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INTRODUCTION

This Operating Manual represents design, spedibiecat overview of functions, and
detailed operation procedure of PLANAR TR1300/1 ek Analyzer, to ensure
effective and safe use of the technical capalslitiethe instrument by the user.

Network Analyzer operation and maintenance shoutd performed by qualified
engineers with initial experience in operating aémwave circuits and PC.

The following abbreviations are used in this Manual

PC — Personal Computer
DUT - Device Under Test
IF — Intermediate Frequency

CW — Continuous Wave
SWR - Standing Wave Ratio



SAFETY INSTRUCTIONS

Carefully read through the following safety instians before putting the Analyzer into
operation. Observe all the precautions and warngmggided in this Manual for all the
phases of operation, service, and repair of thdyxea

The Analyzer must be used only by skilled and speed staff or thoroughly trained
personnel with the required skills and knowledgead&ty precautions.

PLANAR TR1300/1 complies with INSTALLATION CATEGORYl as well as
POLLUTION DEGREE 2 in IEC61010-1.

PLANAR TR1300/1 is MEASUREMENT CATEGORY 1| (CAT I)Do not use for
CAT II, 1, or IV.

PLANAR TR1300/1 is tested in stand-alone conditmnin combination with the
accessories supplied by PLANAR against the requergrof the standards described in
the Declaration of Conformity. If it is used as ystem component, compliance of
related regulations and safety requirements arfgetconfirmed by the builder of the
system.

Never operate the Analyzer in the environment damtg inflammable gasses or
fumes.

Operators must not remove the cover or part ohthesing. The Analyzer must not be
repaired by the operator. Component replacemeninternal adjustment must be
performed by qualified maintenance personnel only.

Electrostatic discharge can damage your Analyzeenwvbonnected or disconnected
from the DUT. Static charge can build up on youdy@nd damage the sensitive
circuits of internal components of both the Analyaad the DUT. To avoid damage
from electric discharge, observe the following:
- Always use a desktop anti static mat under the DUT.
- Always wear a grounding wrist strap connected &desktop anti static mat via
daisy-chained 1 2 resistor.

- Connect = clamp on the body of the Analyzer to the body ef EHJT before
you start operation.



The definitions of safety symbols used on the umgnt or in the Manual are listed
below.

Refers to the Manual if the instrument is markedhwthis
A symbol.
I On (Supply).
O Off (Supply).
,-J-, A chassis terminal; a connection to the instrunseciassis,

which includes all exposed metal structure.

This sign denotes a hazard. It calls attention tpr@cedure,
practice, or condition that, if not correctly perfeed or adhered

CAUTION to, could result in damage to or destruction ot jparall of the
instrument.

This sign denotes important information. It caltseation to a

Note procedure, practice, or condition that is essefdiathe user to

understand.




1 GENERAL OVERVIEW

1.1  Description

PLANAR TR1300/1 Network Analyzer is designed foreusn the process of
development, adjustment and testing of varioustreic devices in industrial and
laboratory facilities, including operation as a gmment of an automated measurement
system. PLANAR TR1300/1 is designed for operatiathwexternal PC, which is not
supplied with the Analyzer.

1.2  Specifications

1.2.1 Basic Specifications

Table 1.1 Basic Specifications

1 2
Frequency range 300 kHz to 1.3 GHz
CW frequency accuracy +5x107°
Output power level —55 dBm to +3 dBm
Output power level accuracy +1.5dB

Magnitude transmission measurement accurat{S, .0
of the DUT are less than —32 dB, dri®;[1value is as

follows:

+10 dB to +13 dB 0.2 dB

-50 dB to +10 dB 0.1dB

—70 dB to =50 dB 0.2 dB

—-90 dB to —70 dB 1.0 dB

! The specifications of the Analyzer apply over thenperature range of 23 °C 5 °C (unless

otherwise specified) after 40 minutes of warming-wih less than 1 °C deviation from the one-path
two-port calibration temperature, at output powler10 dBm, and IF bandwidth 10 Hz.



Table 1.1 (continued)

1 2

Phase transmission measurement accty#dyS,:[] of the
DUT are less than —32 dB, ahi$,:[1value is as follows:

+10 dB to +13 dB 20

-50 dB to +10 dB 1°

—70 dB to -50 dB 20

-90 dB to —-70 dB &°
Magnitude reflection measurement accutaifyJS;;[] value

is as follows:

-15dBto 0 dB 0.4 dB

—-25 dB to —-15 dB 1.5 dB

-35 dB to —25 dB 40 dB
Phase reflection measurement accura€y]S;.0value is as

follows:

-15dBto 0 dB 40

—-25 dB to —-15 dB 70

-35 dB to —25 dB 290
Receiver noise floor (IF bandwidth 10 Hz) —127 dBm
Trace noise (IF bandwidth 3 kHz) 0.002 dB rms
Uncorrected directivity 18 dB
Uncorrected source match -18 dB
Uncorrected load match -28 dB

AC mains voltage through included Mains Adapter 100 to 240 V (50/60 Hz
DC external power supply voltage 9to 15V
Power consumption 8W
Dimensions LXWxH 285x142x40 mm

! The specifications of the Analyzer apply over thenperature range of 23 °C 5 °C (unless

otherwise specified) after 40 minutes of warming-wih less than 1 °C deviation from the one-path
two-port calibration temperature, at output powler10 dBm, and IF bandwidth 10 Hz.

10



Table 1.1 (continued)

Weight 1.5 kg
Operating conditions:

— environmental temperature 5°Cto40°C
— humidity at 25 °C 90%

— atmospheric pressure

84 to 106.7 kPa

11



1.2.2 Supplemental Specifications
Source stability within operating temperature ranfel0°.
Frequency resolution 1 Hz.
Measurement time per test point 10
Power level resolution 0.05 dB.
IF bandwidth settings from 10 Hz to 30 kHz withpstd 1/3.

Output reference signal level is 3 dBm = 2 dB atb@npedance. «OUT 10 MHz»
connector type is BNC female.

Effective directivity 45 dB.
Effective source match —40 dB.

Warm-up time 40 min.

12



1.2.3 Measurement Capabilities

Measured parameters

Number of
measurement channels

Data traces

Memory traces

Data display formats

Sweep setup features
Sweep type

Measured points per
sweep

Segment sweep

Power settings

Sweep trigger

11591

Up to 4 logical channels. 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, nurnber
of test points, power level, etc.

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

Each of the 8 data traces can bedsiao memory
for further comparison with the current values.

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

Linear frequency sweep, logarithmicqguency
sweep, and segment frequency sweep, when the
stimulus power is a fixed value; and linear power
sweep when frequency is a fixed value.

From 2 to 10001.

A frequency sweep within severalr-defened
segments. Frequency range, number of sweep points,
source power, and IF bandwidth should be set for
each segment.

Source power from -55 dBm to +3 dBth
resolution of 0.05 dB. In frequency sweep mode the
power slope can be set to up to 2 dB/GHz for
compensation of high frequency attenuation in cable

Trigger modes: continuous, singdd.h

13



Trace display functions
Trace display

Trace math

Autoscaling

Electrical delay

Phase offset

Accuracy enhancement
Calibration

Calibration methods

Reflection and
transmission
normalization

Full one-port calibration

One-path two-port
calibration

Data trace, memory trace, or simelas indication
of data and memory traces.

Data trace modification by math openati addition,
subtraction, multiplication or division of measured
complex values and memory data.

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

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

Phase offset defined in degrees.

Calibration of a test setup (which limes the
Analyzer, cables, and adapters) significantly iases

the accuracy of measurements. Calibration allows fo
correction of the errors caused by imperfectionthen
measurement system: system directivity, source and
load match, tracking and isolation.

The following calibration madls of various
sophistication and accuracy enhancement level are
available:
= reflection and transmission normalization;
= full one-port calibration;

. one-path two-port calibration.

The simplest calibration method.

Method of calibration performed for reflection
measurements.

Method of calibration performed for reflection and
one-way transmission measurements.

14



Mechanical calibration
kits

Electronic calibration
modules

Defining of calibration
standards

Error correction
interpolation

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

Electronic calibration modules manufactured by
PLANAR make the Analyzer calibration faster and
easier than traditional mechanical calibration.

Different methods of calibration standard definarg
available:

" standard defining by polynomial model
. standard defining by data (S-parameters).

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

Supplemental calibration methods

Power calibration

Method of calibration, which oalls more stable
maintaining of the power level setting at the DUT
input. An external power meter should be connected
to the USB port.

15



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. Akemandicates
stimulus value and the measured value in a given
point of the trace.

Enables indication of any malewes as relative to
the reference marker.

Search for max, min, peak, or targketes on a trace.

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

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

Statistics, bandwidth, fests, RF filter.

Calculation and display of mean, steshdakeviation
and peak-to-peak in a frequency range limited by tw
markers on a trace.

Determines bandwidth between cutoff Gty
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 betweeo
markers on a trace.

Displays insertion loss and peak-to-peabkle of the

passband, and the maximum signal magnitude in the
stopband. The passband and stopband are defined by
two pairs of markers.
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Data analysis
Port impedance
conversion

De-embedding

Embedding

S-parameter conversion

Time domain
transformation

Time domain gating

The function of conversion of the S-parameters
measured at 5Q port into the values, which could he

determined if measured at a test port with arbjtrar

impedance.

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

The function allows to mathematicalljndate the
DUT parameters after virtual integration of a fodu
circuit between the calibration plane and the DUT.
This circuit should be described by an S-parameter
matrix in a Touchstone file.

The function allows coneersof the measured
S-parameters to the following parameters: reflectio
impedance and admittance, transmission impedance
and admittance, and inverse S-parameters.

The function performs data transformation from
frequency domain into response of the DUT to
various stimulus types in time domain. Modeled
stimulus types: bandpass, lowpass impulse, and
lowpass step. Time domain span is set by the user
arbitrarily from zero to maximum, which s
determined by the frequency step. Windows of
various forms for better tradeoff between resolutio
and level of spurious sidelobes.

The function mathematically oses unwanted
responses in time domain what allows for obtairing
frequency response without influence from the figtu
elements. The function applies reverse transfoonati
back to frequency domain to the user-defined spen i
time domain. Gating filter types: bandpass or notch
For better tradeoff between gate resolution anéllev
of spurious sidelobes the following filter shapes a
available: maximum, wide, normal and minimum.
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Mixer / converter measurements

Scalar mixer / converter
measurements

Vector mixer /
converter measurements

Scalar mixer / converter
calibration

Vector mixer /converter
calibration

Automatic adjustment
of frequency offset

Other features
Familiar graphical user
interface

Analyzer control

Printout/saving of traces

Remote control
COM/DCOM

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

The vector method allows measuring of the mixer
transmission S-parameter magnitude and phase. The
method requires an external mixer and a LO common
for both the external mixer and the mixer undet. tes;

Method of calibration applied for measurements of
mixers in frequency offset mode. The OPEN,

SHORT, and LOAD calibration standards are used.
An external power meter should be connected to the
USB port directly.

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

The function performs automatic frequency offset
adjustment when the scalar mixer / converter
measurements are performed to compensate for
internal LO setting inaccuracy in the DUT.

Graphical user interface based on Windows opegatin
system ensures fast and easy Analyzer operation by
the user.

Using personal computer.

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

Remote control over COM/DCOM. COM autoioat
runs the user program on Analyzer PC. DCOM
automation runs the user program on a LAN
networked PC.
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1.3  Ordering Information

1.3.1 Standard Accessories

The standard accessories supplied with the PLANAR300/1 Network Analyzer are
as follows:

= Mains Adapter 1pc
= USB Cable 1 pc
= CD with software 1 pc
=  Operating Manual 1pc

1.4  Principle of Operation

PLANAR TR1300/1 Network Analyzer consists of the alyrer Unit, some
supplementary accessories, and personal computachiws not supplied with the
package). The Analyzer Unit is connected to PCU&B-interface. The block diagram
of the Analyzer is represented in figure 1.1.

The Analyzer Unit consists of source oscillatorgdb oscillator, and source power
attenuator, after which the source signal is treamsél to the directional coupler, which
is ending with connector of the port 1. Port 1he source of the test signal. The test
signal from the signal source goes through the DWThe connector of the port 2.
Port 2 is the receiver of the test signal. Thedant and reflected waves from the
directional coupler and the signal from the recep@t 2 are supplied into the mixers,
where they are converted into first IF (5.04 MHap)d are transferred further to the
3-Channel receiver. The 3-Channel receiver, afienation, produces the signal of
second IF (about 40 kHz), then digitally encodesnidl supplies for further processing
(filtration, phase difference estimation, magnitudeeasurement) into the signal
processor. The filters for the second IF are digited have passband from 10 Hz to
30 kHz. The combination of the assemblies of dioee couplers, mixers and
3-Channel receiver forms three similar signal reees.

An external PC controls the operation of the congmb® of the PLANAR TR1300/1.
To fulfill the S-parameter measurement, the Analysagplies the source signal of the
assigned frequency from port 1 to the DUT, thensuess magnitude and phase of the
signals transmitted and reflected by the DUT, after dhat compares these results to
the magnitude and phase of the source signal.
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2 PREPARATION FOR USE

2.1 General Information

Unpack the Analyzer and other accessories. Chexkdhtents of the package against
the list specified in section 1.3.1. Connect thahegerminal to the earth protection.
Then connect your PLANAR TR1300/1 to the 240 VACBR0Hz power source by
means of the Mains Adapter supplied with the imsent. Connect the USB-port of
your Analyzer to the PC using the USB Cable supplie the package. Install the
software (supplied on the CD) onto your PC. Thdvearfe installation procedure is
described below in section 2.2.

Warm-up the Analyzer for 40 minutes after power-on.

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

Perform calibration of the Analyzer. Calibratioropedure is described in section 5.

2.2 Software Installation

Connect the Analyzer to your PC via USB interfacd mstall the PLANAR TR1300/1
software using the CD supplied with the instrument.

Minimal system WINDOWS 2000/XP/VISTA/7
requirements for
the PC 1.5 GHz Processor

1 GB RAM

USB 2.0 High Speed

The supplied CD contains the following software.

CD contents Setup_PlanarTR1300_vX.X.ex&installer file
folder Driver contains the driver

folder Doc contains documentation

X.X — program version number

21



2 PREPARATION FOR USE

The procedure of the software installation is broke into two steps. The first one is
the driver installation. The second step comprigestallation of the program,
documentation and other files.

Driver installation

Program and other
files installation

Connect the Analyzer to yout Ria the supplied
USB cable. It is allowed to connect the USB czeble
to the running PC.

Turn on and boot the PC, if it is off.

Turn the Analyzer on by the Power key on the rear
panel.

When you connect the Analyzer to the PC for the
first time, Windows will automatically detect the
new USB device and will open the USB driver
installation dialog (Windows 2000/XP/VISTA).In
Windows 7, open the USB driver installation
dialog as followsStart > Control Panel > Device
Manager. Make the right mouse click on the
Unknown Device line and seledtpdate Drivers.

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
CD and on hard drive in analyzer software folder.

When the driver is installed, the new USB device
(PLANAR Network Analyzer) will appear in the
system.

