Caution

A Do not exceed the operating input power, voltage, and current
level and signal type appropriate for the instrument being used, refer to
your instrument's Function Reference.

A . Electrostatic discharge(ESD) can damage the highly sensitive

microcircuits in your instrument. ESD damage is most likely to occur as
the test fixtures are being connected or disconnected. Protect them from
ESD damage by wearing a grounding strap that provides a high
resistance path to ground. Alternatively, ground yourself to discharge any
static charge built-up by touching the outer shell of any grounded
instrument chassis before touching the test port connectors.



Safety Summary

When you notice any of the unusual conditions listed below, immediately
terminate operation and disconnect the power cable.

Contact your local Agilent Technologies sales representative or
authorized service company for repair of the instrument. If you continue
to operate without repairing the instrument, there is a potential fire or
shock hazard for the operator.

Instrument operates abnormally.

Instrument emits abnormal noise, smell, smoke or a spark-like light
during the operation.

Instrument generates high temperature or electrical shock during
operation.

Power cable, plug, or receptacle on instrument is damaged.

Foreign substance or liquid has fallen into the instrument.



Herstellerbescheinigung

GERAUSCHEMISSION

LpA < 70 dB

am Arbeitsplatz
normaler Betrieb
nach DIN 45635 T. 19

Manufacturer’s Declaration
ACOUSTIC NOISE EMISSION

LpA < 70 dB
operator position

normal operation
per ISO 7779



Regulatory compliance information

This product complies with the essential requirements of the following applicable European Directives, and

carries the CE marking accordingly:

The Low Voltage Directive 73/23/EEC, amended by 93/68/EEC
The EMC Directive 89/336/EEC, amended by 93/68/EEC

To obtain Declaration of Conformity, please contact your local Agilent Technologies sales office, agent or

distributor.



Safety notice supplement

* This equipment complies with EN/IEC61010-1:2001.

* This equipment is MEASUREMENT CATEGORY I (CAT I). Do not use for CAT II, III, or IV.

* Do not connect the measuring terminals to mains.

= This equipment is POLLUTION DEGREE 2, INDOOR USE product.

= This equipment is tested with stand-alone condition or with the combination with the accessories supplied
by Agilent Technologies against the requirement of the standards described in the Declaration of
Conformity. If it is used as a system component, compliance of related regulations and safety requirements

are to be confirmed by the builder of the system.
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NOTE

Safety Summary

The following general safety precautions must be observed during all phases of operation,
service, and repair of this instrument. Failure to comply with these precautions or with
specific WARNINGS elsewhere in this manual may impair the protection provided by the
equipment. Such noncompliance would also violate safety standards of design,
manufacture, and intended use of the instrument. Agilent Technologies assumes no liability
for the customer’s failure to comply with these precautions.

The E5070B/E5071B complies with INSTALLATION CATEGORY 1I as well as
POLLUTION DEGREE 2 in IEC61010-1. The E5070B/E5071B is an INDOOR USE
product.

The LEDs in the E5070B/E5071B are Class 1 in accordance with IEC60825-1,
CLASS 1 LED PRODUCT

e Ground the Instrument

To avoid electric shock, the instrument chassis and cabinet must be grounded with the
supplied power cable’s grounding prong.

¢ DO NOT Operate in an Explosive Atmosphere

Do not operate the instrument in the presence of inflammable gasses or fumes.
Operation of any electrical instrument in such an environment clearly constitutes a
safety hazard.

* Keep Away from Live Circuits

Operators must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace
components with the power cable connected. Under certain conditions, dangerous
voltage levels may remain even after the power cable has been disconnected. To avoid
injuries, always disconnect the power and discharge circuits before touching them.

* DO NOT Service or Adjust the Instrument Alone

Do not attempt internal service or adjustment unless another person, capable of
rendering first aid and resuscitation, is present.

* DO NOT Substitute Parts or Modify the Instrument

To avoid the danger of introducing additional hazards, do not install substitute parts or
perform unauthorized modifications to the instrument. Return the instrument to an
Agilent Technologies Sales and Service Office for service and repair to ensure that
safety features are maintained in operational condition.

* Dangerous Procedure Warnings
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WARNING
CAUTION
NOTE

Warnings, such as the example below, precede potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

Dangerous voltage levels, capable of causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting this instrument.

Safety Symbols

General definitions of safety symbols used on the instrument or in manuals are listed
below.

Instruction Manual symbol: the product is marked with this symbol when it is necessary for
the user to refer to the instrument manual.

Alternating current.

Direct current.

On (Supply).

Oft (Supply).

In-position of push-button switch.

Out-position of push-button switch.

A chassis terminal; a connection to the instrument’s chassis, which includes all exposed
metal structure.

Stand-by.

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

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

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




Certification

Agilent Technologies certifies that this product met its published specifications at the time
of shipment from the factory. Agilent Technologies further certifies that its calibration
measurements are traceable to the United States National Institute of Standards and
Technology, to the extent allowed by the Institution’s calibration facility or by the
calibration facilities of other International Standards Organization members.

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, Agilent 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. Agilent 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 Agilent 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.

Exclusive Remedies

The remedies provided herein are Buyer’s sole and exclusive remedies. Agilent
Technologies shall not be liable for any direct, indirect, special, incidental, or
consequential damages, whether based on contract, tort, or any other legal theory.

Assistance

Product maintenance agreements and other customer assistance agreements are available
for Agilent Technologies products.

For any assistance, contact your nearest Agilent Technologies Sales and Service Office.
Addresses are provided at the back of this manual.




Typeface Conventions
Sample (bold)

Sample (Italic)
key

Sample menu/button/box

Sample block/toolbar

Sample 1 - Sample 2 - Sample 3

Boldface type is used when a term is defined or
emphasis.

Italic type is used for emphasis.

Indicates a hardkey (key on the front panel or
external keyboard) labeled “Sample.” “key” may
be omitted.

Indicates a menu/button/box on the screen labeled
“Sample” which can be selected/executed by
clicking. “menu,” “button,” or “box” may be
omitted.

Indicates a block (group of hardkeys) or a toolbar
(setup toolbar) labeled “Sample.”

Indicates a sequential operation of Sample 1,
Sample 2, and Sample 3 (menu, button, or box).
“-” may be omitted.




NOTE

Documentation Map

The following manuals are available for the Agilent ES070B/E5071B.

User’s Guide (Part Number E5070-900x0, attached to Option ABA)

This manual describes most of the basic information needed to use the
E5070B/E5071B. It provides a function overview, detailed operation procedure for
each function (from preparation for measurement to analysis of measurement results),
measurement examples, specifications, and supplemental information. For
programming guidance on performing automatic measurement with the
E5070B/E5071B, please see the Programming Manual.

Installation and Quick Start Guide (Part Number E5070-900x1, attached to Option
ABA)

This manual describes installation of the instrument after it is delivered and the basic
procedures for applications and analysis. Refer to this manual when you use the
E5070B/E5071B for the first time.

Programmer’s Guide (Part Number E5070-900x2, attached to Option ABA)

This manual provides programming information for performing automatic
measurement with the ES070B/E5071B. It includes an outline of remote control,
procedures for detecting measurement start (trigger) and end (sweep end), application
programming examples, a command reference, and related information.

VBA Programmer’s Guide (Part Number E5070-900x3, attached to Option ABA)

This manual describes programming information for performing automatic
measurement with internal controller. It includes an outline of VBA programming,
some sample programming examples, a COM object reference, and related
information.

[T}

The number position shown by “x” in the part numbers above indicates the edition number.
This convention is applied to each manual, CD-ROM (for manuals), and sample programs
disk issued.




VBA Macro

The Agilent folder (D:\Agilent) on the hard disk of the ES070B/E5071B contains the VBA
macros (VBA Projects) used in this manual.

The customer shall have the personal, non-transferable rights to use, copy, or modify the
VBA macros for the customer’s internal operations.

The customer shall use the VBA macros solely and exclusively for their own purposes and
shall not license, lease, market, or distribute the VBA macros or modification of any part
thereof.

Agilent Technologies shall not be liable for any infringement of any patent, trademark,
copyright, or other proprietary right by the VBA macros or their use. Agilent Technologies
does not warrant that the VBA macros are free from infringements of such rights of third
parties. However, Agilent Technologies will not knowingly infringe or deliver software
that infringes the patent, trademark, copyright, or other proprietary right of a third party.
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Precautions

This chapter describes cautions that must be observed in operating the ES070B/E5071B.

23



NOTE

Precautions
Software Installed

Software Installed

The Windows operating system installed in this machine is customized for more effective
operation, and has different functions that are not part of the Windows operating system for
ordinary PCs (personal computers).

Therefore, do not attempt to use the system in ways other than those described in this
manual or to install Windows-based software (including anti-virus software) for ordinary
PCs as doing so may cause malfunctions.

Also note the followings.

* Do not update the Windows operating system installed in this machine to the Windows
operating system for ordinary PCs. Doing so will cause malfunctions.

* Do not attempt to update VBA (Visual Basic for Applications) software installed in this
machine to its equivalent developed for ordinary PCs. Doing so will cause
malfunctions.

* Do not allow any computer virus to infect the system. This machine has no virus check
function nor anti-virus software installed.

Agilent Technologies will not be held liable for any failure or damage arising from
negligence regarding these prohibitions and warnings.

If the pre-installed software is damaged somehow, resulting in errant behavior by the
machine, perform a system recovery. For further details of system recovery, refer to
“System Recovery” on page 400.

24 Chapter1



Precautions
Before contacting us

suonnesald ‘|

Before contacting us

If you encounter the following problems during startup or operation of the
E5070B/E5071B, in which initial registration of the Windows 2000 Operating System has
been properly performed, execute system recovery and update the firmware version. As for
the system recovery procedure, refer to “System Recovery” on page 400.

The system starts up, but the normal measurement screen does not appear

e The system automatically shuts down immediately after the startup, or the startup
process stops.

* The measurement screen appears, but "Power on test fail" or "Calibration data lost" is
displayed in the instrument message/warning area against a red background in the
lower-left part of the screen. The system enters the service mode. (The instrument
status bar in the lower-right displays SVC in red).

Unstable Operation

* The system hangs up while the instrument is controlled from VBA or external PCs.
* The blue screen appears and the system hangs up.

* The response is much slower than usual.

When execution of system recovery does not result in normal operation, a failure may have
occurred. Contact Agilent Technology’s Customer Contact listed at the end of this guide or
the company from which you bought the device.

For other problems, refer to “Troubleshooting” on page 528.
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Overview of Functions

This chapter describes the functions of the ES070B/E5071B that can be accessed from the
front panel, LCD screen, and rear panel.
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Front Panel: Names and Functions of Parts

This section describes the names and functions of the parts on the front panel of the
E5070B/E5071B. For more details on the functions displayed on the LCD screen, see
“Screen Area: Names and Functions of Parts” on page 38. For more about the functions of
softkeys, see Appendix D, “Softkey Functions,” on page 561.

Figure 2-1 Front panel
1. Standby Switch 3. ACTIVE CH/TRACE Block 6. Floppy Disk Drive
4. RESPONSE Block
2.LCD Screen 7. NAVIGATION Block
\ 5. STIMULUS Block
5 agilent Technologies ES0718 ﬁ‘é{r’kﬁﬁﬁ&‘ S ‘ / /y/ :
= ‘ / ‘ —
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11. Test Port 8. ENTRY Block
13. Ground Terminal

12. Front USB Port 9. INSTR STATE Block
10. MKR/ANALYSIS Block

e5070bue032
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Overview of Functions
Front Panel: Names and Functions of Parts

1. Standby Switch

Used for choosing between power-on ( | ) and standby (C)) states of the ES070B/E5071B.

To turn off the power for the ES070B/E5071B, be sure to follow the steps described below.

1. First, press this standby switch or send a shutdown command from the external
controller to activate the shutdown process (the processing of software and hardware
necessary to turn off the power supply). This will put the ES070B/E5071B into the
standby state.

2. Next, if necessary, turn off the power supply to the “8. Power Cable Receptacle (to
LINE)” on page 53 on the rear panel.

Under normal use, never directly interrupt the power supply to the power cable
receptacle on the rear panel when the power supply is on. Always keep the “7. Line
Switch (Always ON)” on page 52 at (|). Never turn it off (O).

If you directly interrupt the power supply to the power cable receptacle when the power
supply is on, or turn off the “7. Line Switch (Always ON)” on page 52, the shutdown
process will not work. This could damage the software and hardware of the
E5070B/E5071B and lead to device failure.
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Turning on the power supply after a faulty shutdown may cause the system to start up in a
condition called “safe mode.” If this occurs, first shut down the system to put it into the
standby state and then turn on the power supply again to start up the system in normal
mode.

For more about turning the power supply on/off and putting it into the standby state, see
Chapter 1 “Installation Guide” in the Installation and Quick Start Guide.

2. LCD Screen

A 10.4-inch TFT color LCD used for displaying traces, scales, settings, softkeys, etc.
Either a standard color LCD or a touch screen color LCD (Option 016) is supplied. The
touch screen LCD allows you to manipulate softkeys by touching the LCD screen directly
with a finger. For more on the LCD screen, see “Screen Area: Names and Functions of
Parts” on page 38.

Do not press the surface of the LCD screen (either standard or touch screen type)
with a sharp object (e.g., a nail, pen, or screwdriver). Pressing the surface with a
sharp-pointed object will damage the LCD screen surface or cause the screen to fail. Be
especially careful when using a touch screen LCD.

Occasionally, a few pixels may appear on the screen as a fixed point of blue, green or
red. Please note that this is not a failure and does not affect the performance of your
product.

Chapter 2 29



Overview of Functions
Front Panel: Names and Functions of Parts

3. ACTIVE CH/TRACE Block

A group of keys for selecting active channels and traces. For more on the concepts of
channels and traces, see “Setting Channels and Traces” on page 59.

Key Selects the next channel as the active channel. (Each time
the key is pressed causes the active channel to step up from
the channel with the currently designated number to one
with a larger channel number.) A channel must be active
before you can define such parameters as the sweep range.
To change the settings for a channel, use this key to first
make the channel active.

Key Selects the previous channel as the active channel. (Each
time the key is pressed causes the active channel to step

down from the channel with the currently designated
number to one with a smaller channel number.)

Key Selects the next trace as the active trace. (Each time the key
is pressed causes the active trace to step up from the trace
with the currently designated number to one with a larger
channel number.) A trace must be active before you can
define measurement parameters and other settings. To
change the settings for a trace, use this key to first make the
trace active.

Key Selects the previous trace as the active trace. (Each time the
key is pressed causes the active trace to step down from the
trace with the currently designated number to one with a
smaller trace number.)
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4. RESPONSE Block

Overview of Functions
Front Panel: Names and Functions of Parts

A group of keys used mainly for setting up response measurements on the

E5070B/E5071B.

Channel Max Key

Key

Key

Key

Key

Key

Key

Key

Changes between normal and maximum display of the active
channel window. In normal display, all of the defined channel
windows (both active and non-active) are displayed in split
views on the screen. In maximum display, only the active
channel window is displayed over the entire area, with
non-active windows not displayed. To maximize the active
channel, double-click the channel window frame.
Measurements are also carried out on the non-active channels
that are not displayed.

Changes between normal and maximum display of the active
trace. In normal display, all of the traces defined on the
channel (both active and non-active) are displayed on the
screen. In maximum display, only the active trace is displayed
over the entire area, with non-active traces not displayed. To
maximize the active trace, double-click the area inside the
channel window (excluding the frame). Measurements are
also carried out on the non-active traces not displayed.

N
O
<
)
<
)
3
(@]
S,
n
c
=
3!
=3
o
S
)

Displays the “Measurement Menu” on page 608 on the right
side of the screen. Manipulating the “Measurement Menu”
enables you to specify the measurement parameters (types of
S-parameters) for each trace.

Displays the “Format Menu” on page 599 on the right side of
the screen. Manipulating the “Format Menu” enables you to
specify the data format (data transformation and graph
formats) for each trace.

Displays the “Scale Menu” on page 618 on the right side of
the screen. Manipulating the “Scale Menu” enables you to
specify the scale for displaying a trace (magnitude per
division, value of the reference line, etc.) for each trace. You
can also specify the electrical delay and phase offset for each
trace.

Displays the “Display Menu” on page 595 on the right side of
the screen. Manipulating the “Display Menu” enables you to
specify the number of channels and the channel window array,
the number and arrangement of traces, the setup for data math,
etc.

Displays the “Average Menu” on page 577 on the right side of
the screen. Manipulating the “Average Menu” enables you to
define the averaging, smoothing, and IF bandwidth.

Displays the “Calibration Menu” on page 578 on the right side
of the screen. Manipulating the “Calibration Menu” enables
you to turn the calibration and error correction on/off and
change definitions for calibration kits.

Chapter 2
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5. STIMULUS Block

A group of keys for defining the stimulus values (signal sources and triggers).

Key Displays the data entry bar for specifying the start value of
the sweep range in the upper part of the screen. (It also
displays the “Stimulus Menu” on page 619 for specifying
the sweep range on the right side of the screen.)

Key Displays the data entry bar for specifying the stop value of
the sweep range in the upper part of the screen. (It also

displays the “Stimulus Menu” in the same way as [_Start_J.)

Key Displays the data entry bar for specifying the center value
of the sweep range in the upper part of the screen. (It also

displays the “Stimulus Menu” in the same way as [_Start_J)

Key Displays the data entry bar for specifying the span value of
the sweep range in the upper part of the screen. (It also

displays the “Stimulus Menu” in the same way as [_Start_J)

Key Displays the “Sweep Setup Menu” on page 620 on the right
side of the screen. Manipulating the “Sweep Setup Menu”

enables you to specify the signal source power level, sweep
time, number of points, sweep type, etc.

Key Displays the “Trigger Menu” on page 628 on the right side
of the screen. Manipulating the “Trigger Menu” enables
you to specify the trigger mode and trigger source. You can
specify the trigger mode for each channel.

6. Floppy Disk Drive

A device for storing to and reading from a floppy disk the setup state of the
E5070B/E5071B, measurement data, calibration data, data on images displayed on the
LCD screen, VBA (Visual Basic for Applications) programs, etc. The floppy disk drive is
compatible with a 3.5-inch, 1.44 MB, DOS (Disk Operating System) formatted floppy
disk.

There is a floppy disk access lamp to the lower left of the floppy disk drive opening. When
the floppy disk drive is accessing a disk (for reading or writing), this lamp is lit green.

Pressing the disk eject button to the lower right of the floppy disk drive ejects the inserted
floppy disk.

Insert a floppy disk into the floppy disk drive opening right side up in the direction of the
arrow marked on the disk.

Do not press the disk eject button while the floppy disk access lamp is on. Trying to
forcefully pull the floppy disk out while the lamp is on may damage the floppy disk or disk
drive.
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7. NAVIGATION Block

The keys and knob in the NAVIGATION block are used to navigate between softkey
menus, tables (limit table, segment table, etc.), or selected (highlighted) areas in a dialog
box as well as to change a numeric value in the data entry area by stepping up or down.
When selecting one of two or more objects (softkey menus, data entry areas, etc.) to
manipulate with the NAVIGATION block keys displayed on the screen, first press the

key in the “8. ENTRY Block” on page 34 to select the object to be manipulated
(placing focus on the object) and then manipulate the NAVIGATION block keys (knob) to
move among selected (highlighted) objects or change numeric values.

The following descriptions show how the NAVIGATION block keys work both when the
focus is on a softkey menu and when the focus is on the data entry area. For more on
manipulating tables and dialog boxes, refer to the manipulation procedure for each of these
functions.

When the focus is on a softkey menu (softkey menu is selected)
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When the focus is placed on a softkey menu (the menu title area in the uppermost part is
displayed in blue), the NAVIGATION block keys work as described below.

@ Knob Moves the softkey selection (highlighted display) up or down.
(turned clockwise or
counterclockwise)
A (¥ Keys Moves the softkey selection (highlighted display) up or down.
@ Displays the softkey menu one layer above.

Key
@ K Displays the softkey menu one layer below.

ey

@ Knob or key Executes the function of the selected softkey.
(pressed)

After pressing the data entry softkey, the focus automatically moves to the data entry area.

When the focus is on the data entry area (data entry area is selected)

When the focus is placed on the data entry area (the data entry bar is displayed in blue), the
NAVIGATION block keys work as described below.

@ Knob Increases or decreases the numeric value in the data entry area

(turned clockwise or in small steps.

counterclockwise)
> (¥ Keys Increases or decreases the numeric value in the data entry area
in large steps.
@ @ K Moves the cursor (]) in the data entry area laterally back and
eys forth. Use it together with the “8. ENTRY Block” keys to

change data one character at a time.

@ Knob or key Finishes the entry in the data entry area and moves the focus

(pressed) to the softkey menu.
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8. ENTRY Block

A group of keys used for entering numeric data.

(o] M Type numeric characters or a decimal point at the position
Keys (numeric keys) of the cursor in the data entry area.
Key Alternately changes the sign (+, —) of a numeric value in

the data entry area.

Adds a prefix to the numeric data typed by using the

Keys numeric key and and then enters that data. One of the
two prefixes written on the surface of the key is
automatically selected depending on the parameter to be

entered. is entered without a prefix.

Softkei On/Off Ke Turns off the data entry bar if it is displayed. If the dialog
Y box is displayed, cancels the entry and closes the dialog

box. If the data entry bar and dialog box are not displayed,
turns the softkey menu display on/off.

Key Deletes a character to the left of the cursor (]) in the data
entry area. When two or more characters in the data entry
area are selected (highlighted), deletes all of the
characters selected.

Key Changes the selection (focus) among the objects to be
manipulated by the NAVIGATION block keys and
ENTRY block keys. The objects to be manipulated by the
NAVIGATION block keys and ENTRY block keys
include softkey menus, data entry areas, tables (e.g.,
segment tables, limit tables, and marker tables), and
dialog boxes. When two or more of these are displayed on
the screen and need selecting, use this key to change the
selection (focus) among the objects to be manipulated.
When a softkey menu is selected, the menu name area at
the top of the menu is displayed in blue. When a data
entry area is selected, the data entry bar is displayed in
blue. When a table is selected, the frame of the table
window is displayed in light gray. While a dialog box is
displayed, the focus is fixed on the dialog box and cannot
be changed.
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A group of keys related to the macro function, store and call function, control/management
function, and the presetting of the ES070B/E5071B (returning it to the preset state).

Macro Setup Key

Key

Key
Save/Recall Key

Capture
Key

Key

Displays the “Macro Setup Menu” on page 600 on the
right side of the screen. Manipulating the “Macro Setup
Menu” enables you to start up the VBA editor or to
create, call, or store a VBA project.

Executes a VBA procedure called “main” that has a VBA
module named Modulel.

Stops the VBA procedure being executed.

Displays the “Save/Recall Menu” on page 616 on the
right side of the screen. Manipulating the “Save/Recall
Menu” enables you to store to or read from the internal
hard disk or floppy disk the setup conditions, calibration
data, and trace data of the analyzer.

First, temporarily saves the data for the image displayed

on the LCD screen the moment this key is pressed *I'to
the internal memory (clipboard). Immediately after that,
displays the “System Menu” on page 623 on the right side
of the screen. Manipulating the “System Menu” enables
you to define the setup for the limit test and then execute
it or to define the setup for the control and management of
the analyzer. Using the Dump Screen Image key enables
you to store the image data in the clipboard to a file on the
internal hard disk or a floppy disk. Also, using the Print
key in the System menu enables you to print the image
data in the clipboard to a printer.

Displays the “Preset Menu” on page 615 on the right side
of the screen. Pressing OK in the “Preset Menu” enables
you to return the analyzer to the initial setup state, called
the preset setup. For details on the initial setup for each of
the functions, see Appendix C, “List of Default Values,”
on page 547.

*1. Strictly speaking, the temporary save occurs the moment the “System Menu” is manip-
ulated. Therefore, this also occurs when the menu bar is used to execute 5 Instr State - 5

System.

Chapter 2
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10. MKR/ANALYSIS Block

A group of keys used for analyzing the measurement results by using the markers, fixture
simulator, etc. For more on the functions of the keys in the MKR/ANALYSIS block, see
Chapter 2 “Overview of Functions” in the User s Guide.

(MarkerJK ey Displays the “Marker Menu” on page 602 on the right
side of the screen. Manipulating the “Marker Menu”
enables you to turn the markers on/off and move them by
entering stimulus values. You can place up to 10 markers
on each trace.

Key Displays the “Marker Search Menu” on page 605 on the
right side of the screen. Manipulating the “Marker Search

Menu” enables you to move a marker to a specific point
(maximum, minimum, peak, and a point with a target
value) on a trace. You can also find the bandwidth
parameters (up to six) and display them.

Key Displays the “Marker Function Menu” on page 604 on the
right side of the screen. Manipulating the “Marker

Function Menu” enables you to not only specify the
marker sweep range and the coupling of markers on a
channel but also to display statistics data on traces.

Key Displays the “Analysis Menu” on page 563 on the right
side of the screen. Manipulating the “Analysis Menu”
enables you to use the analytical function called the
fixture simulator.

11. Test Port

The port to which the DUT is connected. Options 213 and 214 each have two ports,
Options 314 and 314 each have three ports, and Options 413 and 414 each have four ports.
While signals are being output from a test port, the yellow LED above the test port is lit.

Connector type: 50 Q, N-type, female

Do not apply DC voltage or current to the test port. Applying DC voltage or current may
lead to device failure. In particular, the capacitor might remain charged. Connect the
measurement sample (DUT) to the test port (or the test fixture, cables, etc. connected to the
test port) after the analyzer has been completely discharged.

The test ports comply with Installation Category I of IEC 61010-1.
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12. Front USB Port

A USB (Universal Serial Bus) port (number of parts: 1) specifically installed for an ECal
(Electronic Calibration) module, a USB/GPIB interface, a multiport test set or a printer.
Connecting a designated ECal module to this port enables ECal measurements to be taken.
Connecting a compatible printer to this port enables screen information on the
E5070B/E5071B to be printed. For more on executing ECal measurements, see Chapter 4,
“Calibration,” on page 91, and for printing, see “Printing Displayed Screen” on page 327.
The specifications of this port are identical to those of the “14. Rear USB port” on page 54.

We do not support connections to the USB port of devices other than designated printers,
ECal modules, the USB/GPIB interface, and multiport test sets.

