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1. SMaRT Concepts

1.1 THE SMART USER INTERFACE

Broadly, there are three steps in using SMaRT: setting up the system,
making the measurements, and displaying the results. SMaRT clearly
relates the system set-up and operation to what you are trying to achieve in
your experiment and enables you to concentrate purely on the measurement
results. An introduction to the SMaRT structure is given below.

111 SET-UP ENTRIES

The logically arranged tool bar and menu structure of SMaRT enable you to
set up an experiment quickly and easily. Figure 1-1 shows the general

arrangement.
File LControl Tools
Mew B Start Expeniment. . Hardware settings. . F4
Open From Disk, Shap Search GPIB For Listeners FE
Add Files to Project... Create & Momalised Data File...
/ Impart Data Files »
aave Project & Export Data Files »

(—' Save Froject As. . Printer Setup

Wiew Project o - Advanced Festures 3 1

Project Settings. . Optians... F7

Recent Frojects » . o
Show Diagnostics Window

Exit Clear Lo File
Yiew Log File
Project " Set Temperatune Cantroller to 2512
E xperiment [E At r
Graph

L & SMaRT v0.1.94

File Contral Tools ‘Window Help

D& B H &

Open a file
Hardware settings
Printer set-up
Convert data files
Show a graph

Start an experiment
Stop experiment

-
o
k)
5
<
3
H
[
[ =
©
[}
&
[
[}
2
O

Add files to your project
Save the current project
Show the project viewer
Search for GPIB listeners
Create a new experiment
Visit Solartron's web site

Figure 1-1 The 1296 tool bar and menus.

Many of the tool icon and menu entries lead you into a clearly presented
window, or series of them, on which you set up your experiment.
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1.1.2
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Many of the tool icon and menu entries lead you into a clearly presented
window, or series of them, on which you set up your experiment.

SMART STRUCTURE

To simplify the 1296 set-ups, the structure of SMaRT is based on projects
and experiments.

The Project

A project comprises a set of files relating to a common aim —for example,
ascertaining the properties of a particular type of material. The Project
Viewer represents the project on the SMaRT display. This shows all the files
presently included in the project, in the form of icons. The types of files used
are:

* Experiment file — specifies the hardware to be used for a particular
experiment.

« Data file — contains the data obtained by running an experiment.

* Graph file — specifies a graph configuration and points to the data file
containing the data to be plotted.

* Report file — contains a summary of an experiment that has been run.

A project may embrace several experiments and each one will have its own
data and report file assigned to it.

The Experiment
To create an experiment you use the Experiment Editor. Here you define:
* The filename of the experiment file, and where to save it,
» The file to be used for the experiment data,
* The experiment parameters, such as ac level, frequency and
temperature

Having created an experiment, you must save it to make it available. An
experiment icon then appears on the Project Viewer. Any experiment thus
created can then be run to acquire the materials testing data. The ways in
which you can view this data are introduced in Section 1.2.

A summary of the SMaRT set-up and data acquisition and display procedure
appears in Section 2.1 of this user guide.

SMaRT_AA
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1.2 SMART PROCESSING AND DISPLAY FACILITIES
When you run an experiment the basic voltage and current data are stored
in memory. SMaRT is able to retrieve this data, and to process and plot the
data in near real-time or historically. A detailed analysis of cell performance
is thus provided, in graphical or tabular form.
You set up the graph you wish to plot on the graph set-up window. The
procedure for this is given in Section 7.
1.2.1 SELECTING THE PLOT TYPE
On the Plot Type tab, you select the type of graph you want. This can be for
Impedance plots, Bode or Complex plane. On the other five tabs you
proceed from left to right, setting up the trace(s), x-axis, y-axis, etc, as
explained in the following sections. When graph configuration is complete,
click on OK to display the graph.
1.2.2 SETTING UP THE TRACES
On the Trace Set-up tab, you assign a data file to each trace to be plotted on
your graph. Up to eight traces may be plotted on the same graph.
For each trace, you follow the same simple set-up procedure:
1. Select a trace on which to plot the data.
2. Attach the trace to the relevant y-axis, Y1 or Y2. (The Y2 axis may be
enabled, or not, for Impedance plots.)
3. Select the data file containing the data you wish to plot.
4. Select the range of data you wish to plot. (For time related data, for
example, you can define the period that the plot is to cover.)
In step 4 of the trace set-up procedure, you have the option of selecting:
*  For historic data:
* The date and time when the data was obtained,
The number of times you wish to plot a repeated experiment,
e The period of the data to be plotted
SMaRT_AA

1-3



SMaRT Concepts SMaRT User Guide

1.2.3 SETTING UP THE X-AXIS

The type of units you can plot on the x-axis depends on the selection you
make under Plot Type. By default, the x-axis is in units of Frequency for
Impedance plots.

You can select alternative units to suit your needs. These units include
magnitude, phase and real for impedance plots. Full lists of the units
available are shown in Table 1-1.

1.2.4 SETTING UP THE Y-AXES

The type of units you can plot on the y-axis depends on the selection you
make under Plot Type. The default units for Impedance plots are Y
=magnitude and Y2 =phase. You can select alternative units to suit your
needs. These units include impedance real and imaginary, or admittance
magnitude and phase for impedance plots.

1.2.5 SETTING UP THE VIEW
On the View window, you set up the general appearance of your graph.
The Display options apply to all graphs. With these, you can:
» Display the grid, or not,
«  With the grid displayed, display the minor divisions, or not,
» Display the cross-wire cursors, or not,

e Display the legends (trace labels), or not.

The Complex plane options are available only with Complex plane selected
as the Plot Type. These options allow you to:

e Use isotropic scaling (equal scaling on x- and y-axes), or not,

. Invert the y-axis, or not.

1-4 SMaRT_AA
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2. Using SMaRT

On starting SMaRT, you will see the Welcome to Smart panel:

T SMaRT

Welcome to
SMaRT!

[Fetting started!

Create a new project

Open your previous project

This gives you three options and the choice you make will depend on
whether you are a new or experienced user.

New users should choose Getting Started! This presents you with the few
simple steps you will follow to create your first project:

i Getting Started with SMaRT!

Getting started. ..

There are 3 simple steps bo running expenments with thiz software...

Creating your project...

@ Your project groupz all of your files together. Here you specify a name for pour
project and zay where vou wauld like vour files to be saved.

Connecting the equipment to your computer...

Thiz window allows you to zpecify which equipment yow are using in pour system
and decide on addrezses and options.

Designing your test sequence.__

o . :
L Thig allows you to create a sequence of tasks to perform for a particular
experiment

The aim of this is to get you started in running tests. We recommend that
you first connect a sample of the material under test, as described in the
1296 User Guide. Then use the Getting Started procedure outlined below to
get to know the facilities offered by the 1296 Unit and SMaRT.

To create your project, click in turn on each button on the Getting started...
panel, starting at the top with the Creating your project. You thus progress

SMaRT_AA 2-1
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2-2

through a simple three-step procedure. Sections 2.1 through 2.3 below
introduce you to the type of windows you will encounter in setting up a
project and you are shown how you create and manage projects and
experiments within SMaRT. In each section, reference is made to more
detail in later sections of the User Guide.

Having set up your initial project, you can start your experiment. Section
2.4 shows you how. On the successful completion of the experiment, you can
view the data acquired. Section 7 of the User Guide gives full details.

The other two options on the initial Welcome to SMaRT panel allow you to
Create a new project or Open your previous project. Use these when you
are familiar with the operation of SMaRT, to enable you to set up your
project directly.

