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Introduction

This manual contains design, specifications, functional overview, and detailed
operation procedures for the Copper Mountain Technologies 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.

Glossary — The abbreviations which are used in this document.

Web Sites

Copper Mountain Technologies
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Scope of Manual

This manual covers for the 1-port Vector Network Analyzer (VNA) controlled by the
RVNA software version 23.3.1 and N-port mode of VNA (RNVNA) controlled by the
RNVNA software version 23.3.1. The Analyzer models are listed below:

e R60

e R140

e R140B
e R180

e R54

e RNVNA
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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 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.

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:

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

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

e PC and DUT connection to protective grounding.

All general safety precautions related to operation of electrically energized equipment
must be observed.

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
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adhered to, could result in damage to or destruction of part or
all of the instrument.

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

. FPower receptacle
Service

equipment
ground Q Equipment ground (Green wire)

}_.
@9

Gl —
Analyzer
: forearpanel =Rz Nzl =l l=l to rear
c & s e e
e @
Common o
point

ground
bus

ESD protective work surface
(anti-static mat)

Gp = Groundtable point

ESD protective floor mat (optional)

Earth ground

Resistance R1 is a must for wrist straps.

The R1 rating is selected from a range of 1 MQ.

Resistance values R2 or R3 must comply with the recommendations of the
manufacturer of antistatic equipment.

Minimum requirements for the organization of a workstation with protection against
electrostatic discharges
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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.

Specifications

The specifications of each Analyzer model can be found in its corresponding
datasheet.
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Measurement Capabilities

Measurement Capabilities

Measured parameters

Number of
measurement
channels

Data traces

Memory traces

Data display formats

S11, Cable loss, when using a 1-port VNA.

S-parameters when using two or more Analyzers
(separately or as a part of an RNVNA):

e Sii, where i is a value from 1 to N is taken.

e [Sijl, i #j, i and j take a value from 1 to N (N is a
number of Analyzers).

Up to 4 logical channels for 1-port VNA.
Up to 16 logical channels for RNVNA.

Each logical channel is represented on the screen as an
individual channel window. A logical channel is defined
by such stimulus signal settings as frequency range,
number of test points, etc.

Up to 4 data traces can be displayed in each channel
window for 1-port VNA.

Up to 16 data traces can be displayed in each channel
window for RNVNA.

A data trace represents one of such parameters of the
DUT as magnitude and phase of S-parameters, Cable
loss.

Each data trace can be saved into memory for further
comparison with the current values.

Logarithmic Magnitude, Phase, Expand Phase, Group
Delay, SWR, Real, Imag, Linear Magnitude, Smith chart
diagram, Polar, Cable loss.
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Sweep setup features

Sweep type

Measured points per
sweep

Segment sweep

Power settings

Sweep trigger

Linear frequency sweep, logarithmic frequency sweep,
and segment frequency sweep.

From 2 to 100,001 for 1-port VNA.
From 2 to 16,001 for RNVNA.

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

Two modes of output power level. Power levels
depending on device.

Trigger modes: continuous, single, hold.

Trigger sources: internal, external, bus. The availability
of this feature depends on the Analyzer model.

Page 34



Trace display functions

Trace type

Trace math

Autoscaling

Reference level
automatic selection

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 of measured
complex values and memory data.

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

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

Calibration plane moving to compensate for the delay in
the test setup. Compensation for electrical delay in a
DUT during measurements of deviation from linear
phase.

Phase offset by the specified value in degrees.
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Accuracy enhancement

Calibration

Calibration methods

Reflection
normalization

Full
calibration

one-port

Normalization of the
transmission
coefficient module
when using two vector
analyzers

Full one-port
calibration with
normalization of the
transmission
coefficient module

Full two-port
calibration with
normalization of the
transmission
coefficient module

Calibration of a test setup (which includes the Analyzer
and adapter) significantly increases the accuracy of
measurements. Calibration allows to correct the errors
caused by imperfections in the measurement system:
system directivity, source match, and tracking.

The following calibration methods are available:

¢ Reflection normalization.
e Full one-port calibration.

e Normalization of the transmission coefficient
module when using two or more vector analyzers
(separately or as part of an RNVNA Analyzer).

e Full one-port calibration with normalization of the
transmission coefficient module.

e Full two-port calibration with normalization of the
transmission coefficient module.

The simplest calibration method. It has low accuracy.

Method of calibration that ensures high accuracy.

The type of calibration that is used when measuring the
transmission coefficient module of the DUT when using
two or more vector analyzers (separately or as a part of
an RNVNA Analyzer) connected to one USB controller. It
has low accuracy.

The type of calibration that is used for advanced
normalization of the gear ratio. It allows to increase the
accuracy of measuring the transmission coefficient by
taking into account the coordination of the signal source
with the measured device.

The type of calibration that is used for advanced
normalization of the gear ratio. It allows to increase the
accuracy of measuring the transmission coefficient by
taking into account the coordination of the source and
receiver of signals with the measured device.
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Factory calibration

Mechanical
calibration kits

Electronic calibration
modules

Defining of calibration
standards

Error correction

interpolation

Port Extension

The factory calibration of the Analyzer allows performing
measurements without additional calibration and
reduces the measurement error after reflection
normalization.

The user can select one of the predefined calibration
kits of various manufacturers or define own calibration
Kits.

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

Different methods of calibration standard defining are
available:

¢ standard defining by polynomial model

¢ standard defining by data (S-parameters)

When the user changes such settings as start/stop
frequencies and number of points, compared to the
settings of calibration, interpolation or extrapolation of
the calibration coefficients will be applied.

Calibration plane compensation for delay in the test
setup.
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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
stimulus value and the measured value in a given point
of the trace.

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

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

User-definable search range. Functions of specific
condition tracking or single operation search.

Setting of start, stop and center frequencies by the
stimulus value of the marker and setting of reference
level by the response value of the marker.

Statistics, bandwidth, flatness, RF filter.

Calculation and display of mean, standard deviation and
peak-to-peak in a frequency range limited by two
markers on a 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

The function of conversion of the S-parameters
measured at 50 Q port into the values, which could be
determined if measured at a test port with arbitrary
impedance.

The function is applicable for reflection
coefficients (S11, S22 etc.) measurement only.

The function allows to exclude mathematically the effect
of the fixture circuit connected between the calibration
plane and the DUT from the measurement result. This
circuit should be described by an S-parameter matrix in
a Touchstone file.

The function is applicable for reflection
coefficients (S11, S22 etc.) measurement only.

The function allows to simulate mathematically the DUT
parameters after virtual integration 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.

The function is applicable for reflection
coefficients (S11, S22 etc.) measurement only.

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

The function is applicable for reflection
coefficients (S11, S22 etc.) measurement only.
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Time domain
transformation

Time domain gating

The function performs data transformation from
frequency domain into response of the DUT to
radiopulse in time domain. Time domain span is set by
the user arbitrarily from zero to maximum, which is
determined by the frequency step. Windows of various
forms allow better tradeoff between resolution and level
of spurious sidelobes.

The function is applicable for reflection
coefficients (S11, S22 etc.) measurement only.

The function mathematically removes unwanted
responses in time domain which allows obtaining
frequency response without influence from the fixture
elements. The function applies reverse transformation
back to frequency domain from the user-defined span in
time domain. Gating filter types are bandpass or notch.
For better tradeoff between gate resolution and level of
spurious sidelobes the following filter shapes are
available: maximum, wide, normal and minimum.

The function is applicable for reflection
coefficients (S11, S22 etc.) measurement only.
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Other features

Analyzer control

Familiar graphical
user interface

Saving trace data

Remote control

COM/DCOM

Socket

Using external personal computer via USB interface.

Graphical user interface based on Windows operating
system ensures fast and easy Analyzer operation.

The software interface of Analyzers is compatible with
modern tablet PCs and laptops.

Saving the traces in graphical format and saving the
data in Touchstone and *.CSV (comma separated
values) formats on the hard drive are available.

Remote control via COM/DCOM. COM automation runs
the user program on an Analyzer PC. DCOM automation
runs the user program on a 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 many
others.

Data transfer between the PC user and the computer
that is connected to the device, can be also performed
via Socket (TCP, port 5025).
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Principles of Operation

The Analyzer consists of the Analyzer Unit, some supplementary accessories, and a
personal computer (which is not supplied with the package). The Analyzer Unit is
powered and controlled by PC via USB-interface. The block diagram of the Analyzer
is presented in figure below.

The Analyzer Unit consists of a source oscillator, a local oscillator, a source power
attenuator, a directional coupler and other components which ensure the Analyzer
operation. The test port is the source of the test signal. The incident and reflected
signals from the directional coupler are supplied into the mixers, where they are
converted into IF, and are transferred further to the 2-channel receiver. The 2-channel
receiver, after filtration, digitally encodes the signals and supplies them for further
processing (filtration, phase difference measurement, magnitude measurement) into
the signal processor. The filters for the IF are digital and have passband from 10 Hz
to 30 (100) kHz. The combination of the assemblies of directional couplers, mixers,
and 2-channel receiver forms two similar signal receivers.

An external PC controls the operation of the components of the Analyzer. To fulfill the
S-parameter measurement, the Analyzer supplies the source signal of the assigned
frequency from the test port to the DUT, then measures magnitude and phase of the
signal reflected by the DUT, and after that compares these results to the magnitude
and phase of the source signal.

Test Port
Reference Source o -
Oscillator Oscillator Attenuator ™| Directional Couplers _@
- IT7 Incident Reflected
m————————— wave | ‘iﬁ“ﬁl
—lh- Local :
! : Oscillator Mixer 1 Mixer 2 :
o __ L @ ________ i ]
2-Channel
- ]
DSP L v Receiver
Power | +5V T[ USE
Supply m—— =l
: Personal :
| Computer |

The 1-port VNA block diagram

RNVNA combines up to 16 1-port Analyzers through USB hub with ability to perform
S21 and S12 scalar measurements. The hub is connected to the external computer.
RNVNA software controls multiple 1-port Analyzers, creating multi-port vector network
analyzer.
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Optionally, TD-16 trigger signal distributors and FD-16 reference frequency
distributors can be used. Using the TD-16 trigger signal distributor make it possible
to connect all the analyzers with the common trigger signal bus that allows increase in
measurement speed. Using the FD-16 reference frequency signal distributor makes
it possible to connect all the analyzers with the common reference frequency signal,
allowing increase in measurement accuracy and speed.

At a time, the signal source can be only one analyzer (active). Other analyzers
(passive) will work as signal receivers. The analyzer is set to be active depending on
the S-parameters measured in the display channel. For example, when measuring
parameters S11 and |S21| the first analyzer will be active, when measuring [S12| and
S22 — the second one. If the list of S-parameters is indicated in the display channel,
several measurements will be made, where analyzers will change their roles.

The block diagram of the RNVNA is presented in figure below.

Trigger Signal Distributor | D¢ power
TD-16

4

RNVNA
e |
l Frequency Signal Distributor | |
| FD-16 TR '
I DC power :
i 1 |
oo | —— USB I
| 2 |
| I LUSB |
: @ RG60 |- J > USB : Personal
\ 3 - . ®™  Computer
I
' (O3 Re0 | = . |
Test | | \ USB :
Por’[s< : HUB '
. I
| - |
: N-1 |
— USB |
| RGO |- -
[ @_ ™ Power l e
| N Source : SL?;:)T‘;
Er— UsB
[ R60 |- -
1 O R e—— |
[
I +Hhv :
' |
' |
' |

N is number of Analyzers.

RNVNA block diagram
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Principle of Measuring S-parameters

The Analyzer emits a test signal (stimulus) out of a port connected to the DUT. 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 terms

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

outgoing wave at Port m

™ incoming wave at Portn

Providing the incoming wave at Port exceptn = 0, where m, n denote the DUT port
number.

In accordance with the measurement plan, the Analyzer performs a frequency sweep
in one direction in a specified frequency range. Then, if needed, the Analyzer
performs a frequency sweep in reverse direction in a specified frequency range. The
frequency changes discretely, according to the number of measuring points
specified. S-parameters of the DUT are measured for each measuring point.

1-port Analyzer has one measurement port which operates as a signal source and as
a reflected signal receiver. That is why the Analyzer allows measuring only S11
parameter.

RNVNA can have up to 16 1-port Analyzers that allows to measure scalar scattering
matrix:
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S11  |S12] .. |S1.15]  |S1.16|
1S21] S22 .. |S2.15]  |S2.16]
S =
|S15.1| |S15.2] .. S15.15  |S15.16]
IS16.1| |S16.2] .. |S16.15] S16.16

For example:

For the measurement of S11, [S21|, ..., |S15.1], [S16.1| 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, Port 3, ... Port16. For the
measurement of |S12|, S22, ... , [S16.2| 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 Port1, Port 3, ... Port16.

When a stimulus is applied to one of the test ports, the Analyzer measures S-
parameters, which constitute one column in the S-parameter matrix. To have the full
scattering matrix, the sixteen-port Analyzer applies a stimulus to all the test ports one
after another.
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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 Diagram 2
Trace 1 Trace 2

Diagram 1
srace 1

W
o I

. ] L E . X L :
. S S . SIS, S S . S, SN S S S S

Hierarchy of measuring, processing, and displaying tools

Analyzer Software is displayed as Analyzer Screen on the control PC screen,
which contains the following:
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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, analyzer status bar, and software
button 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 Analyzer control software supports up to 4 (1-port Analyzer)
and up to 16 (RNVNA) channels simultaneously, processing them one at a time.
Thus, the same DUT can be sequentially measured by 4 (1-port Analyzer) and by 16
(RNVNA) 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
¢ |[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 4 different
trace for RVNA and up 16 different traces for RNVNA. The trace is characterized by
the following parameters:

e Measurement Parameters

e Format and Scale

e Memory Trace

e Smoothing
The following functions apply to the trace:
e Markers

e Electrical Delay

e Phase Offset
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e Time Domain Gating

e S-Parameter Conversion

e Limit Test

Each channel window can display up to 4 charts for RVNA and up 16 charts for
RNVNA 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.

- Receiver :
: Acquire Cal :
: Data :
: Calc BEmr :
: Terms :
' | Measurement + Poit Z Corv :
/|| ADC . . ] Port Measurement :
'|[ADC De-embedding ;
L o e e e e e o o o e e = = = = = = = = o o 1
dr LT

' .| Data Math |- Data Fiow - - Gating [» N .| Trace | |

Rt Electrical g Hold [

H Delay H

! Tlme_n Format Smoothing ! Display

i Phase !

: Memory | yem Flow - t | | Comversion Ly | i

h Trace .

E Trace Data Processing i

Data Processing Flowchart

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

e Measurement is a converting analog signals of receiver into digital ones (2-
channel receiver receive the signal of the incident wave and the signal reflected
from the device under test or passed through the DUT for RNVNA). 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 more details see Averaging Setting.

¢ Receiver Calibration is a gain correction of individual receivers for absolute
measurements.

¢ 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 more details 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 more details 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 more details 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
more details see Port Extension.

e Port Z Conv is the fixture simulation to convert the reference impedance 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 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 Trace is copying current measurements to memory (S-parameter or
receiver data). The software contains a set of cells for storing measurements
(memory). 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 trace 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.

¢ Electrical Delay is adding/removing a transmission line of a given length
without loss for the measurement port. Unlike port extension, the method is
applied individually for each trace. See Electrical Delay Setting.

¢ Phase Offset is setting a constant phase offset of the trace. See Phase Offset
Setting.
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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, inverse S-parameter (1/S), 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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Instrument Series

This section describes the different models of Analyzers.

Models of 1-port VNA:

» R60

» R140
e R140B
R180

54

py)

The top panel of each Analyzer are shown further in this section, along with the
controls located on those panel.
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R60

The top panel view of the Analyzers is represented in the figures below.

corpnamn®  waaww | B
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Test LED
port indicator

R60 top panel

Reference frequency 10 MHz
Input/Output and Tngger Ouiput
connector

Mini USB 2.0

=
_
_—
i—

Part of the R60

R60 side panel

Test port

The test port (type-N male 50 Q) is intended for DUT connection. It is also used as a
source of the stimulus signal and as a receiver of the response signal from the DUT.

LED Indicator

The top panel is equipped with the READY/STANDBY LED indicator running in the
following modes:
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e Green blinking light is standby mode. In this mode the current consumption of the
device from the USB port is minimum.

e Green glowing light is normal device operation.

USB Connector

The mini USB 2.0 port is intended for connection to USB port of the personal
computer via the supplied USB cable.

Reference Frequency Input/Output or External Trigger Signal Output
Connector

The user can use the port as a reference frequency input/output or as an external
trigger signal output. Connector type is SMA female.

External reference frequency is 10 MHz, input level is 2 dBm + 2 dB, input impedance
is 50 Ohm. Output reference signal level is 3 dBm * 2 dB into 50 Ohm impedance.

The external trigger signal output port can be used to provide trigger to an external
device. The port outputs 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.
In this case, the External Trigger Signal Input/Output port is used as an input of an
external trigger source.

External Trigger Signal Input/Output Connector

The user can use the port as an external trigger signal output or input. Connector type
is SMA female.

External Trigger Signal Input allows the user to connect an external trigger source.
3.3v CMOS TTL compatible inputs magnitude have at least 1 ps pulse width. Input
impedance is at least 10 kOhm. The External Trigger Signal Output port can be used
to provide trigger to an external device.