13. Ground Terminal

Connected to the chassis of the ES070B/E5071B. You can connect a banana-type plug to
this terminal for grounding.
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Figure 2-2
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Screen Area: Names and Functions of Parts

This section describes the names and functions of parts on the LCD screen of the
E5070B/E5071B.

Screen display
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4. Instrument status bar

e5070bueds3

1. Menu Bar

By using the mouse and keyboard to manipulate the menu bar, you can perform interface
operations that are equivalent to those of the keys in the ACTIVE CH/TRACE block,
RESPONSE block, STIMULUS block, MKR/ANALYSIS block, and INSTR STATE block
on the front panel of the ES070B/E5071B. The menus on the menu bar correspond to the
key blocks, and their submenus to the hardkeys inside the key blocks.

2. Data Entry Bar

Used to enter numeric data into the ES070B/E5071B. Press a hardkey or softkey to enter
data, and the data entry bar will appear at the top of the screen. To assign a title to a channel
window, an entry bar that allows you to enter letters and symbols by using the front panel
keys or mouse is displayed instead.
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Figure 2-3 Data entry bar
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NOTE To manipulate the data entry bar by using the front panel keys, the data entry bar must be
selected as the object to manipulate (with the focus placed on it). When the focus is placed

on the data entry bar, the entire bar is displayed in blue. Pressing or clicking in the
“8. ENTRY Block” on page 34 enables you to move the focus to the desired object.
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2-1. Parameter Name

Displays the name of the parameter for which data will be entered.

2-2. Data Entry Area

When the data entry bar is displayed for the first time, the current settings are displayed on
it. You can change numeric values by typing from the keyboard or in the ENTRY block on
the front panel.

You can hide the frequency information in order to ensure its confidentiality or for other
reasons. For detailed information, see “Hiding Softkey's Frequency Information” on
page 87.

2-3. Step Button (Small)

Increases or decreases the numeric value in the data entry area in small steps. Use the
mouse to manipulate this button.

2-4. Step Button (Large)

Increases or decreases the numeric value in the data entry area in large steps. Use the
mouse to manipulate this button.

2-5. Enter Button

After typing numeric values in the data entry area by using the keyboard or the numeric
keys in the ENTRY block on the front panel, press this button to finish the entry. Use the
mouse to manipulate this button.

2-6. Close Button

Closes the data entry area (turns off the display). Use the mouse to manipulate this button.
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3. Softkey Menu Bar

A group of keys on the screen called by the softeys and menu bars. You can manipulate
these keys by using the NAVIGATION block keys on the front panel, the mouse, or the
keyboard. When a touch screen LCD (Option 016) is used, you can perform manipulations
by directly touching the screen with your finger instead of using a mouse.

Softkey menu bar

3-1. Softkey menu title

3-2. Scroll arrow (big)

Allocate
Channels

3-4. Highlighted
selection softkey

g

: ] 3-3. Softkeys

/ c - Y
Mum of Traces
[

Allocate

' =
Traces 2

N\
;

Title Label
/ OFF
Graticule Label

3-5. Selection mark

[

To manipulate a menu bar, it has to be selected as the object to manipulate (with the focus
placed on it). When the focus is placed on a menu bar, the menu title area at the top is

displayed in blue. Pressing or clicking on in the “8. ENTRY Block” on page 34
enables you to move the focus to the desired object.

3-1. Softkey Menu Title

The title of the softkey menu is displayed here. Double-clicking on this part of the menu
bar displays the top layer of softkeys.

3-2. Scroll Arrow (Large)

When the softkeys in a menu overflow the screen, using this key enables you to scroll the
menu page by page. Both upward and downward scroll arrows are available. Use the
mouse to manipulate these buttons.

3-3. Softkeys

These are the actual keys you would use to perform setup. A » displayed to the right of a
softkey indicates that pressing that softkey will display the lower layer of softkeys.
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3-4. Highlighted Softkey

Pressing @ and on the front panel or pressing on the keyboard causes the
highlighted (selected) softkey to be executed. You can change which softkey in the menu is

highlighted by turning @ or pressing (4 {(¥> on the front panel or by pressing
on the keyboard. Pressing the @ key on the front panel or the (=] key on the

keyboard brings up the upper level softkey menu, and pressing the @ key on the front
panel or the key on the keyboard brings up the lower level softkey menu.

3-5. Selection Mark

Shows which softkey function is currently selected.

3-6. Softkey Status Display
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Displays a softkey’s setup status.

You can hide the frequency information in order to ensure its confidentiality or for other
reasons. For detailed information, see “Hiding Softkey's Frequency Information” on
page 87.

3-7. Scroll Bar

When the softkeys in a menu overflow the screen, clicking on the blank part of the scroll
bar enables you to scroll the softkey menu up or down.

3-8. Scroll Box

You can scroll the softkey menu up or down by using the mouse to select and drag the
scroll box (pressing the button on the object to be moved and then releasing the button at
the desired location). The length and position of the scroll box indicate the length and
position of the currently displayed part of the softkey menu relative to the entire menu.

3-9. Scroll Arrow (Small)

Using this button, you can scroll the menu one softkey at a time. Both upward and
downward scroll arrows are available. Use the mouse to manipulate these buttons.
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4. Instrument Status Bar

The instrument status bar displays the status of the entire instrument.

Instrument status bar

4-1. Instrument messageAwvarning 4-5. \VBA status 4-9. Date and time
4-2. Display update OFF indicator 4-8. Service mode

Targek walue not Found Update OFF | RF OFF | Meas z Swe | 2002-06-03 16:29

e5070buedsE

4-3. RF output OFF indicator 4-7. Warmup status

4-4 . Measurement status 4-6. External reference
signal phase-lock

4-1. Instrument Message/Warning

Displays instrument messages and warnings. Instrument messages are displayed in gray
and warnings in red. For the meanings of the instrument messages and warnings, see
Appendix B, “Troubleshooting,” on page 527.

4-2. Display Update OFF Indicator

When updating of information displayed on the LCD screen is turned off, this indicator is
displayed.

4-3. Rf Output OFF Indicator

When the stimulus signal output is turned off, this indicator is displayed.

4-4. Measurement Status

Displays the measurement status of the ES070B/E5071B.

Setup Setup for measurement in progress

Hold Measurement on hold (idling)

Init Measurement being initialized

Man The trigger source is set to “Manual” and waiting for trigger.
Ext The trigger source is set to “External” and waiting for trigger.
Bus The trigger source is set to “Bus™ and waiting for trigger.
Meas A measurement is in progress.

4-5. VBA Status
Displays the state of the execution of the VBA program in the ES070B/E5071B.

Run A VBA program is currently running.

Stop A VBA program has stopped.
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4-6. External Reference Signal Phase Lock

When the frequency reference signal is input to the “10. External Reference Signal Input
Connector (Ref In)” on page 53 on the rear panel and the measurement signal of the
E5070B/E5071B is phase-locked to the reference signal, ExtRef is displayed in blue.

ExtRef (displayed in blue) Measurement signal is phase-locked to the external
reference signal.

ExtRef (displayed in gray)  Measurement signal is not phase-locked to the external
reference signal.

Even when the “9. High Stability Frequency Reference Output Connector (Ref Oven,
Option 1ES only)” on page 53 and “10. External Reference Signal Input Connector (Ref
In)” on page 53 are connected, phase-locking may not occur immediately after power-on in
a low-temperature environment. (The “ExtRef” display remains gray, not blue.) In such a
case, wait a few minutes until the instrument has warmed up and the “ExtRef” display
turns blue.
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4-7. Warm-up Status

Ready (displayed in blue)  Shows that warm-up of the instrument is completed.

Ready (displayed in gray)  Shows that warm-up of the instrument is not completed.

4-8. Service Mode

Indicates the service mode status.

SVC (displayed in blue) The ES070B/ES071B is in service mode, which is used
for self-diagnosis and repair of the ES070B/E5071B.
Therefore, measurement performance will not be
guaranteed according to the specifications. If, under
normal use, the system remains in the service mode and
does not return to normal operating mode, there is a
possibility that the instrument is out of order.

SVC (displayed in red) An abnormal condition has been detected inside the
E5070B/E5071B. The unit may be damaged. Notify the
Customer Contact listed at the end of this manual or the
distributor from whom the unit was purchased.

SVC (displayed in gray) The E5S070B/E5071B is in normal mode.

4-9. Date and Time

Displays the date and time generated by the internal clock. The display format is as
follows:

YYYY-MM-DD HH:MM YYYY: Year (AD)
MM: Month
DD: Day
HH:MM: Time (0:00 to 23:59)

You can turn the date and time display on/off by manipulating the keys: - Clock
Setup - Show Clock.
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5. Channel Window

Windows for displaying traces. Because a channel corresponds to a window, it is called a
channel window. When the outer frame of a channel window is displayed in light gray, the
channel is the active channel (the channel for which setup is being performed). In Figure
2-2 on page 38, channel 1 (the upper window) is the active channel. To make a channel

active, use [Channel Next ] or (Channel Prev ], Clicking inside a channel window will also make
the channel active.

Figure 2-6 Channel Window
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5-1. Channel Title Bar

You can assign a title to each channel and have the title displayed on the bar. For more on

setting up a channel title bar, see “Labeling a window” on page 87.

5-2. Trace Name/Measurement Parameter

The names of the traces (Trl through Tr9)on the channel and their measurement
parameters are displayed here. P to the right of the trace name indicates the active trace

(the trace for which setup is being performed). To make a trace active, use or
(Trace Prev]. Clicking the line where the trace name is placed (the mouse pointer changes
from % to @) also makes a trace active.

5-3. Data Format

The data format of each trace is displayed here. For more on setting up data formats, see
“Selecting a Data Format” on page 79.

5-4. Scale Settings

The scale setting for each trace is displayed here. This example shows that “0.00dB/”
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corresponds to 10 dB per division. “Ref 0.000dB” shows that the value of the reference line

is 0 dB. For more on setting scales, see “Setting the Scales” on page 83.
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5-5. Trace Status Area

The setup for each trace is displayed here.

Table 2-1 Trace status display

Classification Contents inside [ ] Meaning

Error correction RO Error correction: ON (OPEN (n) response calibration)
RS Error correction: ON (SHORT (n) response calibration)
RT Error correction: ON (THRU (n) response calibration)
F1 Error correction: ON (1-port calibration)
F2 Error correction: ON (Full 2-port calibration)
F3 Error correction: ON (Full 3-port calibration)
F4 Error correction: ON (Full 4-port calibration)

Turning on/off traces | Nothing Data trace: ON, Memory trace: OFF
M Data trace: OFF, Memory trace: ON
D&M Data trace: ON, Memory trace: ON
off Data trace: OFF, Memory trace: OFF

Performing data math | D+M (D+M&M) Execution of Data+Mem math
D-M (D-M&M) Execution of Data—Mem math

D*M (D*M&M)
D/M (D/M&M)

Execution of Data*Mem math

Execution of Data/Mem math

Electrical delay Del A numeric value other than 0 (zero) is specified as the
electrical delay or phase offset.
Smoothing Smo Smoothing: ON
Gating Gat Gating: ON
Parameter conversion | Zr Conversion: ON (Impedance: Reflection measurement)
Zt Conversion: ON (Impedance: Transmission measurement)
Ztsh Conversion: ON (Impedance: Transmission-Shunt
measurement)
Yr Conversion: ON (Admittance: Reflection measurement)
Yt Conversion: ON (Admittance: Transmission measurement)
Ytsh Conversion: ON (Admittance: Transmission-Shunt
measurement)
1/S Conversion: ON (Inverse S-parameter)
Conj Conversion: ON (Conjugation)
Power correction PC Error correction: ON (Power calibration)
Receiver correction RC Error correction: ON (Receiver calibration)
Scalar-mixer Cor Error correction: ON (Scalar-mixer calibration)
correction
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Figure 2-7
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5-6. Reference Line Indicators

The indicators that indicate the position of the reference line for the Y-axis scale in the
rectangular display format. One indicator is to the right and the other is to the left of the
scale (» and «). To enter a numeric value for the position of the reference line, open the

data entry bar using the keys: - Reference Position. You can also move the
position of the reference line by placing the mouse pointer on either of the two reference

line indicators (the pointer changes from [t to ¥ .), moving the indicator vertically with
the left mouse button kept pressed, and then releasing the button at the desired location

. . N
(i.e., a drag-and-drop operation). O
o
5-7. Trace Number 2
. .. . @
In the rectangular display format, the trace number is displayed in the same color as the =
trace at the right end of each trace. S
g
5-8. Properties a
=
Displays the following properties. P
Properties
Balanced Measurement I
Topology Property E5091A Property Calibration Property
S
BALUN TSET1 1234
1 SEf 1A 1FF - -
2 SE2 2 M 2FF - -
3 3 R1+ R3----
41 BAL 4 R1- 4----
e5070bue057
Calibration Property Displays the status of the obtained calibration coefficients
on the channel. For details, see “Acquisition status of
calibration coefficient for each channel” on page 100.
E5091A Property Displays the assignment information of the test ports on the

Balanced Measurement
Topology Property

5-9. Channel Status Bar

channel. For details, see “Displaying the ES091A
properties” on page 415.

Displays the topology for balanced measurement on the
channel. For details, see “Checking device type and port
assignment” on page 257.

The status of each channel is displayed here (see parts 5-10 through 5-16).

Chapter 2
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5-10. Channel Measurement Status

Displays the update status of traces on the channel.

! Measurement in progress. When the sweep time exceeds
1.5 seconds, T is displayed at the point on the trace.

# Invalid traces. The measurement conditions have changed,
but the traces on the channel currently displayed have not
been updated to match the new conditions.

(No display) The measurement has not been executed.

5-11. Error Correction Status

Displays the execution status of error correction on the channel. For details, see “Execution
status of error correction for each channel” on page 99.

5-12. Power Calibration Status

Displays the execution status of power level error correction on the channel. For details,
see “Turning ON or OFF power level error correction” on page 176.

5-13. Port Extension Status

Shows whether the port extension is turned ON or OFF.

PExt (displayed in blue) Port extension: ON

(not displayed) Port extension: OFF

5-14. Fixture Simulator Status

Shows whether the fixture simulator is turned ON or OFF.

Sim (displayed in blue) Fixture simulator: ON

(not displayed) Fixture simulator: OFF

5-15. Averaging Status

Displays the averaging factor and averaging count when averaging is turned on.

n/m (displayed in blue) Averaging: ON
(m: averaging factor; n: averaging count)

(not displayed) Averaging: OFF

5-16. Sweep Range

Indicates the sweep range by using the start/stop or center/span.

5-17. IF Bandwidth/CW Frequency

Indicates the IF bandwidth when the sweep type is lineatr/log frequency or the CW
frequency when the sweep type is power.
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5-18. Channel Number

Indicates the channel number.

5-19. Graticule Labels

Y-axis divisions in the rectangular display format. When traces in the rectangular display
format are overlaid, the Y-axis divisions for the active trace are displayed. The value of the
reference line (the division line between » and «) is entered numerically by opening the
data entry bar using the keys: + Reference Value. You can change values of the
reference line at one-division intervals by placing the mouse pointer in the area of the
graticule label (the pointer changes from [ to ¥ ), moving the pointer vertically with the
left mouse button pressed, and then releasing the button at the desired location.

5-20. Bandwidth Parameters

Turning on the bandwidth search function displays the bandwidth parameters here. For
more on the bandwidth search function, see “Determining the Bandwidth of the Trace
(Bandwidth Search)” on page 231.
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5-21. Marker Numbers

The marker values are displayed in a list at positions 5-21, 5-22, and 5-23. Position 5-21
displays the marker numbers. For the active marker (the one for which setup and analysis
are being performed), > is displayed to the left of the marker number. For the reference
marker, A is displayed instead of the marker number.

5-22. Marker Stimulus Values

The marker stimulus value for each marker (the frequency/power level at the marker point)
is displayed here.

5-23. Marker Response Values

The marker response value for each marker (the measurement value at the marker point) is
displayed here. Two (or three) response values are displayed for data in Smith chart or
polar display format.

5-24. Markers

The markers used for reading values on a trace. Up to 10 markers can be displayed for each
trace.

Active marker (the one for which setup and analysis are being performed)

n
V
Q Non-active marker

Here, “n” denotes a marker number. For the reference marker, however, nothing is
displayed at the location of n. Clicking the marker or one of the “5-25. Marker Indicators”
makes the marker active.
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5-25. Marker Indicators

Indicates the positions of markers on the stimulus axis.

A Active marker indicator

A Non-active marker indicator

You can also move a marker to the desired position by placing the mouse pointer on the
marker indicator or position of the marker itself (the pointer changes from [ to «»),
moving the indicator vertically with the left mouse button pressed, and then releasing the
button at the desired location.

5-26. Statistics Data

Turning on the statistics data function displays statistics data here. For more on the
statistics data function, see “Determining the Mean, Standard Deviation, and p-p of the
Trace” on page 233.
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Rear Panel: Names and Functions of Parts

This section describes the names and functions of the parts on the rear panel of the
E5070B/E5071B.

Rear panel

14. Rear
USB Port

1. Handler 1/O Port

17. Mini-DIN Keyboard Port
18. Mini-DIN Mouse Port Signal Output Connector

3. External Monitor Output Terminal 7. Line Switch: Always ON (1)

5. External Trigger Input Connector

4. GPIB Connector 8. Power Cable Receptacle
2. Ethernet Port 6. Fan

/ |
\ /

19. USB(USBTMC)

9. High Stability F
Interface Port O S | eauenay

Reference Output Connector
15. Reserved Port \ (Option 1E5)
12. Serial Number Plate

10. External Reference

16. Printer Parallel Port
Signal Input Connector

13. Certificate of Authenticity Label

11. Internal Reference

e5070bue7010
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CAUTION

Overview of Functions
Rear Panel: Names and Functions of Parts

1. Handler 1/0 Port

The terminal to which an automatic machine (handler) used on a production line is
connected. For more on using the handler I/O port, see the Programmer’s Guide.

Connector type: 36-pin Ribbon (Centronics) connector

2. Ethernet Port

A terminal for connecting the ES070B/ES071B to a LAN (Local Area Network).
Connecting this instrument to a LAN enables you to access the hard disk drive of this
instrument from an external PC or to control this instrument by using SICL-LAN or telnet.

Connector type: 8-pin RJ-45 connector
Base standard: 10Base-T/100Base-TX Ethernet (automatic data rate selection)
3. External Monitor Output Terminal (Video)

A terminal to which an external color monitor (display device) can be connected. By
connecting a color monitor to this terminal, the same information shown on the LCD
screen of the main body can be displayed on an external color monitor.

Connector type: 15-pin VGA connector, female

4. GPIB Connector

General Purpose Interface Bus (GPIB). The connection of an external controller and other
devices through this connector allows you to configure an automatic measurement system.
For more on the automatic measurement system using GPIB, see the Programmer s Guide.

5. External Trigger Input Connector (Ext Trig)

A connector to which external trigger signals are input. This connector detects the
downward transition from the HIGH state in TTL signals as the trigger signal. To use this
connector to generate a trigger, you must set the trigger source to the “external” side (key

operation: -Trigger Source - External).

Connector type: BNC connector, female

6. Fan

The cooling fan for controlling the temperature inside the ES070B/E5071B. This fan
exhausts heated air from inside the analyzer to the outside.

7. Line Switch (Always ON)

Always keep this switch on (]).

Do not use this switch to turn off (O) the mains. Doing so may cause the analyzer to
fail. For more information, see the description of the “1. Standby Switch” on page 29.
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8. Power Cable Receptacle (to LINE)

The receptacle (outlet) to which the power cable is connected.

To connect the device to a power source (outlet), use the supplied three-prong power cable
with a ground conductor.

The plug attached to the power cable (on the power outlet side or device side of the cable)
serves as the disconnecting device (device that cuts off power supply) of the
E5070B/E5071B. When the power supply must be cut off to avoid such danger as electric
shock, pull out the power cable plug (on the power outlet side or device side of the cable).
For the procedure for turning off the mains in normal use, see the description in “1.
Standby Switch” on page 29.

For more on the power supply, see Chapter 2 “Installation” in the Installation and Quick
Start Guide.
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9. High Stability Frequency Reference Output Connector (Ref Oven,
Option 1ES only)

When Option 1ES5 (high stability frequency reference) is installed, the reference signal is
output from this connector.

Connector type: BNC connector, female
Output signal (Nominal): 10 MHz, +0 dBm %3 dB

When Option 1ES (high stability frequency reference) is installed, connect this connector
to the “10. External Reference Signal Input Connector (Ref In)” on page 53 by using the
BNC(m)-BNC(m) cable included with the option.

10. External Reference Signal Input Connector (Ref In)

The reference signal input connector for phase-locking the measurement signal from the
E5070B/ES5071B to the external frequency reference signal. Inputting the reference signal
to this connector improves the accuracy and frequency stability of the measurement signal
from the ES070B/E5071B.

Connector type: BNC connector, female
Input signal (Nominal): 10 MHz £10 ppm, +0 dBm +3 dB

When the frequency reference signal is input to this connector, the measurement signal
from the ES070B/E5071B is automatically phase-locked to the reference signal. When an
input signal is not present, the frequency reference signal inside the ES070B/E5071B is
automatically used. The ExtRef on the instrument status bar is displayed in blue when the
system is phase-locked to the external reference signal and in gray when not phase-locked.

When using Option 1ES (high stability frequency reference), connect this connector to the
“9. High Stability Frequency Reference Output Connector (Ref Oven, Option 1E5 only)”
on page 53 by using the BNC(m)-BNC(m) cable included with the option.
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11. Internal Reference Signal Output Connector (Ref Out)

A connector for outputting the internal frequency reference signal from the
E5070B/E5071B. By connecting this output connector to the external reference signal
input connector of another device, the device can be phase-locked to the internal reference
signal of the ES070B/E5071B and used under this condition.

Connector type: BNC connector, female

Output signal (Nominal): 10 MHz, +0 dBm +3 dB
Output impedance (Nominal): 50 Q

12. Serial Number Plate

The seal showing the serial number of the product.

13. Certificate of Authenticity Label

The label showing the information of the “Certificate of Authenticity.”

14. Rear USB port

A USB (Universal Serial Bus) port (number of ports: 2) specifically installed for an ECal
(Electronic Calibration), a USB/GPIB interface, a multiport test set or a printer. The
specifications of this port are identical to the “12. Front USB Port” on page 37.

15. Reserved Port (Reserved)

These two ports are not available for connections.

16. Printer Parallel Port

A 25-pin parallel port for printer connection. Connecting a designated printer to this port
allows screen information on the ES070B/E5071B to be printed. For more on printing, see
“Printing Displayed Screen” on page 327.

17. Mini-DIN Keyboard Port

A port to which a mini-DIN type keyboard is connected. The keyboard can be used to edit
VBA programs inside the ES070B/E5071B or to enter file names. Since the arrow keys and
numeric keys on the keyboard work in the same way as the arrow keys and numeric keys
on the front panel of the ES070B/E5071B, you can use it instead of front panel operation.

Be sure to only use a keyboard designated for use with this instrument. Using a keyboard
other than those designated may cause erroneous input.
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18. Mini-DIN Mouse Port

The port to which a mini-DIN type mouse is connected. Using a mouse enables you to
more efficiently perform the operations of menu bars, softkeys, and dialog boxes as well as
selecting an active channel or an active trace. The mouse also enables you to move a
marker or the scale reference line by using drag-and-drop operations.

Be sure to only use a mouse designated for use with this instrument. Using a mouse other
than those designated may cause erroneous input.

19. USB (USBTMC) Interface Port

Through this port, you can control the ES070B/E5071B from external controllers. For
more information on the measurement system using the USB port, see the Programmer's
Guide.

Connector Types: Universal serial bus (USB) jack, type B (4 contact positions), Female
Compliance Standards: USBTMC-USB488 and USB2.0
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Setting Measurement Conditions

This chapter describes how to set up the measurement conditions for the Agilent
E5070B/E5071B Network Analyzer.
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Table 3-1

Setting Measurement Conditions

Initializing Parameters

Initializing Parameters

The E5S070B/E5071B has three different initial settings as shown in Table 3-1 below.

ES070B/E5071B Initial settings and methods for restoring them

Initial setting

Restore method

Preset state

* Press - OK on the front panel
or
* Execute the :SYST:PRES command

*RST state

Execute the *RST command

Factory default setting

(how the ES070B/E5071B is set up prior to shipment

from the factory)

For further details of each setting, refer to Appendix C, “List of Default Values,” on
page 547. To restore initial settings using commands, refer to the Programmer s Guide and

VBA Programmer’s Guide.
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NOTE

Step 1.
Step 2.
Step 3.
Step 4.

Step 5.

Setting Measurement Conditions
Setting Channels and Traces

Setting Channels and Traces

The ES070B/E5071B allows you to use up to 16 channels (when the number of traces is up
to 4) to perform measurement under 16 different stimulus conditions.

For each channel, up to 16 traces (measurement parameters) can be displayed (when the
number of channels is up to 4). Because multiple traces can be displayed for each channel,
no feature is provided to link the stimulus conditions between channels, and each channel
is always independent of the others. In other words, for the ES070B/E5071B, you need to
set the measurement conditions and execute calibration for each channel you use for
measurement.

With the ES070B/E5071B, you can change the number of available channels and the upper
limit of the number of traces. If you change the upper limit setting, you need to restart the
firmware of the ES070B/E5071B. Therefore, first, set the upper limit appropriately
depending on the numbers of channels and traces necessary for your measurement.

When you set items whose setting target is channels/traces (refer to “Parameter setting for
each setup item (analyzer, channel, trace)” on page 65), the target is the selected (active)
channel/trace. You can specify only the displayed channels/traces as active channels/traces.
Therefore, set the display of channels/traces before setting the measurement conditions.

Setting upper limits of number of channels/traces

You can select the upper limits of the number of channels and the number of traces from
the following combinations.

* 1 channels and 4 traces

e 2 channels and 4 traces

* 4 channels and 16 traces

* 9 channels and 9 traces

* 12 channels and 6 traces

* 16 channels and 4 traces
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You may want to select the "1-channel, 4-trace" or "2-channel, 4-trace" configuration to
save the time required to save/call the instrument state file, since this takes longer with
other configurations.

