinent safety notes for using this product are located in
Chapter 35, “Safety Considerations”, on page 855.

Denotes a hazard. It calls attention to a procedure that, if not correctly
performed or adhered to, would result in damage to or destruction of the
product or loss of important data. Do not proceed beyond a caution note
until the indicated conditions are fully understood and met.

m Denotes a hazard. It calls attention to a procedure which, if not correctly
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performed or adhered to, could result in injury or loss of life. Do not
proceed beyond a warning note until the indicated conditions are fully
understood and met.
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2 Preparing for Initial Use of Your New FieldFox

Check the Shipment

When you receive your FieldFox, check the shipment according to the
following procedure:

1. Inspect the shipping container for damage. Signs of damage may include
a dented or torn shipping container or cushioning material that indicates
signs of unusual stress or compacting. If not damaged, save the packaging
material in case the FieldFox needs to be returned.

2. Carefully remove the contents from the shipping container, and verify that
the standard accessories and your ordered options are included in the
shipment according to the Box Contents List.

3. For any question or problems, refer to “Contacting Keysight” on page 5.

Meeting Power Requirements for the AC/DC Adapter

Voltage: 100 VAC to 240 VAC
Frequency: 50 Hz to 60 Hz
Current: 1.5 A (100 VAC) to 0.75 A (240 VAC)

The AC/DC adapter supplied with the analyzer is equipped with a three-wire
power cord, in accordance with international safety standards. The power
cable appropriate to the original product shipping location is included with the
FieldFox.

Various AC power cables are available from Keysight that are unique to specific
geographic areas. You can order additional AC power cables that are correct
for use in different areas. For the power cord part number information please
visit: http://www.keysight.com/find/fieldfox

KEYSIGHT
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Preparing for Initial Use of Your New FieldFox
Install the Lithium-lon Battery

Install the Lithium-lon Battery

1. Open the battery door  Push the button on the battery compartment door while sliding the
door outward.

2. Insert the battery. The terminals end of the battery is inserted into the compartment.

3. Close the battery door.  Slide the battery compartment door upwards until it latches.

Battery Usage

When you receive your FieldFox, the lithium-ion battery is not installed, and it
is partially charged to approximately 30% to preserve battery life. A lithium-ion
battery has no memory effect, so it can be used partially charged, as shipped.

A fully charged battery will power your FieldFox for about four hours, so if you
plan to use it for this long, you should fully charge the battery.

NOTE The FieldFox will shut down to prevent the battery from discharging to a
level that is damaging. If this occurs, charge the battery either internally or
externally.

Learn more about the lithium-ion battery in Chapter 34, “Working with the
Lithium-lon Battery.”

Battery charge status is viewable:

1| n the upper-right corner of the screen.

— On the Battery screen. To access the screen, select - >
gBattery}
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Preparing for Initial Use of Your New FieldFox
FieldFox ON/OFF Settings

— On the battery. Open the FieldFox battery compartment door to view the
battery LCD.

To conserve battery power:

— Use - to single-trigger a measurement when needed. - IS
shown on the display.

— Press - > IRy, > FHL Iy, Use the [&1¥] arrows, the rotary

knob, or numeric keypad to adjust the brightness to dim the FieldFox
display as much as possible.

— Briefly press the power button > Standby, to switch to Standby mode when
the FieldFox is not being used. Press power button again to restore power. All
current settings are preserved.

When powered by the battery only, the FieldFox can stay in Standby mode
for a maximum of four hours and then it powers off automatically. When
the relative battery charge drops by about 20%, the FieldFox will power off
to preserve the remaining charge.

To recharge a battery:
Use ONLY a FieldFox charger to recharge a battery.

— The battery can be fully charged while in the FieldFox in about 4 hours with
the FieldFox either ON or OFF.

— The battery can be fully charged externally using the external battery
charger in about 4 hours.

— When the battery is removed, the FieldFox can still be powered by the
AC/DC adapter.

FieldFox ON/OFF Settings

The FieldFox power button shut down/standby sequence includes a 10
second counter that allows you to either choose a softkey to immediately
initiate the action M// ,or to let the countdown
counter expire after 10 seconds then perform the action.

*Restart can only be enabled via the Restart softkey.

— To turn power ON, briefly press the power button. Boot-up takes about 1
minute.

— To switch to Standby mode (low battery drain), briefly press the power
button. See the Note above concerning Stand By.
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Preparing for Initial Use of Your New FieldFox
FieldFox High Temperature Protection

— To turn Power OFF (very low battery drain), press the power button briefly
and press the Shutdown softkey. Data and instrument state are NOT
automatically saved when the FieldFox is powered OFF. Learn how to save
data and instrument state in Chapter 33, “File Management”, on page 829.
See the Note above concerning Shut down.

— To restart FieldFox, press the power button and press [Eee. See the Note
above concerning Restart.

— Press to exit the power down sequence.

— You can also access the power down softkey menu choices (Sielalelol,

downflRestartiliCancel) by using the hardkey:
— Press-
— Then@
— Then TR

— You can make a setting to automatically Power ON the FieldFox when a
power source is connected. Learn how on “Power ON” on page 818.

Power Button LED Status

Solid green Power is ON

Blinking green FieldFox in Stand By mode

Steady amber? The amber LED will remain on after the battery is fully
charged, if the AC adapter remains powered and
connected.

Blinking amber and green Stand By mode and battery charging

Not it Power is Off and battery is not charging

a. Instrument firmware versions dated May/June 2015 and above.

FieldFox High Temperature Protection

The following features prevent degradation or damage in the event of high
internal temperatures in the FieldFox.

NOTE Do NOT store the FieldFox in the soft-case while powered ON or in
Standby mode.

How to monitor the internal FieldFox temperature:

— Press - idService Diagnosticsh
— Then [EAHEIREWISEOES.
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Preparing for Initial Use of Your New FieldFox
FieldFox High Temperature Protection

— The average temperature that is displayed for the Internal Temperature is
the average of the RF1, RF2, SB1, SB2 temperatures. These temperatures
come from internal sensors embedded within the FieldFox.

The average temperature does not include the CPU or the battery
temperatures. The FieldFox does not measure the CPU and battery
temperatures.

Temperature Control Mode

The FieldFox’s internal temperature control preserves measurement accuracy
and maintains the long-term reliability of the FieldFox. See also, “High-Temp
Shutdown Warning (RTSA Mode Only)” on page 35.

Measurement speed specifications do NOT apply in Temperature Control
Mode.

Entering Temperature Control Mode

At an average internal temperature of above approximately 64°C, the FieldFox
enters Temperature Control mode by reducing display intensity. This should
decrease the internal temperature which preserves measurement accuracy and
maintains the long-term reliability of the FieldFox. Refer to Figure 2-1.

In addition, duty cycling is enabled when the internal average temperature of
the FieldFox reaches the duty cycling threshold of above ~64°C. All
applications (except RTSA): Power for internal circuitry is turned off between
sweeps and delaying occurs for the next sweep. In RTSA mode, power is only
turned off, if the FieldFox is in Single Sweep or Hold.

All applications (including RTSA): Display dims to 40% at ~64°C.

For all modes, except RTSA mode, you will see the following messages
displayed for ~3 seconds:

"Automatic Meas Duty Cycling activated for thermal
management"

Later if the temperatures are reduced:
"Temperatures reduced, ending Automatic Meas Duty Cycling"

For RTSA mode (where duty cycling is not possible), you will see the following
messages displayed for ~3 seconds:

"Entering Auto Protect mode for thermal management"
Later if the temperatures are reduced:

"Temperatures reduced, exiting Automatic Protect Mode"
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Figure 2-1

Figure 2-2
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Preparing for Initial Use of Your New FieldFox
FieldFox High Temperature Protection

Entering Auto Protect (Maximum) Threshold Temperature Mode

At above approximately 75°C, the FieldFox enters (Maximum) Auto Protect
temperature control mode by displaying the “Entering Auto Protect mode...”.
See also Table 2-1 on page 36.

When you enter the Auto Protect (Maximum) Threshold, the following message
is displayed:

"Entering Maximum Auto Protect mode for thermal management"

When temperature reaches the maximum protection threshold (~75°C), some
applications take additional measures.

Entering Auto Protect mode message (above ~64°C)—(Displays for 3 sec)

Exiting Maximum Auto Protect Threshold Temperature Mode

When the temperature drops to approximately 73.5°C, a message is displayed
indicating that the FieldFox is leaving Temperature Control Mode and normal
operating settings are restored (refer to Figure 2-2). See also, Table 2-1 on
page 36.

When you exit the Auto Protect (Maximum) Threshold control mode, the
following message is displayed:

"Temperatures reduced, exiting Maximum Auto Protect mode"

Exiting Maximum Auto Protect mode message—(~62.5°C)

Acq Time 20,0 m
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Preparing for Initial Use of Your New FieldFox
FieldFox High Temperature Protection

High-Temp Shutdown Warning (RTSA Mode Only)

In extreme situations, Temperature Control mode may not stop an increase in
the FieldFox internal temperature. Just prior to shut down, the FieldFox will
display a warning of imminent shut down and the instrument turns off. At
above approximately 77°C, a Maximum Auto Protect message—(Top
“WARNING...” message) displays for 9 sec. Red text at left bottom corner of
display remains on until internal temperature returns to ~75.5°C. At above
~78°C, High-Temperature Shut down will engage and turn OFF the FieldFox.
Refer to Figure 2-3. See also, Table 2-1 on page 36.

Figure 2-3 Shutdown Warning message—(above ~77°C) - (RTSA Mode Only!)

ref 0.00 dBm Atten 10 dB

Iy
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Summary of FieldFox Average Internal Temperature Protection
Behavior

Table 2-1 Summary of FieldFox Temperature Protection

Threshold Average Internal Description of Behavior

Temperature

Duty cycling ~64°C Duty cycling is enabled when the internal average temperature of the
FieldFox reaches the duty cycling threshold of ~64°C. Power is turned
off between sweeps and delaying occurs for the next sweep.

In RTSA mode power is only turned off in Single Sweep or Hold. This
enables you to control your instrument’s temperature when you don’t
need to make a measurement by using the “Run/Hold” hardkey to
pause the sweep.

All applications (including RTSA): Display dims to 40% at ~64°C.

Maximum Protect (Initial) ~75°C When temperature reaches the maximum protection threshold
(~75°C) some applications take additional measures.

1 degree below shutdown ~77°C RTSA Shutdown Warning (~77°C) — (Top “WARNING...” message

(RTSA Mode Only) displays for 9 sec). Red text at bottom of display remains on until
internal temperature returns to ~75.5°C. Refer to Figure 2-3 on
page 35.

Shutdown ~78°C Instrument shuts down.

Exit Duty Cycle ~62.5°C The temperature required to come out of the duty cycle threshold.

Avoid Overpowering the FieldFox

The FieldFox can be damaged with too much power or voltage applied.
Exceeding the maximum RF power levels shown below will cause an ADC Over
Range message to appear on the screen.
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Maximum Input Voltages and Power:

RF Output Connector: 50V DC, +23 dBm RF
Ext Trig/Ref Connector: 5.5V DC

RF Input:

+27 dBm RF, £50 VDC Max. (N991xA/B, N9925B, N9926A,
N9928A, N993xA/B)

+23 dBm RF, £50 VDC Max. (N9923A, N9923AN)
+25 dBm RF, +40 VDC Max. (N995xA/B, N996xA/B)
DC Input: 19VDC, 4ADC, 60 Watts maximum when charging battery

Learn more about Maximum power and voltages in the FieldFox Data
Sheet. Refer to
https://www.keysight.com/us/en/assets/7018-06516/data-sheets/5992-
3702.pdf.

Very often, coaxial cables and antennas build up a static charge, which, if
allowed to discharge by connecting to the FieldFox, may damage the
instrument input circuitry. To avoid such damage, it is recommended to
dissipate any static charges by temporarily attaching a short to the cable
or antenna prior to attaching to the FieldFox.
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Take the FieldFox Tour

Front Panel

18
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4
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8
1
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n 13 12 10 15 e

HSA 2 _001_a0n
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No. Caption Description Learn
More:

1 Power ON: press momentarily. “FieldFox

STAND BY: with FieldFox power ON, press briefly. ON/.OFF,,

Settings
OFF: press and hold until the FieldFox shuts off (about 4 seconds). on

page 31

2 LED Not lit: FieldFox OFF, not charging “Power

Green: FieldFox ON. Charging status indicated by battery icon on screen Eltletjton
Orange, flashing: FieldFox STAND BY Status”
Orange, intensity increasing, flashing slowly: FieldFox OFF, charging on

page 32

3 - Displays a sub-menu for system setup “System
Settings”
on
page 777

4 Function keys Includes: ' - - - - Refer to

-, , and . specific
Mode.

5 - Returns the analyzer to a known state “How to
Presetthe
FieldFox”
on
page 779

6 - Confirms a parameter selection or configuration --

7 - Activates marker function “All about
Markers”
on
page 745

8 _ Displays a sub-menu for marker functions “All about
Markers”
on
page 745

9 . Exits and closes the Active Entry dialog box or clears the character input --

10 _ Saves the current trace or recalls saved data from memary “Saving
and
Recalling
Files” on
page 830
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No. Caption Description Learn
More:
I - Sets limit lines for quick Pass/Fail judgment “All about
Limit
Lines” on
page 760
12 - Toggles between free Run and Hold/Single operation. “Run/Hol
d” on
page 778
13 . Displays a sub-menu for calibration functions “Calibrati
on
Method
Summary
”» on
page 146
14 Arrow keys Increases or decreases a value or setting. --
15 [«BacK Returns to the previous menu selection. --
16 Rotary knob Highlights an item for selection, or enables incremental changes to values. --
17 Softkeys Allows selection of settings for configuring and performing measurements, and --
for ather FieldFox functions.
18  Screen Transflective screen, viewable under all lighting conditions. If you are using your ~ “Screen
FieldFox in direct sunlight, you do not need to shield the display from the Tour” on
sunlight. In bright lighting conditions, the display is brighter and easier to read page 44
when you allow light to fall directly on the screen. Alternative color modes exist
that maximize viewing in direct sunlight conditions, as well as other conditions
such as nighttime work.
Clean the Transflective screen with gentle
NOTE and minimal wipi i
ping using Isopropyl alcohol
applied to a lint-free cloth.
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Top Panel

Caption

Port 1 Port 2
RF Qutput ' SA RF Input

4

Descriptions

Learn More:

Port 1 For CAT and NA measurements, use to make reflection measurements. “CAT Mode Settings”
RF Output Maximum: +50 VDC, +27 dBm RF on page 51
Also, for SA source output in SA mode. NA Mode Settings” on
page 91
Chapter 9, “SA
(Spectrum Analyzer)
Mode (Option
233-Mixed Analyzers)”,
on page 147
Port 2 For SA, use to make all measurements. “SA Mode Settings” on
SARF Input For CAT, NA, and VVYM made, use to make Port 2 transmission page 151
measurements.
Maximum: +50 VDC, +27 dBm RF.
GPS Ant SMA (f) connector for use with built-in GPS. Produces a settable 3.3 VDCor ~ “GPS - Distance
5 VDC bias voltage for the antenna pre-amplifier. Use with a GPS antenna Settings” on page 799
such as N9910X-825. Other GPS antennas can also be used.
RefIn SMA (f) connector for use with Frequency Reference Source and External “Frequency Reference
Trig In Trigger Input signal. Source” on page 812.

Maximum: 5.5 VDC.
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Right Side Panel

IF Dut Ref/Trig Out

— r N
) e)

SD Card

Connector Description

Learn More:

Ethernet cable connector to read trace data using the FieldFox Data Link

“LAN Settings” on

,  Software and connect to the FieldFox remotely. page 816
Download the latest version of the software at:
www.keysight.com/find/fieldfoxsupport
IF Out used in SA mode for external signal processing. “IF Output” on
page 188

IF Out
Q
Frequency Reference Source Output
e 11igger Output (ERTA mode).
F \

Chapter 26, “ERTA
(Extended Range
Transmission Analysis)
Mode - Option 209", on
page 631

Also, see “Frequency
Reference Source” on
page 812

Secure Digital slot. Use to extend the memory of the FieldFox.

“Saving and Recalling
Files” on page 830

The mini-USB port can be connected to your PC’s standard USB port to
send SCPI commands.

IMPORTANT! It is recommended that
NOTE only USB certified cables are used with
the FieldFox.

Chapter 32, “Using the
Mini-USB Port to send
SCPI Commands and

Queries”, on page 827

Two standard USB connectors used to connect a power sensor for Power
Meter Mode. Also used to save files to a USB flash drive.

== | IMPORTANT! It is recommended that
NOTE only USB certified cables are used with
the FieldFox.

“Saving and Recalling
Files” on page 830
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Left Side Panel

Connector Description Learn More:

Audio output jack for use with SA Mode Tune and Listen. “Tune & Listen
. (AM/FM)” on page 168

DC Voltage Source for use with external DC Bias. “Variable Voltage
Source (Opt. 309)” on
page 813

DC power connector used to connect to the AC/DC adapter. Maximum: 19 “Internal Charging with

VDC, 4 ADC. the AC/DC Adapter ” on
page 849
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Screen Tour

() User Titie {i%) a4 U] Monday, August 04, 2008 12:36:36 PM
g CaT  Ref-10.0 dfi) @) Distance ToFault (@2 28 25 Meters -31.63 dB
@ 100 TN PRS- A ———
o/
cal
® on®
WE
@ oA
.d-.'\u'g
o |
@ Nt 2 H - H H 2 .
Start 0.0 m{11) {13) Frequency : Lowpass (14 stop 500 m
Faints 201 Cutput Fower : HIGH(3) (13 Swo 289.0 ms
Caption Description Learn More:
1 Title - write your own text here “Title” on page 782
2 Current Mode --
3 Run / Hold “Run/Hold” on
page 778
4 Display Format Mode dependent
5 Scale/division Mode dependent
6 Calibration Status (CAT and NA) “Cal ON? -
Detection Method (SA) Questionable
Accuracy” on page 142
7 Velocity Factor (Fault Meas) “About Velocity Factor
and Cable Loss” on
page 69
8 Averaging Status and Count Mode dependent
9 Data / Mem Display (CAT and NA) “All about Trace Math”
Step / FFT (SA) on page 772
“Resolution Bandwidth
(Res BW)” on page 185
10 Resolution Setting Mode dependent
1 Measurement Start Freq or Distance Mode dependent
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Caption Description

12 Bandpass / Lowpass setting (Fault Meas)
IF BW in NA Mode

Learn More:

“DTF Measurement
Settings” on page 66

13 Output Power Level (CAT and NA) “Output Power” on
page 57

14 Measurement Stop Freq or Distance Mode dependent

15 Actual Sweep Time Mode dependent

16 Limit Line Status “All about Limit Lines”
on page 760

17 Time and Date “Date and Time” on
page 799

18 Marker Readout “All about Markers” on
page 745

19 Battery Status “Viewing the Battery
Charge Status” on
page 847

20 Measurement Type (CAT and NA) --

21 Acquisition Mode dependent

22 Reference Position Mode dependent
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Numeric Values

Many settings on the FieldFox require the entry of numeric values.
How to enter numeric values

Use any combination of the following keys:

— Numeric 0-9 keys, along with the polarity (.) key.

— Up/Down arrow keys ([aI¥]) to increment or decrement values.
— Rotary knob to scroll through a set of values.
— - erases previously entered values.

- . exits data entry without accepting the new value.

To complete the setting, press - or a different or -

Multiplier Abbreviations

46

Many times after entering numeric values, a set of multiplier or suffix softkeys
are presented. The following explains the meaning of these abbreviations.

Select Frequency multipliers as follows:
— @ Gigahertz (1e9 Hertz)

- E Megahertz (1e6 Hertz)

— @ Kilohertz (1e3 Hertz)

- E Hertz

Select Time multipliers as follows:

— ESeconds

— E milliseconds (1e-3)

— E microseconds (1e-6)

- E nanoseconds (1e-9)

— [ picoseconds (Te-12)
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Connector Care

— Never store connectors, airlines, or calibration standards loose in a box. This
is a common cause of connector damage.

— Install protective end caps when connectors are not in use.

— Keep connector temperature the same as the test instrument. Holding the
connector in your hand or cleaning connector with compressed air can
significantly change the temperature. Wait for connector temperature to
stabilize before using in calibration or measurements.

— Do not touch the mating plane surfaces. Natural skin oils and microscopic
particles of dirt are difficult to remove from these surfaces.

— Do not set connectors contact-end down on a hard surface. The plating and
mating plane surfaces can be damaged if the interface comes in contact
with any hard surface.

— Wear a grounded wrist strap and work on a grounded, conductive table
mat. This helps protect the analyzer and devices from electrostatic
discharge (ESD).

— Refer to Appendix A:, “Connector Care Review,” on page 879.

Because of the very small and precise mechanical tolerances of mmWave
connectors, minor defects, damage, and dirt can significantly degrade
repeatability and accuracy. In addition, a dirty or damaged connector can
destroy connectors that are mated to it. For this reason, NEVER use a
damaged connector. See also “Connector Care” with the PNA Help
https://rfmw.em.keysight.com/wireless/helpfiles/N52xxB/Tutorials/Conn
ector_Care.htm.

See also,
https://www.keysight.com/us/en/assets/9018-04357/user-manuals/901
8-04357.pdf (85051-90032).
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3 CAT (Cable and Antenna Test) Mode

CAT Mode is typically used to test an entire

transmission system, from the transmitter to the
o antenna. This process is sometimes referred to as
Line Sweeping.

CAT Mode is similar to NA (Network Analyzer)
Mode. Learn more in the Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/Fi
eldFoxOnlineSupplementalHelp/Home.htm.

CAT Mode Distance to Fault measurements are
. discussed in Chapter 4, “DTF (Distance to Fault)
W& Measurements.”.

IMPORTANT! For CAT and NA modes, limit lines do not apply
where F1 = F2.

In this Chapter

KEYSIGHT

TECHNOLOGIES

“Measurement Selection” on page 51
“Quick Settings Table” on page 52
“Frequency Range” on page 53

“Scale Settings” on page 53

“Averaging” on page 54

“Smoothing” on page 55

“Single or Continuous Measure” on page 55
“Resolution (Number of Data Points)” on page 56
“Sweep Time” on page 56

“Output Power” on page 57

“Interference Rejection” on page 58

“Coupled Frequency” on page 58
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Procedures

“Return Loss Measurements” on page 59
“1-Port Cable Loss Measurements” on page 60

“2-Port Insertion Loss Measurements” on page 61

See Also

Chapter 8, “Calibration for NA, CAT, and VVM Modes”, on page 125
“All about Markers” on page 745

“All about Limit Lines” on page 760

“All about Trace Math” on page 772

Learn more in Making 75Q (ohm) Measurements in the Supplemental
Online Help at:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSuppleme
ntalHelp/Home.htm.
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CAT Mode Settings
Select CAT Mode before making any setting in this chapter.

How to select CAT Mode

1. Press -

2. Then [F:\VAIRIL.

Measurement Selection

How to select a CAT Mode Measurement

Learn more in the Supplemental Online Help at:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

Press Mieasufed.

Then choose one of the following: These softkeys also appear after CAT Mode
is selected.

- 1-port reflection measurement that uses Inverse Fourier
Transform (IFT) calculations to determine and display the distance to, and
relative size of, a fault or disruption in the transmission line. Units are in
return loss format, expressed as a positive number in dB, unless the
measurement selected is DTF (VSWR). Learn more about DTF
Measurements refer to Chapter 4, “DTF (Distance to Fault)
Measurements.”.

—~ Displays both a Return Loss measurement and a DTF
measurement. Use this format to display the frequency settings that are
used to make the DTF measurement. The frequency range settings for these
two measurements can be coupled or uncoupled. Learn more, “Coupled
Frequency” on page 58.

— Calibrations are applied to both traces
— When in Hold mode and Single sweep is performed, only the active
trace is triggered. Use the [aL¥] arrows to activate a trace

—~ T-port reflection measurement that displays the amount of
incident signal energy MINUS the amount of energy that is reflected. The
higher the trace is on the screen, the more energy being reflected back to
the FieldFox. Learn how to measure Return Loss on “Return Loss
Measurements” on page 59.

— VB (Voltage Standing Wave Ratio - also known as SWR) 1-port
reflection measurement that displays the ratio of the maximum reflected
voltage over the minimum reflected voltage. The higher the trace is on the
screen, the more energy being reflected back to the FieldFox.
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— [N Distance to Fault in VSWR format.

— [T CALENWEL 9] 1-port reflection measurement that displays the loss of
a transmission line. Learn more, see “1-Port Cable Loss Measurements” on
page 60.

- 2-port transmission measurement that accurately
displays the loss through a cable or other device in dB. Both ends of the
cable must be connected to the FieldFox. NO phase information is included
in this measurement. Learn more, see “2-Port Insertion Loss
Measurements” on page 61. This feature is available only with an option on
some FieldFox models. For detailed information, please view the FieldFox
Configuration Guide at:
https://www.keysight.com/us/en/assets/7018-06515/configuration-guid
es/5992-3701.pdf.

— [»aNN(®f9)] Distance to Fault in Linear format.

— LI E(RWesTe)] The Y-axis of the display is linear, real, unitless values. A trace
without reflections shows as 0 (zero). Maximum reflections from an open or
short show as 1.

— LG The Y-axis of the display is impedance (ohms).
— LDL&IE Both TDR and DTF traces are displayed.

Quick Settings Table

Both CAT and NA Modes allow you to view and change most relevant settings
from a single location. All of these settings are discussed in this chapter and,
unless otherwise noted, ALL of these settings can also be made using the
standard softkey menus.

How to view and change Quick Settings

~ Press MeasSetup 4 > SETE.

— Press and to view all settings. If these softkeys
are NQOT available, then all available settings fit on one page.

— To change a setting:

— Use the arrows [a1¥] to highlight a setting.
— Then press . The current setting changes to Tellta.
— Some settings require you to press a softkey to change the value.

Otherwise, use the numeric keypad, [AL¥] arrows, or rotary knob to
change the value.

— When finished changing a value, press [T Zen.
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— Press DLW to relocate the Settings table to a position relative to
the trace window. The Dock Window setting persists through a Preset.
Choose from the following:

— Full (Default setting) Only the Settings table is shown on the screen.
The trace window is temporarily not shown

— Left The Settings table is shown to the left of the trace window
— Bottom The Settings table is shown below the trace window

— When finished changing ALL settings, press et to save your settings

Frequency Range

Set the range of frequencies over which you would like to make CAT Mode
measurements.

When the frequency range is changed after a calibration is performed, the cal
becomes interpolated. Learn more in “Interpolation *” on page 142.

How to set Frequency Range
— Press -
— Then choose from the following

— IR and S04 frequencies - beginning and end of the sweep.

- and BT frequencies - the center frequency and span of
frequencies (half on either side of center).

— Follow each setting by entering a value using the numeric keypad,

arrows [AL¥], or the rotary knob.

— After using the keypad, select a multiplier key. Learn about multiplier
abbreviations in Chapter 1, “Overview.”

— After using the arrows [AL¥] or the rotary knob, press - The
amount of frequency increment is based on the current span and can
NOT be changed in CAT Mode.
Scale Settings

Adjust the Y-axis scale to see the relevant portions of the data trace. The Y-axis
is divided into 10 graticules.

This setting can be changed at any time without affecting calibration accuracy.

How to set Scale

~ Press Scale/UAmptd.

— Then choose from the following three methods:
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1. Automatically adjusts the Y-axis to comfortably fit the
Minimum and Maximum amplitude of the trace on the screen.

2. Set Scale, acquisition, and Reference Position:

- e Manually enter a scale per division to view specific
areas of the trace

- Manually set the value of the reference line.
Enter a negative value by pressing _ either
before or after typing a value

- Manually set the position of the reference line.
Values must be between 0 (TOP line) and 10 (BOTTOM
line)

3. Set Top and Bottom graticule values. The scale per division is
calculated.

— 09 to set the value of the Top graticule.

- to set the value of the Bottom graticule.

— Enter a negative value by pressing _ either

before or after typing a value.

Scale annotation on the FieldFox screen
Reference Line = red arrow

Ref Level = -40 dB

Ref Pasition =1

Scale =2 dB per division

Averaging

Trace Averaging helps to smooth a trace to reduce the effects of random noise
on a measurement. The FieldFox computes each data point based on the
average of the same data point over several consecutive sweeps.

Average Count determines the number of sweeps to average; the higher the
average count, the greater the amount of noise reduction.

An average counter is shown in the left edge of the screen as Avg N. This
shows the number of previous sweeps that have been averaged together to
form the current trace. When the counter reaches the specified count, then a
‘running average’ of the last N sweeps is displayed. Average Count = 1 means
there is NO averaging.
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This setting can be changed at any time without affecting calibration accuracy.

Averaging is often used to increase the dynamic range of a measurement.
To achieve the highest dynamic range, select NA mode and reduce the IF

Bandwidth setting. Learn more about dynamic range in “Increase Dynamic
Range” on page 112.

How to set Trace Averaging

. Press -

. Then where N is the current count setting.

. Press -

. While Trace Averaging is in process, press - then to restart
the averaging at 1.

1
2
3. Enter a value using the numeric keypad. Enter 1 for NO averaging.
4
5

Smoothing

Trace smoothing averages a number of adjacent data points to smooth the
peak-to-peak noise values on a displayed trace. The number of adjacent data
points that are averaged is known as the smoothing aperture. Aperture is set
by specifying a percentage of the X-axis span.

Trace smoothing does NOT significantly increase measurement time.
Smoothing can be used with any CAT format.

When enabled, Elilll appears on the FieldFox screen.

How to set Smoothing

1. Press -

7 2R IS moothing ON OFF

3. Then and enter a value between 0 and 25 (percent) using
the numeric keypad.

4. Press -

Single or Continuous Measure

This setting determines whether the FieldFox sweeps continuously or only once
each time the BRI button is pressed. Use Single to conserve battery power
or to allow you to save or analyze a specific measurement trace.

This setting can be changed at any time without affecting calibration accuracy.

How to set Single or Continuous

— Press -
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— Then choose one of the following:

— BIP® Automatically sets Continuous OFF and causes FieldFox to
make ONE sweep, then hold for the next Single key press. Hold is
annotated in the upper left corner of the display when NOT sweeping,
and changes to an arrow --> while the sweep occurs

- Makes continuous sweeps. This is the typical setting
when battery power is not critical.

You can also use _to toggle between Single and Continuous.

Resolution (Number of Data Points)

Data points are individual measurements that are made and plotted across the
X-axis to form a trace. Select more data points to increase measurement
resolution. However, more data points require more time to complete an entire
measurement sweep.

When the Resolution is changed after a calibration is performed, the
calibration becomes interpolated. Learn more in “Interpolation *” on page 142.

How to set Resolution

1. Press - 4Resolution

2. Then choose one of the following:

101|201 | 401 | 601|801 | 1001 [1601 | 4001 [ 100018}

Using SCPI, Resolution can be set to any number of points between 3 and
10001. See the Programming Guide at
https://www.keysight.com/us/en/lib/resources/service-manuals/keysight-fiel
dfox-library-help-and-manuals-2153870.html.

Sweep Time

The fastest possible sweep time is always used as the default setting. Use the
Min Swp Time setting to slow the sweep time when measuring long lengths of
cable.

Learn more in the FieldFox Supplemental Help at:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

The actual sweep time is shown on the FieldFox screen. See “Take the FieldFox
Tour” on page 38. To increase the sweep time, enter a value that is higher than
the actual sweep time. The increase will not be exactly the amount that you
enter, as the actual sweep time is the composite of many factors.

Measurement speed specifications do NOT apply in Temperature Control
Mode. Learn more in Chapter 1, “Overview.”
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How to set Sweep Time

— Press - g Min Swp Time)
— Enter a value using the numeric keypad.

— Press a multiplier key. Learn more in “Multiplier Abbreviations” on page 46.

Output Power

Set the power level out of the FieldFox to High, Low, or manually set power
level to a value between High and Low.

Generally, the high power setting is used when measuring passive, high-loss
devices to place the signal farther from the noise floor. Increasing the power
can also help reduce trace noise. However, for devices that are sensitive to
high power levels such as amplifiers, use the Low power setting.

For best measurement accuracy, use the Manual power setting at -15 dBm.
After calibration, the power level can be decreased for amplifiers, or increased
for higher dynamic range.

Power Level settings in this mode will NOT change Power Level settings in
other modes. To help prevent damage to your DUT, use caution when
changing modes with your DUT connected to the FieldFox test ports.

How to set Output Power

1. Press _ > [
AR ilOutput Powe

— High Sets output power to the maximum achievable power at all
displayed frequencies. Output power is NOT FLAT across the
displayed FieldFox frequency span. Use the High power setting,
when better dynamic range and lower noise is desired. Please see
Appendix B:, “Specifications/Data Sheet,” on page 881 for
expected power levels.

— Low Sets output power to approximately -50dBm, FLAT across the
displayed FieldFox frequency span.

— Man (Default setting) Sets the output power to -15 dBm, FLAT
across the displayed FieldFox frequency span. If flattened power
can NOT be achieved, a warning message and beep occurs. To
achieve a flattened output power, reduce the power level or stop
frequency.

— Then press

— Then enter a value using the numeric keypad, the [A1¥] arrows, or
the rotary knob.

— Press -
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Interference Rejection

Use this setting when you suspect that other signals in the area are interfering
with a measurement. Interference may look like a spike or lack of stability in the
measurement trace. While monitoring a measurement at a specific frequency,
toggle this setting between ON and OFF. If the measurement result decreases
while ON, then there is an interfering signal in the area. Continue to make
measurements with Interference Rejection ON. However, this will slow the
measurement speed.

Once enabled, up to SIX sweeps may be required before the interfering signal
is neutralized.

This setting can be changed at any time without affecting calibration accuracy.

How to set Interference Rejection

1. Press _ dinterference Rejection [current setting|f

2. Then choose from the following:

@ No interference rejection and fastest possible sweep speed
(VT The lowest level of Interference rejection.
(VXY The medium level of Interference rejection.

— [VEGume) The highest level of Interference rejection.

Coupled Frequency

This setting, especially useful for a Return Loss & DTF measurement, allows
both measurements to have different frequency ranges.

How to set Coupled Frequency

With a Return Loss & DTF measurement present:
1. Press MeasSetup.

2. Select the DTF measurement (Tr2) using the [ALY] arrows.
3. Then choose from the following:

— (oI NI ML - Both the Return Loss and DTF traces have the
same frequency range settings.

— [ JJELRIEL OIS (default setting) - Both traces are allowed to have
individual frequency range settings. When set to OFF:
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— The Return Loss measurement frequency settings are
made in the usual manner. Learn how at “Frequency
Range” on page 53. When a new Start or Stop frequency is
selected, Coupled Frequency is automatically set to OFF.

— The DTF measurement is made using the frequencies as
determined by the DTF Frequency Mode setting. Learn
more in “DTF Measurement Settings” on page 66.

Return Loss Measurements

Return loss can be thought of as the absolute value of the reflected power
compared to the incident power.

When measuring an OPEN or SHORT, all incident power is reflected and
approximately O dB return loss is displayed.

When measuring a LOAD, very little power is reflected and values of 40 dB to
60 dB are displayed.

The minus sign is usually ignored when conveying return loss. For example, a
component is said to have 18 dB return loss, rather than -18 dB.

How to Measure Return Loss

— Connect the jumper cable or any adapter used to connect the device under
test (DUT).

— Select - then Returns the FieldFox to known settings
— Select Mode then BIFADI (Cable and Antenna Test)
— Then (Default measurement).

— Press - and enter and frequency values of the
measurement.

— Press _ then XAt e to make appropriate settings before

calibrating.

— Disconnect the jumper cable or DUT and press - then follow the
calibration prompts.

— Reconnect the jumper cable or DUT.

— The return loss trace is displayed on the FieldFox screen.
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1-Port Cable Loss Measurements

60

While all cables have inherent loss, weather and time will deteriorate cables
and cause even more energy to be absorbed by the cable. This makes less
power available to be transmitted.

A deteriorated cable is not usually apparent in a Distance to Fault
measurement, where more obvious and dramatic problems are identified. A
Cable Loss measurement is necessary to measure the accumulated losses
throughout the length of the cable.

A 2-port Insertion Loss measurement is usually more accurate than a 1-port
Cable Loss measurement. However, to perform a 2-port Insertion Loss
measurement, both ends of the cable must be connected to the FieldFox.

In high-loss conditions, a Cable Loss measurement becomes ‘noisy’ as the
test signal becomes indistinguishable in the FieldFox noise floor. This can
occur when measuring a very long cable and using relatively high
measurement frequencies. To help with this condition, use High Power
(page 57) and Averaging (page 54).

How to make a 1-port Cable Loss Measurement

1. Press - [ lPreset]

BRI - iMoreki -l Cable Loss (1-Port
3. Connect the cable to be tested.
4

. Press Freq/Dist and enter and frequency values of the
measurement.

5. Press Sweepd then MR, Increase the Sweep Time until a stable
trace is visible on the screen. The amount of time that is required increases
with longer cable lengths. Learn more in the Supplemental Online Help at:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplem
entalHelp/Home.htm.

6. Remove the cable to be tested.
7. Press -, uhilMechanical Call

8. Follow the prompts to perform calibration at the end of the jumper cable
or adapter. Learn more about Calibration in “How to Perform a
Calibration” on page 127

9. Connect the cable to be tested.

Low-level standing waves (also known as ‘ripple’) which may be visible in
reflection measurements, can hide the actual loss of the cable. Steps 10
through 13 can minimize the ripple. Perform the measurement with and
without steps 10 through 13 and choose the method with the least amount
of ripple.
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CAT (Cable and Antenna Test) Mode
2-Port Insertion Loss Measurements

10. Connect a LOAD at the end of the cable to be tested. This limits the
reflections to faults that are located in the cable under test.

11. Press - then WEWRET L BVIETile]aY then to store the trace

into Memory.

12. Remove the LOAD and leave the end of the cable to be tested open.

13. Press DEXENVENY then DENERMVENT. The ripple in the measurement is
removed. These minor imperfections in the cable should not be considered
in the Cable Loss measurement.

14. Use Averaging to remove random noise from high-loss measurements.
Press then LYEIEDLE.

The displayed trace shows the Cable Loss values in one direction through the
cable. A Return Loss measurement would show the loss for both down the
cable and back. Therefore, a Cable Loss measurement is the same as a Return
Loss measurement divided by 2.

The average Cable Loss across the specified frequency range is shown on the
screen below the graticules.

2-Port Insertion Loss Measurements

A 2-port Insertion Loss measurement is used to measure the loss through a
DUT (device under test) - or cable - over a specified frequency range. The
FieldFox signal source is transmitted out the RF OUT connector, through the
DUT, and into the RF IN connector. Both ends of the DUT must be connected
to the FieldFox, either directly or indirectly using the cable used in the
normalization cal.

‘Insertion’ loss simply means loss through a device, usually expressed in dB. It
is exactly the same measurement as “S21 Transmission” in NA Mode.

Exception: In CAT mode, if the TDR data are saved in S1P format, the
values represent the real part of the complex transform; the imaginary part
is set to zero. To obtain complex data, either as real/imaginary or
magnitude/phase pairs, use NA mode.

2-port Insertion Loss measurements are generally more accurate than 1-port
Cable Loss measurements.

How to make a 2-port Insertion Loss Measurement

— Press - then .

. S IMorefitllinsertion Loss (2-Port)!

— Press -and enter and frequency values of the

measurement.

Keysight N9938-90006 User’s Guide 61



62

CAT (Cable and Antenna Test) Mode
2-Port Insertion Loss Measurements

— Press - then select a setting.

— Press - then perform a calibration. Learn more on “How to Perform a
Calibration” on page 127.

— Connect the DUT and view the insertion loss measurement results.

When measuring very long lengths of cable, it may be necessary to increase
the sweep time. Learn how on page 56. Learn how in the Supplemental Online
Help at:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.
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4 DTF (Distance to Fault) Measurements

CAT Mode Distance to Fault (DTF) measurements are generally used to locate
problems, or faults, in a length of cable or transmission line. In this chapter, the
cable to be tested is referred to as the DUT (Device Under Test).

Drco TOF @) Mi: 1.34 Meters 9.058 B
I H 1 | I ! :

Start 0,000 m Frequency Mode: Lowpass Stop 2.000 i

F_Start 41.09 MHz F_Stop 16.48 GHz
Foings 401 Cutpar Power High Swp 357 ma
Resobution 4.99 mm Cable Loss 100 mdBfm Max distance 255 m

Settings that are NOT unique to DTF measurements are documented in the
CAT Mode Chapter 3, “CAT (Cable and Antenna Test) Mode.”

In this Chapter

“How to make DTF Measurements” on page 64
“DTF Settings Table” on page 66

“DTF Measurement (Format)” on page 66

“DTF Start and Stop Distance” on page 67
“Frequency Mode” on page 67

KEYSIGHT

TECHNOLOGIES
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“Coupled Frequency” on page 68

“Cable (Correction) Specifications” on page 68

“Window Settings” on page 72

“DTF Units” on page 72

“Calculated DTF values” on page 72

“About Alias Faults” on page 73

Optional settings

“All about Markers” on page 745

“All about Limit Lines” on page 760

“Saving and Recalling Files” on page 830

Trace Math is NOT available in DTF Measurements.

How to make DTF Measurements

64

Before starting, you may need the following:

@ > 0N

Jumper cable or adapter to connect the beginning of the DUT to the
FieldFox.

LOAD with correct connector type and gender to terminate the end of the
DUT (if possible).

The known length and cable type of the DUT. If the cable type is not known,
then the Cable Loss (dB/Meter) and Velocity Factor of the DUT are required.

. Connect any necessary jumper cable or adapter to the FieldFox RF OUT

port. Do NOT connect the DUT.

Press - then to return the FieldFox to the default settings.
Then - then .

Then - then .

Press -, then SiGJJBISENIE and enter the length of the DUT. You
can optionally set the Start Distance

Press - and follow the Cal prompts. Learn all about Calibration in
“How to Perform a Calibration” on page 127.

Disconnect any components or antenna that should NOT be measured and
connect a LOAD at the end of the DUT.

. Press _ [UELIDTF Cable Specificationsh
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9. Either press [{[idEEVEVAIELEUNOE]ES then RERENNOETIE, or directly enter
the Velocitf/ Factor/Cable Loss of the DUT using the YELIdIAZE 6 and

Cable LosspG'ES
10. Connect the start end of the DUT to the FieldFox.
11. Press Mieas\Setup'4 then then (ERAZRE. If the Alias-free Range

setting is False, then you may see Alias faults on the screen. Learn more
on page 73.
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DTF Measurement Settings

DTF Settings Table

You can set and view all of the DTF settings, including some calculated values,
on the DTF Settings table. Learn about the calculated values in “Calculated
DTF values” on page 72.

How to make settings on the DTF settings table

1. Press _ Settings]
2. Press and to view all settings.

3. To change a setting:

— Use the [A]¥] arrows or rotary knob to highlight a setting.

— Numeric settings can be changed by pressing numbers using the
numeric keypad. Then press Enter or select a suffix if available.

— Other settings require you to press @ then press a softkey to
change the value.

— When finished changing a value, press DI RZe0!.

4. Press LI @I [0 to relocate the Settings table to a position relative to
the trace window. The setting persists through a Preset. Choose from the
following:

— Full (Default setting) Only the Settings table is shown on the screen.
The trace window is temporarily not shown.

— Left The Settings table is shown to the left of the trace window.
— Bottom The Settings table is shown below the trace window.

5. When finished changing ALL settings, press it to save your settings.

DTF Measurement (Format)

You can select from 3 different DTF Formats.

1. Press -

2. Then choose from:

— DISERRCHFET M :)MFaults are displayed on the Y-axis in return
loss format, expressed as a positive number in dB.

- Faults are displayed on the Y-axis in SWR. Learn more
about SWR at the FieldFox Supplemental Online Help at:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSu
pplementalHelp/Home.htm.
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DTF (Distance to Fault) Measurements
DTF Measurement Settings

— [VIT# then PIIA(HD) Faults are displayed on the Y-axis in linear
(unitless) format.

DTF Start and Stop Distance

In DTF measurements, you set the physical length of cable or other device to
be tested. The FieldFox calculates the frequency range of the measurement
from this distance. The longer the cable to be tested, the lower the frequencies
that are used. You can also set the frequencies manually using the Frequency
Mode [Bandpass] setting.

How to set Start and Stop Distance
— With a DTF measurement present, press -

— Then choose from the following:

—~ Enter a value using the numeric keypad, the [a[¥]
arrows, or the rotary knob, then . By default, the Start Distance
is set to O Meters. This means that the measurement will display
faults starting at the point at which calibration standards are
connected.

— SR e Enter a value between the start distance and 5 km (or

16,404 ft.) using the numeric keypad, the [AL¥] arrows, or the rotary
knob, then i

Frequency Mode

All DTF measurements are made with frequency settings and, using Inverse
Fourier Transform (IFT), the time and distance to faults are calculated.

The start and stop frequencies for the measurement are always annotated
on the screen below the start and stop distances.

How to set Frequency Mode

With a DTF measurement present:

1. Press_>

2. Choose one of the following:

- The frequency range of a DTF measurement is set
automatically based on the Start and Stop Distances. Use Lowpass
mode when the DUT is a cable ONLY.

- (Default setting) The frequency range of a DTF
measurement is set manually. Use Bandpass mode when the DUT
contains a diplexer or other filtering device which does not pass
some frequencies.
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Typically, you will set the frequency range of the measurement to the passband
of the filter. However, you may also want to test the ability of the filter to reject
unwanted frequencies. In this case, set the frequency range to include those
frequencies which the filter may not be adequately rejecting.

How to manually set Frequencies in Bandpass Mode

1. Press -

2. Then NI Eada2Y and type the start frequency to use for the DTF

measurement.

3. Then [V EY and type the stop frequency to use for the DTF
measurement.

OR

1. Press %

2. Then M MEEEEIET and type the frequency range to use for the DTF
measurement.

3. Then and type the center frequency of the range to use
for the DTF measurement.

When the DTF frequencies are set manually, they may not be the optimum
frequencies for measuring the distance to fault. The distance may no longer be
alias-free. Learn more about alias-free range on page 73.

These settings specify the minimum and maximum frequencies to be used for
the DTF measurement. These exact frequencies may not be used, but a
narrower frequency range may be used that will still pass through the
bandpass filter.

Coupled Frequency

When a Return Loss & DTF measurement is present, this setting allows you to
have different frequency ranges for each measurement. Learn more in
“Coupled Frequency” on page 58.

Cable (Correction) Specifications

By default, the FieldFox does NOT correct DTF measurements to account for
the inherent loss of a cable. However, to make more accurate DTF
measurements, the Cable Loss and Velocity Factor values should be
considered.

The following describes Coax Media type. However, you can create or edit
Waveguide Media Standards. Learn how in “Waveguide Calibrations” on
page 140.

Keysight N9938-90006 User’s Guide



DTF (Distance to Fault) Measurements
DTF Measurement Settings

About Velocity Factor and Cable Loss

— Velocity Factor is a property of the physical material of a cable. A VF of 1.0
corresponds to the speed of light in a vacuum, or the fastest VF possible. A
polyethylene dielectric cable has VF = 0.66 and a cable with PTFE dielectric
has VF =0.7.

— Cable Loss is specified in dB/meter. In addition to the length of the cable,
loss is also directly proportional to the frequency of the signal that passes
through the cable.

The following is an example showing how DTF cable correction works:

The DUT is a 100 meter transmission cable. The Cable Loss value is

0.1 dB/meter. This means that a signal traveling ONE WAY through the cable
will lose 10 dB of power (100 m * 1dB/m). Because the FieldFox performs this
measurement with 1 port, the test signal travels down the cable and then back,
for a total loss of 20 dB.

After a calibration has been performed, for the purpose of illustrating this
point, connect an OPEN to the end of the cable — a maximum-sized fault - for
100% reflection of the 300 MHz test signal.

Without compensation for the loss of the cable, a -20 dB response would be
visible at 100 meters, which is the OPEN at the end of the DUT. This is from
10 dB of loss through the cable in each direction.

With compensation for the loss using the manufacturer’s specification, the
FieldFox compensates the trace as though the signal traveling through 100
meters was increased by +20 dB. Therefore the response will show 0 dB for
100% reflection.

How to enter Cable Loss and Velocity Factor

Cable Loss and Velocity factor can be entered using one of the following
methods:

— Manually enter cable loss and velocity factor for the measurement.

— Select or create a cable file which contains the cable loss and velocity
factor.

With a DTF measurement present:

1. Press _ 4 DTF Cable Specifications!
2. Select [o1]Ae]¢

-~ Use Cable Loss and Velocity Factor values from a Cable file.
See “How to Edit a Cable File” on page 70 and “How to Save or
Recall a Cable” on page 70 below. This will overwrite a
manually-entered value.

— [YET) (Default setting) Manually enter a value for Cable Loss and
Velocity Factor.
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3. Then:

- Using the numeric keypad, enter a value between
0.01 and 1. Then press -

- Using the numeric keypad, enter a positive Cable Loss
value in dB/m, then press .

How to Edit a Cable File

The FieldFox includes many predefined cable files with the manufacturer’s
specifications. You can edit these files or create new cable files using the
following procedure or using the FieldFox Data Link Software.

The Cable correction data survives a Mode Preset and Preset.

With a DTF measurement present:

1. Press MIDTF Cable SpecificationspdDTF Cable

Specifications

2. Press \[EWA®ET]LE then to clear all data from the existing DTF Cable
table and reset header information to default settings.

3. Then [Ls[ide=16]E to open the Cable Editor.

4. Then use the [al¥] arrows to select a field,

— When editing Cable Description information, press @ then modify
the selected field using the FieldFox labeler.

— When editing Frequency/Loss pairs, enter numbers using the
numeric keypad, then select a frequency suffix. Then [Fi1et. Learn
more about “How the Freq/Loss pairs are applied” on page 71
below.

5. Optionally choose from the following:

—  [MEUIEWANEYGHEERTS Quickly scrolls through pages of Freg/Loss
data.

— LGLEPENE Add a blank Freg/Loss pair to the table,
lDelete/ClearfGEIH
- Remove the selected Freq/Loss pair from the table.

— [®ECET#A then @ Remove all Freg/Loss pairs from the table and
resets header information

6. Press [l to close the Cable Editor.

How to Save or Recall a Cable

— Press EEVEA®ELIE to saves your changes to the specified Storage Device.
Enter a filename using the FieldFox labeler (learn more on “How to use the
FieldFox labeler ” on page 833). Learn more about Cable files below.
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— Press REEINOEL]E to load a Cable file from the specified Storage Device

- Changes the device used to save or recall Cable files. This
is a different setting from the Save/Recall Storage Device setting. Choose
from Internal (default setting), USB (must be connected) or SD card.

About Cable files

— Cable files are saved to, and recalled from, the Cables folder. If the folder
does not already exist on a USB or SD card, it is created automatically
before storing the file.

— Cable files are stored as *.xml files. Existing cable files that are preloaded
into the FieldFox firmware can be overwritten. Your edited file will NOT be
overwritten when firmware is updated.

— To DELETE a Cable file, use the Manage Files feature. Learn more in
“Manage Files” on page 839.
How the Freq/Loss pairs are applied

When the cable file contains one Freg/Loss pair, that correction value is
applied to the entire displayed frequency span.

When the cable file contains two or more Freg/Loss pairs, the Loss value that is
used is interpolated from the Freg/Loss pairs and the DTF center frequency.
For example, using a cable file with the following Freg/Loss pairs:

1 GHz: 0.1 dB/m
2 GHz: 0.2 dB/m

The center frequency for the measurement is determined from the
calculated (Stop - Start) frequency values (seen on the second page of
DTF Settings):

Calculated Start = 2.0 MHz
Calculated Stop = 3.598 GHz
Center Freq =1.80 GHz

The Loss value for the measurement is interpolated from the Freqg/Loss pairs at
the Center Freq:

1GHz=0.1dB/m

1.8 GHz=0.18 dB/m
2GHz=0.2dB/m

The correction for loss at b meters in one direction: 0.18 dB/m * bm = 0.9 dB.

All DTF measurements correct for loss for travel down the DUT and back, so
double the correction: 0.9 dB *2 = 1.8 dB.
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Window Settings

Window settings provide the ability to choose between optimizing DTF
measurements for resolving closely-spaced faults or for the ability to measure
low-level faults.

How to select Window settings
1. Press _ >

2. Then press [A1¥] arrows to move to the Window row.
3. Then press @
4. Then press [NMEET and choose from the following:

— (VPRI (Maximum - Optimized for dynamic range) the noise
floor is lowered to provide the ability to measure low-level
responses. (Default setting)

— [V - Compromise between Minimum and Maximum window
settings.

— [VHSIY - Best Response Resolution, providing the ability to
resolve between two closely-spaced responses.

5. Then press Done Edit}
6. Again press T,

DTF Units
The DTF Units setting is available ONLY on the DTF Settings table.

By default, X-axis units for DTF measurement settings are displayed in Meters.

How to change DTF units
1. With a DTF measurement present, press -

y AR IMorekia - iDistance Unit m feet!
3. The current selection is underlined FNS O IT .

Calculated DTF values

Press on the DTF Settings Table to view the following calculated
Values noted on the FieldFox screen with ¢ - <setting>

Start Frequency - Start frequency that is used to calculate DTF.
Stop Frequency - Stop frequency that is used to calculate DTF.
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Range Resolution. Indicates the accuracy of the distance to fault
measurement. For example, with range resolution of 500 mm, if the distance to
fault is 10 meters, this value could be inaccurate by +/- 500 mm or between
9.5 to 10.5 meters. This value is calculated from frequency span / resolution
(points).

Response Resolution, not displayed, indicates the distance that could be
between two faults and still show as separate faults. Learn more in “Window
Settings” on page 72.

Maximum Distance. The distance that could be viewed with the current
settings. Defined by: Vf*c*Points/(2*Bandwidth) where:

— VT = velocity factor

— ¢ =speed of light

— Points = resolution

— Bandwidth = frequency range
Alias-free Range (On/Off)

— On = No Alias images

— Off = Alias images may appear in the response.

About Alias Faults

An alias fault is not a true device response. An alias fault appears because of
the method used to convert frequency to time.

On the DTF Settings page (above) the ¢ - Alias-free Range = Off setting
indicates alias images MAY appear on the screen.

Shorter stop distances (less than 10 meters) and a higher resolution (1001
points) will be more likely to result in Alias-free Range = Off.

When the Alias-free Range = Off, the following procedure will help to
determine if a response is true or an alias response:

1. Put a marker on the response in question and note the distance to the
fault.

2. Change the start or stop distance.

A true fault response will not move in distance. That is, if a true fault is present
at 10.3 meters, changing the stop distance from 15 m to 20 m will not move
the fault; the fault will remain at 10.3 meters. However, an alias response will
appear to move.

An unterminated cable (with NO perfect load at the end) will show faults that
appear to be beyond the end of the cable. These are NOT alias faults. These
faults appear as the signal reflects off the open at the end of the cable and
travels back down the cable toward the connection at the FieldFox.
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Re-reflections are measured at the FieldFox as mirror images of the original
faults. The largest fault is the open end of the cable. To avoid confusion, set

the Stop distance shortly after that fault.
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5 TDR (Time Domain Reflectometry) - Option 215

CAT Mode Time Domain Reflectometry (TDR) measurements are generally

used to locate problems, and identify the type of problem, in a length of cable
or transmission line.

ITDR {Lin rhao)
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'.3 .......................................................................................................................................
Cal
Rdy B
WE e s S £ 0 s
1.000
-.9 ............................................................................................................................................
Data H H H H H H H H H
e
T T e e S s S e
1 : i : : ; : : : ;
Start 1.000 m Frequency Made: Lowpass Stop 2.000 m
F_Start 43,99 MHz F_Stop 26.44 GHz
Points 601 Output Power High Swip 506 ms
Resolution 3,33 mm [Auta Swp] Cable Loss 0,00 dBE/m Max distance 3,41 m

Settings that are NOT unique to TDR measurements are documented in
Chapter 3, “CAT (Cable and Antenna Test) Mode”, on page 49.

In this chapter, the cable to be tested is referred to as the DUT (Device Under
Test).

In this Chapter

“TDR Measurement (Format)” on page 78
“TDR Settings Table” on page 78

“TDR Start and Stop Distance” on page 79
“TDR Sweep” on page 79
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“Frequency Mode” on page 80

“Cable (Correction) Specifications” on page 81
“Window Settings” on page 84

“TDR Units” on page 85

“Calculated TDR values” on page 85

“About Alias Faults” on page 86

“How to Prevent Undersampling” on page 87
Optional Settings

“All about Markers” on page 745

“All about Limit Lines” on page 760

“Saving and Recalling Files” on page 830

Trace Math is NOT available in DTF Measurements.

How to make TDR Measurements
Before starting, you may need the following:

— Jumper cable or adapter to connect the beginning of the DUT to the
FieldFox.

— LOAD with correct connector type and gender to terminate the end of the
DUT (if possible).

— The known length and cable type of the DUT. If the cable type is not known,
then the Cable Loss (dB/Meter) and Velocity Factor of the DUT are required.

1. Connect any necessary jumper cable or adapter to the FieldFox RF
OUT port. Do NOT connect the DUT.

Press Preset then to return the FieldFox to the default settings.
Then Mode then VAL
Then Measd then [TFIZ then DITAY) or IDLAULRLY) or [CLTD.

Press -, then B1GTJNRENIEE and enter the length of the DUT. You
can optionally set the Start Distance

6. Press - and follow the Cal prompts. Learn all about Calibration in
“How to Perform a Calibration” on page 127.

@~ 0N

7. Disconnect any components or antenna that should NOT be measured and
connect a LOAD at the end of the DUT.

8. Press _ WELIDTF Cable Specificationsy
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9. Either press [LEEVVAICILINEIES then REEIIN®EIE, or directly enter

the Velocity Factor/Cable Loss of the DUT using the YELIdiIAE G and
Cable LosspG'ES

10. Connect the start end of the DUT to the FieldFox.
11. Press Mieas\Setup'4 then then (ERAZRE. If the Alias-free Range

setting is Off, then you may see Alias faults on the screen. Learn more in
“About Alias Faults” on page 86
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TDR Measurement Settings

Select CAT Mode, then TDR before making any setting in this chapter.
How to select CAT Mode

- Press-.
— Then (oA\WAINN.

TDR Measurement (Format)
You can select from 3 different TDR Formats.
- Press-
— Then @
— Then choose from:

— L E(HaWasle)] The Y-axis of the display is linear, real, unitless values.
A trace without reflections shows as 0 (zero). Maximum reflections
from an open or short show as 1.

— LDLEEITNY] The Y-axis of the display is impedance (ochms).m

— [D1IM(ETRY] The Y-axis of the display is linear, real, unitless values.
X-Axis displays distance to fault in meters.

— TDR & DTF TDR and DTF are displayed.

TDR Settings Table

You can set and view all of the TDR settings, including some calculated values,
on the TDR Settings table. Learn more in “Calculated TDR values” on page 85.

How to make settings on the TDR settings table

— Press _

— Then T5uIRE.

— Press and to view all settings.

— To change a setting:

— Use the [aL¥] arrows or rotary knob to highlight a setting.

— Numeric settings can be changed by pressing numbers using the
numeric keypad. Then press Enter or select a suffix if available.

— Other settings require you to press , then press a softkey to
change the value.

— When finished changing a value, press DN,
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— Press DLW to relocate the Settings table to a position relative to
the trace window. The setting persists through a Preset. Choose from the
following:

— Full (Default setting) Only the Settings table is shown on the screen.
The trace window is temporarily not shown.

— Left The Settings table is shown to the left of the trace window.
— Bottom The Settings table is shown below the trace window.
— When finished changing ALL settings, press @ to save your settings.
The following TDR settings are available ONLY on the settings table:
Mkr Format — The format of marker readout. Choose from:
— Z Magnitude - Impedance (magnitude only)
— Default - The current TDR measurement format.

Auto: Max Freq - When TDR Sweep is set to Auto, this is the maximum stop
frequency of the measurement. The minimum value of this setting is 100 MHz.

TDR Start and Stop Distance

In TDR measurements, you set the physical length of the DUT. The FieldFox
calculates the frequency range of the measurement from this distance. The
longer the DUT, the lower the frequencies that are used.

You can NOT set the frequencies manually in TDR. However, you CAN limit the
maximum frequency using the TDR Sweep setting. Learn more in “TDR Sweep”
on page 79.

How to set Start and Stop Distance
— With a TDR measurement present, press -

— Then choose from the following:

- Enter a value using the numeric keypad, the [ALY]
arrows, or the rotary knob, then . By default, the Start Distance
is set to 0 Meters. This means that the measurement will display
faults starting at the point at which calibration standards are
connected.

— S AN ENE Enter a value between the start distance and 5 km (or

16,404 ft.) using the numeric keypad, the [AL¥] arrows, or the rotary
knob, then i

TDR Sweep

This setting allows you to choose the method by which the Stop Frequency and
Resolution are set.

Keysight N9938-90006 User’s Guide 79



TDR (Time Domain Reflectometry) - Option 215
TDR Measurement Settings

~ Press SWeep3
BRITITOR Sweep

— Choose one of the following:

- Low pass frequency settings are calculated based on the
current number of points. The Stop Frequency and Resolution
settings can be changed to any value.

——To set Stop Frequency, press - then FYSeE, then
scroll to Auto: Max Freq.

——To set Resolution, press - ulsilResolution

— [#£1:]E Provides a higher resolution measurement. Use when
under-sampling is suspected. The Stop Frequency is limited to 500
MHz maximum. The Resolution is fixed to 1607.

Because of its greater measurement accuracy, is the default setting.
Refer to “Preferences” on page 792.

Frequency Mode

80

All TDR measurements are made with frequency settings and, using Inverse
Fourier Transform (IFT), the time and distance to faults are calculated.

The start and stop frequencies for the measurement are always annotated
on the screen below the start and stop distances.

How to set Frequency Mode

With a TDR measurement present,

~ Press MeasiSetupd
LEFreq Mode

— Choose one of the following:

- The frequency range of a TDR measurement is set
automatically based on the Start and Stop Distances. Use Lowpass
mode when the DUT is a cable ONLY.

— [PRRTEES This setting changes the measurement to DTF. Bandpass
is NOT ALLOWED with TDR because the DC component is required
for TDR measurements.
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Cable (Correction) Specifications

By default, the FieldFox does NOT correct TDR measurements to account for
the inherent loss of a cable. However, to make more accurate TDR
measurements, the Cable Loss and Velocity Factor values should be
considered.

The following describes Coax Media type. Waveguide Media can NOT be
measured with TDR as waveguide is inherently a high pass device.

About Velocity Factor and Cable Loss

— Velocity Factor is a property of the physical material of a cable. A VF of 1.0
corresponds to the speed of light in a vacuum, or the fastest VF possible. A
polyethylene dielectric cable has VF = 0.66 and a cable with PTFE dielectric
has VF =0.7.

— Cable Loss is specified in dB/meter. In addition to the length of the cable,
loss is also directly proportional to the frequency of the signal that passes
through the cable.

The following is an example showing how DTF cable correction works:

The DUT is a 100 meter transmission cable. The Cable Loss value is 0.1
dB/meter. This means that a signal traveling ONE WAY through the cable will
lose 10 dB of power (100 m * 1dB/m). Because the FieldFox performs this
measurement with 1 port, the test signal travels down the cable and then back,
for a total loss of 20 dB.

After a calibration has been performed, for the purpose of illustrating this
point, connect an OPEN to the end of the cable — a maximum-sized fault - for
100% reflection of the 300 MHz test signal.

Without compensation for the loss of the cable, a -20 dB response would be
visible at 100 meters, which is the OPEN at the end of the DUT. This is from 10
dB of loss through the cable in each direction.

With compensation for the loss using the manufacturer’s specification, the
FieldFox compensates the trace as though the signal traveling through 100
meters was increased by +20 dB. Therefore the response will show 0 dB for
100% reflection.

How to enter Cable Loss and Velocity Factor

Cable Loss and Velocity factor can be entered using one of the following
methods:

— Manually enter cable loss and velocity factor for the measurement.

— Select or create a cable file which contains the cable loss and velocity
factor.

With a TDR measurement present:

~ Press MeasiSetup4,
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SN EIRIDTFE Cable Specifications|
— Select [e1]EN 0]

- Use Cable Loss and Velocity Factor values from a Cable file. See
“How to Edit, Save, and Recall a Cable File” below. This will overwrite
a manually-entered value.

— [T (Default setting) Manually enter a value for Cable Loss and
Velocity Factor.

— Then:

- Using the numeric keypad, enter a value between
0.01 and 1. Then press .

— [EJENLES Using the numeric keypad, enter a positive Cable Loss
value in dB/m, then press .

How to Edit a Cable File

The FieldFox includes many predefined cable files with the manufacturer’s
specifications. You can edit these files or create new cable files using the
following procedure or using the FieldFox Data Link Software.

The Cable correction data survives a Mode Preset and Preset.

With a TDR measurement present:

— Press MeasiSetupd
S IWEWIDTFE Cable Specifications,

= EaBEdit/Save/Recall Cables|

— Press KEWASEL]E then to clear all data from the existing DTF Cable
table and reset header information to default settings.

— Then [L[id®E1:]fE to open the Cable Editor.

— Then use the [&]¥] arrows to select a field,

— When editing Cable Description information, press then modify
the selected field using the FieldFox labeler.

— When editing Frequency/Loss pairs, enter numbers using the
numeric keypad, then select a frequency suffix. Then [FRel. Learn
more about “How the Freg/Loss pairs are applied” below.

— Optionally choose from the following:

VI CITEWANEYAHETE Quickly scrolls through pages of Freg/Loss
data.

ACLEPELE! Add a blank Freg/Loss pair to the table,
Delete/Clear [uglIsh
Remove the selected Freg/Loss pair from the table.
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- then . Remove all Freg/Loss pairs from the table and
resets header information

— Press Done to close the Cable Editor.

How to Save or Recall a Cable

— Press BEVENOELIE to save your changes to the specified Storage Device.
Enter a filename using the FieldFox labeler (see “How to use the FieldFox
labeler ” on page 833. Learn more about Cable files below

— Press [ELUNMELE to load a Cable file from the specified Storage Device

- Changes the device used to save or recall Cable files. This
is a different setting from the Save/Recall Storage Device setting. Choose
from Internal (default setting), USB (must be connected) or SD card.

About Cable files

— Cable files are saved to, and recalled from, the Cables folder. If the folder
does not already exist on a USB or SD card, it is created automatically
before storing the file.

— Cable files are stored as *.xml files. Existing cable files that are preloaded
into the FieldFox firmware can be overwritten. Your edited file will NOT be
overwritten when firmware is updated.

— To DELETE a Cable file, use the Manage Files feature. Learn more in
“Manage Files” on page 839.
How the Freq/Loss pairs are applied

When the cable file contains one Freg/Loss pair, that correction value is
applied to the entire displayed frequency span.

