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Environmental Conditions

The U2020X-Series is designed for indoor use and in an area with low
condensation. The table below shows the general environmental requirements for

this instrument.

Environmental condition

Requirement

Temperature

Operating condition
- 0°Ctob55°C
Storage condition
- -40°Cto70°C

Humidity

Operating condition

- Upto 95% RH at 4 0°C (non-condensing)
Storage condition

- Upto 90% RH at 65 °C (non-condensing)

Altitude

Operating condition

- Upto 3,000 m (9,840 ft.)
Storage condition

- Upto 15,420 m (50,000 ft.)
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Regulatory Information

The U2020X-Series complies with the following Electromagnetic Compatibility
(EMC) compliances:

EMC compliance

- |EC 61326-1:2005/EN 61326-1:2006
— Canada: ICES/NMB-001:Issue 4, June 2006
— Australia/New Zealand: AS/NZS CISPR11:2004
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Regulatory Markings

of the product.

The RCM mark is a registered
trademark of the Australian
Communications and Media Authority.

This symbol indicates the time period
during which no hazardous or toxic

n substance elements are expected to
w leak or deteriorate during normal use.

Forty years is the expected useful life

B

C € ICES/NMB-001
ISM GRP 1-A

This instrument complies with the
WEEE Directive (2002/96/EC) marking
requirement. This affixed product label
indicates that you must not discard
this electrical or electronic product in
domestic household waste.

The CE mark is a registered trademark
of the European Community. This CE
mark shows that the product complies
with all the relevant European Legal
Directives.

ICES/NMB-001 indicates that this ISM
device complies with the

Canadian ICES-001.

Cet appareil ISM est conforme a la
norme NMB-001 du Canada.

ISM GRP1 Class A indicates that this
is an Industrial Scientific and Medical
Group 1 Class A product.
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Waste Electrical and Electronic Equipment (WEEE) Directive

This instrument complies with the WEEE Directive marking requirement. This
affixed product label indicates that you must not discard this electrical or
electronic product in domestic household waste.

Product category:
With reference to the equipment types in the WEEE directive Annex 1, this
instrument is classified as a “Monitoring and Control Instrument” product.

The affixed product label is as shown below.

I
Do not dispose in domestic household waste.

To return this unwanted instrument, contact your nearest Keysight Service Center,
or visit http://about.keysight.com/en/companyinfo/environment/takeback.shtmtl
for more information.

Sales and Technical Support

To contact Keysight for sales and technical support, refer to the support links on
the following Keysight websites:

- www.keysight.com/find/usbsensor
(product-specific information and support, software and
documentation updates)

- www.keysight.com/find/assist
(worldwide contact information for repair and service)
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1 Getting Started

Overview

The U2020 X-Series is a USB-based standalone peak and average power sensor
and meter. The U2020 X-Series consists of two models; U2021XA (50 MHz to
18 GHz) and U2022XA (50 MHz to 40 GHz).

The U2020 X-Series is capable of measuring the average and peak power of
modulated, pulsed, and continuous wave (CW) signals in 50 MHz to
40 GHz frequency range and —45 dBm to 20 dBm power range.

LED indicator

Indicates the U2020 X-Series state. | |

Refer to LED Indicator Sequence During

Power-Upfordetails. [ - - .-

Physical secure lock mechanism

-y

>

7

"/_ ” USB cable
RF input port for RF/
microwave signals

External trigger ports[”

USB port

[1] The recorder and video output share the same port as the trigger output.

14 Keysight U2020 X-Series User’s Guide



Getting Started 1

Initial Inspection

1
Inspect items for
damage.
2

Verify that your order is
complete.

- Ifthere is mechanical damage or any missing item, notify the nearest Keysight
Sales and Service office.

- Keep the damaged shipping material.

- Refer to “Sales and Technical Support” on page 6 for the contact list of
Keysight Sales and Service offices.

Keysight U2020 X-Series User’'s Guide 15



1 Getting Started

Standard Purchase Items

2 x Trigger cable, BNC male to SMB
female, 50 Q,1.5 m

Certificate of
Calibration

’ _
~. =

16

Sensor cable, 1.5 m
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Getting Started

Hardware Installation and Configuration

Prior to using the U2020 X- Series, ensure that the following minimum
requirements are met:

- PC with a USB host capability
- Keysight IO Libraries Suite 15.5 or higher installed

Keysight U2020 X-Series User’'s Guide
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Getting Started

Install and verify the U2020 X-Series

1 Connect the U2020 X-Series to the PC. The U2020 X-Series driver is detected
and installed automatically.

2 Goto Start > All Programs > Keysight 10 Libraries Suite > Keysight
Connection Expert.

Keysight Connection Expert 2018 8 ? O ox

Instruments | PXI/AXIe Chassis

My Instruments +Add & EE Y Details for Keysight Technologies U2022XA
~ N ] &
~ @ wmum 2 = x| @ e @
A € cP1B-USB (GPIB1) Check  Edit  Remove| Interactive O Monitor Command Benchvue Web Ul  Soft Front
Status 10 Panel
A LaN (TCPIPO)
Manufacturer: Keysight Technologies
The ~ USB (USBO)
Model: U2022XA e_l?_
U 2020 U2022XA, Keysight Technologies Serial Number: HQ52170015 —_—
USBO::0x2A8D::0x7F18::HQ52170015::.
. . USBInstrument1 Firmware Version: ~ A.04.06
X-series is we Product page
Vv COM (ASRL3)
detected
VISA Address Aliases SICL Address

P @] usso::0x2480::0x7F 18::Has2170015::0::1nSTR | UsBInstrument1 []| usbol10893::32536::HQ52170015::0]

Installed 1V Drivers & Update

Vo installed drivers

Remote IO Server Off  32-Bit Keysight VISA is Primary  Version: 18.1.23218.2

v

Keysight U2020 X-Series User’s Guide



Getting Started

3 This verifies that the U2020 X-Series has been connected and properly
installed on the PC.

1

Keysight U2020 X-Series User’s Guide

=¥ Connect Interact Help Keysight Interactive I0 . [ X

a /] LB 7 £

Stop Device Clear Read STB  SYST:ERR? Clear History  Options

Command | *IDN? - Commands b

Send Command Read Response | Send & Read

Instrument Session History

* Connected to: USB0::0x2A8D::0x7F18::HQ52170015::0:: INSTR

-> *IDN?

<- Keysight Technologies,U2022XA,HQ52170015,A.04.06 The device response appears.
CONNECTED TO USBO::0x2ABD::0x7F18::HQ52170015::0::INSTR

19




1 Getting Started

LED Indicator Sequence During Power-Up

Power on Internal zeroing and calibration Ready to use

Power up

Send the SYST : ERR? query
to read the error message. It
is recommended to return HW/0S error Zeroing/calibration error
the U2020 X-Series to | |

Keysight if this condition <
persists after power cycle.

