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Introduction

This manual contains design, specifications, functional overview, and detailed
operation procedures for the Vector Network Analyzer, to ensure effective and safe
use of its technical capabilities.

Maintenance and operation of the Analyzer should be performed by qualified
engineers with basic experience in the operation of microwave circuits.

This Operating Manual corresponds to S2VNA software version 23.4.1
Glossary — The abbreviations which are used in this document.

Web Sites

https://coppermountaintech.com/
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Scope of Manual

This manual covers the two-port models of the Copper Mountain Technologies
Network Analyzers controlled by the S2VNA software. The Analyzer models are
listed below:

e M5045

e M5065

e M5090

e M5180

e S5045

e S5048

e S5065

e S5085

e S7530

e S5180

e S5180B

e 55243

e SC5065

e SC5090

e SC7540

e C1209

e C1220

e C2209

e C2220

e C4209

e C4220

e Full-Size 304/1
¢ Full-Size 804/1
e Full-Size 814/1
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Safety Instructions

It is highly recommended to follow all safety warnings and precautions provided in this
document for operating, servicing, and repairing the Analyzer.

The Analyzer should be used only by skilled and thoroughly trained personnel with the
required skills and knowledge of safety precautions.

The Analyzer complies with INSTALLATION CATEGORY Il as well as POLLUTION
DEGREE 2 as defined in EC61010-1.

The Analyzer is a MEASUREMENT CATEGORY | (CAT I) device. Do not use the
Analyzer as a CAT II, lll, or IV device.

The Analyzer is for INDOOR USE only.

The Analyzer has been tested as a stand-alone device and in combination with the
accessories supplied by Copper Mountain Technologies, in accordance with the
requirements of the standards described in the Declaration of Conformity. If the
Analyzer is integrated with another system, compliance with related regulations and
safety requirements are to be confirmed by the builder of the system.

Never operate the Analyzer in an environment containing flammable gasses or
fumes.

Operators must not remove the cover or any other part of the housing. The Analyzer
must not be repaired by the operator. Component replacement or internal adjustment
must be performed by qualified maintenance personnel only.

Never operate the Analyzer if the power cable is damaged.
Never connect the test ports to A/C power mains.

Electrostatic discharge can damage the Analyzer whether connected to or
disconnected from the DUT. Static charge can build up on your body and damage
sensitive internal components of both the Analyzer and the DUT. To avoid damage
from electric discharge, observe the following:

¢ Always use a desktop anti-static mat under the DUT.

e Always wear a grounding wrist strap connected to the desktop anti-static mat via
daisy-chained 1 MQ resistor.

e Connect the post marked = on the body of the Analyzer to the common
ground of the test station.

All general safety precautions related to operation of electrically energized equipment
must be observed.
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Definitions of safety symbols used on the instrument and in the manual are listed
below.

A Refers to the Manual if the instrument is marked with this symbol.
~ Alternating current.
=== Direct current.
l On (Supply).
O Off (Supply).

,-J-, A chassis terminal; a connection to the instrument's chassis, which
includes all exposed metal surfaces.

This sign denotes a hazard. It calls attention to a procedure,
WARNING practice, or condition that, if not correctly performed or
adhered to, could result in injury or death to personnel.

This sign denotes a hazard. It calls attention to a procedure,
practice, or condition that, if not correctly performed or
adhered to, could resultin damage to or destruction of part or
all of the instrument.

This sign denotes important information. It calls attention to a
procedure, practice, or condition that is essential for the user
to understand.
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General Overview

The Vector Network Analyzer is designed for use in the process of development,
adjustment, and testing of various electronic devices in industrial and laboratory
facilities, including operation as a component of an automated measurement system.
The Analyzer is designed for operation with an external PC, which is not supplied with
the Analyzer.

The overview of measurement capabilities of the Analyzer is represented in
Measurement capabilities.

The block diagram of the Analyzer is represented in Principle of operation.
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Specifications

The specifications of each Analyzer model can be found in its corresponding

datasheet.

Measurement Capabilities

Measured parameters

Number of
measurement
channels

Data traces

Memory traces

Data display formats

S11, 821, 512, S22

Absolute power of the incident, reflected or transmitted
DUT signals.

DC voltage at each point of the frequency sweep
(optional for Cobalt series).

Up to 16 channels. Each channel is represented on the
screen as an individual channel window. Each channel
has its own stimulus signal settings such as frequency
range, number of test points, power level, etc.

Up to 16 data traces can be displayed in each channel
window. A data trace represents S-parameter of the DUT
or absolute power of the incident, reflected or transmitted
DUT signals.

Each of the 16 data traces can be saved into memory for
further comparison with the current values. Up to 8
memory traces can be created for each data trace.

Logarithmic magnitude, linear magnitude, phase,
expanded phase, group delay, SWR, real part, imaginary
part, Smith chart format, and polar format.
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Sweep setup features

Sweep type

Power sweep

CW time sweep
Measured points per

sweep

Segment sweep

Power settings

Sweep trigger

Trigger output

Linear, logarithmic, and segment frequency sweep, when
the stimulus power is a fixed value.

Linear power sweep when the frequency is a fixed value.

Linear time sweep when the frequency and power are
fixed values.

From 2 to 200,001 or to 500,001 depending on model
(See corresponding datasheet).

A frequency sweep within several user-defined segments.
Frequency range, number of points, source power, and IF
bandwidth can be set for each segment.

The power level can be set the same for all ports or
individually for each port in the frequency sweep mode
when the stimulus power is a fixed value. The power
slope depending on frequency can be set to compensate
for high-frequency attenuation in cables.

Trigger modes: continuous, single, hold. Trigger sources:
internal, manual, external, bus.

Synchronization of external devices with specified events
in the Analyzer measurement cycle. A logic signal
appears on the «Trigger Out» connector with the
specified polarity and according to the specified events.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).
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Trace display functions

Trace display

Trace math

Autoscaling

Reference level
automatic selection

Automatic reference
level tracking

Electrical delay

Phase offset

Data trace, memory trace, or simultaneous data and
memory traces.

Data trace modification by math operations: addition,
subtraction, multiplication or division between the data,
and memory traces.

Automatic selection of the scale division and reference
level value to have the trace most effectively displayed.

Automatic selection of the reference level. After selection,
the data trace shifts vertically so that the reference level
crosses the trace in the middle.

Automatic tracking of the reference level after each scan.
The tracking method choice is: maximum, minimum,
center, or active marker.

Linear phase correction according the specified electrical
delay.

Phase offset by the specified value in degrees.
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Accuracy enhancement

Calibration

Calibration methods

Reflection and
transmission
normalization

Full one-port
calibration (SOL)

One-path two-port
calibration

Full two-port
calibration (SOLT)

Two-port TRL
calibration

Mechanical calibration

kits

Calibration of a test setup (which includes the Analyzer,
cables, and adapters) significantly increases the
accuracy of measurements. Calibration allows for
correction of errors caused by imperfections in the
measurement system: directivity, source, and load match,
tracking, and isolation.

The following calibration methods of various
sophistication and accuracy enhancement are available:

o reflection and transmission normalization
o full one-port calibration (SOL)

e one-path two-port calibration

o full two-port calibration (SOLT)

e TRL calibration

The simplest calibration method. It provides limited
accuracy.

Method of calibration performed for one-port reflection
measurements. It ensures high accuracy.

Method of calibration performed for reflection and one-
way transmission measurements, for example, for
measuring S11 and S21 only. It ensures high accuracy for
reflection measurements, and reasonable accuracy for
transmission measurements.

Method of calibration performed for full S-parameter
matrix measurement of a two-port DUT. It ensures high
accuracy.

Method of calibration performed for full S-parameter
matrix measurement of a two-port DUT. LRL and LRM
types of this calibration are also supported. It provides
higher accuracy than a SOLT calibration.

It is possible to select one of the predefined calibration
kits of various manufacturers or define additional ones.
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Electronic calibration
modules

Sliding load calibration
standard

Unknown thru
calibration standard

Defining of calibration
standards

Error correction
interpolation

Port Extension

Copper Mountain Technologies’ automatic calibration
modules (ACMs) make Analyzer calibration faster and
easier than traditional mechanical calibration and
provides the highest accuracy.

The use of sliding load calibration standard allows
significant increase in calibration accuracy at high
frequencies compared to a fixed load calibration
standard.

The use of an arbitrary reciprocal two-port thru device
instead of a defined by parameters thru during a full two-
port calibration allows calibration if the parameters of an
available thru are wunknown. This method allows
calibration of the test setup for measurements of non-
insertable devices.

Different methods of calibration standard definition are
available:

¢ standard definition by polynomial model

o standard definition by database (S-parameters)

When such settings as start/stop frequencies and number
of points are changed, compared to the settings of
calibration, interpolation or extrapolation of the calibration
coefficients will be applied (Extrapolation is not
recommended).

Delay compensation in the test setup by moving the
calibration plane towards the DUT terminals. Performed
separately for each port.

Supplemental calibration methods

Power calibration

Receiver calibration

Method of the port power calibration which allows to
maintain more stable power levels at the DUT input. The
calibration requires connection of an external USB power
meter.

Method of the receiver gain calibration to the accurate
absolute power measurement.
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Marker functions

Data markers

Reference marker

Marker search

Marker search
additional features

Setting parameters by

markers

Marker math functions

Statistics

Bandwidth

Flatness

RF filter

Up to 16 markers for each trace. A marker indicates the
stimulus value and measurement result at a given point of
the trace.

Enables indication of any maker value as relative to the
reference marker.

Search for max, min, peak, or target values on a trace.

User-defined search range. Available as either a tracking
marker, or as a one-time search.

Setting of start, stop, and center frequencies from the
marker frequency, and setting of reference level by the
measurement result of the marker.

Statistics, bandwidth, flatness, RF filter.

Calculation and display of mean, standard deviation and
peak-to-peak values of the trace.

Determines bandwidth between cutoff frequency points
for an active marker or absolute maximum. The
bandwidth value, center frequency, lower frequency,
higher frequency, Q value, and insertion loss are
displayed.

Displays gain, slope, and flatness between two markers
on a trace.

Displays insertion loss and peak-to-peak ripple of the
passband, and the maximum signal magnitude in the
stopband. The passband and stopband are defined by
two pairs of markers.
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Data analysis

Port impedance
conversion

De-embedding

Embedding

S-parameter
conversion

Time domain
transformation

Time domain gating

This function converts S-parameters measured at the
Analyzer's nominal port impedance into values which
would be found if measured at arbitrary port impedance.

This function allows mathematical exclusion of the effects
of the fixture circuit connected between the calibration
plane and the DUT. This circuit should be described by
an S-parameter matrix in a Touchstone file.

This function allows mathematical simulation of the DUT
parameters after virtual insertion of a fixture circuit
between the calibration plane and the DUT. This circuit
should be described by an S-parameter matrix in a
Touchstone file.

This function allows conversion of the measured S-
parameters to the following parameters: reflection
impedance and admittance, transmission impedance
and admittance, and inverse S-parameters.

This function performs transformation from frequency
domain into response of the DUT to various stimulus
types in time domain. Modeled stimulus types: bandpass
impulse, lowpass impulse, and lowpass step. Time
domain span is set arbitrarily from zero to maximum,
which is determined by the frequency steps. Various
window shapes allow optimizing the tradeoff between
resolution and the level of spurious sidelobes.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

This function mathematically removes unwanted
responses in time domain, allowing for measurement of
the frequency response without the influence of selected
fixture elements. Gating filter types: bandpass or notch.
For better tradeoff between gate resolution and the level
of spurious sidelobes the following filter shapes are
available: maximum, wide, normal, and minimum.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).
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Mixer / converter measurements

Scalar mixer/
converter
measurements

Vector mixer/
converter
measurements

Scalar mixer/
converter calibration

Vector
mixer /converter
calibration

Automatic adjustment

of frequency offset

The scalar method allows measurement of scalar
transmission S-parameters of mixers and other devices
having different input and output frequencies. No external
mixers or other devices are required. The scalar method
employs port frequency offset when there is a difference
between receiver frequency and source frequency.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

The vector method allows measuring of the mixer
transmission S-parameter magnitude and phase. The
method requires an external reference mixer and an LO
common to both the external reference mixer and the
mixer under test.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

The most accurate method of calibration applied for
measurements of mixers in frequency offset mode.
OPEN, SHORT, and LOAD calibration standards are
used. An external power meter is required and should be
connected to the USB port directly or via USB/GPIB
adapter.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

Method of calibration applied for vector mixer
measurements. OPEN, SHORT, and LOAD calibration
standards are used.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

This function performs automatic frequency offset
adjustment when scalar mixer / converter measurements
are performed to compensate for LO frequency
inaccuracies internal to the DUT.

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).
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Other features

Familiar graphical
user interface

Printout/saving of
traces

Linux OS support

Remote control

COM/DCOM

SCPI

Intuitive graphical user interface ensures fast and easy
Analyzer operation.

The traces and data printout function has a preview
feature. Previewing, saving, and printing can be
performed using MS Word, Image Viewer for Windows,
or the Analyzer Print Wizard.

The Linux version of the Analyzer software is designed to
run on x86 PCs running Linux.

: Tests must be performed to determine if the
analyzer software is compatible with a particular version
of Linux.

Remote control via COM/DCOM. COM automation is
used when the software is running on the local PC.
DCOM automation is used when the software is running
on the LAN-networked PC. Automation of the instrument
can be achieved in any COM/DCOM-compatible
language or environment, including Python, C++, C#,
VB.NET, LabVIEW, MATLAB, Octave, VEE, Visual
Basic (Excel), and others.

Remote control using textual commands SCPI (Standard
Commands for Programmable Instruments). Text
messages are delivered over PC networks using HiSLIP
or TCP/IP Socket network protocols. VISA Library is
recommended to support HiSLIP protocol. The TCP/IP
Socket protocol can be supported by the VISA library or
directly programmed in any language or environment that
supports TCP/IP Sockets. The VISA library is free and
widely used software in the field of testing and
measurement.
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Principles of Operation

The Vector Network Analyzer (VNA) is a tool for accurate measurement of complex
transmission and reflection coefficients (S-parameters) of a Device Under Test
(DUT).

The Analyzers described in this manual are USB VNAs. These VNAs consist of an
RF measurement module (Analyzer) and supplied processing software — an
application which runs on a Windows or Linux based PC or laptop, connected to the
Analyzer's hardware via a USB interface. This application controls the RF
measurement module, receives and post-processes received raw data and presents
the calibrated results to the user in a variety of graphical formats.

The Analyzers described in this manual differ in such parameters as frequency range,
output power, measurement speed, dynamic range, and measurement accuracy.
Direct access to receivers and the possibility of connecting frequency extension
modules significantly affects the design and functions of the Analyzer.

For a detailed description of different series and models of Analyzers see Instrument
Series.

The complete specification and supported features list are given in the datasheet of
the corresponding Analyzer.
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The block diagram of the Analyzer is represented in the following figure.
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: Computer <|::> Controller Supply ' » Directional Couplers _@
Port 2
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The block diagram of the Analyzer

The Analyzer consists of the following functional blocks: a Reference Oscillator, a
Source Oscillator, a Local Oscillator, a power control Attenuator, a Switch, a Power
Splitter, two Dual Directional Couplers, a four-channel Receiver, a digital signal
processor (DSP), and a Power Supply.

A tunable Source Oscillator is the test signal source. This Source Oscillator design is
based on digital frequency synthesizers. An internal Reference Oscillator provides
the source oscillator with a stable reference signal.

The Local Oscillator (LO) generates signals using digital frequency synthesizers at an
offset from the Source Oscillator which is equal to the Intermediate Frequency (IF)
which will be digitized by the VNA IF circuit.

The Local Oscillator is the source of the LO signal for the receiver.
The Power Splitter distributes the LO signal between the four Receivers.

A programmable Attenuator controls the power level of the test signal. This Attenuator
is an executive unit of the automatic power control system. For example, when a
power calibration has been completed, the Power Correction function uses this
Attenuator. Also, the Analyzer can sweep over the output power range at a fixed
frequency of test signal using this Attenuator. The Attenuator is controlled by setting
the signal power level at the output of the measurement port. The range of signal
power levels is specified at the output for power sweep mode.
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Switch changes the direction of the test signal through the DUT, switching the Source
Oscillator signal between the two Directional Couplers. Thus, any port can be the
source or receiver of a signal. If Port 1 is the source, Port 2 will be the receiver and
vice versa. All the S-parameters can be measured by making only one DUT
connection.

Directional Couplers separate the incident wave and reflected waves of signal
transmitted through a DUT.

The incident and reflected signals from the two Directional Couplers are applied to a
multi-channel Receiver. The multi-channel Receiver of the two-port Analyzer consists
of four identical channels (two channels per port). The reference receiver processes
the incident wave, a measuring receiver processes the reflected wave. The
Reference receiver is indicated as R with the index corresponding to the port
number. The measuring receiver is indicated as A or B. Receiver Mixers convert the
signal to an IF frequency. For Full-Size 304/1, 804/1, and 814/1 models, this is a first
IF conversion. After filtering, the signal is converted to a second IF. Analog-to-digital
converters in a multi-channel receiver convert these IF signals to a sequence of
digital samples and supply them to DSP. The DSP performs primary signal
processing (filtering, phase difference estimation, magnitude measurement). The
user selected IF Bandwidth is applied by the DSP filter.

After the primary signal processing, the DSP transmits the information to the control
S2VNA software running on an external PC. Communication is provided by a USB
controller. This software applies calibration and performs the final calculations and
displays the measurement results on the screen of PC. The software also controls the
operation of the hardware of the Analyzer.

Adjustable port configuration with direct access to the receivers

Full-Size 814/1, Cobalt C2209, and C2220 Analyzer models allow direct access to
the measurement receivers (See Figure below). This feature is intended for a variety
of measurement applications requiring a wider dynamic and power range. Direct
receiver access enables testing of high power devices. Additional ampilifiers,
attenuators, various filters, and matching pads for each of the ports can be introduced
in the reference oscillator and receiver paths to ensure optimal operation of the
receivers.
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Frequency extension system module connection

Cobalt C4209 and C4220 Analyzer models have additional ports with jumper cable
assemblies on the configurable front panel for connecting Frequency Extension
Modules (See figure below).

: |
| | Source |
: Oscillator Directional | |
Coupl
[ Reference Receiver R1 OUPTErS :
[
| ADC>< F e _® J |
: A !
| Test Receiver A |
I ¥ |
|
: ﬂ DSFP |« ADC>< IF [ %# 4—‘ |
|
[
| ' :
i Local
| Oscillator :
[
Power !
: ] Supply I
|
| |
l:; ——————————— R - - — - — - — — — — — — — .'.— I
Extenders 1 DC out trry U Port 1
R1 LO1T A

Frequency extension system

The Frequency Extension Modules, equipped with coaxial or waveguide connectors,
are intended to extend the measurement frequency range from 18 to 110 GHz. The
Analyzer provides power and control for Frequency Extension Modules. The power
and control connectors for operating with Frequency Extension Modules are located
on the rear panel of the Analyzer. The connection diagram is shown below.
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Frequency extension system module connection
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The Principle of Measuring S-parameters

The DUT is connected to the Analyzer ports. The Analyzer emits a test signal
(stimulus) out of a source port. Simultaneously, all ports of the Analyzer are receivers.
The frequency of the test signal changes in the specified range discretely from point
to point. At each frequency point, the Analyzer simultaneously measures the
magnitude and phase of the signal transmitted through and reflected from the DUT.
These are compared with the magnitude and phase of the incident test signal. The
Analyzer calculates the S-parameters of the DUT at each frequency point based on
this comparison (See figure below).

SOURCE
TRANSMITTED

S - =

REFLECTED

INCIDENT

S-parameter definition

The S-parameter is a relation between the complex magnitudes of two waves:

outgoing wave at Port m

mn

incoming wave at Portn

Provided that the incoming wave is zero on all ports except the port n, where m, n
denote the DUT port number.

For a two-port DUT the Analyzer measures the full scattering matrix:

5= S11 512

L Ss21 S22
For the measurement of S11, S21 parameters, test Port 1 will operate as a signal
source. The incident and reflected waves will be measured by Port 1. The transmitted
wave will be measured by Port 2.

For the measurement of S12, S22 parameters, test Port 2 will operate as a signal
source. The incident and reflected waves will be measured by Port 2. The transmitted
wave will be measured by Port 1.
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Summarized description of hierarchy

The following hierarchy of measurement, processing, and display tools is used during
operation of the Analyzer (See figure below):

e Analyzer Hardware makes radio frequency measurements of the DUT
parameters and performs primary processing of measurement resullts.

e Analyzer Software (supplied with the Analyzer) controls the operation of the
Analyzer components and performs the final mathematical processing and
display of the measurement resullts.

Diagram 1

Tra_:_:e 1

Diagram 1 Diagram 2
. Trace 1

W [ Trace 3V Y\ \Trace 2

ot [J——

Hierarchy of measuring, processing, and displaying tools

Analyzer Software is displayed as Analyzer Screen on the control PC screen,
which contains the following:

Page 61



e Channel Windows — the diagram area in which the Channel is displayed. For
a detailed description of the controls, see Channel Window Layout and
Functions.

e Software and Analyzer Controls: menu bar, instrument status bar, and softkey
bar. For a detailed description of the controls, see Screen Layout and Functions.

Channel — a logical analyzer created by the software to perform DUT measurements
with set parameters. The software supports up to 16 channels simultaneously,
processing them one at a time. Thus, the same DUT can be sequentially measured
by 16 logic analyzers with individual settings.

The channel settings are:

e Sweep Type

e Sweep Range

e Number of Points

e Stimulus Power

e Trigger Settings
e |[F Bandwidth Setting

e Calibration and Calibration Kits

e Average Setting

The measurement results of the DUT in the channel are displayed in traces.

Trace — a sequence of data points measured (data trace) or memorized (memory
trace) by the analyzer, connected by a line. Each channel contains up to 16 Traces.
The trace is characterized by the following parameters:

e Measurement Parameters

e Format and Scale

e Memory Trace

e Smoothing
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The following functions apply to the trace:

e Markers
e Electrical Delay

e Phase Offset

e Time Domain Gating

e S-Parameter Conversion

e Limit Test

Each channel window can display up to 16 charts simultaneously. Convenient
placement of traces in the channel window is designated as Diagram. Traces can be
placed in a single chart or grouped according to user settings in different charts. For
a detailed description of working with diagrams, see Trace Allocation.
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Internal Data Processing

The following figure shows a flowchart of the Analyzer's internal data processing flow.
For a detailed description of remote control access to internal data arrays see in
Internal Data Arrays.
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Data Processing Flowchart

The Analyzer's internal data processing consists of the following stages:

e Measurement is a converting analog signals of receivers into digital ones
(receivers R1 and R2 receive the signal of the incident wave, receivers A and B
receive the signal reflected from the device under test or passed through the
DUT. The received analog measurement signals are converted by ADC (analog-
to-digital converters) into digital IF signals and transmitted to the digital
processor. The digital processor performs a discrete Fourier transform (DFT) of
the IF signals. The analyzer IF bandwidth is equivalent to the bandwidth of the
DFT filter. The digital output of each receiver is represented as complex
numbers). For more details see Principle of Operation.

e Averaging is averaging of the measured data of the receivers for a given
number of scan cycles. For a detailed description, see Averaging Setting.

¢ Receiver Calibration is a gain correction of individual receivers for absolute
measurements. For a detailed description, see Receiver Calibration.

¢ Ratio is calculating S-parameters by dividing the complex values of two receiver
signals (See The Principle of Measuring S-parameters).
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e Acquire Cal Data is measuring calibration standards. Complex measured data
of all standards are stored in memory. For a detailed description, see
Calibration Methods and Procedures.

e Calc Error Terms is calculation of calibration coefficients based on
measurement data of calibration standards in accordance with the selected
calibration method. Calculated calibration coefficients are stored in memory.
After calculating the calibration coefficients, the measurement data of the
calibration standards is deleted. For a detailed description, see Systematic
Errors.

e Correction is an application of calibration coefficients to raw S-parameters. At
this stage, systematic measurement errors introduced by the analyzer and the
measuring setup are eliminated. For a detailed description, see Calibration
Methods and Procedures.

e Port extension is a fixture simulation in which the addition or removal of a
transmission line of a given length for each test port is mathematically simulated.
This allows to offset the calibration reference plane by the length of the line. For a
detailed description, see Port Extension.

e Port ZConv is the fixture simulation to convert S-parameter when the reference
impedance is changed to an arbitrary impedance value. See Port Reference
Impedance (Z) Conversion.

e De-embedding is the fixture simulation to eliminate the influence of a certain
circuit from the measurement results. See De-embedding.

e Embedding is the fixture simulation for embedding some virtual circuit in the
measured circuit. See Embedding.

e General Conv is a conversion of a matrix of S-parameters into a matrix of Z, Y,
T, H, ABCD - parameters. See General S-Parameter Conversion.

e Measurement Selector is a selection of display of measured S-parameter or
absolute (receiver) data. Data for the trace is selected from a matrix of corrected
S-parameters or corrected receiver data. See Measurement Parameters

Settings.

e Memory FIFO is copying current measurements to memory (S-parameter or
receiver data). The software contains a set of cells for storing measurements
(memory). It is possible to record up to 8 of these saves. In this case, if all 8
saves are occupied, then the next save will delete the save created by the very
firstin time. Further, the memory data is processed in parallel with the measured
data. See Memory Trace Function.

e Data Math — mathematical operations between measured data and data in
memory. When using FIFO memory, the operation is performed with active
memory. Available functions: add measured data to memory data, subtract
memory data from measured data, multiply/divide measured data by memory
data. The result of the operation replaces the measured data. See Memory
Trace Function.
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¢ Electrical Delay is the compensation of the electrical delay of the DUT when
measuring the trace. Unlike port extension, the method is applied individually for
each trace. See Electrical Delay Setting.

e Phase Offset is setting a constant phase offset of the trace. See Phase Offset
Setting.
e Time Domain is conversion of the measured S-parameter in the frequency

domain into the response of the circuit under investigation in the time domain.
See Time Domain Transformation.

e Gating is a removal of unwanted responses in the time domain. See Time
Domain Gating.

e Conversion (S-parameter conversion function) is conversion of the
measured S-parameter into following ones: impedance (Zr) and admittance (Yr)
in reflection measurement, impedance (Zt) and admittance (Yt) in transmission
measurement, inverse S-parameter (1/S), impedance (Ztsh) and admittance
(Ytsh) in transmission shunt measurements, S-parameter complex conjugate
(Conj). See S-Parameter Conversion.

e Format is selection of the display format of the measured data on the trace. See
Format Setting.

e Smoothing is an averaging of adjacent points of the trace by a moving window.
See Smoothing Setting.

e Trace Hold is holding the maximum or minimum values of the trace. See Trace
Hold.

e Display — data processing for displaying on the screen in the form of a trace of
a given format. Scaling is applied to the traces according to the data format,
according to selected reference line position and value and scale/grid settings.
See Channel Window Layout and Functions.
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Preparation for Use

Unpack the Analyzer and other accessories.

Please keep packaging to safely ship the instrument for
annual calibration!

First, install the S2VNA software from the shipped flash-drive or
www.coppermountaintech.com on the PC that will be used to operate of the Analyzer.
The software installation procedure is described in Software Installation.

Connect the Analyzer to a 100 to 253 VAC 50/60 Hz power source by means of the
external power supply (S_models and M models) or power cable (Full-Size models
and Cobalt models) supplied with the instrument. Connect the USB-port of the
Analyzer to the PC using the USB Cable supplied in the package.

Warm up the Analyzer for the time stated in its datasheet.

Assemble the test setup using cables, connectors, fixtures, etc., which allow DUT
connection to the Analyzer.

Perform calibration of the Analyzer. Calibration procedures are described in
Calibration and Calibration Kit.
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Software Installation

Minimal x86 compatible PC running WINDOWS or LINUX
system
requirements  \wINDOWS 7 or higher

LINUX Ubuntu 14.04, Linux Mint 17, Linux Debian 8.9 or higher

1.5 GHz Minimum Clock Speed
4 GB RAM Minimum

USB 2.0 High Speed

Windows installation procedure

Find the Analyzer software installer file Setup_S2VNA_vX.X.X.exe in the shipped
flash-drive or download it from www.coppermountaintech.com. Where X.X.X stands
for version number.

Run the Setup S2VNA vX.X.X.exe installer file. Follow the instructions of the
installation wizard.
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i Setup - S2VNA

Welcome to the S2VNA Setup
Wizard
This will install 32VMA 20,4, 2 on your computer,

It is recommended that you dase all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup,

Default
installation

paths for files
in WINDOWS

Installation wizard

Software
components

S2VNA .exe
VNA driver
Documentation

Programming
Examples

Data Files

Path

C:\WVNA\S2VNA
C:\VNA\S2VNA\Driver
C:\WVNA\S2VNA\Doc

C:\WNA\S2VNA\Programming Examples

C:\VNA\S2VNA
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Linux installation procedure

1. Download the analyzer software file CMT_S2VNA_ X.X.X_ x86_64.appimage
from www.coppermountaintech.com, where X.X.X is stands for version number.

2. Make it executable

chmod a+x S2VNA_X.X.X_x86_64.Applmage
3. Run

$ /S2VNA_X.X.X_x86_64.Applmage

First time app will ask to enter root password for adding permissions for working
with - USB devices. You <can do it by yourself by adding
file /etc/udevirules.d/cmt.rules containing:

SUBSYSTEM=="usb", ATTRS{idVendor}=="2226", MODE="0666"
SUBSYSTEM=="usb_device", ATTRS{idVendor}=="2226", MODE="0666"
Operating and Programming manual is the same as for the Windows application,

except that COM automation does not apply. Download it from
www.coppermountaintech.com.

User’s data file location:
$ ~/.vna-portable/drive c/users/<user>/Application Data/S2VNA

Running More Than One Device on a PC in Linux

Up to 16 environment configurations can be used. It's allowed to store individual
settings for different devices without copy application:

$ /S2VNA_X.X.X_x86_64.Applmage -Conf=1
$ /S2VNA_X.X.X_x86_64.Applmage -Conf=2

All application settings stored in Linux current user's folder:

$ ~/.vna-portable
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User's settings for all configurations stored inside it:

$ ~/.vna-portable/drive_c/users/<user>/Application Data/S2VNA
$ ~/.vna-portable/drive _c/users/<user>/Application Data/S2VNA.1
$ ~/.vna-portable/drive_c/users/<user>/Application Data/S2VNA.2
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Registering COM Server

Registration of the COM server is required when using COM automation. If using
SCPIlautomation or if automation is not required, registration can be skipped.

Registration of the COM server is performed during the installation of the analyzer
software. The COM server registration window is shown in the figure below.

i Setup - SAVNA _

Completing the S4VNA Setup
Wizard

Setup has finished installing S4yMA on your computer. Please
power off the WMA and power it back on prior to using the
newly installed software.

Click Finish to exit Setup.

Register COM server to enable remote control of the
analyzer. You may register the COM server later using
key /REGSERVER.

Registering COM Server
Registration can be done after installing the software. To register the COM server,
run the executable module SxXVNA from the command prompt with the /regserver
keyword. To unregister the COM server of the analyzer, run the executable module
from the command prompt with the /unregserver keyword. Administrative rights are
required to register/unregister COM server.

The following is an example of the COM server registration command:

S2VNA.exe /regserver
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Command Line Parameters

Below is the full list of supported parameters for the S2VNA command line.

S2VNA [optional parameters]

For example:
S2VNA Nisible:off
Parameter Description
[? Displays the help message

ISocketServer:<on|

off> Enables or disables TCP/IP socket server

/SocketPort:<num> Assigns socket server port [default is 5025]

[HislipServer:<on|off> = Enables or disables HiSLIP server

/HislipPort:<num> Assigns HiSLIP server port [default is 4880]
/SerialNumber-<nums Sﬂ:gzcr:ts to the Analyzer with the specified serial
/simulate:<on|off> Turns on/off simulation [default is off]

Nisible:<on|off> Show or hides GUI [default is on]

Iregserver Registers COM server

/unregserver Unregisters COM server
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Instrument Series

This section describes the different series and models of Analyzers.

Series of two-port Analyzers:

e Compact Series, excluding the S, M, SC models.

e Cobalt Series

e Full-Size Series

The front and rear panels of each Analyzer are shown further in this section, along
with the controls located on those panels.
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Compact Series

The Compact Series Analyzers deliver a lab grade performance in a compact
package.

The Analyzers in this series are divided by function:

e S models — these models deliver a lab grade performance, with all the features
engineers have come to expect to be included in standard software.

¢ M models — these models provide metrology-level characteristics, but do not
support the following functions: Vector Mixer Calibration, TRL Calibration,
Frequency Offset, Time Domain, Gating.

e SC models — these models have an excellent dynamic range, high
measurement speed and high output power, and support a full set of standard
software functions.

The S5243 can be a rack-mounted VNA.
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S Models, Front Panel

A Compact VNA models that deliver lab grade performance in a compact package,
with all the features engineers have come to expectincluded standard in software.

The front view of the Analyzers is represented in the figures below.

S 5045 wrrwose asiirren s w5 oo
@ e 9 +
COPPER MOUMNTAIN®
9 TECHHOLDOGIES - L

PORTISOE 70 o2 dahF 35 V0 as hvd i T PORTES0R

—_—

IR ]

Power LED Indicator Test Test LED Indicator Ground
Button for Port 1 Port1 Port2 for Port2 Terminal

S5045 front panel
© -

= =—TFTECEMNEBLOGIES o

| — PORT 1500 7«23 démRE35 V O May Avead Statie Discharge 0T PORT 2500
= — —

S5065 front panel

-
/- COPPER MOUNTAIN®

— = FTECHNOLOGIES
—_PORT 158:0= —/\ +73 dBmi#lF 35 V 0 Max Avoid Static Discharge CATI__ PORT 2500

— —

= (S 5085 MerwaRK ANALYZERS kHz-8.5 GHz
5 o L
o

(e

S5085 front panel
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[ LM (

S5180, S5180B front panel

COMPACT SERIES
85243 COPPER MOUNTAIN®
L TECHHNOLOGIES
JECTOR NETMORK ANALIZER —
435 =]
NI
-
] PORT1 500 ]
y

S5243 front panel

e —————
(STEEB HETWORE, ANALYIER 203k uﬂu{_,u
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Part of front panel

Power Button

Switches the Analyzer ON and OFF.

O
The Analyzer can be turned ON/OFF at any time. The VNA
loads its operating firmware from the PC each time upon
powering up. The process will take approximately 10
seconds, after which the Analyzer will be ready for operation.

The USB driver will be installed onto the PC when the
Analyzer is turned ON for the first time. The driver
installation procedure is described in Software Installation.
Some PCs may require re-installation of the driver in case
of change of the USB port.

Test Ports

Test Port 1 and 2 are intended for DUT connection. S
models have type-N female test ports connector type. Model
S5243 has NMD 2.4 mm test ports.

(@)

Each test port has an LED indicator. A test port can be used
either as a source of the stimulus signal or as a receiver of
the response signal from the DUT. The stimulus signal can
only appear on the only one port at a time.

PORT1 500

PORT1 500

Connecting the DUT to only one test port on the Analyzer
allows the measurement of reflection parameters (e.g. S11
or S22) of the DUT.

Connecting the DUT to all test ports of the Analyzer allows
for the measurement of the full S-parameter matrix of the
DUT.

The LED indicator identifies the test port which is operating
as a signal source.
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Ground Terminal

Do not exceed the maximum allowed power of the input RF
signal (or maximum DC voltage) indicated on the front
panel. This may lead to damage of the Analyzer.

Use the terminal for grounding.

To avoid damage from electric discharge, connect the
ground terminal on the body of the Analyzer to a reliable
earth ground shared with the DUT in the test environment.
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Rear Panel

The rear view of the Analyzers is represented in the figures below.

{—W . DT D Eﬂ,j. 1y
I il

Ik_L—-’; "‘-u
T —
usB External External Keylock 10MHz Power Ground
20 Tngger Tngger Reference Cable Terminal
Quitput input Input/ Output

S5045, S5065, S5085 rear panel

Ground USB External External 10MHz Power Keylock
Terminal 20 Tngger Tngger Reference (Cable
Quiput  Input Input/ Quiput

S5180 rear panel
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S5075, S5048 rear panel
Parts of rear panel

Power Cable Receptacle

C The power supply receptacle is intended for an external DC
power supply voltage from 9 to 15 V; alternatively, the power
supply can be powered by a battery, including a vehicle
battery, through an appropriate vehicle power cable. All
models except the S5180B, S7540, S5243 require a
3.5x1.35 mm plug with positive center conductor for DC
connection, the S5180B, S7540 requires a 4-pin power
connector (similar to the Kycon KPPX-4P).

V
z

T

L e

The power cable receptacle (55243 model only) is intended
for 100 to 240 VAC 50/60 Hz power cable connection.

3 3
=
=

=100/ 250V 50 1 &0 Hz
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Power Switch (S5243 only)

The power switch serves as the disconnecting device
(device that cuts off power supply) of the VNA. The power
supply must be cut off to avoid such danger is electric shock,
during prolonged non-use of the device.

External Trigger Signal Input Connector (except S5180B)

This connector allows to connect an external trigger source.

Ext Trig Connector type is BNC female. For input and signal
parameters, see instrument specification.
Ext Trig
In

O

External Trigger Signal Output Connector (except S5048, S7530, S5180B
models)

Ext Trig The External Trigger Signal Output port can be used to
Out provide trigger to an external device. The port outputs signal
with various waveforms depending on the setting of the

Output Trigger Function: before frequency setup pulse,

before sampling pulse, after sampling pulse, ready for

external trigger, end of sweep pulse, measurement sweep.
Connector type is BNC female.
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Pulse 1 Out | External Trigger Signal Output Connector (S5180B model only)

O

Pulse 1 Out
Trig Out

In the pulse mode, this connector can be assigned to the
following signals (See Pulse Measurements):

¢ "Ready for pulse trigger" output.
e Internal generator “Pulse 1” output.

e Standard Trigger output.

In standard mode, the connector is used as a Trigger output.
The External Trigger Signal Output port can be used to
provide trigger to an external device. The port outputs signal
with various waveforms depending on the settings of the
Output Trigger Function: before frequency setup pulse,
before sampling pulse, after sampling pulse, ready for
external trigger, end of sweep pulse, measurement sweep.
Connector type is BNC female.

Pulse 2 Out | External Trigger Signal Input Connector (S5180B model only)

O

Pulse 2 In/Out
Tng In

In the pulse mode, this connector can be assigned to the
following signals (See Pulse Measurements):

e "Pulse trigger" input.

e Internal generator “Pulse 2” output.

In standard mode, the connector is used as a Trigger input.
This connector allows to connect an external trigger source.
Connector type is BNC female. For input and signal
parameters, see instrument specification.

Modulation Pulse Input/Output Connector (S5180B model only)

O

Mod Pulse In/Dut

This connector is used in the pulse mode only. Depending
on the pulse mode (See Pulse Measurements) the
connector is an input of the external pulse modulation signal
or an output of the internal pulse modulation signal.
Connector type is BNC female.
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Reference Frequency Input/Output Connector (except S5243 model)

External reference frequency is 10 MHz, input level is 2 dBm
+ 3 dB, inputimpedance 50 Q. Output reference signal level
is 3 dBm £ 2 dB into 50 Q impedance. Connector type is
BNC fi le.
Ref In/Out C female
10 MHz

Reference Frequency Input Connector (§5243 model only)

External reference frequency is 10 MHz, input level is 2 dBm
+ 2 dB, input impedance at «Ref In» is 50 Q. Connector type

In
O is BNC female.

Reference Frequency Output Connector (S5243 model only)

USB 2.0 High Speed Port

Output reference signal level is 3 dBm £ 2 dB at 50 Q
impedance. Connector type is BNC female.

The USB portis intended for connection to an external PC.
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Fuse Holder (S5243 only)

Fuse F2A A Fuse protects the Analyzer from the excessive current.

Ground Terminal

To avoid electric shock, use this terminal for grounding.

+
0 The Ground terminal allows to connect directly the body of
- the Analyzer to the test station ground in order to ensure
; electrical safety.
Keylock
A Kensington lock (K-Slot) is part of an anti-theft system.
am
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M Models, Front Panel

A Compact VNA models that deliver metrology grade performance in a more
economical package that excludes several advanced features: Vector Mixer
Calibration, TRL Calibration, Frequency Offset, Time Domain, Gating.

The front view of the Analyzers is represented in the figures below.

M SERIES
COPPER MOUMNTAIN™

A

1T ]

Power LED Indicator Test Test LED Indicator Ground
Button for Port 1 Port1 Port2 forPort?2 Temninal

M5045 front panel

NETWORK AMALYZER 300 kHz- 6.5 GHz
@ COPPER MOUNTAIN®
TECHNDOL IGIES

PORT 1500 scharge (ATI PORT 2500

M5065 front panel

M5090 front panel
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o

Part of front panel

Power Button

Q

NETWORK ANALYZER 300kHz-18 GHz

M SERIES
: O COPPER MOUNTAIN® O _
® TEGCHNDLOGIES ®

PORT 1500 A\ <23 dBem RF 35 ¥ 0C Max Awoid Static Discharge CAT | PORT 2 500

M5180 front panel

Switches the Analyzer ON and OFF.

The analyzer can be turned on/off at any time. The VNA
loads its operating firmware from the PC each time upon
powering up. The process will take approximately 10
seconds, after which the analyzer will be ready for operation.

NOTE

The USB driver will be installed onto the PC when the
analyzer is turned on for the first time. The driver installation
procedure is described in Software Installation. Some PCs
may require re-installation of the driver in case of change of
the USB port.

Test Ports

PORT 1500

Test Port 1 and 2 are intended for DUT connection. M
models have type-N female test ports connector type.

Each test port has an LED indicator. A test port can be used
either as a source of the stimulus signal or as a receiver of
the response signal from the DUT. The stimulus signal can
only appear on the only one port at a time.

Connecting the DUT to only one test port on the Analyzer
allows the measurement of reflection parameters (e.g. S11
or S22) of the DUT.
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Ground Terminal

Connecting the DUT to all test ports of the Analyzer allows
for the measurement of the full S-parameter matrix of the
DUT.

The LED indicator identifies the test port which is operating
as a signal source.

Do not exceed the maximum allowed power of the input RF
signal (or maximum DC voltage) indicated on the front
panel. This may lead to damage of the Analyzer.

Use the terminal for grounding.

To avoid damage from electric discharge, connect the
ground terminal on the body of the Analyzer to a reliable
earth ground shared with the DUT in the test environment.
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Rear Panel

The rear view of the Analyzers is represented in the figures below.

USB Extenal External Keylock 10 MHz Ground Power

20 Ingger Tngger Reference Terminal Cable
Quiput  Input Input/
Output

M5045, M5065, M5090 rear panel

[IEETT
|r_:nmr_u 33

10 0 0 -
2

Ground USB External External 10MHz Power Keylock
Terminal 20 Tngger TIngger Reference Cable
Output  Input Inputf
Output

M5180 rear panel
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Parts of rear panel

Power Cable Receptacle

The power supply receptacle is intended for an external DC
power supply voltage from 9 to 15 V; alternatively, the power
supply can be powered by a battery, including a vehicle
battery, through an appropriate vehicle power cable. The DC
connection requires a 3.5x1.35 mm plug with positive center
conductor.

External Trigger Signal Input Connector

This connector allows to connect an external trigger source.
Connector type is BNC female. For input and signal
parameters, see instrument specification.

External Trigger Signal Output Connector

The External Trigger Signal Output port can be used to
provide trigger to an external device. The port outputs signal
with various waveforms depending on the setting of the
Output Trigger Function: before frequency setup pulse,
before sampling pulse, after sampling pulse, ready for
external trigger, end of sweep pulse, measurement sweep.

Reference Frequency Input/Output Connector

Ref In/Qut
10 MHz

Output reference signal level is 3 dBm + 2 dB at 50 Q
impedance. Connector type is BNC female.
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USB 2.0 High Speed Port

The USB portis intended for connection to an external PC.

Ground Terminal

To avoid electric shock, use this terminal for grounding.

The Ground terminal allows to connect directly the body of
the Analyzer to the test station ground in order to ensure
electrical safety.

Keylock

A Kensington lock (K-Slot) is part of an anti-theft system
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SC Models, Front Panel

A Compact VNA models that deliver features excellent dynamic range, fast

measurement speed, and high output power, in a compact package, with the
maximum standard software feature set.

The front view of the Analyzers is represented in the figures below.

Power LED Indicator Test Test LED Indicator Ground
Button forPort1 Port1 Port2 forPort2 Temminal

SC5065 front panel

SC5090 front panel

SC7540 front panel

Page 93



Part of front panel

Power Button

O

Test Ports

Switches the Analyzer ON and OFF.

The analyzer can be turned on/off at any time. The VNA
loads its operating firmware from the PC each time upon
powering up. The process will take approximately 10
seconds, after which the analyzer will be ready for operation.

The USB driver will be installed onto the PC when the
analyzer is turned on for the first time. The driver installation
procedure is described in Software Installation. Some PCs
may require re-installation of the driver in case of change of
the USB port.

Test Port 1 and 2 are intended for DUT connection. SC
models have type-N female test ports connector type.

Each test port has an LED indicator. A test port can be used
either as a source of the stimulus signal or as a receiver of
the response signal from the DUT. The stimulus signal can
only appear on the only one port at a time.

Connecting the DUT to only one test port on the Analyzer
allows the measurement of reflection parameters (e.g. S11
or S22) of the DUT.

Connecting the DUT to all test ports of the Analyzer allows
for the measurement of the full S-parameter matrix of the
DUT.

The LED indicator identifies the test port which is operating
as a signal source.
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Ground Terminal

v i

Do not exceed the maximum allowed power of the input RF
signal (or maximum DC voltage) indicated on the front
panel. This may lead to damage of the Analyzer.

Use the terminal for grounding.

To avoid damage from electric discharge, connect the
ground terminal on the body of the Analyzer to a reliable
earth ground shared with the DUT in the test environment.
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Rear Panel

The rear view of the Analyzers is represented in the figures below.

USB Keylock Power 10MHz Extemal 10MHz Extemnal Ground
20 Cable Reference Trigger Reference Trigger Terminal
Input Input Qutput Output

SC5060, SC5090 rear panel

10MHz Keylock Extemal FExtenal USB Ground Power
Reference Tngger Trigger Type-C Terminal Cable
InfOut Output input

SC7540 rear panel
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Parts of rear panel

Power Cable Receptacle

12vDC
184

O

12VDC15A

The power supply receptacle is intended for an external DC
power supply voltage from 9 to 15 V; alternatively, the power
supply can be powered by a battery, including a vehicle
battery, through an appropriate vehicle power cable. The DC
connection requires a 3.5x1.35 mm plug with positive center

conductor or 4 pin male power connector (similar with Kycon
KPPX-4P).

External Trigger Signal Input Connector

This connector allows to connect an external trigger source.
Connector type is BNC female. For input and signal
parameters, see instrument specification.

External Trigger Signal Output Connector

34
TRIG

The External Trigger Signal Output port can be used to
provide trigger to an external device. The port outputs signal
with various waveforms depending on the setting of the
Output Trigger Function: before frequency setup pulse,
before sampling pulse, after sampling pulse, ready for
external trigger, end of sweep pulse, measurement sweep.
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Internal Reference Frequency Input Connector

- External reference frequency is 10 MHz, input level is 2 dBm
N mﬁm + 2 dB, input impedance at «Ref In» is 50 Q. Connector type

is BNC female.

External Reference Frequency Output Connector

- Output reference signal level is 3 dBm £ 2 dB at 50 Q
Iﬁb ouT impedance. Connector type is BNC female.

Reference Frequency Input/Output Connector

Ref In / Dut 10 MHz Output reference signal level is 3 dBm + 2 dB at 50 Q

Q impedance. Connector type is BNC female.

USB 2.0 High Speed Port (SC7540 model except)

- The USB port is intended for connection to an external PC.

USB Type-C Port (SC7540 model only)

The USB Type-C port is intended for connection to an

- external PC.
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Ground Terminal

To avoid electric shock, use this terminal for grounding.

@ The Ground terminal allows to directly connect the body of
the Analyzer to the test station ground in order to ensure
electrical safety.

Keylock

A Kensington lock (K-Slot) is part of an anti-theft system.
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Cobalt Series, Front Panel

This is a series of rack-mounted VNAs - a series that delivers industry-leading
dynamic range and sweep speed, with all the features engineers have come to
expect included standard in our software. This series also includes analyzers that are
compatible with frequency extenders or have direct access to receivers. The Auxiliary
Board Option is available on all Cobalt VNAs at the time of order (factory-installed) or
as an add-on at a later date.

The front view of the Analyzers is represented in the figures below.

LED Ground Test Test Power LED
indicator Terminal Port 1 Port? Button Indicator
for Port 1 for Port 2

C1209 front panel

C1220 front panel
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Direct Receiver Access Poris

C22009 front panel

C2220 front panel

Frequency Extension Ports

C42009 front panel
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141 e

Part of front panel

Power Button

Test Ports

PORTT 500

C4220 front panel

Switches the Analyzer ON and OFF.

The analyzer can be turned on/off at any time. The VNA
loads its operating firmware from the PC each time
upon powering up. The process will take approximately
10 seconds, after which the Analyzer will be ready for
operation.

The USB driver will be installed onto the PC when the
analyzer is turned on for the first time. The driver installation
procedure is described in Software Installation. Some PCs
may require re-installation of the driver in case of change of
the USB port.

Test Port 1 and Port 2 are intended for DUT connection.
C1209, C2209, C4209 models have type-N female test
ports connector type. C1220, C2220, C4220 models
have NMD 3.5 mm male test ports connector type.

Eachtest port has an LED indicator. A test port can be
used either as a source of the stimulus signal or as a
receiver of the response signal from the DUT. The
stimulus signal can only appear on the only one port at a
time.
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Connecting the DUT to only one test port on the
Analyzer allows the measurement of reflection
parameters (e.g. S11 or S22) of the DUT.

Connecting the DUT to all test ports of the Analyzer
allows for the measurement of the full S-parameter
matrix of the DUT.

The LED indicator identifies the test port which is operating
as a signal source.

Do not exceed the maximum allowed power of the input RF
signal (or maximum DC voltage) indicated on the front
panel. This may lead to damage of the Analyzer.

Ground Terminal

Use the terminal for grounding.

L

To avoid damage from electric discharge, connect the
ground terminal on the body of the Analyzer to a reliable
earth ground shared with the DUT in the test
environment.

Adjustable Ports Configurations (C2209, C2220 models only)

Adjustable port configurations with direct access to the
receivers of the VNA provide for a variety of test
applications requiring wider dynamic and power range.
Direct receiver access enables testing of high power
devices. Additional amplifiers, attenuators, various
filters and matching pads for each of the ports may be
introduced in reference oscillator and receiver path to
ensure optimal operation of the receivers.
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Additional Ports for Frequency Extension System (C4209, C4220 models
only)

C4209, C4220 analyzers have additional ports on the
front panel for connecting frequency extension system.

The signal from the analyzer's local oscillator (LO1
output) is supplied to the frequency extension system.
Signals from the extension system are fed to the inputs
of the test and reference receivers of the analyzer (A in
and R1 in). Unless frequency extension system is used,
each pair of ports is connected with a jumper cable
assembly.
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Rear Panel

The rear view of the Analyzers is represented in the figures below.

Bxienal bxiernal
Awundliary  Trigger Trigger
input Ports Ouiput  Input

USB Power Fuse Power 10MHz Ground 10 MHz
2.0 Swiich Holder Cable Reference Terminal Reference

Output Input

C1209 rear panel

Power Ground Power Awpahary USB External 10MHz 10 MHz External
Cable Temmina Switch Porls 20 Tngger Reference Reference Tngger
Hole Plug Output  Output Input input

C1220, C2220 rear panel
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Power Ground Power Awalary USB Extemal 10MHz 10MHz Extemnal
Cable Termina Switch Poris 20 Tngger Reference Reference Ingger
Hole Plug Ouiput  Output input Input

C2209 rear panel

DC Output Conirol
for FEVY  Ouiputs for
modules FET

Power Ground Power Awahary USB 10MHz EBExtermal 10MHz Extemnal
Cable Termina Switch Poris 20 Reference Tngger Reference Tngger
Hole Plug Quiput  Output Input Input

C4209 rear panel
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Awaliary Extemal Extemnal
Porls Tngger Tngger
Hole Plug  Qutput Input

-.....z
A

Power Ground Power USB Conirol 10MHz DCOuiput 10 MHz
Cable Terminal Switch 20 Outputs for Reference for FEV Reference

FET Ouiput modules  Input

C4220 rear panel
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Part of rear panel

Power Cable Receptacle

110 W max.
=100-253V

50/60Hz
Fuse F3.154

Power Switch

The power cable receptacle is intended for 100 VAC to
253 VAC 50/60 Hz power cable connection. The cable
receptacle has a built-in switch and fuse holder (except
C1209 model). The power switch serves as the
disconnecting device (device that cuts off power
supply) of the VNA. The power supply must be cut off to
avoid such danger is electric shock, during prolonged
non-use of the device. A Fuse protects the Analyzer
from the excessive current.

