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New Features in this Revision

1 Contents of this Operating Manual

This operating manual describes the functionality of the R&S ZVA/B/T vector network
analyzers and provides examples and reference information for manual and remote con-
trol. The operating manual complements the quick start guides; the complete information
is contained in the analyzer's help system.

The manuals contain the following chapters.

e Chapter 1: Preparing the Analyzer for Use
Refer to the Quick Start Guides for models R&S ZVA, R&S ZVB, and R&S ZVT.

o Chapter 2: Getting Started (basic measurement examples)
Refer to the Quick Start Guides for models R&S ZVA, R&S ZVB, and R&S ZVT.

e Chapter 3: System Overview (description of functionality)
e Chapter 4: GUI Reference

e Chapter 5: Remote Control

e Chapter 6: Command Reference

e Chapter 7: Program Examples

e Chapter 8: Maintenance, Hardware Interfaces

e Chapter 9: Measurement EXamples

e Index

1.1 New Features in this Revision

This manual describes version V2.80 of the ZVA/ZVB/ZVT firmware. Compared to pre-
vious versions, the new firmware provides numerous extensions and improvements. The
history of the firmware depends on your analyzer type, it is documented at the beginning
of the help system, section Welcome — What’'s New?.

@ To check your vector network analyzer firmware version, click Help — About NWA...

1.2 R&S ZVA/ZVB/ZVT Documentation Map

The R&S ZVA/ZVB/ZVT documentation is delivered as a help system, a printed quick
start guide and on CD-ROM.

1.2.1 Help System

The help system is embedded in the instrument, offering quick, context-sensitive refer-
ence to the information needed for operation and programming.

|
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R&S ZVA/ZVB/ZVT Documentation Map

You can use the help also if you control the instrument from an external monitor. Fur-
thermore you can transfer the help to your PC and use it as a standalone help.

1.2.2 Quick Start Guide

The quick start guide describes everything that is needed to put the instrument into oper-
ation and helps you to get familiar with the R&S ZVA/ZVB/ZVT. It gives an introduction
to the instrument's functionality and provides procedures for typical measurement tasks.
The quick start guide is delivered with each R&S ZVA/ZVB/ZVT.

1.2.3 Documentation CD-ROM

The CD-ROM provides the complete user documentation for the R&S ZVA/ZVB/ZVT:

the online help system
the quick start guides in printable form
this user manual in printable form

additional user manuals for accessories, e.g. calibration kits, frequency converters,
extension units

brochures and data sheets in printable form
the service manual in printable form
links to different useful sites in the R&S internet

Operating Manual 1145.1084.12 — 18 4
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Glossary: Frequently Used Terms

Active channel: Channel belonging to the active trace. The active channel is highlighted
in the channel list below the diagram. The active channel is not relevant in remote control
where each channel can contain an active trace.

Active marker: Marker that can be changed using the settings of the Marker menu (Delta
Mode, Ref. Mkr -> Mkr, Mkr Format). The active marker is also used for the Marker
Functions. It appears in the diagram with an enlarged marker symbol and font size and
with a dot placed in front of the marker line in the info field.

Active menu: The menu containing the last executed command. If the softkey bar is
displayed (Display - Config./View - Softkey Labels on), then the active menu is indicated
on top of the softkey bar.

Active trace (manual control): Trace that is selected to apply the settings in the Trace
menu. The active trace is highlighted in the trace list of the active diagram area. It can be
different from the active trace in remote control.

Active trace (remote control): One trace of each channel that has been selected as the
active trace (CALCulate<Ch>:PARameter:SELect <trace name>). Many com-
mands (e.g. TRACE. . .) act on the active trace. It can be different from the active trace
in manual control.

Calibration: The process of removing systematic errors from the measurement (system
error correction). See also TOSM, TOM, TRM, TRL, TNA...

Calibration kit: Set of physical calibration standards for a particular connector family.

Calibration standard: Physical device that has a known or predictable magnitude and
phase response within a given frequency range. Calibration standards are grouped into
several types (open, through, match,...) corresponding to the different input quantities for
the analyzer's error models.

Calibration unit: Integrated solution for automatic calibration of 1 to 4 ports (accessory
R&S ZV-Zxx). The unit contains calibration standards that are electronically switched
when a calibration is performed.

Cal pool: The cal pool is a collection of correction data sets (cal groups) that the analyzer
stores in a common directory. Cal groups in the pool can beapplied to different channels
and setups.

Channel: A channel contains hardware-related settings to specify how the network ana-

lyzer collects data. Each channel is stored in an independent data set. The channel set-
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tings complement the definitions of the Trace menu; they apply to all traces assigned to
the channel.

Compression point: The x-dB compression point of an S-parameter or ratio is the stim-
ulus signal level where the magnitude of the measured quantity has dropped by x dB
compared to its value at small stimulus signal levels (small-signal value).

Confirmation dialog box: Standard dialog box that pops up to display an error message
or a warning. The current action can be either continued (OK) or cancelled (Cancel) on
closing the dialog box.

Crosstalk: The occurrence of a signal at the receive port of the analyzer which did not
travel through the test setup and the DUT but leaks through other internal paths. Crosstalk
causes an isolation error in the measurement which can be corrected by means of a
calibration.

CW frequency: Continuous Wave frequency; fixed stimulus frequency used in Power,
CW Time and CW Mode sweeps.

Data trace: Trace filled with measurement data and updated after each sweep (dynamic
trace).

Diagram area: Rectangular portion of the screen used to display traces. Diagram areas
are arranged in windows; they are independent of trace and channel settings.

Directivity error: Measurement error caused by a coupler or bridge in the analyzer's
source port causing part of the generated signal to leak through the forward path into the
receive path instead of being transmitted towards the DUT. The directivity error can be
corrected by means of a full one port calibration or one of the two-port calibration methods
(except normalization).

Discrete marker: The stimulus value of a discrete marker always coincides with a sweep
point so that the marker does not show interpolated measurement values.

Excursion: Difference between the response values at a local maximum (minimum) of
the trace and at the two closest local minima (maxima) to the left and to the right.

Forward: A measurement on a two-port DUT is said to be in forward direction if the source
signal (stimulus) is applied to port 1 of the DUT.

Harmonic: Integer multiple of the fundamental frequency. The fundamental is the first
harmonic, the nth harmonic is n times the frequency of the fundamental.

Operating Manual 1145.1084.12 — 17 6
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Harmonic distortion: The production of harmonic frequencies (harmonics) by an elec-
tronic system when a signal is applied at the input.

Harmonic grid: A set of equidistant frequency points fi (i = 1...n) with spacing Delta(f)
and the additional condition that f1 = Delta(f). A harmonic grid is required for low pass
time domain transforms.

Intercept point: Fictitious lower-tone DUT input/output level where the intermodulation
suppression (-->) for a given intermodulation product reaches 0 dB

Intermodulation measurement: Measurement where the DUT is supplied with two RF
signals of equal power but different frequencies termed the upper and lower tone. The
analyzer measures the frequency-converting behavior of the DUT (--> intermodulation
product).

Intermodulation product: Special type of emissions of a nonlinear DUT that is supplied
with a two-tone RF signal (--> intermodulation measurement). The intermodulation prod-
ucts occur at frequencies which correspond to sums and differences of the upper and
lower tone frequencies and their integer multiples.

Intermodulation suppression: The ratio of the power of an --> intermoulation product
to the power of the lower tone fundamental wave.

Isolation error: Measurement error caused by a crosstalk between the source and
receive port of the analyzer.

Limit check: Comparison of the measurement results with the limit lines and display of
a pass/fail indication. An acoustic warning can be generated in addition if a limit is excee-
ded.

Limit line: A limit line is a set of data to specify the allowed range for some or all points
of a trace. Typically, limit lines are used to check whether a DUT conforms to the rated
specifications (conformance testing).

Load match error: Measurement error caused by a mismatch of the analyzer's receive
(load) port causing part of the signal transmitted through the DUT to be reflected off the
receive port so that it is not measured there. The load match error can be corrected by
means of a two-port calibration (except normalization).

Marker: Tool for selecting points on the trace and for numerical readout of measured
data. A marker is displayed with a symbol (a triangle, a crossbar or a line) on the trace;
its coordinates are shown in the marker info field.

Operating Manual 1145.1084.12 — 17 7
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Mathematical trace: Trace that is calculated according to a mathematical expression,
e.g. the one defined in the Define Math dialog. The expression is a mathematical relation
between constants and the data or memory traces of the active setup.

Measurement point: Result of the measurement at a specified stimulus value (fre-
quency/power/time).

Measurement result: Set of all measurement points acquired in a measurement (e.g. a
sweep). The measurement result is displayed in a diagram area and forms a trace.

Memory trace: Trace that is associated to a data trace and stored in the memory. Data
traces and the associated memory traces share the same channel and scale settings.
Alternatively, memory traces can be imported from a file.

Mixer: Device that converts an RF signal at one frequency into a signal at another fre-
quency. The frequency that is to be shifted is applied at the RF input and the frequency
shifting signal (from a local oscillator, LO) is applied to the RF mixer's LO port, resulting
in an output signal at the mixer's Intermediate Frequency (IF) port.

NWA: (Vector) Network Analyzer, in particular the R&S ZVA/ZVB/ZVT.

Partial measurement: Measurement at a specified stimulus value maintaining definite
hardware settings. Depending on the measurement type, several partial measurements
may be needed to obtain a measurement point. A full n-port S-parameter measurement
requires n partial measurements with n different drive ports.

Peak: Local maximum or local minimum (dip) on the trace. In the Trace - Search menu,
it is possible to define a minimum excursion that both types of peaks must have to be
considered valid.

Power calibration: Correction method that eliminates frequency response errors in the
signal path and in the receiver and ensures accurate power levels and readings; see
source power calibration and receiver power calibration.

Receiver power calibration: Correction method that the power readings at a specified
input port of the analyzer agree with the source power level calibrated at an arbitrary
reference plane. Typically, the reference plane is at the input of the receiver so that the
calibration eliminates frequency response errors in the calibrated receiver.

Reflection tracking error: Frequency-dependent variation of the ratio of the reflected
wave to the reference wave at a test port when an ideal reflection coefficient (= 1) is
measured. The reflection tracking error can be corrected by means of a reflection nor-
malization or one of the more sophisticated calibration methods.

|
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Reverse: A measurement on a two-port DUT is said to be in reverse direction if the source
signal (stimulus) is applied to port 2 of the DUT.

Setup: A setup comprises a set of diagram areas with all displayed information that can
be stored to a NWA setup file (* . zvx). Each setup is displayed in an independent win-
dow.

Source match error: Measurement error caused by a mismatch of the analyzer's source
port causing part of the signal reflected off the DUT to be reflected again off the source
port so that it is not measured there. The source match error can be corrected by means
of a full one-port calibration or a two-port calibration (except normalization).

Source power calibration: Correction method that ensures accurate power levels of the
generated wave at an arbitrary reference plane in the measurement path. The source
power calibration eliminates frequency response errors in the signal path between the
source and the reference plane.

Stimulus value: Value of the sweep variable (frequency/power/time/point number)
where a measurement is taken. Also termed sweep point.

Sweep: Series of consecutive measurements taken at a specified sequence of stimulus
values = series of consecutive measurement points.

Sweep point: Value of the sweep variable (stimulus value: frequency/power/time) where
a measurement is taken.

Sweep range: Continuous range of the sweep variable (frequency/power/time) contain-
ing the sweep points where the analyzer takes measurements. In a Segmented Fre-
quency sweep the sweep range can be composed of several parameter ranges or single
points.

Sweep segment: Continuous frequency range or single frequency point where the ana-
lyzer measures at specified instrument settings (generator power, IF bandwidth etc.). In
the Segmented Frequency sweep type the entire sweep range can be composed of sev-
eral sweep segments.

TNA: A calibration type using a Through, a symmetric Network and an Attenuation stand-
ard. The properties of the Network and the Attenuation don't have to be known exactly.
Like TRL and TRM, TNA is especially useful for DUTs in planar line technology.

TOM: A calibration type using three fully known standards (Through, Open, Match), rec-
ommended for 2-port measurements on coaxial systems.

Topology: Assignment of the physical ports of the NWA to the logical ports used for the
measurement of mixed mode S-parameters (balance-unbalance conversion).

|
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TOSM: A calibration type using a Through plus the one-port standards Open, Short,
Match, to be connected to each calibrated port. Classical 12-term error model, also refer-
red to as SOLT. See also UOSM.

TRL: A calibration type using the two-port standards Through and Line, which are both
assumed to be ideally matched. Beyond that, the through must be lossless, and its length
must be exactly known. Especially useful for DUTs in planar line technology.

TRM: A calibration type which requires a low-reflection, low-loss Through standard with
an electrical length that may be different from zero, a Reflect, and a Match. Especially
useful for DUTs in test fixtures.

TSM: A calibration type using three fully known standards (Through, Short, Match), rec-
ommended for 2-port measurements on coaxial systems.

UOSM: A variant of TOSM calibration using an unknown but reciprocal Through standard.
Especially for port combinations with different connector types.

|
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l

Diag Area 1 Diag Area 2

Trace Settings

The trace settings specify the mathematical operations used in order to obtain traces from the
measured or stored data. They can be divided into several main groups:

e Selection of the measured quantity (S-parameters, wave quantities, ratios, impedances,...)

e Conversion into the appropriate display format and selection of the diagram type

e Scaling of the diagram and selection of the traces associated to the same channel

e Readout and search of particular values on the trace by means of markers

e Limit check

The Trace menu provides all trace settings. They complement the definitions of the Channel menu.
Each trace is assigned to a channel. The channel settings apply to all traces assigned to the channel.

G

O  Ifatrace is selected in order to apply the trace settings, it becomes the active trace. In manual
control there is always exactly one active trace, irrespective of the number of channels and
traces defined. The active channel contains the active trace. In remote control, each channel
contains an active trace; see section Active Traces in Remote Control in the help system.

Channel Settings
A channel contains hardware-related settings to specify how the network analyzer collects data. The
channel settings can be divided into three main groups:

e Control of the measurement process (Sweep, Trigger, Average)

e Description of the test setup (Power of the internal source, IF filter Bandwidth and Step
Attenuators, Port Configuration)

e Correction data (Calibration, Offset)

The Channel menu provides all channel settings.
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RAW
WAVE QUANTITIES

Channel data flow | I
(for all traces of the channel)

OFFSET

%* S - Parameters (no conv.)
.S
2 pdrameters

Y - Parameters
Stability Factor

# before entering this block,
Z+8;, Y8
are ré-convertbd to S-Parameters
and converted back after the block

S - Parameters

Wave Quantities, Ratios

. Data Access Points:
1, 2 Import/Export Data
3, 4 Apply cal pool data / copy to cal pool

Trace data flow
(for individual traces)

SHIFT
IRESPONSE
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File Trace <Channel Display System Window Help

Menus can be controlled in different ways:

e With a mouse, like the menus in any Windows application. A left mouse click expands a menu
or submenu. If a menu command has no submenu assigned, a left mouse click opens a dialog
or directly activates the menu command.

e Using the front panel keys.

e With a combination of the previous methods, using the hardkey bar (front panel key bar,
activated via Display — Config./View).

The active menu is the menu containing the last executed command. If the softkey bar or hardkey bar is
displayed (Display — Config./View — Softkey Labels on), then the active menu is indicated on top of the
softkey/hardkey bar.

o When you select a command in a new menu the softkey bar is updated to reflect the new active
menu with all commands. You can continue operation using the softkeys.

Overview of menu functions

The Control B menu provide standard Windows functions to control windows.

.. @

The File menu provides standard Windows functions to create, save, recall or print setups, to
copy the current screen and to shut down the application.

e The Trace menu provides all trace settings and the functions to create, select, modify and store
different traces. In addition the menu provides the marker, search and limit check functions.

e The Channel menu provides all channel settings and the functions to create, select, modify and
store different channels.

e The Display menu provides all display settings and the functions to create, select, modify and
arrange different diagram areas.

e The System menu provides functions to reverse operations, return to a defined instrument
state, retrieve information on the instrument and access service functions. Besides, it
configures the remote control operation, starts the Measurement Wizard and provides print
options.

e The Window menu provides standard Windows™ functions to arrange different windows on the
screen.

e The Info menu provides information and selftest options for service purposes and
troubleshooting.

e The Help menu provides assistance with the network analyzer and its operation.

Menu Structure

All menus show an analogous structure.

1145.1090.62 3.7 E-7
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Measure 2 S11
Format k s21
Scale k 31z
Trace Select ¥ 222
Trace Funck  # Mare 5-Params. ..
Marker r .
F.atios 3 » bZfal SrcPort 1
search ’ Wy Eiki ] bifal Src Port 1
Marker Funck > ave Quantikies al src Porl
Lires , Impedance » bzfb1 Src Port 1
Admittance b b1/bZ arc Paort 1
Z-Params. .. .
More Fatios., .,
Y-Params...

Skahilicy Fackar. .,

A menu command with a right arrow Djexpands a submenu with further related settings.
Example: Measure D—_expands a submenu to select the quantity to be measured and displayed.

A menu command with three dots appended calls up a dialog providing several related settings.
Example: More S-Parameters... opens a dialog to select S-parameters for multiport
measurements or mixed mode S-parameters.

A menu command with no arrow or dots directly initiates an action.
Example: S21 selects the forward transmission coefficient S, as measured quantity.

A dot preceding the menu command indicates the current selection in a list of alternative
settings.
Example: In the figure above, S,, is selected as measured quantity.

Softkey Bar

The softkey bar displays the commands of the active menu so that they can be activated by hitting the
associated keys on the front panel. It consists of three elements:

Heading
Trace The heading shows the two lowest level menu commands in the current
branch of the menu tree. The lowest-level command appears on a shaded

background.
Function softkeys

Up to 8 softkeys, each corresponding to a command of the active menu.

572 The function of the softkeys and their labels are strictly equivalent to the
. corresponding menu commands.
More e Alarge dot in the lower right corner indicates the current selection in
5-Params a list of alternative settings.

e Three dots indicate that the softkey calls up a dialog providing

several related settings.

Lt [ e Aright arrow D—_indicates a submenu with further related settings.

e A softkey with no arrow or dots directly initiates an action.

1145.1090.62 3.8 E-7


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Screen Elements

e Navigation softkey (optional)

Softkey no. 8 or softkeys no. 7 and no. 8 are reserved for navigation:
e More 1/2 and More 2/2 toggle between two groups of softkeys

which belong to the same menu. The softkeys are provided

-- More — whenever the active menu contains more than 7 commands.
2/2 e Menu Up activates the higher-level menu and is provided in all
menus except the top-level one listing the main menus in the menu
bar.

The softkey bar is automatically updated when the active menu is changed.

©  You can hide the softkey bar and gain screen space for the diagram areas if you use a mouse to
control the analyzer (see Display — Config./View). All settings are accessible from the menus listed in
the menu bar across the top of the screen. Moreover, you don't have to display the softkey bar
permanently in order to make use of its functionality. Hitting any of the keys associated to the softkey
bar will make it visible for a period of time sufficient to select the next instrument function.

Hardkey Bar

The hardkey bar (front panel key bar, Display — Config./View) represents the most commonly used front
panel keys of the analyzer. Clicking a key symbol executes the action of the corresponding key.

The hardkey bar corresponds to the TRACE, CHANNEL, DISPLAY and SYSTEM keypads:

Trace Trace
_Select | Channel

Meas m
QA Syskenm
Scale || Search IP'“;LEW Mode
Marker —r‘gﬂ"k'ir Display
Tracs || tines [ Cal HOFFSEI: ] Area 1 view
© The hardkey bar provides access to the basic groups of settings with a single mouse click. It is

particularly useful if the analyzer is controlled from an external monitor or Remote Desktop. Alternatively
the settings are accessible from the menus of the menu bar or from the softkey bar.

The hardkey bar is hidden by default to gain screen space for the diagram areas.
Status Bar

The status bar (Display — Config./View) shows the statistics for the sweep average (if sweep average is
on), the progress of the sweep, the LXI status, and the control mode of the analyzer (LOCAL or
REMOTE). A green LXI status symbol indicates that a LAN connection has been established; a red
symbol indicates that no LAN cable is connected.

Avg: 10410 [ | LXT| LocaL
During sweep initialization, the progress bar for the sweep is replaced by a symbol.

During the first sweep after a change of the channel settings, an additional red asterisk symbol
appears:

o Chl: I

1145.1090.62 3.9 E-7


https://www.manualsplus.com/



https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Screen Elements

Title

Across the top of the diagram area, an optional title describes the contents of the area. Different areas
within a setup are distinguished by area numbers in the upper right corner.

© Use the context menu or the functions in the Display menu to display, hide or change the title and
to add and customize diagram areas.
Traces

A trace is a set of data points displayed together in the diagram area. The individual data points are
connected so that each trace forms a continuous line.

_@E{*_g_ T N N
NPT SRR (RpRRyRpe) AFpRpupugs RUpupupuy JRpupupug Spap f ----- |
L-12.8 .‘Ill Ilr

L 152 J

The trace can be complemented by the following display elements, plotted with the same color:

e Reference value (for all traces): The Reference Value is indicated with a triangle at the right
edge of the diagram and a dashed, horizontal line. The value and position of the triangle can be
changed in order to modify the diagram scale and shift the trace vertically.

e Measured quantity (for the active trace): The measured quantity is indicated in the left upper
corner of the diagram.

A trace can be either a data trace, a memory trace, or a mathematical trace; see Trace Types below.

@Context menu of the diagram area

A right mouse click on any point of the diagram area (except the marker info field and the measured
quantity info) opens a context menu:

Maximize

Crverlay Al
Split Al

Add Trace
Add Diag Area + Trace
Delete Diag Area

Title

Color Scheme, ..

The settings correspond to the most common commands in the Display — Area Select and Display —
Config View menus.
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Trace Types

The analyzer uses traces to display the current measurement result in a diagram area but is also
capable of storing traces to the memory, recalling stored traces, and defining mathematical relations
between different traces. There are three basic trace types:

e Data traces show the current measurement data and are continuously updated as the
measurement goes on. Data traces are dynamic traces.

e Memory traces are generated by storing the data trace to the memory. They represent the
state of the data trace at the moment when it was stored. Memory traces are static traces which
can be stored to a file and recalled.

e Mathematical traces are calculated according to a mathematical relation between constants
and the data or memory traces of the active setup. A mathematical trace that is based on the
active data trace is dynamic.

It is possible to generate an unlimited number of memory traces from a data trace and display them
together. Markers and marker functions are available for all trace types.

O  The trace type of each trace in a diagram area is indicated in the trace list. You can also make
each trace Invisible without deleting it.
Trace List and Trace Settings

The main properties of all traces assigned to the diagram area are displayed in the trace list in the
upper left corner.

dB Mag 40dBf Ref-200dB Chl Invisible

Phase 45°F7 Ref0®

dB Mag 10dBF Ref0 dB Ch2 Math
Mema[TrcT] dB Mag 10dBF Ref0 dB Ch2

Each line in the trace list describes a single trace. The active trace is highlighted. The lines are divided
into several sections with the following contents (from left to right):

e Trace name indicates the current trace name. The default names for new traces are Trc<n>
where <n> is a current number. A Mem... preceding the trace name indicates a memory trace.

o O Right-click the section and call the Trace Manager from the context menu to change the
trace name.

e Measured quantity indicates the measured quantity, e.g. an S-parameter or a ratio. The
measured quantity of the active trace is also displayed in the diagram area below the trace list.

e Format shows how the measured data is presented in the graphical display (trace format).

e Scale shows the value of the vertical or radial diagram divisions (Scale Div.) and the Reference
Value.

e Channel shows the channel that each trace is assigned to. The channel section is omitted if the
all traces in the diagram area are assigned to the same channel.

e Type shows Invisible if a trace is hidden and Math if the trace is a mathematical trace. GAT
indicates that a time gate is active for the trace.

O Right-click the trace name and click Show Data or Show Mem from the context menu to display
and hide data and memory traces. Use the Trace Funct(ions) to define mathematical traces. GAT
indicates that a time gate is active for the trace.
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O Right-click any of the sections in the trace list (except Type) to open a context menu and access
the most common tasks related to the section.

@Context menus of the trace list

A right mouse click on the trace name, the measured quantity, and the format and scale section of the
trace list opens the following context menus, respectively:

a1l
* 571 * dB Mag
512 Phase
S22 amith
Trace Manager... More S-Params. .. Palar
.ﬁ.ss?gn Diag Area... bz/al Delay
Assign Channel, . bzfb1 Aperture. .,
Delete Trace More Ratios. .
v Marker 1... S.WR
al Lin Mag Autoscale
Draka - Mem aZ Real
b1 Imag Scale [ D, ..
v Show Data bz Ire. Smith Ref. Yalue...
More Wave Quankities, .. Unwrapped Phase Fef Position...

Assign Channel. ..
Trace Manager

The settings correspond to the most common commands in the Trace — Trace Select, Trace — Trace
Funct, Trace — Meas, Trace — Format and Trace — Scale menus.

©  Avred label Cal Off I appears behind the trace list if the system error correction no longer applies
to one or more traces; see Calibration Overview.
Markers

Markers are tools for selecting points on the trace and for numerical readout of measured data. The
analyzer provides three different basic marker types.

fubir 1 Ref
¥ ¥ Ahoker 2

bandpass search and a bandstop search, respectively.
e A (normal) marker (Mkr 1, Mkr 2, ...) determines the coordinates of a measurement point on the
trace. Up to 10 different normal markers can be assigned to a trace.
e Areference marker (Ref) defines the reference value for all delta markers.
e Adelta marker (4) indicates the coordinates relative to the reference marker.

e The stimulus value of a discrete marker always coincides with a sweep point so that the marker
does not show interpolated measurement values.
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The markers 1 to 4 are also used for bandfilter search mode. The examples below show a bandpass
search and a bandstop search, respectively.

S22 | Center ** Maximﬁm

L_evel
(x dB

bandwidth
e e e N e 2 |
T Bandwidth T
Lower | | Upper/
band edge | band edge
Upper
Lower
|band edge
bAngeros l Bandwidth |

ki 2

e  Mkr 1 indicates the maximum (minimum) of the peak.

e Mkr 2 and Mkr 3 indicate the lower and upper band edge where the trace value has decreased
(increased) by a definite Level value.

e Mhkr 4 indicates the center of the peak, calculated as the arithmetic mean value of the LBE and
UBE positions.

Marker Info Field

The coordinates of all markers defined in a diagram area are displayed in the info field, which by default
is located in the upper right corner.

"Ref  6.838279 GHz -1.954 dB
A Wkri BOES30T GHz D10 4B
wibler I 77038264 MHz D521 dB

fulcr 1 Ref

¥ ﬁM:r 2

The list contains the following information:

o Mhkr 1, Mkr2, ... denote the marker numbers.
e Markers are displayed with the same color as the associated trace.
e The marker coordinates are expressed in one of the marker formats selected via Marker
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Format. The formats of the markers assigned to a trace are independent of each other and of
the trace format settings.

e The active marker has a dot placed in front of the marker line.
e A Asign placed in front of the marker line indicates that the marker is in Delta Mode.

O Customizing the marker info field

To change the position, appearance or contents of the marker info field use one of the following
methods:

e Double-click the info field to open the Mkr Properties dialog with extended settings for all
markers of the active trace. Select the options in the Show Info panel to customize the
information in the info field (Active Trace Only, Stimulus Info Off).

¢ Right-click the info field to open a context menu providing frequently used marker settings.

e To change the position of the marker info field, select Movable Marker Info from the context
menu. Drag-and-drop the info field to any position in the active diagram area.

e To change the format of the active marker, select Mkr Format.

e To express the coordinates of the active marker relative to the reference marker, activate the
Delta Mode.

O For more information: Show Info Table

In addition to the marker info field, the analyzer provides an info table with extended marker
information.

Marker | Trace Stirmulus Response | Delta | Discr | Fixed | Tracking | Search Range
Ref Trcl 3.440171000GHz 6426de - [ off Full Range
Mkr 1 Trcl 4000150000 GHz -S5364dB [ — I Off Full Range

The table is hidden by default. To display the table double-click the marker info field to open the Marker
Properties dialog.

@Context menu of the marker info field
A right mouse click on the marker info field opens a context menu:
Marker Properties...

W Marker 1.,

v Marker 2...
Marker 3...
All Markers OFF

Max Search
Min Search

Movable Marker Info

Movable Marker Info allows the marker info field to be placed to any position in the diagram area. The
remaining settings correspond to the most common commands in the Trace — Marker and Trace —
Search menus.
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Channel Settings

The main properties of all channels assigned to the traces in the diagram area are displayed in the
channel list below the diagram.

Ch1 HZ Start 10 MHzZ —Pwr 0 dBEm Stop 2 GHz
Ch3a H3 Start -25 dEm Freq 1 GHz Stop 0 dEm
Chd Start -25 dBm —Freg 1 GHz Stop 0 dBm

Each line in the channel list describes a single channel. The channel of the active trace is highlighted.
The lines are divided into several sections with the following contents (from left to right):

e Channel name indicates the current channel name. The default names for new channels are
Ch<n> where <n> is a current number.

O Right-click the section and call the Channel Manager from the context menu to change the
channel name.

e Measurement mode identifier (optional) indicates a special test mode of the channel, e.g. the
measurement of a 2nd harmonic (H2), a 3rd harmonic (H3), or the mixer mode (Mix).

e Start value of the sweep indicates the lowest value of the sweep variable (e.g. the lowest
frequency measured), corresponding to the left edge of the Cartesian diagram.

e Color legend shows the display color of all traces assigned to the channel. The colors are
different, so the number of colors is equal to the numbers of traces assigned to the channel.

e Additional stimulus parameter shows either the power of the internal signal source (for
frequency sweeps and time sweeps) or the CW frequency (for power sweeps).

e Stop value of the sweep indicates the highest value of the sweep variable (e.g. the highest
frequency measured), corresponding to the right edge of the Cartesian diagram.

© Right-click any of the sections in the trace list (except Color legend) to open a context menu and
access the most common tasks related to the section.

@ Context menus of the channel list

A right mouse click on the channel name, the sweep range, and the additional parameter section of the
channel list opens the following context menus, respectively:

Power...
Start...
Skop...
Channel Manager... Cenker. ., Meas Bandwith. ..
Mewvs Channel Span... Average On
Del, act, Channel Mumber of Points... Average Fackor,.,

The settings correspond to the most common commands in the Channel — Channel Select, Channel —
Stimulus and Channel — Power Bandwidth Average menus.
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The two types of dialogs are easy to distinguish:

e Dialogs with immediate settings provide a Close button but no OK button. Example: Step Size
dialog.

e Dialogs with confirmed settings provide both an OK button and a Cancel button. Example: On-
screen keyboard.

©  You can also cancel an immediate setting using System — Undo!.

On-Screen Keyboard

A keyboard symbol next to a character input field opens the analyzer's on-screen keyboard.

L2 )(e (e (@)l ]{e)a)(m)L )Lk ) )]
nooonannnnnne
OaENE0RHENEE
AnDoaaanEn

[ Shit <=B5

|Low Freq, Segmen |

The on-screen keyboard contains two sets of characters plus the following additional controls:

()]

e  Shift changes between the two character sets containing lower case letters/numbers and upper
case letters/special characters, respectively.

e <= BS deletes the current string in the alphanumeric input field.

e OK applies the current selection and closes the keyboard. The current string is written into the
input field of the calling dialog. See also Immediate vs. Confirmed Settings.

e Cancel discards the current selection and closes the keyboard. The input field of the calling
dialog is left unchanged.

© The on-screen keyboard allows you to enter characters, in particular letters, without an external
keyboard; see Data Entry. To enter numbers and units, you can also use the DATA ENTRY keys on the
front panel of the instrument.

Step Size

A step o symbol next to a numeric input field opens the Step Size dialog to define an increment for

data variation using the Cursor Up/Down :| buttons in the dialogs or the rotary knob.

50 MHz Auto

Close
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O The analyzer allows arbitrary combinations of display formats and measured quantities (Trace —
Measure). Nevertheless, in order to extract useful information from the data, it is important to
select a display format which is appropriate to the analysis of a particular measured quantity;
see Measured Quantities and Display Formats.

Cartesian Diagrams

Cartesian diagrams are rectangular diagrams used to display a scalar quantity as a function of the
stimulus variable (frequency / power / time).

e The stimulus variable appears on the horizontal axis (x-axis), scaled linearly (sweep types Lin
Frequency, Power, Time, CW Mode) or logarithmically (sweep type Log Frequency).

e The measured data (response values) appears on the vertical axis (y-axis). The scale of the
y-axis is linear with equidistant grid lines although the y-axis values may be obtained from the
measured data by non-linear conversions.

The following examples show the same trace in Cartesian diagrams with linear and logarithmic x-axis
scaling.

I[.v"
. [*n
Y i
13 I
.15 Il'l
Start 40 MHz Pur -10 dBm Stop 6 GHz
E T BT NS
— -3
A = s,
[ T P P TR ST T '\lrr'
— o
- -1t
- )3
C T Ee 159
Start 40 hHz Pur -10 dBm Stop 6 GHz

Conversion of Complex into Real Quantities

The results to be selected in the Trace — Measure menu can be divided into two groups:

e S-Parameters, Ratios, Wave Quantities, Impedances, Admittances, Z-Parameters and
Y-Parameters are complex.

e  Stability Factors and DC Input values (voltages, PAE) are real.

The following table shows how the response values in the different Cartesian diagrams are calculated
from the complex measurement values z = x + jy (where X, y, z are functions of the sweep variable).
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The formulas also hold for real results, which are treated as complex values with zero imaginary part
(y=0).

Trace Format Description Formula
dB Mag Magnitude of z in dB |z| = sqrt (x* +y?)
dB Mag(z) = 20 * log|z| dB

Lin Mag Magnitude of z, unconverted |z] = sqrt (x* +y?)

Phase Phase of z ¢ (z) = arctan (y/x)

Real Real part of z Re(z) = x

Imag Imaginary part of z Im(z) =y

SWR (Voltage) Standing Wave Ratio SWR=(1+|z|])/(1-]z])
Delay Group delay, neg. derivative of the phase —-d¢(z)/do (0=2r*f)

response

O  An extended range of formats and conversion formulas is available for markers. To convert any
point on a trace, create a marker and select the appropriate marker format. Marker and trace formats
can be selected independently.

Polar Diagrams

Polar diagrams show the measured data (response values) in the complex plane with a horizontal real
axis and a vertical imaginary axis. The grid lines correspond to points of equal magnitude and phase.

e The magnitude of the response values corresponds to their distance from the center. Values
with the same magnitude are located on circles.

e The phase of the response values is given by the angle from the positive horizontal axis.
Values with the same phase are on straight lines originating at the center.

The following example shows a polar diagram with a marker used to display a pair of stimulus and
response values.

2|521f|Polar 0.2 ¢ Ret 1 H|

10
shiber 1 2 000000 GHz 0458 U
128.51°

Start 40 hiHz Pwr -0 dBrm Stop B GHz

@ Example: Reflection coefficients in polar diagrams

If the measured quantity is a complex reflection coefficient (S44, Sy, etc.), then the center of the polar
diagram corresponds to a perfect load Z, at the input test port of the DUT (no reflection, matched input),
whereas the outer circumference (|S;| = 1) represents a totally reflected signal.
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90°
1o Glslgmgheaua
Voltage e
reflection: Voltage reflection:
Short-circuited Open-circuited
load (Z=0) /Ioad (Z = infinity)
1800 00
' Radial lines of
Matching equal phase angle
impedance (Z=2,)

-900

Examples for definite magnitudes and phase angles:
e The magnitude of the reflection coefficient of an open circuit (Z = infinity, | = 0) is one, its phase
is zero.

e The magnitude of the reflection coefficient of a short circuit (Z = 0, U = 0) is one, its phase is
—180 deg.

Smith Chart

The Smith chart is a circular diagram that maps the complex reflection coefficients S; to normalized
impedance values. In contrast to the polar diagram, the scaling of the diagram is not linear. The grid
lines correspond to points of constant resistance and reactance.

¢ Points with the same resistance are located on circles.
e Points with the same reactance produce arcs.

The following example shows a Smith chart with a marker used to display the stimulus value, the
complex impedance Z = R + j X and the equivalent inductance L (see marker format description in the
help system).

1

1_ahder 1 2000000 GHz 16425
jfi 40 2
815 62 pH

Start 40 hHz Puwr -10 dBrm Stop 6 GHz

© A comparison of the Smith chart, the inverted Smith chart and the polar diagram reveals many
similarities between the two representations. In fact the shape of a trace does not change at all if the
display format is switched from Polar to Smith or Inverted Smith — the analyzer simply replaces the
underlying grid and the default marker format.
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@ Smith chart construction

In a Smith chart, the impedance plane is reshaped so that the area with positive resistance is mapped
into a unit circle.

The basic properties of the Smith chart follow from this construction:

e The central horizontal axis corresponds to zero reactance (real impedance). The center of the
diagram represents Z/Z, = 1 which is the reference impedance of the system (zero reflection).
At the left and right intersection points between the horizontal axis and the outer circle, the
impedance is zero (short) and infinity (open).

e The outer circle corresponds to zero resistance (purely imaginary impedance). Points outside
the outer circle indicate an active component.

e The upper and lower half of the diagram correspond to positive (inductive) and negative
(capacitive) reactive components of the impedance, respectively.

@ Example: Reflection coefficients in the Smith chart

If the measured quantity is a complex reflection coefficient I' (e.g. Sq1, S22), then the unit Smith chart
can be used to read the normalized impedance of the DUT. The coordinates in the normalized
impedance plane and in the reflection coefficient plane are related as follows (see also: definition of
matched-circuit (converted) impedances):

Z1Zy=(1+T)/(1-1)

From this equation it is easy to relate the real and imaginary components of the complex resistance to
the real and imaginary parts of I'

1-Re(I)? - Im(I)?
[ -Re()] + Im@)?”’

X=Im(Z/Z,)= 2-Im@)

R =Re(Z/Z,) = ,
o220 [[—Re()] + Im(T)’

in order to deduce the following properties of the graphical representation in a Smith chart:

¢ Real reflection coefficients are mapped to real impedances (resistances).

e The center of the T plane (I" = 0) is mapped to the reference impedance Z,, whereas the circle
with |I'| = 1 is mapped to the imaginary axis of the Z plane.
e The circles for the points of equal resistance are centered on the real axis and intersect at Z =

infinity. The arcs for the points of equal reactance also belong to circles intersecting at Z =
infinity (open circuit point (1,0)), centered on a straight vertical line.
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Circles of equal
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Short-circuited

load (Z = 0) \4

Open-circuited
load (Z = infinity)

Arcs of equal

Matching reactance

impedance (Z = Z,)

Examples for special points in the Smith chart:
e The magnitude of the reflection coefficient of an open circuit (Z = infinity, | = 0) is one, its phase
is zero.

e The magnitude of the reflection coefficient of a short circuit (Z = 0, U = 0) is one, its phase is —
180 deg.

Inverted Smith Chart

The inverted Smith chart is a circular diagram that maps the complex reflection coefficients S; to
normalized admittance values. In contrast to the polar diagram, the scaling of the diagram is not linear.
The grid lines correspond to points of constant conductance and susceptance.

¢ Points with the same conductance are located on circles.
¢ Points with the same susceptance produce arcs.

The following example shows an inverted Smith chart with a marker used to display the stimulus value,
the complex admittance Y = G + j B and the equivalent inductance L (see marker format description in
the help system).

511) 1 shder 1 2.000000 GHz 52,212 mE
2—*““ - 1% 835 me
e 43750 pH

Sl =

Start 40 hHz Pur -10 dBm Stop § GHz

© A comparison of the inverted Smith chart with the Smith chart and the polar diagram reveals
many similarities between the different representations. In fact the shape of a trace does not change at
all if the display format is switched from Polar to Inverted Smith or Smith — the analyzer simply replaces
the underlying grid and the default marker format.
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@ Inverted Smith chart construction

The inverted Smith chart is point-symmetric to the Smith chart:

The basic properties of the inverted Smith chart follow from this construction:

e The central horizontal axis corresponds to zero susceptance (real admittance). The center of
the diagram represents Y/Yy, = 1, where Y, is the reference admittance of the system (zero
reflection). At the left and right intersection points between the horizontal axis and the outer
circle, the admittance is infinity (short) and zero (open).

e The outer circle corresponds to zero conductance (purely imaginary admittance). Points outside
the outer circle indicate an active component.

e The upper and lower half of the diagram correspond to negative (inductive) and positive
(capacitive) susceptive components of the admittance, respectively.

@ Example: Reflection coefficients in the inverted Smith chart

If the measured quantity is a complex reflection coefficient ' (e.g. S¢4, S20), then the unit inverted Smith
chart can be used to read the normalized admittance of the DUT. The coordinates in the normalized
admittance plane and in the reflection coefficient plane are related as follows (see also: definition of
matched-circuit (converted) admittances):

Y/Yo=(1-T)/(1+)

From this equation it is easy to relate the real and imaginary components of the complex admittance to
the real and imaginary parts of I

1-Re(I')* —Im(")
[1+Re(D)] +Im()*’

—2-Im(I")

G=Re(Y/¥)= [1+Re(D)] +Im@)*

B=Im(Y/Y,)=

in order to deduce the following properties of the graphical representation in an inverted Smith chart:

e Real reflection coefficients are mapped to real admittances (conductances).

e The center of the T" plane (" = 0) is mapped to the reference admittance Y,, whereas the circle
with |I'| = 1 is mapped to the imaginary axis of the Y plane.

e The circles for the points of equal conductance are centered on the real axis and intersect at Y
= infinity. The arcs for the points of equal susceptance also belong to circles intersecting at Y =
infinity (short circuit point (—1,0)), centered on a straight vertical line.
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Examples for special points in the inverted Smith chart:

o Theomagnitude of the reflection coefficient of a short circuit (Y = infinity, U = 0) is one, its phase is —
180".

e The magnitude of the reflection coefficient of an open circuit (Y = 0, | = 0) is one, its phase is zero.

Measured Quantities and Display Formats

The analyzer allows any combination of a display format and a measured quantity. The following rules
can help to avoid inappropriate formats and find the format that is ideally suited to the measurement
task.

e All formats are suitable for the analysis of reflection coefficients S;. The formats SWR, Smith
and Inverted Smith lose their original meaning (standing wave ratio, normalized impedance or
admittance) if they are used for transmission S-parameters, Ratios and other quantities.

e The complex Impedances, Admittances, Z-parameters, and Y-parameters are generally
displayed in one of the Cartesian diagrams with linear vertical axis scale or in a polar diagram.

e The real Stability Factors, DC Inputs, and the PAE is generally displayed in a linear Cartesian
diagram (Lin Mag or Real). In complex formats, real numbers represent complex numbers with
zero imaginary part.

The following table gives an overview of recommended display formats.

Complex dimensionless Complex quantities with dimensions: Real quantities:
quantities: Wave quantities, Z-parameters, Y- Stability Factors,
S-parameters and ratios parameters, impedances, admittances DC Input 1/2, PAE

Lin Mag W W' (default for Z-parameters, Y- v (default)

parameters, impedances, admittances)

dB Mag ¥ (default) v (default for wave quantities) -

Phase W ™l —

Real I+ ~ I

Imag I+ [+ _

Unwrapped W I _

Phase

Smith ¥ (reflection coefficients S;) - -

Polar I+ - -

Inverted W (reflection coefficients S;) - -

Smith

SWR ¥ (reflection coefficients S;) - -

Delay ¥ (transmission coefficients Sj) - -

The default formats are activated automatically when the measured quantity is changed.
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o
Lo |Z L ; Ly;
o— 1 1

Reflection, Z, Transmission, Zij

The analyzer converts a single measured S-parameter to determine the corresponding converted
impedance. As a result, converted Z-parameters cannot completely describe general n-port DUTSs:

o A reflection parameter Z; completely describes a one-port DUT. For n-port DUTs (n>1) the
reflection parameters Z; describe the input impedances at ports i (i = 1 to n) under the condition
that each of the other ports is terminated with its reference impedance (matched-circuit
parameters).

¢ A two-port transmission parameter Z; (i # j) can describe a pure serial impedance between the two
ports.

@ Relation with S-parameters
The converted impedances Z; are calculated from the reflection S-parameters S; according to:
3 1+S,
i — “0i q >

The transmission parameters are calculated according to:

_2.—‘12‘” 2o _

y

(ZOi +Zo,')’ i+,

The converted admittances are defined as the inverse of the impedances.

Examples:

e Zy is the input impedance of a 2-port DUT that is terminated at its output with the reference
impedance Z, (matched -circuit impedance measured in a forward reflection measurement).

e The extension of the impedances to more ports and mixed mode measurements is analogous
to S-parameters. Zyy44 is the differential mode input impedance at port 4 of a DUT that is
terminated at its other ports with the reference impedance Z,. See More Impedances for
detailed information.

©  You can also read the converted impedances in a reflection coefficient measurement from the
Smith chart.

Z-Parameters

The Z-parameters describe the impedances of a DUT with open output ports (I = 0). The analyzer
provides the full set of Z-parameters including the transfer impedances (i.e. the complete nxn Z-matrix
for an n port DUT).

This means that Z-parameters can be used as an alternative to S-parameters (or Y-parameters) in
order to completely characterize a linear n-port network.
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¢ A two-port transmission parameter Yj; (i # j) can describe a pure serial impedance between the two
ports.

@Relation with S-parameters

The converted admittances Y; are calculated from the reflection S-parameters S; according to:

ii Ll_Sii =1/Z;,
Zy 1+,

where i numbers the analyzer/DUT port. The transmission parameters are calculated according to:

S
Y, = i =1/Z, i#j, ij=1,..,99
! 2'\/ZOi'Zo_/ _Sg/'(ZOi+Zo_/) ’

Examples:

e Y44 is the input admittance of a 2-port DUT that is terminated at its output with the reference
impedance Z, (matched-circuit admittance measured in a forward reflection measurement).

e The extension of the admittances to more ports and mixed mode measurements is analogous
to S-parameters. Y44 is the differential mode input admittance at port 4 of a DUT that is
terminated at its other ports with the reference impedance Z,. See More Admittances for
detailed information.

O  You can also read the converted admittances in a reflection coefficient measurement from the
inverted Smith chart.

Y-Parameters

The Y-parameters describe the admittances of a DUT with output ports terminated in a short circuit (V =
0). The analyzer provides the full set of Y-parameters including the transfer admittances (i.e. the
complete n x n Y-matrix for an n port DUT).

This means that Y-parameters can be used as an alternative to S-parameters (or Z-parameters) in
order to completely characterize a linear n-port network.

2-Port Y-Parameters

In analogy to S-parameters, Y-parameters are expressed as Y<ous< in>,» Where <out> and <in> denote
the output and input port numbers of the DUT.

In analogy to Z-parameters, the Y-parameters for a two-port are based on a circuit model that can be
expressed with two linear equations:

I, =YV, +Y,V,
I, =Y,V +Y,V,

@ Meaning of Y-parameters

The four 2-port Y-parameters can be interpreted as follows:

e Y, is the input admittance, defined as the ratio of the current I, to the voltage V¢, measured at
port 1 (forward measurement with output terminated in a short circuit, V, = 0).
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O With option R&S ZVA-K6, True Differential Mode, the analyzer can generate balanced waves at
arbitrary reference planes in the test setup and determine balanced results such as S-parameters,
wave quantities and ratios. The true differential mode also provides two additional sweep types, the
amplitude imbalance and phase imbalance sweeps. What is said below is valid for both the simulated
balanced mode and the true differential mode.

To perform balanced measurements, a pair of physical analyzer ports is combined to form a logical
port. The balanced port of the DUT is directly connected to the analyzer ports

Lagloal =

Hiwa port = i

Fhiy ol oal HWA pal

Fhiyskal
Iransime

'n'T i A

Unbalance-balance conversion avoids the disadvantages of real transformers:

e There is no need to fabricate test fixtures with integrated baluns for each type of DUT.

e The measurement is not impaired by the non-ideal characteristics of the balun (e.g. error
tolerances, limited frequency range).

e Calibration can be performed at the DUT's ports. If necessary (e.g. to compensate for the effect
of a test fixture), it is possible to shift the calibration plane using length offset parameters.

o Differential and common mode parameters can be evaluated with a single test setup.

Balanced Port Configurations

Defining a logical ports requires two physical analyzer ports. The ports of an analyzer are equivalent
and can be freely combined. Moreover, it is possible to assign arbitrary, independent reference
impedance values to each unbalanced port and to the differential and common mode of each logical
port. The following types of balanced devices can be measured with 2-port, 3-port and 4-port analyzers:

e 2-port analyzers: Reflection measurements on 1 balanced port

Balanced port:

Log. Differential mode
Bal. NWA 2= Zgq
port port | Common mode
DUT ° Zref = ZOc
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e 3-port analyzers: Reflection and transmission measurements on 1 balanced port

Single-ended
(unbalanced) port
Z . =7

ref ‘connector

Single

O—— ended

rt
" DUT

Bal.
port

Balanced port:
L Differential mode
0g. -
ngA 2= Zog
port | Common mode

Zref = ZOc

e 4-port analyzers: Reflection and transmission measurements on 1 or 2 balanced ports

Balanced port:

Differential mode LoaV |
Zier = Z0g NWA Bal. Bal.
Common mode |\ port A port port
Zref = Zoc DUT
Single-ended
(unbalanced) ports
Zref1 = Zconnector1 O—— .
Single Bal
ended :
Zref2 = Zconnector2 [ ports I
DUT

Balanced port:

L Differential mode
0Jg. -
NV\?A 2t = Zog

A port Common mode
Zref = ZOc
Balanced port:
L Differential mode
0g. -
NV\?A 2t = Zog
A port Common mode

Zref = ZOc

A balanced port configuration is defined by simply selecting the pairs of physical ports that are
combined to form balanced ports and defining the two reference impedances for the differential and
common mode at each balanced port. All this is done in a single dialog; refer to the help system for
details and measurement examples. The most commonly used balanced port configurations and
impedances are predefined and can be selected in the Measurement Wizard.

Depending on the test setup, the analyzer provides different types of mixed mode parameters; refer to

the following sections for details.

Mixed Mode Parameters

Mixed mode parameters are an extension of normal mode parameters (e.g. S-parameters, impedances
and admittances) for balanced measurements. The analyzer can measure mixed mode parameters as
soon as a balanced port configuration is selected.

Mixed mode parameters are used to distinguish the following three port modes:

e s: Singe-ended (for unbalanced ports)
¢ d: Differential mode (for balanced ports)
e ¢: Common mode (for balanced ports)

The notation of a general S-parameter is S« out><min><out><in>» Where <mout> and <min> denote the output
and input port modes, <out> and <in> denote the output and input port numbers.

@ Meaning of 2-port mixed mode S-parameters

The mixed mode 2-port S-parameters can be interpreted as follows:
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) a4 o0—— S —o b
Forward S”D |:> @ S b2,rev Reverse
measurement b1 22 measurement
< Slz a 2 :
b1,rev
Port 1 DUT Port 2

e  Simou<min11 IS the mixed mode input reflection coefficient, defined as the ratio of the wave
quantities b; (mode mout) to a; (mode min), measured at PORT 1 (forward measurement with
matched output and a, = 0).

e Simou<mins21 IS the mixed mode forward transmission coefficient, defined as the ratio of the
wave quantities b, (mode mout) to a; (mode min) (forward measurement with matched output
and a, = 0).

e Simou<min12 IS the mixed mode reverse transmission coefficient, defined as the ratio of the
wave quantities b; (mode mout) (reverse measurement with matched input, b;' in the figure
above and a; = 0) to a, (mode min).

e Simou<mins22 1S the mixed mode output reflection coefficient, defined as the ratio of the wave
quantities b, (mode mout) (reverse measurement with matched input, b,' in the figure above
and a; = 0) to a, (mode min), measured at PORT 2.

If <mout> is different from <min>, the S-parameters are called mode conversion factors.

Mixed Mode Parameters for Different Test Setups

Which types of mixed mode parameter are available depends on the measured device and the port
configuration of the analyzer. The following examples of mixed more parameters can all be obtained
with a 4-port analyzer.

1. DUT with only single-ended ports: No balanced port definition necessary, the analyzer provides
single-ended multiport parameters.

2. DUT with one balanced port: Only reflection and mode conversion measurements with
differential and common mode parameters.

Diff. ~ Comm.
mode  mode
stimulus  stimulus

vy

Differential mode response —p S ™ S et
Common mode response  —p S » S0011

3. DUT with one balanced and one single-ended port.
Single Diff. ~ Comm.

ended mode mode
stimulus stimulus stimulus

Single-ended response = —» SssZZ S sd2 Ssc12
Differential mode response —p Sd521 de11 Sdc11
Common mode response  —»p S cs21 S i1 S Jn

4. DUT with two balanced ports or one balanced and two single-ended ports. Both device types
are fully characterized by 4x4 mixed mode S-matrices.
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Calibration Standards Parameters Error Terms General Application
Type Accuracy
TOM (2-port, 3- Open, Match (at All Reflection High Reflection and
port or 4-port) both ports), tracking, transmission
Through Source match, measurements
Directivity, on DUTSs with 2,
Load match, 3, or 4 ports.
Transmission
tracking
TRM (2-port, 3- Reflect (equal at All Reflection High Reflection and
port or 4-port) both ports), Match, tracking, transmission
Through Source match, measurements
Directivity, on DUTs with 2,
Load match, 3, or 4 ports,
Transmission especially in test
tracking fixtures.
TRL (2-port, 3- Reflect (at both All Reflection High, high Reflection and
port or 4-port) ports), tracking, directivity transmission
Through, Line1, Source match, measurements
Line2 (optional), Directivity, on DUTs with 2,
combination with Load match, 3, or 4 ports,
TRM (optional) Transmission especially for
tracking planar circuits.
Limited
bandwidth.
TNA (2-port, 3- Through, All Reflection High, lowest Reflection and
port or 4-port) Attenuation, tracking, requirements transmission
Symmetric network Source match, on standards measurements
Directivity, on DUTs with 2,
Load match, 3, or 4 ports,
Transmission especially for
tracking planar circuits.
1) Or any other 3 known one-port standards. To be used in a guided calibration, the known standards must be declared to

be open, short, and match ir respective of their properties.

2) Or any other known two-port standard. See remark above.

o} The calibration type must be selected in accordance with the test setup. Select the calibration
type for which you can obtain or design the most accurate standards and for which you can measure
the required parameters with best accuracy.

Normalization

A normalization is the simplest calibration type since it requires the measurement of only one standard
for each calibrated S-parameter:

e One-port (reflection) S-parameters (S14, Sy, ...) are calibrated with an open or a short standard
providing the reflection tracking error term.

e Two-port (transmission) S-parameters (Sq;, Sy, ...
providing the transmission tracking error term.

) are calibrated with a through standard

Normalization means that the measured S-parameter at each sweep point is divided by the
corresponding S-parameter of the standard. A normalization eliminates the frequency-dependent
attenuation and phase shift in the measurement path (reflection or transmission tracking error). It does
not compensate for directivity or mismatch errors. This limits the accuracy of a normalization.
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Full One-Port Calibration

A full one-port calibration requires a short, an open and a match standard to be connected to a single
test port. The three standard measurements are used to derive all three reflection error terms:

e The short and open standards are used to derive the source match and the reflection tracking
error terms.
e The match standard is used to derive the directivity error.

A full one-port calibration is more accurate than a normalization but is only applicable for reflection
measurements.

One-Path Two-Port Calibration

A one-path two-port calibration combines a full one-port calibration with a transmission normalization.
The fully calibrated port is termed the node port. This calibration type requires a short, an open and a
match standard to be connected to a single test port plus a through standard between this calibrated
source port and a second load port. The four standard measurements are used to derive the following
error terms:

e The short and open standards are used to derive the source match and the reflection tracking
error terms at the source port.

e The match standard is used to derive the directivity error at the source port.

e The through standard provides the transmission tracking error term.

A one-path two-port calibration requires only four standards to be connected (instead of 7 for a full two-
port TOSM calibration). It is suitable when only the forward (e.g. Sy and S,4) or reverse S-parameters
(e.g. S» and Sy,) are needed, and if the DUT is well matched, especially at the load port.

TOSM Calibration

A TOSM (Through — Open — Short — Match) calibration requires the same standards as the one-path
two-port calibration, however, all measurements are performed in the forward and reverse direction.
TOSM is also referred to as SOLT (Short — Open — Load = Match — Through) calibration. The four
standards are used to derive 6 error terms for each signal direction:

e In addition to the source match and reflection tracking error terms provided by the one-path
two-port calibration, TOSM also provides the load match.
e The directivity error is determined at both source ports.

e The transmission tracking is determined for each direction.

TOSM calibration is provided for 2-port, 3-port or 4-port measurements. The number of required
standard measurements and of error terms increases as shown in the following table.

Number of Number of standards to be Number of standard Number of error
ports connected measurements terms
2 2*3 2*3 2*3
+1=7 +2*1=8 +2*2=10
3 3*3 3*3 3*3
+2+1=12 +2*(2+1)=15 +2*2*3=21
4 4*3 4*3 4*3
+3+2+1=18 +2*(3+2+1)=24 +2*2*6=36

An open, through and match measurement is required at each port; in addition, a through must be
measured between any combination of ports and in both directions. Therefore the number N of
standard measurements for an n-port TOSM calibration is equal to
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|
N=3n+2. | |23 a4 — 2  —u. 24D
2 ARTE)]

The analyzer automatically performs each through measurement in both directions, so the number of
connected standards is smaller than the number of measurements.

@TOSM with unknown Through, UOSM

The network analyzer supports different connector types at its test ports in order to measure DUTs with
different port connectors. To perform a TOSM calibration, the DUT must be replaced by a through
connection, which generally involves an adapter between the two connector types.

An adapter represents a through standard with unknown characteristics (in particular, with unknown
delay time/transmission phase). The analyzer can perform a TOSM calibration with an unknown
through, provided that it is reciprocal (S,1 = S4;). The modified TOSM calibration is referred to as UOSM
(Unknown through — Open — Short — Match) calibration. It can be selected as follows:

o If different connector types are assigned to the test ports, the analyzer automatically replaces
TOSM —> UOSM.

e If the same connector types are used but the appropriate through standard is not defined, the
analyzer also replaces TOSM —> UOSM.

e UOSM can be selected explicitly using Channel — Calibration — Start Cal — Other.....

After acquiring the calibration sweep data for the unknown through, the analyzer automatically
determines its delay time/transmission phase; see Unknown Through Standard.

O  UOSM calibration is not compatible with segmented frequency sweeps.

TOM Calibration

A TOM (Through — Open — Match) calibration requires a low-reflection, low-loss through standard with
an electrical length that may be different from zero, an open, and a match. The characteristics of all
standards must be fully known; the match may have non-ideal characteristics.

TRM Calibration

A TRM (Through — Reflect — Match) calibration requires a low-reflection, low-loss through standard with
an electrical length that may be different from zero, a reflect, and a match. The magnitude of the
reflection coefficient of the reflect standard can be unknown but must be nonzero; its phase must be
roughly known (*90 deg). The magnitude and phase of the reflection coefficient must be the same at
both test ports.

TRM calibration is especially useful for DUTs in test fixtures.

TRL Calibration

A TRL (Through — Reflect — Line) calibration requires the two-port standards through and line, which
are both assumed to be ideally matched. Beyond that, the through must be lossless, and its length must
be exactly known. The length of the line standard must be known approximately.

Furthermore, a reflecting one-port standard (reflect) is needed. The magnitude of the reflection
coefficient of the reflect standard can be unknown but must be nonzero; its phase must be roughly
known (*90 deg). The magnitude and phase of the reflection coefficient must be the same at both test
ports.
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Calibration Recommended for Frequency Connector No. of Order no.
unit range type ports
R&S zV-Z51 R&S ZVB4, R&S 300 kHz to 8 3.5 mm (f) 4 1164.0515.30
ZVB8, R&S ZVA8 GHz
R&S zV-Z51 R&S ZVB4, R&S 300 kHz to 8 type N (f) 4 1164.0515.70
ZVB8, R&S ZVA8 GHz
R&S 2zV-752 R&S ZVB14, R&S 10 MHz to 3.5 mm (f) 4 1164.0521.30
ZVB20, R&S ZVA24 24 GHz
R&S 2ZV-753 R&S ZVB14, R&S 300 kHz to 3.5 mm (f) 2 1164.0473.32
ZVB20, R&S ZVA24 24 GHz
R&S ZV-Z53 R&S ZVB14 300 kHz to type N (f) 2 1164.0473.72
18 GHz
R&S zV-z754 R&S ZVA40 10 MHz to 2.92 mm (f) 2 1164.0467.92
40 GHz
R&S 2ZV-755 R&S ZVA50 10 MHz to 2.4 mm (f) 2 1164.0480.42
50 GHz

e The 8- and 6-port calibration units R&S ZV-Z58 and R&S ZV-Z59 are especially suited for R&S
ZVT vector network analyzers.

~ L]

e @ ROHDE&SCHWARE IW IS CALIERATION UNIT - 10 MHZ . 3 GH: 1164 0420K36

uiE

Calibration Recommended Frequency Connector No. of Order no.

unit for range type ports

R&S 7ZV-758 R&S zVT8 300 kHzto 8 type N 8 1164.0638.78
GHz

R&S 7ZV-758 R&S zVT8 300 kHzto 8 3.5 mm 8 1164.0638.78
GHz

R&S ZV-7Z59 R&S ZVT20 10 MHz to 20 3.5 mm 6 1164.0450.36
GHz

The units contain calibration standards that are electronically switched when a calibration is performed.
The calibration kit data for the internal standards are also stored in the calibration unit, so that the
analyzer can calculate the error terms and apply the calibration without any further input.

e Advantages of automatic calibration

Automatic calibration is generally faster and more secure than manual calibration, because:

There is no need to connect several standards manually. The number of connections to
be performed quickly increases with the number of ports; see TOSM Calibration.

Invalid calibrations due to operator errors (e.g. wrong standards or improper
connections) units R&S ZV-Z51are almost excluded. especially suited for R&S ZVB
and R&S ZVA vector network analyzers.

No need to handle calibration kit data.
The internal standards don't wear out because they are switched electronically.

e Limitations: Some calibration types (TOM, TRM, TRL, TNA) are not available.
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Optional R&S ZVA Extensions

The network analyzer can be upgraded with a number of hardware and software options, providing
enhanced flexibility and an extended measurement functionality. The available options are listed in the
Info — Option Info dialog. The R&S ZVA options listed below are described in detail in the reference
chapters of your help system. For a complete list of options, accessories, and extras refer to the R&S
ZVA product brochure.

Option Option Name Functionality

RS& ZVAB-K2 Time Domain Transformation of the trace to time domain in order to analyze
responses, transformation back to the frequency domain.

R&S ZVA-K4 Arbitrary gen. and rec. frequencies, Measurements at arbitrary (not necessarily equal) generator

includes scalar Mixer and and receiver frequencies; scalar measurements on external RF
Harmonics measurements mixers, harmonic distortion measurements, intermodulation
distortion measurements.

R&S ZVA-K5 Vector Mixer Measurement Measurement of the parameters of an external mixer including
phase, e.g. the complex conversion loss or reflection
coefficients.

R&S ZVA-K6 True Differential Mode Generation of true differential and common mode stimuli at
arbitrary reference planes in the test setup and measurement of
the mixed-mode S-parameters, wave quantities and ratios.
Alternatively: Defined coherence mode, provides several source
signals with defined phase and amplitude relation.

R&S ZVA-K7 Measurements on Pulsed Signals Pulsed measurements in analogy to a time sweep (i.e. at
constant receiver frequency), but with a much higher sampling
rate of 12.5/ns.

R&S ZVA-K8 Converter Control Measurements at frequencies beyond the analyzer's operating
range.

R&S ZVA-K9 Mixer Delay Measurements Measurement of the absolute or relative group delay of a mixer.

R&S ZVA-K10 Long Distance Mixer Delay Mixer delay measurements with an external receiver

Measurements
R&S ZVA-K27 Pulse Generator Provides two pulsed control signals to control pulsed

measurements.

R&S ZVAB-K30

Noise Figure Measurement

Provides the noise figure of a DUT which operates in its linear
range.

R&S Direct Generator/Receiver Access Give direct access to various RF input and output signals, e.g.
ZVA<frequency>- to insert external components into the signal path or develop
B16 custom measurements.

R&S Receiver Step Attenuators Control the received power, e.g. to avoid damage to the
ZVA<frequency>- analyzer.

Bxxx

R&S Z2VvB8-B21 /
22/23

Generator Step Attenuators

Control the source power, e.g. to protect sensitive DUTs from
excess input levels.

The following sections provide a short introduction to the software options.
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RIPPIE ChECK ... ., 4.126
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StMUIUS aNd SWEEP TYPES ...t e e e e 4.130
LT =T 01T o o RSO PPRRP 4.131
Power Bandwidth AVEIage............. e nnennnnnnnnnnes 4,132
0 1= PRSPPI 4,132
Step Attenuators (R&S ZVA and R&S ZVB Analyzers).......cccoceeeeiiieieeiiiieee e 4.133
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Define BUSY SIgNal.....ccooiuiiiiiiiiie e 4.167
1, o T =SSP 4.167
Port ConfigUuration ... 4.168
True Differential Mode (for R&S ZVA and R&S ZVT) ... 4.191
Extension Unit R&S ZVAX24 (for R&S ZVA).....ccooiiii et 4.201
MiXer MEASUIEMENTS .......uuii i e et e e e e e e e e e e aeeeanes 4.210
Noise Figure MeasuremMent ...........ooooiiiiiiiiiii e 4.236
Intermodulation Distortion Measurement (R&S ZVA and R&S ZVT) .....ccccevveeennee 4.243
[ F= 11 0 1T o= PRSPPI 4.254
Virtual TranS O ...uuuuiiiiiiiiiii e aabaeababaaasaaasssssssssssssssssssssssnnnnnes 4.260
AREINAING SWEEPS ..o s 4.274
SPUriOUS AVOIdANCE ..o 4.275
ALC All ChaNNEIS .....eiiiiiiiie ettt e e st e e s nrae e e e ennae e e e ensreeeeenees 4.276
LOW Phase NOISE ......ccoooei e 4.278
Channel SEIEC ... 4.278
NEXt Channel ... ..o 4.279
Select Channel.........oooo 4.280
Add Channel + TrACE........uuuuuuuuuiiiiiiiiiiiiiiiiiiiti e aarara——————————————————————————————————. 4.280
Add Channel + Trace + Diag. Ar€a.......c..eoiiiuiiiiiiiiiie e 4.281
Delete ChanNEl ..o 4.281
Channel MaNAJET ........cooiiiiiiiiiiiie ettt e e et e e e s anbe e e e e snbeeeeeas 4.281
Channel - Calibration ..., 4.282
Start Cal ... 4.283
Repeat Previous Cal........ccooooiiiiiiii e, 4.297
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Correction Off ... 4.298
Power Calibration..........cooooieiiiiieie e 4.298
Power CorreCtion ON ......coooeiiiiiiieie e 4.308
Power Correction Off ......cccooiiiiiiiiii e, 4.309
Enhanced Wave COITECHON ..........oueiiiiiiiiiieee e e e e e e e e e 4.309
Enhanced Wave Correction Procedure, Extensions and Limitations ........................ 4.310
Calibration MaNAJET.........c.ueiiiiiiie e e e e e e e e sare e e 4.311
Calibration Kits ... 4.313
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L070] (o] g Tod o 1T o o1 SRR PPRRR 4.351
Define User Color SChEME .........oiiiiiie e 4.351
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21|
|l __h'_T """"""
o —
i
e
E:u:uuh_.n.
Paper Print
Size: ad w (%) all Diagram Areas on one Page
i C'One Diagram Area per Page
Source: | Automatically Select v O Active Area on one Page
Crientation Margins (millimeters) Add
O Portrait left: [20 | Right: (20 | Logo
(%) Landscape - ) i [#] Date and Time
Top: |25 | Bottom: | 25 | [CIMarker Table
[ [8]4 ] [ Cancel ] [ Help ] [ Printer... ] [ Preview ]

e Paper — Size specifies the size of paper that the document is to be printed on.

e Paper— Source specifies the paper source, because some printers offer multiple trays for
different paper sources.

e The radio buttons in the Print panel specify whether or not different diagram areas are printed
on different pages.

e The radio buttons in the Orientation panel specify whether the pages are printed in Portrait or
Landscape format.

e The Margins panel contains input fields to define a margin on each of the four edges of the
pages.

e The check boxes in the Add panel select additional information to be included in the printed
document.

e Printer... opens the Page Setup dialog to select the printer and printer connection. The printers
can be selected from the Name drop-down list. Network... opens a dialog to configure the
printer connections. Properties opens a dialog to select the layout and paper format and specify
further printer options.

Page Setup

Printer

Name: | WRSWPMUS0SZMWIOMUCRSD.DE
Statusz: Fieady

Type: Herox DC 240/285/265 DocuTech PS

Whete:  \WRSYP-MLUICE092 N0 MUC RSD.DE

Comment:

’ Help ] ’ Metwork... ] I 0k, l ’ Cancel ]

e Preview shows the active setup as it would appear when printed.

o To select the Print Range and start printing, open the Print dialog. To install printers and configure
ports use the Control Panel.

Remote control: HCOPy:DESTination
HCOPy:DEVice:LANGuage
HCOPy:ITEM:ALL
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CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "B2/Al" |

More Ratios

Opens a dialog to select arbitrary ratios of wave quantities, e.g. for different source ports or higher port
numbers. In true differential mode, the dialog also offers ratios of balanced wave quantities.

Cefine R atio
Murneratar: Evs bd' 1w
Denominator: |« ad|1

Part Configuration

Logical Ports
[Balanced and Measured Parts..
Froperties
Fiatio: bd1/adl Source Port: | Port 1d v
Detector: Meas Time: .
[ ok ] [ Cancel | [ Hep |

‘ Physical Ports ‘

3 1 4 2

=51
1 3

2

The notation for ratios and the functionality of the More Ratios dialog is analogous to the definition of S-
parameters.

Numerator selects the type (left pull-down list) and the port number assignment (right pull-down
list) of the wave that forms the numerator of the ratio. Ratios of balanced wave quantities are
only available if the True Differential Mode is active; see background information below. The
input (stimulus) or output (response) port number is selected in the right pull-down list. The
range of output and input port numbers depends on the analyzer model.

Denominator selects the type (left pull-down list) and the port number assignment (right pull-
down list) of the wave that forms the denominator of the ratio. The same waves as for the
Numerator are available.

Ratio indicates the selected ratio.

Source Port contains all analyzer ports or external generators which can be used as a source
for the stimulus signal. The list contains all analyzer ports Port 1 to Port n. Generators (Gen 1,
Gen 2, ...) must be configured explicitly in the System Configuration — External Generators
dialog before they appear in the list.

Detector selects the algorithm that is used to calculate the displayed trace from the individual
measurement points. In the Max. and RMS detector modes, it is possible to define the detector
observation time (Meas. Time) for a single measurement point. The Detector and Meas. Time
controls are both unavailable in true differential mode, because only the Normal detector
provides consistent phase information. The detector settings are available for ZVA and ZVT
network analyzers only.

@ External generators

The measurement process for external generators Gen 1, GenZ2... in the Source Port list differs fromthe
measurement process for internal source ports:

An external generator always represents a permanent signal source that is switched on for all
partial measurements. In contrast, an analyzer port is switched off for partial measurements
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that do not require a source signal. Exception: Internal ports can be configured as permanent
sources (see Gen setting in the Source section of the Port Configuration dialog).

e The external source is measured in the first partial measurement where an internal source is
active. This means that no separate partial measurement for the external generator signal is
needed. If no internal source is needed at all, the external source is measured in the first partial
measurement.

@ Ratios of single-ended and balanced wave quantities

If a balanced port configuration is selected and the True Differential Mode is active, the left Numerator
and Denominator pull-down lists contain the following wave types:

e as, bs: Single-ended incident (a) or outgoing (b) wave. To select this wave type, the selected
port must be unbalanced. If the port configuration contains no unbalanced ports, the single-
ended wave quantities are hidden.

e ad, ac, bd, bc: Balanced incident (a) or outgoing (b) waves. d and c distinguish between the
differential and common mode; see Wave Quantities and Ratios.

Remote CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "B2/Al" |
control:
[SENSe<Chn>:]FUNCtion[:ON] "...POWer:RATIO B2, Al" etc.

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "B2/Al" |

Detector

Selects the algorithm that is used to calculate the displayed measurement points from the raw data.
The Detector can be selected in the More S-Parameters, More Ratios and More Wave Quantities
dialogs.

The following detectors are available:

¢ Normal selects the default detector mode where each measurement point is displayed without
modification as soon as it is recognized to be valid. The analyzer then proceeds to the next
sweep point. Normal detector mode ensures that the measurement is performed at maximum
speed and that a meaningful complex result is obtained.

e AVG collects all valid results at each sweep point during the Meas. Time set in the More S-
Parameters, More Ratios or More Wave Quantities dialog and calculates the complex
arithmetic mean value of these results. This yields the complex average of the wave quantities
or ratios. Averaging tends to remove statistical fluctuations (e.g. noise contributions) from the
measured signal.

The average(AVG) detector is also used for the noise figure measurement.

