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R&S®FPS-K40 Preface

Typographical Conventions

1 Preface

1.1 Typographical Conventions

The following text markers are used throughout this documentation:

Convention Description
"Graphical user interface ele- All names of graphical user interface elements on the screen, such as
ments" dialog boxes, menus, options, buttons, and softkeys are enclosed by

quotation marks.

[Keys] Key and knob names are enclosed by square brackets.

Filenames, commands, Filenames, commands, coding samples and screen output are distin-

program code guished by their font.

Input Input to be entered by the user is displayed in italics.

Links Links that you can click are displayed in blue font.

"References" References to other parts of the documentation are enclosed by quota-
tion marks.

User Manual 1176.8500.02 — 03 5



R&S®FPS-K40 Welcome to the Phase Noise Measurement Application

Starting the Application

2 Welcome to the Phase Noise Measurement
Application

The R&S FPS-K40 is a firmware application that adds functionality to measure the
phase noise characteristics of a device under test with the R&S FPS signal analyzer.

This user manual contains a description of the functionality that the application pro-
vides, including remote control operation.

Functions that are not discussed in this manual are the same as in the Spectrum appli-
cation and are described in the R&S FPS User Manual. The latest versions of the man-
uals are available for download at the product homepage.

http://www.rohde-schwarz.com/product/FPS.html.

Installation

Find detailed installing instructions in the Getting Started or the release notes of the

R&S FPS.
o Starting the AppPliCatioN. ... 6
e Understanding the Display INnformation...........ccoooiiiicciiiiiiiie e 7

2.1 Starting the Application

The phase noise measurement application adds a new type of measurement to the
R&S FPS.

@ Manual operation via an external monitor and mouse

Although the R&S FPS does not have a built-in display, it is possible to operate it inter-
actively in manual mode using a graphical user interface with an external monitor and
a mouse connected.

It is recommended that you use the manual mode initially to get familiar with the instru-
ment and its functions before using it in pure remote mode. Thus, this document
describes in detail how to operate the instrument manually using an external monitor
and mouse. The remote commands are described in the second part of the document.

For details on manual operation see the R&S FPS Getting Started manual.

To activate the Phase Noise application

1. Select the [MODE] key.

A dialog box opens that contains all operating modes and applications currently
available on your R&S FPS.

2. Select the "Phase Noise" item.

User Manual 1176.8500.02 — 03 (]
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R&S®FPS-K40 Welcome to the Phase Noise Measurement Application

Understanding the Display Information

Phase MNoise

The R&S FPS opens a new measurement channel for the Phase Noise application.
All settings specific to phase noise measurements are in their default state.

Multiple Measurement Channels and Sequencer Function

When you enter an application, a new measurement channel is created which deter-
mines the measurement settings for that application. The same application can be acti-
vated with different measurement settings by creating several channels for the same
application.

The number of channels that can be configured at the same time depends on the avail-
able memory on the instrument.

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.

If activated, the measurements configured in the currently active channels are per-
formed one after the other in the order of the tabs. The currently active measurement is
indicated by a €& symbol in the tab label. The result displays of the individual channels
are updated in the tabs (as well as the "MultiView") as the measurements are per-
formed. Sequential operation itself is independent of the currently displayed tab.

For details on the Sequencer function see the R&S FPS User Manual.

2.2 Understanding the Display Information

The following figure shows the display as it looks for phase noise measurements. All
different information areas are labeled. They are explained in more detail in the follow-
ing sections.

User Manual 1176.8500.02 — 03 7
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Understanding the Display Information

Multiview 1 Spe Phase Noise 1 Analyzer

Frogesncy iz Mess Level -] Bhegs Brequenoy
| & 1020 i Enitaal Delea a Initial Delea 24
Dt it

1 Phase Moise

Stop 100D MHz

Figure 2-1: Screen layout of the phase noise measurement application

2 = Channel bar

3 = Diagram header

4 = Result display

5 = Softkey bar

6 = Measurement status
7 = Status bar

For a description of the elements not described below, please refer to the Getting Star-
ted of the R&S FPS.

Measurement status

The application shows the progress of the measurement in a series of green bars at
the bottom of the diagram area. For each half decade in the measurement, the applica-
tion adds a bar that spans the frequency range of the corresponding half decade.

The bar has several features.

® The numbers within the green bar show the progress of the measurement(s) in the
half decade the application currently works on.
The first number is the current, the second number the total count of measure-
ments for that half decade. The last number is the time the measurement requires.

® A double-click on the bar opens an input field to define the number of averages for
that half decade.

® A right-click on the bar opens a context menu.

Finish Half Decade
Half Decades Confi
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R&S®FPS-K40 Welcome to the Phase Noise Measurement Application

Understanding the Display Information

The context menu provides easy access to various parameters (resolution band-
width, sweep mode etc.) that define the measurement characteristics for a half
decade. The values in parentheses are the currently selected values. For more
information on the available parameters see "Half Decades Configuration Table"
on page 43.

Channel bar information

The channel bar contains information about the current measurement setup, progress
and results.

Phase Noise

Muzas Level Muias Frequancy
Iritial Dalta 10 Imiti el Diedta z! He i ppm BGL
Carift Dorifit

Figure 2-2: Channel bar of the phase noise application

Frequency Frequency the R&S FPS has been tuned to.

The frontend frequency is the expected frequency of the carrier. When fre-
quency tracking or verification is on, the application might adjust the frontend

frequency.

Ref Level & Att Reference level (first value) and attenuation (second value) of the R&S FPS.
When level tracking or verification is on, the application might adjust the fron-
tend level.

Measurement Complete phase noise measurement range. For more information see Chap-

ter 4.3, "Measurement Range", on page 21.

Measured Level DUT level that has been actually measured.

The measured level might differ from the frontend level, e.g. if you are using
level verification.

Initial Delta Difference between the nominal level and the first level that has been mea-
sured.
Drift Difference between the 1st level that has been measured and the level that

has been measured last.

In continuous sweep mode, the drift is the difference between the 1st level that
has been measured in the 1st sweep and the level that has been measured
last.

Measured Frequency DUT frequency that has been actually measured.
The measured frequency might differ from the frontend frequency, e.g. if you
are using level verification.

Initial Delta Difference between the nominal frequency and the first frequency that has
been measured.

Drift Difference between the 1st frequency that has been measured and the fre-
quency that has been measured last.

In continuous sweep mode, the drift is the difference between the 1st fre-
quency that has been measured in the 1st sweep and the frequency that has
been measured last.

SGL [#/#] Sweep mode (single or continuous). If you use trace averaging, it also shows

the current measurement number out of the total number of measurements.

The following two figures show the relations between the frequency and level errors.
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Understanding the Display Information

. I initial
offset
« T frequency
drift
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Figure 2-3: Frequency errors

front = initial frequency set on the frontend
fmeas_x = actual frequency that has been measured

P

A initial

'y Pmeasj Ioffset

i Pfront T level drift

l Prneas_1

Pmeas_3

Figure 2-4: Level errors

Pront = reference level if tracking = off

Pront = initial reference level if tracking = on

Pmeas_1 = becomes reference level after first sweep if tracking = on
Pmeas 2 = becomes reference level after second sweep if tracking = on
Pmeas_3 = becomes reference level after third sweep if tracking = on

Window title bar information

For each diagram, the header provides the following information:

1 Phase MNoise

Figure 2-5: Window title bar information of the phase noise application

1 = Window number

2 = Window type

3 = Trace color and number

4 = Trace mode

5 = Smoothing state and degree

Status bar information

Global instrument settings, the instrument status and any irregularities are indicated in
the status bar beneath the diagram. Furthermore, the progress of the current operation
is displayed in the status bar.
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R&S®FPS-K40 Measurements and Result Displays

3 Measurements and Result Displays

Access: I=(

The Phase Noise application measures the phase noise of a single sideband of a car-
rier.

It features several result displays. Result displays are different representations of the
measurement results. They may be diagrams that show the results in a graphic way or
tables that show the results in a numeric way.

In the default state of the application, only the graphical display of phase noise results

is active.

Phase NOISE DIiagram.........eeuue i e e e ettt s e s e e e e e e e aaaaeaaaeeeeeeeeeeasnens 11
RESIAUAI NOISE.....ee et e et e e e e e e e e e e e eennes 12
T o 0 N[0 T U 13
T 01U 1 SRR PP PUURPRRR 14
SWEEP RESUIL LiSt..ceieiiiieiieieee e e e e e e e e e e e e e 15
ST o1=Tox 140 1o T8 1Y/ (o] 1 (o SRR 16
[ Yo [ U= o3V I ) S PR 17
Frequency and Level Stability.........uuuuuieiiiiiiiie e 17
Reference MeasuUremMeNt........cooui e a e e e e 18

Phase Noise Diagram
The phase noise diagram shows the power level of the phase noise over a variable fre-
quency offset from the carrier frequency.

Measurement range

The unit of both axes in the diagram is fix. The x-axis always shows the offset frequen-
cies in relation to the carrier frequency on a logarithmic scale in Hz. It always has a
logarithmic scale to make sure of an equal representation of offsets near and far away
from the carrier. The range of offsets that the x-axis shows is variable and depends on
the measurement range you have defined and the scope of the x-axis that you have
set.

For more information on the measurement range see Chapter 4.3, "Measurement
Range", on page 21.

If the measurement range you have set is necessary, but you need a better resolution
of the results, you can limit the displayed result by changing the x-axis scope. The
scope works like a zoom to get a better view of the trace at various points. It does not
start a new measurement or alter the current measurements results in any way.

The y-axis always shows the phase noise power level contained in a 1 Hz bandwidth in
relation to the level of the carrier. The unit for this information is dBc/Hz and is also fix.

Y-axis scale

The scale of the y-axis is variable. Usually it is best to use the automatic scaling that
the application provides, because it makes sure that the whole trace is always visible.
You can, however, also customize the range, the minimum and the maximum values
on the y-axis by changing the y-axis scale.

User Manual 1176.8500.02 — 03 11



R&S®FPS-K40 Measurements and Result Displays

The measurement results are displayed as traces in the diagram area. Up to six active
traces at any time are possible. Each of those may have a different setup and thus
show different aspects of the measurement results.

In the default state, the application shows two traces. A yellow one and a blue one.
Both result from the same measurement data, but have been evaluated differently. On
the first trace, smoothing has been applied, the second one shows the raw data.

For more information on trace smoothing see Chapter 4.5, "Trace Averaging",
on page 22.

1 Phase MNoise o1 Clrw Lin Smth 1%

Frequency Offset

Figure 3-1: Overview of the phase noise result display

The figure above shows a phase noise curve with typical characteristics. Frequency
offsets near the carrier usually have higher phase noise levels than those further away
from the carrier. The curve has a falling slope until the thermal noise of the DUT has
been reached. From this point on, it is more or less a straight horizontal line.

Remote command:
TRACe<n>[:DATA] on page 123

Residual Noise
The residual noise display summarizes the residual noise results in a table.

For more information on the residual noise results see Chapter 4.2, "Residual Effects",
on page 20.

The table consists of up to four rows with each row representing a different integration
interval. Each row basically contains the same information with the exception that the
first row always shows the results for the first trace and the other rows with custom
integration ranges the results for any one trace.

2 Residual Noise
Trace Start Offset Stop Offset Int PHN

The residual noise information is made up out of several values.

User Manual 1176.8500.02 — 03 12



R&S®FPS-K40 Measurements and Result Displays

Type Shows the number of the trace that is integrated (T[x]).
Start / Stop Offset Shows the start and stop offset of the integration interval.

Int. PHN Shows the Integrated Phase Noise.

The integral is calculated over the frequency range defined by the Start and Stop
Offset values.

PM Shows the Residual PM result in degrees and rad.
FM Shows the Residual FM results in Hz.
Jitter Shows the Jitter in seconds.

For more information on residual noise see Chapter 4.2, "Residual Effects",
on page 20.

Remote command:

Querying Residual PM:
FETCh:PNOise<t>:USER<range>:RPM? on page 128
Querying Residual FM:
FETCh:PNOise<t>:USER<range>:RFM? on page 128
Querying Jitter:
FETCh:PNOise<t>:USER<range>:RMS? on page 128
Querying Integrated Phase Noise

Querying user ranges:
FETCh:PNOise<t>:USER<range>:RFM? on page 128
FETCh:PNOise<t>:USER<range>:RMS? on page 128
FETCh:PNOise<t>:USER<range>:RPM? on page 128

Spot Noise
Spot noise is the phase noise at a particular frequency offset (or spot) that is part of the
measurement range. It is thus like a fixed marker.

The unit of spot noise results is dBc/Hz. The application shows the results in a table.

2 Spot Noise
Offset Frequency [T1] Phase Noise [T1]
1.00 kHz -115.33 dBc/Hz
10.00 kHz -124.42 dBc/Hz

100.00 kHz -122.67 dBc/Hz
1.00 MHz -132.82 dBc/Hz
10.00 MHz =——

The table consists of a variable number of 10* frequencies (depending on the mea-
surement range), and a maximum of five user frequencies, with each row containing
the spot noise information for a particular frequency offset.

The spot noise information is made up out of several variables.

User Manual 1176.8500.02 — 03 13



R&S®FPS-K40 Measurements and Result Displays

Type Shows where the spot noise offset frequency comes from. By default, the applica-
tion evaluates the spot noise for the first offset frequency of a decade only (10* Hz,
beginning at 1 kHz). However, you can add up to five customized offsets frequen-
cies that you want to know the phase noise for. If you want to use more custom
offsets, you can add another spot noise table.

The "User" label indicates a custom offset frequency.
Offset Frequency Shows the offset frequency the spot noise is evaluated for. You may add any offset
that is part of the measurement range.

The number in brackets (T<x>) indicates the trace the result refers to.

Phase Noise Shows the phase noise for the corresponding offset frequency.

The number in brackets (T<x>) indicates the trace the result refers to.

Note that the spot noise results are calculated for a particular trace only. You can select
the trace by tapping on the trace LED in the header of the result display.

1 Phase MNoise Clrw Lin Smth 196 &2 Clrw

Remote command:

Querying spot noise results on 10* offset frequencies:
CALCulate<n>:SNOise<m>:DECades:X on page 130
CALCulate<n>:SNOise<m>:DECades:Y on page 130

Querying custom spot noise results:

CALCulate<n>:SNOise<m>:Y on page 131

Trace selection: DISPlay [ :WINDow<n>] : TRACe<t>:SELect on page 132

Spur List
Spurs are peak levels at one or more offset frequencies and are caused mostly by
interfering signals. The application shows the location of all detected spurs in a table.

4 Spur List
No Offset Frequency

tter
dom Jitter

The table consists of a variable number of rows. For each detected spur, the table
shows several results.

Number Shows the spur number. Spurs are sorted by their frequency, beginning with
the spur with the lowest frequency.

Offset Frequency Shows the position (offset frequency) of the spur.
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R&S®FPS-K40 Measurements and Result Displays

Power Shows the power level of the spur in dBc.

Jitter Shows the jitter value of the spurin s.

In addition to the jitter for each spur, the result display also shows the Dis-
crete Jitter and the Random Jitter at the end of the table.
®  The Discrete Jitter is the RMS value of all individual jitter values.
®  The Random Jitter is the difference of the overall jitter (as shown in the
Residual Noise result display) and the Discrete Jitter.
The result is an RMS value: RandomJitter? = Jitter? - DiscreteJitter?

For more information see Chapter 4.1, "Spurs and Spur Removal", on page 19.
Remote command:

FETCh:PNOise<t>:SPURs? on page 132
FETCh:PNOise<t>:SPURs:DISCrete? on page 133
FETCh:PNOise<t>:SPURs:RANDom? on page 133

Sweep Result List
The sweep result list summarizes the results of the phase noise measurement.

3 Sweep Result List
Start sampling Rate Freq Drift Level Drift  Max Fr

0 Hz Hz }

105.11 H=z

The table consists of several rows with each row representing a half decade. The num-
ber of rows depends on the number of half decades analyzed during the measurement.

The sweep results are made up out of several values.

® Results in a red font indicate that the frequency drift is so large that the frequency
has drifted into the range of a higher half decade. The result is therefore invalid.
® Results in a green font indicate the half decade that is currently measured.

Start / Stop Shows the start and stop offset of the half decade.
Sampling Rate Shows the sample rate used in the corresponding half decade.
AVG Shows the number of measurements performed in the half decade to calculate the

average (final) result.

Freq Drift Shows the difference to the initial (nominal) frequency that was measured in the
half decade.

If you perform more than one measurement (averages) in the half decade, the
value is updated for each single measurement. The last value that has been mea-
sured in the half decade will remain in the table.
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R&S®FPS-K40 Measurements and Result Displays

Max Drift Shows the highest difference to the initial (nominal) frequency that was measured
in the half decade.

Level Drift Shows the difference to the initial (nominal) level that was measured in the half
decade.

If you perform more than one measurement (averages) in the half decade, the
value is updated for each single measurement. The last value that has been mea-
sured in the half decade will remain in the table.

Remote command:

Start offset: FETCh: PNOise<t>:SWEep:STARt? on page 136
Stop offset: FETCh: PNOise<t>:SWEep:STOP? on page 137
Sample rate: FETCh: PNOise<t>:SWEep: SRATe? on page 136
Averages: FETCh: PNOise<t>:SWEep:AVG? on page 134
Frequency drift: FETCh : PNOise<t>:SWEep: FDRift? on page 135
Max drift: FETCh: PNOise<t>:SWEep:MDRift? on page 135
Level drift: FETCh:PNOise<t>:SWEep:LDRift? on page 135

Spectrum Monitor
The spectrum monitor shows the spectrum for the half decade that is currently mea-
sured.

Span

The span on the x-axis is defined by the start and stop frequency of the half decade
that is currently measured.

Y-axis scale

The scale of the y-axis is automatically determined according to the signal characteris-
tics.

4 Spectrum Monitor

|

lJ Jl

M qﬂ Hl J i y
i ) bl Ay
m f

CF 1.999999986 GHz Span 2.4997 kHz
Spectrum Frequency

In 1/Q mode, the result display contains two traces.
® The yellow trace ("raw trace") represents the live signal with the actual center fre-
quency currently measured.
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R&S®FPS-K40 Measurements and Result Displays

® The blue trace ("track trace") equalizes frequency drifting signals and thus shows a
stable version of the signal with the intended center frequency.

If necessary, you can turn the traces on and off. For more information see "Spectrum
Monitor: Raw Trace / Trk Trace (On Off)" on page 51.

The green vertical lines indicate the phase noise offset to be measured on in relation to
the displayed center frequency. The position of the two green lines depends on the half
decade that is currently measured and the sample rate you have selected.

Remote command:
TRACe<n>[:DATA] on page 123

Frequency Drift
The frequency drift shows the instantaneous frequency over time for the half decade
that is currently measured.

Time span

The displayed time span on the x-axis is defined by the time it takes to perform a mea-
surement in the half decade that is currently measured. If the measurement time for a
particular half decade is very long (several seconds), the application probably updates
the result display several times. In that case, the application splits the measurement
into several "sub-measurements".

Y-axis scale

The scale of the y-axis is automatically determined according to the sample rate. For a
better resolution, the trace is offset by the first measured frequency value. Thus, the
trace always starts at 0 Hz. The initial correction value is displayed in the diagram as a
numeric result.

To get a better resolution of the time axis, use the zoom function.
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Frequency Drift

Frequency and Level Stability

The stability results show the current level and frequency drift characteristics of the
carrier signal compared to the initial frequency and level. In addition to the numerical
results, the result display also contains a graphical representation of the drift character-
istics.
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The result display contains the following results.

® Carrier Stability
Difference between the 1st frequency that has been measured and the frequency
that has been measured last.

® Ato Ref Level
Difference between the 1st level that has been measured and the level that has
been measured last.

2 Frequency & Level Stability

Indicator

0 /"

The results correspond to the Level Drift and Frequency Dirift results displayed in the
channel bar. For more information see "Channel bar information" on page 9

Note that the results are only valid for I/Q FFT measurements (see "Global Sweep
Mode" on page 42).

Reference Measurement
The reference measurement measures the inherent noise figure (DANL) of the
R&S FPS.

To determine the inherent noise, you must remove the signal from the input. The appli-
cation then performs a measurement without the signal. The resulting trace shows the
inherent noise of the R&S FPS only. When you subtract that inherent noise from the
phase noise of the measurement with trace mathematics, you get a trace that shows
the phase noise of the DUT only.

Remote command:
CONFigure:REFMeas on page 78

User Manual 1176.8500.02 — 03 18



R&S®FPS-K40 Measurement Basics

4.1

Spurs and Spur Removal

Measurement Basics

The measurement basics contain background information on the terminology and prin-
ciples of phase noise measurements.

Phase noise measurements in general determine the single sideband phase noise
characteristics of a device under test (DUT).
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®  USING MaAIKEIS. ..ottt e e e e e e e e e s eeeeeaaaeens 32

Spurs and Spur Removal

Most phase noise results contain unwanted spurs. Spurs are peak levels at one or
more offset frequencies and are caused mostly by interfering signals. For some appli-
cations, you might want to identify the location of spurs. For other applications, spurs
do not matter in evaluating the results and you might want to remove them from the
trace to get a "smooth" phase noise trace.

Spur display

Usually, spurs are visible on the trace as a peak. In addition, the R&S FPS draws a
straight, vertical line to represent the position of a spur visually. The length of these
lines indicates the level of the spur in dBc and refers to the scale on the right side of
the phase noise diagram.

The lines indicating a spur are not part of the trace data. When you export the trace, for
example, the spur data is not exported.

Spur suppression

The application allows you to (visually) remove spurs from the trace. Spur removal is
based on an algorithm that detects and completely removes the spurs from the trace
and fills the gaps with data that has been determined mathematically.

The spur removal functionality separates the actual spur power from the underlying
phase noise and displays the latter in a two-stage process. The first stage of spur
detection is based on an eigenvalue decomposition during the signal processing.
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4.2

Residual Effects

Spur threshold

During the second stage, the application uses statistical methods to remove a spur. A
spur is detected, if the level of the signal is above a certain threshold. The spur thresh-
old is relative to an imaginary median trace that the application calculates.

If parts of the signal are identified as spurs, the application removes all signal parts
above that level and substitutes them with the median trace.
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Figure 4-1: Spur detection and removal principle

Residual Effects

Residual noise effects are modulation products that originate directly from the phase
noise. It is possible to deduct them mathematically from the phase noise of a DUT.

The application calculates three residual noise effects. All calculations are based on an
integration of the phase noise over a particular offset frequency range.

Residual PM

The residual phase modulation is the contribution of the phase noise to the output of a
PM demodulator. It is evaluated over the frequency range you have defined.

fsmp
2+ [10f,)df,, lrad]

fsmr{
with L( f) = single sideband phase noise [dBc/HZ]

Residual PM =

User Manual 1176.8500.02 — 03 20



R&S®FPS-K40 Measurement Basics

Measurement Range

Residual FM

The residual frequency modulation is the contribution of the phase noise to the output
of an FM demodulator. It is evaluated over the frequency range you have defined.

Sstop

ResidualFM=_|2- j £2L(f,)df,, [Ez]

Sstart
with L(f,,) = single sideband phase noise [dBc/HZ]
f,, =frequency [HZ]

Jitter

The jitter is the RMS temporal fluctuation of a carrier with the given phase noise evalu-
ated over a given frequency range of interest.
ResidualPM|[rad]

27+ fo
with f, = Carrier frequency

Jitter[s] =

1 Phase Noise o1 Clrw Smth 1% o2 Clrw

Start 1.0 kHz

Stop 1.0 MHz

Frequency Offset

Figure 4-2: Residual noise based on an integration between 10 kHz and 100 kHz offset

4.3 Measurement Range

Noise measurements determine the noise characteristics of a DUT over a particular
measurement range. This measurement range is defined by two offset frequencies.
The frequency offsets themselves are relative to the nominal frequency of the DUT.
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Measurement Basics

4.4

4.5

Trace Averaging

The measurement range again is divided into several (logarithmic) decades, or, for
configuration purposes, into half decades.

Neminal frequency

Rising offset = rizing RBW

Start 1.0 Hz Stop 10.0 GHz

Measurement Range

Decade (10 Hz = 100 Hz= 1 kHz ...}

HalfDecade (10 Hz = 30 Hz= 100 Hz= 300 Hz= 1kHz .}

Figure 4-3: Measurement range and half decades

This breakdown into several half decades is made to speed up measurements. You
can configure each half decade separately in the "Half Decade Configuration Table".
For quick, standardized measurements, the application provides several predefined
sweep types or allows you to configure each half decade manually, but globally.

The main issue in this context is the resolution bandwidth (RBW) and its effect on the
measurement time. In general, it is best to use a resolution bandwidth as small as pos-
sible for the most accurate measurement results. However, accuracy comes at the
price of measurement speed.

To avoid long measurement times, the application provides only a certain range of
RBWs that are available for each half decade.

Sweep Modes

Sweep modes define the data processing method.

Swept

The application performs a sweep of the frequency spectrum.

IQFFT

The application evaluates the 1/Q data that has been collected and calculates the trace
based on that data.

Trace Averaging

The application provides several methods of trace averaging that you can use sepa-
rately or in any combination.

The order in which averaging is performed is as follows.
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4.5.1

4.5.2

453

Trace Averaging

1. Half decade averaging.
The application measures each half decade a particular number of times before
measuring the next one.

2. Cross-correlation
The application performs a certain number of cross-correlation operations in each
half decade.

3. Sweep count.
The application measures the complete measurement range a particular number of
times.
It again includes half decade averaging as defined.

After the measurement over the sweep count is finished, the application displays
the averaged results.

4. Trace smoothing.
Calculates the moving average for the current trace.

Half Decade Averaging

Define the number of measurements that the application performs for each half decade
before it displays the averaged results and measures the next half decade.

In combination with the RBW, this is the main factor that affects the measurement time.
Usually, a small number of averages is sufficient for small RBWs, because small RBWs
already provide accurate results, and a high number of averages for high RBWs to get

more balanced results.

Sweep Count

The sweep count defines the number of sweeps that the application performs during a
complete measurements.

A sweep in this context is the measurement over the complete measurement range
once. A complete measurement, however, can consist of more than one sweep. In that
case, the application measures until the number of sweeps that have been defined are
done. The measurement configuration stays the same all the time.

In combination with the average trace mode and half decade averaging, the sweep
count averages the trace even more.

Trace Smoothing

(Software-based) smoothing is a way to remove anomalies visually in the trace that
can distort the results. The smoothing process is based on a moving average over the
complete measurement range. The number of samples included in the averaging proc-
ess (the aperture size) is variable and is a percentage of all samples that the trace con-
sists of.
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Frequency Determination

number of samples (e.g. 1000}

aperture gize (e.g. 5% = 50 samples)

Figure 4-4: Sample size included in trace smoothing

The application smoothes the trace only after the measurement has been finished and
the data has been analyzed and written to a trace. Thus, smoothing is just an enhance-
ment of the trace display, not of the data itself. This also means that smoothing is
always applied after any other trace averagings have been done, as these happen dur-
ing the measurement itself.

You can turn trace smoothing on and off for all traces individually and compare, for
example, the raw and the smooth trace.

Linear smoothing is based on the following algorithm:

YE)= Yol

Equation 4-1: Linear trace smoothing

Logarithmic smoothing is based on the following algorithm:

1
1'(s)=10-log,, - Z‘H 10
x:s—T

Equation 4-2: Logarithmic trace smoothing

y(s) = logarithmic phase noise level

4.6 Frequency Determination

Nominal frequency

The nominal frequency is the output or center frequency of the DUT. To get correct and
valid measurement results, the application needs to know the real frequency of the
DUT.
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Frequency Determination

O Unverified signals

The R&S FPS tries to start the measurement as soon as you enter the phase noise
application. If it cannot verify a signal, it will try to start the measurement over and over.

To stop the repeated (and probably unsuccessful) signal verification, stop the measure-
ment on the first verification failure.

The available (nominal) frequency range depends on the hardware you are using. For
more information see the datasheet of the R&S FPS.

If you are not sure about the nominal frequency, define a tolerance range to verify the
frequency. For measurements on unstable or drifting DUTs, use the frequency tracking
functionality.

Frequency verification

When you are using frequency verification, the application initiates a measurement that
verifies that the frequency of the DUT is within a certain range of the nominal fre-
quency. This measurement takes place before the actual phase noise measurement.
Its purpose is to find strong signals within a frequency tolerance range and, if success-
ful, to adjust the nominal frequency and lock onto that new frequency. The frequency
tolerance is variable. You can define it in absolute or relative terms.

nominal
freguency
L]

neminal

T T T el

processed
| zignal
| ignored
zignal
level
tolerance

freguency
tolerance

e

v

Figure 4-5: Frequency and level tolerance
You can define both absolute and relative tolerances. In that case, the application uses
the higher tolerance to determine the frequency.

If there is no signal within the tolerance range, the application aborts the phase noise
measurement.

In the numerical results, the application always shows the frequency the measurement
was actually performed on. If the measured frequency is not the same as the nominal
frequency, the numerical results also show the deviation from the nominal frequency.
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Frequency Determination

Frequency tracking

When you are using the frequency tracking, the application tracks drifting frequencies
of unstable DUTs. It internally adjusts and keeps a lock on the nominal frequency of the
DUT.
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Figure 4-6: Frequency and level tracking

Tracking bandwidth

The tracking bandwidth defines the bandwidth within which the application tracks the
frequency.

Normally, the application adjusts the sample rate to the half decade it is currently mea-
suring. For half decades that are near the carrier, the sample rate is small. Half deca-
des far from the carrier use a higher sample rate. However, in case of drifting signals,
this method may result in data loss because the default bandwidth for a half decade
might be too small for the actual drift in the frequency. In that case, you can define the
tracking bandwidth which increases the sample rate if necessary and thus increases
the chance to capture the signal.

Freguency Freguency
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=3 — Sampling
bandwidth

. X Signal outside
Observation Time 1/Q bandwddth
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Figure 4-7: Frequency tracking with tracking bandwidth turned off (left) and a tracking bandwidth of
100 Hz (right)
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Signal Attenuation

4.7 Level Determination

Nominal level

The nominal level in other terms is the reference level of the R&S FPS. This is the level
that the analyzer expects at the RF input.

The available level range depends on the hardware. For more information see the
datasheet of the R&S FPS.

Make sure to define a level that is as close to the level of the DUT to get the best
dynamic range for the measurement. At the same time make sure that the signal level
is not higher than the reference level to avoid an overload of the A/D converter and
thus deteriorating measurement results.

If you are not sure about the power level of the DUT, but would still like to use the best
dynamic range and get results that are as accurate as possible, you can verify or track
the level.

Level verification

When you are using the level verification, the application initiates a measurement that
determines the level of the DUT. If the level of the DUT is within a certain tolerance
range, it will adjust the nominal level to that of the DUT. Else, it will abort the phase
noise measurement.

Define a level tolerance in relation to the current nominal level. The tolerance range
works for DUT levels that are above or below the current nominal level.
Level tracking

For tests on DUTs whose level varies, use level tracking. If active, the application
keeps track of the DUTs level during the phase noise measurement and adjusts the
nominal level accordingly.

For a graphical representation of level verification and level tracking see the figures in
Chapter 4.6, "Frequency Determination”, on page 24.

4.8 Signal Attenuation

Attenuation of the signal may become necessary if you have to reduce the power of
the signal that you have applied. Power reduction is necessary, for example, to prevent
an overload of the input mixer. An overload of the input mixer may lead to incorrect
measurement results or damage to the hardware if the signal power is too strong.

In the default state, the application automatically determines the attenuation according
to the reference level. If necessary, you can also define the attenuation manually.

When you attenuate the signal, the application adjusts graphical and numerical results
accordingly.
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4.9

Using Limit Lines

Because the reference level and attenuation are interdependent, changing the attenua-
tion manually may also adjust the reference level.

RF attenuation

RF attenuation is always available. It is a combination of mechanical and IF attenua-
tion.

The mechanical attenuator is located directly after the RF input of the R&S FPS. Its
step size is 5 dB. IF attenuation is applied after the signal has been down-converted.
Its step size is 1 dB.

Thus, the step size for RF attenuation as a whole is 1 dB. Mechanical attenuation is
used whenever possible (attenuation levels that are divisible by 5). IF attenuation han-
dles the 1 dB steps only.

Example:

If you set an attenuation level of 18 dB, 15 dB are mechanical attenuation and 3 dB are
IF attenuation.

If you set an attenuation level of 6 dB, 5 dB are mechanical attenuation and 1 dB is IF
attenuation.

Electronic attenuation

Electronic attenuation is available with R&S FPS-B25. You can use it in addition to
mechanical attenuation. The step size of electronic attenuation is 1 dB with attenuation
levels not divisible by 5 again handled by the IF attenuator. Compared to RF attenua-
tion, you can define the amount of mechanical and electronic attenuation freely.