The power switch serves as the disconnecting device
(device that cuts off power supply) of the VNA. The
power supply must be cut off to avoid such danger is
electric shock, during prolonged non-use of the device.

Fuse Holder (C1209 only)

Fuse F20A

A Fuse protects the Analyzer from the excessive

current.

External Trigger Signal Input Connector

=

ExtTrig In

This connector allows for the connection of an external
trigger source. Connector type is BNC female. For input
and signal parameters, see instrument specification.
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External Trigger Signal Output Connector

The External Trigger Signal Output port can be used to

provide trigger to an external device. The port outputs

. signal with various waveforms depending on the setting

- of the Output Trigger Function: before frequency setup

Ext Trig Qut pulse, before sampling pulse, after sampling pulse,

ready for external trigger, end of sweep pulse,
measurement sweep.

Internal Reference Frequency Output Connector

External reference frequency is 10 MHz, input level is 2
dBm = 2 dB, input impedance at «Ref In» is 50 Q.
‘ Connector type is BNC female.

Ref Qut

External Reference Frequency Input Connector

Input reference signal level is 3 dBm £ 2 dB at 50 Q
impedance. Connector type is BNC female.

USB 2.0 High Speed Port

The USB port is intended for connection to an external

D ‘I’ PC.
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Power and Control Connectors for Frequency Extension System (C4209,
C4220 only)

External frequency extenders are powered by a DC
OC Dut2 OC Qut1 voltage from the analyzer power supply. DC Out

connectors are used for powering FEV frequency
extension modules. Extender connectors are used for
powering and controling FET frequency extension
modules. These connectors include power and control

— Extenders — lines.
2 1

Auxiliary Input Ports (HW-C-AUX option for Cobalt series)

A two-channel DC voltmeter board can be optionally
included in the Analyzer. A DC voltmeter measures
voltage synchronously with the sweeping frequency
when measuring S-parameters. Two additional ports
AUX in1 and AUX in2 are voltmeter inputs.

AUXIn1 AUX In2
a1V, £10V=

9 9 The hole for the connectors is closed with a plug if the
= @ optionis not present.

“AUKIn] —WXnd
et | W, 210 Y=

Ground Terminal

To avoid electric shock, use this terminal for grounding.
The Ground terminal allows to connect directly the body
of the Analyzer to the test station ground in order to
ensure electrical safety.
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Full-Size Series, Front Panel

This is a series of full-size rack-mounted VNAs that delivers lab grade performance,
with the maximum standard software feature set (except Full-Size 304/1). This series
includes an Analyzer with direct access to receivers.

The front view of the Analyzers is represented in the figures below.

)
°  PLANAR304/1 xR D
JETWORK, ANALYTE -
v =s =
. @ [ @
4} .n-;'l_n;'i-|.:m;-:-f}\-:..=w¢.: -
- -

Ground Test

Terminal Port1 Indicator
for Port 1

LED

LED
Indicator
for Port 2

Full-Size 304/1 front panel

Test Power LED of
Port2 Swiich Power
Switch

©  PLANAR 804/1 A corEsRImRI® ©
KETWORK AMRLYIER = = .
& 01 HHE-EAEHz 4 & &
ol Se i i | ioit: dia Wik
e [ & |
O  \ © B
l:E': .-.'l_-.l'q,bcr\-i.-rur'.ub-:u-p:i'l @
| -
Full-Size 804/1 front panel
P Sy

COPPER MOUNTAIN &
TECHHDODLOOIES

: PLANAR 814/1 .

METWORK AHALYIER 2. 1MHE -£0GHz

Direct Receiver Access Poris

Full-Size 814/1 front panel
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Part of front panel

Power Switch

Switches the Analyzer ON and OFF. The switch
interrupts the power line of the instrument in this model.
The Analyzer can be turned on/off at any time. The VNA
loads its operating firmware from the PC each time
upon powering up. The process will take approximately
10 seconds, after which the analyzer will be ready for
operation.

The LED of power is on when the analyzer is running.

The USB driver will be installed onto the PC when the
analyzer is turned on for the first time. The driver
installation procedure is described in Software
Installation. Some PCs may require re-installation of
the driver in case of change of the USB port.
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Test Ports

O

PORT1 500

Test Port 1 and Port 2 are intended for DUT connection.
Full-Size models have type-N female test ports
connector type.

Each test port has an LED indicator. A test port can be
used either as a source of the stimulus signal or as a
receiver of the response signal from the DUT. The
stimulus signal can only appear on the only one port at a
time.

Connecting the DUT to only one test port on the
Analyzer allows the measurement of reflection
parameters (e.g. S11 or S22) of the DUT.

Connecting the DUT to all test ports of the Analyzer
allows for the measurement of the full S-parameter
matrix of the DUT.

The LED indicator identifies the test port which is
operating as a signal source.

Do not exceed the maximum allowed power of the input
RF signal (or maximum DC voltage) indicated on the
front panel. This may lead to damage of the Analyzer.
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Ground Terminal

Use the terminal for grounding.

L

. To avoid damage from electric discharge, connect the

@ ground terminal on the body of the Analyzer to a reliable
earth ground shared with the DUT in the test
environment.

Adjustable Ports Configurations (Full-Size 814/1 model only)

I Adjustable port configurations with direct access to the
) out (T out (TR receivers of the VNA provide for a variety of test

applications requiring wider dynamic and power range.
Direct receiver access enables testing of high power
devices. Additional amplifiers, attenuators, various
filters and matching pads for each of the ports may be
introduced in reference oscillator and receiver path to
ensure optimal operation of the receivers.
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Rear Panel

The rear view of the Analyzers is represented in the figures below.

el @ @ o @ | le |l e P, o
ot o—
—
—

Power 10MHz 10MHz Extemal Reserved USB Ground
Cable Reference Reference Tngger  port 20 Teminal

Output  Input  Input

Full-Size 304/1 rear panel

& &
.:..‘1; @ 4
S —— 8 000
AN S SEN
Power Ground USB Extenal 10MHz 10 MHz
Cable Terminal 20 Tngger Reference Reference

input  Input  Output

Full-Size 804/1, Full-Size 814/1 rear panel
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Parts of rear panel

Power Cable Receptacle

The power cable receptacle is intended for 100 VAC to
240 VAC 50/60 Hz power cable connection.

External Trigger Signal Input Connector

This connector for connection of an external trigger
source. Connector type is BNC female. For input and
signal parameters, see instrument specification.

Ext Trig
Internal Reference Frequency Input Connector

dBm = 2 dB, input impedance at «Ref In» is 50 Q.

External reference frequency is 10 MHz, input level is 2
O Connector type is BNC female.

Ref In

Internal Reference Frequency Output Connector

Output reference signal level is 3 dBm + 2 dB at 50 Q
O impedance. Connector type is BNC female.

Ref Out
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USB 2.0 High Speed Port

o~

Ground Terminal

The USB port is intended for connection to an external
PC.

To avoid electric shock, use this terminal for grounding.
The Ground terminal allows to connect directly the body
of the Analyzer to the test station ground in order to
ensure electrical safety.

Reserved Port (Full-Size 304/1 model only)

— —
@) i@
s e

Reserved

Do not use this port.
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Getting Started

This section is organized as a sample session of the Analyzer. It describes the main
techniques for measurement, for example, measuring the reflection coefficient
parameters of the DUT. SWR and reflection coefficient phase of the DUT will be
analyzed.

In this example, only one test port of the Analyzer is used for reflection coefficient
measurement. The instrument sends the stimulus to the input of the DUT and then
receives the reflected wave. If the DUT is a two-port device, its unused port should be
terminated with a LOAD standard. The results of these measurements can be
represented in various formats.

A typical setup for reflection coefficient measurement is shown below.

: © e B

DuTt

Reflection Measurement Circuit

To measure SWR and reflection coefficient phase of the DUT in the given example,
go through the following steps:

¢ Prepare the Analyzer for reflection measurement.
e Set stimulus parameters (frequency range, number of points).
e Set IF bandwidth.

e Set the number of traces to 2, assign measured parameters and display format
to the traces.

¢ Set the scale of the traces.
e Perform a one-port calibration.

¢ Analyze SWR and reflection coefficient phase using markers.
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The Analyzer can be controlled via softkey panel located on
the right-hand part of the screen. The analyzer also allows
to perform quick control by the mouse (See Quick Setting
Using a Mouse).
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Analyzer Preparation for Reflection Measurement

Turn on the Analyzer and warm it up for the period of time stated in its specifications
(40 minutes typically).

Ready status indication

The bottom line of the screen displays the instrument status bar. It should read
Ready.

17.02.2021 08:14 Meas [23.1°C [N0O0O00000 [Ready

Ready

Sweep progress indication

The channel status bar is located above this bar. The sweep indicator in the left-hand
part of this bar should display sweep progress

I [ Start 9 kHz 201 Lin 10kHz 0dBm Stop 8.5 GHz|

Sweep progress

Connect the DUT to Port 1 of the Analyzer. The DUT can be connected directly to the
port if the type of connectors is the same and the gender is opposite. Otherwise use
the appropriate cables and adapters for connection of the DUT input to the Analyzer
test port. Use a calibrated torque wrench to tighten the connectors.
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Analyzer Presetting

Before starting the measurement session, reset the Analyzer to the initial condition.
The initial condition setting is described in Default Settings Table.

Softkeys controlling the Analyzer are located on the vertical
panel on the right side of the analyzer screen (See Softkey
Bar).

To restore the initial condition of the Analyzer, use the
following softkeys:

‘ | System > Preset > OK
Ik,
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Stimulus Setting

After presetting the Analyzer, the stimulus parameters will be as follows:

¢ Full frequency range of the instrument.

e Linear sweep type.

e 201 points.

e Power level of 0 dBm.

0. 000p———

W & start 1

Trace/Channel Stimulus

g Mag 10.00 dg/ »0.000 dE

0 MHz

Response Display Calbration Markers  Anabysis

Stop
3 GHz

Center
1.505 GHz

Span
2.99 GHz

Points
201

Sweep Type
Lin Freq

IF Bandwidth
10 kHz

.86 2.1G
0 dBm

201 Lin 10 Stop 3 GHz

Start frequency Sweep Sweep

range

Power level Stop frequency

points  type range

Settable parameters in the channel status bar
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For the current example, set the frequency range from 10 MHz to 3 GHz.

Shimulus

To set the start frequency of the frequency range to 10 MHz,
use the following softkeys:

Stimulus > Start

Skart

10MRz Then enter «1», «0O» from the keyboard. Complete the
setting by pressing the «M» key. (Capital “M”).

o To set the stop frequency of the frequency range to 3 GHz,

3GHz use the following softkeys:

Stimulus > Stop

Then enter «3» from the keyboard. Complete the setting by
pressing «G» key.

To return to the main menu, click the top softkey (colored in
blue).

The Start and Stop values of the frequency range can be
set using the mouse (See Sweep Start Setting).
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IF Bandwidth Setting

For the current example, set the IF bandwidth to 3 kHz.

0. 000 p—

0o /S »1.000
: w0000

Response Display Calbration Markers  Analysis

Active
Trace/Channel

Allocate Channels

Mum Of Traces

- M

Memory

Trace Hold

201 Lin 3 kHz 0 dém

Stop 3 GHz

‘ | Average

IF Bandwidth
JkHz

IF bandwidth

IF bandwidth value in the channel status bar

To set the IF bandwidth to 3 kHz, use the following softkeys:
Average > IF Bandwidth

Then enter «3» from the keyboard and complete the setting
by pressing the «k» key.
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To return to the main menu, click the top softkey (colored in
blue).

IF bandwidth can be set using the mouse (See IF Bandwidth
Setting).
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Number of Traces, Measured Parameter and Display Format
Setting

In the current example, two traces are used for simultaneous display of the two
parameters (SWR and reflection coefficient phase).

To set the number of traces, use the following softkeys:

Display

Display > Num of Traces > 2

Mum Of Traces

To return to the main menu, click the top softkey (colored in
blue).

Activate the trace before assigning the measurement parameters.

To activate the second trace, use the following softkeys:
Cisplay

Display > Active Trace/Channel > Active Trace > 2

Active Trace

To return to the main menu, click the top softkey (colored in
blue).

The active trace can be selected using the mouse (See
Active Trace Selection).
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Assign the S11-parameter to the second trace. This parameter is already assigned
to the first trace by default.

Measurernent

521

——

To assign a parameter to the trace, use the following
softkeys:

Measurement > S11

NOTE

The measured parameter can be set using the mouse (See
Measured Data Setting).

Then, assign SWR display format to the first trace and the reflection coefficient phase
display format to the second trace.

Formak

Log Mag

SR

Phase

To set the active trace display format, use the following
softkeys:

Format > SWR (for the first trace),

Format > Phase (for the second trace).

To return to the main menu, click the top softkey (colored in
blue).

NOTE

The display format can be set using the mouse (See Display
Format Setting).
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The set parameters will be displayed in the trace status bar (See figure below).

Trace/Channel Stimulus Response Display Calibration Markers
Trl |s11)|swr 1L 000 / »1.000
4 |s11\Phase| 45.00 °/ »0.000 °

Active Measured Display
trace parameter format

Settable parameters in the trace status field
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Trace Scale Setting

For convenience of operation, change the trace scale using automatic scaling
function (See Automatic Scaling).

To set the scale of the active trace by the auto-scaling
function, use the following softkeys:

Scale > Auto Scale

‘ Auto Scale |

To return to the main menu, click the top softkey (colored in
blue).

The trace scale can also be set manually using the softkeys
or using the mouse (Setting with softkeys is described in
Rectangular Scale, setting by mouse in Trace Scale

Setting).
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Analyzer Calibration for Reflection Coefficient Measurement

Calibration of the entire measurement setup — which includes the Analyzer, cables,
and adapters involved for the DUT connection — greatly enhances the accuracy of
the measurement.

To perform full one-port calibration, prepare the kit of calibration standards: OPEN,
SHORT, and LOAD. To perform proper calibration, select the correct kit type in the
software. This kit contains a description and specifications of the standards

To perform full one-port calibration, connect calibration standards to the test port one
after another and perform the measurement, as shown below.

r

Open [} + {}—

Load [} 4

Full one-port calibration circuit

A Keysight 85032E calibration kit is used in this example.

To select the calibration kit, use the following softkeys:

Zalibration

Calibration > Cal Kit

Cal Kit | Then select the kit being used from the table at the bottom
1. 850328/E of the screen (See figure below).
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Label I Description I Select Predefined |  Modified #5TDs ;I
2 |8s032B/E Type-M 5052 6GHz Cal Kit (Agilent) Ves Mo [ _I
3 |8s03zF Type-M 5052 9GHz Cal Kit (Agilent) Ves Mo g
4 | 850546 Type-M 5002 18GHz Cal Kit with sliding Load {Agilent) Ves Mo 3
5 |&s054D Type-M 500 18GHz Cal Kit (Agilent) Ves Mo &
6 |0SCK10A-150  Type-M 50 18GHz Cal Kit (Rosenberger) Ves Mo &
7 Type-M 505 18GHz Cal Kit (Maury Microwave) v Yes Mo &
g |83s0c Type-M 502 18GHz Cal Kit with Sliding Load {Maury Mic Ves Mo g
9 |850330/E 3.5 mm 6GHz9GHz Cal Kit (Agilent) Ves Mo &
10 |85052B 3.5 mm 26.5GHz Cal Kit with Sliding Load {agilent) Ves Mo 10 ;I

Calibration kits list

To perform full one-port calibration (SOL), execute measurements of the three
standards in turn. After completion, the table of calibration coefficients will be
calculated and saved into the memory of the Analyzer. Before starting calibration,
disconnect the DUT from the Analyzer.

‘ Full 1-Port Cal | |

Ful 1-Port Cal

B85054D

4 Open

Load
Broadband

Apply

To perform full one-port calibration, use the following
softkeys:

Calibration > Calibrate > Full 1-Port Cal
Connect an OPEN standard and click Open.

Select a subclass of the OPEN standard according to the
gender of its connector (Male/Female). The instrument
status bar will indicate Calibration in progress... while the
measurement is in progress. On completion of the
measurement, a check mark will appear on the left side of
the softkey.

Connect a SHORT standard and follow the same procedure
as with the OPEN standard.

Connect a LOAD standard and click Load.

To complete the calibration procedure and calculate the
table of calibration coefficients, click the Apply softkey.

Connect the DUT to the calibrated Analyzer port again after calibration is done.
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SWR and Reflection Coefficient Phase Analysis Using Markers

This section describes how to determine the measurement values at three frequency
points using markers. The Analyzer screen view is shown the screen shot below. In
the current example, a reflection standard of SWR = 1.2 is used as a DUT.

. E:é:lfll:ll:ll:g}] [F1]

a00M S00M

Start 10MHz Z01 Lin 3kHz 0dBm Stop 3 GHz

chl Trl 511 1
Chl Tri

SWR and reflection coefficient phase measurement example

To create a new marker, use the following softkeys:

Markers > Add Marker

£cdd Marker A new marker is placed in the center of the stimulus axis
and assigned to be active. To edit just created marker, use
the following soft keys:

Edit Stimulus Markers > Edit Stimulus
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Then enter the frequency value in the input field in the graph,
e.g. to enter frequency 200 MHz, press «2», «0», «0O» and
«M» keys on the keypad.

Repeat the above procedure three times to enable three
markers at different frequency points.

By default, only active trace markers are displayed on the screen. To enable display
markers of two traces simultaneously, activate the marker table.

Matket Properties

‘ Marker Table

To open the marker table, use the following softkeys:

Markers > Properties > Marker Table

For more details on working with markers, see Markers,
Markers, Marker Stimulus Value Setting.
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User Interface

The software on the PC screen is displayed as the Analyzer Screen. The Analyzer
screen contains:

e Channel windows to display measurement results in the form of traces and
numerical values.

e Menu bar and Softkey bar to control the Analyzer.

e Instrument status bar to display information about the state of the Analyzer.

A detailed description of the software window elements is given further in this
section.

The Analyzer Screen, with the main elements highlighted, is shown in the figure
below.

Menu bar Softkey bar

Calbraticn  Markers  Analyss  Saye/Recal  Sysbem

Sumulis  Besponse  Dsplay
T -

Stop
4,993 GHE

Center
34891 GH

Span
2.202 GHz

Channel
windows

10, Ddnj

Instrument status bar

Analyzer screen layout
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Softkey Bar

The softkey bar is along the right side of the Analyzer screen and allows easy access
to all software functions. The softkey bar consists of sub-levels organized in a
hierarchical structure. Each sub-level contains a set of softkeys corresponding to the
selected function of the Analyzer.

The softkeys bar can be navigated using a mouse.

Alternatively, the softkeys bar can be navigated using the «1», «|», ««», «—»,
«Entery», «Esc», and «Home» keys on an external keyboard.

The types of softkeys are described below:

The top softkey is the title key. It allows returning to the
Stirnulus previous level of the softkey bar. If it is displayed in blue, the
keyboard can be used to navigate within the softkey bar.

If the softkey is highlighted in dark gray, pressing the «Enter»
Maximum key on the keyboard will activate this softkey. The highlight can
be shifted from key to key using «1» and «|» arrows on the
keyboard.

A large dot on the softkey indicates the current selection in a
& Minimur list of alternative settings.

_ A check mark in the left part of the softkey indicates an active
{  Bandwidth function, which can be switched on/off.

Softkeys with right arrows provide access to a lower sub-level.

Peak. |
C— The right arrow softkeys provide access to the lower sub-level,
=91 | and the selected function is indicated in the text field.
- Softkeys with a value field allow for entering/selection of the
300 kHz numerical settings.

This navigation softkey appears when the softkey bar
7 overflows the menu screen area. The softkey bar can be
scrolled through with this softkey.
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In addition to «t» and «|», the ««», «—», «Esc», «Home» keys can be used to
navigate the softkey bar:

e ««—» key brings up the upper level of the bar.

e «—» key brings up the lower level of the bar, if there is a highlighted softkey with
a right arrow.

o «Esc» key functions similarly to the ««» key.
e «Home» key brings up the top-level of the softkey bar.

e «Space» key is similar to «Enter» key.

The above keys of the keyboard allow navigation within the
softkey bar only if there is no active entry field. In this case
the menu title softkey is highlighted in blue.

The softkey bar can be optionally hidden to gain more screen space for the channel
window.

Display To hide the softkey bar, use the following tab of menu bar:

Hide Softkey Bar Display > Hide Softkey Bar

DISP:PART:VIS Turns the softkey bar display ON/OFF.
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Menu Bar

The drop-down menu bar is located at the top of the screen (See figure below). This
is menu providing direct access to certain sub-levels of the softkey bar. It contains the
most frequently used softkeys’ functions.

Trace/Chanmel  Stimulus | Response  Display  Calibration  Markets  Analysis  Savef/Recall  System
511 Log Mag 10. O Ceruretetyls

R

Scale

Average
40.00

Menu Bar

The menu bar can be optionally hidden to gain more screen space for the channel
window.

To hide the menu bar, use the following softkeys:

| Display Properties

Display > Properties > Menu Bar

Menu Bar
N

DISP:PART:VIS Turns the menu bar display ON/OFF.
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Channel Window Layout and Functions

The channel window displays the measurement results in the form of traces and
numerical values. The screen can display up to 16 channel windows simultaneously.
Each window corresponds to one channel. The Analyzer hardware processes
channels sequentially.

In turn, each channel window can display up to 16 traces of measured parameters. If
there is more than one trace in a channel window, the way they are displayed can be
changed in the diagram (See Trace Layout in the Channel Window).

The general view of the channel window is represented in the figure below.

Channel fitle bar

T | Iraoe.n’m*nna Stimulus  Response  Diplay  Calbration  Markers  Analyss  Save/Recal !
race || Bandpass Fiter #1 1
status —|friles 0.00 de/ »-40.00 dB
- re S5l G LU 3 ]
field
Markers —
Diagram —
=40, 00 p-
b, a0 AR -"'.|.1| i
"l‘;rr'-'I Wil "-".I‘-‘.' "-- ¥ f||.,|
Channel 140.0 |
status [ME Start 300 kHz 401 Lin 10 kHz 0 dBm StDpEI'GHz]
bar

Channel window

Each channel window contains a Channel title (hidden by default) to be defined by the
user, Trace status field to display the name and parameters of the traces, Diagram
for displaying traces, as well as information about the channel status in the form of the
Channel Status Bar. To display the measurement values at the indicated trace points,
use the Markers feature.
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A channel is considered to be a separate logical analyzer with the following settings:

e Stimulus signal settings:

1. Frequency range

2. Number of Points

3. Sweep Type
4. Power level

e |[F Bandwidth and Average

e Calibration

Page 139



Channel Title Bar

The channel title feature allows for a comment to be entered for each channel
window. The channel title bar can be hidden to gain more screen space for the trace
diagram.

Trace/Channel Stimulus RBesponse  Display

Channel fitle
used Bandpass Fifter #1
/1 Log Mag ZU.00 dB;/ »-&40.00 dB
Tr2 511 Log Mag 10.00 de/ »0.000 dB
Channel title Trace/Channel Stimulus Response Display
Is hidden ’ 521 Log Mag 20.00 dB/ »-40.00 dB

-2 511 Log Mag 10.00 dB/ »0.000 dB

Channel title bar

__ To show/hide the channel title bar, use the following
Biela softkeys:

Display > Title Label

‘ Title Label ‘
DISP:WIND:TITL Turns the channel title display ON/OFF.

The channel title edit mode can be accessed by using the
‘ Edit Title Label ‘ following softkeys:

Display > Edit Title Label > Edit Title Label

Alternatively, click on the title area in the channel title bar.
DISP:WIND:TITL:DATA Sets or reads out the channel title label.
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Trace Status Field

The trace status field displays the name and parameters of a trace. The number of
lines in the field depends on the number of active traces in the channel. The trace
status field is represented in the figure below.

rl 511 Log Mag 10.00 dB/ »-40.00 dB |[FZ
S21 Log Mag 6.000 de/ »0.000 dB [F2 Smo]

Trace properties
Reference level value

Trace scale

Display format
Measurement parameter

Trace name

Trace status field

Each line contains the data of one trace of the channel:

e Trace name from «Tr1» to «Tr16». The active trace name is highlighted in an
inverted color.

e Measured parameter: S11, S21, S12, S22, or absolute power value: A(n), B(n),
R1(n), R2(n), or ratio of arbitrary receivers.

e Display format, e.g. «Log Mag».
e Trace scale in measurement units per scale division, e.g. «10.0 dB/».

e Reference level value, e.g. «»0.00 dB», where «®»» is the symbol of the
reference level.

e Trace status is indicated as symbols in square brackets (See table below).
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Status

Error
Correction

Other
Calibrations

Data Analysis

Trace Display

Symbols

RO
RS
RT
OoP
F1
F2
SMC
RC
PC
20
Dmb
Emb
Pxt
No indication
Dat
D&M
M

Off

Definition

OPEN response calibration
SHORT response calibration
THRU response calibration
One-path two-port calibration

Full one-port SOL calibration

Full two-port SOLT and TRL calibration
Scalar mixer calibration

Receiver calibration

Power calibration

Port impedance conversion
Fixture de-embedding

Fixture embedding

Port extension

Data trace memory does not exist
Data trace only, memory exists
Data and memory traces

Memory trace

Data and memory traces OFF
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Status

Trace Hold

Math
Operations

Electrical
Delay

Smoothing

Gating

Conversion

Symbols

No indication
Max Hold
Min Hold
D+M

D-M

D*M

D/M

Del

Smo
Gat
Zr

Zt
Yr
Yt
1/S
Ztsh
Ytsh

Conj

Definition

Trace hold OFF

Hold the maximum value
Hold the minimum value
Data + Memory

Data — Memory

Data * Memory

Data / Memory

Electrical delay other than zero

Trace smoothing

Time domain gating

Reflection impedance
Transmission impedance
Reflection admittance
Transmission admittance
S-parameter inversion
Transmission-shunt impedance
Transmission-shunt admittance

Conjugation
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Using the trace status field, the trace parameters can be
easily modified using the mouse (as described in Quick
Setting Using a Mouse).
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Diagram

The graph area in the channel window is called a diagram. The diagram displays
traces and numeric data.

Statistics Marker

ver*_[ical Refenence
graticule level
label position
Cumrent
stimulus
position
Trace
number

Horizontal
graticule label

Diagram
The diagram contains the following elements:

¢ Vertical graticule label displays the vertical axis numeric data for the active
trace. The data for all traces can be displayed or hidden to gain more screen
space for the trace display.

e Horizontal graticule label displays stimulus axis numeric data (frequency,
power level or time). The horizontal graticule label can be hidden to gain more
screen space for the trace display.

¢ Reference level position indicates the reference level position of the trace.

e Markers indicates the measured values at points along the active trace. The
markers for all traces can be simultaneously displayed.

e Marker functions: statistics, bandwidth, flatness, RF filter.

e Trace number allows trace identification when printing in black and white.
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e Current stimulus position indicator appears when sweep duration exceeds
1.5 sec.

Using the diagram elements, the trace parameters can be
easily modified using the mouse (as described in Quick
Setting Using a Mouse).
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Trace Layout in the Channel Window

If the number of the displayed traces is more than one, the traces can be rearranged.
All the traces can be allocated to one diagram or each trace can be displayed on an
individual diagram (See figures below).

1.4175 dE

7 —-1l.4z244dE
de

dBe

de |I

200M  400M oM S00M 210G l.25 1.4G5 1l.8G
Log Mag S.o000des Rzo.00de [F1]
]

%.47408MHZ -14.1%cdE

200M 400M s00M S00M

Each trace on an individual diagram (example)
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Markers

The markers indicate the stimulus values and the measured values at selected points
of the trace (See figure below).

Marker 3.3733333 GHz -0.6712 dB
data field > 4 .16 3 GHz -0.1839 de
Indicator
on trace

Indicator on
stimulus axis

Markers

The markers are numbered from 1 to 15. The reference marker is indicated with an R
symbol. The active marker is indicated in the following manners:

e Its number is highlighted with inverse color.
¢ The indicator on the trace is located above the trace.

¢ The stimulus indicator is fully colored.

The use of markers is described in the Markers.
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Channel Status Bar

The channel status bar is located in the bottom part of the channel window (See
figure below).

Averaging status (if enabled)

Power level
IF Bandwidth
Sweep type ulus stop
Number of points \ \

Stime
i [Cor R [FC PESE [Sim Start 300 kHz 1001 Lin  3kHz 0 dEm 910 Stop 3.2 GHz |

\ Stimulus start

Fixture simulation {if enabled)

Port extension {if enabled)

Power comrechon {if enabled)
Recemver comrection (if enabled)
Error comrection
Sweep progress

Channel status bar

It contains the following elements:

e Sweep progress field displays a progress bar when the channel data is being
updated.

e Error correction field displays the integrated status of error correction for S-
parameter traces. The values of this field are represented in the table below. For
a detailed description, see Error Correction Status.

Symbol Definition Note

Cor Error correction is enabled. The If the function is active for all
stimulus settings are the same for traces — black characters on
the measurement and the a graybackground.
calibration.

If the function is active only for

c? Error correction is enabled. The some of the traces (other
stimulus settings are not the same traces are not calibrated) —
for the measurement and the white characters on a red
calibration. Interpolation is applied. = background.
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Symbol

C!

Off

Definition

Error correction is enabled. The
stimulus settings are not the same
for the measurement and the
calibration. Extrapolation is
applied.

Error correction is turned off.

No calibration data. No calibration
was performed.

Note

For all traces. White
characters on a red
background.

¢ Receiver correction field displays the integrated status of receiver correction
for absolute power measurement traces. The values of this field are represented
in the table below. For a detailed description on correcting receivers see
Receiver Calibration.

Symbol

RC

RC?

RC!

Definition

Receiver correction is enabled.
The stimulus settings are the same
for the measurement and the
calibration.

Receiver correction is enabled.
The stimulus settings are not the
same for the measurement and the
calibration. Interpolation is applied.

Receiver correction is enabled.
The stimulus settings are not the
same for the measurement and the
calibration. Extrapolation is
applied.

Note

If the function is active for all
the traces — black characters
on a gray background.

If the function is active only for
some of the traces (other
traces are not calibrated) —
white characters on a red
background.

e Power correction field displays the integrated status of power correction for all
the traces. The values of this field are represented in the table below. For a
detailed description of power correction, see Power Calibration.
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Symbol Definition Note

PC Power correction is enabled. The If the function is active for all
stimulus settings are the same for traces — black characters on
the ~measurement and the a graybackground.
calibration.

If the function is active only for
PC? Power correction is enabled. The some of the traces (other
stimulus settings are not the same = traces are not calibrated) —
for the measurement and the white characters on a red
calibration. Interpolation is applied. = background.

PC! Power correction is enabled. The
stimulus settings are not the same
for the measurement and the
calibration. Extrapolation is
applied.

¢ Port extension field indicates whether this function is active and applied to one
or all traces. If the function is enabled for all traces, black characters will be
displayed on a gray background. If the function is enabled just for some of the
traces, white characters will be displayed on a red background. For a detailed
description, see Port Extension.

¢ Fixture simulation field indicates whether this function is active and applied to
one or all traces. Fixture simulation includes the following operations: Z0
conversion, embedding, and de-embedding. If the function is enabled for all
traces, black characters will be displayed on a gray background. If the function is
enabled just for some of the traces, white characters will be displayed on a red
background. For a detailed description, see Fixture Simulation.

e Stimulus start field allows for display and entry of the start frequency or power,
depending on the sweep type. This field can be switched to indicate the stimulus
center frequency, in this case the word «Start» will change to «Center». For a
detailed description of stimulus setting, see Sweep Range.

e Number of Points field allows to display and entry the number of sweep points.
The number of points can be set from 2 to the instrument maximum. For a
detailed description, see Number of Points.

e Sweep type field allows for display and selection of the sweep type. The values
of this field are represented in the table below. For a detailed description, see

Sweep Type.
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Symbol Definition

Lin Linear frequency sweep.

Log Logarithmic frequency sweep.
Segm Segment frequency sweep.
Pow Power sweep.

e IF bandwidth field allows for display and setting of the IF bandwidth. The values
can be set from the instrument minimum up to 1 MHz for some models. For a
detailed description, see IF Bandwidth Setting.

e Power level field allows for display and entry of the port output power. In power
sweep mode, the field switches to indicate the CW frequency of the source. For
a detailed description, see Stimulus Power.

e Averaging status field displays the averaging status, if this function is enabled.
The first number is the averaging current counter value, the second one is the
averaging factor. For a detailed description, see Averaging Setting.

e Stimulus stop field allows for display and entry of the stop frequency or power,
depending on the sweep type. This field can be switched to indication of
stimulus span, in this case the word «Stop» will change to «Span». For a
detailed description of stimulus setting, see Sweep Range.
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Instrument Status Bar

The instrument status bar is located at the bottom of the screen.

Date and time Messages

Instrument status bar

Messages in the instrument status bar

F'e.ld. Message Instrument Status Note
Description
No communication between
NotReady  hspand PC.
DSP status Loading DSP firmware is loading.
Ready DSP is running normally.
Meas A sweep is in progress. For a
detailed
Hold A sweep is on hold. descrlptlon,
see Trigger
Settings.
Sweep status Ext Waiting for External trigger.
Man Waiting for Manual trigger.
Bus Waiting for Bus trigger.
o . . Calibration standard
Calibration Calibration... measurement is in progress.
For a
Stimulus  signal output is detail_ed_
RF signal RF Off turned OFF description,
' see RF Out
Function.
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Field
Description

External
reference
frequency

Display
update

System
correction
status

Factory
calibration
error

External
power meter
status

Message

ExtRef

Update Off

Sys Corr OFF

Factory Cal
Failure:

(PW, PT, LOP,
ED, IF, VM,
xPW, xPT)

Power Meter:

(connection,
connection
error, ready,
measurement
, Zzero setting,
zero setting
error)

Instrument Status

External reference frequency
input (10 MHz) is turned on.

Display update is turned OFF.

System correction is turned
OFF.

Calibration data in ROM has
an error.

THE ANALYZER IS
DAMAGED AND REQUIRES
FACTORY REPAIR.

Status of an external power
meter when used with an
Analyzer
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For a
detailed
description,
see
Reference
Frequency
Oscillator
Selection.

For a
detailed
description,
see Screen

Update
Setting.

For a
detailed
description,

see System
Correction

Setting.

For a
detailed
description,
see Power
Meter

Setting.



Field
Description

Power Trip
function

Cycle Time

Message

Port n Power
Trip at
Overload

numeric value,
ms

Instrument Status

Port n overload, stimulus
signal output is turned OFF.

Measured cycle time
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For

a

detailed
description,
see Power

Trip

Function.

For

a

detailed
description,

see
Time

Cycle



Setting Measurement Conditions

The section describes how to set the various measurement conditions of the
Analyzer. To perform measurements, do the following according to each
measurement task:

e Set the required number of the channels, and their parameters. Set the required
number of traces and their parameters for each channel. For a detailed
description, see Channel and Trace Setting.

e Set the stimulus signal parameters for each channel. For a detailed description,
see Stimulus Settings.

¢ Assign the measured parameters, display format and scale for each trace. For a
detailed description, see Measurement Parameters Settings, Format Setting,
Scale Settings.

e If necessary, set the related trigger settings to synchronize measurements with
any events. For a detailed description, see Trigger Settings.

e Set the optimization parameters to improve the signal to noise ratio. For a
detailed description, see Measurement Optimization.

This section also describes how to quickly set the parameters of the analyzer using a
mouse. For a detailed description, see Quick Setting Using a Mouse.
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Channel and Trace Setting

The Analyzer supports 16 channels, each of which allows for measurements with
stimulus parameter settings different from the other channels. The parameters related
to a channel are listed in the table below.

Channel parameters

N Parameter Description

1 Sweep Type

2  Sweep Range

3 Number of Points

4  Stimulus Power Level

5  Power Slope Feature

6  CW Frequency

7 | Segment Sweep Table

8  Trigger Mode

9 IF Bandwidth

10  Averaging

11 Calibration

12 Fixture Simulator

13  General S-Parameter Conversion
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Each channel window can contain up to 16 different traces. Each trace is assigned a
measured parameter (S-parameter), display format, and other parameters. The
parameters related to a trace are listed in the table below.

Trace parameters

N Parameter Description

1 Measured Parameter

2 Display Format

3 | Scale Settings

4  Electrical Delay, Phase Offset

5  Memory Trace, Math Operation

6  Smoothing
7 | Markers

8  Time Domain

9 Parameter Transformation

10  Limit Test

11 Ripple Limit Test

12 Peak Limit Test
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Channel Allocation

A channel is represented on the screen as an individual channel window. The screen
can display up to 16 channel windows simultaneously. By default, one channel
window opens. If two or more channel windows need to be opened, one of the layouts
shown below can be selected. The available options for number and layout of the
channel windows on the screen are as follows:

al ]
(1]
HES
s

-
ol
s
phieE:

o 1]
me
WES
o

Channel window layout

<=
]
]
a0 P

In accordance with the layouts, the channel windows do not overlap each other. The
channels open sequentially from low to high.

The measurements are executed for open channel

For each open channel

window, set the stimulus

parameters, adjust other settings, and perform calibration.
For a detailed description, see Stimulus Settings.

Before changing a channel
performing calibration of a channel, ensure that the channel
is selected as active. For a detailed description, see

Selection of Active Trace/Channel.

parameter setting or

windows sequentially.

Measurements for any hidden channel windows are not performed.
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To set the channel window layout, use the following softkeys:

Cisplay

Display > Allocate Channels

Then select the required number and layout of the channel

Allocate Channels | i ’
windows in the menu.

DISP:SPL Sets or reads out the number of the channel window layout
on the screen.
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Number of Traces

Traces can be displayed in one diagram, overlapping each other, or in separate
diagrams within a channel window (See figures below).

511 Log Mag 10.00 dB/ »0.000 dB

0.000

-10.00

: J_.‘" f \ -.‘-h- ’ ,
'J\‘V rﬂ ﬂ'J“‘N (Iqﬁ‘llﬂﬁilhl‘\l ||\ ‘ m\‘ W w F‘1"|‘l"lvl’p,n'\,bl_,\lu‘.‘,,‘l’l\\iwu 2

-40.00

- 1G 2G 3G G 5G 6G 7G 8G ~140.0 G 2G E[S G 56 6G 7G 8G
| JEi start 9 khz 401 L 10kHz  0dBm Stop 8.5 GHz| [ & Start 9 kHz 401 Ln  10kdHz  OdBm Stop 8.5 GHz
Displaying two traces on the same Displaying two traces on two different
diagram diagrams

The trace settings are made in two steps: trace number and trace layout within the
channel window. By default, the channel window contains one trace. If two or more
traces need to be enabled, the number of traces can be set as described below.

To set the number of the traces, use the following softkeys:

‘ | Display

Display > Num Of Traces

‘ Mum Of Traces ‘ Then select the number of traces from the menu.
1

CALC:PAR:COUN Sets orreads out the number of traces in the channel.

All traces are assigned individual names, which cannot be changed. The trace name
contains its number. The trace names are as follows: Tr1, Tr2, ... Tr16.

Each trace is assigned the following initial settings: measured parameter, format,
scale, and color, which can be modified:

e The measured parameters of the first four traces default to the following values:

S11, S21, S12, S22. For a detailed description of changing measured
parameter see S Parameter.
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e By default, the display format for all traces is set to logarithmic magnitude (dB).
For a detailed description of changing display format see Format Setting.

e By default, the scale parameters are set as follows: division is set to 10 dB,
reference level value is set to 0 dB, and the reference level position is in the
middle of the diagram. For a detailed description of changing scale parameters
see Scale Settings.

e The trace color is determined by its number. This color can be changed. For a
detailed description of changing color see Set Color.

The full cycle of the trace update depends on the S-
parameters measured and the calibration method. For
example, the full cycle might consist of a single sweep with
either Port 1 or Port 2 as the source, or it might include two
successive sweeps of Port 1 then of Port 2. To have two
traces (S11 and S22) measured, two successive sweeps
need to be performed. Two successive sweeps are also
performed when full two-port calibration is employed,
independently of the number of the traces and S-
parameters measured.
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Trace Allocation

By default, traces are displayed overlapping one other in the diagram. If you wish to
display the traces in separate diagrams, the number and layout of the diagrams can
be set in the channel window as shown below.

al ] - o[ 1] =
(1] ] e Mee
MEs i RES 1]
o PEEE o FHH i

Options for diagram placement in the channel

Unlike channel windows, the number of traces and layout of the trace in diagrams are
not related. The number of traces and the number of diagrams is set independently.
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Placing traces in a diagram:

e If the number of traces and the number of diagrams is equal, all the traces will be
displayed separately, each in an individual diagram.

Trl 511 Log Hag 10.00 d8/ »0.000 dB

W El Start 20 kHz 201 Lin 10 kHz [T Stop 4.8 GHr

e If the number of traces is greater than the number of diagrams, traces will be
assigned successively (beginning from the smallest trace number) to the number
of available diagrams. When all diagrams are utilized, the process will continue

from the first diagram (the following in succession traces will be added in
diagrams).
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I Ei Start 20 kHz Stop 4.8 GHz|

e If the number of traces is smaller than the number of diagrams, empty diagrams
will be displayed.
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I =il start 20 kHz 201 Lin 10 kHz 0 dBm Stop 4.8 GHz)

If two or more traces are displayed in one diagram, the vertical scale will be shown
for the active trace.

The Analyzer can optionally show vertical graticule labels
for all the traces in the diagram. By default, this feature is
disabled. Activation of this function is described in Set
Response Graticule Mode (Y).
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If two or more traces are displayed in one diagram, markers data will be shown for
the active trace.

There are two options for displaying marker data for all the
traces simultaneously:

e Using the Marker Table Feature.

e Deactivating identification of the active trace marker
only, which is set by default.

The stimulus axis is the same for all the traces of the channel, except when Time
Domain Transformation is applied to some of the traces. In this case, the displayed
stimulus axis will correspond to the active trace.

To allocate the traces in diagrams, use the following
Disnlay softkeys:

Display > Allocate Traces

‘ Allocate Traces |

Then select the desired number and layout of separate
diagrams in the menu.

DISP:WIND:SPL Sets or reads out the number of the graph layout in the
channel window.
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Selection of Active Trace/Channel

The selected control commands are applied to the active channel or the active trace,
respectively.

The boundary line of the active channel window is highlighted in a light color. The
active trace belongs to the active channel and its title is highlighted in an inverse
color.

Before setting the parameters of a channel or trace, that channel or trace needs to be

activated.
/ Actrve channel

Trl 511 Log Mag 10.00 dg/ »0.000 dB Sg8)Trl S og Mag 10.00 dB/
: ] 52 3 10.00 d&/ )

Active trace

O CRON0Hp

|1 [li Start 9 kHz 201 Lin 10 kHz  Stop 8.5 GHz

rl 511 Delay 10.00 ns/ »0.000 s

1 . I |
0. 000N —— ~ T S —

Active Trace/Channel
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Ackive

Trace/Channel

Active Trace |
1

Mext Trace

Prewvious Trace

Ackive Channel |
1

Mext Channel

Presious Channel

To activate a trace/channel, use the following softkeys:
Display > Active Trace/Channel

Then activate the trace by entering the number in the Active
Trace softkey or using Previous Trace or Next Trace

softkeys.

The active channel can be selected in a similar way.

DISP:WIND:ACT

Sets the active channel.

CALC:PAR:SEL

Selects the active trace in the channel.

Active trace/channel can be selected using the mouse (See
Active Trace Selection and Active Channel Selection).
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Trace/Channel Window Maximizing

When there are several channel windows displayed, the active channel window can
be temporarily expanded to full screen size. The other channel windows will not be
visible, but this will not interrupt measurements in those channels.

Trace/Channd  Stimuls

BTrl 521 Log W

Response Deplyy  Calbration Mawkers A
die |7

Active
Channel
Maximizing

GE(T [ stat 9kt Slop 8.5 Gz ||

'y

Trace/Channel  Stimules  Resporse  [Diplyy  Calbeation  Mawkers Ar

ﬁe

Trace
Maximizing

- Double click
[ EH Start 9 kHz 200 Ln 10kMz 0OdBm Stop B.5 GHE

Active Channel/Trace Window Maximizing
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Similarly, when there are several traces displayed in a channel window, the active
trace can be temporarily expanded. The other traces will not be visible, but this will
not interrupt measurement of those traces.

To enable/disable active channel maximizing function, use
the following softkeys:

Display > Active Trace/Channel > Maximize Channel

Maximize Channel

DISP:MAX Turns the maximization of the active channel window
ON/OFF.

To enable/disable active trace maximizing function, use the
following softkeys:

‘ Mazximize Trace

Display > Active Trace/Channel > Maximize Trace

DISP:WIND:MAX  Turns the active trace maximization inside the specified
channel ON/OFF.

Channel and trace maximization can also be controlled
achieved by a double click on the channel/trace. To return
to the initial state, double click on channel/trace.
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Stimulus Settings

This section describes how to set the stimulus signal parameters.

Stimulus — a signal with a known amplitude and phase, fed by the Analyzer to the
device under test.

The stimulus parameter settings apply to each channel. Before setting the stimulus
parameters of a channel the channel must be made active (See Selection of Active
Trace/Channel).

To make maximize measurement accuracy, perform
measurements with the same stimulus settings as were
used for calibration.
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Sweep Type

The sweep type determines how the stimulus range is scanned:

e By frequency (linear frequency sweeps, logarithmic frequency sweeps or
segment sweep mode).

e By power (linear power sweep).

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

To set the sweep type, use the following softkeys:

Stimulus > Sweep Type

®  LinFreqg Then select the sweep type:

¢ Lin Freq — Linear frequency sweep.
Log Freq
¢ Log Freq — Logarithmic frequency sweep.

Seqment e Segment — Segment frequency sweep.

e Power Sweep — Power sweep.

Power Sweepn

SENS:SWE:TYPE Sets or reads out the sweep type.

The Sweep Type can be selected using the mouse (See
Sweep Type Setting).
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Sweep Range

The sweep range should be set for the linear and logarithmic frequency sweeps (Hz)
and for the linear power sweep (dBm).

The sweep range can be set using either Start/Stop or Center/Span values.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

N To enter the start and stop values of the sweep range, use
shiguue the following softkeys:

Stimulus > Start

Skart

300 Hz Stimulus > Stop

Skop
3.2GHz

SENS:FREQ:STAR  Sets or reads out the stimulus start value of the sweep
range for linear or logarithmic sweep type.

SENS:FREQ:STOP  Sets or reads out the stimulus stop value of the sweep
range for linear or logarithmic sweep type.

SOUR:POW:STAR Sets or reads out the power sweep start value when the
power sweep type is active.

SOUR:POW:STOP Sets or reads out the power sweep stop value when the
power sweep type is active.

Canter To enter center and span values of the sweep range, use
1.60015 GHz the following softkeys:

Stimulus > Center

Span
3.1997 GHz

Stimulus > Span

SENS:FREQ:CENT  Sets or reads out the stimulus center value of the sweep
range for linear or logarithmic sweep type.
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SENS:FREQ:SPAN

Sets or reads out the stimulus span value of the sweep
range for linear or logarithmic sweep type.

SOUR:POW:CENT

Sets or reads out the center value of the power sweep
type.

SOUR:POW:SPAN

Sets or reads out the power span when the power sweep
type is active.

If span is set to zero the CW Time Sweep Mode is
automatically turned ON.

If power sweep is activated, the values on the Start, Stop,
Center and Span softkeys will be represented in dBm.

The Start, Stop, Center and Span values of the sweep
range can be set using the mouse (See Sweep Start
Setting, Sweep Stop Setting, Sweep Center Setting,

Sweep Span Setting).

Switch between Start/Center and Stop/Span modes with
the mouse (See Switching Between Start/Center and
Stop/Span Modes).

The Start/Center and Stop/Span values can be set using
the mouse (See Start/Center Value Setting, Stop/Span
Value Setting).
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Number of Points

The number of points is the number of measurements gathered in a sweep cycle in
the range of stimulus change.

The number of points should be set for the linear and logarithmic frequency sweeps,
and for the linear power sweep.

Increase the number of points to get a larger trace resolution. To increase
measurement performance, reduce the number of points to values that provide an
acceptable trace resolution. To maintain high accuracy, the number of points in the
calibration and in the actual measurements must be the same.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

To enter the number of points, use the following softkeys:

Shirmulus

Stimulus > Points

Painks
201

SENS:SWE:POIN Sets or reads out the number of measurement points.

The number of Points can be set using the mouse (See
Number of Points Setting).
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Stimulus Power

The stimulus power level should be set for the linear and logarithmic frequency
sweeps.

For the segment sweep type, the method of power level setting described in this
section can be used only if the same power level is set for all the segments of the
sweep. For setting of individual power levels for each segment, see Segment Table

Editing.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

To enter the power level value when port couple feature is
RelEs ON, use the following softkeys:

Stimulus > Power > Power

Power
0 dBm

SOUR:POW Sets or reads out the power level for the frequency sweep
type.

Setting the Power Level for Each Port

By default, the power levels of all test ports are set to equal value. This function is
called Port Couple. This function can be optionally disabled, and the power level of
each port can be set individually.

Port Couple To set the power level f_or each port individually, first disable
OFF the Power Couple function:
Stimulus > Power > Port Couple [ON | OFF]
SOUR:POW:PORT:COUP Turns the port power couple ON/OFF.
Part Power Then set the power level for each port:
Port 1 Stimulus > Power > Port Power > [Port 1 | Port 2]
10 dBm
Port 2
0 dEm
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SOUR:POW:PORT Set or reads out the power level of each port for the
frequency sweep type when the port couple feature is
set to OFF by the SOUR:POW:PORT:COUP command.

Setting the Power level is possible using the mouse (See
Power Level/CW Frequency Setting).
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Power Slope Feature

The power slope feature allows for compensation of power loss with increasing
frequency in the connecting cables. The power slope can be set for the linear,
logarithmic, and segment frequency sweep types.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

To enter the power slope value, use the following softkeys:

Power

Stimulus > Power > Slope

Slope To enable/disable the power slope function, use the
0 dB/GHz following softkeys:

Stimulus > Power > Slope [ON | OFF]

Slope
OFF
SOUR:POW:SLOP Sets or reads out the power slope value for the
frequency sweep type.
SOUR:POW:SLOP:STAT Turns the power slope ON/OFF.
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CW Frequency

The CW frequency setting determines the fixed frequency for the linear power sweep.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

To enter the CW frequency value, use the following softkeys:

Power

Stimulus > Power > CW Freq

SENS:FREQ Sets or reads out the fixed frequency value when the power
sweep type is selected.

CW frequency can be set using the mouse (See Power
Level/CW Frequency Setting).
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RF Out Function

The RF Out function allows for temporary disabling of the stimulus signal. While the
stimulus is disabled, measurements cannot be performed.

To disable/enable stimulus, use the following softkeys:

Power

Stimulus > Power > RF Out

‘ RF it |

. oN

OuUTP Turns the RF signal output ON/OFF.

The RF Out function is applied to the Analyzer, not to
individual channels. Indication of RF Out status appears in
the instrument status bar (See Instrument Status Bar)

[10.02.2021 15:22 Meas [Ready |~ |
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Segment Table Editing

The segment table determines the sweep parameters when segment sweep type is
used (See Sweep Type).

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

To open the segment table, use the following softkeys:

Skirulus

Stimulus > Segment Table

‘ Segment Table |

When switching to the Segment Table submenu, the segment table will open in the
lower part of the application. When exiting the Segment Table submenu, the
segment table will be hidden.

The segment table layout is shown below (See figure below). The table has three
mandatory columns: start frequency, stop frequency, and number of points, and three
columns which can be optionally enabled/disabled: IF bandwidth, power level, and
delay time.

start | stop | Points IFEW | Fower
1 200 kHz E00MHZ 11 100 Hz 10 dem
z S00MHZ 1.1z GHz 51 3 kHz o dem
2 1.12 GHZ 1.99GHZ 101 20 kHz -10dem
4 1.99GHz z.28GHZ 51 3 kHz 0 dem
3 2.28GHZ 2.20GHZ 11 100 HZ [ 10 dem

Total Foints: 2%

The segment table

Each row describes one segment. The table can contain one or more rows. The
number of segments is limited only by the instrument’'s maximum number of points.
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To add a segment to the table, click the Add softkey. The
S N els new segment row will be entered below the highlighted one.

To delete a segment, click the Delete softkey. The
highlighted segment will be deleted.

fdd

Delete

For any segment it is necessary to set the mandatory parameters: frequency range
(start and stop) and number of points. The frequency range can be set either as
Start / Stop, or as Center/ Span.

