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N5T186A MXG Signal Generator and X-Series Signal Analyzer

Measurement Guide

1 Basic Measurements

— “Equipment Setup” on page 9

— “Setting Up Triggers on the Signal Analyzer” on page 10

— “Making Measurements” on page 11
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“Using Multifunction Generator Option 303” on page 41



Overview

Basic Measurements
Overview

Keysight’'s N5186A MXG is optimized to be your ideal signal generator with the
outstanding performance you desire, all in one easy-to-use box capable of
signal generation up to 8.5 GHz with 960 MHz of modulation bandwidth per
channel.

The measurement examples use an X-Series Signal Analyzer to view the
results. For information on using the Signal Analyzer multi-touch user
interface, refer to the Online Help.

Please refer to the MXG data sheet and signal analyzer data sheet to
ensure your measurement setup has adequate power.

https://www.keysight.com/us/en/product/N5186A/N5186A.html

The software versions used in this measurement guide are:

— MXG: A.13.01
— Signal Analyzer/N9063EMOE: Version 2021 A.31.xx or later
— 89601 VSA: Version 2019

N5186A MXG and X-Series SA Measurement Guide
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Equipment Setup

Equipment Setup

— Nb186A front panel RF 1 Out to N9032B front panel RF In
— Nb5186A rear panel Event 2 to N9032B rear panel Trig 1 In
— Nb5T86A rear panel Ref Out to N9032B rear panel Ext Ref In

N5186A
(front panel)

RF 1 Out

X-Series Signal Analyzer
(front panel)

N90428B, N9O41B, N904OB,
N90328B, N9O30B, or N90218

RF In

+ Event 2

o loodd

. 00000000

)

N5186A
(rear panel)

Ext Ref In

X-Series Signal Analyzer
(rear panel)

N9042B, N9041B, N9O4OB,
N9032B, N9O30B, or N9021B

Trigger 1 In
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Basic Measurements
Setting Up Triggers on the Signal Analyzer

Setting Up Triggers on the Signal Analyzer

1. From the Signal Analyzer Menu Panel (on the top right of the display),
select Mode/Meas > Spectrum Analyzer mode.

If accessing the instrument via a Remote Desktop connection, select the
NOTE Screen tab (at the top of the display) to open the

Mode/Measurement/View Selector window.

2. Select Mode Preset to set Spectrum Analyzer mode to a known state.

3. From the dropdown on the top right, select Trigger and set Trigger Source
to Free Run.

ﬁ Trigger

Select Tng Source

Free Run v

| Gate
Source

Gate
Video Setlings
Line
External 1 Holdoff
External 2
RF Burst
Periodic

v
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Basic Measurements
Making Measurements

Making Measurements

Creating a Continuous Waveform (CW)
This procedure will demonstrate the amplitude and frequency accuracy of the
MXG.

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer” on page 10.

Using the graphical user interface

On the MXG:

1. Select Preset > Preset to set the instrument to a known state.

2. In the Output area, set Frequency to 1 GHz and Power to 0 dBm.
These values are coupled to CW Frequency and Total Power (RMS) in the
corresponding RF Output Block.

1.00000000000 GHz

0.00 dBm

3. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

4. For multi-channel instruments only: In the top right corner of the display,
set RF Out (All) to On by selecting the switch.

RF Out (All)

In order to turn on RF for any channel, both the RF Out for the specific
channel (for example, Channel 1 or Channel 2), and RF Out All must be
turned on.

On the Signal Analyzer:

1. Select Mode Preset to set Spectrum Analyzer mode to a known state.

N5186A MXG and X-Series SA Measurement Guide 11
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Basic Measurements
Making Measurements

2. From the Menu Panel, select Frequency and set Center Frequency to

1 GHz and Span to 1 MHz.
3. Select Peak Search.

Observe the accuracy of the amplitude and frequency of the signal.

KEYSIGHT |Input:RF Input Z: 50 Q Atten: 10 dB PNO: Balanced
Coupling: DC Cormections: Off Preamp: Off Gate: Off
= lalign: Off Freq Ref: Int (S) W Path- Standard  IF Gain- Low
NFE: Adaptive Source: Off Sig Track: Off

1 Spectrum v
Scale/Div 10 dB Ref Level 0.00 dBm

1

Center 1.0000000 GHz Video BW 9.1 kHz
Res BW 9.1 kHz

On the MXG:
1. Set Output 1 Power to -90 dBm.
2. Ensure that RF OQut is On.

On the Signal Analyzer:

Avg Type: Log-Power 1|2 4
Trig: Free Run

Mkr1 1.000 000 GHz
-0.02 dBm

Span 1.000 MHz|
Sweep 1.00 ms (1001 pts)

1. Select Amplitude and set Ref Level to =70 dBm and Scale/Div 5 dB.

2. Select BW and set Video BW to 300 Hz.
3. Select Peak Search.

N5186A MXG and X-Series SA Measurement Guide
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Making Measurements

Observe the frequency and amplitude accuracy of the MXG at low power
levels.

On the MXG:
1. Set Frequency to 8 GHz and Power to 0 dBm.

On the Signal Analyzer:
1. Select Frequency and set Center Frequency to 8 GHz.

2. Select Amplitude and set Ref Level to 0 dBm and Scale/Div to
10 dB.

3. Select BW > Video BW and set to Auto.
4. Select Peak Search.

N5186A MXG and X-Series SA Measurement Guide 13
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Basic Measurements
Making Measurements

KEYSIGHT
[rel

Ref Lovel 000 dBm
y

 Video BWO.1kHz

Observe the frequency and amplitude accuracy at higher frequency levels.

N5186A MXG and X-Series SA Measurement Guide



Basic Measurements
Making Measurements

Using the equivalent SCPI commands
Creating a CW signal on Channel 1.

On the MXG:

SYSTem: PRESet

RF1:FREQuency:CW 1GHZ

RF1:POWer:AMPLitude 0dBm
RF1:0UTPut:STATe ON

For multi-channel instruments, set RF Out (all) to On.

RFAL1 :OUTPut ON

On the Signal Analyzer:
FREQuency:CENTer 1GHZ
FREQuency:SPAN 1MHZ

CALCulate:MARKerl :MAXimum

On the MXG:
RF1:FREQuency:CW 1GHZ

RF1:POWer:AMPLitude -90dBm

RF1:0UTPut:STATe ON

On the Signal Analyzer:
DISPlay:WINDowl:TRACe:Y:RLEVel -70

DISPlay:WINDowl:TRACe:Y:PDIVision 5
BWIDth:VIDeo 300Hz
CALCulate:MARKerl :MAXimum

On the MXG:

RF1:FREQuency:CW 8GHZ
RF1:POWer:AMPLitude 0dBm

On the Signal Analyzer:
FREQuency:CENTer 8GHZ
DISPlay:WINDowl:TRACe:Y:RLEVel O
DISPlay:WINDowl:TRACe:Y:PDIVision 10
BANDwidth:VIDeo:AUTO ON

CALCulate:MARKerl :MAXimum

N5186A MXG and X-Series SA Measurement Guide
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Making Measurements

Setting Up Amplitude Modulation

The MXG must have the E7642APPC PathWave Signal Generation for 1Q
Based AM, FM, and Phase license installed.

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer” on page 10.

Follow the steps below for AM analog modulation using the internal I/Q
modulation source.

Using the graphical user interface

On the MXG:
1. Select Preset > Preset to set the instrument to a known state.

2. Set Frequency to 6 GHz and Amplitude to 0 dBm.

6.000 000 000 000 00 GHz

3. Select the Signal block.

' Group 1: Signals
File None selected

N5186A MXG and X-Series SA Measurement Guide



Basic Measurements
Making Measurements

4. From the Mode dropdown, select Analog Modulation.

— @ @ > Group 1: Signal Setup

General _ .
Enable Mode Signal Attenuation

Analog Modulation 0dB

Analog Modulation

Trigges Frequency Offset

0 Hz

Reset Phase Accumulator

5. Select the Analog Modulation tab and set:
a. Modulation Type to AM.
b. Waveform to Sine.

. Rate to 100 kHz.

. Depth to 50%.

o 0O

@ > Group 1: Signal Setup

General Modulation Type Rate
AM 100.000 0 kHz

Analog Modulation

Trigger Waveform Depth

Sine 50.0 %

N5186A MXG and X-Series SA Measurement Guide 17
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Basic Measurements
Making Measurements

6. Select the General tab > Enable.

— O @ > Group 1: Signal Setup

General . Enable Mode Signal Attenuation

Bislog Modulgtion Analog Modulation 0dB

Trigger Frequency Offset

0 Hz

Reset Phase Accumulator

Selecting Enable automatically turns on both Output Modulation and
Internal I/Q Modulation as displayed in the Output Modulation block.

. Output Mod

7. Close the Vector Modulation Signal Setup by selecting the Home icon at
the top of the display.

lJlI S Group 1: Signal Summary > Signal 1: Setup

8. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

On the Signal Analyzer:
1. Select Mode Preset to set Spectrum Analyzer mode to a known state.

2. Select Frequency and set Center Frequency to 6 GHz and Span to
500 kHz.

N5186A MXG and X-Series SA Measurement Guide
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Making Measurements

3. Select BW and set Res BW to 100 Hz.

KEYSIGHT Input RF Input Z: 50 O Atten: 10 dB PNO: Best Close  |Avg Type: Log-Power 2 4
Coupling: DC Corr CCorr RCal Preamp: Off Gate: Off Trig: Free Run W
@ Align: Light Freq Ref: Int (S) pW Path: Standard IF Gain: Auto
NFE: Adaptive Source: Off Sig Track: Off A

1 Spectrum v

Scale/Div 10 dB Ref Level 0.00 dBm

Center 6.0000000 GHz Video BW 100 Hz
#Res BW 100 Hz

Span 500.0 kHz
Sweepn (FET) ~111 ms (1001 bis)

4, Select Peak Search.

Use markers to measure sideband power relative to the center frequency

by selecting Marker Delta. Select Next Pk Right until the second marker is
at the next highest peak.

The Delta Marker should be approximately -12 dB for 50% AM.

r‘.Spec.‘.tmm Analyzer 1
Swept SA d +

KEYSIGHT /nput RF Input Z: 50 O Atten: 10 dB PNO: Best Close | Avg Type: Log-Power 2 4
Coupling: DC Corr CCorr RCal Preamp: Off Gate: Off Trig: Free Run
[:) Align: Light Freq Ref: Int (S)  |pW Path: Standard IF Gain: Auto W
NFE: Adaptive Source: Off Sig Track: Off NNNNNN

1 Spectrum v AMkr1 100.0 kHz
Scale/Div 10 dB Ref Level of(o dBm -12.05 dB
2

Center 6.0000000 GHz Video BW 100 Hz
#Res BW 100 Hz.

Span 500.0 kHz,
Sweep (FFT) ~111. ms (1001 pis)

N5186A MXG and X-Series SA Measurement Guide 19
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Basic Measurements
Making Measurements

Using the equivalent SCPI commands

On The MXG:

SYSTem: PRESet
RF1:FREQuency:CW 6GHZ
RF1:POWer:AMPLitude 0dBm
SIGNal:MODE AMODulation
SIGNall:AMODulation:TYPE AM
SIGNall:AM:SHAPe SINE
SIGNall:AM:FREQuency 100KHZ
SIGNall:AM 50

SIGNall ON

RF1:0UTPut:STATe ON

For multi-channel instruments, set RF Out (all) to On.

RFALL :OUTPut ON

On the Signal Analyzer:

FREQuency:CENTer 6GHZ

FREQuency:SPAN 500KHZ

BANDwidth 100 Hz

CALCulate:MARKerl :MODE DELTa

CALCulate:MARKerl :MAXimum:RIGHt

Repeat the above command until the marker is at the next highest peak.
To retrieve the delta marker:

CALCulate:MARKerl:Y?

N5186A MXG and X-Series SA Measurement Guide
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Setting Up Frequency Modulation

The MXG must have the E7642APPC PathWave Signal Generation for 1Q
Based AM, FM, and Phase license installed.

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer” on page 10.

Follow the steps below for FM analog modulation using the internal I/Q
modulation source.

Using the graphical user interface

On the MXG:

1. Select Preset > Preset to set the instrument to a known state.
2. Set Frequency to 6 GHz and Amplitude to 0 dBm.

3. Select the Signal block.

' Group 1: Signals
File None selected

4. From the Mode dropdown, select Analog Modulation.

— @ @ > Group 1: Signal Setup

General Enable Mode Signal Attenuation

Analog Modation Analog Modulation 0dB

Thiigdes Frequency Offset

0 Hz

Reset Phase Accumulator

5. From the left pane, select the Analog Modulation tab and set:
a. Modulation Type to FM.

N5186A MXG and X-Series SA Measurement Guide 21
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Making Measurements

b. Waveform to Sine.
c. Rate to 400 Hz.
d. Deviation to 10 MHz.

@ » Group 1: Signal Setup

General Modulation Type Rate

Analog Modulation AM 400.0 Hz

Waveform Deviation

10.000 000 0 MHz

Trigger
Sine

6. Select the General tab > Enable.

— O @ @ > Group 1: Signal Setup

General Mode Signal Attenuation

@ cnzble
Bislog Modulgtion Analog Modulation 0dB

Frequency Offset

Trigger
OHz

Reset Phase Accumulator

Selecting Enable automatically turns on both Output Modulation and
Internal I/Q Modulation as displayed in the Output Modulation block.

Output Mod

7. Close the Vector Modulation Signal Setup by selecting the Home icon at
the top of the display.

lJlI % Group 1: Signal Summary » Signal 1: Setup

8. Set RF Out to On by selecting the numbered channel indicator switch.

N5186A MXG and X-Series SA Measurement Guide
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Making Measurements

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

On the Signal Analyzer:
1. Select Mode Preset to set Spectrum Analyzer mode to a known state.

2. Select Frequency and set Center Frequency to 6 GHz and Span to
50 MHz.

3. Select BW and set Res BW to 240 Hz.

KEYS|GHT Input RF Input Z: 50 Q Atten: 10dB PNO: Fast Avg Type: Log-Power 234
Coupling. DC \CorCCorrRCal  Preamp: Off Gate: Off Trig: Free Run ™ :
[I) Align: Light Freq Ref: Int (S) PW Path: Standard IF Gain: Low
NFE: Adaptive Source: Off Sig Track: Off )

1 Spectrum \J
Scale/Div 10 dB Ref Level 0.00 dBm

Center 6.00000 GHz Video BW 240 Hz Span 50.00 MHz
#Res BW 240 Hz Sween 2.20 s {1001 pts)

Using the equivalent SCPI commands

On the MXG:

SYSTem:PRESet
RF1:FREQuency:CW 6GHZ
RF1:POWer:AMPLitude 0dBm
SIGNal:MODE AMODulation
SIGNall:AMODulation:TYPE FM
SIGNall:FM:SHAPe SINE
SIGNall:FM:FREQuency 400HZ

SIGNall:FM 10MHZ

N5186A MXG and X-Series SA Measurement Guide 23
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Making Measurements

SIGNall ON
RF1:0UTPut:STATe ON
For multi-channel instruments, set RF Out (all) to On.

RFAL1 :OUTPut ON

On the Signal Analyzer:
FREQuency:CENTer 6GHZ
FREQuency:SPAN 50MHZ

ACPower:BANDwidth 240 Hz

N5186A MXG and X-Series SA Measurement Guide
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Making Measurements

Setting Up Phase Modulation

General

Analog Modulation

Trigger

The MXG must have the E7642APPC PathWave Signal Generation for |Q
Based AM, FM, and Phase license installed. The X-Series Analyzer must
have N9O63EMOE Analog Demodulation Measurement license installed.

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer” on page 10.

Follow the steps below for PM analog modulation using the internal I/Q
modulation source.

Using the graphical user interface

On the MXG:

1. Select Preset > Preset to set the instrument to a known state.
2. Set Frequency to 6 GHz and Amplitude to 0 dBm.

3. Select the Signal block to open.

' Group 1: Signals
File None selected

4. Select the Mode dropdown and select Analog Modulation.

@ @ > Group 1: Signal Setup

Enable Mode Signal Attenuation

Analog Modulation 0dB

Frequency Offset

0 Hz

Reset Phase Accumulator

N5186A MXG and X-Series SA Measurement Guide 25
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5. From the left pane, select the Analog Modulation tab and set:
a. Modulation Type to PM.
b. Waveform to Sine.

Rate to 10 kHz.

e

d. Deviation to 1 rad.

— @ > Group 1: Signal Setup

General Modulation Type Rate

Analog Modulation AM S Ll

. Waveform Deviation
Trigger

Sine 1.00 rad

6. Select the General tab > Enable.

— O @ @ > Group 1: Signal Setup

General Mode Signal Attenuation

. Enable

Anliog Mockidtian Analog Modulation 0dB

Trgger Frequency Offset
O Hz

Reset Phase Accumulator

7. Close the Vector Modulation Signal Setup by selecting the Home icon at
the top of the display.

lJlI % Group 1: Signal Summary » Signal 1: Setup

8. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

N5186A MXG and X-Series SA Measurement Guide
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On the Signal Analyzer:

1. From the Menu Panel (on the top right of the display), select Mode/Meas >
Analog Demod mode > PM Measurement > Quad View.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

2. Select Mode Preset to set Spectrum Analyzer mode to a known state.

3. Select Frequency and set Center Frequency to 6 GHz.

'KEYSIGHT |Input: RF Input Z: 50 O \Atten: 10 dB LPF: Off Center Freq: 6.000000000 GHz
Coupling: DC RCal Preamp: Off HPF: 20 Hz Avg|Hold:>10/10
@ Align: Light Freq Ref: Int (5)  |pW Path: Standard BPF: Off Trig: Free Run
Chan BW: 25.000 kiMeas Time: 72.0 ms

1 RF Spectrum ¥ 2 Demod Waveform v
Scale/Div 10.0 dB Ref Value 0.00 dBm Scale/Div 1.000 radRef Value 0.000 rad

RTAVRVAVAVAVAVAVAVAVAVAVMVAVRVAVIAVAIAY

Center 6.00000000 GHz
Res BW 680 Hz Start 0.000 s Points 1001 Stop 2.000 ms

3 AF Spectrum \j 4 Metrics v

Scale/Div 10.0 dB Ref Value 6.280 rad PM Deviation Average Max Hold

Peak+ 850.1 mrad 862.6 mrad
Peak- -850.1 mrad -863.0 mrad
(Pk-Pk)2 850.1 mrad 862 .8 mrad
RMS 645.9 mrad 645.9 mrad

Carrier Power -0.803 dBm | SINAD 54.465 dB
Camier Freq Emr -141 1 Hz SNR 54 465 dB

AF Start Freq 0 Hz AF Stop Freq 20.000 kHz Mod Rate 10.0000 kH: Dist/Total Vrms 0.196 "’c
AF Res BW 180 Hz THD
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Using the equivalent SCPI commands

On the MXG:

SYSTem: PRESet
RF1:FREQuency:CW 6GHZ
RF1:POWer:AMPLitude 0dBm
SIGNal:MODE AMODulation
SIGNall:AMODulation:TYPE PM
SIGNall:PM:SHAPe SINE
SIGNall:PM:FREQuency 10KHZ
SIGNall:PM 1

SIGNall ON

RF1:0UTPut:STATe ON

For multi-channel instruments, set RF Out (all) to On.

RFALL :OUTPut ON

On the Signal Analyzer:
INSTrument : CONFigure: ADEMOD: PM
SYSTem:PRESet
DISPlay:VIEW:ADVanced:SELect "QUAD"

FREQuency:CENTer 6GHZ

N5186A MXG and X-Series SA Measurement Guide
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Setting Up a Multitone Signal

General

Multitone

NPR (Beta)

Correction (Beta)

Trigger

This example shows you how to create a multitone signal, which allows you to
separate the usable frequency band into multiple channels. This can make a
signal that is difficult to characterize in the time domain more readable.

The MXG must have the E7621APPC PathWave Signal Generation for
Multitone license installed.

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer” on page 10.

Using the graphical user interface

On the MXG:

1. Select Preset > Preset to set the instrument to a known state.
2. Set Frequency to 6 GHz and Amplitude to -10 dBm.

3. Select the Signal block to open.

' Group 1: Signals
File None selected

4. Select the Mode dropdown and select Multitone.

~, . Signal sy doger
[ > Setup o [17/
Mode Signal Attenuation

EEE Multitone v 0dB

Frequency Offset
0 Hz

Reset Phase Accumulator

5. Select the Multitone tab and set:

a. Set Tones to 15 »>x1.
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b. Set Tone Spacing to 15 MHz.

Tones

15
Multitone

Tone Spacing

Trigger 15.000 000 000 00 MHz

Sample Rate
420.000 000 000 000 MHz

Number of Points
896

6. Select the General tab > Enable.

@ GD > Group 1: Signal Setup

General Mode Signal Attenuation

@ cnable

Multitone Multitone 0dB

et Frequency Offset

0Hz

Reset Phase Accumulator

7. Close the Vector Modulation Signal Setup selecting the Home icon at the
top of the display.

l“I S Group 1: Signal Summary > Signal 1: Setup

8. Ensure that RF Out is On.

On the Signal Analyzer:
1. Select Mode Preset to set Spectrum Analyzer mode to a known state.

