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Administrative Tasks

VNA User Accounts and Passwords

Important: When the VNA power is switched on, it AUTOMATICALLY logs into Windows using the
default user name and password. You do NOT need to log on. This gives anyone full access to the
analyzer. The following steps can be taken to increase security of your VNA.

e Require users to logon when the VNA computer is turned ON - Learn how to enable this feature

e Setup individual accounts on the VNA with varying level of access - Learn how to Add or Change
User Accounts and Passwords

Please read about Anti-virus protection for VNA

Existing User Accounts

The following user accounts already exist on new VNASs.

User Name Password Type Description
Instrument measure4u Administrator Auto Log On is activated by default.
Administrator | Keysight4u! Built-in For user maintenance purpose.

Administrator

Keysightonly | Not disclosed Administrator This account is used by Keysight Service in
to user case of repair/maintenance. Do not remove
this account.

Note: The user name is not case sensitive. The password is case sensitive.

Note: The VNA local policies are set so that, if logon is required, you must retype the user name (and
password) every time. Do not change the local policies on the VNA.

Add or Change User Accounts, Passwords, and Require Logon

If the analyzer is in a secure environment, you can setup VNA users by nhame and grant various levels of
access. This is particularly important when the VNA is remotely controlled or accessed over LAN.

You can designate a person as the administrator and then configure the VNA to allow others to use it with
reduced permissions. That is, other people can be signed on to use the analyzer but they will not have
the ability to perform all of the administrative functions that you can as the administrator.

Note: To connect and install a new ECal module, you must be logged on with an Administrator account.
A user account with limited access will NOT allow an ECal module driver to be loaded. Learn more.

Learn more about Microsoft User Account Permissions (internet connection required).

How to add a user account and require logon

Click Start, then Control Panel

Click User Accounts

Click Manage another account.

CAUTION: Although allowed by Windows, do NOT allow an
Administrator account without a password. Internet viruses look for,



https://www.microsoft.com/resources/documentation/windows/xp/all/proddocs/en-us/windows_security_default_settings.mspx?mfr=true

and exploit, this condition.

Click Create a new account.
Enter an account name.
Select an account type.

Click Create Account.

MName the account and choose an account type

This name will appear on the Welcome screen and on the Start menu.
| Mew account name

& Standard user

Standard account wsers can use most software and change system settings that do
net affect cther users or the security of the computer,

" Administrator
Administrators have complete access to the computer and can make any desired
changes. Based on notification settings, administrators may be asked to provide
their password or confirmation before making changes that affect other users,
We recommend that you protect every account with a strong password,

Why is a standard account recommendad?

Create Account | Cancel

Note:

A standard user account will NOT allow an ECal module driver to
be loaded. Learn more.

Optional: Click Create a password to require the user to enter a
password when logging on.

Last Modified:

29-Sep-2015  First Release
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Recovering from VNA Solid State Drive Problems

The leading cause of VNA failures is problems with the VNA Solid State Drive (SSD). These problems are
usually preventable (see Preventing VNA SSD Problems), and in many cases, recoverable. The following
could save you weeks of downtime and the cost of replacing your VNA SSD.

This document is now on the Keysight VNA Support Website: http://www.keysight.com/find/na.

If your VNA does experience a Solid State Drive Problem, you will not be able to access this Help file, but
you may be able to access the Internet from another computer.


http://wwwt.keysight.com/find/na

Administrative Tasks

Microsoft Windows Considerations

In this topic:
e Microsoft Windows on the VNA

e LAN Connections

e Mouse Configuration

e Windows Theme

e Printing

Microsoft Windows on the VNA

The VNA is shipped from the factory with Wwindows® Embedded Standard 7 operating system. This OS
supports both 32-bit and 64-bit applications.

VERY IMPORTANT Protect your hard drive!

The leading cause of VNA failures is problems with the VNA Solid State Drive (SSD). These problems are
usually preventable and in many cases, recoverable. Learn more about protecting VNA.

Using USB

The VNA has USB ports on the front panel and on the rear panel. The main advantages of USB are “hot”
connects and disconnects and fast data transfer speeds. Electronic Calibration modules are also
available with USB connections.

The first time you plug a device into a USB port there is some wait time. Windows reports it is identifying
the hardware, searching for the correct driver and then installing the driver (if it was found).

Connecting that same device back into that same port later is quick and easy, but if you move the device
to a different USB port, you will have to wait through the hardware ID and driver search again.

Learn about USB limitations.

LAN Connections

Windows supports DHCP and fixed IP addressing. Also, “Hot” connect and disconnect of the LAN cable,
as well as a visual indicator of LAN status in system tray area, makes LAN connections more intuitive. In
addition, the Hardware Wizard helps users with system hardware configuration.

Mouse Configuration

By default, Windows does not allow you to select to make the button on the right the one you use for
primary functions such as selecting and dragging. To change any mouse properties, click Start > Control
Panel > Mouse. In the Mouse Properties dialog box, select any settings that you would like to change,
click Apply and then click OK.

Windows Themes

The VNA application is designed for best viewed in, Keysight Technologies theme. To change the
theme:

1. Minimize VNA application.
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2. Right-click on the Desktop, then click Personalize
3. Use the scrollbar and then select a Theme.
Printing

Adding a printer should be done outside of the VNA application. Learn more.

Last modified:

30-Jun-2014  First release
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Powering the VNA ON and OFF

The following is described in this topic:
e How to Log Off, Shut Down or Restart the VNA
e ON Mode
e Shutdown Mode

e Unplugging the VNA

Notes: During boot up of Windows or of the Network Analyzer application program, do NOT press any
keys on the front panel, rotate the RPG knob or connect a USB device. Doing so MAY lead to a front
panel lockup state. If the VNA front-panel keypad or USB ports are not responding, SHUTDOWN or
RESTART the VNA.

Log off, Shut down or Restart the VNA

How to Log off, Shut down or Restart the VNA

1. Minimize the VNA appliction.
2. Click Window Start.
3. There are some action to choose:
e Log off (closes programs)
e Shut down
e Restart (shutdown and start)
OR
1. Press the front-panel VNA power button (Only for Shutdown)

Note: ONLY if the VNA is locked and you cannot operate the mouse or keypad - Press and hold the
power button for at least four seconds. This practice should be avoided! Repeated shutdowns in
this manner WILL damage the Solid State Drive. Learn more about damaging the VNA hard drive.

ON Mode
e Toturn ON the VNA, press the power button.

e The power indicator will change to green when power is ON.

Shutdown Mode

e In shut down mode, the current instrument state is NOT automatically saved before the VNA is
powered OFF.

e When the VNA is again powered ON, a full system boot-up is performed and the VNA powers-up
in the preset settings.

e A password may be required to resume VNA operation after being in Shutdown mode. Learn
more.
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e To guarantee that your measurements meet the VNA specified performance, allow the VNA to
warm-up for 90 minutes after the power indicator has turned green.

e The power indicator will change to orange when power is OFF.

Note: If the VNA is locked and you cannot operate the mouse or keypad, shut down the VNA by pressing
and holding the power button for at least four seconds.

This practice should be avoided! Repeated shutdowns in this manner WILL damage the hard drive.
Learn more about damaging the VNA hard drive.

Unplugging the VNA

e Remove the power cord from the VNA ONLY when the power indicator is orange, in either
Hibernate or Shutdown mode. If the power cord is removed while the power indicator is green
(VNA ON), it has high possibility to cause damage the solid state drive.

e The indicator will remain orange for several seconds after the power cord has been removed.

Last Modified:

7-Aug-2014  First Release
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Traces, Channels and Windows on the VNA

It is critical to understand the meaning of the following terms as they are used on the VNA.

e Traces - Managing

e Trace Max
e Trace Hold

e Channels - Managing

¢ Windows - Managing

Other Quick Start topics

Traces

Traces are a series of measured data points. There is no theoretical limit to the number of traces.
However, the practical limit is the maximum number of windows times the maximum number of traces per
window (24). If the traces is exceed the maximum traces per window, it will automatically open another
window for the trace.

In addition, one memory trace can be stored and displayed for every data trace. Learn more about
Math/Memory traces.

Trace settings affect the presentation and mathematical operations of the measured data.
The following are Trace settings:

e Parameter

e Format and Scale

e Smoothing
e Correction ON/OFE

e Electrical Delay
e Phase Offset

e Trace Math

e Markers
e Time Domain (Opt 010)
Managing Traces

e How to Add a trace

e How to Select a trace

e How to Delete a trace

¢ Howto Move atrace

¢ How to Maximize a trace

e How to Hold a trace at the max or mini point

e How to display a custom trace title (separate topic)
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e How to display a wide active trace (separate topic)

How to Add a trace

The only measurements that can be selected are those in the same measurement class as is currently
assigned to the channel. To select a measurement other than these, first select the appropriate
measurement class to a new or existing channel. Learn how.

A trace must be selected (active) before its trace settings can be changed.

How to know which trace is Active?

Using Hardkey/SoftTab/Softkey Using a mouse
1. For Traces 1-8, press Trace > Trace 1-8 > click left side Trace 1. Right click on the grid
1-8 small button (Example: Click on left side Trace 1 small box and then select
button and Trace 1 is active when it turns green color, so Trace New Trace....
1 added).

2. For Traces 9-16, press Trace > Trace 9-16 > click left side
Trace 9-16 small button(Example: Click on left side Trace 9
small button and Trace 9 is active when it turns green color, so
Trace 1 is added).

3. For other traces numbers, press Trace > Trace Setup > Add
Trace, then select New Trace, New Trace + Channel, New
Trace + Window, New trace + Channel + Window, or Create
Traces....

< Frogramning Commands }

How to Select a trace

The only measurements that can be selected are those in the same measurement class as is currently
assigned to the channel. To select a measurement other than these, first select the appropriate
measurement class to a new or existing channel. Learn how.

A trace must be selected (active) before its trace settings can be changed.
Using Hardkey/SoftTab/Softkey Using a mouse

1. Press Trace > Trace Setup > Select. 1. Click on any trace of Trace Status

2. Select a trace number which corresponds to the label above the grid box.

desired measurement parameter.

< Frogramning Commands ’

How to Delete a trace

Using Hardkey/SoftTab/Softkey Using a mouse
1. For Traces 1-8, press Trace > Trace 1-8 > click left side 1. Right-click the Trace
Trace 1-8 small button(Example: Click on left side Trace 1 Status label above the grid
small button and Trace 1 is inactive when it is not in green box, then click Delete
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color). Trace....

2. For Traces 9-16, press Trace > Trace 9-16 > click left side
Trace 9-16 small button(Example: Click on left side Trace
9 small button and Trace 9 is inactive when it is not in
green color).

3. For other trace numbers, press Trace > Trace Setup >
Delete Trace..., then select a trace number.

‘ Programning Commands ’

How to Move a trace to a different window

You can DRAG a trace from one window to another, or...

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Trace > Trace Setup > Move 1. Right-click any trace of Trace Status label
Trace.... above the grid box, then click Move Trace....
2. Select a window number in the following 2. Select a window number in the following
dialog, and then click OK. dialog, and then click OK.
‘ Programning Commands ’
Maove Trace e S
Move Trace 2 to window
Window2 |
Windew 3

New Window

() . Canoel | | Help

Move Traces Dialog Box Help

Note: Only ONE trace can be move in one time.
Move Trace N to window - Transfer the selected trace to any Window that listed.

Trace Max

How to maximize the active trace - the ONLY trace on the screen display. All other traces are hidden.

10
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Using Hardkey/SoftTab/Softkey Using a mouse

1. Press Trace > Trace Setup > Trace Max (ON). 1.

With Trace Max (ON), select a different trace to
make that trace visible.

2. To make all traces visible again, select Trace Max 2.

(OFF).

‘ Programning Commands ’

Right-click the Trace Status label
above the grid box, then click
Trace Max.

Double click on the active trace
to make all traces visible again.

Trace Hold

How to hold the active trace at the maximum or minimum point.

Using Hardkey/SoftTab/Softkey

1. Press Trace > Trace Setup > Trace Hold > OFF | Minimum | Maximum.

2. Restart resets the trace.

No programing are available for this feature

Maximum/Minimum trace hold can be applied with several conditions:

e Feature is applicable to any data trace, not to memory traces.

e When the stimulus or any data post processing setting is changed, the trace hold data will be

reset. These settings include:
e Smoothing on/off.
e Smoothing Aperture.
e Gating on/off.
e Transform on/off.
e Conversion state change, conversion type change.
e Data Math Function (Data/Mem) change.
e Equation Editor state change, formula change.
e Parameter change.

e Formatting change.

¢  Minimum/maximum comparison is done with formatted data. For Smith and Polar formats,

absolute data is used and not phase.
e Trace hold data can be recalled.
e Data save files formats
0 SnP: do not save trace hold data
o Citifile, CSV, MDF, PRN: save trace hold data
Note: Citifiles can be recalled and viewed in the VNA.

11
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e Use SCPI commands to get trace hold data. If trace hold is active, then the data returned from
the remote interfaces will be the trace hold data.

Channels

Channels contain traces. Channel settings determine how the trace data is measured. All traces that are
assigned to a channel share the same channel settings. The following are channel settings:

L] Frequency range

e Power level
e Calibration
e |F Bandwidth

e Number of Points

e Sweep Settings

e Average
e Trigger (some settings are global)
Managing Channels

How to select a channel
A channel must be selected (active) before its settings can be changed.

To make a channel active, select a trace in that channel or click the Trace Status button of a Trace in
that channel

How to Add a channel

Using Hardkey/SoftTab/Softkey

1. Press Channel > Channel 1-8 > click left side Channel 1-8 small button (Example: Click on
left side Channel 1 small button and Channel 1 is active when it turns green color, so Channel
1 added).

2. For other channel numbers, press Channel > Channel Setup > Add Channel, then select
New Trace + Channel or New Trace + Channel + Window.

No programing are available for this feature

How to Delete a channel

Using Hardkey/SoftTab/Softkey

12
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1. Press Channel > Channel 1-8 > click left side Channel 1-8 small button(Example: Click on
left side Channel 1 small button and Channel 1 is inactive when it is not in green color).

2. For other channel numbers, press Channel > Channel Setup > Delete Channel, then select
a channel.

‘ Frogramning Commands }

Windows
Windows are used for viewing traces.

e The VNA can show an UNLIMITED number of windows on the screen with the following
limitations:

e The COM property Maximum Number Of Windows returns 1000 (‘'unlimited’ is not a
number).

e The SCPI status register can only track the status of up to 576 traces.

e Each window can contain up to 24 traces .
¢ Windows are completely independent of channels.

e See Customize the VNA screen to learn how to make other window settings.

The following is a window containing two traces. Both traces use the same channel 1 settings as
indicated by the annotation at the bottom of the window.

,~,j\l.l.- il

0 ._.'.'.r-u'_'-.li

VNA shows the window number in the lower-left corner of the window. The following shows window 5.

Ch1: Start 100000 GHz —

Managing Windows

How to make various window settings

New, Close, Tile, Cascade, Minimize, Maximize
Using Hardkey/SoftTab/Softkey Using a mouse

1. Press Display > Window 1-8 > click left side Window 1-8 1. Right-click on any area

13
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small button (Example: Click on left side Window 1 small of grid box and then
button and Window 1 is active when it turns green color, so select New Window.
Window 1 added).

2. For other windows, press Display > Window Setup > Add
Window, then select a New Window, New Trace + Window
or New Trace + Channel + Window.

< Frogramning Commands }

How to Delete a Window

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Window 1-8 > click left side Window 1-8 1. Right-click any area of
small button(Example: Click on left side Window 1 small grid box and then select
button and Window 1 is inactive when it is not in green Close Window.
color).

2. For other windows, press Display > Window Setup >
Delete Window, then select a window.

‘ Programning Commands ’

Window Max

How to Maximize the active window - the ONLY window on the screen display. All other windows are hidden.

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Window Setup > Window Max (ON). 1. Right-click any area of grid
With Window Max (ON), select a different trace to make box and then select
that window visible. Maximize.

2. To make all windows visible again, select Window Max
(OFF).

‘ Programning Commands ’

Last modified:

29-Sep-2015  First Release
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Quick Start Dialog

Quick start is a simple wizard which helps to setup the setting for the typical measurements. This feature
allows user to select from a set of pre-configured measurement layouts.

How to Open Quick Start Dialog Box
Using Hardkey/SoftTab/Softkey

1. Press Setup > Main > Quick Start....

‘ Frogramning Commands }

The measurement comprises the following THREE steps.

Step 1: Quick Start Dialog
You are able to select a layout template for typical measurement.

S-Parameter Measurements

F-Parameter | Balanced | Other '_.f:'
1-Part 511
H SeParam H
2Port Al 4 Sii Sz S| S
S-Param Sy Spy 5-p
1'52‘1 812 521 822
Par S11 Su All9 3 Mateh
S-Pararm 513 513 s_r_‘l E Gain
4_72“ St Sy All 18 4 Match
S-Param
531 541. 5-P 12 Gain
| Create in new channel | QK | [ Cancel [ Help
| Display Smith Chart

15



Balanced Measurements

S-Parameter | Balanced | Other

P1
P2

["] Create in new channel

[ Display Smith Chart

Sddy
=

Sdd,
Ssda,

S851
Sds;,

Sddqy
Sdda

Dil“&rLﬂti:d

56511 Sd5,
55520 555

l QK

Other Measurements

Quick Start

16
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S-Parameter

Power

Recerear
Fiequency
Orfzet

Timne
Damain

Mioar

| Create in new channel

| Bisplay Smith Chart

Balanced | Other -,?:-
Ry B Ry B Sy
Frequacy: Power
Swdep Sweap H
Ry B
Sy Time
511
Si1 Frog
Mateh
Gain

(o] [Lomon] [Lrioe

#lIf "Create in new channel" checkbox is enabled, a new channel and window(s) will be created.

“lIf "Create in new channel” checkbox is disabled, when a template is selected then the active channel
will be used for the new measurements. If the active trace is displayed in a window with traces on other
channels, then the trace will be deleted and a new window(s) will be opened for the new measurements.

JlIf "Display Smith Chart" checkbox is enabled, the active trace in a window will turn to display Smith

Chart.

“lIf "Display Smith Chart" checkbox is disabled, no changes on the active trace in a window.

Step 2: Stimulus Settings Dialogs

This step is used to set stimulus for the measurement.

17



If any one of the following measurement is selected in Step
1, Frequency Sweep Settings dialog will appear.

e S-parameter measurements

e Balanced measurements

e Unratioed Receiver measurements

Start Frequency  100.000 kbz 5 Proevar 0 d8m l
S- Stop Frequency G000 GHz | IF Barsdwidih 10000 kHz
Parameter Sweep Typa  Lin Froquonay. = umber of Poinis 201
&
Balanced
Option
ReqUIred. + Calibrato this setup O [ ool Hedp
None | K 4
Enter:
e Start/Stop Frequency
e Sweep Type: Lin or Log Frequency
o Power
e |F Bandwidth
e Number of Points
Learn more about S-parameter measurements, Differential
(Balanced) measurements and Unratioed Receiver
measurements.
If any one of Power Sweep measurements is selected in
Step 1, Power Sweep Settings dialog will appear.
o |
Stan Fowar 10 dBnm - CW Froquonoy 11000 GHz
Stap Power 0 dBm I IF Barsdwidih 100,00 kHz
Power
Mumbss of Foents 2071
Option
Required:
None

7 Calivrato E|E;-5-EEU-F; L J [ Cancol Help
= |

Enter:

e Start/Stop Power

e CW Frequency
e |F Bandwidth

Quick Start

18
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e Number of Points
Learn more about Power Sweep measurements.

If any one of Frequency Offset Measurements (FOM) is
selected in Step 1, Frequency Offset Settings dialog will
appear.

E3
| Swonp
| Souroo Start |1.000 GH=z |2 Powevar 0 d8m
Sowince Stop 1.000 GHz |5 IF Bardwadil 100,00 kH=
Receiver
Reacessar Stan 1.000 GH= I Mumbesr of Poents 201
Frequency
Offset Racaivar Stop 1.000 GHz
Option
Required: _
| sl o
009 oK Ca | Hep
[ i
Enter:

e Source Start/Stop

e Receiver Start/Stop

e Power

e |F Bandwidth

e Number of Points
Learn more about FOM.
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If any one of Time Domain measurements is selected in Step
1, Time Domain Settings dialog will appear.

B : |
Start Timo 10000 nsea |5 Stort Froquancy 1,000 GHz
Stap Time 1000 nsee = Stop Frequancy 1,000 GHz
Transtom |Band Pass - Frrsvar 0@Em
Maodm
IF Bardwidth 100 kM=
Time Mumiber of Poins 201
Domain _
Option # Calibrate this setup o | | Canosl Help
g |~ =1
Required:
Enter:
010 )
e Start/Stop Time
e Transform Mode (Time Domain Settings dialog auto-
select the start frequency if a LPF transform mode is
selected.)
e Start/Stop Frequency
e Power
e |F Bandwidth
e Number of Points
Learn more about Time Domain measurements.
If any one of SMC Measurements is selected in Step 1,
Mixer Quick Settings dialog will appear.
Equaian b
Cunput = Input - LO —
@ Ounput = Input + LD
it = - LG - Bogan
Mixer =
) o
Option NS
Required: |
Inpit ; Pt 1 LD Exlarmial Ditgeit - Pam 2
009 Slart 100000 kHz |3 Fiwed  BU0NN0D kHlz I ot JOLON kHz

Swiop 900000 GHz [ 1 OG0 (HE

Power -15.00 dBm =

0K Cancal Help

| Calibratn this Soiup

Enter:

e Equation: Output = Input - LO, Output = Input + LO,
Output = LO - Input

Quick Start
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e Input, LO and Output Frequencies and configuration.
Learn more about SMC Measurements

Steps 3: Cal Wizard Dialog (Optional)

4lIf "Calibrate this setup" checkbox is enabled, the Cal Wizard Dialog will appear when Stimulus
Settings Dialog is dismissed with the "OK" button.

“lIf "Calibrate this setup” checkbox is disabled, the Cal Wizard Dialog will NOT appear.

Cal Wizard functions:
e Smart Cal Wizard
¢ SMC Cal Wizard

Last modified:

29-Sep-2015  First Release
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Quick Start

Frequency Blanking

For security reasons, you can prevent frequency information from appearing on the VNA screen and
printouts.

How to set Frequency Blanking

Using Hardkey/SoftTab/Softkey

1. Press System > Main > Security....

‘ Programning Commands }

Security Level Momne - All frequency information is displayed.

-

| | Cancel | | Help |

Security Setting Dialog Box Help

Notes:

e To learn how to erase memory before moving VNA out of a secure area, see
http://na.tm.Keysight.com/pna/security.html.

e An ECal Data Wipe Utility destroys all user data per US DoD 5220.22-M. Learn more at
http://na.tm.Keysight.com/pna/apps/applications.htm

e VNA 'Undo'is disabled with High and Extra security levels. Learn more.

Security Levels
None - All frequency information is displayed.

Low - No frequency information is displayed. Return to this dialog box to re-enable display of
frequencies.

Frequency information is blanked from the following:
o Display annotatio
e Calibration properties
o Alltables
e Alltoolbars
e All printouts

e External sources - See Also: Preference to Deactivate External Devices on Preset

Note: Frequency Blanking is fully supported ONLY on Keysight MXG sources with option 006. On
MXG models without option 006 and all PSG models, the window state is turned OFF. When the
“local” button is clicked on the source, then frequency is re-displayed.

22
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High - No frequency information is displayed. Only Preset or recall of instrument state can re-enable
display of frequencies.

Low security level settings PLUS:
e GPIB console is inactive.

Extra - Frequency information is not displayed and will not be saved to ASCII file types. Only Preset or
recall of instrument state can re-enable display of frequencies.

High security level settings PLUS:

e All ASCII data saving capability (.snp, .prn, .cti) is saved without frequency information. The X-
axis information is replaced with data point numbers.

e Mixer setup files (*.mxr) can NOT be saved.

For ALL security levels:”

Frequency information is NOT blanked from the following:
e Service Adjustment Programs.
e SCPI programs.

Instrument State and Cal Sets

The security level is always saved and recalled with an instrument state. However, the instrument
state may contain a Cal Set or link to a Cal Set. Learn more. This may influence the security level
when the instrument state is recalled.

e When a new Cal Set is created at the end of a calibration, the current system security level is
stored with it.

e The only way to change an existing Cal Set’s security level is by writing a new calibration into
the Cal Set.

e When later applied to a channel, if the Cal Set has a higher security level than the current
system security level, the system security level will become upgraded to that of the Cal Set.

e When saving an instrument state to either a *.csa or *.cst file, the security levels of the system
and Cal Set are saved separately. When recalled, the higher security level of the two is
applied.

e To view the security level of a Cal Set, see Cal Set Properties.

Re-displaying frequency information
e When in Low security level, do any of the following:
e Reuvisit this dialog box and select None.

e Perform an instrument preset.

e Recall an Instrument State/Cal Set with security level of None.
e When in High or Extra security level, do any of the following:

e Perform an instrument preset.

e Recall an Instrument State/Cal Set with security level of None.

Last Modified:

29-Sep-2015  First Release
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VNA Connectivity Guide

Quick Start

The VNA as a PC
e VNA User Accounts and Passwords
e Using VNC to Control the VNA User Interface

GPIB Programming
e Configure for GPIB, SCPI and SICL

Controlling External Devices
e Configure an External Device
e EL092 Test Set Control

e Interface Control Feature

24
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Using VNC to Control the VNA User Interface

VNC (Virtual Network Computing) allows you to control the User Interface of a VNA from any PC. The
VNA display appears on the connected PC display. Mouse and keyboard control can occur from both the
VNA and PC, although not simultaneously.

Note: For similar functionality, use Windows Remote Desktop. see the Windows help file for more
information.

Both the VNA and PC must be connected to the same network. The responsiveness of the VNA while
using VNC is dependent of the speed of your internet connection.

Every VNA is shipped with VNC installed. However, you must download and install the VNC software
onto the PC.

The following procedures can help you configure VNC to view and control the VNA application from your
PC.

On the VNA, run VNC Server
To do this:
1. Click View, then Minimize Application.
2. Click Start, then All Programs, then TightVNC, then Tight VNC Server (Application Mode),
then Launch VNC Server.
o When the server is running, the @ icon is visible in the lower right corner of the display. If not
visible, click the up arrow to expand the list of icons.

e The first time you run VNC Server, you must first set a password to control access from remote
PCs.

On the PC, run VNC Viewer
To do this:
Download from http://www.tightvnc.com/ and install TightVNC on the PC.

2. From the PC Desktop, click Start, then Programs, then TightVNC, then TightVNC Viewer
3. When prompted for the Hostname, type the full computer name or IP address of the VNA.
4. When prompted for the password, type the password you set when configuring VNC on the VNA.

Last Modified:

25-Jul-2014 First Release
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Quick Start

LXI and VXI Compliance

The VNA products are LXI and VXI compliant.

LXI

Learn more about LXI at http://www.Ixistandard.org/

VXI

Learn more about VXI at http://www.vxi.org/

LAN Status

When a LAN connection is used with the VNA, the LAN Status dialog allows you to see the IP address
and other LAN connection properties.

How to view LAN Status

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press System > System Setting > Lan 1. Right click on the LCL (or RMT) icons on
Status.... the status bar.

2. Select on Lan Status....

< Frogramning Commands }

LAM Status o

LAMN Status Indicator

NORMAL

IF Address
0.0.0.0

IPvE Link-Local Address

Computer Namea (Host Mame)
WINDOWS- R4rDIH

MAL Address
QOA0BCTIF239

X1 _' LAN Reset. |

' Close ' Help ]

LAN Status dialog box help

Indicator Shows the current status of the LAN connection.

26
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NORMAL - Indicates that the VNA LAN is ready for communication.

IDENTIFY - Indicates that a remote computer has invoked an LXI identification operation on the
VNA using the web-based interface or LXIDevicelDState COM property.

BB - ndicates that the VNA LAN interface is not connected to the Internet.
IP Address Shows the current IPv4 address of the VNA
IPv6 Link-Local Address Shows the current IPv6 address of the VNA

Computer Name Shows the full computer name of the VNA. Learn how to change this. If you see the
IP address listed here, that means there is no DNS server specified in the network setup.

MAC Address Shows the unique address of the VNA computer. Also known as HostID.

LAN Reset Provides a LAN Configuration Initialize (LCI) mechanism. Press to return the following
settings to factory default conditions:

e |P Address Configuration (DHCP): Enabled
e |CMP Ping Responder: Enabled
e Web Password for configuration: Resets the password to 'Keysight'.

Web Server Software

If your VNA is LXI Class C compliant (see above), you can connect to the VNA using a web browser over
an internet connection.

To do this, when the above dialog indicates a NORMAL condition:

1. From a web browser, type http://<your_VNA_computer_name>. For example, to connect to the
fictitious VNA in the dialog above, type: http://WINDOWS-R4KD3IH

2. You will see the welcome screen with connection links.

Last modified:

29-Sep-2015  First Release
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Quick Start

Using Help

This topic discusses the following:

¢ VNA Documentation

e Launching Help

e Searching Help
e Documentation Warranty

See Also

Help, About Network Analyzer

Other Quick Start Topics

VNA Documentation

This Help file, which is embedded in the VNA, is the Users Guide and Programming Manual for the
VNA. The help file is automatically updated on the VNA when firmware is updated. Only the VNA
Installation and Quick Start Guide is shipped with new VNA instruments.

Hardcopy manuals are no longer available for purchase with the VNA.

All VNA documentation, including the latest online Web Help version of this Help file, and a printable
.PDF version of the Help file, are available at http://www.keysight.com/find/na.

Launching Help

The Help system can be launched in three ways:
1. From the front panel Help button.
2. From the Help drop-down menu
3. From Dialog Box Help

Searching Help
TIP: To Search any topic for a keyword, press Ctrl and F.
Perform a Google search of the online version of VNA Help.

The following rules apply for using full-text search:
e Searches are not case-sensitive.
e You can search for any combination of letters (a-z) and numbers (0-9).
e Punctuation marks (period, colon, semicolon, comma, and hyphen) are ignored during a search.

e You can group the words of your search using double quotes or parentheses. Examples:
“response calibration" or (response calibration). This requirement makes it impossible to search
for quotation marks.

Use Wildcard expressions:

e To search for one undefined character use a question mark (?). For example, searching
for cal? will find calc and calf.
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e To search for more than one undefined character use an asterisk (*). Searching for Cal*
will find calibration and calculate.

e Use Boolean operators to define a relationship between two or more search words.

Search for Example Results will show topics containing:
Two words in the same response Both the words "response" and "calibration”.
topic AND

calibration
Either of two words in a response OR Either the word "response" or the word "calibration" or
topic calibration both.
The first word without the response The word "response" but not the word "calibration".
second word in a topic NOT

calibration
Both words in the same response The word "response" within eight words of the word
topic, close together. NEAR "callibration".

calibration

Documentation Warranty

THE MATERIAL CONTAINED IN THIS DOCUMENT IS PROVIDED "AS IS," AND IS SUBJECT TO
BEING CHANGED, WITHOUT NOTICE, IN FUTURE EDITIONS. FURTHER, TO THE MAXIMUM
EXTENT PERMITTED BY APPLICABLE LAW, KEYSIGHT DISCLAIMS ALL WARRANTIES, EITHER
EXPRESS OR IMPLIED WITH REGARD TO THIS MANUAL AND ANY INFORMATION CONTAINED
HEREIN, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE. KEYSIGHT SHALL NOT BE LIABLE FOR ERRORS
OR FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH THE FURNISHING,
USE, OR PERFORMANCE OF THIS DOCUMENT OR ANY INFORMATION CONTAINED HEREIN.
SHOULD KEYSIGHT AND THE USER HAVE A SEPARATE WRITTEN AGREEMENT WITH
WARRANTY TERMS COVERING THE MATERIAL IN THIS DOCUMENT THAT CONFLICT WITH
THESE TERMS, THE WARRANTY TERMS IN THE SEPARATE AGREEMENT WILL CONTROL.

4

29



Quick Start

Help - About Network Analyzer

Click Help > Help > About NA..., then About Network Analyzer to learn the following about your VNA:

‘ Programmning Commands }

Keysight ENA Network Analyzer
ES080A, 8 kHz w0 9 GHz
& Keysight Technologies 2000-2014
**WARNING: Development Releasa!™*
Serial Number. JPO0000016
Options:
009 Frequency offset mode
010 Time domain analysis

295 2-port 9 kHz to 9 GHz with bias tees
790 Measurement wizard assistant software

Application Code Version:  Z.10.69.38
Hard Disk Drive Version: DMoE1
System CPU Version: 1.0 (i7 - 253 GHz)

Computer Name: K-E&080A-00003

Build: 2306.0 (release)
Workspace; tf-ctd-adm_2556_283_pnabldi
Branch; Daytona

Host ID: ES080A,JPOD000016

e Model number
e Frequency range
e Serial number

e Installed options (Learn how to install software options)

e Application Code (firmware) Version

e Solid State Drive Version

e System CPU Version - Learn more

e DSP (Digital Signal Processor.) Version. This is not used for the ES080A.

e Computer Name - Learn more. This is also reported on the LAN Status / LXI Compliance dialog.

Last Modified:

30-Nov-2009  First Release
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Search VNA Help
Search is limited to http://na.tm.Keysight.com/pna/help/latest/

Search

See Google Search Help
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1. Set Up a Measurement

hd

Preset the VNA

When you Preset the VNA, it is set to known, or preset conditions. You can use the factory default preset

conditions, or define your own User Preset conditions.

e Preset (Default) Conditions

e User Preset Conditions

See other 'Setup Measurements' topics

Preset Default Conditions

How to Preset the VNA
Tip: Press the Preset button to start the VNA application if it is not already running.

Using Hardkey/SoftTab/Softkey

1. Press Preset > Main > Preset.
When Confirm Preset is Off,
1. Press Preset.

‘ Programning Commands }

User Preset Conditions
The analyzer can be preset to either factory default conditions or User Preset conditions.

How to set User Preset

Using Hardkey/SoftTab/Softkey

1. Press Preset > Main > User Preset....

‘ Frogramning Commands }
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e I

User Presat Status

| User Preset Enable

Cilllsers\Public\DocumsntsiMNetwork
AnalyzeriUserPreselsta

I Save current state as User Pragset I

[ Load existing fila as User Prasat l
o] [Lomn ] [ ]

With a User Preset saved and enabled, when the VNA is Preset, the User Preset settings are recalled
instead of the factory default settings. Calibration data is NOT recalled with a User Preset. Learn more
about instrument state settings.

User Preset Enable
Check - The VNA is preset to User Preset conditions when the Preset button is pressed.
Clear - The VNA is preset to Default conditions when the Preset button is pressed.

Save current state as User Preset - Click to store the current instrument state as the User Preset
conditions. File is stored as D:\UserPreset.sta.

Load existing file as User Preset - Click to retrieve an instrument state to be used as the User
Preset conditions.

Last modified:

1-Jul-2014  First release
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1. Set Up a Measurement

Measurement Classes

Measurement Classes are categories of measurements that can coexist on a channel.

e What are Measurement Classes

See other 'Setup Measurements' topics

What are Measurement Classes

The following table shows the Measurement Classes currently available for the VNA. Within each of these
classes there are a number of measurements.

Measurement Classes are categories of measurements that can coexist on a channel. A measurement
from one class can NOT reside in a channel with a measurement from another class. For example, a
Noise Figure measurement can NOT reside in a channel that is currently hosting Scalar Mixer
Measurements.

The Measurement Class dialog is accessed in the following ways:

How to assign a Measurement Class to a Channel

Using Hardkey/SoftTab/Softkey

1. Press Meas > Meas Overview > Measurement Class > Measurement Class...

‘ Programning Commands }

* Measurement Class : Channel 1 . é
: Determines the types of measurements available on a channel, |
General Converters
o [standard Sealar Mizer/Converter (

+ | Show satup diakg

|
) Confirm changes  Mew Channel QK | Gancel | Help

Measurement Class dialog box help

Measurements in a measurement class can NOT coexist in a channel with a measurement of a
different measurement class.

Select a measurement class for the active channel or new measurement channel.

e The Standard measurement class contains S-Parameters. Balanced parameters, and
Receiver measurements.

e All other measurement classes are commonly called "Applications".
Title Bar Indicates the active channel to which the measurement class will be assigned.
Show setup dialog shows the dialog box to set the stimulus.
Confirm changes

e Check (default setting) to launch the Confirm Measurement Class Change dialog.
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e Clear to perform the 'OK' actions without confirmation. This setting survives a Preset and VNA
Shutdown.

New Channel Click to create the measurement class in a new channel and new window. A default
measurement for that class is created in the channel.

To change the measurement, click Trace, then select a new measurement.

Confirm Measurement Class Change_ E

=Y Continulng will delete existing measurements on Channel 1.
'9 Do you want to continue?

| OK l Cancel I

Choose to do the following:

e OK - Delete the existing measurements in the active channel. Create the new measurement
class, and default measurement, in that channel.

e Cancel - Do not create the new measurement class. Leave the old measurements (and class) in
that channel and return to the Measurement Class dialog box.

Last Modified:

2014-06-28 First release

35



1. Set Up a Measurement

Measurement Parameters

This topic contains the following information:
e S-Parameters (pre-selected ratios)
e Balanced
e Receivers
e Ratioed (choose your own ratio)
e Unratioed Power (absolute power)
o Auxiliary

Learn about Balanced Measurements

See other 'Setup Measurements' topics

S-Parameters

S-parameters (Scattering Parameters) are used to describe the way of a device modifies a signal. An S-
parameter is defined by the ratio of two complex numbers and contains information on the magnitude and
phase of the signal.

For a 2-port device, there are four S-Parameters. The syntax for each parameter is described by the
following:

S out-in
out = VNA port number where the device signal output is measured (receiver)

in = VNA port number where the signal is applied (incident) to the device (source)

Move the mouse over each S-parameter to see the signal flow:

S11 E"21
Reflection/ Incident
DUT
1 1
Port 1 Port 2
S12 S22

For two-port devices:

36
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e When the source goes into port 1, the measurement is said to be in the forward direction.
e When the source goes into port 2, the measurement is said to be in the reverse direction.

The analyzer automatically switches the source and receiver to make a forward or reverse measurement.
Therefore, the analyzer can measure all four S-parameters for a two-port device with a single connection.

Common Measurements with S-Parameters

Reflection Measurements Transmission Measurements
(S11 and S22) (S21 and S12)

e Return loss e Insertion loss

e Standing wave ratio (SWR) e Transmission coefficient

o Reflection coefficient e Gain/Loss

e Impedance e Group delay

e S.u,S» e Deviation from linear phase

e Electrical delay
e S, Si

Receiver Measurements
All VNA models have test port receivers and reference receivers.
For 4-port models

e RI1, R2, R3 and R4 are reference receivers. They measure the signal as it leaves the VNA
source.

¢ R1 measures the signal out of Port 1
e R2 measures the signal out of Port 2
e R3 measures the signal out of Port 3
e R4 measures the signal out of Port 4
e A, B, Cand D are test port receivers. They measure the signal out (or reflecting off) of the DUT.
e A measures the signal into VNA Port 1
e B measures the signal into VNA Port 2
e C measures the signal into VNA Port 3
e D measures the signal into VNA Port 4
Receivers can also be specified using Logical Receiver Notation. Learn more.