When the cable file contains two or more Freg/Loss pairs, the Loss value that is
used is interpolated from the Freg/Loss pairs and the TDR center frequency.
For example, using a cable file with the following Freg/Loss pairs:

1 GHz: 0.1 dB/m
2 GHz: 0.2 dB/m

The center frequency for the measurement is determined from the calculated
(Stop - Start) frequency values (seen on the second page of TDR Settings):

Calculated Start = 2.0 MHz
Calculated Stop = 3.598 GHz
Center Freq =1.80 GHz
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The Loss value for the measurement is interpolated from the Freq/Loss pairs at
the Center Freq:

1 GHz=0.1 dB/m
1.8 GHz=0.18 dB/m
2 GHz=0.2dB/m

The correction for loss at 5 meters in one direction: 0.18 dB/m * bm = 0.9 dB.

All TDR measurements correct for loss for travel down the DUT and back, so
double the correction: 0.9 dB*2 =1.8 dB.

Window Settings

Window settings provide the ability to choose between optimizing TDR
measurements for resolving closely-spaced faults or for the ability to measure
low-level faults.

How to select Window settings

~ Press Meas\SetUpA
— Then .

— Then press [al¥] arrows to move to the Window row.
— Then press .
— Then press and choose from the following:

— [VESa (Maximum - Optimized for dynamic range) the noise floor
is lowered to provide the ability to measure low-level responses.
(Default setting)

— [YEXTMY - Compromise between Min and Max window settings.

— (VNS - Best Response Resolution, providing the ability to resolve
between two closely-spaced responses.

— Then press Done Edit}
— Again press L.
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Network Analyzer Windows Frequency Span and TDR Window
Selection for Step Rise Time (Approximated)

The following table shows the approximated relationship between the
frequency span and the window selection for impulse width and step rise time.
Refer to Figure 5-1 on page 85.

Window Low-pass step Low-pass impulse Bandpass impulse
(10% to 90%)
Minimum 0.45/ 1 span 0.60/ f span 1.20/f span
Medium 0.99/ f span 0.98/ f span 1.95/fspan
Maximum 1.48/ fspan 1.39/ fspan 2.77 / f span
Figure 5-1 Network Analyzer TDR Rise Time

50% 50%

T ! 10% - -
1 [ _"_.-?' !

Impulze width Stap rise time

TDR Units

By default, X-axis units for TDR measurement settings are displayed in Meters.

How to change TDR units

— With a TDR measurement present, press -

S I ViorefiaDistance Unit m feet]

— The current selection is underlined FGTSC T2

The TDR Units setting is also available on the TDR Settings table.

Calculated TDR values

Press on the TDR Settings Table to view the following calculated
Values noted on the FieldFox screen with ¢ - <setting>
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Start Frequency - Start frequency that is used to calculate TDR.
Stop Frequency - Stop frequency that is used to calculate TDR.

Range Resolution. Indicates the accuracy of the distance to fault
measurement. For example, with range resolution of 500 mm, if the distance to
fault is 10 meters, this value could be inaccurate by +/- 500 mm or between
9.5 to 10.5 meters. This value is calculated from frequency span / resolution
(points).

Response Resolution, not displayed, indicates the distance that could be
between two faults and still show as separate faults. Learn more in Window
Settings in “Window Settings” on page 84.

Maximum Distance. The distance that could be viewed with the current
settings. Defined by: Vf*c*Points/(2*Bandwidth) where:

— Vf=velocity factor

— ¢ =speed of light

Points = resolution

— Bandwidth = frequency range
Alias-free Range (On/Off)

— On = No Alias images

— Off = Alias images may appear in the response.

About Alias Faults

An alias fault is not a true device response. An alias fault appears because of
the method used to convert frequency to time.

On the TDR Settings page (above) the c - Alias-free Range = Off setting
indicates alias images MAY appear on the screen.

Shorter stop distances (less than 10 meters) and a higher resolution (1007
points) will be more likely to result in Alias-free Range = Off.

When the Alias-free Range = Off, the following procedure will help to
determine if a response is true or an alias response:

1. Put a marker on the response in question and note the distance to the
fault.

2. Change the start or stop distance.

A true fault response will not move in distance. That is, if a true fault is present
at 10.3 meters, changing the stop distance from 15 m to 20 m will not move
the fault; the fault will remain at 10.3 meters. However, an alias response will
appear to move.
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An un-terminated cable (with NO perfect load at the end) will show faults that
appear to be beyond the end of the cable. These are NOT alias faults. These
faults appear as the signal reflects off the open at the end of the cable and
travels back down the cable toward the connection at the FieldFox.
Re-reflections are measured at the FieldFox as mirror images of the original
faults. The largest fault is the open end of the cable. To avoid confusion, set
the Stop distance shortly after that fault.

Prevent Undersampling

Undersampling is when the TDR measurement is inaccurate because the
frequency step size (resolution) is too large. The predominant symptom of this
Is when the measured impedance is incorrect. For example, when measuring a
75Q) cable, a marker that is on a part of the trace without reflections shows
56Q.

To prevent undersampling, set TDR Sweep to Cable. If undersampling still
occurs, set TDR Sweep to Auto. Then set Auto Max Frequency to a lower
value. Manually increase the Resolution so that the Start Frequency setting is
less than about 500 kHz.
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6 NA (Network Analyzer) Mode

Learn more about NA Mode measurements in the FieldFox Supplemental
Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

In this Chapter

“About S-parameters” on page 91
“Mixed-Mode S-Parameters” on page 92
“Parameter Conversion” on page 93
“Receiver Measurements” on page 94
“Multi-Trace Configurations” on page 95
“Quick Settings” on page 96

“Calibration Settings” on page 97

“Format” on page 98

“Frequency Range” on page 99

“Scale Settings” on page 99

“Magnitude Offset” on page 100

“Electrical Delay” on page 101

“Phase Offset” on page 101

“Averaging” on page 102

“IF Bandwidth” on page 103

“Smoothing” on page 103

“Single or Continuous Measure” on page 103
“Resolution (Number of Data Points)” on page 104
“Sweep Time” on page 104

“Triggering (NA)” on page 105
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NA (Network Analyzer) Mode

“Output Power” on page 107

“System Impedance (Z0)” on page 108
“Port Extensions” on page 108
“Velocity Factor” on page 109

“Increase Dynamic Range” on page 112
See Also

“Why and When to Calibrate” on page 126
“All about Markers” on page 745

“All about Limit Lines” on page 760

“All about Trace Math” on page 772

Learn how to make 75Q (ohm) Measurements in the
Supplemental Online Help:

https://rfmw.em.keysight.com/wireless/helpfiles/Fiel

dFoxOnlineSupplementalHelp/Home.htm.
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NA Mode Settings

NA Mode Settings
Select NA Mode before making any setting in this chapter.
How to select NA Mode

1. Press -

2. Then E

About S-parameters

S-parameters (scattering parameters) are used to describe the way a device
modifies a signal. The FieldFox can measure four S-parameters. The syntax for
each parameter is described by the following:

S22 |S11 (out | in)
out = FieldFox receiver port

in = FieldFox source port

511 -'—' —— S22

S21 f -
- S12
DUT
Port 1 Port 2

FieldFox

The FieldFox automatically switches the internal source and receivers to make
both forward and reverse measurements. Therefore, the FieldFox can measure
all four S-parameters with a single connection.

When the source comes from port 1, the measurement is said to be in the
forward direction.

When the source comes from port 2, the measurement is said to be in the
reverse direction.

ST1 and S22 reflection measurements are used to measure the amount of
reflections off the corresponding DUT port. Low reflections means there is a
good impedance match between the source and DUT.
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S21 and S12 transmission measurements are used to measure the loss or gain
through a DUT over a specified frequency range. Both ends of the DUT must be
connected to the FieldFox. The FieldFox signal source is transmitted out one of
the test port connectors, through the DUT, and into the other test port
connector

How to measure S-parameters

1. Press - [uEhiliMode Preset (Factor
2. Press - then choose from the following:

— 3Kl Reflection measurement at port 1.

Forward 2-port transmission measurement.

[Pl Reverse 2-port transmission measurement. May require an
option.

@ Reflection measurement at port 2. May require an option.

OR select a multi-trace configuration. Learn more on “Multi-Trace
Configurations” on page 95.

3. Press - then either and S0 or and FF9N to enter a

Frequency Range for the measurement.

4. Press - then ([0 to select the IF Bandwidth for the measurement.
Narrower bandwidths require more time to sweep, but lowers trace noise.

5. Press SWeepa then to select the number of data points for the
measurement. More data points require more time to sweep.

6. Press - to calibrate the measurement. Learn more in “How to Perform
a Calibration” on page 127.

7. All other settings can be made AFTER calibration without compromising
measurement accuracy.

Mixed-Mode S-Parameters

In NA Mode ONLY, mixed-mode S-parameters (also known as Balanced
measurements) are available with Option 212.

Because the FieldFox has only two test ports, only reflection measurements are
available. Connect the balanced input or output of your DUT to the FieldFox
ports 1 and 2

For highest accuracy, a Full 2-port calibration is required.

Keysight N9938-90006 User’s Guide



NA (Network Analyzer) Mode
NA Mode Settings

All FieldFox settings and features are supported (except Parameter Conversion)

with mixed-mode S-parameters.

NOTE Learn more about Balanced Measurements with the FieldFox in the
FieldFox Supplemental Online Help:

https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplem
entalHelp/Home.htm.

How to make mixed-mode S-parameter measurements

1. Press -
2. Then [IE.

3. Then choose from the following:

Common reflect/common incident for logical port 1.

- Differential reflect/differential incident for logical port 1.
- @ Differential reflect/common incident for logical port 1.
- @ Common reflect/differential incident for logical port 1.

To make balanced reflection measurements at the DUT output, connect the
DUT output to the FieldFox ports.

Parameter Conversion

In NA Mode ONLY, converts the active S-parameter trace to an equivalent
impedance (Z), admittance (Y), or reciprocal 1/S-parameter

How to select parameter conversions

~ Press Measuirel]

— Then select an S-parameter
— Then TIIZ
— Then

Then choose from the following:

—@ (default) No conversion is performed.

— or Y&, Perform conversion for impedance (Z) or
admittance (Y). Then choose from the following for either:

——[\Wis] The displayed S-parameter is converted to the

appropriate Z or Y parameter: Refl for S11 and S22; Trans for

S271 and S12. When the S-parameter is changed, the
appropriate conversion changes automatically.
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—— The displayed S-parameter is converted to Z or Y
reflection, regardless of whether the S-parameter is reflection
(S11 or S22) or transmission (S21 or S12).

——Lehs The displayed S-parameter is converted to Z or Y
transmission, regardless of whether the S-parameter is
reflection (S11 or S22) or transmission (S21 or S12).

- The displayed S-parameter is converted to 1/S-parameter.

Receiver Measurements

94

In NA Mode ONLY, you can make unratioed, uncorrected receiver
measurements. These measurements are typically used as diagnostic tools for
service personnel.

Receiver measurements are NOT corrected for absolute power. They are
only useful for making relative measurements. The Y-Axis and markers are
labeled in dB - NOT dBm. Specifically, RT and R2, do NOT indicate the
actual power levels out of the source ports.

How to make receiver measurements

— Press Measured
— Then NI, then

— Then choose from the following:

ort-1 test port (*1) E Port-2 test port (*2)

Ap
@ Port-1 reference receiver (*1) @POW—Z reference receiver (*2)

(*) indicates the Auto-selected source port for the measurement

The FieldFox port to provide the source signal. Choose from the

following:
—[X¥% The FieldFox sets the source port based on the selected receiver.
—[29%] Select when measuring transmission at B receiver.
—[294%] Select when measuring reverse transmission at A receiver.

Learn more about Raw Receiver Measurements at the FieldFox Supplemental
Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.
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Multi-Trace Configurations

In NA Mode you can display multiple traces on the FieldFox screen.

Tr1 Ref 0.0 dB 511
L) -10' - —
Lag B T
-30
100 -40,
B/ 50
Data :?g
-80
Cal -30
oMU
Tr 2 Ref 0.0 dB 521 Ref 1.00
<= ™
L -20 Srmith )
og o il 500 10 /
10,0 | -40 0.10
dBf 50 ! 0
&0 I"-’\
Data 0 R nné‘ ) “yData
-80 ¥ . it ﬁu. v -j1e
Cal -a0 | - l.r' : : Cal )
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The graphic above shows a x3H configuration. Tr2 is the ACTIVE trace as
indicated by the highlighted il

Trace Setting Notes

— The Frequency Range, IF BW, Resolution, Average, and Output Power
settings are common for all displayed traces.

— All other trace settings, such as measurement, format, and limit lines, are
applied individually to the ACTIVE trace in the same manner as when a
single trace is present.

IMPORTANT! For CAT and NA modes, limit lines do not apply
where F1 = F2.

— By default, a marker is created on ALL traces. However, they can be created
individually by disabling Coupled Markers. Learn more in “Coupled Markers
(NA Mode)” on page 748.
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How to select a multi-trace configuration

1. Press->

2. Then choose from the following:
The default measurements depend on the options that are installed

1 1 trace standard configuration

2 traces overlayed on a single graticule

2 traces on separate graticules

3 traces on separate graticules

3 traces overlayed on a single graticule

(X ]

4 traces overlayed on a single graticule

N T M T = I 1 I 1 O B | A
2]

»
I

4 traces on separate graticules

i

How to activate a trace in order to change a setting

— Use the [al¥] arrows OR
— Press @@ then select ITEVTR, TETW), TN, o IIEYXA, Only traces

that are shown can be activated.

How to maximize the viewing of the active trace
1. Press - egFull Screen!

2. Press any key to return to the standard display.

Quick Settings

Both CAT and NA Modes allow you to view and change most relevant settings
from a single location. All of these settings are discussed in this chapter and,
unless otherwise noted, ALL of these settings can also be made using the
standard softkey menus.
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How to view and change Quick Settings

— Press _ dSettings]

— Press and to view all settings. If these softkeys
are NOT available, then all available settings fit on one page.

— To change a setting:

—Use the [A1¥] arrows to highlight a setting.
—Then press @ The current setting changes to JEItN,.
—Some settings require you to press a softkey to change the value.

Otherwise, use the numeric keypad, [AL¥] arrows, or rotary knob to
change the value.

—When finished changing a value, press IR0,

— Press IIS W[ to relocate the Settings table to a position relative to
the trace window. The Dock Window setting persists through a Preset.
Choose from the following:

—Full (Default setting) Only the Settings table is shown on the screen.
The trace window is temporarily not shown.

—Left The Settings table is shown to the left of the trace window.
—Bottom The Settings table is shown below the trace window.

When finished changing ALL settings, press [Ilits to save your settings.

Calibration Settings

NA Mode has a page specifically for making settings that pertain to Port
Extensions, including Velocity Factor and Media Type.

Learn more in “Port Extensions” on page 108.
Learn more about Media Type in “Waveguide Calibrations” on page 140.

See also, Chapter 8 “Calibration for NA, CAT, and VVM Modes” and to “Apply
Nearest (NA Mode Only)” on page 144.

How to view and change Calibration Settings
~ Press MieasSetupd
LECalibration Settings

— Make these settings in the same manner as Quick Settings in the previous
section.
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Format

Select the display format in which to present measurement results. This setting
can be changed at any time without affecting calibration accuracy.

Learn more about Display Formats in the FieldFox Supplemental Online
Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplem
entalHelp/Home.htm.

The marker on screen readout can be changed to formats other than the
display format. Learn more in “Marker Format” on page 750.

How to select a NA Format

1. Press - i dFormat [current setting !

2. Then choose from the following:
— [MeJMVELIII[Z Displays magnitude in dB

- Displays positive values only. Y-axis: Unitless (U) for ratioed
measurements; Watts (W) for unratioed measurements.

— BN Used mainly for S11 and $22. Displays unitless reflection
data.

— [JiPPE Displays phase in degrees. The trace ‘wraps’ every 360
degrees, from +180 to -180, for easy scaling.

- Used mainly for S11 and $22, which are plotted on a Smith
Chart. Displays series resistance and reactance.

— [T then...
— [2BY Used mainly for S11 and $22. Displays magnitude and phase
of the reflection coefficient.

- Used mainly for S21 and S12. Displays signal
transmission (propagation) time through a device in seconds. The
Group Delay aperture is the current Smoothing aperture. Default is
1.5% of the X-axis.

— Learn how to set Smoothing aperture on “Smoothing” on
page 103.

— Learn more about Group Delay measurements at the
FieldFox Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFox
OnlineSupplementalHelp/Home.htm.

— [ Displays only the real (resistive) portion of the measured
complex data. The Y-axis is Unitless. Often used for Time Domain
measurements.
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— [MAELTErs Displays only the reactive portion of the measured
complex data. The Y-axis is Unitless.

- Displays the effective impedance in ohms.
- Same as Phase, but without 180 degree wrapping.

Phase is unwrapped by comparing the phase from one data point to the
next. If the phase difference between two data points is greater than 180
degrees, or if the phase of the first data point is greater than 180 degrees
from DC, than the phase measurement is probably NOT accurate. To
ensure that the phase measurement is accurate, increase the resolution
setting. When making a narrow band measurement, reduce the start
frequency for the unwrapped phase measurement to ensure the first data
point is less than 180 degrees from DC.

Frequency Range
Set the range of frequencies over which you would like to make measurements.
When the frequency range is changed after a calibration is performed, the
calibration becomes interpolated. Learn more in “Interpolation *” on page 142.
How to set Frequency Range
This can be done in two ways:
— Press-
— Then choose from the following:

S StartElle frequencies — Specify the beginning and end of the
sweep.

- and 9N frequencies - Specify the center frequency and
span of frequencies (half on either side of center).

— Follow each by entering a value using the numeric keypad, the [A1¥] arrows,
or the rotary knob.

— After using the [AL¥] arrows or the rotary knob, press - The increment
setting of the arrows is based on the current span and can NOT be changed
in NA Mode.

— After using the keypad, select a multiplier key. Learn more in “Multiplier
Abbreviations” on page 46.

Scale Settings

Adjust the Y-axis scale to see the relevant portions of the data trace. The Y-axis
is divided into 10 graticules.

This setting can be changed at any time without affecting calibration accuracy.
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How to set Scale

1. Press Scale/Ampta.

2. Then choose from the following methods:

- Automatically adjusts the Y-axis to comfortably fit the
Minimum and Maximum amplitude of the trace on the screen.

— LUCELEIEWAL Autoscales all of the traces on the screen, useful only

for multi-trace configurations.

— Set Scale, acquisition, and Reference Position

— ¥¥® Manually enter a scale per division to view specific

areas of the trace.

- Manually set the value of the reference line.
Enter a negative value by pressing _ either

before or after typing a value.

- Manually set the position of the reference line.
Values must be between 0 (TOP line) and 10 (BOTTOM

line)

Scale annotation on the FieldFox screen

—Reference Line = red arrow
—Ref Level = -40 dB
—Ref Position = 1

—Scale = 2 dB per division

Magnitude Offset

Ref -40.0 dB
o
Log =T .
v T IR SN 41
di/
A e ;

Magnitude Offset allows you to offset the magnitude (not phase) data by a
fixed and/ or sloped value in dB. If the display format is Linear Magnitude or
Real (unitless), the conversion from dB is performed and the correct amount of

offset is implemented.

The Magnitude offset setting affects only the active trace.

How to set Magnitude Offset

1. Press Scale/iAmptd
2. Then M
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— Then [UELTIdT [Moli&t= - Offsets the entire data trace by the
specified value.

— Then enter a positive or negative offset value in dB using

the numeric keypad, the [Al¥] arrows, or the rotary knob.
Press a multiplier key. Learn about multiplier
abbreviations.

— And/or press laes - Offsets the data trace by a value that changes
linearly with frequency. The offset slope begins at 0 Hz. and
continues to the stop frequency. The offset value at the start
frequency is then calculated from 0 Hz.

— Then enter a positive or negative offset slope value in

dB/GHz using the numeric keypad, the [a]¥] arrows, or the
rotary knob. Press a multiplier key. Learn about multiplier
abbreviations in “Multiplier Abbreviations” on page 46.

Electrical Delay

Electrical delay is a mathematical function that simulates a variable length of
lossless transmission line. Use the electrical delay feature to compensate for
the linear phase shift through a device and view only the deviation from linear
phase of the device.

You can set the electrical delay independently for each measurement trace. To
apply an electrical delay to all measurement traces, use Port Extensions. Learn
how in “Port Extensions” on page 108.

Learn how to set Phase formats in “Phase Offset” on page 101.

How to set Electrical Delay

1. Press _ IMoreEdE lectrical Delay

2. Enter a time value using the numeric keypad, the [A1¥] arrows, or the
rotary knob.

3. Press a multiplier key. Learn about multiplier abbreviations in “Multiplier
Abbreviations” on page 46.

Electrical Delay can also be set using the Mkr->Delay feature. Learn how on
“Marker Functions” on page 758.

Phase Offset

Phase offset mathematically adjusts the phase measurement by a specified
amount, up to 360°. Use this feature in the following ways:

Improve the display of a phase measurement. This is similar to the way you
would change the acquisition in an amplitude measurement. Change the
phase response to center or the response on the screen.
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Emulate a projected phase shift in your measurement. For example, if you
know that you need to add a cable and that the length of that cable will add a
certain phase shift to your measurement, you can use phase offset to add that
amount and simulate the complete device measurement.

You can set the phase offset independently for each measurement trace.

How to set Phase Offset

1. Press _ ;I MoreEdPhase Offset

2. Enter avalue in degrees using the numeric keypad, the [Aol¥] arrows, or the
rotary knob. Pressh

Averaging

Averaging helps to reduce the effects of random noise on a measurement. You
specify the number of measurements to be averaged. The more measurements
averaged, the greater the amount of noise reduction. An average counter is
shown in the left edge of the screen as Avg <n> where <n> is the number of
measurements that are averaged.

Averaging can be set before or after calibration. When set before calibration,
each calibration standard is measured <n> times and averaged. More time is
needed to perform the calibration, but there will be less noise in the resulting
error terms which means that subsequent measurements will also have less
noise. In addition, noise is further reduced by continuing to average after
calibration.

How to set Averaging

. Press -

. Then LI [R4:# where <n> is the number of measurements to average.

. Press -

. Then Choose from the following:

— Sweep - Each data point is based on the average of the same data
point being measured over <n> consecutive sweeps. The average
counter shows the number of previous sweeps that have been
averaged together to form the current trace. When the counter
reaches the specified count, then a ‘running average’ of the last <n>
sweeps is displayed.

1
2
3. Enter a value using the numeric keypad. Enter 1 for NO averaging.
4
5

— Point - Each data point is measured <n> times and averaged before
going to the next data point. On subsequent sweeps, averaging
restarts by measuring each data point again <n> times. The average
counter is not updated because data is not displayed until all the
averages have been applied.
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— Point averaging is usually faster than sweep averaging. However,
you may need to increase the Point Average count to obtain the
same level of noise reduction as with sweep averaging.

6. While averaging is in process, press - then [EIS&4: to restart the
averaging at 1.

IF Bandwidth

The FieldFox converts the received signal from its source to a lower
intermediate frequency (IF). The bandwidth of the IF bandpass filter is
adjustable. Reducing the IF receiver bandwidth reduces the effect of random
noise on a measurement. However, narrower |F bandwidths cause longer

sweep times.
How to set IF BW
1. Press - JIF BW
2. Then choose from the following:
o 10 HA1100 Hz [I1 kHAl10 kHAN100 kHZ
More30 HZJJ300 Hz [I3 k]
Smoothing

Trace smoothing averages a number of adjacent data points to smooth the
peak-to-peak noise values on a displayed trace. The number of adjacent data
points that are averaged is known as the smoothing aperture. Aperture is set
by specifying a percentage of the X-axis span.

Trace smoothing does NOT significantly increase measurement time.

Smoothing is used in Group Delay measurements, although it can be used with
any NA formatEXCEPT Polar or Smith Chart. Learn more about NA Mode
formats, including Group Delay, in “Format” on page 98.

When enabled, Eliill appears on the FieldFox screen.

How to set Smoothing

1. PressBW?2 > TR eE:

2. Then ST aE and enter a value between 0 and 25 (percent) using
the numeric keypad.

3. Press -

Single or Continuous Measure

This setting determines whether the FieldFox sweeps continuously or only once
each time the B button is pressed. Use Single to conserve battery power
or to allow you to save or analyze a specific measurement trace.
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This setting can be changed at any time without affecting calibration accuracy.

How to set Single or Continuous

1. Press -

2. Then choose one of the following:

— BIPM® Automatically sets Continuous OFF and causes FieldFox to
make ONE sweep, then hold for the next Single key press. Hold is
annotated in the upper left corner of the display when NOT
sweeping, and changes to an arrow --> while the sweep occurs.

- Makes continuous sweeps. This is the typical setting
when battery power is not critical.

— You can also use _ to toggle between Single and
Continuous.

Resolution (Number of Data Points)

Data points are individual measurements that are made and plotted across the
X-axis to form a trace. Select more data points to increase measurement
resolution. However, more data points also takes more time to complete an
entire measurement sweep.

When the Resolution is changed after a calibration is performed, the cal
becomes interpolated. Learn more in “Interpolation *” on page 142.

How to set Resolution

1. Press - > .

2. Then choose from the follo

Using SCPI, Resolution can be set to ANY number of points between 3 and
10001. See the Programming Guide Help:
https://www.keysight.com/us/en/lib/resources/service-manuals/keysight-fi
eldfox-library-help-and-manuals-2153870.html.

Sweep Time

The fastest possible sweep time is always used as the default setting. Use the
Min Swp Time setting to slow the sweep time when measuring long lengths of
cable. Learn more at the FieldFox Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.
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The actual sweep time is shown on the FieldFox screen. See the Screen Tour
on “Screen Tour” on page 44. To increase the sweep time, enter a value that is
higher than the actual sweep time. The increase will not be exactly the amount
that you enter, as the actual sweep time is the composite of many factors.

Measurement speed specifications do NOT apply in Temperature Control
Mode. Learn more in “Temperature Control Mode” on page 33.

How to set Sweep Time

1. Press -

yARLENIMin Swp Time)

3. Enter a value using the numeric keypad.
4,

Press a multiplier key. Learn about multiplier abbreviations in “Multiplier
Abbreviations” on page 46.

Triggering (NA)

External triggering (NA and SA modes ONLY) allows you to initiate a sweep
when an external DC voltage is sensed at the Ref In/Trig In connector on the
FieldFox top panel. See External Triggering for SA Mode in “Triggering” on
page 195.

Trigger Source
1. Press->m>m
2. Then choose from the following:

- E (Internal) Sweeps are initiated by the FieldFox internal circuitry.
When Sweep is set to Continuous, a new sweep begins
automatically when the previous sweep ends.

- (External) A sweep is initiated on the rising or falling edge of an
external TTL signal at the Ref In/Trig In connector on the FieldFox
top panel.

— When the FieldFox is armed for an external trigger signal,
is annotated on the display.

— A sweep can NOT be initiated by an external signal while a
sweep is in progress.

— Asweep can NOT be initiated by an external signal when in
HOLD mode. Learn more about HOLD mode in.
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- @ (Point) An external trigger type that acquires exactly one point
per trigger input.

IMPORTANT!

If trigger signals come faster than the FieldFox can process them, some
triggers may be ignored or lost.

To ensure triggers are recognized and processed in order, use the external
trigger output function to indicate when the FieldFox is ready for another
input trigger. Alternatively, slow the external triggers coming in from
external equipment to a rate where FieldFox does not miss a trigger.

The External Trigger output signal is only selectable when Point Mode
Trigger is enabled. Not supported in other trigger modes.

External Trigger output signal is sent as soon as FieldFox has processed
the last trigger signal that was detected.

As each point is acquired, the data will show up on screen. If a trigger has
not been detected, a yellow indicator will show on the sweep status
icon area.

— When the FieldFox is armed for an external trigger signal, is annotated

on the display.

——A sweep can NOT be initiated by an external signal when in
HOLD mode. Learn more about HOLD mode in.

Error Handling and Recovery

— Point Mode trigger is not compatible with sweep setups that require

forward and reverse sweeps such as:
— Full 2port cal
— Cal ready (Full 2Port)

— Multiple displayed parameters that include the requirement for
forward and reverse sweeps such as S11 and S22 together on the
display

— When point mode trigger is already enabled, if conditions are changed
requiring forward and reverse sweeps, an error "Error: Point trigger
not compatible with 2-port cal." will be displayed and point mode
trigger will revert to Internal trigger. This includes turning on a CAL that
requires forward and reverse sweeps or displaying multiple parameters that
would require forward and reverse sweeps.

— If the FieldFox is in a state requiring two sweeps and the user selects point
mode triggering, an error "Error: Point trigger not compatible
with 2-port cal." will be displayed and point mode trigger will revert to
Internal trigger.
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Trigger Slope

Determines which edge of an External trigger signal initiates a sweep.

1. Press - > [IerE > Trig Slope

2. Then choose from the following:
- Sweep is initiated by the rising edge of signal at about 1.7V.

- Sweep is initiated by the falling edge of signal at about
1.0V.

Output Power

Set the power level out of the FieldFox to High, Low, or manually set power
level to a value between High and Low.

Generally, the high power setting is used when measuring passive, high-loss
devices to place the signal farther from the noise floor. However, for devices
that are sensitive to high power levels such as amplifiers, use the Low power
setting.

For best measurement accuracy, use the Manual power setting at -15 dBm.
After calibration, the power level can be decreased for amplifiers, or increased
for higher dynamic range.

Power Level settings in this mode will NOT change Power Level settings in
other modes. To help prevent damage to your DUT, use caution when
changing modes with your DUT connected to the FieldFox test ports.

How to set Output Power

1. Press Meas SetUp4.
AR ilOutput Powe

— High Sets output power to the maximum achievable power at all
displayed frequencies. Output power is NOT FLAT across the
displayed FieldFox frequency span. Please see “Specifications/Data
Sheet” on page 881 for expected power levels.

— Low Sets output power to approximately -50 dBm, FLAT across the
displayed FieldFox frequency span.

— Man (default setting at -15 dBm) Set output power to an arbitrary
value, FLAT across the displayed FieldFox frequency span. If
flattened power can NOT be achieved, a warning message and beep
occurs. To achieve a flattened output power, reduce the power level
or stop frequency.

a. Then press
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b. Then enter a value using the numeric keypad, the [4[¥]
arrows, or the rotary knob.

c. Press[ IR

System Impedance (Z0)

To accurately view data presented in Smith Chart format, first set the System
Impedance.

Learn how to select Smith Chart format in “Format” on page 98.

Learn how to make 75Q measurements at the FieldFox Supplemental Online
Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

How to set System Impedance

1. Press _ JSettings]

2. Then scroll to System Z0 and press
3. Then type either 50 or 75 and press

Port Extensions

Port extensions allow you to electrically move the calibration reference plane
on either port 1 or port 2 after you have performed a calibration.

Why use Port Extensions

Use port extensions if you are unable to perform a calibration directly at your
device because the location is not accessible. Perform a calibration at a
convenient place, then use port extensions to compensate for the time delay
(phase shift) to the desired reference plane. On the FieldFox, port extensions
does not compensate for the loss of the additional electrical length, nor any
mismatch errors beyond the calibration reference plane.

Also, use port extensions if you have already performed a calibration, and then
decide that you need to add a length of transmission line in the measurement
configuration. Use port extensions to “tell” the FieldFox that you have added
the length to a specific port.

— With S11 and S22 reflection measurements, the FieldFox doubles the port
extension valued that you enter to account for the additional delay in the
forward and reverse directions.

— With S21 and S12 transmission measurements, the port 1 and port 2
extensions are added together. This accounts for the total transmission
delay going through ports 1 and 2.

Port extensions and Electrical Delay differ in the following ways:
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— Electrical delay applies to a specific trace
— Port extensions apply to specific hardware ports

Port Extensions and Electrical Delay can be set independently. When both are
set, the delay adds together. Learn more about Electrical Delay in “Electrical
Delay” on page 101.

How to apply Port Extensions

1. Press Port ExtensionsdPort Extensions ONd

2. Then enter time value using the numeric keypad, the [a1¥] arrows, or the
rotary knob. Press [Fet or select a seconds (time) multiplier.

You can also set Port Extensions by pressing _ [glElslCalibration

(settings).

Portl Extension: 44./41 ps

Fortl Extension
44,741 ps

While setting Port Extension, the physical length of the extension, at the
current Velocity Factor setting, is visible to the right (red box in above
image).

Velocity Factor

The electrical delay or port extension value is entered as delay, or electrical
length, in units of time.

Entering the velocity factor causes the FieldFox to accurately display the
equivalent physical length in meters (NOT available in feet) that corresponds
to the entered electrical delay.

Velocity factor is the ratio of the velocity of wave propagation in a coaxial cable
to the velocity of wave propagation in free space. This velocity depends on the
relative permittivity of the cable dielectric (er).

Velocity factor = 1/sqgrt(er)
VF = 0.66 corresponds to wave propagation through a polyethylene dielectric.

VF = 1.0 (default setting) corresponds to wave propagation through free space
(a vacuum).

How to set Velocity Factor

1. Press _ JPort ExtensionspaVelocity Factor|

2. Then enter a value between 0.1 and 1 using the numeric keypad, then
press [Tne.
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You can also set Velocity Factor by pressing _ then
Calibration (Settings)}

Big Marker Display States (A and B)

This feature, available ONLY in NA Mode, allows you to view up to three Big or
Super Big marker readouts. This is done by using up to two different display
states called A and B. Each display state is comprised of the settings listed
below. When the Big Readout setting is toggled through A and B, these display
states are recalled.

How to create Big Marker Display States
To have big readouts, markers MUST be created using the following procedure.

If you have already set up your display and do not want to lose it, then save the
current state to a state file. Learn how in “State Files” on page 835. The
following procedure will overwrite your display state.

— Press MKES>/'To0ls
— Then [l HEELIT;

—A or B - The A or B display state is recalled. If none have been defined,
then the default display state is recalled.

—OFF - The B display state is visible but without the Big Marker
Readout.

— With A or B selected, then press [Helidlzi{e M ET CIR VNI 5

— Then edit the following display state settings:

— Num Traces - Choose the Multi-Trace configuration x1, x2, or x3. Only
Overlayed configurations are allowed. Learn more in “Multi-Trace
Configurations” on page 95.

— Font Size - Choose either Big or Super Big. Super Big marker readout #3
will cover some of the measurement grid.

— Trace Settings - For each possible trace (1, 2, and 3) select from the
following:

—Measurement — S-parameter or Receiver measurement to display.
S11 is default. Learn more in “About S-parameters” on page 91.

—Meas Format - Log is default. Learn more in “Format” on page 98.

— Bandwidth (ON) - Marker readout for marker bandwidth search.
OFF is default. Learn how to set BW parameters in “How to Search
with Markers” on page 751.

— Big Readout - For each marker readout (1, 2, and 3), select from the
following:

—Marker # - Enter a number from 1 to 6 to create the marker. 1 is
created by default.
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—Trace # - The marker# is created on this trace. Tr1 is selected by
default. The corresponding Num Traces must first be selected. For
example, to create a marker on Trace 3, first select Num Traces = x3.

—Format - Format for the marker readout. Select Default to make the
marker readout format the same as the display format. Default is
selected by default.

— Mkr Tracking - ON: Select the parameter to track on the standard
Marker Search menu. OFF is selected by default. When set to ON,
Peak tracking is set by default. Learn about Marker Tracking in
“Marker Functions” on page 758.

— State - Choose from Normal, Delta, or OFF. The default marker (1) is
created in Normal. Learn more in “Marker Functions” on page 758.

—Enabled - Turns the Big Readout of the corresponding marker ON and
OFF. The default marker (1) is set ON by default.

—To move a marker, press Marker, then Marker, then scroll to the marker
number to be moved. The new marker position can NOT be saved with the
A or B display state.

— Settings that are NOT listed above are NOT affected by the recalled
display states.

— Changes to the above settings outside the Big Readout menu will be
overwritten when Big Readout (A or B) is selected. For example, suppose
the display format for the B state is Log. If you change the display format
to Lin using the standard menu (Meas 1, Format), the setting will show on
the display. But if you then use the Big Readout (A | B | OFF) setting, when
B is recalled, the Lin setting will be overwritten with the original Log
setting.
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NA (Network Analyzer) Mode

NA Mode Settings

Increase Dynamic Range

Dynamic range is the difference between maximum input power to the
FieldFox receiver (without compressing the receiver), and the minimum
measurable power (noise floor). Measurement accuracy is increased when the
DUT response is at least 10 dB above the noise floor. For a measurement to be
valid, input signals must be within these boundaries.

'
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Input zignals must be within these
beundaries for & wald
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The following settings will increase the dynamic range of your NA mode

measurement.

— Increase Power Level: Press - [llliOutput Power High

— Lower the IFBW: Press - then [IH=3W]

— Increase Averaging: Press - then

The following procedure MAY increase the dynamic range of your NA mode
measurement. The results you see will depend on the performance of your

DUT.

With an S21 trace active:

1. With RF OUT (port-2) open, press - then WEWARET N ETT]aY then

2. Re-connect the DUT.

3. Press DEeXN Lt then
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Time Domain - Option 010

With NA Mode, Time Domain (Opt 010), frequency information is used to
calculate and display measurements with time as the horizontal display axis.
The response values appear separated in time allowing a different perspective
of the test device's performance and limitations.

NA Mode settings that are NOT unique to Time Domain are documented in
Chapter 6, “NA (Network Analyzer) Mode”, on page 89.

In This Chapter
“Overview” on page 115
Time Domain (Transform) Settings

“Transform Settings Table” on page 116
“Start/Stop (Frequency Range) and Points” on page 116
“Stimulus (Mode)” on page 117

“Set Frequency Lowpass” on page 117
“Start/Stop Time” on page 117

“Distance Units” on page 118

“Window Layout” on page 118

“Transform Window” on page 118

“Line Loss and Velocity Factor” on page 119
“Data Chain” on page 120

“Gating Type” on page 123

Trace Settings

“Transform Enable” on page 121

“Gate Enable” on page 121
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Gating Settings

“Start, Stop, Center, and Span Gate Times” on
page 123

“Gating Type” on page 123
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Overview

Overview

In normal NA Mode operation, the FieldFox measures the characteristics of a
test device as a function of frequency. With Time Domain (opt 010), frequency
information is used to calculate the inverse Fourier transform and display
measurements with time on the horizontal display axis. The response values
appear separated in time, allowing a different perspective of the test device's
performance and limitations.

The graphic below compares the same cable reflection measurement data in
both the frequency and time domain. The cable has two bends. Each bend
creates a mismatch or change in the line impedance.

. Ueper 1 A A
M‘thw_‘-a.r_l_lmlt

Frequency Time

The frequency domain of an S11 measurement shows reflections caused by
mismatches in the cable. It is impossible to determine where the mismatches
physically occur in the cable.

The Time Domain response shows both the location and the magnitude of each
mismatch. The responses indicate that the second cable bend is the location of
a significant mismatch. This mismatch can be gated out, allowing you to view
the frequency domain response as if the mismatch were not present. Learn
more about gating in “Gating” on page 122.

Markers that are created on a Time Domain trace can be used to pinpoint the
distance of the mismatch from the reference plane.

For more information on Time Domain theory, see
https://www.keysight.com/us/en/assets/7018-01451/application-notes/598
9-5723.pdf.
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Time Domain (Transform) Settings

Time Domain (Transform) Settings

You can set and view most of the Time Domain settings on the Transform
Settings table.

Transform Settings Table

The following settings (from Transform Stimulus Settings to Data Processing)
are listed in the order they appear on the Transform Settings menu selection.

How to make settings on the Transform settings table

— Press _

R ¥ Transform|

B Transform Settings)

— Press and to view all settings.

— To change a setting:

— Use the [aI¥] arrows or rotary knob to highlight a setting.

— Numeric settings can be changed by pressing numbers using the
numeric keypad. Then press Enter or select a suffix if available.

— Some settings allow you to press to toggle the value. Other
settings require that you then press a softkey to change the value.

— When finished changing a value, press [IIIitR=e.

— Press I[N [ to relocate the Settings table to a position relative to
the trace window. The Dock Window setting persists through a Preset.
Choose from the following:

— Full (Default setting) Only the Settings table is shown on the screen.
The trace window is temporarily not shown.

— Left The Settings table is shown to the left of the trace window.

— Bottom The Settings table is shown below the trace window.

— When finished changing ALL settings, press [Blaits to save your settings.

Start/Stop (Frequency Range) and Points

All Time Domain measurements are made in the frequency domain and, using
Inverse Fourier Transform (IFT), time is calculated. Select the frequency range
from which Time Domain measurements are calculated. Increasing the data
points will improve measurement resolution. However, more data points will
usually result in slower sweep updates.

Set frequency range and points before selecting Stimulus Mode.
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Stimulus (Mode)

— There are three variations on how the Time Domain transform algorithm is
applied to the frequency domain measurement. Each method has a unique
application.

- - Highest resolution. Most useful for seeing small
responses in devices that pass low frequencies, such as cables.

- - Easiest to identify inductive and capacitive discontinuities
in devices that pass low frequencies such as cables.

In both Lowpass modes, frequencies down to DC and negative frequencies are
extrapolated. Therefore, when either Lowpass mode is selected, Set Freqg.Low
Pass is automatically applied to adjust the start frequency. Learn more about

Set Frequency Lowpass below.

When the Start Frequency or resolution is changed AFTER selecting a Lowpass
mode, then Stimulus mode is set to Band Pass and Transform is disabled.

— ETErAIEe - Easiest method - can be used with any frequency
sweep. Most useful for measuring band limited devices such as filters and
DC blocked cables. This mode does NOT show capacitive and inductive
reactance. For the same frequency span and number of points, band pass
mode has twice the impulse width, which hides closely spaced responses
degrading the response resolution.

Set Frequency Lowpass

NOTE This setting is made automatically when either Lowpass mode is selected.

USE ONLY IN LOW PASS MODES. The Low Pass Start frequency is adjusted so
that the Low Pass Stop frequency is at harmonics of the Low Pass Start
frequency. Start frequency is computed by the following formula:

Low Pass Start Frequency = Stop Frequency / Number of points.

Start/Stop Time

The following settings adjust the display resolution, allowing you to zoom IN
or OUT on a response. When the start or stop time is updated, they may be
automatically adjusted to limit the display to one alias-free response on either
side of zero time.

How to set Start and Stop time
~ Press Mieastie'Setup

R I Transform|

— Then
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— Then choose from:
— BB Sets the transform start time.
— %Y Sets the transform stop time.

Zero (0) seconds is always the calibration reference plane. Negative values
are useful if moving the reference plane.

Distance Units

When markers are present on a Time Domain trace, marker X-axis values are
shown both in units of time (seconds) and distance. Select the units in which
the marker distance data is presented.

Distance Units are also used when setting Time Domain Line Loss. Learn more
in. “Distance Units” on page 118.

Choose from: m (meters), or Feet.

Window Layout

This setting is used to create additional traces, or select a new layout for traces
that are already created,

Choose from: x1, x2, x2H, x3H, x3, x4H.

Learn more about multi-trace configurations in “Multi-Trace Configurations”
on page 95.

Transform Window

118

There are abrupt transitions in a frequency domain measurement at the start
and stop frequencies, causing overshoot and ringing in a Time Domain
response. The Window setting reduces the abruptness of the frequency domain
transitions. This causes you to make a trade off in the Time Domain response.
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The Window setting applies to ALL traces.

.
» Minimum Window

'; _L Maximum Window

!
!
/
/
mﬂﬂ LTV

How to make Window setting

— Press Meastire Setup 4
— Then eS|

— Then [THIE
N NI Transform Window]

— A settings table appears that allows you to navigate and select the
following settings. These settings are made exactly like those made on the
Transform Settings table. Learn how in “Transform Settings Table” on

page 116.
NOTE Any of the following four methods can be used to make this same Window
setting. Impulse Width values are calculated from the frequency span and
Kaiser Beta value.
1. Window Min Medium  Max
2. Percent 0 50 100
3. Kaiser Beta 0 6.50 13.00
4. Impulse Width 100.4b5ps  168.501  231.284

Line Loss and Velocity Factor

By default, the FieldFox does NOT correct Time Domain measurements to
account for the inherent loss of a cable. However, to make more accurate
measurements, Line Loss and Velocity Factor should be considered.
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About Velocity Factor and Line Loss

— Velocity Factor is a property of the physical material of a cable. A VF of 1.0
corresponds to the speed of light in a vacuum, or the fastest VF possible. A
polyethylene dielectric cable has VF = 0.66 and a cable with PTFE dielectric
has VF =0.7.

— Line Loss is specified in dB/m (or ft). In addition to the length of the cable,
loss is also directly proportional to the frequency of the signal that passes
through the cable.

The following is an example showing how Line Loss works:

The DUT is a 100 meter transmission cable. The Line Loss value is.T dB/meter.
This means that a signal traveling ONE WAY through the cable will lose 10 dB
of power (100 m *.1dB/m). Because the FieldFox performs this measurement
with 1 port, the test signal travels down the cable and then back, for a total
loss of 20 dB.

For the purpose of illustrating this point, connect an OPEN to the end of the
cable - a maximum-sized fault - for 100% reflection of the 300 MHz test
signal.

Without compensation for the loss of the cable, a -20 dB response would be
visible at T00 meters, which is the OPEN at the end of the DUT. This is from 10
dB of loss through the cable in each direction.

With compensation for the loss using the manufacturer’s specification, the
FieldFox compensates the trace as though the signal traveling through 100
meters was increased by +20 dB. Therefore the response will show 0 dB for
100% reflection.

Data Chain

This setting, available only on the Transform Settings Table, reverts to
Standard when the FieldFox is Preset. Choose from the following:

— Standard - The normal FieldFox data processing chain. Transform
calculations are performed AFTER error correction and trace math.

8510 - The data processing chain used by the Keysight 8510 network analyzer.
Transform calculations are performed BEFORE error correction and trace math.
Learn more with the FieldFox Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.
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Trace Settings

Trace Settings

The following two settings apply to specific traces.

Transform Enable
Enable Time Domain transform for the specific trace.

— Select the trace.

Press Measure Setup 4
Then
Then choose from:
- Trace displays Time Domain data.
- Trace displays frequency domain data.

Gate Enable
Enable Gating for the specific trace.

— Select the trace.

— Press Mgastre'Setup 4
— Then WElSi10

— Then choose from:
— [PXTHO Trace displays Time Domain data.
- Trace displays frequency domain data.
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Gating

Perhaps the most beneficial feature of Time Domain transform is the Gating
function. When viewing the Time Domain response of a device, the gating
function can be used to “virtually” remove undesired responses. You can then
simultaneously view a frequency domain trace as if the undesired response did
not exist. This allows you to characterize devices without the effects of external
devices such as connectors or adapters.

Gating is best performed while viewing a Time Domain trace. Then, either
disable Transform, or separately view a frequency domain trace to see the
trace with the gated effects removed.

When a discontinuity in a test device reflects energy, that energy will not
reach subsequent discontinuities. This can “MASK?”, or hide, the true
response which would have occurred if the previous discontinuity were not
present. The Gating feature does NOT compensate for this.

The following image shows how gating can affect measurement results.

20,00 s

s 201 Ca
Eolution S0.0 mim Transform+Gate Rd

All 4 traces show the same S11 measurement.
Trace 1 shows the frequency response without gating enabled.
Trace 2 shows the transform response without gating enabled.

Trace 3 shows the transform response with gating enabled.
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Trace 4 shows the frequency response with gating enabled.

How to make Time Domain Gating settings

Pross Measure Setup 4
S IS Transform
— Then

Then choose from:

- @ Gating is being performed.
- @ Gating is NOT being performed.

Start, Stop, Center, and Span Gate Times

These settings specify the time in the trace to be gated (in or out). The gate
times can be specified using either Start and Stop or Center and Span.

— Press

— A settings table appears that allows you to navigate and select the
following settings. These settings are made exactly like those made on the
Transform Settings table. Learn how in “Transform Settings Table” on
page 116.

Gating Type

This setting defines the type of filtering that will be performed for the gating
function. The gate start and stop flags on the display point toward the part of
the trace you want to keep.

Choose from the following:
- KEEPS the responses within the Gating Start and Stop times.
— [YEI®0 REMOVES the responses within the Gating Start and Stop times.
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Gating Shape

This setting defines the filter characteristics of the gate function. Choose from
Minimum, Normal, Wide, Maximum.

Passhband Gate Shape

Gate

Madcer | | Side

-G dB Lobe
II Il Level
il h
i :,

T3

L

X

T
Gate Start Gate Stop

X

Time domain Gate Shape setting is shown in the graphic above.

Gate Shape Passband Sidelobe Cutoff Time Minimum Gate
Ripple Levels Span

Minimum 0.1 dB -48 dB 1.4/Freq Span 2.8/Freq Span

Normal +0.1 dB -68 dB 2.8/Freq Span 5.6/Freq Span

Wide +0.1dB -57dB 4.4/Freq Span 8.8/Freq Span

Maximum +0.01 dB -70dB 12.7/Freq Span 25.4/Freq Span

Cutoff time is the time between the stop time (-6 dB on the filter skirt) and the
peak of the first sidelobe.

— T, is the gate span, which is equal to the stop time minus the start time.
— Ty is the time between the edge of the passband and the 6 dB point,

representing the cutoff rate of the filter.
— Ty is the time between the 6 dB point and the edge of the gate stopband.

For all filter shapes T2 is equal to T3, and the filter is the same on both sides of
the center time.

Minimum gate span is twice the cutoff time. Each gate shape has a minimum
recommended gate span for proper operation. This is a consequence of the
finite cutoff rate of the gate. If you specify a gate span that is smaller than the
minimum span, the response will show the following effects:

— distorted gate shape that has no passband
— distorted shape

— incorrect indications of start and stop times
— may have increased sidelobe levels.
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8  Calibration for NA, CAT, and VVM Modes

Calibration removes the systematic errors that are associated with
measurements in NA, CAT, and VVM Modes. Key presses are identical in all of
these Modes.

In this Chapter

“Why and When to Calibrate” on page 126

“Definitions” on page 126

“CalReady” on page 127

“How to Perform a Calibration” on page 127

“Mechanical Cal” on page 129

“ECal” on page 131

“Simple Response Cals” on page 134

“View Cal” on page 136

“Calibration Type” on page 136

“Enhanced Response Optimization” on page 141

“Interpolation *” on page 142

“Cal ON? - Questionable Accuracy” on page 142

“Compatible Mode Calibrations” on page 142

“Save the Calibration” on page 143

“CalReady Properties” on page 143

“Apply Nearest (NA Mode Only)” on page 144

“Verify a Calibration” on page 144

“Test the Jumper Cable” on page 145
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See Also

Learn How to Make 75 ohm Measurements at the FieldFox Supplemental Online
Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

Why and When to Calibrate

There are well-defined and understood systematic errors that are measured
and calculated during the calibration process. These errors are caused by
leakage signals inside the FieldFox, by the frequency response of the FieldFox
receivers, and by reflections inside the FieldFox that interact with the DUT.
After calibration, these errors are removed from subsequent measurements.

To maintain highest measurement accuracy, perform a new calibration when
any of the following changes occur:

— When any of the following measurement settings change: Frequency
Range, Power Level, IF BW, and Resolution. Therefore, make these
measurement settings before calibrating. Increased Averaging, lower IF BW,
and higher Resolution all cause slower sweeps and slower calibration times.
Learn about Interpolation and Questionable Accuracy in “Interpolation *”
on page 142.

— When the FieldFox temperature changes more than about 10°F (5°C). Learn
more in “How to monitor the internal FieldFox temperature:” on page 32.

— When the connection to the DUT changes, requiring a different jumper
cable or adapter.

Definitions

DUT (Device Under Test) The cable, antenna, transmission line, amplifier, or
anything else that is connected to the FieldFox that is to be measured.

Calibration Standards - OPEN, SHORT, LOAD, and THRU

— OPEN, SHORT, and LOAD are ‘reflection’ standards that are used during
calibration. When an RF signal ‘hits’ these components, the signals are
reflected in a predictable manner. These components can also be used to
terminate a DUT port during some measurements.

— SHORT and OPEN standards both cause 100% of an RF signal to be
reflected. The difference between these two standards is what
happens to the phase of the reflected signal, which is beyond the
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scope of this discussion. Although an OPEN standard is a precision
component, simply leaving nothing connected at the end of a cable
can be a reasonable substitute for an OPEN.

— A LOAD standard absorbs almost ALL of the incident signal and very
little signal is reflected back to the source.

— ATHRU standard is used during some calibration steps to connect PORT 1
to PORT 2 in place of the DUT. A Flush THRU connection can be made
when cables that connect with the DUT can mate with each other. Learn
more in “Mechanical Cal” on page 129. Otherwise, any reasonably short
cable can be used as a THRU standard.

Calibration Reference Plane is the point (or points) at which the DUT and cal
standards are connected during a calibration. This can be at the FieldFox test
port connectors, or at the end of jumper cables or adapters.

CalReady

Every FieldFox contains a factory calibration that was performed at the port 1
and port 2 connectors, with =15 dBm input power, over the entire frequency
range of the FieldFox using a number of data points that allows reasonable
interpolation over the FieldFox frequency range.

This calibration, known as CalReady, allows you to immediately make
measurements of a DUT that is connected directly at the test ports (PORT 1
and/or PORT 2). CalReady corrects measurements when the FieldFox is turned
ON and when a measurement is created with no other correction in place.

When measuring a DUT using a jumper cable or adapter - NOT a direct
connection to a test port connector — then a Mechanical Cal is recommended.
CalReady can also be used to check the integrity of the jumper cable that is
attached to the test ports.

(011361 is shown when a measurement is corrected using CalReady.

You can change the properties of the CalReady calibration. Learn more in
“CalReady” on page 127.

Learn how to see when your factory CalReady calibration was performed in
“System Information” on page 821.

How to Perform a Calibration

Press. at any time to end the calibration process.

When performing a calibration that contains a large number of points
(5000 to 10,001 points) be aware that the calibration progress bar may not
move for 2 or 3 minutes during the calibration process.

In CAT, NA, or VWM Mode, press Cals.
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The following appears:
Choose Calibration

Start: 0.030000 MHz

Stop: 26.500000 GHz
Simple Response Calibration Points: 201

[Normalization | S-params: 511

Mechanical Calibration
[OSL,Enhanced Resp, 2-port, ECal]

Choose Calibration Method screen

— Response Cal - Used to quickly calibrate ONE type of measurement using
mechanical standards. Measurement accuracy is generally low. Learn more
in “Simple Response Cals” on page 134.

— Mechanical Cal/ECal - Using mechanical cal standards from a cal kit,
perform an accurate calibration at one or both test ports, adapters, or
jumper cables. Full 2-port mechanical calibration is the most accurate
calibration available with FieldFox. Learn more in “ECal” on page 131.

— User Cal OFF ON - Turns ON and OFF the effects of the user calibration that
you performed. The OFF state reverts to CalReady.

— View Cal - Shows the properties of the current calibration. Learn more in
“View Cal” on page 136.

— More - Learn about Cal Ready Properties in “CalReady” on page 127.

Source Unleveled errors - During calibration, the frequency range of the
measurement MAY be extended to provide maximum flexibility. During the
calibration, the output power may become unleveled at the added high
frequencies. You can ignore the “Source Unleveled” error, or to avoid the
error, select either High power or -15 dBm before calibrating. Learn more
about setting Output Power in “Output Power” on page 57.
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Mechanical Cal

Mechanical Calibration is performed using discrete standards from a Cal Kit.
Several Cal Kit definitions are built into the FieldFox. To learn about Cal Kit
definitions, refer to the Application Note, “Specifying Calibration Standards
and Kits for Keysight Vector Network Analyzers,” available online at
https://www.keysight.com/us/en/assets/7018-01375/application-notes/598
9-4840.pdf.

Visit www.keysight.com/find/fieldfoxsupport to see a complete list of
supported Cal Kits. Also at this website, download Data-Link software that
allows you to edit Cal Kit definitions or add a new Cal Kit.

Mechanical Cals are extremely accurate when performed using the correct Cal
Kits with standards that are clean and in good repair, and when using correct
connection procedures.

How to perform a Mechanical Cal
— Disconnect the DUT from the FieldFox.

— If a jumper cable or adapter is required to connect the DUT to the FieldFox,
then connect those components to the FieldFox connectors. The effects of
those components will be measured and removed during the calibration,
and only the effects of the DUT will be displayed in the measurement
results. These should be high-quality components!

— In NA, CAT, or VWM Mode, press Galis.

— Then WEG QT HeE
Mechanical Cal Setup

DUT
ort 1

Fort 1 Kit CLT Por G Port 2 Port 2 Kit
1250-3607 [T"":'E b ] [TWE '”'l 1250-3607

N9923A

MMENDED]

This page summarizes the Mechanical Cal to be performed and allows you to
make changes. For best results, review the screen and make changes in the
following order:
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1. S-parameters - Verify that these are all of the S-parameters that you want
calibrated. If not, press . to terminate the calibration process, then
return to the Trace menu to display all of the traces to be calibrated. Learn
how in “Multi-Trace Configurations” on page 95

2. DUT Connectors - For each DUT port that is shown, verify the correct type
and gender of the DUT connector. If a DUT port is not shown, then that
port is not included in the list of S-parameters to be calibrated.

3. Cal Kit - Verify the correct Cal Kit for each DUT port to be calibrated. See a
list of supported Cal Kits in the FieldFox Data Sheet. Learn more in
Appendix B: “Specifications/Data Sheet,” on page 881.

If the DUT connector type, gender, or Cal Kit is NOT correct for the DUT
ports to be calibrated, then:

— Press (8 [A0 VMo EIS ] to select the correct connector types
that are on your DUT.

— For each port:

— Use the [a]¥] arrows or rotary knob to change the DUT
connector type.

— Press [#hEQNEEN [ to change the gender of the DUT
connector.

— Then press to confirm the selection and continue
the process.

— For each port:

— Use the [a]¥] arrows or rotary knob to select the Cal Kit
that you have, and are going to use, for the specified ports.

— Press YIS to confirm the selection and continue the
process.

— Then press [0 to end the selection process.

4. Calibration Type - The FieldFox always RECOMMENDS a Cal Type that will
quickly and accurately calibrate all of the displayed S-parameters.
Change from the RECOMMENDED Cal Type ONLY if you understand the
implications. Learn more about Cal Types in “Calibration Type” on
page 136.

To select a different Cal Type:
— Press [ohEW oM 2.

— Then using the [a1¥] arrows or rotary knob, select a Cal Type,

— Then press EAEIS &1l N1,

Begin Calibration
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1. Press Selad o\ E=1dle)s).

If an error appears (“Failure to compute calibration steps..”),
check to ensure that the frequency range of the Cal Kit covers the
frequency range of the measurement. You can verify the frequency range
of your Cal Kit at: www.keysight.com/find/fieldfoxsupport. Click Cal Kits.

2. Follow the Cal Wizard prompts. Connect the specified standard at the
point where the DUT will be connected, then press .

3. At any time, press - to re-measure a standard if you feel it was not
properly connected.

4. Press [F081 to complete the calibration.

(0.\0]RV] is shown on the screen for all displayed measurements that are
corrected with the Mechanical Cal.

ECal

ECals each have a recommended input power level. Depending on the
measurement setup, the FieldFox may default to an input power level that
exceeds your ECal’s recommended input power level. Refer to the
reference guide for your ECal module to determine the correct input power
levels. Exceeding an ECal’s recommended input power level results in a
compression and an invalid data condition. Refer to
www.keysight.com/find/ecal.

ECal is a complete solid-state calibration solution. Every ECal module contains
electronic standards that are automatically switched into position during a
calibration. These electronic standards have been measured at the factory and
the data stored within the memory of the ECal module. The FieldFox uses this
stored data, along with the measured data, to calculate the error terms for a
measurement calibration.
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You can perform the following calibrations with ECal:
— 1-Port Reflection calibration

— Full 2-Port calibration

Simple ECal ON: When choosing Full 2-port calibration, if you are able to
connect your ECal simultaneously to both device ports, you should use
Simple ECAL (i.e., this ensures that you are using the correct Thru
calibration model).

Simple ECal OFF: Set simple ECal to OFF when you have a test setup
where you cannot connect port 1 and port 2 simultaneously to the ECAL
module (Then during the calibration when prompted: “Connect port 1 to
port 2", use a coaxial cable or an appropriate thru adapter to connect port
1 to port 2).

’Unknown THRU’: When prompted: “Connect port 1 to port 2", then you
can connect them, using a coaxial cable or an appropriate thru adapter. Do
NOT use the internal ECal THRU, because the thru calibration will be
incorrect.

‘Flush THRU’: When prompted: “Connect port 1 directly to port 2", then
you must connect the ports directly together at the calibration reference
plane with no adapter or other cabling.

Learn more in “Calibration Type” on page 136.

All Keysight USB ECal modules are supported. ECal modules are available in a
variety of connector types, covering many frequency ranges. For information
about available ECal modules, see http://www.keysight.com/find/ecal

Select an ECal module that has connectors of the same type and gender as the
DUT. If such an ECal module is not available, a module with connectors
different from the DUT can be used by selecting a User Characterization. This
selection is located on the Mechanical Cal Setup page of the CalWizard.
However, a User Characterization can NOT be PERFORMED using the
FieldFox. It must be performed using a bench top Keysight VNA, such as the
PNA or ENA. Learn more about user characterizations by referring to
“User-Characterization” in the PNA Help
https://rfmw.em.keysight.com/wireless/helpfiles/N52xxB/S3_Cals/ECal_Use
r_Characterization.htm.

How to Perform a Calibration Using ECal
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1.

2.
3.

Make measurement settings on the FieldFox (frequency range, number of
points, etc.)

The frequency range of the measurement MUST be within the frequency
range of the ECal module or an error will appear when “Calculating Steps”
during the calibration.

Connect the ECal module USB cable to the FieldFox USB.

Allow the module to warm up until it indicates READY. This may take
several minutes.

Connect the ECal module ports to the FieldFox at the calibration reference
plane (where the DUT will be connected).

. Press - to start the Calibration.
s CEIMechanical Cal / ECal
. Press [ohEW APV AMeCTTiad]ss. For each test port to be calibrated, select

the Connector Type and Gender of the DUT / ECal module. The connected
ECal module and relevant User Characterizations will appear, with the
ECal factory default as the default Cal Kit.

. Optionally press IGEIIECal Auto Orient}

- @ (default) The FieldFox automatically senses the direction in
which the ECal module ports are connected to the FieldFox ports.

— [o]35 If power to the ECal module is too low, it cannot detect which
FieldFox ports it is connected to. If you are having this problem,
select OFF. Then during the calibration, the FieldFox will prompt you
to connect the ECal module ports to specific FieldFox ports.

Optionally press then FREHLERRE] (N995xB/6xB Only).

— [l The FieldFox Extended Cal measures additional points outside
the current frequency range in order to enable adjusting the
frequency range after the calibration procedure. With these extra
points, the error correction may be applied when it otherwise might
not. Without extended cal, if you adjust your frequency outside the
calibrated range after the calibration has been completed, the error
correction is turned off.

- E (default) The FieldFox does not measure any frequency points
outside the current displayed frequency range. If the frequency is
adjusted outside of the set of points calibrated the error correction
is turned off and the following message is displayed:

"Error correction disabled. Stimulus outside
calibrated range."
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10. Press Sieladez:AlJevale]i. When prompted, verify the ECal module
connection, then press Measure. The standards within the ECal module
are automatically connected and measured.

'Unknown THRU’: When prompted: “Connect port 1 to port 2", then
connect port and port 2, using a coaxial cable or an appropriate thru
adapter. Do NOT use the internal ECal THRU, because the ECal thru
calibration model is incorrect for this calibration type.

‘Flush THRU’: When prompted: “Connect port 1 directly to port 2", then
you must connect the ports directly together at the calibration reference
plane with no adapter or other cabling.

Learn more in “Calibration Type” on page 136.

Simple Response Cals

Simple Response Cals are used to quickly calibrate the magnitude and phase
of a measurement using any Open, Short, or Thru component. These may be
calibration standards, but because a Cal Kit is not selected, they are not
modeled. Measurement accuracy is generally low. Use a Simple Response Cal
to make quick measurements when using a jumper cable to connect the DUT
to the FieldFox. Otherwise, CalReady is usually more accurate.

IMPORTANT!

The Simple Response calibration assumes an ideal response for the
standard. DUT measurements after a Simple Response calibration will
have a measurement bias equivalent to the deviation of the response of the
device used as the Simple Response standard from the ideal response.
Note, that an Open Response is simply a normalization, a Short response is
a normalization with 180 degree phase offset. When selecting a standard
from the 85058B calibration kit for a Short Response we suggest using
short # 1 because it has the smallest delay of the four shorts and would
thus be most similar to an ideal short.

For better accuracy, perform a mechanical calibration by referring to
“Mechanical Cal” on page 129.

You can perform a Simple Response Cal for either: S11, or S22, or S21 AND
S12.

When prompted, choose a standard based on the displayed measurements to
be calibrated. For example, to calibrate S11, connect either an OPEN or
SHORT to the port 1 reference plane.

When Simple Response Cals are performed, the source match and reflection
tracking terms from CalReady are updated by the measured Short or Open that
is used during the calibration.
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1-port response cals are also available from the Mechanical Cal menu. Learn
more in “Calibration Type” on page 136.

Normalize uses a THRU standard or cable between port 1 and port 2 to cal an
S21 and S12 Transmission measurement (NA Mode) and a 2-port Insertion
Loss measurement (CAT Mode). In VVM Mode, this is performed using Zero.

When a Normalization is performed, the forward and reverse transmission
tracking terms from CalReady are updated to account for the THRU that is
used during the normalization process.

How to perform a Simple Response Cal

1. Select the measurements to be calibrated. See the relevant Mode (NA,
CAT, or VVM) for measurement selections.

2. Press GalBithen

3. For T-port measurements:

— Select either or L for the port to be

calibrated. The availability of this calibration on Port 2 may require
an option.

— Connect an OPEN or SHORT standard to the specified port and
press

4. For 2-port measurements:

— Select

— Connect a short, high-quality, phase stable cable between the
FieldFox port 1 and port 2 connectors, then press [JEEEteS

With a Normalization Cal, all subsequent insertion loss measurements are
made relative to the insertion loss of the cable used as the THRU standard.
For example, if you use a cable with 1 dB of loss, then after Normalization,
the display will show 0 dB of loss with this cable in place. Therefore, for
highest accuracy, when measuring the DUT also attach the cable that was
used in the normalization cal.

5. Press [FTo0a0.
6. Connect the DUT.

is shown on the screen when a User Cal (Ex: Response Cal) is
correcting ONLY the appropriate measurement. For example, when an Open
Response Cal on Port 2 is performed, is shown for an S22
measurement only.
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View Cal

From the Choose Calibration screen (see “How to Perform a Calibration” on
page 127), press View Cal to see the following screen:

Error Correction: ON
S-parameters: 511 521
Calibration Time/Date: Thursday, February 25, 2010 11:55 AM
Cal Type: Enhanced Response (Forward)

DUT port 1 connector: Type-N -M-
Cal kit port 1: 1250-3607

DUT port 2 connector:
Cal kit port 2:

S-parameters: 512 S22
Cal Type: CalReady

The top box shows the properties of the current calibration that you performed
and the displayed S-parameters that it is correcting.

