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Introduction

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

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

This Operating Manual corresponds to TRVNA software version 24.2.0
Glossary — The abbreviations which are used in this document.

Web Sites

Copper Mountain Technologies
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Scope of Manual

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

e TR1300/1
e TR5048
e TR7530
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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 Connect the post marked = on the body of the Analyzer to the common
ground of the test station.

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

Definitions of safety symbols used on the instrument and in the manual are listed
below.

A Refers to the Manual if the instrument is marked with this symbol.
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I On (Supply).
O Off (Supply).

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

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

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

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

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

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

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

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

Measured parameters

Number of
measurement
channels

Data traces

Memory traces

Data display formats

Sweep Setup Features

Sweep type

Power sweep

Measured points per
sweep

Segment sweep

S11, S21

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

Up to 9 channels. Each channel is represented on the
screen as an individual channel window. Each channel
has its own stimulus signal settings such as frequency
range, number of test points, power level, etc.

Up to 8 data traces can be displayed in each channel
window. A data trace represents one of the following
parameters of the DUT: S-parameters, response in time
domain, input power response.

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

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

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

Linear power sweep when the frequency is a fixed value.
From 2 to 16,001 for TR1300/1.
From 2 to 200,001 for TR5048 and TR7530.

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

Sweep trigger

Source power from -55 dBm to +5 dBm (from -55 dBm to
+3 dBm TR1300/1) with resolution of 0.05 dB. In
frequency sweep mode the power slope can be set to up
to 2 dB/GHz to compensate high frequency attenuation in
cables.

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

Trace Display Functions

Trace display

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 between the data,
and memory traces.

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

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

Linear phase correction according the specified electrical
delay.

Phase offset by the specified value in degrees.
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Accuracy Enhancement

Calibration

Calibration methods

Reflection and
transmission

normalization

Full one-port
calibration (SOL)

One-path
calibration

two-port

Mechanical calibration
kits

Electronic calibration
modules

Defining of calibration
standards

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

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

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

e one-path two-port calibration

The simplest calibration method. It provides limited
accuracy.

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

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

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

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 definition are
available:

e standard definition by polynomial model

e data-based standard (full

characterization data)

S-parameter
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Error correction
interpolation

Port Extension

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

Calibration plane compensation for delay in the test
setup.

Supplemental Calibration Methods

Power calibration

Marker Functions

Data markers

Reference marker

Marker search

Marker search
additional features

Setting parameters by
markers

Marker math functions

Statistics

Bandwidth

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

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

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

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

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

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

Statistics, bandwidth, flatness, RF filter.

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

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

RF filter

Data Analysis

Port impedance
conversion

De-embedding

Embedding

S-parameter
conversion

Time domain
transformation

Time domain gating

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.

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

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

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

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

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

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

Mixer/Converter Measurements

Scalar mixer
converter
measurements

/

Automatic adjustment

of frequency offset

Other Features

Familiar graphical

user interface

Printout/saving
traces

Linux OS support

of

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

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

Intuitive graphical user interface ensures fast and easy
Analyzer operation.

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

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

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

COM/DCOM

SCPI

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

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

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

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

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

The complete specification and supported features list are given in the datasheet of
the corresponding Analyzer

The block diagram of the Analyzer is represented in figure below.
10 Mhz Ref IfOut {TR5048 and TR7530 only)

@ Reference o Port 1
Oscillator "l  Source @

Oscillator [ ™| Attenuator ——————| Directional Couplers
10 Mhz Ref Out = _

(TR1300/1 only) Incident Reflected

Wave wave
- Local . | Power

Mixers
F R tl A
::, Oscillator ”| Splitter

TL
Ext Trig Receiver

(TR5048, TR7530 only)
L>| B )
' Mixer

@ DSP :
| |
Personal USB Power
: Computer <:> Controller Supply i)

—

The Block Diagram of the Analyzer

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

A tunable Source Oscillator is the test signal source. The Source Oscillator is based
on digital frequency synthesizers. This provides a wide frequency range, set
frequency step, and necessary stability for the test signal.
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An internal Reference Oscillator provides the Source Oscillator with a stable
reference signal.

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

The Power Splitter distributes the LO signal between the three Mixers.

A programmable Attenuator controls the power level of the test signal. This Attenuator
is an executive unit of the automatic power control system. For example, when a
power calibration has been completed, the Power Correction function uses this
Attenuator. Also, the Analyzer can sweep over the output power range at a fixed
frequency of test signal using this Attenuator. The user controls the Attenuator by
setting the signal power level at the output of the test port. For the power sweep
mode, the user sets the range of signal power levels at the output of the
measurement port.

After the Attenuator, the test signal passes through the Directional Couplers to Port 1
of the Analyzer. Port 1 is the source of the test signal. The test signal from the signal
source goes through the DUT to the connector of the port 2. Port 2 is the receiver of
the test signal.

Directional Couplers separate the incident wave and reflected wave of the test signal.
The signals from the directional couplers and the signal from the receiver port 2 are
supplied into the mixers, where they are converted into first IF 0.3125 MHz (TR5048,
TR7530) or 5.037 MHz (TR1300/1), and are transferred further to the 3-Channel
receiver:

e The reference receiver R processes the incident wave.
e A measuring receiver A processes the reflected wave.

e A measuring receiver B processes the signal transmitted through a DUT to
Port 2.

The 3-Channel receiver, after filtration, produces the signal of the second IF, then
digitally encodes it and supplies data into the DSP. The DSP performs primary
signal processing (filtering, phase difference estimation, magnitude measurement).
The user-selected Bandwidth of the second IF is applied by the DSP filter and has a
passband from 10 Hz to 30 kHz.

After the primary signal processing, the DSP transmits the information to the control
software (TRVNA) running on an external PC. Communication is provided by a USB
controller. This software performs the final signal processing and displays the
measurement results on the screen of the PC.
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The Principle of Measuring S-parameters

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

SOURCE
TRANSMITTED

S - =

REFLECTED

INCIDENT

S-parameter Terms

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

outgoing wave at Port m

mn

incoming wave at Portn

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

For a two-port DUT, the full scattering matrix is measured:

S— S11 Ss12
1 s21 S22
The construction feature of TR Analyzer is that Port 1 is a source port and receiver,
and Port 2 is only a receiver (See Principles of Operation) . Thus, the Analyzer can
only measure S11 and S21 simultaneously with one DUT connection.

To measure S11 and S21 parameters, connect Port 1 to the input of the DUT, and
Port 2 to the output of the DUT. The incident and reflected waves will be measured by
Port 1. The transmitted wave will be measured by Port 2.

To measure S12 and S22 parameters, reconnect the DUT. Connect Port 1 to the
output of the DUT, and Port 2 to the input of the DUT. The incident and reflected
waves will be measured by Port 2. The transmitted wave will be measured by Port 1.
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This way, using two connections of the DUT, you can measure full scattered matrix of
a two-port DUT.
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Summarized description of hierarchy

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

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

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

Diagram 1

Tra_;:e 1

~Trace 3

Diagram 1 Diagram 2
. Trace 1

W[V e Trace 3 Y Y N\ Trace 2

ot |[J——

Hierarchy of Measuring, Processing, and Displaying Tools

Analyzer Software is displayed as Analyzer Screen on the control PC screen,
which contains the following:
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e Channel Windows — the diagram area in which the Channel is displayed. For
a detailed