Other LED indicators

Secure erase, flash formatting, or firmware update in progress.

An error is present in the SCPI error queue including input overload. If the error
queue is cleared (via the *CLS command) or the last error is read from the queue (via
the SYST: ERR? query), the indicator will turn off.

EIEE USB activity in progress.

blinking

20 Keysight U2020 X-Series User’s Guide



Getting Started 1

Firmware Upgrade

To download the latest firmware version for the U2020 X-Series, go to
www.keysight.com/find/pm_firmware. The latest firmware includes the executable
file and help file for installing the Firmware Upgrade Utility application in order to
upgrade the U2020 X-Series.

Keysight U2020 X-Series User’'s Guide 21
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This chapter describes the general operating information of the U2020 X-Series.
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2

General Operating Information

Using the 2020 X-Series with the Keysight BenchVue

The BenchVue Power Meter application provides a virtual operating interface for the U2020
X-Series. This chapter describes the U2020 X-Series functions in the BenchVue Power
Meter application in general.

NOTE For more information on how to configure each U2020 X-Series function or use each

BenchVue Power Meter feature, refer to the Keysight BenchVue Power Meter help
documentation.

24

Go to Start > All Programs > Keysight > Keysight BenchVue > Keysight BenchVue to launch the
BenchVue Power Meter application.

Instrument panel

\ 4

To begin controlling an instrument, double click an icon below.

Figure 2-1 Launch the Keysight BenchVue

v
a Double-click the connected sensor ( ES=—=—"1 ) at the Instrument panel to start

controlling the power sensor.

b If the sensor is found in the Keysight Connection Expert but is not shown in the
BenchVue Instrument panel, select the refresh icon ( ) to refresh the instrument
list.

c If the sensor is not found, select the 10 icon ( @ ) to launch the Keysight
Connection Expert to verify that the power sensor is connected properly.

When you launch the BenchVue Power Meter application, the Digital Meter is displayed by
default.

Keysight U2020 X-Series User’s Guide



General Operating Information 2

Data Manager

Figure 2-2  Accessing the BenchVue Power Meter help documentation

d Click ( ) to access the BenchVue Power Meter help documentation.

Quick start example to perform an average power measurement

The following example guides you on how to quickly measure average power via BenchVue.
It is assumed that the U2020 X-Series is already connected to a signal generator.
1 Set up the signal generator as follows:

- Amplitude: 0 dBm

- Frequency: 1 GHz

- Modulation: Disabled

2 Turn on the RF output of the signal generator. Launch the BenchVue Power Meter
application (refer to page 24). By default the power meter mode is already set to
Average only.

3 Perform calibration and zeroing for an accurate measurement result.

~  Cahbration

Zero

Zero Type :

~  Channel Setup

Mode : AVG only

Frequency {Hz) : 1.000 G
Aperture (s) : 50.000 m

Chan Offset {dB) :

Keysight U2020 X-Series User’s Guide 25



2 General Operating Information

Figure 2-3 Performing calibration and zeroing

For power measurements below -50 dBm, it is recommended to perform external zeroing
and turn off the RF output for better accuracy and repeatability.

4 Set the frequency of the U2020 X-Series to 1 GHz.

= Calibration

Zero

Zero Type :

= Channel Setup

Mode : AVG only
Frequency (Hz) : 1.000 G
Aperture (s) = 50.000 m

Chan Offset {dB) :
Min: 0.01

Figure 2-4  Setting the frequency

5 You should be able to view the average power measurement results in the Digital Meter
display view.

Digital Meter : U2049XA [MY54480006]
Meas: 1 Chan: A Avg 1 GHz c

0.00dBm

Min : 0.00
Live Data

w Information Panel

Alerl Suimmary

Clear All Save...

Marel Nn.  Senal No.  Meas. Result 1 imit Sef 1 Time Stamp

Figure 2-5  Average power meter measurement results
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General Operating Information 2

a Indicates acquisition of measurements in the Run mode

b Indicates the measurement status

c E Change the title at the top of the display view

Reset the displayed Minimum/Maximum measured values

d Summary of alert limit conditions for the current measurement

6 To monitor the average power over a period of time, create a Datalog display view by

clicking (==},

4 Settings Datalog Setting:

U2049XA - MY54480006 Presets...

~  Calibration

Zero

Figure 2-6 Creating Datalog display view

Select one of the available measurements from the list and click Ok.

Measurement Source Selection 4

Model No Serial No Meas ID Channel Meas Type
U2049XA MY54480006 A Avg
U2049XA MY54480006 A Avg

U2049%A MY54480006 3 A Avg

U2049%A MY54480006 Avg

Figure 2-7  Selecting one of the measurements

Keysight U2020 X-Series User’s Guide 27
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General Operating Information

Strip Chart : U2049XA [MY54480006]
LU |

Power (dBm} . -
001959 A, Measurement: 1, Type: Avg

0.01224
0.004897

-0.002450

-0.01714
-0.02449
-0.03184
-0.03919

-0.04653
-0.05388.
EE:EZ.SSS 25:05.346 27:18.137

Live Data
* Information Panel

Marker Alert Summary

Marker Name Trace 1: [x, ¥]

Figure 2-8 Data preview bar

a Data preview bar

| — »

28:40.927 30:03.718 31:26.509

Time(s)

b Indicates the channel name, measurement number, measurement type

¢ Tools palette to provide control for the datalog chart (refer to the BenchVue Power
Meter help documentation for details)

d Summary of marker measurements and alert limit conditions for the current

measurement.

Keysight U2020 X-Series User’s Guide



7 Place a marker (or up to five markers) on the chart by clicking to obtain the

reading.

Strip Chart : U2049XA [MY54480006]
“

Power (dBm)

0.01959

0.01224

0.004897

-0.002450

-0.009797

-0.01714

002449t

-0.03184

-0.03919

-0.04653
0053885 108

Live Data

26:44.808

* Information Panel

Marker Alert Summary

Marker Name
Marker 1

Figure 2-9

Keysight U2020 X-Series User’s Guide

General Operating Information

A, Measurement: 1, Type: Avg

Marker 1

e e e A o e B S e A e o bttt

28:07.689 29:30.480
Time(s)

30:53.271

Trace 1: [x, ¥]
4/9/2018 14:54:4.214, -0.02 dBm

Placing a marker on the chart

2

IMEX POl /i

L5
4

32:16.061 |~
X~

29



2 General Operating Information

Quick start example to set up a measurement in the Trace view

The following example guides you on how to set up a basic peak power measurement for
RF pulses via BenchVue.

The default power meter mode is Average only. It will change to the Normal mode when
the Trace view is selected. As the Normal mode provides a lower dynamic range, the
measurable power range will automatically narrow down.