Run the Setup_PlanarTR1300_vX.X.exénstaller
file from the CD. Follow the instructions of the
installation wizard.
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2 PREPARATION FOR USE

2.3 Front Panel

The front view of PLANAR TR1300/1 is representedfigure 2.1. The front panel is
equipped with the following parts:

= Test ports;

= Power LED.

COPPER MOUN
TECHNOLOG &£

PLANAR TR1300/1

NETWORK ANALYZER 0.3MHz-1.3Ghz

PORT1 50 2

/A +26dBm RF 35V DC Max Avoid Static Discharge CAT %%, PORT2 50 0 :

Test Ports 1 and 2 Power LED

Figure 2.1 PLANAR TR1300/1 front panel

2.3.1 Test Ports

The type-N 50Q test port 1 and test port 2 are intended
for DUT connection. As the test port 1 is used aswrce

of the stimulus signal and the test port 2 is uasda
receiver of the response signal of the DUT.

o1 500 If you connect the DUT to test port 1 of the Analyzyou
will be able to measure the reflection parametero$the
DUT.

If you connect the DUT to the both test ports oé th
Analyzer, you will be able to measure; &nd $; of the
DUT.

CAUTION Do not exceed the maximum allowed power of the inpu

RF signal (or maximum DC voltage) indicated on the
front panel. This may damage your Analyzer.
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2.3.2 Power LED

2 PREPARATION FOR USE

LED indicator shows the power supply of the Analyze

24



2.4 Rear Panel

2 PREPARATION FOR USE

The rear view of PLANAR TR1300/1 is representedigure 2.2. The rear panel is
equipped with the following parts:

Power switch;

Power cable receptacle;

Internal Reference Frequency output connector;
USB port;

Earth terminal.

Power cable recepta USB port

DC In

PLANAR TR1300/1| paf out

Power switch

@ . 12V CE 10 MHz
4
Internal reference sigt Earth
output connector terminal
10 MHz

Figure 2.2 PLANAR TR1300/1 rear panel
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2 PREPARATION FOR USE

2.4.1 Power Switch

Switches power supply of the Analyzer on and off.

You can turn your Analyzer on/off at any point imé.
When you turn the Analyzer on while it is connected
the PC, thePlanarTR1300.exe program will upload
microprograms onto the instrument. In 3-5 minutiera
that, the Analyzer will be ready for operation.

When you turn on your Analyzer for the first tintbge

Note USB driver will be installed onto the PC. The drive
installation procedure is described in section &8me
computers may require re-installation of the drivecase
of change of the USB port.

2.4.2 Power Cable Receptacle

Power cable receptacle is intended for connectiotih®
o 9 to 15 VDC power supply.

e A rechargeable battery or a car's lighter sockea @
e specific cable) can be used as such a power supply.

In case of emergency, to avoid danger of electick or
CAUTION the like, pull the power cable receptacle of trstrinment.

2.4.3 Internal Reference Frequency Output Connector

Output reference signal level is 3 dBm + 2 dB at(b0)
impedance. «Ref Out 10 MHz» connector type is BENC
O female.

Ref Out
10 MHz

2.4.4 USB Port

The USB port is intended for connection to

. computer.
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2.45 Earth Terminal

L

2 PREPARATION FOR USE

The earth terminal is used for connection of the
Analyzer housing to the housing of the DUT and the

protecting grounding.

27



3 GETTING STARTED

This section represents a sample session of thdyZera It describes the main
techniques of measurement of reflection coefficigamtameters of the DUT. SWR and
reflection coefficient phase of the DUT will be &zed.

For reflection coefficient measurement only one pest of the Analyzer is used. The
instrument sends the stimulus to the input of théTtand then receives the reflected
wave. Generally in the process of this measurerttenputput of the DUT should be
terminated with a LOAD standard. The results ofsthemeasurements can be
represented in various formats.

Typical circuit of reflection coefficient measurentés shown in figure 3.1.

COPPER MOUNTAIN

@ PLANAR TR1300/1 @ g

PORTY50 & A\ +26dBm RF 35V DC Max Avoid Static Discharge CAT & PORT2 500

I

DUT

Figure 3.1 Reflection measurement circuit

To measure SWR and reflection coefficient phaseth®fDUT, in the given example
you should go through the following steps:

B Prepare the Analyzer for reflection measurement;

B Set stimulus parameters (frequency range, numbeswaep
points);

B Set IF bandwidth;

B Set the number of traces to 2, assign measureanptees and
display format to the traces;

B Set the scale of the traces;

B Perform calibration of the Analyzer for reflectiaoefficient
measurement;

B Analyze SWR and reflection coefficient phase usmagkers.
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3 GETTING STARTED

Note In this section the control over Analyzer is penfed by
the softkeys located in the right-hand part ofgbe=en.

3.1  Analyzer Preparation for Reflection Measurement
Turn on the Analyzer and warm it up for the peraddime stated in the specifications.

Ready state features The bottom line of the screen displays the instmime
status bar. It should re&z@ady.

Connect the DUT to Port 1 of the Analyzer. Usedhpropriate cables and adapters for
connection of the DUT input to the Analyzer testtpdf the DUT input is type-N
(male), you can connect the DUT directly to thetpor

3.2  Analyzer Presetting
Before you start the measurement session, it @maended to reset the Analyzer into

the initial (known) condition. The initial conditicsetting is described in Appendix 1.

To restore the initial condition of the Analyzeseuthe
following softkeys:

System > Preset > Apply

‘ Apply |

3.3  Stimulus Setting

After you have restored the preset state of thdyxea the stimulus parameters will be
as follows: frequency range from 300 kHz to 1.3 Gsizeep type is linear, number of
sweep points is 201, power level is -10 dBm, an [FO kHz.

For the current example, set the frequency rang®to 10 MHz to 1 GHz.

To set the start frequency of the frequency ramgéQ
Stirnulus MHz, use the following softkeys:

‘ Skark

300 kHz Then enter«1», «0» from the keyboard. Complete the

| Stimulus > Start
setting by pressingenter» key.
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3 GETTING STARTED

Stop To set the stop frequency of the frequency range to
1,3 GHz 1 GHz, use the following softkeys:

Stimulus > Stop

Then enter«1», «0», «0», «0» from the keyboard.
Complete the setting by pressikgnter» key.

To return to the main menu, click the top softkegi¢red
in blue).

3.4 IF Bandwidth Setting

For the current example, set the IF bandwidth kéi3.

To set the IF bandwidth to 3 kHz, use the following
Response softkeys:

Response > IF Bandwidth > 3 kHz
IF Bandwidth

10 kHz |

FkHz

To return to the main menu, click the top softkegidred
in blue).

3.5 Number of Traces, Measured Parameter and Display&to
Setting

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

To add the second trace, use the following softkeys
Trace
Trace > Add trace

‘ add Trace

To return to the main menu, click the top softkegi¢red
in blue).

Before assigning the measurement parameters ate, tiirst activate the trace.
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3 GETTING STARTED

To activate the first trace, use the following kefts:
Trace
Trace > Active Trace > 1

Active Trace |
1

To return to the main menu, click the top softkeyigred
in blue).

Assign §; parameter to the second trace. To the first tthise parameter is already
assigned by default.

To assign a parameter to the trace, use the folpwi
Response softkeys:

Response > Measurement >S11

Measurement |
521

311

Then assign SWR display format to the first traoel aeflection coefficient phase
display format to the second trace.

To set the active trace display format, use thiohg
Response softkeys:

Response > Format > SWR (for the first trace),
Fatrat
Log Mag |
Response > Format > Phase (for the second trace).
SR
Phase

To return to the main menu, click the top softkeyigred
in blue).
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3 GETTING STARTED

3.6 Trace Scale Setting

For a convenience in operation, change the traale sising automatic scaling function.

To set the scale of the active trace by the auliogca
function, use the following softkeys:

Scale > Auto Scale

‘ Auto Scale ‘

To return to the main menu, click the top softkegidred
in blue).

3.7  Analyzer Calibration for Reflection Coefficient Maaement

Calibration of the whole measurement setup, whictudes the Analyzer, cables and
other devices, supporting connection to the DUTgwad to considerably enhance the
accuracy of the measurement.

To perform full 1-port calibration, you need to page the kit of calibration standards:
OPEN, SHORT and LOAD. Such a kit has its descnptmd specifications of the
standards. To perform proper calibration, you nieeskelect in the program the correct
kit type.

In the process of full 1-port calibration, connealibration standards to the test port
one after another, as shown in figure 3.2.

COPPER MOU thﬂid’ﬁ;::;\
ES \

@ PLANAR TR1300/1 [ |

PORT] 50 2 /A +26dBm RF 35V DC Max Avoid Static Discharge CAT\I\ A PORT2500

Figure 3.2 Full 1-port calibration circuit

In the current example Agilent 85032E calibratidnikused.
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3 GETTING STARTED

To select the calibration kit, use the followindtkeys:

Calibr ation

Calibration > Cal Kit

Then select the required kit from the table in bloétom

of the screen.

Cal Kit &
Agil, 850328 -M-

To perform full 1-port calibration, execute measoeats of the three standards. After
that the table of calibration coefficients will balculated and saved into the memory of
the Analyzer. Before you start calibration, discecirthe DUT from the Analyzer.

To perform full 1-port calibration, use the follavg
softkeys:

Calibration > Full 1-Port Cal

open Connect an OPEN standard and cliglen.

ot Connect a SHORT standard and clgtlort.
Connect a LOAD standard and clic&ad.

Load To complete the calibration procedure and calcutllage
table of calibration coefficients, clickpply softkey.

Apply

Then connect the DUT to the Analyzer port again.
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3 GETTING STARTED

3.8 SWR and Reflection Coefficient Phase Analysis Uditagkers

This section describes how to determine the meamntvalues at three frequency
points using markers. The Analyzer screen viewhma in figure 3.3. In the current
example, a reflection standard of SWR = 1.2 is @sed DUT.

SIS 1,2 [Fi]
Trz 511 Phe | -40= [F1]

1

100

700 a00 a0a
Start 10 MHz -10 dBrin Stop 1 GHz

Figure 3.3 SWR and reflection coefficient phase sneament example

To enable a new marker, use the following softkeys:

‘ | Markers

Markers > Add Marker

R Then enter the frequency value, e.g. to enter &equ
100 MHz, pressd», «0», «0» and «Enter» keys on the
keyboard.

Repeat the above procedure three times to enatde th
markers in different frequency points.
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4 MEASUREMENT CONDITIONS SETTING

4.1  Screen Layout and Functions

The screen layout is represented in figure 4.1thla section you will find detailed
description of the softkey menu bar, menu bar, iasttument status bar. The channel
windows will be described in the following section.

Menu bar \ Softkey menu bar \

Stimulus  Response  Calibration  Channel  Trace  Markers  Analysis  Display — System ‘
|

Start
300 kHz

Stop
1,3 GHz

Center
£50,15 MHz

Span
1,2997 GHz

——
Channel - : e 1000 o

. ok 20 -10 dBm L 2
windows

Sweep Type
Lin Freg

Fower

Segment Table

Trigger
Continuous

Freq. Offset
OFF

650 700

-10 dEm

03.01,2011 14:04 IMeasureI Reeady

Instrument status bar/

Figure 4.1 Analyzer screen layout

4.1.1 Softkey Menu Bar

The softkey menu bar in the right-hand side of $heeen is the main menu of the
program.

Note The top line of the screen represents the menuach

enables you direct access to the submenus of theego
menu.

The softkey menu bar consists of panels, which @appee instead of the other. Each
panel represents one of the submenus of the saftieey. All the panels are integrated
into multilevel menu system and allow access tohalfunctions of the Analyzer.

You can manipulate the menu softkeys using a mouse.
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4 MEASUREMENT CONDITIONS SETTING

Also you can navigate the menu &y, «|», «—», «—», «Enter», «Esc», «Space» Keys

on the external keyboard.

The types of the softkeys are described below:

Mazxirmuni

Mimirnn

|

List IFEM

Allocate Channels |

Measurernent
= |

Skark
300 kHz

The top softkey is the menu title key. It enables yo
return to the upper level of the menu. If it ispdigs/ed in
blue you can use keyboard to navigate within tHtkep
menu.

If the softkey is highlighted in dark gray, pregsiEnter»

key on the keyboard will activate the function bist
softkey. You can shift the highlight from key toykasing
«t» and«|» arrows on the keyboard.

A large dot on the softkey indicates the curretecton
in a list of alternative settings.

A check mark in the left part of the softkey indesthe
active function, which you can switch on/off.

The softkey with a right arrow enables the accesthe
lower level of the menu.

The softkey with a text field allows for the sekstr:
function indication.

The softkey with a value field allows for

entering/selection of the numerical settings.

This navigation softkey appears when the softkeyume

overflows the menu screen area. Using this softkay
can scroll down and up the softkey menu.

To navigate in the softkey menu, you can also (addilly to «1», «|») US€ «», «—»,
«Esc», «Home» keys of the keyboard:

««—» key brings up the upper level of the menu;

«Esc» key functions similar te<» key;

«Space» key is similar to<Enter» key.

«—» key brings up the lower level of the menu, if thes a highlighted
softkey with a right arrow;
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4 MEASUREMENT CONDITIONS SETTING

Note The above keys of the keyboard allow navigatiorthia
softkey menu only if there is no any active entgjd. In
this case the menu title softkey is highlightedle.

4.1.2 Menu Bar

Stimulus | Respomse  Calibration  Chanmel  Trace  Markers  Analysis  Display — System
Measurement
Farmat
IF Bandwidth

Scale

Figure 4.2 Menu bar

The menu bar is located at the top of the screéms menu is an auxiliary one and
enables you direct access to the submenus of the manu. Also it contains the
functions of the most frequently used softkeys. ¥ano hide the menu bar to gain more
screen space for the graph area. The menu bantiotied by the mouse.
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4 MEASUREMENT CONDITIONS SETTING

4.1.3 Instrument Status Bar

10.11.200003:07 [Meas [Ready

N

Date and time Messages

Figure 4.3 Instrument status bar

The instrument status bar is located at the botibthe screen.

Table 4.1 Messages in the instrument status bar
Dechi:?ilgtion Message Instrument Status
DSP status Not Ready No communication between DSP and
computer.
Loading DSP program is loading.
Ready DSP is running normally.
Sweep status Measure A sweep is in progress.
Hold A sweep is on hold.
RF signal RF Off Stimulus signal output is turned off.
Factory Power Failure | ROM error of power calibration.
callbration error Syé;ielfrecal ROM error of system calibration.

4.2  Channel Window Layout and Functions

The channel windows display the measurement resultthe form of traces and
numerical values. The screen can display up to ahmoél windows simultaneously.
Each window has the following parameters:

= Frequency range;
= Sweep type;

= Number of points;
= |F bandwidth;

m  Power level.
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4 MEASUREMENT CONDITIONS SETTING

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

Physical analyzer processes the logical channedgdoession.

In turn each channel window can display up to 8dsaof the measured parameters.
General view of the channel window is representeftjure 4.4.