Using Limit Lines

Limit lines provide an easy way to verify if measurement results are within the limits
you need them to be. As soon as you turn a limit line on, the application will indicate if
the phase noise a trace displays is in line with the limits or if it violates the limits.

The application provides two kinds of limit lines. 'Normal' limit lines as you know them
from the Spectrum application and special thermal limit lines for easy verification of
thermal noise results.

Phase noise limit lines

Phase noise limit lines have been designed specifically for phase noise measure-
ments. Their shape is based on the thermal noise floor of the DUT and the typical run
of the phase noise curve.

The typical slope of the phase noise curve depends on the offset from the DUT fre-
quency. In the white noise range (the noise floor), far away from the carrier, the slope is
more or less 0 dB per frequency decade. In the colored noise segment, the slope is
greater than 0 dB. The slope, however, is not constant in that segment, but again is
typical for various carrier offset segments (or ranges).
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Using Limit Lines

The application supports the definition of up to five ranges, each with a different slope.
The ranges themselves are defined by corner frequencies. Corner frequencies are
those frequencies that mark the boundaries of typical curve slopes. If you use all five
ranges, the result would be a limit line with six segments.

All segments have a slope of 10 dB per decade (') by default.

In most cases, these special limit lines will suffice for phase noise measurements as
they represent the typical shape of a phase noise curve.
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Figure 4-8: Typical looks of a special limit line

Normal limit lines

Normal limit lines on the other hand may have any shape and may consist of up to 200
data points. You can turn on up to 8 normal limit lines at the same time. Each of those
limit lines can test one or several traces.

If you want to use them for phase noise measurements however, a limit line must be
scaled in the unit dBc/Hz and must be defined on a logarithmic scale on the horizontal
axis.
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Analyzing Several Traces - Trace Mode
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Figure 4-9: Possible looks of a normal limit line

4.10 Analyzing Several Traces - Trace Mode

If several sweeps are performed one after the other, or continuous sweeps are per-
formed, the trace mode determines how the data for subsequent traces is processed.
After each sweep, the trace mode determines whether:

® the data is frozen (View)
® the data is hidden (Blank)
® the data is replaced by new values (Clear Write)

® the data is replaced selectively (Max Hold, Min Hold, Average)

® Each time the trace mode is changed, the selected trace memory is cleared.

The R&S FPS provides the following trace modes:

Table 4-1: Overview of available trace modes

Trace Mode

Description

Blank

Hides the selected trace.

Clear Write

Overwrite mode: the trace is overwritten by each sweep. This is the default setting.

Max Hold

The maximum value is determined over several sweeps and displayed. The R&S FPS
saves the sweep result in the trace memory only if the new value is greater than the
previous one.

Min Hold

The minimum value is determined from several measurements and displayed. The
R&S FPS saves the sweep result in the trace memory only if the new value is lower
than the previous one.

Average

The average is formed over several sweeps. The sweep count determines the number
of averaging procedures.

View

The current contents of the trace memory are frozen and displayed.
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Analyzing Several Traces - Trace Mode

If a trace is frozen ("View" mode), the instrument settings, apart from level range and

@ reference level, can be changed without impact on the displayed trace. The fact that
the displayed trace no longer matches the current instrument setting is indicated by the
* jcon on the tab label.

If the level range or reference level is changed, the R&S FPS automatically adapts the
trace data to the changed display range. This allows an amplitude zoom to be made
after the measurement in order to show details of the trace.

Trace averaging algorithm

In "Average" trace mode, the sweep count determines how many traces are averaged.
The more traces are averaged, the smoother the trace is likely to become.

The algorithm for averaging traces depends on the sweep mode and sweep count.

® sweep count = 0 (default)
In continuous sweep mode, a continuous average is calculated for 10 sweeps,
according to the following formula:

9*Trace,, + MeasValue
10

Trace =

Figure 4-10: Equation 1

Due to the weighting between the current trace and the average trace, past values
have practically no influence on the displayed trace after about ten sweeps. With
this setting, signal noise is effectively reduced without need for restarting the aver-
aging process after a change of the signal.

® sweep count =1
The currently measured trace is displayed and stored in the trace memory. No
averaging is performed.

® sweep count > 1
For both "Single Sweep" mode and "Continuous Sweep" mode, averaging takes
place over the selected number of sweeps. In this case the displayed trace is
determined during averaging according to the following formula:

i=1

1 n-1
Trace, = —- {Z (T)) + Meas Valuen}
n

Figure 4-11: Equation 2

where n is the number of the current sweep (n =2 ... Sweep Count).

No averaging is carried out for the first sweep but the measured value is stored in
the trace memory. With increasing n, the displayed trace is increasingly smoothed
since there are more individual sweeps for averaging.

After the selected number of sweeps the average trace is saved in the trace mem-
ory. Until this number of sweeps is reached, a preliminary average is displayed.
When the averaging length defined by the "Sweep Count" is attained, averaging is
continued in continuous sweep mode or for "Continue Single Sweep" according to
the following formula:
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(N -1)*Trace,, + MeasValue
N

Trace =

where N is the sweep count

4.11 Using Markers

Markers are used to mark points on traces, to read out measurement results and to
select a display section quickly. The application provides 4 markers.

By default, the application positions the marker on the lowest level of the trace. You
can change a marker position in several ways.

® Enter a particular offset frequency in the input field that opens when you activate a
marker.

® Move the marker around with the rotary knob or the cursor keys.
® Drag the marker to a new position using the mouse pointer.

4.11.1 Marker Types

All markers can be used either as normal markers or delta markers. A normal marker
indicates the absolute signal value at the defined position in the diagram. A delta
marker indicates the value of the marker relative to the specified reference marker (by
default marker 1).

In addition, special functions can be assigned to the individual markers. The availability
of special marker functions depends on whether the measurement is performed in the
frequency or time domain.

4.11.2 Activating Markers

Only active markers are displayed in the diagram and in the marker table. Active mark-
ers are indicated by a highlighted softkey.

By default, marker 1 is active and positioned on the maximum value (peak) of trace 1
as a normal marker. If several traces are displayed, the marker is set to the maximum
value of the trace which has the lowest number and is not frozen (View mode). The
next marker to be activated is set to the frequency of the next lower level (next peak)
as a delta marker; its value is indicated as an offset to marker 1.

A marker can only be activated when at least one trace in the corresponding window is
visible. If a trace is switched off, the corresponding markers and marker functions are
also deactivated. If the trace is switched on again, the markers along with coupled
functions are restored to their original positions, provided the markers have not been
used on another trace.
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5 Configuration

Access: [MODE] > "Phase Noise"

When you activate a measurement channel in the Phase Noise application, a mea-
surement for the input signal is started automatically with the default configuration. The
"Phase Noise" menu is displayed and provides access to the most important configura-
tion functions.

For a description see

® Chapter 5.3, "Configuring the Frontend", on page 35

® Chapter 5.4, "Controlling the Measurement", on page 37

® Chapter 5.5, "Configuring the Measurement Range", on page 40

® (Chapter 6.3, "Using Limit Lines", on page 56

® Chapter 6.1, "Configuring Graphical Result Displays", on page 47

® Chapter 6.2, "Configure Numerical Result Displays", on page 54

O Automatic refresh of preview and visualization in dialog boxes after configura-
= tion changes

The R&S FPS supports you in finding the correct measurement settings quickly and
easily - after each change in settings in dialog boxes, the preview and visualization
areas are updated immediately and automatically to reflect the changes. Thus, you can
see if the setting is appropriate or not before accepting the changes.

e  Configuration OVEIVIEW.........cccuiiiiiiieeee ettt e e e s s arre e e e e e e e e e s e e ennnenes 33
e Default Settings for Phase Noise Measurements.............uuveeieiiiiiinieiiiieeeeeeeeeeeeeens 35
o Configuring the Frontend............cciiio i e e e e e e e 35
o Controlling the Measurement..... ... e 37
e Configuring the Measurement Range.........cccuueiiiiiiiiii i 40
o  Performing MeasuremMeENnts.........cooiiiiiiiiiiiiie e 43
o Configuring In- and OUIPULS.........coeiiiiiiiiiiiie e 45
e Automatic Measurement Configuration...........ccccccuiieeiieiee e 45

5.1 Configuration Overview

Throughout the measurement channel configuration, an overview of the most important
currently defined settings is provided in the "Overview". The "Overview" is displayed
when you select the "Overview" icon, which is available at the bottom of all softkey
menus.

-

Cmr

Overview
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Display Config

In addition to the main measurement settings, the "Overview" provides quick access to
the main settings dialog boxes. The individual configuration steps are displayed in the
order of the data flow. Thus, you can easily configure an entire measurement channel
from input over processing to output and analysis by stepping through the dialog boxes
as indicated in the "Overview".

In particular, the "Overview" provides quick access to the following configuration dialog
boxes (listed in the recommended order of processing):

1. Frontend
See Chapter 5.3, "Configuring the Frontend", on page 35.

2. Measurement Control
See Chapter 5.4, "Controlling the Measurement", on page 37.

3. Phase Noise Measurement
See Chapter 5.5, "Configuring the Measurement Range", on page 40.

4. Limit Analysis
See Chapter 6.3, "Using Limit Lines", on page 56.

5. Graphical Results
See Chapter 6.1, "Configuring Graphical Result Displays", on page 47.

6. Numerical Results
See Chapter 6.2, "Configure Numerical Result Displays", on page 54.
To configure settings

» Select any button in the "Overview" to open the corresponding dialog box.
Select a setting in the channel bar (at the top of the measurement channel tab) to
change a specific setting.
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5.3

Configuration

Configuring the Frontend

Preset Channel
Select the "Preset Channel" button in the lower left-hand corner of the "Overview" to
restore all measurement settings in the current channel to their default values.

Do not confuse the "Preset Channel" button with the [Preset] key, which restores the
entire instrument to its default values and thus closes all channels on the R&S FPS
(except for the default channel)!

Remote command:
SYSTem:PRESet :CHANnel [ :EXEC] on page 77

Default Settings for Phase Noise Measurements

When you enter the phase noise application for the first time, a set of parameters is
passed on from the currently active application:

® nominal or center frequency

® nominal or reference level

® input coupling

After initial setup, the parameters for the measurement channel are stored upon exiting

and restored upon re-entering the channel. Thus, you can switch between applications
quickly and easily.

Apart from these settings, the following default settings are activated directly after a
measurement channel has been set to the Phase Noise application, or after a channel
preset:

Table 5-1: Default settings for phase noise measurement channels

Parameter Value
Attenuation Auto (0 dB)
Verify frequency & level On

Frequency & level tracking Off

Measurement range 1kHz ... 1 MHz

Sweep type Normal

X-axis scaling Measurement range
Y-axis scaling 20 dBc/Hz ... 120 dBc/Hz
Smoothing 1%

Smoothing type Linear

Configuring the Frontend

Access: "Overview" > "Input / Frontend"
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Configuring the Frontend

The "Frontend" tab of the "Measurement Settings" dialog box contains all functions
necessary to configure the frontend of the RF measurement hardware.

Frontend Control Phase Noise
Frontend
Nominal Frequency 15.0 GHz
Nominal Level -10.0 dBm
Attenuator Mechanical Auto Manual
Value

Input Coupling

Preamplifier

Input Source Config...

Functions to configure the RF input described elsewhere:

® Chapter 5.7.1, "Input Source Configuration", on page 45

NOMINAl FrEQUENCY ... e e e e e e s 36
LI Lo 01T = L IS 36
Mechanical AteNUAtOr / ValUE...........uuveiiieieei i 36
L0700 ]'o] 11 o TSR 36
Preamplifier (Option B22/B24)........oueueueecicieie ettt 37

Nominal Frequency
Defines the nominal frequency of the measurement.

For more information see Chapter 4.6, "Frequency Determination”, on page 24.

Remote command:
[SENSe: ] FREQuency:CENTer on page 89

Nominal Level
Defines the nominal level of the R&S FPS.

For more information see .Chapter 4.7, "Level Determination", on page 27

Remote command:
[SENSe: ] POWer:RLEVel:VERify[:STATe] on page 93

Mechanical Attenuator / Value
Turns mechanical attenuation on and off.

If on, you can define an attenuation level in 5 dB steps.
For more information see Chapter 4.8, "Signal Attenuation", on page 27.

Remote command:

Turning manual attenuation on and off:
INPut<ip>:ATTenuation:AUTO on page 90
Defining an attenuation level:
INPut<ip>:ATTenuation on page 89

Coupling
Selects the coupling method at the RF input.
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Configuration

Controlling the Measurement

AC coupling blocks any DC voltage from the input signal. DC coupling lets DC voltage
through.

For more information refer to the data sheet.

Remote command:
INPut<ip>:COUPling on page 144

Preamplifier (option B22/B24)
Switches the preamplifier on and off. If activated, the input signal is amplified by 20 dB.

If option R&S FPS-B22 is installed, the preamplifier is only active below 7 GHz.
If option R&S FPS-B24 is installed, the preamplifier is active for all frequencies.

Make sure the used preamplifier covers all frequencies to be measured during the
phase noise measurement!

The maximum frequency in the phase noise measurement is:
Nominal Frequency + Stop offset

Remote command:
INPut:GAIN:STATe on page 90

Controlling the Measurement

Access: "Overview" > "Measurement Control"

The "Control" tab of the "Measurement Settings" dialog box contains all functions nec-
essary to control the sequence of the phase noise measurement.

Frontend <Control Phase Noise

Werify Tracking

Verify Frequency Frequency Tracking

Frequency Tolerance = ma

Relative Tolerance + 10.0 %
AM Rejection

Absolute Tolerance + 1.0 kHz
Max Freq Drift
Verify Level
Digital PLL
Absolute Tolerance + 10.0dB
Decimation
On Verify/Tracking Failed &S g4

VETIfY FIrEQUENCY ...ttt e s sttt e e e s sbb e e e e s abeeeeeeanes 38
VETITY LEVEL. ... et e e et e e e bt e e e e e nreeas 38
L@ I LY 1 VA = T1 =Y o R 38
[ LYo [UT=T g oy VRN I = T3 (] o TSP 38
(oYY B I Yol (] Vo S 39
AM REJECHION. ..ttt ettt e e e s e e e s snn et e e e s aabr e e e e e snnneeeas 39
Ve =Y [N D 1 PR 39
Do c= 1 = P 39
97T o .= 11T o PR 39
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Controlling the Measurement

Verify Frequency
Turns frequency verification on and off.

If frequency verification is on, the R&S FPS initiates the phase noise measurement
only if the frequency of the DUT is within a certain frequency tolerance range. The tol-
erance range is either a percentage range of the nominal frequency or a absolute devi-
ation from the nominal frequency.

If you define both an absolute and relative tolerance, the application uses the higher
tolerance level.

For more information see Chapter 4.6, "Frequency Determination”, on page 24.

Remote command:

Verify frequency:

[SENSe: ] FREQuency:VERify[:STATe] on page 92

Relative tolerance:

[SENSe: ] FREQuency:VERify:TOLerance[:RELative] on page 91
Absolute tolerance:

[SENSe: ] FREQuency:VERify:TOLerance:ABSolute on page 91

Verify Level

Turns level verification on and off.

If level verification is on, the R&S FPS initiates the phase noise measurement only if
the level of the DUT is within a certain level tolerance range. The tolerance range is a
level range relative to the nominal level.

For more information see Chapter 4.7, "Level Determination”, on page 27.

Remote command:

Verify level:

[SENSe: ] POWer:RLEVel :VERify[:STATe] on page 93

Level tolerance:
[SENSe: ] POWer:RLEVel:VERify:TOLerance on page 93

On Verify Failed
Selects the way the application reacts if signal verification fails.

Takes effect on both frequency and level verification.
"Restart" Restarts the measurement if verification has failed.
"Stop" Stops the measurement if verification has failed.

"Run Auto All"  Starts an automatic frequency and level detection routine if verifica-
tion has failed. After the new frequency and level have been set, the
measurement restarts. For more information see Chapter 5.8, "Auto-
matic Measurement Configuration”, on page 45.

Remote command:
[SENSe: ] SWEep:SVFailed on page 94

Frequency Tracking
Turns frequency tracking on and off.
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If on, the application tracks the frequency of the DUT during the phase noise measure-
ment and adjusts the nominal frequency accordingly. The application adjusts the fre-
quency after each half decade measurement.

For more information see Chapter 4.6, "Frequency Determination”, on page 24.

Remote command:
[SENSe: ] FREQuency: TRACk on page 91

Level Tracking
Turns level tracking on and off.

If on, the R&S FPS tracks the level of the DUT during phase noise measurements and
adjusts the nominal level accordingly. The application adjusts the level after each half
decade measurement.

For more information see Chapter 4.7, "Level Determination", on page 27.

Remote command:
[SENSe: ] POWer:RLEVel:VERify[:STATe] on page 93

AM Rejection
Turns the suppression of AM noise on and off.

If on, the application suppresses the AM noise that the signal contains in order to dis-
play phase noise as pure as possible.

AM rejection is available for the I/Q sweep mode.

Remote command:
[SENSe: ]REJect : AM on page 94

Max Freq Drift
Defines the minimum bandwidth or sample rate used in the signal processing to
increase the probability of capture drifting signals.

The tracking bandwidth is valid for all half decades measured in I/Q mode.

Remote command:
[SENSe:]IQ:TBW on page 93

Digital PLL
Turns an additional frequency correction based on the 1/Q data on and off.

If on, the application is able to track frequency changes during the 1/Q data capture that
would otherwise fall into the half decade measurement bandwidth (see Max Freq Drift).

The digital PLL works for all half decades measured in I/Q mode.

Remote command:
[SENSe:]I0Q:DPLL on page 92

Decimation
Turns decimation on and off.

When you turn on decimation, the samples that have already been used for a given
half decade are resampled in lower half decades. Reusing these samples results in
lower measurement times in the lower half decades, because less samples have to be
recorded there.
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Configuring the Measurement Range

To get valid results for lower offset frequencies, make sure to use an appropriate sam-
ple rate.

This feature is especially useful when you are measuring half decades with very low
offset frequencies.

Using decimation is available for the "I/Q FFT" sweep mode.

Remote command:
[SENSe:]IQ:DECimation on page 92

5.5 Configuring the Measurement Range

Access: "Overview" > "Phase Noise Meas"

The "Phase Noise" tab of the "Measurement Settings" dialog box contains all functions
necessary to configure the measurement range for phase noise measurements, includ-
ing individual range settings.

Frontend Control Phase Noise
Me. nent Range
Start Offset 1.0 kHz 10.0 %

Stop Offset 1.0 MHz AVG Count 1

Sweep Forward on Multiplier Off

Sweep Mode I/QFFT

Presets
- Normal Averaged VRN Swept Gaussian

Half Decades Configuration Table...

RANGE Start / STOP.... it e e 40
T SY T oI o 7= T o 41
o (T oY £ PSR 41
(€1 o7 0T I ] = SRR 41
Global Average COUNL......ccoi i s e e e e e e e e e e e e e e e e e e e e e e e aeeererenrnnanas 41
Y U T o] LY 42
Global SWEEP MOGE..... .ot et e e e e e e e e e e e e e as 42
(€11 o= 1IN 7@ AT g T Lo 42
Half Decades Configuration Table..........c..cooiiiiiiiiii e 43

Range Start / Stop
Defines the frequency offsets that make up the measurement range.

Note that the maximum offset you can select depends on the hardware you are using.

If a preamplifier is used, make sure the entire frequency range is covered by the pre-
amplifier.

(See "Preamplifier (option B22/B24)" on page 37)

Remote command:
Measurement Range Start
[SENSe: ] FREQuency: STARt on page 96
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Measurement Range Stop
[SENSe: ] FREQuency: STOP on page 96

Sweep Forward
Selects the sweep direction. Forward and reverse sweep direction are available.

Forward sweep direction performs a measurement that begins at the smallest fre-
quency offset you have defined. The measurement ends after the largest offset has
been reached.

Reverse sweep direction performs a measurement that begins at the largest frequency
offset you have defined. The measurement ends after the smallest offset has been
reached. The reverse sweep is the default sweep direction because the application is
able to lock on a drifting carrier frequency in that case.

Remote command:
[SENSe: ] SWEep: FORWard on page 99

Presets
Selects predefined measurement settings for each individual half decade that are used
for the measurement.

If the measurement settings differ from one of the preset states, the application dis-
plays a symbol (Ed) at the label.

"Fast" Fast measurements perform one measurement in each half decade.
No averaging takes place.

"Normal" Normal measurements use averaging for some half decades, but with
respect to measurement speed.

"Average" Average measurements use averaging for all half decades. However,
you have to put up with slower measurement speed.

Remote command:
[SENSe: ] SWEep:MODE on page 100

Global RBW
Defines the resolution bandwidth for all half decades globally.

The resulting RBW is a percentage of the start frequency of the corresponding half
decade.

If the resulting RBW is not available, the application rounds to the next available band-
width.

You can also change the global bandwidth with the "RBW Global" softkey in the "Band-
width" menu.

Remote command:
[SENSe:]LIST:RANGe<range>:BWIDth[:RESolution] on page 97

Global Average Count
Defines the number of measurements that the application uses to calculate averaged
results in each half decade.

The range is 1 to 10000.
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Remote command:
[SENSe:]LIST:SWEep:COUNt on page 98

Multiplier
Turns a multiplier that changes the average count in each half decade on and off.

If on, you can define a value that multiplies the number of averages currently defined
for each half decade by that value.

When you turn it off, the original averages are restored and used again.

Example:

You have three half decades:

® 1st half decade average count: 1

® 2nd half decade average count: 3
® 3rd half decade average count: 5

If you turn the multiplier on and define a value of 5, the average count changes as fol-
lows:

® 1st half decade average count: 5

® 2nd half decade average count: 15

® 3rd half decade average count: 25

Remote command:
[SENSe: ] LIST:SWEep:COUNt:MULTiplier on page 99
[SENSe:]LIST:SWEep:COUNt:MULTiplier:STATe on page 99

Global Sweep Mode
Selects the analysis mode for all half decades. The sweep mode defines the way the
application processes the data.

For more information see Chapter 4.4, "Sweep Modes", on page 22.
"Normal" Uses spectrum analyzer data for the data analysis.
"/Q/FFT" Uses 1/Q data for the data analysis.

Remote command:
[SENSe:]LIST:BWIDth[:RESolution] : TYPE on page 96

Global 1/Q Window
Selects the window function for all half decades.

The window function is available for I/Q analysis.

"Blackman Blackman Harris window.
Harris"

"Chebychev" Chebychev window.
"Gaussian" Gaussian window.
"Rectangular"  Rectangular window.

Remote command:
[SENSe:]LIST:RANGe<range>:IQWindow:TYPE on page 97
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Performing Measurements

Half Decades Configuration Table
Contains all functionality to configure the phase noise measurement range.

"Start" Shows the offset frequency that the half decade starts with.

"Stop" Shows the offset frequency that the half decade stops with.
Tip: Note that double-clicking on one of the start or stop offset values
is an easy way to adjust the measurement range.

"RBW" Selects resolution bandwidth for the half decade.
To avoid invalid measurements and long measurement times, the
availability of RBW for each half decade is limited.

"Sweep Mode" Selects the measurement mode. The measurement mode is the way

the application analyzes the data.

® Swept
® |/Q/FFT

For more information see Chapter 4.4, "Sweep Modes", on page 22.

"AVG" Defines the number of averagings that the application performs
before the results for a half decade are displayed.

"Window" Selects the window type for a half decade.
Window functions are available for I/Q measurements.

"Meas Time" Shows an estimation of how long the measurement of a half decade
lasts.

Remote command:

RBW:

[SENSe:]LIST:RANGe<range>:BWIDth[:RESolution] on page 97
Sweep Mode

[SENSe:]LIST:RANGe<range>:FILTer:TYPE on page 97

Averages:

[SENSe:]LIST:RANGe<range>:SWEep:COUNt on page 98

Window:

[SENSe:]LIST:RANGe<range>:IQWindow:TYPE on page 97

Performing Measurements

Access: [SWEEP]

The "Sweep" menu contains all functionality necessary to control and perform phase
noise measurements.

Functions to configure the sweep described elsewhere:

e  "Multiplier" on page 42

® "Global Average Count" on page 41

Continuous SWeep / RUN CONt ... e e e e e 44
Single SWeep / RUN SINGIE ...t 44
CoNtiNUE SINGIE SWEEP ...ceeeeieeeee et e e e e e e e e aaaaaaaees 44
oYY oY NV = o = @0 T o | S 44
FiniSh Half DECAE.....cciiii i e e e e e e e eeeees 44
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Continuous Sweep / Run Cont
After triggering, starts the measurement and repeats it continuously until stopped.

While the measurement is running, the "Continuous Sweep" softkey and the [RUN
CONT] key are highlighted. The running measurement can be aborted by selecting the
highlighted softkey or key again. The results are not deleted until a new measurement
is started.

Note: Sequencer. Furthermore, the [RUN CONT] key controls the Sequencer, not indi-
vidual sweeps. [RUN CONT] starts the Sequencer in continuous mode.
For details on the Sequencer, see the R&S FPS User Manual.

Remote command:
INITiate<n>:CONTinuous on page 79

Single Sweep / Run Single

While the measurement is running, the "Single Sweep" softkey and the [RUN SINGLE]
key are highlighted. The running measurement can be aborted by selecting the high-
lighted softkey or key again.

Remote command:
INITiate<n>[:IMMediate] on page 79

Continue Single Sweep
After triggering, repeats the number of sweeps set in "Sweep Count", without deleting
the trace of the last measurement.

While the measurement is running, the "Continue Single Sweep" softkey and the [RUN
SINGLE] key are highlighted. The running measurement can be aborted by selecting
the highlighted softkey or key again.

Remote command:
INITiate<n>:CONMeas on page 78

Sweep/Average Count
Defines the number of sweeps to be performed in the single sweep mode. Values from
0 to 200000 are allowed. If the values 0 or 1 are set, one sweep is performed.

The sweep count is applied to all the traces in all diagrams.

If the trace modes "Average" , "Max Hold" or "Min Hold" are set, this value also deter-
mines the number of averaging or maximum search procedures.

In continuous sweep mode, if "Sweep Count" = 0 (default), averaging is performed
over 10 sweeps. For "Sweep Count" =1, no averaging, maxhold or minhold operations
are performed.

Remote command:
[SENSe: ] SWEep:COUNt on page 100

Finish Half Decade
Aborts the measurement in the current half decade and continues measuring the sub-
sequent half decade.

Averaged results displayed for a half decade finished prematurely are based on the
number of measurements already done.
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Remote command:
[SENSe: ] SWEep: FHDecade on page 81

5.7 Configuring In- and Outputs

The "In- / Output" menu contains all functionality necessary to control and perform
phase noise measurements.

o Input Source Configuration...........o i 45

5.7.1 Input Source Configuration

Access: "Overview" > "Input / Frontend" > "Input Source Config"

The "Radio Frequency" dialog box contains functionality to configure the input source.
Note that the "Radio Frequency (On Off)" button is unavailable in the R&S FPS-K40

(00 8o 11 T T 45

Coupling
Selects the coupling method at the RF input.

AC coupling blocks any DC voltage from the input signal. DC coupling lets DC voltage
through.

For more information refer to the data sheet.

Remote command:
INPut<ip>:COUPling on page 144

5.8 Automatic Measurement Configuration

Access: [AUTO SET]

The "Auto Set" menu contains all functionality necessary to determine measurement
parameters automatically.

Adjusting all Determinable Settings Automatically ( Auto All )....oeueeeiciiiiiiiiiieiieeeeee, 45
Adjusting the Center Frequency Automatically ( Auto Frequency ).........ccccoevvririenennnis 46
Setting the Reference Level Automatically ( Auto Level )., 46

Adjusting all Determinable Settings Automatically ( Auto All )
Activates all automatic adjustment functions for the current measurement settings.

This includes:

Auto Frequency
® Auto Level

Remote command:
[SENSe:]ADJust:ALL on page 145
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Adjusting the Center Frequency Automatically ( Auto Frequency )
The R&S FPS adjusts the center frequency automatically.

The optimum center frequency is the frequency with the highest S/N ratio in the fre-
quency span. As this function uses the signal counter, it is intended for use with sinus-
oidal signals.

At the same time, the optimal reference level is also set (see " Setting the Reference
Level Automatically ( Auto Level )" on page 46).

Remote command:
[SENSe:]ADJust : FREQuency on page 145

Setting the Reference Level Automatically ( Auto Level )

Automatically determines a reference level which ensures that no overload occurs at
the R&S FPS for the current input data. At the same time, the internal attenuators are
adjusted so the signal-to-noise ratio is optimized, while signal compression and clip-
ping are minimized.

To determine the required reference level, a level measurement is performed on the
R&S FPS.

If necessary, you can optimize the reference level further. Decrease the attenuation
level manually to the lowest possible value before an overload occurs, then decrease
the reference level in the same way.

Remote command:
[SENSe:]ADJust:LEVel on page 146
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Configuring Graphical Result Displays

6 Analysis

6.1

6.1.1

The application provides various means and methods to analyze and evaluate mea-
surement results.

e Configuring Graphical Result DiSplays.........cccuueeiiieeeieiiiciiiiiieeeeee e 47
e Configure Numerical Result Displays...........uuueuueiiiiiiiiieieieeeeee e 54
@ USING LIMIt LINES.. oo e e e e as 56
®  USING MaAIKEIS. ..ottt e e e e e e e e e eeeeeaaaaeens 63

Configuring Graphical Result Displays

Access: "Overview" > "Graphical Results"

The "Graphical" tab of the "Results" dialog box and the "Trace" menu contains all func-
tions necessary to set up and configure the graphical phase noise result displays.

Limits Graphical Numerical

Scaling Tra

Start Offset Trace Config...

Stop Offset Spur Removal Off

Half Decade ‘ Spur Threshold

Top

Range

Bottom

Auto Scale Once

Scaling the Diagram..........ueeeiieie i e e e e e e e e e e e e e an 47
(070101 o [T a o N I =Tt = TS 49
Trace/Data EX/IMPOIt.... ... i e e e e e e e e e e e e e e eeeeeens 51
Trace Math.......oo e e e 53

Scaling the Diagram

KoAAXIS SCOP. e ieie i e i e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e —— et — b ———————————————————— 47
DG N (RS = L B ] (o o J SRS 48
[ F= D= Yo Lo = SRR 48
Y AXIS SCAIING...iiiiieeie i ittt e e e e e e e e s s e e e e eae e e e e s e ———rraaaaaaaaaaan 48
o] oA Rt TaTe L= A = o 1 (o] o o TSR 48
AULO SCAIE ONCE...ciiiiiiii ittt e e e e e e e e e s eeeeeeeas 49

X-Axis Scope
Selects the way the application scales the horizontal axis.

"Half Decade" The horizontal axis shows one half decade that you can select.
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"Manual" The horizontal axis shows a detail of the measurement range that you
can define freely.

"Meas Range" The horizontal axis shows the complete measurement range.

Remote command:
DISPlay[:WINDow<n>] : TRACe<t>:X[:SCALe] :SCOPe on page 116

X-Axis Start / Stop
Defines the start and stop frequency of the horizontal axis.

Note that the displayed frequency range is a detail of the measurement range. Regard-
less of the displayed frequency range, the application still performs all measurement
over the measurement range you have defined.

The range depends on the measurement range. and possible increments correspond
to the half decades.

Available for a manual "X Axis Scope".

Remote command:

X-axis start:

DISPlay[:WINDow<n>] :TRACe<t>:X[:SCALe] :STARt on page 116
X-axis stop:

DISPlay[:WINDow<n>] :TRACe<t>:X[:SCALe] :STOP on page 117

Half Decade
Selects the half decade that is displayed.

Available if you have selected the half decade "X Axis Scope".

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:X[:SCALe] :HDECade on page 115

Y Axis Scaling
Selects the type of scaling for the vertical axis.

"Auto" Automatically scales the vertical axis.
"Top & Bottom" Allows you to set the values at the top and bottom of the vertical axis.
"Top & Range" Allows to set the value at the top of the vertical axis and its range.

"Bottom & Allows you to set the value at the bottom of the vertical axis and its
Range" range.

Remote command:

Automatic scaling:

DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :AUTO on page 118
Manual scaling:

DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :MANual on page 118

Top / Range / Bottom
Define the top and bottom values or the range of the vertical axis.

Top defines the top values of the vertical axis. The unit is dBm/Hz.
Bottom defines the bottom value of the vertical axis. The unit is dBm/Hz.

Range defines the range of the vertical axis. The unit is dB.
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The availability of the three fields depends on the type of manual "Y Axis Scaling" you
have selected.

Remote command:

Top:

DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RLEVel on page 119

Range:

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] on page 117

Bottom:

DISPlay[:WINDow<n>] : TRACe<t>:Y[:SCALe] :RLEVel:LOWer on page 119

Auto Scale Once
Automatically scales the vertical axis for ideal viewing.