To obtain a wider dynamic range for low power measurements (< —40 dBm), you will need
to set to the Average only mode. If the measurement is in the Trace view, a warning
message will appear as the Trace view is only applicable for the sensor's Normal mode.

It is assumed that the U2020 X-Series is already connected to a signal generator.
1 Set up the signal generator as follows:
- Pulse period: 500 ps
- Pulse width: 100 pus
- Amplitude: 5 dBm
- Frequency: 1 GHz
- Pulse: Enabled
2 Turn on the RF output of the signal generator. Launch the BenchVue Power Meter

application (refer to page 24).

3 Create a Trace display view by clicking .

4 Settings Datalog Settings

Trace View : U2049XA [MY.
Power (dBm)
edi}

13

Figure 2-10  Creating a trace

30 Keysight U2020 X-Series User’s Guide



General Operating Information 2

4 Perform calibration and zeroing for an accurate measurement result.

= Calibration

Zero Cal + Zero

Zero Type : INT EXT

Figure 2-11  Performing calibration and zeroing

- For power measurements below -50 dBm, it is recommended to perform external
zeroing and turn off the RF output for better accuracy and repeatability.

- Ensure that modulation is enabled.

5 Set the frequency of the U2020 X-Series to 1 GHz.

Mode : Normal
Frequency (Hz) : 1.000 G

Averaging Mede ; AUTO

Figure 2-12  Setting the frequency

6 You can set the trace scales to configure the pulse on the trace display.

-50
+  Trace Setup 0 0s 20 ps

. Live Data
Units : dBm

¥ Information Panel
X Start (s) : 0.000

§ Marker Pulse Analys]
X Scale (sfdiv) : 20.000 p

Measurement Selector
Y Max (dBm) : 20.000

Y Scale (dB/div) : 7.000 Measurement

Average Power
~ Trigger Setup Minimum Power

Figure 2-13  Setting the trace scales
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2 General Operating Information

7 Toenable gates on the trace, click at the Tools Palette.

Trace View : U2049XA [MY54480006]
Power (gBm)
20

Measurement gate

f @\
@
Q
(%]
=)
=
==

<

0s 20 ps 40 ps 60 ps 80 ps 100 ps 120 ps 140 ps 160 ps
Time(s)

<

Live Data

w Information Panel

<

Marker Pulse Analysis Alert Summary

<

EEIGEEE

Measurement Selector Remove All Rows

Measurement

Figure 2-14  Adding marker or configuring the trace using Tools Palette controls

You can add markers or configure the trace using the Tools Palette controls. Refer to the
BenchVue Power Meter help documentation for details on each control.
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General Operating Information 2

For more precise control of your gate parameters, you can set up the gates via the

Instrument Setup tab and enter a starting point and length (in seconds) for each of the four
gate controls.

Instrument Setup 1 Display 1 5 Display 2

System

Model No : U2049XA  Serial No : MY54480006 Firmware Rev : A.D2.

EuoHIPPY

*  Channel Setup ~ | Measurement Setuy

Il

~ | Trace Setup Measurement:

-  Gate Setup Unit :

Start (s) Length (s) Offsets (dB) :
50.000 p 500.000 p Relative :
70.000 p 400.000 p Operation :

0.000 0.000 Chan G

0.000 0.000 Feed 1 1

~ | Advanced

Figure 2-15  Setting the gates through Instrument Setup tab

8 View the power measurement results of the pulse at the Pulse Analysis tab under
Information Panel.

Keysight U2020 X-Series User’s Guide 33



2 General Operating Information

-50 ! -
0s 20 ps 40 pys 60 ps 80 ps 100 ps 120 ps 140 ps 160 pys
Time(s)

Live Data

~ Information Panel

Marker Pulse Analysis Alert Summary

B X6 A

Measurement Selector Remove All Rows

Measurement Tracel

Average Power 2.23 dBm
Minimum Power -69.00 dBm
Peak Power 5.33 dBm

Gate 1 Delta Time 500.00 ps
Gate 1 Average Power -1.73 dBm
Gate 1 Peak Power 5.33 dBm

Gate 2 Delta Time 400.00 ps
Gate 2 Average Power -6.06 dBm
Gate 2 Peak Power 5.27 dBm

Figure 2-16  Viewing the power measurement results of the pulse

You can select additional pulse and gate measurements to display by clicking the
Measurement Selector tab.
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General Operating Information 2

Quick overview of the BenchVue Power Meter

NOTE For details on each of the BenchVue Power Meter features, refer to the Keysight BenchVue

Power Meter help documentation.

a Access the common measurement settings for the current measurement display
view.

- Click |{6¥l to create a new Digital Meter display view.
il to create a new Analog Meter display view.
-- Click to create a new Data Log display view.

-— Click {SS8H to create a new Trace display view.

-— Click EEE8} to create a new MultiList display view.

-— Click &l to assign a measurement to the selected display view.

-- Click to start or stop all assigned measurements on all display views

simultaneously.

For more information, refer to “” on page 38 and “Power meter settings in the Normal
mode” on page 42.
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Keysight BenchVue Bench Data Manager Library
Qsm Qsoem Bes d S O DB oveta

® @ & x

.01dBm

v Al

Madal No.  Serial No, Maas.

O @ o

Figure 2-17  Common measurement settings pane

To access the data logger settings, click the Datalog Settings tab. To enable data
logging, you need to stop the measurement acquisition.
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4 Settings Datalog Settings

Datalog Name

Name :

Datalog Path : C:\Usgrs\kaicheah\Ducumenm
= \Keysight\BenchVue\Power
Meter\Data Logs

Common Datalogging Start

Comman Datalogging Stop

Figure 2-18  Datalog settings pane

Export the data log file
] 0 and view the recorded
a B 0 E-b Export

data in Excel

Figure 2-19  Export the data log file

b Save or load the instrument state of the current bench application in a proprietary
format with a *.state file extension.

Q H = ﬂu E-r Export

Save the instrument state Load the instrument state

Figure 2-20  Save/load the instrument state
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General Operating Information

¢ Access advanced settings such as corrections (frequency-dependent offset,
gamma, and S-parameter), alert limits, recorder output, trace/pulse duration
reference levels, input impedance, and trigger output.

For more information, refer to “Instrument Setup tab” on page 45b.