To set the frequency range representation mode, click the
Segmerit Table Freq Mode softkey to select between the Start/Stop and
Center/Span options.

Freq Mode
Skart)Stop

For any segment, the following additional parameter columns can be enabled: IF
bandwidth, power level, and delay time. If such a column is disabled, the
corresponding value set for linear sweep will be used (same for all the segments).

To enable the IF bandwidth column, click the List IFBW
Segment Table softkey.

To enable the power level column, click the List Power

4 List IFBW softkey.
To enable the delay time column, click the List Delay
softkey.
4 List Power
List Delay

SENS:SEGM:DATA Sets or reads out the array of the segment sweep table.
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To set a parameter, click on its value field and enter the value. To navigate in the
table, use the keys on the keyboard.

Adjacent segments must not overlap in the frequency
domain.

The segment table can be saved into *.SEG file to a hard disk and later recalled.

To save the segment table, click the Save... softkey.

Segment Table

Then enter the file name in the appeared dialog.

Save...

To recall the segment table, click Recall... softkey.
Recall...

Then select the file name in the appeared dialog.

MMEM:STOR:SEGM Saves the segment table into a file.

MMEM:LOAD:SEGM Recalls the segment table file. The file must be saved
using the MMEM:STOR:SEGM command.

The segment sweep graph has two methods of horizontal axis representation: the
frequency-based and order-based. In the first, the axis is displayed according the
frequency. In the second, the axis is displayed according to the measuring point
number.

To set the frequency axis display mode, click the Segment

Segment: Table Display softkey and select the Freq Order or Base Order
option.
Segment Display
Freq Order

DISP:WIND:X:SPAC Sets or reads out the display method of the graph
horizontal axis for the segment sweep.
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Measurement Delay

The measurement delay function allows for adding an additional time delay at each
measurement point between the moment when the source output frequency becomes
stable and the start of the measurement. This capability can be useful for
measurements of electrically-long devices.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

To set the measurement delay time, use the following
Stimulus softkeys:

Stimulus > Meas Delay

Meas Delaw
0s

SENS:SWE:POIN:TIME Sets or reads out the delay before measurement in
each measurement point.
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Reverse Sweep Mode

By default, the stimulus sweep starts from the start value of sweep range and stops at
the stop value. In the reverse sweep mode, the stimulus sweep starts from the stop
value of sweep range and stops at the start value. The function applies to any sweep
type (frequency, power, segment).

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

To set the reverse sweep mode, click the Reverse Sweep
Stimulus softkey and select the ON or OFF option.

Stimulus > Reverse Sweep

Reverse Sweep
OFF

SENS:SWE:REV  Sets or reads out the ON/OFF status of the reverse sweep
function
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CW Time Sweep Mode

In the CW time sweep mode, the Analyzer displays measured data as a function of
time when the stimulus frequency is fixed. This function is automatically turned on
when the Stimulus Spanis set to zero.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

To enable CW time sweep mode, set the Span value to
Stinnulus zero using the following softkeys:

Stimulus > Span

Span
B A horizontal scale will then display the time.
ot Set Stimulus > Center to the frequency under test.
Enter
160015 GHz _ .
Other sweep settings (number of points, power level, IF

bandwidth) can be set arbitrarily, depending on the
measurement task.

In the CW time sweep mode, the following elements change from frequency
representation to temporal representation:

e stimulus axis labels

e marker stimulus value

e SCPIcommands response:
CALC:DAT:XAX?
CALC:TRAC:DATA:XAX?
CALC:MARK:X

The sweep time is determined by the following formula:

1.19
Toe =N (g + Ta * T

where N — number of points,
IFBW — IF bandwidth,

T'ma — measurement delay,
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Thw — hardware delay (depends on the Analyzer model and
cannot be changed).

The Analyzer automatically calculates the sweep time value based on the current
settings: number of points, IF bandwidth, measurement delay. An arbitrary value can
be set for sweep time, in this case, the Analyzer corrects the measurement delay
value. To set the minimum possible sweep time, set the measurement delay to zero.

To set the sweep time value, use the following softkeys:

Skirulus

Stimulus > Sweep Time

Sweep Time To set the measurement delay, use the following softkeys:
87 ms

Stimulus > Meas Delay

Meas Delay
1 ps

WARNING To maintain correct sweep time value when using the
C4209 or C4220 Analyzers without frequency extenders,
the digital cables connecting the Analyzer and the
frequency extenders must be disconnected.

Page 189



The sweep time should not be confused with the measurement cycle time displayed
in the Analyzer status bar (See Hide/Show Cycle Time). The table below shows the
difference between sweep time and cycle time.

Method
Scope

Sweep
direction

Range

Sweep Time value

Theoretically estimated

One channel

One sweep direction’

From the first sweep point to
the last sweep point, excluding
the time between sweeps

1 One port is the stimulus source.

2 All ports can be used as a stimulus source.

Cycle Time value

Actually measured

All sweeping channels

All sweep directions?

Between the start points of two

consecutive measurement
cycles, including the time
between sweeps

If one channel is open and a measurement is made in one sweep direction, the
sweep time and cycle time are close. The difference is that the sweep time value
does not include the delay between the sweeps.
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Trigger Settings

This section describes the trigger settings.

A trigger is a signal or event that starts the Analyzer measurement cycle. The
measurement cycle, by default, includes the measurement of all opened channels.
The Analyzer measures the channels sequentially one after another in one
measurement cycle. At some conditions, the channel can be excluded from the
measurement cycle (See Channel Initiation Mode and Trigger Scope).

For a detailed description of trigger state diagram see Trigger State Diagram.

The trigger settings include:

e Selection the trigger source (See Trigger Source).

e Selection the channel initiation mode (See Channel Initiation Mode).

e Setting the trigger scope (See Trigger Scope).

e Setting the averaging trigger function (See Averaging Trigger).

An external device can be used as a trigger source. For a detailed description of
external trigger settings see External Trigger Settings.

The trigger output of the Analyzer can be a trigger source for other devices (See
Trigger Output).
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Trigger State Diagram

The trigger system operates at two levels: at the Analyzer level and at the channel
level.

Analyzer States

The Analyzer can be in one of the following three states:

e Stop — the Analyzer waits for any channel to enter the Initiated state.

e Waiting for a Trigger — the Analyzer waits for the trigger signal. If the Internal
trigger source (see Trigger Source) is selected, it is automatically generated.

e Measurement Cycle — all initiated channels are measured in turn.

The figure below shows the states of the Analyzer, and the transitions between them.

Analyzer states and transitions

Channel States

Channels can be in one of the three following states:

¢ Hold — the channel waits for the initiation. If the continuous initiation mode (see
Channel Initiation Mode) is selected, the channel is automatically initiated.

e Initiated — the channel waits for the measurement after the trigger signal and
measurement of other channels in the queue.

e Measurement — the channel is measured.

The figure below shows the channel states, and the transitions between them.
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Mesurement

25

Channel 16

Channel states and transitions

The table below describes the transitions between analyzer and channel states.

Transition

11

To Stop

1.2

Stop
Waiting
Trigger

S
for

Condition

Power on
Reset

Abort of the
current
measurement
cycle.

Changing
Analyzer settings
by user or by the
SCPIcommand.

One or more
channels make
the transition 2.2

to the Initiated
state.

Button

Preset

Trigger
Restart

>

For example:

Stimulus
Start
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Command

SYST:PRESet, *RST

ABORt

For example:
SENS:FREQ:STARt




Transition

1.3
Waiting  for
Trigger —>
Measurement
Cycle

14
Measurement
Cycle —>
Waiting  for
Trigger

Condition

Automatically, if
the trigger source
is set to Internal.

At a signal arrival
at the external
trigger input, if the
trigger source is
set to External.

At a softkey
pressing, if the
trigger source is
set to Manual.

Upon receipt of
SCPI command,
if the trigger
Source is set to
Bus.

At the end of a
measurement
cycle, when at
least one channel
has the
Continuous
initiation mode.

After measuring a
point, when the
On Point trigger
function is active.

Button

Trigger
source >
Internal

Trigger
source >
External

Trigger
source >
Manual

Trigger >
Trigger

Trigger
source >
Bus

Trigger >
Continuous

Ext Trigger
> Event > On
Point
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TRIG:SOUR INT

TRIG:SOUR EXT

TRIG:SOUR MAN

TRIG:SOUR BUS

TRIG:SING, TRIG, *TRG

INIT:CONT ON

TRIG:POIN ON



Transition

1.5

Measurement
Cycle —>
Stop

21

To Hold

2.2

Hold —>
Initiated

2.3

Initiated —>
Measurement

Condition

At the end of a
measurement
cycle, when the
Continuous
initiation mode is
disabled for all

channels.
The same
condition as

transition 1.1

When the
Initiation Mode of
the channel has
been set to Hold.

Every time if the
Continuous
initialization mode
of the channel is
turned on.

Once when the
Single initiation
mode of the
channel has been
set.

Upon the
occurrence of one
of the conditions

transition 1.3 and

after
measurement of
other channels in
the queue.

Button
Trigger >
Hold All
Channels
Trigger >
Hold
Trigger >
Continuous
Trigger >
Single
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INIT:CONT OFF

INIT:CONT ON



Transition

24

Measurement
—> Hold

2.5

Repeat
measurement

Condition

At the end of
channel
measurement.

if the averaging
trigger function is
on, the
measurement

repeats N times,
where N is
averaging factor.

Button

Average >
Avg Trigger
>0On
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Trigger Source

One of four trigger sources can be selected. This setting works at the Analyzer level.

Trigger
Source

Internal
[default]

External

Bus

Manual

Function

The Analyzer generates a trigger signal automatically when
needed.

A trigger signal is a logic signal at the external trigger input
(See External Trigger Settings).

The trigger signal is generated by a command from the
program controlling the Analyzer via SCPIor COM.

The trigger signal is generated by pressing the Trigger softkey
in the Analyzer software.

Trigger Source

Inkernal

& Inkernal

External

Maral

Eus

To set the trigger source, use the following softkeys:
Stimulus > Trigger > Trigger Source

Then select the required trigger source:

e Internal
e External
e Manual

e Bus

TRIG:SOUR

Selects the trigger source.
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Trigger softkey generates the trigger in manual trigger
PSS mode.

Stimulus > Trigger > Trigger
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Channel Initiation Mode

The channel initiation mode determines whether the channel will be included in the
measurement cycle when a trigger signal is detected.

The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

Channel

Initiation Mode AT

Continuous The channel automatically transits to the Initiated state at the
end of each measurement.

[default]

Single The channel is initiated once. At the end of the measurement,
the channel goes into the Hold state.

Hold The channel is idle and not updating.

To set the channel initiation mode, use the following
Conkinuous softkeys:

Trigger

Stimulus > Trigger

Id
e Then select the required channel initiation mode:
e Hold
Ll * Single

e Continuous

- Conkinuous

INIT:CONT Turns the continuous initiation mode ON/OFF.

INIT Sets the single initiation mode once.

| To set the appropriate mode for all channels, use the
Hold &ll Channels

following softkeys:

Stimulus > Trigger > Hold All Channels
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‘ Continuous All

Stimulus > Trigger > Continuous All Channels

Channels
INIT:CONT:ALL Turns the continuous initiation mode for all channels
ON/OFF.
Restart softkey aborts the sweep and transits the Analyzer
Restart to stop state, then if there are channels in the continuous
initiation state the Analyzer transits to the waiting for a
trigger state (See Trigger State Diagram).
Stimulus > Trigger > Restart
ABOR Aborts the sweep.
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Trigger Scope

The trigger scope function selects whether all initiated channels or an active channel,
if initiated, will be measured on a trigger condition.

Trigger Scope Function

All Channel All initiated! channels will be measured on a trigger condition.

[default]

Active Channel Only the active channel, if initiated, will be measured on a
trigger condition.

' For a detailed description of the channel initiation mode settings, see Channel
Initiation Mode.

All Channels

‘ Trigger Scope To set the trigger scope, use the following softkeys:

Stimulus > Trigger > Trigger Scope [All Channels |
Active Channel]

TRIG:SCOP Sets or reads out the trigger scope.
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Averaging Trigger

The averaging trigger function allows for completing the averaging with a single
trigger signal. This function affects the channels in which the averaging function is
enabled (See Averaging Setting).

Averaging

- Function

Trigger

OFF One sweep is performed in response to one trigger signal
regardless of the state of the channel averaging function. If

[default] the channel averaging is turned on, N trigger signals are
required to complete the averaging process (where N is the
averaging factor). The trigger signal does not reset the result
of the previous averaging.

ON N sweeps are performed in response to one trigger signal for

the channel with the averaging on (where N is the averaging
factor). One trigger signal is required to complete the
averaging process in the channel. The trigger signal starts a
new averaging cycle in the channel.

The averaging trigger function is convenient in conjunction with an external, software
(BUS), or manual trigger source. When the function is enabled, the averaging result
can be obtained on one trigger signal by performing a number of sweeps equal to the
averaging factor (See Averaging Setting). When the internal trigger source is used it
is recommended to turn OFF this function.

If the trigger event function is set to On Point, then it takes
precedence over the averaging trigger function. In this
case, to complete averaging, the number of trigger pulses
equal to the number of points multiplied by the averaging
factor is required.
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if multiple channels are open at the same time, one trigger
signal starts a measurement cycle the required number of
times for the channels with averaging on, and once for
channels with averaging off.

fverage

To enable/disable the averaging trigger function, use the
following softkeys:

Average > Avg Trigger
Avqg Trigger
- The function changes between the values:
e ON
o OFF
TRIG:AVER Turns the averaging trigger function ON/OFF.
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External Trigger Settings

This section describes settings of the external trigger. The logic signal at the Ext Trig
In on the rear panel of the Analyzer is an external trigger signal (See Instrument

Series).

Ext Trig
In

O

External Trigger Signal Input Connector

To work with an external trigger:

e Select trigger source External (See Trigger Source).

e Set the external trigger event, polarity, position and delay (See the subsections
in this section).
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External Trigger Event

This setting allows to select the external trigger event.

Trigger event

On sweep

[default]

On point

Function

One trigger signal starts a full measurement cycle, that
is, the measurement of all frequency points of all
channels included in the measurement cycle.

One trigger signal starts the measurement of one
frequency point of a channel. The next trigger signal
starts the measurement of the next frequency point of the
channel, and so on.

If the Averaging Trigger function and the On point trigger
function are enabled at the same time, the On point trigger
function has priority. In this case, N * P trigger signals are
required to complete the averaging, where N is the
averaging factor, and P is the number of points.

To select an external trigger event, use the following
softkeys:

Stimulus > Trigger > Ext Trigger > Event

& onswess Then select the required external trigger event:
e On Sweep
on Feint * On Point
TRIG:POIN Turns the point trigger feature ON/OFF.
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External Trigger Polarity

Trigger polarity Function

Negative Edge The negative edge of the input signal of an external
trigger is a trigger signal.

[default]

Positive Edge The positive edge of the input signal of an external

trigger is a trigger signal.

Ext Trig Polarity To select external trigger polarity, use the following softkeys:
Megative Edge
Stimulus > Ext Trigger > Polarity

Then select the required external trigger polarity:

#® Pegative Edge

¢ Negative Edge

¢ Positive Edge
Positive Edge

TRIG:EXT:SLOP Sets or reads out the polarity of the external trigger.
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External Trigger Position

The position of the external trigger determines the moment when the Analyzer
expects an external trigger signal — before the frequency setup or before measuring
(ADC sampling). The frequency setup precedes the measurement for each frequency
point.

Trlg:q_er Function
Position
Before The trigger signal is expected before the ADC sampling when the
Sampling frequency is already set. After sampling the Analyzer
automatically transits to the next frequency (See figure below).
[default]
Tdelay
External
Trigger
—_—
Setup 1 Sampling 1| Setup 2 (Sampling 2| = -|Setup N |Sampling N
Before Sampling, Point trigger is OFF
Tdelay Tdelay T delay
External
Trigger
2 —————————¢ —
Setup 1 Sampling 1| Setup 2 Sampling 2| Setup 3 Sampling N|Set
e 20"
Before Sampling, Point trigger is ON
Before The trigger signal is expected before the frequency setup. The
Setup frequency setup starts when the trigger signal arrives (See figure

below). After the frequency setup is completed, the Analyzer
begins ADC sampling.

T
delay
External

Trigger '\

Setup 1|Sampling 1| Setup 2 [Sampling 2| *--|Setup N|Sampling N
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Trigger

Position e

Before Setup, Point trigger is OFF

Tdela i
delay Tdelay Tdelay
External
Trigger
4 ——————2 S

Setup 1 |Sampling 1| |Setup 2 | Sampling 2 Setup N|Sampli

~y
v
IaY]
[aY]

Before Setup, Point trigger is ON

This function is intended for use in conjunction with the On
Point trigger function. In case of the On Sweep trigger
function, the trigger position will be performed only for the
first sweep point.

Ext Trig Position To sele.ct external trigger position, use the following
Before Sampling softkeys.

Stimulus > Trigger > Ext Trigger > Position

. .
R Then select the required external trigger position:

e Before Sampling

Before Setup e Before Setup

TRIG:EXT:POS Selects the position of the external trigger.
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External Trigger Delay

The external trigger delay sets the response delay with respect to the external trigger
signal (See figure below).

The delay range and resolution depend on the Analyzer model (See corresponding
datasheet).

-|-+d+|ala3q|I
External
Trigger \
|
L&
Setup 1 Sampling 1| Setup 2 |Sampling 2| ***|Setup N (Sampling N
-]
LR B

External Trigger Delay
- To set the external trigger delay, use the following softkeys:
Ext Trigger
Stimulus > Trigger > Ext Trigger > Delay

‘ Delay |

Os

TRIG:EXT:DEL Sets or reads out the response delay with respect to the
external trigger signal.
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Trigger Output

This section describes settings of the trigger output. The trigger output is a special
analyzer connector used to output a logical signal from the Analyzer.

The availability of the trigger output connector depends on
the Analyzer model (See corresponding datasheet).

The trigger output is designed to synchronize external devices with the Analyzer
measurement cycle.

Ext Trig ODut

External Trigger Output Connector

To work with trigger output:

e Turn on trigger output (See Enabling Trigger Output).

e Set the polarity of the trigger (See Trigger Output Polarity).

e Select the trigger signal condition (See Trigger Output Function).
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Enabling Trigger Output

Trigger Output Function
OFF The trigger output is disabled.

ON The trigger output is enabled.

If the Ready for Trigger function is selected (See Trigger
Output Function), the trigger source must be set to
External to enable the trigger output (See Trigger Source).

To enable/disable the trigger output, use the following
Trigger Output Softkeys:

Stimulus > Trigger > Trigger Output > Trigger Output

OFF

Trigger Output
The function changes between the values:

e ON
e OFF

TRIG:OUTP:STAT  Turns the trigger output ON/OFF.
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Trigger Output Polarity

Trigger Output

Polarity Function

Negative The negative edge of the signal at the trigger output
corresponds to the event.

Positive The positive edge of the signal at the trigger output

corresponds to the event.

To select the polarity of the trigger output, use the following
1 =de Ll softkeys:

Stimulus > Trigger > Trigger Output > Polarity

Polarity

Negative The function changes between the values:
¢ Negative
¢ Positive

TRIG:OUTP:POL Sets or reads out the trigger output.
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Trigger Output Function

The purpose of the trigger output depends on the selected function.

Trigger Output

Function TG

Before Setup Single pulse before setup frequency.
Before _ .
Sampling Single pulse before sampling.

After Sampling

Single pulse after sampling.

Indicates the ready for external trigger state. The signal
position depends on the external trigger position setting.

Ready for

Trigger , : :
After the arrival of the external trigger the ready for trigger
signal is deselected and the measurement has begun.

Sweep End Single pulse at the end of the sweep.

Measurement The pulse duration is equal to the duration of the

measurement from the first to the last point.

The figures below show the trigger output signal generation, depending on the
selected trigger condition.
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Setup 1

Sampling 1

Setup 2

Sampling 2

Setup N

Sampling N

N

Before
Setup

A

Before
Sampling

%

After
Sampling

Measurement

Sweep End

Trigger Output (except Ready for Trigger)
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Setup 7 Sampling Sampling 7 Setup | Samplin

Ready for Ready for
Trigger Trigger
External External
Trigger Trigger
External Trigger set before sampling External trigger set before setup
Trigger Output (Ready for Trigger only)
Output Trigger To select the function of the trigger output, use the following
el softkeys:
Ready for Trig
Stimulus > Trigger > Trigger Output > Function
Before Setup

Then select the required function of the trigger output:

Before Sampling e Before Setup

e Before Sampling

After Sampling e After Sampling

¢ Ready for Trig

@ Ready for Trig
e Sweep End

Sweep End e Measurement

Measurement

TRIG:OUTP:FUNC  Selects the trigger output function.
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Measurement Parameters Settings

This section describes the settings for the measurement parameter selection. The
parameter selection applies to traces within a channel.

The Analyzers allows for:

e S-Parameter measurement (See S-Parameters).

e Absolute power measurement at the receiver input (See Absolute
Measurements).

¢ Reciever ratio measurement (See Reciever Ratio Measurement).

e DC measurement (option) (See DC Measurement).
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S-Parameters

A measured S-parameter (S11, S21, S12, S22) is set for each trace. The trace to

which the function is applied must be preselected as active (See Selection of Active
Trace/Channel).

For a detailed description of the principle of measuring S-parameters see in
Principle of measuring S-parameters.

Measurement To set the measured parameter, use the following softkey:
511
Measurement
. c11 Then select the desired parameter by the corresponding
softkey.

321

31z

322

CALC:PAR:DEF Selects the measurement parameter of the trace.

Measured data can be set using the mouse (See Measured
Data Setting).
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Absolute Measurements

Absolute measurements are measurements of the absolute power of a signal at a
receiver input. Unlike relative measurements of S-parameters, which represent a
relation between the signals at inputs of two receivers, absolute measurements
determine the signal power at the input of one receiver. A two-port Analyzer has four
independent receivers: A, B, R1, R2 (See figure below).

&

(n)

Y

©®

Y
i

Port 1 Port 2

Analyzer block diagram

The R1 and R2 are reference signal receivers. The A and B are test signal receivers.
The A and R1 receivers are located in Port 1. The B and R2 receivers are located in
Port 2. There are eight types of absolute measurements depending on the port
number (See table below).

Symbols Definition

A(1) Test signal receiver A (Source Port 1)

A(2) Test signal receiver A (Source Port 2)

B(1) Test signal receiver B (Source Port 1)

B(2) Test signal receiver B (Source Port 2)

R1(1) Reference signal receiver R1 (Source Port 1)
R1(2) Reference signal receiver R1 (Source Port 2)
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Symbols Definition
R2(1) Reference signal receiver R2 (Source Port 1)

R2(2) Reference signal receiver R2 (Source Port 2)

A measured absolute parameter is set for each trace. The trace to which the function
is applied must be preselected as active (See Selection of Active Trace/Channel).

To select absolute measurement, click softkeys:

Absolute
Measurement > Absolute
Receiver A
Source Port 1 Then select the required parameter:
Receiver B ¢ Receiver A, Source Port 1
Source Port 1
e Receiver B, Source Port 1
Receiver R1
Source Port 1 e Receiver R1, Source Port 1
Receiver B2 ¢ Receiver R2, Source Port 1
Source Port 1 .
e Receiver A, Source Port 2
—
Receiver A e Receiver B, Source Port 2
Source Port 2
¢ Receiver R1, Source Port 2
Receiver B
Source Port 2 e Receiver R2, Source Port 2
Receiver R1
Source Port 2
Receiver R2
Source Port 2

CALC:PAR:DEF Selects the measurement parameter of the trace.

CALC:PAR:SPOR Sets or reads out the number of the stimulus port when
performing absolute measurements.
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In absolute measurement mode, dBm measurement units
are used for logarithmic magnitude format, and W
measurement units are used in linear magnitude format.
Other formats are not applicable to absolute
measurements.
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Receiver Ratio Measurement

The receiver ratio measurement function allows to measure the ratio of any two
analyzer receivers. S-parameter measurements and absolute measurements are
predefined special cases of receiver ratio measurement. For example, S11 is A/R1,
absolute measurement of receiver A is A/1. See the table for receiver names.

It is most useful to use this function on an analyzer with direct access to receivers to
expand the dynamic range of measurements. In the simplest case, the function is
used to compare phases between two paths of the device.

To select the receiver ratio measurement, use the following
511 softkeys:

Measurement

Measurement > Select Meas...

|
‘ Select Meas ‘ Select the "Receivers" tab in the opened dialog box. Then

select the required receivers.

CALC:PAR:DEF Selects the measurement parameter of the trace.

CALC:PAR:SPOR Sets or reads out the number of the stimulus port when
performing receiver ratio measurements.

A measured parameter is set for each trace. The trace to which the function is
applied must be preselected as active (See Selection of Active Trace/Channel). The
required trace can be selected in the dialog box using the Next Trace softkey. If
necessary, a trace can be created directly from the box dialog using the New Trace
softkey.
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Active S-parameters Receivers Allvalues ina

Trace \\ Tri MNumerator Denan column are E(llﬂl
Cla Ll

A ]/ 10 Vl‘lhl‘nrtl v | -— Select

Select |:| R1 / A v |p v
et 70 [T/ Y] (Y
Numerator | 0 | 8 |/ Rl v |port1 W\
O | re |/ |8 v |portz  ~| \\Select
Receiver-
Denominator
| Mext Trace | | Mew Trace | | Close |
Setnexttrace <~ "\ Create a new
as active trace
Function dialog box
NOTE Using one as the denominator is equivalent to selecting
measurement of the absolute power of a signal at a
receiver input.
NOTE Measured data can be set using the mouse (See

Measured Data Setting).
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Format Setting

The format setting determines how measured data will be presented on the diagram.

The Analyzer offers three S-parameter measurement display types:

e Rectangular format

e Polar format

e Smith chart format
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Rectangular Formats

In this format, stimulus values are plotted along X-axis and the measured data are
plotted along Y-axis (See figure below).

Y
A

heasurement

Stimulus
Rectangular format

To display complex-valued S-parameters along the scalar Y-axis, it must be

transformed into a real number. Rectangular formats involve various types of
transformation of an S-parameter

S=a+j-b,
where a — real part of S-parameter complex value,
b — imaginary part of S-parameter complex value.

There are eight types of rectangular formats depending on the measured value
plotted along Y-axis (See table below).

Page 224



Rectangular Formats

Format Type
Description

Logarithmic
Magnitude

Voltage
Standing
Wave Ratio

Phase

Expanded
Phase

Group Delay

Linear
Magnitude

Real Part

Imaginary Part

Label

Log Mag

SWR

Phase

Expand
Phase

Group
Delay

Lin Mag

Real

Imag

Data Type (Y-axis)
S-parameter logarithmic
magnitude: 20 - log|$|,
IS|=Va? + b?

1+]|S|

1-|S|

S-parameter phase from —
180° to +180°:

180 b
— - arctg -
s a

S-parameter phase,
measurement range
expanded to from below —
180° to over +180°

Signal propagation ddelay
@

within th% DUT: do
@ =arctg— w=2m-f

a

S-parameter linear
magnitude: vV a2 + b*
S-parameter real part:

a=re(S)

S-parameterimagina art:
bgim(S) ginary’p

Measurement
Unit (Y-axis)

Decibel (dB)

Dimensionless
value

Degree (°)

Degree (°)

Second (sec.)

Dimensionless
value

Dimensionless
value

Dimensionless
value

The format for each trace of the channel can be selected individually. The trace must
be activated before setting the format.
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Formak

Log Mag

To choose a rectangular format, use the following softkey:

Format
L Log Mag )
Then select the desired format:
SWR ¢ Logarithmic magnitude
¢ SWR
Phase e Phase
e Expanded phase
Expand Phase
e Group delay
Group Delay ¢ Linear magnitude
¢ Real part
Hn fag « Imaginary part
Real
Imag
CALC:FORM Sets or reads out the trace format.

The display format can be set using the mouse (See Display
Format Setting).
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Polar Format

The Polar format is used to display the amplitude and phase of the reflection
coefficient (I') when measuring S11 or S22. The complex reflection coefficient values
are displayed on the polar diagram in the complex plane. The complex plane is
formed by the real horizontal and the imaginary vertical axes. The grid lines
correspond to points of equal amplitude and phase (See figure below).

Radial ines of
equal phase

Real axis

Circles of equal
magnitude

Polar format
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On circular diagrams (Polar and Smith chart), any point of
the trace can be defined in the following two ways (See
figure below):

e Coordinates of the point (Re, Im) on the real and
imaginary coordinate axes.

e Parameters of the vector directed to the point from the
center of the diagram. The length of this vector is equal
to the response amplitude, and the angle between the
vector and the positive part of the real coordinate axis
is equal to the phase of the response. The angle is
calculated counterclockwise.

Responce vector
(magnitude = length,
phase = angle)

Response
trace

Traces on all types of Smith chart and polar format are the
same, the Analyzer replaces the base grid and default
marker format when switching formats.
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The Polar format diagram with the characteristic points is shown in the figure below.

Phase angle
90° of reflected

675° / signal

45°

Reflection

coefhicient
- magnitude
e -05
o 025 i
180 .u II# [ 0
Z=0 '. Z=Z0 - rd Z=o0
(Short - " (Matching ] / (Open -
circuited \, impedance, circuited

load) " 'Noreflected
\ signal)

Ioad]__

Total reflected
signal circle

270°

Properties of Polar format

Basic properties of the Polar format:

e The center of the diagram corresponds to the reflection coefficient ' = 0

(reference impedance Z0 on the input test port of the DUT when measuring S11,
S22, matched circuit, no reflection).

¢ The outer circle of the diagram corresponds to the reflection coefficient I' = 1 (|
Sii| = 1, unmatched circuit, total reflection).

¢ Points with the same amplitude are located on a circle with the center coinciding
with the center of the diagram.

¢ Points with the same phase are located on a line starting from the center.

¢ At the rightmost point of the horizontal axis, the impedance has an infinitely large
value (Open circuited load).

¢ At the leftmost point of the horizontal axis, the impedance value is zero (Short
circuited load).
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The polar graph does not have a frequency axis, so frequency is indicated by
markers. There are three types of polar formats corresponding to the data displayed
by the marker; the traces remain the same for all the format types (See table below).

Format Type Label Data Measurement Unit
Description Displayed

by Marker
Linear Polar S-parameter = Dimensionless value
Magnitude (Lin) linear
and Phase magnitude

S-parameter  Degree (°)

phase
Logarithmic Polar S-parameter  Decibel (dB)
Magnitude (Log) logarithmic
and Phase magnitude

S-parameter  Degree (°)

phase
Real and Polar S-parameter = Dimensionless value
Imaginary (Re/lm) real part
Parts
S-parameter  Dimensionless value
imaginary
part

The format for each trace of the channel can be selected individually. The trace must
be activated before setting the format.

PR To choose a Polar format, use the following softkeys:

: Polar(Log)

Format > Polar

Then select the desired format:

¢ Logarithmic magnitude and phase
¢ Linear magnitude and phase

¢ Real and imaginary parts
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Log | Phase
Lin | Phase
Real | Imag
CALC:FORM Sets or reads out the trace format.
NOTE The display format can be set using the mouse (See Display

Format Setting).
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Smith Chart Format

The Smith chart is a circular chart on which the measured complex reflection
coefficients (S11, S22) are compared with the normalized impedance of the DUT.

The Smith chart is formed from a rectilinear impedance plane by collapsing the area
with positive resistance into a single unit circle (See figure below).

HXp -~~~ T S

(B I N B

. \

I S N \
Redfilinear I R Y
impedance 0+j0 | | | | | p

Plane T 1] "

I I S /

I S N

I

0

Smithchart 040

Converting Rectilinear Impedance Plane to Smith Chart
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On circular diagrams (Polar and Smith chart), any point of
the trace can be defined in the following two ways (See
figure below):

e Coordinates of the point (Re, Im) on the real and
imaginary coordinate axes.

e Parameters of the vector directed to the point from the
center of the diagram. The length of this vector is equal
to the response amplitude, and the angle between the
vector and the positive part of the real coordinate axis
is equal to the phase of the response. The angle is
calculated counterclockwise.

Responce vector
(magnitude = length,
phase = angle)

Response
trace

Basic properties of the Smith chart (See figure below):
e Each point on the diagram is equivalent to the complex impedance of the DUT:
Z=R+jX
where R — real part of the impedance (resistance), X — imaginary part of the
impedance (reactance).
¢ The horizontal axis is resistance; reactance on this axis is equal to zero.

¢ Grid lines of the diagram consist of circles of constant resistance and arcs of
constant reactance.

e The center of the diagram corresponds to the system reference impedance
(2120 =1).
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¢ At the rightmost point of the horizontal axis, the impedance has an infinitely large
value (Open circuited load).

¢ At the leftmost point of the horizontal axis, the impedance value is zero (Short
circuited load).

e The outer circle of the diagram at scale = 1 (or unit circle) corresponds to a zero
resistance value (reactance only). The measured points inside the unit circle
correspond to the passive load, the points outside to the active load.

Location of the unit circle at a scale greater than 1

Unit circle

(NE
IS

Scale=1 Scale=>2

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

¢ Reflection coefficient value (T') at any point of the diagram is determined by the
distance from it to the center of the diagram. Thus, any circle with the center
coinciding with the center of the diagram contains equal values of the modulus of
the reflection coefficient. The center of the diagram corresponds to a matched
circuit with no reflect signal (I' = 0). The unit circle diagram corresponds to an
unmatched circuit with total reflection |I'| = 1.

Use the Smith chart to assess circuit mismatch and determine whether the load is
resistive, inductive, capacitive, or complex. The Smith chart format is useful for
looking for mismatch introduced by parasitic elements connected in series with the
DUT.

Page 234



Reference impedance, Matching circuit,
No reflected signal (I'=0)

Resistance

Increases Constant [I'] circle

Inductive
reactance
IncCreases

Inductive
Reactance (+))

180°
Capacitive
Reactance ()

Capacitive

reaciance Constant

increases Resistance

circles
increases *~ Constant
Reactance
Resistance R=0 (Short), ares

Total reflected signal [I'}=1 circle

Smith chart properties
Inverse Smith Chart (Complex Admittance)
The Inverse Smith chart is a circular chart on which the measured complex reflection
coefficients (S11, S22) are compared with the normalized DUT admittance. Complex

admittance is the inverse of complex impedance.

To build an Inverse Smith chart, mirror the Smith chart on the horizontal axis (See
figure below).

Page 235



Smith chart Inverse Smith Chart

Convert Smith Chart to Inverse Smith Chart

Basic properties of the Inverse Smith chart:

e Each point on the diagram is equivalent to the complex conductance of the DUT:
Y=G +jB,
where G — real part of conductivity (conductance), B — imaginary part of
conductivity (susceptance).

¢ The horizontal axis is only conductance; susceptance on this axis is equal to
zero.

e The grid lines of the diagram consist of circles of constant conductance width
and arcs of constant susceptance width.

e The center of the diagram corresponds to the reference conductivity of the
system (Y/YO =1).

¢ At the leftmost point of the horizontal axis, admittance is infinitely large (Short
circuited load).

¢ At the rightmost point of the horizontal axis, admittance is equal to zero (Open
circuited load).

e The outer circle at scale = 1 (or unit circle) corresponds to the zero value of
conductance (susceptance only). The measured points inside the unit circle
correspond to the passive load, the points outside to the active load.

Page 236



Position of the unit circle at a scale greater than 1

NS
A

Scale=1 Scale=2

e The upper and lower halves of the diagram correspond to the negative
(inductive) and positive (capacitive) reactive components (admittance).

¢ The reflection coefficient display (I') on the Inverse Smith chart coincides with its
display on the Smith chart. The center of the diagram corresponds to a matched
circuit with no reflected signal (I'=0). The unit circle diagram corresponds to an
unmatched circuit with total reflection |I'| = 1.

Use the Inverse Smith chart (admittance diagram) to search for a mismatch
introduced by the parasitic elements shunting the DUT.

The Smith chart format does not have a frequency axis, so frequency is indicated by
markers.

There are five types of Smith chart formats (See table below) corresponding to the
data displayed by the marker; the traces remain the same for all the format types.

Format Type Label Data Displayed by Measurement
Description Marker Unit
Linear S-parameter linear Dimensionless
Magnitude and = smith magnitude value
Phase (Lin)

S-parameter phase Degree (°)
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Format Type
Description

Logarithmic
Magnitude and
Phase

Real
Imaginary
Parts

and

Complex
Impedance
(at Input)

Label

Smith
(Log)

Smith
(Re/lm)

Smith (R +
JX)

Data
Marker

Displayed by

S-parameter
magnitude

logarithmic

S-parameter phase

S-parameter real part

S-parameter
part

imaginary

Resistance at input:

R = re(Zinp)
1+S
Zinp = ZO ;

Reactance at input:

X=im(Z., )

inp

Equivalent capacitance or
inductance:

1
C=——,
wX

X<0

X
L=—, X>0
w
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Unit

Decibel (dB)

Degree (°)

Dimensionless
value

Dimensionless
value

Ohm (Q)

Ohm (Q)

Farad (F)

Henry (H)



Format Type
Description

Complex
admittance
(at Input)

Label

Smith (G +
jB)

Data
Marker

Displayed

Conductance at input:

G = re(Yinp)
v 1 1-§
mp 70 145

Susceptance at input:

B=imp(Y, )

inp

Equivalent capacitance or

inductance:
C=—, B>0
w
L=——, B<O0
wB

by Measurement

Unit

Siemens (S)

Siemens (S)

Farad (F)

Henry (H)

Z0 — test port impedance. Z0 setting is described in System Impedance Z0.

The format for each trace of the channel can be selected individually. The trace must
be activated before setting the format.

Format
Smith(Log)

To choose a Smith chart format, use the following softkeys:

Format > Smith

Then select the desired format;

¢ Logarithmic magnitude and phase

¢ Linear magnitude and phase

¢ Real and imaginary parts

e Complex impedance (at input)

e Complex admittance (at input)
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Log | Phase

Lin | Phase

Real | Imag

R+ ¥

G+ B

CALC:FORM Sets or reads out the trace format.

NOTE The display format can be set using the mouse (See Display
Format Setting).
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Scale Settings

The section describes how to set the scale for the different available formats.

The scale setting options depend on the selected data display format: rectangular
format or circular format. For a detailed description of the scale settings for the
different formats, see Rectangular Scale and Circular Scale (Polar and Smith).

It is possible to apply the Automatic Scaling function for both formats.

These functions are also available when using the rectangular format:

e Reference Level Automatic Selection

e Automatic Reference Level Tracking

The scaling function is under trace settings.

This section also describes the electric delay setting functions (See Electrical Delay
Setting) and phase offsets (See Phase Offset Setting).
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Rectangular Scale

For rectangular format, the following parameters can be set (See figure below):

e scale division
e reference level value
e reference level position

e number of scale divisions

Scale

1 Divisions
Division 1

Reference

Level
Position

Reference I
Level ¢

o ML e = 00 W

Rectangular scale

The scale of each trace can be set independently. The trace to which the function is
applied must be preselected as active (See Selection of Active Trace/Channel).
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To set the scale of a trace, use the following softkeys:

Scale > Scale

Scale
10 dB/Diw

DISP:WIND:TRAC:Y:PDIV Sets or reads out the trace scale. Sets the scale
per division.

‘ Ref Yalus | To set the reference level, use the following softkeys:
0de

Scale > Ref Value

DISP:WIND:TRAC:Y:RLEV Sets the value of the reference line (response
value on the reference line).

Ref Pasition To set the position of the reference level, use the following
5 softkeys:

Scale > Ref Position

DISP:WIND:TRAC:Y:RPOS Sets the position of the reference line.

Divisions To set the number of trace scale divisions, use the following
10 softkeys:

Scale > Divisions

: The number of scale divisions affects all traces of
the channel.

DISP:WIND:Y:DIV Sets the number of the vertical scale divisions.

The trace scale, value of the reference level, and reference
level position can be set using the mouse (See Quick
Setting Using a Mouse).

Page 243



Circular Scale

For Polar formats and Smith chart formats, the outer circle value can be set (See
figure below).

Scale Scale

P‘Dla_[ Smrth Chal'l

Circular Scale

The scale of each trace can be set independently. The trace to which the function is
applied must be preselected as active (See Selection of Active Trace/Channel ).

To set the scale of the circular graphs, use the following
softkeys:

Scale > Scale

‘ Scale

1UFS

DISP:WIND:TRAC:Y:PDIV Sets or reads out the trace scale. Sets the full scale
value.
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Automatic Scaling

The automatic scaling function automatically adjusts the trace scale so that the trace
of the measured value fits into the diagram entirely.

In rectangular format, two parameters are adjustable: scale division and reference
level position. In circular format, the outer circle value is adjusted.

The function can be applied to the active trace or to all traces of the active channel.

To automatically select the scale of the active trace, use the
following softkeys:

Scale > Auto Scale

Auto Scale

To automatically select the reference level of all traces of the
R active channel, use the following softkeys:

Scale > Auto Scale All

DISP:WIND:TRAC:Y:AUTO Executes the auto scale function for the trace.
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Reference Level Automatic Selection

This function automatically selects the reference level in rectangular coordinates.
After selection, the trace of the measured value shifts vertically so that the reference
level crosses the trace in the middle. The scale division is unaffected. The function
can be applied to the active trace or to all traces of the active channel.

To automatically select the reference level of the active trace,
use the following softkeys:

Scale > Auto Ref Value

‘ Auto Ref Yalue

DISP:WIND:TRAC:Y:RLEV:AUTO Executes the auto reference function for the
trace.

To automatically select the reference level of all traces of the

Auto Ref Value Al . .
‘ Hio Rerate active channel, use the following softkeys:

Scale > Auto Ref Value All
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Automatic Reference Level Tracking

The automatic reference level tracking function tracks the reference level of a trace.
When enabled, the trace reference level is updated with each scan according to the
selected method: maximum, minimum, center, or according to the value of the active
marker. The scale per division value does not change. The function is only applicable
to the rectangular format.

The trace to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

To enable / disable reference level tracking, use the following
softkeys:

Scale > Ref Value Tracking [ON | OFF]
Ref Value Tracking

OFF
Tracking Method To select a reference level tracking method, use the following
Max softkeys:
. Ma Scale > Tracking Method
Select method:
Center

¢ Max — maximum trace value.

Min e Center — average trace value.

e Min — minimum trace value.
Active Marker

e Active Marker — active marker value.
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Electrical Delay Setting

The electrical delay function compensates for the electrical delay of the trace
measurement. This function is useful during measurements of phase deviations from
linear, for example.

If the electrical delay setting is other than zero, the S-parameter value will be
corrected in accordance with the following formula:

— j-21-ft
S= Smeas el 2ms ,

where f — frequency, Hz,
t — electrical delay, sec.

The electrical delay can be specified in seconds or as an equivalent length (meters,
feet, inches). When the equivalent length is used, it is also possible to select media
(coax or waveguide) and to set the velocity factor and WG Cutoff (for waveguide
only).

The electrical delay is set for each trace independently. The trace to which the
function is applied must be preselected as active (See Selection of Active
Trace/Channel ).

To set the electrical delay in seconds, use the following
softkeys:

Scale > Electrical Delay > Electrical Delay

Electrical Delay

Electrical Delay
Os

CALC:CORR:EDEL:TIME Sets or reads out the value of the electrical delay.
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‘ — | To set the electrical delay to an equivalent length, use the

om following softkeys:

Scale > Electrical Delay > Distance

CALC:CORR:EDEL:DIST Sets or reads out the value of the equivalent
distance in the electrical delay function.

To set the units of equivalent length, use the following softkeys:
Meters

Scale > Electrical Delay > Distance Units
- Meters
Select unit:
Feet
e Meters
Inches * Feet
¢ Inches

CALC:CORR:EDEL:DIST:UNIT Sets or reads out the distance units in the
electrical delay function.

‘ Media To set the transmission line type, use the following softkeys:
Coax

Scale > Electrical Delay > Media [Coax | Waveguide]

CALC:CORR:EDEL:MED Sets or reads out the type of media in the
electrical delay function.

‘ Velocity Factor To enter the velocity factor value, use the following softkeys:
1

Scale > Electrical Delay > Velocity Factor

CALC:CORR:EDEL:RVEL Sets or reads out the value of the velocity factor
used to calculate between delay and distance in
the electrical delay function.
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WG Cutoff | To enter the WG Cutoff value, use the following softkeys:

- Scale > Electrical Delay > WG Cutoff

CALC:CORR:EDEL:WAV:CUT Sets or reads out the value of the waveguide
cutoff frequency in the electrical delay
function if the type of media set to the
WAVeguide by the command
CALC:CORR:EDEL:MED.
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Phase Offset Setting

The phase offset function adds the constant offset to the phase of a trace. The value
of the phase offset is set in degrees for each trace independently. The trace must be
activated before setting the phase offset.

To set the phase offset, use the following softkeys:

Scale > Phase Offset

DQ

‘ Phase Offset |

CALC:CORR:OFFS:PHAS Sets or reads out the value of the phase offset.
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Measurement Optimization

This section describes ways to optimize the measurement:

e Narrowing the IF bandwidth of measurement receivers increases the signal-to-
noise ratio and extends the dynamic range of measurements. This increases the
value of the sweep time. For a detailed description, see IF bandwidth.

e Averaging allows to increase the signal-to-noise ratio and extend the dynamic
range of the measurements. Averaging does not increase the value of the sweep
time, but the averaging result is complete after N sweeps, where N is an averaging
factor. For a detailed description, see Averaging.

e Smoothing does not change the dynamic range of the measurements but reduces
the noise emissions of the signal. For a detailed description, see Smoothing.

The figure below shows an example of applying different optimization methods to the
signal: the IF bandwidth is reduced by a factor of 10, averaging factor is set to 100,
and smoothing is applied with an aperture of 2%.

Trace without
oplimization

i i Smoothing
|

Wi
H‘“‘*m‘ QPN i bandwiatn

Averaging

Example of the application of different measurement optimization
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IF Bandwidth Setting

The IF bandwidth setting selects the bandwidth of the receivers. The IF bandwidth
value takes value from the following series: 1 Hz, 1.5 Hz, 2 Hz, 3 Hz, 5 Hz, 7 Hz, 10
Hz, 15 Hz, 20 Hz ... 1 MHz, 2 MHz. The maximum IF bandwidth value depends on
Analyzer model (See corresponding datasheet).

Narrowing the IF bandwidth increases the signal-to-noise ratio and extends the
dynamic range of measurements. Narrowing the IF bandwidth by 10 will nominally
extend the dynamic range by 10 dB. Narrowing the IF bandwidth increases the
measurement time.

The IF bandwidth is set for each channel independently. The channel to which the
function is applied must be preselected as active (See Selection of Active
Trace/Channel).

To set the IF bandwidth, use the following softkeys:

Average

Average > IF Bandwidth

IF Bandwidth
10kHz

SENS:BAND Sets or reads out the IF bandwidth.
(SENS:BWID)

IF bandwidth can be set using the mouse (See IF Bandwidth
Setting).
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Averaging Setting

Averaging of each measurement point is performed over several sweeps. The
benefits of the averaging function are similar to those of IF bandwidth narrowing. It
increases the signal-to-noise ratio and extends the dynamic range of measurements.

Averaging of each measurement point is made across multiple sweeps in
accordance with the following formula:

M;=S, i=0
1 S.

M;=(1->)-M,_,+=, i>0n=min(i+1, N)
n n

where M; — -th sweep averaging result,

Si — ith sweep measurement parameter (S-parameter) value,

N — averaging factor from 1 to 999; the higher the factor value, the stronger the
averaging effect.

When the averaging function is enabled, the current number of iterations and the
averaging factor, e.g. «9/10», will appear in the channel status bar. The averaging
process is considered stable when the two numbers are equal.
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The averaging should be set for each channel individually. The channel to which the
function is applied must be preselected as active (See Selection of Active
Trace/Channel ).

To toggle the averaging function ON/OFF, use the following
Average softkeys:

Average > Averaging [ON | OFF]

Averaging
| OFF

SENS:AVER Turns the measurement averaging function ON/OFF.

To set the averaging factor, use the following softkeys:

Average

Averaging > Avg Factor

Awg Factor
10

SENS:AVER:COUN Sets or reads out the averaging factor when the
averaging function is turned on.

Page 255



Averaging Trigger

The averaging trigger function allows for completing the averaging with a single
trigger signal. This function affects the channels in which the averaging function is
enabled (See Averaging Setting).

Averaging

- Function

Trigger

OFF One sweep is performed in response to one trigger signal
regardless of the state of the channel averaging function. If

[default] the channel averaging is turned on, N trigger signals are
required to complete the averaging process (where N is the
averaging factor). The trigger signal does not reset the result
of the previous averaging.

ON N sweeps are performed in response to one trigger signal for

the channel with the averaging on (where N is the averaging
factor). One trigger signal is required to complete the
averaging process in the channel. The trigger signal starts a
new averaging cycle in the channel.

The averaging trigger function is convenient in conjunction with an external, software
(BUS), or manual trigger source. When the function is enabled, the averaging result
can be obtained on one trigger signal by performing a number of sweeps equal to the
averaging factor (See Averaging Setting). When the internal trigger source is used it
is recommended to turn OFF this function.

If the trigger event function is set to On Point, then it takes
precedence over the averaging trigger function. In this
case, to complete averaging, the number of trigger pulses
equal to the number of points multiplied by the averaging
factor is required.
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if multiple channels are open at the same time, one trigger
signal starts a measurement cycle the required number of
times for the channels with averaging on, and once for
channels with averaging off.

fverage

To enable/disable the averaging trigger function, use the
following softkeys:

Average > Avg Trigger
Avqg Trigger
- The function changes between the values:
e ON
o OFF
TRIG:AVER Turns the averaging trigger function ON/OFF.
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Smoothing Setting

Smoothing averages the adjacent points of the trace by the moving window. The
window aperture is set as a percent of the total number of trace points.

Smoothing does not increase the dynamic range of the Analyzer, nor does it increase
measurement time. Smoothing helps to reduce noise bursts. Smoothing is set for
each trace independently. The trace to which the function is applied must be
preselected as active (See Selection of Active Trace/Channel).

To toggle the smoothing function ON/OFF, use the following
Averags softkeys:

Averaging > Smoothing [ON | OFF]

CALC:SMO Turns the trace smoothing ON/OFF.

To set the smoothing aperture, use the following softkeys:

Smo Aperkure
1%

Averaging > Smo Aperture

CALC:SMO:APER  Sets or reads out the smoothing aperture when performing
the smoothing function.
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Quick Settings Using a Mouse

This section describes mouse operations, which allows to set the channel
parameters quickly and easily. In a channel window, when hovering over the field
where a channel parameter can be modified, the mouse pointer will change its icon
to indicate edit mode. In text and numerical fields, edit mode will be indicated by
underlined symbols.

The mouse operations described in this section help to
adjust the most frequently used settings. The complete set
of channel functions can be accessed via the softkey bar.

The figures below show areas and labels for quick parameter setting.

Active Measured Display Trace Reference
Trace Parameter Format Scale LevelValue

|/ / [/

TracefGhannely” Stimulus 4~ Response o Display  Calibration

Trl S21 Log Mag 10.00 de/ »0.000 dB
511 Log Mag 5.000 de/ »-5.000 de [F1i]

Markers

Quick Parameter Setting in the Trace Status Field

Trace it
Scale T 40.00
30.00

Reference 10. 00
Level £
Value 0.006%

Reference -10400
Level o

Position -20.00
-30.00

=40 .00

Quick Parameter Setting on the Vertical Graticule Label
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Sweep

Sweep Sweep
Center

Span Stop

10 kHz 0 dBm

Switching Startf Sweep Sweep IF Power owitching Stop/
between Center Points Type Bandwdith Level/l CW  beiween Span

StartfCenter Value Number Frequency Stop/Span Value
Modes

Modes
Quick Parameter Setting on the Channel Status Bar

Trl 511 Log Mag 10.00 dB/ »-10.00 dB
521 Log Mag 20.00 dB/ »-50.00 dB

Marker
3.3210054 GHz -1.3545 dB
2 4.9405036 GHz -2.4022 dB

----- i '~r""~'f""|"'~""\f~'“'w"J

1G E Lt o
M [elid Start 9 kHz 401 L'IHT 10kHz 0 dBm

Stop 8.2 GHz

Marker Stimulus
Value

Quick Parameter Setting on Markers
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Active Channel Selection

The active channel can be selected when two or more channel windows are open.
The border line of the active window will be highlighted in a light color. To activate

another window, click inside its area.
/ Actrve channel

Trl 511 Log Mag 10.00 dg/ »0.000 dB& “8ITrl 511 Log Mag 10.00 dB/
0. . i 521 Log Mag 10.00 d&/ )

Active trace

O CRON0Hp

Trl 512 Log Mag 10.00 dg/ »0.000 dB

Active Trace/Channel Selection

The active channel can be selected using softkeys (See Selection of Active
Trace/Channel).
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Active Trace Selection

The active trace can be selected if the active channel window contains two or more
traces. The active trace name is highlighted. To activate a trace, click on the required
trace status line, or on any item (trace, marker) having the same color.