It’s important to realize that the combination used to save a state file must be the same used
to recall it; that is, you cannot save a state file with one combination of channels/traces and
recall it with another combination. For more details, see “Saving and Recalling Instrument
State” on page 310.

The selection procedure is as follows:

Press .
Press Misc Setup.
Press Channel/Trace Setup.

Press the desired softkey to select the upper limits of the number of channels and the
number of traces.

Press Return. The dialog box that prompts you to restart the firmware appears. Click the
Yes button to restart the firmware.
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Setting channel display (layout of channel windows)

The measurement result for each channel is displayed in its dedicated window (channel
window). You cannot have a single window display the measurement results from more
than one channel. This means that the setting of the window layout determines the number
of channels displayed on screen.

NOTE The execution of measurement for each channel does not depend on how the channel is
displayed (channels that are not displayed can be measured). For information on executing
measurement for each channel (trigger mode and trigger source), refer to Chapter 5,
“Making Measurements,” on page 209.

The procedure for setting the window layout is as follows:
Step 1. Press (Display].
Step 2. Press Allocate Channels.

Step 3. Press the desired softkey to select the window layout (refer to Figure 3-1).
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Figure 3-1 Layout of channel windows
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Step 2.
Step 3.
Step 4.

Setting Measurement Conditions
Setting Channels and Traces

Setting trace display

Setting the number of traces

Depending on the measurement parameters of the traces displayed for each channel, the
sweep necessary for each channel is executed. For more information, refer to “Sweep
Order in Each Channel” on page 210.

You specify the trace display by setting the number of traces (upper limit of displayed trace
numbers). For example, if you set the number of traces to 3, traces 1 through 3 are
displayed.

The procedure for setting the number of traces is as follows:

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to set the
number of traces.

Press (Display].

Press Number of Traces.

Press the desired softkey to set the number of traces.

Setting trace layout (graph layout)

Traces are laid out and displayed in the order of the trace number from graph 1 according
to the graph layout in the channel window.

You can select the graph layout from Figure 3-2.

If the number of traces is less than the number of graphs, nothing is displayed in the
remaining area. If the number of traces you set exceeds the number of graphs, excess traces

are superimposed from the first graph. For example, if you select as the graph
layout and set the number of traces to 5, graph 1 (Grl in Figure 3-2) and graph 2 (Gr2 in

Figure 3-2) display traces 1 and 4 and traces 2 and 5, respectively, by superimposing, and
graph 3 (Gr3 in Figure 3-2) displays only trace 3 as shown in the figure below.

[1 Start 300 kHz IFBW 70 kHz Stop 8.5 GHz BT
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The procedure for setting the graph layout is as follows:

Step 1. Press (Channel Next ] or (Channel Prev ] to select the channel for which you want to set the graph
layout.

Step 2. Press (Display].

Step 3. Press Allocate Traces.

Step 4. Press the desired softkey to select the graph layout (refer to Figure 3-2).

Figure 3-2 Graph layout
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Active channel

The active channel is the one whose settings can currently be changed. The window frame
of the active channel is displayed brighter than the window frames of the other channels.
To change the settings specific to a certain channel, you must first activate the channel.

To change the active channel, use the following hardkeys:

Hardkey Function

Change the active channel to the next channel with the larger channel
number.

Change the active channel to the previous channel with the smaller channel
number.

Active trace

The active trace is the one whose settings can currently be changed. The trace name on the
screen (for example, Tr3) of the current active trace is highlighted and indicated with » to
the left. To change the settings specific to a certain trace, you must first activate the trace.

To select the active trace, use the following hardkeys:

Hardkey Function
Change the active trace to the next trace with the larger trace number.
Change the active trace to the previous trace with the smaller trace number.
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Parameter setting for each setup item (analyzer, channel, trace)

Table 3-2 lists the setting parameters and indicates the setup item (analyzer, channel, or
trace) that each parameter controls along with the applicable setup key(s).

Table 3-2 Parameters and setup items they control
Parameter Controlled Setup Items Setup Key(s)
Analyzer Channel Trace
Stimulus Settings
Sweep range vV Start | [ Stop ) (Center)( Span )
Power, CW frequency v - Power
Sweep time/Sweep delay time 4 - Sweep Time/Sweep Delay
Number of points 4 - Points
Segment sweep v - Sweep Type
/Edit Segment Table/Segment Display
Sweep mode v - Sweep Mode
Trigger Settings
Trigger source 4 - Trigger Source/Restart/Trigger
Trigger mode V(' - Hold/Hold All Channels /Single
/Continuous/Continuous Disp Channels
Response Settings
Measurement parameter v
Data format 4
Scale, Electrical delay, Phase offset v
Memory trace and data math v - Display /Data — Mem /Data Math
Window title v - Edit Title Label
/Title Label (ON/OFF)
Graticule label in rectangular form v - Graticule Label (ON/OFF)
Color inversion v - Invert Color
Frequency display ON/OFF v - Frequency (ON/OFF)
Display update ON/OFF v - Update (ON/OFF)
Averaging v - Averaging Restart
/Avg Factor/Averaging (ON/OFF)
Smoothing v - Smo Aperture

/Smoothing (ON/OFF)
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Setting Measurement Conditions
Setting Channels and Traces

Table 3-2 Parameters and setup items they control
Parameter Controlled Setup Items Setup Key(s)
Analyzer Channel Trace
IF bandwidth v _AYg ] - IF Bandwidth
Calibration v Cal
Marker e (Marker ) Marker Search ] [ Marker Fotn ]
Analysis
Fixture simulator V(™ - Fixture Simulator
Time domain v - Gating
- Transform
Parameter conversion v _ Conversion
Limit test v - Limit Test
Saving and recalling data v Save/Recall
Macro v ( Macro Setup ](Macro Run]({ Macro Break ]
System
Printing/Saving display vV
Screen/Beeper/GRIB settings/Network
Settings/Date & Time/Key
Lock/Backlight/Firmware
Revision/Service menu
Preset v

*1.Hold All Channels for the analyzer.

*2.Auto Scale All and scale Divisions must be set up in rectangular form for each channel.

*3. Turning the marker table display on or off applies to the entire analyzer. On the other hand, the sweep range setting
of the marker must be performed for each channel. In the preset condition, marker coupling is enabled and marker
settings and movements are effective for all traces on a channel.

*4.The balanced-unbalanced conversion function (Balun ON/OFF) must be turned on or off for each trace.
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Setting the System Z0

NOTE This function is available with the firmware version 3.01 or greater.

The procedure for setting the system characteristic impedance (Z0) is as follows:

Step 1. Press [_Cal J.
Step 2. Press Set Z0.
Step 3. Enter the system Z0 using the ENTRY block keys on the front panel.
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Figure 3-3

Step 1.

Step 2.
Step 3.
Step 4.

Setting Measurement Conditions
Setting Stimulus Conditions

Setting Stimulus Conditions

You can set the stimulus condition for each channel independently.

Setting sweep type

You can select the sweep type from the following four types.

Sweep type Description

Linear Sweeps frequencies in linear scale.

Log Sweeps frequencies in logarithmic scale.

Segment Performs a sweep with linear sweep conditions (segments) combined. For

more information, refer to “Performing a Segment-by-Segment Sweep
(segment sweep)” on page 368.

Power Sweeps power levels in linear scale.

The procedure for selecting the sweep type is as follows:

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to set the
sweep type.

Press | Sweep Setup |.

Press Sweep Type.

Press the desired softkey to select the sweep type.

Setting the Sweep Range

There are two ways to set the sweep range: by specifying the lowest and the highest values
and by specifying the center value and a span. Once the sweep range is set, it is possible to
change the range by substituting the lowest value, the highest value, or the center value
with a value (stimulus value) represented by a marker on the trace.

Setting the sweep range

Sweep range setting Sweep range setting
according to start/stop values according to center/span value

Span [\

Measurement value
~
_
Measurement value

Stimulus value Stimulus value

Start Stop Center

€5070bue001
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Setting the Sweep Range with the Lowest and Highest Values

Step 1. Press [ChannelNext ] or (Channel Prev ] to select the channel whose sweep range will be set.

Step 2. Press [_Start .
Step 3. Using the ENTRY block keys on the front panel, input the lowest value.

Step 4. Press )
Step 5. Using the ENTRY block keys on the front panel, input the highest value.

Setting the Sweep Range with the Center Value and a Span

Step 1. Press [Channel Next ] or [Channel Prev | to select the channel whose sweep range will be set.

Step 2. Press (Center].
Step 3. Using the ENTRY block keys on the front panel, input the center value.

Step 4. Press (_Span ).
Step 5. Using the ENTRY block keys on the front panel, input a span value.

Setting the Sweep Range Using the Marker ;
@
Step 1. In the channel window whose range must be set, place the active marker on the active trace o %—:
to a position that corresponds to the new range (to the lowest, highest, or center value). Sa
o<
Step 2. Press (Marker Foin ], 53
-
Step 3. Press the softkey that corresponds to each value. g
o)
>
Softkey Function -
Marker — Start Sets the lowest value to the stimulus value of the active marker on the

currently active trace.

Marker — Stop Sets the highest value to the stimulus value of the active marker on the
currently active trace.

Marker — Center Sets the center value to the stimulus value of the active marker on the
currently active trace.

NOTE If the reference marker is on and the stimulus value of the active marker is expressed by a
value relative to the reference marker, the absolute stimulus value will be used to set the
new sweep range.

Chapter 3 69



Setting Measurement Conditions
Setting Stimulus Conditions

Figure 3-4 Setting the sweep range using the marker
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Turning stimulus signal output on/off

You can turn on/off the stimulus signal output, but this will prevent you from performing
measurement. Therefore, you will not normally use this feature. This is mainly used to turn
the output back to on after it has been turned off by the power trip feature.

Follow these steps to turn the stimulus signal output on/off:

Press (Susep Sefup ).
Press Power.
Press RF Out. Each press toggles between on/off.

When set to off, “RF OFF” is displayed in “4. Instrument Status Bar” on page 42.

Power trip

The power trip is a feature that the instrument uses to automatically turn off the output of
the stimulus signal to protect the instrument when a signal whose level exceeds the upper
limit is inputted to the test port.

If the power output is automatically turned off by the power trip feature, remove the cause
of the over-input and turn on the power output according to the above steps to restart the
measurement.

Setting fixed frequency at power sweep

The procedure for setting the fixed frequency (CW frequency) at the power sweep is as
follows:

(@)
o
>
a
=
o
>
n

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to set the fixed
frequency.

Press | Sweep Setup |,

Press Power.

Juswainsesn 5U!1168 S

Press CW Freq.

Enter the fixed frequency using the ENTRY block keys on the front panel.
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Setting power level with Auto Power Range set function

When the Auto Power Range set function is effective, the proper source attenuator and
power range are selected automatically, as shown by the figures below, according to the
maximum frequency and maximum output power of each channel (except for instruments
with option 213, 313, or 413).

NOTE

Under the following conditions, turn OFF the Auto Power Range set function and set the
power range and power level manually, according to Setting power range manually on
page 75.

e When different power ranges are selected in multiple channel measurement settings. In
this case, an error message is displayed to avoid source attenuator damage. (For
example: When Channel 1’s stop frequency is 8 GHz and Channel 2’s stop frequency is
2 GHz with a 0 dBm setting, the error message “Continuous switching may damage
source attenuator” is displayed because each selected power range is different.

*  When you cannot obtain the desirable power sweep range. (For example, if you want to
set start power to - 25 dBm and stop power to 7 dBm at 2 GHz CW, you cannot set the
start power level below - 20 dBm when Auto Power Range set function is ON.)

Figure 3-5

Available power level and selected power range with Auto Power Range set function
ON (when maximum frequency is 3 GHz or below)

Auto selected | Source Available power level

Max power setting
power range |attenuator|._s55 _50 —45 -40 -35 -30 -25 -20 15 -10 -5 0 5 10 (/dBm)
i

+5 < Max power = +10 dBm =20 ~ +10 dBm 0 dB
0 < Max power = +5 dBm -25 ~ +7 dBm 5 dB
-5 < Max power = 0 dBm -30 ~+2 dBm | 10 dB
-10 < Max power = -5 dBm -35 ~-3 dBm | 15 dB
-15 < Max power = -10 dBm -40 ~-8dBm | 20 dB

-20 < Maxpower = -15 dBm | -45 ~-13 dBm | 25 dB

-25 < Max power = -20 dBm | -50 ~ -18 dBm | 30 dB

-55 < Max power = -25 dBm -55 ~ -23 dBm | 35 dB

€5070bue0101

72 Chapter3



Setting Measurement Conditions
Setting Stimulus Conditions

Figure 3-6 Available power level and selected power range with Auto Power Range set function
ON (when maximum frequency is over 3 GHz (for E5071B 0nly))*1
Max power setting Auto selected Source Available power level
power range |attenuator|_g55 _50 -45 -40 -35 -30 —25 20 -15 -10 -5 0 5 10 (/dBm])
0 < Max power = +10 dBm -20 ~ +10 dBm 0 dB i %%%%%
-5 < Max power = 0 dBm -25 ~ +7 dBm 5 dB ////////%//%//%
-10 < Maxpower = -5 dBm | -30 ~+2 dBm | 10 dB %/ 7 /%%//
-15 < Max power = -10 dBm =35 ~ -3 dBm 15 dB V /%/ // |
-20 < Max power = -15 dBm -40 ~ -8 dBBm 20 4B _ ///%%y/ 4%
-25 < Max power = -20 dBm -45~-13 dBm | 25 dB _ //////%%/%
-30 < Max power = -25 dBm -50 ~ -18 dBm | 30 dB i, /////////////%%
5—05750§ Iz::);zower = -30 dBm | -55~-23 dBm | 35 dB ////////////%
e U €
Setting the level
Step 1. Press (Channel Next ] or Channel Prev ] to select the channel for which you want to set the
power level.
Step 2. Press (Sweep Setup ],
Step 3. Press Power.
Step 4. Press Port Couple and select the on/off setting of the level coupling for all ports.
ON The same power level is outputted to all ports.
OFF A specific power level is outputted to each port independently.
NOTE The power level of port 1 is coupled with the power level for all ports.
NOTE If you change the on/off setting of the level coupling, all ports are automatically changed to
the same level value as that of port 1.
Step 5. When setting level for all ports (Port Couple ON)

1. Press Power.

2. Enter the power level using the ENTRY block keys on the front panel.

When setting level for each port (Port Couple OFF)
1. Press Port Power.

2. Press the softkey corresponding to each port (Port 1 Power to Port 4 Power).

*1. The available power level over 3 GHz changes according to measurement frequencies.
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3. Enter the power level using the ENTRY block keys on the front panel.

Correcting attenuation of power level (using power slope feature)

You can use the power slope feature to correct the attenuation of a power level so that it is
simply proportional to the frequency (attenuation due to cables and so on), which improves
the accuracy of the level actually applied to the DUT.

Turning power slope feature on/off

Press [Channel Next ] or (Channel Prev ] to select the channel for which the power slope feature
will be turned on or off.

Press | Sweep Setup |,

Press Power.

Press Slope [OFF] (Slope [ON]). Each press toggles between on/off.

Setting correction coefficient (correction amount for 1 GHz)

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to set the
correction coefficient.

Press | Sweep Setup |,

Press Power.

Press Slope [xxx dB/GHz]. “xxx” represents the current set value.

Enter the correction coefficient using the ENTRY block keys on the front panel.

74 Chapter3



NOTE

Step 1.

Step 2.
Step 3.
Step 4.
Step 5.
Step 6.

Setting Measurement Conditions
Setting Stimulus Conditions

Setting power range manually

By turning off the Auto Power Range set function, you can set the power level at the
frequency sweep independently for each test port manually, within the range of —20 dBm
to 10 dBm (for instruments with option 214, 314, or 414, the range of =55 dBm to 10 dBm)

and at a resolution of 0.05 dB.

Selecting range

When option 214, 314, or 414 is installed, you can select from the following power ranges.

Selectable power ranges

—20 dBm to 10 dBm

—25 dBmto 7 dBm

—30 dBm to 2 dBm

—35 dBm to -3 dBm

—40 dBm to —8 dBm

—45 dBm to —13 dBm

—50 dBm to —18 dBm

—55 dBm to —23 dBm

The range selection is common to all ports: You cannot select it for each port

independently.

The procedure for selecting the range is as follows:

Press (Channel Next ] or [Channel Prev | to select the channel for which you want to set the

power range.
Press [Sweep Setup ] .
Press Power.

Turn OFF Auto Range.

Press Power Ranges.

Press the desired softkey to select the power range.

Chapter 3
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Setting the number of points

The number of points is the number of data items collected in one sweep. It can be set to
any number from 2 to 1601 for each channel independently.

* To obtain a higher trace resolution against the stimulus value, choose a larger number
of points.

» To obtain higher throughput, keep the number of points to a smaller value within an
allowable trace resolution.

* To obtain higher measurement accuracy after calibration, perform calibration using the
same number of points as in actual measurements.

Setting the number of points

Step 1. Press [Channel Next ] or (Channel Prev ] to select the channel for which the number of points
will be set.

Step 2. Press |Sweep Setup |,

Step 3. Press Points.

Step 4. Using the ENTRY block keys on the front panel, input the desired number of points.

Setting the sweep time

Sweep time is the time it takes to complete a sweep for each stimulus (source) port. Two
modes are available for setting the sweep time: manual sweep time mode and automatic
sweep time mode.

Manual Sweep Time Mode In this mode, the sweep time is set manually. Once the sweep
time is set, changes in measurement conditions will not affect
the sweep time as long as it is within the analyzer's capability.
If the sweep time becomes lower than the analyzer’s lower
sweep time limit, the sweep time will be reset to the shortest
time within the conditions. If the sweep time exceeds the
analyzer’s upper sweep time limit, the sweep time will be
reset to the longest time within the conditions.

Automatic Sweep Time Mode  The sweep time is always kept to the shortest time possible
with the current measurement conditions.

Figure 3-7 shows the definitions of the sweep time and the sweep delay time.
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Figure 3-7 Sweep Time and Sweep Delay Time
m— Measurement
n : Number of points
Sweep Delay Point Delay (Automatically specified based on the
sweep time, number of points.)
1 2 3 n
Sweep Time
Single Sweep (for each stimulus port)
Sweep start Sweep end
eb070aue119
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Step 2.
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Step 4.

Sweep delay is time before starting a sweep for each stimulus (source) port

Setting Up the Sweep Time (Manual Sweep Time Mode)

Press [Channel Next ] or [Channel Prev ] to select the channel for which sweep time will be set.

Press | Sweep Setup ]|

Press Sweep Time.

Using the ENTRY block keys on the front panel, input the desired sweep time (in seconds).

If the previous operation mode was automatic sweep time mode, entering a new sweep
time forces the machine to switch to manual sweep time mode.

Switching to Automatic Sweep Time Mode

Press (Channel Next ] or [Channel Prev | to select the channel which will be switched to
automatic sweep time mode.

Press | Sweep Setup |,

Press Sweep Time.

Press (0] (x1].

By entering zero (seconds), automatic sweep time becomes effective.
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Selecting Measurement Parameters

The E5070B/E5071B allows users to evaluate the DUT (device under test) characteristics
by using the following measurement parameters.

e S-parameters
¢ Mixed mode S-parameters

This section gives the definition of S-parameters and explains how to choose their values.
For the definition and use of mixed mode S-parameters, refer to “Evaluating Balanced
Devices (balance-unbalance conversion function)” on page 251.

Definition of S-parameters

S-parameters (scattering parameters) are used to evaluate how signals are reflected by and
transferred through the DUT. An S-parameter is defined by the ratio of two complex
numbers and contains information on the magnitude and phase of the signal. S-parameters
are typically expressed as follows.

S

out in

out: port number of the DUT from which the signal is output
in: port number of the DUT to which the signal is input

For example, S-parameter S,; is the ratio of the output signal of port 2 on the DUT with the
input signal of port 1 on the DUT, both expressed in complex numbers.

Setting up S-parameters

Press [Channel Next ] (01- (Channel Prev ]) and (Trace Next] (or (Trace Prev]) to select the trace for
which measurement parameters will be set up.

Press [Meas ).

Press a softkey that corresponds to the desired S-parameter.

S-parameters on the softkeys are expressed as follows.

S

out in

out: test port number of the ES070B/E5071B to which the DUT’s output signal is input
in: test port number of the ES070B/E5071B from which the signal is applied to the DUT
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Selecting a Data Format

The ES070B/E5071B allows you to display measured S-parameters by using the following
data formats:

(1 Rectangular display formats

* Log magnitude format

* Phase format

¢ Expanded phase format

* Positive phase format

e Group delay format

¢ Linear magnitude format
*  SWR format

* Real format

e Imaginary format

Polar format

|
(d Smith chart format

Rectangular display formats

Rectangular display formats draw traces by assigning stimulus values (linear scale) to the
X-axis and response values to the Y-axis (Figure 3-8). Eight different formats are available
depending on the selection of data for the Y-axis (Table 3-3).
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Figure 3-8 Rectangular display format
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Rectangular display format

Response (Measurements) —

Stimulus —
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Table 3-3 Eight types of rectangular display formats
Type Y-axis Data Type Y-axis Unit | Application Examples
Log magnitude format Magnitude dB *Return loss measurement
eInsertion loss measurement (or
gain measurement)

Phase format Phase (displayed in range from —180° to Degrees (°) | *Measurement of deviation
+180°) from linear phase

Expanded phase format Phase (can be displayed above +180° and | Degrees (°) | *Measurement of deviation
below —180°) from linear phase

Positive phase format Phase (displayed in range from 0° to Degrees (°) | *Measurement of deviation
+360°) from linear phase

Group delay format Signal transfer delays within the DUT Seconds (s) | *Group delay measurement

Linear magnitude format Magnitude (Abstract *Reflection coefficient

number) measurement

SWR format 1+ . . (Abstract *Measurement of standing wave
1—_5 (P: reflection coefficient) number) ratio

Real format Real part of measured complex parameter | (Abstract

number)

Imaginary format Imaginary part of measured complex (Abstract

parameter number)

Polar format

In the polar format, traces are drawn by expressing the magnitude as a displacement from
the origin (linear) and phase in an angle counterclockwise from the positive X-axis. This
data format does not have a stimulus axis, so frequencies must be read by using the marker.
The polar format allows users to select one of the following three data groups for
displaying the marker response values.

* Linear magnitude and phase (°)
* Log magnitude and phase (°)

* Real and imaginary parts

Figure 3-9 Polar format

Polar format
90°

-90°

e5070aue030
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Smith chart format

The Smith chart format is used to display impedances based on reflection measurement
data of the DUT. In this format, traces are plotted at the same spots as in the polar format.
The Smith chart format allows users to select one of the following five data groups for
displaying the marker response values.

Linear magnitude and phase (°)

Log magnitude and phase (°)

Real and imaginary parts

Resistance (L), reactance (£2), and inductance (H) or capacitance (F)

Conductance (S), susceptance (S), and capacitance (F) or inductance (H)

Smith chart format

Smith chart format

e5070aue031
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Selecting a data format

Use the following procedure to select a data format.

Press [Channel Next ] (or (Channel Prev ]) and (Trace Next] (or (Trace Prev]) to select the trace for

which the data format will be set.

Press )

Step 3. Press the softkey that corresponds to the desired data format.

Softkey

Log Mag
Phase
Group Delay

Smith - Lin / Phase

Smith - Log / Phase

Smith - Real / Imag

Smith - R + jX

Smith - G +jB

Polar - Lin / Phase

Polar - Log / Phase

Polar - Real / Imag

Lin Mag

SWR

Real
Imaginary
Expand Phase

Positive Phase

Function

Selects the log magnitude format
Selects the phase format
Selects the group delay format

Selects the Smith chart format (with linear magnitude and phase as the
marker response values)

Selects the Smith chart format (with log magnitude and phase as the
marker response values)

Selects the Smith chart format (with the real and imaginary parts as the
marker response values)

Selects the Smith chart format (with resistance and reactance as the
marker response values)

Selects the Smith chart format (with conductance and susceptance as
the marker response values)

Selects the polar format (with linear magnitude and phase as the marker
response values)

Selects the polar format (with log magnitude and phase as the marker
response values)

Selects the polar format (with the real and imaginary parts as the marker
response values)

Selects the linear magnitude format

Selects the SWR (standing wave ratio) format
Selects the real format

Selects the imaginary format

Selects the expanded phase format

Selects the positive phase format
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Setting the Scales

Auto scale

The auto scale function is used to tailor each scale (scale/division and the reference line
value) automatically in such a way that traces will appear at the proper size on the screen
for easy observation.

Single Trace Auto Scale

Follow the procedure below to perform the auto scale function on a specific trace.

Press [Channel Next ] (or (Channel Prev ]) and (Trace Next] (or (Trace Prev]) to select the trace for
which the auto scale function will be performed.

Press [Scale ].

Press Auto Scale.

Auto Scale on All Traces Within a Channel

Press [Channel Next ] (or [Channel Prev ]) to select the channel for which the auto scale function
will be performed.

Press [Scale ].

Press Auto Scale All.

Manual scale adjustment on a rectangular display format

For a rectangular display format, four parameters are used to manually adjust the scales
(Table 3-3 and Figure 3-11).

Adjustable scale features on a rectangular display format

Adjustable feature Description

Divisions (Divisions) Defines the number of divisions on the Y-axis. An even number
from 4 to 30 must be used. Once set, it is commonly applied to
all traces displayed in any rectangular format within that
channel.

Scale/Division (Scale/Div) Defines the number of increments per division on the Y-axis.
The value applies only to the active trace.

Reference position Defines the position of the reference line. The position must be
(Reference Position) specified using the number assigned to each division on the
Y-axis starting at O (the least significant) running up to the
number of divisions being used (the most significant). The
position applies only to the active trace.

Reference line value Defines the value corresponding to the reference line. It must be
(Reference Value) set using the unit on the Y-axis. The reference line value applies
only to the active trace.
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Figure 3-11 Manual scale setup on a rectangular display format

Rectangular display format

n = Divisions

Reference o : . Reference
Y Value g 1= position (0~n)

\1, 2
Scale/Div :

A

N

e5070aue032

Manually setting scales on a rectangular display format

Step 1. Press (Channel Next] (or [Channel Prev ]) and [Trace Next] (or (Trace Prev]) to select the trace for
which scale features will be adjusted.

Step 2. Press (Scale ].

