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1 OPERATION OF SOFTWARE

1.1 Introduction

The purpose of this software guide is to describe the basic functions that the XRF-FP (or XRS-MTFFP)
program is designed to perform. The FP abbreviation is for Fundamental Parameters (i.e. using a known
database of X-ray interactions and equations for using them). MTFFP is the abbreviation for Multilayer
Thin-Film FP analysis. Itis assumed that you are familiar with the basics of operating a Windows
application and that you are familiar with the common terms and techniques of XRF (X-Ray
Fluorescence) and EDS (Energy-Dispersive Spectrometry) analysis.

There are two separate versions of the software, starting with v.3.0.0. The first is the original XRF-FP
program that can analyze bulk and single-layer samples, and the second is a newer version that can
analyze up to 6 layers for thickness and composition. Both programs will be described in this document,
although you may not have purchased both types of the program with your Amptek detector. The name
XRF-FP (or XRS-FP) will be used to describe either program unless there is a feature that is specific to
XRS-MTFFP.

The Amptek ADMCA program can also be used with the XRF-FP software for spectrum acquisition and
display. As will be described later, the user may use the Amptek ADMCA to acquire spectra and control
the hardware, or use the XRF-FP to do both.

To gain familiarity with XRF and EDS analysis, the following books are recommended:

e “Principles and Practice of X-ray Spectrometric Analysis,” 2" Edition, by E.P. Bertin, Plenum
Press, New York, NY (1975).

“Principles of Quantitative X-Ray Fluorescence Analysis,” by R. Tertian and F. Claisse, Heyden
& Son Ltd., London, UK (1982).

o “Radiation Detection and Measurement,” 2" Edition, by G.F. Knoll, John Wiley & Sons, New
York, NY (1989).

e “Handbook of X-Ray Spectrometry: Methods and Techniques,” eds. R.E. van Grieken and A.A.
Markowicz, Marcel Dekker, Inc., New York (1993).

e “Quantitative X-Ray Spectrometry,” 2" Edition, by R. Jenkins, R.W. Gould and D. Gedcke,
Marcel Dekker, Inc., New York (1995).

Of course, there are many other excellent books and periodicals available on these topics, some of which
may be more appropriate to your particular application.

There are three main steps for XRF analysis using the XRF-FP software. First, the system is usually
calibrated using standards. Subsequently, it can be used for the quantitative analysis of unknowns, and
finally, routine maintenance checks may be performed on the XRF system. There is also the possibility of
doing analysis without standards, as long as the detector, geometry and tube information is adequately
described, and you are only analyzing a bulk sample or a single-layer sample with a fixed film thickness.
In version 3.3.0 one can also use simple least-squares calibration and quantification, without using the
FP.

The “system” is meant to include an X-ray source, either an X-ray tube like the Amptek Eclipse or Mini-X
or a radioisotope like *®°Cd, and Amptek detector/electronics like the X-123, XR-100, PX4, DP4,
MCAB8O000A, etc.), together with a sample within some kind of chamber, which can be evacuated or
operated in air. In addition, filters may be used with either the X-ray source and/or the detector. Itis
important to know the geometry of your system before setting up the XRF-FP software and doing any
calibration work.
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2 LOADING THE SOFTWARE

First, the Amptek ADMCA.exe program should be loaded, then the XRS-FP.exe program. During the
loading of the latter program, communications are made with the ADMCA program. Further operation of
the XRS-FP program, WITHOUT the ADMCA program also running, will most likely result in
communication error messages being generated. If this happens, check that the ADMCA program is
running.

It is not necessary to connect the ADMCA program to the hardware. The XRS-FP program can also be
loaded from the ADMCA program by clicking on the “FP” button on the Toolbar.

After the main program is loaded, a master configuration file is then automatically loaded. This file is
named “Master.tfr" and MUST reside in the same directory as the XRS-FP program. This file contains the
elements and calibration coefficients required for routine XRF analysis, along with a base description of
the various analysis and system setups.

A version of this file is supplied with the software, but it is almost certain that the user will need to change
this for the application and system at hand. At the time of writing, the version number for TFR files is
1.3.1 (software version 3.3.0). This file can be edited with Notepad but the user should be very careful in
doing this as one small mistake can invalidate the complete file.

There is also another start-up file, XRS-FP.ini, which contains parameters that are less specific to the
analytical setup, although some of them can affect the spectrum processing. There are other sections in
this file that describe some options in the software such as a password setup and the calling of an
external program. This file can be edited with Notepad but the user should again be very careful in doing
this, although it is more robust than the TFR file editing.

The list of elements should be known in advance (for routine analysis). This list may be more than the
elements actually in a given sample (and these should be reported at low levels), but should not be less.
It is critical that the sample is as completely defined as possible for accurate FP analysis. If unanalyzable
elements or compounds (e.g., H, C, O or C6H1206) are present, they should be specified as Fixed with a
best guess (or knowledge) about their concentrations, or analyzed by stoichiometry if possible.

In addition to the element list, the file also contains the x-ray (K, L or M) line and FP calibration coefficient
to be used for each element. If the coefficients are all zero (i.e., the elements are not calibrated), then the
analysis will be done on a “standardless” basis.

See later for more information on setting up and using the TFR files.

3 FP CALIBRATION

The XRF system should be calibrated before it can be used for routine quantitative analysis. There are
two main parts to this calibration. The first is the spectrometer calibration, which ensures that the x-ray
peaks are found in the correct locations with respect to some energy scale.

The second is the FP calibration of the individual elemental sensitivities, also known as calibration
coefficients. However, this step may be ignored if purely standardless analysis is used. The latter
requires accurate knowledge of the tube spectrum, excitation conditions and analytical geometry
parameters, as well as the detector/window characteristics.

Prior to these steps, of course, the analyst should choose the optimum experimental conditions, and this
involves detailed knowledge of the XRF analytical technique. This particular discussion is beyond the
scope of this software guide.

3.1 XRF Spectrometer Calibration and Monitoring

The spectrometer calibration refers to the adjustment of the electronics (Analog Amplifier, ADC and MCA,
or DPP) so that all peaks across a spectrum are all located at their appropriate energies. Unless this is
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the case, the spectrum processing cannot correctly convert the x-ray peaks to elemental intensities, and
therefore incorrect values will be generated, resulting in incorrect assay analyses.

For the Amptek analog electronics, the only adjustment possible is that of the analog amplifier (PX2) gain.
In this instance, we are referring to gain as the energy scale (i.e., eV/channel). All other adjustments (i.e.,
zero offset or gain errors) must be addressed in software. Conventionally in EDS spectrometers, the gain
is adjusted to bring the eV/channel to some convenient and whole number, such as 10, 20 or 40
eV/channel, and this setup is recommended when using the XRS-FP software. It is possible to do this
with the analog Amptek electronics, but often users will employ another technique, which merely “maps”
any energy scale in software. This is done with the present Amptek ADMCA program, using a 1, 2 or
multipoint calibration (refer to the Amptek documentation). If this method is used then the alternative
XRS-FP method, described below, can be ignored.

The same gain setting should be used for both the standards and the unknown sample assay analyses.
On the PX2 take note of the potentiometer readout and lock it down after the adjustment has been done.
If necessary, make this adjustment again as needed, to bring the peaks back to the original scale, so that
spectra can be compared easily.

In the newer PX4 (or DP4) digital pulse processor (DPP), there is much more freedom in how to adjust
the gain, with both a coarse and fine gain adjustment, done in software. This can be saved with the PX4
configuration so that the same gain setting is always maintained. Please refer to the appropriate manual
from Amptek for installation of the hardware and driver software required for the USB connection. The
initial setup parameters should be selected with the Amptek software, which can saves these parameters
in a configuration (*.CFG) file. This file should be in the same folder as the XRS-FP software, as it may
be accessed by the latter for setup and control of the PX4 module.

If any fine gain and/or offset adjustment is required after the hardware setup (if, for example, the
electronics have drifted slightly) then the user can apply the calibration scheme either in the ADMCA or
XRS-FP software. At present, the XRS-FP spectrum processing software can only handle a two-point
calibration scheme, with just gain and offset terms. Any higher order (quadratic) terms selected in the
ADMCA program will be ignored.

If the user wants to allow for software calibration and “adjustment” within the XRS-FP software itself, to
bring the scale to some integer value (e.g., 20 eV/channel) there is a special routine to perform this
calibration. This routine (Calibrate-Spectrum) is described in more detail in a later section, and uses a
well-defined two-peak spectrum to be used to calculate the exact gain and offset parameters. Using
these values, subsequent spectra can then be “adjusted” to bring them into the required scale. Note that
this method is only meant to make relatively minor changes to the spectrum, of the order of a maximum of
20% change in the gain and offset values.

To perform the XRS-FP software gain and offset spectrometer calibration, use the following steps:

(a) Load the software and invoke the “Calibrate Spectrum Gain and Offset” panel using either the
“Setup Spectrum Adjust” or “Calibrate Spectrum” menu commands (see section 6).

(b) At this point the existing or default values for Offset and Gain will be displayed in the top
right-hand corner of the panel. When the software first loads, these values come from the
XRS-FP.ini file, in the \Windows directory.

(c) Ensure at this point to UNCHECK the check box for the “Auto Adjust Spectrum Gain & Offset”
option in the Setup-Processing panel.

(d) Place a suitable spectrometer calibration standard in the analysis position. This could also
be a suitable radioisotope if this is more convenient. This sample should contain two well-
separated and identifiable peaks, which have known peak centroid energies. The two peaks
should have comparable peak heights.

(e) Turn on the x rays, as necessary, and set the conditions to yield a dead time similar to that
expected for the routine analysis. The dead time should normally be kept at about 50% or
lower to avoid peak shifts and resolution changes.
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) Acquire a spectrum and Load it into the FP program (see later for more information on this
procedure). About 100 seconds should be sufficient, but aim to get at least 250,000 counts in
the spectrum, of which at least 100,000 counts should be in the peaks of interest. Ensure
that the background is not too high as this can affect the quality of the centroid peak find
algorithm.

(9) Assuming the 5 peak-search parameters are set correctly, press the button to Calibrate the
Spectrum. At the end of this operation, the new values for gain and offset should be
displayed.

(h) Check the quality of the displayed gain and offset values. If the gain is more than 20%
different from the nominal value (e.g., 10 eV/Ch), or the Offset is more than 1000 eV, then it
is likely that something is wrong. If so, first check the spectrum and manually check the peak
centroid energies with the spectrum cursor. If these are good, then this may indicate a
necessity to recalibrate the amplifier gain potentiometer.

(i) After getting bad values (see above), then try to reset the Offset and Gain values (use the
Initialize Gain & Offset button), and repeat the Calibrate Spectrum step above.

()] If the values look reasonable then press the Adjust Spectrum button, which will now be
enabled, and this will process the spectrum so that the peaks should be in calibration with the
normal gain (e.g., 10 eV/Ch) and zero offset values. Check the spectrum display to verify
this. Note that the Apply Calibration button does NOT adjust the spectrum, but just adjusts
the horizontal scale — this is not useful for routine spectrum adjustment, and so you should
only use this option with care. Use the Adjust Spectrum button instead.

(k) After successfully calibrating this spectrum (i.e., the spectrometer), then press the OK button,
which saves these parameters in the XRS-FP.ini file for later use in routine analysis.

)] After exiting this panel be sure to CHECK the check box for the “Auto Adjust Spectrum Gain
& Offset” option. This will then enable any future spectra to be automatically adjusted with
the appropriate gain and offset values.

It is also important, before starting the next step, that the correct detector resolution value be entered into
the software (see the Setup-Processing dialog), as this parameter is key to performing good quality
spectral peak fitting (see the later section on Process Spectrum — Deconvolute).

3.2 XRF Elemental FP Calibration or Standardization

The next step is to calculate the response factors (sensitivities) for all the elements of interest, unless
standardless analysis is going to be used. This standardization process generates calibrate coefficients
that are later used by the main FP program. For standardless analysis the user can skip this section.

For the XRF system we need to collect spectra for each of the elements of interest, analyze them and
then generate the appropriate FP calibration coefficients. The easiest way to do the calibration would be
with one multi-element standard. However, it is also possible to use individual bulk or thin-film pure-
element standards, or any combination of single and multi-element standards.

The description below assumes that ONLY one standard is effectively used for each element, even
though multiple standards may be employed. In other words, the last calibration for any given element
will be the one used. When using a single standard for each element, or a single multi-element standard
for all elements, this is not an issue, but when mixing modes unpredictable results could be obtained if the
last standard used had inaccurate values for use in the calibration.

In the latest software (v.3.0.0 or later), there is a new option where multiple standards can truly be used
with each element, and least-squares fitting can be done with various models, in order to allow for any
variations from the theory of FP calibration. This will be described in the later section on Calibration.
Note that this is separate from using a simple least-squares fitting technique without using FP at all.
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The following description assumes everything is setup and optimized. You should check through the rest
of this manual for tips on how to ensure that things are working OK (e.g., that spectrum resolution is as

expected).

(@)

(b)

(©)

(d)

()

(f)

(9)

(h)

(i)

@)

(k)

()

(m)
(n)

(0)

(p)

(@)

Amptek Inc.

After having performed the spectrometer calibration (see above section), then make sure that
all the parameters are set correctly in the Condition table, etc.

In the Setup FP Calibration dialog, select the appropriate radio button for “Single” or
“Multiple” Standards and press OK. This is very important.

Enter a description of the standard in the Component Table, including compound formulae,
concentrations, and the thickness of the standard (if it is a thin film).

If the standard is a thin film, set the Density to 0.0, so that a theoretical value is used (to
convert between thickness and mass thickness), unless you know the exact density of the
thin-film.

Ensure the Normalize option is checked, and the Total set to 100.0%.

Ensure the “Auto Adjust Spectrum Gain & Offset” option is checked, unless you are using the
internal ADMCA calibration (see above).

Now place the standard in the spectrometer, turn on the x rays, and set the conditions (i.e.,
tube kV, microamps, and vacuum) to exactly the same as those that will be used for later
routine sample analysis.

After the tube and chamber environment (e.g., transition from air to vacuum) have stabilized,
then acquire a spectrum for this standard, with a minimum of 50,000 counts in the analyte
peak(s). Typically the acquire times should be about 100 to 300 seconds for the standards.

Save the spectrum if desired (recommended), as an Amptek *.mca file.

Next, select the Load Spectrum menu item, which should read the spectrum from the Amptek
ADMCA program, or from the DppApi.dll or PmcaDIl.dll interface (as appropriate), into the
XRS-FP program. If the auto-adjust button is selected, the software will automatically make
the Spectrum Adjustment. Check the spectrum is OK, with peaks in the expected positions,
and that there are no unexpected contaminant peaks!

Either step through the appropriate spectrum processing steps using the various Process
commands, or use the Process Spectrum All command. The latter performs all processing
steps as defined in the Condition Table. The spectrum processing should yield net
intensities, for the elements defined in the Element Table.

Select the Calibrate FP menu item, which will then calculate the calibration coefficient(s) and
display them in the Element Table.

At this point, optionally (highly recommended) save the results as a *.tfr file.

Then repeat steps (c) through (m) above, until all the elements have been calibrated, using
the standards.

The next step is a useful “trick” to set things up correctly for future routine analysis of all these
elements. Do not change any setup in the software until the remaining steps are complete.

Reconfigure the Component (and Element) Table to describe the unknown sample to be
analyzed, checking to see that the Condition Table matches the conditions used in the
previous standardization steps. These tables do not need the concentrations entered in the
Component and Element Tables, but may need the thickness if it is known. Otherwise set
the Thickness Type to Calculated or Bulk, as appropriate. Also, for XRS-MTFFP, ensure that
the layer information is set correctly in the Layer and Component tables (i.e., the layers are
defined, and each element has a specified layer).

Now acquire a spectrum for the unknown sample.
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(n Load and process the spectrum exactly as the standards were done above, yielding
appropriate elemental intensities in the Element Table.

(s) Now select the Process Analyze menu item and this will perform an FP analysis of this
sample. The first part of this operation will be to merge all the calibration coefficients from the
previous calibration step(s). At the end of this process, values for concentrations will be
calculated and stored in the Component and Element Tables. Also, the calibration
coefficients for all the elements will now be displayed in the rightmost column of the Element
Table. These are what we need for future analysis.

® You should now save this “Report” as a master *.tfr file, for subsequent analysis. In other
words, instead of repeating the calibration procedure described above, merely load this *.tfr
file and the calibration coefficients will be available for all the elements defined. Note that for
“Auto-Mode FP Analysis,” (see later) you should save this file with the name of “Master.tfr” in
the same directory as the software.

Should the calibration process be interrupted, or need to be rerun for any reason, then the saved *.tfr files
can be opened one at a time and the calibration be redone offline, i.e., without the need for live
acquisition. If the tube or any parameter is changed, then this thin-film calibration must be done again
using the actual thin-film standards and live acquisition.

4 XRF FP ASSAY ANALYSIS

Once the system has been calibrated (see the two sections above), then assay analysis of samples can
be performed exactly as outlined as the end of the previous section. Each time a sample analysis is
saved (*.tfr file) it becomes a secondary “standard” available for subsequent analysis.

5 MAINTENANCE

On a routine basis, the user should acquire a spectrum from a suitable sample to check the general
system performance. Check both the total counts (assuming the conditions do not change) and the peak
resolution, and enter the values in a log. Any significant change in either value would require a system
recalibration.

A peak resolution change would require changing the FWHM value in the Setup-Processing dialog (see
later for more details on this). Any significant change in the number of counts would usually be traced to
source intensity or geometry variations, although there could be other causes. The operator can adjust
the x-ray source so that the same number of counts are collected as the baseline value, taken at the time
of the original setup.