2. Select Frequency and set Center Frequency to 6 GHz and Span to
250 MHz.

3. Select BW and set Res BW to 30 kHz.

Observe the 15 tones.
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Spectrum Analyzer 1
Swept SA

KEYSIGHT |Input RF Input Z: 50 O /Atten: 10 dB PNO: Fast \Avg Type: Log-Power 2 4
Coupling: DC Comr CCorrRCal  Preamp: Off Gate: Off Tnig: Free Run
[:) \Align: Light FreqRef: Int (S)  pW Path: Standard IF Gain: Low
NFE: Adaptive Source: Off Sig Track: Off

1 Spectrum

_Scale!Div 10dB Ref Level 0.00 dBm

* #Video BW 30 kHz Span 250.0 MHz
Sween 6.80 ms {1001 pts)
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Using the equivalent SCPI commands

On the MXG:

SYSTem: PRESet

RF1:FREQuency:CW 6GHZ

RF1:POWer:AMPLitude -10dBm

SIGNall:MODE MTONes
SIGNall:MTONe:ARB:NTON 15
SIGNall:MTONe:ARB:FSP 15MHZ

SIGNall ON

RF1:0UTPut:STATe ON

For multi-channel instruments, set RF Out (all) to On.
RFALL :OUTPut ON

On the Signal Analyzer:

Change to Spectrum Analyzer mode, Swept SA measurement.
INSTrument : CONFigure: SA: SAN
DISPlay:VIEW:ADVanced:SELect “NORMAL”
FREQuency:CENTer 6GHZ

FREQuency: SPAN 250MHZ

BANDwidth:RESolution 30KHZ
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Setting Up Waveform File Vector Modulation

In this section, we will load a GSM and a WCDMA waveform into the MXG to
demonstrate the accuracy of the MXG’s vector modulation.

The MXG supports all ARB waveforms that are provided on the X-Series
sources. This section will use a few of the ARB files that come with the X-Series
sources.

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer” on page 10.

Using the graphical user interface

On the MXG:

1. Select Preset > Preset to set the instrument to a known state.
2. Set Frequency to 6 GHz and Amplitude to 0 dBm.

3. Select the Signal block to open.

' Group 1: Signals
File None selected

4. In the Vector Modulation Signal Setup:

a. Set Mode to Waveform File.

@ » Group 1: Signal Setup

General Mode Signal Attenuation

Weefarm File Waveform File 0dB

Frequency Offset

Trigger

0 Hz
Markers

Reset Phase Accumulator
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b. In the left panel, select the Waveform File tab.

Trigger

!;7

General Select »

Nonlinear Correction

Off

Waveform File

Trigger . .
Sample Rate RMS Power Scale Occupied Bandwidth

9
Markers 1.200 000 000 000 000 GHz 1.000 000 100.00 % 0 Hz

c. Use File Select to navigate to the Waveforms folder.

d. Select the Up arrow icon to access the Examples folder.

ZF / > Waveforms

Name ~
Q This Computer

e. Open the Examples folder and highlight
GSM 1C BURST SECUREWAVE.wfm, then Select.

l} / > Examples

. Name ~ Date Modified
Q This Computer

01_GSM_Framed_slots 1 3 5 off_EDGE Framed_slots 0 2 Aug 25, 2023, 4:26:49 AM
4 6 off_2 MHz separation_WFM1.wfm

02_W-CDMA_TM1_1 DPCH.wfm Aug 25, 2023, 4:26:49 AM
03_LTE full filled_16QAM.wfm Aug 25, 2023, 4:26:49 AM
04_802.11ac_160 MHz0.wfm Aug 25, 2023, 4:26:49 AM

5G_100MHz_1CC_FR1.wfm Aug 25, 2023, 4:26:49 AM

5G_100MHz_8CC_FR2.wfm Aug 25, 2023, 4:26:49 AM

5GNR_8CC_FR2_120kHz_SCS_100MHz_256QAM_Correc Aug 25, 2023, 4:26:49 AM
ted_1.wfm

GSM_1C_BURST_SECUREWAVE.wfm Aug 25, 2023, 4:26:49 AM
Clear Arb Memory

WCDMA_TM1_64DPCH_4C.wfm Aug 25, 2023, 4:26:49 AM
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f. Select the General tab > Enable.

— @ @ > Group 1: Signal Setup

General Enable Mode Signal Attenuation

Waveform File 0dB

Waveform File

Trigger Frequency Offset

0 Hz
Markers

Reset Phase Accumulator

5. Select the Home icon and ensure that RF Out is on.

On the Signal Analyzer:
1. Select Mode Preset to set Spectrum Analyzer mode to a known state.

2. Select Frequency and set Center Frequency to 6 GHz and Span to
900 kHz.

3. Select BW and set Res BW to 470 Hz.
4. Select Trace and set Trace Type to Max Hold.
5. Observe the GSM signal.

KEYS|GHT Input RF Input Z: 50 Q Atten: 10 dB PNO: Best Wide  Avg Type: Log-Power 2 4
Coupling: DC Corr CCorr RCal Preamp: Off Gate: Off Avg|Hold:>100/100
@ Align: Light Freq Ref: Int (S) pW Path: Standard IF Gain: Low Trig: Free Run
NFE: Adaptive Source: Off Sig Track: Off

1 Spectrum
Scale/Div 10 dB Ref Level 0.00 dBm

Center 6.0000000 GHz Video BW 4.7 kHz Span 900.0 kHz
#Res BW 470 Hz Sweep 10.6 ms (1001 pts)
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On the MXG:
1. Select the Signal block to open the Vector Modulation Signal Setup.

2. From the Waveform tab on the left side of the display, choose File Select
to navigate to the Waveforms folder.

3. Select the Up arrow icon to access the Examples folder.

ZF / > Waveforms

Name ~
Q This Computer

4. Open the Examples folder and highlight wCDMA TM1 64DPCH_4C.wfm,
then Select.

@ Recent % . / > Examples
@ Waveforms

Name ~ Date Modified
Q This Computer

02_W-CDMA_TM1_1 DPCH.wfm Aug 25,2023, 4:26:49 AM
03_LTE full filled_16QAM.wfm Aug 25,2023, 4:26:49 AM
04_802.11ac_160 MHz0.wfm Aug 25,2023, 4:26:49 AM
5G_100MHz_1CC_FR1.wfm Aug 25,2023, 4:26:49 AM
5G_100MHz_8CC_FR2.wfm Aug 25, 2023, 4:26:49 AM

5GNR_8CC_FR2_120kHz_SCS_100MHz_256QAM_Correc Aug 25, 2023, 4:26:49 AM
ted_1.wfm

GSM_1C_BURST_SECUREWAVE.wfm Aug 25, 2023, 4:26:49 AM

WCDMA_TM1_64DPCH_4C.wfm Aug 25,2023, 4:26:49 AM
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5. Select the General tab > Enable.

— @ @ > Group 1: Signal Setup

General Enable Mode Signal Attenuation

Waveform File 0dB

Waveform File

Trigger Frequency Offset

0 Hz
Markers

Reset Phase Accumulator

6. Select the Home icon and ensure that RF Out is on.

On the Signal Analyzer:

1. Select BW and set Res BW to 620 Hz.

2. Select Frequency and set Center Frequency to 6 GHz and Span to 30 MHz.
3. Observe the WCDMA signal.

Swept SA
KEYSIGHT Input RF Input Z: 50 O Aften: 10 dB PNO: Best Wide  Avg Type: Log-Power 2 4
M

Coupling: DC Corr CCorrRCal  |Preamp: Off Gate: Off Avg|Hold: 24/100
@ Align- Light Freq Ref Int (S) |pW Path: Standard IF Gain- Low Trig: Free Run
NFE: Adaptive Source: Off Sig Track: Off
1 Spectrum

Scale/Div 10 dB Ref Level 0.00 dBm

Center 6.00000 GHz Video BW 6.2 kHz Span 30.00 MHz
#Res BW 620 Hz Sween 204 ms (1001 pis)
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Using the equivalent SCPI commands

On the MXG:

SYSTem: PRESet

RF1:FREQuency:CW 6GHZ
RF1:POWer:AMPLitude 0dBm

SIGNall:MODE WAVeform

SIGN1:WAV "/Examples/GSM 1C Burst.wfm"
SIGNall ON

RF1:0UTPut:STATe ON

For multi-channel instruments, set RF Out (all) to On.

RFAL1 :OUTPut ON

On the Signal Analyzer:

FREQuency:CENTer 6GHZ

FREQuency:SPAN 900KHZ

ACPower:BANDwidth 470 Hz

DISPlay:TXPower :WINDowl: TRACe:MAXHold ON
On the MXG:

SIGN1:WAV "/Examples/WCDMA TM1 64DPCH 4C.wfm"
SIGNall ON

RF1:0UTPut:STATe ON

On the Signal Analyzer:

ACPower:BANDwidth 620 Hz

FREQuency:SPAN 30MHZ
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Using the N5186A as a Multifunction Generator

Introduction

A function generator is a type of signal generator that is used to generate
various waveforms with adjustable parameters to generate complex signals.
Keysight's Multifunction Generator option 303 and UNT, first seen on the
N5171B, includes a slew of function generators which can output complex
signals. These signals can either be output directly to the LF port or routed to
the modulators, ultimately output through the RF port. When using the
function generators for modulation, the adjustable parameters include
modulation type, frequency, amplitude, and phase. Often used in the fields of
prototyping, development, testing, and calibration especially in the context of
communication systems. An accurate function generator can help engineers
accelerate the research and design process to bring high performance designs
to the market quicker.

Supported Signal Generators with Option 303 and UNT
— Nb171B
— Nb5172B
— N5173B
— Nb181B
— N5182B
— Nb5183B
— Nb518bA
— N5186A
— M9484C

Theory of Operation

Multifunction generator N5186A Option 303 is a collection of six function
generators that can be used independently or in parallel (up to five), ultimately
being applied to the RF signal of choice or routed to the Low Frequency (LF)
Output port. The LF Output port is designed to output low-frequency signals,
making it ideal for directly using the function generators as well as measuring
them. Ignoring the external function generator inputs (Ext 1 and Ext 2), there
are six selectable function generators: Function Generator 1 (Func Gen 1),
Function Generator 2 (Func Gen 2), Dual Function Generator (Dual Func Gen),
Swept Function Generator (Swept Func Gen), Noise Generator 1 (Noise Gen 1),
and Noise Generator 2 (Noise Gen 2).
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Multifunction Generator Block Diagram

WAVEFORM

A
W,
|

|1
il
1/ |
vyl

B
FUNCTION
GENERATOR f @ | BAlH
FREQUENCY PHASE
OFFSET
AW

In Figure 1-1, each function generator (except Noise Gen 1 and Noise Gen 2)
can access six periodic waveforms (sine, triangle, square, positive ramp,
negative ramp, and pulse), with controllable frequency and phase offset.

The six periodic waveforms are considered the "Basic Waveforms". The Basic
Waveforms can be made more complex by combining them using the Dual
Function, demonstrated in “Dual Function” on page 49. The Basic Waveforms
can also be swept using the Swept Function, demonstrated in “Swept
Function” on page 55.

The output of the function generators can be routed to the Amplitude
Modulator and the Frequency/Phase modulator. A function generator can be
assigned to each of the paths (AM1, AM2, FM1, FM2, @M1, @M2) which are
summed and applied to the AM and FM/@M modulators. The modulators are
then applied to the RF output signal.

Function Generator Paths

(am1] [am2]  [FM1] [FM2][oM1] [oM2]
Nea i ud 4
Mﬁ o
RF AM FM/@M RF
FREQUENCY MODULATOR MODULATOR OUTPUT
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Using Multifunction Generator Option 303

Functions can be combined by summation and applied to modulations on the
RF output. Modulation formats include AM, FM, and @M. The LF port can be
used to monitor the behavior of a single function generator that is being used
by a modulator.

The multifunction generator's flexibility enables a wide range of configurations,
catering to numerous testing applications. This adaptability ensures efficient

and effective simulation of real-world scenarios for testing RF and LF designs.
Ultimately, the multifunction generator enhances testing capabilities, allowing

quicker problem solving.

Figure 1-3 Modulation Types
L
Modulation Parameters Description
AM: +  AMType The AM modulator allows the user
+  AM Path to select a carrier frequency,
il | ' +  AM Depth message frequency, message
it ‘ | k| | i A —_— shape, depth of modulation,
‘I'dﬁ “ hlfH'TH I [q,- . AM Waveform mpﬂulaﬁon rate, and phase offset.
[ | | ‘ 4 ok Pt Giving the user full freedom to
_ | | | { generate the desired amplitude
| | =AM Fhase Offset modulated signal.

B » FMPath The FM modulator allows the user
|||| (i » FMDev to select a carrier frequency,
‘ “ H +«  FM Source deviation from carrier frequency,
«  FM Waveform the modulation rate, the modulgt?on
| . FMRate waveform, and phase offset. Giving
| ||| ‘ || | . EM Phase Offset the user full freedom to generate
\ \ | | . I their desired frequency modulated
LU g RN signal
@n:
+ M Path The &M modulator allows the user
« @M Dev to select a carrier frequency, phase
WAL AW AN . OMSaiee devcilatlix, meﬁuliﬁnn rateé .
| IRRITERY |
. LI I . @M Waveform modu on waveform, and phase
LI G il | offset. Giving the user full freedom
' . (i + @M Rate

| Hept 1L + (@M Phase Offset

to generate their desired phase
maodulated signal.
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Figure 1-4 LF Output
Function Parameters Description
DC: *+ DC Offset The DC function allows the user to
choose a DC offset voltage between
-1V to 5Vin 1 mVincrements for
MXG and -5V to 5V for VXG
Monitor: * Source This Monitor function allows the
user to monitor the behavior of a
single function generator. This is for
validating the behavior of the
function generator when it is being
used for modulation.
Function 1 & 2: * Frequency These functions can take on any of
* Phase Offset the basic waveforms with a
+ Shape selectable frequency and phase
offset.
Dual Function: » Amp Percent 1 The Dual Function generator is
+ Amp Percent 2 useful for applications where two
* Frequency 1 function generators with a known
phase offset are needed.
* Frequency 2
* Shape 1
* Shape 2
* Phase Offset 2
Noise 1 & 2: + Type The noise source functions allow
the user to select either Uniform or
(Gaussian Noise.
Swept Function: * Sweep Waveform Shape The Sweep function allows the user
+ Sweep Start to Stop Time to configure a sawtooth or triangle
- Start Frequency sweeping signal, with selectable
start and stop frequencies and
= Stop Frequency .
sweep time.
* Sweep Shape
Figure 1-5 Basic Waveforms
Sine Triangle Square Pos Ramp Neg Ramp Pulse
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Multifunction Generator Demonstrations

An easy way to visualize the behavior of the internal function generators in the
time domain is to use the LF Out port. By routing the function generator of
choice to the LF Out, an Oscilloscope can capture its behavior.

1. Select Preset > Preset to set the instrument to a known state.

2. Select the System menu > Connectors.

[n] Home

INSTRUMENT FILES UTILITIES CONNECTIVITY APPLICATION

(n) Home ] Recall State %M SCPI Recorder *: Configure Analyzer (!) shutdown N5186A

{I Connectors ] Save State A ) Restart NS186A

{05 Settings ] copy Files

3. In the Connectors window, select LF Out.

(h] > Connectors

Trigger Input Pulse In

Trigger Output

4. In the LF Out window, set:

Source to Function 1

Shape to Sine

Frequency to 1 kHz
Amplitude to 1 V
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— LF Output On

HH (Al > Connectors > LF Out
5

@ LF Output On.  Source 1  Function 1

% P

Amplitude 4 Function 1 » Freguency

1.000 V

DC Offset

ov

1.000 00 kHz

Phase Offset

0 rad

Load Impedance

50 Ohm

KEYSIGHT |
T LOGIES

Channels |
1.00:1
10.0:1

urements

4Hz

j'jj > Connectors » |
Sine
@ LFoutputOn  Source FL

Amplitude Function 1 v Triangle

1.000 V Famo

DC Offset
Pulse
ov

Square
Load Impedance

50 Ohm ; Triangle
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7. Capture the signal on the oscilloscope.

8. On the MXG, change the shape to Ramp.

9. Capture the signal on the oscilloscope.

-400.08 i Auto

Channels
1.00:1
10.0:1

¢ Measurements

Pk-Pk({1):
4 i
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10. Set the Ramp Polarity to Negative.

N " Trigger
[n] » Connectors > LF Out L [
¥

LF Output On  Source Function 1

46

Amplitude
1.000 V

DC Offset
ov

Load Impedance

50 Ohm

Function 1

Frequency

1.000 00 kHz

Phase Offset

0 rad

Shape
Ramp

-400.0%

v Negative
Positive

Negative

500.0%/ 3 1.50%

KEYSIGHT |

TECH!

Channels |
1.00:1
10.0:1

urements
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12. Set Shape to Pulse and set Duty Cycle to 10%.

(A > Connectors > L

Sine
@ LFOutputOn  Source Ft

Amplitude Function 1 Triangle Period

1.000 V 1.000 000 ms

Ramp

C Offse Pulse Wi
DC Offset 7 Balaa ulse Width

oV 100.000 pis

Square
Load Impedance Duty Cycle

50 Ohm Pulse 10.000 000 000 OI

13. Capture the signal on the oscilloscope.

a00.0s/ Auto ; [Rallk

KEYSIGHT

TEC s

14. Set the Shape to Square.

15. Capture the signal on the oscilloscope.
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500.0%/ Buto

Channals |
1.00:1
10.0

¢ Measuremants
Frac

1.0
Pk-Pki1):
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Special Function Generators

The list of available function generators that are included with Option 303 are:
— Function 1

— Function

— Dual Function

— Noise 1

— Noise 2

— Swept function

In the “Multifunction Generator Demonstrations” on page 43, the
characteristics of function generators 1 and 2 are captured. Function
generators such as Dual Function, Noise 1 & 2, and Swept Function have
unique functions that can also be visualized using an oscilloscope and signal
analyzer.

Dual Function

The Dual Function generator is similar to having both Function T and
Function 2 operating at the same time, but with an adjustable phase offset.
Providing precise control of phase difference between two functions.

An easy way to visualize the behavior of a dual function generator is by using
an oscilloscope.

1. Select Preset > Preset to set the instrument to a known state.

2. Select the System menu > Connectors.

[n] Home

INSTRUMENT FILES UTILITIES CONNECTIVITY APPLICATION

(n) Home [Z] Recall State %M SCPI Recorder *: Configure Analyzer (') Shutdown N5186A

{I Connectors ] Save State A: ) Restart NS186A

% Settings P copy Files

3. In the Connectors window, select LF Out.

4. In the LF Out window, set:
— Source to Dual Function1
— Amplitudeto 1V
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— Toggle LF Output On

4

@ LF Output On  Source

Amplitude 3 Dual Function
1.000V

) Function 1
DC Offset

1.000V Function 2

Load Impedance v Dual Function

50 Ohm
Noise 1

> Connectors » LF Qut

1 Dual Function

Phase Offset 2

o Amp 1 Amp Percent 2

50.0% 0 deg

Frequency 1
400.00 Hz
Shape 1

Sine

5. Set Shape 2 to Square.

A simply way to demonstrate the phase relationship between functions is
to set one to square and adjust the phase and monitor the output.

T > Connectors > LF Out

@ LF Output On  Source

Amplitude Dual Function

1.000 V

Load Impedance

50 Ohm

Sine
Dual Function

Amp Percent 1 Triangle Phase Offset 2

50.0 % Rarmp 0 deg

Frequency 1
3 = Pulse

400.00 Hz

v Square

Shape 1

Sine Square

6. Capture the signal on an oscilloscope.

50
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You can see the Sine and Square waves are in phase.

1 1.00v/

@ LF Output On
Amplitude
1.000V
DC Offset
1.000 V
Load Impedance

50 Ohm

(n] > Connectors > LF Qut

Source Dual Function

Dual Function ¥ Amp Percent 1

50.0 %

Frequency 1
400.00 Hz
Shape 1

Sine

Capture the signal on the oscilloscope.

N5186A MXG and X-Series SA Measurement Guide

o200 .0/ 3 2.38Y

KEYSIGHT
TECH £

IMeasurements
Freq(1):

Pk-Pki1];

Phase Offset 2

90.0 deg

Amp Percent 2

50.0 %
Frequency 2

400.00 Hz
Shape 2

Square
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You can see the Sine and Square waves are 90 degrees out of phase.

0.0s 500.0%/ £ 1 238y
KEYSIGHT |
TE! ES

9. Change the Phase Offset 2 to 180 degrees.

> Connectors > LF Out

@@ LFOutputOn  Sourc Dual Function

Amplitude
1.000 vV

DC Offset
1.000V

Load Impedance

50 Ohm

Dual Function i Amp Percent 1 Amp Percent 2 Phase Offset 2

50.0 % 50.0 % 180.0 deg

Frequency 1 Frequency 2

400.00 Hz 400.00 Hz

Shape 1 Shape 2

Sine v Square

10. Capture the signal on the oscilloscope.
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The Sine and Square waves are 180 degrees out of phase.

KEYSIGHT
TEI

Channels |
1.00:1
10.0

Noise Generator

There are two noise generators (Noise 1 and Noise 2) that both provide the
same functionality. The noise generators have selectable noise type (Uniform
or Gaussian). Noise generators play a critical role in RF immunity testing, fault
isolation testing, and many more. The noise generators can be routed to the LF
port to observe their behavior.

1. Select Preset > Preset to set the instrument to a known state.

2. Select the System menu > Connectors.

Trigger

[n] Home

INSTRUMENT FILES UTILITIES CONNECTIVITY APPLICATION

(] Home [Z] Recall State %" SCPI Recorder *: Configure Analyzer (1) shutdown N5186A

{I Connectors il Save State As ) Restart N5186A

Settings ] copy Files

3. In the Connectors window, select LF Out.

4. In the LF Out window, set:

— Source to Noise 1
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Type to Uniform
Amplitude to 500 mV
DC Offsetto 0
Toggle LF Output On

2 Connectors > LF Out

5 =
& LF OutputOn ~ Source 1 Noise 1

Amplitude 3 Noise1 Type

Uniform

Load Impedance

50 Ohm

5. Capture the signal on the oscilloscope

6. Set Type to Gaussian.
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7. Capture the signal on the oscilloscope

4 950%

Channels
Oe 1.00:1
[C 10.0:1

Swept Function

The Swept Function generator has a selectable start frequency, stop
frequency, and sweep start to stop time as well as selectable sweep shape,
sweep waveform shape, and trigger source. With a frequency range of 10 mHz
to 10 MHz and a start-to-stop time range of 20 ns to 89 s. The Swept Function
Generator is key in conducting frequency response testing for filters,
amplifiers, and various other RF components. The Swept Function Generator
can be routed to the LF port to observe it's behavior.