Configuring Traces

LI = e 1 7= U 49
Trace 1/ Trace 2/ Trace 3/ Trace 4 / Trace 5/ TraCe 6 .......eeeeeeieeeeiiiiiicciiiieieeeeaeeen 49
I = 1o 1/ o T L= U PPRRRS 49
0T To T} a1 1 T RS 50
Spur Removal / Spur Threshold.............uuviiiiiiiiiii e 50
Predefined Trace Settings - QUICK CONFIQ ....ueeiiiiiiiiiii e 50
Spectrum Monitor: Raw Trace / Trk Trace (On Off).....ccoooiiiiriiiccreee e, 51
(O70] o)V I 1= 1o PO P PP PPPPPPPOPPPPPRN 51

Trace Offset
Access: "Overview" > "Graphical Results" > "Graphical" tab

Defines a trace offset in dB.
The trace offset moves the trace vertically by the level you have defined.
The range is from -200 dB to 200 dB.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:Y[:SCALe] :RLEVel:0FFSet on page 119

Trace 1/ Trace 2/ Trace 3 / Trace 4/ Trace 5/ Trace 6
Selects the corresponding trace for configuration. The currently selected trace is high-
lighted.

Remote command:
Selected via numeric suffix of:TRACe<1. . .6> commands
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : TRACe<t>[:STATe] on page 115

Trace Mode
Defines the update mode for subsequent traces.

"Clear/ Write"  Overwrite mode (default): the trace is overwritten by each sweep.

"Max Hold" The maximum value is determined over several sweeps and dis-
played. The R&S FPS saves each trace point in the trace memory
only if the new value is greater than the previous one.
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"Min Hold" The minimum value is determined from several measurements and
displayed. The R&S FPS saves each trace point in the trace memory
only if the new value is lower than the previous one.

"Average" The average is formed over several sweeps.
"View" The current contents of the trace memory are frozen and displayed.
"Blank" Removes the selected trace from the display.

Remote command:
DISPlay[:WINDow<n>] :TRACe<t>:MODE on page 113

Smoothing

If enabled, the trace is smoothed by the specified value (between 1 % and 50 %). The
smoothing value is defined as a percentage of the display width. The larger the
smoothing value, the greater the smoothing effect.

Remote command:
DISPlay[:WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:SMOothing[:STATe]
on page 114
DISPlay[:WINDow<n>] [ :SUBWindow<w>] : TRACe<t>:SMOothing:APERture
on page 113

Spur Removal / Spur Threshold
Turns spur removal for all traces on and off and defines the threshold for spur removal.

For more information see Chapter 4.1, "Spurs and Spur Removal", on page 19.

Note that you can also remove spurs for individual traces in the "Trace Config" dialog
box.

Remote command:

Turn spur suppression on and off:

[SENSe: ] SPURs:SUPPress on page 122
Set the threshold:

[SENSe: ] SPURs:THReshold on page 122

Predefined Trace Settings - Quick Config
Commonly required trace settings have been predefined and can be applied very
quickly by selecting the appropriate button.

Function Trace Settings

Preset All Traces Trace 1: Clear Write
Blank

Set Trace Mode Trace 1: Max Hold

Max | Avg | Min Trace 2: Average

Trace 3: Min Hold

Blank

Set Trace Mode Trace 1: Max Hold

Man | ClrWrite | Min Trace 2: Clear Write
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Function Trace Settings

Trace 3: Min Hold

Blank

Spectrum Monitor: Raw Trace / Trk Trace (On Off)
Access: [TRACE] key for selected Spectrum Monitor window

Turns the traces displayed in the Spectrum Monitor result display on and off.
The "Raw Trace (On Off)" softkey controls the yellow trace.
The "Trk Trace (On Off)" softkey controls the blue trace.

Copy Trace
Access: "Overview" > "Analysis" > "Traces" > "Copy Trace"

Or: [TRACE] > "Copy Trace"
Copies trace data to another trace.

The first group of buttons (labeled "Trace 1" to "Trace 6" ) selects the source trace. The
second group of buttons (labeled "Copy to Trace 1" to "Copy to Tace 6" ) selects the
destination.

Remote command:
TRACe<n>:COPY on page 123

Trace/Data Ex/Import

Access: [TRACE] > "Trace Config" > "Trace / Data Export"

The R&S FPS provides various evaluation methods for the results of the performed
measurements. However, you may want to evaluate the data with other, external appli-
cations. In this case, you can export the measurement data to a standard ASCII format
file (DAT or CsV). You can also import existing trace data from a file, for example as a
reference trace (Spectrum application only).

The standard data management functions (e.g. saving or loading instrument settings)
that are available for all R&S FPS applications are not described here.

e MEI dBErm RBW 3
) i0dB  SWT 795 ms  VBW 3

Copy Trace Trace Math Spectrogram

Import

Export all Traces and all Table Results T &) Treres
all Tra

Include Instrument & Measurement Settings

Import to Trace 1 E]
Export Trace to ASCII File Import ASCII File to Trace
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Export all Traces and all Table RESUILS ... 52
Include Instrument & Measurement Settings ... 52
LI = TSR o N = o o PO 52
D LCTed o g P RS Y=Y o T =1 (o] PP 52
X-Value DistribDULION. ....ceiiiiie e 52
EXPOrt Trace t0 ASCIH FilE ..uuuuueeiieie e e e e e e e e e e e e e e e e e e e e eeeeanaees 53
IMPOING TrACES. .. .ci i i i e e e e e e e e e e e e e e e e e e e e et eaeeeaeaaaaaaaas 53
L Import All Traces / IMPOrt t0 TrACE .....c.cuvveeeeeeeeceeeeeeee et 53

L IMpPOort ASCII File t0 TTACE ...t s e 53

L Il EXPIOTE ...ttt en e 53

Export all Traces and all Table Results
Selects all displayed traces and result tables (e.g. Result Summary, marker table etc.)
in the current application for export to an ASCII file.

Alternatively, you can select one specific trace only for export (see Trace to Export ).

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Remote command:
FORMat :DEXPort : TRACes on page 120

Include Instrument & Measurement Settings
Includes additional instrument and measurement settings in the header of the export
file for result data.

Remote command:
FORMat :DEXPort :HEADer on page 120

Trace to Export
Defines an individual trace to be exported to a file.

This setting is not available if Export all Traces and all Table Results is selected.

Decimal Separator
Defines the decimal separator for floating-point numerals for the data export/import
files. Evaluation programs require different separators in different languages.

Remote command:
FORMat :DEXPort:DSEParator on page 120

X-Value Distribution
Defines how the x-values of the trace are determined in the frequency domain.

"Bin-Centered" The full measurement span is divided by the number of sweep points
to obtain bins. The x-value of the sweep point is defined as the x-
value at the center of the bin (bin/2).

"Start/Stop" (Default): The x-value of the first sweep point corresponds to the
starting point of the full measurement span. The x-value of the last
sweep point corresponds to the end point of the full measurement
span. All other sweep points are divided evenly between the first and
last points.
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Remote command:
FORMat :DEXPort:XDIStrib on page 121

Export Trace to ASCII File
Opens a file selection dialog box and saves the selected trace in ASCII format (.dat)
to the specified file and directory.

The results are output in the same order as they are displayed on the screen: window
by window, trace by trace, and table row by table row.

Remote command:
MMEMory : STORe<n>: TRACe on page 122

Importing Traces
Trace data that was stored during a previous measurement can be imported to the
Spectrum application, for example as a reference trace.

Import All Traces / Import to Trace < Importing Traces

If the import file contains more than one trace, you can import several traces at once,
overwriting the existing trace data for any active trace in the result display with the
same trace number. Data from the import file for currently not active traces is not
imported.

Alternatively, you can import a single trace only, which is displayed for the trace num-
ber specified in "Import to Trace" . This list contains all currently active traces in the
result display. If a trace with the specified number exists in the import file, that trace is
imported. Otherwise, the first trace in the file is imported (indicated by a message in
the status bar).

Remote command:
FORMat :DIMPort:TRACes on page 121

Import ASCII File to Trace < Importing Traces
Loads one trace or all traces from the selected file in the selected ASCII format (. DAT
or .CSV) to the currently active result display.

Remote command:
FORMat :DIMPort : TRACes on page 121

File Explorer < Import ASCII File to Trace < Importing Traces
Opens the Microsoft Windows File Explorer.

Remote command:
not supported

Trace Math

Access: [TRACE] > "Trace Math"

If you have several traces with different modes, for example an average trace and a
maximum trace, it may be of interest to compare the results of both traces. In this
example, you could analyze the maximum difference between the average and maxi-
mum values. To analyze the span of result values, you could subtract the minimum
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trace from the maximum trace. For such tasks, the results from several traces can be
combined using mathematical functions.

4 GHz | Measured Level -25.874dE Measured Fre

Traces Trace / Data Ex/Import Copy Trace Trace Math

7
T1-T3-=T1 T2-T3->T2 Trace Math Off

Trace Math FUNGCLON .....oeeeieie ettt e e e e e e e e e e e e e aaaas 54
Trace Math Off ...t et e e e et e e e e e et e e e s e e s e e eeanans 54

Trace Math Function
Defines which trace is subtracted from trace 1. The result is displayed in trace 1.

"T1-T3->T1" Subtracts trace 3 from trace 1

T2-T3->T2 Subtracts trace 3 from trace 2

To switch off the trace math, use the Trace Math Off button.

Remote command:
CALCulate<n>:MATH<t>[:EXPRession] [:DEFine] on page 112
CALCulate<n>:MATH<t>:STATe on page 113

Trace Math Off
Deactivates any previously selected trace math functions.

Remote command:
CALC:MATH:STAT OFF, see CALCulate<n>:MATH<t>:STATe on page 113

6.2 Configure Numerical Result Displays

Access: "Overview" > "Numerical Results"

The "Numerical" tab of the "Results" dialog box contains all functions necessary to set
up and configure the numerical phase noise result displays.
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Graphical Numerical

sal N

Range WERE Ml 1.0 kHz 1.0 MHz

User Ranges [NeIS E

e

O
O

T
On all Decade Edges
On User Defined Offsets

Configuring Residual Noise Measurements

MEES RANGE. ... eeeiii ittt e st e e s et e e e e e e 55
1T =T o 2= T o [T 55

Meas Range
Turns the integration of the entire measurement range for residual noise calculations
on and off.

The range defined here is applied to all traces.

"Meas" The application calculates the residual noise over the entire measure-
ment range.

"Manual" The application calculates the residual noise over a customized
range.

The input fields become available to define a customized integration
range. The application shows two red lines ("EL1" and "EL2") in the
graphical result display to indicate the custom range.

Remote command:

Turn customized range on and off:
CALCulate<n>:EVALuation[:STATe] on page 124

Define start point of custom range:
CALCulate<n>:EVALuation:STARt on page 124

Define end point of custom range:
CALCulate<n>:EVALuation:USER<range>:STOP on page 125

User Range
Defines a custom range for residual noise calculations. You have to assign a user
range to a particular trace.

In the default state, user ranges are inactive. "None" is selected in the dropdown
menu. If you assign the user range to a trace by selecting one of the traces from the
dropdown menu, the input fields next to the trace selection become active. In these
fields, you can define a start and stop offset frequency.
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Remote command:

Selecting a trace:
CALCulate<n>:EVALuation:USER<range>:TRACe on page 126
Define start frequency of user range:
CALCulate<n>:EVALuation:STARt on page 124

Define stop frequency of user range:
CALCulate<n>:EVALuation:USER<range>:STOP on page 125

Configuring Spot Noise Measurements

S To] o o)V ol (= To {1 T=T o oy APPSR 56
ON All DECATE EAQES.....utuiiiiiiiiieei ettt cce e e e e e e e e s e e s eaer e e eeeeeaaeeeesanannns 56
On User Defined Offsets / Offset FreqUENCY........ccceeeieieiiiiiiiiceceeeeeeeeeeve 56

Sort by Frequency
If enabled, the spot noise result table is sorted in ascending order of the offset fre-
quency from the carrier.

On All Decade Edges
Turns the calculation of spot noise on all 10* offset frequencies on and off.

Remote command:

Turn on and off spot noise calculation on 10* offset frequencies:
CALCulate<n>:SNOise<m>:DECades[:STATe] on page 129
Querying spot noise results on 10* offset frequencies:
CALCulate<n>:SNOise<m>:DECades:X on page 130
CALCulate<n>:SNOise<m>:DECades:Y on page 130

On User Defined Offsets / Offset Frequency
Turns custom spot noise frequencies on and off.

If on, the "Offset Frequency" input fields become available. You can measure the spot
noise for up to five custom offset frequencies. If active, the application adds those
spots to the spot noise table.

Remote command:

Turning spot noise marker on and off:
CALCulate<n>:SNOise<m>:DECades[:STATe] on page 129
CALCulate<n>:SNOise<m>:AO0FF on page 129

Positioning spot noise markers:

CALCulate<n>:SNOise<m>:X on page 131

Querying custom spot noise results:
CALCulate<n>:SNOise<m>:Y on page 131

Using Limit Lines

Access: "Overview" > "Limit Analysis"
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The "Limits" tab of the "Results" dialog box contains all functions necessary to set up
and configure limit lines.

Limits Graphical Numerical

Phase se Limit Lines

Type None s
Selected Traces =

Noise Floor -120.0 dBm/Hz

Corner Frequency Left Slope / Decade

Noise Floor - Range 1

Range 1 - Range 2

Range 2 - Range 3

Range 3 - Range 4

Range 4 - Range 5

User Limit Lines Line Config...

Using Phase Noise Limit Lines

Phase NOISE LIMIit LINE...... oot e e e eaanas 57
ST (Tt (= To I =TT T TR 57
[N Lo T[T o [0 FA SRR 57
RaANGE X = RANGE Y..ceeeiiiieieiteerie ettt e s e s e s e e e e aaaaaaaaaeeeeeeenes 58
Copy to User Limit LiNE.....oceeeieeieeiicecee it e e e e e e e e 58

Phase Noise Limit Line
Selects the shape of the phase noise limit line.

For more information see Chapter 4.9, "Using Limit Lines", on page 28.
"None" No limit line.

"Noise floor Limit line defined by the noise floor and x corner frequencies and
and x Ranges" slopes. The application supports up to 5 ranges.

Remote command:
CALCulate<n>:PNLimit:TYPE on page 102

Selected Traces
Selects the trace(s) to assign a phase noise limit line to.

For more information see Chapter 4.9, "Using Limit Lines", on page 28.

Remote command:
CALCulate<n>:PNLimit:TRACe on page 102

Noise Floor
Defines the noise floor level in dBm/Hz of the DUT.

For more information see Chapter 4.9, "Using Limit Lines", on page 28.

Remote command:
CALCulate<n>:PNLimit :NOISe on page 101
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Range x - Range y
Defines the corner frequencies and slope for a particular segment of phase noise limit
lines.

The slope defines the slope of the limit line segment to the left of the corner frequency.
For more information see Chapter 4.9, "Using Limit Lines", on page 28.

Remote command:

Corner frequencies:

CALCulate<n>:PNLimit:FC<1 to 5> on page 101
Slope:

CALCulate<n>:PNLimit:SLOPe<segment> on page 103

Copy to User Limit Line
Creates a new user limit line from the data of a phase noise limit line.

The file is stored in the default folder for user limit lines. You can load and edit the limit
line via the "Select Limit Line" dialog box. For more information see "Select Limit Line"
on page 58.

Remote command:
CALCulate<n>:PNLimit:COPY<k> on page 101

Selecting Standard Limit Lines

Access: "Overview" > "Limit Analysis" > "Line Config"

Y= [=Yo A I L0110 T =Y 58
L NIttt e et e e e e e e e e et e et e e et e e et e e et e e e eereeeeaeeaeaae s 59
L Uittt ettt ettt ettt e ettt et et et ea e e e eenenaeaaean 59
L COMPALDIE. ...ttt ettt ee e n s en e en s 59
1Yo L= YNSRI 59
0] 1 1=Y0 S L 1= 10 = < TSR 59
L 07018011112 8| ST RR 60
L VW FIIBE ettt et et eee e et e e eee e eeeeee e eaeeeeeeeeeeeeeneenaenn 60
L NEW / Edit / COPY TO..eeieieeee et eeetee ettt see et ss et ee e e s en s en s 60
O 1= =3 = YU USROS 60
L DISADIE All LINES e eeeee ettt e e e e e e e e e e eeeeee e e eeeeneeens 60

Select Limit Line
The "Select Limit Line" dialog box contains functionality to include standard limit lines
in the measurement.

The dialog box consists of a table that shows all available limit lines and their charac-
teristics and a few buttons to manage individual limit lines.
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Unit |Compatible |Visible |Check Traces

Copy To

Delete

Disable All

Comment:

Yiew Filter Show Compatible Show All Show Lines for all Modes

B leliteRioldll 1: Phase Noise 3

Name « Select Limit Line
Shows the name of the limit line.

Unit < Select Limit Line
Shows the unit of the limit line.

Compatible — Select Limit Line
Shows if the limit line is compatible to the current measurement setup or not.

"Yes" You can use the limit line because it is compatible to the current mea-
surement setup.

"No" You cannot use the limit line because it is compatible to the current
measurement setup.

Visible < Select Limit Line
Displays a limit line in the diagram area.

You can display up to eight limit lines at the same time.

Remote command:

Display a limit line:

Lower limit: CALCulate<n>:LIMit<1i>:LOWer:STATe on page 106
Upper limit: CALCulate<n>:LIMit<1i>:UPPer:STATe on page 107
Query all visible limit lines:

CALCulate<n>:LIMit<1li>:ACTive? on page 104

Check Traces — Select Limit Line
Turns the limit check for a particular trace on and off.

Remote command:

Assign a limit line to a particular trace:
CALCulate<n>:LIMit<li>:TRACe<t> on page 107
Activate the limit check:
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CALCulate<n>:LIMit<1i>:STATe on page 106
Querying limit check results:
CALCulate<n>:LIMit<1i>:FATL? on page 105

Comment — Select Limit Line
Shows the comment of the selected limit line. If the limit line has no comment, this field
stays empty.

View Filter — Select Limit Line
Turns filter for the list of limit lines on and off.

By default, the list includes all limit lines that are stored on the R&S FPS.

"Show Com- Filters the list of limit lines by compatibility.

patible" If on, the list includes only those limit lines that are compatible to the
current measurement setup.

"Show Lines Filters the list of limit lines by compatibility to phase noise measure-

For PNoise" ments.

If on, the list includes only those limit lines that are compatible to
phase noise measurements.

New / Edit / Copy To < Select Limit Line
All three buttons open the "Edit Limit Line" dialog box to create or edit limit lines.

When you use the "New" button, the dialog box contains no data.

When you use the "Edit" button, the dialog box contains the data of the previously
selected limit line.

When you use the "Copy To" button, the dialog box also contains a copy the data of
the previously selected limit line.

Remote command:

New:

CALCulate<n>:LIMit<1i>:NAME on page 105
Copy:

CALCulate<n>:LIMit<1i>:COPY on page 104

Delete < Select Limit Line
Deletes the selected limit line.

Remote command:
CALCulate<n>:LIMit<1i>:DELete on page 105

Disable All Lines — Select Limit Line
Turns all active limit lines off.

6.3.3 Creating and Editing Standard Limit Lines

Access: "Overview" > "Limit Analysis" > "Line Config" > "New" / "Edit" > "Copy To"

= [ T 0T S T LT 61
O NPT o Y= YOO 61
O O7e Y01V T= 8| UTTRETUET SRR 61
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Edit Limit Line
The "Edit Limit Line" dialog box contains functionality to describe the shape of a limit
line.

Because limit lines have to meet certain conditions for phase noise measurements, the
availability of parameters is limited.

Position Value « | 0.01 dBG/HZ

E -0.01 dBc/Hz

Insert Yalue 1.00 Hz 1.00 kHz

Name < Edit Limit Line
Defines the name of a limit line.

Remote command:
CALCulate<n>:LIMit<1i>:NAME on page 105

Comment < Edit Limit Line
Defines a comment for the limit line.

A comment is not mandatory.

Remote command:
CALCulate<n>:LIMit<1i>:COMMent on page 108

X-Axis < Edit Limit Line
Defines the characteristics of the horizontal axis.

The characteristics consist of the unit, the scaling and the type of values.

In the Phase Noise application, the unit for the horizontal axis is always Hz. The scal-
ing can either be logarithmic or linear

"Unit" In the Phase Noise application, the unit is always Hz.
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"Scaling" In the Phase Noise application, the scaling of the horizontal axis is
always logarithmic.

"Type of Val- The type of values can be absolute values or relative to the nominal

ues" frequency.

Remote command:

Type of values:
CALCulate<n>:LIMit<1i>:LOWer :MODE on page 110
CALCulate<n>:LIMit<1i>:UPPer:MODE on page 110

Y-Axis < Edit Limit Line
Defines the characteristics of the vertical axis.

The characteristics consist of the unit, the type of values and the usage of the line.

"Unit" In the Phase Noise application, the unit is always dBc/Hz.

"Type of Val- In the Phase Noise application, the type of values is always absolute.
ues"

"Line usage" Selects if the limit line is used as an upper or lower limit line.

Data Points < Edit Limit Line
The data points define the shape of the limit line. A limit line consists of at least 2 data
points and a maximum of 200 data points.

A data point is defined by its position in horizontal ("Position" column) and vertical
direction ("Value" column). The position of the data points have to be in ascending
order.

Remote command:

Horizontal data (position):
CALCulate<n>:LIMit<1i>:CONTrol[:DATA] on page 108

Vertical data (value):

Lower limit: CAT.Culate<n>:LIMit<li>:LOWer[:DATA] on page 109
Upper limit: CALCulate<n>:LIMit<1i>:UPPer[:DATA] on page 111

Insert Value — Edit Limit Line
Insert a new limit line data point below the selected data point.

Delete Value < Edit Limit Line
Deletes the selected limit line data point.

Shift X — Edit Limit Line
Shifts each data point horizontally by a particular amount.

Remote command:
CALCulate<n>:LIMit<1i>:CONTrol:SHIFt on page 109

Shift Y — Edit Limit Line
Shifts each data point vertically by a particular amount.

Remote command:
Lower limit: CAL.Culate<n>:LIMit<1i>:LOWer:SHIFt on page 110
Upper limit: CALCulate<n>:LIMit<1i>:UPPer:SHIFt on page 111
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Save — Edit Limit Line
Saves the limit line or the changes you have made to a limit line.

6.4 Using Markers

Access (marker position): [MKR] > "Marker Config" > "Markers"
Access (marker settings): [MKR] > "Marker Config" > "Marker Settings"

The "Marker Configuration" dialog box and the "Marker" menu contain all functionality
necessary to control markers.

The "Marker Configuration" dialog box consists of two tabs.
The "Markers" tab contains functionality to define characteristics for each marker.
Markers Marker Settings

Ref
Marker

Selected State ¥-value

(eiorifl| 500.5 kHz
6-11

12-16 ﬁ Norm

All Markers Off

The "Marker Settings" tab contains general marker functionality.

Markers Marker Settings

Marker Table

e o )

Marker Info

1Y F= T =T e I 1Y/ = (=T N 64
Y =T =T 1Y o = YN 64
RETEIENCE MATKET ... .ottt e e et e e e e e e et e e e e e e eab e e e s eeranas 64
Assigning the Marker t0 @ TracCe ......ocoevviiiiiiiiiiccceie e 64
Y F= T (T 7o Yo ] o o 64
F Y= T T £ L 65
Marker Table DiSPIlay .......cccccceeiiieieeieeee e 65
Y =14 (T o [0 (o T U UUUPRPPPTRRN 65
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Marker 1 ... Marker x
Selects and turns the corresponding marker on and off.

Turning on a marker also opens an input field to define the horizontal position of the
marker.

In the "Marker Configuration" dialog box, you can also define the horizontal position of
each marker ("x-value").

By default, the first marker you turn on is a normal marker, all others are delta markers.

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 138
CALCulate<n>:DELTamarker<m>[:STATe] on page 140

Marker Type
Toggles the marker type.

The type for marker 1 is always "Normal" , the type for delta marker 1 is always
"Delta" . These types cannot be changed.

Note: If normal marker 1 is the active marker, switching the "Mkr Type" activates an
additional delta marker 1. For any other marker, switching the marker type does not
activate an additional marker, it only switches the type of the selected marker.

"Normal" A normal marker indicates the absolute value at the defined position
in the diagram.

"Delta" A delta marker defines the value of the marker relative to the speci-
fied reference marker (marker 1 by default).

Remote command:
CALCulate<n>:MARKer<m>[:STATe] on page 138
CALCulate<n>:DELTamarker<m>[:STATe] on page 140

Reference Marker
Defines a marker as the reference marker which is used to determine relative analysis
results (delta marker values).

Remote command:
CALCulate<n>:DELTamarker<m>:MREFerence on page 139

Assigning the Marker to a Trace

The "Trace" setting assigns the selected marker to an active trace. The trace deter-
mines which value the marker shows at the marker position. If the marker was previ-
ously assigned to a different trace, the marker remains on the previous frequency or
time, but indicates the value of the new trace.

If a trace is turned off, the assigned markers and marker functions are also deactiva-
ted.

Remote command:
CALCulate<n>:MARKer<m>:TRACe on page 138

Marker Zoom
Turns the marker zoom on and off.

The marker zoom magnifies the diagram area around marker 1 by a certain factor.
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Turning on the zoom also opens an input field to define the zoom factor.

Remote command:

Turning on the zoom:
DISPlay[:WINDow<n>]:200M[:STATe] on page 143
Defining the zoom factor:
CALCulate<n>:MARKer<m>:FUNCtion:ZOOM on page 143

All Markers Off
Deactivates all markers in one step.

Remote command:
CALCulate<n>:MARKer<m>:AOFF on page 137

Marker Table Display
Defines how the marker information is displayed.

"On" Displays the marker information in a table in a separate area beneath
the diagram.
"Off" No separate marker table is displayed.

If Marker Info is active, the marker information is displayed within the
diagram area.

"Auto" (Default) If more than two markers are active, the marker table is dis-
played automatically.
If Marker Info is active, the marker information for up to two markers
is displayed in the diagram area.

Remote command:
DISPlay[:WINDow<n>] :MTABle on page 142

Marker Info
Turns the marker information displayed in the diagram on and off.
® 1AP Clrw
M1[1] 81.13 dBpv| ~
177.610 MHz

D2[1] -22.18 dB
-28.980 MHz

Remote command:
DISPlay[:WINDow<n>] :MINFo[:STATe] on page 142
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7 How to Configure Phase Noise Measure-
ments

71

7.2

Performing a Basic Phase Noise Measurement

© © N o o

10.
11.
12.
13.
14.
15.

In the Spectrum application, define the center frequency of the DUT.

Enter the "Phase Noise" application.

The R&S FPS-K40 starts the measurement with the default configuration. The
default configuration defines most settings automatically.

If you need any custom configuration, define them after entering the Phase Noise
application.

Layout the display as required via the SmartGrid.

Open the "Overview" dialog box to configure the measurement.

Configure the frontend (frequency, level etc.) via the "Frontend" dialog box.
Define the measurement range via the "Phase Noise" dialog box.

Turn on frequency and level tracking via the "Control" dialog box.

Run a single sweep.

Turn on a marker and read out the results.

Read out the residual noise over the measurement range.

Customize a residual noise range and read out the results.

Freeze trace 1 and 2 (trace mode: View).

Turn on trace 3 and 4 (trace mode: Clear/Write).

Switch the measurement mode to "IQ FFT" in the "Phase Noise" dialog box.

Repeat the measurement.

Customizing the Measurement Range

The application provides several ways to customize. Each method features a different
level of details you can define.

1.

Open the "Phase Noise" configuration via the "Overview" dialog box or the "Meas
Config" softkey menu.
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2. Define the frequency offset range you would like to measure in the corresponding
fields.

3. Select the "Sweep Type".

a) Select sweep types "Fast", "Normal" or "Averaged" for automatic measurement
configuration.

For a custom configuration, proceed to set up each measurement parameter sepa-
rately.

4. Define the "RBW", number of "Averages", sweep "Mode" and "I/Q Window" func-
tion.

a) Define the parameters globally for all (half) decades covered by the measure-
ment range.

b) Define the parameters for each individual (half) decade covered by the mea-
surement range in the "Half Decade Configuration Table".
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8 Remote Control Commands for Phase
Noise Measurements

The following remote control commands are required to configure and perform phase
noise measurements in a remote environment. The R&S FPS must already be config-
ured for remote operation in a network as described in the base unit manual.

@ Universal functionality
Note that basic tasks that are also performed in the base unit in the same way are not
described here. For a description of such tasks, see the R&S FPS user manual.
In particular, this includes:
® Managing settings and results, i.e. storing and loading settings and result data.

® Basic instrument configuration, e.g. checking the system configuration, customizing
the screen layout, or configuring networks and remote operation.

® Using the common status registers (specific status registers for pulse measure-
ments are not used).

®  COMMON SUFIXES..ceiiiiiiii it e e e e e e 68
L J [ 01 (o T 0T34 o] o 1R 69
e Controlling the Phase Noise Measurement Channel.............ccccooviiiieiiiiiene e, 74
o Performing MeasuremMENtS......cccoo it 77
e Configuring the ResuUlt DiSPIay........uueiiieiieeiiiiiciiiiiieeee e e e e e eenneens 82
e Configuring the Frontend............ccciiii i e e e e 89
o Controlling the MeasuremMent...........cooiiiiiiiiiiiieeecrcrere e e e e e e e e e e e e eeeeeeeeaens 91
e Configuring the Measurement Range.........cccueiiiiiiiiiiii e 94
@ USING LiMit LINES....eiieiieiiieiiei et e e e e e e ee e e e e e e e e e e e e aaa 100
e Graphical Display of Phase Noise ReSUItS.........cccceviiiiiiciiiiiiiiieece e 111
e Configure Numerical Result DiSplays........cccuuieiiieeeiiiiiiiiiiieeeeeee e 123
®  USING MaATKEIS....coeiiieiiiieic ettt s e s e e e e e e e e e e e e e e e eeeeeeeeeennns 137
o Configuring INn- and OULPULS......cccooiiiiii e 143
e Automatic Measurement Configuration.........cccccoeeeiiiiiiiiiiiee 145
o Using the Status Register.... ... 146
e Remote Control EXample SCriPtS.....ccccuviiiiiiiiiieee e 152

8.1 Common Suffixes

In the R&S FPS Phase Noise measurements application, the following common suf-
fixes are used in remote commands:
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8.2

8.2.1

Introduction

Table 8-1: Common suffixes used in remote commands in the R&S FPS Phase Noise measurements

application
Suffix Value range Description
<m> 1to 16 Marker
<n> 1to 16 Window (in the currently selected channel)
<t> 1to4 Trace
<li> 1t08 Limit line
Introduction

Commands are program messages that a controller (e.g. a PC) sends to the instru-
ment or software. They operate its functions ('setting commands' or 'events') and
request information ('query commands'). Some commands can only be used in one
way, others work in two ways (setting and query). If not indicated otherwise, the com-
mands can be used for settings and queries.

The syntax of a SCPI command consists of a header and, in most cases, one or more
parameters. To use a command as a query, you have to append a question mark after
the last header element, even if the command contains a parameter.

A header contains one or more keywords, separated by a colon. Header and parame-
ters are separated by a "white space" (ASCII code 0 to 9, 11 to 32 decimal, e.g. blank).
If there is more than one parameter for a command, these are separated by a comma
from one another.

Only the most important characteristics that you need to know when working with SCPI
commands are described here. For a more complete description, refer to the User
Manual of the R&S FPS.

Remote command examples

Note that some remote command examples mentioned in this general introduction may
not be supported by this particular application.

Conventions used in Descriptions

Note the following conventions used in the remote command descriptions:

e Command usage
If not specified otherwise, commands can be used both for setting and for querying
parameters.
If a command can be used for setting or querying only, or if it initiates an event, the
usage is stated explicitly.

® Parameter usage
If not specified otherwise, a parameter can be used to set a value and it is the
result of a query.
Parameters required only for setting are indicated as Setting parameters.
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8.2.2

8.2.3

Introduction

Parameters required only to refine a query are indicated as Query parameters.
Parameters that are only returned as the result of a query are indicated as Return
values.

® Conformity
Commands that are taken from the SCPI standard are indicated as SCPI con-
firmed. All commands used by the R&S FPS follow the SCPI syntax rules.

® Asynchronous commands
A command which does not automatically finish executing before the next com-
mand starts executing (overlapping command) is indicated as an Asynchronous
command.

® Reset values (*RST)
Default parameter values that are used directly after resetting the instrument (*RST
command) are indicated as *RST values, if available.