SMaRT_AA
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2.1 CREATING YOUR PROJECT
To start creating your first project, click on this button:
Creating your project...
@ 'our project groups all of your files together. Here vou specify a name for your
project and zay where you would like your files to be zaved.
This reveals the Project Settings window'. Initially, all you do here is give
your project a name and say where you want the project directory saved.
Once projects have been created, you will have the option of creating a new
project or recalling an existing one. When you click on OK to assign your
project name, the Project Viewer appears:
i Project Settings E3
Froject name :
IMateriaIs Test1 V
Ol %

Comment : x

Filznarme : Cancel

IMaleriaIs Test 1.zmp

Path

[D-*Pragram Files\SMART

'ﬁ'ﬂ Project Yiewer : D:\Program Files\SMART\M atenals Test 1\Materials Test 1_smp
Froject 'Materials Test1' -
Ev Other Files
Your project will consist of a group of files related to one or more
experiments with a common aim. This will be to do impedance tests on a
particular type of material, for instance. In creating a project, you open a
project directory and assemble in this the files that you wish to use in the
project. The header icons that appear in the Project Viewer, as shown in the
example above, indicate the types of files that you will use. At this time,
there are no files in the project directory. lcons representing these files will
appear as soon as you create them, or, later, add them from other projects.
Full details of how to create and manage a project appear in Section 4 of the
User Guide.
' You can access this window directly, by selecting Create a new project on the initial
Welcome to SMaRT panel.
SMaRT_AA 2-3
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2.2 SPECIFYING THE SYSTEM HARDWARE
To specify the hardware you are going to use for your experiment, click on
this button:
Connecting the equipment to your computer...
Thiz window allows wou o specify which equipment yow are wzing in pour zustem
and decide on addreszes and options.
This reveals the Hardware settings window:
 Hordwaresettings |
Interface | FR | Temperature | V
K
Model : ISDIartan 1236 j x
Card Mo IGF‘IB Card 0 "I Cancel
Address I "I g
Avto-etect
On this, you specify the type of Interface, FRA and Temperature Controller
you are going to use and their addresses and options.
Full details of how to specify the system hardware appear in Section 3 of the
User Guide.
2-4
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2.3

Using SMaRT

DESIGNING YOUR TEST SEQUENCE

SMaRT_AA

To start designing the test sequence for your experiment, click on this
button:

Designing your test sequence...

&

Thiz alliows pou to create a sequence of tazks to perform far a particular
experirment

This reveals the Experiment Editor window:

F,e‘ E xperiment Editor

M=
b

I Ao Tazk
i

Remove Task

Comment :

D ata file :

|

Experiment sequence...

Sample Definition

»

=
=]
=
3
=
=

“

=
=
=z
i
[l
=
3
3

in

(o)
@
=
@

]
o
@
@

Here you add a series of tasks, which define the experiment parameters.
For example, you can enter the frequency and level of the ac source, the dc
bias, and the measurement parameters. You can also set up a sweep, of the
frequency value for example, or you if you wish can set up several nested
sweeps. Full details appear in Section 5 of the User Guide.

Included in the experiment set-up, is the sample definition. Here you enter
the information that enables the 1296 to compute the relative permittivity of
the sample to be measured. The information you enter can be either the cell
dimensions or the empty cell capacitance.

2-5
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2.4 STARTING AN EXPERIMENT
As you complete each step of the Getting Started procedure, a green tick
appears against it and, on completion of the last step, a message prompts
you to start running the experiment:
Getting started...
There are 3 simple stepz to runking experiments with thiz software. ..
Creating your project...
@ JH SMaR T
Co ® whould you like to start running an experiment now?
Thiz I system
The o] o
Designing your test sequence...
%}f Thiz allows pou to create a 'schedule’ of test steps ta perfarm on a particular /
channel,
Selecting Yes reveals the window entitled, “Please choose an experiment to
start...”
'T Please choose an experiment to start... =] E3
.
Start
Browse
Cancel
All you do here is select an experiment from the list and click on the Start
button. The experiment is then executed.
Initially, of course, there will be just the one experiment to choose from, but
once several experiments have been created, you can choose any one of them
from the list displayed. The browse button enables you to search for and run
experiments other than those listed under your current project.
Full details of how to run experiments appear in Section 6 of the User
Guide.
2-6
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2.5 VIEWING THE RESULTS OF YOUR EXPERIMENT

On completion of your experiment, an icon representing the data file appears
on the Project Viewer. Double-click on this icon to reveal the Data File
Information window:

%- Other Files

- \Expl.dat[13.5 k

R

Wi’ Data File Information

2401/2003 17:27:28

Filenarne : Exp1.dat
Path [:5Program Filess5MAR T Project 1
File: »eersion : 1

Creation date: 22/01/2003 171217

E xperiment infa...

Decompress

Cloze

Here, you can opt to view your data as a graph or in tabular form. You can
also repair damaged data files, or convert them to .CSV format for export to
other applications such as Excel.

Full details of the ways you can view your data appear in Section 7 of the
User Guide

SMaRT_AA 2-7
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3.1

The system hardware includes the Impedance/Dielectric Interface and any
other equipment that may be required, such as option cards, FRAs and
temperature controllers.

ENTERING THE HARDWARE SET-UPS

SMaRT_AA

To be able to use an item of hardware you must first assign it to the system
software. The procedure is:

1. Click on the Add/Remove hardware icon in the
toolbar (or, in the Tools menu, click on Hardware
settings...).

Add/Remove hardware

This displays the Hardware Settings window:

i, Hardware settings |
Interface i FRA I Temperature | ’
Ok
kodel : ISDIartru:un 1296 j x

Card Mo. : IGF'IB Card 0 'l Cancel
Address I 'l

Search GRIB

Test Hardware

2. On the three tabs of the Hardware Settings window, select the Interface,
FRA, and Temperature Controller you intend to use in your project. For
each of these you will also need to define the port address and type of
connection used. See Sections 3.1.1 through 3.1.3 for the details

The GPIB settings apply to the interface or Frequency Response
Analyser. If in doubt as to whether or not you have entered the correct
GPIB address, click on Search GPIB. The message, Searching for
hardware on the GPIB... please wait, is then displayed, followed by the
result of the search. If necessary, correct the GPIB address. The serial
port settings apply to Temperature Control Units. The Test Hardware
facility enables you to check the response of an instrument when
addressed.

3. Click on OK to register the hardware set-up.

3-1
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3.1.1

3.1.2

SETTING THE DIELECTRIC INTERFACE

i, Hardware settings |
Iriterface i FR&, I Temperature | /
Ok
kodel : ISDIartru:un 1296 j x

Card Mo. : IGF'IB Card 0 'l Cancel
Address I 'l

Search GRIB

Test Hardware

Model: 1296, 1294 or none (1260 stand alone mode)
Card No. Identifies the system controller GPIB card in the PC
Address:  GPIB address of the Dielectric Interface (1 through 8)

SETTING THE FREQUENCY RESPONSE ANALYSER (FRA)

s, Hardware zettings |

Interface FRA, I Tempersture | V
Ok
Model {1260 =l x

Card Mo, : IGF‘IB Card 0 "l Cancel
Address I'I ""|

|nput coupling : IDE j Search GPIB

Test Hardware

Model: Solartron 1260, 1250, 1253, or 1255, or Hewlett Packard HP4192
(See Appendix E for details.)

Card No. Identifies the system controller GPIB card in the PC
Address:  GPIB address of the FRA (1 through 8)

Note: The FRA uses two addresses the even one shown in the
Address box and the address that follows it. A warning is
displayed if you attempt to enter the second FRA address for any
of the other instruments in your system.