Ratioed Measurements

Ratioed measurements allow you to choose your own ratio of any two receivers that are available in VNA.
S-parameters are actually pre-defined ratio measurements. For example S11 is A/R1.

The following are common uses of ratioed measurements:

e Comparing the phase between two paths of a device. An example could be something simple like
a power splitter or more complicated like a dual-channel receiver.

e Measurements that require a higher dynamic range than the analyzer provides with S-
parameters.

Unratioed (Absolute Power) Measurements
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1. Set Up a Measurement

The unratioed power parameter measures the absolute power going into any of the receivers that are
available on VNA.

The reference receivers are internally configured to measure the source power for a specific VNA port.
Performing an absolute power measurement of a reference receiver using a different source port will
measure very little power unless the front panel jumpers are removed and signal is applied directly to the
receiver. An example of this would be an R1 measurement using port 2 as the source.

e Measuring phase using a single receiver yields meaningless data. Phase measurements must be
a comparison of two signals.

e Averaging for Unratioed parameters is computed differently from ratioed parameters. Learn more.

e Choose Response Cal if ONLY unratioed parameters are being measured. If S-parameters are
also being measured, then SmartCal will calibrate the test port receivers in use.

New Trace / Measure Dialog Box Help

Note: The only measurements that are available are those in the measurement class currently
assigned to the active channel. Other measurements are NOT compatible.

To create a measurement other than these, first assign the appropriate measurement class to a
new or existing channel. Learn how.

Click a tab to create or change measurements.
e When creating NEW measurements, you can choose more than one.
e When changing an EXISTING measurement, you can choose ONLY one.
Tabs
S-Parameter - Select a predefined ratioed measurements. Learn more about_S-parameters.

S-Parameter*! Balanced | Receivers |

51 | 812 513 1514
521 | 522 523 1524
531 1532 533 L1534
541 542 543 544

ement type. (Multiport VNAs ONLY)

Change - Click to invoke the Balanced DUT Topology/Logical Port mappings dialog box. Learn more
about Balanced Measurements.
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S-Parameter | Balanced | Receivers

Sss11 [18sd12 [ 8sc12
Sds21 [ Sdd22 [T Sdc22
Scs21 [T Scd22 [ Scc22
— =dgdl — Eedl?
Imbal Sead sl
Topalogy f Mapping f SEnulus
SE: 1 BaAL:2-3  Single End Change

Receivers - Select receivers to make Ratioed and Unratioed (absolute power) measurements. Learn
more about_Receiver Measurements.

S-Parameter | Balanced | Receivers |

FMumerator Dienominator  Souce Port
sivcke: @) [pme] / (10s]  (pomiis
Activaie: ] |B -| 2 [ = = -
Aclivate: ] ol WL - Part1 -
At | |D | 4 (10 = Fort 1 -
Acineaie: (LY | g (1.0 - Part 1 -
Atieaie: | |R2 |/ 1 - Fort 2 -
Acthaets: R ull i [ - Dt 3 =
Activate: H *| J |10 - Bartd -

Ratioed - Check Activate to create or change a measurement. Select a receiver for the Numerator,
select another receiver for the Denominator, then select a source port for the measurement.

The Source port is ALWAYS interpreted as a logical port number.
For convenience, the table is populated with common choices.
e Learn more about External Test Sets and Ratioed Measurements.

e Learn more about Ratioed Measurements.

Unratioed - Same as Ratioed, but select 1 as the Denominator.

e Learn more about Unratioed Measurements.

Receiver Notation

Receivers can be also selected using logical receiver notation. This "8510-style" notation makes it
easy to refer to receivers with an External Test Set connected to the VNA.

e aN - Reference receiver for logical port N
e DbN - Test port receiver for logical port N
e AIN - Analog AUX In N (1 or 2)

For example:
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1. Set Up a Measurement

e For Ratioed measurements: "b12/al" refers to the logical test port 12 receiver / the logical
port 1 reference receiver.

e For Unratioed measurements: "b10" refers to the logical test port 10 receiver.
e For Auxiliary measurements: "All refers to AUX IN 1 (ANALOG IN) on the rear panel.

The new style notation (A, B, R1 and so forth) can still be used to refer to the VNA physical
receivers. Learn more.

However, ratioed measurements MUST use the same notation to refer to both receivers; either the
physical receiver notation (A, R1) or the logical receiver notation (aN, bN). For example, the
following mixed notation is NOT allowed: A/b3 and a5/R2.

Programming

When entering receiver letters using programming commands, neither logical or physical receiver
notation are case sensitive.

Auxiliary - Select the input of AUX 1 or 2 on the rear panel.
e AUX port can make a DC measurement.

e Select the DC range at either 1V or 10 V by pressing Meas > Auxiliary > Auxinl Range or
AuxIn2 Range.

Channel / Window Selections

Selact Al Claar All Creade in Mew Window

El Channel Mumnbssr

These selections are NOT AVAILABLE when changing an EXISTING measurement. Learn how to
change a measurement.

Channel Number - Select the channel for the new traces.
Create in New Window
e Check to create new traces in a new window.

e Clear to create new traces in the active window. When the VNA traces per window limitation
has been reached, no more traces are added.

About Measurement Parameters (top of page)

Balanced Source ¢ Topalogy @ Chl E
Topology: SE-BAL - LDQICEI Ports
£ Er i B o Pt 2 §
( nighe & ncled Post 1 ) —— -
[Port 1 b (e+—  DUT !
' Post 3 -
O Cancel i Help

Balanced DUT Topology / Logical Port mappings Dialog Box Help

Create or edit DUT Topology and Logical Port Mapping.
A Logical Port is a term used to describe a physical VNA test port that has been remapped to a new
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port number.
e Any Two physical VNA ports are mapped to One Balanced Logical port
e Any One VNA physical port is mapped to One Single-Ended Logical port.

Note: These selections apply to ALL measurements in the channel. If the device topology is changed,
any existing measurements in the channel that are incompatible with the new topology will be
automatically changed to one that is compatible.

Topology: Describes your DUT as you would like it tested. The following device topologies can be
measured by a multiport VNA. When the unit is 2-port model, only balanced can be selected.

e Balanced
(1 logical ports - <2 actual ports>)

e Balanced/Balanced
(2 logical ports - <4 actual ports>)

e Single-ended/Balanced
(2 logical ports - <3 actual ports>)

e Single-ended - Single-ended/Balanced
(3 logical ports - <4 actual ports>)

These topologies can be used in the reverse (<==) direction to measure:
e Balanced/Single-ended - Single-ended topology

For example, to measure a Balanced/Single-ended topology, measure the S12 (reverse direction) of
a Single-ended/Balanced topology.

e Learn about Logical Port mapping when using an External Test Set.

e Learn more about Balanced Measurements

e Balanced parameters can be saved to SNP files. Learn more.

Last modified:

29-Sep-2015  First Release

hd

41




1. Set Up a Measurement

Frequency Range

Frequency range is the span of frequencies you specify for making a device measurement.

e Setting Frequency Range

e ZoOm

e CW Frequencies

e Frequency Resolution

See other 'Setup Measurements' topics

Setting Frequency Range

How to set Frequency Range

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Freq > Main > Start, Stop, 1. Right click on the X-axis label or stimulus range
Center or Span. area under grid line.
2. Enter desired frequency value. 2. Click on Start/Stop/Center....

‘ Programning Commands ’

There are two ways to set the frequency range:

A. Specify the Start and Stop frequencies of the range.

B. Specify the Center frequency and desired Span of the range.
See the frequency ranges of all VNA models.

SOV 100.000 kHz [5]  center 4500050000 GHz |3

Stop  9.000000000 GHz || Span  8.999900000 GHz |

Points 201 El Step 44999500 MH=z -

| Ok H Cancal | Help
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Start - Specifies the beginning frequency of the swept measurement range.
Stop - Specifies the end frequency of the swept measurement range.

Center - Specifies the value at the center of the frequency sweep. This value can be anywhere in the
analyzer range.

Span - Specifies the span of frequency values measured to either side of the center frequency.
Points - Specifies number of measurement points.
Step - Specifies the step.

Zoom
Zoom allows you to easily change the start and stop frequencies or start and stop power levels in a power
sweep.

Zoom operates on the Active Trace and all traces in the same channel as the active trace, regardless of
the window in which they appear.

How to Zoom in a measurement window

1. Left-click the mouse or use a finger, then drag across a portion of a trace.
2. Release the mouse or lift the finger and the following menu appears:
Select from the following:

e Zoom - changes the channel stimulus settings to the left and right border values of
the Zoom selection.

e Zoom Xxy - changes the channel stimulus settings as above. In addition, the Y-axis
scale of the active trace changes to the approximate scale of the Zoom selection.

e Zoom Full Out - changes the channel stimulus settings to the full span of the
current calibration. If no calibration is ON, then the stimulus settings are changed to
the full span of the VNA model.

Notes:

e The stimulus settings are changed for ALL traces in the active channel, regardless of the
window in which they appear.

o If markers are in the selected area, they remain in place.

e If markers are in the unselected area, they are moved to the right or left edge of the new span.
When Zoom Full Out is selected, the markers are moved back to their original location.

Zoom is NOT available for the following:
e Smith Chart or Polar display formats
e CW Time and Segment sweep type

e Frequency Offset Measurements

CW Frequencies

Measurements with a CW Time sweep or Power sweep are made at a single frequency rather than over a
range of frequencies.

How to set CW Frequency

Using Hardkey/SoftTab/Softkey Using a mouse

43




1. Set Up a Measurement

1. Set Sweep Type to CW Time or Power 1. Set Sweep Type to CW Time or Power
Sweep. Sweep.
Press Freq > Main > CW. 2. Right click on the stimulus range area

under grid box.
3. Clickon CW....

‘ Programning Commands ’

Enter desired CW frequency.

CW Freavency T ol

Frequency
CW  1.000000000 GHz |5

OK Cancal Halp

CW Frequency Dialog Box Help

CW - Type a value and the first letter of the suffix (k,m,or g) or use the up and down arrows to select
any value within the range of the VNA.

Frequency Resolution

The resolution for setting frequency is 1 Hz.

Last modified:

29-Sep-2015  First release
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Power Level

Power level is the power of the VNA source at the test ports.
¢ How to make Power Settings

e Power Dialog
e Power and Attenuator Dialog

See other 'Setup Measurements' topics

Power Settings

The test port output power is specified over frequency.

How to make Power settings

Using Hardkey/SoftTab/Softkey

1. Press Power > Main > Power Level / Start Power / Stop
Power to enter desired power level.

2. Press Power > Main > RF Power to turn ON or OFF the
RF power.

3. Press Power > Leveling & Offsets > click left side Slope
small button to turn ON or OFF the slope (Green color
means the slope is turns ON; Grey color means the slope
is turns OFF).

< Programning Commands }

Using a mouse

1. Right click on the X-axis
label or stimulus range
area under grid line.

2. Click Power....and then
Power:Channel N dialog
box appears.
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1. Set Up a Measurement

Pawer: Channel 1 i

| Power On (All Channels)
Port 1

Port Power:  0.00 dBm |:

Powear Sweap
tart Fow 10,00 dEm m
top Power:  0.00dBm |3
Fower Slope
Slopa: 0.000 dB/GH= —

ok | . Cancel | | Hep

Power Dialog Box Help

Basic control of VNA source power for a specific port.

See advanced control of source power and attenuation.

Power On (All Channels) - also same function as RF Power. Check to enable source power for all
channels. Only turns power ON if channel power setting is ON or Auto. See Advanced Power.

Port 'n' - Active source port for which power is being set.
Port Power - Sets the power level for the specified port.

e To accurately set the power level at any point after the test port, perform a Source Power
Calibration.

e See specified power range of VNA model.

Power Sweep
Start/Stop Power - Set the start and stop power values of a power sweep.
e These settings are only available when Sweep Type is set to Power Sweep.

e Uncoupled power sweep power can be set from the Advanced Power dialog.

e You can Zoom to easily change the start and stop power levels in a power sweep. Learn how.

e Learn more about Power Sweep.

Power Slope - Helps compensate for cable and test fixture power losses at increased frequency.

Slope - Select to set the power slope. Clear to set power slope OFF.

How to make Power and Attenuators settings
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Using Hardkey/SoftTab/Softkey

1. Press Power > Main > Power and Attenuators... and then Power and Attenuators dialog
box appears.

Details setting for Power and Attenuators
1. Press Power > Main > RF Power to turn ON or OFF the RF power.

2. Press Power > Port Power > Select Port 1/ Port 2 / Port 3/ Port 4 to active the selected
port.

3. Press Power > Port Power > Power Level / Start Power / Stop Power to enter desired
power level for selected port.

Press Power > Port Power > Source State to choose the source state either Auto, On or Off.

Press Power > Port Power > Coupling to turn ON or OFF the Power Coupled.

Press Power > Leveling & Offsets > click left side Slope small button to turn ON or OFF the
slope (Green color means the slope is turns ON; Grey color means the slope is turns OFF).

‘ Frogramning Commands }

Power and Attenuators Dialog Box Help

Defines and controls the VNA source power and attenuation for the active channel.

External sources can be controlled from this dialog. Learn more.

Power On (All Channels) - also same function as RF Power. Check to enable source power for all
channels. Only turns power ON if channel power setting is ON or Auto.

Port Powers Coupled

e Coupled (checked) - The power levels are the same at each test port. Set power at any test
port and all test ports change to the same power level.

e Uncoupled (cleared) - The power levels are set independently for each test port. Uncouple
power, for example, if you want to measure the gain and reverse-isolation of a high-gain
amplifier. The power required for the input port of the amplifier is much lower than the power
required for the output port. A power sweep can also be performed with uncoupled power.

Name - Lists the VNA test ports.
State

e Auto - Source power is turned ON at the specified test port when required by the
measurement. This is the most common (default) setting. See also Power ON and OFF during
Save/Recall, User Preset and Preset.

e ON - Source power is ALWAYS ON, regardless of measurements that are in process. Use this
setting to supply source power to a DUT port that always requires power, such as an LO port.
This could turn OFF power at another test port.

e OFF - Source power is never ON, regardless of the measurement requirements. Use this
setting to prevent damage to a sensitive DUT test port.

Port Power - Sets the power level at the output of the source.

e To accurately set the power level at any point after the test port, perform a Source Power
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1. Set Up a Measurement

Calibration.

e See specified power range of VNA model.

e See ECal Module Compression Level.

Start/Stop Power - Available ONLY when sweep type is set to Power Sweep. Set the start and stop
power values of a power sweep. Learn more about_ Power Sweep.

e You can specify whether to maintain source power at either the start power or stop power
level at the end of a power sweep. Learn more about Power Level.

e A power sweep can be performed with uncoupled power. Different power ranges can be
swept in the forward and reverse directions.

Leveling Mode
e Internal ALC leveling.

Channel Power Slope - Helps compensate for cable and test fixture power losses at increased
frequency. With power slope enabled, the port output power increases (enter positive value) or
decreases (enter negative value) as the sweep frequency increases.

Slope - Select to set the power slope. Clear to set power slope OFF.

Power slope is computed and applied from 0 GHz — not from the measurement start frequency. For
example, with the following measurement settings:

e Start/Stop Freq: 1 GHz to 2 GHz

e Power level: 0 dBm

e Slope: 1 dB/GHz
The power into the DUT from 1 GHz to 2 GHz is 1 dBm sloping to 2 dBm.
Offset and Limits - Launches the Power Offset and Limits dialog.

Source Unleveled

When the power level that is required at a test port is higher than the VNA can supply, a Source
Unleveled error message appears on the screen and the letters LVL appear on the status bar

To resolve an unleveled condition, change either the Test Port Power . If an Unleveled condition exists
within the specified power range, contact Technical Support. To set report source unleveled events as
errors, please refer enable the preferences dialog.

Important Note: The available power range can also be adjusted AUTOMATICALLY by a Source Power
Calibration, Guided Power Cal, or Power Compensation. If you are NOT seeing the range that you
expect, or the correct power level at your DUT, view the Power Offset column in the Power Limits and

Offsets dialog.

Last modified:

29-Sep-2015  First Release
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Sweep Settings

A sweep is a series of consecutive data point measurements taken over a specified sequence of stimulus
values. You can make the following sweep settings:

e Number of Points (Separate topic)
e Sweep Type

e Linear Frequency

e Log Frequency

e Power Sweep
e CWTime

e Segment Sweep

e Frequency Range: Start/Stop (Separate topic)

e Power Sweep
e Segment Sweep

¢ How to make segment sweep settings

e Segment Table dialog

e X-Axis Point Spacing - Segment Sweep ONLY

e Arbitrary Segment Sweep

e Sweep Time

e Sweep Setup
e Auto vs Stepped

e Dwell Time and Sweep Delay
e Standard
Shift LO (Separate topic)

See Triggering and other 'Setup Measurements' topics

Sweep Type

How to set Sweep Type

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Sweep > Main > Sweep 1. Right click on the stimulus range area under grid
Type. box.

Click Sweep Setup....
Select Sweep Type tab.
Click Apply to implement the setting changes.
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1. Set Up a Measurement

‘ FProgramning Commands }

Sweep Type  Timing = : =
Sweep Type Sweep Properties
@ Linear Frequency; Start 100.000 kHz H
©) Log Frequency Stop 9.000000000 GHz
) Power Sweep Power 0.00 dBm &
) CW Time Points 201 =
") Segment Sweep IF Bandwidth  100.0 kHz =]
[ ok [ el || oy [[ Hep ]
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Note: Sweep Settings are not applied until either OK or Apply is pressed.

Channel - The active channel when Sweep Type was selected. Sweep settings will be applied to this
channel.

Linear Frequency - Sets a linear frequency sweep that is displayed on a standard grid with ten equal
horizontal divisions.

e Start - Sets the beginning value of the frequency sweep.

e Stop - Sets the end value of the frequency sweep.

e Power - Sets the power level for selective port.

e Points - Sets the number of data points that the VNA measures during a sweep.
e IF Bandwidth - Sets the IF (Receiver) bandwidth.

Log Frequency - The source is stepped in logarithmic increments and the data is displayed on a
logarithmic X-axis. This is usually slower than a continuous sweep with the same number of points.

e Start - Sets the beginning value of the frequency sweep.

e Stop - Sets the end value of the frequency sweep.

e Power - Sets the power level for selective port.

e Points - Sets the number of data points that the VNA measures during a sweep.
e |F Bandwidth - Sets the IF (Receiver) bandwidth.

Power Sweep - Activates a power sweep at a single frequency that specify. Learn more about_power
swee

e Start Power - Sets the beginning value of the power sweep.
e Stop Power - Sets the end value of the power sweep.
e CW Freq - Sets the single frequency where the VNA remains during the measurement sweep.
e Points - Sets the number of data points that the VNA measures during a sweep.
e |F Bandwidth - Sets the IF (Receiver) bandwidth.
CW Time - Sets the VNA to a single frequency and the data is displayed versus time. Learn more.
e CW Freq - Sets the frequency where the VNA remains during the measurement.F
e Power - Sets the power level for selective port.
e Points - Sets the number of data points that the VNA measures during a sweep.
e |F Bandwidth - Sets the IF (Receiver) bandwidth.

Segment Sweep - Sets the VNA to sweep through user-defined sweep segments. Learn how to make
these settings.
OK - Applies setting changes and closes the dialog box.

Cancel - Closes the dialog. Setting changes that have been made do not apply and save, but it
remain setting since the last Apply button is clicked.

Apply - Applies setting changes and leaves the dialog box open to make more setting changes.
Help - Display the Sweep Type dialog box help.
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1. Set Up a Measurement

Power Sweep

A power sweep either increases or decreases source power in discrete steps. Power sweep is used to
characterize power-sensitive circuits, with measurements such as gain compression.

In the Sweep Type dialog, specify Start Power, Stop Power, CW Frequency, Points and IF Bandwidth.
The remaining power settings apply in power sweep mode:

e Test Port Power setting is not available.

e Port Power can be coupled or uncoupled.

e Power Slope (dB/GHz) is ignored (output frequency is CW).

e Press Sweep > Main > Number of Points to change the step size of the power sweep.

e Power Sweep has been optimized for speed. For highest measurement accuracy during a power
sweep, it may be necessary to increase the Dwell Time to allow the source more time to settle.

Segment Sweep

Segment Sweep activates a sweep which consists of frequency sub-sweeps, called segments. For each
segment can define independent power levels, IF bandwidth, IF bandwidth per port, sweep time, delay,
sweep mode and Shift LO.

Once a measurement calibration is performed on the entire sweep or across all segments, measurements
can be calibrated for one or more segments.

In segment sweep type, the analyzer does the following:
e Sorts all the defined segments in order of increasing frequency.
e Measures each point.
e Displays a single trace that is a composite of all data taken.
Restrictions for segment sweep:

e The frequency range of a segment is not allowed to overlap the frequency range of any other
segment.

e The number of segments is limited only by the combined number of data points for all segments
in a sweep.

How to make segment sweep settings

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Sweep > Segment 1. Right click on the X-axis label or stimulus display area
Table. under grid line.

2. Click Sweep Setup... > select Segment Sweep under
sweep type.

3. Click Segment Table....

< Frogramning Commands }

52




E5080A

Indzpendant Settings Par Segmeant

[T ¥-Axis Point Spacing

["] Power Level
[ ] Allow Arbitrary Segments
[TTIF Bandwidth
|| Display Center/Span Freq
["1IF Bandwidth Per Port

[ ] Sweep Time
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1. Set Up a Measurement

Add Segment - adds a sweep segment at last segment.

Insert Segment - adds a sweep segment before the selected segment. You can also click the "down"
arrow on your keyboard to quickly add many segments.

Delete Segment - removes the selected segment.
Delete All Segments - removes all segments.
Note: At least ONE segment must be ON or Sweep Type is automatically set to Linear.

Segment Table dialog box
X-Axis Point Spacing - Check to scale the X-axis to include only the segments. Learn more.

Allow Arbitrary Segments - Check to allow arbitrary frequencies (overlapped or reverse sweep). Learn
more.

Display Center/Span Freq - Check to display the center/span frequency.

Independent Setting Per Segment

Power Level - Sets the Power level for the segment. Also, the test port power can UNCOUPLE. See
Power Coupling.
IF Bandwidth - Sets the IF Bandwidth for the segment.

IF Bandwidth Per Port - Sets the different bandwidth with different port for the segment.
Sweep Time - Sets the Sweep time for the segment.
Delay - Sets the time to wait just before acquisition begins for each segment.

Dwell - Specifies the time the source stays at each measurement point before the analyzer takes the
data.

Sweep Mode - Sets the sweep mode to auto or stepped.
Shift LO - Sets the state of Shift LO. Learn More.

Save Table - Saves the setting changes in segment table.
Load Table - Apply the setting changes in segment table.

To Modify an Existing Segment

To make the following menu settings available, the segment table must shows first. (Press Sweep >
Segment Table)

State | Stat |  Stop | Points | IFBW | Time | Power |  Delay | SweepMode | LO Offset
1| On  1.000000 GHz 5.000000 GHz 21 1.0kHz 0.520 sec 0.00 dBm 1.000 sec Auto on
2| Off = " 5.000000 GHz | &.000000 GHz 1001 1.0 kHz 1.951 sec -10.00 dBm 0.500 sec Stepped Off

The above graphic shows the Segment table with all independent settings selected, including source
power uncoupled (two power settings).

State - Click the box on the segment to be modified. Then, use the up/down arrow to turn the segment
ON or OFF.

Start - Sets start frequency for the segment. Click the box and type a value and the first letter of a suffix
(KHz, Mhz, GHz). Or double-click the box to select a value.

Stop - Sets stop frequency for the segment. Click the box and type a value and the first letter of a suffix
(KHz, Mhz, GHz). Or double-click the box to select a value.
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Note: The segment table truncates the frequency resolution. To verify the frequency resolution that you
input, create a marker at the start or stop frequency settings.

Points - Sets number of data points for this segment. Insert a value or double-click the box to select a
value.

To set Power Level, IF Bandwidth/IF Bandwidth Per Port, Sweep Time, Delay, Sweep Mode and
Shift LO independently for each segment:

1. Press Sweep > Main > Sweep Type > Segment Sweep.
2. Click on Segment Table > Segment Table....
3. Click the box and type a value or double-click the box and select a value.
Note: If the following are NOT set, the entire sweep uses the channel IFBW, Power, and Time settings.
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1. Set Up a Measurement

This feature affects how a segment trace is drawn on the screen.

How to enable X-axis Point Spacing

Using Hardkey/SoftTab/Softkey

1. Press Sweep > Segment Table > 1.
Segment Table....

2. Tick on X-Axis Point Spacing. 2.

3.

Using a mouse

Right click on the X-axis label or stimulus
range area under grid line.

Click Sweep Setup... > select Segment
Sweep under sweep type.

Click Segment Table....
Tick on X-Axis Point Spacing.

‘ Programning Commands ’

e Without X-axis point spacing, a multi-segment sweep trace can sometimes result in squeezing
many measurement points into a narrow portion of the X-axis.

e With X-axis point spacing, the X-axis position of each point is chosen so that all measurement

points are evenly spaced along the x-axis.
For example, given the following two segments:

State Start [ Stop | Paints
1] On | 870.000000 MHz __ 970.000000 MHz 6
2l On | 970.000000 MHz | 1.070000 GHz | 11

Bl 521 LogM 10,0008 -30 0B

Segment 1

Without X-Axis Point Spacing

Segment 2
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BN 527 LogM 10,0048 -30 OB

Segment 1 Segment 2

With X-Axis Point Spacing

Arbitrary Segment Sweep

This feature allows arbitrary frequencies to be entered into the segment sweep table. With this capability,
segments can have:

e Overlapping frequencies.

e The stop frequency less than the start frequency (reverse sweep).
However, there are several limitation:

e Sweep mode: Stepped only.

e Sweep time: When reverse sweep is performed, the sweep time and the wait time before the
measurement point becomes longer.

How to enable Arbitrary Segment Sweep

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Sweep > Segment Table > 1. Right click on the X-axis label or stimulus
Segment Table.... range area under grid line.
2. Tick on Allow Arbitrary Segment 2. Click Sweep Setup... > select Segment
Sweep. Sweep under sweep type.

3. Click Segment Table....
Tick on Allow Arbitrary Segment Sweep.

< Frogramning Commands }

Notes:

e Unusual results may occur when using arbitrary sweep segments with markers, display, limit
lines, formatting and some calibration features.

e When the segment table has both forward and reverse frequency sweep, the correction
interpolation may not work properly. Use the same segment table setting at both, correction
and measurement. (Make a measurement at the condition where "Cor" is displayed.)

e When the number of data of segment table exceeds its limitation, the error occurs. In this
case, reduce the measurement data size (i.e. NOP, number of channels).
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1. Set Up a Measurement

Sweep Time

The VNA automatically maintains the fastest sweep time possible with the selected measurement
settings. However, you can increase the sweep time to perform a slower sweep.

How to set Sweep Time

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Sweep > Sweep Timing > Sweep 1. Right click on the X-axis label or stimulus
Time to change Manual. range area under grid line.
2. Input the desired sweep time. 2. Click on Sweep Setup....

Select Timing tab.

Turn off the check box of Auto Sweep
Time.

5. Input the desired sweep time.

< Frogramning Commands }

Sweep > Sweep Timing Softtab Help

Sweep Time - Specifies the time the VNA takes to acquire data for a sweep. The maximum sweep
time of the VNA is depends on various settings (ex, IFBW, Dwell Time, Number of points, etc). Learn
about_other settings that affect sweep speed.

Sweep Setup

How to make Sweep Setup settings

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Sweep > Sweep 1. Right click on the X-axis label or stimulus range area
Timing. under grid line.

Click on Sweep Setup....
Select Timing tab.
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‘ FProgramning Commands }

Sweep Setup: Channel 1 - -

Sweep Type | Timing | -.- |
Time Sweep Mode
" Aulo
el tim 0 ussc = & Stepped
Sweap Delay 0 ussc =
P y o : Sweep Sequence

7| Auto Sweep Time @ Standard
Foint ﬁ'\.'.'lz--|| measure all data before
stepping to next point

(0004 Cancel Apply Healp

Sweep Setup Dialog Box / Sweep > Sweep Timing Softtab Help

Time

Sweep Time - same as Sweep Time Softtab Help.

Dwell Time - Specifies the time the source stays at each measurement point before the analyzer
takes the data. Only applies to stepped sweep. The maximum dwell time is 20 seconds. See also
Electrically Long Devices.

Sweep Delay - Specifies the time to wait just before acquisition begins for each sweep. This delay is
in addition to Dwell Time (per point) and External Trigger delay if enabled.

Auto Sweep Time - Automatic adjust the sweep time and dwell time. When "Auto Sweep Time" is
checked, the sweep time and dwell time will disable to edit.

Sweep Mode

Auto Sweep - When clicked on Auto Sweep Mode, the VNA choose automatically the fastest sweep
mode either Swept (Analog Sweep) or Stepped. (The sweep time for S Sweep is faster than Stepped
Sweep.) The mode can change from sweep to sweep. There is NO way to determine whether the
VNA is in Analog or Stepped Sweep. If you want to be sure what the current sweep mode is, then
switch it to Stepped.

Stepped Sweep - When clicked on Stepped Sweep Mode, the VNA source is tuned, then waits the
specified Dwell time, then takes response data, then tunes the source to the next frequency point.
This is slower than Analog Sweep, but is more accurate when testing electrically-long devices.

Stepped sweep is automatically selected for a number of reasons. Here are some of the reasons:
e |F Bandwidth is at, or below, 9 kHz.

e Source Power Correction is ON unless doing CW measurement.

e When step mode is a faster way to take the data.

e For all FOM measurements.
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Sweep Sequence

Standard Sweep - When checked, the VNA sweeps all data points for each source port in turn. For
a 2-port VNA, this means that all data points are swept in the forward direction, then all data points
are swept in the reverse direction. Even when NO reverse parameters are displayed (S22 or S12),
reverse measurements are necessary when a full 2-port calibration is correcting the channel. This is

the default behavior. Learn more.

Last modified:

29-Sep-2015  First Release
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Trigger

A trigger is a signal that causes the VNA to make a measurement sweep. The VNA offers great flexibility
in configuring the trigger function.

View the interactive Trigger Model animation to see how triggering works in the VNA.
e How to Set Trigger

e Source
e Scope

e Channel Settings

e Restart

o External and Auxiliary Triggering (separate topic)

See other 'Setup Measurements' topics

Trigger Setting

How to set Triggering

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Trigger > Main > Trigger.... 1. Right click on the Trig or Meas icons on the status
bar.

2. Selecton Trigger....

‘ Programning Commands ’

Note: The Continuous, Single, and Hold settings apply ONLY to the active channel. These settings are
available from the Trigger menu, Active Entry keys, and softkeys
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Setup | Meas Trigger | Aux Trig 1 B3

Trigger Source
9 Internal

Manual Manual Trigger
External (uses MEAS TRIG IN)

Trigger Scope

@ Global
Charnel

Active Channel

Channel Trigger State

) T —
Channel 1 - Trigger Mode: Channeal -

2 Continuous
Groups 1 j Mumber af Groups
Single

Hald

Trigger Setup Dialog Box Help

View the interactive Trigger Model animation to see how triggering works in the VNA.
Trigger Source

These settings determine where the trigger signals originate for all existing channels. A valid trigger
signal can be generated only when the VNA is not sweeping.

Internal - Continuous trigger signals are sent by the VNA as soon as the previous measurement is
complete.

Manual - One trigger signal is sent when invoked by the Trigger button, the active toolbar or a
programming command.

External (uses MEAS TRIG IN) - Trigger signals sent out or received from various connectors on
the rear panel. Learn more about External and AUX Triggering.

Manual Trigger! - Manually sends one trigger signal to the VNA. Available ONLY when Manual
trigger is selected.

Trigger Scope
These settings determine what is triggered.

Global - Triggers sent to all triggerable channels. One trigger will sweep all channels that are
triggerable. [Default setting]

Channel - A trigger is sent to the current channel, but the channel is incremented to the next
triggerable channel after the current channel is complete.

Active Channel - Trigger are sent only to the active channel. The active channel does not change.
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Channel Trigger State
These settings determine how many trigger signals the channel will accept.
Continuous - The channel accepts an infinite number of trigger signals.

Groups - The channel accepts only the number of trigger signals that is specified in the Number of
Groups text box, then goes into Hold. Before selecting groups you must first increment the Number
of Groups text box to greater than one.

Number of Groups - Specify the number of triggers the channel accepts before going into Hold. If
in Point Sweep, an entire sweep is considered one group.

First increment to desired number, then select 'Groups'.
Single - The channel accepts ONE trigger signal, then goes into Hold.

Another way to trigger a single measurement is to set Trigger Source to Manual, then send a
Manual trigger. However, ALL channels are single triggered.

Hold - The channel accepts NO trigger signals.

Trigger Mode

These settings determine what EACH signal will trigger.

Sweep and Point modes are available ONLY when both Trigger Source = MANUAL or EXTERNAL
AND Trigger Scope = CHANNEL.

e Channel - Each trigger signal causes ALL traces in that channel to be swept in the order
specified below.

e Point - Each Manual or External trigger signal causes one data point to be measured.
Subsequent triggers go to the same trace until it is complete, then other traces in the same
channel are swept in the order specified below. When in Groups or Single trigger, the count
is decremented by one after ALL data points on ALL traces in the channel are measured.
See Also, the (point) Sweep Indicator and SCPI Triggering example for use with External.

e Trace - Available ONLY when Point Sweep is selected. Each trigger signal causes two
identical measurements to be triggered separately - one trigger signal is required for each
measurement. Other trigger mode settings cause two identical parameters to be measured
simultaneously. Trace triggering is NOT permitted when a channel is using a 2 port (or
more) S-Parameter calibration.

e Sweep - Each Manual or External trigger signal causes ALL traces that share a source
port to be swept in the order specified below. When in Groups or Single trigger, the count is
decremented by one after ALL traces in ALL directions are swept.

When multiport correction is ON, which requires sweeps in more than one direction, traces
on the screen will not update until all of the relevant directions have been swept. For
example, with all four 2-port S-Parameters displayed:

e When Full 2-port correction is ON, trigger 1 causes NO traces to update; trigger 2
causes ALL S-Parameters to update. Learn more about sweeps with correction ON.

e When correction is OFF, trigger 1 causes S11 and S21 to update; trigger 2 causes
S22 and S12 to update.

Trace Sweep Order

For ALL Trigger Modes, trigger signals continue in the same channel until all traces in that
channel are complete. Triggering then continues to the next channel that is not in HOLD.
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Traces within each channel are always swept in the following order:

e Traces are swept sequentially in source-port order. For example, in a channel with all
four 2-port S-parameters, first the source port 1 traces (S11 and S21) are swept
simultaneously. Then the source port 2 traces (S22 and S12) are swept simultaneously.

Restart - (Available only from the Trigger menu) Channels in Hold are set to single trigger (the
channel accepts a single trigger signal). All other settings are unaffected, including decrementing
trigger Groups.

See Also
e External and AUX Triggering.

e Interactive Trigger Model animation

Last modified:

29-Sep-2015  First Release
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External and Auxiliary Triggering

External and Auxiliary triggering are both used to synchronize the triggering of the VNA with other
equipment.

Note: When an External Source is configured as an External Device, the VNA automatically controls all
trigger settings. Do NOT make additional trigger settings. Learn more.

e Overview

e How to make Trigger Settings:
e Meas Trig (IN
e Auxiliary Triggering

See Also

e Synchronizing an External Source

e Trigger
Overview

Ready Signals versus Trigger Signals

A 'Ready for Trigger' signal is different from a Trigger signal. The ready signal indicates that the
instrument sending the signal is ready for measurement. The instrument receiving the ready signal would
then send a trigger signal, indicating that the measurement will be, or has been, made. Usually the slower
instrument sends the trigger signal.

Learn more about each type of triggering signal:
e Meas Trig IN - This signals are easy to use and limited in ability to configure.

e AUXTRIG OUT - The connector and signal are highly configurable. Use them to synchronize with
any number of devices and equipment.
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Trigger

Setwp | Meas Trigger  Au Trig 1 | '!'
Main Trigger Input

Global Trigger Delay

B () usac I: Global *
Source Level/Edge
@ Meas Trig In BNC High Level
Handler WO Pin 18 Lo Lewal

Positive Edge

@ Megative Edge

Accept trigger befora armed Low latency mode

Ready for Trigger Indicator

< Handler IFQ Pin 21 EE::.:.|:|-' Liovas

ok | Hep

Meas (External) Trigger Dialog Box Help

See how to access the Trigger Dialog
Meas Trig IN
The trigger input connectors are located on the VNA rear-panel.

These signals can be used when the VNA is communicating with a slow mechanical device. A material
handler is very mechanical and takes a relatively long time to load and discharge parts. Here is how
these signals work together to communicate:

1. The VNA sends a 'Ready' signal when it is ready to make a measurement.
2. The external device sends a trigger signal to the VNA when it is ready for a measurement.

3. Additional signals are available on the VNA Handler I/O to indicate that the VNA sweep has
ended, and that the handler can setup for the next measurement.

Dialog Settings

To cause the VNA to respond to Meas Trig IN or Handler 1/O signals, select External on the Trigger
Setup tab, Source setting.

Also on the Trigger Setup tab, Scope setting, choose whether one external trigger signal will apply to
ALL channels (Global) or one trigger signal per Channel. The following settings apply accordingly.

Main Trigger Input

Global / Channel Trigger Delay - After an external trigger is received, the start of the sweep is held
off for this specified amount of time plus any inherent latency.

e When Trigger Scope = Channel, the delay value is applied to the specified channel.
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e When Trigger Scope = Global, the same delay value is applied to ALL channels.
Source The VNA accepts Trigger IN signals through the following connectors:

e Meas Trig IN BNC: Trigger input on the rear panel

e Handler I/O Pin 18
Polarity

High Level - The VNA is triggered when it is armed (ready for trigger) and the TTL signal at the select
input is HIGH.

Low Level - The VNA is triggered when it is armed (ready for trigger) and the TTL signal at the select
input is LOW.

Positive Edge - After the VNA arms, it will trigger on the next positive edge. If Accept Trigger Before
Armed is set, VNA will trigger as soon as it arms if a positive edge was received since the last data
was taken.

Negative Edge - After the VNA arms, it will trigger on the next negative edge. If Accept Trigger Before
Armed is set, VNA will trigger as soon as it arms if a negative edge was received since the last data
was taken.

Accept Trigger Before Armed - When checked, as the VNA becomes armed (ready to be triggered),
the VNA will immediately trigger if any triggers were received since the last taking of data. The VNA
remembers only one trigger signal. All others are ignored.

e When this checkbox is cleared, any trigger signal received before VNA is armed is ignored.
e This feature is only available when positive or negative EDGE triggering is selected.

e Configure this setting remotely using CONTrol:SIGNal
(SCPI)ExternalTriggerConnectionBehavior.