The “System Check” (a button on the simple panel for automated analysis) is used for routine monitoring
of the MCA gain and offset. It is also available from the Main Panel, and is described later in this guide.
As noted elsewhere, any time that the peak shifts get too large, the Amptek amplifier should be
readjusted using the appropriate method for the PX2 or PX4.

If the amplifier gain setting is changed then reset the Offset and Gain parameters in the “Calibrate
Spectrum Gain and Offset” panel. Clicking on the “Initialize Gain & Offset” button does this. Now acquire
a new spectrum from the XRF spectrometer calibration standard, and invoke the “Calibrate Spectrum”
command. Then Adjust the spectrum (see above) and press the OK button.
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6 SOFTWARE REFERENCE

6.1 Architecture

Software Architecture
XRS-FP Drawing
User Interface

Controller

< Disk File Input/Output XRS-FP ‘ Calibration and Results Printout>

FP32.dll
Fundamental
Parameters

Amptek
ADMCA .exe
or
Pmca.exe

DP4/PX4
DppApi.dll

Amptek
PmcaDIl.dll

MTFxpro.dll
Spectrum
Processing

Asgtgk Amptek PX2
) MCAB8000 Amplifier
Driver
DP4/PX4
DPP
Si pin diode

detector + preamp

CrossRoads Scientific W

>< 121 9/2005J

The XRS-FP software itself consists of two major parts: first the Visual Basic (VB) user-interface (GUI)
and control program, and secondly two dynamic linked libraries (DLL’s) that perform most of the analysis
functions. These two libraries cover the processing of an x-ray spectrum, which produces elemental
intensities, and then the conversion of these intensities to chemical composition. The software has been
developed under VB 6.0, using service pack 6. The DLL’s were developed in C++ using the Microsoft
Visual Studio V.6.0, with service pack 6.
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A simplified software architecture drawing is shown above, with the key components of the hardware and
software system, together with the connection points. All the main software components are connected
through the XRS-FP program, with the some direct message connections from the processing DLL's to
the Pmca or ADMCA program (ADMCA.exe). The two DLL's for the standard XRS-FP program are
FP32.dIl and MTFxpro.dil. For the multilayer version, the FP32.dll is replaced with MTFFP2.dll.

In addition to the components in the drawing, there are also the standard Microsoft Visual Basic support
files and two third-party OCX components that are registered during the software installation:

(& PVDTB80.0CX (v.8.0 or later), from Infragistics, used for the DataTable spreadsheets, and
(b) ACXPP.OCX, which is used for the Print Preview function.

Also supplied with the software is a HASP security plug manufactured originally by Aladdin Knowledge
Systems (www.aladdin.com/support/hasp/default.asp for support and driver downloads), which requires
that a driver be installed. This is normally done with the HINSTALL.EXE program, which installs the
correct driver for the operating system, and should be part of the total software installation procedure.
See later for a description on how to install the HASP plug into either the parallel port or a USB port.
Each plug has a unique code and serial number with options programmed by CrossRoads Scientific. If
you have any problems with the plug, take note of this serial number. You can also download the latest
driver from the Aladdin web site — be sure to use the HASP H4 driver (not the HL driver).

In addition to providing XRF analysis, this software interfaces to either the Amptek MCA 8000A module,
or the Digital Pulse Processor (DP4/PX4), for spectral data acquisition. The data acquisition and control
of the MCA 8000A or PX4 can be done using one of two methods. The first is via the Amptek

ADMCA .exe program, and the second is using a library DLL supplied by Amptek (PmcaDIl.dll for the
MCAB8O000A, and DppApi.dll for the PX4). The DLL interfaces are used for automated or routine analysis.
The Amptek PX2 analog amplifier is only operable in a manual mode, and it is critical that the gain be
suitably adjusted (see above), so that the x-ray peaks are in their correct positions. The MCA 8000A and
PX4 are both completely controlled by the software.

The software can be used in a standardless mode, or with a calibration file. Both methods employ the
fundamental-parameter (FP) technique of XRF analysis. This document is meant to describe the
functions of the user interface program.

The software uses two main types of files to allow the complete acquisition, processing and analysis of
XRF spectra. The first file is a spectrum file (*.mca format), which is the format used by the Amptek
ADMCA and Pmca programs. These files may be saved or opened from either the ADMCA or the XRS-
FP programs.

The second file type (*.tfr file) contains both the definition of the system (configuration), the definition of
the samples for analysis, the calibration coefficients and either the standard composition or the results of
an analysis. Once a system calibration has been performed, the user can retrieves one of these files to
define the complete system setup.

There is also a general XRS-FP.ini file that provides storage of other common parameters used by the
XRS-FP software.

Subsequent sample analyses require the acquisition of a spectrum, under known conditions, followed by
spectral and FP analysis to generate a full sample report that can subsequently be printed, and saved as
a file. Any third-party program can read these files, as they are in simple ASCII format.

7 AUTO-MODE (ROUTINE) FP ANALYSIS

There are 3 buttons (plus Exit) on this initial (simplified) start-up screen, which is the first one seen after
the start-up splash screen, when the software is finished loading. In the example, below, the Save
Spectrum and Save Report File options have been checked, and the default path and file name has been
entered, which will be used to save spectra (*.mca) and report (*.tfr) files. Note that any existing file(s) will
be overwritten with the new file(s).
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Normally the buttons are as shown below (i.e., Analyze, System-Check and Expert-Mode). This is the
default start-up screen. By clicking the Expert-Mode button the user will be taken to the main FP analysis
screen (i.e., Supervisor Mode), as described in the next section.

v Auto-Mode FP Analysis

EEX

v Save Spectrum File v Save Report File Get Path

Base File Name: |C:\Amptek130ils
Sced #: |1 # Measurements: |1lIZII Delay Time(s): |1lIZII

Analyze

System Expert

Check Mode

Exit
Run # Preset Livetime = 100 Y alue

However, the software also allo

ws the user to specify a password in the XRS-FP.ini file, so that this

password must be entered before the Supervisor Mode can be entered. This must be entered in the
section titled [Security] in the XRS-FP.ini file. By default, this line is setup as follows:

Password=Amptek

When the software reads the key word “Amptek,” or there is no key word present, then it bypasses the
Login button and allows the user to enter immediately the Supervisor Mode (as described above). When
any other word is specified, such as:

Password=Supervisor

then the following screen is shown on startup:

Loading XRS-FP... X

\:..f/ Conneck b Ampkek MCA 0004 or DP4/PHd?

Mo |

Amptek Inc.
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This dialog allows the user to connect immediately to either the MCA 8000(A) or the DPP. Note: it is
VERY important that the MCA or DPP is actually connected before answering “Yes” as there could be a
crash in the driver if the hardware is not present at this time.

The connection can also be made later in the operation, through the Supervisor Mode, using the Setup-
MCA panel.

After selecting an answer, the main runtime screen is then displayed, with the buttons Analyze System-
Check and Login, such as the following example:

“wAuto-Mode FP Analysis

v Save Spectrum File v Save Report File Get Path

Base File Name: |C:‘|.f-";mptek150ils
Sced ¥: |1 # Measurements: |1 Delay Time(s): |1'IZII

Analyze Login

System

Check

Exit
Run # Frezet Livetime = 100 Walue

7.1 Login

Press the optional “Login” button to select the password dialog panel. There are two entries, one for
“User Name” and the other for “Password.” The password is set to the word that is entered in the XRS-
FP.ini file, in the [Security] following the keyword “Password=." The case must match for each letter
entered. At present, the “User Name” is not really used, although the software could easily be adapted to
employ the “User Name” in some other way in the future.
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Uzer Mame: |.J ohh

Pazzword: | xxxxxxxxxx

F, Cancel |

If the password is correct (i.e., matches the word in the *.ini file), then the following screen will be loaded:

. Auto-Mode FP Analysis E| |E|g|
v Save Spectrum File v Save Report File Get Path
Base File Name: |C:\Amptek130ils
Sced #: |1 # Measurements: |1 Delay Time(s): |1lIZII
Analyze Login
System Supervisor
Check ~ Mode
Exit
Run # Preset Livetime = 100 Y alue

Again, clicking on the Supervisor Mode button allows the Main Screen to be displayed (see later in this
document).

You should note the various options that may be selected at this point. In addition to the check boxes
that allow you to save either the Spectrum (MCA) and/or the Report (TFR) files, you can select the path
and filename either by typing them in, or use the Get Path button when a dialog such as the following will
appear to allow you to browse existing folder paths:
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“u, Select Drive and Path for Files

Select Drive: |g = j

Select Path: |5 cy
EJAmptek

&= Pmca

Path: |I2:‘|,jl.mpt,ek‘l.Pmca

File: |s.:.ils

Exit

There are some other options that allow you to setup the software for acquiring and analyzing a sequence
of spectra. You may specify the seed number (a starting number that will be appended to the file name),
which will be incremented for each new spectrum acquired. If zero is input, then the program will loop
indefinitely until the Cancel button is pressed. You may also specify the total number of measurements
and a delay (clock) time between each one.

7.2 Analyze

This button performs routine analysis of one or more samples, and assumes the application has
previously been setup (and calibrated), with a fully configured Master.tfr file. Of course, the samples are
assumed to be homogeneous across the analysis surface in both composition and thickness, but may or
may not be infinitely thick with respect to the incident and emitted x-ray beams.

If the user knows the mass thickness (e.g., in units of mg/cm2) of the sample (e.g., from weighing the
filter, of a known area), then this value should be entered. To convert from mass to mass thickness (i.e.,
mass per unit area), divide by the area of the sample. If the mass thickness is not known, the software
will estimate it during the analysis, unless the file has been configured for bulk analysis. The sample
must be larger than the “analyzed area” (i.e., the intersections of the “cones” from the x-ray source and
detector) to use or calculate a mass thickness value. If it is smaller, then one must assume a bulk
sample, and normalize the composition (e.g., to 100%).

After clicking on the Analyze button, the software will step through the following operations in order to
perform the analysis:

(1) Prompting the user to turn on the x-ray tube (if used), and to set the voltage and current to the
values required by the Master.tfr configuration file.

(2) Setting the spectrum acquisition time in the Amptek MCA or DPP.
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(3) Connecting to the MCA internally via the PmcaDIl, or to the DPP via DppApi.dll, in the process
disconnecting the ADMCA program from the MCA (if it was connected).

(4) Starting the spectrum acquisition and waiting until it is complete.

(5) Reading the spectrum from the MCA 8000A via the PmcaDIl connection, or from the DPP with
DppApi.dil, and then displaying it in the ADMCA program.

(6) If the check box associated with a user-defined file name is checked, then the spectrum is written
to this file. Note that the full path and filename should be specified, but the extension should not
be entered. If the path is not specified, then the files will be saved in the default ADMCA
directory for spectra, and in the current working directory for *.tfr files. Note that during the
process of saving a spectrum, the ADMCA program MUST be connected directly to the MCA
8000A (if this hardware is being used) to get all the relevant parameters. The software handles
this changeover automatically, but it takes several seconds to make the switch. With the DPP
(DP4/PX4), the spectrum is read and saved directly, and this internal switch is not necessary.

(7) Next the spectrum in memory is processed, and the resulting intensities (in c/s) are saved in the
TFR form in memory (see next section).

(8) Next, the intensities are converted to composition, using the setup parameters defined by the
Master.tfr file, and the FP program.

(9) Now, if the check box is checked, the TFR data in memory is written out to a file with the
specified name, in the specified directory (path).

(10) The program displays the main panel with the reported results, or continues in the automation
loop if that was requested.

7.3 System Check

This button loads the same form as described under Setup Spectrum Adjust in the Main Panel section
(see below).

7.4 Expert Mode

This button loads the Main Panel (Supervisor Mode), providing full access to all the parameters for
acquisition and the processing of spectra, as described in the next section.

Important Tips:

Whenever data is entered into a text box or cell, the action of leaving this cell actually causes the data to
be read and checked. Highlighting can be done by double clicking, and sometimes this brings up a
secondary menu if appropriate.

8 MAIN SCREEN (SUPERVISOR MODE)

The main user interface (GUI) consists of three main sections. The first is the menu bar along the top of
the screen. Below this line is a status/entry bar for single-button spectrum Acquire (if enabled) and the
entry of tube kV and microamps, and the acquire times. Below this line is the main section, which
consists of four spreadsheet tables for both data entry and display of results.

The four tables are for:
(1) Definition of the Components in a specimen,
(2) Definition of the (mass) Thickness of the sample, if known,

(3) Definition of the Elements in the components, and the x-ray line (Ka, Kb, La, Lb, Lg or Ma), and
the methods to be used for intensity extraction and quantitation, with thresholding,
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(4) Definition of the acquisition and spectrum processing conditions.

File Acquire Load Setup  Calibrate  Process  Help
kv:[30_ | wA:[i5_ | Preset: [p | Time: [120 | =oT:[o0 ]

Specimen Component Table: Thickness Information:

# Component Type Cone., Error Units Molek Error | Layer Mormalize

12 Ei Ea:c 2351515 310314 wh% 31Dgg18 gggg = Thick. Type Error Units Density | Fized | OK Tatal

T als . . w3 ; .

3 |Fe Calc | 14846 0103wt 15,604 0000 — LT el Qo00f morer2 | G000/ W L

4 [INi Calc 41574 0184 |wtx 41.579]  0.000

5 [MNb Calc 0639  0.031|wt% 0.442| 0.000

B |Mo Calc 5.015] 0093wt 3068 0000 -

o e el S —=t—rrra] =/ | Global Threshold Settings

-5l s | Cl C Method

Element T able: + Mormal " Coefficients SEuns =0 ﬂ St

ﬂ Element |Cond Meazurement Threzhald Intenzity Fiatio ROl [kew] Chiz Guant Calibration

Elmt| Line |Code| Intensity Ermor | Backar. [ Conc. | Emor | MDL | Atom& | Walue [Conc Methiod Method Low High Fit Method | TCC Coeff

1] Ti| Ka 1 E.70 0.47 4.34[ 0.0553| 0.004]0.0034 0.065] 0.0000] T Gaussian MNone 4418 4604| Z206] FP 58000.03( «
21 Ci | Ka 1 1338.87 E.E8 747]28.3110] 0141[0.0114 | 31.961[ 0.0000] T Gaussian Mone 5.318| 5512| 15.24| FP 1122220 |
3| Mn| Ka 1 84.27 1.68[ 13.09] 0.9503] 0.020)0.0084 1.055] ooooo] T Gaussian MNone 5799 5938 284| FP 18101.99)
41 Fe | Ka 1 E19.19 454] 11.09[14.8445] 0.103[0.0155 | 15.604] 0.0000] | Gaussian Mone E.302| EBBO6| 1012| FP 937551

51 Co| Ka 1 16241 233 1242| 3.6075| 0.052)0.0155 3.593| 0.oooof T Gaussian Mone EB26| 7.034| 16E| FP 9193.95

E] Ni | Ka 1 1707.65 7.54 £.36|41.5738| 0.184[0.0121 | 41.579] 0.0000] T Gaussian Mone 7.372| 7BE5| 1769| FP 853464 +
Measzurement & Processing Conditions: v M t £ EE ing Active Condition Code: | 1

oo #-Fay Source Detector Chamber Time [secs]

ode

Target | Filter |Thick[um]| I | [} Type | Filker |Thick[um] Atmoz Frezet | Actual

1 g ¥ Mere [ 000 | 300[ 150[ Sipin [ Mone | 0.00 Air 0.0] 120.0
[ Status: [C:\Amptek\FPAVB\Master.tfr [9[0n [4096 T[40 0 [No
| |

At the bottom of the form is a general status line area. There is an area for general status messages
regarding the spectrum acquisition, processing and XRF (FP) analysis. To the right of this box there are
6 smaller boxes. They contain: (1) the FP calibration mode, (2) the Auto-Adjust status, (3) the number of
channels (the MCA 8000A gain), (4) the eV/channel, (5) the ADC threshold, and (6) the connection status
of the MCA/DPP to the XRS-FP program (note: this is independent of the ADMCA connect status, except
that only one program should be connected at a time).

There is an extra line at the bottom of the screen that shows diagnostic details of the data transfer
between the ADMCA and XRS-FP programs, as well as a general comment field.

Below are some more details on each of these areas and their respective functions.

Important Tips:

To navigate in the spreadsheet tables you can click or double-click on any cell and edit it.

You can also highlight any row and delete it by pressing the Delete key on the keyboard.

You can use the up, down, right and left arrow keys to move around the spreadsheet.

You can insert a new row using the Insert key, and add a row at the bottom of any (Component or
Condition) table by moving the down arrow key below the bottom row.

The columns can be resized if necessary, by using the left mouse button to select the boundary in the
header row.

8.1 Specimen Component Table

This table defines the compounds (and elements) that will be analyzed using FP. Under the component
heading enter each component, one row at a time. Just use the down arrow key to add extra rows at the
bottom of any table, and the delete key to delete the highlighted row. Normally each component will
simply be an element symbol (e.g., Fe), but they could be compounds such as oxides (e.g., Fe203) or
more complex ones such as FeSO4.
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Some components must be entered with a space between single-character elements in order to avoid
ambiguity. An example of this is “CaC O3.” In this case, if a space had not been used between “C” and
“0O”, it would have been assumed to be “Co” (cobalt). Care should be taken in entering components, to
avoid such ambiguous entries. lllegal entries will generate error messages.