Trace/Channel Stimulus Response Display Calibration

gml 521 Log Mag 10.00 dB/ »0.000 dB
L 511 Log Mag 5.000 de/ »-5.000 dB [F1]

4000 — W

Active Trace Selection

Active trace can be selected using softkeys (See Selection of Active Trace/Channel).
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Measured Parameter Setting

To assign the measured parameters (S11, S21, S12 or S22) to an active trace, click
on the S-parameter name in the trace status line and select the required parameter in
the drop-down menu.

Trace/Channel Stimulus Response Display Calibration

Measured Parameter Setting

It is also possible to assign the measured S-parameter, receiver ratio or absolute
receiver measurement to the trace in the dialog box, to do this, click more .... The
required trace can be selected in the dialog box using the Next Trace softkey. If
necessary, a trace can be created directly from the box dialog using the New Trace

softkey.

Active
Trace N S-parameters Receivers
LT
[s11 [s12
21 []sz22
Mext Trace MNew Trace Close
Set next frace / \ Create a new

as active frace

Setting the measured S-parameter in the dialog box
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To assign a receiver ratio measurement to a trace select the Recievers tab in the
dialog box. See more about selecting receivers in Reciever Ratio Measurement.

S-parameters Receivers

Trl MNumerator Denominator Source
[ CJa
A /j 10 v  Portl
Cl R1 /A v port1 o~
L] B / |R2 v lport1 o~
U R2 / R1 v|  |Partl v
Mext Trace Mew Trace Close

Receiver ratio measurement selection

Measured data can be set using softkeys (See S-Parameters).
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Display Format Setting

To select the trace display format, click on the display format field in the trace status
line and select the desired format in the drop-down menu.

50.00

40 .00

Trace/Channel Stimulus Response Display Calibration

/ »-5.000 dB

Delay

Lin Mag

Real

Imag
smith(Log)
smith({Lin)
smith(Re,/Im)
smith(R+]X)
smith(G+]jB)
Polar(Log)
Polar(Lin)
Polar (Re/Im)

Display Format Setting

The display format can be set using softkeys (See Format Setting).
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Trace Scale Setting

The trace scale, also known as the vertical scale division value, can be set by either
of two methods.

The first method: click on the trace scale field in the trace status line and enter the
required numerical value.

Trace/Channel Stimulus Response Display Calibration

521 Log Mag ROIN =»0.000 dB
TrZ2 S11 Log Mag 5.000 dB/ »-5.000 dB

Trace scale setting in the trace status line

The second method: move the mouse pointer over the vertical scale until the pointer
icon becomes as shown in the figure. The pointer should be placed in the top or
bottom parts of the scale, at approximately 10% of the scale height from the top or
bottom of the scale. Left click and drag away from the scale center to enlarge the
scale, or toward the scale center to reduce the scale.

10.00
0. 000

-10.00

Trace scale setting on the vertical scale

The trace scale can be set using softkeys (See Rectangular Scale).
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Reference Level Setting

The value of the reference level, which is indicated on the vertical scale by the «»»
and « €» symbols, can be set by either of two methods.

The first method: click on the reference level field in the trace status line and enter the
required numerical value.

Trace/Channel Stimulus Response Display
521 Log Mag 10.00 de,/ »Bl

TrZ2 S11 Log Mag 5.000 dB/ »-5.000 dB

Reference level setting in the trace status line

The second method: move the mouse pointer over the vertical scale until the pointer
icon becomes as shown in the figure. The pointer should be placed in the center part
of the scale. Left click and drag up to increase the reference level value, or down to
reduce the value.

10,00
0. 000

-10.

Reference level setting on the vertical scale

The value of the reference level can be set using softkeys (See Rectangular Scale).
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Reference Level Position

The reference level position, indicated on the vertical scale by «»» and « 4»
symbols, can be set in the following way: Locate the mouse pointer on a reference
level symbol until it becomes as shown in the figure, then drag and drop the reference
level symbol to the desired position.

10.00 ]

-10. 00

Setting reference level position on the vertical scale

The reference level position can be set using softkeys (See Rectangular Scale).
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Sweep Start Setting

Move the mouse pointer over the stimulus scale until it becomes as shown in the
figure. The pointer should be placed in the left part of the scale, at approximately 10%
of the scale length from the left. Left click and drag right to increase the sweep start
value or left to reduce the value.

Sweep start setting on the stimulus scale

The start value of the sweep range can be set using softkeys (See Sweep Range).

Page 269



Sweep Stop Setting

Move the mouse pointer over the stimulus scale until it becomes as shown in the
figure. The pointer should be placed in the right part of the scale, at approximately
10% of the scale length from the right. Left click and drag right to increase the sweep
stop value or left to reduce the value.

Sweep stop setting on the stimulus scale

The stop value of the sweep range can be set using softkeys (See Sweep Range).
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Sweep Center Setting

Move the mouse pointer over the stimulus scale until it becomes as shown in the
figure. The pointer should be placed in the center part of the scale. Left click and drag
right to increase the sweep center value or left to reduce the value.

GO0M F0O0M S00M 900M <A

Sweep center setting on the stimulus scale

The center value of the sweep range can be set using softkeys (See Sweep Range).
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Sweep Span Setting

Move the mouse pointer over the stimulus scale until it becomes as shown in the
figure. The pointer should be placed in the center part of the scale, at approximately
20% of the scale length from the right Left click and drag to the right to increase the
sweep span value, or to the left to reduce the value.

Sweep span setting on the stimulus scale

The span value of the sweep range can be set using softkeys (See Sweep Range).
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Switching Between Start/Center and Stop/Span Modes

To switch between the modes, Start/Center and Stop/Span, click on the respective
field of the channel status bar. Clicking the label «Start» changes it to «Center», and
the label «Stop» will change to «Span».

‘I‘Eﬂ 300 kHz  Stop 3.2 GHe
eV

Switching between Start/Center and Stop/Span modes in channel status bar

The layout of the stimulus scale will be changed correspondingly. Switching between
modes is possible using softkeys (See Sweep Range).
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Start/Center Value Setting

To enter the Start/Center values, activate the respective field in the channel status bar
by clicking the numerical value.

Start 300 kHz

Setting the Start/Center value in the channel status bar

The Start/Center values can be set using softkeys (See Sweep Range).
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Stop/Span Value Setting

To enter the Stop/Span values, activate the respective field in the channel status bar

by clicking the numerical value.
Stop 3.2EH2|

Setting the Stop/Span value in the channel status bar

The Stop/Span values can be set using softkeys (See Sweep Range).
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Number of Points Setting

To enter the number of points, activate the respective field in the channel status bar

by clicking the numerical value.
EEI

Setting the number of points value in the channel status bar

The number of points can be set using softkeys (See Number of Points).
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Sweep Type Setting

To set the sweep type, left click on the respective field in the channel status bar and
select the required type in the drop-down menu.

Setting the sweet type value in the channel status bar

The sweep type can be selected using softkeys (See Sweep Type).

Page 277



IF Bandwidth Setting

IF bandwidth can be set by selection in the drop-down menu, or by entering the value
using numerical keys of the keyboard.

To activate the drop-down menu, right click on the IF bandwidth field in the channel
status bar.

30 kHz
20 kHz F00 Hz 20 Hz
15 kHz 500 Hz 15 Hz
% 300 Hz 10 Hz
7 kHz 200 Hz 7 Hz
5 kHz 150 Hz 5 Hz
® 3 kHz 100 Hz 3 Hz
2 kHz 70Hz 2 Hz
1.5 kHz S0 Hz 1.5Hz
[

3kHz [ dEri 1opto

IF Bandwidth Setting in drop-down menu

To enter the IF bandwidth, activate the respective field in the channel status bar by left
clicking.

I

3HZ

Setting the IF Bandwidth in the channel status bar

IF bandwidth can be set using softkeys (See IF Bandwidth Setting).

Page 278



Power Level/lCW Frequency Setting

To enter the Power Level/CW Frequency, activate the respective field in the channel
status bar by clicking the numerical value. The parameter displayed in the field
depends on the current sweep type: in frequency sweep mode, the power level value
can be entered; in power sweep mode, the CW frequency value can be entered.

Setting the Power Level/CW Frequency in the channel status bar

The Power Level and CW Frequency can be set using softkeys (See Stimulus Power
and CW Frequency).
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Marker Stimulus Value Setting

The marker stimulus value can be set by either a click and drag operation, or by
entering the value using numerical keys of the keyboard.

To drag the marker, first move the mouse pointer on one of the marker indicators until
it becomes as shown in the figures below:

Setting the marker value using drag and drop

To enter the numerical value of the stimulus, activate its field by clicking it in the
marker data line.

Trace/Channel Stimulus Response Display
521 Log Mag 1.500 de/ »0.000 dB

SEIEECREE 04953 dB

6.000
Setting the marker value in the marker data line

The marker stimulus value can be set using softkeys (See Marker Stimulus Value
Setting).
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Calibration and Calibration Kits

Measurement accuracy is affected by errors introduced by the Analyzer and
measurement setup. The nature of these errors is varied — some are systematically
repeated, and some are random. Calibration is a process used to evaluate
systematically repeated errors and mathematically exclude them from the
measurement results in the correction process.

Be sure to properly calibrate if accurate measurements are
required. Only a properly calibrated instrument provides the
accuracy specified in the data sheet.

The section describes information about calibration, calibration kits and automatic
calibration module (ACM):

¢ General information about calibration (See General Information).

e Working with calibration standards and calibration kits (See Calibration
Standards and Calibration Kits).

e Calibration method and procedures (See Calibration Methods and Procedures).

e Power calibration with an external power meter, to maintain an accurate power
level at the DUT input (See Power Calibration).

e Calibration of receivers for accurate power measurements (See Receiver
Calibration).

e Mixer Calibration:

1. Scalar Mixer Calibration, requires no additional mixer. The mixer
measurement is performed in frequency offset mode. This method allows
for measurement of reflection parameters in vector form and transmission
parameters in scalar form.

2. Vector Mixer Calibration is performed using an additional mixer. This
method allows for measurement of reflection and transmission parameters
in vector form, including phase and group delay time of the transmission
coefficient.

e Working with the automatic calibration module (ACM), which allows for
simplification and speeding up of the analyzer calibration process (See
Automatic Calibration Module).
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General Information

This section details general information about calibration:

e Guidelines for calibration (See Basic Calibration Guidelines).

¢ Description of measurement errors (See Measurement Errors).

e Error models (See Error Model).

e Calibration steps (See Calibration Steps).

Page 282



Basic Calibration Guidelines

Follow the guidelines below to perform calibration correctly and reduce accidental
errors. Observance of the guidelines will ensure the specified accuracy of the device.

General Guidelines

e Select all fixtures for connecting the DUT and assemble the measuring setup
before starting the calibration. Perform calibration in the plane passing through
the connectors to which the DUT is connected.

e Calibrate the measuring setup at the same stimulus parameters (frequency
range, number of points, stimulus power) at which measurements will be
performed. Changing these parameters after calibration may significantly reduce
the accuracy of the measurements.

e During calibration, do not set the IF bandwidth wider than planned for
measurements.

e Choose a calibration kit according to the type and gender of the DUT
connectors.

¢ The frequency range of the selected calibration kit must correspond to the range
in which the calibration is performed.

e When choosing a calibration kit, note that for SOLT calibrations the most
accuracy will be provided by the calibration kit, in which the parameters of the
standards are most accurately defined. For TRL calibrations, the accuracy of the
calibration is mainly determined by the quality of the standards manufacturing.

e The calibration kit selected in the Analyzer software must strictly correspond to
the one actually used. The mismatch is unacceptable.

e For easy measurements, it is possible to create custom calibration kits from the
available standards or specially manufactured calibration kits to solve specific
measuring tasks. To include a standard in a calibration kit, calculate or measure
its parameters using a high precision measuring tool. Create a description in the
form of a model of standard or S-parameter table of standard and download this
description to the analyzer software.

e The choice of calibration method depends on the measurement being
performed, its accuracy requirements, the permissible calibration labor intensity,
and the availability of calibration kits.

e For the SOLT calibrations, it is recommended to use ACM (Automatic
Calibration Module) to reduce:

e the labor intensity of the calibration without loss of accuracy
e wear of connectors

e operator errors
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e If an additional component (cable, attenuator, adapter) is added to the
measurement setup after calibration, recalibrate. Instead of recalibration, it is
possible to use the de-embedding function or the port extension function to
compensate for the added electrical length (delay) and losses.

Recommendations for Reducing Random Measurement Errors

e To reduce errors introduced by the instrument noise of the Analyzer, it is
recommended to increase the source power of the stimulus signal, narrow the IF
bandwidth, and apply averaging over several measurement sweep values.

¢ To reduce errors in the temperature drift of the electrical characteristics of the
Analyzer and the components of the measuring setup, it is recommended:

e To perform measurements in a room with a stable, controlled temperature,
at which the technical characteristics of the analyzer are guaranteed.

e To recalibrate if the room temperature has changed significantly after
calibration.

e To warm-up the analyzer for a time determined in the specification before
starting the calibration.

e To keep the calibration standards unpacked in the room where the
measurements are taken to stabilize the parameters, before starting the
calibration.

¢ To reduce the connector repeatability errors, it is recommended:

e To apply proper connector care — connectors must be good and clean (See
Connector Care).

e To use a special wrench with a standardized tightening torque, when
connecting the DUT and calibration standards to measurement connectors.

e To not change the position of the components of the measuring setup in
space during or after calibration.

e To recalibrate if setup components have been rearranged.
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Measurement Errors

S-parameter measurements are influenced by various measurement errors, which
can be broken down into two categories:

¢ systematic errors

e random errors

Random errors comprise errors such as noise fluctuations and thermal drift in
electronic components, changes in the mechanical dimensions of cables and
connectors subject to temperature drift, repeatability of connections, and cable
bends. Random errors are unpredictable and hence cannot be estimated and
eliminated in calibration. Random errors can be reduced by having the stimulus
power at the correct setting, IF bandwidth narrowing, sweep averaging, maintaining a
constant environment temperature, observance of the Analyzer warm-up time, careful
connector handling, and avoiding cable bending after calibration.

Random errors and related methods of correction are not mentioned further in this
section.

Systematic errors are errors caused by imperfections in the components of the
measurement system (See Systematic Errors). Such errors occur repeatedly, and
their characteristics do not change with time. Systematic errors can be determined
and then reduced by performing a mathematical correction of the measurement
results.

Calibration is the process of measuring precision devices with predefined
parameters to determine systematic errors, and such precision devices are called
calibration standards. The most used calibration standards are SHORT, OPEN,
and LOAD.

The process of mathematical compensation of the systematic errors is called error
correction.
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Systematic Errors

The systematic measurement errors of the Analyzer are divided into the following
categories according to their source:

e directivity

¢ source match

e load match

e reflection tracking

e transmission tracking

e isolation

The measurement results before error correction are called uncorrected.

The residual values of the systematic measurement errors after error correction are
called effective.

Directivity Error

A directivity error (Ed) is caused by incomplete separation of the incident signal from
the reflected signal by the directional coupler in the source port. In this case, part of
the incident signal energy enters the receiver of the reflected signal. Directivity errors
do not depend on the characteristics of the DUT, and usually have a greater effect on
reflection measurements.

o | Port1
Incident signal
Source - | Matched

Oscillator %H H% Load

@

Incident

Leakage
. E—

Directivity error
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Source Match Error

A source match error (Es) is caused by a mismatch between the source port and the
input of the DUT. In this case, part of the signal reflected by the DUT reflects at the
source port and re-enters the input of the DUT. The error affects both reflection
measurement and transmission measurement. Source match errors depend on the
difference between the input impedance of the DUT and test port impedance when it
functions as a signal source.

Source match errors heavily affect measurements of a DUT with poor input matching.

1
Incident signal ;Porﬂ
Source P Short
Oscillator T =T gi“__"
% ! Source
Incident 1 March
i Ermror
1
Reflected :
-
(») :
]

Source match error
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Load Match Error

A load match error (El) is caused by a mismatch between the receiver port and the
output of the DUT. In this case, part of the signal transmitted through the DUT reflects
at the receiver port and returns to the output of the DUT. The error occurs during
transmission measurements and reflection measurements (for a two-port DUT). Load
match errors depend on the difference between output impedance of the DUT and

test port impedance when used as a signal receiver.

In transmission measurements, the load match error has considerable influence if the
output of the DUT is poorly matched. In reflection measurements, the load match error
has considerable influence in cases of poor output match and low attenuation

between the output and input of the DUT.

_ _ | Port1
Incident signal -
Source P
Oscillator % =T I % ! J
1
Incident Load |
March
Error
o) i
1
1
1
1
(R2) L
1
= 3
:PﬂrtE
1

Load match error
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Reflection Tracking Error

A reflection tracking error (Er) is caused by differences in frequency response
between the test receiver and the reference receiver of the source port during
reflection measurement.

Iincident signal

1
' Port1

Source = | Matched
Oscillator % I = 7%"— Load
1
incident :
=
1
Refiected !
- :
|
1
Amplitude Frequence
Channel R1 Responce
’/ Responce Tracking Ermor

Channel A Response
-
Frequency

Reflection tracking error
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Transmission Tracking Error

A transmission tracking error (Et) is caused by differences in frequency response
between the test receiver of the receiver port and the reference receiver of the source
port during transmission measurement.

incident signal Port1

1
1
1
Source ;
Oscillator % pog . J
1
1
incident :
:
1
|
@ : Thru
1
1
1
1
(=) L
|
_.‘ i
(® +
: Port2
Amplitude
N Channel R1 Fﬁrggﬂ]‘gg
) Responce Tracking Error
\ Channel B Response
.-
Frequency

Transmission tracking error
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Isolation Error

Isolation error (Ex) is caused by a leakage of the signal from the source port to the
receiver port bypassing the DUT.

The Analyzer has very good isolation, which allows us to ignore this error for most
measurements. lIsolation error measurement is an optional step in all types of
calibration.

1
Incident signal : Port

Source | Matched
Oscillator % Tt : Load
1
Incident :
=
]
1
® '
1
1
1
1
(r2) '
1
1
Leakage !
— .
E Port2

Isolation error
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Error Model

The error model in the form of signal (directed) graphs is used to analyze systematic
errors of the Analyzer.

This section describes following error models:

e One-Port Error Model
e Two-Port Error Model
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One-Port Error Model

Only one port of the Analyzer is used when performing reflection measurements. The
signal flow graph of errors for Port 1 is represented in the figure below. For Port 2,
the signal flow graph of the errors will be similar.

E. ]
1—-o e
Ed1  Esi v | | s11a
Er1 :
S11m e - o
b DUT
Port 1

a — incident wave, b — reflected wave
S11a — reflection coefficient actual value
S11m — reflection coefficient measured value
One-port error model

The measurement result at Port 1 is affected by the following three systematic error
terms:

e Ed1 is directivity.
e Es1 is source match.

e Er1 is reflection tracking.

For normalization, the stimulus value is taken equal to 1. All the values used in the
model are complex.

After determining all the three error terms — Ed1, Es1, Erl — for each
measurement frequency by means of a full one-port calibration, it is possible to
calculate (mathematically eliminate the errors from the measured value S11m) the
actual value of the reflection coefficient S11a.

There are simplified methods, which eliminate the effects of only one or two of the
three systematic errors.

For a detailed description of calibration methods, see Calibration Methods and
Procedures.
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Two-Port Error Model

There are two signal flow graphs considered for two-port measurements. One of the
graphs describes the case where Port 1 is the stimulus source, the other graph
describes the case where Port 2 is the stimulus source.

The signal flow graphs of error effects in a two-port system are represented in the
figure below.

Ex21
=
al . b2 Et21
1— @ —r -  — o S21M
i S521a :
' S11a :
Ed1l Es1 : <o I El21
stim ¢ &1 | . |y Si%a o
b1 - , 82
Port 1 DUT Port 2
al : :bE S22m
L > L 4 - 1
. S21a - Er2
ER1 | Stla . |Es2 | Ed2
Et12 : S12a !
S12m ;
*——u 4 - . o u—1
“b1- a2
=}
Fx12

al,a2 —incident waves, b1, b2 — reflected waves
S11a, S21a, S12a, S22a — actual value of DUT parameters
S11m, S21m, S12m, S22m — measured DUT parameters values
Two-port error model

For normalization the stimulus value is taken equal to 1. All the values used in the
model are complex. The measurement result in a two-port system is affected by
twelve systematic error terms.
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These terms are also described in the table below.

Description Stimulus Source
Port 1 Port 2

Directivity Ed1 Ed2
Source match Es1 Es2
Reflection tracking Er Er2
Transmission tracking Et1 Et2
Load match EN El2
Isolation Ex1 Ex2

After determining all twelve error terms for each measurement frequency by means of
a two-port calibration, it is possible to calculate the actual value of the S-
parameters: S11a, S21a, S12a, S22a.

There are simplified methods, which eliminate the effect of only one or several of the
twelve systematic error terms.

When using a two-port calibration, all four measurements
S11m, S21m, S12m, S22m need to be known to
determine any S-parameters. That is why updating one or
all S-parameters necessitates two sweeps: first with Port 1
as a signal source, and then with Port 2 as a signal source.

For a detailed description of calibration methods, see Calibration Methods and
Procedures.
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Analyzer Test Port Definition

The test ports of the Analyzer are defined by means of calibration. The test port is a
connector accepting a calibration standard in the process of calibration.

A type-N, 3.5 mm NMD, 2.4 mm NMD or 1.85 mm NMD connector on the front panel
of the Analyzer will be the test port if calibration standards are connected directly to it.

Sometimes it is necessary to connect coaxial cables and/or adapters to the
connector(s) on the front panel to interface with a DUT of a different connector type. In
such cases, calibration standards are connected to the connector of the cable or
adapter.

The figure below represents two cases of test port definition for 2-port
measurements. The use of cables and/or adapters does not affect the measurement
results if they are integrated into the process of calibration.

afle! -

Port 2
K m
% s
/Adaptei
(D Lé | [FOL
Port 1 Port 2

Test port defining
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The term calibration plane is used in some cases. The calibration plane is an
imaginary plane located at the ends of the connectors, which accept calibration
standards during calibration.

Calibration Planes

Calibration planes
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Calibration Steps

The process of calibration comprises the following steps:

e Selection of a calibration kit matching the connector type of the test port (See
Calibration Standards and Calibration Kits). The calibration kit includes such
standards as SHORT, OPEN, and LOAD with matched impedance. Magnitude
and phase responses i.e. S-parameters of the standards are well known. The
characteristics of the standards are represented in the form of an equivalent
circuit model, as described in Calibration Standards Model.

e Selection of a calibration method (See Calibration Methods and Procedures) is
based on the required accuracy of measurements. The calibration method
determines which error terms of the model (or all of them) will be compensated.

e Measurement of the standards within a specified frequency range. The number
of measurements depends on the type of calibration.

e The Analyzer compares the measured parameters of the standards against their
predefined values. The difference is used for calculation of the calibration
coefficients (systematic errors).

e The table of calibration coefficients is saved into the memory of the Analyzer and
used for error correction of the measured results of any DUT.

Calibration is always made for a specific channel, as it depends on the channel
stimulus settings — particularly on the frequency span. This means that a table of
calibration coefficients is being stored for each individual channel.
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Calibration Standards and Calibration Kits

Calibration standard

Calibration standards are precision physical devices that serve as a calibration
standard for the Analyzer.

Calibration standards have their own specific type, specific gender, specific
impedance, standard definition. Calibration standard belongs to one or several
classes.

Calibration standard definition is a mathematical description of its parameters (See
Calibration Standard Definition). During calibration, the Analyzer measures
standards and mathematically compares the results to the definitions of those
standards. The comparison results are used to determine errors in the measurement
system.

Calibration standard class is an application of the standard in a specific calibration
method associated with a specific test port number. For example, "LOAD of Port 1"
in full two-port calibration. For a detail of calibration standard classes see Classes of
Calibration Standards.

Calibration standards can be combined into a calibration kit.
Calibration Kit

A calibration kit is a set of calibration standards with a specific connector type and
specific impedance.

The Analyzer provides definitions of calibration kits produced by different
manufacturers. The definitions of the calibration kits can be added, and the
predefined kits can be modified. Calibration kits editing procedure is described in
Calibration Kit Management.
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Types of Calibration Standards

Calibration standard type is a category of physical devices used to define the
parameters of the standard. The Analyzer supports the following types of the
calibration standards:

e OPEN

e SHORT

e FIXED LOAD

e SLIDING LOAD

e THRU/LINE

e UNKNOWN TRHU

e standard defined by data (S-parameters)
The type of a calibration standard should not be confused
with its class. Calibration standard type is a part of the

standard definition used for the calculation of its
parameters.
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Gender of Calibration Standard

Gender of a calibration standard is typically denoted on the calibration standard
label. The label and the gender of calibration standard respectively, are not
accounted by the software and are used for information only. Nevertheless, it is
recommended to follow some rules for calibration standard gender designation. A
calibration standard can be labeled either with:

e The gender of a calibration standard itself, as —M- for male and —F— for female
type of standard.

e The gender of the analyzer port, which the calibration standard is mated to, as
(m) for male and (f) for female port types.

For example, same standard can be labeled as Short —F— or Short (m).

The Analyzer software uses the first type of designation: the gender of a calibration
standard itself denoted as —M- for male and —F- for female type of standards.

Female Male

Gender of Calibration Standard
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Calibration Kit Management

This section describes how to edit the calibration kit description, to add and delete a
calibration kit.

The Analyzer provides a table for 64 calibration kits. The first part of the table
contains the predefined kits. The second part of the table is for calibration kit added
by the user.

A calibration kit redefining can be required for the following purposes:

e To change the port assignment of a standard to ensure connector type (male,
female) matching.

e To add a user-defined standard into the kit, e.g. a non-zero-length thru.

¢ To precise the standard parameters to improve the calibration accuracy.

A new user-defined calibration kit adding can be performed when a required kit is not
included in the list of the predefined kits.

The deleting function is available for user-defined calibration kits only.
The restore function is available for predefined calibration kits only.

Any changes made to the calibration kits are automatically saved into the nonvolatile
memory of the Analyzer. Clicking the Save button is not required in order to save.

Changes to a predefined calibration kit can be canceled at
any time and the initial state will be restored.
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Calibration Kit Selection

The calibration kit employed during a calibration should be selected according to the
following procedure. Ifitis not specified in the list of the predefined calibration kits, it
should be added. The procedure of adding and editing of the calibration kits is
described in Calibration Kit Management.

Label IDescription I Select I Predefined | Modified #5TDs ;I
2 |850326/E Type-M 500 6GHz Cal Kit (Agilent) Ves Mo & _I
3 |85032F Type-M 500 9GHz Cal Kit (Agilent) Ves Mo &
4 | 35054B Type-M 505 18GHz Cal Kit with Sliding Load {Agilent) Ves Mo g
5 |85054D Type-M 5050 18GHz Cal Kit (Agilent) Ves Mo &
6 |0SCK10A-150 Type-M 500 18GHz Cal kit (Rosenberger) Ves Mo &
7 Type-M 5022 18GHz Cal Kit (Maury Microwawve) v Ves Mo [}
g |88s0c Type-M 5052 18GHz Cal Kit with Sliding Load {Maury Mic Ves Mo g
9 |850330/E 3.5 mm 6GHz/9GHz Cal Kit (Agilent) Ves Mo &
10 | 350526 3.5 mm 26.5GHz Cal Kit with Sliding Load (Agilent) Ves Mo 10 LI

List of calibration kits

To open the list of the calibration kits (See figure above), use
Calibration the following softkeys:

Calibration > Cal Kit

Cal Kit
88500 |
.l Kit Highlight the required line in the list of the calibration kits and
saE0g | use the following softkey:
Select
4 Select
Or click on the checkbox in the row "Select" using the mouse.

Make sure that the selected calibration kit is check
marked.
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Operations on Table of Calibration Kits

The table of calibration kits (See figure below) allows for selecting and editing of the
calibration kits.

Label Description | Select | Predefined | Modified #5TDs ;I
2 Type-M 505 6iaHz Cal kit (Agilent) es Mo &} _|
3 |E8503zF Twpe-h 502 9GHz Cal kit (Agilent) e Mo a
4 |85054B Type-M 505 15GHz Cal Kit with Sliding Load  {agilent) es Mo 3
5 |850540 Type-M 500 15GHz Cal Kik (Agilent) es Mo i
6 |0SCK10A-150 | Twpe-M 500 18GHz Cal Kit (Rosenberger) e ] &
7 |33s00 Type-M 500 15GHz Cal Kit (Maury Microwave) ' es Mo [
& |&8es0c Twpe-h 502 18GHz Cal Kit with Sliding Load (Maury Mic e Tl &
9 |350330/E 3.5 mm BGHz9GEHz Cal Kik (agilent) es Mo &
10 | 350526 3.5 mm 26.5GHz Cal Kik with Sliding Load (agilent) es Mo 10 ;l

Table of calibration kits

To open the list of the calibration kits (See figure below), use
Calibration the following softkeys:

Calibration > Cal Kit

Cal Kit |
BES00)

SENS:CORR:COLL:CKIT Sets or reads out the number of the
selected calibration kit in the table of
calibration kits

SENS:CORR:COLL:CKIT:-DESC Sets or reads out the calibration kit
description string.

To edit a calibration kit, highlight its line in the table.

Calibration kit editing is comprised of two main procedures:

¢ Defining of the calibration standard (See Calibration Standard Definition).

e Assignment of classes to calibration standards (See Classes of Calibration
Standards).

First, define the calibration standards, and then assign classes to them. Calibration
standard definition and assignment of classes is performed in different tables.

The label of a calibration kit and its description can be edited in the table of the
calibration kits (See above figure). The label appears on the calibration menu
softkeys. The description is just to provide information for the user.
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The table also contains display-only fields: flags of predefined and modified
calibration kits and the counter of the calibration standards in a kit.

Calibration Kit Selection for Editing

Move the highlighting to the required line in the calibration kit (See figure above) table
using “1” and “|” arrows and click on the «Enter» softkey.

The checkmark in the “Select” field does not matter for the
kit selection for editing, it selects the calibration kit for
calibration.

Calibration Kit Label and Description Editing

Move the highlighting to the required line in the calibration kit (See figure above) table
using "<" n"—" arrows and click on the «Enter» softkey. Then, enter the new text in
the table.

To activate the on-screen keyboard, click the On-Screen
Keyboard softkey.

keyvboard

‘ On-5creen |

SENS:CORR:COLL:CKIT:LAB Sets or reads out the calibration kit label.

Predefined Calibration Kit Restoration

Move the highlighting to the required line in the calibration kit (See above figure).

To cancel the user changes of a predefined calibration kit, use
the following softkeys:

Restore Cal Kit

‘ Restore Cal kit |

SENS:CORR:COLL:CKIT:RES Resets the calibration kit to the factory
settings.
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A predefined calibration kit can be restored but cannot be
erased.

User-Defined Calibration Kit Deletion

Move the highlighting to the required line in the calibration kit (See above figure).

To delete a user-defined calibration kit from the table, use the
following softkey:

Erase Cal Kit

‘ Erase Cal Kit

A user-defined calibration kit cannot be restored but can be
erased.

Saving Calibration Kit to File

Saving a calibration kit to file is necessary for copying it to a different line of the table
or to a different Analyzer.

This command is not necessary to save changes made by the user to the definitions
of the kit, as these changes are saved automatically.

Move the highlighting to the required line in the calibration kit (See above figure).

To save a calibration kit to file, click the following softkey:

Save to File...

‘ Save To File. .. |

MMEM:STOR:CKIT Saves the definition file for the calibration kit.
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Loading Calibration Kit from File
Calibration kit files that were created by the previous command can be loaded.

Move the highlighting to the required line in the calibration kit (See above figure).

To load a calibration kit form file, click the following softkey:

Load from File...

Load From File. .. |

MMEM:LOAD:CKIT Recalls the definition file for the calibration kit.
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Calibration Standard Definition

The definitions of the calibration standards included in one calibration kit are listed in
the table as shown below.

Standard Frequency Offset
Mo Type | Label Min M Dielay Z0 Loss
P Cpen Cpen -M- OHz 999 5Hz 37026 ps S0 T00Mfs
- 2 Open Open -F- OHz 999 gHz 19,42 ps Ee] F00M)s
- 3 Short Shark -M- OHz 099 5Hz 42,063 ps S0 00 MO s
- 4 Short short -F- OHz 999 gHz 24.512ps Ee] F00M)s
L |5 Load Broadband 0Hz 299 53Hz 0s 500 s
L | & ThrufDelay Thru 0Hz 299 53Hz 0s 500 F00M)s
TN
Terminal co-10-8F C1-10 T FfHz | c2-1098FHz? | 3 1045 FiHz3
Impedance La-10-12 4 L1102 HiHz | L2 1033 HiH=? | Le- 10792 HjHzd
09,14 3536 62,23 ]
103 1] 110 10.2
] 1] ] o
] 1] ] o
0
D

Calibration standard definition table for the standards defined by the model

The Analyzer provides two methods of defining a calibration standard:

e Calibration standard model

e Table of S-parameters

The calibration standards defined by S-parameters are called Data-Based
standards. For the Data-Based standards editing, see Data-Based Calibration
Standards.

Each calibration standard is characterized by lower and upper values of the
operating frequency. In the process of calibration, the measurements of the
calibration standards outside the specified frequency range are ignored.

cal Kit To open the table of calibration standard definitions, use the
88500 following softkeys:

Calibration > Cal Kit > Define STDs
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‘ Define STDs | |

Standard Adding to Calibration Kit

To add a calibration standard to the table of calibration
standard definition (See figure above), use the following

‘ Add STD |
softkey:

Calibration > Cal Kit > Define STDs > Add STD

SENS:CORR:COLL:CKIT:STAN:INS Inserts the calibration standard into the
selected calibration Kit.

Standard Deleting from Calibration Kit

To delete a calibration standard from the table of calibration
standard definition (See figure above), use the following

‘ Delete STD | |
softkey:

Calibration > Cal Kit > Define STDs > Delete STD

SENS:CORR:COLL:CKIT:STAN:REM Deletes the calibration standard into the
selected calibration kit.

Calibration Standard Editing

Moving in the table of calibration standard definitions (See above figure) using
navigation keys. Enter the parameter values for a calibration kit by using the
navigation keys in the table of calibration standard definitions:

N The calibration standard number is specified
in the calibration kit data sheet (just for
information).

Type Select the standard type:

e Open
e Short
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e Load

e Thru/Line

e Unknown Thru
e Sliding Load

e Data-Based

Label Standard labels specified on the calibration
menu softkeys.

F min Minimum operating frequency of the coaxial
standard.

Lower cutoff frequency of the waveguide
standard.

F max Maximum operating frequency of the coaxial
standard.

Upper cutoff frequency of the waveguide
standard.

Delay Offset delay value in one direction (s). Can
be switched to physical length (m). The
parameter is used only for the calibration
standard model.

20 Offset characteristic impedance value (Q).
For waveguide must be setto 1 Q.

Loss Offset loss value (Q/s). The parameter is
used only for the definition of the standard
with the help of the calibration standard
model.

Media Coaxial or Waveguide

HW Waveguide height to width ratio.

Terminal Impedance

Lumped load impedance value (Q). The
parameter is used only for the definition of
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the standard with the help of the calibration
standard model.

C010-15F

For an OPEN standard, CO coefficient in the
polynomial formula of the fringe capacitance:

C=C0+Cl-f+C2-f*+C3-f3

C110-27 F/Hz

For an OPEN standard, C1 coefficient in the
polynomial formula of the fringe capacitance.

C2 10-36 F/Hz?

For an OPEN standard, C2 coefficient in the
polynomial formula of the fringe capacitance.

C2 10-45 F/Hz®

For an OPEN standard, C3 coefficient in the
polynomial formula of the fringe capacitance.

LO10-12H

For a SHORT standard, LO coefficient in the
polynomial formula of the residual
inductance:

L=LO+L1-f+L2-f>+1L3-f3

L1 10-24 H/Hz

For a SHORT standard, L1 coefficient in the
polynomial formula of the residual
inductance.

L2 10-33 H/Hz?

For a SHORT standard, L2 coefficient in the
polynomial formula of the residual
inductance.

L2 10-42 H/Hz3

For a SHORT standard, L3 coefficient in the
polynomial formula of the residual
inductance.

SENS:CORR:COLL:CKIT:STAN:TYPE  Sets or reads out the type of

calibration standard.

SENS:CORR:COLL:CKIT:STAN:LAB Sets or reads out the label for the

calibration standard.
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SENS:CORR:COLL:CKIT:STAN:FMIN

Sets or reads out the minimum
frequency limit of the calibration
standard.

SENS:CORR:COLL:CKIT:STAN:FMAX

Sets or reads out the maximum
frequency limit of the calibration
standard.

SENS:CORR:COLL:CKIT:STAN:DEL

Sets or reads out the offset delay value
for the calibration standard.

SENS:CORR:COLL:CKIT:STAN:Z0

Sets or reads out the offset Z0 value
for the calibration standard.

SENS:CORR:COLL:CKIT:STAN:LOSS

Sets or reads out the offset loss value
for the calibration standard.

SENS:CORR:COLL:CKIT:STAN:ARB

Sets or reads out the value of the
arbitrary impedance for the load
standard.

SENS:CORR:COLL:CKIT:STAN:CO

Sets or reads out the CO value for the
open calibration standard.

SENS:CORR:COLL:CKIT:STAN:C1

Sets or reads out the C1 value for the
open calibration standard.

SENS:CORR:COLL:CKIT:STAN:C2

Sets or reads out the C2 value for the
open calibration standard.

SENS:CORR:COLL:CKIT:STAN:C3

Sets or reads out the C3 value for the
open calibration standard.

SENS:CORR:COLL:CKIT:STAN:LO

Sets or reads out the LO value for the
short calibration standard.

SENS:CORR:COLL:CKIT:STAN:L1

Sets or reads out the L1 value for the
short calibration standard.

SENS:CORR:COLL:CKIT:STAN:L2

Sets or reads out the L2 value for the
short calibration standard.
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SENS:CORR:COLL:CKIT:STAN:L3 Sets or reads out the L3 value for the
short calibration standard.

Calibration Standard Copy/Paste Function

To save a calibration standard into clipboard, highlight the
required line in the calibration standard definition table, and
click the following softkey:

Copy STD

Copy All 5TDs Copy STD or Copy All STDs

To paste the standard(s) from the clipboard, click the following

Paste softkey:

Paste

Offset Delay Measurement Units Switching

Offeet Unit To switch the offset delay measurement units in the calibration
| Seconds standard definition table (See figure above), click the following
softkey:
— Offset Unit > Seconds | Meters
Meters
Offset Permittivity To enter the offset permittivity, click the following softkey:
1.000643

Offset Permittivity

The offset permittivity is used only for the delay to length
conversion. Default value equals the permittivity of air.
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Management of Sequence in Standard Table

To change the sequence in the table, use the following

>TD Up softkeys:

STD Up or STD Down
STD Dowen
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Calibration Standard Model

A model of a calibration standard presented as an equivalent circuit is used for
determining S-parameters of the standard. The model is employed for standards of
OPEN, SHORT, FIXED LOAD, THRU/LINE types.

A one-port model is used for the standards OPEN, SHORT and FIXED LOAD (See
Full One-Port Calibration). This is shown in the figure below.

Calbration
plane

|

|

| Offset (transmission ine) Lumped parameters:

|

: Z0 - impedance OPEN - conductance C

T - propagation delay SHORT - inductance L

+_ Rigss - l0ss LOAD - impedance R
1

|

One-port standard model

The two-port model is used for the standard THRU/LINE (See figure below).

Cahbration Cahbration
plane plane
: |
: |
l Offset {transmission ine) —;
: |
! Z0 - impedance :
| T - propagation delay
R loss - IU‘SS I
: |
: |
! 1

Two-port standard model

The description of the numeric parameters of an equivalent circuit model of a
calibration standard is shown in the table below.
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Parameters of the calibration standard equivalent circuit model

Parameter (as in the
software)

20

(Offset Z0)

T

(Offset Delay)

Parameter Definition

The characteristic impedance of the transmission line
[Q], serving as the offset.

For the coaxial line specified real value of characteristic
impedance, usually equal to 50 Q or 75 Q.

For waveguide calibration, the special value of 1 Q is
used.

The offset delay. It is defined as one-way signal
propagation time in the transmission line [seconds]. The
delay can be measured or mathematically determined
by dividing the exact physical length by the propagation
velocity in the line.

For waveguide, delay is conventionally taken to be equal
to the delay of a coaxial line of the same length. The
actual signal delay in waveguide is frequency dependent
and is calculated in the software.

Instead delay, one can specify the length of the offset
[meters]. The software calculates the delay according to
the formula for a coaxial air line:

Ve

c,

T

where [ — line length [m], ¢ — light speed in free space
299792458 [m/s], <&r— relative permittivity of air
1.000649.

The length can be specified instead of the delay
provided offset of the calibration standard is a coaxial
airine or a waveguide. If the calibration standard
manufacturer provides a delay data, it is better to
specify delay.

Note: When the Multiline TRL calibration is used it is
recommended to always specify the length of TRL lines
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Parameter (as in the
software)

Rloss

(Offset Loss)

Rload

(Load Impedance)

Cc

(CO, C1,C2, C3)

Parameter Definition

independently of line type, dielectric, presence of
propagation speed dispersion. The Multiline TRL uses
for calculations physical length of lines.

The offset loss in one-way propagation due to the skin
effect [Q/sec].

The loss in a coaxial transmission line is determined by
measuring the delay T [sec] and loss L [dB] at 1 GHz
frequency. The measured values are used in the
following formula:

Rl /s] — HeBIZ0M]
nlQ/s)  43429[dB]T[s]

The loss in waveguide is typically set to O due to its very
small influence. However, the software supports a
waveguide loss model. If the calibration standard
manufacturer provides loss data, it is recommended to
specify it.

Load impedance of fixed load calibration standard [Q].

For the coaxial calibration standard specified real value
of characteristic impedance, usually equal to 50 Q or 75
Q.

For waveguide calibration, the special value of 1 Q is
used.

The fringe capacitance of an OPEN standard, which
causes a phase offset of the reflection coefficient at high
frequencies. The fringe capacitance model is described
as a function of frequency, which is a polynomial of the
third degree:

C=CO0+Cl-f+C2-f2+C3-f> where

f — frequency [H],

CO0...C3 — polynomial coefficients.
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Parameter (as in the

software)

L

(LO, L1, L2, L3)

Media
Width to
Ratio
(HW)
Minimum
Maximum
Frequency

(Fmin, Fmax)

Height

and

Parameter Definition

Units: CO[F], C1[F/Hz], C2[F/HZ3], C3[F/HZ.

The residual inductance of a SHORT standard, which
causes a phase offset of the reflection coefficient at high
frequencies. The residual inductance model is
described as a function of frequency, which is a
polynomial of the third degree:

L=L0O+L1-f+L2:-f*+L3-f° where

f — frequency [H],

LO...L3 — polynomial coefficients.

Units: LO[H], L1[H/HZ], L2[H/HZ?, L3[HHZ).

The offset media. Allows to choose from:

e coaxial

e waveguide

The waveguide width to height ratio. Used in the
waveguide loss model when the loss value is not zero.

The minimum and maximum standard operating
frequency in the coaxial. Used for a calibration using
several calibration standards, each of which does not
cover entire frequency range.

The cut off frequency and the doubled cut off frequency
of the waveguide. The cutoff frequency of the waveguide
is achieved at a wavelength in the waveguide equal to
twice its width. Take care not to confuse this with the
minimum and maximum operating frequency of the
waveguide, which are usually given by the manufacturer
with a margin relative to the cut off frequency.
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Data-Based Calibration Standards

The calibration standards defined by data are set using the table of S-parameters.
Each line of the table contains frequency and S-parameters of the calibration
standard. For one-port standards the table contains the value of only one parameter
— S11, and for two-port standards the table contains the values of all the four
parameters — S11, S21, S12, S22.

The table of S-parameters can be filled in manually or downloaded from a file of
Touchstone format. Files with *.S1P extension are used for one-port standards, and
files with *.S2P extension are used for two-port standards.

The table of calibration standard S-parameters (See figure below) allows viewing
and editing of S-parameters of the calibration standards of the “Data-Based” type.

Freguerc MLogi511) | argisil) | MLog{S521) | Argis2l) P
1 -67.5270094 dB £3,4023585 * 000394846762 dE 0,291495525 ° I
z 8,2997 MHz -81,9534185 dB -119,014476 ¢ 0,00351271 586 dE 0,322307311 °
3 16,2994 MHz -75.5257260 dB -128.601485 © 0.00322754052 dB 0,320729452 °
4 24,2991 MHz -T6.6945937 dB -126,226624 © 0,00335760657 dB 0,321443452
5 32,2988 MHz 753564463 dB -123,320055 © 0,00336596915 dB 0,322652352 °
& 40,2985 MHz -73,9037576 dB -116,924522 ¢ 000352190559 dE 0,325734959 °
7 48,2952 MHz 72.3276906 dB -114,247605 ° 0.00416253402 dB 0,327340639
5 56,2979 MHz -70,5755554 dB -109,415739 ¢ 0.00457673931 dB 0,322968325 °
g 64,2976 MHz -59,1166427 dB -105,957991 © 0,004521583965 dB 0.316578686 ° _|;I
1| 3

Table of calibration standard S-parameters

To open the table of calibration standard S-parameters, move
User Kit #1 the required line in the table (See above figure), and click the
following softkeys:

Zal kit

‘ Define STD Data Define STD Data

SENS:CORR:COLL:CKIT:STAN:DATA  Writes or reads out the data array of
the data-based calibration standard.

The Define STD Data softkey is disabled if the type of the
standard is other than “Data-Based”.

There are two different tables for one-port standards and for two-port standards. The
table contains one parameter (S11) for one-port standards, and four parameters
(811, 821, S12, S22) for two-port standards. Before the user fills in the table, its type
will be defined: by the Touchstone format (S1P or S2P) if the data is downloaded
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from a file, or the user will be requested to specify the type if the data is entered by
the user.

The data in the table can be represented in three formats according to the user
settings:

e Real part and Imaginary part.

¢ Linear magnitude and Phase (°).

¢ Logarithmic magnitude (dB) and Phase (°).

The following rule is applied for the calibration of a two-port standard: the standard is
considered connected by Port 1 (S11) to the port with smallest number and by Port 2
(S22) to the port with the biggest number. If a two-port standard needs to be
reversed, use the Port Reverse function (See Port Reversing).

Adding Lines to Table

To add a line to the table of the calibration standard S-
L rhu #1 parameters (See above figure), use the following softkeys:

Define 5TD Data

Add Row

‘ Add Fow

Deleting Lines from Table

To delete a line from the table of the calibration standard S-
L Thu#1 parameters (See above figure), use the following softkey:

Define 5TD Data

Delete Row

‘ Delete Row |

Table Clearing

To clear the entire table of the calibration standard S-
L Theu parameters (See above figure), use the following softkey:

Define STD Daka

Clear Data

‘ Clear Data | |
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Table Format Selection

To select the format of the table of the calibration standard S-
MLog/Angle parameters (See above figure), use the following softkey:

Daka Formak

Format > Real/lmag | Magn/Angle | MLog/Angle

Real/Imag

Magn/&ngle

& MLoglangle

Port Reversing

Define 5TO Data To enable/disable reversing of the ports of a two-port
Thru #1 standard, use the following softkey:

Reverse Ports

‘ .l' Reverse Ports

Loading Data from File

R To load the data from Touchstone file, use the following
Thru #1 SOﬂkey:

Load Data from Touchstone file...

Load Data From
Touchstone File.

In the pop-up dialog select the file type (S1P or S2P) and
specify the file name.
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Scope of Calibration Standard Definition

Different methods of calibration apply either full or partial definitions of the calibration
standards.

The full two-port calibration, full one-port calibration, one-path two-port calibration,
and normalization use fully defined calibration standards, i.e. the standards with
known S-parameters. The S-parameters of OPEN, SHORT, LOAD, and THRU/LINE
must be defined by the model or by data.

The UNKNOWN THRU and SLIDING LOAD standards are
exceptional in the above calibrations. The S-parameters of
these standards are defined in the process of calibration.
UNKNOWN THRU is used only in full two-port calibration.

TRL calibration and its modifications (TRM, LRL, LRM) apply partial definition of the
standards:

e TRL THRU standards must have the required value of Z0 (S11=522=0) and
known length (delay).

e TRL LINE/MATCH standard must have the same value of Z0 as the first
standard.

e TRL REFLECT standard must have the phase known as accurately as +90°.
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Classes of Calibration Standards

Along with defining a calibration standard by a calibration model or data, the
standard should also be assigned a specific class. One calibration standard may
belong to several classes. The class assignment is performed for each particular
calibration kit.

Class assignment to a calibration standard is required for specifying such properties
as the calibration method, the role of a standard in the calibration, and the number of
the port(s). The Analyzer supports the following classes of the calibration standards
(See table below).

Calibration Methods Class Label Port
Full Two-Port Calibration OPEN 1
Full One-Port Calibration 2
One-Path Two-Port Calibration SHORT 1
Transmission Normalization 2
Reflection Normalization LOAD 1
2
THRU 1-2
TRL Calibration TRL THRU 1-2
LRL Calibration 1
TRL REFLECT
TRM Calibration 2
LRM Calibration TRL LINE/MATCH 1-2

For example, if the class "OPEN of Port 1" is assigned to the OPEN -F- calibration
standard, it will indicate that this standard is used for calibrating the first port using
the following calibration methods: full two-port, full one-port, one-path two-port, and
normalization.
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The class assignment changes the labels of the calibration
standards on the calibration softkeys.

The assignment of classes to the standards of the selected calibration kit is made in
the table of standard classes (See figure below).

Class Part Subelass 1 Subclass 2 | Subclass 3 | =
1
Open
2 4, Open -M-
1 5. shork -M-
Short
2 5. Shark -M-
Load 1 1. Lovedband 2. Sliding Load 3. Broadband
04
z 1. Lowdband 2. Sliding Load 3. Broadband
Thru 1-2 11. Thru
TRL Thru 1-2
1
TRL Refleck 2
TRL LinejMatch 1-2
| []

Table of calibration standard classes

Standard labels populate the table cells by selecting them from the list of calibration
kit standards.

Each row of the table corresponds to the standard class specified in the two left
columns of the table.

If a single standard is assigned to the class, then it filled into the "Subclass 1" column.
If several standards are assigned to the class then "Subclass 2", “Subclass 3”, etc.
columns are filled in.

When assigning two or more subclasses to one class of
calibration standards the calibration menu changes: the
standard measurement softkey is replaced by the softkey,
which opens the subclass menu containing the list of all the
standards of this class.

Using one subclass is appropriate in cases when it is known which standard and of
which polarity, male or female, is assigned to each port, or when the mathematical
models of male and female standards are the same. Using of one subclass simplifies
the calibration menu structure.
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Using more than one subclass allows to:

e Postpone the selection of standards of the same class available in the
calibration kit to the calibration stage. It is possible to select between male and
female standards, FLUSH THRU and UNKNOWN THRU.

e Perform the band split calibration as described in Bandsplit Calibration Using
Subclasses.

To open the table of calibration standard classes, use the
following softkeys:

Calibration > Cal Kit > Specify CLSs

‘ Specify CLSs |

Standard Class Table Editing

Moving in the table of calibration standard classes (See above figure) using
navigation keys, click «Enter» in the required cell for the pop-up menu. Select the
standard label in the pop-up menu to assign it the class and port number specified in
the left part of the table.

SENS:CORR:COLL:CKIT:ORD:SEL The subclass used to specify classes
of calibration standards by the
commands:

SENS:CORR:COLL:CKIT:ORD:LOAD Sets or reads out the number of the
calibration standard of the LOAD type
used for the measurement of the
specified port.

SENS:CORR:COLL:CKIT:ORD:OPEN Sets or reads out the number of the
calibration standard of the OPEN type
used for the measurement of the
specified port.

SENS:CORR:COLL:CKIT:ORD:SHOR Sets or reads out the number of the
calibration standard of the SHORT
type used for the measurement of the
specified port.

SENS:CORR:COLL:CKIT:ORD:THRU Sets or reads out the number of the
calibration standard of the THRU type
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used for the measurement between
the specified ports.

SENS:CORR:COLL:CKIT:ORD:TRLL Sets or reads out the number of the
calibration standard of the TRL LINE
type used for the measurement
between the specified ports.