The bottom box shows the S-parameters that are displayed but NOT corrected
by the current performed calibration, but rather the CalReady calibration.
Learn more about CalReady in “CalReady” on page 127.

Calibration Type

The FieldFox simplifies the calibration process by recommending the most
accurate and efficient calibration type based on the displayed S-parameters.

However, there may be times when you may want a little more accuracy or a

little faster sweep time. The following information can help you learn about the
various calibration choices.
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Definitions:

Non-insertable DUT - A device whose Insertable DUT - A device whose connectors
connectors could NOT mate together. They could mate together. They have the same type
either do not have the same type of connector  of connector and opposite or no gender. This
or they have the same gender. This also means  also means that the test port cables could
that the test port cables could NOT mate mate together, as in the above diagram.
together as in the above diagram.

Defined THRU - A THRU standard for which there is a Cal Kit definition such as
in the 8551xA Cal Kits.

Flush THRU (also known as Zero length THRU) - When the test port cables
mate together when measuring an Insertable DUT. No actual THRU standard is
required because the test port cables are directly connected. Flush THRU is
also a Defined THRU with a definition of zero loss and zero length.

Unknown THRU - Any THRU connection between the test ports. For more
information see the FieldFox Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

Sweep Directions - Both FULL 2-Port Cals listed below result in correction
that requires background measurements sweeps in both directions, regardless
of the displayed measurements. The displayed traces are updated at a slower
rate than Enhanced Response and 1-port calibrations, which require sweeps in
one direction only.

1-Port (OSL)

DUT: No restrictions

S-parameters Corrected: S11 or 522

Standards: OPEN, SHORT, LOAD

Sweeps in ONE direction.

FULL 2-Port (May require an option)

Most comprehensive calibration. Corrects all S-parameters

DUT: Non-Insertable or Insertable
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Standards: OPEN, SHORT, LOAD on BOTH ports. Any THRU between ports.

Based on the SOLR/Unknown THRU calibration. For more information on
the Unknown THRU process, see the FieldFox Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplem
entalHelp/Home.htm

Sweeps in BOTH directions.

FULL 2-Port (QSOLT) - Mechanical Cal ONLY (May require an option)
Quicker to perform QSOLT than Full 2-port. Corrects all S-parameters.
DUT: Insertable only

Standards: OPEN, SHORT, LOAD on port 1. Flush THRU between ports.

Recommended cal type for Insertable DUTs. A Cal Kit is NOT required for
port 2.

Sweeps in BOTH directions.
Enhanced Response Cal - Forward OR Reverse (May require an option)
Faster measurements than Full 2-Port.

DUT: Non-Insertable or Insertable. S-parameters PARTIALLY Corrected:
S21 and S11 (Forward) OR S12 and S22 (Reverse)

Standards: OPEN, SHORT, LOAD on ONE port. Defined or Flush THRU
between ports.

Sweeps in ONE direction.

Also select an Enhanced Response Optimization. Learn more in “Enhanced
Response Optimization” on page 141.

TRL - Mechanical Cal ONLY

A complete 2-Port calibration with potentially better accuracy than Full
2-port. Corrects all S-parameters.

DUT: Non-Insertable or Insertable

Standards: Thru, Reflect, Line or variations of these. A TRL Cal Kit MUST be
selected to see this Cal Type

Sweeps in BOTH directions.

Learn more about TRL Calibration in the Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplem
entalHelp/Home.htm
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1-port Response Cals (Open or Short)

Calibrate the magnitude and phase of a measurement using ‘modeled’
mechanical standards. Measurement accuracy is better than Simple
Response Cals (available on the main Cal page - see “Calibration Type” on
page 136) but NOT as good as full 1-port cal. Corrects either S11 or S22.
Can be used with Isolation (see following section). Learn more in “Simple
Response Cals” on page 134.

DUT: Non-Insertable or Insertable
S-parameters Corrected: S11 or 522
Standards: OPEN or SHORT on ONE port
Sweeps in BOTH directions.

Isolation Step

The optional isolation step of a calibration corrects for crosstalk which is the
internal signal leakage between the test ports. The Isolation step measures
Load standards that are connected to one or both FieldFox test ports.

Perform an isolation calibration when you are testing a device with high
insertion loss, such as the stop band of a filter or a switch in the open position.

The isolation step can add noise to the error model when the measurement is
very close to the noise floor of the analyzer. To improve measurement
accuracy, set a narrow |F Bandwidth during the calibration.

The Isolation step is NOT allowed with ECal.

How to perform the Isolation step

1. Press - then
2. Then
3. Then
- @ Perform the Isolation step
- @ (default) Omits the Isolation step

4. Then KBacK

5. Configure and perform the calibration as usual. At the first step of the Cal
you will be prompted to connect a Load standard to one or both test ports.
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If the first calibration step does NOT prompt you to connect Load
standards, then the Cal Kit probably does not contain an Isolation
standard. You can use DataLink software to edit the Cal Kit and add an
isolation standard using a Load standard. See Data Link Help for more
information:
https://www.keysight.com/us/en/lib/resources/service-manuals/keysight
-fieldfox-library-help-and-manuals-2153870.html

— This setting survives an Instrument Preset.

Waveguide Calibrations

In general, calibrating with Waveguide is very similar to calibrating with coax.
However, most coax mechanical Cal Kits have standards that can be used over
a very wide frequency range. Waveguide Cal Kits are used over a narrow
frequency range. Therefore, it is VERY IMPORTANT to set the frequency range
of the measurement WITHIN the frequency range of the waveguide Cal Kit.
Otherwise, an error message will appear during the ‘Calculating Steps’ portion
of the calibration.

Waveguide Cal Kits

Keysight sells two waveguide Cal Kit series: the premium 11644A series and
the economy N9911X series. Both are available online at www.Keysight.com

Effective Velocity Factor

Velocity factor is the speed at which an electromagnetic signal passes through
the transmission medium relative to the speed of light. This value is important
when distance is being calculated in DTF measurements (CAT mode) and Time
Domain (NA mode).

When the media is waveguide, the velocity factor changes with frequency.
FieldFox calculates this ‘effective’ velocity factor automatically. However, the
settings are different for CAT mode and NA mode.

CAT Mode - How to make Waveguide settings

These settings are necessary ONLY when making DTF measurements.
1. Press - then ERERRCAETHG]Z)) to select a DTF measurement.
2. Press MieasiSetupls

3. Then (Learn how to use the Quick Settings table in “How to view
and change Quick Settings” on page 52.)

4. Set Media = Waveguide. Frequency Mode = BandPass is automatically
selected for you.

5. Scroll down to Waveguide Definitions. Select the Waveguide Standard
being used. If your waveguide standard is NOT listed:
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a. Select User Waveguide. Then press [l
RINIDTF Cable SpecificationsBREdit/Save/Recall Cablesp
Cablel

c. Scroll to set Waveguide Definition. The default setting is VF Corr =
Auto.

d. Set the Min, Max, and Cutoff Frequencies.

6. Press i, then press Backl

— Cable Correction = Auto is the default setting. The Effective Velocity Factor
is calculated automatically based on the frequencies of the waveguide
standard. To override this setting, set Cable Corr = Man.

NA Mode - How to make Waveguide settings

These settings are necessary ONLY when your measurement requires electrical
delay or port extensions, or if using Time Domain Transform.

1. Press _ i ransformpdTransform Settings

2. Under Transform Stimulus Settings, set the Start and Stop frequencies to
those of the Waveguide.

Set Stimulus = Bandpass Impulse
Y Done

Press Meas'Setup 4 or Back
BlislilCalibration Settings

Set Media = Waveguide

© N O g o0

Set Cutoff Frequency. This is the absolute minimum frequency of the
waveguide. This value must be less than the Start Frequency of the
Waveguide.

9. Enter the calculated Effective VF value into the Velocity Factor setting.

Enhanced Response Optimization

When Enhanced Response Cal Type is selected, either for one calibration or for
CalReady, this setting optimizes the calibration based on the type of DUT
being measured. See also: CalReady Properties in “CalReady” on page 127.

This setting does NOT survive Preset.
1. Press Call§ > TZ > EN:eory

2. Then choose from:
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- (default) An amplifier is a Non-Reciprocal device
because it has gain in the forward direction, and very high loss
(isolation) in the reverse direction. This choice provides the best
correction for non-reciprocal devices, and reasonable correction for
reciprocal devices.

- A reciprocal DUT is a device in which the insertion loss
through the device is equal in both the forward (S21) and reverse
(S12) directions. A cable is a reciprocal device. This choice provides
the best correction for reciprocal devices. However, S11
measurements on non-reciprocal devices will appear to have more
return loss than the non-reciprocal choice.

Interpolation *

Highest measurement accuracy is achieved when the frequency range or
resolution settings remain the same during the measurement as when the
FieldFox was calibrated. If these settings change after performing a calibration,
the FieldFox will interpolate the calibration so that VERY accurate
measurements continue to be made.

Interpolated Calibrations are only slightly less accurate than a calibration
performed at the measurement settings. Learn more about the relative
accuracy of FieldFox calibrations in “Cal ON? - Questionable Accuracy” on
page 142.

When a calibration that you performed is being interpolated, an asterisk is
added to the Cal annotation. For example: Cal ON U* is shown on the screen
when the current Response or Mechanical cal is being interpolated. An *is
never added to a CalRdy.

Cal ON? - Questionable Accuracy

When the Output Power, Interference Rejection, or IF BW (NA Mode ONLY)
setting is changed AFTER performing a calibration, a question mark is added to
the Cal annotation.

The resulting measurement accuracy depends on how much the setting has
changed. For highest accuracy, recalibrate using the new settings.

Compatible Mode Calibrations

The FieldFox can have only ONE calibration present for all modes. Because NA,
CAT, and VVM modes are very similar, a calibration that is performed in one
mode can also be applied in the other modes with the same type of
measurements (1-port or 2-port).

To apply a Cal that was performed in a different mode, press - then select

User Cal ONJ
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Save the Calibration

After performing any type of calibration, you can save the FieldFox settings
along with the calibration into a STATE (*.sta) file. These settings and
calibration can then be recalled as necessary. To learn how, see “Saving and
Recalling Files” on page 830.

CalReady Properties

There are several factory calibrations (CalReady) on every FieldFox. These can
be selected based on the type of DUT that you measure most often, and the
compromise that you prefer to make between measurement speed versus
measurement accuracy. Remember, CalReady was performed at the test ports.
Therefore, a CalReady calibration is most accurate when the DUT is directly
connected to the test ports. Learn more in “CalReady” on page 127.

This setting does NOT survive Preset or Power ON/OFF.

1. Press - > e
2. Then press [#IREELL to toggle between the following selections:

— PRLsHeE (default) Corrects all four S-parameters. Requires a
forward and reverse sweep, which causes slower trace
measurements. Learn why in “Calibration Type” on page 136.

- Corrects forward (S21 and S11) and reverse (S12
and S22) measurements separately. Therefore, when measurements
in only one direction are required, this choice provides faster trace
measurements than a full 2-port cal. Also choose an Enhanced
Response Optimization. Learn more in “Enhanced Response
Optimization” on page 141.

To find the best choice for your DUT:
1. Press - JPreset}

Select the appropriate S-Parameter and other settings (frequency range,
resolution, and so forth).

N

Press - egMath and MemoryfdData->Mem|
HettgData & Memory!
Press - g More

Select a CalReady Cal to compare with the current setting.

Press . to exit the cal menu.

© N O a o

View the differences in the two traces.
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Apply Nearest (NA Mode Only)

When Apply Nearest is pressed, interpolation is turned off and the nearest
calibration point is applied when the start stop frequencies are changed for the
current sweep.

IMPORTANT!

- Apply Nearest needs to re-selected after each pair of start and stop
frequency points is entered, because the Apply Nearest feature is disabled
when a new start stop frequency pair is selected.

- Apply Nearest calculates the number of points based on the start and
stop frequency points entered.

- Apply Nearest will display the following error when there is no valid
calibration found:

“Error: 225, The required user calibration is not present.”

To use Apply Nearest:
— Press - > m >

Verifying Calibration and Jumper Cable Integrity

After calibrating, it is important to verify that the calibration is good. When
using a jumper cable, also verify that the cable is of high quality.

Verify a Calibration

— Connect a LOAD standard at the calibration reference plane (where
calibration standards were connected). This may be at the end of the
jumper cable or at FieldFox PORT 1 connector.

— In CAT Mode, select (TS,
— In NA Mode, select with Log Mag format.

— For frequencies lower than 9 GHz, observe the trace on the FieldFox
screen:

— Lower than 35 dB indicates a GOOD calibration.

— Higher than 30 dB indicates that you should recalibrate.
Verifying Phase Accuracy

— Connect a LOAD standard at the calibration reference plane (where
calibration standards were connected).

— In NA Mode, select a S11 Reflection with Polar or Smith Chart format.
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— Because all LOAD standards have delay, you should see a small amount of
phase rotation as a function of frequency. In general, the measurement
result should agree with the characteristics of the calibration standard.

Test the Jumper Cable

With the LOAD standard still connected, move the jumper cable while
observing the trace.

— If the measurement trace is relatively stable, the jumper cable is of good
quality.

— If you observe significant movement in the peaks of the measurement trace
when moving the cable (>5 dB), the jumper cable may need to be replaced.
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Calibration Method Summary

— Mechanical Full 2-port Cal is ALWAYS the most accurate Cal method. The
quality of a Mechanical Cal is completely dependent on the quality of the
OPEN, SHORT, LOAD standards and the quality of the standard
connections. Use the correct high quality standards to ensure the most
accurate calibration.

- Even with the optional Load, phase accuracy begins to degrade when
the return loss is greater than about 20dB.

— CalReady is accurate ONLY when the DUT is directly connected at the test
ports and most accurate at room temperature.

— For highest accuracy, a new Mechanical Cal should be performed:
— When the temperature changes more than about 10°F (5°C)

— When the connection to the DUT requires a different jumper cable or
adapters.

— When any of the following measurement settings change: Frequency
Range, Power Level, IF BW, and Resolution.
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9  SA(Spectrum Analyzer) Mode (Option 233-Mixed Analyzers)

NOTE To better reflect the enhancements implemented during the alignment
process, for firmware versions >A.10.15 “IF Flatness Alignment” is now

referred to as “Channel Equalization” or “Channel Equalization Alignment”

(ChanEQ Alignment|R

SA Mode measures signals at the SA RF IN connector.
SA Mode measurements require NO calibration.

For a comprehensive SA mode tutorial, see Spectrum Analysis Basics
(Application Note 150) at

https://www.keysight.com/us/en/assets/7018-06714/application-notes/595
2-0292.pdf

For information on using the FieldFox Remote Viewer which enables you to
view the FieldFox from your iOS device, refer to
https://www.keysight.com/us/en/assets/7018-04070/application-notes/599
1-2938.pd f

Figure 9-1 SA Display with Markers
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SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers)

The graphic above shows an SA display with markers.
Carrier with 5 kHz frequency modulation and deviation of 1 kHz.

In this Chapter

“Frequency Range” on page 151

“Radio Standard” on page 153

“Channel Selection” on page 155

“Reverse Swap” on page 156

“Scale and Units” on page 157

“External Gain” on page 158

“Attenuation Control” on page 159

“Preamplifier Control (Opt 235)” on page 160

“Check for Compressed Measurements” on page 160

“Field Strength Measurements” on page 161

“Using the Antenna/Cable Editor” on page 163

“Source Tracking Offset and Offset Reversal” on page 167
“Tune & Listen (AM/FM)” on page 168

“Analog Demod” on page 172

“Independent Source/Tracking Generator ” on page 184
“Resolution Bandwidth (Res BW)” on page 185

“Video Bandwidth (Video BW)” on page 186

“AF RBW (Audio-Frequency Resolution BW)” on page 186

“Sweep Type” on page 187

“IF Output” on page 188

“Sweep Acquisition” on page 191

“Very Long Sweep Times” on page 193

“Zero Span Measurements” on page 193

“Triggering” on page 195
“FFT Gating (Opt 238)” on page 199

“Single / Continuous / Restart” on page 201

“Points ” on page 201
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“Trace Display States (SA Mode)” on page 201

“Average Type” on page 203

“Average Count” on page 204

“Alignments” on page 204

“RF Burst Amplitude Alignment” on page 210

“Detection Method” on page 212

“Display Line” on page 215

“Noise Marker” on page 216

“Power Spectral Density (PSD) Function (SA Mode Only)” on page 217

“Logarithmic X-axis Limit Line Interpolation (EMI and SA modes Only)” on
page 218

“Band/Interval Power Marker” on page 218

“Frequency Counter at Marker” on page 219

“Audio Beep at Marker Power” on page 220
“Meas UNCAL Error” on page 221
“Old Data Indicator (*)” on page 221

“Radio Standards and Channel Measurements” on page 221

“Measurement Preset” on page 222

“Averaging” on page 222

“Traces” on page 223
“Channel Power (CHP)” on page 223

“How to Set Up EMF Settings (Requires EMF (Option 358), GPS (Option
307), and SA Mode (Option 233-Mixed Analyzers))” on page 231

“Spectrum Emission Mask (SEM) — (SA Mode Only)” on page 244
“IQ Analysis (SA Mode Only)” on page 251
“Effective Isotropic Radiated Power (EIRP) - (SA Mode Only)” on page 254

See Also

Interference Analyzer:

“Spectrogram Display (SA Option)” on page 546

“Waterfall Display” on page 550
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“Record/Playback (SA Option)” on page 552

Optional Settings:

“All about Markers” on page 745

“All about Limit Lines” on page 760

“Saving and Recalling Files” on page 830
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SA Mode Settings
Select SA Mode before making any setting in this chapter.

Because there is no calibration, these settings can be made in any order.

How to select SA Mode

— Press -

— Then @

Frequency Range

The X-axis frequency range determines the frequencies that are measured for
each sweep. The default Start frequency is 0 Hz. However, the Start frequency
can be set as low as -100 MHz. The internal LO of the FieldFox can be seen at
0 Hz, which will mask signals that may be present.

NOTE Although the start frequency can be set as low as -100 MHz, amplitude
accuracy is specified above 9 kHz. Below 9 kHz, frequency accuracy is

maintained, but amplitude accuracy is degraded.

The FieldFox can be used with an OML frequency extender. Refer to
“Utilities” on page 784, the B Series FieldFox Configuration Guide
5992-3701EN, and to “Contacting Keysight” on page 5.

Available ONLY with Opt. 209 and while in Step sweep, SA mode allows reverse
sweeps. This means the Start frequency can be higher than the Stop
frequency. In addition, the Reverse Swap feature can be used to quickly
reverse the Start and Stop frequencies. Learn how in “Reverse Swap” on

page 156.

The frequency range of the measurement can be changed using the following
methods:

— Set Center and Span frequencies

— Set Start and Stop frequencies

— Toggle between Zero and Last selected span

— Set Full Span of the FieldFox

— Using Channel selection. Learn how in “Channel Selection” on page 155.

— Using Marker > Center (frequency). Learn how in “SA Marker Functions” on
page 759.

How to set Frequency Range

— Press -

— Then choose from the following:
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B ConterflglelFreq Span| frequencies. This is the most common method
of entering frequency range. Enter the frequency of interest. The
Center frequency is at the exact center of the X-axis. The Frequency
Span places half of the frequency range on either side of center.
When the Center and Frequency Span values are entered, then the
X-axis annotation on the screen shows the Center and Span
frequencies.

NOTE Integration BW (IBW) is coupled to the Frequency Span setting. Frequency
Span is 50% wider than the IBW (e.g., if the IBW value is 1 MHz, then the

Frequency Span value is 1.5 MHz).

—FB and 3% frequencies. Start is the beginning of the X-axis and
Stop is the end of the X-axis. When the Start and Stop frequencies
are entered, then the X-axis annotation on the screen shows the Start
and Stop frequencies.

NOTE Integration BW (IBW) is coupled to the Frequency Span setting. Frequency
Span is 50% wider than the IBW (e.g., if the IBW value is 1 MHz, then the

Frequency Span value is 1.5 MHz).

— Follow each of these by entering a value using the numeric keypad, the
arrows [AL¥], or the rotary knob.
— When using the arrows [AL¥], press - The increment setting of the

arrows is based on the current span. This can be changed in SA Mode. See
“How to change frequency step size” on page 153 below.

— After using the keypad, select a multiplier key. Learn more in “Multiplier
Abbreviations” on page 46.

Two more ways to change the frequency range

— Press -

— Then choose from the following:

— ALV ST o En| Each key press toggles the frequency span between
0 Hz and the last specified frequency span. Learn more about Zero
Span in “Zero Span Measurements” on page 193.

S More
— Then [FAESEN Selects the entire frequency span of the FieldFox. The
Center frequency is set automatically.

When in full span, ADC dither raises the noise floor at the edges of the
NOTE 120 MHz.
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How to change frequency step size

When using the [a1¥] arrows to change any of the frequency settings, the size
of the frequency step can be changed.

— Press Freq/Dist
— Then [THIE
— Then [T N EHGTIEY

—JA\0ids) Each press of the [AL¥] arrows increments or decrements the
value by 1/10th (one division) of the current frequency span. Note: To
change this setting from Manual to Auto, press CF Step twice.

—[VERIEN Type a step size value using the numeric keypad, then select a
multiplier key. Learn more in “Multiplier Abbreviations” on page 46.

How to change from Linear to Log Axis View

- Press- g More

— Then choose from the following:

— (NI REEWAVAES enables/disables the log frequency X-axis. Disabling
the log frequency X-axis, enables the linear frequency X-axis (Default
= OFF).

— [FVMEYEN Selects the entire frequency span of the FieldFox. The
Center frequency is set automatically.

When in full span, ADC dither raises the noise floor at the edges of the
0 120 MHz.
Radio Standard

A Radio Standard is a collection of settings that are applied to the FieldFox for
specific RF protocols. When a Radio Standard is applied, the FieldFox
frequency and channel settings change to that of the standard.

By default, the FieldFox locates the center frequency of the standard in the
middle of the screen and sets the frequency span to cover all of the Uplink and
Downlink frequencies. The selected Radio Standard name appears in the
center of the screen below the X-axis.

After a Radio Standard has been selected, the frequency range can be
changed by selecting channel numbers rather than frequency. Learn how in
“How to set Frequency Range” on page 151.

When a Channel Measurement is selected such as ACPR, other relevant
settings will be changed such as Integration BW. Learn more about Radio
Standards and Channel Measurements in “Radio Standards and Channel
Measurements” on page 221.
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How to select a Radio Standard

— Press - OR - then (e
— Then RELILES e T

— Then RELILESEN e EIfs

Then select a standard using the [A¥] arrows or rotary knob and press

Custom Radio Standards

154

Your own custom Radio Standards can be imported into the FieldFox. Custom
standards are created in *.csv (spreadsheet) format.

A template and instructions for creating your custom Radio Standard is
Concepts and Reference information (i.e., CustomTemplate.csv). Refer to the
Supplemental Help here:

https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Reference/CustomRadioStandard.htm.

Once imported, the *.csv file is stored in the FieldFox \User Data\ folder. The
custom Radio Standards are read and presented at the top of the list of internal
Radio Standards.

How to Import and Delete a Custom Radio Standard

First, press Save/Reeall and select the from which the Radio Standard
will be read. Most likely this will be USB or SD Card.

— Press - OR - then @
— Then

— Then

— Then

— Then select the *.csv file using the [AL¥] arrows or rotary knob and press

— Custom Radio Standards can be removed from the FieldFox by selecting

- [yElilRadio StandardyEiiiDelete Radio Standard}

— Then select the *.csv file to delete using the [A1¥] arrows or rotary knob and
press

To overwrite a custom standard that is already uploaded to the FieldFox,
you must first delete the *.csv file from the FieldFox, then re-upload the file
that contains the standard. A predefined internal standard (such as GSM
450) can NOT be deleted from the FieldFox.
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Channel Selection

After a Radio Standard has been selected, the frequency range can be
changed by selecting channel numbers rather than frequency. Once enabled,
the channel number is appended to the X-axis frequency range.

How to Enable Channel selection

1. Press - egMore
2. Then [ oL
With Unit = [oTits, ol exaates becomes available and [y alters to

How to change the Channel Number of the Measurement

With Unit = the FieldFox will NOT allow you to specify channels outside
of the selected Radio Standard.

— Press -

— Then choose from the following:

—(of T ENWIE Places the center frequency of the specified channel
in the middle of the X-axis.

—Sielad® ENW | Places the lowest frequency of the specified channel at
the beginning of the X-axis.

—S10] e ENIE| Places the highest frequency of the specified channel at
the end of the X-axis.

—[FERES N Changes the span of frequencies while the center frequency
remains unchanged.

NOTE Integration BW (IBW) is coupled to the Frequency Span setting. Frequency
Span is 50% wider than the IBW (e.g., if the IBW value is 1 MHz, then the

Frequency Span value is 1.5 MHz).

—Follow each of the above settings by entering a value using the
numeric keypad or the rotary knob.

—Use the [A1¥] arrows to increment the channel number by an amount
specified by the Channel Step value (see below).

— Then press or -

Select either Uplink or Downlink Frequencies

Presﬁ then [MBIES. Press to toggle between WA
and .. If either of these selections is not available, then the selected
Radio Standard does not contain those frequencies. In that case,

Is grayed out.
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Channel number X-axis annotation

| Ch128; i z z z z z
5 : i ,
Start 869,1000 MH{Ch 128 Dn- std :GSM 850 Stop 869.7000 MH2{Ch 130 Dn+
Res BW 5.000 kHz VBW 5,000 kHz

— Dn indicates Downlink channels.
— Up (not shown) indicates Uplink channels

— (=) indicates that the lowest frequency in the channel (128) is at the left
edge of the screen.

— (+) indicates that the highest frequency in the channel (130) is at the right
edge of the screen.

— When Center Channel or Freqg Span is specified, the X-axis shows the
Center Freq (Channel) and Frequency Span.

— When Start or Stop Channel is specified, the X-axis shows the Start Freq
(Channel) and Stop Freg (Channel).
Change Channel Step Size (Optional)

This setting allows you to use the [aL¥] arrows to increment the channel
number by the specified value. The softkey appears only when it
is valid. Learn how to make it valid in the section, see “How to change the
Channel Number of the Measurement” on page 155.

— Press - then TRIES.
— Press

— Enter a step value using the numeric keypad, the [AL¥] arrows, or the rotary
knob. Then press -g

Reverse Swap

Available ONLY with Opt. 209 and while in Step sweep mode. Each press of the
softkey causes the Start and Stop frequencies to swap. The Start becomes the
Stop and vice versa. Learn more about Step versus FFT sweeps in “FFT Gating
(Opt 238)” on page 199.

- Press-then More]
— Then
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Scale and Units
Adjust the Y-axis scale to see the relevant portions of the data trace.

The Y-axis is divided into 10 graticules. A acquisition is shown on the screen as
a solid horizontal bar that can be placed at any graticule.

When RF Attenuation set to Auto, the RF Attenuation is coupled to acquisition.

How to set Scale

Press _ Then choose from the following:

- Automatically adjusts the Y-axis to comfortably fit the Minimum
and Maximum amplitude of the trace on the screen.

— [® Manually adjust the scale per division to view specific areas of the

current trace. Enter a value using the numeric keypad, the [a1¥] arrows, or
the rotary knob. Then press i

- Manually set the value of the reference line. Enter a negative
value by pressing _ either before or after typing a value. This
can also change the RF Attenuation setting. See “Attenuation Control” on
page 159.

— [2TEMY Refer to “Preamplifier Control (Opt 235)” on page 160.
- Refer to “Attenuation Control” on page 159.
— W2 opens another set of scale softkeys.

Manually set Scale Type, acquisition, and Reference Position.
-

—E Logarithmic scale (default setting). The Y-axis reference line
represents the specified absolute acquisition in the current Unit
selection. Y-axis graticules show dB below or above the reference
line.

— Linear scale. The Y-axis reference line represents the specified
absolute acquisition in the current Unit selection. Y-axis graticules
show percent of acquisition (%) below or above the reference line.

- Refer to “How to Set Y-axis Units” on page 158.

- Refer to “How to select and edit corrections for Field Strength
measurements” on page 161.

— [BACEIHENCEET Refer to “External Gain” on page 158.

- Manually set the position of the reference line. Values must be
between O (TOP line) and 10 (BOTTOM line). Default position is zero (top).
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- Enables/disables the Power Spectral Density Function (PSD
Function) which is a way to normalize the SA measurement to a 1 Hz
Bandwidth. (Default == OFF). Learn more, see “Power Spectral Density
(PSD) Function (SA Mode Only)” on page 217.

How to Set Y-axis Units

The Unit setting appears for the reference line, marker readouts, and trigger
level. All Unit choices are available in both Log and Linear Scale Types.

The UNIT setting survives Mode Preset, but NOT Preset.

— Press _ then [FIES, then

— Then choose from the following:

—dBm (default setting), dBmV (dB milli Volts), dBuV (dB microVolts), W
(watts), V (volts), A (amps), dBmA (dB milliAmps), dBuA (dB
microAmps).

Antenna correction units are available ONLY by loading or editing an Antenna
file that contains the desired units setting. Learn more in “Manage Files” on
page 839.

External Gain

When using an external amplifier or attenuator, the SA mode trace amplitude
values can be offset to compensate for the effect of the external device. This
effectively moves the reference plane of the SA measurement port out to just
beyond the external device. For example, when using an external preamp with
gain of +10 dB, enter this value for External Gain, and the data trace across the
displayed frequency span will be adjusted down by 10 dB.

When RF Atten is set to Auto, you may see a change in the RF Attenuation
value. This is an attempt to measure the signal at top of screen (the
acquisition) without overloading the SA first mixer.

How to Set External Gain

1. Press Scale/Amptd.
2. Then M2

3. Then

4. Enter a value using the numeric keypad, the [AL¥] arrows, or the rotary
knob (positive for gain; negative for loss). Values less than 5 dB must be
typed using the numeric keypad. Then press

SdcETBede]=] is shown at the top of the screen.
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Attenuation Control

Both the RF Attenuation and Preamp functions control the power level into the
SA.

When too much power is present at the RF Input port, B EISEEHEEREE
appears on the FieldFox screen. This does not necessarily mean that damage

has occurred, but that the measurement is probably compressed.

When high power levels are present at the RF Input port, internal attenuation
can be switched in to keep the FieldFox receiver from compressing. At
extremely high power levels, use external attenuation to protect the internal
circuitry from being damaged.

The FieldFox can be damaged with too much power. Refer to the FieldFox
Data Sheet for your model on
https://www.keysight.com/us/en/assets/7018-03314/data-sheets/5990-9783.p
df.

Maximum Input Voltages and Power:

RF Output Connector: 50V DC, +23 dBm RF
Ext Trig/Ref Connector: 5.5V DC

RF Input:

+27 dBm RF, £50 VDC Max. (N991xA/B, N9925B, N9926A,
N9928A, N993xA/B)

+23 dBm RF, £50 VDC Max. (N9923A, N9923AN)
+25 dBm RF, +40 VDC Max. (N995xA/B, N996xA/B)
DC Input: T9VDC, 4ADC, 60 Watts maximum when charging battery

Learn more about ADC over range warnings by referring to Chapter 31,
“System Settings,” and then to “SA” on page 804.

The displayed power level is automatically adjusted for RF Attenuation. As the
attenuation value changes, the displayed power level should NOT change.

How to set Attenuation

1. Press Scale/Amptd.
ARG ERIRF Atten Auto Man!

- RF Attenuation is set by adjusting the acquisition. As the
acquisition is lowered, for example from -10 dBm to -30 dBm, the
FieldFox assumes that you are looking at low-level signals. The RF
Attenuation value is automatically lowered in 5 dB steps to allow
low-level signals to be viewed. The RF Attenuation value is never
automatically lowered below 5 dB.
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— VBT RF Attenuation is set manually. The default Attenuation setting
is 10 dB. Enter a value between 0 to 30 dB in 5 dB steps using the

numeric keypad, the [a1¥] arrows, or the rotary knob. Then press

E\a=\ Bede]:] is shown at the top of the screen. (#) means manual
setting.

Preamplifier Control (Opt 235)

When very low-level signals are analyzed, an internal preamplifier can be used
to boost the signal level by approximately 22 dB. The gain of the preamp is
NOT adjustable. The displayed signal level is automatically adjusted for the
increase in system gain.

How to control the Preamp
By default, the preamp is OFF.

~ Press Scale/Amptd.

— Then [dEnlH0I\NeIF5E The underlined setting is the current setting. When
ON, [fl is shown to the left of the graticules on the display.

Check for Compressed Measurements

Compression occurs when too much power into an amplifier causes it to no
longer amplify in a linear manner. When too much power goes into the
FieldFox RF Input connector, the amplifiers in the SA receiver compress and
signal power will not be displayed accurately. This can occur even if [EISESEEE
BBHEE is not displayed because devices other than the ADC, such as the mixer,
might be compressed. Increase the RF Attenuation value to prevent the SA
receiver from being compressed.

How to Check for a Compressed Measurement
1. Using a marker at the signal peak, make note of the signal power level.
2. Increase the RF Attenuation level by 5 dB.

— If the signal level does NOT change, then NO compression exists.
This indicates that the signal is in the linear region of the FieldFox
receiver.

— If the signal level DOES increase, then the receiver was compressed.
Set the RF Attenuation value at the setting when further increases
no longer result in an increase in the displayed power level.
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Field Strength Measurements

To measure the strength of any signal transmitted through the air, an antenna
must be connected to the FieldFox. The Field Strength feature allows you to
enter the frequency response of the receiving antenna (the Antenna Factor)
and associated cabling, and then have amplitude corrections automatically
compensate the displayed trace for that response.

B |Ref [05:99 depiv/m | atten 10 d2 ML 2446850 MHz

Log 97

100 | g7
de/f

Pk 47

Setting Field Strength Measurements

Trace 1 - Corrected trace with antenna factor. (Antenna = ON, Apply Corr =
ON)

Trace 2 - Uncorrected trace (Apply Corr = OFF). The Trace 2 trace state is
“View.” For information, refer to “Trace Display States (SA Mode)” on page 201

Pink Trace - Current correction factor. See below.
— Learn how to set Y-Axis Units on “How to Set Y-axis Units” on page 158.

— Use a Band Power marker to measure total power over a range of
frequencies. Learn how in “Band/Interval Power Marker” on page 218

How to select and edit corrections for Field Strength measurements
The Antenna and Cable correction data survives a Mode Preset and Preset.

All Correction ON/OFF states survive a Mode Preset, but NOT a Preset.
— Press _ Vorel

— Then choose from the following:

— AN A T T =Yor (o] WA i oM BIEFN O Yo | Use Auto and Disabled correction
for all settings. (Default = Auto).

- - Opens a softkey menu to enable/disable a antenna
and edit, save, create a new antenna factors table, recall, and set a
storage device location.
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— [o£1:]EX0}ii — Opens a softkey menu to enable/disable a cable and edit,
save, create a new cable description table, recall, and set a storage
device location.

— [YFT® - Opens a softkey menu to View Corrections and set the
Amplitude Correction type for your antenna.

Learn more, see “Selecting and Viewing Corrections” on page 162.
— [VPFI® - Edit/Recall an Antenna file to be used to transmit.

— RS VN ER EN el iAoy Edit/Recall an Antenna file to be used to
receive.

— SISl N e ENo) s Alo]}) Edit/Recall a Cable file to be used on the
Source side.

— [Vl e o CN o) Alely] Edit/Recall a Cable file to be used on the
Receiver side.

Selecting and Viewing Corrections

— Press _ MMoreCorrectionsfIMore)

— I e Mo Hela: Turn ON and OFF Pink Trace - Antenna/Cable
corrections. This is a composite of all cable/antenna corrections that are
currently applied. Available as a useful visual aid, the zero “dB” level (no net
correction) is mapped to appear at the -50 dBm on-screen level.

— [Nl AT @ I RIEVEIRAPA| - then choose one of the following:

— DIEEWN Receiver side only antenna measurements.

— B aYidSTI to work with non-triaxial receiver and source side
antenna measurements.

— IEENERAPA (default, when Channel Power is on and when a
compatible triaxial antenna’s factors have been imported) for
measuring channel measurements and EMF.

— - To return to previous softkey menu.

How to Use the Antenna Softkeys

The following menu appears when any of the above Antenna Off or Cable
softkeys are pressed:

— EENLENeNNeIFT or (ex1.1Ne]\NeldE — Turn correction ON or OFF for this
Antenna/Cable.

- or [LeliMerENe]2- Edit an Antenna/Cable Correction table. See
Using the Antenna/Cable Editor (below) for more information.

— [YE® - Create a new Antenna/Cable. See Using the Antenna/Cable Editor
(below) for more information.
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— BEVERNAEIWWEV e — Save the modified Antenna/Cable to a file on the
specified Storage Device.

— REILEUWNNCEWIWEVARET]E - Read an existing Antenna/Cable file from the
specified Storage Device.

- - Choose from: Internal, USB, SD. Learn more about these
selections in “Set File Type and Select Device” on page 836.

When finished, press [FEY8% to return to the previous menu.

Using the Antenna/Cable Editor

The Antenna Editor and the Cable Editor menus are very similar. Both tables
include header information, and a Frequency/Value table.

Figure 9-2

FieldFox Antenna Editor- E-Field and H-Field Units Displayed

H-Field Units
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Figure 9-3 FieldFox Antenna Editors - Settings and Values

Setting Yalue

Description

How to use the Antenna/Cable Editor

Before editing the antenna settings, it is important to know whether
you are using a magnetic H-field (dB S/m) or electric E-field (dB /m)
antenna. When you setup the Antenna Factor Correction table, you
will select one of these two units so that the FieldFox knows how to
convert the measurement data to various Field Strength Amplitude
units.

1. Press _ > T8 > then choose:

— [XTENENeT to open the antenna editing softkeys
- to open the cable editing softkeys
2. Then or to open the Antenna / Cable Editor.
3. Press @ then to clear all data from the existing Antenna or Cable
table and reset header information to default settings.

4. Then use the [A]¥] arrows to select a field.

— To edit header information, press then modify the selected field
using the FieldFox labeler.

— DI Enter a description for the antenna or cable
correction table. This is NOT the filename used to save the
file.

— INCHREREECIgU: Determines whether Field Strength
measurement Amplitude units will be available or not, and

how to convert between them. Select None (default
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setting) if you just want standard Amplitude units, with a
simple dB offset supplied by the correction table. This
makes the correction basically identical to a Cable
correction. To get Field Strength units, you must choose
either dB /m (E-field or dipole antenna), or dB S/m
(H-field or loop antenna) to properly identify the Antenna
Factors in the table. The scalar measurement Amplitude
units (either standard or Field Strength) will then be
available at Ampl/more Unit. Learn how in “Scale and
Units” on page 157. For details on standard Amplitude
units, refer to “How to Set Y-axis Units” on page 158.

— [HEeRnClfelelEle]y: Set to LINear by the FieldFox and can
NOT be edited.

— To edit [JERRESY/ Value pairs, enter numbers using the numeric
keypad, and a frequency suffix when necessary.

— For both [@ElJEAREE and INaltzlilaEWE=1te] Values, Positive

numbers indicate loss (we need ADD something positive to
compensate for it), and Negative is indicative of some
existing gain.

- describes the dB value needed to
accurately display a far-field signal in terms that are in the
units listed below. When the antenna has low gain, or low
efficiency, the dB value to be added is larger.

— MGIChI R GeIgUhi sets the type of antenna factor unit
used in your measurement (i.e., dB /m or dB S/m).

— When one Freq/Value pair is entered, that correction value is
applied to the entire displayed frequency span.

— When two or more Freq/Value pairs are entered, the data points
between the lowest and highest frequencies are corrected. Linear
interpolation is applied between frequencies when necessary.

5. Optionally choose from the following:

- Quickly scrolls through pages of Freg/Value
data.

- Add a blank Freq/Value pair to the table,
- then:

- Remove the selected Freq/Value pair from the
table.

— [®CET#A then @ Remove all Freq/Value pairs from the
table and resets header information to default settings.

When the table edits are complete
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1. Press ILIT to close the Antenna/Cable Editor.
2. Press > @

Then choose your final measurement amplitude unit, under Scale/more. If
you selected either or SEJHR for the Antenna Factor unit, you
should see this list of available Field Strength units

3. Press _ > @ > and choose from:
- == dB micro Volts per meter
- == dBm per meter squared
- == volts per meter
- == watts per cm squared
- == watts per meter squared
- == dB micro Amps per meter
- E == dB gauss
— K181 == dB pico tesla

A Y BackPYBackBlSave Antennalféls to save your changes to
the specified Storage Device. Enter a filename using the FieldFox labeler
(learn more in “How to use the FieldFox labeler ” on page 833). Learn more
about Antenna and Cable files below.

Optional:

— Press RELREUWANNERE or [REEINETE to load an Antenna or Cable file from
the specified Storage Device.

- Changes the device used to save or recall files. Choose
from Internal (default setting), USB (must be connected) or SD card. This is
a different setting from the Save/Recall Storage Device setting.

About Antenna and Cable files
— Cable files are saved and recalled from the Cables folder.
— Antenna files are saved and recalled from the Antenna folder.

— To DELETE Cable or Antenna files, use the Manage Files feature. Learn more
in “Manage Files” on page 839.

— If the folder does not already exist on a USB or SD card, it is created
automatically before storing the file.

— All Antenna and Cable files are saved and recalled as *.csv files, which
allows them to also be read by spreadsheet programs.
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— The FieldFox can also read *. ANT (Antenna) files that were created from
older Keysight Spectrum Analyzers.

— Cable and Antenna (*.csv or *.ANT) files canNQOT be edited in Data Link
software.

How to create a Cable file from an S21 (NA mode) or an Insertion Loss
(CAT mode) measurement

1. Measure the S21 or Insertion Loss of a cable. In NA mode, select either
LogMag, Linear, or VSWR formats.

2. Use Manage Folders to change the active folder to CABLES. Learn how in
“Manage Files” on page 839.

3. While in NA mode, save the measurement as a *.csv file. Learn how in
“How to Save a File” on page 830.

4. In Channel Scanner or SA mode, select [ e, then recall the *.csv
file for correction.

Source Tracking Offset and Offset Reversal
This feature requires:

— N991xB and N995xB FieldFox Combination Analyzers to have Options 209,
210, and 233

— N993xB and N996xB Spectrum Analyzers to have Options 209 and 220

Source offset tracking is used to offset the Source frequency from the Receiver
frequency by a fixed offset at every tune frequency. This feature is used when
the DUT contains a frequency translation device or mixer.

How to set Tracking Offset and Offset Reversal
1. On the Receiver unit, press - > @ >
2. Then choose one or both of the following:

- Enter an offset value (Default == OFF).

— (O REGEEEEL Determines whether Receiver Freq is added to or
subtracted from the Offset Freq.

- @ SourceFreq = Offset + RecFreq. Use to measure
Upconverters.

- @ SourceFreq = Offset - RecFreq. Use to measure
Downconverters. The source sweeps in Reverse direction.
Note: The Offset Freq. MUST be larger than the Receiver

Stop Freq.

Keysight N9938-90006 User’s Guide 167



SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers)
SA Mode Settings

Tune & Listen (AM/FM)

The Tune & Listen feature can be used to identify an interfering AM or FM
signal.

The demodulated AM or FM signal can be heard through the internal speaker
or through headphones using the 3.5 mm jack located on the FieldFox side
panel.

The Tune & Listen tuner is separate from the SA display. This allows you to
listen to one frequency while displaying a different range of frequencies. The
Tune & Listen measurement alternates between normal SA sweeps for the
display and performing audio demodulation at the Tune Frequency. See the
Listen Time setting for more information.

Figure 9-4 Tune & Listen ON

Ref-57.8 dBm  #Atten 0 dB FM VWide @ 101.7 MHz

M2: 101.700 MHz -89.29 dBm

=72

B

82,8

378

92,8

-97.8)

-103]

-103]

SEE |

' O

Center 1000000 MHz Span 5.000000 MHz
#Res Bw 300.0 Hz #WBwW 100.0 Hz Swp 3.086 s (801 pts)

In the graphic above, Tune & Listen ON with Tune Frequency is indicated by a
vertical bar (highlighted).

This section contains the following:

“How to select Tune & Listen” on page 169
- “TnL AM SSB Gain” on page 169

“Tune Frequency” on page 170

“Listen Time” on page 170

“To select Listen Time:” on page 171

“Volume Control” on page 171
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“Audio Demod ON and OFF” on page 171

“Setting the Marker Counter Precision Softkey” on
page 171

“Setting the Mkr->TuneFreq Softkey” on page 172

How to select Tune & Listen

— Press - dAnalog Demod Tune & Listenje

— Then choose a demodulation type. Select a setting based on the type of
interfering signal you suspect is being broadcast.

Press _ b4 Tnl Demod TypeRuEly

— M - Sets AM (Double-sideband with carrier) as the modulation
type.

— [SVIYEREY - Sets Frequency Modulation; Narrow bandwidth.
Choose when interfering transmission consist of voice or data.

— [FRWIGE - Sets Frequency Modulation; Narrow bandwidth. Choose
when interfering transmission consist of voice or data.

— IAYAVE:) - Sets the modulation type to AM upper sideband.
Annotation: AM USB @ Center Frequency displayed at the top of
display. See also, “TnL AM SSB Gain”.

— LVNES:] - Sets the modulation type to AM lower sideband.
Annotation: AM LSB @ Center Frequency displayed at the top of
display. See also, “TnL AM SSB Gain”.

See also, “How to select Analog Demod (Metrics)” on page 174.

TnL AM SSB Gain

When you select AM USB or AM LSB softkeys, the TnL AM SSB Gain softkey
becomes active.

— Press _ > M then

—~ — sets the gain in the IF path for TnL SSB measurements
(the optimal IF path gain is automatically determined/set for regular AM
and all the other demod types, but it cannot be automatically determined
for AM SSB so it has to set it manually).
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The goal is to set the gain as high as possible (to take advantage of the
range of the IF and audio paths) without distorting the audio signal. It is
recommended that you keep increasing the gain until you hear distortion in
the audio and then back off until you no longer hear any distortion.
(Default = 0, Minimum = -50 dB, Maximum = +50 dB)

The system volume setting should still be used to determine the final
desired volume/level of the audio output. Learn more, see also Chapter 31,
“System Settings.” and “Audio (Volume) Control” on page 781.

Tune Frequency

The Tune & Listen tuner is separate from the SA display. This allows you to
listen to one frequency while displaying a different range of frequencies.

Set the Tune Frequency using one of three methods:

1. Selecting - > Wi ENEEEL, sets Tune Frequency to 3.25 GHz (e.g., for
a N9914B FieldFox).

2. Specify Tune Frequency:
a. Press _ >

b. Enter a value using the numeric keypad, [AoL¥] arrows, or the rotary
knob. Then select a multiplier key. Learn about multiplier
abbreviations “Multiplier Abbreviations” on page 46.

3. Using Mkr->Tune Freq:

— Create a normal marker at the frequency of interest. Learn how in
“How to create Markers” on page 745.

a. Press Mki/To0ls

b. Then UL =PAIMNEEE| to change the Tune Frequency to that of the
marker.

To improve sound quality, try increasing power by reducing the
Attenuation setting and, if available, turn ON the Preamplifier. Learn how
in “Attenuation Control” on page 159

Listen Time

While Tune & Listen is actively demodulating a signal, the SA does not sweep
and update the display. Listen Time sets the amount of time that the FieldFox
demodulates, then stops to perform a single sweep and update the display,
then again demodulates.

Keysight N9938-90006 User’s Guide



SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers)
SA Mode Settings

To select Listen Time:

- Press_ >

— Enter a value using the numeric keypad, [AI¥] arrows, or the rotary knob.
Then select a multiplier key. Learn about multiplier abbreviations.

Volume Control

To increase or decrease the Volume of the demodulated signal:

~ Press MeasiSetupd > YETIAE

— Enter a value in percent between 0 and 100 (loudest) using the numeric

i

keypad, [A1¥] arrows, or the rotary knob.

— Volume can also be changed and easily muted from the - menu.
Learn more in “How to set the FieldFox Volume Control” on page 781.

Audio Demod ON and OFF

To quickly stop the audio demodulation and perform only the normal SA
sweeps, select the following:

Y | et B Audio Demod ON OFFRJOFF,

Setting the Marker Counter Precision Softkey

When AM Tune & Listen, FM (narrow) Tune & Listen, or FM (wide) Tune &
Listen are selected, you can choose from the following:

- Press- > @

N EE VA EMorefMkr Propertiesh ~ Sets the
AM or FM Metric demodulated signal’s marker precision (.1 Hz, 1 Hz, 10 Hz;

default = 0.1 Hz).

The Counter Precision softkey is not available when AM Metric or FM Metric
are enabled. See also, “Setting the Mkr->TuneFreq Softkey” on page 172.
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Setting the Mkr->TuneFreq Softkey

When AM Tune & Listen, FM (narrow) Tune & Listen, or FM (wide) Tune &
Listen are selected, you can choose from the following:

— Press - MNormal
— Press _ > W PAIIEEE| - The Tune & Listen Frequency

becomes the frequency of the active marker (When AM Metrics or FM
Metrics are selected this softkey is inactive).

See also, “How to use Marker Functions” on page 758.

Triggering is not available when you are using the Analog Demod feature.

The Tune & Listen feature can be used to identify an interfering AM or FM
signal. Also, AM/FM Metrics displays the demodulated signal and the audio
frequency spectrum.

The demodulated AM or FM signal can be heard through the internal speaker
or through headphones using the 3.5 mm jack located on the FieldFox side
panel.

The Analog Demod spectrum is displayed alongside the SA displayed trace.
This enables you to listen and display a carrier frequency and it’s harmonics.
The Analog Demod measurement displays a normal SA sweeps for the display
while performing audio demodulation at the carrier Frequency. See the “How
to select Analog Demod (Metrics)” on page 174 setting for more information.
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Figure 9-5 AM DSB (Metrics) - Demodulation Spectrum

& | == Mon, 29 Mar 2021 12:01:18 PM
Ref -45,00 dBm Atten 0 dB Demod Metrics

AM Demod Spectrum 10 dB/div

AM Mod Depth 96.17 %

In the graphic above, Analog Demod ON and Demod Metrics is indicated
above in the x2 displays of carrier spectrum content. For this example, AM
Modulation Metrics are displayed in the lower half of the display. See also,
Figure 9-6 on page 181, Figure 9-7 on page 181, Figure 9-8 on page 182, and
Figure 9-9 on page 182.

This section contains the following:

“How to select Analog Demod (Metrics)” on page 174

“How to make Analog Demodulation (Metrics)
Settings” on page 175

“Setting the Alternate Frequency (AF) Freg/Dist
Softkeys” on page 176

“Setting the Alternate Frequency (AF) RBW Softkey”
on page 176

“Setting the Audio Capture Playback Softkeys” on
page 177

“How to Set the Demod Filters” on page 178

“Setting the Marker Counter Gate Softkey” on
page 180
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How to select Analog Demod (Metrics)

Analog demodulation can demodulate AM DSB, AM SSB, FM, FM Stereo /
RDS, PM signals. Under analog demodulation metrics the following
information is reported for each signal type: Carrier power, modulation rate,
SINAD, THD, plus deviation, depth, or RMS depending on the signal. Metrics
also displays the demodulated signal and the audio frequency spectrum.

Learn more, Chapter 27, “AM/FM Metrics (SA Only and Option 355)”

— Press - sAnalog Demod Tune & ListenpgAnalog Demodulation

- - Then choose a demodulation metric type. Select a setting
based on the type of interfering signal you suspect is being broadcast.

IMPORTANT! The FieldFox contains only one speaker that supports mono
audio output (i.e., if you play a stereo WAVE file, the Left and Right
channels are output in mono audio). If you want to output a stereo WAVE
file in stereo (to hear the left and right channels separately on the FieldFox)
you have to use the headphone jack and stereo headphones (i.e., most
earbuds, headphones, etcetera support stereo). Learn more, see also
Chapter 31, “System Settings.” and “Audio (Volume) Control” on page 781.

— Y] - AM (double sideband). Displayed values for AM Modulation
(metrics) - (i.e., includes AM Mod Depth, AM Demod Waveform,
SINAD, THD, Carrier Power, Carrier Freq, Modulation rate).

— Y - AM single sideband. Displayed values for AM SSB
(metrics) - (i.e., includes SSB RMS Level, SSD Demod Waveform,
SINAD, THD, RF Power, Modulation rate).

— @ - Displayed values for FM Modulation (metrics) (i.e., includes
Freq Deviation, FM Demod Waveform (Time)/Spectrum (Frequency),
Carrier Power, Carrier Freq, Modulation Rate, SINAD, THD).

- - Displayed values for FM Stereo / RDS (Radio
Design System); (Metrics) - (i.e., includes Freq Deviation, FM Demod
Waveform (Time)/Spectrum (Frequency), Carrier Power, Carrier Freq,
Modulation Rate, SINAD, THD, Dist/ Total VRMS).

When FM Stereo /RDS is selected as the demodulation type, a Warning
message is displayed for a few seconds at the start of the sweep; the
sweep is 30 to 50 seconds long.

The message reads:

"Warning: Slow Measurement. RDS Measurement in Progress."
— [@W - Displayed values for PM Modulation Metrics (i.e., includes PM

Deviation, PM Demod Waveform, SINAD, THD, Carrier Power, Carrier
Freq, Modulation Rate).
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- - Opens a menu of Tune & Listen demod softkeys. Tune
& Listen can be set when you are in Analog Demodulation mode, so you can
enable Tune & Listen sweeps in between your Analog Demod sweeps. To
learn more about the Tune & Listen softkey menu choices, refer to “Tune &
Listen (AM/FM)” on page 168.

See also, “How to make Analog Demodulation (Metrics) Settings” on
page 175.

How to make Analog Demodulation (Metrics) Settings

The following softkeys are available when one of the Analog Demodulation
metrics measurements is pressed. See also, “How to select Tune & Listen” on
page 169.

If AM DSB, choose from:

— - Determines the Y axis percentage (0% to £100%) of the AM
demodulation waveform is displayed (Default = 100%).

If AM SSB, choose from:

— - Determines the Y axis voltage (0 nV to £100mV) of the AM
SSB demodulation waveform is displayed (Default = 100 mV).

If FM, choose from:

— - Determines the Y axis frequency (1 kHz to 1 GHz) of the FM
demodulation waveform is displayed (Default = 100 kHz).

If FM Stereo / RDS, choose from:

- - Determines the Y axis frequency (1 kHz to 1 GHz) of the FM
demodulation waveform is displayed (Default = 100 kHz).

If PM, choose from:

— - Determines the Y axis phase (0 to 100 radians) of the PM
demodulation waveform is displayed (Default = 5).

For any of the following: AM DSB, AM SSB, FM, FM Stereo / RDS, or PM,
choose from:

Refer to Figure 9-6 on page 181, Figure 9-7 on page 181, Figure 9-8 on
page 182, and Figure 9-9 on page 182.

- - Sets the X-axis to display the demodulation sweep time for
the demodulated waveform (minimum = 50 ps; maximum = 50 ms).
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- - This adds peak positive and peak negative metrics to the
main metrics measurement. For example, in FM peak ON will include peak
positive (Peak +) and negative (Peak -) frequency deviation metrics to
appear. Peak ON will also enable peak traces on the demodulation
waveform and audio frequency spectrum (Default = OFF).

- - Sets the demodulation type.
Choose from @ AM SSE} @ FM Stereo / RDSEEIle) @

— Then, press [N — opens a menu of softkeys: [N ELERN TS,
CountiElalelDemod View Time Freg}

- - Selects the way the demodulated signal values are
averaged. Choices are Power (#PAvg annotation is displayed), Log (#LgAv
annotation is displayed), Voltage (#VAvg annotation is displayed). Auto is
the default and when selected the FieldFox chooses the type of averaging
that is used based on the current settings.

- - Determines the amount of averaging used (1 to 10K;
Default = 10).

— [ENLLRFIEE - Refer to “How to Set the Demod Filters” on page 178.

— I RUETM T CHAET| - Toggles how the demodulated signals are
displayed (Time (waveform) or Frequency (spectrum)); Default = Time).

— L[N T -WEVi ol — Refer to “Setting the Audio Capture Playback
Softkeys” on page 177.

Setting the Alternate Frequency (AF) Freq/Dist Softkeys

When AM DSB, AM SSB, FM, FM Stereo / RDS, or PM are selected and
Demod View = Freq, you can choose from the following:

— Press - then choose:

— LSS ETadlEEls| — Sets the AF start frequency for the AM or FM demodulated
signal.

— NI - Sets the AF stop frequency for the AM or FM demodulated
signal.

— INMESEN - Sets the AF full span frequency for the AM or FM
demodulated signal.

Also, you can set the standard Center, Freq Span, and other frequency
softkeys.

Setting the Alternate Frequency (AF) RBW Softkey

When AM DSB, AM SSB, FM, FM Stereo / RDS, or PM are selected and
Demod View = Freq, you can choose from the following:
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— Press - then choose:

— INHENW - Sets the audio frequency (AF) resolution BW for the AM or FM
demodulated signal (Manual or Auto; default = Auto).

Setting the Audio Capture Playback Softkeys

The FieldFox analog demodulation audio capture playback feature allows you
to capture/record the demodulated audio associated with an analog
demodulation measurement (AM DSB, AM SSB, FM, FM Stereo or PM) and
save it as an audio file. It also allows you to recall and playback audio files
through FieldFox's built-in speaker or headphones.

NOTE Currently, the audio capture playback feature supports WAVE files with
mono or stereo LPCM data sampled at 48,000 Hz with 16 bits per sample.

If you are unable to hear your audio data files (*.wav), verify that your
System > Preferences > Preferences > Audio is set to On.

When Analog Demod is selected, you can choose from the following:

- Press_ > @ M Audio Capture Playbackjttely
— If you want to initiate an audio capture:

Press
— If you want to stop an audio capture:

Press FYes to stop the current capture of audio data and depending on the
timing of pressing Stop, possibly prevent the audio data from being stored.

— If you have previously stored an audio file:
Press [JENLETSY then

— [JB - to play the last current audio file (*.wave) loaded into memory.

- - to disable playback of the current audio file.

—~ ~ to enable disable volume and to adjust the volume
from O to 100 (default = Mute /Volume == 10).

HEGW[WIIE - to load a previously stored audio (.wave) file.

— [T WANGEINET| — enable/disables automatically loading of a
captured audio (.wav) file (default = OFF).

— Press [T adhle[5 then

- - sets the number of audio captures for a
measurement (Default = 1; Settable: 1 to 100K).

- - sets the capture time (Default = 100 ms).
Minimum/Maximum capture times vary with other settings.
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- - When Demod Type = FM Stereo / RDS, this
softkey sets the_type of audio to be captured and stored: (Choose
e [CRREREMMono (L+RIMLeft (L)Right (R)REWelDifference (L-R)
Or choose two channel: LR, Default = Mono (L+R). See

Stereo Channel Softkey Descriptions table.

Stereo Channel Softkey Descriptions:

Mono (L+R) Sets the audio recording to Mono (single channel) and
combining left and right speaker sounds. This is the
default.

Stereo (L&R) Sets the audio recorded to be stereo (two channels).

Left (L) Sets the audio to be recorded to be the left speaker only.

Right (R) Sets the audio to be recorded to be the right speaker
only.

Difference (L-R) Sets the audio to be recorded to be the value of the left
side minus the right side of the audio data (single
channel).

— Press FEA to return to previous menu.

— Then FIRSheE then

BFilenamel® Opens the filename labeler to specify a filename.

— nESEnJHO M| - Enables/disables a timestamp label on your
audio (.wav) filename.

- - Sets the storage device location for your audio
(.wav) file. Select (GEEWIINSD CardielgusEl

For more on file settings refer to Chapter 33, “File Management.”

How to Set the Demod Filters

The demodulation (Demod) filters and de-emphasis options help you
accurately recover and analyze the modulating signal. The demod filters apply
to all demod types (AM DSB, AM SSB, FM, FM Stereo and PM), while the
de-emphasis options only apply to the FM and FM stereo demod types.

— Press _ s Demod Filtershiglely
— [ MR ST ANGITE - then choose:

m No lowpass filter is selected.
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300 Hz 5-Pole Butterworth LPF with 3 dB cutoff frequency
of 300 Hz.

3 kHz 5-Pole Butterworth LPF with 3 dB cutoff frequency
of 3 kHz.

15 kHz 5-Pole Butterworth LPF with 3 dB cutoff frequency
of 15 kHz.

30 kHz 3-Pole Butterworth LPF with 3 dB cutoff frequency
of 30 kHz.

80 kHz 3-Pole Butterworth LPF with 3 dB cutoff frequency
of 80 kHz.

100 kHz 3-Pole Butterworth LPF with 3 dB cutoff frequency
of 100 kHz.

20 kHz 9-Pole Bessel LPF with 3 dB cutoff frequency of 20
kHz.

300 kHz 3-Pole Butterworth LPF with 3 dB cutoff frequency
of 300 kHz.

Custom 5-Pole Butterworth LPF with a custom 3 dB cutoff

frequency (determined by the LPF 3 dB Cutoff
setting).

— (NSRS Gliae  Oe0)Jols P — \When the Lowpass filter is set to
Custom, sets the customized LPF 3 dB cutoff frequency for the

lowpass filter (Default = 300 Hz; Minimum = 90 Hz, Maximum =
5 MHz).

— [aIfe i EEMINETANIGTE — then choose:

None No highpass filter is selected.

20 Hz 2-Pole Butterworth HPF with 3 dB cutoff frequency
of 20 Hz.

50 Hz 2-Pole Butterworth HPF with 3 dB cutoff frequency
of 50 Hz.

300 Hz 2-Pole Butterworth HPF with 3 dB cutoff frequency
of 300 Hz.

400 Hz 10-Pole Butterworth HPF with 3 dB cutoff
frequency of 400 Hz.

Custom 5-Pole Butterworth HPF with a custom 3 dB cutoff

frequency (determined by the HPF 3 dB Cutoff
setting).
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- - When the Highpass Filter is set to
Custom, sets the customized HPF 3 dB cutoff frequency for the
highpass filter (Default = 500 Hz; Minimum = 20 Hz, Maximum =
Varies, depending on the AF Span).

- - Sets the Bandpass Filter for the current
measurement (Choices: None, CCITT, A-Weighted, C-Weighted,
C-Message, CCIR-Tk Weighted, CCIR-2k Weighted, or CCIR
Unweighted). Default = None.

— [YFT® - FM and FM Stereo only. Opens a softkey menu to
enable/disable the De-Emphasis softkeys.

——[EE IR ESER IO - Enables/disables the de-emphasis
applied to the demodulated signal.

——pPHINTIEETNI - Sets the amount of de-emphasis applied to
the demodulated signal.

Setting the Marker Counter Gate Softkey

When AM Metric or FM Metric are selected, you can choose from the
following:

— Press - >
— Press _ > NS > Mty > [ e - Sets the AM

or FM Tune & Listen demodulated signal’s counter window time
(Minimum = 1 ms and Maximum = 2s; default = 100 ms).

The Counter Gate softkey is not available when AM Tune & Listen, FM
(narrow) Tune & Listen, or FM (wide) Tune & Listen are enabled. Refer to
Figure 9-9 on page 182.

See also, “How to use Marker Functions” on page 758.
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AM DSB (Metrics) - Demodulation Waveform
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Figure 9-8 FM (Metrics) - Demodulation Waveform

SA Ref -45.00 dBm Atten 0 dB

Freq Deviaton 4 899 kHz

Hz Demod
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Figure 9-10 Audio Capture with Annotation Examples

Thu, 10 Jun
Ref -50.00 dBm Atten 0 dB Demod Me

FM Demod Spectrum

1.500 kHz

FM Modulation Metrics
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Independent Source/Tracking Generator

184

For best results, when using the independent source feature, InstAlign and
the battery saver features should be turned off. Refer to “How to Access
Individual Alignments” on page 209 and “Preferences” on page 792.

This feature may require an option. For a comprehensive list, view the FieldFox
Configuration Guide at:
https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/
5992-3701.pdf

A tracking generator, a popular option with Spectrum Analyzers, is a source
which always tracks the SA receiver.

Like a traditional tracking generator, the Independent Source feature can set
the internal FieldFox source to track the SA receiver frequency range. It can
also set the internal source to a CW frequency that is independent of the SA
frequency.

Independent Source can be enabled ONLY when the FieldFox is in SA mode.

To view the internal source, you must connect a cable or device between the
RF Output connector and the RF Input connector.

How to make Independent Source Settings

— Press - >
e Source Enable ON OFF

- @ Turns ON the internal source.
- @ Turns OFF the internal source.
- Choose from the following:

- The internal source frequency can track the SA receiver.
Center frequency is annotated on the screen

- The source is set to a CW frequency independent from the SA
settings. is annotated on the screen.

—~ The source is set to a CW frequency, but that frequency
“tracks” the SA receiver Center Frequency settings. Therefore, the
signal always appears at center of the display. is annotated on
the screen.

- With Source Enable ON and Source Mode = Tracking,
Normalize ON stores the current measurement trace into Trace 4 in View
state as a reference trace. All subsequent trace measurements subtract
this Trace 4 reference trace, and therefore become relative to it. S9N is
annotated on the screen. Normalize is automatically turned OFF when the
frequency range or Resolution is changed. Learn more about Trace Display
States in “Trace Display States (SA Mode)” on page 201.
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- Sets the source power level. Choose from:

- Enter a value from -60 dBm to 10 dBm using the numeric

keypad, [al¥] arrows, or the rotary knob'. The source power is
reasonably flat across the frequency span.

— WYY The power level is set to the maximum achievable power level at
each frequency. This results in the power level NOT being flat across
the frequency span.

- Sets the CW frequency that is used when Source Mode is

set to CW.
NOTE By default, the source output will turn off momentarily at the end of each
IQA and SA sweep and also every 300 seconds during the InstAlign
process.

To cause the source to stay ON at the end of each sweep, turn battery saver
OFF. (Learn more in “How to Access Individual Alignments” on page 209.)

— Press - > [MEEENNES > [MEEEEES then

— Inthe table, select Battery Saver. Press [lslafBattery Saver ON OFF
To suspend InstAlign: (Learn more in “How to Access Individual
Alignments” on page 209.)

— Press -
I BAmMptd Alignment OFF|

Resolution Bandwidth (Res BW)

In SA Mode, the Res BW provides the ability to resolve, or see closely spaced
signals. The narrower (lower) the Res BW, the better the spectrum analyzer can
resolve signals. In addition, as the Res BW is narrowed, less noise is measured
by the spectrum analyzer ADC and the noise floor on the display lowers as a
result. This allows low level signals to be seen and measured. However, as the
Res BW is narrowed, the sweep speed becomes slower. See “Very Long Sweep
Times” on page 193.

How to set Res BW
1. Press - JRes BWH

2. Then choose from the following:

- Res BW is coupled to the frequency span. As the frequency
span is narrowed, the Res BW is also narrowed providing increased
ability to resolve signals.

To change this setting from Man to Auto, press Res BW twice.