R&S ZVA and R&S ZVT analyzers provide the following additional detectors for ratios and wave
quantities:

e Peak collects all valid results at each sweep point during the Meas. Time set in the More Ratios
or More Wave Quantities dialog and selects the result with the maximum magnitude (maximum
power) as the measurement point. Note that the phase is not evaluated in this process so that
complex conversions (e. g. the calculation of real and imaginary values) do not really make
sense.

e RMS collects all valid results at each sweep point during the Meas. Time set in the More Ratios
or More Wave Quantities dialog and calculates the root mean square (RMS) of the linear
magnitude of these results. This yields the magnitude of the measurement point. Note that the
phase is not evaluated in this process so that complex conversions (e. g. the calculation of real
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and imaginary values) do not really make sense.

The detector settings have an influence on the displayed trace. They do not affect the number of
measurement points in a sweep (or in a subset of the sweep range) but may increase the sweep time In
the Peak,RMS, and AVG detector settings, the sweep time cannot be smaller than the detector
observation time (Meas. Time) set in the More Ratios or More Wave Quantities dialogs. The sweep time
can be larger if additional delays are taken into account. Changing the Meas. Time affects the sweep
time. On the other hand, increasing the Sweep Time in the Channel — Sweep menu leaves the Meas.
Time unchanged . The AVG, Peak, and RMS detector settings appear in the trace line.

o Combining different detectors

The detector setting in the More Ratios menu affects the ratio of a numerator and a denominator wave
quantity. This does not place any restrictions on the measurement functionality of the analyzer,
because ratios can also be formed by measuring the numerator and denominator individually and using
the trace functions. A possible application is the comparison of different detector settings for a particular
trace.

G

c The analyzer generates a warning if the selected measurement time for AVG, Peak or RMS
detectors is too long. At the same time, bit no. 15inthe . ..INTegrity:HARDware Status
register is set. Reduce the measurement time and/or reduce the IF bandwidth until the warning
disappears.

A warning also appears if the measurement time for RMS detectors is too short. Increase the
measurement time and/or increase the IF bandwidth until the warning disappears.

Remote control: CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "<Par>"
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "<Par>"
(the parameter name <Par> also contains the detector)
[SENSe<Ch>:] SWEep:DETector:TIME

Measurements at Two Different Frequencies (for R&S ZVA and R&S ZVT
Analyzers)

The More Ratios and More Wave Quantities dialogs provide the wave quantities a1, b1... These wave
quantities are measured at the common receiver frequency, which is equal for all ports: If no frequency-
converting mode is active, the common receiver frequency is equal to the stimulus frequency of the
NWA source (channel base frequency fy).

With option ZVA-K4, Arbitrary Generator and Receiver Frequencies, the network analyzer provides an
additional set of "primed" wave quantities a'1, b'1..., to be measured at fixed, but port-specific frequency
offsets from the common receiver frequency. Primed wave quantities can also be used to calculate
ratios.

The basic and the primed results are measured in two different analyzer paths. The two signals are
separated in the digital part of the receiver, after down-conversion of the RF input signal in the first
mixer, a low-pass filter stage, and analog/digital conversion. The digital paths contain mixer stages with
two independent numerically controlled oscillators NCO 1 and NCO 2. Each of the NCOs converts one
signal component to the analyzer frequency.

The port-specific frequency offset between primed and unprimed waves can be set in the Receiver
section of the Port Configuration dialog (4 Freq a', b’).
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al Src Port 1, b1 Src Port 1, b2 Src Port 1, a2 Src Port 2, b1 Src Port 2, b2 Src
Port 2

Select the standard 2-port wave quantities a4, a, by, and b, for different source ports:

) A 0— Sy -
Forward . [ @5?2;\9\: et

S,
measurement |y . measurement
T o— -l —— a, (==

<= S,
b1,rev

Port 1 DUT Port 2

The predefined wave quantities are obtained with different source ports. a1 Src Port 1, b1 Src Port 1
and b1 Src Port 2 are measured at Port 1 of the analyzer. a2 Src Port 2, b2 Src Port 1 and b2 Src Port
2 are measured at Port 2 of the analyzer.

e a1 Src Port 1is the wave transmitted at test port 1. In a standard S-parameter measurement,
this wave is fed to the input port (port 1) of the DUT (forward measurement).

e b1 Src Port 1 is the wave received at test port 1. In a standard S-parameter measurement, this
is the reflected wave at port 1 of the DUT (forward measurement).

e b2 Src Port 1is the wave received at test port 2. In a standard S-parameter measurement, this
wave is transmitted at port 2 of the DUT (forward measurement).

e a2 Src Port 2 is the wave transmitted at test port 2. In a standard S-parameter measurement,
this wave is fed to the output port (port 2) of the DUT (reverse measurement).

e b1 Src Port 2 is the wave received at test port 1. In a standard S-parameter measurement, this
wave is transmitted at port 2 of the DUT (reverse measurement).

e b2 Src Port 2 is the wave received at test port 2. In a standard S-parameter measurement, this
wave is fed to the output port (port 2) of the DUT (reverse measurement).

The analyzer can also measure wave quantities for other source ports; see More Wave Quantities.

Remote control: CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Al" |
[SENSe<Chn>:]FUNCtion[:ON] "...POWer:Al" etc.

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Al" |

More Wave Quantities

Opens a dialog to define and select arbitrary wave quantities for different detectors and source ports or
higher port numbers. In true differential mode, the dialog also offers balanced wave quantities.
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More Wayve Quantities EI
“Wave Quantity: |+ bd| 1 w
Part Configuration
‘ Physical Ports ‘
S
1 3 Z
Logical Ports
[Balanced and Measured Parts. |
Properties
Show as: | Power v Source Port: | Porit1d - »
Dietector: tMeas Time: |
[ k. ] [ Cancel ] [ Help ]

The notation for wave quantities and the functionality of the More Wave Quantities dialog is analogous
to the definition of S-parameters.

Wave Quantity selects the type (left pull-down list) and the port number assignment (right pull-
down list) of the wave quantity. Balanced wave quantities are only available if the True
Differential Mode is active; see background information below. The output (transmit) or input
(receive) port number of the analyzer (corresponding to the input (stimulus) or output
(response) port number of the DUT, respectively) is selected in the right pull-down list. The
range of output and input port numbers depends on the analyzer model.

Show as selects the physical unit of the displayed trace. It is possible to display the measured
Voltage V or convert the wave quantity into an effective power according to P = V2/Re(Zo). Zy
denotes the reference impedance of the source port (for wave quantities a,) or of the receive
port (for wave quantities b,). The reference impedances are defined in the Port Configuration
dialog. This function is also available for memory traces where the remaining control elements
of the dialog are grayed.

Source Port contains all analyzer ports or external generators which can be used as a source
for the stimulus signal. The list contains all analyzer ports Port 1 to Port n. Generators (Gen 1,
Gen 2, ...) must be configured explicitly in the System Configuration — External Generators
dialog before they appear in the list. The analyzer places no restriction on the combination of
source ports and port numbers of the measured wave quantity, so it is even possible to
measure a, while the source port is port 1 (e.g. in order to estimate the directivity of the coupler
in the internal test set).

Detector selects the algorithm that is used to calculate the displayed trace from the individual
measurement points. In the Max. and RMS detector modes, it is possible to define the
observation time (Meas. Time) for a single measurement point. The Detector and Meas. Time
controls are both unavailable in true differential mode, because only the Normal detector
provides consistent phase information. The detector settings are available for ZVA and ZVT
network analyzers only.

® External generators

The measurement process for external generators Gen 1, GenZ2... in the Source Port list differs from the
measurement process for internal source ports:

An external generator always represents a permanent signal source that is switched on for all
partial measurements. In contrast, an analyzer port is switched off for partial measurements
that do not require a source signal. Exception: Internal ports can be configured as permanent
sources (see Gen setting in the Source section of the Port Configuration dialog).

The external source is measured in the first partial measurement where an internal source is
active. This means that no separate partial measurement for the external generator signal is
needed. If no internal source is needed at all, the external source is measured in the first partial
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IPk = P + IMKre / (k — 1)

In this formula, P_ denotes the lower tone power in dBm, measured either at the DUT input or at the
DUT output. The intermodulation suppression generally decreases with increasing stimulus power. The
intercept point is equal to the lower tone power for which the intermodulation suppression would reach
0 dB. The intercept point is a mathematical concept. For most DUTSs, it is beyond the nominal power
operating range.

@ Automatic filter settings

Intermodulation measurements require frequency-selective filter settings. When an intermodulation
result is selected, the analyzer checks whether the IF bandwidth of the active channel is below 1/10 of
the Tone Difference (see Define Intermodulation Distortion). If not, the IF bandwidth is reduced and a
high sensitivity filter is selected. The analyzer displays a tooltip.

11

5z1

512

S22
Maore S-Params. ..

Measure

Farmat

Scals

Trace Select
Trace Funct
Marker
Search
Matker Funct
Lines

Ratios

Wave Cuuantities

Inkermod Diskartion Quartities
Impedance

Admittance

v v v v v v v v [l

* Lower IM3 Product st DUT Out
Upper IM3 Product at DUT Out
Majar IM3 Praduct at DUT Quk

3
4
L3
3
4

Z-Params... Inkercept Point 3 at DUT Out
Y-Params... Mare Intermod Products. ..
Stability Fackor. .. More Intercept Points. ..
Imbalance, .. Moise Level at DUT Qut
All 5-Params Lower Tone at DUT In

Lower Tone at DUT Cuk
DC Inputs 4

Upper Tone ak DUT In

P S
CWer aensor Upper Tone at DUT Ouk

e The Lower IM3 Product at DUT Out is the third-order lower intermodulation product at the
output of the DUT. This quantity corresponds to the outgoing wave quantity (b wave) at the
output of the DUT, measured at the frequency of the lower tone minus the tone distance. The
lower IM3 frequency is also displayed in the Set Frequencies and Powers dialog.

e The Upper IM3 Product at DUT Out is the third-order upper intermodulation product at the
output of the DUT. This quantity corresponds to the outgoing wave quantity (b wave) at the
output of the DUT, measured at the frequency of the upper tone plus the tone distance.

e The Major IM3 Product at DUT Out is the lower or upper IM3 product at DUT out, whichever is
larger. The Major IM3 Product reveals the worst-case performance of the DUT.

e The Intercept Point 3 at DUT Out is the third-order intercept point at the output of the DUT. This
quantity corresponds to the fictitious DUT output level (Lower Tone at DUT Out), measured at
the lower tone frequency, where the major third-order intermodulation suppression (the ratio of
the Major IM3 Product at DUT Out to the Lower Tone at DUT Out) reaches 0 dB (see
background information above).

e More Intermod Products opens a dialog to select intermodulation products of higher order and
intermodulation products which are measured at the input of the DUT.

e More Intercept Points opens a dialog to select intercept points of higher order and intercept
points which are measured at the output of the DUT.

e Noise Level at DUT Out is a measure for the noise level and therefore the dynamic range of the
intermodulation distortion measurement. The noise level is measured at the frequency of the
lower tone minus half the tone distance.

e Lower Tone at DUT In, Lower Tone at DUT Out, Upper Tone at DUT In, Upper Tone at DUT
Out is a measurement of the two fundamental waves that are used for the intermodulation
measurement.
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G

o The measurement of higher-order intermodulation products must be enabled explicitly in the
Define Intermodulation Distortion Measurement dialog.

The labels for the intermodulation quantities in the trace list are identical to the parameters used for
remote control; see CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "IP3LI" |
"IMSLI" | "LTI" |

Remote CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "IP3LI" |
control: "IM3LI"™ | "LTI" |

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "IP3LI" |
HIM3LIH | "ITI" |

More Intermod Products

This dialog selects general intermodulation products.

More Intermodulation Products @
Order: _ V At DUT: ..Uutput R

Side: E_Maior V [ Relative

[ Ok, ] [ Cancel ] [ Help ]

The controls in the dialog define the order of the intermodulation product, measurement at the DUT
input or output, and the position of the intermodulation product relative to the lower and upper tones.

e The Lower intermodulation products are measured at frequencies below the lower tone.
e The Upper intermodulation products are measured at frequencies above the upper tone.

e Major denotes the lower or upper intermodulation product, whichever is larger. The Major
intermodulation product reveals the worst-case performance of the DUT.

If Relative is selected, the intermodulation product is displayed in dB units relative to the measured
lower tone level at the DUT input or output, depending on the At DUT setting (intermodulation
suppression). In the case of a frequency sweep with constant source power settings, the power-
calibrated input level should be equal to the CW Power.

Remote control: CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "IM3LI"

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "IM3LI"

More Intercept Points

This dialog selects general intercept points.

More Intercept Points...
Order: _v ALDUT: .Dutput ¥

Side:  |Maer  |v]

[ (]S ] [ Cancel ] [ Help ]

The controls in the dialog define the order of the intercept point, measured at the DUT input or output,
and the position of the intercept point relative to the lower and upper tones.
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Z - 11 A

Port Configuration

Physical Ports ‘
3 1 4 2
P S

3 1 4 2

[ Balanced and Measured Ports. .. ]

[ [o]4 ] [ Cancel ] [ Help ]

The notation for converted impedance parameters and the functionality of the More Impedances dialog
is analogous to the definition of S-parameters.

e Z<— selects the type (left pull-down list) and the port number assignment (right pull-down list)
of the impedance parameter. Mixed mode parameters are only available if a balanced port
configuration is active. They are expressed as Y <nouts<min>» Where <mout> and <min> denote the
output and input port modes. The port numbers are assigned in the order Y ,y>< in>, Where
<out> and <in> denote the output (response) and input (stimulus) port numbers of the DUT.

e Balanced and Measured Ports opens the Balanced Port and Port Groups dialog to define the
properties of the test ports. Single-ended (unbalanced) impedance parameters are assigned to
the physical test ports of the analyzer. Balanced impedance parameters are assigned to logical
test ports. Selecting a balanced port configuration with logical test ports means that the
unbalance-balance conversion is switched on and that the analyzer provides mixed mode
parameters.

e The graphics above the Balanced and Measured Ports button illustrates the current port
configuration.

© The port configuration is valid for all traces in the channel

The settings made in the Balanced and Measured Ports dialog are channel settings and therefore apply
to all traces assigned to the channel (Balanced and Measured Ports is also accessible through Channel
— Mode— Port Config...). Within a channel the analyzer measures either single-ended or mixed mode
parameters. If a balanced test port configuration is selected the single-ended parameters assigned to
the channel are converted into mixed mode parameters.

@ Relation between impedances and S-parameters

The relation between the generalized (multiport and mixed mode) impedance parameters and the S-
parameters is analogous to the 2-port case. For reflection measurements:

1+5

= < ourrLiny i
<oupsiwrii T 0
1- S< ot Liny i

Z <ol = <in >,

and for transmission measurements:

z y A0 (2 +2y,) i,

<outréiry

12

Loutr i i

where Z; denotes the reference impedance of the analyzer port no. i.

Remote CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Z-S11" | "Z-
control: si2"

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Z-S11" | "Z-
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combination of input and output ports.

Y-parameters can be used as an alternative to S-parameters (or Z-parameters) in order to completely
characterize a linear n-port network.

Y-Parameter

Opens a dialog to select Y-parameters for multiport measurements (including the 2-port Y-parameters)
or mixed mode Y-parameters.

Y -Parameter .: @
1

¥-Parameter: v

Port Configuration

Physical Ports ‘
1 4 2

IR S

3 1 4 2

[ Balanced and Measured Ports. .. ]

[ o [ Cancel ] [ Help ]

The notation for Y-parameters and the functionality of the Y-Parameter dialog is analogous to the
definition of S-parameters. The dialog provides the following settings:

e Y-Parameter selects the type (left pull-down list) and the port number assignment (right pull-
down list) of the Y-parameter. Mixed mode parameters are only available if a balanced port
configuration is active. They are expressed as Y <mout><min>» Where <mout> and <min> denote the
output and input port modes. The port numbers are assigned in the order Y ,y-< in>, Where
<out> and <in> denote the output (response) and input (stimulus) port numbers of the DUT.

e Balanced and Measured Ports opens the Balanced Port and Port Groups dialog to define the
properties of the test ports. Single-ended (unbalanced) Y-parameters are assigned to the
physical test ports of the analyzer. Balanced Y-parameters are assigned to logical test ports.
Selecting a balanced port configuration with logical test ports means that the unbalance-
balance conversion is switched on and that the analyzer provides mixed mode parameters.

e The graphics above the Balanced and Measured Ports button illustrates the current port
configuration.

i

© The port configuration is valid for all traces in the channel

The settings made in the Balanced and Measured Ports dialog are channel settings and therefore apply
to all traces assigned to the channel (Balanced and Measured Ports is also accessible through Channel
— Mode— Port Config...). Within a channel the analyzer measures either single-ended or mixed mode
parameters. If a balanced test port configuration is selected the single-ended parameters assigned to
the channel are converted into mixed mode parameters.

Remote CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "Y11" | "Y12" |
control: "ya2i" | "ya2"
Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "Y11" | "Y12" |
"Y21" | "Y22" -
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DC MEAS -1 V...+1V,DC MEAS -10 V...+10 V

Select the DC voltages between pins 6 and 8 of the DC MEAS input connectors as measured
quantities. The input connectors are located at the rear panel of the instrument.

DCMERS
-1“...-!-‘“".9 <10V.. 410V

The two DC inputs cover different input voltage ranges; see data sheet or rear panel labelling.

e The left input connector DC MEAS -1 V...+1 V provides the most accurate measurement for
smaller voltages but has a restricted input voltage range.

e The right input connector DC MEAS —10 V...+10 V can be used for larger voltages.

Remote CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "DC+1V" |
control: "DC+10V"
[SENSe<Chn>:]FUNCtion[:ON] "...:VOLTage[:DC] DCIN1 | DCIN2"

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "DC+1V" |

"DC+10V"

PAE...

Opens a dialog to select the Power Added Efficiency (PAE) of an active 2-port device as measured
quantity and to define the parameters for the PAE measurement.

Used Test Ports
DUTInput: [1 & | DUTOuput [z o

DiZ Power

@ c* UiDC Meas £104)

o * UiDC Meas £14)

Ok * U(DC Meas £10 V) * U (DC Meas £1 1)
Cic*UI(DC Meas £1 %) - k* U (DC Meas £1 ¥)2

Define Constants

o [own ] k| i
Part Topalogy
Physical Parts ‘
3 1 4 2
I PR S
3 1 4 2|

[ Balanced and Measured Ports, .. ]

[ [o]4 ] [ Cancel ] [ Help ]

The PAE dialog provides the following settings:

e Used Test Ports selects the analyzer port providing the input signal a, (DUT Input) and the
receiver port for the output signal b, (DUT Output).

e The radio buttons and input fields in the DC Power panel select the test model and the
parameters for measuring the DC power Py supplied to the DUT. The constants can be

incremented with the step size defined by clicking the “| buttons.
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e Select Topology opens the Port Configuration dialog to define the properties of the test ports.
Either physical test ports or logical ports can be used as Input and Output instrument ports. The
graphics and messages displayed in the Topology panel are identical to the ones shown in the
More S-Parameters dialog. When the unbalance-balance conversion is switched on, the PAE is
calculated from the single-ended and differential mode wave quantities (see also Mixed Mode
Stability Factors).

o To obtain reasonable results, the test model and the respective Constant must be selected in
accordance to the test setup.

@ Definition and measurement of PAE

The PAE measurement is based on the standard test setup for forward S-parameter measurements on
a 2-port DUT. An additional measurement to determine the supplied power Py is required.

From Ny i —* To NVWA
output port 81 =P DUT = D2 input port
-—| S—Y
PDCT

,DC

The Power Added Efficiency (PAE) is the ratio of the added RF power generated by an active two-port
device (e.g. an amplifier) to the supplied DC power Pyc.. The added RF power can be expressed as the
difference between the power of the outgoing wave b, at the output of the DUT and the power of the
incident wave a, at the input of the DUT; hence:

Definition:

paglial —lal

oe
Positive PAE values indicate a gain in the RF power, negative values an attenuation. The PAE is
always smaller than 1.

Remote CALCulate<Ch>:PARameter:MEASure "<Trace Name>", "PAE21" |
control: "PAE12"™ |...

Create new trace and select name and measurement parameter:
CALCulate<Ch>:PARameter:SDEFine "<Trace Name>", "PAE21" |
"PAEI2" |...

DC Power Measurement

The power Py supplied to the DUT can be measured using either one of the DC inputs DC MEAS =
10V (for large voltages), DC MEAS = 1V (for small voltages) or both inputs. The DC Power panel in the
PAE dialog suggests different models involving different test setups and approximations. The models
are selected by means of the radio buttons in the DC Power panel; they depend on the properties of the
DC power supply (constant current I, or constant power U,;) and an optional precision resistor R used
to measure the DC current. The values |.., U.,, and R determine the Constants c and k. These
constants must be entered in the DC Power panel, using the appropriate physical units, before a
particular model can be activated.

e I.=const, R=0—>Py,c=c*U (DC Meas —10 V...+10 V) Assume that the DC power supply
provides a constant current IDC and that the voltage applied to the DUT is measured via DC
MEAS —-10V...+10 V (R = 0). PDC = IDC * U(DC MEAS —-10V...+10 V), hence the Constant c
must be set equal to IDC. The unit field shows the Sl unit of a current (W/V). The input field for
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k is disabled (k is not used).

e Uy, =const, R<<Ryy, Pr=0 —> Py =c* U (DC MEAS -1 V...+1 V) Assume that the DC
power supply provides a constant voltage UDC and that the current through the DUT is
measured by means of a precision resistor R connected in series and DC INP 2. If R << RDUT
the power consumption of the resistor can be neglected so that PDC = UDC / R * U(DC MEAS
—1V...+1V), hence the Constant ¢ must be set equal to UDC / R. The unit field shows the SI
unit of a current (W/V). The input field for k is disabled (k is not used).

e R<<R,Pi=0 —>Py,c=k*U(DCMEAS -10V...+10V) * U (DC MEAS -1 V...+1 V)
Assume that the DC power supply provides an arbitrary (not necessarily constant) voltage UDC
and current IDC. The current through the DUT is measured by means of a precision resistor R
connected in series and DC INP 2. The voltage applied to the DUT and R is measured via DC
MEAS -10 V...+10 V. If R << RDUT the power consumption of the resistor can be neglected so
that PDC = 1/ R * U(DC MEAS —-10 V...+10 V) * U(DC MEAS —1 V...+1 V), hence the Constant
k must be set equal to 1/ R. The unit field shows the Sl unit of an inverse resistance (W/V2).
The input field for c is disabled (c is not used).

e U, =const, P.=U (DCINP2YR —> Py, =c * U (DC MEAS -1 V...+1V) +k * U (DC MEAS —
1V...+1 V)2 Assume that the DC power supply provides a constant voltage UDC and that the
current through the DUT is measured by means of a precision resistor R connected in series
and DC INP 2. PDC = UDUT /R * U(DC MEAS -1 V...+1V) = (UDC — UR)/ R * U(DC MEAS —
1V..+1V)=UDC /R *U(DC MEAS -1 V...+1V)-1/R*U(DC MEAS -1 V...+1 V)2, hence
the Constant ¢ must be set equal to UDC / R and k must be set equal to 1/R. The unit fields for
¢ and k show the Sl units of a current (W/V) and an inverse resistance (W/V2), respectively.

an —b._.‘ _:—b b2

DUT

U (DC MEAS U (DC MEAS
A0V 410 V) AN+ V)

DC R

1

Models 1 and 4 provide the exact DC power supplied to the DUT, the two other models are based on
the approximation P, = 0.

Remote control: [SENSe<Chn>:]PAE:EXPRession

[SENSe<Chn>:]PAE:C
[SENSe<Chn>:]PAE:K

Power Sensor...

Opens a configuration dialog for the measurement of wave quantities using an external power meter.

@ Power Sensor measurement example

The simplest test setup for a Power Sensor measurement involves one analyzer source port and a
power sensor. The power sensor is connected e.g. to the analyzer's USB port and provides the (scalar)
wave quantity results.
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To GPIB/
LAN { USB I
' RF source port {port 1)
i RF and IF power range
-‘
gj Power calibration plane
Paover Meter
- Power Meter Config...
Properties
Show as: | Power b Source Pork: [Port 1 b
[ Cancel ] [ Help ]

e The controls in the Power Meter panel show the configured power meters, open the System
Configuration — External Power Meters dialog for adding and configuring external power
meters, and start Auto Zeroing for the selected power meter.

e Show as selects the physical unit of the displayed trace. It is possible to display the measured
Voltage U or convert the wave quantity into an effective power according to P = V2/Re(ZO). Zy
denotes the reference impedance of the source port (for wave quantities a,) or of the receive
port (for wave quantities b,). The reference impedances are defined in the Port Configuration
dialog.

e Source Port selects one of the available test ports of the analyzer as a source of the stimulus
signal.

® Auto zero function

Zeroing calibrates the external power sensor by adjusting its reading at zero signal power. For this
purpose, the RF power source must be switched off or disconnected from the sensor (see below!). R&S
power sensors automatically detect the presence of any significant input power. This aborts zeroing and
generates an error message. Zeroing can take a few seconds, depending on the sensor model; refer to
the documentation of your external power sensor for more information.

Repeat zeroing
e During warm-up after switching on or connecting the instrument
e After a substantial change of the ambient temperature
e After fastening the power sensor module to an RF connector at high temperature
e After several hours of operation

e When very low-power signals are to be measured, e.g. less than 10 dB above the lower
measurement limit.

Switch off the RF power source for zeroing; do not disconnect it from the power sensor. In this way you
will maintain the thermal equilibrium, and zeroing will also compensate for the noise superimposed on
the measured signal (e.g. from a broadband ampilifier).

A reset of the analyzer does not affect the last zeroing result.
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especially for large frequency step sizes.

The delay calculation is based on the already measured sweep points and does not slow down the
measurement.

Af is constant over the entire sweep range, if the sweep type is a Lin. Frequency sweep. For Log.
Frequency and Segmented Frequency sweeps, it varies with the sweep point number m.

Application The aperture must be adjusted to the conditions of the measurement. A small aperture
increases the noise in the group delay; a large aperture tends to minimize the effects of noise and
phase uncertainty, but at the expense of frequency resolution. Phase distortions (i.e. deviations from
linear phase) which are narrower in frequency than the aperture tend to be smeared over and cannot
be measured.

o Finding an optimum aperture

The measurement uncertainty &7 of the delay T is essentially due to the uncertainty of the phase
measurement. Other effects, such as the frequency uncertainty of the analyzer, are negligible. From the
definition of the measured delay:

_ & @deg = Srwm 5(-"-\‘ @a‘eg) _ 5(& ';ﬁa‘eg) ] .
360%AF Ay, ©

= -
e 360°.A F
From this equation, we can draw the following conclusions:

e The accuracy of the group delay measurement is proportional to the aperture Af; the
uncertainty of the delay due to phase uncertainties increases when the aperture is reduced.

e If the aperture Af approaches a value of 8(A®P)/(360° . Tqmeas), then the delay uncertainty is
comparable to the delay itself. Then the delay curve is noisy as shown below. The aperture in
the example is set to 400 MHz / 200 = 2 MHz, the group delay uncertainty is approx. 0.5 ns.
The estimated uncertainty of the phase difference measurement is 86(A®) < 0.4 deg, in
accordance with the specified phase uncertainty of the network analyzer.

Aperture Steps: 1

zh1  Start 49 GHz Pwr 0dBm Stop 5.3 GHz

e With a phase uncertainty 8(A®) < 0.4 deg, the uncertainty of the delay equals to &1 = 0.001/f.
For vector network analyzers R&S ZVA8 and default settings (maximum span, 201 sweep
points), the aperture is approx. 8 GHz * 10 / 200 = 400 MHz. The delay uncertainty is smaller
than 2.5 ps.

e In many instances an aperture around Af = 0.3 / Tg meas Provides optimum measurement
accuracy. For a measured group delay of 1 ns (corresponding to a cable with an electrical
length of approx. 30 cm), this condition results in an aperture of 300 MHz. Optimum apertures
for other group delay values are listed below. In the following example, the measured group
delay is approx. 3 ns. A 100 MHz aperture virtually eliminates the noise on the trace.
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Aperure Steps: =0

il Celay 1 nsf Refl s 1
Phase 30°/ Refk0°

h1  Start 4.9 GHz Pwr 0dBm Stop 5.3 GHz

e The 100 MHz aperture in the example above is actually too wide, because the phase shows
strong distortions in a frequency interval with a width of approx. 80 MHz. The wide aperture
results in a smoothing effect of the delay trace. A reduced aperture of 20 MHz yields a more
accurate group delay in the vicinity of the minimum.

Aperture Steps: |

Tre1 Delay 1ns/ Refls 1
Tre2 Phase 30°/ Refg0®

Ch1  Start 4.9 GHz Pwr 0dBm

Stop 5.3 GHz

The following table lists "optimum" apertures Af = 0.3 / 14 meas together with sample analyzer settings for
a frequency sweep with 201 sweep points. Notice that the sweep span must be reduced or the number
of frequency points increased to obtain small apertures.

Group delay Tgmeas | Aperture Af | Span No. of aperture steps
1ns 300 MHz 6 GHz 10
10 ns 30 MHz 600 MHz | 10
100 ns 3 MHz 60 MHz 10
1ps 300 kHz 6 MHz 10
10 ps 30 kHz 600 kHz 10
10 ps 3 kHz 60 kHz 10
1ms 300 Hz 6 kHz 10

The relationship between group delay and "optimum" aperture is also shown in the following diaram.
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r 3
f B
Name On | Meas Type Channel | Area Scale

Trez [W | sS21 AT chz -/ 2 - Tres -
Trc3 W | sz21 DAT chz =| 2 = Trc3 -

[Add,l'DeIete ] [ Coupling ... ] [ Sort Table ... ] [ Help ]

All existing traces of the current setup are listed in a table with several editable (white) or non-editable
(gray) columns. Below the table the Trace Manager provides the following buttons:

e Add/Delete... opens a dialog to add a new trace or delete a trace.
e Coupling opens a dialog to define coupling criteria (channel, scale) for all traces in the table.

e Sort Table opens a dialog to change the order of the traces (rows) in the table.

@Columns in the Trace Manager table

e Name indicates the current trace name. The default names for new traces are Trc<n> where
<n> is a current number. Current numbers in the trace names are necessary to make automatic
assignments, e.g. decouple the channel settings in the Coupling dialog. To serve as an
unambiguous reference, trace names must be unique across all channels and diagram areas.

e Onindicates whether the trace is displayed on the screen (On) or invisible.
e Meas indicates the measured parameter.

e Type indicates whether the trace is a data trace (DAT), displaying the current measurement
data, or a memory trace (MEM).

e Channel indicates the channel of each trace.
e Area indicates the diagram area of each trace.

e Scale shows which traces use common scaling and format settings.

@Rules for trace names

The analyzer can define mathematical relations between different traces and calculate new
mathematical traces (User Def Math). The trace names are used as operands in the mathematical
expressions and must be distinguished from the mathematical operators +, -, *, /, (, ) etc. This places
some restrictions on the syntax of trace names:

e The first character of a trace name can be either one of the upper case letters A to Z, one of the
lower case letters a to z, an underscore _ or a square bracket [ or ].

e For all other characters of a trace name, the numbers 0 to 9 can be used in addition.

The analyzer does not accept illegal trace names. If an illegal name is specified, the input field in the
Trace Manager turns red.

Remote CALCulate<Ch>:PARameter:SDEFine <Trace Name>, < Meas
control: Parameter>
CONFigure:CHANnel<Ch>:TRACe:REName
CONFigure:TRACe<Trc>:CATalog?
CONFigure:TRACe<Trc>:NAME
CONFigure:TRACe<Trc>:NAME:ID?
CONFigure:TRACe:REName
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Add/Delete

Opens a dialog to add a new trace or delete a trace.

&dd new Trace Delete Trace
Channel: Area: Trace:

Chi Mew T2

[ Close ] [ Help ]

e Add creates a new trace and adds it to the list in the Trace Manager, assigning it to the channel
and diagram area selected in the drop-down lists. It is possible to create a New channel and/or
diagram area for the new trace.

e Delete deletes the selected trace, removing it from the list in the Trace Manager and from the
screen. This button is disabled if the setup contains only one trace: In manual control, each
setup must contain at least one diagram area with one channel and one trace.

Remote CALCulate<Ch>:PARameter:SDEFine <Trace Name>, < Meas
control: Parameter>
DISPlay:WINDow<Wnd>:TRACe<WndTr>:FEED <Trace Name>
DISPlay[:WINDow<Wnd>] :TRACe:EFEed <Trace Name>
CALCulate<Ch>:PARameter:DELete <Trace Name>

Coupling

Selects common channel or scale settings for all traces in the Trace Manager dialog.

Channel Scale
Decouple all Decouple all

Couple all | ko: | Chl  » Couple all | to: | Trcz |

[ Close ] [ Help ]

The channel and scale coupling is set in two independent panels.

e Decouple All assigns independent channel or scale settings to all traces in the Trace Manager.
If the channel and trace names include numbers, the trace with the lowest number is assigned
to the channel with the lowest number and so forth. Measurement or data traces and their
associated memory traces are assigned to the same channel.

e Couple All assigns all traces to the channel or scale settings selected in the corresponding
drop-down lists. All channel or scale settings except the selected ones are lost. The analyzer
displays a confirmation dialog box before deleting the unused channels.

Remote control: —

Sort Table

Changes the order of the traces (table rows) in the Trace Manager dialog.
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1.1 ¥ Data § Mem2[Trcl] + dBMag (Trcl)
[ Del all ] [ Del ] [Recall... ] [ Save.., ]
Cperand Cperakar
;Dafé Al ~
Mem it
Tret il
MemZ[Trcl] lintag
I > dBMag
Trace Operands are |Arg
used without math Re
v
Result is \Wave Quantity
[ [o]4 ] [ Cancel ] [ Help ]

In its upper part the dialog contains a window to view and edit the mathematical expression and four

button
[ ]

s:
Del. All clears the window, so it is possible to start editing a new expression.

Del. deletes the last character before the current cursor position (backspace function). Deleting
a character of an operand causes the operand to become invalid.

Recall... calls up an Open File dialog to load a mathematical expression from a trace math
string file. Trace math string files are ASCII files with the default extension *.mth and contain
the mathematical expression as it is written in the User Def Math... dialog. It is possible to
change or create math string files using a text editor.

Save... calls up a Save As... dialog to store the current expression to a trace math string file.
Trace math string files are ASCII files with the default extension *.mth and contain the
mathematical expression as it is written in the User Def Math... dialog. It is possible to change
or create math string files using a text editor.

@ To import a math file (*.mth) you can also use the Windows Explorer and simply double-click the file
or drag and drop the file into the NWA application. You must enable the mathematical mode separately.

The operands and operators in the expression can be selected from two lists and the Numeric Value

panel:

Operand contains all data traces and memory traces of the active setup plus the constants pi
(approx. 3.14159), e (approx. 2.71828) and the imaginary unit j. The trace operands denote
unmodified data and memory traces. Mathematical relations for the traces are not taken into
account, even if the mathematical mode is active (Math = User Def). The same applies to
smoothing and Shift Response Value.

Operator

Contains operators for arithmetic operations and mathematical functions. The following table
lists how the operators act on a complex quantity z = x + jy.

+,o=0 *, Basic arithmetic operations

() Grouping parts of an expression

linMag | = sqrt (x +y?)

dBMag dB Mag(z) = 20 * log|z| dB

Arg Phase ¢ (z) = arctan (Im(z) / Re(z) )

Re, Im X, Y (Real and Imag)

log, 1n Common (base 10) or natural (base €) logarithm

Min, Max Smaller or larger values of all points of two traces, e.g. Min(Trc1,Trc2)
Stimval Stimulus value”

tan, atan, sin, asin, cos, acos | Direct and inverse trigonometric functions.

1145.1084.12 4.64 E-13


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Trace Menu

*) The function StimVal can be used for all sweep types. Please note that - as with all user math operands - only the numerical value without unit

is processed in the user math formula.

e In frequency sweeps StimVal provides the stimulus frequency in Hz.

e In power sweeps, StimValprovides the voltage in V that results from the source power
in dBm. To obtain the correct source power in dBm (for dB Mag trace format), Result is
Wave Quantity must be enabled. Note that, due to the conversion into a dBm value, the
source power depends on the reference impedance of the port associated with the
measured wave quantity, to be set in the Port Configuration dialog.

¢ Intime sweeps, StimVal is the stimulus time in s.
e In CW mode sweeps, StimVal is the number of the point.
e Numeric Value

extends the Define Math dialog and opens the numeric input panel (toggle function):

EENEN
ENREN
ENNER
KN

The numeric input panel supports the entry of numeric values and constants. In addition to the
numbers 0 to 9, the decimal point and the constants j (complex unit), pi (approx. 3.14159) and e
(approx. 2.71828), it contains the following buttons:

e +/- changes the sign

e Exp defines a number in exponential representation, e.g. 12 exp 3 for 12*1043 =
12000.

Products of numbers and constants may be entered in abbreviated form, e.g. 2e for 2*e.

o If traces are used as operands, the unmodified, linear complex trace data (no dB-values) enter
into the mathematical expression, irrespective of the current trace format. No mathematical
traces are available as operands.

Result is Wave Quantity in the lower part of the dialog controls the conversion and formatting of the
mathematic expression.

e If Result is Wave Quantity is enabled the analyzer assumes that the result of the mathematical
expression represents a voltage. Examples for voltage-type expressions are all terms
proportional to a wave quantity (e.g. 1.71*Data, if a wave quantity is measured) or to a stimulus
value of a power sweep. If Show As: Power is selected in the More Wave Quantities dialog, the
result is converted into a linear power before the selected trace format is applied. Otherwise no
conversion is performed, and dB Mag results are referenced to 1 pV.

e If Result is Wave Quantity is disabled the analyzer assumes that the result of the mathematical
expression is dimensionless. Examples for dimensionless expressions are all terms
proportional to ratios of wave quantities, e.g. Data / Mem2[Trc1]. The selected trace format is
applied without previous conversion.

Result is Wave Quantity acts on the result of the mathematical expression only. Wave quantities and
power sweep stimulus values always enter into the expression as voltages.

@ Effect of Result is Wave Quantity and numeric example

In the More Wave Quantities dialog, the Show as: control element specifies whether wave quantities
are displayed as voltages or equivalent powers, using the port impedances for a conversion between

1145.1084.12 4.65 E-13


https://www.manualsplus.com/



https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Trace Menu

e Time Domain Stimulus Axis opens a submenu to define the stimulus axis range for the time
domain representation.

e Define Transform... opens a dialog to define the transformation type and the frequency domain
window used to optimize the time domain response.

e Time Gate switches the time gate defined with Define Time Gate... on or off.

e Define Time Gate... opens a dialog to select the time gate and define its parameters.

Frequency Domain

Selects the frequency domain representation for the active trace. The softkey is enabled if option
ZVAB-K2, Time Domain, is available, and if a linear frequency sweep (Channel — Sweep — Sweep Type
— Lin. Frequency) is active.

In frequency domain representation the diagram shows the measured trace as a function of the
stimulus frequency applied to the DUT. The trace corresponds to the results obtained during the
frequency sweep, however, the effect of a time gate is taken into account as long as the Time Gate
function is active. The x-axis corresponds to the sweep range (stimulus range) selected via Channel —
Stimulus.

@ Gated and ungated state of the frequency domain representation
The trace in the frequency domain depends on the state of the Time Gate:

o If the gate is disabled, the frequency domain (FD) trace corresponds to the sweep results prior
to the transformation.

e If the gate is enabled, the frequency domain trace shown is calculated from the time domain
(TD) trace which is gated and transformed back into the frequency domain.

The analyzer uses fixed No Profiling (Rectangle) window settings to transform the measured trace into
time domain. The TD trace is gated using the selected time gate. The gated trace is transformed back
into frequency domain using a No Profiling (Rectangle) window.

2 TN
Measured oYW Transformed / AY
P e -Y4YATR'EE 51'A) " —_ { LY I
trace: FD Yy | HI W trace: TD 7 {
(v 1 L T T T 'l'
[ | PY il Iia.
Mo Profiling [Rectangle) Selected time gate, e.g. Normal Gate (Hann)

Gated
trace: FD

9]

o

2
--:'
100
T
_...<'
]
L=

Mo Profiing (R ectangle)

The shape, width and position of the time gate affect the gated frequency domain trace. The window
type selection in the Define Transform dialog is ignored. The selected window is used again when the
TD trace is displayed (Time Domain: On).

The rectangular No Profiling (Rectangle) windows minimize numerical inaccuracies near the boundaries
of the measured frequency span. In the limit where the effect of the time gate vanishes (e.g. a gate of
type Notch and a very small width), the time gated trace is equal to the original measured trace.

¢ Intime domain representation, you can use the Time Gate settings in order to eliminate unwanted
responses in your signal. After switching back to the frequency domain, you will receive the frequency
response of your DUT without the contribution of the unwanted responses.

Remote control: CALCulate<Chn>:TRANsform:TIME:STATe OFF
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Time Domain

Selects the time domain representation for the active diagram area. The softkey is enabled if option
ZVAB-K2, Time Domain, is available, and if a linear frequency sweep (Channel — Sweep — Sweep Type
— Lin. Frequency) is active. The analyzer automatically quits time domain representation as soon as a
different sweep type is selected.

In time domain representation the diagram shows the measurement results as a function of time. The
results are obtained by transforming the measured frequency sweep data into the time domain using an
appropriate mathematical transformation type and frequency window (Define Transform...). The sweep
range and the output power for the active channel is still displayed below the diagram; the displayed
time interval is shown in a second line:

Ch1 Start 300 kHz —Pwr 0 dBm Stop B GHz
Trc2 Start -1 ns —Time Damain Stop 4 ns

@Trace settings in time domain representation
While the time domain representation is active the trace settings behave as follows:
e The settings in the Time Domain Stimulus Axis submenu configure the time axis.
e All Trace Formats including the circular diagrams are available.
e Limitlines can be defined like the limit lines for time sweeps.
e The bandfilter search functions are available for the transformed trace.

e If marker coupling is active, then the markers in the time domain and in the frequency domain
are coupled with each other.

The analyzer places no restriction on the measured quantities to be transformed into the time domain.
Impedances and admittances are first converted back into the equivalent S-parameter, transformed,
and restored after the transformation.

@Properties of the Chirp z-transformation

The Chirp z-transformation that the analyzer uses to compute the time domain response is an
extension of the (inverse) Fast Fourier Transform (FFT). Compared to the FFT, the number of sweep
points is arbitrary (not necessarily an integer power of 2), but the computation time is increased by
approx. a factor of 2. This increased computation time is usually negligible compared to the sweep
times of the analyzer.

The following properties of the Chirp z-transformation are relevant for the analyzer settings:
e The frequency points must be equidistant.

e The time domain response is repeated after a time interval which is equal to At = 1/Af, where Af
is the spacing between two consecutive sweep points in the frequency domain. For a sweep
span of 4 GHz and 201 equidistant sweep points, Af =4 GHz/200 =2 * 10" Hz, so that At = 50
ns. At is termed measurement range (in time domain) or unambiguous range.

Additional constraints apply if the selected Chirp z-transformation is a lowpass transformation.

Remote control: CALCulate<Chn>:TRANsform:TIME:STATe ON

Time Domain Stimulus Axis

Opens a submenu to define the stimulus axis range for time domain representation.
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Trace Menu

Measure
Farmat

Scale

Trace Select
Trace Funck
Marker
Search
Marker Funck
Lines

3
3
13
3
3
13
3
3
3

Data -= Mem

v Show Data

More Mem 3

User Def Math...

Transform * Frequency Domain
Tirne Darmain

Trace Statistics »
. Time Domain Stimulus Axis ¥
Smoothing On
Smoothing Aperture... Define Transform. ..
Time Gate
Trace Data 3

Define Time Gate. ..
Shift Stimulus Yalue. ..
Shift Response Yalue. ..

Maz Hold On
Min Hold On

Linearity Deviation 3

Skart Time Dormain. ..
Stop Time Domain, ..
Center Tirme Domain...
Span Tirme Dornain, ..

* Time
Distance

Mechanical Length...

e Start Time Domain is the lowest displayed time and corresponds to the left edge of the
Cartesian diagram.

e Stop Time Domain is the highest displayed time and corresponds to the right edge of the
Cartesian diagram.

e Center Time Domain corresponds to the center of the Cartesian diagram, i.e. (Start + Stop)/2.

e Span Time Domain corresponds to the diagram width, i.e. (Stop — Start).

e Time and Distance switch over between the x-axis scaling in time units or distance units.

e Mechanical Length opens the dialog which defines port-specific offset parameters (mechanical
length, velocity factor, loss); see Mechanical Length. The velocity factor affects the relationship
between distance and time units; see background information below.

o Use the paste marker list for convenient entry of Start and Stop values.

@ Distance units for transmission and reflection parameters

The interpretation of time and distance depends on the measurement type. For reflection
measurements, the time axis represents the propagation time of a signal from the source to the DUT
and back. For transmission measurement, it represents the propagation time from the source through
the device to the receiver. The Distance calculation is consistent with this interpretation:

e For reflection measurements (S-parameters S; or ratios with equal port indices) the distance
between the source and the DUT is half the propagation time multiplied by the velocity of light
in the vacuum times the velocity factor of the receiving port defined in the Channel — Offset
menu (Distance = 1/2 * Time * ¢y * Velocity Factor). The factor 1/2 accounts for the return trip
from the DUT to the receiver.

e For transmission measurements, the distance is calculated as the propagation time times the
velocity of light in the vacuum times the velocity factor of the receiving port defined in the
Channel — Offset menu (Distance = Time * ¢, * Velocity Factor).

¢ Due to the properties of the Chirp z-transformation the trace is periodic in time and repeats after an
unambiguous range of At = 1/Af, where Af is the spacing between two consecutive frequency points. To
extend the unambiguous range, either reduce the sweep span (Channel — Stimulus) or increase the
number of sweep points.
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Remote control: CALCulate<Chn>:TRANsform:TIME:STARt
CALCulate<Chn>:TRANsform:TIME:STOP
CALCulate<Chn>:TRANsform:TIME:CENTer
CALCulate<Chn>:TRANsform:TIME : SPAN
CALCulate<Chn>:TRANsform:TIME:XAXis TIME | DISTance

Define Transform

The Define Transform dialog selects the transformation type and the frequency domain window which is
applied to the trace in order to optimize its time domain response.

Define Transform @
Type
[*3 Band Pass Impulse |
) Low Pass Impulze Low Pass Settings. ..

() Low Pass Step

Impulse Aesponze

- - Fd \
r\!\fyv Yr\ /

Y
| I | | .
L] L] L] Al l
i |
Ma Profiling [Rectangle] Low First Sidelobe [Ham|
[ |
Arbitrary Sidelobe Level: : : |
Resalution Enhancement Factar: ._3 3 ] =
[ Close ] [ Help ]

e The radio buttons in the Type panel select a band pass or low pass transform. To calculate a
low pass transform the sweep points must be on a harmonic grid (otherwise the analyzer will
only be able to calculate an approximate result and generate a warning). Low Pass Settings...
opens a dialog to establish or change a harmonic grid (not available for memory traces).

e The Impulse Response panel shows the impulse response of a constant trace over a finite
sweep range (i.e. a rectangular function) that was filtered in the frequency domain using
different windows. The selected window is applied to the active trace. The analyzer always
uses a No Profiling (Rectangle) window to calculate the time-gated frequency domain trace,
see background information in section Frequency Domain.

e If an Arbitrary Sidelobes (Dolph-Chebychev) window is selected, the Arbitrary Sidelobe Level
(sidelobe suppression) can be set below the Impulse Response diagrams. The entered value is
the ratio of the power of the central lobe to the power of the first side lobe in dB.

e The Resolution Enhancement Factor broadens the frequency range that the analyzer considers
for the time domain transform by a linear factor. A factor of 1 means that the original sweep
range and the measured sweep points are used; no additional assumptions are made. With
higher resolution enhancement factors, the measurement data is extrapolated using a linear
prediction method. As a result, the resolution in time domain can be improved.

The ideal resolution enhancement factor depends on the properties of the DUT. In distance to
fault measurements on cables, factors between 3 and 5 turned out to be a good choice.

For a comparison of the different transformation types and windows and for application examples
please also refer to the application note 1EZ44_OE which is posted on the R&S internet.

<] The frequency domain window is used to filter the trace prior to the time domain transformation.
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An independent Time Gate can be used after the transformation in order to eliminate unwanted
responses.

Remote control: CALCulate<Chn>:TRANsform:TIME[:TYPE]
CALCulate<Chn>:TRANsform:TIME:STIMulus
CALCulate<Chn>:TRANsform:TIME :WINDow
CALCulate<Chn>:TRANsform:TIME:DCHebyshev
CALCulate<Chn>:TRANsform:TIME:RESolution:EFACtor

Band Pass and Low Pass Mode

The analyzer provides two essentially different types of time domain transforms:

e Band pass mode : The time domain transform is based on the measurement results obtained in
the sweep range between any set of positive start and stop values. The sweep points must be
equidistant. No assumption is made about the measurement point at zero frequency (DC
value). The time domain result is complex with a generally undetermined phase depending on
the delay of the signal.

e Low pass mode : The measurement results are continued towards f = 0 (DC value) and
mirrored at the frequency origin so that the effective sweep range (and thus the response
resolution) is more than doubled. Together with the DC value, the condition of equidistant
sweep points implies that the frequency grid must be harmonic. Due to the symmetry of the
trace in the frequency domain, the time domain result is harmonic.

The band pass and low pass modes are compared below.

Transform Band pass Low pass
type
Advantages Easiest to use: works with any set of equidistant sweep points | Higher response resolution (doubled)
Includes information about DC value
Real result
Impulse and step response
Restrictions No step response Needs harmonic grid
Undetermined phase
Use for... Scalar measurements where the phase is not needed Scalar measurements where the sign is of
DUTs that don't operate down to f = 0 (e.g. pass band or high interest
pass filters) DUT's with known DC value

Remote control: CALCulate<Chn>:TRANsform:TIME[:TYPE]

Impulse and Step Response

In low pass mode, the analyzer can calculate two different types of responses:

e The impulse response corresponds to the response of a DUT that is stimulated with a short
pulse.

e The step response corresponds to the response of a DUT that is stimulated with a voltage
waveform that transitions from zero to unity.

The two alternative responses are mathematically equivalent; the step response can be obtained by
integrating the impulse response:

itegrate impulse response

btain step response
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The step response is recommended for impedance measurements and for the analysis of
discontinuities (especially inductive and capacitive discontinuities). The impulse response has an
unambiguous magnitude and is therefore recommended for most other applications.

Remote control: CALCulate<Chn>:TRANsform:TIME:STIMulus

Windows in the Frequency Domain

The finite sweep range in a frequency domain measurement with the discontinuous transitions at the
start and stop frequency broadens the impulses and causes sidelobes (ringing) in the time domain
response. The windows offered in the Define Transform dialog can reduce this effect and optimize the
time domain response. The windows have the following characteristics:

Window Sidelobe suppression Relative impulse Best for...
width

No Profiling 13 dB 1 -

(Rectangle)

Low First Sidelobe 43 dB 14 Response resolution: separation of closely

(Hamming) spaced responses with comparable amplitude

Normal Profile (Hann) 32dB 1.6 Good compromise between pulse width and
sidelobe suppression

Steep Falloff (Bohman) | 46 dB 1.9 Dynamic range: separation of distant
responses with different amplitude

Arbitrary Sidelobes User defined between 10 | 1.2 (at 32 dB sidelobe | Adjustment to individual needs; tradeoff

(Dolph-Chebychev) dB and 120 dB suppression) between sidelobe suppression and impulse
width

Remote control: CALCulate<Chn>:TRANsform:TIME:WINDow
CALCulate<Chn>:TRANsform:TIME:DCHebyshev

Low Pass Settings

The Low Pass Settings dialog defines the harmonic grid for low pass time domain transforms.

@Harmonic grid

A harmonic grid is formed by a set of equidistant frequency points f; (i = 1...n) with spacing Af and the
additional condition that f; = Af. In other words, all frequencies f; are set to harmonics of the start
frequency fy.

If a harmonic grid, including the DC value (f = Q) is mirrored to the negative frequency range, the result
is again an equidistant grid.
Af
R —
® L) *——eo
f, Positive frequencies

—& & @ L

|
|
Negative frequencies f=

0

The point symmetry with respect to the DC value makes harmonic grids suitable for lowpass time
domain transformations.
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Lows Pass Settings

L ] E The current grid is not harmanic,
L

Set Harmonic Grid and Keep:

[ Stop Frequency and Mumber of Paints ]

[ Frequency Gap and Mumber of Paoints ]

[ Stop Frequency and Approximate Frequency Gap ]

DC Yalue

514

[ Close ] [ Help ]

The dialog can be used to change the current grid of sweep points, which may or may not be harmonic.

e The three buttons in the Set Harmonic Grid... panel provide alternative algorithms for
calculation of a harmonic grid, based on the current sweep points.

e The control elements in the DC Value panel define the measurement result at zero frequency
and in the interpolation/extrapolation range between f = 0 and f = f,;,. They are enabled after a
harmonic grid has been established.

@ Defining the low frequency sweep points

After calculating a harmonic grid, the analyzer must determine the value of the measured quantity at
zero frequency and possibly at additional points in the range between f = 0 and f = f;,.

The following figure shows a scenario where the harmonic grid was calculated with fixed Stop
Frequency and Number of Points. The DC value and the values at the two additional red points must be
extrapolated or interpolated according to the measured sweep points (blue dots) and the properties of
the DUT.

Interpolated
values

IZr}C value fon Stop frequency

e If the properties of the DUT at f = 0 are sufficiently well known, then it is recommendable to
enter the DC value manually (Manual Entry) and let the analyzer calculate the remaining values
(red dots) by linear interpolation of the magnitude and phase(Examples: At f = 0 the reflection
factor of an open-ended cable is 1. It is —1 for a short-circuited cable and 0 for a cable with
matched termination. If a cable with known termination is measured, then these real numbers
should be entered as DC values. ).Clicking the Extrapolate button will initiate an extrapolation of
the measured trace towards f = 0 and overwrite the current DC value. This can be used for a
consistency check.

e Continuous Extrapolation initiates an extrapolation of the measured trace towards lower
frequencies, so that the missing values (green and red dots) are obtained without any additional
input. The extrapolation is repeated after each sweep.

Remote CALCulate<Chn>:TRANsform:TIME:LPASs KFSTop | KDFRequency |
control: KSDFrequency
CALCulate<Chn>:TRANsform:TIME:LPASs:DCSParam
CALCulate<Chn>:TRANsform:TIME:LPASs:DCSParam:CONTinuous
CALCulate<Chn>:TRANsform:TIME:LPASs:DCSParam:EXTRapolate
CALCulate<Chn>:TRANsform:TIME:LPFRequency
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Set Harmonic Grid

In the Set Harmonic Grid... panel of the Low Pass Settings dialog, a harmonic grid can be calculated in
three alternative ways:

Set Harmonic Grid and Keep:

[ Stop Freguency and Mumber of Points ]

[ Frequency Gap and Mumber of Points ]

[ Stop Frequency and Approximate Frequency Gap ]

o Keep Stop Frequency and Number of Points calculates a harmonic grid based on the current
stop frequency (Channel — Stimulus — Stop) and the current number of sweep points (Channel
— Sweep — Number of Points). This may increase the frequency gap (the spacing between the
equidistant sweep points, i.e. the sweep Span divided by the Number of Points minus one) .

o Keep Frequency Gap and Number of Points calculates a harmonic grid based on the current
stop frequency (Channel — Stimulus — Stop) and the current frequency gap.

o Keep Stop Frequency and Approximate Frequency Gap calculates a harmonic grid based on
the current stop frequency (Channel — Stimulus — Stop), increasing the number of points
(Channel — Sweep — Number of Points) in such a way that the frequency gap remains
approximately the same. This may increase the sweep time, due to the additional sweep points
introduced.

The three grids can be calculated repeatedly in any order; the analyzer always starts from the original
set of sweep points.

@ Visualization of the harmonic grid algorithms
The three types of harmonic grids have the following characteristics:

o Keep Stop Frequency and Number of Points means that the stop frequency and the number of
sweep points is maintained. The sweep points are re-distributed across the range between the
minimum frequency of the analyzer and the stop frequency; the step width may be increased.

Interpolated

values
@

C value fon Stop frequency

|
r
D

e Keep Frequency Gap and Number of Points means that the number of sweep points and their
relative spacing is maintained. If the start frequency of the sweep is sufficiently above the fy;,,
the entire set of sweep points is shifted towards lower frequencies so that the stop frequency is

decreased.
Frequency
gap
@ L L i T >
/ /
' Interpolated .-'! ,"
values L4 »
: & & ® L ] & L ? »
|
DC value foin Stop frequency

If the start frequency of the sweep is close to f.i,, then the sweep points may have to be shifted
towards higher frequencies. If the last sweep point of the calculated harmonic grid exceeds the

maximum frequency of the analyzer, then an error message is displayed, and another harmonic
grid algorithm must be used.

e Keep Stop Frequency and Approximate Frequency Gap means that the stop frequency is
maintained and the number of sweep points is increased until the range between f,;, and the

1145.1084.12 4.74 E-13


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Trace Menu

stop frequency is filled. The frequency gap is approximately maintained.

Frequency
gap
@ @ & >
Interpolated
values
| & L & @ & >
DC value fos Stop frequency

o The figures above are schematic and do not comply with the conditions placed on the number of
sweep points and interpolated/extrapolated values.

o The harmonic grids can not be calculated for any set of sweep points. If the minimum number of
sweep points is smaller than 5, then the interpolation/extrapolation algorithm for additional
sweep points will not work. The same is true if the number of sweep points or stop frequency
exceeds the upper limit. Besides, the ratio between the sweep range and the interpolation range
between f = 0 and f = f,,;, must be large enough to ensure accurate results.

If the sweep range for the harmonic grid exceeds the frequency range of the current system
error correction, a warning is displayed.

¢ Finding the appropriate algorithm

The three types of harmonic grids have different advantages and drawbacks. Note that for a bandpass
transformation the grid parameters have the following effect:

e A wider sweep range (i.e. a larger bandwidth) increases the time domain resolution.
e A smaller frequency gap extends the unambiguous range.
e Alarger number of points increases the sweep time.

With default analyzer settings, the difference between the grid types are small. The following table
helps you find the appropriate grid.

Grid type: Keep Sweep Time domain Unambiguous Algorithm fails if...
time resolution range

Stop freq. and no. -
of points - " 3’
Freq. gap and no. Stop frequency beyond upper
of points - - » frequency limit
Stop freq. and Number of sweep points
approx. freq. gap ’ " » beyond limit

Remote control: CALCulate<Chn>:TRANsform:TIME:LPASs KFSTop |

KDFRequency | KSDFrequency

Time Gate

Switches the time gate defined via Define Time Gate on or off. An active time gate acts on the trace in
time domain as well as in frequency domain representation. Gat is displayed in the trace list while the
time gate is active.

Trc! EEE##] Delay 1ns/ Ref0s  Gat

1145.1084.12 4.75 E-13


https://www.manualsplus.com/

Trace Menu R&S® ZVA/ZVB/ZVT

G

c The time gate is independent of the frequency window used fto filter the trace prior to the time
domain transformation.

o In time domain representation, you can use the time gate settings in order to eliminate unwanted
responses in your signal. After switching back to the frequency domain, you will receive the frequency
response of your DUT without the contribution of the unwanted responses.

Remote control: CALCulate<Chn>:FILTer[:GATE] :TIME:STATe <Boolean>

Define Time Gate

The Define Time Gate defines the properties of the time gate used to eliminate unwanted responses
that appear on the time domain transform.

; 2 [F ; e Tupe
Start: 700 ps ey Stop: |35ns el 6 b Pase
— . 3 Notch
Center:  |[1.4ns s &> Span: |42ns Bl g KNS
[] Show Gate Limits After Closing this Dialog
Gate Shape:
” T Pl ]
/ AY Vi hY
Fi A { L
S |
7| I A Tz
Steep Edges (Hamming) Mormnal Gate [Hann]
£ ¥
Avbitrary Sidelobe Level: [ Cloze ] [ Help I

e Start and Stop or Center and Span define the size of the time gate. The analyzer generates a
warning if the selected time span exceeds the unambiguous range which is given by At = 1/Af,
where Af is the spacing between two consecutive frequency points. Simply reduce the time
span until the warning disappears.

e The filter Type defines what happens to the data in the specific time region. A Band Pass filter
passes all information in the specified time region and rejects everything else. A Notch filter
rejects all information in the specified time region and passes everything else.

o If the Show Gate Limits after Closing this Dialog check box is selected two red lines indicating
the start and stop of the time gate are permanently displayed in the diagram area.

e The Gate Shape panel visualizes how the time gate will affect a constant function after
transformation back into the frequency domain. The selected window is applied to the active
trace. The two red vertical lines represent the Start and Stop values defining the size of the time
gate. The analyzer always uses a Steepest Edges (Rectangle) window to calculate the time-
gated frequency domain trace, see background information is section Frequency Domain.

e If an Arbitrary Gate Shape (Dolph-Chebychev) window is selected, the Arbitrary Sidelobe Level
can be set below the Gate Shape diagrams.

© Use the paste marker list for convenient entry of Start and Stop values.
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e RMS displays or hides the RMS value of the trace in the selected evaluation range.

e Phase Delay/El Length displays or hides the phase delay and the electrical length of the trace
in the selected evaluation range (Eval Range...).

e Compression Point starts the x-dB compression point evaluation
e Define Compression Value... sets the compression level (x dB).
e Gain/Slope/Flatness displays or hides trace parameters for the current evaluation range.

e FEval Range... opens a dialog to define the range for the statistical and phase evaluation and for
the compression point measurement.

Statistical Evaluation

The first three commands in the Trace Statistics submenu display or hide the maximum (Max.),
minimum (Min.), the peak-to-peak value (Pk-Pk), arithmetic mean value (Mean), the standard deviation
(Std. Dev.), and the RMS value of all response values of the trace in the selected evaluation range
(Eval Range...).

hiin: 17667547 |
LIEYS 123.3545° 1
PPk 299.0299° |
Mean: -0ETES®
SDev. 2566807 |

@Definition of statistical quantities

The statistical quantities are calculated from all response values in the selected evaluation range.
Suppose that the trace in the evaluation range contains n stimulus values x; and n corresponding
response values y, (measurement points).

e Min. and Max. are the largest and the smallest of all response values vy;.

e Pk-Pkis the peak-to-peak value and is equal to the difference Max. — Min.

Mean is the arithmetic mean value of all response values:

Mean = 1 Z”:y!.
T sl

SDev is the standard deviation of all response values:

13 1
S%d.Dev.=\/EZ(yi——2yi)2
=]

=1 [

RMS is the root mean square (effective value) of all response values:
18 &
RMS = =], |
#a

G

o To calculate the Min., Max., Pk-Pk values and the SDev, the analyzer uses formatted response
values y; (see trace formats). Consequently, the mean value and the standard deviation of a
trace depend on the selected trace format.

In contrast, the RMS calculation is based on linear, unformatted values. The physical units for
unformatted wave quantities is 1 Volt. The RMS value has zero phase. The selected trace
format is applied to the unformatted RMS value, which means that the RMS result of a trace
does depend on the trace format.

Remote CALCulate<Chn>:STATistics[:STATe]
control: CALCulate<Chn>:STATistics:RESult? MIN | MAX | PEAK2P | MEAN |
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STDDev | RMS
CALCulate<Chn>:STATistics:MMPTpeak[:STATe]
CALCulate<Chn>:STATistics:MSTDev [ :STATe]
CALCulate<Chn>:STATistics:RMS[:STATe]

El. Length/Phase Delay

Displays or hides the phase delay (Delay) and the electrical length (EL) of the trace in the selected
evaluation range (Eval Range...). The parameters are only available for trace formats that contain
phase information, i.e. for the formats Phase, Unwrapped Phase, and the polar diagram formats Polar,
Smith, Inverted Smith. Moreover, the sweep type must be a frequency sweep.

Delay: 382764 ps
EL: 11.7748 mm;

@ Definition of phase parameters

The phase parameters are obtained from an approximation to the derivative of the phase with respect
to frequency in the selected evaluation range.

e Delay is the phase delay, which is an approximation to the group delay and calculated as
follows:

_ ‘S@deg
360° Af

where Af is the width of the evaluation range and A® is the corresponding phase change. See
also note on transmission and reflection parameters below.

e El is the electrical length, which is the product of the phase delay times the speed of light in the
vacuum.

If no dispersion occurs the phase delay is equal to the group delay. For more information see
mathematical relations.

If a dispersive connector type (i.e. a waveguide; see Offset Model dialog) is assigned to a test port
related to a particular quantity, then the dispersion effects of the connector are taken into account for
the calculation of the phase delay and the electrical length.

G

<] To account for the propagation in both directions, the delay and the electrical length of a
reflection parameter is only half the delay and the electrical length of a transmission parameter.
The formula for PD above is for transmission parameters. See also introduction to section
Channel — Offset.
::gn The phase parameters are available only if the evaluation range contains at least 3
measurement points.

o The phase evaluation can cause misleading results if the evaluation range contains a +360 deg
phase jump. The trace format Unwrapped Phase avoids this behavior.

G

c The delay for reflection factors corresponds to the transmission time in one direction; see Offset
— Auto Length — Length and Delay Measurements.

Remote control: CALCulate<Chn>:STATistics[:STATe]
CALCulate<Chn>:STATistics:RESult? ELENgth | PDELay
CALCulate<Chn>:STATistics:EPDelay|[:STATe]
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Compression Point

Displays or hides all results related to the x-dB compression point of the trace, where x is the selected
compression value. To obtain valid compression point results, a power sweep must be active, and the
trace format must be dB Mag.

@Compression point

The x-dB compression point of an S-parameter or ratio is the stimulus signal level where the magnitude
of the measured quantity has dropped by x dB compared to its value at small stimulus signal levels
(small-signal value). As an approximation for the small-signal value, the analyzer uses the value at the
start level of the evaluation range (Eval Range...).

[

-

The compression point is a measure for the upper edge of the linearity range of a DUT. It is close to the
highest input signal level for which the DUT shows a linear response (|a,| —> x*|a,| === |b,| —>
x*|by|, so that the magnitude of all S-parameters remains constant).

When Compression Point is activated, a marker labeled Cmp is placed to compression point with the
smallest stimulus level. Moreover the Trace Statistics info field shows the numerical results of the
compression point measurement:

________________________________________________

Cmpln P

Trace Statistics
Cmp In: -394 dBm
Cmp Out: -53 4 dBm

e Cmp Inis the stimulus level at the compression point in units of dBm. Cmp In always
corresponds to the driving port level (e.g. the level from port no. j, if a transmission parameter
S; is measured).

e Cmp Out is the sum of the stimulus level Cmp In and the magnitude of the measured response
value at the compression point.
The magnitude of a transmission S-parameter S; is a measure for the attenuation (or gain) of
the DUT, hence: Cmp Out = Cmp In + <Attenuation>. The example above is based on an
attenuation of —14 dB, hence Cmp Out =-39.4 dB — 14 dB = -53.4 dBm.

The info field shows invalid results ('---') if the wrong sweep type or trace format is selected, or if the
trace contains no x-dB compression points in the selected evaluation range.

Remote control: CALCulate:STATistics:NLINear:COMP[:STATe]
CALCulate:STATistics:NLINear:COMP:RESult?

Define Compression Value

Opens the numeric entry bar to define the compression value x (in dB) for the compression point
measurement.

Remote control: CALCulate:STATistics:NLINear:COMP:LEVel
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Measure

Farmat

Scals

Trace Select

Trace Funck Data - Mem
Marker
Search
Marker Funct
Lines

Show Data

<

L3
L3
.3
4
3
L3
L3
.3
3

More Mem »

User Def Math...

Transform »
Trace Statistics 3
Smoothing ©n

Smoothing Aperture. ..

Trace Data Import Complex Data. ..
Export 5-Matrix. ..
Expart Complex Data. ..

Shift Skimulus VYalue. ..
Shift Response Yalue. ..

Expott Formatted Data. ..
Mazx Hold On

Min Hold On

Linearity Dewviation »

e Import Complex Data... calls up an Open File dialog to load a memory trace from a trace file.

e Export S-Matrix... calls up a Save As... dialog to store a complete set of S-parameter data to a
trace file.

e Export Complex Data... calls up a Save As... dialog to store data or memory traces to a trace
file.

e Export Formatted Data... calls up a Save As... dialog to store data or memory traces with their
current trace format and stimulus values to a trace file.
Import Complex Data...

Calls up a dialog to load a memory trace from a trace file. Trace files are ASCII files with selectable file
format.

Import Complex Data Ej@
Look ir: | £ Traces | e s

Ma... Size Type
| |#] testirace.s1p 15KE  51P File |
| £ ?
File name: | : w |
Files of bype: _.AII Trace Filex W ._
[ Import Data to Mew tem

[ Open l [ Cancel ] [ Help ]

The loaded trace data is used to generate a memory trace which is coupled to the active data trace.
Import Data corresponds to a standard Open File dialog with an additional checkbox:

e Import Data to New Mem qualifies whether the loaded data overwrite the active memory trace
(box unchecked, analogous to Data -> Mem) or whether they are used to generate a new
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memory trace (box checked, analogous to Data -> New Mem).

@Trace file import and import conditions

On loading data from a trace file, the analyzer displays a list box to select one of the traces stored in the
file. The example below shows a Touchstone (*.s2p) file, containing all four 2-port S-parameters; see
Trace File Formats.

:

'?511

Coupling between the imported memory trace and the active data trace implies that the stimulus values
of the imported data and of the active trace must be compatible. Compatibility means that the Sweep
Type of the two traces must match; the position and number of the sweep points do not have to be the
same.

The analyzer checks for compatibility before importing data. The Select Parameter box remains empty if
the selected files contains no compatible data.

G

& When a *.s1p file is opened the Select Parameter box indicates the 1-port (reflection) parameter
S11, irrespective of the actual S-parameter stored in the file.

& To import a trace file (*.snp or *.csv) you can also use the Windows Explorer and simply double-
click the file or drag and drop the file into the NWA application. The imported data generates a memory
trace which is coupled to the active data trace.

Remote control: MMEMory:LOAD:TRACe "<trc name>","<file name>"

Export S-Matrix...

Calls up a dialog to store a full set of S-parameters to a Touchstone (*.s<n>p) file. The analyzer exports
the complex (raw) measurement data.

@Complex vs. Formatted Data
Complex and formatted data is tapped at different stages of the data processing chain.

e Complex trace values are the raw values at the beginning of the trace data flow. None of the
following stages (trace mathematics, shift response, time domain gate, and smoothing) affects
the complex data. Export Complex Data writes the raw stimulus values (frequency/power/time,
according to the sweep type) and the raw, complex measurement points to a file.

e Formatted trace values are the fully processed trace values displayed on the analyzer screen.
All possible stages of the trace data flow (trace mathematics, shift response, time domain gate,
and smoothing) are taken into account. Export Formatted Data writes the displayed stimulus
values (e.g. a time scale if a time domain transformation is used) and the displayed
measurement points to a file.

Both complex and formatted data can be converted into different output formats.
Data export can serve many purposes, €.g.:
e To process and evaluate measurement data in an external application.

e To store measurement data and re-import it in a future measurement session.
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Export S-Matrix

Sawve in: | L) Traces ~ D jr L
Marne Size  Type
41 KB 352P File
Eﬂtesttrace.slp 15KE S1PFile
|#]Trel.szp 41KB 52PFile
| £ *
File: name: |test.s2p |

Save az type:
A s2p File will be exported
Output Format: Realimag v
[#] &5k Before Divenwriting

] Expart &l Channels

I Save l [ Cancel ] [ Help ]

Export S-Matrix corresponds to a standard Save As... dialog with an additional panel to specify various
export options. The export options are remembered when the dialog is closed. The Touchstone file
format depends on the number of selected ports (Select Ports button). Touchstone files use the point as
Dec. Separator; see Trace File Formats.

e Output Format selects the format for the exported trace data. In the Real - Imag format, each
complex measurement value is represented by its real and imaginary part. It is also possible to
store the linear magnitude and phase (lin Mag-Phase) or dB magnitude and phase (dB Mag-
Phase) of each value.

e Select Ports opens a dialog to define the port assignment for the created Touchstone (*.s<n>p)
file.

e Ask before Overwriting activates a message box to be displayed before an older trace file with
the same file name and directory is overwritten.

e Export All Channels causes the analyzer to export the trace data for all channels in the current
setup to separate Touchstone files. The selected Touchstone file name is automatically
extended by the channel identifier, e.g.: <File name>ch1,s2p, <File Name>ch2.s2p ....

Remote control: MMEMory:STORe:TRACe

MMEMory:STORe: TRACe:CHANnel
MMEMory:STORe: TRACe :CHANnel : PORTsS

Select Ports

Defines the port assignment for the created Touchstone (*.s<n>p) file.
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Select Ports g|
znp File Refers to Ports:
1 2 3 4

N i—a -
Fort Murnber Aezignment in shp File:

ZWa: 1

z1pFile 1 =

[ aK l [ Cancel ] [ Help ]

The following conditions must be met for a Touchstone file export:

e For a one-port Touchstone file *.s1p, the reflection coefficient for the specified port (e.g. S11 for
port no. 1) must be measured. Use Export Complex Data to export an arbitrary S-parameter to
a *.s1p file.

e For a multiport Touchstone file *.s<n>p, either a full multiport system error correction or a
complete set of <n>2 S-parameters must be available. Export of system error corrected,
incomplete S-parameter sets is possible, too. If the port configuration contains balanced ports,
the Touchstone file will contain the converted single-ended S-parameters.