] pisplay 2

'\ Instrument Setup  ({[J Display 1

System

Mode| No : U2049XA

+ Channel Setup

Made :

Serial No : MY54480006

Normal

Chan Offset (dB) :

Frequency (Hz) :
Averaging Made :

Averaging Count :

Video Avg =
Video B/W :
~ Trace Setup
units =
X Start (s) i
X Scale {s/div) :

¥ Max (dBm}) :

Y Scale (dB/div) :

~ | Advanced

~ | Gate Setup
~ Calibration
Zero

Zero Type :

Reset Averaging

dBm
0.000
20.000 p
20.000

7.000

Cal + Zero

INT EXT

Figure 2-21

- Measurement Setup
Measurement:
Unit :
Offsets (dB) :
Relative :

Operation :

Firmware Rev : A.02.02

Chan Gate

Feed 1 1
~ ) Advanced
Alert Limits
Enable Alert
Upper Limit (dBm) =

Lower Limit (dBm) :

~ Corrections

Resource 1D TCPIPO::K-U2049XA-80006.png.is.keysight.com::inst0: :-INSTR

None

Avg

FDO... Gamma...

- Trigger Setup

Made : Cont Trig

Source : Internal
Enable Auto Level

Trigger Level (dBm) :

Delay (s) :

Slope Type :

~ | Advanced

Holdoff (s) :

Hysteresis (dB) :

Qualification (s) : 100.000 n

Input Impedance : Low

Qutput Setting :

Instrument setup (advanced settings) pane
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General Operating Information

Power meter settings in the Average only mode

Common Average only mode power measurement settings

Power Meter // U2049XA [/ K-U2049XA-B0006.png.is

‘\ Instrument Setup E Display 1 Eﬂ ELE!

4 Settings Datalog Settings

U2049XA - MY54480006

Presets...

Add a display view - | Calibration

Zero

Zero Type :
+  Channel Setup

Mode : AVG only

Frequency (Hz) : 1.000 G

Aperture (s) : 50.000 m
Chan Offset (dB) :
Duty Cycle(%) :

Averaging Mode :

Averaging Count :

Reset Averaging

+  Measurement 1 0

Unit :
Offsets {dB) =
Relative :

0.00 dBm

~ ) Trigger Setup

Mode :

l O Stop

Free Run

Start/Stop all acquisitions

Figure 2-22
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Assign a measurement to
the selected view

Power meter settings in the Average only mode
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Table 2-1

Presets

Power meter settings in the Average only mode description

ltem Description

Preset the instrument to its default values or values appropriate for measuring the communications format.
The data stored in the correction (FDO, gamma, and S-parameter) tables, the selected correction table, and the zeroing and
calibration data are not affected by a preset.

Perform a system reset.

Channel Setup

Set the channel mode to the Normal or Average Only mode.
Set the measurement frequency.
Set the aperture size.

Set the channel offset which is applied to the measured power prior to any mathematical functions. Refer to “Simplified
Measurement Path” on page 74.

Set the duty cycle.
Set the automatic or manual measurement average mode. The number of readings averaged can range from 1 to 1024.

Increasing the value of the measurement average reduces measurement noise, but increases measurement time. The
measurement average filter can also be reset. Refer to “Typical Averaged Readings” on page 75.

Calibration Auto-calibrate the U2020 X-Series without having to connect it to a power reference, or auto-zero the U2020 X-Series
internally or externally.
Internal zeroing can be performed with or without the RF/microwave signal present, while external zeroing must be performed
without any RF/microwave signal present.
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Table 2-1 Power meter settings in the Average only mode description (continued)
Measurement - Run/stop the measurement.
- Set the logarithmic (dBm) or linear (Watt) measurement unit.

- Set the measurement offset factor. The U2020 X-Series corrects every measurement by this factor to compensate for the
gain/loss.

- Enable the relative mode, which computes the measurement result relative (as a ratio) to a reference value. When enabled,
the reference value can be set using the <Rel> control. The relative reading is displayed in either dB or %.

- Measurement feed operation is not available in the Average only mode.

Trigger Setup - Set the single, free run, or continuous trigger mode. The free run mode does not allow any trigger setup.
- Set the trigger source to an external source in the single or continuous trigger mode.

- Set the delay time to be applied between the trigger event and all the gate start times. This allows you to time-shift all the
gates by the same amount with one setting change.

- Select the positive or negative slope type to determine if the trigger event is recognized on the rising or falling edge of a
signal respectively.

- Set the holdoff time to disable the trigger mechanism after a trigger event occurs.

- Set the qualification value.
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Power meter settings in the Normal mode

Common Normal mode power measurement settings Common Normal mode Trace view settings

1 Power Meter // U2049XA // K-U2049XA-80006.png|
"l

‘ A, Instrument Setup ] Display 1 (2] Displ

Power Meter /f U2049XA [/ K-U2049XA-80006.png|

‘\ Instrument Setup

4 Settings  Datalog Settings | { Settings Datalog Setti

Trace Source

U2049XA - MY54480006 Presets...

~  Calibration U2049XA - MY54480006 - Trace 1

Add a display view Assign a measurement

Y to the selected view ——

Zero Type : = Calibration

~  Channel Setup Zero

Zero Type :
Mode : Normal

Frequency (Hz) : 1 G - | Channel Setup

Chan Offset (dB} : Mode : Normal

Averaging Mode : Frequency (Hz) : 1.000G

Averaging Count : Averaging Mode : AUTO

Reset Averaging Averaging Count :

Reset Averaging
~  Measurement 1 D

Video Avg :

Unit : Video B/W :

Offsets (dB) :

- Trace Setup
Relative : o

0.00 dBm Units : dBm

Operation None X Start (s} : 0.000
Chan Type X Scale (s/div) : 20.000 p
Feed1: A =~ Avg Y Max (dBm) : 20.000

= Trigger Setup Y Scale (dB/div) : 7.000

Mnde -

O~

Run/stop all acquisitions

~ Trigger Setup

O Stop

Figure 2-23  Power meter settings in the Normal mode
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Table 2-2 Power meter settings in the Normal mode description

ltem Description

Presets - Preset the instrument to its default values or values appropriate for measuring the communications format.
The data stored in the correction (FDO, gamma, and S-parameter) tables, the selected correction table, and the zeroing and
calibration data are not affected by a preset.
- Perform a system reset.
Channel Setup - Set the channel mode to the Normal or Average Only mode.
- Set the measurement frequency.
- Set the channel offset which is applied to the measured power prior to any mathematical functions. Refer to “Simplified
Measurement Path” on page 74.
- Set the automatic or manual measurement average mode. The number of readings averaged can range from 1 to 1024.
Increasing the value of the measurement average reduces measurement noise, but increases measurement time. The
measurement average filter can also be reset. Refer to “Typical Averaged Readings” on page 75.
Calibration Auto-calibrate the U2020 X-Series without having to connect it to a power reference, or auto-zero the U2020 X-Series
internally or externally.
Internal zeroing can be performed with or without the RF/microwave signal present, while external zeroing must be performed
without any RF/microwave signal present.
Measurement - Run/stop the measurement.

Set the logarithmic (dBm) or linear (Watt) measurement unit.