SENS:CORR:COLL:CKIT:ORD:TRLT Sets or reads out the number of the
calibration standard of the TRL THRU
type used for the measurement
between the specified ports.

SENS:CORR:COLL:CKIT:ORD:TRLR Sets or reads out the number of the
calibration standard of the TRL
REFLECT type used for the
measurement of the specified port.

Deleting Standards from the Standard Class Table

Moving in the table of calibration standard classes (See above figure) using
navigation keys, click «Enter» in the required cell for the pop-up menu. Select the line
None in the pop-up menu to delete the standard contained in the cell.

To delete all the standards in the table of calibration standard
850548 classes, use the following softkey:

‘ | Specify Classes

Clear All CLSs

‘ Clear All CLSs |
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Strict Class Assignment Function

This function allows for limitation of the one standard type(s) available in each class
by the feature of strict correspondence (See table below). If this function is disabled,
any class can be assigned to the standard.

N Standard Class Standard Type

Open
1 OPEN
Data-Based (One Port)

Short

2 SHORT
Data-Based (One Port)
Load

3 LOAD Sliding Load
Data-Based (One Port)
Thru/Line

4 THRU
Data-Based (Two Port)
Thru/Line

5 TRL THRU
Data-Based (Two Port)
Open

6 TRL REFLECT Short

Data-Based (One Port)
Load

7 TRL LINE/MATCH
Thru/Line
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To disable/enable the function of strict class correspondence
850546 function, use the following softkey:

Specify Classes

Strict Assign

4 Strick Assign
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Group Assignment of Port Number Function

This function allows for automatic assignment of one standard to all the ports of a
specific class when assigned to at least one port.

To enable/disable the function of group assignment of port
S5054E number, use the following softkey:

| Specify Classes

Assign Same STDs to All Ports

Assign Same
STDs To All Porks
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Subclasses of Calibration Standards

Subclasses are used to assign one class to several calibration standards. The
procedure of subclass assignment is mainly employed for calibration within a wide
frequency range by several calibration standards, each of which does not cover the
full frequency range. Each class of standards can contain up to 8 subclasses. The
procedure of subclass assignment to the calibration standards is described in
Classes of Calibration Standards.

For example, suppose the LOAD standard is defined as from 0 to 2 GHz, and the
sliding LOAD standard is defined as from 1.5 to 12 GHz. To perform calibration
within the full frequency range, the fixed LOAD should be assigned the subclass 1,
and the sliding LOAD should be assigned the subclass 2 of the “load" class.

If the standards have an overlapping frequency range (as in the example above, from
1.5 to 2 GHz), the last measured standard will be used.

Subclass assignment changes the labels of the calibration
softkeys. The measurement softkey is replaced by the key,
which opens the subclass menu containing the keys for
measuring several calibration standards.
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Calibration Methods and Procedures

The Analyzer supports several methods of one-port and two-port calibration. The
calibration methods vary by quantity and type of the standards being used, by type of
error correction, and accuracy. The table below presents an overview of calibration

methods.

Calibration Parameters Standards Errors Accuracy
Method
Reflection S11 e SHORT or Er,Ed1? Low
Normalization OPEN
or or
e LOAD
S22 (if optional Er2, Ed2l
directivity is
performed)
Transmission = S21 e THRU Et1, Ex12 Low
Normalization
or e 2 LOADs or
(if  optional
S12 isolation Et2. Ex22
calibration is ’
performed)
Full One-Port S11 e SHORT Er1, Ed1, High
Calibration Es1
or e OPEN
or
S22 « LOAD
Er2, Ed2,
Es1
One-Path S11, S21 e SHORT Ert, Ed1, Medium
Two-Port Es1, Et1,
Calibration or « OPEN Ex12
S12,S522 e LOAD or
Er2, Ed2,
* THRU Es2, Et2,
Ex22
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Calibration Parameters Standards Errors Accuracy
Method

e 2 LOADs
(if  optional
isolation
calibration is
performed)
Full Two-Port S11,S21 e SHORT Er1, Ed1, High
Calibration Es1, Et1,
S12,S22 e OPEN El1, Ex12
Er2, Ed2,
* LOAD Es2, EL
El2, Ex22
e THRU
e 2 LOADs
(if  optional
isolation
calibration is
performed)
Two-Port TRL = S11, S21 e THRUoOrLINE Er1, Ed1, VeryHigh
Calibration Es1, Et1, EN1
S12, 522 e REFLECT
Er2, Ed2,
e LNE or 2 Es2, Et2, EI2
LOADs

1. If optional directivity calibration is performed.

2. If optional isolation calibration is performed.
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Reflection Normalization

Reflection normalization is the simplest calibration method used for reflection
coefficient measurements (S11 or S22). Measurement of one standard (SHORT or
OPEN) is enough to perform this type of calibration (See figure below). This method
is called normalization because the measured S-parameter at each frequency point
is divided (normalized) by the corresponding S-parameter of the calibration standard.
Reflection normalization corrects the reflection tracking error (Er) only. This
constrains the accuracy of the method.

Reflection normalization can also be referred to as
response open or response short calibration
depending on the standard being used: OPEN or SHORT.

An optional LOAD standard measurement can be performed to correct the directivity
error (Ed). The optional directivity calibration increases the accuracy of the reflection
normalization.

L]

© B

Port 1
88 | Open or Short
uigs |

B8 ) Load {optional)

Reflection normalization

Before starting calibration perform, select an active channel, set the parameters of
the channel (frequency range, IF bandwidth, etc), and select the calibration kit.

To open reflection normalization submenu, use the following
softkeys:

Calibration > Calibrate > Response (Open) | Response
(Short)

Seleck Pork Select the test port to be calibrated using Select Port. Switch
1(511) between the test ports (measured parameters) using this
softkey.

SENS:CORR:COLL:METH:OPEN Selects the port and sets the response
calibration (Open) type for the calculation
of the calibration coefficients on
completion of the calibration executed by
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the SENS:CORR:COLL:SAVE
command.

SENS:CORR:COLL:METH:SHOR Selects the port and sets the response

calibration (Short) type for the calculation
of the calibration coefficients on
completion of the calibration executed by
the SENS:CORR:COLL:SAVE
command.

Open
Open -M-

Connect an OPEN or a SHORT standard to the test port as
shown in above figure. Perform measurement using the Open
or Short softkey respectively.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

Load (Optional)
Broadband

To perform the optional directivity calibration, connect a LOAD
standard to the test port as shown in the above figure and
perform measurement using Load (Optional) softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:OPEN Measures the calibration data of the open

standard for the specified port.

SENS:CORR:COLL:SHOR Measures the calibration data of the short

standard for the specified port.

SENS:CORR:COLL:LOAD Measures the calibration data of the load

standard for the specified port.

‘ Apply ‘

To complete the calibration procedure, click Apply.

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:COLL:SAVE Calculates the calibration coefficients from the

calibration standards measurements depending
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on the selected calibration type.

To clear the measurement results of the standards, click
Cancel || Cancel.

This softkey does not cancel the current calibration. To disable
the current calibration turn off the error correction function (See
Error Correction Disabling).

SENS:CORR:COLL:CLE Clears the measurement data of the calibration
standards.

The calibration status can be checked in channel status bar
(See General error correction status table) or in trace
status field (See Trace error correction status table).
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Transmission Normalization

Transmission normalization is the simplest calibration method used for transmission
coefficient measurements (S21 or S12). Measurement of one THRU standard is
enough to perform this type of calibration (See figure below). This method is called
normalization because the measured S-parameter at each frequency point is divided
(normalized) by the corresponding S-parameter of the calibration standard.
Transmission normalization corrects the transmission tracking error (Et) only. This
constrains the accuracy of the method.

Transmission normalization can also be referred to as
response thru calibration.

An optional isolation calibration can be performed by measurement of two LOAD
standards connected to both test ports of the analyzer. In this case, the isolation error
(Ex) is additionally corrected in the transmission normalization.

For isolation calibration, set a narrow IF bandwidth and
firmly attach the cables.

nig

ajie! -

Port 1 Port 2

L]

©®
Loads i
Port1 (Optional) Port2

il ) (e
Transmission normalization

Before starting calibration perform, select an active channel, set the parameters of
the channel (frequency range, IF bandwidth, etc), and select the calibration kit.
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Response (Thru)

To open transmission normalization submenu, use the
following softkeys:

Calibration > Calibrate > Response (Thru)

Select Parts
2-1 (521}

Select the direction of the calibration using the Select Ports
softkey. The label on the softkey indicates the following:
receiver port — source port (measured parameter).

SENS:CORR:COLL:METH:THRU Selects the ports and sets the response

calibration (Thru) type for the calculation of
the calibration coefficients on completion of
the calibration executed by the
SENS:CORR:COLL:SAVE command.

Thru
Thru

Connect a THRU standard between the test ports. If the port
connectors allow through connection connect them directly
(zero electrical length thru). Perform measurement using the
Thru softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:THRU Measures the calibration data of the thru standard

between the receiver port <rcvport> and the
source port <srcport>.

Isaolation
(Optional)

To perform the optional isolation calibration, connect two
LOAD standards to the test ports as shown in the above figure
and enable measurement using the lIsolation (Optional)
softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:ISOL Measures the isolation calibration data between

the receiver port <rcvport> and the source port
<srcport>.
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‘ ‘ To complete the calibration procedure, click Apply softkey.
Apply

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:COLL:SAVE Calculates the calibration coefficients from the
calibration standards measurements depending on
the selected calibration type.

To clear the measurement results of the standard, click
Canicel Cancel softkey.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function
(See Error Correction Disabling).

SENS:CORR:COLL:CLE Clears the measurement data of the calibration
standards.

The calibration status can be checked in channel status bar
(See General error correction status table) or in trace
status field (See Trace error correction status table).
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Full One-Port Calibration

Full one-port calibration (SOL) is used for reflection coefficient measurements (S11
or S22). The three calibration standards (SHORT, OPEN, LOAD) are measured
(See figure below) in the process of this calibration. Measurement of the three
standards allows for acquisition of all the three error terms (Ed, Es, and Er) of a one-
port model. Full one-port calibration is a highly accurate method for one-port
reflection measurements.

Port 1 -] Open

ol 88 ) Short

8 | load

Full one-port calibration

Before starting calibration perform, select an active channel, set the parameters of
the channel (frequency range, IF bandwidth, etc), and select the calibration kit.

To open full one-port calibration submenu, use the following
softkeys:

Full 1-Port Cal

Calibration > Calibrate > Full 1-Port Cal

1(511) between the test ports (measured parameters) using this

‘ Select Port | Select the test port to be calibrated using Select Port. Switch
softkey.

SENS:CORR:COLL:METH:SOLT1 Selects the port and sets the full one-port
(SOL) calibration type for the calculation
of the calibration coefficients on
completion of the calibration executed by
the SENS:CORR:COLL:SAVE
command.

Open Connect SHORT, OPEN, and LOAD standards to the
Open -F- selected test port in any consequence as shown in the above
figure. Perform measurements clicking the softkey Open,
Short, Load corresponding to the connected standard.

Short
Short -F- The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
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Load completion of the measurement, a check mark will appear in
Broadband the left part of the softkey.

SENS:CORR:COLL:OPEN Measures the calibration data of the open
standard for the specified port.

SENS:CORR:COLL:SHOR Measures the calibration data of the short
standard for the specified port.

SENS:CORR:COLL:LOAD Measures the calibration data of the load
standard for the specified port.

‘ ‘ To complete the calibration procedure, click Apply softkey.
Apply

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:COLL:SAVE Calculates the calibration coefficients from
the calibration standards measurements
depending on the selected calibration type.

To clear the measurement results of the standard, click
Canicel Cancel softkey.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function
(See Error Correction Disabling).

SENS:CORR:COLL:CLE Clears the measurement data of the
calibration standards.

The calibration status can be checked in channel status bar
(See General error correction status table) or in trace
status field (See Trace error correction status table).
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One-Path Two-Port Calibration

A one-path two-port calibration combines full one-port calibration with transmission
normalization. This method allows for a more accurate estimation of transmission
tracking error (Et) than using transmission normalization.

One-path two-port calibration involves connection of the three standards to the source
port of the Analyzer (as for one-port calibration) and a THRU standard connection
between the calibrated source port and the other receiver port (See figure below).

One-path two-port calibration allows for correction of Ed, Es, and Er error terms of
the source port and a transmission tracking error term (Et). This method does not
derive source match error term (El) of a two-port error model.

An optional isolation calibration can be performed by measurement of two LOAD
standards connected to both test ports of the Analyzer. In this case, the isolation error
(Ex) is additionally corrected in the one-path two-port calibration.

For isolation calibration, set a narrow IF bandwidth and
firmly attach the cables.

One-path two-port calibration is used for measurements of the parameters of a non-
reciprocal DUT such as amplifiers in one direction, e.g. S11 and S21.
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Port 1 - 8] Open
aill 88 ) Short
8 | lLoad
bi ™
Port 1 Port 2
=

L OF

Loads
Port1 (Optional) Port2

agii0 [Briee

One-path two-port calibration

Before starting calibration perform, select an active channel, set the parameters of
the channel (frequency range, IF bandwidth, etc), and select the calibration kit.

To open one-path two-port calibration submenu, use the
following softkeys:

Calibration > Calibrate > One Path 2-Port Cal

Select Ports Select the direction of the calibration using the Select Ports
2-1(521 511) softkey. The label on the softkey indicates the following:

source port —> receiver port (measured parameters).
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SENS:CORR:COLL:METH:ERES Selects the ports and sets the one path

two-port calibration type for the
calculation of the calibration coefficients
on completion of the calibration executed
by the SENS:CORR:COLL:SAVE
command.

Open
Open -F-

Shart
Shart -F-

Load
Broadband

Connect SHORT, OPEN and LOAD standards to the source
port in any consequence, as shown in the above figure.
Perform measurements clicking the softkey Perform
measurements clicking the softkey Open, Short, Load
corresponding to the connected standard.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:OPEN  Measures the calibration data of the open

standard for the specified port.

SENS:CORR:COLL:SHOR Measures the calibration data of the short

standard for the specified port.

SENS:CORR:COLL:LOAD Measures the calibration data of the load standard

for the specified port.

Thru
Thru

Connect a THRU standard between the test ports. If the port
connectors allow through connection connect them directly
(zero electrical length thru). Perform measurement using the
Thru softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:THRU Measures the calibration data of the thru standard

between the receiver port <rcvport> and the
source port <srcport>.

Isaolation
(Optional)

To perform the optional isolation calibration, connect two
LOAD standards to the test ports as shown in the above figure
and enable measurement using the Isolation (Optional)
softkey.
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The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:ISOL Measures the isolation calibration data between

the receiver port <rcvport> and the source port
<srcport>.

‘ Apply ‘

To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:COLL:SAVE Calculates the calibration coefficients from the

calibration standards measurements depending
on the selected calibration type.

‘ Cance| ‘

To clear the measurement results of the standard, click
Cancel softkey.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function
(See Error Correction Disabling).

SENS:CORR:COLL:CLE Clears the measurement data of the calibration

standards.

The calibration status can be checked in channel status bar
(See General error correction status table) or in trace
status field (See Trace error correction status table).
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Full Two-Port Calibration

A full two-port calibration (SOLT) involves seven connections of standards. This
calibration combines two one-port calibrations for each test port with measurement of
a THRU standard in both directions (See figure below). An optional isolation
calibration can be performed by measurement of two LOAD standards connected to
both test ports of the Analyzer.

For isolation calibration, set a narrow IF bandwidth and
firmly attach the cables.

Full two-port calibration allows for correction of all the twelve error terms of a two-port
error model: Ed1, Ed2, Es1, Es2, Er1, Er2, Et1, Et2, EI1, EI2, Ex1, Ex2 (correction
of Ex1, Ex2 can be omitted).

Full two-port calibration is a highly accurate method of calibration for two-port DUT
measurements.

Port 1. 8l Open (1}

willl 8 ) Shoi (81 B
B0 load 1N Port 2

Port 1 Port 2

@
Loads !
Port1 (Optional) Port?2

agei0 BEniee

Full two-port calibration
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Before starting calibration perform, select an active channel, set the parameters of
the channel (frequency range, IF bandwidth, etc), and select the calibration kit.

POt SOLT Cal To open full two-port calibration submenu, use the following
85032F softkeys:

Calibration > Calibrate > 2-Port SOLT Cal

SENS:CORR:COLL:METH:SOLT2 Selects the ports and sets the full two—
port calibration type for the calculation of
the calibration coefficients on completion
of the calibration executed by the
SENS:CORR:COLL:SAVE command.

Connect SHORT, OPEN, and LOAD standards to the 1 and 2
PortiOpen || norts in any consequence, as shown in the above figure.
Perform measurements clicking the softkey Port n Open,
Port n Short, Port n Load corresponding to the connected
T — standard.
The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
Portl Load . . .
Eroadband completion of the measurement, a check mark will appear in
the left part of the softkey.
Port2 Open |
Port2 Short |
PortZ Load
Broadband

SENS:CORR:COLL:OPEN Measures the calibration data of the open
standard for the specified port.

SENS:CORR:COLL:SHOR  Measures the calibration data of the short
standard for the specified port.

SENS:CORR:COLL:LOAD Measures the calibration data of the load standard
for the specified port.
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‘ Port1-2 Thru ‘

Connect a THRU standard between the test ports. If the port
connectors allow through connection connect them directly
(zero electrical length thru). Perform measurement using the
Port 1-2 Thru softkeys.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:THRU Measures the calibration data of the thru standard

Paort1-2 Isol
(Optional)

between the receiver port <rcvport> and the
source port <srcport>.

To perform the optional isolation calibration, connect two
LOAD standards to the test ports as shown in the above figure
and enable measurement using the Port 1-2 Isol (Optional)
softkeys.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:ISOL Measures the isolation calibration data between

‘ Apply ‘

the receiver port <rcvport> and the source port
<srcport>.

To complete the calibration procedure, click Apply.

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:COLL:SAVE Calculates the calibration coefficients from the

‘ Cancel ‘

calibration standards measurements depending
on the selected calibration type.

To clear the measurement results of the standard, click
Cancel.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function
(See Error Correction Disabling).
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SENS:CORR:COLL:CLE Clears the measurement data of the calibration
standards.

The calibration status can be checked in channel status bar
(See General error correction status table) or in trace
status field (See Trace error correction status table).
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Sliding Load Calibration

In SOLT calibrations, it is possible to employ a Sliding Load calibration standard
instead of a fixed one. The use of the SLIDING LOAD standard allows for significant
increase in calibration accuracy at high frequencies compared to the FIXED LOAD
standard.

The Sliding Load calibration involves a series of measurements in different positions
of the sliding element to compensate for reflection from the dissipation component.

Port 1 Shding Load

iy IHE I—H

Sliding Load Calibration

To activate the Sliding Load calibration algorithm, the selected calibration kit should
contain a calibration standard of SLIDING LOAD type, and it should be assigned to
the "Load" class of the corresponding port. Calibration standard editing and class
assignment are further described in detail in Calibration Standard Definition.

If a calibration kit contains a SLIDING LOAD, the menu selection for the load will lead
to a submenu for selection of the various sliding load positions.

The Sliding Load calibration involves a series of measurements in different positions
of the sliding element. The minimum number of measurements is 5, the maximum
number of measurements is 8.

In the main menu of one-port or two-port calibration, the Load
Min 5 Positions softkey will open the Sliding Load menu (if the above-
mentioned condition is met).

Port 1 Sliding Load

Connect the SLIDING LOAD to a selected test ports and
perform a series of measurements in different positions of the
sliding element clicking the Position 1, Position 2
Position 8 softkeys.

‘ Position 1 ‘

‘ Position & ‘
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The Sliding Load calibration is not suitable for low
frequencies. To eliminate this limitation, use a FIXED
LOAD standard in the lower part of the frequency range.
For combined calibration with SLIDING and FIXED
LOADS, use the procedure of standard subclasses
assigning (See Sliding Load Calibration Example Using
Subclasses).
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Non-Insertable Device Measuring

The two-port SOLT calibration procedure includes direct connection of test port
cables with each other. Such connection is called Zero length THRU or Flush THRU
and means that THRU has zero electrical length. However, it is not always possible to
connect test port cables directly to each other. According to this criterion, DUTs are
divided into insertable and non-insertable devices:

¢ Aninsertable device is one whose connectors could match together. They have
the same type of connector and opposite or no gender. Test port cables can be
matched together (See figures below), therefore a two-port SOLT calibration can
be performed for such a measurement setup.

O)
B

Port 1 Port 2

(T4 ot JEd
mim

Insertable Device

¢ A non-insertable device is one whose connectors could not match together. This
also means that the test port cables would not match each other. In the simplest
case, a non-insertable device has connectors of the same type, for example,
N50, and of the same gender (See figures below).

@
B

Port 1 Port 2

T4 our i
[ Exd ]

Non-insertable Device (connectors of the same type)
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In practice, there are often more complex cases of non-insertable device
measurements — devices having ports of different types and/or having different
characteristic impedances, for example, N50 — 3.5, N50 — N75, N50 — Waveguide
(See figures below).

O)
B

Port 1 Port 2

CEd[ ot T
[ Ex3 |

Non-insertable Device (connectors of different types)

The following calibration methods are used for a non-insertable device:

e DEFINED THRU
e UNKNOWN THRU calibration
¢ UNKNOWN THRU Addition function

¢ Adapter Removal/lnsertion

Defined Thru

This method uses physical (not null) DEFINED THRU in two-port SOLT calibration
(See Full Two-Port Calibration). Parameters of the DEFINED THRU must be defined
in the calibration kit. If the definition of DEFINED THRU is not included in the
calibration kit, it must be added manually using one of two methods: parameters of
calibration standard model or S-parameters. For a detailed description, see
Calibration Standard Definition.

Unknown Thru calibration

This method uses physical (not null) UNKNOWN THRU in two-port calibration. Such
calibration is called SOLR (Short-Open-Load-Reciprocal).

Any two-port network satisfying the reciprocal condition (S12 = S21) can be used as
UNKNOWN THRU. Most passive, linear microwave networks will turn out to be
reciprocal. Combined transmission loss of UNKNOWN THRU and calibration setup
should not exceed 40 dB. The UNKNOWN THRU can be a wide class of two-port
network, including DUT, if it meets the specified conditions.
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The only parameter of UNKNOWN THRU, which should be known in advance is
approximate electrical delay. In most cases, there is no need to enter its value
manually, since the Analyzer has the function of automatic detection of the
UNKNOWN THRU electrical delay. For a detailed description, see Unknown Thru
Requirements.

This method is applicable when both test ports can be calibrated using the same
calibration kit. For example, test ports of the same type, and of the same gender. For
a detailed description, see Unknown Thru Calibration. For this purpose, the software
includes an UNKNOWN THRU standard in the description of each predefined
calibration kit.

Unknown Thru Addition function

The main difference between this method and Unknown Thru calibration is that the
calibration is carried out in two steps. A one-port calibration of each port must be
performed in advance using a mechanical calibration kit (See Full One-Port
Calibration) or ACM. Then the Unknown Thru Addition function measures UNKNOWN
THRU and completes the two-port calibration. Since it is possible to select an
individual calibration kit for each one-port calibration, the test ports can be of different
types, up to a combination of coaxial and waveguide types. For a detailed
description, see Unknown Thru Addition.

Adapter Removall/lnsertion function

Adapter Removal function used to remove any adapter characteristics from the
calibration plane.

Adapter Insertion function used to insert any adapter characteristics to the calibration
plane.

The initial calibration plane is established by two-port SOLT calibration with Zero-
length THRU. Then both functions use an additional measurement of the three
standards (Short-Open-Load) to mathematically remove or insert the adapter.

Requirements for the adapter in the Adapter Removal/Insertion function are the same
as for UNKNOWN THRU. For a typical adapter transition between different types of
connectors, these requirements are easily met. For a detailed description, see
Adapter Removal/lnsertion.

Accuracy of Methods

e Unknown Thru calibration (SOLR) is potentially most accurate method and is
preferable method for non-insertable device measurement.

e Unknown Thru addition accuracy is comparable to SOLR.
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e The Adapter Removal/lnsertion method is less accurate than Unknown Thru
methods as it requires more standard connections (10 connections compared to
7 connections in SOLR).

e Defined Thru is usually more accurate than Adapter Removal, but not as
accurate as Unknown Thru method.
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Unknown Thru Requirements

An arbitrary two-port device with unknown parameters can be used as an
UNKNOWN THRU in 2-port SOLR (Short-Open-Load-Reciprocal) calibration. An
UNKNOWN THRU should satisfy next requirements:

e The UNKNOWN THRU must be Reciprocal (S21 = S12), which holds for most
passive linear network.

e The combined transmission loss of the UNKNOWN THRU and calibration path is
not recommended to exceed 40 dB.

e The approximate electrical delay of the UNKNOWN THRU should be specified
manually or set to zero in order the analyzer to detect it automatically.

Requirements for automatic detection of electrical delay

It is usually not necessary to enter the electrical delay manually because the analyzer
can automatically detect the electrical delay of the UNKNOWN THRU during the
calibration procedure. In this case, the UNKNOWN THRU value should be set to zero.

For the Analyzer to correctly automatically detect the UNKNOWN THRU delay, the
following condition must be met:

Span 1
< )
N-1 2-1,

where Span — frequency span of calibration,
N — number of points,
To — delay of a UNKNOWN THRU,

In other words, the number of points must be enough to correctly auto-detect the
electrical delay of the UNKNOWN THRU:

N>2- -1, -Span+1

Example. An example of calculating the number of points enough for the correct
automatic determination of UNKNOWN THRU delay by the Analyzer.

Let the UNKNOWN THRU is a coaxial cable having approximate length
lo  100mm_ The approximate delay of the cable will be To ~ 477Ds,
providing the velocity factor of the cable equals 1/Ve = 0.7,

Let us the Spanis 8 GHz.

For the analyzer to correctly automatically detect the UNKNOWN THRU delay,
the number of points must be:

N>2-477-10712.8-10° + 1;N > 0.
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Manual set of Unknown Thru delay

It is possible to manually enter either the delay or physical length of the UNKNOWN
THRU. The accuracy of the UNKNOWN THRU length must be known within of 1/2 of
the wavelength in the Thru media at the maximum calibration frequency. Accordingly,
the accuracy of the UNKNOWN THRU delay must be known within of

1
2 - Fstop,

where Fstop — stop frequency of calibration.

When length specified the value of the Thru media permittivity must be also specified.

If the Thru media type is waveguide, the cutoff frequency must be specified.
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Unknown Thru Calibration

The availability of the Unknown Thru calibration depends on
the Analyzer model (See corresponding datasheet).

Unknown Thru Calibration or SOLR (Short-Open-Load-Reciprocal) is analogous to
SOLT calibration, where UNKNOWN THRU is used instead of DEFINED THRU (See

figures below).

For this purpose, the software includes an UNKNOWN THRU standard in the
description of each predefined calibration kit. This method is used when connecting
DUT with connectors of the same type, and of the same gender, when one calibration
kit can be used to calibrate both ports.

© B

¥

Full Two-Port Calibration

Port1 g Open - POIt2

[ § ) shotC B J |
d | load [k

First Stage of SOLR Calibration

© B

Full Two-Port Calibration

Port 1 Port 2

[ Ed ] Il

|| \ Unknown Thru

Second Stage of SOLR Calibration
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By default, in all predefined calibration kits, the UNKNOWN THRU delay value is set
to zero. In this case UNKNOWN THRU delay value is detected by the Analyzer
automatically. In some cases, it is required to enter the UNKNOWN THRU value
manually (See Unknown Thru Requirements). To do this, use the Calibration Kits

Editor.

Iif different types of connectors are used to connect the
DUT, then a single calibration kit cannot be used for two-
port SOLT calibration. In this case, it is necessary to create
a description of the user calibration kit, composed of
standards suitable for both ports. It is more convenient to
use the Unknown Thru Addition. method instead.

The SOLR calibration procedure is similar to the SOLT calibration procedure,
described in the section Full Two-Port Calibration.
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Unknown Thru Addition

Unknown Thru Addition method is used to convert the one-port calibrations to the full
two-port calibration. Unknown Thru Addition method is used mainly in DUT
connecting with connectors of various types. In this case, one predefined calibration
kit cannot be used for calibration of both ports, as in the Unknown Thru calibration
method.

The difference between this method and Unknown Thru calibration is that the
calibration is performed in two steps:

e One-port calibration of each port must be performed in advance using a
mechanical calibration kit (See Full One-Port Calibration) or ACM. Since a
suitable calibration kit can be selected for each one-port calibration, the test
ports can be of different types, up to a combination of coaxial type and
waveguide type ports.

© B
Full One-Port i
Calibration
Port1 4] Open —» Port 2
| £ &) shot Y |
¥ ) 1oad | »
Calibration Kit 1 Calibration Kit 2

One-port calibrations before the Thru Addition method

e The Unknown Thru Addition function measures UNKNOWN THRU and
completes the two-port calibration.
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Unknown Thru Addition method

To add an UNKNOWN THRU, proceed as follows:

¢ First, select in the software the calibration kit used for the port to be calibrated.
Perform full one-port calibration for each port. For more details about this
procedure, see Full One-port Calibration.

¢ Go to the Unknown Thru Addition submenu. Set the delay (length) of UNKNOWN
THRU or leave it at zero value for automatic detection. If using length instead of
delay, also enter permittivity. If using waveguide THRU, also set the Cutoff
Frequency.

e Connect the ports directly using an appropriate UNKNOWN THRU and perform
the measurements. Eventually, the full two-port calibration coefficients will be
computed.

The Unknown Thru Addition function is not accessible if the
one-port calibration is interpolated or extrapolated. The
status of the one-port calibration must be [Cor], not [C?] or
[C1.

Uk To open the Unknown Thru Addition submenu, use the
mknown Thru '
Addition following softkeys:

Calibration > Calibrate > Unknown Thru Addition

Thru Delay Enter the THRU delay or length or set 0 for AUTO, using Thru
ALTO Delay softkey.

SENS:CORR:COLL:THRU Sets or reads out the approximate delay value of an
ADD:DEL unknown thru in the thru addition function.
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SENS:CORR:COLL:THRU Sets or reads out the approximate value of the
:ADD:LENG mechanical length of an unknown thru in the thru
addition function.

Select the THRU media: Coax or Waveguide, using Thru
Media softkey.

Thru Media
Coax

SENS:CORR:COLL:THR Specifies the media of the thru in the thru addition
U:ADD:MED function.

‘ Delay Unit

| Select the desired measurement units for Delay (Length):
Seconds

Seconds or Meters, using Delay Unit softkey.

SENS:CORR:COLL:THRU: Selects the display units of the thru delay (length) in
ADD:UNIT the thru addition function.

When the measurement units Meters are selected, enter the

Permittivity value, using Permittivity softkey.

Permittivity
1.000649

SENS:CORR:COLL:THRU Sets or reads out the value of the permittivity of the
‘ADD:PERM thru media in the thru addition function.

When the adapter media Waveguide is selected, enter the

Cutoff Frequency .
Cutoff Frequency value, using Cutoff Frequency softkey.

1GHz

SENS:CORR:COLL:THRU Sets or reads out the value of the cutoff frequency of
:ADD:WAV:CUT the waveguide thru in the thru addition function.

To complete the the full two-port calibration, click Complete 2-
Port Calibration softkey.

Complete 2-Port
Calibration

SENS:CORR:COLL:THRU: Completes the full two-port calibration between the
ADD:FULL2:COMP specified ports provided that each port was
calibrated, using full one-port calibration.
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Adapter Removal/lnsertion

Adapter Removal and Adapter Insertion functions are designed to mathematically
exclude adapter characteristics from the calibration plane or add adapter
characteristics to the calibration plane. They adapt two-port SOLT calibration with
Zero-Length Thru for non-insertable device measurement. Functions are performed in
two steps. The first step is performing two-port SOLT calibration, the second is
measuring 3 standards Short-Open-Load to exclude/include adapter.

The parameters of the adapter do not need to be known. Requirements for the
adapter are the same as for UNKNOWN THRU. For a detailed description, see
Unknown Thru Requirements. For a typical adapter-transition between different types
of connectors, these requirements are easily met.

Adapter Removal Function

Adapter Removal function used to remove any adapter characteristics from the
calibration plane. The function is used when, for two-port SOLT calibration, the
connection of zero length thru test port cables is only possible with an adapter.
Adapter is added to measuring setup, two-port SOLT calibration is performed. After
the calibration is complete, the adapter is removed from the measuring setup.
Adapter characteristics are mathematically removed from the calibration plane using
three Open-Short-Load standards (See figure below).

&

®
¢
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/ o tg— 2-POIt SOLT

Adapter Cahbration

First Stage of Adapter removal function
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Second Stage of Adapter removal function

Adapter Removal procedure (See Adapter removal figure):

e Connect the adapter to the port.
e Perform two-port SOLT calibration.
e Remove the adapter.

¢ In Adapter Removal/lnsertion submenu select port number to which the adapter
was connected.

e Set Adapter Delay (Adapter Length) or leave it at zero to automatically detect it.
If the Adapter type is waveguide, set its type and Cutoff Frequency.

e Measure three standards: OPEN, SHORT, and LOAD, for the corresponding
test port.

e To complete the Adapter Remove procedure, click Apply.

Adapter Insertion function

Adapter Insertion function used to insert any adapter characteristics to the calibration
plane. The function is used when test port cables allow connection zero-length thru,
butitis possible to connect DUT to them only with the use of an adapter. 2-port SOLT
calibration is performed. After the calibration is complete, the adapter is added to the
measuring setup. Adapter characteristics are mathematically added to the calibration
plane using three Open-Short-Load standards (See figure below).
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Second Stage of Adapter insertion

Adapter Insertion procedure (see Adapter insertion figure):

e Perform two-port SOLT calibration.

e Connect the adapter to the test port, which cannot be directly connected to the
DUT.

¢ In Adapter Removal/lnsertion submenu select the port number to which the
adapter is connected.

e Set Adapter Delay (Adapter Length) or leave it at zero to automatically detect it.
If the Adapter type is waveguide, set its type and Cutoff Frequency.

e Measure three standards: OPEN, SHORT, and LOAD, for the corresponding
test port.
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e To complete the Adapter Insert procedure, click Apply.

The Adapter Removal/nsertion function is accessible when
the status of the initial two-port calibration is [Cor], not

[C?]or[C].

Before starting adapter removal, select the appropriate

calibration kit.

When test ports have different Z0, enable automatic Z0
selecting function (See Automatic Z0 Selecting).

Adapter Removal To open the Adapter Removal/lnsertion submenu, use the
85032F following softkeys:

Calibration > Calibrate > Adapter Removal

Select Port.

‘ Select Port | Select the port number for Adapter Removal/lnsertion using

SENS:CORR:COLL:METH:ADAP

‘REM

Selects the port number and sets the
adapter removal/insertion function for the
calculation of the calibration coefficients
when the SENS:CORR:COLL:SAVE
command has been executed.

Adapter Delay
AUTO

Enter the adapter delay or length or set 0 for AUTO using
Adapter Delay.

SENS:CORR:COLL:ADAP:DEL

Sets or reads out the approximate delay
value of an adapter in the adapter
removal/insertion function.

SENS:CORR:COLL:ADAP:LENG

Sets or reads out the approximate value of
the mechanical length of the adapter in the
adapter removal/insertion function.

Adapter Media )
Media.

Coax

Select the Adapter media: coax or waveguide using Adapter
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SENS:CORR:COLL:ADAP:MED Specifies the adapter media in the adapter
removal/insertion function.

Select the desired measurement units for delay (length):

seconds or meters using Delay Unit.

Delay Unit
Seconds

SENS:CORR:COLL:ADAP:UNIT Selects the display units of the adapter
delay (length) in the adapter
removal/insertion function.

‘ Permittivity

| When the measurement units Meters are selected, enter the
1.000648

permittivity value using Permittivity.

SENS:CORR:COLL:ADAP:PERM  Sets or reads out the value of the
permittivity of an adapter media in the
adapter removal/insertion function.

When the adapter media Waveguide is selected, enter the

Cutoff Frequency )
Cutoff Frequency value using Cutoff Frequency.

1GHz

SENS:CORR:COLL:ADAP:WAV: Sets or reads out the value of the cutoff
CuUT frequency of the waveguide adapter.

Open Connect SHORT, OPEN, and LOAD standards to the
Open -F- selected port in any consequence as shown in Full One-Port
Calibration. Perform measurements clicking the softkey
corresponding to the connected standard.

Shork
Short -F- The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in

Load the left part of the softkey.
Broadband
To complete the Adapter Remove/lnsert procedure, click
Apply Apply.
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To clear the measurement results of the standard, click
Cancel | Cancel.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function
(See Error Correction Disabling).
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Two-Port TRL Calibration

The availability of the TRL calibration depends on the
Analyzer model (See corresponding datasheet).

TRL (Thru-Reflect-Line) calibration is the most accurate calibration method
described herein, as it uses airlines as calibration standards. The TRL calibration
requires the use of the following calibration standards (See figure below):

e THRU or REFERENCE LINE
e REFLECT (SHORT or OPEN)
e second LINE or two MATCHes

g i
Port1 THRUorlLine Port2
- ............................... -
[ |+ |
g )
Port 1 Reflects Port 2
olll 0B ) (151 O
-

TRL Calibration
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TRL is a general name for a calibration family, which comprises such calibrations as
LRL, TRM, or LRM — named depending on the calibration standards used.

if a zero-length THRU is used as the first standard, the method is called TRL
calibration. If a non-zero length LINE is used as the first standard, the calibration
method is called LRL (Line-Reflect-Line). To denote the first standard of the TRL and
LRL calibration, assign TRL-Thru class, which includes THRU and LINEs. A LINE of
TRL-Thru class is also called Reference Line.

An SHORT is usually used as a second standard in TRL calibration. To denote the
second standard of the TRL calibration, assign TRL-Reflect class.

A second LINE is used as the third standard in TRL calibration. At low frequencies,
two MATCHes are used instead of LINE, as they are an equivalent of a matched line
of infinite length. In the latter case, the calibration method is called TRM (Thru-Reflect-
Match) or LRM (Line-Reflect-Match) respectively. To denote the third standard of the
TRL calibration, assign TRL-line/match class, which includes LINEs and MATCHes.

Frequency Range

TRL and LRL calibrations have a limited bandwidth, suitable for lower to upper
frequency ratios up to 1:8. The band limits depend on the LINE length in TRL
calibration or on the difference between the lengths of the two LINEs in LRL
calibration.

In theory, TRM and LRM calibrations do not have limitations in frequency; however,
their practical use at higher frequencies is limited by the quality of the MATCHes. It is
recommended to use the TRM and LRM calibrations up to 1 GHz.

Impedance of LINEs and MATCHes

All the LINEs and MATCHes used for TRL calibration must have Z0 impedance
values as precise as possible. TRL calibration transfers the impedance of standards
into the calibrated system. Precise airlines with an accurate Z0 impedance of 50 Q
are used as LINEs in coaxial paths.

REFERENCE LINE

A zero-length THRU is used as the first standard in TRL calibration. In LRL calibration
a LINE, which is called REFERENCE LINE, is used instead of a zero-length THRU.
The shortest LINE is used as the REFERENCE LINE. Its length must to be known, so
that the calibration plane positions could be calculated exactly. However, LRL
calibration is also possible when the REFERENCE LINE length is not known. In this
case, its length is assumed to be equal to zero, the calibration plane being in the
middle of the LINE, and not at the ports’ edges.
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TRL LINE

TRL LINE is an airline used in TRL calibration, or the second longest LINE used in
LRL calibration. The length of TRL LINE should be known just approximately. The
LINE length is used to determine the calibration bandwidth. Let AL be the difference
between the two LINEs in LRL calibration. In TRL calibration this difference will be
equal to the LINE length, as a zero-length THRU is used as a REFERENCE LINE.
Then the phase difference between the TRL LINE and REFERENCE LINE or THRU
should be no less than 20° at the lower frequency and no more than 160° at the upper
frequency of the calibration.

360-f-AL

20 < <160

v ,
where AL =1L, — Lo,

v — wave velocity in LINE (for airline itis ¢ =2.9979-108 m/sec),
Ly — REFERENCE LINE length,
Ly — TRL LINE length.

So, the useful frequency range for TRL/LRL calibration is 1:8. Two or more TRL
LINEs are used to extend the calibration frequency. For example, when using two
TRL LINEs, the frequency range can be increased up to 1:64. Besides, TRL/LRL
calibration does not work at low frequencies, as it would require a very long LINE.

TRL MATCH

Unlike TRL/LRL calibration, TRM/LRM calibration uses MATCHes, which are the
equivalent to the infinitely long LINE, instead of a TRL LINE. Theoretically TRM/LRM
calibration has no frequency limitations. However, the use of TRM/LRM calibration at
higher frequencies is limited by the quality of the MATCHes. As a rule, the TRM/LRM
calibration is used at lower frequencies, as it is good starting from zero frequency.

TRL REFLECT

There are no strict requirements to the TRL REFLECT standard. Only approximate
parameters of the TRL REFLECT standard should be known. The REFLECT
standard should have high reflection coefficient, close to 1. The phase of the standard
must be known within £90°. Normally, any SHORT meets this requirement. The next
requirement is that the reflection coefficient must be the same for all the ports. If one
standard is used for all the ports by turns, then this requirement is automatically
fulfilled. If the ports have different genders or types of connectors, use special
standards with the identical electrical specifications, which are available in pairs.
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TRL Calibration Frequency Extension

To extend the frequency of TRL calibration a method of dividing into several non-
overlapping bands is applied. For each frequency band a separate TRL LINE of
different length is used. The phase difference between each TRL LINE and the
REFERENCE LINE must be from 20° to 160°, as indicated above. A MATCH
standard is used in the lowest frequency band.

The Analyzer software allows up to 8 LINES to be used for calibration frequency
extension. To achieve this, there are two steps of handling the calibration kits:

e Defining frequency limits to calibration standards (See Calibration Standard
Definition).

¢ Assigning classes to calibration standards, where up to 8 calibration standards
can be assigned to one class (See Calibration Standard Class Assignment).

Perform the above mentioned dividing of the calibration band into sub-bands and
assign a separate TRL LINE to each of them in the calibration kit editing menu before
calibration.

Before starting calibration, perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), select the
calibration kit.

To open TRL calibration submenu, use the following softkeys:

Z2-Port TRL Cal

fataintlf1]

Calibration > Calibrate > 2-Port TRL Cal

SENS:CORR:COLL:METH:TRL2 Selects the ports and sets the 2-port TRL
calibration type for the calculation of the
calibration coefficients on completion of
the calibration executed by the
SENS:CORR:COLL:SAVE command.

Mulkiline To toggle between normal and Multiline TRL calibration, click
OFF Toggle softkey.
Connect a TRL THRU (THRU or LINE) standard between the
1-2 ThrufLine test ports. Perform measurement using the 1-2 ThrulLine
softkey.
Partl Reflect Connect a TRL REFLECT standard to the test ports in any
Shart order. Perform measurement using Port 1 Reflect and the

Port 2 Reflect softkey.
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Portz Reflect
Shiork

1-2 LineMatch

Connect a TRL LINE/MATCH (LINE between the test ports
and 2 LOADs to each port). Perform measurement using the
Port 1-2 Line/Match softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:COLL:TRLT Measures the calibration data of the TRL thru

standard between <port1> and <port2>.

SENS:CORR:COLL:TRLR Measures the calibration data of the TRL reflect

standard for the specified port.

SENS:CORR:COLL:TRLL Measures the calibration data of the TRL line

standard between <port1> and <port2>.

‘ Apply ‘

To complete the calibration procedure, click Apply.

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:COLL:SAVE Calculates the calibration coefficients from the

calibration standards measurements depending
on the selected calibration type.

System correction will turn automatically off when Apply
softkey is pressed to perform TRL calibration (See System
Correction Setting).

‘ Cancel ‘

To clear the measurement results of the standard, click
Cancel.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function
(See Error Correction Disabling).

SENS:CORR:COLL:CLE Clears the measurement data of the calibration

standards.
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The calibration status can be checked in channel status bar
(See General error correction status table) or in trace
status field (See Trace error correction status table).
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Multiline TRL Calibration

The availability of the Multiline TRL calibration depends on
the Analyzer model (See corresponding datasheet).

Regular TRL calibration, described in the section TRL Calibration uses several
LINEs of different lengths for frequency extension. It is provided by the method of
dividing the frequency band into separate sub-bands.

Multiline TRL calibration also uses several LINEs, but it does not divide the frequency
band into several sub-bands. Instead, all the LINEs are used simultaneously over the
whole calibration bandwidth. The redundancy of the LINEs measurements allows for
both extending the frequency range and increasing the calibration accuracy. The
number of LINEs should be no less than three. The more LINEs are used, the higher
the accuracy will be achieved.

To employ multiple LINEs in the calibration procedure, use the same method of
standards subclasses assignment as in the regular TRL calibration (See Calibration
Standard Class Assignment). Defining frequency limits to calibration standards is not
necessary for Multiline TRL calibration method.

The following table shows the differences between the regular and Multiline TRL
calibrations when entering the data into the calibration standards editing menu.

Calibration Data in Calibration Kit Manager
Standard TRL Multiline TRL
REFERENCE 1. Type: THRU/LINE 1. Type: THRU/LINE
LINE or THRU
2. Min and max frequency 2. Delay!
3. Delay! 3. Class: TRL LINE/MATCH
or TRL THRU

4. Class: TRL THRU
The total number of LINEs is
LINE 1. Type: THRU/LINE no less than 3.

2. Min and max frequency

3. Class: TRL LINE/MATCH
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Calibration Data in Calibration Kit Manager

Standard TRL Multiline TRL

MATCH (optional) 1. Type: MATCH 1. Type: MATCH
2. Min and max frequency 2. Class: TRL LINE/MATCH
3. Class: TRL LINE/MATCH

REFLECT 1. Type: SHORT or OPEN.

2. Min and max frequency.

3. Model parameters, which allow calculating value of phase
response within £90°.

4. Class: TRL REFLECT.

" The delay for coaxial airlines is equal to L/v , where L is the length of the LINE,
and vis the wave velocity in LINE equal to 2.9979-108 m/s.

If a calibration kit for Multiline TRL has been created and edited, it is possible to
switch between normal and multiline TRL calibrations a specific button in the TRL
calibration menu, shown below.

>-Pork TRL Cal To toggle between normal and Multiline TRL calibrations, use
88604 the Multiline softkey.
rultiline:
OFF

SENS:CORR:COLL:METH:TRL:MULT  Turns the multi-line TRL option
ON/OFF.
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Bandsplit Calibration Using Subclasses

If the required frequency range of the calibration exceeds the operating frequency
ranges of some calibration standards, use several standards to have the whole
required frequency range covered. A calibration kit should contain several standards
of each class (e.g. TRL LINE) with some specified frequency limits. Each of these
standards will be applied for the measurements within its frequency limits. The total
frequency band of all the standards should cover all the required frequency range of
the calibration without “gaps”.

When several calibration standards of one class are used for calibration, subclasses
should be assigned to these standards using the calibration kit editing function. The
procedure of subclass assignment is described in Calibration Standard Class

Assignment.

When assigning two or more subclasses to one class of
calibration standards the calibration menu changes: the
standard measurement softkey is replaced by the softkey,
which opens the subclass menu containing the list of all the
standards of this class.

Examples of using this method are given in the sections TRL Calibration Example
Using Subclasses and Sliding Load Calibration Example Using Subclasses.
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TRL Calibration Example Using Subclasses

The availability of the TRL calibration depends on the
Analyzer model (See corresponding datasheet).

Here is an example of calibration using the calibration kit for TRL calibration, in which
the "TRL LINE/MATCH" class contains 3 subclasses: load (Lowband), line 2 (TRL
Line2), and line 3 (TRL Line3).

1-2 Line{Match In the main menu of TRL calibration the 1-2 Line/Match
05CK120-150 softkey will open the subclass menu (if the above mentioned
condition is met).

Subclass 1 Connect the Lowband, Line2 and Line3 to the test ports in any
Lowband consequence and perform measurements clicking the softkey
corresponding to the connected standard.
Subclass 2
Linez
Subclass 3
Line3
If two standards have an overlapping frequency range, the last
Infa measured standard will be used in the overlapping region.
To view additional information about each standard frequency
range, in which its measurements are applied (See figure
below), press the Info softkey.
) Used in Applied to Range ﬂ
1-2 Line/Match Calculations STD Label -
Frrir I Friax
Subclass 1 v Lowband 300 kHz 630,2745 MHz
Subclass 2 v Line2 3600165 GHz 8 GHz
Subclass 3 v Line3 F20.273 MHz 35601665 GHz
Subclass 4
Subclass 5
Subclass &
Subclass 7 LI
Measurement: Ready

Information on calibration standard measurements
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Sliding Load Calibration Example Using Subclasses

Here is an example of calibration using the calibration kit 85054B, in which the
"Load" class contains 3 subclasses: fixed low-frequency load (Lowband), sliding load
(Sliding), and fixed broadband load (Broadband). Only first two standards are used
for calibration.

In the main calibration menu, the Load softkey will open the
50548 subclass menu (if the above mentioned condition is met).

Port 1 Load

Connect Lowband and Sliding Load standards to the 1 port in
Subclass 1 any consequence and perform measurements clicking the
Lowhand softkey corresponding to the connected standard. To measure
the Lowband, press the Lowband softkey, and to measure
the Sliding Load, press the Sliding Load softkey. The
Subclass 2 | procedure of sliding load measurement is described in detail
Siding Load in Sliding Load Calibration.

If two standards have an overlapping frequency range, the last
Infa measured standard will be used in the overlapping region.

To view additional information about each standard frequency
range, in which its measurements are applied (See figure
below), press the Info softkey.

Uzed in Applied to Range ﬂ

Port 1 Load Calculations STD Label -
Frnin Froax

Subclass 1 v Lowdband 300 kHz 1954114 GHz
Subclass 2 v Sliding Load 20001125 GHz 3.2 GHz
Subclass 3 Broadband
Subclass 4
Subclass 5
Subclass &
Subclass 7 LI

Measurement: Ready

Information on calibration standard measurements
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Waveguide Calibration

The Analyzer supports the following calibration methods in a waveguide environment:

¢ Reflection Normalization or Transmission Normalization
¢ Full One-Port Calibration

e One-Path Two-Port Calibration

e Full Two-Port Calibration

e Two-Port TRL Calibration

The Analyzer further supports use of a sliding load standard in the above-mentioned
calibrations, except TRL.

General use and features:

e System Z0 should be set to 1 Q before calibration. Offset Z0 and terminal
impedance in the calibration standard definition also should be setto 1 Q (See
System Impedance Z0).

e Waveguide calibration uses two offset SHORT standards instead of a
combination of short and open standards. Typically, 1/8A0 and 3/8A0 offset sort
standards are used, where AO — wave length in waveguide at the mean
frequency.

Open In waveguide calibration, one of two offset SHORT standards
1/3 Offset Short must be assigned to the open class (see Calibration Standard
Class Assignment). Consequently, the GUI will contain an
Open button with the label of this short standard.

Short
3/8 Offset Short
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Power Calibration

The Analyzer ensures steady power level at the test port with the specified accuracy.
The power level is defined between the instrument's minimum and maximum output
power level.

A DUT is connected to the Analyzer by cables (see figure below), which have some
losses. The power calibration allows to maintain a more accurate power level at a
DUT input, adjusted to the use of the cables.

L L]
pr— -

Factory
Power

! Calibration
| IHmw

New Power
Calibration

Power Calibration

The power calibration is performed by an external power meter connected to the
cables’ ends, which will be later connected to the DUT. After the power calibration is
complete, power correction automatically turns on. Later it is possible to disable or
enable again the power correction function.

L]

@
Power Meter !

Port 2
[ I1811] [=RY

X

Adapter

Power Calibration with external power meter
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If an adapter or other accessory is used when connecting
the power meter to the measurement port, the losses
introduced by the adapter or accessory are compensated
by the Loss Compensation function.

The power calibration is performed for each port and each channel individually.

The power correction status is indicated in the trace status
field (See Trace Status Field) and in the channel status bar
(See Channel Status Bar).

Loss Compensation Table

The loss compensation function allows to apply compensation for unwanted losses
produced between the power meter and the calibrated port in the process of power
calibration. Define the losses, which are needed to compensate in the table
specifying frequency and losses (See figure below).

Frequency | LOSS
200 kHZ 0.1 de
1GHz 0.z de
2 aHzZ 0.4 de

3GHz 0.5 de

mlpeplw|r| e

Loss compensation table

Linear interpolation will be applied to the losses in the intermediary frequency points.
The loss compensation table is defined for each port individually.

To have the losses compensated for, enable this function
and fill out the table before starting the power calibration
procedure.

Loss Compensation Table Editing

If the loss compensation needs to be applied, enable this function and fill out the table
before starting the power calibration procedure. Fill out the table for each port
individually.