The port outputs 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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R140

The top panel view of the Analyzers is represented in the figures below.
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Test LED
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R140 top panel

R140 side panel

Part of the R140

Test port

The test port (type-N male 50 Q) is intended for DUT connection. It is also used as a
source of the stimulus signal and as a receiver of the response signal from the DUT.
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LED Indicator

The top panel is equipped with the READY/STANDBY LED indicator running in the
following modes:

e Green blinking light is standby mode. In this mode the current consumption of the
device from the USB port is minimum.

e Green glowing light is normal device operation.

USB Connector

The USB 2.0 port is intended for connection to USB port of the personal computer via
the supplied USB cable.

Reference Frequency Input Connector

External reference frequency see in its specifications, input level is 2 dBm + 2 dB,
input impedance at «Ref In» is 50 Q. Connector type is SMA female.

External Trigger Signal Input Connector

This connector allows the user to connect an external trigger source. Connector type
is SMA female. TTL compatible inputs of 3 V to 5 V magnitude have up to 1 us pulse
width. Input impedance is at least 10 kQ.
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R140B

The top panel view of the Analyzers is represented in the figures below.
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R140B rear panel
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Reference frequency 10 MHz
InputfOutput and Trigger
Ouiput connector

— Mini USB 20

Tngger input/Ouiput connector

R140B side panel
Part of the R140B
Test port

The test portis intended for DUT connection. The test port is type-N 50 Q or 3.5 mm
(See Hardware configurations). It is also used as a source of the stimulus signal and
as a receiver of the response signal from the DUT.

LED Indicator

The top panel is equipped with the READY/STANDBY LED indicator running in the
following modes:

e Green blinking light is standby mode. In this mode the current consumption of the
device from the USB port is minimum.

e Green glowing light is normal device operation.

USB Connector

The USB 2.0 port is intended for connection to USB port of the personal computer via
the supplied USB cable.

Reference Frequency Input/Output or External Trigger Signal Output
Connector

The user can use the port as a reference frequency input/output or as an external
trigger signal output. Connector type is SMA female.

External reference frequency is 10 MHz, input level is 2 dBm + 2 dB, input impedance
is 50 Ohm. Output reference signal level is 3 dBm = 2 dB into 50 Ohm impedance.
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The external trigger signal output port can be used to provide trigger to an external
device. The port outputs 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.
In this case, the External Trigger Signal Input/Output port is used as an input of an
external trigger source.

External Trigger Signal Input/Output Connector

The user can use the port as an external trigger signal output or input. Connector type
is SMA female.

External Trigger Signal Input allows the user to connect an external trigger source.
Connector type is SMA female. 3.3v CMOS TTL compatible inputs magnitude have
at least 1 ys pulse width. Input impedance is at least 10 kOhm. The External Trigger
Signal Output port can be used to provide trigger to an external device. The port
outputs 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.

Hardware configurations

Model Connector type
R140B-01 Type-N, female
R140B-02 Type-N, male
R140B-11 3.5 mm, female
R140B-12 3.5 mm, male
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R180

The top panel view of the Analyzers is represented in the figures below.
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P Reference frequency 10 MHz

= InpulfOutput and Tngger
Output connector
FL =
2 VDC 2A
USB type-C
S8
(J‘%— Trigger InputfOutput connector

R180 side panel
Part of the R180
Test port

The test port is intended for DUT connection. The test port is type-N male 50 Q or 3.5
mm (See Hardware configurations). It is also used as a source of the stimulus signal
and as a receiver of the response signal from the DUT.

USB Connector

The USB type-C portis intended for connection to USB port of the personal computer
via the supplied USB cable.

Power Cable Receptacle

The power supply receptacle is intended for an external DC power supply voltage
from 4.75 to 5.25V; 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.
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Reference Frequency Input/Output or External Trigger Signal Output
Connector

The user can use the port as a reference frequency input/output or as an external
trigger signal output. Connector type is SMA female.

External reference frequency is 10 MHz, input level is 2 dBm * 2 dB, input impedance
is 50 Ohm. Output reference signal level is 3 dBm * 2 dB into 50 Ohm impedance.

The external trigger signal output port can be used to provide trigger to an external
device. The port outputs 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.
In this case, the External Trigger Signal Input/Output port is used as an input of an
external trigger source.

External Trigger Signal Input/Output Connector

The user can use the port as an external trigger signal output or input. Connector type
is SMA female.

External Trigger Signal Input allows the user to connect an external trigger source.
3.3v CMOS TTL compatible inputs magnitude have at least 1 ps pulse width. Input
impedance is at least 10 kOhm. The External Trigger Signal Output port can be used
to provide trigger to an external device.

The port outputs 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.

Hardware configurations

Model Connector type
R180-01 Type-N, female
R180-11 3.5 mm, female
R180-12 3.5 mm, male
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R54

The top panel view of the Analyzers is represented in the figures below.
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R54 top panel

R54 side panel

Part of the R54
Test port

The test port (type-N male 50 Q) is intended for DUT connection. It is also used as a
source of the stimulus signal and as a receiver of the response signal from the DUT.

LED Indicator

The top panel is equipped with the READY/STANDBY LED indicator running in the
following modes:

e Green blinking light is standby mode. In this mode the current consumption of the
device from the USB port is minimum.

e Green glowing light is normal device operation.

USB Connector

The mini USB 2.0 port is intended for connection to USB port of the personal
computer via the supplied USB cable.
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Preparation for Use

Unpack the Analyzer and other accessories.

First, install the software that will be used to operate the Analyzer (The software can
be found on the shipped flash-drive or on the Copper Mountain Technologies

website). The software installation procedure is described in Software Installation.

Connect 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 procedure is described in section
Calibration and Calibration Kit.

To avoid motherboard damage, use USB cables supplied
in the package or similar ones according to the
specifications shown in figure below (for R180/RP180

only).
A1 B12 B1 A12
i, o= =D 0
A12 B1 B12 A1
TYPE-C TYPE-C

PIN ASSIGMENTS
TYPE C(P1) @ SYGNALNAME  WIRE COLOR | SYGNAL NAME TYPE C(P2)

A1, B1,A12, B12 GND BLACK GND A1, B1 A12 B12
A4 B4 A9 B9 VBUS RED VBUS A4 B4 A9 B9
A5 cC BLUE cC A5
B5 VCONN — VCONN B5
AB Dp1 GREEN Dp1 AB
AT Dn1 WHITE Dn1 AT
SHELL SHIELD BRAID SHIELD SHELL

USB TYPEC TO C 2.0, 3A
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[

[]

A1 B12 PIN 1
i = Sl
Al12 B1 PIN 4

TYPEC USB 2.0 PLUG

PIN ASSIGMENTS
TYPEC SYGMAL MAME | WIRE COLOR | USB 2.0 | SYGNAL MAME

A1, B1,A12, B12 GND BLACK 4 GND

Rp E: A4 B4, A9, B9 VBUS RED 1 VBUS
56 kKO A5 cC _ _ _
BS VCOMNN — — -
AB Dp1 GREEN 3 D+
AT Dn1 WHITE 2 D-

SHELL SHIELD ERAID SHELL SHELD

USB TYPE C TO USB 2.0 A MALE, 3A
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Software Installation

The software is installed to the external PC running under Windows operating system.
The Analyzer is connected to the external PC via USB interface.

Minimal system requirements for the PC WINDOWS 7 and Higher
1.5 GHz Processor
2 GB RAM

USB 2.0 High Speed

The supplied USB flash drive contains the following software:

Flash drive contents Setup_ RVNA_vXX.Y.Zexe
(RVNA) installer file for 1-port
VNA

or

Setup RNVNA_vXX.Y.Zexe
(RNVNA) installer file for
multiport VNA solutions,

where XX.Y.Z — software
version number: XX — year, Y —
quarter of year, Z — version on

quarter.
Driver — folder contains the
driver.
Doc — folder contains

documentation.
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Software installation procedure is performed in two steps. The first one is the driver
installation. The second step comprises installation of the software, documentation
and other related files.

Driver installation Connect the Analyzer to PC via
the supplied USB cable.

Windows  will automatically
detect new USB device and will
open USB driver installation
dialog (Windows 7 and higher)
while connecting the Analyzer the
first time.

In the USB driver installation
dialog, click on Browse and
specify the path to the driver
files, which are contained in the
Driver folder on the USB flash
drive.

Software and related files installation Run the RVNA installer file for 1-
port VNA or RNVNA installer file
for multiport VNA solutions from
the supplied USB flash drive.
Follow the instructions of the
installation wizard.
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RNVNA Licensing

RNVNA Software is distributed under commercial license. Each license is tied to
RVNAs with particular serial numbers. License is perpetual, and its price depends on
the number of instruments configured into RNVNA. Please contact your local Copper
Mountain Technologies representative to get a quote.

RNVNA License Terms and Conditions are available in the
software and on Copper Mountain Technologies website.

License information (Company purchased the license, serial number set, etc.) is in a
*LIC file and shared with a client upon purchase. License importing procedure is
described in RNVNA software (See Managing Licenses).

Free license is integrated into RNVNA software and allows to operate with up to 3
Analyzers.

Contact your local Copper Mountain Technologies
representative in case:

e License file is lost or damaged.

¢ 1-port VNA replacement.
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Getting Started

This section represents a sample session of the Analyzer. It describes the main
techniques of measurement of reflection coefficient parameters of the DUT. SWR
and reflection coefficient phase of the DUT will be analyzed.

The instrument sends the stimulus to the input of the DUT and then receives the
reflected wave. Generally, in the process of this measurement the output of the DUT
should be terminated with a LOAD standard. The results of these measurements can
be represented in various formats. The given example represents the measurement
of SWR and reflection coefficient phase.

Typical circuit of DUT reflection coefficient measurement is shown in figure below.

P oy

PC

PN

Analyzer

DUT ]]]Ei

A

Reflection Measurement Circuit

Measuring SWR and reflection coefficient phase:

¢ Prepare the Analyzer for reflection measurement.
e Set stimulus parameters (frequency range, number of sweep 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.
¢ Perform calibration of the Analyzer for reflection coefficient measurement.

¢ Analyze SWR and reflection coefficient phase using markers.
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Analyzer Preparation for Reflection Measurement

Turn on the Analyzer and warm it up for the period of time stated in the datasheet.

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

Connect the DUT to the test port of the Analyzer. Use the appropriate adapters for
connection of the DUT input to the Analyzer test port if it is impossible to connect the
DUT input to the test port directly.
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Analyzer Presetting

It is recommended resetting the Analyzer into the initial state before starting
measurement session. The initial condition setting is described in Annex.

NOTE Software can be controlled using mouse or a touchscreen.

To restore the initial state of the Analyzer, use the softkey System in the right
menu bar. Then in dialog System click softkey Preset. Close the dialog System
by clicking softkey OKk.

m Stimulus

9 Trigger System Correction Avoid Ripple
oM oM

E Scale Reference Source
Internal

% Channels Standb\_.r Mode
ON

{= Menu Size
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Stimulus Setting

After restoring the preset state of the Analyzer, the stimulus parameters will be as
follows:

¢ Full frequency range of the instrument.
e Sweep type is linear.

e Number of sweep points is 201.

e Power level is high.

e IFis 10 kHz.

For the current example, set the frequency range from 100 MHz to 1 GHz.

To set the start frequency of the frequency range to 100 MHz, use the softkey
Stimulus in the right menu bar. Then select the Start field and enter 100 using the
on-screen keypad. Complete the setting by clicking Ok.
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'm Stimulus {'“_7)

¢<» Menu Size

Start Center
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14 GHz 13.915 GHz
Points Measure Delay
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To set the stop frequency of the frequency range to 1 GHz select the Stop field
and enter 1000 using the on-screen keypad. Complete the setting clicking Ok.

Start Center
100 MHz 7.05 GHz
Stop Span
146Hz 13.9 GHz
Points Measure Delay
201 0 ms
IFBW

10 kHz

Power

High

Sweep Type

Lin Freq

Close the Stimulus dialog by clicking Ok.
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IF Bandwidth Setting

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

To set the IF bandwidth use the softkey Average in the left menu bar. Then select
the IFBW field in the Average dialog. To set the IF bandwidth in the IFBW dialog
use the following softkeys 3 kHz. Complete the setting by clicking softkey Ok.

Calibration »a4
Average s{t”} Y IFBW %
10 kHz
. » :
Marker J g‘u::raglng
Analysis % T;eraglng Factor
Files gnlg;mthing
Print I% fn;znthing Aperture

30 kHz .

3 kHz I}

1 kHz
300 Hz

100 Hz
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Also, selecting IF bandwidth could be done by double
clicking on the required value in the IFBW.
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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 add the second trace, use the softkey Trace in the right menu bar. Then click
the softkey Add Trace in the Trace dialog.

The added trace automatically becomes active. The active trace is highlighted in
the list and on the graph.

F"I"“ Stimulus Active Trace
1

9 Trigger Measurement
511

'Em Srale Format
SWR.

% Channels Trace Hold
OFF

m Display

Trace
—— {b Data
ﬁ Svst Data Math
o 2YsEm OFF

To select the trace display format, click on Format field. Set the Phase format by
clicking Phase field. Complete the setting by clicking softkey Ok.
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. D
511

Format N Phase [s

Log Magnitude Expand Phase

OFF Group Delay

Display

Data SWR

Data Math

OFF e _

To scroll up and down the formats list clicks on the list field and drag the mouse up
or down accordingly.

To select the first trace display format, click on Active Trace field, then on

Format field. In the Format dialog click on SWR field. Complete the setting by
clicking softkey OKk.

Page 78



Active Trace
2

Measurement
G11

Format
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Trace Hold
OFF
Display
Data

Data Math
OFF
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Active Trace
2

Measurement
G11

Format
Log Magnitude b

Trace Hold
OFF

Display
Data

Data Math
OFF

Format

Phase

Expand Phase

Group Delay

SWR h

Real

Close the dialogs by clicking softkey Ok.
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Trace Scale Setting

For a convenience in operation, change the trace scale using automatic scaling
function.

To set the scale of the active trace by the autoscaling function use the softkeys
Scale in the right menu bar. Then click the softkey Auto Scale. Complete the
setting by clicking softkey OKk.

Active Trace
N 2
| Stimulus Scale
10 dB/div
9 Trigger Ref Value
0dB
ﬁm Scale {b Divisions
10
% Channels Ref Position
5
m Trace Electrical Delay
'ﬁﬂ System Phase Offset .
D (4]
{= Menu Size

The software will automatically set the scale for the best display of the active trace.

To automatically set the scale for all traces, use the softkeys Scale > Auto Scale
All > Ok.

NOTE To activate a trace, use the Active Trace field in the Scale
dialog.
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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.

' ™

"

Analyzer

svorr ()
—_— 1 2

OPEN ]--i---Eﬂl; l_

oap [ fJ--

Full one-port calibration circuit

In the current example Keysight 85032B/E calibration kit is used.
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To select the calibration kit, use the softkey Calibration in the left menu bar. Then
click the field Calibration Kit in the Calibration dialog.

Calbration
Correction
ON
Calibration {b (J5E Calibration Kit
Mot def 50 Ohm b
Average Y
Marker j‘
Analysis @
Files
Print %
Display g

Calbration Kits

3 05CK10A-150 -F- Type-N 500hm 18GHz Cal Kit (Rosenberger)

4 05CK10A-150 -M- Type-N 500hm 18GHz Cal Kit (Rosenberger)

5 NL.1-F- Type-N 500hm 1.5GHz Cal Kit (PLANAR)

6 Ni.1-M- Type-N 500hm 1.5GHz Cal Kit (PLANAR)

7  85032B/E -F- Type-N 500hm 6GHz Cp{ Kit (KeySight)
85032B/E -M- Type-N 500hm 6GHz Cal Kit (KeySight)

Then select the required kit from the Calibration Kits list and complete the setting
by clicking softkey OKk.
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To perform full 1-port calibration, execute measurements of the three standards. After
that the table of calibration coefficients will be calculated and saved into the memory
of the Analyzer. Before start calibration, disconnect the DUT from the Analyzer.

To perform full 1-port calibration use the softkey Calibration in the left menu bar.

Connect an OPEN standard and click Open softkey in the Calibration dialog.

Calbration

Correction
ON

Calibration {b PB4 || Calbration Kit
85032B/E -F-

Average Y

Marker f

Analysis E

Files

Print %

Display g
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After clicking any of the Open softkeys, wait until the calibration procedure is
completed.

Calibration

Correction
oM

Calibration Kit
85032B/E -F-

Calibration

Connect a SHORT standard and click Short softkey.

Connect a LOAD standard and click Load softkey.
Wait until the calibration procedure is completed.
To complete the calibration and calculate the table of calibration coefficients click

Apply softkey in the Calibration dialog. Then re-connect the DUT to the Analyzer
test port.
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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. In the current example, a reflection standard of SWR = 1.2 is
used as a DUT. The Analyzer screen view is shown in figure below.

