Nanofab Remote User Guide: INCA Software

BACKGROUND

The Western Nanofabrication facility is an openrdaeility at the University of Western

Ontario for the fabrication of micro and nano stawes. This facility has an assortment of
equipment and instrumentation that provides itsauafth a wide range of capabilities; including
lithography, deposition, etching and characteraratiAn instrument of particular interest to users
is the LEO 1540XB Scanning Electron Microscope (§ENh an integrated Oxford x-ray
system. The Oxford x-ray system is controlled bgvgare known as INCA. INCA allows users

to acquire an x-ray spectrum form a specified porrdrea, as well as acquire spectra from every
point within a map. (otherwise known as a map).

I
LEO (Zeiss) 1540XB SEM with
Oxford X-Ray System
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Data Management

Data within Energy and Energy TEM is archived in a logical and easily accessible manner and can be
directly viewed in the Data tree. To access the Data tree, press the Data tab to the right of the Navigator
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Projects

Within Energy, data is managed within Projects as illustrated by the Data tree shown above. As
you acquire data, you will see your data build up in the Data tree. The entries in the Data tree can
be renamed within the Data tree view.

Within a Project you may examine more than one Sample, and on each Sample, more than one
Site of Interest. Data acquired from an individual Site of Interest is stored together for example
(electron or Cameo+ image), spectra and maps as easily recognizable icons as displayed below:
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B Reconstructed spectrum

I Synthesized spectrum

B PhaseMap

Bl cameo

B Element Map

IR SIS Imported spectrum

Electron image

k Other images (e.g. ISIS Imported
image)

Flcombined ED/WD

Note that more than one Project can be viewed at any one time in the Data tree.

A Project is a single file with the extension .ipj which can be saved in any directory on any drive in
the conventional windows way. Note that the name of the current Project is displayed as part of
the Menu Title.

At any time you can save your Project by going to the main menu, under File and selecting 'Save
Project as'.

Autosaving your Project

You can set the Autosave function to save your current Project at regular intervals. This can be
set by going to the main menu, under Options, in Preferences under 'Saving'.

If you open a Project and you have the Autosave function on, Autosave will save the Project on
top of the original.

If you create a Project and save it and you have the Autosave function on, further autosaves will
save the Project to the original saved location.

If you create a new Project and you have the Autosave function on, Autosave will save the
Project to a recovery file.

The recovery file is located under Program files\INCA\Data. If you wish to open this file, make a
copy of this file with a different name in a different directory.

Note that Autosave does not take effect during data acquisition.

Autosave does not function on read-only Projects.

If you have multiple Projects open, ensure that you save your Projects.
Samples and Site of Interest

Within a Project you may examine more than one Sample, and on each Sample, more than one
Site of Interest.
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Data acquired from an individual Site of Interest is stored together for example (electron or
Cameo+ image), spectra and maps as easily recognizable icons. The current analytical
conditions such as kV, Mag and Quant optimization data will be stored with the data.
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Thumbnail images of the individual images and spectra can be easily viewed by hovering over
the data labels with the mouse.
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Exporting spectra, images, maps, linescans and Came o+ data

Electron images, maps, linescans, Cameo+ images and spectra can be exported from INCA in a variety
of formats thus allowing them to be read by appropriate software packages. You can export either from
the data tree or from image/spectrum viewer:

Data tree

When you click with the right hand mouse button on the data label and select Export you are allowed to
convert and export the data in file formats such as JPG and TIF:
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IMCA Export Format

Image Viewer

When you click with the right hand mouse button on the image or map you have two options for exporting:

Export

This allows the data to be converted as a bitmap (BMP), TIFF (TIF), or JPEG (JPG, with
optional high compression) file. You are allowed to select the relative text size from the
drop-down list. The default size is set to 1. You need to enter the file name and select a
folder in which you wish to save the image:

Image Export E]

* BMP
" JPG ™ High Compression [JPG]
" TIE
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brap
0k Cancel

Export Data Only



This allows the raw data to be exported in suitable formats for further processing e.g., 8-
bit or 16-bit TIF and TSV (Tab Separated Variable). Only raw data is exported without
contrast enhancement or annotation. However, the TIFF Color option will save a color
image with contrast enhancement. The scaling information is also included in the
exported data.

If you have analySIS® software (Soft Imaging Systems) installed on your computer you
can export the data to the analySIS® database. There are two options for exporting data
to the analySIS® database:

analySIS ® database: Use this option if you wish to export the raw data.
analySIS ® database (color): Use this option if you wish to export either a
Cameo+ image or contrast enhanced image.

Spectrum Viewer

When you click with the right hand mouse button on the spectrum you are allowed to convert and export
the spectrum as BMP, TIF, JPG or WMF file. You can also export the spectrum in EMSA or ISIS format. If
you have analySIS software installed on your computer you can export the data to the analySIS
database.

Linescan Viewer

You can export a linescan in a variety of formats. When you click with the right hand mouse button on the
linescan you are allowed to convert and export the linescan as BMP, JPG or TSV etc.

Note that it is the data as currently displayed which is exported. Therefore, if the current image
has been zoomed, the contrast or brightness, the color or the spectrum scaling has been
changed, this will be included in the conversion.
Note also that images exported to files include the scalemarker.

Exporting SmartMap data

You can export the current SmartMap data by selecting 'Export SmartMap' under File from the main
menu.

Exporting data in an INCA format

Electron images, maps, Cameo+ images and ED spectra can be exported from INCA in an INCA format.
These can be displayed within INCA Viewer.

Click with the right hand mouse button on the data label, select Export and then, INCA Export Format.
This allows the data to be converted and exported in file formats: .iex for spectra and .mcv for images.