SMaRT_AA
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Defining the System Hardware

3.1.3 SETTING THE TEMPERATURE CONTROLLER

. Hardware settings |
Interface | FRA Tempersture i V
Ok
hadel : INDne [Manual cantral of temperature) j
| BGEa2 x
) BEA8E Cancel

= GEIE

Senal Port : I = |

Card Ma. IGF‘IB Card "l Search GPIB
Address I vl

Test Hardware

Model:

Address:

Set-up File:

SMaRT_AA

‘None’ —an instrument controlled from outside the system, as
selected above— ‘Lakeshore 340’, ‘Oxford Instruments ITC503’, or
‘Eurotherm 2000 Series’.

If you choose to adjust the temperature manually, SMaRT
prompts you to do this whilst the experiment is running. If no
temperature control is required then select manual mode —and
select fixed, with no prompt in experiment set-up.

Note: The temperature controllers Lakeshore 340 and Oxford
Instruments ITC503 are set up, prior to being operated, from
their respective set-up files. These files, which are supplied with
the impedance measurement software, are Lakeshore.set and
oi_setup.set. Guidance on modifying the content of these files for
your particular application is given in Appendix C of this
manual.

For Lakeshore 340, Oxford Instruments ITC503, or any other
temperature control device, you must enter an RS485 address.

For Lakeshore 340 and Oxford Instruments ITC503, you must

select a set-up file. For any other type of temperature control
device, you must select a set-up file and a DLL file.

3-3
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4. Creating and Managing a Project

4.1 PROJECT FILES

A project contains the files of a common category of experiments. This
allows you to manage the files related to a particular project, which keeps
everything nice and tidy. To identify a project you enter a title in the project
name box. You can enter a broader description of the project in the
“comments” box.

The file types contained in a project are:
» Schedule - holds a test sequence: charge, discharge, etc.

« Experiment file - holds a definition of the hardware to use for an
experiment and the name of the data file to use.

« Data file - holds the data generated by an experiment.

» Graph file - holds the settings of a specific graph and reference to the data
file holding the data you wish to plot.

* Report file - holds the text that summarises a specific experiment, i.e.
general information that you may wish to print and file.

* Other files.

SMaRT_AA 4-1
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4.2 CREATING A PROJECT

The basic procedure for creating a project is:

1. Click on the Create a new project icon in the toolbar (or,
in the File menu click on New —Project...).

Create a new projec

The following message is then displayed:
Mew project

31) Do you wizh to gave your current project first?

Mo | Cancel |

This gives you the option of saving your current project (should you have
created one prior to starting another). ‘Yes’ saves the current project —
‘No’ discards it. In either case, the Project Settings window appears.
‘Cancel’ aborts the creation of a new project.

The Project Settings window appears thus:

'T Project Settings
Project name /
‘First Project
Ok
Comment :

| X

Cancel

Filename :

‘First Project.zmp

Path :

[D:\Program Files'SMART

2. Enter a name for your project. This name will appear on the project map.
If required, enter a brief description of the project under Comment.

3. By default, the project name is adopted as the filename, but you can

modify this as you think fit. To set a filename, click on the relevant E
button. Beware of using illegal characters in the filename. The directory
path shows where the directory is to be stored: this too can be modified,

by clicking on the other E button.

4. To save the project, click on OK. The Project Viewer then appears:

4-2 SMaRT_AA
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’f,"'_; Project Yiewer : D:\Program Files\5MART\First Project\First Project.smp

Froject 'First Froject’

T
%- Other Files

Icons representing the various files in the project will appear as these files
are saved. Note that there are other project ‘tree’ styles. See Section 8.3.
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4.3

MANAGING A PROJECT

43.1

4-4

The thing to remember when managing a project is that it is simply a group
of related files (experiments, schedules, data files, etc).

The four aspects of project management are:

Loading: When you load a Project, you are making available the files
relating to a cell test application. Only one Project can be
loaded at a time.

Adding files: If you wish, you can add new files or other components to
your current Project. You can also access and use the files of
other Projects.

Backing up: As a precaution against experiment data being lost, it is
possible to back up the Project component files. You can
select daily backups, at a selected hour, or periodic backups,
at defined periods.

Saving: Saving a Project retains the grouping of the experiments,
schedules, etc. of your current project, but it does not back up
the component files. Omitting to save, or deleting a project,
does not lose the component files, only the reference to them.

The way in which you deal with each of these aspects of project management
is described in sub-sections 3.3.1 through 3.3.4 below.

LOADING A PROJECT

As an option, you can choose to have your previous Project automatically
loaded when the application starts up. If you don't select this option then
you have the choice either of creating a new project or of opening a
previously saved project file. A list of recent projects is accessible from the
File menu.

Note that only one Project will run at any one time. An attempt to load a
project while another is running presents you with the choice of saving or
discarding the present Project. Should you discard a project, you do not lose
the files it contains —only the project ‘shell’. If you wish to delete the files as
well, you must do this separately.
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4.3.2

4.3.3
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ADDING FILES FROM OTHER PROJECTS
To add files from other projects, click on Add Files to Project... in the File
menu. Then Choose a File to Add and Open it.

Should you have set the message option ‘Suggest file copy when adding
external files to project?’ (Section 10.4) you will see the following message:
CellT est
\ql) The file you have chozen iz outzide your project directon.
Whould you like to place a copy of this file in to your praject directary, and wark with that?

Click "es" to work with a copy of thiz file, or Mo’ to reterence the onginal file inits curent lacation. .

Mo | Cancel |

Select Yes to copy the file to your current project or No to access the original
file. The first option is useful for creating one file from another, when you
can leave the original file intact. You could perhaps use the second option
where commonly used files are stored centrally and where any changes
made are with the knowledge and approval of all users.

In addition, you can ‘drag and drop’ files into your project, using the
Windows File Explorer. These files are always referenced in their original
location, regardless of the above option.

SAVING A PROJECT

Saving a Project retains the grouping of the experiments, schedules, etc. of
your current project. Declining to save a Project deletes the grouping, but
the individual components remain available for use in other Projects.
Similarly, removing a component from the project map does not delete the
component itself, only the reference to it. If you wish to delete the
component itself, you must do this separately, by clicking on Delete: you
must delete a file, for example, from the relevant project directory.
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5.1 USING THE EXPERIMENT EDITOR

To define an experiment you must specify the way in which the 1296
Dielectric Interface is to drive the sample during the experiment. You must
also specify the data file to be used for the experiment results.

To create an experiment you use the Experiment Editor. You can access this

either by clicking on the i icon in the toolbar or by selecting
New —Experiment in the File menu:

F,ﬁ Experiment Editor _ (O] x|
Comment : ﬂl@
I Add Task
Drata file :
| =

Remaove Task
Esperniment sequence...

Edit Task

p

Sample Definition

»

=
=]
=
]
—
=]

ye

=
5
=
@
()
a
E
5

]
&[S
=

O
=]
@
@

At the top of the Experiment Editor window, you can enter both a comment
and the filename for the experiment data. To enter the comment (30
characters maximum) you simply type it into the text box:

Comment ;

Example of an experiment zetup

When you save the experiment, the comment will appear against the
relevant experiment icon on the Project Viewer.

SMaRT_AA 5-1



Creating an Experiment SMaRT User Guide

To define the filename for the experiment data, click on the E button and
use the window entitled Choose a data file for this experiment...