1. Select Preset > Preset to set the instrument to a known state.

2. Select the System menu > Connectors.

Trigger

[n] Home

INSTRUMENT FILES UTILITIES CONNECTIVITY APPLICATION

(] Home [Z] Recall State *s" SCPI Recorder *: Configure Analyzer (') shutdown N5186A

{I Connectors l Save State As o) Restart N5186A

] copy Files

3. In the Connectors window, select LF Out.

4. In the LF Out window, set:
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— Source to Sweep Function

— Configure Sweep

HH (] > Connectors > LF Out

LF Output On  Source

) X Configure Sweep
Amplitude Swept Function v~ 3

ov

DC Offset

ov

Load Impedance

50 Ohm

5. Set:
— Start Frequency to 10 Hz
— Stop Frequency to 10 kHz
— Sweep Start to Stop Timeto1s

TR - LF Qut Sweep
C ctors > Out > :
(n] » Connector: LF Out Configuration

Start Frequency Sweep Waveform Shape

10.00 Hz Sine

Stop Frequency

10.000 00 kHz

Time
1.000 00000 s
Sweep Shape

Sawtooth

6. Select the Back Arrow and select:

— LF Out
— Amplitude to 500 mV

N5186A MXG and X-Series SA Measurement Guide
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— Toggle LF Output On

(n] > Connectors > LFOut 1

. 3
@@ LF OutputOn  Source

: ; Configure Sweep
Amplitude Swept Function v N

500 mV 2

DC Offset

ov

Load Impedance

50 Ohm

7. Capture the signal on the oscilloscope

0.0s Stop F 1 20.0%
KEYSIGHT
TE!

Sawtooth and Triangle Sweep Shapes

The Swept function generator has two selectable sweep shapes (Sawtooth and
Triangle). The Sawtooth sweep shape is a linear sweep from start frequency to
stop frequency. When the stop frequency is reached the function generator
jumps back to the start frequency and repeats again. The Triangle waveform
sweep shape starts at the start frequency then sweeps to the stop frequency,
but when the stop frequency is reached the function generator sweeps back
down in frequency until reaching the start frequency. This behavior is best seen
on a spectrogram measurement.

1. Select Preset > Preset to set the instrument to a known state.
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2. Select the System menu > Connectors.

[n] Home

INSTRUMENT FILES UTILITIES CONNECTIVITY

%] Recall State s’ SCPI Recorder *: Configure Analyzer

1 I Connectors

] Copy Files

3. In the Connectors window, select LF Out.
4. In the LF Out window, set:
— Source to Sweep Function

— Configure Sweep

Al > Connectors » LF Out

LF Output On Source 1 2
Configure Sweep
Amplitude Swept Function v~ 3

ov

DC Offset
ov

Load Impedance

50 Ohm

5. Set:
— Start Frequency to 1 MHz
— Stop Frequency to 1.5 MHz
— Sweep Start to Stop Timeto 1 s

N5186A MXG and X-Series SA Measurement Guide
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— Sweep Shape to Sawtooth

LF Out Sweep

ectors > Out > :
rl » Connectors > LF Out > Configuration

Start Frequency 1 Sweep Waveform Trigger
Shape

1.000 000 00 MHz Source
Sine X
Immediate

Stop Frequency 2 Sweep Start to Stop
Time

1.000 000 00 s

1.500 000 00 MHz

Sweep Shape
Sawtooth
6. Select the Back Arrow and select:
— Amplitude to 500 mV
— Toggle LF Output On

(] » Connectors > LFOut 1

3
@ LF Output On Source
% : Configure Sweep
Amplitude Swept Function  ~ 5

500 mV 2

DC Offset

ov

Load Impedance

50 Ohm
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7. Capture the signal on a Spectrogram.

1 Spectrum
Scale/Div 10 dB Ref Level 10.00 dBm

PRIty

T
1
I

4 Waterfall

Display Trace 0 Start Time 782.6766 s
772.8405 5
300

8. Select Configure Sweep > Sweep Shape Triangle.

LF Out Sweep Trigger . EEm.
(7] > Connectors > LF Out > EonfidGration ATEEY)) r ? N

Start Frequency Sweep Waveform Trigger

100000000 MHz | o"2Pe Source

Sine .
Immediate
Stop Frequency Sweep Start to Stop

1500000 00 MHz | ¢

1.000 000 00 s

Sweep Shape Sweep Stop to Start
Time
Triangle Use Start to Stop
1.000 00 ms

9. Select the Back Arrow and Toggle LF Output On.
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10. Capture the signal on the Spectrogram.

1 Spectrum
Scale/Div 10 dB Ref Level 10.00 dBm

If’""'“‘fm“*?-"--w’wfﬁ"'“"""‘“‘Tw-““w"ﬂrww"f""q"w“mw(-f

4 Waterfall

Display Trace 0 Start Time 12.2756 s

24551 s
300

The Triangle Sweep shape has two Sweep Start to Stop Time inputs, one for
sweep up and one for sweep down. By changing the sweep times to be unequal,
the sweep shape that is seen on the spectrogram will become nonuniform.

11. In the LF Output Sweep Configuration window, set Sweep Start to Stop
Time to 300 ms and Sweep Start to Stop Time to 3s.

LF Out Sweep 1“?}_';!.’!

[n] » Connectors > LF Out > Configuration [}

Start Frequency 1 Sweep Waveform Trigger
Shape
1.000 000 00 MHz Source
Sine X
Immediate
Stop Frequency 2 Sweep Start to Stop
Time

300.000 00 ms

1.500 000 00 MHz

Sweep Shape Sweep Stop to Start
Time 4
Triangle ; Use Start to Stop
3.00000000s

N5186A MXG and X-Series SA Measurement Guide 61



62

Basic Measurements
Making Measurements

12. Capture the signal on the Spectrogram.

. 1 Spectrum

Scale/Div 10 dB Ref Level 10.11 dBm

Y
+
4
e - ! -
ey s e e e P v — m— - S —— e :

Center 1.0000 MHz Span 1.500 MHz
Res BW 6.95 kHz Acq Time 30.000708 ms (821 pts)
4 Waterfall
Display Trace 1 Start Time 344.8287 s
336.3285s

Notice that the signal sweeps from a low to high frequency at a faster rate than
from a high to low frequency.

Radio Frequency Modulation Option UNT

In the sections above the function generators were routed to the LF port to
observe their operation individually. This section will demonstrate how Option
303 effects the RF signal at the RF port. The function generators are used to
modulate the RF signal through amplitude and frequency/phase modulators
(see Figure 1-2 on page 40). We can see how the modulators affect the
original RF signal in both time and frequency domain using a signal analyzer
and oscilloscope.

Amplitude Modulation

Using an oscilloscope, amplitude modulation can be observed in the time
domain. The function generators produce the modulating signal, creating the
envelope, while the RF signal serves as the carrier wave.

To apply amplitude modulation:

N5T186A MXG and X-Series SA Measurement Guide



Basic Measurements
Making Measurements

1. Select Preset > Preset to set the instrument to a known state and select
the Out Mod block.

Group 1: Si Adjustments RF Output Off

Tipe Mol = v off 1.000 000 000 D00 00 GHz

0 deg
Off

Off | -100.00 dBm n

2. In the Output Mode window, select AM1 arrow at the far left side of the
window.

? . Output 1: Output .~ Trigger
N : f
o Modulation )
@@ Enable Output Modulation

1/Q Source: Internal

Pulse Pulse Type: Free Run

Depth: 0.1 %
Type: Linear
Depth: 0.1 %
Type: Linear

AM 1 Source: Function 1

AM 2 Source: Function 1

3. In the AM1 window, set:

— Source to Function 1
— Frequency to 10 Hz
— Depth to Linear to 100%
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— Toggle AM 1 On

Output 1: Output .
Sy : >
n Modulation AM1

- — 4
& ~M10n Source

1 “unction 1
Path Function 1 Frequency
Path 1 10.00 Hz
Type Phase Offset
Linear 0 rad
Depth - Linear Shape
Couple Depth
100.0 % Couple Depth

; Sine
with other path

4. Select the Home icon and set:

— Frequency to 50 MHz
— Powerto-10 dBm

Toggle RF output On

rAdjustments
AWGN Off

Pulse Off
Delay Os

AM On (AM1)

N5186A MXG and X-Series SA Measurement Guide
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Corr Off

Perim Off
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5. Capture the envelop on the oscilloscope. The shape of the function
corresponds to the shape of the envelope. (In this example, the function
shape is set to sine.)

a0.00s/ : { 0.ov

KEYSIGHT |
TEC QLOGIES

Channels
1.00:1

+10.000Hz
AY(1);
+608.000mY

6. Capture the carrier on the oscilloscope.

1 n 1008/ 2 -1.160% 20.008f ) : _' 100% _
KEYSIGHT
GIES

TECHMNO

Channels
1.00:1
10.0:1
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L:J Align: Auto

1 Spectrum
Scale/Div 10 dB

4 Waterfall

13.7489 s
259

Sine
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You can also view the modulation on a spectrogram. The modulation can
be visualized as varying intensity of the carrier frequency over time.

SCP' ﬁ Frequency v

Input Z- 50 O #Aften: 20 dB Trig: Free Run Center Freq: 50.000000 MHz

Corr RCal Preamp: Off Detector: Peak  Avg Type: Power (RMS) Center Frequency

Freq Ref Int(S)  uW Path: Bypass Avg|Hold: 100/100 50.000000 MHz

IF Gain: Low PNO: Best Wide 100 % POI: 461.0 ps i
Span (Acg BW)

1.00000000 MHz

Ref Level -4.00 dBm
Full Span

Display Trace 1 Start Time 21.4935s

Nov 07, 2024 | a7
11:41:19AM | 53—~

The shape of the function generator corresponds to the shape of the

envelope when generating AM signals.

Triangle Ramp Pulse Square

Frequency Modulation

Using a signal analyzer, frequency modulation can be observed using a
spectrogram. The function generator produces the modulating signal, which
varies the frequency of the RF signal.

To apply frequency modulation:
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1. Select Preset > Preset to set the instrument to a known state and select
the Out Mod block.

. Qj i C1ff
Group 1: Adiustments RFOutput _ OFf| 4 504 00 000 000 00 GHz

Type Noi clec I Off | | 0 deg

off
off  -100.00 dBm n

2. In the Output Mode window, select the right arrow at the bottom of the
display to select choices 5-8, then select the FM1 arrow at the far left side
of the window.

= = @ [ >

Output 1: Output 0 Trigger
Modulation il 74

2@ Enable Output Modulation
v Source: Function 1

Source: Function 1

Source: Function 1

Source: Function 1

3. In the FM1 window, set:
— Source to Function 1
— Frequency to 1 Hz
— Deviation to 50 kHz
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— Toggle FM 1 On

- Output 1: Output
= ([l > " Modulation > FM1

4
& FM10n Source

1 Zunction 1

Path Function 1 Frequency

Path 1 1.00 Hz

Phase Offset
0 rad
Deviation o
50.000 kHz Couple Deviation ~ ape

with other path Sine

4. Select the Home icon and set:
— Frequency to 50 MHz
— Power to -10 dBm
— Toggle RF output On

Trigger

[ﬁ' ’? v PRESET

i | Group 1: Signal Adjustments

50.000 000 000 00 MHz

] | | OutMod On| [RF Output
'| Type  No file selected 1/Q Off || 1/Q Off Phase

0deg
AWGN  Off |, Pulse off Corr off
Delay  0s/, AM On (AM1) | | PwrLim Off | | -10.00dBm
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5. Capture the signal on the Spectrogram.

SCPt Q Frequency v

KEYS'GHT Input: RF
Coupling DC
[:] Align: Auto

1 Spectrum v

Scale/Div 10 dB

4 Waterfall

9.7265 s
259

1747115

#Aftten: 20 dB Trig: Free Run

Display Trace 1

Detector: Peak

Start Time 17.4711 s

Center Frequency
50.000000 MHz

Span (Acq BW)
1.00000000 MHz
Full Span

Start Freq
49.500000 MHz

.| | Stop Freq
| 50.500000 MHz

CF Step

100.000 kHz
Auto
Man

Freq Ofiset

0 Hz

The shape of the function generator corresponds to the shape of the
frequency modulation.

Triangle

Phase Modulation

Ramp

Square

Phase Modulation can be visualized using an Oscilloscope in the time domain.
The function generator produces the modulating signal, which varies the phase

of the RF signal.

To apply phase modulation:

N5186A MXG and X-Series SA Measurement Guide

69



70

Basic Measurements
Making Measurements

1. Select Preset > Preset to set the instrument to a known state and select
the Out Mod block.

Group 1: Signal Adjustments

Type No file selected iyQ Off 1.000 000 000 000 00 GHz

|£|1f -100.00 dBm n

2. In the Output Mode window, select the right arrow at the bottom of the
display to select choices 5-8, then select the PM1 arrow at the far left side
of the window.

; 3 Output 1: Output Trigger
e Modulation &

& Enable Output Modulation
FM1 Source: Function 1

Source: Function 1

Source: Function 1

Source: Function 1

3. In the PM1 window, set:
— Source to Function 1
— Frequency to 10 MHz
— Deviation to 45 deg
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— Toggle PM 1 On

. Output 1: Output
= | : Modulation Al

4
& PM10n Source

1 “unction 1

Path Function 1 Frequency

Path 1 10.000 000 00 MH

Phase Offset
0 deg
Deviation N Shane
44.977 deg Couple Deviation

with other path Sine

4. Select the Home icon and set:

— Frequency to 50 MHz
— Powerto-10 dBm

Toggle RF output On

Trigger

[ﬁ' ’? v PRESET

:Group 1: Signal rAdjustments
AWGN Off

Pulse off Corr Off
Delay 0 s

AM On (AM1) Perim off | | -10.00 dBm

| [Adi | Out Mod RF Output
Type No file selected 1/Q off |, 1/Q off ’@p 0deg SO s
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5. Capture the signal on the Oscilloscope.

0.0s ! Buto

Applications

In many scenarios a RF communication system is subject to dynamic
environments which can alter the characteristics of an ideal signal. In an ideal
environment, the signal being generated and transmitted is the exact signal
being received. Physically we know that this is not possible, the signal will be
subject to some change. Therefore, a good communication system is resilient
and can operate effectively within some range of impairments.

Consider an environment where signal strength fluctuates over time due to
varying physical obstructions between the source and receiver. It would be
inefficient and inconsistent to physically implement a RF environment to test
your communication system. A more effective and repeatable test would be to
simulate the conditions of such an environment. Using AM, we can simulate
the impairment of varying signal strength. With selectable frequency, shape,
and depth the AM modulator is capable of a wide range of simulated
environments to support signal strength testing.

One of the design challenges of mobile communications systems comes from
Doppler shift. As a transmitter and receiver move towards or away from one
another, the signal will compress or stretch, effectively changing the perceived
frequency. An effective way to simulate such an environment is by using the FM
modulator. Using FM, we can simulate the impairment of varying frequency
caused by Doppler shift. With selectable frequency deviation and deviation
rate, the FM modulator can effectively simulate Doppler shift environments
that mobile communication systems often encounter.
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When in an environment that causes reflections, a wireless communication
system will be subject to multipathing. Consider a communication system that
operates in a major city. Large buildings made of concrete and glass windows
create many reflections of the signal being sent. These reflections cause
variation in phase with respect to the original signal. Using PM, we can
simulate the impairment of phase variation caused by multipathing. With
selectable phase deviation, deviation rate, and offset the PM modulator can
effectively simulate a simple multipath environment caused by reflective
surfaces.

Multifunction Generator Option 303 allows you to apply multiple impairments
simultaneously. If needed, the function generators can be configured such that
five impairments are applied at the same time. It is important to note that there
are two paths per modulator, which means that no more than two functions
can be applied to one modulation type. The FM/PM modulator can only do one
modulation type at a time, meaning that PM and FM cannot run
simultaneously. AM and FM or AM and PM can be summed, however.

Conclusion

Simulating RF environments using amplitude, frequency, and phase
modulation provides a robust and repeatable method for testing
communication systems. By leveraging these modulation techniques,
engineers can effectively simulate real-world conditions such as fluctuating
signal strength, Doppler shifts, and multipath reflections. This approach not
only enhances the reliability of testing but also ensures that communication
systems are resilient and capable of operating under various impairments. The
Multifunction Generator Option 303 further extends this capability by allowing
multiple impairments to be applied simultaneously, offering a comprehensive
solution for thorough and efficient receiver testing. Through these simulation
techniques, we can better prepare and design communication systems to
perform reliably in dynamic and challenging environments.
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2  Corrections

— “Corrections/De-embedding Using PathWave E7653APPC Software” on
page 76

— “Using a Spectrum Analyzer to Make the Corrections Measurement”
on page 82

— “Using a Power Meter to Make the Corrections Measurement” on
page 88

— “Adding Fixture Blocks using s2p Files” on page 76

KEYSIGHT

TECHNOLOGIES
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Corrections/De-embedding Using PathWave E/653APPC Software

76

De-embedding is used to remove the effects of test fixtures and cabling from
the measurement results. De-embedding uses a model of the test fixture and
mathematically removes the fixture characteristics (cables, connectors and
other passive components) between the source and the device under test
(DUT). Once the desired topology has been characterized, its effects can be
removed from the output signal, moving the effective reference plane to the
point at which the power sensor was connected.

Blocks can be added from supported file formats (.s2p, .csv, .uflat) or by direct
measurement, using one of the supported power sensors (power meter,
spectrum analyzer, or a network analyzer).

The MXG must have the E7653APPC PathWave Automatic Channel
Response Correction and S-parameter De-embedding license installed.

Adding Fixture Blocks using s2p Files

Amplitude and phase can be corrected by adding multiple s2p files as Fixture
Blocks.

An s2p file (also known as a Touchstone file) is an ASCII text file used for
documenting the n-port network parameter data and noise data of linear
active devices, passive filters, passive devices, or interconnect networks. Each
record contains 1 stimulus value and 4 S-parameters (total of 9 values)

The first line in the figure below (# GHz DB R 50) designates:
— (GHz) designates the frequency in Hz, kHz, MHz, or GHz
S) the measurements are in S parameters (rather than Y or Z)

- (

— (DB) the values are given in decibel/angle. Instead of DB, you can have RI
(real/imaginary) or MA (magnitude/angle)

- (

50) the characteristic impedance is 50 ohms

Is2P File: Measurements: $11,521,512,522:

# GHz S DB R 5@
2.5 -1ee -l1ee 1e.© -1ee 1le.e -1lee -1ee -lee
2.75 -1lee -lee 5.e -1ee 5.2 -1ee -l1lee -lee
3.9 -1lee -l1ee e.e -lee 0.0 -1ee -lee -lee
3.25 -1ee -lee -5.e -lee -5.@ -1ee -lee -1lee
3L5 -1ee -1eée -10.e -1ee -10.0 -1ee -1ee -1ee

If there is not a first line header, the default format is GHz, S-parameters,
and magnitude/angle.

1. Create s2p files in Notepad in the format shown above.
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TIP An s2p example file is included on the MXG. Go to

/Examples/simpleAt3GHzINnDB.s2p

2. Select Preset » Preset to set the instrument to a known state.

3. In the MXG Output area, set the Frequency to 3 GHz and Power to
-10 dBm.

3.000 000 000 000 00 GHz

-10.00 dBm

4. Select the Group 1: Signals block to open.

| Group 1: Signals
File None selected

5. Select the Mode dropdown and select Multitone:

@ @ > Group 1: Signal Setup

General _ .
Enable Mode Signal Attenuation

Multitone Multitone 0dB

Frequency Offset

Trigger

0Hz

Reset Phase Accumulator

6. From the left pane, select Multitone and set:

— Tones to 21 > x1
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— Tone Spacing to 40 MHz

= @ > Group 1: Signal Setup

General

Multitone 21

Trigger Tone Spacing

40.000 000 000 00 MHz

7. Select the General tab > Enable.

@ @ > Group 1: Signal Setup

: Mode Signal Attenuation
@ cnable .

Multitone 0dB

Frequency Offset

0 Hz

Reset Phase Accumulator

8. Close the Signal block by selecting the Home icon, and then select RF Out
channel number to turn on.

9. On the X-Series Signal Analyzer spectrum analyzer in Spectrum Analyzer
Mode:

— Select Mode Preset to set Spectrum Analyzer mode to a known
state.

— Set the Center to 3 GHz
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— Set Span to 1 GHz

1 Spectrum

Scale/Div 10 dB Ref Level 0.00 dBm

Center 3.0000 GHz Video BW 3.0 MHz Span 1.000 GHz
Res BW 3.0 MHz Sweep 1.00 ms (1001 pts)

10. On the MXG, select the RF Output block > Corrections/De-embedding.

Output 1:
@ i RF Output

Corrections On

Freq and Amp Adjustment

|
Corrections/De-embedding @

Optimizations

Add from File
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11. In the Corrections Setup dialog, select Add from File.

— @ > Output 1: RF Output

General
Corrections On Absolute Power Corrections Only
Freq and Amp Adjustment

Corrections/De-embedding

Optimizations ‘ @ TJ }—

Add from File

12.Select the Up arrow icon to access the Examples folder.

ZP / > Waveforms

Name ~
Q This Computer

1% / > Examples

@ S-Parameters

Q This Computer Name ~ Date Modified

simpleAt3GHzInDB.s2p Oct 8,2023, 11:09:18 AM

Notice that Block B is added in the Correction Setup diagram.
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Output 1:
RF Output

&l =

General Corrections On

Freq and Amp Adjustment
A
Corrections/De-embedding ‘ @ fi o

Optimizations Embed

Add from File

Absolute Power Corrections Only

2>

Deembed

Delete Block

Trigger

4

Block B Properties @ Enable

File

ns/simpleAt3GHzInDB.s2p | >

Deembed 52

Reverse Ports

14. At the top of the display, turn Corrections On. View the results on the
signal analyzer. Observe how the .s2p file has impacted the signal.