INCA Viewer

INCA Viewer is installed with INCA although INCA Viewer can be installed separately if desired



To start INCA Viewer either:

Double click on the exported file from Explorer

Select INCA Viewer from Start/Programs/Oxford Instruments
Copying spectra, images, maps, linescans and Cameo+ data

Spectra, electron images, maps, linescans, Cameo+ images and spectra can be copied to the clipboard
from Energy in two ways:

1. By clicking with the right hand mouse button on the data label and selecting Copy.

2. By clicking with the right hand mouse button on the image, linescan etc and selecting Copy. Here
you are allowed to choose the size of the image before you copy it to the clipboard:

Image Copy i _EI

Fixels wide
[512 ~] DefaultSize |

Cancel |

The data will be copied to the Clipboard. You can then use your desired application to which you
wish to transfer the image etc from the Clipboard.

Note that it is the data as currently displayed which is copied. Therefore, if the current image has
been zoomed, the contrast or brightness, the color, or the spectrum scaling has been changed,
this will be included in the copying.

Note also that images copied to the clipboard include the scalemarker.

Deleting images, spectra, samples and Sites of Inte  rest

Spectra, electron images, maps, linescans, Cameo+ images and spectra can be deleted from
Energy by clicking with the right hand mouse button on the data label and selecting delete.

Projects, Sites of Interest and Samples can also be deleted directly from the Data tree by clicking
with the right hand mouse button on the appropriate icon.



INCA NAVIGATOR

The Navigator tab on the left side provides actes$le various steps in the Inca analytical work
flow. These steps help to organize, setup, acguideprocess EDX spectra from a ‘Site of
Interest’ (area) on a sample within a project. ree processes in INCA are ‘Analyzer’, ‘Point
and ID’, and ‘Mapping’, and the respective Navigatindows are shown in the image below.

EINCA - Analyzer E INCA - Point & ID 2 INCA - Mapping
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When the step box is yellow, its related paramedadsfields are displayed in the window to the
right. When the step box is blue in colour, itsguaeters are active or accessible and can be
displayed by left clicking the step box. When thepdbox is greyed out, its parameters are not
accessible.

The ‘Analyzer’ part will not be described herefasttime. The remainder of this document
displays the parameter windows for the steps ferfoint & ID’ process in the Navigator
window, along with the dialogue balloons visiblete viewer. The information within the
dialogue balloons is copied (listed) in red in thet for easier viewing. More detailed
information, accessed by clicking on the ‘?’ buttaithin the dialogue balloon, is copied under
the particular dialogue balloon text. ‘Point abd ¢ollects one EDX spectrum for a point or a
larger defined area. ‘Mapping’ process collecteatire EDX spectrum for every point in a
defined area to be mapped.



NCA. Point & ID - C:\Documents and seti gs

Help

2. Change the name of your
Project by typing here. The

1. Starts & new emply
ject and s it tothe
Workspace. Current
projects wil remain open. gric ]

3. Your Windows
Iagin name appears
here andis set &
the Praject owner.

4. Use this space to recard.
important detsils shout the
customer of this Froject, .9
contact address, telephons
numbers.

‘ 5. Record notes
about the Project
| ere.

6. Record appropriate
Heywards which wil hel™
you'tn search for this
Project.

Anslyzer  Poirt &0 Mapping Energy

N $ 19%% |
& "'t (%) o % % %% " $ %
41 % " ’
L ! % )$ " $ (M - -
S % $)
s
/ 10 T I9%%"% $ "

In order to search for a Keyword, use the Find facility from the main menu under File.

'Find" allows for the search of stored data to locate Projects and any items within them, which contain
specific words. These words can be the Keywords defined in the project step, or contained in the text
associated with project fields, sample fields, image labels and spectrum labels. It provides a simple and
powerful method of searching through all your stored data and retrieving the specific items required.



1.
2.
3.
4.
5.
6.
7.
8.
9.

Enter the word(s) to be searched for.

Select either 'All Words' to perform a search to match all the words in the entered list
or 'Any Words' to find combinations of any of the words.

Specify the directory from which to start the search.

If you wish to search through any sub-directories, check the 'Include Sub directories'
box.

From the 'In' drop down list, select the data fields to be included in the search.

From the 'Report' drop down list, choose between listing just the first hit in a Project
or all the hits in a Project.

Press Find to start the search.
Any items matching the search criteria will be listed.

The format of the list can be selected by pressing one of the icons above the list
window.
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Sample Type customizes which elements AutolD searches for and assigns in your spectra. In addition
you can select the valency and number of ions for elements.

You have the option of using a default Sample type, or customized Sample types, which you can create
to suit your particular samples.

The Sample type is selected at the 'Sample' step of the analytical flow from a drop down list of all the
Sample types that have been created and stored.

Sample types are available to all users of the particular system for any Project.

Sample types are created, modified or deleted in the Edit Sample type window. This window displays
three tabs. Select the first tab to create, modify or delete a Sample type and setup how you wish AutolD
to function. Select the second tab to select the valency for elements and the third tab to select the number
of ions.

The AutolD window shows a Periodic Table, which highlights in yellow the elements associated with the
Sample Type named in the drop down list box.

To Create a New Sample Type

1. From the main menu, select Edit Sample Types (alternatively press Ctrl+Y) under ‘Options’.



2. Press Add, a new label of the form "Sample Type N" will appear and can be changed to a more
appropriate label.

3. Select the elements to be associated with this Sample Type. Double click on an element’s symbol
in the periodic table to toggle between selected, symbol highlighted in yellow, and deselected,
symbol shown in white.