Step 3. Press the softkey that corresponds to the particular feature that needs to be adjusted.

Softkey Function
Divisions Defines the number of divisions on the Y-axis.
Scale/Div Defines the number of increments per division

on the Y-axis.
Reference Position Defines the position of the reference line.

Reference Value Defines the value corresponding to the
reference line.

NOTE It is also possible to turn off the display of graticule labels. For details, refer to “Turning off
the display of graticule labels” on page 86.
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Manual scale adjustment on the Smith chart/polar format

Manual scale adjustment on the Smith chart format or the polar format is done by using the
displacement (Scale/Div of the outermost circle, Figure 3-12).

Manual scale setup on the Smith chart/polar format

Polar format Smith chart format

Scale/Div

e5070aue033

Manually setting scales on the Smith chart/polar format

Press [Channel Next ] (or (Channel Prev ]) and (Trace Next] (or (Trace Prev]) to select the trace for
which the scale will be adjusted.

Press [Scale ].

Press Scale/Div.
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Using the ENTRY block keys on the front panel, input the displacement of the outermost
circle.

Setting the value of a reference line using the marker

When using a rectangular display format, it is possible to change the reference line value to
be equal to the response value of the active marker on the active trace.

Setting the reference line value using the marker

Place the active marker on the active trace on the position that corresponds to the new
reference line value.

Press [Scale ] or [ Marker Fctn ]

Press Marker — Reference to change the reference line value to the marker response
value.

If the reference marker is on and the stimulus value of the active marker is expressed using
a value relative to the reference marker, the absolute stimulus value will be used to set the
new reference line value.
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Setting Window Displays

Maximizing the specified window/trace display

When using multiple channels, it is possible to maximize a specific channel window on the
screen. When multiple traces are displayed in a channel window, it is also possible to
maximize a specific trace displayed within that channel window.

Maximizing a window

Press (Channel Next ] (or [Channel Prev ]) to select the channel whose window will be
maximized.

Press [ Channel Max | to maximize the channel window.

Press [ ChannelMax | one more time to reduce the window to its previous size.

Maximizing a trace display

Press [Channel Next ] (or [Channel Prev ]) to select the channel to which the trace belongs.

Press (Trace Next] (or (Trace Prev]) to select the trace whose display will be maximized.

Press to maximize the trace display.

Press one more time to reduce the display to its previous size.

Turning off the display of graticule labels

When using a rectangular display format, the graph area can be expanded to the left by
turning off the display of graticule labels.

Turning off graticule label display

Press [Channel Next ] (or [Channel Prev ]) to select the channel for which graticule label display
will be turned on or off.

Press (Display].

Press Graticule Label to turn graticule label display on or off.
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Hiding Frequency Information

You can hide the frequency information from the screen in order to ensure its
confidentiality or for other reasons.

Hiding Frequency Information on the Screen

Follow the steps below to hide frequency information on the measurement screen.

Press|Display].

Press Frequency turn off the frequency display.

Turning off the frequency display using the Frequency key does not erase the frequency
display within the Stimulus softkey, which is turned on by pressing , ,
(Center], and _Span J. The display of the softkey bar itself can be switched on or off by

pressing [Softkey On/Off],

Hiding Softkey's Frequency Information

You can delete the frequency information from the measurement screen, which changes the
frequency information displayed in the Stimulus softkey and the data entry area for Hz unit
to asterisks (¥**).

Capture

Press(system ] - Service Menu.

Press Security Level and select any of the following options for the frequency display.

Softkey Function
OFF Displays the frequency information.
Low Hides the frequency information with a series of asterisks.

This can be turned to OFF by the Security Level menu.

High Hides the frequency information with a series of asterisks.
This cannot be turned to OFF by the Security Level menu.

Resetting to OFF is only possible by executig Preset or Recall.

Labeling a window

It is possible to assign a unique name to a channel and display it on the screen. This feature
is useful in saving and/or printing measurement result for future reference.

Labeling a window

Press (Channel Next ] or [Channel Prev ] to select the channel to be labeled.

Press (Display].

Press Edit Title Label.

The title label input dialog box (see Figure 3-13) appears.
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Figure 3-13 Title label input dialog box

eB07 Dauj0s6

Step 4. Using the keys in the dialog box, type a label and press Enter.
Step 5. Press Title Label to turn on the title display.

The title will appear within a frame at the top of the channel window (title bar, Figure
3-14.)

Figure 3-14 Title Display

Title

40.00
ef07 DaueB?
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Setting display colors

Selecting display mode

You can select the display mode of the LCD display from two modes: normal display
(background: black) or inverted display (background: white). In normal display, the colors
of items are preset so that you can recognize them easily on the display of the instrument.
On the other hand, in inverted display, they are preset to colors obtained by nearly inverting
the default settings of the normal display so that you can use data easily when storing it
into a graphic file.

The selection procedure is as follows:

Press (Display].

Press Invert Color to select the display color. OFF indicates the normal display; ON the
inverted display.

Setting display color for each item

You can set the display color to the normal display or the inverted display separately for
each of the following items.

(4 Data/memory trace

(4 Labels and lines of graphs

(4 File display of the limit test and limit lines
(4 Background
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You set the color of each item by specifying the amounts of red (R), green (G), and blue
(B) contained in the color. You can specify each level of R, G, and B in 6 steps (0 to 5).
Therefore, 216 colors in total are available by combining them. The table below shows the
R, G, and B values for the main colors as a reference.

Jjuswalnses|py GU!D,SS S

R |G |B R |G |B R |G |B
White 5 5 5 Gray 2 2 2 Black 0 0 0
Light red 5 3 3 Red 5 0 0 Dark red 2 0 0
Light yellow 5 5 3 Yellow 5 5 0 Dark yellow 2 2 0
Light green 3 5 3 Green 0 5 0 Dark green 0 2 0
Light cyan 3 5 5 Cyan 0 5 5 Dark cyan 0 2 2
Light blue 3 3 5 Blue 0 0 5 Dark blue 0 0 2
Light magenta 5 3 5 Magenta 5 0 5 Dark magenta 2 0 2

The setting procedure is as follows:

Press (System] .
Press Misc Setup.
Press Color Setup.

Press Normal (for normal display) or Invert (for inverted display).
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Setting Measurement Conditions
Setting Window Displays

Step 5. Press the softkey corresponding to the item for which you want to set the display color.

Softkey Function

Data Trace 1 to 9 Specifies the data trace of traces 1 to 9

Mem Trace 1to 9 Specifies the memory trace of traces 1 to 9

Graticule Main Specifies the graticule label and the outer lines of graphs
Graticule Sub Specifies the grid of graphs

Limit Fail Specifies the fail display in the limit test result

Limit Line Specifies the limit line

Background Specifies the background

Step 6. Press Red.

Step 7. Select the amount of red (R) from 0 to 5.

Step 8. Press Green.

Step 9. Select the amount of green (G) from 0 to 5.
Step 10. Press Blue.

Step 11. Select the amount of blue (B) from 0 to 5.

Resetting the display colors to the factory state

You can reset the display colors in normal display and inverted display to the preset factory
state.

The selection procedure is as follows:

Step 1. Press (System] .

Step 2. Press Misc Setup.

Step 3. Press Color Setup.

Step 4. Press Normal (for normal display) or Invert (for inverted display).
Step 5. Press Reset Color.

Step 6. Press OK.
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Calibration

This chapter describes the calibration processes that should be used with the Agilent
E5070B/E5071B.
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Calibration
Measurement Errors and their Characteristics

Measurement Errors and their Characteristics

It is important to understand the factors contributing to measurement errors in order to
determine the appropriate measures that should be taken to improve accuracy.
Measurement errors are classified into three categories:

¢ Drift errors
¢ Random errors

e Systematic errors

Drift Errors

Drift errors are caused by deviations in the performance of the measuring instrument
(measurement system) that occur after calibration. Major causes are the thermal expansion
of connecting cables and the thermal drift of the frequency converter within the measuring
instrument. These errors may be reduced by carrying out frequent calibrations as the
ambient temperature changes or by maintaining a stable ambient temperature during the
course of a measurement.

Random Errors

Random errors occur irregularly in the course of using the instrument. Since random errors
are unpredictable, they cannot be eliminated by calibration. These errors are further
classified into the following sub-categories depending on their causes.

* Instrument noise errors
*  Switch repeatability errors

* Connector repeatability errors

Instrument noise errors

Instrument noise errors are caused by electric fluctuations within components used in the
measuring instrument. These errors may be reduced by increasing the power of the signal
supplied to the DUT, narrowing the IF bandwidth, or enabling sweep averaging.

Switch repeatability errors

Switch repeatability errors occur due to the fact that the electrical characteristics of the
mechanical RF switch used in the measuring instrument change every time it is switched
on. These errors may be reduced by carrying out measurements under conditions in which
no switching operation takes place.

(You don’t need to worry about these errors since the ES070B/E5071B does not have
mechanical RF switches).

Connector repeatability errors

Connector repeatability errors are caused by fluctuations in the electrical characteristics of
connectors due to wear. These errors may be reduced by handling connectors with care.

92 Chapter4



Figure 4-1

Calibration
Measurement Errors and their Characteristics

Systematic Errors

Systematic errors are caused by imperfections in the measuring instrument and the test

setup (cables, connectors, fixtures, etc.). Assuming that these errors are repeatable (i.c.,
predictable) and their characteristics do not change over time, it is possible to eliminate
them mathematically at the time of measurement by determining the characteristics of

these errors through calibration. There are six types of systematic errors, as follows.

Errors caused by signal leaks in the measuring system:

+ Directivity

+ Isolation (cross-talk)

Errors caused by reflections in the measuring system:

* Source match

+ Load match

Errors caused by the frequency response of the receiver within the measuring instrument:
» Reflection tracking

* Transmission tracking

The E5070B/E5071B has two receivers for each test port, the reference receiver and the
test receiver (transmission measurement or reflection measurement). You can perform
measurements with both of these receivers at the same time. Figure 4-1 shows the
architecture of the test ports of the ES070B/E5071B and systematic errors.

E5070B/ES071B port architecture and systematic errors

E5070B/E5071B

® Reference receiver

-9
IJ I @ Test receiver

o
/ Option 213,214 :n=2
= --="[Directivit "t . L
Option 313,314:n=3
z |X B |X 5 |X

Option 413,414 :n=4
Port1 © Port 2 1[ = . Port n ¢

Isolation

Load match | Load match

T — v
C—E """"""""""" Frequency response "‘V"“‘/\\

Isolation

Si tch i i
ource matc + Reflection tracking

» Transmission tracking

e5070bue007
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Calibration
Measurement Errors and their Characteristics

Directivity error (Ed)

Directivity errors are caused by the fact that, in a reflection measurement, signals other
than the reflection signal from the DUT are received by receiver T1 (Figure 4-1) through
the directivity coupler. When a certain port is a stimulus port, this error can be defined as a
constant value for each stimulus port because the state of the termination at the other ports
does not change. The number of directivity errors of the ES070B/E5071B is the number of
stimulus ports you use.

Edl Directivity error of port 1
Ed2 Directivity error of port 2
Ed3*! Directivity error of port 3
Eda™? Directivity error of port 4

*1.Options 313, 314, 413, and 414 only
*2.Options 413 and 414 only

Isolation error (Ex)

An isolation error (crosstalk error) is caused by signals other than the transmission signal
of the DUT leaking to the test receiver of the transmission measurement port in
transmission measurement. When a certain port is a stimulus port, an isolation error is
defined for each of the other ports. Therefore, the number of isolation errors for the
E5070B/E5071B is the total number of combinations of stimulus ports and response ports.

Ex21,Ex31"!, and Ex41"2  Isolation error when port 1 is a stimulus port

Ex12, Ex32"!, and Ex42"2  Isolation error when port 2 is a stimulus port

Ex13*1, EX23*1, and Isolation error when port 3 is a stimulus port
Ex43"2
Ex14*2, EX24*2, and Isolation error when port 4 is a stimulus port
Ex34"2

*1.Options 313, 314, 413, and 414 only
*2.Options 413 and 414 only
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Calibration
Measurement Errors and their Characteristics

Source match error (Es)

A source match error is caused when the reflection signal of the DUT reflects at the signal
source and enters the DUT again. When a certain port is a stimulus port, this error can be
defined as a constant value for each stimulus port because the state of the signal source
switch does not change. The number of source match errors of the ES070B/E5071B is
equivalent to the number of stimulus ports you use.

Esl Source match error of port 1
Es2 Source match error of port 2
Es3™! Source match error of port 3
Es4™? Source match error of port 4

*1.Options 313, 314, 413, and 414 only
*2.0ptions 413 and 414 only

Load match error (El)

A load match error is caused when part of the signal transmitted in the DUT reflects at a
response port but not all of the signal is measured by the receiver of the response port.
When a certain port is a stimulus port, a load match error is defined for each of the other
ports. Therefore, the number of load match errors for the ES070B/E5071B is the total
number of combinations of stimulus ports and response ports.

EI21, EI31%!, and E141*2 Load match error when port 1 is a stimulus port
El12, E132*1, and E142*2 Load match error when port 2 is a stimulus port
E113"! E123*!, and E143*2  Load match error when port 3 is a stimulus port
El14™2, E124™2, and E134™2  Load match error when port 4 is a stimulus port

*1.Options 313, 314, 413, and 414 only
*2.0ptions 413 and 414 only

Reflection tracking error (Er)

A reflection tracking error is caused by the difference in frequency response between the
test receiver and the reference receiver of a stimulus port in reflection measurement. This
error can be defined as a constant value for each stimulus port because the combination of
the test receiver and the reference receiver of a stimulus port is always the same. The
number of reflection tracking errors for the ES070B/E5071B is simply the number of
stimulus ports you use.
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Erl Reflection tracking error of port 1
Er2 Reflection tracking error of port 2
Er3*! Reflection tracking error of port 3
Erda™? Reflection tracking error of port 4

*1.Options 313, 314, 413, and 414 only
*2.0ptions 413 and 414 only
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Calibration
Measurement Errors and their Characteristics

Transmission tracking error (Et)

A transmission tracking error is caused by the difference in frequency response between
the test receiver of a response port and the reference receiver of a stimulus port in
transmission measurement. When a certain port is a stimulus port, a transmission tracking
error is defined for each of the other ports. Therefore, the number of transmission tracking
errors for the ES070B/E5071B is the total number of combinations of stimulus ports and
response ports.

E21, E317!, and Et41™2 Transmission tracking error when port 1 is a stimulus port
Et12, Et327!, and Et42™2 Transmission tracking error when port 2 is a stimulus port
Et13"1, Et23"!, and Et43"2  Transmission tracking error when port 3 is a stimulus port
Et14"2 Et24™2 and Et34™2  Transmission tracking error when port 4 is a stimulus port

*1.Options 313, 314, 413, and 414 only
*2.Options 413 and 414 only
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Calibration
Calibration Types and Characteristics

Calibration Types and Characteristics

Table 4-1 shows the different types of calibrations and the features of each method.

Table 4-1 Calibration Types and Characteristics
Calibration Method Standard(s) Corrected Error Factor Measurement | Characteristics
Used Parameters
No calibration None None All parameters | ¢ Low accuracy
« Calibration not required
Response *OPEN or Following 2 error terms: S11 *Medium-level accuracy
Calibration™! SHORT"? *Reflection Tracking (Er) (Reflection *Quick calibration
LOAD"™ «Directivity (Ed)"> characteristics eIsolation calibration improves the
at 1 port) accuracy in a reflection
measurement of a DUT with high
return loss
*THRU Following 2 error terms: S21 *Medium-level accuracy
LOAD™? *Transmission Tracking (Et) (1 direction *Quick calibration
*Isolation (Ex)"> transmission eIsolation calibration improves the
characteristics accuracy in a transmission
at 2 ports) measurement of a device with high
insertion loss
1-Port Calibration ECal module Following 3 error terms: S11 «1-port measurement with the
(2-port/4-port) Directivity (Ed) (Reflection highest degree of accuracy
*Source Match (Es) characteristics *Quick calibration with low chance
*Reflection Tracking (Er) at 1 port) of operator error

*OPEN *Highly accurate 1-port
*SHORT measurement
*LOAD
Full 2-Port ECal module Following 12 error terms: S11,821,S12,S | <Highly accurate 2-port
Calibration™! (2-port/4-port) *Directivity (Ed1,Ed2) 22 measurement 4
*[solation (EXZl,EXlZ)*3 (All *Quick calibration with low chance
*Source Match (Es1,Es2) S-parameters of operator error
«Load Match (El1,EI2) at 2 ports)
*OPEN *Transmission Tracking *Highly accurate 2-port
*SHORT (Et21,Et12) measurement
*LOAD *Reflection Tracking (Er1,Er2)
*THRU
Full 3-Port ECal module Following 27 error terms: S11,821,S31,S | <Highly accurate 3-port
Calibration™>"! (2-port™®/ *Directivity (Ed1,Ed2,Ed3) 12,822,83281 | measurement™
4-port) *Isolation 3,523,833 *Quick calibration with low chance
(Ex21,Ex31,Ex12,Ex32,Ex13,Ex2 | (All of operator error
33 S-parameters
*OPEN «Source Match (Es1,Es2,Es3) at 3 ports) *Highly accurate 3-port
*SHORT *Load Match measurement 4
*LOAD (EI21,EI31,E112,E132,E113,E123)
*THRU

*Transmission Tracking
(Et21,Et31,Et12,Et32,Et13,Et23)
*Reflection Tracking (Er1,Er2,Er3)
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Calibration

Calibration Types and Characteristics

Table 4-1 Calibration Types and Characteristics
Calibration Method Standard(s) Corrected Error Factor Measurement | Characteristics
Used Parameters
Full 4-Port ECal module Following 48 error terms: S11,S21,S31,S | <Highly accurate 4-port
Calibration”7*! (2-port™®/ *Directivity (Ed1,Ed2,Ed3,Ed4) 41,812,822,83 | measurement ™
4-port) *Isolation 2,842,513,823 | «Quick calibration with low chance
(Ex21,Ex31,Ex41,Ex12,Ex32,Ex4 ,333,543,S14, of operator error compared with full
2,Ex13,Ex23,Ex43,Ex14,Ex24,Ex S24,S34,S44 4-port calibration using OPEN,
34)"3 (All SHORT LOAD, and THRU
*Source Match (Es1,Es2,Es3,Es4) S-parameters standards
*Load Match (El1,EI2,EI3,El4) at 4 ports)
*OPEN Transmission Tracking *Highly accurate 4-port
*SHORT (Et21,Et31,Et41,Et12,Et32,Et42,E measurement”
*LOAD t13,Et23,Et43,Et14,Et24,Et34)
*THRU *Reflection Tracking
(Erl,Er2,Er3,Er4)

*1. The user may select whether or not to carry out isolation calibration.
*2. A general principle is to use an open standard if the impedance of the device is larger than 50 €2 and a short standard if it is less.
*3. Only when isolation calibration is carried out. Isolation calibration is not performed when the 2-port ECal module and ECal

Assistant VBA macro are used.

*4.ECal, using the internal through, is less accurate than a mechanical through in transmission measurements if the latter is a perfect
zero-length through. Otherwise, ECal is equal to or more accurate than a mechanical through, except for the mechanical TRL

precision cal kits.

*5. Only for options 313, 314, 413, and 414.
*6. Used with the EcalAssistant VBA macro pre-installed in the E5070B/E5071B.

*7. Only for options 413 and 414
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Calibration
Checking Calibration Status

Checking Calibration Status

Execution status of error correction for each channel

You can check the error correction execution status for each channel with the error
correction status.

The error correction status is indicated in the channel status bar in the lower part of the
window by the symbols in the below table.

Symbol Execution status of error correction

Cor (displayed in blue) | Error correction: On (enabled for all traces)

Cor (displayed in gray) | Error correction: On (enabled for some traces)

Off (displayed in gray) | Error correction: Off

--- (displayed in gray) | Error correction: On (no calibration data)

C? (displayed in blue) | Error correction: On (Interpolation is being executed or the IF
bandwidth, power level, power range, sweep time, sweep delay time,
sweep mode, or sweep type is different from that when the calibration
was executed.)

C! (displayed in blue) | Error correction: On (Extrapolation is being executed.)

Execution status of error correction for each trace

You can check the status of the error correction actually executed for each trace with the
trace status area.

For a trace for which error correction is executed, the applied calibration type is indicated
in the trace status area by the symbols in the table below.

Symbol Calibration type
RO Open response calibration
RS Short response calibration
RT Thru response calibration
F1 1-port calibration
F2 Full 2-port calibration
F3 Full 3-port calibration”!
F4 Full 4-port calibration”!

*1.The simplified full 3-/4-port calibration that you can execute with the SCPI command,
which acquires the calibration coefficients by omitting a part of the thru measurement,
is not discriminated from the normal full 3-/4-port calibration, and F3/F4 is displayed.

If none of the symbols described above is displayed, error correction is not executed for the
trace.

For details on the trace status area, see “5-5. Trace Status Area” on page 46.
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Figure 4-2

NOTE

NOTE

Step 1.

Step 2.
Step 3.

Calibration
Checking Calibration Status

Acquisition status of calibration coefficient for each channel

You can check the acquisition status of the calibration coefficient for each channel with the
calibration property.

The calibration property displays the acquisition status of the calibration coefficient
between test ports for each channel in matrix format. Figure 4-2 shows an example when
the calibration coefficients have been acquired for the full 2-port calibration between test
ports 1 and 2, the response calibration for test port 3, and the response calibration (thru)
between test ports 4 and 3.

Example of calibration property display

Stimulus Port

/_‘_l

S
£ 12314
o 1FF-- F : Full Port Calibration
g R 2FF-- R : Response Calibration
5 3--R- — : Nothing
a 4 --R-
[
14

e5070bue059

The simplified full 3-/4-port calibration is not discriminated from the normal full port
calibration, and F is displayed.

Conditions for clearing already acquired calibration coefficients

In the following cases, already acquired calibration coefficients are cleared.

(d Executing preset clears all calibration coefficients.

(4 If S parameters required to calculate the calibration coefficient for the specified
calibration type and test ports and those required for the existing calibration coefficient
overlap, executing the acquisition of the calibration coefficient (measuring necessary
data and then pressing the Done softkey) clears the calibration coefficient for which
necessary S parameters overlap. Taking Figure 4-2 as an example, if you acquire the
calibration coefficient of the 1-port calibration for test port 4, neither calibration
coefficient is cleared. On the other hand, if you acquire the calibration coefficient for
the full 2-port calibration between test ports 2 and 3, the calibration coefficient of the
full 2-port calibration between test ports 1 and 2 and that of the response calibration for
test port 3 are cleared.

An asterisk (*) may appear in the upper-right area of the softkey displayed when selecting
a test port. This indicates that the existing calibration coefficient will be cleared if you
select the test port and execute the acquisition of the calibration coefficient.

Procedure to turn on/off calibration property display

Follow these steps to turn on/off the calibration property display.

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to turn on/off
the calibration property display.

Press _Cal ).
Press Property. Each press toggles the on/off setting.
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Calibration
Selecting Calibration Kit

Selecting Calibration Kit

Before executing calibration, you need to select a calibration kit.

If you use a calibration kit other than a predefined one, you need to define it. If the
connector type of the standard of the calibration kit you use has polarity (the distinction
between male and female), you need to change the standard class definition of the
calibration kit depending on the standard you actually use. For more information, see
“Changing the Calibration Kit Definition” on page 163.

If you select a predefined calibration kit, (m) and (f) in the name (label) of the standard
displayed in the softkey indicate male (m) and female (f) for the analyzer’s connector,
respectively.

Follow these steps to select the calibration kit.

Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to select the
calibration kit.

Press [_Cal ].

Press Cal Kit.

Select the calibration kit from the list below.

Softkey Function

85033E Selects the calibration kit “85033E”

85033D Selects the calibration kit “85033D”

85052D Selects the calibration kit “85052D”

85032F Selects the calibration kit “85032F”

85032B Selects the calibration kit “85032B”

85036B/E Selects the calibration kit “85036B/E” N
85031B Selects the calibration kit “85031B” ;!(?
85050C/D Selects the calibration kit “85050C/D” g?
User Selects the first user-defined calibration kit “User” §
User Selects the second user-defined calibration kit “User”

If the name (label) of the calibration kit has been changed, the label is displayed as the
softkey.

An asterisk (*) on the upper right of the softkey corresponding to a predefined calibration
kit indicates that its definition value has been changed from the factory setting by the user.
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Figure 4-4
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Calibration
OPEN/SHORT Response Calibration (reflection test)

OPEN/SHORT Response Calibration (reflection test)

In OPEN or SHORT response calibration, calibration data are measured by connecting an
OPEN or SHORT standard, respectively, to the desired test port. For frequency response,
these calibrations effectively eliminate the reflection tracking error from the test setup in a
reflection test using that port (Figure 4-3). It is also possible to carry out isolation
calibration with a LOAD standard during OPEN/SHORT response calibration. An
isolation calibration will eliminate the directivity error from the test setup in a reflection
test using that port (Figure 4-4).

1-Port error model (OPEN/SHORT response)

Y Siia Er: Reflection tracking

S11m o -

e5070aue148

1-Port error model (OPEN/SHORT response + isolation)

1—0
Er : Reflection tracking
Y
Ea ¥ Y S Ed : Directivity
S1m o <
E:

e5070aue149
Procedure

Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.

Press _Cal ].

Press Calibrate.
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Calibration
OPEN/SHORT Response Calibration (reflection test)

Step 4. Select OPEN or SHORT response calibration.

Softkey Function

Response (Open) Displays softkeys for performing an open response calibration
(response calibration with an OPEN standard)

Response (Short) Displays softkeys for performing a SHORT response calibration
(response calibration with a SHORT standard)
Step 5. Press Select Port.

Step 6. Select the test port upon which you will perform OPEN/SHORT response calibration.

Softkey Function
1 Selects port 1
2 Selects port 2
3 Selects port 3
4 Selects port 4
NOTE An asterisk (*) in the upper-right of the softkey indicates that the existing calibration

coefficient will be cleared if you select the test port and execute the acquisition of the
calibration coefficient (pressing Done).

Step 7. Depending on the selection made in Step 4, connect an OPEN or SHORT calibration
standard to the test port (connector to which the DUT is to be connected) selected in Step 6.