KEYSIGHT 'gputl_RF e
ouplin
6o Aligr‘lji L%hl

1 Spectrum
Scale/Div 10 dB

Center 3.0000 GHz
Res BW 3.0 MHz

Atten: 10 dB PNO: Fast
Preamp: Off Gate: Off

pW Path: Standard IF Gain: Low
Source: Off Sig Track: Off

Input Z- 50 O
Corr CComr RCal
Freq Ref: Ext (S)
NFE: Adaptive

Ref Level 0.00 dBm

Video BW 3.0 MHz

Avg Type: Log-Power
Trig: Free Run

Span 1.000 GHz
Sweep 1.00 ms (1001 pis)

15. Add a third block using the same file name as shown in the steps above.
Under Block C Properties, set to Embed.

General
Freq and Amp Adjustment

Corrections/De-embedding @ —0) 7

Optimizations

Add from File

@ Corrections On

1)

< Move Left

Absolute Power Corrections Only

Embed ‘ Deembed

Delete Block

N5186A MXG and X-Series SA Measurement Guide
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File
ns/simpleAt3GHzInDB.s2p | »

Embed 5

Reverse Ports
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View the results on the X-Series spectrum analyzer. Notice that the
corrections are no longer shown. This is because the de-embedded
corrections applied in Block B cancel the embedded corrections applied in
Block C.

1 Spectrum
Scale/Div 10 dB Ref Level 0.00 dBm

Center 3.0000 GHZ Video BW 3.0 MHz Span 1.000 GHz
Res BW 3.0 MHz Sweep 1.00 ms (1001 pts)

Using a Spectrum Analyzer to Make the Corrections Measurement

When using a spectrum analyzer, it must be locked to the MXG Frequency
Reference. This is important because the power measurement can be
inaccurate due to a narrow resolution bandwidth (RBW) used in the spectrum
analyzer. Supported Keysight X-Series signal analyzers are:

NOOOOA/B CXA

N9O0T0A/B EXA

N9020A/B MXA

N9021B MXA

N9030A/B PXA

N9032B PXA

N9O040B, N9041B, or N9042B UXA

On the MXG:

. Connect the Ref Out to the N90x0OA/B Ext Reference In.

Connect cable or DUT between the MXG RF Out and the signal analyzer
RF in.

Select Preset > Preset to set the instrument to a known state.

Set the Frequency to 3 GHz and Amplitude to =10 dBm.
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5. Select the Signal block to open.
6. Select the Mode dropdown and select Multitone.

7. Select the Multitone tab from the left panel and then, configure the signal
to have 501 Tones with 1.5 MHz Tone Spacing.

e ses @ > Group 1: Signal Setup

General

Multitone 501

Trigger Tone Spacing

1.500 000 000 00 MHz

8. Select the General tab > Enable.

9. Select the Home icon and set RF Out to On by selecting the numbered
channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

On the Signal Analyzer:

1. From the Menu Panel (on the top right of the display), select Mode/Meas >
Spectrum Analyzer mode > Occupied BW Measurement > OBW Results
View.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

2. Set the Center Frequency to 3 GHz and the Span to 1 GHz.

Observe how the fixturing is impacting this signal, including the flatness
and the total power.
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KEYS|GHT .Input RF lInput Z: 50 O Atten: 10 dB Trig: Free Run Center Freq: 3.000000000 GHz

|Coupling: DC Corr CCorrRCal  Preamp: Off Gate: Off Avg|Hold:=10/10
@ |Align: Off Freq Ref. Ext (S) pW Path: Standard #IF Gain: Low Radio Std: None
INFE: Adaptive

1 Graph
| Scale/Div 10.0 dB Ref Value -10.00 dBm

Video BW 50.000 MHz* Span 1 GHz
‘Sweep 1.00 ms (1001 pts)

2 Metrics

Measure Trace

Occupied Bandwidth
744.06 MHz Total Power -12.7 dBm

Transmit Freq Error -2.0720 MHz % of OBW Power 99.00 % |
x dB Bandwidth 757.9 MHz xdB -26.00 dB
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On the MXG:

1. Select the RF Output block > Corrections/De-embedding tab to open the
Correction Setup.

2. Select Block A to highlight > Add from Measurement to open the Measure
Corrections Block Wizard.

RF Out (All) Trigger

E’_D > Output 1: RF Output - l% ’? v EEA.

General
Corrections On Absolute Power Corrections Only

Block A Properties Enable
Freq and Amp Adjustment P -

i e Fil
Corrections/De-embedding 22

A

Optimizations @ __E‘ [z)..‘_ }_

Add from Measurement

Add from File

3. Connect the power sensor (in this case, the X-Series signal analyzer) as
shown in the diagram below. After reading the overview, select Next to
move to the Configure Sensor setup.

@ N Output 1: Measure Trigger
RF Output “~ Corrections i

This wizard will guide you through the simple process of measuring an external network of cables,
connectors and other passive components connected between this source and the device under test.
N5186A

Overview

Me: ring Device
Configure Sensor asuring Devic

@ = Cables/Connectors/Fixtures to be characterized

Measure Corrections e Power meter or
Output 1 spectrum analyzer

Connect the equipment (power meter or spectrum analyzer) as shown in the diagram above. Once the
desired topology has been characterized, its effects can be removed from the output signal, moving
the effective reference plane to the point at which the measuring device was connected.

Cancel

4. In the Configure Sensor setup, select the Device Type dropdown and
select Spectrum Analyzer.

5. Set the Start and Stop Freq, Amplitude, and the Num Steps. For this
example Start Freq 2.5 GHz, Stop Freq 3.5 GHz, Amplitude to the highest
power used in your measurement (For this example, -10 dBm, which we
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already set in the main window. If you change the value here, it will update
the value in the main measurement window.) and Number of Steps to
101 > x1.

AN

> Output 1: Measure Trigger
(nl RF Output “ Corrections 4

? : Device T C tion T'
Overview Use Device List | P€¥ice Type onnection Type

Spectrum Analyzer LAN UsB Test Connection

Configure Sensor
g Start Frequency Power Hostname or IP Address

Measure Corrections | 2.500 000 000 000 00 GHz -10.00 dBm 141.121.148.96

Stop Frequency Number of Steps Protocol Address

3.500 000 000 000 00 GHz 101 HiSLIP v hislip0

< Back

6. Set Connection Type to LAN, enter the LAN Address and set the Protocol
parameters to HiSLIP, and then select Test Connection.

— y @ > Output 1: Measure Trigger 5.
= RF Output “ Corrections :

. . Device Type Connection Type
Overview Use Device List yp YP

Spectrum Analyzer ) LAN UsSB Test Connection

Configure Sensor
¢ Start Frequency Power Hostname or IP Address

Measure Corrections 2.500 000 000 000 00 GHz -10.00 dBm 141.121.148.96

Stop Frequency Number of Steps Protocol Address

3.500 000 000 000 00 GHz 101 HiSLIP v hislip0

7. Once you are successfully connected, select Next to move to the Measure
Corrections step.

8. Select Measure Correction Data.
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During the measurement, the MXG outputs a CW between the Start and
Stop Frequencies for the specified number of steps and output power. It
will take some time to measure all 101 points, and the progress is
indicated by the blue bar. You can watch the signal analyzer as it steps
through this process.

Measure Cormection Data

The measurement results are saved to a csv file using an automatically
generated file name.

9. When the measurement is complete, select Finish, then set Corrections
On.

The output csv file is set to Block A.

Add from Measurement Add from File

A

UserCom-2021-08-17_001

Ma384B

® &

e

Output 1
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Block A is dedicated for User Correction. The image below shows how
blocks are assigned in the User Correction and Fixture block.

Factory Cal

10. On the signal analyzer, Restart the (on the left corner of the user
interface) measurement (because it is applying averaging). Observe how
the measured corrections impacted the signal. You can easily toggle
Corrections on and off on the MXG to see the difference.

Using a Power Meter to Make the Corrections Measurement
The following USB power sensors can be used for the power measurement.
— UB8487A-CFG0O07
— UB485A-CFG0O06
— U2000A
— U2001A
— U2002A
— U2004A
— U2000B
— U2001B
— U2000H
— U2001H
— U2002H
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On the MXG:

1. Connect the MXG 10 MHz Out to the N90x0A/B Ext Reference In.

2. Select the RF Output block > Corrections/De-embedding tab to open the
Correction Setup.

3. Select the A block (to highlight), then Add from Measurement to open the
Measure Corrections Block Wizard.

RF Out (All) Trigger

(A] > Output1:RF Output

General
Corrections On Absolute Power Corrections Only

Block A Properties Enable
Freq and Amp Adjustment P v

Corrections/De-embedding File

Optimizations

Add from Measurement

Add from File

4. Connect the power sensor as shown in the diagram below then select
Next.

- . l/r\d N Output 1: Measure Trigger
— RF Output “° Corrections y !

v

This wizard will guide you through the simple process of measuring an external network of cables,
connectors and other passive components connected between this source and the device under test.
N5186A

Overview

Me: ring Device
Configure Sensor asuring Devic

@ = Cables/Connectors/Fixtures to be characterized

Measure Corrections e Power meter or
Output 1 spectrum analyzer

Connect the equipment (power meter or spectrum analyzer) as shown in the diagram above. Once the
desired topology has been characterized, its effects can be removed from the output signal, moving
the effective reference plane to the point at which the measuring device was connected.

Cancel

5. Select Next to go to Configure Sensor dialog and select the Power
Measurement Device dropdown > Power Meter.
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6. Set the Start and Stop Freq, Amplitude, and the Num Steps. For this
example Start Freq 2.5 GHz, Stop Freq 3.5 GHz, Amplitude to the highest
power used in your measurement 5 dBm, and Num Steps to 20.

@ N Output 1: Measure
RF Output ° Corrections

Overview Use Device List UEEI WEE

Power Meter

Configure Sensor

Start Frequency Power

Measure Corrections 2.500 000 000 000 00 GHz 5.00 dBm

Stop Frequency Number of Steps
3.500 000 000 000 00 GHz 20

7. Select the Connection Type to USB, and then specify the Device and VISA
Address.

8. Select Test Connection to verify connectivity, and then select OK then
Next to continue.

You can also calibrate and zero out the power sensor before measuring
corrections.

9. Select Next to go to the Measure Corrections dialog and select Measure

Correction Data.

Correction measurement in progress....

Abort

90

During the measurement, the MXG outputs a CW between the Start and
Stop Frequencies for the specified number of steps and output power. The
measurement results are saved to a csv file using an automatically
generated file name.
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10. Select Finish. The output csv file is set to Block A.

Add from Measurement Add from File

A

Output 1

Block A is dedicated for User Correction. The image below shows how
blocks are assigned in the User Correction and Fixture block.

11. Select Corrections On to apply.
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Using the equivalent SCPI commands

Using a spectrum analyzer to make the corrections measurement

On the MXG:

SYSTem:PRESet

Set the power level to the highest level used in your measurement.
RF1:POWer:AMPLitude 5dBm

CORRection:PMDevice SANalyzer
CORRection:FLATness:STEP:STARt 5GHZ
CORRection:FLATness:STEP:STOP 7GHZ
CORRection:FLATness:STEP: POINts 20
CORRection:SANalyzer:COMMunicate:TYPE SOCKets

Set the LAN address and protocol parameters for your spectrum analyzer.
CORRection:SANalyzer:COMMunicate:LAN:IP "192.168.1.5"
CORRection:SANalyzer:COMMunicate:LAN:PORT 5025
CORRection:FLATness:CALibrate

CORRection ON

Using a power meter to make the corrections measurement.

On the MXG:

SYSTem: PRESet

RF1:POWer:AMPLitude 5dBm
CORRection:PMDevice PMETer
CORRection:FLATness:STEP:STARt 2.5GHZ
CORRection:FLATness:STEP:STOP 3.5GHZ
CORRection:FLATness:STEP:POINts 20

CORRection:SANalyzer:COMMunicate:TYPE USB

Use query CORRection:PMETer:COMMunicate:USB:LIST? foralist of all
NOTE connected USB devices.

CORRection:PMETer :COMMunicate:USB:DEVice “instr(0”
[Optional] CORRection:PMETer:CALibrate
[Optional] CORRection:PMETer : ZERO

CORRection:FLATness:CALibrate
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CORRection ON

Adding fixture blocks using s2P files

On the MXG:

SYSTem: PRESet

RF1:FREQuency:CW 3GHZ

RF1:POWer:AMPLitude -20dBm

SIGNall:MODE MTONe
SIGNall:MTONe:ARB:NTON 21
SIGNall:MTONe:ARB:FSP 100MHZ

SIGNall ON

RF1:0UTPut : STATe ON

For multi-channel instruments, set RF Out (all) to On.

RFAL1 :OUTPut ON

On the X-Series Signal Analyzer:
SYSTem:PRESet
FREQuency:CENTer 3GHZ

FREQuency:SPAN 1GHZ

On the MXG:

Set the path to the s2p data as block 2 (you can use 1 through 4).

CORRection:BLOCk2:FILE "FixtureChannel2"
CORRection:BLOCk2 ON

Add block C with the same file.
CORRection:BLOCk3:FILE "FixtureChannel2"
Change Block C to Embed.
CORRection:BLOCk3:APPLy EMBedding

CORRection:BLOCk3 ON
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3  5G New Radio (NR) Measurements

This section includes the following topics:
— “BG Waveform, EVM, and ACP Analysis” on page 96

— “Setting Up Triggers on the Signal Analyzer using 5G NR Mode” on
page 96

— “Setting Up a1 CC 3.5 GHz EVM Measurement” on page 98

——"“Demodulate the Waveform Using the X-Series Signal
Analyzer Embedded Application” on page 101

——“Demodulate the Waveform Using the 89601B VSA
Software:” on page 106

— “Setting Up a1 CC 3.5 GHz ACP Measurement” on page 111
——"“Setup the MXG:” on page 111

——“Demodulate the Waveform Using the X-Series Signal
Analyzer Embedded Application” on page 101

——“Demodulate the Waveform Using the 89601B VSA
Software:” on page 106

KEYSIGHT

TECHNOLOGIES
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bG Waveform, EVM, and ACP Analysis

The MXG enables 5G testing with a low error vector magnitude (EVM). The
MXG has extremely good EVM at high power levels. However, not all signal
analyzers can capture this low value. We will use the X-Series signal analyzer
with the 5G NR X-Series application and the VSA software to observe EVM and
adjacent channel power (ACP).

Setting Up Triggers on the Signal Analyzer using 5G NR Mode

NOTE Refer to “Equipment Setup” on page 9 for connecting the instruments.

Setting Up Triggers on the X-Series Signal Analyzer

Using the graphical user interface
1. On the signal analyzer, select Mode/Meas > 5G NR & V2X mode.

If accessing the instrument via a Remote Desktop connection, select the
NOTE Screen tab (at the top of the display) to open the

Mode/Measurement/View Selector window.

2. Select Mode Preset to set 5G NR mode to a known state.

3. Select Mode/Meas > 5G NR V2X Mode > Modulation Analysis
Measurement.

4. From the Menu Panel (on the top right of the display), select Trigger and
set Select Trigger Source to External 1 and Trigger Levelto 1 V.

ﬁ Trigger Y

Select Tng Source ager
External 1 v ) i
Tritq;jier Level ge""ﬂi—;
1.00V 3
{{Auto)
Trigger Delay | Holdoff
1.0 ps
On
Off
Trigger Slope
Pasitive
Negative

< Trigger Seﬂjm_]s
Diagram
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Using the equivalent SCPI commands

On the X-Series Signal Analyzer:

INSTrument : CONFigure:NR5G

SYSTem:PRESet

Change the current window to 5G NR Modulation Analysis Measurement Mode
INSTrument : CONFigure:NR5G:EVM

TRIGger:EVM:SOURce EXTernall

TRIGger:EXTernall:LEVel 1V

N5186A MXG and X-Series SA Measurement Guide
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Setting Upa 1 CC 3.5 GHz EVM Measurement

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer using 5G NR Mode” on page 96.

On the MXG:
1. Select Preset > Preset to set the instrument to a known state.

2. In the Output 1 area, set Frequency to 3.5 GHz and Power to
5 dBm.

3.500 000 000 000 00 GHz

5.00 dBm

3. Select Group 1: Signals block to open.

' Group 1: Signals
File None selected

4. From the Waveform tab on the left side of the display, choose File Select
to navigate to the Waveforms folder.

5. Select the Up arrow icon to access the Examples folder.

ZF / > Waveforms

Name ~

Q This Computer

6. Open the Examples folder and highlight
5GNR _1CC FR1 30kHz SCS 100MHz 256QAM DC Punctured.wfm,
then Select.
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Markers

5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

7. Select the General tab > Enable.

@ > Group 1: Signal Setup

Mode Signal Attenuation
@ cnable S

Waveform File 0dB

Frequency Offset

0 Hz

Reset Phase Accumulator

8. Close the Vector Modulation Signal Setup by selecting the Home icon at
the top of the display.

» Group 1: Signal Summary » Signal 1: Setup

™

9. Select the Adjustments block and select Optimize Dynamic Range with
OBW and Enable System RF Flatness Correction.

Optimize Dynamic Range with OBW This setting filters the system
RF flatness correction coefficients over the instantaneous bandwidth
indicated in the waveform header (or in the “Occupied Bandwidth”
settings area under the Signal block > Occupied Bandwidth setting).
This has the potential to improve EVM performance by not having to
correct for flatness errors outside the requested bandwidth. For
example, if RF flatness correction was done at 960 MHz, but you are
only interested in an 800 MHz section, then applying the correction
flatness to that portion only can improve signal to noise ratio, and
therefore EVM when there is a lot of hardware roll off.

Enable System RF Flatness Correction - Disabling this function
disables the factory calibrated RF channel flatness equalizer.
Depending on the hardware channel response, this may hurt or
improve the EVM. This is due to the dynamic range implications as it
relates to signal to noise ratio. The greater the RF hardware
variations in flatness, the greater the amount of correction is
required, the greater the correction effectively reduces the number of

N5186A MXG and X-Series SA Measurement Guide 99



100

5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

resolution DAC bits that can be used, which degrades the signal to
noise ratio and therefore potentially EVM. The trade-off is to balance
between flatness and signal to noise ratio.

Output 1:
@ ? Adjustments

General 1/Q Common Delay Optimizations

Os

¥ Optimize Dynamic Range with OBW

1/Q Adjustments

5 1 &
wep lah ¥ Enable System RF Flatness Correction

CW Interferer

AWGN

10. Close the Adjustments Setup by either selecting the Back or the Home
icon at the top of the display.

I.J:L] > Signal 1: Setup

11. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

12. For multi-channel instruments only: In the top right corner of the display,
set RF Out (All) to On by selecting the switch.

RF Out tAII

In order to turn on RF for any channel, both the RF Out for the specific
channel (for example, Channel 1 or Channel 2), and RF Out All must be
turned on.
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Demodulate the Waveform Using the X-Series Signal Analyzer
Embedded Application

You will need to copy the setup files to the X-Series Signal Analyzer or the
PC running the VSA application. Go to:

https://www.keysight.com/us/en/lib/software-detail/instrument-firmwar
e-software/measurement-guide-example-files.html

Select Download and wait for the zip file to finish downloading to your
Downloads folder. This may take a few minutes as it is a 2 GB file. You will
find the setup file(s) under the applicable Measurement name.

This PC > Downloads > MeasurementGuideExampleFiles (1).zip > Measurement Guide Example Files v O
Name " Type
Correction De-embedding Using PathWave N7653APPC or E7653APPC Software File folder
Creating a DL MIMO Signal Using PathWave N7631APPC Signal Generation File folder
Generating Synchronized Pulse (IQ + Analog) Madulation File folder
Instrument Nonlinear Corrections File folder
Setting Up 8 Virtual Signal Generators File folder
Setting Up a 1 CC 3.5 GHz EVM Measurement File folder
Setting Up a 1CC 3.5 GHz ACP Measurement File folder
Setting Up a 1CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 1CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up a 8CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 8CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up Waveform File Vector Modulation File folder
Using the VSA Flex Frame to Create a DVB-52X Signal File folder

1. On the signal analyzer, select Mode/Meas > 5G NR & V2X mode.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

2. Select Mode Preset to set 5G NR mode to a known state.

3. Select Mode/Meas > 5G NR V2X Mode > Modulation Analysis
Measurement.

4. Select Recall (If accessing the signal analyzer remotely, select the Folder
icon at the bottom of the display) Demod Info > Set Data Type to CC Setup
> Recall From >
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S5GNR_1CC FR1 30kHz SCS 100MHz 256QAM DC punctured 34.scp

Recall

Recall {_ Demod Info Recall from File e ?2 X
SElE @ Computer D D: 5 Users » Instrument ) Documents Y NR5G D data  Example setup demo files 3 Mode 5G NR v

Screen Cormg + State Name A Date Size Content
Correction D 4-carrier_APSK scp 1/30/2020 10:56 AM 402 KB Scp file
Complex Correction D 4-carrier APSK.setx 1/30/2020 10:56 AM 594 KB Setx file
Recording B 5G_100MHz_8CC_FR2.scp 3/3/2021 10:51 PM 431 KB Scp file
Recording + State D 5G_MIMO setx 1/30/2020 10:56 AM 133 KB Setx file

D 5GNR_1CC_FR1_30kHz_SCS_100MHz_256QAM_DC Punctured.scp 9/21/2018 3:53 PM 274 KB Scp file

D SGNR_1CC_FR1_30kHz_SCS_100MHz_256QAM_DC Punctured setx 8/30/2018 4:57 PM 90 KB Setx file

[ 56NR_1CC_FR2_120kHz_SCS_100MHz_256QAM_DC Punctured_28GHz scp 2121/2019 1:58 PM 455KB Scp file

D 5GNR_1CC_FR2_120kHz_SCS_100MHz_256QAM_DC Punctured_28GHz setx 2/21/2019 2:01 PM 131 KB Setx file
D 5GNR_2x2_ MIMO_VXG_Scope_Updated.scp 5/15/2019 12:14 PM 74 KB Scp file
D 5GNR_2x2_MIMO_VXG_Scope_Updated.setx 5/15/2019 12:14 PM 135 KB Setx file

D 5GNR_BCC_FR2_120kHz_SCS_100MHz_256QAM_Gorrected_28GHz scp 2/21/2019 1:48 PM 455 KB Scp file

[™ sGNR_8CC_FR2_120kHz_SCS_100MHz_256QAM_DC Punctured_28GHz setx 2/21/2019 1:05 PM 131 KB Setx file

D Jacquie setx 8/23/2021 10:24 AM 131 KB Setx file

File name: | Jacquie setx File type:  All Supported Files (*.scp;*.sgen;* nrcc;* pwsg,* setx) Recall

5. Select Frequency > Carrier Reference Frequency > 3.5 GHz.

6. Select Meas Setup > Advanced tab > Advanced Demod Setup and ensure
that RF for Phase Compensation Auto is not selected and the value is 0 Hz.
Close the Advanced Settings table.