Set the measurement offset factor. The U2020 X-Series corrects every measurement by this factor to compensate for the
gain/loss.

Enable the relative mode, which computes the measurement result relative (as a ratio) to a reference value. When enabled,
the reference value can be set using the <Rel> control. The relative reading is displayed in either dB or %.

Enable the difference or ratio measurement, or disable all operations between feed 1 and feed 2.

Configure the gate and acquired measurement type for the feed.
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Table 2-2 Power meter settings in the Normal mode description (continued)

ltem Description

Trigger Setup

Channel Setup
(in the Trace view)

Trace Setup

Trigger Setup
(in the Trace view)

Set the single, free run, or continuous trigger mode. The free run mode does not allow any trigger setup.
Set the trigger source to an internal or external source.
Enable auto level or manually set the trigger level for the internal trigger source.

Set the delay time to be applied between the trigger event and all the gate start times. This allows you to time-shift all the
gates by the same amount with one setting change.

Select the positive or negative slope type to determine if the trigger event is recognized on the rising or falling edge of a
signal respectively.

Set the holdoff time to disable the trigger mechanism after a trigger event occurs.

Set the hysteresis to help generate a more stable trigger by preventing triggering unless the RF power level achieves the
trigger level and the additional hysteresis value. It can be applied to both rising and falling edge trigger generation.
Hysteresis is only available for the internal trigger source and manual trigger level.

Set the qualification value.

Set the video averaging to average repetitions of a triggered signal, with a count of 1 to 256 in multiples of 2". With video
averaging, the average of a number of acquisitions is calculated to smooth the displayed trace and reduce apparent noise.
The measurement requires a continuously repeating signal.

Set the video bandwidth.

The Low, Medium, and High pass band shapes achieved by the video bandwidth settings provide flat filter responses with
very sharp cut-off points by applying digital signal processing techniques to ensure accurate power measurement within
the specified band.

When the video bandwidth is set to Off, it removes all digital signal conditioning. This provides less than 3 dB roll-off?) and
is best suited for capturing an accurate trace, minimizing overshoot, and removing any ringing effects caused by the sharp
cut-off filters used in the Low, Med, and High settings. Refer to “Bandwidth Filter Shapes” on page 77.

Set the trace unit, start time, X-axis scale, Y-axis maximum value, and Y-axis scale.

Select to enable trace for the single and continuous trigger modes.

[a] When the U2020 X-Series frequency is set to >300 MHz.
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Instrument Setup tab

This tab provides you an option to configure additional instrument settings for your
measurements as described in Table 2-3.

A, mstrumentSetup [ Display 1 ) Display 2

System

Model No : U2049%A  Serial No : MY54480006 Firmware Rev : A.02.02 Resource ID : TCPIPO::K-U2049XA-80006.png.is.keysight.com::inst0: :INSTR. Presats...

oHIPPY ¥

+ Channel Setup

Mode : Normal
Chan Offset (dB) :

Frequency (Hz) :

Averaging Made :

Averaging Count :

- Measurement Setup
Measurement:
Unit =
Offsets (dB) :
Relative :

Operation : None

- Trigger Setup

Mo Cont Trig

Source = Internal
Enable Auto Level

Trigger Level {dBm) :

Delay (s) =

Reset Averaging Chan  Gate Type Slope Type :

. Feed 1 1+ Av = )
Video Avg : 9 Advanced
~ | Advanced v

Video B/W : ; g Holdoff (&) :
(e ARl Hysteresis (dB) :

ATPCREn Enable Alert

Qualification 100.000 n

Units * dBm Upper Limit {(dBm) :
Input Impedance :

X Start () : 0.000 Lower Limit (dBm) :

Output Satting :
X Scale (s/div) : 20.000 p
¥ Max (dBm) = 20.000
¥ Scale (dB/div) : 7.000

~  Advanced

~ ) Gate Satup

~ Calibration ~ Corrections

Zero FDO... Gamma... S-Param...

Zero Type :

Figure 2-24  Instrument Setup tab
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Table 2-3 Additional Instrument Setup tab settings description

ltem Available settings

Advanced:

- Set the trace reference levels to be used in the calculation of transition durations and occurrences. This allows

Trace Setup transition measurements between non-standard reference levels.
- Set the trace reference level to be used in the calculation of pulse durations. This allows pulse duration measurements
between non-standard reference levels.
Set the gate start time and length.
The gate start time is relative to the trigger event. Positive values set a measurement gate to a maximum time of 1 second
Gate Setup . . . . .
after the trigger. Negative values set a measurement gate to a maximum time of 1 second before the trigger.
Refer to “Measurement Gates” on page 78 for more information.
- Set the frequency-dependent offset (FDO) which compensates for frequency-related changes in the response of your
test system. The BenchVue Power Meter application can store 10 FDO tables with 512 frequency points each.
Corrections - Set the gamma and S-parameter corrections. The BenchVue Power Meter application can store 10 gamma/S-parameter
tables with 1024 magnitude-phase pairs each. Also refer to “Simplified Measurement Path” on page 74 for the above
corrections.
Advanced:
Measurement Setup Enable alerts to detect when a measurement has crossed over a predefined upper and/or lower limit value. Refer to “Limit
Checking Application Example” on page 79 for more information.
Advanced:
- Set the input impedance for the external TTL trigger to Low (50 €2) or High (100 kQ).
Trigger Setup

- Enable the trigger output where a TTL level high is produced at the Trig Out connector when the U2020 X-Series is
triggered.

- Enable the 10 MHz timebase.

Additional Instruments

View all connected instruments and select any instrument to use on the BenchVue Power Meter application. You can
connect up to 15 instruments per BenchVue Power Meter application.
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General Operating Information 2

Icon  Function Icon  Function
== Connect to the U2020 X-Series. Create a new Complementary Cumulative
Distribution Function (CCDF) graph display view
Disconnect the U2020 X-Series. oranew gated CCDF graph dlsplay VieW[a].
CCDF curves characterize the higher level power
) statistics of a digitally modulated signal, and are
Open any CSV-supported files. defined by how much time the waveform spends
'?\:' at or above a given power level.
Save measurement data as a CSV-supported file. "~ CCDFis applicable in the free-run, internal
trigger, and external trigger modes.
Preview a screenshot of the application prior to Gated CCDF is applicable in the internal trigger
printing. and external trigger modes only.
You can view traces for Channel A, Gaussian, and
Print a screenshot of the application. Reference.
[
fSsze a screenshot of the application as an image TR Create a new overlay graph display viewlal

Start the acquisition of all measurements on
created tabs/views.

Create a multilist display viewtl,

Stop the acquisition of all measurements on
created tabs/views.

el M

Remove the currently selected view from the
application.

Record and save measurement data in a
CSV-supported file.