Trl s11 SwWR 0.05 / 1.25 [F1] Dat
511 Phase 10.0 °/ -40.0 ° [F1] Dat
10.0

1 100.00000 MHz 1.2008
0.0 2 550.00000 MHz | 1.2030
. 3 1000.0000 mHz | 1.2046

-10.0
-20.0
-30.0

5-40.0

1

2
L v
E'—SD.D Y

~60.0 1
-70.0

-80.0

4=90.0 A

N
200 400 600 BOO
Start 100 MHz Cor Lin 201 3 kHz High Stop 1 GHz

SWR and reflection coefficient phase measurement example

Page 86



To enable a new marker, use the softkey Marker in the left menu bar. Then click
the softkey Add Marker in the Marker List dialog.

pra—— L]
vee v |
»
Marker "{b j
Analysis @
. L
Files Reference Marker
OFF
e

Double click on the marker in the Marker List to activate the on-screen keypad
and enter the marker frequency value.
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Marker List

Reference Marker
OFF

Frequency

MHz

Complete the setting by clicking softkey Ok.
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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 Top menu bar, left and right menu bars 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.
& CMT F140 1-Poct Metwork Analyzer B5-18000 MHz w2132 - = | & TOI)
g g (&. ".M ‘"r' :- TR TR mem o ] + 1t - Soﬂkey
f 5[ W@ 51T Loq Wagnitude 10.0 d87 0.0 a8 Tt ' I Menu
Cabration  HEA 0.0 s Bar
0.0
Pove V|| 20.0 & 7o
10.0
%]
Lefi | £ |l oo 5 I[ Al T scee Right
Softkey | 8 ;gg AT L B Softkey
—fl Anaksis - Tt ch L
Menu -30.0 L Y\ ' Menu
Bar B %58 R T Bar
4000 BO0O0 12000
Dt = Start BS MHz -- _Lin 201 10 kHz Stop 14 GHZ Eoe
" = 511 Phase 45.0 °7 0.0 ° Dat | ﬂﬂ .
| 185:8
wplay " Hen
= - 135.0 L\R =
\ 90.0 i 'I \ \. /
45.0 Ik L
0.0 LS 4
450 VAL m— Channel
900 -‘ ! T
Efrn y l | Windows
-180.0
225.0
4000 BOO0 12000
SEAFE BS MHZ  --  Lin 201 10 kW7 Stap 14 GHF
insriurment
2021 11:36 | Measure | Ready | 33.78 °C |
= Siatus Bar

Analyzer screen layout
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Left and Right Softkey Menu Bars

The softkey menu bars in the left and right parts of the screen are the main menu of
the software. Each softkey represents one of the submenus. The menu system is

multilevel and allows to access to all the functions of the Analyzer.

The menu softkeys can be controlled by a mouse or using a touch screen.

On-screen alphanumeric keypads also support data entering from external PC
keyboard. Besides, the menu navigation is done by «Up Arrow», «Down Arrow»,

«Enter», «Esc» keys on the external keyboard.

To expand the menu bar, click on it and drag the cursor to the right or to the left
accordingly. To collapse the menu bar, click on it and drag the cursor to the right or to

the left accordingly.

Clicking the softkey Menu Size expands or collapses the menu bar.

Calibration {b (458

Average Y
Marker L
Analysis =
Fies
Print e
Display L]

Calibration

40.0

30.0

20.0

Example of expanded or collapsed left menu bar
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[
£
o

nl
=
g LI DT o O

'm Stimulus

‘ﬂ'ﬂ System

L= i@nu Size Menu Size

Example of expanded or collapsed right menu bar

Right softkey menu bar of RNVNA software contains addition softkey Devices (see
figure below).

F"ﬂl Stimulus

M Trace

'ﬂ'ﬂ System

% Devices {*_n;

4= Menu Size

Right softkey menu bar of RNVNA software
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Top Menu Bar

The menu bar contains the functions of the most frequently used softkeys (See figure
below).

@ % h'd +"r" "M % TR TR Mem pm T % 111 [d

Top menu bar

Description of the softkeys is given in the table below.

Softkey Description
The softkey Recall State
@ & allows to recall the state from
{h_w) a file of the Analyzer state
(See Analyzer  State
Recall State Recalling).
The softkey Save State
oy allows to save the Analyzer
state (See Analyzer State
Saving).
Save State
. Type of saving is set
by the user in the dialog form
Save type (See Analyzer
State).
M The softkey Save Data
v, ¥ allows to save the trace data
{ in CSV format (See Trace
Data CSV File).
Save Data
M oM The softkeys Add Marker
4 and Delete Marker add and
{T) delete markers on the trace
respectively (See Markers).
Add Marker

Page 92



Softkey

LA
b

Delete Marker

% +TR  -TR
W

Reference Marker

+TR | -TR

W

Add Trace

-TR  MEM

W

Delete Trace

MEM D/sM

B

Memory Trace

F, -
Data Math
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Description

The softkey Reference
Marker allows to add the
reference marker on the
trace. To delete the reference
marker reclick this key (See
Reference Marker).

The softkeys Add Trace and
Delete Trace add and delete
traces respectively (See
Number of Traces).

The softkey Memory trace
enables trace saving into
memory (See Memory Trace
Function).

The softkey Data Math pops
up the corresponding dialog
form for choosing the math
operation type between data
traces and memory traces
(See Mathematical

Operations).



Softkey

14

W

Auto Scale

£ m
&

Auto Ref Value

1 4
O

Auto Scale Al

1
0

Inverse Caolor
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Description

The softkey Auto Scale
allows to define the trace
scale automatically so that the
trace of the measured value
could fit into the graph entirely
(See Automatic Scaling).

The softkey Auto Ref Value
executes  the automatic
selection of the reference
level (See Reference Level
Automatic Selection).

The softkey Auto Scale All
allows to define the trace
scale automatically for all
traces (See Automatic

Scaling).

The softkey Inverse Color
allows to change the interface
color.



If necessary, Top Menu Bar can be hidden.

To show/hide the top menu bar use the softkey Display > Top panel.

Full Screen
_ _ OFF

Calibration P4 Tt
OFF

Average Y Font Size
11

Marker f Data Width
1

Analysis % Frequency / Distance
oM

Files Inverse Color
oM

Print %

Display {t") I;

Top Panel
ON R

Grid Width

Fixed Grid
ON

Update
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Channel Window Layout and Functions

The channel windows display the measurement results in the form of traces and
numerical values. The screen can display simultaneously up to 4 channel windows for
RVNA and up to 16 channel windows for RNVNA. The analyzer hardware processes
channels sequentially.

In turn, each channel window can display up to 4 traces of the measured parameters
for RVNA and up to 16 trace of the measured parameters for RNVNA. 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 figure below.

Channel fitle bar

¥

Bandpass Filter

Trace
status Trl 511 Cable Loss 5.0 dB/ -10.0 dB Dat
field 511 Expand Phase 200.0 °/ -800.0 ° Dat
200.0
Markers 5887.8511 MHz -362.09 °
0.0 2 9262.9787 MHz -1445.0 °
-200.0
-400.0 1
Diagram
-600.0
[>-800.0 q
-1000.0
-1200.0
-1400.0
-1600.0
-1800.0 a ~
Channel 4000 8000 12000
sialus —{Start 85 MHz -- Lin 201 10 kHz High Stop 14 GHz
bar

Channel window
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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.

Each window has the following parameters:

e Stimulus signal settings:

1. Frequency range

2. Number of Points

3. Sweep Type
4. Power level

e |F Bandwidth and average

e Calibration

The calibration parameters are applied to the whole the
Analyzer and affect all the channel windows.

Page 97



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.

(@ CMT R140 1-Port Network Analyzer 85-14000 MHz v21.3.2 (Demo ... (.= (5] [
H M M R
Chanmed @ & % Y ¥ § +R TR MM DM
title 15
A4 511 Expand Phase 200.0 °/ -800.0 ° [
zﬂﬂ'g 5887.8511 MHz -362.07 °
Y 0.0-2 9262 .9787 MHz -1445.0 ° 9
_\_\_\_\_\_‘_\\"\-\-.. 1 ]
(@ CMT R140 1-Port Network Analyzer 85-14000 MHz v21.3.2 (Demo ... (L= (5] [
@ % cg:r ++ﬂ _;' % +TR -TR MEM D/M
Gh{innel
fitle P Bandpass Filter >
used A4 Trl 511 Cable Loss 5.0 dB/ -10.0 dB Dat ™
S11 Expand Phase 200.0 °/ -800.0 °
Y 2::::].3 5887.8511 MHz -362.09 ° 9
0.0.2 0262.9787 MHz -1445.0 °
29 z

Channel title bar
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To show/hide the channel title bar use the softkey Display. Click on Caption field
in the opened dialog.

Full Screen Top Panel
— OFF ON
Calibration (458 T
OFF [
Average Y Font Size
o 11
Marker # || Data Width Grid Width
1 1
Analysis % Frequency / Distance Fixed Grid
ON OFF
Files Inverse Color Update
ON ON
w0 O

To edit the channel title, click on the softkey Edit to recall the on-screen keypad.

SCPI DISPlay:WINDow:TITLe, DISPlay:WINDow:TITLe:DATA
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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 traces in the channel.

The trace status field is represented in the figure below.

Trl 511 Log Magnitude 10.0 dB/ 0.0 dB [RO] Dat
511 Cable Loss 10.0 dB/ 0.0 dB [RO]

5 0

Trace properties
Reference level value

Trace scale Memory
Display format trace status
Measured parameter

Trace name

Trace status field

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

e Trace name from «Tr1» to «Trd» for RVNA, from «Tr1» to «Tr16» for RNVNA.
The active trace name is highlighted in an inverted color.

e Measured parameter:
1. S11 for 1-port Vector Network Analyzer,;

2. S-parameters when using two or more Analyzers (separately or as a part of
an RNVNA):

— Sii, where a value from 1 to N is taken.
— |Sij|, i #j, i and j take a value from 1 to N (N is a number of Analyzers).

¢ Display format, e.g. «Cable Loss» (See Display Format).

¢ Trace scale in measurement units per division, «e.g. 10 dB/div».
e Reference level value, e.g. «0.0 dB».
e Trace properties is indicated as symbols in square brackets (See Table below).

e Memory trace status, e.g. «Dat» (See Memory Trace Function).
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Status

Error Correction

Data Analysis

Math Operations

Maximum Hold

Electrical Delay

Phase Offset

Symbols

RO
RS
F1

ST

F1ST

F2ST

MATH

20
Dmb
Emb
Pxt
D+M
D-M
D*M

D/M

Max

Del

PhO

Definition

OPEN response calibration

SHORT response calibration

Full 1-port calibration

Transmission normalization (RNVNA only)

Full 1-port Calibration with transmission
normalization (RNVNA only)

Full 2-port Calibration with transmission
normalization (RNVNA only)

Equivalent to F2ST Calibration, obtained
by mathematical method. (RNVNA only)

Portimpedance conversion
De-embedding

Embedding

Port extension

Data + Memory

Data - Memory

Data * Memory

Data / Memory

Hold of the trace maximum between
repeated measurements

Electrical delay other than zero

Phase offset value other than zero
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Status Symbols Definition

Smoothing Smo Trace smoothing
Gating Gat Time domain gating
Zr Reflection impedance
Yr Reflection admittance
Conversion
1/S S-parameter inversion
Conj Conjugation
Dat Data trace
Mem Memory trace
Trace display
D&M Data and memory traces
Off Data and memory traces OFF

The trace status files can be easily modified using the
mouse pointer (See Quick Settings 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.

Trl 511 Cable Loss 5.0 dB/ -10.0 dB Dat
I s11 SwR 1.0 / 6.0 Dat
. 11.0
Vertical [P \
graticule —10.0
label Trace
9.0 nu;ber
Reference 8.0 .
level
position 7.0

Markers

Y

[>16.0 \ ]
5.0 ( )
4309.5238 MHz 2.0054
2 | 7696.9697 MHz 1.9187
4.0 1-2 3387.4459 MHZ
mean 1.2903 Stafistics
3.0 s.dev  0.2248
L p-p 0.9795
2.0
Horizontal |1.0 -
graticule — 4000 5000 6000 7000 8000 |
label Start 3 Gz -- Lin 201 10 kHz High Stop 9 GHz

Diagram
The diagram contains the following elements:

e 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, time

or distance). 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.
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e Trace number allows trace identification when printing in black and white.

e Current stimulus position indicator appears when sweep duration exceeds 1
sec.

Using the graticule labels, can easily control all the trace
parameters by the mouse (See Quick Settings 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). For a detailed description see Trace
Allocation.

511 Log Magnitude 10.0 dB/ 0.0 dB Dat
Tr2 s11 Expand Phase 200.0 °/ -800.0 °© Dat
50.0

40.0
30.0
20.0
10.0

50.0 <"

-10.0

-20.0
-30.0

-40.0

-50.0
4000 8000 12000
start 85 MHz -- Lin 201 10 kH=top 14 GHz

The two traces on one diagram in channel window (sample)
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511 Log Magnitude 10.0 dB/ 0.0 dB Dat
50.0
40.0

30.0
20.0
10.0
50.0 W
-10.
-20.
-30.

-40.
-50.

[ s T e T e N e

4000 8000 12000

Tr2 s11 Expand Phase 200.0 °/ -800.0 °© Dat
%ﬂg.ﬂ

~200.0
-400.0
-600.0
[»-800.0
-1000.0
~1200.0
-1400.0

-1600.0
-1800.0

4000 8000 12000
Start 85 MHz -- Lin 201 10 kH#=top 14 GHz

The two traces on two diagrams in channel window (sample)
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Markers

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

Indicator on frace Marker data field
9.0 |
3919.8795 MHz 6.9402
2 4139 4578 MHz 1.1152
6.0
3.0
0.0

A Py
3800 %ﬂﬂ /42[![! 4400 4600 4800

Indicator on stimulus

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.
e 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).

0y \é/w

0.0 - .
4000 4400 4800 5200
Start 3.6 GHz /(—— Lfin 2?1 llDQz Hi{ Stop 5.4 GHz
Srimulus Error Sweep Number IF Power Snmulus
start commechion type ofpoinis Bandwidih level stop

Channel status bar

The channel status bar contains the following elements:

e Stimulus start field allows to display and enter the start frequency. This field can
be switched to indication of stimulus center frequency, in this case the word Start
will change to Center. For a detailed description of stimulus setting, see Sweep

Range.
e Error correction field displays the integrated status of error correction for S-

parameter traces. The values of this field are represented in table below. For a
detailed description see Error Correction Status.

Error correction field
Symbol Definition

-- No calibration data. No calibration was performed.

Error correction is enabled. The stimulus settings are the same for

Cor the measurement and the calibration.
Error correction is enabled. The stimulus settings are not the
Cc? same for the measurement and the calibration. Interpolation is
applied.
Error correction is enabled. The stimulus settings are not the
C! same for the measurement and the calibration. Extrapolation is
applied.
Off Error correction is turned off.
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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.

e Number of points field allows to display and enter the number of sweep points.
The number of sweep points can have the following values: up 2 to 100001 for
RVNA and up 2 to 16001 for RNVNA. For a detailed description see Number of
Points.

¢ IF bandwidth field allows to display and set the IF bandwidth. The values can
be set from 10 Hz to 30 kHz (100 kHz). For a detailed description see IF
Bandwidth Setting.

e Power level field allows to display and enter the port output power. For a
detailed description see Stimulus Power.

¢ Stimulus stop field allows to display and enter the stop frequency. 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 (See figure below). It
can contain the following messages (See table below).

3 11.10.2021 10:20. | Measure | Ready | 31.75 °C
Operation Date and Sweep DSP  Temperature
indicator Time Status Siatus

RVNA instrument status bar

% 11.10.2021 11:00 | Memory Usage: 234 Mb Bl Measure | Trigger Bus | Ready: 3| 31.20 oC

tt+ 7

Operation Dateand Memory Sweep Synchronization DSP  Temperature
indicator Time Starus Status Status

RNVNA instrument status bar

Messages in the instrument status bar

F'e.ld. Message Instrument Status Note
Description
No communication between
NotReady ' pgpand pC.
Loading DSP firmware is loading.
DSP status Ready DSP is running normally.

DSP is in energy saving
Standby standby mode.

NOTE: For RNVNA, the message additionally contains the
number of connected devices.
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Field
Description

Sweep status

Synchronization
(RNVNA only)

Message

Measure

Hold

External

Bus

Free run

USB bus

Trigger
bus

Instrument Status

Continuous sweep.
A sweep is on hold.

Waiting for  "External"

trigger.

Waiting for "Bus" trigger.

Analyzers operates
independently and allows to
measure DUT reflection
only.

Synchronization is
performed by sending

special commands to the
Analyzer on USB bus.

Synchronization is
performed using trigger
signals issued by
Analyzers.
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For a detailed
description see
Trigger
Settings.

For a detailed
description see

Selecting

Analyzers’
synchronization

mode.




Field
Description

Memory status
(RNVNA only)

Factory
calibration error

Error correction
status

System
correction
status

Message

Memory
Usage: XX
Mb

System
Cal Failure

Correction
Off

System
Correction
Off

Instrument Status

Indication of the memory
used by the software.
Message background color
can be:

e Green — more than
200 MB are used.
e Yelow — more than

400 MB are used.

e Magenta — more than
600 MB are used.

e Red — more than 850
MB are used. In case
this limit reached, It's
impossible to save
State File (See
Analyzer State and
Channel State.).

Calibration data in ROM

has an error.

THE  ANALYZER IS
DAMAGED AND
REQUIRES FACTORY
REPAIR.

Error correction disabled.

System correction is turned
OFF.
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For a detailed
description see
Error
Correction

Disabling.

For a detailed
description see

System
Correction

Setting.