Choose a data file for this expenment. . [ 7] |

S ave n: |El Project 1 j ﬁl

File name: IE:-:p1 .dat Save I
Save az ype: IData Files [*.dat] j Cancel |

When you save this file name, it appears under Data file at the top of the
Experiment Editor window. When you run the experiment, a data file icon,
thus identified, appears under the relevant experiment icon on the Project
Viewer.
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52 CREATING AN EXPERIMENT
%5
To create an experiment, you add tasks by using the [__*®™ | putton. This
button opens the Add New Task window, which contains a set of buttons
that point to all the tasks you will need to perform:
' Add New Task.__
Set or Sweep Frequency Measure Impedance
Set the FRA generator frequency to a @ Take an impedance measurement uzing
fixed value the FR&
Set or Sweep AC Level Delay
b Set the FRA generator amplitude ta a fiked ® Add a delay for cooling or zetting.
value
Set or Sweep DC Level Loop
t Set the DC biag level for the FRA or @ Repeat all or part of the test sequence.
extemnal amplifier
Set or Sweep Temperature o Run External Process / Program
& Set the temperature of the sample using a % Launch an external program to perform a
temperature controller. process [eq: swap sample]
Each button shown here brings up a window for setting a specific
experiment task. Defining the measurement frequency, for example:
[ Frequency
Frequency : |1 Hz o
" Sweep x
Start : |1 Hz Cancel
End: 10000 Hz
Mo, of Paints : I
Logarithmic sweep I
" List of points. .
2
In this particular window, you can set a fixed frequency for the
measurement frequency. Alternatively, you can set the start and end
frequencies of a linear or logarithmic frequency sweep. You also have the
option of setting a list of randomly defined frequency points.
Similar windows exist for setting the ac and dc levels and temperature. For
the 1294, you can also select the Voltage or Current generator mode. For dc
level and temperature, you have the option of prompting for manual control
at each point in the sweep.
SMaRT_AA 5-3



Creating an Experiment SMaRT User Guide

As you define each task, an icon representing it appears in the Experiment
Sequence diagram. For example:

Experniment sequence.

1 W Set Temperature to 303.000K
[« Set AC Lewvel to 500.000m"

= SetDC Level to 1.0004

BOW N

ml Sweep Frequency from 10.000kHz to 1.000kHz, 10 ptsfdecade

teasure Impedance
ml Mext Frequency
O Fepeat

The order in which tasks are shown represents their order of execution. In
the sequence above, task 1 sets the sample temperature to 303°K (30°C), and
tasks 2 and 3 set the ac and dc levels of the FRA generator output to 500mV
and 1V respectively. Task 4 then imposes a settling delay of 60 seconds.
Following this, tasks 5 and 7 sweep the frequency of the FRA generator
output from 10kHz through to 1kHz and with Task 6 making a
measurement at each frequency point. Task 8 then repeats the swept
frequency measurements five more times.

) ¥

Move Down

Use ™% Jor to change the order as required.

0 ~ O O,

Note the two loops in the above sequence. The outer (green) loop is
implemented by inserting a loop task. You can set this to repeat all or part
of the experiment sequence a defined number of times. You select the tasks

to be repeated by moving the loop start icon { oopsimes ¢ precede the first
task in the repeat sequence and the loop end icon G rerea to follow the last.

Ediit Task

To edit an existing experiment task, select to reveal the task set-up
window. Reassign the task parameters and OK them, same as during the
initial setting up.

To delete an unwanted task from the experiment, select the task icon and
=
then Remove Task
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Having set up all the experiment tasks required, and defined the sample,

=]

o]

select s to save the experiment. The experiment icon
appears on the Project Viewer:

then

’F‘;‘; Project Yiewer : D:A\Program Files\SMART\Mew Project\Mew Project.smp

@ Froject 'Mew Froject!

o

|E| ------ Voetup 1.exp [Example of an experiment set-up]

- % Editthis experiment

T
%-’i’ Other Files

Note the comment: [Example of an experiment set-up]. This is the one
entered at the top of the Experiment Editor. You specify the experiment
filename, in this example “Set-up 1.exp”, when you save the experiment.

To edit an existing experiment, double-click on g to reopen the
Experiment Editor. You can then edit, add and/or delete tasks, before
saving the experiment, either as an updated version or as a completely new
one.
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5.3 DEFINING THE SAMPLE
The Sample Definition window enables you to enter the empty cell
capacitance of the sample, or the dimensions from which this may be
derived. The empty cell capacitance enables the 1296 to compute the
relative permittivity of the sample.
"
To enter the sample definition, click on the L=2222 ] putton. This reveals
the Sample Definition window:
. Sample Definition
Sample Diameter : |1|:| - OK
= Maon-Cireular Cross Section x
Sample Area |?3.54 sq mm P
Sample Thickness IUE— i
" Empty Cell Capacitance 1.39 oF %
You can define a sample in either of two ways: enter the sample dimensions
and let the 1296 compute the empty cell capacitance; or enter the
capacitance value direct. The first method is suitable for a sample for which
you know the dimensions, but cannot remove the dielectric. The second
method is suitable for samples of an irregular shape: if you do not know the
empty cell capacitance, but you can remove the dielectric, the 1296 can
measure the capacitance for you.
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5.4 SETTING UP A MEASUREMENT

The 1296 unit offers two methods of making an impedance measurement -
normal or reference. With the normal method, a single direct measurement
is made. The results that this gives are accurate at low frequencies, but
errors due to stray impedances can arise at high frequencies. To avoid this
problem, you can use the reference method. With this, two measurements
are made: one of the sample and one of a reference capacitor of comparable
value. From the ratio of the two results and the reference capacitance value
the 1296 computes the true sample value.

To reject any noise that may be present in the sample signal the 1296 allows
you to select integration of the Analyser input.

The measurement method can be set at various points in the experiment
sequence, to suit the parameters of the sample stimuli —which are the
parameters set for the generator output. For example, you can use the
reference method for high frequency measurements and the normal method
for low frequency measurements. These measurement methods are
discussed in more detail below.

To set the measurement method, simply add an Impedance Measurement
Set-up task to the experiment sequence. With the 1296 selected as the

hardware interface, the window for this has two tabs, one for selecting the
analyser integration and the other for selecting the measurement method:

Integration | Reference | ¢
Auto integration mode : Ifo j x
Integration period : |1— o Gesmns @) Edss Cancel

=

i Impedance Measurement Setup %]
Integration Reference |

Reference mode : I Marmal

M Ormal
Internal Reference
External Feference

Capacitance : |1 a pF

Conductance : |1 5 @

External reference...

The use of these settings is described in Sections 5.4.1 and 5.4.2.
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5.4.1

5-8

Alternatively, with the 1294 selected as the hardware interface, two further
tabs appear:

& Impedance Meazurement Setup E2
Integration I Reference Coupling/Fanges | Balancing I ¢

FRA Input coupling : I.&C j x
Cancel

Yoltage range I.&uto j

Current range : I.&uto j

=5

Integration | Fieference | Coupling/Ranges Balancing “

Balancing mode : Ifo _v* x

[ Only balance every... |5_ meazUrements —l Cancel
=

One of these is for coupling and ranging of the FRA input and the other is
for generator balancing. The use of these settings is described in Sections
5.4.3 and 5.4.4.

SELECTING THE ANALYSER INTEGRATION (1294/1296)

Noise that is present in the signal applied to the Analyser can be rejected by
a process known as signal integration. This process averages the signal over
a whole number of cycles, which narrows the measurement bandwidth and
thus increases the signal to noise ratio. The more a signal is averaged the
longer it takes to get a result, so there is a trade-off between the accuracy
you require and the measurement speed.

The measurement set-up defaults to a fixed Integration Period, with auto
integration off. If you wish to use a fixed integration period, enter the period
you require, in seconds or cycles, in the Integration Period box. Select cycles
or seconds by clicking on the relevant option. If you know what accuracy you
want in your results, but you don’'t know how much integration is required
to obtain this then a possible solution is to use Auto Integration:

Auto integration mode ; I‘v’, Lonhg j

i iU peiod : I-“:I % Seconds  Cycles

SMaRT_AA



SMaRT User Guide Creating an Experiment

5.4.2

5421
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Auto Integration averages the signal until the standard deviation reaches a
target value. Details of the standard deviations obtained are given in the
relevant FRA manual. To avoid excessive measurement times, you assign a
Maximum Period, in seconds or cycles.