Remove the currently selected tab (including the
views in the tab).

Create a new soft panel display viewt,

Provide application options and settings
configuration.

Create a new gauge display view®.

Display the alert summary dialog.

o

Create a new strip chart display view?.

=
o

OB ®% Gl ELI

|

Switch between compact mode and full mode
display.

[[I[} Create anew trace graph display view®.

@ Ig@?f L

Provide quick access to the help documentation.

[a] When this icon is selected, corresponding function icons will appear on the toolbar. Refer to the Power Analyzer help documentation for

details.
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Instrument Properties Toolbar Functions

Icon  Function

Offer a list of preset options for the U2020 X-Series properties settings. The data stored in the FDO tables, the selected
FDO table, and the zeroing and calibration data are not affected by a preset.

B Save the U2020 X-Series states.

j Recall any saved U2020 X-Series states.

_i ~ Display the error list.

LS Reset the U2020 X-Series to its default settings.

Set the frequency-dependent offset (FDO) (refer to Simplified measurement path) which compensates for

frequency-related changes in the response of your test system. The U2020 X-Series can store 10 FDO tables with 512
frequency points each.
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Function Settings

Auto-calibration and auto-zeroing

Calibration + Zero
Channel A

Calibration + Zero |

Auto-calibrate the U2020 X-Series without having to connect it to a power
reference, or auto-zero the U2020 X-Series with or without the RF/microwave
signal present.

Zeroing is recommended:

- when connection to the U2020 X-Series is established.
- every 24 hours.

- prior to measuring low-level signals.

The U2020 X-Series will perform auto-zeroing and auto-calibration every time it is
powered up.
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General Operating Information

System-related function

System Description

Fimware Rev. :  A.03.00
Model No. : U2021XA

Resource ID : USBO:: 00857
(e 7F18:hg5217
0015:0:INSTR

Serial No. : HQ52170015

System Settings

Display the system information (firmware revision, model number, instrument
identity, and serial number) of the U2020 X-Series.
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Channel setup functions

Sensor
Model Mo, :  U2021XA

-

Channel Settings

[

Chan Offset (dB) : |0.000

]

Frequency (Hz) : 50.000 M
Trace
Uniits @ dBm () Watt

f

Trace Start (z) 0.000
Trace Length (s) - 100.000 u

Measurement Average

Msr Avg Mode : | AUTO hd
®_ Msr Avg Court : | 256

[ Reset Mar Avg l

(:) Video BAW : D

OFF o L M H
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No. Function

1 Set the channel offset which is applied to the measured power prior to any mathematical functions.
Simplified measurement path

> —>| Measurement 1 I
E
'_? —PI Measurement 2 I
e
Channel I &
— —4»| FDO || offset I g —>| Measurement 3 I
5
[7]
é —>| Measurement 4

2 Set the measurement frequency.

3 Set the trace unit, start time, and length.

4 Set the automatic or manual measurement average mode. The number of readings averaged can range from 1 to 1024.
Increasing the value of the measurement average reduces measurement noise, but increases measurement time. The
measurement average filter can also be reset.

Below shows the typical number of averages for each range and resolution when the U2020 X-Series is in the
auto-average mode and set to the normal speed mode.
Resolution setting
Minimum power 1 2 3 4
A 64 512 512 512 A
-30dBm - ---F----- e e e e e m e o - - - =z
w :
o 4 64 256 512 3
§ -20dBm - --=-f---------c--c-c-c------- 3
© ¢ 1 16 64 512 °
£ | ) A o
< <
g I 1 4 16 32 o
o 0dBm =----F-----mmmmm e e e mmm - a
1 1 2 16 e
v +20 dBm L v
Maximum power
The four resolution levels represent:
- 1,0.1,0.01, 0.001 dB respectively if the measurement suffix is dBm or dB.
- 1,2, 3, or 4 significant digits respectively if the measurement suffix is W or %.
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No. Function

5 Enable step detection in both manual and automatic average modes. The filter can be set to re-initialize upon detection
of a step increase or decrease in the measured power to reduce the filter settling time after a significant step in the
measured power.

6 Set the video averaging to average repetitions of a triggered signal, with a count of 1 to 256 in multiples of 2". With
video averaging, the average of a number of acquisitions is calculated to smooth the displayed trace and reduce
apparent noise. The measurement requires a continuously repeating signal.

7 Set the video bandwidth.
The Low, Medium, and High pass band shapes achieved by the video bandwidth settings provide flat filter responses
with very sharp cut-off points by applying digital signal processing techniques to ensure accurate power measurement
within the specified band.
When the video bandwidth is set to Off, it removes all digital signal conditioning. This provides less than 3 dB roll-off at
>500 MHz, and is best suited for capturing an accurate trace, minimizing overshoot, and removing any ringing effects
caused by the sharp cut-off filters used in the Low, Med, and High settings.

Bandwidth filter shapes (for >500 MHz)

Amplitude

<-3dB- —

5MHz 15 MHz 30 MHz Frequency
Bandwidth
setting J_LOW | | |
Med | |
High | ' |
1 4
Off

!
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Measurement gates

A measurement gate allows measurements to be performed on particular sections
of the input signal. The gate is defined by a start time relative to the trigger instant
and a duration. Signal samples acquired during the time interval specified by the
gate are used for the measurements in that gate. A system of up to four
independent gates is provided.

Below is an example of a 4-gate setup to perform the following measurements
simultaneously:

Average power level of the pulse Gate 1, average measurement

Average “off” power level ahead of the pulse Gate 2, average measurement
Peak-to-average ratio Gate 1, peak-to-average measurement
Pulse droop Gate 3, average measurement, minus Gate 4,

average measurement

Gate 3 Gate 4
—> | ) e
Trigger
Gate 2 -
—» |e— Gate 1
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Measurement gate functions

@_

@7

@7

=]

Gate Setup

Gate 1 Start (s):  0.000
Length (g): 100.000u

Gate 2 Start (s):  0.000
Length (s): 0.000

Gate 3 Start (s):  0.000
Length {s): 0.000

Gate 4 Start () :  0.000
Length (s): 0.000

CCDF Gate Setup

Gate Start (3) : 0.000
Length (g): 100.000u

General Operating Information

2

No. Function

1 Enable Gate is always checked and grayed out.

Set the gate start time and length.

2 The gate start time is relative to the trigger event. Positive values set a measurement gate, to a maximum time of

1 second, after the trigger. Negative values set a measurement gate, to a maximum time of 1 second, before the trigger.