Low latency mode: - When checked, variations in delay time between the reception of a trigger and
the start of a one-point measurement are decreased for point trigger measurement. However, the
/READY FOR TRIGGER does not output for each points at this mode.

e Point Trigger: ON, Low Latency: ON

1 sweep

Ti: P2
s =
EXTERMAL i
TRIGGER j
i
INDEX ! L :
ISWEEP ' ,
END .
'READY FOR f ' H'i
TRIGGER e

e Point Trigger: ON, Low Latency: OFF
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1 sweep

;I'L_ P T2
EXTERNAL ‘-, / \ % _\_/ U
TRIGGER i
/INDEX / ' \ ¢
ISWEEP ' ¢
END \
- SV VeV
TRIGGER

Ready for Trigger Indicator (OUT)

On the VNA, when External is selected on the Trigger Setup tab, then both Meas Trig IN and Meas
Trig Ready (OUT) are enabled.

Choose a connector to send the VNA Ready OUT signal:
e Handler I/O p21
Choose Polarity of the 'Ready OUT' signal.

e Ready Low - TTL Low indicates the VNA is ready for trigger (Ready High is not available on
the E5080A.)

See Also

e Learn how to External Trigger during Calibration
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Setup l Maas Trigger | Au Trig 1 ‘ .:..:.
External Device Handshake
| supports any trigger source (INT, MAN, EXT) |
V|Enable Channel: [ M
AL TRIG OUT (To Devica)
Folarity Fosition
' Posgitive Pulse () Before Acquisition
@ Megative Pulse (@ After Acquisition
[T Per Paint Pulse Duration 1.000 ysec m
| ok || Hep |

See how to access the Trigger Dialog

Note: When an External Source is configured as an External Device, the VNA automatically controls
all trigger settings. Do NOT make additional trigger settings. Learn more.

AUX TRIG OUT
The AUX TRIG connector is located on the VNA rear-panel.

1. the VNA begins the measurement when it receives a Trigger signal from the specified Trigger
Source:

e Internal - Measurement begins immediately.
e Manual - Measurement begins when the VNA Trigger button is pressed.

e External - Measurement begins when Meas Trig In signal is received from an
external device. This must be configured independently.

3. The Aux Trig OUT signal can be configured to be sent either just BEFORE the measurement
is made or AFTER the measurement is complete. When communicating ONLY with an
external source, the Aux Trig OUT signal should be sent AFTER the measurement is
complete to indicate that the external source can setup for the next measurement.

Dialog Settings
Enable - Check to use the Aux connector to output signals to an external device.
Channel: This setting is controlled by a VNA Preference setting.

e Global - ALL Aux Trig settings apply to ALL channels. The Per Point setting (see below) is
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made on the Trigger Setup tab which also applies to ALL channels.

e Channel - ALL Aux Trig settings apply to the specified channel. Each channel can be
configured independently.

AUX TRIG OUT (To Device)

The following settings control the properties of the signals sent out the rear panel AUX TRIG OUT
connector:

Polarity

Positive Pulse - Outgoing pulse is positive.

Negative Pulse - Outgoing pulse is negative.

Position

Before Acquisition - Pulse is sent immediately before data acquisition begins.
After Acquisition - Pulse is sent immediately after data acquisition is complete.

Per Point - Check to cause a trigger output to be sent for each data point. Clear to send a trigger
output for each sweep.

When the Aux Trig - "Global" VNA Preference is selected, then the Point setting is made on the
Trigger Setup tab. It then applies to ALL channels. When more than one channel is present, the
channel setting that was made last is used.

Pulse Duration - Specifies the duration of the positive or negative output trigger pulse.

See Also

e See how to use these connectors to synchronize with External Sources.

Note: Guided and Unguided Calibration CAN be performed in External Trigger mode. With this
optional behavior, while Trigger Source is set to External, trigger signals must be sent for Calibration
sweeps. This behavior does not apply to FCA calibrations.

The following dialog box appears on the VNA screen while the VNA is waiting for an External trigger
signal.

' aiting for external trigger...

Click Abort to cancel the wait for a trigger signal.

Last Modified:

29-Sep-2015  First Release
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Trigger Source

Internal
Speedometer

&
@ Internal Trigoer Manual I

Trigger Scope

1 @

ReStart Global
J L

———————— Channel

b Continuous b Continuous b
- -
o Groups‘ J o Groups‘ J b
b Single o Single b
b Hold b Hold ®
[ . r . [
Point Point

Continuous

Groups|
Single
Hold

Point

About the trigger model
Read Text description of triggering behaviors.
This model does not include the new Sweep trigger mode.
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Data Format

A data format is the way the VNA presents measurement data graphically. Pick a data format appropriate
to the information you want to learn about the test device.

e Display Format
e Rectangular (Cartesian) Display Formats

e Polar
e  Smith Chart

See other 'Setup Measurements' topics

Display Format

How to set the Display Format

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Format > Format 1 or Format 1. Right-click on the trace status area above the
2. grid box.

2. Click Format.

3. Select the desired format.

‘ Programning Commands ’

Format > Format 1, Format 2 SoftTab help

e Log Mag
e Phase / Unwrapped Phase

e Group Delay
e Smith / Inverse Smith Chart

e Polar

e Linear Mag
e SWR

* Real

e Imaginary

Rectangular Display Formats

Seven of the nine available data formats use a rectangular display to present measurement data. This
display is also known as Cartesian, X/Y, or rectilinear. The rectangular display is especially useful for
clearly displaying frequency response information of your test device.
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e Stimulus data (frequency, power, or time) appears on the X-axis, scaled linearly

e Measured data appears on the Y-Axis.
Log Mag (Logarithmic Magnitude) Format

e Displays Magnitude (no phase)
e Y-axis: dB
e Typical measurements:
o0 Return Loss
0 Insertion Loss or Gain
Phase Format
Measures the phase of a signal relative to the calibration reference plane with a range of +/- 180 degrees.
e Displays Phase (no magnitude)
e Y-axis: Phase (degrees)
e The trace 'wraps' every 180 degrees for easier scaling.
e Typical Measurements:

o Deviation from Linear Phase

Unwrapped Phase
e Same as Phase, but without 180 degree wrapping.

Note: Phase is unwrapped by comparing the phase from one data point to the next. If the phase
difference between two points is greater than 180 degrees, or if the phase of the first data point is greater
than 180 degrees from DC, than the phase measurement is probably NOT accurate.

Group Delay Format
e Displays signal transmission (propagation) time through a device
e Y-axis: Time (seconds)
e Typical Measurements:
o Group Delay
See Also:
Group Delay (Measurement)
Comparing the VNA Delay Functions.

Phase Measurement Accuracy

Linear Magnitude Format
e Displays positive values only

e Y-axis: Unitless (U) for ratioed measurements
Watts (W) for unratioed measurements.

e Typical Measurements:
o reflection and transmission coefficients (magnitude)

o time domain transfer
SWR Format

o Displays reflection measurement data calculated from the formula (1+p)/ (1-p) where p is
reflection coefficient.

e Valid only for reflection measurements.
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e Y axis: Unitless
e Typical Measurements:

o SWR
Real Format

e Displays only the real (resistive) portion of the measured complex data.
e Can show both positive and negative values.
e Y axis: Unitless
e Typical Measurements:
o time domain
o auxiliary input voltage signal for service purposes

Imaginary Format
e Displays only the imaginary (reactive) portion of the measured data.
e Y -axis: Unitless
e Typical Measurements:

o impedance for designing matching network

Polar Format

Polar format is used to view the magnitude and phase of the reflection coefficient (I') from your S;; or S,;
measurement.

You can use Markers to display the following:
e Linear magnitude (in units) or log magnitude (in dB)

e Phase (in degrees)

Phase Angle of
Reflected Signd

e The dashed circles represent reflection coefficient. The outermost circle represents a reflection
coefficient (I') of 1, or total reflected signal. The center of the circle represents a reflection
coefficient (T") of 0, or no reflected signal.

e The radial lines show the phase angle of reflected signal. The right-most position corresponds to
zero phase angle, (that is, the reflected signal is at the same phase as the incident signal). Phase
differences of 90°, +180°, and -90° correspond to the top, left-most, and bottom positions on the
polar display, respectively.

Smith Chart Format
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The Smith chart is a tool that maps the complex reflection coefficient (I') to the test device's impedance.

In a Smith chart, the rectilinear impedance plane is reshaped to form a circular grid, from which the series
resistance and reactance can be read (R + jX).

You can use Markers to display the following:
¢ Resistance (in units of ohms)

e Reactance as an equivalent capacitance (in units of farads) or inductance (in units of henrys)

Rectilinear Impedanc e Plane
+i

1] +Re =

Inverse Smith Chart (also known as Admittance)
Same as standard Smith Chart , except:
e The plot graticule is reversed right-to-left.

e Admittance (in units of siemens) instead of resistance.
Interpreting the Smith Chart
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Constant
,x’f Reactance
50
f,——«“’—’?i/h. Constant

,,4”?' Resistance

e
A O
/ E Inductive
a ol A e 25 SO e
IJ"- :
T ok e Capacitive
-125\ :
S System
-j50 Impedance

e Every point on the Smith Chart represents a complex impedance made up of a real resistance (r)
and an imaginary reactance (r+-jX)

e The horizontal axis (the solid line) is the real portion of the impedance - the resistance. The
center of the horizontal axis always represents the system impedance. To the far right, the value
is infinite ohms (open). To the far left, the value is zero ohms (short)

e The dashed circles that intersect the horizontal axis represent constant resistance.
e The dashed arcs that are tangent to the horizontal axis represent constant reactance.

e The upper half of the Smith chart is the area where the reactive component is positive and
therefore inductive.

e The lower half is the area where the reactive component is negative and therefore capacitive.

Last modified:

25-Jul-2014  First Release
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Scale

The Scale, Reference Level and Reference Position settings (along with Format) determine how the data
trace appears on the VNA screen.

e Scale, Reference Level and Position
e Scale Coupling

e Electrical Delay (Separate topic)
e Magnitude Offset & Magnitude Slope

e Phase Offset (Separate topic)

See other 'Setup Measurements' topics

Scale, Reference Level and Position

The Scale, Reference Level and Reference Position settings (along with format) determine how the data
trace appears on the VNA screen.

How to set Scale, Reference Level and Position

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Scale > Main > Scale / Reference 1. Right-click on Y-axis annotation or the
Level / Reference Position. trace status label above the grid box.
2. Input the desired value. 2. Select Scale....

‘ FProgramning Commands }

sale N

Scale

Per Division 10.000d8  |*

Reference
Level 0.000 dB |2
Posiion  500Div |2

Ok Cancel Help

Scale Dialog Box Help / Scale > Main Softtab Help
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Note: The scale settings are set to couple with other traces in each window. The following settings
assume that Scale Coupling is set to OFF. Learn more about Scale Coupling.

Scale

Per Division - Sets the value of the vertical divisions of a rectangular display format. In Polar and
Smith Chart formats, scale sets the value of the outer circumference. Range: 0.001 dB/div to 500
dB/div.

Tip: Click on the Y-axis labels, then use a mouse scroll wheel to change scale in preset increments

Autoscale - Automatically sets value of the vertical divisions and reference value to fit the ACTIVE
data trace within the grid area of the screen. The stimulus values and reference position are not
affected.

The analyzer determines the smallest possible scale factor that will allow all the displayed data to fit
onto 80 percent of the vertical grid.

The reference value is chosen to center the trace on the screen.
Tip: Double click on the Y-axis labels to autoscale the active trace.

Autoscale All - Automatically scales ALL data traces in the ACTIVE WINDOW to fit vertically within
the grid area of the screen.

Reference

Level

In rectangular formats, sets the value of the reference line, denoted by _ on the VNA screen.
Range: -500 dB to 500 dB.

In Polar and Smith chart formats, reference level is not applicable.

Tip: Click on the Y-axis labels, then drag up or down to change the reference level in preset
increments.

Position

In rectangular formats, sets the position of the reference line. Zero is the bottom line of the screen and
ten is the top line. Default position is five (middle).

In Polar and Smith chart formats, reference position is not applicable.

Tip: Click on the triangle _ then drag up or down to change the reference position in preset
increments.

Scale Coupling

With Scale Coupling enabled, traces that have the same format will have the same Scale, Reference
Level, and Reference Position. You can choose to couple the scale of traces that are in the same
window, couple the scale of all traces in all windows, or to have NO coupling.

How to set Scale Coupling

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Scale > Main > Scale Coupling.... 1. Right-click on the Y-axis labels of a
window.

2. Select Scale Coupling....
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‘ FProgramning Commands }

I Scale Cnupling_‘-_ ﬁ
Coupling Method
Window

All ; couple between all selected windows

Selected Windows

¥ Window 1

oK | Cancel | Help

Scale Coupling Dialog Box Help

Allows traces that share the same format to have the same Scale, Reference Level and Reference
Position.

Coupling Method

Off - No coupling. Traces are scaled individually. Default setting.

Window - All traces with the same format in each selected window share the same scale settings.
All: couple between all selected windows

All traces in ALL selected windows with the same format share the same scale settings.

e When Window or All coupling is enabled, the scale settings for the active trace are assumed
by other coupled traces with the same format.

e When there are traces with a different format present, all traces with that format assume the
trace settings of the lowest-numbered trace of that format.

e Once enabled, scale settings for all coupled traces with the same format can be changed with
any coupled trace being active.

Selected Windows

Available when either the Window or All method is selected. Selected windows will participate in
scale coupling. All windows are selected by default. Uncheck a checkbox to disable of scale coupling
for that window.

About Autoscale and Scale Coupling
Autoscale with Coupling Method

- affects the active trace in the active window. All traces that are coupled to this trace assume the
new scale settings of the active trace. This could cause some traces to NOT show on the screen.

Autoscale All with Coupling Method

e Off - All traces in the active window are autoscaled independently.
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e Window - All traces in each selected window are autoscaled to fit within a common set of
scaling factors.

e All - All traces in all selected windows are autoscaled to fit within a common set of scaling
factors.

Magnitude Offset

Magnitude Offset allows to offset the magnitude (not phase) data by a fixed or sloped value in dB. If the
display format is Linear Magnitude or Real (unitless), the conversion from dB is performed and the correct
amount of offset is implemented.

How to set Magnitude Offset
Using Hardkey/SoftTab/Softkey

1. Press Scale > Constants > Mag Offset / Mag Slope.

‘ Frogramning Commands }

Scale > Constants Softtab

The Magnitude offset setting affects only the active trace.
Mag Offset - Offsets the entire data trace by the specified value.

Mag Slope - Offsets the data trace by a value that changes with frequency. The offset slope begins at
0 Hz.

See where this operation is performed in the data processing chain.

Last modified:

23-Jul-2014  First Release
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Customize the VNA Screen

You can customize VNA screen by showing or hiding the following display elements.
e Windows (Separate topic)
e Display Labels
e Trace Status
e Y-axis Labels

e X-axis Labels

e Marker Display (Separate topic)

e Tables

e Toolbars
e Softkey
e Hardkey

e Port Extension

e Transform

e Marker

e Cal Set Viewer

e Title Bars

e Active Entry

e Status bars

e System Date and Time
e Display Colors (Separate topic)
e Grid: SOLID | Dotted

e Grid Lines

e Y-axis Divisions

e Show Table
e Tools
e Window Title

e Trace Title

e Frequency/Stimulus

e Minimize Application
See Also

Expanded display capabilities of the VNA
Traces, Channels and Windows on the VNA

See other 'Setup Measurements' topics
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Labels

You can display different labels for traces status, Y-axis and X-axis labels.

How to display Labels.

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Display Settings > Customize 1. Right click on any window
Display.... area.
2. Select Labels tab. 2. Click Customize Display....
OR 3. Select Labels tab.

Press Marker > Marker Setup > Marker Display....
Select Labels tab.

‘ Programning Commands ’

T

Labels | Markers ‘ Grid ‘ Toolbars ‘ Tools .

Show Labsals
¥ Trace Status)
W Y-axis Labels

| X-axis Labels

| Ok Cancel Apply Help

Labels tab Dialog Box Help

Show Labels
Trace Status

Tr 1 511 LogM 10.00dB/ 0.00dB U 512 LogM 10.00dB/ 0.00dB

Trace status is annotated at the top of each window.
The highlighted trace number indicates Active Trace.
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Click the title to select a trace.

Trace Status shows the following:

e Trace number (Tr x). This is the trace number of the channel; NOT the window trace number
which is used in many programming commands.

e Measurement parameter. This can be replaced with a custom Trace Title.
e Format

e Scaling factor

o Reference level

How to show/hide Trace Status.

Y-axis Labels

"Y-axis Labels" - allows user to show or hide the y-axis labels.

How to show/hide Y-axis Labels.

X-axis Labels

>Ch1: Start 100.000 kHz — Stop 9.00000 GHz

"X-axis Freq Resolution" - allows user to choose the resolution of the frequency display. The pull down
selects: 6-digit, GHz, MHz, kHz, Hz. It shows 1Hz resolution, but only shows significant digits.

How to show/hide X-axis Labels.
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Grid

How to set VNA Grid and display tables.
Each window can display only one table at a time.

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Display Settings > Customize 1. Right click on any window
Display... area.
2. Select Grid tab. 2. Click Customize Display....
OR 3. Select Grid tab.

Press Marker > Marker Setup > Marker Display....
Select Grid tab.

< Frogramning Commands }

Comorize gy L e

Labels | Markers | Grid | Toolbars ‘ Tools -J,li-'
Grid Lines | Solid v
Y-axis Divisions |10 -]
Show Table  Mona "'|

L oK Cancel Apply Help |

Grid Dialog Box Help

Grid Lines: Solid | Dotted - Set whether to display ALL open window grid lines in solid or dotted
lines. The selected setting is shown in CAPS. Once set, new windows are created using this setting.
Grid lines return to SOLID when the VNA is Preset.

Set the color of the grid using Display Colors.
How to display grid settings

Y-axis Divisions - Set the desired rows of Y-axis, it can shows 2 to 30.
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Show Table

None - Turn OFF the table.

Marker Table
You can display a table of marker settings. These settings include the:
e  Marker number
o Marker reference (for delta measurements)
e Frequency
e Time and Distance (for Time Domain measurements)
e Response
Learn more about Markers

Limit Line Table

You can display, set up, and modify a table of limit test settings. These include:
e Type (MIN, MAX, or OFF)
e Beginning and ending stimulus values
e Beginning and ending response values

Learn more about Limit Lines.

Segment Sweep Table
You can display, set up, and modify a table of segment sweep settings. These include:
e State (On/Off)
e Start and Stop frequencies
e Number of Points
e |F Bandwidth (if independent levels)
o Power Level (if independent levels)
e Sweep Time (if independent levels)
Learn more about Segment Sweep.

Toolbars

You can display different toolbars to allow you to easily set up and modify measurements.

How to display Toolbars

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Display Settings > Customize 1. Right click on any window
Display... area.
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2. Select Toolbars tab. 2. Click Customize Display....
OR 3. Select Toolbars tab.

1. Press Marker > Marker Setup > Marker Display....

2. Select Toolbars tab.

‘ Programning Commands ’

| Labels | Markers l Girid | Toolbars | Tools . ;'1.
Show Toolbars Other Bars
¥ [Softkey ¥ Main Title
] Hardkay W] Active Entry
| Pont Extensions ' Status Bar
| Transform |2 Bars
T Marker 7| Clock

| Cal Set Viewsr
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Show Toolbar
Note: There is also a Cal Set toolbar available for Monitoring Error Terms
Softkey

Display

Window

et

Desplay
Setmngs

Softkey is combination of softkeys and SoftTab. Softkey are automatically turned ON when one of the
'function’ hardkeys is pressed. This setting allows you to turn the softkeys OFF to show more
measurement space on the screen. The softkeys will reappear when another function hardkey is pressed.

Hardkey
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1. Set Up a Measurement

Front Keys | %

These keys also known as Front Keys, it performs interface operations that are equivalent to those of
keys in the INSTRUMENT keys, RESPONSE keys, STIMULUS keys and UTILITY keys on the front panel
of VNA. Learn more.

Port Extensions Toolbar
["|PortExtension Dist 0.000000 im D]J' | Loss1 OudB |: @Freql 1000 GHz z| Fucel | AutoPortExt.
Potl v  Time 0000000ps  [*[] Loss2 OpdB [f] eFreqz 10m0cHz 2] [use 2] [

The Port Extension toolbar allows you to set Port Extensions while viewing the measurement trace. Learn
more about Port Extensions.

Transform (Time Domain) Toolbar

[ Transform || Gating |Transfarrl15|.ar'l.l'$tup vl -10000000 nzec T 10.000000 nzec |T| [ﬂm [ 9 [i]

The Time Domain toolbar allows you to do the following:
e Turn Transform and Gating ON/OFF.
e Change the Start/Stop times for both Transform and Gating.
e More... - Launches the Time Domain Transform dialog box.

e ? - Display the help file.
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e X - Closes the toolbar.

Markers Toolbar

MurkErij_ r: ¥|on Siim 450{}050{:003(3l-ﬂ | Dalta [ Max | Min | [Start ” Stop |.EE|1I:er. Span .i]

The markers toolbar allows you to set up and modify markers. It shows:
e Marker number
e Stimulation value
e Marker functions:
o Delta
0 Max/Min
o Start/Stop
o Center/Span

Tip: To use the Front Panel Knob to change marker position, first click the Stimulus field of the marker
toolbar and then turn the knob.

Learn more about Markers

Cal Set Viewer Toolbar

cal Sets Display: (@ Eror Terms | Standards
; e _ ) |
CaiZat 1 * | | CrossTall,2) = Enable EJ

All Off (NOT on softkeys)
This allows you to hide all toolbars with a single selection. NOT available on sofkeys.

Other Bars
Main Title

¢ e s e Rt

The Main Title shows the title of VNA window and Minimize / Maximize icons.

e “IChecked - Title bars for all VNA window are shown.

e ICleared - Title bars for all VNA window are hidden. This allows more room to display
measurement results.

Active Entry Toolbar

EE0 v € B

When used with softkeys, this area allows numeric values to be entered for settings. From the keyboard,
enter G for Giga, M for Mega or milli, K for kilo and so forth.

Status Bar
2 Bars
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Tri | Cni |l IndTrig | Weas | BW=100k | Mo Cor

RFOn | Updal=On | InERed | no messapes LCL | alnandng-z

When enabled, the status bar is displayed along the bottom of the VNA screen. The primary status bar
shows the following:

Tip: Right-click on many of these items in the status bar for quick access to settings.

Active trace

Active channel

Trigger source

Channel Trigger State (Hold, Single, Continuous)
IF Bandwidth

Error correction for the active trace to the Basic cal, Smart cal and Calibrate All Channels.

e F: Full Port Calibration, R: Response Calibration, -: Nothing

Source Power Calibration

Simulation

Service

RF power

Display Update

Error messages

GPIB status: Local (LCL), Remote Talker Listener (RMT), or System Controller (CTL).
System Date and Time - Can be set ON or OFF. How to show/hide the VNA clock.

Note: A second level status bar appears when using External Test Set Control or Interface control.

The status bar state (ON or OFF) will not change when the VNA is Preset.

Clock (System Date and Time)

The VNA system date and time can be shown in the far right corner of the status bar.

The format is: year-month-day hr:min and can NOT be changed.

To hide the clock, right click the mouse on the clock and then click Hide Clock.

Learn how to set the VNA time settings.
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Tools

How to set Tools settings

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Display Settings > Customize 1. Right click on any window
Display... area.
2. Select Tools tab. 2. Click Customize Display....
OR 3. Select Tools tab.

Press Marker > Marker Setup > Marker Display....
Select Tools tab.

‘ Programning Commands ’

| Labals | Markers ] Girid [ Toalbars = Tools .
Tool Active Entry
Mew Window Redo
Mew Channel E ................. -
Mew Trace + Window Screenshot m
Home = | |
Fawvorite Mew Trace
Help Mew Channel + Window
Show Task Bar Delete
Preference
Tile Windows
Sof Toolba
Manage Files oftkey Taalbar
Minimize Application
About Metwork Anabyzer
= e |
I Diowm
| ok || caneal | iy Help |
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1. Set Up a Measurement

Tools function to create a shortcut icon to display on Active Entry or Softkey Toolbar. The maximum
icons can display on Active Entry is 9, while Softkey Toolbar is 12.

New Window - Create a new window.

[

=

New Channel - Create a new channel on active window.

©
2

Z

ew Channel + Window - Create a new trace and channel to a new window.

C

+’

Z

ew Trace - Create a new trace on active window.

>

Z

ew Trace + Window - Create a new trace to a new window, but the channel is remain.

&
=8 Ol

9
o
j=1
)
<
<
Z
>
I
5]
3
@
7
o
=
=
)
<
&

i

Favorite - Set favorite application.

*]

Help - Shows Help file.

o

Show Task Bar - Shows Window bar.

h o

Preference - Display preference dialog box.

£

Tile Windows

:

Manages Files - Use to manage the saved files in the "D:\" drive folder. Learn more.
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Minimize Application - Restore VNA screen. Learn more.

I+

About Network Analyzer - Display About Network Analyzer dialog box.

o

Undo - Recover to previous version. Learn more.

E

Redo - Set to latest version. Learn more.

A

Screenshot - Save screen figure to D drive (D:\).

5|

Delete - Delete the active window.

B
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Window Title
You can create and display a title for each window.

e The limit is set by the number of windows that are displayed.

e The title (Window 1) is annotated in the upper-left of the window as follows:
S11 LogM 10.00dB/ 0.004B

Window 1

How to enter a Window Title.

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Display > Window Setup > Window 1. Move a cursor in the grid and then right
Title.... click.

2. Select Title....

‘ Programning Commands ’

A Window Title dialog box appears as per below:

I

¥ Enable

Titlg:  Window 1 Keyboard

| oK | ~ Gancel | Help |

1. Click Enable, then type the window title. Click Keyboard to type with a mouse.
2. Toremove the window title, clear the Enable checkbox or delete the text from the dialog entry.

Trace Title

A Trace Title overwrites the Measurement Parameter in the Trace Status area, the Status Bar and
hardcopy prints.

e This title has priority over Equation Editor titles.
e The practical limit is about 70 characters if there is only one trace.

e Spaces are accepted but not displayed; use underscores.

e The title is annotated as follows:
Trace AlLogM 10.00dB/ 0.00dB

How to enter a Trace Title.

Using Hardkey/SoftTab/Softkey Using a mouse

1. Press Trace > Trace Setup > Trace 1. Right-click on the trace status area above the

94




E5080A

Title.... grid box.
2. Click Trace Title....

< Frogramning Commands }

A Trace Title dialog box appears as per below:
" Trace Title ﬁ
¥ Enable

Titlg: Trace A Keyhoard

e

f oK ~ Cancel | Help |

1. Click Enable, then type the trace title. Click Keyboard to type with a mouse.

2. Toremove the trace title, clear the Enable checkbox or delete the text from the dialog entry.

Frequency/Stimulus

=Ch1: Start 100.000 kHz — Stop 5.00000 GHz

Frequency/stimulus information is displayed at the bottom of each window on the screen. It shows:

e Channel number
e Start value
e Stop value
How to show/hide Frequency/Stimulus information

Minimize Application
The Network Analyzer application can be minimized to show the desktop and Windows taskbar.
1. Click System > Main > Minimize Application.

To restore the VNA application, double-click the VNA application on the desktop.

Last modified:

29-Sep-2015  First Release
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1. Set Up a Measurement

Copy Channels

Copy channels allows you to make a duplicate channel of the same Measurement Class and with the
same stimulus conditions as an existing channel.

e Why Copy Channels

e How to Copy Channels

e List of Channel Settings

Note: Copy Channels CAN be used with VNA Applications, such as FCA, Gain Compression, or Noise
Figure.

Other Setup Measurements Topics

Why Copy Channels
Copy channel settings if you need to create several channels that have slightly different settings.

For example, if you have an amplifier that you want to characterize over a frequency span with several
different input power levels.

Follow these steps:
1. Create one measurement with your optimized channel settings.
2. Copy that channel to new channels.
3. Change the power level on the new channels.

How to Copy Channels

The alternative to using Copy Channels is to create new default measurements on new channels. Then,
change every channel setting to your new requirement. This is very time consuming and thus shows the
benefit of the Copy Channels feature.

How to Copy Channels
Using Hardkey/SoftTab/Softkey

1. Press Channel > Channel Setup > Copy Channel.
2. Click Copy to Active Window/Copy to New Window/Copy Channel...

‘ Frogramning Commands }
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Copy Channel _ E

Copy channel: |  «| To Bl -
[ o] To -
@ Channeal Stimulus 4
8
Channal Stata 6 L
OK Cancel Help

Copy Channel dialog box help

Copies an existing channel's settings to another channel. Measurement traces from the source
channel are NOT copied.

Copy channel (also known as 'Source' channel): Select a channel to copy.

to (also known as 'Destination’' channel): Scroll to select a channel to copy settings to. Compatible
channel numbers that are currently being used are highlighted. They can be selected and overwritten.

The following are compatible destination channels:

A channel that does not yet exist. The new channel is created with the channel's default
measurement.

A channel of the same Measurement Class as the source. The existing measurements remain
on the destination channel.

A channel of any Measurement Class that contains no measurements. Again, the destination
channel is created with the channel's default measurement.

Notes:
e You can copy channel settings to ONLY one new or existing channel. Repeat this operation to
copy to more than one channel.
e The source channel is ALWAYS copied to the Active window. If you want the destination
channel in a separate window, first create a compatible new measurement in a new window.
Then make sure it is the Active window before you copy the channel into it.
e The measurement in the destination channel becomes the active measurement.
For example:
1. Source channel 1: Standard S21 measurement
2. Destination NEW channel 2
3. Result: Source channel 1, S21 Measurement AND channel 2, S11 measurement. Both with

same stimulus settings and in the same window. Channel 2, S11 measurement is the active
measurement.

For more information see Traces, Channels and Windows on the VNA

List of Channel Settings
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e Number of Points

e Sweep Settings

e Average
e Trigger (some settings)

Last modified:

29-Sep-2015  First Release
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Undo/Redo Settings

If make an incorrect setting, you can quickly recover by selecting Undo. If Undo incorrectly a setting, you
can Redo the undone setting.

e Undo and Redo applies ONLY to selected VNA settings.

e The Undo stack remembers 16 levels of Undo-able settings.

How to Undo or Redo a setting

Using Using a mouse

Hardkey/SoftTab/Softkey
1. Press Undo > Main. 1. Click Undo and Redo Icons on Active Entry or Softkey
2. Click Undo or Redo. Toolbar.

SCPI programming and Undo/Redo:
e There are NO Programming commands to invoke Undo/Redo.
e Programing commands are NOT Undo-able.
e The Undo stack is cleared when programming commands are sent to the VNA.

Tips:
Undo Redo

¢ Undo/Redo can be stored to a User Key or Favorite softkey.
e With a keyboard:
e Undo --> Ctrl+Z
e Redo --> Ctrl+Y
Clear Undo History
To clear the Undo stack, press Undo > Main > Clear Undo History.
Undo and Security
e Undo/Redo is disabled with High and Extra security levels. Learn more.

e State files that are saved for Undo/Redo purposes (for example: Preset) are deleted when any of
the following occur:

e The VNA Security level is changed
e The VNA App is started or closed.
Selected Undo-able settings
You can Undo or Redo the following VNA settings:

Note: There are several VNA settings that are NOT Undo-able. Because of this, when you attempt to
Undo a long sequence of operations, it is unlikely that the original state can be recreated exactly.

e Preset
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e File Recall
e Freguency Settings:
e For Standard Class: Start, Stop, Center, Span, CW

e For SMC: Mixer Setup dialog Apply
e Turn off Marker and Marker All OFF

e Number of Points

e Power Level - most applications and S-parameters
e Add or Change Measurement Class
e Turn OFF Channel

e Close Window

¢ New Channel, new Window and new Trace

e Delete Trace
e Window Tile
e Move Trace, Drag Trace

e Autoscale All, Autoscale

e Scale, Reference Level, Reference Position

e Scale Coupling dialog

e Electrical Delay
e Phase Offset

e Measurement Setups dialog

e Format
e Sweep Type

e Data -> Memory

e Single Marker Searches (Max, Min, Target, Peak...)

e Multi-marker Searches (Bandwidth, Power Saturation, Normal Operating Pt)

e Change a Marker’s stimulus value: softkeys, dialog or drag

e Change cell in Segment Table
e Mechanical Settings dialog

Last modified:

29-Sep-2015  First Release
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Dynamic Range

Dynamic range is the difference between the analyzer receiver's maximum input power and the minimum
measurable power (noise floor). For a measurement to be valid, input signals must be within these
boundaries.

Increasing dynamic range is important if you need to measure very large variations in signal amplitude,
such as filter bandpass and rejection. The dynamic range is shown below for an example measurement.

—

Input signals must be within these
boundaries for a vald
measurement

Chy narnic
Fange

To help reduce measurement uncertainty, the analyzer dynamic range should be greater than the
response that the DUT exhibits. For example, measurement accuracy is increased when the DUT
response is at least 10 dB above the noise floor. The following methods can help you increase the
dynamic range.

e Increase the Device Input Power

e Reduce the Receiver Noise Floor

Other topics about Optimizing Measurements

Increase Device Input Power

Increase the DUT input power so that the analyzer can more accurately detect and measure the DUT
output power. However, use caution - too much power can damage the analyzer receiver or cause
compression distortion.

Caution! Test Port RF Power input damage level: +27 dBm.

See how to increase input power to the device

Tip: You can further increase dynamic range by using an external booster amplifier to increase the input
power to the DUT. See High Power Amplifier Measurements.

Reduce the Receiver Noise Floor
You can use the following techniques to lower the noise floor and increase the analyzer's dynamic range.

e Reduce crosstalk between the VNA receivers when measuring signals close to the noise floor.
See Receiver Crosstalk.)

e Use Sweep Averaging - learn more about Sweep Average
e Reduce the IF Bandwidth - learn more about |F Bandwidth.

e In Segment sweep mode each segment can have its own IF bandwidth. For example, when
measuring a filter:
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e Inthe passband, the IF bandwidth can be set wider for a fast sweep rate, as long as high-

level trace noise is kept sufficiently small.
In the reject band, where noise floor contributes significantly to measurement error, the IF
bandwidth can be set low enough to achieve the desired reduction in average noise level.

Last Modified:

29-Sep-2015  First Release
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Phase Measurement Accuracy

You can increase the accuracy of phase measurements by using the following VNA features.

e Electrical Delay
e Phase Offset

e Spacing Between Frequency Points (Aliasing)

See Also
Port Extensions
Comparing the VNA Delay Functions

Phase Control

Phase Coherent Measurements

Learn more about Phase measurements

Electrical Delay
Electrical delay is a mathematical function that simulates a variable length of lossless transmission line.

Use the electrical delay feature to compensate for the linear phase shift through a device. This feature
allows you to look at only the deviation from linear phase of the device.

You can set the electrical delay independently for each measurement trace.

How to set Electrical Delay

Using Hardkey/SoftTab/Softkey

1. Press Scale > Electrical Delay

‘ Frogramning Commands }

Electrical Delay dialog box help

Electrical Delay - Specifies the value of delay added or removed, in Time or Distance. This
compensates for the linear phase shift through a device. You can set the electrical delay
independently for each measurement trace.

Velocity Factor - Specifies the velocity factor that applies to the medium of the device that was
inserted after the measurement calibration. The value for a polyethylene dielectric cable is 0.66 and
0.7 for PTFE dielectric. 1.0 corresponds to the speed of light in a vacuum.

Velocity factor can also be set from the Port Extensions dialog and Time Domain Distance Marker
Settings.

Softkey Display - Allows to enter delay in either time or distance using the softkeys and Active Entry
toolbar.

Distance Units - Select from Meters, Inches, or Feet. The step size will not change automatically
when this value is changed. Learn more about Step Size.
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Media
Coax - Select if the added length is coax. Also specify the velocity factor of the coax.

Waveguide - Select if the added length is waveguide. Also specify the low frequency cutoff of the
waveguide.

Cutoff Freq - Low frequency cutoff of the waveguide.
Learn about Electrical Delay (scroll up)

Phase Offset

Phase offset mathematically adjusts the phase measurement by a specified amount, up to 360°. Use this

feature in the following ways:

e Improve the display of a phase measurement. This is similar to the way you would change the
reference level in an amplitude measurement. Change the phase response to center or align the

response on the screen.

e Emulate a projected phase shift in your measurement. For example, if you know that you

need to add a cable and that the length of that cable will add a certain phase shift to your

measurement, you can use phase offset to add that amount and simulate the complete device

measurement.

How to set Phase Offset

Using Hardkey/SoftTab/Softkey

1. Press Scale > Constants > Phase Offset

‘ Programning Commands }

Phase Offset dialog box help

Phase Offset Type a value or use the up and down arrows to select any value.
Learn about Phase Offset (scroll up)

Spacing Between Frequency Points (Aliasing)

The analyzer samples data at discrete frequency points, then connects the points, creating a trace on the

screen.

If the phase shift through a device is >180° between adjacent frequency points, the display can look like

the phase slope is reversed. This is because the data is undersampled and aliasing is occurring.

If you are measuring group delay and the slope of the phase is reversed, then the group delay will change

sign. For example, the following graphic shows a measurement of a SAW bandpass filter.

e The left measurement has 51 points and indicates the group delay is negative, which is a physical

impossibility. That is, the response is below 0 seconds reference line.

e The right measurement shows an increase to 201 points which indicates the group delay is

positive. That is, the response is above the 0 seconds reference line.
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Tip: To check if aliasing might be occurring in a measurement, either increase the number of points or
reduce the frequency span.

Last modified:

25-Jul-2014  First Release
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Electrically-Long Device Measurements

A signal coming out of a device under test may not be exactly the same frequency as the signal going in
to a device at a given instant in time. This can sometimes lead to inaccurate measurement results. You
can choose between two techniques to eliminate this situation and increase measurement accuracy.

e Why Device Delay May Create Inaccurate Results

e Solutions to Increase Measurement Accuracy

e Slow the Sweep Speed

Other topics about Optimizing Measurements

Why Device Delay May Create Inaccurate Results
The following graphic shows an example of this situation:

¢ Inthe network analyzer, the source and receiver are phase locked together and sweep
simultaneously through a span of frequencies.

e The signal flow through the Device Under Test (DUT) is shown as different colors for different
frequencies.

e You can see as a stimulus frequency travels through the DUT, the analyzer tunes to a new
frequency just before the signal arrives at the receiver. This causes inaccurate measurement

results.

il f
SOURCE RECEIVER

—_—

INNNMDUT I

If the analyzer is measuring a long cable, the signal frequency at the end of the cable will lag behind the
network analyzer source frequency. If the frequency shift is appreciable compared to the network
analyzer's IF detection bandwidth (typically a few kHz), then the measured result will be in error by the
roll-off of the IF filter.

Note: There is no fixed electrical length of a device where this becomes an issue. This is because there
are many variables that lead to measurement speed. When high measurement accuracy is critical, lower
the sweep speed until measurement results no longer change.