7. Select the Settings tab > Optimize EVM.

The Optimize EVM function automatically sets the combination of
preamplification, mechanical and electronic attenuation, and IF gain based
on the measured signal peak level.

EVM should be less than 1%.
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Input Z: 50 O Atten: 24 dB Trig: Free Run Carrier Ref Freq: 3.500000000 GHz
{:) Coupling: DC Corr CCorrRCal  |Preamp: Off #IF Gain: 11 dB CC Info: DL, 8 CCs, SISO

Align: Light Freq Ref: Ext(S) |uW Path: Bypass
_ #PNO: Best Wide
1 CCO-BWP1 2CCo
1Q Meas Time Raw Main Time
Scale/Div 10.00 dB

-3.890 H=1:30 kHz 3.890 |Start: 0.00 ns
3CCo

Spectrum
Scale/Div 10.00 dB Ref Value 0.00 dBm

v 4 Error Summary

Channel Power (Active / Total)
=VM (RMS / Peak)
Frequency Error (RMS / Worst)
Symbol Clock Error

1 1Q Offset (SISO)
Time Offset

| Sync Correlation

. - Sync Source
Ctr: 3.500000000 GHz : 110.6 MHz Magnitude Error
Res BW: 100 Hz

Phase Frror
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CCO0
4.62 dBm / 4.62 dBm
0.25% /1.39 %
83.7 mHz / 242.8 mHz
-0.001 ppm
-42.48 dB
5.812ms
99.6 %
SS Block
0.18 %
000 rad
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Using the equivalent SCPI commands

On the MXG:

SYSTem:PRESet
RF1:FREQuency:CW 3.5GHZ
RF1:POWer:AMPLitude 5dBm
SIGNall:MODE WAVeform

Navigate to the desired waveform file.

SIGNall:WAVeform “/Examples/
5GNR_1CC _FR1 30kHz SCS 100MHz 256QAM DC punctured.wfm ”

SIGNall ON

IQO:CORR:OPT:DYN:RANG: OBW ON

RF1:0UTPut ON

For multi-channel instruments, set RF Out (all) to On.

RFALL :OUTPut ON

On the X-Series Signal Analyzer:

You will need to copy the setup files to the X-Series Signal Analyzer or the
PC running the VSA application. Go to:

https://www.keysight.com/us/en/lib/software-detail/instrument-firmwar
e-software/measurement-guide-example-files.html

Select Download and wait for the zip file to finish downloading to your
Downloads folder. This may take a few minutes as it is a 2 GB file. You will
find the setup file(s) under the applicable Measurement name.

This PC » Downloads * MeasurementGuideExampleFiles (1).zip * Measurement Guide Example Files ]
~
Name Type
Correction De-embedding Using PathWave N7653APPC or E7653APPC Software File folder
Creating a DL MIMO Signal Using PathWave N7631APPC Signal Generation File folder
Generating Synchronized Pulse (IQ + Analog) Madulation File folder
Instrument Nonlinear Corrections File folder
Setting Up 8 Virtual Signal Generators File folder
Setting Up a 1 CC 3.5 GHz EVM Measurement File folder
Setting Up a 1CC 3.5 GHz ACP Measurement File folder
Setting Up a 1CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 1CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up a 8CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 8CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up Waveform File Vector Modulation File folder
Using the VSA Flex Frame to Create a DVB-52X Signal File folder
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MMEMory:LOAD:EVM: SETup CCO,
“D:\Users\Instrument\Documents\NR5G\data\NR5GEvm\CarrierSetu
P\5GNR 1CC FR1 30kHz SCS 100MHz 256QAM DCpunctured.scp”

EVM:CCARrier(:TIME:LENGth:SEARch 10ms
EVM:CCARrierQ:TIME: LENGth:RESult 2
EVM:CCARrier0:FRAMe:TRIGger ON
EVM:CCARrier0:DC:PUNCture ON
EVM:CCARrier(:PHASe:COMPensation:AUTO OFF
EVM:CCARrier0:PHASe:COMPensation:FREQuency 0 Hz

EVM:OPTimize
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Demodulate the Waveform Using the 89601B VSA Software:
1. Open the VSA software by selecting Mode Meas > Launch VSA.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

2. From the menu bar, select File > Preset > All to set the VSA to a known
state.

You will need to copy the setup files to the X-Series Signal Analyzer or the
PC running the VSA application. Go to:

https://www.keysight.com/us/en/lib/software-detail/instrument-firmwar
e-software/measurement-guide-example-files.html

Select Download and wait for the zip file to finish downloading to your
Downloads folder. This may take a few minutes as it is a 2 GB file. You will
find the setup file(s) under the applicable Measurement name.

This PC > Downloads * MeasurementGuideExampleFiles (1).zip > Measurement Guide Example Files ]
Name " Type
Correction De-embedding Using PathWave N7653APPC or E7653APPC Software File folder
Creating a DL MIMO Signal Using PathWave N7631APPC Signal Generation File folder
Generating Synchronized Pulse (IQ + Analog) Madulation File folder
Instrument Nonlinear Corrections File folder
Setting Up 8 Virtual Signal Generators File folder
Setting Up a 1 CC 3.5 GHz EVM Measurement File folder
Setting Up a 1CC 3.5 GHz ACP Measurement File folder
Setting Up a 1CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 1CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up a 8CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 8CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up Waveform File Vector Modulation File folder
Using the VSA Flex Frame to Create a DVB-52X Signal File folder

3. Select File > Recall > Recall Setup and navigate to
5GNR 1CC FR1 30kHz SCS 100MHz 256Q0AM DC punctured.setx

4. From the toolbar, select the Pause Icon. m

Pausing the measurement will help speed up the setup time.
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5. From the menu bar, select Input > Trigger and set Style to External and
Levelto 1.0 V.

Digital Trigager

Extemal
Slope:
Pasitive

Holt
Tirne Criteria: Timel: Tirmed:

sk Trigger

LEmpl ;

Fraquency Offset Amplitude Offset

Upper 0Kz 0nde

Lawer | 0 Hz 0de

Trigger Gut 1
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5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

6. Select the Extensions tab and change the External Trigger location to

Trigger 1 In (if using an N9040B with Option H1G, select Trigger 3) and
Phase Noise Optimization to Best Wide Offset.

Analog Digital Capture

Logical Instrument:

4 Misc
Adc Dither
Capture Bit Packing
Ext Reference Lock Bandwidth

External Trigger Location

Trigger

Playback Trigger External Mixer Extensions

Preset All

Show Al

Off

Auto

15 Hz
Trigger 1 In

IF Path
IF Path Auto

1GHz
Manual
Instrument User Corrections Off
Off
Preselector Bypass
Normal
Best Close In
Best Close In
_ Best Wide Offset
+F - . Fast Tuning
Balanced

Spur Avoidance

Phase Noise Optimization

Phase Noise Optimization

analyzer model

7. From the toolbar, select the Auto-Range dropdown and select EVM-Table
or Algorithm Based.

— EVM - Table or Algorithm Based performs EVM optimization based
on prescribed table/algorithm instead of using EVM in the feedback
loop. This method of EVM auto-range is normally faster than Meas
Based Iteration, but may not achieve the most optimal setup for
minimized EVM.

— EVM - Meas Based Iteration has a feedback loop around the entire
measurement, uses the measured EVM in the feedback loop, and
tries to adjust hardware parameters to minimize the EVM. It is the
slowest EVM auto-range method, but it should achieve the most
optimal setup for good EVM.

File Edt Contral Sowrce

|| e '|;, 0]

[nput  MeasSetup  Trace  Markers  Window

Utilities  Help

BE- i RIE O Y

& U A

o [

8. Select the Auto-Range icon to run the measurement for EVM optimization.
This may take a few minutes to complete.
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5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

File Edit Contrel Source Input MeasSetup Trace Markers Window Utilities Help

|| |3 '\ evm-Table or Atgorithm Based ~ oe [ B EE- W0 .'C;au L ¢ il 1 22 il A

B: Ch1 Spectrum ~ X | D: OFDM Err Vect Spectrum: All Layers % | F: Frame Summary

EVM SINR  Power per RE
(%rms) (dB) (dBm)

N

Name Modulation o™ °F RNT
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5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

Using the equivalent SCPI commands

On the X-Series Signal Analyzer:
INSTrument :SELect VSA89601

You will need to copy the setup files to the X-Series Signal Analyzer or the
PC running the VSA application. Go to:

https://www.keysight.com/us/en/lib/software-detail/instrument-firmwar
e-software/measurement-guide-example-files.html

Select Download and wait for the zip file to finish downloading to your
Downloads folder. This may take a few minutes as it is a 2 GB file. You will
find the setup file(s) under the applicable Measurement name.

This PC > Downloads > MeasurementGuideExampleFiles (1).zip > Measurement Guide Example Files v O
Name . Type
Correction De-embedding Using PathWave N7653APPC or E7653APPC Software File folder
Creating a DL MIMO Signal Using PathWave N7631APPC Signal Generation File folder
Generating Synchronized Pulse (IQ + Analog) Madulation File folder
Instrument Nonlinear Corrections File folder
Setting Up 8 Virtual Signal Generators File folder
Setting Up a 1 CC 3.5 GHz EVM Measurement File folder
Setting Up a 1CC 3.5 GHz ACP Measurement File folder
Setting Up a 1CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 1CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up a 8CC 28 GHz EVM Measurement using VSA File folder
Setting Up a 8CC 28 GHz EVM Measurement using X-Apps File folder
Setting Up Waveform File Vector Modulation File folder
Using the VSA Flex Frame to Create a DVB-52X Signal File folder

SYSTem: PRESet

MMEMory : LOAD
“D:Users\Instrument\Documentts\NR5G\data\NR5GEvm\Carrier
Setup\5GNR 1CC FR1 30kHz SCS 100MHz 256QAM DC

punctured. setx”

INITiate:PAUSe

INPut:TRIGger:STYle "EXTERNAL"

INPut:TRIGger:LEVel :EXTernal 1V
INPut:EXTension:PARameters:SET "ExtTriggerLoc", 2

INPut :EXTension:PARameters:SET "PhaseNoiseOptDualLoop", 1
Set the 5G NR Demod Result Length to 10 Subframes:

NR5G:RLENgth 10

NR5G: SUBFrame: INTerval 2

Set the Acquisition Mode to “Frame Trigger is Present”

nr5g:FRAMe : TRIGger:ENABled 1
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5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

Setting Upa 1 CC 3.5 GHz ACP Measurement

Ensure the equipment and triggers are properly configured. Refer to
“Equipment Setup” on page 9 and “Setting Up Triggers on the Signal
Analyzer using 5G NR Mode” on page 96.

Setup the MXG:

1. Select Preset > Preset to set the MXG to a known state.

2. Set Frequency to 3.5 GHz and Amplitude to 0 dBm.

3.50000000000 GHz

0.00 dBm
ALC ON

3. Select Group 1: Signals block to open.

' Group 1: Signals
File None selected

4. From the Waveform tab on the left side of the display, choose File Select
to navigate to the Waveforms folder.

5. Select the Up arrow icon to access the Examples folder.

ZP / > Waveforms

Name ~

Q This Computer

6. Open the Examples folder and highlight
5GNR_1CC_FR1 30kHz SCS 100MHz 256QAM DC Punctured.wfm,
then Select.
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General
Waveform File

Trigger

Markers

5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

7. Select the General tab > Enable.

@ > Group 1: Signal Setup

Mode Signal Attenuation
@ cnable S

Waveform File 0dB

Frequency Offset

0 Hz

Reset Phase Accumulator

8. Close the Vector Modulation Signal Setup by selecting the Home icon at
the top of the display.

» Group 1: Signal Summary » Signal 1: Setup

™

112

9. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

10.For multi-channel instruments only: In the top right corner of the display,
set RF Out (All) to On by selecting the switch.

RF Out (All)

In order to turn on RF for any channel, both the RF Out for the specific
channel (for example, Channel 1 or Channel 2), and RF Out All must be
turned on.

On the X-Series Signal Analyzer:

1. Select Mode Preset to set 5G NR V2X mode to a known state.

2. Select Mode/Meas > 5G NR & V2X Mode > ACP Measurement.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

3. Select Frequency and set Carrier Reference Frequency to 3.5 GHz.
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5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

| + a Frequency

KEYSIGHT [nput RF Input Z: 50 O Atten: 10 dB Trig: Free Run Carrier Ref Freq: 3.500000000 GHz § Carrier Reference
L Coupling: DC Corr CCorr RCal Preamp: Off Gate: Off Avg|Hold:>10/10 Erria
@ Align: Light Freq Ref: Ext (S) |pW Path: Standard |IF Gain: Low Noise Correction: Off q Yy
\SS NFE: Off PNO: Best Wide CC Info: DL, 1 CC 3.500000000 GHz

1 Graph Span
| Scale/Div 10.0 dB Ref Value -5.00 dBm 500.000000 MHz

Center 3.5000 GHz Video BW 1.0000 MHz* Span 500 MHz|
[#Res BW 100 kHz Sweep 17.7 ms (5001 pts)

2 Metrics v

Total Car Pwr -0.147 dBm/98.280 MHz Measure Trace Trace 1
Total PSD — Trace Type Trace Average (Active)

Lower Upper
ACP Reference ACP Reference
Offs Freq Integ BW dBc dBm dBm Car# dBc dBm dBm Car# Filter
A 100.000 MHz 98.280 MHz -58.75 -58.89 -0.147 1 -5718 57.33 -0.147 1-3dB
B 200.000 MHz 98.280 MHz -58.85 -59.00 -0.147 1 -56.13 -56.28 -0.147 1.-3dB

Oct 19, 2023 |
- ? 9:19:50 AM ‘:: Ll‘ﬂ
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5G New Radio (NR) Measurements
5G Waveform, EVM, and ACP Analysis

Using the equivalent SCPI commands

On the MXG:

SYSTem:PRESet
RF1:FREQuency:CW 3.5GHZ
RF1:POWer:AMPLitude 0dBm
SIGNall:MODE WAVeform

SIGNall:WAVeform
“/Examples/5GNR 1CC FR1 30kHz SCS 100MHz 256QAM DCPunctured.
wifm”

SIGNall ON

DM:OPTimization:CHANnel ACP

RF1:0UTPut ON

For multi-channel instruments, set RF Out (all) to On.
RFALI :OUTPut ON

On the X-Series Signal Analyzer:

SYSTem:PRESet

INSTrument : CONFigure: NR5G:ACP
CCARrier:REFerence 3.5GHZ

ACPower :CORRection:NOISe ON
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4 Other X-Series Signal Analyzer Measurements

— “Using the X-Series Analyzer’s SCPI Recorder Function” on page 116

— “Using Real-time Spectrogram Streaming (Option RRT) for N9032B and
N9042B” on page 129

KEYSIGHT

TECHNOLOGIES
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

Using the X-Series Analyzer's SCPI Recorder Function

The SCPI Recorder feature allows you to view active recording content, and
edit the content. Right-click or touch and hold on any Ul control to display a
menu allowing you to record the SCPI associated with the control. You can also
record a series of commands. These commands can be viewed and edited
directly, or you can also play, save/recall for future use.

For this example, we will generate a simple 5G NR 100 MHz signal.

Using the graphical user interface
On the MXG:
1. Select Preset > Preset to set the VXG to a known state.

2. In the Output area, set Frequency to 3.5 GHz and Power to
0 dBm.

3. Select the Radio Apps block to open the mode selection panel.

C) Q) > e

Keysight PathWave Signal Generation

# Applications

56NR

Custom Modulation (Beta)
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

5. Select the Carrier tab > DL Test Model and set Test Model to
NR-FR1-TM3.1b, leave the remain settings at their default values, and
select OK.

NRFR1-TM3.1b
Bandwidth FR1 100MHz

= Output power dynamics

Numerology p=1:30kHz

allocated)
Duplex Type « Transmitted signal quality
o Freque r
QAM modulation (at

NR-FR1-TM3.1b max pow

Phase Compensation Auto

DCI/DLSCH Payload Data PN23
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

6. Select the Waveform tab, then Generate to generate the Waveform, and
then select Home to exit the setup panel.

(A Home 56NR

> -
& Generate | v Carrier Waveform

[+ Export 89600 VSA Setup

Vv Basic
Total Number of Antennas 1
Playback License Mode PC License v
Required License Version Date
Waveform Comment
3GPP Version
User-Defined Sample Rate
Sample Rate
Time Scale Factor
Number of Radio Frames
Subframe Offset
Number of Subframes
Slot Offset in Subframe
Number of Slots in Subframe
Total Sample Points
Waveform Length
Mirror Spectrum

Phase Compensation

Q Spectrum CCDF

0

-20
—@- Spectrum

-40

-60

-80

-100

-120

7. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel VXG.

On the X-Series Signal Analyzer:
1. Select Mode/Meas > 5G NR &V2X Mode > OK.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top left of the display) to open the
Mode/Measurement/View Selector window.

2. Select Mode Preset to set Spectrum Analyzer 5G NR mode to a known
state.
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

3. From the Menu Panel (or the Screen tab), select Mode/Meas > 5G NR &
V2X Mode > Modulation Analysis Measurement > OK.

4. Select Frequency and set Carrier Reference Frequency to 3.5 GHz.

— Touch and hold the Carrier Reference Frequency function for at
least one second on the touch screen or if using a mouse pointer
and right click to open the menu.

Q Frequency

Carrier Reference
Frequency

3.500000000 GHz

Add to User Menu
Help on this setting
Show SCPI Command
Add to SCPI Recorder

Start SCPI Recorder

— Select Show SCPI Command.
The SCPI command for this function is displayed in the dialog box.

Carrier Reference Frequency x

:SENSe:CCARrier:REFerence 3500000000

OK Copy

Select Copy to copy the current SCPI command string for further
use.

If you use Windows Remote Desktop or a VNC viewer with clipboard
synchronization enabled, you can copy the SCPI command into the
clipboard. This makes SCPI commands available on the fly via a
simple copy/paste operation.

— Select Help on this setting to open the SCPI syntax document page.
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

You will see the background information for that setting including
allowed values, SCPI command and examples, and other useful
information.

K1 [ [PN K2 RES

Carrier Reference Frequency

The parameter sets the reference frequency of all the carriers. The center frequencies of carriers are defined as
offset frequency from this value.

Remote
Command

Example

Preset

State
Saved

Min

Max

[ :SENSe] :CCARrier:REFerence <freqg>
[ :SENSe]:CCARrier:REFerence?

:CCAR:REF 2GHz
:CCAR:REF?

1 GHz

Saved in instrument state

Depends on instrument minimum center frequency. Same as Center Frequency

Depends on instrument maximum center frequency. Same as Center Frequency

To Start Continuous SCPI Recording:

The SCPI Recorder supports an automatic mode of operation. In this mode, a
series of manual operations can be added to the list automatically without any
further user activity. You can start the recording process by enabling the
Continuous SCPI Recording, then disable it to stop recording after completing
all configuration steps. This is normally the best choice for fast and convenient
SCPI list recording.

There are two ways to start continuous SCPI recording:
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System Settings

System

11O Config

Preload / Unload
Modes

User Interface

Power On

Restore Defaults

Alignments

Licensing

Security

Diagnostics

Service

Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

— From the System Settings > SCPI Recorder.

Function Label

5G NR & V2X 1 o+
Modulation Analysis

KEYSIGHT
L Qo

1 CC0-BWP1
1Q Meas Time

Spectrum
Scale/Div 10.00 dB

Ctr: 3.500000000 GHz
Res BW: 100 Hz

5 CCO Frame Summary ¥

EVM

Input: Ext RF
Coupling: DC
\Align: Off

Power per RE

Input Z: 50 O

Ref Value 0.00 dBm

Info BW: 98.30 MHz

Num RB

Corr CCorr RCal
Freq Ref: Int (S)

Atten: 10 dB
Pre: Int off, LNA off
uW Path: Bypass

SCPI Recorder

SCPI

Trig: Free Run
#IF Gain: Low

#PNO: Best Wide

Width: 110.6 MHz

2 CC0-BWP1
Detected Allocations
Scale/Div 328 subcarriers

Start: 0.00 symbols
4 CCO

Raw Main Time
Scale/Div 10.00 dB

Start: 0.00 ns

6 Emor Summary

Channel Power (Active / Total)
EVM (RMS / Peak)

Frequency Error (RMS / Worst)
Symbol Clock Error

1Q Offset (SISO)

Time Offset

Sync Correlation

Sync Source

N5186A MXG and X-Series SA Measurement Guide

From the context sensitive menu of the function key.