The CCDF gate does not allow a gate start time before the trigger event. For this reason, it has a separate definition and
3 control section in the menu. For greater usability, any of the standard gates can be coupled to the CCDF gate (start time

and length are shared).
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Trigger functions

Channel A Trigger Status

@_

@ Single Trig ") Free Run
() Cont Trig

[] Trace Enable [] Auto Delay

i

Global Trigger Source
@ Channel A
) Extemal

Global Trigger Settings
Enable Auto Level

Trigger Level (dBm): (0.0

Delay (s) : 0.000

® ©

® @0 @

Trigger Settings

= Slope Type : MNegative E]

Holdoff (s) : 1.000u
Hysteresis (dB) : 0.00
Input Impedance : () Low @ High

[] Enable Trigger Output

[ Enable 10MHz TimeBase 4@

[] Enable Video Output

No.  Function
1 Set the single, free run, or continuous trigger mode. Select to enable trace and auto trigger delay for the single and
continuous trigger modes. For the free run mode, only auto trigger delay can be enabled.
2 Set the global trigger source to channel A or an external source.
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No. Function

Enable auto level or manually set the trigger level if the channel A global trigger source is selected.

3 Set the delay time to be applied between the trigger event and all the gate start times. This allows you to time-shift all
the gates by the same amount with one setting change.

Select the positive or negative slope type to determine if the trigger event is recognized on the rising or falling edge of a
signal respectively.

5 Set the holdoff time to disable the trigger mechanism after a trigger event occurs.

Set the hysteresis to help generate a more stable trigger by preventing triggering unless the RF power level achieves the
6 trigger level and the additional hysteresis value. It can be applied to both rising and falling edge trigger generation.

Hysteresis is only available for the channel A global trigger source and manual trigger level.
7 Set the input impedance for the external TTL trigger to Low (50 €) or High (100 kQ).
Enable the trigger output where a TTL level high is produced at the Trig Out connector when the U2020 X-Series is
triggered.’?
9 Enable the 10 MHz timebase.[")

Enable the video output which provides a DC voltage proportional to the measured input power through an SMB

10
connector."]

[a] You can only enable either the trigger output or the 10 MHz timebase or the video output at a time.
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Measurement functions

Measurement Settings
Msr Unit : @ dBm () Watt

[] Cffsets (dE) 0.000

[T Relative : | m=1 :..::E-‘-_@

Operation
@ Mo Combination

T

) Difference
) Ratio
Feed 1
Channel : Gate :  Type
2 Peak
3 Pk_To_Avg
4 Min
Channel : E Type :
Channel A 1 Average
2 Peak
3 Pk_To_Awva
14 | Min
Alert Limits
[7] Enable Alert

Upper Limit (dBm) : | 50.000
Lower Limit (dBm) : |-30.000

Recorder Output
[7] Enable Qutpit

Max Power {dBm) . |20.000
Min Power (dBm) : |-150.000

[ T
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No. Function

1 Set the logarithmic (dBm) or linear (Watt) measurement unit for the currently selected measurement.

2 Set the measurement offset factor. The U2020 X-Series corrects every measurement by this factor to compensate for
the gain/loss.

3 Enable the relative mode, which computes the measurement result relative (as a ratio) to a reference value. When
enabled, the reference value can be set using the <Rel> control. The relative reading is displayed in either dB or %.

4 Enable the difference or ratio measurement, or disable all operations between feed 1 and feed 2.

5 Configure the gate and acquired measurement type for the feed.
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No. Function

6 Enable alerts to detect when a measurement has crossed over a predefined upper and/or lower limit value.

Below shows an example of a limits checking application.

Swept source Device-under-test

U2020

out Outl X-Series
l J —

|

[ e—
Z—

————— )

The limits have been set at +4 dBm and +10 dBm for the above application. A fail occurs each time the output power is

outside these limits as shown below.

Amplitude
A Upper limit line
Fail /
s10dBp— — — —°— — 2 - -
o o
0 Lower limit line
o
o
+4dBm— — — — — — — - -
o
Fail
p Frequency
Table 2-4 Range of values for limits
Unit Maximum Minimum Default maximum Default minimum
dB +200 dB -180dB 60 dB -120dB
dBm +230 dBm -150 dBm 90 dBm -90 dBm
% 10.0 2% 100.0 a% 100.0 M% 100.0 p%
W 100.000 EW 1.000 aW 1.000 MW 1.000 pW
7 Enable the recorder output which produces a DC voltage (0 to 1 VDC) that corresponds to the power level in Watts of

the channel. The output impedance is typically 1 k2 . Channel and display offsets have no effect on the recorder output.
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U2020 X-Series Features

List mode

List mode is a mode of operation where a predefined sequence of measurement
steps can be programmed into the power sensor and repeatedly executed as
many times as required. This mode is suitable for power and frequency sweeps
which normally require changing the parameters via the appropriate SCPI
commands before performing a measurement. The hardware handshaking
communication between the power sensor and the signal source provides the
fastest possible execution time in performing the test sequences.

Trigger and gating parameters control which part of the waveform to be included
or excluded from the measurement. The list mode helps to analyze modulated
signals with regular and time-slotted or frame structure. For example, eight
time-slotted GSM bursts, LTE-FDD and LTE-TDD frames and sub-frames,
WCDMA frames and slots, and time-slotted measurements are supported in this
mode. The desired number of slots and their duration and exclusion intervals can
be easily programmed.

Refer to the U2020 X-Series Programming Guide for more information.

Variable aperture size

In average only mode and at normal measurement speed, the time interval length
used to measure the average power of the signal can be adjusted by setting the
aperture size to between 125 us and 200 ms. This is useful for CW signals and
noise-like modulated signals such as FDD-LTE and WCDMA by performing
measurements over the full frames or sub-frames.

Decreasing the aperture size will improve the measurement throughput but
reduce the signal-to-noise ratio of the measured signal. However, increasing the
aperture size will improve the signal-to-noise ratio of the measured signal but
reduce the measurement throughput.
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Table 2-5 Aperture size
Measurement speed Default aperture size Adjustable
NORMal 50 ms Yes
DOUBLle 26 ms No
FAST 2ms No

Average only mode external trigger

The U2020 X-Series also supports an external trigger in the average only mode.
The external trigger can be used to synchronize noise-like modulated signals with
the average measurement. By adjusting the aperture size and trigger delay, there
is mare control on which part of the waveform is being measured. This feature
complements the time-gated function of the normal mode (peak mode) by
offering a wider power range and a faster measurement speed but without the
trace display.

SENS :SWE : APER <125ms to 200ms>
| |

[ |
TRIG:DEL <O to 1s>

%

A A A A A A

Ext. trigger in

Figure 2-25 Average only mode external trigger
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Auto burst detection

Auto burst detection helps the measurement setup of the trace or gate positions
and sizes, and triggering parameters on a large variety of complex modulated
signals by synchronizing to the RF bursts. After a successful auto-scaling, the
triggering parameters such as the trigger level, delay, and hold-off are
automatically adjusted for optimum operation. The trace settings are also
adjusted to align the RF burst to the center of the trace display.