Figure 4-5 Connecting the standard at OPEN/SHORT response calibration
E5070B / E5071B

»

®

o

(<3

)

? 5

pu— pu— S

e5070bue008
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Calibration

OPEN/SHORT Response Calibration (reflection test)

Step 8. Press Open or Short to start the calibration measurement.

Step 9. Ifan isolation calibration must be performed using a LOAD standard, follow the procedure

below.

a. Connect a LOAD standard to the test port (connector to which the DUT is to be

connected) selected in Step 6.

Figure 4-6 Connecting the LOAD standard

E5070B / E5071B

Load

e5070bue009

b. Press Load (Optional) to start the measurement on the LOAD standard.

Step 10. Press Done to terminate the response calibration (and the LOAD isolation calibration)
process. Upon pressing this key, calibration coefficients will be calculated and saved. The

error correction function will also be automatically enabled.
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Figure 4-7

Figure 4-8

Step 1.

Step 2.
Step 3.
Step 4.
Step 5.
Step 6.

Calibration
THRU Response Calibration (transmission test)

THRU Response Calibration (transmission test)

In THRU response calibration, calibration data are measured by connecting a THRU
standard to the desired test port. This calibration effectively eliminates the frequency
response transmission tracking error from the test setup in a transmission test using that
port (Figure 4-7). It is also possible to carry out an isolation calibration using a LOAD
standard in the process of THRU response calibration. An isolation calibration will
eliminate isolation error (crosstalk error) from the test setup in a transmission test using
that port.

2-Port error model (thru response)

1—»o0 > > © S21m Et: Transmission tracking

e5070aue150

2-Port Error model (thru response + isolation)

Et : Transmission tracking
1—>0 > > 0 Soim Ex : Isolation (Crosstalk)

e5070auel151

Procedure

Press (Channel Next ] or (Channel Prev | to select the channel for which you want to perform the
calibration.

Press [_Cal ].

Press Calibrate.

Press Response (Thru).
Press Select Ports.

Select the test ports (and corresponding S parameters) upon which a THRU response
calibration is to be performed.

Softkey Function

2-1(S21) Selects test port 2 (input) and test port 1 (output); Corresponds to the
determination of Sy

Chapter 4 105

»
®
Qo
=
g
V)
=
o
S




Calibration
THRU Response Calibration (transmission test)

Softkey Function
3-1(S31) Selects test port 3 (input) and test port 1 (output); Corresponds to the
determination of Sy,

4-1 (S41) Selects test port 4 (input) and test port 1 (output); Corresponds to the
determination of Sy,

1-2 (812) Selects test port 1 (input) and test port 2 (output); Corresponds to the
determination of S,

3-2 (S32) Selects test port 3 (input) and test port 2 (output); Corresponds to the
determination of S5,

4-2 (S42) Selects test port 4 (input) and test port 2 (output); Corresponds to the
determination of Sy,

1-3 (S13) Selects test port 1 (input) and test port 3 (output); Corresponds to the
determination of S5

2-3 (S23) Selects test port 2 (input) and test port 3 (output); Corresponds to the
determination of Sy

4-3 (S43) Selects test port 4 (input) and test port 3 (output); Corresponds to the
determination of Sy3

1-4 (S14) Selects test port 1 (input) and test port 4 (output); Corresponds to the
determination of S4

2-4 (S24) Selects test port 2 (input) and test port 4 (output); Corresponds to the
determination of Sy,

3-4 (S34) Selects test port 3 (input) and test port 4 (output); Corresponds to the
determination of S34

NOTE An asterisk (*) in the upper right of the softkey indicates that the existing calibration
coefficient will be cleared if you select the test port and execute the acquisition of the
calibration coefficient (pressing Done).

Step 7. Make a THRU connection between the test ports (between the connectors to which the
DUT will be connected) selected in Step 6.

Figure 4-9 Connecting at thru response calibration

E5070B / E5071B

{hp

Through connection

e5070bue010
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Calibration
THRU Response Calibration (transmission test)

Step 8. Press Thru to start the calibration measurement.

Step 9. If an isolation calibration must be performed using a LOAD standard, follow the procedure
below.

a. Connect a LOAD standard to each of the two test ports (connectors to which the DUT
is to be connected) selected in Step 6.

Figure 4-10 Connecting the LOAD standard

E5070B / E5071B

Load Load

e5070bue011

b. Press Isolation (Optional) to start the calibration measurement.

Step 10. Press Done to terminate the response calibration (and the load isolation calibration)
process. Upon pressing this key, calibration coefficients will be calculated and saved. The

error correction function will also be automatically enabled.
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Calibration
1-Port Calibration (reflection test)

1-Port Calibration (reflection test)

In I-port calibration, calibration data are measured by connecting an OPEN standard, a
SHORT standard, and a LOAD standard to the desired test port. This calibration effectively
eliminates the frequency response reflection tracking error, directivity error, and source
match error from the test setup in a reflection test using that port (Figure 4-11).

Figure 4-11 1-Port error model (1-port calibration)

Er : Reflection tracking

Eq ¥ AEs Y Sua Ed : Directivity
Es : Source match

Siv o -
E:
e5070aue152
Procedure
Figure 4-12 Connecting the standard for 1-port calibration
E5070B / E5071B
@
\w— w—

Open Short Load

e5070bue012
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Step 1.

Step 2.
Step 3.
Step 4.
Step 5.
Step 6.

NOTE

Step 7.

Step 8.
Step 9.

Step 10.
Step 11.

Step 12.
Step 13.

Calibration
1-Port Calibration (reflection test)

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to perform the
calibration.

Press [_Cal ].

Press Calibrate.

Press 1-Port Cal.
Press Select Port.

Select a test port (and corresponding S parameter) on which 1-port calibration will be
performed.

Softkey Function

1 Selects port 1
2 Selects port 2
3 Selects port 3
4 Selects port 4

An asterisk (*) in the upper-right of the softkey indicates that the existing calibration
coefficient will be cleared if you select the test port and execute the acquisition of the
calibration coefficient (pressing Done).

Connect an OPEN calibration standard to the test port (connector to which the DUT is to be
connected) selected in Step 6.

Press Open to start the calibration measurement.

Connect a SHORT calibration standard to the test port (connector to which the DUT is to
be connected) selected in Step 6.

Press Short to start the calibration measurement.

Connect a LOAD calibration standard to the test port (connector to which the DUT is to be
connected) selected in Step 6.

Press Load to start the calibration measurement.

Press Done to terminate the 1-port calibration process. Upon pressing this key, calibration
coefficients will be calculated and saved. The error correction function will also be

automatically enabled.
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Figure 4-13

Calibration
Enhanced Response Calibration

Enhanced Response Calibration

In enhanced response calibration, calibration data are measured by connecting an OPEN
standard, a SHORT standard, or a LOAD standard to the output port (or a THRU standard
between two ports).This calibration effectively eliminates the directivity error, crosstalk,
source match error, frequency response reflection tracking error, and frequency response
transmission tracking error from the test setup in a transmission or reflection test using

those ports (Figure 4-13).

2-Port Error Model (Enhanced Response)
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Calibration
Enhanced Response Calibration

Procedure
Figure 4-14 Connecting the Standard at Enhanced Response Calibration
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Step 1.

Step 2.
Step 3.
Step 4.

Step 5.

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to perform the
calibration.

Press [_Cal ].

Press Calibrate.

Press Enhanced Response.

Press Ports to select the test ports on which an enhanced response calibration will be
performed.)

Softkey display Function

2-1(S21 811) Measure between test port 1 and 2 with selecting the port 1 as output.

3-1(S31 811) Measure between test port 1 and 3 with selecting the port 1 as output.

4-1(S41 S11) Measure between test port 1 and 4 with selecting the port 1 as output.

1-2(S12 S22) Measure between test port 2 and 1 with selecting the port 2 as output.

3-2(S32 S22) Measure between test port 2 and 3 with selecting the port 2 as output.

4-2(S42 S22) Measure between test port 2 and 4 with selecting the port 2 as output.
1-3(S13 S33) Measure between test port 3 and 1 with selecting the port 3 as output.
2-3(S23 S33) Measure between test port 3 and 2 with selecting the port 3 as output.

4-3(S43 S33) Measure between test port 3 and 4 with selecting the port 3 as output.
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NOTE

Step 6.
Step 7.
Step 8.

Step 9.
Step 10.

Step 11.
Step 12.
Step 13.
Step 14.

Step 15.
Step 16.

Calibration
Enhanced Response Calibration

Softkey display Function

1-4(S14 S44) Measure between test port 4 and 1 with selecting the port 4 as output.
2-4(S24 S44) Measure between test port 4 and 2 with selecting the port 4 as output.
3-4(S34 S44) Measure between test port 4 and 3 with selecting the port 4 as output.

An asterisk (*) in the upper right of the softkey indicates that, if you select the test port and
execute the acquisition of the calibration coefficient (press Done), the existing calibration
coefficient will be cleared.

Connect an OPEN calibration standard to the output port.
Press Open to start the calibration measurement.

Disconnect the OPEN calibration standard that was connected in Step 8 and replace it with
a SHORT calibration standard.

Press Short to start the calibration measurement.

Disconnect the SHORT calibration standard that was connected in Step 8 and replace it
with a LOAD standard.

Press Load to start the calibration measurement.
Make a THRU connection between the two ports.
Press Thru to start the calibration measurement.

If an isolation calibration must be performed using a LOAD standard, follow the procedure
below.

¢. Connect a LOAD standard to the two test ports.
d. Press Isolation (Optional) to start the calibration measurement.
Press Return.

Press Done to terminate the enhanced response calibration process. Upon pressing the key,
calibration coefficients will be calculated and saved. The error correction function will also

be automatically enabled.
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Calibration
Full 2-Port Calibration

Full 2-Port Calibration

In full 2-port calibration, calibration data are measured by connecting an OPEN standard, a
SHORT standard, or a LOAD standard to two desired test ports (or a THRU standard
between two ports).This calibration effectively eliminates the directivity error, crosstalk,
source match error, frequency response reflection tracking error, and frequency response
transmission tracking error from the test setup in a transmission or reflection test using
those ports (Figure 4-15). This calibration makes it possible to perform measurements with
the highest possible accuracy. A total of twelve error terms, six each in the forward
direction and the reverse direction, are used in a calibration.

Figure 4-15 Full 2-port error model (forward)
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Calibration
Full 2-Port Calibration

Procedure
Figure 4-16 Connecting standards in full 2-port calibration
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Step 1. Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.

Step 2. Press _Cal J.

Step 3. Press Calibrate.

Step 4. Press 2-Port Cal.
Step 5. Press Select Ports.

Step 6. Select the test ports on which you will perform full 2-port calibration. (In the procedure
below, the selected test ports are denoted as x and y.)

Softkey Function

1-2 Selects test ports 1 and 2
1-3 Selects test ports 1 and 3
1-4 Selects test ports 1 and 4
2-3 Selects test ports 2 and 3
2-4 Selects test ports 2 and 4
3-4 Selects test ports 3 and 4

NOTE An asterisk (*) in the upper-right of the softkey indicates that the existing calibration

coefficient will be cleared if you select the test port and execute the acquisition of the
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Step 7.
Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

Step 14.
Step 15.
Step 16.
Step 17.

Step 18.

Step 19.
Step 20.

Step 21.
Step 22.

Calibration
Full 2-Port Calibration

calibration coefficient (pressing Done).

Press Reflection.

Connect an OPEN calibration standard to test port x (the connector to which the DUT is to
be connected) selected in Step 6.

Press Port x Open to start the calibration measurement (x denotes the test port to which the
standard is connected).

Disconnect the OPEN calibration standard that was connected in Step 8 and replace it with
a SHORT calibration standard.

Press Port x Short to start the calibration measurement (x denotes the test port to which the
standard is connected).

Disconnect the SHORT calibration standard that was connected in Step 10 and replace it
with a LOAD standard.

Press Port x Load to start the calibration measurement (x denotes the test port to which the
standard is connected).

Repeat Step 8 to Step 13 for port y.
Press Return.
Press Transmission.

Make a THRU connection between ports x and y (between the connectors to which the
DUT is to be connected) selected in Step 6.

Press Port x-y Thru to start the calibration measurement (x and y denote the test ports
between which the THRU connection is being made).

Press Return.

If an isolation calibration must be performed using a LOAD standard, follow the procedure
below.

a. Press Isolation (Optional).

b. Connect a LOAD standard to each of the two test ports (connectors to which the DUT
is to be connected) selected in Step 6.

c. Press Port x-y Isol to start the calibration measurement (x and y denote the port
numbers to which the LOAD standard is connected).

Press Return.

Press Done to terminate the full 2-port calibration process. Upon pressing this key,
calibration coefficients will be calculated and saved. The error correction function will also

be automatically enabled.
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Figure 4-17

Calibration
Full 3-Port Calibration

Full 3-Port Calibration

In full 3-port calibration, calibration data are measured by connecting an OPEN standard, a
SHORT standard, or a LOAD standard to three desired test ports (or a THRU standard
between three ports). This calibration effectively eliminates the directivity error, crosstalk,
source match error, load match error, frequency response reflection tracking error, and
frequency response transmission tracking error from the test setup in a transmission or
reflection test using those ports (Figure 4-17). As in full 2-port calibration, this calibration
method also makes it possible to perform measurements with the highest possible
accuracy. There are unique error terms for directivity, source match, and reflection tracking
for each stimulus test port (3 x 3 ports = 9). As for isolation, load match, and transmission
tracking errors, there are unique terms for each combination between a stimulus port and a
response port (3 X 6 combinations = 18). Therefore, in total, 27 error terms are involved in
a full 3-port calibration.

Full 3-port error model (Option 313, 314, 413, and 414)

Directivity : Ed1, Ed2, Ed3
Isolation : Ex21, Ex31,
Ex12, Ex32,
Ex13, Ex23,
Source match : Es1, Es2, Es3
Load match : E21, Ei31,
Enz, Eiz2,
En3s, EN23,

Reflection Tracking :  Er1, Er2, Er3

Transmission tracking : Et21, Et31,
Et12, Et32,
Et13, Et23,

e5070aue145
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Calibration
Full 3-Port Calibration

Procedure
Figure 4-18 Connecting standards in full 3-port calibration
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Step 1. Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.

Step 2. Press _Cal J.

Step 3. Press Calibrate.

Step 4. Press 3-Port Cal.

N
Step 5. Press Select Ports. n(?
Step 6. Select the test ports on which you will perform full 3-port calibration. (In the procedure g
below, the selected test ports are denoted as X, y, and z.) s
35
Softkey Function

1-2-3 Selects test ports 1, 2, and 3

1-2-4 Selects test ports 1, 2, and 4

1-3-4 Selects test ports 1, 3, and 4

2-3-4 Selects test ports 2, 3, and 4

NOTE An asterisk (*) in the upper-right of the softkey indicates that the existing calibration

coefficient will be cleared if you select the test port and execute the acquisition of the
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Step 7.
Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

Step 14.
Step 15.
Step 16.
Step 17.
Step 18.

Step 19.

Step 20.
Step 21.
Step 22.
Step 23.

Step 24.
Step 25.

Calibration
Full 3-Port Calibration

calibration coefficient (pressing Done).

Press Reflection.

Connect an OPEN calibration standard to test port x (the connector to which the DUT is to
be connected) selected in Step 6.

Press Port x Open to start the calibration measurement (x denotes the test port to which the
standard is connected).

Disconnect the OPEN calibration standard that was connected in Step 8 and replace it with
a SHORT calibration standard.

Press Port x Short to start the calibration measurement (x denotes the test port to which the
standard is connected).

Disconnect the SHORT calibration standard that was connected in Step 10 and replace it
with a LOAD standard.

Press Port x Load to start the calibration measurement (x denotes the test port to which the
standard is connected).

Repeat Step 8 to Step 13 on port y.
Repeat Step 8 to Step 13 on port z.
Press Return.

Press Transmission.

Make a THRU connection between ports x and y (between the connectors to which the
DUT will be connected) selected in Step 6.

Press Port x-y Thru to start the calibration measurement (x and y denote the test ports
between which a THRU connection is being made).

Repeat Step 18 and Step 19 on ports x and z.
Repeat Step 18 and Step 19 on ports y and z.
Press Return.

If an isolation calibration must be performed using a LOAD standard, follow the procedure
below.

a. Press Isolation (Optional).

b. Connect a LOAD standard to each of the three test ports X, y, and z (the connectors to
which the DUT is to be connected) selected in Step 6.

c. Press Port x-y Isol to start the calibration measurement.
d. Press Port x-z Isol to start the calibration measurement.

e. Press Port y-z Isol to start the calibration measurement.
Press Return.

Press Done to terminate the full 3-port calibration process. Upon pressing this key,
calibration coefficients will be calculated and saved. The error correction function will also

be automatically enabled.
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Figure 4-19

Calibration
Full 4-Port Calibration

Full 4-Port Calibration

In full 4-port calibration, calibration data are measured by connecting an OPEN standard, a
SHORT standard, or a LOAD standard to the four test ports (or a THRU standard between
the four ports). This calibration effectively eliminates the directivity error, crosstalk, source
match error, load match error, frequency response reflection tracking error, and frequency
response transmission tracking error from the test setup in a transmission or reflection test
using those ports (Figure 4-19). As in full 2-port calibration, this calibration method also
makes it possible to perform measurements with the highest possible accuracy. There are
unique error terms for directivity, source match, and reflection tracking for each stimulus
test port (3 x 4 ports = 12). As for isolation, load match, and transmission tracking errors,
there are unique terms for each combination between a stimulus port and a response port (3
x 12 combinations = 36). Therefore, in total, 48 error terms are involved in a full 4-port
calibration.

Full 4-port error model (Option 413 and 414)

Directivity : Ed1, Ed2, Ed3, Ed4

Isolation : Ex21, Ex31, Ex41,
Ex12, Ex32, Ex42,
Ex13, Ex23, Ex43,
Ex14, Ex24, Exa4,

Source match : Es1, Es2, Es3, Es4

Load match : Ei21, EI31, El41,
Enz, Ei32, El42,
Ens, Ez3, El43,

El4, Ei24, Ei34,
Reflection Tracking :  Er1, Er2, Er3, Er4
Transmission tracking : Et21, Et31, Et41,
Et12, Et32, Et42,
Et13, Et23, Et43,
Et14, Et24, Et34,

e5070aue146
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Calibration
Full 4-Port Calibration

Procedure
Figure 4-20 Connecting standards in full 4-port calibration
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Step 1.

Step 2.
Step 3.
Step 4.
Step 5.
Step 6.

Step 7.
Step 8.

Step 9.
Step 10.

Step 11.
Step 12.

Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.

Press .

Press Calibrate.

Press 4-Port Cal.
Press Reflection.

Connect an OPEN calibration standard to test port 1 (the connector to which the DUT is to
be connected).

Press Port 1 Open to start the calibration measurement.

Disconnect the OPEN calibration standard connected in Step 6 and replace it with a
SHORT calibration standard.

Press Port 1 Short to start the calibration measurement.

Disconnect the SHORT calibration standard connected in Step 8 and replace it with a
LOAD calibration standard.

Press Port 1 Load to start the calibration measurement.

Repeat Step 6 to Step 11 on test port 2.
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Step 13.
Step 14.
Step 15.
Step 16.

Step 17.

Step 18.
Step 19.
Step 20.
Step 21.
Step 22.
Step 23.
Step 24.
Step 25.

Step 26.
Step 27.

Calibration
Full 4-Port Calibration

Repeat Step 6 to Step 11 on test port 3.
Repeat Step 6 to Step 11 on test port 4.
Press Return.

Press Transmission.

Make a THRU connection between ports 1 and 2 (between the connectors to which the
DUT will be connected).

Press Port 1-2 Thru to start the calibration measurement.
Repeat Step 17 and Step 18 on ports 1 and 3.

Repeat Step 17 and Step 18 on ports 1 and 4.

Repeat Step 17 and Step 18 on ports 2 and 3.

Repeat Step 17 and Step 18 on ports 2 and 4.

Repeat Step 17 and Step 18 on ports 3 and 4.

Press Return.

If an isolation calibration must be performed using a LOAD standard, follow the procedure
below.

a. Press Isolation (Optional).

b. Connect a LOAD standard to each of the four test ports (connectors to which the DUT
is to be connected).

¢. Press Port 1-2 Isol to start the calibration measurement.
d. Press Port 1-3 Isolto start the calibration measurement.
e. Press Port 1-4 Isol to start the calibration measurement.
f. Press Port 2-3 Isol to start the calibration measurement.
g. Press Port 2-4 Isol to start the calibration measurement.

h. Press Port 3-4 Isol to start the calibration measurement.
Press Return.

Press Done to terminate the full 4-port calibration process. Upon pressing this key,
calibration coefficients will be calculated and saved. The error correction function will also
be automatically enabled. By pressing Done, previously saved calibration coefficients will

be overwritten with new calibration coefficients.
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Step 1.

Step 2.

NOTE

NOTE

Figure 4-21

Step 3.

Calibration
ECal (electronic calibration)

ECal (electronic calibration)

ECal is a calibration method that uses solid-state circuit technology. ECal offers the
following advantages:

e Simplified calibration process.
e Shorter time required for calibration.
* Reduced chance of erroneous operation.

« Little degradation of performance due to wear because the ECal module employs PIN
diodes and FET switches.

1-Port Calibration Using a 2-Port ECal Module
Follow the procedure below to perform a 1-port calibration using the 2-port ECal module.

Connect the USB port on the ECal module with the USB port on the ES070B/E5071B via a
USB cable. This connection may be made while the ES070B/E5071B’s power is on.

Connect a port on the ECal module to the test port to be calibrated.

You can connect the ports of the ECal and the test ports of the ES070B/E5071B arbitrarily.
The connected ports are detected before data measurement.

If you don’t use all of the ECal module’s ports, connect terminations to the unused ports.

Connecting ECal module (1-port calibration)

E5070B / E5071B
USB
- ©
\u— —7
USB cable
>
ECal module
=

e€5070bue016

Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.
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Step 4.
Step 5.
Step 6.
Step 7.

Step 1.

Step 2.

Calibration
ECal (electronic calibration)

Press [_Cal ].
Press ECal.
Press 1 Port ECal.

Perform a 1-port calibration.

Softkey Function

Port 1 Performs a 1-port calibration on test port 1
Port 2 Performs a 1-port calibration on test port 2
Port 3*! Performs a 1-port calibration on test port 3
Port 42 Performs a 1-port calibration on test port 4

*1.0nly with Options 313, 314, 413, and 414.
*2.0nly with Options 413 and 414.

Full 2-Port Calibration Using the 2-Port ECal Module

Follow the procedure below to perform a full 2-port calibration using the 2-port ECal
module.

Connect the USB port on the ECal module with the USB port on the ES070B/E5071B via a
USB cable. This connection may be done while the ES070B/E5071B’s power is on.

Connect port A and port B on the ECal module to the test ports to be calibrated.

NOTE

You can connect the ports of the ECal and the test ports of the ES070B/E5071B arbitrarily.

Figure 4-22

Connecting ECal module (full 2-port calibration)

E5070B / E5071B
>
o
QO
o
S
z
USB >
[ ] [»] [~}
4 1/
ECal
USB cable module
A B[Z

e5070bue017
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Calibration
ECal (electronic calibration)

Step 3. Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.

Step 4. Press _Cal ].
Step 5. Press ECal.

Step 6. To enable isolation calibration, press Isolation and confirm that the display has turned ON.

Step 7. Press 2 Port ECal. When using a 2-port ES070B/E5071B (Option 213 or 214), pressing
this key performs a 2-port ECal.

Step 8. When using a 3-port or 4-port ES070B/E5071B (Option 313, 314, 413, or 414), press one
of the softkeys below to start a full 2-port calibration.

Softkey Function

Port 1-2 Performs a full 2-port calibration between test ports 1 and 2
Port 1-3 Performs a full 2-port calibration between test ports 1 and 3
Port 1-4°! Performs a full 2-port calibration between test ports 1 and 4
Port 2-3 Performs a full 2-port calibration between test ports 2 and 3
Port 2-4"1 Performs a full 2-port calibration between test ports 2 and 4
Port 3-4°! Performs a full 2-port calibration between test ports 3 and 4

*1.0nly with Options 413 and 414

124 Chapter4



Calibration
Full 3-Port and Full 4-Port Calibration using 2-Port ECal

Full 3-Port and Full 4-Port Calibration using 2-Port ECal

A VBA macro (ECal Assistant) is pre-installed in the ES070B/E5071B to carry out a full
3-port or a full 4-port calibration using the 2-port ECal.

NOTE

ECal Assistant does not perform isolation calibration.

Figure 4-23

Figure 4-24

Step 1.

Step 2.
Step 3.
Step 4.

Step 5.

Step 6.

Step 7.

Operational procedure

Connect the USB port of the ECal module to the USB port on the ES070B/E5071B with a
USB cable. The connection may be made while the ES070B/E5071B’s power is on.

Press | Macro Setup |.

Press Load Project.

From the Open dialog box, select the VBA project file “D:\Agilent\ECalAssistant. VBA”
and press the Open button.

Press (Macro Run].
The dialog box shown in Figure 4-23 appears.

ECalAssistant (start) dialog box

ECalAssistant W_D0.04 E

FCalAssistant

Copyright {c) 2001 Agilent Technologies, Inc.

ea070auj1 38

Press the Next button.

The dialog box shown in Figure 4-24 appears.

ECalAssistant (Port/Channel Selection) dialog box

ECalAssistant W_D0.04 E
Select Parts Select Channel
@3- port
I 1-2-3 'l Channel I L 'l
4 - port

Cancel | = Bath: | Mexk = I [EasUrE: |

ea070au0ss

In the Select Ports area, click and select the 3-Port (for a full 3-port calibration) or the
4-Port (for a full 4-port calibration) radio button.
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Figure 4-25

Figure 4-26

Step 8.

Step 9.
Step 10.

Step 11.

Step 12.

Step 13.

Calibration
Full 3-Port and Full 4-Port Calibration using 2-Port ECal

When a full 3-port calibration is carried out on an ES070B/E5071B with option 413 or 414,
select the test ports to be calibrated from the drop-down list box below the 3-Port button
(either 1-2-3, 1-2-4, 1-3-4, or 2-3-4).

In the Select Channel area, select the channel to be calibrated (one of channels 1 ~9).
Press the Next button.
The dialog box shown in Figure 4-25 appears.