(Note the Clear All and Select All buttons at the bottom of the window.)

4. If you only want to associate a Sample Type with a modifed selection of elements for AutolD and
do not wish to change the valency of elements, press OK to save and exit the Sample Type
window once you have finished selecting the elements.

To Modify a Sample Type

1. From the main menu, select Edit Sample Types (alternatively press Ctrl+Y) under ‘Options’.
Select the required Sample Type from the drop down list.

2. To modify, double click on the element's symbol in the periodic table to toggle between selected
(yellow) and deselected (white).

3. When complete, press OK to save and exit the window.

To Remove a Sample Type

1. From the main menu, select Edit Sample Types (alternatively press Ctrl+Y) under ‘Options’.
Select the required Sample Type from the drop down list.

2. Press Remove, the Sample Type will be deleted and the default Sample Type will be displayed.
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Note that when a new sample type is created on a system with an ADD, Boron on the Auto-ID list will be
deselected but enabled. You may choose for the system to look for Boron in the Auto-ID but that is not
the default. Please note that if the detector is placed on an existing system then pre-existing sample types
will not be affected.

Valency

You can create different SampleTypes for elements with more than one valency. When the quantitative
processing option 'Stoichiometry' is selected, the concentration of the element selected as Combined
element is not measured, but is calculated assuming that it is bound by a predefined stoichiometry to the
analyzable elements. The relationship is determined from valency as specified in the Sample Type being
used.

The most common value for the valency of the element selected is displayed. To use a different value,

you should type in the one required. This will affect both how the % compounds and formulae are
calculated but not the calculation of % elements.

Default ~| Add | Remove | g

Mumber-of ions calculation

lan type : Ao .

Mumber of ions = 200

I, Cancel |

No of lons

This function allows you to determine how the number of ions will be calculated when you are analyzing
an element combined by stoichiometry to measured elements in the sample.

You can specify whether the calculation is to be based on cations or anions, and how many atoms there
are in each unit cell.
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What is a Polished sample

Polishing _is the procedure for producing an ideal sample surface for X-ray microanalysis which is
flat and smooth over the dimensions of the interaction volume. Analysis from samples prepared in
this way will enable the optimum quantitative accuracy to be achieved, thus providing the best
estimate of sample composition. It is not always possible or practical to polish samples and the
polishing process may remove the regions or particles of interest. For many samples, satisfactory
results may be obtained without polishing. However, where accuracy is critical it is important to be
aware of the limitations and possible errors that could occur.

What can you do if your sample is not polished

If this box is not checked, you might consider using the Normalize quantitative results option.
Normalization is performed by dividing each calculated concentration by the sum of calculated
concentrations for all the elements present in the sample, resulting in a total of 100 weight
percent. This option will not exclude the use of any functionality within both Analyzer and Point &
ID but will aid both the interpretation of data and improve the recording of important sample
information.

How can an unpolished sample affect your Quant resu Its

Irregular surface topography can affect both the number of X-rays produced by the incident beam
and the fraction of those produced that reach the detector, relative to that from a flat, smooth
sample. This can result in the analysis total deviating significantly from the 100 weight percent
expected.

Normalization is appropriate if all the X-rays are similarly affected, but does not address the
situation where topography changes the relative intensities of elemental peaks, and can result in
the calculation of the wrong composition. This is most serious for light element analysis and
systems with low energy (<3 kV) peaks. Such situations require the effects of the topography on
matrix corrections to be incorporated.

Furthermore, remote excitation of X-rays can occur away from the beam position if emergent
backscattered electrons and X-rays intercept protruding features on the surface.

The diagrams on the adjacent page show some of the possible effects that a highly irregular surface
could have on a spectrum.

What can you do to reduce topographical effects

3

The effects of topography can be lessened by reducing the depth of the interaction by lowering
the primary beam energy, choosing a sample orientation and beam position to avoid low detector
take off angles and where appropriate, use X-ray lines with similar energy in an attempt to
minimize differential absorption of the emitted X-rays.

THEMCT %) I( # g (1
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Why are samples coated

Samples are sometimes coated with a thin conductive layer prior to observation in the SEM to
ensure that there is a good electrical path to ground. This prevents non-conducting specimens, as
well as the oxides which are present on the surface of many samples, from charging under the
electron beam.

Carbon is generally the preferred coating material for microanalysis applications because of its
minimal effect on the X-ray intensities.

Gold is also commonly used for coating specimens since it increases the secondary electron yield
providing improved SEM image quality. However, the number of peaks produced by the gold
coating can cause overlap problems with the peaks of interest.

A guide for the desirable thickness range of coatings is of the order of 5-30 nm.
To minimize the effect of your coatings aim to make them as thin as is practically possible. Thick
coatings will, for some samples, result in poor analysis.

Effect of the Coating on the X-ray spectrum

The coating will have three main effects:

1. Energy loss of the primary electron beam as it passes through the coating.
2. Attenuation of the emerging X-rays.

3. The contribution of characteristic peaks to the X-ray spectrum. Thus, carbon coated samples will
always display a carbon peak in the spectrum.

Introduction

In INCA Energy, you can specify a coating element for a particular sample. During spectrum processing
any X-ray peaks arising from this element are automatically deconvolved in addition to two other
corrections ( loss of X-ray intensity due to absorption of the emergent X-rays, reduction of primary keV ).
Application of these corrections is particularly important for low kV spectra in particular (~ 5 keV ). The
final quantitative results could have significant errors if no such corrections were applied.

Sample step - input of additional parameters : coating density and thickness

Standardization - here the normalized area of the standard ( I(std) / I(optimization)) is corrected
for the coating.