Field

Description LSS
20.00 °C

Temperature
68.00 °F

1 Disabling of error correction does not affect factory calibration.

Instrument Status

Internal device temperature.
To switch between °C/°F
click on the corresponding
field.
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Setting Measurement Conditions

The section describes how to set the various measurement conditions of the
Analyzer.

Measurement procedure

To perform measurements, do the following according to each measurement task:

¢ 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 to the traces. For a
detailed description see Measurement Parameters Settings, Format Setting,
Scale Settings.

e If necessary, set the related trigger settings. 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 RVNA supports up 4 channels and RNVNA supports up 16 channels, each of
which allows for measurements with stimulus parameter settings different from the
other channels. The parameters related to a logical 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  Segment Sweep Table

6  Trigger Mode

7 IF Bandwidth

8 | Averaging

9  Calibration

10  Fixture Simulator
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Each channel window can contain up to 4 different trace for RVNA and up 16 different
traces for RNVNA. 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
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Channel Allocation

A channel is represented on the screen as an individual channel window. The screen
can display from 1 to 4 channel windows for the RVNA and from 1 to 16 channel
windows for RNVNA. Simultaneously by default one channel window is opened.

RVNA supports six options of the channel window layout (See figure below).

Channel window layout for RVNA

RNVNA supports twelve options of the channel window layout (See figure below).

Channel window layout for RVNA

The channels are allocated on the screen according to their numbers from left to right
and from top to bottom. If there are more than one channel window on the screen, one

of them is selected as active. The border line of the active window will be highlighted
ininverted color.
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To set the number of channel windows displayed on the screen use the following
softkey in the right menu bar Channels. Then select the softkey with the required
number and layout of the channel windows.

Active Channel
1

b .
[ Stimulus Maximize Channel
OFF

<= Menu Size
SCPI DISPlay:SPLit
NOTE Stimulus parameters and other settings should be

configured for each enabled channel window. For a
detailed description see Stimulus Settings.

The required channel should be activated before setting its
parameters or performing calibration. For a detailed
description see Selection of Active Channel.
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Selection of Active Channel

Channel should be activated before setting channel parameters.

To activate the channel, use the following softkeys in the right menu bar Channels
> Active Channel. The Active Channel field allows viewing the numbers of all

channels from 1 to 4 for RVNA and from 1 to 16 for RNVNA. Select the required
number of the active channel.

Active Channel
: N

Maximize Channel

OFF

{=r Menu Size

SCPI DISPlay:WINDow:ACTivate

NOTE Channel can also be activated by clicking on its channel
window (See Active Channel Selection).
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Number of Traces

Each channel window can contain up to 4 different traces for RVNA and up to 16
different traces for RNVNA. Each trace is assigned the display format, scale and
other parameters.

The traces can be displayed in one graph, overlapping each other, or in separate
graphs of a channel window. The trace settings are made in two steps: trace number
setting and trace layout setting in the channel window. By default, a channel window
contains one trace. To enable two or more traces, set the number of traces as
described below.

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

e Tr1, Tr2 ... Tr4 for RVNA.

o Tr1, Tr2 ... Tr16 for RNVNA.

Each trace is assigned some initial settings: measured parameter, format, scale and
color, which can be modified. For a detail description see User Interface Setting.

By default, the display format for all the traces is set to Return loss (dB).

By default, the scale is set to 10 dB, reference level value is set to 0 dB, reference
level position is in the middle of the graph.

The trace color is determined by its number.
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To add a trace, use the following softkeys in the right menu bar Trace > Add
Trace.

'm Stimulus Active Trace
1

9 Trigger Measurement
S11

1?23 Scale Format
SWR
OFF
Display

YL Trace p

—— {b Data

#, System Data Math
OFF

To delete a trace, use the following softkeys in the right menu bar Trace > Delete
Trace.

SCPI CALCulate:PARameter: COUNt
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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.

Options for diagram placement in the channel for RVNA

Options for diagram placement in the channel for RNVNA

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 are set independently.

Placing traces in a diagram:

e If the number of traces and the number of diagrams are equal, all the traces will
be displayed separately, each in an individual diagram.
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Trl 511 Log Magnitude 12.5 dB/ -50.0 dB Dat
12.5

0.0 1

-12.5

-25.0

-37.5
1480 4260 7040 9820 12600
Tr2 511 Phase 125.0 °/ -360.0 °© Dat

[¥265.0 {

140.0

15.0

mkﬁ 2

-235.0
1480 4260 7040 9820 12600
¥ s11 Expand Phase 500.0 °/ -2500.0 ° Dat

0.0 {

-500.0

-1000.0

~1500.0

-2000.0
14E0 4260 7040 9820 12600
Start 85 MHz -- Lin 201 10 kHz Stop 14 GHz

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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Trl 511 Log Magnitude 12.5 dB/ -50.0 dB Dat
S11 Cable Loss 12.5 dB/ -60.0 dB Dat

2.5
-mw 1

-22.5

-35.0

-47.5
1480 4260 7040 9820 12600

DTFE 511 Phase 125.0 °/ -360.0 °© Datq
265.0

140.0

15.0

mkﬁ 2

-235.0
1480 4260 7040 9820 12600
Tr3 s11 Expand Phase 500.0 °/ -2500.0 °© Dat

0.0 ]

-500.0

-1000.0

-1500.0 3

-2000.0
1480 4260 7040 9820 12600
Start 85 MHz -- Lin 201 10 kHz Stop 14 GHz

e If the number of traces is smaller than the number of diagrams, empty diagrams
will be displayed.
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Trl 511 Log Magnitude 12.5 dB/ -50.0 dB Dat
12.5

0.0 1

-12.5

-25.0

-37.5
1480 4260 7040 9820 12600
S11 Phase 125.0 °/ -360.0 ° Dat

["265.0 {
140.0

15.0

0.0

-235.0
1480 4260 7040 9820 12600

M)

Start B85 MHz -—  Lin 201 10 kHz Stop 14 GHz

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

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

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.

Page 125



To allocate the traces in diagrams, use the following softkey in the right menu bar
Trace > Trace Allocation.

'm Stimulus Active Trace
2

9 Trigger Measurement
511

E Scale Format

Expand Phase

% Channels Trace Hold
OFF

M Trace {b Display

Data
Qﬂ System Data Math
OFF
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Then select the softkey with the required number and layout of the channel
windows.

Trace Allocation

Active Trace
2

Maximize Trace
OFF

--

SCPI DISPlay:WINDow:SPLit
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Selection of Active Trace

Trace parameters can be entered for the active trace. Active trace belongs to the
active channel, and its name is highlighted in inverted color. Select an active trace
before setting the trace parameters.

To select the active trace, use the softkeys in the right menu bar Trace > Active
Trace.

'I;"I"TI Stimulus Active Trace
2 [

9 Trigger Measurement
c11

1?53 Scale Format
Phase
OFF

Hbé Display

Trace
—— {b Data
# Svst Data Math
B 2YstEm OFF

SCPI DISPlay:WINDow:ACTivate, CALCulate:PARameter:SELect

NOTE A trace can be activated by clicking on the trace status bar
in the diagram of the software (See Active Trace
Selection).
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Channel/Trace 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.

Similarly, when there are several traces displayed in a channel window, the active
trace can be temporarily expanded. The other channel windows will be hidden, and
this will interrupt the measurements in those channels.
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Active Channel/Trace Window Maximizing
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To enable/disable active channel maximizing function use the following softkeys
Channel > Maximize Channel.

Active Channel
4

Maximize Channel

OFF %

{= Menu Size

To enable/disable active trace maximizing function use the following softkeys
Trace > Trace Allocation > Maximize Trace.
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{= Menu Size
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Format
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Trace Hold
OFF
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Data

Data Math
OFF

r

Trace Allocation

Active Trace
2

Maximize Trace
OFF
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SCPI DISPlay:MAXimize, DISPlay:WINDow:MAXimize

Channel and trace maximization can also be controlled
achieved by a double click on the channel/trace (See figure
above). 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
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 by frequency:
¢ Lin Freq — linear frequency sweeps.
¢ Log Freq — logarithmic frequency sweeps.

e Segment — segment sweep mode.

The channel to which the function is applied must be preselected as active (See
Selection of Active Channel).
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To set the sweep type use the following softkey Stimulus > Sweep Type in the
right menu bar.

Then select the softkey the required sweep type in the Sweep Type dialog.

Start Center
85 MHz 8.0425 GHz
8 .
[ Stimulus Stop Span
{b 16 GHz 15.915 GHz
9 Trigger Points Measure Delay
201 0 ms
ﬁm Scale IFBW
10 kHz
Power
Ch I
% annels High
Sweep Type
M Trace Lin Freq m
#ﬂ System —

Log Freq

Segment

Reverse Scan
OFF

SCPI SENSe:SWEep:TYPE
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Once segment frequency sweep is selected, the Segment
Table softkey will become available in Stimulus dialog.
Segment table is described in detail in Segment Table

Editing.

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).
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 Channel).

To enter the start and stop values of the sweep range use the softkey Stimulus in
the right menu bar. Then select the Start, Stop, or Center, Span field and enter

the required values using the on-screen keypad and complete the setting by
clicking Ok softkey.

Select the measurement units if necessary. The current measurement units are
shown to the right from the value entry field.
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The Start, Stop, Center and Span values of the sweep
range can be set using the mouse (See Start/Center Value
Setting, Stop/Span Value Setting).

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

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 Channel).
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To enter the number of points use the softkey Stimulus in the right menu bar.
Then click on Points field, select the required value from the list and complete the
setting by clicking Ok softkey.

Start Center
85 MHz 7.0425 GHz
b .
Stimulus Stop Span
1 {b 14 GHz 13.915 GHz
9 Trigger Points N Measure Delay
201 0 ms
E Scale IFBW
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Power
% Channels High
m Trace Sweep Type
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Ql: System —
10001
1601
am

101
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SCPI SENSe:SWEep:POINts

NOTE 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 Channel).

For R54, R140 and R140B models the stimulus power level can be switched
between the high and low settings of the power level. High output power corresponds
to the source signal power of -10 dBm. Low output power corresponds to -30 dBm.

For R60 and R180 model the stimulus power value is set in the respective field of the
channel status bar.

To enter the power level value, use the softkeys Stimulus > Power in the right
menu bar. Then click Output Power field.

Start Center
85 MHz 7.0425 GHz
8 .
Stimulus Stop Span
A {b 14 GHz 13.915 GHz
9 Trigger Points Measure Delay
201 0 ms
ﬁm Scale IFBW
10 kHz
Power
% Channels High
"Qsé Trace sweep Type
— Lin Freq
#ﬂ System —
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if R54, R140 and R140B models are used, it is possible to switch between high
and low power settings.

Output Power %
High

RF Out
ON

If R60/R180 models are used, it is possible to enter the required value of the
output power.

Output Power
0 dBm, typ. %
RF Out

ON

SOURce:POWer (R60 and R180 only).

SCPI
SOURce:POWer:STATe (R54, R140 and R140B only).

NOTE Setting the Power level is possible using the mouse (See
Power Level Setting).
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RF Out

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

To turn ON/OFF the RF signal output, use the following softkeys in the right menu
bar Stimulus > Power. Then click RF Out field.

Start Center
85 MHz 7.0425 GHz
b .
Stimulus Stop Span
A {b 14 GHz 13.915 GHz
9 Trigger Points Measure Delay
201 0 ms
1;53 Scale IFBW
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Power
% Channels High
’WS Trace 5.weep Type
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#ﬁ System —
Output Power
High
RF Out
ON [

SCPI OUTPut, SOURce:POWer:STATe (R54, R140 and R140B only).
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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).
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Segment Table Editing

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

Frequency sweep span can be divided into segments. The table has three mandatory
columns: start and stop values of the sweep range, number of points, and two or three
columns which can be optionally enabled/disabled: IF filter, measurement delay,
power level (power level is available only for R60/R180).

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

Select the Segment in sweep type dialog to make the Segment Table softkey
available (See Sweep Type).

To edit the segment table, use the following softkeys in the right menu bar
Stimulus > Segment Table.
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Each table line determines one segment. The table can contain one or several lines.
The number of lines is limited by the aggregate number of all segment points, i.e.
100001 — for RVNA, 16001 — for RNVNA.

NOTE The adjacent segments cannot overlap in the frequency
domain.

To add a segment to the segment table, use Add softkey.
To delete a segment from the table, use Delete softkey.

To enter the segment parameters, move the mouse to the respective box and
enter the numerical value. To navigate the segment table, «Up Arrow», «Down
Arrow », «Left Arrow », «Right Arrow» keys should be used.

Segment Table

1 MHz 1 MHz 2
2 1MHz 1 MHz 2
List IFBW List Delay List Power
OFF OFF OFF
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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/disable in Segment Table dialog:

e The IFBW filter column click on the List IFBW field.
e The measurement delay column click on the List Delay field.

e The power column click on the List Power field (only for R60/R180).

Segment Table

1 MHz 1 MHz 2 10 kHz
2 | 1MHz 1 MHz 2 10 kHz
List IFBW List Delay List Power
ON [s OFF OFF
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The segment table can be saved into *.SEG file to a hard disk and later recalled.

To save the segment table, use Save softkey. Select a path and enter the state
file name in the pop-up dialog.

To recall the segment table, use Recall softkey. Select a path and enter the state
file name in the pop-up dialog.

Page 151



Segment Table

1 MHz 1 MHz 2 10 kHz
2 |1 MHz 1 MHz 2 10 kHz
List IFBW List Delay List Power
ON OFF OFF

Path
C:\Users\Desktop\Segment

File
noname.seg 3

SCPI MMEMory:LOAD:SEGMent, MMEMory:STORe:SEGMent
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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 Channel).

To set the measurement delay time, use the softkeys Stimulus > Measure Delay
in the right menu bar. Enter the required values using the on-screen keypad and
complete the setting by clicking Ok softkey.
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Reverse Sweep Mode

In the reverse sweep mode, the sweep starts from the stop frequency and stops at
the start frequency.

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

To turn ON/OFF the reverse sweep mode, use the softkeys Stimulus > Sweep
Type in the right menu bar. Then click Reverse Scan field.

Start Center
85 MHz 8.0425 GHz
b .
[ Stimulus Stop Span
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9 Trigger Points Measure Delay
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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 measurement of all opened channels. The
analyzer measures the channels sequentially one after another in one measurement
cycle.

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 channel initialization mode (See Trigger Mode).

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 the trigger to go into the Waiting for Trigger
state; the Analyzer waits for any channel to enter the Initiated state.

e Waiting for 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

The table below describes the transitions between analyzer.

Transition Condition Button Command

11 Power on. — —

To Stop Reset. System > SYSTem:PRESet, *RST
Preset
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Transition
1.2

Stop —>
Waiting  for
Trigger
1.3
Waiting  for
Trigger —>
Measurement
Cycle

Condition

Abort of the
current
measurement
cycle.

Changing
Analyzer settings
by user or by the
SCPIlcommand.

When the Stop

trigger initiation
mode is turned
on.

Every time when
the Continuous

trigger initiation
mode is turned
on.

Once when the
Single trigger
initiation mode is
turned on.

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.

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

Button

For example:
Stimulus >

Start

Trigger >
Trigger

mode > Hold

Trigger >
Trigger
mode >

Continuous

Trigger >
Trigger
mode >
Single

Trigger >
Trigger
source >
Internal

Trigger >
Trigger

source >
External

Trigger >
Trigger

mode > Bus

Page 157

Command

ABORt

For example:
SENSe:FREQuency:STA
Rt

INITiate:CONTinuous OFF

INITiate:CONTinuous ON

IN[Tiate

TRIGger:SOURce
INTernal

TRIGger:SOURce
EXTternal

TRIGger:SOURce BUS

TRIGger:SINGle, TRIGger,

*TRG



Transition

14

Measurement

Cycle
Waiting
Trigger

1.5

—>
for

Measurement

Cycle —>
Stop

Condition

When the Trigger
Event softkey is
pressed, if the
trigger source is
Single.

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
(except R54,
R140).

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

Button

Trigger >
Trigger
mode >
Single

Trigger >
Trigger
source >
Internal

Trigger
Event

Trigger
>Trigger
mode >

Continuous

Trigger >
Trigger
Input >

Event > On

Point
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Trigger Source

One of three trigger sources can be selected. This setting works at the analyzer level.

Trigger
Source

Internal
[default]

External

Bus

Trigger Event

Function

The next trigger signal is generated by the Analyzer on
completion of each sweep.

Except R54 and RNVNA.

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

The ftrigger signal is generated by a command from the
program controlling the Analyzer via SCPIlor COM.

Single trigger mode of measurement. At the end of the
measurement, the Analyzer goes into the Hold state.

Page 159



To set the trigger source, use the following softkeys Trigger > Trigger Source.
Then select the required trigger source:

¢ Internal
e External

e Bus

'm Stimulus

Trigger

’%é Trace Trigger Mode

= Continuous

#ﬁ System Trigger Source %
Internal

External %

Bus

To set the single trigger mode, use the following softkeys in the right menu bar
Trigger:

¢ Select trigger mode Single (See Trigger Mode).

e Select trigger source Internal (See Trigger Source).

Trigger Event softkey is available in the right menu bar (See figure below). To
start a single measurement press Trigger Event softkey.
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$= Menu Size

9 Trigger Event@

SCPI TRIGer:SOURCce, IN[Tiate

NOTE For R60, R180, it is impossible to select a trigger source if
trigger output is enabled (see Trigger Output). The Trigger
Source softkey will display [locked by TRIG OUT].