Remote control: MMEMory:STORe:TRACe:CHANnel : PORTs

Export Complex Data...

Calls up a dialog to store the active data or memory trace to a trace file. Trace files are ASCII files with
selectable file format. See also Complex vs. Formatted Data.

Export Complex Data

Savein: | O Traces ~ O Z e E
Ma... Size . Type
| [#] Testtrace.csv 15KE LSV File
| £ >
File: name: | |
Save as type: | ASCI Files [".csv) w |
Qutput Faormat: [Reall mag v
Contents: :Acti\te Trace v [#] &5k Before Divenwriting
Decimal Separatar: | Paint v
Field Separator: [ emicolon v | []Add Ref Impedances
I Save l [ Cancel ] [ Help ]

Export Complex Data corresponds to a standard Save As... dialog with an additional panel to specify
various export options. The export options are remembered when the dialog is closed. The Dec.
Separator export option is not available for Matlab (*.dat) and Touchstone file export. The Export
Complex Data dialog offers the *.s1p Touchstone file format for the active trace. Use Export S-Matrix to
export several traces. Touchstone files use the point as Dec. Separator; see Trace File Formats.
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o The file header of the created Touchstone (*.s1p) file always contains the analyzer's 50 Q reference
impedance. This value may not correspond to the reference impedance of the active trace, in particular
if differential or mixed mode S-parameters or wave quantities are exported. The analyzer displays a
warning when creating a *.s1p file.

The dialog provides the following export settings:

e Output Format selects the format for the exported trace data. In the Real - Imag format, each
complex measurement value is represented by its real and imaginary part. It is also possible to
store the linear magnitude and phase (lin Mag-Phase) or dB magnitude and phase (dB Mag-
Phase) of each value.

e Contents selects only the Active Trace or All Traces of (the) Active Channel (including all data
and memory traces) for data export to an ASCII (*csv) file.

e Dec. Separator selects either the Point or the Comma (if needed to process the exported data
with an external application) as a separator for decimal numbers exported to an ASCII (*.csv)
file.

e Field Separator , the separator that the analyzer uses to separate different numbers in each line
of an ASCII (*.csv) file.

e Select Ports opens a dialog to define the port assignment for the created Touchstone (*.s<n>p)
file.

e Ask before Overwriting activates a message box to be displayed before an older trace file with
the same file name and directory is overwritten.

e Export All Channels causes the analyzer to export the trace data for all channels in the current
setup to separate Touchstone files. The selected Touchstone file name is automatically
extended by the channel identifier, e.g.: <File name>ch1,s2p, <File Name>ch2.s2p ....

e Add Ref. Impedances includes the reference impedances Z0 for all analyzer ports in the file
header of the ASCII (*csv) or Matlab file.

o Selecting an appropriate file format

Use a Touchstone file format to export single-ended S-parameter data traces to a file that can be
evaluated with applications such as Agilent's Microwave Design System (MDS) and Advanced Design
System (ADS), and to convert mixed mode parameters back to single-ended parameters. The data
must be acquired in a frequency sweep. Note the conditions for Touchstone file export in section Select
Ports.

Use the ASCII (*.csv) format if you want to do one of the following:
e Import the created file into a spreadsheet application such as Microsoft Excel.

e Export an arbitrary number of traces, multiple traces with the same parameter or memory
traces.

e Export traces acquired in a power sweep or CW sweep.
e Use export options.
Use a the Matlab (*.dat) format if you want to import and process the trace data in Matlab.

For more information see Trace File Formats.

Remote control: MMEMory:STORe:TRACe
MMEMory:STORe: TRACe : CHANnel
MMEMory:STORe: TRACe : CHANnel : PORTs
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Export Formatted Data...

Calls up a dialog to store data or memory traces with their current trace format and stimulus values to a
trace file. Trace files are ASCII files with selectable file format. Only the displayed values of the trace
(e.g. the logarithmic magnitude, if trace format dB Mag is selected) are exported. Therefore the trace
file doesn't necessarily contain the full (complex) information about the trace.

G

c The exported formatted values correspond to the results in the marker info field. For trace
formats involving Cartesian diagrams (dB Mag, Real, Imag...), the stimulus value and a single
real response value is exported. For circular diagrams, both the real and imaginary part of the
response value is exported. See also Complex vs. Formatted Data.

An exported formatted trace can be processed and evaluated in an external application. Re-import into
the analyzer is only possible if the complex trace values are exported.

Export Formatted Data

Savein: | ) Traces ¥ O e E
Ma... Size . Type

|#] Testtrace.csv 15KE L3V File
| £ >
File name: .| v|

Save as type: | ASCI Files (" cav) “

Output Farmat:

Contents: ;.t’-\ctive Trace v [V] sk Before Ovenriting
Decimal Separatar: | Paint w

Field Separator. | Semicolan + | []4dd Ref Impedances

[ Save ] [ Cancel ] [ Help ]

Export Formatted Data corresponds to a standard Save As... dialog with an additional panel to specify
various export options. The Dec. Separator export option is not available for Matlab (*.dat) file export.

G

c Touchstone files *.s<n>p contain either a single trace (*.s1p), system error corrected data, or the
complete set of S-parameters of an n-port and use the point as Dec. Separator; see Trace File
Formats; they are only available if complex trace values are exported (trace formats Polar,
Smith, Inverted Smith). Moreover, Touchstone files cannot be used to export mathematical
traces.

The following output options also depend on the trace format.

e Output Format selects the format for the exported trace data. In the Re/Im format, each
complex measurement value is represented by its real and imaginary part. It is also possible to
store the linear magnitude and phase (lin Mag-Phase) or dB magnitude and phase (dB Mag-
Phase) of each value.

e Contents selects only the Active Trace or All Traces of (the) Active Channel (including all data
and memory traces) for data export to an ASCII (*csv) file.

e Dec. Separator selects either the Point or the Comma (if needed to process the exported data
with an external application) as a separator for decimal numbers exported to an ASCII (*.csv)
file.

e Field Separator , the separator that the analyzer uses to separate different numbers in each line
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of an ASCII (*.csv) file.

e Ask before Overwriting activates a message box to be displayed before an older trace file with
the same file name and directory is overwritten.

e Export All Channels causes the analyzer to export the trace data for all channels in the current
setup to separate Touchstone files. The selected Touchstone file name is automatically
extended by the channel identifier, e.g.: <File name>ch1,s2p, <File Name>ch2.s2p ....

e Add Ref. Impedances includes the reference impedances Z0 for all analyzer ports in the file
header of the ASCII (*csv) or Matlab file.

o Selecting an appropriate file format

Use a Touchstone file format to export single-ended S-parameter data traces to a file that can be
evaluated with applications such as Agilent's Microwave Design System (MDS) and Advanced Design
System (ADS), and to convert mixed mode parameters back to single-ended parameters. The data
must be acquired in a frequency sweep. Note the conditions for Touchstone file export in section Select
Ports.

Use the ASCII (*.csv) format if you want to do one of the following:
¢ Import the created file into a spreadsheet application such as Microsoft Excel.

e Export an arbitrary number of traces, multiple traces with the same parameter or memory
traces.

e Export traces acquired in a power sweep or CW sweep.

e Use export options.
Use a the Matlab (*.dat) format if you want to import and process the trace data in Matlab.
For more information see Trace File Formats.

Remote control: MMEMory:STORe:TRACe
MMEMory:STORe: TRACe :CHANnel

Trace File Formats

Trace files are ASCII files with selectable file format. The analyzer provides several types of trace files:
e Touchstone (*.s<n>p) files
e ASCII (*.csv) files
e Matlab (*.dat) files are ASCII files which can be imported and processed in Matlab.

The trace file formats complement each other; see Selecting an appropriate file format.

Touchstone files

All Touchstone files contain a header, a comment section, and the actual trace data:

#HZ S RI R 50.00

I Rohde & Schwarz ZVA8 4Ports - Version 2.79 - 1145.1010k10 SN: 100001

! Date: 2011-03-17 17:29:05

I Measurement: S21

|

3.000000000000000E5  4.974100772242758E-1 -4.765769749721549E-2
4.029850000000000E7 4.993215759551635E-1 -4.876783852224179E-2
8.029700000000000E7  4.947516929605214E-1 -7.533998081687453E-2
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The header consists of the following data elements:

# specifies beginning of header line (required at top of file). <Frequency unit> HZ / KHZ / MHZ /
GHZ allowed for imported files. The analyzer always uses HZ for exported data.

<Data file type> at present: S for S-parameter files.

<Data format> RI for Re/Im, MA for lin. Mag-Phase, DB for dB Mag-Phase. The data format for
export files can be selected in the Export Data dialog.

<Normalizing impedance> Impedance system in which the data was defined. The analyzer uses
50.0000 Q.

Comment lines start with the exclamation mark (!) and may contain any text used for documentation of
the trace data file. Any number of comment lines may be inserted before or after the header line. A
Touchstone file created by the network analyzer contains the comment lines shown above:
Manufacturer of the network analyzer, properties of the instrument, current date and time, measured S-
parameter(s).

The trace data section corresponds to a set of single-ended S-parameters. It depends on the number of
ports <n> and the data format. For real and imaginary values (data format = Real-Imag) the trace data
for each stimulus frequency is arranged as follows:

e 1-portfiles (*.s1p)
Freq Re(S11) Im(S11)

S11 can be replaced by an any S-parameter; the *s1p format is suitable for exporting an arbitrary
data trace representing an S-parameter.

e 2-portfiles (*.s2p)

Freq Re(S11) Im(S11) Re(S21) Im(S21) Re(S12) Im(S12) Re(S22) Im(S22)
(all values arranged in 1 line)

e 3-port files (*.s3p)

Freq Re(S11) Im(S11) Re(S12) Im(S12) Re(S13) Im(S13)

Re(S21) Im(S21) Re(S22) Im(S22) Re(S23) Im(S23)

Re(S31) Im(S31) Re(S32) Im(S32) Re(S33) Im(S33)

(values arranged in 3 lines)

e 4-port files (*.s4p)

Freq Re(S11) Im(S11) Re(S12) Im(S12) Re(S13) Im(S13) Re(S14) Im(S14)
Re(S21) Im(S21) Re(S22) Im(S22) Re(S23) Im(S23) Re(S24) Im(S24)
Re(S31) Im(S31) Re(S32) Im(S32) Re(S33) Im(S33) Re(S34) Im(S34)
Re(S41) Im(S41) Re(S42) Im(S42) Re(S43) Im(S43) Re(S44) Im(S44)
(values arranged in 4 lines)

The stimulus frequencies are arranged in ascending order. If a lin. Mag-Phase (MA) or dB Mag-Phase
(DB) data format is selected the real and imaginary S-parameter values Re(S;), Im(S;)) are replaced by
lin Mag(S;), phase(S;) or dB Mag(S;), phase(S;), respectively.

According to Touchstone file specifications, no more than four pairs of network data are allowed per
data line. The entries in the data lines are separated by white space, and a data line is terminated by a
new line character. All data sets are arranged in increasing order of frequency.

c When exporting traces to a Touchstone file, it is recommended to set the analyzer to single
sweep mode (Channel — Sweep — Single (All Chans)). This will ensure that a complete sweep is
exported.
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Select Mkr: | Marker 10 o Stimulus: |12.00015 GHz : o=

I ane: [M10 Format: | Default w
Mode Style Show Info
arker On (®) Triangle [ Marker Position
[ Fised Marker () Wertical Line Infa Field
[] Delta Mode () Horizontal Line [ Table
[] Dizcrete Mode () Crosshar () Marmal
() Reduced
] &0 Mz Coupled [ fictive Trace Only
[ Stimulusz Info OFf

All Info Fields Off

[ Cloge ][ Help ]

In the left part the dialog contains four input fields and drop-down lists to select a marker and define the
basic properties of a selected marker which is switched on in the Mode panel.

o Select Mkr. opens a drop-down list to select the Ref. Marker or one of the Marker 1, ... 10 that
may be associated to the active trace.

e Name defines a marker name which may exceed the length of the input box and contain letters,
numbers, blanks and special characters.

e Stimulus defines the stimulus value (in Cartesian diagrams: the x-axis position) of the marker.
e Format defines the output format of the marker value.

The Mode panel contains check boxes to select properties that are related to the marker positions. All
properties can be combined.

e Marker On displays the selected marker in the diagram and in the marker info field or removes
it. Marker configurations are only available while the marker is switched On. A removed marker
remembers its properties (stimulus value, format, delta mode, number ...) when it is switched on
again. The marker properties are definitely lost if the associated trace is deleted.

o Fixed Marker freezes thecurrent response value of the selected marker. The marker can still be
shifted horizontally but the vertical position remains fixed if the other marker settings are
changed. Markers must be inside the sweep range and have a valid response value when they
are fixed.

o Delta Mode sets the selected marker to delta mode and displays its values relative to the
reference marker.

e Discrete Mode means that a marker can be set to discrete sweep points only. If discrete mode
is switched off, the marker can be positioned on any point of the trace, and its response values
are obtained by interpolation.

e All Mkrs Coupled couples the markers of all traces in the active setup to the markers of the
active trace; see Coupled Markers.

Style defines how the selected marker is displayed on the screen.

Show Info selects the marker info to be displayed at the Marker Position, in the marker info field or in a
separate Table below the diagram area. The display options may be selected simultaneously or all
switched off. The table provides more information than the marker info field:

Marker | Trace Stimulus Response | Delta | Discr | Fiked | Tracking | Search Range
Ref Trcl 2.440171000GHz -6426d8 T W W Off Full Range
Mkr 1 Trcl 4000150000 GHz -S5.364de T I [T Off Full Range

Remote control: CALCulate<Chn>:MARKer<Mk>:NAME
CALCulate<Chn>:MARKer<Mk>[:STATe] ON
CALCulate<Chn>:MARKer<Mk>:TYPE NORMal | FIXed
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Measure
Format
Sicale
Trace Select
Trace Funct
Marker

Max Search

Min Search

ek Peak

Peak Search =

< Peak Search
Target Search

Target Search >
Marker Tracking % Target Search

Marker Funct
Lines

3
4
3
3
4
3
L3
3
3

Bandfiler b Target value...

Search Range...
Cefine Peak...

Search Range...

e Target Search activates the search for the target value.

e Target Search > activates the search for the target value to the right of the active marker.
e < Target Search activates the search for the target value to the left of the active marker.
e Target Value specifies the target value.

e Search Range confines the search to a subrange of the sweep.

Target Search

Activates the search and sets the active marker to the defined target value. If the active trace contains
no markers, a marker M 1 is created to indicate the search result.

If the target value occurs at several stimulus values, the marker is placed to the search result with the
smallest stimulus value. The other measurement points with the same target value can be located using
the Target Search > function.

If the target is not found (e.g. because the active trace doesn't contain the target value), then the active
marker is not moved away from its original position.

Remote control: CALCulate<Chn>:MARKer<Mk>:FUNCtion:EXECute TARGet
CALCulate<Chn>:MARKer<Mk>:FUNCtion:RESult?

Target Search >

Activates the search to the right of the active marker position and sets the active marker to the defined
target value. The target search range is between the active marker position and the end (Stop) of the
search range. If the active trace contains no markers, a marker M 1 is created to indicate the search
result, and the target search range starts at the beginning (Start) of the search range.

If the target value occurs at several stimulus values, the marker is placed to the search result with the
smallest stimulus value (i.e. the one which is closest to the active marker position). The other
measurement points with the same target value can be located using Target Search > repeatedly.

If the target is not found (e.g. because the active trace doesn't contain the target value), then the active
marker is not moved away from its original position.

Remote control: CALCulate<Chn>:MARKer<Mk>:FUNCtion:EXECute RTARget
CALCulate<Chn>:MARKer<Mk>:FUNCtion:RESult?
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by more than a specified x dB Bandwidth.

e A bandstop region contains a local minimum around which the magnitude of the trace increases
by more than a specified x dB Bandwidth.

The analyzer locates bandpass and bandstop regions and determines their position (Center frequency)
and shape (Bandwidth, LBE, UBE, Quality factor Q; see Show Results). For a meaningful definition of
the x dB Bandwidth criterion, the trace format must be dB Mag.

Measure
Formak
Scale
Trace Select
Trace Funct
Marker

Max Seatch

Min Search

Next Peak

Peak Search =

< Peak Search

Target »

Marker Funct
Lines

4
]
3
3
4
4
]
3
3

Marker Tracking

Eandfilter 3 Bandpass Search Ref to Max

Define Peak Bandpass Search Ref to Marker
Erne Peak. . Bandstop Search Ref to Max
Search Range...

Bandfilter Tracking

% dB Bandwidth...
Search Range...

Search Markers and Result Off

e Bandpass Search Ref to Max activates the search for a bandpass region in the active trace.

e Bandpass Search Ref to Marker activates the search for a bandpass region in the active trace,
starting at the position of the active marker.

e Bandstop Search Ref to Max activates the search for a bandstop region in the active trace.
e Bandfilter Tracking causes the bandfilter search to be repeated after each sweep.

e x dB Bandwidth... sets the level defining the filter bandwidth.

e Search Range... confines the search to a subrange of the sweep.

e Search Markers and Result Off hides the markers and bandfilter parameters in the diagram

area.
i

e Bandfilter mode can be selected for a broad range of measured quantities (Trace — Measure),
provided that the display format is dB Mag. To obtain real filter parameters, the measured
quantity must be a transmission S-parameter and a frequency sweep must be performed. For
other quantities (e.g reflection parameters), the Bandfilter functions are still useful to analyze
general trace properties. In some display formats (e.g. Phase) the bandfilter search is disabled.

Bandpass Search Ref to Max

Activates the search for a bandpass region on the active trace and activates bandfilter Tracking. A
bandpass region is the tallest peak in the search range with a minimum excursion specified by means
of the x dB Bandwidth parameter.

When Bandpass Search is activated the analyzer uses (or creates) the four markers M 71 to M 4 to
locate the bandpass region.
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Center +¢ Maximim

Level
(x dB
bandwidth)

kr3

Lower | _ | Upper|
band edge band edge

Sepp———p

e Bandwidth

e M 1 indicates the maximum of the peak (Max).

e M 2indicates the point on the left edge of the peak where the trace value is equal to the
maximum minus x dB Bandwidth (Lower Band Edge, LBE).

e M 3indicates the point on the right edge of the peak where the trace value is equal to the
maximum minus x dB Bandwidth (Upper Band Edge, UBE).

e M 4indicates the center of the peak, calculated as the geometric mean value of the LBE and
UBE pOSitionS: fcenter = sqrt (fLBE * fUBE)-

The bandfilter search results are displayed in the bandfilter info field.

o To search for a bandpass region in the vicinity of the active marker, use Bandpass Search Ref to
Marker.

Remote control: CALCulate<Chn>:MARKer<Mk>:FUNCtion:BWIDth:MODE BPASs
CALCulate<Chn>:MARKer<Mk>:FUNCtion:EXECute BFILter

Bandpass Search Ref to Marker

Activates the search for a bandpass region on the active trace in the vicinity of the active marker and
activates bandfilter Tracking. The bandpass region is the frequency range between the lower and the
upper band edge; the band edges are defined by the magnitude of the trace at the marker position
minus the x dB Bandwidth parameter:

Response A M1

value Active marker

x dB
Bandwidth

A J »
Lower Center Upper S[imulL:'s
band .edge band.edge value

Bandwidth

In contrast to a Bandpass Search Ref to Max, the Bandpass Search Ref to Marker does not change the
position of the active markers. The Loss is the response value at the marker position; the bandfilter
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search results are displayed in the bandfilter info field. The Lower Band Edge and the Upper Band
Edge must fall into the search range, otherwise the bandfilter search results are invalid.

© Bandpass Search Ref to Marker is particularly suitable for bandfilters with known center frequency,
with the active marker placed onto this center frequency. You can also use a peak search to place the
active marker on the maximum of the trace. Notice that, if the active marker is off the peak, both band
edges are more than x dB below the peak response value.
To search for a bandstop region in the vicinity of the active marker, use Bandfilter Tracking — Bandstop
Search Ref to Marker.

Remote CALCulate<Chn>:MARKer<Mk>:FUNCtion:BWIDth:MODE BPRMarker |
control: BSRMarker
CALCulate<Chn>:MARKer<Mk>:FUNCtion:EXECute BFILter

Bandstop Search Ref to Max

Activates the search for a bandstop region on the active trace and activates bandfilter Tracking. A
bandstop region is the lowest peak (local minimum) in the search range, provided that its level is at
least <x dB Bandwidth> below the maximum (passband value).

When Bandstop Search is activated the analyzer uses (or creates) the four markers M 1 to M 4 to
locate the bandstop region.

m Lower sl
| band edge
band edge l Bandwidth ¢ ?/W
Level S R B |
i WK
(x dB bandwidth) v r

. S TP PP ]

Center

| Minimum

e M 1indicates the minimum of the peak (Min).

e M 2indicates the point on the left edge of the peak where the trace value is equal to the
maximum in the search range (passband value) minus x dB Bandwidth (Lower Band Edge,
LBE).

e M 3indicates the point on the right edge of the peak where the trace value is equal to the
maximum in the search range (passband value) minus x dB Bandwidth (Upper Band Edge,
UBE).

e M 4indicates the center of the peak, calculated as the geometric mean value of the LBE and
UBE pOSitionS: fcenter = sqrt (fLBE * fUBE)-

The bandfilter search results are displayed in the bandfilter info field.

o To search for a bandpass region in the vicinity of the active marker, use Bandpass Search Ref to
Marker. Use Bandfilter Tracking to select other search modes.

Remote control: CALCulate<Chn>:MARKer<Mk>:FUNCtion:BWIDth:MODE BSTOP
CALCulate<Chn>:MARKer<Mk>:FUNCtion:EXECute BFILter
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Bandfilter Tracking

Causes the bandfilter search to be repeated after each sweep: When tracking mode is active the
markers typically change their horizontal and their vertical positions as the measurement goes on.

Tracking for the different bandfilter search modes is enabled or disabled in a selection box. Selecting a
search mode for tracking also activates this mode.

Bandfilter Tracking for Trace Trc1 El
Bandpass Fef to Max

Bandstop Ref to Max

Bandpass Ref to Marker

Bandstop Ref to Marker

Bandpass Absolute Lewvel

Bandstop Abzolute Level

The search modes have the following effect:

e Bandpass Ref to Max / Bandstop Ref to Max: The bandpass / bandstop is the tallest / lowest
peak in the search range.

e Bandpass /Bandstop Ref to Marker: The bandpass / bandstop is the peak in the vicinity of the
active marker position. The response values for the lower and upper band edges are calculated
as the response values at the active marker position plus / minus x dB, where x is equal to the
<x dB Bandwidth>. To be valid the peak must be above / below the response value for the band
edges, and the band edges must fall into the search range.

e Bandpass / Bandstop Absolute Level: The bandpass / bandstop is the tallest/lowest peak in the
search range. To be valid, the peak must be above / below —x dB, where x is numerically equal
to the <x dB Bandwidth> value. The Lower Band Edge and Upper Band Edge values are given
by the frequencies where the trace is equal to —x dB.

Tracking is a toggle function: Selecting the function repeatedly switches the tracking mode on and off.
Remote control: CALCulate<Chn>:MARKer<Mk>:FUNCtion:BWIDth:MODE

CALCulate<Chn>:MARKer<Mk>:FUNCtion:EXECute BFILter
CALCulate<Chn>:MARKer<Mk>:SEARch:TRACking

x dB Bandwidth

Opens the numeric entry bar for the minimum excursion of the bandpass and bandstop peaks.
¥ df Bandwidth: 3de tﬂ

e Abandpass peak must fall off on both sides by the specified x dB Bandwidth to be considered a
valid peak.

e A bandstop peak must be x dB Bandwidth below the maximum level in the search range
(bandpass value) to be considered a valid peak.

Remote control: CALCulate<Chn>:MARKer<Mk>:BWIDth <Level>

Search Range...

Opens the Search Range Dialog to confine the bandfilter search to a subrange of the sweep.
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Evaluation Range: Range 1 Vl
Start: | 2 GHz I& ﬂ
Stop: | 3GHz : J

Range Limit Lines On

[ Close ] [ Help ]

It is possible to define and store up to ten different search ranges for each trace. The bandfilter search
is performed using the markers M 1, ..., M 4, irrespective of the selected search range.

e Search Range Selects a search range for the bandfilter search. Full Span means that the
search range is equal to the sweep range. Besides, it is possible to store up to 10 customized
search ranges.

e Start defines the beginning of the search range. Start must be smaller than the Stop value,
otherwise the search will not be initiated.

e Stop defines the end of the search range. Stop must be larger than the Start value, otherwise
the search will not be initiated.

e Range Limit Lines On displays two vertical lines indicating the Start and the Stop value of the
current bandfilter search range in the diagram area. This function is enabled as soon as one of
the search ranges 1 to 10 is selected.

@Search range properties

The ten search ranges are valid for the entire setup. Each of them can be assigned to any marker in the
setup, irrespective of the trace and channel that the marker belongs to.

The default search range of any new marker is Full Span. The analyzer provides greatest flexibility in
defining search ranges. In particular, two search ranges may overlap or even be identical. The search is
confined to the part of the search range that belongs to the sweep range.

The following example shows how search ranges can be used to search a trace for several bandpass
regions.

Range 1 Range 3
™
Range 2

Remote control: CALCulate<Chn>:MARKer<Mk>:FUNCtion:DOMain:USER
CALCulate<Chn>:MARKer<Mk>:FUNCtion:DOMain:USER:STARt
CALCulate<Chn>:MARKer<Mk>:FUNCtion:DOMain:USER:STOP

Search Markers and Result Off

Hides the info field with the results of a bandpass or a bandstop search and disables bandfiter fracking.
The info field is displayed again (and tracking is re-enabled) when a new bandfilter search is performed.
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Recall Limit Line).

[ Fecall Limit Line... ] [ Save Limit Line... ] [ Import Trace... ] [ Import File... ]
# | Type Start Stimulus Stop Stimulus Start Response | Stop Responze |

1 Upper - 300 kHz 40,2985 MHz -997 dB -997 4B

2 Upper « 40.2985 MHz 80.297 MHz -397 dB -4.012574 dB

3 Upper « 80.297 MHz 1202955 MHz  -4.012574 dB -4.00647 dB

4 Upper - | 1202955 MHz 160.294 MHz -4.00647 dB -4.024794 dB
5 Upper - 160.294 MHz 2002925 MHz  -4.024734 dB 3OVEIEAE ¥

[ Add Segment ] [ Delete Seament ] [ Drel All Segments ]

[ Cloze ] [ Help ]

The Define Limit Line dialog contains a table to edit the individual segments of the limit line; see below.
The active trace is indicated in the title bar of the dialog. The three buttons below the table extend or
shorten the segment list.

e Add Segment adds a new segment to the list. The new segment is a copy of the previously
active segment and inserted after that segment. The current segment numbers are adapted.
The analyzer places no restriction on the number of segments in a limit line.

e Del. Sel. Segment removes the selected segment from the list.
e Del All Segments clears the entire segment list so it is possible to define or load a new limit line.
The buttons to the right of the table are used to import and export limit line data.

e Recall Limit Line... calls up an Open File dialog to load a limit line from a limit line file. Limit line
files are ASCII files with the default extension *.limit and a special file format.

e Save Limit Line... calls up a Save As... dialog to store the current limit line configuration to a
limit line file. Limit line files are ASCII files with the default extension *.limit and a special file
format.

e Import Trace

opens a box to select a trace that can be used to define a limit line.

‘ETrcl
éTcm
‘iTrc3
‘iTrc4
IMernS[Tre4]

The box contains all data or memory traces of the active channel. As soon as a trace is
selected, the Properties of Imported Segments dialog with further global import options is
opened.

e Import File

Calls up a standard Import File dialog to load a limit line from a trace file. The limit line import is
analogous to the import of traces. Trace files are ASCII files with selectable file format. After the
trace file is selected, the Properties of Imported Segments dialog with further global import
options is opened.

Imported traces are polygonal curves with n points and n — 1 segments. The number of points n is set
via Channel — Sweep — Number of Points. The n — 1 segments are appended to the current segment
table for further editing. Existing limit line segments are not overwritten.

o To import a limit line file (*.limit) you can also use the Windows Explorer and simply double-click
the file or drag and drop the file into the NWA application. You have to switch on the limit check
separately. Use the paste marker list for convenient entry of Start and Stop values.
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@ Columns in the segment table

The table contains an automatically assigned current number for each segment plus the following
editable columns:

e Type indicates whether the segment belongs to an Upper or a Lower limit line, or if the limit
check at the segment is switched Off. Switching off the limit check does not delete the segment
but changes its screen color.

e Start Stimulus is the stimulus (x-axis) value of the first point of the segment.
e Stop Stimulus is the stimulus (x-axis) value of the last point of the segment.
e Start Response is the response (y-axis) value of the first point of the segment.
e Stop Response is the response (y-axis) value of the last point of the segment.

The limit line segment is calculated as a straight line connecting the two points (<Start Stimulus>, <Start
Response>) and (<Stop Stimulus>, <Stop Response>); see Rules for Limit Line Definition.

Remote control: CALCulate<Chn>:LIMit:CONTrol[:DATA]
CALCulate<Chn>:LIMit:DATA
CALCulate<Chn>:LIMit:SEGment<Seg>...
CALCulate<Chn>:LIMit:UPPer...
CALCulate<Chn>:LIMit:LOWer. ..
CALCulate<Chn>:LIMit:DELete:ALL
MMEMory:STORe:LIMit
MMEMory:LOAD:LIMit

Multi-Selection of Limit Line Segments

In the Define Limit Line dialog it is possible to edit several limit line segments at the same time.
Selection of one or more segments (use the left mouse key and the Shift key of an external keyboard)
and a right-click on the dark grey Seg. area opens a context menu:

Seq. Type Start Stimulus | Stop Stimulus

1| Upper = 300 kHz §GHz
3 Deleto 5 ; Lawer
a eleke Segments off
[ &dd Response Offset,,. L.040148 GHz
Add Simulus Offset., ..
Adq ent De
Start Response, ., j [:

=== Stop Response...

Start Stimulus...
Stop Stimulus. ..

Merge Segrments

The context menu provides the following functions:

¢ Moadification of all entries in the segment table: Type, start and stop values for the stimulus and
response variable.

e Definition of an offset for response and stimulus values in analogy to the Properties of Imported
Segments dialog.

e Delete the selected segments.

e Merge the selected segments to a single new segment. The start and stop values of the new
segment are given by the start values of the first selected segment and the stop value of the
last selected segment. The type is taken from the first selected segment. The new segment
replaces the selected segments.
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Remote control: CALCulate<Chn>:LIMit:UPPer...
CALCulate<Chn>:LIMit:LOWer...

Rules for Limit Line Definition

The analyzer places very few restrictions on the definition of limit line segments. The following rules
ensure a maximum of flexibility:

e Segments do not have to be sorted in ascending or descending order (e.g. the Start Stimulus
value of segment no. n doesn't have to be smaller than the Start Stimulus value of segment no.
n+1).

e Overlapping segments are allowed. The limit check in the overlapping area is related to the
tighter limit (the pass test involves a logical AND operation).

e Gaps between segments are allowed and equivalent to switching off an intermediate limit line
segment.

e Limitlines can be partially or entirely outside the sweep range, however, the limits are only
checked at the measurement points.

The following figure shows a limit line consisting of 3 upper and 2 lower limit line segments. To pass the
limit check, the trace must be confined to the shaded area.

As a consequence of the limit line rules, the limit check will always pass a DUT if no limit lines are
defined.

File Import Settings

The Properties of Imported Segments dialog appears before a trace is imported into the Define Limit
Line dialog.

Offsets Tupe
Response: | OdE [t @upper Limi
() Lower Limit
Stimulus: | oHz & | | Ocr
[ K. ] [ Cancel ] [ Help |

The dialog assigns common properties to all limit line segments generated by the imported trace.

e Offsets contains two input fields to define constant offset values for all imported segments. The
Response offset shifts all segments in vertical direction, the Stimulus offset shifts them in
horizontal direction. The offsets are added to the start and stop values of all segments.

e Type defines whether the imported segments belong to the Upper or Lower limit line. A third
option is to import the segments but disable the limit check (Off).
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ripple limit can be assigned to each range.

o Defining ripple limits with minimum effort

Choose one of the following methods to efficiently create and handle ripple limit ranges:

To configure a limit test with only a few ranges, use Add Range and edit each range in the table
individually.

Use the Align All Ranges button to create non-overlapping, contiguous ranges of equal width.
Use the multiselection feature to edit several ranges at the same time.

Save your ripple ranges to a file so you can re-use or modify them in later sessions (Save
Ripple Limit..., Recall Ripple Limit...).

Define Ripple Limit for Trct 3

[Recall Ripple Limit...| [ Save Ripple Limit... |

#| Range On/Off Start Stimulus Stop Stimulus Fiipple Linit
L - - FGH: T ZaE
2 On - 4 GHz 5.1 GHz 10.994534 dB |
1
3 On - 5.1 GHz B GHz 10dB |
1
4 On - fGHz 7 GHz 5dB |
_________________________________________________________________ :
[ AddRange | [ DeleteRange | [ AlignAlRangss | [ DeldllRangss |
[ Cloze ] [ Help ]

The Define Ripple Limit dialog contains a table to edit the individual ripple check ranges; see below.
The active trace is indicated in the title bar of the dialog. The buttons below the table extend, shorten, or
re-order the range list.

Add Range adds a new range to the list. The new range is and inserted after the previously
selected range. The current range numbers are adapted; the start and stop stimulus values are
set so that an overlap is avoided. Moreover, the ripple limit is estimated according to the
measured ripple of the trace in the created range. The analyzer places no restriction on the
number of ranges assigned to each trace.

Del. Range removes the selected range from the list.

Align All Ranges subdivides the entire sweep range into contiguous ripple limit ranges of equal
width. The ripple limits are estimated according to the measured ripple of the trace in the
created ranges.

Del All Ranges clears the entire range list so it is possible to define or load a new ripple limit
line.

The buttons to the right of the table are used to import and export limit line data.

Recall Ripple Limit... calls up an Open File dialog to load a ripple limit line from a file. Ripple
limit files are ASCII files with the default extension *.ripple and a special file format.

Save Ripple Limit... calls up a Save As... dialog to store the current ripple limit configuration to a
ripple limit file. Ripple limit files are ASCII files with the default extension *.ripple and a special
file format.

o To import a ripple limit file (*.ripple) you can also use the Windows Explorer and simply double-click
the file or drag and drop the file into the NWA application. You have to switch on the limit check
separately. Use the paste marker list for convenient entry of Start and Stop values.

® Columns in the range table

The table contains an automatically assigned current number for each range plus the following editable
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columns:

e Range On/Off indicates whether the ripple limit check in the range is enabled (On) or Off.
Switching off the ripple limit check does not delete the range but hides the entry in the info field.

e Start Stimulus is the smallest stimulus (x-axis) value of the range.
e Stop Stimulus is the largest stimulus (x-axis) value of the range.

e Ripple Limitis the maximum allowed difference between the largest and the smallest trace
value in the range.

The ripple limit range is displayed as two parallel, horizontal lines in the diagram. Stop Stimulus — Start
Stimulus is the length of both lines; Ripple Limit is their distance; see Rules for Limit Line Definition.

Remote control: CALCulate<Chn>:RIPPle:CONTrol:DOMain
CALCulate<Chn>:RIPPle:DATA
CALCulate<Chn>:RIPPle:SEGment<Seg>...
CALCulate<Chn>:RIPPle:DELete:ALL
MMEMory:STORe:RIPPle
MMEMory:LOAD:RIPPle

Multi-Selection of Ripple Limit Ranges

In the Define Ripple Limit dialog it is possible to edit several limit ripple ranges at the same time.
Selection of one or more ranges (use the left mouse key and the Shift key of an external keyboard) and
a right-click on the dark grey Seg. area opens a context menu:

# | Range On/OfF Start St

Range OnfOFf 3
Delete Ranges

3
-3 AddResponse Offsst...
< &dd Stimulus Offset. ..

Ripple Limit. ..

Skart Stimulus, .,
Stop Stimulus. ..

Merge Ranges

The context menu provides the following functions:

¢ Moadification of all entries in the range table: Range On/Off, stimulus start and stop values,
ripple limit.

o Definition of an offset for response and stimulus values in analogy to the Properties of Imported
Ranges dialog.

e Delete the selected ranges.

e Merge the selected ranges to a single new range. The start and stop values of the new range
are given by the start values of the first selected range and the stop value of the last selected
range. The first range also provides the ripple limit and the information whether the merged
range is on or off. The new, merged range replaces the selected ranges.

Remote control: CALCulate<Chn>:RIPPle:SEGMent<Seg>...

Rules for Ripple Limit Definition

The analyzer places very few restrictions on the definition of ripple limit ranges. The following rules
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@ Generator and receiver step attenuators

Receiver and generator step attenuators can be purchased as ZVA options. The following
attenuators are available:

Port 1 Port 2 Port 3 Port 4

ZVAS8, generator | 7\/A8-B21 ZVA8-B22 | ZVA8-B23 | ZVA8-B24

ZVAS8, receiver ZVA8-B31 ZVA8-B32 | ZVA8-B33 | ZVA8-B34

ZVA24, generator | 7\/A24-B21 | ZVA24-B22 | ZVA24-B23 | ZVA24-B24
ZVA24, receiver | 7\/A24-B31 | ZVA24-B32 | ZVA24-B33 | ZVA24-B34
ZVA40, generator | 7\/A40-B21 | ZVA40-B22 | ZVA40-B23 | ZVA40-B24
ZVA40, receiver | 7\/A40-B31 | ZVA40-B32 | ZVA40-B33 | ZVA40-B34
ZVAS0, generator | 7\/A50-B21 | ZVA50-B22 | ZVA50-B23 | ZVA50-B24
ZVAS0, receiver | 7\/A50-B31 | ZVA50-B32 | ZVA50-B33 | ZVA50-B34
ZVA67, generator | 7Z\/AG67-B21 | ZVAB7-B22 | ZVA67-B23 | ZVA67-B24
ZVA6T7, receiver | Z\/A67-B31 | ZVA67-B32 | ZVA67-B33 | ZVA67-B34

Refer to the data sheet for detailed ordering information and technical specifications.

Attenuation factors for the received waves and the generated waves serve different purposes:

e Received wave factors are used to adjust the received signal levels to the input level range of
the analyzer in order to avoid damage to the instrument, e.g. if the DUT is a power amplifier.
The range of attenuation values depends on the analyzer model.

Port-specific attenuation factors can be set in the Receiver section of the Port Configuration

dialog.

e Generated wave factors are used to protect a sensitive DUT from excess input levels. The
attenuation values can be set automatically. The range of values depends on the analyzer

model.

Port-specific attenuation factors can be set in the Source section of the Port Configuration

dialog.

@Automatic generator attenuation

The aim of the automatic attenuator setting is to ensure that the analyzer can perform the entire sweep
without switching the generator step attenuators. The output power pg at each port depends on the

following settings:

e The channel power p., (the Power set in the Channel — Power Bandwidth Average menu).

e The port-specific power offset p, (for arbitrary sweeps) and the port and frequency-dependent
power slope factor pgepe (for frequency sweeps) defined in the Receiver section of the Port
Configuration dialog.

e A port and stimulus-dependent correction factor p., introduced by a generator (source) power
calibration.
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e The port-specific generator step attenuator setting asep.

If everything is expressed in dB units, the output power p, at each port must be equal to the sum of the
channel power and all port and stimulus-dependent correction factors:

Pel = Pch + Po + pSIope + Pcorr + astep

The automatic attenuator setting algorithm selects ag, such that the variation range for pg is
sufficient to account for the stimulus-dependent variations of p, and psjope, aNd Peorr- If this is not
possible in a particular subrange of the sweep (e.g. because the sweep settings are such that
an excess variation range for pe or a negative attenuation factor ag, would be required) then
the analyzer generates an error message.

@ "Low Noise" generator attenuation mode

In "Low Noise" mode, the automatic attenuator setting algorithm is modified in order to minimize the
broadband noise in the generator signal. The modification can narrow the dynamic range that the
generator covers without switching the attenuator. Use this mode if the following criteria apply:

e Your test setup contains a broadband power meter (that you use e.g. for a power calibration).
e Your generator levels are not significantly above the broadband noise level; see table below.

e Your analyzer supports a large frequency range (this applies to the high-frequency models, see
table below).

The amount of broadband noise in the generator signal increases with the total bandwidth of the
network analyzer. The following table gives an overview for the different R&S ZVA analyzer models.

R&S ZVA analyzer model | Typical broadband noise

R&S ZVA 8 —-32 dBm

R&S ZVA 24 —25 dBm

R&S ZVA 40 —21 dBm (< 24 GHz) and —25 dBm (> 24 GHz)
RZS ZVA 50 —20 dBm (< 24 GHz) and —13 dBm (> 24 GHz)

<] A new system error correction is recommended whenever the step attenuator settings are
changed. A change of the generator step attenuator settings may also occur in Auto mode; see
above.

The position and function of the step attenuators is illustrated in the following figure. The analyzer
measures both the attenuated generated waves and the attenuated waves received from the DUT.

Generator

Gen. wave
step attenuator

o a

Couplers| .I:l_) b
o n
J

Recv. wave

J ctep attenuator
Test Port n
Remote INPut<Pt>:ATTenuation
control: [SENSe<Ch>:]POWer:ATTenuation ARECeiver | BRECeiver | CRECeiver

| DRECeiver, <attenuation>

OUTPut<Pt>:ATTenuation

SOURce<Ch>:POWer<Pt>:ATTenuation
SOURce<Ch>:POWer<Pt>:ATTenuation:AUTO ON | OFF
SOURce<Ch>:POWer<Pt>:ATTenuation:MODE AUTO | LNOise | MANual
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axis.

e Log. Frequency is analogous to Lin. Frequency, however, the frequency is swept in equidistant
steps on a logarithmic scale. In a Cartesian diagram, the x-axis is a logarithmic frequency axis.

e Segmented Frequency is analogous to Lin. Frequency but uses a sweep range that can be
composed of several continuous frequency ranges or single frequency points defined via Define
Segments. A valid segment list must be defined before activating Segment Frequency.

e Power sweeps are performed at constant frequency but with variable generator power that is
swept in linear, equidistant steps over a continuous range. In a Cartesian diagram, the x-axis is
a dB-linear power axis.

e Time sweeps are performed at constant frequency and stimulus power. The measurement is
repeated over a specified period of time at constant time intervals.

e CW Mode is a variant of the Time sweep where the individual measurements are triggered
according to the current trigger settings.

e Pulse Profile, Define Pulse Profile and Show Pulse Profile Settings control the pulsed sweep
mode (with option R&S ZVA-K7).

e Amplitude Imbalance and Phase Imbalance activate special sweep types for the true differential
mode (with option R&S ZVA-K®6).

e Pulse Generator turns the pulse generator on or off.

e Def Pulse Generator defines the properties of the pulse generator signals.

Lin. Frequency

In a Lin. Frequency sweep the stimulus frequency is swept in equidistant steps over the continuous
frequency range. The frequency range (sweep range) is defined with the Stimulus settings. The step
width between two consecutive sweep points is constant and given by <Span>/(n - 1) where n is the
specified Number of Points (n > 1). The internal generator power can be set, if so desired, in the Power
Bandwidth Average submenu.

Lin. Frequency is the default sweep type. In a Cartesian diagram the measurement result is displayed
as a trace over a linear frequency scale (as known e.g. from spectrum analyzers). The following
example shows a Lin. Frequency sweep with a stimulus range between 300 kHz and 4 GHz, the
forward transmission parameter S,; as measured quantity, and a dB Mag scaled y-axis.

0
]
i,
/
i b W
—-60 \ll MV\U
~-70
b\
(o] Start 200 kHz Pwr -10 dBm Stop 4 GHz
Chil

Remote control: [SENSe<Ch>:]SWEep:TPYE LINear
[SENSe<Chn>:]FUNCtion[:0N] "XFRequency:..."

Log. Frequency

In a Log. Frequency sweep the stimulus frequency is swept on a logarithmic scale over the continuous
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frequency range. The frequency range (sweep range) is defined with the Stimulus settings. The sweep
points are calculated from the Span and the specified Number of Points (n > 1) with the condition that
the step width is constant on the logarithmic scale. The internal generator power can be set, if so
desired, in the Power Bandwidth Average submenu.

Log Frequency sweeps are suitable for the analysis of a DUT over a large frequency range, e.g. over
several octaves. In a Cartesian diagram the measurement result is displayed as a trace over a
logarithmic frequency scale. The following example shows a Log. Frequency sweep with a stimulus
range between 50 MHz and 6 GHz, the forward transmission parameter S,; as measured quantity, and
a dB Mag scaled y-axis.

31| dB Mag 10 dB/ RefD dB ]
- 4
y

I
: I

50 |

] ]
TV 1T Es 1E7 1E8 yéj

Start 300 kHz Pwr -10 dBm Stop 4 GHz

Remote control: [SENSe<Ch>:]SWEep:TPYE LOGarithmic
[SENSe<Chn>:]FUNCtion[:0N] "XFRequency:..."

Segmented Frequency

In a Segmented Frequency sweep the sweep range can be composed of several continuous frequency
sub-ranges or single frequency points. The sub-ranges are termed sweep segments and defined in the
Define Segments dialog. Sweep segments may overlap. The segment list must contain at least 2
distinct frequency points before a Segmented Frequency sweep can be started.

Instrument settings such as the internal generator power, the measurement (IF) bandwidth, the
selectivity of the measurement filter, the frequency band of the local oscillator, and the measurement
time can be set independently for the individual segments.

Due to this flexibility Segmented Frequency sweeps are suitable for any detailed analysis of a DUT at
specified frequencies. In a Cartesian diagram the measurement result is displayed as a trace over a
linear frequency scale ranging from the lowest to the highest frequency point of all segments. The
following example shows a Segmented Frequency sweep with 3 segments in the stimulus range
between 300 kHz and 4 GHz, the forward transmission parameter S,; as measured quantity, and a dB
Mag scaled y-axis. In the frequency ranges between the sweep segments the trace is displayed as a
straight line.

[~ A& | e

\
M'\ m‘\./‘n’

Start 300 kHz Pur Seg Stap 4 GHz

Remote control: [SENSe<Ch>:]SWEep:TPYE SEGMent
[SENSe<Chn>:]FUNCtion[:0ON] "XFRequency:..."
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Power

In a Power sweep the internal generator power is swept in linear, equidistant steps over a continuous
power range. The generator power range (sweep range) is defined via Channel - Stimulus - Start and
Channel - Stimulus - Stop; see Stimulus and Sweep Types. The numeric entry bar for the fixed
frequency (CW Frequency) appears as soon as Power is activated.

CW Freguency: 1 3Hz I ﬂ

Power sweeps are particularly suitable for the analysis of non-linear effects (saturation, compression)
on active and passive DUTs (e.g. power amplifiers, mixers).

In a Cartesian diagram the measurement result is displayed as a trace over a dB-linear power scale.
The following example shows a Power sweep with a linear DUT:

1]
F-62.9
- -66.0
F-69.1
ki3 -4
F-75.3
F-78.4
F-815
F-84.6
B start -25 dBm Freg 1 GHz Stop 0dBm

@Generator power

The power range defined for a power sweep replaces the internal generator power setting in the Power
Bandwidth Average submenu.

The power corresponds to the actual output power at the test port that supplies the stimulus for the
active channel or at the calibrated reference plane. Any generator power calibration or attenuation of
the active generator step attenuators is taken into account. The wide range of power stimulus values
leaves enough flexibility to include an attenuation or gain in the test setup.

Remote control: [SENSe<Ch>:]SWEep:TPYE POWer
SEGMent [SENSe<Chn>:]FUNCtion[:0ON] "XPOWer:..."
SOURce<Ch>:FREQuency<Pt>:CW|FIXed

Time

Time sweeps are performed at constant frequency and stimulus power. A single sweep extends over a
specified period of time. The sweep time is defined via Channel - Stimulus - Stop; see Stimulus and
Sweep Types. The time intervals between two consecutive sweep points are calculated according to
<Stop>/(n - 1) where n is the selected Number of Points. The frequency (CW Frequency) and internal
generator power (Source Power) is fixed and entered into a field which pops up as soon as Time is
activated:

meswsn X

CW Frequency: | 1 GHz :ﬂ
Source Power: | 10 dBm :ﬂ
[ Close ] [ Help ]

A Time sweep corresponds to the analysis of a signal over the time; the function of the analyzer is
analogous to an oscilloscope. In a Cartesian diagram the measurement result is displayed as a trace
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over a linear time scale (oscillographic representation). The following example shows a Time sweep
with a DUT that does not change its characteristics in time:

3821 dB Mag 3.1 dBJ Ref-72.2dB
L B,
--62.9
- -66.0
- -69.1
et =
--75.3
784
--81.5
- -84.6
B Freq 1 GHz Pwir -10 dBrm Stop 15

® Sweep time

The minimum sweep time depends on the number of measurement points, the measurement
bandwidth, the delay time before each partial measurement and the number of partial measurements
required for each measurement point. The analyzer estimates this time, taking into account the current
measurement settings.

If the total sweep time entered via Channel - Stimulus - Stop is smaller than the estimated minimum
sweep time, the analyzer opens a dialog to adjust (increase) the stop time.

® Equidistance of sweep points

The analyzer tries to keep the time intervals between any two consecutive time sweep points equal:
The time sweep samples are equidistant. For unidirectional measurements, time sweeps up to the
maximum number of 60001 sweep points are generally equidistant. For measurements with 4 drive
ports, you can acquire between 18000 and 20000 equidistant results for each partial measurement.
Equidistance also holds for sweeps which range over several channels.

If equidistance is no longer ensured, a tooltip is displayed. Reduce the number of points to restore
equidistance. Equidistance is also impaired if an external power meter is active during the sweep.

o Trigger settings

The Time sweep is incompatible with the Periodic Trigger: If Periodic... is selected while a time sweep is
active, the analyzer generates an error message:

Timer Conflict

Periodic Trigger and Time Sweep cannot simultaneausly be activated,
Flease deactivate one Function before activating the ather one.

To continue, click OK and select any other trigger source.

¢ In Time sweep mode the Start, Center and Stop softkeys are inactive, still you can use the START
CENTER hardkey to select the fixed CW frequency.

Remote control: [SENSe<Ch>:]SWEep:TPYE CW
[SENSe<Chn>:]FUNCtion[:ON] "XTIMe:..."
SOURce<Ch>:FREQuency<Pt>:CW|FIXed
SOURce<Ch>:POWer [:LEVel] [:IMMediate] [ :AMPlitude]
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CW Mode

CW Mode sweeps, like Time sweeps, are performed at constant frequency and stimulus power. The
measurement is triggered according to the current trigger settings; each trigger event triggers the first
partial measurement of a measurement point. The total number of measurement points is defined via
Channel - Stimulus - Stop; see Stimulus and Sweep Types. The time interval between two consecutive
measurements depends on the trigger settings. Any trigger mode is allowed.

The frequency (CW) and internal generator power (Source Power) is fixed and entered into a field
which pops up as soon as CW Mode is activated.

CW Mode

oW &

Source Power: | 10 dBm :ﬂ
I Close ] [ Help ]

A CW Mode sweep corresponds to the analysis of a signal over the time with a time scale and
resolution that is determined by the trigger events. In a Cartesian diagram the measurement result is
displayed as a trace over a linear time scale (oscillographic representation). The diagram is analogous
to the Time diagram. The following example shows a CW Mode sweep with a DUT that does not
change its characteristics in time:

3@S21 dB Mag 3.1 dBF Ref-72.2dB n

- 55
F-62.9
- -K6.0
F-69.1
F-75.3
F-78.4
F-81.5
F-84.6

B Freq 1 GHz Fur -10 dBm Stop 201

® Sweep time

The time interval between two consecutive trigger pulses must not be smaller than the minimum
measurement time for one measurement point described for Time sweeps.

¢ In CW Mode sweep mode the Start, Center and Stop softkeys are inactive, still you can use the
START CENTER hardkey to select the fixed CW frequency.

Remote control: [SENSe<Ch>:]SWEep:TPYE POINt
[SENSe<Chn>:]FUNCtion[:ON] "XTIMe:..."
SOURce<Ch>:FREQuency<Pt>:CW|FIXed
SOURce<Ch>:POWer [:LEVel] [:IMMediate] [ :AMPlitude]

Define Segments

Opens a dialog to define all channel settings for a Segmented Frequency sweep and to import and
export segmented sweep settings.
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Define Segments E|
# Mame | On | Start Stop Paintz | Power Sel BitO | Bit1 | B2 | Bit3
1 W  300kHz 1GHz 1001 OdBm Mom ~ [@ [ |—
2 4 1GHz  3GHz 21 0dBm MNom - [ |_ 'l I
3 4 3GHz  8GHz am 0dBm Maorm o~ [ |_ r |
Individual Settings . Shom Point Lt
Mame [ Spur dvvoid [LO <> AF]
LiEve | e
Selectivity [ Time '
Dielete A1 [] Meas Bandwidth 5
[ QK ] [ Cancel ] [ Help ]

The Define Segments dialog contains a table to edit the individual segments of the sweep range.
Sweep segments may have common points or even overlap; see Columns in the Define Segments
table.

Below the table, three groups of controls provide additional settings. Refer to the following sections
below:

¢ Inserting and Deleting Segments
e Individual Segment Settings

e Point List, Segment Import and Export

® Columns in the Define Segments table

The table contains an automatically assigned current number for each segment plus the following
editable or non-editable columns:

¥| On | Start Stop Points
19,999939996 GHz 201
2 [v 19999993996 GHz 20GHz 201

e On provides check boxes to activate or deactivate each individual segment. Sweep points
belonging to inactive segments only are not measured and not listed in the Point List.

e Startis the stimulus (x-axis) value of the first point of the segment. If the segment contains
more than one Point, then Start must be smaller than the Stop value. If a Start value equal to or
larger than the current Stop value is set, Stop is adjusted to the new Start value plus 1 Hz.

e Stop is the stimulus (x-axis) value of the last point of the segment. If the segment contains more
than one Point, then Stop must be larger or equal than the Start value. If a Stop value equal to
or smaller than the current Start value is set, Start is adjusted to the new Stop value minus 1
Hz.

e Points is the number of sweep points in the segment. A single segment can consist of only one
point. If Points is set to 1, then the Stop frequency is set equal to the Start frequency.

e The remaining columns show the channel settings for each segment. They are displayed only if
they are selected in the Individual Segment Settings panel.

e Limitations for overlapping segments
When overlapping sweep segments are created, the marker functions, trace evaluation
functions, trace search functions and band filter functions are still available. It is possible,
however, that these tools show an unexpected behavior when used in overlapping sweep
segments.
The reason is that the assignment of markers to traces in overlapping segments is ambiguous.
To avoid any problem, it is recommended to turn off the sweep segments that overlap with the
one that needs to be analyzed in detail with the aid of a marker function.
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¢ Use the paste marker list for convenient entry of Start and Stop values.

Remote The commands in the [SENSe<Chn>:]SEGMent... subsystem define all sweep
control: segment settings.

Inserting and Deleting Segments

Three buttons on the left side below the table in the Define Segments dialog extend or shorten the
segment list:

Add adds a new segment to the list. The new segment is inserted after the active segment. The
segment numbers (#) of all segments after the new segment are adapted.

The new segment ranges from the Stop value of the previously active segment to the maximum
frequency of the analyzer. If the previously active segment ranges up to the maximum
frequency, the new segment is created with minimum width. The analyzer places no restriction
on the number of segments in a sweep range.

Delete removes the selected segment from the list.

Delete All clears the entire segment list so it is possible to define or load a new segmented
sweep range.

Remote control: [SENSe<Chn>:]SEGMent<Seg>:INSert

[SENSe<Chn>:]SEGMent<Seg>:DELete
[SENSe<Chn>:] SEGMent<Seg>:DELete:ALL

Individual Segment Settings

The options in the Individual Segment Settings panel can be used to vary the channel settings of every
individual segment in the list.

Individual 5 ethings

Marne [ Spur dwvaid (LD <> RF]
Power Segment Bits

Selectivity Time () Sweep Time
[] Meas Bandwidth () Meas Delay

The first sweep segment is created with the channel settings defined for unsegmented sweep types.
When any further sweep segment created, it uses the channel settings of the previously active
segment. Each selected (checked) option adds a column to the segment list.

Name adds a column to assign a name to each segment. A segment name is a string that may
contain letters, numbers and special characters.

Power defines the internal source Power for each individual sweep segment.
Meas Bandwidth defines the Meas Bandwidth for each individual sweep segment.
Selectivity defines the Selectivity of the IF filter used for each sweep segment.

Spur Avoid defines whether the analyzer measures the segment with a local oscillator
frequency LO below or above the RF input frequency. The parameter replaces the Spurious
Avoidance settings for a particular segment.

Segment Bits

Enables the definition of a segment-dependent four-bit binary value to control four independent
output signals at the USER CONTROL connector (lines 16, 17, 18, 19). The output signals are
3.3 V TTL signals which can be used to differentiate between up to 16 independent analyzer
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states. For an application example refer to the detailed remote control description. Setting the
segment bits does not change the analyzer state.

e Time

defines the sweep time for each segment. The default configuration for a new segment is equal
to the Sweep Time settings.

When Time is checked two new columns appear in the table. The first column reads Swp Tm or
Meas Dly, depending on the selected radio button below the Time checkbox. The second
column reads A(uto) and is used to activate automatic sweep time setting.

e A(uto) minimizes the sweep time. If this option is checked, the columns Swp Tm or
Meas. Dly can not be edited. Swp Tm indicates the estimated sweep time, taking into
account the current measurement settings, the Meas. Dly is 0 s. The segment sweep
time and point delay values are maintained until changed explicitly if Auto is switched
off.

e Sweep Time or Segment Sweep Time is the total measurement time for the sweep
segment. The minimum segment sweep time to be set is equal to the estimated value
in the Auto mode.

e Meas Delay sets a delay time allowing the DUT to settle before the hardware settings
of the analyzer are changed and a new partial measurement is started.

Changing the Meas. Delay modifies the Sweep Time and vice versa.

Remote control: [SENSe<Chn>:]SEGMent<Seg>:POWer [:LEVel]
[SENSe<Chn>:]SEGMent<Seg>:BWIDth [RESolution]
[SENSe<Chn>:]SEGMent<Seg>:BWIDth[RESolution] :SELect
[SENSe<Chn>:]SEGMent<Seg>:DEFine
[SENSe<Chn>:] SEGMent<Seg>:INSert
[SENSe<Chn>:] SEGMent<Seg>:SWEep:TIME

[SENSe<Chn>:] SEGMent<Seg>:SWEep:DWELL
OUTPut<Ch>:UPORt :SEGMent<Seg>:STATe
OUTPut<Ch>:UPORt : SEGMent<Seg>[:VALue]

Point List, Segment Import and Export

The buttons on the right side below the table in the Define Segments dialog are used to retrieve the
position of the defined sweep points import and export limit line data.

e Show Point List

opens a list of all active sweep points and their channel settings.

[ éﬂ
Pnt# Segment | Frequency | Power Bandw Sel | LO | Swp Tm | #
| 1 | Low_Freq 300 kHz -10dBm | 10kHz Morm | =RF 43,709 ms
2 |Low_Freq | 2.79925 MHz |-10 dBm | 10 kHz |Norm | =RF 43,709 ms
3 | Law_Freq 5.2985 MHz -10 dBm | 10 kHz |Morm | =RF [43.709 ms
4 |Low_Freq | 7.79775MHz |-10 dBm | 10 kHz |Motm | =RF 43.709 ms
5 | Low_Freq 10,297 MHz -10dBm | 10kHz MNorm | =RF 43.709 ms
&
i
g
g

Low_Freq | 12.79625 MHz |-10 dBm | 10 kHz |MNorm | =RF 43,709 ms
Low_Freg | 15,2955 MHz |-10 dBm | 10 kHz |Norm | =RF 43,709 ms
Low_Freq | 17.79475 MHz |-10 dBm | 10 kHz |MNorm | =RF 43.709 ms
Low_Freq 0,294 MHz |-10 dBm | 10 kHz |Morm | =RF 43,709 ms

[

Points in inactive sweep segments (i.e. segments that are not switched On in the segment
table) are not shown. The table provides a check of the settings made and can not be edited.

e Import Segment List... calls up an Open File dialog to load a sweep segment list from a sweep
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segment file. Sweep segment files are ASCII files with the default extension *.seglist and a
special file format.

e Export Segment List... calls up a Save As... dialog to store the current sweep segments to a
sweep segment file. Sweep segment files are ASCII files with the default extension *.seglist and
a special file format.

¢ To import a segment list file (*.seglist) you can also use the Windows Explorer and simply double-
click the file or drag and drop the file into the NWA application. You must enable the segmented sweep
separately.

Remote control: MMEMory:LOAD:SEGMent <Ch no>,"file name"
MMEMory:STORe:SEGMent <Ch no>,"file name"

File Format for Sweep Segments

The analyzer uses a simple ASCII format to export sweep segment data. By default, the sweep
segment file extension is *.seglist. The file starts with two comment lines containing the version and a
third line reproducing the header of the segment list. The following lines contain the entries of all
columns of the segment list, including the Individual Segment Settings that may be actually hidden.

@Example of a sweep segment file

The segmented sweep range:

¥| On | Start Stop Points

1 300 kHz 300,002 kHz 401
z2 300,002 kHz 300,004 kHz 401
<N 4.5 GHz 8iaHz 401

is described by the following sweep segment file:

# version 0
#

hostate; striame; Start Frequency[MHz]; Stop Freguency [MHz]; intho of Points;
True; i 0.300000; 2000, 000000; 401 ; -10.000000;
true; »; 2000. 000000; 3000. 000000; 401 ; -10.000000;
true; i 4500, 000000; BOOO. 000000; 401 ; -10.000000;

o The sweep segment file actually contains more columns listing all channel settings of the individual
sweep segments. The headings of the additional columns read:

Source Power [dBm]; IF Bandwidth [Hz]; enlF Selectivity; en IF Sideband; Meas Delay [us];
boSweep Time Auto;

Pulsed Measurements (for R&S ZVA and R&S ZVT)

The softkeys in the lower part of the Sweep Type submenu control pulsed measurements (with option
ZVA-K7, Pulsed Measurements).

@ Pulse profile mode

Measurements on pulsed RF signals are required in many areas of RF and microwave
technology. Pulsed signals are used in mobile phone applications and radar systems, and
amplifiers are typically designed for pulsed rather than continuous wave (CW) conditions.

The analyzer performs pulsed measurements in analogy to a time sweep (i.e. at constant

receiver frequency), but with a much higher sampling rate of 1/12.5 ns. The raw I/Q amplitudes
are written into a ring buffer and processed at the end of each sweep. The buffer size allows for
a maximum recording time (sweep time) of 3 ms. Due to the high sampling rate and the large IF
bandwidths available, it is possible to obtain profiles for pulse widths from approx. 200 ns to the
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maximum recording time. Of course it is also possible to measure a sequence of pulses up to
the maximum recording time.

Pulsed measurements require a trigger signal that is synchronized to the analyzed pulses. The
analyzer's trigger system is idle while the data acquired in the last recording period is
processed; it is re-armed after data processing is finished. To suppress the noise occurring at
high IF bandwidths, sweep averaging is recommended.

The RF source signal of the vector network analyzer is continuous, so the pulsed stimulus
signals must be generated by external means:

e Preferably, an R&S ZVAX extension unit equipped with one or more pulse modulator
options provides the pulsed signal. The pulse modulators are controlled using the
internal pulse generator of the network analyzer; see measurement example for pulse
modulators.

e Alternatively, a chopper between the SOURCE OUT and the SOURCE IN connector of
an analyzer port transforms the continuous source signal into a pulsed signal.

e An external generator can provide pulsed signals.
e The DUT can be switched on and off periodically to show a pulsed characteristic.
Basic relations: pulse width, repetition interval, IF bandwidth

A pulsed RF signal ideally consists of a sequence of periodic rectangular pulses. The pulse
width PW and pulse repetition period PRP are shown in the following figure; the ratio PW/PRP
is often referred to as the duty cycle.

PRP PRP

A
Y
A
\j

PW PW PW

A
Y
A
¥
A
¥

»

Time

The spectrum of a pulsed signal in the frequency domain has a sin(x)/x envelope, where x is
proportional to the duty cycle. The spectral components are equidistant with a spacing of
1/PRP. The analyzer measures and displays the pulses in time domain. To be detected
properly, the pulse width must be larger than twice the rise/fall time of the receiver, which
roughly corresponds to the inverse of the IF bandwidth. The figure below shows a rectangular
pulse with a width of 1 pys, measured in a 10 MHz bandwidth. The rise and fall times are
approximately 100 ns.

Tret gl By 108! Refhckim Tre2 [ dBMbg 1008/ RefOdBin 1
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Channel

Stimulus

Pawer Bandwidth Average

3
3
Sweep 4 Sweep Type 4 * Lin Frequency
Mode 4 Mumnber of Points... Log Frequency
Channel Selact 4 Frequency Step Size
Calibration 3 Sweep Time... Define Segments...
CFfset 3 )
Trigger 4 Power, .,
Time. ..
Single (&l Chans) OV Mode...
Restart
Define Restart. .. Pulse Prafile

Define Pulse Profile. ..
Show Pulse Profile Settings

Pulse Generator
Def Pulse Generatat ...

e Pulse Profile activates pulsed measurements.

e Define Pulse Profile... gives access to the time parameters, the stimulus signal settings, and the
receiver settings for pulsed measurements.

e Show Pulse Profile Settings opens a screen with an overview of the current settings.

Pulse Profile

Pulse Profile measurements are performed at constant receiver frequency and stimulus power; see
background information on pulse profile mode. Pulsed measurements require a trigger signal that is
synchronized to the analyzed pulses. Besides all settings are accessible in the Define Pulse Profile
dialog.

Remote control: [SENSe<Ch>:]SWEep:TYPE PULSe

Define Pulse Profile...

Opens a dialog to configure the time parameters, the stimulus signal settings, and the receiver settings
for pulsed measurements.

Time Parameters Stimulus

Start: A0ps 2 = Src Prar: 0dBm |-
Stop: 100ps |4 2| Center Freq: |1 GHz e B

Bandwidth: |10 MHz |2 2| Mo of Points: |20 el
Recording Time: 110 ps
Cooe ) ()

The Time Parameters define the displayed time range and the IF bandwidth:

e Start and Stop define the start and stop time in the diagram area relative to the trigger time;
they are identical to the Stimulus — Start and Stimulus — Stop parameters. The stop time must
be larger than the start time; negative values are allowed.

When the pulse profile measurement is activated (and then every time when the data of the last
sweep has been processed) the analyzer immediately starts acquiring data, therefore it is
possible to select negative start times (pre-trigger). Moreover, the time of the trigger event does
not have to be within the displayed time range (i.e. start and stop time can both be negative or
positive).
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Sweep Trigger Start data processing  Start next sweep
start trigger idle wait for trigger

Display range l l
l - - Tlmg

Write to buffer until maximum recording time is reached

e Bandwidth selects the IF bandwidth for the pulse profile measurements. The measurements are
performed with a fixed sampling rate and at fixed frequency, so the bandwidth does not affect
the measurement speed. To obtain short rise and fall times of the receiver and measure short
pulses, it is preferable to use large bandwidths; see background information on basic relations.

G

o Filter bandwidths above 10 MHz can be associated with increased measurement uncertainties.
In particular, they tend to cause overshoot and ringing at the beginning and at the end of the
pulses.

e Recording Time indicates the width of the display range, i.e. the difference of Stop — Start time.
The calculated recording time is possibly modified if Shift Stimulus or Coupled Section Limit
Lines On is active; see Receiver Settings. An error message is displayed if the calculated
recording time exceeds the maximum buffer recording time of 3 ms.

=

o The hardware option R&S ZVA-B7, Pulsed Measurements, enhances the maximum buffer
recording time to 25 ms.

The Stimulus parameters define fixed source and receiver settings for the pulse profile measurement.
The parameter settings are also valid for other sweep types.

e Source Power is the channel base power; see Power. This setting is relevant if the analyzer is
used to generate the pulsed source signal, e.g. with an additional RF switch looped into the
SOURCE path.

e Center Freq. is the channel base frequency; see CW Frequency. Note that pulse profile
measurements are compatible with the frequency-converting mode, so that it is possible to
define port-specific corrections to the CW frequency.

e No of Points is the number of sweep points displayed; see Number of Points. Due to the fixed
sampling period of 12.5 ns and the fixed buffer size, this parameter does not directly affect the
measurement speed. Results are interpolated if the number of points differs from the value
(Stop — Start)/12.5 ns + 1 (Optimum No of Points).

Receiver Settings opens a dialog with advanced pulse profile settings.

Remote control: [SENSe<Ch>:]PULSe:TIME...
SOURce<Ch>:POWer<Pt>[:LEVel] [ :IMMediate] [ :AMPlitude]
SOURce<Ch>:FREQuency<Pt>[:CW] | FIXed
[SENSe<Ch>:] SWEep:POINts

Retrieve raw measured data: CALCulate<Chn> DATA? TSData

Receiver Settings

This dialog provides advanced settings for the pulse profile mode. Most of the parameters can be set
independently for the different receivers and source ports involved in the measurement.
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Receiver: w bll2
Source Part | Part 1 v

Shift Stirulus: |05 el

Evaluation Mode:
(&) Marmal
() Mean Yalue of Pulze Section

Section Start; |05 el b
Section Stop: |1 ps & =
[] 5ection Limit Lines On

[ Coupled Section Limit Lines On

Fecording Time: 110ps

[ Feset All Receiver Settings ]

[ Cloze ] [ Help ]

The receiver and source port are selected in the upper part of the dialog.
e Receiver selects a receiver for a received wave b; or a reference wave a;.

e Source Port contains all analyzer ports and external generators that are available as source
ports.

Receiver and source ports scan be selected although they may not be currently used. The analyzer can
store predefined receiver settings for arbitrary port configurations.

e Shift Stimulus defines an offset time for the current receiver and source port. This is important
for measuring DUTs with a noticeable transmission delay.

@Effect of shift stimulus and examples

Shift Stimulus defines an offset time that is to compensate for a known transmission delay of a DUT. A
non-zero shift stimulus value has the following effect:

e The trace for the wave quantity assigned to the active receiver is shifted in horizontal direction.
A positive value shifts the trace to the left (subtraction of a known delay), a negative value shifts
it to the right.

e All quantities depending on the shifted wave quantity are calculated with the corrected time
reference. In the example below, the S-parameter S, is calculated as S,4(t) = b,(t + <Shift
stimulus>)/a(t).

e The displayed Recording Time is extended to cover the delayed wave.

Incident wave a,
Source Port 1

Reflected
wave b,

0 | | .
Transmitted wave b, | I Transmitted
|
|

with delay compensation l wave b,

vy

| J
i Shift stimulus > 0!
o, |

€
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The example above illustrates the importance of a correct delay compensation for the calculation of S-
parameters, ratios and other derived quantities in the time domain. Without compensation, the two
pulses for a; and b, do not overlap so that no meaningful S-parameter calculation is possible.

Example: S-parameter measurement for a DUT with known delay Dy, and D, in forward and reverse
direction. The DUT is connected between port 1 and port 2 of the analyzer. The test setup is fully
calibrated so that the reference planes are at the DUT's input and output ports.

Receiver: a1l Receiver: b1 Receiver: b2
Source: 1 Source: 1 Source: 1
Shift stimulus: 0  Shift stimulus: 0 Shift stimulus: Dy,

Receiver: a2 Receiver: b1 Receiver: b2
Source: 2 Source: 2 Source: 2
Shift stimulus: 0 Shift stimulus: D,  Shift stimulus: 0

e The Evaluation Mode specifies how the wave quantity assigned to the current receiver and
source port is displayed. In Normal mode, it is displayed as measured (pulse shape). If Mean
Value of Pulse Section is selected, the wave quantity is replaced by its mean value (magnitude
and phase) averaged over a configurable time interval [Section Start, Section Stop].

@ Effect of averaging, definition of the time interval

Mean Value of Pulse Section has the following effect:
e The trace for the wave quantity assigned to the active receiver is replaced by a constant trace.
e All quantities depending on the wave quantity are based on the averaged values.

e The displayed Recording Time is extended to cover the specified pulse section.

Mean Value of
Pulse Section

'

Section Start  Section Stop

G

o Section Start and Section Stop can be negative and even outside the displayed time range,
however, Section Start must be smaller than Section Stop. A stimulus shift also shifts the
Section Start and Section Stop values.