Solutions to Increase Measurement Accuracy

Choose from the following methods to compensate for the time delay of an electrically long device.
Slow the Sweep Speed

The following methods will slow the sweep speed.

e Increase the Sweep Time

e Increase the Number of Points
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e Use Stepped Sweep

e Set Dwell Time

Last modified:

12-Aug-2014  First Release
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Reflection Accuracy on Low-Loss 2-Port Devices

To make accurate reflection measurements that have a 1-port calibration, you should terminate the
unmeasured port.

e Why Terminate the Unmeasured Port

e How to Terminate the Unmeasured Port

e Resulting Measurement Uncertainty

Other topics about Optimizing Measurements

Why Terminate the Unmeasured Port

A 2-port calibration corrects for all 12 twelve error terms. A 1-port calibration corrects for directivity,
source match and frequency response, but not load match. Therefore, for highest accuracy, you must
make the load match error as small as possible. This especially applies for low-loss, bi-directional devices
such as filter passbands and cables. You do not need to be concerned with load match when you are
measuring a device with high reverse isolation, such as an amplifier.

How to Terminate the Unmeasured Port
Use one of the following methods:

e Connect a high-quality termination load (from a calibration kit, for example) to the unmeasured
port of your device. This technique yields measurement accuracy close to that of a Full SOLT 2-
port calibration.

e Connect the unmeasured port of your device directly to the analyzer, inserting a 10 dB precision
attenuator between the device output and the analyzer. This improves the effective load match of
the analyzer by approximately twice the value of the attenuator, or 20 dB.

fw]
Test
=" ey I S -
. 1808 !
Port 1 —E"“Fm:

o

Resulting Measurement Uncertainty

The following graph illustrates the measurement uncertainty that results from terminating with and without
a precision 10 dB attenuator on the output of the test device.
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Filter Reflection
------------- Uncertainty with attenuator

................ Uncertainty without attenuator

The calculations below show how adding a high-quality 10 dB attenuator improves the load match of the
analyzer.

Note: The corresponding linear value is shown in parentheses.
Network Analyzer:

Load match (NA_ ) =18 dB (.126)
Directivity (NAp) =40 db (.010)

Filter:

Insertion loss (F;.) =1dB (.891)
Return loss (Fgr.) =16 dB (.158)

Attenuator:

Insertion loss (A,.) =10 dB (.316)

32.26 dB Return Loss

Calculations:
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Without Attenuator With Attenuator
pNA = (FIL)*(NALM)*(FIL) = (FIL)*(AIL)*(NALM)*(AIL)*(FIL)
=(.891)*(.126)*(.891) =(.891)*(.316)*(.126)*(.316)*(.891)
=.100 =.010
pAttenuator NA = (Fi)*(Aswr)*(FiL)
=(.891)*(.024)*(.891)
=.019
Worst Case = pya = pna+ PALEN.
Error (Ewc) -, =.01+.019
=.029

Uncertainty = -20log(Fgr.)+(Ewc)*+(NAp)

= -20log(FrL)*+(Ewc)*+(NAp)
-20l0g(.158)+(.100)+(.010) = -20l0g(.158)+(.029)+(.010)

Adds =
=11.4dB =14.1dB
Uncertainty = -20|Og(FRL)-(E\Nc)'(NAD) = '20|Og(FRL)-(E\Nc)'(NAD)
Subtracts =-20log(.158)-(.100)-(.010) = -20log(.158)-(.029)-(.010)

=26.4dB =18.5dB

hd
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Measurement Stability

There are several situations that can cause unstable measurements. To ensure that you are making
repeatable measurements, you can use various methods to create a stable measurement environment.

e Frequency Drift
e Temperature Drift

e Inaccurate Measurement Calibrations

e Device Connections

Other topics about Optimizing Measurements

Frequency Drift

The analyzer frequency accuracy is based on an internal 10 MHz frequency oscillator. See Technical
Specifications for stability and aging specifications.

If your measurement application requires better frequency accuracy and stability, you can override the
internal frequency standard and provide your own high-stability external frequency source through the 10
MHz Reference Input connector on the rear panel.

Temperature Drift
Thermal expansion and contraction changes the electrical characteristics of the following components:
e Devices within the analyzer
e Calibration kit standards
e Test devices
e Cables
e Adapters
To reduce the effects of temperature drift on your measurements, do the following.

e Switch on the analyzer 1/2 hour before performing a measurement calibration or making a device
measurement.

e One hour before you perform a measurement calibration, open the case of the calibration kit and
take the standards out of the protective foam.

¢ Use atemperature-controlled environment. All specifications and characteristics apply over a 25
°C 15 °C range (unless otherwise stated).

e Ensure the temperature stability of the calibration kit devices.
¢ Avoid handling the calibration kit devices unnecessarily during the calibration procedure.

e Ensure the ambient temperature is £1°C of the measurement calibration temperature.

Inaccurate Measurement Calibrations

If a measurement calibration is inaccurate, you will not measure the true response of a device under test.
To ensure that your calibration is accurate, you should consider the following practices:

o Perform a measurement calibration at the points where you connect the device under test, that is,
the reference plane.
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e If you insert any additional accessory (cable, adapter, attenuator) to the test setup after you have
performed a measurement calibration, use the port extensions function to compensate for the
added electrical length and delay.

e Use calibration standards that match the definitions used in the calibration process.
e Inspect, clean, and gage connectors. See Connector Care.
See Accurate Measurement Calibrations for more detailed information.

Device Connections

Good connections are necessary for repeatable measurements. To help make good connections, do the
following:

e Inspect and clean the connectors for all of the components in the measurement setup.
e Use proper connection techniques.
e Avoid moving the cables during a measurement.

Last Modified:
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Noise Reduction Techniques

Random electrical noise which shows up in the analyzer receiver chain can reduce measurement
accuracy. The following VNA functions help reduce trace noise and the noise floor which can lead to
better dynamic range and more accurate measurements.

Note: The trace noise in microwave PNAs becomes worse below 748 MHz and is especially obvious
between 10 MHz and 45 MHz. See Reduce IFBW.

e Averaging
e |F Bandwidth

e Trace Smoothing

See Also

Group Delay
Increase Dynamic Range

VNA data processing map.

Other topics about Optimizing Measurements

Averaging

Averaging is a feature that reduces the effects of random noise on a measurement. The VNA computes
each data point based on the average of several measurements. You determine the number of
measurements by setting the Average factor. The higher the average factor, the greater the amount of
noise reduction.

Effects of Sweep Average

Mithout Average With Average

My L
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Both Averaging and |IE Bandwidth can be used for the same benefit of general noise reduction. For
minimizing very low noise, Averaging is more effective than reducing IF bandwidth. Generally, Averaging
takes slightly longer than IF bandwidth reduction to lower noise, especially if many averages are required.
Also, changing the IF bandwidth after calibration results in uncertain accuracy.

How to Set Averaging

Using Hardkey/SoftTab/Softkey

1. Press Avg > Averaging > Enter the Averaging number

‘ Frogramning Commands }
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IF Bandwidth

The VNA converts the received signal from its source to a lower intermediate frequency (IF). The

bandwidth of the IF bandpass filter is adjustable from 40 kHz (for most VNA models) down to a minimum
of 1 Hz.

Reducing the IF receiver bandwidth reduces the effect of random noise on a measurement. Each tenfold

reduction in IF bandwidth lowers the noise floor by 10 dB. However, narrower IF bandwidths cause longer
sweep times.

e Channel wide - IF bandwidth can be set independently for each channel
e Segment sweep - IF bandwidth can be set independently for each segment of segment sweep.

e Calibration - Changing the IF bandwidth after calibration will cause a 'C-delta’ correction level,
which means that calibration accuracy is uncertain.

Effect of Reducing IF Bandwidth
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How to set IF Bandwidth

Using Hardkey/SoftTab/Softkey Using a mouse
1. Press Avg > IF Bandwidth > Enter the IF 1. Right click on the BW icons on the
Bandwidth value status bar.

2. Select on IF Bandwidth....

< Frogramning Commands }

IF Bandwidth dialog box help

IF Bandwidth i
IF Bandwidth
100.0 kHJN S|
(0).4 Cancel Help

IF Bandwidth Specifies the IF (receiver) bandwidth. The value of IF bandwidth is selected by

scrolling through the values available in the IF bandwidth text box. The IF BW is set independently for
each channel.

The IF bandwidth is automatically set to equal to or less than 1/5 of each measurement frequency.

114




E5080A

When LF Auto BW is checked, the actual IF Bandwidths used are:
e From 53+ MHz to 175 MHz: 30,000Hz * .025 = 750 Hz (next higher selectable value: 1 kHz.)
e From 175+ MHz to 250 MHz: 30,000Hz * .15 = 4.5 kHz (next higher selectable value: 5 kHz.)
e From 250+ MHz to 396 MHz: 30,000Hz * .5 = 15 kHz
e From 396+ MHz to stop sweep = 30 kHz

Trace Smoothing

Trace smoothing averages a number of adjacent data points to smooth the displayed trace. The number
of adjacent data points that get averaged together is also known as the smoothing aperture. You can
specify aperture as either the number of data points or the percentage of the x-axis span.

Trace Smoothing reduces the peak-to-peak noise values on broadband measured data. It smooths trace
noise and does not increase measurement time significantly.

Because Trace Smoothing follows Format in the VNA data processing map, the formatted data is
smoothed. Smoothing is automatically turned off if the format is Polar or Smith Chart.

Learn more about Data Format Types.

See the VNA data processing map.
Tips:

e Start with a high number of display points and reduce until you are confident that the trace is not
giving misleading results.

e Do not use smoothing for high-resonance devices, or devices with wide trace variations. It may
introduce misleading information.

e Smoothing is set independently for each trace.
Effects of Smoothing on a Trace

Without =m oathing IWith = moot hing

| — -
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How to set Trace Smoothing

Using Hardkey/SoftTab/Softkey

1. Press Avg > Smoothing > Smoothing ON|OFF

‘ Frogramning Commands }

Smoothing When turned ON, smoothing is applied to the displayed trace.

Smooth Percent Specify percent of the swept stimulus span to smooth. For example, for a trace that
contains 100 data points, and specify a percent of span = 11%, then the number of data points that are
averaged is 11.

Smooth Points Specify the number of adjacent data points to average.
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Crosstalk

Crosstalk is energy leakage between analyzer signal paths. This can be a problem with high-loss
transmission measurements. Although the crosstalk specification of the VNA is exceptional, you can
reduce the effects of crosstalk by doing the following:

e Perform an Isolation Calibration

Other topics about Optimizing Measurements

Perform an Isolation Calibration

For transmission measurements, a response and isolation measurement calibration helps reduce
crosstalk because the analyzer measures and then subtracts the leakage signal during the measurement
calibration. The calibration improves isolation so that it is limited only by the noise floor.

Note: Isolation is never performed on a Smart (Guided) Calibration. Learn more.

Generally, the isolation error falls below the noise floor. So when you are performing an isolation
calibration you should use a noise reduction technique such as sweep averages or reducing the IF
bandwidth.
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Effects of Accessories

Accessories in a configuration may affect the results of a device measurement. You can choose between
two analyzer features that reduce the effects of accessories.

=  Power Slope to Compensate for Cable Loss

= Gating to Selectively Remove Responses

Other topics about Optimizing Measurements

Power Slope to Compensate for Cable Loss

If you have a long cable or other accessory in a measurement configuration where a power loss occurs
over frequency, apply the power slope function. This function increases the analyzer source power by a
rate that you define (dB/GHz).

1. Press Power > Leveling & Offsets.
2. If the slope function is not already switched on, click the button beside Slope.

3. Inthe Slope box, enter the rate that you want the source power to increase over the frequency
sweep.

Gating to Selectively Remove Responses

Gating is a feature in the time domain (option 010) that allows the analyzer to mathematically remove
responses. You can set the gate for either a reflection or transmission response, but you will see different
results.

e Gating areflection response isolates a desired response (such as a filter's return loss), from
unwanted responses (such as adapter reflections or connector mismatches).

e Gating atransmission response isolates a specific path in a multipath device that has long
electrical lengths.

See Time Domain Gating for more information.

Last modified:

29-Sep-2015  First Release
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Achieve Fastest Sweep

You can achieve the fastest measurement sweep by adjusting the following:

=  Sweep Settings

= Noise Reduction Settings

= Measurement Calibration Choice

= Unnecessary Functions

Other topics about Optimizing Measurements

Sweep Settings
Consider changing each of the following settings as suggested.

e Frequency Span - Measure only the frequencies that are necessary for your device.

e Segment Sweep - Use segments to focus test data only where you need it.

e Switch Off Stepped Sweep - Use linear swept mode to minimize sweep time when possible.

e Auto Sweep Time - Use this default to sweep as quickly as possible for the current settings.

e Number of Points - Use the minimum number of points required for the measurement.

Note: Sweep time may be longer in the following situations.
* Sweep Time Entry is displayed.
* Sweep Timing or Trigger SoftTab is displayed.

For more information on how number of points and other settings affect sweep cycle time, see Technical
Specifications.

Noise Reduction Settings

Using a combination of these settings, you can decrease the sweep time while still achieving an
acceptable measurement.

e |F Bandwidth. Use the widest IF bandwidth that will produce acceptable trace noise and dynamic
range.

e Average. Reduce the average factor, or switch Average off.

Measurement Calibration Choice
Choose the appropriate type of calibration for the required level of accuracy.

When full 2-port error correction is applied, the VNA takes both forward and reverse sweeps to gather all
12 error correction terms. This occurs even with a single S11 measurement displayed. All displayed
measurements are updated as the second sweep is performed. Both sweeps are performed using the
specified sweep time.

When calibrating greater than 2 ports, the following formula is used to determine the number of sweeps
required:

e N *(N-1) where N = the number of ports.
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When full 3-port calibration is applied, 6 sweeps are required; forward and reverse for each port pair. With
full 4-port correction, 12 sweeps are required, and so forth.

To limit the measurement time, perform ONLY the level of calibration that your measurements require.
For example, if making only an S11 measurement, perform a 1-port calibration on that port.

Sweep speed is about the same for uncorrected measurements and measurements done using a
response calibration, or one-port calibration. For more information see Select a Calibration.

Unnecessary Functions

The analyzer must update information for all active functions. To achieve an additional increase in sweep
speed, switch off all of the analyzer functions that are not necessary for your measurement application.

e Delete Unwanted Traces

o Switch Off Unwanted Markers
e Switch Off Smoothing

e  Switch Off Limit Testing

e Switch Off Math Functions

Analyzer sweep speed is dependent on various measurement settings. Experiment with the settings to
get the fastest sweep and the measurement results that you need.

Last modified:

13-Aug-2014  First Release
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Switch Between Multiple Measurements

If you need to make multiple measurements to characterize a device, you can use various methods to
increase throughput. Experiment with these methods to find what is best for your measurement
application needs.

e Set Up Measurements for Increased Throughput

e Arrange Measurements in Sets

e Use Segment Sweep

e Trigger Measurements Selectively

e Automate Changes Between Measurements

e Recall Measurements Quickly

Other topics about Optimizing Measurements

Set Up Measurements for Increased Throughput

To achieve optimum throughput of devices that require multiple measurements, it is helpful to know the
operation of the VNA. This knowledge allows you to set up the measurement scenarios that are best for
your applications.

Learn more about Traces, Channels, and Windows on the VNA

Arrange Measurements in Sets

If you arrange measurements to keep the complete set of device measurements in one instrument state,
you can save them so that you can later recall a number of measurements with one recall function.

See Pre-configured Measurement Setups for more information.

Use Segment Sweep
Segment sweep is helpful if you need to change the following settings to characterize a device under test.
e Frequency Range
e Power Level
e |F Bandwidth
e Number of Points
e Delay
e Sweep Mode
e LO Offset

The segment sweep allows you to define a set of frequency ranges that have independent attributes. This
allows you to use one measurement sweep to measure a device that has varying characteristics.

See Segment Sweep for more information.

Trigger Measurements Selectively
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You can use the measurement trigger to make measurements as follows:
e Continuously update only the measurements that have rapidly changing data.
e Occasionally update measurements that have infrequently changing data.
For example, if you had four channels set up as follows:
¢ Two channels measuring the data that is used to tune a filter
e Two channels measuring the data for the out-of-band responses of the filter

You would want to constantly monitor only the measurement data that you use for tuning the filter. If you
continuously update all of the channels, this could slow the response of the analyzer so that you would
not be able to tune the filter as effectively.

Note: You must either trigger the infrequent measurement manually or with remote interface commands.

To trigger measurements selectively:
This procedure shows you how to set up two different measurements with the following behavior:

e Channel 1 measurement will continuously update the data.

Channel 2 measurement will occasionally update the data.
1. Press Setup > Quick Start.

2. Atthe Quick Start dialog box, click Create in new channel.

3. Frequency Sweep dialog box shows. Enter the preferred sweep setting.
Set Up a Measurement Trigger for Continuous Updates

1. Press Trigger > Trigger Source and select Internal.

2. Press Trigger > Trigger....

3. Atthe Trigger dialog box under Channel Trigger State, select Channel 1, and click
Continuous.

Set Up a Measurement Trigger for Occasional Updates
5. Atthe Trigger dialog box under Channel Trigger State, select Channel 2, and click Single, OK.
6. Press Trigger > Restart.
Update the Measurement
7. Click on the lower window to make Channel 2 the active channel.
8. On the active entry toolbar, click the type of trigger you set up.
o0 Click Single if you set up the analyzer for a single sweep per trigger.
o Click Groups if you set up the multiple sweeps per trigger.

Note: A trace must be active for you to initiate a trigger for that measurement.

Automate Changes Between Measurements

If there are slight differences between the various measurements that you need to characterize a device,
you may find that it is faster to change the measurement settings using programming.

Recall Measurements Quickly

The most efficient way to recall measurements is to recall them as a set of measurements (instrument
state).

e |t only takes a short time longer to recall an instrument state that includes multiple
measurements, than it does to recall an instrument state with only one measurement.
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e Each recall function has time associated with it. You can eliminate that time by setting up the
measurements as a set so you can recall them as a set.

See Save and Recall Files for more information.

Last modified:
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Data Transfer Speed

When testing devices remotely using SCPI, the following techniques can be used to transfer data quickly
between the VNA and remote computer, helping you achieve the best measurement throughput.

e Usesingle sweep (trigger) mode to ensure that a measurement is complete before starting a
data transfer.

e Transfer the minimum amount of data needed. For example, a trace with a few points, using
segment sweep rather than a full trace with many linearly spaced points. Also, use markers
instead of trace transfers.

e Choosethe REAL data format to provide the fastest transfer speed when using SCPI programs
for automated applications.

e Use SCPI over LAN for applications that are automated with SCPI programs.
e Use Shared Memory Data Transfer. Learn how.

Other topics about Optimizing Measurements
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Using Macros

Macros are executable programs that you write, load into the analyzer, and then run from the analyzer.
You can have up to 25 macros set up to run on the analyzer.

e How to Setup Macros

e How to Run Macros

e Macro Example

How to Setup Macros

Using Hardkey/SoftTab/Softkey

1. Press Macro > Key Setup > Macro Setup...

In the Macro Setup dialog box:

1. Create an executable program and save it on the VNA hard drive. See SCPI| example programs
in VBscript.

2. Use a mouse or the front-panel ‘down-arrow' to select a blank line below the last entry. (There
may be NO entry.)

Click Edit to start the Edit Macro Setup dialog.

In the Macro Title box, type a descriptive title for your macro.

Click Browse...

Change Files of Type.

Find and select your executable file. Change Files of Type if necessary.
Click OK on the Edit Macro Setup dialog.

Click OK on the Macro Setup dialog.

© ® N o gk~ w

10. Press MACRO to run. It may be necessary to first Preset the VNA to see your macro in the menu.

Macro Setup dialog box help
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Macro setup allows you to create up to 25 macros that can be launched from the VNA application.
An external keyboard is required to enter the Macro Title and the Run string parameters.

To add a Macro, use a mouse or the front-panel 'down arrow' (NOT the 'Down' key) to select a blank
line. Then click Edit.

Macro Title Shows the titles that appear in the softkeys and menu when you press the Macro key.
These titles are associated with the executable files and should be descriptive so you can easily
identify them.

Macro Executable Lists the complete path to the executable file. To follow the example of launching
the Keysight VNA Series Home Page, the path to the executable could be "C:/Program Files/Internet
Explorer/iexplore.exe.

Macro Runstring Parameters Lists the parameters that get passed to the program that is referenced
in the executable file. Again following the example of launching the VNA Series Home Page, you
could assign the runstring parameters "http://www.Keysight.com/find/pna".

Edit Invokes the Macro Edit dialog box.

Delete Deletes the selected macro.

Up Allows you to reorder the macros, moving the selected macro up one line. This order determines
how they appear in the VNA Menu and in the softkeys and when you press the Macro front-panel key.

Down Moves the selection down one line in the list of macros.

Macro Edit dialog box help
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Macro Title Add a title that appears in the softkeys and menu.

Macro Executable Set the complete path to the macro executable file. Click Browse to navigate to
the macro executable file and establish the complete path to the file.

Macro run string parameters Optionally add parameters that are passed to the program referenced
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in the executable file.
See Macro Setup dialog box

How to Run Macros

Using Hardkey/SoftTab/Softkey

1. Press Macro > Macro<#>
2. then select the macro to run

Macro Example

The following is an example Visual Basic Scripting (vbs) program that you can copy, install, and run on
your VNA.

Note: Print these instructions if viewing in the analyzer. This topic will be covered by the Macro Setup
dialog box.

1. Copy the following code into a Notepad file.

2. Save the file on the analyzer hard drive in the C:/Documents folder. Name the file FilterTest.vbs
3. Close Notepad

4. Setup the macro in the VNA

5. Run the macro

Notepad is a text editor that is installed on all PCs that use a Microsoft Operating system. To launch
Notepad on the analyzer:

1. Click View, then click Title Bars

2. Click the Start button on the windows taskbar
3. Pointto Programs, Accessaories.

4. Click Notepad

"Start copying here
"This program creates a S21 measurement
"It is written in VBscript using SCPI commands

Dim app

Dim scpi

"Create / Get the VNA application

Set app = CreateObject (AgilentPNA835x.Application™)
Set scpi = app-ScpiStringParser

"Preset the Analyzer.FPREset presets the setting and deletes all traces and
windows

scpi.Execute ('SYST:FPReset™)

"Create and turn on window 1

scpi.Execute ('DISPlay:WINDowl:STATE ON'™)

"Define a measurement name, parameter

scpi -Execute ('CALCulate:PARameter:DEFine:EXT “MyMeas®™, ®"s21°')

"Associate ('FEED') the measurement name ("MyMeas®) to WINDow (1), and give
the new TRACE a number (1).

scpi .Execute ('DISPlay:WINDowl:TRACel:FEED "MyMeas"'™)
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Select a Calibration Type

The following calibration types are available in the VNA.

Cal Type Accuracy Thru Methods allowed
TRL Family Very High All except Unknown Thru
SOLT High All

Enhanced Response High Defined Thru or Flush Thru
QSOLT (Quick SOLT) Medium Defined Thru or Flush Thru
1-Port Reflection High Not Applicable
Open/Short Response Low Not Applicable

Thru Response Low Known Thru or Flush Thru

Learn how to select a default Cal Type.
Other Cal Types (Separate Topic)

e Source and Receiver Power Cals

See other Calibration Topics

TRL Family

Application: Used to accurately calibrate any pair of ports when calibration standards are not readily available.

Note: A Delta Match Cal may be required.

+ Learn more about TRL family cal
» For more information on modifying standards, see Calibration Standards.

General Accuracy: Very High

Standards Required: THRU, REFLECT, LINE or similar combination

Systematic Errors Corrected:

» Directivity

* Source match

* Isolation (see exceptions)

* Load match

* Frequency response transmission tracking
* Frequency response reflection tracking

SOLT

Application: Used to accurately calibrate any number of ports.

General Accuracy: High

Standards Required: (SHORT, OPEN, LOAD, THRU) or ECal module

Systematic Errors Corrected (on all ports):
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Directivity

Source match

Isolation (see exceptions)

Load match

Frequency response transmission tracking
Frequency response reflection tracking

Enhanced Response

Application: Used to calibrate two ports when only measurements in one direction (forward OR reverse) are required.
Measurements are faster because a second sweep is NOT required.

» Reflection Standards (OPEN, SHORT, LOAD) are connected to the source port to be calibrated.

» Defined THRU or Flush THRU standard is connected between port pairs.

* Much quicker than SOLT when using a mechanical cal kit. ECal can also be used.

To select Enhanced Response:
For a standard S-parameter Cal, select Cal > Main > Basic Cal... .
Then, In the Basic Cal dialog box:
1. Under 'Cal Type', select Enh Response 1-> 2 Enh or Response 2-> 1.

General Accuracy: High

Standards Required: (SHORT, OPEN, LOAD, Defined THRU or Flush THRU)

Systematic Errors Corrected:

» Directivity (source port)

* Source match (source port)

Isolation (see exceptions)

Load match (receiver port) - used only to produce transmission tracking term.
Frequency response transmission tracking (receiver port).

Frequency response reflection tracking (source port).

QSOLT (Quick SOLT)

Application: Used to quickly calibrate any number of ports. Developed specifically for use with external multiport test
sets.

Note: A Delta Match Cal is required to cal test ports that do not have a dedicated reference receiver.

* Reflection Standards (OPEN, SHORT, LOAD) are connected to only ONE of the ports to be calibrated. The lower port
number of the ports to be calibrated is selected by default. This can be changed through the Modify Cal / Cal Type
setting.

» Defined THRU or Flush THRU standards are connected from the reflection standard port to the
remaining ports to be calibrated.

* Much quicker than SOLT when using a mechanical cal kit.

« Based on TRL math.

General Accuracy: Not as high as SOLT

Standards Required: (SHORT, OPEN, LOAD, Defined THRU or Flush THRU)

Systematic Errors Corrected:

» Directivity

* Source match

Isolation (see exceptions)

Load match

Frequency response transmission tracking
Frequency response reflection tracking

1-Port (Reflection)

Application: Used to accurately calibrate any single test port for reflection measurements only.
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General Accuracy: High

Standards Required: (SHORT, OPEN, LOAD) or ECal module

Systematic Errors Corrected:

* Directivity

* Source match

* Frequency response reflection tracking

Open / Short Response

Application: Used to quickly calibrate any single test port for reflection measurements only.

General Accuracy: Low

Standards Required: OPEN or SHORT

Systematic Errors Corrected:
Frequency response reflection tracking

Thru / Transmission Response (Isolation Optional)

Application: Used to quickly calibrate any pair of test ports for transmission measurements only.
Isolation is not usually recommended. Learn more about Isolation

General Accuracy: Low

Standards Required: THRU
Isolation: One LOAD for each VNA test port.

Systematic Errors Corrected:
* Frequency response transmission tracking

* Isolation

Last modified:
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Calibration Wizard

The Calibration Wizard allows you to choose a Calibration method and then perform the calibration.
e How to Start Calibration Wizard
e SmartCal (Guided Calibration)

e Basic Calibration

e Saving a Calibration

Other Cal Topics

How to start Calibration Wizard

Using Hardkey/SoftTab/Softkey

1. Press Cal > Other Cals > Smart Cal...

‘ Programning Commands }

The Calibration Window / Channel

During a Guided Calibration, a 'Cal Window' is created for you to view the connection of calibration
standards before standards are measured. This Cal Window uses a new Cal channel that is created
and duplicates the settings in the channel being calibrated. Correction is ALWAYS OFF for the
displayed calibration channel. At the completion of the calibration, the calibration channel and window
are deleted.

The measurement of calibration standards can be performed while viewing any VNA window
configuration you choose. The Cal Window is appended to your Custom Cal Window setting, and all
windows are visible and sweeping below the Cal Wizard before the Measure (cal standard) button is
pressed. The windows to be viewed and channels to be swept during the cal process are specified
using Remote commands.

The Cal Window settings do not work in a FCA channel.

SmartCal (Guided Calibration)

A Guided Calibration automatically determines the calibration type and suggests a calibration kit that
matches your DUT connectors. Guided Calibration can perform the following Cal Types:

e ALL Cals EXCEPT Open, Short, and Thru Response Cals.
e ECal on one or more ports.
e TRL - Learn how to do TRL cals

‘ Frogramming Commands }
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Note: SmartCal DOES allow you to measure calibration standards in any order. However, you must click
Next and Back without measuring standards until you get to the standard you want to measure.

The VNA displays the following dialog boxes when performing a Guided calibration on standard channels.

To learn about Calibrations for Application channels, refer to the help topic for the Application.

Select Ports for Guided Calibration dialog box help

Select Ports for Guided Calibration
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Allows you to select ports to calibrate.

Cal Type Selection Select the number of ports to calibrate.

N Port Cal Configuration If not calibrating all VNA ports, specify which ports to calibrate.
Calibrate source and receiver power Check to perform a Guided Power Calibration. Learn more.

See Also: Use Multiple Power Sensors to perform a Guided Power Cal

Back Return to Cal Wizard Begin dialog. If you did not see the 'Cal Wizard Begin' dialog but want to,
click Back, then clear the Save Preferences checkbox.

For greater than 4-port cals, see External Test Set calibration - Select Cal Type.

Select DUT Connectors and Cal Kits dialog box help
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Allows you to select the connector type and Cal Kit for each DUT port to be calibrated.
Connectors To change selection, click the connector field for each DUT port.

If your DUT connectors are not listed, you can create your own connector type and calibration Kit file.
The VNA includes the following example cal kits that can be used as a template. See Calibration kits
for more information.

o If using a gendered (male and female) connector type, select Type A as the connector type.

e If using a connectorless device such as on-wafer probes., select Type B as the connector
type.
Cal Kits Select the Cal Kit to be used to calibrate each test port. The list for each DUT Port displays
kits having the same connector type as the DUT.

Identical ECal models connected? ECal modules can be distinguished by serial number. This can
have implications on your remote SCPI programs.
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Cal Kit Notes
85056K

The 85056K definitions in the VNA are for 2.92mm standards (2.4mm plus 2.92 adapters). To
calibrate 2.4 mm connectors using the 85056K cal kit, select 85056A as the cal kit when you need
the sliding load. Otherwise, select 85056D as the cal kit. Both the 85056A and the 85056D kits
contains exactly the same standards as the 85056K cal kit WITHOUT the adapters.

TRL

e To perform a TRL Cal, assign a TRL Cal Kit to the lowest port number of each port pair.

e When selecting a TRL Cal Kit on a PNA-L model that requires a Delta Match Cal, and a
Global Delta Match Cal is not available, the Cal type will be set to SOLT and a "Could not
find a Global Delta Match Cal." message is displayed on the dialog box. If the selected Cal
Kit will not support SOLT, the Next button will not be available. Then you must select a
different Cal Kit to proceed or Cancel and perform a Global Delta Match Cal.

Modify Cal Check, then click Next, to Modify Cal (Standards AND Thru Method).
For greater than 4-port cals, see External Test Set calibration - Select DUT Connectors.

Error dialog box help
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The current cal kit does not cover the current frequency range of the measurement. Do one of the
following to correct the problem:

Cal Kit Class Category Choose from SOLT and TRL. Not available with ECal modules. Click Edit to
modify the appropriate class assignments.

Frequency Change the frequency range of the active channel.

Edit Modify the class assignments so that a different standard is selected.
Back Select a different Cal Kit that covers the required frequency range.
Cancel Exitthe Cal Wizard

Modify Cal dialog box help
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Thru #n

Lists the proposed Thru connections to be made during the calibration process. You can change
these Thru connections to better suit your test setup.

e The proposed Thru connections are listed automatically.

e Additional Thru connections can be selected for higher accuracy. Learn more.
Add Thru
Click to add a Thru connection. Learn more
Remove Thru

Select a Thru by clicking the "Thru #N" field or the "1st Port / 2nd Port" field. Then click "Remove
Thru". This selection is NOT available if the selected Thru is required for the calibration.

1st Port / 2nd Port

Click to select the two ports to be included in the Thru connection. The order of the port numbers is
not critical.

Thru Cal Method

Lists the available Thru Cal methods for the specified port pairs.
Learn about the Thru Cal Method choices.

Cal Type/ Stds

Click to invoke the View / Modify Properties of Cal dialog box

Do orientation - Appears ONLY if an ECal module is selected for use.

When this box is checked (default) the VNA automatically senses the model and direction in which an
ECal module port is connected to the VNA ports. If power to the ECal module is too low, it will appear
as if there is no ECal module connected. If you use low power and are having this problem, clear this
check box to provide the orientation manually.

Orientation occurs first at the middle of the frequency range that you are calibrating. If a signal is not
detected, it tries again at the lowest frequency in the range.

Choose delta match - Available when a Delta Match Cal is required.

e Check, then click Next to invoke the Select Cal Set for Delta Match dialog box.

e Clear - The Cal Wizard uses the Global Delta Match Cal if available.
View/Detect ECal Characterizations - Appears ONLY if an ECal module is selected for use.

Click to invoke the View ECal Modules and Characterizations dialog box. Displays a list of ECal
modules that are connected to the VNA.

View/Modify Properties of Cal for Ports... dialog box help
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Select calibration type
Another chance to change the Thru method.

Learn about the Thru Cal Method choices.
Advanced

Select the cal method for each connector of the Thru pair.

e TRL - Available ONLY when a TRL cal kit was selected for the lowest port number of the
port pair.

e QSOLT Available ONLY when "Defined Thru" or "Flush Thru" is selected. "QSOLT 2 <= 1"
refers to the receive port 2 and source port 1(where reflection standards are connected).

e Enhanced Response Available ONLY when "Defined Thru" or "Flush Thru" is
selected."EnhResp 2 <= 1" refers to the receive port 2 and source port 1.

e Transmission Response Available ONLY when "Defined Thru" or "Flush Thru" is selected,
when Mechanical Cal is selected, and when 2 ports are being calibrated. "TransResp 2 <=
1" refers to the receive port 2 and source port 1.

View Modify Click to invoke the Preview and Modify Calibration Selections dialog box.

Note: Changes made to the Cal Kit through this dialog are temporary that last only for this calibration.
To make permanent changes to the Cal Kit, perform Advanced Modify Cal Kits.

Select Cal Set for Delta Match dialog box help
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This dialog box appears when a Delta Match Cal is required and Choose delta match was selected.
Learn more.

Displays the Cal Sets that meet the requirements of the Delta Match Cal.
Select either a User Cal Set or Global Delta Match Cal.
If there is no suitable choice for a Delta Match Cal:

1. Click Cancel, then Cancel again to quit the Cal Wizard.
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2. Perform either a Global Delta Match Cal or a SOLT cal and save the result in a User Cal Set.
3. Start the Cal Wizard to re-initiate this calibration.
4. Select the Global Delta Match Cal or User Cal Set.

Calibration Steps dialog box help
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Note: Beginning in VNA Rev. 6.0, calibration can be performed with External triggers. Learn more.

As each new cal step prompt appears, the traces are setup for the next standard measurement. Also,
sweeps are triggered continuously until the Measure button is pressed. This way you can view the
integrity of the standard connection.

Prompts for standards to be measured.
Measure Click to measure the standard.
Done Click after a standard is re-measured and all measurements for the calibration are complete.
Next Click to continue to the next calibration step. Does NOT measure the standard.

If a standard is NOT measured, a warning appears and Done will not be available after the last Cal
step.

Note: Smart (Guided) Cal allows you to measure calibration standards in any order. However, you
must click Next and Back without measuring standards until you get to the standard you want to
measure.

Sliding Load Measurement dialog box help
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Allows you to measure the sliding load standard.

To ensure an accurate calibration, carefully follow the instructions that were provided with your siding
load.

To Measure a Sliding Load:
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3. Calibrate a Measurement

Connect the sliding load to the measurement port.

Position the sliding element, then click Measure. Do not move the sliding element until
measurement is complete.

3. Measure the sliding load for at least five and up to seven positions for best accuracy.

Note: The positions of the sliding element should cover the full length of the slide, but be
unequally spaced to reduce the possibility of overlapping data points. Most sliding loads have
marks for each slide position.

4. Click Done after the final measurement.
5. Remove sliding load from the measurement port.
6. Measure the remaining standards.

Specify delay dialog box help
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This dialog appears ONLY when Adapter Removal or Unknown Thru calibrations are performed.

The following values were estimated from the measurement. Most of the time, they are adequate.
However, for CW sweep or frequency sweep with large step sizes, the accuracy of the values may be
improved.

Adapter delay To improve this value, measure and record the delay of the adapter with a dense step
size. Enter that value here. The required precision value is the accuracy that is required to
characterize the delay value.

Nominal phase offset (Waveguide ONLY). To improve this value, measure and record the phase
offset of the Waveguide adapter with dense step size. Enter that value here.

When one connector is coax and the other connector is waveguide, the phase offset has an ambiguity
of 180 degrees. For consistency, the estimate provided here is always between 0 and 180 degrees.
You can change this estimate to any value between -180 degrees and +180 degrees.

The Calibration Complete dialog box appears after all standards are measured.

Basic Calibration

Using Hardkey/SoftTab/Softkey

1. Press Cal > Main > Basic Cal...

‘ Frogramning Commands }

It provides basic calibration. The limitations of basic calibration are, it is for:
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e one connector type
e one cal kit

e one cal type

e no isolation cal

e no power calibration

Connacion sl B8 Pt Cal Typa
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Connector Type Allows user to select single connector type.

Cal Kit Allows users to select single Cal Kit. The displayed selection options are according to the
selected connector type.

Port Allows users to select the port gender. No Connect indicates that no port is connected to the
VNA.

Cal Type Allows users to select calibration type. The displayed selection options are according to the
selected cal kit, connector type and gender.

Port i | o Opon m] | | o Ste ]| o Losd e || of THIL Sovn A Calsat.
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Save As Calset... Its grayed out when calibration is incomplete. Once the calibration is completed,
press this button to save the calibration.

Saving a Calibration

SmartCal, ECal, and Unguided Calibrations end with the following dialog box:
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3. Calibrate a Measurement
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Finish Save to the channel's calibration register.

Save As User Cal Set Invokes the Save as User Cal Set dialog box AND save to the channel's
calibration register.

Cancel Calibration is NOT applied or saved.

Learn about Calibration Reqisters.

Learn about User Cal Sets

Save as User Cal Set dialog box help
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Existing Cal Sets - Lists the Cal Set names saved on the VNA.

Select Cal Set from list or type new name below Specify a name for the new Cal Set. Either accept
the suggested new name, type a new name, or select a name from the list to overwrite an existing
name.

Edit Name |If there is no keyboard, click to start the VNA typing tool that can be used from the VNA
front panel.

Save Saves the Cal Set to the new Cal Set name.
Learn about User Cal Sets

Last modified:

14-Aug-2014  First Release
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Guided Power Calibration

Source and Receiver Power Calibration can be performed during a standard S-parameter Guided
Calibration. This power cal provides the following enhancements over the standard source and receiver
power calibration:

e A source and receiver power cal can be performed for all VNA ports with a single power sensor
connection.

e Multiple power sensors can be used to cover wide frequency ranges.

e The receivers are corrected automatically.
e Optionally compensates for an adapter that may be used to connect the power sensor.

e Provides optional match-corrected power measurements.

e Source and Receiver power correction is stored to the Cal Set along with S-parameter correction.
Note: A Guided Power Calibration is not accurate when Frequency Offset Mode is enabled.