Full calculations - the quantitative results are corrected for the coating.

Described below are the expected modes of operation for the locations described above.
Sample step

In the sample step, two parameters exist which are required for a full coating correction to be applied:
coating density and thickness. This part of the program behaves in the following way:

New project/sample - For example, select coating correction, the default element is carbon, the
defaults for thickness and density are 15 nm and 2.25 g/cm3 respectively. Note that where
appropriate the default density is that of the element at room temperature and pressure. The
thickness and density may then be modified if required.

Existing sample - If a coating element was selected this will remain as before with the density
set to the default value and the thickness set to zero. With these settings the coating element will



be deconvolved as before but no coating correction will take place. The full coating correction will
be enabled by setting the thickness to a non zero value.

Standardization Step

The value of the Standard Correction Factor is adjusted to take account of the selected coating. The
adjusted value will be used in the quant calculations.

Quantification step

During quantification for a coated sample corrections will be made for the reduction in the effective kV for
the primary beam when entering the sample and the reduction in the emergent X-ray intensity due to the
additional absorption of the coating layer. Thus for a particular sample the values of the concentrations
will increase when the coating correction is enabled and in general the effect will be most pronounced in
the case of spectra acquired at low kV.
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a. There are two electron imaging modes available to you. You can either image with

secondary electrons _ or backscattered electrons _ provided that you have the
appropriate detectors.

Secondary electron imaging is generally most appropriate if you are imaging a sample
which has topography whereas backscattered imaging is a very useful means of
identifying areas of different composition on flat samples. Secondary electron imaging is
the most common form of imaging and for a first look at your sample, choose this mode.
If you are analyzing a flat, polished sample and you can see weak contrast, switch to
backscattered imaging which will tend to enhance this contrast by showing up areas of
different phases.
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a. Resolution
i. The resolution of an image is defined as the number of picture points or pixels
along the x and y axes e.g., 256 x 256, 512 x 512 or 1024 X 1024. The quality of
the image improves as the resolution at which an image is acquired is increased.
A microscope monitor/CRT is usually a rectangular display (rather than square),
so the resolution is displayed as a rectangle i.e., 256 x 200 in order to take into



account the aspect ratio. The y dimension is set at installation, when imaging is
calibrated. It will vary with each system.

il. Select a resolution for Image Acquisition from the following options available on
the Image Setup window:

1. 256 x200
2. 512 x 400
3. 1024 x 800
b. Speed
i. Images can be acquired using fast, medium or slow speed. The beam dwells on
each pixel for a specified length of time while the signal is collected and then it
moves to the next pixel. So the speed at which an image is acquired depends on
the dwell time.
Fast 10 ns dwell time.
Medium 100 N dwell time.
Slow 400 n's dwell time.
C. Data

You can acquire images either selecting 8 bits or 16 bits of Data on the Image Setup window.

The choice of digital resolution of the intensity depends on the need for subsequent contrast

manipulation.
i. 8 bits
1. Typically, the intensity is digitized into a minimum of 8 bits, which gives
2"=2°=256 discrete levels.
2. Note that once the digitization has been performed, it is not possible to
recover information not recorded in the original digitization step.
il. 16 bits
1. For some applications, it is desirable to provide more discrete digital
levels for subsequent processing. Using16 bits provides 2° = 65,536
discrete levels. However, not all of these levels are used because the
ADC is only 12 bits.
& F"g) (Vs R {
- S I I $ 11"ty 6 T

a. When Kalman is selected on the Image Setup window, the image will be acquired using
Kalman frame averaging. In this case, the frame is not refreshed on successive scans but
a percentage (N) of the current frame is retained and a percentage (100-N) of the new
frame added at each pixel.

i. Frame 1, all image data are retained.

il. Frame 2, 50% of the intensity from Frame 1 is retained and 50% of new image
data is added.

iii. Frame 3, 66% of the intensity from Frame 2 is retained and 33% of the new
image is added.

iv. Kalman frame averaging reduces noise in the image while retaining a constant
overall image brightness. It is useful for improving signal to noise ratio in cases
where low beam current or low accelerating voltage is used for acquiring images.
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This is the time for which the system is processing counts into the spectrum. The livetime
clock runs slower than the real time clock so that the acquisition for ‘100’ live seconds
takes longer than 100 real seconds. This time is extended to compensate for the output
rate being less than the input rate by the degree of Deadtime .

2. Select the Process Time from 1-6.

a.

The Process time _is the length of time spent reducing noise from the X-ray signal
coming from the ED detector during processing. Process times 1 to 6 are available. By
selecting different Process times it is possible to reduce differing amounts of noise. The
longer the Process time, the lower the noise. If noise is minimized, the resolution of the
peak displayed in the spectrum is improved, in other words, the peak is narrower and it
becomes easier to separate or resolve, from another peak that may be close by in
energy.

Process times 1 to 6 are available, select an appropriate one from the drop down list or
type in the required value. The default Process Time is 5. The selectable Process time
allows optimization of the analysis conditions for the current application.

For the first look at a specimen we recommend that you use a long process time (5 or 6)
to start with in order that you do not miss any detail in your spectrum. For example, when



identifying peaks particularly those closely spaced and overlapping, it is important to get
good peak separation. Good resolution is also important for looking at a series of lines
that are very closely spaced, like an L series and process times 4 to 6 should be chosen.
Common overlaps include the Mo L and the S K lines.

d. If there are no closely spaced peaks then you can afford to use a shorter Process time
such as 1-3 which will enable you to increase the acquisition rate by increasing the beam
current. A compromise between acquisition speed and resolution should be found if there
are peak overlaps.