The remaining settings in the dialog are general; they do not depend on the selected receiver and
source port.

e Section Limit Lines On places two vertical lines into the diagram(s), indicating the selected
Section Start and Section Stop. The section limits can be modified using drag-and-drop.

e Coupled Section Limit Lines On couples the section limits (and the section limit lines) for all
receivers and source ports and in all channels. The evaluation mode and the Shift Stimulus
values are still independent. As a typical application, it is possible to create two channels,
display the same wave quantity with different evaluation modes (pulse shape and average),
vary the section limits in normal evaluation mode (pulse shape) and monitor the effect on the
average trace.

e Recording Time indicates the width of the display range, possibly modified if Shift Stimulus or
Coupled Section Limit Lines On is active; see background information above. An error message
is displayed if the calculated recording time exceeds the maximum buffer recording time of 3
ms.
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o Reset All Receiver Settings the parameters in the dialog for all receivers and source ports.
Remote control: [SENSe<Ch>:]PULSe:COUPled[:STATe]
[SENSe<Ch>:]PULSe:RECeiver...
Show Pulse Profile Settings

Gives an overview of the current time and stimulus settings for pulsed measurements. The info screen
also display softkeys to Print the contents, save them to a file (Print to File) or Close the screen.

Info -8 X
Pulze Measurement Settings for Channel 1, Frequency Sweep Type
Time Parameter Value Print
Start: 0ps
Stop: 100 ps
Fulse Filter B andwith: 10 MHz
Recording Start: A0ps Print To File
Fecording Stop: 100 ps
Fecording Time: 110 ps
Close
Stimulus Value
Center Frequency: 1GHz
Murnber of Paints: 2m
Optimum Mumber of Points: 8300
Pulse Measurement Settings for Channel 1, Frequency Sweep Tupe Home

Remote control: Settings can be retrieved using the query form of the commands.

Pulse Generator (for R&S ZVA)

Turns the pulse generator on or off (with option R&S ZVA-K27). The pulse generator provides two
independent control signals at the CASCADE output connector on the rear panel of the network
analyzer. The signals can be used to control an R&S ZVAXxx Extension Unit equipped with a pulse
modulator option.

The pulse generator signals are configured using the Define Pulse Generator dialog.

@ Pulse generator signals

Pulse generator signals consist of rectangular pulses which are repeated periodically. The signals serve
as modulation signals for pulse modulators: During the high signal periods, the pulse modulator
generates an RF signal, during the low signal periods, the RF signal is switched off. The R&S ZVA
provides two different pulsed signals:

e The Gen 1 signal (the actual "pulse generator signal") consists of a single pulse or a pulse train
with selectable period. A pulse train is a series of pulses with individual timing and width. The
pulse generator signal is not used internally.

e The Gen 2 signal ("sync signal") is a single pulse which is repeated after the pulse period. The
sync signal can be used as a trigger signal for pulsed measurements but also available as a
modulation signal. In Chopped Pulse Profile mode, it is used chop the measured RF signal into
short measurement intervals.

The pulse period of the pulse generator and sync signals are identical. An example for a pulse
generator signal consisting of a pulse train (Gen1) and a sync signal (Gen 2) is shown below.
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Pulse train Pulse train

I

Pulse train period
I

1 1

i i

: : ~4— Sync signal width
Gen 2 I Sync signal I

I 1

— 4 Pulse delay (to sync)
[

Time
-

If not specified otherwise, the pulse generator settings are channel-specific.

A measurement example for pulse generators and pulsed measurements is reported in the Quick Start
Guide for the extension unit R&S ZVAXxx, to be found on the R&S ZVA/B/T documentation CD-ROM.

o To perform measurements on pulsed RF signals controlled by the pulse generator, the Pulse Gen

trigger must be used. The trigger settings also control which of the trigger signals provides the trigger
event.

Remote control: [SENSe<Ch>:]PULSe:GENerator<gen no>[:STATe]

Define Pulse Generator

Defines the properties of the pulse generator signals.

Define Pulse Generator g]
Pulze Type
%) Single Pulze
) Pulzz Train
) Constant High
() Conztant Low

Pulse Parameters

Pulse Width: |50 ns el
Single Pulze Period: 5 s s o=
Pulze Train Period: |

[ Irwert Pulze Palariy

[ Define Sync Generatar... ]

[ Chopped Pulze Profile... ]

Settings walid for
(%) &sctive Channel
(1 &l Channels [Continuous Mode]

[ Cloze ] [ Help ]

e Pulse Type selects the shape of the pulse modulator (Gen 1) signal. For each pulse type, a
subset of Pulse Parameters is available. A Single Pulse is a rectangular pulse with definite
Pulse Width that is repeated after the Single Pulse Period. A Pulse Train is a series of single
pulses; see Pulse Generator Signals. Constant signals (Constant High and Constant Low) need
no further specification.

When a Constant High or Constant Low signal is selected, the pulse type of the sync signal is
set to Constant High or Constant Low, too. The previous pulse type of the sync signal is
restored when the pulse generator signal is reset to Single Pulse or Pulse Train.

e The controls in the Pulse Parameters section specify the properties of Single Pulse signals and
Pulse Train signals (Gen 1). It is possible to invert the polarity of the pulse generator signal, i.e.
to exchange the high signal and low signal periods. The three buttons in the panel open
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configuration dialogs for the Pulse Train, the Sync Generator (Gen 2), and the chopped pulse

profile mode.

e The section Settings valid for defines the scope of the pulse generator settings. By default, all
settings are valid for the Active Channel. If All Channels (Continuous Mode) is selected, the
pulse generator settings of the active channel are applied to all channels. This ensures
continuous pulse generator signals at the CASCADE output of the network analyzer when
another channel is selected. Use All Channels (Continuous Mode) mode for measurement on
DUTs which could be damaged by variable pulse generator settings.

Remote control:

— = — — —

Define Pulse Train

SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:

]
]
]
]
]
]

PULSe:
PULSe:
PULSe:
PULSe:
PULSe:
PULSe:

GENeratorl:
GENeratorl:
GENeratorl:
:TRAin:PERiod
GENeratorl:
:MODE

GENeratorl

GENeratorl

TYPE
WIDTh
PERiod

POLarity

Defines a pulse train for the pulse modulator (Gen 1) signal on a segment-by-segment basis. This
dialog is called from the Define Pulse Generator dialog.

o Defining pulse trains with minimum effort

Choose one of the following methods to efficiently create and handle pulse train segments:

e To configure a pulse train with only a few segments, use Add Segment and edit each range in

the table individually.

e Use the Auto Arrange button to sort the segments in ascending order of the Start High Signal.

e Save your pulse train definition to a file so you can re-use or modify it in later sessions (Save

Pulse Train..., Recall Pulse Train...).

Define Pulse Train @

[Hecall Pulze Train...] [ Save Pulse Train... ]

#| Active Start High Signal

1 Oz

2V 80 ng

3 v 200 ns
[ Add Segment ] [ Delete Segment ]

Period: | 1ps

cal

Stop High Signal

Del All Segments
Auto Arrange

125 m:
100 s
2128ns

[

Cloze ]

Help ]

The Define Pulse Train dialog contains a table to edit the individual pulse segments; see below. The
buttons below the table extend, shorten, or re-order the segment list.

e Add Segment adds a new segment to the list, assigning a Start High Signal value of 0 s, a Stop
High Signal value of 12.5 ns. If Auto Arrange is active the new segment is inserted at the
beginning of the list. The analyzer places no restriction on the number of ranges assigned to

each trace.

e Delete Segment removes the selected segment from the list.

e Del All Segments clears the entire segment list so it is possible to define or load a new pulse

train definition.
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e Auto Arrange sorts the segments in ascending order of the Start High Signal.

The buttons above the table are used to import and export pulse train data. Pulse train files are ASCII
files with the default extension *.train and a special file format.

e Recall Pulse Train... calls up an Open File dialog to load a pulse train definition from a file.

e Save Pulse Train... calls up a Save As... dialog to store the current pulse train definition to a
pulse train file.

Period denotes the duration of the entire pulse train. The period of the sync signal is adjusted to
the pulse train period as long as the pulse train signal type is active.

@Columns in the segment table

The table contains an automatically assigned current number for each segment/pulse plus the following
editable columns:

e Active indicates whether the segment is active (checkbox selected) or inactive. Clearing the
checkbox does not delete the segment but suppresses the pulse in the generator signal.

e Start High Signal is the start time of the segment.
e Stop High Signal is the stop time of the segment.

The minimum pulse width (the difference Stop High Signal — Start High Signal) is 12.5 ns.
Segments/pulses may overlap, however, the largest Stop High Signal value must not exceed the pulse
train Period.

Remote [SENSe<Ch>:]PULSe:GENeratorl:TRAin:DATA

control: [SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>[:STATe]
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>:STIMulus:STARt
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>:STIMulus:STOP
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>:COUNt?
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:PERiod

[SENSe<Ch>:]PULSe:GENeratorl:TRAin:DELete:ALL
MMEMory:LOAD:PTRain
MMEMory:STORe:PTRain

Define Sync Generator

Defines the properties of the sync signal (Gen 2). This dialog is called from the Define Pulse Generator
dialog.

Define Sync Generator E|

Sunc Type
(%) Single Pulse
() Constant High

() Conztant Low

Sync Parameters

Spnc Wwidth: 126 ns el
Spnc Delay [to Pulse): (02 & ] =

[T Irvvert Sync Polarity

[ Oese ] [ Hep |

The sync signal is either a single pulse signal with definite pulse width (Sync Width), following the pulse
generator signal by a specified Sync Delay (fo Pulse), or a constant signal. Constant signals (Constant
High and Constant Low) need no further specification. It is possible to invert the polarity of the sync
signal, i.e. to exchange the high signal and low signal periods.

While the pulse generator signal type is Constant High or Constant Low, the sync generator signal type
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is Constant High or Constant Low, too.

See also background information on Pulse Generator Signals.

SENSe<Ch>:]PULSe:GENerator2:TYPE
SENSe<Ch>:]PULSe:GENerator2 :WIDTh
SENSe<Ch>:]PULSe:GENeratorl:DELay
SENSe<Ch>:]PULSe:GENerator2:POLarity

Remote control:

— —/ — —

Adjust Settings for Chopped Pulse Profile

Defines the time resolution for the chopped pulse profile mode and activates the mode. This dialog is
called from the Define Pulse Generator dialog.

@Chopped pulse profile mode

Chopped pulsed profile mode is a means of achieving extremely small time resolutions for
measurements on strictly periodic signals. Time resolution is the critical parameter for measurements
on pulsed signals with very short pulse widths. In a normal time sweep at the default IF bandwidth of 10
kHz, the time resolution (i.e. the measurement time for each sweep point) is in the 100 ps range. In
chopped pulse profile mode, the analyzer achieves time resolutions down to 12.5 ns.

A power calibration is generally not possible, however, the measurement provides accurate relative
powers at consecutive sweep points. Hence the measurement result shows the profile of the measured
RF signal.

Chopped pulse profile results are measured as follows:

1. The signal is chopped into k measurement intervals of equal width. The interval width is equal
to the time resolution. For each interval, the analyzer acquires measurement results in n
consecutive pulse periods. Due to the periodicity of the signal, the amplitude in each of the
measurement intervals is equal. The results from the individual intervals are integrated; the
effective measurement time per interval is thus n times the interval length. With a suitable
selection of the factor n, this method provides accurate results at common IF bandwidths.

Pulse period

—*|*= Time
resolution ‘

o
&)

T ”
@® | &

2. After integrating the n results for a given measurement interval, the analyzer steps to the next
interval in order to repeat the procedure above. The total measurement for k measurement
intervals covers k*n pulse periods. The measurement result is a time-domain trace consisting of
k integrated measurement points.

The analyzer automatically selects a CW Time sweep mode and adjusts a number of data acquisition
and pulse generator settings when the chopped pulse profile mode is activated:

e The width of the sync signal pulse (Gen 1) is set equal to the time resolution. The sync signal
controls the width and timing of the measurement intervals in chopped pulse profile mode. After
each sequence of n measurements, the sync signal is delayed by one pulse width so that the
next measurement interval is reached.

e The period of the pulse generator signal (Single Pulse Period or Pulse Train Period, depending
on the selected Pulse Type) is increased to the next integer multiple of the time resolution.

e The number of sweep points k is calculated as the ratio of the extended pulse period to the time
resolution.
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e The IF bandwidth is set to 1 over ten times the extended pulse period, and a high selectivity

filter is used.
Chopped Pulse Profile @

Time Fesolution:

The following settings will be adjusted
automatically:

Sweep Type, Humber of Points,

IF Bandwidth, Sync \Width, Single Pulze Period
[or Pulze Train Period)

[ Activate | | i |

Chopped Pulze Profile off

[ Cloze ] [ Help ]

o Time Resolution selects the distance between two CW time sweep points in the chopped pulse
profile measurement; see background information above. The width of the sync signal is always
equal to the time resolution. Changing one value also affects the other.

e Activate enables the chopped pulse profile mode and adjusts the channel settings as described
above.

e Off disables the chopped pulse profile mode. All other settings are left unchanged.

o In remote control it is possible to skip measurement intervals (and thus accelerate the
measurement, at the expense of the number of sweep points) by increasing the Delay Increment
parameter.

Remote control: [SENSe<Ch>:]PULSe:GENerator2:WIDTh
[SENSe<Ch>:]PULSe:GENerator<gen no>:CPPRofile
[SENSe<Ch>:]PULSe:GENerator<gen no>:DINCrement

File Format for Pulse Train Definitions

The analyzer uses a simple ASCII format to export pulse train definitions. By default, the pulse train file
has the extension *.train and is stored in the directory shown in the Save Pulse Train and Recall Pulse
Train dialogs. The file starts with a preamble containing the channel, the Pulse Train Period, and the
Pulse Delay (to Sync) value. The following lines contain the entries of all editable columns of the list.

® Example of a pulse train definition file

The pulse train definition:

#| Active Start High Signal Stop High Signal

1 v Oz 125 ns
2 50 s E25 ne
KNI 100 ng 1125 ns

is described by the pulse train file:
i version 1.00

# Channel 1

# Pulse Train Period: 5. 000000000000000E-005 =
# Pulse Delay (to Sﬁncj 0. 000000000000000E+000 5
bo:active, start High Signalls], stop High Signalls],
True, 0. 000000000000000E+000, 1. 250000000000000E-008,
True, 5. 000000000000000E-008, 6, 250000000000000E-008,
True,l. 000000000000000E-007,1.125000000000000E-007,

Remote control: MMEMory:LOAD:PTRain
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@Trigger system of the analyzer

The trigger system is used to synchronize the analyzer's actions with events that can be provided by an
internal or external signal or user-generated (Manual Trigger). Triggered measurements are an
alternative to the default mode (Free Run, Continuous Sweep), where the measurement is continuously
repeated without fixed time reference.

Any trigger event may start an entire sweep or a part of it. Moreover, it is possible to switch off the RF
source between consecutive triggered measurement sequences, and to define a delay between trigger
events and the measurement sequences.

G

<] The trigger settings are also valid for calibration sweeps (see Measure Standards dialog). This
means that, in external trigger mode, the external trigger signal must be available during the
system error correction, too. To start the calibration sweeps without delay, use the Free Run

trigger type.
Stimulus 2
Power Bandwidth Average »
Sweep 4 Sweep Type »
Mode 4 Mumber of Paints. ..
Channel Selact 4 Frequency Step Size
Calibration 3 Sweep Time.,.,
CFfset 3 .

External...
Single (Al Chans)

Restart

) Periodic...
Ciefine Restart. .,

Manual

Trigger Sekkings...

e Free Run is the default trigger mode. A new measurement is started immediately without
waiting for a trigger signal and without fixed time reference.

e The External trigger signal is applied to the EXT TRIGGER or USER CONTROL connector at
the rear panel.

e The Pulse Gen trigger signal is generated by the internal pulse generator of the analyzer
e The Periodic trigger signal is provided by an internal clock generator.
e In Manual trigger mode, the trigger signal is generated on pressing the Manual Trigger softkey.

e Trigger Settings opens a dialog to specify the operation that the analyzer carries out after
receiving a trigger event.
Free Run

In Free Run mode a new measurement is started immediately without waiting for a trigger event and
without fixed time reference. The Trigger Settings are not valid.

Free Run means that a measurement in Continuous Sweep mode is repeated as fast as possible.

Remote control: TRIGger[:SEQuence] : SOURce IMMediate

External
In External trigger mode the measurement is triggered by a low-voltage (3.3 V) external TTL signal

applied either to the BNC connector EXT TRIGGER or to pin 2 of the USER CONTROL connector at
the rear panel. The two trigger inputs are equivalent; no additional setting for signal routing is required.
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Selecting External opens a dialog to select whether the rising or the falling edge of the external trigger
signal provides the trigger event.

Trigger on
() pising Edge
() Falling Edge

:[ Close ] [ Help ]

G

o The period of the external trigger signal should be adjusted to the triggered measurement
sequence. If the analyzer receives a trigger event while the last sequence is still running, the
trigger event is skipped and a message Trigger event missed is displayed.

Remote control: TRIGger[:SEQuence] :SOURce EXTernal
TRIGger [ :SEQuence] : SLOPe

Pulse Gen

In Pulse Gen trigger mode the measurement is triggered by the internal pulse generator signals. The
pulse generator trigger must be enabled explicitly when the pulse generator is used for pulsed
measurements. The trigger is unavailable while the pulse generator is turned off.

Selecting Pulse Gen opens a dialog to select whether the rising or the falling edge of the Sync signal
(Gen 2) or of the Pulse generator signal (Gen 1) provides the trigger event.

Pulse Gen Trigger ... @

Trigger Type

(%) Riging Edge Spnc
) Falling Edge Sync
() Riging E dge Pulse
() Falling Edge Pulse

[ Ciose | [ Help ]

& The propagation time of the Pulse Gen Trigger signal delays the start of the measurement. For an
R&S ZVA24 which is connected to an R&S ZVAX24 extension unit, data acquisition starts approx. 150
ns after the rising edge of the RF signal.

Remote control: TRIGger[:SEQuence] : SOURce PGENerator
TRIGger [ :SEQuence] : PULSe

Periodic
In Periodic trigger mode the measurement is triggered by the periodic signal of an internal clock
generator. Selecting Periodic opens the numeric entry bar to select the trigger period.

Trigger Period: 1s =

The minimum trigger period that can be set corresponds to the estimated duration of the triggered
measurement sequence.

© Time sweep

The periodic trigger is incompatible with Time sweeps: If a Time sweep is selected while the periodic
trigger is active, the analyzer generates an error message:
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Periodic Trigger and Time Sweep cannot simultaneously be activated.
Please deactivate one Function before activating the other one.

To continue, click OK and select any other trigger or sweep type (e.g. CW Mode).

Remote control: TRIGger|[:SEQuence] : SOURce TIMer
TRIGger [ :SEQuence] : TIMer

Manual

In Manual trigger mode the trigger signal is generated on pressing the Manual Trigger softkey. Manual
Trigger is disabled unless manual trigger mode is active.

Remote control: TRIGger|[:SEQuence] : SOURce MANual
*TRG

Trigger Settings

Trigger Settings opens a dialog to specify the operation that the analyzer carries out after receiving a
trigger event.

Trigger Settings @

Triggered Measurement Sequence

(% Sweep
() Sweep Segment

(2 Paint

(2 Partial Meazurement

Trigger Delay

(&) Same at &1l Ports [os | =

[ Close ] [ Help ]

The dialog is divided into the following panels (for a detailed description refer to the following sections):

e Triggered Meas. Sequence selects the measurement cycle or sequence of actions to be
triggered.

e Trigger Delay specifies a delay time between the trigger event and the start of the
measurement. If the triggered measurement sequence is a Partial Measurement, it is possible

to define source port-specific trigger delays.

n'éu The Trigger Settings are valid for all trigger modes except Free Run. Some trigger settings are
incompatible with other measurement settings; see below.

Triggered Meas. Sequence

Selects the measurement cycle or sequence of actions to be triggered.
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Sweaep range

b >
Sweep segrent Sweep segment
e
00O ® @ o
>
Jweep paint Sweep variable f, p, 1

M easurement point comprising npartial measurements

e Sweep means that each trigger event starts an entire sweep, according to the current sweep
configuration.

e Sweep Segment means that each trigger event starts the next sweep segment within the
current sweep. If a sweep type other than Segmented Sweep is active, this option is equivalent
to Sweep.

e Point means that each trigger event starts the measurement at the next sweep point.

e Partial Measurement means that each trigger event starts the next partial measurement at the
current or at the next sweep point. If each measurement points requires only one partial
measurement , this option is equivalent to Point.

See also background information in section Alternating Sweeps.

o Relation to other sweep settings

Some sweep settings are logically incompatible with a particular selection of the Triggered Meas.
Sequence:

e If a Time sweep is performed, the Triggered Meas. Sequence is always a sweep.

e Alternating sweep mode only differs from normal sweep mode if the measurement sequence
comprises more than one sweep point and more than one partial measurement. If Point is
selected, Alternating Sweeps has no effect.

G

<] The period of the trigger events should be adjusted to the triggered measurement sequence. If
the analyzer receives a trigger event while the last sequence is still running, the trigger event is
skipped and a message Trigger event missed is displayed.

Remote control: TRIGger[:SEQuence] : LINK

Trigger Delay

Specifies a delay time between the trigger event and the start of the measurement. If the triggered
measurement sequence is a Partial Measurement, it is possible to define source port-specific trigger
delays. For an overview of trigger timing scenarios see background information in section Alternating
Sweeps.

Trigger Delay @
Phyzical Port Dielay
Part 1 Oz
Port 2 Oz
Part 3 Oz
Part 4 Oz
Gen1 Oz
Close Help

The delay time entered must be zero or positive, so that the trigger event precedes the start of the
measurement (post-trigger).

Remote control: TRIGger[:SEQuence] : HOLDoff
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and the receiver.

Part Configuration @

Meas Physic Source Receiver
# Gen| Frequency [ Frequency Result Fower [ FPower Result | Frequency | Frequency Result
W Potl [ fb | 300kHz..4GHz Fb | 0dBm fb 300 kHz ... 4 GHz
W (Pot2 [ fb || 300kHz..4GHz Pb | OdBm
W (Pot3 [ fb | 300kHz..4GHz Pb | OdBm
[« | Potd [ fb | 300kHz..4GHz Pb | O0dBm
[0 |Genl T 1GHz 1GHz Pb . 0dBm
0 |[Pm1 1GHz
[ Dizplayed Columns... ] [ Balanced Ports and Port Groups. .. ] hga;:r:eio;geeg'uz;\:;aves &

) Source Frequency

Same Connector Type at All Ports

[[] 5ame Gender at &1l Ports (

0k ] [ Cancel ] [ Help ]

The table in the Port Configuration dialog contains the individual test port properties. Each table row
corresponds to one logical or physical port; the number of rows is equal to the number of test ports of
the analyzer.

& Many measurement tasks can be performed with default port settings. Consequently the Port
Configuration dialog does not show all columns in its default configuration. Use the Displayed Columns
button to customize the table and display or hide columns.

® Measured Ports (Meas/Group)

The ports that can be used for the measurement (as selected in the Balanced Ports and Port Groups
dialog) are indicated in the first column of the Port Configuration table (Meas). The selected ports are
used for the calculation of derived (mixed mode, Z, Y) parameters; they can be source ports and/or
receive ports.

After an n-port (automatic or manual) system error correction, only the calibrated ports are enabled. It is
possible though to re-enable uncalibrated ports manually in order to obtain additional (uncalibrated)
measurement results. Loading a set of calibration data does not affect the selection of measured ports.

A measured port can be configured as a pure receive port by selecting RF Off in the Source section.

If one or more port groups to be measured are defined in the Define Measured Ports tab of the
Balanced Ports and Port Groups dialog, then the column header changes from Meas. to Group and the
column shows the group names (capital letters).

The settings are grouped together in four sections:

e Logical Port shows the properties of the balanced ports after they have been defined in the
Balanced Port and Port Groups dialog. This section is hidden if no balanced ports are defined.

e Physical Port shows and/or defines the properties of the physical (unbalanced) ports of the
analyzer.

e Source shows and/or defines the generator settings at each physical port of the analyzer.

e Receiver shows and/or defines the receiver settings at each physical port of the analyzer.
Below the table, three buttons open additional dialogs:

e Displayed Columns... customizes the port configuration table by displaying or hiding columns.

e Balanced Ports and Port Groups... selects a balanced port configuration and defines the
reference impedances at the ports.

e Stimulus modifies all sweep frequencies and powers in the active channel, based on an
arbitrary frequency and power reference.

The dialog contains the following additional controls:
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e If Same Connector Type at All Ports is active, the connector types at all ports (but not
necessarily their gender) are always adjusted to the current selection in the Connector column.

o If Same Gender at All Ports is active, the connector genders at all ports (but not necessarily
their types) are always adjusted to the current selection in the Connector column.

e Measure Source Port Waves at qualifies whether the waves at each source port are measured
at the selected receiver or source frequency. The setting affects both the reference receiver
(waves a,) and the measurement receiver (waves b,) while port n is used as a source port.
Adjust the setting to the test setup and the measured quantity.

e Freq Conv Off disables all power and frequency-converting modes, i.e. it resets all port
frequencies to the basic channel frequency, sets the power to the base power of the channel,
and disables frequency-converting measurements such as the Harmonics and the Mixer
measurements (with option R&S ZVA-K4).

S-parameter measurements for port configurations with different frequencies are not fully supported;
see S-Parameters in Frequency-Converting Modes.

Remote [SENSe<Ch>:]CORRection:COLLect:CONNection:PORTs ALL | SINGle
control: [SENSe<Ch>:]CORRection:COLLect:CONNection:GENDers ALL |
SINGle

[SENSe<Ch>:]FREQuency:CONVersion:AWReceiver[:STATe]

Logical Port

Defines the properties of the logical (balanced) ports defined in the Balanced Port and Port Groups
dialog. To display this section, at least one balanced port configuration must be defined and Logical
Ports — Ref Impedance must be selected in the Displayed Columns dialog.

Logical Port
# Ref Impedance

D 100 G + 0 2
1 CMi 258 +i0 G

> S0Q+0Q
5 S0Q+00

e #is the port number of the logical port. This number is independent of the physical port
numbers and of the ports that are combined to form a balanced port.

e RefImpedance shows the complex reference impedances of the ports.

@ Reference impedance settings

The default reference impedance for a physical port is equal to the reference impedance of the
connector type assigned to the port but can be defined as an arbitrary complex value (renormalization
of port impedances). By changing the reference impedance, it is possible to convert the measured
values at 50 Q (75 Q) into values at arbitrary port impedances. For details refer to section Virtual
Transform — Reference Impedances.

For balanced ports it is possible to define separate complex reference impedances for differential and
for common mode.
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Single-ended 3 :
{unbalanced) port T YSical Port  Lagical Part
=7 no. no.
Zvel defaull cannecin
1 1

Balanced port:

Differential mode

/ =
O b
Common mode
DUT

Zo _,_%J: 3

Analyzer

The default values for the balanced port reference impedances are derived from the default reference
impedance of the physical analyzer ports (Z, = 50 >Q):

e The default value for the differential mode is Zyy = 100 Q = 2*Z,.

e The default value for the common mode is Zo. =25 Q = Zy/2.
Remote control: SENSe:PORT<phys port>:ZREFerence <real> [,<imaginary]
SENSe:LPORT<log port>:ZCOMmon <real> [,<imaginary]

SENSe:LPORT<log port>:ZDIFferent <real> [,<imaginary]
CALCulate<Chn>:TRANsform: IMPedance:RNORmal TWAVes PWAVes

Physical Port

Shows and/or defines the properties of the physical (unbalanced) ports of the analyzer.

Physical Port

+ Instrum | Connector Ref Impedance
Pork 1 | 245 MEOQ{F -~ 50Q4+i0Q
Port2 |Zva3  MSOQ(F) + | S0Q+j00
Port3 |ZvAS  MNSOQI  + | S0Q+j00

Pork 4 | Z2VA5 MEDQIF - S0G+i00

Gen 1 | SMPz2 -

Pmtr 1 | HP4384 E

e #is the test port number of the analyzer as shown on the front panel. External generators and
power meters configured in the System Configuration dialog are also shown in the list of
physical ports.

e Instrum. shows the network analyzer type (e.g. ZVA8, ZVA24). The types of external
generators and power meters are also displayed in this column.

e Connector opens a drop-down list to select the connector type An (f) behind the connector type
denotes female connectors, an (m) denotes male connectors. Symmetric (sexless) connectors
(e.g. PC7) are not labeled. User-defined connectors can be added or removed in the Available
Connector Types dialog, which is opened from the Channel — Calibration — Calibration Kits
dialog. at the port and its gender. If Same Connector at All Ports is active, the connector types
at all ports (but not their gender) are always adjusted to the current selection.

e Ref. Impedance shows the adjustable complex reference impedances of the physical port. For
background information refer to Reference Impedances. If a balanced port configuration is
active the reference impedance settings for all ports are displayed in the Logical Port section.
For external generators and frequency converters, no reference impedance settings are
available. The reference impedance for external power meters must be real; no wave theory
selection is required. If a value Re(Z,) other than 50 Q is entered, the power result from the
power meter is multiplied by the factor 50 Q / Re(Z,) (conversion of the reported power to a
voltage at 50 Q, then re-conversion to a power using Re(Zy)).

o To perform a system error correction, the physical port must be available as a source and
receive port. This condition is met if it is selected as a measured port in the Balanced Ports and
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Port Groups dialog (Meas is on).
To perform a system error correction, it is necessary that:
e the physical port is available as a source port
¢ both the measurement and the reference channel at the port can be measured

These conditions are met with the Port Configuration settings listed below.

Section Parameter | Value
Meas On on
Source On on
Perm off
Receiver | LO a on
LOb on

Remote control: [SENSe<Ch>:]CORRection:COLLect:CONNection<port no>
[SENSe<Ch>:]CORRection:COLLect:SCONnection<port no>
[SENSe<Ch>:]CORRection:COLLect :CONNection:PORTs ALL | SINGle
SENSe:PORT<phys port>:ZREFerence <real> [,<imaginary]

Source (Most Settings for R&S ZVA and R&S ZVT Analyzers)

Shows and/or defines the RF generator settings for each physical port of the analyzer and for each
external generator. No source settings are provided for external power meters.

© Most of the settings in this section require option ZVVA-K4, Arbitrary Generator and Receiver
Frequencies. This option is available for ZVA and ZVT network analyzers only.

Source

RF OFf Gen| Frequency Frequency Result| Power | Power Result PCor OFF | Slope

- - fb Wl 300KHz..8GHz Pb .. 0 dBm 0 dBjiaHz
r r i .| 300kHz..8GHz Pb .. 0 dBm 0 dBjiGHz
- - fb 300kHz ...8GHz Fb .. 0 dBm 0 dBjiaHz
- - fb .| 300kHz..8GHz Pb .. 0 dBm 0 dBjiGHz
- -

L EETEE T 0 dBm 0 dB/GHz

RF Off switches the RF signal source at the port off (box checked) or on. Dependencies: The
column is disabled (grayed) while the RF power is switched off globally for the active channel.
The settings are restored as soon as the RF power is switched on again. RF Off and Meas are
independent from each other: While the RF power is switched off, the port is not necessarily
excluded from the measurement, it can still be used as a receive port. On the other hand, an
excluded port (Meas = Off) can still be used as an RF signal source. The exact behavior of RF
Off is part of the system configuration; refer to the description of the Power tab.

The source must be switched on to perform a system error correction or a source power
calibration for the source port.

e Gen qualifies whether the RF signal source at the port is switched on for all partial
measurements (box checked, permanent signal source) or only for the partial measurements
that require the port as a drive port. Dependencies: Gen has no effect unless the RF source at
the port is switched on (RF Off is not checked). A port which is excluded from the measurement
(Meas = Off) can still be used as a permanent RF signal source. If Gen is on, then the source
frequencies at port 1 and 2 and at port 3 and 4 are coupled; see note on coupled test ports
below. Gen is unavailable in true differential mode.
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@External generators

An external generator always represents a permanent signal source that is switched on for all partial
measurements. Gen qualifies whether or not the generator is actually available as a signal source in the
test setup.

The analyzer provides two alternative ways of selecting a generator as a signal source:

e Gen: On in the Port Configuration dialog, especially if the generator is not assigned to a
particular measured quantity or drive port.

e Selection as a source for a particular measured quantity or for a power calibration, see e.g.
More Wave Quantities.

The two selection mechanisms are independent from each other.

© Permanent vs. intermittent RF signal source

Switching on the signal source permanently eliminates the power settling times of the DUT but may
introduce measurement inaccuracies, e.g. due to crosstalk between two ports. Therefore, the
parameter must be switched off to perform a system error correction.

e Frequency opens an input box to define a port-specific stimulus frequency range (for frequency
sweeps) or CW frequency (for power, time and CW Mode sweeps). In the default configuration
the stimulus parameters (sweep range, CW Frequency) are used. The result is displayed in the
Frequency Result column. A red Frequency field indicates that the hardware limits are
exceeded, e.g. if the default sweep range of the analyzer is beyond the frequency range of the
external generator. The port-specific frequency for frequency converter ports can be defined in
a separate dialog; see Converter Port <n> Frequency.

¢ Coupled test ports

Test ports 1 and 2 and test ports 3 and 4 are supplied by a common generator as shown below. For
R&S ZVT analyzers, ports 5 and 6 and ports 7 and 8 (if available) are coupled in an analogous way.

Reflactomaser 4

e -

If the RF signal is simultaneously fed to two coupled ports (i.e. if Gen is switched on so that at least one
signal source is permanent), the port frequencies must be the same. For normal measurements (Gen
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switched off), this restriction does not apply because there is only one source port per partial
measurement.

The frequency formula for a permanent signal source is also used for the second (coupled) test port.

=

& On R&S ZVA-Z67 network analyzers, all ports have independent internal sources. You can
configure and combine the ports without restrictions.

e fFrequency Result displays the current frequency range (for frequency sweeps) or CW
frequency (for power, time and CW Mode sweeps); see stimulus parameters.

e Power opens an input box to define a port-specific source power range (for power sweeps) or
fixed power (for frequency and CW sweeps). The result (not taking into account a possible
Slope) is indicated in the Power Result column. In the default configuration the stimulus
parameters (sweep range, internal source Power) are used. The port-specific power for
frequency converter ports can be defined in a separate dialog; see Converter Port <n> Power.

e Power Result displays the current power range (for power sweeps) or fixed internal source
power (for frequency, time and CW Mode sweeps); see stimulus parameters.

e PCor Off enables or disables a source power calibration for an individual port. This function is
available only for ports where a source power calibration is available. It is identical with Source
Power Correction Off in the Source Power Cal menu.

e Slope defines a linear factor to modify the port-specific source power as a function of the
stimulus frequency. The Slope factor increases the power at each sweep point by the following
amount: Power --> Power + <Slope>*<Stimulus Frequency>. Slope is valid for all sweep types.

e ALC defines port-specific Automatic Level Control (ALC) settings (entries a1, a2 ...) or general
ALC settings (entries Off).

@Impact of the Slope

The channel base power pb is defined by the following sweep settings:
e For a power sweep, the channel base power is equal to the stimulus range.
e For afrequency or CW sweep, the channel base power is a fixed Power value.

The slope modifies the channel power pb so that the following source power ps is obtained at the ports:
ps =pb + <Slope> * f

In the formula above, f denotes the (current) source port frequency.

Examples:

1. Select a frequency sweep with a sweep range between 1 GHz and 4 GHz and set <Power> = 0 dBm,
<Slope> = 2 dB/GHz. Across the sweep range, the stimulus power increases linearly between 2 dBm
and 8 dBm.

2. Maintain the <Slope> setting and select a power sweep with a CW frequency of 1 GHz and a power
sweep range between —25 dBm and 0 dBm. Due to the slope factor, the actual stimulus power varies
between —23 dBm and +2 dBm.

With option R&S ZVA-K4, the source power can be modified; see Port-Specific Power.

Remote control: SOURce<Ch>:POWer<Pt>:STATe ON | OFF
SOURce<Ch>:POWer<Pt>:GENerator:STATe ON | OFF
SOURce<Ch>:POWer<Pt>:PERManent[:STATe] ON | OFF
[SENSe<Ch>:]FREQuency:STARt?
[SENSe<Ch>: ] FREQuency:STOP?
[SENSe<Ch>:]SWEep:CW|FIXed?
SOURce<Ch>:POWer<Pt>[:LEVel] [:IMMediate] :OFFSet
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SOURce<Ch>:POWer[:LEVel] [:IMMediate] [ :AMPlitude]?
SOURce<Ch>:POWer<Pt>:CORRection[:STATe]
SOURce<Ch>:POWer<Pt>[:LEVel] [ :IMMediate] : SLOPe
SOURce<Ch>:POWer<Pt>:GENerator<Gen>:0OFFSet
SOURce<Ch>:POWer<Pt>:GENerator<Gen>:PERManent [:STATe]

Receiver (Most Settings for R&S ZVA and R&S ZVT Analyzers)

Shows
power

and/or defines the receiver settings for each physical port of the analyzer and each external
meter. No receiver settings are provided for external generators.

Some receiver settings can be defined independently for the reference channel a (the wave generated

by the

internal source and measured at the port) and the measurement channel b (the wave from the

DUT) at each port.

Coupler |\

o]

Generator

Reference channel, a
> LOa, IF Gaina

[~ Atten, (ZVA)—> LO b, IF Gain b, Frequency b

Measurement channel, b

Test Port

Most of the settings in this section require option ZVA-K4, Arbitrary Generator and Receiver
Frequencies. This option is available for ZVA and ZVT network analyzers only.

Lo

RURURURY

Receiver

a| LO b| Frequency | Frequency | & Freq a'b'| Frequency a'b' Result | PCor | Atten IF Gain a IF Gainb

W |[b-300 1.9997 O0Hz | 1.9997 GHz ... 7.9947 0dB - &uto - | Auto

| e B2 Oz | 19997GHz.. 7.9947 008 - Ao+ |Auo

4 GHz OHz | 1.9997 GHz ... 7.9947 0dB + | Auto - | Auto

v OHz | 1.9997 GHz ... 7.9947 O0dB - Auto - | Auto
fb .| 2GHz.. 2GHz ... 7.995 GHz - =

LO a/b switch the two Local Oscillator amplifiers at the port on (box checked) or off.
Both LOs must be switched on to perform a system error correction.

Frequency opens an input box to define a converted receiver frequency range (for frequency
sweeps) or CW frequency (for power, time and CW Mode sweeps). The converted receiver
frequencies are valid for all ports. In the default configuration the stimulus parameters (sweep
range, CW Frequency) are used. The result is indicated in the Frequency Result column.

Frequency Result displays the current frequency range (for frequency sweeps) or CW
frequency (for power, time and CW Mode sweeps); see stimulus parameters.

PCor Off enables or disables a receiver power calibration for an individual port. This function is
available only for ports where a receiver power calibration is available. It is identical with
Receiver Power Correction Off in the Receiver Power Cal menu.

A Frequency a', b' defines the port-specific frequency offset of the primed wave quantities
relative to the unprimed quantities; see Measurements at Different Frequencies. The port-
specific offset is added to the common frequency offset (Frequency...). The result is indicated in
the Frequency a’, b' Result column.
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e Atten defines port-specific attenuation factors for the received wave. The settings are
analogous to the global Step Attenuator settings and replace them.

e |IF Gain a and IF Gain b select the IF gain in the reference receiver and measurement receiver
path, respectively. IF Gain a is not available on R&S ZVT20 analyzers.

@Receiver path settings and AGC
The IF Gain settings are valid for all ports:

e Auto means that the analyzer adapts the IF gain to the RF input level (Automatic or Adaptive
Gain Control, AGC). The A/D converter is always operated at optimum input level.

The following settings accelerate the measurement:

e Low Dist(ortion) corresponds to a small IF gain(i.e. a lower internal A/D converter input level).
This setting allows for a high RF overdrive reserve and is appropriate for high RF input levels.

e Low Noise corresponds to a large IF gain(i.e. a higher internal A/D converter input level). This
setting increases the dynamic range and is appropriate for low RF input levels.

The Low Dist or Low Noise settings are appropriate whenever the characteristics of the input path must
be constant, e.g. because:

¢ Interfering signal contributions originating from the receiver (noise, nonlinear contributions)
must not change during the measurement.

e Alarge interfering signal in the vicinity of the measured signal must not overdrive the receiver.

Remote control: [SENSe<Ch>:]LOMeasure
SENSe<Ch>:]LOReference
SENSe<Ch>:]FREQuency:STARt?
SENSe<Ch>: ] FREQuency:STOP?

[ ]
[ ]
[ ]
[ ]
[SENSe<Ch>:] SWEep:CW|FIXed?
[ ]
[ ]
[ ]
[ ]

SENSe<Ch>:]CORRection:POWer [:STATe]
SENSe<Ch>:]POWer:ATTenuation
SENSe<Ch>:]POWer:IFGain:MEASure
SENSe<Ch>:]POWer:IFGain:REFerence

Converted Frequencies (R&S ZVA and R&S ZVT Analyzers)

In the Source and Receiver sections of the Port Configuration table, it is possible to convert the source
and receiver frequency ranges (for frequency sweeps) or CW frequencies (for power, time and CW
Mode sweeps) in order to perform measurements on frequency-converting DUTs. The source
frequency is port-specific whereas the receiver frequency must be the same at all ports.

o Test ports 1 and 2 and test ports 3 and 4 are supplied by a common generator (see block diagrams
in the data sheet). If the RF signal is simultaneously fed to two coupled ports (i.e. if Gen is
switched on so that at least one signal source is permanent), the port frequencies must be the
same. For normal measurements (Gen switched off), this restriction does not apply because
there is only one source port per partial measurement.

The frequency formula for a permanent signal source is also used for the second (coupled) test
port.

The port frequencies are calculated as a multiple of the stimulus frequency f,, plus an offset. The
coefficients of the linear transformation between f, and the port frequencies are entered in dialogs of the
following type:
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L el & [t Jom-
%. @ - %. E-UHz .:rf =
1 e E= (0H:z 1 SE :

Resulting Range: 300 kHz ... § GHz

[ Ok ] [ Cancel ] [ Help ]

® Relation between channel frequency and port frequencies
The stimulus frequency f, is defined by the following sweep settings:

e For a frequency sweep or segmented frequency sweep, the channel frequency is equal to the
stimulus range.

e For a power, time or CW Mode sweep, the channel frequency is equal to the fixed CW
Frequency.

This linear frequency conversion formula has been modeled according to the needs of a typical
frequency-converting measurement where mixer products and harmonics occur (see also the special
Mixer Mode and Harmonic Distortion measurements). The port frequencies f (source frequency fsor
receiver frequency for the reference channel and the measurement channel fra/frb) are related to the
stimulus frequency as follows:

N =§fb +ﬁc i the fb radic button i1z zelected
b
7 =E-c ) f the 0 radic button iz selected
n

k and m must be integer numbers, | and n nonzero positive integers. ¢ must a multiple of 1 Hz.
Moreover the total port frequency is rounded to an integer Hz-value.

c Use the Stimulus dialog to change all port frequencies based on an arbitrary reference frequency.

Remote control: SOURce<Ch>:FREQuency<Pt>:CONVersion:ARBitrary:IFRequency
SOURce<Ch>:FREQuency<Pt>:CONVersion:ARBitrary:EFRequency<Gen>
[SENSe<Ch>:]FREQuency:CONVersion:ARBitrary
[SENSe<Ch>:]FREQuency:CONVersion:ARBitrary:PMETer<Meter>

Converted Frequencies for Frequency Converters (R&S ZVA and R&S ZVT
Analyzers)

The Converter Port <n> Frequency dialog defines the frequency axis for the source power calibration; it
does not actually affect the converter output frequency. The dialog is similar to the Port <n> Frequency
dialog (for network analyzer ports). It can be opened from the Source section of the Port Configuration
dialog if a frequency converter test setup is active.

Converter Port 1 Frequency

L =l 5 L =5 -
T I g T wa " |1He ol g
1 Rl ok 1 e[ - -

fb [Chanhel Base Frequency): 75 GHz ... 110 GHz
Resulting Range: 75 GHz ... 110 GHz

[ (1]:8 ] [ Cancel ] [ Help ]

For more information and an example refer to section Power and Frequency Settings.

Remote control: SOURce<Ch>:FREQuency<Pt>:CONVersion:ARBitrary:CFRequency
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Port <n> Power

The Port <n> Power dialog defines port-specific power settings. The exact meaning of the settings
depends on the context from where the dialog was opened:

e If opened from the Source section of the Port Configuration dialog, Port <n> Power defines the
port-specific source power (for R&S ZVA and R&S ZVT analyzers with option R&S ZVA-K4).
This is either a power range (for power sweeps) or a fixed power (for frequency and CW
sweeps). The general purpose of the port power settings is to ensure a definite signal power at
the input of the DUT, considering all possible sources of power variations in the test setup.

e If opened from the Source Power Cal — Modify Source Power Cal Settings dialog, Port <n>
Power defines the target power for the source power calibration.

The port-specific source power can be set to either the channel base power p,, plus an offset or to a
constant value. The coefficients of the linear relation between p,, and the actual source power are
entered in a dialog.

Port 1 Power: @

@—|ﬁ $ I Amp DUT

A
Al
C Pont Power Offset Attenuatar: Cal Power Offset. Port 1 Power Result
) Fha

i + [7aB sele| - [aue v| + oeB s+ = 7dBm

®dEn — -

Fh ( Channel Base Power ): 0 dBrn

I 0K I I Cancel ] I Help

The Port <n> Power settings serve different purposes:

o Port Power Offset defines a port-specific offset to the channel power, to be added to the step
attenuator settings. The actual output power at the port is equal to the channel power Py
(Channel — Stimulus — Power) plus the Port Power Offset minus the Attenuator setting. It is
equal to the Port Power Offset (in dBm) minus the Attenuator setting if 0 dBm is selected
instead of P,. For power sweep and the selection P,, the actual port power varies across the
sweep, for other configurations the port power is constant.

e Attenuator defines the source step attenuator setting (with options R&S ZVABxx-B21); see Step
Attenuators. If Auto is selected, the step attenuator is set such that it doesn't have to be
switched over the entire sweep. The input field is unavailable and shows 0 dB if no generator
step attenuator is installed.

e Cal Power Offset is relevant for source power calibrations; see background information below.
The parameter specifies a gain (positive values) or an attenuation (negative values) in the
signal path between the source port and the calibrated reference plane. With a Cal Power
Offset of n dB, the target power at the reference plane is equal to the actual output power at the
port plus n dB. The Cal Power Offset has no impact on the source power.

e Port <n> Power Result is the power at the reference plane of the power calibration (if available),
considering all dialog settings, including the Cal Power Offset.

@ Use of an amplifier in the signal path

Assume that a DUT requires a constant input power of +35 dBm, and that the measurement path
contains an amplifier with a 30 dB gain.

After a reset of the analyzer the channel power Py, is zero dBm. With a Port Power Offset of +5 dB at
the calibrated source port and a Cal Power Offset of +30 dB, the source power calibration ensures that
the constant input power of +35 dBm is maintained across the entire sweep range. The actual output
power of the analyzer is +5 dBm.

Note that a power calibration with an appropriate Cal Power Offset will automatically prevent excess
input levels at the DUT.
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®Re|ation between channel power and port powers
The channel base power py, is defined by the following sweep settings:
e For a power sweep, the channel base power is equal to the stimulus range.
e For afrequency or CW sweep, the channel base power is a fixed Power value.
The actual output power at the ports (source power ps) is related to the channel power p, as follows:

ps =pb + ¢ + <Slope> *f, if the pb radio button is selected
ps =pb + <Slope> * ', if the 0 dBm radio button is selected

In the formulas above, f denotes the (current) source port frequency, c is the offset value entered in the
Port <nr> Source Power dialog minus the Atfenuator setting. The Slope parameter is set in the Source
section of the Port Configuration table.

o Use the Stimulus dialog to change all port powers based on an arbitrary reference power.
Use the ...Port Power Limits in the System Configuration — Power tab if you want to limit the source
power at a physical port permanently.

The analyzer generates a warning if the power settings for one of the ports exceed the hardware limits.
At the same time, bit no. 14 inthe .. .INTegrity:HARDware status register is set. Reduce or
increase the power result until the warning disappears.

Remote SOURce<Ch>:POWer [:LEVel] [:IMMediate] :OFFSet <numeric value>, ONLY
control: | CPAD
SOURce<Ch>:POWer<Pt>:GENerator<Gen>:0FFSet <numeric value>, ONLY
| CPAD

SOURce<Ch>:POWer<Pt>:CORRection:LEVel:0FFSet (for Cal Power Offset)
SOURce<Ch>:POWer<Pt>:CORRection:GENerator<Gen>:LEVel:0FFSet (for Cal
Power Offset)

Converter Port <n> Power (R&S ZVA and R&S ZVT Analyzers)

The Converter Port <n> Power dialog defines the port-specific source power for frequency converter
ports. The dialog is similar to the Port <n> Power dialog (for network analyzer ports). It can be opened
from the Source section of the Port Configuration dialog if a frequency converter test setup is active.
The general purpose of the port power settings is to ensure a definite signal power at the input of the
DUT, considering all possible sources of power variations in the test setup.

Converter Port 1 Power

e i | =

]

Part1
Pauwer

Port Power Offset:
+ |0dB

Power Transfer.

Result @Pb

7 dBm

-7dB 0dB

(O 0dBm

=Ll

Converter Port 1

—————————"'Cal Power Offset

Power Result:

Phb ( Channel Base Power ): 0 dBrm

0dBm

+ |0dB

22| - 0dBm

[ ox

I [ Cancel ] [

Help ]

The Converter Port <n> Power settings serve different purposes:

e The block diagram in the left-hand part of the dialog symbolizes the NWA test port providing the
converter input signals RF IN, including the signal source, a continuously adjustable attenuator
providing the test port power offset, and the source step attenuator (if fitted). The test port
signal is configured in the Port <n> Power dialog; the current output power result for the
physical analyzer port is displayed below the block diagram.

e Power Transfer opens a dialog to configure an advanced power transfer model for the
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converter output power. This dialog is not needed for standard applications.

The power transfer settings must be set in accordance with the converter properties. The
resulting attenuation factor (in dB) and RF output signal power at the converter port is displayed
below the Power Transfer button.

e Port Power Offset and Cal Power Offset are analogous to the parameters in the Port <n>
Power dialog (included in the Port <n> Power Result), however, the test port and converter
values can be set independently. Depending on the Power Transfer settings, the Port Power
Offset for converters with electronic attenuators will either modify the analyzer power, the
electronic attenuator of the converter, or both. The Cal Power Offset makes it possible e.g. to
account for a second amplifier between the converter port and the DUT.

e Converter Port <n> Power Result is the power at the reference plane of the power calibration (if
available), considering all dialog settings, including the Cal Power Offset.

Remote control: SOURce<Ch>:POWer<Pt>:CONVerter:OFFSet

Power Transfer Dialog (R&S ZVA and R&S ZVT Analyzers)

The Power Transfer dialog configures an advanced power transfer model for the converter output
power at a specific port. The dialog can be opened via Channel — Mode — Port Configuration — Source
Power — Converter Port <n> Power if a frequency converter test setup is active.

Power Transfer EJ

Use ddvanced Model Advanced Model iz described by

(O Data Set:  FrequencyCorverter
(%) Linear &pproximation

Linear Approximation

When waveguide attenuator is et to 0 dB:

Slope: Offset:
Output Power at Test Port = |1 & 2 w| Input Power at RF In+ |0 dE s E|=
W aveguide Attenuator
() Mechanical:  Abtenuation:

(®) Electionic:  ‘when output power at test port iz decreased below -5 dBm e L
80 3w zof power reduction is done via the electronic waveguide
until its maximum attenuation of |20 dB = 1> iz reached.

The missing share of power wariation iz done by changing RF input power.

[ 0K ] [ Cancel ] [ Help ]

The Advanced Model parameters in the upper part of the dialog correspond to the general power
transfer model settings in the System Configuration dialog (see Power Transfer Modes). In contrast to
the System Configuration settings, the settings in the Power Transfer dialog are port-specific and reset
on System — Preset. Changing the general settings overwrites the port-specific settings, however,
changing a port-specific Advanced Model parameter leaves the general settings unchanged.

The parameters in the Linear Approximation panel configure the advanced power transfer mode with
linear approximation of the relation between the input power Pge |y at the converter's RF IN connector
and the output power Prp at the converter test port.

e  Output Power at Test Port defines the two parameters of the assumed linear relation between
Prr v @and Prp; see figure below.
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A
Slope = APp f APgg iy /

T APrm

AP

Pre [ dBm

»
»

Offset

-

/ Prrm /[ dBm

-

e Waveguide Attenuator — Mechanical defines a fixed, frequency-independent waveguide
attenuation factor which the analyzer will compensate for by increasing its RF output power.
The setting is suitable for frequency converters without electronic attenuators which are
equipped with an output power adjustment screw; see background information below. It allows
you to vary the ratio between the RF input power and the converter output power, e.g. in order
measure power-sensitive DUTs while maintaining a sufficient input power at RF IN.

e The output power of frequency converters with electronic attenuators can be varied by means
of RF input power (i.e. the source power at the analyzer test port providing the signal fed to RF
IN) and/or by means of the electronic waveguide attenuators in the converters. A combination
of both methods will generally provide an RF output signal with optimum characteristics; see
Power Transfer Modes). The Waveguide Attenuator — Electronic parameters define which
amount of the power variation is controlled by the electronic waveguide attenuators.

In the figure below, the green area corresponds the test port power range where the electronic
attenuator is used. The output power threshold Ptyr ("...output power is decreased below
<Pryr> dBm...") defines the right border of the area. The selected percentage ("...% of power
reduction...") due to the electronic attenuator defines the slope of the green curve in the shaded
area relative to the original slope (the larger the percentage, the steeper the curve). The
shaded area ends where the distance between the green curve and the original blue curve has
reached the selected "maximum attenuation" of the electronic attenuator.

As a result of the combination between RF and waveguide attenuation, lower converter output
powers can be achieved at larger RF input powers. This improves the spectral purity of the
converter output signal in the low-power range.

- E.ﬂ
D’_E o] Slope = APre | APge 1y

AP
Prur

AP FIN

il =

J-"I-l-' : Premw /dBm

- o
Maximum ',.o"
attenuation et

@ Recommended procedure for mechanical attenuation factors

Frequency converters like the R&S ZVA-Z110 have no electronic attenuators, however, their output
power can be varied by means of a mechanical adjustment screw. The mechanical attenuation factor
allows you to work with accurate output power settings for this type of converters, too. To avoid excess
input powers at the converter input RF IN, it is recommended to decrease the port power of the
analyzer by the desired attenuation factor (e.g. 3 dB). The procedure described below will then
compensate for the power reduction and ensure a lower converter output power with a high spectral
purity.
To adjust a converter no. <n> for a waveguide attenuation factor of 3 dB,

e In the Port <n> Power dialog, reduce the Port Power Offset by 3 dB.

e Open the converter's adjustment screw completely and measure the output power (wave
quantity a<,», measured at the analyzer port no. <n>).
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e Store the a.,> trace to the memory (Trace — Trace Funct — Data -> Mem).

e Select the mathematical trace mode Trace — Trace Funct — Math = Data / Mem.

e Slowly tighten the screw until the mathematical trace has been shifted down to -3 dB. Keep the

screw at this position.

e Enter +3 dB into the mechanical attenuation field in the Power Transfer dialog.

The waveguide attenuation caused by the adjustment screw is shown in the Converter Port <n>
Power dialog, below the Power Transfer button. The analyzer will increase its port power,
compensating for the power reduction selected in the first step. The converter's output power is

reduced by 3 dB.

| Fower Transfer... |

-7dB -3dB

Remote
control:

SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:
SOURce<Ch>:

POWer<Pt>:
POWer<Pt>:
POWer<Pt>:
POWer<Pt>:
POWer<Pt>:
POWer<Pt>:
POWer<Pt>:
POWer<Pt>:
POWer<Pt>:

CONVerter:
CONVerter:
CONVerter:
CONVerter:
CONVerter:
CONVerter:
CONVerter:
CONVerter:
CONVerter:

ALC Settings for Physical Port <n>

TRANsfer:
TRANsfer:
TRANsfer:
TRANsfer:
TRANsfer:
TRANsfer:
TRANsfer:
TRANsfer:
TRANsfer:

AMODel

DESCription

SLOPe

OFFSet

ATTenuator
MECHanical:ATTenaution
ELECtronic:LIMit
ELECtronic:REDuction
ELECtronic:MATTenuation

This dialog enables individual Automatic Level Control (ALC) settings for the physical analyzer ports.
The settings are a subset of the general ALC settings, accessed via Channel — Mode — ALC (All

Chans).

The port-specific ALC settings overwrite the general ALC settings. E.g. with active ACL (All Chans), you
can select Individual Settings for Physical Port 1 and uncheck ALC On. This disables the ALC at the
physical analyzer port no. 1. The ALC at all other ports is still enabled.

ALC Settings for Physical Port 1 X

Global ALC Setting are:
aLCi: OFF

Automatic ALC Parameters
Clamp ALC 1z OFF

[ Individual Settings far Physical Part 1

ALE Parameters

[ 0k | [ Cancel ] [

Help ]

SOURce<Ch>:POWer<Pt>:ALC:CONTrol
SOURce<Ch>:POWer<Pt>:ALC[:STATe]
SOURce<Ch>:POWer<Pt>:ALC:PIParameter

Remote control:
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SOURce<Ch>:POWer<Pt>:ALC:PIParameter:GAIN
SOURce<Ch>:POWer<Pt>:ALC:PIParameter:ITIMe
SOURce<Ch>:POWer<Pt>:ALC:CLAMp

Displayed Columns

This dialog customizes the Port Configuration table and displays or hides columns.

Displayed Columns @

v Meas/Group

v Physical Port

[] Instrument
Connector
Reference Impedance

Lice

RF Off

Power Result
Power Comection Off
Slope

B ALC Parameters
Fieceiver

D Powser Comection Off

KT

[ Close ] [ Help ]

e (Un)checking Logical Port, Source or Receiver displays (removes) the corresponding sections
in (from) the Port Configuration table.

¢ (Un)checking one of the second-level boxes displays (removes) the corresponding column in
(from) the Port Configuration table.

The physical port number is always displayed. The logical port information is displayed only if a
balanced port configuration is defined.

Remote control: No command, display configuration only.

Stimulus Dialog

The Stimulus dialog modifies all sweep frequencies and powers in the active channel, based on an
arbitrary frequency and power reference. This is particularly useful in arbitrary mode (with option R&S
ZVA-K4), where the frequencies and source powers at the ports are independent. The dialog is
accessed from the Port Configuration dialog.

o The Stimulus dialog can be opened from the context menu of the channel list.

Current Sweep Type:  Lin Frequency
Frequency FPower
Erter & Displa: | Charnel Baze Frequency Enter & Display: |Channel Base Power w
Start: 10 MHz e L Start:
Stop: 4 GHz el £ Stop:
Cw: Cw: 0dBm & |~
[ 0K ] [ Cancel ] [ Help ]

The available sweep parameters depend on the Current Sweep Type (Channel — Sweep — Sweep
Type) which is displayed below the title bar of the dialog.
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Sweep Type Frequency parameters Power parameters
Lin. Frequency Start Ccw
Log. Frequency Stop

Segmented Frequency | — (defined by the sweep segments) | CW

Power Cw Start

Stop
Time CcwW Cw
CW Mode

The frequencies and powers are displayed in two separate but analogous panels:

e Enter & Display in the Frequency panel contains a list of the channel base frequency f, plus the
source and receiver frequencies at all logical ports that depend on f,. The list includes the
frequencies of external power meters and generators. Fixed source and receiver frequencies
(see Converted Frequencies) are not in the list; they are not affected by the settings in the
Stimulus dialog. For R&S ZVA analyzers without option R&S ZVA-K4, all frequencies and
powers are coupled so that this selection has no effect.

e Enter & Display in the Power panel contains a list of the channel base power p, plus the source
and receiver powers at all logical ports that depend on p,. The list includes the powers of
external power meters and generators. Fixed source and receiver powers (see Port-Specific
Power) are not in the list; they are not affected by the settings in the Stimulus dialog.

The selected stimulus axis appears in the channel list when the Port Configuration dialog is
closed, e.g. Base Pwr. x dBm, Port 1 Pwr x dBm, Gen1 Pwr x dBm.

e Start, Stop define the frequency/power sweep ranges; CW defines the fixed frequency/power.

@ Frequency and power definition in the Stimulus dialog

If the selected reference frequency or reference power is changed, the analyzer modifies all source and
receiver frequencies/powers accordingly, leaving the frequency and power conversion formulas
unchanged. The Stimulus dialog thus ensures that all system frequencies/powers can be modified
consistently, based on an arbitrary reference frequency.

The power and frequency entries in the Stimulus dialog are unrestricted. A compatibility check is
performed when the dialog is closed. Frequencies and powers beyond the analyzer's hardware limits
are marked with a red input field in the calling Port Configuration dialog.

By default, all port frequencies/powers are referenced to the base frequency/power (Channel Base
fy/Py). If another port frequency or power, which was selected as a reference, becomes invalid (e.g.
because it is set to a constant value), it is automatically replaced by the channel base frequency/power.

Remote control: [SENSe<Ch>:]SWEep:AXIS:FREQuency
[SENSe<Ch>:] SWEep:AXIS:POWer

Balanced Ports and Port Groups

Opens a dialog to select a balanced port configuration and define reference impedances for balanced
ports and to select the measured ports.

@Balanced Ports and Port Groups

Selecting a balanced port configuration means that one or more pairs of physical test ports are
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combined to form logical (balanced) ports.

Unbalance-balance conversion is the simulation of one or more unbalance-balance transformers
(baluns) integrated in the measurement circuit in order to convert the DUT ports from an unbalanced
state into a balanced state and virtually separate the differential and common mode signals. The
analyzer measures the unbalanced state but converts the results and calculates mixed mode
parameters, e.g. mixed mode S-parameters. The balanced ports of the DUT are directly connected to
the analyzer ports and no physical transformer is needed.

Measurements do not necessarily require all of the physical and logical ports of the network analyzer.
To save measurement time, it is recommended to define the ports that are actually used in the current
test setup (Define Measured Ports). Unused ports will not be considered for the calculation of mixed
mode, Z- and Y-parameters.

© Option R&S ZVA-K6 provides the true differential mode. The true differential mode extends the
virtual differential mode described so far, where the analyzer generates an unbalanced stimulus signal
and uses mathematical transformations to determine the balanced results.

Balanced Ports and Port Groups g|

Predefined Configs | Def Balanced Port | Digsolve Bal Port | True Diff Mode | Define Port Groups

Part Configuration: 2 '.
Meas | Logical| Physical | # ‘ Physical Ports ‘
Port 3 | Port # 3 1 4 2
1 & o b 1
%) 1 2 1 ¥
Logical Ports
[l 2 2
=) 3 4 v
< >
I 0K l [ Cancel ] [ Help ]

The tabs of the Balanced Ports and Port Groups dialog are used to:
e Select one of the predefined balanced port configurations (Predefined Configs).

e Define a logical port based on two physical ports and independent reference impedances for
the calculation of common mode and differential mode parameters (Def. Balanced Port).

¢ Dissolve a single logical port so that the two involved ports are again used as physical ports
(Dissolve Bal. Port).

o Switch the True Differential Mode (option R&S ZVA-K6) on or off .

e Define port groups in order to restrict the number of measured quantities and speed up the
measurement (Define Port Groups).

Predefined Configs

The Predefined Configs tab of the Balanced Ports and Port Groups dialog provides the most commonly
used balanced port configurations for the analyzer.
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Balanced Ports and Port Groups g|
Predefined Configs :_DefBaIanced Part | Digzolve Bal Port | True Diff Mode | Define Port Groups
Part Configuration: P '_
Meas | Logical| Physical | » ‘ Physical Pors ‘
Port # | Port # El 1 4 2
1 @ & &
%) 1 2 1 ¥
Logical Ports
[+ 2 2 =
2 3| 4 ¥
i - prasty b
< >
I ak. l [ Cancel ] [ Help ]

The port configurations are arranged in a scrollable list and selected with a mouse click. The resulting
port number assignment is shown on the left-hand side of the Balanced Ports and Port Groups dialog
and in the Port Configuration dialog.

@ Predefined Configurations
The number of type of predefined configurations depends on the port number of the analyzer.

The predefined configurations comprise the fully single-ended (unbalanced) case, where the logical
ports correspond to the physical ports, and all balanced configurations where two adjacent physical
ports are connected to a logical port. In addition configurations where one or more ports are excluded
from the measurement are provided (see Measured Ports).

Example: 4-port analyzer

Fully unbalanced: Physical ports no. 3, 1, 4, 2 connected to logical ports (DUT ports) 3, 1, 4, 2.

One balanced port:

a) Physical ports no. 3 and 1 connected to logical port 1, remaining ports unbalanced.
b) Physical ports no. 4 and 2 connected to logical port 2, remaining ports unbalanced.

e Two balanced ports: Physical ports no. 3 and 1 connected to logical port 1, physical ports no. 4
and 2 connected to logical port 2.

 In additional configurations one, two or three ports (marked as @) are excluded from the
measurement.
o To define a non standard configuration or use different port impedances, select the Def. Balanced

Port tab.

Remote control: SOURce<Ch>:LPORt<log port> <phys portl>,<phys port2>

(no extra command for predefined configurations)
SOURce<Ch>:TDIF[:STATe] ON | OFF

Def. Balanced Port

The Def. Balanced Port tab of the Balanced Ports and Port Groups dialog defines new balanced port
configurations and reference impedances for common and differential mode.
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Balanced Ports and Port Groups [g]

| Predefined Configs | Def Balanced Port | Dissalve Bal Part | True Diff Mode | Define Part Groups |

Select Logical Port Mumber: Fhyzical Port Mumbers
Meas | Logical Physical & | .1 v | . 3 w |
Port # | Port # ; :
1 Refershce Impedances
) 1 . .
3 Differential bMode
& | 2 2 Reod; (000 |5 [~ m@odr o0 5 2=
) 3 4 v/ Common Mode

Re0ck (250 |8 [~ mzoer[on S~

[ ak. ][ Cancel H Help ]

In principle, it is possible to combine any pair of two physical analyzer ports. An n-port analyzer
supports a maximum of n/2 (n even) or (n — 1)/2 (n odd) logical ports.

e Select Logical Port Number shows the current port configuration. Clicking the table cells
updates the left Physical Port Numbers table and makes it easier to define new logical ports.

e Physical Port Numbers provides two drop-down lists to select a pair of different physical ports
to be combined to the balanced (logical) port.

e Reference Impedances provides input fields for the differential and common mode impedances.

@ Reference impedance settings

The default reference impedance for a physical port is equal to the reference impedance of the
connector type assigned to the port but can be defined as an arbitrary complex value (renormalization
of port impedances). By changing the reference impedance, it is possible to convert the measured
values at 50 Q (75 Q) into values at arbitrary port impedances. For details refer to section Virtual
Transform — Reference Impedances.

For balanced ports it is possible to define separate complex reference impedances for differential and
for common mode.

Single-ended 3 :
(unbalanced) port Physical Pott  Logical Port
=7 no. no.
Zvef defaull . Sconnectr

] 1 1

Balanced port:

b
Differential mode

/ =
O b
Common mode
DUT

Zy =,_%-J: 3

Analyzer

The default values for the balanced port reference impedances are derived from the (real) default
reference impedance of the physical analyzer ports (Z, = 50 >Q):

e The default value for the differential mode is Zyy = 100 Q = 2*Z,.
e The default value for the common mode is Zy. = 25 Q = Zy/2.
Remote control: SOURce<Ch>:LPORt<log port> <phys portl>,<phys port2>
SENSe:LPORT<log port>:ZCOMmon <real> [,<imaginary]

SENSe:LPORT<log port>:ZDIFferent <real> [,<imaginary]
SOURce<Ch>:TDIF[:STATe] ON | OFF
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Dissolve Bal. Port

The Dissolve tab of the Balanced Ports and Port Groups dialog reestablishes a single-ended
(unbalanced) port configuration where logical ports correspond to (single) physical ports.

Balanced Ports and Port Groups E|

__F'redefined Configs ___DefBaIanced F'ort_. Dizsobes Bal Port '_True Diff Mode I Define PortGroups_:
Select Logical Port Mumber:
Meas | Logical Physical | »
Paort # | Port #
1
1
2 |1
) 2 2
3 ¢« &
[ kK l ’ Cancel ] ’ Help ]

Select Logical Port Number shows the current port configuration. Selecting a Logical Port # and

clicking Dissolve reestablishes a single-ended (unbalanced) port configuration.

Remote control: SOURce<Ch>:LPORt<log port>:CL

SOURce<Ch>:TDIF[:STATe] ON |

True Diff Mode

Ear
OFF

[ALL]

The True Diff Mode tab of the Balanced Ports and Port Groups dialog activates the true differential

mode (option R&S ZVA-K6).

Balanced Ports and Port Groups

Port Configuratian:

Meas | Logical| Physical| » L] True Differential Mods

Port # | Port #
1 Frequency Converter Made only:
™ 1 Rieceiver Frequency for True Diff Source Adjustment:
3 2y
IMHz |5 -
M3 4 &

| Fredefined Eonfigs___ Def Balanced Port I Dizzolve Bal Port True Diff Mode _Define Part Groups_

Help

I 0K H Cancel ”

l

To activate true differential mode, a balanced port configuration must be active. Moreover, the two
physical ports providing the true differential signal must be fed by independent sources.

The dialog provides the following additional settings for the true differential mode with a frequency
converter. The frequency converter mode must be active to change these settings.

Receiver Frequency for True Diff Source Adjustment defines the receiver frequency which the

analyzer uses to adjust the desired amplitude and phase of the true differential signal. The
adjustment requires a measurement of the a- and b-waves at the physical ports which belong to

the balanced converter port.

By default the receiver frequency for the source adjustment is equal to the receiver frequency
for measurement, to be defined in the Receiver section of the Port Configuration dialog.
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@True differential mode with frequency converters

If the frequency converter mode is combined with true differential mode, the analyzer generates a true
differential or common mode stimulus signal at a calibrated reference plane which is located after two
frequency converter ports. To achieve this, two frequency converters with independent sources are
combined to form a balanced converter port. The frequency converters must provide the RF drive signal
simultaneously so that a third, independent LO signal is required. This means that the standard test
setup described in section Converter Control — Connecting the Frequency Converters must be replaced
by the following scheme:

RF source 1 ]——————P[ RF IN RE{T”“”"B
ane
Converter 1 | }—y ©

True
differential /
common mode
signal

LOIN

Power
splitter

LO source

Yy

LOIN

RF source 2 »[|RF IN

Depending on the network analyzer type and the number of independent sources available, different
test setups are possible.

1.R&S ZVA24/40/50 with 4 ports

Ports 1 and 2 are driven by the same source (coupled ports); ports 3 and 4 by a different source.
Possible connection: Analyzer port 1 to RF IN (converter 1), analyzer port 3 to RF IN (converter 2), the
LO signal for both converters is provided by an external generator in combination with an external
power splitter.

2.R&S ZVAG67 with 4 ports

All ports are independent. Possible connection: Analyzer port 1 to RF IN (converter 1), analyzer port 2
to RF IN (converter 2), analyzer port 3 is not used, analyzer port 4 provides the LO IN signal for both
converters (via an external power splitter). This corresponds to the standard connection of two
frequency converters, if the true differential mode is not used.

3. R&S ZVT20 with 6 ports

Ports 1/2,3/4 and 5/ 6 are coupled. Possible connection: Analyzer port 1 to RF IN (converter 1),
analyzer port 3 to RF IN (converter 2), the LO signal for both converters is provided by analyzer port 5
in combination with an external power splitter.

Converter 2 :'———

Define Port Groups

The Define Port Groups tab of the Balanced Ports and Port Groups dialog selects the ports that are
used for the measurement.

@ Measured Ports

Measurements do not necessarily require all of the physical or logical ports of the network analyzer. To
save measurement time, it is recommended to restrict the measurement to the ports that are actually
needed. Note that the analyzer will actually perform a measurement at each of the measured ports.

Unused ports will not be considered for the calculation of mixed mode, Z- and Y-parameters.

The measured ports are indicated in the first column of the Port Configuration table (Meas). The ports
can be either source ports or receive ports.
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Balanced Ports and Port Groups

| Predefined Configs | Def Balanced Part | Dissalve Bal Part | True Diff Mode | Define Port Groups
Port Configuration: Simultaneous Measurement of Paort Groups
Group| Logical Physical | & Add Group
Port # | Port #
1 Fort Groups:

A 1 5] Group First Port Last Part

2 B 2 1 ~| 2 v
E | 3 | 4 = B3 -3 -

l ak. ] [ Cancel ] [ Help ]

e Port Configuration shows the current physical and balanced ports and the measured ports
(Meas). If Simultaneous Measurement of Port Groups is active, the table shows the defined
port groups (A, B...).

e Simultaneous Measurement of Port Groups activates the definition of one or more groups of
ports that can be used for parallel measurements (see background information below).

e Port Groups shows the existing port groups, each consisting of a continuous range of
measured ports. Selecting another First Port or Last Port changes the range. To avoid
ambiguities the ports are always logical ports.

o If a frequency-converting mode is active, port groups cannot be measured in parallel.

@ Simultaneous Measurement of Port Groups

A port group is a continuous range of measured ports which is labeled with a capital letter. The analyzer
can measure several port groups in parallel. Port groups must not overlap and contain at least one
logical port, so the maximum number of port groups is equal to the number of ports of the analyzer.