In the case where oxygen is not analyzed, which is typically the case (because the x-ray energy is too low
to be detected), the Fe203 will be calculated on the basis of the Fe concentration, but the oxide
information will be used to make the correct matrix corrections during the FP calculations. However, if S
can be analyzed, as well as Fe, then the FeSO4 can be calculated on the basis of either Fe or S, or both.
The latter case gives us the possibility to analyzed mixed compounds. Continuing the example from
above, if both Fe203 and FeSO4 are entered as separate components then the FeSO4 can be
determined from the S concentration, and the remaining Fe (and O) ascribed to the Fe203 component.
The software handles this internally, automatically, during the FP calculations.

As the compounds are entered, the element table will automatically be filled in. For each component you
must define the calculation method. By default, each component will be calculated, but they can be
specified as Fixed (e.g., if not analyzable, such as H20), or by Difference. The units can be wt% or ppm,
and in v.3.3.0 also as ug/cm2 or mg/cm2. The latter can be used for FP calculations only.

8.2 Layer Table (Thickness Information)

If the sample is infinitely thick then leave the thickness as zero, and set the Type to “Bulk.” If the
thickness or mass thickness is known, then enter the value, with the appropriate units, and set the Type
to “Fixed”. Set the Type to “Calculate” if the thickness is to be calculated for sample analysis.
Appropriate units should also be selected. Also see section 2.1 in the Operation of Software section.

If the density is known (i.e., when a linear thickness is entered), then enter a value; if it is set to zero, the
software will automatically calculate a theoretical value based upon the sample composition. In newer
versions of the software (v.3.3.0) you can select Fixed or Calculated for the density option, which is more
obvious than remembering to set the value to zero for calculating

Also specify in this table a normalization factor (default to 100%). Normalization MUST be checked if the
layer thickness is to be calculated or the analysis is done without calibration (i.e. Standardless).

For the XRS-MTFFP software, this table has some extra functionality to define multilayer samples. An
example of the screen for a multilayer sample is shown below. Note that in this example there are 6
different layers, with one component (element or compound) per layer, although there is no restriction to
only one component per layer. Note that this panel also shows the layer number in both tables.

The maximum number of layers in a sample is 6, as shown in the example below.
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XRS-MTFFP '
Fil= Acquire Load Setup Calibrate Process Help
kY- uh: Preset: |1|]|] | Time: |l] | ZDT:|I]_I] |
Specimen Component Table: Thickness Information:
# | Lyr Component Type Conc. Errar Units Mole? | i Layer Marmalize:
111 |50 F?”Ed 100.000)  0.000 Wt-? 100.000 = Thick. Type Errar Uitz Denzity | OF Tatal
2] 2 |MoD3 et 2| 100 DS DI it ST T[ 165%] Cak D000] ug/omz | TES0[ v [ To000] «
3l 3 |Pb Fieed | 100.000]  0.000]wt % 100,000 —_
- = 2 18.162| Calc 0.000] wgicm2 2795 I 100.00
41 4 |Ag Fieed | 100.000]  0.000{wt % 100.000 —
- - 3 15.177| Calc 0.000] wgicm2 11.350] v 100.00
515 [al Fised | 100.000] 0,000 wt % 100.000
e TE Freg Tin0 000 D00 et 2 00 0 4 17.034| Calc 0.000] wg/cm2 10.500] v 100.00
=1 = e L : W : 5| 5806 Cak 0.000] uglcm? | 2633 ¥ 100.00] ~
Element T able: * Normal " Coefficients
o Element | Cond Measurement Intenzity  |Comp RO [keV] Chi2 | Guant Calibration
Elmt)| Line |Code| Intensity Eror | Backgr | Cone. || Emor | MDL | Atom® Method Ratio]| Low High Fit Method TCC Coeff
110 Ka a 0.00 0.00 0.00] 50.797| 0.212|0.0689 | 163154 Gaussian | 0.000] 0.000 0.0] MTFFP 000 o
2] A | Ka 1 2.48 0.32 0.00) 100.000| 0.091|0.0764 | 100.000f Gaussian [ 1.378] 1.5596 01| MTFFP 1068742 ~ |
315 | Ka 1 11.18 067 0.00] B3.709| 0.183|0.0684 | 47718 Gaussian B 1.630] 1.850 29| MTFFP 183177 =
4] Fe | Ka 1 147.32 243 0.00) 100.000| 1.151|0.0744 | 100,000 Gaussian B E.276| B532 40| MTFFP 3378744
5] Mo | Ka 1 B.77 0.52 0.00| EE.E54| 0.030|0.0645 | 21.087 Gaussian I [ 17316 17.643 0.4| MTFFF 217E0.62
E]lAg | La 1 41.79 1.29 1.08|100.000| 1.337{0.0000 | 100000 Gaussian | 2869] 37100 1.2| MTFFP Bame4d| o
Measurement &k Processing Conditions: (+ Measurement (" Processing
. #-Rap Sounce Detector Chamber| Time [zecs) Mo.  |Escape| Sum Back- [Femove| C/R
e : ! : ! ;
Filter Filter | Atmosz | Preset | Actual |Smoothz| Peak | Peak | ground | Blank | Ratio
Pd Mone | 000 Siph  Mone | %ac | 1000 1000 1 v Al oo N H
| Status: C:\Amptek’\Six layer examplel tfr [1 7o [2048 (20 0 [ Mo
|

8.3 Element Table

Most of this information is created automatically during either entry to the Component Table or after FP
calibration. However, you MUST select the appropriate line for analysis (Ka, Kb, La, Lb, Lg or Ma), the
condition code (see below), the quantitative analysis method (e.g., FP or MTFFP or LSQ) and the
intensity extraction method (Integrate, Gauss or Reference). Note that the line must have an associated
edge energy that is below the specified kV in the Condition Table; otherwise the intensity will be reported
as zero. Note that the columns for Intensity and Quant methods can be selected (click on the header cell
when the down arrow is shown), in which case any change to one element will be copied to all the others.

The maximum number of elements that can be analyzed is currently 30 for both single and multilayer
samples.

New options (v.3.3.0) allow the user to ratio the intensities to the Compton scatter peak intensity (see
later in the Process-Compton section), the Rayleigh scatter peak, the local background, or use the
Compton and Rayleigh scatter peaks to make estimates of unanalyzed low atomic number elements in
the sample.

Another new option is the ability to choose thresholds for each element. There are 2 types of thresholds
that can be defined, either sigma based or a fixed value for each element. The following example shows
the selection of thresholds on the basis of the sigma (estimated error) for each element. Typing a value
in the Global Settings box will copy this value to all the elements, and then each element can be changed
to whatever value is required. In addition the sigma value can be based upon the Intensity or the
Concentration — the Intensity is the default unless the Concentration check box is checked. In the
following example the default is left for Intensity thresholding. Any intensity (or concentration) below the
threshold will be set to zero.
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X

KV- wA:[I5_ | Preset[p |  Time: [120 | =oT:o0 ]

Specimen Component Table: Thickness Information:

# Component Type Cone., Error Units Mole? Error | Layer Mormalize

12 Ei Ea:c 2gg1515 310314 it % 31Dgg18 gggg 1= Thick. | Type | Errar | Units |Density IFixed 0K | Total

T alc . . w3 ; . -

3]Fe Cac | 14845 0.109|wt% 15604 0.000] Dooof Buk | 0000] wgrem2 | DI NIV 0000

4 [INi Calc 41574 0184 |wtx 41.579]  0.000

5 [MNb Calc 0639  0.031|wt% 0.442| 0.000

E Mo Calc 5.015]  0.093|wt% 3068 0.000 -

= —_ e T T e =Tl ¥ | Global Threshold Settings

-5l s | Cl C Method

Element T able: + Mormal " Coefficients SEuns =0 ﬂ St

ti Element  |Cond Measurement Threshold Intensity Ratio RO [kev] Chiz | OQuant Calibration

Elmt| Line |Code| Intensity Ermor | Backar. [ Conc. | Emor | MDL | Atom& | Walue [Conc Method Method Low High Fit Method | TCC Coeff

1] Ti | Ka 1 E.70 0.47 4.34[ 0.0553| 0.004]0.0034 0.058[ 20000 T Gaussian Mone 4418 4604| 206 FP 58000.03( «
21 Cr| Ka 1 1338.87 6.6 747283110 0400114 [ 31.961] 3.0000{ T Gaussian Mone 5.318| 5512| 15.24] FP 1mazzz22| |
3| Mn| Ka 1 84.27 1.68[ 13.09] 0.9503] 0.020)0.0084 1.055] 2oooo] T Gaussian MNone 5799 5938 284| FP 18101.99)
41 Fe | Ka 1 E19.19 454]  11.09[14.8445] 0.103[0.0155 | 15.604} 10000 | Gaussian Mone E.302| EBBO6| 1012| FP 937551

51 Co| Ka 1 16241 233[ 1242| 36075 0.052|0.0155 3.593[ 20000] T Gaussian Mone E.B26| 7.034| 166 FP 9193.95

E] Ni| Ka 1 1707.65 7.54 £.36[41.5738| 0184[0.0121 | 41.579] 2.0000] T Gaussian MNone 7372 7hE5| 17E9| FP 8953464 +
Measzurement & Processing Conditions: v M £ EE q Active Condition Code: ,T

oo #-Fay Source Detector Chamber Time [secs]

ode -

Target Thick[um] Filter | Thickfum] ] Atmos Frezet Actual
Mone 0.oo 300 150 Sipin Maone 0.oo 1200

| Status: [C:\Amptek\FPAYB\Master.tfr

|9 [0On [4096 [40] O [ No

Alternatively the thresholds can be based upon a Fixed value for each element, again either for Intensities

or for Concentrations.

8.4 Measurement & Processing Conditions Table

Ensure that the target anode matches the one entered in the Setup Tube dialog. Enter an element
symbol for the tube filter, if there is one, and its thickness in microns. Enter the tube kV of the analysis,
for this condition and the tube current.

In the case of using a radioactive isotope (RI) as a source, just make sure that the kV matches the
highest energy available from the source that can excite lines in the spectrum. The RI source spectrum
will be used for the computations, but the kV value is used to match to the edges of the selected element
lines in the Element Table. You can still specify a filter with the RI source, and it will be applied to the

source spectrum.

Also specify whether the chamber is in vacuo or in air, and the type of detector (the default is the Si pin
diode). The spectrum processing parameters should be also entered as they are used to control the

spectrum processing.

Note that there can be up to 4 different conditions defined for any analysis. Different elements can be
analyzed under different conditions (e.g., at different kV settings, or with a filter in one case but not
another). Under the element table ensure that the correct condition code is selected.

To display the processing features in the XRS-FP software select the Processing radio button, which
displays a second panel, such as the following example:
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File Acquire Load Setup Calibrate Process Help
kY- uA:[15_ | Preset: [0 |  Time:[120 | =0T:[o0 ]

Specimen Component Table: Thickness Information:

# Component Type Conc, Ermor Units Molel Error | Layer Mormalize

12 Ei Ea:c 2gg1515 310314 wh% 31Dgg18 gggg | Thick. | Type | Error | Units | Density | Fixed | OK | Total

T alc . . W% ; .

3 [Fe Calc | 14.045] 0109wt 15604 0.000] oGy Bak | monn] ez | Do00jge NSV 100

4 [Ni Calc 41574 0184 wtx 41.579]  0.000

5 [Nb Calc 0699 0.031 [wh% 0.442| 0.000

E [Mo Calc 5015  0.093[wt% 3.068| 0.000 -

= —_ T T T e =] ~| | Global Threshold Settings

-5i 2| Cl C Method

Element Table: + Normal " Coefficients D202 2000 ﬂ L

- Element  |Cond Measurement Threzhold Intenzity Fiatio ROl [ke] Chi2 | Quant Calibration

Elmt| Line |Code| Intensity Emor | Backgr. | Conc. | Emor | MDL | AtomZ | Walue |Conc Method Method Low | High Fit Method | TCC Coeff

1 Ti| Ka 1 E.70 0.47 4.34| 0.0553] 0.004]0.0034 0.063] ooooaf T Gaussian MNone 4.418| 4E604| 208| FP 58000.05( «
21 G| Ka 1 1338.87 663 747|28.3110( 0141 (00114 | 31.961( 0.0000] T Gaussian None 5.318| 5512 15.24| FP 1Mmzz2z22| |
3 Mn| Ka 1 84.27 1.68] 13.09] 0.9303] 0.020(0.0084 1.0538] ooooaf T Gaussian MNone 5.799| H938| 284 FP 1810193 —
4| Fe | Ka 1 E13.13 454] 11.09[14.8445| 0109|0.0158 | 15.604] 0.0000] I Gaussian Mone E.302| EBO6| 10.12] FP 9375.51
EfCo| Ka 1 162.41 233] 12.42| 36075 0.052(0.0155 3.593[ 0.0000f T Gaussian Mone E.E26| 7.034| 168 FP 9193.95

Ef Mi| Ka 1 170765 754 B.36[41.5738] 0184[{0M21 | #1.579] 0.oooo] T Gaussian Mone 7.372| 7hHB5| 17E3| FP 853464 &
Measurement & Processing Conditions: " Measurement + Processing Active Condition Code: [ 1

o Mo. |Escape| Sum Back- [Remaove] Blank Spectrum | C/R | Compton | Compton RO (ke Ravleigh | Rayleigh ROI [kel]

ode -

Smths | Peak | Peak | ground | Blank File Fiatio [cdg] Low | High [cds] Low | High

1 2 Iv v Auto K Iv 000 oood]  oooo 000l ooo0]  o.00d
| Status: [C:-\Amptek\FPAYB\M aster.tfr |9 [DOn [4096 (40| D [ No
I I

This panel shows all the possible processing options, some of which are only displayed when the
appropriate check box is selected (e.g., the C/R Ration check box). The Compton and Rayleigh ROI
values can be left at zero, in which case default values will be assigned prior to the Compton and
Rayleigh peak integration.

9 FILE MENU

This contains typical File operations such as Opening a thin-film report (TFR), Saving files, and for
Printing a copy of the reports.

9.1 File New

The File New function clears the existing TFR report, and sets the report name to “Untitled.”

9.2 File Open

The File Open function brings up a dialog for loading files. The recognized file types are “*.tfr" (thin-film
reports), “*.mca” (ADMCA/Pmca format spectrum files), and “*.sp0” (XRF spectra files saved in the iXRF
Iridium format). In addition, the "*.*" option provides a list of all available files in the specified directory.

The thin-film report files (*.tfr) contain all the information about an analysis or calibration. After loading
any file, a message is displayed that confirms the file name and the last date the file was modified.
Opening any type of spectrum file loads the spectrum data into the main processing group (S1) and
resets all the processing flags.

After loading the spectrum file, it is displayed in the ADMCA S1 memory group, if the ADMCA program is
loaded. This is the primary group for spectra to be processed using XRS-FP.
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Important Tips:

If you open the “*.mca” file directly using the ADMCA program, you must subsequently Load the
Spectrum into XRS-FP before you can start the spectrum processing. This is very important! If the
spectrum file is loaded from the XRS-FP menu directly, then the Load Spectrum operation is not required.

9.3 File Save

The File Save function saves the current data in the TFR data tables into the file that was last opened. If
the current title is “Untitled” then the SaveAs dialog is invoked (see below).

9.4 File SaveAs

The File SaveAs function allows the user to save either the current TFR data (as a “*.tfr” file), with any
specified file name, or to save any spectrum currently in memory (as a “*.mca” or a “*.sp0” file). After the
save, a message is displayed confirming the operation, with certain file properties shown.

Amptek spectrum files (*.mca) are saved via the ADMCA program when using the Amptek hardware, and
the data source is the current “LiveData” (group S0) in the MCA/DPP. Therefore, to do this the ADMCA
program MUST be synched with the MCA/DPP itself. Therefore, internally in the XRS-FP software it
ensures that this connected is made. First, XRS-FP is disconnected from the MCA (if connected), and
then the ADMCA is connected to the MCA. The process can take several seconds to complete during
this disconnect-reconnect sequence. After the spectrum is saved from the SO group, the data is
automatically copied internally to the ADMCA S1 group, ready for subsequent processing by XRS-FP.

Important Tips:
When saving a file be careful to select the correct file extension for the desired file type (spectrum or
TFR). If the wrong extension is appending to the file it will not be readable.

9.5 File Print

The File Print allows the printout of the complete TFR data shown on the screen, with the current title.

Important Tips:
When printing a file there may be a pause before the file starts printing — this is quite normal, especially if
the printer is on a network.

9.6 File Print Preview
This function allows the operator to view the TFR data in preview mode, before sending the data to a

printer. A limited zoom capability is available. The data may be printed directly from the Preview panel,
but at slightly poorer resolution than the standard Print operation.
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HE PrintPreview

File  Zoom

CrossRoads Scientific Thin-Film Report
File: Master.tfr
9:37:28 PM Z0-Dec-01

Layer Table

# Thick Type Error Units Density Norm. Total
1 0.00 Bulk 0.00 g/ o2 a.oo Oon 100.00

Sample Table
Layer Comwpohnent Type Concn. Error Units Mole%

1 Cr Cale 15.247 0.412 wt.% 16.439
1 Mn Cale 1.994 0.151 wt.% z.034
1 Fe Cale 65.072 0.923 wt.3 65.323
1 Ni Cale 15.444 0.530 wt.3 14.752
1 Cu Cale 0.476 0.083 wt.% 0.4z0
1 Ho Cale 1.768 0.115 wt.s 1.033

Element Table

Elmt Line Cond. Intensity Error Conc. Calib.
Code  Code [R=Ta=1] (/=) Coeff.
Cr Ea 1 26.92 0.7z6 15.247 0.0
Hn Ha 1 3.40 0.258 1.994 0.0
Fe Ea 1 97.43 1.382 65.072 0.0
Mi Ea 1 16.67 0.57z2 15. 444 0.0
Cu Ea 1 0.64 0.11z2 0.478 0.0
Mo Ea 1 4. 65 0.30z2 1.768 0.0
Condition Table
# Target Filter Thick. kv uL -—-Detector-—— Thick. Atmos Preset Actual
{urm) Type Filter {um) Time (=) Time(s)
1 Ag None o.o 25.00 10.00 5i pin None o.o Air io00.0 100.0

9.7 File External

This function checks for the existence of an external program, as specified in the [Security] section of the
*.ini file, following the keyword “Program=." If this program exists, then the current report file data (*.tfr
file) is transferred to the external specified program (e.g., Wordpad.exe, or Excel.exe). There is no

restriction to the program being called — it could any windows program that is capable of accepting text
data.