Channel title bar
status
field
\ Bandpass filer

g

o0 aon Q00

-10 dBm Stop 1 GHz

Channel status bar

Figure 4.4 Channel window
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4 MEASUREMENT CONDITIONS SETTING

4.2.1 Channel Title Bar
The channel title feature allows you to enter yoamment for each channel window.

Channel title bar To show/hide the channel title bar, use the follayi
on/off switching softkeys:

Display > Title Label

Note You can also make it by mouse clicking on the ftitle
area in the channel title bar.
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4 MEASUREMENT CONDITIONS SETTING

4.2.2 Trace Status Field

511 LogMag 100dE } OdE [F1]

Trz 521 LogMag S0dE [ -20 dB [RT]

\\ Trace properties
Reference level value
Trace scale
Display format

Measured parameter

Trace name

Figure 4.5 Trace status field

The trace status field displays the name and paeamef a trace. The number of lines
in the field depends on the number of active tracélse channel.

Note Using the trace status field you can easily modifg
trace parameters by the mouse (as described iorsect
4.3).

Each line contains the data on one trace of thereta

m Trace name fromxTrl» t0o «Tr8». The active trace name is
highlighted in inverted color;

m  Measured parametesi1i, S21;

m Display format, e.gcLog Mag»;

m Trace scale, e.¢100 dB»;

m Reference level value, e€p dB»;

m Trace status is indicated as symbols in squarekéradqSee
table 4.2).
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4 MEASUREMENT CONDITIONS SETTING

Table 4.2 Trace status symbols definition

Status

Symbols

Definition

Error Correction

RO

OPEN response calibration

RS SHORT response calibration
RT THRU response calibration
opP One-path 2-port calibration
F1 Full 1-port calibration
Electrical Delay Del Electrical delay other than zero
Gating Gat Time domain gating
Conversion Zr Reflection impedance

Zt Transmission impedance

Yr Reflection admittance

Yt Transmission admittance

1/s S-parameter inversion
Conj Conjugation
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4 MEASUREMENT CONDITIONS SETTING

4.2.3 Graph Area

The graph area displays the traces and numeric data

Vertical
graticule
label

Statistics

Current
stimulus
position

Horizontal
graticule
label

Reference line

Marker "
position

500 (=uln}

100 Hz

Trace number

Figure 4.6 Graph area

The graph area contains the following elements:

Vertical graticule label displays the vertical axis numeric data for
the active trace. You can set the display of tha fa all the traces
or hide the vertical graticule label to gain moceegn space for the
trace display.

Horizontal graticule label displays stimulus axis numeric data
(frequency, power level or time). You can also hide horizontal
graticule label to gain more screen space forrdeetdisplay.

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

Markers indicate the measured values in different pointstlos
active trace. You can enable display of the markarall the traces
simultaneously.

Marker functionsstatistics, bandwidth, flatness, RF filter.
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4 MEASUREMENT CONDITIONS SETTING

m Trace number allows trace identification when printed out in dka
and white.

m  Current stimulus position indication appears when sweep duration
exceeds 1 sec.

Note Using the graticule labels, you can easily modifytize
trace parameters by the mouse (as described iorsect
4.3).
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4 MEASUREMENT CONDITIONS SETTING

4.2.4 Markers

The markers indicate the stimulus values and thasored values in selected points of
the trace (See figure 4.7).

Marker
data
field

Indicator
on trace

Indicator on
stimulus axis

Figure 4.7 Markers

The markers are numbered from 1 to 15. The referenarker is indicated with R
symbol. The active marker is indicated in the failog manner: its number is
highlighted in inverse color, the stimulus indiqatfully colored.
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4 MEASUREMENT CONDITIONS SETTING

4.2.5 Channel Status Bar

The channel status bar is located in the bottorhgighe channel window. It contains
the following elements:

Stimulus stop

Power level

IF bandwidth
Sweep type \

Skart 200 kHz 10 kHz -10 dBm Skop 1,3 GHz

\

Sweep points

Stimulus start

Figure 4.8 Channel status bar

m Simulus start field allows for display and entry of the start
frequency or power, depending on the sweep types. fidgld can be
switched to indication of stimulus center frequenaythis case the
word start will change tocCenter.

m  Sweep points field allows for display and entry of the number of
sweep points. The number of sweep points can bdraet 2 to
10001.

m  Sweep type field allows for display and selection of the swegpe.
The values of this field are represented in tale 4

m |IF bandwidth field allows for display and setting of the IF
bandwidth. The values can be set from 10 Hz toR38 k

m Power leve field allows for display and entry of the port outp
power. In power sweep mode the field switches tlication of CW
frequency of the source.

m  Stimulus stop field allows for display and entry of the stop fueqcy
or power, depending on the sweep type. This fiald loe switched

to indication of stimulus span, in this case thedwop will change
to Span.

Table 4.3 Sweep types
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Symbol Definition
Lin .
Linear frequency sweep.
Log . .
Logarithmic frequency sweep.
Seg
Segment frequency sweep.
Pow

Power sweep.
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4.3  Quick Channel Setting Using Mouse

This section describes the mouse manipulationsctwhwill enable you to set the
channel parameters fast and easy. In a channebwinaver the field where a channel
parameter can be modified, the mouse pointer Wwiinge its form to indicate the edit
mode. Apart from that in text and numerical fietle edit mode will be indicated by
the «underline» symbol appearance.

Note The mouse manipulations described in this sectidh w
help you to perform the most frequently used sg$tin
only. All the channel functions can be accessedthé
softkey menu.

4.3.1 Active Channel Selection

You can select the active channel when two or ncbiannel windows are open. The
border line of the active window will be highligkitén light color. To activate another
window, make a mouse click within its area.

4.3.2 Active Trace Selection

You can select the active trace if the active clkann
window contains two or more traces. The activeerac
name will be highlighted in inverted color. To aetie a
trace, make a mouse click on the required tratcasstime.

511 LogMag 100de f OdE

A 521 LogMag 100dE [ 0dE

4.3.3 Measured Data Setting

To assign the measured parametetg ;) to a trace,
make a mouse click on the S-parameter name in the
trace status line and select the required paranmeter
the drop-down menu.

511 LogMag 100dE | 0dE

=1

48
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4.3.4 Display Format Setting

=11 Lo 100 d8 | 0dB To select the trace display format, make a mousé cl
on the display format name in the trace status dine
select the required format in the drop-down menu.

iaroup Delay
Lin Mag

4.3.5 Trace Scale Setting

To the trace scale, make a mouse click on the seale field in the trace status line and
enter the required numerical value.

S11 LogMag TG0l 0 dB

4.3.6 Reference Level Setting

To set the value of the reference level, make asmalick on the reference level field
in the trace status line and enter the requiredemizal value. set by two methods.

S11 LogMag 100de | SHM

4.3.7 Marker Stimulus Value Setting

The marker stimulus value can be set by drag dperar by entering the value using
numerical keys of the keyboard.

To drag the marker, move the mouse pointer on dniheo
marker indicators.

To enter the numerical value of the stimulus, fastivate its
field in the marker data line by a mouse click.

4.3.8 Switching between Start/Center and Stop/Span Modes

w To switch between the modes Start/Center and Stap/S
1012011 1350 swe] Ready. Make a mouse click in the respective field of thanmel
status bar. Labestart will be changed withcenter, and

label stop will be changed wittspan. The layout of the stimulus scale will be changed
correspondingly.
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4.3.9 Start/Center Value Setting

To enter thestart/Center values, activate the respective field in the
channel status bar by a mouse click on the numeradae.

4.3.10 Stop/Span Value Setting

S| B To enter thestop/Span values, activate the respective field in the
T channel status bar by a mouse click on the nunmeridae.

4.3.11 Sweep Points Number Setting

To enter the number of sweep points, activate dspective field in the
— channel status bar by a mouse click on the nunmeratae.

To select the number of points form the drop-dowenm make the right

- AH0E] mouse slick on the point number field in the chastegus bar.

4.3.12 Sweep Type Setting

To set the sweep type, click on the respectivel fielthe channel status
bar and select the required type in the drop-downum

To set the IF bandwidth, make a right mouse cliocklee IF bandwidth
field in the channel status bar. Then select tHaevan the drop-down
menu.

4.3.14 Power Level / CW Frequency Setting

To enter thePower Level/CW Frequency, activate the respective field in the
% channel status bar by a mouse click on the numeradae. The parameter

displayed in the field depends on the current svigeg: in frequency sweep
mode you can enter power level value, in power pwe®de you can enter CW
frequency value.
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To select the power level value from the drop-domenu, make a right
mouse click on thePower Level/CW Frequency field in the channel
status bar. This menu is available on in frequesvegep mode.
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4.4  Channel and Trace Display Setting

The Analyzer supports 4 channels, which allow mesmeants with different stimulus
parameter settings. The parameters related to@lazhannel are listed in table 4.4.

4.4.1 Channel Window Allocating

A channel is represented on the screen as an dudivchannel window. The screen can
display from 1 to 4 channel windows simultaneously.default one channel window

opens. If you need to open two or more channel ewsdselect one of the layouts
shown below.

To set the channel window layout, use the following
Channel Softkeys:

Channel > Allocate Channels

fllocate Channels

Then select the required number and layout of Haacel
windows in the menu.

The available options of number and layout of thenmel windows on the screen are as
follows:

al ] = 1]
ot ol H ]

In accordance with the layouts, the channel winddesot overlap each other. The
channels open starting from the smaller numbers.

Note For each open channel window, you should set the
stimulus parameters and make other settings.

Before you start a channel parameter setting or
calibration, you need to select this channel aseact

The measurements are executed for open channel owsndin succession.
Measurements for hidden channel windows are natggd.

4.4.2 Number of Traces Setting
Each channel window can contain up to 8 differeatds. Each trace is assigned the

measured parameter;Dr S, display format and other parameters. The parasete
related to a trace are listed in table 4.5.
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The traces can be displayed in one graph, ovengpgpach other, or in separate graphs
of a channel window. The trace settings are madearsteps: trace number setting and
trace layout setting in the channel window. By d#éfa channel window contains one
trace. If you need to enable two or more tracesfh@enumber of traces as described
below.

To add a traces, use the following softkeys:
| Trace
Trace > Add Trace

‘ — ‘ Then select the number of traces from the menu.

All the traces are assigned their individual namégsch cannot be changed. The trace
name contains its number. The trace names ardl@s$oTr1, Tr2 ... Tr8.

Each trace is assigned some initial settings: nredsparameter, format, scale, and
color, which can be modified by the user.

m By default the measured parameters are set inalfeving
succession: &, $;. After that the measurements repeat in
cycles.

m By default the display format for all the traces sst to
logarithmic magnitude (dB).

m By default the scale is set to 100 dB, referengellgalue is
set to 0 dB, reference level position is in the diedof the
graph.

m The trace color is determined by its number.

Table 4.4 Channel parameters

N Parameter Description

Sweep Type

Sweep Range

Number of Sweep Points

Stimulus Power Level

Power Slope Feature

CW Frequency

Segment Sweep Table
IF Bandwidth

0 N (O |01 | (W N |
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Table 4.5 Trace parameters

N

Parameter Description

Measured Parameter (S—parameter)

Display Format

Reference Level Scale, Value and Position

Electrical Delay, Phase Offset

Memory Trace

Markers

Time Domain

0N o (O (b~ (W (N (P

Parameter Transformation
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4.4.3 Trace/Channel Activating

The control commands selected by the user areemppdi the active channel or the
active trace, respectively.

The border line of the active channel window ishiighted in light color. The active
trace belongs to the active channel and its stle@ghlighted in inverse color.

Before you set a channel or trace parameters,ylstneed to activate the channel or
trace, respectively.

To activate a channel, use the following softkeys:

Channel

Channel > Active Channel

Active Channel Then select the number of the active Channel.

i |

Then activate the trace by entering its numbenmbde it
- use the following softkeys:

Trace > Active Trace

Active Trace

1 | Then select the number of the active trace.
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4.5  Stimulus Setting

The stimulus parameters are set for each channeford® you set the stimulus
parameters of a channel, make this channel active.

Note

To make the measurement more accurate, perform

measurements with the same stimulus settings as wer
used for the calibration.

4.5.1 Sweep Type Setting

Lin Freq

L Lin Freq

Log Freq

Segrent

Power Sweep

To set the sweep type, use the following softkeys:
Stimulus > Sweep Type

Then select the sweep type:
= Lin Freq: Linear frequency sweep
» Log Freq: Logarithmic frequency swee))

= Segment: Segment frequency sweep
= Power Sweep: Power sweep
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4.5.2 Sweep Span Setting

The sweep range should be set for linear and litgaic frequency sweeps (Hz) and

for linear power sweep (dBm). The sweep range @ndb as Start / Stop or Center /
Span values of the range.

To enter the start and stop values of the sweegerarse
the following softkeys:

Shimulus

Stimulus > Start | Stop
Skart
300 kHz
Skop
1,3 GHz
Center To enter center and span values of the sweep raisge,
650, 15 MHz the following softkeys:
Stimulus > Center | Span
Span
1,2997 GGHz

Note If the power sweep is activated, the values onstiae,

Stop, Center, and Span softkeys will be represented in
dBm.

4.5.3 Sweep Points Setting

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

To enter the number of sweep points, use the fatigw
softkeys:

Skirulus

Stimulus > Points
Paints
201

4.5.4 Stimulus Power Setting

The stimulus power level should be set for linetad $ogarithmic frequency sweeps.
For the segment sweep type, the method of powet gmiting described in this section
can be used only if the same power level is setlfioihe segments of the sweep. For
setting of individual power level for each segmss¢ section 4.5.8.
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To enter the power level value, use the following

Power

softkeys:
Stimulus > Power > Output Power
Qutput Power
-10 dBm

4.5.5 Power Slope Feature

The power slope feature allows for compensationpoiver attenuation with the

frequency increase, in the fixture wire. The povetope can be set for linear,
logarithmic and segment frequency sweeps.

To enter the power slope value, use the following

Power softkeys:
Stimulus > Power > Slope (dB/GHz)
Slope
0 dBfiGHz

4.5.6 CW Frequency Setting

CW frequency setting determines the source frequiarahe linear power sweep.

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

Power

Stimulus > Power > CW Freq

4.5.7 RF Out Function

RF Out function allows temporary disabling of stimsisignal. While the stimulus is
disabled the measurements cannot be performed.

To disable/enable stimulus, use the following stk

Power

Stimulus > Power > RF Out

RF Ot
il

Note RF Out function is applied to the whole Analyzeot to

some channels. The indication about it will appaahe
instrument status bar (See section 4.1.3).
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4.5.8 Segment Table Editing

Segment table determines the sweep rule when ségmverp is activated.

To open the segment table, use the following sgfike

Shimulus

Stimulus > Segment Table

‘ Segment Table |

When you switch to theegment Table submenu, the segment table will open in the
lower part of the screen. When you exit gegment Table Submenu, the segment table
will become hidden.

The segment table layout is shown below. The t&lale three mandatory columns:
frequency range and number of sweep points, aneketieolumns, which you can
enable/disable: IF bandwidth, power level and délag.

stk | step | Points | trEw | Power
300 kHe 200 MHz 101 30 He 0 dm
200 MHz 300 MHz 51 1 kHe -10 dBm
300 MHz 500 MHz 101 10 kHz -10 dém

51 1 kHz -10 dBm
30 Hz 0 dBm

500 MHz
600 MHz

&00 MHz

1
N
3
4 |
5 |

Each row describes one segment. The table canicarta or more rows, up to 10001
(the total number of sweep points of all the segsjen

To add a segment to the table, cliakd softkey. The new
Segment Table segment row will be entered below the highlighted.o

To delete a segment, clicklete softkey. The highlighted
Add segment will be deleted.