3. Select the energy range in keV over which you wigie view your spectra
4. Select the number of channels, 1K or 2K, you wistotview your spectra with.
The eV/channel number will depend on both the sp&mim range and the
number of channels you have selected.
You can select the number of channels with which you display the spectrum. The number of
eV/channel will depend on both the energy range and the number of channels you select.
Spectrum range keV Number of Channels eV/channel
0-10 2K 5
0-10 1K 10
0-20 2K 10
0-20 1K 20
0-40 2K 20
0-40 1K 40

Select the number of channels you wish to use from the drop down list. Either 1K or 2K channels
can be used for quantifying spectra, however it is recommended that a new Quant optimization is
performed with the same number of channels as that used on the spectrum to be quantified. If
you have performed a Quant optimization with 1K channels, the number of channels is changed
to 2K in this set up box and a spectrum is acquired, a message box will appear to warn you to
repeat the Quant Optimization with the new number of channels.

Enter the number of counts you wish to acquire tog ether with the associated upper
and lower energy limits.  The number of counts you set to acquire within the upper and



lower energy limits refers to the gross integral - the sum of the counts in each channel in
the window.
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The Acquire Spectra step in Point & ID can be used to reconstruct a spectrum from any area of a
SmartMap in addition to acquiring spectra from a live ‘image’. The Acquire Spectra step will work
in this mode unless you are using the most recent Site of interest, in which case spectra will be
collected 'live’ from the sample.

Select any image or map as a reference image for spectrum reconstruction from the drop down
list. Select the mode of spectrum acquisition you wish to use from the available tools: the
rectangle, feature wand, and freehand tools can be used. Select the region of the image you want
a spectrum to be reconstructed from. The spectrum will be calculated by summing the spectra
from all the selected pixels, and displayed in the spectrum window. The peaks in the spectrum
are automatically identified. These spectra can be quantified in the usual manner.
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X-ray spectra may be acquired via four methods of beam control:

Click on this if you wish to acquire a spectrum from a point.



3.

Densitie

Calcium
Silicon

Click on this if you wish to acquire a spectrum from a rectangular region.
By dragging the mouse, a rectangular region can be outlined on the
image. A spectrum will acquire from this scanned area.

Click on this if you wish to acquire a spectrum from an automatically
selected region. This region will be selected according to a grey level
threshold.

Holding down the mouse and clicking around the feature you wish to
acquire over. X-ray data will select the region for X-ray acquisition.
Double-click with the mouse when you have completed dragging around
the feature and this will automatically start X-ray acquisition from this
region.
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This tool allows you to see the dimensions of X-ra  y generation marked on your image for
typical values of density and energy of X-rays gene  rated.

The interaction region and therefore the resolution of the secondary electron image is much
smaller than the region from which the X-rays are generated. This tool provides you with the
information required to decide whether it is likely that your X-ray spectrum is being generated
solely from within the extent of the feature of interest identified in the image.

When selected in conjunction with point acquisition this option displays two pairs of rings on the
image which indicate the magnitude and difference of the X-ray generation region for materials of
high and low density and for the typical energy range of X-rays used.

The yellow rings, which display a larger generation volume, correspond to those expected from
low density material (2 g/cm3) whereas those coloured blue correspond to a typical high density
material (10 g/cm3). The table below provides a guide to typical densities.

In addition, for each density, the range of generation regions expected due to X-rays of different
energies is indicated by the solid and dashed lines. The dotted line corresponding to low energy
X-rays (1keV) and the solid line to high energy X-rays (10keV).

At low magnifications, it is not possible to resolve the four lines. However, at higher
magnifications, the four lines become distinct from each other and give an indication of the
dimensions from which X-rays are generated for two typical X-ray energies and two materials of
different density.

s in g/cm3 are given below for reference:

1.53
2.33

Aluminium 2.69

Iron
Copper
Moly
Silver
Lead
Tungste
Gold

7.87
8.69
10.22
10.49
11.36
n 19.30
19.32



X-ray production volume

The volume of the sample from which X-rays are produced is known as the X-ray production volume or X-
ray generation volume _, the size and dimensions of which depends on the X-ray line being excited. For
example, in the case of lead, the sample volume producing the higher energy L series X-rays will be
smaller and nearer to the surface than the volume from which M series X-ray lines are generated.

This is because the incident electron energy must be greater or equal to the critical energy E. or X-ray
absorption energy for that transition to occur, where E; is the minimum energy required to remove an
electron from a particular energy level for a given element. The critical energy has a specific value for any
given energy level. Since E, for a K series X-ray is greater than that for an L series X-ray, primary
electrons which lose energy as a result of numerous interactions with the sample along the length of their
trajectory will be able to excite the lower energy L series X-ray to a greater depth.

Since the volume from which the secondary electron _ signal is detected is nearer the surface than the
volume from which X-rays are detected, it may be that when a spectrum is acquired from a feature shown
in the secondary electron image, the chemical information is in fact coming from a greater volume.

- %l# (3 (! >? 43111
- ! o4t |l
Acquisition Time

This meter displays the Time to go' left in 'real' seconds before acquisition terminates. The
number of 'real' seconds left will always be longer than the number of 'live ' seconds since this
time is extended to compensate for the acquisition rate being less than the input rate by the
degree of Deadtime .

Deadtime %:

The Deadtime % is the percentage time for which the pulse processor is unavailable for further
counting (see acquisition rate ).

If a long Process time is chosen for pulse measurement this will improve noise averaging and
give better resolution. However, it will also increase the Deadtime %. As beam current and
consequently input rate is increased, the acquisition rate peaks soon after the Deadtime %
reaches 64%. Therefore, the Deadtime % meter goes yellow beyond a value of 64% to warn you
that this is no benefit in increasing input rate any further at this particular Process time.