Trigger

Trigger Mode
Continuous

Trigger Source
Internal [locked by TRIG OUT]
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Trigger Mode

The trigger mode determines the sweep actuation of the channel at a trigger signal
detection. A channel can operate in one of the following three trigger modes:

Trigger Mode Function

Continuous The Analyzer accepts an infinite number of trigger signals, a
measurement cycle is performed each time a trigger signal is
detected. The measurement cycle includes the sequential

[default] measurement of all open channels one after the other.

Single The analyzer accepts one trigger signal. After switching on
the mode, when a trigger signal is detected, one
measurement cycle is performed. The measurement cycle
includes the sequential measurement of all open channels
one after the other. After it is completed, the Analyzer goes
into the Hold state.

Hold The channel is idle and not updating.
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To set the trigger mode, use the following softkeys Trigger > Trigger Mode. Then
select the required trigger mode:

e Hold
¢ Single

e Continuous

'm Stimulus

R Trace Trigger Mode
- Continuous h
#ﬁ System Trigger Source
Internal
<~ Menu Size

Trigger Mode

Hold

Single b

SCPI INITiate:CONTinuous, INITiate
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External Trigger Settings

This section is not available for R54.

This section describes settings of the external trigger.
R60, R140B and R180 models

The logic signal at the TRIG IN/OUT connectors on the side panel of the Analyzer is
an external trigger signal (See Instrument Series).

TRIG
IN/OUT

External Trigger Signal 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).

R140 model

The logic signal at the EXT TRIG connector on the side panel of the Analyzer is an
external trigger signal (See Instrument Series).

To work with an external trigger select trigger source External (See Trigger Source).
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External Trigger Event

This section is not available for R140.

This setting allows to select the external trigger event.

Trigger event Function

On sweep One trigger signal starts a full measurement cycle, that
is, the measurement of all frequency points of all

[defaul] channels included in the measurement cycle.

On point 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.

By default, the external trigger initiates a sweep measurement upon every trigger
event (See figure below).

Tdela]r
External
Trigger \
8
Setup 1 Sampling 1| Setup 2 (Sampling 2| "= Setup N (Sampling N

~
Y]

Before Sampling, Point trigger is OFF

Tdela]r

External
Trigger

\

Setup 1|5ampling 1| Setup 2 |Sampling 2| - -*|Setup N|Sampling N

Before Setup, Point trigger is OFF
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For the external trigger source, the point trigger feature instead initiates a point
measurement upon each trigger event (See figure below).

T T
» delay - delay T delay
External
Trigger \ \
\ 2 22
Setup 1 Sampling 1| Setup 2| |Sampling 2| Setup 3 Sampling N|Set
cé s
Before Sampling, Point trigger is ON
T T
» delay - delay Tdelay
External
Trigger \ \
\ 2 22
Setup 1 [Sampling 1| |Setup 2 | Sampling 2 Setup N|Sampli
cé €7

Before Setup, Point trigger is ON
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To enable the point trigger feature for external trigger source, use the following
softkeys Trigger > Trigger Input > Event { On Sweep | On Point }.

'm Stimulus
Trigger , 1
—
ﬁm Scale Trigger Mode
Continuous
% Channels Trigger Source
Internal

{= Menu Size

Trigger Input

Event
On Sweep b

Polarity
Negative Edge
Position

Before Sampling

Delay
0ps

SCPI TRIGger:POINt
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External Trigger Polarity

This section is not available for R140.

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.

To select the external trigger polarity, use the following softkeys Trigger > Trigger
Input > Polarity { Negative Edge | Positive Edge }.
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External Trigger Position

This section is not available for R140.

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.

Trlgg_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] T
delay
External
Trigger
EEE—
Setup 1 Sampling 1| Setup 2 [Sampling 2| == -|Setup N |Sampling N
Before Sampling, Point trigger is OFF
Tdelay Tdelay T delay
External
Trigger
£ ——¢¢ —_—
Setup 1 Sampling 1| Setup 2| |Sampling 2| Setup 3 Sampling N|Set
e e
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.
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Trigger

Position Function

T
delay
External

Trigger '\

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

Before Setup, Point trigger is OFF

T
delay Tdelay Tdelay
External
Trigger

2 ————22 —

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

~y

by
InY]
A

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.
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To select external trigger polarity, use the following softkeys Trigger > Trigger
Input > Position { Before Sampling | Before Setup }.

'm Stimulus
Trigger , 1
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ﬁm Scale Trigger Mode
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Trigger Input

Event
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Negative Edge
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Before Sampling

Delay
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External Trigger Delay

This section is not available for R140.

The external trigger delay sets the response delay with respect to the external trigger
signal (See figure below). The delay value has range from 0 to 100 sec with
resolution 0.1 usec.

Tdela]r
External
Trigger \
E
Setup 1 Sampling 1| Setup 2 (Sampling 2| "= Setup N (Sampling N

~
Y]

External Trigger Delay
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To set the external trigger delay, use the following softkeys Trigger > Trigger
Input > Delay. Then enter the required values using the on-screen keypad.
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Trigger , 1
—
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"M Trace
#ﬂ, System
{= Menu Size

Trigger Input

Event
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Negative Edge
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Delay
0ps b
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Trigger Output

This section is available for R60, R140B and R180.

This section describes settings of the trigger output. The trigger output is designed to
synchronize external devices with the analyzer measurement cycle.

The user can use TRIG IN/OUT or REF 10 MHZ/TRIG OUT connector to output a logic
signal from the analyzer (See figure below). The table below shows possible ways of
use for the analyzer connectors.

" | L@o—{ | * .
-/ = N /
REF 10 MHz TRIG
TRIG OUT .._\ /._,. INJOUT

External Trigger Output Connector R60 and R180

Functions of the TRIG IN/OUT or REF 10 MHZ/'TRIG OUT analyzer's
connectors

TRIG IN/OUT REF 10 MHZ/TRIG OUT
trigger input trigger output
or

reference source input
or

reference source output

trigger output reference source input
or

reference source output
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To use the TRIG IN/OUT connector to output a logic signal:

e Select trigger source Internal or Bus (See Trigger Source).

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

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

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

To use REF 10 MHZ/TRIG OUT connector to output a logic signal :

e Select trigger source External (See Trigger Source).

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).
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To enable/disable the trigger output, use the following softkeys Trigger > Trigger
Output > Enable Out.

'm Stimulus
Trigger , 1
P
ﬁm Scale Trigger Mode
Continuous
% Channels Trigger Source
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"M Trace
#ﬂ, System
{= Menu Size

Trigger Output

Enable Out
OFF 3

Polarity
Negative Edge
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Before Setup
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NOTE For R60, R140 and R180, itis impossible to select a trigger
source if trigger output is enabled (see Trigger Output). The
Trigger Source softkey will display [locked by TRIG

OUT].

Trigger

Trigger Mode
Continuous

Trigger Source
Internal [locked by TRIG OUT]
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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 softkeys Trigger >
Trigger Output > Polarity { Negative Edge | Positive Edge }.

'm Stimulus
Trigger ' 1
Pt
ﬁm Scale Trigger Mode
Continuous
% Channels Trigger Source
Internal
’%é Trace
‘#ﬁ System
{=» Menu Size

Trigger Output

Enable Out
OFF

Polarity

Negative Edge %
Position

Before Setup
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Trigger Output Function

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

Trigger
Function

Output

Before Setup

Before
Sampling

After Sampling

Ready for
Trigger

(The function is
not available for
R140B)

Sweep End

Measurement

Function

Single pulse before setup frequency.

Single pulse before sampling.

Single pulse after sampling.

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

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

Single pulse at the end of the sweep.

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
A N\ A
Before :
Setup :

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 External trigger set before setup

sampling

Trigger Output (Ready for Trigger only)
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To select the function of the trigger output (See figure above), use the following
softkeys Trigger > Trigger Output > Position {Before Setup | Before
Sampling | After Sampling | Ready for Trigger | Sweep End

Measurement}.

NOTE The function Ready for Trigger is not available for R140B.

F"ﬂl Stimulus

9 Trigger {b

ﬁm Scale Trigger Mode
Continuous

% Channels Trigger Source
Internal

$= Menu Size

Trigger Output

Enable Out
OFF

Polarity

Negative Edge
Position

Before Setup %

Before Sampling

After Sampling

Ready for Trigger IE

Sweep End

Measurement

Position
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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).

¢ Absolute power measurement at the receiver input for R60/R180 (See Absolute
Measurements).
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S-Parameters

1-port Analyzer has one measurement port which operates as a signal source and as
a reflected signal receiver. That is why the Analyzer allows measuring only S11
parameter.

Two or more Analyzers (separately or as a part of an RNVNA) allow measuring S-
parameters:

¢ Sii, where a value from 1 to N is taken.

e [Sij, i # j, where i and j take a value from 1 to N (N is a number of Analyzers).

A measured S-parameter for RNVNA is set for each trace. The trace to which the
function is applied must be preselected as active (See Active Trace Selection).

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

To set the measured parameter for RNVNA, use the following softkeys Trace >
Measurement. To assign the measured parameters to a trace, click on Source
Port and select the required port number in the dialog.
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Then select the required S-parameter from the list in the Measurement dialog.

Measurement

Source Port

542

552

562

SCPI CALCulate:PARameter:-DEFine

NOTE Setting the S-parameter is possible using the mouse (See
Measurement Parameters Settings).
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Absolute Measurements

This section is available for R60/R180.

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.

The 1-port Analyzer has two independent receivers A and R:

e The Ris reference signal receiver.

e The A is test signal receiver.

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

To set the measured parameter, use the following softkey Trace >
Measurement.

Then select the required parameter:

e Abs A s test signal receiver.

e Abs R is reference signal receiver.
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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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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
'y

Measurement

Stmulus

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).
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Rectangular Formats

Format

Type
Description

Logarithmic
Magnitude

Voltage
Standing
Wave Ratio

Phase

Expanded
Phase

Group Delay

Linear
Magnitude

Real Part

Imaginary
Part

Cable Loss

Label

Log
Magnitude

SWR

Phase

Expand
Phase

Group
Delay

Lin
Magnitude
Real

Imag

Cable Loss

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 -
3 a

S-parameter phase,
measurement range
expanded to from below —
180° to over +180°

Signal propagation ddelay
®
within  the DUT: do

S-parameter linear

magnitude: v a2 + b*

S-parameter  real

part:
a=re(S)

S-parameter imagina art:
bgim(S) ginary’p

A=1/2 - (ReturnlLoss)

A=10"log|S|
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Unit (Y-axis)

Decibel (dB)

Dimensionless
value

Degree (°)

Degree (°)

Second (sec.)

Dimensionless
value

Dimensionless
value

Dimensionless
value

Decibel (dB)



The format for each trace of the channel can be selected individually. The trace must
be activated before setting the format (See Active Trace Selection).

To set the trace display format use the following softkey Trace. In the Trace dialog
select the required trace from Active Trace and click on Format softkey. Then
select the required format in the Format dialog.
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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 Sii (where a value from 1 to N is taken, N is a number
of Analyzers). 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

Imaginary equal phase

axis

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 Sii,
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 (See Active Trace Selection).

To set the trace display format use the following softkey Trace. In the Trace dialog
select the required trace from Active Trace and click on Format softkey. Then
select the required format in the Format dialog.
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The display format can be set using the mouse (See Display
Format Setting).

Page 204



Smith Chart Format

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

The Smith chart is a circular chart on which the measured complex reflection
coefficients (Sii, where a value from 1 to N is taken, N is a number of Analyzers) 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).
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Rectiinear +R
Plane

|
I
impedance 040 I
|
|
|
1

Smith chart ~ 0+j0

Converting Rectilinear Impedance Plane to Smith Chart

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).
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¢ 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).

¢ 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

NG
A

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 (I') 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.
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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 (Sii, where a value from 1 to N is taken, N is a number of Analyzers) 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).
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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.
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Position of the unit circle at a scale greater than 1

Unit circle

<
N

Scale=1

P
6

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
Description

Linear
Magnitude and
Phase

Logarithmic
Magnitude and
Phase

Label

Smith
(Lin)

Smith
(Log)

Data Displayed by
Marker

S-parameter linear
maghnitude

S-parameter phase
S-parameter logarithmic

magnitude
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Format Type Label

Description

Real and

Imaginary

Parts Smith
(Re/lm)

Complex

Impedance

(at Input)
Smith (R +
iX)

Complex

admittance

(at Input)
Smith (G +
jB)

Data
Marker

Displayed by

S-parameter phase

S-parameter real part

S-parameter
part

imaginary

Resistance at input:

R = re(Zinp)
1+S
Zmp = ZO ;

Reactance at input:
X =im(Zy,,)

Equivalent capacitance or
inductance:

X>0

Conductance at input:

G = re(Yinp)
v 1 1-S
P " 70 14s

Susceptance at input:

B = imp(¥;,)
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Degree (°)
Dimensionless

value

Dimensionless
value

Ohm (Q)

Ohm (Q)

Farad (F)

Henry (H)

Siemens (S)

Siemens (S)



Format Type Label
Description

Data Displayed by
Marker

Equivalent capacitance or
inductance:

L=——, B<O

)
wB

Measurement
Unit

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 (See Active Trace Selection).

To set the trace display format use the following softkey Trace. In the Trace dialog
select the required trace from Active Trace and click on Format softkey. Then
select the required format in the Format dialog.
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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:

e Automatic Scaling function for both formats.

o Reference Level Automatic Selection when using the rectangular format.

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 Active Trace Selection).
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To set the scale of a trace use the following softkey Scale. Then select the Scale
field and enter the required value using the on-screen keypad.

Active Trace
1

w Stimulus Scale
10 dB/dv o

9 Trigger Ref Value
0dB

ﬁm Scale  {m Divisions

10

% Channels Ref Position
5

"QMS Trace Electrical Delay
0 ps

#ﬂ' System Phase Offset
0o

To set the reference level select the Ref Value field and enter the required value
using the on-screen keypad.
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To set the position of the reference level select the Ref Position field and enter
the required value using the on-screen keypad.

To set the number of trace scale divisions select the Divisions field and enter the
required value using the on-screen keypad.

: The number of scale divisions affects all traces of the channel.

DISPlay:WINDow:TRACe:Y:PDIVision,
DISPlay:WINDow:TRACe:Y:RLEVel,
DISPlay:WINDow:TRACe:Y:RPOSition,
DISPlay:WINDow:Y:DIVisions,

SCPI

The trace scale, value of the reference level, and reference
level position can be set using the mouse (See Trace
Scale Setting).
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Circular Scale

For Polar formats and Smith chart formats, the outer circle value can be set (See
figure below).

Scale Scale

P[”ar Sm|th Chal"t

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 Active Trace Selection).
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To set the scale of a trace use the following softkey Scale. Then select the Scale
field and enter the required value using the on-screen keypad.

Active Trace
1
b .
[ Stimulus Scale
S
9 Trigger Ref Value
ﬁm Scale  {m Divisions
% Channels Ref Position
Hbé Trace Electrical Delay
#ﬂ' System Phase Offset
D i ]

SCPI DISPlay:WINDow:TRACe:Y:PDIVision
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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 (See Active Trace Selection) or to all
traces of the active channel.

To automatically select the scale of the active trace, use the following softkeys
Scale > Auto Scale.

Active Trace
N 2
™ Stimulus e
10 dB/div
9 Trigger Ref Value
0dB
‘Em Scale c{b Divisions
10
Eﬁﬁ Channels Ref Position
5
RN Trace Electrical Delay
#ﬂ Sygtem Phase D'FFSEt .
D (4]
{=» Menu Size

To automatically select the reference level of all traces of the active channel, use
the following softkeys Scale > Auto Scale All.
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Active Trace
1

Scale

5 dB/div

Ref Value

-20 dB
Divisions

10

Ref Position

5

Electrical Delay
0ps

Phase Offset
D (a]

SCPI DISPlay:WINDow:TRACe:Y:AUTO

NOTE Setting the automatic scaling is possible using softkeys in
top menu bar (See Top Menu Bar).
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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 (See Active Trace Selection) or to all traces of the
active channel.

To execute the automatic selection of the reference level, use the following
softkeys Scale > Auto Ref Value.

Active Trace
N 1
™ Stimulus P
5 dB/div
9 Trigger Ref Value
-20 dB
'Em Scale {b Divisions
10
% Channels Ref Position
5
RN Trace Electrical Delay
#ﬂ Sygtem PhESE D'FFEEt
D (]
{=» Menu Size

SCPI DISPlay:WINDow:TRACe:Y:RLEVel:AUTO

NOTE Setting the automatically selects the reference level is
possible using softkeys in top menu bar (See Top Menu
Bar).
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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:

S=Smeas ej-Zn-f-t,

where f — frequency, Hz,
t — electrical delay, sec.

The electrical delay is set for each trace independently. The trace to which the
function is applied must be preselected as active (See Active Trace Selection).

To set the electrical delay, use the following softkey Scale. Then select the
Electrical Delay field and enter the required value using the on-screen keypad.

Active Trace
N 1
™ Stimulus T
10 dB/div
9 Trigger Ref Value
0dB
‘Em Scale c{b Divisions
10
% Channels Ref Position
5
FQ)(: Trace Electrical Delay %
#ﬂ Sygtem PhESE D'FFSEt . .
D (4]
{=» Menu Size

SCPI CALCulate:CORRection:EDELay: TIME
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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 setin degrees for each trace independently. The trace must be
activated before setting the phase offset (See Active Trace Selection).