9.8 File Hook

If available, this function reconnects XRS-FP to the ADMCA program. It is only for advanced diagnostic
usage.

9.9 File Unhook

If available, this function disconnects XRS-FP from the ADMCA program. It is only for advanced
diagnostic usage.

9.10File Hide

This function hides the Main Panel and displays the Runtime Panel (startup panel).

9.11File Exit

The File Exit function performs an orderly exit from the program, and closes any connections to the
ADMCA program or to the hardware.
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10 ACQUIRE MENU

The Acquire Menu (& button) is enabled only if a successful “internal” connection has been made either to
the Amptek MCAB8O0O0O0A via the PmcabDIl.dll, or to the PX4/DP4 via the DppApi.dll, using the Setup-MCA
Connect operation.

10.1Acquire Start/Stop

The Acquire Start menu item is the same as the Acquire button. Both start the acquisition of a spectrum
using either the MCAB000A or DPP hardware. Once the acquisition is started the Acquire Stop button is
enabled, and the Acquire button caption is changed to “Stop.” Note that during acquisition, no other
functions should be performed, except to Stop or Clear the acquisition. Although the spectrum is being
acquired, it is not displayed, except by the Load Spectrum button (see below). Again, this should
normally only be done at the end of the spectrum acquisition.

10.2Acquire Clear

This menu item clears both the spectral data and the elapsed acquire time. If the acquisition is in
progress, then it will continue after the Clear operation, but with the data and time both reset. There is an
option in the software to automatically clear the data and time whenever acquire is started. This option
can be selected in the Setup-MCA panel. Whenever acquisition is started from the Runtime automation
panel this pre-clear is always forced.

10.3Acquire Time

This menu item brings up a dialog box to allow entry of the spectrum acquisition time, in seconds. Note
that this is the live time, not the elapsed (clock) time. The same function can be invoked by double
clicking in the “Preset” text box. Alternatively, entry may directly be made into this text box. Entry is then
completed when the cursor is moved elsewhere on the Main Panel.

11LOAD

This menu contains two commands for loading either spectra or an element list into the XRS-FP program.

11.1Load Elements

This function loads a list of elements from the ADMCA program. The mechanism for this is that the
currently defined ROI list (including start, end, net, gross, centroid, etc.) in ADMCA is transferred to XRS-
FP. The latter then extracts the element-line information and loads it into the Component and Element
Tables. All Components are assumed to be elements (i.e., not compounds).

The element identification process MUST be performed with the ADMCA software. Several libraries are
provided for specific use with FP in identifying elements from the spectral peaks. These include the
following: (a) the alpha-line library, (b) the main K, L, and M lines, and (c) all 30 available K, L and M
lines. Refer to the ADMCA software manual for information on how to identify elements in a spectrum.

11.2Load Spectrum

This function loads the spectrum from one of two sources. If the ADMCA program is connected to the
MCA or DPP then the spectrum currently in the S1 group is transferred into the XRS-FP program.
Alternatively, if the XRS-FP program is connected directly to the MCA or DPP, then the data is transferred
directly from the hardware, without the ADMCA program.
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You must perform this operation (after spectrum acquisition) BEFORE trying to perform any spectrum
processing operations. All processing operations are performed on the spectrum currently loaded. Itis a
good idea to save the spectrum BEFORE performing any processing functions, as the latter will alter the
original spectral data, unless the Restore command is issued.

Important Tips:

When loading a spectrum into XRS-FP there is an optionally automatic adjust done, which is meant to
align the peaks to the correct scale on ADMCA. This is done if the Auto-Adjust flag is checked in the
Setup-Processing form. In this case the adjusted spectrum is sent to ADMCA in group S1, and the
unadjusted spectrum is sent to the S2 group.

Note that when reading a spectrum file (*.mca) with the XRS-FP software, the spectral data is
automatically loaded into XRS-FP (with a possible adjust) via the ADMCA program, if it is running, or
directly into XRS-FP if ADMCA is NOT running.

12 SETUP MENU

This menu item contains several items that bring up their own dialogs. The complete XRF analysis
system must be setup correctly, prior to performing any analysis.
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12.1 Setup MCA

Amptek MCA Acquisition Setup
DPP/MCA Direct Connection Status

Select MCA Type Ty MCA Connected: I:l
" MCA BODDA
USE Port: |+

Acquire Options

Prezet Mode: l—_| Preszet Value: D

Preclear on Acquire: |

[ 1.000 _10.000
m—
I:l Mo. Channels:

|:| e¥ /Channel: |:|
Peaking Time (uS): [1g 2 - Range [keV]:

v [

Recall DF4/P*4 Conhg File Read Conhg from DP4/Px4 ‘

Device [Serial #

[Firmware FPGA Configure e

This operation brings up a panel that allows the user to Select the type of hardware (MCA) being used,
with either the Amptek MCA 8000A or DP4/PX4, and to Connect, or Disconnect the hardware. The MCA
8000A uses a serial COM port, and the PX4 only uses the USB port.

Some of the buttons or text boxes are only valid for the DP4/PX4 hardware. The number of channels is
valid for both the MCA 8000A and the DP4/PX4, but this setting works differently for each set of
hardware, so consult the hardware documentation supplied by Amptek.

The eV/channel is only valid for the MCA-8000A, but the Range is only valid for the DP4/PX4, so these
are mutually exclusive but effectively control the gain or range of the spectrum. All settings for the
DP4/PX4 should be set using the appropriate Configuration file (*.cfg) The default files PX4.cfg or
DP4.cfg are loaded, depending upon the hardware, from the files found in the same directory as the
software. The Configuration files are, of course, only valid for the DP4 or PX4, as well as the Configure
button and the readouts of Device, Serial Number, Firmware and FPGA values.

Please refer to the manual with your MCA hardware to learn how to adjust these parameters. For both
sets of hardware you can adjust the Threshold value for the noise level in a spectrum. For the MCA

Amptek Inc. Page 27 of 70



—% TEK
XRF-FP Software Guide v. 3.30

8000A, typical ADC threshold values range from 50 to 100. If the threshold value is too low then a large
amount of noise will be seen in the spectrum. If it is too high then the lower energy part of the spectrum
could be cutoff.

For the DP4/PX4 option, use the Amptek software to do the initial setup and calibration of the DPP
hardware, and then save the configuration in a configuration (*.cfg) file. This file contains many more
parameters than the ones show on this panel. After loading these default values, the parameters on this
screen can be adjusted for routine operation.

The dialog displays the eV per channel, and number of channels, for each spectrum. Often the scale
factor (eV/ch) is referred to as the gain of the MCA, but Amptek uses this term for the number of channels
on the MCA 8000A, because this directly affects the gain factor of the ADC. (Note that the ADC gain is
completely independent of the Amplifier gain, which is set with a multi-turn potentiometer.)

The two factors are related though because changing the gain (number of channels) will also affect the
eV/ch, assuming that the amplifier is unaltered. For example, let's say that the number of channels is
4096, and the eV/ch is calibrated at 10 (by adjusting the Amplifier gain), with an x-axis labeled in eV or
keV. Now, halving the number of channels (to 2048) would mean that the eV/ch value should be
changed to 20, assuming no change to the Amplifier.

Also displayed in this dialog is the Range. In the above example it is 40 keV (actually, it is 40.96, but the
convention is to just display to the nearest factor of 10). It describes the upper end of the spectrum, i.e.,
the product of the eV/channel and the number of channels.

At present the Range is not used to control the PX4 or MCA 8000A. The only parameter that controls the
hardware is the number of channels. Just ensure that the eV/channel and Range correspond to the
values actually associated with the spectrum definition in ADMCA. This is very important.

The XRS-FP software only allows the following values for number of channels: 1024, 2048, and 4096.
The highest value is a limit imposed by the spectrum processing software. In addition, the eV/ch must be
an integer value, such as 10, 20, 40, 80 or 160. This value is used by the spectrum processing software.
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12.2 Setup Detector

Detector Type:

Detector Z:

Detector Area [mm?Z]:

Detector Thickness [mm]:

Gold Layer Thickness [nm]:
Dead Layer Thickness [micron]:
Window Type:

Window Thicknezs [micron]:

Al Window Coating [nm):
Carbon Coating [nm]:

Resolution at Mn-Ka [e¥]:

0K |

XRF-FP Software Guide v. 3.30

*, Setup Detector & Window Parameters

2: 5i

[
[
=

—
=
o

— [
L]
L

5.0

Cancel

i

This dialog allows the user to completely define the type of detector being used. This is only important
when standardless analysis is performed. If standards are used, then the detector efficiencies are

implicitly calibrated with standards. However, the values must not be changed between calibration and
analysis, without performing a recalibration.

Many of the options in this dialog may not be relevant to your detector. In which case, simply leave them
as zero. Note that the resolution value in this dialog is equivalent to the one used in Setup-Processing.

In v.3.3.0 software there is support for the Si drift and CdTe detectors that was not available before.
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12.3 Setup Geometry

. Setup Geometry E@E|

Incidence Angle: o

T ake-Off Angle: .

Alpha Angle: o

Scatter Angle: o
Tube-to-5ample [mm]:
Tube-to-Optic [mm):
Optic Length [mm]:
Optic-to-5ample [mm]):

Sample-to-Detector [mm):

[1].4 Cancel

It is important to correctly define the geometry of the system in use, for correct FP calculations to be
performed. The most important of these are the Incident and Take-Off Angles. The optic can probably
be ignored for most XRF systems. The Tube-to-Sample and Sample-to-Detector distances are important
when the analyses are NOT performed in vacuo, as these distances affect the absorption of the source
and fluorescent x rays (i.e., from the sample) in air.

The secondary incident angle is for secondary-target systems. For these systems, ensure that the target
in the Condition Table matches the secondary target, not the tube target!

The scatter angle refers to the angle change between the incident x rays to the sample, and those to the
detector, assuming a single line path in each case. Although this value can be derived from the other
geometry values, it may deviate from the theoretical value because of over simplifications in the XRF
geometry. It determines the shift in energy of the Compton scatter peaks with respect to the Rayleigh

scatter peaks.

Amptek Inc. Page 30 of 70



—% TEK
XRF-FP Software Guide v. 3.30

12.4 Setup Tube

“, Setup Tube Parameters

Source Type: hd

source Model: | Model #1 (Pella) |
Source File Name: |[TubeFile txt |
Target Element: [Z=47)
Target Thickness [um]:
T arget Incident Angle: o
Target Take-Off Angle: o

Window Type: |-|: Be j

Window Thicknezs [um): [{25 p

Output zource spectrum? |

Optic Type: |1: None

Calc Compton Peak Energy | | at |

(1] 4 Cancel

L Lo

The source type (typically an x-ray tube) must be correctly defined for accurate analysis using FP. If the
tube anode is changed, it is very important that the Tube Anode (target) Element be correctly defined,
along with the Anode Take-Off Angle, which is the angle that x rays leave the tube target, with respect to
the target plane.

For the parameter Source Model, the default option is the Fitted Model #1. This option selects the tube
spectrum model of Pella et al. The next option (Fitted Model #2) uses the analytical model of Ebel et al.

In addition to the built-in tube models, there is also an option to use a Spectrum Model. This can be a
spectrum that has been collected from the output of a tube, and corrected for any detector efficiency
factors. This file is in ASCII text format, where the first column is the wavelength (Angstroms), and the
second is in the relative intensity at that wavelength. No attempt is made to generate the absolute tube
flux at any wavelength, because of uncertainties about the system geometry. The calibration step takes
care of this normalization, except for standardless analysis where the sample composition is normalized
to 100%.

Several different types of tubes can be accommodated. There is also an option for using radioisotopes
as an x-ray source (option 4 in the list of Source Types).

The tube take-off angle is very important, as the relative intensities assume a normal (90-degree) take-off.
The target (electron) incident angle obviously has no affect for the isotope sources. The Window Type
and Thickness are also important parameters for FP analysis. The window can be an alloy (as shown
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above), although the typical window would be beryllium. If the alloy window is selected, then the following
dialog shows up, allowing the definition of the window alloy composition:

Tube Window Composition

Window Composition

#
Elerment Wk
1 Be 36.000
2 ] g4.000( |

Total: 100,00

Exit Clear

The alloy values get saved at the end of each TFR file, and will get reset when that file is loaded, along

with other system parameters.

Another option is to choose “multilayer” tube windows, and this brings up a dialog panel such as:

Tube Window/Filter Layer Composition

Layer Composition

Layer - -
Element | mascmz Dengity | Thick [um]
1 Be 16.662 1.844 90,163
2 ] 29621 1140( 259837
3 Fe 39.370 i.ard 50.000
Mo. Layers:| 3
E xit | Clear |

This option treats any compounds as separate elemental layers, along with any special filters that may be
mounted in front of the tube. In the example above, there is a BeO window, with an Fe filter. Note that
now the elements are expressed in mass thickness, or thickness with a standard value of density. You
can enter the values in either of the thickness columns, and the corresponding values are calculated
automatically. The information is saved in the TFR file in the same way as for the alloy windows.

Of course it makes no difference in which order the layers are specified, there will be the same amount of
absorption as a function of energy. The intent of this option is to allow for special setups where there
could be several filters in front of the conventional window. These are assumed to be fixed in place. In
cases where a filter is optionally used, this should be selected in the condition code table, where this only

allows one elemental filter.
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In case the user has a capillary, or other, optic between the source and the sample, there is an option for
selecting the optic. Together with optic, a transfer function must also be provided. This is in the form of a
lookup table, or file, and the file has a similar format to the source-model files (i.e., text format, with the
first column again in Angstroms). The main difference is in the usage of the second column. This column
refers to the efficiency of transfer between the input and the output of the optic, for the given wavelength.

This efficiency is “convolved” with the source spectrum (i.e., the two factors are effectively multiplied at
the common wavelength), to provide the spectrum from the output of the optic.

Selecting the mirror option for the optic will result in the specified kV from the tube being used as a
monochromatic source. This is for monochromatic sources that could be from either mirrors or curved
crystals. The multilayer optic option is not yet supported.

Note that other factors are also applied to the tube spectrum, such as (a) a filter and (b) any air
absorption path. These factors are all, effectively, multiplicative, so that it does not matter in which order
they are applied. Similarly, if the filter is before, or after, the optic it makes no difference. If there are
multiple air paths then the appropriate distances should be entered into the Setup-Geometry page.

When the radioisotope (RI) source option is selected, the spectrum file method must be used to define
the isotope source spectrum. Several files, corresponding to the common radioisotope sources, are
included with the software (Am241.txt, Cd109.txt, Co57.txt, and Fe55.txt). The relative intensities assume
no window, and so this should be included in the setup if a window is used with the source. Each *.txt file
gets processed upon loading into a special panel that is only accessible when a RI source is selected.

For example, Co57.txt is selected in the panel below.

“i. Setup Tube Parameters

Source Type: |4: Radioisotope ﬂ

Source Model: |5pectrum Model ﬂ Mare. .
Source File Name: |C-\Amptek \FP\YB\C057 |
Target Element: [£=256]
Target Thickness [um]:
Target Take-0ff Angle: o

Window Type: |-|: Be j

Window Thickness [um): [125 p

Output zource spectum? |

Optic Type: |1: None

Calc Compton Peak Energy | | at |

1] 4 Cancel

L Lo
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Now the “More...” button is enabled, so that clicking on this loads the following panel.

* | Note: 1strow used for Compton /

Rayleigh peak integrals
Element Line Relative | Decor
Symbol Senes Intensity | Include
Fe k. 28140| |

Source File Mame: C:\amptek FPAWENC0S7 s

Save

| Clear

E xit

Setup Isotope Source Parameters E|
Energy  |"Wavelength| Relative | Decony
[ketd] [Aungz] Intensity | Include
* 122 060 0157 93700 v
14.410 086037 g3zo00| v T
136.470 .09085 100000 T

This contains information about the specific gamma and x-ray lines in the Rl source, and allows the user
to select which ones to include for deconvolution and subsequent Compton peak processing. The first
row line is the one chosen by default to be the incident line to be used for the Rayleigh and Compton
peak extraction. Note that the appropriate x-ray lines are also shown, which can be included or not for

spectral deconvolution, but they cannot be selected for the Compton peak extraction.