Example: Using port groups on a 4-port analyzer

A 4-port analyzer can be used for parallel measurements if only 1-port, 2-port or 3-port parameters are
needed:

e Combining ports 1 and 2 to a first port group, ports 3 and 4 to a second port group leaves two
sets of 2-port parameters to be measured in parallel. The measurement provides 2 *4 =8 S-
parameters and is faster than a full 4-port measurement (16 parameters).

e Areflection measurement involving four port groups, each with a single port, provides 4
parameters and is faster than the measurement with two groups of 2 ports.

The defined port groups are indicated in the first column of the Port Configuration table (Meas).
Selecting Simultaneous Measurement of Port Groups enables two additional buttons:

e Add Group adds a new group (with default ports, depending on the existing port groups) to the
Port Groups table.

e Delete Group deletes the selected group.

o Always select the balanced port configuration before defining port groups. When a new balanced
port is created, the analyzer deactivates Simultaneous Measurement of Port Group and deletes all
existing port groups.

In remote control, you can create a port group with an arbitrary, not necessarily continuous port range.

Remote control: SOURce<Ch>:GROup<group no> <log portl>,<log port2>
SOURce<Ch>:GROup<group no>:CLEar [ALL]
SOURce<Ch>:GROup<group no>:COUNt
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Normal Measurement of wave quantities and S-parameters for unbalanced ports.
(unbalanced) Unbalanced stimulus signals.

mode

Virtual Precondition: At least one balanced port is defined.

differential

Measurement of unbalanced wave quantities using unbalanced stimulus signals.
Unbalanced system error correction. Conversion of unbalanced wave quantities
into balanced and mixed-mode S-parameters with possible renormalization of port
impedances.

mode

True differential | Precondition: At least one balanced port is defined.

mode . . . .
Measurement of unbalanced wave quantities using balanced stimulus signals

(differential and common mode). System error correction and conversion of
unbalanced into balanced wave quantities. Calculation of balanced and mixed-
mode S-parameters with possible renormalization of port impedances.

e True Differential mode relies on Enhanced Wave Correction. A consistent system error
correction is essential for accurate balanced waves at the reference planes and accurate
measurement results. You must perform a full n-port calibration (TOSM, UOSM or one of the
Txx calibration types) of all physical ports involved in the true differential measurement and
change the differential and common mode reference impedances, if they differ from the default
settings. A subsequent source power calibration is recommended.

You can also use offset parameters or additional two-port transmission factors in order to move
the reference plane where the analyzer provides an accurate differential or common mode
signal.

See also True Differential Mode on Frequency-Converting DUTSs.

& Option R&S ZVA-K6 provides an alternative Defined Coherence Mode where you can generate
several continuous signals with specific relative amplitude and phase. True differential mode and
defined coherence mode cannot be active at the same time because they require a different source port
configuration.

Source Power in True Differential Mode

A single-ended stimulus can be thought of as resulting from the superposition of a differential and a
common mode stimulus, where the signals add at one single-ended port and cancel at the other (see
equations in section Wave Quantities and Ratios in True Differential Mode below). Therefore the
differential content of a single-ended signal is 3 dB lower than the total signal power.

The stimulus power in true differential mode can be set in two different ways:

o If Same Differential and Common Mode Voltages as in Single-Ended Mode is selected, the
analyzer ensures that the stimulus voltages in true differential or common mode are the same
as the respective stimulus components in virtual differential mode. The single ended voltages at
the involved physical test ports are divided by 2 and the output powers with reference Z, by 4
(see table below).

o If Apply to Differential (Z, = 2Z,) and Common Mode (Z, = Z,/2) Waves is selected, the channel
power P, is interpreted as the power of the true differential or common mode stimulus signal,
referenced to the corresponding mode impedance Zy = 27, or Z. = Zy/2. The single ended
voltages at the involved physical test ports are divided by sqrt(2) and the output powers with
reference Z, are divided by two (see table below).

Switching between the two stimulus power modes changes the single ended powers by + 3 dB. The
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channel power setting P, (Channel — Stimulus — Power) remains unchanged.

Mode Stimulus signal Nodal generator powers and voltages at physical
ports
Port i Port j
Virtual differential mode Unbalanced Pen( = Us/ Zo) ow
Ug/2 + Ug (= Ug)”? Ug/2 = Us (= 0)?
True differential mode, "Same Differential mode | Py,/ 4 P/ 4
Differential and Common Mode Uyg/2 -Uq/ 2
Voltages as in Single-Ended Common mode Pen/ 4 Pe/ 4
Mode" U, U,
True differential mode, "Apply to | Differential mode | P../2 P/ 2
Differential (Zy4 = 2Z,) and Uq / sqrt(2) -Ug / sqrt(2)
Common Mode (Z. = Zy/2) Common mode Pen/ 2 Pen/ 2
Waves" U. * sqrt(2) U * sqrt(2)

*) This entails the conditonU =2*U
d c

Mode Stimulus signal Modal generator powers and voltages at balanced
port
Differential mode Common mode
Virtual differential mode Unbalanced P/ 2 P/ 2
Ud Uc
True differential mode, "Same Differential mode | Pg,/ 2 ow
Differential and Common Mode Uyg ov
Voltages as in Single-Ended Common mode ow P./ 2
Mode" oV U,
True differential mode, "Apply to | Differential mode | P, ow
Differential (Z4 = 2Z,) and Uq *sqrt(2) oV
Common Mode (Z. = Z,/2) Common mode ow Pen
Waves" oV U, *sqrt(2)

@ Avoiding possible problems at very large or very low source powers

1* scenario: Large source powers

The maximum output power is not always exactly the same for different physical test ports. The
deviations are generally small (< 1 dB).

If the network analyzer in true differential mode is operated in the vicinity of the maximum channel
power (> +5 dBm), a message "Port<n> power unleveled" may indicate that one of two combined
physical ports cannot provide the required source power. The measurement is not aborted, however,
the analyzer is no longer capable of providing accurate balanced waves.

If you operate the analyzer close to its maximum power, first check the reference channels (a-waves)

and ensure a 1 dB reserve over the entire sweep range.

2"! scenario: Small source powers

To generate equal source powers, the signal-to-noise ratio at each port must be sufficiently high. At
very low levels (<—30 dBm) and large IF bandwidths, a message "Port<n> power unleveled" may
indicate that the signal-to-noise ratio at one of the ports is too low. Again, the measurement is not
aborted, however, the analyzer is no longer capable of providing accurate balanced waves.

If you operate the analyzer at very low output power settings, reduce the IF bandwidth to 1 kHz or

below.

The source power mode is defined in the General tab of the System Configuration dialog. It is a global

setting which is not affected by a reset of the instrument.
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Remote control: SOURce<Ch>:TDIF:WAVes SENDed | DCMode

Wave Quantities and Ratios in True Differential Mode

In true differential mode, the analyzer can determine the balanced wave quantities and ratios for all
balanced ports. The balanced quantities appear in the More Wave Quantities or More Ratios dialog as
soon as the true differential mode is active.

Assume that a balanced port numbered i comprises the two physical ports k and I. To obtain the
balanced wave quantities for port i, the analyzer measures the unbalanced wave quantities at ports k
and |. The differential mode waves agjp and b, and the common mode waves ag, and b can be
calculated from the unbalanced waves using the following equations:

1 1
A din =E(ak -a); bag =$(hk - b

1 1
o e by =——C(hy, +b
i 1ﬁ(ak +ap; b ﬁt k+hbp)
@ Possible modification for amplitude and phase imbalance sweep

In an amplitude imbalance or phase imbalance sweep, it is possible to compensate the a waves for the
known phase imbalance ¢ and the amplitude imbalance r = | ax / a, |. This modifies the formulas for the
balanced wave quantities as shown below.

For an amplitude imbalance sweep with known imbalance r:

1 1 1 1
ao=ﬁ(“&$ E(‘%E_“s\"{;)

For a phase imbalance sweep with known imbalance ¢:

+‘3N'{;) V@ =

@

1 : 1 .
Ggp = —= (@, —a; 7)) @y = —(a, +a, 27%)
a0 = %4 0= gt

The amplitude and phase imbalances are known quantities (sweep parameters). The unbalanced
waves ax and a, are measured in the reference channels. With ideal unbalanced waves and no
additional disturbing effects, the compensated balanced stimulating a-waves remain constant over the
entire sweep range.

@ Renormalization of port impedances

In the default scenario where the reference impedances for the differential and common mode are
equalto Zy =2 Zyand Z. = 1/2 Z,, the waves agio, bgio, acio and bjp correspond to the true balanced
waves at port i. With arbitrary reference impedances for the balanced waves, an additional
renormalization step is necessary:

g _ 1 QZD Re(zd) ) EZU+Zd EZU_Zd _adiu
byl 47y |Zg V2Re(Zgy (2Z,-Zy 2Z,+Z,) lbyy
o2)-2
byl Zy

Lo
ez |3 TLe 7 Lo _[acn]
Re(Zy) Z_U_Zc Loz, | \Po
2

The reference impedances Z; and Z4 can be entered in the Balanced Ports and Port Groups dialog.

Iy
I,

o | e

Remote control: CALCulate<Ch>:PARameter:SDEFine 'AS1D2S' |
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S-Parameters in True Differential Mode

The mixed-mode S-matrix elements that the analyzer acquires in true differential mode correspond to
the mixed-mode matrix elements obtained in virtual differential mode, however, the analyzer uses true
differential and true common mode stimuli at each balanced port of the DUT.

@ Example: 3x3 mixed-mode S-matrix

Suppose that a three-port analyzer is configured for one balanced and one single-ended port as shown
below:

Physical Ports
1 3 2
]

To obtain the complete mixed-mode S-matrix, the analyzer generates the following stimulus signals:
1. Differential mode signal fed to balanced port no. 1 of the DUT
2. Common mode signal fed to balanced port no. 1 of the DUT
3. Unbalanced signal fed to single-ended port no. 2 of the DUT

The DUT is fully characterized by the following mixed mode matrix:

Single Diff. Comm.
ended mode mode
stimulus stimulus  stimulus

2R
Singleended response —» | S, 8. Q..

Differential mode response —p Sd521 de‘H Sdcﬁ

Common mode response  —p. S0521 Scd‘H Sc,311

For linear DUTs, the S-matrices acquired in virtual and in true differential mode are expected to be
equal. The following figure shows a comparison for the transmission coefficient Sg412. The red trace was
measured in true differential mode. The blue trace (below, measured in virtual differential mode) is
almost identical over the entire sweep range.

2of@Max)

l
&

N 7
e /A\/fj\( Uf

Ch1  Center 944 MHz — Pwr 0 dBm Span 300 MHz
Chz Center 945 MHz — Pwr 0 dEm Span 300 MHz

Differences may appear for nonlinear devices at high stimulus power levels. For example, the bias of
semiconductor devices like transistors may depend on the kind of stimulus signal. The following figure
shows a power sweep measured in virtual differential mode (green) and in true differential mode (blue).
In true differential mode, gain peaking is smaller and compression starts at much lower stimulus power.
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TreS dB Mag 05dBY Ref@5dB Chl Cal 5 of 16 (Max)
Tre24 dB Mag 05 dBY RefQ5dB Ch2 Cal
Sdd21
1
110 S
1o -
— 100
— 3
— am
— 2
— &0
T
Ch1  Start -25 dBm Freq 2 GHz Stop -5 dBm
Chz Start -25 dBm Freq 2 GHz Stop -5 dBm

Remote control: CALCulate<Ch>:PARameter:SDEFine 'SCD11' |

True Differential Mode on Frequency-Converting DUTs

True differential mode can be combined with frequency-converting measurement modes. A
measurement example is outlined in section Measuring Frequency Converting DUTs in chapter
Measurement Examples. For this type of measurements, a consistent calibration is particularly
important. E.g. scalar mixer measurements are typically performed at different RF and IF frequency
ranges.

Port 1 ' Port 2
>{REIF >
900 MHz .. 1 GHz @ BO0 MHz...700 MHz

0dBm

300 MHz
-25 dBm

Fort 3 b

Calibration kits do not contain frequency-converting two-port standards so that any system error
correction is performed at equal source and receiver frequencies. However, if a scalar mixer
measurement is active, the analyzer automatically performs the system error correction in both the RF
and the IF frequency range. The number of points for the calibration sweep is doubled. In the
Calibration Manager dialog, the calibrated frequency range is referred to as a "Segmented Grid".

User Comection Data

System Enor Comection Data, 01/13/11, 18:27.56
300 kHz ... 1 GHz, 403 Points in Segmented Grid, 10 kHz Meas Bw
Receiver Step Atteruator Settings: b1: 0dB, b2: 0dB, b3: 0 dB
TOSM Calibration for Parts 1, 2 and 2

Pavwer Camection D ata
al Gen, OHz ... 0Hz, 0 Paints in Linear Grid, Gen Step At 0 dB |, Cal Power:
al Becw, OHz .. OHz , 0 Paintz in Liknear Grid, 0141941, 17:4217

A subsequent source or receiver power calibration not only calibrates the source power and the
receiver but is also used to adjust the normalization of the system error corrections in both power
ranges. For this reason, the measurement steps must be performed in the following order:

1. Activate the frequency-converting (e.g. scalar mixer) mode.

2. Perform a full n-port calibration for all ports involved.
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3. Perform a power calibration (for true differential ports, once per balanced port).
4. Activate true differential mode.

4. Connect the DUT in order to perform measurements.

Amplitude Imbalance Sweep

To ensure proper operation, differential devices need a pure differential stimulus signal. Unequal
attenuation or loss in the conductors of the balanced input or output line leads to a phase or amplitude
imbalance of the stimulus signal. If the device under test is linear, the effects of this imbalance can be
calculated from the mixed-mode S-parameters without performing an additional measurement. For
nonlinear devices, however, the effects may be unpredictable. Therefore, the option True Differential
Mode incorporates the ability to generate differential and common mode signals with a physical
amplitude or phase imbalance. Moreover, the imbalance can be swept over a user-defined range.

@ Characteristics of the sweep
The amplitude imbalance sweep is performed as follows:

e The amplitude imbalance is defined as r dB = 20 log (|ay/a||) dB, where a, and a, are the wave
quantities of the physical ports with the higher and lower port numbers.

e The selected amplitude imbalance is applied to both differential and common mode signals.
The analyzer generates both stimulus modes according to what the measurement of the
selected quantity requires.

e The powers of the two sources are swept symmetrically around the equilibrium state |a| = |a,
where r dB = 0 dB (see also Wave Quantities and Ratios in True Differential Mode).

At least one logical port must be defined, and the true differential mode must be active to enable the
amplitude imbalance sweep. Activating the sweep (Channel — Sweep — Sweep Type: Amplitude
Imbalance) opens the following configuration dialog:

Amplitude Imbalance Sweep @

Logical Port: Part 1 v

[ Compensate Imbalance of awaves

Cwf Frequency: 1 GHz ] bl
Source Power at 0 dB: |0 dBm h = Sl
[ Close | [ Help |

e Logical Port selects the swept logical port.

e Compensate Imbalance of a Waves selects the calculation method for S-parameters, ratios and
derived quantities; see background information below.

e CW Frequency defines the frequency of all stimulus signals, which is constant over the entire
sweep. This setting is identical with the CW frequency for power, time and CW mode sweeps.

e Source Power at 0 dB defines a constant power reference, corresponding to the channel power
P¢ in the tables in section Source Power in True Differential Mode. The swept power range
(Channel — Stimulus — Start, Channel — Stimulus — Stop) of the involved single-ended sources
is defined relative to the reference value. This setting is identical with the constant channel
base power for frequency, time and CW mode sweeps.

The power range for the amplitude imbalance sweep is independent of the power range for power
sweeps.
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@Compensate Imbalance of a Waves

Since the mixed-mode S-parameters of a linear balanced DUT depend only on the DUT itself, they will
be independent of the amplitude or phase imbalance of the stimulus signal. So looking for example at

Sqq21 Of a differential amplifier in phase imbalance sweep will not reveal the amplitude reduction of the

differential output signal caused by unequal lengths of the balanced input line conductors. This length

asymmetry corresponds to a phase imbalance increasing over frequency.

In order to see the effect of such a phase or amplitude imbalance, modified S-parameters are required.
The modification is done in such a way that if e.g. the imbalance of port 1 is swept, the imbalance of the
a wave of port 1 is compensated before the S-parameters are calculated. The effect of the
compensation is a constant amplitude of the differential or common mode stimulus wave of port 1 over
the imbalance sweep range. This reflects the situation of the user applying a stimulus signal of known
nominal amplitude to the DUT, but getting at the output only the amplified differential contents in this
signal, which depends on the imbalance. Usually, S-parameters of balanced devices measured with
active imbalance compensation will exhibit a maximum or minimum at zero imbalance.

The imbalance compensation is not only performed for mixed-mode S-parameters, but also for the
imbalance-swept a wave itself when it is selected as a measured quantity, as well as for ratios including
that wave.

Remote control: [SENSe<Ch>:]SWEep:TYPE IAMPlitude
SOURce<Ch>:TDIF:IMBalance:AMPLitude:LPORt
SOURce<Ch>:TDIF:IMBalance:AMPLitude:STARt
SOURce<Ch>:TDIF:IMBalance:AMPLitude:STOP
CALCulate<Ch>:TDIF:IMBalance:COMPensation[:STATe]

Phase Imbalance Sweep

The phase imbalance sweep is a special application of the true differential mode. The analyzer
generates a balanced signal at one of its logical ports, however, the relative phase of the two signal
components is varied according to the selected phase range. This variation may have an impact on the
measured mixed-mode S-parameters if the DUT is operated in its nonlinear range.

@ Characteristics of the sweep
The phase imbalance sweep is performed as follows:

e The phase imbalance of the differential mode signal is defined as the difference in phase (in
deg) of the wave quantities at the two physical ports of the swept logical port plus 180 deg:
Imbalance = arg (ax) — arg (a;) — 180 deg, where k > I.

e The phase imbalance of the common mode signal is defined as the difference in phase (in deg)
of the wave quantities at the two physical ports of the swept logical port: Imbalance = arg (ax) —
arg (a)), where k > 1.

e The selected phase imbalance is applied to the differential as well as to the common mode
signal. The analyzer generates both stimulus modes according to what the measurement of the
selected quantity requires.

At least one logical port must be defined, and the true differential mode must be active to enable the
phase imbalance sweep. Activating the sweep (Channel — Sweep — Sweep Type: Phase Imbalance)
opens the following configuration dialog:
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Phase Imbalance Sweep @
Logical Port: w
[ Compensate Imbalance of awaves
Cwf Frequency: 1 GHz :ﬂj
Source Power: 0 dBm 1 Cﬂj
[ Close | [ Help ]

e Logical Port selects the swept logical port.

e Compensate Imbalance of a Waves selects the calculation method for S-parameters, ratios and
derived quantities; see background information in section Amplitude Imbalance Sweep.

e CW Frequency defines the frequency of all stimulus signals, which is constant over the entire
sweep. This setting is identical with the CW frequency for power, time and CW mode sweeps.

e Source Power defines the constant power of the balanced source, corresponding to the
channel power P, in the tables in section Source Power in True Differential Mode. This setting
is identical with the constant power for frequency, time and CW mode sweeps.

The range of relative phases for the phase imbalance sweep is set via Channel — Stimulus — Start and
Channel — Stimulus — Stop.

Remote control: [SENSe<Ch>:]SWEep:TYPE IPHase
SOURce<Ch>:TDIF:IMBalance:PHASe:LPORtL
SOURce<Ch>:TDIF:IMBalance:PHASe:STARtL
SOURce<Ch>:TDIF:IMBalance:PHASe:STOP
CALCulate<Ch>:TDIF:IMBalance:COMPensation[:STATe]

Defined Coherence Mode (for R&S ZVA and R&S ZVT)

With option R&S ZVA-K6, True Differential Mode, the vector network analyzer can also generate
several continuous signals with specific relative amplitude and phase. Typical application examples are
measurements on balanced DUTs or the supply of antenna arrays which are designed for a well-
defined radiation pattern.

True differential mode and defined coherence mode cannot be active at the same time because they
require a different source port configuration. Both modes require an analyzer with at least two
independent internal sources, i.e. a minimum of 3 ports. Defined coherence mode is compatible with
arbitrary single-ended or balanced port configurations.

==

o On R&S ZVA-Z67 network analyzers, all ports have independent internal sources. You can use
defined coherence mode with an arbitrary combination of two source ports.
Defined coherence mode can be used for frequency-converting measurements: The two combined
ports providing the coherent signal must be at the same frequency. The remaining analyzer ports may
measure at a different frequency.

The source ports and the properties of the coherent signals are all defined in the Defined Coherence
Mode dialog. After a system error correction, the coherent signals with the selected properties are
available at the calibrated reference plane.

G

e Defined Coherence mode relies on Enhanced Wave Correction. A consistent system error
correction is essential for accurate coherent waves at the reference planes. You should always
perform a full n-port calibration (TOSM, UOSM or one of the Txx calibration types) of all physical
ports involved and change the reference impedances, if they differ from the default settings. A
subsequent source power calibration is recommended.

The system error correction applies to all a- and b-waves of the n calibrated ports, not only to
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the waves with a fixed amplitude and phase relation.
You can also use offset parameters in order to move the reference plane where the analyzer
provides an accurate coherent signal.

Defined Coherence Mode Dialog

Enables the defined coherence mode for signals from different source ports and defines the signal
properties.

Defined Coherence Mode

Reference Part: 1 e Same for all Ports!
Phys Gen | DefdPhase | Ref | Relative Relative A
Port # Coherence | Port | Amplitude Fhaze
1 rd "4 W 0dB o
2 [ L
3 4 [ 0de q0°
4 — — v
£ >
[ Close ] [ Help ]

e Reference Port selects one of the physical analyzer ports as a reference port. The reference
port is the source port for the reference signal; its properties are defined in the Port
Configuration dialog. The amplitude and phase of all coherent signals are defined relative to the
reference signal.

e Gen ensures a permanent signal; it is identical with the Gen setting in the Source section of the
Port Configuration dialog. Coherent signals must be permanent. System error corrections must
be performed with alternating source signals (Gen off).

e Defd Phase Coherence defines the signals from the analyzer ports as coherent or non-
coherent signals. For coherent signals, the specified amplitude and phase relation is
maintained across the entire sweep. Non-coherent signals have an arbitrary relative phase. It is
possible to select one signal per internal source as a coherent signal; see Coupled Test Ports.
Examples: On a four port analyzer, ports 1 and 2 and ports 3 and 4 uses the same generator
(coupled ports). If port 1 is the reference port, either port 3 or port 4 can be selected as the
source port for the second, coherent signal.

e Relative Amplitude defines the amplitude of the coherent signals relative to the reference
signal. The Relative Amplitude replaces the source power of the port (defined in the Port
Configuration dialog)) as long as Def's Phase Coherence is selected.

e Relative Phase defines the phase of the coherent signals relative to the phase of the reference
signal; see below.

®Relative phase examples

Suppose that Port 1 is the reference port and the coherent signal at Port 3 is defined with a relative
phase setting of +90°. In the complex I/Q plane, the Port 3 signal precedes the Port 1 signal by 90°.

Port 3
Y Port 1

An oscilloscope shows the Port 3 and Port 1 signals as depicted below.
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Option Type Application

High Power R&S Extends the source power range at port 1 to values up to +43 dBm.

Coupler Port 1 ZVAX- Used for measurements on DUTs that require high stimulus powers
B291

High Power R&S Extends the receiver power range at port 2 to values up to +43 dBm.

Coupler Port 2 ZVAX- Used for measurements on DUTs that provide high output powers.
B292

Pulse Generator (for R&S ZVA)

Turns the pulse generator on or off (with option R&S ZVA-K27). The pulse generator provides two
independent control signals at the CASCADE output connector on the rear panel of the network
analyzer. The signals can be used to control an R&S ZVAXxx Extension Unit equipped with a pulse
modulator option.

The pulse generator signals are configured using the Define Pulse Generator dialog.

@ Pulse generator signals

Pulse generator signals consist of rectangular pulses which are repeated periodically. The signals serve
as modulation signals for pulse modulators: During the high signal periods, the pulse modulator
generates an RF signal, during the low signal periods, the RF signal is switched off. The R&S ZVA
provides two different pulsed signals:

e The Gen 1 signal (the actual "pulse generator signal") consists of a single pulse or a pulse train
with selectable period. A pulse train is a series of pulses with individual timing and width. The
pulse generator signal is not used internally.

e The Gen 2 signal ("sync signal") is a single pulse which is repeated after the pulse period. The
sync signal can be used as a trigger signal for pulsed measurements but also available as a
modulation signal. In Chopped Pulse Profile mode, it is used chop the measured RF signal into
short measurement intervals.

The pulse period of the pulse generator and sync signals are identical. An example for a pulse
generator signal consisting of a pulse train (Gen1) and a sync signal (Gen 2) is shown below.

|

Pulse train Pulse train

[

-

! Pulse train period
I

|
|
|
|
Gen 2 | Sync signal
|

~—=| < Pulse delay (lo sync)
| | Time

-

If not specified otherwise, the pulse generator settings are channel-specific.

A measurement example for pulse generators and pulsed measurements is reported in the Quick Start
Guide for the extension unit R&S ZVAXxx, to be found on the R&S ZVA/B/T documentation CD-ROM.

o To perform measurements on pulsed RF signals controlled by the pulse generator, the Pulse Gen
trigger must be used. The trigger settings also control which of the trigger signals provides the trigger
event.

Remote control: [SENSe<Ch>:]PULSe:GENerator<gen no>[:STATe]
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Define Pulse Generator

Defines the properties of the pulse generator signals.

Define Pulse Generator EI
Pulze Type
(%) Single Pulse
() Pulse Train
) Constant High
() Constant Low

Pulse Parameters

Pulse Width [500 s 6 =
Single Pulze Period: [5 ps 5 El=
Pulze Train Period: |

[ Irvvert Pulze Polarity

[ Define Sync Generatar. .. ]

[ Chaopped Pulze Profile... ]

Settings wald for
() Active Channel
) &)l Channels [Continuous Mode)

[ Cloze ] [ Help ]

e Pulse Type selects the shape of the pulse modulator (Gen 1) signal. For each pulse type, a
subset of Pulse Parameters is available. A Single Pulse is a rectangular pulse with definite
Pulse Width that is repeated after the Single Pulse Period. A Pulse Train is a series of single
pulses; see Pulse Generator Signals. Constant signals (Constant High and Constant Low) need
no further specification.

When a Constant High or Constant Low signal is selected, the pulse type of the sync signal is
set to Constant High or Constant Low, too. The previous pulse type of the sync signal is
restored when the pulse generator signal is reset to Single Pulse or Pulse Train.

e The controls in the Pulse Parameters section specify the properties of Single Pulse signals and
Pulse Train signals (Gen 1). It is possible to invert the polarity of the pulse generator signal, i.e.
to exchange the high signal and low signal periods. The three buttons in the panel open
configuration dialogs for the Pulse Train, the Sync Generator (Gen 2), and the chopped pulse
profile mode.

e The section Settings valid for defines the scope of the pulse generator settings. By default, all
settings are valid for the Active Channel. If All Channels (Continuous Mode) is selected, the
pulse generator settings of the active channel are applied to all channels. This ensures
continuous pulse generator signals at the CASCADE output of the network analyzer when
another channel is selected. Use All Channels (Continuous Mode) mode for measurement on
DUTs which could be damaged by variable pulse generator settings.

Remote control: [SENSe<Ch>:]PULSe:GENeratorl:TYPE
[SENSe<Ch>:]PULSe:GENeratorl:WIDTh
[SENSe<Ch>:]PULSe:GENeratorl:PERiod
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:PERiod
[SENSe<Ch>:]PULSe:GENeratorl:POLarity
[SENSe<Ch>:]PULSe:GENeratorl :MODE

Define Pulse Train

Defines a pulse train for the pulse modulator (Gen 1) signal on a segment-by-segment basis. This
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dialog is called from the Define Pulse Generator dialog.

o Defining pulse trains with minimum effort
Choose one of the following methods to efficiently create and handle pulse train segments:

e To configure a pulse train with only a few segments, use Add Segment and edit each range in
the table individually.

e Use the Auto Arrange button to sort the segments in ascending order of the Start High Signal.

e Save your pulse train definition to a file so you can re-use or modify it in later sessions (Save
Pulse Train..., Recall Pulse Train...).

Define Pulse Train @

[Hecall Pulze Train...] [ Save Pulse Train... ]
#| Active Start High Signal Stop High Signal
1 v Oz 125nms
2 Al ne 100 me
3w 200 ne M28n:
[ Add Segment ] [ Delete Segment ] Del All Segments
Porod (142 sl
[ Cloze ] [ Help ]

The Define Pulse Train dialog contains a table to edit the individual pulse segments; see below. The
buttons below the table extend, shorten, or re-order the segment list.

e Add Segment adds a new segment to the list, assigning a Start High Signal value of 0 s, a Stop
High Signal value of 12.5 ns. If Auto Arrange is active the new segment is inserted at the
beginning of the list. The analyzer places no restriction on the number of ranges assigned to
each trace.

e Delete Segment removes the selected segment from the list.

o Del All Segments clears the entire segment list so it is possible to define or load a new pulse
train definition.

e Auto Arrange sorts the segments in ascending order of the Start High Signal.

The buttons above the table are used to import and export pulse train data. Pulse train files are ASCII
files with the default extension *.train and a special file format.

e Recall Pulse Train... calls up an Open File dialog to load a pulse train definition from a file.

e Save Pulse Train... calls up a Save As... dialog to store the current pulse train definition to a
pulse train file.

Period denotes the duration of the entire pulse train. The period of the sync signal is adjusted to
the pulse train period as long as the pulse train signal type is active.

® Columns in the segment table

The table contains an automatically assigned current number for each segment/pulse plus the following
editable columns:

e Active indicates whether the segment is active (checkbox selected) or inactive. Clearing the
checkbox does not delete the segment but suppresses the pulse in the generator signal.

e Start High Signal is the start time of the segment.
e Stop High Signal is the stop time of the segment.
E-13
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The minimum pulse width (the difference Stop High Signal — Start High Signal) is 12.5 ns.

Segments/pulses may overlap, however, the largest Stop High Signal value must not exceed the pulse
train Period.

Remote [SENSe<Ch>:]PULSe:GENeratorl:TRAin:DATA

control: [SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>[:STATe]
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>:STIMulus:STARt
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>:STIMulus:STOP
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:SEGMent<Seg>:COUNt?
[SENSe<Ch>:]PULSe:GENeratorl:TRAin:PERiod

[SENSe<Ch>:]PULSe:GENeratorl:TRAin:DELete:ALL
MMEMory:LOAD:PTRain
MMEMory:STORe:PTRain

Define Sync Generator

Defines the properties of the sync signal (Gen 2). This dialog is called from the Define Pulse Generator
dialog.

Define Sync Generator E|
Sunc Type
(%) Single Pulse
() Constant High

() Conztant Low

Sync Parameters
Spnc Wwidth: 126 ns el

Spnc Delay [to Pulse): (02 & ] =

[T Irvvert Sync Polarity

[ Oese ] [ Hep |

The sync signal is either a single pulse signal with definite pulse width (Sync Width), following the pulse
generator signal by a specified Sync Delay (fo Pulse), or a constant signal. Constant signals (Constant
High and Constant Low) need no further specification. It is possible to invert the polarity of the sync
signal, i.e. to exchange the high signal and low signal periods.

While the pulse generator signal type is Constant High or Constant Low, the sync generator signal type
is Constant High or Constant Low, too.

See also background information on Pulse Generator Signals.
Remote control: [SENSe<Ch>:]PULSe:GENerator2:TYPE
SENSe<Ch>:]PULSe:GENerator2:WIDTh
SENSe<Ch>:]PULSe:GENeratorl:DELay
SENSe<Ch>:]PULSe:GENerator2:POLarity

— — — —

Adjust Settings for Chopped Pulse Profile

Defines the time resolution for the chopped pulse profile mode and activates the mode. This dialog is
called from the Define Pulse Generator dialog.

@ Chopped pulse profile mode

Chopped pulsed profile mode is a means of achieving extremely small time resolutions for
measurements on strictly periodic signals. Time resolution is the critical parameter for measurements
on pulsed signals with very short pulse widths. In a normal time sweep at the default IF bandwidth of 10
kHz, the time resolution (i.e. the measurement time for each sweep point) is in the 100 ps range. In
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chopped pulse profile mode, the analyzer achieves time resolutions down to 12.5 ns.

A power calibration is generally not possible, however, the measurement provides accurate relative
powers at consecutive sweep points. Hence the measurement result shows the profile of the measured
RF signal.

Chopped pulse profile results are measured as follows:

1.

The signal is chopped into k measurement intervals of equal width. The interval width is equal
to the time resolution. For each interval, the analyzer acquires measurement results in n
consecutive pulse periods. Due to the periodicity of the signal, the amplitude in each of the
measurement intervals is equal. The results from the individual intervals are integrated; the
effective measurement time per interval is thus n times the interval length. With a suitable
selection of the factor n, this method provides accurate results at common IF bandwidths.

Pulse period

—*|*= Time
resolution ‘

o
&)

T ”
o o

After integrating the n results for a given measurement interval, the analyzer steps to the next
interval in order to repeat the procedure above. The total measurement for k measurement
intervals covers k*n pulse periods. The measurement result is a time-domain trace consisting of
k integrated measurement points.

The analyzer automatically selects a CW Time sweep mode and adjusts a number of data acquisition
and pulse generator settings when the chopped pulse profile mode is activated:

Chopped Pulse Profile @

Time Resolution: | HRREREE
The following settings will be adjusted
automatically:

Sweep Type, Mumber of Paints,
IF Bandwidth, Sync ‘Width, Single Pulse Period
[or Pulze Train Period)

The width of the sync signal pulse (Gen 1) is set equal to the time resolution. The sync signal
controls the width and timing of the measurement intervals in chopped pulse profile mode. After
each sequence of n measurements, the sync signal is delayed by one pulse width so that the
next measurement interval is reached.

The period of the pulse generator signal (Single Pulse Period or Pulse Train Period, depending
on the selected Pulse Type) is increased to the next integer multiple of the time resolution.

The number of sweep points k is calculated as the ratio of the extended pulse period to the time
resolution.

The IF bandwidth is set to 1 over ten times the extended pulse period, and a high selectivity
filter is used.

Activate || Di |

Chopped Pulse Profile off

[ Cloze ] [ Help ]

Time Resolution selects the distance between two CW time sweep points in the chopped pulse
profile measurement; see background information above. The width of the sync signal is always
equal to the time resolution. Changing one value also affects the other.

Activate enables the chopped pulse profile mode and adjusts the channel settings as described
above.

Off disables the chopped pulse profile mode. All other settings are left unchanged.
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o In remote control it is possible to skip measurement intervals (and thus accelerate the
measurement, at the expense of the number of sweep points) by increasing the Delay Increment
parameter.

Remote control: [SENSe<Ch>:]PULSe:GENerator2:WIDTh
[SENSe<Ch>:]PULSe:GENerator<gen no>:CPPRofile
[SENSe<Ch>:]PULSe:GENerator<gen no>:DINCrement

File Format for Pulse Train Definitions

The analyzer uses a simple ASCII format to export pulse train definitions. By default, the pulse train file
has the extension *.train and is stored in the directory shown in the Save Pulse Train and Recall Pulse
Train dialogs. The file starts with a preamble containing the channel, the Pulse Train Period, and the
Pulse Delay (to Sync) value. The following lines contain the entries of all editable columns of the list.

@ Example of a pulse train definition file

The pulse train definition:

#| Active Start High Signal Stop High Signal

1 v Oz 125 ns
2 50 s E25 ne
KNI 100 ng 1125 ns

is described by the pulse train file:
i version 1.00

# Channel 1

# Pulse Train Period: 5. 000000000000000E-005 =
# Pulse Delay (to Sﬁncj 0. 000000000000000E+000 5
bo:active, start High Signalls], stop High Signalls],
True, 0. 000000000000000E+000, 1. 250000000000000E-008,
True, 5. 000000000000000E-008, 6, 250000000000000E-008,
True,l. 000000000000000E-007,1.125000000000000E-007,

Remote control: MMEMory:LOAD:PTRain
MMEMory:STORe:PTRain

ZVAX Path Configuration (for R&S ZVA)

The ZVAX Path Configuration dialog gives an overview of the RF signal paths in the Extension Unit
R&S ZVAXxx and the installed hardware modules. It also loops the individual modules into the signal
paths.

The dialog for a fully-equipped Extension Unit is shown below. If one of the harmonic filter, pulse
modulator, preamplifier or combiner options is not fitted, it is replaced by a straight line (through path).
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2¥AX Path Configuration E‘

OiSre THamonic Fitett

(&) Through Path

o1 Pulse Modulator - ()

8 e 1+ 3 Cambiner
%) Through Path ®

1o 1 Harmonic Filter () s
IC Through Path

hrough Path

Pulse Generators.

4w

®

Manitor \:4 Rec 2 Harmonic Filter \:r Rec? Pulse Modulator () Rec 2 Low Noise Amp,

@ S
ZVA ZVAX (@) Thraugh Path () Through Path (@) Thraugh Path ZVA

[ Close ] [ Help ]

e The upper radio buttons loop a module into the signal path.
e The lower radio buttons cause the modules to be bypassed.

e Pulse Generators... opens a dialog to configure the pulse generator signals controlling the
pulse modulators.

The Extension Unit provides three signal paths:
e Source path for port 3

The source signal from the analyzer is fed to the SOURCE PORT 3 IN connector of the
Extension Unit. The modified source signal is looped back to the analyzer so that it is available
at the test port. The internal R&S ZVAX signal path (green rectangle in the figure below) may
contain the following modules:

e A harmonic filter for very accurate frequency-converting measurements, in particular
harmonics measurements

e A pulse modulator to generate a pulsed source signal

e An external amplifier connected to the PORT 3 SOURCE IN / OUT connectors on the
rear panel of the Extension Unit. The amplifier boosts the source signal after the pulse
modulator stage

e A combiner for the two source signals from the analyzer ports no. 1 and 3. After
connecting the SOURCE IN / OUT connectors of both ports, the combined source
signal is available at analyzer port no. 1.

All modules are optional. The "empty" source path is a simple through connection between the
SOURCE PORT 3 IN and SOURCE PORT 3 OUT connectors of the Extension Unit.

R&S ZVA
) SOURCE
fe ) wi — From NWA sourcs
EP s - Tor MWYA, Lesl 1
) i gl por

: Inlernal R&S ZVAX
signal path

R&S 2VAX
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e Source path for port 1
The source path for port 1 is analogous to the source path for port 3 described above.
e Receiver path for port 2

The received signal from the analyzer test port is fed to the MEAS PORT 2 IN connector of the
Extension Unit. The modified received signal is looped back to the analyzer and fed to the
receiver. The internal R&S ZVAX signal path (green rectangle in the figure below) may contain
the following modules:

e Alow-noise preamplifier to amplify the signal and reduce the noise figure at the
receiver, in particular for accurate noise figure measurements

e A pulse modulator to generate a pulsed source signal

e A harmonic filter for very accurate frequency-converting measurements, in particular
harmonics measurements

e An external spectrum analyzer connected to the PORT 2 MONITOR connector of the
Extension Unit, providing additional insight into the properties of the modified signal

Each of the modules above may be bypassed or missing. The "empty" source path is a simple
through connection between the MEAS PORT 2 IN and MEAS PORT 2 OUT connectors of the
Extension Unit.

R&S ZVA
- C - From NWA test port
_—» To NWA receiver
L] *,! -
-
i i T—
('” Intermnal R&S ZVAX
signal path
oul C e
R&S ZVAX

The external connectors are modified if a High Power Coupler is fitted at port 1 or port 2 of the
Extension Unit. Refer to the R&S ZVAX operating manual for details. Please observe the safety
instructions in the R&S ZVAX operating manual.

Remote control: [SENSe<Ch>:]EUNit:COMBiner|[:STATe]
[SENSe<Ch>:]EUNit:HFILter<Path>[:STATe]
[SENSe<Ch>:]EUNit:PMODulator<Path>[:STATe]
[SENSe<Ch>:]EUNit:LNAMplifier[:STATe]

Pulse Generators

Defines the source and the output of the pulse generator signals and assigns pulse generator signals to
the pulse modulators of the Extension Unit R&S ZVAXxx.

The Pulse Generators dialog is opened from the ZVAX Path Configuration dialog. It provides three
panels:
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@ Mixer Measurements

RF mixers convert an RF signal at one frequency into a signal at another frequency. The frequency that
is to be shifted is applied at the RF input and the frequency shifting signal (from a local oscillator, LO) is
applied to the RF mixer's LO port, resulting in an output signal at the mixer's Intermediate Frequency
(IF) port.

For a given RF signal, an ideal mixer would produce only two IF outputs: one at the frequency sum of
the RF and LO (IF = RF + LO), and another at the frequency difference between the RF and LO (IF =
|RF — LOJ). A filter can select one of these IF outputs and reject the unwanted one.

G

<] The frequency-converting property of the mixer (i.e. the fact that incident and transmitted waves
are at different frequencies) causes a loss of phase information. In fact, transmission S-
parameters obtained in a scalar mixer measurement only describe the magnitude ratios of the
waves. The phase information, including the group delay, is meaningless.

In the mixer mode the analyzer provides the following functionality:

e Configuration of the RF and LO signals and measurement of the generated IF signal, see
Define Mixer Mode andMixer Signal Diagrams.

e Power calibration of the signal sources and of the IF receiver; see Mixer Power Calibration.

e The mixer mode can be used also to test important performance parameters of RF mixers such
as frequency ranges, conversion loss, compression, and isolation.

Channel

Skimulus

Pawer Bandwidth Average
Sweep

Mode

Channel Select

+ LR A 4

Part Config...

Harmonics

Calibration
Offset

* v v

Scalar Mixer Meas Define Scalar Mixer Meas. ..
Mixer Delay Meas

Intermod Distortion Meas

Scalar Mixer Meas
Enhanced Scalar Mixer Meas
Wector Mixer Meas
Moise Figure Meas
wirkual Transform

* v v v vrRd -

Scalar Mixer Meas Cal 3
Defined Coherence Mode ..
Alternating Sweeps

Pulse Generator
Cef Pulse Generator.,.,,

Spurious Avoidance »
ALC... (Al Chans)
Low Phase Maoise

e Define Scalar Mixer Meas... opens a dialog to configure the mixer input signals.

e Scalar Mixer Meas and Reset Frequency Conversion toggle between the (frequency-
converting) mixer mode and normal (non frequency converting) operation.

e Enhanced Scalar Mixer Meas activates the measurement mode with an additional enhanced
wave calibration at the RF and IF ports (Port 1, Port 2).

e Mixer Power Cal... opens a dialog to perform a power calibration of the signal sources and of
the IF receiver.

e Scalar Mixer Meas Cal opens a submenu to perform the system error corrections which are
required for the enhanced mixer measurement.
Define Scalar Mixer Meas...

This dialog configures the mixer input signals.
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Define Scalar Mizer Measurement

Port 1 ’ Fort 2
>REX IF >

-
10 MHz...24 GHz @ 0 Hz..23.99 GHz

0 dBm

10 MHz
-25 dBm
[Port3 v
Define Mixer Measurements
CanigE)dGeneraturs...] | Set Powers. .. | [ SetFrequencies.. ]
[ [0]:4 ] [ Cancel ] [ Help ]

In the upper part the Define Mixer Measurement dialog shows a diagram with the RF and LO signals,
the mixing product (IF), and the current frequency and power ranges for all signals. Below the dialog
provides the following control elements:

e The port selection list contains all analyzer ports or external generators which can provide the
local oscillator (LO) signal. Ports no. 1 and 2 are always used for the RF signal and the
measured IF signal (mixing product), so they are not included in the list. Generators must be
configured explicitly in the System Configuration — External Generators dialog before they
appear in the list. None means that the input signal at LO (if available) is not controlled by the
analyzer.

e Config Ext. Generators... opens the System Configuration — External Generators dialog for
adding and configuring external generators.

e Set Powers... opens a dialog to control the power of the RF and the LO signals.
e Set Frequencies... opens a dialog to control the frequency of the RF and the LO signal and the
analyzer (IF signal) frequency.

Remote control: [SENSe<Ch>:]FREQuency:CONVersion:MIXer:LOINternal <port no>
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:LOEXternal <gen no>

Scalar Mixer Meas, Reset Frequency Conversion
The softkey Scalar Mixer Meas activates the scalar mixer mode, where the analyzer ports are at

different frequencies. Reset Frequency Conversion disables all frequency-converting measurements,
including e.g. an active harmonic distortion measurement.

A Mix Frq RF label in the channel list indicates that a frequency-converting mode is active.

Ch1 MixFrgRF Start 300kHz  Pwir 0 dBm Stop 8 GHz

Remote control: [SENSe<Ch>:]FREQuency:CONVersion MIXer | FUNDamental

Enhanced Scalar Mixer Measurement

Activates the mixer measurement mode with an additional enhanced wave correction at the RF and IF
ports (Port 1, Port 2). The enhanced mixer measurement requires two full one-port calibrations at the
RF and IF ports, in addition to a scalar mixer measurement power calibration.
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The enhanced mode improves the accuracy of the scalar mixer measurement but does not provide any
additional results. The phase or group delay of mixers can be analyzed in a vector mixer measurement.
When an enhanced scalar mixer measurement is active and all necessary calibrations are available,
the trace line for the conversion loss b,/a1 shows the calibration labels Pcal Cal.

¢ Proceed in the following order to activate the enhanced scalar mixer measurement:
1. Open the Define Scalar Mixer Meas... dialog to activate the mixer measurement mode.
2. Select Scalar Mixer Meas Power Cal... to perform the power calibrations at ports 1 and 2.
3. Select Scalar Mixer Meas Cal > to perform the necessary full one-port calibrations.

4. Activate Enhanced Scalar Mixer Meas.

@Enhanced wave correction for scalar mixer measurements

The enhanced wave correction for the scalar mixer measurement calibrates the a- and b-waves at the
RF and IF ports of the mixer under test. The RF and IF frequencies are different from each other. Two
steps are required to calibrate each of the ports 1 and 2:

e A full one-port system error correction calibrates the phase and relative power of the waves.

e A source or receiver power calibration determines the absolute amplitude of the a- or b-waves.
Together with the full one-port calibration, this yields the absolute power of all waves.

The order of the calibration steps is arbitrary. A Scalar Mixer Measurement Power Calibration
provides a source power calibration for port 1 and a receiver power calibration for port 2. The
Scalar Mixer Meas Calibration provides both full one-port calibrations.

The one-port calibrations for the two ports are completely independent; the calibration does not
involve a through-connection between the ports. Alternatively, it is possible to perform a single
full two-port calibration at ports 1 and 2 as shown in section Enhanced Wave Correction
Procedure. The analyzer will perform segmented calibration sweeps and discard the calibration
data of the Through standard.

Remote control: [SENSe<Ch>:]CORRection:EWAVe[:STATe]

Mixer Signal Diagrams

The mixer signal diagrams show the parameters of the mixer input signals (RF, LO) and of the mixing
product (IF signal, output). The diagrams appear in the Mixer Measurement, Set Power, and Set
Frequencies dialogs.

&8

e The RF signal is the stimulus signal that the analyzer generates with the current channel
settings. After a reset the frequency and power of the RF signal is as defined in the Channel —
Stimulus menu. The RF signal parameters can be changed in the Set Power... and Set
Frequencies... dialogs.

e The Local Oscillator (LO) signal is an additional RF signal that is either generated by the
network analyzer (at one of the ports that are not used for the RF and IF signals) or by an
external generator.

e The IF signal is the mixer output signal (mixing product), which is at one of the following
frequencies: IF = LO + RF or IF = |LO — RF|, i.e. LO — RF (for LO > RF) or IF = RF — LO (for RF
> LO). The IF frequency is selected in the Set Frequencies... dialog.
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o The signal description above with the swept RF signal and the LO signal at a fixed frequency
corresponds to the default configuration. In the Set Frequencies dialog, you can select any of the
signals as a Sweep/CW signal. You can set the frequency range of this signal via Start/Stop or CW
Frequency. A second signal is at a Fixed frequency, and the third at the calculated sum or difference

frequency (Auto).
The labeling of the complete diagram depends on the sweep type.
e Frequency sweep

For a frequency sweep, the signal diagram is labeled as follows:

Port 1 ' Port2
G >

} -
900 MHz ... 1 GHz @ BO0 MHz...700 MHz
0 dBm
300 MHz
-25 dBm
Fart 3 v

e RF signal: Fixed port number (1), CW power, frequency sweep range.

e LO signal: Signal source (analyzer port or external generator), fixed power and
frequency.

e |F signal: Fixed port number (2), frequency range = (sweep range + LO) or |[sweep
range — LO|.

e Power sweep

For a power sweep, the signal diagram is labeled as follows:

Part 1 ' Part2
>RFEXF >
1GHz @ 990 MHz

-25 dBrn...0 dBm

10 MHz
-26 dBm

Fart 3 hd

e RF signal: Fixed port number (1), power sweep range (or fixed power, if the LO signal
is swept), CW frequency.

e LO signal: Signal source (analyzer port or external generator), fixed power (or power
sweep range, if the RF signal is at a fixed power), CW frequency.

e IF signal: Fixed port number (2), fixed frequency = (RF + LO) or |RF — LO|.
e Time or CW mode sweep
For a Time or CW Mode sweep, the signal diagram is labeled as follows:
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Fort1

1 GHz
0 dBm

Fart 3

Fort 2

.

10 MHz

-

990 MHz

-26 dBm

v

e RF signal: Fixed port number (1), fixed power, CW frequency.

e LO signal: Signal source (analyzer port or external generator), fixed power, CW
frequency.

e |F signal: Fixed port number (2), fixed frequency = (RF + LO) or |RF — LO|.

Set Powers

The Set Power dialog defines the power of the RF and the LO signals.

5et Powers

Fart 1 Part
.
0 dBm
At Auto
LO Power
-25 dBm ) o
Port3 (@) Fixed
Aft: Auto
W Power: RF Fixed Power: LO
Enter & Display: RF Suurce v | |26 dBrm |5 [~
Start Power: E
Stop Power: E |
Cw Power: U dBm : -
I 0K ] [ Cancel ] [ Help ]

The diagram contains the mixer signal diagram and the following control elements:

e The RF Power or LO Power radio button groups specify how the power for each signal is
defined. The roles of the mixer input signals RF and LO are interchangeable: One signal is at
the analyzer's channel power (Sweep or CW, the signal is swept if a power sweep is active; it is
at fixed power (CW) for the other sweep types), the other is at the Fixed power defined below.

e The input fields in the Sweep or CW Power panel (depending on the sweep type) define the
channel power and overwrite the power settings in the Channel — Stimulus and Channel —
Power Bandwidth Average menus. The sweep range or CW power is assigned to the signal
with Sweep/CW power definition. Enter & Display can be used to select the Swept or Auto port
for display and entry. Note: If you select the Fixed port, this port will be set to swept.

e Fixed Power defines the power of the signal with Fixed power definition. For vector mixer
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measurements, the power of the Aux LO signal (fed to the MEAS and REF mixers) can be
defined independently.

Remote control: SOURce<Ch>:]FREQuency:CONVersion:MIXer:FUNDamental RF | LO
SOURce<Ch>: ] FREQuency:CONVersion:MIXer:PFIXed <power>
SOURce<Ch>: ]FREQuency:CONVersion:MIXer:PAFIXed <power>

Set Frequencies

Controls the frequency of the RF and the LO signal and the analyzer (IF signal) frequency.

Set Fregquencies

RF Frequency IF Frequency
i O
() Fixed
(@) Auto
Fort1 Fart2
ol
1 GHz 9390 MHz
LD Frequency
Oow
10 MHz c:a:J Fixed
Port () Auto
O Frequency: RF Fixed Frequency: LO
Enter & Display: '.RF Source N 10 MHZ :ﬂj
Start Frequency: : Corversion
: (@ IF = RF-LO (Down, USB)
Stop Frenuency: | OF -L0-AF (LSE)
) _ (OF = RF + L0 (Up. USE)
W Frequency: |1 GHz |5 |-
I (0] ] [ Cancel ] [ Help ]

The diagram contains the mixer signal diagram and the following control elements:

e The RF/IF/LO Frequency radio button groups specify how the frequency for each signal is
defined. The roles of the three signals RF, IF, LO are interchangeable: One signal is at the
analyzer's channel frequency (Swept/CW, this signal is swept if a frequency sweep type is
active; it is a CW signal for the other sweep types), the second is at the Fixed frequency
defined below, the frequency of the third signal is automatically calculated according to the
selected Conversion formula.

e The input fields in the Swept Frequency panel define the channel frequency and overwrite the
Channel — Stimulus settings. The signal in the Enter & Display field becomes the Swept signal,
with the sweep range or CW frequency defined below. The two other signals are adjusted as
described above.

e Fixed Frequency defines the frequency of the signal with Fixed frequency definition.
e Conversion selects the frequency of the signal with Auto frequency definition, see background
information below.
® Conversion formulas
The IF signal can be at the sum or at the difference of the RF and LO frequencies.

e |F =RF - LO means that the RF signal is down-converted (upper sideband). The analyzer
automatically switches to IF = LO — RF if the LO frequency is above the RF input frequency.
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e |F =LO - RF means that the LO signal is down-converted (lower sideband). The analyzer
automatically switches to IF = RF — LO if the RF input frequency is above the LO frequency.

e |F =LO + RF means that the RF input signal is up-converted.

To perform measurements at different mixer output frequencies (e.g. to analyze the isolation for IF = RF
or higher-order mixing products), use option R&S ZVA-K4, Arbitrary Generator and Receiver
Frequencies.

In a frequency sweep mode where one of the input frequencies varies over a definite range, the IF
signal also covers a frequency range of the same width. An error message is displayed if the IF
frequency exceeds the maximum frequency range of the analyzer.

If the RF or LO signal is in Auto mode, the formulas for IF are automatically converted, and the analyzer
calculates the RF or LO frequency from the other frequencies.

SENSe<Ch>:]
SENSe<Ch>:]FREQuency:CONVersion:MIXer:FIXed RF | IF | LO
SENSe<Ch>:]FREQuency:CONVersion:MIXer:FUNDamental RF | IF | LO

[ FREQuency:CONVersion:MIXer:FFIXed <frequency>

[

[
[SENSe<Ch>:]FREQuency:CONVersion:MIXer:TFRequency DCLower |
D

[

Remote
control:

CUPper | UCONversion
SENSe<Ch>:]FREQuency:STARt etc.

Mixer Power Cal...

Opens a dialog to perform a power calibration of the signal sources and of the IF receiver. A power
calibration ensures accurate levels of the mixer input signals (RF and LO source power calibration) and
an accurate power measurement of the mixer output signal (IF receiver calibration). The necessary
calibration steps are automatically performed across the entire frequency range of the active mixer
measurement (Set Frequencies).

@ Mixer Power Cal procedure and example

Due to the different frequency ranges of the input and output signals and the external equipment
needed, the mixer power calibration must be performed in several steps. For a test setup where the RF
and LO signals are provided by port 1 and an external generator, respectively, where the RF signal is
swept, the LO signal is at fixed frequency, and where the swept IF signal is analyzed at port 2, the
following test setups are required:

1. Source power calibration for the RF signal. A power sensor is connected to port 1. The RF
power (red) is calibrated over the selected RF sweep range. As a preparative for step 2 the
analyzer also calibrates the source in the IF frequency range. The correction data for both
calibration sweeps is stored.

T —————— S ———

ToGFIB/
LAN fUSB

RF source port {port 1)

i RF and IF power range
{ Power calibration plane

2. Receiver power calibration for the IF signal. No external device is needed. The receiver (port 2)
is calibrated in the IF frequency range using the source signal from port 1 (red) calibrated in the
first step.
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l e ———————

Power callbration plane RF source port (port 1)
IF power range

3. Source power calibration for the LO signal, provided by an external generator. A power sensor
is connected to the generator's RF output (red signal). The analyzer controls the generator. The

generator's RF source power (red) is calibrated at the selected LO frequency. No RF
connection to or from the network analyzer is needed.

I L ———

To GPIB /
LAN / USB

From
GPIB / LAN

! E IF power range
] ' Power calibration plane

Scalar. Mixer Measurement Power Calibration g|
1. RF Source Calibration Source Cal Settings
Connect Protr 1 to Part 1 RF Cal Power: 0 dBm
| RF Cal Power Offset 0de
kel sieers - L0 Cal Power: 25 dBim
LO Cal Power Offset:
1 I aximurn Mumber of Readings: 1
Taolerance: 1dB
2. IF Receiver Calibration 1] Flatness and Reference Receiver Cal
C t Pt 1 to Port 2
S R e - Modify Settings...
———— -2 Power Meter
ChiStat2GHz  Stop3GHz | Pmir1 vi Pawier Meter Config...
3. L0 Source Calibration
Cannect Prrtr 1 ta None hEE
Take Cal Sweeg Ser #: GRIB0D20
Perform Verification Sweep After Cal
[ Close ] [ Help ]

e Take Cal Sweep in the three numbered panels start the calibration sweeps for the RF source,
IF receiver, and the LO source, respectively. The measured power is shown in the diagram in
the center of the dialog and the sweep progress in the progress bar below.

e Abort Sweep stops the current sweep, e.g. in order to change the sweep settings.

e The calibration sweeps are performed according to the settings shown in the Settings panel in
the upper right section of the dialog. Modify Settings opens the Modify Source Power Cal

1145.1084.12 4.218 E-13


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Channel Menu

Settings dialog to modify the essential settings of the next calibration sweep.

e Power Meter selects an external power meter that is used to measure the exact source power
at the calibration point; see Power Meter Settings in the Power Calibration section. Power
meters (Pmtr1, Pmtr2, ...) must be configured in the System Configuration — External Power
Meters dialog before they appear in the list.

e Perform Verification Sweep after Cal enables or disables a verification sweep that the analyzer
performs after each source power calibration. The sweep is also displayed in the calibration
sweep diagram. Its purpose is to test the accuracy of the source power calibration after the final
correction data has been acquired.

Remote control: SOURce<Ch>:POWer<Pt>:CORRection:PMETer:ID
SOURce<Ch>:POWer<Pt>:CORRection:MIXer:RF[:ACQuire]
[SENSe<Ch>:]CORRection:POWer<port no>:MIXer:IF:ACQuire
SOURce<Ch>:POWer<Pt>:CORRection:MIXer:LO[:ACQuire]

Scalar Mixer Meas Cal...

Opens a submenu to perform the system error corrections which are required for the enhanced mixer
measurement. The calibration can be performed manually or using a calibration unit.

e Manual... opens the Calibration wizard for two full one-port calibrations at ports 1 and 2.

e Calibration Unit... opens the Calibration Unit dialog for automatic calibration using the
connected calibration unit. The pre-selected calibration type is compatible and port combination
is suitable for the scalar mixer measurement.

Both calibration methods provide equivalent results.

Mixer Delay Meas (for R&S ZVA or R&S ZVT)

The Mixer Delay Meas submenu controls the measurement of the absolute or relative group delay of a
mixer. Mixer delay measurements require option R&S ZVA-K9, Mixer Delay w/o LO Access. An
additional option R&S ZVA-K10, Long Distance Mixer Delay, enables mixer delay measurements with
an external receiver.

@ Mixer Delay Measurement

The mixer delay measurement is an extension of the scalar mixer measurement: The network analyzer
generates a two-tone RF signal as a mixer input signal and measures the converted IF signal at the
mixer output. The mixer delay is derived from the relative phases of the two-tone signals at the mixer
input and the mixer output.

The group delay 14 of a circuit is defined as the negative derivative of its phase response (see Delay),
hence, for two tones with phases ®, and ®, and a frequency difference ("aperture") Af:

. d@a’eg o é@a‘eg __ﬁ%_&gﬁl=_(¢20a1_¢2ix)_(¢lom_¢lix):&Qaaﬂ_&gﬁix

T
£ Z60%F  360°A 7 360°AS 360°A f 360°4 7

A®" and A®°" are the phase differences of the two tones at the input and output of the DUT,
respectively.

The phase difference of the source signal A®" and the aperture Af are known quantities. AD™
depends on the DUT and can be measured. As a phase difference, A®*" is stable against variations of
the LO frequency, because those will affect both signals in the same way. This means that the mixer
delay measurement does not require any synchronization between the analyzer and the LO signal,
even if the LO shows a noticeable frequency drift.

Compared to conventional measurement methods, the mixer delay measurement offers several
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additional advantages.
¢ No external mixers are needed
e A network analyzer with standard functionality is sufficient, see description of test setups below

e Easy calibration using a calibration mixer; see Mixer Delay Meas Calibration.

® Test Setups with Internal Receiver

The mixer delay measurement requires two independent RF signal sources. The two IF signals can be
measured simultaneously at a single analyzer port. For an R&S ZVA analyzer that is equipped with
option R&S ZVA-B16, Direct Generator/Receiver Access, a test setup of the following type is
recommended:

Ep

R 1 R o

Supply

lower tone signal
IF OUT

upper tone signal

LO IN

Test setup 1: External combiner

The lower tone signal is generated at port 1, the upper tone is provided by port 3. Both signals are

combined externally and fed to the SOURCE IN connector at port 1.Thus the superimposed signals are
available at test port 1 and can be fed to the DUT input. The IF output signal is measured at port 2. It is
possible to use an external generator for the upper tone signal, so that two analyzer ports are sufficient.

s

c On R&S ZVA-Z67 network analyzers, all ports have independent internal sources. You can use
true differential mode with an arbitrary combination of two source ports.
On an R&S ZVT20 network analyzer that is equipped with option R&S ZVT-B11, you can combine the
two source signals internally without using the SOURCE IN/OUT connectors and an external combiner.
You can also replace the external combiner by an Extension Unit R&S ZVAX with installed option R&S
ZVAX-B211.

As an alternative to the test setup 1 shown above, you can also combine the two tones using the
coupler in the test set of port 3:
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Test setup 2: Coupler used as an internal combiner

When using test setup 2, open the Channel — Mode — Port Configuration dialog and adjust the source
powers: To compensate for the coupling loss of the internal coupler, the source power at port 1 should
be 10 dB above the source power at port 1. See also sectionLevel Handling during Power Calibration.

G

c For network analyzers with upper frequency limits of 20 GHz and above, test setup 2 causes
some restrictions:
— The lower frequency limit is 500 MHz. Use external combiners at lower frequencies,
especially if you want to measure at high RF source powers.
— If an high-frequency RF signal is down-converted to in IF signal with a frequency below 500
MHz, the IF signal should be measured directly at MEAS IN (rather than at test port 2).

@ Test Setups with External Receiver

With option R&S ZVA-Z10, the mixer delay measurement can be performed with two different R&S ZVA
or R&S ZVT network analyzers, one providing the source ports, the other the receive port. The two
instruments can communicate with each other via LAN using LXI event messages. This can be
advantageous e.g. for measurements on DUTs with large dimensions where the connection to a single
instrument would require very long RF cables. The test setup for a source instrument with internal
coupler is shown in the Mixer Delay Measurement Setup dialog.

Xl

External Receiver

Test setup with external receiver

It is also possible to use an external coupler; in analogy to the Test Setup with Internal Receiver, or
establish a direct (dedicated) LAN connection between the two analyzers.

The measurement with external receiver is performed as follows:

1. The sender network analyzer (VNA1) transfers its channel settings to the receiver analyzer (VNA2),
i.e. VNAZ2 is fully controlled by VNA1 and shows its remote screen.

2. VNA1 generates the dual-tone source signal for the first sweep point, VNA2 measures the b-waves
and returns the results to VNA1.
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3. VNA1 calculates and displays the mixer delay results.

4. Steps 2 and 3 are repeated for all sweep points.

Conditions and Restrictions

The mixer delay with external receiver requires a single-channel test setup. During the measurement,
use the 10 MHz reference frequency to keep both analyzers synchronized and do not switch off any of
the instruments.

If the NWA application is closed and started again, the measurement must be re-started manually
(Channel — Sweep — Restart).

The Mixer Delay Meas menu is shown below.

Stimulus »

Power Bandwidth Average »

Sween 4

Channel Select 2

Calibration » Harmonics

Offset 4 Scalar Mixer Meas

Define Mixer Delay Meas. ..
Cal Mixer Delay Meas...

Mixer Delay Meas

Intermod Distortion Meas
Wectar Mixer Meas

Moise Figure Meas

Yirtual Transform

Defined Coherence Mode ...
Alkernating Sweeps

* v v vEld v w

Pulse Generator
Def Pulse Generatar, .,

Spurious Awvaidance 3
ALC (all Chans)
Low Phase Moise

e Define Mixer Delay Meas... opens a dialog to configure and activate the mixer delay
measurement.

e Cal Mixer Delay Meas... opens a dialog to perform a power calibration of the signal sources and
of the IF receiver.

e Correction Off switches the calibration on or off. To perform a calibration, click the Cal Mixer
Delay Meas... softkey.

e Reset Frequency Conv and Mix Dly switches back to normal (non frequency converting)
operation.

Define Mixer Delay Measurement without LO Access

The Define Mixer Delay Measurement without LO Access wizard defines the source and receiver
settings for the mixer delay measurement.

G

c Frequency range for mixer delay measurements
After a preset, the lower tone is swept across the full frequency range of the analyzer, and the
aperture is set to 1 MHz. This means that both the lower tone and the upper tone frequencies
are1 out of range. Click Set Frequencies and Powers and reduce the sweep range to establish
compatible settings.
The mixer delay measurement possible if the source frequency (as defined in the Port
Configuration dialog) at one of the used source ports is different from the channel base
frequency (the frequency-converting / arbitrary mode is active). When using this mode, ensure
that the aperture does not exceed 15 MHz. Disabling the arbitrary mode can facilitate the
configuration of the mixer delay measurement and the interpretation of the results.
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Define Mixer Delay Measurement without LO Access @

Source Receiver
Measured W ave Duantities:
ALDUT Input: &l [Part 1)

Lower Tane:

Upper Tane:

ALDUT Output: b2 [Port 2)
[ Config Ext Generators.... ] [ M eazurement Setup... ]
Aperture: ..'I MHz c B Meas Bl :.'I 0kHz 3 =

Measurement bandwidth must
be » LO deviation from
nominal valus

[

Selectivit
Define Miver Measurement... | RECH
 Nomal
Set Frequencies and Powers... ] G} High [Recommended)
[ 0K, ] [ Cancel ] [ Help ]

Lower Tone shows the (fixed) NWA source port for the lower tone signal (port 1).

Upper Tone selects the NWA port 3 or external generator as a source of the upper tone signal.
A combination of the NWA ports 1 and 3 ensures independent (uncoupled) sources.

Config Ext Generators... opens the System Configuration —External Generators dialog for
adding and configuring external generators.

Aperture defines the frequency difference between the upper and the lower tone; see
background information below. The aperture remains constant across the entire sweep.

Use Internal Combiner activates the internal combiner for network analyzers R&S ZVT20 that
are equipped with option R&S ZVT-B11, or for network analyzers R&S ZVAxx connected to an
Extension Unit R&S ZVAXxx with installed option R&S ZVAX-B211. With internal combiner, the
two-tone signal signal is available at port 1; no additional cabling is needed.

The settings in the Receiver panel define the bandwidth and selectivity of the IF filter at test port
2.

Measurement Setup opens the Mixer Delay Measurement Setup dialog for selection and
configuration of a test setup with an additional R&S ZVA network analyzer, to be used as an
external receiver.

Define Mixer Measurement selects the order of the measured intermodulation products.
Intermodulation products of different orders are measured at different frequencies, therefore the
measurement time increases with the number of selected orders. The measured IM order also
has an impact on the receiver frequency range; see note above.

Set Frequencies and Powers... opens a dialog to define the sweep range.

® Selecting appropriate apertures and meas. bandwidths

The mixer delay measurement depends on the frequency difference between the upper and lower tone
termed the Aperture. Conversion of the two-tone RF signal in the mixer preserves the aperture. To
ensure that the analyzer can detect the two IF signals and calculate reasonable group delay results,
observe the following rules:

Select a measurement bandwidth (IF bandwidth) which is significantly smaller than the
aperture. High selectivity IF filters have steeper edges and improve the detection of the two
adjacent signals.

Detection fails if the frequency drift of the LO is larger than the IF bandwidth. An IF bandwidth
larger than approx. 3 times the maximum LO drift is generally sufficient.

The aperture must be adjusted to the mixer properties. A small aperture increases the noise in
the group delay; a large aperture tends to minimize noise, but at the expense of the frequency
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resolution. Large aperture settings are preferable if the mixer shows little dispersion (i.e. almost

constant delay).

For most broadband mixers, large aperture values (10 MHz to 15 MHz) are preferable. For

satellite applications, small
Format — Aperture.

er apertures (2 MHz to 4 MHz) are recommended. See also Trace —

e The calculation of the mixer delay fails if the phase shift difference between the upper and

lower tones caused by the
@ Primed wave quantities

When a mixer delay measurement

mixer exceeds 180 deg.

is active, the wave quantities a and b in the More Wave Quantities

and More Ratios dialogs correspond to the lower tone. The primed wave quantities a' and b' correspond

to the upper tone.

SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:
SENSe<Ch>:

Remote control:

— — — — — —

FREQuency:MDELay:UTONe
FREQuency:MDELay:APERture
FREQuency:MDELay:COMBiner [ :STATe]
BANDwidth |BWIDth[:RESolution]
BANDwidth|BWIDth[:RESolution] :SELect

]
]
]
]
]
]FREQuency:MDELay:CORRection[:STATe]

Mixer Delay Measurement Setup

The Mixer Delay Measurement Setup dialog provides the settings for a test setup with an additional
R&S ZVA network analyzer (VNAZ2), to be used as an external receiver.

Mizer: Delay Measurement Setup

Measurement Setup
Receiver Configuration:

Lt

External Receiver

L=l Canfiguration...

Fermote Receiver

WNA-Type: Z2vAZ4-APart  IP-Address: 10110.10.70

IP-Address: 0.0.0.0
IP-Addrass: 101101053

[ 0K ] [ Cancel ] [ Help ]

e Receiver Configuration shows the two alternative test setups with internal and external receiver.
A mixer delay measurement with internal receiver (see Test Setups with Internal Receivers
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above) does not require any of the settings in the dialog.

e LXI Configuration opens a dialog to configure an additional network analyzer R&S ZVA as a
remote receiver. The receiver instrument must be equipped with option R&S ZVA-K9, too.

e Use LAN1/LANZ2 selects one of the two LAN connectors at the rear panel of the source
network analyzer (VNA1) for the connection. Both connectors are equivalent; select the one
that you actually connect to the LAN/VNAZ2.

Remote control: [SENSe<Ch>:]FREQuency:MDELay:RECeiver
[SENSe<Ch>:]FREQuency:MDELay:RECeiver:USE
SYSTem:COMMunicate:RDEVice:RECeiver:DEFine
SYSTem:COMMunicate:RDEVice:RECeiver:DELete

Set Frequencies and Powers

The Set Frequencies and Powers dialog defines the (frequency or power) sweep ranges for the lower
and upper tone.

Frequency Prawer

Start Frequency: |2 GHz & 2= Start Power: | 2

Stop Frequency: |3 GHz : B|= Stop Power:

Cw Frequency: Cwf Power: |0 dBm |« S|~

Frequency | Device Fange

Lower Tane | Port 1 Sre | 1.995 GHz...2.995 GHz
Upper Tone | Port 3 5rc | 2.005 GHz...3.005 GHz
Lower Tone | Port 2 Rey| 1.995 GHz...2.995 GHz

Fit Frequency Rlange

[ u] 8 ] [ Cancel ] [ Help ]

The sweep range settings depend on the active sweep type (frequency or power sweep). The
Frequency and Power settings are identical with the Channel — Stimulus settings.

The frequency of the lower tone is equal to the stimulus frequency minus half the Aperture defined in
the Define Mixer Delay Measurement without LO Access dialog. The frequency of the upper tone is
equal to the stimulus frequency plus half the Aperture defined in the Define Mixer Delay Measurement
without LO Access dialog. The power of both tones is equal, however, the port powers can be varied
using the Channel — Mode — Port Configuration table.

The Frequency Range table shows the frequency ranges for the lower and upper tone, depending on
the current stimulus frequency range.

Remote control: [SENSe<Ch>:]FREQuency:STARt
[SENSe<Ch>: ] FREQuency:STOP
[SENSe<Ch>: ] FREQuency:CW|FIXed
SOURce<Ch>:POWer<Pt>:STARt
SOURce<Ch>:POWer<Pt>:STOP
SOURce<Ch>:POWer<Pt>[:LEVel] [ :IMMediate] [ : AMPLitude]

Mixer Delay Meas Calibration

This dialog controls the calibration for the mixer delay measurement. The calibration is based on a
comparison of the measured mixer delay with the known delay of a calibration mixer. The necessary
calibration sweep is automatically performed across the entire sweep range of the active mixer delay
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measurement (Set Frequencies).

@ Mixer Power Cal procedure and example

Connecting cables and other components in the test setup have an impact on the phase difference
between the upper and the lower tone in the RF and IF signals and thus affect the measured mixer
delay. Hence, an uncalibrated mixer delay measurement cannot provide the accurate "absolute" delay
of a mixer.

A mixer delay calibration uses a mixer with known absolute delay as a calibration standard. Absolute
mixer data can be acquired in a vector mixer measurement or in a simulation. The analyzer measures
the calibration mixer and compares the measured group delay with the actual group delay in order to
determine a set of correction data. The correction data is applied to subsequent measurements, if
Correction On is selected in the Define Mixer Delay Measurement without LO Access dialog.