1. N995xB/6xB cannot have the Leveled value set lower than -35 dBm.
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— [YET) Enter a Res BW value using the numeric keypad, the &¥]
arrows, or the rotary knob. Then press a multiplier if necessary or
press

The current Res BW setting is shown at the bottom of the screen.
#Res BW x.xx XHz (#) means manual setting.

This setting could impact the accuracy of the measurement. See Specifications
in Appendix B.

The Res BW setting also affects the Sweep Type setting. Learn how in
“Sweep Type” on page 187.

Video Bandwidth (Video BW)

Video BW is a smoothing operation that is performed after measurement data
is acquired. The trace data is effectively smoothed so that the average power

level of the displayed noise is the same, but the peaks and valleys of adjacent
data points are smoothed together. More smoothing occurs as the Video BW is
set lower. However, as the Video BW is narrowed, the sweep speed becomes

slower.

How to set VBW

1. Press -

2. Then Vils[Xe =AM

3. Then choose from the following:
— [i0ife] Couples Video BW to the ResBW in a 1-to-1 ratio.
— [YBY Enter a Video BW value using the numeric keypad, the &L¥]

arrows, or the rotary knob. Then press a multiplier if necessary or
press . Setting VBW higher than RBW may smooth the trace.

To change this setting from Man to Auto, press Video BW twice.

The current Video BW setting is shown at the bottom of the screen.
# VBW x.xx XHz (#) means manual setting.

When the Res BW/Video BW ratio exceeds 10,000, a [HEEEISNSE waming
may appear to indicate that the Video BW filter has reached the maximum
capacity for averaging.

AF RBW (Audio-Frequency Resolution BW)

AF RBW - sets the audio-frequency resolution bandwidth for the selected
frequency (Default = Auto).
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How to set AF RBW
1. Press - JAF RBW|

2. Then choose from the following:

- Couples AF BW to the Resolution BW in a 1-to-1 ratio.

— [YET) Enter a AF BW value using the numeric keypad, the &[¥]
arrows, or the rotary knob. Then press a multiplier if necessary or
press . Setting AF BW higher than RBW may smooth the trace.

To change this setting from Man to Auto, press AF RBW twice.

The current AF RBW setting is shown at the bottom of the screen.
# AF RBW x.xx XHz (#) means manual setting.

When the Res BW/AF RBW ratio exceeds 10,000, a [[EEEISIMSE vaning may
appear to indicate that the AF RBW filter has reached the maximum capacity
for averaging.

Sweep Type

In SA mode, the FieldFox uses two sweep types to process inputs signals. The
sweep type that is currently being used (FFT or Step) is displayed in the
lower-left corner of the FieldFox screen.

For a more comprehensive tutorial, see Spectrum Analysis Basics (App Note
150) at
https://www.keysight.com/us/en/assets/7018-06714/application-notes/595
2-0292.pdf

How to set Sweep Type
(Y1175 B AdvancedbSweep Type

2. Then choose from the following:

- The FieldFox selects the most efficient sweep type based on
the Res BW. When Res BW is set to 200 kHz and below, FFT sweep
type is selected. Above 200 kHz, Step sweep type is being
performed.

- @ The FieldFox uses FFT sweep type regardless of the Res BW.

— B89 The FieldFox uses Step sweep type regardless of the Res BW.
This is useful for capturing impulsive noise that may be generated
from nearby electrical equipment.
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Oversweep

In SA mode, the FieldFox uses Oversweep to quickly analyze input signals.
Oversweep is meant to verify that your setup is correct, but Oversweep is not
meant to be as accurate as FFT and Step sweeps. See also, “How to set Sweep
Type” on page 187.

How to set Oversweep

1. Press - > then

2. Press —To enable/disable the Oversweep. Over sweep enables
you to quickly evaluate your setup.

IF Output

The FieldFox IF (intermediate frequency) can be output for external signal
processing. The signal is available from the IF Out connector on the FieldFox
right-side panel. See the connector in “Right Side Panel” on page 42.

The IF Out signal, centered at approximately 33.75 MHz (Narrow) or 225 MHz
(with Wide path Option BO4 or Option B10), is simply a down-converted
version of the RF Input signal that is present at the tuned frequency.

While outputting an IF signal, the FieldFox stops performing the InstAlign
process. Therefore, the amplitude of traces on the FieldFox screen is NOT
accurate and [[EEEESIEN 2ppears on the screen to indicate this. Learn more
in “Individual Alignments” on page 208. See also Figure 9-11 on page 189.

Learn more about the IF Output frequencies and bandwidths in the
Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.
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Figure 9-11 IF Output Wide with CF=225 MHz (Requires Option BO4 or Option B10)

Ref 0,00 dBm Atten 10 dB

fn

l'lfalll \!" li“l

How to select IF Output

The IF Output signal is useful only in Zero Span. Learn more about Zero Span in
“Zero Span Measurements” on page 193.

At least one sweep must be made in order to tune the FieldFox.
1. Press->>m
2. Then choose from the following:

- @ The translated IF signal at the IF OUT connector is no longer
guaranteed to be centered at 33.75 (Narrow) or 225 MHz (Wide).
Requires Option BO4 or B10 respectively.

— [YEFRZ The IF output signal has approximately 10 MHz bandwidth.

— VIR Requires BO4 or B10. The IF output signal has approximately
100 MHz bandwidth with either BO4 or Option B10.
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Figure 9-12 SA Display Wide BW IF Out - Center Frequency 4 GHz (Requires Option B10)

Ref -10.00 d&m #atten 0 dB
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SA Display Wide BW IF Out - Center Frequency 10 GHz (Requires Option B10)

Fef -10.00 dém #atten 0 dB

Sweep Acquisition

Available only in non-zero span measurements, when Sweep Acquisition is set
to Auto, the fastest sweep rate is achieved while maintaining full amplitude
accuracy.

For zero span measurements, refer to “Zero Span Measurements” on
page 193.

However, you can adjust this setting in order to increase the probability of
intercepting and viewing pulsed RF signals.

For example, with SwpAcquisition set to Auto a pulsed GSM signal is NOT
visible on the FieldFox screen, as shown in a blue trace in the following image.

While watching the trace, increase the SwpAcquisition value until the pulse
spectrum rises out of the noise and reaches its maximum level. Increasing the
SwpAcquisition value beyond this point only slows the update rate (increases
the actual Sweep time readout) but does not improve measurement quality.
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Figure 9-14 GSM Signal in Framed Data Format

Ref-10.0 cBm  Aten S cB M1: 1900.000 MHz -25.439 dBm
B IR TVRNN SN NORRNE NSNS SNTIOR SO S NS
. ! - SwpAcquisition S0

; E'.‘:L.*:‘:\éﬁf;t.'lﬁllrtil’l"ﬂlﬂﬁ\-?:;‘

A IV

Center 1.900 GHz Span 1.000 MHz
FRes BW 10000 kHz2 VEW 10,00 kHz #5wp 341.0 ms (401 pts)

In the graphic above, a GSM signal in a framed data format; timeslot zero ON,;
all others OFF;

PRF =218 Hz, Duty Cycle = 12.5%. The pulsed signal becomes visible on every
sweep update with SwpAcquisition = 50.
How to set Sweep Acquisition

SwpAcquisition is NOT an absolute measure of time, but a relative number
between 1 (fastest) and 5000 (slowest) sweep time. The actual time that was
required to complete a sweep is annotated on the screen.

1. Press -
AR EIISwWpAcquisition Auto Man

3. Then choose from the following:

- X% Sweep is set to the fastest sweep possible with the
current settings.

— [YET Enter a relative acquisition value between 1 and
5000, where:

— Man Enter a relative acquisition value between 1 and 5000, where:
— 1 = Fastest sweep possible
— 5,000 = Slowest sweep possible

— #is shown in front of the actual sweep time to indicate a
manual setting.
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Some Detector and Video Bandwidth settings will raise the Auto Sweep
Acquisition value greater than 1. In these cases, manually setting Sweep
Acquisition lower than the Auto value may have NO effect.

Measurement speed specifications do NOT apply in Temperature Control
Mode. Learn more in “Temperature Control Mode” on page 33.

Learn more about SA mode SwpAcquisition time in the Supplemental Online
Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.

Very Long Sweep Times

Two primary settings are responsible for the sweep time: Res BW and
SwAcquisition.

— When the sweep time exceeds 1200 seconds (20 minutes), an informational

message: [IENICIIESMNSSIEEEN s annotated on the screen

for the duration of the sweep.

— When the sweep time exceeds 4000 seconds (about 1 hour), HEEEISEEE
is annotated on the screen. Accuracy cannot be guaranteed.

— InstAlign is always performed only at the beginning of the sweep regardless
of the sweep time. Learn more in “How to Access Individual Alignments”
on page 209.

Zero Span Measurements

When setting the frequency span to Zero, there is NO spectrum of frequencies
to display, so the X-axis units becomes Time. The SA becomes like a tunable
oscilloscope, with the center frequency being the frequency of interest. This
capability is useful for analyzing modulation characteristics, such as pulsed
measurements.

For non-zero span measurements, refer to “Sweep Acquisition” on
page 191.
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Figure 9-15 GSM Signal, Framed Data Format

194

Ref-10.0 dBrm  Atten 5 dB

ML: 346666 wec  -0020dB M4 =0ff

2 1733.334 e 1,269 0B M5 =0ff

M3 =0ff M =0ff
Center 1,900 GHz Span 0,000 Hz
#fes BW 1000 kHz VBW 1000 kHz Swp 4.000 ms (601 pts)

The graphic above shows a GSM signal, framed data format, with timeslot O
and 3 “on”. Sweep Time is set to approximately the frame interval. Press Single
several times until the waveform section of interest is viewable and stable.
Then markers can be used to measure the timeslot width and interval as
shown.

How to set Zero Span
— Set to the frequency of interest
— then set 98 to 0 Hz

— or select MI(YAERETEN. Each key press toggles the frequency span
between 0 Hz and the last specified frequency span.

How to change Sweep Time in Zero Span

~ Press BWeep8
— Then TR

— Enter a value using the numeric keypad. Sweep time is limited to 1000
seconds for N991xB/2xB/3xB models.

— Then select a multiplier key. Learn more in “Multiplier Abbreviations” on
page 46.

Learn more about SA mode Sweep Time in the Supplemental Online Help:
https://rfmw.em.keysight.com/wireless/helpfiles/FieldFoxOnlineSupplement
alHelp/Home.htm.
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Triggering

SA STEP sweeps do not have trigger behavior. So, they are essentially always in
“FREERUN" mode. If you try to set a trigger (other than FREERUN) in SA Step
sweep, the FieldFox displays the following popup message:

"Note: Trig Type has no effect while in STEP sweep mode"

External, Video, and RF Burst triggering allows you to initiate an SA mode
sweep using an external event such as a signal burst.

All three trigger types can be used in either Zero Span (time domain) or FFT
frequency sweeps. Learn more in “Zero Span Measurements” on page 193.
Learn more in “Sweep Type” on page 187.

FFT Gating is available for non-zero span measurements. Learn more about
FFT Gating in “FFT Gating (Opt 238)” on page 199.

Trigger Type
— Press - > I Trig Type

— Then choose from the following:

- Triggering is provided by the FieldFox internal circuitry. A
new sweep begins when the previous sweep ends.

- A sweep is triggered on an external TTL signal at the Ref
In/Trig In connector on the FieldFox top panel. Choose to trigger on
the rising slope at about 1.7 V or on the falling slope at about 1.0 V
using the Trigger Slope setting (below).

- sets a trigger that repeats at the period rate entered.
Periodic trigger's phase can be altered by the Offset value.

The following two selections are similar in that they both trigger a sweep from
a signal at the SA RF Input connector. Experiment with both selections to find
the best trigger type for your application.

— NP A sweep is initiated when the displayed amplitude of an incoming
signal crosses the settable Trigger Level. This selection can detect
low-amplitude signals, but also has been filtered considerably and may not
be a true representation of the incoming signal.

— [TEEMES A sweep is initiated when the signal at the third IF (analog) stage
crosses the settable Trigger Level. This selection offers a wider bandwidth
and may be a better representation of the incoming signal than Video
trigger. However, RF Burst is not as sensitive to triggering on low-level
signals.
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Sync

This softkey is ONLY available when Trigger Type is set to Periodic. SA
STEP sweeps do not have trigger behavior. So, they are essentially always
in “FREERUN" mode. If you try to set a trigger (other than FREERUN) in SA
Step sweep, the FieldFox displays the following popup message:

"Note: Trig Type has no effect while in STEP sweep mode"

Selects the type of signal the periodic trigger is synchronized.
— [ No synchronization is selected for a Periodic trigger.

- A sweep is triggered on an external TTL signal at the Ref In/Trig In
connector on the FieldFox top panel. Choose to trigger on the rising slope
at about 1.7 V or on the falling slope at about 1.0 V using the Trigger Slope
setting (below).

— TR uses an alignment process which is performed in the background
to set the detected signal level accuracy. Learn more in “RF Burst
Amplitude Alignment” on page 210.

— [TIXEYER Periodic trigger is synchronized to a 1 pulse per second GNSS
signal.

Trigger Slope
This softkey is unavailable when Trigger Type is set to Periodic.

Trigger Slope determines which edge of an External, Video, or RF Burst trigger
signal initiates a sweep.

O M rigger SettingsEYTrig Slope

2. Then choose from the following:

- @ Sweep is triggered by the rising (positive) edge of signal.
- @ Sweep is triggered by the falling (negative) edge of signal.

Trigger Delay

After a valid trigger signal is received, the sweep begins after the specified
Trigger Delay time.

To see the rising edge of a repetitive signal which is triggered on that edge,
enter a negative trigger delay value (also known as pre-trigger). Adjust the
sweep time to observe the pre-trigger time if necessary.

N MiTrigger Settingsk3ria Delay
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2. Enter a value using the numeric keypad, the [aol¥] arrows, or the rotary
knob.

3. Then select a multiplier key or press - Learn more in “Multiplier
Abbreviations” on page 46.

In Zero span, you can use Trigger Position as an easy way to set Trigger Delay
by positioning the trigger event on the FieldFox screen. See “Triggering” on

page 195.
Period

NOTE This softkey is ONLY available when Trigger Type is set to Periodic.
Sets the length of time in seconds before a waveform repeats. (default =
20.00 ms).
Offset

NOTE This softkey is ONLY available when Trigger Type is set to Periodic.

Sets the periodic trigger offset. (default = 0.00s)

Trigger Level

Used with Video and RF Burst triggering, a sweep is initiated when an
incoming signal crosses this level. The units depend on the Units setting. Learn
more in “Scale and Units” on page 157.

RF Burst Trigger Level uses an alignment process which is performed in the
background to set the detected signal level accuracy. Learn more in “RF Burst
Amplitude Alignment” on page 210. Video Trigger Level is a zero span signal
level comparison. Therefore, the sweep will trigger close to the displayed level
in zero span measurements. In non-zero span measurements, processing can
cause broadband signal energy to display at lower power levels than the
originating time domain signal. Therefore, you may need to set the trigger level
higher than the displayed level.

- PTrigger SettingsTriq Level

2. Enter a value using the numeric keypad, the [aol¥] arrows, or the rotary
knob.
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3. Then select a multiplier key or press - Learn more in “Multiplier
Abbreviations” on page 46.
Auto Trigger Time

While waiting for a valid trigger signal, is annotated in the top left corner
of the FieldFox screen.

If a valid trigger signal is not received before the specified Auto Trig Time, a
sweep will occur automatically.

Enter 0 to set Auto Trigger OFF. When Auto Trigger is OFF, the FieldFox does
NOT sweep unless a valid trigger signal is received.

(RIS -1 BTrigger SettingsBdAuto Trigger [current setting

2. Enter an Auto Trig Time using the numeric keypad.

3. Then select a multiplier key. See “Multiplier Abbreviations” on page 46.

Trigger Position

Available ONLY in zero span measurements, this setting is an easy way to
automatically set the Trigger Delay by positioning the trigger event (also
known as T-zero) at any graticule along the X-axis. With T-zero in the center of
the screen, you can zoom in and out by increasing or decreasing the sweep
time. Using the Trigger Position and Sweep Time settings is a quick and
efficient way to examine artifacts of a pulse, much easier than trying to set the
Trigger Delay manually.

When Trigger Position is set to OFF, the Trigger Delay softkey is not available.
The amount of Trigger Delay that is being used is displayed on the softkey. The
Trigger Position is annotated on the screen. Learn how in the following section.

1. Press->

2. Then LI I2Sn9s. If Sweep Time is longer than 0.15 sec, this softkey is
grayed out.

— ON: The position of T-zero is set by the trigger delay.
— OFF: Select, then enter a position value from 0 to 10 using the
numeric keypad, the [a1¥] arrows, or the rotary knob.
— 0: T-zero occurs at the left graticule.
— 5:T-zero occurs at the center of the screen.

— 10: T-zero occurs at the far right graticule.

— Then press -
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Trigger Settings Annotation

Trigger settings are annotated on the FieldFox screen as highlighted in [f8l in
the following image:

Atten 10 dB

)’
i

e
IARIALL

— Square: Trig Type (VidT), AutoTrigger (a), Pos Slope (/), Neg Delay (delay-)
— Horizontal arrow: Trig Level (green horizontal graticule at -20 dBm)

— Vertical arrow: Trig Position T-zero indicators (green arrows at 2nd vertical
graticule)

FFT Gating (Opt 238)

Time-gated spectrum analysis allows you to obtain spectral information about
signals occupying the same part of the frequency spectrum that are separated
in the time domain. Using an external trigger signal to coordinate the
separation of these signals, you can perform the following operations:

— Measure any one of several signals separated in time; for example, you can
separate the spectra of two radios time-sharing a single frequency.

— Measure the spectrum of a signal in one time slot of a TDMA system.

— Exclude the spectrum of interfering signals, such as periodic pulse edge
transients that exist for only a limited time.

FFT Gating is a simple, efficient way to set the proper amount of trigger delay
and capture time so that signal artifacts of a repeating waveform or pulse can
be examined in the frequency domain. Learn more about trigger settings in
“Triggering” on page 195.

For best results, Auto Trigger should be used with this feature to ensure that
the sweep does not wait indefinitely for a trigger. Set Auto Trigger to a time
that is longer than the expected periodic rate of the signal. This is especially
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important when using RF Burst or Video triggering in wider spans, because the
signal providing those triggers has limited bandwidth. Learn more about Auto
trigger in “Auto Trigger Time” on page 198.

For more conceptual information on this topic, please refer to Spectrum
Analysis Basics (App Note 150), pages 31 - 35, at
https://www.keysight.com/us/en/assets/7018-06714/application-notes/595
2-0292.pdf.

How to set FFT Gating

1. Create a non-zero span measurement. Wider frequency spans take more
time to acquire.

2. Press - > e FFT Gating Setup

3. Then choose from the following:

- When ON, a separate zero span measurement is
displayed below the non-zero span window. The gate view
measurement helps to configure the gate width and delay by
revealing (with green markers) the location of the gate relative to
the trigger event. The zero span measurement is tuned to the center
frequency of the non-zero span measurement with about 5 MHz of
bandwidth. The Y-axis scale is the same for both windows.

— [CERCRVUEVYANNTE Set the X-axis span for the non-zero span window.

Enter a value using the numeric keypad, the [A[¥] arrows, or the
rotary knob. This value is annotated as Swp (nn) below the window.

— [AMcEWhl-HeIdHeO]| When ON, the trigger type, gate width, and
delay are applied to the non-zero span measurement. The Res BW is
set to a value that is inversely proportional to the gate width.

— [eELCAWIGIG) Set the width of the gating area within the non-zero
span window. The gating area is indicated by two vertical green

lines. Enter a value using the numeric keypad, the [A[¥] arrows, or
the rotary knob.

- Effectively moves the gating area left (negative delay) or
right (positive delay) relative to the trigger event. Enter a value

using the numeric keypad, the [a]1¥] arrows, or the rotary knob.

When you have properly setup the Gate Trigger, Width, and Delay using the
Gate View measurement, you can turn Gate View OFF to return to the full
screen non-zero span measurement with FFT Gating ON, the RBW set, and the
Trigger settings active.
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Single / Continuous / Restart

This setting determines whether the FieldFox measures continuously or only
once each time the ST or RURJAHGIAS/A button is pressed. Use Hold /
Single or to conserve battery power or to allow you to save or analyze a
specific trace.

How to set Single or Continuous

1. Press -

2. Then choose one of the following:

e continuous

— [ Causes the SA to make continuous sweeps. This is the
typical setting for making measurements. Each
press causes the SA to toggle between continuous
sweep and Hold.

— [T Causes the SA to Hold. Each RunJ/iHold#/3 or Y

press causes the SA to make ONE sweep, then Hold. The
Hold annotation changes to an arrow --> while the sweep
occurs.

— BPE Automatically sets Continuous OFF and causes the SA to
make ONE sweep, then Hold.

- Resets the Average counter to 1. The Average counter also
is used with MaxHold and MinHold Trace States. Learn more in
“Average Count” on page 204.

Points

Points is the number of measurements that are displayed along the X-axis. The
higher number of data points, the better the ability to resolve closely spaced
signals and the slower the sweep speed.

How to set number of points

1. Press - i gPoints |current setting

2. Then choose from:

101 | 201 | 401 | 601 | 801 | 1001

- to enter a trace points value manually (Maximum = 20001).

Trace Display States (SA Mode)

In SA Mode you can display up to four of the following types of trace states. All

SA trace settings can be independently reset (either automatically, or
manually) for each trace counter (MaxHold8MinHoldReIgAverage|RWiIIeINls
resetting any other traces.
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Additionally, this independent trace feature provides:

— annotates ONE such trace counter as the minimum trace count of all of the
traces (even if multiple counters are active)

— automatically RESET any single Trace counter when parameter couplings
dictate that a counter needs to be reset (e.g., TraceMode [s}@TraceDetecto
changes)

— enables a user to manually reset a single Trace, via the Trace State menu
selection (Elirace > TO®)

— amanual reset is performed by pressing the same trace again (i.e.,
trace state is already enabled), and the selection softkey says “Reset” or
“Reset Count” as a hint to the user

Figure 9-16 Trace State Reset Softkeys

A color-coded legend for displayed traces is visible in the left pane of the SA
mode screen:

W = Clear/Write; M = MaxHold; m = MinHold; A = Average; V = View

How to display the Trace States

1. Press -

2. Then LMW RRE repeatedly to select a trace number to display or
change its state. Traces are displayed in the following colors:

— Trace 1 - Yellow Trace 2 - Blue

— Trace 3 - OfdNgeé  Trace 4 - GiGeR
KRN )State [current setting

4. Then choose from the following Trace States:

— [(oAI@A'; (Clear/Write) Displays the actual measured data for each
sweep.

— [VEWGRIE Displays the maximum response of the input signal at each
data point over multiple sweeps. See also Average Count in
“Average Count” on page 204.
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— VIXERIE] Displays the minimum response of the input signal at each
data point over multiple sweeps. See also Average Count in
“Average Count” on page 204.

- Each data point is averaged over multiple sweeps as set by
the Average Count setting. Learn more in “Average Count” on
page 204.

- Displays and then holds the last complete measurement trace
on the screen. This is similar to storing a trace in memory.

— [EIERY Displays no trace.

5. Press DI to return all traces to their default settings: Trace 1
(Clear/Write); all other traces (Blank).

Trace 4 data WILL be overwritten by the FieldFox when using the
Independent Source Normalize feature (“Independent Source/Tracking
Generator ” on page 184) or using Field Strength antenna or cable
corrections (“Field Strength Measurements” on page 161).

Average Type
In SA Mode, there are four different processes in which Averaging is performed:
— Average Traces - Learn more in “Averaging” on page 222.

— Detection Method Averaging — Learn more in “Detection Method” on
page 212.

— Noise Marker Averaging - Learn more in “Noise Marker” on page 216.

— Video BW filtering (for non-Zero Span measurements) - Learn more in
“Video Bandwidth (Video BW)” on page 186.

There are three types of mathematical averaging that can be performed - Log,
Linear, or Voltage (see “How to set Average Type” on page 203). Select ONE
of these types and it is used for all of the above averaging processes.

How to set Average Type
NS T B Average Type [current setting]

2. Then choose from the following:

- - The FieldFox chooses the most appropriate type of averaging
for the current settings. When Detection Method is set to Average, a
Noise Marker is present, or a Channel measurement is active, then
Power Average is ALWAYS selected. Otherwise, Log Average is
selected.

- @ Averaging - Best for displaying Trace Averaging. jij]saY] is
shown on the left side of the FieldFox screen when selected.
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— [T (Linear) Averaging - Best for measuring true power levels.
Used in Detection Average and Noise Marker Average.
Mathematically, trace noise is 2.5 dB higher than when using Log
Average. PAvg is shown on the left side of the FieldFox screen when
selected.

- Averaging - Converts the amplitudes to a magnitude unit
before averaging (e.g., Volts, Amps, microVolts, milliVolts, etc.)
idZa\e| annotation is displayed.

Average Count

The Average Count setting is used mainly with the Average Trace State
described in “Trace Display States (SA Mode)” on page 201. In this Trace
State, the Average Count setting determines the number of sweeps to average.
The higher the average count, the greater the amount of noise reduction.

When Trace (display) State is set to Average, MaxHold, or MinHold, the
average counter is shown in the left edge of the screen below the Average
Type.

For all three of these Trace States, when SWeepa is set to OFF,
press [EraeN to reset the sweep count to 1, perform <n> sweeps, then return
to [Held.

How to set Average Count

1. Press _ dAverage Coun

2. Enter a value from 1 to 10,000 using the numeric keypad, the [A[¥] arrows,
or the rotary knob.

3. Press -

Alignments

To better reflect the enhancements implemented during the alignment
process, for firmware versions >A.10.15 “IF Flatness Alignment” is now
referred to as “Channel Equalization” or “Channel Equalization Alignment”

(ChanEQ Alignment)R

This section contains the following:

— “Overview” on page 204

— “All Alignment and Align All Now” on page 208
— “Individual Alignments” on page 208

Overview

The alignments softkeys are located by pressing the - hardkey.
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All Alignment or Align All Now corrects for receiver drift over temperature and
time. SA measurement applications monitor changes in internal temperature
and the time since last alignment update and trigger the need for a new
update when the alignment becomes stale. The alignment is deemed stale
after a significant change in temperature or a significant time elapsed from the
last update. The temperature change and time duration necessary to trigger an
alignment update is predetermined in the factory. Until the update is
performed, annotation indicating “questionable amplitude” is displayed

AMPTD?

When All Alignment is enabled (by default) the FieldFox performs an
alignment process using the internal RF source. Although some sweeps are
delayed, measurement results are never disturbed.

If the Independent Source (tracking generator) is enabled for your
measurement, it will be borrowed to perform the alignment. Again, the
measurement results are not disturbed. Learn about the Independent Source in
“Independent Source/Tracking Generator ” on page 184.

The alignment process can be disabled. You may want to do this, for example,
if you are analyzing the amplitude stability of a signal.

SA and all modes built on its infrastructure require three types of alignments:
— InstAlign Amplitude Alignment

— RF Burst Amplitude Alignment

— Channel Equalization

These are referred to as T NEATTR.

All three or a subset of the individual alignments are required for each specific
mode, depending on the type of measurement supported by it:

SA:

— InstAlign Amplitude Alignment

— RF Burst Amplitude Alignment
RTSA:

— InstAlign Amplitude Alignment

— WidePath Burst Trigger Alignment
— Channel Equalization

Channel Scanner:

— InstAlign Amplitude Alignment
EMI Measurements:

— InstAlign Amplitude Alignment

— WidePath Burst Trigger Alignment
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— Channel Equalization

ERTA:

— InstAlign Amplitude Alignment
IQA:

— InstAlign Amplitude Alignment
— RF Burst Amplitude Alignment
— Channel Equalization

Built-in Power meter

— InstAlign Amplitude Alignment

Default settings and recommended use model for many applications:
— Coupled individual alignments

— Coupled state is Auto

— Individual alignments are not accessible via front panel soft-keys

— Individual alignments cannot be UnCoupled

For special cases, the individual alignments can be accessible via the front
panel soft-keys using the Preference setting SA - Individual Alignment
Control > On/Off. This enables a soft-key for access to Individual Alignments
when this preference is set to ON: Cal 5 > Individual Align. For more refer to
“Preferences” on page 792, in Chapter 31 System Settings.

The individual alignments may be:
— Coupled (default) - when they are in the same state, or

— Uncoupled - when at least one of them is in a different state than the other
ones

— Executed on demand, all of them, using the m softkey.
Each of the individual alignments:
— could be in one of three states:
— Off - the alignment is not applied and is not updated automatically

— Auto (default) - the alignment will be updated over time and
temperature as needed, no user interaction required

— Hold - the unit holds the alignment values from the last
alignment-execution and does not execute another alignment
automatically

— can be updated on demand using the corresponding [XIE N soft-key.
Refer to “Individual Alignments” on page 208.
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— The INIAIETATAENE soft-key has the following functionality:

— when the individual alignments are Coupled, the state of all of them
can be changed simultaneously using the NI MR soft-key
sub-menus

— when the individual alignments are UnCoupled, they will be coupled
when using the (XWX soft-key sub-menus and their state
will be simultaneously changed accordingly
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All Alignment and Align All Now

IMPORTANT! It is recommended that you use m because it
mcludes the individual allgnment InstAlign , as well as,

, and . But, if you would prefer to have
manual control over the individual alignments, then refer to the SA
Individual Alignment Control setting in “Preferences” on page 792, in
Chapter 31 System Settings.

The notification displayed on screen means the InstAlign
amplitude alignment or channel equalization is stale (if its state is Hold)
and requires an update or it is in the OFF state. This situation does not
occur when the respective alignment is in the Auto state. To clear this
notification, press the Align All Now softkey.

How to set All Alignment and Align All Now

— Press -

— Then MIWATTntnd PTG (to enable or disable the All Alignment) -
Default is Auto.

— or

— Then NI (to manually perform an Align All Now.) This performs
an alignment on all three individual alignments: Amptd Align Now, Burst
Align Now, and ChanEqg Now). Refer to “Individual Alignments” on
page 208.

— Press -

If you want to disable the All Alignment [Auto], you can do so in the FieldFox
preferences (i.e., you may want to do this, for example, if you are analyzing the
amplitude stability of a signal).

Refer to the SA Individual Alignment Control setting in “Preferences” on
page 792, in Chapter 31 System Settings. See also, “Individual Alignments”.

Individual Alignments

IMPORTANT! It is recommended that you use NI uE cd e or [T
NI in lieu of the individual alignments
[XTETANESY, and [(ETa e WD), because All Alignment Auto and
Align All Now mcludes the individual allqnment InstAlign

NowlB ,and [ . But, if you would prefer to
have manual control over the individual alignm alignments, then refer to the SA
Individual Alignment Control setting in “Preferences” on page 792, in
Chapter 31 System Settings.

The Individual Alignment softkey is only available, when the preference SA
- Individual Alignment Control is set to On in the FieldFox Preferences
menu. Refer to “Preferences” on page 792, in Chapter 31 System Settings.
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How to Access Individual Alignments

This section assumes access to individual alignments was activated using the
FieldFox’s system settings’ Preferences. Once enabled, an Individual
Alignments softkey is displayed. Refer to “Preferences” on page 792, in
Chapter 31 System Settings.

1. Press -
2. Then [l Rl VEIWN14]

KR NERIAmptd Align Nowfels

Then HTEFT NN AEY or

liEIiiChanEqg Align No
4. Press -

How to make Amplitude Alignment settings

During continuous sweep (“acquisition” for IQA) operation, automatic
Alignments will NOT interrupt the ongoing measurement, but when
necessary, will occur opportunistically as settings are changed. When no
automatic alignment updates occur, existing alignments can become stale
over time and temperature drift, so a warning annotation on the left panel
will light up indicating that alignments need updating.

SA, IQA, RTSA, and other modes use a proprietary amplitude alignment
algorithm to make extremely accurate amplitude measurements over the full
frequency range of the FieldFox.

These settings do NOT survive a Preset or Mode Preset.
1. Press - Mlindividual Align®Amptd Alignment

2. Then choose from the following:

- (Default setting) Alignments are required and are performed
automatically, when necessary, at times when interrupting the RF
Output is deemed acceptable. The alignment process is performed
opportunistically when changes in settings require the
measurement to stop momentarily and a significant time elapsed
since the last alignment (predetermined in the factory) or the
internal instrument temperature has changed sensibly
(predetermined in the factory).

Some examples of the conditions when alignments occur are: This
could be a Center frequency change, or it could be as simple as
requesting a Single sweep. Also, unique alignments are required at
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different FieldFox receiver frequency bands, so even if the
temperature hasn't changed, an alignment may be required when
one changes the Center frequency.

If a needed alignment cannot be performed, the user is notified
about questionable amplitude \VIHI®¥.

- E Alignments are not performed. The most recent alignment
result is cleared. Only factory corrections are applied to SA Receiver
measurements. Questionable amplitude is always
displayed.

— [EFIE The alignment process is stopped, but the last alignment
values are applied to subsequent sweeps.

— LXnaleads WAV [aMN ) An alignment is performed immediately, thus updating
(clearing) any questionable amplitude status. If the Mode was previously
Off, it is changed to Hold.

is annotated in the lower left corner of the FieldFox screen when
amplitude alignment is questionable. This is always true when OFF, and is
conditionally true in Auto or Hold when the most recent alignment is deemed
stale.

RF Burst Amplitude Alignment

RF Burst alignment calibrates the circuitry to provide accurate external RF
Burst triggering. Learn more about RF Burst triggering in “Triggering” on
page 195.

When enabled (by default) the FieldFox performs an alignment process using
the internal RF source. Although some sweeps are delayed, measurement
results are never disturbed.

If the Independent Source is enabled for your measurement, it will be borrowed
to perform the alignment. Again, the measurement results are not disturbed.
Learn about the Independent Source in “Independent Source/Tracking
Generator ” on page 184.

The alignment process can be disabled. You may want to do this, for example,
if you are analyzing the amplitude stability of a signal.

How to use Burst Alignment settings

These settings do NOT survive a Preset or Mode Preset.

1. Press - idIndividual AligngBurst Alignment

2. Then choose from the following:
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- (Default setting) SA measurement applications monitor
changes in internal temperature and the time since last alignment
update and trigger the need for a new update when the alignment
becomes stale. The alignment is deemed stale after a significant
change in temperature or a significant time elapsed from the last
update. The temperature change and time duration necessary to
trigger an alignment update is predetermined in the factory.

- @ The alignment process is NOT performed. Only factory
correction values are used.

— [EM% The alignment process is stopped, but the last alignment
values are applied to subsequent sweeps.

IS FNLRENY An alignment is performed once and applied to subsequent
sweeps.

Channel Equalization (IQA and RTSA Only)

During continuous sweep operation for RTSA and continuous acquisition
for IQA, automatic Alignments will NOT interrupt the ongoing
measurement, but when necessary, will occur opportunistically as settings
are changed. When no automatic alignment updates occur, existing
alignments can become stale over time and temperature drift, so a
warning annotation on the left panel will light up indicating that
alignments need updating. When alignments need updating, you will see a
“Channel Equalization” or “ChanEq” error message displayed.

IQA and RTSA modes use proprietary channel equalization algorithms to make
extremely accurate channel measurements over the full frequency range of the
FieldFox.

How to use Channel Equalization Alignments settings

These settings do NOT survive a Preset or Mode Preset.

1. Press - dIndividual AligngdChanEq Alignment

2. Then choose from the following:

- (Default setting) SA measurement applications monitor
changes in internal temperature and the time since last alignment
update and trigger the need for a new update when the alignment
becomes stale. The alignment is deemed stale after a significant
change in temperature or a significant time elapsed from the last
update. The temperature change and time duration necessary to
trigger an alignment update is predetermined in the factory.

Some examples of the conditions when alignments occur are: This
could be a Center frequency change, or it could be as simple as
requesting a Single sweep. Also, unique alignments are required at
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different FieldFox receiver frequency bands, so even if the
temperature hasn't changed, an alignment may be required when
one changes the Center frequency.

— [EB% The alignment process is stopped, but the last alignment
values are applied to subsequent sweeps.

- @ The alignment process is NOT performed, and the channel
equalization is deactivated.

When you press [@hER S WA[aBN [0 An alignment is performed immediately.

The [Aylsllely annotation lights up whenever the current channel equalization is
deemed stale.

Detection Method

SA mode is capable of multiple simultaneous detector setup. Multiple
trace detectors are NOT available when:

- the FieldFox is set to Zero Span

- Channel Measurements are enabled (i.e., Channel Power, Occupied
Power, Adjacent Channel Power, and Spectrum Emission Mask)

- Whenever Trace Playback is enabled
(i.e., Chanel Measurements and Trace Playback are single trace only.)
Learn more, see Figure 9-18 on page 214.

In SA Mode, the X-axis is comprised of data points, also known as “buckets”.
The number of data points is specified using the Points setting. Learn more in
“Points ” on page 201.

Regardless of how many data points are across the X-axis, each data point
must represent what has occurred over some frequency range and time
interval.

From the frequency span of the measurement, the span of each data point is
calculated as (frequency span / (data points-1)). The detection method allows
you to choose how the measurements in each bucket are displayed.
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Figure 9-17 Detection using One Bucket

-« Acquisition Time =

Positive peak &

= Negative peak

In the graphic above there is one bucket showing Positive peak, Sample, and
Negative peak Detection methods.
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Figure 9-18 Single and Multiple Detection Annotation - Examples

214

il Am
PPS P

Multiple Detector - with only detector 1, trace 1 active, and
trace 1 is set to Clear-Write (Clr/Wr) and detector 1 is set to
Peak (P). When the FieldFox is powered up this is the default
condition when SA mode is selected.

Multiple Detectors Enabled - first two traces (ClrWrite (W) and
MaxHold (M)) are auto-couple to Peak (P), Trace 3 Average (A)
auto-couples to Sample (S) detector, and Trace 4 MinHold (m)
auto-couples to NegPeak (p).

- Here the first two detectors are auto-coupled to Peak (P) and
Sample (S) for trace states ClearWrite and Average

-And the last two detectors are manually (#) forced to Average
(A) and NegPeak (p) for trace states Average and MaxHold.

For the same x4 trace setup, if the Freq Span is then toggled to
Zerospan (== 0 Hz), the detector coupling reverts to Sample
(Smp) detection for all traces (i.e., multiple simultaneous
detectors are not supported in Zerospan, so all traces revert to
use of a single detector, in this case “Sample”. The
trace/detector annotation changes back to this legacy style,
where only one detector is specified).

Learn more, this Simultaneous Multi-Detector behavior is
described above in the NOTE on page 212.

Then toggle back using Zero/Last Span, the multiple-detector
functionality and annotations are again displayed.

How to set Detection Method

The current Detection method is labeled on the left edge of the screen. When a
method is selected manually, a # is displayed above the trace’s label. For
example: #Nrm means that Normal was selected from the softkeys.

1. Press->

2. Then choose from the following:
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— [\Wits Displays the most appropriate Detection method based on
other settings. [# is NOT shown]

— [YPIREN [#Nrm] Provides a better visual display of random noise than
Positive peak and avoids the missed-signal problem of the Sample
Mode. Should the signal both rise and fall within the bucket interval,
then the algorithm classifies the signal as noise. An odd-numbered
data point displays the maximum value encountered during its
bucket. An even-numbered data point displays the minimum value
encountered during its bucket. If the signal is NOT classified as
noise (does NOT rise and fall) then Normal is equivalent to Positive
Peak.

- [#Pk] Displays the maximum value of all the
measurements in each bucket. This setting ensures that no signal is
missed. However, it is not a good representation of the random
noise in each bucket.

- [#NPk] Displays the minimum value of all the
measurements in each bucket.

— FPTONIE [#Smp] Displays the center measurement of all the
measurements in each bucket. This setting gives a good
representation of the random noise in each bucket. However, it does
not ensure that all signals are represented.

- [#Rms] Displays the Root Mean Squared (RMS) average
power of all the measurements in each bucket. This is the preferred
method when making power measurements.

Display Line

A display line is a simple, horizontal line that can be placed at any amplitude
level on the SA screen or set to any level in IQA. Use a display line as mental
guide for visual feedback. A display line is similar to a Limit Line, except that no
PASS/FAIL testing occurs. A display line is easier to create than a Limit Line.
Learn more in “All about Limit Lines” on page 760.
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Figure 9-19 Display Line with Annotations

216

Ref-55.00 dBm #aten 0 dB

WYEWY 10,00 kHz

How to create and move a Display Line

(RPN T BDisplay Line OFF ON

2. Then enter a Y-axis value using the [a1¥] arrows or the rotary knob, then
press - Or enter a value using the numeric keypad and press a suffix
key or press

Learn more, “All about Limit Lines” on page 760.

Noise Marker

For comparison purposes, electronic noise measurements are often displayed
as though the measurement was made in a 1 Hz Res BW. However, making an
actual measurement at a 1 Hz Res BW is extremely slow.

A Noise Marker, unique to SA Mode, mathematically calculates the noise
measurement as though it were made using a 1 Hz bandwidth.

Several data points (or ‘buckets’) are averaged together to calculate the Noise
Marker readout. To accurately measure noise, the Noise Marker should NOT be
placed on, or too close to, a signal. The distance from a signal depends on
several factors. To know if an accurate reading is being made, move the Noise
Marker until consistent measurements are displayed in adjacent data points.

In addition, when a Noise Marker is displayed, the Detection method is
automatically switched to Average and is shown on the FieldFox screen.
This occurs only when Detector is set to Auto. Learn more in “Detection
Method” on page 212.
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With a Noise Marker present, the Res BW can be changed and the displayed
noise floor will also change, but the Noise Marker readout will remain about
the same.

Noise Markers can be used like regular markers. A Noise Marker is
distinguished from a regular marker by (1Hz) after the marker readout value.
Learn more about regular markers in “All about Markers” on page 745.

How to measure Noise with a marker

1. Press - to create or select a Normal or Delta marker to use to
measure Noise.

2. Then B8 > SNoise ON OFF!

Power Spectral Density (PSD) Function (SA Mode Only)

The Power Spectral Density Function (PSD Function) is a way to normalize the
SA measurement to a 1 Hz Bandwidth. Every SA Resolution Bandwidth is
characterized by an “Equivalent Noise Bandwidth” (ENBW) that in general is a
few percent wider than the Resolution Bandwidth itself. To normalize the
measurement to this ENBW, an offset is added in this amount:

PsdOffset = -10 * LoglO( ENBW )

This offset is added to the Reference Level, the Trace values, and Marker
values and s annotation is updated with ‘g or “[{IRE)" as an indication that
the results are now normalized to THz. This is similar to what the Noise Marker
function does, but the Noise Marker also first averages several trace points
around the marker location. Similar to a Noise Marker, the PSD Function will
also auto-couple the Detector to RMS.

See also, “Noise Marker” on page 216.

How to measure the PSD function:

— Press Scale/iype > 1T > E IS eNIe]E; (Default == OFF).
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Logarithmic X-axis Limit Line Interpolation (EMI and SA modes Only)

Normally, limit lines are interpolated linearly between the defined limit points
(i.e., as a delta dB per Hz). Sometimes the user may want to change the limit
line interpolation so that it is logarithmic vs. X (i.e., as a delta dB per
log10(Hz)). The “AUTO” state for this control will automatically switch to
logarithmic interpolation, if the Trace is being drawn on a logarithmic
frequency axis (Log Freq Axis X, available by Freq/Dist > More for SA and EMI
modes). The “OFF” state keeps limit line interpolation happening linearly,
regardless of the current choice of logarithmic frequency axisX.

Learn more, see “How to change from Linear to Log Axis View” on page 1583.

How to set Logarithmic X-axis Interpolation (Log Freq AxisX)

1. Press - 0ptionsPYLogX Interp Auto OFfEISIETIELYAIEET R

logarithmic interpolation of the X-axis (Default == Auto).

2. Then choose from the following:

-~ ~ (default) reacts to the trace data. If the you chooses LogX
axis for your trace data, then Auto will cause the interpolation of the
Limit Lines to also act “logarithmically vs. X”. But, for normal Linear
X axis trace data, the interpolation of the limit line remains as
before, straight line interpolation vs. the x axis data.

- E - forces the limit lines to interpolate linearly vs. X.

Band/Interval Power Marker

A Band/Interval Power marker—available in IQA and SA Modes—accumulates
the power that is measured over several adjacent data points (or ‘buckets’).
The range of buckets being measured is displayed with vertical posts around
the marker. This Band Span value is selectable.

This feature is very similar to a channel power measurement (“Channel Power
(CHP)” on page 223).

When the frequency span is set to Zero span, the marker is referred to as an
Interval Band Marker because it averages power over a specific time interval.
In this case the range is specified as the Interval Span. Learn more about Zero
span measurements in “Zero Span Measurements” on page 193.

If the Detection method and Averaging type are set to Auto when you enable a
Band/Interval Power marker, the Detection method will change to Average
(RMS) and Averaging type will change to Power average. Other Detection
methods or Averaging type settings will usually cause measurement
inaccuracy. Learn more about Detection method in “Detection Method” on
page 212, and Averaging Type in “Average Type” on page 203.

Summary:
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— In Zero span, an Interval Power Marker yields the average power over the
specified time interval.

— In non-Zero span, a Band Power Marker yields the total power over the
specified frequency range.

How to measure Band/Interval Power with a marker

1. Press - to create or select a Normal or Delta marker to use to
measure Band/Interval Power.

2. Then pressm (Marker FunctionpBand/Int Powerp3Band (or Interval

3. Then choose from the following:

— [\0ide) Measures power over 5% of the displayed span, or 2
graticules. The Band Span is automatically updated to remain at 5%
when you change the frequency span.

— MM Enter a frequency or time value using the [&XI¥] arrows or the
rotary knob, then press - Or enter a value using the numeric
keypad and select a frequency or time suffix. The Band Span
remains at the frequency or time value that you set as the span
changes.

Frequency Counter at Marker

Available in SA Mode ONLY. Use any existing marker to make highly-accurate
frequency counter readings. For highest accuracy, lock the FieldFox to a stable
external frequency reference. Learn how in “Frequency Reference Source” on

page 812.

When Frequency Counter is ON, the FieldFox uses background sweeps to
zoom on the signal, measure the signal peak with 1 Hz resolution, and display
the frequency of the signal peak in the marker annotation area. The marker
does not move to the signal peak.

When Freqg Counter is ON, measurement sweeps are considerably slower.

How to use Frequency Counter

1. Press -

2. Press Normal, Delta, or Peak, or select an existing marker to use as a
frequency counter.

3. Locate the marker somewhere on a CW signal. It does NOT have to be on
the peak.

AR M MoreBdFreq Count ON
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5. With Freq Count ON, you can scroll through the existing markers that are
located on a discrete CW signal, and read the frequency of the signal
peak. However, each frequency count update requires another sweep. If
the FieldFox is in HOLD, press Il to update the frequency count
results.

Time Zero Fixed Marker

This feature was created to allow recall of vintage instrument states (older than
Rev. 7.0) that included Zero span sweep with a trigger delay and at least one
marker. Before Rev. 7.0, these instrument states were saved and recalled with
the equivalent of the ON state of this setting. The default setting is OFF. Learn
more about Triggering with negative delay in “Triggering” on page 195.

1. Press _ eJMorepdMkr Propertiesks

2. Then choose from the following:

- @ Time Zero is fixed at the left-edge of the screen. A marker in
negative delay resides at this point. This is the vintage behavior.

- @ (default) Time Zero is located at the T-zero indicators. A marker
in negative delay appears to the left of T-zero.

Audio Beep at Marker Power

When enabled, the Audio Beep feature emits a repetitive beep sound which
varies in tone pitch and repetition rate to indicate the relative power level of the
active marker. The highest tone pitch and fastest beep rate occurs when the
marker Y-axis position is at the top of the display. Conversely, the lowest pitch
and repetition rate occurs at the bottom of the display. Therefore, it is
important to scale the signals that you intend to measure between the top and
bottom of the screen. Learn more about Scale in “Scale and Units” on

page 157.

Audio Beep can be used with any marker type or function, including
Band/Interval Power. Learn more in “Audio” on page 798.

How to use Audio Beep

1. Press -

2. Optionally, press WETLCIaWPAERTRAC to select an existing marker to use
with Audio Beep. A marker will be created if one does not already exist.

BRI MoreEIMarker FunctionflAudio Beep ON OFF
Audio Beep does NOT beep when the FieldFox is in Hold mode.

While Audio Beep is ON, press WEILCTaPARRAC to toggle Audio Beep
through the existing markers.

To set FieldFox speaker volume control, press - then JINES. Learn
more in “Audio” on page 798.
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Meas UNCAL Error

BEEEEEIEIN = opcars in the lower-left corner of the screen when the FieldFox
can NOT display accurate measurement results with the current settings.
Usually, the part of the trace that is inaccurate is shown at -200 dB.

The following situation can produce Meas UNCAL:

— When the ResBW/VBW ratio exceeds 10,000, causing the VBW filter to
reach the maximum capacity for averaging.

Old Data Indicator (*)

In SA mode, when the current trace does not exactly match the annotation that
is on the screen, an asterisk is displayed in the upper-right corner of the screen
graticule area. This would occur, for example, when the Res BW setting is
changed while in sweep Hold mode. The annotation is changed immediately,
but the trace is not updated until the next sweep occurs. Therefore, the current
data trace does not match the screen annotation. See the asterisk in Figure
9-1 on page 147.

Channel Measurements

The following Channel Measurements are offered in SA Mode:

Channel Power “Channel Power (CHP)” on page 223
Occupied Bandwidth “Occupied Bandwidth” on page 224
Adjacent Channel Power Ratio “Adjacent Channel Power Ratio (ACPR)”
on page 226

Radio Standards and Channel Measurements

To tune the frequency range of any of the Channel Measurements using
channels instead of frequency, first select a Radio Standard, then select Units =
CHAN. Learn how to select a Radio Standard and channels in “How to select a
Radio Standard” on page 154.

When you first select a Radio Standard, then select a Channel Measurement:

— With Units = FREQ selected, the center frequency and span will ALWAYS
change to the full frequency range of that standard (Uplink and Downlink)
to allow for a quick scan of energy. The X-axis annotation indicates the
frequency range.
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— With Units = CHAN selected, the FieldFox chooses either the uplink or
downlink band, and displays that range of frequencies. You can then tune
within that Standard using Start CHAN, Stop CHAN, or Center CHAN. The
X-axis annotation indicates the frequency range.

When you first select a Channel Measurement, then select a Radio Standard,
the BW, Offset, RRC, Integration BW, and Span settings are changed to those
of the standard. In addition, Res BW can also change when set to
‘Auto(couple)’. However, center frequency is NOT changed unless you first
select Units = CHAN.

Measurement Preset

Measurement Preset allows you to easily reset any of the channel
measurements to its default settings. The Center Frequency, Preamp ONJ|OFF,
RF Attenuation, Markers, Limits, and Radio Standard settings are NOT reset.

How to select Measurement Preset:

— Press->

Averaging

By default in ALL Channel measurements, averaging is enabled and set to
display the average of the last 15 measurements. When enabled, this average
setting is automatically making the following ‘averaging’ settings in order to
provide the most accurate power measurements:

— Averaging Type is set to Power.
— Trace State is set to Average.
— Detector is set to Average.

— Countissetto 15.

Any of these settings can be changed manually during a Channel
measurement. Learn more about these settings starting in “Average Type” on
page 203.

To change Averaging:

1. Press _

2. Then OFF effectively sets the Average Count to 1.
3. Then

4. Enter a value between 1 and 10,000 using the numeric keypad, [A[¥]
arrows, or the rotary knob.

5. Press -
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Traces

Only one measurement trace can be displayed in Channel Measurements.

Channel Power (CHP)
Channel Power measures total power over the specified Integrated BW. The

Integration Bandwidth (IBW) can be adjusted to measure the power over
multiple channels.

Figure 9-20 Channel Power Measurement

"‘Ref-lﬂﬁ.& dBm #Atten 0 dB CHP

Center 831.6000 MHz Span 300,0000 kHz

Res B 2,000 kHz Channel 190 Dn Swp 44.00 ms (401 pte)
Channel Power radio std: GSM 850

Channel Power —88 -86 dBm / 200.00 kHz
Power Spectral Density = 141 -87 dBm f Hz

The following two Channel Power levels are displayed:
— Channel Power - measures total power over the specified Integrated BW.

— Power Spectral Density - same measured power, but mathematically
normalized to a 1 Hz bandwidth using the same algorithm as Noise Marker.
Learn more about the Noise Marker in “Noise Marker” on page 216.

How to select Channel Power

1. Press -
2. Then [ EX TN
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When Channel Power is selected, the following settings are maintained from a
previous measurement: Center Frequency, Preamp ON|OFF, and RF
Attenuation.

Integration Bandwidth

When Channel Power is selected, vertical posts appear on the display to mark
the current Integration Bandwidth setting. The displayed Channel Power and
Power Spectral Density values are measured and calculated over the specified
Integration Bandwidth.

By default, the displayed frequency span is automatically coupled to the
Integration Bandwidth. As you change the Integration Bandwidth, the
frequency span is adjusted so that the vertical posts appear to NOT move.
However, when you manually change the frequency span, the Integration
Bandwidth is no longer coupled to the frequency span.

When a Radio Standard is selected, the appropriate Integration Bandwidth is
set automatically. Learn more about Radio Standards in “Radio Standard” on
page 153.

To change Integration Bandwidth:

1. Press _ > [aieYe[e:\alale M2 (Integrating Bandwidth)

2. Enter a value between 100 Hz and 5 GHz using the numeric keypad, (Al¥]
arrows, or the rotary knob.

3. Press -

Other Channel Power Settings

All relevant FieldFox settings are made automatically to ensure the highest
accuracy, such as ResBW, VideoBW, and sweep (SwpAcquisition) speed.
These, and all other SA Mode settings, can be changed manually in a Channel
Power measurement.

— Learn about Measurement Preset in “Measurement Preset” on page 222.
— Learn about Averaging in “Averaging” on page 222.

— Learn about RRC Weighting in “RRC Weighting” on page 230.

Occupied Bandwidth

Occupied Bandwidth measures the power of the displayed frequency span and
displays vertical posts at the frequencies between which the specified
percentage of the power is contained. The frequency span between the two
vertical posts is the Occupied Bandwidth. The Occupied Power, the power that
is contained between the two posts, is also displayed in dBm.
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Figure 9-21 Occupied Bandwidth Measurement

Ref -106.2 dBm #atten O dB opw

Center 881.6000 MHz Span 400.0000 kHz

Fes BW 3.000 kHz Channel 190 On Swp 63.00 ms (401 pts)
Occupied Bandwidth radio std: GSM 850

Occupied Bandwidth 3 65 . 00 kHz
Occupied Power -84 _40 dBm (90.00 % )

The graphic above shows an OBW measurement; Chan 190 Downlink; GSM850
Radio Standard

How to Select Occupied Bandwidth

1. Press Meastren
AR L EIChannel Measurements

3. Then

When Occupied Bandwidth is selected, the following settings are maintained
from a previous measurement: Center Frequency, Preamp ON|OFF, and RF
Attenuation.

Frequency Span

Occupied BW is calculated from power that is measured over the entire
displayed Frequency Span. The frequency span can be entered using arbitrary
frequencies or by using a Radio Standard in conjunction with channel
numbers. Learn how to select a Radio Standard and channels in “Channel
Selection” on page 155.

To change Frequency Span:
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1. Press Freq/Dist > X0

Integration BW (IBW) is coupled to the Frequency Span setting. Frequency
Span is 50% wider than the IBW (e.g., if the IBW value is 1 MHz, then the
Frequency Span value is 1.5 MHz).

2. Enter a value using the numeric keypad, [A[¥] arrows, or the rotary knob.

3. Press -

Power Percent

This setting specifies the percentage of total measured power to display
between the vertical posts. The measurement defaults to 99% of the occupied
bandwidth power. The remaining power (1% of default setting) is evenly
distributed;.5% of the power on the outside of each side of the vertical posts.

To change Power Percent:

1. Press_>

2. Enter a value between 10 and 99.99 using the numeric keypad, [AT¥]
arrows, or the rotary knob.

3. Press -

Other Occupied Bandwidth Settings

All relevant FieldFox settings are made automatically to ensure the highest
accuracy, such as ResBW, VideoBW, and sweep (SwpAcquisition) speed.
These, and all other SA Mode settings, can be changed manually in a Occupied
Bandwidth measurement.

— Learn about Measurement Preset in “Measurement Preset” on page 222.

— Learn about Averaging in “Averaging” on page 222.

Adjacent Channel Power Ratio (ACPR)

ACPR measures the power of a carrier channel and the power in its adjacent
(offset) channels. The measurement results can help you determine whether
the carrier power is set correctly and whether the transmitter filter is working
properly.

You can measure the channel power in one, two, or three adjacent (offset)
channels on the low frequency and high frequency side of the carrier channel.

Limits can be used to quickly see if too much power is measured in the
adjacent channels.
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Figure 9-22 GSM 850-Ch 251-Up with one Offset

-20C.0 kHz 848.8 MHz + 20C.0 kHz
848.7 to 848.9
848.5 to 848.7 848.9 to 849.1

Carrier Power Offset Freq Integ BW

-50.93 dBém / 200.0 kHz 200.0 kHz
200.0 kHz

In the graphic above, red frequencies (MHz) are added to illustrate offset and
integ BW.

Data in the ACPR graphical chart is always presented in dBm for the carrier,
and dBc (dB below the carrier) for the offsets. This can NOT be changed. Use
the Meas Type setting (next page) to change how the data is presented in the
table below the graph.

How to select ACPR

— Press_

— Then
— Then

When ACPR is selected, the following settings are maintained from a previous
measurement: Center Frequency, Preamp ON|OFF, and RF Attenuation.
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Frequency Range/Channel

When a Radio Standard is selected, the appropriate center frequency or
channel and span is set automatically. The frequency or channel number can
then be changed from the - menu. Learn how to select a Radio
Standard and channels in “Radio Standard” on page 153.

The frequency range of an ACPR measurement can also be entered using
arbitrary frequencies.

When a Radio Standard is NOT selected, the center frequency of a previous
measurement is maintained when ACPR is selected.
Changing the Integration Bandwidth

The Integration Bandwidth of the carrier and offsets is the frequency span over
which power is measured.

To change Integration Bandwidth:

1. Press _ i dintegrating BW|

2. Enter a value between 100 Hz and 100 MHz using the numeric keypad,

[a]¥] arrows, or the rotary knob.

3. Press -

How to define adjacent (Offset) channels

An offset represents a difference in center frequencies of the carrier channel
and its adjacent channel to be measured. The frequency range for each offset
is specified with an Offset Freq and Integ BW. Each offset that is created has a
Lower (carrier MINUS Offset Freq) and Upper (carrier PLUS Offset Freq) set of
frequencies.

. Press_ > i

1
2. Press [0lii-1s W] to select an offset.

3. Then [0lid3d83 &1 to set that offset ON or OFF.
4

. Select [WitMFE| This is the difference between the carrier center
frequency and the center frequency of the offset channel. Then enter a
value using the numeric keypad.

5. Select [alitT=I TN This is the frequency range over which power is
measured in that offset; half of the range below and half above the Offset
Freq.

How to set limits for adjacent channels

You can set a unique threshold power for each of the offsets that will cause a
FAIL indication (RED bar). This occurs when the calculated dBc power (on top
of the offset bar) is ABOVE the specified level.

To set limits, with an ACPR measurement on the screen:
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1. Press - >

2. Then choose from the following:
- Sets a limit for the lower-frequency offset.
- Sets a limit for the higher-frequency offset.

3. Then enter a value using the numeric keypad, [A[¥] arrows, or the rotary
knob.

AN Limit Test ON OF

Measurement Type

This setting determines how the measured carrier and offset power levels in
the table are presented. (Data in the graphical chart is always presented in
dBm for the carrier and dBc for the offsets.)

To select Meas Type:

1. Press_>m>

2. Then choose from the following:

— WaEWSWHIE - Integrated carrier power is represented in dBm, and
relative powers between offsets and carrier are represented as dBc
(dB below the carrier).

- (Power Spectral Density) - Integrated carrier power is
normalized to a 1 Hz density as dBm/Hz using a similar algorithm as
Noise Marker. Learn more about the Noise Marker in “Noise Marker”
on page 216.

For both Meas Types, choose the reference for the offset data.
3. Press REAEILE to toggle between these settings:

- - dB or dBc value is computed by subtracting the measured
carrier power from the measured offset power.

— VBT - dB or dBc value is computed by subtracting the entered
RefValue from the measured offset power.

— Then enter a value to be used to reference the data using the

numeric keypad, [AI¥] arrows, or the rotary knob.

Other ACPR Settings

All relevant FieldFox settings are made automatically to ensure the highest
accuracy, such as ResBW, VideoBW, and sweep (SwpAcquisition) speed.
These, and all other SA Mode settings, can be changed manually in a ACPR
measurement.

— Learn about Measurement Preset in “Measurement Preset” on page 222.

— Learn about Averaging in “Averaging” on page 222.
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RRC Weighting

RRC, or Root-Raised-Cosign weighting, is offered with Channel Power and
ACPR measurements.

When RRC Weighting is applied to transmitted and received power, the edges
of the channel are ‘smoothed’ to help prevent interference. To accurately
measure a channel that has RRC weighting, set the same value of RRC
weighting as that used in the transmitter and receiver.

Figure 9-23 Channel power measurement with.22 RRC applied

230

"
o

RRC Weighting is set and enabled automatically when included in a selected
radio standard.

To set and enable RRC Weighting:
1. Press SRRC Weighting ON OFFEIMoreBIRRC Alpha

2. Enter a value between 0 (no smoothing) and 1 (most smoothing) using the

numeric keypad, [A[¥] arrows, or the rotary knob. A standard level of
filtering is 22.

3. Press -
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How to Set Up EMF Settings (Requires EMF (Option 358), GPS (Option 307),
and SA Mode (Option 233-Mixed Analyzers))

If OTA or SA mode does not detect an EMF Option 358 license, then the
EMF application and the USB antenna’s axes must be set up manually. This
use model is not recommended or supported by Keysight.

The USB antenna’s cable loss is not included, in the antenna’s correction
factors. For an accurate EMF measurement, the cable loss values should
be accounted for. Refer to “Editing Cable Correction Factors and Adding
New Cable Factors” on page 241.

IMPORTANT! The USB triaxial antenna—or equivalent—is required for EMF
measurements. Refer to Chapter 15, “USB Antennas - (Full Capability
Requires EMF Option 358, and either SA mode (Option 233 Mixed
Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378).”

EMF mode measures signals at the SA RF Input Port 2 connector.

EMF mode requires the FieldFox to have SA mode (Option 233 on combination
analyzers), or 5G NR Option 378), GPS (Option 307), and CPU2 installed.

Recommended, but not required, preamplifier (Option 235) to improve receiver
sensitivity.

With Option 358 (EMF), network designers can measure and verity the RF
exposure compliance as required by each country.

If SA mode is licensed for EMF Option 358, the primary measurement
performed is Channel Power (CHP) which automatically switches amongst the
3 TriAxial antenna axis (X/Y/Z), to provide a summation of “total power”
detected, using unique Antenna supplied corrections for the individual axis,
with results in FieldStrength units. This is accomplished within the existing SA
Channel Power measurement.

With or without license EMF Option 358, the System Utilities menu enables
one to Import Corrections and manually drive the Antenna to a particular axis
(X, Y, or Z). The manual control thus allows any SA Receiver measurement to
sweep that axis just like any other antenna transducer, however without
license the imported corrections are not usable from the Apps. But with license
the SA provides for easy use of the imported XYZ corrections, thus allowing
presentation of correctly compensated FieldStrength measurements, for 1 axis
at a time.

This section reviews the steps in setting up an EMF measurement, using a USB
antenna. If you are not familiar with this process or would like more
information, refer to Chapter 15, “USB Antennas - (Full Capability Requires
EMF Option 358, and either SA mode (Option 233 Mixed Analyzers) or
OTA-5G NR / 5G NR EVM Conducted Option 378).”
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This section consists of:

— “EMF Features” on page 232
— “EMF Setup Procedure” on page 234

EMF Features

EMF has the following features:

EMF Measurement Results:

— Measure and display corrected field strength in RMS average power
— Antenna control over X, Y, and Z antenna factors downloaded via USB

— Pass/Fail limit testing supported

External PC not required

EMF uses the following data formats:
— Field Strength units:
— dBuV/m - For use with E-field signals

dBuA/m - For use with H-field signals
dBG - dB Gauss
dBpT - dB Tesla
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Figure 9-24 Example of EMF with Triaxial Antenna

(uW/em2)

Exposure limits for
different countries

400

200

Raf 16,90 digiv/m  #Aten O dB

Channel Power
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EMF Setup Procedure

When the USB antenna correction factors are imported, EMF (Option 358)

couples many settings to ease setting up the EMF measurement (e.g.,
Apply Corrections is enabled, all X, Y, and Z antenna axes are enabled, and
Amp Corr Select is set to TriAxial XYZ).

1. Setup the FieldFox Spectrum Analyzer for a Channel Power measurement.

a. Press - > @ >
b. Press - sdChannel MeasurementsgdChannel Powe

See also, “Channel Measurements” on page 221.

If necessary, this step can be skipped and done after the USB antenna is
NOTE set up.

2. Connect a USB antenna’s RF cable to the SA RF Input, port 2 and the USB
connector to a FieldFox USB port. See also, Figure 9-24 on page 233 and
to Chapter 15, “USB Antennas - (Full Capability Requires EMF Option 358,
and either SA mode (Option 233 Mixed Analyzers) or OTA-5G NR / 5G NR
EVM Conducted Option 378)”

Only Agos Advanced Technologies SDIA-6000 Triaxial Isotropic USB
antenna is currently compatible with EMF (Option 358).

3. Importing and selecting the X/Y/Z antenna factors:
a. Press->m>m

— Then [iloJJa@NaiEMIE - to import the antenna factors from the
antenna’s memory over the USB connection (this may take 5
seconds or so and vary with the Triaxial antenna).

This softkey is only active when Antenna Select is set to Tri Axial.

NOTE If the antenna factor import is successful, the FieldFox displays:

“Success: Antenna Factors Imported: Tri-Ax Antenna ID:
->[R] Antenna ID: SDIA-6000-1006 ->[]“ The last 4-digits will vary
for each antenna (i.e., “1006” value will vary).

If the FieldFox displays this error Error: USB antenna Error: Not
found or Unable to communicate with antenna. Ensure it is
connected. is displayed, verify the USB antenna is connected correctly.
See also, “Troubleshooting” on page 470.

— Then MAEMERT S dNITWVNEN| verify Triaxial is selected (Default =
Manual).
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See also, “How to Use the Manual EMF Channel Power” on
page 238.

— Optional: Press the antenna axis should be set to Auto
for default operation. When AUTO is selected the application (e.g.,
Channel Power or OTA) controls the axes and switches as needed.
With the AUTO setting, all antenna elements (X, Y, and Z) are OFF.

This softkey is only active when Antenna Select is set to Tri Axial.

— Press BT > FETX to exit the USB Antenna softkey menu.