- "8 43111 1% "
Acquisition rate:

This shows how fast the system is accumulating spectrum counts.



Spectrum counts determine statistical precision and limits of detection. Since it takes time to
measure photon energy, there is a chance that second photon will arrive while the pulse
processor is measuring the first. If this happens, the measurement is rejected and the acquisition
rate is therefore less than the input rate. The losses increase at higher input rates and eventually
the acquisition rate will achieve a maximum value governed by the Process time chosen. The full
scale of the ratemeter is chosen to be slightly greater than this maximum value.
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The peaks in the spectrum will be identified on termination of acquisition or during acquisition.
Alternatively you can manually identify the peaks in the Confirm element step of the flow in both
Analyzer and Point & ID.

To change when peaks are automatically identified

To set this option, select Analyzer Options/Point & ID Options under Options from the menu bar
depending on which process you are currently working with.

Select During acquisition and on termination if you wish the peaks in the spectrum to be
identified and labeled during spectrum acquisition and on termination.

Select On termination if you wish the peaks to be identified and labeled on termination only.

If you do not want the peaks to be automatically identified at this stage, do not select either of
these options.

Press 'Ok’ when you are happy with your selection.
Should | do a Quant Optimization?

A comprehensive library of profiles are fitted to your spectrum during the automatic peak
identification process. This process will operate at its best when a Quant Optimization has been
carried out. This will result in the most accurate matching of the profiles to your spectrum.

If you have not carried out a recent Quant Optimization, nominal calibration will then be used
which could result in a less reliable result, since this will only be correct to within one channel.
Best matching will also occur for peaks where the statistical scatter is low i.e. there are sufficient
counts in the peak.

There are a few cases in which it is extremely difficult to separate overlaps. A well known case is
Al K/Br L. In such cases, a little knowledge of the sample will help. To de-select certain elements
from the list of elements used for identification, select Edit Sample Types under Options from the
menu bar. A list of common overlays are:

NaK / ZnL
SK / MoL
AIK / BrL
SiK / RbL
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Details about how to edit a Sample Type can be found in the section of 'Edit Sample Type' .

= 4% %% (" =6 !9 $ $ " )%
>- ) IS 6 ! $ $ "1 $ 48
- (" )% -" % % = ( ! $ 1%%) %

What is the Duane-Hunt limit?

The Duane-Hunt limit is simply the name given to the maximum energy to which the X-ray
continuum extends. It is equal to the maximum energy of electrons striking the sample. This is of
particular interest since the highest energy for incident electrons is determined by the microscope
accelerating voltage. Therefore if the sample is not charging, the Duane-Hunt limit will be the
same as the microscope kV.

An approximation to the Duane-Hunt limit can be quickly obtained by visually inspecting the end
region of the spectrum and estimating where the continuum counts fall to zero.

This can be seen in the 13 kV cobalt spectrum (spectrum 1 ) displayed, where the continuum falls
rapidly towards 13 kV. (The additional counts that are observed above the Duane-Hunt limit are
due to Pulse Pile-Up and are not part of the true continuum. The software will automatically
compensate for modest pile-up when estimating the Duane-Hunt limit.

What does the Duane-Hunt option do?

The Duane-Hunt option, if enabled, calculates the Duane-Hunt limit for every spectrum acquired, and will
warn the user if the value determined does not agree with the current value used by Energy for the



accelerating voltage. If you have purchased Autocolumn, the current microscope accelerating voltage will
automatically be read by Energy. If you have not purchased Autocolumn , you will need to enter the
current microscope accelerating voltage into the space provided by selecting Autocolumn under Options
from the main menu. The program will only notify the operator when a significant difference between the
two values is identified.

How will the Duane-Hunt option help?
Microscope kV Check.

Knowledge of the microscope kV is important since the kV is required to calculate X-ray
corrections for quantification. The Duane-Hunt option enables a check that the correct
microscope kV is being used. This is particularly useful if you have not purchased Autocolumn, as
the user will be informed of any inconsistency between the measured and user entered value.

Identification of Sample Charging

When a sample charges negatively, incident electrons are slowed down before they hit the
sample. This results in a change to the shape of the spectrum and an observed reduction in the
value of the Duane-Hunt limit compared to that expected from the microscope kV set. Thus, the
presence of sample charging can be identified by a lowering of the Duane-Hunt limit from the true
accelerating voltage.

An example of charging can be seen in spectrum 2 which was acquired from an oxide sample
obtained with a 20 kV accelerating voltage; the charging lowers the effective continuum cut-off in
this case to about 12 kV, the tail of counts that extend above this value is due to the unstable
nature of charge build up and decay which can result in a distorted shape to the continuum.

How to use the Duane-Hunt Limit option.

You can enable the Duane-Hunt option by going to the main menu, under Preferences and
choosing the Duane-Hunt option. This option can be enabled and disabled by checking the box
as shown below.
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When enabled the algorithm will attempt to calculate the Duane-Hunt limit at the end of each
acquisition.

When the algorithm identifies a difference between the measured Duane-Hunt limit and the value
for the accelerating voltage the following message box will appear. The value for both the
calculated Duane-Hunt limit and the accelerating voltage are displayed.

If there are insufficient counts within the spectrum or the Duane-Hunt limit lies outside the
spectral range selected (0-10, 0-20 or 0-40 kV if available) the algorithm does not pass
information to the user due to inaccuracies in the calculation that can occur under these
conditions.