Learn more about the standard Source and Receiver Power Cals.

How to perform a Guided Power Cal

1. In a Standard (S-parameter) channel, setup your measurements (sweep type, frequency
range, IFBW, and so forth). A special version of this feature is available on mmWave SMC
measurements. Learn more.

2. Connect the Power Meter / Sensor the same as a standard Source Power Cal. Learn more.

e See Supported Power Meters

e See Important first-time USB connection note.
3. Start the Cal Wizard, then select Guided (Smart) Cal. Learn how.

‘ Programning Commands }

On the following Select Ports dialog, check Calibrate source and receiver power, then click Next.

Gl Ports for Guided Calibration
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Two Cal Wizard pages later, complete the following dialog.

Power Cal Settings dialog box help
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3. Calibrate a Measurement

Powor Cal Settings
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Note: A Use Power Table checkbox (not shown) is available when a mmWave SMC measurement is
active. Learn more.

Power Cal at: Select the source port for which a Power Calibration will be performed. The source and
receiver correction will be transferred to all other sources and receivers involved in the S-parameter
measurements.

Use Multiple Sensors NOT available with SMC measurements.

Check this box to use one or more power sensors that are configured as PMAR devices. This dialog is
replaced with the Multiple Sensors dialog. See following image.

When "Use Multiple Sensors" is cleared (default setting), click Power Meter Settings to configure the
power meter.

De-embed (power sensor) adapter When the power sensor connector is NOT the same type and
gender as the DUT connector for the specified port, then for optimum accuracy, extra cal steps are
required to measure and correct for the adapter that is used to connect the power sensor to the
reference plane.

Clear this box to NOT compensate for the added adapter.
Check this box to perform extra calibration steps to measure and correct for the adapter.

Then select the Power Sensor Connector type and gender of the power sensor. "Ignored" does
NOT compensate for the added adapter, just as if the checkbox were cleared.

When this connector matches the DUT connector for the same port, then the VNA assumes that
there is no adapter. Extra cal steps are NOT required and the Cal Kit selection is not available.

Otherwise, select the Cal Kit to be used to calibrate at the adapter.
See Accuracy Settings below.

Power Cal Settings - Use Multiple Sensors dialog box help
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Notes

"Multiple sensors" are allowed ONLY on standard channels and during a Cal All calibration.

The power sensors that are used as "multiple sensors" MUST be configured PMAR devices.

Power Cal at: Select the source port for which a Power Calibration will be performed. The source and
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receiver correction will be transferred to all other sources and receivers involved in the S-parameter
measurements.

Sensor Settings Click to start the Sensor Settings dialog, used to ADD / Configure an External
Device.

Sensor Grid
Sensor Select the power sensor and the associated Start and Stop frequency range.

Adapter When the power sensor connector is NOT the same type and gender as the DUT
connector for the specified port, then for optimum accuracy, extra cal steps are required to measure
and correct for the adapter that is used to connect the power sensor to the reference plane.

Clear this box to NOT compensate for the added adapter.

Check this box to perform extra calibration steps to measure and correct for the adapter. Then
specify the Power Sensor Connector type and gender of the power sensor. When this
connector matches the DUT connector for the same port, then extra cal steps are NOT required,
and the Cal Kit selection is not available. Otherwise, select the Cal Kit to be used to calibrate at
the adapter.

Remove Click to remove the power sensor from the list.

Add Sensor Click to add a new line, then click the down-arrow to select a sensor. If a power
sensor does NOT appear in the list, click the Sensor Settings button to configure a power sensor.

Accuracy

Tolerance When consecutive power sensor readings are within this value of each other, then the
reading is considered settled.

Max Number of Readings Sets the maximum number of readings the power sensor will take to
achieve settling. Each power reading is "settled" when either:

e Two consecutive readings are within this Tolerance value or
e When the Max Number of Readings has been met.
The readings that were taken are averaged together to become the "settled" reading.

‘ Programning Commands }

Power Sensor Connection step dialog box help
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Power Level Setthe power level at which the Source Power Cal is to be performed.

It is usually best to perform the Source Power Cal at 0 dBm because the power sensor is calibrated at
that level. If 0 dBm is not achievable for your measurement, then set to the power level with the lowest
level of measurement noise.

Turn OFF Match Correction

During a Guided Power Cal, the match between the power sensor and the VNA source port is measured.
The source power correction array is compensated to account for the measured mismatch. In addition,
the reference receiver measurement is also compensated to account for the mismatch of the DUT.
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How to turn OFF match correction:

Click Main, then Correction Methods.

3. Calibrate a Measurement

Correction Methods dialog box help

Channel 1 Correction Methods

2 Perform match correction on power

measurements

Ok

Cancel

Help

By default, the Guided Power Cal applies match correction to the receiver measurements. However,
you may want to turn OFF match correction in the following cases:

¢ When making non-traditional measurements, such as high-power or multiport configurations.
Because of added components or reconfigurations, the mismatch measurement may not be

valid.

e When you have a remote program that already accounts for the match effects of the sensor.

Clear the box to NOT apply match correction on all receivers used on this channel. The receivers are
still corrected using standard receiver calibration. Learn more.

Check the box to apply match correction on all receivers used on this channel.

Last Modified:

18-Nov-2014 Initial Release
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Calibrate All Channels

"Cal All" allows you to calibrate multiple channels in a single calibration session. This not only reduces
the number of connections that need to be made, but also the number of cal standard measurements that
must be performed.

In this topic:
e [Features
e Limitations

e How to perform a Cal All Channels Calibration

e Select Channels dialog

e Measurement Class Cal Properties dialog

e Calibration Attenuator Settings dialog

e Select DUT Connectors and Cal Kits dialog

e Power Cal Settings dialog

e Cal Steps dialog

e Finish

Other Cal Topics

Features

Cal All offers a single, optimized calibration procedure for all channels (with some limitations, see below).
The optimizations include:

e Minimizing the number of physical connection of standards.
e Minimizing the number of power meter calibration sweeps.
e User-settable power levels for S-Parameter as well as power calibration steps.

e Accounting for different switch and attenuator settings among different channels. This reduces
the number of measurements required to characterize different switch/attenuator settings
(channel setup differences).

e Cal All will produce the same number and format of Cal Sets (error terms) that would be realized
had the calibrations been performed one at a time.
Limitations

e SMC+ Phase with phase enabled is supported using a known delay mixer or a phase reference
cal set. S2P file characterized mixers are NOT supported.

e Starting the VNA in Multiport mode is NOT supported.
e Cal Allis performed at one IFBW.
e All channels that are calibrated are forced into stepped sweep mode.
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3. Calibrate a Measurement

e All channels to be calibrated MUST have the same cal reference plane. In other words, Cal All
cannot compensate for any path changes that occur external to the VNA.

How to perform a Cal All Channels Calibration

Using Hardkey/SoftTab/Softkey

1. Press Cal > Call All...

‘ Programning Commands }

Selected Channels dialog box help

Calibrate All Sedected Channeds

| Erpble  Channael  Meagurement Class CalParts &)
E < Part 2

| Part 3

E Fi Gain Comprassion 12 Port 4

E i Galn Compragiion Convamam 12

(=] 4 IM Spectum 12
E 3 IM Spectrum Converters 12
E B Moise Figure Codd Source 12
: 7 Meise Figure Comesriers 12 -

| Mg > Carcel | Helg

1. Check the channels to be calibrated.
2. Check the ports to be calibrated.
3. Click Next>

Note: To perform an LO power cal for a mixer channel, set the LO port to a VNA or external source in
the Mixer Setup dialog. Then select that port in this dialog.

Measurement Class Cal Properties dialog box help
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Confirm or change the following unique cal properties for each channel to be calibrated. Click a link to
learn about these properties.

The properties with (NOT available in Cal All) are NOT available in a Cal All calibration as they are in
a stand-alone calibration.

SMC (VMC is NOT offered)

Programming
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Ul Setting Property Value
Enable Phase Correction "Enable Phase Correction" "true" or "false"
Phase Correction Method "Phase Correction Method" "Use Mixer Delay"

"Use Receiver
Characterization Calset"

Mixer Delay "Mixer Delay" Real number indicating delay
value.

Receiver Characterization Cal | "Calset" String of Cal Set Name

Set

Characterized mixer (s2p file)
(NOT available in Cal All)

Standard Channel

Programming

Ul Setting Property Value

Include Power Calibration "Include Power Calibration" "true" or "false"

The power cal is optional only if none of the selected channels require a power cal.

Calibration Attenuator Settings dialog box help
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This dialog shows the Power, Attenuator, and IFBW settings for the Cal All calibration. The default
values for the Cal All session are the preset values of a standard S-parameter channel. These values
are not necessarily the same as those of the channels that are selected for calibration. When there
are differences in measurement path (switch) settings between the Cal All channel and the selected
channels, these differences are detected by Cal All and additional measurements are made for each
path condition. These additional measurements allow Cal All to produce error terms appropriate for
each of the selected channels. In general, the Cal All session should be performed at a power level
that is high enough to prevent noise in the error terms. However, an increase in power could cause
compression or damage to the VNA receivers. The following settings allow you to increase the power
level ONLY during the Cal All session.

Power Limit (Disable)
Cal All shows you when power limits are enabled. This setting provides you a convenient way to
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3. Calibrate a Measurem

TEMPORARILY disable these limits in order to take advantage of the power settings available in
Cal All. If power limits are on, your DUT is probably a high-gain device and the attenuator settings
in your channels are high resulting in lower power at the cal reference plane. This lower signal can
result in noisier measurements during the acquisition of cal. This situation is precisely what Cal All is
intended to improve. Cal All allows you to configure the calibration conditions for better signal-to-
noise performance during the cal while leaving your DUT conditions alone. You can elect to clear
the “Disable Power Limits during cal” checkbox when you prefer to calibrate at a higher power level
than is allowed by your limit. The limit is restored after the Cal All session.

Source / Receiver Attenuator

By default, the Cal All calibration is performed with Source and Receiver attenuators set to 0.
Change the Source or Receiver attenuator settings when external hardware (such as a booster
amplifier) would cause the VNA receivers to be compressed or damaged.

You may also want to change the attenuator or path configuration settings to force the cal channel
to match settings of the selected channels. If all of the selected channels are set to identical
hardware settings, it may be better to apply these settings to the cal channel. For example, if your
channels all use a 5 or 10 dB attenuator step at port 1, you might elect to change the Cal All
channel to use the same low attenuator settings. This will result in the cal measurements being
made under the same path conditions as the channel and it will eliminate the need to
mathematically compensate for the difference. However, if large attenuator values are used, the
default Cal All settings will likely improve your results.

S-Parameter Cal Port Power
Set the power level at which the S-Parameter cal is performed.
Power Offsets

Power Offsets are channel-scoped. Consequently, offsets that you already set are NOT
automatically copied to the Cal All session. This setting allows you to also apply a Power Offset
during the Cal All session. Learn about Power Offsets.

IF Bandwidth

Set the IFBW used to perform the Cal All calibration. The default IFBW setting of 1 kHz is a good
nominal setting for most measurements. Lowering the IFBW removes noise from the calibration
measurement, but also causes slower sweeps.

Path Configuration

In addition to application-specific calibration requirements, Cal All performs an S-parameter
calibration + power cal on behalf of all the selected channels. By default, this calibration is
performed with standard channel default hardware paths:

e Bypass switches are set to “Thru”
¢ Noise switches are set to Normal.

Path configuration differences between your channel and the Cal All channel are mathematically
removed.

The Path Configuration dialog allows you to change the path settings for this portion of Cal All
calibration.

ent

Select DUT Connectors and Cal Kits dialog box help
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For each DUT port:

e Select the connector at the calibration reference plane (where the cal standards will be
connected).

e Select the cal kit to be used.

Check Modify Cal to change the Thru method. An Unknown Thru cal is performed by default. Learn
about THRU methods.

Learn more about this dialog.
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A guided power cal is performed on the source ports for the Cal All calibration.

This dialog is displayed for each source port to receive a power cal.

To perform an LO power cal for a mixer channel, set the LO port to a VNA or external source in the
Mixer Setup dialog. Then select that port in the Selected Channels dialog.

e To use the same power sensor for all power cals, do NOT check Use Multiple Sensors.

e To use different power sensors, check Use Multiple Sensors. The sensor must be
configured as a PMAR device. Learn how.

Learn about this dialog box.
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3. Calibrate a Measurement
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This page is a summary of the Cal All settings. Confirm the settings, then click Next > or < Back to
change settings.

Guided Cabbralen Step 1 of 9

PORT 1 | OFEN -M-

D ]
Cerrmct 24 MM MALE OPEM 1o o 1

Salar [Maanas | wiaen cornasione ks bawn mads
cBack [ Hets | Conc | men |

Follow the prompts to connect each standard. Then click Measure.

Click Re-measure if necessary.
Then click Next >

Calibration results will be saved in each channel’s Cal Register when you exit the wizard.
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Click Finish to save the Cal All session results to Cal Registers.

Or click Save As User CalSet, then enter a prefix title. The Meas Class and channel number are
appended to this prefix to save to a User Cal Set for each calibrated channel.

Learn more about this dialog.
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3. Calibrate a Measurement

Using Calibration Sets

e What are VNA Cal Sets

e Cal Reqisters and User Cal Sets

¢ How to Manage and Apply Cal Sets

e Examples of Cal Set Usage

e Archiving Cal Sets using .cal files

See Also

Save and Recall: Instrument States and Cal Set Data

See other Calibration Topics

What are VNA Cal Sets

At the completion of a calibration, all calibration data is stored to a Cal Set. The Cal Set can be applied
later to any channel that has the same stimulus settings as the Cal Set, thereby saving the time it takes to
perform another calibration. The following data is saved to a Cal Set:

e Name

e Cal Set Description

e Cal Set Attributes - stimulus settings, cal type, port association
e Standards data

e Error term data

e GUID (Globally Unique IDentifier)

Cal Registers and User Cal Sets
There are two types of Cal Sets:
e Cal Registers (channel specific)
e User Cal Sets

Calibration data is automatically saved to a Cal Register at the end of every calibration. You can also
choose to save the cal data to a User Cal Set.

Calibration Registers

New with VNA Release 5.0, Calibration Registers are designed to simplify calibrations for most users.
When a calibration is complete, the data is automatically saved to the channel's Cal Register, overwriting
(or appended to) the previous cal data stored in that register. This concept is similar to previous Keysight
Vector Network Analyzers.

e Every channel has ONE dedicated Cal Register. They are named CHn_CALREG, where n is the
channel number. The name cannot be changed.

e Cal Registers are more volatile because they are overwritten (or appended) each time a
calibration is performed on that channel. The Cal data is always saved, but only temporarily.
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e Cal Registers can be applied to other measurements, but ONLY on the same channel as the Cal
Register.

User Cal Sets

At the end of a calibration, you can choose to also save cal data to an existing or new User Cal Set.
e User Cal Sets can be applied to any number of channels simultaneously.
e User Cal Sets are named by you for easy identification.

e You can have an unlimited number of User Cal Sets.

e Atany time, you can copy Cal Register data to create a User Cal Set. See Cal Set Properties.

Note: You can set a Preference to revert the pre-5.0 behavior - Cal data was automatically saved to a
User Cal Set instead of a Cal Register.

Appending Data in a Cal Set

At the end of a calibration, data is saved to the channel's Cal Register and, if you choose, to a User Cal
Set. When you choose to save to an existing User Cal Set, the VNA attempts to append the new error
terms to the existing User Cal Set. The existing Cal Set data is completely overwritten UNLESS the new
data can coexist with the existing data according to the following two rules:

e The stimulus settings of the new data must exactly match the existing data.
e The new cal must involve different ports from the existing cal.
For example:

Case 1 - An existing Cal Set contains a full 2-port cal between ports 1 and 2. Using the same stimulus
settings, you perform a 1-port cal on port 3. At the end of the cal, you click Save As User Cal Set and
select the existing full 2-port User Cal Set.

Result: The 1-port cal is appended to the 2-port User Cal Set. There is NO overlap between them.
Case 2 - Same situation as Case 1, except the 1-port cal is performed on port 1.

Result: The Cal Set will contain a 1 port cal on portl and a 1 port cal on port 2. The overlapping tracking
terms are removed rendering the original full 2 port cal invalid.

How to Manage and Apply Cal Sets and Cal Types

The VNA attempts to apply a Cal Set, and turn error correction ON, for ALL of the measurements on the
active channel. This may not always be possible. For example, suppose a channel contains both S11
(reflection) and S21 (transmission) measurements. If a Cal Set that contains only an S11 Cal Type is
applied to that channel, the Cal Set does not contain the error terms to correct the S21 measurement.
Error correction is turned ON for the S11 measurement and NOT turned on for the S21 measurement.

There are two ways to apply an existing Cal Set (Cal Register or User Cal Set) to a measurement:

1. Recalling an Instrument State with Cal data (.cst file) - A .cst file contains an Instrument State
with all measurement attributes AND a 'pointer' to the Cal Set that was used to calibrate the
measurement. Before saving a .cst file, be sure that a User Cal Set (NOT a Cal Register) is being
used for the measurement. Because Cal Registers are automatically overwritten when a new
calibration is performed, it is likely that the Cal Register data will change before the .cst file is
recalled.

2. Create a new measurement and select a Cal Set to apply to the active channel.

Note: NEVER copy or modify Cal Sets from Windows Explorer or other applications. Cal Sets should only
be accessed through the VNA Application.

How to select and apply a Cal Set to the active channel

Using Hardkey/SoftTab/Softkey
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3. Calibrate a Measurement

1. Press Cal > Cal Sets & Cal Kits > Cal Set...

‘ Programning Commands }

CalSiet Hame | Drescription | Cherneds | Cal Type/Posts || Dt Modified
MAMECS VML 442 P 114505
CHI_CALREG VML 4141 P 1740805
MgSMLCCa SMC_2P -3 27 P 170005
M CalboiliHz MyECaRoGHz N2 024266 PH 110805
CalSen_3 Nz OEI0PM 102505
CalSen_2 A2 0217 PH 102505
CafSer_1 CalSel 1 Fi-2 RIS 20 AM 122104

1] I |
Copy | Eduroperties] [ Deienn Deise s |

AopCa | (i ooe | Hep |

Calibration Selection dialog box help

This dialog box allows you to manage and apply Cal Sets.

Although the number of Cal Sets you can have is limited only by the amount of VNA memory, it is
considered unusual to have more than about 10 existing Cal Sets, or one current Cal Set for every
unique channel setup. Old Cal Sets (with 'stale' data) should be deleted or overwritten.

The active channel's Cal Register always appears, even if empty. Cal Registers that belong to other
channels appear in the list of Cal Sets only if the channel exists, and only if they contain data.

e Learn about Cal Reqisters.
e Learn how to View the Error Terms of a Cal Set.

To apply a Cal Set to the active channel, click a row to select that Cal Set, then click Apply Cal.

Note: A Cal Set must have been generated from the same measurement class as the active channel
in order for it to Applied.

Columns click a heading to sort by that column
Cal Set Name Name to identify the Cal Set.
Description User-settable text to further identify the Cal Set.

Channels Channel numbers that are currently using this Cal Set. A blank entry means it is not
currently in use.

CalType / Ports Type of Cal contained in the Cal Set. Learn about applying appropriate Cal Types.
Cal Type Abbreviations:
1P, 2P, 3P, 4P... - Full n-Port calibration
+ - Indicates a Power Correction is included in the Cal Set

R - Response (instead of ports, shows the measurement type that it corrects.)

ER/x-y Enhanced Response, where x is the receive port; y is the source port.
SMC Scalar Mixer Cal
Modified Date and time the Cal Set was last modified.
Buttons

Copy Invokes the Save as User Cal Set dialog box. Type a name for the copy of the selected Cal
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Set data.

Edit / Properties Invokes the Cal Set Properties dialog box. This allows you to view all of the Cal
Set properties and create a duplicate User Cal Set from an existing User Cal Set or Cal Register.

Delete Permanently deletes the Cal Set after you choose OK to a warning prompt.

Delete All Permanently deletes ALL listed Cal Sets and Cal Registers after you choose OK to a
warning prompt.

Apply Cal Applies the selected Cal Set to the active channel. If the stimulus settings of the Cal Set
and channel are different, a choice must be made.

Unselect Available ONLY if the selected Cal Set is being used by the active channel. Click to 'Un-
apply' the Cal Set, then click Close to exit with the Cal Set un-applied.

OK Always APPLIES THE SELECTED CAL SET to the active channel, then closes the dialog box.
Close Exit the dialog box. Performs no further action.
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3. Calibrate a Measurement

 Calset Properte ——

MName CHI1_CALRLEG Fdit name
Description  ©H1_GALREG | Edit Diascription |

Namea: CHI1_CAI RFG +

Description: CHI1_CAI RFG

LI {00000 -N000-00N0-0000-0N0000 000000}

Last Maodified: Dec 10, 2074 at 10:24:06 Ab

Created by: Standard

Firmvware Rew: TANG2.58

kodal Number: EROR0A

Sedal Murmber; JPON0O001E

Std CoreStimulus

TesiSeiMap

WA Securily Level

Ok Cancel Help
| |

Cal Set Properties dialog box help

Allows you to view all of the Cal Set properties and create a duplicate User Cal Set from an existing
User Cal Set or Cal Register.

Name Edit name of the User Cal Set. You can NOT change the name of a Cal Register.
Description Descriptive text to further identify the Cal Set.

Cal Set Properties Lists descriptive information and stimulus conditions of the Cal Set.
Learn how to View the Error Terms of a Cal Set.

Stimulus Setting Different between Cal Set and Measurement
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Select Cal 5et -- Chooze Stimuluz Setting x|

The Cal Set that you have zelected has different stimulus [%ttings
than the active channel.

Pleaze zelect one of the following actions:

— Achiong

* Do not change the active channel's stimulus settings.
If neceszan, interpolation will be turned on automatically.

" Change the active channel's stimulus settings to match those of
the selected Cal Set.

k. | Cancel | Help |

Select Cal Set -- Choose Stimulus Settings dialog box help

The Cal Set contains the channel stimulus settings that were in place when the Cal Set was saved.
This dialog appears when the Cal Set channel settings are different than those of the channel to which
the Cal Set is being applied. Choose between the following options.. (See above image).

e A Keep the Active Channel Stimulus settings. Interpolate if possible.

o |If the Cal Set frequency range is greater the active channel, then Interpolation will be
turned ON. Learn more about Interpolation Accuracy

e |f the Cal Set frequency range is less than the active channel, then this option is not
available.

o B. Keep the Cal Set Stimulus settings. The Active Channel stimulus setting are changed.
OK Make the change.
Cancel Cal Set will NOT be applied.

Examples of Cal Set Usage

The following examples show how Cal Sets increase flexibility and speed in making analyzer
measurements.

e Using one User Cal Set with many Channels

e Using one Measurement with many Cal Sets

Using one User Cal Set with many Channels
It is possible to do one calibration, then apply it to several channels.
An example:

During a manufacturing process, you may have many calibrated channels. You may wish to continuously
cycle through the measurements and examine them individually. Occasionally, you may wish to refresh
the calibration without having to recreate all the measurement state files.
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3. Calibrate a Measurement

Here is how: Examine the stimulus settings for each channel. Then make the User Cal Set stimulus
range a super-set of the whole group. Each channel can then use the same User Cal Set. Some
calibrations will be interpolated. Note: Make sure that interpolation is turned on.

Notice in the following image, Cal Set 78 is used on more than one channel, in this case Channel 5 and
16 .

Channel Cal Set

5 1 1

L’ 2

2 3

3 4

4 L 5

5

78

T =
16 |— 100

Using one Measurement with many Cal Sets

The drawback with having one very large User Cal Set associated with many instrument states could be a
loss of accuracy due to interpolation. In such cases, consider using one User Cal Set for each stimulus
setting.. The stimulus conditions can then be changed for a channel by applying different User Cal Sets.
Other settings (window setups, measurement definitions, scaling, limits, markers) will not change. This
may result in faster state changes than if you saved and recalled *.cst files for each set of stimulus
conditions.

Example #1: An amplifier needs to be measured at several input power levels. Calibrate at several power
levels and save each calibration in a separate User Cal Set. Then, apply the User Cal Sets to the single
measurement consecutively.

Example #2: Making an S21 Measurement, you need to measure both wide span and narrow span
characteristics of the device. One Cal Set covers the wide span setup; another the narrow span setup.

Archiving Cal Sets using .cal or .csafiles

Because User Cal Sets can easily be deleted, provide extra backup by also saving your calibration as a
.cal or .csa file (see saving a .cal file).

Example:

One person performs a calibration, names and saves it as a User Cal Set. This Cal Set is available for
any other person to use. A second user could accidentally delete or modify the User Cal Set requiring the
originator to repeat the calibration.

Security can be provided for calibration data by saving the Cal Set to a .cal file or .csa file. At a later time,
the file could be recalled and the original calibration restored.
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3. Calibrate a Measurement

Error Correction and Interpolation

Error Correction and Interpolation settings work together to provide you with the highest level of
calibration accuracy possible.

e How to set Error Correction

e Error Correction

e Viewing Correction Levels

e How to set Interpolation

e Interpolation Accuracy

See other Calibration Topics

How to set Error Correction

Using Hardkey/SoftTab/Softkey

1. Press Cal > Main > Correction > Channel Correction On|Channel Correction Off

‘ Programning Commands }

Error Correction

The Error Correction ON setting means that the calibration error terms are applied to the measurement.
Error Correction is automatically turned ON when a calibration is performed or if a Cal Set is applied to a
measurement. The VNA attempts to turn error correction ON for ALL of the measurements on the active
channel. This may not always be possible when applying Cal Sets. For more information, see Applying
Cal Sets.

When full 2-port error correction is ON, both forward and reverse sweeps are required to gather all 12
error terms, even if only one reflection measurement is displayed. This may result in a higher
measurement speed than expected. Learn more.

You can always turn Error Correction OFF for the active measurement by clicking Correction OFF. The
VNA will turn Error Correction OFF automatically when making stimulus changes under some conditions.
To turn correction back ON, click Correction ON. Then:

e If Interpolation can NOT be performed, a dialog box will ask if you would like to change the
stimulus settings to those of the applied calibration. Click OK or Cancel.

o If Interpolation can be performed, the stimulus setting will change and correction turned ON.

Viewing Correction Level
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The correction level provides information about the accuracy of the active measurement. Correction level
notation is displayed on the status bar for different calibration types like response, full 2-port, TRL, or
power calibration.

To View Correction Levels:

In the View menu, click Status Bar. The status bar appears and displays the following items:

Tr2 || Ch1 | IntTrig Meas |BW=100k| No Cor
RFOn UpdateOn IntRef

Correction Level Accuracy
C Ful Highest

C*  Interpolated Uncertain

CA Changed Uncertain

No No Correction Lowest
Cor

C Full Correction

Full Correction level is displayed immediately after a calibration is performed or when a valid Cal Set is
applied. If you require optimum accuracy, avoid adjusting analyzer settings after calibration so your
measurement remains at this level.

C* Interpolated Correction

"C star" appears in the status bar when a measurement is being interpolated. See Interpolation (above)
and Interpolation Accuracy.

CA Changed Settings

"C-delta" appears in the status bar when one or more of the following stimulus settings change. The
resulting measurement accuracy depends on which parameter has changed and how much it has
changed. For optimum accuracy, recalibrate using the new settings.

e Sweep time
e |F Bandwidth
e Port power

e Stepped sweep enabled/disabled
No Cor No Correction

The following will cause the VNA to turn Error Correction OFF for the channel:
e Decrease the start frequency
e Increase the stop frequency
e Change start frequency, stop frequency, or number of points with Interpolation OFF.

e Change sweep type

How to set Interpolation

Using Hardkey/SoftTab/Softkey

1. Press Cal > Main > Interpolation > ON|OF
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3. Calibrate a Measurement

‘ Frogramning Commands }

Interpolation

Calibration interpolation adjusts calibration error terms to match changes to the following settings that you
make AFTER a calibration is performed or a Cal Set applied.

The Interpolation ON setting means that interpolation is enabled for the active measurement. This does
not necessarily mean that the measurement is interpolated. When enabled (ON), if interpolation becomes
necessary because you change any of the following stimulus settings, then interpolation will be applied.
When stimulus settings change while interpolation is OFF, interpolation is NOT applied but instead, error
correction is turned OFF.

Interpolation occurs (if enabled) when you change any of the following settings:
e Start frequency increased
e Stop frequency decreased
e Number of points

Note: Decreasing the start frequency, or increasing the stop frequency will always turn correction OFF.
(Exception: Power Calibration DOES extrapolate to the start and stop frequencies.)

Interpolation Accuracy

When a measurement is interpolated, the accuracy of the measurements cannot be predicted. It may be
affected significantly or not at all. Identifying measurement errors in these cases must be determined on a
case-by-case basis. In general, the magnitude and phase stimulus from the VNA and the response from
the DUT need to be smooth and continuous for measurement interpolation to give accurate results.

Significant measurement inaccuracy WILL occur when the phase shift response between measurement
points increases changes more than 180 degrees. The VNA will incorrectly interpolate the new phase
data. For more information, see phase accuracy.

In general, the chances of significant inaccuracy increases when interpolating measurements under the
following conditions:

¢ when frequency span between measurement points becomes much greater.
o when measurement frequencies are above 10 GHz where phase changes happen more rapidly.

e when interpolating across frequency band crossings. Learn more about band crossings.

Note: When the interpolation algorithm encounters an abrupt or large change in the response magnitude
or phase, such as can occur at band crossings, large interpolation errors can be included in the displayed
data. These errors can be seen as steps or spikes. If this occurs, consider turning off interpolation,
changing the measurement parameters, or creating sweep segments that skip over the band crossings.

Last modified:

29-Sep-2015  First Release
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ECal

Using ECal

This topic discusses all aspects of performing an ECal:
e ECal Overview
e Connect ECal Module to the VNA

e How to Perform a Calibration Using ECal

See Also:

ECal User-Characterization

Perform a 4-Port Cal with ONE 2-Port ECal Module
Restore ECal Module Memory

See other Calibration Topics

ECal Overview

ECal is a complete solid-state calibration solution. Every ECal module contains electronic standards that
are automatically switched into position during a VNA measurement calibration. These electronic
standards have been measured at the factory and the data stored within the memory of the ECal module.
The VNA uses this stored data, along with the PNA-measured data, to calculate the error terms for a
measurement calibration.

ECal modules are available in 2-port and 4-port models and a variety of connector types, covering many
frequency ranges. See Analyzer Accessories for more about available ECal modules and ordering
information.

You can perform the following calibrations with ECal:
e 1-Port Reflection calibration
e Full 2-Port calibration
e Full 3-Port calibration
e Full 4-Port calibration

Verify the validity of a mechanical or ECal calibration with ECal confidence check.

Care and Handling of ECal Modules
You can improve accuracy, repeatability, and avoid costly repair of equipment in the following ways.

e Practice proper connector care. See Connector Care.

e Protect equipment against ESD damage. Read Electrostatic Discharge Protection.

Power Level into an ECal module
e NEVER exceed the following Damage levels to the ECal module.

e For highest accuracy, do not exceed the following ECal Compression levels when calibrating:

Model Compression level Damage level

N469x series -5 dBm +10 dBm
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3. Calibrate a Measurement

N4432A series -7 dBm +20 dBm
N4433A series

N4431x series +7 dBm +20 dBm
8509x series +9 dBm +20 dBm

Connect ECal Module to the VNA

ECal modules are controlled and powered through a USB connection to the VNA. When you connect the
module, the VNA automatically recognizes the type of module, frequency range, and connector type.

ECal modules connect to the USB port on the front or rear panel of the VNA.
1. Wear a grounded wrist strap when making connections.

2. Connect the USB cable Type B connector to the ECal module and the USB cable Type A
connector to the front or rear panel USB connector of the analyzer.

Notes:
e Unused ECal modules that have completed a calibration may remain connected to the USB port.

e You can connect and disconnect the ECal module while the analyzer is operating. However, DO
NOT connect or disconnect the module while data transfer is in progress. This can result in
damage or at least corrupted data.

How to Perform a Calibration Using ECal

Select an ECal module that has connectors of the same type and gender as the DUT. If such an ECal
module is not available, a module with connectors different from the DUT can be used by using
Advanced Settings or User Characterization. See Also: Perform a 4-Port Cal with ONE 2-Port ECal
Module

Connect the ECal module ports to the VNA ports. During the calibration process the VNA can either
automatically detect how the ECal module is connected, or the orientation can be performed manually.

1. Connect the ECal module USB cable to the analyzer USB. See Connect ECal Module USB to
VNA USB.

Allow the module to warm up until it indicates READY.

Enter the analyzer settings. See Set Up Measurements.
Do one of the following to start the Calibration Wizard

Using Hardkey/SoftTab/Softkey

1. Press Cal > Main > Ecal...

‘ Frogramning Commands }

2. Inthe Guided Calibration Wizard dialog box (step 2), select ECal option from the Cal Kits
combo box..

Select Calibration Ports and ECal Module dialog box help

164



E5080A

Select Calibration Ports and ECal Modulbe

Cal Thyges Sabacios A PoA ECS] Donbips shin
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Allows you to select calibration type and settings.

Cal Type Selection / Configuration Select the number of ports to calibrate. Then select the port
number configuration.

4 Port ECal Available only if using a 4-port VNA. No additional configuration necessary.
3 Port ECal Available only if using a 4-port VNA.

2 Port ECal

1 Port ECal- (Reflection) Advanced Settings are not available.

View/Select ECal Module Click to Select the ECal module if more than one ECal module is
connected to the VNA. Also, Select the User Characterization within the module. Learn more about
User Characterization.

Show Advanced Settings Check to display the Advanced Settings when Next is clicked.

Back Return to Cal Wizard Begin dialog. If checked, you can clear the Save Preferences checkbox to
see the Begin page when the Cal Wizard begins.

Note: The VNA no longer allows ECal isolation to be performed. The inherent isolation of the VNA is
better than that attained with correction using an ECal module.

Note: Terminate any unused ECal ports with a 50 ohm load.

Note: Do not connect any USB memory during ECal calibration.

ECal module not found dialog box help

Errar: ECal module mok found i - ko

Emor; An ECal module was not found. Please be suse the ECal module & correcled
mopery. [1'ou mey meed to disconrect and ie-conrect the USE cable]

R |

< Back e Cancel [ Helg |
| | |

When this dialog appears, the ECal module is not connected or has not been recognized by the
network analyzer.

Retry Check the USB connections and click to continue.
Notes:
e If your ECal module is not detected, try to unplug, then reconnect the USB connector to the VNA.

e When the ECal module is connected to the network analyzer for the first time, it may take
approximately 30 seconds for the analyzer to recognize the module and make it available for
calibration.
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3. Calibrate a Measurement

e For best accuracy, allow the ECal module to warm-up until it indicates READY.

e Keysight 8509x and N4431 ECal modules, when first connected, draw significantly more current
than other modules. This could cause the USB to stop working in certain situations. See USB
limitations.

e See Connect ECal Module USB to VNA USB.

Select Module and Characterization dialog box help

Electronic Calibration: Select Module and Characterization
Ecs oot PR WO ~ | n-umcwxmecaﬂ

sorailabie Characher zations: (@ ECal Moduls Memory (PR Disk Mamaory

'li:- iﬁ:rtﬂ'twr-s iﬁ:r!ﬂ-l.‘mm:. -|h'|r| Pracausncy [Mr Frisquesncy [H.lrrhﬂ'u‘-'l‘-" [F‘Lr'.ﬂ-Elmm

Faclory APC 35 femaks  APC 3.5 malky 10 P 26,5 GHz =38 Het applcabilky

4] | i
o cancol | wop |

ECal Module Select one of the ECal modules that are connected to the VNA.
Detect Connected ECals Click to rescan the USB for ECal modules.
Available Characterizations

ECal Module Memory - Displays the factory and user characterizations that are stored in the ECal
module.

VNA Disk Memory - Displays the user characterizations that are stored in VNA Disk Memory. Learn
more User Characterizations in VNA Disk Memory.

Select either the characterization data to use for the calibration. Once selected, that characterization
becomes the default selection until the VNA is turned OFF and restarted. When restarted, Factory
again becomes the default selection.

Error: Frequency Range dialog box help

| Cal ¥ Claas Coagony | -

s
HAEA1-E0004 ECad 01200 Cod it Error Th 5114 class stmadendhs o nok delrad 0t B Cumant e ety soseds
This exfitianal itasederdt sistechive] fourit st [APC 15 inade] cosrcient
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=

o Flnci | ¥ | Ciprcnl | | Halp I

When this dialog appeatrs, the current cal standards (or ECAL module) does not cover the current
frequency range of the measurement. Do one of the following to correct the problem:

Cal Kit Class Category Not available with ECal modules.
Frequency Change the frequency range of the active channel.
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Edit Not available with ECal modules.
Back Select a different characterization that covers the required frequency range.
Cancel Re-characterize the module with an increased frequency range.

Select DUT Connectors and Cal Kits dialog box help

Electranic Calibeaton: Select DUT Connechors £l

Conecion: Cal Kits

L2 SRl R U 2B~
DUIT Peal 2| (4P 205 female ]| | oo B010 Uses 2 B1 <
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If the ECal module or selected User Characterization has more than one connector type, then the
following dialog box is presented which allows you to describe the DUT connector type. Otherwise,
click next to proceed to Advanced Settings (if checked) or ECal Steps.

Connectors

The available connectors are listed for each DUT port.

Advanced Settings dialog box help

Thru #n

Lists the proposed Thru connections to be made during the calibration process. You can change these
Thru connections to better suit your test setup.

e The proposed Thru connections are listed automatically.
e Additional Thru connections can be selected for higher accuracy. Learn more.

e For Balanced measurements, learn which Thru paths to select.
Add Thru

Click to add a Thru connection. Learn more

Remove Thru

Select a Thru by clicking the "Thru #N" field or the "1st Port / 2nd Port" field. Then click "Remove
Thru". This selection is NOT available if the selected Thru is required for the calibration.

1st Port / 2nd Port

Click to change the two ports to be included in the Thru connection. The order of the port numbers
(1st or 2nd) is not critical.

Thru Cal Method
Lists the available Thru Cal methods for the specified port pairs.

Learn about ECal Thru Methods
Cal Type/ Stds

Click to invoke the View / Modify Properties of Cal dialog box

Do orientation

When this box is checked (the default setting) the VNA automatically senses the model and direction
in which an ECal module port is connected to the VNA ports. If power to the ECal module is too low, it
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3. Calibrate a Measurement

will appear as if there is no ECal module connected. If you use low power and are having this
problem, clear this check box to provide the orientation manually.

Orientation occurs first at the middle of the frequency range that you are calibrating. If a signal is not

detected, it tries again at the lowest frequency in the range.

Choose delta match

Available only when a Delta Match Cal is required.
e Check, then click Next to invoke the Select Cal Set for Delta Match dialog box.
e Clear - The Cal Wizard uses the Global Delta Match Cal if available.

Spacify how ke ECal module i3 connechod

B|Port B Pat A W 1

¢Back | Wmay | Cowd | [ Heo

Specify how the ECal module is connected dialog box help

This dialog box appears when the Do orientation checkbox in the previous dialog box is cleared.