® Default unit
The default unit is used for numeric values if no other unit is provided with the
parameter.

® Manual operation
If the result of a remote command can also be achieved in manual operation, a link
to the description is inserted.

Long and Short Form

The keywords have a long and a short form. You can use either the long or the short
form, but no other abbreviations of the keywords.

The short form is emphasized in upper case letters. Note however, that this emphasis
only serves the purpose to distinguish the short from the long form in the manual. For
the instrument, the case does not matter.

Example:
SENSe:FREQuency:CENTer is the same as SENS: FREQ: CENT.

Numeric Suffixes

Some keywords have a numeric suffix if the command can be applied to multiple
instances of an object. In that case, the suffix selects a particular instance (e.g. a mea-
surement window).

Numeric suffixes are indicated by angular brackets (<n>) next to the keyword.

If you don't quote a suffix for keywords that support one, a 1 is assumed.

Example:

DISPlay[:WINDow<1l...4>]:Z00M:STATe enables the zoom in a particular mea-
surement window, selected by the suffix at WINDow.

DISPlay:WINDow4:ZOOM: STATe ON refers to window 4.
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8.2.4 Optional Keywords

8.2.5

8.2.6

Some keywords are optional and are only part of the syntax because of SCPI compli-
ance. You can include them in the header or not.

Note that if an optional keyword has a numeric suffix and you need to use the suffix,
you have to include the optional keyword. Otherwise, the suffix of the missing keyword
is assumed to be the value 1.

Optional keywords are emphasized with square brackets.

Example:
Without a numeric suffix in the optional keyword:
[SENSe: ] FREQuency:CENTer is the same as FREQuency:CENTer

With a numeric suffix in the optional keyword:
DISPlay[:WINDow<l...4>]:200M:STATe

DISPlay:ZOOM:STATe ON enables the zoom in window 1 (no suffix).
DISPlay:WINDow4:ZOOM: STATe ON enables the zoom in window 4.

Alternative Keywords

A vertical stroke indicates alternatives for a specific keyword. You can use both key-
words to the same effect.

Example:
[SENSe: ] BANDwidth |BWIDth[:RESolution]

In the short form without optional keywords, BAND 1MHZ would have the same effect
as BWID 1MHZ.

SCPI Parameters

Many commands feature one or more parameters.

If a command supports more than one parameter, these are separated by a comma.

Example:
LAYout:ADD:WINDow Spectrum, LEFT,MTABRle

Parameters may have different forms of values.

I N[0 =T g (oY = 16N 72
L N = T Yo (<= | o TR 72
I O o P=T = Tox (<l L= | = PN 73
L O =T Tod (= S 4 o TSP 73
L 1o Tl [ B L= | v TN 73
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8.2.6.2

Introduction

Numeric Values

Numeric values can be entered in any form, i.e. with sign, decimal point or exponent. In
case of physical quantities, you can also add the unit. If the unit is missing, the com-
mand uses the basic unit.

Example:
With unit: SENSe: FREQuency:CENTer 1GHZ
Without unit: SENSe: FREQuency:CENTer 1E9 would also set a frequency of 1 GHz.

Values exceeding the resolution of the instrument are rounded up or down.

If the number you have entered is not supported (e.g. in case of discrete steps), the
command returns an error.

Instead of a number, you can also set numeric values with a text parameter in special
cases.

e  MIN/MAX

Defines the minimum or maximum numeric value that is supported.
e DEF

Defines the default value.
e UP/DOWN

Increases or decreases the numeric value by one step. The step size depends on
the setting. In some cases you can customize the step size with a corresponding
command.

Querying numeric values

When you query numeric values, the system returns a number. In case of physical
quantities, it applies the basic unit (e.g. Hz in case of frequencies). The number of dig-
its after the decimal point depends on the type of numeric value.

Example:
Setting: SENSe: FREQuency:CENTer 1GHZ
Query: SENSe : FREQuency : CENTer? would return 1E9

In some cases, numeric values may be returned as text.

® INF/NINF
Infinity or negative infinity. Represents the numeric values 9.9E37 or -9.9E37.

® NAN
Not a number. Represents the numeric value 9.91E37. NAN is returned in case of
errors.

Boolean

Boolean parameters represent two states. The "ON" state (logically true) is represen-
ted by "ON" or a numeric value 1. The "OFF" state (logically untrue) is represented by
"OFF" or the numeric value 0.
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8.2.6.3

8.2.6.4

8.2.6.5

Introduction

Querying Boolean parameters

When you query Boolean parameters, the system returns either the value 1 ("ON") or
the value 0 ("OFF").

Example:
Setting: DISPlay:WINDow:ZOOM: STATe ON
Query: DISPlay:WINDow: ZOOM: STATe? would return 1

Character Data

Character data follows the syntactic rules of keywords. You can enter text using a short
or a long form. For more information see Chapter 8.2.2, "Long and Short Form",
on page 70.

Querying text parameters

When you query text parameters, the system returns its short form.

Example:
Setting: SENSe:BANDwidth:RESolution:TYPE NORMal
Query: SENSe:BANDwidth:RESolution:TYPE? would return NORM

Character Strings

Strings are alphanumeric characters. They have to be in straight quotation marks. You
can use a single quotation mark (') or a double quotation mark (" ).

Example:
INSTRument:DELete 'Spectrum'

Block Data

Block data is a format which is suitable for the transmission of large amounts of data.

The ASCII character # introduces the data block. The next number indicates how many
of the following digits describe the length of the data block. In the example the 4 follow-
ing digits indicate the length to be 5168 bytes. The data bytes follow. During the trans-
mission of these data bytes all end or other control signs are ignored until all bytes are
transmitted. #0 specifies a data block of indefinite length. The use of the indefinite for-
mat requires an NL"END message to terminate the data block. This format is useful
when the length of the transmission is not known or if speed or other considerations
prevent segmentation of the data into blocks of definite length.
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8.3 Controlling the Phase Noise Measurement Channel

The following commands are necessary to control the measurement channel.

INSTrument:CREAE:IDUPLICALE. .......ccvueeeieeeeeeieee e et eeeeeeeeee e e e e e e e e e e eeaaeseeeeeernaeeeeees 74
INSTrument:CREAIE[INEW].....ccei e e e e e e e e e e e e e e e e e e e e e et e e e e e e e as 74
INSTrument:CREAtEIREPLACE.......cccuiii it e e e eea e eans 74
INSTIUMENEDELELE. c.uuu i ieiieiiie e ettt e et e e et e e e e e ettt s e e e e eetaa s eesseebaneeaeseentansaaaeens 75
IN S T UM ENE LIS T 2. ettt e ettt ettt e e ettt e e e e e eet s e e e e e eaaa e e e s eesban e eeseesnnasaeerretannnnns 75
INSTIrUMENERENGME. ... .cceeiiiiieieee et e e e et e e e ettt e e e e eetaa e e e e e e ee b e eeeeeessaeeaeseesannseeeeensnnn 76
INSTIUMENTESELECH]. ... e e et e e e e e e ereeeeena s 77
SYSTemM:PRESEt:CHANNEIEXEC]. . ittt e et et e e e e e e enas 77

INSTrument:CREate:DUPLicate

This command duplicates the currently selected channel, i.e creates a new channel of
the same type and with the identical measurement settings. The name of the new
channel is the same as the copied channel, extended by a consecutive number (e.g.
"IQAnalyzer" -> "IQAnalyzer 2").

The channel to be duplicated must be selected first using the INST: SEL command.

Example: INST:SEL 'IQAnalyzer'
INST:CRE:DUPL
Duplicates the channel named 'IQAnalyzer' and creates a new
channel named 'lQAnalyzer2'.

Usage: Event

INSTrument:CREate[:NEW] <ChannelType>, <ChannelName>

This command adds an additional measurement channel. You can configure up to 10
measurement channels at the same time (depending on available memory).

Parameters:

<ChannelType> Channel type of the new channel.
For a list of available channel types see ITNSTrument:LIST?
on page 75.

<ChannelName> String containing the name of the channel.
Note that you can not assign an existing channel name to a new
channel; this will cause an error.

Example: INST:CRE SAN, 'Spectrum 2'

Adds an additional spectrum display named "Spectrum 2".

INSTrument:CREate:REPLace <ChannelName1>,<ChannelType>,<ChannelName2>
This command replaces a channel with another one.

Setting parameters:
<ChannelName1> String containing the name of the channel you want to replace.
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<ChannelType>

<ChannelName2>

Example:

Usage:

Controlling the Phase Noise Measurement Channel

Channel type of the new channel.
For a list of available channel types see TNSTrument : LIST?
on page 75.

String containing the name of the new channel.

Note: If the specified name for a new channel already exists, the
default name, extended by a sequential number, is used for the
new channel (see INSTrument:LIST? on page 75).

Channel names can have a maximum of 31 characters, and
must be compatible with the Windows conventions for file
names. In particular, they must not contain special characters
such as ":", ™", "?".

INST:CRE:REPL 'IQAnalyzer2',6 IQ, 'IQAnalyzer'
Replaces the channel named "IQAnalyzer2" by a new channel of
type "IQ Analyzer" named "IQAnalyzer".

Setting only

INSTrument:DELete <ChannelName>

This command deletes a channel.

If you delete the last channel, the default "Spectrum" channel is activated.

Setting parameters:
<ChannelName>

Example:

Usage:

INSTrument:LIST?

String containing the name of the channel you want to delete.
A channel must exist in order to be able delete it.

INST:DEL 'IQAnalyzer4'
Deletes the channel with the name 'lQAnalyzer4'.

Setting only

This command queries all active channels. This is useful in order to obtain the names
of the existing channels, which are required in order to replace or delete the channels.

Return values:
<ChannelType>,
<ChannelName>

Example:

Usage:
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Tip: to change the channel name, use the ITNSTrument :
REName command.

INST:LIST?

Result for 3 channels:

'ADEM', "Analog Demod', 'IQ','IQ
Analyzer','IQ','IQ Analyzer2'

Query only
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Table 8-2: Available channel types and default channel names in Signal and Spectrum Analyzer mode

Application <ChannelType> Default Channel name®)
parameter

Spectrum SANALYZER Spectrum

1XEV-DO BTS (R&S FPS-K84) BDO 1XEV-DO BTS

1XEV-DO MS (R&S FPS-K85) MDO 1XEV-DO MS

3GPP FDD BTS (R&S FPS-K72) BWCD 3G FDD BTS

3GPP FDD UE (R&S FPS-K73) MWCD 3G FDD UE

Analog Modulation Analysis (R&S FPS-K7) ADEM Analog Demod

cdma2000 BTS (R&S FPS-K82) BC2K CDMA2000 BTS

cdma2000 MS (R&S FPS-K83) MC2K CDMA2000 MS

GSM (R&S FPS-K10) GSM GSM

1/Q Analyzer 1Q 1Q Analyzer

LTE (R&S FPS-K10x) LTE LTE

NB-loT (R&S FPS-K106) NIOT NB-loT

Noise (R&S FPS-K30) NOISE Noise

5G NR (R&S FPS-K144) NR5G 5G NR

Phase Noise (R&S FPS-K40) PNOISE Phase Noise

TD-SCDMA BTS (R&S FPS-K76) BTDS TD-SCDMA BTS

TD-SCDMA UE (R&S FPS-K77) MTDS TD-SCDMA UE

Verizon 5GTF Measurement Application (V5GTF, V5GT V5GT

R&S FPS-K118)

VSA (R&S FPS-K70) DDEM VSA

WLAN (R&S FPS-K91) WLAN WLAN

ber, is used for the new channel.

*) If the specified name for a new channel already exists, the default name, extended by a sequential num-

INSTrument:REName <ChannelName1>, <ChannelName2>

This command renames a channel.

Setting parameters:
<ChannelName1>

<ChannelName2>

String containing the new channel name.

String containing the name of the channel you want to rename.

Note that you cannot assign an existing channel name to a new
channel; this will cause an error.
Channel names can have a maximum of 31 characters, and
must be compatible with the Windows conventions for file
names. In particular, they must not contain special characters

SUCh as "o nwEn non
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Example: INST:REN 'IQAnalyzer2', 'IQAnalyzer3'
Renames the channel with the name 'IQAnalyzer2' to 'lQAna-
lyzer3'.

Usage: Setting only

INSTrument[:SELect] <Application>

Selects the measurement application (channel type) for the current channel.
See also INSTrument :CREate [ :NEW] on page 74.

For a list of available channel types see INSTrument: LIST? on page 75.

Parameters:
<Application> PNOise
Phase noise measurements, R&S FPS-K40

SYSTem:PRESet:CHANnNel[:EXEC]
This command restores the default instrument settings in the current channel.
Use INST:SEL to select the channel.

Example: INST:SEL 'Spectrum2'

Selects the channel for "Spectrum2".
SYST:PRES:CHAN:EXEC

Restores the factory default settings to the "Spectrum2"channel.
Usage: Event

Manual operation: See "Preset Channel" on page 35

8.4 Performing Measurements

The following commands are necessary to perform measurements.

You can also perform a sequence of measurements using the Sequencer (see "Multi-
ple Measurement Channels and Sequencer Function" on page 7).

Y =T ] 78
CONFIGUIEIREFMEES.....cceeeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e e e aeeaeeeeeeeanaeeesensnnnnnaa e ens 78
INITIAtE N> CONMEES. ... .ceunieieteeeee e ee et ee et e et e e et e e et e e e e e e s e e e st eeeesnserenneeeernaeernnnnas 78
INITIAtE<N> CONTINUOUS. ....eettuueeeeeiitteeeeeteettaeeeeeeeetaaeeeseeesnaesaesesstanseeerestanasaseersransenasens 79
INITIAtE<NS[IIMMEAIALE].. ettt eeriii et e ee et e e e et e e e e ettt s e e e e e et e e e e e eee b e eeeeeesta e aesersannaaanes 79
INITiate:SEQUENCErABORI.... ...t e e e e et e e e e e et e e e et e e eennanas 80
INITiate:SEQueNcer:IMMEIate. .........coouuniiiiieeee e e 80
INITiate:SEQUENCEIMODE........ .ottt e e e e e e e e e e 80
[SENSE:ISWEEP:FHDECAUE. .....cceieeeeeeeieeeeeeeieieieieeteeaaa s e ae e e e e e e e aaeaeeeeeeeeeeeaeeeeensnnnnnaan e ees 81
O R (=1 IS = @ T T=Y VoY PO 81
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ABORt

This command aborts the measurement in the current channel and resets the trigger
system.

To prevent overlapping execution of the subsequent command before the measure-
ment has been aborted successfully, use the *OPC? or *WAT command after ABOR and
before the next command.

For details see the "Remote Basics" chapter in the R&S FPS User Manual.
Note on blocked remote control programs:

If a sequential command cannot be completed, for example because a triggered sweep
never receives a trigger, the remote control program will never finish and the remote
channel to the R&S FPS is blocked for further commands. In this case, you must inter-
rupt processing on the remote channel first in order to abort the measurement.

To do so, send a "Device Clear" command from the control instrument to the R&S FPS
on a parallel channel to clear all currently active remote channels. Depending on the
used interface and protocol, send the following commands:

® Visa:viClear ()

Now you can send the ABORt command on the remote channel performing the mea-

surement.

Example: ABOR; : INIT:IMM
Aborts the current measurement and immediately starts a new
one.

Example: ABOR; *WAT
INIT:IMM
Aborts the current measurement and starts a new one once
abortion has been completed.

Usage: Event

CONFigure:REFMeas <arg0>

This command initiates a reference measurement that determines the inherent phase
noise of the R&S FPS.

Parameters:
<arg0> ONCE
Example: CONF:REFM ONCE

Initiates a reference measurement

Manual operation: See "Reference Measurement" on page 18

INITiate<n>:CONMeas

This command restarts a (single) measurement that has been stopped (using ABORt)
or finished in single sweep mode.
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The measurement is restarted at the beginning, not where the previous measurement
was stopped.

As opposed to INITiate<n>[:IMMediate], this command does not reset traces in
maxhold, minhold or average mode. Therefore it can be used to continue measure-
ments using maxhold or averaging functions.

Suffix:
<n> irrelevant

Manual operation: See " Continue Single Sweep " on page 44

INITiate<n>:CONTinuous <State>
This command controls the sweep mode for an individual channel.

Note that in single sweep mode, you can synchronize to the end of the measurement
with *OPC, *OPC? or *WAI. In continuous sweep mode, synchronization to the end of
the measurement is not possible. Thus, it is not recommended that you use continuous
sweep mode in remote control, as results like trace data or markers are only valid after
a single sweep end synchronization.

For details on synchronization see the "Remote Basics" chapter in the R&S FPS User

Manual.

Suffix:

<n> irrelevant

Parameters:

<State> ON|OFF |01
ON |1
Continuous sweep
OFF | 0
Single sweep
*RST: 0

Example: INIT:CONT OFF

Switches the sweep mode to single sweep.
INIT:CONT ON

Switches the sweep mode to continuous sweep.

Manual operation: See " Continuous Sweep / Run Cont " on page 44

INITiate<n>[:IMMediate]
This command starts a (single) new measurement.

With sweep count or average count > 0, this means a restart of the corresponding
number of measurements. With trace mode MAXHold, MINHold and AVERage, the
previous results are reset on restarting the measurement.

You can synchronize to the end of the measurement with *OPC, *OPC? or *WAI.
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For details on synchronization see the "Remote Basics" chapter in the R&S FPS User
Manual.

Suffix:
<n> irrelevant

Manual operation: See " Single Sweep / Run Single " on page 44

INITiate:SEQuencer:ABORt
This command stops the currently active sequence of measurements.

You can start a new sequence any time using INTTiate:SEQuencer:IMMediate
on page 80.

Usage: Event

INITiate:SEQuencer:IMMediate
This command starts a new sequence of measurements by the Sequencer.

Its effect is similar to the INTTiate<n>[:IMMediate] command used for a single
measurement.

Before this command can be executed, the Sequencer must be activated (see
SYSTem:SEQuencer on page 81).

Example: SYST:SEQ ON
Activates the Sequencer.
INIT:SEQ:MODE SING
Sets single sequence mode so each active measurement will be
performed once.
INIT:SEQ:IMM
Starts the sequential measurements.

INITiate:SEQuencer:MODE <Mode>

Defines the capture mode for the entire measurement sequence and all measurement
groups and channels it contains.

Note: In order to synchronize to the end of a measurement sequence using *OPC,
*OPC? or *WAI you must use SINGle Sequence mode.

Parameters:

<Mode> SINGle
Each measurement group is started one after the other in the
order of definition. All measurement channels in a group are
started simultaneously and performed once. After all measure-
ments are completed, the next group is started. After the last
group, the measurement sequence is finished.
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CONTinuous

Each measurement group is started one after the other in the
order of definition. All measurement channels in a group are
started simultaneously and performed once. After all measure-
ments are completed, the next group is started. After the last
group, the measurement sequence restarts with the first one and
continues until it is stopped explicitely.

*RST: CONTinuous

[SENSe:]SWEep:FHDecade

This command stops the measurement in the current half decade and continues mea-
suring in the subsequent half decade.

Example:

Manual operation:

SWE : FHD
Aborts the current measurement and continues in the next half
decade.

See "Finish Half Decade" on page 44

SYSTem:SEQuencer <State>

This command turns the Sequencer on and off. The Sequencer must be active before
any other Sequencer commands (INIT:SEQ. . .) are executed, otherwise an error will

occur.

A detailed programming example is provided in the "Operating Modes" chapter in the
R&S FPS User Manual.

Parameters:
<State>

Example:

User Manual 1176.8500.02 — 03

ON|OFF |01

ON |1

The Sequencer is activated and a sequential measurement is
started immediately.

OFF | 0

The Sequencer is deactivated. Any running sequential measure-
ments are stopped. Further Sequencer commands
(INIT:SEQ...)are notavailable.

*RST: 0

SYST:SEQ ON

Activates the Sequencer.

INIT:SEQ:MODE SING

Sets single Sequencer mode so each active measurement will
be performed once.

INIT:SEQ:IMM

Starts the sequential measurements.

SYST:SEQ OFF
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8.5 Configuring the Result Display

8.5.1

The commands required to configure the screen display in a remote environment are
described here.

o General WIindow COmMMAaNGAS.........uuueiiiiiiieie ettt 82
o Working with Windows in the Display..........coooocueiiiiiiiiiiieeeeeeee e 83

General Window Commands

The following commands are required to configure general window layout, independent
of the application.

DISPIAY:FORMEL..........ceieeieierereriirit i eieaaaeteseeeeeeaeeeeseteeeeeersrsrrtararasa i iasessesaeasseseeserereees 82
DISPIay[:WINDOWSNS]:SIZE.....uuiiieiieriieeeeeeetiiee e e e ettt eeeeeeeaateseessestaeeessssanaseeesentannaeaeens 82

DISPlay:FORMat <Format>

This command determines which tab is displayed.

Parameters:

<Format> SPLit
Displays the MultiView tab with an overview of all active chan-
nels
SINGle
Displays the measurement channel that was previously focused.
*RST: SING

Example: DISP:FORM SPL

DISPlay[:WINDow<n>]:SIZE <Size>

This command maximizes the size of the selected result display window temporarily.
To change the size of several windows on the screen permanently, use the LAY : SPL
command (see LAYout : SPLitter on page 85).

Suffix:
<n> Window
Parameters:
<Size> LARGe
Maximizes the selected window to full screen.
Other windows are still active in the background.
SMALI
Reduces the size of the selected window to its original size.
If more than one measurement window was displayed originally,
these are visible again.
*RST: SMALI
Example: DISP:WIND2:SIZE LARG
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8.5.2 Working with Windows in the Display

The following commands are required to change the evaluation type and rearrange the
screen layout for a channel as you do using the SmartGrid in manual operation. Since
the available evaluation types depend on the selected application, some parameters
for the following commands also depend on the selected channel.

Note that the suffix <n> always refers to the window in the currently selected channel.

LAYOUL:ADD:WINDOW] 2. ettuieeeeeetetieeeeeeeetieeeeeeetataeeeeseetasaaeeeesassannaeseessannasaesensnnneeeeeesnnnnss 83
LAYOUL: CATAIOG:WINDOW] 2. . ettt ettt ettt ettt et et et et e e e e e e e e e et e e e e e e e e enaeeaeenan 84
LAYOUL: IDENEY[:WINDOW] ...ttt ettt ettt e e et e e e e e e e e e e e eaaeaanas 84
LAYOUL:REMOVE[:WINDOW]. ... eet ettt ettt e et e e e e e e e e e e e e s e e a e e en e e ennes 85
LAYOUt:REPLACE[:WINDOWI]......cenieeiee ettt e e e e e e e e e e e 85
N0 ot o] od 1 1 (=Y TR URPRPRPPRN 85
LAYOUL:WINDOWSNZIADD?...cetuueieeeeitie i e e e e eetee e e e e e eetee e e e e eetaaaeeaeseetanseeseessanaeaesessnnnsenaeens 87
LAYOUL:WINDOWSNZ IDENLTY 2. 1ttt e e e e e e e e n e eas 87
LAYOUt:WINDOWSN>REMOVE. ......ccvuuuieieeiiitiiieeeeeeteeeeeeeeeteaeeeeeeaataaeeeesestaaeeeeeeessaeaesensanns 88
LAYOUt:WINDOWSN>REPLACE. .......ciiieeeie et e e e e e eaans 88

LAYout:ADD[:WINDow]? <WindowName>,<Direction>,<WindowType>
This command adds a window to the display in the active channel.

This command is always used as a query so that you immediately obtain the name of
the new window as a result.

To replace an existing window, use the LAYout : REPLace [ : WINDow] command.

Query parameters:

<WindowName> String containing the name of the existing window the new win-
dow is inserted next to.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows, use the
LAYout:CATalog[:WINDow] ? query.

<Direction> LEFT | RIGHt | ABOVe | BELow
Direction the new window is added relative to the existing win-
dow.

<WindowType> text value

Type of result display (evaluation method) you want to add.
See the table below for available parameter values.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY:ADD? 'l',LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.
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Usage: Query only

Table 8-3: <WindowType> parameter values for Phase Noise application
Parameter value Window type

FDRIft Frequency drift

MTABle Marker table

PNOise Phase noise diagram

RNOise Residual noise table

SNOise Spot noise table

SPECtrum Spectrum monitor

SPURs Spur list

SRESults Sweep result list

STABIlity Frequency and level stability indicator

LAYout:CATalog[:WINDow]?

This command queries the name and index of all active windows in the active channel
from top left to bottom right. The result is a comma-separated list of values for each
window, with the syntax:

<WindowName_1>,<WindowlIndex_1>..<WindowName_n>,<WindowIndex_n>

Return values:
<WindowName> string
Name of the window.
In the default state, the name of the window is its index.

<Windowlndex> numeric value
Index of the window.

Example: LAY :CAT?
Result:
'2',2,'1",1
Two windows are displayed, named '2' (at the top or left), and "1’
(at the bottom or right).

Usage: Query only

LAYout:IDENtify[:WINDow]? <WindowName>
This command queries the index of a particular display window in the active channel.

Note: to query the name of a particular window, use the LAYout : WINDow<n>:
IDENtify? query.

Query parameters:
<WindowName> String containing the name of a window.
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Return values:

<WindowlIndex> Index number of the window.

Example: LAY:WIND:IDEN? '2'
Queries the index of the result display named '2".
Response:
2

Usage: Query only

LAYout:REMove[:WINDow] <WindowName>
This command removes a window from the display in the active channel.

Setting parameters:
<WindowName> String containing the name of the window. In the default state,
the name of the window is its index.

Example: LAY:REM '2'
Removes the result display in the window named 2.

Usage: Setting only

LAYout:REPLace[:WINDow] <WindowName>,<WindowType>

This command replaces the window type (for example from "Diagram” to "Result Sum-
mary") of an already existing window in the active channel while keeping its position,
index and window name.

To add a new window, use the LAYout : ADD[ : WINDow] ? command.

Setting parameters:

<WindowName> String containing the name of the existing window.
By default, the name of a window is the same as its index. To
determine the name and index of all active windows in the active
channel, use the LAYout :CATalog [ :WINDow] 2 query.

<WindowType> Type of result display you want to use in the existing window.
See LAYout :ADD[ :WINDow] ? on page 83 for a list of available
window types.

Example: LAY:REPL:WIND '1',MTAB
Replaces the result display in window 1 with a marker table.

Usage: Setting only

LAYout:SPLitter <Index1>, <Index2>, <Position>

This command changes the position of a splitter and thus controls the size of the win-
dows on each side of the splitter.

Compared to the DISPlay [ :WINDow<n>] : STZE on page 82 command, the
LAYout:SPLitter changes the size of all windows to either side of the splitter per-
manently, it does not just maximize a single window temporarily.
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Note that windows must have a certain minimum size. If the position you define con-
flicts with the minimum size of any of the affected windows, the command will not work,
but does not return an error.

x=100

1 Froquency Sweep

x=100, y=100

2 'mﬁtr[r » P Clr L

CF 185 Gl 1M1 s F0% G Span M5 e | OF 1R 25 GHz 1001 pteSpan 265 GHel rome & 0

x=0, y=0

A Presaloctos

y=100

Figure 8-1: SmartGrid coordinates for remote control of the splitters

Setting parameters:
<Index1>

<Index2>

<Position>

Example:

User Manual 1176.8500.02 — 03

The index of one window the splitter controls.
The index of a window on the other side of the splitter.

New vertical or horizontal position of the splitter as a fraction of
the screen area (without channel and status bar and softkey
menu).

The point of origin (x =0, y = 0) is in the lower left corner of the
screen. The end point (x = 100, y = 100) is in the upper right cor-
ner of the screen. (See Figure 8-1.)

The direction in which the splitter is moved depends on the
screen layout. If the windows are positioned horizontally, the
splitter also moves horizontally. If the windows are positioned
vertically, the splitter also moves vertically.

Range: 0 to 100
LAY:SPL 1,3,50
Moves the splitter between window 1 ('Frequency Sweep') and 3

('Marker Table') to the center (50%) of the screen, i.e. in the fig-
ure above, to the left.
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Example: LAY:SPL 1,4,70
Moves the splitter between window 1 (‘Frequency Sweep') and 3
('Marker Peak List') towards the top (70%) of the screen.
The following commands have the exact same effect, as any
combination of windows above and below the splitter moves the
splitter vertically.
LAY:SPL 3,2,70
LAY:SPL 4,1,70
LAY:SPL 2,1,70

Usage: Setting only

LAYout:WINDow<n>:ADD? <Direction>,<WindowType>

This command adds a measurement window to the display. Note that with this com-
mand, the suffix <n> determines the existing window next to which the new window is
added, as opposed to L.AYout : ADD[ : WINDow] ?, for which the existing window is
defined by a parameter.

To replace an existing window, use the LAYout : WINDow<n>:REPLace command.

This command is always used as a query so that you immediately obtain the name of
the new window as a result.

Suffix:
<n> Window

Query parameters:
<Direction> LEFT | RIGHt | ABOVe | BELow

<WindowType> Type of measurement window you want to add.
See LAYout :ADD[ :WINDow] ? on page 83 for a list of available
window types.

Return values:
<NewWindowName> When adding a new window, the command returns its name (by
default the same as its number) as a result.

Example: LAY :WIND1:ADD? LEFT,MTAB
Result:
\} 2 \}
Adds a new window named '2' with a marker table to the left of
window 1.

Usage: Query only

LAYout:WINDow<n>:IDENtify?

This command queries the name of a particular display window (indicated by the <n>
suffix) in the active channel.

Note: to query the index of a particular window, use the LAYout : IDENtify[:
WINDow] ? command.
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Suffix:
<n> Window

Return values:
<WindowName> String containing the name of a window.
In the default state, the name of the window is its index.

Example: LAY :WIND2:IDEN?
Queries the name of the result display in window 2.
Response:
L} 2 L}

Usage: Query only

LAYout:WINDow<n>:REMove

This command removes the window specified by the suffix <n> from the display in the
active channel.

The result of this command is identical to the LAYout : REMove [ : WINDow] command.

Suffix:
<n> Window
Example: LAY :WIND2 :REM
Removes the result display in window 2.
Usage: Event

LAYout:WINDow<n>:REPLace <WindowType>

This command changes the window type of an existing window (specified by the suffix
<n>) in the active channel.

The effect of this command is identical to the LAYout :REPLace [ : WINDow] com-
mand.

To add a new window, use the LAYout : WINDow<n>:ADD? command.

Suffix:
<n> Window

Setting parameters:

<WindowType> Type of measurement window you want to replace another one
with.
See LAYout:ADD[ :WINDow] ? on page 83 for a list of available
window types.

Example: LAY:WIND2:REPL MTAB
Replaces the result display in window 2 with a marker table.

Usage: Setting only
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8.6 Configuring the Frontend

The following commands are necessary to configure the frontend settings.

[SENSE: JFREQUENCY:CENTE ... .uiiieiieiie i et eeeitiie e e e e ettt s e e e eeeaaae e e e e eeetaaeeeeesannaaeeesensnnaaaaees 89
[SENSE:IPOWEIRLEVEL. ...c.etiiaeaeaee e e e e e e e e e e e ettt e s e s s e e e e e e e e aaaaaaeeeeeeeeeerenennns 89
I U S o N B 1= o 1UE- o) o R 89
INPUt<ip>:ATTENUAtIONIAUTO ... ..ceiiiieieeeeeeiiie e e e ettt e e e e e ee e e e e e s eeata e eeeesantaeeaesentannaeeeerenns 90
1N U Lo 7 N S I 7 = TS PP 90

[SENSe:]FREQuency:CENTer <Frequency>

This command defines the nominal frequency.

Parameters:
<Frequency> Range: 0 to fmax

*RST: fmax/2

Default unit: HZ

frax IS specified in the data sheet. min span is 10 Hz
Example: FREQ:CENT 100 MHz

Defines a nominal frequency of 100 MHz.

Manual operation: See "Nominal Frequency" on page 36

[SENSe:]POWer:RLEVel <Power>

This command defines the nominal level.

Parameters:
<Power> Range: -200 to 200
*RST: 0
Default unit: DBM
Example: POW:RLEV -20

Defines a nominal level of -20 dBm.

INPut<ip>:ATTenuation <Attenuation>
This command defines the total attenuation for RF input.

If you set the attenuation manually, it is no longer coupled to the reference level, but
the reference level is coupled to the attenuation. Thus, if the current reference level is
not compatible with an attenuation that has been set manually, the command also
adjusts the reference level.

Suffix:
<ip> 112
irrelevant
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Parameters:

<Attenuation> Range: see data sheet
Increment: 5 dB (with optional electr. attenuator: 1 dB)
*RST: 10 dB (AUTO is set to ON)
Default unit: DB

Example: INP:ATT 30dB

Defines a 30 dB attenuation and decouples the attenuation from
the reference level.