Carrier Ref Freq: 3.500000000 GHz

CC Info: DL, 1 CC, SISO

Ref Value 10.00 dBm

NODATA

Stop: 1.00 symbols

Stop: 22.00 ms|

ac ? X

Continuous SCPI
Recording

On

Off
Recording Limit
250

v
Frequency Range
FR1 A
Duplex Mode
v

TDD
SCS
p=1:30kHz
Auto
Man

RB Alloc Preset
Fulfilled QPSK v

Component
Carriers

Meas Time

Channel
Profile

Advanced

Remove from User Menu

Help on this setting

Show SCPI Command

Add to SCPI Recorder

Start SCPI Recorder
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

1. Select Mode Preset to set 5G NR V2X mode to a known state.

2. For this example, select the System Settings icon (Gear wheel on top right
of the display) > SCPI Recorder > Continuous SCPI Recording On. Close
the System Settings window by selecting the "X" at the top of the window.

System Settings SCPI Recorder f“‘*" 9 x

{ o

W Continuous SCPI
Syeem Recording
On
1/0 Config Off

Recording Limit
Preload / Unload 250
Modes

User Interface
Power On
Restore Defaults
Alignments
Licensing
Security
Diagnostics

Service

3. Select Mode/Meas > 5G NR &V2X Mode > Modulation Analysis
Measurement > Normal View > OK.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top left of the display) to open the
Mode/Measurement/View Selector window.

4. Select Frequency > Carrier Reference Frequency and set to 3.5 GHz.
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

5. Select Meas Setup > Meas Standard > RB Alloc Preset > DL NR-TM3.1 >

DL NR-TM3.1b (1024QAM) > OK.

|+

KEYSIGHT Input: RF
L EI) Coupling: AC

Align: Off
1 CCO-BWP1
1Q Meas Time

.624
3 Ccco

Spectrum Y

Scale/Div 10.00 dB Ref Value 0.00 dBm

tr: 3.500000000 GHz
Res BW: 100 Hz

KEYSIGHT lnput RF
L [:] Coupling: AC

Align: Off
| 1 CCo-BWP1
1Q Meas Time

\J
Spectrum

Scale/Div 10.00 dB Ref Value 0.00 dBm

Ctr: 3.500000000 GHz
Res BW: 100 Hz

Input Z: 50 O
Corr CCorrRCal
Freq Ref: Ext (S)

Atten: 14 dB (e4)
Preamp: Off
PW Path: Standard
#PNO: Best Wide
2cco
| Raw Main Time
Scale/Div 10.00 dB

Trig: Free Run
#IF Gain: Low

Carrier Ref Freq: 3.500000000 GHz
CC Infe: DL, 1 CC, SISO

Configuration
Fulfilled DL NR-TM3.1 (64 QAM)
DL NR-TM1.1
DL NR-TM1.2
DL NR-TM2

DL NR-TM3.1

DL NR-TM3.2

I
| I ——

DL NR-TM3.3

Width: 110.6 MH

6. Select Apply Preset (to All CCs).

Input Z: 50 O
Corr CCorr RCal
Freq Ref: Ext (S)

Atten: 14 dB (ed)
Preamp: Off
pW Path: Standard
#PNO: Best Wide
|2 cco
Raw Main Time
| Scale/Div 10.00 dB

Trig: Free Run
#IF Gain: Low

Carrier Ref Freq: 3.500000000 GHz
|CC Info: DL, 1 CC, SISO

u
I
: !

3.624 |Start: 0.00 ns

4 Error Summary

CCO0

| Channel Power (Active / Total) -10.29 dBm/-10.29 dBm
| EVM (RMS / Peak)

Frequency Error (RMS / Worst)
| Symbol Clock Error

IQ Offset (SISO)
| Time Offset

Sync Correlation

Sync Source

Magnitude Error

Phase Error

Width: 110.6 MHz
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DL NR-TM3.1a (256 QAM) |RB Alochicse:

————
DL NR-TM3.1b (1024 QAM)

Stop: 22.00 ms| |

fe;

Meas Setup v

Bandwidth 1
100 MHz

JFrequency Range

FR1

e

Duplex Mode

10D v Componen

| Carriers
SCS
u=1:30kHz

Auto
Man

Meas Time

Channel
Profile

| Advanced
Fulfilled QPSK v

<Advanced Preset Decode

Parameters
- Power

Apply Preset pive-
(oAl CCs) )

Meas Setup

| Component
Carriers

| Meas Time

! Channel
| Profile

Advanced
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

7. Select the Settings side tab and select Optimize EVM.

a Meas Setup

| KEYSIGHT /nput RF Input Z: 50 Q \Atten: 12 dB Trig: Free Run Carrier Ref Freq: 3.500000000 GHz Component Carrier

Corr CCorrRCal  Preamp: Off #IF Gain: 3 dB CC Info: DL, 1 CC, SISO

Coupling: AC
L GI |nign of FreqRef Ext(S) W Path: Bypass || cco
#PNO: Best Wide |

1 CCO-BWP1 2CCo I
1Q Meas Time l Raw Main Time Avg|Hold Number

Scale/Div 10.00 dB l10

Radio

Meas
§ Standard

Component
Carriers

MR
i | Average Mode Meas Time
l_____j i Exponential v Channel
3.624 |Start: 0.00 ns Stop: 22.00 ms|{ = Profile

b v 4 Error Summary
Spectrum Advanced
Scale/Div 10.00 dB Ref Value 0.00 dBm cco
| Channel Power (Active / Total) -0.58 dBm /-0.58 dBm
| EVM (RMS / Peak) 0.20% /127 %
Frequency Error (RMS / Worst) 33.4 mHz / 370.0 mHz
| Symbol Clock Error 0.000 ppm
1Q Offset (SISO) -89.08 dB
| Time Offset 7.732ms
Sync Correlation 100.0 %
) & 1 Sync Source PDSCH DMRS
Ctr: 3500000000 GHz " Width: 110.6 MHz| Magnitude Error 0.14%
Res BW: 100 Hz Phase Error 0.00 rad

e e e

Decode

Power
Meas

8. Select Sweep > Sweep/Meas to Single > Restart.

+ ﬁ Sweep

KEYSIGHT Input RF Input Z- 50 Q Atten: 12 dB Trig: Free Run Carrier Ref Freq: 3500000000 GHz EWEED e
i > Coupling: AC Corr CCorrRCal  Preamp: Off #IF Gain: 3 dB CC Info: DL, 1 CC, SISO P 2
Align: Off FreqRef Ext(S) W Path: Bypass Continuous
HPNO: Best Wide Single
| 1 cCo-BWP1 2CCo
1Q Meas Time Raw Main Time
| -G Scale/Div 10.00 dB

l
|
[
|
| |
1-3.624 M =1:30 kHz 3.624 |Start: 0.00 ns Stop: 22.00 ms
3 CcCco
Spectrum
Scale/Div 10.00 dB Ref Value 0.00 dBm

\J 4 Error Summary

CCo
Channel Power (Active / Total) -0.56 dBm / -0.56 dBm
EVM (RMS / Peak) 0.20 %/ 1.39 %
Frequency Emror (RMS / Worst)  77.7 mHz / -466.7 mHz
Symbol Clock Error 0.000 ppm
1Q Offset (SISO) -85.41dB
Time Offset 6.636 ms
Sync Correlation 100.0 %
Sync Source PDSCH DMRS

Ctr: 3.500000000 GHz Width: 110.6 MHz Magnitude Error 0.14 %
Res BW: 100 Hz Phase Error 0.00 rad
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

9. Select the System Settings icon (Gear wheel on top right of the display) >
SCPI Recorder > Continuous SCPI Recording Off. Close the System
Settings window by selecting the "X".

System Settings SCPI Recorder " - 2 x

Function Label SCPI Continuous SCPI
! Recording

Active Mode & Measurement :INST:CONF:NR5SG:EVM on
/O Config off

Eecording Limit
250

System

Preload / Unload Query Operation Complete *OPC?
Modes |

Measurement Switch :CONF:EVM:NDEF Play
User Interface

Query Operation Complete *OPC? Copy
Power On |

Carrier Reference Frequency :SENSe:CCARrier:REFerence 3500000000
Restore Defaults

RB Alloc Preset :SENSe:RADio:STANdard:PRESet:RBALIoc DLTM3DOT1B

Alignments

Move Down
Apply Preset (to All CCs) :SENSe:RADio:STANdard:PRESet:IMMediate

Licensing Delete Row
Optimize EVM :SENSe:EVM:OPTimize

Security | - Delete Al
Sweep / Measure :INITiate:CONTinuous 0

Diagnostics
Restart ZINITiate:RESTart

Service

Manual Recording, Edit, Save and Play Functions

The SCPI Recorder supports manual recording of a list consisting of SCPI
commands comprising any number of parameter variations when Continuous
SCPI Recording is off. In this mode, the user can decide which SCPI commands
should be added to the SCPI list. This mode of recording is helpful if a certain
configuration must be figured out, and you only want to record the final,
correct settings and not every variation or keystroke.
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Other X-Series Signal Analyzer Measurements
Using the X-Series Analyzer's SCPI Recorder Function

1. Touch and hold the any function for at least one second on the touch
screen or if using a mouse pointer and right click to open the menu and
select Add to SCPI Recorder. For this is example we will change EVM
Optimization Method to Iterative.

+ Q Meas Setup

KEYSIGHT _Input _RF Input Z: 50 Q Atten: 14 dB (ed4) Trig: Fr_ee Run Carrier Ref Freq: 3500000000 GHz Component Carrier
Coupling: AC Corr CCorrRCal ~ Preamp: Off #IF Gain: Low CC Info: DL, 1 CC, SISO
Align: Off Freq Ref: Ext (S) |pW Path: Standard
#PNO: Best Wide
|2 cco
| Raw Main Time
| Scale/Div 10.00 dB

_#l Radio

1§ Meas
_ Standard

i
-

|Averaging D Component

| ,.

.3.624 p=1: 30 kHz 3.624 Start: 0.00ns ~ Stop:22.00ms

3CC0 N
Spectrum i 4 Error Summary Help on this setting

Scale/Div 10.00 dB Ref Value 0.00 dBm cco

Channel Power (Active / Total) -0.58 dBm / -0.58 dBm § | Show SCPI Command

EVM (RMS / Peak) 034%/1.71%

Frequency Error (RMS / Worst)  347.2 mHz / 748.5 mHz

Symbol Clock Error 0.000 ppm
| 1Q Offset (SISO) -83.40 dB

Time Offset 4.985 ms Start SCPI Recorder
| Sync Correlation 100.0 %

Sync Source PDSCH DMRS [ EVM Optimization

Magnitude Error 0.24% |Fpethod

Phase Error 0.01 rad

P PR ey

Add to SCPI Recorder

Ctr: 3.500000000 GHz Width: 110.6 MHz

Res BW: 100 Hz Iterative

2. To view the newly added command, go to System Settings icon (Gear
wheel on top right of the display) > SCPI Recorder.
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From the SCPI Recorder provides several operations to edit the SCPI list
you created. You can Play, Copy, Move Up or Down the selected SCPI
command, Delete the command, or Delete All the commands.

System Settings SCPI Recorder

Function Label SCPI Continuous SCPI
Recording

Active Mode & Measurement INST:CONF:NR5G:EVM 82
/0 Config L !
Recording Limit
250

System

Preload / Unload Query Operation Complete *OPC?

Modes

EVM Optimization Method :SENSe:EVM:OPTMethod ITERative Play

User Interface

Copy
Power On

Restore Defaults

Alignments
Move Down

Licensing Delete Row

Security Delete All

Diagnostics

The recorded SCPI list can be exported as a script file in .TXT format via
the Save/Recall function at the bottom of the main window.

iy - Magnitude Error 0. o
Ctr: 3.500000000 GHz Width: 110.6 MHz
Phase Error 0.00 rad

Res BW: 100 Hz T
1| Mar 22, 2023 w X
L ) & - ? 11:26:20 AM ¥4
SCPI Recorder
State
Save To File >
Screen Config + State

Measurement Data

Correction

Screen Image

Recording

Recording + State

Component Carrier
Setup
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There are two ways to playback SCPI commands. One is recalling from a
script file. And another one is pressing the 'Play' button in 'SCPI Recorder'
tab view.

Recalling SCPI script file allows you to play back a series of operations in
the same or another instrument, which helps you setup complex
measurement scenarios quickly and easily.

To recall the SCPI recording, go to Save/Recall and navigate to the saved
file.

| < SCPI Recorder Recall from File

S ';1 Computer ) D: :,\. Users ) Instrument ) Documents ) ScpiRecording \

Screen Config + State Name /A Date Size Content

aTeon [ 5GNR 100 MHz waveform b 3/2212023 11:41 AM 60B Txtfile

Complex Correction

Recording

Recording + State

Demod Info
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Using Real-time Spectrogram Streaming (Option RRT) for N9032B and N9042B

Using Real-time Spectrogram Streaming (Option RRT) for N9032B
and N9042B

Overview

Real-time Spectrogram Streaming combines the high-speed capture
capabilities of RTSA equipped analyzers with the convenient flexibility of
post-processing, allowing you to set their desired measurement parameters
such as: center frequency, span, and acquisition time and then stream the
resulting gapless spectrogram data to binary files. This improves the storage
capacity of captured slices by 8x. The saved binary files can be used for
customized post-processing. A MATLAB program (RTSA viewer) is provided to
introduce users to post process analysis of the saved binary files. In this
procedure you will learn how to set up Real-time Spectrogram Streaming and
how to use the Rtsa viewer to view your captured spectrogram slices.

Equipment:

— Nb5186A MXG or M9484C VXG

— N9032B PXA or N9042B UXA with Option RRT

— 3.5 mm female to female cable

— Fora mmWave signal analyzer, 2.4 mm female to 3.5 mm male adaptor

For a pWave signal analyzer, Type N male to 3.5 mm female

N5186A
MXG
RF Output |
N9032B
PXA
RF Input <_|m§—|<_

Using the 3.5 mm cable and the 3.5 mm to 2.4 mm (or Type N) adaptor,
connect the MXG/VXG RF output to the RF input of the PXA/UXA.
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Using Real-time Spectrogram Streaming (Option RRT) for N9032B and N9042B

On the MXG/VXG Signal Generator:

Start by generating a sweeping frequency modulated signal for its distinctive
formation in the spectrogram screen. Note: This is purely an example for
simplicity and demonstrative purposes.

This is purely an example for simplicity and demonstrative purposes. This
process can be used for other signals such as 5G NR and WLAN.

1. Select Preset > Preset to set the instrument to a known state.

Group 1: Signal Adjustments Out Mod RF Output Off

A
Type No file selected 1/Q off I/Q off i

- | NI - Phase 0deg
AWGN  Off Pulse Off Corr off

Delay Os AM off| | PwrLim off ~ -1U.uu aBm e

Save User Preset

2. Set Frequency to 5 GHz and Power to -10 dBm.

These values are coupled to CW Frequency and Total Power (RMS) in the
corresponding RF Output Block.

Group 1: Signal Adjustments | Out Mod

RF Output off
Type No file selected I/Q Off

5.000 000 000 000 00 GHz

L] 1/Q Off Phase 0deg
AWGN  Off Pulse off ~ | Corr off

Delay 0s AM off PwrLim off| -10.00 dBm n

3. Select the Out Mod block to open.
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Using Real-time Spectrogram Streaming (Option RRT) for N9032B and N9042B

4. In the Output Mode window, select the right arrow at the bottom of the
display to select choices 5-8, then select the FM 1 arrow at the far left side
of the window.

Q) >0utput1:0utput ;

Trigger 5

=
Modulation ) 74

@@ Enable Output Modulation

v FM 1
FM 2
PM1

PM 2

@ FM10n
Path
Path 1

Deviation

100.000 000 MHz

Source: Function 1
Source: Function 1
Source: Function 1

Source: Function 1

5. In the Output Modulation FM 1 window, set:

— Frequency to 1 kHz
Deviation to 100 MHz

Toggle FM 1 on

select the Home icon at the top of the screen

Output 1: Output

nl 2 Modulation > FM1

Source Function 1

Function 1 Frequency
1.000 00 kHz

Phase Offset
0 rad

Shape

Couple Deviation
with other path Sine
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6. Select the RF Output block.

Group 1: Signal Adjustments Out Mod RF Output Off

= . 5.000 000 000 000 00 GH
Type No file selected va Off 1/Q Off Phase 0 deg 2

Off Pulse off [ Corr Off
Delay Os AM Off PwrLim Off  -10.00 dBm

7. In the RF Output block, set:
— List/Step Sweep tab
— Edit Step Sweep

~,  Output1:

1l 2 gF output

Sweep Type Sweep Repeat

General Enable Sweep
Step : Continuous i Single Sweep

Freq and Amp Adjustment ¥ Frequency Sweep Direction

™ Sweep Retrace 3
Up 8 Yoep Edit Step Sweep »

Corrections/De-embedding & Power Sweep Out Points

Any parameter

y notbe Edit List Sweep »

Optimizations

Edit Triggers >
List/Step Sweep

8. In the Step Sweep window, set:
— Frequency Start to 5 GHz
— Frequency Stop to 6 GHz
— Power Start to -10 dBm
— Step Dwell Time to 500 ms
— Linear Frequency Step to 250 MHz
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— select the Back arrow to return to Output 1: RF Output.

, Output 1: Step
“ RF Output © Sweep

Sweep Type Operation Mode Frequency Start Number of Points

Step - Auto v ¢ . . | 5000000000000 00 GHz 5

Step Dwell Time

6.000 000 000 000 00 GHz 500.000 ms

™ Frequency ™ Power Dwell Time

5.000 000 00O 000 00 GHz -10.00 dBm  500.000 ms

) R e ) Power Start Step Spacing
5.250 000 000 000 00 GHz -10.00 dBm  500.000 ms

-10.00 dBm Linear
5.500 000 000 000 00 GHz ~ -10.00dBm  500.000 ms
5.75000000000000GHz  -10.00dBm 500.000ms  ~ower Stop Linear Frequency

6.000 000 000 000 00 GHz -10.00 dBm  500.000 ms -10.00 dBm 250.000 000 00 MHz

5 Output 1:
Ul “ RF Qutput

Sweep Type
General @@ Enable Sweep

Step " Single Sweep
Freq and Amp Adjustment # Frequency Sweep Direction _

Up § Sweep Relrace Edit Step Sweep »
Corrections/De-embedding ¥ Power Sweep Out Points

All ~ : = Edit List Sweep >
Optimizations Py

Current Point i Edit Triggers >
List/Step Sweep 5/11 :

10. Select the Home Icon and turn RF Output On.

SWEEP
Group 1: Signal Adjustments
P 1: K1 . [REQuiput 5.000 000 000 000 00 GHz

Type No file selected L 11Q Off Off Phase 0 deg
AWGN  Off off[ | Corr Off ;
Delay Os off| |PwrLim off| -10.00 dBm o |

On the PXA or UXA Signal Analyzer:

Now that the signal has been created, we can use RTSA with Option RRT to
capture the signal into bin files.
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1. Select Mode/Meas > Real-Time Spectrum Analyzer Mode > Spectrum &
PvT Measurement.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

2. Select Mode Preset to set Real-time Spectrum Analyzer mode to a known
state.

3. Select Mode/Meas > Real-Time Spectrum Analyzer Mode > Spectrum &
PvT Measurement > Spectrogram View.

Mode | Measurement / View Selector Spectrum Analyzer 1

Bluetooth Spectrum & PVT Normal
LTE FDD & NB/eMTC & V2X Density
When Sequencing is On and LTE TDD & LTE-ATDD Spectrogram
there are multiple Screens, all e
Screens update in seguence. " I S
When Sequencing is Off, only Multi-Standard Radio (MSR) Density Spectrogram
the selected Screen updates.
WLAN Trace Zoom
Remote Language Compatibility Zone Span
SCPI Language Compatibility PvT
Chan Quality/Group Delay PvT Spectrum
5G NR/SG-A & V2X PvT Spectrogram
Power Amplifier Powergram
To launch 89600 VSA press the button below,
Vector Modulation Analyzer Powergram Spectrogram
Launch VSA
89600 Software Version
i
= -

4. Select Frequency and set Center Frequency to 5.5 GHz and Span to 2 GHz.
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Notice the acquisition time is preset to 30 ms and how changing the
acquisition time affects the spectrogram.

i Q Frequency v - -

Input: RF Input Z: 50 O Aften: 12 dB Tng: Free Run Center Freq. 5500000000 GHz

Coupling: DC Corr RCal Preamp: Off Detector Peak  Avg Type: Power (RMS) Center Frequency

Align: Auto Freq Ref: Ext (S) uW Path: Bypass Avg|Hold: 100/100 5.500000000 GHz

IF Gain: Low PNO: Best Wide 100 % POI: 427 1 ns b=
5 Span (Acg BW)

1 Spectrum 2.00000000 GHz
| Scale/Div 10 dB Ref Level 0.00 dBm

[ raem ]

Start Freq
4.500000000 GHz

| Stop Freq
6.500000000 GHz

| Center 5.500 GHz ' Span 2.000 GHz l
Res BW 8.90 MHz Acq Time 30.000026 ms (855 pts}| | 200-000000 MHz

Auto
Man

Display Trace 1 Start Time 8.3100 s
25200 s Freq Offset
194 D 0 Hz

4 Waterfall

5. On the lower right area of the Spectrum window, select Acq Time and
change to 100us.
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Notice how the FM signal is now resolved.

KEYSIGHT Input RF

Coupling: DC
Align: Auto

G

1 Spectrum
Scale/Div 10 dB

4 Waterfall

18.6338 s
194

Center Freq: 5500000000 GHz
Avg Type: Power (RMS)
Avg|Hold: 100/100

100 % POI: 4271 ns

Atten: 12 dB
Preamp: Off

pPW Path: Bypass
PNO: Best Wide

Input Z- 50 O
Corr RCal

Freq Ref. Ext (S)
IF Gain: Low

Trig: Free Run
Detector: Peak

Center Frequency

500000000
500000000
op F

Ref Level 0.00 dBm

5 GHz
2 GHz
Start Freq
4 GHz
Stop Freq

ep

6.500000000 GHz

Cl
200.000000 MHz

Auto
Man

Span 2.000 GHz

#Acq Time 100.03500 ps (855 pts)

Display Trace 1 Start Time 18.6231 s

Acqg Time
100.03500 ps

Auto
Man

6. At the bottom of the display, select the Windows icon > Keysight

| +

KEYSIGHT :
Coupling: DC
Align: Auto

= Recently added

Google Chrome

Inted
Internet Explorer

Internet Explorer (64-bit)

Keysight 10 Control 64-bit

o M

136

Connection Expert.