4. Enabling the imported USB antenna factors and Cable factors:

a. Verify that the Channel Power measurement is set: _ >
Channel MeasurementsgdChannel Powe

b. To enable the Triaxial antenna for EMF: Press _ eJEMF |
OffBEMF Triaxial [OFF]EISum All

With Sum All, the field strength from all three axes is summed and
displayed. The RF measurements are switched between the three
different antennas (three dipoles), and the resulting summation of
the total power collected, and averaged.

Alternatively, you can select either of three axes to individually
measure the field strength in the one direction.

c. Else, to manually set one of the triaxial antenna’s three axes to
individually measure the field strength in one direction.

i. Press [TV > AR d04 then

ii. Select a single Y4, [N, or [Y*®¥: antenna dipole for
uncorrected use. [X, Y, or Z] is displayed to indicate which
one of the X/Y/Z dipole axes is enabled. If for example the
X axis has been selected in the System > Utilities > EMF
Antennas menu, then Antenna Axis [X] is displayed to
indicate the X axis measurement (i.e., this uncorrected
manual mode is typically used when no EMF Option 358 is
installed). Refer to Figure 9-25. See also step f.

For corrected manual single axis EMF measurements, refer to
“How to Use the Manual EMF Channel Power” on page 238.

Figure 9-25 EMF Axis Select [N] Softkey - With the X-Axis Dipole Selected

d. Modifying the Amplitude Correction Selection:

Press Scale/Amptd > I > [erado > A then
— Y o N - Y A MW V(I DAP4| - then choose one of the

following:
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- Receiver side only antenna measurements
(Default - when no Tri Axial antenna is detected).

— NSl to work with non-triaxial receiver and
source side antenna measurements.

- (default, when Channel Power is on and
when a compatible triaxial antenna’s factors have
been imported) for measuring channel
measurements and EMF.

— Then - to exit to the previous softkey menu.
e. Optional (Tri-Axial XYZ Antenna):

Verifying antenna and cable corrections are applied:

i Press_>m>
i UCURCIOVAUEIADDly Corrections Auto Disabled

softkey is set to Auto (This is the default setting when a
compatible USB antenna’s correction factors have been
imported, via the System softkeys).

R VALK axis AntennallY axis AntennalEnls
are all OFF. These can each be enabled
or disabled individually, but for EMF measurements all
three axes should be enabled (i.e., Antenna = Off, the
applications are setting the X/Y/2).

Then Press [#£1:]M0lii to open the cable correction
softkeys menu.

Verify is ON. This can be disabled for applications
where an additional cable has not been connected to
the triaxial antenna. Before a cable can be used with
the EMF measurements it needs to have corrections
loaded. If you are going to use a cable, then choose as
needed:

— [(o£1s](N0lij to enable a cable for use in your
antenna measurement.

— |L[iAeET]E displays a cable corrections table
that you can edit

— Y displays a cable corrections table that
you can edit with new cable correction

content.
Yes - Choose @ to overwrite the current cable
data
No - Choose @ to exit the cable data edit table
view
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- Opens a menu to name and save
the cable corrections data

— [EREIUNOEL]E Recalls the selected cable
correction file from the \Cables folder.

- to select the storage device
where your cable correction file is located
(Internal/USB/SD Card)

ii. Optional: Press [YIIZ3 then
— Press VIETAS )il i M0l I MOl to turn ON and OFF

Pink Trace - Antenna/Cable corrections. This is a
composite of all cable/antenna corrections that are
currently applied. Available as a useful visual aid, the
zero “dB” level (no net correction) is mapped to appear
at the -50 dBm on-screen level.

— Press S8l - selecting Src/Rev Split selects
Source and Receiver side measurements.

f. Optional: Example of editing X, Y, and Z axes manually.

The USB antenna factors stored in the triaxial antenna itself cannot be
overwritten. The antenna factors on FieldFox imported into FieldFox can be
modified. To reset the antenna factors in FieldFox to the original factors,
re-import the antenna factors.

Keysight N9938-90006 User’s Guide

— Press - opens the X axis Antenna softkey

menus. Then choose one or more of the following:

- enable/disable the X axis antenna
factors (default is coupled to other settings).

- to edit the current imported X factor
(if available). Refer to “Editing Antenna Correction
Factors and Adding New Antenna Factors” on

page 239.

B - to edit/define a new X factor value. Refer to
“Editing Antenna Correction Factors and Adding
New Antenna Factors” on page 239.

- to save either an edited X antenna
factor or a new X antenna factor. See also See also
Chapter 31, “System Settings” and then to “Alpha
Numeric Editing” on page 801.

R WA EE! - to recall a stored X antenna factor.
See also Chapter 31, “System Settings.”
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- - to select the location to store your
new antenna factor. See also Chapter 31, “System
Settings.”

5. Modifying the EMF settings:
Press _ s VioreEIEMF OFERGEN

— SV rs?:VNERIeldd| disable/enable the EMF tri-axial
measurement (default == OFF)).

— Press Scale/Amptd > T2 > WEMEETy choose units
(default == dBm).

- - to exit to the previous softkey menu.

For more details on editing the USB antenna, refer to Chapter 15, “USB
Antennas - (Full Capability Requires EMF Option 358, and either SA mode
(Option 233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted
Option 378)”

How to Use the Manual EMF Channel Power

This manual EMF channel power method procedure is used to adjust the
antenna axes when the antennas are to be moved physically and then the X, Y,
and Z axes setting values are assigned.

The saved results are only accurate as long as User Corrections do not
change. The User Corrections include Antenna and Cable compensation,
and if those compensations change in any way, it will invalidate the saved
measurement results.

Is is recommended that the [MEETEVELRIESTIE softkey is pressed for a
new equipment setup or the Antenna Corrections are modified.

To indicate that a user correction has been changed, an asterisk(*) is
displayed to indicate that the Saved results has been compromised and no
longer valid.

Importing and selecting the X/Y/Z antenna factors:
. Press - > @ JEMF Antennas|
. Press (Default) then
. Verify you are measuring (refer to step 1 on page 234) then

1
2
3
4. Press _ > @ then
5
6

. Press [AVIVEREESA[0lid| - to select an antenna axis
. For this example, press [¥P4

The FieldFox display updates to read “X axis Channel Power” and
channel power values (dBm /Hz).
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7. Move the antenna to the correct physical location/position for your
measurement.

8. Antenna corrections: Press e X-Axis Antenna Offlg M
@E to EIJ learn more, refer to “How to Use the Antenna So Softkeys
page 162.

9. When done press -

10. Press _ EMF Activelg - the display is

updated with antenna’s ; current pos position on channel powe power values and display
trace.

X axis channel power (CHANPOW) data and trace are frozen in the upper
right of the EMF Channel Power window.

11. Repeat steps 5 through 10 for the axis Y and Z.

After pressing the Axis Y softkey, the Axis-X Antenna softkey changes to
read Enabled (Axis-X measurement saved) and because the Y-Axis is now
the active antenna (measuring data). Axis-Y softkey behaves similarly after
it is saved and Axis-Z is pressed.

12. Sum Channel Power: Press EEVW:VAEERNL. The Live Sum CHP value
now displays the summed values of the 3 axes.

Other softkey choices are [T, (Roaatais, ML e, and
races Blank View}

Editing Antenna Correction Factors and Adding New Antenna Factors

This section contains two procedures illustrating how to edit the Antenna
Factors settings table values.

NOTE If New is selected under the X, Y, or Z Antenna or Cable softkey menu,
whatever antenna or cable factors that have been imported as the default

values and are displayed in the Settings table.

1. Selecting an antenna softkey menu:

Press Scale/Amptd > % > then choose one of these

softkey menus:

- ~ to open a softkey menu to edit the X axis of a
triaxial antenna.

- - to open a softkey menu to edit the Y axis of a
triaxial antenna.

- - to open a softkey menu to edit the Z axis of a
triaxial antenna.

- - to open a softkey menu to edit the cable factors for an
antenna setup.
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2. For this example, the X axis Antenna softkey menu has been selected:

a. Then press to edit the existing X axial antenna factor’s
Frequency and Antenna Factor table values that are stored in the
FieldFox [:Internal]:\Antenna\ directory (Refer to Figure
9-26). Then you can edit the following:

Description - edits the name of the current antenna settings
table

Antenna Factor Unit - edits the units from dB /m electric
antenna factor to dB S/m for the magnetic antenna factors.
None is displayed, when no antenna is detected.

Freguency - edits the frequency value measured that
corresponds to a particular Antenna Factor.

Antenna Factor - edits the Antenna Factor (amplitude) that
corresponds to a particular frequency.

Refer to next step for details on editing the antenna Settings
table.

b. Use the [al¥] arrows, the rotary knob, or numeric keypad to select
the table cell value to be edited (i.e., the Frequency Interpolation
value is not editable). Then:

Press [ idWaiENalek to edit your existing antenna factors or

press NIt to add a a new antenna’s factors or to write over

your existing antenna’s file (i.e., IR

BEEEH is displayed above the table).
— Choose @ to write over the existing antenna file.

— Choose @ to create a new antenna file (default
filename is Example).

. Press to create additional Frequency and Antenna

Factor values.
Press PEEEVA#EET then choose one of these:

- - when pressed this choice deletes the
currently selected row of Frequency and Antenna
Factors (i.e., you must press [ to delete a row or Yl
to exit the current softkey menu).

- - when pressed this choice deletes all of the
currently selected rows of Frequency and Antenna
Factors (i.e., you must press to deleted the rows or
[ to exit the current softkey menu).

— [:ET% - To exit to previous softkey menu.

iv. Press I when finished editing to exit.
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c. Press to save your changes. See also Chapter, “File
Saving Naming Options” and then to “Alpha Numeric Editing” on
page 801.

For more information:

— See also “GNSS (GPS+) and GPS” on page 807.
Figure 9-26 Example Editing and Adding a New X axis antenna is shown.
PSS
Setting

Description

Frequency

0 MHz
100 0000000 MHz

Editing Cable Correction Factors and Adding New Cable Factors

This section contains two procedures illustrating how to edit the Cable Factors
settings table values.

If New is selected under the X, Y, or Z Antenna or Cable softkey menu,
whatever antenna or cable factors that have been imported as the default
values and are displayed in the Settings table.

1. Selecting an cable softkey menu:

Press _ Morep then choose one of these softkey

menus:
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- - to open a softkey menu to edit the cable factors for an
antenna setup.

2. For this example, the Cable Off softkey menu has been selected:

a. Then press > to edit the existing cable’s
Frequency and Cable Loss table values that are stored in the
FieldFox [:Internal]:\Cable\ directory (Refer to Figure 9-26).
Then you can edit the following:

— Description - edits the name of the current cable correction
settings table

— Freguency Interpolation - sets the frequency interpolation to
linear or to log.

— Frequency - edits the frequency value measured that
corresponds to a particular Cable Loss.

— Cable Loss - edits the Cable Loss value that corresponds to a
particular frequency.

Refer to next step for details on editing the cable Settings
table.

b. Use the [Al¥] arrows, the rotary knob, or numeric keypad to select
the table cell value to be edited (i.e., the Frequency Interpolation
value is not editable). Then:

— Press [Tife£1:][2 to edit your existing cable loss data or

press Y to add a a new antenna’s factors or to write over

your existing antenna’s file (i.e., RIS

BBIRE is displayed above the table).
— Choose @ to write over the existing cable file.

— Choose @ to create a new cable file (default
filename is Example).

— Press to create additional Frequency and Cable Loss
values.

— Press EGEGVASEET then choose one of these:

- - when pressed this choice deletes the
currently selected row of Frequency and Cable Loss
(i.e., you must press {25 to delete a row or [{I& to exit
the current softkey menu).

- - when pressed this choice deletes all of
the currently selected rows of Frequency and Cable
Loss (i.e., you must press @ to deleted the rows or
@ to exit the current softkey menu).
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- « - To exit to previous softkey menu.
— Press Pl when finished editing to exit.

c. Press EENN®ELIE to save your changes. See also Chapter , “File
Saving Naming Options” and then to “Alpha Numeric Editing” on
page 801.

For more information:

— See also “GNSS (GPS+) and GPS” on page 807.

Figure 9-27 Example: Editing and Adding a New X axis antenna is shown. But, the Cable
Loss table is similar.

GFS iy o - vation: 0,000 Meters

Setting Yalue A |Ref 0,00 dBm
Description il

Hz

IiOO.DOOODDD MHz e —6544 dBrm / 2.0

Hz

ttral Density = 128 45 @

Add Row
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This section explains how to make the spectrum emission mask, (SEM),
measurement. SEM compares the total power level within the defined carrier
bandwidth and offset channels on both sides of the carrier frequency, to levels
allowed by standard. Results of the measurement of each offset segment can
be viewed separately.

Purpose

The Spectrum Emission Mask measurement includes the in-band and
out-of-band spurious emissions. It is the power contained in a specified
frequency bandwidth at certain offsets relative to the total carrier power. It
may also be expressed as a ratio of power spectral densities between the
carrier and the specified offset frequency band.

The spectrum emission mask measurement is a composite measurement of
out-of-channel emissions, combining both in-band and out-of-band
specifications. It provides useful figures-of-merit for the spectral regrowth and
emissions produced by components and circuit blocks.

Measurement Method

The spectrum emission mask measurement measures spurious signal levels in
up to 8 pairs of offset/region frequencies and relates them to the carrier power.

The integration bandwidth method is used to perform a data acquisition. The
reference channel integration bandwidth (Meas BW) is analyzed using the user
defined resolution bandwidth (Res BW), which is much narrower than the
channel bandwidth. The measurement computes an average power of the
channel or offset/region over a specified number of data acquisitions,
automatically compensating for resolution bandwidth and noise bandwidth.

This measurement requires the user to specify the measurement bandwidths of
carrier channel and each of the offset/region frequency pairs up to 12 (A - L).
Each pair may be defined with unique measurement bandwidths. The results
are displayed both as relative power in dBc and as absolute power in dBm.

Summary

Similar to other Radio Channel measurements, SEM sweeps and measures the
total power within a Reference channel. It also optionally performs sweeps of
user defined offset segments both above and below the reference channel. The
peak signals within the offsets are compared against limits, to determine PASS
or FAIL results. Tabular data is presented showing individual offset segment
results, one row for each offset. A final trace is displayed that contains all of
offset segment sweeps and the reference channel sweep is formed and plotted
along with the limits.

The following are displayed:

— Total Power Ref (dBm / Hz) - measures total power over the specified
Integrated BW.
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— Spectrum Emission Mask Pass/Fail — A PASS indicates the displayed SEM
is within the current boundaries specified. A FAIL indicates the current
signal fails with the specified parameters.

Figure 9-28 SEM Example

rRef0.00 dBm
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Figure 9-29 SEM Example FAIL Data - Absolute Limit (Blue), Relative Limit (Violet), Trace
(Yellow), and Tabular Data

Ref 10,00 dBm Atten 20 dB

Lo o]

10.0
fol=0)

Spectrum Emission Mask
Total Power Ref -12.76 dBm WHz

How to select Spectrum Emission Mask (SEM) Measurement
— Press - i Channel Measurementsig

When SEM is selected, the following settings are maintained from a previous
measurement: Center Frequency, Preamp ON|OFF, and RF Attenuation.

Setting up the FieldFox for Spectrum Emission Mask (SEM) Measurement
1. Press - dChannel Measurementsie
2. Press _ then optionally select:

— [XEELTY: Enable/disables averaging and sets the number of trace
averages (Default is OFF).

- Then select one of the following:

Measurement Type (Meas Type) enables the user to select the
method used to calculate the reference power level.

The displayed green power (dBm)/frequency (Hz) text changes as the
Meas Type is toggled.
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- (Default is Total Pwr Ref) is the total
integrated reference channel power (dBm) is measured
and used as the Auto Power Ref value. Peaks found in
Offset segments remain in (dBm) units for direct
comparison with (dBm) limits.

- the power spectral density (dBm/Hz) is measured
and used as the Auto Power Ref value. Absolute Limits and
Peaks found in Offset segments are normalized to their
equivalent PSD value (dBm/Hz).

- the spectral peak value measured within the
reference channel (dBm) is used as the Auto Power Ref
value. Peaks found in Offset segments remain in (dBm)
units for direct comparison with (dBm) limits. Values in the
table are compared to the peak power of the spectrum.

- Opens the Reference Channel softkey menu. Then
select one of the following:

- Sets the Integrated bandwidth.

- Sets the reference channel span. usually
set equal or greater than the Integ BW, it is simply a way to
reserve additional freq range to be measured for display
presentation, if that range is not overlapped by the offset
regions. The reference channel is always measured
completely as specified, but only the central part of the
reference channel that is NOT overlapped by active offset
regions is displayed. (Minimum = 10 Hz/ Maximum = Value
varies with model and options).

- Tracks currently displayed carrier center
frequency (Default = TrackCF). Set to Hold to disable the
carrier frequency tracking.

- Auto/Manual (Default is Auto). Sets the resolution
bandwidth. See also, “Resolution Bandwidth (Res BW)”
on page 185.

— [IiZ¥S% Opens the frequency Offsets softkey menu. Then select one
of the following:

— [oIfitr Sets the number of pairs of frequencies to be offset
(up to eight pairs can be selected).

— [0S dHEL]E Enables/disables the currently selected
Frequency Start/Stop Offset values.

- Sets the offset frequency start value.
(Default/Maximum = Value varies with model and options,
Minimum = 0 Hz).
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— [(USHFELIRIGTY Sets the offset frequency stop value.
(Default/Maximum = Value varies with model and options,
Minimum = 0 Hz).

- Auto/Manual (Default is Auto). Sets the current
resolution bandwidth value. See also, “Resolution
Bandwidth (Res BW)” on page 185.

- (Default is Both). Sets the offset
side measurement value. Select Negative (Neg) to
measure the negative side of the spectrum. Select Positive
to measure the positive side of the spectrum.

— [l FER NS then select one of the following:

- (Default) applies the frequency offsets to
the current carrier center frequency.

- Selects the edge of the carrier for frequency
offset definition.

- - the reference power value can be fixed (which also
fixes the Relative Limit line), but the user must then consider the
unit being used (dBm or dBm/Hz) depending on the Meas Type
selected. If Power Ref is left AUTO (Default) then its value will track
the Meas Type and change units automatically. Both fixed and Auto
settings display the power reference value measured.

3. Setting Center Frequency and Span

Frequency control menu (Center and Span) provides an SEM Auto Span
control (defaulted to ON) which automatically tracks the necessary span to
cover all enabled offset segments. In the example in Figure 9-29 on

page 246, the necessary span is 16 MHz. But the you can de-couple the
span simply by narrowing or widening Span it in order to zoom.

The Carrier Frequency (Ref Channel Center) by default tracks the specified
Center Frequency, but can be forced to “Hold” at a particular location
which would then allow the user Center Frequency to pan above or below
for reasons similar to zooming with span.

Press - then

- sets the center frequency.
— HEYIWTETEN - Enables/disables the SEM Auto Span.
— [FEEETEN - sets the frequency span of the SEM measurement.

— [VFTE - optional to set Radio Standard controls. Refer to “Radio
Standard” on page 153.
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4. Setting the Limit Lines

Two Limit traces are available, an Absolute Limit and a Relative Limit. Both
are defined and applied only over the Offset measurement regions. There
is no Limit definition or application for the Reference Channel itself. The
final Limit Trace displayed is a concatenation of all the individual Offset
Limit segments, just as the final measurement trace is. Success or Failure
is determined by Fail Mask per offset, to be based on either Relative or
Absolute limits, Both (Abs AND Rel), or Either (Abs OR Rel).

Press - then

- - selects the offset region to be edited.

The Limits per offset are determined by Start/Stop Amplitude level
endpoints, which correspond exactly to the user specified
Start/Stop frequency locations in the Offsets sub-menu. So each
offset segment is a LINE defined by its two endpoints. In the Limit
“Auto” means to match the Start limit value, hence creating a FLAT
(horizontal) Limit Line segment. But the Stop value can be manually
set as well, creating sloped Limit segments.

— LLGERSIETR - Sets the start of an absolute limit line segment.
— [IIG]e - Sets the stop of an absolute limit line segment.

— el - Sets the amplitude limit at the start frequency of the
offset, relative to the reference power level.

The reference power level is displayed in green. The reference power level
type can be selected through > [VEPPRITE, and the reference
power settings defined through ‘ Ref Channell

Example: If the reference power level reads -15 dBm, and is set
to -10 dB, the level is -25 dBm. Since this limit line type is relative, it
moves with the reference power reading.

— RERIGIWATG) - Sets the amplitude limit at the stop frequency of the
offset, relative to the reference power level.

— [EYHYERY - Sets the Fail Mask offset parameters for the
measurement. Then choose:

— IYYIM® - The absolute mask is tested for all offsets.
- The relative mask is tested for all offsets.

AWM OIR Il - Either Absolute or Relative data failure
generates a fail message.

JLEWAWDERE - Requires a relative and an absolute data
failure to generate a fail message.
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5. Setting the Detectors

The Trace menu shows that two Detector controls are available, one for
the Reference Channel (default Auto is Average to facilitate the Power
Integration), and another for all the Offset segments (default Auto is PEAK,
to facilitate finding PEAK signal energy when comparing against Limits).
There is only 1 Trace available, and like the other Channel Measurements,
it is set to average.

Press - then

- sets the measurement state. Refer to “Trace Display States
(SA Mode)” on page 201.

WAL - Sets the SEM settings to default

- Sets the Reference Channel detector (default Auto
is Average to facilitate the Power Integration). See also “Detection
Method” on page 212.

)i DI EIR ]G - Sets all of the Offset segments (default Auto is
Peak, to facilitate finding peak signal energy when comparing
against the Limits). See also “Detection Method” on page 212.

X0 (s WL BV - Refer to “Record/Playback (SA Option)” on
page 552.
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1Q Analysis (SA Mode Only)

This feature’s intended use is that the Streamed data will be sent to
another computer. That computer or another one will act as a SCPI
controller and is required for actually controlling the streaming, in
particular setting up network configuration data and starting and stopping
the streaming.

IMPORTANT!

- 1Q Streaming is used by configuring the desired setup and then starting
the acquisition/data stream. In order to make measurement changes
(bandwidth, center frequency, etcetera) streaming must be stopped, the
new setup configured, and then streaming restarted.

- During streaming, the data displayed on the FieldFox is not updated.

- For both Decodio and VITA49, FieldFox encodes all streamed | and I1Q
data as 32-bit IEEE 754 floating point values.

- FieldFox does not support TCP networking.
- Data for both protocols is 2 floating point values per sample (I and Q).

- Except for the 32-bit floating point only option for | and Q data, FieldFox
implements VITA 49A a subset of the VITA 49.2 protocol.

- While in any IQ Analysis mode, the sample rate to frequency span will
stay locked/coupled in a ratio of 1.25:1.

How to Select 1Q) Analysis

~ Press MeasiSetupl

— Then WAL then choose from
— Then [CTMSE -

— Then - to emit a sequence of packets from a specific
location in a VRT (VITA49) enabled architecture (e.g., VRT packet
class with a defined packet attribute used in one or more places in a a
architecture to create packet streams).

When 1Q Analysis is selected, the following settings are maintained from a
previous measurement: Center Frequency, Span, BW, Sample Rate, Preamp

ONJOFF, and RF Attenuation.
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How to Setup 1Q Analysis General

General setup for IQ Analysis:

1. Press_>m>m
2. Press [A]FFEMTIELEWE > Auto (default).

3. Press > 10 (default). Learn more refer to “Adjusting the
Measurement Setup Settings” on page 307.

4. Press > Auto (default). Learn more refer to “Adjusting the
Measurement Setup Settings” on page 307.

5. Press- > [Ne > 1 GHz
6. Press [§EFEETER > 1 MHz (default).

How to Setup 1Q Analysis Streaming (Requires Option 353 |Q Streaming, SA
Mode Only)

This feature’s intended use is that the Streamed data will be sent to
another computer. That computer or another one will act as a SCPI
controller and is required for actually controlling the streaming, in
particular setting up network data and starting and stopping the
streaming.

The feature provides continuous streaming of |Q data up to 1.25 MSamples/sec
over the Ethernet port in either VITA49A or Decodio formats.

If locked to GPS, will populate the timestamp applied to streamed data
packets. If not locked to GPS, the system clock time is used to stamp the
streamed data packets. Refer to Chapter 31, “System Settings” and to
“Frequency Reference” on page 800.

General setup for IQ Streaming:
1. Press_>m>m
2. Then [T s > (NETE > 1.25 MHz (default when set to Auto).

Setting the IQE sample rate to Manual, forces the Span to be:
Span =0.8 * Sample rate.

3. Configure Center Frequency, Span, Preamp, and RF Attenuation
a. Press - > >1 GHz 1 GHz
b. Press SRR > 1 MHz (default).

This forces the Span to be:
Span =1.25 * Span.
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c. Then to adjust receiver gain:

Typically, the goal is to be able to see the desired signal that you want to
capture as close as possible to the top of the display grid on the screen,
without causing an ADC over range to be displayed. This maximizes the
signal-to-noise ratio.

Press Seale/Amptd then

— To configure automatically: Press {E&#XaYE| - adjust as
needed.

or
To adjust manually:
— Press (default = OFF)
— Press m > Manual > 15 dB (default)
4. Setup 1Q Streaming protocol, destination host, and port:

To set the destination host, 1Q streaming protocol, and samples per
packet, refer to the [ : SENS] : IQST subsystem commands in the FieldFox
Handheld Analyzer SCPI Programming Guide on www.keysight.com.

Destination Host

Destination Port — (default is 4991)

Protocol - Choose Vita or Decodio

Samples per packet

5. Start Streaming: Refer to the FieldFox Handheld Analyzer SCPI
Programming Guide on www.keysight.com.

6. When done press . to stop streaming or refer to the FieldFox Handheld
Analyzer SCPI Programming Guide on www.keysight.com.

Or via the FieldFox front panel, choose:
— Press MeasSetup4 > TFINE e > e

Or simply choose:

- Press- Al Meas Off
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How to Select Effective Isotropic Radiated Power (EIRP)

1. Press -

2. Then [ETNGRV NN > [HETH6] to open a menu of softkeys to set
up EIRP.

How to Setup EIRP (Effective Isotropic Radiated Power)

General setup and an example for EIRP:

For this example we are using an isotropic antenna with the following
specifications:

— Frequency range: 9 kHz to 9 GHz isotropic antenna

— Preamp stages: 2 (+15 dB each (@2 GHz)

— Chop/Switch speed rate: 1 Hz to 50 kHz

— Assume: 600 Series 50Q coaxial cable with 2.5 dB/100 feet

1. Press - 4Channel MeasurementsgdChannel PowerEdEIRP Off

then choose from the following:

S CEENeId el — Enables and disables the EIRP measurement.

- Enter the receiver ant gain (100 db to 100 db;
default = 0 dB).

For this example: 30 dB > Enter.

I RCWNali — Enter the distance between the receiving and
transmitting antennas (0 m to 25 km; default = 100m)

For this example: 100m (default)

OO JEU LTS - Enter the receiver cable loss (0 to -100 dB; default
=0 dB).

For this example: 2.5 dB

- Enter the margin compensation to remove known
self-interference, antenna efficiency, fading and other errors
(-100 db to 100 db; default = 0 dB).

Then (MBI and choose from the following:

- Press this softkey to restart an antenna measurement.
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— SEVCNGLIiFAIn el — Saves the current horizontal EIRP value (dBm).
- - Saves the current vertical EIRP value (dBm).
- —Clears the saved horizontal and vertical EIRP values

(dBm).
2. Configure Center frequency, Span, Preamp, and RF Attenuation
- Press->>2GHz

— Press m > 3 MHz (default)
— Press _ > @ > @ (default = OFF)
Press (default = Auto)
3. Summary of EIRP setup, per step 1.
Press For this example: 30 dB > Enter.
Press For this example: 100m (default)
Press For this example: 2.5 dB
Press
4. Start EIRP: Press
5. When done press:

and

6. Optional: To clear the saved horizontal and vertical EIRP values press:

Clear H &
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10 RTSA (Real-time Spectrum Analyzer) Mode—Option 350

RTSA Mode measures signals at the SA RF IN connector.

For a comprehensive RTSA mode tutorial, see Understanding and Applying
Probability of Intercept in Real-time Spectrum Analysis (App Note) at
https://www.keysight.com/us/en/assets/7018-04381/application-notes/599
1-4317.pdf.

Figure 10-1 RTSA Display using Markers

RTSA Ref-20.00 dBm #Faten 0 dB

Span 10
Fersistence 1.0 s acq Time 2

The graphic above shows an RTSA display of a Bluetooth signal using
markers.

KEYSIGHT

TECHNOLOGIES
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RTSA (Real-time Spectrum Analyzer) Mode—Option 350

Figure 10-2

N

Atten 15 dB

The graphic above shows an RTSA display shows an RTSA display of an
80 MHz linear FM chirp with a center frequency of 1 GHz (requires Option
B10).
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In this Chapter:

“Frequency Range” on page 260

“Scale and Units” on page 262

“External Gain” on page 262

“Attenuation Control” on page 263

“Preamplifier Control (Opt 235)” on page 264

“Check for Compressed Measurements” on page 264

“Spectrum Selection” on page 265

“Setting the IF Path” on page 269
“Resolution Bandwidth (Res BW)” on page 269

“Triggering” on page 270

“Single / Continuous / Restart / Time Per Div” on page 273

“Points (not user settable)” on page 274

“Trace Display States (RTSA)” on page 275

“Average Count, Show Density, Blue, and Red Percentage Limits” on
page 277

“Average Count” on page 278

“Alignments” on page 279

“Detection Method” on page 276

“Display Line” on page 279

“Limit Lines” on page 280

“Audio Beep at Marker Power” on page 280

“Spectrogram Display (RTSA Option)” on page 281
“Record/Playback (RTSA Option)” on page 283

See Also

Optional Settings:

“All about Markers” on page 745

“All about Limit Lines” on page 760

“Saving and Recalling Files” on page 830
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RTSA Mode Settings

RTSA Mode Settings

Select RTSA Mode before making any setting in this chapter.

Because there is no calibration, these settings can be made in any order.

How to select RTSA Mode

— Press-
— Then REEIRIHNEESTA.

When you initially select I/Q Analyzer, Real-time SA, or some of the other
spectrum settings (such as center frequency) a factory channel
Equalization measurement is applied to the signal. During channel
equalization measurement, the FieldFox displays a “Start Channel
Equalization”. Stopping channel equalization is not permitted. See also,
“Alignments” on page 204, in Chapter 9, “SA (Spectrum Analyzer) Mode
(Option 233-Mixed Analyzers).”

Frequency Range

260

The X-axis frequency range determines the frequencies that are measured for
each sweep. The default Start frequency is 950 MHz. However, the Start
frequency can be set as low as =150 MHz. The internal LO of the FieldFox can
be seen at 0 Hz, which will mask signals that may be present.

Although the start frequency can be set as low as -150 MHz, amplitude
accuracy is specified above 9 kHz (depending on your model). Below

9 kHz (depending on model), frequency accuracy is maintained, but
amplitude accuracy is degraded. Refer to
https://www.keysight.com/us/en/assets/7018-03314/data-sheets/5990-
9783.pdf.

The FieldFox can be used with an OML frequency extender. Refer to
“Utilities” on page 784, the B Series FieldFox Configuration Guide
5992-3701EN, and to “Contacting Keysight” on page 5.

The frequency range of the measurement can be changed using the following
methods:

— Set Center and Span frequencies (Frequency Span varies with instrument
model)

Set Start and Stop frequencies

Toggle between Zero and Last selected span

Using Marker -> Center
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RTSA Mode Settings

How to set Frequency Range

— Press -

— Then choose from the following:

[N and [FEREIeE frequencies. This is the most common method
of entering frequency range. Enter the frequency of interest. The
Center frequency is at the exact center of the X-axis. The Frequency
Span places half of the frequency range on either side of center.
When the Center and Frequency Span values are entered, then the
X-axis annotation on the screen shows the Center and Span
frequencies.

—F8 and 3% frequencies. Start is the beginning of the X-axis and
Stop is the end of the X-axis. When the Start and Stop frequencies
are entered, then the X-axis annotation on the screen shows the Start
and Stop frequencies.

— Optionally, press Mg then:

— [0 then type a step size value using the numeric keypad,
then select a multiplier key.

—[FERTYTIEG and one of the following:

(Default) - The FieldFox selects a frequency annotation
setting (CenterSpan or StartStop).

-The center frequency and span are displayed.
Sielaeside]e] - The start and stop frequencies of the frequency span are
displayed.

— [N the frequency span changes the instrument’s full
frequency span (frequency span is model dependent).

When in full span, ADC dither raises the noise floor at the edges of the
NOTE 120 MHz.

— Follow each of these, when prompted, by entering a value using the

numeric keypad, the [AL¥] arrows, or the rotary knob.

— When using the [AL¥] arrows, press - The increment setting of the
arrows is based on the current span. This can be changed in RTSA Mode.

— After using the keypad, select a multiplier key. Learn more in “Multiplier
Abbreviations” on page 46.
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RTSA (Real-time Spectrum Analyzer) Mode—Option 350
RTSA Mode Settings

Scale and Units

Adjust the Y-axis scale to see the relevant portions of the data trace.

The Y-axis is divided into 10 graticules. A acquisition is shown on the screen as
a solid horizontal bar that can be placed at any graticule.

RTSA always uses logarithmic scale. The Y-axis reference line represents the
specified absolute acquisition (dBm). Y-axis graticules show dB below or above
the reference line.

When RF Attenuation set to Auto, the RF Attenuation is coupled to acquisition.

How to set Scale
Press _ Then choose from the following:

Manually set Scale, acquisition, and Reference Position.

— Y™ Manually adjust the dB scale per division to view specific areas of the

current trace. Enter a value using the numeric keypad, the [aL¥] arrows, or
the rotary knob. Then press i

- Manually set the value of the reference line. Enter a negative
value by pressing _ either before or after typing a value. This
can also change the RF Attenuation setting. See “Attenuation Control” on
page 263.

- Manually set the position of the reference line. Values must be
between O (top line) and 10 (bottom line). Default position is zero (top).

External Gain

When using an external amplifier or attenuator, the RTSA mode trace
amplitude values can be offset to compensate for the effect of the external
device. This effectively moves the reference plane of the RTSA measurement
port out to just beyond the external device. For example, when using an
external preamp with gain of +10 dB, enter this value for External Gain, and the
data trace across the displayed frequency span will be adjusted down by

10 dB.

When RF Atten is set to Auto, you may see a change in the RF Attenuation
value. This is an attempt to measure the signal at top of screen (the
acquisition) without overloading the RTSA first mixer.

How to Set External Gain

~ Press Bcale/Amptd
— Then S GHEINEE
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RTSA Mode Settings

— Enter a value using the numeric keypad, the [A¥] arrows, or the rotary knob
(positive for gain; negative for loss). Values in increments less than 5 dB
must be typed using the numeric keypad. Then press

ExtGain xx dB is shown at the top of the screen.

Attenuation Control

Both the RF Attenuation and Preamp functions control the power level into the
RTSA.

When too much power is present at the RF Input port, [ IEESIEEEEE
appears on the FieldFox screen. This does not necessarily mean that damage
has occurred, but that the measurement is probably compressed.

When high power levels are present at the RF Input port, internal attenuation
can be switched in to keep the FieldFox receiver from compressing. At
extremely high power levels, use external attenuation to protect the internal
circuitry from being damaged.

The FieldFox can be damaged with too much power. Refer to the FieldFox
Data Sheet for your model on
https://www.keysight.com/us/en/assets/7018-06516/data-sheets/5992-
3702.pdf.

Maximum Input Voltages and Power:

RF Output Connector: 50V DC, +23 dBm RF
Ext Trig/Ref Connector: 5.5V DC

RF Input:

+27 dBm RF, £50 VDC Max. (N991xA/B, N9925B, N9926A,
N9928A, N993xA/B)

+23 dBm RF, +50 VDC Max. (N9923A, N9923AN)
+25 dBm RF, +40 VDC Max. (N995xA/B, N996xA/B)
DC Input: 19VDC, 4ADC, 60 Watts maximum when charging battery

Learn more about ADC over range warnings by referring to Chapter 31,
“System Settings,” and then to “SA” on page 804.

The displayed power level is automatically adjusted for RF Attenuation. As the
attenuation value changes, the displayed power level should NOT change.

How to set Attenuation

~ Press Scale/Amptd

— Then AN CTIRV EQ WAL
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RTSA (Real-time Spectrum Analyzer) Mode—Option 350
RTSA Mode Settings

- RF Attenuation is set by adjusting the acquisition. As the acquisition is
lowered, for example from =10 dBm to -40 dBm, the FieldFox assumes that
you are looking at low-level signals. The RF Attenuation value is
automatically lowered in 5 dB steps to allow low-level signals to be viewed.

— YBT3 RF Attenuation is set manually. Enter a value between 0 to 40 dB in

Then press

5 dB steps usini the numeric keypad, the [aI¥] arrows, or the rotary knob.

#Atten xx dB is shown at the top of the screen. (#) means manual setting.

Preamplifier Control (Opt 235)

When very low-level signals are analyzed, an internal preamplifier can be used
to boost the signal level by approximately 15 to 20 dB (depending on model).
The gain of the preamp is NOT adjustable. The displayed signal level is
automatically adjusted for the increase in system gain, therefore turning the
Preamp ON should NOT cause a change to the displayed signal.

How to control the Preamp
By default, the preamp is OFF.

~ Press Scale/Amptd

— [WEETHONKOIFE When ON, . is shown to the left of the graticules on the
display.

- When Auto is selected, the preamp setting is coupled to the RF
attenuation and to the acquisition. When the acquisition reaches a certain
value, the preamp is turned on and [jlll is shown to the left of the graticules
on the display.

Check for Compressed Measurements

Compression occurs when too much power into an amplifier causes it to no
longer amplify in a linear manner. When too much power goes into the
FieldFox RF Input connector, the amplifiers in the RTSA receiver compress and
signal power will not be displayed accurately. This can occur even if [ ISISEER
BBREE is not displayed because devices other than the ADC, such as the mixer,
might be compressed. Increase the RF Attenuation value to prevent the RTSA
receiver from being compressed.

How to Check for a Compressed Measurement
— Using a marker at the signal peak, make note of the signal power level.
— Increase the RF Attenuation level by 5 dB.

—If the signal level does NOT change, then NO compression exists. This
indicates that the signal is in the linear region of the FieldFox
receiver.
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—If the signal level DOES increase, then the receiver was compressed.
Set the RF Attenuation value at the setting when further increases no
longer result in an increase in the displayed power level.

Spectrum Selection

Density Spectrum and Spectrogram data is lost when you change modes,
because the FieldFox optimizes the instrument’s resources during mode
changes.

To select the spectrum-type for your measurement:

How to make Spectrum Settings

~ Press Meastirel

— Then Press:

- The signal displayed is a real-time spectrum with
a histogram bitmap. Refer to Figure 10-3 on page 266 and Figure
10-4 on page 267.

— FTPrinrrEn The signal is displayed is a real-time spectrum with a
spectrogram bitmap. Spectrogram views are valuable in capturing
signals that include both time and frequency variations. Refer to
Figure 10-5 on page 267.

— [P ae The signal is displayed as a real-time spectrum.
Use real-time spectrogram to quickly display measurements. Refer to
Figure 10-6 on page 268.

In all three spectrum measurements, there are four available traces
for representation of the real-time spectrum.
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Figure 10-3 Density Spectrum (Histogram) FM Signal with 1 MHz FM Deviation & 400 Hz
FM Rate

RTSA Ref0.00 dBm Atten 10 dB

s

10.0
de/

266 Keysight N9938-90006 User’s Guide



RTSA (Real-time Spectrum Analyzer) Mode—Option 350
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Figure 10-4 Density Spectrum (Histogram) with 2 Pulses, 100 MHz Span (Blue color
indicates pulse that occurs less frequently)

RTSA Ref-12.00 dBm #aten S ElEk

10.0
dB,/

IF Path 100

Figure 10-5

10.0
de,’

100 Hz
modulation rate
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Figure 10-6 Real-time Spectrum

2ef 0.00 dBm Atten 10 dB
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RTSA Mode Settings

Setting the IF Path
How to check or set the IF Path. By default the IF Path is set to Auto.

1. Press -

2. Then [[AZWH The underlined setting is the current setting. Choose [,
, or (100 MHz requires Option B04 or B10 and either
Option 350 RTSA or Option 351 IQ Analyzer).

Optional: After you click 100 MHz, you can use the - hard key and

the number pad or using the numeric keypad, the [A1¥] arrows, to increase
your IF path bandwidth to 120 MHz.

When in full span, ADC dither raises the noise floor at the edges of the
120 MHz.

Resolution Bandwidth (Res BW)

For best results, use the AUTO setting for the Res BW values. Increasing
the resolution BW could reduce pulse measurement capability by
affecting the 100% POI duration and the minimum detectable signal level.
The resolution BW must be as narrow as possible to maintain gapless
measurements.

When Manual RBW is selected, the FieldFox attempts to set the RBW to
the setting you request, but this setting is coupled to the current span
settings. If the manually set RBW is not settable with the current
frequency span value, the FieldFox defaults to the nearest achievable
RBW setting to meet the manual RBW value.

In RTSA Mode, the Res BW provides the ability to resolve, or see closely
spaced signals. The narrower (lower) the Res BW, the better the spectrum
analyzer can resolve signals. In addition, as the Res BW is narrowed, less noise
is measured by the spectrum analyzer ADC and the noise floor on the display
lowers as a result. This allows low level signals to be seen and measured.

How to set Res BW

— Press -
— Then (N0

— Then choose from the following:

— Res BW is coupled to the frequency span. As the frequency
span is narrowed, the Res BW is also narrowed providing increased
ability to resolve signals.

To change this setting from Man to Auto, press Res BW twice.
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— [YEM) Enter a Res BW value using the numeric keypad, the &L¥]
arrows, or the rotary knob. Then press a multiplier if necessary or
press

The current Res BW setting is shown at the bottom of the screen.
#Res BW x.xx XHz (#) means manual setting.

This setting could impact the accuracy of the measurement. See Specifications
in Appendix B.

Triggering

Triggering only applies to Density Spectrum and Real-time Spectrum.

External, Video, and RF Burst triggering enable you to initiate an RTSA mode
sweep using an external event such as a signal burst.

Trigger Type

- Press-

M (W8 riqcer Settinas
— Then ITHNTE

— Then choose from the following:

- Triggering is provided by the FieldFox internal circuitry. A new
sweep begins when the previous sweep ends.

- A sweep is triggered on an external TTL signal at the Ref In/Trig In
connector on the FieldFox top panel. Choose to trigger on the rising slope
at about 1.7 V or on the falling slope at about 1.0 V using the Trigger Slope
setting (below).

- sets a trigger that repeats at the period rate entered. Periodic
trigger's phase can be altered by the Offset value.

The following two selections are similar in that they both trigger a sweep from
a signal at the SA RF Input connector. Experiment with both selections to find
the best trigger type for your application.

270 Keysight N9938-90006 User’s Guide



RTSA (Real-time Spectrum Analyzer) Mode—Option 350
RTSA Mode Settings

- A sweep is initiated when the amplitude of an incoming signal
crosses the settable trigger level. The comparison is done in the time
domain, before conversion to frequency domain. Refer to “Trigger Slope”,
“Trigger Delay”, “Trigger Level” on page 272, “Auto Trigger Time” on
page 272, and to “Trigger Hold-Off” on page 273.

NOTE If your trigger level is set too high for the current measurement gain setup,
you will see an error message, similar to this one, displayed: “Video

TrigLevel was HW Limited, it is x.xx dB above current capability”. Adjust
your trigger level settings until the message is no longer displayed.

— [TEEMIER A sweep is initiated when the signal at the third IF (analog) stage
crosses the settable Trigger Level. This selection reacts to a wider
bandwidth of the incoming signal than Video Trigger, which could be
beneficial. However, RF Burst is not as sensitive to triggering on low-level
signals. Refer to “Trigger Slope”, “Trigger Delay”, “Trigger Level” on
page 272, “Auto Trigger Time” on page 272, and to “Trigger Hold-Off” on
page 273.

- Trigger repeats at the period rate entered. Periodic trigger’s phase
can be altered by the Offset value.

Then choose from the following:
- Enter a value for the trigger to repeat (100 ns to 400 ms).

- Enter a offset value to offset the phase of the periodic trigger
(=100 ms to 100 ms).

— RETARO W EY Resets Offset to default 0.000000 s.

Trigger Slope

Trigger Slope determines which edge of an External, Video, or RF Burst trigger
signal initiates a sweep.

— Press -

L Trigger Settings
— Then IEEY

— Then choose from the following:
— @ Sweep is triggered by the rising (positive) edge of signal.
— @ Sweep is triggered by the falling (negative) edge of signal.

Trigger Delay

After a valid trigger signal is received, the sweep begins after the specified
Trigger Delay time.

— Press -
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— Then
— Then IR

— Enter a value using the numeric keypad, the [a¥] arrows, or the rotary
knob. (0 to 10 seconds)

— Then select a multiplier key or press - Learn more in “Multiplier
Abbreviations” on page 46.
Trigger Level

Used with Video and RF Burst triggering, a sweep is initiated when an
incoming signal crosses this level. See also “Scale and Units” on page 262.

RF Burst Trigger Level uses an alignment process which is performed in the
background to set the detected signal level accuracy. Video Trigger Level is a
comparison done on the time domain signal, before conversion to the spectral
frequency domain. Processing from the time to frequency domain can cause
broadband (e.g., pulsed) signal energy to display at lower power levels than
the peak power levels of the time domain signal. Therefore you may need to
the set trigger level higher than the displayed spectral level.

~ Press SWeep3

— Then

— Then

— Enter a value using the numeric keypad, the [a¥] arrows, or the rotary
knob. (=210 to 30 dBm)

— Then select a multiplier key or press - Learn more in “Multiplier
Abbreviations” on page 46.

Auto Trigger Time

While waiting for a valid trigger signal, is annotated in the top left corner
of the FieldFox screen.

If a valid trigger signal is not received before the specified Auto Trig Time, a
sweep will occur automatically.

When Auto Trigger is OFF, the FieldFox does NOT sweep unless a valid trigger
signal is received.

~ Press SWeep3
SR W Trigger Setting
SRIEA o Trigger

— Enter an Auto Trig Time using the numeric keypad. (1 ms to 100 seconds)

— Then select a multiplier key. See “Multiplier Abbreviations” on page 46.
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— Enter 0 to set Auto Trigger OFF or press the Auto Trigger softkey a second
time to turn OFF Auto Trigger.
Trigger Hold-Off

Used with External, Video, and RF Burst triggering, sets the hold-off time
between triggers. (Range: 0.000000 to 10.000000 seconds)

Once a trigger occurs, future triggers are ignored until the trigger hold-off time
expires. Setting the trigger hold-off to zero, essentially turns off the trigger
hold-off feature. Also, you can press Trig Hold-Off > OFF.

Trigger Settings Annotation

Trigger settings are annotated on the FieldFox screen as shown in the following
figure:

Ref 0.00 dBm Atten 10 dB

— Trig Type (VidT), AutoTrigger (a), Pos Slope (/)

— Horizontal arrow: Trig Level (green horizontal graticule at -35 dBm)

Single / Continuous / Restart / Time Per Div

This setting determines whether the FieldFox measures continuously or only
once each time the EXelS or _ button is pressed. Use Hold /
Single to conserve battery power or to allow you to save or analyze a specific
trace.

— To conserve battery power, in addition to using Hold / Single, you must
also, set the System > preferences >Preferences > Battery Saver to On.
For more, refer to the System Settings chapter and “Preferences” on
page 792.
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How to set Single or Continuous

— Press -

— Then choose one of the following:

s Continuous

——[aN Causes the RTSA to make continuous sweeps. This is the
typical setting for making measurements. Each _
press causes the RTSA to toggle between continuous sweep
and Hold.

— 33 Causes the RTSA to Hold. Each RURZZHOld®/= or il
press causes the RTSA to make ONE sweep, then Hold. The

Hold annotation changes to an arrow --> while the sweep
occurs.

— BPT® Automatically sets Continuous OFF and causes the RTSA to
make ONE sweep, then Hold.

- Resets the average counter to 1. If Continuous sweep is OFF,
it also causes Average Count (n) sweeps to occur if any Trace State is
set to RMS Average, MinHold, or MaxHold. This softkey is also used
to clear the Spectrogram display. Learn more in “Average Count” on
page 278.

Acqg Time

Use the setting to adjust acquisition time interval for each trace
update in Density or Real-time Spectrum measurements.

How to set Acq Time
— Press -
— Then choose:

- Acq Time affects the quantity of information being
captured during a density or real-time spectrum measurement.

——[\Tids] (default) the FieldFox chooses the optimum Acg Time
based on the span setting (default is 20 ms, when span is set
to full span).

——[VERIE enables user settable acquisition time values.

Points (not user settable)

Points is the number of measurements that are displayed along the X-axis.
RTSA automatically sets the points to 821 and is not user settable.
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Trace Display States (RTSA)

Figure 10-7

You can use the FieldFox’s Remote Server mode (89600 VSA software
connectivity) to parse playback files and captured data as MATLAB files
(*.mat). Learn more about FieldFox and 89600 VSA software, refer to
Chapter 18, “Remote Server Mode (Requires SA Hardware/SA Option
233)” and to
http://rfmw.em.keysight.com/wireless/helpfiles/89600B/WebHelp/89600
.htm.

In RTSA Mode you can display up to four of the following types of trace states.
All RTSA trace settings can be independently reset (either automatically, or
manually) for each trace counter (VEVGEL, [MinHoldRS@RMS Averagel)
without resetting any other traces. These traces represent the Real-time
Spectrum in each of the three measurement modes.

Additionally, this independent trace feature provides:

— annotates ONE such trace counter as the minimum trace count of all of the
traces (even if multiple counters are active)

— automatically RESET any single Trace counter when parameter couplings
dictate that a counter needs to be reset (e.g., LTSIV EIOr LT 0T Tt
changes)

— enables a user to manually reset a single Trace, via the Trace State menu
selection (Blirace > )

— amanual reset is performed by pressing the same trace again (i.e.,
trace state is already enabled), and the selection softkey says “Reset” or
“Reset Count” as a hint to the user

Trace State Reset Softkeys

A color-coded legend for displayed traces is visible in the left pane of the RTSA
mode screen:

W = Clear/Write; M = MaxHold; m = MinHold; A = Average; V = View
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How to display the Trace States

— Press -

— Then HelMWARS repeatedly to select a trace number to display or change
its state. Traces are displayed in the following default colors (i.e., the colors
are user settable):

— Trace 1 - Yellow Trace 2 — Blue

— Trace 3 - Of@hgé  Trace 4 - GiGeN
S ElilState [current setting

— Then choose from the following Trace States:

—(o[@AWls [W] (Clear/Write) Displays the actual measured data for each
sweep.

—[VEYCRIE] [M] Displays the maximum response of the input signal at
each data point over multiple sweeps. See also Average Count in
“Average Count” on page 278.

[V [m] Displays the minimum response of the input signal at
each data point over multiple sweeps. See also Average Count in
“Average Count” on page 278.

—[HUEWNEERE [A] Each data point is averaged over multiple sweeps as
set by the Average Count setting. Learn more in “Average Count” on
page 278.

—{VIT, (V] Displays and then holds the last complete measurement trace
on the screen. This is similar to storing a trace in memory.

— « Displays no trace.

— Press DEET#AL to return all traces to their default settings: Trace 1
(Clear/Write); all other traces, including trace detectors (Blank).

Detection Method

In RTSA Mode, the X-axis is comprised of data points, also known as “buckets”.
Learn more in “Points (not user settable)” on page 274.

Regardless of how many data points are across the X-axis, each data point
must represent what has occurred over some frequency range and time
interval.

From the frequency span of the measurement, the span of each data point is
calculated as (frequency span / (data points-1)). The detection method allows
you to choose how the measurements in each bucket are displayed.

Using the RTSA feature, each of the four available traces can have an
independent detection method.
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How to set Detection Method

The current Detection method for each trace is labeled on the left edge of the
screen. A corresponding letter appears below the corresponding Trace number
selected. For example: N means that Normal was the selected detector.

1. Press - >
2. Then choose from the following:

— Y% [...] Displays the most appropriate Detection method based on
other settings. [No annotation]

— [YETEHEL [N] Provides a better visual display of random noise than
Positive peak and avoids the missed-signal problem of the Sample
Mode. Should the signal both rise and fall within the bucket interval,
then the algorithm classifies the signal as noise. An odd-numbered
data point displays the maximum value encountered during its
bucket. An even-numbered data point displays the minimum value
encountered during its bucket. If the signal is NOT classified as
noise (does NOT rise and fall) then Normal behaves equivalently as
Positive Peak.

- [P] Displays the maximum value of all the
measurements in each bucket. This setting ensures that no signal is
missed. However, it is not a good representation of the random
noise in each bucket.

- [p] Displays the minimum value of all the
measurements in each bucket.

— F¥TaE [S] Displays the center measurement of all the
measurements in each bucket. This setting gives a good
representation of the random noise in each bucket. However, it does
not ensure that all signals are represented.

— RUEWNIELE [A] Displays the Root Mean Squared (RMS) average
power of all the measurements in each bucket. This is the preferred
method when making power measurements.

Repeat the detection setup process as needed for up to 4 traces and 4
detection methods.

Average Count, Show Density, Blue, and Red Percentage Limits
How to set:
- Press_
Then choose one of the following:

- - Changes the quantity of traces averaged for certain
trace states (i.e., MaxHold, MinHold, or RMS Average). Refer to
“Average Count”.
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- — (Density Spectrum Only) Displays a histogram image
of the traces.

- - (Density Spectrum Only) Changes the percentage of
the trace that has a blue limit (0.05% to 100%, default is 0.05%). This
setting is coupled to the color bar in the upper right corner of the
FieldFox display.

- ~ (Density Spectrum Only) Changes the percentage of
the trace that has a blue limit (0.05% to 100%, default is 100%). This
setting is coupled to the color bar in the upper right corner of the
FieldFox display.

- - (Spectrogram Only) Changes the power level
(dBm) of the trace that has a blue limit (=210 dBm to 30, default is
-90 dBm). This setting is coupled to the color bar in the upper right
corner of the FieldFox display.

- - (Spectrogram Only) Changes the power level
(dBm) of the trace that has a blue limit (=210 dBm to 30, default is
-50 dBm). This setting is coupled to the color bar in the upper right
corner of the FieldFox display.

Blue limit and red limit percentages are coupled to the density percentage
limit bar in the upper right of the FieldFox display. Or, for the blue limit and
red limit power levels (dBm) are coupled to the Spectrogram power level
(dBm) limit bar in the upper right of the FieldFox display.

Average Count

The Average Count setting is used mainly with the RMS Average Trace State
described in “Trace Display States (RTSA)” on page 275. (But, also applies to
the MaxHold or MinHold trace states.) In the RMS Average Trace State, the
Average Count setting determines the number of sweeps to average. The
higher the average count, the greater the amount of noise reduction.

For all three of these Trace States (RMS Average, MaxHold, or MinHold), when
is set to OFF, press to reset the sweep countto 1,
perform <n> sweeps, then return to Hold.

How to set Average Count

— Press Meas'Setupd
— Then WWE e X1

Enter a value from 1 to 10,000 using the numeric keypad, the [AL¥] arrows,
or the rotary knob.

Press -
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Alignments

The RTSA mode requires all three alignment types: amplitude, RF burst, and
channel equalization. Refer the SA chapter’s “Alignments” on page 204 for
information on all Alignments.

Display Line

A display line is a simple, horizontal line that can be placed at any amplitude
level on the RTSA screen. Use a display line as mental guide for visual
feedback.

Figure 10-8 Display Line with Annotations

#atten 0 dB

WEWY 10,00 kHz

How to create and move a Display Line

~ Press imitin8
— Then DISJEVAR N0l 3 6]\

— Then enter a Y-axis value using the [aI¥] arrows or the rotary knob, then
press - Or enter a value using the numeric keypad and press a suffix
key or press

Learn more, “All about Limit Lines” on page 760.
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Limit Lines

-When using the Spectrogram measurement, Limit lines are only available
when the display Measurement Type for Spectrogram View used is:
Overlay.

-RTSA mode does not support any PASS or FAIL features.

-Beep, Warning, and Margin softkeys are grayed out (not active) in RTSA
mode.

For more on using limit lines, refer to Chapter 30 and to “All about Limit Lines”
on page 760.

Audio Beep at Marker Power

When enabled, the Audio Beep feature emits a repetitive beep sound which
varies in tone pitch and repetition rate to indicate the relative power level of the
active marker. The highest tone pitch and fastest beep rate occurs when the
marker Y-axis position is at the top of the display. Conversely, the lowest pitch
and repetition rate occurs at the bottom of the display. Therefore, it is
important to scale the signals that you intend to measure between the top and
bottom of the screen. Learn more about Scale in “Scale and Units” on

page 262.

Audio Beep can be used with any marker type or function, including
Band/Interval Power. Learn more in “Audio” on page 798.

How to use Audio Beep

1. Press -

2. Optionally, press WETCCIaWPAERRAC to select an existing marker to use
with Audio Beep. A marker will be created if one does not already exist.

< MR NEYIMorefdAudio Beep ON OFF
Audio Beep does NOT beep when the FieldFox is in Hold mode.

While Audio Beep is ON, press WEILCIaPARRAC to toggle Audio Beep
through the existing markers.

To set FieldFox speaker volume control, press - then TN, Learn
more in “Audio” on page 798.
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Spectrogram Display

Spectrogram display provides a visual history of the measured spectrum. This
display type can be used to locate intermittent signals or to view signal levels
and frequencies over time.

This display can NOT be used with Channel Measurements.

Spectrogram Display (RTSA Option)

Spectrogram draws the most recent trace record at the bottom of the stack of
previously-drawn trace records. Drawing the live trace on the display is
optional.

Figure 10-9 Spectrogram display- Overlay view

f0.00 dBrm Atten 10 dB

How to select Spectrogram

— Press Measi
B M Spectrogram

How to modify the Spectrogram

You can change how the spectrogram is displayed relative to the data trace.
This setting affects the total number of trace records that can be displayed.

For RTSA Mode:
~ Press MeasSetupid.
— Then

— Then choose from the following:

- Displays the data trace over the spectrogram with NO
graticules. Total trace records: 340.
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- @ Displays the data trace below the spectrogram. Total trace
records: 130.

- Displays the data trace above the spectrogram. Total trace
records: 130.

Common Settings for Spectrogram

Set Red and Blue Limits

The colors displayed on the Waterfall and Spectrogram represent the various
measured power levels:

— Red = Highest power levels
— Blue = Lowest power levels

NOTE The full Red-to-Blue color spectrum is visible only with Indoor display
colors. Learn more in “Display Colors” on page 782.

Adjust the Red and Blue limits to the power levels that you expect to measure.
The Blue limit must always be less than the Red limit.
For RTSA Mode:

~ Press MeasSetUpd,

— Then choose from the following:

- Using the [AL¥] arrows, rotary knob, or keypad, select the
HIGHEST power level that you expect to measure. This power level,
and those measured higher than this level, appear Red.

- Using the [aL¥] arrows, rotary knob, or keypad, select the
LOWEST power levels that you expect to measure. This power level,
and those measured lower than this level, appear Blue.

How to Restart the Spectrogram

Press - jtslRestart
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Record/Playback (RTSA Option)

Density Spectrum information is not recorded. Only the trace data is
saved. See “How to Record a Session” on page 286.

Record/Playback is only available in Density Spectrum and Real-time
Spectrum measurements. Record/Playback is NOT supported on
Spectrogram. See “How to Record a Session” on page 286.

Record Playback allows you to record RTSA trace sweeps and play them back
at a later time. Use this feature to monitor spectrum activity over a period of
time.

You can record traces continuously or record a specified number of traces
(segments).

When GPS is enabled, the current location and elevation are saved and played
back with traces.

Recordings can be saved to the FieldFox Internal memory, an SD Card, or a
USB flash drive.

About Sessions

A Recording Session is a collection of recorded traces and the instrument
states that generated them.

Before recording can occur, a new session must be initiated or an existing
session must be opened. Sessions can later be opened for playing or continued
recording. Only one session can be open at a time.

You close the session when finished recording or playing. A session is also
closed when the FieldFox is Preset (or Mode Preset), an Instrument State is
recalled, or when Mode is changed from RTSA.

Each session is saved as a folder containing a set of files on the specified
storage device.

How long can a recording session last?

There are many variables that determine the possible length of a recording
session. But one key variable is the amount of available memory.

When a session is opened or a new session is initiated, an estimate is made of
the maximum number of traces that can be saved based on the available disk
space and the current number of data points (resolution). Recording will stop
when that number is reached. This estimate always keeps 4 MB of available
disk space on the specified storage device. You can decrease the number of
traces to further limit recording.

To maximize the amount of space that is available, save recorded traces to a
USB Flash drive or SD card. Learn how in “Manage Sessions” on page 290.
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You can determine the length of time over which recording can occur by
setting the Record Interval (the time between recorded traces) and other
settings. Learn more in “Recording Configuration” on page 288.

To view and edit the maximum number of records

Just after opening or initiating a session:
1. Press
2. Press (n = Max number of traces that can be recorded).
3. Press (Default == SingleTraces).
- - just a single trace is saved as a record.
- -
- - All active traces are recorded.

4. Optional: [MEETNIELI{E Empties that session of recorded traces. Learn
more in “Manage Sessions” on page 290.

IMPORTANT! Pressing Clear All Records causes a loss of ALL of the session
data.

FieldFox Setting Changes during Record and Playback

During Recording

When any of the following State settings are changed during recording, the
State counter is incremented (“About State and User Tags” on page 285) and
the settings are saved to the Session file along with the first trace to be
recorded with the new setting. During playback, the trace and display
annotation will reflect the change on the screen.

State settings:

Refer to Table 10-1 on page 285 for a list of the applicable state settings for
the RTSA options.
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Summary of RTSA State Settings

Option Settings

RTSA

Acquisition Time

Detector(s)

External Gain

Frequency Range

Preamp On/Off

Resolution BW

RF Attenuation

Trace State(s)

Trigger Settings

Other display settings, such as Scale and acquisition, can also be changed
during recording but are not saved with the session file. Think of these as
settings that help YOU see the recording and playback activity. They do NOT
change the data that is recorded.

During Playback

Changes to the states listed above are NOT allowed during playback.

However, all other display settings can be changed during playback to help
you analyze the recorded data.

In RTSA mode, trace recordings are played back as is and the Trace State
cannot be modified. No measurement post processing is allowed, and no
Density or Spectrogram information can be recovered. This is because RTSA’s
Real-time Spectrum and Density displays are not derived from the trace data,
but instead require independent high speed hardware acquisition.

Record/Playback Exceptions

Markers can be activated and moved to help analyze recorded data. However,
marker position control is only available when playback is Paused.

About State and User Tags

When any of the State settings (listed above) are changed during a recording,
a ‘state tag’ is inserted at the first trace number to be recorded with the new
setting.
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In addition, you can insert a ‘User Tag’ at any time during a recording session
to indicate an external event, such as when an antenna is moved. During
playback, you can move quickly to any of these tags, or scroll through these
tags.

A symbol is used on the screen annotation to distinguish a User Tag from a
State Tag when scrolling through tags during playback.

Screen Annotation

During a record or playback session, the following is displayed in the top-left
area of the screen:

where:

- is an auto-generated name for sessions. {# is the
auto-generated number, incremented with each new session. The name
can be changed using Manage Sessions. Learn more in “Manage Sessions”
on page 290.

— EPIER is the current and total trace number: currently trace is 92 of 95 total
traces.

— QWA is the current and total state tag or user tag number: 4 of 5 total
tags.

— i (Asterisk) indicates that a state has changed. fj (Pound) indicates that a
User Tag has been inserted.

- is the date and time of recording.

When GPS is enabled’, the current location and elevation are annotated at the
bottom of the playback display. Learn more in “GPS - Distance Settings” on
page 799.

If Recording or Playback is not occurring when you think it should, check
the following:

— Is the sweep in HOLD? (upper-left annotation), or check the Sweep
menu for Continuous set to OFF.

— Is Recording or Playback Paused? (mid-left annotation)

— Is the Record or Playback Interval set too long? (Configuration
settings.)

How to Record a Session

1. Press - Record Playbackl
2. Then either:

liNew SessionfelX
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- then [01938 and select a session.
KAt Recorder Playe

4. Press
is displayed in the left of screen graticules.

During recording, choose from the following:

— [N Temporarily halts recording until pressed again. The
incoming trace continues to sweep. Press again to continue recording.

- Immediately stops recording. Then choose from the following:
— Press [dBW to start replaying the recording from the beginning.
— Press to continue recording.

- Press to insert a User Tag at the current recorded trace. This
allows you to quickly move to this location during playback. Learn more in
About State and User Tags in “About State and User Tags” on page 285.

How to Playback a Session

1. Press -

2. If the session is already open, skip the following step. Otherwise:

AN MRS Record Playback Setup
— Press RELEIURESST Then select a session to playback and press

NOTE If these are large recordings on a device, it could take several seconds for
the FieldFox to display the list.

4, Press [{Eolo) e Yl o BV

5. Press m

is displayed in the left of screen graticules during playback. When the
end of the recording is reached, playback begins again at trace 1 and
continues to loop indefinitely.

During playback, choose from the following:
—~ Temporarily halts playback. Then choose from the following:

- Press to continue playing.

— [HEVIES @S ELYAET| Allows you to continue playback from a state
tag, or scroll through the state tags. Enter a value between 1 and the

total number of state tags using the numeric keypad, [&L¥] arrows, or
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the rotary knob. Active when playback is paused. Learn more in
About State and User Tags in “About State and User Tags” on
page 285.

HEVISEIMIeETE Activated automatically when Paused. Allows you to
continue playback from a specific trace, or scroll through traces
manually. Enter a value between 1 and the total number of traces

using the numeric keypad, [A1¥] arrows, or the rotary knob.

— %Y Immediately stops playback. Then choose from the following:

- I Start playback from trace 1.
- Resume recording from the last recorded trace.
— RET NEEVEESTs] Return to the setup menu to change

Configuration settings or Close the session.

Recording Configuration

To change Recording Configuration settings:

1
2
3
4

. Press - idRecord Playback]
. Press Nt or [EYA an existing session.
M CJRecording Configuration

. Then choose from the following:

- Sets the amount of time to record traces. Default is

MAX, which is to record indefinitely. Enter a value between 1s and 1

Ms (million) seconds using the numeric keypad, [AL¥] arrows, or the
rotary knob. When set, a timer appears during recording in the
lower-left corner which counts DOWN from the specified time.

Determines which trace is recorded. Sets where, in
the FieldFox data flow, data is recorded. Learn more in “Record
Source” on page 289. Choose from the following:

— [FES¥YSOCMIEWS (Default) This setting automatically
selects the first active trace (1,2, 3 or 4) (i.e., any state
other than View or Blank).

— UeMWER Records data from the corresponding trace
in its current state.

— RESJCRINERZEL Sets the amount of time to wait between individual

trace recordings. Default is MIN, which is to wait 0 seconds (record
traces as fast as possible). Enter a value in seconds between 0 (no
delay) and 10,000 seconds - about 3 hrs) using the numeric keypad,

[a]¥] arrows, or the rotary knob.
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- Sets the number of traces to record, after which the
recording will automatically pause. Press Pause/Resume or Record
to capture another N traces, or Stop to end recording. Default is
OFF, which is NO limit to the number of traces to be recorded.