Click the ECal Port that is connected to each VNA port.

Elsctione: Calibialan Slep 1 o 1

=] EcAL B

Meaiue
Coonect BS093-E0006 LSER 1 ECAL post & ko PMA port 1, and post B ba PHA post 2 |
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Electronic Calibration Steps dialog box help

Note: ECal can be performed with External triggers. Learn more.
Displays the instructions for each measurement required for calibration.
Measure Measures the ECal standards.

Done Click when last standard has been measured.

Saving an ECal Calibration
When complete, you can save the new calibration. Learn how.

Last modified:
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3. Calibrate a Measurement

ECal User Characterization

See Also

Overview

How to Perform a User Characterization

Manage Disk Memory

Restore ECal Module Memory

Using ECal
Perform a 4-Port Cal with a 2-Port ECal Module

Other Calibration Topics

Overview

A user-characterized ECal module allows you to add adapters to the ECal module, re-measure the
standards in the ECal module, INCLUDING the adapters, then add that data to ECal memory or save it to
the VNA hard drive. This extends the reference plane from the module test ports to the adapters.

Why perform a User Characterization?

Notes:

If you need to use adapters with your ECal module, you could characterize your ECal module
with the adapters attached and perform subsequent ECals in a single step.

If you have a 4-port ECal module, you could configure the module with adapters of different
connector types, then perform a User Characterization of the module. When you need to test a
DUT with a pair of the connector types on your module, calibrate the VNA with a 1-step ECal
using the same two connectors on the User-characterized module.

If you test devices in a fixture, you could embed the characterization of the fixture in the
characterization of the module. To do this, during the mechanical calibration portion of the User
Characterization, calibrate at the reference plane of the device as you would normally calibrate.
Then remove the fixturing to be embedded and insert the ECal module to be characterized.
When measuring the ECal module, the VNA removes the effects of the fixturing and stores the
measurement results in the user characterized ECal module. Subsequent calibrations with that
user-characterized module will also remove the fixture effects.

Both 2-port and 4-port ECal modules support User Characterization.

User Characterization does not delete the factory characterization data. The factory data is saved
in the ECal module in addition to the User Characterization data.

The ECal Data Wipe Utility is the only way that data can be deleted from the module. Learn more
at http://na.tm.Keysight.com/pna/apps/applications.htm.

A User Characterization can be performed beyond the frequency range of the ECal module.
Although this practice is allowed, calibration accuracy with the extended User Characterization is
likely to be degraded. To determine the level of degradation, compare measurements of a variety
of devices using a VNA with a mechanical cal kit calibration versus an ECal extended User
Characterization calibration.
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e You can save up to 12 User Characterizations in a single ECal module. Previous releases
allowed up to 5. There are memory limitations. The VNA will determine if the contents of a User
Characterization will fit inside the module before it is performed.

e Saving a new User Characterization with VNA releases before A.08.33 will erase any User
Characterizations greater than 5. This is because the VNA completely rewrites ALL ECal User
Characterizations when saving a new one in order to free storage space in the ECal module.

e A User Characterization can be performed remotely. See programming commands.

User Characterizations can be saved to the VNA Disk Memory. Learn how. Previously, User
Characterizations could be saved only to the ECal module memory.

This feature provides the following benefits:

e A User Characterization using connectors that are NOT included in the supported connector
table can NOT be stored to the ECal module. But when stored to disk memory, ANY
connector type is allowed by firmware using a description of any length for the User
Characterization.

e There is NO limit to the number of data points allowed in a User Characterization stored to
disk memory. When stored in the ECal module, the number of data points is limited by the
VNA firmware.

e The number of User Characterizations that can be stored to disk memory is limited only by
available disk space.

e User Characterizations stored to disk memory can be freely shared between VNASs.
Learn how to Manage User Characterization in Disk Memory.

How to Perform a User Characterization
SUMMARY (A detailed procedure follows.)

1. Select adapters for the module to match the connector

Adapters
r- - 1 configuration of the DUT.

2. Either calibrate the VNA using mechanical standards or recall
an existing Cal Set.

PMA
Port 1 Port 2
Lﬂ‘—r'l“r

short =l -1 Thru i Bl short

Open H“': :“'H Open
1 1
Load Bdfl--- === 1 0ad
3. Measure the ECal module, including adapters, as though it were a
FRA DUT

Port 1 Pork 2
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3. Calibrate a Measurement

4. The measurement results are the characterization data that then gets

PRA stored inside the module.

Port 1 Port 2

Note

A 2-port VNA can be used to perform a User Characterization on a 4-port ECal module.
However, a 4-port ECal module has SIX different port pairs. The VNA must be recalibrated for each
port pair that uses unique connecter types or gender.

e If all 4 ECal module ports have the same connector type and gender, then only one VNA
calibration is required to measure all six port pairs.

e If all 4 ECal module ports have different connector types or gender, then 6 calibrations are
required.

When more than one VNA calibration is required during a User Characterization, then ALL calibrations
must be performed using the standard Cal Wizard, saved to Cal Sets, and then recalled from Cal Sets
DURING the User Characterization.

Detailed steps to Perform a User Characterization

1. Connect the ECal module to the network analyzer with the USB cable. See Connect ECal
Module USB to VNA USB.

Allow the module to warm up until it indicates READY.

Preset the analyzer.

Set up the measurement. For best accuracy, the IF bandwidth should be set to 1 kHz or
less.

5. Start and complete the Characterize ECal Module Wizard:
Using Hardkey/SoftTab/Softkey

1. Press Cal > Cal Sets & Cal Kits > Characterize ECal...

‘ Programning Commands }

Select Module and Location dialog box help
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Lasasnn
€ ECal Lissdubi ks
% Fhia Dt bbarnon (hawachmizaton Mame: [M400UT] Kyt
I Had b I Crncel | Hailp |

ECal Module Select one of the ECal modules that are connected to the VNA.

Detect Connected ECals Click to rescan the USB for ECal modules.

Location
e ECal Module Memory Click Next to see the following dialog.

e VNA Disk Memory Enter a Characterization Name. This name appears when selecting a
User Characterization to be used with subsequent calibrations.

e Learn how to manage characterizations that are stored to VNA disk memory.

e See the benefits of storing the User Characterization to VNA Disk Memory.

Keyboard Launches a keypad that can be used to type a characterization name from the VNA front
panel.

Next Click to continue to the Select Connectors for the Characterization dialog box.

See note regarding extended frequency use.

Select User Number for new characterization dialog box help

Lkser Chara bortze ECall Modula: Seloct user number for new characterization

UseiZ AFGI3lemsie AFT 15 ma  10M 65 GHE o AFT Gt AP 5
ol
UngeS APC3Stemale APC IS teraly 20MHE e 1 =
| ¥
< Bach o 3 coscol | reip |

Scroll to view all of the parameters of the stored characterizations. Select an empty location or select
to overwrite an existing characterization.

Next Click to continue to the Select Connectors for the Characterization dialog box.

See note regarding extended frequency use.

Select Connectors for the Characterization dialog box help
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User Charactesize ECal Module: Select Connectors for the Characterization ]

FORTB [£5C 35 famale -

Dem) [Foete Poa [ m—

Connector Notes

When performing an ECal User Characterization, do NOT use a custom connector name that you
added to this list. If you need to use a custom-defined connector type, select "Type B", or one of
the "Type A" variations from the list of connectors for each port.

A User Characterization using connectors that are NOT included in the supported connector table
can NOT be stored to the ECal module. But when stored to disk memory, ANY connector type is
allowed. Learn more about storing to VNA Disk Memory.

Select the adapters for the ECal module test ports. Select No adapter if no adapter is used on a port.
PORT A Lists the connector types available for Port A.
PORT B Lists the connector types available for Port B.
PORT C Lists the connector types available for Port C (available with a 4-port ECal module).
PORT D Lists the connector types available for Port D (available with a 4-port ECal module).
Next Click to continue to the Calibrations to perform or recall dialog box.

Calibrations to perform or recall dialog box help

Uses Charactesize ECal Module: Calibrations to pesfoim o recall B |
The iollowing Full 2-Post and/; Full 3-Poit calbrations meed to be performed of recaled:

Frag, Pouts: 1.2 fon Poets AB
& {Gnde me throuch this ol nowl
£ Lt me ecall this cal om = cal s=t

¢ Back Hest > Cocel | Hen |

The VNA must be calibrated before measuring the ECal module and necessary adapters. This dialog
box displays the number and types of mechanical calibrations required for the characterization.

Guide me through this cal now Click to perform a Guided calibration. A calibration kit is required
for each connector type.

If more than one calibration is required, this selection is not available. See Note.

Let me recall this cal from a cal set Click to select an existing Cal Set. You cannot select a Cal
Set that is currently in use. Learn more about Using Cal Sets.

Next Click to continue to either the Select Cal Kits or the Select Cal Set dialog box.
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Liser Chasaciesme ECal Hodule: Select Cal Kits
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Provides a list of calibration kits to perform the calibration. Select the Cal Kit you will use for each port.

Enable Unknown Thru for characterizing the module Check to enable. This reduces the number
of steps required to characterize the THRU standard. This setting is available only on VNA models
with one reference receiver per test port.

Next Click to continue to the Select Cal Set dialog box.

User Characterize ECal Module: Select Cal Set

Cal for Pats i, B weill b sirved b he sebected Cal Sel when fhe cal has complsted

Edaull:dhll

I Creals e Cal Sol £ new caliel vl be crested

cBack [T Bmts | Cancd | Hee |

The calibration that you perform will be written to a Cal Set. This dialog box allows you to select a Cal
Set to overwrite, or to write to a new Cal Set. The current choice is visible below the Select Cal Set
button.

Select Cal Set Click to open the Select A Cal Set dialog box.

Create new Cal Set Check to create a new Cal Set to store the calibration. Clear to select and
overwrite a stored Cal Set.

Next Click to continue to the Guided Calibration Steps dialog box.

Note: Remember the Cal Set name for future reference.
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User Charactesize ECal Module: Guided Calibistion Step 1 of 7
FTIRT 1 T
o
[ @ o J{ii]
&
m el eaire I

Connect 35 MM HALE OFEH (o post 1

« Hack | Hest & |

Instructs you to connect each calibration standard to the measurement port.
Measure Click to measure the standard.
Back Click to repeat one or more calibration steps.
Done Click after a standard is re-measured and all measurements for the calibration are complete.
Next Click to continue to the next calibration step. (Does not measure the standard.)
Cancel Exits Calibration Wizard.

The Specify nominal delay or Guided Calibration completed dialog box appears when the steps
are completed.

Specify nominal delay dialog box help

This dialog ONLY appears when Adapter Removal or Unknown Thru calibrations are performed.

The following values were estimated from the measurement. Most of the time, they are adequate.
However, for CW sweep or frequency sweep with large step sizes, the accuracy of the values may be
improved.

Nominal adapter delay To improve this value, measure and record the delay of the adapter with a
dense step size. Enter that value here.

Nominal phase offset (Waveguide ONLY). To improve this value, measure and record the phase
offset of the Waveguide adapter with dense step size. Enter that value here.

When one connector is coax and the other connector is waveguide, the phase offset has an ambiguity
of 180 degrees. For consistency, the estimate provided here is always between 0 and 180 degrees.
You can change this estimate to any value between -180 degrees and +180 degrees.

Guided Calibration completed dialog box help

176



E5080A

Wzer Characlsnze ECal Moduls: Guided Calibration compledsd [=]

SmariCal Tha calbeation b Poit: AR has completed succaesshll
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+ Mo Finish now. L
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Allows you to finish the calibration and continue to the next characterization steps.
No. Finish now Select to save Cal Set data.
Yes Allows selection of Save options.
Next Click to continue to the Exit to Inspect Quality of Calibration dialog box.

EXxit to Inspect Quality of Calibration dialog box help

Uger Characiesize ECal Module: Exil bo Inspsct Duakty of Calibsslion?

Click Hext' ko begin measuring e module, o chck Tance!® b exi this wizand ¥ pou have lests pou would e o
peshorm oy e Calbyalior

I wou cheose o st row, poul can lsunch this wizend sgain Ister and selact (o load e o oibstien
liof % &8 48l

¢ Back Canced | |

Allows you to exit User Characterization to validate the calibration before proceeding with the
characterization.

Back Allows you to repeat calibration.
Next Click to continue to the Characterization Steps dialog box.

Cancel Exits the Calibration.
To return to the current step:
1. Start User Characterization.
2. Inthe Select user number for new characterization dialog box, click Next.

3. Inthe Select Connectors for Characterization dialog box, click Next. (Previous entry is
stored in memory.)

4. Inthe Calibrations to perform or recall dialog box, recall the Cal Set that you just
performed.

Characterization Steps dialog box help
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3. Calibrate a Measurement

Uses Chasascterize ECal Module: Charactenzation Step 1 of 1
TR T

Measue I

Connect ECal Moduls Pois & [with pour APC 35 male adapher] and B fwith por AFC
3.5 lemals sdspler] o Pats 1 and 2

Heo |

Describes the instructions for each measurement required for characterization.
Measure Measures the ECal module.

Next Click to continue to the Information for the New Characterization dialog box when
measurements are complete.

Information for the New Characterization dialog box help

User Characterze ECal Module: Information for the New Characterizakion

IO MR OF COMpANY Mame:

Dhascnphon of thet neleosk, Srskzer (1o ba shosd r modiks | ECd ad the
Dhgseription of Port & exfersion [adapher. cable, fehue, efc. | 00 ol e el liekd:,

Dhezcniphon of Port B estermion [adapter. cable, s, slc. | d:\b!!_\"l_!tl)ﬂslum
descriptions:

Allows you to describe the properties of the User Characterization.

Suggestions for connector abbreviations

To minimize the number of characters, we suggest using the following 3-character codes to describe
the connectors listed.

A User Characterization using connectors that are NOT included on this list can NOT be stored to the
ECal module. But when stored to disk memory, ANY connector type is allowed. Learn more about
storing to VNA Disk Memory.

Connector Type | 3-Character Code

1.0 mm female 10F

1.0 mm male 10M

1.85 mm female | 18F

1.85 mm male 18M

2.4 mm female | 24F

2.4 mm male | 24M

2.92 mm female | 29F
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2.92 mm male 29M

3.5mmfemale | 35F

3.5mm male | 35M

7-16 female | 16F

7-16 male | 16M

Type F female | F7F

Type Fmale | F7M

N50 female N5F

N50 male N5M

N75 female N7F

N75 male N7M

APC7 | 7TMM

K-band waveguide | KBW

P-band waveguide | PBW

Q-band waveguide | QBW

R-band waveguide | RBW

U-band waveguide | UBW

V-band waveguide | VBW

W-band waveguide | WBW

X-band waveguide | XBW

Next Click to continue to the Write Characterized Data to the ECal module dialog box.
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The VNA writes User Characterization and factory characterization data to either the VNA disk
memory or the ECal module memory.

Write Click to write data.
The Summary of new User Characterization dialog box opens after data is saved to module.

e Existing data will be overwritten is you selected a User Characterization number that already
has data. Learn more

e For more information, see Restore ECal module memory.

e The ECal Data Wipe Utility is the only way that data can be deleted from the module. Learn
more at http://na.tm.Keysight.com/pna/apps/applications.htm.

Summary of new User Characterization dialog box help

Uxer Characiesizes EICal Woduls 5 izalion =i
tllode! kumber: Proto DONOT  Serisd Wumbe: 006D
— Lkt Charactoiastion 4
Characheried Bj Min Flecuency 030N00KH2
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Verify the status of the ECal User Characterization.
e ECal module model number
e summary from User Characterization
Cancel Click to exit (characterization complete).
Finish Click to exit (characterization complete).

Manage ECal User Characterizations in Disk Memory

Normally, User Characterizations that are stored in VNA disk memory can be used indefinitely without
needing them to be managed. However, this dialog allows you to backup the characterizations in case
they are accidentally erased, or to save them to a file that can be moved to another VNA.

How to Manage ECal User Characterizations in Disk Memory

Using Hardkey/SoftTab/Softkey

1. Press Cal > Cal Sets & Cal Kits > ECal Memory...

‘ Frogramning Commands }
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Manage ECal User Characterizations in Disk Memory dialog box help

Manage ECal User Characterizations in Disk Memory

Bl Mk =]

o | coew o |

This dialog allows you to do either of the following:

e Save an existing User Characterization in disk memory to an *.euc file.

e Load a previously saved *.euc file for use on the VNA with the specified ECal module.
Learn more about User Characterizations stored to Disk Memory.

ECal Module Select an ECal Module from the list for which User Characterizations are currently
stored in VNA disk memory.

Save As Saves a User Characterization that is currently in VNA disk memory to a *.euc file. This file
can be used as a backup in case the archive file is accidentally deleted, or allows you to move the file
to another VNA to be used with the selected ECal Module.

Import Loads a previously saved *.euc file for use on the VNA with the specified ECal module.

Delete Removes a User Characterization from VNA disk memory.

Restore ECal Module Memory

When user-characterized data is written to the ECal module, the entire contents of ECal memory is also
written to the VNA hard drive, including the factory ECal data. In the unlikely event that your ECal module
memory is lost, you can restore all ECal data to ECal memory.

Caution: If a new factory cal was performed after the ECal memory was written to the VNA, the new
factory cal data will also be overwritten.

Note: An ECal Data Wipe Utility destroys all user data per US DoD 5220.22-M. Learn more at
http://na.tm.Keysight.com/pna/apps/applications.htm

How to Restore ECal Module Memory

Using Hardkey/SoftTab/Softkey
1. Press System > Service > Restore Ecal Memory

No Programming commands are available for this feature.

Module to be restored dialog box help
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ECal Hodule Memory Restoratinn: bodule o be resiosed e - x|
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bamnination of an ECal User Charchmizalion oipcess.

Verify the serial number of the module to be restored. If two modules are connected to the VNA |
choose the one to have data restored.

Next Click to write data to the module.

Last modified:

8-Sep-2014  First Release
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Perform a 4-Port Cal with One 2-Port ECal Module

You can perform a 4-port calibration with a 2-Port ECal Module. When all four DUT connectors are the
same type and gender, the calibration can occur with only four connections, the same number of
connections you would make with a 4-port ECal module.

e The ECal module must span the frequency range of the measurement.

e The ECal module must have connectors that match the DUT connectors. Because we are using a
2-port ECal module, this means that the DUT must have only TWO unique connector types and
gender. When the DUT has more than two connector types/genders, you can select a different
cal kit for each port using SmartCal.

Procedure

Connect the 2-port ECal module to a VNA USB port.

2. Press Cal, then Start Cal, then Cal Wizard
3. Select either SmartCal or Use Electronic Calibration then click Next.
4. Select 4 Port Cal, then click Next to see the following dialog:

Gulded Calibration: Select DUT Conneclors and Cal Ells

DLIT Conrecion Callgs
Porl |[Type MEDjtemale | w || | (6505260007 ECal 00354 =]
Po2 ||Type (ST temale o || |[iS 0560007 ECal 00054 |
Fortd || Type M 5T samal 3 | ES052-RI007 ECal DS ;l
Pord |[Type ME0temale  _w || |[ES0S2-60007 ECal 00054 3

[+ Modidy Cal Change Cal Mathod, siandands

5. Select the DUT Connectors for each port. In this example, all four DUT connectors are Type N,
female.

Select the attached ECal module. We are using a 85092-60007 ECal module.

Select Modify Cal (Show Advanced Settings for ECal) then click Next to see the following
dialog:

Gl Typa/Sids.
Cal Type/Eads.
Cal Typa/Sadd

AddThe |
)|
_ My

[ D osanistion jsuto pensing of o conraciont)

8. For the fewest number of physical connections, select the default port assignments.

7.
e The 1st Port selection for each port pair is 1.

e For single-ended (standard) measurements, THREE is the minimum number of Thru
connections. For Balanced measurements, FOUR Thru connections should be made.
Learn more.

e For higher accuracy, select Add Thru. The Cal Wizard will add another port pair which
results in more physical connections.

8. Select ECal Thru as Unknown. This is the most accurate and easiest Thru Cal Method. Learn
more.
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3. Calibrate a Measurement

9. You may need to clear Do Orientation when calibrating at low power levels. Learn more. This
will add additional connection steps.

10. Follow the prompts to complete the calibration:

10.
1. Connect ECal to ports 1 and 2. Click Measure.
2. Connect ECal to ports 1 and 3. Click Measure.
3. Connect ECal to ports 1 and 4. Click Measure.

11. At the Specify Delay dialogs, click OK. This is the measured delay for each of the Thru
connections in the ECal module. Learn more.

12. Click either Save As User Cal Set, or Finish.

Last modified:

2-Aug-2011  New topic
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TRL Calibration

TRL (Thru, Reflect, Line) represents a family of calibration techniques that measure two transmission
standards and one reflection standard to determine the 2-port 12-term error coefficients. For example,
TRM (Thru, Reflect, Match), LRL (Line, Reflect, Line), LRM (Line, Reflect, Match) are all included in this
family.

The traditional SOLT calibration measures one transmission standard (T) and three reflection standards
(SOL) to determine the same error coefficients.

e Why Perform a TRL Cal?

e The TRL Calibration Process
e TRL CalKits

e Cal Standards Used in TRL

e TRL with an External Test Set

See other Calibration Topics

Why Perform a TRL Cal?

TRL calibration is extremely accurate, in most cases more accurate than an SOLT cal. However, very few
calibration kits contain TRL standards. TRL Cal is most often performed when you require a high level of
accuracy and do not have calibration standards in the same connector type as your DUT. This is usually
the case when using test fixtures, or making on-wafer measurements with probes. Therefore, in some
cases you must construct and characterize standards in the same media type as your DUT configuration.
It is easier to manufacture and characterize three TRL standards than the four SOLT standards.

Another advantage of TRL calibration is that the TRL standards need not be defined as completely and
accurately as the SOLT standards. While SOLT standards are completely characterized and stored as
the standard definition, TRL standards are modeled, and not completely characterized. However, TRL cal
accuracy is directly proportional to the quality and repeatability of the TRL standards. Physical
discontinuities, such as bends in the transmission lines and beads in coaxial structures, will degrade the
TRL calibration. The connectors must be clean and allow repeatable connections.

To learn more about Cal Standard requirements, see Cal Standards Used in TRL.

Note: Virtual Device describes a non-physical (connect the two test port reference planes together) type
of connection description during the calibration. So, in a cal kit definition, you should in general not define
more than one Thru standard with the same connector/gender pairing to each be a Virtual Device. That
could cause those Thru standards to all be treated as the same physical connection step during a
calibration, which would especially be a problem for TRL calibrations if a Thru standard and Line standard
were measured as the same connection step.

The TRL Cal Process

Although TRL can be performed using the Cal Wizard Unguided Cal selection, the following process uses
the easier SmartCal selection. Both selections require that you already have TRL calibration standards
defined and included in a VNA cal kit.

1. Presetthe VNA
2. Set up a measurement and the desired stimulus settings.
3. Click Cal > Other Cals > Smart Cal... .
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4. Select the DUT connectors and Cal Kit for each port. The LOWEST port number of each port pair
MUST include TRL standards. TRL appears as the Cal Method.

Check Modify Cal, Next, then View/Modify to change default TRL options if necessary.

Follow the prompts to complete the calibration.
Check the accuracy of the calibration

TRL Cal Kits

Keysight Technologies offers two cal kits that include the required standards to perform a TRL calibration:
85050C (APC 7mm) and 85052C (3.5mm). Both kits include the traditional Short, Open, and Load
standards. (The Thru standard, not actually supplied, assumes a zero-length Thru). In addition, the kits
include an airline which is used as the LINE standard. To use the airline, the kits include an airline body,
center conductor, and insertion / extraction tools. The APC 7 kit includes an adapter to connect the airline
to the APC connector.

Cal Standards Used in TRL

These standards must be defined in your TRL cal kit:
THRU

Note: All THRU calibration methods are supported in a TRL Cal EXCEPT Unknown Thru.

e The THRU standard can be either a zero-length or non-zero length. However, a zero-length
THRU is more accurate because it has zero loss and no reflections, by definition.

e The THRU standard cannot be the same electrical length as the LINE standard.

e If the insertion phase and electrical length are well-defined, the THRU standard may be used to
set the reference plane.

e Characteristic impedance of the THRU and LINE standards defines the reference impedance of
the calibration.

e If a THRU standard with the correct connectors is NOT available, an adapter removal cal can be
performed.

REFLECT

e The REFLECT standard can be anything with a high reflection, as long as it is the same when
connected to both VNA ports.

e The actual magnitude of the reflection need not be known.
e The phase of the reflection standard must be known within 1/4 wavelength.

e If the magnitude and phase of the reflection standard are well-defined, the standard may be used
to set the reference plane.

LINE

The LINE and THRU standards establish the reference impedance for the measurement after the
calibration is completed. TRL calibration is limited by the following restrictions of the LINE standard:

e Must be of the same impedance and propagation constant as the THRU standard.
e The electrical length need only be specified within 1/4 wavelength.
e Cannot be the same length as the THRU standard.

e A TRL cal with broad frequency coverage requires multiple LINE standards. For example, a span
from 2 GHz to 26 GHz requires two line standards.

e Must be an appropriate electrical length for the frequency range: at each frequency, the phase
difference between the THRU and the LINE should be greater than 20 degrees and less than 160
degrees. This means in practice that a single LINE standard is only usable over an 8:1 frequency
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range (Frequency Span / Start Frequency). Therefore, for broad frequency coverage, multiple
lines are required.

e Atlow frequencies, the LINE standard can become too long for practical use. The optimal length
of the LINE standard is 1/4 wavelength at the geometric mean of the frequency span (square root
of f1 x f2).

Note: The TRL LINE standard must have a delay that is greater than O (zero) ps. Otherwise,
calibration correction calculations will contain unpredictable results.

MATCH

If the LINE standard of appropriate length or loss cannot be fabricated, a MATCH standard may be used
instead of the LINE.

e The MATCH standard is a low-reflection termination connected to both Port 1 and Port 2.

e The MATCH standard may be defined as an infinite length transmission line OR as a 1-port low
reflect termination, such as a load.

o When defined as an infinite length transmission line, both test ports must be terminated by a
MATCH standard at the same time. When defined as a 1-port load standard, the loads are
measured separately. The loads are assumed to have the same characteristics.

e The impedance of the MATCH standard becomes the reference impedance for the measurement.
For best results, use the same load on both ports. The load may be defined using the data-based
definition, the arbitrary impedance definition, or the fixed load definition.

See Also

e See Modify Calibration Kits for detailed information about creating and modifying Calibration kit

definitions.
hd

TRL with an External Test Set

TRL CAN be performed with an External Test Set enabled. Previously, a TRL calibration required a VNA
with a reference receiver for each test port. With the new TRL method, a Delta Match Calibration is first
performed and applied.

Note: See Delta Match Calibration to learn which models require this.

The accuracy of this TRL cal greatly depends on the accuracy of the Delta Match Calibration. With an
accurate Delta Match Calibration, the difference in accuracy between a traditional TRL cal and this TRL
cal is negligible.

How to Perform a TRL Cal in these cases
1. Click Cal > Other Cals > Smart Cal... .
2. Select a TRL cal kit for the ports to be calibrated.
3. During the calibration, the Cal Wizard prompts you for a valid Delta Match Cal.

Last modified:

2-Sep-2014  First Release
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3. Calibrate a Measurement

Power Calibration

Source and Receiver Power Calibrations work together to provide very accurate power levels from the
source, and very accurate power measurements from the VNA receivers.

Source Power Calibration Overview

Supported Power Meters and Sensors

How to perform Source Power Calibration

Setup
Source Power Cal dialog

Saving a Source Power Calibration

Reducing Time to Complete a Source Power Calibration

Receiver Power Calibration

Saving Receiver Cals

Other Source Power Cal choices

Guided Power Cal can be performed during an S-parameter Guided Calibration. Learn more.
Receiver Leveling can be used to provide 'real-time' source power cal. Learn more.

See Also: Configure an Power Meter As a Receiver (PMAR)

See other Calibration Topics

Source Power Calibration Overview

Perform Source Power Calibration when you need accurate power levels at some point in the
measurement path between the VNA test ports. For example, you need to characterize the gain of an
amplifier across a frequency range at a specified input power. You would perform a source power cal at
the input of the amplifier to ensure the exact power level into the amplifier across the frequency range.

Using a Source Power Cal, you can expect the power at the point of calibration to be within the range of
the uncertainty of the power meter and sensor that is used.

Source Power Calibration...

Is independent of measurement type. It corrects the VNA source regardless of which receivers
are being used in a measurement. Therefore, it can be used with both ratio or non-ratio
measurements.

Applies ONLY to those measurements on the selected channel that use the test port that was
specified as the Source for the calibration. For example, if you specify Channel 1 and Port 1 as
the source to be calibrated, only those measurements on channel 1 that use port 1 as the source
will be corrected.

Can be used in conjunction with other measurement calibrations, such as a full 2-port calibration.
For highest accuracy, perform the measurement calibration AFTER the source calibration.

Can be used with Power Sweep type. Source Power Cal will correct the power at all power levels
across the power sweep.
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e Can be used with Port Power Uncoupled.

e Forces sweep mode to Stepped on measurements with source power correction turned ON.

e An external source can be calibrated using Source Power Cal.
Overview of How it works:
See Important First-time USB connection note.

Click to see the detailed procedure

1. Specify the measurement settings (frequency range, IFBW and so forth).
2. Start Source Power Calibration.

Note: When using an 848X power sensor (sensors that do NOT have built-in calibration factors),
enter the Cal Factors using the Power Sensor Settings dialog, because the VNA instructs the
power meter to NOT use the Cal Factor tables internal to the power meter.

3. Connect a power meter sensor to the point at which you want a known power level. This may be
at the input or output of your device, or some other point between the test ports.

4. The VNA source is stepped through the specified frequency range, and power is measured with
the power meter. At each data point, the source power is adjusted until the measured power is
within your specified accuracy level.

5. When complete, the power meter is preset. The source power calibration can be saved as part of
the instrument state.

6. The power meter is removed and the measurement path reconnected.

7. The calibration is automatically applied to the channel. All measurements on that channel using
that source port benefit from the source power cal.

8. Perform an S-parameter calibration AFTER a Source Power Cal. The S-parameter cal is
performed using the corrected stimulus power levels for the relevant ports.

Verify the source power calibration using the following procedure.
1. Connect the power meter as it was during the source power calibration.
2. Setthe VNA to Point Trigger mode.
3. Trigger the VNA across the trace. Read about the behavior of the sweep indicator.
4

At each data point, the power meter should read the corrected power level within the specified
tolerance.

Supported Power Meters and Sensors
See Keysight's Power Meters and Sensors Webpage.

USB Power Sensors
e UB48x Series USB Thermocouple Power Sensors
e These include the following models: U8481A, U8485A, U8487A, U8488A
e U2020 X-Series USB Peak and Average Power Sensors.
e These include the following models: U2021XA, U2022XA
e The VNA does NOT support peak mode in these sensors, but measures average power.
e U2000 Series USB power sensors.

e These include the following models: U2000A, U2000B, U2000H, U2001A, U2001B,
U2001H, U2002A, U2002H, U2004A

USB Notes:
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3. Calibrate a Measurement

From a standard power cal (this topic), only one USB power sensor can be used to cover the
entire frequency span. To use multiple power sensors, perform a Guided Power Cal. Learn how.

To select a USB power sensor for a standard power cal:
1. Connect the sensor directly to one of the VNA USB ports.
2. From the Source Power Cal dialog, click Power Meter Config.

3. Onthe Power Meter Settings dialog, select USB.

See Important First-time USB connection note.

See note about Zeroing USB Power Sensors.

See also: Power Meters as Receivers (PMAR)

Power Meters

P Series power meters (N1911A, N1912A, N1921A, N1922A) and all supported sensors.
EPM Series power meters (N1913A and N1914A) and all supported sensors.

EPM-P Series power meters (E4416A and E4417A) and all supported sensors.
EPM-441A and EPM-442A Series power meters and all supporting sensors.

E Series power meters (E4412A, E4413A, E4418A, E4418B, E4419A, E4419B, E9300A,
E9301A, E9304A, E9304A-H18, E9304A-H20, E9300H, E9304A-H19, E9301H, E9300B and
E9301B) and all supported sensors.

HP 437B / 438A power meters.
ECP-E18A power meters.
8482A power meters.

Power Meter Notes:

N1911A, 12A, 13A, and 14A power meters have a device-side USB connector and are
controlled by the VNA exactly like a USB sensor. See USB Power Sensors (above). Although
these meters may also have a front-panel USB port, USB power sensors must be connected
directly to one of the VNA USB ports.

Source Power Calibration operates slowly with the Keysight E930x and E932x power sensors.

Some Keysight power meters have a mode that emulates the command set of the 437B or 438A
power meter. The VNA does NOT support this emulation mode.

The 82357B USB/GPIB Interface can be used to control power meters.

Create a Custom Power Meter Driver for use with other power meters.

How to perform Source Power Calibration
Note: n Guided Power Cal can be performed during an S-parameter Guided Calibration. Learn more.

1. Setup your measurement (sweep type, frequency range, IFBW, and so forth). By default, a

2. Connect coax cable, GPIB cable, and power sensors to the VNA as shown in graphic below.
This image does NOT apply to USB power sensors, which are connected directly to a VNA USB port.
See Important First-time USB connection note.

Source Power Cal is performed on the source port of the active measurement.
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3. Apply power to the power meter and allow 30 minutes warm-up time before beginning
calibration.

4. Select Source Power Cal as follows:
Using Hardkey/SoftTab/Softkey

1. Press Cal > Other Cals > Source Power Cal....

‘ Frogramning Commands }

5. Complete the Source Power Cal dialog box (below), including Options, Loss Compensation
and Power Sensor Settings, as needed.

Note: When using an Keysight 848X power sensor (sensors that do NOT have built-in
calibration factors), enter the Cal Factors using the Power Sensor Settings dialog, because the
VNA instructs the power meter to NOT use the Cal Factor tables internal to the power meter.

6. When complete, click Take a Cal Sweep in the Source Power Cal dialog box.
7. Follow the prompts to connect the sensors as required.

8. At this time you can change the Source Port setting and perform a Source Power Cal on a
different port.

9. When calibration is finished, click OK. Correction is then applied and turned ON for the
relevant ports on the active channel.

10. Remove sensor.

11. SrcPwrCal is displayed in the status bar when Source Power Correction is applied to the
Active Measurement.

12. Perform a S-parameter calibration, which would use the corrected stimulus power levels for
the relevant ports.

To turn Source Power Correction OFF;
e Cal > Other Cals > Source Power Cal... and turn it OFF.

e ONLY correction for the source port of the ACTIVE MEASUREMENT is turned OFF
(regardless of port power coupling setting.)

Interpolation or Extrapolation
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3. Calibrate a Measurement

If the original stimulus settings are changed, Interpolation or EXTRAPOLATION is applied and
SrcPwrCal* is displayed in the status bar. This is different from measurement calibration interpolation.
For example, if the frequency span is increased, the VNA will extrapolate new correction values rather
than turn correction off. This is to protect your test device from being overpowered by the source. If the
original settings are restored, then source power calibration returns to full correction.

Source Power Cal dialog box help

Saurce Powar Calibration
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Note: Be sure that the frequency range of your power sensor covers the frequency range of your
measurement. This does NOT occur automatically.

Power

Cal Power The calculated power (in dBm) at the calibration point. This value is the specified VNA
source power plus the Power Offset value.

Power Offset Allows you to specify a gain or loss (in dB) to account for components you connect
between the source and the reference plane of your measurement. These components will remain
during a measurement. For example, specify 10 dB to account for a 10 dB amplifier in the path to your
DUT. Following the calibration, the VNA power readouts are adjusted to this value.

To account for components that will be removed when the calibration is complete, use the Loss
Compensation table.

Channel and Port Selection

Channel Specifies the channel on which to perform the calibration. This setting defaults to the active
channel.

Source Port Specifies the source port to be corrected. This setting defaults to the source port for the
active measurement.

Accuracy

At each data point, power is measured using the specified Power Meter Settling Tolerance, then
adjusted until the reading is within this Accuracy Tolerance or the Max Number of Readings has
been met. The last power reading is plotted on the screen against the Tolerance limit lines.

Tolerance Sets the maximum desired deviation from the specified Cal Power level in 0.005 dB
increments from O to 5 dB.

Max Number of Readings Sets the maximum number of readings to take at each data point for
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iterating the source power. Enter a value between 1 and 1000.
Calibration Status

Allows you to turn Source Power Cal ON | OFF and view Cal data for each port, regardless of the
active measurement. This feature allows the Internal Second Source to be calibrated and turned ON |
OFF, even when being used as an incidental source in a measurement, such as an LO.

Calibration ON Check to turn Source Power Calibration ON for the specified source port.
The displayed text indicates when interpolation is applied for the calibration.
Buttons

Options Invokes the Source Power Cal Options dialog. Label to the left of the button displays the
current '‘Options' setting.

Power Meter Config Invokes the Power Meter Settings dialog box

Take Cal Sweep Begins source power calibration measurement.

OK Applies calibration. This button is disabled until the Take Cal Sweep has been pressed.
Cancel If a sweep is in progress, cancels the sweep. Press again to close the dialog.

Note: the power meter is operating in 200 r/s mode.

During a measurement, some power meters may display this message on the screen: It means that
the meter is operating in 200 readings/sec which is the fastest speed setting for this meter. This is
normal operation.

Pass / Fail Limits

Limit lines are drawn on the Source Power Cal measurement graticule area. These lines are at the Cal
Power +/- the current setting of Accuracy Tolerance. A FAIL during the Source Power Cal sweep
means that the VNA was unable to measure power to within the Accuracy Tolerance. Tight tolerances
are more difficult to achieve at lower Cal Power levels. When a FAIL indication appears, increase the
Max Number of Readings. If this does not cause a PASS condition, then decrease the Accuracy
Tolerance value.

See Also

e Learn more about Source Power Cal

e Learn about External Testsets and Source Power Cal.

Source Power Calibration Options dialog box help
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Source Power Calibration Options

Calibration Reference

T Use a power meler,

™ Lse a power meter once, Bhen use the PRNA reference recsiver .

I Use the povwes meber at 0000 dB ey E
® Lse a recelver m

 Use a pawer Labde and the PHA reference recelver,

[ Caliwate the source at multiple power kevels.

[+ Calibrate the PHA reference receiver,
oK | Cancel | Help |

Provides options for measurement of the source power.

Note: At low power levels (less than -30 dBm) most power meters are not as accurate as a VNA
receiver.

Calibration Reference Choose power meter/VNA receiver to use to measure power.

e Use a power meter. Traditional source power calibration using only a power meter to
measure the source power at each data point. Most accurate (at higher power levels) and
slowest method.

Note: Because the following two settings use VNA receivers to make power measurements,
they do NOT work correctly when a Frequency Offset value is being used.

e Use a power meter once, then use the VNA reference receiver. When checked, the first
reading at each data point uses a power meter to calibrate the reference receiver. Subsequent
readings, if necessary to meet your accuracy requirement, are measured using the reference
receiver. This technique is much faster than using the power meter, and more accurate when
measuring low power levels.