Manual operation: See "Mechanical Attenuator / Value" on page 36

INPut<ip>:ATTenuation:AUTO <State>

This command couples or decouples the attenuation to the reference level. Thus, when
the reference level is changed, the R&S FPS determines the signal level for optimal
internal data processing and sets the required attenuation accordingly.

Suffix:
<ip> 1]2
irrelevant
Parameters:
<State> ON|OFF |01
*RST: 1
Example: INP:ATT:AUTO ON

Couples the attenuation to the reference level.

Manual operation: See "Mechanical Attenuator / Value" on page 36

INPut:GAIN:STATe <State>

This command turns the preamplifier on and off.

If activated, the input signal is amplified by 20 dB.

If option R&S FPS-B22 is installed, the preamplifier is only active below 7 GHz.

If option R&S FPS-B24 is installed, the preamplifier is active for all frequencies.

Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: INP:GAIN:STAT ON

Switches on 20 dB preamplification.

Manual operation: See "Preamplifier (option B22/B24)" on page 37
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8.7 Controlling the Measurement

The following commands are necessary to control the sequence of the phase noise

measurement.

[SENSE:JFREQUENCY:TRACK. .. tttteteeeeeeeeee et eeeee ettt aa e e e e e e e e e e e e aeeaeeeeeeeeeeeeneensnnnnnnnnnnnn 91
[SENSe:]JFREQuency:VERIfy: TOLerance:ABSOIULE........cceeeeeiiirieieiieeeaeaeee e e e e e e eeaeaeeeeeeeeeeens 91
[SENSe:]JFREQuency:VERIfy:TOLerance[:RELAtIVE].........cevvuieieeiiiiiieieeeeeeriee e e e eeeve e e e e eeenns 91
[SENSe:]JFREQUENCY:VERIfY[:STATE]....ietturuitieeieeriiieeeerieriaeseeseetsasesseeessnssessseeraeeeseeensanns 92
RSSO ] @' =T o o RS 92
TN [ 1 0) = I O U 92
[SENSEIIQ:TBW. ..vveveveteeeeeeeeeeeeeeeeeeeseseeeeseseseeseseseeteeeesesesaesesesesesesseststatasesesesaeseneseseseens 93
[SENSe:IPOWer:RLEVEI:VERIfY: TOLEIANCE. ... uuutuuueaaaaaaeeeeeeeeeeeaaeaeeeeeeeeeeeaneneenenenneaae e ens 93
[SENSe:]IPOWer:RLEVEVERIFY[:STATE].....eetteeerrrrrrriririieaaieieseseeeeeeeeesereereesesssssrsrnnnnnnnnnnns 93
[SENSE:IPOWEITRACK. ...ttt ettt eee et et et e e ee e e e e e et s e e e e et e ea e et s eea e et seanaetnseenneesnneen 93
[SENSEIREJECEAM. .. eeeeeeeeeeeee s eee s seeeeeeseseee s seeeeseseseeeeseseseeneseseeeseseseeneseseeenen 94
[SENSE: SWEED:SVFAIME. .. e ceeeeeeeeeseeeeeeeeeeeseeeseeeeseseeeeseseseeeeseseseeseseseeeeseseseeneseseseeseseseees 94

[SENSe:]JFREQuency:TRACk <State>

This command turns frequency tracking on and off.

Parameters:

<State> ON|OFF|1]|0
*RST: 1

Example: FREQ:TRAC OFF

Turns off frequency tracking.

Manual operation: See "Frequency Tracking" on page 38

[SENSe:]JFREQuency:VERIfy:TOLerance:ABSolute <Frequency>
This command defines an absolute frequency tolerance for frequency verification.

If you define both an absolute and relative tolerance, the application uses the higher
tolerance level.

Parameters:
<Frequency> Numeric value in Hz.
Default unit: HZ
Example: FREQ:VER:TOL:ABS 100kHz

Defines a frequency tolerance range of 100 kHz.

Manual operation: See "Verify Frequency" on page 38

[SENSe:]JFREQuency:VERIify:TOLerance[:RELative] <Percentage>

This command defines a relative frequency tolerance for frequency verification.
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If you define both an absolute and relative tolerance, the application uses the higher
tolerance level.

Parameters:

<Percentage> Numeric value in %, relative to the current nominal frequency.
Range: 1 to 100
*RST: 10
Default unit: PCT

Example: FREQ:VER:TOL:REL 12
Defines a frequency tolerance of 12% in relation to the nominal
frequency.

Manual operation: See "Verify Frequency" on page 38

[SENSe:]JFREQuency:VERIfy[:STATe] <State>

This command turns frequency verification on and off.

Parameters:

<State> ON|OFF|1]0
*RST: 1

Example: FREQ:VER ON

Turns on frequency verification.

Manual operation: See "Verify Frequency" on page 38

[SENSe:]IQ:DECimation <State>

This command turns decimation of results on and off.

Parameters:

<State> ON|OFF|1]|0
*RST: 1

Example: IQ:DEC ON

Turns on decimation.

Manual operation: See "Decimation” on page 39

[SENSe:]IQ:DPLL <State>

This command turns the digital PLL on and off.

Parameters:
<State> ON|OFF|1]0
Example: IQ:DPLL ON

Turns the digital PLL on.
Manual operation: See "Digital PLL" on page 39
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[SENSe:]IQ:TBW <Bandwidth>

This command defines the maximum tracking bandwidth (sample rate) for all half deca-

des.

Parameters:

<Bandwidth> Range: 60 mHz to 65.28 MHz
Increment: 10 mHz
*RST: 60 mHz
Default unit: HZ

Example: IQ:TBW 100HZ

Defines a tracking bandwidth of 100 Hz.

Manual operation: See "Max Freq Drift" on page 39

[SENSe:]POWer:RLEVel:VERIify:TOLerance <Level>

This command defines a relative level tolerance for level verification

Parameters:

<Level> Numeric value in dB, relative to the nominal level.
*RST: 10 dB
Default unit: DB

Example: POW:RLEV:TOL 5

Defines a level tolerance of 5 dB.

Manual operation: See "Verify Level" on page 38

[SENSe:]POWer:RLEVel:VERIify[:STATe] <State>

This command turns level verification on and off.

Parameters:

<State> ON|OFF|1]|0
*RST: 1

Example: POW:RLEV:VER ON

Turns on level verification.

Manual operation: See "Nominal Level" on page 36
See "Verify Level" on page 38
See "Level Tracking" on page 39

[SENSe:]POWer:TRACk <State>

Parameters:
<State>
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[SENSe:]REJect:AM <State>

This command turns the suppression of AM noise on and off.

Parameters:
<State> ON|OFF|1]0
Example: REJ:AM ON

Turns AM noise suppression on.

Manual operation: See "AM Rejection” on page 39

[SENSe:]SWEep:SVFailed <State>

This command turns repeated tries to start the measurement if signal verification fails

on and off.

Parameters:

<State> ON | OFF | AUTO
If on, the application tries to verify the signal once and then
aborts the measurement if verification has failed.
*RST: 0

Example: SWE:SVF ON

Stops the measurement if signal verification has failed.

Manual operation: See "On Verify Failed" on page 38

8.8 Configuring the Measurement Range

The following commands are necessary to configure the phase noise measurement

range.

Table 8-4: <range> suffix assignment

Suffix Half Decade

1 1Hz...3Hz

2 3Hz..10Hz

3 10 Hz ... 30 Hz

4 30 Hz ... 100 Hz
5 100 Hz ... 300 Hz
6 300 Hz ... 1 kHz
7 1kHz ... 3kHz

8 3kHz ... 10 kHz
9 10 kHz ... 30 kHz
10 30 kHz ... 100 kHz
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Suffix Half Decade

1" 100 kHz ... 300 kHz

12 300 kHz ... 1 MHz

13 1MHz ... 3 MHz

14 3 MHz ... 10 MHz

15 10 MHz ... 30 MHz

16 30 MHz ... 100 MHz

17 100 MHz ... 300 MHz

18 300 MHz ... 1 GHz

19 1GHz ... 3 GHz

20 3GHz ... 10 GHz

21 30 GHz ... 100 GHz

22 100 GHz ... 300 GHz

[SENSe:]LIST:BWIDth[:RESOIUtION]:RATIO. ceuutteieeieteeeeee et et e et e e e e e e e e e e eaas 95
[SENSE:JFREQUENCY:STARL...cetttitiieteutntuaaaaaaaeaeeeseeeaaaeeeeeerereeeenearerennnnnnnaaaaaaeaeaesaaaaaaeeeees 96
[SENSE:JFREQUENCY:STOP.....iiiiiiitiieeeeeeettiee e e ettt ee e e e e eeetaaeeeeseatta e eeseesanasaaesestanaeasesenen 96
[SENSE:]LIST:BWIDth:RESOIUIONTTYPE ... teveveeteeeeeeeeeeeeeeeeeeeeseeeeesseesseeeeeeseeeeessseeeseseeeens 96
[SENSe:]LIST:RANGe<range>:BWIDth[:RESOIUtION]......c.uiieiiiiiieeiieeie e 97
[SENSe:]LIST:-RANGE<range>:FILTErTYPE.....ccuuieiieeeiiiii e e e eeetieee e e e et e e e e e e e e eeana s 97
[SENSe:LIST:-RANGe<range>:1QWINdOW:TYPE...... oo ees 97
[SENSe:]LIST:RANGe<range>:SWEEP:COUNTL......ccceeeieeeeeeeeiieeeeeeeeeeeee e e e e e e 98
[SENSE:ILIST:SWEEP:COUNTL....cceiieeeeeeeeieeeeeieeeeeeeeiete s se s e e e e e e e e e e aeeeaeeeeeeeeeeeeneennnsnnnnnnan 98
[SENSe:]LIST:SWEEpP: COUNEMULTIPHET . ...ceeitiieeeeeeeiiieieeeeeeiiee e e e e eeete e e e e e eetnteeeeeeesrnaaeeaaees 99
[SENSe:]LIST:SWEep: COUNtMULTIPIEr:STAT . citu ittt eans 99
[SENSE: SWEED:FORWAIG. ... e eeeeeeeeeeeeeeeeeeeeeeseseeeeeeeeeeeeseseseseseeeeeeseseseseseseeeeeeeesesasenanens 99
[SENSE:ISWEED:MODE . ... vveveveeeeeeeeseeeeseseseseeeeesesseseeeeseseeeeseseseesssesesesssesetseseesesereseesenes 100
[SENSE:ISWEEP:COUNL. ....cevevereeeeeeeeeeeeeeeeeeeeseeesesseeseeeseeeeseses st seseeseseesnesesseneeseseeeneneens 100

[SENSe:]LIST:BWIDth[:RESolution]:RATio <Ratio>
This command defines the resolution bandwidth over all half decades.

Parameters:

<Ratio> Numeric value in %.
The resulting RBW is the percentage of the start frequency of
each half decade.
If the resulting RBW is not available, the application rounds to
the next available bandwidth.

Range: 1 to 100

*RST: 10
Default unit: PCT
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Example:

Configuring the Measurement Range

LIST:BWID:RAT 20
Defines a RBW of 20% of the start frequency of the correspond-
ing half decade.

[SENSe:]JFREQuency:STARt <Frequency>

This command defines the start frequency of the measurement range.

Parameters:
<Frequency>

Example:

Manual operation:

Offset frequencies in half decade steps.

Range: 1 Hz to 100 GHz
*RST: 1 kHz
Default unit: HZ

FREQ:STAR 10kHz
Defines a start frequency of 10 kHz.

See "Range Start / Stop" on page 40

[SENSe:]JFREQuency:STOP <Frequency>

This command defines the stop frequency of the measurement range.

Parameters:
<Frequency>

Example:

Manual operation:

Offset frequencies in half decade steps.

Range: 3 Hz to 30 GHz
*RST: 1 MHz
Default unit: HZ

FREQ:STOP 10MHz
Defines a stop frequency of 10 MHz.

See "Range Start / Stop" on page 40

[SENSe:]LIST:BWIDth[:RESolution]:TYPE <Mode>

This command selects the sweep mode for all half decades.

Parameters:
<Mode>

Example:

Manual operation:
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NORMal | FFT | IQFFt

NORMal
Measurement based on spectrum analyzer data.

FFT
Measurement based on spectrum analyzer data. Kept for com-
patibility to R&S FSV.

*RST: Depends on half decade

LIST:BWID:RES:TYPE IQFF
Selects 1/Q analysis mode for all half decades.

See "Global Sweep Mode" on page 42
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Configuring the Measurement Range

[SENSe:]LIST:RANGe<range>:BWIDth[:RESolution] <RBW>

This command defines the resolution bandwidth for a particular half decade.

Suffix:
<range> 1..n
Selects the half decade.
For the suffix assignment see Table 8-4.
Parameters:
<RBW> Note that each half decade has a limited range of available
bandwidths.
*RST: Depends on the half decade
Default unit: HZ
Example: LIST:RANG9:BWID 100Hz
Selects a RBW of 100 Hz for the half decade from 1 kHz to 3
kHz.

Manual operation: See "Global RBW" on page 41
See "Half Decades Configuration Table" on page 43

[SENSe:]LIST:RANGe<range>:FILTer: TYPE <Mode>

This command selects the sweep mode for a particular half decade.

Suffix:
<range> 1..n
Selects the half decade.
For the suffix assignment see Table 8-4.
Parameters:
<Mode> NORMal
Measurement based on spectrum analyzer data.
FFT
Measurement based on spectrum analyzer data. Kept for com-
patibility to R&S FSV.
IQFFt
Measurement based on 1/Q data.
*RST: Depends on half decade
Example: LIST:RANGO:FILT:TYPE FFT

Selects FFT analysis for the ninth half decade.

Manual operation: See "Half Decades Configuration Table" on page 43

[SENSe:]LIST:RANGe<range>:1QWindow:TYPE <WindowFunction>
This command selects the window function for a particular half decade.

Window functions are available for I/Q sweep mode.
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Suffix:
<range>

Parameters:
<WindowFunction>

Example:

Manual operation:

Configuring the Measurement Range

1..n
Selects the half decade.
For the suffix assignment see Table 8-4.

RECTangular | GAUSsian | CHEByshev | BHARris | SWEPt
*RST: Depends on the half decade
LIST:RANG:IQW:TYPE BHAR

Selects the Blackman Harris window function for the first half
decade.

See "Global 1/Q Window" on page 42
See "Half Decades Configuration Table" on page 43

[SENSe:]LIST:RANGe<range>:SWEep:COUNt <Measurements>

This command defines the number of measurements included in the averaging for a

half decade.

Suffix:
<range>

Parameters:

<Measurements>

Example:

Manual operation:

1..n
Selects the half decade.
For the suffix assignment see Table 8-4.

Range: 1 to 10000
*RST: Depends on the half decade

LIST:RANG9:SWE:COUN 15
Includes 15 measurements in the averaging of the ninth half
decade.

See "Half Decades Configuration Table" on page 43

[SENSe:]LIST:SWEep:COUNt <Averages>

This command defines the number of measurements to be included in the averaging
for each and all half decades.

Parameters:
<Averages>

Example:

Manual operation:
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Range: 1 to 10000
*RST: Depends on the half decade.

LIST:SWE:COUN 20
Defines 20 averages for all half decades.

See "Global Average Count” on page 41
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[SENSe:]LIST:SWEep:COUNt:MULTiplier <Multiplier>

This command defines a multiplier that is applied to the average count in each half
decade.

Before you can use the command you have to turn on the multiplier with [SENSe :
JLIST:SWEep:COUNt:MULTiplier.

Parameters:
<Multiplier>

Example: LIST:SWE:COUN:MULT:STAT ON
LIST:SWE:COUN:MULT 5
Turns on the multiplier and multiplies the averages by 5.

Manual operation: See "Multiplier" on page 42

[SENSe:]LIST:SWEep:COUNt:MULTiplier:STATe <State>

This command turns a multiplier that is applied to the average count in each half dec-
ade on and off.

Parameters:

<State> ON|OFF|1]0
*RST: 0

Example: See [SENSe:]LIST:SWEep:COUNt:MULTiplier:STATe
on page 99.

Manual operation: See "Multiplier" on page 42

[SENSe:]SWEep:FORWard <State>
This command selects the measurement direction.

Specifies the sweep direction. When switched on the sweep direction is from the start
frequency to the stop frequency. When switched off the sweep direction is reversed

Parameters:

<State> ON |1
Measurements in forward direction.
The measurements starts at the smallest offset frequency.
OFF | 0
Measurement in reverse direction.
The measurement starts at the highest offset frequency.
*RST: 0

Example: SWE : FORW ON
Selects forward measurements.

Manual operation: See "Sweep Forward" on page 41
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[SENSe:]SWEep:MODE <Mode>

This command selects the type of measurement configuration.

Parameters:
<Mode> AVERage
Selects a measurement configuration optimized for quality
results.
FAST
Selects a measurement configuration optimized for speed.
NORMal
Selects a balanced measurement configuration.
*RST: NORMal

Manual operation: See "Presets” on page 41

[SENSe:]SWEep:COUNt <SweepCount>

This command defines the number of sweeps that the application uses to average
traces.

In continuous sweep mode, the application calculates the moving average over the
average count.

In single sweep mode, the application stops the measurement and calculates the aver-
age after the average count has been reached.

Parameters:

<SweepCount> If you set a sweep count of 0 or 1, the R&S FPS performs one
single sweep.
Range: 0 to 200000
*RST: 200

Example: SWE : COUN 64

Sets the number of sweeps to 64.
INIT:CONT OFF

Switches to single sweep mode.
INIT; *WAT

Starts a sweep and waits for its end.

Manual operation: See " Sweep/Average Count " on page 44

8.9 Using Limit Lines

The following commands are necessary to set up and configure limit lines.

e Using Phase Noise Limit LINES.....cccceiiiiiiiiiiii e 101
o Using Standard Limit LINES.........ueiiiiiiiiiiiieie e e e 103
e Creating and Editing Standard Limit LiNeS........c.cveiiiiiiiiiini e 108
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Using Limit Lines

8.9.1 Using Phase Noise Limit Lines

CALCUIate<n>:PNLIMIt:COPY SK>.......cciiieeeeiiiieeininnnnraaaseaeeeeeesaaaaaaeseserereseesesssnsnsnnnnnnnnn 101
CALCUIate:PNLIMIt:FCT SFrEQUENCY™.....ccvvteeeeeeeeietieeeeeeetiaeeeeeeeetnaeseeseessnaeeaesersnnnaeaasens 101
CALCulate:PNLIMit:FC2 <FreQUENCY>.......ccceieiieeeeeeeeeieieieieeeeeseseseeeeeeaaaaeaaeeeeseeeeesessnnes 101
CALCulate:PNLIMit:FC3 <SFreQUENCY>.....cciiieieieeeieiiiieieieiei e aa e e e e e e e e e e e e aaeaaaeeeeeeeeeaanenees 101
CALCulate:PNLIMit:FC4 <SFreqUENCY>......cceeeeeieeeeeeeieeeeieieieeeeeaaaaaae e e e e e e eeaaaeaaeeeeeeeeeennnanees 101
CALCulate<n>:PNLIMItIFC<T 10 5> ..iuuiiiiiiiiiiii et e e e e e et s e e e e e eenn e e eaeens 101
CALCUIate<n>:PNLIMItINOISE.....uuuuuuuiaiiaieieieeeeeeeeeeeeeeeeeeeeeeeeeaaasanaaanseeeeseeaaaaaaaaeeenene 101
CALCUIate<n>:PNLIMItTRACE. ...ttt ieeeeeeeeetetetnteuaesaaese e e e e eeasaaaaaaeterereeeesaarerenrnsnnn s 102
CALCUIate<n>: PNLIMIit TY PE ... eans 102
CALCuUIate<n>:PNLIMIt:FAIL?. ... ettt et e e e et e e e e e e e e enaas 103
CALCulate<n>:PNLimit:SLOPE<SEGMENT>..... .. e 103

CALCulate<n>:PNLimit:COPY<k>

Creates a new user limit line from the data of a phase noise limit line.

Suffix:

<n> 1..n
Number of the limit line the phase noise limit line is copied to. An
existing limit line in that slot is overwritten.

<k> 1..n

Example: CALC:PNL:COPY?2

Copies the phase noise limit line to limit line 3.

Manual operation: See "Copy to User Limit Line" on page 58

CALCulate:PNLimit:FC1 <Frequency>
CALCulate:PNLimit:FC2 <Frequency>
CALCulate:PNLimit:FC3 <Frequency>
CALCulate:PNLimit:FC4 <Frequency>
CALCulate<n>:PNLimit:FC<1 to 5> <CornerFrequency>

This command sets the corner frequency of a phase noise limit line.

Suffix:

<> 1..n
<1 to 5> 1t05
Parameters:

<CornerFrequency> Default unit: Hz

Manual operation: See "Range x - Range y" on page 58
CALCulate<n>:PNLimit:NOISe <NoiselLevel>

This command defines the noise floor level of the DUT.

The noise floor level is necessary for the calculation of a phase noise limit line.
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Suffix:
<n> 1..n
Parameters:
<NoiselLevel> Range: -200 to 200
*RST: 0
Default unit: dBm/Hz
Example: CALC:PNL:NOIS -150

Defines a noise floor level of 150 dBm/Hz.

Manual operation: See "Noise Floor" on page 57

CALCulate<n>:PNLimit:TRACe <Trace>...

This command selects the trace to assign a phase noise limit line to.

Suffix:

<n> 1..n

Parameters:

<Trace> Range: 1to 6
*RST: -

Example: CALC:PNL:TRAC 1

Assigns the phase noise limit line to trace 1.

Manual operation: See "Selected Traces" on page 57

CALCulate<n>:PNLimit:TYPE <Shape>

This command selects the shape of a phase noise limit line.

Suffix:

<n> 1..n

Parameters:

<Shape> NONE | FC1 | FC2 | FC3 | FC4 | FC5
FC1
Limit line defined by the noise floor and 1 corner frequency.
FC2
Limit line defined by the noise floor and 2 corner frequencies.
FC3
Limit line defined by the noise floor and 3 corner frequencies.
FC4
Limit line defined by the noise floor and 4 corner frequencies.
FC5
Limit line defined by the noise floor and 5 corner frequencies.
NONE
No limit line.
*RST: NONE
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8.9.2

Using Limit Lines

Example: CALC:PNL:TYPE FC2
Selects a limit line with 2 corner frequencies.

Manual operation: See "Phase Noise Limit Line" on page 57

CALCulate<n>:PNLimit:FAIL?
This command queries the limit check results for phase noise limit lines.

Suffix:
<n> 1..n

Return values:
<LimitCheck> 1
Limit check has passed.

0
Limit check has failed.

Example: CALC:PNL:FAIL?
Queries the limit check result.

Usage: Query only

CALCulate<n>:PNLimit:SLOPe<segment> <Slope>

This command defines the slope for a phase noise limit line segment.

Suffix:
<n> 1..n
<segment> 1..n
Selects the limit line segment.
Parameters:
<Slope> Level distance from the left border of the limit line segment to
the previous one.
*RST: 10
Default unit: dB
Example: CALC:PNL:SLOP2 20

Defines a slope of 20 dB for the second limit line segment.

Manual operation: See "Range x - Range y" on page 58

Using Standard Limit Lines

CALCUIAtE<N> LIMIt<II> ACTIVE 2. . et ee e et e et e et e e e e e e e e e e e e e e e e e e e e enneeeean 104
CALCulate<n>:LIMit<li>:CLEQr[:IMMEIAte].....ceerrrrrrrrurnnnaaaaaieeeeeeeeeeeaeaeeeereeeeeeeeeeeennnnnnnnnns 104
CALCUIate<N>:LIMIt<II>ICOPY ...t ieiiie ettt e e e e ettt e s e e e e e et e e e e e e eat e e e e e eeraaaeaaees 104
CALCUIAte<N>: LIMIt<Ii>:DELEE. .. .cccevvreiieeeeeetiieeeee et e e e eetie e e e e e eeaae s e e e e eeaaaeeeeseenbanenns 105
(OF A M O] =) (=2 g Bt I V1) S e AN | RN 105
CALCUIate<N>:LIMIt<IIZINAME. ...ttt ettt e e e e e a e eaeneeeneenas 105
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CALCUIate<N>  LIMit<li> L OV S T AT . et te ettt e e e e e ae e e s s e e s e enrenenenas 106
(07 A M O] F=) (SR g B I V1) O e 3 /AN = TS 106
CALCulate<n>:LIMIt<li>TRACESE>......cc et e et e e e e e e e e e e eeeean 107
CALCulate<n>:LIMit<li>TRACE<t>CHECK......cceetuieeeeeeeeeeeeee et e e e e e e e eeeeans 107
CALCUIate<n>:LIMIt<Ii>:UPPEI:STATE. ....cuuuieeeeeeeetieeeeeeetiieeeeeeeestaseesesetaaeeeeseestaseeeeeesnns 107

CALCulate<n>:LIMit<li>:ACTive?

This command queries the names of all active limit lines.

Suffix:
<n> irrelevant
<li> irrelevant

Return values:

<LimitLines> String containing the names of all active limit lines in alphabeti-
cal order.
Example: CALC:LIM:ACT?

Queries the names of all active limit lines.
Usage: Query only

Manual operation: See "Visible" on page 59

CALCulate<n>:LIMit<li>:CLEar[:IMMediate]
This command deletes the result of the current limit check.

The command works on all limit lines in all measurement windows at the same time.

Suffix:

<n> Window

<li> irrelevant
Example: CALC:LIM:CLE

Deletes the result of the limit check.

CALCulate<n>:LIMit<li>:COPY <Line>

This command copies a limit line.

Suffix:

<n> Window
<li> Limit line
Parameters:

<Line> 1t0 8

number of the new limit line

<name>
String containing the name of the limit line.
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Example: CALC:LIMI1:COPY 2
Copies limit line 1 to line 2.
CALC:LIMI1:COPY 'FM2'
Copies limit line 1 to a new line named FM2.

Manual operation: See "New / Edit / Copy To" on page 60

CALCulate<n>:LIMit<li>:DELete

This command deletes a limit line.

Suffix:
<n> Window
<li> Limit line

Manual operation: See "Delete" on page 60

CALCulate<n>:LIMit<Ili>:FAIL?
This command queries the result of a limit check in the specified window.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single sweep mode.

See also INITiate<n>:CONTinuous on page 79.

Suffix:
<n> Window
<li> Limit line

Return values:

<Result> 0

PASS

1

FAIL
Example: INIT; *WAT

Starts a new sweep and waits for its end.
CALC2:LIM3:FAIL?

Queries the result of the check for limit line 3 in window 2.
Usage: Query only

Manual operation: See "Check Traces" on page 59

CALCulate<n>:LIMit<li>:NAME <Name>

This command selects a limit line that already exists or defines a name for a new limit
line.

Suffix:
<n> Window
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<li> Limit line
Parameters:
<Name> String containing the limit line name.
*RST: REM1 to REMS for lines 1 to 8

Manual operation: See "New / Edit / Copy To" on page 60
See "Name" on page 61

CALCulate<n>:LIMit<li>:LOWer:STATe <State>
This command turns a lower limit line on and off.

Before you can use the command, you have to select a limit line with CALCulate<n>:
LIMit<1i>:NAME on page 105.

Suffix:

<n> irrelevant

<[li> Limit line

Parameters:

<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1

Switches the function on

Manual operation: See "Visible" on page 59

CALCulate<n>:LIMit<li>:STATe <State>
This command turns the limit check for a specific limit line on and off.
To query the limit check result, use CALCulate<n>:LIMit<1i>:FATL?.

Note that a new command exists to activate the limit check and define the trace to be
checked in one step (see CALCulate<n>:LIMit<1li>:TRACe<t>:CHECk
on page 107).

Suffix:
<n> irrelevant
<li> Limit line
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: CALC:LIM:STAT ON

Switches on the limit check for limit line 1.
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Manual operation: See "Check Traces" on page 59

CALCulate<n>:LIMit<li>:TRACe<t> <TraceNumber>
This command links a limit line to one or more traces.

Note that this command is maintained for compatibility reasons only. Limit lines no lon-
ger need to be assigned to a trace explicitly. The trace to be checked can be defined
directly (as a suffix) in the new command to activate the limit check (see
CALCulate<n>:LIMit<1li>:TRACe<t>:CHECk on page 107).

Suffix:

<n> Window

<li> Limit line

<t> irrelevant

Example: CALC:LIM2:TRAC 3

Assigns limit line 2 to trace 3.

Manual operation: See "Check Traces" on page 59

CALCulate<n>:LIMit<li>:TRACe<t>:CHECk <State>
This command turns the limit check for a specific trace on and off.
To query the limit check result, use CALCulate<n>:LIMit<1i>:FATIL?.

Note that this command replaces the two commands from previous signal and spec-
trum analyzers (which are still supported, however):
® CAlLCulate<n>:LIMit<li>:TRACe<t> on page 107

® CALCulate<n>:LIMit<li>:STATe on page 106

Suffix:
<n> Window
<li> Limit line
<t> Trace
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: CALC:LIM3:TRAC2:CHEC ON

Switches on the limit check for limit line 3 on trace 2.

CALCulate<n>:LIMit<li>:UPPer:STATe <State>

This command turns an upper limit line on and off.
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Using Limit Lines

Before you can use the command, you have to select a limit line with CALCulate<n>:
LIMit<1i>:NAME on page 105.

Suffix:

<n> irrelevant

<li> Limit line

Parameters:

<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1

Switches the function on

Manual operation: See "Visible" on page 59

Creating and Editing Standard Limit Lines

CALCulate<n>:LIMit<li>:COMMENL.........uceeiereeeeeeee et ee e et e e e e e e e e e e e e e e aaeeeerans 108
CALCulate<n>:LIMit<li>:CONTIOI:DATA]. ...ceui ettt e e e e e e e eaas 108
CALCulate<n>:LIMit<li>:CONTIOLSHIFL.....cciiiii e e e e 109
CALCulate<n>:LIMIt<li>:LOWEI :DAT AL .. ittt e e eeas 109
CALCulate<n>:LIMit<li>:LOWEIMODE........ccciiitiiieiieiei e ae e s e e e eennes 110
CALCulate<n>:LIMit<li>:LOWEISHIFL. ...t e e 110
CALCulate<n>:LIMit<li>:UPPEIrIMODE.........ccceuuieeeeeeeeeee e et e et e et e e e e eeaeeeeanaeees 110
CALCuUlate<n>:LIMit<li>:UPPEIT:DATA]. ..ceutuuuuruuunnunaaaaaaaaeaeeeseeaaaaaeeeereeeeeeernnersnnnsnnnnnnnaanans 111
CALCulate<n>:LIMit<li>UPPEr:SHIFL......ccuiiiiieii e e e e e e e a e aeenes 111

CALCulate<n>:LIMit<li>:COMMent <Comment>

This command defines a comment for a limit line.

Suffix:

<n> irrelevant

<li> Limit line

Parameters:

<Comment> String containing the description of the limit line.

Manual operation: See "Comment" on page 61

CALCulate<n>:LIMit<li>:CONTrol[:DATA] <LimitLinePoints>

This command defines the horizontal definition points of a limit line.

Suffix:
<n> irrelevant
<li> Limit line
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Parameters:
<LimitLinePoints>

Manual operation:

Using Limit Lines

Variable number of x-axis values.

Note that the number of horizontal values has to be the same as
the number of vertical values set with CATL.Culate<n>:
LIMit<1li>:LOWer [:DATA] or CALCulate<n>:LIMit<li>:
UPPer [ : DATA]. If not, the R&S FPS either adds missing values
or ignores surplus values.

The unit is Hz.

*RST: -

Default unit: HZ

See "Data Points" on page 62

CALCulate<n>:LIMit<li>:CONTrol:SHIFt <Distance>

This command moves a complete limit line horizontally.

Compared to defining an offset, this command actually changes the limit line definition
points by the value you define.

Suffix:
<n>

<li>

Parameters:
<Distance>

Manual operation:

irrelevant
Limit line

Numeric value.
The unit depends on the scale of the x-axis.

Default unit: HZ
See "Shift X" on page 62

CALCulate<n>:LIMit<li>:LOWer[:DATA] <LimitLinePoints>

This command defines the vertical definition points of a lower limit line.

Suffix:
<n>

<li>

Parameters:
<LimitLinePoints>

Manual operation:
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irrelevant

Limit line

Variable number of level values.

Note that the number of vertical values has to be the same as
the number of horizontal values set with CATL.Culate<n>:
LIMit<l1i>:CONTrol[:DATA]. If not, the R&S FPS either
adds missing values or ignores surplus values.

*RST: Limit line state is OFF

Default unit: DBM

See "Data Points" on page 62
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CALCulate<n>:LIMit<li>:LOWer:MODE <Mode>

This command selects the vertical limit line scaling.