When set, a counter appears in the lower-left corner which counts
UP to the specified number of recordings.

Record Source

For this discussion, it is important to understand Trace States. Learn more
in “Trace Display States (SA Mode)” on page 201.

Figure 10-10 FieldFox RTSA Mode: Data Flow and Record Playback Data Points

RTSA Record/Playback Data Flow
Trace 1, 2, 3, 4

Max Hold
Min Hold —— Display
Average
Clr/Write

}

Play Rec

RTSA Data Recording:

Density Spectrum information is not recorded. Only the trace data is saved.

— Data is recorded at the trace state processing block.

— Data can be recorded from Traces 1,2,3, or 4 which includes the trace state
(Max Hold, Min Hold, and so forth).

— Data is ALWAYS played back into the same trace number that was
recorded. If four traces were active during the recording, but only one trace
was recorded, then during Playback only that one recorded trace is visible.
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Playback Configuration

By default, trace sweeps are played back as fast as the trace can be drawn on
the screen. The following setting allows you to slow playback. In addition, you
can manually scroll through individual traces using Playback Trace, or scroll
through State and User Tags using Playback State/Tag. Learn more in How to
Playback a Session in “How to Playback a Session” on page 287.

To slow playback of a session:

1. Record a new session or Open an existing session.
AP layback Configuration

3. Press [dEVIET AN
4.

Enter a value in seconds between 0 (no delay) and 100 using the numeric

keypad, [AL¥] arrows, or the rotary knob. After using the keypad, select a
multiplier key. Learn about multiplier abbreviations.

5. Press

Manage Sessions

290

1. Press - rdRecord Playbacki

2. Press (]« NLEVIET@T11s) The following selections are available ONLY
when a session is NOT open.

3. Press to select the media which stores the sessions to be
managed. This is a different setting from the Save/Recall Storage Device
setting.

4. Choose from the following:
— BT FieldFox memory (default)
- An external SD Card (must be inserted)

- An external USB flash drive (must be inserted)
5. Press

If these are large recordings on a device, it could take several seconds for
the FieldFox to display the list.

6. Choose from the following:

- Using the FieldFox labeler, change the name of the session.
AutoSession (n) is the default name where (n) is the next-available
number. Learn more in “How to use the FieldFox labeler ” on
page 833.
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ERIR Arrange the listing of sessions [YINEINE:, FVAREYE, or BVRIE.
Sort can also be used during a Recall Session, before choosing a
session to open.

- After a confirmation prompt, removes the contents of the
selected session from the list.

— [y Copies the selected session to a different storage device, or
the same storage device with ‘Copy(n)_’ appended to the beginning
of the name so that duplication is prevented.

— (o]l Copies ALL of the listed sessions to a different storage
device, or the same storage device with ‘Copy(n)_’ appended to the
beginning of the names so that duplication is prevented.

— [PEGECEYA Deletes ALL of the listed sessions.

Record Playback Example (RTSA Mode Only)

The following “Interval Recording” example shows how you can record spectral
activity over a longer period of time with less trace storage.

1. @-> Record PlaybackBINew SessionfRecording

Press to Tracel

Press @ >

Press let the recorder run for several seconds.
Press to end the recording.

This session can be played back: For example:

— Press -

— Then

— Then @

a » 0N
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171 1Q Analyzer (IQA) - Option 351

IQA mode measures signals at the SA RF IN connector.

IQA mode requires the FieldFox to have SA mode installed.

IMPORTANT!

85571A-028 (28 GHz 5G Phased Array Antenna) accessories not suitable
for use in wet locations.

The FieldFox can be used with an OML frequency extender. Refer to
“Utilities” on page 784, the B Series FieldFox Configuration Guide
5992-3701EN, and to “Contacting Keysight” on page 5.

Figure 11-1 IQ Analyzer (IQA) Display - LTE-TDD signal captured using the FieldFox’s I/Q
analyzer

Lye o I Fri,

Ref0.00 dBm Wwav  Ref0.00 dBm

Atten 10 dB

—
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IQ Analyzer (IQA) - Option 351

Figure 11-2 1Q Analyzer (IQA) Display - Window Shape Flat Top spur free 1 GHz center frequency
(span=100 MHz) captured using the FieldFox’s I/Q analyzer (Requires Option
B10)
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#Atten 0 dB Spectrum 000 GHz -125.6 dBn

Center 1.000 GHz yan 100.0 MHz
Res BW 900 Hz Window Shape Flat Top ime 4.194 ms
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In this Chapter

“About I/Q Analyzer (IQA) Measurements” on page 297
— “Setting the IF Path” on page 297
“I/Q Analyzer (IQA) Mode Settings” on page 298

— “How to Make Measurements Using the I/Q Analyzer Mode” on
page 298

— “How to Capture I/Q Data to a File” on page 299

— “How to modify the I/Q data measurement parameters” on page 302
“Using Markers (IQA)” on page 313

— “Noise Marker” on page 313

— “Band/Interval Power Marker” on page 314

— “Band Span Marker (Spectrum Only)” on page 315

— “Interval Span Marker (Waveform Only)” on page 315
— “Coupled Markers (Waveform Only)” on page 315

— “Continuous Peak Search Marker” on page 317
“Alignments” on page 318

“Trace Display States (IQA Mode)” on page 318

— “How to display the Trace States” on page 318
“Other Features Available” on page 320

— Constellation and Frame Summary - “IQ Analysis (SA Mode Only)” on
page 251

— External Gain (SA chapter) - “External Gain” on page 158

— Display lines (SA chapter) -“Display Line” on page 215

— Limit Lines (Data Analysis chapter) - “All about Limit Lines” on page 760
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See Also

“Why and When to Calibrate” on page 126
“All about Markers” on page 745

“All about Limit Lines” on page 760
“All about Trace Math” on page 772
Chapter 30, “Data Analysis Features.”

Chapter 33, “File Management.”
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About I/Q Analyzer (IQA) Measurements

The I/Q Analyzer Mode makes general purpose frequency domain and time
domain measurements. The mode enables two types of I/Q measurements:

— frequency domain and

— time domain measurements

Noise level in time-domain measurements are higher for IF-BW >100 MHz
due to raised noise levels at the edges of the 120 MHz bandwidth.

In order to ensure consistent results between frequency domain and time
domain, spectrum measurement and waveform measurement are based on the
same I/Q acquisition. The following acquisition parameters are automatically
calculated to satisfy these requirements:

1. RBW and IF BW specified in Spectrum measurement BW (-) menu.

2. Start time and Stop time specified in Waveform measurement Sweep
) menu and IF BW specified in Waveform measurement BW
) menu. See also, “Setting the IF Path”.

3. 1/Q signal capture related parameters specified in the Measurement Setup
) menu. See also, “Setting the IF Path”.

Some measurement parameters are auto-coupled and are not user-settable.

Setting the IF Path

How to check or set the IF Path. By default the IF Path is set to Auto.

1. Press _ JGeneral
2. Press -

3. Then T The underlined setting is the current setting. Choose [Tty
, or (100 MHz requires Option B04 or B10 and either
Option 350 RTSA or Option 351 IQ Analyzer).

Optional: After you click 100 MHz, you can use the - hard key and

the number pad or using the numeric keypad, the [A1¥] arrows, to increase
your |IF path bandwidth to 120 MHz.

When in full span, ADC dither raises the noise floor at the edges of the
120 MHz.
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1/Q Analyzer (IQA) Mode Settings

When you initially select I/Q Analyzer, Real-Time SA, or some of the other
spectrum settings (such as center frequency) a factory channel
Equalization measurement is applied to the signal. During channel
equalization measurement, the FieldFox displays a “Start Channel
Equalization”. Stopping channel equalization is not permitted. See also,
“Alignments” on page 204, in Chapter 9, “SA (Spectrum Analyzer) Mode
(Option 233-Mixed Analyzers).”

Select IQA Mode before making any settings in this chapter.
How to select IQA Mode

— Press -

— Then I (may not be available—number of installed options dependent)
— Then (W YNER.

How to Make Measurements Using the I/Q Analyzer Mode

298

The Measure menu is used to set common parameters, predefined views
selection, and measurement switching.

Spectrum has only one predefined view and Waveform measurement has two
predefined views. There is a User Defined measurement, which can be used to
display up to four different views (windows) simultaneously on the display
screen. You can select which type of data to display in each of the views from
the - menu.

See also, “How to Capture I/Q Data to a File” on page 299 and “Setting the IF
Path” on page 269.

1. Press - [uEhiliMode Preset (Factor
2. Press - then choose from the following:

- HEaaol(FE IR (Default) - Selects frequency spectrum as
the current displayed measurement.

- then choose one of the following:

— [MHINEGTLS Selects log RF envelope in time domain
(default).

Noise level in time-domain measurements are higher for IF-BW >100 MHz
due to raised noise levels at the edges of the 120 MHz bandwidth.

- Selects linear Real and imaginary 1/Q
waveform values.
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— [VETHEINE| Selects a default user defined 4-quadrant display
showing the following data:

— Log magnitude of the spectrum of the I/Q data versus
frequency

Log magnitude of the I/Q data (RF Envelope) versus time

The real component of the I/Q data versus time
— The imaginary component of the I/Q data versus time

The user defined measurement can be modified to change the
number of displays from 4 to 3, 2, or 1.

- Opens a menu to enable saving I/Q data to a file.
When you press the capture softkey the data is saved to a file
and the default file I0DataFile.csv is stored in the internal
memory. Refer to “How to Capture I/Q Data to a File” on page 299.

How to Capture I/Q Data to a File

I/Q data cannot be recalled or displayed in the FieldFox instrument. The
data file is intended for use in a PC.

There are two I/Q data file count capture modes, Single and Multiple. To
capture your IQA data measurements:

— Press - > [P EEN=0 then choose one of the following:
- Opens a menu to set the file choices:

——[STEX: File count can be set to Single or 1 (all data saved
into a single file for the current displayed data) or Multiple.
When using Multiple as the file count, the user can enter the
number of files to save, and the FieldFox is auto-coupled to
Continuous acquisition mode and to Multiple capture and all
data is saved to either an external SD card or USB storage
device. Each acquisition is saved, before the next data
acquisition occurs. (default: 1, minimum: 1, maximum:
1,000,000,000)

——Single capture example (default): IQDataFile.csv

——Multiple capture (default):
Example is: IQDataFile_20171031 14.33.26.1050.csv).
(format is: IQDataFile_yyyymmdd hh.mm.ss ffff.csv).

——Refer to the Start softkey on page 300 and to the
“Example:” on page 301.

—[FIPRY Selects the format of the output data file (CSV, TXT,
SDF, or MAT). (Default: CSV)
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— Y Selects the storage location for your data files (Internal,
SD Card, or USB). Internal is not available, if the File Count is
set to Multiple (default: Internal).

If you do not have an external device connected and attempt to
save your data, a warning message is displayed: "Warning:
Only an external storage device can be used in
multiple file mode."

Then select:

—[YERA (default) Selects the internal memory of the
FieldFox as the storage location for all data files. Internal
is only available when File Count is set to Single.

— [T MBI Selects the external SD card slot as the storage
location for all data files.

— [0 Selects an external USB storage device as the
storage location for all data files.

—[SIPNPTiT Opens a file manager Labeler menu that enables you
to customize your data filenames. Refer to “File Management”
on page 829 (default: IQDataFile).

——[BY8% Returns to the previous softkey menu.
— [oE=TJAERTE e then choose one of the following:

—[oPTNERINT Sets the length of the I/Q trace capture time
(default: 100 s, range: 80 ns to dynamic (i.e., Maximum
capture time is 1.07374s, which is associated with a sample
rate of 125 MH2z)).

— L Sets the I/Q data sample rate value (default:
125 MHz, maximum: 125 MHz, couplings: 1.25 * IF
Bandwidth).

— [ PTTIENN Sets the 1/Sample Rate value (default: 8 ns,
maximum: 80 ms, couplings: Sample Rate).

——(&TAOCREINIIES Sets the capture length using a sample
number (default: 12501, minimum: 1, maximum: 134217728,
couplings: Capture Time).

——[:ET¥A Returns to the previous softkey menu.

— ¥ Starts the I/Q data capture and stores the data into a default
file and location (internal). Filenames and storage location can be
customized. See also, the “Example:” on page 301 and to Chapter
33, “File Management.”

——Refer to the File Count softkey on page 299.
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Each time you press the Start softkey the I/Q data writes to the current
filename (i.e., Single capture default is IQDataFile.csv or for Multiple
format is IQDataFile_yyyymmdd hh.mm.ss.ffff.csv). To avoid overwriting
your Single capture data or to add a unique filename for Single or Multiple
capture data, use the Measure 1 > Capture Data Settings > File Settings >
Filename softkey to modify your filename Refer to the File Count softkey
on page 299.

— immediately stops the I/Q data file capture and stops writing
data to the current I/Q data file (no data is saved). If the I/Q data was
being saved when the Stop softkey is pressed, the file is deleted.
Refer to “Example:” on page 301.

Example:
Single:

——If the is set to 100 ps, and you press the
softkey, in Single mode the FieldFox saves 100 us of the
current I/Q data.

Multiple:-

——If the File Count is set to 200, and you press the softkey,
the FieldFox saves your 200 I/Q data files and stops. The I/Q
data files are saved into 200 files similar to:
|@DataFile_yyyymmdd hh.mm.ss.ffff.csv.

——If you press Be3y, before the 200 I/Q data files have been
saved, the FieldFox stops (interrupts) the multiple I/Q data file
saving at the number of the current file. So, if you press Stop
on file number 175, the saving process stops. If file number 175
has not been saved, it is deleted. But, I/Q data files 1 through
174 that have been saved prior to pressing Fltae, are still saved
for reference.

See also, Chapter 33, “File Management.”
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How to modify the I/Q data measurement parameters

302

The following sections assume you have already selected your I/Q data
measurement type (i.e., Spectrum, Waveform (RF Envelope or I/Q Waveform),
or User Defined).

This section contains the following:

“Adjusting the Bandwidth Settings” on page 302

“Changing between the Continuous and Single captures and
adjusting the Trigger settings” on page 304

“Adjusting the Measurement Setup Settings” on page 307

“Adjusting the Trace Settings” on page 308

“Adjusting the Frequency Settings” on page 309

“Adjusting the Scale and Amplitude Settings” on page 309

“Preamplifier Control (Opt 235)” on page 312

Adjusting the Bandwidth Settings

— Press -

— Then choose from the following:

- (Spectrum only) - Sets the resolution bandwidth of the FFT
analysis. Changing this value changes the FFT window size, analysis
length, and the sweep time (data acquisition capture length). This
softkey is only available when IQA is set to Spectrum (Freq Domain).
When the resolution bandwidth value is set to Auto (default) the
FieldFox automatically sets the optimum resolution bandwidth value.
(Default: 100 Hz, Minimum: 10 Hz, maximum: 100 MHz).

There is a significant difference between resolution BW in FFT
measurements and the resolution BW of a traditional “sweeping”
spectrum analyzer (SA) measurement. The resolution BW in FFT
measurements does not directly control the IF BW like a traditional SA
swept measurement. Resolution bandwidth is directly related to the

analysis length (window) and or data acquisition capture length (sweep
time).

- Sets the FFT analysis length that is the length of the
complex I/Q data points (I/Q-pairs) vector that is used for spectrum
analysis, expressed in the number of samples. (Couplings: In Auto,
this setting is directly coupled to the Res BW and to Span. Minimum:
8, Maximum: 524,288. Where each FFT length “point” is equal to 1 |
and 1 Q point. So, 237 is equal to 237 | and 237 Q points).
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— ST Sets the FFT filtering window (spectrum analysis
window) shape for the I/Q data. Default: Flat Top

Then select one of the following:

Uniform No windowing

Triangular Barlett windowing

Hanning This is a Hann window, sometimes called Hanning or “raised
cosine”.

Hamming This window has lower side-lobe peaks than the Hann window,

but has worse main-lobe flatness and poor side-lobe roll-off.

Blackman This window is similar to the three-term Blackman-Harris
window, but it has simpler fixed-form coefficients and better
side-lobe roll-off.

Blackman Harris 3 This is the three-term Blackman-Harris window. This has the
minimum side-lobe level for a three-term cosine window.

Blackman Harris This is the four-term Blackman-Harris window. This has the
minimum side-lobe level for a four-term cosine window with
60 dB/decade roll-off.

Gaussian Top This is a five-term cosine window that resembles a Gaussian
window.

Flat 4 This is a four-term flat-top window.

Flat Top (default) This is the five-term flat-top window.

Flat 6 This is a six-term flat-top window.

Flat 7 This is a seven-term flat-top window.

P501 This is an alternative six-term flat-top window.

PEO01 This is an alternative seven-term flat-top window.

K-B (70 dB) This is a Kaiser-Bessel window whose maximum side-lobe
level is -70 dB.

K-B (80 dB) This is a Kaiser-Bessel window whose maximum side-lobe
level is -80 dB.

K-B (90 dB) This is a Kaiser-Bessel window whose maximum side-lobe
level is -90 dB.

K-B (100 dB) This is a Kaiser-Bessel window whose maximum side-lobe
level is -100 dB.

K-B (110 dB) This is a Kaiser-Bessel window whose maximum side-lobe
levelis -110 dB.
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FFT Window Description

K-B (120 dB) This is a Kaiser-Bessel window whose maximum side-lobe
levelis -120 dB.

Gaussian (60 dB) This is a Gaussian window whose maximum side-lobe level is
-60 dB.

Gaussian (70 dB) This is a Gaussian window whose maximum side-lobe level is
-70 dB.

Gaussian (80 dB) This is a Gaussian window whose maximum side-lobe level is
-80 dB.

Sinc This window is the central lobe of the sin(x)/x (often called

sinc(x)) function.

Tukey25 This is a tukey (cosine-tapered) window with alpha equal to
0.25.

- Sets the Digital IF bandwidth of the instrument. The
relationship between the IF bandwidth and sample rate can be
described by the following equation:
sample rate = 1.25 * IF BW.

(Default: 10 MHz, minimum: 10 Hz, maximum: 120 MHz)

When in full span, ADC dither raises the noise floor at the edges of the
120 MHz.

Changing between the Continuous and Single captures and adjusting
the Trigger settings

— Press -

— Then choose from the following:

— BPT® When pressed, Single automatically sets Continuous to OFF
and causes the application to make one acquisition.

- Toggles Continuous between ON and OFF. When
Continuous is ON, each Run/Hold press causes the application to
toggle between continuous acquisitions and Hold. When Continuous
is OFF, each Run/Hold or Single press causes the application to
make one acquisition.

— When pressed, Restart causes the FieldFox to restart trace
averaging at count of 1. When in Single sweep mode, the IQA will
perform a complete set of averages before returning to the hold
state.
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- (Waveform only) Sets the start time of the waveform
measurement (default: Os, minimum: Os, maximum: dynamic). In
Waveform mode Setting the Start and stop time enables you to
display a subset of the data on the display in order to speed up the
refresh rate when the acquisition time is long. Changing the Start
Time changes which data point is displayed on the left side of the
screen.

Couplings: When the change of Stop Time makes time domain
display length exceed the limitation, the Start Time will change to
satisfy time domain display length limitation:

——The maximum value is determined by current Sample Rate and
the maximum capture samples.

——Start Time is adjusted to the nearest sample point based on
the Sample Period.

——The maximum time domain display length is 524,288 points.

Time Domain Display Length [pts] = {[Sample
Rate[pts/s] x (Stop Time[s] - Start Time[s])] +
1}

Where:
pts = points
s = seconds

(Waveform only) Sets the stop time for the waveform
display (default: 100 ws, minimum: Os, maximum: dynamic). In
Waveform mode Setting the Start and stop time enables you to
display a subset of the data on the display in order to speed up the
refresh rate when the acquisition time is long. Changing the Stop
Time changes which data point is displayed on the right side of the
screen.

Couplings: When the change of Stop Time makes time domain
display length exceed the limitation, the Start Time will change to
satisfy time domain display length limitation:

——The maximum value is determined by current Sample Rate and
the maximum capture samples.

——Stop Time is adjusted to the nearest sample point based on the
Sample Period.

——The maximum time domain display length is 524,288 points.

Time Domain Display Length [pts] = {[Sample
Rate[pts/s] x (Stop Time[s] - Start Time[s])] +
1}

Where:
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pts = points
s = seconds
—~ Opens the Trigger Settings softkey menu.
Then:

—— IR Then select one of the following:

Softkey Description

(Default.) - Triggering is provided by the FieldFox internal
circuitry. A new acquisition begins when the previous
acquisition ends.

M An acquisition is triggered on an external TTL signal at the
Ref In/Trig In connector on the FieldFox top panel.
Choose to trigger an the rising slope at about 1.7 V or on
the falling slope at about 1.0 V using the Trigger Slope
setting (below).

Video| An acquisition is initiated when the displayed amplitude
of an incoming signal crosses the settable Trigger Level.
This selection can detect low-amplitude signals, but also
has been filtered considerably and may not be a true
representation of the incoming signal.

m An acquisition is initiated when the signal at the third IF
(analog) stage crosses the settable Trigger Level. This
selection offers a wider bandwidth and may be a better
representation of the incoming signal than Video trigger.
However, RF Burst is not as sensitive to triggering on
low-level signals.

Periodic sets a trigger that repeats at the period rate
entered. Periadic trigger's phase can be altered by the
Offset value.

——Then depending on the trigger type selected, choose from the
following:

- Sets the trigger level. This softkey is only active for
Video or RF Burst (default: -25 dBm, minimum: =210 dBm,
maximum: 30 dBm).

- Sets the negative/positive trigger slope. This
softkey is only active for External, Video, or RF Burst (default:
Pos).

- Sets the trigger delay. This softkey is only active
for External, Video, or RF Burst (default: Os, minimum:
-150 ms, maximum: 500 ms).

306 Keysight N9938-90006 User’s Guide



IQ Analyzer (IQA) - Option 351
I/Q Analyzer (IQA) Mode Settings

- Enables the glitch mask to reduce incorrect
triggering due to fast changes/glitches in the signal level that
can be mistaken to be the edge of the RF burst. This softkey is
only active for RF Burst (default: 0 ms, minimum: Os,
maximum: b ms).

IERIErE - While waiting for a valid trigger signal, IS
annotated in the top left corner of the FieldFox screen.

If a valid trigger signal is not received before the specified Auto
Trig Time, a acquisition will occur automatically.

Enter 0 to set Auto Trigger OFF. When Auto Trigger is OFF, the
FieldFox does NOT perform an acquisition unless a valid
trigger signal is received.

(Default: 100 ms, minimum: 1T ms, maximum: 100s)

Adjusting the Measurement Setup Settings

~ Press MgasiSetpA.

— Then choose from the following:

—~ Opens a menu of averaging softkeys.

Then select one of the following:

— [ (Linear) Averaging - Best for measuring true power
levels. Used in Noise Marker Average. Mathematically, trace
noise is 2.5 dB higher than when using Log Average. |ga\Ys|
annotation is displayed.

——E Averaging (default) - Best for displaying Trace Averaging.
Also known as video averaging. [MsfA\fe| annotation is displayed.

——TAELE (Magnitude) Averaging - Converts the amplitudes to a
magnitude unit before averaging (e.g., Volts, Amps,
microVolts, milliVolts, etc.) annotation is displayed.

- The Average Count setting is used with the Average
Trace State. In this Trace State, the Average Count setting
determines the number of acquisitions to average. The higher the
average count, the greater the amount of noise reduction (default:
10, minimum: 1, maximum: 10000).

- Sets the I/Q data sample rate value (default: 125 MHz,
maximum: 125 MHz, couplings: 1.25 * IF Bandwidth).

— BRI WL Sets the 1/Sample Rate value (default: 8 ns,
minimum: 8 ns, maximum: 80 ms, couplings: 1/Sample Rate).
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Adjusting the Trace Settings

The Trace menu is used to modify the existing predefined view, or create a
customized view. Window and Win State softkeys are used to modify layout of
view, the Data softkey is used to specify the displayed data results for the
current window. Please note only in User Defined measurement are all of the
data results from Spectrum measurement and Waveform measurement
available. Otherwise, only the data results from the current measurement
(Spectrum or Waveform) are available. See also “Trace Display States (IQA
Mode)” on page 318.

The Trace and Trace State keys are used to choose how many traces of the
data result are displayed, and the trace data type (Clr/Wr, MaxHold, MinHold,
Average, View, or Blank) that are displayed for each measurement.

— Press -
— Then choose from the following:
—~ Changes the selected window (default: 1).
Then select one of the following:

— WK ECNO NeldE Enables or disables the current Window (1, 2, 3,
or 4) selected by the Window 1 2 3 4 softkey (default: Window 1 is set
to ON).

- Sets the data type displayed.

Then select one of the following:

For Spectrum Measurement:

Mag Spectrum

Time Summary - Time Summary result includes
the capture time, spectrum analysis time and
waveform start/stop time.

For Waveform Measurement:

['vs. Time - Imaginary vs. Time

Q vs. Time - Quadrature vs. Time

Q vs. | - Quadrature vs. Imaginary

RF Envelope

Phase vs. Time

Unwrapped Phase vs. Time

Time Summary - Time Summary result includes
the capture time, spectrum analysis time and
waveform start/stop time.
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— LeNMWPAERA Pressing the Trace key enables you to select a different
trace number. This softkey is active when Data is set to Spectrum or
RF Envelope.

Spectrum and RF Envelope have six markers that can be applied to any of
the 4 traces.

Waveform’s six markers can be applied to RF Envelope, Real, Imaginary,
Phase, Unwrapped Phase, and Q vs. I.

— RF Envelope has four traces.

— Real, Imaginary, Phase, Unwrapped Phase, and Q vs. | have 1 trace
each.

- Sets a different trace state to each of four traces. This
softkey is active when the data is set to Spectrum or RF Envelope
(Log). Pressing the Trace State softkey enables you to change the
State of the selected Trace number of the Trace Data (default: Clr/Wr
- assigned to trace 1. Traces 2, 3, and 4 are set to Blank).

Adjusting the Frequency Settings

— Press -

— Then select from the following:

- Sets the center frequency of the measurement trace (default:
1 GHz, minimum: 0 Hz, maximum: FieldFox model dependent).

=Freq Span (Spectrum Only) Sets the frequency span of the
measurement trace. The analyzer's digital IF bandwidth is always
equal to this value.

Changing the span causes the IF bandwidth and the sample rate to
change automatically:

Span = IF bandwidth, sample rate = 1.25 * IF bandwidth
Res BW = Span /50, if resolution bandwidth = Auto.

Default: 100 MHz, minimum: 10 Hz, maximum: 120 MHz

When in full span, ADC dither raises the noise floor at the edges of the
120 MHz.

Adjusting the Scale and Amplitude Settings

Enables you to change attenuation settings. When RF Attenuation Auto is ON,
the RF Attenuation is set by adjusting the acquisition. As the acquisition is
lowered, for example from -10 dBm to -40 dBm, the FieldFox assumes that you
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are looking at low-level signals. The RF Attenuation value is automatically
lowered in 5 dB steps to allow low-level signals to be viewed. The RF
Attenuation value is never automatically lowered below 5 dB.

How to set Scale/Amptd

~ Press Scale/Amptd

Manually set Log or Linear Scale Type (Spectrum and RF Envelope Only)

Then select from the following:

S Cale Type [current setting] (Spectrum and RF Envelope)
—Only)

——[I¥ Logarithmic scale (default setting). The Y-axis
reference line represents the specified absolute
acquisition in the current Unit selection. Y-axis
graticules show dB below or above the reference line
(default: 10 dB, minimum: 0.07 dB, maximum: 20 dB).

——|Mli) Linear scale. The Y-axis reference line represents the
specified absolute acquisition in the current Unit
selection.

——Y-axis graticules show percent of acquisition (%)
below or above the reference line (Spectrum).

——Y-axis graticules show voltage (V) - (RF
Envelope).

Manually set Scale, Unit, Acquisition, and Reference Position.

- Automatically adjusts the Y-axis to comfortably fit the Minimum

and Maximum amplitude of the trace on the screen. Also, optimizes the
FieldFox’s signal level at the mixer and adjusts the reference level to with
the autoscale settings.

— SV Manually adjust the scale per division to view specific areas of

the current trace. Enter a value using the numeric keypad, the [AL¥] arrows,
or the rotary knob. Then press -q

aRef Level Manualli set the value of the reference line. Enter a negative

value by pressing either before or after typing a value. Use
acquisition in combination with the RF attenuator and the Preamp so that
the signal at the acquisition is at the optimum level for the FieldFox
(Spectrum and RF Envelope Only). This can also change the RF Attenuation
setting (default: 0). See “Attenuation Control” on page 311.
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- Manually set the position of the reference line. Values must be
between O (TOP line) and 10 (BOTTOM line). Default position is zero (top)
(default: 0, minimum: 0, maximum: 10).

- @ then
— Sets the display units.

Attenuation Control

Both the RF Attenuation and Preamp functions control the power level into
the FieldFox mixer.

When too much power is present at the RF Input port, [ ISESIEEEEE
appears on the FieldFox screen. This does not necessarily mean that damage

has occurred, but that the receiver is probably compressed.

When high power levels are present at the RF Input port, internal attenuation
can be switched in to keep the FieldFox receiver from compressing. At
extremely high power levels, use external attenuation to protect the internal
circuitry from being damaged.

The FieldFox can be damaged with too much power. Refer to the FieldFox
Data Sheet for your model on
https://www.keysight.com/us/en/assets/7018-06516/data-sheets/5992-
3702.pdf.

RF Damage Level: +27 dBm
DC Damage Level: +50 VDC

The displayed power level is automatically adjusted for RF Attenuation. As the
attenuation value changes, the displayed power level should NOT change.

How to set Attenuation

— Press Scale/Amptd
e hERIRF Atten Auto Man}

- RF Attenuation is set by adjusting the input power level. As the
acquisition is lowered, for example from —10 dBm to -40 dBm, the FieldFox
assumes that you are looking at low-level signals. The RF Attenuation value
is automatically lowered in 5 dB steps to allow low-level signals to be
viewed.

— YBT3 RF Attenuation is set manually. The default Attenuation setting is
15 dB. Enter a value between 0 to 40 dB in 5 dB steps using the numeric

keypad, the [AL¥] arrows, or the rotary knob. Then press -
#Atten xx dB is shown at the top of the screen. (#) means manual setting.
(Default: 15 dB, minimum: 0 dB, maximum: 40 dB.)
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Preamplifier Control (Opt 235)

When very low-level signals are analyzed, an internal preamplifier can be used
to boost the signal level by approximately 18 to 22 dB. The gain of the preamp
is NOT adjustable. The displayed signal level is automatically adjusted for the
increase in system gain.

How to control the Preamp

By default, the preamp is OFF.

— Press Scale/Amptd
— Then RS

— Then The displayed setting is the current setting. When ON, M
is shown to the left of the graticules on the display (default: OFF). When
OFF, nothing is displayed in the left graticules.

When Auto is selected, the preamp setting is determined by the RF
attenuation and to the input power level. When the input power level
reaches a certain value, the preamp is turned on and [gR is shown to the left
of the graticules on the display.

312 Keysight N9938-90006 User’s Guide



IQ Analyzer (IQA) - Option 351
Using Markers (IQA)

Using Markers (IQA)

The markers described here are for I/Q Analyzer mode (exceptions are noted).
For additional marker features, refer to “All about Markers” on page 745.

IMPORTANT! When using I/Q markers, it is important to either be in Single
acquisition mode or for Continuous acquisition mode, to set the
measurement in advance on the FieldFox to Waveform or to Spectrum.
Refer to “How to Make Measurements Using the I/Q Analyzer Mode” on
page 298.

The spectrum measurement’s six markers can only be applied to a single
displayed set of traces (Magnitude Spectrum).

The waveform measurement’s six markers can be applied to any of the six
displayed parameter traces (RF Envelope, | (Imaginary), Q (Real), Phase,
Unwrapped Phase, or Polar).

See also “Trace Display States (IQA Mode)” on page 318.

This section contains the following:

“Noise Marker” on page 313

“Band/Interval Power Marker” on page 314

“Band Span Marker (Spectrum Only)” on page 315

“Interval Span Marker (Waveform Only)” on page 315

“Coupled Markers (Waveform Only)” on page 315

“Continuous Peak Search Marker” on page 317

Noise Marker

For comparison purposes, electronic noise measurements are often displayed
as though the measurement was made in a 1 Hz Res BW. However, making an
actual measurement at a T Hz Res BW is extremely slow.

A Noise Marker mathematically calculates the noise measurement as though it
were made using a 1 Hz bandwidth.

Several data points are averaged together to calculate the Noise Marker
readout. To accurately measure noise, the Noise Marker should NOT be placed
on, or too close to, a signal. The distance from a signal depends on several
factors. To know if an accurate reading is being made, move the Noise Marker
until consistent measurements are displayed in adjacent data points.

With a Noise Marker present, the Res BW can be changed and the displayed
noise floor will also change, but the Noise Marker readout will remain about
the same.
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Noise Markers can be used like regular markers. A Noise Marker is
distinguished from a regular marker by (1Hz) after the marker readout value.
Learn more about regular markers in “All about Markers” on page 745.

How to measure Noise with a marker

— Press - to create or select a Normal or Delta marker to use to
measure Noise.

— Then [T,
— Then WE G Iq ile]))
— Then M.

Band/Interval Power Marker

A Band/Interval Power marker—available in IQA and SA Modes—integrates the
power that is measured over several adjacent data points. The range of points
being measured is displayed with vertical posts around the marker. This Band
Span value is selectable.

This feature is very similar to a channel power measurement (see SA chapter,
“Channel Power (CHP)” on page 223).

When the IQA is set to a waveform measurement, the marker is referred to as
an Interval Marker because it averages power over a specific time interval. In
this case the range is specified as the Interval Span.

How to measure Band/Interval Power with a marker

— Press - to create or select a Normal or Delta marker to use to
measure Band/Interval power.

— Then press @

— Then

— Then

— Then (Spectrum) or (Waveform)

— Then choose from the following:

—[A\Tils] Measures power over 5% of the displayed span, or %2 graticule.
The Band Span is automatically updated to remain at 5% when you
change the frequency span.

—@ Enter a frequency or time value using the [AL¥] arrows or the
rotary knob, then press . Or enter a value using the numeric
keypad and select a frequency or time suffix. The Band Span remains
at the frequency or time value that you set as the span changes.
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Band Span Marker (Spectrum Only)
Sets the width of the span (Hz) for the selected marker.

How to measure with the Band Span marker

— Press - to create or select a Normal or Delta marker to use to
measure Band/Interval Power.

— Then press More|
— Then WMEEH I q {613

— Enables or disables the Band Span marker (default: 500 kHz,
minimum: 1 Hz, maximum: 10 MHz).

Interval Span Marker (Waveform Only)

Sets the width of the interval span (seconds) for the selected marker.

How to measure with the Interval Span marker

— Press - to create or select a Normal or Delta marker to use to
measure Band/Interval power.

— Then press More|
— Then WMEEH I qdle]))

— [CENCHAINEWYET Enables or disables the Band Interval Power marker
(default: 5% of the (start time - stop time), minimum: 1 ns, maximum: 10s.

Coupled Markers (Waveform Only)

When a Coupled marker is enabled in a window on the FieldFox, the current
active marker in that window is enabled as the 'reference’ coupled marker on
the current trace and the x-axis value of any other active waveform markers on
any other traces in other windows are updated to track that of the 'reference’
coupled marker. Refer to Figure 11-3 on page 316.

How to measure with the Coupled marker

— Press - to create or select a Normal, Delta, or Peak marker to use the
Coupled Marker.

— Then MY

— Then (oIl ELRETIEE Enables or disables the coupled marker (default:
OFF).

Procedure to set coupled markers (Refer to Figure 11-3 on page 316):
1. Press - Mode Preset (Facto

2. Press _ JUser Defined
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Four windows are displayed (Spectrum, Waveform, Real, and Imaginary)

. Using the [a1¥] arrows or the rotary knob, move so Window 2 Waveform is

selected (green border).

. Press - Marker 1RNormal
5. Press .

. Repeat steps 3 through 5 while selecting the other measurement windows

and markers:
— Real using marker 2 and

— Imaginary using marker 3

. Press - MorefYCoupled Markers ON

. Press - and use the [a1¥] arrows or the rotary knob to move the

coupled markers along the traces in Window 2 (Waveform), Window 3
(Real), and Window 4 (Imaginary).

IQ Analyzer (IQA) Display - Coupled markers with Waveform (marker 1), Real
(marker 2), and Imaginary (marker 3) displays

=

L[lg
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dEi‘\‘
1254
y
Lgdw
10
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Continuous Peak Search Marker

When the Continuous Peak Search marker is on, a peak search is automatically
performed for the selected marker after each acquisition. For additional marker
functionality, refer to “All about Markers” on page 745.

Summary:
— (o] LT Enables or disables the continuous peak search

— The rules for finding the peak are exactly the same as for Peak Search,
including the use of peak criteria rules.

How to measure with the Continuous Peak Search marker

— Press _ to create or select a Normal or Delta marker to use the
Continuous Peak Search marker.

— Then press MBIES (RF Spectrum Only)
— Then press A8 o] ol
— Then

— Then [ il :EEUESEEH)) Enables or disables the Continuous peak search
marker (default: OFF).
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Alignments

The IQA mode requires all three alignment types: amplitude, RF burst, and
channel equalization. Refer to the SA chapter’s “Alignments” on page 204 for
information on all alignments.

Trace Display States (IQA Mode)

NOTE If you have Option 351 I/Q Analyzer option, you can directly save your data

318

as MATLAB files (*.mat). Refer to Chapter 11, “IQ Analyzer (IQA) - Option
3517, on page 293 and to Chapter 33, “File Management”, on page 829.

If you have the FieldFox’s Remote Server mode (89600 VSA software
connectivity), you can use the VSA software to capture and record your
data as MATLAB files (*.mat). Learn more about FieldFox and 89600 VSA
software, refer to Chapter 18, “Remote Server Mode (Requires SA
Hardware/SA Option 233)” and to
http://rfmw.em.keysight.com/wireless/helpfiles/89600B/WebHelp/89600
.htm.

— In IQA Mode you can display up to four of the following types of trace
states. All IQA settings are applied to all displayed traces. See also “Marker
Trace (IQA and SA Mode)” on page 749.

A color-coded legend for displayed traces is visible in the left pane of the SA
mode screen:

W = Clear/Write; M = MaxHold; m = MinHold; A = Average; V = View

How to display the Trace States

— Press -

Then HelMIPXRZ repeatedly to select a trace number to display or change
its state. Traces are displayed in the following colors:

— Trace 1 - Yellow Trace 2 - Blue

— Trace 3 - OF@Nge  Trace 4 - (GGeR
N EalState [current setting

— Then choose from the following Trace States:

—(o[@AWL; (Clear/Write) Displays the actual measured data for each
acquisition.

—[VEYGRIE] Displays the maximum response of the input signal at each
data point over multiple acquisitions. See also Average Count in
“Adjusting the Measurement Setup Settings” on page 307.
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—[VITYEME Displays the minimum response of the input signal at each
data point over multiple acquisitions. See also Average Count in
“Adjusting the Measurement Setup Settings” on page 307.

—JXERE Each data point is averaged over multiple acquisitions as set
by the Average Count setting. Learn more in “Adjusting the
Measurement Setup Settings” on page 307.

—\"4EW Displays and then holds the last complete measurement trace on
the screen. This is similar to storing a trace in memory.

— « Displays no trace.
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Other Features Available

— External Gain - Refer to refer to the SA chapter’s section, “External Gain”
on page 158.

— Limit Lines - For information on using Limit Lines, refer to “All about Limit
Lines” on page 760.

— Display Lines - For information on using Limit Lines, refer to the SA
chapter’s section, “Display Line” on page 215.
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12 Electromagnetic Interference (EMI) Measurements -
Option 361

Requirements

EMI mode measures signals at the SA RF Input Port 2 connector.

EMI mode requires the FieldFox to have SA mode (Option 233 on
combination analyzers) installed.

Recommended, but not required:

EMI chamber.

Preamplifier (Option 235) to improve receiver sensitivity.

Filters

Line impedance stabilization network (LISN) - conducted emissions testing
Transient limiter - conducted emissions testing

Calibrated antenna - radiated emissions testing

Signal generator (e.g., EXG, MXG)

Set of antennas

Set of near field probes (e.g., Keysight N9311X Series of antennas and field
probes.)

EMI Option 361 measures radiated and conducted emissions. With EMI you
can measure the unintentional generation, propagation, and reception of
electromagnetic energy that might cause your device to violate
pre-compliance/compliance testing. This includes the emissions and immunity
(susceptibility) levels of electromagnetic energy.

KEYSIGHT

TECHNOLOGIES
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In this Chapter
The following outline of this chapter is separated into two main sections:
— “EMI Measurements” and

— “Chapter Overview of EMI Measurements”

EMI Measurements

“Using EMI Measurements (Option 361)” on page 325
“EMI Measurements Mode Settings” on page 326

— “How to select EMI Measurements Mode” on page 326
— “Scale and Units” on page 328

— “CISPR (International Special Committee on Radio Interference)
Control” on page 329

— “Resolution Bandwidth (Res BW)” on page 334

— “Single / Continuous / Restart” on page 335

— “Points” on page 336

— “Trace Display States (EMI Mode)” on page 336

— “Detection Method” on page 338

— “Input - (Trace Input for APD Measurements)” on page 339

“About Electromagnetic Interference (EMI) Measurements” on page 341
— “EMI Measurement Features (Option 361)” on page 341

“How to Set Up Electromagnetic Interference (EMI) Mode Settings” on
page 343

— “EMI Measurement Mode Setup Procedure” on page 343
“Glossary (EMI)” on page 344
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Chapter Overview of EMI Measurements

“Using EMI Measurements (Option 361)” on page 315 - see “EMI
Measurements” on page 322

“EMI Measurements Mode Settings” on page 316 - see “EMI
Measurements” on page 322

— “How to Select EMI Measurements Mode” on page 318 - see “EMI
Measurements” on page 322

— “Frequency Range” on page 326

— “Scale and Units” on page 318 - see “EMI Measurements” on page 322
— “External Gain” on page 328

— “Attenuation Control” on page 329

— “CISPR (International Special Committee on Radio Interference)
Control” on page 318 - see “EMI Measurements” on page 322

— “Preamplifier Control (Opt 235)” on page 334

— “Resolution Bandwidth (Res BW)” on page 323 - see “EMI
Measurements”

— “Single / Continuous / Restart” on page 324 - see “EMI Measurements”
on page 322

— “Points” on page 325 - see “EMI Measurements” on page 322

— “Trace Display States (EMI Mode)” on page 325 - see “EMI
Measurements” on page 322

— “Trace Averaging” on page 338
— “Alignments” on page 338

— “Detection Method” on page 328 - see “EMI Measurements” on
page 322

— “Input” on page 330 - see “EMI Measurements” on page 322

“About Electromagnetic Interference (EMI) Measurements” on page 332 -
see “EMI Measurements” on page 322

— “EMI Measurement Features (Option 361)” on page 333 - see “EMI
Measurements” on page 322

“How to Set Up Electromagnetic Interference (EMI) Mode Settings” on
page 335 - see “EMI Measurements” on page 322
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— “EMI Measurement Mode Setup Procedure” on page 335 - see “EMI
Measurements” on page 322

“Glossary (EMI)” on page 337 - see “EMI Measurements” on page 322

Other Features Available - Refer to Chapter 9, “SA (Spectrum Analyzer)
Mode (Option 233-Mixed Analyzers)” and Chapter 30, “Data Analysis
Features”™

— Alignments (SA) - “Alignments” on page 204
— Attenuation Control (SA) - “Attenuation Control” on page 159
— External Gain (SA) - “External Gain” on page 158

— Field Strength Corrections (SA) - “How to select and edit corrections
for Field Strength measurements” on page 161

— Preamp Control (SA) - “Preamplifier Control (Opt 235)” on page 160

— Source Tracking Offset and Offset Reversal (SA) - “Source Tracking
Offset and Offset Reversal” on page 167.

— Independent Source/Tracking Generator (SA) - “Independent
Source/Tracking Generator ” on page 184

— Logarithmic X-axis Interpolation (EMI and SA modes Only) -
“Logarithmic X-axis Limit Line Interpolation (EMI and SA modes Only)”
on page 218

— Scale Settings (SA and Data Analysis) - “Scale and Units” on page 157
and “All about Scale Settings” on page 774

Optional Settings:

“All about Markers” on page 745

“All about Limit Lines” on page 760

“Saving and Recalling Files” on page 830
See Also

“Why and When to Calibrate” on page 126

“Using the Antenna/Cable Editor” on page 163
Chapter 31, “System Settings.” (Changing display colors)
Chapter 33, “File Management.”
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Using EMI Measurements (Option 361)
EMI enables you to do the following:

Measure and display emission signals to verify your device/instrument’s pre-compliance

performance

Electromagnetic Interference Features (EMI) - (Option 361)

— Amplitude Probability Distribution (APD) — EMI Detector settings, selectable per
Statistics, both CCDF and Histogram trace
— Selectable CISPR bands (A, B, C, D, — Quasi-Peak
E
) — EMI Average

— Fast SA Scan for quick setup check »
— Positive Peak
— Frequency range coupled to CISPR bands

— Simple Color coded Trace/Detector

— Logarithmic frequency axis pair controls

— 200 Hz, 9 kHz, 120 kHz 6 dB resolution
bandwidths, and 1 MHz impulse
bandwidth, auto-coupled to CISPR bands
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EMI Measurements Mode Settings

This section contains content unique to EMI measurements mode and some
features that are similar to SA mode settings. Unique Option 361 EMI
measurements content can be found in this chapter. But, when EMI/SA mode’s
shared feature content is referenced, you are referred to Chapter 9, “SA
(Spectrum Analyzer) Mode (Option 233-Mixed Analyzers).”

How to select EMI| Measurements Mode

— Press - L 4EMI Measurements

Learn more see, “CISPR (International Special Committee on Radio
Interference) Control” on page 329.

When you initially select EMI, I/Q Analyzer, Real-time SA, or some of the
other spectrum settings (such as center frequency) a factory channel
Equalization measurement is applied to the signal. During a channel
equalization measurement, the FieldFox displays a “Start Channel
Equalization”. Stopping channel equalization is not permitted. See also,
“Alignments” on page 204, in Chapter 9, “SA (Spectrum Analyzer) Mode
(Option 233-Mixed Analyzers).”

Frequency Range

326

The X-axis frequency range determines the frequencies that are measured for
each sweep. The default Start and stop frequencies are dependent on the
CISPR band selected.

Although the start frequency can be set as low as -100 MHz, amplitude
accuracy is specified above 9 kHz (depending on your model). Below

9 kHz (depending on model), frequency accuracy is maintained, but
amplitude accuracy is degraded. Refer to
https://www.keysight.com/us/en/assets/7018-06516/data-sheets/5992-
3702.pdf.

The frequency range of the measurement can be changed using the following
methods:

— Set Center and Span frequencies (Frequency Span varies with instrument
model)

— Set Start and Stop frequencies

— Using Marker > Center
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How to set Frequency Range and Frequency Context

For EMI mode, you are able to change the center, frequency span, start, and
stop frequencies or select a specific CISPR band. See also, “CISPR
(International Special Committee on Radio Interference) Control” on

page 329.

— Press -

— Then choose from the following:

- eWelFreq Span| frequencies. This is the most common method
of entering frequency range. Enter the frequency of interest. The
Center frequency is at the exact center of the X-axis. The Frequency
Span places half of the frequency range on either side of center.
When the Center and Frequency Span values are entered, then the
X-axis annotation on the screen shows the Center and Span
frequencies.

In the CISPR Band Scan measurement, the default span is the full range of
the particular CISPR band selected. The Span can be changed, to examine
part of the CISPR band in more detail, but the Span can never exceed the
full width of the CISPR band, and never be less than the minimum span
which CISPR Zoom Scan achieves. The Full Span button causes a CISPR
Band Scan to return to the default full range of the particular CISPR band.
Learn more, see “CISPR (International Special Committee on Radio
Interference) Control” on page 329.

— IR and S0 frequencies. Start is the beginning of the X-axis and
Stop is the end of the X-axis. When the Start and Stop frequencies
are entered, then the X-axis annotation on the screen shows the Start
and Stop frequencies. Start and Stop are not active choices for
CISPR Zero Scan (i.e., for CISPR Band Scan and CISPR Zero Scan
in the lower right of the display indicates you are at the span
limit).

— FEAYARETETEN For EMI mode, which defaults to log sweep, this
softkey toggles between log (FFT) - previous screen and start/stop
frequencies and linear (Time) - in zero Span.

— Optionally, press e then:
—— R WaXalileeNalels] and one of the following:
(Default) - The FieldFox selects a frequency annotation
setting (Center Span or Start Stop).
-The center frequency and span are displayed.

Eie{ageide]e] - The start and stop frequencies of the frequency span are
displayed.
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——[IPAIERIRDEN enables/disables the log frequency X-axis.
Disabling the log frequency X-axis, enables the linear
frequency X-axis (Default = ON).

— [T then type a step size value using the numeric keypad,
then select a frequency unit terminator key (Default = Auto).

——[SNETEN the frequency span changes the instrument’s full
frequency span (frequency span is model & Option dependent).

This softkey is inactive (grayed out), for CISPR Zoom Scan and
APD Statistics, because RF tuning is fixed and Span changes
are not allowed.

For CISPR Band Scan the Full Span varies based on the 6 dB
resolution BW setting:

If the 6dB Resolution BW is auto-coupled, Full Span changes the span
to match the Full CISPR Band you have selected. Learn more see, “How
to Set the EMI Measurement Settings (Fast SA Scan, CISPR
Band Scan, CISPR Zoom Scan, and APD Statistics)” on

page 329.

If the 6 dB resolution BW is set to manual, Full Span changes the span
to the maximum span limits described in the table in “Resolution
Bandwidth (Res BW)” on page 334.

— Follow each of these, when prompted, by entering a value using the
numeric keypad, the [AL¥] arrows, or the rotary knob.

— When using the [AL¥] arrows, press - The increment setting of the
arrows is based on the current span.

— After using the keypad, select a multiplier key. Learn more in Chapter 2,
“Preparing for Initial Use of Your New FieldFox” and “Multiplier
Abbreviations” on page 46.

Scale and Units

NOTE EMI Measurements mode defaults to Scale Type: Log.

Learn more, refer to “Scale and Units” on page 157.

External Gain

Learn more, refer to “External Gain” on page 158.

328 Keysight N9938-90006 User’s Guide



Electromagnetic Interference (EMI) Measurements — Option 361
EMI Measurements Mode Settings

Attenuation Control

Learn more, refer to “Attenuation Control” on page 159.

CISPR (International Special Committee on Radio Interference) Control

This section describes the FieldFox EMI measurement mode’s instrument
controls for evaluating pre-compliance EMI of the equipment under test.

After EMI mode is selected or after a Mode Preset, the Measure menu is
displayed. Two primary controls are available:

CISPR band and Measurement - there are 5 CISPR bands (A/ B/ C/ D/ E)
which, when selected, automatically set the instrument to a CISPR defined
frequency range and CISPR defined measurement bandwidth. Learn more, see
“Resolution Bandwidth (Res BW)” on page 334.

For this section, refer to Figure 12-1 on page 331, Figure 12-2 on page 332,
Figure 12-4 on page 333, and Figure 12-5 on page 333.

This section contains:

— “How to Set the EMI Measurement Settings (Fast SA Scan, CISPR Band
Scan, CISPR Zoom Scan, and APD Statistics)” on page 329

— “How to set a CISPR Band” on page 331

Learn more, see “How to set the EMI Traces” on page 336.

How to Set the EMI Measurement Settings (Fast SA Scan, CISPR Band
Scan, CISPR Zoom Scan, and APD Statistics)

Screen defaults to Log sweep, but you can toggle using Freq/Dist > Zero/Last
Span. Learn more, see “Frequency Range” on page 326 and “How to set the

EMI Traces” on page 336.

Point quantities are not manually controllable within CISPR Band Scans or
CISPR Zoom Scans. Rather, they are automatically derived from the
bandwidths and Spans being used. CISPR Band E requires the most points
to achieve the full band scan, but in all cases, total point quantity will not
be allowed to exceed 75001. For manually coupled EMI Resolution BW,
this hard limit on point quantity results in Span limitations (e.g., If the 9
kHz BW is used in CISPR band E, the hard point limit will cause the Span to
be limited far short of the expected 17 GHz full range of CISPR band E).
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When selected, CISPR Band and Zoom Scan measurements use one of the
5 CISPR band frequency ranges to set the frequency range (Start and
Stop) on the FieldFox. CISPR Zoom Scan selects a limited fix span (<entire
band range). Learn more, see “Resolution Bandwidth (Res BW)” on

page 334 and “How to set Frequency Range and Frequency Context” on
page 327.

Hint!

With any of the EMI measurement settings described in this section, you
can toggle Zero Span and back (i.e., back to your previous measurement)
using the “Zero / Last Span” softkey. Learn more, see “How to set
Frequency Range and Frequency Context” on page 327.

— Press - > WMEEHNEENAIERESAWIEL]| then choose:

- - (Default) Sets the Fast SA Scan. Fast SA Scan applies
peak detection and is used to do a quick verification of your EMI
measurement setup check similar to a normal SA speed sweep.
annotation is displayed when enabled.

- - Sets the primary EMI measurement which:
sweeps over the specified CISPR band frequency range, uses CISPR
defined specific EMI 6 dB Resolution bandwidths ((200 Hz, 9 kHz,
and 120 kHz), and 1T MHz impulse bandwidth), with 3 specific
detectors (Positive Peak, EMI Average, or Quasi Peak) which can be
independently set per Trace. Individual trace annotation is displayed
for the three traces (P, Q, and A). See also, “How to set the EMI
Traces” on page 336.

—~ — When set, behaves the same as CISPR Band
Scan, except it represents the minimum Span setting, for any EMI
resolution bandwidth selected, where the RF tuning can remain
stationary (i.e., like Zero Span). While in CISPR Zoom Scan, you
cannot change the Span, because it is meant to provide the fastest
updates of the CISPR bandwidths and Detectors while targeting a
specific RF frequency within the current CISPR band (i.e.,
A/B/C/D/E). Individual trace annotation is displayed for the three
traces (P, Q, and A) and is displayed in the lower right side of
the display. See also, “How to set the EMI Traces” on page 336.

- - Sets a measurement that evaluates pulses
statistically. APD statistics is essentially a Zero Span measurement of
the Center Frequency. APD statistics uses a specific APD 6 dB
resolution bandwidth (APD Res BW) to measure the power level
detected while creating a histogram of those power levels over the
APD Dwell Time. Next APD Statistics uses that histogram data to
create a set of values to define that probability that the signal power
is above a certain level (CCDF == complementary cumulative density
function). The graphical axis changes radically, to reveal that
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probability (i.e., a fraction from 0 to 1.0) on the Y axis, vs. Power on
the X axis. Markers adapt correspondingly. Histogram and CCDF
become the Input choices per trace, replacing Detector on the Trace
menu. [Ag® annotation is displayed on the left side when enabled.
See also, “Input - (Trace Input for APD Measurements)” on page 339
and “How to set the EMI Traces” on page 336.

How to set a CISPR Band
By default, the preamp is OFF.

— Press - > [RIEEN] then choose:
— A - 9 kHz to 150 kHz

=B - 150 kHz to 30 MHz
- (Default)

D - 300 MHz to 1 GHz

it - 1 GHz to 18 GHz

Learn more, see “Resolution Bandwidth (Res BW)” on page 334.

Figure 12-1 CISPR Band C Example

“WE Sy, U6 AL
EMI Ref 106,99 depv #atten 20 dB CISPR Band C

L[lg

10,0
de/

SampRate 15,37 MHz
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Figure 12-2 CISPR Band C Zoom Example 1 — Response to Pulse
“E A Wese 1), UD ALQ 2U21 1L

EMI  Ref 106.99 dBpv #Atten 20 dB CISPR Band C

Log

SampRate 15.3

Figure 12-3 CISPR Band C Example 2 - Response to CW Signal
[ Fri, 06 Aug

EMI  Ref 106.99 dBpv #atten 20 dB CISPR Band C

IQE300 SampRate 15.:

332 Keysight N9938-90006 User’s Guide



Figure 12-4

EMI

>

EMI

Probability

Probability

Electromagnetic Interference (EMI) Measurements — Option 361
EMI Measurements Mode Settings

APD Statistics Example 1 - Pulse 5uS/1mS

i it

#atten 15 dB CISPR Band E
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Preamplifier Control (Opt 235)

Learn more, see Chapter 9 refer to “Preamplifier Control (Opt 235)” on
page 160.

Resolution Bandwidth (Res BW)

EMI mode has a different resolution bandwidth type for each type of EMI
measurement:

— CISPR Band Scan, CISPR Zoom Scan, and APD Statistics have of set
values of 6 dB resolution bandwidths ((i.e., 200 Hz, 9 kHz, 120 kHz), and
1 MHz impulse bandwidth). “6 dB” is displayed in the Res BW value on the
bottom left side of the display (e.g., [REAANECKe IS RPANGY) -

The EMI Resolution bandwidth is auto-coupled to keep frequency range
with the selected CISPR band. If the Start or Stop frequencies are
changed, the FieldFox displays a reminder message about the CISPR band
limits.

Example of CISPR messages: “CISPR band StartFreq limited to
30000000" and “CISPR band StopFreq limited to 300000000".

CISPR Band? EMI 6 dB Resolution CISPR Band Scan CISPR Zoom Scan
Bandwidth Maximum Span Minimum Span

Value® © Value®e

A - (9 kHz to 150 kHz) 200 Hz 3.735 MHz 19.6 kHz

B - (150 kHz to 30 MHz) 9 kHz 168.1 MHz 882 kHz

C - (30 MHz to 300 MHz) 120 kHz 2.243 GHz 11.76 MHz

D - (300 MHz to 1 GHz) 120 kHz 2.243 GHz 11.76 MHz

E-(1GHzto 18 GHz) 1 MHz (impulse BW) 17.6 GHz 7.895 MHz

a. The maximum spans displayed in the CISPR Band table, are only achievable when one manually couples the reso-
lution bandwidth (Res BW). Typically, the entire CISPR Band span (displayed in the first column) is used with
auto-coupled resolution bandwidth (Res BW). The CISPR Band Scan Maximum Span Values (displayed in
the third column) are actually the 75001 point limit applied to each resolution bandwidth (Res BW) when manual
coupling (Manual) is used. When manual coupling (Manual) is used, you can go outside the selected CISPR
Band.

b. The maximum number of points for a CISPR Band Scan is 75001 points.
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c. The 75001 point limit is put in place, to keep the mode from trying to build traces that are any bigger than neces-
sary. Basically, enough to cover CISPR Band E (1 GHz to 18 GHz) with its T MHz bandwidth, plus a little extra mar-
gin. This same point limit (75001) is applied to the other resolution bandwidths (Res BW), and also to the other
CISPR Band Scan Maximum Span Values (displayed in the third column). There is no direct control permit-
ted over the number of points used in the EMI scans. But, indirectly the SPAN and resolution bandwidth (Res BW)
values, determine the number of points.

Exception: When using Fast SA Scan measurement (displayed in the fourth column), then you can control the
number of points, similar to SA mode, where the point limit then becomes 20001,

d. The Zoom scan span limits are associated with the EMI 6 dB Resolution Bandwidth(s) (Res BW (6 dB)) that
are (displayed in the second column). The auto-coupled bandwidth choices match those CISPR Bands (displayed
in the first column), but you can also choose to manual couple (Manual) the bandwidth. When the bandwidth is
set to manual couple (Manual), the Zoom scan span limit follows the resolution bandwidth (Res BW), not the
CISPR band.

e. The Zoom scan span limits are actually the width of the FFT that is being used for the EMI 6 dB Resolution
Bandwidth (minimum == 1 FFT, so the span is limited to T FFT width).

— But, when using Fast SA Scan, you have a standard 3 dB resolution
bandwidth over the entire range of 1 Hz to 5 MHz.

Learn more, see Chapter 9 and then “Resolution Bandwidth (Res BW)” on
page 185.

Single / Continuous / Restart

This setting determines whether the FieldFox measures continuously or only
once each time the BITeIS or _ button is pressed. Use Hold /
Single or to conserve battery power or to allow you to save or analyze a
specific trace.

How to set Single or Continuous

— Press -

— Then choose one of the following:
-

——@ Causes the EMI to make continuous sweeps. This is the
typical setting for making measurements. Each
press causes the SA to toggle between continuous sweep and
Hold.

— o3 Causes the EMI to Hold. Each RURJAHOIA®#/S or STt
press causes the SA to make ONE sweep, then Hold. The Hold

annotation changes to an arrow --> while the sweep occurs.

— BRI Automatically sets Continuous OFF and causes the SA to
make ONE sweep, then Hold.

- Resets the Average counter to 1. The Average counter also is
used with MaxHold and MinHold Trace States. Learn more in “” on
page 338.
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— IVEIWADINN (Active when the CISPR Measurement type == CISPR
Band Scan or CISPR Zoom Scan.) Specifies a settling time (in
seconds) between sweeps.

- - (Active only for Fast SA Scan) Specifies a the
number of sweep acquisitions. Press manual to enter a sweep
acquisition value. (Default = Auto). Learn more, see Chapter 9 and
then “Sweep Acquisition” on page 191.

- - (Active only when the CISPR Measurement type =
APD Statistics.) Sets the time to acquire statistics each cycle, and
Trace Points (control grayed out) are derived from the total Amplitude
range displayed on the X axis.

In the EMI measurements mode, the Points softkey is only active when the
Measurement CISPR softkey is set to Fast SA Scan. Otherwise EMI mode
automatically sets the points (Default = 401). Learn more, see Chapter 9 and
then “Points ” on page 201.

Trace Display States (EMI Mode)

336

For EMI measurements mode, this section defines the four trace state
choices for the Fast SA Scan and for CISPR Band Scan, CISPR Zoom Scan,
and APD Statistics choices. Also, this section defines the 4th trace display
state choices. Learn more, see “How to set the EMI Traces” on page 336.

The behavior of EMI mode is similar to SA mode. This section describes the
softkeys that have similar, but also different behaviors than SA mode. Learn
more, refer to Chapter 9, “SA (Spectrum Analyzer) Mode (Option 233-Mixed
Analyzers).”. See also “Marker Trace (IQA and SA Mode)” on page 749.

How to display the Trace States

— Press - > is measurement specific and returns all traces to
their default settings. For EMI mode the defaults are: Trace 1 (PosPeak T1),
Trace 2 (QuasiPeak T2), Trace 3 (EMI Average T3); Trace 4 (Off, but defaults
to Pos Peak).

How to set the EMI Traces

When the EMI measurement type is set to CISPR Band Scan or CISPR Zoom
Scan Trace 1, Trace 2, Trace 3 have default values assigned. The trace can be
disabled under the Measurel (toggle to enable/disable) or the
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hardkeys or re-assigned to measure a different value on the trace by using the

hardkey (e.g., you can re-assign trace 1 to measure Quasi-peak or EMI
averaging). These detector choices are inactive when the EMI measurement
type is set to, Fast SA Scan or APD Statistics. (i.e., APD statistics does not uses
detection; it uses inputs. Refer to “Measure 1 Hardkey - EMI 'Convenience’
Softkeys” on page 337 and “Input - (Trace Input for APD Measurements)” on
page 339).

Learn more, see “How to Set the EMI Measurement Settings (Fast SA Scan,
CISPR Band Scan, CISPR Zoom Scan, and APD Statistics)” on page 329.

These softkeys are inactive when the EMI measurement choices are Fast
SA Scan or APD Statistics. Learn more, see “Input - (Trace Input for APD
Measurements)” on page 339.

NOTE

Measure 1 Hardkey - EMI ’Convenience’ Softkeys

IMPORTANT!

When you press the Measure 1 hardkey a softkey menu is displayed and
has, as a convenience, fixed values for Trace 1 (PosPeak T1), Trace 2
(QuasiPeak T2), Trace 3 (EMIAverage T3) assigned. While the softkey
labels cannot be re-assigned, the trace values can be changed manually
under the Traces 6 hardkey using the Detector softkey. Learn more, refer
to “How to set Detection Method” on page 338.

— Press - then choose:

- - Enable/Disable trace 1 to display positive peak data
and retains the peak value of a signal, indicating the worst-case
summary data (Default = on). [§ annotation is displayed. This softkey
is inactive, when APD Statics is ON.

- - Enable/Disable trace 2 to display quasi-Peak data
that weighs each component based on its repetition rate: the faster
repetition rate, the higher the weight given to that component
(Default = on). Q annotation is displayed. This softkey is inactive,
when APD Statics is ON and or CISPR Band E is selected.

- - Enable/Disable trace 3 to display EMI average data
displays the average amplitude of each signal component across its
period (Default = on). A annotation is displayed. This softkey is
inactive, when APD Statics is ON.

NOTE

Keysight N9938-90006 User’s Guide 337



Electromagnetic Interference (EMI) Measurements — Option 361
EMI Measurements Mode Settings

Trace Averaging

Within EMI mode, the detectors provide the critical necessary averaging (i.e.,
EMI Average and Quasi Peak), but similar to SA mode, if needed, you can
perform Trace Averaging. Refer to “Average Type” on page 203 and “Average
Count” on page 204 in Chapter 9, “SA (Spectrum Analyzer) Mode (Option
233-Mixed Analyzers).”

Alignments

EMI measurements mode uses amplitude alignment and channel equalization.
Learn more, refer to the SA chapter’s “Alignments” on page 204 for
information on all alignments.

Detection Method

Using the EMI feature, can have one of three specific independent detection
methods: Fast SA Scan, is similar to the original detection method used in SA
mode that can use only one detector. CISPR Band Scan and CISPR Zoom
Scan use a newer detection method that uses one detector per trace (e.g., up
to three detectors and three traces simultaneously). Learn more, refer to
“Trace Display States (EMI Mode)” on page 336.

APD Statistics uses trace inputs in lieu of detection. Learn more, refer to “Input
- (Trace Input for APD Measurements)” on page 339.

How to set Detection Method

The current Detection method for each trace is labeled on the left edge of the
screen. A corresponding letter appears below the corresponding Trace number
selected. For example: P means that Positive Peak was the selected detector.

- Press- dDetector

— Then choose from the following:

The following softkeys are available when CISPR Band is set to Fast SA
Scan:

— AL Displays the most appropriate Detection method based on
other settings. [# is NOT shown]

— [YEYTRE [#Nrm also referred to as Rosenfell] Provides a better visual
display of random noise than Positive peak and avoids the
missed-signal problem of the Sample Mode. Should the signal both
rise and fall within the bucket interval, then the algorithm classifies
the signal as noise. An odd-numbered data point displays the
maximum value encountered during its bucket. An even-numbered
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data point displays the minimum value encountered during its
bucket. If the signal is NOT classified as noise (does NOT rise and fall)
then Normal is equivalent to Positive Peak.