Note: Do NOT use this setting if there is a component before the power sensor that exhibits
non-linear behavior, such as a power amplifier in compression. Use a power meter and
Calibrate the source at multiple power levels.

e Use areceiver. Select a VNA Receiver or a PMAR (Power Meter as Receiver).

VNA receiver - For highest accuracy, first calibrate the receiver by performing a source
power cal using a power meter, then a receiver cal. That receiver can then be used to
quickly calibrate other VNA source ports, or used on another channel with different stimulus
settings. This would be useful, for example, if the power level of the measurement was
below the sensitivity of the power sensor. Calibrate the VNA receiver using a source power
cal that is within the sensitivity of the sensor. Then, use the calibrated receiver to perform a
second source power cal at the reduced power level.

e The VNA receiver is specified using either standard receiver notation or logical
receiver notation.

e |tis best to use the reference receiver for the source port to be calibrated. For
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example, if calibrating source port 2, specify "R2" or "a2" which is the same port 2
reference receiver using logical receiver notation.

e To ensure an accurate source power cal, the frequency range over which the receiver
was calibrated must be the same or larger than the "receiver only" source power
calibration.

e All accuracy and settling tolerance and number of reading settings apply just as they
do with a power meter reading.

PMAR Device - The power meter/sensor must first be configured. Learn how to Configure
a PMAR device.

e Use a power table and the VNA reference receiver Used to provide power leveling with
mmWave test set and modules. Learn more.

Calibrate the source at multiple power levels Used primarily with mmWave measurements.

This feature can also be used with standard VNA measurements when a component is used in the
source path such as a booster amp which does NOT have linear gain or loss over frequency. If this is
not true for your setup but want to improve your source power accuracy, consider using the Receiver
Leveling feature.

When checked, source power is measured using the specified 'Cal Reference' device (power
meter/sensor or VNA receiver) and iterated on a sweep-to-sweep basis to construct a 2-dimensional
power table: Power IN, Power OUT, over all frequencies.

e Click Power Levels to launch the Source Cal Power Levels dialog box to set the power levels
at which source power is to be measured.

e The source power cal is saved, but the power table is NOT accessible.

Calibrate the VNA reference receiver Check to calibrate the appropriate reference receiver to the
power level that is measured at the calibration plane. Do this to make very accurate measurements
using the calibrated reference receiver. This cal is done in addition to the standard source power cal
using the any of the methods listed above. At the end of the source power cal measurement sweep,
you can optionally save the reference receiver cal to a Cal Set to be recalled at a later time. The Cal is
saved when the OK button is clicked to close the Source Power Cal dialog.

Source Cal Power Levels dialog box help

Source Calibration Power Levels m

Max Power | 10.000 d&m [£]
Min Power | 30,000 dBmZ]
Power Step Size [1.000 dBm 2]

0K | Cancel | Hexlp |

This dialog appears when you click Power Levels on the Source Power Cal Options dialog.

Specify the power levels at which the Source Power will be calibrated. These values should be set to
a few dB more or less than the measurement power levels.
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3. Calibrate a Measurement

Max Power - The highest power level at which to calibrate. This value should be a few dB higher
than the highest power level of your measurement.

Min Power - The lowest power level at which to calibrate. This value should be a few dB lower
than the lowest power level of your measurement.

Power Step - Calibrate at every incremental power level, between the Max and Min Power settings.

Power Meter Settings dialog box help

Power Meter Settings E
Interface -
@ GPIB  Address 13 [T

UsSB i
L.l-‘llN tn I
.""ll'l!," |55 I .|.|
Sansors
Settling -
Tolerance 0L0E0 dBm ;
Bax Mumber of Readings 3 .:.

Sensor Loss Compensation

Use Loss Table Edit Tabla
OK Cancal Halp ]

This dialog appears when you click the Power Meter Config button on many dialog boxes.
Interface

e GPIB/ Address Select GPIB power meter. Then select the address for the power meter.
Default is 13. The VNA will search VISA interfaces that are configured in the Keysight 10
Libraries on the VNA. Note: Use this selection when using a 82357B USB/GPIB Interface,

e USB VNA scans for USB power sensors or N191x device-side USB power meters. Select a
power sensor from the list. Only ONE USB power sensor can be configured to cover the entire
frequency range of the calibration. To use multiple power sensors, perform a Guided Power
Cal.

e LAN Specify the Hostname or IP address of the Power Meter.

e Any For future use.
Sensors Invokes the power sensor settings dialog box.

Settling

These Settling settings do not apply when a VNA receiver is the power measurement device. Each
power meter reading is "settled" when either:

e two consecutive meter readings are within this Tolerance value or
¢ when the Max Number of Readings has been met.

The readings that were taken are averaged together to become the "settled" reading. The settled
reading is then compared to the Accuracy Tolerance requirements (tolerance and max readings)
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specified on the Source Power Cal dialog box.

Tolerance When consecutive power meter readings are within this value of each other, then the
reading is considered settled.

Max Number of Readings Sets the maximum number of readings the power meter will take to
achieve settling.

Sensor Loss Compensation

Use Loss Table Select this checkbox to apply loss data to Source Power calibration correction (such
as for an adapter on the power sensor).

Edit Table Invokes the Power Loss Compensation dialog box.

Power Loss Compensation dialog box help

See Power Loss Compensation Dialog Box Help.

Power Sensor Settings dialog box help

See Power Sensor Setting Dialog box

Saving a Source Power Calibration

Because Source Power Cal calibrates source hardware, the calibration data is saved as part of the
Instrument State, in either a .csa file or a .cst file. This correction is applied to all measurements on the
channel that uses the calibrated source. See Save Instrument State.

Reducing Time to Complete a Source Power Calibration

The time required to perform a Source Power Calibration depends on source power, number of points,
and number of readings taken. You can reduce this measurement time with the following methods:

e Reduce number of points before calibration. You can reduce the number of points before the
measurement, then return the number of points to its original value after calibration is complete
and correction is ON. The analyzer will perform a linear interpolation, although with some loss in
accuracy.

e Use an Keysight E-Series sensor. You can obtain 40+ readings per second over GPIB with
this type of sensor on the VNA.

e Increase power to the sensor. Lower power may have longer settling time with some sensors.

e Check Use Reference Receiver for lteration.

Receiver Power Calibration
Note: A Guided Power Cal can be performed during an S-parameter Guided Calibration. Learn more.

Receiver power calibration mathematically removes frequency response errors in the specified VNA
receiver, and adjusts readings to the same, or a value offset from, the source power calibration level. It is
the same as doing a Response Cal or Data / Memory, (Normalization) but with the data shifted to the
Cal Power value.

Use Receiver Power Calibration to make very accurate absolute power (amplitude) measurements.

Receiver Power Calibration:
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e |s ONLY allowed when making absolute power (unratioed) measurements.

e Is most accurate when a source power calibration was performed first.

e Applies to all unratioed measurements in the active channel using that receiver.

e Can be saved in a Cal Set and later reapplied to a like measurement.
Interpolation

Like other calibration types, if the original stimulus settings are narrowed, interpolation is applied and C*
is displayed in the status bar. If the original stimulus settings are made wider, the VNA will turn Receiver
Power Correction OFF.

If the original settings are restored, then receiver power calibration returns to full correction.

How to perform a Receiver Power Calibration

Perform a Source Power Calibration.

Set the active measurement to unratioed. Learn How.

w NP

Connect a THRU line from the source port to the receiver port.

When performing a receiver power cal on a reference receiver (source 1 and receiver R1), no
connection is necessary as the receiver is internally connected to the source.

e When the source port and receiver port are the same (receiver A, source port 1), then connect
an open or short to get maximum power to the receiver. This practice is not recommended. It
is best to use different ports for the source and receiver.

4, Ensure correction for Source Power Calibration is ON as indicated by Src Pwr Cal or
Src Pwr Cal* in the status bar.
5. Start the Calibration Wizard

Using Hardkey/SoftTab/Softkey

1. Setthe active measurement to unratioed. Learn How.
2. Press Cal > Other Cals > Receiver Power Cal....

‘ Programning Commands }

Select Calibration Type for Unratioed Measurement dialog box help
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Cal Type Selection Select Receiver Power
Receiver Power Configuration

Cal Power Specifies the power level to be displayed on the measurement when complete. (Source
Port Power + Power Offset).

Source Port Power Test port Power set for the measurement. Learn how to change Test Port Power

198



E5080A

Power Offset Allows you to specify a gain or loss (in dB) to account for components you connect
between the source and the reference plane of your measurement AFTER a source power cal has
been performed. Following the calibration, the VNA power readouts are adjusted to the Cal Power
value.

Next Click to continue the Calibration Wizard.
Notes:

e When Receiver Power Cal is finished, 'Response' is displayed in the status bar and
correction data is applied to subsequent sweeps. This is done because Receiver Power Cals
are essentially Response Cals once they are stored and applied. See Saving a Receiver
Power Cal below.

e To turn correction OFF, click Cal > Main > Correction > Channel Correction OFF.
Learn more about Receiver Power Cal (scroll up).

Saving a Receiver Power Calibration

Receiver Power Cal is saved to a Cal Register and optionally to a User Cal Set. It can be applied to
measurements in the same way as other Cal Types. Previously, Receiver Power Cal data was saved as
part of an Instrument State and was only applied to the measurement on which it was performed.

Learn more about Saving VNA files types.

Last modified:

29-Sep-2015  First Release

hd
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3. Calibrate a Measurement

Fixture Simulator

The following features allow you to mathematically add (embed) or remove (de-embed) circuits to, or
from, your VNA measurements. The mathematical models are applied to specific ports for all
measurements on the channel.

Notes
e The following features are available
e Port Extensions
e 2 Port De-embedding

e Port Matching
e Port Z Conversion

o All other fixturing features are available ONLY in a standard class.

e When fixturing is enabled, all of the enabled fixturing features are applied when snp files are
saved.

See Also
e Procedures: To Embed or De-embed?
e Characterize Adaptor Macro can be used to create S2P files from Cal Sets.

¢ "De-embedding and Embedding S-Parameter Networks Using a Vector Network Analyzer" App
note. for more conceptual information on Fixture Simulation.

e See an example of how these functions can be used to de-embed unwanted effects of a test
fixture, and then mathematically embed the DUT in the circuit in which it is used.

Order of Fixture Operations

First, the following Single-ended measurement functions are processed in this order:
1. Port Extensions

2-Port De-embedding

Port Matching Circuit Embedding

Port Z (Impedance) Conversion
4/6/8-Port Network (single-ended) Embed/De-embed
Then, Balanced measurement functions are processed in this order:

o~ w0

6. Balanced Conversion

7. Differential / Common Mode Port Z Conversion
8. Differential Matching Circuit Embedding

e Source power compensation is then optionally applied to compensate for the aggregate loss
through all enabled fixturing operations.

Notes
e The fixturing operations are applied to the measurement results.
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e The order of operations 1 through 4 can be changed using the SCPI command:
CALC:FSIM:SEND:OORD. Learn how to send this command from the GPIB Command
Processor Console.

e The order of the operations 5 through 8 can NOT be changed.

e Inthe VNA data processing chain, the Fixture Simulator functions occur at the same time as the

Apply Error Terms block.

How to select Fixturing Simulator
About Fixture Simulator ON/off

BOTH of the following must be required to turn a fixturing selection ON.

1. Turn Apply Fixtures ON
Port Extensions is NOT affected by fixturing ON/off.

2. Check Enable on the individual fixturing selection dialog box.
Using Hardkey/SoftTab/Softkey

1. Press Cal > Fixture Match > Apply Fixtures
Or

1. Press Cal > Fixtures > Apply Fixtures

‘ Frogramning Commands }

Port Matching dialog box help
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This function specifies a circuit to embed (add) to the measurement results. See Order of Fixture
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Operations.
| VNA |

>
: Du:r:: :
L

-(:“.A.L Ref Plané

* Embed *
| VNA |

Matching
Network B |H

CAL Ref Plane

Enable Port Matching Check to apply the settings to the measurement results. Must also enable
Fixturing ON/OFF.

Port - Select Port in which to apply simulation.

Circuit Model for Matching - Choose one of circuit model to emulates your fixture at the selected
VNA port:

User S2P File Click to specify an S2P file of the circuit model to embed at the selected port. If the
normalized impedance value in a recalled User .S2P file is different from the port reference
impedance setting of the VNA, the VNA setting is used. Characterize Adaptor Macro can be used to
create S2P files from Cal Sets.

Circuit Values

Capacitance (C), Inductance(L), Resistance(R), Conductance(G) Values for the specific
components of the circuit type that models your fixture.

Reset Restores the default values.

2 Port De-embedding dialog box help
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De-Embed when you have performed a calibration and then added a fixture (an adapter, an
attenuator, a longer cable, etc.) that connects between the Cal reference plane and your DUT. This
function removes the effects of a component or test fixture from the measurement results.

Note: De-embedding a component with more than 20 dB of loss becomes impractical because of an
inability to accurately measure the match of the DUT through such a device.

| VNA |

CAL Ref Plane

* De-Embed ¢
| VNA |

CAL Refl Plane

The de-embedding operation recalls an .s2p file (Touchstone format) which includes the electrical
characteristics of a 2-port fixture or device. The file can be in any standard format (real-imaginary,
magnitude-angle, dB-angle).

Enable De-embedding Check to apply the settings to the measurement results. Must also enable
Fixturing ON/off.

Enable Extrapolation Check to apply a simple extrapolation when the S2P file has a narrower
frequency range than the channel. The values for the first and last data points are extended in either
direction to cover the frequency range of the measurement. The frequency ranges of both the channel
and the S2P file are displayed at the bottom of the dialog.

When extrapolation is necessary and enabled, a message is displayed showing the frequency range
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3. Calibrate a Measurement

to be extrapolated. When extrapolation is necessary and disabled, a message is displayed offering to
enable extrapolation.

This setting also causes 4/6/8-port Extrapolation to be enabled and disabled.

Port The VNA port to which the recalled de-embedding file is applied.
From the drop-down menu, select User Defined (S2P File).

Reverse Adaptor Ports Check to cause the Fixture/Adapter to be configured with Port 2 connected
to the VNA and Port 1 to be connected to the DUT. The image in the dialog reflects that change.

User S2P File Click to specify an existing .S2P file. If the normalized impedance value in a recalled
User .S2P file is different from the port reference impedance setting of the VNA, the VNA setting is
used. Characterize Adaptor Macro can be used to create S2P files from Cal Sets.

Port Z (Impedance) Conversion dialog box help

Port ¥ Cormnersion

[» Enable Port Z Covearsion

|F'r||1'1 ﬂ R kﬁﬂ.l.ll'l ahrres Pl |I'.|.L'III ahims

Closa Halp |

Note: This feature is available to the following SMC and standard (S-Parameter) channels.

This function corrects the measurement and displays the results as if the measurement had been
made into the specified impedance value. However, the physical port termination is still approximately
50 ohms.

The specified impedance value is applied to all of the measurements on ONLY the active channel.
See Order of Fixture Operations.

Enable Port Z Conversion Check to apply the settings to the measurement results. Must also enable
Fixturing ON/off.

R Real part of the impedance value.
jX Imaginary part of the impedance value.
Close Applies the entries and closes the dialog box

Note: Port Z (Impedance) conversion uses values in the following prioritized order:
1. Balanced (Differential or Common Mode) - if enabled, these values are always used.

2. Single Port Impedance - if enabled, this value is used if Balanced is not enabled.

3. System Impedance - if neither balanced or single port is enabled, this value is used.

4/6/8-Port Embed/De-embed dialog box help
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This function specifies a single-ended 4/6/8-port circuit (*.SnP file) to embed (add) or de-embed
(remove) from the measurement results. Computation takes place BEFORE Balanced conversion.
See Order of Fixture Operations.

There is a single normalized impedance value for each port in the *.SnP file. This impedance value
must match the impedance of the previous Port Z setting, or the VNA port impedance.

The VNA will interpolate if the number of data points that are read is different from the current VNA
setting.

Enable 4/6/8-Port Embed/De-embed Check to apply the settings to the measurement results. Must
also enable Fixturing ON/off.

Enable Extrapolation Check to apply a simple extrapolation when the SnP file has a narrower
frequency range than the channel. The values for the first and last data points are extended in either
direction to cover the frequency range of the measurement. The frequency ranges of both the channel
and the SnP file are displayed at the bottom of the dialog.

When extrapolation is necessary and enabled, a message is displayed showing the frequency range
to be extrapolated. When extrapolation is necessary and disabled, a message is displayed offering to
enable extrapolation.

This setting also causes 2-port Extrapolation to be enabled and disabled.

Topology

Select a DUT topology. Refer to the images on the 4/6/8-port embed/De-embed dialog box.
e A-Network 1
e B - Network 1/3
e C - Network 1/2/4

NA Ports - Select the VNA Port that is connected to each circuit port.

Network Ports Select the network ports that represent the configuration of the *.S4P, *.S6P, or *.S8P
file.

None, Embed, De-embed For Networkl and Network?2, select:

e None - The same as disabling.
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3. Calibrate a Measurement

e Embed - Add the specified network circuit to the measurement results. See 2-port Embed

Image.

e De-embed - Remove the specified network circuit from the measurement results. See 2-port
De-embed image.

Browse For all the network option - Network1, Network2, Network 3 and Network 4, navigate to find
the .*S4P file to embed or de-embed.

OK Applies the changes and closes the dialog box.
Cancel Does NOT apply the changes and closes the dialog box.

Differential Impedance Conversion dialog box help
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This function sets the Differential impedance value for each balanced port.

The default value for R: is the SUM of the impedance values for both ports that make the logical port.
If Port Z Conversion is not enabled, then System Z0 values for both ports are summed.

See Order of Fixture Operations.

Enable Differential Z Conversion Check to apply the settings to the measurement results. Must also
enable Fixturing ON/off.

Logical Port Select the logical (balanced) port to receive impedance value. To see logical port
numbers, see the measurement topology.

R Real part of the impedance value.
jX Imaginary part of the impedance value.
Close Closes the dialog box.

See note about Port Impedance priority.

Common Mode Impedance Conversion dialog box help

Coaivwmon Modks [inpeslancs Dormarsion

~ Enable Commen Mode 7 Corversion

Logical Port: |2 ll R I’J'-:\.I.H.".'l nhies P |I.I.I.I.H.H:|'I|I||1

Close | Help |

This function sets Common Mode Impedance value for each balanced port.
The default value for R: is calculated as follows.

(Z1*22) 1 (21 + 22)

Where ports 1 and 2 comprise the logical port:

Z1 = the Port Impedance values for port 1

Z2 = the Port Impedance values for port 2
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If Port Z Conversion is not enabled, then System Z0 values for port 1 and 2 are used in the
calculation.

See Order of Fixture Operations.

Enable Common Mode Z Conversion Check to apply the settings to the measurement results. Must
also enable Fixturing ON/off.

Logical Port Select the logical (balanced) port to receive impedance value. To see logical port
numbers, see the measurement topology.

R Real part of the impedance value.

jX Imaginary part of the impedance value.
Close Closes the dialog box.

See note about Port Impedance priority.

Differential Port Matching dialog box help

Differential Port Matching ===
Enable Differential Port Matching
Logical Port: (2 =
Select Circuit: Shunt L - Shunt C -

Circuit Values

C: Do F

-
J

L: 0000 H

o
e L.

R:  0.000 ohms

G: 00005

[ Closa I Help

This function allows the embedding of a differential matching circuit at a balanced port.

See Order of Fixture Operations.

Enable Differential Port Matching Check to embed the selected matching circuit to the
measurement results. Must also enable Fixturing ON/off.

Logical Port Choose Logical DUT port to receive the selected matching circuit. To see logical port
numbers, see the measurement topology.

Select Circuit Select a matching circuit. Choose from:
e ShuntL - Shunt C Predefined circuit.

(= O
L
c G
- =] —_—
Tesl port DUT port
o =1

Circuit Values Choose from:
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e C Capacitance value

e G Conductance value

e L Inductance value

¢ R Resistance value

e User defined Select an *.S2P file that represents the matching circuit. Then click Browse to

navigate to the *.S2P file.

Note: For the *.S2P file:
Port 1 of the circuit is assumed to be connected to the VNA

Port 2 of the circuit is assumed to be connected to the DUT.

e None No embedded circuit on selected port.

Close Closes the dialog box.

3. Calibrate a Measurement

Power Compensation dialog help

Fiwturing: Power Cormpensation
Compensated Pors
Port 2

| Port 3
Fart 4

QK Cancal

Halp

e

This function adjusts the source power at the specified port to compensate for the combined amount
of gain or loss through ALL enabled fixturing operations. Use this function to set the power level at the

DUT input.
For example:

e Your DUT requires a fixture on the input port which is connected to VNA port 1.

e The fixture description (such as an S2P file at the 2-port De-embed function) indicates the
fixture has approximately 2 dB of loss across the frequency span.

e You set source power to 0 dBm. But you want 0 dBm at the DUT input (the fixture output).
e Check Power Compensation on Port 1 and enable Fixturing.

e Power Compensation causes the source power to be increased by approximately 2 dB so that

the power at the fixture output plane will remain at 0 dBm.

Power Compensation affects all measurements in the channel.

Enable Fixturing to use Power Compensation.

Note: Use caution when applying power compensation. Always test your setup without a DUT in a
place. If you are using S2P files, Recall your S2P file into the VNA so you can verify that the device
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your S2P file describes is what you intended it to be. It is too easy to misalign data in S2P files if they
are constructed by hand.

Fixture Simulator Example

The following example shows a DUT and the matching circuit with which the DUT will be used in its
intended application. When the DUT is tested in a high-volume manufacturing environment, multiple test
fixtures are often required. The most accurate way to test the DUT and ensure measurement consistency
between the different test fixtures is to use a simple, repeatable, test fixture without the actual matching
elements.

To get the desired performance data, the parasitic effects of the fixture must first be removed (de-
embedded) from the measured data. Then a perfect "virtual" matching circuit must be simulated and
added mathematically (embedded) to the corrected, measured data. The result is an accurate display of
the DUT as though it was actually tested with a physical matching circuit, but without the uncertainties of
using real components.

Test Device and the circuit in which it will be used.

DuUT
t ;
Fs 1 a—}

o

g’“’“—g‘—u i éLi RL% ‘5
L1 -
7; cz
Rs_ 50 ';-E'
RL= 200
Circuit Simulation
Fort £ Fort Extensionsf Balanced
Conversion De-embed Conversian

i — l SR ———

de—H DUT ‘;E L% <
'2{] ;L1é T
b ov cz |

¥ <HaLF

W 3
. a i e
P ! N L iiva
|
Fart Matching Oiff Port Match ‘
[ de-embed test fidture Balanced
[ embed circuit 7 Conwversion

This diagram does NOT refer to the order in which operations are performed.
See Order of Fixture Operations.

1. Create a balanced measurement using single-ended to balanced (SE-Bal) topology. Include all
relevant measurement settings (IFBW, number of points, and so forth). Once the measurement is
created and calibrated, the measurement parameter can be easily changed. For example, Sdd22
to Sds21.
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3. Calibrate a Measurement

2. Calibrate the measurement at the point where the simple test fixture is connected to the VNA.
Use accurate calibration standards and definitions.

3. Remove the effects of the three uncalibrated transmission lines of the simple test fixture. This can
be done in several different methods. The easiest is to use manual or automatic Port Extensions
to move the calibration reference plane to the DUT. This removes the electrical length and loss of
the fixture’s transmission lines, but does not account for fixture mismatch. Another method is to
de-embed previously-created *.S2p files of the 3 transmission lines. The files can be created
using external ADS modeling software. Another alternative is to create the *.S2P files by
independently measuring all 3 ports of the test fixture and saving the results of each to an S2P
file.

4. With the test fixture connected to the VNA and a DUT inserted, the measurement results now
appear as though calibration was performed at the connections to the DUT, and the device was
measured in a 50-ohm single-ended test environment. The following steps will cause the results
to reflect the performance of the device as though the device is embedded in the circuit in which it
will be used.

5. Port 1 of the device is a single-ended port and sees a source impedance the same as the VNA
system impedance, so no change is required. However, if Rs were a value other than 50 ohms,
Port 1 Impedance Conversion would be used to simulate the different impedance.

6. Port Matching is used to simulate L1 inductance. Select any of the Shunt L circuits to embed
(add) to the measurement results. Enter the value of L and R. The C and G values can be
entered as 0 (zero).

7. Port Matching is used to simulate C1 and C2 capacitance. For both port 2 and port 3, select any
of the Series C circuits to embed (add) to the measurement results. Enter the value of C and G.
The L and R values can be entered as 0 (zero).

Balanced Conversion mathematically simulates the measurement in balanced mode.

Differential Port Matching is used to simulate L2 inductance. Select Shunt L- Shunt C and enter
the inductance / resistance value. The C and G values can be entered as 0 (zero).

10. Finally, Differential Z Conversion is used to simulate a circuit termination of 200 ohms. If you are
making Common Mode measurements, specify Common Mode Z Conversion.

Last modified:

29-Sep-2015  First Release
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Port Extensions

Port extensions allow you to electrically move the measurement reference plane after you have
performed a calibration.

Note: This feature is available to GCA, and standard (S-Parameter) channels.

e Why and How to use Port Extensions

e Manual Port Extensions Procedure

e Port Extensions dialog and Toolbar

e Step Size dialog

e Automatic Port Extension dialog

See Also
VNA Data Flow Map
Fixture Compensation features

Phase Accuracy
Comparing the VNA Delay Functions

Other Calibration Topics

Why use Port Extensions

1. You are unable to perform a calibration directly at your device because it is in a test fixture.
Perform a calibration at a convenient place, then use port extensions to compensate for the time
delay (phase shift), and optionally the loss, caused by the fixture.

2. You have already performed a calibration, and then decide that you need to add a length of
transmission line in the measurement configuration. Use port extensions to "tell" the analyzer you
have added the length to a specific port.

Important Note: Port Extensions and VNA Data Flow
See VNA Data Flow diagram

Normally, Port Extensions are applied to individual S-parameters in the Phase Correction process
and only applies to displayed S-parameters.

However, when Fixturing is ON or when making a Balanced Measurement, Port Extension
compensation is applied in the Apply Error Terms process which affects ALL S-parameters, whether
displayed or not. This allows all underlying S-parameters to have proper extensions applied.

Therefore, when using Port Extensions with features that require more than a single S-parameter
(such as k-factor in equation editor), do one of the following:

e Enable Fixturing - Individual Fixturing features are NOT required to be enabled.
e Use 8510 Mode Data Processing.

When Port Extension compensation is applied in the Apply Error Terms process, after a Data-to-
Memory operation has been performed, further changes to Port Extensions settings will NOT be
applied to the Memory trace.
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3. Calibrate a Measurement

How to use Port Extensions

o If you know the electrical length of the fixture or additional transmission line, enter the value
directly to the Time setting.

o If you know the physical length of the fixture or additional transmission line, enter the value
directly to the Distance setting.

e If you do NOT know either the electrical or physical length of the fixture or additional transmission
line, you must be able to connect an OPEN or SHORT to the new reference plane - in place of
the DUT. In most cases, removing the DUT will leave a suitable OPEN at the new reference
plane.

e Port Extensions can then be added manually (as follows), or by using Automatic Port Extensions.

Manual Port Extensions Procedure
1. Select a calibrated S11 measurement.
2. Select Phase format.

3. With an OPEN or SHORT at the calibration reference plane, verify that the phase across the
frequency span is at or near zero.

4. Connect the fixture or added transmission line and attach an OPEN or SHORT in place of the
DUT. In most cases, removing the DUT will leave a suitable OPEN at the new reference plane.
On the Port Extension toolbar or dialog, increase either Time or Distance until the phase
response is flat across the frequency span of interest.

5. If you know the loss of the additional transmission line, enter the Loss Compensation values
using either one or two data points.

Note: Most OPEN and SHORT standards have delay. Therefore, adjusting delay with this method results
in a delay equal to two times the delay of the OPEN or SHORT.

How to access Port Extensions settings

Using Hardkey/SoftTab/Softkey

1. Press Cal > Port Extension > Port Extensions...
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Dely Loss

Dist. [0 jin Eel Loss s DG [ 0000000 6 2]

R O 4 Bl  Loss1 [0 B @freqt [1000GH: [
[istancn Unies  |Meiers = I Lose2 [0 E] @Fmesz [1000GH: ]
Welaaity teia

Welogity Foctor [1000000000  [3] | # Coax _
—  Wveguide  Port Cutoll Freg | 45000 MH: ﬂ
% Couply §o wystom Vilocity Facho

[# Couple o system Media definition
Fetst ] Husti. ] [ ow Camcal I el |
F Foddenson g [Tpm g ] Lot [FuE =l @ren [1omin: ] el oo
Fon1 (=] Time [De i sz [Fe= B @rege [T B Fuse eS|

Port Extensions dialog and Toolbar help
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Note: This feature is available to the following measurement classes: GCA, Noise Fixture, NFX, and
standard (S-Parameter) channels.

Port extensions settings affect all measurements on the active channel that are associated with a
particular port.

Learn Why and How to use Port Extensions (scroll up).

Port Extension Turns ON and OFF port extensions on all ports.

Port Select a VNA port for delay and loss values. Port Extensions settings affect ALL measurements
on the active channel that are associated with a particular port.

Show Toolbar Check to show the Port Extensions toolbar. The toolbar allows you to make
adjustments to the port extensions while showing more of the VNA screen. Beginning with VNA rev
A.08.50, this is the only way to show or hide the toolbar.

Delay settings
Enter delay in either Distance or Time by entering a value or clicking the up/down arrows. Click ||"_—i
to start the Step Size dialog.
Time The amount of port extension delay in time. Enter a positive value.
Distance The amount of port extension delay in physical length. Enter a positive value.

Distance Units (Dialog ONLY) Select from Meters, Inches, or Feet. The Step Size setting will not
change automatically. Learn more.

Loss Compensation
The following settings allow the entire frequency span to be corrected for loss.

Loss at DC Offsets the entire frequency span by this value. Loss1 or Usel must also be checked.
To compensate for loss at DC, enter a positive value which causes the trace to shift in the positive
(up) direction.

Loss @Frequency Check the box, and enter values for Loss and Frequency
When Loss1 or Loss1/Loss2 are used, a curved-fit algorithm is used as follows:
Loss1 ONLY:
Loss(f) = Lossl * (f/Freql) ~ 0.5
Lossl and Loss2:
Set the lower frequency to Loss1, and the higher frequency to Loss2.
Loss(f) = Lossl * (f/Freql) ~ n
Where:
n = logl0 [abs(Loss1/Loss2)] / logl0 (Freql/Freqg2)
Note: abs = absolute value
Velocity

Velocity Factor For each port, sets the velocity factor that applies to the medium of the device that
was inserted after the measurement calibration. The value for a polyethylene dielectric cable is 0.66
and 0.7 for PTFE dielectric. 1.0 corresponds to the speed of light in a vacuum.

Couple to system Velocity Factor When unchecked, the Velocity Factor is set for only the
specified port and only for Port Extensions. When checked, sets the Velocity Factor for all ports. In
addition, changing this value also changes this setting for the Electrical Delay and Time Domain
Distance Marker features.

Media
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3. Calibrate a Measurement

For each port, select the media of the added transmission line or fixturing.

Coax Select when the fixture or added transmission line is coax. Also specify the velocity factor of
the coax.

Waveguide / Cutoff Frequency Select when the fixture or added transmission line is waveguide.
Also enter cutoff (minimum) frequency of the waveguide.

Note: when using a Waveguide cal Kit, set System Z0 to 1 ohm before calibrating.

Couple to system Media Definition. When unchecked, the Waveguide Cutoff Frequency is set for
only the specified port and only for Port Extensions. When checked, sets the Waveguide Cutoff
Frequency for all ports. In addition, changing this value also changes this setting for the Electrical
Delay feature.

Reset All port extensions settings are changed to preset values. The Port Extension ON / OFF state
is NOT affected.

Auto Ext. Starts the Automatic Port Extensions dialog box

Note: Individual receiver port extensions (A,B, and so forth) can no longer be set. (Sept. 2004)

i~ Auto
@ User Defined |5 pm

oK cancel |

Step Size dialog box help

Changes the step size that occurs when the Time or Dist up/down arrows are pressed on the Port
Extension toolbar. The Units for step size are changed on the Port Extension dialog.

Auto Step Size is set to the default value.
User Defined Enter a step size value, then click OK.

This value remains the same when the units are changed. For example if a step size of 12 is entered
on this dialog, then you change the units from Inches to Feet, the step size of 12 inches becomes 12
feet, not 1 feet. Therefore, change the units first, then set the step size.

Learn about Port Extensions (scroll up)
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Automatic Port Extension dialog box help

Automatic Port Extension AUTOMATICALLY performs the same operation as Manual Port Extension.
By connecting a SHORT or OPEN, the reference plane is automatically moved to the point at which
the standard is connected. In addition, Automatic Port Extension will optionally measure and
compensate for the loss of the additional transmission line.

Auto Port Extension is NOT available when:

e Sweep type is set to power sweep

o Frequency Offset is ON

e Media is set to Waveguide
Note: Turn OFF Equations that may exist on the active trace when using Automatic Port Extensions.
Auto Port Extensions Procedure

1. Connect the added transmission line or fixture. Attach an OPEN or SHORT to all affected
ports at the new reference plane. In most cases, removing the DUT will leave a suitable
OPEN at the new reference plane.

2. Onthe Port Extension toolbar, click Auto Port Ext. Click Show Configuration to make
additional settings.

3. Click Measure to perform the port extension calculations. The resulting delay and loss
settings are entered into the port extension toolbar. These settings are saved with Instrument
Save or you can manually record the values and enter them again when required.

Settings

Measure either OPEN, SHORT, or both. Press a button to make the measurement of the reflection
standard.

Measure either OPEN or SHORT depending on which is most convenient. An ideal OPEN and
SHORT, with zero loss and delay, is assumed. Therefore, accuracy is most affected by the quality of
the standard. In most cases, removing the DUT will leave a suitable OPEN at the new reference
plane. When measuring both OPEN and SHORT standards, the average of the two is used and will
slightly improve accuracy.

Selected Ports Indicates the ports that currently have automatic port extension enabled. By default,
ALL VNA ports are enabled. To disable a port, see Measure on Port Number below.
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3. Calibrate a Measurement

Note: Port Extensions settings affect ALL measurements on the active channel that are associated
with a particular port.

Show/Hide Configuration Press to either show or hide the following configuration settings in the
dialog box.

Measure on Port Number
Select port number to enable or disable automatic port extension.

Enable Check to enable the specified port. All enabled ports will have their reference plane
automatically adjusted after performing Automatic Port Extension.

Include Loss Check to automatically measure the loss in the additional transmission line and apply
compensation. To calculate loss compensation, frequencies at 1/4 and 3/4 through the frequency
range are usually used as Freql and Freq2 values. Learn more about Loss Compensation.

Adjust for Mismatch Only available when Include Loss is checked. Mismatch adds ripple to the
S11 and S22 traces. If the ripple is large, S11 and S22 can appear greater than 0 dB which leads to
numeric instabilities in using the S-parameters. Adjust for mismatch increases the loss of the fixture
so that the peak of the ripples is below 0 dB. While this adds more error (all the error is negative) it
does allow the S-parameters to be used in simulators without numerical instabilities.

Check - Offsets the trace to cause all of the data points to be at or below zero.
Clear - Most accurate application of the curve-fit calculation, but allows positive responses.

Prompt for Each Standard Check to invoke a prompt when the Measure OPEN or SHORT button is
pressed. The prompt will indicate which standard to connect to which port.

Method

Select the span of data points which will be used to determine correction values for phase and loss
(optional). If a portion of the current frequency span does not have flat or linear response, you can
eliminate this portion from the calculations by using a reduced User Span.

To calculate loss compensation, Current Span and User Span methods usually use frequencies at 1/4
and 3/4 through the frequency range as Freql and Freq2 values. See Loss Compensation to learn
more about how loss is calculated.

Current Span Use the entire frequency span to determine phase and loss values.

Active Marker Use only the frequency at the active marker, and one data point higher in frequency,
to calculate phase and loss values. If a marker is not present, one will be created in the center of the
frequency span.

User Span Use the following User Span settings to determine phase and loss values.
User Span

Start Enter start frequency of the user span.

Stop Enter stop frequency of the user span.

Learn about Port Extensions (scroll up).

See also Comparing the VNA Delay Functions

Last modified:

2-Sep-2014  First Release
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Swap Adapters Calibration Method

Although Swap Adapters calibration (also known as Swap Equal Adapters and Equal Length Adapters)
method is NOT included in the VNA firmware, you can still perform this calibration.

Before we introduced the of the Unknown Thru method, the Swap Adapters method was often used as a
quick alternative to the more tedious adapter removal method. In that case, you would be trading
measurement accuracy for convenience. You might still want to perform Swap Adapters if you do NOT
have calibration standards with the same connector type as your DUT. A procedure for this is shown
below.

For any other reason, the Swap Adapters method is NOT recommended because the Unknown Thru
method is more convenient AND more accurate.

There are many variations on the Swap Adapters calibration depending on the number of ports to be
calibrated and whether the DUT is insertable or non-insertable. However, the concepts are the same: you
perform connect and measure the reflection standards (OPEN, SHORT, and LOAD) with one adapter in
place, then swap for a different adapter for the Thru measurement. The adapters must have the same
delay, loss, and impedance. The better the adapters match, the better measurement results. Measure the
adapters with a calibrated VNA to be sure.

Procedure

The following is an example procedure showing how to perform a Swap Adapters 2-port calibration for a
non-insertable DUT. The DUT has 2.92 mm connectors. You do NOT have 2.92 mm calibration
standards, but you DO have 2.4 mm standards and adapters that have the same electrical properties as
the 2.92 mm adapters.

Adapters Al and A2 = test port to 2.4 mm adapters
Adapters B1 and B2 = test port to 2.92 mm adapters

1. Startthe Smart Cal. Note: The VNA will NOT prompt you to connect the adapters by name or
when to swap the adapters.

2. Specify the connector type and gender and Cal Kit of the adapter that you will be using (2.4 mm) -
NOT the connector type of the DUT (2.92 mm). By specifying the connector gender, you are also
specifying the Thru method (flush thru for insertable and Unknown Thru for non-insertable.) For
example, when both DUT ports have female connectors, we will perform an Unknown Thru cal.

3. When prompted for reflection standards on port 1,
connect the Open, Short, and Load standards to Port 1 WVNA Port 2
Adapter Al.

4. When prompted for reflection standards on port 2,

connect the Open, Short, and Load standards to
Adapter A2.
T T
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3. Calibrate a Measurement

5. When prompted for a Thru connection, swap
Adapter Al and A2 for B1 and B2. Connect the
Thru device. This could be any device that meets
the requirements of the Unknown Thru standard. In
the case of a non-insertable DUT, connect B1 and
B2.

6. Make DUT measurements with Adapters B1 and B2
in place.

Last Modified:

2-Sep-2014  First Release
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Concepts

Calibration Overview

The following is discussed in this topic:

e What Is Measurement Calibration?

e Why Is Calibration Necessary?

e Conditions Where Calibration Is Suggested
e Whatls ECal?

hd

See other Calibration Topics

What Is Measurement Calibration?