Delete

For any segment it is necessary to set the mandptyameters: frequency range and
number of sweep points. The frequency range casebeither as Start / Stop, or as
Center / Span.

To set the frequency range representation modek cli
Segment Table Freq Mode softkey to select betweestart/Stop and
Center/Span options.

Start/Stop

‘ Freq Mode |
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For any segment you can enable the additional petearoolumns: IF bandwidth, power
level, and delay time. If such a column is disapldga corresponding value set for
linear sweep will be used (same for all the 10G&ingents).

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

To enable the power level column, cligkst Power
d  ListIFEW softkey.

To enable the delay time column, clickst Delay
softkey.

4 List Power

List Delay

To set a parameter, make a mouse click on its visdile@ and enter the value. To
navigate in the table you can use the keys of #ybdard &1», «|», «», «—»).

Note The adjacent segments do not overlap in the freqyuen
domain.

The segment table can be saved into *.seg filehtard disk and later recalled.

To save the segment table, cl&dve softkey.

Segment Table

Then enter the file name in the appeared dialog.

Save

To recall the segment table, cliBkcall softkey.
Recall

Then select the file name in the appeared dialog.

4.5.9 Measurement Delay

Measurement delay function allows to add additidimaé interval at each measurement
point between the moment when the source outpquénecy becomes stable and the
moment of measurement start. This capability canubeful for measurements in
narrowband circuits with transient period longarttthe measurement in one point.
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Meas Delay
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To set the time of measurement delay, use thewollp
softkeys:

Stimulus > Meas Delay

The maximum measurement delay is 0.3 sec.
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4.6  Trigger Setting

Thetrigger mode determines the sweep actuation of all the chaniiéls channels can
operate in one of the following three trigger mades

Continuous — a sweep actuation occurs every titngger signal
is detected;

Single — one sweep actuation occurs at one trigggnal
detection after the mode has been enabled, afeersweep is
complete the channel turns to hold mode;

Hold — sweep actuation is off in the channel, tigger signals do
not affect the channel.

The trigger signal influences the whole Analyzed aontrols the trigging of all the

channels.

Thetrigger sourceis an internal trigger signal generated by the pax&d on completion
of the sweep over all the channels.

Trigger

Conkinuaus

Hald

Single

L Conkinuaus

To set the trigger mode, use the following softkeys
Stimulus > Trigger
Then select the required trigger mode:

s Hold
m  Single

s Continuous
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4.7  Measurement Parameters Setting

4.7.1 S-Parameters

For high-frequency network analysis the followiregms are applied: incident, reflected
and transmitted waves, transferred in the cirafithe setup (See figure 4.9).

INGIDENT TRANSMITTED
@—c. oo />

SULRCE y

REFLECTED

Figure 4.9

Measurement of magnitude and phase of incidenkeatefd and transmitted signals
allow to determine the S-parameters (scatterechpeteas) of the DUT. An S-parameter
is a relation between the complex magnitudes ofwiloewaves:

_ transmitted wave at Port
mn incident wave at Port n

The Port 1 of the Analyzer operates as a signaicepand Port 2 operates as a signal
receiver, that is why PLANAR TR1300/1 allows measoent of $ and $;
parameters simultaneously.

To measure § and $; parameters, connect Port 1 to the input of the D& Port 2
to the output of the DUT. The incident and refleickeaves will be measured by Port 1.
The transmitted wave will be measured by Port 2.

To measure 5 and $; parameters, reconnect the DUT. Connect Port lemtitput of
the DUT, and Port 2 to the input of the DUT. Theident and reflected waves will be
measured by Port 2. The transmitted wave will basueed by Port 1.

This way, using two connections of the DUT, you oaasure full scattered matrix of a

two-port DUT.
o - [Se S
S21 SZZ
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4.7.2 S-Parameter Setting

A measured parameter1(®r S;) is set for each trace. Before you select the oreds
parameter, first activate the trace.

F!.E::Fu:lnsﬁe

Measurement
S11

L] 311

5221

To set the measured parameter, use the followifigeso
Response > Measurement

Then select the required parameter by the correkpgn
softkey.
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4.8 Format Setting

The Analyzer offers the display of the measureda@umeters on the screen in three
formats:

m rectangular format;
m polar format;

m  Smith chart format.

4.8.1 Rectangular Formats

In this format, stimulus values are plotted along¥s and the measured data are
plotted along Y-axis (See figure 4.10).

Measurement

v
X

Stimulus

Figure 4.10 Rectangular format
To display S-parameter complex value along Y-akishould be transformed into a real

number. Rectangular formats involve various typesamsformation of an S-parameter
S=a+ jlb, where:

m a-—real part of S-parameter complex value;
m  b-—imaginary part of S-parameter complex value.

There are eight types of rectangular formats depgnoin the measured value plotted
along Y-axis (See table 4.6).
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Format Type Label Data Type (Y-axis) Measurement Unit
Description (Y-axis)
Logarithmic Log Mag S-parameter logarithmic Decibel (dB)
Magnitude magnitude:
200og S |
S= b’
Voltage SWR 1+]s Abstract number
Standing Wave 1-19
Ratio
Phase Phase S-parameter phase from |-  DegreeY)
18(° to +180:
/4 b
Expanded Expand S-parameter phase, Degree ()
Phase Phase measurement range expanded
to from below —180to
over +180
Group Group Delay | Signal propagation delay Second (sec.)
Delay within the DUT:
_d¢
dw '’
a
¢:arctgB , w=2n!lf
Linear Lin Mag S-parameter linear magnitude: Abstract number
Magnitude Y
Ja“+b
Real Part Real S-parameter real part: Abstract number
a=re(S)
Imaginary Part Imag S-parameter imaginary part:| Abstract number
b=im(S)
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4.8.2 Polar Format

Polar format represents the measurement resultiseopie chart (See figure 4.11). The
distance to a measured point from the graph ceateesponds to the magnitude of its
value. The counterclockwise angle from the positieeizontal axis corresponds to the
phase of the measured value.

o0°

120° as

200

Figure 4.11 Polar format

The polar graph does not have a frequency axifespency will be indicated by the
markers. There are three types of polar formatewidpg on the data displayed by the
marker. The traces will remain the same on allgitaghs.

Table 4.7 Polar formats

Format Type Label Data Dlsplalel/edk by Measurement Unit

Description arker (Y-axis)
Linear Polar S-parameter linear magnitude Abstrg:\ct
Magnitude and (Lin) numboer
Phase S-parameter phase Degree {)
Logarithmic Polar S-parameter logarithmic Decibel (dB)
Magnitude and|  (L09) magnitude
Phase S-parameter phase Degree |)
Real and Polar (Re/lm) | S-parameter real part Abstract
Imaai numbe

ginary - . Abstract

Parts S-parameter imaginary part number
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4.8.3 Smith Chart Format

Smith chart format is used for representation gbedance values for DUT reflection
measurements. In this format, the trace has the g@mmts as in polar format.

Figure 4.12 Smith chart format

The polar graph does not have a frequency axifrespiency will be indicated by the
markers. There are five types of Smith chart foetpending on the data displayed by
the marker. The traces will remain the same othallgraphs.

Table 4.8 Smith chart formats

Format Type Label Da;)ta lt\)/llspilayed Measurement Unit
Description y Marker (Y-axis)
Linear Smith S-parameter linear magnitude AbStré‘Ct
Magnitude and (Lin) numoer
Phase S-parameter phase Degree ()
Logarithmic Smith S-parameter logarithmic Decibel (dB)
Magnitude and (Log) magnitude
Phase S-parameter phase Degree ()
Real and Smith S-parameter real part AbStE‘Ct
Imaginary Parts | (Re/lm) Rgn: ert
- - strac
- t t
S-parameter imaginary par aumber
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Table 4.8 Smith chart formats (continued)

Complex Smith Resistance at input:
Impedance (R +jX) R=re(Z ) ohm @)
(at Input) a np /»
1+S
Zinp = ZO 1-S
Reactance at input:
X =im(Z,,) Ohm Q)
Equivalent capacitance or
inductance:
= _i, X <0 Farad (F)
awX
L—l X>0 Henry (H)
P y
Complex ((S;mith) Conductance at input:
admittance +1B _ :
(at Input) G=re(Y,), Siemens (S)
_1.1-s
™z, 1+S
Susceptance at input:
B=im(Y,,) Siemens (S)
Equivalent capacitance or
inductance:
C:E, B>0 Farad (F)
w
L——i B<O Henry (H)
B’ y

Z, — test port impedanceg Zetting is described in section 5.2.8.
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4.8.4 Data Format Setting

You can select the format for each trace of thenobhindividually. Before you set the
format, first activate the trace.

F!.E::Fu:lnsﬁe

Fatrnak

Log Mag |

L Log Mag

SR

Phase

Expand Phase

Group Delay

Lin Mag

Real

Imag

To set the rectangular format, use the followinfjksy:
Response > Format
Then select the required format:

m Logarithmic magnitude
= SWR

m Phase

m Expanded phase

m  Group delay

m Linear magnitude

m Real part

= Imaginary part
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Smith

Log J Phase

Lin | Phase

Real / Imag

R+ i

G+ iB

Palar

Log J Phase

Lin / Phase

Real | Imag

4 MEASUREMENT CONDITIONS SETTING

To set the Smith chart format, use the followinfiksys:
Format > Smith
Then select the required format:

m Logarithmic magnitude and phase
m Linear magnitude and phase

m Real and imaginary parts

=  Complex impedance (at input)

=  Complex admittance (at input)

To set the polar format, use the following softkeys
Format > Polar
Then select the required format:

m Logarithmic magnitude and phase
m Linear magnitude and phase

m Real and imaginary parts

71



4 MEASUREMENT CONDITIONS SETTING

4.9  Scale Setting

4.9.1 Rectangular Scale

For rectangular format you can set the followingapaeters (See figure 4.13):
m Trace scale;
m Reference level value;
m Reference level position;

m  Number of scale divisions.

Trace Scale
Scale Divisions
7y 10
9
8
7
Reference 6 Reference Level
Level P 4 5 Position
4
3
2
1
A4 0

Figure 4.13 Rectangular scale

4.9.2 Rectangular Scale Setting

You can set the scale for each trace of a chaBeébre you set the scale, first activate
the trace.

To set the scale of a trace, use the followingkegi:

Scale > Scale

Scale .
100 dE To set the reference level, use the following softk
Scale > Ref Value
Ref Walue
0 d& To set the position of the reference level, use the
following softkeys:
Ref Position o
= Scale > Ref Position

To set the number of trace scale divisions, use the
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‘ Divisions | following softkeys:
10

Scale > Divisions®

Note Quick trace scale setting by the mouse is describhed
section 4.3.

4.9.3 Circular Scale

For polar and Smith chart formats, you can sebtiter circle value (See figure 4.14).

/ Scale Scale

Figure 4.14 Circular scale

4.9.4 Circular Scale Setting

To set the scale of the circular graphs, use tHewmng
softkeys:

Scale > Scale

4.9.5 Automatic Scaling

The automatic scaling function automatically alla¥ve user to define the trace scale so
that the trace of the measured value could fit theograph entirely.

In rectangular format, two parameters are adjustaaale and reference level position.
In circular format, the outer circle value will bdjusted.

Number of the scale divisions affect all the dnapf the channel.
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To execute the automatic scaling, use the following
softkeys:

Scale > Auto Scale

‘ Auto Scale |

4.9.6 Reference Level Automatic Selection

This function executes automatic selection of tleéerence level in rectangular
coordinates.

After the function has been executed, the tradb®measured value makes the vertical

shift so that the reference level crosses the giapthe middle. The scale will remain
the same.

To execute the automatic selection of the referdena,
use the following softkeys:

Scale > Auto Ref Value

‘ Ao Ref Yalue

4.9.7 Electrical Delay Setting

The electrical delay function allows the user tdradethe compensation value for the
electrical delay of a device. This value is used¢@spensation for the electrical delay
during non-linear phase measurements. The elelotiétay is set in seconds.

If the electrical delay setting is other than zeBparameter value will vary in
accordance with the following formula:

— j27T [
S =S¢ , where
f —frequency, Hz,
t — electrical delay, sec.

The electrical delay is set for each trace indigilju Before you set the electrical
delay, first activate the trace.

To set the electrical delay, use the following lseys:

Scale > Electrical Delay

Electrical Delay
0ps
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4.9.8 Phase Offset Setting

The phase offset function allows the user to defiveeconstant phase offset of a trace.

The value of the phase offset is set in degreesdoh trace individually. Before you set
the phase offset, first activate the trace.

To set the phase offset, use the following softkeys

Scale > Phase Offset

DD

‘ Phase Offset |

75



4 MEASUREMENT CONDITIONS SETTING

4.10 IF Bandwidth Setting

The IF bandwidth function allows the user to define bandwidth of the test receiver.
The IF bandwidth can take on the following valu#8:Hz, 30 Hz, 100 Hz, 300 Hz,
1 kHz, 3 kHz, 10 kHz, 30 kHz.

The IF bandwidth narrowing allows to reduce selisecand widen the dynamic range
of the Analyzer. Also the sweep time will increaBkarrowing of the IF bandwidth by
10 will reduce the receiver noise by 10 dB.

The IF bandwidth should be set for each channaVichdally. Before you set the IF
bandwidth, first activate the channel.

To set the IF bandwidth, use the following softkeys

F!.E::Fu:lnsﬁe

Response > IF Bandwidth

IF Bandwidth | Then select the required value from the list.
10 kHz

30 kHz

- 10 kHz

3 kHz

1 kHz

300 Hz

100 Hz

30 Hz

10 Hz
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5 CALIBRATION AND CALIBRATION KIT
51 General Information

5.1.1 Measurement Errors

S-parameter measurements are influenced by vameasurement errors, which can be
broken down into two categories:

= gystematic errors, and
= random errors.

Random errors comprise such errors as noise fltioctisaand thermal drift in electronic
components, changes in the mechanical dimensionali¢s and connectors subject to
temperature drift, repeatability of connections arable bends. Random errors are
unpredictable and hence cannot be estimated andnated in calibration. Random
errors can be reduced by correct setting of theceopower, IF bandwidth narrowing,
maintaining constant environment temperature, oasee of the Analyzer warm-up
time, careful connector handling, avoidance of edd@nding after calibration, and use
of the calibrated torque wrench for connection d&ife tMale-Female coaxial
RF connectors.

Random errors and related methods of correctionnatementioned further in this
section.

Systematic errors are the errors caused by impenfscin the components of the
measurement system. Such errors occur repeatediytresir characteristics do not
change with time. Systematic errors can be detetnand then reduced by performing
mathematical correction of the measurement results.

The process of measurement of precision devicds pvédefined parameters with the
purpose of determination of measurement systeneatars is callectalibration, and
such precision devices are calledlibration standards. The most commonly used
calibration standards are SHORT, OPEN, and LOAD.