ECalAssistant (Connection) dialog box

ECalAssistant W_D0.04 E

Connect ECal module port < & =, < B >

ko M& pork <1 =, <2 =,

Cancel | = Bath: | [EE = | Measure I

ea070au0se

Following the connection diagram shown in the dialog box (Figure 4-25), connect ports A
and B of the ECal module to test ports on the ES070B/E5071B.

Note that the connection diagram shown in each dialog box that appears in each step
depends on the number of test ports on the ES070B/E5071B (option 313/314 or 413/414)
as well as the test port selection made in Step 8.

Press the Measure button to start the measurement of calibration data.
Upon completion of measurement, the dialog box shown in Figure 4-26 will be displayed.

ECalAssistant (Measurement Complete) dialog box

ECalAssistant W_D0.04 E

Click "Mext" to continue,

== =

Cancel |

ea070au1 39

Press the Next button.

The dialog box shown in Figure 4-27 appears.
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Calibration
Full 3-Port and Full 4-Port Calibration using 2-Port ECal

Figure 4-27 ECalAssistant (Connection) dialog box

ECalAssistant W_D0.04 E

ﬁ Connect ECal module port < A& =,<B =

bo MA pork <1 =<3 =,

Cancel | < Back | [EE = |

ea070au140

Step 14. Re-connect the ECal module following the instructions given in each dialog box and
continue the calibration process.

Step 15. When all calibration data have been collected, a dialog box with the Complete! sign
appears as shown in Figure 4-28. Press the Done button to finish the calibration. If you
wish to cancel the calibration, press the Cancel button.

Figure 4-28 EcalAssistant (Finish) dialog box

ECalAssistant W_D0.04 E

Click "Done" to update calibration data.

Click "Cancel" to discard.

Cancel < Back [EE = { Done

eal70au 41

»
®
Qo
(=3
-
QO
=
o
S

Chapter 4 127



Figure 4-29

Step 1.

Step 2.

NOTE

NOTE

Step 3.

Step 4.
Step 5.
Step 6.

Calibration
Calibration Using 4-port ECal

Calibration Using 4-port ECal

The E5070B/E5071B allows you to perform calibration using the 4-port ECal module. It
provides much simpler operation than when using the 2-port ECal. Especially when using a
multi-port test set, calibration time and operator errors can be reduced significantly.

Operational procedure

To execute full 2-port calibration using the 4-port ECal module, follow these steps.

Connect the USB cable between the USB port of the 4-port ECal module and the USB port
of the ES070B/E5071B. You can make this connection while the ES070B/E5071B’s power
is on.

Connect the ports of the 4-port ECal module to the test ports you want to calibrate.

Connecting 4-port ECal module (for full 4-port calibration)

E5070B / E5071B

USB |
Cable

[

| 4 Port ECal

Module

e5070bue018

You can connect the ports of the 4-port ECal and the test ports of the ES070B/E5071B
arbitrarily. The connected ports are detected before data measurement.

If you don’t use all of the ECal module’s ports, connect terminations to the unused ports.

Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to perform the
calibration.

Press .

Press ECal.

When you want to turn ON the isolation calibration, press Isolation (set to ON).
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Step 7. Select the calibration type based on the list below.

Softkey Function

1-Port ECal Selects 1-port calibration
2-Port ECal Selects full 2-port calibration
3-Port ECal’! Selects full 3-port calibration
4-Port ECal’? Selects full 4-port calibration
Thru ECal Selects thru calibration

*1.Options 313, 314, 413, and 414 only
*2.0ptions 413 and 414 only

Step 8. If you must select a port, the softkey for making this selection is displayed. Select a port
and start calibration. If you do not have to select a port, this step is skipped.

Step 9. The E5070B/E5071B detects the test ports connected to the ECal and then measurement
starts.

NOTE If a test port to be calibrated is not connected to the ECal module, an error occurs.
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Performing TRL/LRM Calibration

Use the following VBA macro to perform the TRL/LRM calibration.

Folder VBA macro name (project name)

D:\Agilent TRL _LRM cal.vba

This VBA macro lets you perform 2-/3-/4-port TRL/LRM calibration for any selected port.

TRL/LRM calibration provides a level of accuracy equivalent to full 2-/3-/4-port
calibration using short, open, load, and thru (SOLT) standards.

To perform TRL calibration, you need to prepare thru, reflection (open or short), and line
standards. The thru and line must have the same reference impedance Z0 and transfer
constant (i.e., be the same material). In the case of LRM calibration, you need to prepare a
match instead of a line standard.

You can perform LRL calibration using a line standard instead of the thru standard because
this VBA macro lets you define an arbitrary value as the delay of the thru standard. To
perform LRL calibration, define the delay value of the line at the thru definition and then
measure the thru calibration data by using the line standard.

Note on use

Set the power level to -10 dBm or less in order to accurately measure a DUT close to the
open or short state.
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Figure 4-30

Step 1.

Calibration
Performing TRL/LRM Calibration

Operating procedure

1. Setting stimulus conditions
Set the stimulus conditions of the channel for which you perform the calibration.

For information on the setting procedure, see Chapter 3, “Setting Measurement
Conditions.”

2. Starting VBA macro
Load the VBA project for the TRL/LRM calibration and run it.

Press |_Macro Setup |

Step 2. Press Load Project.

Step 3. The Open dialog box appears. Specify the file name “D:\Agilent\ TRL LRM cal.vba” and

press the Open button.

Step 4. Press to start the macro.

Step 5. When the message shown in Figure 4-30 appears, press OK to turn off the system error

correction.

Turning off system error correction

1 Active ChfTrace 7 Response 3 Stimulus 4 Mkejanalysis S Instr State
pE 511 Log Mag 10.00

1-3.CaleDiff3

2-1 PrepDutMeas

2-2 kraceoukput

TRL/LRM Calibration Program Rev1.00 2-3.5etDemb

System Correction will be turned off,
Changing this setting will clear all calibration data.

Are wou sure you want ko continue

Cancel |

BAL_AMP_Demno

ImpedancePar...

MER_List_Chl

MER_Lisk_atri...

Unplug_USE

Return

[ Srar 200 kHz IFBM 70 kHz Stop $.5 GH: [EE
Meas | Run | Exl

25070buj099

NOTE

The System Correction OFF button does not appear when system error correction has
already been turned off.
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NOTE

Figure 4-31

NOTE

Step 1.

Calibration
Performing TRL/LRM Calibration

2-port TRL/LRM calibration operating procedure

1. Selecting Test Port

Select test ports (1 in Figure 4-31).

For more information on starting VBA macro, see “2. Starting VBA macro” on page 131.

TRL/LRM main control panel

TRL/LRM Calibration Program Rev1.00  Copyright {c) 2003 Agilent Technologies

e5070buj100

The TRL/LRM calibration VBA macro automatically detects the ENA’s active channel,
and calibration is performed for the active channel. The macro does not perform calibration
for the ENA’s inactive channels.

2. Defining Calibration Kit

Define the calibration kit you use.

Press the Define Cal kit button (2 in Figure 4-31) to bring up the calibration kit definition
screen shown in Figure 4-32.
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Figure 4-32 Calibration kit definition screen

Define Calkit

ZU[Ohm]

( « Short & Ope Delay[ps] 31.785

Match
Fl.il‘lel
"\ Delaylps)| sa.988 \ Freq[GHz] | 170 | 7.001 \
/

10 -~ Linez
I |f Celav[ge] | 13.013 Freq{G*(Z]l 6,999 -| 3z.001

— Line3
N Delav[ps]{ 13, 0/ Freq[GHZI I\Kg -| 3z.001

e5070bu 101 ! ! !

Step 2. Define each standard as follows:

Reference impedance (Z0)

Enter a value of the reference impedance of thru, line, and match (1 in Figure 4-32).

Reflection

Select a standard type (2 in Figure 4-32) and enter a delay value (3 in Figure 4-32) in ps.

Thru

Enter a delay value (4 in Figure 4-32) in ps. If necessary, also enter its offset loss value (5
in Figure 4-32) in GOhm/sec.
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Match

Enter a frequency range (6 in Figure 4-32) in GHz. Check the match you use for calibration
(7 in Figure 4-32).

Line
You can define 3 lines: Line 1, Line 2, and Line 3.

Enter a delay value (8 in Figure 4-32) in ps and enter a frequency range (9 in Figure 4-32)
in GHz.

Check the lines you use for calibration (7 in Figure 4-32).
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Step 3.
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Step 1.
Figure 4-33

Calibration
Performing TRL/LRM Calibration

When you define each calibration standard, the following points should be considered.

* Reference impedance Z0 must be set to the same value as the ENA’s system impedance
Z0 value.

*  When you use Line 1, Line 2, and Line 3, their defined frequency ranges must overlap
by at least 10 kHz.

Saving and loading calibration kit definitions

Press the Save button (11 in Figure 4-32) to save the definition of the current calibration
kit to a file. Press the Recall button (12 in Figure 4-32) to recall the definition of a
calibration kit from a previously saved file.

If you save as “D:\Agilent\Trldata\Default.dat,” the file is handled as the default definition
file. The default definition file is automatically recalled when the macro starts.

The factory-shipped default definition file has the same content as
“D:\Agilent\Trldata\SysDefault.dat.” Copy “D:\Agilent\Trldata\SysDefault.dat” to the
default definition file in order to restore the default definition file to its factory-shipped
condition.

Do not change “D:\Agilent\Trldata\SysDefault.dat.”

Initializing calibration kit definition

Press the default button (13 in Figure 4-32) to recall the definition of a calibration kit from
the default definition file (“D:\Agilent\Trldata\Default.dat”).

Press the Close button (14 in Figure 4-32) to finish defining the calibration kit.

3. Performing Calibration
Measure necessary calibration data and enable error correction.
The definition of the frequency range of the line standard used for measurement must cover

the sweep range of the channel for which you perform calibration.

If the Thru, Reflection, Match, and Line keys do not appear, go back to the calibration kit
definition menu and confirm that the frequency range definitions of match and lines are
correctly entered to cover the ENA’s measurement frequency range.

Measure calibration data.

In this example, 2-port TRL/LRM calibration between test ports 1 and 2 (1 in Figure 4-33)
is performed by using the Match, Line 1, and Line 2 standards.

Performing 2-port TRL/LRM calibration

TRL/LRM Calibration Program Rev1.00  Copyright (c) 2003 Agilent Technologies s

Préss [|Define Calkit]'

& Checl Magchfline3:3

€5070buj102
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Step 2. Press the Thru button (1 in Figure 4-34).

Step 3. Make the through condition for test ports 1 and 2 and press the [ ]Thru 1-2 button (2 in
Figure 4-34). The through measurement is performed, and an asterisk appears at the [ ]Thru
1-2 button and then a check mark [v] also appears on the Thru button.

Figure 4-34 Example of performing 2-port TRL/LRM calibration

imulus 4 Mirfanalysis S Instr State

[1 stam 300 ke 1FBW 70 kHz Stop 8.5 GHz [Bd |
TRL/LRM Calibration Program Rev1.00  Copyright{c)2003 Aglent Technologies (S

o I | EE RS R
gy 1\ JCON

€5070bujl 03

Step 4. Press the Reflection button (3 in Figure 4-34).

Step 5. Connect the Reflection standard to test port 1 and press the [ ]JReflection1 button. The
reflection measurement is performed, and an asterisk appears at the [ JReflection1 button.

Step 6. Connect the Reflection standard to test port 2 and press the [ ]JReflection2 button. The
reflection measurement is performed, and an asterisk appears at the [ ]JReflection2 button
and then a check mark [v] also appears on the Reflection button.

Step 7. Press the Match button (4 in Figure 4-34).

Step 8. Connect the Match standard to test port 1 and press the [ ]Match1 button. The match
measurement is performed, and an asterisk appears at the [ ]Match1 button.

Step 9. Connect the Match standard to test port 2 and press the [ ]Match2 button. The reflection
measurement is performed, and an asterisk appears at the [ ]Match2 button and then a
check mark [v] also appears on the Match button.
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Step 10. Press the Line1 button (5 in Figure 4-34).

Step 11. Connect the Line 1 standard between test ports 1 and 2 and press the [ ]JLine1 1-2 button.
The line measurement is performed, and an asterisk appears at the [ JLine1 1-2 button and
then a check mark [v] also appears on the Line1 button.

Step 12. Press the Line2 button (6 in Figure 4-34).

Step 13. Connect the Line 2 standard between test ports 1 and 2 and press the [ JLine2 1-2 button.
The line measurement is performed, and an asterisk appears at the [ ]JLine2 1-2 button and
then a check mark [v] also appears on the Line2 button.
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NOTE When the frequency ranges of the line and the match overlap, the data of the line is used in
the overlapped frequency area. When the frequency ranges of multiple lines overlap, the
data of the line measured later is used in the overlapped frequency areas.

NOTE Isolation calibration measurement is not available.

Step 14. When all of the necessary calibration measurements are completed, press the Update Cal
Coef button (7 in Figure 4-34). The calibration coefficient is calculated and the error
correction is turned ON. In the calibration property display (ON/OFF with [Cal] -
Property), the state is indicated by “F” (same as full n-port SOLT calibration).

4. Closing macro

Press the X button (8 in Figure 4-34) to exit from the macro.
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Figure 4-35

NOTE
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Multiport TRL/LRM calibration operating procedure

1. Selecting Test Port

Select test ports (1 in Figure 4-35). As shown in Figure 4-35, 3- and 4-port TRL/LRM
calibration can be performed with any combination of test ports.

For more information on starting a VBA macro, see “2. Starting VBA macro” on page
131.

Selecting test port

TFB 70 kHz Stop 8.5 GHz (Bl
jogram Revl1.DO  Copyright (c) 2003 Aglent Technologies e

AN
qr’ . Préss [|Dafitid CalkiE'l"
- Define Calkit & Check Match/Linel-3

€5070buj104

The TRL/LRM calibration VBA macro automatically detects the ENA’s active channel,
and calibration is performed for the active channel. The macro does not perform calibration
for the ENA’s inactive channels.

2. Defining Calibration Kit

For more information on defining a calibration kit, see “2. Defining Calibration Kit” on
page 132.

3. Performing Calibration

Measure the necessary calibration data and enable error correction.

The definition of the frequency range of the line standard used for measurement must cover
the sweep range of the channel for which you perform calibration.

If the Thru, Reflection, Match, and Line keys do not appear, go back to the calibration kit
definition menu and confirm that the frequency range definitions of match and lines are
correctly entered to cover the ENA’s measurement frequency range.

NOTE

In multiport TRL/LRM calibration, the through and line calibration measurements are not
performed for all of the paths among the test ports. The following table shows the
measured paths of the through and line calibration measurements. The through and line
calibration data of non-measured paths are mathematically derived from the through and
line calibration data of the measured paths.
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Figure 4-36

Step 1.

Step 2.
Step 3.

Step 4.

Calibration

Performing TRL/LRM Calibration

Ports: 1-2-3-4

Calibration Type Measurement ports of Measurement paths of Thru
Reflection and Match cal. and Line cal.

3-port TRL/LRM cal. for All ports (1, 2, and 3) 1-2 and 1-3

Ports: 1-2-3

3-port TRL/LRM cal. for All ports (1, 2, and 4) 1-2 and 1-4

Ports: 1-2-4

3-port TRL/LRM cal. for All ports (1, 3, and 4) 1-3 and 3-4

Ports: 1-3-4

3-port TRL/LRM cal. for All ports (2, 3, and 4) 2-3 and 3-4

Ports: 2-3-4

4-port TRL/LRM cal. for All ports (1, 2, 3, and 4) 1-2, 1-3, and 3-4

Measure calibration data.

In this example, 3-port TRL/LRM calibration for test ports 1, 2, and 3 (1 in Figure 4-36) is

performed by using the Match, Line 1, and Line 2 standards.

Performing multiport TRL/LRM calibration

TRL/LRM Calibration Program Rewl1.00

(ON anrtsI 1-2-3 -I'
Define Calkit
—

€5070buj105

Qd Tthru

[ Reflection ([ Match

O Linet

O Linez Lirez

@

Press the Thru button (2 in Figure 4-36).

Copyright {c) 2003 Agilent Technologies xl

Wntate:
&

Make the through condition for test ports 1 and 2 and press the [ ]Thru 1-2 button (1 in
Figure 4-37). The through measurement is performed, and an asterisk appears at the [ ]Thru

1-2 button.

Make the through condition for test ports 1 and 3, and press the [ JThru 1-3 button (2 in
Figure 4-37). The through measurement is performed, and an asterisk appears at the [ ]Thru
1-3 button and then a check mark [v] (3 in Figure 4-37) also appears on the Thru button.
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Figure 4-37

Step 5.
Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

Step 14.

Step 15.

Step 16.
Step 17.

Calibration
Performing TRL/LRM Calibration

Example of performing multiport TRL/LRM calibration

1 Active ChfTrace 2 Response 3 Stimulus 4 MkrfBnalysis S Instr State

S11 Log Mag 10 vef de
b_ 78 Mag User Menu

[*]Thru 1-2

(1 Start 300 kHz IFBW 70 kHz Stop 8.5 GHz (8|

TRL/LRM Calibration Program Rev1.00  Copyright (c) 2003 Agilent Technologies
//
Define Calkit ,r'
/

2004-06-
€5070bujl 06

Press the Reflection button (4 in Figure 4-37).

Connect the Reflection standard to test port 1 and press the [ ]Reflection1 button. The
reflection measurement is performed, and an asterisk appears at the [ ]JReflection1 button.

Connect the Reflection standard to test port 2 and press the [ ]Reflection2 button. The
reflection measurement is performed, and an asterisk appears at the [ JReflection2 button.

Connect the Reflection standard to test port 3 and press the [ ]Reflection3 button. The
reflection measurement is performed, and an asterisk appears at the [ ]Reflection3 button
and then a check mark [v] also appears on the Reflection button.

Press the Match button (5 in Figure 4-37).

Connect the Match standard to test port 1 and press the [ ]Match1 button. The match
measurement is performed, and an asterisk appears at the [ ]Match1 button.

Connect the Match standard to test port 2 and press the [ ]Match2 button. The match
measurement is performed, and an asterisk appears at the [ ]Match2 button.

Connect the Match standard to test port 3 and press the [ ]Match3 button. The match
measurement is performed, and an asterisk appears at the [ ]Match3 button and then a
check mark [v] also appears on the Match button.

Press the Line1 button (6 in Figure 4-37).

Connect the Line 1 standard between test ports 1 and 2 and press the [ ]JLine1 1-2 button.
The line measurement is performed, and an asterisk appears at the [ JLine1 1-2 button.

Connect the Line 1 standard between test ports 1 and 3 and press the [ ]Line1 1-3 button.
The line measurement is performed, and an asterisk appears at the [ JLine1 1-3 button and
then a check mark [v] also appears on the Line1 button.

Press the Line2 button (7 in Figure 4-37).

Connect the Line 2 standard between test ports 1 and 2, and press the [ ]JLine2 1-2 button.
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NOTE

NOTE

Step 19.

Calibration
Performing TRL/LRM Calibration

The line measurement is performed, and an asterisk appears at the [ JLine2 1-2 button.

Connect the Line 2 standard between test ports 1 and 3 and press the [ ]JLine2 1-3 button.
The line measurement is performed, and an asterisk appears at the [ ]Line2 1-3 button and
then a check mark [v] also appears on the Line2 button.

When the frequency ranges of the line and the match overlap, the data of the line is used in
the overlapped frequency area. When the frequency ranges of multiple lines overlap, the
data of the line measured later is used in the overlapped frequency areas.

Isolation calibration measurement is not available.

When all of the necessary calibration measurements are completed, press the Update Cal
Coef button (8 in Figure 4-37). The calibration coefficient is calculated and the error
correction is turned ON. In the calibration property display (ON/OFF with [Cal] -
Property), the state is indicated by “F” (same as full n-port SOLT calibration).

4. Closing macro

Press the X button (9 in Figure 4-37) to exit from the macro.
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Calibration between Ports of Different Connector Types

When you perform calibration between ports of different connector types, you need to use
a different calibration kit for each test port. In addition, for transmission measurement
between 2 ports, you need to use adapters suitable for the connector types of both ports.

For example, in order to perform full 2-port calibration between port 1 of an N-type
connector and port 2 of a 3.5-mm connector, you need to use an N-type connector
calibration kit (for example, 85032F) for reflection measurement of port 1, a 3.5-mm
connector calibration kit (for example, 85033E) for reflection measurement of port 2, and
an N-3.5-mm adapter for transmission measurement between ports 1 and 2.

Because you cannot use a different calibration kit for each port in normal calibration of the
E5070B/E5071B, you need to use the following VBA macro to perform calibration
between ports of different connector types.

Storage folder VBA macro name (project name)

D:\Agilent AdapterCharacterization.vba

Never delete this VBA macro. In such an event, even if you executed system recovery, this
VBA macro would not be recovered.

This VBA macro lets you select a calibration kit for each test port and each pair of test
ports when performing calibration and, in addition, lets you select any adapter (2-port
Touchstone file) whose characteristics have been determined for a standard between test
ports.

This VBA macro has an adapter characterization function to obtain the characteristics of an
adapter and save them to a 2-port Touchstone file. For more information, see “Adapter
Characterization” on page 146.
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Step 1.
Step 2.
Step 3.
Step 4.

Figure 4-38

NOTE

Calibration
Calibration between Ports of Different Connector Types

Operating procedure

This VBA macro changes the definition of the label of calibration kit 10 (calibration kit
corresponding to the lowest softkey) temporarily, performs calibration, and restore the
previous definition after completing calibration. Therefore, if the VBA macro is aborted
for some reason, the definition of calibration kit 10’s label may be lost.

When you use this VBA macro, it is recommended that you do not use calibration kit 10. If
you are using calibration kit 10, you should back up calibration kit 10 before using the
VBA macro.

To back up a calibration kit, use the VBA macro “SavRecCalKit.vba”. You can download
this VBA macro from our product information web site established for the Agilent
Technologies ES070B/E5071B.

1. Setting Stimulus Condition

Set the stimulus condition of the channel for which you will perform the calibration.

For information on the setting procedure, see Chapter 3, “Setting Measurement
Conditions.”

2. Starting VBA Macro
Load the VBA project and run it.

Press | Macro Setup |.
Press Load Project.

The Open dialog box appears. Specify the file name
“D:\Agilent\AdapterCharacterization.vba” and press the Open button.

Press (Macro Run]to start the macro (Figure 4-38).

Adapter Characterization macro

Adapter Characterization 2 3

i gnecifv Cal Kit b( Recall Cal Kit b
" Characterize Adapter Chan ; 4
5 et Adapter Calibration Mode 2]
/

e5070bzupjo11

3. Selecting a Channel
Select a channel (1 in Figure 4-38).

The selected channel has no relation to the active channel.

142 Chapter4



Figure 4-39

Figure 4-40

Step 1.

Step 2.

Step 3.

Step 4.

Calibration
Calibration between Ports of Different Connector Types

4. Setting Calibration Kit

Select a calibration kit for each test port and each pair of test ports and select a standard to
use for each reflection/transmission measurement.

Press the Specify Cal Kit button (2 in Figure 4-38).

The Specify Cal Kit dialog box (Reflection tab) shown in Figure 4-39 appears.

Specify Cal Kit dialog box (Reflection tab)

Specify Cal Kit [ %]
Reflection @"3 1
— Paork 1 Part 2 Part 3 // Part 4
cal kit > | ssomr  +| | ssomr  +| =
2
| e —_— a

—
Open J/Z."E)Een j I 2.0pen(m) j I 5.0pen(F) j I 2.0pen H"j‘
sh( | tshort = | tshortmy || 7shorpy ||| tshet x|

el W I 9.Broadbandj I 9.Broadbandj IW

e — I—

/

Recall /
) save Y 5
]

Gy

eS070bzupj0i12

For each test port, select a calibration kit (1 in Figure 4-39) and a standard to use in the
open/short/load reflection measurements from the calibration kits (2 in Figure 4-39).

Select the Thru tab (3 in Figure 4-39). The Specify Cal Kit dialog box (Thru tab) shown in
Figure 4-40 appears.

Specify Cal Kit dialog box (Thru tab)

Specify Cal Kit [ %]
1 2 3 4
Reflection Thru
|/ /7 /
Cal Kit Standard FWDhiRYS)

[ 5.5 ]|l e
port1 -3 || AdepterFie =] | [ ssmne =] ﬂl
pore1-4 || 85033 =[] 47heu = _| /5
porez-3 || 85032k [l tnThe

q
;I | Recall
Save ’,6
Fart 2 - 4 I Adapter File j I 3.5(F-N{m) ;I Rvsl 3.5 mm {f} - M {m) Adapter

part3-4 || AdapterFie | ([ smnim <ff evs | 17

Port1-2 Adapter Filelilg 3.5 mm {m) - M {m) Adapter

3.5 mm {m) - M {F) Adapter

3.5 mm {f) - M {F) Adapter

eS070bzupj013

For each test port, select a calibration kit (1 in Figure 4-40). In addition to the 10
calibration kits you can select for normal calibration, you can select Adapter File. When
you want to use the adapter as the standard, select Adapter File.

From the calibration kits you have selected, select a standard to use for transmission
measurement (2 in Figure 4-40). If you select Adapter File as the calibration kit, you can
select an adapter file (2-port Touchstone file) under the
D:\Agilent\Data\AdapterCharacterization folder as the standard. In this case, you have to
specify the port connection mode (FWD/RVS) between the ES070B/E5071B and the
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adapter (3 in Figure 4-40).

FWD | Port 1 of the adapter (port 1 of the 2-port Touchstone file) is connected to the test port of
the smaller port number of the ES070B/E5071B.

RVS | Port 2 of the adapter (port 2 of the 2-port Touchstone file) is connected to the test port of
the smaller port number of the ES070B/E5071B.

For example, when setting ports 2 to 4, if you want to connect port 1 of the adapter to test
port 4 of the ES070B/E5071B and port 2 of the adapter to test port 2 of the
E5070B/E5071B, select RVS as the port connection mode.

When you select Adapter File, the comment contained in the adapter file is displayed at 4
in Figure 4-40.

If the system Z0 written in the adapter file is different from the system Z0 of the
E5070B/E5071B, “file error” is displayed at 4 in Figure 4-40. In this case, you cannot set
the ES070B/E5071B to the adapter calibration mode.