Duane Hunt calculation |

The value calculated for the Duane-Hunt limit (10.0 k' )
doesn't match that set for the accelerating valtage (20.0

K]

= ok,

This discrepancy could be due to the following:

1. The microscope kV is not the same as the value entered into Energy. Required action: Set
the microscope to the desired kV or alter the value in Autocolumn to agree with that set on
the microscope.

2. The sample is charging. This can be distinguished from the above by checking the
microscope kV, kV value set in INCA and by inspecting the spectrum to check that a reduced

Duane-Hunt limit is real. Required action: Change analysis conditions so as to reduce
charging_or coat the sample.




There is extreme Pile-up in the spectrum: Required action: Decide whether high acquisition rates are
essential, if not, reduce spectrum input rate
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a. Setting up a Line of Points for a Beam Points Run
I. You can draw a line at any orientation on the current image (electron image, X-
ray Map or Cameo image).
il. Press the line of points icon, click on the image and drag the mouse across the
image in any orientation.



iii.
iv.

V.
b. Setting
i.

Enter the number of points or point spacing in the 'X' box provided and select
your desired spacing method.

Once this information has been added, INCA Energy will then calculate the co-
ordinates of points for analysis on this line and add them to a beam list.

Press the green 'Go' icon to start acquisition.

up a Pattern or Grid of Points

You can generate a grid or pattern of points on the current image (electron
image, X-ray Map or Cameo image).

Press the grid of points icon, click on the image and drag the mouse across the
image in such that you define a rectangle/square.

Enter the number of points or point spacing in the 'X' and "Y' boxes provided and
select your desired spacing method.

Once this information has been added, INCA Energy will then calculate the co-
ordinates of points for analysis on this grid and add them to a beam list.

Press the green 'Go' icon to start acquisition.

C. Spectra Labels

You can define a name for the spectra to be acquired into your beam list from a
line or grid of points by entering a spectrum label into the space provided. For
example if you set the label as 'Point’, the spectrum's label will be as follows:
Line spectrum: Point(1), Point(2)...

Grid Spectrum: Point(1,2), Point(2,2)......

When the spectra have been acquired, they will have this label in the spectrum
drop down box.

d. Lines and grids from SmartMap data

It is possible to reconstruct spectra from a line or grid of points from SmartMap
data such as an X-ray Map or Cameo image.

The procedure to follow is identical to that outlined above except that the spectra
are reconstructed from areas rather than point acquisition. These areas are
indicated by rectangles drawn on the image.

€. Acquisition order

When acquiring spectra using a number of different tools (e.g. point, area and
feature), acquisition from a set of lines or grids will always take priority over
acquisition using tools which generate a ' Todo ' list. For example, if you setup to
acquire spectra from 5 points using the point acquisition tool, aquisition will
automatically commence. If you subsequently setup a grid of points and press
the go button, the next point to acquire from will be from the grid in preference to
acquisition from the point setup using the point acquisition tool.
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a. If the peaks in the spectrum have been automatically identified in the previous stage of
the flow, the list of probable elements will be automatically displayed in the Confirm
element list. The list of elements displayed here will be the ones used for quantitation.
You may manually add and remove elements from this list.

b. Clicking on one of the elements in the confirmed element list puts up the markers for that
element. Lines series are color coded: K series lines are marked in red, L series lines are
marked in green and M series lines are marked in purple.
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You may wish to identify a peak in the spectrum or confirm the absence or presence of an
element. For example:

Is a certain element e.g. Copper in my sample?
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Type in either:

Full element name Copper

Element symbol Cu

Atomic number of the element 29

First few letters of the element  Cop (C will show carbon, Co will
show cobalt, Cop will show copper)

And press 'Return’

Markers will be displayed for all the lines for this element. K lines are in red, L lines in green and M lines
in purple.

Or, select the required element from the drop down list.
If you wish this element to be added to the Confirmed element list, press M

If you wish an element to be removed from the Confirmed element list, press Mi

What is that peak?

Click on this button Mand position the cursor at the center of the peak. Note, you may wish to expand the
spectrum by holding down the control key and dragging the spectrum with the mouse. The list of
elements corresponding to the energy at the cursor is displayed in the box in the top right hand corner of
the spectrum viewer. By highlighting an element in this list, you will see the markers showing all the lines
for this element.

Alternatively,if you have the |ock to peaks box checked, pressing the manual ID button and positioning
the pointer anywhere in a peak will position the cursor at the center of that peak and display elements
whose peaks correspond to that position.

If you wish this element to be added to the Confirmed element list, highlight it and press M.

Or double click on the element in the manual ID list. The peaks will be labelled and the element added to
the Confirmed element list.
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If you wish any elements to be removed from the confirmed list of elements, highlight that
element in the list and press M

You may also click on the highlighted element in the periodic table and press M

You may also double click on the element in the periodic table and it will be removed from the
Confirmed element list.
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When this box is checked, pressing the manual ID button and positioning the pointer anywhere in
a peak will position the cursor at the center of that peak and display elements whose peaks
correspond to that position.

If the box in not checked and the manual ID button is pressed, the cursor will be positioned at the
current pointer position and elements with peaks at that position are displayed
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This overlay drop down list contains various options to aid element identification.

These include:

Spectrum reconstruction
Spectrum peaks only
No Pile up correction

Spectrum reconstruction

This will overlay a modelled spectrum which includes both X-ray peaks and background and is
based on the currently identified elements (and user defined sample thickness and density for
Energy TEM). The purpose of this tool is to be able to quickly see that all the peaks in your
spectrum have been identified.



Spectrum peaks only

This overlay shows only the peaks arising from the currently identified elements. This may be
useful in the low energy part of the spectrum to clarify element identifications.