To set the phase offset, use the following softkey Scale. Then select the Phase
Offset field and enter the required value using the on-screen keypad.

Active Trace
N 1
| Stimulus Scale
10 dB/div
9 Trigger Ref Value
0dB
ﬁm Scale {b Divisions
10
EEE Channels Ref Position
5
m Trace Electrical Delay
'ﬁﬂ System Phase Offset
D (4]
{= Menu Size

SCPI CALCulate:CORRection:EDELay:PHASe
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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.
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The figures below show an examples of applying different filtering methods to the

signal.

511 Group Delan

0.1 ns/ 0.4 ns D&M

0.9

0.8

l ||  Trace without

optimization

| . IF bandwidth

e e s —

-0.1

1000 2000 3000 4000 5000

Start 1 MHz

-— Lin 401 1 kHz 0 dBm, typ. Stop 6 GHz

The IF bandwidth is reduced up 100 kHz to 1 kHz.

Example of the application of IF bandwidth optimization
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S11 Group Delay 0.1 ns/ 0.4 ns D&M
0.9

0.8

0.7

06 l ||l Trace without
’ optimization

0.4 ] - Averaging

-0.1

1000 2000 3000 4000 5000
Start 1 MHz -- Lin 401 100 kHz 0 dBm, typ. Stop 6 GHz

The averaging factor is set to 10.

Example of the application of averaging optimization
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511 Group Dela

0.1 ns/ 0.4 ns [Smo] D&M
0.9
0.8
0.7
Trace without
0.6 optimization
/‘ <]
0.1
0.0
-0.1
1000 2000 3000 4000 5000
Start 1 MHz -- Lin 401 100 kHz 0 dBm, typ. Stop 6 GHz

The smoothing is applied with an aperture of 2%.

Example of the application of smoothing 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 for 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz, 3
kHz, 10 kHz, 30 kHz for all model and 100 Hz for R60/R180.

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 Active Channel Selection).
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To set the IF bandwidth use the following softkey Average in the left menu bar. To
set the IF bandwidth click on IFBW field and select the required value from the list.
Complete the setting by clicking Ok.

Calibration bA4

Average {Ej Y IFEW %
10 kHz

. » -

Marker j gxllfz?:ragln g
Analysis @ T;eraglng Factor

Fies gﬂ;;mthing

Print I% fn;fjnthing Aperture
oo L |

30 kHz .

3 kHz l}

1 kHz
300 Hz

100 Hz

SCPI SENSe:BANDwidth, SENSe:BWIDth

NOTE 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

Mi _ ((n_l)'Mi—1+Si), i >0 n=min (L + 1, N)

n

where M; — j-th sweep averaging result,

Si — i-th 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.

The averaging should be set for each channel individually. The channel to which the
function is applied must be preselected as active (See Active Channel Selection).
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To set the averaging use the following softkey Average in the left menu bar. To
toggle the averaging function ON/OFF, click on Average field.

Calibration (45
Average R[b Y IFBW

10 kHz
Marker f g‘l-ll;?:raging m
Analysis @ T;eraging Factor
Files ‘E’}”I;‘I‘:mthi”g
Print I%I fn;:nthing Aperture

To set the averaging factor click on Averaging Factor field and enter the
required value using the on-screen keypad.

Averaging Factor

IFBW
10 kHz

Averaging
OFF

Averaging Factor %
10

Smoothing
OFF

Smoothing Aperture
1 %

SCPI SENSe:AVERage, SENSe:AVERage:COUNt
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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 Active Trace Selection).

To set the averaging use the following softkey Average in the left menu bar. To
toggle the averaging function ON/OFF, click on Smoothing field.

e
Average {b Y IFBW
10 kHz

‘ .

Marker Averaging
4 OFF

Analysis @ f;;;eraging Factor
' - Smoothin
Files s g h
- = Smoothing Aperture
Print =1 ! o g Ap
ooy 00000

To set the smoothing aperture click on Smoothing Aperture field and enter the
required value using the on-screen keypad.
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Smoothing Aperture

IFBW
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s Ll
OFF

e
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= S
OFF

Smoothing Aperture

. HEEE

SCPI CALCulate:SMOothing, CALCulate:SMOothing:APERture
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Quick Settings Using a Mouse

This section describes mouse operations, which allows to set the channel
parameters quickly and easily. Hovering a mouse pointer over a changeable field in
the channel window will lead to changing cursor appearance and prompt popping up.

The manipulations described in this section will help to
perform the most frequently used settings only. All the
channel functions can be accessed via the softkey menu.
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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.

S11 Log Magnitude 5.0 dB/ -20.0 dB Dat
5.0
0.0

-5.0
-10.
-15.

5-20.
-25.
-30.
-35.

-40.
-45.

Border line

4000 4400 4800 5200 of active
channel

o L T e Yy o T e R e Y e Y s

Start 3.6 GHz -- Lin 201 10 kH&top 5.4 GHz
" @ s11 cable Loss 5.0 dB/ -10.0 dB Dat

Lo e

-30.
-35.

|
[
=]
[ L TR e T e I s Y e

4000 2000 12000
Start 85 MHz -— Lin 201 10 kHzStop 14 GHz

Active Channel Selection

The active channel can be selected using softkeys (See Selection of Active 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. In the example
in the figure below «Tr2» is selected as the active trace.

Trl 511 Cable Loss 10.0 dB/ 0.0 dB Dat

S11 Log Magnitude 10.0 dB/ 0.0 dB Dat
Tri/s1l SwR 1.0 / 6.0 Dat
50.0

Active Trace Selection

Active trace can be selected using softkeys (See Selection of Active Trace).

Page 238



Measured Parameter Setting

This sectionis for RNVNA only.

A measured parameter (S11, S21, S12 , S22 etc.) is set for each trace. Before
selecting the measured parameter, activate the trace first (See Active Trace
Selection).

To assign the measured parameters to a trace, click on measured parameter in
the trace status field.

Trl 511 Log Magnitude 10.0 dB/ 0.0
Sl Log Magnitude 10.0 dB/ 0.0

dB
_ dB
Tr3 5 Log Magnitude 10.0 dB/ 0.0 dB

Click on Source Port field and select the required port number in the dialog.
Click on the S-parameter type in the trace status line and select the required
parameter in the Measurement dialog. Complete the setting by clicking Ok

softkey.
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Measurement

Source Port

1
511
531 3
541 4
551 5
Se1 6

Measurement

Source Port

532

542

552

562

Active measured parameter can be selected using softkeys (See S-Parameters).
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Display Format Setting

A trace display format is set for each trace. Before selecting the trace display format,
activate the trace first (See Active Trace Selection).

To select the trace display format, click on the format name in the trace status line.
Select the required format in the Format dialog and complete the setting by
clicking Ok softkey.

Trl 511 Cable Loss 10.0 ds/ 0.0 dB
I 511 Log Magnitude 10.0 dB/ 0.0 dB
Tri s11 @b

50.0 Tr2 Meas ‘tog Magnitude
r II o1
Phase

Expand Phase
Group Delay %

SWR

Real

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.

To select the trace scale, click in the trace scale field of the trace status line. Enter
the required numerical value using the on-screen keypad and complete the setting
by clicking Ok softkey.

Trl 511 Cable Loss 10.0 ds/ 0.0 dB
I 511 Group Delay 10. s/ 50.0 ns

Tr3 ' . ]
15@_311 SWR 1.0 / 6 Tr2 scale 10.0 ns

The second method: move the mouse pointer over the vertical scale until the pointer
icon becomes as shown in the figure. Left click and drag away from the scale center
to enlarge the scale, or toward the scale center to reduce the scale.
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1EChange Scale
90.0

ﬂﬂ.ﬂ
Pointer

70.0

60.0

[»50.0

40.0

30.0

20.0

10.0

0.0 s
3800

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 « D
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.

To set the value of the reference level click on the reference level field in the trace
status line. Enter the required numerical value using the on-screen keypad and
complete the setting by clicking Ok softkey.

Trl 511 Cable Loss 10.0 dB/ 0.0 dB
511 Group Delay 5.0 ns/ 50.0.ns

Tr3 | . .
?E_[:Sll SWR 1.0 / 6.0 Tr2 Ref value 50.0 ns

Reference Value

ns

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.
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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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Marker Stimulus Value Setting

The marker stimulus value can be set by dragging the marker or by entering the value
from the on-screen keypad.

To drag the marker, move the mouse pointer to one of the marker indicators. The
marker will become active, and a pop-up hint with its name will appear near the
marker. The marker can be moved either by dragging its indicator or its hint area.

Marker 2
1 2

To enter the numerical value of the stimulus in the marker data click on the
stimulus value. Then enter the required value using the on-screen keypad.

1| 4275.6418 MHz -4.8627 dB
H 4@59.9433 MHz -5.3119 dB

M2 4379.9438 rh'IHzLéll':I dg

Frequency

MHz

bt

The marker stimulus value can be set using softkeys (See Marker Stimulus Value
Setting).
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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».

Change start Change Stop

St@j"t 85 MHz St@

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 numerical values click on the respective field in the
channel status bar. Then enter the required value using the on-screen keypad.

Start 85 MH=z

é? MHz

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 numerical values click on the respective field in the
channel status bar. Then enter the required value using the on-screen keypad.

Stop

14000 MHz

Stop 14 GHz

Stop GHz
O |

The Stop/Span values can be set using softkeys (See Sweep Range).
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Sweep Type Setting

To set the sweep type click in the respective field of the channel status bar. Select
the required value in the Sweep Type dialog and complete the setting by clicking
Ok softkey.

Log Freq

Segment

Reverse Scan
Sweep Lin .| OFF

¢ I

The sweep type can be selected using softkeys (See Sweep Type).
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Number of Points Setting

To enter the number of sweep points, click in the respective field of the channel
status bar. Select the required value in the Points dialog and complete the setting
by clicking Ok softkey.

Points

10001

1601

801

101

Points 201

0o
&

The number of points can be set using softkeys (See Number of Points).
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IF Bandwidth Setting

To enter the IF bandwidth click in the respective field of the channel status bar.
Select the required value in the IFBW dialog and complete the setting by clicking

Ok.
IFBW
30 kHz .
3 kHz I}
1 kHz
300 Hz
IFBW 10 kHz g 100 Hz |
. -

IF bandwidth can be set using softkeys (See IF Bandwidth Setting).
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Power Level/RF Out Setting

R54 and R140 models

To set the output power level click in the respective field of the channel status bar.
It allows to switch between high and low power settings.

Power

Output Power b
High
RF Out

Power High 0¢

ON
Gy (O

R60 and R180 models

To set the output power level click in the respective field of the channel status bar.
Then enter the required value of the output power.

Output Power
0 dBm, typ. %

RF Out

j Power 0 dBm, typ.

ON

The Power Level can be set using softkeys (See Stimulus Power).

RF Out

To turn ON/OFF RF Out the click in the respective field of the channel status bar.
Then click RF Out field.
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Output Power
High

RF Out
Power 0 dBm, typ. ON

' 3

The RF Out can be set using softkeys (See RF Out).
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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 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).
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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 full one-port calibration the most
accuracy will be provided by the calibration kit, in which the parameters of the
standards are most accurately defined.

e The calibration kit selected in the Analyzer software must strictly correspond to
the one actually being 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 a 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 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.
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Recommendations for Reducing Random Measurement Errors

e To reduce errors introduced by the instrument noise of the Analyzer, it is
recommend to increase the source power of the stimulus signal, narrow the IF
bandwidth, and apply averaging over several measurement sweep values.

e 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, itis 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 commonly 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 reflection tracking

e load match (RNVNA only)

e transmission tracking (RNVNA only)
e isolation (RNVNA only)

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 é ¥ )(% 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 - Short
Oscillator o ¥ —
% % ! Source
Incident 1 March
i Ermror
Reflected |
e E—
(») :
]

Source match error
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.
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Load Match Error (RNVNA only)

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 2-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.

S
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_ _ | Port1
Incident signal -gp—
Source >
Oscillator ] W W é ! J
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Incident Load |
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@F -=
Analyzer 2 ]
]
1

Load match error
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Transmission Tracking Error (RNVNA only)

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.
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Transmission tracking error
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Isolation Error (RNVNA only)

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.
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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 error models:

e One-Port Error Model.
e Two-Port Error Model (RNVNA only).
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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  Est ' || s11a
Er1 :
S11m e - o
b DUT
Port 1

a — incident wave, b — reflected wave
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 — directivity.
e Es1 — source match.

e Er1 — 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

This section is available for RNVNA.

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—> ® > - — o S21m
' S21a :
: S11a X
Ed1l Est : c2al | El21
stim ¢ "1 | S12a :
& 4 - 0 —
b1 ! , 82
Port 1 DUT Port2
: b2
al = — o S22m
: S21a . Er? ‘
ER1 >1la . |Es2 |Ed2
Et12 : S12a !
S12m :
*—u ¢ - . ® u—1
“*p1: a2
=}
Ex12

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
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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.

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 EN1 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 of the 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 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 measurements. The
use of cables and/or adapters does not affect the measurement results if they are
integrated into the process of calibration.

or {.nglyzer
Test /
Port [[IIEE i
Jest Adapter Analyzer

Pot Cable
0CIDEE )

Test port defining

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.

Analyzer
Test — -
Port
Cable

D—=—ap}

Calibration Plane

Calibration plane
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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 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.

The characteristics of real calibration standards have deviations from the ideal
values. For example, the ideal SHORT standard must have reflection coefficient
magnitude equal to 1.0 and reflection coefficient phase equal to 180° over the whole
frequency range. A real SHORT standard has deviations, from these values
depending on the frequency. To take into account such deviations a calibration
standard model (in the form of an equivalent circuit with predefined characteristics) is
used.

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:

« OPEN

e SHORT

« LOAD

e THRU (RNVNA only)
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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 Standards Definition

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.

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.
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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, LOAD, THRU types.

A one-port model is used for the standards OPEN, SHORT and LOAD (See Full
One-Port Calibration). This is shown in the figure below.

Calibration
plane

|

|

& Offset {transmission line) Lumped parameters:

|

: /0 —impedance OPEN — conductance C

T— propagation delay SHORT — inductance L

+_ Rigss— 0S5 LOAD — impedance R
1

|

One-port standard model
The two-port model (RNVNA only) is used for the standard THRU (See figure below).

Calibration Calibration
plane plane

Offset (fransmission line)

|

|

|

—

|

: 70 — impedance

T— propagation delay

+_ Rioss —loss

|

|

|

I U

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.

Detailed description of editing parameters of an equivalent circuit model of a
calibration standard see in Calibration Standard Editing.
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Parameters of the calibration standard equivalent circuit model

Parameter (as in the
software)

20

(Offset Z0)

T

(Offset Delay)

Rloss

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:

JEL

¢,

T

where [ — line length [m], ¢ — light speed in free space
299792458 [m/s], & — 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.

The offset loss in one-way propagation due to the skin
effect [Q/sec].
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Parameter (as in the
software)

(Offset Loss)

Cc

(CO, C1,C2, C3)

L

(LO, L1, L2, L3)

Parameter Definition

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:

L[dB]-Z0[Q]

Rul[Q/s] =
nlQ/s] 4.3429[dB]-T[s]

The loss in waveguide is typically set to 0 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.

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-f°+C3-f where

f — frequency [H],

CO0 .. C3 — polynomial coefficients.

Units: CO[F], C1[F/Hz], C2[F/Hz, 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=L0+L1-f+L2-f*+ 13- where

f — frequency [Hz],

L0 ... L3 — polynomial coefficients.

Units: LO[H], L1[H/HZ], L2[H/HZ?], L3[H/HZ.
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Parameter (as in the

software)

Media

Width to
Ratio

(H/W)
Minimum
Maximum

Frequency

(Fmin, Fmax)

Height

and

Parameter Definition

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 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.

For the Data-Based standards editing, see Calibration Standard Editing.

Page 280



Calibration Kit Management

This section describes how to edit the calibration kit description and add and delete
a calibration kit.

The Analyzer provides a table for 50 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 cancelled at
any time and the initial state will be restored.
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Calibration Kit Selection for Editing

The table of calibration kits allows for selecting and editing of the calibration kits. For
a detailed description of calibration kit selection , see Calibration Kit Selection.

The first part of the table contains the predefined kits. The second part of the table is
for calibration kit added by the user.

As a result, the editor of the selected calibration kit will open. (See figure). Detailed
description of working with the editor see in Calibration Kit Editor.

To edit a calibration kit, highlight its line in the table. Then click Edit Cal Kit
softkey.

NOTE. To add a custom calibration kit, select any empty row in the table.

Calibration Kits
25 N612/912 -M- Type-N 500hm 6/9GHz Cal Kit, S/N Axx, Bxx, 12xx (CMT) _
26 5911 -F 3.5 mm 500hm 9GHz Cal Kit (CMT)
27 | 5911T -F 3.5 mm 500hm 9GHz Cal Kit (CMT)
@ neE peNwomseaom
29 52611 -F- 3.5 mm 500hm 26.5GHz Cal Kit (CMT)
30 NL1.2 -F- Type-N 500hm 1.5GHz Cal Kit (PLANAR)
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Calibration Kit Editor

Calibration kit editor allows to edit parameters for the selected kit, save/load kit to file
and discard changes.