When you enter a value in seconds the 1296 or 1294 always selects the most
appropriate number of whole cycles. You must specify at least one cycle for
the Analyser to operate.

SELECTING THE MEASUREMENT METHOD (1296)

The measurement set-up defaults to normal measurement. To select the
reference method, click on internal or external reference in the reference
mode menu.

By adding an Impedance Measurement Set-up task at two different points in
the measurement sequence, you have the option of using the normal method
for measurements below a specified frequency and the reference method for
measurements at frequencies above. This is worth doing when you can
obtain the same accuracy with either method over the lower part of the
frequency range. The normal method makes only one measurement per
result and this saves time.

The frequency below which you use the normal measurement mode depends
on the sample and therefore you must find this frequency by experiment.
The easiest way to do this is to make two frequency sweeps, one using the
normal method and the other using the reference method. Compare the
results on a graph and note the frequency at which the traces diverge.
Above this frequency, you should use the reference method. Below it, you
can use the normal method. You should then obtain a consistent accuracy
throughout the sweep, for this particular sample.

Selecting the Reference Capacitor

For the internal reference, the 1296 unit automatically selects a capacitance
that is comparable to that of the sample. If you wish to use an external
reference, however, you must connect a suitable capacitor to the 1296 unit
yourself. You must also enter the capacitance and conductance values of
this capacitor, on the Reference tab of the Impedance Measurement Set-up
window.

If you use a wide range of frequencies, you may need to use several different
values for the external reference capacitor to maintain measurement
accuracy. To do this you will need to conduct a series of experiments, for
each experiment using a suitable reference capacitor.
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54.3
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ANALYSER INPUT RANGING AND COUPLING (1294)

The voltage sense range of the measurement inputs is used to measure the
differential voltage across the sample. The current sense range is used to
measure the current through the sample.

The sample current is converted to a voltage in the 1294. This voltage is
then measured by the FRA. (Channel 2 of the FRA, which is used for this
purpose, is always in auto-range.)

It is best to leave the Voltage range and Current range settings on ‘Auto’.
This ensures that an optimum range is selected automatically, in keeping
with the signal amplitude. Automatic range selection aims at selecting the
least sensitive 1294 range and the most sensitive FRA range possible, thus
ensuring the widest possible measurement bandwidth and highest accuracy.

Should you wish to specify the current sense range yourself then you should
note the following:

e The current sense ranges are listed as conversion factors: 1V/mA,
1V/10mA, 1V/100mA, and so on. This means that 1V represents 1mA,
or 10mA, or 100mA, and so on, depending on the conversion factor that
you select.

* In keeping with the conversion factor selected and the current range
required for the experiment, you must ensure that the FRA can
automatically select a suitable range for the voltage representing the
sample current. For example, if the maximum current expected in the
experiment is 30mA then you could select a current sense range setting
1V/1mA. The maximum voltage fed to the FRA would then be 30mV, so
the FRA should auto-range to the 30mV range.

e Should you wish to obtain a higher voltage to current ratio, then you
could, in the above example, select a current sense range setting of
1Vv/100mA. This would give 300mV as the maximum FRA input voltage
and would require the FRA to auto-range to the 300mV range. The
more sensitive 1V/100mA range has, however, a lower bandwidth than
the 1V/mA range.

Provision is also made for the selection of ac or dc coupling at the FRA input.
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GENERATOR BALANCING (1294)

The generator balance facility enables the generator, in voltage drive mode,
to compensate for external impedances, such as those contributed by the
sample electrodes and test leads. These impedances (represented by Z1 and
Z2 in Figure 5.1) act with Z sample as a potential divider and cause a
common mode signal to appear at the V INPUT LO terminal. A leakage
current can thus be made to flow from the V INPUT LO terminal to ground.
This current flows through the sample, but, since it does not flow into the
GEN LO terminal, it is not measured. This leads to errors in current
measurement.

The aim of generator balancing is to avoid a common mode signal at the V
INPUT LO terminal. For this purpose, anti-phase versions of the drive
voltage signal are applied at opposite ends of the measurement circuit. The
relative amplitudes of the opposing signals are adjusted automatically, such
that the voltage at the V INPUT LO terminal is minimised.

Balance Off: Balance On:
GEN HI f\j o——l GENHI f\} o__—1
Z1 Stray Z1 Stray
V INPUT HI o———[ VINPUTHI O—w——4
ZSample ZSample

V INPUT LO O——]: VINPUTLO O————¢

ZZStray ZzStray
GENLO OV o———T GENLO J\ o—-—L’

Figure 5-1 Generator balance for four-terminal measurement.

Three balance settings provide for various experiment conditions:
Off, where balance is not required,
Fast where balanced measurements are required, but speed has priority,

Accurate where balanced measurements are required, but precision has
priority.

Depending on the rate at which the external impedances are likely to

. th
change, you can also arrange for balancing to occur at every n
measurement. This can be used to advantage where measurement precision
and speed are both important.
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6.1 STARTING AN EXPERIMENT

The procedure for starting an experiment is: = | G
1. Click on the traffic light icon... |3

IStart an e:-:perimentl

...or on Start Experiment... in the Control menu.

A window entitled Please choose an experiment to start... appears:

T' Please choose an experiment to start__. [_[O]

Cancel

2. On the above window, select an experiment then click on the Start
button:

3. Under Tools, Options, Graphics you have the option Show a new graph
when the experiments starts. (See Section 10.2, ‘Selecting the General
Options'.) If this option is selected, a message appears, before the
experiment starts, giving you the option of configuring the real-time
graph of the experiment results:

CellTest [ <]

\?I) Do pou wizh bo configure the real-time graph befare running the expenment?

If you select yes, the graph configuration window appears (see Section
9.1). If you select no, the experiment results are plotted on a default
graph of voltage against time.
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6.2

Following step 3 (or step 2, if the graph option mentioned in step 3 is not
selected) the experiment starts and its progress is shown on the System
Status Grid.

The grid shows, for each channel in the experiment, the quantities
measured and the estimated measurement time left. Stop, run and skip
buttons are also included, for each channel. This is demonstrated in the
following example.

STOPPING AN EXPERIMENT

6-2

To stop all experiments, click on the EIE button in the CellTest tool bar or
on Stop in the Control menu. The stop button is intended for emergency
stops.

However, as with all computer-controlled systems, you should not rely on
this alone. This is because a communications failure may prevent the stop
command being actioned. This applies particularly where injury or damage
could result from a critical experiment. In such a case, it may necessary to
disconnect the ac supply to the unit that is driving the critical experiment.

Sensible precautions should be taken against the possible hazards of a
critical experiment —explosion, fire, and corrosive liquids, for example—
which could occur before the experiment is brought under control. This
could take the form of a complete enclosure or a screen, depending on the
degree of danger. Fire prevention should also be considered. All precautions
should be taken in accordance with local safety regulations regarding
hazards of this nature.
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7. Viewing Your Results

7.1 PREPARING TO VIEW

Once you have run an experiment, data is available in the designated data
file(s) and a representative data file icon appears under the Other Files icon
on the Project Viewer. Double clicking on the data file icon opens the Data
File Information window, which contains a summary of the filed data. Here
you can select the data you wish to study and how you wish to view it: as
data, in tabular form, or as a graph. You can also convert your data before

viewing it.
i Data File Information E
Filenarne : Expl.dat -
Path: D:\Program Files\SMARTYProject 1 View Deta
File werszian ; 1 @
Creation date ; 14/01,/2003 12.567.25 fimm Coramp

Experiment info...