To add a new row to the loss compensation table, use the
following softkeys:
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Calibration > Power Calibration > Loss Compen > Add
Add

A new row will appear under the highlighted one.

To delete a highlighted row, use the following softkeys:
Delete

Calibration > Power Calibration > Loss Compen > Delete

To clear all the table, use the following softkeys:

Clear Loss Table

Calibration > Power Calibration > Loss Compen > Clear
Loss Table

SOUR:POW:PORT:CORR:COLL:  Sets/gets the loss compensation table used

TABL:LOSS:DATA when the power calibration is executed by
the SOUR:POW:PORT:CORR:COLL
command.

To save the table into a *.LCT file on the hard, use the

Export Loss Table following softkeys:

Calibration > Power Calibration > Loss Compen > Export
Loss Table

MMEM:STOR:PLOS Saves the loss compensation file.

To open the table from a *.LCT file from the hard, use the

Impert Loss Table following softkeys:

Calibration > Power Calibration > Loss Compen > Import
Loss Table

Enter frequency and loss values into the table, scrolling by
navigation keys.

MMEM:LOAD:PLOS Recalls the loss compensation file.

‘ Compensation

‘ To enable the loss compensation function, use the following
OFF

softkeys:

Calibration > Power Calibration > Loss Compen >
Compensation
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SOUR:POW:PORT:CORR: Turns the state of the loss compensation used

COLL:TABL:LOSS

when the power calibration is executed by the
SOUR:POW:PORT:CORR:COLL command
ON/OFF.

Power Calibration Procedure

Perform connection and setting of an external power meter as described in Power
Meter Setting. Connect the sensor to one of the test ports of the Analyzer and perform
calibration as described below. Then repeat the calibration for the other test port.

To select the calibrated port number, use the following
softkeys:

Calibration > Power Calibration > Select Port

Power Sensor
Zero Correction

To zero power meter, use the following softkeys:

Calibration > Power Calibration > Power Sensor Zero
Correction

SYST:COMM:PSEN:ZERO Executes the zeroing procedure of the

power sensor.

The power meter sensor can be connected to the port, as
during zero setting the output signal of the port is turned off.

‘ Take Cal Sweep

To execute power calibration, use the following softkeys:

Calibration > Power Calibration > Take Cal Sweep

SOUR:POW:PORT:CORR:COLL Measures the power calibration data for

the port <Pt> using the power meter
controlled via USB or USB/GPIB.
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After the power calibration is complete, power correction
automatically turns on.

Power Correction Setting

To enable/disable power correction, use the following
R&S NRP-Z softkeys:

Power Calibration

Calibration > Power Calibration > Correction

OFF

‘ Cotreckion

SOUR:POW:PORT:CORR Turns the power correction ON/OFF.
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Receiver Calibration

Receiver calibration is only used for absolute measurements. The receiver calibration
is divided into the test receiver (A, B) calibration and the reference receiver (R1, R2)
calibration (See Analyzer Block Diagram). The calibration procedure is different for
these receivers.

1. Test receiver calibration

When performing absolute power measurements (See Absolute Measurements), the
gain of receivers is factory calibrated to test port on the front panel.

© B
Ay i
| ! \Fact{}r}f Power !: \Fﬂd!}f}"
| Calibration | Receiver
| | ! | Calbration
| i '
! | |
Lx -. :-I._ ]
Cable Loss i : - Cable Loss
Measurement
- @ e B
Port 1

User Power 1 Calibration

|
| ¥
: Power Meter

——— e |

Compensated Loss
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THRU connection i :Pm 2
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Power1 A

{albration ' : Calibration

W, User Receiver 2

Receiver Calibration

In practice, the power is measured at test port inputs made by the fixture producing
losses. The test receiver calibration allows to measure the power at port inputs with
higher accuracy.

The receiver calibration is performed by sending the calibration signal from the
source port to the calibrated port input. The receiver calibration requires the
connection between the both test ports using THRU connection.

To make the receiver calibration most accurate, first perform power calibration on the
source port. If the source power calibration was not performed, the calibrated port
needs to be connected to the source port on the front panel.

2. Reference receiver calibration

When performing a receiver calibration on a reference receiver, no connection is
necessary as the receiver is internally connected to the source. That is why the
source port number must be specified the same as the reference receiver port
number.

An exception to this is the Analizer models with the direct receiver access, which
allow you to connect a reference receiver to any source port. In this case, you must
specify the actual source port number.
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3. Power offset

It is possible to specify the power offset value before calibration. As a result, the
receiver readings will be offset by this value.

4. General comments

After the receiver calibration is complete, receiver correction automatically turns on.
Later itis possible to disable or enable again the receiver correction function.

The receiver calibration is performed for each port and each channel individually.

The receiver correction status is indicated in the trace status
field (See Trace Status Field) and in the channel status bar
(See Channel Status Bar).

Receiver Calibration Procedure

Connect a THRU between the test receiver port and the source port. In case of the
Analyzer with the direct receiver access connect a THRU between the reference
receiver connector and the source port.

To select the calibrated port number, use the following
softkeys:

Calibration > Receiver Calibration > Select Port

Select Port
1

Source Port To select the source port number, use the following softkeys:

2

Calibration > Receiver Calibration > Source Port

If the reference receiver is being calibrated, the source port
number must be the same as the receiver port number,
except for Analyzers with direct access to the receiver.

To execute the test receiver calibration, use the following
softkeys:

alibrate Test
Receiver

Calibration > Receiver Calibration > Calibrate Test
Receiver
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Zalibrate
Reference
Receiver

Calibrate Both

To execute the reference receiver calibration, use the
following softkeys:

Calibration > Receiver Calibration > Calibrate Reference
Receiver

Use the Calibrate Both softkey to perform the calibration of
the test and reference port receivers in succession.

Note: Don't use this button if the test receiver and reference
receiver require a different source port number.

SENS:CORR:REC:COLL:TCH:ACQ Executes calibration of the test receiver

of the specified port <Pt>.

SENS:CORR:REC:COLL:RCH:ACQ Executes calibration of the reference

receiver of the specified port <Pt>.

SENS:CORR:REC:COLL:ACQ Executes calibration of both the test

receiver and the reference receiver of
the specified port <Pt>.

After the receiver calibration is complete, receiver
correction automatically turns on.

Page 388



Receiver Correction Setting

To enable/disable receiver correction, use the following
Calibration softkeys:

Receiver

Calibration > Receiver Calibration > Correction

‘ Correction

. OFF
SENS:CORR:REC Executes receiver calibration of both the test
receiver and the reference receiver of the specified
port <Pt>.
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Scalar Mixer Calibration

The availability of the Scalar Mixer Calibration depends on
the Analyzer model (See corresponding datasheet).

Scalar mixer calibration is the most accurate method of calibration applied to
measurements of mixers in frequency offset mode.

The scalar mixer calibration requires OPEN, SHORT, and LOAD standards as well
as external power meter (See figure below). The power meter connection and setup
are described in Power Meter Setting.

S ™
Port 1 ugl @ ) short @1 aw P02
0B load 1N
g ™
Port 1 Port 2
- ........ (i
© B
Power Meter !
Port 2

Scalar mixer calibration setup
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The scalar mixer calibration allows the following measurements:

¢ Reflection S11 and S22 parameters in vector form.

e Transmission S21 and S12 parameters in scalar form.

The power meter can be connected either one port or both ports. If the power meter
was connected to port 1, then S21 transmission parameter will be calibrated. If the
power meter was connected to port 2, then S12 transmission parameter will be
calibrated.

Before starting the calibration, perform the following settings: select active channel
and set its parameters (frequency span, IF bandwidth, etc.), and define the calibration
kit. Then enable the frequency offset mode and perform the port settings.

The scalar mixer calibration can be performed without
frequency offset. Frequency offset mode can be enabled
later, during mixer measurements. In this case, the basic
frequency range should cover the frequency range of each
port in offset mode. This procedure is convenient, but less
accurate as it involves interpolation.
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Scalar mixer calibration procedure

Scalar Mixer

Zalibration

To access the scalar mixer calibration menu, use the following
softkeys:

Calibration > Mixer/Converter Calibration > Scalar Mixer
Calibration

SENS:CORR:OFFS:COLL:METH:SMIX2  Selects the ports and sets the scalar

mixer calibration type.

Direction
Forward

Then select the required calibration direction:

e Forward
e Reverse

e Both

Direction means the transmission direction to be calibrated.
Direction determines the power meter connection port or both
ports.

Port 1 Reflection
05CK 104-150

Click the Reflection Port n softkey.

Connect SHORT, OPEN and LOAD standards to Port 1 as
shown in the above figure. Perform measurements for each

‘ open standard using the respective standard softkeys.
The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
short | completion of the measurement, a check mark will appear in
the left part of the softkey.
Load
Broadband
SENS:CORR:OFFS:COLL:OPEN Measures the calibration data of the

open standard of the specified port when
the frequency offset feature is on for
scalar mixer calibration.

SENS:CORR:OFFS:COLL:SHOR Measures the calibration data of the

short standard of the specified port when
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the frequency offset feature is on for
scalar mixer calibration.

SENS:CORR:OFFS:COLL:LOAD Measures the calibration data of the load

standard of the specified port when the
frequency offset feature is on for scalar
mixer calibration.

Port 1-2 Thru
05CK104-150

Connect a THRU standard between the test ports.

Click the Port 1-2 Thru softkey if a flush thru or non-zero thru
is used and is strictly defined in the calibration kit definition.

Subdass 1
Thru Click the Unknown Thru softkey if a non-zero thru is used
and there is no definition for it.
R The instrument status bar will indicate Calibration in
Unknown Thru . .
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.
SENS:CORR:OFFS:COLL:THRU Measures the calibration data of the thru

standard of the specified port when the
frequency offset feature is on for scalar
mixer calibration.

Power

R&S NRP-Z

Power Sensor
Zero Correction

Click the Power softkey.

if needed, zero power meter using the Power Sensor Zero
Correction softkey.

The power meter sensor can be connected to the port, as
during zero setting the output signal of the port is turned off.

Port 1

Part 2

Connect the power meter to Port n and click the
corresponding softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. On
completion of the measurement, a check mark will appear in
the left part of the softkey.
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SENS:CORR:OFFS:COLL:PMETer Measures the scalar-mixer calibration
data using the power meter when the
frequency offset feature is ON.

‘ ‘ To complete the calibration procedure, click Apply softkey.
Apply

This will activate the process of calibration coefficient table
calculation and saving it into the memory. The error correction
function will also be automatically enabled.

SENS:CORR:OFFS:COLL:SAVE  Calculates the calibration coefficient for the
selected calibration type (Scalar Mixer
Calibration only) from the calibration data
measured with the frequency offset feature
is ON.

To clear the measurement results of the standards, click
Cancel Cancel softkey.

This softkey does not cancel the current calibration. To disable
the current calibration, turn off the error correction function.

SENS:CORR:OFFS:COLL:CLE Clears the calibration measurement data of
scalar mixer calibration when the frequency
offset feature is ON.

The calibration status can be checked in the channel status
bar (See General error correction status table) or in trace
status field (See Trace error correction status table) —
SMC label.
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Vector Mixer Calibration

The availability of the Vector Mixer Calibration depends on
the Analyzer model (See corresponding datasheet).

Vector mixer calibration is a calibration method applied for mixer measurements.
This method allows measurement of both reflection and transmission S-parameters
in vector form, including phase and group delay of the transmission coefficient.

The vector mixer measurements require an additional mixer with an IF filter, which is
called a calibration mixer. The filter separates the IF such as RF+LO, RF-LO, and
LO-RF, which is the input frequency for the mixer under test.

Requirements for the calibration mixer with IF filter:
e The frequency range of the calibration mixer must be

equal to or greater than that of the measured mixer.

e The calibration mixer must be reciprocal over the
frequency range of the mixer under test (the magnitude
and phase of the conversion loss are equal both in the
up-converting and down-converting directions).

e The conversion loss in each direction must be less than
10 dB using a calibration mixer and IF filter in
combination. Exceeding 12 dB of the conversion loss
deteriorates the calibration accuracy significantly.

e The IF filter bandwidth must match the RF to IF
conversion type:

1. RF-LO or LO-RF - filter rejects RF + LO signal.
2. LO+REF - filter rejects |RF-LO| signal.

Both the calibration mixer and mixer under test are powered from one LO.

The vector mixer measurement is a combination of a two-port calibration and a de-
embedding function (See figure below).
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Calibration Test
Mixer/Filter

LO
Vector mixer measurements

The de-embedding function requires an S-parameter file of the circuit. Acquisition of
such a file for the calibration mixer/filter pair is called vector mixer calibration.

To obtain an S-parameter file of the calibration mixerffilter, use SHORT, OPEN, and
LOAD calibration standards (See figure below).

- @

Calibration
MixerfFilter

LO Mixer Under

Test

Vector Mixer Calibration
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Vector Mixer Calibration Procedure (except M models)
Before starting the calibration, perform the following settings:

¢ Activate a channel and set its parameters (frequency span, IF bandwidth, etc.),
and define the calibration kit.

e Perform two-port calibration (See Full Two-Port Calibration).

e Assemble vector calibration setup.

e Set frequency and power of the external LO.

To access the vector mixer calibration menu, use the following
softkeys:

Calibration > Mixer/Converter Calibration > Vector Mixer
Calibration

select Port To select the number of test port connected to the calibration
mixer, click Select Port softkey.

SENS:CORR:VMC:COLL:PORT Sets or reads out the number of the port
used in the vector mixer calibration.

Enter the LO frequency, using the LO Frequency softkey.

LD Frequency
0Hz

SENS:CORR:VMC:COLL:LO:FREQ Sets or reads out the LO frequency
value used in the vector mixer
calibration.

Select the frequency to be separated by the filter, using the IF

‘ IF Frequency
RF +LO Frequency softkey:
e RF+LO
e RF-LO
e LO-RF

SENS:CORR:VMC:COLL:IF:SEL Selects the IF frequency from RF+LO, RF-
LO, and LO-RF, depending on the IF
frequency of the calibration mixer in the
vector mixer calibration.
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Shiork
Shork -M-

Open
Open -M-

Load
Broadband

Connect SHORT, OPEN and LOAD standards to IF filter
output as shown in Vector Mixer Calibration. Perform the
measurement using the respective standard softkey.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress. Upon
completion of the measurement, a check mark will appear in
the left part of the softkey.

SENS:CORR:VMC:COLL:OPEN Measures the open standard in order to

characterize the calibration mixer + filter in
the vector mixer calibration.

SENS:CORR:VMC:COLL:SHOR Measures the short standard in order to

characterize the calibration mixer + filter in
the vector mixer calibration.

SENS:CORR:VMC:COLL:LOAD Measures the load standard in order to

characterize the calibration mixer + filter in
the vector mixer calibration.

Save To
Touchstone File

To complete the calibration procedure, click the Save To
Touchstone File softkey.

This will activate calculation of the calibration mixerffilter pair
S-parameters and saving those into a Touchstone file. Enter
the file name in the pop-up dialog.

SENS:CORR:VMC:COLL:SAVE Completes the vector mixer calibration

procedure.

‘ .l' Setup Opkion ‘

If the Setup Option feature is enabled, the S-parameter file
will be passed to the de-embedding function and this function
will be activated.

SENS:CORR:VMC:COLL:OPT Turns the setup option in the vector mixer

calibration ON/OFF.
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The calibration status can be checked in the channel status
bar (See General error correction status table) — F2 and

Dmb labels (two-port calibration and de-embedding
function).
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Automatic Calibration Module

Automatic calibration modules (ACMs) are special devices, which allow for
automating the process of calibration. The ACM model is selected according to the
parameters of the calibrated Analyzer: the working frequency range, the number of
measuring ports, and the type of RF connectors. One of the models is shown in the
image below.

Automatic Calibration Module

Al ACM models and their specifications are available on the Copper Mountain
Technologies website. Operating manual of ACM see in ACM Operating manual.

The ACM offers the following advantages over the traditional SOLT calibration, which
uses a mechanical calibration kit:

¢ Reduces the number of connections of standards. Instead of connecting seven
standards, it requires connecting only two ACM connectors.

e Reduces the calibration time.
¢ Reduces human error probability.

¢ Provides higher accuracy potentially.

Depending on the model, the ACM has two or four RF connectors for connecting to
the test ports of the Analyzer and a USB connector for control. The ACM contains
electronic switches, which switch between different reflection and transmission
impedance states, as well as memory, which stores precise S-parameters of these
impedance states.

After connecting the ACM to the Analyzer, the Analyzer software performs the
calibration procedure automatically, i.e. switches between different ACM states,
measures them, and computes calibration coefficients using the data stored in the
ACM memory.
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Automatic Calibration Module Features

Calibration Types

The ACM allows the Analyzer software to perform one-path two-port, full one-port or
full two-port calibration. Calibration is performed with the click of a button.

Characterization

Characterization is a table of S-parameters for all the states of the ACM switches,
stored in the ACM memory. There are two types of characterization: user
characterization and factory characterization. The ACM has two memory sections.
The first one is write-protected and contains factory characterization. The second
memory section allows to store up to three user characterizations. Factory
characterization or any of the user characterizations stored in the ACM memory can
be selected before calibration. The user characterization option is provided for
saving new S-parameters of the ACM after connecting adapters to the ACM ports.

The software allows to perform a user characterization and save the data to the ACM
with the click of a button. To do this, the Analyzer test ports should be calibrated in
configuration compatible with the ACM ports.

Automatic Orientation

Orientation means relating the ACM ports to the test ports of the Analyzer. While the
Analyzer test ports are indicated by numbers, the ACM ports are indicated by the
letters A and B.

Orientation can be defined either manually or automatically. In the case of automatic
orientation, the Analyzer software determines the ACM orientation each time prior to
its calibration or characterization.

Unknown Thru

The Thru implemented by the electronic switches inside the ACM introduces losses.
That is why the exact parameters of the Thru should be known, or an Unknown Thru
algorithm should be used to achieve the specified calibration accuracy. The software
allows to use both options. The ACM memory stores S-parameters of the Thru, which
are used to compute calibration coefficients. If an Unknown Thru algorithm is applied,
such parameters are disregarded.

Thermal Compensation
The most accurate calibration is achieved if the ACM temperature is equal to the
temperature at which it was characterized. When this temperature changes, certain

ACM state parameters may deviate from the parameters stored in the memory. This
results in reduction of the ACM calibration accuracy.
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To compensate for the thermal error, the ACM features thermal compensation
function. Thermal compensation is a software function of the ACM S-parameter
correction based on its temperature dependence and the data from the temperature
sensor inside the ACM. The temperature dependence of each ACM is determined at
the factory and saved into its memory.

Thermal compensation can be enabled or disabled.

Confidence Check

The ACM also implements an additional state — an attenuator, which is not used in
calibration. The attenuator is used to check the current calibration performed by ACM
or any other method. This is called a confidence check.

In the confidence check mode, the factory measurement of the attenuator is loaded
into the memory trace, which may be compared to the measurement being
performed by the active trace. The two traces may be compared, and their
differences may be evaluated to determine the accuracy of the calibration performed.

For a detailed comparison, the math (division) function can be used for data and
memory.
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Automatic Calibration Procedure
Settings Before Calibrating

Before calibrating the Analyzer with the ACM, perform some settings, i.e. activate a
channel and set channel parameters (frequency range, IF bandwidth, etc.).

Connect the ACM to the Analyzer test ports and connect the USB port of the ACM to
the USB port of the PC.

To open automatic calibration submenu, use the following
AutoCal Module softkeys:

Calibration > AutoCal

T — To select characterization, use the following softkeys:

Factory

Characterization > [Factory | User1 | User2 | User3]

L Factory

Userl

User2

User3

SENS:CORR:COLL:ECAL:UCH Sets or reads out the characterization
number used when executing AutoCal
(factory or user characterizations).
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AutoCal Module
QOrientation

Auto-Orientation
OM

Port 1
A

Port 2
B
—
Execute
Auto-Crientation

When selecting manual or automatic orientation for ACM, it is
recommended to select the automatic orientation.

To enable auto orientation for ACM before performing each
automatic calibration, use the following softkeys:

Orientation > Auto-Orientation [ON | OFF]

To manually select the orientation, turn OFF Auto-
Orientation. Use the Port n softkeys to relate the analyzer
test ports with the ACM ports.

Regardless of the other settings, automatic orientation is
performed immediately by clicking the Execute Auto-
Orientation softkey.

SENS:CORR:COLL:ECAL:ORI:STAT Turns the Auto-Orientation function

ON/OFF when the AutoCal Module
calibration is executed.

SENS:CORR:COLL:ECAL:ORIEXEC Executes the Auto-Orientation

procedure of the AutoCal Module.

SENS:CORR:COLL:ECAL:PATH Sets or reads out the AutoCal module

port number which is connected to a
specified port of the Network Analyzer.

Unkn Thru
OFF

Enable or disable Unknown Thru algorithm using the Unkn

Thru [ON | OFF] softkey.

SENS:CORR:COLL:ECAL:  Turns the Unknown Thru feature ON/OFF when the

UTHR:STAT

AutoCal Module calibration is executed.
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Thermo Enable or disable the thermal compensation using the

mmpg‘?jﬂ”‘ﬂ“ Thermo compensation [ON | OFF] softkey.

charackarization To display detailed information on characterization, use the
Info... Characterization Info softkey.

SENS:CORR:COLL:ECAL:INF? Gets information on the AutoCal Module
connected to the Network Analyzer.
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One/Two-Port Calibration

For a one/two-port calibration, connect any ports of the ACM to the ports to be
calibrated on the Analyzer.

To open automatic calibration submenu, use the following
AutoCal Module softkeys:

Calibration > AutoCal

- To perform full one-port calibration, use the 1-Port AutoCal

1-Port AutoCal softkey.

Then, select the port number and click the softkey to start the

Port 1 N X
calibration.

Port 2 Wait until calibration is complete.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress.

SENS:CORR:COLL:ECAL:SOLT1 Executes one-port calibration of the
specified port of the specified channel
using the AutoCal module.

N — To perform one path two-port calibration, use the One Path 2-
AutoCal Port Auto softkey.

Port 1->2 Then, select the direction of the calibration using the Port n-
511,521 >m softkey. The label on the softkey indicates the measured
parameters.
Port 1<-2
522,512 _ o
Click Port n->m softkey to start the calibration.

Wait until calibration is complete.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress.

SENS:CORR:COLL:ECAL:ERES Executes one path two-port calibration
between the specified two ports of the
specified channel using the AutoCal
module.
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To perform full two-port calibration, click the 2-Port AutoCal
2-Port AutoCal softkey.

Wait until calibration is complete.

The instrument status bar will indicate Calibration in
progress... when the measurement is in progress.

SENS:CORR:COLL:ECAL:SOLT2 Executes full two-port calibration between
the specified two ports of the specified
channel using the AutoCal module.
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User Characterization Procedure

User characterization of ACM is required when modifying ACM connectors with
adapters. The characterization is performed for the new ACM configuration, which
includes adapters. To ensure calibration accuracy, it is not recommended to
disconnect and reconnect the adapters back after characterization until calibration is

complete.

Before performing the user characterization of the ACM, perform full two-port
calibration of the Analyzer in configuration of the test ports compatible with the
configuration of the ACM ports.

Connect the ACM to the Analyzer test ports and connect the USB port of the ACM to
the USB port of the PC.

Characterization
serl

Select user characterization 1 to 3
Characterization softkey.

using the

Select a manual or automatic orientation for the ACM using

Characterize
AutoCal Module

Orientation i N
ALTO the Orientation softkey.
Itis recommended to select the AUTO orientation.
Perform characterization using the Characterize ACM

softkey.

After the ACM measurement is completed, the following dialog box will appear:

User Characterization |
—haracterization

Mumber I 1 j | Ilserl Operakor I

Analyzer I Location I
—i_onneckaors Adapter Description

Port 4 | || pota |

Port B | || pote |

Write Cancel
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Fill in the following fields:
e User name
e Analyzer name
e Characterization location
e Connectors (types of adapter connectors)

e Adapter description (description of adapters)

Use the Save softkey to complete the user characterization of the ACM.
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Confidence Check Procedure

Perform a confidence check if the reliability of the current calibration needs to be
verified. This function can be used to check the accuracy of either calibration
performed with an ACM or with a mechanical calibration kit.

Connect the ACM to the Analyzer test ports and connect the USB port of the ACM to
the USB port of the PC.

Enable the display of the data trace for the needed parameter, for example, S21. It is
possible to enable several data traces simultaneously, for example, S11, S22, S21,
S12.

Characterization Select characterization using the Characterization softkey.
Factory

A— Select a manual or automatic orientation for the ACM using
ALTO the Orientation softkey.

Itis recommended to select AUTO orientation.

Perform a confidence check using the Confidence Check

Confidence Check Soﬂkey_

SENS:CORR:COLL:ECAL:CCH Executes the confidence check of the
calibration coefficients of the specified
channel using the AutoCal module.

After the measurement is completed, two traces for each S-parameter will be
displayed. The measured parameters will be shown as the data trace, and the ACM
parameters will be shown as the memory trace.

Compare the data trace and the memory trace of the same parameter, for example,
S21. To perform more accurate comparison, enable the function of math operations
between data and memory traces (See Mathematical Operations). In the logarithmic
magnitude or phase format, use the Data/Memory operation. In the linear magnitude
format, use the Data-Memory operation.

The conclusion on whether the current calibration provides enough accuracy or not is
made by the user.
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Erasing the User Characterization

if necessary, it is possible to erase the user characterization in the ACM. The
procedure erases all data of selected user characterization, overwriting it with zeros.
Factory characterization cannot be erased.

Charackerization Select the user characterization using the Characterization
Liserl softkey.

Perform erase procedure using the Erase Characterization

Erase
Characterization softkey.
Erase All User If necessary, erase {all user characterizations using the Erase
Characterizations All User Characterizations softkey.
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Manual Switch Control

The software allows to manage the ACM switches directly. The ACM states are
selected from the list of possible states and switched by pressing the button. The

number of switches and states of each ACM are described in the block diagrams of
modules.

To manage ACM switches, use the following softkeys:

Calibration

Calibration > AutoCal > Switch Control

‘ Switch contral | | Select the required ACM state from the list.

This function is intended for advanced users, it is not used
in standard ACM work.
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Error Correction Status

The error correction status is indicated for each trace individually. There is also a
general status of error correction for all traces of a channel.

General error correction status

The general error correction status for all S-parameter traces of a channel is
indicated in the specific field on a channel status bar (See General error correction
status table). For the channel status bar description, see Channel Status Bar.

Symbol

Cor

c?

C!

Off

Definition

Error correction is enabled. The
stimulus settings are the same for the
measurement and the calibration.

Error correction is enabled. The
stimulus settings are not the same for
the measurement and the calibration.
Interpolation is applied.

Error correction is enabled. The
stimulus settings are not the same for
the measurement and the calibration.
Extrapolation is applied.

Error correction is turned off.

No calibration data. No calibration was
performed.
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If the function is active for
all traces — Dblack
characters on a gray
background.

If the function is active
only for some of the
traces (other traces are
not calibrated) — white
characters on a red
background.

For all traces. White
characters on a red
background.



Trace error correction status

The error correction status for each individual trace is indicated in the trace status
field (See table below). For trace status field description, see Trace Status Field.

Symbols Definition

RO OPEN response calibration

RS SHORT response calibration

RT THRU response calibration

OoP One-path two-port calibration

F1 Full one-port (SOL) calibration

F2 Full two-port (SOLT) or TRL calibration
SMC Scalar mixer calibration
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Error Correction Disabling

This feature allows to disable the error correction function, which automatically
becomes enabled after completion of calibration by any method.

To disable and enable the error correction function, use the
Calibration following softkeys:

Calibration > Correction

Cotreckion
OFF

SENS:CORR:STAT Turns the S-parameter error correction ON/OFF.
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System Impedance Z0

Z0 is the system impedance of a measurement path. Normally, it is equal to the
impedance of the calibration standards used for calibration. The Z0 value should be
specified before calibration, as it is used for calibration coefficient calculations.

For waveguide calibration, the system impedance must be setto 1 Q.

The impedance of both test ports is the same for most of measurement types. The
Analyzer can perform measurements when Z0 values of the test ports are different,
for example, Type N50 — Waveguide. For such measurements, use different
impedance settings for the test ports, Z01 and Z02.

To calibrate the Analyzer with different port impedances,
Z01 and Z02, the following methods are provided: Adapter
Removal, Unknown Thru Addition (described in Non-
Insertable Device Measuring).

Manual Z0 Setting

- To set the system impedance Z0, use the following softkeys:
System Zo
Calibration > System Zo > Port n Zo

‘ Port 1 Zo

S0C

00

‘ Port 2 Zo

SENS:CORR:IMP Sets or reads out the system impedance Z0.

SENS:CORR:PORT:IMP Sets or reads out the impedance Z0 of port
<Pt>.
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Automatic Z0 Selecting

The automatic system impedance selecting function sets Z0 during the process of
calibration standard measurement, using data from the definition of the calibration
standard in a calibration kit. ZO of the corresponding port is set when measuring one-
port standards. Z0 of the two ports is set when measuring two-port standards. The
UNKNOWN THRU standard does not make any changes in Z0 of the ports. By
default, the function is enabled, but it can be disabled.

To enable/disable the function of automatic selecting of port
System Zo impedance Z0, use the following softkeys:

Calibration > System Zo > Auto Select Zo > [ON|OFF]

Auto Select Fo
OM

SENS:CORR:IMP:SEL:AUTO  Turns the auto-select Z0 function ON/OFF.
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Calibration Trigger Source

The function sets the trigger source to start measuring the calibration standards. If an
Internal source is selected, the calibration starts immediately. f the source is
System, the system trigger is used to start the calibration. The source of the system
trigger is set by the softkey:

Stimulus > Trigger > Trigger Source > [Internal | External | Manual | Bus]

If a system trigger is used, the averaging trigger function and the external trigger
event function set On Point affect the start of the calibration in the same way as during
standard measurements. When using a system trigger, the trigger source Bus should
not be used, otherwise the software may be blocked.

This function does not apply to calibration using the ACM,
power calibration, receiver calibration. In these
calibrations, the internal trigger is always used.

To set the calibration trigger source, use the following
Zalibration softkeys:

Calibration > Cal Trig Source [Internal | System]

Cal Trig Source
Internal

SENS:CORR:TRIG:FREE Enables/disables the internal trigger source for
calibration.
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Measurement Data Analysis

The following section describes the process of Measurement Data Analysis using the
Analyzer.

Special software marker tools are used to read and look up the numerical values of
the stimulus and the measured value on selected points on the graph. For a detailed
description, see Markers.

This section also contains information about the various functions and tools used to
analyze measurements.

e Memory Trace Function is used to save data traces and perform mathematical
operations between memory and data traces.

e Trace Hold is used to hold the maximum or minimum values of the trace.

e Fixture Simulation is used to simulate measurement conditions that differ from
real measurement conditions.

e Time Domain Transformation is used to convert the measured characteristics in
the frequency domain into the circuit response in the time domain.

e Time Domain Gating (except M models) is used to eliminate unwanted
responses in the time domain.

e S-Parameter Conversion is used to convert the measurement results into
different parameters: impedance or admittance in reflection/transmission
measurement, inverse S-parameter, equivalent impedance or admittance in
transmission shunt measurements, S-parameter complex conjugate.

e General S-Parameter Conversion is used for general conversion of S-
parameters to Z, Y, T, H, ABCD-parameters based on the full matrix of S-
parameters.

e A function of pass/fail determination for the trace of the measurement data
according to various criteria:

1. Limit Test is used to compare the trace of the measured value with the limit
line.

2. Ripple Limit Test is used to check the value of the ripple trace with user-
defined ripple limits

3. Peak Limit Test is used to check if the peak of the trace of the set polarity
falls within the limits for the peak.
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Markers

A marker is a tool for numerical readout of a stimulus value and value of the
measured parameter in a specific point on the trace. Up to 16 markers can be
activated on each trace. A trace with two markers is shown in the figure below.

1.100000 GHzZ 53.42°
2 1.400000 GHZ 100,32 ¢

SRVRES4AN

Trace with two markers

The markers allow to perform the following tasks:

e Reading absolute values of a stimulus and a measured parameter in selected
points on the trace.

¢ Reading relative values of a stimulus and a measured parameter related to the
reference point.

e Search for specific points on the trace (minimum, maximum, target level, etc.).

e Determining trace parameters (statistics, bandwidth, etc.).

¢ Editing stimulus parameters using markers.

Markers can have the following indicators:

Symbol and number of the active marker on a trace.

1

v

A

2 Symbol and number of the inactive marker on a trace.
A

Symbol of the active marker on a stimulus axis.

A Symbol of the inactive marker on a stimulus axis.

The marker data field contains the marker number, stimulus value, and the measured
parameter value. The number of the active marker is highlighted in an inverse color.
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The marker data field contents vary depending on the display format (rectangular or

circular):

¢ In rectangular format, the marker shows the measurement parameter value
plotted along Y-axis in the active format (See the table below).

Format Type
Description

Logarithmic
Magnitude

Voltage
Standing
Wave Ratio

Phase

Expanded
Phase

Group Delay

Linear
Magnitude

Real Part

Imaginary Part

Label

Log Mag

SWR

Phase

Expand
Phase

Group
Delay

Lin Mag

Real

Imag

Data Type (Y-axis)
S-parameter logarithmic
magnitude: 20 - log|S],
|S|=Va? + b*

1+|S|

1-|S|

S-parameter phase from —
180° to +180°:

180 b
— - arctg -
s a

S-parameter phase,
measurement range
expanded to from below —
180° to over +180°

Signal propagation ddelay
®

within  the DUT: do |,
@ = arctg —

a, W=2m- f
S-parameter linear
magnitude: v a? + b?
S-parameter real part:

a=re(S)

S-parameter imagina art:
bﬁim(S) ginany p
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Unit (Y-axis)

Decibel (dB)

Dimensionless
value

Degree (°)

Degree (°)

Second (sec.)

Dimensionless
value

Dimensionless
value

Dimensionless
value



¢ In circular format, the marker shows two or three values listed in the table below.

Label Marker Readings (Measurement Unit)

Reading 1 Reading 2 Reading 3
Smith (Lin) Linear magnitude = Phase (°) —
Smith (Log) Logarithmic Phase (°) —

magnitude (dB)
Smith (Re/Im) Real part Imaginary part —

Smith (R + jX) Resistance (Q) Reactance (Q) Equivalent
capacitance or
inductance (F/H)

Smith (G +jB) Conductance (S)  Susceptance (S) Equivalent
capacitance or
inductance (F/H)

Polar (Lin) Linear magnitude Phase (°) —

Polar (Log) Logarithmic Phase (°) —
magnitude (dB)

Polar (Re/lm) Real part Imaginary part —
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Marker Addition

To enable a new marker, use the following softkeys:

Markers

Markers > Add Marker

‘ add Marker |

CALC:MARK Turns the marker ON/OFF.

The new marker appears as the active marker in the
middle of the stimulus axis. The input field for the marker
stimulus value is activated.

Marker Deletion

To delete a marker, use the following softkeys:

Markers

Markers > Remove Marker

e —— To delete all the markers, use the following softkeys:

Markers > Remove All Markers

Remove All
Markers
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Marker Activation

Select

Marker 1

Marker 1

Marker 15

To activate a marker by its number, use the following softkeys:

Markers > Select > Marker n

Markers

Select Mexk

To activate a marker from the list of markers, use the following
softkeys:

Markers > Select Next

CALC:MARK:ACT

Sets the active marker.

NOTE

A marker can be activated by clicking on it.
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Marker Stimulus Value Setting

The active marker must be selected before setting the marker stimulus value. The
stimulus value must be set by entering the numerical value from the keyboard, by
arrows, by dragging the marker using the mouse (See Marker Stimulus Value
Setting), or by enabling the search function (See Marker Position Search Functions).

To set the marker stimulus value, use the following softkeys:

Markers

Markers > Edit Stimulus

‘ Edit Stimulus | or click on the stimulus value field using the mouse.

Then, enter the value using the numerical keys on the keypad,
by «1», «|» arrows.

CALC:MARK:X Sets or reads out the stimulus value of the marker.
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Reference Marker Feature

The reference marker feature allows to view the data relative to the reference marker.
Other markers readings are represented as delta relative to the reference marker.
The reference marker shows the absolute data and is indicated with «R» symbol
instead of a number (See figure below). Enabling of a reference marker turns all the
other markers to relative display mode.

=150.0000MH2 -24.82 "
2 150.0000MHzZ  12.12*
A 1.250000GHz 88.25 °

Reference marker

Reference marker can be indicated on the trace as follows:

R ,
v Symbol of the active reference marker on a trace.

Symbol of the inactive reference marker on a trace.

A >

The reference marker displays the stimulus and measurement absolute values. The
rest of the markers display the relative values:

e Stimulus value (AX in the figure above) is the difference between the absolute
stimulus values of this marker and the reference marker.

e Measured value (AY in the figure above) is the difference between the absolute
measurement values of this marker and the reference marker.
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To enable/disable the reference marker, use the following
Markers s oftkeys :

Markers > Reference Marker

Reference Marker

OFF

CALC:MARK Turns the marker ON/OFF.

CALC:MARK:ACT Sets the active marker.

CALC:MARK:REF Turns the reference marker ON/OFF.
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Marker Properties

The following section describes marker properties:

e Marker Coupling Feature is the function that determines the coupling of markers
with the same numbers on different traces.

e Marker Table is used to display the marker values of all traces and channels.

e Marker Value Indication Capacity is the setting of the bit-length of numerical
values on markers.

e Multi Marker Data Display is the ability to enable display of the marker data for
all traces simultaneously.

e Marker Data Arrangement is the ability to rearrange the marker data display on
the screen.

e Marker Data Alignment is the ability to align the marker data display on the
screen.

e Memory Trace Value Display is the ability to turn on the memory trace marker
values if a memory trace is available.

e Marker Discrete Mode is the moving of the marker only between actual
measurement points.
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Marker Coupling Feature

The marker coupling feature enables/disables coupling of markers with the same
numbers on different traces. If the feature is turned on, the markers with the same
numbers will move along the X-axis synchronously on all the traces. If the coupling
feature is off, the position of the markers with same numbers along X-axis will be
independent (See figure below).

1.150026 GHZ &3.61° 1.20474% GHz 23.70°
2 1.332450GHz R2.52 ° 2 1.339450GHZ K2.53°

J
5

= e - -
-

Hq—:—p
s N iy F Py sy
Coupling ON Coupling OFF

Marker coupling feature

To enable/disable the marker coupling feature, use the
Marker Properties followi ng softkeys:

Markers > Properties > Marker Couple

‘ 4 Marker Couple

CALC:MARK:COUP Turns the marker coupling between traces ON/OFF-.
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Marker Table

The marker table allows to view the values of the markers of all traces and channels
(See figure below).

511 Fhase 30.00°/ F-100.0° [F1] Szl Log Mag 10.00dE/ MO.000dE [RT
Trz 511 Log Mag 5.o00des Bo.oo0de [F1] co.oo
c0. 00 1 758.55056MHzZ -1.3403dE
fl =35.07483MHZ -94.702 ¢ 40,0 |2 944.39628MH2 -1.1826dE
so.o0 |2 222.83582MHZ -103.64 " . B 1.1302420GHz -1.5996dE
0,00
-10.00
20,00
-40.00
10,00
-7, 00 1 .
oo NN ey ‘
1 1 2
~130.0 H -10.00
2
—1&0.0 a -z0.00
]
-1a0.0 —-30.00
—220.0 —-40.00
-z50.0 = — -5, 00 i 1
Start GO0MHz 201 Lin 3kHz Stop 1 iE3Hz Start 300kHz 201 Lin 3kHz 0dBm  Stop 2 iGHz
Chi Trl 511 1 &35.07483MHz -94.702 *
Chi Trl S11 z 932.83582MHz -103.64*
Chl Trz 511 1 &35.07483MHz -7.3552 dB
chl Trz sS11 2 932.83582MHz -9.5752 dB
Ch2z Trl s21 1 7SS.550S5EMHZ -1.3402 dE
Ch2z Trl Szl 2 944.39628MHz -1.1926 dE
Chz Trl sz1 2 1.1302420GH=z -1.5995 dE

Marker table

To show/hide the marker table, use the following softkeys:

Marker Properties

Markers > Properties > Marker Table

4 Marker Table

DISP:MARKer:TABL Turns the marker table ON/OFF.

DISP:PART:VIS Shows or hides the display partition specified by the
<char> parameter.
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Marker Value Indication Capacity

By default, the marker stimulus values are displayed with 8 decimal points and

marker response values are displayed with 5 decimal points. These settings can be
changed.

To set the marker value indication capacity, use the following
softkeys:

Marker Properties

Markers > Properties > Stimulus Digits
Skirulus Digits

8 Markers > Properties > Response Digits

Response Digiks
o

Page 431



Multi Marker Data Display

If several overlapping traces are displayed in one diagram, by default only active
marker data is displayed on the screen. The display of the marker data for all traces
can be enabled simultaneously. The markers for different traces can be distinguished
by color. Each marker will be the same color as its trace.

To enable/disable the multi marker data display, toggle the
Marker Properties softkey:

Markers > Properties > Active Only

‘ 4 Active Only

DISP:WIND:ANN:MARK:SING Selects display of either the active trace
markers or all trace markers.

When multi marker data display is enabled, to avoid data
overlapping on the screen, arrange the marker data on the
screen (See Marker Data Arrangement).
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Marker Data Arrangement

By default, marker data is displayed in the upper left corner of the screen. The marker
data display can be rearranged on the screen. The marker data position on the
screen is shown using two parameters — relative position on the X and Y axes, in
percent. Zero percent is in the upper left corner, 100% is in the lower right corner.
Marker data position for each trace is set separately. This allows to avoid data
overlapping on the screen.

[R5 iop dag 10,00 Ok F-10.00 OF B 511 Loy Hag 30,00 Ok F-10.00 OF
nEEEET- |
['?:'E;?:z;a st
1 Ir Al ) : [ ' 1 Ir Al r 1
-I'"-liJ -I'"-liJ
il fl
| |
¢ ¢
. 1 1-amer o 2.-';;':ﬂ
B f':g..l_g-w_:‘éus. pe :.!:;;!!-.I; e
o T T TR T T T I ek o
Position X = 0% Position X = 100%
Position Y = 0% Position Y = 100%

Marker Data Arrangement

To arrange the marker data on the screen, enter the relative
position on the X and Y axes, using the following softkeys:

Marker Properties

Markers > Properties > Data X Position

Data % Pasition

0% Markers > Properties > Data Y Position

Data ¥ Position
0%

Sets or reads out the display position
of the marker annotation on the X-axis
by a percentage of the display width.

DISP:WIND:TRAC:ANN:MARK:POS:X

Sets or reads out the display position
of the marker annotation on the Y-axis
by a percentage of the display height.

DISP:WIND:TRAC:ANN:MARK:POS:Y
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The marker data can also be drag-and-dropped using the
mouse.
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Marker Data Alignment

By default, marker data is displayed independently for each trace. The marker data
display can be aligned on the screen. This alignment deactivates the independent
marker data layout. In this case, the relative position onthe X and Y axes is valid only
for the first trace. The marker data of the other traces becomes aligned relatively to
the first trace. Two types of alignment are available:

¢ Vertical — marker data of different traces are displayed one under another.

¢ Horizontal — marker data of different traces are displayed in line.

To set the marker data alignment, use the following softkeys:

Marker Align

OFF

Markers > Properties > Align > [Vertical | Horizontal |
OFF]

Werkical

Harizantal

* OFF

DISP:WIND:ANN:MARK:ALIG Sets or reads out the alignment mode of the
marker display position of each trace.
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Memory Trace Value Display

By default, the marker values of the data traces (not memory traces) are displayed on
the screen. The display of memory trace maker values can be enabled, if a memory
trace is available.

To enable/disable the display of memory trace marker values,
Marker Properties toggle the softkey:

Marker > Properties > Memory Value [ON | OFF]

Merary Yalle
OFF
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Marker Discrete Mode

By default, the marker can be moved along the values interpolated between
measurement points. To move the marker only between actual measurement points,
enable the marker discrete mode.

« - Measurement points
v - Markers in discrete mode
4 - Markers in continuous mode

Marker Discrete and Continuous Modes

To enable / disable discrete mode, use the following softkeys:

Marker Properties

Marker > Properties > Discrete [ON | OFF]

CALC:MARK:DISC Turns the marker discrete mode ON/OFF.
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Marker Position Search Functions

The marker position search function allows to find the following values on a trace:

e Maximum value

e Minimum value

e Peak value
e Target level

This section contains information about search tracking mode (See Search Tracking)
and on the function used to set the search range of the marker position (See Search

Range).
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Maximum and Minimum Search Functions

Maximum and minimum search functions are used to determine the maximum and

minimum values of the measured parameter and move the marker to these positions
on the trace (See figure below).

1.20%800 GHz 100.5 ¢
2 1.11E52320 GH=z 31.25 "

Maxaimum

73

/2

Maximum and minimum search

T4
Minimum

To find the maximum or minimum values on a trace, use the
following softkeys:

Markers > Marker Search > Maximum
L] Mazximurn
Markers > Marker Search > Minimum

Mimirnirn

CALC:MARK:FUNC:EXEC Executes the marker search according to the
specified criterion.

CALC:MARK:FUNC:TYPE Selects the type of the marker search.

Activate the marker before starting maximum or minimum
search (See Marker Activation).

In Smith chart and polar formats, the search is executed for
the first marker value.
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Search for Peak

Peak search function is used to determine the peak value of the measured
parameter and move the marker to this position on the trace.

Peak is a local extreme of the trace.

Peak is considered positive if the value of the peak is greater than the values of the
adjacent points (See figure below).

2
3

1.121410GHZ
1.20F730GH=Z
1.338740GHZ

74,87 "
100.5*
100.4 °

Positive peaks

Peak is considered negative if the value of the peak is smaller than the values of the
adjacent points (See figure below).

1
2

1.115330GHzZ
1.1&67590 GHZ
1.340450 GHzZ

31.2e8 "
EL.27*
E2.52 7

Negative peaks

Peak excursion is the smallest of the absolute differences between the response
values in the peak point and the two adjoining peaks of the opposite polarity.

The peak search is executed only for the peaks meeting the following conditions:
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e The peaks must have the polarity (positive, negative, or both) specified by
the user.

e The peaks must have a peak deviation no less than the value assigned by
the user.

The following options for the peak search are available:

e search for nearest peak
e search for greatest peak
¢ search for left peak

e search for right peak

The nearest peak is a peak that is located most near to the current position of the
marker along the stimulus axis.

The greatest peak is a peak with maximum or minimum value, depending on the
current polarity settings of the peak.

Finding the greatest peak is different form finding the
maximum or minimum, as the peak cannot be located at
the trace’s limit points, even if those points have a
maximum or minimum value.

To set the polarity of the peak, use the following softkeys:

Markers > Marker Search > Peak > Peak Polarity >
[ Positive | Negative | Both ]

L Pasitive
Megative
Both
CALC:MARK:FUNC:PPOL Selects the peak polarity when the marker

peak search is performed by the
CALC:MARK:FUNC:EXEC command.

To enter the peak excursion value, use the following softkeys:

Markers > Marker Search > Peak > Peak Excursion
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‘ Peak Excursion ‘

Then enter the value using the numerical keypad, or the «1»,

1dE «]» arrows.

CALC:MARK:FUNC:PEXC Sets or reads out the peak excursion value
when the marker peak search is performed
by the CALC:MARK:FUNC:EXEC
command.

To activate the nearest peak search, use the following

‘ Search Peak ‘

softkeys:

Markers > Marker Search > Peak > Search Peak

‘ Search Max Peak

To activate the greatest peak search, use the following
softkeys:

Markers > Marker Search > Peak > Search Max Peak

Search Peak Left

To activate the left peak search, use the following softkeys:

Markers > Marker Search > Peak > Search Peak Left

To activate the left peak search, use the following softkeys:

Search Peak
Right
Markers > Marker Search > Peak > Search Peak Right
CALC:MARK:FUNC:EXEC Executes the marker search according to the
specified criterion.
CALC:MARK:FUNC:TYPE Selects the type of the marker search, which

is performed by the
CALC:MARK:FUNC:EXEC command.

Activate the marker before starting peak search (see
Marker Activation).

In Smith chart and Polar formats, the search is executed for
the first marker value.
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Search for Target Level

The target level search function is used to locate the marker with the given level of the
measured parameter (See figure below).

The trace can have two types of transition at the points where the target level crosses
the trace:

e Transition type is positive if the function derivative (trace slope) is positive at
the intersection point with the target level.

e Transition type is negative if the function derivative (trace slope) is negative at
the intersection point with the target level.

1.122010 GHz =20.00°
2 1.244253 GHz 20.00°

Positive | Negative
transition " transition

F Py
Target level search

Target level search is performed only for intersection points that have a user-selected
specific transition polarity (positive, negative, or both).

The following options for the target level search are available:

e search for nearest target
¢ search for left target

e search for right target

To set the transition polarity, use the following softkeys:

Target Transikion

Both

Markers > Marker Search > Target > Target Transition >
[ Positive | Negative | Both ]
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- Positive

Megative

Both

CALC:MARK:FUNC:TTR Selects the type of the target transition when

the marker transition search is performed by
the CALC:MARK:FUNC:EXEC command.

Search Target

Marker 1

Targek Value
0de

To enter the target level value, use the following softkeys:
Markers > Marker Search > Target > Target Value

Then enter the value using the numerical keypad, or the «1»,
«|» arrows.

CALC:MARK:FUNC:TARG Sets or reads out the target value when the

marker target search is performed by the
CALC:MARK:FUNC:EXEC command.

® Search Target

To activate the nearest target search, use the following
softkeys:

Markers > Marker Search > Target > Search Target

Search Target
Left

To activate the left target search, use the following softkeys:

Markers > Marker Search > Target > Search Target Left

Search Targek
Right

To activate the right target search, use the following softkeys:

Markers > Marker Search > Target > Search Target Right

CALC:MARK:FUNC:EXEC Executes the marker search according to the

specified criterion.

CALC:MARK:FUNC:TYPE Selects the type of the marker search, which is

performed by the CALC:MARK:FUNC:EXEC
command.
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Target Line
OFF

Clear &ll Target
Lines

To enable/disable target level indication on the screen, use
the following softkeys:

Markers > Marker Search > Target > Target Line

The Clear All Target Lines softkey disables indication of
target level lines of all the markers.

Activate the marker before starting target level search (see
Marker Activation).

In Smith chart and Polar formats, the search is executed for
the first marker value.
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Search Tracking

The marker position search function, by default, can be initiated by any press of the
search key. Search tracking mode performs continuous marker position search, until
this mode is disabled.

To enable/disable search tracking mode, use the following
softkeys:

Markers > Marker Search > Tracking

OFF

‘ Tracking

CALC:MARK:FUNC:TRAC Sets or reads out the target value when the
marker target search is performed by the
CALC:MARK:FUNC:EXEC command.
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Search Range

The search range for the marker position search can be set by setting the stimulus
limits. This function includes the following additional features:

e Search range coupling, which allows to define the same search range for all
the traces of a channel.

¢ Vertical line indication of the search range limits.

To enable/disable the search range, use the following
Marker 1 softkeys:

Marker Search

Markers > Marker Search > Search Range

Search Range
OFF

CALC:MARK:FUNC:DOM Turns the state of the arbitrary range when
executing the marker search ON/OFF.

R To set the search range limits, use the following softkeys:
300 kHz
Markers > Marker Search > Search Start

Search Stop Markers > Marker Search > Search Stop
3.2 GHz

CALC:MARK:FUNC:DOM:STAR Sets or reads out the start value of the
marker search range.

CALC:MARK:FUNC:DOM:STOP Sets or reads out the stop value of the
marker search range.

To enable/disable search range coupling, use the following

softkeys:

Couple
O

Markers > Marker Search > Couple
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CALC:MARK:FUNC:DOM:COUP  Turns the state of the marker search range
coupling for different traces ON/OFF.

To enable/disable search range limits indication, use the

following softkeys:

Search Range
Lines

Markers > Marker Search > Search Range Lines
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Marker Math Functions

Marker math functions use markers to calculate various trace characteristics. Four
marker math functions are available:

e Statistics

e Bandwidth Search

e Flatness

e RF Filter
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Trace Statistics

The trace statistics feature allows to determine and view trace parameters, such as
mean, standard deviation, and peak-to-peak.