The definitions of the calibration standards included in one calibration kit are listed in
the calibration kit editor as shown below.

Calibration kit editor contains (See figure below):

e Label and description of a calibration kit (See Calibration Kit Label and
Description Editing).

e General parameter table for standard (See Calibration Standard Editing).

¢ Offset delay measurement units switching (See Offset Delay Measurement Units
Switching).

¢ Buttons for saving/loading the calibration kit to a file (See Saving Calibration Kit
to File and Loading Calibration Kit from File).

¢ A button to undo changes for a predefined kit, or a button to delete a custom kit

(See Predefined Calibration Kit Restoration and User-Defined Calibration Kit
Deletion).

Calibration Kit Editor

Label Description

N1801 -F- Type-N 500hm 18GHz Cal Kit (CMT)
_ Short -F- Open -F- Load Thru
Offset Delay Unit Offset Permittivity

Seconds 1.000649

Calibration kit editor
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Calibration Kit Label and Description Editing

The label of a calibration kit and its description can be edited in the editor (see
figure). The label appears on the Calibration dialog softkeys. The description is just
to provide information.

To edit the label of a calibration kit, click on Label field and enter the calibration
kit label using the on-screen keypad.

To edit the description of a calibration kit, click on Description field and enter the
calibration kit description using the on-screen keypad.

To save the settings and close the dialog click Ok.

Calibration Kit Editor

Label h Description
N1801 -F- Type-N 500hm 18GHz Cal Kit (CMT)
Open Load Thru O
Open -F- Load Thru
37.1 0 0
1200 0 0
-30 0 0
0 0 0
Offset Delay Unit Offset Permittivity
Seconds 1.000649

SCPI SENSe:CORRection:COLLect:CKIT:LABel
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Calibration Standard Editing

Moving in the table of calibration standard definitions (see figure) using navigation
keys. Enter the parameter values for a calibration kit by using the navigation keys in
the table of calibration standard definitions:

Standard Type

Select the standard type:
e Open
e Short
e Load
e Thru

e Data-Based

Standard Label

Standard labels specified on the calibration
menu softkeys.

C0-1e-1SF

For an OPEN standard, CO coefficient in the
polynomial formula of the fringe capacitance:

C=CO0+Cl-f+C2-f*+C3-f°

C1:1e-27 F/Hz

For an OPEN standard, C1 coefficient in the
polynomial formula of the fringe capacitance.

C2-1e-36 F/Hz?

For an OPEN standard, C2 coefficient in the
polynomial formula of the fringe capacitance.

C3-1e-45 F/HZ®

For an OPEN standard, C3 coefficient in the
polynomial formula of the fringe capacitance.

LO-1e-12 H

For a SHORT standard, LO coefficient in the
polynomial formula of the residual
inductance:

L=LO+L1-f+L2-f*+L3:f°

L1-1e-24 H/Hz

For a SHORT standard, L1 coefficient in the
polynomial formula of the residual
inductance.
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L2-1e-33 H/Hz?

For a SHORT standard, L2 coefficient in the
polynomial formula of the residual
inductance.

L3-1e-42 H/HzZ®

For a SHORT standard, L3 coefficient in the
polynomial formula of the residual
inductance.

Offset Delay, ps

Offset delay value in one direction (ps). Can
be switched to physical length (mm). The
parameter is used only for the calibration
standard model.

Offset Z0, Ohm

Offset characteristic impedance value (Ohm).

For waveguide must be setto 1 Ohm.

Offset Loss, GOhm/s

Offset loss value (GOhm/s). The parameter is
used only for the definition of the standard
with the help of the calibration standard
model.

F min, MHz

Minimum operating frequency of the coaxial
standard.

Lower cutoff frequency of the waveguide
standard.

F max, MHz

Maximum operating frequency of the coaxial
standard.

Upper cutoff frequency of the waveguide
standard.

Media

Coaxial or Waveguide

H/W

Waveguide height to width ratio.

Page 286



Calibration standard type and label editing

To set the type of a standard, double click on the field with the name of the
standard in the Standard Type line and select the type in the opened Standard
Type dialog:

e Open or Short or Load or Thru — if the standard is described with an
equivalent circuit.

e Data-Dased — if the standard is described with the Table of S-parameters
(See Calibration Standard Defining by S-Parameter File).

To edit the label of a standard, double click on the field in the Standard Label line
and enter a description for the standard using the on-screen keypad.

To save the settings and close the dialog click Ok.
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Calibration Kit Editor

Label Description

MN1801 - Type-N 500hm 18GHz Cal Kit (CMT)
Open Load Thru
Open -F- Load Thru
371 0 0
1200 0 0
30 0 0
0 0 0

Offset Delay Unit Offset Permittivity

Seconds 1.000649

Standard Type

Open

Load [

Thru

Data-Based

SENSe:CORRection:COLLect:CKIT:STAN:TYPE,
SENSe:CORRection:COLLect:CKIT:STAN:LABel

SCPI
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Calibration standard parameters editing

To edit the calibration standard parameters, and double click in the table on the
corresponding cell. Enter the required value using the on-screen keypad.

Label Description

N1801 -F- Type-N 500hm 18GHz Cal Kit (CMT)
_ Short Cpen Load Thru u
_ Short -F- Open F- Load Thru

Offset Delay Unit Offset Permittivity

Seconds 1.000649

Calibration Kit Editor

SCPI

SENSe:CORRection:COLLect:CKIT:STAN:CO,

SENSe:CORRection:COLLect:CKIT:STAN:C1,

SENSe:CORRection:COLLect:CKIT:STAN:C2,

SENSe:CORRection:COLLect:CKIT:STAN:C3

SENSe:CORRection:COLLect:CKIT:STAN:LO,

SENSe:CORRection:COLLect:CKIT:STAN:L1,

SENSe:CORRection:COLLect:CKIT:STAN:L2,

SENSe:CORRection:COLLect:CKIT:STAN:L3

SENSe:CORRection:COLLect:CKIT:STAN:DELay

SENSe:CORRection:COLLect:CKIT:STAN:Z0

SENSe:CORRection:COLLect:CKIT:STAN:LOSS

SENSe:CORRection:COLLect:CKIT:STAN:FMINimum,

SENSe:CORRection:COLLect:CKIT:STAN:FMAXmum

SENSe:CORRection:COLLect:CKIT:STAN:MEDIa

SENSe:CORRection:COLLect:CKIT:STAN:HWR
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Calibration Standard Defining by S-Parameter File

Parameters of a calibration standard can be set from an S-parameter file in
Touchstone format (See Data-Based Calibration Standards).

To set the calibration standard parameters by S-parameter file double click in the
table on the corresponding field in the Touchstone File line.

The table of S-parameters can be filled 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.
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Label
N1801 -F-

Offset Delay Unit
Seconds

Calibration Kit Editor

Description

Type-N 500hm 18GHz Cal Kit (CMT)

40.028 40.028 0 152.105
50 50 50 50

0.8 0.8 0 2.2

0 0 0 0
999000 999000 999000 999000

Offset Permittivity

1.000649

Path

C:\Users\Desktop\ T ouchstone

noname.slp

File
noname.slp
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Offset Delay Measurement Units Switching

To switch the offset delay measurement units in the calibration standard definition
table, click the following Offset Delay Unit softkey.

To enter the offset permittivity, click the following Offset Permittivity softkey.
Enter the required value using the on-screen keypad. The offset permittivity is
used only for the delay to length conversion. Default value equals the permittivity of
air.

To save the settings and close the dialog click Ok.

Calibration Kit Editor

Label Description
N1801 -F- Type-N 500hm 18GHz Cal Kit (CMT)
0 0
0 0
0 0
0 152.105 .
50 50
0 2.2
Offset Delay Unit Offset Permittivity
Seconds 1.000649
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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.

To save a calibration kit to file, click the Save To File softkey.
Select a path and enter the file name in the pop-up dialog.

To open directory and activate it, double click on the directory name.
To go up in the directory hierarchy, double click on the "[..]" field.

To select the disk, click the disk letter softkey.

To change the name of the saved file using the on-screen keypad click on the File
field.

To save the file, in the Save Cal Kit dialog, click Ok softkey.
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Calibration Kit Editor

Label Description
MN1801 - Type-N 500hm 18GHz Cal Kit (CMT)
Short Open Load Thru -
Short -F- Open -F- Load Thru
0 371 0 0
0 1200 0 0
0 -30 0 0
0 0 0 0
Offset Delay Unit Offset Permittivity _
Seconds 1.000649

| =eme ] meew

Load Cal Kit

Path
C:\RVNA\CalKit

File b

noname.ckd
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Loading Calibration Kit from File

Calibration kit files that were created by the previous command can be loaded.

To load a calibration kit to file, click the Load From File softkey.
Select a path and enter the file name in the pop-up dialog.

To open directory and activate it, double click on the directory name.
To go up in the directory hierarchy, double click on the "[..]" field.

To select the disk, click the disk letter softkey.

To change the name of the saved file using the on-screen keypad click on the File
field.

To save the file, in the Load Cal Kit dialog, click Ok softkey.
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Calibration Kit Editor

Label Description
MN1801 - Type-N 500hm 18GHz Cal Kit (CMT)
Short Open Load Thru 0
Short -F- Open -F- Load Thru
0 371 0 0
0 1200 0 0
0 -30 0 0
0 0 0 0
Offset Delay Unit Offset Permittivity _
Seconds 1.000649

| =eee ] meee b

Load Cal Kit

Path
C:\RVNA\CalKit

[..]

File
noname.ckd
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Predefined Calibration Kit Restoration

The restore function is available for predefined calibration kits only.

To cancel the user changes of a predefined calibration kit, use the following
softkey Calibration > Calibration Kit > Edit Cal Kit.

If the kit parameters differ from the predefined ones, Restore Cal Kit softkey
becomes available.

To cancel changes, click the Restore Cal Kit softkey. Close the dialog by softkey
Ok.

Calibration Kit Editor

Label Description
N1801 -F- Type-N 500hm 18GHz Cal Kit (CMT)
Short Open Load Thru [
Short -F- Open -F- Load Thru
0 bb 0 0
0 -30 0 0
0 0 0 0
Offset Delay Unit Offset Permittivity
Seconds 1.000649

N

SCPI SENSe:CORRection:COLLect:CKIT:RESet
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User-Defined Calibration Kit Deletion

The deleting function is available for user-defined calibration kits only.

To delete a user-defined calibration kit, use the following softkeys Calibration >
Calibration Kit > Edit Cal Kit.

The Erase Cal Kit softkey is only available for a user-defined calibration kit.

To delete a kit, click the Erase Cal Kit softkey. Close the dialog by softkey Ok.

Calibration Kit Editor

Label Description
User Kit
Open Load Thru [
Open Load Thru
0 0 0
0 0 0
0 0 0
0 0 0
Offset Delay Unit Offset Permittivity
Seconds 1.000649
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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 Selection for Editing.

To achieve the specified measurement accuracy, use a calibration kit with known
characteristics.

To select the calibration kit, use the following softkey Calibration in the left menu
bar. The currently selected calibration kit is indicated on the softkey Calibration
Kit.

Click this softkey and select the required kit from the list. Complete the setting by
clicking Ok.

Calibration
Correction
ON
Calibration Kit b
Mot def 50 Ohm
Calibration {*_”; PB4 | | System Z0
50 Ohm
Average Y
Marker f
Analysis %
Files
Print %
Display g

SCPI SENSe:CORRection:COLLect:CKIT

Page 299



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.
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Calibration Parameters  Standards Errors Accuracy
Method
Reflection Sii 1 SHORT or Er1 Low
Normalization OPEN
Expanded Sii 1 e SHORT or Er1, Ed12 Low
Reflection OPEN
Normalization

e LOAD
Full One-Port Siil e SHORT Er1, Ed1, High
Calibration Es1

e OPEN

e LOAD
Scalar ISji| 2 THRU Et1 Low
Transmission
Normalization

or or
(RNVNA only)
ISij| 2 Et2
One-Path Two- Sii, |Sji| 2 e SHORT Er1, Ed1, High for
Port Calibration Es1,Et14 Sii and Sjj
with Scalar Thru or « OPEN
or Medium
s e 2 .
(RNVNA only) Sjj, [Sij| « LOAD faor:d|8|£|i'|
Er2, Ed2, J
4

« THRU Es2, Et2
Full Two-Port Sii |Sji e SHORT Er1, Ed1, High for
Calibration with Es1, Et1,EI1  Siiand Sjj
Scalar Thru ISiil, Sij 2 « OPEN 4
(RNVNA only)



Calibration Parameters  Standards Errors Accuracy
Method

e LOAD Er2, Ed2, Medium
Es2, Et2, EI2 = for |Sji|
e THRU 4 and [Sij|

1 Indexi take a value 1 for 1-port VNA, i take a value from 1 to 16 for RNVNA.
2 Indexesi #j;i and j take a value from 1 to 16.

3 [f optional directivity calibration is performed.

4 If optional isolation calibration is performed.

5 RNVNA Analyzer Ex error is negligible compared to others and is not used in
calculations.
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Reflection Normalization

Reflection normalization is the simplest calibration method used for reflection
coefficient measurements (S11). Measurement of one standard (SHORT or OPEN)
is sufficient to perform this type of calibration (See figure below).

£ Ty

PC

—————\

Analyzer

SHORT .
----E[ .
ooy 0 R

Reflection normalization

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.

Normalization eliminates frequency-dependent attenuation and phase offset in the
measurement circuit but does not compensate errors of directivity and mismatch.

Reflection normalization can also be referred to as
response open or response short calibration
depending on the standard being used: OPEN or SHORT.

Before starting calibration perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), and select the
calibration kit.
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Reflection Normalization for 1-port VNA

To perform reflection normalization, use the following softkey Calibration in the left
menu bar.

Connect an OPEN or a SHORT standard to the test port as shown in above.
Perform measurement using Open or Short softkey respectively.

Calibration

Correction
ON
Calibration Kit
MN1801 -F-

Calibration {b PB4 | | System Z0
50 Ohm

Average Y

Marker j‘

Analysis @

Files

Print %

Display g

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open or Short softkey will be
color highlighted.

Page 303



Calibration

Correction
oM

Calibration Kit
Not def 50 Ohm

System Z0
50 Ohm

Calibration

To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table calculation and saving
it into the memory.

To clear the measurement results of the standards, 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).

SENSe:CORRection:COLLect:METHod:SHOR,
SENSe:CORRection:COLLect:SHORLt

SCPI SENSe:CORRection:COLLect:METHod:OPEN,
SENSe:CORRection:COLLect:OPEN

SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar

Page 304



Reflection Normalization for RNVNA

To perform reflection normalization, use the softkey Calibration in the left menu bar.

Then click on the Calibration Type field. In the dialog Calibration Type select
Response Short or Response Open. Complete the setting by clicking Ok.

Calibration
Correction
ON
Calibration Kit System Z0
Calibration {t”; paq || N1801-F 50 Ohm
Calibration Type N
Full 1-Port Cal
Average
’ Y Source Port
Marker f
Analysis @
Files
Print %
Display g

Calibration Type

Response Open h
Response Short
Response Scalar Thru

Full 1-Port with Scalar Thru

Full 2-Port with Scalar Thru
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In the dialog Calibration assign a signal source port, click on the Source Port
field. Then select port in the dialog Select Port.

Calibration
Correction
ON
Calibration Kit System Z0
N1801 -F- 50 Ohm
Calbration Type

Response Open

Source Port m

Connect an OPEN or a SHORT standard to the test port as shown in figure above.
Perform measurement using Open or Short softkey respectively.
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ON

Calibration Kit System Z0
N1801 -F- 50 Ohm

Calbration Type
Response Open

Source Port

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open or Short softkey will be

color highlighted.
To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table calculation and saving
it into the memory.

To clear the measurement results of the standards, 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).

SENSe:CORRection:COLLect:METHod:SHOR,
SENSe:CORRection:COLLect:SHORt

SENSe:CORRection:COLLect:METHod:OPEN,
SENSe:CORRection:COLLect:OPEN

SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar

SCPI
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The calibration status can be checked in the channel status
bar (See General error correction status table) or in the
trace status field (See Trace error correction status table).
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Expanded Reflection Normalization

Expanded reflection normalization is the simplest calibration method used for
reflection coefficient measurements (S11). Expanded reflection normalization
involves connection of the following two standards to the test port (See figure below):

e SHORT or OPEN.
e LOAD.

—

SHORT Analyzer

oren 0
N
oap [ fJ--

Expanded reflection normalization

Measurement of the two standards allows for estimation of the reflection tracking
error term Er and directivity error term — Ed. The optional directivity calibration
increases the accuracy of the reflection normalization.

Before starting calibration perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), and select the
calibration kit.
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Expanded Reflection Normalization for 1-port VNA

To perform expanded reflection normalization, use the softkey Calibration in the
left menu bar.

Connect an OPEN or a SHORT standard to the test port as shown in above.
Perform measurement using Open or Short softkey respectively.

Calibration

Correction
ON
Calibration Kit
M1801 -F-

Calibration {*_”; PB4 | | System Z0
50 Ohm

Average Y

Marker f

Analysis %

Files

Print %

Display g

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open or Short softkey will be
color highlighted.

Then connect a LOAD standard to the test port as shown in above. Perform

measurement using Load softkey respectively. On completion of the
measurement, the left part of the Load softkey will be color highlighted.
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Calibration

To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table calculation and saving
it into the memory.