Canvert

v

Cloze

The procedure for viewing a graphs and tables is described in Sections 7.2
and 7.3, whilst file conversion is described in Section 7.4.
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7.2 VIEWING YOUR RESULTS ON A GRAPH
For real-time or historic graphs, you configure the presentation in the same
way. The only difference between the two is the way in which the data
appears. Real-time graphs build up as the experiment proceeds, whereas
historic graphs represent filed data already acquired and appear as a
complete plot.

To access the graph configuration windows, select View

Graph on the Data File Information window or click on the el
Show a graph icon in the toolbar. This reveals the six graph

configuration windows. Sections 9.1.1 through 9.1.6 below explain the use of
these. When graph configuration is complete, click on OK for plotting to
begin. Note that you can Save a graph configuration and Load a previously
saved one.

7.2.1 SELECTING THE PLOT TYPE

7-2

On the Plot Type window (Figure 7.1), select the type of graph you want.
This can be for Bode or Complex plane. From here, you proceed from left to
right, setting up the trace(s), x-axis, y-axis, etc, as explained in the following
sections. When you finish configuring your graph, click on OK to display it.

ﬁ Graph Setup E3 |

_________ P|0tT}'DEI Trace Setup I Dz I T Ais I 2 Az I Wiew I /
O,
Flot type._.
1° Bode x
(OIS Cancel

4 Impedance parameters plotted against frequency

%

C | |
omplex plane Load

e o :
II)/_H-\\‘Z' Feal and imaginary impedance components plotted against each other

- [l

Save

Figure 7-1 Graph configuration: plot type.
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SETTING UP THE TRACES

On the Trace Set-up window (Figure 7.2), you assign the data you wish to

plot. Up to eight traces, selected from various data sources, can appear on
the same graph.

Rewis | vasis | v2awis | View |
| Enabled ? i
Trace No. |1_L| Attach to Y2 axis? [ style
PlotType [ TraceSefup i awis | vaws | veaws | View |
-] Enabled ? r
Trace No. I?LI Attach o Y2 anz? [T style
Filename :
[Exp1 dat R R
Frequency : A DC: Temperature :
= | =l |zoooooo =] o =l |=s0000000 7|
Legend text
|

Figure 7-2 Graph configuration: trace set-up.
The procedure for assigning data to a trace is:

1. Select a trace on which to plot the data. Under Trace set-up, select a
Trace No. (e.g. 1) and click to tick Enabled. To make it easier to
differentiate between several traces on a graph, each trace has a different
style, e.g. colour, thickness, etc. If you wish to define your own styles, you

can do this in the Style window. To plot a trace against the Y2 axis, click
to tick Attach to Y2 axis.

2. Select the Filename of the file containing the data you wish to plot.

3. Select the required sweep. To accommodate nested sweeps, the currently
selected parameters are presented in four boxes entitled Frequency, AC,
DC and Temperature. Simply select the values defining the trace you
require. A typical example of nested sweeps could be: at each of three
temperatures 300°K, 350°K and 400°K, and at each of three ac levels
1Vrms, 2Vrms and 3Vrms, run the frequency sweep 1kHz through 10kHz.
Here, you would have 1, 2, and 3 listed under AC and 300, 350 and 400
listed under Temperature. Selecting ‘2’ and ‘350" would select the trace
for a temperature of 350°K and ac level of 2Vrms.

4. Repeat steps 1 through 3 for each trace you wish to plot.
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7.2.3

7-4

SETTING UP THE X AXIS

The type of units you can plot on the x-axis depends on the selection you
make under Plot Type (see Section 7.1.1). By default, the x-axis is in units
of Frequency for Bode plots. You can select alternative units to suit your
needs, under Type. (See Figure 7.3.) Full lists of the units available appear
in Section 1.

To plot the full duration of the data that is available from your selected data
source, click to tick Auto scale. Alternatively, to plot part of the data, you
can define the Min and Max limits of a fixed scale. Assume, for example,
that the full frequency range of your data is OHz through 1MHz and you
wish to plot the frequency band 100Hz through 10kHz. First, deselect Auto
scale, by clicking with the left mouse button. Then set Min to ‘100’ and Max
to ‘10000'. Note that you can also enter the fixed scale values in exponential
form, which in the present example would be Min =1e2 and Max =1e4.

To plot your results in the most meaningful way, you can select Linear or
Logarithmic scaling.

Flat Type I Trace Setup # i | s I Y2 Az | Wigw I

Type: |Frequency _'Eg\
Label : IFrequenc_l,l [Hz]
bdir I

Autozcale? W

Lirear : [
Logarithmic::

Impedance kagnitude
Impedance Phaze Degrees
Impedance Phaze Radians
Impedance Real

Figure 7-3 Graph configuration: x-axis.
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SETTING UP THE Y AXES

The data type you can plot on the y-axis depends on the selection you make
under Plot Type (see Section 7.1.1). By default, the data types selected for
Bode plots are Y =magnitude and Y2 =phase. You can select alternative
data types to suit your needs, under Type. These include impedance real
and imaginary, or admittance magnitude and phase for Bode plots. Full
lists of the units available appear in Section 1.

Beside each Y-axis, you will see the data type label. By default, the labels
are the data type and units. You can enter your own label for each trace
under Label. This then replaces the default label.

To cover the full range of data available on all selected traces, click to tick
Auto scale. Alternatively, to plot the amplitudes within a restricted range,
you can define the Min and Max limits of a fixed scale. Assume, for example,
that the amplitude of your data ranges between 1kQ and 100MQ, and you
are interested in amplitudes between 10kQ and 1MQ. First, deselect Auto
scale, by clicking with the left mouse button. Then set Min and Max
accordingly, e.g. ‘10000’ and ‘1000000'. The precision of your entries should
match that of the cursor readout, i.e. to three, six, or nine decimal places
(see Section 8.5). Note that you can also enter the fixed scale values in
exponential form, which in the present example would be Min =1e4 and Max
=le6.

To plot your results in the most meaningful way, you can select Linear or
Logarithmic scaling.

Flot Type I Trace Setup I # Dis ' Auis I 2 Az I Wiew I
Type: IImpedance b agritude -
Label : IImpedance taagnitude [Dhms)
kit I [EETS I \
Auto Scale 7 W

Impedance Magnitude
Lirear : ' Impedance Phaze Degrees
Loqaithmic - & Impedance Phaze Hadians
=TS & iimpedance Heal
Impedance Imaaginary
{Impedance Tan Delta

Admittance Maagnitude
Admittahce Phaze Degrees

Figure 7-4 Graph configuration: y-axes.
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SETTING UP THE VIEW

On the View window, you set up the general appearance of your graph.
The Display options apply to all graphs. With these, you can:

» Display the grid, or not,

« With the grid displayed, display the minor divisions, or not,

» Display the cross-wire cursors, or not,

« Display the legends (trace labels), or not.

The Complex plane options are available only with Complex plane selected
as the Plot Type. These options allow you to:

» Use isotropic scaling (equal scaling on x- and y-axes), or not,

« Invert the y-axis, or not.

Flat Type I Trace Setup I # Anis T Bz 2 Bis g |
Graph title : IImpedance M agnitude wersus Frequency Faont... |
Display options. .. Colours. ..

Display grid v
.p _|,| . e Background |
Gnd minar divizions r
Digplay curzors v Text and
Dizplay legends v
Complex plane options._.
|Eatrome scaling ¥
[rverted i avis ¥

Figure 7-5 Graph configuration: view.

An example of an historic graph appears in Figure 7.6. Note the precision of
the cursor reading, which appears at the bottom of the graph frame, in the
centre. On the Options window for Graphics, (see Section 8.5) you can
select a precision of three, six, or nine (default setting) decimal places.
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% Historic Graph

1ed

Impedance Magnitude versus Freguency

Viewing Your Results

Cursor slider bar. Use this as an

alternative means to move the cursor,
other than dragging it with the mouse.
The slider bar is particularly useful for
tracking a trace that overlaps another.