The range of trace statistics can be defined by two markers (See figure below).

fl 1.z000000GHZ -0.0013 dE
2 1.£0000005HZ -0.0045 dE

1-2 : 400, 00000MHZ
mean @ -0.0004 dE mean @ -0.0008dE
s.dew @ 0.0022dE s.dew @ 0.0024dE

p=p +  O.0171dE p=p v 0.0123dE

1
WWWWW WWW
! 3
Stafistic Range , Statistic Range |
OFF 1 ON )
lq‘————————————.pl
Trace statistics
Trace Statistics parameter
Symbol Definition Formula
mean Arithmetic mean L O
M=—-- Z X;
N .
=1
s.dev Standard deviation N
1 2
G
=1
pP-p Peak-to-Peak: difference = Max— Min

between the maximum and
minimum values

To enable/disable trace statistics function, use the following
Skatiskics Softkeys:

Markers > Marker Math > Statistics > Statistics
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OFF

‘ Skakiskics |

CALC:MST Turns the math statistics display ON/OFF.
R To enable/disable trace statistics range, use the following
OFF softkeys:

Markers > Marker Math > Statistics > Statistic Range

CALC:MST:-DOM

Selects either the partial frequency range or the entire
frequency range to be used for math statistic calculation.

Skatiskic Skark |
Marker 1

Skatiskic Skop |
Matker 2

To set the start/stop markers of the statistics range, use
the following softkeys:

Markers > Marker Math > Statistics > Statistic Start

Markers > Marker Math > Statistics > Statistic Stop

CALC:MST:DOM:STAR Sets or reads out the number of the marker, which

specifies the start frequency of the math statistics
range.

CALC:MST:DOM:STOP Sets or reads out the number of the marker, which

specifies the stop frequency of the math statistics
range.
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Bandwidth Search

The bandwidth search function allows to determine and view the following parameters
of a passband or a stopband: bandwidth, center frequency, lower frequency, higher
frequency, Q value, and insertion loss (See figure below).

The bandwidth search is executed from the reference point. The active marker or the
maximum trace value can be selected as the reference. The bandwidth search
function detects lower and higher cutoff frequencies that differ from the reference
point response by a user-specified bandwidth value (usually — 3 dB).

fl 2.27938219GHz -0.05833dE

EW ! 25.7LGELSMHE Passband
CENE @ 2.27397835GHZ
Tow @ 2.2646003GH=
high @ 2.2933569GH=? 1
Q : 79.251
Toss ¢ -0.0819dE 0 Pees=== =

rJ

L 3512877GHE -0.9&31dE

BW 1 43.411546MHzZ Stopband
CENT @ 2.2845247GHzZ
Tow @ 2.2E3585150GH=
high : 2.3092305GHz
0 : 46.235
Toss 1 -0.8202 dE

Bandwidth

F1 and F2 are the lower and higher cutoff frequencies of the band respectively

Bandwidth search
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Bandwidth parameters

Parameter Symbol Definition Formula
Description
Bandwidth BW The difference between the higher and = F2 - F1
lower cutoff frequencies.
Center cent The midpoint between the higher and = (F1+F2)/
Frequency lower cutoff frequencies. 2
Lower Cutoff low The lower frequency point of the F1
Frequency intersection of the bandwidth cutoff
level and the trace.
Higher Cutoff high The higher frequency point of the F2

intersection of the bandwidth cutoff
level and the trace.

Frequency

Quality Factor Q The ratio of the center frequency to the = cent/BW

bandwidth.

loss The trace measured value in the —

reference point of the bandwidth
search.

Loss

To enable/disable bandwidth search function, use the

following softkeys:

| Bandwidth Search

Markers > Marker Math > Bandwidth Search >
Bandwidth Search

Bandwidth Search
OFF

CALC:MARK:BWID Turns the bandwidth search function ON/OFF.

Type
Bandpass

‘ Set the bandwidth search type by softkeys:

Markers > Marker Math > Bandwidth Search > Type

The type and the softkey label toggle between Bandpass and
Notch settings.
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CALC:MARK:BWID:TYPE  Sets the type of the bandwidth search function.

‘ AR—— | To set the search reference point, use the following softkeys:
Marker

Markers > Marker Math > Bandwidth Search > Search
Ref > > [Marker | Maximum | Minimum]

CALC:MARK:BWID:REF Selects the reference point for the bandwidth
search function: reference marker or absolute
maximum value of the trace.

To enter the bandwidth value, use the following softkeys:

Bandwidth Yalue
-3dE

Markers > Marker Math > Bandwidth Search >
Bandwidth Value

CALC:MARK:BWID:THR Sets the bandwidth definition value.
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Flatness

The flatness search function allows to determine and view the following trace

parameters: gain, slope, and flatness. Two markers to specify the flatness search
range should be set (See figure below).

1 &50.00000MHZ  5.0347 dB
H 1.1s00000GHZ 10.215dE

1-2 : E30.00000MHz
gain : &.0347dE
slope @ z2.1832zdE
Tlat : l.4250dE

Flatness Search
Range

- = .

A

M
Marker 2

Marker 1

Flatness = A ax + 2 min

Flatness search
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Flatness parameters

Parameter Symbol Definition

Description

Gain gain Marker 1 value.

Slope slope Difference between marker 2 and marker 1 values.
Flatness flat Sum of “positive” and “negative” peaks of the trace,

which are measured from the line connecting
marker 1 and marker 2 (See above figure).

To enable/disable the flatness search function, use the
Flatness following softkeys:

Markers > Marker Math > Flatness > Flatness

‘ Flatness |

ol
CALC:MARK:MATH:FLAT:STAT Turns the marker flatness function
ON/OFF.
Flatness Skark To select the markers specifying the flatness search range,
marker1 || Use softkeys:

Markers > Marker Math > Flatness > Flatness Start

Flatness Skop |
Marker 2

Markers > Marker Math > Flatness > Flatness Stop

CALC:MARK:MATH:FLAT:-DOM:STAR  Sets or reads out the number of the
marker, which specifies the start
frequency of the flatness function
domain.

CALC:MARK:MATH:FLAT:-DOM:STOP  Sets or reads out the number of the
marker, which specifies the stop
frequency of the flatness function
domain.
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RF Filter Statistics

The RF filter statistics function allows to determine and view the following filter
parameters: loss, peak-to-peak in a passband, and rejection in a stopband. The
passband is specified by the first pair of markers, and the stopband is specified by
the second pair of markers (See figure below).

1 700.00000MHz -1.9573 dB
z 1.1500000GHZ -2.2117 dB
,Passband, 3 1.6000000GHZ -117.7¢ dB
L ————— 2.4000000GHZ -114.53 dB
|
. ' 1-2 : 450.00000MHzZ
loss @ -2.2117dE
p-p :  0.8002dE
3-4 :  S00.00000MHZ
rej @ -102.7ade
Stopband
> >
' 3
|
3
W

RF filter statistics

RF filter statistics parameters

Parameter Symbol Definition

Description

Loss in loss Minimum value in the passband.

passband

Peak-to-peak p-p Difference between maximum and minimum in
in passband the passband.

Reject rej Difference between maximum in stopband and

minimum in passband.

To enable/disable the RF filter statistics function, use the
RF Filter Stats following softkeys:

Markers > Marker Math > RF Filter Stats > RF Filter Stats

RF Filter Skats
oy}
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Passhand Skart
Marker 1

Passhand Stop
Marker 2

Stopband Start
Marker 3

Stopband Stop
Marker ¢

To select the markers specifying the passband, use the
following softkeys:

Markers > Marker Math > RF Filter Stats > Passband
Start

Markers > Marker Math > RF Filter Stats > Passband
Stop

To select the markers specifying the stopband, use the
following softkeys:

Markers > Marker Math > RF Filter Stats > Stopband Start

Markers > Marker Math > RF Filter Stats > Stopband Stop
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Marker Functions

Using the current position of a marker, the following parameter settings can be set:

e stimulus start
e stimulus stop
¢ stimulus center
¢ reference level

e electrical delay

Activate the marker before adjusting these settings (See Marker Activation).

AR To set the stimulus start, use the following softkeys:

Marker 1

Markers > Marker Functions > Marker—>Start

Marker -=
Start
n—— To set the stimulus stop, use the following softkeys:
Stop
Markers > Marker Functions > Marker—>Stop
Markares To set the stimulus center, use the following softkeys:
Center
Markers > Marker Functions > Marker—>Center
S— To set the reference level, use the following softkeys:
Ref Value
Markers > Marker Functions > Marker—>Ref Value
S— To set the electrical delay, use the following softkeys:
Delay

Markers > Marker Functions > Marker—>Delay

CALC:MARK:SET Sets the value of the specified item to the value of the
position of the marker.
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To set reference marker to the active marker point, use the
following softkeys:

Marker - =
Ref Marker

Markers > Marker Functions > Marker—>Ref Marker
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Memory Trace Function

An associated memory trace can be created for each data trace. The memory trace
is saved at the moment when the corresponding softkey is pressed or a program
command is received. After saving the memory trace, the screen displays two traces
— data and memory. The following settings of the memory and traces display can be
performed:

Trace Display Trace status field
Data and memory D&M

Memory only M

Data only Dat

Data and memory OFF Off

Up to 8 memory traces can be created for each data trace.
For a detail description, see Memory FIFO.

The memory trace is displayed in the same color as the main data trace, but it is half
as bright (color and brightness of data and memory traces can be customized, see
User Interface Setting).

The memory trace is used for displaying and mathematical operations with data
trace. For a detail description, see Mathematical Operations.

In fact, complex measurement data is saved in memory, not their graphical
representation. Consequently:

e Mathematical operations are carried out between the current and stored S-
parameters.

e The memory trace changes similar to an associated data trace when the
settings are changed, such as Format, Electrical delay, Time domain, etc.

The memory trace cannot be extrapolated or interpolated,
so when the frequency range or sweep type are changed,
the memory contents become incorrect. When the number of
points is changed, the memory is automatically cleared.
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Saving Data Trace into Memory

The function of saving data traces into memory is applied to an individual trace or to
all traces of the channel at once.

The trace to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

To save an active data trace into the memory, use the
Memory following softkeys:

Display > Memory > Data->Memory

Data -> Memory . .
To save all data traces into memory, use the following

softkeys:

Data -> Memory
All

Display > Memory > Data->Memory All

CALC:MATH:MEM Copies the measurement data to the memory trace.

Erasing Memory

The trace to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel ).

To erase the memory of the active trace, use the following
Memory softkeys:

Display > Memory > Erase Memory

‘ Erase Memory

Trace Display Setting

The trace to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel).

Trace Dispiay To set th(_e type of traces to be displayed on the screen, use
Data & Memory the following softkeys:
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Display > Trace Display > [ Data | Memory | Data &
Data Memory | OFF ]

Memoary

® Data & Memory

OFF

DISP:WIND:TRAC:MEM Turns the memory trace display ON/OFF.

DISP:WIND:TRAC:STAT Turns the data trace display ON/OFF.
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Memory FIFO

The memory FIFO function increases the number of memory traces up to 8 for each
data trace. Memory traces are saved in a FIFO (first-in-first-out) queue.

By default, the memory FIFO function is disabled, the queue depth is 1, so there is
only 1 memory trace associated with each data trace. It is Memory Trace Function.

When the memory FIFO function is enabled, the queue depth increases to 8, so it is
possible to record up to 8 memory traces for each data trace.

Memory traces are saved in chronological order by pressing the Data -> Memory
softkey. The new memory trace is numbered 1, and the numbers of the previous
memory traces are increased by one. If the number of memory traces in the memory
FIFO exceeds 8, the oldest trace is discarded.

The number of traces currently saved in FIFO is displayed in the trace status bar (See
figure below).

Trace/Channel  Stimulus  Response  Display  Calibration Ma
511 Log Mag 10.00 dB/ Mo.000 dB [FIFO:Z Mem]

Memory FIFO Status

The number of traces saved in Memory FIFO
All memory traces contained in the memory FIFO are displayed simultaneously.

For math operations, only one of memory FIFO trace is used (such a trace is called
active). By default, the newest memory trace is active. If necessary, any trace in the
memory FIFO can be activated.

To enable / disable the function of saving to memory FIFO,
| Memory use the following softkeys:

Display > Memory > Memory FIFO > [ON | OFF]

Memory FIFO
OFF
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Active Memory
i

i
MNew

To assign a memory trace as active for math operations, use
the following softkeys:

Display > Memory > Active Memory >[1]2|3...8]

The memory traces in the FIFO are arranged in chronological
order, where 1 is the newest save, 8 is the oldest.
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Erasing FIFO Memory

Erase Memory

To erase the memory trace in FIFO, use the following softkeys:

Display > Memory > Erase Memory >[1]|2|3..8 | All]
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Mathematical Operations

The memory trace can be used for mathematical operations with the data trace. The
mathematical operations are performed on complex values before they are formatted
for display. The result of math operation replaces the data trace. The following
mathematical operations can be performed:

Data/ Memory Divides the measured data by the memory data.

The trace status field indicates: D/M.

Data* Memory Multiplies the measured data by the memory data.

The trace status field indicates: D*M.

Data— Memory Subtracts a memory data from the measured data.

The trace status field indicates: D—M.

Data+ Memory Adds the measured data to the memory data.

The trace status field indicates: D+M.

Normalization Pressing the Normalization softkey performs 3 steps in
sequence:

1. Saves the current data into memory.

2. Tuns on the math operation Data/ Memory
(normalizes the measured data).

3. Turns on "data only" display type.

The trace status field indicates: D/M Dat.
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To access math operations, use the following softkeys:

Data Math

OFF

Display > Memory > Data Math > [ Data / Mem | Data *
Mem | Data — Mem | Data + Mem | OFF ]

Data [ Mem
Draka * Mem
[aka - Mem
[Daka + Mern
. OFF
CALC:MATH:FUNC Selects the math operation between the measured
data and the memory data.
Normalization function can be done using the following
M softkeys:
e for one trace:
Display > Memory > Normalize
o for all traces of the active channel:

‘ Normalize Al |
Display > Memory > Normalize All

If the memory FIFO function is turned on, check if the active
memory trace is the desired trace for math operation (See
Memory FIFO).
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Trace Hold

The trace hold function is used to hold the maximum or minimum values of the trace.
When the function is enabled, the inscription [Max hold] or [Min hold] appears in the
trace status bar (See Trace Status Field).

Hold Type To turn ON/OFF trace hold function press the following
OFF softkeys:

. O Display > Trace Hold > Hold Type
Select the hold type:
Maximum
o OFF
Minimum ¢ Maximum
e Minimum
CALC:HOLD:TYPE Sets the type of the trace hold function.

The Restart softkey in the Display> Trace Hold menu is

‘ Restart used to restart the trace hold.

CALC:HOLD:CLEar This command resets the trace hold function.
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Fixture Simulation

The fixture simulation functions are a set of software functions for mathematically
simulating measurement conditions that are different from the actual measurement
conditions. The following conditions can be simulated:

e Port Extension or Automatic Port Extension

e Port reference impedance conversion

e Circuit de-embedding

e Circuit embedding
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The logic diagram of the fixture simulation function is shown in the figure below.

Corrected Metwork MNetwork
S-parameters de-embedding and embedding and
Port extention Port Z conversion

Actual
calbration 73
70 plane
H1—
Port a
Port Port 7 .A.A.A]-
extention conversion '“"'1
|
S52P 52P
MNetwork Metwork
de-embedding embedding
MNew
calibration | DUT DUT
plane
52P 52P
MNetwork Metwaork
de-embedding embedding
P}?trt ) 8 Port Z .w]-
extention conversion”’”‘]
Z0
H__—
Portb
Actual 2
calibration
plane

Logic diagram of fixture simulation function
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The data processing flow diagram of the fixture simulation feature is shown in the
figure below.

Corrected
S-parameters

v

Port
Extension

Y

S2P Network
de-embedding

Y

Port 7
conversion

Y

S2P Network
embedding

Y

Fixture simulation
result

i

S-parameters

Data processing flow diagram of fixture simulation function

Page 472



The channel to which the function is applied must be preselected as active (See
Selection of Active Trace/Channel). Fixture simulation functions affect all the traces of
the channel.

_ To enable fixture simulation functions, use the following
S softkeys:

Analysis > Fixture Simulator [ ON | OFF ]

Fixture Simulator

OFF

CALC:FSIM:STAT Turns the fixture simulation function ON/OFF.

The fixture simulator softkey enables or disables fixture
simulation in general. Each fixture simulator function has its
own ON/OFF softkey.
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Port Extension

The port extension function moves the calibration plane toward the DUT terminals by
the specified electrical delay value. The function is useful when a fixture is used for
the DUT connecting and the calibration cannot be performed at the DUT terminals.
The calibration plane can be established at coaxial connectors of the fixture and then
moved to the DUT terminals using the port extension function (See figure below).

a@le! -

Acitual Calibration
Plane

;imi -

MNew Calibration
Plane

Port extension

The function uses the model of the perfectly matched transmission line with loss with
parameters:

e The phase incursion in the line is
A(p — e—j-27t-f-'r,
where f — frequency, Hz,
T — electrical delay, sec.
e The loss of the line L(f) can be specified by one of the following methods:
1. Frequency-independent loss at DC (Lo)
L(f) =L,

2. Loss determined by the losses in two frequency points (Lo atDC, and L1 at

frequency F 1)
_ /f
L(f) _Lo +(L1 _Lo) F_
1
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3. Loss determined by the losses in three frequency points (Lo at DC, L1 at
frequency F1 and L2 at frequency F2)

L(P) = Ly + (g = L))"

L
logIL—;I

n= 1
log=—
ng.

The accuracy of the port extension method depends on the
fixture used. The closer the fixture parameters are to the
model of a perfectly matched transmission line, the higher
the accuracy.

To enable the port extension function, use the following
Port Extensions softkeys:

Calibration > Port Extensions > Extensions [ ON|OFF]

OFF

‘ Extensions

SENS:CORR:EXT Turns the port extension function ON/OFF.

To set the electrical delay for each port, use the following

100 ps softkeys:

‘ Extension Portl

Extension Port1 or Extension Port2

SENS:CORR:EXT:PORT:TIME Sets or reads out the electrical delay value for
the port extension function.

- To open the menu of the losses, use the following softkeys:
Loss 2

Calibration > Port Extensions >Loss

To select the port in menu, use softkey:

1

Select Port

— Enter the L1, F values and enable the use of these values
T on in further calculations, use the following softkeys:

Loss1[ON | OFF ]

Page 475



— Loss1
-1 dB
Freq1
Freql Perform the same steps for Ly F,.
1 GHz
Loss at DC Enter the Lo value, use the followi ng softkey:
0 de
Loss atDC

SENS:CORR:EXT:PORT:INCL Turns the loss compensation of loss 1 and
loss 2 for the port extension function
ON/OFF.

SENS:CORR:EXT:PORT:FREQ Sets or reads out the values of the frequency
1 and frequency 2 to calculate the loss for
the port extension function.

SENS:CORR:EXT:PORT:LOSS Sets or reads out the values of loss 1 and
loss 2 for the port extension function.

SENS:CORR:EXT:PORT:LDC Sets or reads out the loss value at DC for the
port extension function.
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Automatic Port Extension

The auto port extension function allows for automatic calculation of port extension
parameters by measuring a SHORT or an OPEN standard. It is also possible to
measure both standards; in this case the average value will be used.

The auto port extension function can be used simultaneously for any number of ports
from 1 to the number of actual instrument ports. First select the number of ports and
then connect SHORT or OPEN standards to the chosen ports.

In the auto port extension menu, specify the frequency range, which will be
considered when calculating the port extension parameter. There are three methods
of setting the frequency range:

e Current frequency range.
¢ User-defined frequency range (within current range).

e User-defined frequency point (selected with a marker).

The result of the auto port extension function is the calculation of the electrical delay
value. After auto port extension completes, this delay value appears in the
corresponding field of the Port Extension menu, and the port extension function is
automatically enabled, if it was disabled.

If the Include Loss optionis enabled prior to the auto port extension function running,
the loss values Loss1, Loss2 at the respective frequency values Freq1, Freq2 will
be calculated and applied. The Freq1, Freq2 values are calculated as 74 and % of
the frequency range set by one of the following two methods: current or user defined.
If the frequency range is defined by a marker, frequency point Freq2 is not calculated.

If the Adjust Mismatch option is enabled prior to the auto port extension function
running, the frequency-independent loss at DC, the Loss at DC value, is also set.
The value of loss at the lower frequency of the current range is used as the Loss at
DC value.

To open the menu of the auto port extension function, use the
following softkeys:

Calibration > Port Extensions > Auto Port Extension

Select Pork(s) Then select the number of ports:
1,2
Select Port(s)
Method Select the frequency range:
Current Span
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Method [Current Span | Active Marker | User Span]

SENS:CORR:EEXT:AUTO:PORT Turns the status of the auto port extension

for the port number <Pt> ON/OFF.

SENS:CORR:EXT:AUTO:CONF Specifies the frequency range used for

calculation of the results of the auto port
extension function.

Include Loss
OFF

Adjust Mismatch
OFF

Enable the include loss function Loss1, Loss2, if required:
Include Loss [ON | OFF]
Enable adjust mismatch function Loss at DC, if required:

Adjust Mismatch [ON | OFF]

SENS:CORR:EXT:-AUTO:LOSS Turns the usage of "Loss1" and "Loss2"

values for the results of the auto port
extension function ON/OFF.

SENS:CORR:EXT:AUTO:DCOF Turns the usage of "Loss at DC" value for

the results of the auto port extension
function ON/OFF.

User Span Start
300 kHz

User Span Stop
9 GHz

When using User Span method, select frequency range,
using the following softkeys:

User Span Start

User Span Stop

SENS:CORR:EXT:AUTO:STAR Sets or reads out the start value of the user

span of the auto port extension function.

SENS:CORR:EXT:AUTO:STOP Sets or reads out the stop value of the user

span of the auto port extension function.

‘ Measure Shark |

Execute the auto port extension function after connecting
SHORTSs or OPENsSs to the ports:

Measure Short or Measure Open
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If both measurements have been performed, the result will
appear as the average value of the two.

‘ Measure Cpen

SENS:CORR:EXT:AUTO:RES Deletes the finished measurement data of
the OPEN and SHORT standards of the
auto port extension function.

SENS:CORR:EXT:AUTO:MEAS Performs measurement of the standard
SHORT or OPEN, automatically calculates
and sets the parameters of the port
extension.
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Port Reference Impedance (Z) Conversion

The default reference impedance of a port is equal to the impedance of the
connectors (50 or 75 Q). But in the process, it is often required to measure DUT with
arbitrary resistance (See example in the figure below), not equal to the impedance of
a port. In this case, it is possible to convert the reference impedance to an arbitrary
impedance value using the software.

Reference
impedance Z0
(50 Q)

4 Arbitrary
- LAl Impedance /7

Example of measuring a DUT with an arbitrary impedance by the Analyzer with
reference impedance 50 Q

Port reference impedance conversion is a function that mathematically converts the
matrix of S-parameters measured at the reference impedance of port Z0 to the matrix
of S-parameters measured at an arbitrary impedance of port Z1 (See figure below).
The function is also referred to as the renormalization transformation of S-
parameters.
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Port 1 FPort 2
Reference : DUT . Reference
impedance : S : impedance
Z0 : (S) : Z0
(50 or 75 02) : : (50 or 75 (2)
Port impedance conversion
Port 1 ¢ Port 2
Arbitrary : . Arbitrary
Impedance : Dé].T : Impedance
Z1[0)] : (%) : 22(0)]

Port reference impedance conversion

Renormalization can be based on two alternative microwave circuit theories, whose
conversion formulas may yield different results if the reference impedance of at least
one test port has a non-zero imaginary part. The first theory is "A General Waveguide
Circuit Theory" (R.B.Marks and D.F.Wiliams). The second theory is the "Power
waves and the Power Scattering Matrix" (K.Kurokawa).

The source value of the Z0 port reference impedance
(commonly 50 Q) is defined in the process of the
calibration. It is determined by the characteristic
impedance of the calibration kit and its value is entered as
described in System Impedance Z0.

To enable/disable the port reference impedance conversion
function, use the following softkeys:

Port Z2Conversion

Analysis > Fixture Simulator > Port Z Conversion > Port
Z Conversion [ON | OFF]

Port 2Conversion |
OFF

CALC:FSIM:SEND:ZCON:STAT Turns the port impedance conversion

function ON/OFF.
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Port1 70 Real To enter the value of the simulated impedance of Port n, use
50 Q the Port n Z0 Real and Port n Z0 Imag softkeys.

Port1 70 Imag
10 Q

CALC:FSIM:SEND:ZCON:

PORT:Z0

Sets or reads out the value of the impedance of the
port impedance conversion function.

CALC:FSIM:SEND:ZCON:

PORT:Z0:REAL

Sets or reads out the real part of the impedance of
the portimpedance conversion function.

CALC:FSIM:SEND:ZCON:

Sets or reads out the imaginary part of the

PORT:Z0:IMAG impedance of the port impedance conversion
function.
Theory To choose the theory according to which the renormalization

Traveling Waves

of S-parameters is performed, use the Theory softkey.
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De-embedding

De-embedding is a function of transforming the S-parameter by eliminating some
circuit effect from the measurement results.

The de-embedding function allows to mathematically exclude the effect of the fixture
circuit existing between the calibration plane and the DUT in the real network from the
measurement results. The fixture is used for the DUTs, which cannot be directly
connected to the test ports.

The de-embedding function shifts the calibration plane closer to the DUT, so as if the
calibration has been executed on the network with this circuit removed (See figure
below).

Port 1 Port 2
*— Circuit 1 — & b Circuit2z [—®
(Touchstone puUT (Touchstone
*— file) ] e file) —®
Calibration Calibration
plane plane

De-embedding

'

Port 1 Port 2
® ® o ®
DUT
[ ® ® ®
Calibration Calibration
plane plane

De-embedding

The circuit being removed should be defined in the data file containing S-parameters
of that circuit. The circuit should be described as two-port in Touchstone file
(extension *.S2P), which contains the S-parameter table: S11, S21, S12, S22 for a
number of frequencies.
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The S-matrices of all de-embedding circuits are oriented so
that the S11 is directed to the Analyzer port and S22
directed to the DUT.

De-Embedding
OFF

To enable/disable the de-embedding function, use the
following softkeys:

Analysis > Fixture Simulator > De-Embedding > De-
Embedding [ON | OFF]

S-parmeters File
NFEM-07252,52p

Port 1
o]

If the S-parameters file is not specified, the softkey for Port n
activation will be grayed out.

To enter the file name of the de-embedded circuit S-
parameters of Port n, use the following softkeys:

Analysis > Fixture Simulator > De-Embedding > S-
parameters File

To enable/disable the de-embedding function for Port n, use
the following softkeys:

Analysis > Fixture Simulator > De-Embedding > Port n
[ON | OFF]

CALC:FSIM:SEND:DEEM  Turns the two-port network de-embedding function

STAT

ON/OFF.

CALC:FSIM:SEND:DEEM  Sets or reads out the name of the *.S2P file of the

:PORT:USER:FIL

de-embedded circuit of the two-port network de-
embedding function.

CALC:FSIM:SEND:DEEM  Turns the two-port network de-embedding function

‘PORT:STAT

for specified port ON/OFF.
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Embedding

Embedding is a function of the S-parameter transformation via integration of some

virtual circuit into the real network (See figure below).

The embedding function allows to mathematically simulate the DUT parameters after

adding the fixture circuits.

The embedding function is an inverted de-embedding function.

Port 1

Port 2

DUT

Measured S-parameters

v

Embedding

'

*— Circuit 1

(Touchstone
*— file)

DUT

Simutated S-parameters

Embedding

Circuit 2
(Touchstone
file)

The circuit being integrated should be defined in the data file containing S-
parameters of that circuit. The circuit should be described as a two-port in
Touchstone file (extension *.S2P), which contains the S-parameter table: S11, S21,
S12, S22 for a number of frequencies.

The S-matrices of all embedding circuits are oriented so
that the S11 is directed to the Analyzer port and S22
directed to the DUT.
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Embedding
OFF

To enable/disable the embedding function, use the following
softkeys:

Analysis > Fixture Simulator > Embedding > Embedding
[ON | OFF]

S-parmeters File
NFEM-07252,52p

Part 1
o]

If the S-parameters file is not specified, the softkey for Port n
activation will be grayed out.

To enter the file name of the embedded circuit S-parameters
of Port n, use the following softkeys:

Analysis > Fixture Simulator > Embedding > S-
parameters File

To enable/disable the embedding function for Port n, use the
following softkeys:

Analysis > Fixture Simulator > Embedding > Port n.

CALC:FSIM:SEND:PMC:STAT  Turns the two-port network embedding function

ON/OFF.

CALC:FSIM:SEND:PMC:PORT Sets orreads out the name of the *.S2P file of

:USER:FIL

the embedded circuit of the two-port network
embedding function.

CALC:FSIM:SEND:PMC:PORT Turns the 2-port network embedding function

STAT

for each port ON/OFF.
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Time Domain Transformation

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

The Analyzer measures parameters of the DUT in the frequency domain. Time
domain transformation is a function of mathematical transformation of the measured
parameters in order to obtain the time domain representation.

Time domain function simulates time-domain reflectometry. The meaning of which is
to influence the DUT with a pulsed or step signal, followed by the analysis of the
reflected signal. The magnitude, duration, and shape of the reflected signal
determine the nature of the impedance variation in the DUT. The Analyzer does not
affect the DUT either in pulses or steps. Instead, a Chirp-Z transform algorithm is
used to calculate time information from the frequency measurements. The Chirp-Z
transform is a generalization of the Fourier transform that allows to set arbitrary
transform start and stop values.

Transformation Types

The time domain function supports the following transformation types:

e Bandpass mode simulates the response of the bandpass network to the
impulse.

¢ Lowpass impulse mode simulates the response of the lowpass network to
the impulse.

e Lowpass step mode simulates the response of the lowpass network to the
unit step function.

The time domain resolution in the lowpass mode is twice as high as in the bandpass
mode. The bandpass mode determines the distance to the discontinuity but does not
provide information about the nature of the discontinuity. The lowpass mode
determines the distance to the discontinuity and provides information about the
nature of the discontinuity (open or short circuit, for example). The lowpass step
mode is useful for the impedance measurement along the distance.

Bandpass mode is applied to the DUTs that do not operate with DC current such as
band pass filters. The frequency settings in the bandpass mode can be arbitrary.

Lowpass mode is applied to the DUTs that operate with DC current such as cables.

The frequency settings in the lowpass mode is required to be a harmonic frequency
grid, where the frequency value at each frequency point is an integer multiple of the
start frequency. The Analyzer can set the harmonic frequency grid from the current
frequency settings with one click.
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The value of the DUT response at DC is required to be known in the lowpass mode.
The DC value cannot be measured directly by the Analyzer. The Analyzer offers two
options: the DC value is automatically extrapolated or manually set. The last option is
used when the DUT response at DC is well known, for example, for a low loss cable
the DC value is:

¢ "1" for open-ended cable.
¢ "-1" for a short-circuited cable.

e "0" for a cable terminated with a matched load.

Transformation Unambiguity Range

The time domain response is a periodic function due to the discrete nature of the
frequency response. The time domain unambiguity range is determined by the step in
the frequency domain:

1 F F

AT = — AF =-7& min
AF; N-1

Windowing

The time domain response has a ringing due to the finite nature of the frequency
response. To reduce the ringing the windowing is applied to the frequency response.
The time domain transformation function applies the Kaiser window function. The
window function selection is a tradeoff between the ringing reducing and the time
domain resolution.

The Kaiser window is defined by the B parameter, which smoothly fine-tunes the
window shape from minimum (rectangular) to maximum. The user can fine-tune the
window shape, or select one of the three pre-programmed windows:

e Minimum (rectangular)
e Normal

e Maximum
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Pre-programmed window types

Window Lowpass Impulse Lowpass Step
Side Pulse Side Edge Width
Lobes Width Lobes
Level Level
Minimum —~13dB 0.6 _21dB 0.45
Fmax_Fmin Fmax_Fmin
Normal — 44 dB 0.98 —60dB 0.99
Fmax_Fmin Fmax_Fmin
Maximum —-75dB 1.39 —70dB 1.48
F F F F

max~ ¥ min

max~ U min

X-axis Representation

The X-axis units can be set in seconds or distance units (meters or feet). When the
distance units are selected, the velocity factor is used to compute the distance from
time. The velocity factor setting is located in the cable correction function (See Cable
Correction Function).

The two types of reflection can be selected: round trip or one way. The round trip
setting shows the total time or distance that the signal travels in both directions along
the DUT. The one-way setting shows the time or distance the signal travels in one
direction along the DUT.

As the time domain transformation can be applied for
separate traces of a channel, the x-axis units and round
trip/one-way type depends on the active trace selected.

The time domain transformation is applied for separate traces of a channel. The
trace to which the function is applied must be preselected as active (See Selection of
Active Trace/Channel).
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Time Domain Transformation Activation

To enable/disable time domain transformation function, use
felonan the following softkeys:

Analysis > Time Domain > Time Domain [ON | OFF]

Tirne Damain
o]

CALC:TRAN:TIME:STAT Turns the time domain transformation function
ON/OFF.

Time domain transformation function is accessible only in
linear frequency sweep mode.

Time Domain Transformation Span

To define the span of time domain representation, its start and stop, or center and
span values can be set.

To set the start and stop limits of the time domain range, use
felonan the following softkeys:

Analysis > Time Domain > Start
Skark
~lime Analysis > Time Domain > Stop

Stop
10ns

CALC:TRAN:TIME:STAR Sets or reads out the time domain start value
when the time domain transformation function is
turned ON.

CALC:TRAN:TIME:STOP Sets or reads out the time domain stop value
when the time domain transformation function is
turned ON.
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Center
Os

Span
20ns

To set the center and span of the time domain, use the
following softkeys:

Analysis > Time Domain > Center

Analysis > Time Domain > Span

CALC:TRAN:TIME:CENT Sets or reads out the time domain center value

when the time domain transformation function is
turned ON.

CALC:TRAN:TIME:SPAN Sets or reads out the time domain span value

when the time domain transformation function is
turned ON.

Unit
Seconds

- Seconds

Meters

To set the unit of the time domain, use the following softkeys:

Analysis > Time Domain > Unit > [ Seconds | Meters |
Feet]

CALC:TRAN:TIME:UNIT Selects the transformation unit for the time domain

transformation function: seconds, meters, feet.

Time Domain Transformation Type

Tvpe
Bandpass

- Bandpass

Lowpass Step

Lowpass Impulse

To set the time domain transformation type, use the following
softkeys:

Analysis > Time Domain > Type > [ Bandpass | Lowpass
Impulse | Lowpass Step ]
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CALC:TRAN:TIME Selects the transformation type for the time domain
transformation function: band-pass or low-pass.

CALC:TRAN:TIME:STIM Selects the stimulus type for the time domain
transformation function: impulse or step.

Time Domain Transformation Window Shape Setting

To set the window shape, use the following softkeys:

Win Ij [m]i)

Mormal

Analysis > Time Domain > Window > [ Minimum | Normal

| Maximum ]
fazximurn
L Mormal
fimimum
Impulse Width To set the window shape for the specific impulse width or front
975.6 ps edge width, use the following softkeys:
Analysis > Time Domain > Window > Impulse Width
CALC:TRAN:TIME:IMP:WIDT Sets or reads out the impulse width (time

domain transformation resolution), coupled
with the Kaiser-Bessel window shape f
parameter.

CALC:TRAN:TIME:STEP:RTIM Sets or reads out the rise time of the step
signal  (time  domain  transformation
resolution), coupled with the Kaiser-Bessel
window shape B parameter.

To set the window shape for the specific B-parameter of the

Kaiser-Bessel filter, use the following softkeys:

Kiser Beta
&

Analysis > Time Domain > Window > Kaiser Beta

The available B values are from 0 to 13:

¢ "0" corresponds to minimum window.
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¢ "6" corresponds to normal window.

e "13" corresponds to maximum widow.

CALC:TRAN:TIME:KBES Sets or reads out the 3 parameter, which controls
the Kaiser-Bessel window shape when performing
the time domain transformation.

The impulse width and 3 of the Kaiser-Bessel filter are the
dependent parameters. When setting one of the
parameters the other one will be adjusted automatically.

Cable Correction Settings

When the length units are selected the velocity factor setting of the Cable correction
function affects the X-axis scale. See Cable Correction Function.

Lowpass Mode Settings

If lowpass mode is used, the frequency range must be set to a harmonic grid. The
frequency values in measurement points are integer multiples of the start frequency.

In lowpass mode, the value of the DUT response at DC is extrapolated from the first
few frequency points, or manually set. Set the DC value manually if the response of
DUT is well known. For example, if the DUT is a cable then DC value is:

¢ "1" for open-ended cable.
¢ "-1" for a short-circuited cable.

e "0" for a cable terminated with a matched load.

To create a harmonic grid for the current frequency range, use
felonan the following softkeys:

Analysis > Time Domain > Set Frequency Low Pass

Set Frequency
Lows Pass

CALC:TRAN:TIME:LPFR Changes the frequency range to match with the

lowpass type of the time domain transformation
function.
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‘ Extrapolate DC

‘ To turn on/off the automatic extrapolation of DC value, use the
oN

following softkeys:

Analysis > Time Domain > Extrapolate DC [ ON | OFF ]

CALC:TRAN:TIME:EXTR:DC Turns ON/OFF the DC extrapolation, when the
time domain transformation function is turned
ON.

‘ — ‘ To set the DC value manually, use the following softkeys:
10U

Analysis > Time Domain > DC Value

CALC:TRAN:TIME:DC:VAL Sets or reads out the DC value used in the
lowpass type of the time domain transformation,
when the DC extrapolation is OFF.

The Set Frequency Low Pass, Extrapolate DC, DC
Value softkeys are duplicated in the Gating menu. The
settings they make have the same effect on Time Domain
and Gating.

The Type (of time domain transformation) softkey is
related to the DUT Low Pass softkey in the Gating menu
as follows:

e If Type set to Lowpass [ Impulse or Step ], DUT
Low Pass turn ON.

e If Type setto Bandpass, DUT Low Pass turn OFF.
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Cable Correction Function

Cable correction function allows to consider the influence of cable characteristics
during transform in the time domain. The function contains the cable velocity factor
and the cable loss in dB/m. The cable loss value is indicated at the specified
frequency. All values can be set manually or selected from the table of predefined
cables. The velocity factor is used to convert the time units to the distance units. The
cable loss value, together with the frequency, are used to compensate for the
attenuation in the cable, so that, for example, the response to an open circuit is unity.
The cable correction function is disabled by defaullt.

Cable Correction Activation

To enable/disable cable correction function of the time domain
Time Domain transformation function, use the following softkeys:

___ Analysis > Time Domain > Cable Correction > Cable
- Yeoiesyil  Correction

OFF

SENS:CORR:TRAN:TIME:STAT  Turns the cable correction ON/OFF when the
time domain transformation function is turned
ON.

Cable Table

The software contains the predefined table of cables (See figure below). Each row of
the table contains the cable name and the following parameters: velocity factor, cable
loss and frequency.

All table fields can be edited. Changes are saved automatically.

If there is no cable description in the table, itis possible to add it. To do this, create a

new row in the table using the Add New Cable button and enter its name and
parameters.
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Select Type Velocity Factor Loss Frequency

1 RG142 0.69 0.443 dB/m 1 GHz
2 RG17, 17A 0.659 0.18 dB/m 1 GHz
3 RG174 0.66 0.984 dB/m 1 GHz
4 RG178B 0.69 1.509 d8/m 1 GHz
5 RG178, 188 0.69 1.017 d8/m 1 GHz
6 RG213/U 0.66 0.292 dB/m 1 GHz
7 RG214 0.659 0.292 dB/m 1 GHz
8 RG223 0.659 0.165 dB/m 1 GHz
9 RG55, 55A, 55B 0.659 0.541 dB/m 1 GHz
10 RG5S, 58B 0.659 1.574 d8/m 1 GHz
11 RG58A, 58C 0.659 0.787 dB/m 1 GHz
12 RGS, 8A, 10, 10A 0.659 0.262 dB/m 1 GHz
13 RGY, 9A 0.659 0.289 dB/m 1 GHz
Cable Table
Select Cable To open the cable table, use the following softkeys:
RG174
Analysis > Time Domain > Cable Correction > Select
Cable
To select the cable in table, use the Select softkey.
il Select
: Make sure that the selected cable is check marked.
To add the new cable in the table, use the Add New Cable
Add New Cable softkey:
: A new cable can be added in the table by specifying
Delete Cable its name and parameters in the empty field at the end of the
table.
To delete cable table, use the Delete Cable softkey.
Restore Cable | To restore cable table, use the following softkeys:
Table
Restore Cable > OK
R T(_) save cable table in file, use the Save Cable Table to
to Fike... File... softkey.
Load Cable Table To load cable table in file, use the Load Cable Table from
- File... softkey.
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Velocity Factor

Velocity factor is used to calculate distance along a cable from the cable delay value.
If the cable correction function is disabled, the software assumes it to be equal to 1.
To obtain the accurate mismatch location in a cable, it is important to set the right
velocity factor of the cable.

‘ Vedodity: Factor | To set the velocity cable, use the following softkeys:
0.66

Analysis > Time Domain > Cable Correction > Velocity
Factor

SENS:CORR:TRAN:TIME:RVEL Sets or reads out the cable relative wave
speed velocity for the cable correction
function, when the time domain
transformation function is turned ON.

The velocity factor value can also be set by the selecting
the cable in the cable table.

Cable Loss

The cable loss value is used to compensate the signal attenuation in a cable. The
cable loss value is setin dB per meter.

1 dB/m

‘ Cable Loss To set the cable loss, use the following softkeys:

Analysis > Time Domain > Cable Correction > Cable
Loss

SENS:CORR:TRAN:TIME:LOSS Sets orreads out the cable loss value for the
cable correction function when the time
domain transformation function is turned ON.

The cable loss value can also be set by the selecting the
cable in the cable table.
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Frequency

To set the frequency, at which the cable loss is specified, use

the following softkeys:

Frequency
1 GHz

Analysis > Time Domain > Cable Correction > Frequency

SENS:CORR:TRAN:TIME:FREQ Sets or reads out the frequency value at
which the cable loss is specified for the cable
correction function when the time domain
transformation function is turned ON.
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Time Domain Gating

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

Time domain gating is a function that mathematically removes unwanted responses
in the time domain. The function performs a time domain transformation, selects the
region in the time domain, deletes the response inside (or outside) the selected
region and transforms back to the frequency domain. The function allows the user to
remove spurious effects of the fixture in the frequency domain, if the useful signal and
spurious signal are separable in the time domain.

The recommended procedure is as follows:

e Use the time domain function for viewing the layout of useful and spurious
responses.

¢ Enable the time domain gating and set the gate position to remove as much of
spurious response as possible.

¢ Disable the time domain function and view the response without spurious effects
in frequency domain.

The function involves two types of time gate:

e Bandpass — removes the response outside the time gate span.

e Notch — removes the response inside the time gate span.

The sharp gate shape leads to ringing effect in the frequency domain. To reduce the
ringing the gate shape can be smoothed. The following gate shapes are offered:

e Maximum
e Wide
e Normal

e Minimum

The minimum window has a sharp shape. The maximum window has a more
smoothed shape. From minimum to maximum window shape, the sidelobe level
increases and the gate resolution decreases. The choice of the window shape is
always a trade-off between the gate resolution and the level of spurious sidelobes.
The parameters of different window shapes are represented in the table below.
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Window Shape Bandpass Gate Resolution
Sidelobe Level (Minimum Gate Span)

Minimum —48dB 2.8
Frax=Fpmin
Normal - 68dB 5.6
F

Fax— min

Wide —57dB 88
Frax=Fpmin
Maximum —-70dB 25.4
F -F

max min

DUT Low Pass Settings

The Time Domain Gating function has a setting to distinguish between the frequency
lowpass DUT and the frequency bandpass DUT. The lowpass DUTs can operate with
DC current such as cables or lowpass filters. The bandpass DUTs cannot operate
with DC current such as band pass filters or high pass filers.

When the DUT Low Pass setting is OFF:

e The gating function makes no assumption about the DUT response at DC.

¢ The frequency settings can be arbitrary.
When the DUT Low Pass setting is ON:

e The value of the DUT response at DC is required to be known to the gating
function.

e The frequency settings are required to be a harmonic frequency grid, where the
frequency value at each frequency point is an integer multiple of the start
frequency.

The DC value cannot be measured directly by the Analyzer. The Analyzer offers two
options: the DC value is automatically extrapolated or manually set. The last option is
used when the DUT response at DC is well known, for example, for a low loss cable
the DC value is:

¢ "1" for open-ended cable.

e "-1" for a short-circuited cable.
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e "0" for a cable terminated with a matched load.

The Analyzer can set the harmonic frequency grid from the current frequency settings
with one click.

The following settings of the Gating function: DUT Low
Pass ON/OFF, Set Frequency Low Pass, Extrapolate DC
and DC value also set the corresponding settings of the
Time Domain function (See Time Domain Transformation).

Time Domain Gate Activation

To enable/disable the time domain gating function, toggle the
Gating following softkey:

Analysis > Gating > Gating [ ON | OFF ]

‘ zating

OFF

CALC:FILT:-TIME:STAT Turns the gating function ON/OFF.

Time domain gating function is accessible only in linear
frequency sweep mode.

Time Domain Gate Span

To the start and stop of the time domain gate, use the
Gating following softkeys:

Analysis > Gating > Start

Skarkt
-10ns Analysis > Gating > Stop

Skop
10ns

CALC:FILT:-TIME:STAR Sets or reads out the gate start value of the gating
function.
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CALC:FILT:-TIME:STOP Sets or reads out the gate stop value of the gating

function.
o To set the center and span of the time domain gate, use the
Os following softkeys:
Analysis > Gating > Center
Span
2075 Analysis > Gating > Span

CALC:FILT:-TIME:CENT Sets or reads out the gate center value of the gating
function.

CALC:FILT:-TIME:SPAN Sets or reads out the gate span value of the gating
function.

Time Domain Gate Type

- To select the gate type, use the following softkeys:
ating
Analysis > Gating > Type

‘ Type | Toggle the type between Bandpass and Notch.
Bandpass
CALC:FILT:-TIME Sets or reads out the gate type of the gating function.
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Time Domain Gate Shape Setting

To set the time domain gate shape, use the following softkeys:

Shape

Mormal

Analysis > Gating > Shape > [ Minimum | Normal | Wide |
Maximum ]

Maxirmun

Wide

& Mormal

Mirirarm

CALC:FILT:-TIME:SHAP  Sets or reads out the gate shape of the gating
function.

DUT Low Pass Setting

DUT Low Pass To select the type of DUT from lowpass or bandpass, use the
ON following softkeys:
Analysis > Gating > DUT Low Pass [ ON | OFF ]
CALC:TRAN:TIME Selects the DUT type for the time domain gating

function: bandpass or lowpass.

To create a harmonic grid for the current frequency range, use
jinelonai the following softkeys:

Analysis > Time Domain > Set Frequency Low Pass

Set Frequency
Law Pass

CALC:TRAN:TIME:LPFR Changes the frequency range to match with the
lowpass type of the time domain gating function.
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‘ Extrapolate DC ‘ To enable extrapolation of DC values, use the following
ON softkeys:

Analysis > Time Domain > Extrapolate DC [ ON | OFF ]

CALC:TRAN:TIME:EXTR:DC Turns ON/OFF the DC extrapolation, when the
DUT type is lowpass.

‘ — ‘ To set the DC value manually, use the following softkeys:
1U

Analysis > Time Domain > DC Value

CALC:TRAN:TIME:DC:VAL Sets or reads out the DC value used in the
lowpass type of the time domain transformation,
when the DC extrapolationis OFF.

The following softkeys: Set Frequency Low Pass,
Extrapolate DC, DC Value are duplicated in the Time

Domain menu. The settings they make have the same
effect on Time Domain and Gating.

The DUT Low Pass softkey is related to the Type (of time
domain transformation) softkey in the Time Domain menu
as follows:

o If DUT Low Pass turn ON, Type set to Lowpass
[ Impulse or Step ].

e fDUT Low Pass turn OFF, Type set to Bandpass.
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S-Parameter Conversion

The S-parameter conversion function allows for the conversion of measurement
results (Sab) to the following parameters:

Parameter Equation
Impedance in reflection measurement (Zr) 7y = 1*Saa
Oa 1-S4q
Admittance in reflection measurement (Yr) Y, = L
ZT

Impedance in transmission measurement (£t) _ 2yZoaZgp 7
Zy=————(Zpg + Zpp)

Admittance in transmission measurement (Y ¢) Y,=—
Inverse S-parameter _

Equivalent admittance in transmission shunt y
measurements (Ytsh)

Equivalent impedance in transmission shunt
measurements (Ztsh) Yien

S-parameter complex conjugate Sab
Zoa is characteristic impedance of Port a.
Zob is characteristic impedance of Port b.

Sab is measured S-parameter (a and b are the port identifiers).

1 Y 1

Y, =— =—
0a 0b

ZOa, Zob
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Equations for Zr, Zt, Y+ Y+ are approximate. The general
method of converting S-parameters to Z, Y, H, T, ABCD-
parameters is presented in the General S-Parameter
Conversion. The reason for using the approximate method
is the measurement speed, as only one S-parameter is
used in the calculations, whereas the general method
requires measurement of the full matrix of S-parameters.

The S-parameter conversion function can be applied to an individual trace of a
channel. The trace to which the function is applied must be preselected as active
(See Selection of Active Trace/Channel).

To enable/disable the conversion, use the following softkeys:

Conyersian

Analysis > Conversion > Conversion

Conversion
OFF

CALC:CONV Turns the S-parameter conversion function ON/OFF.

Function To select the conversion type, use the following softkeys:

Z: Reflection

Analysis > Conversion > Function

Then select the required function:

¢ Zr: Reflection

e Zt: Transmission

¢ Yr: Reflection

e Yt: Transmission

e 1/S: Inverse

e Ztsh: Trans-Shunt
¢ Ytsh: Trans-Shunt

e Conjugation
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® 7 Refleckion

Zi Transmission

¥ Reflection

Y1 Transmission

1/5: Inverse

Z: Trans-Shunt

¥ Trans-Shunkt

Conjugation

CALC:CONV:FUNC Sets or reads out the S-parameter conversion function
type.

NOTE All conversion types are indicated in the trace status field,
when enabled.
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General S-Parameter Conversion

This section describes the most common method of transformation of the S-
parametersto Z, Y, T, H, ABCD - parameters. The method is described in: Dean A.
Frickey's "Conversions Between S, Z, Y, h, ABCD, and T Parameters which are
Valid for Complex Source and Load Impedances".

The port impedances Z01 and Z02 are real numbers determined by the System Z0
menu (See System Impedance Z0) when the Port Z Conversion function is not active.
If the Port Z Conversion function is active, then the portimpedances Z01 and Z02 are
complex numbers determined by the Port Z Conversion menu (See Port Z
Conversion function).

The function is applied to all S-parameters of a channel. The channel to which the
function is applied must be preselected as active (See Selection of Active
Trace/Channel).

General To enable/disable the general conversion, use the following
Conversion softkeys:

Analysis > General Conversion > General Conversion
[ON | OFF]

General
Conversion

oM

Conversion Type To select the conversion type, use the following softkeys:

Z - parameters

Analysis > General Conversion > Conversion Type

& Z-parameters Then select the required function:

e Z - parameters

Y - parameters
¢ Y - parameters

T - parameters oT- parameters
e H - parameters

- parametrs e ABCD - parameters

ABCD -
parameters

The [Conv] symbols are indicated in the trace status field,
when general conversion is enabled.
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Limit Test

The limit test is a function of automatic pass/fail judgment for the trace of the
measurement result. The judgment is based on the comparison of the trace to the
limit line set by the user.

The limit line can consist of one or several segments (See figure below). Each
segment checks the measured value for failure, whether it is an upper or lower limit.
The limit line segment is defined by specifying the coordinates of the beginning (X0,
Y0) and the end (X1, Y1) of the segment, and the type of the limit. The MAX or MIN
limit types check if the trace falls outside of the upper or lower limit respectively.

Trl: Limit Pass

Limit line
The limit line is set by the user in the limit table. Each row in the table describes one

segment of the line. Limit table editing is described below. The table can be saved
into a *.LIM file.

The display of the limit lines on the screen can be turned ON/OFF independently of
the status of the limit test function.

The result of the limit test is indicated in the upper right corner of the diagram:

e If the measurement result passed the limit test, the trace number and the result
will be seen: Tr1: Limit Pass (See figure above).
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e If the measurement result failed, the result will be indicated in the following ways
(See figure below):

1. Tr1:Limit Fail will be displayed in upper right corner of the diagram.
2. Fail sign will be displayed in red in the center of the window.

3. The points of the trace, which failed the test will be highlighted in red.
4. A beep will be heard.

The fail sign and the beep can be disabled using the Fail Sign softkey. For beep
deactivation see Beeper Settings.

Trl: Limit Fail

Test fail indication

Limit Test Enabling/Disabling

To enable/disable limit test function, use the following
softkeys:

Lirnit Tesk

Analysis > Limit Test > Limit Test [ON | OFF]

Lirnit Tesk
N
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CALC:LIM Turns the limit test ON/OFF.