Saving and loading calibration kit settings

You can save the selection of the calibration kit and standard for each test port (the setting
in the Reflection tab) and that for each pair of test ports (the setting in the Thru tab), as well
as load them for restoring whenever needed.

Press the Save button (5 in Figure 4-39 or 6 in Figure 4-40) to save the setting to a file.

Press the Recall button (4 in Figure 4-39 or 5 in Figure 4-40) or the Recall Cal Kit button
(3 in Figure 4-38) to recall the setting from the file.

If the calibration kit definition is changed after saving the file, resulting in a contradiction
between the information in the file and that in the calibration kit definition, you can no
longer recall the settings from the file.

Press the Close button (6 in Figure 4-39 or 7 in Figure 4-40) to finish the setting of the
calibration kits.

5. Performing Calibration

Set the ES070B/E5071B to the special calibration mode in which you can use a different
calibration kit for each test port (adapter calibration mode) and then perform the
calibration.

Press the Set Adapter Calibration Mode button (4 in Figure 4-38) to set the
E5070B/E5071B to the adapter calibration mode.

Do not terminate the VBA macro by force.

In the adapter calibration mode, if you terminate the VBA macro forcefully, for example,

with the key before returning to the normal calibration mode with the Exit
button, normal calibration can no longer be performed and the label of calibration kit 10
remains altered. To return to the normal calibration mode, restart the firmware of the
E5070B/E5071B. In this case, you cannot restore the label of calibration kit 10.
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Figure 4-41

Step 2.

Step 3.
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The screen showing the selected calibration kits for each test port and each pair of test ports
based on the setting in “4. Setting Calibration Kit” on page 143 appears (Figure 4-41).

Calibration kit setting display screen for adapter calibration mode

Cal kit name of reflection meas. Cal kittadapter name of transmission meas.
forport 1appears here hetween ports 2-4 appears here

Cal kitfadapter name of transmission meas.

between ports 1-3appears here Cal kit name of reflection
Cal kit'adapter name of transmission meas. meas. forport 2
between ports 1-2 appears here appears here

\

(3.52m2—~§m)) LI

&5070bsupelid / \ \

Cal kit'adapter nameof  Cq) kivadapter name of Cal kit narme of reflection
transmission meas. transmission meas. meas . forport 4 appears here
between ports 2-3 between ports 3-4

appears here appears here

Cal kitYadapter name of transmission meas.
Cal kit name of reflection meas. forport 3 hetween ports 1-4 appears here
appears here
(R at head of adapterindicates its directionis "RvS "
Adapter names shown withoutextension {.s2p).

The calibration procedure in the adapter calibration mode is the same as that in the normal
calibration except that the standard connected for each calibration data measurement
differs. Therefore, when performing this calibration, you must use the same softkeys (the

menu displayed by - Calibrate) you used in the normal calibration.

In the adapter calibration mode, the standard name is displayed in the softkey to perform
each calibration data measurement based on the setting in “4. Setting Calibration Kit” on
page 143.

Following the on-screen information in Figure 4-41 and the softkey label, connect the
appropriate standard and measure each type of calibration data to perform calibration.

After calibration, press the Exit button to return the ES070B/E5071B to the normal
calibration mode.

6. Closing VBA Macro

Press the Close button (5 in Figure 4-38) to close the macro.
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Adapter Characterization

To perform calibration between ports of different connector types, you have to obtain the
characteristics of the adapter for use in transmission measurement in advance.

The adapter characterization function lets you obtain the characteristics of the adapter
(S-parameter) and save them to a 2-port Touchstone file.

Use the following VBA macro to execute the adapter characterization.

Storage folder VBA macro name (project name)
D:\Agilent AdapterCharacterization.vba
NOTE Never delete this VBA macro. In that event, even if you executed system recovery, this

VBA macro would not be recovered.
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Concept

Adapter characterization is a function that calculates the S-parameters of an adapter based
on 3 measurement results obtained by using open/short/load standards connected to the test
port, via the adapter, for which 1-port calibration has been performed. This VBA macro
uses test port 1 for this measurement.

The S-parameters of the adapter can be calculated from the above 3 measurement results.
However, you can calculate the S-parameters more accurately by connecting the adapter to
the test port in the reverse direction, measuring 3 more results in the same way as above,
and using the above 3 results with the 3 new results (a total of 6 measurement results). This
VBA macro uses test port 2 for the measurement made when the adapter is connected in
the reverse direction.

Figure 4-42 Adapter characterization

Full 1 port calibration Full 1 port calibration

- | Open -E Open
--IIZI Short Test Port ZF* --F Short

v v

OPEN/SHORT/LOAD meas. OPEN/SHORT/LOAD meas.

--% Open
'-% Short Test Port 2% Adapter Hr

-
-

Test Port 1 ::I‘

-C Open

-‘Hl Short

-

Test Port 1||:| Adapter %4-

- Load - Load
»
&
Calc. 811, 821 (=812), and S22 Calc. S11, 821 (=812), and S22 &
based on singlle directional meas. based on bi-directional meas. §
=
S5

e5070bsupe015
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Figure 4-43

Step 1.
Step 2.
Step 3.

Step 4.

Step 5.

Calibration
Adapter Characterization

How to execute adapter characterization

1. Setting Stimulus Conditions

Set the stimulus conditions of the channel for which you will execute the adapter
characterization.

For information on the setting procedure, see Chapter 3, “Setting Measurement
Conditions.”

2. Performing Calibration

Perform 1-port calibration for test port 1 and test port 2 in the channel for which the
stimulus condition has been set. Use the connector type appropriate for the adapter for the
calibration surface of test port 1 and test port 2.

For information on the procedure for performing this calibration, see “1-Port Calibration
(reflection test)” on page 108.

3. Starting VBA Macro

Press | Macro Setup .
Press Load Project.

The Open dialog box appears. Specify the file name
“D:\Agilent\AdapterCharacterization.vba” and press the Open button.

Press to start the macro.

Select Characterize Adapter (1 in Figure 4-43) to display the Adapter Characterization
screen.

Adapter Characterization macro (Adapter Characterization screen)

-
[ 3h]
=t

)
L44]

Adapter Characteriz ation

" select Cal Kit

i+ Characterize Adapter
—

eS070bsupjI16

4. Selecting Channel

Select the channel for which calibration has been performed (2 in Figure 4-43).

NOTE

The selected channel has no relation to the active channel.

148 Chapter4



Figure 4-44

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Calibration
Adapter Characterization

5. Setting Adapter Characterization

Press the Setup button (3 in Figure 4-43). The Setup dialog box shown in Figure 4-44
appears.

Setup dialog box

Setup E
2
N Cal i — Cal kb "

gooazF |

/ v
Open I &.Open(f) j
Shart: I 7.Short{f) j
el 9.Broadband 7‘
Delay mment

55 mm(m) i) Adapter

Advanced Setup ————————————

I Swap ports while saving
<1 One-sided measurement o

eS070bzupj017

85033 v |

I 2.0pen j
| tshot x|

3. Broadband >

Cal Kit

Make the setting of the calibration kit for the adapter that is connected to test port 1 of the
E5070B/E5071B in Cal Kit 1 (1 in Figure 4-44).

Make the setting of the calibration kit for the adapter that is connected to test port 2 of the
E5070B/E5071B in Cal Kit 2 (2 in Figure 4-44).

When you calculate the S-parameters using measurement data in one direction only, you do
not have to make the setting in Cal Kit 2. In this case, check the box to the left of One-sided
measurement Only (6 in Figure 4-44).

1
Enter the Delay of the adapter (3 in Figure 4-44) within an error of *7 Ixf [s], where fis

the maximum measurement frequency [Hz]. For example, when the maximum value is 1
GHz, enter a value within an error of 250 ps.

Enter a comment about the adapter (4 in Figure 4-44). The comment entered here is
displayed in the comment field in the Specify Cal Kit dialog box (4 in Figure 4-39).

By default, the S-parameters are saved so that the port of the adapter connected to test port
1 of the ES070B/E5071B corresponds to port 1 of the 2-port Touchstone file. To save the
S-parameters in the reverse order, which means that the port of the adapter connected to
test port 1 of the ES070B/ES071B corresponds to port 2 of the 2-port Touchstone file,
check the box to the left of Swap ports while saving (5 in Figure 4-44).

Press the Close button (7 in Figure 4-44) to finish setting the adapter characterization.
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Step 1.
Step 2.

Step 3.
Step 4.

Step 1.
Step 2.

Calibration
Adapter Characterization

6. Measuring Data
Measure data when each standard is connected.

Connect the adapter to test port 1 of the ES070B/E5071B.

According to the setting of Cal Kit 1, connect each standard to the adapter and then press
the corresponding button (4 in Figure 4-43). When the data measurement is complete, the
button turns yellow.

When you calculate the S-parameters using measurement data in one direction only, the
data measurement is complete here.

Connect the adapter to test port 2 of the ES070B/E5071B in the reverse direction.

According to the setting of Cal Kit 2, connect each standard to the adapter and then press
the corresponding button (5 in Figure 4-43). When the data measurement is complete, the
button turns yellow.

7. Saving to a File

Calculate the S-parameters and save them to a file.

Press the Save button (6 in Figure 4-43).

The Save As dialog box appears. Enter a file name and press the Save button.

If you save the file under the D:\Agilent\Data\AdapterCharacterization folder, you can
select it as the standard Adapter file while setting the adapter calibration mode in the
Specify Cal Kit dialog box.

8. Closing VBA Macro

Press the Close button (7 in Figure 4-43) to close the macro.
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Step 1.
Step 2.
Step 3.
Step 4.

Step 5.

Step 6.

Step 7.

Calibration
Adapter Characterization

Execution procedure of characterization for test fixture using probe

The adapter characterization function also lets you obtain the characteristics of a test
fixture that is inserted between the instrument and a DUT that cannot be connected directly
to the instrument. In this case, a probe is used, and the obtained characteristics are saved to
a 2-port Touchstone file. The obtained result can be eliminated by using the network
de-embedding of the fixture simulator function, which permits measurement by
eliminating the effect of the test fixture.

For more information on test fixture characterization using a probe, see Product Note
E5070/71-4.

1. Setting Stimulus Conditions

Set the stimulus condition of the channel for which you will execute the test fixture
characterization.

2. Performing Calibration

Perform 1-port calibration for the probe in the channel for which the stimulus condition has
been set.

3. Starting VBA Macro

Start the VBA macro to display the Adapter Characterization screen (Figure 4-43).

4. Selecting Channel

Select the channel for which calibration has been performed (2 in Figure 4-43).

5. Setting Characterization

Press the Setup button (3 in Figure 4-43) to display the Setup dialog box (Figure 4-44).
Make the setting of the calibration kit used in Cal Kit 1 (1 in Figure 4-44).

Enter the Delay of the test fixture (3 in Figure 4-44).

Enter a comment about the test fixture (4 in Figure 4-44). This comment is added to the
comment line at the beginning of the Touchstone file.

Check the box to the left of Swap ports while saving (5 in Figure 4-44) to align the
direction when specifying a file in the network de-embedding function.
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Check the box to the left of One-sided measurement Only (6 in Figure 4-44).

Press the Close button (7 in Figure 4-44) to close the Setup dialog box.
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6. Measuring Data
Step 1. Connect the probe to the end of the test fixture on the DUT side.

Step 2. Depending on the setting of Cal Kit 1, connect each standard to the connector side of the
test fixture and then press the corresponding button (4 in Figure 4-43). When the data
measurement is complete, the button turns yellow.

7. Saving to file

Press the Save button (6 in Figure 4-43) to save the calculated S-parameters to a 2-port
Touchstone file.

8. Closing VBA Macro

Press the Close button (7 in Figure 4-43) to close the macro.
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NOTE

NOTE

CAUTION

User-characterized ECal

The ES070B/E5071B allows you to execute ECal calibration with user-defined
characteristics instead of the ECal characteristics defined as the factory default. This
feature is called User-characterized ECal, and it is used to execute ECal calibration when
an adapter is connected to the ECal module.

Before executing the User-characterized ECal, you have to measure data, such as
characteristics when the adapter is connected to the ECal module, and store them to the
built-in flash memory of the ECal module as the user characteristics.

Use the following VBA macro to acquire user characteristics and store them to the ECal
module’s built-in memory.

Storage folder VBA macro name (project name)

D:\Agilent EcalCharacterization.vba

This function is available with firmware version 3.50 or greater.

Never delete this VBA macro, since even system recovery cannot restore this VBA macro.

Precautions to take in using VBA macros

(d Never connect/disconnect the USB cable.

Never connect/disconnect the USB cable between the ECal module and the
E5070B/E5071B while executing the VBA macro.

In particular, the above precaution must always be observed while the VBA macro is
storing data to the ECal module's built-in flash memory; disconnecting the USB cable
at this time may damage the ECal module.

(4 Back up the contents of the flash memory.

The VBA macro provides a feature to back up the contents of the ECal module's
built-in flash memory. Before storing user characteristics to the ECal module, be sure
to use this feature to back up the current contents of the flash memory.
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Step 2.
Step 3.
Step 4.
Figure 4-45

Calibration
User-characterized ECal

Storing user characteristics to ECal module

Follow these steps to measure characteristics while an adapter is connected to the ECal
module and then to store them to the ECal module's built-in flash memory as user
characteristics.

With the ES070B/E5071B with 2/3 ports (options 213, 214, 313, or 314), you cannot
measure the user characteristics of a 4-port ECal module and store them into the memory
by using this VBA macro.

1. Connecting ECal Module

Connect the USB cable between the USB port of the ECal module and that of the
E5070B/E5071B. You can make this connection while the ES070B/E5071B’s power is
ON.

2. Setting Stimulus Condition

Set the stimulus condition of the channel for which you want to measure the user
characteristics. For best accuracy, the IF bandwidth should be set to 1 kHz or less.
3. Executing Calibration

For the channel for which you have set the stimulus condition, execute full 4-port
calibration with a 4-port ECal module or full 2-port calibration between the test ports used
with a 2-port ECal module. Define the calibration surface as the connector surface
connected to each port of the ECal module in the state used to measure characteristics.

For information on how to perform calibration when the connector types of individual
ports differ, refer to “Calibration between Ports of Different Connector Types” on
page 141.

4. Starting the VBA MACRO

Press [ Macro Setup .

Press Load Project.

The Open dialog box appears. Specify the file name “D:\AgilentEcalCharacterization.vba”
and press the Open button.

Press to start the macro. The ECal part (1 in Figure 4-45) displays the
information of the ECal module connected to the ES070B/E5071B. press the Refresh
button (2 in Figure 4-45) to update the information if you have connected another ECal
module after the macro has been started.

EcalCharacterization macro

a ara = a D b a D Reco =
al eS|
: Madsd {44314, 01

" Backup & Recovery
Serial No 102041

er Characterizations :5
Close

eS0T0buj0S6
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5. Measuring User Characteristics

Step 1. Select Characterize ECAL (1 in Figure 4-46) to display the User Characteristic
Measurement screen.

Figure 4-46 EcalCharacterization macro (User Characteristic Measurement screen)

ECal Characterization, Backup & Recovery Utility
ECal
|7M0de| (H44318,010 2

Serial No 102041
User Characterizations :4

" Backup & Recovery

<_ Close }~
807 0bujos0 3

Step 2. After connecting the adapter to the ECal module as necessary, connect each port of the
ECal module and the test port of the ES070B/E5071B.

Figure 4-47 Connecting ECal module (for 4 ports)
E5070B / E5071B
USB
- 9?0
w— | 7
UsSB | 7 [%J
cable
| ECal module
»
: Adapters (connected as necessary) @)
e5070bue085 Q_—J
(<3
S
=
NOTE You can select any port of the ECal module and any test port of the E5070B/E5071B for S
connection; the ES070B/E5071B automatically recognizes the connected ports before
measurement.

Step 3. Press the Measure button (2 in Figure 4-46) to start measurement.
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6. Storing the User Characteristics to the Memory

Step 1. When the measurement is complete, the User Characteristic Store screen shown in Figure
4-48 appears.

Specify a user number (a location number in the memory where you want to store the user
characteristics) using 1 in Figure 4-48. If the specified location number is not used for
storage, the parts Characterization, Connectors, and Adapter Description are left blank; if
already used, the stored contents are displayed.

Figure 4-48 User Characteristic Store screen
— Characterization 1

P

Cancel | m —5

eS070bujos1

Step 2. Enter the following information.

Characterization Enter the information (operator, used analyzer, and so on) when

(2 in Figure 4-48) measuring user characteristics as necessary.

Connectors Select the connector types of the adapters for the ECal module’s test

(3 in Figure 4-48) ports. Male and female in the list of connected types indicate male and
female adapter, respectively. Select “No adapter” if no adapter is used on
a port.

Adapter Description | Enter the detailed information on the adapters connected to each port as

(4 in Figure 4-48) necessary.

The information you have entered is displayed when checking the user characteristics
information by using the key strokes: - ECal - Characterization Info.

Step 3. Press the Write button (5 in Figure 4-48).

At this time, if user characteristics are already stored for the specified user number, a
dialog appears to confirm overwriting. Click the OK button.

NOTE Although the maximum number of user characteristics stored to the ECal’s memory is
usually five, the maximum number may be limited by memory size because the size of
user-characteristics data is not fixed and increases in proportion to the number of
measurement points. An error occurs when the Write button is pressed if the total size
added the new user characteristics is over this limitation due to memory size.
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Step 4. The dialog box shown in Figure 4-49 is displayed to confirm execution. Press the OK
button (1 in Figure 4-49) to start storing the user characteristics.

CAUTION Do not disconnect the USB cable or terminate the VBA macro by force while the VBA
macro is storing data to the ECal's built-in flash memory. Doing so may damage the
ECal module.

Figure 4-49 Execution Confirmation screen

ECal Characterization, Backup & Recovery Utility

This process may take several minutes and can not be aborted
Do you really wank o proceed?

eS0T0buj0S2

The dialog box shown in Figure 4-50 appears while the VBA macro is storing data to
memory. Storing the user characteristics takes a few minutes depending on the amount of

data.

Figure 4-50 Screen while macro is storing data

ECal Characterization, Backup & Recovery Utility

‘Writing ko ECal module memory. ..

Do not unplug the USE connector!

eS0T0buj0ST

Step 5. Another dialog box is displayed to notify completion of data storage. Click OK.

8. Closing the VBA macro

Press the Close button (3 in Figure 4-46) to close the macro.
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Backup and recovery of ECal module's built-in flash memory
Follow these steps to back up the contents of the ECal module's built-in flash memory.

Connect the USB cable between the USB port of the ECal module and that of the
E5070B/E5071B. You can make this connection while the ES070B/E5071B’s power is
ON.

Start the VBA macro according to “4. Starting the VBA MACRO” on page 154.

Select Backup Flash ROM (1 in Figure 4-51) to display the Backup screen.

EcalCharacterization macro (Backup screen)

:Cal Characterization, Backup & Recovery Utility

ECal
Maodel (N44314,010
Serial No 102041

User Characterizations :4

¢ Characterigé ECAL

eS070buj0EE ‘4

Recovery
1. Press the Recover button (2 in Figure 4-51).

2. The Open dialog box appears. Enter the file name of the contents you want to recover
and press the Open button.

If the serial number information stored in the file does not match that of the ECal
module connected to the ES070B/E5071B, a confirmation dialog box appears. Press
the OK button to continue the recovery only if a mismatch between these serial
numbers is allowed.

3. The dialog box shown in Figure 4-49 is displayed to confirm execution. Press the OK
button (1 in Figure 4-49) to start the recovery of the flash memory. The dialog box
shown in Figure 4-50 appears while the VBA macro is storing data to the memory. The
recovery of the flash memory takes a few minutes depending on the amount of data.

Do not disconnect the USB cable or terminate the VBA macro by force while the VBA
macro is storing data to the ECal's built-in flash memory. Doing so may damage the
ECal module.

4. The Completion screen appears. Click OK.

Backup
1. Press the Backup button (3 in Figure 4-51).

2. The Save As dialog box appears. Enter the name of the file you want to save and press
the Save button.

Press the Close button (4 in Figure 4-51) to close the macro.
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Executing User-characterized ECal

The execution procedure for the User-characterized ECal is the same as for normal ECal
except that it requires the user characteristics to be selected in advance.

Follow these steps to select the user characteristics.

Press (Channel Next ] or [Channel Prev ] to select the channel for which you want to execute
calibration.

Press [_Cal ].

Press ECal.

Press Characterization.

Select a user characteristic according to the list below.

Softkey Function

Factory Factory-default characteristic (for normal ECal)

User1 User characteristic stored at location number 1 in ECal's flash memory
User2 User characteristic stored at location number 2 in ECal's flash memory
User3 User characteristic stored at location number 3 in ECal's flash memory
User4 User characteristic stored at location number 4 in ECal's flash memory
User5 User characteristic stored at location number 5 in ECal's flash memory
To check the information on the user characteristics you have selected, press

Characterization Info. The dialog box shown in Figure 4-50 appears.
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Figure 4-52 ECal Characterization Information screen
@ ECal Characterization Infarmation

10 : User3
[T PR W —1
[Tocaon . |
Characterized By : Operator's 2
T, Frequency SUOOOOHZ

Max, Frequency  : 8.5e+009Hz 3

j HE|

Fort & Exfension ¢ .5 M m-TIeurm)

Port B Extension & 3.5 mmim-MNS0(F) | 4
Port C Extension & 3.5 mmim}-3.5 mm{m}

or] onneckor  : Type male

Port B Connector & Type M (50} female | 5

Port C Conneckor ¢ APC 3.5 male
Port [ Coppector ¢

eS0T0buj0SS

The date when the user characteristics were measured

The information you entered in Characterization (1 in Figure 4-48)
The stimulus conditions when the user characteristics were measured
The information you entered in Adapter Description (3 in Figure 4-48)

The information you entered in Connectors (2 in Figure 4-48)
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Confidence Check on Calibration Coefficients Using ECal

The ES070B/ES5071B lets you verify the obtained calibration coefficients, to determine
whether correct measurement is possible with them, by using the ECal module.

The ES070B/ES5071B can set ECal to the state used to verify the measurement parameters
and then copy the appropriate characteristics of that verification state to the memory trace
from the ECal's built-in memory. This is done according to the measurement parameters of
the active trace of the active channel. While measuring ECal in this specified state, you can
compare the measurement results with those of the ES070B/E5071B and with the
appropriate measurement results stored in ECal in several different ways. These include
simultaneously displaying the data and memory traces or displaying the math operation
results between the data and memory traces. This enables you to verify the correctness of
measurement for each measurement parameter when the obtained calibration coefficients
are used.

This function is available with firmware version 3.50 or greater.

Operational procedure
Follow these steps to verify the reliability of the calibration coefficients.

Connect the USB cable between the USB port of the ECal module and that of the
E5070B/E5071B. You can make this connection while the ES070B/E5071B’s power is
ON.

Press [Channel Next ] or (Channel Prev ] to select the channel for which you want to perform the
verification.

Press .

Select the S-parameter you want to verify.

You cannot verify the mixed mode S-parameter.

Connect the test ports of the ES070B/E5071B corresponding to the selected S-parameter
(for example, ports 1 and 2 when the S-parameter is S21) and the ports of the ECal module.
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If you don’t use all of the ECal module’s ports, connect terminations to the unused
ports.

You can use any port of the ECal for this connection. The connected port is automatically
detected and measurement is performed.
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Confidence Check on Calibration Coefficients Using ECal

Connecting ECal module (for verification of S21)

E5070B / ES071B

USB

cable
]

| ECal module

1 : termination

e5070bue077

Step 6. Press _Cal J.
Step 7. Press ECal.

Step 8. When using an adapter to the ECal, press Characterization and then press the softkey
corresponding to the characterization for the adapter you are using.

Step 9. Press Confidence Check.

Step 10. Compare the data trace and the memory trace and verify whether measurement is correct.

The following is the procedure for comparison when displaying the data trace and the
memory trace simultaneously.

a.

b.

Press (Display].
Press Display.
Press Data & Mem.
Press [Scale ].
Press Auto Scale.

Determine whether the difference between the traces is acceptable.

Step 11. For all of the parameters you want to verify, repeat Step 3 through Step 10.
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Changing the Calibration Kit Definition

In most measurements, the user can use pre-defined calibration kits as they are. However, it
may be necessary to change the definition of a calibration kit (or create a new one) when
changing the pre-defined connector between male and female (e.g. from OPNE (f) to

OPEN (m)*l) or when a special standard is used or a high degree of accuracy is demanded.
When it is necessary to change the definition of a calibration kit that contains a calibration
device but no calibration kit model, the user must fully understand error correction and the
system error model.

A user-defined calibration kit may be used in the following circumstances.

*  When the user wants to use connectors other than those pre-defined in the calibration
kits for the ES070B/E5071B (e.g., a SMA connector).

*  When the user wants to use different standards in place of one or more standards
pre-defined in the ES070B/E5071B. For example, when three offset SHORT standards
are used instead of OPEN, SHORT, and LOAD standards.

*  When the user wants to modify the standard model of a pre-defined calibration kit and
turn it into a more accurate model. It is possible to perform better calibration if the
performance of the actual standard is better reflected in the standard model. For
example, you may need to define the 7-mm load standard as 50.4 Q instead of 50.0 Q.

Definitions of terms

The terms used in this section are defined as follows:

Standard An accurate physical device, for which the model
is clearly defined, used to determine system
errors. With the ES070B/E5071B, the user may
define up to 21 standards per calibration kit. Each
standard is numbered from 1 through 21. For
example, standard 1 for the 85033E 3.5-mm
calibration kit is a SHORT standard.

Standard type The type of standard used to classify a standard
model based on its form and construction. Five
standard types are available: SHORT, OPEN,
LOAD, delay/THRU, and arbitrary impedance.

Standard coefficient The numeric characteristics of the standard used
in the selected model. For example, the offset
delay (32 ps) of the SHORT standard in the
3.5-mm calibration kit is a standard coefficient.

Standard class A group of standards used in a calibration process.
For each class, the user must select the standards
to use from the 21 available standards.

*1.The designations (m) and (f) in the name (label) of the standard indicate male (m)
and female (f) analyzer connectors.
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Defining parameters for standards

Figure 4-54 and Figure 4-55 show the parameters used in defining standards.