The process of mathematical compensation (numeregliction) for measurement
systematic errors is called arror correction.
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5.1.2 Systematic Errors

The systematic measurement errors of vector netanakyzers are subdivided into the
following categories according to their source:

= Directivity;

= Source match;

» Load match;

= |[solation;

» Reflection/transmission tracking.

The measurement results before the procedure @f esrrection has been executed are
calleduncorrected.

The residual values of the measurement results thigeprocedure of error correction
are calleceffective

5.1.2.1 Directivity Error

A directivity error(Ed) is caused by incomplete separation of the incidgmtal from
the reflected signal by the directional couplethie source port 1. In this case part of
the incident signal energy comes to the receivénefteflected signal. Directivity
errors do not depend on the characteristics obtd& and usually have stronger effect
in reflection measurements.

5.1.2.2 Source Match Error

A source match errdiEs) is caused by the mismatch between the source portl The
input of the DUT. In this case part of the sigreflected by the DUT reflects at the port
1 and again comes into the input of the DUT. Th@reoccurs both in reflection
measurement and in transmission measurement. Sowateh errors depend on the
relation between input impedance of the DUT antiges 1 impedance.

Source match errors have strong effect in measuresna a DUT with poor input
matching.

5.1.2.3 Load Match Error

A load match errofEl) is caused by the mismatch between the receivérZpand the
output of the DUT. In this case part of the sigmahsmitted through the DUT reflects
at the port 2 and comes to the output of the DUFe €rror occurs in transmission
measurements and in reflection measurements (Bpart DUT). Load match errors
depend on the relation between output impedancdhef DUT and test port 2
impedance.
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In transmission measurements the load match easrcbnsiderable influence if the
output of the DUT is poorly matched.

In reflection measurements the load match errordoasiderable influence in case of
poor match of the output of the DUT and low attd¢immbetween the output and input
of the DUT.

5.1.2.4 Isolation Error

An isolation error(Ex) is caused by a leakage of the signal from the gopoct to the
receiver port escaping transmission through the DUT

5.1.2.5 Reflection Tracking Error

A reflection tracking error(Er) is caused by the difference in frequency response
between the test receiver and the reference raceaf/ehe port 1 in reflection
measurement.

5.1.2.6 Transmission Tracking Error
A transmission tracking errdit) is caused by the difference in frequency response

between the test receiver of the receiver port thedreference receiver of the source
port in transmission measurement.
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5.1.3 Error Modeling

Error modeling and method of signal flow graphs applied to vector network
analyzers for analysis of its systematic errors.

5.1.3.1 One-Port Error Model

In reflection measurement only port 1 of the Analyis used. The signal flow graph of
errors for the port 1 is represented in figure 5.1.

Slla

Siim @ A 4 <

o
=
(2]

2

Port 1

Figure 5.1 One-port error model
Where:
= S, —reflection coefficient true value;
* Sum — reflection coefficient measured value.

The measurement result at port 1 is affected byfdhewing three systematic error
terms:

= Eq41 — directivity;
= Eg1— source match;
= E,; —reflection tracking.

For normalization the stimulus value is taken edoal. All the values used in the
model are complex.

After determining all the three error terfag, Esi, E;1 for each measurement frequency
by means of dull 1-port calibration, it is possible to calculate (mathematically
subtract the errors from the measured valug)Sthe true value of the reflection
coefficient S1a

There are simplified methods, which eliminate tffea of only one out of the three
systematic errors.
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5.1.3.2 One-Path Two-Port Error Model

For a one-path measurement of the reflection aoefft and the transmission
coefficient of a two-port DUT, the two ports of tAealyzer are used.

The signal flow graph of errors effect in a onekpato-port system is represented in
figure 5.2:

1 \ Exl |
! ! Eu s
—> <« > > > 21m
T 5. 1
1 1
En Ea ! Su, ! En
1 a 1
] ]
Erl : :
Sitm Y — ! A 4 < : L 4
1 1
Port 1 Port 2

Figure 5.2 One-path two-port error model
Where:
" Sia S22 —true values of the DUT parameters;
" Siim S1m — measured values of the DUT parameters.

For normalization the stimulus value is taken edwoall. All the values used in the
model are complex.

The measurement result in a one-path two-port sysseaffected by six systematic
error terms.
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Table 5.1 Systematic error terms

Description Error
Directivity Ea1
Source match Es1
Reflection tracking En
Transmission tracking Eu
Load match En
Isolation Ex

After determination of the four error term8q{, Esi, Er1, Eu) for each measurement
frequency by means of @e-path two-port calibration, it is possible to calculate the
true value of the S, The calibration does not take error tefBrsandEy; into account,
that is why the measured value ofSwill be coming closer to the true value chS
with improvement of the source match and increasirtge isolation.

5.1.4 Analyzer Test Ports Defining

The test ports of the Analyzer are defined by mesnsalibration. The test port is a
connector accepting a calibration standard in thegss of calibration.

A type-N 50Q Female connector on the front panel of the Analyz# be the test port
if the calibration standards are connected dirdcthy.

Sometimes it is necessary to connect coaxial cadior adapter to the connector on
the front panel for connection of the DUT with &elient connector type. In such cases
connect calibration standards to the connecton®ttble or adapter.

Figure 5.3 represents two cases of test port agfifor the measurement of the DUT.
The use of cables and/or adapters does not affeaneasurement results if they were
integrated into the process of calibration.

Port 1

Port 2 Adapters

Port 1 Port 2

Figure 5.3 Test port defining
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In some cases, the term adibration plane is used. Calibration plane is an imaginary
plane located at the ends of the connectors, wdickept calibration standards during
calibration.

5.1.5 Calibration Steps
The process of calibration comprises the followsteps:

= Selection of the calibration kit matching the coctoe type of the
test port. The calibration kit includes such staddaas SHORT,
OPEN, and LOAD with matched impedance. Magnitude an
phase responses i.e. S-parameters of the standaedsvell
known. The characteristics of the standards anesepted in the
form of anequivalent circuit model, as described below;

= Selection of a calibration method (see section6}.ik. based on
the required accuracy of measurements. The cabbrabhethod
determines what error terms of the model (or fathem) will be
compensated;

= Measurement of the standards within a specifieguieacy range.
The number of the measurements depends on the dfpe
calibration;

= The Analyzer compares the measured parametere stahdards
against their predefined values. The differenceused for
calculation of the calibration coefficients (systdio errors);

» The table of calibration coefficients is saved itlie memory of
the Analyzer and used for error correction of treasured results
of any DUT.

Calibration is applied to the Analyzer as a whohel affects all the channels. This
means that one table of calibration coefficientsamg stored for all the channels.

5.1.6 Calibration Methods

The Analyzer supports several methods of one-pod @vo-port calibrations. The
calibration methods vary by quantity and type o gtandards being used, by type of
error correction. The table 5.2 represents thevieerof the calibration methods.
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Calibration Method Parameters Standards Errors
Reflection Si SHORT or OPEN E En
Normalization
Transmission S THRU Ei, Ex
Normalization
Full One-Port Si SHORT En, Ea, Ex
Calibration OPEN
LOAD
One-Path Two-Port | S;1, S SHORT En, Eu, By, Ea,
Calibration OPEN Ea
LOAD
THRU
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5.1.6.1 Normalization

Normalization is the simplest method of calibratamit involves measurement of only
one calibration standard for each S-parameter.

= 1-port (reflection) S-parameter ,($is calibrated by means of a
SHORT or an OPEN standard, estimating reflectiaoking error
termeEr.

= 2-port (transmission) S-parametep4{Ss calibrated by means of
a THRU standard, estimating transmission trackingréermkt.

This method is called normalization because the someal S-parameter at each
frequency point is divided (normalized) by the esponding S-parameter of the
calibration standard.

Normalization eliminates frequency-dependent a@éion and phase offset in the
measurement circuit, but does not compensate forseof directivity and mismatch.

5.1.6.2 Full One-Port Calibration

Full one-port calibration involves connection ok tfollowing three standards to test
port 1:

=  SHORT,
=  OPEN,
. LOAD.

Measurement of the three standards allows for attopn of all the three error terms
(Ed, Es, and Er) of a one-port model. Full 1-port calibration iseds for reflection
measurement (9 of the DUT.

5.1.6.3 One-Path Two-Port Calibration

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

One-path two-port calibration involves connectidithe three standards to the port 1 of
the Analyzer (as for one-port calibration) and aRIHstandard connection between
port 1 and port 2.

One-path two-port calibration allows for correctioiiEd, Es,andEr error terms of the
port 1 and a transmission tracking error t€Et). This method does not derive source
match error tern§El) and isolatiorEx; of a one-path 2-port error model.

One-path two-port calibration is used for measuramef the parameters of a DUT in
one direction § and 3.
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5.1.7 Calibration Standards and Calibration Kits

Calibration standards are precision physical deviceed for determination of errors in
a measurement system.

A calibration kit is a set of calibration standafds a specific type of connector and
specific impedance. Calibration kit includes staddaof the four following types:
SHORT, OPEN, LOAD and THRU.

The characteristics of real calibration standaragehdeviations from the ideal values.
For example, the ideal SHORT standard must haJectafn coefficient magnitude
equal to 1.0 and reflection coefficient phase edqoal8C over the whole frequency
range. A real SHORT standard has deviations froesehvalues depending on the
frequency. To take into account such deviatiomsldration standard model (in the
form of an equivalent circuit with predefined chagaistics) is used.

The Analyzer provides definitions of calibration tski produced by different
manufacturers. The user can add the definitionswaf calibration kits or modify the
predefined kits. Calibration kits editing procedigelescribed in the section 5.3.

To ensure the required calibration accuracy, sehlextalibration kit being used in the
program menu. The procedure of calibration kitceda is described in section 5.2.1.

5.1.7.1 Types of Calibration Standards

Calibration standard type is a category of physieadices used to define the parameters
of the standard. The Analyzer supports the follgaypes of the calibration standards:

OPEN,
SHORT,
LOAD,

THRU.
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5.1.7.2 Calibration Standard Model

A model of a calibration standard presented as @valent circuit is used for
determining of S-parameters of the standard. Thdeinis employed for standards of
OPEN, SHORT, LOAD types.

One-port model is used for the standards OPEN, SH@Rd LOAD (See figure 5.4).

Calibration

plane

I

L_ Offset (transmission line): Lumped parameters:

: Zy — impedance; OPEN - conductance C;
L_ T — propagation delay; SHORT - inductance L;
: Rioss— loss. LOAD — impedance R

I

Figure 5.4 One-port standard model

The description of the numeric parameters of anivadgnt circuit model of a
calibration standard is shown in table 5.3.
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Table 5.3 Parameters of the calibration standand/abpnt circuit model

Parameter
. Parameter Definition
(as in the
program)
Zy It is the offset impedance (of a transmission lipejween the

(Offset Z0)

calibration plane and the circuit with lumped paesens.

T
(Offset Delay)

The offset delay. It is defined as one-way propagaime (in
seconds) from the calibration plane to the ciradgib lumped
parameters or to the other calibration plane. Esghdard delay car]
be measured or mathematically determined by digitle exact
physical length by the propagation velocity.

RIoss
(Offset Loss)

The offset loss in one-way propagation due to ke affect. The
loss is defined if2/sec at 1 GHz frequency. The loss in a
transmission line is determined by measuring thaydg [sec] and
loss L [dB] at 1 GHz frequency. The measured vaaresused in the
following formula:

14

R[Q/ ] = L[dB]Z,[Q]
4.3429dB]| T[]
c The fringe capacitance of an OPEN standard, whacises a phase
(CO, C1, offset of the reflection coefficient at high frequoges. The fringe
c2. C3) capacitance model is described as a function gugecy, which is a
’ polynomial of the third degree:

C=G + Gf + Gf?+ Gf*® ,where

f — frequency [Hz]

Co...C3 — polynomial coefficients

Units: G[F], Ci[F/Hz], CJF/HZ?], CiF/HZ|
L The residual inductance of a SHORT standard, wtaelses a phasg
(LO, L1, offset of the reflection coefficient at high freaqueées. The residual
L2, 13) inductance model is described as a function ofufeegy, which is a

polynomial of the third degree:

L=Lo + Lif + Lof? + Lef® , where

f — frequency [Hz]

Lo...L3 — polynomial coefficients

Units: Lo[H], Li[H/HZ], Ly[H/HZ?, La[H/HZ
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52 Calibration Procedures

5.2.1 Calibration Kit Selection

The Analyzer provides memory space for eleven catiitn kits. The first two items are
the calibration kits with indefinite parameters. xiNesix items are the kits with

manufacturer-defined parameters, available in thalyzer by default. The other three
items are the empty templates offered for calibrakit definition by the user.

The available calibration kits include the kits Rbsenberger and Agilent (See table
5.4).

Table 5.4 Calibration kits

No. Model Number Calibration Kit Description

1 Not Def 50 Ohm 50 Q, parameters not defined

2 Not Def 75 Ohm 75Q, parameters not defined
Rosenberger 05CK10A-150 -F-

3 05CK10A-150 -F-
50 Q N-type Female, up to 18 GHz
Rosenberger 05CK10A-150 -M-

4 05CK10A-150 -M-
50 Q N-type Male, up taro 18 GHz
Agilent 85032B or 85032E,

5 Agil. 85032B -F-
50 Q N-type Female, up to 6 GHz
Agilent 85032B or 85032E,

6 Agil. 85032B -M-
50 Q N-type Male, up to 6 GHz
Agilent 85036B or 85036E,

7 Agil. 85036B -F-
N-type (75Q2) Female, up to 3 GHz
Agilent 85036B or 85036E,

8 Agil. 85036B -M-
N-type (75Q) Male, up to 3 GHz

9-11 Empty Templates for user-defined calibration kits
Note -M- or -F- in the description of the kit denoteg tholarity

of the calibration standard connector, male or fema
respectively.

To achieve the specified measurement accuracy,ausalibration kit with known
characteristics.

Before starting calibration select in the progrdma talibration kit being used among
the predefined kits, or define a new one and etsgrarameters.
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Make sure that parameters of your calibration stesglcorrespond to the values stored
in the memory of the Analyzer. If they do not, malke required changes.

The procedure of a calibration kit definition arditieng is described in section 5.3.

To select the calibration kit, use the followindtkeys:
Calibration > Cal Kit

Calibration

_— Then select the required kit from the softkey menu.

Mok Def 50 Ohm |

Zal kit 1
ok Def 50 Ohm

Zal kit 2
Mok Def 75 Ohm

Cal Kit 3
05CK104-150 -F-

Cal kit 4
0SCK104-150 -M-

Cal kit 5
Agil. 850328 -F-

Cal Kit &
Agil, 850326 -M-

Cal Kit 7
fagil. BS03EE -F-

Cal kit &
Agil, 50368 -M-

Cal kit 9
Empky

Cal kit 10
Empky

Cal Kit 11
Ernpky

The currently selected calibration kit is indicated thecal Kit softkey and on the top
softkey of each calibration method menu.
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5.2.2 Reflection Normalization

Reflection normalization is the simplest calibrationethod used for reflection
coefficient measurement {$. Only one standard (SHORT or OPEN) is measureé (S
figure 5.5) in the process of this calibration

Port

SHORT or
< -1 OPEN

Figure 5.5 Reflection normalization

Before starting calibration perform the followingtngs: select active channel, set the
parameters of the channel (frequency range, IF \batl, etc), and select the

calibration Kkit.