The following guidelines will help you find the appropriate calibration method:

e For many applications, the "relative" mixer delay of different mixers is a sufficient information.
Relative measurements do not require any calibration; no calibration mixer with known absolute
delay is needed.

e In cases where the delay of the calibration mixer is much smaller than the delay of the
measured mixer (and small compared to an additional delay caused by the test setup), its
absolute delay may be assumed to be zero. With this approximation, a calibration is still
possible, but no previous vector mixer measurement for the calibration mixer is required.

e To determine accurate absolute delays, in particular for mixers with small delay values, a
calibration using a calibration mixer with known (constant or frequency/power-dependent) delay
is needed.

Mixer, Delay Meas Calibration @J

1. Calibration kizer Data

(%) Constant Delay
() Wariable Delay

Const. Delay: |03z '3 b

2. Calibration

Connect Calibration Miser

[ Take Cal Sweep ]

3. Cal Data Manager

[ Close ] [ Help ]

e The controls in the Calibration Mixer Data panel load absolute delay values for a calibration
mixer. Mixer delays must be stored in ASCII files with the extension *.csv; two examples are
stored in the default directory C: \Rohde&Schwarz\Nwa\Calibration\MixerDelay. The
files start with a preamble, followed by a list of stimulus values and absolute group delays. The
file format is compatible with the export format for trace data, therefore it is possible to generate
mixer delay files in a measurement with trace format Delay.

If an approximation with constant (or zero) delay of the calibration mixer is sufficient, select
Constant Delay and enter the value into the Const. Delay input field.

Divide Calibration Data by 2 causes the analyzer to divide the delay values in the loaded mixer
delay file by two. This is appropriate e.g. if the mixer delays were obtained in a reflection
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measurement: The division corrects for the double propagation time in forward and reverse
direction.

e Take Cal Sweep starts the calibration sweep and calculates the correction data. If the current
sweep points do not coincide with the stimulus values in the mixer data file, the delays are
interpolated or extrapolated.

e Save calls up a Save As... dialog to store the calculated correction data to a calibration file for
later re-use. To be distinguished from mixer data files (*.csv), calibration files have the
extension *.mcal.

e Load calls up an Open File dialog to load correction data from a file.

Remote control: [SENSe<Ch>] :FREQuency:MDELay:CDMode
MMEMory:LOAD:MDAData
[SENSe<Ch>:]FREQuency:MDELay:CDELay
[SENSe<Ch>] :FREQuency:MDELay:DIVide
[SENSe<Ch>: ] FREQuency:MDELay:ACQuire
MMEMory:LOAD:MDCData
MMEMory: STORe :MDCData

File Format for Mixer Delay Calibration Files

The analyzer uses a simple ASCII format to export mixer delay correction data. By default, the mixer
delay calibration file has the extension *.mcal and is stored in the directory shown in the Save
Correction Data and Load Correction Data dialogs. The file starts with a preamble, followed by a list of
stimulus values (frequencies or powers) and group delays.

Reset Freq Conv and Mix Dly
This softkey disables the mixer delay measurement mode and switches back to normal (non frequency-
converting) mode.

A Mix Frg RF label in the channel list indicates that a frequency-converting mode is active. A MixDly
label in the trace list indicates an active mixer delay measurement.

Ch1 MixFrgRF Start 300kHz  Pwir 0 dBm Stop 8 GHz

@ Feal 1nsf RefOs

Remote control: [SENSe<Ch>:]FREQuency:MDELay:CONVersion OFF

Vector Mixer Meas (for R&S ZVA and R&S ZVT)

The Vector Mixer Meas submenu is used to assess the parameters of an external mixer including
phase, e.g. the complex conversion loss or reflection coefficients. Compared to scalar mixer
measurements, vector mixer measurements require an extended test setup and calibration method.
Vector mixer measurements also require option R&S ZVA-K5, Vector Mixer Calibration. Moreover, the
hardware options R&S ZVA<n>-B16, Direct Generator/Receiver Access, must be fitted.

@ Vector mixer measurements

In contrast to scalar mixer measurements, vector mixer measurements provide magnitude and phase
information, including group delay, about the mixer under test (MUT). To assess the phase information,
the IF signal at the mixer output is converted back to the original RF frequency using a second MEAS
mixer. A third REF mixer ensures that the reference wave is converted back to the RF frequency. The
test setup also requires a high or low pass filter and a power splitter.
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Vector mixer measurements are performed between ports 1 and 2 of the network analyzer. Port 1 is
assigned to the RF port of the mixer under test, port 2 to the IF port. Due to the two additional mixers,
the frequencies of the measured waves a4, a,, b4, and b, are all equal so that S-parameters and other
quantities can be interpreted in the usual way, in analogy to the parameters of a non frequency-
converting network. The LO signals for the MUT and the additional mixers can be provided by
additional analyzer ports (port3, port 4, if available) or by external generators.

With the extended test setup, calibration becomes an important issue: In addition to the power
calibration of the source signals, a complete two-port calibration at ports 1 and 2 (mixer vector
calibration) is required to compensate for the effects of the additional components and shift the
reference plane towards the ports of the mixer under test.

In the vector mixer mode the analyzer provides the following functionality:

e Configuration of the RF and LO signals and measurement of the generated IF signal, see
Define Mixer Mode andVector Mixer Test Setup.

e Power calibration of all signal sources; see Mixer Power Calibration.

e Full two-port calibration of the test setup including the two additional mixers; see Mixer Vector
Calibration.

e The vector mixer mode can be used to test important performance parameters of RF mixers
such as frequency ranges, conversion loss, compression, and isolation.

Channel

Stimulus

Power Bandwidth Average
Sweep

Mode

Channel Select

|l ¥ T T

Part Canfig...

Calibration Harmanics

Offset

r r v

3
Scalar Mixer Meas »
Mixer Delay Meas »
Intermod Distortion Meas 3
3
3
3

Define Wector Mixer Meas. ..
Yectar Mixer Meas
Reset Fregquency Canversion

Wectar Mixer Meas

Moise Figure Meas

Wirtual Transform

Defined Coherence Mode ...
Alternating Sweeps

Pulse Generatar
Cef Pulse Generatar, .,

Spurious Avoidance »
ALC (all Chans)
Low Phase Moise

e Define Vector Mixer Meas... opens a dialog to configure the mixer input signals.

e Vector Mixer Meas and Reset Frequency Conversion toggle between the (frequency-
converting) vector mixer mode and normal (non frequency converting) operation.

e Mixer Power Cal... opens a dialog to perform a power calibration of the signal sources and of
the IF receiver.

e Mixer Vector Cal... initiates a two-port calibration of the extended test setup including the two
additional mixers and the low pass or high pass filter.

Define Vector Mixer Meas...

Opens a configuration dialog for the mixer input signals and indicates the extended test setup.
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Define Yector Mizer, Measurement

SOURCE  REF MEAS

1 GHz
-26 dBm..5

Low

Pass 999.7 MHz
-25 dBm...5 dBm

1 GHz <fc<999.7 MHz

Pat v v
300 kHz 300 kHz
-25 dBm -25 dBm
Aux Mixer
@ Pon 2 Farameters
) Port Config Ext Generalurs..] [ Set Powers... ] [ Set Frequencies... ]
I Ok ] [ Cancel ] [ Help ]

In the upper part the Define Mixer Measurement dialog shows a diagram with the test setup for vector
mixer measurements. Below the dialog provides the following control elements:

Remote
control:

1145.1084.12

Two port selection lists contains all analyzer ports or external generators which can provide the
local oscillator (LO) signals. Ports no. 1 and 2 are always used for the RF signal and the
measured IF signal (mixing product), so they are not included in the lists. Generators must be
configured explicitly in the System Configuration — External Generators dialog before they
appear in the lists. None means that a LO generator is not controlled by the analyzer.

A power splitter is required to supply both the MEAS and the REF mixer ("Aux Mixer") with a
LO signal (termed "Aux LO") from a single source. With a second splitter or a 3-way splitter, it is

possible to supply all three mixers from a single source.

Aux Mixer selects one of two alternative test setups, with the MEAS and REF mixers connected

to either port 2 or port 1.

Config Ext. Generators... opens the System Configuration — External Generators dialog for

adding and configuring external generators.

Set Powers... opens a dialog to control the power of the RF and the LO signals.

Set Frequencies... opens a dialog to control the frequency of the RF and the LO signal and the

analyzer (IF signal) frequency.

For network analyzers with upper frequency limits above 20 GHz, the lower IF frequency limit is
600 MHz, if the MEAS and REF mixers are connected to port 2. Change the test setup if the IF

frequency falls below this limit.

[SENSe<Ch>:]FREQuency:CONVersion:
[SENSe<Ch>:]FREQuency:CONVersion

[SENSe<Ch>:]FREQuency:CONVersion:
<port no>
[SENSe<Ch>: ] FREQuency:CONVersion:
<gen no>
[SENSe<Ch>:]FREQuency:CONVersion:

4.229

MIXer:
:MIXer:

MIXer:

MIXer:

MIXer:

LOINternal <port no>
LOEXternal <gen no>

AINTernal NONE |
AEXTernal NONE |

APORt <port no>

E-13
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Vector Mixer Meas, Reset Frequency Conversion

The softkey Vector Mixer Meas activates the vector mixer mode, where the analyzer ports provide
different source frequencies. Reset Frequency Conversion disables all frequency-converting
measurements, including e.g. an active scalar mixer, mixer delay, or harmonic distortion measurement.

A Mix Frq RF label in the channel list indicates that a frequency-converting mode is active.

Ch1 MixFrgRF Start 300kHz  Pwir 0 dBm Stop 8 GHz

Remote control: [SENSe<Ch>:]FREQuency:CONVersion VMIXer | FUNDamental

Vector Mixer Test Setups

The mixer signal diagram shows the test setup including the mixer under test (MUT) and the two
additional mixers ("Aux mixer")), the RF and LO signals, the mixing product (IF) with the necessary low
or high pass filter, and the current frequency and power ranges for all signals. The diagram appears in
the Define Vector Mixer Measurement dialog.

The mixer diagram changes along with the selected position of the MEAS and REF mixers. The
example below corresponds to Aux Mixer: Port 2. The alternative diagram is symmetric, with the MEAS
and REF mixers connected to port 1. See background information Finding the best test setup below.

S0URCE REF MEAS SOURCE REF MEAS

ouT ouT 1
H INH wH @
1GHz
-25 dBm..b

Lo

Pass 999 7 MHz
-26 dBm...5 dEm

1 GHz < fc < 999.7 MHz

Pond v v
300 kHz 300 ki
-25 dBm -25 dBm

e The RF signal is the stimulus signal that the analyzer generates with the current channel
settings. After a reset the frequency and power of the RF signal is as defined in the Channel —
Stimulus menu. The RF signal parameters can be changed in the Set Power... and Set
Frequencies... dialogs.

e The Local Oscillator (LO) signals are two additional RF signals that are either generated by the
network analyzer (at the ports that are not used for the RF and IF signals, i.e. port 3, 4...) or by
external generators. Both LO signals are at the same frequency. The first LO signal is fed to the
LO input of the MUT, the second to the additional mixers using an appropriate power splitter
(not in the diagram). If necessary, appropriate amplifiers can be used in addition. With a second
power splitter or a 3-way splitter, it is also possible to supply all three mixers from a single
source.

On four-port analyzers, it is recommended to use the (coupled) analyzer ports port 3 and port 4
for the LO signals.

e The IF signal is the mixer output signal (mixing product), which is at one of the following
frequencies: IF = |LO — RF|, i.e. LO — RF (for LO > RF) or IF = RF — LO (for RF > LO) or IF =
LO + RF. The IF frequency band is selected in the Set Frequencies... dialog.

e The low pass or high pass filter rejects the undesired mixing product that might impair the
accuracy of the measurement and of the mixer vector calibration. The required filter type and
cut-off frequency are displayed in the diagram, depending on the RF / LO frequencies and the
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selected IF band.

If the mixer under test is measured in down-converting mode (IF = RF — LO or IF = LO — RF),
a low-pass filter must be used to reject the up-converted IF signal at IF = RF + LO. If fed to the
IF input of the MEAS mixer, the RF + LO signal would be down-converted to RF, which would
make it indistinguishable from the RF — LO signal, up-converted to RF. The cut-off frequency of
the low-pass filter must be between Max(RF — LO) and Min(RF + LO).

If the mixer under test is measured in up-converting mode (IF = RF + LO), a high-pass filter
must be used to reject the down-converted IF signal at IF = RF — LO. If fed to the IF input of the
MEAS mixer, the RF — LO signal would be up-converted to RF, which would make it
indistinguishable from the RF + LO signal, down-converted to RF. The cut-off frequency of the
high-pass filter must be between Max(RF — LO) and Min(RF + LO).

e The additional mixer MEAS converts the filtered IF signal from the mixer under test back to the
RF frequency which is fed to the measurement receiver at port 2.

e The additional mixer REF converts the IF signal from the internal source at port 2 to an RF
signal which is fed to the reference receiver.

Reference receiver e RF IN
¥ our REF

Measurement receiver RF IN
e IF OUT MEAS

I LW e
@ From intemal source .

o The signal description above with the swept RF signal and the LO signal at a fixed frequency
corresponds to the default configuration. In the Set Frequencies dialog, you can select any of the
signals as a Sweep/CW signal. You can set the frequency range of this signal via Start/Stop or CW
Frequency. A second signal is at a Fixed frequency, and the third at the calculated sum or difference
frequency (Auto).

The vector mixer measurement is also compatible with different sweep types, e.g. a power sweep. The
labeling of the input and output signals of the MUT depends on the sweep type.

@ Finding the best test setup

The alternative test setups place different requirements on the NWA receivers and the additional
equipment.

Test setup (Aux Receiver requirements Low pass / high pass filter
Mixer) requirements
Port 2, forward RF signal is converted to IF by the MUT and passes the The distance between the two IF bands
measurement (port 1 -- coupler at NWA port 2 as well as the MEAS mixer before | increases with the LO frequency.
> port 2) it reaches the measurement receiver. --> Moderate filter requirements for
--> Reduced accuracy for network analyzers with an "standard" measurement scenarios
upper frequency limit > 20 GHz and IF frequencies <600 | where frr >> fif, flo >> fir.
MHz.
Port 2, reverse No limitations n/a
measurement (port 2 --
> port 1)
Port 1, forward No limitations n/a
measurement (port 1 --
> port 2)
Port 1, reverse IF signal is converted to RF by the MUT and passes the The distance between the two RF
measurement (port 2 -- coupler at NWA port 2 as well as the MEAS mixer before | bands decreases if a smaller IF
> port 1) it reaches the measurement receiver. frequency is chosen.
--> Reduced accuracy for network analyzers with an --> High filter requirements for
upper frequency limit > 20 GHz and RF frequencies "standard" measurement scenarios with
<600 MHz. low IF frequencies.
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e Avoid test setup "Port 2", if you use a network analyzer with an upper frequency limit > 20 GHz
and work at IF frequencies <600 MHz.

e Avoid test setup "Port 1", if the edge of your low pass or high pass filter is not steep enough to
clearly separate the two RF bands in the reverse measurement.

Example: RF frequency: 1.1 GHz ... 1.2 GHz, LO Frequency: 1.0 GHz, IF = RF — LO (Down, USB). An
R&S ZVA24 network analyzer is used.

-->|[F =100 MHz ... 200 MHz. For best accuracy in the forward measurement, use test setup "Port 1".
In the reverse measurement, this test setup requires a high pass filter with a cutoff 900 MHz < f, < 1.1
GHz.

Mixer Power Cal...

Opens a dialog to perform a power calibration of the signal sources and of the IF receiver. A power
calibration ensures accurate levels of the mixer input signals (RF, IF, and LO source power calibration).
The necessary calibration steps are automatically performed across the entire frequency range of the
active mixer measurement (Set Frequencies).

@Mixer Power Cal procedure and example

Due to the different frequency ranges of the input and output signals and the external equipment
needed, the mixer power calibration must be performed in several steps. For the standard test setup
where the RF and LO signals are provided by port 1 and an external generator, respectively, where the
RF signal is swept, and where the IF signal is analyzed at port 2, the following test setups are required:

1. Source power calibration for the RF signal. A power sensor is connected to port 1. The RF
power (red) is calibrated over the selected RF sweep range.

ToGPIB/
LAN fUSB

! RF source port (port 1)

H RF power range
- i Power calibration plane

2. Source power calibration for the IF signal. A power sensor is connected to port 2. The IF power
(red) is calibrated over the IF sweep range, calculated from the selected RF sweep range and
the LO frequency. No additional external devices such as mixers are needed.
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S

To GPIB /
LAN / USB

IF source port (port 2)
IF power range

3. Source power calibration for the LO signal, provided by an external generator. A power sensor
is connected to the generator's RF output (red signal). The analyzer controls the generator, its
RF power (red) is calibrated at the selected IF frequency. No RF connection to or from the

network analyzer is needed.

R —————— ........."

From

wonnnE |

Mixer Power Calibration for Vector Measurement

GPIB / LAN

1. RF Source Calibration Source Cal Settings
Caonnect Pratr 1 to Part 1 RF Cal Power: 0dBm
I RF Cal Power Offset:
[akeiCalSivaepis = L0 Cal Power: 25 dBm
LO Cal Power Offset:
1 Mauirmurn Mumber of Feadings:
Tolerance:
2. IF Source Calibration a Flatness and Reference Receiver Cal
L t Pty 1 to Port 2
s Sl D] 1 Modify Settings...
Take Cal Sweep...
-2 Power Meter
ChiStart 2 GHz Stop 3 GHz Pritr 1 » | Pawer Meter Canfig,..
3. LO Source Calibration [ ]
Connect Protr 1 to Mane HEE
[ ake Cal Sweep... Ser #: GRIBOZ0
Abort Sweep Perfarm Yerification Sweep After Cal
[ Close ] [ Help

e Take Cal Sweep in the three numbered panels starts the calibration sweeps for the RF source,
IF source, and the LO source, respectively. The measured power is shown in the diagram in the

center of the dialog and the sweep progress in the progress bar below.
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e Abort Sweep stops the current sweep, e.g. in order to change the sweep settings.

e The calibration sweeps are performed according to the settings shown in the Settings panel in
the upper right section of the dialog. Modify Settings opens the Modify Source Power Cal
Settings dialog to modify the essential settings of the next calibration sweep.

e Power Meter selects an external power meter that is used to measure the exact source power
at the calibration point; see Power Meter Settings in the Power Calibration section. Power
meters (Pmtr1, Pmtr2, ...) must be configured in the System Configuration — External Power
Meters dialog before they appear in the list.

e Perform Verification Sweep after Cal enables or disables a verification sweep that the analyzer
performs after each source power calibration. The sweep is also displayed in the calibration
sweep diagram. Its purpose is to test the accuracy of the source power calibration after the final
correction data has been acquired.

Remote control: SOURce<Ch>:POWer<Pt>:CORRection:PMETer:ID
SOURce<Ch>:POWer<Pt>:CORRection:MIXer:RF[:ACQuire]
SOURce<Ch>:POWer<Pt>:CORRection:MIXer:IF[:ACQuire]
SOURce<Ch>:POWer<Pt>:CORRection:MIXer:LO[:ACQuire]

Mixer Vector Cal...

Opens a submenu to perform a 2-port calibration (system error correction) for vector mixer
measurements. The calibration can be performed manually or using a calibration unit.

e Manual Cal... opens the Calibration wizard for two full one-port calibrations at ports 1 and 2.

e Calibration Unit... opens a dialog for (partially) automatic calibration using the connected
calibration unit.

Both calibration methods provide equivalent results.

Manual Cal...

Opens the calibration wizard to perform a 2-port calibration (system error correction) for vector mixer
measurements. The calibration is performed with the complete test setup including the additional
mixers MEAS and REF and the high pass or low pass filter. The mixer under test (MUT) is simply
replaced by the required calibration standards. The effect of the calibration is to shift the reference
plane to the MUT ports as shown below (red lines represent the reference plane without calibration and
with closed jumper connectors, green lines represent the reference plane after calibration).

G

o Due to the frequency-converting properties of the vector mixer measurement, the factory
calibration is not applicable and therefore suspended. The Measure Standards calibration dialog
shows uncorrected, raw measurement results; the mixer vector calibration is based on these
results.

A proper mixer vector calibration is essential for an accurate vector mixer measurement.
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SOURCE REF MEAS SOURCE REF MEAS

ouT ouT 1
H NH INH @
T[T GHe
-25 dBm..5

Low

Pass 999 7 MHz
-25 dBm...5 dBm

1 GHz < fc € 999.7 MHz

Pond v v
300 kHz 300 kHz
25 dEm 25 dBim

The mixer vector calibration corresponds to a 2-port UOSM calibration where the unknown through
standard is replaced by an unknown calibration mixer. In analogy to the unknown through standard
used for UOSM calibration, the calibration mixer must be reciprocal (Sy; = Sy5).

o If your mixer under test is reciprocal, you can also use it as a calibration mixer.

Remote [SENSe<Ch>:]CORRection:COLLect :METHod:DEFine

control: "<cal name>", UOSM,
<port no>[,<port no>][,<port no>][,<port no>]
[SENSe<Ch>:]CORRection:COLLect[:ACQuire]:SELected
UTHRough,<port_no>,<port_no>[, <Dispersion>, AUTO | <delay | phase>]

See also calibration wizard description.

Calibration Unit...

Opens a dialog for automatic vector mixer calibration using the connected calibration unit.

Mizer Yector Cal with Calibration Unit

Active Cal Urit and Characterization
Active Cal Unit: 2281, Order: 1164.0515.30, Serlt: 100007
Active Charactenzation: test.calkit

[ Change Active Calibration Unit or Characterization ... ]

Calibration Settings
WA Portz to be Calibrated and their Assignment to Cal Unit Parts:

2B 1 2
| Test Part Corn: Port1 M 500 [f --- no port description -
Cal Unit; 1 2

User Characterization iz active! This may cause poor measurement
! E results if calibration unit is used in factory configuration.

Calibration Type: Full n-Parts

Cal Unit: Reciprocal kiser
[Connect RF port to Part 1, IF Port to Port 2):

[Take Cal Sweep| [Take Cal Sweep|

Calibration Sweep:

[ ]

[ Cloze ] [ Help ]

The dialog shows the active calibration unit and characterization. Click Change Active Calibration Unit
or Characterization... to change these settings. The port assignment displayed in the center of the
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Channel

Stimulus
Pawer Bandwidth Average
Sweep

Part Canfig...
Channel Select
Calibration
Offset

Harmonics

* v vRBld v v -

3
Scalar Mixer Meas 3
Mixer Delay Meas »
Intermod Distortion Meas 3
»
3
»

Wector Mixer Meas
Moise Figure Setup Guide ...
Define Maoise Figure Meas ...

Moise Figure Meas

virkual Transfarm

Defined Coherence Mode ...
Alternating Sweeps

Pulse Generator
Def Pulse Generatar, .,

Spurious Awvoidance »
ALC.,. (Al Chans)
Low Phase Moise

e Noise Figure Setup Guide opens a dialog which helps you perform all the necessary steps for a
noise figure measurement in the right order. All configuration and calibration dialogs for the
noise figure measurement can be accessed from the setup guide.

e Define Noise Figure Meas... provides basic parameters for the noise figure measurement.
Open this dialog to modify the definitions of the setup guide.

e Noise Figure Cal... opens a dialog to assess and compensate the internal noise at the NWA
receiver and source. Open this dialog to modify the calibration procedure of the setup guide.

e Correction Off (de)activates the noise figure calibration for the active channel.

Basic Test Setup and Noise Figure Calculation

The schematic test setup for a noise figure measurement is shown below.

|:'Signal. 1
Phoise. 1 Gain, G,
- Noise figure, F,
W @

The NWA source provides a superposition of a CW signal and a noise signal. The latter generally
consists of the thermal noise Nt 1 and a possible additional contribution AN:

Pnoise, 1 = N7, + AN
The definition of the noise figure Fp is based on a pure thermal noise signal (AN = 0):
Fb = (Psignal, 1/ N1 1) / (Psignal, 2 / Pnoise, 2) = Poise, 2 / (N1, 1 * Gp) where Gp = Pgignal, 2 / Psignal, 1

AN is supposed to be amplified like the CW signal. Hence, the noise signal at the output of the DUT
equals to:

Pnoise, 2= Gp * (Fp * Nt + AN)

According to the equations above, it is possible to calculate both the gain Gp and the noise figure Fp of
the DUT, if the four powers Pgignal, 2, Psignal, 1, Phoise, 1, Pnoise, 2 €an be measured with sufficient accuracy.
The measurement requires two steps:

PS ignal, 2

MNoisa, 2

e Source noise calibration of the driving NWA port --> Pgignal, 1, Pnoise, 1- This step is required only
once for a given channel configuration.
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e Transmission measurement of the DUT --> Pgignal, 2, Pnoise, 2. The analyzer uses two different
detector settings to separate the CW signal and the noise signal contributions. The Average
detector yields the CW signal power; the RMS detector yields the sum of the CW signal and
noise power.

Conditions for the measurement

e Option R&S ZVAB-K30, Noise Figure Measurement, provides the measurement including the
necessary (wide-band) IF filters. Internal source attenuators are recommended but may be
replaced by an external attenuator.

e The measurement algorithm is based on the assumption that the DUT operates in its linear
range so that all input signal contributions are amplified by the same gain factor.

e A power calibration (source power calibration using an external power meter and subsequent
receiver power calibration) prior to the noise figure calibration and to the actual measurement is
essential for an accurate measurement of the noise power at the NWA receiver.

e The Noise Figure Calibration is important to assess the internal noise figure of the NWA
receiver and generator.

e The power calibration and noise figure calibration correspond to a transmission normalization of
the test setup. An additional system error correction (S-Parameter Calibration) using an AVG
detector calibrates the gain Gp and improves the accuracy of the noise figure measurement.

The Noise Figure Setup Guide helps you perform all the necessary steps consistently and in the
right order.

Extensions

e The network analyzer provides two alternative measurement procedures for maximum flexibility
concerning the signal levels or maximum speed. See Sequential vs. Simultaneous
measurement.

e To prevent excess input levels (especially for analyzers without source attenuators), it is
possible to loop an external attenuator in-between the NWA source port and the input of the
DUT. An external attenuator can also improve the match at the input of the DUT. Proper noise
figure calibration ensures that the gain and noise figure of the external attenuator is
compensated.

e Conversely, it is possible to use an external low-noise preamplifier in order to reduce the noise
figure of the NWA receiver and thus improve the measurement accuracy. The gain and noise
figure of the pre-amplifier is also compensated during the noise figure calibration. Refer to the
background information in section Noise Figure Calibration to learn more about the relationship
between receiver noise figure, preamplifier gain and measurement accuracy.

A suitable low-noise preamplifier (option R&S ZVAX-B203) is available in combination with the
Extension Unit, R&S ZVAX24.

e Options R&S ZVA-B16, Direct Generator and Receiver Access, improve (i.e. reduce) the noise
figure of the NWA source and receiver. On analyzers equipped with options R&S ZVA-B16, it is
also possible to measure the noise figure using a single port. Connect the NWA port connector
to the DUT and route back the output signal to the MEAS IN connector of option R&S ZVA-B16.
On a four-port analyzer, this allows you to measure four DUTs in parallel.

e On four-port analyzers, it is possible to perform two noise figure measurements in parallel using
two different port combinations.

e Network analyzers with upper frequency limits in the microwave range have an enhanced
coupling attenuation below 1 GHz. This can impair the accuracy of the noise figure
measurement.

1145.1084.12 4.238 E-13


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT

Channel Menu

Noise Figure Setup Guide

The Noise Figure Setup Guide gives access to all necessary steps of a noise figure measurement. The
dialog is similar to a wizard, however, everything is arranged in a single dialog. The panels numbered 1.
to 7. suggest a meaningful order for the different steps. In some cases, it is possible to change the
order or skip a step entirely (e.g. a calibration may be skipped if a valid calibration for the test setup is

already available).

The buttons in the different panes open dialogs or wizards; all of them are also accessible from the
menus of the network analyzer. In general, it is advantageous though to open the dialogs from the
setup guide, because this will adjust some of the settings to the requirements of the noise figure

measurement.

Noise Figure Setup Guide

1. DUT Port Connection
DUT Irput: :F'Dlt'l At

DUT Output: :F'ort2 w

4. Define Moize Figure

5. Moize Figure Calibration

-
2. Source Power Calibration
Base Power |0 dBm et E. 5-Parameter Calibration
0 dBm in standard caze for good 5/M. Cal Method: Full Twa Part V3
3. Receiver Power Calibration 7. Configure Traces
[ Preamp or Direct Receiver &ccess Used MNF21 D S11 |:| 512
v
Baze Power J_| - Ee
. [ Replace ] [ Add ]
Step Attenuator: J_|

Far detailed explanations pleaze refer to

Awvoid receiver compression, application note 1EZ61,

[ Cloze ] [ Help ]

The setup guide provides the following panels/steps:

1. DUT Port Connection defines the basic test setup, i.e. the input and output ports of the
DUT/NWA. With option R&S ZVA-B16, Direct Generator and Receiver Access, it is possible to
measure the noise figure at a single port (<DUT Input> = <DUT Output>); see section Basic
Test Setup and Noise Figure Calculation.

2. Source Power Calibration gives access to the Source Power Cal dialog for the previously
selected DUT Input port and base power. The base power setting overwrites the Channel —
Power Bandwidth Average — Power setting as soon as the calibration dialog is opened.

3. Receiver Power Calibration gives access to the Receiver Power Cal dialog for the previously
selected DUT Output port. If a preamplifier is connected between the DUT and the receive port
of the analyzer, or if the output signal of the DUT is fed to the MEAS IN connector of option
R&S ZVA-B16, Direct Generator and Receiver Access, in order to bypass the coupler and
improve the receiver noise figure, the check box should be selected. This activates the input
fields for base power and source step attenuator settings (if available), which you may have to
adjust to the test setup in the receiver path in order to avoid excess receiver input powers
(receiver compression; see data sheet). An active check box has no additional effects.
The base power setting overwrites the Channel — Power Bandwidth Average — Power setting
as soon as the calibration dialog is opened. The step attenuator setting overwrites the source
attenuator settings for the DUT Input port in the Channel — Power Bandwidth Average — Step
Attenuators dialog.

E-13
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4. Define Noise Figure opens the Define Noise Figure Measurement dialog, providing basic
settings for the noise figure measurement.

5. Noise Figure Calibration opens the Noise Figure Calibration dialog to assess and compensate
the internal noise at the NWA receiver and source.

6. S-Parameter Calibration opens the Calibration wizard for the previously selected input and
output ports and the Cal Method. If this step is skipped, the previous power and noise figure
calibrations effectively ensure a transmission normalization; the noise figure trace line contains
no calibration label. With an additional One Path Two Port or Full Two Port calibration, the
system error correction of the gain Gp (and thus the noise figure measurement in total) is
improved; the trace lines for the calibrated ports indicate Cal. A Full Two Port calibration
requires more calibration measurements but provides best accuracy; see section Calibration
Types.

Note: An S-parameter calibration is required for S-parameter measurements in parallel to the
noise figure measurement. The large IF bandwidth required for noise figure measurements
limits the accuracy of the calibration and the subsequent S-parameter measurements; the AVG
detector can improve the results.

7. Configure Traces provides a selection of traces which are commonly of interest for the noise
figure measurement. The selected traces are created and displayed when the Replace or Add
buttons are clicked. The noise figure trace (NF21) is smoothed automatically (label SMO in the
trace line). The large IF bandwidth limits the accuracy of the S-parameter measurement; the
AVG detector can improve the results. Use the Trace — Measure menu if you wish to modify
the trace settings.

To avoid misleading results, S-parameter selection is enabled only after an S-Parameter
Calibration has been performed.

Define Noise Figure Meas...

Provides basic parameters for the noise figure measurement.

Define Noise Figure Measurement @

Detector Meas Time:

Measurement of Gain and Moize:

@ Sequential [recommended)

) Simultanenus [faster, but limitations)

[ Assume Ideal TO Source Noise

By preszing OF., the global channel settings of
- IF Bandwidth
- Filter Selectivity

will be modified.

[ 0K ] [Eancel] [ Help ]

e Detector Meas Time sets the time that the analyzer uses to acquire data with each of the
detector settings (Avg, RMS; see Detector). The two detectors are used to separate the CW
signal and the noise signal at the output of the DUT. A smaller measurement time enhances the
total measurement speed, possibly at the expense of accuracy. With the default measurement
time, the great majority of noise powers should be measured correctly. If you reduce the
detector measurement time, ensure that the variation of the measurement results does not
increase significantly.
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e Measurement of Gain and Noise selects a measurement procedure for maximum flexibility
concerning the signal levels or maximum speed; see background information below.

e OK activates the noise figure measurement using the current settings. Note that the filter
settings are automatically adjusted to the requirements of the noise figure measurement: An IF
bandwidth of 5 MHz and a filter with high selectivity is activated. The filters are available if
option R&S ZVAB-K30, Noise Figure Measurement, is installed.

@Sequential versus Simultaneous measurement

During the noise figure measurement stage, the analyzer must determine the powers of the CW signal
and of the noise signal at the output of the DUT (Psignal, 2, Pnoise, 2)- This may be done in a single or in
two measurement stages.

e In Sequential mode, the noise power and the CW signal power are measured in two
consecutive sweeps. The first step consists of a normal gain measurement. In the second step
the source CW power is reduced to obtain the noise power from the AVG and RMS detector
values.

Advantages: This mode provides accurate results over a wide range of source powers. In
general, no additional external equipment (attenuator) is needed.
Shortcoming: Increased (doubled) measurement time.

e In Simultaneous mode, the noise power and the CW signal power are measured in a single
sweep using two different detector settings.
Advantages: Shortest measurement time; the noise figure of the DUT is measured under
normal operating conditions.
Shortcoming: Higher source noise. For accurate results the input power at the DUT should be
in the range between approx. —70 dBm and —50 dBm. For network analyzers without generator
step attenuators, an external attenuator is required.

Remote control: [SENSe<Ch>:]SWEep:DETector:TIME
[SENSe<Ch>: ]NFIGure:SEQuential

Noise Figure Cal...

Opens a dialog to assess and compensate the internal noise at the NWA receiver and source. The
noise figure calibration should be performed after regular power calibration using an external power
sensor following the instructions in section Power Calibration. It is required for various reasons (see
also Basic Test Setup and Noise Figure Calculation):

e The Receiver Noise Calibration determines the noise figure of the internal NWA receiver and
ensures an accurate measurement of the output signals Pgignal, 2, Pnoise, 2-

e The Source Noise Calibration determines the noise figure and gain of the internal NWA source
and provides the accurate source signal contributions Psignal, 1, Pnoise, 1-

e If an additional external attenuator is used (see Sequential vs. Simultaneous measurement),
the noise contribution of this attenuator must be compensated in addition.

The necessary calibration steps are automatically performed with the channel settings of the active
noise figure measurement.

@ Noise Figure Calibration procedure

The noise figure calibration is performed in two steps. A third step is added if an external attenuator is
used.

1. Receiver noise calibration of the analyzer's receive port. The receive port (assigned to the DUT
output) is terminated with a 50 Q match. The connecting cable for the DUT should also be used to
connect the match. If a pre-amplifier (preferably, the low-noise preamplifier R&S ZVAX-B203) is used

1145.1084.12 4.241 E-13


https://www.manualsplus.com/

Channel Menu R&S® ZVA/ZVB/ZVT

for the measurement, it is also part of the calibration test setup. The dot in the figure below denotes the
position of the DUT output in the measurement test setup.

Connecting Pre-amplifier NWA receive port

NT cable |
|

{optional)

Match

The noise figure of the NWA receiver (including the connecting cable and a possible pre-amplifier) limits
the accuracy of the noise figure measurement as a whole. A pre-amplifier with a higher gain can reduce
the receiver noise figure.

2. Source noise calibration of the analyzer's source port. The DUT is replaced by a through connection;
its attenuation should be as small as possible. If a pre-amplifier is used for the measurement, it is also
part of the calibration test setup. The two dots in the figure below denote the position of the DUT input
and output in the measurement test setup.

NWA source port Connecting Through- Conneonng Pre amplifier i NWA receive port

: I - cable connection cable [ [ :
Source |
attenuator (upnu nai)

3. Attenuator calibration, if the measurement is performed with an external attenuator. The external
attenuator and a possible pre-amplifier are part of the calibration test setup. The DUT is replaced by a
through connection. The two dots in the figure below denote the position of the DUT input and output in
the measurement test setup.

Connecting Attenuator Through- Connectmg!Pre-amplifier NWA receive port

: ‘{>-‘: cable connection cable | [ [: :

Source |
i (optional)

NWA source port

attenuator

Moise Figure Calibration gj

Calibration Settings

DUT Input: V.: IF Gain a:

DUT Dutput: Pat2  %| IFGainh: :_LUW Noise [we)]
Gien Atten far Sre MCal: 1] dB . V [ &dditional E stemal Attenuator

|Please perform a receiver power cal or

Gen Atten for DUT Meas: |0 dB V_:

Match on port 2
Receiver Noige Cal
2
Take Cal Sweep ...
1
Through from port 1 to part 2 i}

Source noige cal
-1

Take Cal Sweep .. .2
Ch1Start 300 kHz~ Stop 8 GHz
Additiohal External Attenuatar [ ]

Apply, adjusts channel settings.
Refer to help for details.

[ Cancel ] [ Help ]

e DUT Input and DUT Output denote the input and output ports of the DUT/NWA.

e Gen Atten for Src NCal reduces the source level during the source noise calibration (calibration
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times the tone distance. For an R&S ZVA analyzer that is equipped with option R&S ZVA-B16, Direct
Generator/Receiver Access, a test setup of the following type is recommended:

Supply

Lower tone signal |l-

v B
Upper tone signal _..>_ Input Oulput

The lower tone signal is generated at port 1, the upper tone is provided by a second source (port 3).
Both signals are combined externally and fed to the SOURCE IN connector at port 1. Thus the
superimposed signals are available at test port 1 and can be fed to the DUT input. The intermodulation
quantities can be measured at the DUT input (reflected wave a;) or at the DUT output (transmitted
wave b,). It is possible to change the port numbers and to use external generators for the upper and
lower tone signals.

=

c On R&S ZVA-Z67 network analyzers, all ports have independent internal sources. You can perform
intermodulation measurements with an arbitrary combination of two source ports.

The following alternative test setup does not require an external coupler but provides a reduced
dynamic range.

Combine upper tone and

lower tone signals

The lower tone from port 1 and the upper tone from port 3 are combined using the directional coupler of
port 3. Ports 1 and 3 are connected as follows: SOURCE OUT (1) to MEAS OUT (3) and Port 3 to
SOURCE IN (1). The superimposed signals are available at test port 1 and can be fed to the DUT input.
The intermodulation quantities can be measured at the DUT input (reflected wave a;) or at the DUT
output (transmitted wave b,). It is possible to change the port numbers and to use external generators
for the upper and lower tone signals. For more details about the test setup see Intermodulation Power
Calibration and Level Handling.

Other analyzer configurations

If you use an external combiner but no options R&S ZVA-B16, you can still measure the
intermodulation products at the output of the DUT.
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Supply

Lower tone signal

Upper tone signal )

With an R&S ZVT20 network analyzer that is equipped with option R&S ZVT-B11, you can combine the
two source signals internally without using the SOURCE IN/OUT connectors and an external combiner.
You can also replace the external combiner by an Extension Unit R&S ZVAX with installed option R&S
ZVAX-B211.

® Intermodulation measurement, results
The intermodulation measurement provides two different types of results.

1. In the swept measurement, the analyzer performs a frequency or power sweep of the two-tone
stimulus signal and displays the selected intermodulation quantities as a function of the lower-tone
frequency or power.

Tt d8 Mag 1dE ¢ Ret-tdim Tred dB Mag 1d0 ¢ Ret-4 dim 1
Tt [[EIT0 98 Mag 1d6 ¢ Rer-td@m

Cil SBN 1GHT Puroagm SWp 2 GHI

2. In the intermodulation distortion spectrum measurement, the frequency and power of the lower and
upper tones is kept constant; the analyzer displays all intermodulation products in the vicinity of the
signals up to a selectable order.
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@ Intermodulation measurement with frequency conversion

The intermodulation distortion measurement can be extended to frequency-converting DUTs. E.g. it is
possible to feed the two-tone source signal to the RF input of a mixer and measure the intermodulation
distortion of the IF output signal, after conversion with an additional LO signal.

The Define Mixer Measurement dialog can be accessed from the intermodulation distortion
measurement dialog. You can also use the Port Configuration dialog to configure an arbitrary
frequency-converting measurement.
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Channel

Stimulus
Power Bandwidth fiverage
Sweep

Port Config...

Channel Select

- v vRidv v v

Calibration Harmanics

Offset Scalar Mixer Meas
Mixer Delay Maas
Define Intermod Dist Meas...

CW Mode Intermad Spectrum. ..
Intermod Dist Meas Power Cal .,

Reset Freq Conv and Intermod

Intermod Distartion Meas

Veckar Mixer Maas
Moise Figure Meas
Yirtual Transform

- v vBld v v v

Defined Coherence Mode ...
Alternating Sweeps

Pulse Generator
Def Pulse Generatar ...

Spurious Avoidance 3
ALC {all Chans)
Lows Phase Moise

e Define Intermod Dist Meas... opens a wizard that you can use to configure the intermodulation
measurement. The remaining entries in the submenu are available as soon as a valid
configuration has been defined.

e CW Mode Intermod Spectrum... opens a dialog that you can use to configure the
intermodulation distortion spectrum measurement.

e Intermod Dist Meas Power Cal opens the power calibration wizard for the intermodulation
measurement.

e Reset Frequency Conv and Intermod disables the intermodulation measurement mode and
switches back to normal (non frequency-converting) mode.

Define Intermodulation Distortion Measurement

The Define Intermodulation Distortion Measurement wizard defines the source and receiver settings for
the intermodulation measurement.

G

e Frequency range for intermodulation measurements
After a preset, the lower tone is swept across the full frequency range of the analyzer, which
means that the upper tone frequency is out of range. Click Set Frequencies and Powers and
reduce the sweep range to establish compatible settings.
The intermodulation products of K" order (IMk) are measured at the lower tone frequency minus
(k — 1)/2 times the tone distance and at the upper tone frequency plus (k — 1)/2 times the tone
distance. These receiver frequencies must be within the frequency range of the analyzer, too.
The analyzer displays a message if the source frequency (as defined in the Port Configuration
dialog) at one of the used source ports is different from the channel base frequency (the
frequency-converting / arbitrary mode is active). Disabling the arbitrary mode ensures a valid
port configuration and facilitates the interpretation of the intermodulation distortion results.

1145.1084.12 4.247 E-13


https://www.manualsplus.com/

Channel Menu

R&S® ZVA/ZVB/ZVT

Define Intermodulation Distortion Measurement

Source

Lower Tane: Part 1 v

Upper Tone: Part 3 w

Two Tone Output:

[ Config Ext Generatars. .. ]

cal

Tone Distance: |1 MHz

[ D efine Mixer Measurement... ]

[ Set Frequencies and Powers. .. ]

Receiver
Measured W ave Quantities:
ALDUT Input:

AtDUT Output:

b2 |

Meaz B |10 kHz ¢ | =

Measurement Bandwidth must
be < Tone Distance

Selectivity
() Mormal
) High (Recommended)

Frepare Meazurement of I Order

s

Mz Os O7

Select IMD quantities via Measure : Intermod Distartion Quantities
Connect DUT input to Ext. Dev. Src and DUT output to Port 2 Rew

al.ad  [Part1)
[Part 2]

[ ok

J |

Cancel | |

Help ]

Lower Tone selects an analyzer port or an external generator as a source of the lower tone

signal. If Port 1 is selected as the Two Tone Output, then Port 1 must also provide the lower
tone. This condition ensures a consistent receiver power calibration for the intermodulation
products at the DUT output port (e.g. Port 2, for details refer to the description of the power
calibration procedure in section Intermodulation Distortion Measurement Power Calibration).

Upper Tone selects an analyzer port or external generator as a source of the upper tone signal.
The source must be different from the lower tone source. This means that you cannot combine
coupled generator ports (port 1/2, port 3/4 etc.) for the lower and upper tones.

Two Tone Output defines the source of the two tone signal which is fed to the input of the DUT.
For analyzers without option R&S ZVA-B16, Direct Generator/Receiver Access, and without an
internal combiner , the setting Ext. Dev. (external device) is fixed: The analyzer assumes that
the lower tone and the upper tone signals are combined by external means. If one of the
options above is available, the lower tone source Port 1 may be selected alternatively. The two
basic test setups are described above; see Intermodulation measurement, test setups.

The Two Tone Output setting affects the fast power calibration method (see Modify Source
Power Cal Settings dialog, Use Reference Receiver After First Cal Sweep: On): If Ext. Dev. is
selected, the actual source power is derived from the reference waves (a waves) of the lower
and upper tone ports. If Port 1 is selected, the source power is derived from the lower tone
reference wave a;. Select the Two Tone Output in accordance with the test setup to ensure an
accurate fast power calibration.

Config Ext Generators... opens the System Configuration — External Generators dialog for
adding and configuring external generators.

Tone Distance defines the frequency difference between the upper and the lower tone. The
tone distance is kept constant across the entire sweep.

Use Internal Combiner activates the internal combiner for network analyzers R&S ZVT20 that
are equipped with option R&S ZVT-B11. The internal combiner requires the lower tone from
port 1, the upper tone from port 3.

The Receiver — Measured Wave Quantities section adjusts the intermodulation measurement to
the test setup; see Intermodulation measurement, test setups. At DUT Output shows the wave
quantities which are fed to the DUT input, depending on the source settings (Lower Tone,
Upper Tone, Two Tone Output). Wave quantities from external generators are not listed. The
analyzer port which provides the combined two-tone signal is shown in brackets.

At DUT Output selects the receive port for the signal from the output of the DUT.

The remaining Receiver settings define the bandwidth and selectivity of the IF filter at test port
2; see section Meas. Bandwidth.
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Prepare Measurement of IM Order selects the order(s) of the measured intermodulation
products. Each order requires an additional measurement at a different frequency, therefore the
measurement time increases with the number of selected orders. If a higher-order IM is
selected, its frequency may exceed the upper or lower frequency limit of the analyzer. Use the
Fit Frequency Range button in the Set Frequencies and Powers dialog to restrict the sweep
range as required.

Define Mixer Measurement... opens the configuration dialog for a scalar mixer measurement.
Use this dialog if you want to determine the intermodulation distortion of a mixer which receives
the two-tone signal at its RF input. , to be performed in parallel to the intermodulation
measurement. The Lower Tone signal serves as the RF signal for this mixer measurement; the
IF signal is provided by an additional source.

Set Frequencies and Powers... opens a dialog where you can define the sweep ranges.

Remote control: [SENSe<Ch>:]FREQuency:IMODulation:LTONe
[SENSe<Ch>: ] FREQuency:IMODulation:UTONe
[SENSe<Ch>: ] FREQuency:IMODulation:TTOutput
[SENSe<Ch>:]FREQuency:IMODulation:TDIStance
[SENSe<Ch>:]FREQuency:IMODulation:RECeiver
[SENSe<Ch>: ]BANDwidth |BWIDth[:RESolution]
[SENSe<Ch>:]BANDwidth |BWIDth[:RESolution] :SELect
[SENSe<Ch>: ] FREQuency:IMODulation:ORDer<Im>:STATe

Set Frequencies and Powers

The Set Frequencies and Powers dialog defines the (frequency or power) sweep ranges for the lower
tone. The frequency of the upper tone is equal to the lower tone frequency plus the Tone Distance
defined in the Define Intermodulation Distortion Measurement dialog. Its power is equal to the lower
tone power.

Set Frequencies and Powers

Frequency Fower
Start Frequency: EGHZ : = Start Poweer: .
Stop Frequency: 3 GHz 3 il R Stop Power: _.
Cw Frequency: Cwf Power: UdBm .::r" =
Frequency Range

Freguency Device Range

Lower Tone Port 1 5ic | 2 GHz..3GHz

Upper Tane Port 35ic | 2001 GHz..3.001 GHz

Lower [M3 Prod | Port 2 Rev| 1.999 GHz...2.999 GHz

[ ak. ] [ Cancel ] [ Help ]

The sweep range settings depend on the active sweep type (frequency or power sweep). The
frequency and power settings for the lower tone are identical with the Channel — Stimulus settings.

e The Frequency Range table shows the frequency ranges for the lower and upper tone and for

the highest-order measured IM product, depending on the current frequency settings. E.g. the
lower IM3 product is measured at the lower tone frequency minus the tone difference. An
orange background in the Range column indicates that the frequency range exceeds the upper
or lower frequency limit of the analyzer.

If one of the ranges exceeds the analyzer limits, the Fit Frequency Range button restricts the
lower tone sweep range so that the analyzer can measure all selected IM products.
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Remote control: [SENSe<Ch>:]FREQuency:STARt
[SENSe<Ch>: ] FREQuency:STOP
[SENSe<Ch>:]FREQuency:CW|FIXed
SOURce<Ch>:POWer<Pt>:STARt
SOURce<Ch>:POWer<Pt>:STOP
SOURce<Ch>:POWer<Pt>[:LEVel] [:IMMediate] [ :AMPLitude]

Intermodulation Distortion Measurement Power Calibration

The Intermodulation Distortion Measurement Power Calibration wizard controls the power calibration for
the intermodulation measurement. A power calibration ensures accurate levels at the input of the DUT
(source power calibration for the lower and upper tone) and an accurate power measurement of the
intermodulation distortion quantities (receiver calibration). The necessary calibration steps are
automatically performed across the entire frequency or power range of the intermodulation
measurement.

@Power calibration procedure and example

Due to the different frequency ranges of the lower tone and the upper tone signals, the intermodulation
distortion measurement power calibration must be performed in several steps. For a scenario where the
directional coupler of port 3 is used to combine the lower tone from port 1 and the upper tone from port
3, and where the output of the DUT is connected to port 2, the following test setups are required.

1. Source power calibration for the lower tone signal. A power sensor is connected to port 1. Ports 1
and 3 are connected as shown below (SOURCE OUT (1) to MEAS OUT (3) and Port 3 to SOURCE IN
(1)). The RF power (red) is calibrated over the selected sweep range.

During the lower tone source power calibration, the upper tone is switched off. If a frequency-converting
measurement is active, a second source power calibration is performed at the converted lower tone
frequency (receiver frequency). This second source power calibration is the basis for the receiver
calibration in step 3.

To GPIB/
LAN [ USB

Combing upper tonaland Lower tone source port (port 1)
lower tone signals Frequency range of lower tone

W and intermodulation product(s)
i Power calibration plane

© Power considerations
The directional coupler introduces a coupling loss of approx. 10 dB. Adjust the port power
settings to account for this attenuation and possible additional effects; see Level Handling during
Power Calibration.

2. Source power calibration for the upper tone signal. The test setup from step 1 is maintained.
During the upper tone source power calibration, the lower tone is switched off. For frequency-converting
measurements, no new source power calibration at the receiver frequency is performed.

3. Receiver power calibration for the measured intermodulation product(s). No external device is
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needed. The receiver (port 2) is calibrated at the frequency of the intermodulation product(s) using the
source signal from port 1 (lower tone signal, red) calibrated in the first step. If a frequency-converting
measurement is active, a second receiver power calibration is performed at the converted lower tone
frequency.

Combine uppertone and  Lower tone source port (port 1)
lower tone signals, Frequency range of
upper tone switched off intermodulation products

The calibration steps for the other test setups are analogous. Refer to the indications in the power
calibration dialog for a correct connection of the power meter and the receive port.

Intermodulation Distortion Measurement Power Calibration

1. Lower Tone Src Cal Source Cal Settings

Connect Pratr 1 to Part 1 Port 1 Cal Power: 0dBm
2 Part 1 Cal Power Offzet: 0de
Take Cal Sweep...
1 Fort 3 Cal Power: 0 dBm
Part 3 Cal Power Offset: 0de
o
Gl T Maximurn Mumber of Readings: 1
A Tolerance: 1dE
Connect Pritr 1 ta Part 1 . [ Modiy Selings...
Take Cal Sweep... _
ChiStart 2 GHz Stop 3 GHZ  Power Meter
[ Pratr 1 | [ Power Meter Config...
3. Receiver Calibration
Connect Part 1 to Part 2 MRP
Ser #: GPIBOZ20

Perform Yerification Sweep After Cal

[ Close ] [ Help ]

The calibration procedure is controlled by means of the three buttons on the left side.

e Take Cal Sweep in the three numbered panels start the calibration sweeps for the upper and
lower tone source and the receiver calibration, respectively. The calibration sweeps are
performed at the test settings shown on the right side (see also Source Power Cal and
Receiver Power Cal dialogs). The progress of the calibration is shown in the calibration sweep
diagram and the messages below. Abort Sweep aborts the calibration.

The control elements in the right part of the dialog give access to various settings:
e Modify Settings... opens the Modify Source Power Cal Settings dialog.

e Power Meter selects an external power meter that is used to measure the exact source power
at the calibration point. Power meters (Pmtr1, Pmtr2, ...) must be configured in the System
Configuration — External Power Meters dialog before they appear in the list. Power Meter
Config... opens the System Configuration — External Power Meters dialog. For the remaining
buttons in the Power Meter panel refer to Power Meter Settings in the Power Calibration
section.

e Perform Verification Sweep after Cal enables or disables a verification sweep that the analyzer
performs after the source power calibration. The sweep is also displayed in the calibration
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sweep diagram. Its purpose is to test the accuracy of the source power calibration after the final
correction data has been acquired. The final power calibration results are applied starting with
the first sweep after the verification sweep.

Remote control: SOURce<Ch>:POWer<Pt>:CORRection:IMODulation:LTONe[:ACQuire]
SOURce<Ch>:POWer<Pt>:CORRection:IMODulation:UTONe [ :ACQuire]
[SENSe<Ch>:]CORRection:POWer<port no>:IMODulation:ACQuire

Level Handling during Power Calibration

The figure below shows the signal flow in the test scenario where the lower tone from port 1 and the
upper tone from port 3 are combined using the directional coupler of port 3. In this scenario the
directional coupler introduces an attenuation (coupling loss) of typically 10 dB for the lower tone signal.

To compensate for the coupling loss and obtain upper and lower tone signals with equal power, modify
the source power settings for port 1:

1. Open the Intermodulation Distortion Measurement Power Calibration dialog and click Modify
Settings... — Modify Cal Power... for port 1 to open the Port 1 Power dialog.

2. Select a 10 dB Port Power Offset to increase the source power, compensating for the 10 dB
coupling loss.

3. Select a-10 dB Cal Power Offset to ensure that the calibrated power at the reference plane
(Cal Power) remains at the channel base power p, (Cal Power = p, + Port Power Offset + Cal
Power Offset).

Port 1

o |ower tone, attenuated
-7 Py, Upper tone, from port 3

Source (1) ( SOURCE OUT‘;{'I] TISOURCE IN (1)
Lower tone Channel base power p, + 10 dB

To reference receiver (3) ¥

| | MEAS OUT (3)
10 dB

L Port 3
T

Source (3) O AN

P >
Upper tone P
Directional

element (3)

Larger Port Power Offset values (and hence smaller compensating Cal Power Offset values) may be
required e.g. to account for an additional cable loss in the test setup. The maximum source power
(depending on the analyzer model and the frequency; see data sheet) must not be exceeded. If
necessary, reduce the channel base power (and thus the Cal Power).

@ Coupling loss for microwave analyzers

The directional couplers in network analyzers which cover the microwave range (R&S ZVA/ZVT20 and
above) have a larger coupling loss, especially at very low frequencies (e.g. 20 dB loss at 10 MHz). If the
(possibly converted) lower tone (or an intermodulation product of interest) must be measured at low
frequencies, a reduced channel base power may be required.

Example: Lower tone frequency: 1 GHz; the lower tone is fed to a mixer, together with an arbitrary
upper tone and a 990 MHz LO signal. The converted lower tone in the mixer output (IF) signal is
measured at 10 MHz. The lower tone frequency is >> 10 MHz. However, in the first power calibration
step, the analyzer calibrates the port 1 signal at the converted frequency, so the maximum channel
base power is equal to:
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Pb. max = <maximum source power>— 20 dB = — 5 dBm (typical value)
Possible remedy: Select port 3 as a source port for the lower tone.

In a test setup with external coupler, the NWA settings should account for the coupling loss in an
analogous way.
Def CW Mode Intermodulation Spectrum

The Def CW Mode Intermodulation Spectrum dialog configures the frequency range for the
intermodulation spectrum measurement.

Define CW Mode Intermodulation Spect... E

Cw Frequency: - :"ﬂj
Taone Distance: 1 MHz gl R
Max I Order: 3 v

Cw mode intermaodulation spectium requires some
changes of channel settings.

When Activating |ntermodulation Spectrurn
(%) Ovenwite Current Channel 5 ettings
() Create Mew Channel

[ 0K ] [ Cancel ] [ Help ]

The intermodulation spectrum measurement is performed at fixed frequency of the lower tone (CW
Frequency) and the upper tone (CW Frequency + Tone Distance). The measurement comprises
intermodulation products up to a selectable order (IM Order). The channel settings differ from the swept
intermodulation distortion measurement, therefore it is possible to create a new channel when the
spectrum measurement is activated.

The following example shows an intermodulation spectrum with the following settings:
e CW Frequency: 1 GHz (lower tone, position of marker M3)
e Tone Distance: 1 MHz (defines the upper tone, position of marker M1)

e Max. IM Order: 9. The peaks correspond to the intermodulation products lowerlM9, lower IM7,
lower IM5, lower IM3 (marker M4), lower tone, upper tone, upper IM3 (marker M2), upper IM5,
upper IM7, upper IM9.
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harmonic, the ™ harmonic is n times the frequency of the fundamental. The production of harmonic
frequencies by an electronic system when a signal is applied at the input is known as harmonic
distortion.

The purpose of the Harmonics menu is to measure the harmonic distortion of a DUT. To this end the
source remains at the fundamental frequency whereas the receiver is set to n times the fundamental
frequency. Two different types of results are provided:

e In the direct measurement, the n™ harmonic of the stimulus signal is measured. The result is
displayed as a wave quantity but can be modified and converted using the functions in the
Trace menu.

e In the relative measurement, the "™ harmonic of the stimulus signal is divided by 1 harmonic
(fundamental) received from the DUT. The result corresponds to the n™ harmonic distortion
factor.

Harmonic distortion measurements can be performed irrespective of the sweep type: A frequency
sweep yields the harmonics as a function of the frequency, a power sweep yields the power-dependent
harmonics at fixed frequency.

Skimulus

Power Bandwidth Average
Sweep

il * T T

Channel Select »
Calibration 4l  Harmonics 2nd Harmionic Porkl ko Part2
Offset b Scalar Mixer Meas 3rd Harmonic Portl to Port2

More Harmonics. ..
Reset Frequency Conversion

Mixer Delay Meas

Intermod Diskortion Meas
Vectar Mixer Meas

Moise Figure Meas

Wirkual TransForm

Cefined Coherence Mode ..,
Alternating Sweeps

]
4
4
4
]
3
3

Pulse Generator
Def Pulse Generator...

Spurious Avoidance 3
ALC (Al Chansy
Low Phase Moise

e 2nd Harmonic Port 1 to Port 2... activates the measurement of the second harmonic at port 2
with port 1 as source port.

e 3rd Harmonic Port 1 to Port 2... activates the measurement of the third harmonic at port 2 with
port 1 as source port.

e More Harmonics opens a dialog for higher harmonics and arbitrary source and receive ports.

e Reset Frequency Conversion activates the measurement of the fundamental with the current
port assignments and trace settings.

e Relative Measurement calculates the ratio of the selected harmonic to the fundamental and
displays the result as a new trace.

e Harmonic Power Cal... opens a dialog to perform a power calibration of the signal source and of
the receiver.

o The result of several harmonic measurements can be displayed in a common diagram area (see
Traces, Channels and Diagram Areas). To make the comparison of the fundamental trace and
the harmonics easier the stimulus axis for frequency sweeps remains unchanged, and all
fundamentals are displayed as a function of the stimulus frequency (rather than the harmonic
frequencies).

A warning Frequency out of range. Please check dialog Mode: Port Configuration. is displayed if
one of the harmonic frequencies to be measured exceeds the frequency range of the analyzer.
The harmonic traces are truncated at the maximum receiver frequency.
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The harmonic measurement mode is cancelled if the channel settings (e.g. port assignments,
port frequencies) are no longer compatible with the selected harmonic.

2nd Harmonic Port1 to Port2

Activates the measurement of the second harmonic at port 2 with port 1 as source port. The active
trace shows the wave quantity b,. It is possible, however, to display other quantities and change the
trace settings. A label H2 in the channel list indicates that the second harmonic measurement is active.

Ch1 H2 Start 10MHz  Pwr 0dBm Stop 2 GHz

In a frequency sweep the 2" harmonic is displayed as a function of the stimulus frequency.

Remote control: [SENSe<Ch>:]FREQuency:CONVersion:HARMonic:0ORDer 2
[SENSe<Ch>:]FREQuency:CONVersion:HARMonic:RPORt 2
[SENSe<Ch>:]FREQuency:CONVersion:HARMonic:SPORt 1

Alternative: [SENSe<Ch>:]FREQuency:CONVersion SHARmonic

3rd Harmonic Port1 to Port2

Activates the measurement of the third harmonic at port 2 with port 1 as source port. The active trace
shows the wave quantity b,. It is possible, however, to display other quantities and change the trace
settings. A label H3 in the channel list indicates that the third harmonic measurement is active.

Chd4 H3I Start 10 MHz — Pwr 0dBm Stop 2 GHz
In a frequency sweep the 3" harmonic is displayed as a function of the stimulus frequency.
Remote control: [SENSe<Ch>:]FREQuency:CONVersion:HARMonic:0RDer 3

[SENSe<Ch>: ] FREQuency:CONVersion:HARMonic:RPORt 2
[SENSe<Ch>: ] FREQuency:CONVersion:HARMonic:SPORt 1

Alternative: [SENSe<Ch>:]FREQuency:CONVersion THARmonic

More Harmonics...

Opens a dialog for higher harmonics and arbitrary source and receive ports.

J— _
Source: Part 1 A
Hamonics Measured at: | Part 2 v
Harmonic Order: 3 :ﬂ:l

[ Close ] [ Help ]

e The Source port provides the stimulus signal at the fundamental frequency.

e The receive port (Harmonics Measured at:) measures the signal at n times the fundamental
frequency where n is the Harmonic Order.

e The Harmonic Order can be set in the range between 2 (2nd harmonic) and 100.
A label H<n> in the channel list indicates that the n™ harmonic measurement is active.

Ch3 H10 Start 10 MHz — Pwr 0dBm Stop 2 GHz
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In a frequency sweep all harmonics are displayed as a function of the stimulus frequency.

c Use 2nd Harmonic Port1 to Port2 and 3rd Harmonic Port1 to Port2 to activate the measurement
of the second and third harmonics with a single menu command.

Remote control: [SENSe<Ch>:]FREQuency:CONVersion:HARMonic:0RDer <order>
[SENSe<Ch>:]FREQuency:CONVersion:HARMonic:RPORt <port no>
[SENSe<Ch>:]FREQuency:CONVersion:HARMonic:SPORt <port no>

Reset Frequency Conversion

Activates the measurement of the fundamental with the current port assignments and trace settings.
This disables the harmonics measurement and all other frequency-converting measurements (e.g.
scalar mixer measurements) for the active channel.

Remote control: [SENSe<Ch>:]FREQuency:CONVersion FUNDamental

Relative Measurement

Calculates the ratio of the selected harmonic to the fundamental (harmonic distortion factor) and
displays the result as a new trace. To avoid confusion between the original harmonic and the relative
measurement, the harmonic is hidden (invisible) but can be retrieved using the Trace Manager.

Trct dB Mag 10dE/f Ref0dBEm Ch1 Invisible
Trc2 dB Mag 10dE/ Ref 0dBm Ch2 Math

The relative trace belongs to a new channel. In the dB Mag trace format, the trace points are dB values,
after conversion to the lin Mag format, they correspond to the (dimensionless) ratio of two voltages:

) |U (Harmonic”
Lin Mag [Refazive) S

|U (Fundamental )|
@Calculation of the Relative Trace

To obtain the relative trace the analyzer must measure the fundamental signal in addition to the active
harmonic. In a frequency sweep the two measurements require different sweep ranges so that the
fundamental is measured in a new channel. The relative trace is then calculated using trace
mathematics.

Assume that the active 2" harmonic belongs to channel Ch1 with a sweep range between 10 MHz and
2 GHz. The relative measurement involves the following steps:

1. The analyzer creates a new channel Ch2 with maximum sweep range, e.g. for a 24 GHz analyzer:

Ch1 H2 Stat 10 MHz —  Pwr 0 dEm Stop 2 GHz
Ch2 Start 10 MHz —  Pwr 0 dBm Stop 24 GHz

2. The harmonic trace is measured with Ch1 settings, the fundamental trace is measured with Ch2
settings.

3. The analyzer enables the trace mathematics and divides the harmonic trace by the fundamental
trace:
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§ sar [ief Math for Tro? T@!

'.Trcl,l'Trc2

[ Cel Al ] [ Cel ] [Recall...] [Save... ]
Operand Operakar

:bat.a. .‘.\_. " A

:Trcl
|Trez i
P I
] =S
Trace Operands are i’
used without math i

- ;IinMag
Murnetic, Yalue == i s ||

[CIresult is Wave Suanticy

[ QK ] [ Cancel ] [ Help ]

4. The harmonic trace is hidden (invisible); the relative trace is displayed as a mathematical trace.

Trct dE Mag 10dE/ Ref0dEm Ch1 Invisible
Trc2 dE Mag 10 dB/ Ref 0dBm Ch2 Math

Remote control: [SENSe<Ch>:]FREQuency:CONVersion:HARMonic:RELative ON

Harmonic Power Cal

Opens a dialog to perform a power calibration of the signal source and of the receiver. A power
calibration ensures accurate levels at the input of the DUT (source power calibration) and an accurate
power measurement of the harmonic (receiver calibration). The necessary calibration steps are
automatically performed across the entire frequency or power range of the harmonics measurement.

®Harmonic power calibration procedure and example

Due to the different frequency ranges of the input and output signals, the harmonic power calibration
must be performed in two steps. For a test setup where the DUT's input signal (fundamental signal) is
provided by analyzer port 1 and where the harmonic is analyzed at port 2, the following test setups are
required:

1. Source power calibration of the fundamental signal. A power sensor is connected to port 1. The
source power (red) is calibrated over the selected sweep range. As a preparative for step 2 the
analyzer also calibrates the source in the harmonic frequency range. The correction data for both
calibration sweeps is stored.

B R I T OCYOR VN RATEE .. | — | — L .

ToGPIB/ == -
LAN/USE | il S SESSSSS—— .
Source port (port 1)
Fundamental and harmonic
power/frequency range

gj Power calibration plane

2. Receiver power calibration for the selected harmonic. No external device is needed. The receiver
(port 2) is calibrated at the harmonic frequency using the source signal from port 1 (red) calibrated in
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the first step.

2. Receiver Calibration

Connect Port 1 to Part 2 Modify Settings. ..

Source port (port 1)
Harmonic power/frequency range

Power calibration plane

Harmonic Power, Calibration
1. Source Calibration I Source Cal Settings
Conrect Protr 1 to Part 1 Cal Power. 0dEm
2 Cal Power Offset: 0dB
Take Cal Sweep...

1 I aximurn Mumber of Readings: 1
Tolerance: 1dB

ChiStart 200 kHz ™ Stop 8 GHZ  Power Meter

|5m'"'1 i Power Meter Config...
Senz'ty Conection

Serf: GRIBO20

MNEP

Perform Werification Sweep After Cal

[ Cose | [ Help |

The calibration procedure is controlled by means of the two buttons on the left side.

Take Cal Sweep in the two numbered panels start the calibration sweeps for the source and
receiver calibration, respectively. The calibration sweeps are performed at the test settings
shown on the right side (see also Source Power Cal and Receiver Power Cal dialogs). The
progress of the calibration is shown in the calibration sweep diagram and the messages below.
Abort Sweep aborts the calibration.

The control elements in the right part of the dialog give access to various settings:

Modify Settings... opens the Modify Source Power Cal Settings dialog.

Power Meter selects an external power meter that is used to measure the exact source power
at the calibration point; see Power Meter Settings in the Power Calibration section. Power
meters (Pmtr1, Pmtr2, ...) must be configured in the System Configuration — External Power
Meters dialog before they appear in the list.

Power Meter Config... opens the System Configuration — External Power Meters dialog.

Perform Verification Sweep after Cal enables or disables a verification sweep that the analyzer
performs after the source power calibration. The sweep is also displayed in the calibration
sweep diagram. Its purpose is to test the accuracy of the source power calibration after the final
correction data has been acquired. The final power calibration results are applied starting with
the first sweep after the verification sweep.

Remote control: SOURce<Ch>:POWer<Pt>:CORRection:PMETer:ID

SOURce<Ch>:POWer<Pt>:CORRection:HAMonic[:ACQuire]
[SENSe<Ch>:]CORRection: POWer<Pt>:HARMonic:ACQuire
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Actual measurement |/ Actual measurement /
calibration plane calibration plane
| | |
| | |
| | |

‘%’—Nsnia:rk ; DUT —

() »
et Ll

Extenslon of calibration plane Measurement resulis
due to deembedding after deembedding

The embedding/deembedding function in the Virtual Transform menu has the following characteristics:

e Embedding and deembedding can be combined with balanced port conversion: the (de-
Jembedding function is available for single ended and balanced ports.

e A combination of four-port and two-port networks (not necessarily both) can be applied to
balanced ports; two-port networks can be applied to single ended ports.

e A combination of four-port and two-port networks can be applied to any pair of single-ended
ports. Moreover it is possible to combine an several port pairs in an arbitrary order (port pair
(de-)embedding).

e (De-)embedding at a single-ended and/or balanced port may be combined with ground loop
(de-)embedding. A ground loop models the effect of a non-ideal ground connection of the DUT.

e Transformation networks can be defined by a set of S-parameters stored in a Touchstone file or
by an equivalent circuit with lumped elements.

e The same networks are available for embedding and deembedding.

Stimulus 4
Power Bandwidth Average »
Sweep ¥
13 Port Config...
Channel Select »
Calibration 3 Harmonics 3
Offset ¥ Scalar Mixer Meas +
Mixer Delay Meas 3
Intermod Distortion Meas 3
Wector Mixer Meas 3
Moise Figure Meas 3
Wirkual Transform 4 Port Overview. ..
Defined Coherence Mode ... Deembedding at Single Ended Port
Alternating Sweeps Ernbedding at Single Ended Part

Pulse Generator

Def Pulse G kot
St Puise Benerator Ground Loop Deembedding

Spurious Avoidance 3 Ground Loop Embedding
ALC... (Al Chans) Deembedding at Port Pair
Low Phase Moise Emnbedding at Port Pair

e Port Overview... opens a dialog providing an overview of all analyzer ports with their reference
impedances and transformation networks.

e Deembedding/Embedding at Single Ended Port opens the configuration dialog for the single
ended circuits and activates or deactivates (de-)embedding.

e Deembedding/Embedding at Balanced Port opens the configuration dialog for the balanced port
circuits and activates or deactivates (de-)embedding. These commands are enabled only after
a balanced port configuration has been defined.

e Ground Loop Deembedding/Embedding opens the configuration dialog for the ground loop
circuits and activates or deactivates (de-)embedding.

e Deembedding/Embedding at Port Pair opens the configuration dialog for the port pair circuits
and activates or deactivates (de-)embedding.

1145.1084.12 4.261 E-13


https://www.manualsplus.com/

Channel Menu R&S® ZVA/ZVB/ZVT

Port Overview

Provides an overview of analyzer ports with their reference impedances and transformation networks (if
(de-)embedding is active).

Port Overview

Meas| Logical Port Physzical Port

# FRef Impedance Deembedding at Balanced Port| Embedding at Balanced Porit | #) Deembedding at £

; DMT000 00 | Seie Cs. Shunt L Serial Cs, Shunt L 1 Through

Ch: 250 +00 w|[3 Through

M (2 500+00 2 Through

M |3 900+00 4 Through
< >
I Close ] [ Help ]

Each row in the Port Overview table corresponds to one logical or physical analyzer port; the number of
rows in the different columns is equal to the number of balanced ports or physical test ports of the
analyzer. The - buttons open different dialogs for test port configuration:

e Reference Impedance defines complex impedances for balanced test ports.

e Deembedding at Balanced Port and Embedding at Balanced Port show the 4-port
transformation networks to be numerically added or removed at balanced (logical) ports. Off
denotes that no (de)embedding operation is performed.

e Deembedding at Single Ended Port and Embedding at Single Port show the 2-port
transformation networks to be numerically added or removed at single ended (physical) or
balanced (logical) ports. Off denotes that no (de)embedding operation is performed.

<] A ground loop cannot be assigned to a logical or physical analyzer port, so ground loop
(de-)embedding is not shown in the Port Overview dialog. The same applies to port pair
(de-)embedding which involves pairs of physical ports.