There is also an option to output the calculated source spectrum, and this is saved in wavelength units vs.
intensity. This spectrum can be read into Excel, or other programs, to see what source spectrum is being
used. Keep in mind that this wavelength-based spectrum will look quite different to an energy-based

spectrum because of the inverse relationship.
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12.5 Setup Processing

*«_Setup Processing Parameters

Gauszsian Deconvolution Parameters

[v Use Nonhnear Deconvolution: [ Dhagnostic Output

Maximum Allowed Deviations for Nonlinear Deconvolution
Maximum # Iterations:

Line Ratio Factor:

Spectrometer Offset [e¥]: ] 1K1]

Spectrometer Gain [¥]:

Spectrometer Peak Width [%]:

] =] [
= =
(=]

Channel Weighting Factor:
Uze Het Spectrum Weighting |
Peak Width [FwWHM] at Mn-Ka [e¥]: |1|;5_|] | |

Spectrum Smoothing Parameters
Filter Type

(" Savitsky-Golay + Gauszsian " Tophat (" Ayerage

Humber of Points
i« 3 i N i i

Auto Background Removal Parameters

Low-Pazsz Filter Width: |2000 Max # Iterations:

Pile-Up [Sum Peak] Remoyal Parameters

Pulse-Pair Besolution [u5]): Time Constant [uS]:
Spectrum Low-Energy Start [ke¥]: |2 00( Lowest 7- El [Ma] |

[ Auto Adjust Spectrum Gain & Offset on Load

1] 4 | Cancel | D efaults |

These parameters are used to setup the various spectrum-processing options. There are 3 main
sections: (a) the Gaussian Deconvolution parameters, used to extract net peak intensities from an XRF
spectrum with overlapped peaks, (b) the Automatic Background removal parameters, which control the
removal of the spectrum background, and (c) the Pile-Up (Sum Peak) removal parameters. In addition
there is an additional parameter, the Spectrum Low-Energy Start, which is used for all spectrum methods
to define the start of real spectral data, as opposed to low-energy noise events.

There are two options for the Gaussian method, which are the linear or nonlinear deconvolution. These
parameters can be described as follows:

Q) Use Nonlinear Deconvolution
When this check box is Unchecked, then the program will employ the Linear method, where the
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peak positions and widths are fixed, and the line series for each element are fitted using stored
line ratios. When checked, then the Nonlinear method is used, and the other parameters are
effective.

(2) Maximum # Iterations
For the Nonlinear method, this limits the maximum number of iterations before the program exits
with the last calculated values; there is also one linear fit done before, and another after, the
nonlinear fitting, using the final estimated values from the nonlinear fitting.

3) Line Ratio Factor
This refers to the amount that daughter lines (line ratios) are allowed to change from their original
database values; for example, the Ka2 line is usually about 50% of the Kal parent line; in the
linear fit the ratio of Ka2/Kal will be fixed (in this example) at 0.5; for the nonlinear fit, assuming
the default factor of 2.0, this ratio will be allowed to vary from 0.5/2.0 = 0.25 up to 0.5*2.0 = 1.0
(i.e., same height as parent Kal).

(4) Spectrometer Offset (eV)
This is the maximum allowable zero shift (eV) when calculating the value of a peak position at
any channel in the spectrum (also see (5)).

(5) Spectrometer Gain (%)
This is the maximum percentage shift in the value of the calculated gain at a given peak position
energy (channel); both (4) and (5) are used to calculate the maximum allowable shift for an x-ray
line being fitted; each peak position is constrained to move no more than the values of the gain
and zero (offset) shifts at that peak energy (whichever is the larger); after this constraint, the
values each peak position are fit to a linear least-squares equation including gain and zero offset
parameters; these values then replace the values from the nonlinear fitting.

(6) Spectrometer Peak Width (%)
This is the maximum allowable percentage change of the fitted peak width at the energy for each
fitted line; for example if the specified FWHM is 200 eV at Mn-Ka, and the width deviation is 35%,
the estimated width would be allowed to vary from 130 to 270 eV at this energy; again these
values are fitted subsequently by a linear least-squares fit to smooth out any variations in the
estimated values for each line.

(7 Diagnostics Output
When checked, this causes output of some internal diagnostics to a text file.

(8) Channel Weighting Factor
This factor controls the weighting of each channel used in the least-squares fitting. If a value of
zero is entered, then no weighting is used. If a value of 1 is entered, then each channel is
weighted by the standard deviation of that channel.
A new option in v.3.3.0 is the use of Net Spectrum weighting as an option. Normally the original
spectrum is used for weighting each channel, but the Net option uses the processed spectrum
ready for deconvolution. This is beneficial some times when there are small peaks on a relatively
large background.

9) Peak Width (FWHM)
This parameter is the value of the peak Full-Width at Half Maximum (FWHM) at the energy (5.9
keV) of the Mn-Ka peak. The parameter is used to calculate the width of each peak at a given
energy. Itis critical that this value be set accurately, particularly in the case of linear
deconvolution. Visually check the displayed fit against the original spectrum to judge the
goodness of fit. For the nonlinear method this parameter defines the starting point for the peak
widths at each energy (see above).

In v.3.3.0 of the software the user can select from a variety of different smoothing operators when using
the Process-Smooth step. The default is a 3-point Gaussian smooth (1:2:1 weighting), and others are
more sophisticated, but if the same effective number of smoothing steps is performed the results are
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usually very comparable. The effective number is dependent upon the model. For example, a 5-point
Gaussian smooth is equivalent to two 3-point smooths.

The exact details of the automatic background removal method are proprietary, but the method is based
on general signal-processing techniques that seek to distinguish fast-changing regions of the spectrum
(i.e., peaks) from slowly changing regions (i.e., background). This is relatively simple for large peaks on
small and flat backgrounds, but often the situation is not that straightforward.

For example, there are sometimes regions of the background that have relatively high curvature, and
there are often small noisy peaks superimposed on high backgrounds. The background shape arises
from several effects, but primarily from the scattered bremstrahlung x-ray continuum from an x-ray tube,
which, in turn, depends upon the tube kV, and the mean atomic number of the sample.

Superimposed upon this continuum are the absorption edges of elements in the sample. Also, at low
energies, one may see edge effects from the detector and window components. These absorption edges
are not visible as discrete “steps” in the spectrum, because they are convoluted with the detector
response function, which results in the smearing of these steps.

The basis of the automatic background estimator, therefore, is to “filter” the spectrum in such a way as to
remove the sharper peaks and leave a smooth background, which is subsequently subtracting from the
original spectrum. The automatic background setup parameter “Low-Pass Filter Width” controls the width
that distinguishes the peaks — a larger width parameter would be more suitable for wider peaks. The
typical range for this parameter is between 1 and 2 times the FWHM for the Mn-Ka peak.

The “Number of Iterations” controls the number of repeated operations — too low a number may result in
an over estimate of the background, and vice versa.

There are two Sum-Peak parameters that may be changed. The first is the pulse-pair resolution time
(default = 1 microsecond), which describes how close in time that 2 pulses can be detected as individual
events, as opposed to a pile-up or sum event. Keep in mind that the pulse detection is a random process
(in time), and so events may occur almost at the same time, or at greater separation times, even for the
same average count rate.

The second parameter is only relevant for x-ray events below about 1 keV. Since the pile-up detector,
which uses a fast time constant, may not detect low-energy x-ray events the main channel will be subject
to many more pile-up events in the low-energy region. The main amplifier time constant then determines
the pulse-pair resolution at these lower energies.

For standard Amptek Si pin diode detectors, with Be windows, the number of low-energy events will likely
be very small so this parameter will not be useful. However, it could be important for spectra with
significant peaks at or below about 0.7 keV.

The user can also select the lowest energy value in the spectrum that will be used for processing (e.g., for
the background and deconvolution operations).

Similarly, the user can also select the lowest atomic number that can be analyzed by any quantitation
method (the default is Na). All elements with lower atomic numbers must be determined by difference, by
stoichiometry, or be fixed in concentration. The SIR-FP method can also be used to estimate the low
atomic number fraction in a sample analysis.

If the detector is of the CdTe type, then there is a special panel that can be used to fine tube the escape
peak correction for the Cd and Te K escape events, as shown below. The check box selects whether the
escape peak correction is to be constrained at some level or not. These constraints are the upper limit for
the Peak/Background ratios for the net spectrum and the original (gross) spectrum. This is to avoid over
subtraction of the escape peaks, which has been observed on some occasions.

Similarly, the escape peak centroids do not always occur at exactly the correct energy locations, and so
there is a shift parameter (positive or negative) that can adjust this expected position. The reasons for
this are not known, but may be detector dependent or an approximation in the escape peak removal
algorithm.

Amptek Inc. Page 37 of 70



—% TEK
XRF-FP Software Guide v. 3.30

m| Setup CdTe Escape Peak Parameters E@

Ezcape Peak Threzsholding |v

Energy Shift [ke¥]: (0_000
P/B threzhold upper limit:

Gross Peak/Background Ratio Limit: El

E xit

The final option on the Setup-Processing panel is to set or clear the Auto-Adjust option in the software. If
this option is checked then any spectrum that is loaded into XRS-FP will be automatically adjusted. It is
very important that this option be set correctly, and further details on the adjust procedures can be found
in the next section.

12.6 Setup Reports

This is a simple 2 step process that allows the user to input both a Comment and a Company Name that
will get used when the TFR reports are printed instead of the default names.

The following show the 2 screens with the default values:
Erter Carmment:

Set Comment for TER File

Cancel

Select Company Name for Reporting

Enter Compaty Mame:

Cancel

i
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12.7 Setup Reference

First the individual profiles must be extracted before any deconvolution can be performed. This requires
the collection of a series of spectra, one for each element to be included in the deconvolution list. From
each spectrum, a region will be extracted (known as the “deconvolution region”) and stored in memory.
The profiles should be from spectra where there are no overlaps for the element-line series of interest.
So the first step is to collect all these spectra. They will later be processed as you require, in the same
way as the analyzed spectrum will be processed.

Once the reference spectrum files have been acquired and saved, then prepare the TFR file that will be
used to process the FP or LSQ calibration standards and unknown samples. This will include all the
processing steps such as escape peak and background removal.

After saving this TFR file, then click on the Setup-Reference menu item, and a screen such as the
following will appear:

" E lement ROl [kev] Reference
Elmt| Line | Low [ High File

11 T K.a 0.000] 0.000|Double-Click here to select the Reference Spectrum file & path...
21 Cr | Ka 0.000] 0.000|Double-Click here to select the Reference Spectrum file & path... ]
I Mn| Ka 0.000(  0.000|Dauble-Click here to select the Reference Specturn file & path...
4| Fe | Ka 0.000( 0.000|Daouble-Click here to select the Reference Spectum file & path...
) Co| Ka 0.000( 0.000|Double-Click here to zelect the Reference Spectum file & path...
B Mi | Ka 0.000( 0.000|Daouble-Click here to zelect the Reference Spectum file & path...
FlCu| Ka 0.000( 0.000|Daouble-Click here to select the Reference Spectum file & path...
g Mb| Ka 0.000]  0.000|Double-Click here to select the Reference Spectrum file & path...
9 Mo | Ka 0.000] 0.000|Double-Click here to select the Reference Spectrum file & path...
100 La 0.000] 0.000|Double-Click here to select the Reference Spectrum file & path...

Luﬂd Eﬂ'u"E CrEﬂtE CIEﬂr CIEﬂr ...............................
Library Library Profiles ROls All

The list of elements and lines will correspond to those defined in the TFR file, with Reference selected as
the Intensity method. So make sure to set these up correctly before starting the Reference Profile
creation. Double-Click on each Reference File text box to load the appropriate spectrum file. After doing
this for each element, then click on the Create Profiles button to load each spectrum in turn, process the
spectrum using the setup in the TFR file, and then “extract” a region of the spectrum (the “Deconvolution
ROI") that will be used in the later multi-element deconvolution of standards and unknown samples. This
region is displayed in the foreground color/group, and the complete processed spectrum is shown in the
compare group.

Note that the ROI is based upon the current value of the Mn FWHM of the detector, and is extended to
about 3 times the FWHM below the lowest x-ray line in the series, and about 2 times the highest line.
The reason that it is extended further at the lower energy is that this is typically where most of the tailing
exists and this default should cover most of that area in the spectrum. Only when the ROl is clear (both
energies set to zero) will the default values be calculated. Once there are ROI values these will not be
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changed except by the user or after the Clear ROIs button is pressed. If you wish to extend or contract
the default ROI for any reason, simply enter your preferred energies and then click on the Create Profiles
button again.

il Deconvolute Reference Setup

" E lement ROl [kev] Reference
Elmt| Line | Low [ High File

1] Cr | Ka 22200 8.060|C \Amptek \FPLWD atabRefTextSpectra Cr100.mca

2] Br | Ka 2.660] 15.620|C:\amptek \FP\D ata'\RefTextSpectra Br100.mca

3| Cd | Ka [19.730] 28.820|C:\Amptek\FPAD atahRefTestSpectratCdl 00 mca

A 5n | Ka [21.780] 31.300|CAmptek \FPAD atahBefTestSpectratSnl 00.mca

51 5b | Ka [22860] 32530|C \Amptek\FPLD atahRefTestSpectra®Sb100.mca

G| Ho | Ka |G65.460] 84.860|C mptek \FPA\D ata'\RefTestSpectratHal 00 mza

7| Pb | Ka [63.340( 83 700FC: \Amptek\FP\Data'\RefTestSpectratPE1 05030 Smoothed.mca

Load Save Create Clear Clear Exit

Library Library Profiles ROls All

At this point you can save the library as an RFL file by clicking on the Save Library button. You can view
this file, like any other file from this software, with a standard text editor such as Notepad or Wordpad.
You will see that this file just reflects what you see on the screen. The actual profiles are not saved in this
file at all, only the file names so they can be re-created. If you now save the TFR file it will include the
name (only) of the current RFL library file, so that when the TFR file is re-loaded the RFL will be
automatically invoked to re-create the Reference Profiles in memory for subsequent spectrum processing.

This re-creation must be done each time the TFR file is loaded but once created in memory it will remain
until another TFR file (with the Reference method) is loaded or the software is shut down.
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12.8Setup Spectrum Adjust

s, Calibrate Spectrum Gain and Offset

Low energy peak (ke Offset (4] Gain [eVACh;

Calibration Initialization

High erergy peak [ketl | 17.447 - t .
2& gpectium energies

Peak search offzet (keV] [ 2000 Low energy peak (ke I:I
Peak search range [%]; A EREEPE R b I:I

|MMmGwmuma|

Centroid width [Fheight}];

Calibrate Spectm | Apply Calibration | Adjust Spectim |

Cancel

This panel provides various functions to calibrate the gain and zero (offset) of a given spectrum, and to
“adjust” subsequent spectra to bring them to a fixed calibration having a zero offset and an integer gain
value such as 10, 20 or 40 eV/channel. Although an XRF spectrometer is typically set to a zero offset
value and a gain value that is 10, 20 or 40 eV/channel, in practice there may be slight deviations from
these nominal values. Note that an alternative scheme is to use the ADMCA.exe program to calibrate
spectra (see the earlier section on the Software Operation).

The assumption is made that the peak centroid positions can be described by a simple 2-parameter linear
equation of the form:

Energy = Gain * Channel + Offset

and that any deviation from the nominal values will still result in a set of peak centroids that still fit this
equation, where the gain is slightly different from the nominal value (e.g., 19.95 instead of 20.00), and
that the offset is a non-zero value.

When this panel is first loaded, the screen parameters are obtained from the XRS-FP.ini file, if this file is
present in the \Windows directory.

The main part of this panel is grouped into three distinct sections:

(@) The 5 text boxes on the left-hand side describe the parameters to be used for Spectrum
Calibration.

(b) The 2 text boxes in the top right-hand corner describe the current values for the spectrometer
offset and gain.

(c) The Calibration Initialization frame that is responsible for calculating the starting values of the
spectrometer offset and gain.

The Spectrum Calibration section and button are responsible for providing the input parameters and the
algorithm for calculating the effective offset and gain of the spectrometer. The method requires a
spectrum that has two well-defined and unambiguous peaks that are well separated (at least 5, but
preferably at least 10 keV apart). These two peaks will have well-defined centroid values (in keV) and will
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be approximately Gaussian in shape. An example might be a binary mixture of Zr and Ti. A spectrum
should be acquired for this sample such that the two peaks have comparable amplitudes, and reasonably
good statistics (i.e., the typical acquire time would be at least 100 seconds). These two peaks, ideally,
should be the ones in the spectrum with the highest amplitudes. The user should specify the centroid
energy of these two peaks, e.g., 4.508 keV for Ti-Ka (weighted mean of the Kal and Ka2 peaks) and
15.746 keV for the Zr-Ka (weighted mean) peak centroid.

When the Calibrate Spectrum button is pressed the software will first find the nearest peak maximum to
the specified centroid energies, and then calculate the peak centroids for these two peaks. The peak
search extends over a range governed by two parameters. The first is the Peak Search Offset (keV), and
the second is the Peak Search Range (%). The Offset is a fixed deviation above and below the input
peak centroid value.

For example, for a value of 0.8 keV, the peak search for the Ti-Ka peak would extend from 3.708 through
5.308 keV. The Peak Search Range refers to a percentage of the peak centroid energy. Therefore, if the
search range were 5.0%, then for a peak nominally at an energy of 20.0 keV, the search would extend
from 9.0 through 11.0 keV. The larger of the two deviations is used in each peak search. Using the
above examples, the absolute deviation value (0.8 at 4.508 keV) would be used for the lower-energy
peak, and the percent range (1.0 at 20.0 keV) would be used for the higher-energy peak.

To calculate the centroids, a region of the peak is used, which is distributed evenly about the peak
maximum channel. This region is set by the Centroid Width parameter, which is expressed in terms of a
fraction of the peak channel height. In other words, for a width value of 0.5 the centroid calculation is
made within and including channels that are equal or greater than 0.5 times the peak channel height. In
this particular example, this is equivalent to the FWHM region.

The result of the Calibrate Spectrum operation is that new values of offset and gain are calculated.
These new values are displayed in the top right-hand corner text boxes.