Calibration

Response (Open)

Response (Short)

Qpen

Shork

‘ Apply

To perform reflection normalization, use the follog
softkeys:

Calibration > Calibrate > Response (Open) | Response
(Short)

Connect an OPEN or a SHORT standard to the pod 1 a
shown in figure 5.5. Perform measurement usipgn or
Short softkey respectively.

During the measurement, a pop up window will appear
the channel window. It will havealibration label and will
indicate the progress of the measurement. On cdioiple
of the measurement, a checkmark will appear inlefte
part of the softkey.

To complete the calibration procedure, cligiply.
This will activate the process of calibration comént

table calculation and saving it into the memorye Enror
correction function will also be automatically efeh
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To clear the measurement results of the standahdg,
Cancel.

This softkey does not cancel the current calibratito
disable the current calibration turn off the ercorrection
function (See section 5.2.6).

You can check the calibration status in the traegus
field (See table 5.5).
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5.2.3 Transmission Normalization

Transmission normalization is the simplest calibratmethod used for transmission

coefficient measurement {$ One THRU standard is measured (See figure B.@)ea
process of this calibration.

Port 1 Port 2

Figure 5.6 Transmission normalization

Before starting calibration perform the followingtngs: select active channel, set the

parameters of the channel (frequency range, IF \baltld, etc), and select the
calibration Kkit.

To perform transmission normalization, use theofsihg
Calibration Softkeys:

Calibration > Calibrate > Response (Thru)

Response (Thru)

Connect a THRU standard between the test porthelf
port connectors allow through connection conneeirth
directly. Perform measurement usingu softkey.

Thiru

During the measurement, a pop up window will appear
the channel window. It will havealibration label and will
indicate the progress of the measurement. On caimple
of the measurement, a checkmark will appear inlefte
part of the softkey.

‘ ‘ To complete the calibration procedure, cligiply.
Apply
This will activate the process of calibration cosént
table calculation and saving it into the memorye Eror
correction function will also be automatically efeh
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To clear the measurement results of the standaids,
Cancel.

This softkey does not cancel the current calibrati®m
disable the current calibration turn off the ercorrection
function (See section 5.2.6).

You can check the calibration status in thed status
field (See table 5.5).
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5.2.4 Full One-Port Calibration

Full one-port calibration is used for reflectionefficient measurement {§. The three
calibration standards (SHORT, OPEN, LOAD) are messySee figure 5.7) in the
process of this calibration.

_ SHORT

¢ -L--] OPEN

- LOAD

Figure 5.7 Full one-port calibration

Before starting calibration perform the followingtngs: select active channel, set the
parameters of the channel (frequency range, IF \batl, etc), and select the

calibration Kkit.

Calibr akion

Full 1-Part
Zalibr ation

Shork

Qpen

Load

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

Calibration > Calibrate > Full 1-Port Calibration

Connect SHORT, OPEN and LOAD standards to the test
port in any consequence as shown in figure 5.7ioRer
measurements clicking the softkey correspondinghto
connected standard, SHORT, OPEN or LOAD
respectively.

During the measurement, a pop up window will appear
the channel window. It will havealibration label and will
indicate the progress of the measurement. On cdioiple
of the measurement, a checkmark will appear inlefte
part of the softkey.
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To complete the calibration procedure, cligiply.

This will activate the process of calibration cosént
table calculation and saving it into the memorye Bnror
correction function will also be automatically efeb

To clear the measurement results of the standaidss,
Cancel.

This softkey does not cancel the current calibratim
disable the current calibration turn off the ercorrection
function (See section 5.2.6).

You can check the calibration status in thed status
field (See table 5.5).
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5.2.5 One-Path Two-Port Calibration

One-path two-port calibration is used for measurgmef the DUT parameters in one
direction, e.g. § and $i;. This method involves connection of the threebration
standards to port 1, and connection of a THRU stahtletween port 1 and port 2 (See

figure 5.8).

SHORT Port 1 Port 2

OPEN

LOAD

Figure 5.8 One-path two-port calibration

Before starting calibration perform the followingtngs: select active channel, set the
parameters of the channel (frequency range, IF \batl, etc), and select the

calibration Kkit.

Zalibr ation

Cne Path 2-Port
Calibration

Shork

Cpen

Load

Thiru

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

Calibration > Calibrate > One Path 2-Port Calibration

Connect SHORT, OPEN and LOAD standards to pcrt 1
in any consequence, as shown in figure 5.8. Perform
measurements clicking the softkey correspondingh&o
connected standard, SHORT, OPEN or LOAD
respectively.

Connect a THRU standard between the test porthelf
port connectors allow through connection conneetrth
directly. Perform measurement usimntgu softkey.

During the measurement, a pop up window will appear
the channel window. It will havealibration label and
will indicate the progress of the measurement. On
completion of the measurement, a checkmark willeapp

in the left part of the softkey.
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To complete the calibration procedure, click Apply

This will activate the process of calibration cosént
table calculation and saving it into the memorye Elnror
correction function will also be automatically efeab

To clear the measurement results of the standelidis,
Cancel.

This softkey does not cancel the current calibratim
disable the current calibration turn off the ercorrection
function (See section 5.2.6).

You can check the calibration status in thed status
field (See table 5.5).
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5.2.6 Error Correction Disabling

This feature allows the user to disable the eroorection function, which automatically
becomes enabled after completion of calibratiomay method.

To disable and enable again the error correctioctfon,
Calibration use the following softkeys:

Ol

‘ Cotreckion

| Calibration > Correction

5.2.7 Error Correction Status

The error correction status is indicated for eaabe individually.

The error correction status for each individuatérsgs indicated in the trace status field
(See table 5.5). For trace status field descripsee section 4.2.2.

Table 5.5 Trace error correction status

Symbols Definition
RO OPEN response calibration
RS SHORT response calibration
RT THRU response calibration
OoP One-path 2-port calibration
F1 Full 1-port calibration

If the status bar chart is not the status of exoorection, the calibration for the
measured parameter is missing.

5.2.8 System Impedance,Z

Zy is the system impedance of a measurement path. &llgrmt is equal to the
impedance of the calibration standards, which aexduor calibration. The ¢d/alue
should be specified before calibration, as it isedudor calibration coefficient
calculations.

To set the system impedance, Zise the
Calibr ation following softkeys:

Calibration > System Z0
Swskem Z0
‘ 50 Chm |
Note Selection of calibration kit automatically determsnthe
system impedance in accordance with the value fsgeci
for the Kkit.
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5.3  Calibration Kit Management

This section describes how to edit the calibrakibrlescription.

The Analyzer provides a table for 11 calibrationskiThe first eight kits are the
predefined kits. The other kits are empty templ&esdding calibration standards by
the user.

A calibration kit redefining can be required to @se the standard parameters to
improve the calibration accuracy.

A new user-defined calibration kit adding can beleatl when a required kit is not
included in the list of the predefined kits.

The changes made by the user to the definitiohetalibration kits are saved into the

nonvolatile memory of the Analyzer. For the saviigyclicking on a “Save” button is
required.

Note Changes to a predefined calibration kit can be eléadt
any time and the initial state will be restored &y
Restore Cal Kit softkey.

5.3.1 Calibration Kit Selection for Editing

The calibration kit currently selected for caliboatis the kit available for editing. This
active calibration kit is selected by the user @scdbed in section 5.2.1.

5.3.2 Calibration Kit Label Editing

To edit the label of a calibration kit, use theldaling
| Edit Cal Kit Softkeys:

Label
Mok Def 50 Chm

‘ Edit Cal Kit > Label

Then enter the calibration kit label.
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5.3.3 Predefined Calibration Kit Restoration

Select the required calibration kit from the list.

Cal kit
&gil, 50326 -M-

Restore Cal Kik

Note

To cancel the user changes of a predefined cabréit,
use the following softkeys:

Restore Cal Kit

It is possible to restore only a predefined catibrakits.

5.3.4 Calibration Standard Editing

Edit Cal Kik

STD Type
Short

€0 [e-15 F]
62,14

C1 [e-27 FiHz]
-143,07

2 [e-36 FiHz"2]
§2,92

3 [8-45 F{Hz"3]
0,76

L0 [e-12 H]
0

L1 [e-24 H{Hz]
0

Lz [e-33 HiHz"2]
o

L3 [e-42 HiHz"3]
0

To edit the calibration standard, use the following
softkeys:

Calibration > Edit Cal Kit >

Then edit the parameters of the standard using the
following softkeys.

Standard types: SHORT, OPEN, LOAD, THRU. The
standard type is determined by its parameters.

For an OPEN standard, the values fringe capacitahce
the OPEN model are specified. This model is desdrib
by the following polynomial of the third order:

C=G + Gf + Gf?+ Gf® ,where
f: frequency [Hz]

Co...C3 — polynomial coefficients

For a SHORT standard, the values of the residual
inductance of the SHORT model are specified. This
model is described by the following polynomial bet
third order:

L=Ly + Lf + Lf2 + Lf® ,where

f: frequency [Hz]
Lo...Ls — polynomial coefficients
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Offset Delay
17,817 ps

COffset Z0
50,209 Ohm

Offset Loss
2,1002 G0hm/s

5 CALIBRATION AND CALIBRATION KIT

The parameters of the transmission line of thedstah
model are specified for all the types of the stadsla

» Offset delay value in one direction (s);
= Offset wave impedance valu)
= Offset loss value(d/s).
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6 MEASUREMENT DATA ANALYSIS

6.1 Markers

A marker is a tool for numerical readout of a stinsuwalue and value of the measured
parameter in a specific point on the trace. You aetivate up to 16 markers on each
trace. See a trace with two markers in figure 6.1.

The markers allow the user to perform the followiagks:

» Reading absolute values of a stimulus and a mehgueeameter in
selected points on the trace;

» Reading relative values of a stimulus and a medspaeameter related
to the reference point;

= Search for minimum and maximum of the trace;

= Determining trace parameters (statistics, bandwieltt).

DS ER 611,154 MHz 14,343 dE
MZ 641,346 MHz -37,315 dB
-10 M1 1 il
-15
)
-5
-0
z
-35
-4
45
50 Lo .~

Figure 6.1

Markers can have the following indicators:

M1 symbol and number of the active marker on a trace,
o —

\V symbol and number of the inactive marker on a trace
A symbol of the active marker on a stimulus axis,

A symbol of the inactive marker on a stimulus axis.

The marker data field contains the marker numhkanudus value, and the measured
parameter value. The number of the active markkigislighted in inverse color.

The marker data field contents vary depending @ndisplay format (rectangular or
circular).
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In rectangular format, the marker shows the measemé¢ parameter
value plotted along Y-axis in the active formaté$able 4.6).

In circular format, the marker shows two or thredues listed in table

6.1

Table 6.1 Marker readings in circular formats

Label Marker Readings (Measurement Unit)
Reading 1 Reading 2 Reading 3

Smith Linear magnitude Phase9) -

(Lin)

Smith Logarithmic Phase?) -

(Log) magnitude (dB)

Smith Real part Imaginary part -
(Re/lm)

Smith Resistance(g) Reactancect) Equivalent capacitance or
(R +jX) inductance (F/H)
Smith Conductance (S) Susceptance (S Equivalent capeeitar
(G +]B) inductance (F/H)
Polar Linear magnitude Phase9) -

(Lin)

Polar Logarithmic Phase?) -

(Log) magnitude (dB)

Polar Real part Imaginary part -
(Re/lm)
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6 MEASUREMENT DATA ANALYSIS

6.1.1 Marker Adding

To enable a new marker, use the following softkeys:

Markers

Markers > Add Marker

‘ Add Marker |

Note The new marker appears as the active marker in the
middle of the stimulus axis. The marker stimulusuga
entry field activates.

6.1.2 Marker Deleting

To delete a marker, use the following softkeys:

Markers

Markers > Remove Marker

To delete all the markers of the active trace, tise
following softkeys:

Remowve Marker

Markers > Remove All Markers
Remove Al

Markers

6.1.3 Marker Stimulus Value Setting

Before you set the marker stimulus value, you rieexklect the active marker. You can
set the stimulus value by entering the numerichlevfrom the keyboard or by dragging
the marker using the mouse. Drag-and-drop oper&idascribed in section 4.3.7.

To set the marker stimulus value, use the following
Markers Soﬂkeys :

Markers > Edit Stimulus

‘ Edit Stimulus | or make a mouse click on the stimulus value field.

Then enter the stimulus value.
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6 MEASUREMENT DATA ANALYSIS

6.1.4 Marker Activating

To activate a marker by its number, use the folhaui
softkeys:

Active Marker

Markers > Active Marker > Marker n
L] Marker 1

‘ Marker 15

Note You can activate a marker by making a mouse click.o

10¢



6 MEASUREMENT DATA ANALYSIS

6.1.5 Reference Marker Feature

Reference marker feature allows the user to viesv dhta relative to the reference
marker. Other marker readings are representedltsrdiative to the reference marker.
The reference marker shows the absolute data.é&faeence marker is indicated with
symbol instead of a number (See figure 6.2). Engbdif a reference marker turns all
the other markers to relative display mode.

=150.0000MHZ -24.82 ¢
2 1L0.0000MHZ  12.12 ¢
Ao 1.250000GHZ 88,25 7

Figure 6.2

Reference marker can be indicated on the tracellasvs:

symbol of the active reference marker on a trace;

symbol of the inactive reference marker on a trace.

O» 4=

The reference marker displays the stimulus and oneagent absolute values. All the
rest of the markers display the relative values:

= stimulus value — difference between the absolutaudtis values of
this marker and the reference marker;

= measured value — difference between the absoluésunement values
of this marker and the reference marker.

To enable/disable the reference marker, use thafivlg
Matkers softkeys:

Markers > Reference Marker
Reference Marker
OFF
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6.1.6 Marker Properties

6.1.6.1 Marker Coupling Feature

The marker coupling feature enables/disables deymedof the markers of the same
numbers on different traces. If the feature is edrion, the coupled markers (markers
with same numbers) will move along X-axis synchugsip on all the traces. If the

coupling feature is off, the position of the maskaiith same numbers along X-axis will

be independent (See figure 6.3).

1.150026 GHzZ &3.61 ¢ 1.20474% GHz S25.70*
2 1.3392450 GHZ B2.52° 2 1.339450 GHZ w2.53°

. Coupling: On Coupling: Off

b ey

I
i 2
|
|

|
|
'I.
!
Y

£

Figure 6.3 Marker coupling feature

To enable/disable the marker coupling feature, thee
Matker Properties foIIowing softkeys:

Markers > Properties > Marker Couple

‘ 4 Marker Couple

10¢



6 MEASUREMENT DATA ANALYSIS

6.1.6.2 Marker Value Indication Capacity

By default, the marker stimulus values are displayth 3 decimal digits and marker
response values are displayed with 3 decimal digiie user can change these settings.

Stirmulus Digiks
a

Response Digits
5

To set the marker value indication capacity, use th
following softkeys:

Markers > Properties > Stimulus Digits

Markers > Properties > Response Digits

6.1.6.3 Multi Marker Data Display

If several overlapping traces are displayed in graph, by default only active marker
data are displayed on the screen. The user careediablay of the marker data of all
the traces simultaneously. The markers of diffeteates will be distinguished by the
color. Each marker will have same color with itsct.