Combination of Different (De-)Embedding Networks

In the Port Overview dialog, it is possible to select a combination of 4-port and 2-port networks to be
numerically added/removed at balanced (logical) ports, and to select 2-port networks at single ended
(physical) ports. The following example shows the full configuration for a four-port analyzer where the
physical ports 1 and 3 form a balanced port with the logical port no. 1 and the remaining ports 2 and 4
are single ended.

Port Overview

Meas| Logical Port Physzical Port

# FRef Impedance Deembedding at Balanced Port| Embedding at Balanced Porit | #) Deembedding at £

DM: 1000 +00 | Serial Cs, Shunt L Serial Cs, ShuntL 1 Through
M CM:250+00 . w13 Through

M (2 500+00 2 Through

M |3 900+00 4 Through

< >
I Close ] [ Help ]

The port overview configuration above corresponds to the measurement circuits shown in steps 1 to 5
below.

The different steps for deembedding and embedding are carried out in the following order (the figure
also contains possible ground loop and port pair (de-)embedding stages which are not shown in the
Port Overview dialog):
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Single end. Baanced
| imped. renor- —»| impzcance —»
malization rencem.

Mixad mode
parameters

This means that the real networks are removed before virtual networks are added. For a single
balanced port with all single ended and balanced port (de-)embedding networks enabled, the 4 (de-
Jembedding steps are carried out in the following order:

1.

Initial situation: DUT embedded in 2-port and 4-port networks (only 1 port shown)

|
[}
|
I
|
i
Deembedding at single ended port

—g————— 00—
—-— = D —

Deembedding at balanced port

—-— = D —

——————0—

Embedding at balanced port

Embedding at single ended port

Reference Impedances...

Changes the reference impedances of the analyzer ports. This is often referred to as renormalization of
port impedances. Renormalization means that the measurement results measured at 50 Q (75 Q) are
converted into results at arbitrary port impedance.

1145.1084.12

Renormalization of the physical port impedances affects e.g. S-parameters and wave quantities

in Power representation.

Renormalization of the balanced port impedances affects all measured quantities (Trace —
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Measure) that the analyzer provides for balanced ports.

The default reference impedance of a physical port is equal to the reference impedance of the
connector type assigned to the port (50 Q or 75 Q). It can be defined as a complex value.

Reference Impedance of Physical Port 3 EJ

He:;éc >l Im :D”ﬂ" el b
Fenomalization According to Theory of
(%) Traveling W aves
() Power Waves

Selected option iz only relevant if ImZ0] of at least
ohe test port = 00

[ ok ] [ Cancel ] [ Help ]

For balanced ports it is possible to define separate complex reference impedances for differential and
for common mode.

Reference Impedance of Logical Port 1 E|

Differential Mode
Rezod; [EEEL 1% &|~| mzodr o0 22|
Comman Mods

Re@0ck (250 [$&(r] m20gk [0 [Sl-

Fenomalization According to Theary of
(%) Traveling waves

() Power "Waves
Selected option iz only relevant if Im[Z0) of at least one
test port = 001
[ ok | [ Cancel ] [ Help ]
Single-ended

{unbalanced) port Physical Port  Logical Port
Hh no

AT —

] 1 1
Balanced port:
DIfferentIZI mode z
Zoi = Zag
/ﬁ } 2
Common mode
DUT

Z =nz~:t 3

Analyzer

The default values for the balanced port reference impedances are derived from the default reference
impedance of the physical analyzer ports (Z, = 50 >Q):

e The default value for the differential mode is Zyy = 100 Q = 2*Z,.
e The default value for the common mode is Zy. = 25 Q = Zy/2

Renormalization can be based on two alternative waveguide circuit theories. The conversion

formula of both theories differ only if the reference impedance of at least one test port has a
non-zero imaginary part.

® Conversion formula for wave quantities and S-parameters

Renormalization transforms the "raw" S-matrix Sy for the default reference impedances Z;; (with
physical port number index i = 1, 2...n) into a "renormalized" S-matrix S; for the modified reference

impedances Z;. In terms of raw and renormalized wave quantities ag;, bo; and ay;, b4, S and S are
defined as follows:
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The renormalized wave quantities (a; and b4) and the S-matrix S; can be calculated from S, and the
reference impedances Z, Zq;.according to two alternative waveguide circuit theories.

1. Travelling waves

In the model of Marks and Williams ("A General Waveguide Circuit Theory"), the wave quantities a and
b are transformed as follows:

A_ 1 Rey) (Zoi+Zu Zoi—Zy) (20
by 22y Re(Zy) \Zoi—Zy Zg+Zy) Ly
The renormalized S-matrix S; is calculated as

51 =P So - p)E-s80)P

ZUi
Z1i

with the unit matrix E and two additional matrices with the elements

Zli _ZUi

YOI+ Iy
=T iy, i [RelZyp)
! Lo+Zy|Zy VRE(ZH)

1. Power waves

In the model of Kurokawa ("Power Waves and the Scattering Matrix"), the wave quantities a and b are
transformed as follows:

{aliJ_ 1 ] Z_Ui+Zli Zy—Zy _[anJ

t:'li 2yfRelZ g Reld ) Z_UI_Z_ll ZDi"'Z: bui

The renormalized S-matrix S; is calculated as
§,=as,-T)(g-Ts, "4

with the unit matrix E and two additional matrices with the elements

s ]
' Ly + Ly
Aii k' L - FiiFll|
|1_ r}i|

In true differential mode, a renormalization formula for the balanced wave quantities is needed; refer to
section Wave Quantities and Ratios.

Remote control: SENSe:PORT<phys port>:ZREFerence <real> [,<imaginary]
SENSe:LPORT<log port>:ZCOMmon <real> [,<imaginary]
SENSe:LPORT<log port>:ZDIFferent <real> [,<imaginary]
CALCulate<Chn>:TRANsform: IMPedance:RNORmal TWAVes | PWAVes

Embedding/Deembedding at Physical Port

Selects a 2-port transformation network for single port (de-)embedding, defines its parameters, assigns
it to a physical port and enables (de-)embedding. Single port (de-)embedding can be used for balanced
(logical) as well as for single ended (physical) ports. The two dialogs for deembedding and embedding
are identical except for their inverse effect.
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Physical Part: (1 | Embed DUT
Transformation Netwark:
Phyz C1 Al L [1eH & H]=
Port: '
Rl oo S

1

R 4 ot [1eF [
R2 | Rz [1oM0 [S@|-|
Serial C, Shunt L i

< 5

2-Fort Data
Defined by lumped elements. ..

L Cloge ] [ Help ]

The dialogs contain the following control elements:

e Physical Port is the physical analyzer port for the added or removed circuit. The transformation
networks are defined such that the physical analyzer test port is connected to the left of the
circuit; the DUT port is on the right side.

e (De-)embed DUT enables or disables the (de-)embedding function.

e Transformation Network contains all available 2-port networks (see below). Networks are either
defined by lumped elements or by means of imported S-parameter data. The active network
appears in inverse colors. The element parameters (C, R, L) for the selected network are
displayed on the right side.

e Read Data From File... is enabled as long as the 2-Port Data network is active. This network is
defined by its S-parameters stored in a two-port Touchstone file (*.s2p). No additional
parameters are required.

In case the port number conventions of the loaded two-port Touchstone file differ from NWA
conventions (see description of Physical Port above), it is possible to Inferchange Port
Numbers of s2p File.

e Setto Ideal Through is enabled as long as the 2-Port Data network is active. An imported S-
parameter set is replaced by the S-parameters of an ideal through connection, which eliminates
the transformation network.

@Circuit models for 2-port networks

The lumped element 2-port transformation networks for (de-)embedding consist of the following two
basic circuit blocks:

e A capacitor C connected in parallel with a resistor.
e Aninductor L connected in series with a resistor.

The 2-port transformation networks comprise all possible combinations of 2 basic blocks, where one
block represents a serial, the other a shunt element. In the default setting the resistors are not effective,
since the serial Rs are set to 0 Q, the shunt Rs are set to 10 MQ.

The first network is defined by its S-parameters stored in an imported two-port Touchstone file
(*.s2p). No additional parameters are required.
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WINA, DuT

1 2-Part 2
Data

The following networks are composed of a serial C or L (as seen from the test port), followed by a shunt
C or L. They are named Serial C, Shunt C / Serial C, Shunt L / Serial L, Shunt C / Serial L, Shunt L.

WINA, DUT  WMA DUT WA DUT  WMA DuT

NN

The following networks are composed of a shunt C or L (as seen from the analyzer port), followed

by a serial C or L. They are named Shunt C, Serial C/Shunt C, Serial L / Shunt L, Serial C/
Shunt L, Serial L.

WA, DUT  %MA DUT WA DUT  %MA ouT
C1 C1
L1 R1 [} R1
R1 L1 R1 L2
cz2 R2 c1 R2
R2 R2
Remote CALCulate<Ch>:TRANsform:VNETworks:SENDed. ..
control: MMEMory : LOAD:VNETworks<Ch>:SENDed: DEEMbedding<Ph pt>

'<file name>'

MMEMory : LOAD:VNETworks<Ch>:SENDed:EMBedding<Ph pt>
'<file name>'

Embedding/Deembedding at Logical Port

Selects a 4-port transformation network for balanced port (de-)embedding, defines its parameters,
assigns it to a physical port and enables (de-)embedding. The two dialogs for deembedding and
embedding are identical except for their inverse effect. The dialogs are available only after a balanced
port configuration has been defined.
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Embedding at Logical Port 1 E

Logical Part (1 & Embed DT
Transhormation Metwark:
Pusl o § 11 § o o & Li:[1oH SE]~
Part: | 4 J—|
1 R L1 m:[on el
R2 R3 L2 |[1nH v,—‘J -
; rz oo [Se+
c2 ot [1pF o+l
Serial Cg, Shunt L b

< > R3 oMo 5 2|

4-or 2-Port Data
Defined by lumped elements. ..

[_Elose ] [ Help ]

The dialogs contain the following control elements:

e Physical Port is the physical analyzer port for the added or removed circuit. The transformation
networks are defined such that the physical analyzer test port is connected to the left of the
circuit; the DUT port is on the right side.

e (De-)embed DUT enables or disables the (de-)embedding function.

e Transformation Network contains all available 4-port networks (see below). Networks are
defined by lumped elements or by means of imported S-parameter data. The active network
appears in inverse colors. The element parameters (C, R, L) for the selected network are
displayed on the right side.

e Read Data From File... is enabled as long as one of the networks involving two-port or four-port
S-parameter data is active. The S-parameters are read from two-port (*.s2p) or four-port (*.s4p)
Touchstone files. Each two-port file can be assigned to one of two different physical ports, to be
selected by means of the Phys. Port radio buttons.

In case the port number conventions of the loaded two-port Touchstone file differ from NWA
conventions (see description of Physical Port above), it is possible to Inferchange Port
Numbers of s2p File.

e Setto Ideal Through is enabled as long as one of the networks involving two-port or four-port S-
parameter data is active. An imported S-parameter set is replaced by the S-parameters of an
ideal through connection, which eliminates the transformation network.

@ Circuit models for 4-port networks

The lumped element 4-port transformation networks for (de-)embedding consist of the following two
basic circuit blocks:

e A capacitor C connected in parallel with a resistor.
e Aninductor L connected in series with a resistor.

The transformation networks comprise various combinations of 3 basic circuit blocks, where two blocks
represent serial elements, the third a shunt element. In the default setting the resistors are not effective,
since the serial Rs are set to 0 Q, the shunt Rs are set to 10 MQ. Moreover, the serial elements can be
replaced by imported 2-port S-parameters, or the entire transformation network can be described by
imported 4-port S-parameters.

The first network is defined by its S-parameters stored in an imported four-port Touchstone file
(*.s4p). No additional parameters are required.
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WINA,
1

-—]

DuT

4-Fort
Data

2

—e

The following networks are composed of a shunt C or L and two serial elements, described by means of

imported 2-port S-parameters. They are named Serial 2-port, Shunt C / Serial 2-port, Shunt L / Shunt L,
Serial 2-port / Shunt C, Serial 2-port.

WA, DUT  whla DUT  WhiA DUT  whla DuT
1 | Z-Port|2 1 | 2-Fart 2-Part |2 2-Port |2
Diata Data Data Data
L1 L1
1 R1 1 R1
R1 R1
1| 2-Part|2 1| 2-Part 2-Port | 2 2-Port |2
Data Data Data Data

The following networks are composed of two serial Cs or Ls (as seen from the analyzer test port),

followed by a shunt C or L. They are named Serial Cs, Shunt C / Serial Cs, Shunt L / Serial Ls, Shunt C
/ Serial Ls, Shunt L.

WINA, DUT  WMA DUT WA DUT  WMA

I

The following networks are composed of a shunt C or L (as seen from the analyzer test port), followed

by two serial Cs or Ls. They are named Shunt C, Serial Cs / Shunt C, Serial Ls / Shunt L, Serial Cs /
Shunt L, Serial Ls.

WINA, C1 DUT  wha

DUT WA Cl DUT WhNA DuT

L1 R1 L1 R1

R1 L1 R1 L3

C3 R3 C1 R3

R2 R3 R2 R3
L2 R2 L2 R2

cz cz

Remote CALCulate<Ch>:TRANsform:VNETworks:BALanced. ..

control: MMEMory:LOAD:VNETworks<Ch>:BALanced:DEEMbedding<Log pt>
'<file name>', PMAIn, PSECondary
MMEMory : LOAD:VNETworks<Ch>:BALanced:EMBedding<Log pt>

'<file name>', PMAIn, PSECondary

Ground Loop (De-)Embedding

Selects a ground loop transformation network for (de-)embedding, defines its parameters, and enables
(de-)embedding. Ground loop (de-)embedding is not assigned to a physical or logical analyzer port. The
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two dialogs for deembedding and embedding are identical except for their inverse effect.

@ Ground loops

A ground loop models the effect of a non-ideal ground connection of the DUT causing a difference in
potential between the analyzer's and the DUT's ground reference. A typical and often unavoidable
source of ground loops is the parasitic inductance of the ground contacts.

In contrast to the 2-port (de-)embedding networks, the ground loop represents a single-wire connection:
The ground loop can be described by a one-port S-matrix. On the other hand, the ground loop (de-
Jembedding algorithm for an n-port DUT involves matrix operations which are based on the complete
uncorrected nxn S-matrix. The number of (measured) ports of the DUT must be entered in the Port
Configuration dialog; this ensures that the analyzer acquires the complete set of S-parameters.

The following port configuration corresponds to a DUT with one balanced and two single-ended ports.
As a prerequisite for ground loop (de-)embedding the analyzer must determine a 4x4 S-matrix.

Port Configuration

Meas Logical Port | Physical Port
# #

il Port 1

I Port 3

I~ 2 Part 2

I 2 Port 4

In general, an n-port analyzer is capable of measuring n 1-port DUTs in parallel. A four-port analyzer
can also perform two simultaneous 2-port measurements, if appropriate port groups are defined.
Ground loop (de-)embedding is compatible with simultaneous measurements on different DUTSs; it does
not affect the number of measurements which can be performed in parallel. Note however that all port
groups are assigned the same ground loop transformation network.

Ground Loop Deembedding

[ ]Deembed DUT

Transformation Metwork:

— DUT |—=
Ground
[
1-Part
Data
S
< ¥
1-Fort Data
Through [ Read Data From File.. |

[ Setta ldeal Graund ]

[ Close ] ’ Help ]

The Ground Loop (De-)Embedding dialogs contain the following control elements:
e (De-)embed DUT enables or disables the (de-)embedding function.

e Transformation Network contains all available ground loop networks (see below). Networks are
defined either by means of imported S-parameter data or by lumped elements. The active
network appears in inverse colors. The element parameters (C, R, L) for the selected network
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are displayed on the right side.

e Read Data From File... is enabled as long as the 7-Port Data network is active. This network is
defined by its S-parameters stored in a one-port Touchstone file (*.s1p). No additional
parameters are required.

e Setto Ideal Ground is enabled as long as the 1-Port Data network is active. An imported S-
parameter set is replaced by the S-parameters of an ideal through connection, which eliminates
the transformation network.

@ Circuit models for ground loops

The first ground loop network is defined by its S-parameters stored in an imported one-port
Touchstone file (*.s1p). No additional parameters are required.

— DUT (e

Ground

1-Port
Data

L

The alternative networks are defined by an inductor L connected in series with a resistor (Shunt L), and
by a capacitor C connected in parallel with a resistor (Serial C). In the default setting the resistors are
not effective, since the serial Rs are set to 0 Q, the shunt Rs are set to 10 MQ.

— DUT — »— DOUT |—=
Ground Ground
L
c R
R
Remote CALCulate<Ch>:TRANsform:VNETworks:GLOop. . .
control: MMEMory : LOAD:VNETworks<Ch>:GLOop: DEEMbedding<Ph pt>

'<file name>'
MMEMory : LOAD:VNETworks<Ch>:GLOop:EMBedding<Ph pt>
'<file name>'

(De-)Embedding at Port Pair

Selects a port pair transformation network for (de-)embedding, defines its parameters, and enables (de-
Jembedding. Each port pair transformation network is assigned to a pair of single ended (physical)
ports. The two dialogs for deembedding and embedding are identical except for their inverse effect.

@ Port pairs

Port pair (de-)embedding extends the functionality of balanced port (de-)embedding to pairs of single-
ended physical ports. The analyzer uses the 4-port transformation networks known from balanced port
(de-)embedding, however, each transformation network is assigned to a pair of single-ended analyzer
ports. The port pairs must have the following properties:

e The two ports must be different.

e If port groups are defined, the two ports must be within the same port group.
As shown in section Combination of Different (De-)Embedding Networks, port pair deembedding is
calculated after single-ended deembedding, and the port pair embedding step precedes single ended
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embedding. It is possible to combine a sequence of port pairs for (de-)embedding, each with its own
transformation network. The effect of port pair (de-)embedding depends on the individual pairs but also
on their order; see example in section Define Port Pairs for (De-)embedding.

A simple circuit which can be modeled using port pair (de-)embedding is a circuit (e.g. a resistance)
between two ports of a DUT. To obtain the circuit in the following figure, select port pair 1,2 and the
Serial Ls, Shunt L transformation network with all inductances set to zero (L1 =L2=L3=0H)and R1 =
R2=00Q.

L1 R

NVWA port 1

R3

L2 R2

To model a 2-port (de-)embedding network between ports 1 and 2, select port pair 1,2 and the 4-Port
data network, providing an appropriate set of equivalent 4-port S-parameters.

Equivalent
4-port circuit

] | 4
DUT
2-port

(de-)emb

The two 2-port (de-)embedding networks in the figure below require two port pairs 1,2 and 1,3, each
combined with an appropriate set of equivalent 4-port S-parameters.

1 2-port (de-Jemb.

| -
|NWA port 1 1 &l NWA port 3
4-port
DUT
NWA port 2 2 4 NVWA port 4
-—El 2por A port 4

(de-)emb.

Port Pair Deembedding

FortPair |21 > | [IDeembed DUT
Transformation Meteark:
Phys WA ouT
Fart:
1 2
Z -— —=
4-Fort
Data
3 4
1 -— —
4-Fart
L h 2 !
4-or 2-Part Data.
Through [ Fiead Data Fram File... ]
[ Setto Ideal Through ]
’ Close ] ’ Help ]

The Port Pair (De-)Embedding dialogs contain the following control elements:

e Port Pair shows the configured pair of single ended ports. Define opens a dialog to define an

1145.1084.12 4.272 E-13


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Channel Menu

ordered list of port pairs.
e (De-)embed DUT enables or disables the (de-)embedding function.

e Transformation Network contains all available 4-port networks for port pairs (see below).
Networks are defined either by means of imported S-parameter data or by lumped elements.
The active network appears in inverse colors. The element parameters (C, R, L) for the
selected network are displayed on the right side.

e Read Data From File... is enabled as long as one of the networks involving two-port or four-port
S-parameter data is active. The S-parameters are read from two-port (*.s2p) or four-port (*.s4p)
Touchstone files. In case the port number conventions of the loaded two-port Touchstone file
differ from NWA conventions (see description of Physical Port above), it is possible to
Interchange Port Numbers of s2p File.

e Set to Ideal Through is enabled as long as one of the networks involving two-port or four-port S-
parameter data is active. An imported S-parameter set is replaced by the S-parameters of an
ideal through connection, which eliminates the transformation network.

@ The circuit models for port pair (de-)embedding are the same as the ones for balanced port
(de-)embedding.

Remote CALCulate<Ch>:TRANsform:VNETworks:PPAirp...

control: MMEMory :LOAD:VNETworks<Ch>:PPAir:DEEMbedding<List idx>
'<file name>'
MMEMory :LOAD:VNETworks<Ch>:PPAir:EMBedding<List idx>
'<file name>'

Define Port Pairs for (De-)embedding

Defines a list of port pairs to be numerically added or removed. Port pairs comprise two different single
ended analyzer ports. If port groups are defined, the two ports must be within the same port group. Add
opens an additional dialog to select and add a new port pair.

Define Port Pairs for Deembedding g]

Part Pair Execution Order:
i — =
[ ok ] [ Cancel | [ Help |

The same physical port(s) may be used repeatedly in different port pairs; it is also possible to repeat the
same port pairs. The first pair in the Embedding list and the last pair in the Deembedding list
correspond to the position closest to the DUT. The effect of port pair (de-)embedding depends on the
order of the port pairs as shown in the following examples.

(de-) (de-)
CuT , embedding embedding

NWA port 1 |— 1 A 4 d-pert 4 |— 1 d-port 1 MNWA port 4
por —| v port 4]
MWA port 2 2 3 circuit 3 —| 4 circuit 4 NWA port 3

Fort nair execution order:

Ead

3 3 1,4
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measurement speed is slightly reduced.

¢ Inthe Source section of the Port Configuration dialog, a subset of the ALC settings can be defined
independently for each analyzer port. Individual port settings override the general ALC configuration.

o]

If the analyzer cannot reach the designated source level at a particular sweep point, it displays
the message Ports n: Source level failure. Check the data sheet for an overview of the available
source levels.

ALC All Channels X

[Z]4LC On These settings are applied

to all test portz

ALC Bandwidth ALC Parameters

Select Bandwidth Automatically (%) Automatic

ALC Bandwidth: _. H | () Manual Ertry

ALL Settling ALC Start Offzet

[ Clamp ALT during Measurement Start Offzet: |0de e

Contral B ange: 5dB I Hl|= [ Use ALT Difset of Prev. Meas.

Settling Tolerance ‘Window
() wide [1 dB)

(%) Nomal (0.1 dB)

() High Accuracy (0.02 d8)

0K | [ Cancel ] [ Help ]

The settings in the dialog are available as long as ALC is on.

ALC Bandwidth selects the bandwidth in the ALC control loop. With the automatic selection, the
analyzer selects an appropriate bandwidth, depending on the source frequency and level. The
bandwidth has an impact on the ALC Parameters; see below.

ALC Settling controls the automatic level control during the measurement. Clamp ALC during
Measurement suspends the ALC mechanism while the analyzer acquires measurement data.
The Control Range is the maximum change of the source signal level due to the ALC; a value
of 5 dB means that the source signal level may vary in a 10 dB wide symmetric range around
the start value. With a wider control range, the ALC can compensate for larger attenuation/gain
factors.

A possible limitation of the port powers (System Configuration — Power — Port Power Limits) is
ignored while the ALC loop is active. Therefore a narrower control range (small value) may be
required to protect sensitive DUTs from excess input levels. A narrow control range is often
sufficient if the source power is relatively well known, e.g. from a previous power calibration.

Settling Tolerance Window defines the maximum variation of the source signal level after the
ALC has settled. The analyzer will generate an error message Port <i> output power unleveled
if the actual source power exceeds the window. The settling tolerance window has no impact on
the ALC algorithm.

ALC Parameters defines the tuning parameters of the Proportional-Integral (PI) controller which
the analyzer uses as a feedback controller for the ALC. With automatic settings, the parameters
are determined by the ALC bandwidth. It is also possible to vary the parameters manually; see
background information below.

ALC Start Offset increases/decreases the source signal level before the ALC loop is started. An
appropriate value can speed up the ALC. If Use ALC Offset of Prev. Measurement is active, the
ALC correction value (level offset) of the previous measurement (i.e. the last sweep point
measured) is used. This setting is effective only for sweeps comprising a single partial
measurement; it is ignored at the first sweep point or after a channel change.
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One Port P1, One Port P2

Opens a submenu to select a one-port calibration at test ports PORT 1 or PORT 2. The two submenus
are identical:

Stimulus

Power Bandwidth Average
Sweep

Mode

Channel Select

Calibration

Offset

3
3
3
3
.3
3
»

Full...

Twa-Port P1 P2 Marmalization {Shart)...

Y
»
3
4
L4
s

3
Start Power Ca Three-Port P1 P2 P3
Three-Port P1 PZ P4
Four-Port P1 .. P4
Enhanced Wave Corr Other...
Cal Manager...

Recall Last Cal Set

Cal Kits..,

One-port calibrations can be performed automatically or manually.

e Calibration Unit starts an automatic full one-port calibration. This function is enabled while the
Calibration Unit is connected.

The following menu commands calls up the start dialog of the calibration wizard to start a manual
calibration:

e Normalization (Short) initiates a normalization using a short standard.

e Fullinitiates a full one-port calibration.

Remote [SENSe<Ch>:]CORRection:COLLect:AUTO ' ', <port no> (for matching
control: analyzer and cal unit ports)
[SENSe<Ch>:]CORRection:COLLect:AUTO: PORTs (for arbitrary pairs of ports)

[SENSe<Ch>:]CORRection:COLLect :METHod:DEFine
"<cal name>", REFLshort | FOPort , <port no>

Two Port P1 P2

Opens a submenu to select a two-port calibration at test ports PORT 1 and PORT 2:

Stimulus

Power Bandwidth Average
Sweep

Made

Channel Select

3
s
[3
»
4
*
L4

Calibration Start Cal
Offset One-Port PL 4
One-Port P2 3
Two-Pork P1 P2 3
Start Power Cal ' Three-Port PLPZP3 ¥ Mopmalize Both Directions. ..
Three-Port PLPZ P4 ¥ One Path Twa-Part. ..
Four-Port P1 .. P4 L4 TOSM. ..
Enhanced Wave Corr Other... Uos5M...
TRL...
Cal Manager.. TRM...
Recall Last Cal Set ToM. .
Cal Kits... THA. ..

Normalize Forward..
Normalize Backward...

Two-port calibrations can be performed automatically or manually.

e Calibration Unit starts an automatic tow-port TOSM calibration. This function is enabled while
the Calibration Unit is connected.
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The following menu commands calls up the start dialog of the calibration wizard to start a manual
calibration:

e Normalization Both Directions... initiates a normalization using a through standard.
e One Path Two Port initiates a full one-port calibration.

e TOSM initiates a Through-Open-Short-Match (12-term) calibration

e TOM initiates a Through-Open-Match calibration

e TRL initiates a Through-Reflect-Line calibration

e TNA initiates a Through-Network-Attenuation calibration

e Normalize Forward and Normalize Backward initiate a normalization in forward and backward
direction, respectively. The normalization uses a through standard, however, only one direction
is normalized.

© Use Start Cal — Other... to select a UTOM calibration.

Remote [SENSe<Ch>:]CORRection:COLLect:AUTO ' ', <port no> (for matching
control: analyzer and cal unit ports)
[SENSe<Ch>:]CORRection:COLLect:AUTO:PORTs (for arbitrary pairs of ports)

[SENSe<Ch>:]CORRection:COLLect :METHod:DEFine
"<cal name>", FRTRans | OPTPort | TOSM | TOM | TRL | TNA,
<port no>,<port no>

Three Port P1 P2 P3

Opens a submenu to select a three-port TOSM calibration at test ports PORT 1, PORT 2 and PORT 3:

Stirnulus

Power Bandwidth Average
Sweep

Mode

Channel Select

Calibration Skart Cal
Offset

3
3
4
3
[3
3
3

(One-Port P1 »
(One-Port P2 »
Two-Port P1 P2 »
3
3
3

Start Power Cal »
art ower -3 Three-Part P1 P2 P3

Three-Part P1 P2 P4

Four-Port P1 .. P4
Enhanced Wave Carr Other...

Manual...

Cal Manager...
Recall Last Cal Set

Cal Kits...

Three-port calibrations can be performed automatically or manually.

e Calibration Unit starts an automatic 3-port TOSM calibration. This function is enabled while the
Calibration Unit is connected.

e Manual... calls up the start dialog of the calibration wizard to initiate a 3-port TOSM calibration.

o Use Start Cal — Other... to select other 3-port calibration types.
Remote [SENSe<Ch>:]CORRection:COLLect:AUTO ' ', <port no> (for matching

control: analyzer and cal unit ports)
[SENSe<Ch>:]CORRection:COLLect:AUTO:PORTs (for arbitrary pairs of ports)

1145.1084.12 4.285 E-13


https://www.manualsplus.com/

Channel Menu R&S® ZVA/ZVB/ZVT

[SENSe<Ch>:]CORRection:COLLect :METHod:DEFine
"<cal name>", TOSM, <port no>, <port no>, <port no>

Four Port P1 P2 P3 P4

Opens a submenu to select a four-port TOSM calibration at test ports PORT 1 to PORT 4

Stirnulus

Power Bandwidth Average
SWeep

Mode

Channel Select

Calibration

Offset

3
3
4
3
[3
3
3

One-Port P1
One-Port P2

Two-Port P1 P2
Skart Power Cal >

Three-Port P1 P2 P3
Three-Port P1 P2 P4
Four-FortP1 .. P4

~ R R R 4

Enhanced Wave Corr Other... Manual...

Cal Manager...
Recall Last Cal Set

Cal Kits...

Four-port calibrations can be performed automatically or manually.

e Calibration Unit starts an automatic 4-port TOSM calibration. This function is enabled while the
Calibration Unit is connected.

e Manual... calls up the start dialog of the calibration wizard to initiate a 4-port TOSM calibration.

o Use Start Cal — Other... to select other 4-port calibration types.

Remote [SENSe<Ch>:]CORRection:COLLect:AUTO ' ', <port no> (for matching
control: analyzer and cal unit ports)
[SENSe<Ch>:]CORRection:COLLect:AUTO: PORTs (for arbitrary pairs of ports)

[SENSe<Ch>:]CORRection:COLLect :METHod:DEFine
"<cal name>", TOSM, <port no>, <port no>, <port no>, <port no>

Calibration Wizard

The analyzer provides a calibration wizard for each calibration type. The guided calibration consists of
the following steps:

1. Select Physical Port Connectors and calibration kits at all calibrated ports.

2. Compile Calibrations: Select a calibration type and the physical ports to be calibrated (skipped
for predefined calibrations).

3. Measure Standards: Acquire measurement data for all standards required for the selected
calibration type.

4. Calculate the system error correction data (error terms) from the measurement data of the
standards and apply the result to the active channel.

© A successful calibration will supersede the previous calibration, discarding all previous system error
correction data. To keep older correction data you can transfer them into a Cal Pool using the
Calibration Manager.
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The system error correction data determined in a calibration procedure are stored on the analyzer. You
can read these correction data using the remote control command
[SENSe<Ch>:]CORRection:CDATa. You can also replace the correction data of the analyzer by
your own correction data sets.

Select Connectors

The first dialog of the calibration wizard displays a table to select the connectors and calibration kits for
all calibrated physical ports.

Calibration s . EI

Select Phyzical YNA Test Port Connector(s) .I
Same Contector Type at Al Ports [ Same Gender at &1 Parts
# Connector Char Imp Calibration Kit
Port 1 M G010 [f) - 50N 2vWZ121 -
Paort2 N 5010 [f) - 500 2W-Z121 -
Detector: | &Y5 v
I et = l [ Cancel ] [ Help ]

The check boxes above the table allow you to select equal connector types and genders at all ports.
For some multi-port calibration types, the port connector types must be equal, e.g. because they require
a Through standard with known characteristics.

The table contains the following rows:
e Physical Port Number #

The ports (and therefore the number of table rows) are determined by the active calibration type
selected in the Start Cal submenu. For a user-defined calibration (Start Cal — Other...) all
measurement ports of the analyzer are displayed regardless of their port configuration.

& To perform a system error correction, the physical port must be available as a source and
receive port. This condition is met if it is selected as a measured port in the Balanced Ports and
Port Groups dialog (Meas is on).

e Connector

provides a drop-down list to select the connector type An (f) behind the connector type denotes
female connectors, an (m) denotes male connectors. Symmetric (sexless) connectors (e.g.
PC7) are not labeled. User-defined connectors can be added or removed in the Available
Connector Types dialog, which is opened from the Channel — Calibration — Calibration Kits
dialog. at the port and its gender. If Same Connector at All Ports is active, the connector types
at all ports (but not their gender) are always adjusted to the current selection. If Same Gender
at All Ports is active, the genders at all ports (but not the connector type) are always adjusted to
the current selection.

e Ref. Imp. shows the reference impedance for the selected connector.
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e Calibration Kits

provides a drop-down list to select a calibration kit. The list contains all calibration kits available
for the selected connector type. The assignment of a calibration kit to a connector type must be
the same for all physical ports: If a calibration kit is changed, the analyzer automatically assigns
the new kit to all ports with the same connector type.

© Completness: The selected calibration kit must contain all standards needed for the active
calibration type. If it doesn't the analyzer displays an error message.

c Waveguide cutoff:If a user-defined waveguide connector is assigned to one of the
calibrated ports, then the start frequency of the active channel must be above the
waveguide cutoff. Otherwise the analyzer displays an error message.

Import Kit opens the Import Calibration Kit dialog to load and (if desired) activate a cal kit file. Next >
opens the second dialog of the wizard to continue the calibration procedure:

e In a user-defined (Other...) calibration, the Compile Calibrations dialog is called up.

e In a predefined calibration, Compile Calibrations is skipped and the Measure Standards dialog
is called up.

Detector selects the detector settings for the S-parameters which the analyzer uses during the
calibration. The average (AVG) detector eliminates noise contributions which are
superimposed on the measured signal; it is needed for noise figure measurements using
option R&S ZVAB-K30. The Normal detector is recommended for all other applications.

G

o If the calibrated channel has already been assigned to a cal group, the correction data
overwrites the cal group data, so the new calibration will affect all channels assigned to the cal
group. The network analyzer generates a notice message "New calibration will overwrite cal
pool!" when opening the Select Physical Port Connectors dialog.

o Checks on switching to the next dialog

When the Next> buttonis pressed the analyzer checks the calibration kits and the matching of the
calibration standards and possibly displays a notice box (confirm with OK). This happens:

e If one of the calibration kits is described by ideal kit parameters or typical values.

o If different connector types are defined at the ports but the selected calibration type requires
uniform connectors.

e If a predefined 7-term calibration method TXX (TOM, TRL, TNA, TRM) is selected but one of
the calibration standards is mismatched. A standard is assumed to be mismatched if it is
described by S-parameter data (*.snp file) with a reflection factor > -30 dB.

Remote control: [SENSe<Ch>:]CORRection:COLLect:CONNection<port no>:PORTs
SENSe<Ch>:]CORRection:COLLect:CONNection<port no>:GENDers
SENSe<Ch>:]CORRection:COLLect:CONNection<port no>

SENSe<Ch>:]CORRection:CKIT:<conn type>:SELect "<Ckit Name>"

: ]
:]
:]
SENSe<Ch>:]CORRection:COLLect:SCONnection<port no>
: ]
SENSe<Ch>:]CORRection:COLLect:DETector

— o/ e

Compile Calibrations

The second dialog of the calibration wizard appears for user-defined (Other...) calibrations only. It is
used to compile a list of calibration types and physical ports in order to perform all calibrations in a
single measurement sequence. A measurement of a particular standard that is required for different
calibration types can be reused.
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Calibration

Compile Calibrations

Ligt of Calibrations: Standards to be measured:
Cal Type Usze Ports | | d—] Port 1: M 500 [Fernale]
ReflNom Open 1.2 Open (m) i M 50 0 Dy Kit OHz .. 1000
Trans Morm 1.2 =3 Port2: N 5010 [Femals]

Open (m) in M 50 0 Dummy Kit QHz 1001
a2 Port1: M 5010 (Female) - Port 2: M 50 0 (Female)
Add Calibration. . | Through [mm)in M 50 0 Durarmy Kit OHz 1001

Modify Calibration... |

Delete Calibration ]

[ < Back ” Mest > ][ Cloge ][ Help ]

The selected calibrations and ports appear in the List of Calibrations. A (N) behind the ports number
denotes a node port (see Add Calibration dialog). The list of Standards to be Measured is automatically
generated according to the List of Calibrations.

The dialog provides three buttons to extend or modify the List of Calibrations:
e Add Calibration... opens the Add Calibration dialog to add a new calibration to the list.
e Modify Calibration... opens the Add Calibration dialog to modify the selected calibration.
e Delete Calibration removes the selected calibration from the list.
Two buttons at the bottom of the dialog move back and forward in the calibration wizard:
e < Back opens the Select Physical Port Connectors dialog.
e > Next opens the Measure Standards dialog.

If one of the calibration kits is described by ideal kit parameters or typical values, the analyzer displays
a notice box.

Remote [SENSe<Ch>:]CORRection:COLLect :METHod:DEFine

control: "<cal name>", REFLshort | FOPort | FRTRans | OPTPort | TOSM | TOM
| TRM | TRL | TNA | UOSM,
<port no>[,<port no>][,<port no>][,<port no>]

Add Calibration

The Add Calibration dialog adds a new calibration to the list in the Compile Calibrations dialog or
modifies an existing calibration.
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— x|

Type: TosM w
: ] TE

Calibrate Ports: P 5

Mode Part: _. J

[ [0]'4 ] [ Cancel ] [ Help ]

e Type contains a drop-down list to select a calibration type.

e Calibrate Ports provides a list of all test ports of the analyzer (no external device ports). Ports
with unsuitable port configuration (see Select Connector — Physical Port Number #) are grayed.

e Node Port is available for One Path Two Port calibrations where it selects the fully calibrated
port (i.e. the source port). All ports selected in the Calibrate Ports table can be used as node

ports.

© Checks on closing the dialog
When the OK button is pressed the analyzer checks the calibration kits and the selected calibration (s)
and possibly displays a notice box (confirm with OK) or a status message. This happens:
e If one of the calibration kits is described by ideal kit parameters or typical values.

e If one of the selected calibration types is redundant. A calibration is redundant if another
selected calibration provides more complete correction data. Redundant calibrations are

deleted from the list of calibrations.

Remote [SENSe<Ch>:]CORRection:COLLect:METHod:DEFine
control: "<cal name>", REFLshort | FOPort | FRTRans | OPTPort | TOSM | TOM
TRM TRL TNA uosM,

<port no>[,<port no>][,<port no>][,<port no>]

Measure Standards

The last dialog of the calibration wizard is used to perform the necessary measurements of standards
and to calculate the correction data.
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Measure Standards

Meazured Standards (0 of 8 min):
[ Short m)
[ Matchim)
AM=3 Sliding Match [m)
Cma Port2: NGO
(] Open m]
[ Short [m)
[ Match[m)

M= Sliding Match (m)
0 Port 1: M B0 [f) - Part 22 M
[ Through [rarm)

[ Isclation [optional) (Ff)

<
Show Measurement Diagram
[] Show Phase

Port 1: M 500 [f)
OHz 1004|511 dB Mag 10 dBIY |
OHz ... 100
OHz ... 10 10
: )
OHz ... 100 2
OHz ... 100 ¥1{ v’/ v/ lv
OHz .. 100 ElL
OHz .. 100 -40
5000 (f) -30
OHz ... 100 -60
| t-70
Ll |
S Ch1 300 kHz 8 GHz

Keep Measurement D ata for »Repeat Previous Calg

Measured at Port 1(f). M 500 Ideal Kit

[ Cancel ][ Help ]

Measured Standards displays the list of measured standards compiled in the previous dialogs. With the
exception of the Isolation (optional) measurement, all standard measurements are required perform the

selected calibration.

Structure of the Measured Standards list

The list of measured standards has a tree structure.

e The first level contains all physical ports where one-port <=5 (reflection) measurements
are required and all physical port combinations where two-port <3¢ (transmission)
measurements must be performed.

e The second level contains check boxes for the standards to be measured at each port or

port combin

ation.

e For a sliding match, a third level contains check boxes for the different positions of the
sliding element.

© Double-click a physical port symbol to expand or collapse the list.

Calibrations using a match or sliding match

If the calibration kit contains a sliding match standard, the Sliding Match appears in the
Measured Standards list whenever the selected calibration type requires a Match. A click on the
node expands the check boxes for the different positions of the load element. The number of
different positions is defined in the User Interface tab of the System Configuration dialog.

Cm3 Port1: M B0
() Open(m)
[ Short(m)
[ Match [m)

=3 Sliding Match (m)0 Hz ..

OHz ... 1000 GHz in M 5010 Ideal Kit
OHz ... 1000 GHz in M 506 Ideal Kit
0Hz ... 1000 GHz in M 500 Ideal Kit or

[ Position 1
[ Position 2
[ Position 3
[ Position 4

[ Positi

[ Puosit
[ Puosit

ioh 5
ion B
ion 7

1000 GHz in N 601 1deal Kit

The sliding match is a one-port standard consisting of an air line with a movable, low-reflection
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load element (sliding load). This standard is used because a no perfect match is available over a
wide frequency range. However, a series of measurements at a given frequency with equal
mismatch and varying phase yields reflection factors that are located on a circle in the Smith
chart. The center of this circle corresponds to perfect match. The network analyzer determines
and further corrects this match point following |. Kasa's circle-fitting algorithm.

To obtain the reflection coefficient for a perfectly matched calibration standard, the sliding load
must be measured at least at 3 positions which should be unequally spaced to avoid overlapping
data points. Increasing the number of positions to 4 — 6 can improve the accuracy. Moreover it is
recommended to use the predefined load positions of the standard.

The calibration is valid (Apply is available) if either the match or three positions of the sliding
match have been measured. However, it is often desirable to acquire calibration data from both
standards. The analyzer combines the data in an appropriate manner:

e The match results are used up to the lower edge of the specified frequency range of the
sliding match (Min Freq).

e The sliding match results are used for frequencies above the Min Freq. In general, the
sliding match will provide better results than the match within its specified frequency
range.

Isolation (optional) measurement

For two or multiport normalizations, the Measured Standards list contains an Isolation (optional)
standard in addition to each through standard. Measurement of the isolation is optional; the
normalization correction is calculated as:

Correction value = (Transmission coefficient DUT — Isolation) / (Transmission coefficient Through
— Isolation).

The isolation term accounts for a possible crosstalk between a pair of analyzer ports. The
isolation standard is not a physical standard; it is recommended to terminate the analyzer ports
with 50 Q to measure the isolation.

Waveguide calibration

When calibrating waveguide ports, ensure that the calibration standards are connected correctly.
The electric fields at each of the waveguide transitions must be parallel. For example, if you use
a frequency converter and a waveguide calibration kit, the rectangular waveguide cross sections
of the frequency converter flanges and of the waveguide calibration standards must have the
same orientation.

TRL extensions: calibration with two lines, combination with TRM

Checking one of the boxes in the list causes the analyzer to stop the measurement in all channels
except the active one and measure the standard according to the active channel settings. The progress
of the calibration sweep and the result can be monitored in the diagram. In case of an error (e.g. if the
measurement result shows that the calibration standard was not connected properly), Abort Sweep
immediately terminates the sweep.

After completing the sweep the analyzer generates a short sound and a green checkmark appears in
the checkbox. Measurements can be repeated as often as desired. Newer results overwrite older
measurement data.

o Most channel settings including the trigger settings remain valid for calibration sweeps and
power calibration sweeps. To start the calibration sweeps without delay select Free Run trigger
mode.

G

© Checks for the calibration sweep

If the generator frequency range of the active ports exceeds the validity range of the standard model
(defined by Min. Freq. and Max. Freq. in the Add/Modify Standard dialog) the analyzer displays a notice
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box (confirm with OK).
The Measure Standards dialog provides further controls:

e  Show Measurement Diagram displays or hides the diagram to the right of the list of Measured
Standards. Hiding the diagram leaves more space for displaying the characteristics of the
measured standards.

e Show Phase displays or hides the phase trace (in addition to the dB Mag trace) in the
measurement diagram.

o Keep Measurement Data for >Repeat Previous Cal< causes the raw measurement data of the
standards to be stored after the calibration is completed. This enables the Repeat Previous
Cal... command, which can be used to optimize a previous calibration without repeating the
measurement of all standards. If Keep Measurement Data... is not active, then the raw
measurement data of the standards is deleted and the analyzer only stores the system error
correction data. Deleting the raw data saves disk space.

e Apply is enabled as soon as data has been acquired for all standards. The button starts the
calculation of the system error correction data and closes the calibration wizard. The calibration
is applied to the active channel. In the Port Configuration dialog, only the calibrated ports are
enabled for the measurement.

The current instrument settings are stored with the correction data. To avoid incompatibilities,
older system error correction data is deleted unless it has been transferred into a Cal Pool
using the Calibration Manager.

If an unknown through standard is measured, Apply opens an additional dialog to check the
calculated length offset parameters; see Unknown Through Standard.

o The Keep Measurement Data for >Repeat Previous Cal< setting is valid for the current calibration
only. To activate this function in general, use the parameter in the User Interface tab of the Sytem
Config. dialog (menu System — System Config).

o Checks during the calculation of correction data

Incompatibilities between the selected calibration type, the standards and the channel settings may
cause the calibration to be inaccurate. The analyzer auto-detects potential sources of errors and
displays appropriate, self-explanatory notice boxes.

Remote control: [SENSe<Ch>:]CORRection:COLLect[:ACQuire] :RSAVe
[SENSe<Ch>:]CORRection:COLLect [:ACQUire] : SELected
[SENSe<Ch>:]CORRection:COLLect : SAVE
[SENSe<Ch>:]CORRection:COLLect:DELete ["<cal name>"]
[ :]

SENSe<Ch>:]CORRection:STIMulus?

TRL Extensions

The frequency range for a TRL calibration is restricted due to singularities in the system of equations to
be solved. Singularities occur whenever the length difference AL between the through and the line is an
integer multiple of half of the wave length:

AL;tnj
2

As a rule, singularities are avoided with sufficient accuracy if the phase shift resulting from the (electric)
length difference between the through and the line standard is between 20° and 160°. This corresponds
to a ratio of 1:8 for the start and stop frequency of the calibrated sweep range.

=

o To shift the calibrated sweep range to smaller or larger frequencies, you can use a longer or
shorter line. To extend the calibrated range, use one of the following methods:
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e Perform TRL calibration with two or three different line standards. With an appropriate length of
the lines, the ratio for the start and stop frequency of the calibrated sweep range can increase
to approx. 1:64 (for 2 lines) or 1:512 (for 3 lines).

¢ In the low-frequency domain where TRL becomes inaccurate, replace TRL by TRM calibration.

The methods can be combined or used separately. The Measured Standards list for TRL calibration is
extended if the calibration kit in use contains the necessary standards:

e A 2-line (3-line) calibration requires two (three) different lines of matching gender. The lines
must be measured between any combination of two ports.

e A TRM extension at low frequencies requires either a match or a sliding match standard. The
standard must be measured at each port.

The complete Measured Standards list for a two-port calibration is shown below. The calibration is valid
as soon as the standards for TRL with 1 line have been measured. The extensions are applied
automatically if the necessary standards have been measured.

=3 Port 1: N 5001 (f)
[ Marchim) 0 Hz ... 1000 GHz in New_Kit or

@3 Sliding Match (m]0 Hz .. 1000 GHz in New_Ki e
(] Reflect [m) 0Hz ... 1000 GHz in New_Kit -
Cm=3 Port 2 N 500 [f)
[ Match(m) O Hz ... 1000 GHz in New_Kit or =
@0 Siding Match (m]0 Hz ... 1000 GHz in New_Kit >k

[ Reflect(m) OHz ... 1000 GHz mn Mew_Eit
Qa0 Portt 1: N 500 (f) - Port 2 N 5000 [f)

[ Though[mm) 0Hz ... 1000 GHz in New_Kit

[ Line 1 [mm) OHz .. 40GHz _inNew_Kit —

[ Line2fmm)  OHz .. 40GHz _in New_Kit —

TRL with 1 line
TRL with 2 lines

@ Calibration with two or three lines

If several lines with different lengths are measured, the analyzer automatically divides the
calibrated range into segments; see below. The calibration data of the longest line is applied to
the lowest segment, the calibration data of the shortest line to the highest segment.

Calculation of segments

The calibration sweep segments for two lines with electric lengths lisng @and lsport (liong > lshort) are
obtained as follows (the through standard is assumed to be of length ly,):

1. The longer line can be used up to a frequency fi,ng Where its transmission phase is equal
to 160 deg. This frequency is equal to fiong = 4*Co/[9*(liong— linr)].

2. The shorter line can be used from a frequency fg,t Where its transmission phase is
equal to 20 deg. This frequency is equal to fsporr = Co/[18*(Isnor— Ini)]-

3. The border between the two frequency segments fy, is calculated as the geometric
mean of flong and fgnor, i.€. Ty = Sqrt(flong * fshort)-

The formulas are also applied if fiong < foport-

For a TRL calibration using three lines with different length, the allowed frequency ranges are
calculated in an analogous manner in order to obtain three (ideally overlapping) frequency
ranges. The borders between two adjacent frequency ranges are calculated as the geometric
mean of the frequency limits fiong and fsnort Of the two ranges.
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=30 Port 1: M 500 f)
[ Match [m) OHz ... 1000 GHz in New_Kit or
M3 Sliding Match (m)0Hz ... 1000 GHz in New_Kit
(7] Reflect (m) 0Hz ... 1000 GHz in New_Kit
=30 Port 2 N B0
[ Match[m) OHz ... 1000 GHz in Mew_Kit or
M3 Sliding Match (m)0Hz ... 1000 GHz in Mew_Kit
7] FReflect [m) OHz ... 1000 GHz in New_kKit
O Port 1: N800 (F) - Port 22 N 5O )
(7] Through [mm]  OHz ... 1000 GHz in New_Kit
7] Line 1 jmm) OHz ... 40GHz _inMNew_Kit
(7] Line 2 [mm) OHz .. 40GHz _inNew_Kit

© A second or third line in the list does not mean that you have to measure two or three line
standards. If the calibrated frequency range is small enough, the calibration is valid as soon as
the analyzer has acquired correction data for a single line line standard. The match and sliding
match standards are not necessary for TRL calibration, however, they must be measured if TRL
is combined with TRM calibration.

Defining cal kits with several line standards

Predefined calibration kits usually do not provide several line standards with different lengths. To
generate a calibration kit appropriate for TRL calibration with two or three lines, proceed as
described in Creating a user-defined calibration kit.

Low-frequency extension with TRM

L calibration becomes inaccurate if the electrical length difference between line and through
standard corresponds to a phase shift below 20°. In practice this means that TRL is only
practicable above a threshold frequency frry Which depends on the lengths of the longest line
and through standards. The threshold frequency is given by:

frem = co[ 18*(/Iong_ linr)]

where long denotes the electrical length of the longest of the used line standards, /, the length of
the through. The analyzer assumes ly, << fi;ng @and calculates frry = Co/(718%0ng). At frequencies
below frrm, TRL calibration is automatically replaced by TRM, provided that the necessary
calibration data has been acquired. For a line with /,ng = 16.666 cm, the threshold frequency is
fTRM =100 MHz.

TRL calibration with low-frequency TRM extension
Accuracy conditions for the line(s)

The length error of the line, converted into a transmission phase error, must be below the
minimum difference to the singularity points 0 deg or 180 deg multiplied by two. Suppose that an
approximately known line standard causes a transmission phase 30 deg at the start frequency
and of 160 deg at the stop frequency of the sweep. Its length error must cause a phase
difference below (180 deg — 160 deg)*2 = 40 deg.

Unknown Through Standard

If an unknown through standard (or an unknown reciprocal mixer; see Mixer Vector Cal) is measured,
the Apply button in the Measure Standards dialog opens an additional dialog.
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Calibration El
Unknown Through Characleristics /ﬁ

Unknown Through Between Ports .Dlspersiv!. Delay Time Phase
Port1: PC7 - Port 2: N 50 00 (m) r 29601834 ns

Digpersive Thraughs only: Phase is kansmission phase ot sla eguancy.
Must not rotete by more than 90° from amy frequency point 1o the next

« Back " Appky I Cancel | | Help |

The Unknown Through Characteristics dialog shows the delay time or transmission phase that the
analyzer determined during the calibration sweep.

e For a non-dispersive standard (Dispersive check box cleared), the Delay Time can be
determined unambiguously, provided that the transmission phase difference between two
consecutive sweep points is below 90 deg (make sure that the spacing between the sweep
points is small enough). In this case it is sufficient to press Apply in order to calculate the
system error correction data and close the calibration wizard.

e For adispersive standard (Dispersive check box selected), the delay time is frequency-
dependent, however, the analyzer can determine two solutions for the transmission phase at
the start frequency of the calibration sweep. The two solutions differ by 180 deg; the right
solution must be selected from a drop-down list.

[ Unknawn Through Between Ports  Dispersive  Delay Time | Phase

|F‘Dr|1 PC7-Port2 NS00 (m) W 264" 'l

o If you are not sure which one of the two phases for a dispersive standard is correct, select one,
press Apply and check the measured result. If the transmission phase looks incorrect, use Channel —
Calibration — Repeat Previous Cal... to select the alternative solution.

e The delay time or phase determined by the analyzer can be corrected manually e.g. by entering
a value derived from the mechanical length of the standard. Doubtful delay times or phases are
displayed with a question mark.

Remote control: [SENSe<Ch>:]CORRection:COLLect[:ACQuire]
[SENSe<Ch>:]CORRection:COLLect[:ACQUire] :SELected
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Source Power Cal...

Opens the configuration dialog for a source power calibration.

@ Purpose of a source power calibration

A source power calibration ensures accurate power levels of the generated wave at an arbitrary
reference plane in the measurement path. The calibrated reference plane is typically the input of the
DUT.

In a frequency sweep, the power at the reference plane is maintained at a constant Cal Power value.
The source power calibration eliminates frequency response errors in the signal path between the
source and the reference plane. It is possible to introduce an arbitrary attenuation or gain into the signal
path so that the Cal Power is not restricted to the power range of the source. A typical application for a
power calibration in a frequency sweep is the measurement of the gain of an amplifier across a
frequency range but at a fixed input power.

In a power sweep, the power calibration ensures that the power at the reference plane is either
constant or a linear function of the stimulus power. A typical application for a power calibration in a
power sweep is the measurement of the gain of an amplifier across a power range but at a fixed
frequency.

The correction data acquired in a frequency or power sweep is re-used if a Time or CW Mode sweep is
activated.

@ Calibration procedure

The source power calibration requires an external power meter, to be connected via GPIB bus, USB or
LAN interface. Use the USB-to-IEC/IEEE Adapter (option R&S ZVAB-B44) to control devices equipped
with a GPIB interface. The power sensor can be connected directly at the reference plane or to any
other point in the test setup where the signal power is known to be proportional to the power at the
reference plane.

The source power calibration involves several steps:

1. The analyzer performs a first calibration sweep at the source power that is likely to produce the
target power (Cal Power) at the reference plane. A known attenuation or gain at the source port
and in the signal path between the source port and the reference plane is taken into account.

NVWA IAmp DuT

2. The power measured at the reference plane is displayed in the calibration sweep diagram and
compared to the Cal Power. The comparison serves as an input for the correction of the source power.

3. Steps 1 and 2 are repeated for a specified Number of Readings or after the deviation between
the measured power at the reference plane and the Cal Power is below a specified Tolerance.

4, After the last calibration sweep, it is possible to perform an additional Verification Sweep in
order to check the accuracy.

After a power calibration one can expect the power at the reference plane to be within the range of
uncertainty of the power meter. After a change of the sweep points or sweep range, the analyzer
interpolates or extrapolates the calibration data.
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Source Power Cal @

Calibrate Settings

Source; - w Set as Stimulus Axiz Cal Power: 0dEm

Cal Power Offset: 0de

=

I b axirum Mumber of Readings:
Tolerance: 1dB

Flathess and Reference Receiver Cal

£ M odify Settings...

L5}

Power Meter

Pratr 1 w Power Meter Config...

|

|
MRP

| Power Meter Corr...

Ser#: GPIBO20

©h1 Start 300 kHz Stop 8 GHz Perform Yerification Sweep After Cal

[ Take Cal Sweep ] [ Abart Sweep ] [ Cloze ] [ Help ]

The Source Power Cal dialog provides the following control elements:

e Calibrate — Source contains all analyzer ports or external generators and frequency converters
which can be used as a source for the calibrated wave quantity. The list contains all analyzer
ports Port 1 to Port n. Generators (Gen 1, Gen 2 ...) must be configured explicitly in the System
Configuration — External Generators dialog before they appear in the list. Frequency converters
(Conv 1, Conv 2 ...) must be configured in the System Configuration — Fequency Converters
dialog. Only frequency converters with electronic attenuator (R&S ZVA-ZxxxE) can be power-
calibrated.

e Set as Stimulus Axis causes the channel line of the active channel to show the (target) power of
the calibrated source port instead of the channel base power (e.g. Port 1 Pwr 0 dBm instead of
Base Pwr 0 dBm). This is particularly useful if the source port powers differ from each other and
from the channel base power. For power sweeps, the original stimulus axis range is replaced
by the target power range of the calibrated port. After the calibration, the selected stimulus axis
is maintained and shows the calibrated source power at the reference plane.

Use the context menu of the channel line or the Channel — Mode — Port Configuration —
Stimulus dialog to select an arbitrary stimulus axis.

e Take Cal Sweep initiates a calibration sweep for the selected source. The progress of the
sweep is monitored in the calibration sweep diagram. After the necessary calibrations have
been completed, a message in the trace list indicates the status of the power calibration.

e Abort Sweep stops a running sweep. The data acquired in the aborted sweep is discarded.

e The Settings panel displays the essential parameters of the source power calibration, to be
defined in the Modify Source Power Cal Settings dialog.

e Source Power Correction Off can be selected/deselected as soon as power calibration data has
been acquired for the selected source. If the box is checked, the calibration data is kept in
memory but not applied to the source. The Power Correction Off softkey disables the power
correction for all receivers and sources.

e Modify Settings... opens the Modify Source Power Cal Settings dialog.

o Power Meter selects an external power meter that is used to measure the exact source power
at the calibration point. Power meters (Pmtr1, Pmtr2, ...) must be configured in the System
Configuration — External Power Meters dialog before they appear in the list. The buttons in the
Power Meter panel provide settings for the selected power meter; see Power Meter Settings
below.

e Perform Verification Sweep after Cal enables or disables a verification sweep that the analyzer
performs after the source power calibration. The sweep is also displayed in the calibration
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sweep diagram. Its purpose is to test the accuracy of the source power calibration after the final
correction data has been acquired. The final power calibration results are applied starting with
the first sweep after the verification sweep.

Remot SOURce<Ch>:POWer<Pt>:CORRection[:ACQuire]

e SOURce<Ch>:POWer<Pt>:CORRection:COLLect [:ACQuire]

control SOURce<Ch>:POWer<Pt>:CORRection[:STATe]

: SOURce<Ch>:POWer<Pt>:CORRection:GENerator[:STATe]
SOURce<Ch>:POWer<Pt>:CORRection:PMETer:ID
SOURce<Ch>:POWer<Pt>:CORRection:COLLect [:ACQuire] :VERification[:STAT
el
SOURce<Ch>:POWer<Pt>:CORRection[:ACQuire] :VERification:RESult?

Calibration Sweep Diagram
The calibration sweep diagram displays the power measured by the external power meter while a
source power calibration is performed.

e Atrace is displayed for each calibration sweep.

o If Perform Verification Sweep after Cal is enabled in the Source Power Cal dialog, an additional
trace is displayed after the end of the calibration.

The diagram is automatically scaled so that the center corresponds to the selected Cal Power. For
frequency sweeps, a horizontal trace close to the Cal Power indicates an accurate power calibration.
For power sweeps, the ideal trace is a power ramp.

Below the sweep diagram, the status messages Calibration in Progress/Finished and Verification in
Progress/Finished show the progress of the calibration procedure.
Modify Source Power Cal Settings

The Modify Source Power Cal Settings dialog displays the target power for the source power calibration
and defines stop criteria.

Port 1 Pawer
Cal Power: 0dBm
Cal Power Offset: 0de Madify Cal Power. ..
FPower Cal Sweeps
taximumn Mumber of Readings: 1 c o Bl
Talerance: 1dB : Hil]=
Convergence Factar: 1 = =
Includes Use
Flatness Cal Reference Receiver after -
Reference Receiver Cal 1 3 = & |=| Power Meter Readings
[ Switch O A1l Other Sources Duting Cal Sweep
[ ak ] [ Cancel ] [ Help ]

The dialog provides the following control elements:

e Port n Power (where n is the calibrated source port selected in the Source Power Cal dialog)
shows the target power of the calibration (Cal Power) and the Cal Power Offset. Both

1145.1084.12 4.301 E-13


https://www.manualsplus.com/

Channel Menu R&S® ZVA/ZVB/ZVT

G

o

parameters can be adjusted in the Port <n> Power dialog, to be opened via Modify Cal Power...
For frequency converters with electronic attenuators, the analyzer opens an alternative
Converter Port <n> Power dialog.

The parameters in the Power Cal Sweeps panel provide stop criteria for the calibration
procedure: Maximum Number of Readings is a limit for the number of calibration sweeps.
Tolerance denotes the maximum deviation of the measured power from the Cal Power. The
calibration procedure is stopped if the Maximum Number of Readings is reached or if the
measured power is within the Tolerance.

The Convergence Factor can be used to modify the amount of power correction after each
calibration sweep. The deviation from the desired power at the reference plane, as measured
by the external power meter or a-wave receiver, is multiplied by the selected convergence
factor. The variable attenuator setting is modified by the product of <power deviation> times
<convergence factor>. With a convergence factor larger (smaller) than 1, the source power
correction after each power calibration step is larger (smaller) than the measured deviation from
the desired power.

Convergence factors different from 1 are indicated only if the test setup includes non-linear
components. External frequency converters may require convergence factors <1 at some
source powers and frequencies. In general, it is recommendable to start the calibration with a
convergence factor 1 and choose smaller values (0.8 ... 0.4) in case that the iteration fails.
Inappropriate convergence factors can slow down the source power calibration or even prevent
convergence.

Includes — Flatness Cal enables the iterative source power calibration with the stop criteria
specified above. This corresponds to the normal source calibration procedure. If the Flatness
Cal is disabled, the analyzer performs a single calibration sweep in order to calibrate the
reference receiver (see below) but without overwriting the previous source power calibration
data. The Port n Cal Power and Power Meter Readings are disabled. A frequency extension
with an external converter without electronic attenuator is a typical example for a measurement
where the Flatness Cal should be disabled.

Includes — Reference Receiver Cal enables a calibration of the reference receiver of the active
source port together with the source power calibration. The reference receiver reading is set
equal to the power reading of the external sensor. This can replace a subsequent a-wave
receiver power calibration.

Use Reference Receiver after <n> Power Meter Readings enables the fast power calibration
mode where the external power meter is used for the first <n> calibration sweeps only. The
analyzer uses its reference receiver for the following, iterative calibration sweeps. The gain in
speed increases with the number of readings minus <n>. The verification sweep (if it is
enabled) is also performed using the reference receiver; it may be used to estimate the
accuracy of the fast power calibration. See also Conditions for fast power calibration below.
Use Power Meter only disables fast power calibration; the power meter is used for all calibration
sweeps.

Reference Receiver only is available while the Reference Receiver Cal is disabled. This
method also requires an existing source power calibration of the active channel and test setup
for a particular target power <Cal Power 1>, including a reference receiver calibration. The
calibration for the new target power <Cal Power> is based on the existing calibration data at
<Cal Power 1>. During the sequence of calibration sweeps, the source power is varied such
that the reference receiver indicates the new power <Cal Power>. Assuming a sufficiently linear
behavior of the components in the test setup, <Cal Power> is also available at the reference
plane.

If Switch off All Other Sources... is checked, the power at all sources except the calibrated
source is switched off during the calibration. This is advisable especially if the power calibration
is intended for intermodulation measurements where different signals are combined.

The analyzer performs either a Flatness Cal or a Reference Receiver Cal, or both. The two
options must not be disabled simultaneously.
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¢ Conditions for fast power calibration
To use fast power calibration, ensure that the analyzer is configured as follows:
1. Aninternal source is used.
2. The Reference Receiver Cal is enabled.

3. On an R&S ZVA network analyzer that is equipped with option R&S ZVA<n>-B16, Direct
Generator/Receiver Access, the jumper for the REF OUT / REF IN connectors is connected so
that the reference receiver loop is closed.

Remote control: SOURce<Ch>:POWer<Pt>:CORRection:NREadings
SOURce<Ch>:POWer<Pt>:CORRection:COLLect:AVERage [ : COUNt]
SOURce<Ch>:POWer<Pt>:CORRection:COLLect:AVERage:NTOLerance
SOURce<Ch>:POWer<Pt>:CORRection:COLLect:CFACtor
SOURce<Ch>:POWer<Pt>:CORRection:COLLect:FLATness
SOURce<Ch>:POWer<Pt>:CORRection:COLLect:RRECeiver
SOURCe<Ch>:POWer<Pt>:CORRection:FAST
SOURce<Ch>:POWer<Pt>:CORRection:COLLect :METHod
SOURce<Ch>:POWer<Pt>:CORRection:COLLect :PMReadings
SOURce<Ch>:POWer<Pt>:CORRection:0SOurces|[:STATe]

Power Meter Settings

The Power Meter settings in the Source Power Cal dialog (and similar dialogs) are used to select the
external power meter that is used to measure the exact source power at the calibration point and to
ensure maximum accuracy of the power measurement. Power meters (Pmitr1, Pmitr2, ...) must be
configured in the System Configuration — External Power Meters dialog before they appear in the list.

Paveser Meter

Pratr 1 ~ Power Meter Config...
HRP
Ser #: GPIBOZ2

The Power Meter panel provides the following buttons.
o Power Meter Config... opens the System Configuration — External Power Meters dialog.
e Auto Zero initiates a zeroing procedure of the power meter; see background information below.

e Power Meter Correction... opens a dialog to define the frequency range for the sensitivity
correction of the power meter and an additional transmission coefficient in front of the power
meter or the DUT.

@ Zeroing

Zeroing calibrates the external power meter by adjusting its reading at zero signal power. For this
purpose, the RF cable between the analyzer and the power sensor must be disconnected (see tips
below!). R&S power sensors and power meters automatically detect the presence of any significant
input power. This aborts zeroing and generates an error message. Zeroing can take a few seconds,
depending on the power meter model; refer to the documentation of your external power meter for more
information.

© Repeat zeroing:

e During warm-up after switching on or connecting the instrument
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e After a substantial change of the ambient temperature
e After fastening the power meter to an RF connector at high temperature
e After several hours of operation

e When very low-power signals are to be measured, e.g. less than 10 dB above the lower
measurement limit.

A reset of the network analyzer does not affect the last zeroing result.

Power Meter Correction

Defines the frequency range for the sensitivity correction of the power meter and an additional
transmission coefficient in front of the power meter or the DUT.

Power Meter Correction

Frequency Information for Sensitivity Comection from
() Source ta be Calibrated
(%) Power Meter Entry in Port Configuration

Additional Two-Port
Take Transmission Coefficient into Account

in Frant af
(®) Power Sensor [During Calibration)
() Device Under Test [During Measurement]

Transmizsion Coefficient

Add Paint # Frequency Transm Coeff

1 300 kHz 0de

2 300001 KHe 0dB

3 300002 kHz 0de
Del &l Paints

[ Usze Trace... ] [ Impart Data.. ]
[ Save List... ] [ Load list... ]
[ ak. ] [ Cancel ] [ Help

The settings appear in two panels:

e Frequency Information for Sensitivity Correction from selects the origin of the frequency
information.
For best accuracy, power meters must know the exact frequency of the measured signal. If the
signal path between the source and the power meter contains a frequency-converting device,
the frequency at the power meter differs from the frequency of the calibrated source. Itis
recommended to define the modified frequency range for the power meter in the Port
Configuration dialog and select From Power Meter Entry in Port Configuration.

e The Additional Two-Port settings allow you to modify the power calibration data in order to
account for an additional two-port device with known transmission coefficients. Configuration of
the transmission coefficients and activation (Take Transmission Coefficient into Account) are
independent from each other.

e In Front of selects the position of the additional two-port in the test setup.
If Power Sensor (during Calibration) is active, the analyzer increases the measured power
sensor values by the two-port transmission coefficients to ensure that a subsequent
measurement without the additional two-port is correctly calibrated.
If Device under Test (during Measurement) is active, the analyzer decreases the measured
power sensor values by the two-port transmission coefficients to move the reference plane of
the power calibration towards the input of the DUT. For examples see background information

1145.1084.12 4.304 E-13


https://www.manualsplus.com/

R&S® ZVA/ZVB/ZVT Channel Menu

below.

e The Transmission Coefficient panel defines the transmission characteristics of the additional
two-port in the calibrated frequency range. The required information is a list of transmission
coefficients at different frequency values. It is possible to edit the list manually, use one of the
traces in the active setup (Use Trace), or import the list from a trace file (Import Data...). The
imported trace file must be either in Touchstone (*.s<n>p) or *.csv format; see also Trace File
Formats).

The list must contain at least one frequency point before you can enable the additional two-port
correction. In a power, time or CW mode sweep, one point at the fixed CW frequency is
sufficient. In a frequency sweep it is possible to enter several values to account for a frequency-
dependent transmission coefficient.

You can also save the displayed list to a power meter correction list file with extension (*.pmcl)
and re-load it in later sessions (Save List..., Load List...).

@ Test setups with "additional two-port" devices
The two test setups for additional two-ports can be depicted as follows.

Case A: 2-port in front of power sensor (during calibration)

Calibrated
reference plane

NWA Additional . . .

(during measurement)

DuT

Test and measurement procedure:

1. Perform the calibration with the additional two-port between the analyzer port and the power
sensor. During the calibration the analyzer increases the power sensor values by the 2-port
transmission coefficients. The calibrated reference plane corresponds to the input of the
additional 2-port.

2. Perform the measurement without the additional two-port.
Practical example:

e An adapter or attenuator with known attenuation is needed to connected the power sensor to
the NWA test port. The transmission coefficients of the adapter are used for the power meter
correction.

Case B: 2-port in front of DUT (during measurement)

Calibrated
reference plane

r;?: i _’ﬂl (during calibration)}

Additional
2-port

¥

ouT (during measurement)

Test and measurement procedure:

1. Perform the calibration without the additional two-port. During the calibration the analyzer
decreases the power sensor values by the 2-port transmission coefficients. The calibrated
reference plane corresponds to the output of an additional 2-port which is placed in-between
the NWA port and the DUT.

2. Perform the measurement with the additional two-port.
Practical example:

¢ On-wafer measurements. The power sensor cannot be directly connected to the input of the
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DUT. The transmission coefficients of the wafer probe are used for the power meter correction.

Remote [SENSe<Ch>:]PMMO ON | OFF

control: SOURce<Ch>:POWer:CORRection:TCOefficient[:STATe]
SOURce<Ch>:POWer:CORRection:TCOefficient:CALibration
SOURce<Ch>:POWer:CORRection:TCOefficient:INSert
SOURce<Ch>:POWer:CORRection:TCOefficient:DEFine
SOURce<Ch>:POWer:CORRection:TCOefficient :COUNL?
SOURce<Ch>:POWer:CORRection:TCOefficient:DELete [ : DUMMy]
SOURce<Ch>:POWer:CORRection:TCOefficient:DELete:ALL
SOURce<Ch>:POWer:CORRection:TCOefficient:FEED
MMEMory:LOAD:CORRection:TCOefficient
"<file name>"[, "parameter"]
MMEMory:SAVE:CORRection:TCOefficient "<file name>"

Receiver Power Cal...

Opens the configuration dialog for a receiver power calibration. The receiver power calibration data is
acquired in a calibration sweep after appropriate selection of the calibrated wave quantity and the
source.

@ Purpose of a receiver power calibration

A receiver power calibration ensures that the power readings at a specified input port of the analyzer
agree with the source power level calibrated at an arbitrary reference plane. Typically, the reference

plane is at the input of the receiver so that the calibration eliminates frequency response errors in the
calibrated receiver.

A receiver power calibration generally improves the accuracy of power (wave quantity) measurements.

The correction data acquired in a frequency or power sweep is re-used if a Time or CW Mode sweep is
activated.

@ Calibration procedure and calibration sweep
The receiver power calibration is based on a wave with known power.

¢ No external connection is needed for a receiver power calibration on the reference receiver
(wave quantity a, with Port n used as a source). Besides, the reference receiver is
automatically calibrated together with any source power calibration of an analyzer port unless
this feature is disabled in the Modify Source Power Cal Settings dialog.

e Calibration of a received wave b, involves an external test setup. The received wave to
calibrate can be generated by the analyzer or an external generator.

The receiver power calibration involves a single calibration sweep. The calibration sweep is performed
with current channel settings but with a maximum IF bandwidth of 1 kHz. Smaller IF bandwidths are
maintained during the calibration sweep; larger bandwidths are restored after the sweep.

The analyzer measures the power at each sweep point, compares the result with the nominal power of
the source, and compiles a correction table.