No pile up correction

An overlay showing the spectrum uncorrected for pile up can be selected. This can be helpful in
identifying peaks in the original spectrum which were due to pulse pile up and may have caused
incorrect element identifications.
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To run check totals

Spectrum synthesis is required for 'Check total' to operate.
In addition you need to select 'Reconstruction' from the Overlay drop-down list in order for the
‘check total' to display a value.

Introduction
Validating a quantitatative analysis can involve a number of steps:

Have correct elements been identified?
Have any elements been missed?
Is % composition correct?

A number of sources of error can affect the identification and quantification of elements such as:

Elements missed because of strong overlap
Calibration errors,

Wrong peak assignments

Inaccurate peak shapes used
Deconvolution errors

Poor background subtraction

Incorrect geometry or kV

Inhomogeneous material and coatings
Sample charging

If elemental content of a material is unknown, spectral peaks have to be identified, either
interactively, or by automatic procedures. When peak overlap is severe (e.g. SiIK/ TaM /W M, Al
K/Br L), it is easy for an element to be misidentified or missed altogether and at low beam kV,
some elements will not even produce a characteristic line suitable for analysis.

When element identification or quantification requires deconvolution of closely spaced lines,
minor miscalibration or inaccurate peak modelling produces inaccurate peak area estimates.



'Check totals' is a consistency check based on measurement of peak and background intensities
which can be used to validate analyses even when concentrations have been normalized to
100%.

Recent work on spectrum simulation suggests that the peak to total background ratio, P/BT , can
be predicted to well within 10% relative error on bulk samples for beam voltages from 5kV to
30kV. Furthermore, the bremsstrahlung background intensity in a simulated spectrum can provide
useful corroboration of estimated composition.

In the example of Fig.1, with correctly identified K and Br, normalized results are K: 30.2%, Br:
69.8% and the Check Total comes to 106.8% , the difference from 100% being due to inaccuracy
in spectrum simulation. However, if peaks are misidentified as Al, K and As, normalized results
are Al: 54.1%, K: 43.2%, As: 2.7% and the fit is adequate but the Check Total= 55.9% and gives
a strong indication that the analysis is suspect.
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FIG.1 - Spectrum of KBr sample (solid) and results of fitting to Al K, As L and K K peak profiles.

In a second example, automatic peak identification of a 5kV spectrum followed by standardless
analysis suggested a normalized composition of Si:34.7%. Ta:65.3%. The overlay in fig.2 shows
a good fit to the SiK and TaM peak profiles. However, the Check Total comes to 243.1.% and
suggests the analysis is suspect. In this case the spectrum was obtained from a pure Si standard
and slight miscalibration produced the erroneous concentration of Ta.



FIG. 2 - 5kV experimental spectrum showing fit to profiles representing Si:34.7%. Ta:65.3%.

A comparison of the simulated spectra of pure Si and Si:34.7%,Ta:65.3% in Fig.3 demonstrates
how the P/B from pure Si more accurately reflects the P/B from the sample spectrum. This work
studies the proposed Check Total for a wide range of samples and conditions and considers how

background measurements can provide insight into composition when some peak intensities are
not available.

FIG.3 - Same spectrum as fig.2 compared to simulated spectra of pure Si (white line) and Si:34.7%,
Ta:65.3% (black line) scaled to have the same peak height at Si Ka (1.74keV).



Summary

If

1) the material excited by the beam is homogeneous,

2) the kV and geometry are correct and

3) all elements and compositions are correct, then

the check total has a normal distribution with a standard deviation of ~ 7%.

Therefore values that are close to 100% will give you greater confidence that the elements present
have been correctly identified and Check total values <80% or CheckTotal >120% indicate a problem
with (1), (2) or (3).
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Element

This element list corresponds to the element list type specified in the Quant setup step for

example a fixed element list.
Wt %

This is the wt.% of the element after correction for inter-element effects. The error value
guoted is sigma, which is the statistical error for the calculated Wt%. It is the overall

confidence figure for the analysis.

Apparent conc.
Intensity correction



Atomic %

This is calculated from the measured wt.% values for each element. The error value quoted is
sigma, which is the statistical error for the calculated Atomic %. It is the overall confidence
figure for the analysis.

Wt %

o
Atomic % Atomic wt.

The sum of atomic weights for all elements in the sample is then normalized to 100%.
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Where to create your template

It is possible to create your own report templates rather than using the default ones supplied with your
INCA system. To do this select Edit Report Template under Options from the main menu. You can either
modify a report template that already exists in the template list or you can create an entirely new
template.

Modifying an existing template

To modify an exisiting one, press Import. You will now see the current list of report templates which exist.
Select a template to view the individual components which make up the report. Note that any templates
that you have created will appear in blue. You can change the size of any of the components by dragging
their corners with the mouse. If you wish to add any additional components to the template, check the
appropriate boxes under All, Energy or Wave and these will be automatically be added. Note that at any
time you can decide whether you wish to view your report in portrait or landscape format and whether you
wish to show a grid on your report. Once you are happy with your template, type in a Tree Node name or



use the exisiting name, type in an entry under ‘Template Name' and press Save. Your new template will
appear under the template list in the report step.

Creating a new template

If you wish to create a new template, press New. Choose whether you wish to view your report in
landscape or portrait format. Select the components you wish to include in the template and resize them
as you wish. Once you are happy with the layout, enter names for the TreeNode and Template Name and
press Save. Your new template will appear under the template list in the report step.

You should ensure that the components are set at an appropriate size for the data being displayed.
Moving report templates

Note that report templates can be moved between systems by copying the relevant .itp files in the
INCA\Data folder.