Marker Propetties

‘ 4 Active Only |

Note

To enable/disable the multi marker data displaggte
the softkey:

Markers > Marker Properties > Active Only

When multi marker data display is enabled, to awzth
overlapping on the screen, arrange the markeratathe
screen.
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6.1.7 Marker Position Search Functions

Marker position search function enables you to finca trace the following values:
=  maximum value;

* minimum value.
6.1.7.1 Search for Maximum and Minimum
Maximum and minimum search functions enable yoddtermine the maximum and

minimum values of the measured parameter and ni@/enaairker to these positions on
the trace (See figure 6.4).

1.20%800 GHz 100.5 *
2 1.115330 GHZ 31.25°

1 Max

Min

Figure 6.4 Maximum and minimum search

To find the maximum or minimum values on a tracse u
the following softkeys:

Markers > Marker Search > Maximum

[ Maxirurm Markers > Marker Search > Minimum

Mimirnn

Note Before you start maximum or minimum search, first
activate the marker.

In Smith chart and polar formats the search is @beet
for the first value of the marker.
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6.1.7.2 Search Tracking

The marker position search function by default t&ninitiated by any search key
pressing. Search tracking mode allows you to perfeaontinuous marker position
search, until this mode is disabled.

To enable/disable search tracking mode, use the
following softkeys:

Markers > Marker Search > Tracking

OFF

‘ Tracking |

6.1.7.3 Search Range

The user can set the search range for the marlseiiqrosearch by setting the stimulus
limits. This function involves the following addinal features:

= search range coupling, which allows the user tindehe same
search range for all the traces of a channel;

= vertical line indication of the search range limits

To enable/disable the search range, use the fallpwi

Marker Search

softkeys:
SEar'ilj"FT‘:a”gE Markers > Marker Search > Search Range
S—— To set the search range limits, use the followitkeys:
300 kHz Markers > Marker Search > Search Start
Markers > Marker Search > Search Stop
Search Stop
1.3GHz
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6 MEASUREMENT DATA ANALYSIS

6.1.8 Marker Math Functions

Marker math functions are the functions, which osskers for calculating of various
trace characteristics. Four marker math functiorsagailable:

= Statistics;
= Bandwidth Search;
» Flatness;
*» REF Filter.

6.1.8.1 Trace Statistics

Thetrace statistics feature allows the user to determine and view s$tade parameters
as mean, standard deviation, and peak-to-peaktrdbe statistics range can be defined
by two markers (See figure 6.5).

fl 1.z2000000GHZ -0.00132 dE
g 1.e000000GHZ —-0.0048dE

1-2 400, Q0000 MHZ
mean @ -0.0004 dE mean @ -0.0002dE
s.dew @ 0.0022dE s.dew 1 D0.0024dE

p=p +  0.0171dE p-p +  0.0123de

%F

P g 7o PR g g i

Statistic Range: OFF Statistic Range: ON

E
i
1
1
1
1
1
1
1
1

»
|

A"

A
v

Figure 6.5 Trace statistics

Table 6.2 Statistics parameters

Symbol Definition Formula

mean Arithmetic mean 1 N
M =S X
i=1

s.dev Standard deviation 1 N
—— D (% —M)*
N _1 i=1
p-p Peak-to-Peak: difference
between the maximum and Max — Min

minimum values
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Skakiskics

Skatistics
OFF

Skatiskic Range
OFF

Skatiskic Skark
Marker 1

Skakistic Skop
Marker 2

6.1.8.2 Flatness

6 MEASUREMENT DATA ANALYSIS

To enable/disable trace statistics function, use th
following softkeys:

Markers > Marker Math > Statistics > Statistics

To enable/disable trace statistics range, usedit@ning
softkeys:

Markers > Marker Math > Statistics > Statistic Range

To set the start/stop markers of the statisticgeanise
the following softkeys:

Markers > Marker Math > Statistics > Statistic Start

Markers > Marker Math > Statistics > Statistic Stop

The flatness search function allows the user to determine and viewfti®wing trace
parameters: gain, slope, and flatness. The usertwetmarkers to specify the flatness
search range (See figure 6.6).

1 &G

g 1.

1-2 :
gain :
slope :
flat :

0.00000MHz §.0347 dE
1&00000GHZ  10.218dE

S20.00000MHZ
2.0247 dE
2.153z2 dE
1.4z50dE

ok

Flatness
Search Rage

A

Flatness = A" + A max

Figure 6.6 Flatness search

11z



6 MEASUREMENT DATA ANALYSIS

Table 6.3 Flatness parameters

Parameter Symbol Definition
Description
Gain gain Marker 1 value
Slope slope Difference between marker 2 and marker 1 values
Flatness flatness Sum of “positive” and “negative” peaks of the trace
which are measured from the line connecting marker
1 and marker 2 (See figure 6.6).

Flatness

Flatness
oM

Flatness Start
Marker 1

Flatness Skop
Marker 2

To enable/disable the flathess search function, thee
following softkeys:

Markers > Marker Math > Flatness > Flatness

To select the markers specifying the flatness se@tge,
use softkeys:

Markers > Marker Math > Flatness > Flatness Start

Markers > Marker Math > Flatness > Flatness Stop
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6 MEASUREMENT DATA ANALYSIS

6.2 Memory Trace Function

For each data trace displayed on the screen alleo-ecaemory trace can be created.
There can be saved up to eight memory traces fdr éata trace. The memory trace is
displayed in the same color as the main data ttaddts brightness is lowkr

The memory trace is a data trace saved into theanertt is created from the current
measurement when the user is clicking the correfipgnsoftkey. After that, the two
traces become simultaneously displayed on the riserdbe data trace and the memory
trace.

The memory traces inherit the format after the dietees. Changes to this formal will
clear the memory.

The following data trace settings (if changed aftexr memory trace creation) do not
influence the memory trace:

= frequency range,

= number of points,

= sweep type,

= power in frequency sweep mode,

= frequency in power sweep mode,

» measured parameter (S-parameter),

* |F bandwidth,

= calibration.

6.2.1 Saving Trace into Memory

The memory trace function can be applied to thaviddal traces of the channel.
Before you enable this function, first activate treee.

To save a trace into the memory, use the following
I Trace softkeys:

‘ Trace > Memorize Data Trace

Memorize Data
Trace

To save the next trace into memory, proceed aseabov

First memory trace will be saved into memory cellhe
second memory trace will be saved into memory 2ell
The eighth memory trace will be saved into memaily c
8.

! The color and brightness of the data and memrapes can be customized by the user (See

section 8.6).
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6.2.2 Memory Trace Deleting

The memory trace deleing can be applied to thevididal traces of the channel. Before
you enable this function, first activate the trace.

To activate a memory trace, use the following stk
Trace
Trace > Memory Cell

Mermory Cell |

L To delete a memory trace, use the following softkey

Trace > Delete Data Trace

Delete Data Trace

To clear all memory traces, use the following seytk

Delete All Data Trace > Delete All Data

11€



6 MEASUREMENT DATA ANALYSIS

6.3 Time Domain Transformation

The Analyzer measures and displays parametergdthl in frequency domain. Time
domain transformation is a function of mathematicadification of the measured
parameters in order to obtain the time domain sepr&tion.

For time domain transformation Z-transformation ainelquency domain window
function are applied.

The time domain transformation can be activatedséparate traces of a channel. The
current frequency parameters;{SS1) of the trace will be transformed into the time
domain.

Note Traces in frequency and time domains can simultasigo
belong to one channel. The stimulus axis label Wl
displayed for the active trace, in frequency oretiomits.

The transformation function allows for setting loé tmeasurement range in time domain
within Z-transformation ambiguity range. The amhiguange is determined by the
measurement step in the frequency domain:

AT:i; AI::Fmax—len
AF N-1

The time domain function allows to select the folilog transformation types:

= Bandpass mode simulates the impulse bandpass sesgbmllows the
user to obtain the response for circuits incapaifledirect current
passing. The frequency range is arbitrary in thiglen The time domain
resolution in this mode is twice lower than itnsthe lowpass mode;

» Lowpass mode simulates lowpass impulse and lowgtagsresponses.
It is applied to the circuits passing direct cutreand the direct
component (in point F=0 Hz) is interpolated frone ttart frequency
(Fmin) of the range. In this mode the frequencygeamepresents a
harmonic grid where the frequency value at eactjuigacy point is an
integer multiple of the start frequency of the rarfgmin. The time
domain resolution is twice higher than it is in ttendpass mode.

The time domain transformation function applies deai window for initial data
processing in frequency domain. The window functadlows to reduce the ringing
(side lobes) in the time domain. The ringing issealiby the abrupt change of the data
at the limits of the frequency domain. But whildesiobes are reduced, the main pulse
or front edge of the lowpass step becomes wider.

The Kaiser window is described Byparameter, which smoothly fine-tune the window
shape from minimum (rectangular) to maximum. Therusan fine-tune the window
shape or select one of the three preprogrammedowisid



= Minimum (rectangular);
= Normal;

= Maximum.

Table 6.4 Preprogrammed window types

6 MEASUREMENT DATA ANALYSIS

Lowpass Impulse Lowpass Step

Window _ _ . .

Side Lobes Pulse Width Side Lobes Edge Width
Level Level

Minimum —-13dB 0.6 —-21dB 0.45
Fmax—Fmin Fmax - Fmin

Normal —44 dB 0.98 —-60dB 0.99
Fmax—Fmin Fmax - Fmin

Maximum —-75dB 1.39 —-70dB 1.48
Fmax—-Fmin Fmax-Fmin

6.3.1 Time Domain Transformation Activating

To enable/disable time domain transformation florcti
use the following softkeys:

Tirne Darnain

Tirne Darmain
{1

| Analysis > Time Domain > Time Domain

Note Time domain transformation function is accessibhdy o

in linear frequency sweep mode.

6.3.2 Time Domain Transformation Span

To define the span of time domain representatian gan set its start and stop, or
center and span values.

To set the start and stop limits of the time donraimge,
use the following softkeys:

Tirne Darnain

Analysis > Time Domain > Start
Skark

-10ns Analysis > Time Domain > Stop

Skop
10ns

— To set the center and span of the time domain,thuese
< following softkeys:

11¢€



Span
20ns
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Analysis > Time Domain > Center

Analysis > Time Domain > Span

6.3.3 Time Domain Transformation Type

Type

Bandpass

L] Bandpass

Lowpass Skep

Lowpass Impulse

To set the time domain transformation type, use the
following softkeys:

Analysis > Time Domain > Type >

Bandpass | Lowpass Impulse | Lowpass Step

6.3.4 Time Domain Transformation Window Shape Setting

Window

Mormal

Maxirmunm

L] Mormal

Mimirnirn

Impulse Width
1,501 ns

kKiser Beta
&)

To set the window shape, use the following softkeys
Analysis > Time Domain > Window >

Minimum | Normal | Maximum

To set the window shape for the specific impulsdtivor
front edge width, use the following softkeys:

Analysis > Time Domain > Window > Impulse Width

The setting values are limited by the specifiedjfiency
range. The bottom Ilimit corresponds to the value
implemented in the minimum (rectangular) windoweTh
top limit corresponds to the value implemented he t
maximum window.

To set the window shape for the specpiparameter o*
the Kaiser-Bessel filter, use the following softkey

Analysis > Time Domain > Window > Kaiser Beta

The available3 values are from 0 to 13. O corresponds to
minimum window, 6 corresponds to normal window, 13
corresponds to maximum widow.
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Note The impulse width an@ of the Kaiser-Bessel filter are

the dependent parameters. When you set one of the
parameters the other one will be adjusted autoadbtic

6.3.5 Frequency Harmonic Grid Setting

If lowpass impulse or lowpass step transformatgenabled, the frequency range will
be represented as a harmonic grid. The frequenltyesyan measurement points are
integer multiples of the start frequency Fmin. Thmalyzer is capable of creating a
harmonic grid for the current frequency range awtiocally.

To create a harmonic grid for the current frequency
Time Domain range, use the following softkeys:

Analysis > Time Domain > Set Frequency Low Pass

Set Frequency
Lo Pass

Note The frequency range will be transformed as follows:

Fmax >N x 0.3 MHz Fmax <N x 0.3 MHz

Fmin = Fmax /N Fmin = 0.3 MHz,
Fmax =N x 0.3 MHz
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6.4  Time Domain Gating

Time domain gating is a function, which mathemadlycaemoves the unwanted
responses in time domain. The function performsetidomain transformation and
applies reverse transformation back to frequenayaio to the user-defined span in
time domain. The function allows the user to remsperious effects of the fixture
devices from the frequency response, if the ussifghal and spurious signal are
separable in time domain.

Note Usetime domain function for viewing the layout of useful
and spurious responses. Then endiohe domain gating
and set the gate span to remove as much of spurious
response as possible. After that disable the tioraain
function and view the response without spuriougaff
in frequency domain.

The function involves two types of time domain ggti
» bandpass — removes the response outside the gate span,
= notch — removes the response inside the gate span.

The rectangular window shape in frequency domaaddeo spurious sidelobes due to
sharp signal changes at the limits of the windole Tollowing gate shapes are offered
to reduce the sidelobes:

= maximum;
= wide

= normal;

" minimum.

The minimum window has the shape close to rectamgiihe maximum window has

more smoothed shape. From minimum to maximum windbape, the sidelobe level
increases and the gate resolution reduces. Theelbithe window shape is always a
trade-off between the gate resolution and the leskelspurious sidelobes. The

parameters of different window shapes are repredanttable 6.5.
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Table 6.5 Time domain gating window shapes

Window Shape Bandpass Gate Resolution (Minimum Gate Spah)
Sidelobe Level
Minimum - 48 dB 2.8
Fmax—-Fmin
Normal — 68 dB 5.6
Fmax - Fmin
Wide -57dB 8.8
Fmax—-Fmin
Maximum —-70dB 25.4
Fmax-Fmin

6.4.1 Time Domain Gate Activating

‘ zating |

OFF

Note

To enable/disable the time domain gating functtoggle
the following softkey:

Analysis > Gating > Gating

Time domain gating function is accessible onlyimear
frequency sweep mode.

6.4.2 Time Domain Gate Span

To define the span of time domain gate, you caitsstart and stop, or center and span

values.

Skart
-10ns

Skop
10ns

Center
Os

Span
20ns

To the start and stop of the time domain gate, thee
following softkeys:

Analysis > Gating > Start

Analysis > Gating > Stop

To set the center and span of the time domain gate,
the following softkeys:

Analysis > Gating > Center

Analysis > Gating > Span
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6.4.3 Time Domain Gate Type

To select the type of the time domain window, use t
2ating following softkeys:

Analysis > Gating > Type

| Bandpass Toggle the type betweaundpass andNotch.

‘ i |

6.4.4 Time Domain Gate Shape Setting

To set the time domain gate shape, use the fallgwi
Mormal SOftkeyS .