To clear the measurement results of the standards, 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).

SENSe:CORRection:COLLect:METHod:SHOR,
SENSe:CORRection:COLLect:SHORLt

SENSe:CORRection:COLLect:METHod:OPEN,
SCPI SENSe:CORRection:COLLect:OPEN

SENSe:CORRection:COLLect:LOAD

SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar
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Expanded Reflection Normalization for RNVNA

To perform reflection normalization, use the softkey Calibration in the left menu
bar.

Then click on the Calibration Type field. In the dialog Calibration Type select
Response Short or Response Open. Complete the setting by clicking Ok.
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Calibration Type

Response Open b
Response Short
Response Scalar Thru

Full 1-Port with Scalar Thru

Full 2-Port with Scalar Thru

In the dialog Calibration assign a signal source port, click on the Source Port
field. Then select port in the dialog Select Port.

Page 313



Calibration

Correction

OM
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Response Open

Source Port b

Connect an OPEN or a SHORT standard to the test port as shown in figure above.
Perform measurement using Open or Short softkey respectively.
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ON

Calibration Kit System Z0
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Calbration Type
Response Open

Source Port

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open or Short softkey will be
color highlighted.

Then connect a LOAD standard to the test port as shown in above. Perform

measurement using Load softkey respectively. On completion of the
measurement, the left part of the Load softkey will be color highlighted.
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Response Open

Source Port

To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table calculation and saving
it into the memory.

To clear the measurement results of the standards, 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).

SENSe:CORRection:COLLect:METHod:SHORt,
SENSe:CORRection:COLLect:SHORLt

SENSe:CORRection:COLLect:METHod:OPEN,
SCPI SENSe:CORRection:COLLect:OPEN

SENSe:CORRection:COLLect:LOAD

SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar

NOTE 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).
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 1-port reflection measurements.

r ™
PC
s
Analyzer

svorr [
|
s [ J[J--

Full one-port calibration

Before starting calibration perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), and select the
calibration kit.
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Full One-Port Calibration for 1-port VNA

To perform full one-port calibration, use the softkey Calibration in the left menu
bar.

Connect an OPEN, a SHORT and LOAD standards in any sequence to the test
port as shown in above. Perform measurement using Open, Short or Load
softkey respectively.

Calibration

Correction
ON
Calibration Kit
N1801 -F-
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Analysis @
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Print %
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During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open, Short or Load softkey
will be color highlighted.
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To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table calculation and saving
it into the memory.

To clear the measurement results of the standards, 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).

SENSe:CORRection:COLLect:METHod:SOLT1

SENSe:CORRection:COLLect:SHOR,
SCPI SENSe:CORRection:COLLect:OPEN,
SENSe:CORRection:COLLect:LOAD

SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar
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Full One-Port Calibration for RNVNA

To perform full one-port calibration, use the softkey Calibration in the left menu
bar. Then click on the Calibration Type field. In the dialog Calibration Type select
Full 1-Port Cal. Complete the setting by clicking Ok.

Calibration
Correction
ON
Calibration {E’; PB4 || Calbration Kit System Z0
N1801 -F- 50 Ohm
Average Y Calibration Type
Response Open b
Marker f Source Port
2

Calibration Type

Response Short

Ful 1-Port Cal (s

Response Scalar Thru

Full 1-Port with Scalar Thru

Full 2-Port with Scalar Thru
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In the dialog Calibration assign a signal source port, click on the Source Port
field.

Calibration

Correction
OnN

Calibration Kit System Z0
N1801 -F- 50 Ohm

Calbration Type
Full 1-Port Cal

Source Port

Connect an OPEN, a SHORT and LOAD standards in any sequence to the test
port as shown in above. Perform measurement using Open, Short or Load
softkey respectively.
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During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open, Short or Load softkey
will be color highlighted.
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Calibration

To complete the calibration procedure, click Apply softkey.

This will activate the process of calibration coefficient table calculation and saving
it into the memory.

To clear the measurement results of the standards, 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).

SENSe:CORRection:COLLect:METHod:SOLT1

SENSe:CORRection:COLLect:SHOR,
SENSe:CORRection:COLLect:OPEN,

SCPI SENSe:CORRection:COLLect:LOAD
SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar

NOTE 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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Scalar Transmission Normalization

This sectionis available for RNVNA only.

Scalar transmission normalization is used for transmission coefficient measurements
(IS21] or |IS12]). The one calibration standard (THRU) is measured (See figure below)
in the process of this calibration. Transmission normalization corrects the
transmission tracking error (Et) only. This constrains the accuracy of the method.

Analyzer

Pt Pat Peet ) Pe 84
st Q0 et B et £0 det I

"0 & 00 06 00

. ’::___Z] i :TfNUNA' B e
| - - [ ]
Port 1 Port 2

I [ID
l. Lgl EEEN l
Scalar transmission normalization

Before starting calibration perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), and select the

calibration kit.

To perform scalar transmission normalization, use the softkey Calibration in the
left menu bar. Then click on the Calibration Type field. In the dialog Calibration
Type select Response Scalar Thru. Complete the setting by clicking Ok.
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In the Calibration dialog assign the signal receiver port, clicking on the Receiver
Port field. Then select port in the Select Port dialog. Then assign a signal source
port in a similar way, clicking on the Source Port field.
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Connect the analyzers ports by THRU standard.
Press the softkey Thru and wait until the measurement is completed. On

completion of the measurement, the left part of the Thru softkey will be color
highlighted.
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To apply the calibration results, 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.

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).
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SENSe:CORRection:COLLect:METHod: THRU
SENSe:CORRection:COLLect: THRU

SENSe:CORRection:COLLect:SAVE,
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SCPI

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 with Scalar Thru

This sectionis available for RNVNA only.

A one-path two-port calibration with scalar thru combines full one-port calibration with
scalar transmission normalization. This method allows for a more accurate estimation
of transmission tracking error (Et) than using transmission normalization.

One-path two-port calibration with scalar thru 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 with scalar thru 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 load match error term (El) of a two-port error model.

For isolation calibration, set a narrow IF bandwidth and
firmly attach the cables.
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One-path two-port calibration

One-path two-port calibration is used for measurements of the parameters of a DUT
in one direction, e.g. S11 and S21.

Before starting calibration perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), and select the
calibration kit.

To perform one-path two-port calibration with scalar thru (F1ST), use the softkey
Calibration in the left menu bar. Then click on the Calibration Type field. In the
dialog Calibration Type select One Path 2-Port with Scalar Thru. Complete the

setting by clicking OKk.
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In the Calibration dialog assign a signal receiver port, clicking on the Receiver
Port field. Then select port in the Select Port dialog. Then assign a signal source
port in a similar way, clicking on the Source Port field.
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Connect the Analyzers ports by Thru standard. Press the softkey Thru and wait

until the measurement is complete.

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Thru softkey will be color

highlighted.
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Connect an OPEN, a SHORT and LOAD standards in any sequence to the test
port as shown in above. Perform measurement using Open, Short or Load

softkey respectively.

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Open, Short or Load softkey

will be color highlighted.
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To apply the calibration results, 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.

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).

SENSe:CORRection:COLLect:METHod:ERESponse

SENSe:CORRection:COLLect:SHOR,

SENSe:CORRection:COLLect:OPEN,
SCPI SENSe:CORRection:COLLect:LOAD,

SENSe:CORRection:COLLect: THRU

SENSe:CORRection:COLLect:SAVE,
SENSe:CORRection:COLLect:CLEar
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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).

Page 336



Full Two-Port Calibration with Scalar Thru

This sectionis available for RNVNA only.

A full two-port calibration with scalar thru 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 with scalar thru 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).
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Full two-port calibration with scalar thru

Before starting calibration perform the following settings: select active channel, set
the parameters of the channel (frequency range, IF bandwidth, etc.), and select the
calibration kit.

To perform full two-port calibration with scalar thru (F2ST), use the softkey
Calibration in the left menu bar. Then click on the Calibration Type field. In the
dialog Calibration Type select Full 2-Port with Scalar Thru. Complete the
setting by clicking OKk.
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In the Calibration dialog, assign a port pair, clicking on the Port fields. Then
select port in the Select Port dialog.
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Connect the analyzers ports by THRU standard.
Press the softkey Thru and wait until the measurement is complete.

During the measurement, a pop-up window will appear in the channel window. It
will have Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the Thru softkey will be color
highlighted.
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Connect OPEN, SHORT, LOAD standards to the port in any order. Perform
measurements, pressing the softkeys Open, Short or Load respectively. During
the measurement, a pop-up window will appear in the channel window. It will have
Calibration label and will indicate the progress of the measurement. On
completion of the measurement, the left part of the corresponding softkey will be
color highlighted.

Repeat the measurements for another port.
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To complete the calibration procedure, click Apply.

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).

SENSe:CORRection:COLLect:METHod:SOLT?2
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Simplified Full N-Port Calibration with Scalar Thru (with Calculated
Correction Coefficients)

if full N-port calibration with scalar Thru calibrations are performed between the
selected common port and other measurement ports, the software calculates the
missing calibration coefficients between these ports. This calibration is called MATH
(see figure below). While this derived correction is less accurate than full two-port
calibration with scalar Thru (F2ST) between all the ports pair, it does help reduce
error terms.

Common
Port 1

Simplified Full Two-Port Calibration with Scalar Thru (for 4 port)

To perform simplified full two-port calibration with scalar thru (MATH), use the
softkey Calibration in the left menu bar. Then click on the Calibration Type field.
In the dialog Calibration Type select Full 2-Port with Scalar Thru. Complete the
setting by clicking OKk.

Page 344



Calibration
Correction
oM
Calibration Kit System Z0
N1801 -F- 50 Ohm
Calibration \”_”; PB4 || Calbration Type
Full 1-Port Cal
Average Y Source Port
Marker f
Analysis 5
Filzs
Print %
Display g

Calibration Type

Response Open

Response Short

Response Scalar Thru

Full 1-Port with Scalar Thru

Full 2-Port with Scalar Thru

If it is necessary to save a full one-port calibration for a common port (Source
Port), turn on Retain F1 for FxST in the Calibration window.

Page 345



Calibration

Correction

OM

Calbration Kit System Z0
Mot def 50 Ohm 50 Ohm

Calbration Type
Full 2-Port with Scalar Thru

Port Port

Retain F1 for FxST
OFF [\

In the Calibration dialog, assign a port pair, clicking on the Port fields. Then
select port in the Select Port dialog. Perform full two-port calibration with scalar
thru (F2ST) between the selected port pair.

Select the following port pair (with the same common port) and perform full two-
port calibration with scalar thru (F2ST) between the selected port pair, and etc.

To complete the calibration procedure, click Apply. For calibrated ports status
[F2ST] is displayed in the trace status field, for the calculated calibration
coefficients status [MATH] is indicated in the trace status field.

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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SENSe:CORRection:COLLect:METHod:SOLT?2

SENSe:CORRection:COLLect:SHOR,

SENSe:CORRection:COLLect:OPEN,
SCPI SENSe:CORRection:COLLect:LOAD,

SENSe:CORRection:COLLect:THRU

SENSe:CORRection:COLLect:SAVE,
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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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Waveguide Calibration

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, 1/8A\0 and 3/8A0 offset short standards
are used, where AO — wave length in waveguide at the mean frequency.

In waveguide calibration, one of the offset short standards is assigned as the
open standard. Therefore, the GUI contains 3/8 Offset Short and 1/8 Offset

Short softkey.

To perform calibration, connect the appropriate waveguide to the analyzer port
and press the desired softkey.

Calibration

Correction
OnN

Calibration Kit
WR284

System Z0
1 Ohm
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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

All 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 full one-port, one-path two-port
(RNVNA only) or full two-port (RNVNA only) 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.

Automatic Orientation

Orientation means relating the ACM ports to the test ports of the Analyzer. While the
Analyzer test ports are indicated by numbers, for 2-port ACM, ports are indicated by
the letters A and B, for 4-port ACM — A, B, C, D.

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.

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.

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.
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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

Before calibrating with ACM, the following settings must be configured:

¢ Activate the channel (See Active Channel Selection).

e Set the channel parameters: frequency range, IFBW, etc. (See Stimulus
Settings).

e Connect the USB connector of the ACM to the USB port of the computer.
e Connect the ACM to the Analyzer test port (or ports for RNVNA).

Automatic Calibration Procedure for RVNA

Automatic calibration procedure includes:

e Specifying autoorientation mode and thermal compensation (if needed).

e Performing calibration.
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Press Calibration > Autocalibration softkeys.
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Select manual or automatic orientation of the ACM using Orientation field. It is
recommended to select AUTO orientation. If it is necessary to execute
autoorientation before calibration and characterization press the Perform Auto-
Orientation softkey.

Autocalbration

AutoCal Module
ACMSB000T No(00000001

Characterization
Factory

Orientation
AUTO h

Thermal Compensation
OM Orientation
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Click on the Characterization field and select Factory type.

Autocalbration
AutoCal Module
ACMB000T No(00000001
Characterization
User 1 R}
o
AUTO Characterization
Thermal Compensation
ON

Factory b

User 2

User 3
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Enable or disable the thermal compensation using Thermal Compensation
field.

Autocalbration
AutoCal Module
ACMBO00T Mo 00000001
Characterization
User 2
Orientation
Port B
Thermal Compensation
ON h

To display detailed information on characterization use Characterization Info
softkey.

Press the Calibrate softkey. Wait till the end of the calibration.

SENSe:CORRection:COLLect:ECAL:ORIlentation:STATe,
SENSe:CORRection:COLLect:ECAL:PATH,
SENSe:CORRection:COLLect:ECAL:ORIentation:EXECute

SCPl SENSe:CORRection:COLLect:ECAL:UCHar
SENSe:CORRection:COLLect:ECAL:INFormation
SENSe:CORRection:COLLect:ECAL:SOLT1
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Automatic Calibration Procedure for RNVNA

Automatic calibration procedure includes:
e Selecting calibration type.
e Selecting source port and receiver port.
e Specifying autoorientation mode and thermal compensation (if needed).

e Performing calibration.
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Press Calibration > Autocalibration softkeys.
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Select the calibration type by means of clicking on the Calibration Type field.

Autocalbration

AutoCal Module
ACMB000T Nol0GOO000

Characterization Thermocompensation
Factory OM

Calibration Type
Full 2-Port with Scalar Thru

Receiver Port Source Port
2 1
Orientation Orientation
AUTO AUTO

Calibration Type

Response Scalar Thru

Full 2-Port with Scalar Thru

Click on the Characterization field and select Factory type.

In the dialog windows Source Port and Receiver Port assign a signal source
port and a signal receiver port respectively.

Select manual or automatic orientation of the ACM using Orientation field. It is
recommended to select AUTO orientation. If it is necessary to execute
autoorientation before calibration and characterization press the Perform Auto-
Orientation softkey.
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Enable or disable the thermal compensation using Thermocompensation field.

To display detailed information on characterization use Characterization Info
softkey.

Press the Calibrate softkey. Wait till the end of the calibration.

SENSe:CORRection:COLLect:ECAL:ORIlentation:STATe,
SENSe:CORRection:COLLect:ECAL:PATH,
SENSe:CORRection:COLLect:ECAL:ORIentation:EXECute

SCPI SENSe:CORRection:COLLect:ECAL:UCHar
SENSe:CORRection:COLLect:ECAL:INFormation

SENSe:CORRection:COLLect:ECAL:SOLTI1,
SENSe:CORRection:COLLect:ECAL:SOLT2

During autocalibration the message

appears in the instrument status

bar (See Instrument Status Bar).

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).

Page 360



Optimization of N-port calibration procedure

This sectionis available for RNVNA only.

To optimize N-port RNVNA calibration in terms of reducing number of connections
and providing acceptable accuracy use 1-to-N topology, i.e. perform all the ports
calibration relative to the only source port. Calibration factors for the rest of port pairs
(i.e. when other ports are used as source port) will be obtained by calculation.

Optimal N-port calibration with 2-port or 4-port ACM should be performed as follows:

e Connect ACM to the Analyzer ports.

e Select type of calibration Full 2-Port with Scalar Thru.See Automatic
Calibration Procedure for RNVNA.

e Select source port and receiver port(s).
e Enable ACM automatic orientation mode and thermal compensation (if needed).

¢ One two-port calibration with 2-port ACM or three two-port calibrations with 4-
port ACM can be performed in one calibration procedure.

¢ Disconnect ACM from the Analyzer’s port(s) which were designated as receiver
port(s).

e Repeat enabling automatic orientation and calibration stages for all the rest
receiver ports.
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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 port (or ports for RNVNA) and connect the
USB port of the ACM to the USB port of the PC.

When performing a confidence check, it is recommended to
connect LOAD standard to all unused ACM ports. LOAD
standard are not included in delivery.

Enable the display of the data trace for the needed parameter, for example, S11. It is
possible to enable several data traces simultaneously for RNVNA, for example, S11,
S22,521, S12.

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,
S11. 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.
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Press Calibration > Autocalibration softkeys.
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Click on the Characterization field and select Factory type.
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Select a manual or automatic orientation for the ACM using the Orientation
softkey. It is recommended to select AUTO orientation.
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Perform a confidence check using the Confidence Check softkey.
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Erasing the User Characterization

NOTE This sectionis available for RVNA only.

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.

Press Calibration > Autocalibration softkeys.

Calibration
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Calib