@
&

@
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oo

-300

Impedance Magnitude (O hms)
@
h

@
£

183

o
L
o
o
Ll
| o
le ‘ E
o
S L
L}
B B00 5
g
E
-90.0
1e0 1el 1e2 1ed Ted 1ed 1e6
Freguency (Hz)
[Ohms) ]
®=199626Hz ¥2=-39.232° Point=70 A — ] + g

Labels for the x- and y-axes. These
default to the data type and units.

You can enter alternative labels when
setting up the axes. (See Section 9.1.4)

L— When dragged with the mouse, the cursor is attached to
‘cross-wires'. These point to the cursor readings on the x-
and y-axes.

The cursor readings are also shown at the bottom of the
graph -view these when using the cursor slider bar.

Figure 7-6 Example of a Bode plot.

Before attempting to use the cursor slider bar, (see Figure 7.6) locate the
graph cursor by clicking onto the appropriate trace, then hold down the
keyboard Ctrl key whilst moving the mouse pointer to the slider bar.

SMaRT_AA
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7.2.6 ZOOMING IN ON THE GRAPH DETAIL

The cross-wire cursor allows you to zoom in on any part of a plot, on both
axes. Simply click and stretch a box over the required area. When you
release the left mouse button, the selected area appears as a full graph. See
Figure 7.7. Click with the right mouse button to reveal a pop-up menu.
This enables you to set up the graph configuration, zoom level and scroll
time; to save the graph configuration or load a previously saved
configuration; and to export, print or close the graph.

Irmpedance Magnitude versus Frequency

1ed 0o

1evf

-30.0

1ef

~7

1edy
-BR.0

Impedance Magnitude (Ohm =)
Impedance Phase Degrees (™)

183 -80.0
1el el 1] 1e3 1ed 1e5 1e6

Freguency (HZ)

Imp ance Magnitude versus Freguency

1e6

1e5

Setup...

Impedance Magnitude (Ohms)
Impedance Fivaze Degrees (™)

Zoom Up One Level

Load E
Save

1e2 1e3

Freguency (HZ) E xport r
Frint

Cloge

Figure 7-7 Example of graph zooming.
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7.3 TABULATING YOUR RESULTS

Selecting View Data on the Data File Information window displays your
results in tabular form:

'T Results Data - 'D:\Program Files\SMART\Project 1\Exp1.dat’

Sweep |Point Mo, Time Frequency | AC Level DC Level | Temperature| Impedance | Impedance | Impedance

Na. (Hz) Real (Ohme] | Imag (Dhms] | Mag [Ohms) @
1 00:01:37 10.000Hz 1.000 000 (. 000k, 93.507 -249.592m 95.507
1 2 00:03:10 21.544Hz 1.000 000 (0. 000k, 93,506 -B47.948m 95.507
1 3 00:04:42 4E.416Hz 1.000 0,00 0,000k, 93,550 -1.243 99.558 @'
1 4 00:08:14 | 100.000Hz 1.0000 0000 (. 000k, 99 522 -2.843 99 562
1 A 000748 215.443Hz 1.000 000 (0. 000k, 93.380 -E.292 93.574
1 E 00:0%:20 | 464.159Hz 1.000 0,000 0,000k, 97.559 -13.543 98.495 x
1 7 00:10:38 1.000kHz 1.000 0000 (0. 000k, 91.243 27218 95,216
1 a 00:11:50 2154kHz 1.000 000 (. 000k, 70,327 -44.928 53.4R3 Close
1 9 001246 4.642kHz 1.000 0,000 0,000k, 34,442 -4E. 856 58.152
1 10 001331 10.000kHz 1.000 0,000 0,000k, 10.483 -29.891 31.666

Q

If you do not select a particular unit and channel with Units/Channels
used... then CellTest accesses all the data in the file.

2. Data are stored in blocks of 1000 results. To help you search through a
large amount of data, you can go to the start of a data block specified by
the Start at (x1000) slider bar. Thus, you can start at result 0, 1000,
2000, and so on. As an additional aid, you can step through your selected
block of 1000 results in smaller blocks, whose size you specify with the
Block size slider bar. Use the Next Block and Previous Block buttons for
block selection.

You can also display your results in an Excel table, which enables you to plot
the results data in various ways. Before you can do this, however, you must
first convert the data file to CSV format. See Section 7.4.
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7.4

CONVERTING THE DATA FILE FORMAT

7-10

1. Click on the Convert button on the Data File

Should you wish to export a data file to other applications, you must first
convert it into an appropriate format. CellTest converts the data files to
.CSV format, which is suitable for the export of tabular data to Excel.

The conversion procedure is:

Information window or on the Convert data files icon in ¥ '( ﬁ
the toolbar or, in the Tools menu, click on File Corrvert data files

Conversion... This reveals the Data File Conversion
window:

AT File Conversion to CSY |
Drata file to conwert ; ’

| Ok

Target filename : x

I Cancel

]

=]

. Select the Data file to convert.
. Select the Target filename.

. Click on OK. Your selected data file is now converted and stored under

the target filename. The converted file is displayed in Excel. The graph
facility in Excel allows you to display the data in many different formats.

1 1 1 000010 1) 872871 -1.BE407| 1.57E407
2 1 2 00:00:16 1.079775 9863713 -1.5EH17 1.46E+)7
3 1 3 00:00:21 1165914 990465.08 -1.3E+H17 1.35E+07
4 1 4 00:00:25 1258925 9743535 -1.2E+H07 1.26E+07
5 1 5 00:00:31 1 3893°F 97734 A8 1 PFEHIT 1 1IREHIT
B 1 & 00:00: — Exported SMaRT
7 1 7 oo 20000000 Impedance Data
5 1 5 00:00:
.| 15000000
13 1 13 gggg —— Experiment start time
2 10000000 © 2210172003
" 1 11 00:00: 1712417
12 ! 12 Dufmf 5000000 Experiment start time
13 ! 13 o001 . 2200172003
5115 oo T Y 71217
01 1 5 &
16 1 16 00.01] -5000000 sl burmber
17 ! 17, 00:01: 10000000 P\;\?iteilu;?ererﬂme
18 1 18 0001] - .
19 1 19 0001 — —11100:00:10
20 1 20 00:01:
Pl 1 210001
a2 1 27 0001 21000000 —21200:00:16
23 1 23 00:01:5ZT 2 3TTes] 907U 1T -2099Tan] 2900973
A 1 A nn.md.200 £ 0424140 07872 O ATOITAD ACOC Ann
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7.5

NORMALISING THE MEASUREMENT DATA

SMaRT_AA

Normalisation is used primarily to cancel out errors in difficult
measurement environments. A typical application in which normalisation
can be usefully applied is where dielectric tests are done on samples that are
heated or cooled by a temperature controlled cryostat system. The long
wires with which the sample is connected are subject to many sources of
stray impedance. It is impractical to use the reference measurement mode,
since this would require a second cryostat of exactly the same construction
as the one containing the sample. Here, measurement normalisation can be
used to full advantage.

Measurement normalisation corrects for the effect of stray impedances due
to such things as the connection cables, sample holder, and temperature
control system. The measurements are made as quickly as possible, since
only the sample is measured —not the reference capacitor, as is the case in
the reference measurement mode.