SCPI ﬁ
Center Freq: 5500000000 GHz
Avg Type: Power (RMS)
Avg|Hold: 100/100
100 % POI: 427 1 ns

Frequency v

Atten: 12 dB
Preamp: Off
WW Path: Bypass

Input Z: 50 O
Corr RCal
Freq Rel: Ext (S)

Trig: Free Run
Detector: Peak

Span 2.000 GHz
#Acq Time 100.03500 pis (855 pts)
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Using Real-time Spectrogram Streaming (Option RRT) for N9032B and N9042B

7. In the Keysight Connection Expert window’s left pane, select Keysight

Technolog

3 .\bu:mw Keysight Connection Expert 2024

Instruments | PXIfAXIe Chassis

My Instruments +add © B Y
~ 3 crIB (GPIB1) Auto-Discovery OFf
4 LAN (TCPIPO)

ES071C, Keysight Technologles
156.141.159.240

| O.I\l‘)(.'BZB, Keysight Technologies
ESW | coros

X
™ N9042B, Keysight
- 141.121.149.119

Keysight Technologies
localhost

' COM (ASRL1)

' COM (ASRLZ)

. COM (ASRL3)

ies localhost and then Interactive 10.

Instrument Detail
c [ x

Check Edit Remove
Status

Web Ul

Manufacturer:; Keysight Technologies
Model: Unknown
Senal Number: Unknown

Firmware Version:  Unknown

Connection Strings

VISA Address Allases SICL Address

}Ql TCPIPO:localhost:: S025: :SOCKET [l 1an,502500calhost]

Installed 1v1 Drivers 8 Update

8. In the Command area, type in the following commands:

- STR:
— STR:

— STR:

— STR

— STR:
— STR:

— STR:

TYPE FINite > Send Command

TYPE? > Send Command

LENGth 100,000 > Send Command
:LENGth? > Send Command

FNAMe "sweptfmsignal" > Send Command
FNAMe? > Send Command

STARt > Send Command

[N

Once the Start command is sent, the analyzer will execute the number of
iterations and store the resulting bin file in Documents > RTSA > data >

results.
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9. From the bottom of the X-series app, select Windows File Explorer and
navigate to Documents > RTSA > data >results.

« ' A » ThisPC » Documents » RTSA » data » results
| A [ Name £ b e
i Quick access
B Deskte X sweptfmsignal 0Lbin 24/ 2025 %35 PM
P ) sweptfrnsignal 20000 bkin
‘l' Donimiloacs [ sweptfmsignal 40000 bin
= Documents swaptfrasignal_S0000.bin

&= Pictures sweptfmgignal_B0000.kin

AlignDataStorage sweptfmsignal_Header.cov
custom_IC)
raven

state

Bl This PC
B 30 Objects
Bl Deskicp
"] Documents

& Downloads
b e

These bin files can now be uploaded to the RtsaViewer for processing and
analysis. You can open RtsaViewer locally on the analyzer or transfer the
files to another PC equipped with the RtsaViewer.
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Using the Rtsa Viewer

1. Inthe Windows search bar, type RtsavViewer and Open the application.

L e Apps  Documents

Best match

Rtsa\fiewer
..'..pp

| @
Apps

H RtsaViewer_web.exe

7 RtsaViewerlnstaller_web_vilexe -

iy Deianilcacts

== RisaViewerinstaller_web_vl.lexe -

In RaViewer Apphcation InsTaler

Documents - This PC

% RtsaViewer Application Cverview

Falders
RtsaViewer Source Code
RtsaViewer Application Installer
Videos

. RtsaViewer Demo Video

Settings

B % 20 8 0

N5186A MXG and X-Series SA Measurement Guide

Paople

Folders Photos ]

RtsaViewer

&pp

Cpen

Run as administratos
Open file location
Pim to Start

Pini to taskchar

ininstall
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Using Real-time Spectrogram Streaming (Option RRT) for N9032B and N9042B

2. In the RtsaViewer, select Browse and navigate to your bin files.
(Documents > RTSA > data >results). Select swept fmsignal 0.bin >
Open.

-

a3

Process Data

Select File to Open X

Display Options FMS Ptayback

v T = 3 KINGSTOM (E:) . search KINGSTON P
Organize = M falder =+ O 9
Process File Series = T
embedded refle Name Date modified Type Size
Multi-function + I: | swepttmsignal 0.bin 1/24/2025 5:36 PM EIM File |

[ sweptfmsignal_20000.bin

" . — FMCW_2025
Starting Shice  |Slice Count | Starting Time | Ending Time Y sweptfrsignal 40000 i
| sweptfmsignal_60000.bin
| sweptfmsignsl_80000.bin
~ [l This PC

» B8 Local Disk ()
w KINGSTON (E:)
3 = KINGSTON (E)

3 M Network

File names _ sweptfmsignal_O.bin (" bin}

Time (seconds)

The RRT Visualization Tool window may be hidden by the X-apps display.
If you cannot see the visualization tool, select Alt > Tab to position it in
front of the X-apps display.
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3. Select Process File Series to generate the file table.

%T Visualization Teo! - o x

Process Data Display Options FMS Playback

RTSA Data

[ E t=weptimsignal_0.bin

Process File Series

Fibe Name tarting Slhce | Slice Count
E:\sweptimsignal_0.bin -D .2‘1‘.‘100
E\sweplims:gnal_20000.bin | 20000 | 20000
E'\sweptimeignal_40000 bin | 40000 | 20000
E\sweptimsignal_60000 bin | 60000 TZWUB

Ewweptimsignal_80000 ban 'EDCIOO IE&JDD

4. Select Display Options and set Consecutive Slices to 4096 to view the
sames displays as shown in the pictures below.

Display Option Settings

The Display Options tab contains settings to customize the display.
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Preset Display Angles Area

— Spectrogram View - plots the selected slices with axes of time in seconds
and frequency in Hz.

Procass Data Displey Options FMS Flayback

RTSA Data

Spectrogram 45° 30 dBm vs Freq | dBm vs Time

[ ~E

v
I
500

: Display Chunk

Render Selected Slices in Chunks

Display All Selected-Slices

Appiy Time Range
Apply Freq Range

Apply dBm Range
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— 45° 3D View - plots the selected slices on a 45-degree rotated,
three-dimensional plot with axes of power in dBm, time in seconds, and
frequency in Hz.

& AT Wisualzation Tool = o -

Frocess Data Cesplay Optiens M Loy Tk RTS_ﬂ Data
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— dBm vs Freq View - plots the selected slices with axes of power in dBm and
frequency in Hz, showing the power distributed over the spectrum.

[ RRT Visuslzation Toal

Playback RTSﬁ Datﬂ

Process Data Display Options FMS

specrogn | 30| domvsrea | com s me

Selected Silces

‘Starting 51 | "c- '“él Ijlﬂli'llll-_l[ll!' (R EERITE ST L

Slices: | - 2 502 1207 1802 2403 3002 36424058

; MM| 1005 | TOMIPICCSSSHd | REEPRITY

Render Selected Slices in Chunks

Display All Selected-Slices

FMS Fiaypack RTSA Data

Process Data Dizplay Options

Starting Slice: 0 ‘ AIIIIIII.I.I.IIIIH=IIII!|I:.I.I1IIII.I;IIII[III.III.I‘l;:”
Shoes: . 45" vt ke w2 eszcos

Render Selected Slices in Chunks

Display All Selected-Slices
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Selected Slices Area

The Selected Slices menu has adjustable settings including Starting Slice,
Consecutive Slices, Max Consecutive Slices, and Max Slices per Chunk.
Adjusting these settings allows for complete control of the signal slices you
want to view.

100000

Display Chunk

Adjust Axis View

The Adjust Axis View can be used to alter the Axis of the viewable plot in time,
frequency, and power without affecting the Selectable Slices settings.

FMS Tab

The FMS tab allows you to isolate signals by specifying corner bounds of an
upper mask, then selecting Run FMS. Any signal considered inside the mask
will be shown in the Frequency Mask "Search" hits table. While the upper
mask includes a default of 4 bounds, mask bounds may be added or removed
by right clicking the Upper Mask Settings table.

To render and display specific events, highlight the FMS hit you wish to see
plotted. The example program's display will update to render the capture
portion including the signal that triggered the mask (not the isolated signal
passing over the mask alone).
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Using Real-time Spectrogram Streaming (Option RRT) for N9032B and N90428B

Additionally, at the bottom of the FMS tab, the Display of the Selected Event

can be customized between three display options:

— Beginning shows the moment the signal entered the mask.

— Ending shows the moment the signal left the mask.

— Entire shows the full duration between when the signal entered and exited

the upper mask

1. Set the Frequencies to 5.3 GHz, 5.4 GHz, 5.9 GHz, and 6.0 GHz.

[# RRT Visualization Tool

Process Data

Display Options

FMS

Wagnitude (dBm)

Playback

5.3000e+05
5.4000e+09
5.9000e+09

6.0000e+09

2. Check for signals that are found using the mask.

Starting Slice # | Duration in Slices | Starting Time | Duration in Time
5.0000 6.0000 0.0004 0.0006 ~
15.0000 6.0000 0.0014 0.0008
25.0000 6.0000 0.0024 0.0006
35.0000 6.0000 0.0034 0.0006
450000 6.0000 0.0044 0.0005
55.0000 6.0000 0.0054 0.00086
85.0000 60000 0.0064 0.0006
75.0000 6.0000 0.0074 0.0006
850000 6.0000 0.0034 00006
o0& AnNN & nnnn n nnaa gann T
[
Playback Tab

The Playback tab provides you with a quicker method for visually parsing data.
Given a specified start and end slice within the uploaded capture, displayed
slices (at a time), and desired additional delay per update in seconds, the

playback feature will scroll through the provided range, rendering and
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displaying Displayed Slices on the axes at a given time. This screen will then
show for some latency + the desired additional delay before updating to the
next screen; unlike rendered displays generated through Display Options,
rendering is cleared the moment it leaves the display.

Process Data Display Options FMS Playback

To begin Playback, select the Begin Playback. Playback will continue until
completion, regardless of the tab you may be on. If for any reason you wish to
stop the playback, select Cancel Playback, which is only available during an
active playback. You may monitor the playback's progress relative to your
uploaded capture through the loading bar.

FrocessCuls  Depiay Opions  FMS  Puayback RTSA Data

Cancel Playback

Try using the tabs and settings to get a feel for the RTSA Viewer application.
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Conclusion

Option RRT allows you to record RTSA spectrogram slices for post capture
processing. The option comes with an example program (RTSA viewer) that
extracts the spectrogram data from the bin files that are created from
recording. You can create your own applications or build off of RTSA viewer to

perform in depth signal processing.

Additional Resources
Application note: Real-Time-Spectrogram-Streaming.pdf
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5 Custom Modulation Measurements

This section includes the following topics:

— “Using PathWave E7608APPC to Create a Waveform File then
Automatically Configure the Analyzer to View the Results” on page 150

— “Using the N5186A MXG as an Embedded Reflectometer” on page 156

KEYSIGHT

TECHNOLOGIES
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Custom Modulation Measurements

Using PathWave E7608APPC to Create a Waveform File then Automatically Configure
the Analyzer to View the Results

Using PathWave E/608APPC to Create a Waveform File then
Automatically Configure the Analyzer to View the Results

PathWave software tools can be used to create, download, and playback
waveforms through the MXG.

This example shows you how to create and analyze a 16QAM using the
embedded PathWave software and then automatically configure the analyzer
to make the measurement.

The MXG must have the E7608APPC Custom Modulation license installed
and Signal Analyzer Version 2023 A.36.xx or later.

On the MXG:

1. Select Preset > Preset to set the MXG to a known state.

2. In the Output area, set Frequency to 4 GHz and Power to
0 dBm.

4.000 000 000 000 00 GHz

3. Select the Apps block to open the mode selection panel.

(Ml > Apps

Keysight PathWave Signal Generation

®

Custom
Modulation

5. In the Custom Modulation setup, select the Carrier tab.
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Using PathWave E7608APPC to Create a Waveform File then Automatically Configure
the Analyzer to View the Results

We will use the default 1T6QAM constellation for this example.

Apps : Custom o . Trigger | w7
S [ > Modulation R1 7% ?

[l Quick Setups [+ Export 89600 VSA Setup & Generate g

Custom IQ Selection i DataSeg

Custom ASK & PSK & QAM ~ S€gment0  Type
Filter Constellation
NumberOfSymbols

RampSamples

TIP Use Quick Setups for convenient saving and loading of common

configurations. Quick Setups are factory supplied configurations and cannot
be deleted by users.

Apps : Custom
M > Modulation

*, Generate Carrier Waveform

DVB-S2

QAM & ASK & PSK v
DVB-S2X

APCO25 > 16APSK >

32APSK >

Number of Symbols Ramp Samples Payload Constellation Phase Rotation Shift Bits Per Symbol Differential Offset

1000 PN9 16QAM 4

e ¢ -

1000 Sym

Wi-SUN(802.15.4) >
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6. In the left pane, select Custom ASK & PSK & QAM and set Symbol Rate to
100 Msps.

~. . Apps: Custom : oy s g
© (m > Modulation &2 4 ?

[ Quick Setups [+ Export 89600 VSA Setup & Generate v

& Custom IQ Selection ate 100 Msps

Filter

Segments

7. Select the Waveform tab > Generate.

Scroll down to the bottom half of the display and select Spectrum to view
the Waveform.

Apps : Custom ; - Trigger T
© (M > “Modulation LERY) Iy P~ -

¢ Generate Fv

1Q | Spectrum | CCDF

0
-20
40

60

sy

-200.00 MHz 200.00 MHz

8. Select the Home icon and set RF Out to On by selecting the numbered
channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.
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Setup Auto Configure Analyzer

1. Select the System menu (triple bar tab at the top left of the window) and
select Configure Analyzer.

© © (n) Home

INSTRUMENT STATE CONNECTIVITY APPLICATION

(m) Home Recall % Configure Analyzer (1) shutdown N5186A
1T Connectors ﬁﬂ Save As ) Restart N5186A

0% Settings

2. In the Configure Analyzer setup, click on the Remote Signal Analyzer block
(on far right) to setup the communication channel to the Keysight X-Series
Signal Analyzer.

@ N Configure W) mlg%ger ?v B

Analyzer

The N5186A system works with Keysight X-Series Signal Analyzers. Once a remote signal analyzer is connected, use the [Auto Configure
Analyzer] button to automatically set up the analyzer to measure the desired signal from the source.

N5186A

Auto
Analyzer

Click to access source interface Click to change connection

TCPIP::141.121.149.151::hislip0::l
NSTR

3. Select the Use Device List checkbox > Configure Device

@ Configure Remote
Analyzer Instrument

& Use Device List

Name

Configure Device

Type
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Alternatively, you can just enter the device information for a one time use.
The Use Device List allows you to set up more than one Spectrum Analyzer
to be used for a channel’s Auto Configuration.

— o > Configure Remote
— Analyzer Instrument

() Use Device List

Connection Type

LAN USB Test Connection

Hostname or IP Address
141.121.149.151
Protocol Address

HiSLIP v | hislip0

4. In the Device List Manager, select Add and enter a name for your X-Series
Signal Analyzer:

— Set Connection Type to LAN
— Enter the VISA Address of the analyzer.
— Test Connection

Select the Info icon (Bell shaped icon at top right of the display) to
view the connection status.

@ Use Device List
Name
Device List Manager

mxa Add Connection Type

® LAN USB

Remove : Test Connection

\VISA Address
tcpip:141.121.148.96:hislip0:instr

Device Type

Spectrum Analyzer
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the Analyzer to View the Results

5. Select the Back Arrow and select Auto Configure Analyzer to send the

MXG settings to the analyzer.

Auto
Configure
Analyzer

KEYSIGHT [nput RF Input Z: 50 0
Corr CCorr RCal

Coupling: DC
@ Align: Light Freq Ref: Ext (S)

3 Spectrum \J
Scale/Div 10.00 dB Ref Value 0.00 dBm

W
i

Atten: 12 dB Format: Custom 1Q CF: 4.000000000 GHz
Preamp: Off Sym Rate: 100 MHz Trig: Free Run

PW Path: Bypass | Meas Intvl: 1000 symbols

Info BW: 250 MHz |Equalizer: Off

2 Raw Main Time
Scale/Div 10.00 dB

2.431 |Start: -530.00 ns Stop: 31.55 us

4 Seg1_Metrics ¥ | TX Power -0.37 dBm

EVM 0.48 %rms 1.23 %pk
Mag Error 0.33 %rms -0.99 %pk
Phase Error 0.37 %pk 1.59 °pk
Freq Error 4.63 Hz
Clock Error 4.41Hz
1/Q Offset -99.38 dB
SNR (MER) 43.73dB

WM Quad Error 0.00°
Gain Imb. 0.00 dB

Ctr: 4.000000000 GHz Width: 250 MHZ| | Amp Proop 5.1 pdBisym

Res BW: 340.7 kHz
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Using the Nb5186A MXG as an Embedded Reflectometer

Traditionally Keysight signal generators, such as the N5182B MXG, have
automatic level control (ALC) which works great for RMS power across time
and temperature. The ALC is a closed loop system with feedback from a power
detector. A challenge with this approach is maintaining amplitude accuracy
when the generated signal is wide-band and or high crest factor. The ALC does
not compensate for phase flatness or delay. Keysight's N5T186A MXG
implements a new approach that guarantees amplitude accuracy by aligning
across frequency and temperature along with advanced temperature control
compensation. Compensation includes amplitude, phase, and delay.

A common source of linear error is caused by mismatch of the fixture and
device under test (DUT). By default, the reference plane is at the test port of
the MXG and assumes a 50 ohm load is connected, which in many cases is not
how the test is set up. The effect of linear error affects absolute amplitude
accuracy, amplitude frequency response (flatness), phase frequency response
(phase dispersion or deviation from linear phase), and 1Q impairments. By
using the N5186A's embedded reflectometer, the reference plane can be
moved from the source's RF output to the input of the DUT while also
generating a match corrected signal. The embedded reflectometer supports
features such as fixture characterization, DUT S11 measurements,
corrections/fixture de-embedding, and DUT match correction (by generating a
match corrected wave). This measurement example will provide detailed steps
and features of the embedded reflectometer for N5186A MXG.

The MXG must have the E7Z608APPC Custom Modulation license installed
and Signal Analyzer Version 2024 A.38.xx or later.

Test Setup

Definitions
— DUT Input: Targeted plane that the user desires to stimulate the DUT.
— Reference Plane: The endpoint for the MXG'’s calibration.

— Fixtures: All electrical components in the signal path between the DUT and
the MXG.

— Incident Power [dBm]: The incident power the user desires to stimulate the
DUT.

In general, a DUT is connected to a fixture that is connected to the test port of
the MXG.
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Figure 5-1 Block diagram of general test setup when connecting a DUT to an MXG

:Test Port

‘Reference

- DUT input
Plane P

Signal Generator & Fixture(s)
—
Incident
Power
Materials
Material Part Number Quantity
1 MXG N5186A MXG - (Any channel configuration is 1
acceptable)
2 Signal Analyzer N9032B PXA - (Any Keysight Signal Analyzer is 1
acceptable)
3 ECalModule N7555A - (See “Supported ECal Modules” on 1
page 161)
4 DUT Mini Circuits ZX60-83LN-S+ 1
5 RF Attenuator Mini Circuits 15542 6 dB 1
6 3.5mmCoax Cable  Any quality male-to-male connector is acceptable 2
7 USB5VConnector  Used to power the DUT 1
Figure 5-2 Number 1 on material list: N5186A MXG (Any channel configuration is
acceptable)

N5186A MXG and X-Series SA Measurement Guide 157



Custom Modulation Measurements
Using the N5186A MXG as an Embedded Reflectometer

Figure 5-3 Number 2 on material list: N9032B PXA (Any Keysight Signal Analyzer is
acceptable)

Figure 5-4 Number 3 on material list: N7555A ECal Module (See “Supported ECal
Modules” on page 161)
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Figure 5-5 Number 4 on material list: Mini Circuits ZX60-83LN-S+

Figure 5-6 Number 5 on material list: Mini Circuits 15542 (6 dB attenuator)

Figure 5-7 Number 6 on material list: SMA 3.5mm male to male coaxial cable
oy
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Figure 5-8 Number 7 on material list: USB powered 5V connector
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Supported ECal Modules

Model Description
N755xA Series 2-port Economy ECal modules
N75504A DC to 4 GHz
N7551A DC to 6.5 GHz
NTS52A DCto 9 GHz
N7553A DC to 14 GHz
N75544 DC to 18 GHz
NT7555A DC to 26.5 GHz
8509xD Series 2-ports RF ECal module
85091D DC/300 kHz to 9 GHz
85092D DC/300 kHz to 9 GHz
850930 * DCI300 kHz to 8 GHz )
. 850940 DC/300 kHz to 9 GHz
850960 DC/300 kHz to 9 GHz
850980 DC/300 kHz to 7.5 GHz
850990 DC/300 kHz to 6 GHz
8509xC Series 2-ports RF ECal module
— 85091C 300 kHz to 8 GHz
R 85092C 300 kHz to 8 GHz
mﬁ"; B85093C 300 kHz to 9 GHz
g £y ey [ 85096C 300 kHz to 3 GHz
0~ 85098C 300 kHz to 7.5 GHz
85099C 300 kHz to 3 GHz
N469xD Series 2-ports Microwave ECal module
N4890D DC/300 kHz to 18 GHz
N4591D DC/300 kHz to 26.5 GHz
N46920D DC/10 MHz to 40 GHz
N4693D DC/10 MHz to 50 GHz
N4594D DC/10 MHz to 67 GHz
N4596D DC/300 kHz to 18 GHz
N443xD Series 4-ports ECal modules
N4431D DC to 13.5 GHz
N4432D 'DC/300 kHz to 18 GHz
N44330D DC /300 kHz to 26.5 GHz
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Configure the Test Setup

Part 1

Begin setting up the equipment to take the first measurement, measuring the
DUT without fixturing or calibration.