Suffix:

<n> Window
<li> Limit line
Parameters:

<Mode> ABSolute

Limit line is defined by absolute physical values.
The unit is variable.

RELative

Limit line is defined by relative values related to the reference
level (dB).

*RST: ABSolute

Manual operation: See "X-Axis" on page 61

CALCulate<n>:LIMit<li>:LOWer:SHIFt <Distance>
This command moves a complete lower limit line vertically.

Compared to defining an offset, this command actually changes the limit line definition
points by the value you define.

Suffix:

<n> Window

<li> Limit line

Parameters:

<Distance> Defines the distance that the limit line moves.

Default unit: DB
Manual operation: See "Shift Y" on page 62

CALCulate<n>:LIMit<li>:UPPer:MODE <Mode>

This command selects the vertical limit line scaling.

Suffix:

<n> Window
<li> Limit line
Parameters:

<Mode> ABSolute

Limit line is defined by absolute physical values.
The unit is variable.
RELative

Limit line is defined by relative values related to the reference
level (dB).
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*RST: ABSolute

Manual operation: See "X-Axis" on page 61

CALCulate<n>:LIMit<li>:UPPer[:DATA] <LimitLinePoints>

This command defines the vertical definition points of an upper limit line.

Suffix:

<n> irrelevant
<li> Limit line
Parameters:

<LimitLinePoints> Variable number of level values.
Note that the number of vertical values has to be the same as
the number of horizontal values set with CALCulate<n>:
LIMit<li>:CONTrol[:DATA]. If not, the R&S FPS either
adds missing values or ignores surplus values.
*RST: Limit line state is OFF
Default unit: DBM

Manual operation: See "Data Points" on page 62

CALCulate<n>:LIMit<li>:UPPer:SHIFt <Distance>
This command moves a complete upper limit line vertically.

Compared to defining an offset, this command actually changes the limit line definition
points by the value you define.

Suffix:

<n> irrelevant

<li> Limit line

Parameters:

<Distance> Defines the distance that the limit line moves.

Manual operation: See "Shift Y" on page 62

8.10 Graphical Display of Phase Noise Results

The following commands are necessary to set up and configure the graphical phase
noise result displays.

CALCulate<n>:MATH<t>[:EXPReSSION][:DEFINE].......cceetrrririreinrnniaaaaaeaeeeeeeeeeeeaeeeeeeeeeeeenes 112
CALCUIatE<N>IMATHSEZ IS TATE. ..ttt e e e e e e eeee et eeeee et rs e s e s e e e e e e e aaaeeeeeeeeeeeeeeeernrnnnnnnnnnn 113
DISPlay[:WINDoW<N>]:TRACE<tI>IMODE........ciiiiiiiiiieeeeeeeiice e eeeeeeteeeeeeeeanteseeeeesbanaaeaeens 113
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:SMOothing:APERture.............ccc..ceu... 113
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:SMOOthing[:STATE].....evevrvreeerrereeeen. 114
DISPlay[:WINDow<n>]:-TRACe<t>:SMOothing:TYPE.......cu e 114
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DISPlay[:WINDow<n>]:-TRACe<t>:SPURS:SUPPIesS. ......ccciiiiiiiieii e 115
DISPlay[:WINDow<n>][:SUBWINdow<w>]: TRACE<tS[:STATE]. v veeereerereeeereesereesereeseseeseneen. 115
DISPlay[:WINDow<n>]:-TRACe<t>:X[:SCALE]:HDECAdE..........ceereerirrrrrreereinriiaeaaee e 115
DISPlay[:WINDow<n>]:-TRACEe<t>:X[:SCALE[:SCOPE........ceereirrrrerreininrnnnaaaaaa e e e e eeeanaaaaaans 116
DISPlay[:WINDow<n>]:TRACEe<t>:X[:SCALE:STARL.......ccetrirreeeeeereininnrrrrrs e e e e e e e aaaaees 116
DISPlay[:WINDow<n>]:TRACE<t> X[:SCALEI:STOP.....cceeiietreieeeeeeeetieeeeeeeeriee e e e e eeraaeeaes 117
DISPIay[:WINDOWSN>]: TRACESE Y [:SCALE]. ... vreeeeeeereesereesereeseseeseseeseseesessesessessesessesenes 117
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:AUTO.. .. ittt 118
DISPlay[: WINDOw<n>]: TRACE<t>:Y[: SCALEI:MANUAL c....vvveeeeeereeeeeeeeeeeeseeeeeesseeeeeeseseeeas 118
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALEJ:RLEVEL. ....ccceiieieeeieeieeieeeeeeeeeeeeee e 119
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE:RLEVEL:LOWET.......ccceeeieecrririreeeeeeee e e e e e 119
DISPlay[:WINDow<n>]:-TRACe<t>:Y[:SCALE]:RLEVEI:OFFSet.......uuceeiiieieieieiiiieeeeeeeeeeeeeenes 119
FORMat:DEXPOIt:DSEPAIAtON. ... ceeeeeieiaeeeieaatitieeeeeeaae e e e e s eebesee et e e e e e e e e e e s aannbeeeeeeeaaaeeas 120
FORMaAt:DEXPOIHEADET ... ettt ettt et e e et e e e e e e e e e e e ee e eenns 120
FORMaAt:DEXPOIETRACES. ..ttt ettt ettt ettt e e e et e e e e e e et e et e eae e e eenns 120
FORMat:DIMPOIMTRACES. ....coiiiiiieteieiiiiit i eaaaaaeieeeeeeeaeaaaeeeeeeeeeeeeraratata i aaaeaaaaaaaeees 121
FORMat: DEXP O XDISHID. 11 ieieeeeetie i e e e et e e ettt e e e e e ettt e e e e e e e tee e e e e e eetae e e e e eeannnneaeeeees 121
MMEMOIY:LOAD KNS TRACE. 1.1 uuuuuueieeeeeeieeeeeeeeeieeeeeeeeeeererttrsbar e ieseseeeaeasaesesserereresrens 122
MMEMOTY:STORESNZTRACE. ...t e i eiiietiieeeeeeeetiee e e ettt ie e e e e e ettt e e eeesestaeeeeeesataaeaeserrannnnns 122
[SENSE:ISPURS:SUPPIESS. ....cccetuuiieeieittieeeeeieetteaeeeeeeetteeeeeeeetaaaseeesestaaeseeseestaaaaeeseernns 122
[SENSE:]SPURS:THRESNOIA. ...ttt ettt e e e e e e e e e eea e 122
TRACESNZICOPY .ttt e e et e et e et et e et e e e et e e a e e e e e e aeaaaeaas 123
TRACESNSTDATA .t eeeeeeeeeeeeeeeeeeee s eeseeresese et seseeeeseseseesseseseeseeeseseeneeesseneeeesnnens 123

CALCulate<n>:MATH<t>[:EXPRession][:DEFine] <Expression>
This command selects the mathematical expression for trace mathematics.

Before you can use the command, you have to turn trace mathematics on.

Suffix:
<n> Window
<t> irrelevant
Parameters:
<Expression> (TRACE1-TRACE2)
Subtracts trace 2 from trace 1.
(TRACE1-TRACE?3)
Subtracts trace 3 from trace 1.
(TRACE1-TRACE4)
Subtracts trace 4 from trace 1.
Example: CALC:MATH:STAT ON

Turns trace mathematics on.
CALC:MATH:EXPR:DEF (TRACE1-TRACE3)
Subtracts trace 3 from trace 1.

Manual operation: See " Trace Math Function " on page 54
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CALCulate<n>:MATH<t>:STATe <State>

This command turns the trace mathematics on and off.

Suffix:
<n> Window
<t> irrelevant
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: CALC:MATH:STAT ON

Turns on trace mathematics.

Manual operation: See " Trace Math Function " on page 54
See " Trace Math Off " on page 54

DISPlay[:WINDow<n>]:TRACe<t>:MODE <Mode>

This command selects the trace mode. If necessary, the selected trace is also activa-
ted.

Suffix:

<n> Window

<t> Trace

Example: INIT:CONT OFF

Switching to single sweep mode.
SWE:COUN 16

Sets the number of measurements to 16.
DISP:TRAC3:MODE WRIT

Selects clear/write mode for trace 3.
INIT; *WAT

Starts the measurement and waits for the end of the measure-
ment.

Manual operation: See " Trace Mode " on page 49

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:SMOothing:APERture
<Aperture>

This command defines the degree (aperture) of the trace smoothing, if DISPlay]|:
WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:SMOothing[:STATe] TRUE.

Suffix:
<n> Window
<w> subwindow
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<t> Trace

Parameters:

<Aperture> Range: 1 to 50
*RST: 2

Default unit: PCT

Example: DISP3:TRAC2:SMO:APER 5
Defines an aperture of 5% for trace 2 in window 3

Manual operation: See " Smoothing " on page 50

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:SMOothing[:STATe] <State>
This command turns trace smoothing for a particular trace on and off.

If enabled, the trace is smoothed by the value specified using DISPlay | :
WINDow<n>] [ : SUBWindow<w>] : TRACe<t>:SMOothing:APERture on page 113.

Suffix:
<n> Window
<w> subwindow
<t> Trace
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: DISP3:TRAC2:SMO ON

Turns on trace smoothing for trace 2 in window 3

Manual operation: See " Smoothing " on page 50

DISPlay[:WINDow<n>]:TRACe<t>:SMOothing:TYPE <Type>

This command selects the trace smoothing method.

Suffix:

<n> 1..n

<t> 1..n
Trace

Parameters:

<Type> LINear | LOGarithmic | MEDian
LINear
Linear smoothing.
LOGarithmic

Logarithmic smoothing.
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MEDian
Median smoothing.

*RST: LIN

Example: DISP:TRAC2:SMO:TYPE LIN
Selects linear smoothing for trace 2.

DISPlay[:WINDow<n>]:TRACe<t>:SPURs:SUPPress <State>

This command turns spur removal for a specific trace on and off.

Suffix:

<n> Window

<t> Trace
Parameters:

<State> ON|OFF|1]|0

*RST: OFF

DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>[:STATe] <State>
This command turns a trace on and off.

The measurement continues in the background.

Suffix:
<n> Window
<w> subwindow
Not supported by all applications
<t> Trace
Example: DISP:TRAC3 ON

Manual operation: See " Trace 1/ Trace 2/ Trace 3/ Trace 4 / Trace 5/ Trace 6 "
on page 49

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:HDECade <HalfDecade>
This command selects the half decade to be displayed.

Before you can use the command you have to select the half decade scope for the x-
axis with DISPlay [ :WINDow<n>] : TRACe<t>:X[:SCALe] : SCOPe.

Suffix:
<n> 1..n
<t> 1..n
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Parameters:

<HalfDecade> Start offset frequency of the half decade you want to display.
Note that the half decade you want to display has to be part of
the current measurement range.
Range: 1Hz to 100 GHz
*RST: Half decade display is off.
Default unit: HZ

Example: DISP:TRAC:X:HDEC 1KHZ
Displays the half decade beginning with 1 kHz.

Manual operation: See "Half Decade" on page 48

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:SCOPe <Scope>

This command selects the way the application scales the horizontal axis.

Suffix:

<n> 1..n

<t> 1..n

Parameters:

<Scope> MRANge | HDECades | MANual
MRANge
Shows the complete measurement range.
HDECade
Shows a particular half decade only.
You can select a particular half decade with .
MANual
Shows a custom part of the measurement range.
You can select the start and stop offsets with .
*RST: MRANGe

Example: DISP:TRAC:X:SCOP MRAN

Shows the complete measurement range on the x-axis.

Manual operation: See "X-Axis Scope" on page 47

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:STARt <StartFrequency>
This command selects the start frequency of the display range.

Before you can use the command you have to select a manual display range for the x-
axis with DISPlay [ :WINDow<n>] : TRACe<t>:X[:SCALe] : SCOPe.

Suffix:
<n> 1..n
<t> 1..n
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Parameters:

<StartFrequency> Start offset frequency of a half decade.
Note that the start offset you want to display has to be part of the
current measurement range.

Range: 100 mHz to 3 GHz
*RST: Manual display range is OFF
Default unit: HZ

Example: DISP:TRAC:X:STAR 100HZ
Defines 100 Hz as the start of the display range.

Manual operation: See "X-Axis Start / Stop" on page 48

DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALe]:STOP <StopFrequency>
This command selects the stop frequency of the display range.

Before you can use the command you have to select a manual display range for the x-
axis with DISPlay [ :WINDow<n>] : TRACe<t>:X[:SCALe] : SCOPe.

Suffix:

<n> 1..n
<t> 1..n
Parameters:

<StopFrequency> Stop offset frequency of a half decade.
Note that the stop offset you want to display has to be part of the
current measurement range.

Range: 300 mHz to 10 GHz
*RST: Manual display range is OFF
Default unit: HZ

Example: DISP:TRAC:X:STOP 3KHZ
Defines 3 kHz as the end of the display range.

Manual operation: See "X-Axis Start / Stop" on page 48

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe] <Range>

This command defines the display range of the y-axis.

Suffix:
<n> 1..n
Window
<t> irrelevant
Parameters:
<Range> Default unit: dBc / Hz

Manual operation: See "Top / Range / Bottom" on page 48
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DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:AUTO <Mode>

This command turns automatic scaling of the vertical axis on and off.

Suffix:
<n> 1..n
<t> 1..n
Parameters:
<Mode> ON
Automatic scaling is on.
OFF
Automatic scaling is off.
ONCE
Automatic scaling is performed once, then turned off again.
*RST: ON
Example: DISP:WIND2:TRAC:Y:SCAL:AUTO ONCE

Scales the vertical axis once.

Manual operation: See "Y Axis Scaling" on page 48

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:MANual <Mode>
This command selects the type of manual scaling of the vertical axis.

Suffix:
<n> 1..n

<t> 1..n

Parameters:
<Mode> OFF | TBOTtom | TRANge | BRANge

OFF

Turns manual scaling of the y-axis off.

TBOTtom

Scaling based on the values on the bottom and top of the dia-
gram.

BRANge

Scaling based on the value at the bottom of the diagram and the
axis range.

TRANge

Scaling based on the value at the top of the diagram and the
axis range.

*RST: ON

Example: DISP:WIND2:TRAC:Y:SCAL:MAN TRAN
Scaling of the vertical axis based on the top and the range of the
axis.

Manual operation: See "Y Axis Scaling" on page 48
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DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel <Reference>
This command defines the reference value or upper border of the diagram area.

Note that you have to select manual y-axis scaling before you can use the command.

Suffix:

<n> 1..n

<t> 1..n

Parameters:

<Reference> Range: -200 to O
*RST: -20
Default unit: DBC/HZ

Example: DISP:TRAC:Y:RLEV -50

Defines a reference value of -50 dBc/Hz.

Manual operation: See "Top / Range / Bottom" on page 48

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel:LOWer <LowerReference>
This command defines the reference value or upper border of the diagram area.

Note that you have to select manual y-axis scaling before you can use the command.

Suffix:
<n> 1..n
<t> 1..n
Parameters:
<LowerReference> Range: -400 to 1
*RST: -120
Default unit: DBC/HZ
Example: DISP:TRAC:Y:RLEV:LOW -100

Sets the bottom of the diagram to .100 dBc/Hz.

Manual operation: See "Top / Range / Bottom" on page 48

DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel:OFFSet <Offset>

This command defines the trace offset.

Suffix:

<n> 1..n

<t> 1..n

Parameters:

<Offset> Range: -200 to 200

*RST: 0dB
Default unit: DB
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Example: DISP:TRAC:Y:RLEV:OFFS -10
Defines a trace offset of -10 dB.

Manual operation: See "Trace Offset" on page 49

FORMat:DEXPort:DSEParator <Separator>

This command selects the decimal separator for data exported in ASCI| format.
Parameters:

<Separator> POINt | COMMa

COMMa
Uses a comma as decimal separator, e.g. 4,05.

POINt
Uses a point as decimal separator, e.g. 4.05.

*RST: *RST has no effect on the decimal separator.
Default is POINt.

Example: FORM:DEXP:DSEP POIN
Sets the decimal point as separator.

Manual operation: See " Decimal Separator " on page 52

FORMat:DEXPort:HEADer <State>

If enabled, additional instrument and measurement settings are included in the header
of the export file for result data. If disabled, only the pure result data from the selected
traces and tables is exported.

Parameters:
<State> ON|OFF |01
*RST: 1

Manual operation: See " Include Instrument & Measurement Settings " on page 52

FORMat:DEXPort:TRACes <Selection>

This command selects the data to be included in a data export file (see MMEMory :
STORe<n>:TRACe on page 122).

Parameters:

<Selection> SINGle | ALL
SINGle
Only a single trace is selected for export, namely the one speci-
fied by the MMEMory : STORe<n>: TRACe command.
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ALL

Selects all active traces and result tables (e.g. Result Summary,
marker peak list etc.) in the current application for export to an
ASCII file.

The <trace> parameter for the MMEMory : STORe<n>: TRACe
command is ignored.

*RST: SINGle

See " Export all Traces and all Table Results " on page 52

FORMat:DIMPort:TRACes <Selection>

This command selects the data to be included in a data import file (see MMEMory :
LOAD<n>:TRACe on page 122).

Parameters:
<Selection>

Manual operation:

SINGIe | ALL

SINGle
Only a single trace is selected for import, namely the one speci-
fied by the MMEMory : LOAD<n>:TRACe on page 122 command.

ALL

Imports several traces at once, overwriting the existing trace
data for any active trace in the result display with the same trace
number. Data from the import file for currently not active traces
is not imported.

The <trace> parameter for the MMEMory : LOAD<n>:TRACe

on page 122 command is ignored.

*RST: SINGle

See " Import All Traces / Import to Trace " on page 53
See " Import ASCII File to Trace " on page 53

FORMat:DEXPort:XDIStrib <XDistribution>

Defines how the x-values of the trace are determined in the frequency domain.

Parameters:
<XDistribution>

Example:
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STARtstop | BINCentered

BINCentered

The full measurement span is divided by the number of sweep
points to obtain bins. The x-value of the sweep point is defined
as the x-value at the center of the bin (bin/2).

STARtstop

(Default): The x-value of the first sweep point corresponds to the
starting point of the full measurement span. The x-value of the
last sweep point corresponds to the end point of the full mea-
surement span. All other sweep points are divided evenly
between the first and last points.

FORM:DEXP:XDIS BINC
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Manual operation: See "X-Value Distribution" on page 52

MMEMory:LOAD<n>:TRACe <Trace>, <FileName>

This command imports trace data from the specified window to an ASCII file.

Suffix:

<n> Window

Parameters:

<Trace> Number of the trace to be stored
(This parameter is ignored for FORMat : DIMPort : TRACes
on page 121ALL).

<FileName> String containing the path and name of the import file.

MMEMory:STORe<n>:TRACe <Trace>, <FileName>

This command exports trace data from the specified window to an ASCII file.

Suffix:

<n> Window

Parameters:

<Trace> Number of the trace to be stored

<FileName> String containing the path and name of the target file.
Example: MMEM: STOR1:TRAC 1, 'C:\TEST.ASC'

Stores trace 1 from window 1 in the file TEST.ASC.

Manual operation: See " Export Trace to ASCII File " on page 53

[SENSe:]SPURs:SUPPress <State>

This command turns spur removal for all traces and windows on and off.

Parameters:
<State> ON|OFF|1]0
Example: //Remove spurs

SPUR:SUPP ON

Manual operation: See "Spur Removal / Spur Threshold" on page 50

[SENSe:]SPURs:THReshold <Threshold>
This command defines the level threshold for spur removal.

Parameters:

<Threshold> Range: 0 to 50
*RST: 0
Default unit: DB
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Example: SPUR:THR 10
Defines a spur threshold of 50 dB.

Manual operation: See "Spur Removal / Spur Threshold" on page 50

TRACe<n>:COPY <TraceNumber>, <TraceNumber>
This command copies data from one trace to another.

Suffix:
<n> Window

Parameters:

<TraceNumber> TRACE1 | TRACE2 | TRACE3 | TRACE4 | TRACES | TRACEG6
The first parameter is the destination trace, the second parame-
ter is the source.
(Note the 'e' in the parameter is required!)

Example: TRAC:COPY TRACE1, TRACE2
Copies the data from trace 2 to trace 1.

Manual operation: See " Copy Trace " on page 51

TRACe<n>[:DATA] <Trace>

This command queries the results of the graphical result displays.

Suffix:

<n> 1..n

Parameters:

<Trace> TRACe1 | TRACe2 | TRACe3 | TRACe4 | TRACe5 | TRACe6
Example: TRAC? TRACEl1

Queries the data of trace 1.

Manual operation: See "Phase Noise Diagram" on page 11
See "Spectrum Monitor" on page 16

8.11 Configure Numerical Result Displays

The following commands are necessary to configure the numerical phase noise result

displays.

e Configuring Residual Noise Measurements. ...........ccccveveeiiiiiiiiieiiiieeeeeee e 124
e Reading Out Residual Noise ReSUILS.........ccooiiiiiiiiiiiiie e 126
o Configuring Spot Noise Measurements.........cccoocuueeeiiiiiiiee e 129
o Reading Out the SPUr LisSt.......ccoiiiiiiiii et 132
e Reading Out Measured ValUEs.............ccccuiiiiiiiiiiiee et 133
e Reading Out the Sweep Result List.........uviuiiiiiiiiiiiii e 134
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8.11.1 Configuring Residual Noise Measurements

CALCulate<n>:EVALUGHONISTARL.....ctttiiiiii ittt e e eee s 124
CALCUIate<n>:EVALUAtON[:STATE] . e eeieeittieeeeeieetiieeeeeeeettaeeeeseestaaeeeseetaneeeeeeestaaeeeeeeenns 124
CALCulate<n>:EVALUAHON:STOP. .. ... iiiieiiiiiea e e e ettt e e e e e e e e e e s e eeeeeeeaaaaeeeaaaannns 125
CALCulate<n>:EVALuation:USER<range>:STARL......ccctttutuumrmuaaaaaaaaaeaeeeeeeaaaaeeeeeeeeeeaeeeeens 125
CALCulate<n>:EVALuUation:USER<range>:STOP........uuucaraaaaieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeas 125
CALCulate<n>:EVALuation:USER<range>:TRACE........c.cetrrrrrrmrmunaaaiaiaieseeeeeaaaaeaeeeeeeeneenees 126

CALCulate<n>:EVALuation:STARt <OffsetFrequency>
This command defines the start point of the residual noise integration range.

Before you can use the command, you have to turn on the measurement range inte-
gration with CALCulate<n>:EVALuation[:STATe] on page 124.

Suffix:

<n> Window
<n> 1..n
Parameters:

<OffsetFrequency> The minimum offset is 1 Hz. The maximum offset depends on
the hardware you are using.

*RST: 1 kHz
Default unit: HZ

Example: CALC:EVAL:STAR 1 kHz
Defines an start point of 1 kHz for the residual noise range.

Manual operation: See "Meas Range" on page 55
See "User Range" on page 55

CALCulate<n>:EVALuation[:STATe] <State>

This command turn integration of the measurement range for residual noise calculation

on and off.

Suffix:

<n> Window

<n> 1..n

Parameters:

<State> OFF | 0
Calculates the residual noise over the entire measurement
range.
ON |1
Calculates the residual noise over a customized range.
*RST: 0

Example: CALC:EVAL ON

Uses a customized offset range for residual noise calculation.
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Manual operation: See "Meas Range" on page 55

CALCulate<n>:EVALuation:STOP <OffsetFrequency>
This command defines the end point of the residual noise integration range.

Before you can use the command, you have to turn on the measurement range inte-
gration with CATL.Culate<n>:EVALuation|[:STATe] on page 124.

Suffix:

<n> 1..n
Window

Parameters:

<OffsetFrequency> The minimum offset is 1 Hz. The maximum offset depends on
the hardware you are using.

*RST: 1 MHz
Default unit;: HZ

Example: CALC:EVAL:STOP 1 MHZ
Defines an end point of 1 MHz for the residual noise range.

CALCulate<n>:EVALuation:USER<range>:STARt <OffsetFrequency>

Suffix:

<n> 1..n
<range> 1..n
Parameters:

<OffsetFrequency> Default unit: HZ

CALCulate<n>:EVALuation:USER<range>:STOP <OffsetFrequency>
This command defines the end point of a custom residual noise calculation range.

Before you can use the command, you have to assign the user range to a trace with
CALCulate<n>:EVALuation:USER<range>:TRACe oOn page 126.

Suffix:

<n> 1..n
Window

<range> 1..n

Parameters:

<OffsetFrequency> The minimum offset is 1 Hz. The maximum offset depends on
the hardware you are using.
*RST: 1 MHz
Default unit: HZ

Example: CALC:EVAL:USER2:STOP 100kHz
Defines an end point of 100 kHz for the second user range.
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Manual operation: See "Meas Range" on page 55
See "User Range" on page 55

CALCulate<n>:EVALuation:USER<range>:TRACe <Trace>

This command selects the trace for a custom residual noise calculation range.

Suffix:
<n> 1..n
Window
<range> 1..n
Selects the user range.
Parameters:
<Trace> NONE | TRACe1 | TRACe2 | TRACe3 | TRACe4 | TRACES |
TRACe6
TRACE1 ... TRACE®6
Trace to assign the user range to.
NONE
Turns a user range off.
Example: CALC:EVAL:USER2:TRAC TRACE?2

Assigns the second user range to trace 2.

Manual operation: See "User Range" on page 55

Reading Out Residual Noise Results

[ S O o N @ Yo e | ] N 126
FETCR:PNOISESt> R 2. . ittt e e e e e a e ean 127
FETCh:PNOISE<IZIRMS ... i e e e e et e e ee e e aenaas 127
FETCR:PNOISE<ISIRPM ... e e e e e e e e e e et e e e eaeeaeanannns 127
FETCh:PNOise<t>:USER<range>:IPN?..........uuuuiuiuuiieieeieieeeeeeeeeeeeeeeeeeeeeeeeeeeeaesssrnnnnnnnannns 127
FETCh:PNOise<t>:USER<range>:RFM?........ccuuuuuuuuuuiaaiiaaeieeeeeeeeeaeeeeeeeeeeeaeeeeeeennnnnnaens 128
FETCh:PNOise<t>:USER<Iange>:RMS?..........ccceeeeeiiiiiiiieeeeretiitiriieieieseeeeeeeaesaeseseseeeens 128
FETCh:PNOIise<t>:USER<range>:RPM?........cuuceiiiiiiiitiieieeeeeeiiee e e e et e e e e e e e e e eeeraaanes 128

FETCh:PNOise<t>:IPN?

This command queries the Integrated Phase Noise for the first trace.

Suffix:

<t> 1..n

Example: FETC:PNO2:IPN?
Queries the Integrated Phase Noise for the first trace in the dia-
gram.

Usage: Query only
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FETCh:PNOise<t>:RFM?

This command queries the residual FM for the first trace.

Suffix:
<t> 1..n
Trace
Example: FETC:PNO2:RFM?
Queries the residual FM for the first trace in the diagram.
Usage: Query only

FETCh:PNOise<t>:RMS?

This command queries the residual RMS jitter for the first trace.

Suffix:
<t> 1..n
Trace
Example: FETC:PNO2:RMS?
Queries the RMS jitter for the first trace in the diagram.
Usage: Query only

FETCh:PNOQise<t>:RPM?
This command queries the residual PM for a particular user range.

The trace that is queried depends on CALCulate<n>:EVALuation:USER<range>:

TRACe.
Suffix:
<t> 1..n
Trace
<range> 1..3
Selects the user range.
Example: FETC:PNO:USER2:RPM?
Queries the residual PM for user range 2.
Usage: Query only

FETCh:PNOise<t>:USER<range>:IPN?
This command queries the Integrated Phase Noise for a particular user range.

The trace that is queried depends on CALCulate<n>:EVALuation:USER<range>:
TRACe.

Suffix:
<t> 1..n
Trace
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<range> 1..n
Selects the user range.

Example: FETC:PNO:USER2:IPN?
Queries the Integrated Phase Noise for user range 2.

Usage: Query only

FETCh:PNOise<t>:USER<range>:RFM?
This command queries the residual FM for a particular user range.

The trace that is queried depends on CALCulate<n>:EVALuation:USER<range>:

TRACe.
Suffix:
<t> 1..n
Trace
<range> 1..n
Selects the user range.
Example: FETC:PNO:USER2:RFM?
Queries the residual FM for user range 2.
Usage: Query only

Manual operation: See "Residual Noise" on page 12

FETCh:PNOise<t>:USER<range>:RMS?
This command queries the residual RMS jitter for a particular user range.

The trace that is queried depends on CALCulate<n>:EVALuation:USER<range>:

TRACe.
Suffix:
<t> 1..n
Trace
<range> 1..n
Selects the user range.
Example: FETC:PNO:USER2:RMS?
Queries the RMS jitter for user range 2.
Usage: Query only

Manual operation: See "Residual Noise" on page 12

FETCh:PNOise<t>:USER<range>:RPM?

This command queries the residual PM for the first trace.
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Suffix:
<t> 1..n
Trace
<range> 1..n
Example: FETC:PNO:RPM?
Queries the residual PM for the first trace of the diagram.
Usage: Query only

Manual operation: See "Residual Noise" on page 12

Configuring Spot Noise Measurements

CALCUIate<n>:SNOISE<M>IAOFF ... ...cceeiiiiee et e et eeee e e e e e tee e e e e s et e e e e eeeataeaeeeeeenaas 129
CALCulate<n>:SNOise<m>:DECAUES[:STATE] .. .ceieerruieeeeeierrtieieeeeerieaeeeeeeestaeeeeererraaaaaaens 129
CALCulate<n>:SNOise<m>:DECAUES:X........cuuiieiiieeiie et e e e e e e e eea 130
CALCulate<n>:SNOiISe<mM>:DECAUES:Y ......cccuueeeiiieeeeee e et e e e e eeeeeeeaaeeeeeeeeeenaeeeeeas 130
CALCUIate<n>:SNOISE<M>[:STATE]....uuururuuuunnaaaaaaieeeeeeeeaaaaerereeeererennenrnrnrnnnanaaaaeaeeeeeees 131
CALCUIAtE<N>SNOISEKIM> X 11 uuuuuiieieieieseeeeeaeaeeeeeeteeeeeeererstatarr————— e seseeeaeaasseeseererene 131
CALCUIAtE<N>:SNOISEKM>.Y ..uiiiiiiiiiii e e ettt e e e ettt e e e e e e et te e e e e s e et e eeeesestaaeessearanaaaaaes 131
DISPIaY[: WINDOWSNS]: TRACESES SELECE. .- vvveeeeeeeeeeeeeeseseseseseseseseeeseseseseesesessesesesesesens 132

CALCulate<n>:SNOise<m>:AOFF

This command turns all spot noise markers off (custom and 10* markers).

Suffix:
<n> 1..n
Window
<m> 1..n
Example: CALC:SNO:AOQOFF

Turns all spot noise markers off.

Manual operation: See "On User Defined Offsets / Offset Frequency" on page 56

CALCulate<n>:SNOise<m>:DECades[:STATe] <State>

This command turns the spot noise calculation on every 10* offset frequency on and
off.

Suffix:
<n> 1..n
Window
<m> 1..n
Parameters:
<State> ON|OFF|1]|0
*RST: 1
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Manual operation:

Configure Numerical Result Displays

CALC:SNO:DEC ON
Turns the spot noise calculation for each decade start on.

See "On All Decade Edges" on page 56
See "On User Defined Offsets / Offset Frequency" on page 56

CALCulate<n>:SNOise<m>:DECades:X

This command queries the horizontal poistion of the 10% offset frequency spot noise

markers.

Suffix:
<n>
<m>

Return values:
<OffsetFrequency>

Example:

Manual operation:

Window

List of offset frequencies, one for each 10* spot noise marker.
The number of return values depends on the measurement
range.

Default unit: Hz
CALC:SNO:DEC:X?

Return values, e.g.:
1000,10000,100000,1000000

See "Spot Noise" on page 13
See "On All Decade Edges" on page 56

CALCulate<n>:SNOise<m>:DECades:Y

This command queries the vertical poistion of the 10* offset frequency spot noise mark-

ers.
Suffix:
<n>
<m>

Return values:
<Level>

Example:

Manual operation:
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1..n
Window

List of level values, one for each 10* spot noise marker. The
number of return values depends on the measurement range.

Default unit: dBc/Hz
CALC:SNO:DEC:Y?
Return values, e.g.:

-152.560974121094,-136.443389892578,
-145.932891845703,-152.560974121094

See "Spot Noise" on page 13
See "On All Decade Edges" on page 56
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CALCulate<n>:SNOise<m>[:STATe] <State>

This command turns a custom spot noise marker on and off.

Suffix:
<n>

<m>

Parameters:
<State>

Example:

1..n
Window

1..n
Selects the spot noise marker.