Analysis > Gating > Shape >

shape

Mazirnurm Minimum | Normal | Wide | Maximum

Wide

- Mormal

Mimirnn
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6.5 S-Parameter Conversion

S-parameter conversion function allows conversidntlie measurement results
(S11 0r ;) to the following parameters:

» Equivalent impedance (Zr) and equivalent admitta(i¢g in
reflection measurement:

ton

7, =7,072
Su

1_
Ve
ZI’

» Equivalent impedance (Zt) and equivalent admittafi¢g in
transmission measurement:
5 =2 Z,[Z,

t (£, +Z,
S, (Z, +Z,)

= Inverse S-parameter (1/S) for reflection and trassion
measurements respectively:
1 1

— and—
S11 S21

= S-parameter complex conjugate.

S-parameter conversion function can be appliedntondividual trace of a channel.
Before enabling the function, first activate thect.

To enable/disable the conversion, use the following
Conyersion softkeys:

Analysis > Conversion > Conversion
Zanwversian
OFF
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To select the conversion type, use the followinftkeys:

Furckion

Analysis > Conversion > Function >

Impedance Z |
® Impedance £

Admittance Y |

Adrnittance ¥ Inverse 1/S |

Conjugation
Inverse 1/5

Caonjugation

Note All conversion types are indicated in the tracéustdield,
if enabled.
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7.1  Analyzer State

The Analyzer state, calibration, measured datamaechory traces can be saved on the
hard disk to an Analyzer state file and later ugezhback into the Analyzer program.
The following three types of saving are available:

State The Analyzer settings.

Calibration The table of calibration coefficients.

State and Calibration The Analyzer settings and the table of calibration
coefficients.

The Analyzer settings that become saved into thalyxer state file are the parameters,
which can be set in the following submenus of thftgkey menu:

= All the parameters istimulus submenu;

= All the parameters iResponse submenu;
= All the parameters iBcale submenu;

= All the parameters igalibration submenu;
= All the parameters ichannel submenu;

= All the parameters ifrace submenu;

= All the parameters aflarkers submenu;

= All the parameters ofnalysis submenu;

= All the parameters iDisplay submenu.
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7.1.1 Analyzer State Saving

Skate

Calibr ation

Skate and
Calibration

To set the type of saving, use the following softke
System > Save > State | Calibration | State and Calibration

Enter the state file name in the dialog that apgpear

7.1.2 Analyzer State Recalling

Skate

Calibr ation

Skate and
Calibration

To recall the state from a file of Analyzer staisg the
following softkeys:

System > Recall > State | Calibration | State and
Calibration

Select the state file name in the pop up dialog.
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7.2 Trace Data CSV File

The Analyzer allows the use to save an individuatéd data as a CSV file (comma
separated values). The *.CSV file contains digiteh separated by commas. The active
trace stimulus and response values in current foameasaved to *.CSV file.

Only one (active) trace data are saved to the file.

The trace data are saved to *.CSV in the followiorgnat:

F[O], Datal, Data2

F[1], Datal, Data2

F[N], Datal, Data2
F[n] - frequency at measurement point n;
Datal — trace response in rectangular format, realipatnith chart and polar format;
Data2 — zero in rectangular format, imaginary part mith chart and polar format.

7.2.1 CSV File Saving/Recalling

To save the trace data, first activate the trace.

To save the trace data, use the following softkeys:
Save/Recall > Save Trace Data

Enter the file name in the dialog that appears.

‘ Save Trace Data
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7.3 Trace Data Touchstone File

The Analyzer allows the user to save S-parametersa tTouchstone file. The
Touchstone file contains the frequency values apdr@meters. The files of this format
are typical for most of circuit simulator programs.

The *.s2p files are used for saving four S-paransedtéa 2-port device.
The *.s1p files are used for saving the parametkasl-port device.

Only one active channel data are saved to the file.

Note The Analyzer allows measurement of onlyy &nd $;
parameters. When *.s2p is saved, the missing
S-parameters;gand $; are filled in as zeroes.

The Touchstone file saving function is applied malividual channels. To use this
function, first activate the channel.
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The Touchstone file contains comments, header ti@oé data lines. Comments start

from «!» symbol. Header starts from «#» symbol.

The *.s1p Touchstone file for 1-port measurements:

! Comments

# Hz S FMT R Z0
F[11 {su}’ {Su}”
FL[2] {su}’ {su}”

FIN]  {Su}’ {su}”

The *.s2p Touchstone file for 2-port measurements:

! Comments

# Hz S FMT R Z0

F[11 {su}’ {su}” {sa}’ {sa}” 0
FL[2] {su}’ {Su}” {sa}’ {sa}” 0

FIN]  {Su}’ {su}” {sa}’ {sa}” 0

0 0
0 0
0 0

Hz — frequency measurement unikslg, MHz, GHz)
FMT — data format:
= RI —real and imaginary parts,

= MA - linear magnitude and phase in degrees,
= DB - logarithmic magnitude in dB and phase in degrees

Z0 — reference impedance value
F[n] — frequency at measurement point n

{...} —{real part (RI) | linear magnitude (MA) | logdarinic magnitude (DB)}
{...}' —{imaginary part (RI) | phase in degrees (MAh&ge in degrees (DB)}

7.3.1 Touchstone File Saving/Recalling

2-Port (s2p)

Tauchstane File

Tvpe
1-Paort (s1p)

To select the saving type, use the following softke

System > Save > Touchstone > File > Type > 1-Port (slp) |
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7 ANALYZER DATA OUTPUT

To select the data format, use the following sofske

System > Save > Touchstone File > Format > RI | MA | DB

Tauchstane File

Farmak

Real-Imaginary |

® Real-Imaginary

Magnitude-Angle

dB-Angle

To save the file to the hard disk, use the follayin
Touchstone File softkeys:

System > Save > Touchstone File > Save

Save Enter the file name in the pop up dialog.
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8 SYSTEM SETTINGS

8.1  Analyzer Presetting

Analyzer presetting feature allows the user to orestthe default settings of the
Analyzer.

The default settings of your Analyzer are specifredppendix 1.

To preset the Analyzer, use the following softkeys:

System > Preset > Apply

‘ Apply ‘

8.2  Graph Printing
This section describes the print/save proceduneth&graph data.

The print function is provided with the preview figa, which allows the user to view
the image to be printed on the screen, and/or isawe file.

You can print out the graphs using three diffeggylications:

MS Word;

Image Viewer for Windows;

Print Wizard of the Analyzer.

Note MS Word application must be installed in Windows
system.
Note The Print Wizard requires at least one printer ® b

installed in Windows.

You can select the print color before the imageassferred to the printing application:
= Color (no changes);
= Gray Scale;
= Black & White.

You can invert the image before it is transferi@the printing application.

You can add current date and time before the imageansferred to the printing
application.
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Prink

Print Colar
Black & \White

.l' Invert Image

J Print Date & Time

Prink
M3 'ard

Prink
Winshell

Prink
Embedded

8 SYSTEM SETTINGS

To print a graph, use the following softkeys:

System > Print

Select the print color, usirgint Color softkey:
= Color
m Gray Scale
= Black & White

If necessary, invert the image byert Image softkey.

If necessary, select printing of date and timerbyt Date
& Time softkey.

Then select the printing application, using onetlod
following softkeys:

m Print: MS Word
m  Print: WinShell
m Print: Embedded
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8.3  User Interface Setting

8 SYSTEM SETTINGS

The Analyzer enables you to make the following ustarface settings:

Note

Display

‘ Full Screen |

Toggle between full screen and window display

Set color of:
= Data traces
= Memory traces

= Background and grid of graph

= Fontand X axis
Width of:

= Data traces

= Memory traces

= Graph grid
Font size of:

= Channel window
Invert color of graph area
Hide/show menu bar

The Analyzer can be preset to the default factettirgs

by a specific softkey.

Display > Full Screen

To toggle between full screen and window displasge u
the following softkeys:
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8 SYSTEM SETTINGS

To change the color of the active data trace, bee t
following softkeys:

Display > Color > Data Trace

Data Trace

Then select the color in the window that appears.

BENMEEEENEN

ENEEEEEN

| 0 0 R h e I

Custom colers:

e
:  Sat[240 Greenf2s
[efine Custom Eolorsss | ColorlSolid L arm; ﬁ B!UEIIE

ok | cancel | Add to Custom Colors |

The changes made to the color of the active datzesr
will affect all the traces with the same numberother
channels.

To change the color of the active memory trace,thee
following softkeys:

Display > Color > Memory Trace

Memary Trace

Then select the color in the window that appears.

The changes made to the color of the active mernory
traces will affect all the traces with the same bamin
other channels.

To change the color of the background of the gragh,
the following softkeys:

Display > Color > Background
Background

Then select the color in the window that appears.

To change the color of the grid of the graph, use t
following softkeys:

Display > Color >Grid

arid

Then select the color in the window that appears.
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Crata WWidth
1

Memary ‘Width
1

5tid Width

1

Fonk Size

‘ Channel Window
g

Cisplay

‘ Irveert Color |

Display

‘ dJ Menu Bar |

Cisplay

‘ Set Defaults |

8 SYSTEM SETTINGS

To change the width of a data trace, use the fatigw
softkeys:

Display > Lines > Data Trace Width

To change the width of a memory trace, use thevotig
softkeys:

Display > Lines > Mem Trace Width
To change the grid line width, the following sofyke
Display > Lines > Grid Style

The changes made to the width of the lines wiketffall
the channels.

The width can be set from 1 to 4.
To change the font size in the channel window, thee:
following softkeys:

Display > Font Size > Window Channel

Then select the font size from 8 to 24.

To invert the color of the graph area, use theofalhg
softkeys:

Display > Invert Color

To hide/show the menu bar, use the following sgftke

Display > Menu Bar

To restore the default factory settings, use thiewiing
softkeys:

Display > Set Defaults

9 MAINTENANCE AND STORAGE

9.1 Maintenance Procedures

This section describes the guidelines and procsdufrenaintenance, which will ensure
fault-free operation of your Analyzer.
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9 MAINTENANCE AND STORAGE

The maintenance of the Analyzer consists in clearon the instrument, factory
calibrations, and regular performance tests.

9.1.1 Instrument Cleaning

This section provides the cleaning instructionsunegl for maintaining the proper
operation of your Analyzer.

To remove contamination from parts other than pests and any connectors of the
Analyzer, wipe them gently with a soft cloth thatdry or wetted with a small amount
of water and wrung tightly.

It is essential to keep the test ports always clesrany dust or stains on them can
significantly affect the measurement capabilitiésthe instrument. To clean the test
ports (as well as other connectors of the Analyzesg the following procedure:

— using compressed air remove or loosen the contdion particles;

— clean the connectors using a lint-free cleanlathavetted with a small amount of
ethanol and isopropyl alcohol (when cleaning a fencannector, avoid snagging
the cloth on the center conductor contact finggrasing short strokes);

— dry the connector with low-pressure compressed ai
Always completely dry a connector before using it.
Never use water or abrasives for cleaning any adoreof the Analyzer.
Do not allow contact of alcohol to the surfacehd insulators of the connectors.

When connecting male-female coaxial connectorsysdwae a calibrated wrench.

9.1.2 Factory Calibration
Factory calibration is a regular calibration pemied by the manufacturer or an

authorized service center. We recommend you to sendt Analyzer for factory
calibration every three years.

9.2  Storage Instructions

Before first use store your Analyzer in the factpackage at environment temperature
from O to +40 € and relative humidity up to 80% (at a5)°

After you have removed the factory package store Amalyzer at environment
temperature from +10 to +3%C @nd relative humidity up to 80% (at 25)°

Ensure to keep the storage facilities free fromt,diiemes of acids and alkalies,
aggressive gases, and other chemicals, which eces® carrosion.



10 WARRANTY INFORMATION

1. The manufacturer warrants the Network Analypetdnform to the specifications of
this Manual when used in accordance with the reigua of operation detailed in this
Manual.

2. The manufacturer will repair or replace withahtarge, at its option, any Analyzer
found defective in manufacture within the warrapéyiod, which is twelve (12) months
from the date of purchase. Should the user fautamit the warranty card appropriately
certified by the seller with its stamp and datepafchase the warranty period will be
determined by the date of manufacture.

3. The warranty is considered void if:

a) the defect or damage is caused by improper gapnaisuse, neglect, inadequate
maintenance, or accident;

b) the product is tampered with, modified or repdiby an unauthorized party;
c) the product's seals are tampered with;

d) the product has mechanical damage.

4. The batteries are not included or covered s/ wharranty.

5. Transport risks and costs to and from the matwfer or the authorized service
centers are sustained by the buyer.

6. The manufacturer is not liable for direct oriredt damage of any kind to people or
goods caused by the use of the product and/or ssigeof use due to eventual repairs.

7. When returning the faulty product please incltitee accurate details of this product
and clear description of the fault. The manufactusserves the right to check the
product in its laboratories to verify the foundatiof the claim.

Manufacturer's contact information:
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Appendix 1 — Default Settings Table

Default values defined in the process of the ihfatory setup.

Parameter Description Default Setting Parametdimget
Object
Data Saving Type State and Analyzer
Calibration
Touchstone Data Format Real-lmaginary Analyzer
Allocation of Channels » |:| Analyzer
Active Channel Number 1 Analyzer
Marker Value Identification Capacity (Stimulus| gt Channel
Marker Value Identification Capacity (Response) iditd Channel
Vertical Divisions 10 Channel
Channel Title Bar OFF Channel
Channel Title Empty Channel
Traces per Channel 1 Channel
Active Trace Number 1 Channel
Sweep Type Linear Frequency Channel
Number of Sweep Points 201 Channel
Stimulus Start Frequency 300 kHz Channel
Stimulus Stop Frequency 1.3 GHz Channel
Stimulus CW Frequency 650.15 MHz Channel
Stimulus Start Power Level —55 dBm Channel
Stimulus Stop Power Level 3 dBm Channel
Stimulus Power Level -10 dBm Channel
Stimulus Power Slope 0 dBm Channel
Stimulus IF Bandwidth 10 kHz Channel
Sweep Measurement Delay 0 sec. Channel
Sweep Range Setting Start / Stop Channel
Number of Segments 1 Channel
Points per Segment 2 Channel
Segment Start Frequency 300 kHz Channel
Segment Stop Frequency 300 kHz Channel
Segment Sweep Power Level -10 dBm Channel
Segment Sweep IF Bandwidth 10 kHz Channel
Segment Sweep Measurement Delay 0 sec. Channel
Segment Sweep Power Level (Table Display) OFF Célann
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Appendix 1 — Default Settings Table

Segment Sweep IF Bandwidth (Table Display) OFF @kAn
Segment Sweep Measurement Delay (Table OFF Channel
Display)
Segment Sweep Range Setting Start / Stoy Channel
Trigger Mode Continuous Channel
Table of Calibration Coefficients Empty Analyzer
Error Correction OFF Channel
Measurement Parameter 1nS Trace
Trace Scale 100 dB Trace
Reference Level Value 0dB Trace
Reference Level Position 5 Div. Trace
Phase Offset 0° Trace
Electrical Delay 0 sec. Trace
Trace Display Format Logarithmic Trace
Magnitude (dB)
Time Domain Transformation OFF Trace
Time Domain Transformation Start —10 nsec. Trace
Time Domain Transformation Stop 10 nsec. Trace
Time Domain Kaiser-Beta 6 Trace
Time Domain Transformation Type Bandpass Trace
Number of Markers 0 Trace
Marker Position 650.15 MHz Trace
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