- [#NPk] Displays the minimum value of all the
measurements in each bucket.

— FPTOTE [#Smp) Displays the center measurement of all the energy
detected in each bucket. This setting gives a good representation of
the random noise in each bucket. However, it does not ensure that all
signals are represented.

- [#RMS] Displays the Root Mean Squared (RMS) average
power of all the measurements in each bucket. This is the preferred
method when making power measurements.

The following softkey is available for most CISPR Band choices, but not
APD Statistics:

— [P] Displays the maximum value of all the
measurements in each bucket. This setting ensures that no signal is
missed. However, it is not a good representation of the random noise
in each bucket.

The following softkeys are only available when the CISPR Band softkey is
set to CISPR Band Scan scan or CISPR Band Zoom Scan.

- [Q] Displays the quasi-peak response, as defined by
CISPR 16.

— [HVIWNEIERLE [A] Displays the Root Mean Squared (RMS) average
power of all the EMI measurements in each bucket. This is the
preferred method when making power measurements.

Repeat the detection setup process as needed for up to 4 traces and 3
detection methods.

Input - (Trace Input for APD Measurements)

This softkey is active when APD Statistics is the selected CISPR Measurement.
See also, “CISPR (International Special Committee on Radio Interference)
Control” on page 329.

— Press - > — Selects the type of data type that is used to display
the APD statistics trace based on the APD Dwell Time. Then choose:

- - A CCDF curve shows how much time the signal spends at or
above a given power level. The power level is expressed in dB relative
to the average power. The percentage of time a signal spends at or
above each line defines the probability for that particular power level.
A CCDF curve is a plot of relative power levels versus probability.
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- - Displays the power levels detected over the APD Dwell
Time.
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About Electromagnetic Interference (EMI) Measurements
EMI mode enables you to make the following types measurements:
— Radiated - wireless EMI signals

— Conducted - emissions from wires or other conducted paths.

Some measurement parameters are auto-coupled and are not user-settable.

EMI Measurement Features (Option 361)

The EMI Resolution bandwidth is auto-coupled to keep frequency range
with the selected CISPR band. If the Start or Stop frequencies are
changed, the FieldFox displays a reminder message about the CISPR band
limits.

Example of CISPR messages: “CISPR band StartFreqg limited to
30000000" and “CISPR band StopFreq limited to 300000000".

In the CISPR Band Scan measurement, the Span can be changed. (Exception:
CISPR Zoom Scan cannot change the Span.) As the SPAN changes, the resultant
trace point quantity also changes proportionally, since every FFT spectral sample
measured undergoes detection by the FieldFox firmware and becomes part of the
trace (Maximum points == 75001). Learn more, see “CISPR (International
Special Committee on Radio Interference) Control” on page 329.

NOTE

When selected, CISPR Band and Zoom Scan measurements use one of the
5 CISPR band frequency ranges to set the frequency range (Start and
Stop) on the FieldFox. CISPR Zoom Scan selects a limited fix span (<entire
band range). Learn more, see “Resolution Bandwidth (Res BW)” on

page 334 and “How to set Frequency Range and Frequency Context” on
page 327.

NOTE

Hint!

With any of the EMI measurement settings described in this section, you
can toggle Zero Span and back (i.e., back to your previous measurement)
using the “Zero / Last Span” softkey. Learn more, see “How to set
Frequency Range and Frequency Context” on page 327.

NOTE

For EMI measurements mode, this section defines the four trace state
choices for the Fast SA Scan trace display states and for CISPR Band
Scan, CISPR Zoom Scan, and APD Statistics choices, it defines the 4th
trace display state choices. Learn more, see “How to set the EMI Traces”
on page 336.

NOTE
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EMI has the following features:

EMI Measurement Results:

— Amplitude Probability Distribution Statistics (APD)
— Histogram
— CCDEF traces displayed

— Center frequency (active with APD Statistics)

— Selectable CISPR Bands (A, B, C, D, or E)
— Positive Peak trace (active with APD Statistics OFF)
— Quasi-Peak trace (active with APD Statistics OFF)
— EMI Average trace (active with APD Statistics OFF)

— 200 Hz, 9 kHz, 120 kHz 6 dB resolution bandwidths, and 1 MHz impulse
bandwidth

— Frequency bands can be coupled to CISPR bands

— Logarithmic frequency axis

Refer to “EMI Measurement Mode Setup Procedure” on page 343.

342 Keysight N9938-90006 User’s Guide



Electromagnetic Interference (EMI) Measurements — Option 361
How to Set Up Electromagnetic Interference (EMI) Mode Settings

How to Set Up Electromagnetic Interference (EMI) Mode Settings

NOTE IMPORTANT! See also, “Alignments” on page 204, in SA mode, Chapter 9,
“SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers).”

This section reviews the steps in setting up an example EMI measurement. If
you are not familiar with this process or would like more information, refer to
“Using EMI Measurements (Option 361)” on page 325.

EMI Measurement Mode Setup Procedure

1. Selecting EMI Measurement mode:

Press - > [JFT® (Depends on number of Options) > [FYIIV RSN N
2. Setting the EMI Measurement type:

For this example, press - > HICISPR Band Scan

— The display updates to show three traces: PosPeak T1 (),
QuasiPeak T2 (®), and EmiAverageT3 (). Learn more, see “CISPR
(International Special Committee on Radio Interference) Control” on
page 329.

3. Setting the CISPR Band:

For CISPR Band Scan, these traces become active and begin sweeping.
Optional: for this example, press [deSEUMMI, FIESIEEVEAPL, or
T\ M E] to enable/disable each detector/trace. (default = all on.)

Learn more, see “How to set the EMI Traces” on page 336.
4. Setting the EMI detectors for each trace:
For this example, press [BE::8:FENle| > ({000 [sb: (default).

The EMI Resolution bandwidth is auto-coupled to keep frequency range
with the selected CISPR band. If the Start or Stop frequencies are
changed, the FieldFox displays a reminder message about the CISPR band
limits.

Example of CISPR messages: "CISPR band StartFreqg limited to
30000000" and "CISPR band StopFreq limited to 300000000".
Learn more, see “How to set a CISPR Band” on page 331.
5. Setting the Log Freq AxisX state for the displayed trace:

For this example, press [KeJe BRIl WAV > @ (default). Optional: Press to
OFF to change display to linear view.

Learn more, see “How to set Frequency Range and Frequency Context” on
page 327.
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6. Setting the EMI resolution bandwidth state for the displayed trace:

For this example, press ENIEEN > EMIEN (default = Auto). 120 kHz is
displayed, but you can set other fixed resolution bandwidths (i.e., 200 Hz,
9 kHz, and 1 MHz).

Learn more, see “Resolution Bandwidth (Res BW)” on page 334.
7. Setting the Dwell Time:

For this example, press - > DM >100 ms (default).

Glossary (EMI)

This section provides a description of some of the terms used in the FieldFox’s
EMI mode.

Table 12-1 EMI Abbreviations and Descriptions

Abbreviation Description

APD Statistics ~ Amplitude Probability Distribution Statistics - Evaluates pulses statistically. Measurement done in zero
span, at the specified center frequency, with a specific APD dB resolution bandwidth.

- CCDF  Complementary Cumulative Density Function - The probability of the signal power being above a certain
level generated from the APD statistics’ histogram results.

- Histogram  Results of the APD statistics measurement and the power levels detected over the APD specified dwell
time used to generate a CCDF results.

CISPR International Special Committee on Radio Interference
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13 Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE
TDD Option 371, 5G TF Option 377, 5G NR / 5G NR EVM
Conducted Option 378

Some examples in this chapter include the electromagnetic field (EMF)
mode. EMF requires Option 358. See also, Chapter 9, “SA (Spectrum
Analyzer) Mode (Option 233-Mixed Analyzers)” and Chapter 13,
“Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option
371, 5G TF Option 377, 5G NR / 5G NR EVM Conducted Option 378."

OTA mode measures signals at the SA RF Input Port 2 connector.

OTA mode requires the FieldFox to have SA mode (Option 233 on combination
analyzers), GPS (Option 307), and CPU?2 installed.

5G NR requires 100 MHz wide path Option B10.
Recommended, but not required:

— Preamplifier (Option 235) to improve receiver sensitivity.

— EMF (Option 358) to measure the EMF levels of 5G signals.

With Options 370 (LTE FDD), LTE TDD (Option 371), 5G TF (Option 377), and
5G NR (Option 378) network designers can ensure that networks have enough
resources to carry out handovers (re-selection) when users move between cell
towers on the same 5G network as well as in between 5G and 4G networks
(intra/inter-radio access technology).

The FieldFox OTA measurements support LTE FDD (Option 370), LTE TDD
(Option 371), Verizon 5G TF (Option 377), and 5G NR (Option 378) over-the-air
demodulation for single or multiple component carriers (CCs) and multiple cell
towers for each CC. Additionally, 5G NR EVM Conducted provides EVM
measurement capabilities for conducted signals. The FieldFox display can be
configured to show data formats such as table, bar chart, spectrum and strip
chart of key performance e indicators (KPI's).

By integrating over-the-air (OTA) measurements with cable and antenna test
(CAT), full 2-port vector network analysis, spectrum analysis, and real-time
spectrum analysis (RTSA), the FieldFox can be used for base station setup and
verification.

KEYSIGHT

TECHNOLOGIES
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In this Chapter

“Using OTA (Options 370 - LTE FDD, 372 - TDD, 377 - 5G TF, and Option
378 - 5G NR / 5G NR Conducted)” on page 348

“About Over-the-Air (OTA) Measurements” on page 350

— “LTE FDD and LTE TDD Features (Option 370 and Option 371)” on
page 350

— “5G TF Features (Option 377)” on page 358

— “5G NR Features (Option 378)” on page 359

— “5G NR EVM Conducted Features (P/0: Option 378)” on page 362
“How to Set Up Over-the-Air (OTA) Mode Settings” on page 363

— “OTA Setup Procedure” on page 363

— “Optional: Using RTSA to verify the signal quality (Requires Option 350
and Preamp Option 235)” on page 381

— “How to Define a Cell or Cell(s) and Use OTA” on page 382

“How to Set Up EMF Mode Settings (Requires EMF (Option 358) and 5G NR
(Option 378))” on page 398

“How to Use Data Logging (OTA Options 370, 372, 377, and 378)” on
page 405

— “Screen Annotation” on page 405

— “How to Record a Data Log Procedure” on page 406

— “To change Data Logging Configuration settings:” on page 407
— “How to Play a Data Log” on page 408

“Other Features Available” on page 409

— Alignments (SA chapter) - “Alignments” on page 204
— External Gain (SA chapter) - “External Gain” on page 158

“About the Auto-Range Feature” on page 410
“Troubleshooting” on page 414
“Glossary (OTA)” on page 415
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See Also

“Why and When to Calibrate” on page 126
Chapter 31, “System Settings.” (Changing display colors)
Chapter 33, “File Management.”
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Using OTA (Options 370 - LTE FDD, 372 - TDD, 377 - 5G TF, and Option 378 - 5G NR
/ 5G NR Conducted)

Using OTA (Options 370 - LTE FDD 372 -1DD, 377 - bG TF, and Option 3/8 -
5G NR / 5G NR Conducted)

OTA enables you to do the following:

Measure and display one component carrier (CC) with multiple cells or multiple component

carriers (CCs) with a single cell2?

Four Display Types:

— Bar chart (color coded based on the — Strip Chart
selected scheme CC | PCC | Level)

— Spectrum

— Table

Color Coded Display Types:

— Specify high and low power with color bars

Flexible Data Sorting:

— LTE FDD: Sort Cells, component carriers — bG TF: Sort Carrier Info, PSS, SSS, Sync
(CCs), Frequency, RSRP, RSRQ, RSS!, PSS, Correlation (%) scan results displayed by
SSS, and SINR scan results displayed by low to high, or high to low, or Auto (no
low to high, or high to low, or Auto (no order is involved)

order is involved) .
— BG NR EVM Conducted: Sort Carrier Info

— LTETDD: Sort Cells, component carriers RSRP, RSRQ, RSSI, PSS, SSS, PBCH,
(CCs), Frequency, RSRP, RSRQ, RSSI, PSS, DMRS, Power, Sync Carr, Freq Error, Time
SSS, and SINR scan results displayed by Offset, PSS EVM, SSS EVM, PBCH EVM,
low to high, or high to low, or Auto (no DMRS EVM, Composite EVM scan results
order is involved) displayed by low to high, or high to low, or

— 5G NR: Sort Cells, component carriers Auto (no order is involved)

(CCs), Frequency, RSRP, RSRQ, RSS!, — All: Sort Carrier Info, PCI (aka Cell
SINR, PSS, SSS, DMRS, Freq Error, SSB IDs), Power scan results displayed by
Index, and Time Offset (us) scan results low to high, or high to low, or Auto
displayed by low to high, or high to low, or (no order is involved)

Auto (no order is involved)

Data Logging GPS stamped data measurements

— Define measurement interval by time or Display files (KML) on Google Maps or
distance Google Earth

— Show results in Table or Bar Chart

New Radio Features (Option 378)
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Using OTA (Options 370 - LTE FDD, 372 - TDD, 377 - 5G TF, and Option 378 - 5G NR
/ 5G NR Conducted)

— FR1 (410 MHz to 7.125 GHz) and — Single acquisition multiple simultaneous

measurements
— FR2(24.25 GHz t0 5.26 GHz%)
— EMF measurements (Requires Option 358)

Measure CC, Cell IDs, and KPI's for
multiple cells

- EWM hronization signal t
synchronization signal measurements . SSB Beam index

a. When multiple component carriers are selected, the results of the component carrier
(CC) with the highest power is displayed.

b. LTE FDD, LTE TDD, and 5G NR can measure and display multiple cells. 5G TF and 5G NR
EVM Conducted only have the ability to measure and display a single cell.

c. With frequency extension via OML downcanverter. Refer to Chapter 31, “System
Settings.” and then “Utilities” on page 784.
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About Qver-the-Air (OTA) Measurements

OTA mode supports these standards:
— LTEFDD

— LTETDD

— 5G TF measurements

— BGNR

— 5G NR EVM Conducted

Some measurement parameters are auto-coupled and are not user-settable.

LTE FDD and LTE TDD Features (Option 370 and Option 371)

IMPORTANT! LTE FDD, LTE TDD, and 5G TF only demodulate PSS and SSS
signals using the FieldFox’s demodulation path. User data channels are
not demodulated.

LTE FDD and LTE TDD have the following features:

IMPORTANT! LTE FDD and LTE TDD generally have similar cell features, but
the Band and Channel choices are different for the Channel Table settings.

Cell Scan Results:

— Center frequency

— Physical Cell Indentifier (PCI) - (Cell ID-Sector ID-Group ID) - (C/S/G)
— RSRP (Reference Signal Received Power) (dBm)

— RSRQ (Reference Signal Received Quality) (dB)

— RSSI (Received Signal Strength Indicator) (dBm)

— PSS (Primary Synchronization Signal) (dBm)

— SSS (Secondary Synchronization Signal) (dBm)

— SINR (Signal to Interference & Noise Ratio) (dB)

— Frequency error (Hz)

Refer to step 11 in the “OTA Setup Procedure” on page 363.
Display Types:

User can set up and display 1, 2, 3 or 4 simultaneous measurements of key
performance indicators (KPI's) for any component carrier (CCO through CC4),
up to 5 carriers, in any combination of the following:
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— Table - Cell scan numeric results, including PCI, RSRP, RSRQ, RSSI, PSS,
SSS, SINR and Freq Err, for up to 5 CCs or 6 cells

— Bar Chart - Vertical power bar graph of selectable cell scan result metric
with adjustable color “heat” amplitude scale, for up to 5 CCs or 6 cells. And,
color coded based on the selected scheme (i.e., CC, PCC, and Level). Refer
to Figure 13-2 on page 352, Figure 13-3 on page 352, and Figure 13-4 on
page 353.

— Spectrum - Magnitude frequency spectrum (fixed span) for a selected CC

— Strip Chart - Magnitude of selectable cell scan result metric graphed over
time, for up to 5 CCs or 6 cells

Figure 13-1 Example of the LTE FDD with Four Multiple Display Options - (LTE TDD is
similar)

":'IE"

LFDC

Table
Bar Chart

Scan Results

Spectrum
Strip Chart
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Figure 13-2 LTE FDD Bar Chart - CC Example
Thu, 09 Apr 2020 3:46:15 PM

LFDD Ref-10.00 dBm
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Figure 13-4 LTE FDD Bar Chart - Level Example
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Figure 13-6 Spectral Emission Mask Example
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Figure 13-8 5G NR Center Frequency and SSB Offset, Before Multiple Cell IDs Example
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Figure 13-10 5G NR EVM Constellation Example - Measure Data set to All

SGMR | Ref-10.00 dBm Atten 10 dB

Figure 13-11 5G NR EVM Constellation Example - Measure Data set to PBCH

SGMR | Ref-10.00 dBm Atten 10 dB
PRCH - All

e
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Figure 13-13
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5G NR EVM Frame Summary Example

Atten 10 dB

5G NR EVM - Constellation and Frame Summary Example
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5G TF Features (Option 377)

IMPORTANT! LTE FDD, LTE TDD, and 5G TF only demodulate PSS and SSS
signals using the FieldFox’s demodulation path. User data channels are
not demodulated.

5G TF has the following features:

Cell Scan Results:

Center frequency

Physical Cell Information (PCI) - (Cell ID)
Power (Channel Power) (dBm)

PSS (Primary Synchronization Signal) (dBm)
SSS (Secondary Synchronization Signal) (dBm)

Sync correlation (%)

Refer to step 11 in the “OTA Setup Procedure” on page 363.

Data Formats:

User can set up and display 1, 2, 3 or 4 simultaneous measurements of key
performance indicators (KPI's) for any component carrier (CCO through CC7),
up to 8 carriers, in any combination of the following:

358

Table - Cell scan numeric results (for up to 6 cell sites (ID's) including Cell
ID, Channel Power, PSS, SSS, Sync Corr

Bar Chart - Vertical power bar graph of selectable cell scan result metric
for up to 8 cell sites with adjustable color “heat” amplitude scale. And, color
coded based on the selected scheme (i.e., CC, PCC, and Level). See also,
Figure 13-2 on page 352, Figure 13-3 on page 352, and Figure 13-4 on
page 353.

Spectrum - Magnitude spectrum frequency domain (fixed span). You can
only view a single component carrier at a time with Spectrum (e.g., CCO or
CC2, etcetera).

Strip Chart — Magnitude of selectable cell scan result metric graphed over
time
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Figure 13-14 Example of 5G TF Single Carrier and Single Cell

3GTF

Scan Results

EeNlal Fef-10.00 dBEm

|l

Atten 10 dB

5G NR Features (Option 378)

IMPORTANT! 5G NR only demodulates PSS, SSS and PBCH DMRS signals
using the FieldFox's 100 MHz demodulation path. User data channels are
not demodulated.

5G NR has the following features:

Refer to step 11 and “56G NR:” on page 371. See also, “5G NR EVM Conducted
Features (P/0: Option 378)” on page 362.

Cell Scan Results:

— Center frequency

— PCI (Physical Cell Identifier) - (Cell ID-Sector ID-Group ID) - (C-S-G)
— SSB (Synchronization Signal Block) Index

— RSRP (Reference Signal Received Power) (dBm)

— RSRQ (Reference Signal Received Quality) (dB)
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RSSI (Received Signal Strength Indicator) (dBm)

SINR (Signal to Interference & Noise Ratio) (dB)

PSS (Primary Synchronization Signal) (dBm)

SSS (Secondary Synchronization Signal) (dBm)

DMRS (Physical Broadcast Channel Demodulation Reference Signal) (dBm)
Frequency error (Hz)

Time Offset (us) - Not shown in the 5G NR figures, but is part of the Carrier
Info scan results.

Display Types:

User can set up and display 1, 2, 3 or 4 simultaneous measurements of key
performance indicators (KPI's) for any component carrier (CCO through CC7),
up to 8 carriers, in any combination of the following:

Table - Cell scan numeric results, including PCI, RSRP, RSRQ, RSSI, PSS,
SSS, SINR and Freq Err, for up to 8 CCs and 6 cells for each CC

Bar Chart - Vertical power bar graph of selectable cell scan result metric
with adjustable color “heat” amplitude scale, for up to 8 CCs and 6 cells for
each CC. And, color coded based on the selected scheme (i.e., CC, PCC,
and Level). See also, Figure 13-2 on page 352, Figure 13-3 on page 352,
and Figure 13-4 on page 353.

Spectrum - Magnitude frequency spectrum (fixed span) for a selected CC

Strip Chart — Magnitude of selectable cell scan result metric graphed over
time, for up to 8 CCs and 6 cells for each CC
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Figure 13-15 Example of 5G NR Single Carrier and Single Cell

FR2 with OML
Downconverter

Figure 13-16 Example of 5G NR Multi-Beam - Displaying Multiple Beams From Cell Site 378

5G NR Multi-beam Center - displaying the number of
beams coming from cell site 378.

Ref-10.00 ddm
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5G NR EVM Conducted Features (P/0: Option 378)

362

IMPORTANT! 5G NR only demodulates PSS, SSS, PBCH and PBCH DMRS
signals using the FieldFox's 100 MHz demodulation path. User data
channels are not demodulated.

FieldFox EVM Measurements

5G NR EVM Conducted can make EVM measurements of 5G NR signal
synchronization channels. Refer to step 11, and “6G NR EVM Conducted NR:”
on page 372, in section “OTA Setup Procedure” on page 363.

The FieldFox’s 5G NR EVM Conducted measurements are similar to the
X-Series Multi-touch Signal Analyzers. For more on making FieldFox
EVM-related measurements with the X-Series Multi-touch Signal Analyzers,
refer to
http://rfmw.em.keysight.com/wireless/helpfiles/SGNRMode/FlexUl.htm and
then
http://rfmw.em.keysight.com/wireless/helpfiles/SGNRMode/FlexUl.htm#me
as_bgnr_evm/Modulation Analysis.htm content.

The FieldFox can make more comprehensive EVM measurements with the
89600 VSA software using the FieldFox's Remote Server feature. See the
Chapter 18, “Remote Server Mode (Requires SA Hardware/SA Option 233)”

The FieldFox 5G NR EVM Conducted (p/o Option 378) does not have all of
the features of a X-Series Multi-touch Signal Analyzers.
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How to Set Up Over-the-Air (OTA) Mode Settings

NOTE IMPORTANT! See also, “Alignments” on page 204, in NA mode,Chapter 9,
“SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers).”.

The FieldFox can be used with an OML frequency extender. Refer to
“Utilities” on page 784, the B Series FieldFox Configuration Guide
5992-3701EN, and to “Contacting Keysight” on page 5.

This section reviews the steps in setting up an OTA measurement. If you are not
familiar with this process or would like more information, refer to “How to
Define a Cell or Cell(s) and Use OTA”

This section consists of:
— “OTA Setup Procedure”

— “Optional: Using RTSA to verify the signal quality (Requires Option 350
and Preamp Option 235)”

OTA Setup Procedure
1. Modifying the Frequency Reference and GPS settings:

Press -
— Then NMIGNSS (GPS+)BIGNSS Receiverl

— The left portion of the screen displays satellites and the
corresponding number on the adjacent Satellite Power
chart.

— The right portion of the screen displays Satellite Power
Carrier to Noise (C/No) dBHz values on the tops of the
satellite power chart.

- Thﬂ-> System Confiqurationy Freq Ref

Source [GPS [iBack
NOTE IMPORTANT! It is not sufficient to be locked to the GNSS satellite, the
frequency reference must be locked to GPS.

For more information:

— Refer to Figure 13-18 called, “Example of the LTE FDD Scan Results
Table (Five CCs and one cell) - LTE TDD is similar,” on page 377.

— And, refer to Figure 13-19 called, “Example of the 5G TF Scan
Results Table (Two cc and one cell),” on page 378.

— And, refer to Figure 13-16 called, “Example of 5G NR Multi-Beam -
Displaying Multiple Beams From Cell Site 378,” on page 361.
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— See also “GNSS (GPS+) and GPS” on page 807.
2. Selecting OTA mode:

— Press -

— Then [MEI& (may not be available—number of installed options
dependent)

— Then @
3. Selecting an OTA format:

Press - - (When you initially select OTA mode, the FieldFox
defaults to the Measure menu.)

— The Measure menu is used to select an OTA format (e.g., Option 370
LTE FDD, Option 371 LTE TDD, Option 377 5G TF, etcetera):

(Available modes are Option dependent.)

3] (default) or

o
m
1
=)

o
m
—
o
o]

1
(9]
—
e

T

G NR EVM Conducted

The OTA format chosen begins scanning for signals.
Additional FieldFox setting changes are required for OTA to
display the available signals. Refer to the steps below and
see also, “How to Define a Cell or Cell(s) and Use OTA” on
page 382.

4, Define some carrier and cell measurement information. See also, “How to
Define a Cell or Cell(s) and Use OTA”.

Then modify the carrier and cells based on the selected OTA technology
(i.e., LTE FDD, LTE TDD, 5G TF, and 5G NR /5G NR EVM Conducted).

If after making the setting changes in the steps below, no data is
displayed, refer to “Troubleshooting” on page 414.

Display does not update (refresh), until all active component carriers (CCs)
have been scanned.

5. Press -

— Then (Default is CCO) - Selects the CC number to be
displayed (LTE FDD/LTE TDD choices: CCO-CC4, 5G NR Choices:
CCO-CC?7). If only one CC is selected, the FieldFox will not allow you
to disable the scan. See also, the Trace hardkey in step 7.
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— Then [FEELReLY (Default is ON) — Enables/disables the CC scan
results. If only one CC is selected, the FieldFox will not allow you to
disable the scan.

— Then - You can enter a center frequency, or for LTE FDD, LTE
TDD, and 5G NR (only) you can use the Channel Table menu to enter
an auto-coupled Center frequency (see LTE FDD, LTE TDD, and 5G
NR Channel Table softkey menus below).

— Then (Option 578 - 5G NR and 5G NR EVM Only) - You can
enter an synchronization signal block (SSB) offset frequency.

6. Optional (Option 370 - LTE FDD, Option 371 - LTE TDD, and Option 378 -
5G NR /5G NR EVM Only): Press h 4Freq Model

This changes the Center frequency value.

Press [BhELWLEIMELIE opens a softkey menu, where you can select define
your carrier, by Band and Channel. The Center frequency value is
auto-coupled to the Band/Channel entered.

Option 370 LTE FDD and Option 371 LTE TDD Only:

— Then AR > n >
(The [T, EETE, and the values are auto-coupled.)

Band and Channel values vary between LTE FDD and LTE TDD.

— Then (Option 370 LTE FDD and Option 371 LTE TDD
Only) opens a softkey menu, where you can save your current Band
and Channel setup.

— Then T3ieH] In the Favorites list softkey menu, the
softkey displays the current Band and Channel displayed
(e.g., EEEIERPIN). Select the Favorites List softkey
again to observe the updated Setup 1 softkey.

— Then Em!

Option 5G NR /5G NR EVM Only):

L WIBandPINEnter
(The Lnd the values are auto-coupled.
frequency [0t is settable.)

— Then [LEGMENESE (Option 378 5G NR /5G NR EVM Only) opens
the Channel Raster softkey menu.
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— Then Sets the Absolute Radio-Frequency
Channel Number signal to be measured. Setting an ARFCN
automatically sets a corresponding Center frequency for
the component carrier.

— Then sets the ARFCN center frequency.
— Then [ofittat sets the offset from the Center frequency.

— Then STIE:EGE (Option 378 5G NR and 5G NR EVM Only) opens a
softkey menu, where you can set the Global Synchronization raster
Channel using wider SSB frequency search. Sync ARFCN is coupled
with Sync GSCN. ARFCN and GSCN minimum and maximum values
vary with band setting and licensed frequency.

— Then STl HANE®)| sets the ARFCN reference signals to be
synchronized.

— Then EYaleRI#\ sets the GSCN signals to be
synchronized.

— Then sets the GSCN center frequency.
— Then sets the offset from the Center frequency.
— Then @
7. Select -—choose:
-
~ Then to ON
— Then
- IENEor
c:r Chartlel
SllSpectrumfsl
or
(5G NR EVM only) or
— [EETITNCneaY (5G NR EVM only)

The Spectrum view in 5G TF uses a center frequency that is +2.6 MHz
offset from the carrier’s center frequency. This is done so that FieldFox can
capture the necessary xPBCH (physical broadcast channel) information to
demodulate the signal. Be aware that all of the instrument’s displayed
numbers are rounded to three significant digits (e.g., 5.0026 GHz is
displayed as 5.003 GHz).

— Then (select component carriers)
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- @ (Not applicable for Spectrum. When All is specified, for
Spectrum, the FieldFox defaults to CCO) or

— (&), (&3], (e, [&eK], or [Me (i.e., 5G TF and 5G NR have
up to eight component carrier choices (83, 883, and
C

0
=

Repeat process as needed for additional Windows, Data, and CC settings.

IMPORTANT! When multiple component carriers are selected, the results
of the component carrier (CC) with the highest power are displayed. Refer
to Figure 13-17 on page 377.

8. Select a substep:

a. When Display Type is set to Bar Chart or Strip Chart then for all for
all OTA Options: Press >

— Then - Then select the data type:

LTE FDD and LTE TDD: RSRP, RSRQ, RSSI, SINR, PSS, SSS
(Default = RSRP).

5G TF: PSS, SSS or Power (Default = PSS).

5G NR: RSRP, RSRQ, RSSI, SINR, PSS, SSS or DMRS
(Default = = RSRP).

5G NR EVM: RSRP, RSRQ, RSSI, PSS, SSS, PBCH, DMRS, or
Power (Default == PSS).

— Then and choose [T or MY (Default == Auto).
Refer to “About Over-the-Air (OTA) Measurements” on
page 350. When this softkey is inactive the Sort Order is set
to Auto.

— Then - Then select the type of data to be sorted:

LTE FDD and LTE TDD: RSRP, RSRQ, RSSI, SINR, PSS, SSS,
Freq Error.

5G TF: PSS, SSS, Power, Sync Corr.

5G NR: RSRP, RSRQ, RSSI, SINR, PSS, SSS, DMRS, Freq Error,
SSB Index.

5G NR EVM: RSRP, RSRQ, RSSI, PSS, SSS, PBCH, DMRS,
Power, Sync Error, Time Offset, PSS EVM, SSS EVM, PBCH
EVM, DMRS EVM, Composite EVM.

— Then - to record data. Refer to “How to Use
Data Logging (OTA Options 370, 372, 377, and 378)” on
page 405.

b. 5G NR Only:
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Press [N &

— Then SSEAMGENEUESIITLIE when the SSB value is set, the SSB
Index mode is automatically set to single. SSB Index values
are for the currently displayed cell results.

Enabling and disabling multi-beam display is useful when
displaying the results from multiple cells.

— Then WIE:EENKOIF AN enable/disable Multi-Beam.
Enables/disables displaying multiple beams (SSB results) for
the currently displayed cell results.

Enabling and disabling multi-beam display is useful when
displaying the results from multiple cells.

— Then \E:EETI# updates the Scan Results table with the
next set of scanned data

c. 5G NR EVM Only (When Display Type is set to Constellation or
Frame Summary):

Press [TIIe

— Then PEInLEEIEWN choose the demodulation data type:
PSS, SSS, PBCH, PBCH DMRS, or All (default == All).

— Then - to record data. Refer to “How to Use
Data Logging (OTA Options 370, 372, 377, and 378)” on
page 405.

9. Optional: PISJEVANMELIE - Different softkey menus are displayed for
up to six different Display Types: Table (default), Bar Chart, Spectrum, and
Strip Chart, Constellation and Frame Summary (i.e., Constellation and

Frame Summary are on available when measurement is set to 5G NR
EVM):

a. Optional (When Display Type == Table or the More softkey is
pressed for the other Display Types): Modify RF attenuator, Preamp,
and other settings:

If Display Type = Table, then press Ele:1CV/Nilsile| or

If Display Type = Bar Chart, Spectrum, or Strip Chart, then press
Scale/AmptdEdMore

Then choose from the following:

— Press [[I@X:031 to set the attenuator power (default: =10 dB).
Set to 0 dB.

— Press [Sf2nnY change to ON.
— Press [ENEH to set the absolute power (dBm)
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— Press Executes an auto-range, which determines
the optimal RF attenuation and preamp settings for the
current input signal.

Executing an auto-range does NOT change any of the display
settings (i.e., Ref Level, Scale or Ref Pos).

See also, “About the Auto-Range Feature” on page 410.

~ Press

b. Optional (When Display Type = Bar Chart): Modify scale and specify
color bar limit values—Modify the bar chart display color coding
scheme for the power channels (bars):

Y TraceRIMoreBdBar Color Coding

Then one of the following:

- to set the CC (Component Carrier) associated with each
bar.

- to set the PCI (Physical Cell Identifier) associated with
each bar.

- to set the level of the value associated with each bar.

When level is selected, you can set the channels’ red and blue
power level limits with the Scale/Amptd softkeys:

M-k )Scale/Amptd

Then one of the following:

- to set the power level and color scale for high
power channels.

- to set the power level and color scale for low
power channels.

— Others: 1l (A, etcetera as desired.

- 2 opens a menu of softkeys that are the same as those
that are defined when the Display Type = Table.

— Others (optional): [YTYTE

c. Optional (When Display Type = Spectrum): Modify RF attenuator,
Preamp, and other settings:

M-I 4Scale/Amptd

Then press the following:

- Manually set the position of the reference line. Values
must be between 0 (TOP line) and 10 (BOTTOM line).

— F¥E® Manually enter a scale per division to view specific
areas of the trace.
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- Manually set the value of the reference line. Enter a
negative value by pressing _ either before or
after typing a value.

— [YFT® opens a menu of softkeys that are the same as those
that are defined when the Display Type = Table.

— Others (optional): [T

d. Optional (When Display Type = Strip Chart): Modify RF attenuator,
Preamp, and other settings:

M-k 3Scale/Amptd

Then press the following:

— F¥E® Manually enter a scale per division to view specific
areas of the trace.

- Manually set the value of the reference line. Enter a
negative value by pressing _ either before or
after typing a value.

o Viore opens a menu of softkeys that are the same as those
that are defined when the Display Type = Table.

— Others (optional): [T

e. Optional (When Display Type = Constellation or Frame Summary):
Modify RF attenuator, Preamp, and other settings:

M- YScale/AmptdETle!
Then choose from the following:
— Press (BT to set the absolute power (dBm)

— Press [2E 0 EINEE

10. Optional: Modify scale and specify color bar limit values—Modify the scale
and assign colors to low and high power channels (bars):

MK 3Scale/Amptd

Then one of the following:

- to set the power level and color scale for high power
channels.

- to set the power level and color scale for low power
channels.

— Others: 1, (A, etcetera as desired.
11. Oitional (i.e., If the Scan Results table does not populate): Press -

— LTE FDD and LTE TDD:
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— Then FERI31t081 > [ (enables data with larger
frequency error to be displayed)

CJdF xtend Freq Lockipd @ (disables FreqError Th softkey
and displays all available cell results. (This may result in
longer scan times, because display does not update until
all potential cells and their frequency offsets are detected
between signal and the OTA center frequency.)

— LTE TDD (Only): [SIEs]MeThiils| (selects the type of
Uplink-Downlink switch-point periodicity configuration).
Choose from Config 0 (default) through Config 6.

— [MIEIEY (opens a menu to configure the Multi-broadcast
Single Frequency Network (MBSFN) frames to transmit 5G
NR control channels (SSBs) and can be used to enable
dynamic spectrum sharing (DSS)).

——VISE N KelF 6]\ - Enables the MBSFN frames for
NR control channels (SSBs). (Default = OFF.)

——[ Yo [ | W IR i1 — Enables or disables all of
the MBSFN frames. Enabled by default when
MBSFN is set to ON.

—— e Ny - Enables or disables
subframe 3 as one of the MBSFN frames for NR
control channels (SSBs). i et R Ao = Ao]\,
Subframe 7 OFF ONNSubframe 8 OFF ONJET}
are similar to Subframe 3.

——[VF¥% - Opens a menu to enable/disable the
Subframe 8 and Subframe 9 MBSFN frames that
are NR control channels.

— 5G TF: Then Siild®Jidly) > (enables data with greater than 0%
of the specified Sync Correlation percentage to be displayed)

— 5GNR:

— Then [S{Xe|S5tT@ls) > pARNGF (enables data with larger
frequency error to be displayed)

— Then Sets the data channel sub-carrier spacing:
15 kHz, 30 kHz, 120 kHz, or 240 kHz (Default = 30 kHz).

The SCS is coupled to the Center Frequency setting based
on the 5G NR FR1 & FR2 frequency ranges.

— Then SEIEMET: Sets the signal SSB case: A, B, C, D, orE
(Default = Auto).
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— Then Sets the current half frame SS/PBCH blocks
indexing in ascending order in time 0 to (L4 - 1)- Choices

are 4, 8, or 64 (Default = Auto).

— Then MMIS a menu for L,
SS Meas DMRSHSSB Offset DetectionLTE Coexistence §
. See also, “How to Define a
Cell or Cell(s) and Use OTA” on page 382.

—=Then opens a menu for 7
LengthMDrive SpeedMPhase ComplSS Meas

. See also, “How to Define a Cell or Cell(s)
and Use OTA” on page 382.

— 5G NR EVM Conducted NR:

— Then [o=IM[pN:XTi6] Sets the Cell ID to Auto or to Manual
(default = Auto).

— Then ENLiWileids Sets the FR1 / FR2 bandwidth (Default =
FR1 100 MHz).

— Then Opens a softkey menu to select the
component carrier and optionally export scan results to 5G
NR.

——=Then E&:¥:\TIG) - the SCS value is coupled to the
center frequency and FR1 and FR2. Manual
choices are 15 kHz and 30 kHz. Default = Auto.

——Then only settable when SSB Auto is
set to OFF. Default = 0.

—— Then [EEIEE only settable when SSB Auto is
set to OFF. Default = 273.

—=Then [34Lo]a R RTeH N E8T{e) — Export the current

scanned table of information to 5G NR.

— Then 53] Opens a softkey menu to select the SSB settings
that are coupled to the Resource Grid SCS setting.

——Then -
Enables/disables SSB Auto-Detect state. When
SSB auto-detection is enabled, the SSB offset,
SSB Case, Lmax, Periodicity and, optionally, SCS
are all auto-detected in the measurement. When
disabled, the settings can be set manually.
Default = ON.

——Then EE1:N0iiE: - Opens a menu to set the SCS
values.
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SIefMelelnalnaleds]  The signal sub-Carrier Spacing
Common setting is coupled to the
Bandwidth setting. When an FR1
bandwidth is selected, 15 kHz &
30 kHz SCS are available; When an
FR2 bandwidth is selected, 60 kHz
SCS & 120 kHz SCS are available.

Sets the Resource Block (RB) offset
of the signal SSB relative to CRBO.
Chaices: Min: Dynamic. Varies based
on the Resource Grid Start setting.

Max: Dynamic. Varies based on the
Resource Grid Start and Grid Size
settings.

kSSB Sets the kSSB of the signal SSB.
Chaices: Min: 0

Max: Dynamic. Varies based on the
Resource Grid SCS setting.

—=Then - Sets the SSB Case when SSB
Auto-Detect is disabled. This setting is coupled
to the Resource Grid SCS setting. Choices:

15 kHz SCS - Case A, 30 kHz SCS - Case B & C,
120 kHz SCS - Case D, and 240 kHz SCS - Case
E.

——Then - Sets the Lmax when SSB
Auto-Detect is disabled. This setting is coupled
to the Bandwidth setting. Choices: an FR1
bandwidth is selected, 4 and 8; When an FR2
bandwidth is selected, 64 is available.

——Then SR HETOL[AIRY - Sets the SSB Case when
SSB Auto-Detect is disabled. Choices: 5 ms,
10 ms, and 20 ms.

— Then RESTIEERRETE{E Opens a softkey menu to select the
component carrier and optionally export scan results to 5G
NR.

——Then [#eX&#i - Selects the cc signal information
to be scanned (CCO to CC4). Default = CCO.

——Then (o] AN ELIEIRST (]S - Selects the cc

signal information to be copied to the manual
SSB.

——Then [34Lo]a R RTeH VT ETe) — Export the current
scanned table of information to 5G NR.
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— Then Opens an Advanced softkey menu.Then
[MiEEN el Enables/disables phase compensation.

— Once the table populates, enter the desired frequency error (LTE
FDD, LTE TDD, and 5G NR), Sync Correlation (5G TF) threshold for
your measurement (LTE FDD and LTE TDD: Default = 900 Hz, i.e., if a
carrier signal’s error is greater than 900 Hz, no data is displayed. 5G
TF/5G NR/5G NR EVM Conducted: Default = 1%, i.e., if a carrier
signal’s sync correlation is smaller than 1%, no data is displayed).

If after making the setting changes in this section, no data is displayed,
NOTE « P
refer to “Troubleshooting” on page 414.

Display does not update (refresh), until all active component carriers (CCs)
have been scanned.

12. Enable the settings:
- % > M98 (All Modes) > TR (5G NR only) then DFE

+| to view the Data Logging softkeys and set the

SettingsRecord Save/RecallfElislindoor Map Data Logging
— [:&3J1¢] (Outdoor Logging) or

&l

(If you have previously stored data recordings.)

Spectrum and Strip Chart information is not recorded. Only the Table and
Bar Chart data are saved. See “How to Record a Data Log Procedure” on
page 406.

NOTE Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are
save-recalled to: "[CurrentDevice] \RecordPlayback\OTA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

a. To set the (Outdoor Mapping only) — then choose:
— Then > ON
— Then > choose Time or Distance.
— Then, if applicable enter time interval in

seconds.
Or

— Then, if applicable enter distance interval in
miters.

— Then @
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b. Then press REeI{ BEEVEVAIEREL To set file settings choose

NOTE Learn more about file settings, refer to Chapter 33, “File Management.”

to save the current Table data (i.e., default save
device is Internal). i.e., *.KML or *.CSV (default) files are saved
to the file name and device type. See Settings below and “To
change Data Logging Configuration settings:” on page 407

RERE R REIE select a filename from the list
File Folde

Default - selects [Internal] :RecordPlayback\OTA
(default) or System - selects [Internal] top of internal
directory.

choose where to store your data files
> or choose a file type (Default: CSV)

OFF (default)/ON. When enabled, a temporary log
file (e.g. TempAutoSave.csv) is automatically saved after
each new record is recorded to guard against data lose in the
case of an unexpected shutdown. The temporary log file is
automatically deleted after you stop recording and manually
save the log file.

or

Back

"Mlindoor Map Data LoggingPRi-sdRecord Indoor DatafsigRecall |

Indoor Log Filel

TN INavigate OFF ONMData Selection§ZoomBPan}
Record DataMore]

Learn more, refer to Chapter 16 Mapping and “Setting up Data Logging”
on page 501. See also, Chapter 33, “File Management.”

13. Outdoor Mapping only: If recording, then:
— VIEYAVENe]dHe]\ To enable/disable the current map view (default

= latitude/longitude = 0.00/00. Need GPS to view current location
(default = OFF).

- Temporarily halts recording until pressed again. The
incoming trace continues to sweep. Press again to continue
recording.

— BB Immediately stops recording and a “Save the Log File” menu
opens to rename and save your data log file.
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— (Press to begin a new recording.)

— Then [JET*E To enable map view and related features (e.g., Data
Selection, Red/Blue Limits, Labels & Icons, Zoom).

— DEIERTEESIR Opens a softkey menu to set the active
data channel, sort type, and sort order. See also previous
step 8 above.

- Opens a softkey menu to assign power
values to the red (high power limits) and blue (low power
limits) heat map display limits (defaults: Red Limit =
-20 dBm, Blue limit = -90 dBm).

— [ELEERAAS1 Opens a softkey menu to enable/disable
map data point labels and icon types.

Labels OFF ON Enables/Disables map data point labels. When
enabled, a label is displayed for every map data point
(e.g., “Data 1”). When disabled, labels are not
displayed for the map data points.

Icons Sets the type of icon that is used to display a map’s
Flag Point Line data points (default = Flag).

— SEVCERINELEN(ENE) Saves the current displayed map to a *.png file
(default filename is “MaplmageFile”).

NOTE Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are
save-recalled to: "[CurrentDevice] \RecordPlayback\OTA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

14. Export KML file into 3rd party mapping software (i.e., Google Map or

Google Earth). Refer to “Step 6: Import and Play back KML Files into 3rd
Party Software (Example: Google Earth with Animation Tool)” on page 396.
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Figure 13-17 Single cell selected, but other cells displayed when CCO to CCn has been
enabled. If ALL is selected, only the CC with the highest power is displayed.
(Not all of the detected data is displayed.)

Model MN9352A

Serial U555040053
Standard OTA-LTE FDD

Record Nu 140
RecNum Date Time Longitude Latitude(: Altitude(l GPS Statu Freq Ref S Frequency Carrier Inf Cells PCI (C/S/CRSRP (dBr RSRQ (dB) RSSI (di
Rec-1 12/10/2018 08:57:30 £ 1] 1] 0 INT INT 1.00E+09 CCO Cell-0 6-0-2 -42.6557 -10.4134 -24.46
12/10/2018 08:57:41 1 1] 1] 0 INT INT 1.00E+09 CC1 Cell-0 3-0-1 -42.8541 -13.2659 -21.80
Cell-1 18-0-6 -42.8063 -13.2182 -21.80
12/10/2018 08:57:47 L 1] 1] 0 INT INT 1.01E+09 CC2 Cell-0 15-0-5 -43.2514  -10.3075 -25.16
Rec-2 12/10/2018 08:57:57 £ 1] 1] 0 INT INT 1.00E+09 CCO Cell-0 6-0-2 -42.6552  -10.432 -24.44
12/10/2018 08:58:08 £ 1] 1] 0 INT INT 1.00E+09 CC1 Cell-0 3-0-1 -42.8407 -13.2599 -21.79
Cell-1 18-0-6 -42.7929 -13.2121 -21.79
12/10/2018 08:58:20 £ 1] 1] 0 INT INT 1.01E+09 CC2 Cell-0 15-0-5 -43.2722 -10.3097 -25.1
Rec-3 12/10/2018 08:58:27 £ 1] 1] 0 INT INT 1.00E+09 CCO Cell-0 6-0-2 -42.6485 -10.4182 -24.44
12/10/2018 08:58:40 £ 1] 1] 0 INT INT 1.00E+09 CC1 Cell-0 3-0-1 -42.848 -13.2686 -21.79
Cell-1 18-0-6 -42.8 -13.2206 -21.79
12/10/2018 08:58:50 £ 1] 1] 0 INT INT 1.01E+09 CC2 Cell-0 15-0-5 -43.287 -10.319 -25.18
Rec-4 12/10/2018 08:58:54 £ 1] 1] 0 INT INT 1.00E+09 CCO Cell-0 6-0-2 -42.6599 -10.4128 -24.46
12/10/2018 08:59:08 £ 1] 1] 0 INT INT 1.00E+09 CC1 Cell-0 3-0-1 -42.8711 -13.2694 -21.82
Cell-1 18-0-6 -42.8258  -13.224 -21.82
12/10/2018 08:59:19 £ 1] 1] 0 INT INT 1.01E+09 CC2 Cell-0 15-0-5 -43.2606 -10.3014 -25.17
O R SRS = = AR sEpa R | ) L SRl
Figure 13-18 Example of the LTE FDD Scan Results Table (Five CCs and one cell) - LTE TDD

is similar’

Scan Reaulta

1. When multiple component carriers are selected, the results of the component carrier (CC) with the highest
power is displayed.
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Figure 13-19 Example of the 5G TF Scan Results Table (Two cc and one cell)

Scan Results
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Additional LTE FDD Examples (LTE TDD is Similar)

Figure 13-20 Example of LTE FDD with Single Carrier, Multiple Cell Sites, KPIs

9.0

Cell - O

Cell ID
297-1-99

Cell ID
1 423-0-141

Cell ID
135-0-45
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Figure 13-21 Example of LTE FDD with Multiple Carriers, Single Cell Site, and KPI's
o 25 P

FOO
. Scan Results Al

cc4a-0 | ]
1080GH [- |

aHz

319-1-106 CCO CC1 CC2
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Optional: Using RTSA to verify the signal quality (Requires Option 350 and
Preamp Option 235)
— Press Mode >

— Then DETYES et (Default)
— Press Ereq/Dist > (Default) > 751 MHz

(For this example, Center = 751 MHz.)

— Press Scale/Amptd
— Then

— Then (Default). Then use the [AI¥] arrows, the rotary knob,
or numeric keypad to position the trace for optimum viewing on the
FieldFox display. Refer to Figure 13-22 on page 381.

You should see a ~20 dB or greater LTE FDD signal-to-noise level. If not
refer to “Troubleshooting” on page 414.

Figure 13-22 Using RTSA to verify LTE FDD 751 MHz signal quality-20 dB Signal to Noise
Displayed (Requires Option 350 and Preamp Option 235)

2 TS4 | Ref -20.00 dBm Atten 0 dB

Persistence 0 s
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How to Define a Cell or Cell(s) and Use OTA

LTE FDD, LTE TDD, 5G TF, 5G NR, and 5G NR EVM Conducted have only one
predefined view (Table). You can define measurements, which can be used to
display up to four different views (windows) simultaneously on the display
screen. You can select which type of data to display in each of the views from
the Trace menu.

Cell definitions consist of the following:

— Set frequency according to DUT requirements
— Define cell settings

— Define component carrier(s) (CCs) settings
Example: Using OTA LTE FDD or 5G TF, refer to:

— “Step 1: LTE FDD (Option 370), LTE TDD (Option 371), 5G TF (Option 377),
and 5G NR (Option 578): Component Carrier (CC) and Cell Defined” on
page 382

Then:

— “Step 2: Select Trace Type” on page 388

— “Step 3. Modify Scale and the Display Color Bar Settings” on page 390
— “Step 4: Enable Data Logging and Playback the Results” on page 391
— “Save 5: Save the Log Results:” on page 395

— “Step 6: Import and Play back KML Files into 3rd Party Software (Example:
Google Earth with Animation Tool)” on page 396

Cell Definition (LTE FDD) - (LTE TDD is similar)

4 e

Scan Results

SIMR - CCO

Step 1: LTE FDD (Option 370), LTE TDD (Option 371), 5G TF (Option
377), and 5G NR (Option 578): Component Carrier (CC) and Cell
Defined

1. Press - [uEhiliMode Preset (Factor

Keysight N9938-90006 User’s Guide



Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
How to Set Up Over-the-Air (OTA) Mode Settings

2. Selecting and OTA mode: Press [NT2Ng > [0 or IR or Fellz or

5G NREJ#5G NR EVM Conducted

3. Optimizing the FieldFox to scan for signals:

Set the H pSystem Configuration@lFrequency Ref@lFreq Ref
Source [GPS |[BiBackl

SRRUEIGNSS (GPS+)BIGNSS ReceiverfRinternally =]
See also “GNSS (GPS+) and GPS” on page 807.

Set the _ to:

SRF Atten YL

ol eamoRJON
Set the - > then optionally:
All Measurement Setups:

- Press

— Press [HiElIEHo]dH0]Y Enable/disable selected
component carriers. If only one CC is enabled, the OFF key
press is ignored (default = ON).

— Press to select the currently displayed component
carrier center frequency.

For LTE FDD and LTE TDD (instrument dependent)
— Optional (LTE FDD and LTE TDD only):
e req ModelS

——Then| Channel Table | — Opens a menu to choose choose
Lr (o, [FETale, (MhENLE], and then use |3

, to open a softkey menu to save your

For 5G NR (instrument dependent)
— Optional (5G NR only):

——[ofite! frequency offset of the measurement
frequency from the center frequency

e req Model
—=Then [ EWHEMEE - Opens a menu to choose

o [l[@CCHBandliRaster Mode Chan Syncielgle
then use [#HEMGENIERE to open a softkey menu:

I Channel ARFCNECenterle@Offset
Else
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then use EIIE G, to open a softkey menu:

INEMISync ARFCNASync GSCNACenterMogOffset

For 5G TF and 5G NR EVM Conducted (instrument dependent). For
more on 5G NR EVM Conducted, refer to “FieldFox EVM
Measurements” on page 362.

4. Select -—choose:
alWindow 1 2 3 4

— Then T2 X0ZA0 to ON
B IDisplay Type

— BB or

B Chartfh:

e Spectrumiels

el Strip Chart

The Spectrum view in 5G TF uses a center frequency that is +2.6 MHz
offset from the carrier’s center frequency. This is done so that FieldFox can
capture the necessary xPBCH (physical broadcast channel) information to
demodulate the signal. Be aware that all of the instrument’s displayed
numbers are rounded to three significant digits (e.g., 5.0026 GHz is
displayed as 5.003 GHz).

— Then [## (select component carriers)

- E (Not applicable for Spectrum. When All is specified, for
Spectrum, the FieldFox defaults to CCO) or

— [0, ], &%, B6%,, or &7 (i.e., 5G TF and 5G NR has up
to seven component carrier choices).

— Then [ZoWll (select PCls)

- @ (Not applicable for Spectrum. When All is specified, for
Spectrum, PCl is set to single). For all other display types,
the results for any cells with any PCl are displayed (default
= All).

— & displays the results for the selected PCI.

384 Keysight N9938-90006 User’s Guide



Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
How to Set Up Over-the-Air (OTA) Mode Settings

Repeat process as needed for additional Windows, Data, and CC settings.

IMPORTANT! When you select multiple CCs (e.g., CCO, CC1, etcetera) and
record data, you may actually see other cell signals that do not have
sufficient power to be displayed, but are still detectable. When you select
ALL, multiple component carriers are selected, but the results of the
component carrier (CC) with the highest power is displayed. Refer to
Figure 13-17 on page 377.

5. Optional: Press - and modify/select items:
Sinole

to ON (default)

S\ Points

YR Trigger Settings
- @ (default) or

- sets a sweep to trigger on an external TTL signal at the
External Trigger connector. External trigger is available only after
initial setting.

- sets a trigger that repeats at the period rate entered.
Periodic trigger's phase can be altered by the Offset value.

7. Optional: Press MeasiSetup¥ - LTE FDD, LTE TDD, and 5G TF softkeys are
only required if scan does not display data.

— LTE FDD and LTE TDD: Press [d{=ls|di{]dls and change to 5 kHz -
Wait a few seconds until Table populates or set [S{=ls| XeI ' diENTe[= to
Extended?

— Then change back to the desired Frequency Error
Threshold for your measurement.

— 5G TF: Press Sl ®:Ji@li and change to 0% - wait a few seconds
until the Table populates and

— Then change back to the desired Sync Correlation
Threshold for your measurement.

— 5G NR: Press [@¢:|9{¢]@ I and change to 7.5 kHz (default)- Wait a
few seconds until the Table populates or set SCSHSSB Casellls
values.

— Then press More|

——Then EEL:NeL A EEA )] opens the SSB offset
detection softkey menu):
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Then
Enables/disables the SSB Offset Detection
(Default = OFF). Determines whether the
measurement is a normal 5G NR measurement or
an SSB offset measurement. When disabled, the
measurement will be a normal 5G NR
measurement. When enabled, the measurement
will be an SSB offset measurement.

Then [zEN\Wilsids) Sets the FR1 and FR2
bandwidth. FR1/FR2 active bandwidths are
coupled to the currently selected SCS value.

Then When enabled this
softkey, determines whether or not the results

from the SSB offset detection measurement are
automatically snapped to the synchronization
raster. When the results are snapped to the
synchronization raster, the ARFCN / GSCN is
included in the results.

Then opens a menu of SSB
offset copy-related softkeys of to copy the

selected SSB offset, and SSB Freq to the selected
component carrier(s) center frequency.

Then choose:

Selects the active SSB offset

(Default = All) component carriers for copying SSB
offset or SSB frequency information
(CCOto CC7 or AlL).

Copy SSB Copies the SSB offset result values to
offsetllN the selected component carriers

(CCs).

(oL AR MA=e]  Copies the SSB frequency result
values to the selected component
carriers (CCs).

——Then [RIRCE ERNWELVANER)) opens the LTE

Coexistence softkey menu):

Then Enables/disables the
NSA /DSS feature and softkeys (Default = OFF).
Determines whether the measurement is a
normal 5G NR measurement or an NSA / DSS
measurement. When disabled, the measurement
will be a normal 5G NR measurement. When
enabled, the measurement will be an LTE
Coexistence measurement.
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IMERQILTE Duplex Mode FDD TDDESIEIGleaeshual=RaY ol

of LTE signal to be used in the LTE Coexistence
measurement (LTE FDD or TDD). Default = FDD.

Then [o{oFll Selects the which component
carriers are used in the measurement (CCO to
CC7). Default = All.

Then I JEVANT LHEIER:ET Selects how the
data is displayed (Table or Bar). Default = All.

Then opens a menu of softkey menu
choices to set the 5G NR signal values
(Freq/DistiMeas SetupleUlhT raceN T g e Xl
these softkey menus, refer to the hardkey
descriptions and their related softkeys in steps 5,
6,7,and 11.

LELY5G NR Setup opens a menu of softkey
menu choices to set the LTE signal values
[Freq/DistiMeas SetuplEUlIT race N g e Rl
these softkey menus, refer to the hardkey
descriptions and their related softkeys in steps 5,
6,7,and 11.

——Then A1z oiens the EMF softkei menu iSee
also,

F

Then SV EEENo]IHOIN| Enables/disables EMF
measurements (Default = OFF).

Then Sets the axis (X,
Y, or Z) or axes (Sum All) of the Triaxial antenna
to be used in the EMF measurements (Default =
Sum All).

Then |2\ Sets the EMF units
(dBuV/m)

——Then opens the advanced softkey

menu:

Then [eETAO[CHE 1)) Sets the length in frames
for the current scan 4, 8, 16 24, 32, or 40 frames
are the choices (Default = 4 Frames).

Then Sets the scan rate. Choices are
Low, Medium, or High (Default = Low). Use
slower speeds higher-mobility cases to track
faster changes in channel.
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Then Enables/disables the
phase compensation to compensate for phase
differences between symbols during the
upconversion or downconversion.

Then SERVEEER IRENe]IH0]N| Enables/disables
the current synchronized signal’s demodulation
reference signal.

8. Press -

— And, set up your Windows and component carriers (CCs) as
indicated in “How to Set Up Over-the-Air (OTA) Mode Settings” on
page 363.

9. Press -
oL IGNSSBYGNSS Receiverf > ES8

] 1
- Press- FrequencyRefflinternalfYBack

NOTE IMPORTANT! It is not sufficient to be locked to the GNSS satellite, the
frequency reference must be locked to GPS.

Step 2: Select Trace Type

Select one of the following display orientations:

— Press -—choose:

— 1ELIE or

= Bar Chartjels
S pectrumpels

Strip Chartfels
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Figure 13-24 Table and Bar Chart Display Types - LTE FDD - (LTE TDD is similar)

Scan Results

Figure 13-25 Spectrum and Strip Chart Display Type - 5G TF
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Figure 13-26 Spectrum and Table Type (SSB Offset Detection Softkeys) - 5G NR
Freq/Dist > Freq Mode > Chan or Freq

If Freq then: Meas Setup > More > SSB Offset Detection

Snap Sync Raster

esults -> Se
OFF ON Results -> Setup

If Chan then: Meas Setup > More

cCc Enabled Center Freq Mode Al Tah
cCo OFF ON | 3.75000000 GHz ChanFreq || "

Step 3. Modify Scale and the Display Color Bar Settings

To assign colors to low and high power values:

(Y Scale/Amptd to set high power values and to set the
color.

2. Press [:]IN0&In to set low power values and to set the color.

3. And, then press ST > DIIEY > DS EvAs e, to set Indoor, Outdoor,

or other display colors. See also Chapter 31, “System Settings.”
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Figure 13-27  Outdoor Display Colors

¢+ Wed, 28 Nov 2018 3:19:40 PM

LFDD
. Stan Results Al
“— |cells{cco} _[cell - 0

| Frequency 7210 MHz
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555 (dBrng -09.99
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[Freg Er (Hzy ]-0.78
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90| 9909
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-160
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Figure 13-28  Indoor Display Colors

Arnptd? #atten 0 dpy

Step 4: Enable Data Logging and Playback the Results

Spectrum and Strip Chart information is not recorded. Only the Table and
Bar Chart data are saved. See “How to Record a Data Log Procedure” on
page 406.
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Data Logging creates a record of your data with a timestamp and GPS stamp

(refer to “GNSS (GPS+) and GPS” on page 807). GPS must be enabled for the
log results to include a GPS stamp or use Preferences to enable the timestamp.
Refer to Chapter 31, “System Settings.”

Features

Log files contain cell results for different component carriers (CCs)
including timestamps and/or distance stamps.

— Timestamps are included in log files with or without GPS.
— GPS must be enabled for log altitude results.
See also “GNSS (GPS+) and GPS” on page 807.

— Data results can be logged

Data results can be saved to a *.CSV or * KML file. Refer to “Save 5: Save
the Log Results:” on page 395.

— User specifies how often results are stored.

w9

— Time: Store results every “n” seconds

“w

— Altitude: Store results every “n” meters. GPS must be enabled to
store results by altitude.

Procedure

1. Press et X: > [T > DETERR et to view the Data Logging softkeys
FliloKsidislRecord SettingsMRecord Save/Recallf:Tilelindoor Map Data

— [:&@]0s| (Outdoor Logging) or

- @ (If you have previously stored data recordings.)
a. Outdoor Mapping only: To set the R e —choose:
or
b. Then press
— Then
- — Sets the default User Folder path:

——List files (*.csv and *.kml) are save-recalled
to:
"[CurrentDevice] : \RecordPlayback\
oTA\"
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——Data Log-Play files are save-recalled to:
"[CurrentDevice] : \RecordPlayback\
OTA\"

Or

— BYET - Sets the User Folder to the user defined
system folder path/name:

——List files are save to-from
"CurrentDevice\<UserSelectedFolde
]f>\"

——Data Log-Play files are save-recalled to:
"CurrentDevice\<UserSelectedFolde
r>\ll

Refer to “File Management” on page 829.

— Then FIPRITE
— KML (default) or
- CSV
ST Save Log File]
or

— Then Recall Log File.

— IOAGEECAe I He]Y| - (default = OFF) Press to toggle to ON to
enable Auto Save.

— Then 18X
c. Optional: Press [[ils[eJo] @\ ETe N0 EIEN KeTe[e[1als] then

e Record Indoor Dataffs]dRecall Indoor Log FileREli=Id o Rz lel
to Use Data Logging (OTA Options 370, 372, 377, and 378)”
on page 405.

Learn more, refer to Chapter 16 Mapping and “Option 352
Indoor Maps Setup Procedure” on page 489 and “Setting up
Data Logging” on page 501.

2. Press [ZET4A to return to previous menu.
3. Outdoor Mapping: Press to begin a new recording and then

— Then [METTo enable map view and related features (e.g., Data
Selection, Red/Blue Limits, Labels & Icons, Zoom).

— WEYAVETNeFHeY| Displays the current GPS location.
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— DEIERTEIESIR Opens a softkey menu to set the active

data channel, sort type, and sort order. See also previous
step 8 in “How to Set Up Over-the-Air (OTA) Mode
Settings” on page 363.

Opens a softkey menu to assign power
values to the red (high power limits) and blue (low power
limits) heat map display limits (defaults: Red Limit =

-20 dBm, Blue limit = -90 dBm).

[ELEERA M1 Opens a softkey menu to enable/disable
map data point labels and icon types.

Labels OFF ON Enables/Disables map data point labels. When enabled,
a label is displayed for every map data point (e.g., “Data
17). When disabled, labels are not displayed for the map
data points.

Icons Sets the type of icon that is used to display a map’s data
AT points (default = Flag).

—  EEVCEAInELEN(ENE) Saves the current displayed map to a

* png file (default filename is “Pilgrimage”).

4. When done press Fe8. The log file is automatically saved to the defined

5. Press [ETaX

Device Type and File Type (i.e., when you press Done)}
Else, edit the file name, and then press Donel

See also, Chapter 16 Mapping and “Setting up Data Logging” on

Learn more about file settings, refer to Chapter 33, “File Management.”

Playing a Data Log and Viewing the Data

To play the log results:

1.

M-k Record Save/RecallplRecall Log File

And, use the Use the RPG or the [a]¥] arrow keys to highlight the file to be

Y Recall FilePYBackiiPlay
Optional: Press _

Then choose:
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— Optional (Bar Chart and Spectrum only): To adjust the following, use

the RPG (fine adjust) or the [a1¥] arrow keys (coarse adjust) to
change the color bar.

— [YREEEE to have the FieldFox optimize the scale for the
current measurement.

- to change the reference line position (0 to 10).

— ¥ to change the reference line position (0.01 to
100 dB).

- to change the top reference position in the Bar
Chart, Strip Chart, and Spectrum.

- to change the red color high power value (dBm).
Bar chart only.

- to change the blue color low power value
(dBm). Bar chart only.

4. Press to exit the log playing.

To pause the log play:
1. Press to pause or resume the log playing.

2. Press to exit the log playing.

Learn more, refer to Chapter 16 Mapping and “Setting up Data Logging” on
page 501.

Save 5: Save the Log Results:
Two file types are supported for save or recall log results:

— KML file format

— Files stored in this format can be imported into 3rd party applications
like Google Earth or Google Maps.

— CSVfile format. Files stored into this format can be imported into
spreadsheet applications.
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Procedure:

1. Press When done press S&a%. Immediately stops recording and a “Save
the Log File” menu opens to rename and save your data log file.

Record-Play files are saved to:

— If File Folder is set to Default then Record-Play files are
save-recalled to: "[CurrentDevice] \RecordPlayback\ [Current
mode]\"

— If File Folders are set to System, then Record-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

2. In the “Save the log file” window that opens, optionally change the name
of the default file displayed, else press i
Saves the file and exits the current softkey menu.

3. ‘To begin recording: Press

4. When done press B8, The file is automatically saved to the defined
Device Type and File Type.

Else, edit the file name and folder path, under [TXae s K-PATVA: LYol > [
where the file results will be stored.

Learn more about file settings, refer to Chapter 33, “File Management.”

5. Press Emﬂ

Learn more, refer to Chapter 16 Mapping and “Setting up Data Logging” on
page 501.

Step 6: Import and Play back KML Files into 3rd Party Software
(Example: Google Earth with Animation Tool)

Features

Use the Playback Slider to replay measurement results. See also Google Maps
and or Google Earth’s help.

— Open the FieldFox * KML file in Google Earth. Time Slider appears in upper
left of the map.

— Manual Mode - Move the time slider cursor to see color-coded icons
pop-up according to the timestamp.

— Loop mode has a Fast-Slow Replay Option.

Keysight N9938-90006 User’s Guide



Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
How to Set Up Over-the-Air (OTA) Mode Settings

— Click on each color coded balloon to see the table of measurement results
for that location.

Figure 13-29 Importing a KML File Into Google Earth
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How to Set Up EMF Mode Settings (Requires EMF (Option 358) and 5G NR

(Option 378))

If OTA or SA mode does not detect an EMF Option 358 license, then the
EMF application and the USB antenna’s axes must be set up manually. This
use model is not recommended or supported by Keysight.