ON|OFF[1]0
*RST: All 1

CALC:SNO3:STATE ON
Turns spot noise marker 3 on.

CALCulate<n>:SNOise<m>:X <OffsetFrequency>

This command defines the horizontal position of a custom spot noise marker.

Suffix:
<n>

<m>

Parameters:
<OffsetFrequency>

Example:

Manual operation:

1..n
Window

1..n
Selects the spot noise marker.

The minimum offset is 1 Hz. The maximum offset depends on
the hardware you are using.

The default value varies for each of the five spot noise markers.
For marker 1 itis 1 kHz, for marker 2 it is 10 kHz, for marker 3 it
is 100 kHz, for marker 4 it is 1 MHz and for marker 5 it is

10 MHz

Default unit: HZ

CALC:SNO3:X 2MHz
Positions the third custom spot noise marker to an offset fre-
quency of 2 MHz.

See "On User Defined Offsets / Offset Frequency" on page 56

CALCulate<n>:SNOise<m>:Y <Level>

This command queries the vertical position of a custom spot noise marker.

Suffix:
<n>

<m>
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1..n
Window

1..n
Selects the spot noise marker
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Parameters:

<Level> Phase noise level at the marker position.
Default unit: dBc/Hz

Example: CALC:SNO3:Y?

Queries the level of the third custom spot noise marker.

Manual operation: See "Spot Noise" on page 13
See "On User Defined Offsets / Offset Frequency" on page 56

DISPlay[:WINDow<n>]:TRACe<t>:SELect <Trace>
This command selects the trace for which spot noise results are calculated.

A trace can only be selected if it has been turned on ("Trace Mode" # Blank).

Suffix:
<n> 1..n
irrelevant
<t> 1..n
irrelevant
Parameters:
<Trace> Number of the trace you want to select.
Range: 1to 6
*RST: 1
Example: DISP:TRAC:SEL 2

Selects trace number 2.

Manual operation: See "Spot Noise" on page 13

Reading Out the Spur List

[ o O] AT N[O Y= et o U = 132
FETCh:PNOISE<t>:SPURS:DISCIEIE 2. .. ieniiieiieeete ettt et e et e e e et s e e et e s s et seeneseaaeranss 133
FETCh:PNOISe<t>:SPURS:RANDOM?.....ccutuiiiitieieeeeeeieeeeeaeesesesesaeeeeaeeseaneeertnaeerennans 133

FETCh:PNOise<t>:SPURs?
This command queries the location and level of all spurs that have been detected.

Suffix:
<t> 1..n

Return values:
<Spurs> Returns two values (frequency and level) for each each spur that
has been detected.
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Example: FETC:PNO:SPUR?
would return, e.qg.
1999.232666,-0.639974,6494.312500,-0.760579,
19992.324219,-0.639974

Usage: Query only

Manual operation: See "Spur List" on page 14

FETCh:PNOise<t>:SPURs:DISCrete?
This command queries the Discrete Jitter result.

Suffix:
<t> 1..n

Return values:

<Jitter>

Example: FETC:PNO:SPUR:DISC?
would return, e.qg.
2.3e-08

Usage: Query only

Manual operation: See "Spur List" on page 14

FETCh:PNOise<t>:SPURs:RANDom?

Suffix:
<t> 1..n

Return values:
<Jitter>

Usage: Query only

Manual operation: See "Spur List" on page 14

Reading Out Measured Values

FETCh:PNOise<t>:MEASUred:FREQUENCY?........ccctttiiiiiiriinininnnaaaaaaeaeeaeeaeaaaaeaeeeeeeeaeeeees 133
FETCh:PNOise<t>:MEASUred:LEVEI?......... et 134

FETCh:PNOise<t>:MEASured:FREQuency?
This command queries the carrier frequency that has been actually measured.
The measured frequency is shown in the channel bar.

Suffix:
<t> 1..n
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Return values:
<Frequency> Frequency in Hz.

Example: FETC:PNO:MEAS:FREQ?
Queries the measured frequency.

Usage: Query only

FETCh:PNOise<t>:MEASured:LEVel?
This command queries the level of the DUT that has been actually measured.
The measured level is shown in the channel bar.

Suffix:
<t> 1..n

Return values:
<Level> Level in dBm.

Example: FETC:PNO:MEAS:LEV?
Queries the measured level.

Usage: Query only

Reading Out the Sweep Result List

FETCh:PNOISE<IZ:SWEEPIAVG?.....ceeetieieeeeeeiee e e ee ettt e e e e e ettee e e e e e eete e e e s eeeaaaeeaeseeaaanenns 134
FETCh:PNQOise<t>:SWEEP:FDRIft?. ..ottt e e e 135
FETCh:PNQOise<t>:SWEEP:LDRIfL?. . ...ttt e e e 135
FETCh:PNOise<t>:SWEEP:MDRIt?. ...ttt 135
FETCh:PNOISe<t>:SWEEDP:SRATE?....ceieeiiiiiiientntaaaaaaaaaaaeeeeeeeaaaaeaeeeeeeeeeeeeeeesennnnnnnnaaans 136
FETCh:PNOISE<t> SWEEDP:STARL?. .. cieieie i e e e ettt ee ettt ssae e e e e e e e e aeaaeaeeeeeeeennes 136
FETCHh:PNOISE<t>:SWEEP:STOP 2. i eeeeieteiee ettt e e e ettt e e e e e et e e e e e e et e e e e e e eanaeeeaeees 137

FETCh:PNOise<t>:SWEep:AVG?

This command queries the number of measurements that have been performed in
each half decade.

Suffix:
<t> 1..n

Return values:

<Measurements> Number of measurements as displayed in the Sweep Result
List.
The command returns one value for each half decade as a
comma separated list.

Example: FETC:PNO: SWE:AVG?

would return, e.g.:
10,10,10,10,10

Usage: Query only
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Manual operation: See "Sweep Result List" on page 15

FETCh:PNOise<t>:SWEep:FDRift?
This command queries the frequency drift in each half decade.

Suffix:
<t> 1..n

Return values:

<Frequency> Frequency drift as displayed in the Sweep Result List.
The command returns one value for each half decade as a
comma separated list.

Default unit: Hz

Example: FETC:PNO:SWE: FDR?
would return, e.g.:
-203.565049124882,-198.254803592339,
-179.608235809952,-126.506989398971,
-95.0386250484735

Usage: Query only

Manual operation: See "Sweep Result List" on page 15

FETCh:PNOise<t>:SWEep:LDRift?
This command queries the level drift in each half decade.

Suffix:
<t> 1..n

Return values:

<Level> Level drift as displayed in the Sweep Result List.
The command returns one value for each half decade as a
comma separated list.

Default unit: dB

Example: FETC:PNO:SWE:LDR?

would return, e.g.:
0.84823463324,6.55278904401,1.02393361087,
2.10021296216,5.28119567376

Usage: Query only

Manual operation: See "Sweep Result List" on page 15

FETCh:PNOise<t>:SWEep:MDRIift?
This command queries the maximum frequency drift in each half decade.

Suffix:
<t> 1..n
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Return values:
<Frequency>

Example:

Usage:

Manual operation:

Configure Numerical Result Displays

Frequency drift as displayed in the Sweep Result List.
The command returns one value for each half decade as a
comma separated list.

Default unit: Hz

FETC:PNO:SWE :MDR?

would return, e.g.:
2.17,11.45,105.11,219.37,553.48

Query only
See "Sweep Result List" on page 15

FETCh:PNOise<t>:SWEep:SRATe?

This command queries the sampling rate used in each half decade.

Suffix:
<t>

Return values:
<SamplingRate>

Example:

Usage:

Manual operation:

Sampling rate as displayed in the Sweep Result List.
The command returns one value for each half decade as a
comma separated list.

Default unit: Hz

FETC:PNO:SWE:SRAT?

would return, e.g.:
25000, 75000, 250000, 750000, 2500000

Query only
See "Sweep Result List" on page 15

FETCh:PNOise<t>:SWEep:STARt?

This command queries the start frequency offset of each half decade.

Suffix:
<t>

Return values:
<Frequency>

Example:

Usage:

Manual operation:
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Frequency offset as displayed in the Sweep Result List.
The command returns one value for each half decade as a
comma separated list.

Default unit: Hz

FETC:PNO:SWE:STAR?

would return, e.g.:
1000,3000,10000,30000,100000

Query only
See "Sweep Result List" on page 15
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FETCh:PNOise<t>:SWEep:STOP?
This command queries the stop frequency offset of each half decade.

Suffix:
<t> 1..n

Return values:

<Measurements> Frequency offset as displayed in the Sweep Result List.
The command returns one value for each half decade as a
comma separated list.

Default unit: Hz

Example: FETC:PNO:SWE:STOP?
would return, e.g.:
3000,10000,30000,100000,300000

Usage: Query only

Manual operation: See "Sweep Result List" on page 15

8.12 Using Markers

The following commands are necessary to control markers.

®  USING MaAIKEIS. ...ttt e e e e e e e e e e e eeeeeaaaee s 137
@ Using Delta Markers. ... ..ot e e e 139
®  ConfIgQUuING MarKETS. ......coiiiiiiiiie ettt e e e 142
o  UsiNg the Marker ZOOM.........ueeiiiiiiiiiiiiie et 143

8.12.1 Using Markers

CALCUIate<n>:MARKEI<M>: AOF F ... ..uuuuuiiiiiiieieieeeeeeeeeeeeeeeeeeeeeereesrstarar— e aeeeeeaaens 137
CALCUIate<n>:MARKEIr<MS[:STATE] ceuuueteeeieetiieeeeeetiteeeeeeeeetaeeeeeeeataaeeeseesataeeaesesrannnnns 138
CALCuUlate<n>:MARKEIr<M>TRACE. .......cieieeiiietieeeeeeeetieeeeeeeeetee e e e s etteaeeeeseest e eeeeerananns 138
CALCUIate<n>:MARKEISM> X ..uu et e et e e e e et e e e et e e e eaa e e eaaeeeeans 138
CALCUIate<n>:MARKEISM>IY ..o et e et e et e e e e e e e e e enas 139

CALCulate<n>:MARKer<m>:AOFF

This command turns off all markers.

Suffix:

<n> Window

<m> Marker

Example: CALC:MARK:AOFF

Switches off all markers.

Manual operation: See " All Markers Off " on page 65
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CALCulate<n>:MARKer<m>[:STATe] <State>

This command turns markers on and off. If the corresponding marker number is cur-
rently active as a delta marker, it is turned into a normal marker.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON|OFF |01
OFF | 0
Switches the function off
ON |1
Switches the function on
Example: CALC:MARK3 ON

Switches on marker 3.

Manual operation: See "Marker 1 ... Marker x" on page 64
See " Marker Type " on page 64

CALCulate<n>:MARKer<m>:TRACe <Trace>
This command selects the trace the marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Suffix:
<n> Window
<m> Marker
Parameters:
<Trace> 1to 6
Trace number the marker is assigned to.
Example: //Assign marker to trace 1

CALC:MARK3:TRAC 2

Manual operation: See " Assigning the Marker to a Trace " on page 64

CALCulate<n>:MARKer<m>:X <Position>
This command moves a marker to a particular coordinate on the x-axis.
If necessary, the command activates the marker.

If the marker has been used as a delta marker, the command turns it into a normal
marker.
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Suffix:

<n> 1..n
Window

<m> 1..n
Marker

Parameters:

<Position> Numeric value that defines the marker position on the x-axis.
Default unit: HZ

Example: CALC:MARK2:X 1.7MHz

Positions marker 2 to frequency 1.7 MHz.

CALCulate<n>:MARKer<m>:Y <Level>

Suffix:

<n> 1..n
<m> 1..n
Parameters:

<Level>

Using Delta Markers

CALCulate<n>:DELTamarker<m>:AOFF ..........cuuuieiieiiiiiiiieeeeeeetee e eeeeeetae e e e e eeste e e e e e eerananns 139
CALCulate<n>:DELTamarker<m>:MREFEIreNCe.........ccccuuieiimuiiiiiiieeeiiie e eeetee et eeaeas 139
CALCulate<n>:DELTamarker<m>[:STATE]......ccuuuttrieereerieeeeeeeeriae e e e e erereaeeeeeeannn e e eeeeannanns 140
CALCulate<n>:DELTamarker<m>:TRACE. ......ccceuuieieee et e et e e e e e e e eaanas 140
CALCulate<n>:DELTaMArKEr<mM>:X.....ceceuuiieeeeeieteeeeeeeeeee e e e eaae e e e e e eeeeseaeeeeanseeeaneeeean 141
CALCuUlate<n>:DELTaMArkEr<m>:Y .....ccccccuuuiieeeiiiiiiieeeeeeeetiieeeeeeeattnaaeeseerstnaeeeesessnanseaaeees 141

CALCulate<n>:DELTamarker<m>:AOFF

This command turns off all delta markers.

Suffix:

<n> Window

<m> irrelevant
Example: CALC:DELT:AQFF

Turns off all delta markers.

CALCulate<n>:DELTamarker<m>:MREFerence <Reference>
This command selects a reference marker for a delta marker other than marker 1.
The reference may be another marker or the fixed reference.

Suffix:
<n> Window
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<m> Marker
Parameters:
<Reference> 1to 16
Selects markers 1 to 16 as the reference.
FiXed
Selects the fixed reference as the reference.
Example: CALC:DELT3:MREF 2
Specifies that the values of delta marker 3 are relative to marker
2.

Manual operation: See " Reference Marker " on page 64

CALCulate<n>:DELTamarker<m>[:STATe] <State>
This command turns delta markers on and off.
If necessary, the command activates the delta marker first.

No suffix at DELTamarker turns on delta marker 1.

Suffix:
<n> Window
<m> Marker
Parameters:
<State> ON|OFF |01
OFF |0
Switches the function off
ON |1
Switches the function on
Example: CALC:DELT2 ON

Turns on delta marker 2.

Manual operation: See "Marker 1 ... Marker x" on page 64
See " Marker Type " on page 64

CALCulate<n>:DELTamarker<m>:TRACe <Trace>
This command selects the trace a delta marker is positioned on.
Note that the corresponding trace must have a trace mode other than "Blank".

If necessary, the command activates the marker first.

Suffix:

<n> Window

<m> Marker

Parameters:

<Trace> Trace number the marker is assigned to.
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Example: CALC:DELT2:TRAC 2
Positions delta marker 2 on trace 2.

CALCulate<n>:DELTamarker<m>:X <Position>
This command moves a delta marker to a particular coordinate on the x-axis.

If necessary, the command activates the delta marker and positions a reference
marker to the peak power.

Suffix:
<n> 1..n
Window
<m> 1..n
Marker
Parameters:
<Position> The position is relative to the reference marker.
The unit is Hz (offset frequency).
A query returns the absolute position of the delta marker.
Range: The value range depends on the current measure-
ment range.
Default unit: HZ
Example: CALC:DELT:X?

Outputs the absolute frequency/time of delta marker 1.

CALCulate<n>:DELTamarker<m>:Y <Level>
This command queries the relative position of a delta marker on the y-axis.
If necessary, the command activates the delta marker first.

To get a valid result, you have to perform a complete measurement with synchroniza-
tion to the end of the measurement before reading out the result. This is only possible
for single sweep mode.

See also INITiate<n>:CONTinuous on page 79.

Suffix:
<n> 1..n
Window
<m> 1..n
Marker
Parameters:
<Level> Phase noise level.

Default unit: dBc/Hz
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Example: INIT:CONT OFF

Switches to single sweep mode.
INIT; *WAT

Starts a sweep and waits for its end.
CALC:DELT2 ON

Switches on delta marker 2.
CALC:DELT2:Y?

Outputs measurement value of delta marker 2.

8.12.3 Configuring Markers

DISPIay[:WINDOWSN>T:MINFOLSTATE]: e eeeeeereesereeseseeseseeseseeseseesessesessesessesesseseasesesesens 142
DISPIay[:WINDOWSNS>]:IMTABIE. ....uueeeieieieeeeeeeeeeeeeeeee ettt eeete et e e e s e s e eeeaaaaaaaaeseeeeeeees 142

DISPlay[:WINDow<n>]:MINFo[:STATe] <State>

This command turns the marker information in all diagrams on and off.

Suffix:

<n> irrelevant

Parameters:

<State> ON |1
Displays the marker information in the diagrams.
OFF | 0
Hides the marker information in the diagrams.
*RST: 1

Example: DISP:MINF OFF

Hides the marker information.

Manual operation: See " Marker Info " on page 65

DISPlay[:WINDow<n>]:MTABIe <DisplayMode>

This command turns the marker table on and off.

Suffix:
<n> irrelevant
Parameters:
<DisplayMode> ON |1
Turns on the marker table.
OFF | 0
Turns off the marker table.
AUTO
Turns on the marker table if 3 or more markers are active.
*RST: AUTO
Example: DISP:MTAB ON

Activates the marker table.
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8.13

Configuring In- and Outputs

Manual operation: See " Marker Table Display " on page 65

Using the Marker Zoom

CALCulate<n>:MARKer<m>:FUNCHON:ZOOM......ccuuiiiuiiiiieieiiie e e e e e e e e eaneee 143
DISPIay[:WINDOWSN>]:ZOOMSTATE] .. vveveeeerereteeseeeeeeeeeeereseeseseeseseseesesesesseseseeseeneneseens 143

CALCulate<n>:MARKer<m>:FUNCtion:ZOOM <ZoomFactor>

This command defines the factor or magnitude of the marker zoom.

Suffix:
<n> 1..n
<m> 1..n
Parameters:
<ZoomFactor> Range: 1 to 20
*RST: Zoom OFF
Example: CALC:MARK:FUNC:ZOOM 12

Zooms into the diagram with a factor of 10 around marker 1.

Manual operation: See "Marker Zoom" on page 64

DISPlay[:WINDow<n>]:ZOOM[:STATe] <State>

This command turns the marker zoom for marker 1 on and off.

Suffix:

<n> 1..n

Parameters:

<State> ON|OFF|1]|0
*RST: 0

Example: DISP:ZOOM ON

Turns on the marker zoom.

Manual operation: See "Marker Zoom" on page 64

Configuring In- and Outputs

The following commands are necessary to configure the frontend settings.

INPULSIP>ICOUPIING. c.ttttttttteeeeeeee e e et eeeeeeee et e e et eeeeeeesaba e e aaaseseseeaaaaasaseseeseeessssssssrnnnnas 144
INPULKIDS I D P AT N ettt e e e et e e e et st e ea et et s e e e eaaeaeanenranns 144
[N U S To B o | I K=Y A (€] IR N L= PR 144
INPULKID>ICONNECION. ...eeeieetieeeeeeeeeiee e ettt e e e e e ettt ee e e e e e ettt e e eeseas b e eeeseesstaeeeeseetannaaaaens 145
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INPut<ip>:COUPIling <CouplingType>

This command selects the coupling type of the RF input.

Suffix:
<ip> 1]2
irrelevant
Parameters:
<CouplingType> AC | DC
AC
AC coupling
DC
DC coupling
*RST: AC
Example: INP:COUP DC

Manual operation: See "Coupling" on page 36

INPut<ip>:DPATh <DirectPath>

Enables or disables the use of the direct path for frequencies close to 0 Hz.

Suffix:
<ip> 112
irrelevant
Parameters:
<DirectPath> AUTO | OFF
AUTO |1
(Default) the direct path is used automatically for frequencies
close to 0 Hz.
OFF | 0
The analog mixer path is always used.
Example: INP:DPAT OFF

INPut<ip>:FILTer:YIG[:STATe] <State>
Enables or disables the YIG filter.

Suffix:
<ip> 112

irrelevant
Parameters:
<State> ON|OFF |01
Example: INP:FILT:YIG OFF

Deactivates the YIG-preselector.
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INPut<ip>:CONNector <ConnType>

Determines which connector the input for the measurement is taken from.

Suffix:
<ip> 1]2
irrelevant
Parameters:
<ConnType> RF
RF input connector
*RST: RF
Example: INP:CONN RF

Selects input from the RF input connector.

8.14 Automatic Measurement Configuration

The following commands are necessary to determine measurement parameters auto-

matically.

ST = ST L N LU A S 145
[SENSE:JADJUSEFREQUENCY....cceieieeeeeeeeeeeeeeeeeeeeevetesaat i eseaaseseseseeeaaaasesessesereesssssrasanannnns 145
[SENSE:JADJUSELEVEL. c.uuuneeieiitce ettt e e ettt e e e e e et e e e e e et e e e e e eab e e e e eeeanaanns 146

[SENSe:]JADJust:ALL

This command initiates a measurement to determine and set the ideal settings for the
current task automatically (only once for the current measurement).

This includes:

® Center frequency
® Reference level

Example: ADJ:ALL

Manual operation: See " Adjusting all Determinable Settings Automatically ( Auto
All')" on page 45

[SENSe:]ADJust:FREQuency

This command sets the center frequency to the frequency with the highest signal level
in the current frequency range.

At the same time, the optimal reference level is also set (see [SENSe: ]ADJust:
LEVel on page 146).

Example: ADJ:FREQ

Manual operation: See " Adjusting the Center Frequency Automatically ( Auto Fre-
quency )" on page 46
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Using the Status Register

[SENSe:]JADJust:LEVel

This command initiates a single (internal) measurement that evaluates and sets the
ideal reference level for the current input data and measurement settings. This ensures
that the settings of the RF attenuation and the reference level are optimally adjusted to
the signal level without overloading the R&S FPS or limiting the dynamic range by an
S/N ratio that is too small.

Example: ADJ:LEV

Manual operation: See " Setting the Reference Level Automatically ( Auto Level )"
on page 46

Using the Status Register

The status reporting system stores information about the current state of the R&S FPS.
This includes, for example, information about errors during operation or information
about limit checks. The R&S FPS stores this information in the status registers and in
the error queue. You can query the status register and error queue via IEC bus.

The R&S FPS-K40 features several status registers that are specific to phase noise
measurements. Here is a description of those, including the corresponding remote
commands.

e Status Registers for Phase Noise Measurements.......ccccccvvveeeiccceviiiieeeieeeeeeeeeneee 146

Status Registers for Phase Noise Measurements

The figure below shows the status registers of the phase noise application.
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Figure 8-2: Status registers for phase noise measurements

The R&S FPS structures the information hierarchically, with the Status Byte register
(STB) and the Service Request Enable mask register (SRE) being on the highest level.
The STB gets its information from the standard Event Status Register (ESR) and the
Event Status Enable mask register (ESE). The STB and ESR are both defined by IEEE
488.2. In addition to the ESR, the STB also gets information from the STATus:OPERa-
tion and STATus:QUEStionable registers. These are the link to the lower levels of the
status register and are defined by SCPI. They contain information about the state of
the instrument.

For a more comprehensive description of the status registers not mentioned here and
status register functionality in general see the manual of the base unit.
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o STATus:QUEStionable RegiSter........ccuviiiiiiiiiiiie e 148
e STATus:QUEStionable:POWer Register.........uuiiiiiiiiiiiiiiieeeieee e 148
o STATus:QUEStionable:LIMit ReGISter......cccooiiiiiiiiiiiiieeeee e 149
o STATus:QUEStionable:PNOise Register........c.cvviiiiiiiiiiiieeee e 149
e Status Register Remote Commands.........cccveeeeeieiiiiiiiiiiieieeeec e 150

8.15.1.1 STATus:QUEStionable Register

The STATus :QUEStionable register contains information about indefinite states
which may occur if the unit is operated without meeting the specifications.

Bit no Meaning
Oto2 Unavailable for phase noise measurements.
3 POWer

This bit is set if a questionable power occurs.

5to7 Unavailable for phase noise measurements.

8 CALibration
This bit is set if the R&S FPS is not calibrated.

9 LIMit

This bit is set if a limit line is violated.

10-12 Unavailable for phase noise measurements.

13 PNOise

This bit is set if the phase noise measurement is questionable.

14 Unavailable for phase noise measurements.

15 This bit is always 0.

8.15.1.2 STATus:QUEStionable:POWer Register

The STATus:QUEStionable:POWer register contains information about possible
overload situations that may occur during operation of the R&S FPS.

Bit no Meaning

0 OVERIoad

This bit is set if an overload occurs at the RF input.

1 UNDerload

This bit is set if an underload occurs at the RF input.

2 IF OVerload
This bit is set if an overload occurs in the IF path.

3to 14 Unavailable for phase noise measurements.

15 This bit is always 0.
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8.15.1.3 STATus:QUEStionable:LIMit Register
The STATus:QUEStionable:LIMit register contains information about limit lines
and the results of a limit checks.

The number of LIMit registers depends on the number of measurement windows avail-
able in any application.

Bit no Meaning

0 LIMit 1 FAIL

This bit is set if limit line 1 is violated.

1 LIMit 2 FAIL

This bit is set if limit line 2 is violated.

2 LIMit 3 FAIL

This bit is set if limit line 3 is violated.

3 LIMit 4 FAIL

This bit is set if limit line 4 is violated.

4 LIMit 5 FAIL

This bit is set if limit line 5 is violated.

5 LIMit 6 FAIL
This bit is set if limit line 6 is violated.

6 LIMit 7 FAIL

This bit is set if limit line 7 is violated.

7 LIMit 8 FAIL

This bit is set if limit line 8 is violated.

8 Phase Noise LIMit FAIL

This bit is set if a limit of the phase noise limit line is violated.

9to 14 Unavailable for phase noise measurements.

15 This bit is always 0.

8.15.1.4 STATus:QUEStionable:PNOise Register

The STATus:QUEStionable:PNOise register contains information about the status
of phase noise measurements.

Bit no Meaning

0 No trace are active

This bit is set if no trace is on.

1 SIGNal not found

This bit is set if no valid signal could be found.

2 VERIfy

This bit is set if signal verification has failed.
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Bit no Meaning
3to 14 Unavailable for phase noise measurements.
15 This bit is always 0.

8.15.1.5 Status Register Remote Commands

STATUS:OPERAtONEVENL 2. et e e e 150
STATUS:QUESHONALIE[:EVENL] 2. ettt e e e e e 150
STATus:QUEStionable:LIMIt[:EVENT]?......ccn et e e e 150
STATus:QUEStionable:PNOISE[:EVENL]?.......ccceeeeieieieieceeeieiieieeeseas e e e e e e e e e e e eeeeeeeeeeneeees 150
STATUs:QUEStIoNable:POWEIT:EVENL]?......ccciieeeeeeeeretiiticieieeeieseeeeeeeeeeeseeeeeeeeeeessssarananas 150
STATUS:OPERAtION:CONDITION?... . eieiiitiieeee ettt e e e e et e e e e e eee e e e e e et e e e e e eest s eeeeeesnaanss 151
STATUS:QUEStIoNable:CONDIION?.....ccuuieiiiieeeeie e e e e et e et e et e e e et e e eee e e eaneeeeaanas 151
STATus:QUEStionable:LIMit:CONDItION?......iiiiieiei et e e e e e e e e eneanenas 151
STATus:QUEStionable:PNOiS€:CONDItION?......c.u.eeiee et eeannes 151
STATus:QUEStionable:POWEr:CONDItION?........ueieieeeieeee e ee e e e e e e e e e e e e enaneaes 151
STATUS:OPERAONENABIE. .....ceeeve ettt e et e e e e e e e e e e e s e e e raneeennneeees 151
STATUS:QUESHONADIE:IENABIE......ciieieetieeee et e e ettt e e e e et e e e e e et e e e e e e eabe e e e e eeernnanes 151
STATUS:QUESHIONAbIE:LIMIt:ENABIE. .......uueieeeeeeiieeeeeeeeeeeeeeeeetee e e e e e ee e e e e eeearaeeeeseeranes 151
STATus:QUEStionable:PNOISEENABIE........cccouuiiiiieeeeceeeeee e e e eeena s 151
STATus:QUEStionable:POWEIENABIE.........couuiiiiie ettt 151
STATUS:OPERatioN:NTRANSIHION. .....ceeeeiieeeee e 151
STATUS:QUESHIONable:NTRANSIEION. .....ceeeeieeeiee ettt e e et e e e e e e e e eean 151
STATus:QUEStionable:LIMit:NTRANSIHION. .....ccceeeiiiiiee e e e et e e e e e e eaa s 151
STATus:QUEStionable:PNOISe:NTRANSItION. .......cuvueeieeiieiiiieee et ee et e e e eeete e e e eeeees 151
STATus:QUEStionable:POWEr:NTRANSIHION. ......c.uiiiieieiiiee et 151
STATUS:OPERAION:PTRANSIION. .. .ceeiieetieeeeeetieeeeee et e e e e e et e e e e e et e e e e e eeeaaeeeeseesaananns 152
STATus:QUEStionable:PTRANSIHION. ........ceiiiieeei e 152
STATus:QUEStionable:LIMit:PTRANSIHION. .......cceieeeeei e 152
STATus:QUEStionable:PNOISE:PTRANSIION. ........ciiveeeieteeeeee e eeeeeeetee e e ee e e e eeannas 152
STATus:QUESLtioNable:POWEr:PTRANSIION. ..........cceevrrerrrriririiiiieieieieeeeeeeaeaeseeeerereeeeesesenes 152

STATus:OPERation[:EVEN(t]?
STATus:QUEStionable[:EVENt]?
STATus:QUEStionable:LIMit[:EVENt]? <ChannelName>
STATus:QUEStionable:PNOise[:EVENt]? <ChannelName>
STATus:QUEStionable:POWer[:EVENt]? <ChannelName>

These commands read out the EVENTt section of the status register.
The commands at the same time delete the contents of the EVENt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only
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STATus:OPERation:CONDition?
STATus:QUEStionable:CONDition?
STATus:QUEStionable:LIMit:CONDition? <ChannelName>
STATus:QUEStionable:PNOise:CONDition? <ChannelName>
STATus:QUEStionable:POWer:CONDition? <ChannelName>

These commands read out the CONDition section of the status register.
The commands do not delete the contents of the EVENTt section.

Query parameters:

<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

Usage: Query only

STATus:OPERation:ENABIle <SumBit>,<ChannelName>
STATus:QUEStionable:ENABIe <SumBit>,<ChannelName>
STATus:QUEStionable:LIMit:ENABIle <SumBit>,<ChannelName>
STATus:QUEStionable:PNOise:ENABIe <SumBit>,<ChannelName>
STATus:QUEStionable:POWer:ENABIle <SumBit>,<ChannelName>

These commands control the ENABIe part of a register.

The ENABIe part allows true conditions in the EVENTt part of the status register to bere-
ported in the summary bit. If a bit is 1 in the enable register and its associated event bit
transitions to true, a positive transition will occur in the summary bit reported to the
next higher level.

Parameters:
<SumBit> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:OPERation:NTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:NTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:LIMit:NTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:PNOise:NTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:POWer:NTRansition <SumBit>,<ChannelName>

These commands control the Negative TRansition part of a register.
Setting a bit causes a 1 to 0 transition in the corresponding bit of the associated regis-

ter. The transition also writes a 1 into the associated bit of the corresponding EVENTt
register.

Parameters:
<SumBit> Range: 0 to 65535
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<ChannelName> String containing the name of the channel.
The parameter is optional. If you omit it, the command works for
the currently active channel.

STATus:OPERation:PTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:PTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:LIMit:PTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:PNOise:PTRansition <SumBit>,<ChannelName>
STATus:QUEStionable:POWer:PTRansition <SumBit>,<ChannelName>

These commands control the Positive TRansition part of a register.
Setting a bit causes a 0 to 1 transition in the corresponding bit of the associated regis-

ter. The transition also writes a 1 into the associated bit of the corresponding EVENt
register.

Parameters:
<SumBit> Range: 0 to 65535
<ChannelName> String containing the name of the channel.

The parameter is optional. If you omit it, the command works for
the currently active channel.

Remote Control Example Scripts

This chapter contains a few remote control example scripts for particular phase noise
measurement and configuration tasks.

The first chapter contains a short sequence of commands to perform a complete phase
noise measurement. The subsequent chapters contain sequences of remote com-
mands to perform special tasks for phase noise measurements like customizing the
half decade configuration table.

All examples are based on a measurement range from 100 Hz to 1 MHz.

Performing a Basic Phase Noise Measurement

//Enter Phase Noise application
INST:SEL PNO

//Perform a preset of the channel
SYST:PRES :CHAN

//Customizing the screen layout.
//Add residual noise window:
LAY:ADD? '1l',BEL,RNO

//Add spot noise window:

LAY:ADD? '2',RIGH, SNO

//Configure single sweep measurement.
INIT:CONT OFF

//Define the measurement range.
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FREQ:STAR 100HZ

FREQ:STOP 1MHZ

//Select the sweep type.

SWE :MODE AVER

//Turn on frequency tracking.

FREQ:TRAC ON

//Turn on level tracking.

POW:TRAC ON

//Start the measurement with synchronization.
INIT; *WAT

//Set a marker on trace 1 and query its position.
CALC:MARK ON

CALC:MARK:X 1MHZ

CALC:MARK:Y?