Limit Line Editing

In the editing mode the limit table will appear in the lower part of the screen (See
figure below). The limit table will be hidden when quitting the submenu.

Type Beqin Stimulus End Stimulus Beqin Response End Response
1 MIM 500 MHz i i -90 dB -80 dB
2 MAX 3.2 GHz -10dB -10 dB
3 MIM 5.5 GHz -80 dB -100 dB
4 SINGLE 6 GHz -20dB -25 dB

Limit line table

Navigating within the table to enter the values of the following parameters of a limit
test segment:

Type Select the segment type among the following:

o MAX — upper limit.
e MIN — lower limit.

e SINGLE — upper and lower limits in one
frequency point.

¢ OFF — segment not used for the limit test.

Begin Stimulus Stimulus value in the beginning point of the segment.

End Stimulus Stimulus value in the ending point of the segment.

Begin Response Response value in the beginning point of the
segment.

End Response Response value in the ending point of the segment.

To enable/disable limit line, use the following softkeys:

Lirnit Tesk

Analysis > Limit Test > Limit Line [ON | OFF]
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Limit Line

ON
To access the limit line editing mode, use the following
Edit Limit Line | softkeys:
Analysis > Limit Test > Edit Limit Line
To add a new row in the table, click Add. The new row will
Add

Delete

appear below the highlighted one.

To delete a row from the table, click Delete. The highlighted
row will be deleted.

CALC:LIM:DATA

Sets the data array, which is the limit line in the limit test
function.

Clear Limit Table |

To clear the entire table, use the Clear Limit Table softkey.

Save Limit Table

To save the table into *.LIM file, use the Save Limit Table
softkey.

MMEM:STOR:LIM

Saves the ripple limit table into a file.

Restare Limik
Table

To open the table from a *.LIM file, use the Restore Limit
Table softkey.

MMEM:LOAD:LIM

Recalls the limit table file. The file must be saved using
the MMEM:STOR:LIM command.
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Limit test display management

To enable/disable display of a limit line, use the following
Lirnit Tesk Softkeys:

Analysis > Limit Test > Limit Line [ON | OFF]

Lirnit Line
O
Fail Sign To enable/disable display of fail sign in the center of the
oM diagram, use Fail Sign softkey.
CALC:LIM:DISP Turns the limit line display of the limit test function
ON/OFF.
DISP:FSIG Turns the "fail" sign display ON/OFF when performing

limit test or ripple limit test.

Limit Line Offset

The limit line offset function allows the user to shift the segments of the limit line by the
specified value along X and Y axes simultaneously.

To define the limit line offset along X-axis, use the following
Limnit: Line Offsets Softkeys:

Analysis > Limit Test > Limit Line Offsets > Stimulus
Offset

Stimulus Offset
OHz

CALC:LIM:OFFS:STIM Sets and reads out the value of the limit line offset along
the X—axis.

Response Offset To define the limit line offset along Y-axis, use the following
0dE softkeys:

Analysis > Limit Test > Limit Line Offsets > Response

Marker - = Offset
Response Ofs,

Response offset can be set to the active marker position,
using the following softkeys:
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Analysis > Limit Test > Limit Line Offsets > Marker — >
Response Ofs

CALC:LIM:OFFS:AMPL Sets and reads out the value of the limit line offset
along the Y-axis.

CALC:LIM:OFFS:MARK Sets the value of the limit line offset along the Y-
axis to the active marker value.
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Ripple Limit Test

The ripple limit test is an automatic pass/fail check of the measured trace data. The
trace is checked against the maximum ripple value (ripple limit). The ripple value is
the difference between the maximum and minimum response of the trace in the trace
frequency band.

The ripple limit can include one or more segments (See figure below). Each segment
provides the ripple limit for the specific frequency band. A segment is set by the
frequency band and the ripple limit value.

Trl: Ripl Pass B1 1.6794 dB

Band 1 Band 2 Band 3
5dB 2dB 5dB
I A |

Ripple limits

The ripple limit settings are set in the ripple limit table. Each row of the table
describes the frequency band of the ripple limit value. The process of ripple limit table
editing is described below. The table can be saved into a *.RML file.

The display of the limit lines on the screen can be turned ON/OFF independently of
the status of the ripple limit test function.

The result of the ripple limit test is indicated in the upper right corner of the diagram:

o If the measurement result passed the limit test, the trace number and the result
will be seen: Tr1: Ripl Pass.

e If the measurement result failed, the result will be indicated in the following ways
(See figure below):

1. Tr1: Ripl1: Fail will be displayed in upper right corner of the diagram.
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2. Fail sign will be displayed in red in the center of the window.
3. A beep will be heard.

The fail sign and the beep can be disabled using the Fail Sign softkey. For beep
deactivation see Beeper Settings.

Trl: Ripl Fail B3/ 3.9364 dB

I
I I v v

™™ Faill

Test fail indication

The display of the ripple value can be enabled/disabled in the ripple limit test status
line in the upper right corner of the diagram (See figure below). The ripple value is
displayed for the band selected by the user. The ripple value can be represented as
an absolute value or as a margin to the limit.

Trl: Ripl Pass B1 1.67E51 d

Ripple value
Band number
Test resuit

Test name and trace number

Ripple limit test status line

Page 516



Ripple Limit Enabling/Disabling

To enable/disable ripple limit test function, use the following
Ripple Linnit SOﬂkeyS:

Analysis > Ripple Limit > Ripple Test [ON | OFF]

Ripple Test
oM

CALC:RLIM Turns the ripple limit test ON/OFF.

Ripple Limit Editing

In the editing mode, the limit table will appear in the lower part of the screen (See
figure below). The limit table will be hidden when exiting the submenu.

Ty Begin Stimulus End Stimulus Ripple Limit
1 i 3 GHz 3.4 GHz 4 dB
2 On 3.4 GHz 4.8 GHz 1dB
3 0N 4.8 GHz 5.25 GHz 4 dB

Ripple limit table

Navigating within the table to enter the values of the following parameters of a ripple
limit test segment:

Type Select the segment type among the following:

e ON — band used for the ripple limit test.
e OFF — band not used for the limit test.

Begin Stimulus Stimulus value in the beginning point of the segment.
End Stimulus Stimulus value in the ending point of the segment.
Ripple Limit Ripple limit value.

To access the ripple limit editing mode, use the following
Ripple Limit softkeys:
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Analysis > Ripple Limit > Edit Ripple Limit
Edit Ripple Limit |

To add a new row in the table, click Add. The new row will
Add appear below the highlighted one.

To delete a row from the table, click Delete. The highlighted
row will be deleted.

Delete

CALC:RLIM:DATA Sets the data array, which is the limit line for the ripple
limit function.

To clear the entire table, use the Clear Ripple Limit Table

Clear Ripple Limit i
softkey.

Table

Save Ripple Limit To save the table into *.RML file, use the Save Ripple Limit
Table Table softkey.

MMEM:STOR:RLIM Saves the limit table into a file.

To open the table from a *.RML file, use the Recall Ripple

Limit Table softkey.

Restaore Ripple
Lirnit Table

MMEM:LOAD:RLIM Recalls the limit table file.

Ripple Limit Test Display Management

To enable/disable display of the ripple limit line, use the
Ripple Linit following softkeys:

Analysis > Ripple Limit > Ripple Limit [ON | OFF]

Ripple Linnit
(o]

CALC:RLIM:DISP:LINE  Turns the ripple limit line display ON/OFF.

Fail Sign To enable/disable display of fail sign in the center of the
ON diagram, use Fail Sign softkey.
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DISP:FSIG  Turns the "fail" sign display ON/OFF when performing limit test or
ripple limit test.

To enter the number of the band, whose ripple value should be

Ripple Yalue Band ) .
displayed, use the following softkeys:

1

Analysis > Ripple Limit > Ripple Value Band

CALC:RLIM:DISP:SEL Sets or reads out the number of the ripple limit test
band selected for the ripple value display.

To enable/disable display of the ripple value, use the following
CFF softkeys:

Ripple Yalue

Analysis > Ripple Limit > Ripple Value > [ OFF | Absolute
| Margin ]

. OFF

Absaolute

Margin

CALC:RLIM:DISP:VAL Sets or reads out the number of the ripple limit test
band selected for the ripple value display.
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Peak Limits Test

The peak limits test function checks whether the trace point with the minimum (or
maximum) value of the measured value falls within the specified limits of the
frequency range and/or value range (see figure below). If the trace point minimum (or
maximum) falls within the specified limits, the test is passed (test result "pass").
Otherwise, the test is failed (test result "fail").

Lower himit Upper himit
of the of the
*ﬂc: i frequency frequency
= range range
@
5
o -
@ Trace maximum
=
Upper limit of the
-------------------------------- - - - - value range
Lower limit of the
------------------------------------- value range
Fr;ce
Trace
IMiNIMUIm
— -
Stimulus

Peak limits test

Page 520



Peak Limits Test parameter

A description of the parameters of the peak limits test function in the software is
shown in the table below.

Parameter Definition
Limit Type Selects the type of limit (one of the limits or both at the
same time). Possible values:
e Stimulus — checks whether the maximum (or
minimum) point of the trace is within the specified
frequency bandwidth.

e Response — checks whether the maximum (or
minimum) point of the trace falls within the value
range.

e All — checks the maximum (or minimum) trace point
simultaneously within the frequency band and within
the value range of the measured value.

Begin Stimulus Lower bandwidth limit.

End Stimulus Upper bandwidth limit.

Begin Response Lower limit of the value range.

End Response Upper limit of the value range.
Peak Polarity Selects a trace point for inspection:

e Positive — trace maximum.

¢ Negative — trace minimum.

The peak limit test for the Stimulus limit type can only be
performed in the frequency domain.

Page 521



The figure below shows an example of the trace minimum point falling within the value
range (test result "pass").

Trl: PkLim Pass

Trace minimum

Example of the trace minimum value falling within the range of values (Limit type:
Response)
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The figure below shows an example of the trace minimum point being out of the value
range (test result "fail").

Trl: PkLim Fail

Example of the minimum trace point value being outside the value range (Limit type:
All)

Page 523



Peak Limits Enabling/Disabling

Peak Limits

Peak Limits
OFF

To enable/disable peak limits test function, use the following
softkeys:

Analysis > Peak Limits > Peak Limits [ON | OFF]

Editing Search Parameters for Peak Limits

Limit Type

To select the limit type, use the following softkeys:
Analysis > Peak Limits > Limit Type

Then select the required type:

o All
Stimulus
e Stimulus
i e Response
Begin Stimulus To enter the lower bandwidth limit, use the Begin Stimulus
| 2.1 GHz softkey. To enter the upper bandwidth limit, use the End
Stimulus softkey.
End Stimulus
| e To enter the lower limit of the value range, use the Begin
Begin Response Response softkey. To enter the upper limit of the value range,
| -40 dB use the End Response softkey.
End Response
| 20 dB

Peak Polarity

Negative

To select a trace point to check, use the Peak Polarity
softkey.

Peak Limits Test Display Management

The display of the peak limits on the screen can be turned on/off.

The result of the peak limits test is indicated in the upper right corner of the diagram:
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e If the measurement result passed the peak limit test, the trace number and the
result will be seen: Tr1: PkLim Pass.

o If the measurement result failed, the result will be indicated in the following ways
(See figure above):

1. Tr1: PkLim Fail will be displayed in upper right corner of the diagram.
2. Fail sign will be displayed in red in the center of the window.

3. A beep will be heard.

The fail sign and the beep can be disabled using the Fail Sign softkey. For beep
deactivation see Beeper Settings.

o To enable/disable display of the ripple limit line, use the
Rk following softkeys:

Analysis > Peak Limits > Limit Lines [ON | OFF]

Limit Lines
ON

Fail Sign To enable/disable display of the fail sign in the center of the
ON diagram, use the following softkeys:

Analysis > Ripple Limit > Fail Sign [ON | OFF]
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Calculator

The trace calculator performs mathematical processing of measurement data
according to the specified algebraic equation and displays the result on the calculator
trace. The analyzer channel is the scope of the calculator; the source data refers to
one channel, and the calculator trace is displayed in the channel window together with
the channel measurement traces. The calculator can take source data from the
following processing stages in the analyzer channel (See figure below):

e S-parameters

e absolute measurements (receivers R , A, B )
» raw data of trace or memory (Tr, .Src, Tr_.Mem.Src)

e mathematically processed trace or memory data before formatting (Tr
Tr..Mem)

nl

e displayed trace or memory data (Tr, .Disp, Tr .Mem.Disp)

E Chanell Data Processing E Abs meas _
: . | Receiver * RAB. -
' 7| Calibraiton ' T Trace [
' 1| S-param | Calculator |.
: Acquire Cal : - -t
. Data .
: Calkc Emr H--mmmn= -
' Terms Complex '
' Port Z Conv. data .
| Measurement + ¥ i
' Embedding/ | U :
|| ADC - - : Port | Measurement |, Tr1.Src
= IE::: _ [#|Averaging [p- Rafio (p-| Comection| - - b De-embedding o selection |
| ADC General Comv :
PP - SO H
[ et . Tri Disp-
' . Trace || |
:+Datah|am—DataHow+ ical —»  Gafing > - ™| Hold >
. Delay .
' Tlme_n Format | | Smoothing ' | Display
H Phase H
. Memory )y Fiow -l Ot || Conversion H i~ -
1 FFO H |_
. 1 = Tr1.Mem.Disp -
! Trace Data Processing !
""""""""""""""""""""""""""""""""""""""""" Tr
Tr1 Mem Src 1ri.Mem

Data Processing Flowchart

One or more calculator traces calculated from different algebraic expressions can be
added to a channel. Calculator traces are among the 16 maximum possible traces in
the channel.
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If an S-parameter or absolute measurement is selected as
an argument in the expression, and the corresponding
trace is not present in the channel, then the analyzer will
automatically measure this parameter by sending a
stimulus to the appropriate ports.

The calculator trace is drawn using frequency measurement points. Each frequency
point of the calculator trace is the result of a mathematical operation on the data
measured at this frequency point. The source arguments of the calculator equation
are complex quantities. If the arguments are taken after formatting in rectangular
coordinates, then they are brought into complex form by adding a zero imaginary
part. The result of the equation calculation is also a complex value that is displayed
on the calculator trace according to the selected format. The active trace is converted
to the calculator trace and updates in real time when equation entry is completed.
Since the data processing flowchart is similar for all traces, all operations that are
available for all traces are applicable to the calculator trace, including memory
operations, time domain operations, and others.

The calculator can operate in two modes: basic or advanced. In basic mode, the
equation is selected from a limited list of preset equations, and the number of
arguments is also limited. Advanced mode uses an arbitrary custom equation that
can use a many number of mathematical functions and an unlimited number of
arguments.

To use the calculator in each mode, see Basic Mode and Advanced Mode.

Turning on the calculator

To turn the calculator on, use the following softkeys:

Measurernent

l 511

Measurement > Calculator...

‘ Calculatar... ‘ A calculator window will appear on the screen.

The calculator can be enabled using the Trace Manager:
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Trace Manager

S-parameters

Trl
[]s511
[]521

Mext Tr.

Receiver Ratio

[]s12
522

Mew Tr. Calculator...

I}, Close
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Basic mode

In basic mode, the function is selected from a limited list of preset functions, and the
number of arguments is also limited.

Step-by-step setup of the Basic mode

1.

> o A w N

Select an active channel and an active trace, in which the calculator trace will be
displayed after the calculation.

Turn on the calculator (See Turning on the calculator).

Select a predefined function from the list.
Select the type of operands - parameters or traces.
Select the required operands from the list.

Click the OK or Apply button to calculate the selected function. By clicking the
Apply button, the calculator trace is calculated and drawn using the current
measurement data. Clicking OK does the same thing but closes the calculator
window.
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The active trace is transformed into a calculator trace when
the user clicks Apply or OK. Any changes to operands and
formulas in the calculator window are not drawn on this
graph until this point.

If the active trace is already a calculator trace, then the
changes the user makes are applied to the calculations
immediately and are drawn in real time on the calculator
trace. When changing the active trace, the changes are not
saved unless the Apply or OK buttons are clicked after
making the changes.

The calculator turns on in basic mode (see figure below). The purpose of the
calculator window items is described in the table below.

Calculator ot
Trace name: 511-512
Function: A-B -
Operands: ® Parameters Traces
Operand A: g11 -
Operand B: 512 ot
Advanced Apply oK Cancel

Basic Calculator Mode

Calculator Window Items
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Item

Trace name field

Function list

Operand area

Apply softkey

OK softkey

Description

Name of the calculator trace. By default, the Trace Name
field is identical to the name of the operands and function
used and is displayed in gray (See the figure above). If
necessary, the field can be edited; the edited field is
displayed in black.

List of a predefined set of mathematical functions (See next
table below).

Selecting the type of operands - Parameters or Trace. The
area contains the lists Operand A, Operand B for
assigning a specific value to each operand.

Additional fields corresponding to the selected function also
appear in this area: k1, k2, k3, Offset Amplify, Offset
Phase, Number of averaged frames, Scope dB/range,
Slope deg.range, IN DUT, OUT DUT. A system
information message is displayed below the input fields for
the user. An explanatory message appears when an error
occurs.

Completing the input of operands and function, calculating
and drawing the calculator trace instead of the active trace.
The calculator trace is then updated as new data arrives.

Completing the input of operands and function, calculating
and drawing the calculator trace instead of the active trace.
The calculator trace is then updated as new data arrives,
and the calculator window is closed.
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ltem Description

Cancel softkey Excluded from the calculation are changes that were made
after clicking the Apply button.

Advanced Switch to advanced mode (See Advanced mode).
softkey
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Predefined Basic Mode Functions

Function

A-B

A'B

A/B

k1*A + k2*B + k3

Offset

Data source

S-parameters, trace

S-parameters, trace

S-parameters, trace

S-parameters, trace,
coefficients k1, k2,
k3

S-parameters, offset
amplify (dB), offset
phase (deg.)

Formula

A-B|
A*B
A/B

k1*A + k2*B + k3

For complex trace:

P1 T
Out; = In; - 1020 - e]'ﬁpz, where

P1 — offset amplify [dB]
P2 — offset phase [deg.]

Description

The modulus of the difference between
two traces or two S-parameters.

The product of two traces or two S-
parameters.

The quotient of two traces or two S-
parameters.

A weighted sum of two traces or two S-
parameters. Various combinations of
k1, k2, k3 allow you to create simple
expressions.

Offset (multiplying parameters by set
constants). Does not apply to traces.
Select an option and set the amplitude
and phase offset coefficients.



Function

Standard deviation

Trend dB

Data source

S-parameters,
number of averaged
frames

S-parameters, offset
amplify (dB), slope
(dB/range)

Formula
For complex trace:
P1+P2-i/(N-1)

P1 — offset amplify [dB]
P2 — slope [dB / sweep range]

N — number of measuring points

Description

Standard deviation (SD) of the
parameter at each measurement point.
For complex diagrams, only the SD of
the modules of complex numbers is
calculated, and the phase SD is not
calculated. Select a parameter and set
the number of sweeps (frames).

Compensation of the parameter
amplitude trend. Does not apply to
traces. Select a parameter and specify
two coefficients: offset amplify (dB) and
slope (dB/range).



Function

Trend Phase

Stability Factor K

Stability Factor B1

Data source

S-parameters, offset
phase (deg.), slope
(dB/range)

IN DUT (Port ),
OUT DUT (Port m)

IN DUT (Port ),
OUT DUT (Port m)

Formula

For complex trace:

Out; = In; - e]'%'(P“PZ'(ﬁ))

where

P1 — offset phase [deg.]
P2 — slope [deg. / sweep range]

N — number of measuring points

_ 1_|511|2_|522|2+|A|2

2'|521'S12| , where

A=511-8—51 512

B1=1+5,," ~ [S,[* - a1
where

A=5115—=51 512

Description

Compensation of the parameter phase
trend. Does not apply to traces. Select
a parameter and specify two
coefficients: offset phase (deg.) and
slope (deg./range).

Stability Factor K (Rollett stability
factor). Match the input and output of
the DUT to the analyzer port numbers.

The condition of unconditional stability
is achieved when K>1 and |A|<1.

Stability Factor B1. Match the input and
output of the DUT to the analyzer port
numbers.

A necessary and sufficient condition for
stability is: K> 1 and B1 > 0.



Advanced Mode

In advanced mode, the algebraic expression is arbitrary and can include a long list of
mathematical functions and an unlimited number of arguments.

Step-by-step setup of the Basic mode

1.

Select an active channel and an active trace, in which the calculator trace will be
displayed after the calculation.

. Turn on the calculator (See Turning on the calculator).

3. Click the Advanced softkey to enter Advanced Mode.

. Construct a algebraic expression using mathematical functions and available

arguments. The expression field turns green if a valid expression is entered. If
the expression contains an error, the field turns red, and a system message
describes it.

. Click the OK or Apply button to calculate the expression. By clicking the Apply

button, the calculator trace is calculated and drawn using the current
measurement data. Clicking OK does the same thing but closes the calculator
window.
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The active trace is transformed into a calculator trace when
the user clicks Apply or OK. Any changes to operands and
formulas in the calculator window are not drawn on this
graph until this point.

If the active trace is already a calculator trace, then the
changes the user makes are applied to the calculations
immediately and are drawn in real time on the calculator
trace. When changing the active trace, the changes are not
saved unless the Apply or OK buttons are clicked after
making the changes.

The figure below shows the calculator window in advanced mode. The purpose of the
calculator window items is described in the table below.

Calculator X
Trace name:
Expression: || -
Expre a
Functions Traces Parameters
i &
Basic ~ | | Data * | | S-parameters - Bl E J v 3 g E =
conj() -1 (T ~| (51
cos() Trl.Mem 512 XY Im Re 4 5 6 ( 3
cpx() T2 521
3 Tr2.Mem 522
exp() 3 log sin cos 1 2 3 &2 /
im() Tr3.Mem
ref) Trd
In() Trd.Mem In tan | Phase i . , = +
log100) -~ |5 -
Basic Keyboard App 0K Cancel

Advanced Calculator Mode

Calculator Window Items

ltem Description

Trace name field Name of the calculator trace. By default, the Trace Name
field is identical to the name of the operands and expression
used and is displayed in gray (See the figure above). If
necessary, the field can be edited; the edited field is
displayed in black.

Expression field = The field indicates a custom algebraic expression that is
displayed on the calculator trace. The expression field turns
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Item

Description

green if a valid expression is entered. If the expression
contains an error, the field turns red. The entered
expressions are remembered and can be selected and
edited in the drop-down list of this field.

A system information message is displayed below the

Expression field. If an error occurs, an explanatory
message appears.
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Item

Functions area

Trace area

Parameters
area

Additional
keyboard

Apply softkey

OK softkey

Cancel softkey

Basic softkey

Description

List of available math functions (See table below). Functions
can be sorted into lists: Basic / All. The basic list of features
is highlighted in bold in the table below.

List of traces for selecting a data source. Traces can be
sorted into lists Data | Source data | Display data | All,
where:

e Data (Tr, Tr.Mem) — trace data of measurement or
memory, mathematically processed, before the
formatting stage

e Source data (Tr.Scr, TrMem.Scr) — trace data of
measurement or memory, at the stage after
measurement  selection, before mathematical
processing

e Display data (Tr.Disp, Tr.Mem.Disp) — trace data of
measurement or memory formatted and prepared for
display

e All — full list of the traces

Contains a list of S-parameters and absolute receiver
measurements. The parameters available in the list can be
sorted by S-parameters | Absolute | All softkey.

Keyboard for quick input. The keyboard is located to the
right of the Parameters area. The functions and constants
located on it are described in the table.

Completing the input of operands and expression,
calculating and drawing the calculator trace instead of the
active trace. The calculator trace is then updated as new
data arrives.

Completing the input of operands and expression,
calculating and drawing the calculator trace instead of the
active trace. The calculator trace is then updated as new
data arrives, and the calculator window is closed.

Excluded from the calculation are changes that were made
after clicking the Apply button.

Switch to basic mode (See Basic mode).
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Available Advanced Mode Math Functions

Function
(Basic / All)

acos(scalar a)
asin(scalar a)
atan(scalar a)

atan2

conj(complex a)
cos(complex a)

cpx(scalar a,
scalar b)

e
exp(complex a)
getNumPoints()
im(complex a)
kfac(complex a,
complex b,

complexc,
complexd)

In(complex a)

log10(complex
a)

mag(complex a)

Description

Returns the arc cosine of a scalar quantity a
Returns the arc sine of a scalar quantity a
Returns the arc tangent of a scalar quantity a

Returns the phase of complex a = (re,im) in radians, has the
following two argument sets:

e atan2(complex a)
Returns the complex conjugate of a complex number a
Returns the cosine of a complex number a

Returns a complex value (a+ib) from two scalar values a and
b

Returns the constant =~ 2.71828...
Returns the exponential of a
Returns the number of points for the current sweep

Returns the imag part of a as the scalar part of the result
(zeroes the imag part)

Returns a scalar result - the imaginary part of the complex
result is always 0

k-factor: k = (1 - Ja]? - [d? + [a*d-b*c]? )/ (2 * |b-c|)
Returns the natural logarithm of a

Returns the base 10 logarithm of a

Returns sqrt(a.re*a.re+a.im*a.im)
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Function
(Basic / All)

max(complex a,
complexb, ...)

median(complex
a, complexb,...)

min(complex a,
complexb, ...)

phase(complex
a)

PI

pow(complex
a,complex b)

re(complex a)
sin(complex a)

sqrt(complex a)

tan(complex a)

xAxisIndex()

Description

Returns the complex value that has the largest magnitude of
a list of values

Returns the median of a list of complex values. The median
is determined by sorting the values by magnitude, and
returning the middle one. If an even number of values is
passed, then the smaller of the two middle values is
returned.

Returns the complex value that has the smallest magnitude
of a list of values

Returns atan2(a) in degrees

Returns the numeric constant pi (3.141592), which is the
ratio of the circumference of a circle to its diameter

Returns a to the power b

Returns the scalar part of a (zeroes the imag part)
Takes a in radians and returns the sine

Returns the square root of a, with phase angle in the half-
open interval (-pi/2, pi/2]

Returns the tangent of the specified complex number a

Returns the current index in the sweep

1. The functions included in the basic list are highlighted in bold in the table.

2. The argument modifier (complex x) means that the function uses a complex

value.

3. The argument modifier (scalar x) means that the function uses a scalar
value. If the value is complex, an error message will appear.

4. a, b, ¢, d — these are the function arguments.

Page 541



Additional keyboard

Constants, Description

functions,

operators

Pl Numeric constant Pl = 3,14159
E Numeric constant E = 2,71828
j Complex unit

XY Exponential function f(x) = a*x
Im Function im(complex a)

Re Function re(complex a)

log Function log10(complex a)

sin Function sin(complex a)

cos Function cos(complex a)

In Function In(complex a)

tan Function tan(complex a)
Phase Phase ¢ (z) = arctan

Special Measurement Modes

This section describes the measurements that use optional equipment, as well as
special function available in select Analyzer models:

e Measurement of frequency conversion devices (See Mixer Measurements).

e Frequency range extension using special extension modules for the Cobalt
Series Analyzers (See Frequency Extension System).
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e Built-in dual-channel voltmeter, designed to measure DC voltage synchronously
with stimulus frequency adjustment. The function is available for the Cobalt
Series Analyzers with the special HW-C-AUX option (See DC Measurement).

e Measurement with the introduction of additional external components (amplifiers,
attenuators, various filtering or matching circuits) into the test signal generator
and receiver path. The option is available for Analyzers with additional direct
access to port receivers C2209 and C2220 (See Direct Receiver Access).

e Measurement of pulse devices. The option is available for S5180B model only
(See Pulse Measurements).
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Mixer Measurements

The availability of mixer measurements and their settings
depends on the Analyzer model (See corresponding
datasheet).

Mixer Measurement Methods

The Analyzer allows to perform measurements of mixers and other frequency
converting devices using scalar and vector methods.

The scalar method allows measurement of the scalar transmission S-parameters of
frequency converting devices. Phase and group delay measurements are not
accessible in this mode. The advantage of this method is the simplicity of
measurement setup (no additional equipment necessary). Scalar mixer
measurement setup see figure below.

LO

Scalar mixer measurement setup

The scalar measurement method is based on frequency offset mode. Frequency
offset mode enables a frequency offset between the Analyzer test ports, as described
in detail in Frequency Offset Mode. Frequency offset mode can be combined with
various calibration methods.

When performing scalar measurements of a mixer, the most accurate method of
calibration is scalar mixer calibration (See Scalar Mixer Calibration).

An easier but less accurate method is using absolute measurements in combination
with receiver calibration and power calibration (See Absolute Measurements, Power
Calibration, Receiver Calibration). This method often results in transmission S-
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parameter ripples due to mixer input and output mismatch. This can be partially
compensated by using matching attenuators of 3-10 dB at the mixer input and output.

The vector mixer calibration method allows measurement of mixer transmission
complex S-parameters, including phase and group delay. The method requires
additional equipment (See figure below): an external mixer with filter, which is called
a calibration mixer, and an LO common for both the calibration mixer and the mixer
under test.

© B
Calibration Mixer under
mixer { filker test
LO

Vector mixer measurement setup

The vector mixer calibration method doesn’t use frequency offset. This method
ensures the same frequency at both test ports of the Analyzer in normal operation
mode. The vector mixer calibration procedure is described in Vector Mixer
Calibration.
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Frequency Offset Mode

The frequency offset mode allows for S-parameter measurement of frequency
converting devices, including vector reflection measurements and scalar
transmission measurements. In this context, frequency converting devices include
both frequency shifting devices such as mixers and converters, as well as devices
dividing or multiplying frequency.

This measurement mode is based on a frequency offset between the ports. The
frequency offset is defined for each port using three coefficients: multiplier, divider,
and offset. These coefficients allow for calculation of a port frequency relative to the
basic frequency range:

M
Fport = ;Fbase + Fofs
where:
M — multiplier,
D — divider,
F ofs — offset,

Fpase — basic frequency.

In most cases, it is enough to apply an offset to only one of the ports, leaving the other
one at the basic frequency (M=1, D=1, Fofs=0).

Below are some examples of offset coefficient calculation for different types of
frequency conversion. Here, the mixer RF input is connected to Port 1, and the mixer
IF output is connected to Port 2. The basic frequency range is set to the mixer RF
frequency range, and the first port of the Analyzer does not use frequency offset. The
second port of the Analyzer is set to the IF frequency range and uses frequency offset
mode as follows:

1. IF=RF -LO Port2: M=1D=1,Fors=—L0.
2. IF=LO-RF Port2: M=—1,D=1,Fors =LO.

3. IF=RF+LO Port2:M=1,D=1,F0fs=LO.

In frequency offset mode, the bottom part of the channel window will indicate each
port's frequency span (See figure below).
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I E Start 2.4GHz 201 Lim 10kHz 0OdBm Sktop 2.5 GHz

Channel window in frequency offset mode

Start and Stop frequency can be set for each port directly instead of using
Multiplier, Divider and Offset values. Using Start/Stop values will set Multiplier
and Offset, which can be determined from the specified frequency and the base
frequency while maintaining the preset Divider.

Source/Receivers Frequency Offset Feature

Conventional frequency offset mode uses frequency offset between the ports, while
the source and receivers of each port operate at a common frequency. Frequency
offset between the ports allows for S-parameter measurement of frequency
converting devices, including vector reflection measurements and scalar
transmission measurements.

The source/receivers frequency offset feature introduces a frequency offset between
the source and receivers within a single port. Frequency offset between the source
and receivers allows for absolute measurements only.

To enable/disable frequency offset mode, use the following
Frequency Offset softkeys:

Stimulus > Frequency Offset > Frequency Offset [ON |
OFF]

Frequency Offset
oM

SENS:OFFS Turns the frequency offset feature ON/OFF.
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#®  Portl/Port2

Offset Type
Port1/Port2

Source/Receivers

To select the offset type, use the following softkeys:

Offset Type > Port1/Port2 or Source/Receivers

SENS:OFFS:TYPE

Sets or reads out the frequency offset type when the

frequency offset feature is ON.

If conventional frequency offset mode uses and Offset Type is

Source Receivers |

Offset Type
Port1/Port2 | set to Port1/Port2, enter offset coefficients for Ports.
Porti |
Port2 |
Offset Type If a frequency offset is infroduced between the source and the

receivers within a single port and Offset Type is set to
Source/Receivers, enter offset coefficients for Source and
Receivers.

Source |

Receivers |

Multplier To enter offset coefficients of multiplier, use the Multiplier
1 softkey.

SENS:OFFS:PORT:-MULT Sets or reads out the basic frequency range
Multiplier of Port n when offset type is
Port1/Port2.

SENS:OFFS:SOUR:MULT Sets or reads out the basic frequency range
Multiplier to get the Source frequency when
offset type is Source/Receivers.

SENS:OFFS:REC:MULT Sets or reads out the basic frequency range

Multiplier to get the Receiver frequency when
offset type is Source/Receivers.
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Divider
1

To enter offset coefficients of divider, use the Divider softkey.

SENS:OFFS:PORT:DIV

Sets or reads out the basic frequency range
Divider of Port n when offset type is Port1/Port2.

SENS:OFFS:SOUR:DIV

Sets or reads out the basic frequency range
Divider to get the Source frequency when offset
type is Source/Receivers.

SENS:OFFS:REC:DIV

Sets or reads out the basic frequency range
Divider to get the Receiver frequency when offset
type is Source/Receivers.

Offset
OHz

To enter the basic frequency range offset, use the Offset
softkey.

SENS:OFFS:PORT:OFFS

Sets or reads out the basic frequency range
Offset of Port n when offset type is
Port1/Port2.

SENS:OFFS:SOUR:OFFS

Sets or reads out the basic frequency range
Offset to get the Source frequency when offset
type is Source/Receivers.

SENS:OFFS:REC:OFFS

Sets or reads out the basic frequency range
Offset to get the Receiver frequency when
offset type is Source/Receivers.

‘ Start | To set the start frequency range, use the Start softkey.

100 kHz

SENS:OFFS:PORT:STAR

Sets or reads out the frequency sweep Start of
port <Pt> when offset type is Port1/Port2.

SENS:OFFS:SOUR:STAR

Sets or reads out the frequency sweep Start of
the Source when offset type s
Source/Receivers.

SENS:OFFS:REC:STAR

Sets or reads out the frequency sweep Start of
the Receivers when offset type is
Source/Receivers.
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Stop
1GHz

To set the stop frequency range, use the Stop softkey.

SENS:OFFS:PORT:STOP

Sets or reads out the frequency sweep Stop of
port <Pt> when offset type is Port1/Port2.

SENS:OFFS:SOUR:STOP

Sets or reads out the frequency sweep Stop of
the Source when offset type s
Source/Receivers.

SENS:OFFS:REC:STOP

Sets or reads out the frequency sweep Stop of
the Receivers when offset type is
Source/Receivers.
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Automatic Adjustment of Offset Frequency

The availability of this feature depends on the Analyzer
model (See corresponding datasheet).

When performing mixer measurements in frequency offset mode, the offset frequency
must be set so that it is equal to the LO frequency. A small difference between the
frequencies of the Analyzer and the external LO source (frequency error) reduces the
measurement accuracy.

To reduce the frequency error, it is common to synchronize the analyzer and the
external LO source with a common 10 MHz reference (see Reference Frequency
Oscillator Selection).

If, for some reason, it is not possible to synchronize the Analyzer and an external
source, then the automatic offset adjustment function can be used.

The function measures the frequency error and sets the adjust value. The Analyzer
uses a pair of ports (path) in the automatic offset adjustment procedure: one port as
source and another port as receiver. The frequency offset between ports is adjusted
for maximum response. The resulting adjust value is then applied to one of the ports.
The offset adjust value is indicated in the line of the respective port in the channel
window (See figure below). The function can be started by pressing a button or
programmed to run periodically.

221 Log Mag 1o0.00dE/ k0. 000dE
50.00

40. 00
30.00
20.00
10.00
0. 000 .|

-10.00

-20.00

-30.00

-40.00

=Lo.oo 1

Paortl: Start 2.4 GHz Skop 2.5GHz
Pork2: Skart 100MHz Adjust +950 Hz Stop 200 MHz

I Start 2,4 GHz 201  Lim 10kHz  OdBm Stop 2.5 GHz

Channel window in frequency offset mode with enabled automatic adjustment function
of the offset frequency

Page 551


https://coppermountaintech.com/download-files/

Automatic adjustment is made withina £500 kHz range from the offset frequency set
by the user. The typical residual error of automatic offset adjustment depends on the
current IF filter bandwidth (See table below).

Typical residual error of automatic offset adjustment

IF filter bandwidth Typical residual error of automatic offset

adjustment
10 kHz 500 Hz
3 kHz 50 Hz
1 kHz 15 Hz
300 Hz 5 Hz
100 Hz 2Hz
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Settings of Automatic Offset Adjustment function

To enable/disable automatic offset adjustment function, use
the following softkeys:

Offset Adjust Stimulus > Frequency Offset > Offset Adjust > Offset
el Adjust [ON | OFF]
SENS:OFFS:ADJ Turns the frequency offset adjust function
ON/OFF.
Adjusted Port To select the port number to which the frequency adjust is
2 applied, use the following softkeys:

Stimulus > Frequency Offset > Offset Adjust > Adjusted
Port

SENS:OFFS:ADJ:PORT Sets or reads out the port number to which
frequency adjust is applied when the
frequency offset adjust function is active.

To enter the offset adjustment value manually (typically not

Adjust Walue .
‘ 950 Hz needed), use the following softkeys:
Stimulus > Frequency Offset > Offset Adjust > Adjust
Value
SENS:OFFS:ADJ:VAL Sets or reads out the value of the offset

adjust.

Or click Auto Adjust, as described below.
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Auto Adjust Path To select the adjust path, i.e number of the source and

1->2 (521) receiver ports, use the following softkeys:
Stimulus > Frequency Offset > Offset Adjust > Auto
Adjust Path
SENS:OFFS:ADJ:PATH Sets or reads out the number of the source
and receiver ports used during the offset
adjust procedure.
‘ ‘ To stat adjustment once, use the following softkeys:
Auto Adjust
Stimulus > Frequency Offset > Offset Adjust > Auto
Adjust
SENS:OFFS:ADJ:EXEC Executes the offset adjust procedure and

sets the value of the offset adjust.

To enable continuous adjustment, enter the time interval other

Auto Adjust Period .
than zero, use the following softkeys:

10 sec

Stimulus > Frequency Offset > Offset Adjust > Auto
Adjust Period

To disable continuous adjustment set the time interval equal to
zero.

SENS:OFFS:ADJ:CONT:PER Sets or reads out the adjust period in
seconds when the frequency offset adjust
function is active.
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Frequency Extension System

Frequency Extension System is available for C4209 and
C4220 models.

Frequency extension modules (Modules) are designed to expand the frequency
range of the Cobalt Series Analyzers. Modules are operated in conjunction with the
Analyzer only. They cannot be used for measurements without a connection to the
analyzer. The modules include the following basic elements: test/RF and LO signal
frequency multipliers, a wide-band power amplifier, directional couplers, frequency
converters. They also include power supply circuits and a control board. The
measurement system includes:

e The Cobalt Series Analyzer (C4209 and C4220) with the configurable front
panel for connection to Modules.

¢ Frequency Extension Modules (See table below).

e Cables for connecting Module to Analyzer.

The measurement system is controlled by the Analyzer software. The number of
Modules used in the measuring system is determined by the configuration of the
Analyzer in use.

Supported frequency extension modules are represented in the table below.

Module Frequency range Connector type

FET1854 18 GHz to 54 GHz NMD 1,85mm, male

FEV-15 50 GHzto 75 GHz (V band) WR-15
FEV-12 60 GHz to 90 GHz (E band) WR-12
FEV-10 75 GHzto 110 GHz (W band) WR-10

Custom — —
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Principle of Operation

The diagram of the measurement system is shown in the figure below.

[
| Source |
I | Oscillator |
[
| Test Receiver A :
[
| ADC S F [ () Jdll
I 3 Directionall
[ v Reference Receiver R1 - Couplers:
[
[
[ PSP s ADC>-< F ol ®= |
| A :
[
[ ] :
[ Local
| Oscillator :
[
| «| Power I
| Supply [
et —— - — — — — — e — — - — — — — — — — — — — | :
Extenders 1 DCout Al LO1 R1 Port 1
Control DC Input IF LO IF RF
J| forTFE ) for FEV Test |[IN Ref IN
Control T T T N
Board xM
(TFE only) A %
A

C D Incident signal

Reflecied signal

Freguency extension system module

Directional
Couplers

i Test Port 1

Diagram of Module connection to Analyzer

The Analyzer generates RF and LO signals in specified frequency and power ranges.
The signals are transmitted to the Module through RF and LO cables.
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The frequency of the RF signal transmitted from the Analyzer is multiplied, filtered,
and scaled in the Module to level depending on user settings.

Then, the generated RF signal is transmitted to the test port via directional couplers.
The directional couplers extract the incident wave, the wave transmitted through the
DUT, and the reflected wave. These signals are supplied to frequency converters for
the test and reference channels. The LO signal from the Analyzer is used for
conversion. The converted IF signals are amplified and passed to the Module output
and then the Analyzer input via IF cables.

In turn, the Analyzer performs digital signal processing of the IF signal. An external
PC uses the Analyzer software to calculate and display measurement results for
complex transmission and reflection coefficients.

The C4209 and C4220 Cobalt series Analyzers have additional ports with jumper
cables on the configurable front panel for connecting frequency extension systems.
Connectors for controlling and powering Modules are located on the rear panel of the
analyzers. Location of the connectors for the Cobalt C4220 model is shown in the
figure above.
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Configurable front panel and control/DC cable connectors on rear panel

Configurable front panel with additional ports

T I T £4220

Control cable connectors

D cable connectors

Location of connectors for the Frequency Extension Modules on the front and rear
panels of the Cobalt C4220

Frequency extension modules connect to additional
ports on a configurable front panel:

e «A (B) IN» — test receiver input.
e «LOx OUT» — Signal output LO (Local Oscillator).

e «Rx IN» — reference receiver input.

The number in the name (LO1 ... LO2, R1 ... R2, A, B)
associates the additional port with the Test Port
number.
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FET1854 Frequency Extension Module

FET1854 frequency extension modules allow for measurement of the DUT S-
parameters in the frequency range between 18 to 54 GHz. See the FET Operating
Manual for a detailed description of the module.

The front and rear panels of the Module are shown in the figures below. The test port
and ground terminal are located on the front panel. The rear panel contains a status
indicator, a control cable connector, and a group of connectors for connecting the
module to the Analyzer:

e Test signal (RF IN)
e LO signal (LO IN)

e IF signal of the reference channel (IF REF)
¢ IF signal of the test channel (IF TEST)
Test Port

I

| = — I — —

Ground terminal

Front panel of FET1854

Status indicator

Control cable Connector group IF REF, IF
connector TEST, RF INPUT, LO INPUT

Rear panel of FET1854
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The connection of the FET1854 module to the Analyzer is shown in the figure below.

IF REF OUT —

-

— 1 i
RFIN LOIN

p—

IF TEST OUT

Connection diagram of the FET1854 module to the Analyzer

Measurement system
components

C4209
Analyzer

Vector Network

PC with S2VNA Software

1 or 2 Frequency Extension
Modules

1 or 2 RF cables (N, male —
SMA, male)

Connection

Module

RF IN

LOIN
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Measurement system
components

1 or 2 LO cables (SMA, male
— SMA, male)

2 or 4 IF cables (SMA, male —
SMA, male)

1 or 2 control cables

Power supply and USB cables
for Analyzer

Set of calibration standards,
test cables, and adapters

Frequency Extension Module FEV

Connection

Module

IF REF

IF TEST

Analyzer
R1IN

R2 IN

AN

B IN

FEV frequency extension modules allow for measurement of the DUT S-parameters
in the frequency range between 50 to 110 GHz.

The front and rear panels of the Module are shown in the figure below. The test port is
located on the front panel. The rear panel contains a status indicator, a DC in cable

connector, and a group of connectors for transmission:

« Test signal (RF INPUT)
« LO signal (LO INPUT)

e IF signal of the reference channel (IF REF)

¢ IF signal of the test channel (IF TEST)
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Comnector group IF REF, IF
TEST, RF INPUT, LO INPUT

L0 L

Test Port Connecior Status
DCIN indicator

oy

Front and Rear panels of FEV module
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The connection of the FEV module to the Analyzer is shown in the figure below.

Output IF REF Output IF TEST
RF INPUT 1. LOINPUT
o
. - b )

Connection diagram of the FEV module to the analyzer

Measurement system Connection
components Module Analyzer
C4220 Vector Network PORT 1
Analyzer RF IN
PORT 2

PC with S2VNA Software
1 or 2 Frequency Extension
Modules LO 1 OUT

LOIN
1 or 2 RF cables (SMA, male LO2 OUT

— SMA, male)
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Measurement system
components

1 or 2 LO cables (SMA, male
— SMA, male)

2 or 4 IF cables (SMA, male —
SMA, male)

1 or 2 DC power supply
cables

Power supply and USB cables
for Analyzer

Set of calibration standards,
test cables, and adapters

Connection

Module

IF REF

IF TEST
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Selection of Modules in Software

By default, measurements with frequency extension modules (Module) are disabled
in the Analyzer software. Select the model of the connected Module in the software to
start the Analyzer with connected extenders.

The control software will restart after selecting the model. The Analyzer is ready to
work with the extender after restarting the software.

Frequency To open the frequency extender menu, use the following
Extender softkeys:
Mone
System > Misc Setup > Frequency Extender
FEV-15
SO Then select the required Module(s):
6;5"0'22'4 e FEV-15 — extender with a frequency range between 50
. to 75 GHz, test port — waveguide WR-15.
7;5{;& e FEV-12 — extender with a frequency range between 60
. to 90 GHz, test port — waveguide WR-12.
IFETjii|4 e FEV-10 — extender with a frequency range between 75
S to 110 GHz, test port — waveguide WR-10.
Custom e FET1854 — extender with a frequency range between 18
to 54 GHz, test port — coaxial connector NMD 1.85 mm.
e Custom — user defined module.
SYST:FREQ:EXT:-TYPE Selects or reads the frequency extender type.
To disable the work with modules, use the None softkey.

L] Nong ‘

The software will restart automatically when the module is
turned on/off. The Ready message in the instrument status
bar indicates that the measurements can be continued
after restart.
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The manual setup menu opens if a Custom module is

selected. This menu is described in Custom Frequency
Extender Setup.

WARNING All the used Modules must be of the same model with
identical parameters.
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Configuring Modules Parameters

The output power levels of the test and LO signals are set using the Analyzer
software. The insertion loss of the RF and LO cables used is also specified in the
software. Settings will be available after selecting the Module model in the frequency
extender menu.

Frequency Select the required Module in the frequency extender menu
Extender (for example, FET1854):
Mone
System > Misc Setup > Frequency extender > FET-1854
FET-1854
18-54 GHz Settings the test and LO signal output power levels, and RF
and/or LO cables insertion losses, will be available:
”lpgréé’ower ¢ RF Port Power — test signal output power level.
=1 m
e LO Port Power — LO signal output power level.
LO Port Power
-3.3dBm e RF Power Slope — RF cable insertion loss.
RF Power Slope e LO Power Slope — LO cable insertion loss.
0.2 dB/GHz
LO Power Slope
0.2 dB/GHz
SYST:FREQ:EXT:RFP:POW Sets or reads out the RF Port Power when
the Analyzer is configured to work with a
frequency extender.
SYST:FREQ:EXT:RFP:PSL Sets or reads out the RF Port Power Slope
when the Analyzer is configured to work with
a frequency extender.
SYST:FREQ:EXT:LOP:POW Sets or reads out the LO Port Power when
the Analyzer is configured to work with a
frequency extender.
SYST:FREQ:EXT:LOP:PSL Sets or reads out the LO Port Power Slope

when the Analyzer is configured to work with
a frequency extender.
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If the Module is connected using RF and LO cables those
indicated in the measurement system, the following values
are recommended:

Settings FEV FET1854
RF Port Power +1 dBm -1.4 dBm
LO Port Power -4 dBm -3.3dBm

RF Power Slope  -0.2 dB/GHz -0.2 dB/GHz

LO Power Slope  -0.2 dB/GHz -0.2 dB/GHz

If the Module is connected using RF and LO cables other
than those indicated in the measurement system, make
sure that the test and LO signal output power level at the
Module input were in the ranges:

Input FEV FET1854
RF IN -2to +2dBm -5t0-1dBm
LOIN -7 to -3 dBm -7 to -3 dBm

P P— To set default parameters. use the following softkeys:

Values

System > Misc Setup > Frequency extender > Set Defaulit
Power Values

Use the status indicator on the rear panel to check the
Module connection status.
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Custom Frequency Extender Setup

The Analyzer software allows to connect custom modules. The frequency extender
setup window will open after selecting the custom module in the frequency extender
menu. Set the frequency range of the module and set the values of the LO multiplier
(LO IN) and test signal multiplier (RF IN).

Frequency Select the custom module in the frequency extender menu:
Extender

one System > Misc Setup > Frequency Extender > Custom

Custom

The Frequency Extender Setup window will open after pressing the Custom softkey
(See figure below).

Frequency Extender

Start |l r Stop 75.000 GHz

RF IM LO IN

MG MG
Power 0.000 dBm Power 0.000 dBm

Slope 0.000 dB/GHz Slope 0.000 dB/GHz

Apply Cancel

Frequency Extender Setup window

Set the parameters of the module in the window:

e Start and end frequency of the range (Start/Stop).
¢ Values of the test signal multiplier (RF IN - N).

e RF Port Power (RF IN - Power).

e RF Power Slope (RF IN - Slope).

¢ Values of the LO multiplier (LO IN - N).

e LO Port Power (LOIN - Power).
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e LO Power Slope (LOIN - Slope).

[ Apply ] Press the Apply softkey to save a custom module with the
configured parameters.

[ Cancel ] Press the Cancel softkey to return to the extender menu
without saving changes.

After selecting the Module and saving its settings, the user can change the output
power level of the test and LO signals, as well as the insertion loss in the cables,
using the frequency extender menu shown in Configuring Module Parameters.

Module parameter settings are shown in the figure below.

Analyzer
Test Signal
QOuitput Power
A LO1 R1 B LO2 R2
Test Signal Port1 in out inout inout in out inout inout Port2
Fmin/N _. Fmax/N S g3 e L
Output Power LO -
LO Frequence
_Range :
Fmin/M _. Fmax /M| Frequency Extencion Module
LO Cable ™ |IFReF
I I_ T
LDPﬂnglrm LOIN L@‘DN N @ Port
= =
RF Cable RFIN -__@_1 —
Insertion loss
RF Power Slope IFTEST || RFIN N

Module Output
Freq.!ence Range
Fmin _. Fmax

Module parameter setting diagram

The module multiplies frequency of the test and LO Analyzer signals. The multipliers

and the frequency ranges of the module's input and output signals are shown in the
following three tables.
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Frequency Extension Module FET1854

Input frequency range, GHz  Multiplier RF Output frequency range,
INN/LOINN GHz

RF IN — test signal input

Range 1 45108.0 4 18 to 32
Range 2 4.00t0 6.25 8 321t0 50
Range 3 6.25t06.75 8 50 to 54

LO IN - LO signal input
Range 1 451t09.0 4 18 to 36

Range 2 4.00t06.75 8 36 to 54

Frequency Extension Module FEV-12

Al 2l Output frequency range
Input frequency range, GHz RFIN N/ LO GHz ’
INN
RF IN — test signal input
50to 7.5 12 60 to 90
LO IN - LO signal input
50to 7.5 12 60 to 90
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Frequency Extension Module FEV-10

Multiplier
Input frequency range, GHz RF IN N/ LO
INN
RF IN — test signal input
6.251t0 9.17 12
LO IN — LO signal input
4.688 to 6.875 16
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DC Measurement

The DC Measurement is only available for Cobalt Series
Analyzers with the HW-C-AUX option.

Some measurement applications require making DC voltage measurements in
addition to standard S-parameter measurements. Cobalt Series Analyzers
configured with HW-C-AUX option incorporate two auxiliary analog voltage input
ports to measure DUT voltages synchronously with the VNA sweep. Voltage is
measured discretely at each frequency point. The voltage measurement can be
performed in the analyzer's logical channel alone or together with the measurement of
complex transmission and reflection coefficients. The measured voltage values are
displayed in the form of a trace in the logical channel window. This trace is assigned
the name of the measured parameter in the trace status field: VAUXin (Sweep port),
where AUXIn is the number of the auxiliary input port, and Sweep port is the number
of the stimulus signal output port. For example, V1(2) — AUXIn1 input, the stimulus
signal output port — 2.

Voltmeter channels are independent — th