Normalisation is applied at all the measurement frequencies of interest. A
frequency sweep is made with the cryostat, sample holder and connecting
leads set up as for the experiment, but without the sample inserted. This
means that the sample holder is measured as a capacitor with an air
dielectric. Each measurement result thus obtained comprises the impedance
of the empty sample holder, plus any stray impedance in the measurement
system. From the dimensions you enter as the Sample Definition, SMaRT
calculates the impedance of the empty sample holder at each measurement
frequency. This gives a correction factor for each measurement frequency,
which you save in an empty call data file for later use.

Note that normalisation is most effective when the measured impedances
are similar to the calculated values used in normalisation. This can
sometimes be arranged by varying the separation of the sample holder
plates.

The normalisation file for a particular experiment is created with a single
sweep. The sample may then be put into the sample holder, normalisation
requested from the specified normalisation file, and measurements made at
different temperatures.

You can use measurement normalisation to advantage whenever you wish to
capture data quickly and accurately. Typical applications are in the
measurement of fast changing systems, such as the cure of adhesives and
thermo set polymers, etc.
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7.5.1

7-12

NORMALISATION PROCEDURE

The procedure for making a normalised measurement is:

1.

10.

11.

12.

13.

Mount the sample in the sample holder and connect the sample holder
to the Sample inputs of the 1296.

In the Experiment Editor, enter the experiment set-up, including the
sweep and measurement parameters and the name of the Data file that
is to hold the measured sample data.

Save the experiment and close the Experiment Editor.

Run the experiment, by clicking on the traffic light icon, choosing the
experiment set up in Step 2, and selecting Start. On the successful
completion of this experiment, an icon representing the measured
sample data file appears on the Project Viewer.

Double-click on the sample data file icon to reveal the Data File
Information window and use this to ascertain the sample capacitance.

Remove the sample from the sample holder.

Edit the experiment set up in Steps 2 and 3 to specify the Data file that
is to hold the empty cell data.

In the Experiment Editor, enter the Sample Definition —that is, the
dimensions of the empty sample holder. Specify the Sample Thickness
to obtain an Empty Cell Capacitance that is approximately the same as
the sample capacitance value obtained in Step 5.

Save the experiment and close the Experiment Editor.

Set the electrode gap of the sample holder to the same value as the
sample thickness specified in Step 8.

Re-run the experiment, by clicking on the traffic light icon, choosing the
experiment edited in Steps 7 and 8, and selecting Start. On the
successful completion of this experiment, an icon representing the
empty cell data file appears on the Project Viewer.

From the Tools menu, select ‘Create a Normalised Data File’. A
Normalisation window appears.

In the Normalisation window, enter the names of the measured sample
data file and the measured empty cell data file. A default name is
presented for the file that is to hold the normalised data, but you can
change this if you wish. Then select OK to create normalised data file.
The Data File Information window now appears, which enables you to
select and display your normalised data.
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8. Support Features

8.1 USING THE SUPPORT FEATURES

The SMaRT support features are available in the Tools menu.

On the top level of this menu are the followings items:

H.ardware setings... 4 | Sectiond.l
Search GPIE For Listerers FEE — Section 86
Create a Momnalized Data File.. —  Section 7.5

Irmpart D ata Files
E=port Diata Files

Printer Setup... —— P Function
Advanced Features (3
Optians... FfF —— Sections82-385

Some options are described elsewhere in the User Guide. The Add/Remove
Hardware option is in Section 4.1 and the Normalised Data File option is in
Section 7.5.

The Advanced Features are diagnostic tools. These should be used only
under the direction of a qualified engineer or service technician, should the
need arise.

Printer Set-up is a standard Windows function and its use is explained in
the Microsoft help text.

The remaining features are described in the present section, as shown above.

Note that you can also access the options described in Sections
8.2 through 8.5 by clicking on the Options icon in the toolbar. L Options
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8.2 SELECTING THE GENERAL OPTIONS
Figure 8.1 shows the Cell Test General options (default settings).
The use of each item in this window is self-explanatory, if you are familiar
with the terms used in cell testing with the 1294 or 1296. If you are not,
then read Section 1 of the User Guide.
Some options are selected from list of settings, others by ticking a box.
To disable an option, click to remove the tick in the adjacent box.
Alternatively, to reinstate the option, click to tick the box.
? Options
Genersl l iy ] Messages ] Graphics ] /
“Wwhen starting, automatically load pour previous project? [ oK
Auto-zave current praject on exit? [
Save project before running experiment? [w x
Always uze landscape format when printing’? [ ancel
Show commz ermors a2 a pop-up meszage box? v
Dizplay carruption warnings when laading a data file? v
Prefered temperature units : |'E ﬂ
CS5% separator character : | ﬂ
CSW/table time ztamp format : |hhhh:mm:$s.nnnn ﬂ
Download calibration : |I:Ir'u:e pel s2zsion ﬂ
Figure 8-1 General options window.
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8.3 SELECTING THE VIEW OPTIONS

Support Features

Figure 8.2 shows the View options window. The significance of most settings

is self-explanatory. Examples of the various project tree styles are shown in

Figure 8.3.

i Options

General g 1 Meszages

I Graphics I “

Ok

Cancel

X

Shiow toalbar? ¥
Show status bar? ¥
Show toal tips? ™l
Collapze experiment branches in project tiee? I
Shaw edit icons underneath expenment branches? i~
Tree image size : ILarge j
Froject tree style IFiIes under experiments j

Default window sizes. ..

[rids : IED?f; aof screen

Graphz IED?f; aof zcreen

L L]

Single List

Froject 'Project 1!

o \Example 1.exp

Expl.dat

SMaRT_AA

Figure 8-2 View option window.

File Groups

Files Under Experiments

@ Froject 'Project '

- D \Example 1.exp

&
%‘ Other Files

@ Froject 'Project 1!
E ------ % Experiments IE‘ ------ %

\Example 1.exp [Example of an experiment setup]

g Edit thiz experiment

Cther Files

YExpl.dat [664 bytes, 14/01/2003 13:11:41]

Figure 8-3 Project tree styles.
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SELECTING THE MESSAGES OPTIONS
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8-4

Figure 8.4 shows the message options (default settings).

The use of each item in this window is self-explanatory, if you are familiar
with the terms used in cell testing with the 1294 or 1296. If you are new to
these, then read Section 1 of the User Guide.

To disable an option, click to remove the tick. To reinstate, click to tick.

? Options
General ] ey Meszages l Graphics ] #
Ok
W arn of unzaved project on exit ~
Ywarn of unsaved project companent files [v x
“warn of data file over-write ~ ancel
YWwarn when equipment calibration expired? [v
Confirm when exiting the software? ~
Canfirm new project action [v
Confirm project component removyal ~
Suggest file copy when adding external items ko project # [v
Figure 8-4 Messages options window.
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8.5 SELECTING THE GRAPHICS OPTIONS
Figure 8.6 shows the graphics options (default settings). The use of each
item in the window is mainly self-explanatory.
The third option down means ‘Do you want to be asked whether you want to
change the graph set-up, when the experiment starts?
To disable an option, click to remove the tick. To reinstate, click to tick.
i Options
General I ey | Meszages Graphics “
Show a new graph when expenment startz? I~ ok
Show a second real time graph when experiment starks’? I e
Ak if you want to change the graph setup? Ird x
Cloze the graph window(z] at end of experiment? v Cancel
Uze non-exponent number format for linear graph scales? [
Cursor readout decimal places IE 'l Ut A format? W
Graph calaur scheme IDark an light J
ze this file for defaulk trace zettings ate...
Ic:'\pmgram fileshcellkesthdetault.gra
Figure 8-5 Graphics option window.
8.6 SEARCHING THE GPIB FOR LISTENERS
Searching the GPIB for listeners allows you to check which instruments in
your System are operational and available for use.
To start a search, click on the éll icon in the toolbar or select Tools —
Search for GPIB Listeners. At the end of the search, a list of available
instruments is displayed.
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