[~
>
(53
e
=z & Z
2 - :
2 5063-1534 ¢ 5063-1534 x
oy) Cable 20inch Cable 20inch =
SMA(m)-SMA(m) SMA(m)-SMA(m) |, =
| 6dB < ' [
a3 ;
! il Fixture
Ly = 3l
| | I
Setup the DUT:

To prevent shorting and damage to DUT, ensure USB 5V connector is
unplugged when attaching power and ground clips to DUT.

1. Connect the 6 dB attenuator to the DUT's output port.
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2. Attach the red clip to the +5 VDC pin and the black clop to the GND pin.

3. Connect the MXG RF output to the input port of the DUT. Connect the
signal analyzer RF input to the other side of the attenuator. The figure
below shows the RF connection to the MXG and the signal analyzer.

4, Connect the USB 5V to any of the available USB ports on either the
analyzer or generator.

Generate the Signal:

The signal used in this demonstration is a 500 Msps symbol rate, 4096 Symbol,
16 QAM signal.

1. On the MXG, select Preset > Preset to set the instrument to a known state.
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2. On the MXG select the Apps menu > Custom Modulation.

| S 1 » Apps

Keysight PathWave Signal Generation

5G NR/5G- Customn Modulation Avionics
Advanced

3. In the Carrier menu (left pane) select Custom 1Q Selection > Custom IQ
Type > QAM & ASK & PSK.

» Apps : Custom Modulation

Quick Setups Madulation Config « Export B9&0( Setul Generate

Custom ASK & PSK & QAM
Filter

segments

4. Select Custom ASK & PSK & QAM > Symbol Rate to 500 Msps.

k EEE % I » Apps : Custom Modulation
u‘ Quic tups Modulation Cof + B 2tup Generate

Custom 1Q Selection 500 Msps

Filter

Segments
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5. Select the Filter tab > set Filter to Root Nyquist > Alpha 0.2 > Length

(symbol) 32.

» Apps : Custom Modulation

'% Quick Setups Modula Config [+ Export B9600 V

Custom I Selection Filter

Custom ASK & PSK & QAM  Alpha

Segments

Generate

6. Select Segments > Constellation 16QAM > NumberOfSymbols 4096.

» Apps : Custom Modulation

setups Modulatio

Custom 1Q Selection

Custom ASK & PSK & QAM

Filter

Generale

DataSeq

160AM
4096

1

7. Select the Waveform menu (left pane) and select:

— Basic tab

Enable User Defined Sample Ratio
Sample Rate to 1 GSa/s

Number of Frames to 1

» Apps : Custom Modulation

Custom Modulation

Marker

Crest Factor Reduction
Multi Carrier

Caormrection
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Select Generate.

» Apps : Custom Modulation

Generate
Custom Modulation
Marker Required Licens
User Defined Sample Rate

Crest Factor Reduction

Muilti Carrier

Correction

8. Scroll down to the bottom half of the display and select Spectrum to view
the Waveform.

I ?WM'f.l“*”- e _.k‘“"*’.rr'w*"'““"]lM“ffﬁf‘\“ﬂ%_
’r.lﬁiﬂ;riwlr'qﬂ'ﬂq'ﬂl :"“ ' WMWM

9. Select the Home icon and set Frequency to 6.5 GHz and Power to
-20 dBm.

Group 1: Signal Adjustments
: ¥ ”

5.500 000 000 00D 00 GHz

-20.00 dBm n

10. Set RF Out to On by selecting the numbered channel indicator switch.

This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.
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Set up the Signal Analyzer:

To characterize the DUT we need to demodulate the signal we are sending
through it.

The following steps can be done quickly by taking advantage of the Configure
Analyzer function on the MXG. The MXG and Signal Analyzer must be on the
same LAN network to use the Configure Analyzer function to work. If this
criterion is met, follow these three steps to quickly configure your Signal
Analyzer.

1. Select the System menu > Configure Analyzer.

ﬁ:j Home

#WISTRLIMENT FILES UTILITIES CONNECTIVITY APPLICATION

['-:; Hoime &1 Recall State SCPl Recorder Configure Analyzer ) Shutdown N5186A
{I Connectors [ ate As *) Restart N5186A

ih Settings F Copy Files

2. Select Click to change connection.

y Configure
© Analyzer

3. In the Remote Instrument window,

— set Connection Type to LAN
— Enter the IP address of the signal analyzer

— select Test Connection to verify proper connection
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— select the navigation button (left arrow) to return to the Configure
Analyzer window.

“ Instrument

Connet

LAN use

Test Connection
Hostname or IP Address

141.121.150.122

HiSLIP

hislipD

4. Select Auto Configure Analyzer to send the MXG settings to the analyzer.

Auto
Configure
Analyzer

KEYSIGHT ket B

5CA #
0 Alien 10 ai Fomatl QFSE = 00 GHE oo o
Selacied Sagment
() [Couptng D " Prer init off, LNA O Sy Fisber 500 M Trkg Fiiose Fun =
== Algn Auko g 3 W Poliv Brypass.  Meas inbd: 501 symibals
Inf B4 1 GHE  Eguaizes Of
| Saqt 10 Maas Tema (10N

Meas Setup
OF . 6 5000000

Segmont 1
2 Herw M Tame J r-'.rll:li
ScalDiv 10,00 4B -

heeas
f_ Format Btan

| . b o Srianciand
[ Symbal Rate |

{ 500.0000000 MHz | IF Pah
e
| Paints  Symbol |

| Frame
-2.26

265 Start: 8720 ns
1 SpacinEm L]

Mesas Time
Scale/Div 10000 dB Rel Value 0.00 dBm

;"-1r.||:|.' 610,09 [T Rt
4 5801 Melncs i Red Filtes
Rock Raised Cosine v | Advanced
Evid =
Mag Emor
Freg Edrow

ARt

0000 GHz

Gain Imb.
Rho
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Manually Configure the Signal Analyzer

When not using Auto Configuration, follow these steps to manually configure
the Signal Analyzer.

1. From the Menu Panel (on the top right of the display), select Mode/Meas >
Vector Modulation Analyzer mode > Digital Demod > OK.

If accessing the instrument via a Remote Desktop connection, select the
Screen tab (at the top of the display) to open the
Mode/Measurement/View Selector window.

Mode | Measurement / View Selector  Seeen pame

Measurameant
Biueloom Drgital Dermod
LTE FDO & NEEMTC & VZX Cusdom OFDM

When Sequencing is On and LTETDD & LTE-A
there are multiple Screens, 2l
Screens update in sequence.
When Sequencing s O, only
he selected Soreen updales

Muill-Standand Rado ||

s Sur
WLAN Channel Power Eye Diagram
wJage Compalininy Ocoupsed BAY Dual Segmeni

Power Stat CCD Frame Susmrary

5G NR & VZX

Power Ampifier Spurious Emissions
T kaunch BHE00 VSA press the butlon below
Viector Modutaton Analyzer PANT
Launch V5A
BBG600 Software Version
i T v Real-Time Specirum Analyzer
= ]

2. Select Mode Preset to set the Vector Modulation Analyzer mode to a
known state.
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3. Select Frequency and set Center Frequency to 6.5 GHz.

SCA ﬁ Frequency

KEYSIGHT gt & : Aen 10 & Fomat GPSK G :
o [Govedng C Pea Il off, LA oI Sym e 1 MM Center Frequenc
+ i v qftet i[5} W Path Standan it 5011 symbols
ink BW SMHz  Equaizer O

2 R i Tms

Scake/Div 10000 dB

65 Start: -40.96 ys

ScaleDiv 10.00 9B Ref Value 0.00 dBm

Width: 5 MHz

KEYSIGHT mout BF

Lol msgn s

1 Sogl |G Meas Teme (KX 7 Faw Ma

ScaleiDiv 10.00 dB

" Stop: 651.01 js

ad Ermor
i imb
B S AT N ———
Ctr: 6500000000 GHz Width: 1 GHE
Res BW: 6.504 kMz

€0 CMa?
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5. Select Meas Setup > Meas Time > set Meas Interval to 4096 symbols.

# Meas Sotup v

Seieciod Sogment
Segment 1

(I Aign Aul

1 Sag 110 Wi Tama [N

Ihieas Offsct
| 0.00 symbols

Stop: 4.96 ms Demod

| Achranced
Scale/Div 10000 dB

Limits

ain Imb
Cir: 6.500000000 GHz Width: 1 GHz -

6. Select Meas Setup > Demod > set Symbol Rate to 500 MHz and
Points/Symbol to 4.

LA # Meas Sebap v

Selected Segment
WV P L :
vl BW 1 Gl Eipisizar OF
¥ ¥ ) Seflings
aw hain st
Scale/Div 10.00 4B i e
% Standand
Symbol Rabe
5000000000 MHz IF Pam

| Ref Fittex
Scale/Div 10.00 dB Ref Value 0.00 dBm . s . | Raised Casine

Filler Alpha
| 050

{ Advanced Setp | i

! { R (MER] { Cansteilation
I"_|"'|_'|'*,|"-1 e ik o o : Setinga

! |
0000000 GHE Widith: 1 GHE
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7. Set Meas Filter to Root Raised Cosine > Ref Filter to Root Raised Cosine >
Filter Alpha to 0.2.

A # Meas Setup v
HT = : MM GHE  catarted Seqment
- Align. Ao o e 5 L - yiti Segment 1

1 Sagl 10 Maas Tena IC8

| 500, 0000000 MHZ

| Painits / Syrnbol

il _' Meas Thme
Mess Filter
2.265 Start: -B7.20 ns Stop: 610.09 s | o0t Falsed Cosine »

4 5ag1_Meincs 5281 dBm Ref Filler

i D Ahranced
Scale/Dtv 10.00 dB Ref Value 0.00 dBm Root Ralsed Cosina v) PV

EVM b
Mag Emor Filter Alpha

BER

Limits

i
Ctr: 5500000000 GHz Width: 1 GHz o

L T Ty YT ey oy S . ; Gaabal
et 'frill " Him |r1}. ‘T H. b Il_nlillrl-u 4 “_.Jll..ﬁ;“ - . :
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FSK Formats

MSK Formats

ASK Formals

AFSK Formais

V58 Formals

Custom 10

Custom Modulation Measurements
Using the N5186A MXG as an Embedded Reflectometer

8. Select Modulation Format to open the Modulation Format window and

then select QAM Formats > 16 QAM. Select OK to close the Modulation
Format window.

Maoduiaticn Format

Format
Modutaton
Farmat
| Symbal Rake
500, 0000000 M4z
i":rl ts / S-Frr_;:i
4

Meas Fiter |

Root Ratsed Cogina v (7 FE0
Ref Filter

Root Raised Cosine » | Advanced

| Filter Alpha
0.20

BER

CVE t18-0AM - .
b A (M.'nn:ed Setup | Limas

Gilobal

DVE 32-0AM { Conatelation
Settngs

OB Geb-CAM

Take the DUT Measurement

Now that the source is set up to demodulate the T6QAM signal, you can
measure the unequalized EVM in dB and channel response in both phase and

magnitude. This will give a baseline for how the DUT preforms without fixturing
and calibration.

1. On the MXG, set RF Out to On by selecting the numbered channel
indicator switch.
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This enables the RF Out for the indicated channels, in this case Channel 1
if using a multi-channel MXG.

Adjustments

Out Mod

RF Output

-210.00 dBrm

6.500 000 000 000 00 GHz

2. On the Signal Analyzer, select Meas Setup > Demod tab > Advanced
Setup and set Report EVM DB to On. Close the Advanced Setup Window.

Advanced 5
.
N | Egualizer
Equalizer
Filter Length

Canvergence

Haild

FFT
Cusiom 13

FET Whndkow

Nusti-Canrer Filter

Mulll-Cumler Flites

174

On

21 symbaols

1.000000

On

General

Aovanced
Spectram

Gain ImbCuad
Skew Coupling

Chock Adjust
12 Rotation
3 Normales

Low SHR
WoEme

o i va

SCH #

i > Selected Segment
i Segmenl 1

Farmsat
| | 500 0000000 Mz
Fores | Symont
£

0.00 symibois

Fiint

|| Root Raised Cosine

off
On el Filer .
o | Root Ratsed Cosine v | Advanced

9 Constefation Maxil [Filter Alpha

Report EVM in DB

0.20

| { Advanced Setup

Consle=liztion
]

Meas Sstup 1

Settings
Meas
| Standard
| IF Path

Frame

Meas Time

BER

Limits

Gilobal
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3. Record the EVM in dB. For this example, 21.60 dB rms.

KNYSIGHT It 55

Coupling
"fJ Algn Mo

1 S 1_10 Moas. Teme

Ctr: 6.500000000 GHz
Res BW: 3.2 MHz

Atten 10 8 Tomat 16 CAM
P i1, LNA R Sym O H
WY Patth. FByp, On Moas inh 40
Inka BW. 1 GHz Equaices OF

2 Raw Mmn Teno

Scale/Div 10,00 dB

gl M

| EVM
M.;_q Emor
Phase Emor

4. At the top of the display, select the Equalizer menu and toggle Equalizer

On. The Meas Interval was already set to 4096 in a previous step.

SCH ﬂ

CF: 6 S00000000 GHz Selected Segment

KEYSIGHT Input |:.|. :
m N"‘ -‘!LII‘IEII

Tima (10N

Scale/Div 10.00 dB Ref Value 0.00 dBm

Cir: 6.500000000 GHz
Res BW: 450.1 kHz

=5~ M?

Input - 50 0
Cofr CCaorr RCal
Freq Ret Int (S}

Atten: 10 dB Fomatl: 16-0AM

Pra; Inl oll, LMA ol Sym Rate: 500 MHz

W Path: FByp, On Moas intv. 4006 symbols
Info BV 1 GHz Equalizer. On

E"- Raw M Selected Segment

Trig. Fres: Run

Meas Ir;1e.n.rai
4056 symbols

Width: 1 GHz
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Meas Setup v

|
Seflings
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é Frame

175



Custom Modulation Measurements
Using the N5186A MXG as an Embedded Reflectometer

5. On Measurement window 2 (top right), select the dropdown and select
Data > Response > Ch Freq Response > OK.

il o Meas Setup

Alten: 10 dB Fomat 16008 CF: 6. 500000000 GHz Selected Segmeant
— Couplng DG Pra- Irl off, LNA off Sy Rate 500 MHz Trig: Freas R A e =
Lo sn Auto UMY Palh FByp, On Mais Infvl- 4096 symbats Segment 1

bnka BW 1 GHz Equaizer On

1 Sag1_ 10 Maas Time (108 2 Rl Main Tims

) bacoooooo MHz | 1F Patn
Group Result
1 ints [ Symibol

| Frame
Pre-demod Ch Freq Response |

_ | Meas Time
Demod EQ Impuise R |

L2080 3 Demod Eror
3 Spectrum L

| Advanced
Scale/Div 10.00 dB Ref Value 0.00 dBm Tables |

{ BER
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6. On Measurement window 2, set.
— Scale/Div to 1.00 dB
— Ref Value to 5.00 dB
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— Width to 500.000 MHz

M 10 dB
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Mag Error

Cir: 6.500000000 GHz Width: 1 GHz
Res BW: 450.1 kHz

RO~ ?
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7. Select Measurement window 3 (bottom left) dropdown menu and select
Data > Response > Ch Freq Response > OK.
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8. On Measurement Window 3, select Format > Wrap Phase to measure the
phase response in Measurement window 3.
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9. On Measurement Window 3, set:
— Scale/Div to 2.00 deg
— Ref Value to 10.00 deg
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— Width to 500 MHz
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Part 2

Use the ECal module to de-embed the cable or test fixture.

— Do not set the power over ECal's damage levels. Refer to the data sheet
for your specific ECal module.

Characterize the Fixture

To characterize the fixture, an ECal module is used to generate an .s2p file of
the fixture.
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1. On the MXG, turn RF Output Off.

6.500 000 D00 000 00 GHz

-20.00 dBm

Adjustments Out Mod RF Outpurt

2. Disconnect the input of the DUT and connect the same fixture to Port A of
the ECal module.
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3. Select the RF Output block to open.

Group 1: Signal Adjustments Out Mod RF Qutput Off

Mod_G157.wim off vQ On| Phase  Odeg

i off Pulse G o
Playing Os PwrLim of  -20.00 dBm

6.500 000 000 000 00 GHz

4. In the RF Output dialog box, select the Corrections/De-embedding tab >
Add Fixture > Block B > Characterize.

., Output 1;
RF Output

General
Freq and Amp Adjustment

Comections/De-embedding
Deembed

0 e haracterize »
Optimizations Deembed Characte

Add Fixture v Delete Block

List/Step Sweep

5. Set:

Start Frequency to 10 MHz

Stop Frequency to 8 GHz
Number of Points to 201

ECal Portto A

Power (Total RMS) to -20 dBm
IF Bandwidth to 1 kHz
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— Run Measurement

Output 1: Fixture
* RF Output * Characterization B

Change >

Start Frequency Stop Frequency Number of E USB Device

Points

10.000 000 MHz 8.000 000 000 GHz N7555-60001;30496 ~
20

-20.00 dBmi Run Measurement
IF Bandwidth

1.000 000 000 kHz

6. When the measurement is complete, Disconnect the fixture from the ECal
module and connect the fixture back to the input of the DUT.

7. Select the Home icon and turn RF On.

Group 1: Signal Adjustments Ot M 3
e = Outbod On, RF Output £.500 000 000 000 00 GHz

-20.00 dBm ]
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8. Select the RF Output block > Corrections/De-embedding tab >
Corrections On > Enable.

, Output 1
* RF Qutput

General

Freq and Amp Adjustment

Deambed

«  Charecterize
Optimizations Characterize »

Add Fixture Delete Biock
ep Sweep

9. On the Signal Analyzer, at the top of the display, select the Equalizer
menu and toggle Equalizer Off to take and unequalized measurement of
the EVM with fixture de-embedding enabled.
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10. Toggle the Equalizer to On and select Equalizer Reset to take the

equalized measurement.

2 Seg1_CH Freq Resp
(Log Madq)

i Seql I Meas Time (10

Scale/Div 1.00 dB Ref Value 5.00 dB

-2.265 Ctr: 6.500000000 GHz

?P‘EZE;II_CH FreqResp 4 Segi_Metrics
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Mag Error
Phase Error
Freq Emor
/G Offset
SNR (MER)
Quad Ermor
Gain Imb.

-45.23 dB rms
0.39 %ms
0.40 "rms

Generate an 1.s1p File

-18.12 dBm

-35.15 dB pk
1.40 %pk
2.70 °pk
-55.15 Hz
-71.39 dB
42.67 dB
0.02°
-0.01dB

Start by generating an .s1p file using embedded reflectometer to enable DUT
match correction and take unequalized EVM measurements and channel
response for magnitude and phase. Compare results to the two previous DUT
measurements.

1. On the MXG, select RF Output block > Corrections/De-embedding tab >
DUT block > Add from Measurement.

~ o Output 1:
" RF Output

General '-:- Corrections On A ute Power Commaction

Freq and Amp Adjustment

Corrections/De-embedding
Embed

Add from
Measurement

Optimizations

List/Step Sweep
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2. To generate the .s1p file, set:
— Start Frequency to 5.5 GHz
— Stop Frequency to 7.5 GHz
— Number of Points to 201
— Power (Total RMS) to -20 dBm
— IF Bandwidth to 1 kHz
— Run Measurement

aut 1: . Measure DUT Reflection
Jutput Coefficient

File Correct i 2024-10-1 - Change »

Start Frequency Stop Frequency MNumber of

Points

P
5.500 000 000 GHz 7.500 000 000 GHz

201
Power (Total RMS)
-20.00 dBm Run Measurement
IF Bandwidth

1.000 000 000 kHz

3. Select the Back arrow icon to return to the previous window and ensure
Enable is selected.

s 7 v  Oulput 1:
E" W RF Qutput
General @ Corrections On
Freq and Amp Adjustment

ons/De-embedding

Add from Measurement

tep SWeep
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4. Take an unequalized measurement of the EVM with fixture de-embedding
and DUT match corrections enabled.
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5. Toggle the Equalizer to On and select Equalizer Reset to take the
equalized measurement.
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Summary

The embedded reflectometer allows easy fixture characterization without the
use of a Vector Network Analyzer. By characterizing the fixture, corrections can
be applied to move the reference plane to the input of the DUT. The embedded
reflectometer can also be used to preform DUT match correction. By making an
S11 measurement, the reflection can be characterized and therefore corrected,
allowing for better channel response. In this demonstration you can see the
increase in performance in real time. In this particular setup the measured
unequalized EVM goes from -21.60 dB rms to -25.84 dB rms when
characterizing the fixture and applying corrections. A further increase in
performance can be seen from preforming DUT match correction. In this
example, the unequalized EVM goes down to -32.08 dB rms. With both
correction types applied the unequalized EVM improves by 10.48 dB rms. This
increase in performance is also embodied in the channel response. The
channel response in magnitude and phase goes from 3 dB peak-to-peak for
magnitude and 10 degrees peak-to-peak for phase to ~1 dB peak-to-peak for
magnitude and ~3 degrees peak-to -peak for phase after applying corrections.
Using the embedded reflectometer to characterize a fixture and a DUT
improves station-to-station reproducibility allowing for greater confidence in
test results.
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