Figure 4-54

Reflection Standard Model (SHORT, OPEN, or LOAD)

Calibration
plane

RIoss

&
A d
[
>

t delay

* Frequency range
* Coax or Waveguide
* Fixed or Sliding

Model for Reflection Standard
(short, open, load or arbitrary
Impedance)

e5070aue004

Figure 4-55

Transmission Standard Model (THRU)

Calibration Calibration
plane plane
RIoss
NAANAN
ZO
t delay

* Frequency range
* Coax or Waveguide

Model for Transmission
Standard (Thru)

e5070aue005
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Delay

The offset impedance between the standard to be defined and the
actual measurement plane. Normally, this is set to the characteristic
impedance of the system.

The delay that occurs depending on the length of the transmission line
between the standard to be defined and the actual measurement plane.
In an OPEN, SHORT, or LOAD standard, the delay is defined as
one-way propagation time (sec.) from the measurement plane to the
standard. In a THRU standard, it is defined as one-way propagation
time (sec.) from one measurement plane to the other. The delay can be
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Loss

Co,C1,C2,C3

L0, L1, L2, L3

In most existing calibration kits, THRU standards are defined as “zero-length THRU,” i.e.,
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determined through measurement or by dividing the exact physical
length of the standard by the velocity coefficient.

This is used to determine the energy loss caused by the skin effect for
the length (one-way) of the coaxial cable. Loss is defined using the
unit of Q/s at 1 GHz. In many applications, using the value 0 for the
loss should not result in significant error. The loss of a standard is
determined by measuring the delay (sec.) and the loss at 1 GHz and
then substituting them in the formula below.

Q\ _ loss(dB) X Zy(Q)
LO”(?) " 43429(dB) x delay(s)

It is extremely rare for an OPEN standard to have perfect reflection
characteristics at high frequencies. This is because the fringe
capacitance of the standard causes a phase shift that varies along with
the frequency. For internal calculation of the analyzer, an OPEN
capacitance model is used. This model is described as a function of
frequency, which is a polynomial of the third degree. Coefficients in
the polynomial may be defined by the user. The formula for the
capacitance model is shown below.

C = (CO)+(CIXF)+(C2xF )+ (C3xF)
F: measurement frequency

CO unit: (Farads) (constant in the polynomial)
C1 unit: (Farads/Hz)

C2 unit: (Farads/sz)
C3 unit: (Farads/Hz’)

It is extremely rare for a SHORT standard to have perfect reflection
characteristics at high frequencies. This is because the residual
inductance of the standard causes a phase shift that varies along with
the frequency. It is not possible to eliminate this effect. For internal
calculation of the analyzer, a short-circuit inductance model is used.
The model is described as a function of frequency, which is a
polynomial of the third degree. Coefficients in the polynomial may be
defined by the user. The formula for the inductance model is shown
below.

L= (LO)+ (L1 X F)+(L2XF) + (L3 x F)
F: Measurement frequency

LO unit: [Farads] (the constant in the polynomial)
L1 unit: [Farads/Hz]

[
L2 unit: [Farads/HzZ]
L3 unit: [Farads/Hz3]
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the delay and loss are both “0”. Such a THRU standard does not exist, however.
Calibration must be done with two test ports interconnected directly.

The measurement accuracy depends on the conformity of the calibration standard to its
definition. If the calibration standard has been damaged or worn out, the accuracy will

decrease.

Chapter 4
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Redefining a calibration kit
To change the definition of a calibration kit, follow the procedure below.
Defining a new calibration kit

1. Select the calibration kit to be redefined.

2. Define the type of standard. Select one from among the OPEN, SHORT, LOAD,
delay/THRU, and arbitrary impedance standards.

3. Define the standard coefficient.
4. Designate a standard class for the standard.
5. Save the data for the calibration kit that has been redefined.

Changing the pre-defined connector between male and female (e.g. OPNE (f) to
OPEN (m))

1. Select the calibration kit to be redefined.
2. Designate a standard class for the standard.

3. Save the data for the calibration kit that has been redefined.

Redefining a calibration kit

Step 1. Press _Cal J.
Step 2. Press Cal Kit.

Step 3. Select the calibration kit to be redefined according to the list below.

Softkey Function

85033E Selects the “85033E” calibration kit

85033D Selects the “85033D” calibration kit

85052D Selects the “85052D” calibration kit

85032F Selects the “85032F” calibration kit

85032B Selects the “85032B” calibration kit

85036B/E Selects the “85036B/E” calibration kit

User Selects the first user-defined calibration kit

User Selects the second user-defined calibration kit

User Selects the third user-defined calibration kit

User Selects the fourth user-defined calibration kit
NOTE If the names (labels) of calibration kits were changed prior to operation, the new names

will appear on the respective softkeys.

Step 4. Press Modify Kit. To change the pre-defined connector type (e.g. OPEN(f) to OPEN (m))
skip to Step 14.
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Step 5. Press Define STDs.
Step 6. Select the standard to be redefined from among standards numbered 1 through 21.
Step 7. Press STD Type.

Step 8. Select the type of standard according to the list below.

Softkey Function

Open Selects the OPEN standard
Short Selects the SHORT standard
Load Selects the LOAD standard
Delay/Thru Selects the delay/THRU standard
Arbitrary Selects the arbitrary impedance
None Selects no standard type

Step 9. Set the standard coefficient according to the list below.

Softkey Function

co Sets CO

c1 Sets C1

C2 Sets C2

Cc3 Sets C3

Lo Sets LO

L1 Sets L1

L2 Sets L2

L3 Sets L3

Offset Delay Sets the offset delay N
Offset Z0 Sets the offset Z0 g
Offset Loss Sets the offset loss g
Arb. Impedance Sets an arbitrary impedance g.

Step 10. Press Label and input a new label for the standard using the keypad displayed on the
screen.

Step 11. Press Return.
Step 12. Repeat Step 6 to Step 11 to redefine all standards for which changes are necessary.
Step 13. Press Return.

Step 14. Press Specify CLSs.
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Step 15. Select the class to be redefined according to the list below.

Step 16.

NOTE

Step 17.

Step 18.

Step 19.
Step 20.
Step 21.
Step 22.

Softkey Function

Open Selects the OPEN class
Short Selects the SHORT class
Load Selects the LOAD class
Thru Selects the THRU class

Select the test port according to the list below.

Softkey Function

Port 1 Selects port 1
Port 2 Selects port 2
Port 3 Selects port 3
Port 4 Selects port 4

Select Set All to use the same standards for all test ports.

Select the standards to be registered in the class from among standards numbered 1 through
21. To change the connectors between male and female (e.g. OPEN (f) to OPEN (m)),

select the appropriately labeled standards here.

Repeat Step 16 and Step 17 until classes are defined for all test ports that need to be

redefined.
Press Return.
Repeat Step 15 to Step 19 to redefine all classes that need to be modified.

Press Return.

Press Label Kit and input a new label for the calibration kit by using the keypad displayed

on the screen.
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Default settings of pre-defined calibration Kkits

The calibration kits 85033E, 85033D, 85052D, 85032F, 85032B, and 85036B/E are
pre-defined with their own default settings.

85033E
1. Short 2. Open 3. Broadband 4. Thru
Label Short Open Broadband Thru
STD Type Short Open Load Delay/Thru
C0 [x10"'5 F) 0 49.43 0 0
C1 [x1027 F/Hz] 0 -310.13 0 0
C2 [x1073¢ F/HZ} 0 23.17 0 0
C3 [x107*° F/HZ] 0 -0.16 0 0
L0 [x102 H] 2.0765 0 0 0
L1 [x102* H/Hz] -108.54 0 0 0
L2 [x10° H/HzY] 2.1705 0 0 0
L3 [x10™*2 H/HZ] 0.01 0 0 0
Offset Delay [s] 31.808 p 29.243 p 0 0
Offset Z0 [Q] 50 50 50 50
Offset Loss [Q/s] 236G 22G 22G 22G
Arb. Impedance [Q] 50 50 50 50
85033D
1. Short 2. Open 3. Broadband 4. Thru
Label Short Open Broadband Thru
STD Type Short Open Load Delay/Thru
C0 [x107'5 R 0 49.43 0 0
C1 [x10°27 F/Hz] 0 -310.13 0 0
C2 [x1073% F/HZ?| 0 23.17 0 0 ':;
C3 [x10* F/HZY 0 -0.16 0 0 %
L0 [x10712 H] 2.0765 0 0 0 g_
L1 [x10°2* H/Hz] -108.54 0 0 0 S
L2 [x10733 H/HZ?| 2.1705 0 0 0
L3 [x10**? H/HZY] 0.01 0 0 0
Offset Delay [s] 31.808 p 29.243 p 0 0
Offset Z0 [Q] 50 50 50 50
Offset Loss [Q/s] 236G 22G 22G 22G
Arb. Impedance [Q] 50 50 50 50
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85052D
1. Short 2. Open 5.3.5/2.92 6.3.5/SMA 7.2.92/SMA
Label Short Open 3.5/2.92 3.5/SMA 3.5/SMA
STD Type Short Open Open Open Open
C0 [x10°15 F] 0 49.433 6.9558 5.9588 13.4203
C1 [x1027 F/Hz] 0 -310.131 -1.0259 -11.195 -1.9452
C2 [x10730 F/HZY] 0 23.1682 -0.01435 0.5076 0.5459
C3 [x107% FrHZY] 0 -0.15966 0.0028 -0.00243 0.01594
L0 [x1072 H] 2.0765 0 0 0 0
L1 [x10"2* H/Hz] -108.54 0 0 0 0
L2 [x10733 H/HZ?| 2.1705 0 0 0 0
L3 [x10*? H/HZY] 0.01 0 0 0 0
Offset Delay [s] 31.785p 29.243 p 0 0 0
Offset Z0 [Q] 50 50 50 50 50
Offset Loss [Q/s] 236G 22G 0 0 0
Arb. Impedance [Q2] 50 50 50 50 50
8.2.4/1.85 9. Broadband 11. Thru 13. Adapter
Label 2.4/1.85 Broadband Thru Adapter
STD Type Open Load Delay/Thru Delay/Thru
C0 [x10715 8.9843 0 0 0
C1 [x10°¥ F/Hz] -13.9923 0 0 0
C2 [x10730 F/HZ?] 0.3242 0 0 0
C3 [x107% F/HZ’| -0.00112 0 0 0
L0 [x10712 H] 0 0 0 0
L1 [x102* H/Hz| 0 0 0 0
L2 [x10733 H/HZ?] 0 0 0 0
L3 [x10°*2 H/HZ3| 0 0 0 0
Offset Delay [s] 0 0 0 94.75p
Offset Z0 [Q] 50 50 50 50
Offset Loss [Q/s] 0 0 0 251G
Arb. Impedance [Q2] 50 50 50 50
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85032F
1. Short(m) 2. Open(m) 7. Short(f) 8. Open(f)
Label Short(m) Open(m) Short(f) Open(f)
STD Type Short Open Short Open
CO [x107'5 F) 0 89.939 0 89.939
C1 [x1027 F/Hz] 0 2536.8 0 2536.8
C2 [x1073¢ F/HZ} 0 -264.99 0 -264.99
C3 [x107*° F/HZ] 0 13.4 0 13.4
L0 [x10712 H] 3.3998 0 3.3998 0
L1 [x10°2* H/Hz] -496.4808 0 -496.4808 0
L2 [x10733 H/HZ2| 34.8314 0 34.8314 0
L3 [x10*2 H/HZ] -0.7847 0 -0.7847 0
Offset Delay [s] 45955 p 41.19p 45.955p 40.8688 p
Offset Z0 [Q] 49.99 50 49.99 50
Offset Loss [€2/s] 1.087 G 930 M 1.087 G 930 M
Arb. Impedance [Q] 50 50 50 50
9. Broadband 11. Thru 13. (f/f)Adapter | 14. (m/m)Adapter
Label Broadband Thru (f/f)Adapter (m/m)Adapter
STD Type Load Delay/Thru Delay/Thru Delay/Thru
CO [x10"'5 F) 0 0 0 0
C1 [x10°%7 F/Hz] 0 0 0 0
C2 [x103% F/HZ?| 0 0 0 0
C3 [x10% F/HZ% 0 0 0 0
L0 [x102 H] 0 0 0 0
L1 [x102* H/Hz] 0 0 0 0
L2 [x10733 H/HZ?| 0 0 0 0
L3 [x10™*2 H/HZ] 0 0 0 0
Offset Delay [s] 0 0 339p 339p
Offset Z0 [Q] 50 50 50 50 IN
Offset Loss [Q/s] 0 0 22G 22G 8
Arb. Impedance [Q] 50 50 50 50 §'
o
S
NOTE The designations (m) and (f) in the name (label) of the standard indicate male (m) and

female (f) analyzer connectors.
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85032B
1. Short(m) 2. Open(m) 3. Broadband 4. Thru
Label Short(m) Open(m) Broadband Thru
STD Type Short Open Load Delay/Thru
CO [x10715 F] 0 119.09 0 0
C1 [x10° F/Hz] 0 -36.955 0 0
C2 [x1073% F/HZ2| 0 26.258 0 0
C3 [x10™5 F/HZ 0 5.5136 0 0
L0 [x10712 H] 0 0 0 0
L1 [x10* H/Hz] 0 0 0 0
L2 [x10733 H/HZ}]| 0 0 0 0
L3 [x107*2 H/HZ] 0 0 0 0
Offset Delay [s] 93 f 0 0 0
Offset Z0 [Q] 49.992 50 50 50
Offset Loss [€2/s] 700 M 700 M 700 M 700 M
Arb. Impedance [Q] 50 50 50 50
7. Short(f) 8. Open(f)
Label Short(f) Open(f)
STD Type Short Open
C0 [x107'5 F] 0 62.14
C1 [x1027 F/Hz] 0 -143.07
C2 [x1073% F/HZ2| 0 82.92
C3 [x10°* F/HZ3 0 0.76
L0 [x10712 H] 0 0
L1 [x1072* H/Hz] 0 0
L2 [x10733 H/HZ}]| 0 0
L3 [x10"*2 H/HZ3| 0 0
Offset Delay [s] 17.817 p 17.411 p
Offset Z0 [Q] 50.209 50
Offset Loss [€2/s] 2.1002 G 700 M
Arb. Impedance [Q] 50 50
NOTE The designations (m) and (f) in the name (label) of the standard indicate male (m) and

female (f) analyzer connectors.
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85036B/E
1. Short(m) 2. Open(m) 3. Broadband 4. Thru
Label Short(m) Open(m) Broadband Thru
STD Type Short Open Load Delay/Thru
CO [x10°15 F) 0 63.5 0 0
C1 [x1027 F/Hz] 0 84 0 0
C2 [x1073¢ F/HZ} 0 56 0 0
C3 [x10™ F/HZ 0 0 0 0
L0 [x10712 H] 0 0 0 0
L1 [x1024 H/Hz] 0 0 0 0
L2 [x10733 H/HZ?| 0 0 0 0
L3 [x107*2 H/HZ| 0 0 0 0
Offset Delay [s] 0 0 0 0
Offset Z0 [Q] 75 75 75 75
Offset Loss [Q/s] 1.13G 1.13G 1.13G 1.13G
Arb. Impedance [Q] 50 50 75 50
7. Short(f) 8. Open(f)
Label Short(f) Open(f)
STD Type Short Open
CO [x1015 F) 0 41
C1 [x10°%7 F/Hz] 0 40
C2 [x103% F/HZ?| 0 5
C3 [x107*5 F/HZ] 0 0
L0 [x102 H] 0 0
L1 [x102* H/Hz] 0 0
L2 [x10733 H/HZ?| 0 0
L3 [x10™*2 H/HZ] 0 0
Offset Delay [s] 17.544 p 17.544 p
Offset Z0 [Q] 75 75 IN
Offset Loss [Q/s] 1.13G 1.13G 8
Arb. Impedance [Q] 50 50 §'
o
S
NOTE The designations (m) and (f) in the name (label) of the standard indicate male (m) and

female (f) analyzer connectors.
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85031B
1. Short 2. Open 3. Broadband 4. Thru
Label Short Open Broadband Thru
STD Type Short Open Load Delay/Thru

Co0 [x107'5 F 0 92.85 0 0
C1 [x10°27 F/Hz] 0 0 0 0
C2 [x1073¢ F/HZY| 0 7.2 0 0
C3 [x10*5 F/HZ% 0 43 0 0
L0 [x1072 H] 0 0 0 0
L1 [x10"2* H/Hz] 0 0 0 0
L2 [x10733 H/HZ?] 0 0 0 0
L3 [x107*? H/HZ] 0 0 0 0
Offset Delay [s] 0 0 0 0
Offset Z0 [Q] 50 50 50 50

Offset Loss [Q/s] 0.7G 0.7G 0.7G 0.7G
Arb. Impedance [Q] 50 50 50 50
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85050C/D
1. Short 2. Open 3. Broadband 4. Thru
Label Short Open Broadband Thru
STD Type Short Open Load Delay/Thru
CO [x10°15 F) 0 90.48 m 0 0
C1 [x10°7 F/Hz] 0 763.3 m 0 0
C2 [x1073¢ F/HZ} 0 -63.82'm 0 0
C3 [x107*° F/HZ] 0 6.434 m 0 0
L0 [x10712 H] 356.6 m 0 0 0
L1 [x1024 H/Hz] -33.39 0 0 0
L2 [x10733 H/HZ?| 1.754 0 0 0
L3 [x10*2 H/HZ] -33.60 1 0 0 0
Offset Delay [s] 0 0 0 0
Offset Z0 [Q] 50 50 50 50
Offset Loss [Q/s] 0 0 0 0
Arb. Impedance [Q] 50 50 75 50
5. 2-18 Line 6. Lowband
Label Thru Lowband
STD Type Delay/Thru Load
CO [x10°15 F) 0 0
C1 [x10°%7 F/Hz] 0 0
C2 [x103% F/HZ?| 0 0
C3 [x107*5 F/HZ] 0 0
L0 [x102 H] 0 0
L1 [x10°2* H/Hz] 0 0
L2 [x10733 H/HZ?| 0 0
L3 [x10™*2 H/HZ] 0 0
Offset Delay [s] 23.190 p 0
Offset Z0 [Q] 49.988 50
Offset Loss [Q/s] 0.7G 0
Arb. Impedance [Q] 50 50
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Table 4-2

Step 1.
Step 2.
Step 3.
Step 4.

Calibration
Power Calibration

Power Calibration

The ES070B/E5071B has a calibration feature for power level output that uses the a power
meter (power calibration).

The power calibration function outputs a stimulus signal with a more accurate power level
(closer to the set value) by measuring calibration data (power level) in advance with the
power meter and sensor. Then this function performs error correction of the power level by
using the calibration data.

Turning ON or OFF power level error correction

Power calibration data are acquired for each channel/test port, and you can turn ON/OFF
the power level error correction independently for any channel or test port.

The status of the power level error correction of each channel is indicated by one of the
symbols shown in Table 4-2 in the channel status bar in the lower part of the window.

Power Calibration Status

Symbol Status of power level error correction

PC (displayed in blue) | Error correction is performed for all stimulus ports

PC (displayed in gray) | Error correction is performed for some stimulus ports

PC? (displayed in Error correction is performed for all stimulus ports; interpolated
blue) calibration data”! is used

PC? (displayed in Error correction is performed for some stimulus ports; interpolated
gray) calibration data”! is used

--- (displayed in gray) | Error correction is not performed
(some stimulus ports have error correction set to on, but there is no
valid calibration data)

None Error correction is not performed
(error correction is off for all stimulus ports)

*1.If you turn on the error correction when the stimulus setting is different from that when
the power calibration data are acquired, power level error correction is performed with
interpolated calibration data only when calibration data can be interpolated (extrapola-
tion is not performed for calibration data).

Procedure to turn ON/OFF power level error correction

Power level error correction is automatically turned on when you execute the measurement
of calibration data. You can turn it on or off as necessary by using the following procedure.

Press .
Press Power Calibration.
Select a port (see “Selecting target port of error correction”).

Press Correction. Each press toggles this selection between ON/OFF.
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Preparing power meter and sensor

To execute power calibration, you need to prepare the power meter and power sensor used
to acquire power calibration data. Table 4-3 shows available power meters and
recommended power sensors for power calibration.

Table 4-3 Available power meters and recommended power sensors

Model name

Power meters Agilent 437B

Agilent 438A

Agilent E4416A

Agilent E4417A
Agilent E4418A
Agilent E4418B
Agilent E4419A
Agilent E4419B
HP EPM-441A

HP EPM-442A

Power sensors Agilent 8482A
Agilent E4412A
HP ECP-E18A
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Preparing to control the power meter

When acquiring power calibration data, the power meter is controlled via GPIB from the
E5070B/E5071B.

To control the power meter from the ES070B/E5071B, connect the USB port of the
E5070B/E5071B and the GPIB connector of the power meter through the USB/GPIB
interface as shown in Figure 4-56 and set the GPIB address of the connected power meter
with the ESO070B/E5071B.

The USB/GPIB interface must be ready to use. For more information, see “Setting the
GPIB” on page 378.

Setting GPIB address of the power meter

Use the following procedure to set the GPIB address of the power meter:
Press (System] .

Press Misc Setup.

Press GPIB Setup.

Press Power Meter Address.

Enter the GPIB address of the power meter you are using.

Connection between power meter and ES070B/ES071B

Power Meter

USB/GPIB Interface

e5070bue004
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Setting power sensor calibration factor table

NOTE Before using the power sensor calibration factor table of the ES070B/E5071B, set the
calibration factor to 100% and then calibrate the power sensor.

When you use the 437B or 438A as the power meter, you need to set the power sensor
calibration factor table with the ES070B/E5071B.

If you use a power meter other than the 437B or 438A, refer to the following table.

Power sensor Setting of calibration factor table

8482A Set the calibration factor table with the E5S070B/E5071B only when you do
not set the calibration factor table with the power meter.

If you set the calibration factor table with both the power meter and the
E5070B/E5071B, calibration is executed by both of them and you cannot
obtain correct measurement results.

E4412A You do not need to set the calibration factor table with the ES070B/E5071B.

ECP-E18A . o . .
Even if you set the calibration factor table with the ES070B/E5071B, this

setting would be ignored.

NOTE If you use the E4418A, E4419A, EPM-441A, or EPM-442A with firmware version
Ax.02.00 or earlier and you set the calibration factor table with the ES070B/E5071B,
calibration is executed by both the power meter and the ES070B/E5071B due to this
firmware version, and thus you cannot obtain correct measurement results. Therefore,
never set the calibration factor table under this condition with the ES070B/E5071B.

Use the following procedure to set the power sensor’s calibration factor table:
Step 1. Press _Cal J.
Step 2. Press Power Calibration.

Step 3. Press Sensor A Settings (for power sensor connected to channel A) or Sensor B Settings
(for power sensor connected to channel B).

Step 4. Press Ref Cal Factor.
Step 5. Enter the reference calibration factor (the calibration factor at 50 MHz).

Step 6. According to the calibration factor data attached to the power sensor, set the frequency
(Frequency) and the coefficient (Factor) of the calibration factor table by using the
following hardkeys and softkeys.
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NOTE Pressing - OK does not affect the current setting of the reference calibration factor
and the calibration factor table.

NOTE For a frequency other than one set in the table, a value obtained by linear interpolation of
the calibration factors at the 2 points adjacent to the frequency is used. If a frequency is
lower than the lowest frequency in the table, the calibration factor at the lowest frequency
is used; if larger than the highest frequency in the table, the calibration factor at the highest
frequency is used.
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Hardkey Function
If you select a cell and then press this key, you enter the mode that

allows you to edit the cell character by character. If you change a
value and then press this key, the value is entered in the cell.

@ L

Moves up or down in the cell selected in the table. In the

character-by-character edit mode, you can select an item or perform

a stepped change of data.

by

(o] e Enters a value in the cell.

Moves right or left in the cell selected in the table.

Softkey Function
Delete Deletes the line in which the selected cell is included.
Add Adds a new line above the line in which the selected cell is included.

Clear Cal Factor Table - OK Resets the table.

NOTE

When setting the table by using the front panel keys or the keyboard, you need to first set
the focus on (select) the operation target (table or softkey). You can change the focus by
pressing in the ENTRY block. When the focus is placed on the table, the window
frame of the table is displayed as bright as the window frame of the active channel. When
the focus is placed on the softkey menu, the softkey menu title area is displayed in blue.

Figure 4-57

Example of creating power sensor calibration factor table

1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State

ef 0.000d4E8

[1 Start -20 dBm

95,000 %

Ref Cal Fackar

Delete

Add

Expork ko
5V File

Stop -10 dem [N B

Frequency I Factor -

5 | 10.00000000 MHz | 98.3 %
"6 | 20.00000000 MHz 38.5 %
7 | c0.00000000 MHz %8 %
"z | 100.0000000 MHz 381 %
"2 | 200.0000000 MHz 97.5 %
10 | 1.000000000 GHz 37.3 %
11 | 2.000000000 GHz 4.5 %
1z | 2.000000000 GHz 93.3 %

4. 200000000 GHz = 4

el
S|

Import From
5V File

Hold

Return
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Saving power sensor calibration factor table

You can save the power sensor calibration factor table as a CSV (Comma Separated Value)
format file.

Press [_Cal ].

Press Power Calibration.
Press Sensor A Settings or Sensor B Settings.

Press Export to CSV File to open the Save As dialog box. For information on the Save As
dialog box, see the description in Figure 10-9, “Printers window,” on page 328. At this
time, CSV File (extension*.csv) is selected as the file type.

Enter a file name in the File Name box and press the Save button to save the power sensor
calibration factor table.

Recalling power sensor calibration factor table

By recalling a power sensor calibration factor table saved in the CSV format according to
“Saving power sensor calibration factor table” on page 181, you can set the power sensor
calibration factor table.

Press [_Cal ].

Press Power Calibration.
Press Sensor A Settings or Sensor B Settings.

Press Import from CSV File to open the Open dialog box. For information on the Open
dialog box, see the description in Figure 10-10, “File menu in Printers window,” on
page 329. At this time, CSV File (extension*.csv) is selected as the file type.

Select the CSV format file you want to import and press the Open button to recall the
power sensor calibration factor table.

This operation is not guaranteed under the following two conditions: 1) you imported a
CSYV format file created/edited on a spreadsheet program, or 2) you imported a CSV format
f