An acoustic signal indicates the end of the calibration sweep. At the same time, a message next to the
calibrated source indicates the status of the receiver power calibration. After a change of the sweep
points or sweep range, the analyzer interpolates or extrapolates the calibration data.
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‘Wawe Quantity ko Calibrate:

Rt bil1 »
Receiver Power Correction OFF

Used Source:

Port 1 | Uncal

SWeeD: ]

[ Take Cal Sweep ] [P.bort Sweep ]

[ Close ] [ Help ]

The Receiver Power Cal dialog provides the following control elements:

e Wave Quantity to Calibrate provides two pull-down lists to select one of the transmitted waves
a, or one of the received waves b, for the calibration. Each power calibration only applies to the
selected wave quantity in the active measurement.

e Receiver Power Correction Off can be selected/deselected as soon as power calibration data
has been acquired for the active wave quantity. If the box is checked, the calibration data is
kept in memory but not applied to the wave quantity. The Power Correction Off softkey disables
the power correction for all receivers and sources.

e Used Source contains all analyzer ports or external generators which can which can be used as
a source for the calibrated wave quantity. The list contains all analyzer ports Port 1 to Port n.
Generators (Gen 1, Gen 2, ...) must be configured explicitly in the System Configuration —
External Generators dialog before they appear in the list. Behind the source, a message
indicates the status of the power calibration.

e Take Cal Sweep initiates a calibration sweep for the selected wave quantity and source. The
progress of the sweep is monitored in the Sweep progress bar.

e Abort Sweep stops a running sweep. The data acquired in the aborted sweep is discarded.

e The accuracy of the receiver power calibration depends on the accuracy of the source.
Depending on the test setup and reference plane, it is recommendable to perform a source
power calibration before the receiver power calibration.

Remote control: [SENSe<Ch>:]CORRection:POWer:ACQuire
SENSe<Ch>:]CORRection:POWer :AWAVe [ :STATe]
SENSe<Ch>:]CORRection:POWer :DATA

:]

SENSe<Ch>:]CORRection:POWer [:STATe]

—_ — —

Power Calibration Labels

The status of a power calibration is indicated in the trace list and in the Used Source panel of the
Receiver Power Cal dialog. The following messages can be displayed:

e PCal denotes an active power calibration with unchanged sweep points (no interpolation or
extrapolation).

e PCai denotes an active, interpolated power calibration (the calibration data for at least one
sweep point is interpolated).

e PCa? denotes an active power calibration with changed receiver settings (changed step
attenuator settings and disabled ALC).

e PCao denotes an active power calibration with a changed source power (changed base power
or generator step attenuator settings).
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Calibration Pool contains a list of all stored correction data sets.

Calibration Properties displays the basic channel settings and describes the System Error
Correction and the Power Correction which is available for the channel selection in the
Calibration State panel. If available, the Noise Figure Correction Data (with option R&S ZVAB-
K30) is displayed in addition.

@ Calibration states

One of the following calibration states is assigned to each of the channels listed in the Cal State table:

No Calibration No specific channel correction data is available. The factory system error
correction is used. This is the default situation when a new setup is created (File — New).

Channel Cal A system error correction and/or power correction with channel-specific correction
data is active. A new calibration of the channel affects the channel-specific correction data only;
no cal group file will be overwritten..

Uses <CalGroup> A system error correction with one of the correction data sets (cal groups)
stored in the cal pool is active. A new calibration of the channel replaces the correction data in
the cal pool and may affect several channels, see below.

The channel calibration of the active channel is also applied to a new channel created via Add Channel
+ Trace.Corr Off indicates that the system error correction for the channel has been deactivated using
Correction Off.

G

o

If a new calibration is performed for a channel assigned to a cal group (marked as Uses
<CalGroup>), the correction data overwrites the cal group data, so the new calibration will affect
all channels assigned to the cal group. The network analyzer generates a notice message "New
calibration will overwrite cal pool!” when opening the first dialog (Select Physical Port
Connectors) of the calibration wizard.

The buttons in the upper half of the dialog are used to modify the Cal Pool and apply pool data to
channels:

Add -> copies the correction data of the selected channel to the cal pool, generating a new pool
member (cal group).

Replace -> overwrites a cal group with new correction data.
<- Apply assigns the selected cal group to the selected channel.
<- Apply to All assigns the selected cal group to all channels in the Cal State table.

Resolve Pool Link deletes the assignment between the selected channel (Ch<n>: Uses
<CalGroup_name>) and the cal group. The correction data from the cal group
<CalGroup_name> is used as a channel calibration for <Ch<n>>, the Calibration State list
displays Ch<n>: Channel Cal.

Delete From Pool deletes the selected cal group.

You can apply any correction data set (cal group) from the Cal Pool to several channels, which
may belong to different setups. When doing so make sure that the port configuration of the
channels (connectors, state, ...) and the cal group are compatible.

You can also use a cal group stored in the Cal Pool to define a channel-specific calibration.
Apply the cal group to the channel and click Resolve Pool Link.

Remote MMEMory:STORe:CORRection <Ch>, "<file name>"
control: MMEMory:LOAD:CORRection <Ch>, "<file name>"

MMEMory:LOAD:CORRection:RESolve <Ch>, "<file name>"
MMEMory:DELete
"C:\Rohde&Schwarz\NWA\Calibration\Data\<file name>"
MMEMory:DELete:CORRection "<file name>"
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e Copy Kit to... creates a copy of the selected kit with a new cal kit name.

o Delete Kit removes an imported or user-defined kit from the list of Calibration Kits in Use.
e Export Kit exports calibration kit data to a cal kit file.

e Avail. Conn. Types adds or deletes connector types.

The Calibration Kits in Use: table is used to select a calibration kit for each connector type. The pull-
down lists contain all kits for the individual connector types.

© Rohde&Schwarz offers special calibration kits for measurements involving external frequency
converters. For a description of the standards and the system error procedure procedure refer to
section Waveguide Calibration Kits.

Remote [SENSe<Ch>:]CORRection:CKIT:<conn_ type>:SELect '<ckit name>'
control: [SENSe<Ch>:]CORRection:CKIT:SELect '<conn_ type>',
'<ckit name>'
(the previous two commands also create new cal kits)
[SENSe<Ch>:]CORRection:CKIT:DELete 'ckit name>'

Query connector types, calibration kits, and standards:
[SENSe<Ch>:]CORRection:CONNection:CATalog?
[SENSe<Ch>:]CORRection:CKIT:CATalog?
[SENSe<Ch>:]CORRection:CKIT:STANdard:CATalog?

Cal Kit Parameter Types

The analyzer uses three types of parameters to describe the calibration standards. The parameter type
is the same for all standards in a kit and therefore annexed to the kit name:

Mew_kit
85032B/E
§5032F

50546
go0540

I 50 £ Ideal kit
ZCAMN S0 2
ZW-Z21 bypical

e Universal parameters (no label) describe calibration kit models with highly standardized
components so that the parameters are valid for all calibration kits of the model.

e Typical parameters (labelled typical) approximately describe a calibration kit model. To correct
for deviations between the standards, each kit of the model is individually measured and
delivered with an additional, kit-specific parameter set. Therefore each typical parameter set
<kit_name> typical is complemented by an additional parameter set <kit_name> containing
optimized parameters for an individual kit.

e Ideal parameters (labelled /deal Kit) describe an idealized calibration kit for each connector
type; see below.

© Make sure to use universal or individual parameter sets if you need to obtain high-precision results.
The precision of the calibration kit parameters determine the accuracy of the system error correction
and of the measurements. The calibration wizard displays a warning if you use a typical or ideal
parameter set to calibrate a channel.

Calibration kits can be obtained as network analyzer accessories; refer to the data sheet for the
relevant ordering information. The name of all parameter sets is equal to the name of the corresponding
calibration kit model.
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®Ideal parameters

All ideal kits contain the following standards:

Standard (Gender) R (Load) Electrical Length (Offset)
Open (f, m) =Q 0 mm (Delay: 0 s)
Short (f, m) 0Q 0 mm

Offset Short (f, m) 0Q 10 mm

Match (f, m) Z, (reference impedance of the connector type) | 0 mm

Sliding Match (f, m) - 0 mm

Reflect (f, m) = Q) 0 mm

Through (ff, mm, mf) - 0 mm

Line (ff, mm, mf) - 10 mm
Attenuation (ff, mm , mf) - 0 mm

Symm. Network (ff, mm, mf) | — 0 mm

The following additional parameters are used:
e Characteristic impedance: Z, (reference impedance of the connector type)
e Loss: 0dB/sqrt(GHz) or (0 GQ/ s) in Agilent mode

¢ Allinductance and capacitance parameters are set to zero.

Cal Kit Files

Calibration kit files can be used to store the parameters of a particular calibration kit, to re-load the data
and to exchange calibration kits from one network analyzer to another.

@ Cal kit file contents
Cal kit files are independent of the current setup and contain the following information:
e Name and label of the calibration kit

e Connector type including all connector type parameters (name, polarity, offset model, reference
impedance)

e Type, gender and label of all standards in the kit together with the circuit model parameters
(offsets, load) or S-parameter tables (.snp file) that are necessary to determine its magnitude
and phase response.

By default cal kit files are stored in the C:\Rohde&SchwarzZ\NW A\Calibration\Kits directory.
e To export cal kit data, the analyzer uses a specific binary file format *.calkit.

e Three different import file formats are supported: ZVA-specific binary cal kit files (*.calkit),
ZV/R-specific binary cal kit files (*.ck), cal kit files in Agilent-specific ASCII formats (*.csv, *.prn;
see notes below).

& To import a ZVA-specific or ZVR-specific cal kit file (*.ck or *.calkit) you can also use the Windows
Explorer and simply double-click the file or drag and drop the file into the NWA application. The
imported cal kit file is automatically set active.

mm Importing older ZVR cal kit files
o]

On loading some older ZVR-specific *.ck files, e.g. the ZV-Z223 cal kit file, the ZVA generates the
message File does not comply with instrument calibration kit file format. The files must be
converted using a ZVR network analyzer equipped with a firmware version V3.52 or higer.
Proceed as follows:

1. Onthe ZVR, press CAL — CAL KITS — MODIFY KITS — INSTALL NEW KIT to import the
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*.ck file.

2. Press CREATE INST FILE in the same submenu to export the *.ck file in a ZVA-
compatible format.

3. Import the converted file into the ZVA.
*.csv cal kit files: VNA Cal Kit Manager 2.1

The VNA Cal Kit Manager is a free, Windows-based software tool intended to import, edit, and
export *csv cal kit files. The software is available for download at
http://www.vnahelp.com/products.html. The decimal separator used by the VNA Cal Kit Manager
V2.1 depends on the language version of the Windows operating system: Cal kit files generated
on an English operating system contain dots, the ones generated on a German system contain
commas.

The network analyzer expects the dot as a separator and displays an error message when a
*.csv file with commas is loaded. Please install the VNA Cal Kit Manager V2.1 on an appropriate
(e.g. English) Windows version to avoid trouble.

*.prn cal kit files: PNA Cal Kit Editor

The network analyzer can import and process cal kit files created with the PNA Cal Kit Editor.
The files use the extension *.prn; the data format is identical to the *.csv format.

The decimal separator used by the PNA Cal Kit Editor depends on the language version of the
Windows operating system: Cal kit files generated on an English operating system contain dots,
the ones generated on a German system contain commas.

The network analyzer expects the dot as a separator and displays an error message when a
*.prn file with commas is loaded. Please install the PNA Cal Kit Editor on an appropriate (e.g.
English) Windows version to avoid trouble.

Remote control: MMEMory:LOAD:CKIT "file name"
MMEMory:STORe:CKIT "kit name", "file name"
[SENSe<Ch>:]CORRection:CKIT:INSTall "<file name>"

Add / View / Modify Calibration Kit

Combines different standards to form a new calibration kit, assigning a connector type and further
attributes (name, labels). This dialog is opened from the Calibration Kits dialog using the Add Kit...
button (the dialog title is Add Calibration Kit) or using the View/Modify Kit button (the dialog title is View
Calibration Kit or View / Modify Calibration Kit). The functionality of both dialog versions is the same.

G

c If Add Calibration Kit is used for a predefined calibration kit, the View / Modify Standard... button
can be used to open the View / Modify Standard in <kit_name> dialog check the standard
parameters. All other controls are inactive.
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Yievr / Modify Calibration Kit

Connechor Type: N 514
hame:  Mewkitl el
Aailen: Mode Standard Label
Cpen { F17
s
[ [o]4 [ Cancel ] [ Help ]

In its upper part the Add Calibration Kit dialog contains several controls to do the following:
e Select a predefined or user-defined Connector Type.
e Insert the (unique) Name of the new kit and assign a Label.

e Qualify whether or not the Offset and Load parameters for the standards are defined and
displayed in Agilent Mode.

o Assigning a label to user-defined calibration kits is optional. However, the label is displayed in
many dialogs and can provide useful information about the kit, e.g. its serial number.

The table in the center of the dialog lists all standards in the new kit together with either their gender or
their port assignment (see Restrict Port Assignment) and the label (if defined). Clicking a standard
opens the View / Modify Standard in <kit_name> dialog where it is possible to change the parameters.
Four buttons can be used to change the entries in the list.

e Copy Standards from... opens a dialog to copy standards from another calibration kit to the new
kit.

e Add Standard... selects, defines and adds a new standard to the kit. A calibration kit may only
contain a single standard of each type.

e View/ Modify Standard... displays or changes the properties of the selected standard.

e Delete Standard removes the selected standard from the list and from the calibration kit.

o Use Copy Standards from... to avoid the (re-)definition of their properties. Standards are copied
together with their parameters and their label, which you can modify once they belong to the new kit.

Remote control: [SENSe<Ch>:]CORRection:CKIT:LABel

Copy Standards from

Copies standards together with their parameters from a calibration kit in use to a new calibration kit.
This dialog is opened from the View / Modify Calibration Kit dialog (Copy Standards from... button).
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py Standards from

Kit hame: | 250326/ I

Select Standards

@ all
() gingle:

[ oK ][ Cancel ][ Help ]

In the dialog, it is possible to select one of the calibration kits in use (Kit Name) and select either all or a
single standard to be copied. A calibration kit may only contain a single standard of each type.

Select Cal Kit to Delete

Displays a list of calibration kits to be deleted. This dialog is opened from the Calibration Kits dialog
(Delete Kits... button).

Kit Name Conn Type Label
Iy _kit: I 50 5 3599456
ZCAN M50
[ o4 ] [ Cancel ] [ Help ]

The table shows the imported and user-defined calibration kits with their name, connector type and
label (if defined). OK deletes the selected kit. Predefined kits cannot be deleted.

Available Connector Types

Displays and modifies the list of available connector types. This dialog is opened from the Calibration
Kits dialog (Connector Types... button).

X

Available Connector Types

Conn Type | Sexless | Offset Model | Ref Imp |~
'PC7 = TEm T Eie
lzezmm | | TEM | soa
lzamm | [TEM T soe
[tasmm | | TEM T s
[7-16 i [TEm LT

U UserConnl [ TEM o] soq (BB
' W

[ Add Type ] [Delete Type]

[ a8 ] [ Cancel ] [ Help ]

The list shows the available connector types with their name (Conn Type), polarity (Sexless) and
reference impedance (Ref Imp). The Offset Model describes the mode of wave propagation in the
transmission lines of the standards associated with the connector type. The buttons below are used to
add and delete user-defined connector types. Deleting a connector type will also delete all calibration or
adapter kits assigned to it.
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@ Impact of reference impedance

The reference impedance (Ref Imp) Z, for the connectors is a critical value that is displayed in the Port
Configuration menu and represents an input value for various parameter conversions. Z, enters into:

e The calculation of the S-parameters for the calibration standards associated with the connector
type, provided that they are derived from a circuit model (Add/Modify Standard dialog).

e The calculation of the (default) reference impedances for balanced ports (Def. Balanced Port
tab of the Balanced Ports and Port Groups dialog).

e The calculation of impedance and admittance parameters.

@ Storing connector type settings

Calibration kits and connector types are global resources; the parameters are stored independently and
available irrespective of the current setup. The connector type settings are always stored together with
the associated calibration kit parameters. It is possible to export and import the connector settings using
Export Kit... and Import Kit... in the Calibration Kits dialog.

The name, polarity and reference impedance of a user-defined connector can be changed in the table.
The | button in the Offset Model column opens the Offset Model dialog to define the propagation mode
in detail.

o After assigning a calibration or adapter kit to a user-defined connector type, you can still change
its name, offset model and reference impedance. Switching between sexed and sexless will
delete all kits assigned to the connector type.

Remote control: [SENSe<Ch>:]CORRection:CONNection
[SENSe<Ch>:]CORRection:CONNection:DELete

Offset Model of <Standard>

Defines the wave propagation mode in the lines of the standards associated with the connector type.
This dialog is opened from the Available Connector Types dialog (- button in the table).

Line Type Paramekers
(%) TEM (2.0, Coaxial) Relative Permittivity er: | 0000001 tﬂ

) Wavequide . J

[ ok ] [ camet | [ Hebp |

The Parameters to be selected depend on the Line Type:

e If the calibration kit standards contain lines with transverse electric propagation mode (TEM),
then the Relative Permittivity €, of the dielectric can be defined. The default permittivity is the
value for air. TEM-type lines have no cutoff frequency.

e If the calibration kit standards contain waveguides, then the lowest frequency where a wave
propagation is possible (Cutoff Frequency f;) can be defined. The default cutoff frequency if 0
Hz (propagation at all frequencies). No relative permittivity is needed for waveguides.

<] The impedance for waveguides is frequency-dependent. If a waveguide line type is selected,
various dialogs (e.g. Add Standard...) will indicate varies instead of a definite impedance value.

@ Impact of offset model parameters
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The offset model parameters are used for the calculation of the S-parameters for the calibration
standards associated with the connector type, provided that they are derived from a circuit model
(Add/Modify Standard dialog).

e For TEM-type lines, the relative permittivity €, is needed for the conversion of a ZVR-type Loss
(in units of dB/sqrt(GHz)) into an Agilent-type Offset Loss (in units of GQ/s) and vice versa (see
Offset andLoad parameters). The Electrical Length and Delay values in the Modify Offset dialog
are directly entered and therefore independent of ¢,.

e For waveguides, the low frequency cutoff frequency f. is important because no wave
propagation is possible at frequencies below f.. If a standard is measured in order to acquire
calibration data, the analyzer checks the low frequency cutoff. If the start frequency of the
sweep range is below f; , then the calibration wizard generates an error message.

The offset model parameters are not used except in the context of calibration. The offset
parameterdefinitions (seeMechanical Length) are based on independent g,values.

Remote control: [SENSe<Ch>:]CORRection:CONNection

Add or View / Modify Standard

Defines, displays or modifies the properties of the calibration standards in a particular calibration kit.
This dialog is opened from the Add or View / Modify Calibration Kit dialog (Add Standard... or View /
Modify Standard... buttons). Depending on the title, some control elements may not be active.

@For an overview of calibration standards and their properties refer to section Calibration standard
types below.

S-Parameters Fram

Type: | Cpen | Gender: |F v
(%) Circuit Model
Label: Restrick Port Assignment. .. Read Data From File. ..
Circuit Model
e Min Freq: | 0Hz :ﬂ
Maix Freq: | 1000 GHz :ﬂ
®8Q 0-10E-15 F
——+ 0 ‘10E-27 F/Hz
f Hiih 0 10E-12H T+ 10 -10E-36 F{Hz
+ 0 -10E-24 HiHz + 00 10E-45 FjHz?
+ 0 '10E-33 HfHz?
+ 0 -10E-42 HfHz*
[Modify OFfset... | [ ModiFy Load. . ]

[ oK ] [ Cancel ] [ Help ]

In its upper part the Add Standard or View / Modify Standard dialog contains several controls to do the
following:

e Select a standard Type and its Gender (for polarized/not sexless connector types and if the port
assignment is not restricted) and assign a Label.

e Restrict Port Assignment
e Select S-Params From

Qualify whether the standard is described by a Circuit Model from which the analyzer can
calculate the S-parameters or by a table of measured or simulated S-parameters stored in a
Touchstone file. Pressing the Read Data from File... button opens a file selection dialog where
the appropriate file type (*.s1p for one-port standards and *.s2p for two-port standards) is
automatically selected.
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& The Sliding Match and Attenuation are special standard types which must be described by
a circuit model. The controls in the S-Params From panel are disabled.

For two-port standards described by a *.s2p file, the implicit ports 1 and 2 (given by the order of
S-parameters Re(S11) Im(S11) Re(S21) Im(S21) Re(S12) Im(S12) Re(S22) Im(S22)
in the file) are assigned to the test ports that the analyzer actually calibrates as follows: Port 1 is
always assigned to the lower-numbered calibrated test port, port 2 to the other (higher-
numbered) calibrated test port.

© Assigning a label to standards is optional. However, the label is displayed in many dialogs and can
help you identify a standard or distinguish different standards with similar parameters.

If Circuit Model is selected in the S-params From panel, then the controls in the central panel of the
dialog are enabled. The circuit diagram is adjusted to the selected standard type. The following
parameters can be set:

e Frequency range (Min. Freq. to Max. Freq) for which the circuit model is valid. During
calibration, the analyzer checks whether the sweep range is within the validity range of all
measured standards and possibly generates a warning (see Measure Standards dialog).

e Offset and Load parameters of the circuit model.

G

<] The impedance for waveguides is frequency-dependent. If a waveguide line type is selected in
the Offset Model dialog, the circuit model indicates varies instead of a definite impedance value.

Remote control: [SENSe<Ch>:]CORRection:CKIT:<std type>
[SENSe<Ch>:]CORRection:CKIT:<conn_ type>:<std type>
MMEMory: LOAD:CKIT:SDATa

Restrict Port Assignment

Opens a dialog to define whether the standard can be connected to any port of the analyzer or to just
one port (for one-port standards) or a pair of ports (for two-port standards).

x|
Standard can be connected

to Part |1 w | andPort |2 |

[ [0]4 ] [Cancel] [ Help ]

The port assignment is displayed in the Add or View / Modify Calibration Kit dialogs.

@ Port assignment and gender
The standards are handled differently, depending on their port assignment:

e If the port assignment is not restricted, the gender belongs to the definition of polarized
standards. When the connector type and calibration kit is selected in the calibration wizard, the
analyzer checks whether the kit contains the necessary standard types and whether the
standards have the right gender.

e Standards with restricted port assignment are assumed to have the gender that is appropriate
for the calibrated port. In the View Modify Standard dialog, the Gender: input field is disabled. In
the calibration wizard, the analyzer checks whether the kit contains the necessary standard
types for the required ports. Instead of the gender, the port assignment is stored in the
calibration kit file.

This approach simplifies the definition of standards and helps to avoid inconsistencies.
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Remote control: [SENSe<Ch>:]CORRection:CKIT:<std type>

Modify Offset

Specifies the offset parameters for the transmission lines of a particular calibration standard. This dialog
is opened from the Add or View / Modify Standard... dialog (Modify Offset... button).

E x| X|
| Open () Open (F
Delay: os S| || Electrical Length:  [am 5
z0: w0 2| |} char. mpedance: [s0n im|
Offset Loss: 0 Gojs S| | Loss: u
[ ok | [cancel | [ Hep Jff[ ok ] [ Concel | [ Hep ]

The offset parameters depend on whether or not the circuit model is defined in Agilent Mode (see
Add/Modify Calibration Kit dialog):

e If Agilent Mode is active, then the standard is characterized by its Delay (in s), its characteristic
impedance Z, (in Q) and its Offset Loss (in GQ.

o If Agilent Mode is switched off, then the standard is characterized by the ZVR-compatible
parameters Electrical Length (in m), its Char. Impedance (in Q) and its Loss (in dB/sqrt(GHz)).
The loss is zero and not editable as long as the electrical length is zero.

Both parameter sets are closely related. The Electrical Length is proportional to the Delay; Z,
corresponds to the Char. Impedance. Moreover the analyzer converts an Agilent-type Offset Loss into a
Z\VR-type Loss and vice versa using the Relative Permittivity €. for the connector type defined in the
Offset Model... dialog.

@ Offset parameters
The offset parameters have the following physical meaning:

e The Delay is the propagation time of a wave traveling through the standard. The Electrical
Length is equal to the Delay times the speed of light in the vacuum and is a measure for the
length of transmission line between the standard and the actual calibration plane. For a
waveguide with permittivity €,and mechanical length L., the following relations hold:

Delay = M Electrical Length = L, - .2,
[
The default delay is 0 s, the default step width is 1 ns, corresponding to a step width of 299.792
mm for the electrical length. The relations hold for one-port and 2-port standards.

o Z,is the Characteristic Impedance of thestandard. If the standard is terminated with Z,, then its
input impedance is also equal to Z,. Zyis not necessarily equal to the reference impedance of
the system (depending on the Connector Type) or the terminal impedance of the standard. The
characteristic impedance of the standard is only used in the context of calibration.

The default characteristic impedance is equal to the reference impedance of the system.

e The Loss is the energy loss along the transmission line due to the skin effect. For resistive lines
and at RF frequencies the loss is approximately proportional to the square root of the
frequency.

In Agilent mode the Offset Loss is expressed in units of Q/s at a frequency of 1 GHz. The
following formula holds for two-port standards:
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_ Less[dB] Z,/[0)]
GBI 4.3429/[dB] delay I|s]

The conversion formula for one-port standards has an additional factor 1/2 on the right-hand side.
The reason for this factor is that the Loss in dB accounts for the attenuation along the forward
and the reverse path (no matter how often the wave actually propagates through the line),
whereas the Offset Loss is proportional to the attenuation of the line.

To determine an offset loss value experimentally, measure the delay in seconds and the loss in
dB at 1 GHz and use the formula above.

The default Loss or Offset Loss is zero.

<] The impedance for waveguides is frequency-dependent. If a waveguide line type is selected in
the Offset Model dialog, the Char. Impedance field is disabled and indicates "varies" instead of a
definite impedance value. Moreover no Loss or Offset Loss can be set.

®Offset parameters and standard types

Offset parameters are used to describe all types of standards except the Sliding Match and the
Attenuation.

e The Sliding Match is a one-port standard with variable load parameters (sliding load) and
unspecified length. The reference impedance is fixed and equal to the characteristic impedance
of the connector type. No load and offset parameters need to be set.

e The Attenuation is a two-port standard which is fully matched in both directions (the reflection
factor at both ports is zero). No load and offset parameters need to be set.

Remote control: [SENSe<Ch>:]CORRection:CKIT:<conn type>:<std type>

Modify Load

Specifies the load parameters for a particular calibration standard describing its terminal impedance.
This dialog is opened from the Add or View / Modify Standard... dialog (Modify Load... button).

i- e T .J;;!i
Cpen (F)
R C L
I'E_E‘E:ODEH [0 Bl o pH =]
“ ;:Dt; +__0 Hf,."GHz e ﬂ f +. 0 pH/iaHz s ﬂ F

OR + 0 FF/GHz2 '$ﬂ 2 4| 0pH/GHz? _:ﬂ 2

| J +;'0 FF/GHe® '$ﬂ £ 4| 0 pHyaHe: _$ﬂ 2

[ QK ] [ Cancel ] [ Help ]

The circuit model for the load consists of capacitance C which is connected in parallel to an inductance
L and a resistance R, both connected in series.

e Ris the constant resistive contribution. It is possible to select a special value (Open for = © so
that the inductance coefficients are irrelevant, Short for 0 Q, Match for the reference impedance
of the current connector type) or set any resistance R.

e The fringing capacitance C and the residual inductance L are both assumed to be frequency-
dependent and approximated by the first four terms of the Taylor series around f = 0 Hz.

@ Load parameters and standard types

Load parameters are used to describe all types of standards except a Through, a Sliding Match,
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aLineand an Attenuation.

e The Through standard is a through-connection between two ports with minimum loss which is
taken into account by the Offset Parameters.

e The Sliding Match is a one-port standard with variable load parameters (sliding load), so there
is no fixed load model.

e The Line standard is a line of variable length with minimum loss which is taken into account by
the Offset Parameters.

e The Attenuation is a two-port standard which is fully matched in both directions (the reflection
factor at both ports is zero). No load and offset parameters need to be set.

Remote control: [SENSe<Ch>:]CORRection:CKIT:<conn type>:<std type>

Calibration Standard Types

The following table gives an overview of the different standards and their offset and load models:

Standard Characteristics Ideal Standard Offset Load
Type Model Model
Open Open circuit (one-port) w=() I~ I~
Short Short circuit (one-port) 0Q =l =l
Offset short Short circuit with added electrical length offset, for 0Q I~ I~
waveguide calibration (one-port)
Match Matched broadband termination (one-port) Z, (reference impedance I~ I~
of the connector type)
Sliding One-port standard consisting of an air line with a - - -
match movable, low-reflection load element (sliding load). .
Reflect Unknown mismatched standard (one-port) w() |l |l
Through Through-connection with minimum loss (two-port) - Il -
Line1, Line 2 | Line(s) for TRL calibration with minimum loss (two- - =l -
port)
Attenuation Fully matched standard in both directions (two-port; - - -
the reflection factor at both ports is zero).
Symm. Unknown mismatched reflection-symmetric standard - ol ol
network (two-port)

The calibration of rectangular waveguides at very high frequencies requires a special set of standards;
see Frequency Extension — Calibration.

Remote control: For an overview of standard parameters see also
[SENSe<Ch>:]CORRection:CKIT:<conn_type>:<std type>

Waveguide Calibration Kits
Rohde & Schwarz offers special waveguide calibration kits for test setups involving frequency
converters.

e Calibration Kit R&S ZV-WR10 is suited for the frequency converter R&S ZVA-Z110(E)
(frequency range: 75 GHz to 110 GHz)

e Calibration Kit R&S ZV-WR12 is suited for the frequency converter R&S ZVA-Z90E (frequency
range: 60 GHz to 90 GHz)

e Calibration Kit R&S ZV-WR15 is suited for the frequency converter R&S ZVA-Z75 (frequency
range: 50 GHz to 75 GHz)

e Calibration Kit R&S ZV-WRO03 is suited for the frequency converter R&S ZVA-Z325 (frequency
range: 220 GHz to 325 GHz)
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The following sections describe the standards in the waveguide calibration kits and their use for system
error corrections.

Calibration Kit R&S ZV-WR10
The waveguide calibration kit R&S ZV-WR10 allows to calibrate network analyzers for test setups
involving frequency converters, in particular R&S ZVA-Z110 or R&S ZVA-Z110E.
The calibration kit contains the following standards:
e A Short standard which also serves as a Reflect standard
e A (Fixed) Match standard

e A Shim that contains a short transmission line causing a A4 phase shift around the center
frequency of the converters operating range and a 180 deg phase shift of the reflecting
coefficient.

e A Sliding Match standard (kit 1307.7100.11 only), providing more accurate results than the
Fixed Match standard — at higher test effort.

Sliding Match

Fixed Match

The following table provides an overview of the available standards for rectangular waveguide
calibration and the technical implementation using the calibration kit.

Standard Type | Technical implementation

Open Not available in waveguide technology, replaced by "Offset Short"

Short Contained in the calibration kit

Offset short Short + Shim, both contained in the calibration kit

Match Contained in the calibration kit

Sliding match Contained in the calibration kit 1307.7100.11, 1307.7500.31, and 1307.7700.11

Reflect Short, contained in the calibration kit

Through Direct through connection of the two waveguide flanges

Line1 Through connection of the two waveguide flanges with Shim in-between.
In view of the bandwidth of the frequency converters, line 2 is not needed.

Attenuation Not contained in the calibration kit

Symm. network | Not contained in the calibration kit

The standards in the calibration kit allow all one-port and two-port calibration types supported by the
network analyzer except TNA.

The characteristic data of the standards are very stable and independent of the individual calibration kit.
It is not required to deliver individual data with each kit and load the data into the analyzer. Instead the
data is already stored in the network analyzer (software option R&S ZVA-K8 and a sufficiently new
firmware version is required; refer to the What's New... section). It is possible to export the stored data
to a file. Use the "Cal-Kits" dialog of the network analyzer for this purpose: "Channel" > "Calibration" >
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"Cal-Kits" > "Export Kit ..."

Sliding Match Standard

The sliding match is a one-port standard consisting of a precision waveguide section with a movabile,
low-reflection load element (sliding load). This standard is used because no perfect match is available.
However, a series of measurements at a given frequency with equal mismatch and varying phase
yields reflection factors that are located on a circle in the Smith chart. The center of this circle
corresponds to perfect match. The network analyzer determines and further corrects this match point
following I. Késa's circle-fitting algorithm.

To obtain the reflection coefficient for a perfectly matched calibration standard, the sliding load must be
measured at least at three positions which should be unequally spaced to avoid overlapping data
points. Increasing the number of positions to 4 — 6 can improve the accuracy. It is recommended to use
the positions listed below. Depending on your calibration kit, set the adjustable screw of the standard to
the following positions:

e R&SZV-WR10: 0 mm, 0.35 mm, 0.8 mm, 1.4 mm, 2.1 mm, 4.2 mm
e R&S ZV-WR12: 0 mm, 0.42 mm, 0.96 mm, 1.68 mm, 2.52 mm, 5.04 mm
e R&S ZV-WR15:0 mm, 0.52 mm, 1.2 mm, 2.1 mm, 3.15 mm, 6.3 mm

If you accidentally unscrew the knob completely, simply screw it on again.

Calibration Kit R&S ZV-WR12

The calibration kit R&S ZV-WR12 contains the same standard types as the calibration kit R&S ZV-
WR10, however, the standards are optimized for the frequency range of the R&S ZVA-Z90E frequency
converter (60 to 90 GHz). The calibration procedure for both kits is identical.

Calibration Kit R&S ZV-WR15

The calibration kit R&S ZV-WR15 contains the same standard types as the calibration kit R&S ZV-
WR10, however, the standards are optimized for the frequency range of the R&S ZVA-Z75 frequency
converter (50 to 75 GHz). The calibration procedure for both kits is identical.

Calibration Kit R&S ZV-WR03
The waveguide calibration kit R&S ZV-WRO03 allows to calibrate network analyzers for test setups
involving frequency converters, in particular R&S ZVA-Z325.
The calibration kit contains the following standards:
e A Short standard which also serves as a Reflect standard
e A (Fixed) Match standard

e Two Shims containing a short transmission line. The length of the line equals 1 mm for Shim #1
and 1.371 mm for Shim #2. Both lines exhibit a A/4 length difference around the center
frequency of the converters operating range and a 180 deg phase shift of the reflecting
coefficient.

e A Sliding Match standard (kit 1307.7100.11 only), providing more accurate results than the
Fixed Match standard — at higher test effort.
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Shim #2 A5

Fixed Mﬁ

The following table provides an overview of the available standards for rectangular waveguide
calibration and the technical implementation using the calibration kit.

Standard Type | Technical implementation

Open Not available in waveguide technology, replaced by "Offset Short"

Short Short + Shim #1, both contained in the calibration kit

Offset short Short + Shim #2, both contained in the calibration kit

Match Contained in the calibration kit

Sliding match Contained in the calibration kit 1307.7300.31

Reflect Short, contained in the calibration kit

Through Through connection of the two waveguide flanges with Shim #1 in-between

Line1 Through connection of the two waveguide flanges with Shim #2 in-between.
In view of the bandwidth of the frequency converters, line 2 is not needed.

Attenuation Not contained in the calibration kit

Symm. network | Not contained in the calibration kit

The standards in the calibration kit allow all one-port and two-port calibration types supported by the
network analyzer except TNA.

The characteristic data of the standards are very stable and independent of the individual calibration kit.
It is not required to deliver individual data with each kit and load the data into the analyzer. Instead the
data are already stored in the network analyzer (software option R&S ZVA-K8 and at least firmware
version 2.45 are required). It is possible to export the stored data to a file. Use the "Cal-Kits" dialog of
the network analyzer for this purpose: "Channel" > "Calibration" > "Cal-Kits" > "Export Kit ..."

Sliding Match Standard

The sliding match standard is only contained in the calibration kit 1307.7300.31. It is a one-port
standard consisting of a precision waveguide section with a movable, low-reflection load element
(sliding load). This standard is used because no perfect match is available. However, a series of
measurements at a given frequency with equal mismatch and varying phase yields reflection factors
that are located on a circle in the Smith chart. The center of this circle corresponds to perfect match.
The network analyzer determines and further corrects this match point following I. Késa's circle-fitting
algorithm.

To obtain the reflection coefficient for a perfectly matched calibration standard, the sliding load must be
measured at least at three positions which should be unequally spaced to avoid overlapping data
points. Increasing the number of positions to 4 — 6 can improve the accuracy. It is recommended to use
the positions listed below. They are optimized for the frequency range between 220 GHz and 325 GHz.
Set the adjustable screw of the standard to the following positions:

0 mm, 0.12 mm, 0.27 mm, 0.48 mm, 0.71 mm, 1.2 mm

If you accidentally unscrew the knob completely, simply screw it on again.
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Note:

e The calibration unit is intended for direct connection to ZVA network analyzers
following the procedure described above. You can also connect the unit before
switching on the analyzer. Do not connect the unit to other USB hosts, e.g. a PC,
or insert any USB hubs between the analyzer and the unit, as this may cause
damage to the unit or the host.

¢ You can connect several calibration units to the different USB ports of the
analyzer. You can also connect cal units and other devices (mouse, USB
memory stick etc.) simultaneously.

e An unused calibration unit may remain connected to the USB port while the
network analyzer is performing measurements. It must be disconnected during a
firmware update.

e ltis safe to connect or disconnect the calibration unit while the network analyzer
is operating. Never connect or disconnect the unit while data is being transferred
between the analyzer and the unit. Never connect the unit during a firmware
update.

Performing an Automatic Calibration

After connection and initialization, you can use the calibration unit as follows:

1. Connect n analyzer ports (n = 1 to 8, depending on your analyzer and calibration unit model
and the number of ports to be calibrated) to n arbitrary ports of the calibration unit. Terminate all
unused ports (no. n + 1 to 2, 4, or 8) with a 50 Q match.

2. Perform the automatic calibration for the selected number of ports using the Measurement
Wizard or the Start Calibration menu.

3. Remove the test cables from the unit, connect your DUT instead and perform calibrated
measurements.

o The assignment between the analyzer ports and the cal unit ports is detected automatically. If auto-
detection fails (e.g. because of a high attenuation in the signal path), connect matching port numbers
and click Default Port Assignment at the beginning of the calibration process.

© Accuracy considerations
To ensure an accurate calibration, please observe the following items:
e Unused ports of the calibration unit must be terminated with a 50 Q match.
e No adaptors must be inserted between the calibration unit and the test ports.

e After connecting the unit to the USB port, allow for a sufficient warm-up time (see
"Specifications") before starting the calibration.

e To ensure best accuracy the analyzer automatically reduces the source power to —10 dBm. If
the test setup contains a large attenuation, deactivate Automatic Power Reduction for
Calibration Unit in the initial tab of the System Config dialog and ensure an input power of —10
dBm at the ports of the calibration unit (please also refer to the separate "Specifications”
document).
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Attention!

The maximum RF input power of the calibration unit is beyond the RF output power
range of the analyzer, so there is no risk of damage if the device is directly connected
to the test ports. If you use an external power amplifier, make sure that the maximum
RF input power of the calibration unit quoted in the data sheet is never exceeded.

The calibration type depends on the number of ports. If a single port is calibrated, the analyzer uses full
one-port calibration. For 2 and more ports, the analyzer provides the following additional options:

e Asingle full n-port calibration for n calibrated ports.
e n full one-port calibrations for n calibrated ports.

e n/2*(n-1)separate full two-port (TOSM or UOSM) calibrations for n calibrated ports (all
possible 2-port combinations). This calibration type is required for isolation measurements on
mixers where a full 3-port calibration is inappropriate.

e (n—1) one path two port calibrations for n calibrated ports (all possible 2-port combinations
from the Node Port to any other port). The node port is the source port for each one path two
port calibration (fully calibrated port).

e (n-1)transmission normalizations (bidirectional, forward or reverse) for n calibrated ports (all
possible 2-port combinations from the first port to any other port). "Forward" transmission
normalization means that the signal direction is from the ports with the lower numbers to the
port with the higher numbers.

Example: Select ports no. 1, 2, 3. A forward transmission normalization calibrates the S-
parameters S»4, S31, and Ss3,. A backward transmission normalization calibrates the S-
parameters S5, Sq3, and S,3. A bidirectional transmission normalization calibrates all six S-
parameters.

Remote control: ;ENSe<Ch>:]CORRection:COLLect :AUTO
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs:CONNection?
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs:TYPE
[SENSe<Ch>:]CORRection:COLLect :AUTO: TYPE

Calibration Procedure

The automatic calibration is started on clicking Calibration Unit in the Start Calibration menu. When the
test port connectors in the Port Configuration dialog do not fit to the connectors of the calibration unit, a
warning appears:

! \ &l test port connectors will be changed ko PC 3.5 {m)
-

I QK ][ Cancel ]

OK changes the connector type assignment of the test ports and starts the calibration. The Calibration
Unit dialog shows the active cal unit type and characterization, the calibrated ports, and the progress of
the calibration procedure.

G

o While a user characterization is active, the Calibration Unit dialog shows an information
message. In general, user characterizations are required for modified test setups (e.g. cal units
with external adapters); see Manual Characterization of Cal Units. For an unmodified calibration
unit, the factory calibration is adequate.
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&ctive Cal Unit and Charactenization

Channel Menu

Active Cal Unit: 2v-2581, Ordertt: 1164.0515.30, Serdt: 100007

Active Characterization: test calkit

[ Change Active Calibration Unit or Characterization ..

Calibration Settings

WM& Ports to be Calbrated and their Assignment to Cal Unit Ports:

ZVAE: 1 2 3 4
Test Part Conn: 2 part descriptics part descriptico port descripticart 1 M 5000 |
Cal Unit: 4 2 3 1

' Usger Characterization iz activel This may cause poor measurament
results if calibration unit iz used in factory configuration.

Calibration Type: Full n-Part Detector:  Mormal

[ I odify Calibration Settings ... ]

Calibration Sweep:

o S T .

In the dialog, you can:

¢ Click Change Active Calibration Unit or Characterization in case that several cal units are
connected to the analyzer and you wish to select another unit or characterization. For manual
characterization see Characterize Cal Unit.
e — A —— %]
Select Cal Unit: .Z\I-ZE‘I::‘I 00007 |
Select Characterization: :_F‘?ct_o_ry_ - V
Characterization Properties:
Factory Charactenization “
Cal Unit Temperature at Characterization Time: 33.30 *C
Frequency: 300 kHz ... 8 GHz
Paort 1 PC 351
Paort 2 PC 3.51f)
Port 3PC 351
Part 4 PC 351
[ Ok ] [ Cancel ] [ Help ]

e Click Modify Calibration Settings to change the calibration type and node port (for One Path
Two Port calibrations), the detector settings (Normal or AVG detector, primarily for noise figure
measurements with option R&S ZVAB-K30), the calibrated ports and the port assignment.
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Calibrate Ports: Calibration Type
1 2 el 4 [Full nePort |
s W 4 r i
Mode Port:
Detector: | Nﬁrmél bl
Part &ssignment
ZWAG: 1 3
Tesk Port Conn: --- no port description --- Port 1 NS00 (F)
Cal Unit: 3 = 1 =
Detect Port Assignment Default Port Assignment
[ Ok ] [ Cancel ] [ Help ]

In the Calibration Settings dialog, you can:

Select the network analyzer ports to be calibrated (Calibrate Ports).

Select the Calibration Type: See Calibration Types aboveand note on One Path Two
Port calibration below.

Detectthe current port assignment between the analyzer and the connected calibration
unit in order to overwrite the Port Assignment table.

Restore the Default Port Assignment (connect port no. n of the analyzer to port no. n of
the cal unit). This is important if the automatic detection of the port assignment fails.

A One Path Two Port calibration requires two-port (Through) characterization data for
the cal unit, which is not available on older calibration units. If a tooltip indicates missing
two-port characterization data, simply perform a new characterization of your cal unit. In
the first dialog of the Characterization Wizard, make sure the cal unit is characterized for
all calibration types including One Path Two Port calibration.

e Click Take Cal Sweep to start the necessary calibration sweeps. The calibration is started
automatically if automatic port detection is successful and the cal unit temperature is within the
validity range.

e Abort an ongoing calibration sweep.

The Calibration Unit dialog is closed automatically when all standards have been measured, the system
error correction data has been calculated, and the result is applied to the active channel. The network
analyzer is ready to perform calibrated measurements.

G

o

The full two-port and full n-port calibration types require a maximum frequency step size Af

which ensures that the difference in phase of the internal through-connection between any two
consecutive sweep points is below 180 deg.

Condition: |A@max| = max,|@, — @n.1| < 180 deg; |A@maxl is proportional to Af ,ay.

The analyzer automatically inserts additional sweep points to reduce the maximum frequency
step size if the condition above is not met. After the calibration, the measurements are
performed with the original sweep points.

Remote control: ;ENSe<Ch>:]CORRection:COLLect :AUTO

1145.1084.12

[SENSe<Ch>:]CORRection:COLLect :AUTO:CKIT
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs:CONNection?
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs:TYPE
[SENSe<Ch>:]CORRection:COLLect:AUTO: TYPE

’STem:COMMunicate:RDEVice:AKAL:ADDRess
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SYSTem:COMMunicate:RDEVice:AKAL:ADDRess:ALL?

’STem:COMMunicate:AKAL:CONNection
SYSTem:COMMunicate:AKAL:MMEMory|[:STATe]

[EMory:AKAL:FACTory:CONVersion
MMEMory:AKAL:USER:CONVersion

Characterize Cal Unit

The Calibration Unit is delivered with factory characterization data which ensure an accurate calibration
for all standard applications. For specific modifications of the test setup, e.g. the connection of
additional adapters to a calibration unit, a modified set of characterization data (suitable for the cal unit
with adapters) may be desirable. The analyzer provides a Characterization Wizard for performing a
guided characterization of (modified) R&S calibration units. The acquired characterization data is stored
to a characterization file, so that it can be used for automatic calibration whenever needed.

A cal unit characterization can be performed in a frequency sweep. The network analyzer must be
properly calibrated for the test setup, with the reference plane at the input ports of the (modified) cal unit
to be characterized. The procedure involves the following steps:

1. Perform a calibration of your network analyzer, using the test setup and calibration type you
wish to perform with your (modified) calibration unit (see description of the Characterization
Wizard).

Connect the modified calibration unit to the reference plane (see Connection and Installation)

3. Click Channel — Calibration — Characterize Cal Unit to access the Characterize Cal Unit dialog
and start the wizard.

4. Step through the wizard, following the instructions in the dialogs.

Characterize Cal Unit

The Characterize Cal Unit dialog displays the properties of the connected cal units, provides control
elements for characterization file management, and starts the characterization wizard.

Calibration Unit
2251, Ordertt: 1164.0515.30, Sert: 100007 Select Cal Unit: | 2v.251::100007 v:
Cal Unit Temperature: | -0.25°C | [ Refresh Representation ... ]

Characterization Data
Password protection iz inactive

: [ Set Active ] [ Set Password ]
| test.calkit
Active Data:

test. calkit

[ Start Characterization ... ]

Properties:

Factory Characterization A

Cal Unit Temperature at Characterization Tirme: 33.30 °C
Frequency: 300 kHz ... 8 GHz
Part1PC 351
Port 2PC 351
Pat 3PC 3.5
Part 4 PC 351 ~

[ Cancel ] [ Ok

In the dialog, you can:
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Select a cal unit from the list of connected units (Select Cal Unit, relevant if several units are
connected). Refresh Representation initiates a new hardware detection and updates the list.

Set a password to prevent the characterization dialog and the Start Characterization wizard
from unauthorized operation and access. Set Password opens a dialog to enter the password
and activate password protection at the next time the Characterize Cal Unit is opened. Enter an
empty string (no password) to deactivate password protection.

View the list of available characterization data sets and their Properties.

Select a characterization from the list. You can set this characterization active for subsequent
calibration processes using the selected cal unit (Set Active), Export the data to a *.s1p
Touchstone file (e.g. for comparison with older characterization data or characterization data
with/without connected adapters), or Delete the data. Note that Export... will initiate an export of
all characterization data to different *.s1p files, each containing the name of the
characterization in its file name. Press Save to transfer the active characterization data set to
the selected cal unit and complete the characterization procedure.

Start the characterization wizard (Start Characterization).

o A cal unit characterization can be performed in a frequency sweep. Start Characterization is
unavailable while a power, CW Mode, or time sweep is active. The analyzer always uses a fixed source
power of —10 dBm to acquire the characterization data.

Remote control: ;ENSe<Ch>:]CORRection:COLLect :AUTO

[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs
[SENSe<Ch>:]CORRection:COLLect :AUTO:PORTs:CONNection?

Characterization Wizard

The Characterization Wizard consists of a series of dialogs which perform a new characterization of the
R&S calibration unit. It is opened from the Characterize Cal Unit dialog. Characterization involves the
following steps:

1.

Select the calibration type

The calibration unit supports different calibration types. Depending on the desired calibration
type, a simpler or more complicated characterization procedure is required. The NWA
calibration that you have to perform before connecting the calibration unit also depends on the
desired calibration type:

e If Full One Port and Full Two Port calibrations are needed, a simple characterization
procedure involving only one-port measurements is sufficient. The calibrated ports are
connected one after another. A Full One Port or Full Two Port calibration of the
analyzer at all ports used for the characterization is recommended.

e If a One Path Two Port calibration is needed in addition, the characterization procedure
also involves two-port measurements. The calibrated ports are all connected at the
same time. A Full N Port calibration of the analyzer (for N calibrated ports), for different
connector types and adapters preferably UOSM, is required.

Select the characterized cal unit ports

Perform the necessary characterization sweeps, depending the selected calibration type
(step 1)

Save the characterization data

Characterization data are saved in ASCII format with a specified file name and comment. The
default file extension is *.calkit; the files are written to a subdirectory of

C:\Rohde&Schwarz\Nwa\Calibration (or any other specified directory). The network analyzer
automatically creates a file header containing the following information:
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loss Losspc(at DC), total loss at the reference frequency Loss(f.) (at Freq), reference frequency
f.er (Freq). Experimentally, the two loss values Losspc and Loss(f) are determined in two
separate measurements at a very low frequency (f --> 0) and at f = f..

One'way Loss

atbC at Freq Freqg
0013 dB .. 0.312 B 1GHz
0006 dB .. 1GHz
0B .. 0dB 1GHz
0 . 0dB 1GHz

Offset parameters: Application and effect

Offset parameters can be particularly useful if the reference plane of the calibration cannot be
placed directly at the DUT ports, e.g. because the DUT has non-coaxial ports and can only be
measured in a test fixture. Offset parameters can also help to avoid a new complete system error
correction if a cable with known properties has to be included in the test setup.

e A positive length offset moves the reference plane of the port towards the DUT, which is
equivalent to deembedding the DUT by numerically removing a (perfectly matched)
transmission line at that port.

e A negative offset moves the reference plane away from the DUT, which is equivalent to
embedding the DUT by numerically adding a (perfectly matched) transmission line at
that port.

The offset parameters are also suited for length and delay measurements; see Auto Length. In
contrast to embedding/deembedding by means of the Channel — Mode — Virtual Transform
functions, the offset parameters cannot compensate for a possible mismatch in the test setup.

Each offset parameter is assigned to a particular port. The delay parameters affect the phase of
all measured quantities related to this port; the loss parameters affect their magnitude. An offset
at port 1 affects the S-parameters Sy4, S,q, S12, S31... Some quantities (like the Z-parameters)
depend on the whole of all S-parameters, so they are all more or less affected when one S-
parameter changes due to the addition of an offset length.

© To account for the propagation in both directions, the phase shift of a reflection parameter
due to a given length offset is twice the phase shift of a transmission parameter. If, at a
frequency of 300 MHz, the electrical length is increased by 250 mm (M4), then the phase
of S,y increases by 90 deg, whereas the phase of Sy increases by 180 deg. Equivalent
relations hold for the loss.

If the trace is displayed in Delay format, changing the offset parameters simply shifts the whole
trace in vertical direction. The sign of the phase shift is determined as follows:

e A positive offset parameter causes a positive phase shift of the measured parameter and
therefore reduces the calculated group delay.

e A negative offset parameter causes a negative phase shift of the measured parameter
and therefore increases the calculated group delay.

Offset parameters for balanced ports
The functions in the Offset menu can be used for balanced port configurations:

o |f a balanced port configuration is active the logical and physical ports are shown in the
Electrical Length, Mechanical Length and Delay dialogs.

o Offset parameters must be assigned to both physical ports of a logical port.

e Auto Length corrects the length offset of both physical ports of a logical port by the same
amount.
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E-uw;aJJrncc“,; -&@
. Element: Background v .
Properties
Calor: IL If
Trace Skyle:
Trace Width: |

[use same Color For &l Markers

Keep Trace Color over Reassignment of Diagram Area

[ Recal. | [ save.. | [ chose | |

]

The following control elements change the current color scheme:

The screen element to be modified is selected from the Element drop-down list. The list
contains the background and all traces, text elements and lines in the diagrams.

Color opens a standard color dialog to assign a color to the selected element. Use the What's

This? help button in the dialog to obtain detailed information.

Trace Style and Trace Width are enabled if the selected element is a trace.

Use same Color for all Markers allows to select a common marker color, which is independent
of the trace colors. To define the common color, select the Same Color for all Markers element.

Keep Trace Color over Reassignment of Diagram Area controls the color of traces that are
assigned to another diagram area or created together with a new diagram areas; see

background information below.

@Effects of Keep Trace Color...

The analyzer assigns trace colors according to a predefined scheme, starting with the colors that are
easiest to distinguish. On one hand it is advantageous to use the colors at the beginning of the scheme.
On the other hand, it is often desirable to use different colors in different diagram areas so that any

trace that is moved from one diagram area to another can keep its color.

Keep Trace Color... changes between these two alternative color modes as shown below.

Keep Move trace to another diagram Add Trace + Diag. Area (Trace — Trace Select...)

Trace area (Trace Manager)

Color

r Trace color changed according to Color scheme of the new diagram area is independent, restarts with the

the new diagram area's color
scheme

first colors. Consequently the new trace is displayed with a color that has
been already used.

Trace keeps its color

Color scheme of the new diagram area continues color scheme of the
previously active area. The new trace is displayed with a new color.

See also program example for DISPlay:CMAP<Element>:TRACe:COLor [:STATe].

Two buttons at the bottom of the dialog are used to save or recall user-defined color schemes.

Save... opens a Save As... dialog to select a color scheme file and save the current settings.
Color scheme files are non-editable files with the extension *ColorScheme; the default directory
is C:\Rohde&SchwarzZ\NWA\ColorSchemes.

Recall... opens an Open File... dialog to load and apply a color scheme saved before.

o To recall a color scheme file (*.ColorScheme) you can also use the Windows Explorer and simply
double-click the file or drag and drop the file into the NWA application.

Remote
control:

1145.1084.12

DISPlay:CMAP<Element>:RGB <red>,
[,<trace style>, <trace width>]
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e Power calibration: An external power meter can measure the exact signal power at an arbitrary
point in the test setup (reference plane) and thus provide the reference values for a power
calibration. A typical example is a source power calibration for an arbitrary analyzer port.

e

Source port

nn 3] i Power calibration plane

Configured external power meters can be selected as additional receivers in the Port Configuration and
in the power calibration dialogs.

o To control external power meters via LAN or GPIB interface, it is necessary to install the Virtual
Instrument Software Architecture (VISA) library on the network analyzer. VISA provides the
programming interface between the hardware and the analyzer's application environment.

The VISA I/O Library is available from Rohde & Schwarz, order no. 1161.8473.02. Use the USB-
to-IEC/IEEE Adapter (option R&S ZVAB-B44) to control devices equipped with a GPIB interface.

[x)

User Interface Pressts |  ChannelBits | Resets Option Key Entry
GFIB Settings | Euternal Power Meters | External Generators
Refresh Tables
Found:

¥I5A Alias Driver Interface Address/Serdt 1D String

[ Add v | [ Addal v | [ suta Canfig NRP-Zax
Configured:
# Hame Dnver | Interface| Address/Serlt ID Stnng
I ﬂ Pratr 1 Mo INI MRP-Z51 Other 100076 MNRP-Z51::100
ﬁ Prntr 2 Power Meter 2 NRWVD Wxl-11  127.0.0.0 MRWD:: 127,00
DO sy o S S S i o
i | ¥
[ Add Other... | [ Modif.. | [ Delete | [ Delete &l |
[ Cloze ] [ Help ]

The External Power Meters dialog provides two tables and some additional buttons.

e The upper table (Found:) shows all power meters that the analyzer detects to be on line (i.e.

1145.1084.12 4.363 E-13


https://www.manualsplus.com/

System Menu

R&S® ZVA/ZVB/ZVT

connected and switched on). All power meters in the table must have been configured
previously, however, they can be deleted in the lower table.

e The Add v and Add All v buttons copy the selected power meter in the upper table to the lower
table so that it is possible to modify the power meter settings and select the power meters as
receivers for measurements and power calibrations.

e If Auto Config NRP-Zxx is selected, the analyzer automatically configures all NRP-Zxx power
meters detected at any of the USB ports as Pmtr 1, Pmtr 2, ....

e The lower table (Configured:) shows all configured power meters with their properties. The
properties are defined in the Add/Modify External Power Meter dialog, to be opened by means
of the Add Other... or Modify... buttons. All configured power meters are available as additional
receivers for measurements and power calibrations.

An icon in the first columns of the tables indicates whether the power meters are currently available.
The Found: table and the icons in the Configured: table are automatically updated each time the
External Generators dialog is opened (to update explicitly use the Refresh Tables button). The
remaining control elements are self-explanatory.

<] Unintentional switchover to remote control
When using the NI-VISA library, ensure that the network analyzer itself is not listed as a network
device in the Measurement & Automation Explorer. Otherwise, Refresh Tables will send an
identification query (*IDN?), causing the analyzer to close the System Configuration dialog
(without executing Refresh Tables) and to activate the remote screen.

@ Icons in the power meter tables

The following icons describe the status of a power meter:

& [ he power meter is on-line (connected, switched on, ready to be used)

'&=The power meter was detected (upper table) or configured (lower table) but is not on-line
(VISA communication error)

[E=The power meter list could not be refreshed, no communication with the power meter is

possible

Remote control:

SYSTem:
SYSTem:
SYSTem:
SYSTem:
SYSTem:

COMMunicate:
COMMunicate:
COMMunicate:
COMMunicate:
COMMunicate:

Add/Modify External Power Meter

RDEVice:
RDEVice:
RDEVice:
RDEVice:
RDEVice:

Selects and configures an external power meter.

Mame {optional):
Inkerface:

Driver:

[other

B

<Unknown v

Resource Skring:

Type:

=]

PMETer<pmeter no>:
PMETer<pmeter no>:
PMETer<pmeter no>:
PMETer<pmeter no>:
PMETer<pmeter no>:

[ Cancel

[ Help ]

The following control elements select the power meter type and its connection:

DEFine

DELete
CONFigure:AUTO
CATalog?
COUNt?

e Name is an optional, arbitrary name associated with the power meter. Names appear in the
power meter lists in the External Power Meters tab and in the selection dialogs for received
signals (measurements and power calibration). If no name is specified, the power meters are

1145.1084.12

4.364

E-13


https://www.manualsplus.com/



https://www.manualsplus.com/

System Menu

R&S® ZVA/ZVB/ZVT

From
GPIB / LAN

Configured external generators can be selected as additional sources in the More Wave Quantities,
More Ratios, Port Configuration, and in the power calibration dialogs.

o
Instrument Software Architecture (VISA)
programming interface between the hard

To control external generators via LAN or GPIB interface, it is necessary to install the Virtual

library on the network analyzer. VISA provides the
ware and the analyzer's application environment.

The VISA I/O Library is available from Rohde&Schwarz, order no. 1161.8473.02. Use the USB-

to-IEC/IEEE Adapter (option R&S ZVAB-

B44) to control devices equipped with a GPIB interface.

User Interface Prezets Channel Bitz Fesets Option Key Entry
GFIB Settings Esternal Power Meters Extemnal Generators
Refresh Tables
Found:
YISA Alias Driver Interface Address/Serlt 1D String
[ 4dd v | [ addan v |
Configured:
# Hame Driver Interface| Address/Serlt| Ref| Fast Swp |CES
g Gen 1 Mo INI Other 100075 Int Mot &val
_;b Gen 2 Ext, Gen, 2 SMP22 Wal-11  127.0.0.0 Ext Off =
v
B e P o)
< b3
[ &dd Other... | [ Modiy. | [ Delete | Delete &l
[ Cloze ] [ Help ]

The External Generators dialog provides two ta

bles and some additional buttons.

The upper table (Found:) shows all generators that the analyzer detects to be on-line (i.e.
connected and switched on). All generators in the table must have been configured previously,

however, they can be deleted in the lower table.

The Add v and Add All v buttons copy t
table.

The lower table (Configured:) shows al

the Add Other... or Modify... buttons. A
sources for measurements and power

1145.1084.12

he selected generator in the upper table to the lower

| configured generators with their properties. The

properties are defined in the Add/Modify External Generator dialog, to be opened by means of

Il configured generators are available as additional
calibrations.
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An icon in the first columns of the tables indicates whether the generators are currently available; see
below. The Found: table and the icons in the Configured: table are automatically updated each time the
External Generators dialog is opened (to update explicitly use the Refresh Tables button). The
remaining control elements are self-explanatory.

o]

Unintentional switchover to remote control

When using the NI-VISA library, ensure that the network analyzer itself is not listed as a network
device in the Measurement & Automation Explorer. Otherwise, Refresh Tables will send an
identification query (*IDN?), causing the analyzer to close the System Configuration dialog
(without executing Refresh Tables) and to activate the remote screen.

@ Icons in the generator tables

The following icons describe the status of a generator:

& [ he generator is on-line (connected, switched on, ready to be used)

'B=The generator was detected (upper table) or configured (lower table) but is not on-line (VISA

communication error)

E=The generator list could not be refreshed, no communication with the generator is possible

Remote control: SYSTem:COMMunicate:RDEVice:GENerator<gen no>:DEFine

SYSTem:COMMunicate:RDEVice:GENerator<gen no>:DELete
SYSTem:COMMunicate:RDEVice:GENerator<gen no>:CATalog?
SYSTem:COMMunicate:RDEVice:GENerator<gen no>:COUNt?

Add/Modify External Generator

Selects and configures an external generator.

Mame (optional): | High freq. generstor []Fast Sweep 10 MHz Ref
(&) Internal
Inkerface: GPIBO v GPIB Address: | 12 () External
- o
Driver; SMRED b Identify Type | Twpe:

[ 0K ] [ Cancel ] [ Help ]

The following control elements select the generator type and its connection:

Name is an optional, arbitrary name associated with the generator. Names appear in the
generator lists in the External Generators tab and in the selection dialogs for source signals
(measurements and power calibration). If no name is specified, the generators are listed as
Gen 1, Gen 2...

Interface selects an interface type for the connection. In addition to the GPIB0O and VXI-11
interface types (for devices connected to the IEC Bus or LAN1/2 connectors on the rear panel
of the analyzer, respectively), the analyzer supports any Other interface supported by the
installed VISA library.

GPIB Address or Hostname or IP Address (depending on the Interface selection) contains the
address for the current interface type. GPIB addresses must be unique for all devices
connected to the GPIB bus (range: 0 to 30), GPIB and IP addresses must agree with the
entries in the VISA library. For an Other interface type, the input field contains the Resource
String from the installed VISA library.

Driver contains a list of all supported generator driver types. The names in the list are identical
with the name of the generator driver files (*.gen) stored in the resources\extdev subdirectory of
the analyzer's program directory.
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e Identify Type sends an identification query (IDN?) to the specified device address in order to
identify the generator type and select an appropriate driver file. An error message is displayed if
the identification fails.

The following control elements provide hardware-related settings:

e fast Sweep enables or disables the fast sweep mode for external generators that support a
frequency and level list mode (triggered mode).

e 10 MHz Ref switches the analyzer to either internal or external frequency reference.

@ Fast sweep mode and conditions

In the list mode the external generator steps through a predefined list of frequencies or signal powers.
This mode can be used to accelerate the measurements involving external power meters.

If Fast Sweep is activated, the analyzer compiles a list of the stimulus values (frequencies and powers)
in all channels and transfers it to the generator. The list is automatically updated and re-transferred
whenever the channel settings are changed.

The analyzer uses a trigger handshake mechanism in order to control the generator's list mode:

e The generator sends an EXT GEN BLANK signal to pin no. 22 of the USER CONTROL
connector on the rear panel of the analyzer to show that it is ready to step to the next frequency
or power value in the list.

e The analyzer transmits an EXT GEN TRG signal at pin no. 21 of the USER CONTROL
connector in order to switch the generator to the next point in the list. Afterwards the analyzer
waits for the next EXT GEN BLANK signal.

<] If the number of sweep points exceeds the maximum number of entries in the list (depending on
the generator type), the analyzer must interrupt the sweep in order to send a new list and
complete the stimulus information. This generally slows down the measurement.

@ Reference frequency

To ensure frequency accuracy and frequency stability in a test setup where different devices represent
the signal sources and receivers, it is generally advisable to use a common reference frequency.
Accurate frequencies are particularly important if external generators are used for measurements with
narrow measurement bandwidths.

A common reference frequency can be established in different ways:

e Use the analyzer as master device: Set the analyzer to Internal reference frequency mode and
operate all other devices in external reference mode using the reference clock signal from the
10 MHz REF connector on the analyzer's rear panel.

e Use another device as master: Set the analyzer to External reference and synchronize it (and
all other devices) to the master's reference clock signal, fed in at the 70 MHz REF connector on
the analyzer's rear panel.

The 10 MHz REF settings in the Add External Generator dialog are generator-specific and not
overwritten by a change of the global Internal Reference / External Reference settings.

Remote control: SYSTem:COMMunicate:RDEVice:GENerator<gen no>:DEFine

Remote control: SYSTem:COMMunicate:RDEVice:GENerator<gen no>:DEFine
SYSTem:COMMunicate:RDEVice:GENerator<gen no>:DELete
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The schematic test setup for a two-port transmission measurement using four analyzer ports (no
external generator) is shown below.

A measurement using converters without electronic attenuator involves the following stages:

1.

2
3.
4

Selection of the converter type and of the test setup in the Frequency Converter dialog
Connection of the frequency converters
System Error Correction using a suitable waveguide calibration kit

Connection of the DUT and measurement

For converters with electronic attenuators, the following additional stages are required:

Entry of power coefficients (when the converter is used for the first time)
Power and frequency settings

Power calibration

Frequency Converter

The Frequency Converter tab belongs to the System Configuration menu (System — System Config). It
selects the frequency converter type and the external test setup as well as the power transfer model
(especially for converters with electronic attenuators).

System Configuration [g|
Extemnal Power Meters | External Generatars | Frequency Canverter l L=l Configuration.;. tatrix Conf ¢ *
e | Corverter type influences port configuration and phase noise
s zeftingsl For special applications the converter preset
Usze of External Sources: configuration can be modified via port configuration table.
ouT ouT ouT ouT s
]I H 3.4 1‘[ a~s 1,2 =
L] L] O L} L] O
messout rEm LM
REF QUT
IVA-Dooc 1.2
RF Internal, LO Internal 4-Port WA ;f
S ! |
Fower Transfer (&l Corvverter Portz) = =
Advanced Model iz described by
[ Use &dvanzed Model O DataSet
Current Model:  Lin Approx () Linear Approximation
Cloze ] [ Help ]
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The dialog provides the following control elements:
e Type selects a frequency converter type.

e Use of External Sources provides the possible test setups for each converter type. The test
setups differ in the way how the LO signal is provided (from the analyzer port or from an
external generator).

e The Power Transfer settings define the model by which the analyzer controls the output power
at all converter ports. The exact meaning of the power transfer modes depends on the
converter model; see Power Transfer Modes.

e Apply activates the selected test setup and adjusts the analyzer settings; see information
below.

e For frequency converters with electronic attenuators, pressing Apply enables the Power
Coefficients button. This button opens an additional dialog to enter the power coefficients for
the electronic attenuators.

The frequency-converter settings belong to the global resources; they are not changed upon a Preset
or *RST.

@ Analyzer settings with active frequency converter

After a particular converter type and test setup is applied, the analyzer is automatically configured as
follows:

e A presetis applied.

e The default frequency range of the selected converter type is set (e.g. 75 GHz to 110 GHz for
R&S ZVA-Z110 converters). If no converter is selected, (Type = <NONE>), the default
frequency of the network analyzer is set. The Source section of the Port Configuration table
shows the true output frequencies at all analyzer ports and the frequency conversion formulas.

e The output powers at the RF and LO ports are set to optimum values. For converters without
electronic attenuator, the output power of the converters can be reduced using the knurled
adjusting knob on top of the converter.

e The LO signals are permanently on; the RF source signal is present only during the partial
measurements that require the respective test port as a drive port.

e [ow Phase Noise is enabled.
e ALC (All Chans) is disabled.

All signal settings appear in the Port Configuration dialog as soon as the frequency converter mode is
active. In the example below, a sweep range between 75 GHz and 110 GHz is selected. The frequency
multipliers for the RF signals have a multiplication factor of 6, so the actual output frequency at the RF
ports 1 and 2 is between 12.5 GHz and 18.3333333 GHz. The frequency of the LO signal is such that
the reference and measurement channels are received at the fixed IF frequency of 279 MHz (shown in
the Receiver section of the Port Configuration dialog). The LO frequency is always below the RF
frequency (upper sideband).

¢ ltis also possible to define port-specific frequencies and powers at the converter ports; see Power
and Frequency Settings.
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Port Configuration @
Meas Physical Port Source
# Gen| Frequency Frequency Fesult Fower Fow
2 ,— 1/6 fo .| 12BGHz.. 18333333333 GHz 0dBm+7dE
[0 | ConwertsrPort1 fb 75 GHz 110 GH= Pb
v Part2 [~ 1/6-fb .| 128GHz..18.333333333 GHz 0dBm+7dE |
[] |Eanverer Port 2 fb 74 GHz .. 110 GHz Fb
W Port3 [ 1/8:1b-1/8 2F9MHz | 9340125 GHz .. 13715125 GHz OdBm+7dE
4 Potd [ 1/8:th-1/8 - 27F9MHz | 9340125 GHz .. 13715125 GHz OdBm+7dE |
O Frntr 1
< b3
|Red cells exceed hardware limits | M & Port W t
[ Displayed Columns... T [ Balanced Ports and Port Groups. . ] Gx;a;:r;ivo;r':crzqf;ncyaves b Freq Cony Off
- () Source Frequency
Same Connector Type at All Ports
[] Same Gender at Al Ports (oo I coia IO e

Remote control: [SENSe<Ch>:]FREQuency:CONVersion:DEVice:MODE

[SENSe<Ch>:]FREQuency:CONVersion:DEVice:NAME

Power Transfer Models

The Power Transfer (All Converter Ports) settings in the Frequency Converter tab define how the
analyzer controls the output power at all converter ports. The general settings can be changed for
individual converter ports (Channel — Mode — Port Configuration — Source Power — Converter Port <n>
Power — Power Transfer).

© Changing the power transfer settings in the Frequency Converter tab will overwrite the individual

port settings.

Fower Transfer [&ll Converter Ports)

Use Advanced Model

Advanced Model is described by
() Data Set

Current Model:  Lin Approx @ Linear Appraximation

The basic power transfer model (Use Advanced Model off) is simple to configure and suitable for most
standard applications.

Converters with electronic attenuators: The converter output power is controlled by the
analyzer, using the power control cable and the electronic waveguide attenuators in the
converters. The power coefficients of each converter must be correctly entered in the Power
Coefficients dialog. A power calibration is possible. In addition, port-specific power settings
allow you to account for devices with known attenuation/amplification in the test setup.

Converters without electronic attenuators: The converter output power can be varied by means
of the power adjustment screw which is available for most converter models. No power
calibration is possible, however, port-specific power settings allow you to account for devices
with known attenuation/amplification in the test setup.

The advanced model may be based on a Data Set or on a Linear Approximation of the relation between
the converter input power and the converter output power.

Data Set is suitable for converters with electronic attenuators. The analyzer uses a set of power
calibration data to ensure accurate powers at the reference plane. The calibration data set is
acquired by the R&S ZVA Frequency Converter Leveling Tool, a software utility which is
available for download on the R&S ZVA product pages (http://www.rohde-
schwarz.com/product/zva). For detailed information about the calibration procedure refer to the
leveling tool's help system.

The leveling tool can automatically acquire calibration data over a wide range of powers and
frequencies. This power transfer model is recommended for best accuracy, in particular if large
sets of calibration data are required. If Data Set is active, the Read Data Set button allows you
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to select the calibration data folder (Calibration Subdirectory) for the current channel, in

accordance

with the definitions in the leveling tool.

e Linear Approximation is suitable for all converter types. Converters with electronic attenuators
are controlled by a combination of the RF input power (i.e. the source power at the analyzer
test port providing the signal fed to RF IN) and the electronic waveguide attenuators in the
converters. At sufficiently high converter output powers, the electronic waveguide attenuator
settings are fixed. In the low converter output power range, a selectable portion of the
attenuation is achieved by the waveguide attenuators. This advanced power transfer model
p