Now at this point there are two ways to proceed. In the first method, using the Apply Calibration button,
the spectrometer offset and gain can be changed to reflect these newly calculated values, and then the
spectrum reloaded with these new values used in the spectrum display. This should then display the
peaks at the correct energies.

However, since the spectrum processing requires that the spectra must be obtained with a zero offset
and integer gain value (10, 20 or 40 eV/channel), we must use a second approach. Instead of applying
the new offset and gain values to the spectrometer, the spectra must actually be altered to make it “look”
like it was collected with the expected values. This is accomplished by the Adjust Spectrum button and
software function. The new effective values of the spectrometer offset and gain must be retained for
application to all future spectra, assuming they are all collected under similar conditions that do not cause
any significant peak shifts (i.e., dead times and/or count rates are similar).

Therefore, once this spectrometer calibration has been completed, one can simply perform the Adjust
Spectrum step to bring the spectrum peaks into the expected positions. This is the preferred method in
the XRS-FP software usage.

At the end of any operations in this panel, the OK button (if enabled) will save the new values of Gain and
Offset in the XRS-FP.ini file, located in the \Window directory. Pressing the Cancel button will invalidate
any changes, reverting to the status before this panel was invoked. Note that Gain and Offset values can
now be entered manually, if desired, in the v.3.3.0 software.
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12.9 Setup Quant

“, Setup FP Calibration Method

Quant Analyziz Method FP Calibration Mode
i+ Fundamental Parameters! i~ Standardless

" FP with Scatter Ratios " One Standard

i~ Simple Least-Square Fitting i+ Multiple Standards

1] 4 Cancel

This panel has been extended in v.3.3.0 software to include methods other than FP analysis. Check the
FP radio button as shown to select the standard FP analysis as before, and the Scatter Ratios option to
use the SIR-FP method (also available before). The last Quant option is for a simple least-squares
calibration and analysis, where it is not necessary to analyze the complete sample, and inter-element
effects are ignored.

There are three different options in the right panel for FP. If the model is set to Standardless, then no
standard calibration is required. However, the software must be setup accurately (see other setup
panels), and the results must be normalized to some value (default is 100%). In addition, the sample
must be infinitely thick, or its mass thickness known (Fixed).

The other two options required at least one standard. If the single-standard option is chosen then only
one calibration is performed and the system is ready for analysis using that standard calibration, and its
calibration coefficients.

If multiple standards are selected, then the user calibrates each standard in turn in sequence. There are
two ways to do this, either with live spectra or with saved spectrum files. However, in the latest software
(v.3.0.0 or later) there is also another option for multiple-standard calibration. This is an option in the
software and may not be part of your configuration (contact Amptek for more details on upgrading to this
option). The differences in these two methods will be briefly described.

In the original multiple-standard model, you could provide any number of standards, BUT only the last
one for each element would be used. Typically this method was for use with a single standard (usually a
pure element) for each element to be calibrated. Since there are no standards with the same element
there is not a conflict for which coefficient to use. In the case where several standards have the same
element, then only the last one in the sequence would be used. This may not be the intended choice
when several multi-element standards are used together.

In the newer multi-standard approach, ALL standards are employed, along with several models for how to
allow for variations of the calibration coefficients with different concentrations and mass thicknesses of
each element. This method will be described in more detail in the Calibration section. For this method
you should collect spectra of each standard and process each one, creating and saving a TFR file, as if it
was a single-standard FP calibration.
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The original multi-standard is described in some detail in the section 2.2 on a generalized calibration
scheme. After setting the multiple-standard model in this Setup-FP panel, proceed to calibrate each
standard in turn (with only the elements in the standard), and then run a typical unknown sample, making
sure to define all elements of interest in this sample, which must correspond to all the elements that have
been calibrated with the standards. At this point, as soon as the actual sample analysis is performed, the
standards information is merged together resulting in a single set of calibration coefficients for the
analysis.

You can now optionally save this analysis report, complete with the merged calibration coefficients, as a
“secondary” standard. In other words, future analyses can then be done with a “single” standard, where
the report file (*.tfr) for this calibration is loaded (with its calibration coefficients), and the system is then
immediately ready for subsequent analysis of unknown samples with this calibration.

Another option on the Setup-FP panel is for using the SIR-FP method, which means a Scattered-Intensity
Ratio variation of FP analysis. This method can only be used on bulk samples. The SIR-FP method uses
information from the Rayleigh and Compton scatter peaks to provide additional information about
elements (typically with low atomic numbers) that cannot be analyzed, because their x-ray lines are not
detectable.

Note that this method should not be used in conjunction with the Peak-to-Compton method as these two
would then be in conflict. This method is described further in the Process-Analyze and Calibration-SIRFP
sections.

To select the SIR file (*.sir) just double click on the SIR file name entry box and this will bring up a dialog
to browse for a suitable file. After selecting such a file, then the Setup-FP dialog should look like the
following example:

“4_Setup FP Calibration Method

Quant Analysiz Method FP Calibration Mode
" Fundamental Parameters " Standardless

+ FP with Scatter Ratios " One Standard

i~ Simple Least-Square Fitting i+ Multiple Standards

SIR-FF File HName: |E:'\.ﬂ.mptek'\EHTest.sir

1] 4 Cancel

The last option under the Method frame is the Simple Least-Squares Fitting model. When this is
selected, the Multiple Standards radio button is also selected automatically.

See later in this document for a description on applying (Calibrating) both the MLSQ (FP) and the LSQ
models. This is done with the Calibrate-MLSQ menu item in each case, so it is important that the
appropriate Quant model is chosen first by using Setup-Quant.
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iy Setup FP Calibration Method

Quant Analyzsiz Method

(" Fundamental Parameters (" Standardless
" FP with Scatter R atios " One Standard
i+ Simple Least-Square Fitting: (« Multiple Standards

1] 4 | Cancel |

13 CALIBRATE MENU

13.1Calibrate Spectrum

This command loads the same dialog as the Setup Spectrum Adjust command, which was described in
an earlier section.

13.2Calibrate FP

After setting the appropriate FP mode (see above), this command “calibrates” each currently loaded
report as a standard. This command cannot be used in the standardless mode of FP. For a single-
standard calibration, this command takes the entered standard information, and the intensities derived
from the current spectrum, and calculates the calibration coefficients for each element. These
coefficients may be thought of as sensitivity factors, since all the inter-element corrections have been
made, and these values should be the same whether the standard is a pure element or a multi-element
standard.

Of course, in practice there will be some variations from standard to standard, and from element to
element, because the FP method does not always completely model the sample perfectly. Also, other
errors, such as those from spectrum processing, may also contribute to uncertainties in the calculated
coefficients. The calibration coefficients are displayed in the rightmost column of the Element Table
section.

For the simple multiple-standard calibration, see the Setup-Quant section 6.7 above, and section 2.2 in
the Software Operation part of the manual. A more complex and newer version of multiple-standard FP
calibration is described below in section 7.4.

13.3Calibrate SIR-FP

This option allows one to select a series of TFR files that have been created from deliberately low-Z
(atomic number) standards. Then, once these standard files have been selected, the Calibrate button on
the following panel calculates a least-squares fit of the C/R (Compton-to-Rayleigh) ratios as a function of
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the mean Z of the material. This is then plotted with the mean-Z on the ordinate (Y-axis) and the C/R
ratio on the abscissa (X-axis). Initially, when first loaded, the panel will look like the following:

“s SIRFP Files for Calibration of C/R Ratios vs. Mean-Z 9(=E3
# TFR Filename MeanZ | C/R Ratio |
1 0.000 0.000

Linear Fit Parameters
Clear

T —
5 Calibrate
ERE Intercept: D

Load

du

Exit

To select individual TFR files, double click on the TFR filename cell for each row. Additional standards
(rows) may be added by using the down-arrow key. After each TFR file is loaded, the mean-Z and C/R
ratio for that standard is displayed in appropriate columns. A previously created SIR calibration file can
also be loaded instead of loading each TFR file in turn. After selecting several files, click on the Calibrate

button to do the least-squares fitting of the two variables. After this, you should have a plot that looks like
the following:

4, Least Squares Fit of C/R Ratios vs. Mean Z of Sample

Ln[C/R)
=
2
0
Bl
-1 Ln[Mean-Z) 3>
Exat
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Each of the variables is actually converted to a log function so that the scope can cover a wider range in
detail. It was also found that log-log plots produced better linear fits that the straight linear fitting. When
you exit from the plot you will be left with the calibration parameters, such as:

“« SIRFP Files for Calibration of C/R Ratios vs. Mean-Z

# TFR Filename MeanZ | C/R Ratio |

1 | C:\Desert YarmizshWWEBAS ample.t 10.011 2,265

2 | C:A\Desert Yarmizh\WBSS ampleZ. Hr 12681 1.808)
3 | C:ADesert YarnizhWWEBSS ample3. Hr 4148 5,256

4 | C:ADesert VarnishhWB 494t 1.869 11.260

5 | C:ADesert WarnishhWB\495.Hr 24.720 0.955

B | C:ADesert Varnish'WEBAT est.tr 3.510 0.758

Linear Fit Parameters

Slope:

Clear

Save

Load

e

Exit

The calibration can now be saved with the Save button. More details about the SIR-FP method can be
found in the Process-Analyze section.

13.4Calibrate MLSQ

This option in the software is only available with a HASP security plug that has been programmed with
this option, in the software v.3.0.0 for the FP version, and v.3.3.0 for simple Least-Squares (LSQ). The

appropriate Quant model must have been chosen by using Setup-Quant before the Calibrate-MLSQ step
can be performed.

As described earlier in the section on Setup-Quant, there are now two basic ways of using multiple
standards for FP calibration. The original method typically used just one standard per element and so the
calibration coefficient, for any given element, only came from one standard file. In this more complex
version, calibration coefficients from ALL standards can be used together, choosing from several different
models to allow various least-squares fits.

Prior to using Calibrate — MLSQ, the user should have prepared a series of single-standard TFR
calibration files, described in previous sections. Clicking on this menu item brings up the following panel:
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TFR Files for Multi-Standard XRF Calibration
. Lizt of TFR Files
TFR Standard Filename Elrnt Line Conc Intenzity | MT [mgdom] TCC
1 | Double-Click here to load the TER Standard file 0,000 0,000 0.000 0.00 =
MLSE Model
Save i lLoad | Choose .
Clear Calibration | |Calibration 2 Model Calibrate Plot
" Calibration Coefficients
Elmt | Line |Code|| Awerage TCC CC cCz CC3 Lo bAT High MT
1 1] 0.00000 0.00000 000000 0.00000 0.00000 0.00000
M easurement & Proceszing Conditions: |
Cod #-Fay Source Chamber|  Time [secs] Mo, |Ezcape| Sum Back- |Remaove
ode
Target | Filker A Atmoz | Preset | Actual [Smooths| Peak | Peak | ground | Blank
1 0.0 0.0 0.0 I B [ [ = Exit

There are several key sections in this panel. The top section contains a table to show a list of TFR files to
be selected. The center section will contain a list of merged calibration information, once the Calibrate
button has been pressed. The lower section is a copy of the measurement conditions table from the first
TFR file — all others MUST have been created using the exactly the same conditions, otherwise a warning
message will result during the TFR file load.

To select a TFR file, double click on the row cell under the TFR Standard Filename column heading. This
will load a File-Open dialog to allow you to select a file. After selecting 3 example files, this is how the
panel could now look:
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TFR Files for Multi-Standard XRF Calibration

List of TFR Filez
# TFR Standard Filename Elmt Line | Conc | Intensity |MT [mafcma) TCC
1 | C:\amplek \FPAD atahT esthFeMifilm1 Fe ka 18.244| 2612830 0.000 282097 =
2 | Champtek FPAD atah T esthFemifilmd. Fe ka 16.493| 2062620 0.000 3314.88
3 EC:Namptek FPAD atab T asthFeblifiim 7 Fe K& 18.284| 1638620 0.000 244208
ML503 Model
Calibration Coefficients
# Elmt | Line |Code| Awverage TCC CC CcCa CC3 Low T High MT
1| Fe F.a 1 0.00000 0.00000 0.00000 0.00000 10.00000 10.00000 =
2| Mi k.a 1 0.00000 0.00000 0.00000 0.00000 0.00000 10.00000
M easurement & Processing Conditions: |
Code »*-Rap Source Charber| Time [secs) Mo, |Escape| Sum Back- |Remove
Target | Filter ks Atmoz | Preset | Actual |Smooths| Peak | Peak | ground | Blank
1 W Mone 47.0( A [ili] [zl I B MNone [ = Exit

After selecting all the files of interest for a given application, then Choose the Model for the least-squares
fitting. Something like the following panel will now be displayed, and you choose from several different
options in each of the columns (in some cases the option is fixed, depending upon the other choices):
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There are
(1)
2

®3)
(4)
(6)
(6)

(@)
(8)

9)

“. Define Model for MLSQ Fitting

Ordinate () Abscissa (%) #-Transform Falynomial

Intensity Theaor.Intens Mone Cluadratic <

Graph Schematic

Chooze model parameters for subzequent

least-zquanes fitting... Intenzity O
TCC = Theoretical Calibration Coeff [from FP cal) ';f
|ntenzity = Meazured Intenzity v
5td. Conc = Concentration in Standard D
-
rd

Mz Thick = Mass Thickness
Theor.Intens = Theoretical Intensity Calz by FP
Calz.Conc = Calculated Conc by FP

MHone = Calculate Average
Liog = Matural Logarithm
Flec = Reciprocal

Theor. Intenz

Exit

currently 10 options currently available in FP analysis, corresponding to the CalMode value:

This is the simple single-standard FP calibration, which is not considered in this panel,

This is for the simple averaging model, where the TCC (Theoretical Calibration Coefficient)
from each standard, for the same element, is averaged over the range of the standards.

This is where the TCC values on the Y-axis are fitted against the logarithm of the mass
thickness, i.e., Log(MT), on the X-axis. This is also known as the Linear-Log model.

This is the same as (3), except that the TCC is fitted against the reciprocal of the mass
thickness of the standard (1/MT) on the X-axis. This is known as the Linear-Reciprocal
method.

This method is not currently available.
This is the same as (3), except that a quadratic fitting equation is used.
This is the same as (4), except that a quadratic fitting equation is used.

This a quadratic least fit of the TCC against a partial mass thickness (concentration
weighted).

This is a linear fit of the measured intensity of the element on the Y-axis against a
theoretically calculated intensity based upon the TCC value on the X-axis.

(10) This is the same as (9) except that the fitting equation is a quadratic.

If the model is set to zero, then the FP analysis will be done in a standardless mode. Many of these
models are specifically designed for use with a series of thin-film standards, where the mass thickness is
commonly used.

The more

versatile models, such as (9) and (10), can be used with both multilayer thin-film standards and

single-layer standards, including bulk samples. The linear model is particularly suitable for removing
some constant bias from a series of measurements, such as when a residual background signal might be

involved.
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This panel describes some of the options that may be chosen from each column — not all combinations
are possible! The standard concentration model regression is not yet implemented. At the bottom right is
a schematic diagram of how the final plot might look — it is NOT the actual plot!

Once the model has been chosen, you can then click on the Calibrate button, and the screen will look
something like the following:

. IFR Files for Multi-Standard XRF Calibration

" List of TFR Files
TFR Standard Filename E It Line Conc | Intenzity [T [mgdcmz) TCC
1 | CAmptek \FPWD atah T esthFeMifilm . th Fe Ka 18.244| 2612530 3.020 9220.97| -
2 | CiAmptek \FPWD atah T esthFeMifilmd. th Fe Ka 16.498| 2062620 2.625 g314.88] |
3 | C:\Amptek SFPWD atah T esthFeMifilm? th Fe Ka 18.284| 1688620 1.785 8442 06|
4 | C:rAmptek SFPWD atah T esthFeMifilm 0Lt Fe Ka 17.860| 1E37.720 1.759 243E.80
5 | C:\Amptek \FPWD atah T esthFemifilm 3.t Fe Ka 18,708 970880 0912 8568.37
B | C:\Amptek \FPWD atah T esthFeMifilm 6 tr Fe Ka 16.743| 2499.000 3.474 8247 65
7 | CrAmptek SFPWD atah T esthFeMifilm 9.t Fe Ka 18.965| 1738630 1.779 345426
8 | C:Amptek \FPWD atah T esthFemifilm22. tr Fe Ka 19,186 2326280 2.594 837318
9 | C:MAmptek SFPWD atah T esthFeMifilm25. tr Fe Ka 18129 9R3.800 0.932 a5h0.09| =
MLSE Model
Save Load Choose .

Clear Calibration | Calibration 2 Model | | CAlibrate 4  Plot
" Calibration Coefficients

Elmt | Line |Code| Awerage TCC CC CC2 CC3 Lowy MT High MT
1| Fe Ka 1 8447 64551 202 62538 -110.19861 8517 45508 091197 347353
20 Mi Ka 1 E210.84131 199.98567 -89.55E43 EBEY B7d22 091197 247353

i eazurement & Processing Conditions; |
o #-Fay Source Charmber| Time [secs) Mo, |Escape| Sum Back- |Remaove

oee Target | Filker A% Atmoz || Preset | Actual |Smooths| Peak | Peak | ground | Elank
1 i MNare 470 A 0.0 ool o v [ Maore [ Exit

This shows all the initial TFR files in the top section, and the merged calibration coefficients in the middle
section. The average TCC value is always shown for reference. The other columns are various
secondary coefficients that are calculated from the respective least-squares fitting equation. Also shown
are the low and high limits of the mass thickness, which will used to constrain the later use of these
coefficients during quantitative FP analysis.