Calibration removes one or more of the systematic errors using an equation called an error model.
Measurement of high quality standards (for example, a short, open, load, and thru) allows the analyzer to
solve for the error terms in the error model. See Measurement Errors.

You can choose from different calibration types, depending on the measurement you are making and the
level of accuracy you need for the measurement. See Select a Calibration Type.

The accuracy of the calibrated measurements is dependent on the quality of the standards in the
calibration kit and how accurately the standards are modeled (defined) in the calibration kit definition file.
The calibration-kit definition file is stored in the analyzer. In order to make accurate measurements, the
calibration-kit definition must match the actual calibration kit used. To learn more, see Accurate
Calibrations.

Calibration Wizard provides the different calibration methods used in the VNA. See Calibration Wizard.

There are quick checks you can do to ensure your measurement calibration is accurate. To learn more
see Validity of a Measurement Calibration

If you make your own custom-built calibration standards (for example, during in-fixture measurements),
then you must characterize the calibration standards and enter the definitions into a user modified
calibration-kit file. For more information on modifying calibration kit files, see Calibration Standards.

Note: Instrument Calibration is ensuring the analyzer hardware is performing as specified. This is not the
same as measurement calibration.

Why Is Calibration Necessary?

It is impossible to make perfect hardware that would not need any form of error correction. Even making
the hardware good enough to eliminate the need for error correction for most devices would be extremely
expensive.

The accuracy of network analysis is greatly influenced by factors external to the network analyzer.
Components of the measurement setup, such as interconnecting cables and adapters, introduce
variations in magnitude and phase that can mask the actual response of the device under test.

The best balance is to make the hardware as good as practically possible, balancing performance and
cost. Calibration is then a very useful tool to improve measurement accuracy.
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3. Calibrate a Measurement

Conditions Where Calibration Is Suggested

Generally, you should calibrate for making a measurement under the following circumstances:

You want the best accuracy possible.

You are adapting to a different connector type or impedance.

You are connecting a cable between the test device and an analyzer test port.
You are measuring across a wide frequency span or an electrically long device.

You are connecting an attenuator or other such device on the input or output of the test device.

If your test setup meets any of the conditions above, the following system characteristics may be affected:

Amplitude at device input
Frequency response accuracy
Directivity

Crosstalk (isolation)

Source match

Load match

What Is ECAL

ECal is a complete solid-state calibration solution. It makes one port (Reflection), full two and three-port
calibrations fast and easy. See Using ECal.

It is less prone to operator error.

The various standards (located inside the calibration module) never wear out because they are
switched with PIN-diode or FET switches.

The calibration modules are characterized using a TRL-calibrated network analyzer.

ECal is not as accurate as a good TRL calibration.

For information about ordering ECal modules, see Analyzer Accessories or contact your Keysight Support
Representative

Last Modified:

21-Aug-2014  First Release

220



E5080A

Measurement Errors

You can improve accuracy by knowing how errors occur and how to correct for them. This topic discusses
the sources of measurement error and how to monitor error terms.

e Drift Errors
e Random Errors

e Systematic Errors

e 3-Port Error Terms

e 4-Port Error Terms

e Monitoring Error Terms

See other Calibration Topics

Drift Errors

Drift errors are due to the instrument or test-system performance changing after a calibration has been
done.

Drift errors are primarily caused by thermal expansion characteristics of interconnecting cables within the
test set and conversion stability of the microwave frequency converter and can be removed by re-
calibrating.

The time frame over which a calibration remains accurate is dependent on the rate of drift that the test
system undergoes in your test environment.

Providing a stable ambient temperature usually minimizes drift. For more information, see Measurement
Stability.
Random Errors

Random errors are not predictable and cannot be removed through error correction. However, there are
things that can be done to minimize their impact on measurement accuracy. The following explains the
three main sources of random errors.

Instrument Noise Errors

Noise is unwanted electrical disturbances generated in the components of the analyzer. These
disturbances include:

e Low level noise due to the broadband noise floor of the receiver.

e High level noise or jitter of the trace data due to the noise floor and the phase noise of the LO
source inside the test set.

You can reduce noise errors by doing one or more of the following:
¢ Increase the source power to the device being measured - ONLY reduces low-level noise.
e Narrow the IF bandwidth.

e Apply several measurement sweep averages.

Switch Repeatability Errors
Mechanical RF switches are used in the analyzer to switch the source attenuator settings.
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3. Calibrate a Measurement

Sometimes when mechanical RF switches are activated, the contacts close differently from when they
were previously activated. When this occurs, it can adversely affect the accuracy of a measurement.

You can reduce the effects of switch repeatability errors by avoiding switching attenuator settings during a
critical measurement.

Connector Repeatability Errors

Connector wear causes changes in electrical performance. You can reduce connector repeatability errors
by practicing good connector care methods. See Connector Care.

Systematic Errors
Systematic errors are caused by imperfections in the analyzer and test setup.
e They are repeatable (and therefore predictable), and are assumed to be time invariant.

e They can be characterized during the calibration process and mathematically reduced during
measurements.

e They are never completely removed. There are always some residual errors due to limitations in
the calibration process. The residual (after measurement calibration) systematic errors result
from:

o0 imperfections in the calibration standards
0 connector interface
0 interconnecting cables
O instrumentation
Reflection measurements generate the following three systematic errors:
e Directivity
e Source Match

e Frequency Response Reflection Tracking

Transmission measurements generate the following three systematic errors:
e |solation
e Load Match

e Frequency Response Transmission Tracking

Notes about the following Systematic Error descriptions:

e The figures for the following six systematic errors show the relevant hardware configured for a
forward measurement. For reverse measurements, internal switching in the analyzer makes Port
2 the source and Port 1 the receiver. 'A' becomes the transmitted receiver, 'B' becomes the
reflected receiver, and 'R2' becomes the reference receiver. These six systematic errors, times
two directions, results in 12 systematic errors for a two port device.

e For simplicity, it may be stated that ONE standard is used to determine each systematic error. In
reality, ALL standards are used to determine ALL of the systematic errors.

e The following describes an SOLT calibration. This does not apply to TRL, or other types of
calibration.

Directivity Error
All network analyzers make reflection measurements using directional couplers or bridges.

With an ideal coupler, only the reflected signal from the DUT appears at the 'A’ receiver. In reality, a small
amount of incident signal leaks through the forward path of the coupler and into the 'A' receiver. This
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leakage path, and any other path that allows energy to arrive at the 'A’ receiver without reflecting off the
DUT, contributes to directivity error.

Legend
Incident = Fort1 oA DUT {5 Port2
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Load
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How the Analyzer Measures and Reduces Directivity Error.

1. During calibration, a load standard is connected to Port 1. We assume no reflections from the
load.

2. The signal measured at the 'A' receiver results from the incident signal leakage through the
coupler and other paths.

3. Directivity error is mathematically removed from subsequent reflection measurements.

Isolation Error
Ideally, only signal transmitted through the DUT is measured at the 'B' receiver.
In reality, a small amount of signal leaks into the 'B' receiver through various paths in the analyzer.

The signal leakage, also known as crosstalk, is isolation error which can be characterized and reduced by
the analyzer.

Legend
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How the Analyzer Measures and Reduces Isolation Error

1. During calibration, load standards are connected to both Port 1 and Port 2.

2. The signal measured at the 'B' receiver is leakage through various paths in the analyzer.

3. This isolation error is mathematically removed from subsequent transmission measurements.

Source Match Error

Ideally in reflection measurements, all of the signal that is reflected off of the DUT is measured at the 'A’
receiver.
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3. Calibrate a Measurement

In reality, some of the signal reflects off the DUT, and multiple internal reflections occur between the
analyzer and the DUT. These reflections combine with the incident signal and are measured at the 'A'’
receiver, but not at the 'R’ receiver.

This measurement error is called source match error which can be characterized and reduced by the
analyzer.

Legend
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How the Analyzer Measures and Reduces Source Match Error

1. During calibration, all reflection standards are connected to Port 1. Known reflections from the
standards are measured at the 'A' receiver.

Complex math is used to calculate source match error.
Source match error is mathematically removed from subsequent reflection and transmission
measurements.

Load Match Error

Ideally in transmission measurements, an incident signal is transmitted through the DUT and is measured
at the 'B' receiver.

In reality, some of the signal is reflected off of Port 2 and other components and is not measured at the 'B'
receiver.

This measurement error is called load match error which can be characterized and reduced by the
analyzer.

Legend
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How the Analyzer Measures and Reduces Load Match Error
1. The Port 1 and Port 2 test connectors are mated together for a perfect zero-length thru

connection. If this is not possible, a characterized thru adapter is inserted. This allows a known
amount of incident signal at Port 2.
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2. The signal measured at the 'A' receiver is reflection signal off of Port 2

3. The resulting load match error is mathematically removed from subsequent transmission and
reflection measurements.

Frequency Response Reflection Tracking Error

Reflection measurements are made by comparing signal at the 'A’ receiver to signal at the 'R1' receiver.
This is called a ratio measurement or "A over R1" (A/R1).

For ideal reflection measurements, the frequency response of the 'A' and 'R1' receivers would be
identical.

In reality, they are not, causing a frequency response reflection tracking error. This is the vector sum of all
test variations in which magnitude and phase change as a function of frequency. This includes variations
contributed by:

signal-separation devices
test cables

adapters
e variations between the reference and test signal paths
Frequency response reflection tracking error can be characterized and reduced by the analyzer.
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How the Analyzer Measures and Reduces Frequency Response Reflection Tracking Error.
1. During calibration, all reflection standards are used to determine reflection tracking.
2. The average 'A' receiver response is compared with the 'R1' receiver response.

3. Complex math is used to calculate Frequency Response Reflection Tracking Error (see the
following diagram). This frequency response reflection tracking error is mathematically removed
from subsequent DUT measurements.

Legend
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3. Calibrate a Measurement

Note: In reflection response calibrations, only a single calibration standard is measured (open or short)
and thus only its contribution to the error_correction is used.

Frequency Response Transmission Tracking Error

Transmission measurements are made by comparing signal at the 'B' receiver to signal at the 'R1'
receiver. This is called a ratio measurement or "B over R1" (B/R1).

For ideal transmission measurements, the frequency response of the 'B' and 'R1' receivers would be
identical.

In reality, they are not, causing a frequency response transmission tracking error. This is the vector sum
of all test variations in which magnitude and phase change as a function of frequency. This includes
variations contributed by:

0 signal-separation devices
0 testcables
O adapters
0 variations between the reference and test signal paths
Frequency response transmission tracking error can be characterized and reduced by the analyzer.

Legend Fort1 ;---1DUTJ---~: Fort 2
Incident =m Iﬂ'“{_ Thy ===
—
P

(I

o

Source

Y

|(F‘U (2] Receiver Channek (Eljl

] B

How the Analyzer Measures and Reduces Frequency Response Transmission Tracking Error.

1. During calibration, the Port 1 and Port 2 test connectors are mated together for a perfect zero-
length thru connection. If this is not possible, a characterized thru adapter is inserted. This allows
a known amount of incident signal to reach Port 2.

Measurements are made at the 'B' and 'R1' receivers.

Complex math is used to calculate Frequency Response Transmission Tracking Error (see the
following diagram). This frequency response transmission tracking error is mathematically
removed from subsequent DUT measurements.
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Legend
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3-Port Error Terms

The following flow diagram displays the 3-port error term model:

-

EDIR1 EHP.TE EI:IIR2

A

ETHK‘I

where:
E = error term
DIR = Directivity
MAT = Forward Source Match and Reverse Load Match
TRK = Forward Reflection Tracking and Reverse Transmission Tracking

4-Port error terms
A full 4-port calibration requires the following terms:
Learn about the port numbering convention for error terms.

Source Port
1 2 3 4
R|1| DR LDM 1,2 LDM 1,3 LDM 1,4
e 11 TTRK 1,2 TTRK 1,3 TTRK 1,4
RTRK
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3. Calibrate a Measurement

c 11 XTLK 1,2 XTLK 1,3 XTLK 1,4
SRM
b 11
2 | LDMm DIR 2,2 LDM 2,3 LDM 2,4
r 21 RTRK 2,2 TTRK 2,3 TTRK 2.4
t TgﬁK SRM 2,2 XTLK 2.3 XTLK 2,4
XTLK
21
3| Lpm LDM 3,2 DIR 3,3 LDM 3,4
3.1 TTRK 3,2 RTRK 3.3 TTRK 3,4
TgﬁK XTLK 3,2 SRM 3,3 XTLK 3,4
XTLK
3.1
4| LDM LDM 4,2 LDM 4,3 DIR 4,4
4.1 TTRK 4.2 TTRK 4,3 RTRK 4,4
TlﬁK XTLK 4,2 XTLK 4.3 SRM 4,4
XTLK
41

Reflection terms

e DIR: Directivity

e RTRK: Reflection Tracking

e SRM: Source Match
Transmission terms

e LDM:Load Match

e TTRK: Transmission Tracking

e XTLK: Cross Talk

How can we measure only 3 THRU connections?

On a 4-port VNA, a full 4-port cal can be performed while measuring only 3 THRU connections.
Measuring more than 3 THRU connections will give higher accuracy.

By measuring all of the reflection terms, and 3 transmission THRU connections, there is adequate
information available to calculate the remaining transmission terms. The following is a high level
explanation of the concept. The actual calculations are much more complex.

To simplify, let's substitute letters (A,B,C,D) for port numbers from the diagram above so that they can be
combined without confusion. Also for simplicity, let's assume that the source match and directivity errors
are zero.
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B {BA | BB | BC | BD

CICA | CB|CC|CD

DDA | DB | DC | DD

e The reflection errors are all measured (AA, BB, CC, DD).

e Lets assume we measure a THRU between ports AB, AC, AD. The reverse direction for these
THRUSs are also measured at the same time (BA, CA, DA).

e The terms left to calculate are BC, CB, BD, DB, CD, DC.
The following shows how the BC term is calculated from BA and AC:

BAYAC  BUMAYC

= BC
LYY Py

Similarly:

e CBis calculated from CA and AB
e BD is calculated from BA and AD
e DBis calculated from AB and DA
e CDiis calculated from CA and AD
e DC is calculated from DA and AC

Monitoring Error Terms using Cal Set Viewer

You can use Cal Set Viewer to monitor the measured data and the calculated error term. This will help to
determine the health of your VNA and the accuracy of your measurements.

By printing or saving the error terms, you can periodically compare current error terms with previously
recorded error terms that have been generated by the same VNA, measurement setup, and calibration
kit. If previously generated values are not available, refer to Typical Error Term Data in Appendix A, "Error
Terms", of the Service Guide.

Note: The service guide for your VNA is available at http://www.keysight.com/find/pna

e A stable system should generate repeatable error terms over about six months.

e A sudden shift in error terms over the same frequency range, power, and receiver settings, may
indicate the need for troubleshooting system components. For information on troubleshooting
error terms, see Appendix A , "Error Terms", of the Service Guide.

e A subtle, long-term shift in error terms often reflects drift or connector and cable wear. The cure is
often as simple as cleaning and gauging connectors or inspecting cables.

Viewing Cal Set Data
e Existing measurement traces are unaffected by the Cal Set Viewer.

e The Cal Set data trace is presented in the highest unused channel number (usually 32) in the
active window.

e The Cal Set data trace is labeled as S11 in the status bar regardless of the type of error term or
standard.

e Only one Cal Set error term or standard data can be viewed at a time. However, a data trace can
be stored into memory and then compared to other data traces.

See the error terms equations.

I How to access Cal Set Viewer I
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3. Calibrate a Measurement

Using front-panel
HARDKEY [softkey] buttons

1. Press Cal > Cal Sets & Cal Kits > Cal Set Viewer ON|OFF

How to use Cal Set Viewer

Cei et ity ™ B Tams 7 Stndack
[Caseim R T H oA xl P Ends

1. Use the down arrow to select a Cal Set. Then click either:

e Error Terms - calculated data.

e Standards - the raw measurement data of the Standard. ONLY available with

Unguided Cal (not ECal or Guided Cal).

2. Use the down arrow to select an error term or standard to view.
3. Select the Enable check box to view the data on the VNA screen.
Port numbering convention for error terms is the same as for S-Parameters:

E Term (Receiver, Source) with the following exceptions:

e Load Match (2,1) - The match of port 2 which is measured by making an S11 measurement.
e Load Match (1,2) - The match of port 1 which is measured by making an S22 measurement.

e Transmission Tracking (2,1) - The port 2 receiver relative to the port 1 reference. (source=port

1).

e Transmission Tracking (1,2) - The port 1 receiver relative to the port 2 reference.

(source=port 2).

e And so forth for multiport calibrations.

Last modified:

21-Aug-2014  First Release
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Accurate Measurement Calibrations

Calibration accuracy is affected by the type of calibration, quality of the calibration standards, and the
care with which the calibration is performed. This section provides additional information about how to
make accurate calibrations.

¢ Measurement Reference Plane

¢ Effects of Using Wrong Calibration Standards

e Data-based versus Polynomial Calibration Kits

e Accuracy Level of Interpolated Measurement

o Effects of Power Level

e Using Port Extensions

e Isolation Portion of 2-Port Calibration
e Choosing a Thru Method

Learn how to determine the validity of your calibration.

See other Calibration Topics

Measurement Reference Plane

Most measurement setups will NOT allow you to connect a device under test (DUT) directly to the VNA
front panel test ports. More likely, you would connect your device to test fixtures, adapters, or cables that
are connected to the VNA.

A calibration takes place at the points where calibration standards are connected during the calibration
process. This is called the measurement reference plane (see graphic). For the highest measurement
accuracy, make the calibration reference plane the place where your DUT is connected. When this
occurs, the errors associated with the test setup (cables, test fixtures, and adapters used between the
analyzer ports and the reference plane) are measured and removed in the calibration process.

Analyzer
Port 1 Port 2

Test Fixture

H H \ Measuremaent

ouT Referance
Plane

Effects of Using Wrong Calibration Standards

Normally, a calibration is performed using a calibration kit that contains standards with connectors of the
same type and sex as your DUT.
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3. Calibrate a Measurement

However, your calibration kit may not always have the same connector type and gender as your device.
For example, suppose your device has 3.5mm connectors, but you have a Type-N calibration Kit. If you
use an adapter to connect the Type-N standards to the 3.5mm test port, then the adapter becomes part of
the calibration and NOT part of the test setup. This will result in significant errors in your reflection
measurements.

Data-based versus Polynomial Calibration Kits

The Select DUT Connectors and Cal Kits dialog box offers a data-based model and a polynomial model
for the newest high-frequency cal kits. See VNA Accessories. The data-based models provide higher
accuracy for describing calibration standards than the polynomial models. It is RECOMMENDED that the
data-based model be used if the most accurate results are desired.

Data-Based Model Polynomial Model

How accurate is the model? Provides highest calibration Provides high calibration
accuracy. Eliminates the errors accuracy.

that can be the result of
polynomial model
approximations.

How does the model define Uses S-Parameter Uses traditional four-term
calibration standards? measurements. polynomial calibration standard
modeling parameters.

How do | manually edit the Use the Advanced Modify Cal Use the Advanced Modify Cal
definitions of the calibration Kit function. Kit function.

standards when using the

model?

How do | use the Calibration Use only the SmartCal Use the SmartCal (Guided) or
Wizard with the model? (Guided) Calibration method. the Unguided Mechanical

Calibration methods.

Learn about the “Expanded Math” feature.

Effects of Power Level

To attain the most accurate error correction, do NOT change the power level after a calibration is
performed. However, when changing power within the same attenuator range at which the measurement
calibration was performed, S-parameter measurements can be made with only a small degradation of
accuracy. If a different attenuator range is selected, the accuracy of error correction is further degraded.

To check the accuracy of a calibration, see Validity of a Calibration.

Using Port Extensions

Use the port extensions feature after calibration to compensate for phase shift of an extended
measurement reference plane due to additions such as cables, adapters, or fixtures.

Port extensions is the simplest method to compensate for phase shift, mismatch, and loss of the path
between the calibration reference plane and the DUT.
Learn how to apply port extensions.

Learn about characterizing a test fixture.
Isolation Portion of 2-Port Calibration

The isolation portion of a calibration corrects for crosstalk, the signal leakage between test ports when no
device is present. When performing an UNGUIDED 2-port calibration, you have the option of omitting the
isolation portion of the calibration.

Note: Isolation can be performed on a Smart (Guided) Calibration ONLY
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The uncorrected isolation between the test ports of the VNA is exceptional (typically >100dB). Therefore,
you should only perform the Isolation portion of a 2-port calibration when you require isolation that is
better than 100dB. Perform an isolation calibration when you are testing a device with high insertion loss,
such as some filter stopbands or a switch in the open position.

The isolation calibration can add noise to the error model when the measurement is very close to the
noise floor of the analyzer. To improve measurement accuracy, set a narrow IF Bandwidth.

How to perform an isolation calibration

Isolation is measured when the Load standards are connected to the VNA test ports. For best accuracy,
connect Load standards to BOTH test ports each time you are prompted to connect a load standard. If
two Loads are not available, connect the untested VNA port to any device that will present a good match.

Choosing a Thru Method

When calibrating for a non-insertable device, you must choose a method to calibrate for the THRU error
terms. This can have a significant effect on measurement accuracy. Learn more about choosing a thru
method.

Last Modified:

29-Sep-2015  First Release.
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3. Calibrate a Measurement

Calibration Thru Methods

e Whatis a Non-Insertable Device

e Choosing a Thru Method
e Flush Thru

e Adapter Removal

e Swap Adapters (separate topic)
e Defined Thru

e Unknown Thru

e ECal Thru Method Choices

Other Cal Topics

What is a Non-Insertable Device

To understand the Thru method choices, you must first understand what is meant by "Non-Insertable
device". These definitions also apply to ECal modules. Substitute "ECal module" for "device". Then see
ECal Thru Method Choices.

A non-insertable device is one whose connectors could NOT mate together. They either do not have the
same type of connector or they have the same gender. This also means that the test port cables would
not mate together, as in the following diagram.

An insertable device is one whose connectors could mate together. They have the same type of
connector and opposite,or no, gender. This also means that the test port cables would mate together, as
in the following diagram.

234



E5080A

Part 1 Port 2

Choosing a Thru Method of Calibration

The Thru method is selected from the Cal Wizard. Select the Modify checkbox in the Select DUT
Connectors and Cal Kits dialog box.

Notes:

For ECal, the following choices have different meanings. See THRU methods for ECal.

For 4-port calibration, see How can we measure only 3 THRU connections?

Choice for Insertable Devices: FLUSH Thru (also known as Zero-length Thru)

When calibrating for an insertable device, the test ports at your measurement reference plane connect
directly together. This is called a zero-length THRU, or Flush THRU meaning that the THRU standard has
zero-length: no delay, no loss, no capacitance, and no inductance. Your calibration kit may not have a
physical THRU standard because it is assumed you have an insertable device and will be using a zero-
length THRU.

Choices for Non-Insertable Devices

The following methods calibrate for a non-insertable device:
e Adapter Removal Accurate, but least convenient.
e Defined Thru

e Unknown Thru Cal Preferred method.

Adapter Removal Calibration

This method is potentially very accurate. However, it requires many connections which increases the
chances of inaccurate data.

Two full 2-port calibrations are performed: one with the adapter connected at port 1, and the other with
the adapter connected to port 2. The result of the two calibrations is a single full 2-port calibration that
includes accurate characterization and removal of the mismatch caused by the adapter.

Performing an Adapter Removal Cal requires:
e a THRU adapter with connectors that match those on the DUT.
e calibration standards for both DUT connectors.

To select Adapter Removal during a SmartCal, select the Modify checkbox in the Select DUT
Connectors and Cal Kits dialog box. The Cal Wizard will guide you through the steps.

Learn how to perform an Adapter Removal Cal using ECal.
Defined Thru (also known as Known Thru, Cal Kit Thru, ECal Thru, Characterized Thru)
Defined Thru uses the THRU definition that is stored in the Cal Kit file or ECal module. The THRU

standard may have worn over time, making it not as accurate as when it was new. Defined Thru is usually
more accurate than Adapter Removal, but not as accurate as Unknown Thru method.

Notes
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3. Calibrate a Measurement

If performing an ECal, this is the THRU standard in the ECal Module.

If Defined Thru appears as a potential THRU method in the SmartCal Wizard, this means that
there is a defined THRU standard in the selected Cal Kit. This could be a Zero-length Thru.
The SmartCal Wizard will prompt you to connect the required standard when appropriate.

To define a THRU standard in a Cal Kit (not ECal module):

1.

o > 0N

6.

From the VNA Menu, click Calibration, Advanced Modify Cal Kits.
Select the Cal Kit

Click Edit Kit

Click Add

Select THRU

Complete the dialog box.

The next time you perform a Guided Cal, this Defined THRU standard will be available if the DUT
connector types match the THRU standard.

Unknown Thru Cal

Unknown Thru Cal is the preferred THRU method of calibrating the VNA to measure a non-insertable

device.

The Unknown Thru calibration is also known as Short-Open-Load-Reciprocal Thru (SOLR) calibration.

Very easy to perform.

Better accuracy than Defined Thru and usually better than Adapter Removal.
Does not rely on existing standard definitions that may no longer be accurate.

Causes minimal cable movement if the THRU standard has the same footprint as the DUT. In
fact, the DUT can often BE the THRU standard.

NOT recommended when there is 40 dB or more of combined loss in the Unknown Thru and
calibration path. This would NOT allow enough signal to accurately measure at the receiver.

About the Unknown Thru Process

SmartCal guides you through the process. Although the following process describes ports 1 and 2,
Unknown Thru can be performed on any two ports when using a multiport VNA.

1.

o > 0N

Perform 1-port cal on port 1.

Perform 1-port cal on port 2.

Connect Unknown Thru between ports 1 and 2.
Measure Unknown Thru.

Confirm Estimated Delay. This estimate may be wrong if there are too few frequency points over
the given frequency span. You can measure the delay value independently and enter that value
in the dialog box.

The Unknown Thru Standard

Can have up to 40 dB of combined loss in the Unknown Thru and calibration path.
Must be reciprocal: S21=S12.
Must know the phase response to within 1/4 wavelength (see step 5 above).

Can be the DUT if it meets these conditions.

Unknown Thru Limitations

Unknown Thru is NOT supported during a TRL calibration.
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e Beginning with VNA code release 5.25, Unknown Thru CAN be performed using a 4-port PNA-L
that does NOT have a reference receiver for each test port. However, a Delta Match Calibration is
usually required before the Unknown Thru is measured.

e Unknown Thru is NOT supported on E8801A, E8802A, and E8803A.
ECal Thru Method Choices

When the ECal module connectors exactly match the DUT connectors, choose from the following THRU
methods:

ECal Thru as Unknown Thru Learn more about Unknown Thru.

e Measures the THRU state of the ECal module as an Unknown Thru.

e The default method when the ECal module connectors match the DUT.
e Very accurate and easy.

e May require a Delta Match Cal.

Flush Thru (zero-length Thru) Learn more about Flush Thru

e Requires an insertable ECal module / DUT.

e Remove the ECal module and connect the two reference planes directly together for a zero-
length thru.

e Accurate, but not as easy as 'ECal Thru as Unknown Thru'.
ECal (Defined Thru)
e Measures the THRU state of the ECal module.

e Very easy, but not as accurate as 'ECal Thru as Unknown Thru'

Unknown Thru
e Remove the ECal module.
e Then connect a Thru adapter to be measured as Unknown Thru.

e May require a Delta Match Cal.

When the ECal module connectors do NOT exactly match the DUT connectors, choose from the following
two methods:

Adapter Removal

e Can be used with ECal when your DUT is NON-insertable. However, the ECal module MUST be
insertable, and the adapter connectors must exactly match the connectors of the DUT as in the
following diagram.

ECal User Characterization

In cases when adapter removal cannot be performed, ECal User Characterization is ALWAYS possible if
you have the right adapters. A User Characterization is performed once and stored in the ECal module.
However, accuracy is compromised every time you remove, then reconnect, the adapter with the ECal
module.

Last Modified:

21-Aug-2014  First Release
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3. Calibrate a Measurement

Validity of a Calibration

This section helps you determine if your calibration is valid and how the analyzer displays correction level
information for your measurement.

e Frequency Response of Calibration Standards

e Validating a Calibration

e Quick Check
e ECal Confidence Check

e Verification Kit

See other Calibration Topics

Frequency Response of Calibration Standards

In order for the response of a calibration standard to show as a dot on the smith chart display format, it
must have no phase delay with respect to frequency. The only standards that exhibit such "perfect”
response are the following:

e 7-mm short (with no offset)
e Type-N male short (with no offset)
There are two reasons why other types of calibration standards show phase delay after calibration:

1. The reference plane of the standard is electrically offset from the mating plane of the test port.
Such devices exhibit the properties of a small length of transmission line, including a certain
amount of phase shift.

2. The standard is an open termination, which by definition exhibits a certain amount of fringe
capacitance and therefore phase shift. Open terminations which are offset from the mating
plane will exhibit a phase shift due to the offset in addition to the phase shift caused by the
fringe capacitance.

The most important point to remember is that all standards are measured in order to remove
systematic errors from subsequent device measurements. As a result, if calibration standards with
delay and fringe capacitance are measured as a device after a calibration, they will NOT appear to be
"perfect”. This is an indication that your analyzer is calibrated accurately and working properly.

Validating a Calibration
At the completion of a calibration or selection of a stored Cal Set, validation can accomplish the following:

Improve Measurement Accuracy — Once a measurement calibration has been performed, its
performance should be checked before making device measurements. There are several sources of error
that can invalidate a calibration: bad cables, dirty or worn calibration standards that no longer behave like
the modeled standards, and operator error.

Verify Accuracy of Interpolation — You should validate the calibration if you are testing a device and the
measurements are uncertain because of interpolation. For more information see Interpolation Accuracy.

Verify Accuracy of Cal Standards — To check accuracy, a device with a known magnitude and phase
response should be measured.
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Quick Check

For this test, all you need are a few calibration standards. The device used should not be one of the
calibration standards; a measurement of one of these standards is merely a measure of repeatability.
The following reflection and transmission Quick Check tests can be applied to all test ports.

To verify reflection measurements, perform the following steps:

1. Connect either an OPEN or SHORT standard to port 1. The magnitude of S11 should be close to
0 dB (within a few tenths of a dB).

2. Connect a load calibration standard to port 1. The magnitude of S11 should be less than the
specified calibrated directivity of the analyzer (typically less than -30 dB).

To verify transmission measurements:

1. Connect a THRU cable (or known device representative of your measurement) from port 1 to port
2. Verify the loss characteristics are equivalent to the known performance of the cable or device.

2. To verify S21 isolation, connect two loads: one on port 1 and one on port 2. Measure the
magnitude of S21 and verify that it is less than the specified isolation (typically less than -80 dB).

Note: To get a more accurate range of expected values for these measurements, consult the analyzer's
specifications.

ECal Confidence Check

ECal Confidence Check is a method to check the accuracy of a calibration performed with mechanical
standards or an ECal module. The confidence check allows you to measure an impedance state in the
ECal module (called the confidence state), and compare it with factory measured data stored in the
module.

In order for this test to be valid, the test ports of the ECal module must connect directly to the calibration
reference plane (without adapters).

How to Perform ECal Confidence Check:

1. Connect ECal module to the analyzer with the USB cable. See Connect ECal Module to the
VNA. Note: Terminate any unused ECAL ports with a 50 ohm load.

Allow the module to warm up for 15 minutes or until the module indicates READY.

Do one of the following to start ECal Confidence Check

Using front-panel
HARDKEY [softkey] buttons

1. Press Cal > Cal Sets & Cal Kits > ECal Confidence Check

‘ Programning Commands }

On the following ECal Confidence Check dialog box:

2. Click Read Module Data. The following occurs:
e ECal module is set to "confidence state".
e VNA reads and displays stored data.
e VNA measures and displays "confidence state".

3. To view a different parameter, select Change Measurement and select the check box for the
desired parameter. The default is the active channel parameter.

4. Select the viewing option in the Trace View Options block.
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5. Compare the stored and measured data for each measurement parameter.
Notes:

o After exiting ECal Confidence Check, the ECal module remains in the same impedance state
and the factory (or user-characterized) data is still stored in the memory trace. Therefore, you
can save both the data and memory trace as a *.csv files and import them to a spreadsheet.
Learn how.

o |If the two traces show excessive difference, there may be a loose or dirty connection at the
test ports or damage to the test cables. Carefully inspect the cables and connections. Then
clean and gage each connector, and re-calibrate if needed.

e The User Characterization setting selects the user-characterization data instead of the factory
characterization data (available when a User-Characterization is stored in the ECal module).

ECal Confidence Check x|

Eeqin by Selzcting Measureament. Then Use ECal Maodule.

— Measurement———— ~ Use ECal Module
iChange Measurement§| Fead Module D ata
311 |

[ User Characterization

= Trace Yiew Optians
£ Data and Memony C e | ¥ Show Prompts
£ Data / Memany

= Data - Memon o | Cancel |

Help

ECal Confidence Check dialog box help

Compares the accuracy of corrected (calibrated) data with stored data in the ECal module. For the
check to be valid, the module test ports must connect directly to the calibration reference plane
(without an adapter). Learn more about ECal Confidence Check.

Measurement

Change Measurement Opens the Measure dialog box.

Use ECal Module

Read Module Data

e Copies stored data from the ECal module to Memory.

e Changes state of ECal module to confidence state.

e Measures and displays confidence state and Memory trace.

Scale Opens the Scale dialog box.

Show Prompts Check to show a reminder for the connection (default).
Trace View Options

Data and Memory Trace Displays current measurement data and Memory trace.

Data / Memory Performs an operation where the current measurement data is divided by the data
in memory.

Data + Memory Performs an operation where the current measurement data is added to the data
in memory.

Verification Kit
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Measuring known devices, other than calibration standards, is a straightforward way of verifying that the
network analyzer system is operating properly. Verification kits use accurately known verification
standards with well-defined magnitude and phase response. These kits include precision airlines,
mismatch airlines, and precision fixed attenuators. Traceable measurement data is shipped with each kit
on disk and verification kits may be re-certified by Keysight.

See Analyzer Accessories for a list of Keysight verification kits.

Last modified:

21-Aug-2014  First Release
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Calibration Standards

This following section explains the general principles and terms regarding calibration kit files. To learn
how to modify calibration kit files, See Modify Calibration Kits.

e About Calibration Kits

e Calibration Standards

e Standard Type
e Standard Definitions

e Class Assignments

See other Calibration Topics

About Calibration Kits

A calibration kit is a set of physical devices called standards. Each standard has a precisely known or
predictable magnitude and phase response as a function of frequency.

In order to calibrate the analyzer using the standards in a calibration kit, the response of each standard
must be mathematically defined and then organized into standard classes that correspond to the error
models used by the analyzer.

To be able to use a particular calibration kit, the known characteristics from each standard in the kit must
be stored into analyzer memory. This is done for you with the VNA. All Keysight Cal Kits containing
standard definitions are stored in the VNA. For a list of Keysight calibration kits, see Analyzer
Accessories.

Calibration Standards

Calibration standards provide the reference for error-corrected measurements in the network analyzer.
Each standard has a precisely known definition that includes electrical delay, impedance, and loss. The
analyzer stores these definitions and uses them to calculate error correction terms.

During measurement calibration, the analyzer measures standards and mathematically compares the
results with “ideal models" of those standards. The differences are separated into error terms that are
later removed from device measurements during error correction. See Systematic Errors.

Standard Type

A standard type is one of four basic types that define the form or structure of the model to be used with
that standard. The following are the four basic standard types:

Standard Terminal Impedance
SHORT zero ohms

OPEN infinite ohms

LOAD system impedance, Z0
THRU/LINE no terminal impedance

Learn about other Calibration Standards:

e Data-Based Standard
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e Sliding Load
e Offset Load

e Arbitrary Impedance Load

Standard Definitions

Standard definitions describe the electrical characteristics of the standards and the frequencies they will
be used. Standard definitions can be viewed from the Advanced Modify Cal Kit menu selection. Standard
definitions include:

e Minimum Frequency Specifies the minimum frequency the standard is used for calibration.
e Maximum Frequency Specifies the maximum frequency the standard is used for calibration.

e Z0 Specifies the characteristic impedance of the standard (not the system characteristic
impedance or the terminal impedance of the standard).

e Delay Specifies a uniform length of transmission line between the standard being defined and
the actual calibration plane.

e Type Specifies type of standard (SHORT, OPEN, THRU/LINE, LOAD, ARBITRARY).

e Loss Specifies energy loss, due to skin effect, along a one-way length of coaxial cable.

Loss model equation:

=  The value of loss is entered as ohms/second at 1 GHz.

= To compute the loss of the standard, measure the delay in seconds and the loss in dB at 1 GHz.
Then use the following formula:

[ ] loss (dB) x ED{Q}
Loss
4. 3429008 ¥ delayi(s)

Capacitance model equation:

CO0, C1, C2, C3. Specifies the fringing capacitance for the open standard.

= C=(CO)+(C1xF)+(C2xF?)+(C3xF?)

= (Fis the measurement frequency).

= The terms in the equation are defined when specifying the open as follows:
= COterm is the constant term of the third-order polynomial and is expressed in Farads.
= Cltermis expressed in F/Hz (Farads/Hz).
= C2termis expressed in F/Hz2.
= C3termis expressed in F/HZz3.

Inductance model equation:

LO, L1, L2, L3. Specifies the residual inductance for the short standard.
= L=(LO)+(LLxF)+ (L2xF?) + (L3 x F3)
= (Fis the measurement frequency).
= The terms in the equation are defined when specifying the short as follows:
= LOterm is the constant term of the third-order polynomial and is expressed in Henries.
= L1term is expressed in H/Hz (Henries/Hz)
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= L2term is expressed in H/Hz2,
= L3term is expressed in H/Hz3.
Class Assignments

Once a standard is characterized, it must be assigned to a standard "class". A standard class is a group
of standards that are organized according to the calibration of the VNA error model.

The number of classes needed for a particular calibration type is equal to the number of error terms being
corrected.

A class often consists of a single standard, but may be composed of multiple standards. These may be
required for accuracy or to cover a wide frequency range.

Example: A response calibration requires only one class, and the standards for that class may include an
OPEN, or SHORT, or THRU. A 1-port calibration requires three classes. A 2-port calibration requires 10
classes, not including two for isolation.

The number of standards assigned to a given class may vary from one to seven for unguided calibrations.
Guided calibrations allow as many standards as needed.

Calibration Classes are assigned in the Advanced Modify Cal Kit menu, SOLT or TRL tab.

The different classes used in the VNA:

S11A, S11B, S11C (S22A, S22B, S22C and so forth)

These are the three classes for port 1-reflection calibrations (three classes also for S22 and S33). They
are used in the one-port calibrations and the full two-port calibration. They are required in removing the
directivity, source match, and reflection tracking errors. Typically, these classes might consist of an open,
a short and a load standard for each port.

Transmission and Match (forward and reverse)

These classes are used to perform a full two-port calibration. The transmission class relates primarily to
the transmission tracking, while the match class refers to load match. For both of these classes, the
typical standard is a thru or delay.

Isolation

The isolation classes are used to perform a full two-port an