//Query the residual noise results of trace 2 over the measurement range.
CALC:EVAL ON

//Residual FM:

FETC:PNO2 :RFM?

//Residual PM:

FETC:PNO2 :RPM?

//Residual RMS jitter:

FETC:PNO2:RMS?

//Freeze trace 1 and trace 2.

DISP:TRAC:MODE VIEW

DISP:TRAC2:MODE VIEW

//Activate trace 3 and trace 4.
DISP:TRAC3:MODE WRIT

DISP:TRAC4:MODE WRIT

//Activate linear trace smoothing for trace 4.
DISP:TRAC4:SMO ON

DISP:TRAC4:SMO:TYPE LIN

DISP:TRAC:SMO:APER 1

//Select IQ sweep mode.

SWE : MODE MAN

LIST:BWID:RES:TYPE IQFF

//Repeat the measurement.

INIT; *WATI

8.16.2 Configuring the Measurement Range

Performing a customized IQ FFT measurement over the whole measurement
range

//Define the measurement range.

FREQ:STAR 100HZ

FREQ:STOP 1MHZ

//Define the measurement settings for all half decades in the measurement range.
SWE : MODE MAN
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//Measurement bandwidth (in per cent of the decade frequency) :
LIST:BWID:RAT 20

//Averages:

LIST:SWE:COUN 20

//Mode:

LIST:BWID:RES:TYPE IQFF

//Window function:

LIST:IQW:TYPE GAUS

Customizing a half decade configuration table

//Define the measurement range.

FREQ:STAR 100HZ

FREQ:STOP 1MHZ

//Define the contents of the table manually.
SWE :MODE MAN

//Customize the range from 100 Hz to 300 Hz.
//Measurement bandwidth:

LIST:RANGS5:BWID 1HZ

//Sweep type:

LIST:RANGS:FILT:TYPE IQFF

//Window function:

LIST:RANGS5:IQW:TYPE CHEB

//Averages:

LIST:RANG5:SWE:COUN 5

//Customize the range from 300 Hz to 1 kHz.
//Averages:

LIST:RANG6:SWE:COUN 5

8.16.3 Scaling the Display

Scaling the x-axis: displaying a half decade

//Select display of one half decade.
DISP:TRAC:X:SCOP HDEC

//Select the start frequency of the half decade.
DISP:TRAC:X:HDEC 1KHZ

//Display the full measurement range again.

DISP:TRAC:X:SCOP MRAN

Scaling the x-axis: customizing the x-axis range

//Select manual x-axis scaling.

DISP:TRAC:X:SCOP MAN

//Define the start frequency of the display range.
DISP:TRAC:X:STAR 30KHZ

//Define the stop frequency of the display range.
DISP:TRAC:X:STOP 300KHZ
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Scaling the y-axis: scaling based on bottom value and range

//Select manual y-axis scaling.
DISP:TRAC:Y:MAN BRAN

//Define the bottom value.
DISP:TRAC:Y:RLEV:LOW -160
//Define the range.

DISP:TRAC:Y 60

Scaling the y-axis: scaling based on top value and range

//Select manual y-axis scaling.
DISP:TRAC:Y:MAN TRAN

//Define the top value.
DISP:TRAC:Y:RLEV -100

//Define the range.

DISP:TRAC:Y 60

Scaling the y-axis: scaling based on bottom and top value

//Select manual y-axis scaling.
DISP:TRAC:Y:MAN TBOT

//Define the bottom value.
DISP:TRAC:Y:RLEV:LOW -160
//Define the top value.
DISP:TRAC:Y:RLEV -100

8.16.4 Configuring Numerical Results

Defining a user range for residual noise results and query the results

//Select the trace for integration.
CALC:EVAL:USER2:TRAC TRACEL
//Define the start and stop frequencies of the integration range.
CALC:EVAL:USER2:STAR 100KHZ
CALC:EVAL:USER2:STOP 1MHZ

//Query the results.

//Residual FM:

FETC:PNO:USER2:RFM?

//Residual PM:

FETC:PNO:USER2 :RPM?

//Residual RMS jitter:
FETC:PNO:USER2:RMS?

Working with spot noise results

//Turn on spot noise markers on every decade edge.

CALC:SNO:DEC ON

//Turn on spot noise markers at two additional offset frequencies.
CALC:SNO1:STAT ON
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CALC:SNO1:X 50KHZ

CALC:SNO2:STAT ON

CALC:SNO2:X 500KHZ

//Read out spot noise marker results.

//Read out the decade edges:

CALC:SNO:DEC:X?

//Read out the marker positions on the decade edges:
CALC:SNO:DEC:Y?

//Read out customized spot noise marker results:
//At 50 kHz:

CALC:SNO1:Y?

//At 500 kHz:

CALC:SNO2:Y?

8.16.5 Using Limit Lines

Programming a phase noise limit line with three segments

//Define the level of the DUT's noise floor.
CALC:PNL:NOIS -134

//Select the number of line segments.
CALC:PNL:TYPE FC3

//Define the characteristics of the line segments.
CALC:PNL:FC1 300KHZ

CALC:PNL:SLOP1 10

CALC:PNL:FC2 30KHZ

CALC:PNL:SLOP2 20

CALC:PNL:FC3 3KHZ

CALC:PNL:SLOP3 30

//Assign the limit line to trace 1 and 2.
CALC:PNL:TRAC 1,2

//Query limit check results.

CALC:PNL:FAIL?

Programming a standard limit line

//Select or create the limit line by name.

CALC:LIM:NAME 'Phase Noise'

//Comment on the limit line.

CALC:LIM:COMM 'Limit line to test phase noise measurement'
//Define the horizontal data points of the limit line.
CALC:LIM:CONT 100HZ, 1kHZ

//Define the vertical data points of an (upper) limit line.
//The unit is fix for phase noise measurements.
CALC:LIM:UPP -160,-170

//Shift the limit line 5 dBc/Hz down.

CALC:LIM:UPP:SHIF -5

//Turn the limit line on.

CALC:LIM:UPP:STAT ON
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8.16.6

Remote Control Example Scripts

//Select the trace to check.
CALC:LIM:TRAC 3

//Turn on the limit check.
CALC:LIM:STAT ON

//Query the limit check results.
CALC:LIM:FAIL?

Using Markers

Using spot noise markers

See "Working with spot noise results" on page 155.

Using normal and delta markers

//Activate and position a normal marker (marker 1).
CALC:MARK ON

CALC:MARK:X 1MHZ

//Position marker 1 on trace 2.

CALC:MARK:TRAC 2

//Query the position of marker 1.

CALC:MARK:Y?

//Activate and position a delta marker (delta marker 1).
CALC:DELT ON

CALC:DELT:X -900KHZ

//Position the delta marker on trace 2.
CALC:DELT:TRAC 2

//Query the position of the delta marker.
CALC:DELT:Y?

//Turning all markers off

CALC:MARK:AOFF

CALC:DELT:AQFF
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[SENSEJADUJUSEALL ...ttt h et s et s et ae et eae e et ese e e ene et e beeneenean 145
[SENSE:JADJUSEFREQUENCY ... .ottt ettt ettt et ettt e e beeaeee e 145
[SENSE:JADJUSELEVEL ... et e e e et e e e e e e et e e e esaee e eseeeesaneeas 146
[SENSE:JFREQUENCY:CENTET. ...ttt ettt ettt 89
[SENSE:JFREQUENCY:STARL. ... .eiititieie ettt ettt ettt e e e st e s e ae e se e e e ne e tenae e e e saeeneesneeneeaneeneenns 96
[SENSE:JFREQUENCY:STOP.......oitiiiiteitit ittt h et ekttt b e e bt e ehe e e bt e e sbeeabeesibeenneeaabeeareeans 96
[SENSE:JFREQUENCY:TRACK. ... ettt ettt ea e ea ettt s ettt e bt ene e teeneeneeaneeneeaneas 91
[SENSe:]FREQuency:VERIfy:TOLeranCe:ABSOIULE. .........ccuiiiiiiiiiiieiie e 91
[SENSe:JFREQuency:VERIfy: TOLeranCe[:RELALIVE]..........ciuiiiiiiiiiie et 91
[SENSe:]JFREQuency:VERIfy[:STATe] .
[SENSE:JIQ:DECIMATION. ...ttt ettt ettt e et e s h et et e et e e e e sbeeebeeneneenee e
[SENSE:JIQUDPLL. ...ttt ettt h et a ekt h ekt r ettt

ST =1 ST | R I =L OSSOSO
[SENSe:]LIST:BWIDth[:RESOIUtION]IRATIO. ....ceueiiieieeiieie ettt ettt e e e e neeeneas 95
[SENSe:LIST:BWIDth[:RESOIUtIONTTYPE ...ttt 96
[SENSe:]LIST:RANGe<range>:BWIDth[:RESOIUtION]........cccuiitiiiiriiiieiiaiieiesiie e 97

[SENSe:]LIST:RANGe<range>:FILTer:TYPE
[SENSe:]LIST:RANGe<range>:IQWindow:TYPE

[SENSe:]LIST:RANGe<range>:SWEEP:COUNL........cocoiiiiiiiiiiiii et 98
[SENSE:ILIST-SWEEPICOUNTL.......oiiitiiitieiiie ettt ettt ettt e e et e et eesseessaeesaeensaessaeeseesnseeseens 98
[SENSe:|LIST:SWEEP:COUNEMULTIPIET. ......viie ettt et eae e e e eaaee e e aa e e e esaeeeenns 99
[SENSe:|LIST:SWEEP:COUNtMULTIPHEISTATE. ....coiiieieee ettt ettt et enee s e enneeseeenes 99
[SENSE:IPOWEIRLEVEL.......cciiiiiieeie ettt ettt ettt e et et eese e et e e s e s aseeeneeenseeennas 89
[SENSe:]POWer:RLEVel:VERIfy:TOLerance.... ... 93
[SENSe:]POWErRLEVELVERIFY[ISTATE]. .. e iuieitieetie ettt ettt ettt e te e st e e eeeeaeeenseesseeeseesneeanneens 93
[SENSEIPOWETRACK. ... .eeiiee ettt ettt ettt et e e e et e et e e st e e abeeeseeesseesseeeaseeasseeseessaeeseesnseeseeans 93
[SENSEIREJECEAM. ... ..ottt ettt e e et e e et e e e e ab e e e e aa e e e e aa e e e saeeeesteeeennseeessseaeensseaeanns 94
[SENSE:ISPURSISUPPIESS. ...ttt ettt ettt ettt et te e s eeeaeeeseeeseeanbeesaeeenseeenseeaseasnseesneeenneennes 122
[SENSE:ISPURS:THRESNOIA. ......cciiiiiieeiie ettt ettt et e e s e e e e eaae e e e enseeeseesnneenns 122
[SENSE:ISWEEPICOUNTL.....coiitiie ettt ettt e e e e et e e et e e e st e e e saseeeessaeeeabaeeeensaeeseasseessnneeeannns 100
[SENSE:ISWEED:FHDECAUE. ...ttt ettt ettt 81
[SENSE:ISWEEDPIFORWEANG. ...ttt ettt ettt ettt e bttt e e e e eneeanns 99
[SENSE:ISWEEP:IMODE.........oii ittt ettt e e e e e et e e st e e e eaae e e e e saeeeeasaeeeesaeeesanseeesaneeas 100
[SENSE:ISWEEP:SVFGIEA. ...ttt ettt ettt ettt e e te e st e et eeeaeeemseeeneeebeesneeenneas 94
ABORL. ...ttt ettt ettt heeeaeeea e e e teeebeeea b e aateateeeate e beeasae e neeenteeataeenteeaneeeneen 78
CALCulate:PNLIMIt:FCT SFrEQUENCYS.......ooiiiiiitiiiii ettt ettt ettt et e et e eab e et e anee e 101
CALCulate:PNLIMit:FC2 SFreQUENCY>.......coiiiiiiiiii ittt ettt 101
CALCulate:PNLIMIt:FC3 SFreQUENCY>........oiuiiiiiiiiiieiie ettt 101
CALCulate:PNLIMit:FC4 SFrEQUENCYS..... ..ottt ettt ettt ettt e b et e et et eenbeeaneeeas 101
CALCulate<n>:DELTamarker<m>:AOFF ....... ... ettt et e e et e e e eneeeeaneeeas 139
CALCulate<n>:DELTamarker<m>:MREFEIrENCE.............cocuiiiiiiiieiie e anea e 139
CALCulate<n>:DELTamarker<m>:TRACe

CALCulate<n>:DELTamMarker<m>:X...... ..o aeee et e e et e e et e e et ee e sseeeesnseeeanteeeeateeeeanneeeeanseeeanes 141
CALCuUlate<n>:DELTaMArKEr<mM>:Y .......oooiiiiiiiiieeeiiee et see e e s ee e et eesttee e snseeeessseeeaaseeeeaseeaesnseeeannseeeanes 141
CALCulate<n>:DELTamarker<m>[:STATE].........oeiiiiieiiriee et eeee e e e e eae e e et e e st e e e snae e e saseeeesneeens 140
CALCuUlate<n>:EVALUAHONISTARL. ..ottt ettt ettt et e e s e beesaeeeneeenreesaeeaneeens 124
CALCUIate<n>:EVALUAIONISTORP.......ooiiiieiiii et e st e e st e e et e e et e e e et e e e snseeeenneeeeanseaeaanseeeaanseeenn 125
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CALCulate<n>:EVALuation:USER<range>:STAR.... ....125
CALCulate<n>:EVALuUation:USER<range>:STOP..........couiiiiiiiii ettt 125
CALCulate<n>:EVALuUation:USER<range>:TRACE........cccuiiiiiiiiie ittt 126
CALCUIate<n>:EVALUAtON[:STATE]. ... eiieetiie et et e ettt e et e e et e e e e e e e saseeeaabaeeeetseeeensseessnneeeannns 124
CALCUIAtE<NZ LIMItIISIACTIVE?. ..ttt ettt e et e e s e e b e e eaeeeseeeaseeteeaneeeeneeenneennes 104
CALCulate<n>:LIMit<li>:CLEAr[:IMMEIAtE]..........ceiiiiiiiiiiiiie e 104
CALCulate<n>:LIMIt<II>ICOMMENT. .......c..iiitiiiitiiie ittt ettt ettt e e et e anae e 108
CALCulate<n>:LIMit<li>:CONTIOESHIFL......co.oiiiii e et 109
CALCulate<n>:LIMit<li>:CONTIOIIDATA].......eiiieiie ettt ettt e e e eae e et eesseeesbeesneeaseeenseenseeanneens 108
CALCulate<n>:LIMit<li>:COPY.... ....104
CALCUIate<N>:LIMIt<II>IDELELE. ... .cceiiiiiieieeie ettt ettt e e et e e st e e beeeseeenseesneeenneeanns 105
CALCUIAtE SN I LIMItIISIFALL?. ...ttt ettt et sae e et e e est e e beeeseeeseesaseeseeesseeaseeannaenns 105
CALCulate<n>:LIMit<li>:LOWEMODE ..ottt 110
CALCulate<n>:LIMIt<Ii>:LOWEISHIFL.... ...ttt et e et e e s 110
CALCUIate<N>:LIMIt<lim>:LOWEISTATE. ... .eiieieeeeeeiiee ettt e e et e et e e s e e e s e e e ssaeeeasaeeesseeeesnneneennneeas 106
CALCulate<n>:LIMit<li>:LOWEIT:DATAL. ...ttt ettt e e et e e et e e e et e e e sbaeaeetaeeeensaeessasseessaneeeannes 109
CALCUIate<n>:LIMIt<IIINAME ...ttt et e e it e e e e et e e be e eaeeaeeeenreeabeaaneaanns 105
CALCUIAtESNS I LIMItIISISTATE. .. .ee ettt ettt ettt ettt et e et e et e e st e e sbeeesseeeseeenteeaseeanseesseeenseennees 106
CALCulate<n>:LIMit<li>:TRACe<t> ....107
CALCulate<n>:LIMit<li>:TRACE<IICHECK. ...ttt 107
CALCulate<n>:LIMit<li>:UPPErMODE...........coooiiiiiee ettt e e e e e et e et e e s e e sneeeeanneeeeneeas 110
CALCuUlate<n>:LIMIt<II>IUPPEIrSHIFL........coiiiiiiii ittt 111
CALCUIate<n>:LIMIt<Ii>IUPPEISTATE. ...ttt ettt e st et e et et e et eesaeeenseeeneeeeeaaneaas 107
CALCuUlate<n>:LIMIt<Ii>IUPPEITDATA] ..ottt ettt etie ettt et e et e te e ereesteesseeeaeeesseeseessseesseesnneennees 111
CALCulate<n>:MARKEIr<M>IAOFF ... ..ottt ettt 137
CALCulate<n>:MARKer<m>:FUNCHON:ZOOM..........cccoiiiiiiiiiiiiiaii ettt ettt e e enee s e aeeaens 143
CALCuUlate<n>:MARKEISMZITRACE. ......cciuiieeiieeeiee et et e e et e e et e e s snteeeasaeeeanseeeaasseeeansseeeaneeeesnnes 138

CALCulate<n>:MARKer<m>:X.. ...138
CALCUIate<N>:IMARKEISIMZIY ...ttt e et e ettt e e s st e e e aane e e e amaeeeaneeeeanneeeesnneeaeanneeas 139
CALCulate<n>:MARKEIr<MI[ISTATE]. ....cuut ittt ettt ettt be e 138
CALCUIAtE NS IMATHSESISTATE. ...ttt h ettt h etttk e e bt e eab et et e e ebeeanee e 113
CALCulate<n>:MATH<t>[:EXPReSSION][:DEFINE].......cooiiiiiiiie et 112
CALCUIate<N> PNLIMItICOPY SK>......cuiiiiieciie ettt ettt ettt e et e et esaee e st e esseeaseeesseesseeanseeenseeseesnneas 101
CALCUIAte<NZIPNLIMIEIFAIL?. ...ttt etttk e bt et ee e e nbeeebeeanaeenee 103
CALCulate<n>:PNLIMItIFCST 10 5> ... .ottt ettt e et e e sneeeneeenes 101
CALCUIate<N>:PNLIMItINOISE. ....cciuiieeeieie ettt e e e et e e st e e e neaeeanneeeaaneeeesnaeeennneeens 101
CALCulate<n>:PNLimit:SLOPe<segment>.. ...103
CALCUIate<N> PNLIMIE TRACE. ... ettt ettt ettt e et e e e st e eteeaseeebeesneeenseeenbeeeaeeannaaas 102
CALCUIate<N>PNLIMItITYPE. ... .o ettt e e sttt e e et e e st e e e ssseeeeasseeeaseeeeanseeeesnseeeannneeeannes 102
CALCUIate<n>:SNOISESMZIAOFF ...ttt ettt ettt et et enaeeeaee e e 129
CALCulate<n>:SNOISE<M>DECAUES X....ccuiiiiiiiieeiiiie ettt ettt e et e e e ate e e aaee e e asbeeeaanaeeesaneeeesnneaaes 130
CALCulate<n>:SNOISE<M>DECAUES:Y ...ccciiiieiiiieeiiiee et ettt e e tee e et eessateeeaneeeeassaeesanseeesanseeesnnseeenns 130
CALCulate<n>:SNOise<m>:DECAAES[:STATE].......cuuteiiriieeiiee ettt e et e e e e st e e e naaeeanaeas 129
CALCUIAtE N> SNOISEMDIX ..ottt ettt ettt et e ettt e e et e e e aabe e e esbee e e tbeaeaaseeeaaaeeeeabeeeeanteeaeanseeeaanseaaannes 131
CALCUIAtE<N>ISNOISESMZIY ...t iteee et e e e e ettt e e st eeeeasaeeeeasaeeesseeeesnseeeeasseeeansseeeansaeeeanseeeaanneeeannes 131
CALCulate<n>:SNOise<m>[:STATe]... .. 131
CONFIGUIEIREFIMEAS.......cciiiiiieiiiie ettt ettt e et e et bt e e et e e e e e st e e e eat e e e e bt e e e anbeeeaanbeeeanbeeeanneeeaanneaeans 78
DISPIAYIFORMEL.......c.uiiiiieiie ettt ettt et e e st e e st e eaaeebeeesbeesaeeeaseeesseeaseesseeesseeenseenseeenbeeaseeenneas 82
DISPIay[:WINDOWSNSJIMINFO[ISTATE]. ...ttt ettt ettt ettt ettt et e be e e 142
DISPIay[:WINDOWSNSJIMTABIE. ......c.ueiiiiieiie ettt ettt et e et eae e e te e st e e beeeneaeneeeneeeseeaneas 142
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DISPIaY[:WINDOWSNS[ISIZE ... .ottt ettt ettt b e b ettt et e bt e eeneeebeeanees
DISPlay[:WINDow<n>]:TRACe<t>:MODE
DISPlay[:WINDOWSN>]: TRACESEZISELECL.......ciiiiiiiiieiiie ittt 132
DISPlay[:WINDow<n>]:TRACe<t>:SMOOthiNG:TYPE........cc.iiiiiiiiiiii it 114
DISPlay[:WINDow<n>]:TRACE<t>:SPURS:SUPPIESS. .......cccctriiiiiiiiiieiteee sttt 115
DISPlay[:WINDow<n>]:TRACe<t>:X[:SCALE]:HDECAE..........ccctiiiiiiiiiiiiieee e 115
DISPlay[:WINDow<n>]:TRACE<t>:X[:SCALELSCOPE. .......eiiiiiiiieiie ittt 116
DISPlay[:WINDow<n>]:TRACE<t>:X[:SCALELSTARL.......citiiertiiiiitieiet et 116
DISPlay[:WINDow<n>]:TRACE<t>:X[:SCALEL:STOP.......cuiiiiiitieiei et 117
DISPlay[:WINDoW<N>]:TRACE<tZIY[:SCALER].....ce ittt 117
DISPlay[:WINDow<n>]:TRACE<t>:Y[:SCALELAUTO.......iiiiiiriiiiiriiee ettt 118
DISPlay[:WINDow<n>]:TRACEe<t>:Y[:SCALEL:MANUAL........ccceeritiiiiiiiieit e 118
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALe]:RLEVel...... .. 119
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:RLEVEI:LOWET.......cccecciiiiiiiiiiieie e 119
DISPlay[:WINDow<n>]:TRACe<t>:Y[:SCALE]:RLEVEl:OFFSet........ccociiiiiiiiiiiiiieecec e 119
DISPIay[:WINDOWSN>[:ZOOMI:STATE]. ...ttt ettt ettt ettt ettt ettt b et ebe et e b e e beeaneeeneeas 143
DISPlay[:WINDow<n>][:SUBWindow<w>]: TRACe<t>:SMOothing:APERUre...........ccceeririrrinirerieee 113
DISPlay[:WINDow<n>][:SUBWindow<w>]:TRACe<t>:SMOO0thiNng[:STATE]........ceseerreirirrriiieeee e 114
DISPlay[:WINDow<n>][:SUBWINdow<w>]:TRACE<I>[:STATE].....cceettiiiiiiiieiiie et 115
FETCh:PNOise<t>:IPN?........ccccoiieiriiiinenns

FETCh:PNOise<t>:MEASUred:FREQUENCY?......c.ciiiiiiiiiti ettt
FETCh:PNOISe<t>:MEASUIEd:LEVEI?.........coiiiiiiie et 134
FETCh:PNOISESEZIRFIM?.... ottt a e b et b et e bttt et etenne et e 127
L] S O o @ T Y S 127
FETCh:PNOISEIZIRPIMY.....e ettt ettt ettt sae e 127
FETCh:PNOISE<t>:SPURS:DISCIEIEY......e ittt 133
FETCh:PNOise<t>:SPURs:RANDom?...

FETCh:PNOISESIZISPURS?. ...ttt ettt ettt ettt ettt et ne e 132
FETCh:PNOISE<IZISWEEPIAVG? ...ttt ettt ettt ettt 134
FETCh:PNOISe<t>:SWEEP:IFDRIfL?......ceiiieeiiee ittt 135
FETCh:PNOISe<t>:SWEEP:LDRIfL?......cciiiieiiiie ettt ettt et e e e et e e e eeeenreeeas 135
FETCh:PNOIiSe<t>:SWEEPIMDRIFE?......c.tiiiitiietii ettt 135
FETCh:PNOISE<tZ:SWEEPISRATE?.....eeiiiiitie ittt ettt b ettt ettt e e aaee e 136
FETCh:PNOISE<t>:SWEEPISTARL?. ..ottt et e e e e et e e e st e e e b e e e e beeeeenseeesenneeens 136
FETCh:PNOISE<t>:SWEEDPISTOP? ...ttt ettt ettt ebe e be e e e neeas 137
FETCh:PNOIise<t>:USERSIaNge>:IPN7.......oo ettt ettt 127

FETCh:PNOise<t>:USER<range>:RFM?
FETCh:PNOise<t>:USER<range>:RMS?..
FETCh:PNOise<t>:USER<range>:RPM?

FORMat:DEXPOMDSEPAIALOr. ........eiiiieiiiiiiieit ettt ettt ettt et e esbee e
FORMEE:DEXPOMHEADET ...ttt ettt ettt e et e b e e eae e e se e eabeebeeemeeeeseeemseeseeenseeaneaanneaan
FORMAE:DEXPOM TRACES. ....ce ittt ettt e e et e st e e ettt e e et e e e st e e e sseee e e seeeeanseeeeanseeeesnseeeennseeeanseeeeanseeeaanseeenn
FORMat:DEXPOIEXDISHID. ...ttt b ettt et e e bt eeeteeanne
FORMAEDIMPOIETRACES. ...ttt ettt ettt e et e et e e e e e eaeeeseees b e e ebeeemeeeseeenbeeaseeenseeeaeeanseans
INITiate:SEQuencer:ABORt..........

INITiate:SEQUENCENIMMEIAE. ... .coiiiiiie ettt ettt ettt e e e e e e snee e 80
INITiate:SEQUENCEIIMODE....... ..o ittt ettt e et e e e ke e e e st e e e ambeeeaseeeeanseeeeanreeaeanseeaannes 80
INITIQEESNZICONIMEAS. ...ccc e ettt et et e e et e e et e e e st e e e assteeeasaeeeeaseeeeasteeeansaeeesnseeeeanseeeansseaeensnneennes 78
INITIGtE NS CONTINUOUS. ...ttt ettt ettt bt he e et e e e h bt e bt e e a bt e bt e ea bt et e e e bt e she e et e e eneeebeeannean 79
INITIAtESNS[IIMMEIALE]. ...ttt ettt et e e et e ekt e e e bb e e e etbe e e amsseeeaneeeeanseeeansneaaanes 79
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INPut: GAIN:STATe

LN UL e ot Y B [T e TUE- 1] o PSPPSR 89
INPU<ip>:ATTENUALIONIAUTO ...ttt ettt ettt ettt e et e e et enbeeaaneenes 90
INPULKIDZICONNECION . ......eeeieie ettt e et e e et e e e et e e e st e e e et e e e sbeeeesseeesnssaeeanssaeeasseeeasseeennneeas 145
INPULKIDZICOUPIING. ...ttt ettt ettt et e e e bt e eae e e eaeeeabeeeseeenseeeneeenseeeseeeabeeensaenneeenreeaseaanns 144
INPULKIDZIDPATN. ...ttt ettt et et s et e bt e est e e beeesse e s e e ense e saeesseesaeeensaesnseenbeeesseeseesnseeseeans 144
INPULKIDZ I F LTI Y IG i STATE]. .ottt ettt e e e e et e e e et e e et e e e ess e e e snsseeesnsaeeesnseaeesseeeanes 144
INSTrument:CREALE:IDUPLICALE. ......cciiiiiieiei ettt et et e et e e et e e s nb e e e emneeeeaneeeas 74
INSTrUMENt:CREALEIREPLACE. ... ..ciiiiiii ettt e e e e et e e s e e e s e e enaeeeenneeeennneees 74
INSTrument:CREate[:NEW] .
INSTIUMENTIDELELE. ...ttt ettt e ettt e e be e e e e mt e e e e mte e e e nne e e e anneeeaanaeeeanaeaeannneaenns

LN S L 81T L S USSR 75
INSTIUMENERENGME. ...ttt et b ettt e bttt e bt e e b e e sateeabeeenbeebeeaneeenne 76
INSTIUMENIESELECE]. ...ttt et e e e bt e e s et e e s b e e e e asae e e emse e e e nseeeansaeeeanteeaeanseeeannes 77
LAYOULADD[:WINDOW] ...ttt ettt ettt ettt ettt et b e et et et e e neee s 83
LAYOUL:CATAIOGL:WINDOW] ...ttt ettt ettt e b e e et e bt e et e et e et e e eaeeeneeeeneas 84
LAYOUL: IDENETY[:VVINDOW]? ...ttt ettt ettt ettt et e e s b e e e bt e e me e e eaeeembeesseeenseeemseanseeanbeeaneeanneas 84
LAYOUt:REMOVE[IWINDOW]. ...ttt ettt b ettt ettt e bt ettt et e et e nbeeseeeene
LAYout:REPLace[:WINDow]..

[N (o TUL ] o I (=Y OO OURRRRPR
LAYOUL:WINDOWSNZIADD? ...t eee et e st e e st ee e et e e et e e e eaeeeessseeeeasseee e saeeeasseeesnsaeeesnseaeesseeennseeeeanseeennnes 87
LAYOUt:WINDOWSNZIIDENLIfY 2.ttt ettt ettt et e et nbeeanee e 87
LAYOUL:WINDOWSNZIREMOVE. ...ttt ettt et e et e e e st e e et e e e s meb e e e ambe e e e nbeeeensneaennneeas 88
LAYOUL:WINDOWSNZIREPLACE. .....cccutiiiiiiiee et et ettt e e st e e st e e e st e e e s e e ssaeeeenseeeesnseeeeanneeeensnneenne 88
MMEMOTY:LOADSNZ I TRACE. ...ttt et b ettt e e he et e b e et e eat e et e et e et e aneeas 122
MMEMOTY:STORESNZITRACE. ...ttt ettt e ettt e st e et e eebeeesbeeeseeemseeesbeebeeeaeaeseeenreenseaanns 122
STATUS:OPERALION:CONDITIONT?.......eiiiiie e e e st et e ettt e e et e e e st e e e sseeeeasseeeaanseeesnseeeannaeeeanseeeenneeas 151
STATus:OPERation:ENABIle .
STATUS:OPERAON:INTREANSIIION. ...ttt et e et e e et e e entb e e e snseeeeaneeeas 151
STATUS:OPERALION:PTRANSIHION. .....ciiiiiieiiiiie ettt ettt e te e e e e st e e et e e e snteeeennneeeennneeeannes 152
STATUS:OPERGUON[EVENL] ...t et s e e s e e e e e e s e e e ensaeaesnnaeeesnneeas 150
STATUS:QUESHONADIEICONDIION?.......ieie ittt ettt et e e et e e e ete e e e smteeeaneeeeanneeeeannen 151
STATUS:QUESHONADIEIENABIE. ........eeieeiie ettt e st e e e st e e e sne e e e seeeeeseeeaanseeeannseeeanneeens 151
STATus:QUEStIoNable:LIMit:CONDItION?.........iiiieiie ittt 151
STATUs:QUESHONADIELIMItIENABIE........c..iiiiiiiiee ettt et e b e enee s 151
STATus:QUEStionable:LIMit:NTRANSIION. .......ceiiiiieeiiiie et eee e e e e e e e et e e s nneeeeanneeeens 151
STATus:QUEStionable:LIMit:PTRansition.... ... 152
STATus:QUEStIoNable:LIMIt[:EVENE]?.... ..o ettt et e e eeee s 150
STATUS:QUESHONADIEINTRANSIION. ... .eiieiiiiee ettt e et e e st ee e e st e e e steeeesnteeeennneeeeenseeeannes 151
STATus:QUEStionable:PNOISE:CONDIION?........ciiiiiiiiiieiie ettt ettt 151
STATus:QUESHIONAbIE:PNOISEIENABIE. ...ttt ettt et e et e e e eneeeeeeneeeas 151
STATus:QUEStionable:PNOISE:INTRANSIION. ........eeiiiiieiiiie ettt e e e e e e e e e e e e neeeennnes 151
STATus:QUEStionable:PNOISE:PTRANSIION. ........ciiiiiiiiiiiiie e 152
STATus:QUEStioNable:PNOISE[IEVENL]? ...ttt eae e 150
STATus:QUEStionable:POWEr:CONDITION?.......ciciiieeiiiee et eeieee e eteee et e et e e s snee e e s eee e e saeeeennseeeaneeeeaneeeens 151
STATus:QUEStionable:POWer:ENABIle ... 151
STATus:QUEStIoNable:POWErNTREANSIION. .........iiiiiieiiiii et e siee e e s e e saee e e e nneeaeanes 151
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