The average value of the TCC is used as the starting point for the analysis, and refinements of this are
calculated during the FP quantitation. The latest values of intensities, mass thicknesses and
concentrations (depending on the chosen model) are used to update the TCC value at the end of each
iteration.

After the calibration you can show the fit by clicking on the Plot button. Depending on the model, you
could see something like the following (for model number 2):
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LSQ Least Squares Plot

ATCC Fe MLSQ Plot: ¥ = 8 51746e+03 - 1. 10199e+02%
8900

_____________________________________________________________

. )
---------------------- .
; ; ]
8200
<= =T000000 Ln{MT) = 1000000 2000000 >
[~ Show Origin at (0.0)
Previous Next ‘ Print Copy ‘ Save |

You can step through the plots for each element in turn by clicking on the Previous or Next buttons. You
can also Print a copy of the plot to a printer, Copy it to the Windows clipboard (for pasting into other
applications), or Save a copy of the plot as a bitmap (*.bmp) file. The least-squares fitting equation is
shown at the top of the screen with the element symbol. This particular plot has one point that is an

outlier, and simply by deleting the specific TFR standard from the calibration, and then recalibrating, you
can see the improvement in the fitting:

The following plot shows a much more evenly distributed set of points:

LSQ Least Squares Plot

ATCC Fe MILSQ Plot: ¥ = 353183e+03 - 2 00T1{e+02X
8600

8200
<= 1000000 Ln{MT) x 1000000 2000000 -->
[~ Show Origin at (0.0)
Previous Next ‘ Print Copy ‘ Save ‘

The following example uses model humber 9, plotting the measured against the theoretical intensities:

Amptek Inc.
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3000

<= 100000 Theor.Int x 1000000 400000 >
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You can also click on the Origin check box to force the inclusion of a (0,0) origin in the plot. Note that this
does NOT affect the actual least-squares fitting, just the display:

% MLSQ Least Squares Plot

Alntens Fe ML SQ Plot: ¥ = 1.984052+07 + 8 33950a+03%
3000

0
<= Theor.Int x 1000000 400000 >
v Show Origin at (0.0)
Previous Next ‘ Print Copy | Save | Exn

You can see from this example that this model produces a linear fit that passes very close to the origin.

Amptek Inc.
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Once you are happy with the model and fitting coefficients, save the Calibration as a least-squares
calibration file (*.Isq). Since this file just contains a list of TFR files to be used for the MLSQ calibration,
the calibration itself must be re-done each time the *.Isq calibration file is loaded, as all the secondary
coefficient information is not currently saved in the file.

Here is another example of a least-squares fit, to the same set of data, using model number 8, with fits to
partial mass thickness values. You can see the same outlier as in an earlier plot, and how this one point
can affect the overall quality of the fitting model:

ATCC Fe MLSO Plot: ¥ = 8 619232+03 - 7 173282+012% + 5 S0062a+025"2
2000
___________ e B
"""""" - B -
----------- S S S S -
e e e O
2200
<= 100 fiMT) = 1000000 00000 >

Important Tips:

The TFR file that was loaded prior to the MLSQ calibration will have been overwritten during the
calibration process itself. This is because this file itself is not necessarily on the list of TFR files for
calibration and may not be consistent with those files.

At the end of any MLSQ (FP or LSQ) calibration, the last file in the list will be the one displayed, and the
coefficients will be part of this data set. At this time you should save this TFR data set as a new TFR file,
with some generic name that describes the overall calibration, not the name of the last standard.
Whenever this new TFR file is loaded, all the MLSQ coefficients will be loaded with it, along with the
element and processing information as usual.

If there is an error during the calibration the original TFR file will then be re-loaded (it is saved as a
scratch file SaveTemp.tfr) to return the software to the initial status quo.

The simple least-squares calibration procedure is very similar to the one described above for the FP
version, except that the individual TFR files are not calibrated — only the intensity and element data is
used to form a matrix for the final least-squares calibration, with the resulting coefficients stored as above,
but with the choice of only 1 model at present:

(101) Linear fit with 2 coefficients (slope and intercept).

The following example shows a simple linear calibration. The first screen shows the results summary
after the calibration of a series of White Gold standards.
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TFER Files for, Multi-Standard XRE Calibration
- List of TFR Files
TFR Standard Filename Elrnt Line Conc Intenzity | MT [modcm?) TCC
1 |CAFPSPAD atahWwiG_TestLSQNFG_White_41.Hr Mi Ka 16.835] 1213901 0.000 Q.00
2 |CAFPSPAD atahwiG_TestLSONFG_ WwWhite_ 45 Hr Mi Ka 12738 888401 0,000 0oop
3 | CAFPSPADatavwiG_TestLSONFG White B0t Mi Ka 2.209| 574.068 0.000 Q.00
4 |CAFPSPADataWwiG_Testl SONFG_White_ 55 Hr Mi Ka 11.060| 702065 0.000 0.0o
A | CAFPSPAD ataWwiG_TestLSQNFG_White B8t Mi Ka 8161 538583 0.000 Q.00
6 | CAFPSPAD atahwiG_TestLSONFG_ WwWhite_700Hr Mi Ka 2021 181,311 0,000 000
7 | CAFPSPAD atahWwiG_TestLSONFG \White 75 Hr Mi Ka REEE| 323439 0.000 000
MLS Madel
Save Load Choose .
Clear Calibration |  Calibration - Model | Calibrate { - Flot
# Calibration Coefficients
Elmt | Line |Code| Awerage TCC CC CC2 CC3 Lo MT High T
1] Mi Ka 1 0.00000 199539 0.01326 0.00000 0.00000 0.00000
2| Cu Ka 1 0.00000 321738 001419 0.00000 0.00000 0.0o000|
3| Zn Ka 1 000000 023578 0.01667 000000 0.00000 0.00000
4 In Ka 1 0.00000 -0.06622 0.18599 0.00000 000000 0.00000
5| Au La 1 0.00000 1278777 0.05401 0.00000 0.00000 0.00000
fdeazurement & Processing Conditions; |
Cod #-Hay Source Chamber|  Time [zecs] Mo, | Escape| Sum Back- [Remaove
ode
Target | Filker A% Atmog | Preset | Actual |Smooths| Peak | Peak | ground | Blank
1 W Mane 400]  Air 0.0 nof v [ o [ ] Exit
Here are a couple of sample calibration plots for Ni and Zn.
S Ni MLSQ Plot. ¥ — 0.05366.01 + 1.3257 7202 “Cone Zn MLSQ Plot: ¥ = 2,35776e-01 + 1.66721e-02¢
20 20
0 0
<- 0 Intensity 2000 -= <= 0 Intensity 800 -
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14PROCESS

14.1Process Calculate

There are two options in this new menu item for 3.0.0 software and above.

14.1.1 Process Calculate — Mole%

Sometimes it is useful to be able to calculate directly the Mole% values of components, without having to
do a complete quantitative analysis, which normally calculates components on the basis of both Wt% and
Mole%. If you enter the Wt% values of the components in the component table, then this option will
calculate and display the Mole% equivalents

14.1.2 Process Calculate — Wt%

More likely, one might want to enter the components in Mole% because the atomic or molecular ratios are
known, but the Wt% values are not available. This option allows these values to easily be calculated, as
shown in the following example where CaO and SO3 were entered as 50-50%.

Specimen Component Table:

# Companent Type Caone. Error Units M alek |
1 |Cal Calc 41.190] 0,000 | w2 50000
2503 Calc 58.810]  0.000 |wk % 50000

14.2Process Spectrum

This set of commands control the various steps required in spectrum processing, such as spectrum
smoothing, escape-peak removal, sum-peak removal, background removal and peak deconvolution (i.e.,
overlap correction). An additional choice “All” is also available, which performs all the operations, as
specified in the Condition Table.

14.2.1 Process Spectrum - Smooth

This option performs a number of smooths on the spectrum loaded in the S1 (Bars) group in the ADMCA
program. The default smoothing is the 3-point (1:2:1) Gaussian type, but there are other options as
described in the Setup-Processing panel. The number of smooths is determined by the entry in the
Condition Table (for the current condition). This option may be performed iteratively for an indefinite
number of passes, each one being governed by the number of smooths in the Condition Table. It is not
recommended that spectra be over smoothed — typically, 0 to 2 smooths should be sufficient. Too much
smoothing tends to degrade the overall information content of spectra, and also slightly broaden the
peaks.

After this option is completed, the original spectrum is displayed in the S2 group (Dots), and the
smoothed spectrum is displayed in the original group, S1 (Bars).

14.2.2 Process Spectrum - Escape Peaks

This option performs subtraction of the Si escape peaks (for Si detectors). The software uses an internal
function to estimate the fraction of x-ray events (above the Si-K edge, for Si detectors) that will generate
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Si-K x rays that will escape from the front or backside of the detector. It is only intended (at present) for
Si detectors.

After this option, the escape-peak processed spectrum is located in group S1 (Bars), and the stripped
escape events are shown in group S2 (Dots). After the escape events are subtracted, they are added
back to their parent peak. This operation may only be performed once on each spectrum, unless it is
Restored.

14.2.3 Process Spectrum - Pileup (Sum-Peak) Removal

This option performs subtraction of the pileup (sum) peaks. This option is only recommended for spectra
where a high dead time is present. It is not normally required if the dead time is maintained below about
25%, except for low-energy (< 1keV) x-rays, where the pulse pileup discriminator is not effective, and
even modest total count rates can result in peak pileup (sum peaks). This correction is generally not as
accurate as the escape peak removal, and may leave some residual sum peaks in the spectrum.

After this option, the pileup-peak processed spectrum is located in group S1 (Bars), and the stripped
pileup events are shown in group S2 (Dots). Critical to this routine is the knowledge about the pulse-pair
resolution time (with a default value of 1 microsecond), and the time constant of the main channel for low-
energy (<1 keV) x-ray photons. This operation may only be performed once on each spectrum, unless it
is Restored.

14.2.4 Process Spectrum - Background Removal

This option first performs an estimation of the background and then subtracts it from the spectrum in the
S1 group. For more information on the background estimator, see the Setup-Processing parameters.

This program performs an iterative bandpass filter that removes rapidly changing regions (i.e., peaks) and
leaves the slower-varying regions, which also determine the estimate of background below the peak
regions. After this option is complete, the background-subtracted spectrum is loaded in group S1 (Bars),
and the background itself is displayed in group S2 (Dots). This operation may only be performed once on
each spectrum, unless it is Restored.

To view the background on the unprocessed spectrum, simply Restore the original spectrum in the S1
group, and this will leave the background in the S2 group and you can compare the two spectra in the
background regions (by expanding the ADMCA vertical scale) to judge visually the quality of the fit.

14.2.5 Process Spectrum — Blank Subtraction

This option is only available if the check box has been selected in the Processing Conditions has been
set, and a blank (*.mca) spectrum file has been defined. This can be done either by entering the filename
and path directly, or by double-clicking on the Blank File cell, which will then bring up a dialog to select
the *.mca file, such as the following example:
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Select Blank Spectrum File

Look in: | () XRF x| & ®8 e E-

A 4] temp.mca
uﬁ 4] LIVE_DATA_old.mca
My Recent  |[14]LIVE_DATA 2048.mca
D““:"me"‘ts 4] LIVE_DATA 4096.mca

- 4] LIVE_DATA.mca

ﬂ goatl.mca
Deskdop ﬂ al_2.mca

ﬂ 85316_2.mca

’-.j ﬂss316.mca

4] pb

pb.mca

D ent

My Documents ﬂmulﬁ_a.mn:a

== @M

= : 4] cdte_1.mca
|

'.‘:‘] File name: |a|.mu:a ﬂ Cpen |
My Network  Files of type: |Blank Files {~mca) j Cancel

[ Open as read-only

After selecting the require file, this name and path will be saved in the *.tfr file (using the File-Save
command).

Blank subtraction is done to remove artifacts in the spectrum that cannot be handled with background
removal or some other spectrum processing. It should be used with care, since it relies on there being a
constant “blank” effect that does not very significantly from one spectrum to another. Examples where
this might be useful include the removal of argon peaks from fluorescence of air, removal of tube scatter
peaks, or removal of some contaminant peaks from the XRF system itself.

The software does a channel-by-channel subtraction of the blank counts from the matching counts in the
spectrum being analyzed. There is no nhormalization or scaling done, so the blank should be acquired
under the same conditions as used for the normal spectra (e.g., livetime, kV, etc.). The blank spectrum
removal is done after the background removal step (in the Process Spectrum All command), so it would
make sense to remove the background from the blank as well, and then store the processed spectrum
(with smoothing, escape peak removal, etc.) as the blank spectrum.

14.2.6 Process Spectrum — Compton Peak

This is a new feature that was introduced with the v.2.1.4 software. It allows peak intensities to be
extracted for the Compton and Rayleigh scatter peaks. These values can be used to calculate Peak-to-
Compton ratios, instead of simple peak intensities for analysis, or for Compton-to-Rayleigh peak ratios for
the SIR-FP method.

The function integrates the Compton and Rayleigh peaks, divides by the acquire time, and reports the two
intensities along with the Regions Of Interest (ROI) used for the peak integrations. If the ROI values are
initially zero for any of the regions, then the software will automatically allocate the regions based upon
knowledge about the tube anode material and the geometry of the tube and XRF spectrometer. The
former determines the energy location of the Rayleigh scatter peak, and the latter determines the energy
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offset for the Compton peak. Therefore, it is important that the Tube and Geometry parameters are set
correctly.

File Acquire Load Setup Calibrate Process  Help

- ] [T o0 Pesotl ] Tme[iss ] x0oTEi ]
Specimen Component Table: Thickness Information:
# Component Type | Conc. | Emor Uitz | MoleX Layer Nommalize
1 |Cr Cals 0E46| 0130|whx 0935 Thick. Type Errar Uitz Density | Ok Tatal
2 |Mn Cale DIBE| D057 |wtz 0243 0.000]  Bulk 0.000] ma/em2 0.000] v 100.00
3 |Fe Calc 0866 0113|wt% 1.242
4 |Ni Calc 28.928) 0592 |wtk 39.484
5 |Cu Calc 0217 0047wt 0.274 . .
& (Mo Tal i 2ol ] [~ Auto Adjust Spectrum Gain & Offzet
Element Table:
: Element  [Cond Measurement Intensity | Comp ROl [ke¥) Chi2 | Quant Calibration
Elrmt| Line |Code| Intensity Error | Backar. | Conc. | Atomi Method Ratio] Low High Fit Method Coefficient Coeff.E rror
1] Cr | Ka 1 9.53 1.59 050 0646] 0995 Gaussian I 5.311| BHIE 02 FP 0.0 0.00
2|Mn| Ka 1 346 1.18 210 0166] 0243 Gaussian B 5793 E6.004 02 FP 0o [TH]
3| Fe | Ka 1 23.39 306 280 0BBE| 1.242| Gaussian E 6296 EAN 0.1 FP 0.0 0.00
4] Ni | Ka 1 954.87) 1954 340 28.928] 39.484| Gaussian B 7.366| 7.590 200 FP 0.0 0.00
5]Cu| Ka 1 844 1.684 370 0.217] 0274| Gaussian E 7.933| 8162 049] FP 0.0 0.00
E]Mo| Ka 1 JEBET] 1214 0.00] B3.177] 57763 Gaussian I [ 17332] 1767 42| FP 0.0 0.00
Measurement & Processing Conditions: ~ Measurement {* Processing
o Mo,  |Escape| Sum Back- |Remove| Blank Spectum | C/R | Compton | Compton RO (ke]| Rayleigh | Rayleigh ROI ket
adi ! ) ; . ! 2 2
Smooths Peak | ground | Blank File Ratio [ds) Low High [ds) Low
2340 2680 22440
| Status: [Compton Peaks Processed | 2048 |2l] 81 | No

The ROI's can manually be entered into the Condition Table, to override the regions calculated by the
software. This is very useful when the geometry is not exactly known, or when there are peak overlaps,
either between the Rayleigh and Compton peaks or with neighboring sample peaks. In the example
shown below, the regions were selected manually. The blue region is the Compton ROI, the aqua region
is the Rayleigh ROI, and each was painted manually in ADMCA to illustrate the regions that were used
above.

To clear all the current ROI's and intensities from the Rayleigh and Compton peaks, just click on the C/R
Peaks check box to Uncheck the C/R option, and then re-check it again. Whenever the cells are first
displayed they contain zeroes, and this ensures that the next Process — Compton command will calculate
new ROI's and intensities from scratch. Of course, any manually entered ROI’s will also be erased.

The Compton peak integral can be used in the optional Peak-to-Compton ratioing method under the
Element Table. Just check the Comp Ratio column for the element, to ratio that element’s intensity to the
Compton peak intensity. This is a useful alternative method to analysis by FP.
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¥E Amptek PMCA  C:\PRAMMAg_th50.mca (=3
File Wiew MCA Display #nalvze Help

S IEIES IR AR = =R R [ [

Bl @ Bl 22|

kL

Readsy =

The panel below displays the values for these regions calculated in the ADMCA software — please note
that the integrals may be slightly different from the XRS-FP values.

#E Regions of Interest Details rz|
Start | End | FdHM [M] | Met Area | Gross Area | Centraid [M] | Uncertairty | Statusz |
19.73 21.52 0.711 9346 13262 20.57 140 GOOD
21.68 22.44 0.343 1812 2529 2203 254  GOOD
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14.2.7 Process Spectrum — Deconvolute

14.2.7.1 General

The Process Spectrum Deconvolute option performs the extraction of net peak intensities using one of
three methods. The first is simple peak integration across a fixed Region-Of-Interest (ROI) and is called
the Integrate method. The second is using synthetic Gaussians to fit the spectral peaks, using a known
database of line ratios and peak energies, etc., The third (and new in v.3.3.0) method is the Reference
deconvolution, which uses stored profiles for each element to fit the peaks, instead of synthetic Gaussian
profiles. Gaussian deconvolution is the default method and the setup parameters for this are described in
the Setup Processing section. Note that only those elements (in the Element Table) that are defined with
the Gauss option will get their peak intensities from the Gaussian deconvolution option, even though all
elements will be included in the deconvolution process, to ensure correct spectral fitting. Other elements
may be set to the Integrate or Reference option.