The USB antenna’s cable loss is not included, in the antenna’s correction
factors. For an accurate EMF measurement, the cable loss values should
be accounted for. Refer to “EMF Setup Procedure” on page 234.

IMPORTANT! The USB triaxial antenna—or equivalent—is required for EMF
measurements. Refer to Chapter 15, “USB Antennas - (Full Capability
Requires EMF Option 358, and either SA mode (Option 233 Mixed
Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378).”

EMF mode measures signals at the SA RF Input Port 2 connector.

EMF mode requires the FieldFox to have SA mode (Option 233 on combination
analyzers), or 5G NR Option 378), and CPU2 installed.

Recommended, but not required, preamplifier (Option 235) to improve receiver
sensitivity.

With Option 358 (EMF), network designers can measure and verity the RF
exposure compliance as required by each country.

This section reviews the steps in setting up an EMF measurement, using a USB
antenna. If you are not familiar with this process or would like more
information, refer to Chapter 15, “USB Antennas - (Full Capability Requires
EMF Option 358, and either SA mode (Option 233 Mixed Analyzers) or
OTA-5G NR / 5G NR EVM Conducted Option 378).”

This section consists of;
— “EMF Features”
— “EMF Setup Procedure”

EMF Features

398

EMF has the following features:

EMF Measurement Results:

— Measure and display corrected field strength in RMS average power
— Antenna control over X, Y, and Z antenna factors downloaded via USB
— Pass/Fail limit testing supported

External PC not required
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EMF uses the following data formats:
— Field Strength units:
— dBuV/m - For use with E-field signals

dBuA/m - For use with H-field signals
dBG - dB Gauss
— dBpT - dB Tesla
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378

How to Set Up EMF Mode Settings (Requires EMF (Option 358) and 5G NR (Option
378))

Example of EMF with Triaxial Antenna

(uw/em2)
. Exposure limits for
N different countries
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6,99 digvyim  Fatten O dB
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EMF Setup Procedure

When the USB antenna correction factors are imported, EMF (Option 358)
couples many settings to ease setting up the EMF measurement (e.g.,
Apply Corrections is enabled, all X, Y, and Z antenna axes are enabled, and
Amp Corr Select is set to TriAxial XYZ).

1. Setup the FieldFox Spectrum Analyzer for a Channel Power measurement.
a. Press - > >

Press

SLTE FD

LTE TD

GT

then one of the following:

!

!

1
Tl

L

G NR EVM Conducted

If necessary, this step can be skipped and done after the USB antenna is
NOTE set up.

2. Connect the USB antenna to the SA RF Input, port 2 and to a FieldFox USB
port. See also, Chapter 15, “USB Antennas - (Full Capability Requires EMF
Option 358, and either SA mode (Option 233 Mixed Analyzers) or OTA-5G
NR 7/ 5G NR EVM Conducted Option 378)” and to Chapter Figure 15-1,
“FieldFox With USB Antenna”.

Only Agos Advanced Technologies SDIA-6000 Triaxial Isotropic USB
antenna is compatible with EMF (Option 358).

3. Importing and selecting X/Y/Z antenna factors:

JUtilitiesBIEMF Antennas

Press
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— Press [[iloJJa@NaiIk to import the antenna factors from the

antenna’s memory over the USB connection (this may take 5
seconds or so and vary with the Triaxial antenna).

If the antenna factor import is successful, the FieldFox displays:
"Success: Antenna Factors Imported: Tri-Ax Antenna ID:
->[R] Antenna ID: SDIA-6000-1006 ->[]". The last 4-digits will vary
for each antenna (i.e., “1006” is changeable).

If the FieldFox displays this error Error: USB antenna Error: Not
found or Unable to communicate with antenna. Ensure it is
connected. is displayed, verify the USB antenna is connected correctly.
Refer to “Troubleshooting” on page 414.

— Press aGEEEE adLIWVIEW| verify Tri Axial is selected (Default
== Manual).

— Optional: Press the antenna axis should be set to Auto
for default operation. When AUTO is selected the application (e.g.,
Channel Power or OTA) controls the axes and switches themas
needed. With the AUTO setting, all antenna elements (X, Y, and Z)
are OFF.

— Press [E1ak > BN to exit the EMF Antenna softkey menu.
4. Modifying the EMF settings:

Press _
— Then @ > @ then
- disable/enable the EMF measurement.
- choose dBuV/m (default) or V/m.
- @ to exit to the previous softkey menu.

For more details on editing the USB antenna, refer to Chapter 15, “USB
Antennas - (Full Capability Requires EMF Option 358, and either SA mode
(Option 233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted
Option 378)”

5. Once you have finished with your USB antenna setup:

a. Press_>§ﬂ@>

The FieldFox should display in order Analyzing CCO X-Axis,
Analyzing CCO Y-Axis,and Analyzing CCO X-Axis and then
do a square root sum of the X, Y, and Z measurement values in the
FieldFox. Multi-cell measurements are done similarly for each cell
ID (i.e., Cell CCO to CCn). Refer to Figure 13-31 on page 403.

b. Verify OTA 5G NR X, Y, and Z Axes Factors in SA Mode (e.g., 3.5 GHz
signal)). Refer to Figure 13-32 on page 404.

i. Press Mode > 3 then
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ii. Press - > 193.5 GHZEOEY
(MY Freq Spanf¥120 GHZAREY

v, Tﬁ- Y UtilitiesPJEMF Antennask§Antenna Axis |
- (default == Auto) then
v. Press ki to view the X axis

vi. Press I to view the Y axis and

vii.Press E to view the Z axis

6. Verify EMF in 5G NR Mode:
a. Press - > @ > @then
b. Press_>@>@>
(i.e., For this example. Other units are selectable.)
For more information:
— Refer to Figure 13-31 on page 403.
— See also “GNSS (GPS+) and GPS” on page 807.

Figure 13-31 Example Summing of Triaxial Values

s3% £ Jik] Mon, 19 Aug 2019 2:56:43 PM

Continuous Strip Points
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Figure 13-32 Using SA Mode (Example) to Verify the Triaxial Values - Axis Y is Displayed

Mon, 19 Aug 2019 2:57:58 PV
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How to Use Data Logging (OTA Options 370, 372, 377, and 378)

Spectrum and Strip Chart information is not recorded. Only the Table data
is saved. See “How to Record a Data Log Procedure” on page 406.

While the Record/Play softkey is displayed in all measurements,
Record/Play only logs and plays back Table and Bar Chart data. See “How
to Record a Data Log Procedure” on page 406.

Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are save-recalled
to: "[CurrentDevice] \RecordPlayback\OTA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

Data Logging allows you to record OTA trace data and play them back at a
later time. Use this feature to monitor table data activity over a period of time.

Data logs can be saved to the FieldFox Internal memory, an SD Card, or a USB
flash drive.

This section assumes you have already completed the initial setup and have
either an LTE FDD, LTE TDD cell, or 5G TF setup displayed on the FieldFox.

Screen Annotation

During a record or playback session, the following is displayed in the
top-center area of the screen:

aaRec: 55/55 2018-12-31 03:26:11 PM

where:

— BX¥AXE is the current and total trace number: currently trace is 55 of 55 total
scans.

— MUbERPENEI NN is the date and time of recording.

— The name of a recording can be changed using Manage Sessions. Learn
more in “To change Data Logging Configuration settings:” on page 407.

See also Chapter 31, “System Settings.”
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When GPS is enabled, [0 is indicated at the bottom of the FieldFox

d

isplay. Learn more in “GNSS (GPS+) and GPS” on page 807.

If Data Logging or Playback is not occurring when you think it should,
check the following:

— Is the sweep in HOLD? (upper-left annotation), or check the Sweep
menu for Continuous set to OFF.

— Is Recording or Playback Paused? (mid-left annotation)

— s the Data Logging or Playback Interval set too long? (Configuration
settings.)

How to Record a Data Log Procedure

406

Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are save-recalled
to: "[CurrentDevice] \RecordPlayback\OTA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

- Press- More¥Data LogginglS
— Then for Outdoor Logging, press

REC] is displayed in the left of screen graticules.

D

uring recording, choose from the following:

[N it Temporarily halts recording until pressed again. The
incoming trace continues to sweep. Press again to continue recording. See
also “How to Play a Data Log” on page 408.

Immediately stops recording and opens a menu to name/rename and
save your data log. For more, refer to “How to use the FieldFox labeler ” on
page 833.

(Outdoor Mapping only) opens a softkey menu to enable
you change your record related settings. For more, refer to “To change Data
Logging Configuration settings:” on page 407.

FELEURSEVEELEL opens a softkey menu to enable you to save and recall
your data log and related file settings. For more, refer to “To change Data
Logging Configuration settings:” on page 407.

Learn more, refer to Chapter 16 Mapping and “Setting up Data Logging” on
page 501
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To change Data Logging Configuration settings:
1. Press->M>

2. Then choose from the following:
a. To set the (Outdoor Mapping only)—choose:

— WEERMEYZ el MY Enable to make the measurement
interval softkeys active (default = OFF).

— [[MIaE1MA%)s Choose: Time or Distance
— If applicable, Enter time in seconds (1s to

3.6 ks) or
— If applicable, Enter time in miters (10m to
10 km)

b. To set the [z o BEVEVATELEN
eliFile Folder Default System

- - Sets the default User Folder path:
——List files (*.csv and *.kml) are save-recalled
to:
"[CurrentDevice] : \RecordPlayback\
CS\"

——Data Log-Play files are save-recalled to:
"[CurrentDevice] : \RecordPlayback\
CS\"

Or

— BB - Sets the User Folder to the user defined
system folder path/name:

——List files are save to-from
"CurrentDevice\<UserSelectedFolde
r>\u

——Data Log-Play files are save-recalled to:
"'CurrentDevice\<UserSelectedFolde
r>\u

Refer to “File Management” on page 829.

S ¥File Typel
— KML (default) or
- CSV
S liSave Log File]
or
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B lRecall Log Filel
-
— Then @
c. Optional: Press then

e Record Indoor DatafeJ@Recall Indoor Log FileRNFIgiRile]¢-}
refer to Chapter 16 Mapping and “Option 352 Indoor Maps

Setup Procedure” on page 489.

— Then choose [NEVileE1No 3 MoLY|, [PETERT= o ile]al, M, E
Record DataMorel

Learn more, refer to Chapter 16 Mapping and “Setting up Data Logging” on
page 501. See also, Chapter 33, “File Management.”

How to Play a Data Log

— Press -

— If the session is already open, skip the following step. Otherwise:
— Then 2 > >
— Then REEUMKLEIIE and select a file

NOTE If these are large recordings on a device, it could take several seconds for
the FieldFox to display the list.
——Then RELUNIIE

— Then B to playback your Table data.

is displayed in the left of screen graticules during playback. When the
end of the recording is reached, playback begins again at trace 1 and

continues to loop indefinitely.

During playback, choose from the following:
- Temporarily halts playback. Then choose from the following:

- Press to continue playing.
— BB Immediately stops playback. Then choose from the following:

- I Start playback from trace 1.

— RELEUNRLETIE Opens a list of stored data files.
Select a file to playback.

= Recall File
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
Other Features Available
alBack
— [HENAIECRNAT) resume playing by selecting a trace number to
playback between 1 and the record length (MAXimum = 2000
(multiple CC) and 1000 (single CC)).

Other Features Available

— Alignments - For information on using alignments, refer to the SA chapter’s
section, “Alignments” on page 204.

— Scale Settings - For information on using scale settings, refer to the Data
Analysis chapter’s section, “All about Scale Settings” on page 774 (not all
settings apply to OTA Options 370 and 377).

— External Gain - Refer to refer to the SA chapter’s section, “External Gain”
on page 158.
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Option 377, 5G NR / 5G NR EVM Conducted Option 378
About the Auto-Range Feature

About the Auto-Range Feature

Executing an auto-range, which determines the optimal RF attenuation and
preamp settings for the current input signal.

See also, “OTA Setup Procedure” on page 363.

Couplings: The current measurement settings help determine the auto-range
parameters. If more than one CC is enabled when an auto-range is executed,
the range is determined for each CC separately and the final range setting is
set using the maximum.

Executing an auto-range sets the Range, RF Attenuator, and Preamp
settings.

Executing an auto-range does NOT change any of the display settings (Ref
Level, Scale or Ref Pos).

Figure 13-33 OTA 5G NR Signal Before Auto-Range - Table

4:13:16 PM

Atten 0 dB

External Gain
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
About the Auto-Range Feature

Figure 13-34 OTA 5G NR Signal Before Auto-Range - Spectrum

SGHNR Ref-10,00 dBm Atten O dB

SGHR  Ref-10.00 dBm

Center 1.000 GHz Span 98,30 MHz

Atten 0 dB
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
About the Auto-Range Feature

Figure 13-36 OTA 5G NR Ongoing Auto-Range - Performing Auto-Range

Center 1.000 GHz

Dirty data indicator
appears after an
auto-range if the

RF Atten or Preamp
settings changed
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
About the Auto-Range Feature

Figure 13-38 OTA 5G NR After Auto-Range and Clean Sweep
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
Troubleshooting

If your OTA setup is not behaving as expected:

— Verify setup is correct by referring to “How to Set Up Over-the-Air (OTA)
Mode Settings” on page 363.

Attenuator set to 0 dB

Preamplifier set to ON

Correct Band, Channel, and Center Frequency entered
GNSS set to Internal

Frequency Ref set to GPS

For LTE FDD and LTE TDD: Verify that the Frequency Error Threshold
(dB)—(FreqError Th) value is large enough or not too large

For LTE FDD and LTE TDD: Verify that the Extend Freq Lock value is
enabled and then adjust settings to improve your measurement. For
5G TF: Check that the Frequency Correction Threshold value (%)—
(Sync Corr Th %) is small enough or not too large.

ADC errors: Use _ > [ENPE to adjust the absolute power
level (dBm).

For some data views, you need to press [Jloes to view the CETIe
softkey.

No data displayed: Press _ - Only required if scan does
not display data.

——LTE FDD and LTE TDD: Press [@f=ls|dd{sJMls and change to 5 kHz
- Wait a few seconds until table populates or set
RangefteJExtended]

——Then change back to the desired Frequency Error
Threshold for your measurement.

——5G TF: Press Sial®Jidl and change to 0% - wait a few
seconds until the Table populates and

——Then change back to the desired Sync Correlation
Threshold for your measurement.
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
Glossary (OTA)

Glossary (OTA)
This section provides a description of some of the terms used in the FieldFox’s
OTA mode.
Table 13-1 OTA Abbreviations and Descriptions
Abbreviation Description
LTE FDD &
LTE TDD
Center The specified LTE FDD carrier center frequency.
Frequency
C/S/G Physical Cell information (PCI), or Cell ID - C/ S /G

Cell 1D (PCI) Physical cell ID - The Primary Sync Signal and Secondary Sync Signal largely define the PCI. PCl is also
referred to sometimes as Cell ID.

PSS PSS (dBm) is the Primary Synchronization signal for an LTE downlink frame.
RSRP Reference Symbol Received Power (dBm)

RSRQ Reference Signal Received Quality (dBm)

RSSI Reference Signal Strength Indicator (dBm)

SINR Signal to Interference & Noise Ratio (dB)

SSS SSS is the Secondary Synchronization signal for an LTE downlink frame (dBm).

Freq Error Th LTE FDD and LTE TDD Frequency Error Threshold (Hz). Any data that is does not meet the defined
Frequency Error value, is not displayed.

5G TF

Center The specified bG TF carrier center frequency.
Frequency

Cell 1D (PCI) Physical cell ID - The Primary Sync Signal and Secondary Sync Signal largely define the PCI. PCl is also
referred to sometimes as Cell ID.

Power (Channel Power) (dBm)
PSS PSS (dBm) is the Primary Synchronization signal for an LTE downlink frame.
SSS SSS'is the Secondary Synchronization signal for an 5G TF downlink frame (dBm).

SyncCorr Th 5G TF Synchronization Correlation Threshold (%). Any data with errors that are less than the
Synchronization Correlation Threshold (%) are not displayed.

5G NR

Center The specified 5G NR carrier center frequency.
Frequency
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378

Glossary (OTA)
Table 13-1 OTA Abbreviations and Descriptions
Abbreviation Description
Cell ID (PCI Physical cell ID - The Primary Sync Signal and Secondary Sync Signal largely define the PCI. PCl is also
(C-S-G)) referred to sometimes as Cell ID.
SSB Index Synchronization Signal Block Index
(dBm)
SS-RSRP Synchronization Signal Reference Signal Received Power - The linear average over the power

/RSRP (dBm) contributions (in [W]) of the resource elements that carry cell-specific reference signals within the
considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals RO according TS 36.211 [3] shall be used. If
the UE can reliably detect that R1 is available it may use R1 in addition to RO to determine RSRP.

The reference point for the RSRP shall be the antenna connector of the UE.

SS-RSRQ Synchronization Signal Reference Signal Received Quality
/RSRQ (dB)
RSSI (dBm) Received Signal Strength Indicator measures the average received power found only in OFDM symbols

that for an antenna port that are part of the measurement bandwidth over N resource blocks.

SS-SINR/SINR  Synchronization Signal-to-Noise and Interference Ratio - Reference Signal to interference and noise

(dB) ratio - indicates the values measured over the same bandwidth and normalized to one subcarrier
bandwidth.

PSS (dBm) PSS (dBm) is the Primary Synchronization signal for a 5G NR frame.

SSS (dBm) SSS is the Secondary Synchronization signal for a 5G NR downlink frame (dBm).

DMRS (dBm) Physical Broadcast Channel Demodulation Reference Signal (dBm). Used by 5G NR receiver to produce
channel estimates for demodulation of associated physical channel.

Freq Error (Hz) ~ Frequency error is the difference of the transmitted signal quality from the ideal (Hz).

Chan Freq Chan Freq is the channel frequency, when SSB Offset Detection has been enabled.

SSB Offset Determines whether the measurement is a normal 5G NR measurement or an SSB offset measurement.
When disabled, the measurement will be a normal 5G NR measurement; When enabled, the
measurement will be an SSB offset measurement.

The purpose of the SSB offset measurement is to measure the offset of the SSB from the current Center
Frequency. Once you measure the SSB offset, you can use the results to update the Offset Frequency
and make a normal 5G NR measurement.

SSB Freg This is the SSB center frequency (the offset of the SSB from the channel center frequency).

ARFCN/GSCN  The synchronization raster ARFCN / GSCN associated with the SSB frequency (only displayed when Snap
Sync Raster is enable).

Time Offset (us) ~ Time offset is defined as the time difference between the NR frame boundary and the beginning of the
capture. And, is meant to be used with a “frame trigger” (GPS synced periodic trigger when measuring
base station OTA signals). The frame boundary closest to the beginning of the capture is always used for
the measurement (NR signals are periodic; so a single capture contains multiple frame boundaries).
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Table 13-1

Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
Glossary (OTA)

OTA Abbreviations and Descriptions

Abbreviation Description

5G NR EMF

Conducted

Center The specified 5G NR carrier center frequency.

Frequency

Cell ID (PCI) Physical cell ID - The Primary Sync Signal and Secondary Sync Signal largely define the PCI. PCl is also
referred to sometimes as Cell ID.

SSB Synchronization Signal Block (SSB)

Numerology

ScsCommon Subcarrier spacing common (ScsCommon)

SSB Case Synchronization Signal Block Case (SSB Case)

SSB Lmax Synchronization Signal Block (SSB Lmax) is the maximum number of SSBs within a SSB.

SSB Periodicity  Synchronization Signal Block Periodicity (SSB Periodicity (ms))

(ms)

SSB RB Offset  Synchronization Signal Block Resource Block Offset (SB RB Offset)

SSB SC Offset  Synchronization Signal Block (SSB SC Offset)

SSB Delta Synchronization Signal Block Delta Center (SSB Delta Center (kHz))

Center (kHz)

Sync Corr (%) Synchronization Correlation (Sync Corr (%))

Channel Power
(dBm)

Channel power

Freq Error (Hz)

Frequency error (Hz)

Time Offset Time Offset (ms) is one of the required EVM calculations.

(ms)

PSS EVM PSS EVM (%rms) is the Primary Synchronization signal for 5G NR EVM.
(%rms)

SSS EVM SSS is the Secondary Synchronization signal for a 5G NR EVM (%rms).
(%rms)

PBCH DMRS Physical Broadcast Channel Demodulation Reference Signal for EVM (%rms).

EVM (%rms)

Composite
EVM (%rms)

Composite EVM (%rms) analyzes the output of the combined signal from multiple transmit antennas.

SS-RSRP
(dBm)

Synchronization signal reference signal received power (SS -RSRP) is defined as the linear average over
the power contributions (in [W]) of the resource elements that carry secondary synchronization signals
(S9S).
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Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option 371, 5G TF
Option 377, 5G NR / 5G NR EVM Conducted Option 378
Glossary (OTA)

Table 13-1 OTA Abbreviations and Descriptions

Abbreviation Description

SS-RSRQ (dB)  Synchronization signal reference signal received quality (SS -RSRQ) is defined as the ratio of N x
SS-RSRP/NR carrier RSSI. Here N refers to number of resource blocks in NR carrier RSSI measurement
Bandwidth. The measurements in N (Numerator) and D (Denominator) are made over the same set of
resource blocks (RBs)

RSSI (dBm) Received Signal Strength Indicator measures the average received power found only in OFDM symbols
that for an antenna port that are part of the measurement bandwidth over N resource blocks.
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145G Rapid Prototype Phased Array Antenna - Option 360

IMPORTANT!

85571A-028 (28 GHz 5G Phased Array Antenna) accessories not suitable
for use in wet locations.

PAA mode is compatible with the frequency converter heads, but cannot
apply or edit the frequency head corrections. Refer to “Utilities” on
page 784.

Learn more, refer to
https://www.keysight.com/us/en/assets/9018-04847/user-manuals/901
8-04847.pdf (N9938-90005).

The FieldFox can be used with an OML frequency extender. Refer to
“Utilities” on page 784, the B Series FieldFox Configuration Guide
5992-3701EN, and to “Contacting Keysight” on page 5.

Option 360 measures signals at the SA RF Input Port 2 connector.

Option 360 requires the FieldFox to have SA mode (Option 233 on combination
analyzers), and GPS (Option 307) installed.

Recommended, but not required, preamplifier (Option 235) to improve receiver

sensitivity.

Keysight's FieldFox handheld analyzer (with Option 360) combined with a Ball

Aerospace / Anokiwave 64-element antenna array provides a unique, portable

solution for measuring and analyzing the 5G air interface in the field.

— Reduce measurement complexity with integrated RF probe and phased
array solution to capture energy radiated from gNB

— Calibrated metrology milli-meter wave phased array antenna simulates 5G
UE antenna performance

— Troubleshoot the 5G radio access network with 3D test coverage and path
loss measurements utilizing the built-in CW generator

— Phased array performance verification showing bore sight, polar antenna
pattern with compass, heat map and beam sweep to map display views

KEYSIGHT

TECHNOLOGIES
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5G Rapid Prototype Phased Array Antenna — Option 360

In this Chapter

“Using the Phased Array Antenna (Option 360)” on page 421
“About Phased Array Antenna Measurements” on page 422

— “Phased Array Antenna Features (Option 360)” on page 422
“How to Set Up Phased Array Antenna Settings” on page 431

— “Option 360 Setup Procedure” on page 431

— “How to Define a Set Up a Scan and Use Option 360” on page 443
“How to Use Data Logging/Playback (Option 360)” on page 452
— “Screen Annotation” on page 452

— “How to Record a Data Log” on page 454

— “To change Data Logging Configuration settings:” on page 454
— “How to Playback a Data Log” on page 455

“Using Mapping” on page 456

“Other Features Available” on page 456

— Alignments (SA chapter) - “Alignments” on page 204
— External Gain (SA chapter) - “External Gain” on page 158

— Field Strength Corrections (SA) - “How to select and edit corrections
for Field Strength measurements” on page 161

— Scale Settings (Data Analysis) - “All about Scale Settings” on page 774
“Troubleshooting” on page 457

See Also

“Why and When to Calibrate” on page 126

Chapter 16, “Indoor and Outdoor Mapping - Option
352 (Requires Spectrum Analyzer Mode (Option 233),
and GPS Receiver (Option 307))”

Chapter 31, “System Settings.” (Changing display colors)
Chapter 33, “File Management.”
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5G Rapid Prototype Phased Array Antenna — Option 360
Using the Phased Array Antenna (Option 360)

Using the Phased Array Antenna (Option 360)
Option 360 enables you to do the following:

Measure and display phased array antenna elevation and azimuth

Four Display Types:
— Bore-Site — Park Antenna
— Heat Map — Polar with Image Overlay

— Polar Antenna

Color Coded Display Types:

— Specify high and low power with
color bars

Azimuth and Elevation:

— 8x 8 phased array antenna — Covers beam sweep -60 to +60
degrees azimuth, 90-degree
elevation with 1 degree per step

— Individually factory characterized
elements, magnitude and phase

Data Logging GPS stamped data measurements

— Define measurement interval by time  — Display files (KML) on Google Maps
or distance or Google Earth

— Show results in TableChart
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About Phased Array Antenna Measurements

About Phased Array Antenna Measurements

Some measurement parameters are auto-coupled and are not user-settable.

Phased Array Antenna Features (Option 360)

IMPORTANT! Option 360 antenna requires a static IP address. If it is
required to have available an IP address that can be accessed over your
company’s network, work with your company’s IT team to set up a static IP
that works over the network.

IMPORTANT! If you forget you N9910X-028 Ball Antenna’s static IP
address, refer to this link and the Support tab for assistance:
www.keysight.com/find/fieldfox and then to the Phase Array Antenna
Support Document.

Phased array antenna has the following features:
Scan Results:

— 28 GHz operation

— gNB RF parametric test over-the-air in the field

— Measure EIRP (effective isotropic radiated power)
— Milli-meter wave beam sweep survey with map

— Support for real-time spectrum analysis, transmitter power and spectrum
emission mask (SEM)

Data Formats:
User can set up and display the following:

— Bore-Sight - Elevation angle is fixed. Scan azimuth -60 degrees to +60
degrees.

— Heat Map - Scan both elevation and azimuth angle with adjustable color
“heat” amplitude scale.

— Polar ANT - Scan azimuth angle. Elevation is fixed.
— Park ANT - Polar image overlay load image:
— Resize polar coordinates

— Specify alignment angles

Specify compass true north

— Define antenna direction (azimuth degrees)
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-1 Example of local point-to-point LAN connection

LAN connection

Tripod not
included.

Battery or AC/DC adaptor . Static IP Address

to power antenna
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-2 Bore-Sight Scan - CW RF

Figure 14-3 Polar Scan with compass displayed

|__!_|_,_._¢_I____ :

Mo0.00"
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-4 Heat Map (Azimuth vs. Elevation) - Parked Antenna
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-5 Heat Map and Undocked Active Entry - Parked Antenna

Color Coded Power Bar

019 10008

Mkr: (177,127

Elevation Angle

Azirmuth Mikr Elevation Mer
f On 1 129
Undocked

Active Entry Scan elevation angles £90 degrees and azimuth +60 degrees

Scan Elevation Angle (Y) vs Azimuth Angle (X)

F 9

Azimuth Angle

L J

Fri, 01 Mar 2019 10:28

Mkr: (17 =,127) [

Elevation Angle

Mkr == RefLey

* Select [Mkr > Park] to park the antenna at fixed
elevation, azimuth.

*  Marker value shows (azimuth, elevation) pair on Heat
Map
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-6 Polar Assign Orientation and Polar with Compass Orientation
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-7 Polar Measurement with Compass with Recalled Image of Indoor Auditorium

4+ W (I Tue, 09 Apr 2019 12:24:50 PM

dem

ode
(I
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

CW vs. Pulsed RF Measurements

IMPORTANT! For pulsed RF measurements, increasing the Dwell Time is
recommended for faster throughput and accurate signal capture in a single
sweep.

Figure 14-8 Bore-Site Measurement with CW RF (Dwell Time=10 ms, Max Hold=OFF)
$° W& (E Tue, 09 Apr 2019 9:22:47 PM

0.00 dBém Bore-Sight

VBW 1.00 MHz

Narrow

Dwell Time
10ms
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5G Rapid Prototype Phased Array Antenna — Option 360
About Phased Array Antenna Measurements

Figure 14-9 Bore-Site Measurement with Pulsed RF (Dwell Time=10 ms, Max Hold=OFF)

4 Tue, 09 Apr 2019 9:19:20 PM
Ant  0.00 dBm Bore-Sight

Missed Pulsed RF signals
Response looks like this

Res BW 1.00 MHz VBW 1.00 MHz Stop angle: 45 °
Bearn Width: Narrow

Figure 14-10 Bore-Site Measurement with Pulsed RF (Dwell Time=100 ms, Max Hold=0OFF)
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5G Rapid Prototype Phased Array Antenna — Option 360
How to Set Up Phased Array Antenna Settings

How to Set Up Phased Array Antenna Settings

NOTE IMPORTANT! See also, “Alignments” on page 204, in NA mode,Chapter 9,
“SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers).”

This section reviews the steps in setting up an Option 360 measurement. If you
are not familiar with this process or would like more information, refer to “How
to Define a Set Up a Scan and Use Option 360”

This section consists of:

— “Option 360 Setup Procedure”

Figure 14-11 Setting Up Option 360 Using Other Modes

Interference Measurements, GPS Record Playback

Phased Array Antenna Mode (Option 360}

Connect Antenna Hardware

Configure Antenna Measurements: Bore Sight, Heat Map, Polar

Control Azimuth, Elevation, Beam Width Signal Measurements, GPS Record Playback

Identify Signals with Marker Functions

0TA

. Signal Measurements, GPS Record Playback
Switch

Point the Antenna ™= Park It =) Modes

Channel Scanner

Channel Measurements, GPS Record Playback

Option 360 Setup Procedure

1. Connect your equipment similar to Figure 14-1 on page 423.
2. Set FieldFox to use static IP address:

Press -
— Then OGN e d: > e >

a. Inthe Setting screen, use the [A[¥] arrows, the rotary knob,
or numeric keypad to highlight Obtain IP.

b. Press Edit >[elsd& NI E\dle
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5G Rapid Prototype Phased Array Antenna — Option 360
How to Set Up Phased Array Antenna Settings

c. Press > I

IMPORTANT! The LAN address for first 3 fields must match the Static IP

address of FieldFox. For example, if the Ball Antenna IP address is
192.168.1.10, set FieldFox Static IP address to 192.168.1.xx. “xx” must be
different number than shown in the last field of the for Ball Antenna. Refer
to Figure 14-15 on page 441.

IMPORTANT! If you forget you N9910X-028 Ball Antenna’s static IP
address, refer to this link and the Support tab for assistance:
www.keysight.com/find/fieldfox and then to the Phase Array Antenna
Support Document.

3. Selecting phased array antenna mode using the Antenna Wizard:

a. Press -
b. Then

c. Follow the prompts. See Figure 14-12.

NOTE Once the connect is correct, the FieldFox’s displayed annotation indicating
"Check LAN connection. Check IP address."is no longer displayed

during pinging of the Host IP address.

Figure 14-12  Antenna Wizard Screen

Battery Ball Phased
Array Antenna

LAN cable

Connect RF cable and LAN cable...

4. Aligning the antenna’s azimuth and elevation orientation:

Refer to Figure 14-14 on page 434.
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5G Rapid Prototype Phased Array Antenna — Option 360
How to Set Up Phased Array Antenna Settings

Figure 14-13  Site Wide LAN Configurations and Field Measurements Configurations

i. System > System Configure > More LAN

b9 1:04:41 P

Edit the selected value. Press [Done Edit] to end editing.

View Ball Antenna Default Static IP address:
Measure > Ant LAN IP

Setti val

4 U
Edit the selected value.|Press [Done Edit] to end editing.

ii. Set Obtain IP to Static.
iii. Press Done Edit

iv. Press Clear, then set Static IP
address to 192.168.0.2 and

V. Then Done . Use knob. Press [Edit] to make changes. Press [Done] to exit.

Yalue

v. Repeat steps. iii and iv for:
- Static Subnet Mask to 255.255.255.0
- Static Gateway to 192.168.0.254
vi. Scroll to Apply Settings, then press
Edit, then select Now

'v. Then Done Edit > Done - First three fields must be the same as

the phased array antenna LAN IP.
- Unique FieldFox 4th static IP field
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5G Rapid Prototype Phased Array Antenna — Option 360
How to Set Up Phased Array Antenna Settings

Figure 14-14  Site Wide LAN Configurations and Field Measurements Configurations

Field Fox with Ball Array Antenna Control using LAN Cable

Site LAN
Local Point-to-Point LAN Connection

LAN Switch

Ball Phase Array
Battery Antenna
Ball Phase Array |
Battery Antenna B

LAN cable

Static IP Addresses

Local IP Addresses
Site-Wide LAN Configuration Figure 3A Field Measurements Configuration

Azimuth and Elevation Alignment Orientation Diagram

Antenna Orientation Diagram
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5G Rapid Prototype Phased Array Antenna — Option 360
How to Set Up Phased Array Antenna Settings

5. Entering the phased array antenna measurement type:

Refer to “Data Formats:” on page 422.

Select -:

- @—choose:
S lBore-Sightf;

or
or
-

6. Using the table to enter phased array antenna settings, presetting the
antenna, setting the antenna LAN IP, and clearing the graphics:

Refer to Figure 14-16 on page 442.

Select MeasiSetug:
- e —choose:
— Ball Antenna > LAN Address

Settings-choose:
——Res BW or
——Video BW
——Beam Width

— Array Antenna-choose:

——Center
——Azimuth Ref
——Elevation Ref

— Polar Display >Ref

— Sweep > Dwell Time (Optional. For pulsed RF
measurements it is recommended that the Dwell Time is
increased.)

— Sweep > Max Hold (Optional. For pulsed RF
measurements it is recommended that Max Hold is set to
OFF when using the Heat Map display. (Default = OFF).)

— [HESE®NNETIE presets the antenna settings factory defaults.

— A¥N\HI% enter the Ball antenna’s LAN IP. First three fields must
match the FieldFox’s static IP address (default: 192.168.1.10). Refer
to Figure 14-15 on page 441.
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How to Set Up Phased Array Antenna Settings

- If applicable, this clears the current displayed PNG
graphic from the screen.

NOTE If after making the setting changes in the steps below, no data is
displayed, refer to “Troubleshooting” on page 457.

7. User markers to identify azimuth and elevations settings:

Select - -choose:

— WERNCOHWPRTENAS - You can set up to six markers. The OFF, Normal,
Delta, or Peak softkey is black to indicate the current setting of each
marker.

— YRR displays a marker.

- displays a marker relative to another active marker.

— [P displays a marker on the peak point of the displayed trace.
— [TA2 - choose.
- - You can set up to four traces.

— WEWCIMELE - Enable or disable the marker table that displays the
current markers and their values.

Learn more about markers. Refer to the Chapter 30, “Data Analysis
Features.”.

See also Figure 14-5 on page 426.
8. Enable the Data Logging settings:

— Press - > then
— [TTI% (Outdoor Logging) or
- @ (If you have previously stored data recordings.) or
— To set DECARL LT —choose:
a. (Outdoor Mapping only) - then choose:
— Optional: Then > ON
— Then > choose Time or Distance.

— Then, if applicable IInERMEEL enter time
interval in seconds.

Or

— Then, if applicable M EWLRNEEL enter
distance interval in miters.

— Then Eml
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b. [FEEIGEEVELERE (If you have previously stored data
recordings.)

e Save Log Filefelg

— REEUNGLREIE or
— (LGRS =) (Default = Default) or
- (Default = KML) CVS or DREC (DREC is

only available with Option 360 only)
— Then RGGEENeIIH]N| (Default = OFF).

Spectrum information is not recorded. Only the TableChart data are saved.
See “How to Record a Data Log” on page 454.

NOTE Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are save-recalled
to: "[CurrentDevice] \RecordPlayback\PAA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

NOTE Learn more about file settings, refer to Chapter 33, “File Management.”.

(Indoor Map Data LoqgingERii:lstlRecord Indoor Datajs]§
Recall Indoor Log Filef

— Then choose [NEVile X0l 3 SMeLY|, [PETE R Yolile]a],
Zoom! @ Record Dataf§More

9. Press [ETaX to return to previous menu.

10. If recording, then:

- Temporarily halts recording until pressed again. The
incoming trace continues to sweep. Press again to continue
recording.

— %Y Immediately

— The Save the log file menu opens. Edit the filename and
press Done to exit menu. See Settings below and “To
change Data Logging Configuration settings:” on
page 454.

— To change your file settings or measurement interval.
Learn more, refer to “To change Data Logging
Configuration settings:” on page 454.

— (Press to begin a new recording.)
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— Then [JETE To enable map view and related features (e.g., Data
Selection, Red/Blue Limits, Labels & Icons, Zoom).

Then choose from the following:

— VETAVELNIFHO To enable/disable the current map view
(default = latitude/longitude = 0.00/00. Need GPS to view
current location (default = OFF).

— DPEWERTEES]] Opens a softkey menu to set the active
data channel, sort type, and sort order.

Learn more, refer to Chapter 16 Mapping and “Setting up
Data Logging” on page 501. See also, Chapter 33, “File
Management.”

- Opens a softkey menu to assign power
values to the red (high power limits) and blue (low power
limits) heat map display limits (defaults: Red Limit =
-20 dBm, Blue limit = -90 dBm).

— [ELEIERAAE Opens a softkey menu to enable/disable
map data point labels and icon types.

Labels OFF ON Enables/Disables map data point labels. When
enabled, a label is displayed for every map data point
(e.g., “Data 17). When disabled, labels are not
displayed for the map data points.

Icons Sets the type of icon that is used to display a map’s
CEVIA TR data points.

— SEVCERInNELEN(ENE)] Saves the current displayed map to a *.png file
(default filename is “MaplmageFile”).

NOTE Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are
save-recalled to: "[CurrentDevice] \RecordPlayback\PAA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

11. Export KML file into 3rd party mapping software (i.e., Google Map or
Google Earth). Refer to “Step 7: Import and Play back KML Files into 3rd
Party Software (Example: Google Earth with Animation Tool)” on page 451.

12. Select -—choose:

For this step, refer to Figure 14-6 on page 427.

— [IETETr LN EVAVE RN Sets the size of the polar display. Smaller
sizes used to overlay PNG maps. (Default = Max)
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I ETHOIETietdlo]a) Aligns the antenna polar display to a selected
direction.

[0 A R F ] NI T 6]\ (Optional to overlay antenna bore-sight
direction. Only active if you have recalled a PNG image to display on
the FieldFox as a map. (Default = OFF)

REEIMINELRE Use to recall PNG map to overlay antenna direction.

(o0l EEEH InEL RO FMO)N To display a compass indicating true north
for antenna. (Default = ON)

(ofeJnn]LEEMN[o]ads) Use this softkey to align the compass’ true north
value in degrees.

Repeat process as needed for additional settings.

13. Optional: Press -

Press opens the table antenna settings softkey
menu, where you can define your phased array antenna settings,
Ball Antenna: LAN address, Settings: Resolution BW, Video BW,
Beam Width, Array Antenna: Center frequency, Azimuth Ref,
Elevation Ref, and Polar Display: Ref. For details, refer to step 6
above.

Then Setadvatnana +/-45 degrees. (Default = 45 degrees)
Then +/-45 degrees. (Default = 45 degrees)
Then EHIEEWT +/-45 degrees. (Default = 0 degrees)

14. Optional: choose change sweep, dwell time, and max hold settings:
Press SIS

Then choose:

I ML to set the delay between the antenna positioning from
1 ms to 10 seconds (default: 10 ms). For pulsed RF measurements it
is recommended that you increase the Dwell Time to ~100 ms.

[VEYERIE] For pulsed RF measurements, it is recommended that Max
Hold is set to OFF when using the Heat Map display.
(Default = OFF)

Single|
to enable or disable the continuous sweep (default:
ON).

Learn more, refer to Chapter 9, “SA (Spectrum Analyzer) Mode
(Option 233-Mixed Analyzers).”

Restart

15. Optional: choose devices and save files:

Press SEVEVARGEREN
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Then choose:

- to set the attenuator power (default: -10 dB). Set to 0 dB.

- @ change to ON.
to set the absolute power (dBm)
then choose:

- Saves the current state settings

Saves the current Trace+State information
to save the current displayed trace as a PNG
save files as a CSV file

Learn more, refer to Chapter 33, “File Management.”

16. Optional: Modify scale and amplitude values:
ek Scale/Amptd
Then one of the following:

- Automatically adjusts the Y-axis minimum and maximum
values.

— FPE® Manually enter a scale per division values.
— Others: TRl (B, etcetera as desired.

Learn more, refer to Chapter 30, “Data Analysis Features.”
17. Optional: Modify the averaging and Integrated BW settings:
Press @
Then one of the following:
-
-
-

Learn more, refer to Chapter 30, “Data Analysis Features” and Chapter 9,
“SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers).”
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Figure 14-15 Example of Phased Array Antenna and FieldFox Static IP Setup - First Three
Static IP Fields Are the Same

Setting the phased array antenna IP address

Ant  Ref 0.00 dBm

10.0
de/

Use knob. Press [Edit] to make changes. Press [Done] to exit.

- First three fields must be the same as
the phased array antenna LAN IP.
- Unique FieldFox 4th static IP field
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Figure 14-16 Example Antenna Settings Table

019 9:.57:44 PM
se kt_luh._Press [Edit]

Setting Value

! 1. BifEegle:

Antenna Parked
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How to Define a Set Up a Scan and Use Option 360

You can define measurements by selecting which type of data to display.
Data definitions consist of the following:

— Select the measurement type

— Define the antenna setting, using the antenna settings table

— Define other optional marker, sweep, averaging, bandwidth settings
Example: Refer to:

— “Step 1. Connect Your Equipment” on page 443

— “Step 2. Set FieldFox to Use Static IP with Your Ball Antenna” on page 443
— “Step 3. Define the measurement” on page 444

Then:

— “Step 4: Select Polar Settings” on page 446

— “Step 5. Modify Scale and Attenuator Settings” on page 446

— “Step 6: Enable Data Logging and Playback the Results” on page 447

— “Step 7: Import and Play back KML Files into 3rd Party Software (Example:
Google Earth with Animation Tool)” on page 451

Step 1. Connect Your Equipment

Connect your equipment similar to Figure 14-1 on page 423.

Step 2. Set FieldFox to Use Static IP with Your Ball Antenna

IMPORTANT! The LAN address for first 3 fields must match the Static IP

address of FieldFox. For example, the Ball Antenna’s factory IP address is
192.168.0.10, set FieldFox Static IP address to 192.168.0.xx. “xx” must be
different number than shown in the last field of the for Ball Antenna. Refer
to Figure 14-15 on page 441.

IMPORTANT! If you forget you N9910X-028 Ball Antenna’s static IP
address, refer to this link and the Support tab for assistance:
www.keysight.com/find/fieldfox and then to the Phase Array Antenna
Support Document.

— The Ball antenna’s default static IP address is: 192.168.1.10

— Set FieldFox to use static IP address:

Press -
SR ESystem ConfigurationflMorefS
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1. In the Setting screen, use the [AL¥] arrows, the rotary knob, or
numeric keypad to highlight Obtain IP.

RN 0btain IP Static

3. Press , then set the Static IP Address to: 192.168.1.2

and

4. Press iy

5. Press [N then set the Static Subnet Mask to:
255.255.255.0

and
6. Press iy
7. Press (Ml then set the Static Gateway to: 192.168.1.254

and

8. Press Iy

9. Using the [a1¥] arrows, the rotary knob, or numeric keypad to
select Apply Settings.

10. Press , then select [YET.

11. Press ¥Done

Step 3. Define the measurement

1. Press - [yl=liiMode Preset (Factor

2. Selecting Phased Array Antenna mode: Press [JEEE > et e
[RIEE. Depending on the number of options loaded on your FieldFox, it
may be necessary to press ML

3. Optimizing the FieldFox to scan for signals:

a. Run the Antenna Wizard: Measure > EMGEWLERVIFL and follow the
prompts.

b. Set the [T type (i.e., Bore-Sight, Heat Map, Polar ANT, or Park
ANT).

See also “How to Set Up Phased Array Antenna Settings” on
page 431.

c. Setthe _ > MNCIWERTEWhE table:

— Ball Antenna: LAN address
— Settings: Res BW, Video BW, and Beam Width
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— Array Antenna: Center frequency, Azimuth Ref, and Elevation
Ref

— Polar Display: Ref

See also “How to Set Up Phased Array Antenna Settings” on
page 431.

d. Optional: - ¥Data Logaing:
- (Outdoor Mapping only) then choose
-

if applicable (only active when
Interval Type = Time) or

if applicable (only active when
Interval Type = Distance)

e Auto Save OFF ON

— [:ET to return to previous menu

e. RESIGEEVEERE (Save Log File, Recall or
iMlRecordfel;

g. [JBW if you have a previously stored data scan

See also “How to Set Up Phased Array Antenna Settings” on
page 431 and “Step 6: Enable Data Logging and Playback the
Results” on page 447.

Learn more, refer to Chapter 16 Mapping and “Setting up Data
Logging” on page 501

h. Optional: Press - and modify/select items:
Single
— [ NNMDLIENe]IH6]N to ON (default)

- [ESE

— [IWEIMNGTE For pulsed RF measurements, it is recommended
that the Dwell Time is increased to ~100 ms.
Default = 10 ms.

S Max Holdigels pulsed RF measurements, it is recommended
that Max Hold is set to OFF when using the Heat Map display.
(Default = OFF)

NOTE IMPORTANT! It is not sufficient to be locked to the GNSS satellite, the
frequency reference must be locked to GPS. Refer to Chapter 31, “System
Settings” and then to “How to make GPS settings” on page 808.
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Step 4: Select Polar Settings
Select one of the following display orientations:

Select -—choose:

For this step, refer to Figure 14-6 on page 427 and see also “How to Set Up
Phased Array Antenna Settings” on page 431.

mPolar Size Max Med Minje]s
S Polar Orientationfe]s

=Image Enable OFF ONKelg

— REEUNMEGLE or

s Compass Image OFF ON[el§

s Compass NorthKels

Step 5. Modify Scale and Attenuator Settings
To set the scan’s scaling and receiver corrections:

Learn more, see “How to select and edit corrections for Field Strength
measurements” on page 161.

1. Press >[I TNE then choose:
-
- then choose:
e Antenna OFF ON
SEdit Antenna

e Save Antenna

eRecall Antenna

("]

[72)

torage Device|

— [ NeEYE then choose:
ElCable OFF ON
Edit Cable

LEE
D

S ave Cable
Recall Cable

446 Keysight N9938-90006 User’s Guide



5G Rapid Prototype Phased Array Antenna — Option 360
How to Set Up Phased Array Antenna Settings

-
2. Press SIe:EYANRilee| then choose:

External Gain

External Gain

Step 6: Enable Data Logging and Playback the Results

Spectrum and Strip Chart information is not recorded. Only the Table and
Bar Chart data are saved. See “How to Record a Data Log” on page 454.

Data Logging creates a record of your data with a timestamp and GPS stamp

(refer to “GNSS (GPS+) and GPS” on page 807). GPS must be enabled for the
log results to include a GPS stamp or use Preferences to enable the timestamp.
Refer to Chapter 31, “System Settings.”

Features

— Log files contain cell results for different component carriers (CCs)
including timestamps and/or distance stamps.

— Timestamps are included in log files with or without GPS.
— GPS must be enabled for log altitude results.
See also “GNSS (GPS+) and GPS” on page 807.
— Data results can be logged

— Data results can be saved to a *.CSV, DREC (Option 360 only), or * KML file.
Refer to “” on page 451.

— User specifies how often results are stored.

— Time: Store results every “n” seconds

— Altitude: Store results every “n” meters. GPS must be enabled to
store results by altitude.

Procedure

1. Press It X: > DR CUReLerire to view the Data Logging softkeys and set
iilslRecord SettingsMRecord Save/Recall®:lslsBindoor Map Data Logging!

— [T (Outdoor Logging) or
— B (If you have previously stored data recordings.)
a. Outdoor Mapping only: To set the Xt beraatit E—choose:
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Time or Distance
or
b. Then press
— Then
- - Sets the default User Folder path:

——List files (*.csv and *.kml) are save-recalled
to:
"[CurrentDevice] : \RecordPlayback\
PAA\"

——Data Log-Play files are save-recalled to:
"[CurrentDevice] : \RecordPlayback\
PAA\"

Or

— BB - Sets the User Folder to the user defined
system folder path/name:

——List files are save to-from
"CurrentDevice\<UserSelectedFolde
r>\u

——Data Log-Play files are save-recalled to:
"CurrentDevice\<UserSelectedFolde
r>\u

Refer to “File Management” on page 829.

— Then RS
— KML (default) or
— CSV
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— DCREC (Option 360 only)

NOTE Three file types are supported for save or recall log results:
— KML file format

——Files stored in this format can be imported into 3rd
party applications like Google Earth or Google Maps.

— CSV file format. Files stored into this format can be imported into
spreadsheet applications.

— DREC file format. This file type is a binary file. File contains
recorded state and trace data, with GPS time and locations
stamps if enabled. Available with Option 360 only.

Then SEVAGLREIE.

or
Then Recall Log File.

— Then @
c. Optional: Press then

- or RELEURNGT TN NH1E. Learn more,
refer to “How to Use Data Logging/Playback (Option 360)” on
page 452, Chapter 16 Mapping and “Option 352 Indoor Maps
Setup Procedure” on page 489.

R Rin)Navigate OFF ONMData Selection8Zoom}
PanfRecord DatafMore]

— Learn more, refer to Chapter 16 Mapping and “Setting up
Data Logging” on page 501.

2. Press [:ET4A to return to previous menu.
3. Outdoor Mapping: Press to begin a new recording and then

Temporarily halts recording until pressed again. The
incoming trace continues to sweep. Press again to continue
recording.

— BB Immediately stops recording and a “Save the Log File” menu
opens to rename and save your data log file.

— (Press to begin a new recording.)

— Then [JET¥To enable map view and related features (e.g., Data
Selection, Red/Blue Limits, Labels & Icons, Zoom).

— VETAVENeII NN Displays the current GPS location.
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5. Press Eﬂ!

— DEIERTEIESIR Opens a softkey menu to set the active

data channel, sort type, and sort order. See also previous
steps 10 in “How to Set Up Phased Array Antenna
Settings” on page 431.

Opens a softkey menu to assign power
values to the red (high power limits) and blue (low power
limits) heat map display limits (defaults: Red Limit =

-20 dBm, Blue limit = -90 dBm).

[ELEERA M1 Opens a softkey menu to enable/disable
map data point labels and icon types.

Labels OFF ON Enables/Disables map data point labels. When enabled,
a label is displayed for every map data point (e.g., “Data
17). When disabled, labels are not displayed for the map
data points.

Icons Sets the type of icon that is used to display a map’s data
AT points (default = Flag).

—  EEVCEAInELEN(ENE) Saves the current displayed map to a

* png file (default filename is “MaplmageFile”).

. When done press FIt%. The log file is automatically saved to the defined
Device Type and File Type.

Else, edit the User Folder and File Type, under o BREVEVAIELEW where
the file results will be stored.

Learn more about file settings, refer to the Chapter 33, “File Management”.

Playing a Data Log and Viewing the Data

To play the log results:

1.

Mt IRecord Save/RecallpRRecall Log File

And, use the Use the RPG or the [a1¥] arrow keys to highlight the file to be

Y Recall FileBYBackiiPlay
Press to exit the log playing.

To pause the log play:
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1. Press to pause or resume the log playing.
2. Press to stop the log playing.

Learn more, refer to Chapter 16 Mapping and “Setting up Data Logging” on
page 501. See also, Chapter 33, “File Management.”

Step 7: Import and Play back KML Files into 3rd Party Software
(Example: Google Earth with Animation Tool)
Features

Use the Playback Slider to replay measurement results. See also Google Maps
and or Google Earth’s help. Refer to Figure 14-17 on page 451.

— Open the FieldFox * KML file in Google Earth. The time slider appears in
upper left of the map.

— Manual Mode - Move the time slider cursor to see color-coded icons
pop-up according to the timestamp.

— Loop mode has a Fast-Slow Replay Option.

— Click on each color coded balloon to see the table of measurement results
for that location.

Importing a KML File Into Google Earth
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How to Use Data Logging/Playback (Option 360)

452

Data log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are save-recalled
to: "[CurrentDevice] \RecordPlayback\PAA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

Data Logging and Playback enables you to log phased array antenna trace
data and play them back at a later time. Use this feature to monitor table data
activity over a period of time.

Data logs can be saved to the FieldFox Internal memory, an SD Card, or a USB
flash drive.

This section assumes you have already completed the initial setup and have a
phased array antenna scan displayed on the FieldFox.

Screen Annotation

During a data logging or playback session, the following is displayed in the
top-center area of the screen:

— BXYAX is the current and total trace number: currently trace is 55 of 55 total
scans.

— AUERPEIERERLY s the date and time of recording.

— The name of a recording can be changed using Manage Sessions. Learn
more in “To change Data Logging Configuration settings:” on page 454.

See also, the FieldFox User’s Guide’s “System Settings” chapter.

When GPS is enabled, IR is indicated at the bottom of the FieldFox
display. Learn more, see the FieldFox User’s Guide’s “System Settings”
chapter.

The Phased Array Antenna mode can display and be data logging/played back
in field strength units, when the units are changed:

— Press Scale/Amptd > TIE > WBR then choose:

See Figure 14-18 on page 453.
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Figure 14-18  Field Strength Annotation that can be Logged and Played Back

4 & (== Tue
Ant 46,99 dBmV Bore-Sight

i —]

Res BW 1.00 MHz VBW 1.00 MHz
Beam Wid

ik ; Unit e i E Preamp
Autoscale Correc 5 A
G dBmy “ P ) OFF ON

If Data Logging or Playback is not occurring when you think it should,
check the following:

— Is the sweep in HOLD? (upper-left annotation), or check the Sweep
menu for Continuous set to OFF.

— Is Recording or Playback Paused? (mid-left annotation)

— Is the Data Logging or Playback Interval set too long? (Configuration
settings.)

Keysight N9938-90006 User’s Guide 453



5G Rapid Prototype Phased Array Antenna — Option 360
How to Use Data Logging/Playback (Option 360)

How to Record a Data Log

NOTE Data Log-Play files are saved to:

— If File Folder is set to Default then Data Log-Play files are save-recalled
to: "[CurrentDevice] \RecordPlayback\PAA"

— If File Folders are set to System, then Data Log-Play files are
save-recalled to: "CurrentDevice\<UserSelectedFolder>\

- Press-
LEIData Logging

— Then
BIEE is displayed in the left of screen graticules.

During recording, choose from the following:

— [ZIEPEEAY Temporarily halts recording until pressed again. The
incoming trace continues to sweep. Press again to continue recording.

- Immediately stops recording. Then choose from the following:

— Then RESJGEEWEVLERE To save a log file, recall log file, or change
your file settings. Learn more, refer to “To change Data Logging
Configuration settings:” on page 454.

——Press SEVEARLREE to save the current Table data (i.e., default
save device is Internal).

— Then RELJGEIEREGE (Outdoor Logging) To change your
measurement interval settings. Learn more, refer to “To change Data
Logging Configuration settings:” on page 454.

To change Data Logging Configuration settings:

— Press -

— Then IACAREL then choose:
— Then (Outdoor Mapping Only)
— Optional: Then > ON
——Then > choose Time or Distance.
——Then, if applicable enter time interval in seconds.

Or
——Then, if applicable IS EERNE N enter distance interval in
miters.
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— Then

— Then (Internal (default), SD Card, or USB)

— Then (CSV, DREC (Option 360 only), or KML (default))
Learn more, refer to the Chapter 33, “File Management”.

How to Playback a Data Log

— Press -

— If the session is already open, skip the following step. Otherwise:

— Then Record Save/Recal
NOTE If these are large recordings on a device, it could take several seconds for
the FieldFox to display the list.

— Then REEINGINFIE use the Use the RPG or the [AL¥] arrow keys to
highlight the file to be played.

——Then RELUNFIE
——Then Y8k
— Then B to playback your Table data.

is displayed in the left of screen graticules during playback. When the
end of the recording is reached, playback begins at the start of scan and
continues to loop indefinitely.

During playback, choose from the following:
- Temporarily halts playback. Then choose from the following:
- Press to continue playing.
- @ Immediately stops playback. Then choose from the following:
— : Start playback from start of scan.
- Opens a list of stored data files.
Select a file to playback.
-
SlBack
- use this softkey to move the data log play cursor in the
current data log being played (i.e., Cursor Position is active only when

playback is paused).
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This softkey is only available in Channel Scanner and Phased Array Antenna
modes (i.e., The Cursor Position softkey is not available for OTA mode).

- to edit the red limit dBm value.
— to edit the blue limit dBm value.

Using Mapping

The Phased Array Antenna mode has indoor and outdoor mapping capability.
Refer to Chapter 16, “Indoor and Outdoor Mapping - Option 352 (Requires
Spectrum Analyzer Mode (Option 233), and GPS Receiver (Option 307)).”

Other Features Available

— Alignments - For information on using alignments, refer to the SA chapter’s
section, “Alignments” on page 204.

— External Gain - Refer to refer to the SA chapter’s section, “External Gain”
on page 158.

— Field Strength Corrections - “How to select and edit corrections for Field
Strength measurements” on page 161

— Scale Settings - For information on using scale settings, refer to the Data
Analysis chapter’s section, “All about Scale Settings” on page 774 (not all
of the settings apply to OTA Option 360).
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Troubleshooting
If your Phased Array Antenna setup is not behaving as expected:

— Verify setup is correct by referring to “How to Set Up Phased Array Antenna
Settings” on page 431.

— Attenuator set to 0 dB

— Preamplifier set to ON

— Correct Band, Channel, and Center Frequency entered
— GNSS set to Internal

— Frequency Ref set to GPS

— ADC errors: Use _ > BV to adjust the absolute power
level (dBm).

For some data views, you need to press NIags to view the [l
softkey.

— No data displayed: Press _ then

——\Verify the correct LW ERT=adlil 5 have been entered.

— The FieldFox’s displayed annotation indicates "Check LAN
connection. Check IP address."during pinging.

Verify:

——The LAN address for first 3 fields matches the Static IP address
of FieldFox. For example, if the Ball Antenna IP address is
192.168.1.10, set FieldFox Static IP address to 192.168.1 .xx.
“xx” must be different number than shown in the last field of
the for Ball Antenna. Refer to Figure 14-15 on page 441.

——Power is connected to the PAA. If the power is not connected

indicator is flashing (-) on the left side of the FieldFox
display, verify your connections.

NOTE IMPORTANT! If you forget you N9910X-028 Ball Antenna’s static IP
address, refer to this link and the Support tab for assistance:

www.keysight.com/find/fieldfox and then to the Phase Array Antenna
Support Document.
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15 USB Antennas - (Full Capability Requires EMF Option 358, and
either SA mode (Option 233 Mixed Analyzers) or OTA—5G NR /
5G NR EVM Conducted Option 378)

Triaxial USB antennas (also, referred to as EMF antennas) can be used
without EMF Option 358, but with limited capability and doing so is not
recommended or supported by Keysight.

NOTE IMPORTANT! EMF is only compatible with 5G NR/5G NR EVM Conducted
(Option 378) and SA Mode (Requires Option 233—combination analyzers).

User data channels are not demodulated.

For more information on the SDIA-6000 Triaxial Lsotropic Antenna, refer to

NOTE http://en.agos.co.kr/emf_measurement.do.

USB antennas measures signals at the SA RF Input Port 2 connector.

USB antennas mode requires the FieldFox to have SA mode (Option 233 on
combination analyzers), EMF (Option 358), GPS (Option 307), and CPU2
installed.

Recommended, but not required, preamplifier (Option 235) to improve receiver
sensitivity.

With USB antennas, 377 (5G TF), and 378 (5G NR) network designers can
ensure that networks have enough resources to carry out handovers
(re-selection) when users move between cell towers on the same 5G network
as well as in between 5G and 4G networks (intra/inter-radio access
technology). The FieldFox OTA measurements support 5G NR (Option 578) /
5G NR EVM Conducted (P/O: Option 578) and over-the-air demodulation of
single acquisition, multiple cell towers, or multiple acquisitions for multiple
component carriers (CCs). Additionally, 5G NR / 5G NR EVM Conducted
among other 5G NR capabilities, has new FR1 and FR2 spectrums. The
FieldFox display can be configured to show data formats such as table, bar
chart, spectrum and strip chart of key performance indicators (KPI's).

By integrating over-the-air (OTA) measurements with cable and antenna test
(CAT), full 2-port vector network analysis, spectrum analysis, and real-time
spectrum analysis (RTSA), the FieldFox can be used for base station setup and
verification.

KEYSIGHT

TECHNOLOGIES
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Figure 15-1
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)

With USB Antennas (p/o EMF measurements - Option 358):

Reduce measurement complexity with a triaxial antenna to capture energy
radiated from gNB

Calibrated metrology milli-meter wave triaxial antenna simulates 5G UE
antenna performance

Troubleshoot the 5G radio access network with 3D test coverage and path
loss measurements utilizing the built-in CW generator

Triaxial antenna performance verification showing bore sight, polar antenna
pattern with compass, heat map and beam sweep to map display views

Measure and display corrected field strength in RMS average power

Antenna control and X, Y, and Z antenna factors can be downloaded via a
USB

FieldFox With USB Antenna
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)

In this Chapter

“Using USB Antennas (Also, Known as EMF Antennas)” on page 462

“About USB Antenna (Also, Known as EMF Antenna) Measurements” on
page 463

— “USB Antenna Features” on page 463

“How to Set Up a USB Antenna (Also, Known as EMF Antenna)” on
page 465

— “USB Antenna Setup Procedure” on page 465
“Other Features Available” on page 469

Alignments (SA chapter) - “Alignments” on page 204

External Gain (SA chapter) - “External Gain” on page 158
Record Playback - “Record/Playback (SA Option)” on page 552
Scale Settings - “All about Scale Settings” on page 774

“Troubleshooting” on page 470
See Also

“Why and When to Calibrate” on page 126

“Using the Antenna/Cable Editor” on page 163
Chapter 31, “System Settings.” (Changing display colors)
Chapter 33, “File Management.”
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)

Using USB Antennas (Also, Known as EMF Antennas)

Using USB Antennas (Also, Known as EMF Antennas)

Triaxial USB antennas can be used without EMF Option 358, but with
limited capability and doing so is not recommended by Keysight.

USB antennas enables you to do the following:

Measures electro-magnetic fields (EMF) for radio frequencies in proximity of radio and television

stations, and repeaters for cell phones?

Seven Independent Antenna/Cable Amplitude Correction Types:

— Triaxial antenna (X/Y/2)

— Cable - triaxial connection
— Cable - Receiver Side

— Antenna - Receiver side

— Cable - Source Side

Antenna - Source Side

Antenna - (Triaxial off)

— Source and

— Receiver sides

Color Coded Display Types:

— Specify high and low power with
color bars

Features:

— Automatic detection of previously imported
USB antenna corrections (i.e., to view pre
Apply Corrections)

— OTA(5G NR) mode can connect to the USB
antenna, when an Option 358 license is
detected

Automatic selection of field strength units,
when USB antenna corrections are applied

Auto selection provides ability to cycle
through each axis (X, Y, and Z) to provide
RMS average of the three axes results in
trace and channel power

Record GPS stamped data measurements

— Define measurement interval by time
or distance

— Show results in Table or Bar Chart
(Channel Power)

Display files (KML) on Google Maps
or Google Earth

a. Requires Option 358 for EMF measurements. Else, antenna can be used manually with

X/Y/Z axis.
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)

About USB Antenna (Also, Known as EMF Antenna) Measurements

About USB Antenna (Also, Known as EMF Antenna) Measurements
USB antenna feature supports these standards:
— SA
— OTA—-5GNR

Some measurement parameters are auto-coupled and are not user-settable.
USB Antenna Features

For more information on the SDIA-6000 Triaxial Lsotropic Antenna, refer to
http://en.agos.co.kr/emf_measurement.do.

USB antenna feature has the following features:

— SA mode automatically detect if Import antenna factors are present applies
correct X/Y/Z antenna amplitude corrections for EMF measurements

— SA mode X/Y/Z factors—if available—are enabled by default
— OTA mode 5G NR - EMF can be manually enabled

Figure 15-2 Example Summing of Triaxial Values
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)
About USB Antenna (Also, Known as EMF Antenna) Measurements

Example Verifying the Triaxial Values - Axis Y is Displayed

Mon, 19 Aug 2019 2:57:58 PV

Figure 15-3
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)
How to Set Up a USB Antenna (Also, Known as EMF Antenna)

How to Set Up a USB Antenna (Also, Known as EMF Antenna)

NOTE IMPORTANT! See also, “Alignments” on page 204, in NA mode,Chapter 9,
“SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers).”

This section reviews some general high level steps in setting up a USB antenna
measurement. If you are not familiar with this process or would like more
information on specific EMF measurement setups, refer to:

— SA Mode: “How to Set Up EMF Settings (Requires EMF (Option 358), GPS
(Option 307), and SA Mode (Option 233-Mixed Analyzers))” on page 231

— OTA Mode: “How to Set Up EMF Mode Settings (Requires EMF (Option
358) and 5G NR (Option 378))” on page 398

USB Antenna Setup Procedure

1. Select the mode and set up your measurement. Refer to Chapter 13,
“Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option
371, 5G TF Option 377, 5G NR / 5G NR EVM Conducted Option 378" or to
Chapter 9, “SA (Spectrum Analyzer) Mode (Option 233-Mixed Analyzers)”.

If necessary, this step can be skipped and done after the USB antenna is
NOTE set up.

2. Connect a USB antenna. Refer to Figure 15-1.

Only Agos Advanced Technologies SDIA-6000 Triaxial Lsotropic USB
antenna is compatible with EMF (Option 358). See also Chapter 9, “SA
(Spectrum Analyzer) Mode (Option 233-Mixed Analyzers)” and Chapter 13,
“Over-the-Air Measurements (OTA) - LTE FDD Option 370, LTE TDD Option
371, 5G TF Option 377, 5G NR / 5G NR EVM Conducted Option 378”.

3. Importing and selecting the X/Y/Z antenna factors:
a. OTA - 5G NR and SA Mode:
Press Systen > JEMF Antennaskd
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USB Antennas - (Full Capability Requires EMF Option 358, and either SA mode (Option
233 Mixed Analyzers) or OTA—5G NR / 5G NR EVM Conducted Option 378)
How to Set Up a USB Antenna (Also, Known as EMF Antenna)

— Then [iloJJa@:GIENIE - to import the antenna factors from the USB
antenna connected to the FieldFox.

If the antenna factor import is successful, the FieldFox displays:
"Success: Antenna Factors Imported: Tri-Ax Antenna ID:
->[R] Antenna ID: SDIA-6000-1006 ->[]". The last 4-digits will vary
for each antenna (i.e., “1006” is changeable).

If the FieldFox displays this error Error: USB antenna Error: Not
found or Unable to communicate with antenna. Ensure it is
connected. is displayed, verify the USB antenna is connecte