20-pulse measurements

The U2020 X-Series can measure up to 20 pulses. The measurement of radar
pulse timing characteristics is greatly simplified and accelerated by performing
analysis simultaneously on up to 20 pulses within a single capture. Individual
pulse duration, period, duty cycle and separation, positive or negative transition
duration, and time (relative to the delayed trigger point) are measured. The pulse
parameters of these 20 pulses in a single capture can be queried through SCPI
codes using the TRACe :MEASurement : PULSe[1-20] and
TRACEe:MEASurement : TRANsition[1-20] commands. For example,

TRAC:MEAS : TRAN20: POS : DUR? will return the 20th positive transition duration
(rise time) found within the capture.

TRAC:MEAS:TRAN1:POS:DUR?

(rise time of 1st pulse) TRAC :MEAS : TRAN : NEG : DUR?

(all time of 1st pulse)

\

TRAC:MEAS:PULS1:DUR?
(pulse duration of 1st pulse)

Figure 2-26 Pulsed radar analysis - 1st pulse
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TRAC:MEAS:TRAN20@:POS :DUR?

(rise time of 20th pulse) TRAC :MEAS : TRAN20 :NEG: DUR?

(fall time of 20th pulse)

\

TRAC:MEAS :PULS20:DUR?
(pulse duration of 20th pulse)

Figure 2-27 Pulsed radar analysis - 20th pulse

Refer to the U2020 X-Series Programming Guide for more information.

High average count reset

When high averaging factors have been set, any rapid adjustments to the
amplitude of the measured signal will be delayed due to the need to allow the
averaging filter to fill before a new measurement can be taken at a stable power
level. The U2020 X-Series allows you to reset the long filter after the final
adjustment to the signal's amplitude has been made.
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Gamma correction

The Gamma correction function is only available in U2020 X-Series power
sensors with firmware version A.04.04 and above.

U2020 X-Series
I #0

d
| L —

=" U2020 X-Series
DUT

r Tpur

Figure 2-28 Device-Under-Test (DUT) to U2020 X-Series connection
diagram

In a realistic measurement environment, the DUT impedance or the reference
impedance (Z,) is not equal to the U2020 X-Series impedance. The mismatch in

impedance values causes a portion of the signal voltage to be reflected. This is
quantified by the reflection coefficient, or Gamma (I). A portion of the incident
power to the U2020 X-Series, P;, is reflected back to the DUT as P,. The remaining

power, Py, gets delivered to the U2020 X-Series. A generic DUT will reflect part of
P, back to the U2020 X-Series, and the reflected portion will be superimposed
onto P;. The nominal power, P, (the power generated after factoring in Z,) may
be calculated as follows:

2
Po = P|1-Tpyrl

Gamma correction compensates for impedance mismatch via two options, which
are Single Point Gamma and Table-Based Gamma.

Keysight U2020 X-Series User’s Guide 65



2

General Operating Information

Single Point Gamma

Single Point Gamma correction is used when you have a known and constant
frequency, so a single Gamma value can be used for calculation. The value for
I'pyt may be entered as a Single Point Gamma which may be applied across all
measurement frequencies in the U2020 X-Series operating range. You may input
the value for GDUT directly into the U2020 X-Series via SCPI commands in the
magnitude-phase format.

Table-Based Gamma

Table-Based Gamma is used when there are multiple known frequencies, leading
to multiple Gamma values. This option supports a list of up to 1024 measurement
frequency values. You may load the values in table form directly into the U2020
X-Series via SCPI commands as a Gamma table to be used for calculation.

The U2020 X-Series supports up to 10 Gamma tables that are retained across
reset and power cycles.

The T' values for factory calibration frequencies within the U2020 X-Series
operating range are already pre-loaded in the U2020 X-Series. These I'| values
are retained across reset and power cycles.

- The *OPT? query will return the option string “GAM” for U2020 X-Series
power sensors that have been pre-loaded with T'| values. U2020 X-Series
power sensors that were shipped before the introduction of Gamma
correction have no pre-loaded I'| values.

- For more details on SCPI commands, refer to the U2020 X-Series
Programming Guide.
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S-Parameter correction

The S-Parameter correction function is only available in U2020 X-Series power
sensors with firmware version A.04.04 and above.

o R

/ \. Port1 Port 2
Sx
bpyr =—p ? —p w
FDUT #0 S11 S22
- O S12 %

Figure 2-29 Non-ideal 2-port device

A DUT that has n number of ports has n? S-Parameters. These S-Parameters
represent reflected energy which interferes with the power measurements. These
errors are usually caused by additional components such as attenuators,
adapters, or matching pads, which are inserted between the DUT and the U2020
X-Series. Typically, DUTs are non-ideal, as illustrated in Figure 2-29. When power
is transmitted from the DUT, the U2020 X-Series will reflect a part of its incident
wave back to the 2-port device. The 2-port device will reflect this wave back to
the U2020 X-Series. The power from the DUT may therefore be calculated as
follows:

(1=S5¢1Tpyp) (1 =Spl'))
bpyr = by S, =SqppyrlL

This feature enables you to correct for the effect of 2-port devices in your test
setup. You may load the values in table form directly into the U2020 X-Series via
SCPI commands as an S-Parameter table to be used for calculation.

The U2020 X-Series supports up to 10 S-Parameter tables that are retained
across reset and power cycles.

- For more details on SCPI commands, refer to the U2020 X-Series
Programming Guide.
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Tilt measurement

Tilt measurement is used to measure the amount of tilted droop (Ap) of the input
signal as shown in Figure 2-30.

Am

Figure 2-30 Tilt measurement graph

Pulse amplitude, Ay

The pulse amplitude quantity is determined by the intersection of a line passing
through the points on the rising edge, where the instantaneous value reaches 10%
and 90% of Ay, and a straight line that is the best least-squares fit to the pulse in

the pulse-top region.

Trailing edge (last transition) amplitude, At

The trailing edge amplitude quantity is determined by the intersection of a line
passing through the points on the falling edge where the instantaneous value
reaches 90% and 10% of Ay, and the straight-line segment fitted to the top of the

pulse in determining Ay.
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Tilt, Ap

Tilt is the difference between Ay, and Ar. It is expressed in percentage of Ay or in
dB.

Ay —A
TILT(%) = MA T %100
M

A
TILT(dB) = 10 x logm(A—M)
5
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Keysight U2020 X-Series USB Peak Power Sensors
User’s Guide

Specifications and
Characteristics

For the characteristics and specifications of the U2020 X- Series USB peak and
average power sensorsUSB Peak Power Sensors, refer to the datasheet at
http://literature.cdn.keysight.com/litweb/pdf/5991-0310EN.pdf
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