Note that these peak widths used in the Integrate method are usually significantly narrower than the
“integration” regions used internally by the Gaussian peak deconvolution method, since the latter are
integrated “mathematically” by an analytic function. However, note also that for severely overlapped
spectra, the Integrate method could actually yield higher intensities, since overlap correction has not been
performed.

When you are sure that there are no overlapping peaks (a somewhat unusual situation!), you can safely
use Integrate for all the elements. There is one advantage in using the simpler Integrate method in that
the repeatability, or precision, is typically better than that using other least-squares fitting methods,
although the accuracy is likely to be reduced when overlaps are significant.

There are two different approaches to fitting the peaks by a least-squares method. The first uses linear
fitting, where the peak ratios, energies and widths are fixed. This method is usually very fast. The
second uses a nonlinear approach where these parameters are allowed to vary within certain constraints.
This is described in more detail, for nonlinear Gaussian deconvolution in the Setup-Processing section.
For Reference deconvolution only the linear method is available as the profiles are already fixed in
advance, unless more advanced techniques are used (not yet available in this software).

Note that for a large number of elements (say, greater than about 15), the nonlinear method can become
very slow, so be patient while this operation is in progress, or use the linear version.

14.2.7.2 Gaussian Deconvolution

The next part of this guide describes the use of the Gaussian deconvolution method.

At the end of the Gaussian deconvolution, the spectrum in Group S1 (Bars) is untouched, and the
synthetic Gaussian-fitted spectrum is displayed in Group S2 (Dots). After the fitting process, the
elemental intensities are saved in the Report, in the Element Table. This command may be performed on
the same spectrum for an unlimited number of times (i.e., one can change the setup parameters, and
redo the analysis).

A new feature is available in the version 3.0.0 software, and this has to do with including the Compton
and Rayleigh peaks in the spectrum deconvolution. If the function Process - Compton Peak has been
invoked, and the C/R ratio check box is checked, then the Compton and Rayleigh peaks are automatically
included in the overall spectrum fitting. At the end of the procedure the Compton and Rayleigh peak
intensities are updated with information derived from the overall spectrum fitting.

Remember that the previous Process - Compton Peak function just does simple integration of the peaks,
without any overlap or energy correction. In the nonlinear deconvolution the Compton peak is allowed to
move independently of the other analyte peaks in the spectrum, including the Rayleigh peak. This is
because the Compton peak shape, and position, can vary significantly from one type of sample to
another.
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X Amptek PMCA  C:\Amptek\FP Interface\¥B\ss316_2mca  Stainless Steel 316 Sample =] B3
File “iew MCA  Display  Analyze Help

S |E|Sn6|so]s]8]] EHO[o] @[]t | @[m|rr| 2[N]

2473
I Spectra List x|

—  live_data
A — 55316
E — _GaussFit

P el

|Ready T 4

The example below shows the fitting to a K2TiO3 spectrum, with fits to the Compton and Rayleigh peaks
included in the display:
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4

14.2.7.3 Reference Deconvolution

Now let's describe the use of the Reference deconvolution method, which is more complex to setup and
use than the simpler Gaussian method, but may be useful in cases where the peak shapes deviate
substantially from Gaussian shapes — this is usually in the form of low-energy tailing on the left side of
peaks, such as is typically found with CdTe detectors. The details of the initial setup are described in the
Setup-Reference section earlier in this manual.

After the reference library and profiles have been setup, the you can use the software in exactly the same
way as for the Gaussian deconvolution. A typical spectrum fit around the Sn-K peaks, using the library
outlined above, is shown below:
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#E Amptek ADMCA  C:\Amptek\Spectra\Redus\Mar08\Alloy 347 Cal - BJC.mca
File wiew MCa Display Analyze DPP Help

I EIEEE A AR R R R P - AR A LA A

A

l

5427 l\

4070

oETH

2 oo

2713

1356 /U —\
23.28 24.32 26.32 36 27.36 28.10 29
= .

‘Ready =

It is interesting to compare this with the spectrum processed using nonlinear Gaussian deconvolution:
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= Amptek ADMCA,  C:\Amptek\Spectra\Redus\Mar08\Alloy 347 Cal - BJC.mca
File Wiew MCA Display Analyze DPP Help

| HEma |28z Bl a3 [R[MW[wg k| & ws| Bl 2 (N2 B MR & s 2]

h

5064

3798

2531

1265 / E\\
23.&4_/_/4123 25.28 2 27.32 28.36 \\\%M

Ready !

Each method produces a good fit. The nonlinear method allowed for peak shift, width and line ratio
changes, but does not fit the low-energy tail region, especially for the Sn-Ka peak. Note that this
spectrum was taken with a CdTe detector, which typically has more tailing, especially at the higher
energies.

As stated before, the Reference deconvolution, which is a linear process only, is good for modeling non-
Gaussian peak shapes, but less tolerant to changes in peak shapes, positions and line ratios, although
the latter may not always be the case if the Reference profile matches closely to the line ratios obtained in
the typical samples to be analyzed.

14.2.8 Process Spectrum - All

This option performs all of the spectrum processing steps described in the Condition Table, each step
operating as described above.

14.2.9 Process Spectrum - Restore

This option restores the original spectrum in the S1 group (Bars), before any spectrum processing had
been performed (i.e., at the time the Load Spectrum was performed).

14.3 Process Analyze

This is the main command for the quantitative analysis samples using either FP or LSQ (empirical fitting).
Using all the previous setup information, and the intensities supplied by the Process Spectrum
commands, this command will convert the elemental intensities to composition using the FP32 library and
other information described above. After this command is finished (and it can take up to a minute or more
for complex FP calculations), the elemental and component compositions will be updated, and the TFR
report file can be printed and/or saved.
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The FP method itself is relatively straightforward at this point, producing the results using the calibration
coefficients, or possibly standardless for samples with a known thickness.

The empirical LSQ quantitative method does not use all the information about a sample and only relies on
simple calibration coefficients from the standards calibration. In particular the LSQ method does not care
about the concentrations units, but just converts intensities using the empirical calibration coefficients.

When using the SIR-FP method, estimates are made for the unanalyzed fraction of the sample by
comparing the known fraction of analytes with the measured C/R ratio and ascribing the remainder to a
pair of elements that bracket the estimated mean atomic number. These elements are usually assigned
automatically, but they may be fixed by the user in the Component Table, by adding two specific elements
with an SIRFP option.

In the following screen the elements Ne and Na were assigned automatically by the software during the
SIR-FP analysis:

File Acquire Load Setup Calibrate Process Help

kv:[30 |14 uh: [0 | Preset:[1o0 |  Time: [0 | =DT:on |

Specimen Component T able: Thicknegs Information:

# Component Type Conc. Errar Uit Mole | Layer Mormalize

g ge Ea:c gg;g gggg wt % g;?j = Thick. Type Enrar Uitz Density | OK Total

r alc . ; wh % E

=Tz Talo R IE TS AL 0.000]  Bulk 0.000] madcm2 oooo) T 100,00
g |Rb Calc 0.050( 0.008]wt X 0.013

9 |Me Cale 13651 0.000)wtx 15.353

10{Ma Cale 85.391]  0.000)wtx 84.233)
Element Table: + Mormal " Coefficients

5 Element |Cond Measurement Intepsity  [Comp|  ROI (keV) Chiz | Gluant Calibration

Elmt| Line |Code| Intensity | Emor | Backgr | Conc. | Emor | MDL | Atom® Method  |Ratie] Low | High Fit | Method | TCC Cosff

1] Fe | ka 1 033 o2 0.05] 0E73] 0.000)0.0000 0753 Gaussian v £.233| E&14 09| SIRFP 191.34|
2|1 Cu| Ka 1 0.03 0.01 0.24] 0051 0.000)0.0000 0.050] Gaussian v 7.931| 8165 0.2| SIRFP 5872
3]1Zn | Ka 1 0.m 0.00 0.07]  0011] 0.000)0.0000 0.011| Gaussian v 8.519] 8758 05| SIRFP 4751 B
4] 4z | Kb 1 002 0.00 2500 0012] 0.000)0.0000 0.010[  Integrate lv | 12.350] 13.000 0.0] SIRFP 269.28
S5|Rb| Ka 1 0.04 0.01 1.74] 0050 0.000)0.0000 0.037| Gaussian v | 13.259] 13532 1.3] SIRFP 15.20

E|l 5| Ka 1 0.0s 0.01 275 0.053] 0.000)0.0000 0.038] Gaussian lv | 14.028] 14.304 0.3 SIRFF 20| «
Meast L& P ing Conditions: + Measurement " Processing

e *-Ray Source Dietector Chamber| Time [secs] Mo, |Ezcape| Sum Back- |Remove| C/R

ode . < - %

Target Filter | Thick[um]{ k¥ U Type Fiter | Atmos | Presst | Actual [Smoothe| Peak | Peak | ground | Blank | Ratio
il Rh Bh 25.00 35.0{ 50.0{ Sipin | Mone Air 10000 16 0 v v Auto | v

| Status: Opened file C:\Desert Varnish\VBASIR-FP-Test-AutoZs thr [1 [off [2048 [20] 55 [Mo

In the next example, the sample was known to contain a residual matrix mostly of silicon and oxygen, and
so these 2 elements were added to the Component Table before the SIR-FP analysis took place:
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Fil= Acquire Load Setup  Calibrate Process Help
K¥: { uA: Preset: Time: [0 | =pT:[00 ]

Specimen Component T able: Thickness Information:

# Cormponent Type Conc. Error Uitz Mole? | La_f,ler Mormalize

g ge Ea:c gggi ggg; W% gg?g 1=y Thick. Type Errar Units Densiy | OK Tatal

i alc i . W% )

=15 ol RS TGE 0.000] Bulk 0.000]  mglem2 noonf T 100.00

8 |Rb Calc 0.050]  0.009])wt% 0.014

gjo Calc 52303  0.000 |wt % BE.108

10]5i Calc 46661 0.000 wt % 33525 =
Element Table: (* Normal "~ Coefficients

- Element  |Cond Measurement Intensity  |Comp ROl [kel] Chiz | Quant Calibration

Elmt| Line |Code| Intensity Error | Backgr. | Cone. || Emor | MDL | Atom? Method Ratio| Low High Fit I ethad TCC Coeff

1]0 Ka a 0.00 0.00 000 52303 0.000{0.0000 | BE108| Gaussian | 0.000] 0.000 0.0] Mone 000 a

2] S5 | Ka a 0.00 0.00 0.00] 46561| 0.000{0.0000 | 33525| Gaussian N 0.000) 0.000 0.0] Mone non

3] Fe | Ka 1 033 0.0z 005 0.794| 0.000{0.0000 0.288] Gaussian v £.293] B514 0.9| SIRFP 191.34] —

4] Cu| Ka 1 0.03 0.0 0.24| 0.060| 0.000{0.0000 0.019] Gaussian v 7.931| 8165 0.2| SIRFP 58.72

512n | Ka 1 0.0 0.00 0.07] 0.013| 0.000{0.0000 0.004] Gaussian [ v 8.519] AB.758 05| SIRFP 47.51

B As | Kb 1 0.0z 0.00 250 0.014| 0.000{0.0000 0.004] Integrate Iv | 12.350] 13.000 0.0] SIRFP 269.28|
Measurement & Processing Conditions: f* Measurement " Processing

Cod #-Ray Source Detector Chamber| Time [secs) Mo, |Eszcape| Sum Back- |Remove| CAR

ade ! : : | ; !

Target | Filter | Thick[um]| kY Ly Tupe Filter | Atmos | Prezet | Actual |Smooths| Peak [ Peak | ground | Blank | Ratio
1 Bh Eh 25,00 35.0[ 50.0f Sipn | Wone Air 1000) 1016 O v v Auta [ v

| Status: Opened file C:\Desert Yamish\VB\SIR-FP-Test-FixedZs.th

[1 [0 [2048 [20 [ 55 [ Mo

In the final variation on FP analysis, the MLSQ calibration method may be used to analyze samples on a
routine basis. Once a calibration has been performed (see Calibrate-MLSQ section), a subsequent
sample analysis can be used as a TFR single standard calibration file.

The next example shows a TFR file that was analyzed after Calibrate — MLSQ-FP and shows the various
secondary calibration coefficients as well as the normal TCC coefficients:
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File Acguire Load Setup Calbrate Process Help

kV: . uA: : Preset: Time: [60 | #0T:loo |
Specimen Component Table: Thickness Information:
# Component Tupe Conc. Errar Unitz Mole? | La_f,ler Momalize
1 F'? Calc 18.538) 0530 Wt-:/c' 13.366) - | Thick. Type | Eror Units Density | OK Tatal
2 |Ni Calc 81.402) 4070wt 80634 3983 Cab 0000 T SE3T| Tv T00.00

Element Table: " Normal (
o Element | Cond Measqrgmqnt Huant E_Zalibra_lion
Elmt] Line |Code| Intensity | Conc. | Method TCL Coeft Coeff Error CC CCz CC3 Low MT High MT
1] Fe | Ka 1 2707.770) 185598 FF 829033 0.00 852022 -151.75 37.73 0912 3474 =
2] Ni | Ka 1 5204.660) §1.402 FF BERE.32 0.00 668,81 -108.09 16.83 0912 3474

Meazurement & Proceszing Conditions: " Measurement f* Processing

ot Mo. |Ezcape| Sum Back- |Remowve| Blank Spectrum | C/R | Compton | Compton RO (ket]| Rapleigh | Rayleigh ROI [kel]
o : A L (i |8 ! | . ] ] |
|Smooths| Peak | Peak Ratio [eds] Low High [eds] Low

1 v ] 0.000

ground || Blank. File

Mane

|Slalus: Opened file C:\Amptek\FPAD ata\T estAMLS O film_tfr | 6 | Off 2048 (20| 55 | Mo

|

Note that in this example, which was calculated using model number 6 (see bottom status bar), all the
secondary coefficients are defined, along with the average TCC value for each element. In other words,
this is copy of the coefficients seen in the Calibrate — MLSQ-FP panel. Although these coefficients do not
get saved in the LSQ file, it is possible to save them in a TFR file by saving a TFR files after doing

subsequent analysis.

15 HELP ABOUT

This currently shows the start-up “splash” screen, contain version and other information about the HASP
security plug that is required in order to run the FP software. The HASP plug MUST be installed (see
next section) to use the installed DLL's (FP32.dll, MTFxpro.dll, and MTFRefOver.dll). There are other
options, such as the MLSQ and MTFFP options, that are only available in the software if the appropriate
options are set in the HASP plug.
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CrossRoads Scientific
>< XRS-FP

Windows 98/XP
Version 3.3.0

Copyright (C) 2008 Brian J. Cross, All Rights Reserved.

Frogram for FP-based XEF analysis developed for use with Amptek detectors & electronics,

| HASP options: FP Direct ML50 Gauss Reference SpectraX AutolD. SH: 941, ID: 1295448115
| FP32.dll v.4.20, MTFzpro.dll v.7.38, MTFRefOver.dll v.1.20

16 HASP4 SECURITY PLUG INSTALLATION

Supplied with your software is a HASP software copy protection device (or “Security Plug”), which must
be installed in any of the parallel printer or USB ports on your Intel Pentium (or similar) PC. The parallel-
port HASP is a “pass-through” plug for a Centronics parallel printer cable, and is transparent to printer
operations. The USB HASP is NOT a pass-through plug — a USB hub can be used if extra USB ports are
required.

* k% Warning **k%
Do NOT install more than one plug on the same computer —this will cause unpredictable results!

You can make as many copies of the software as you like, for backup or running on other computers, but
only when the Security Plug installed will the software function correctly.

The HASP plug is manufactured by Aladdin Knowledge Systems. More information about the plug and
the latest drivers (for various operating systems) can be found on their web site at:

www.aladdin.com/support/hasp/default.asp.

¥+ Warning ***
Make sure you download the driver for the HASP4 plugs and NOT the HL driver!

Their generic driver installation program (HINSTALL.EXE) will automatically install the correct driver for
the operating system being used.

The parallel-port HASP plug should be installed as follows:
(2) First turn off power to your PC and printers.

(2) Remove the printer cable to one of your parallel ports, unless you have a spare parallel port.
Note: parallel port network adapters and tape drives should NOT be connected through the HASP4 plug.

3) Carefully align the male end of the 25-pin HASP plug with the female 25-pin parallel printer
socket.
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(4) Screw the plug into the socket, being careful not to over tighten either of the screws.

(5) Re-attach the printer cable (if removed) into the socket-end of the HASP4 and tighten.
(6) Turn on power to your PC and printer, and check that both are functioning correctly.
Now run your Windows application software and verify that it is functioning correctly.

It is not advisable to access the plug while your computer is printing, as this can cause unpredictable
results. Also, some bi-directional printers and parallel ports can cause problems in correctly accessing
the security plug. If this is the case, try reconfiguring your Windows printer driver, the BIOS Setup for the
parallel port, or the HASP4 driver itself.

If you encounter any problems with this installation, call your software supplier.

The USB HASP4 or HL plugs can be installed as a standard Windows “Plug ‘n Play” device. Ensure that
you have administrative privileges on your computer if necessary.
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