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XRS-FP Basic Setup & Analysis

Note: This document describes the basic setup and configuration
of XRS-FP and implementation of a standardless analysis.
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1 QuICK GUIDE: XRS-FP SETUP & ANALYSIS FLOWCHART

A flowchart illustrating the steps involved in the basic setup and configuration of XRS-FP for standardless

analysis is shown below in Figure 1:

XRS-FP Analysis
Flowchart

Setup Detector

LA

Setup Source

Setup Geometry

Setup DPP/MCA

F»

'/ Load or Acquire (& Adjust)
(RN Sample Spectrum

Energy
Calibration

Setup
Processing

Identify
Elements

Setup
Condition

“ Setup
Quant

2

Process &
Analyze

“Source Type or Isotope &

" All Detector & Window

Parameters

Window Parameters LT S
All Source — Sample —

Detector Parameters

Select # Channels & Connect DPP/MCA

eV/Channel

i n/ Load or Acquire Spectrum for
e Energy Calibration

Setup Hardware or Software
Spectrum Adjust Flag

Define Spectrum Processing
Parameters

Enter Elements into
Component & Element Tables

Check Setup Values

Select FP Standardless

Intensities &
Concentrations

Figure 1. XRS-FP Flowchart. This flowchart describes the steps needed for basic setup and configuration of XRS-FP.
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2 XRS-FP SETUP & STANDARDLESS ANALYSIS TUTORIAL

The following tutorial describes the basic setup of a general XRF system for analysis, the configuration of
XRS-FP, energy calibration using Amptek hardware (although briefly, as this is discussed in detail in the
“XRS-FP How to Calibrate with Amptek HW” document) and standardless analysis of stainless steel 316
(SS 316). This tutorial along with associated spectra (*.mca) and application (*.tfr) files guides an XRS-FP
software user through the basic setup of their XRF system and subsequent standardless analysis of SS

316. This may be achieved in one of two ways:

a) Using a live XRF setup for hardware (HW) control and data acquisition (note: that this is a generic

guide and the particulars of a given XRF system will vary from instrument to instrument).

b) Using the provided spectra (*.mca) and application (*.tfr) files without HW to emulate the setup

and analysis.

Note: It is not necessary to connect the XRS-FP program to any hardware unless you wish to acquire
spectra directly with XRS-FP. For BOTH methods listed above, the provided spectra (*.mca) and application
(*.tfr) files will be used. If using method (a) various input parameters may need to be changed depending

on the type of HW, geometry, etc., used for a specific XRF system.

1. If using a live XRF system ensure that the hardware (HW) components are setup in the desired
geometry and connected appropriately (power cables, signal cables, etc.). Please see appropriate

guides proved by the HW manufacturer(s) for correct setup and safety measures.

Source Detector

Geometry

Figure 2. XRF Generic Setup. Above is a simple schematic of an XRF setup, including the source, detector and DPP. Note
that for live acquisition both the source (x-ray tube) and DPP need to be connected to a computer for data acquisition
and hardware (HW) control, and for running the XRS-FP analysis software; however, if working offline on previously
acquired data or if using the files provided with this tutorial without HW there is obviously no need for the HW to be
connected.
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2. Launch XRS-FP — either run the software from the Windows Start-Programs menu, or double-click
on a shortcut (if one has been created on the desktop). First, the splash screen will load and then
the Auto-Mode FP Analysis window and a separate Spectra-X window will be displayed. The
splash screen will briefly show the values and options for the HASP security plug, and the software
libraries that have been loaded. This can also be displayed by selecting the Help -> About menu

option.

3. From the Auto-Mode FP Analysis window, click Expert Mode (Fig. 3 below). This will show the
contents of the “Master.tfr” file (see section 4.1 of the “XRS-FP Software Guide” for additional

information on loading the software). Ensure the “Update Spectra” option is checked (on) (Fig. 3).

r

Select Analysis Type Aute
|Add New. ~| Go| Edit|I Analyze
Setup Automation Options

v Save Spectrum [ Save Report |v Update Spectra | Show Statisties [

Base File Name: |C:\TEMP
Seed #: |1 # Measurements: |3 Delay Time(s): |2 [ Create Log Get Path

Run # Preset Livetime = 20 Walue

Figure 3. Auto-Mode FP Analysis Panel. Select the “Expert Mode” button. Ensure the “Update Spectra” option is
checked (on).

4. From the XRS-FP Expert Panel: Select File -> Open -> “C:\CrossRoads Scientific\XRS-FP
Basic Setup SS316 Tutorial Files\SS316 - Initial.tfr” (or equivalent location). See Fig. 4 below.

r;(E)pen “ [ = ]

SIS [Ji <« CrossRoads Scientific » XRS-FP Basic Set-up 55316 Tutorial Files « | 42 || Search XRs-FP Basic Set-up 55.. O
Organize = Mew folder 4= - E;l '@'
% Favorites it MName Date modified Type Size
P Desktop | | 55316 - Initial tfr 8/29/20131:44 PM  TFRFile 4KB
& Downloads | 55316 4r 8/29/20131:44 PM  TFRFile 4 KB
v+ Dropbox

& Google Drive

m

= Recent Places

= Libraries
3 Documents
J'- Music | 4
| Pictures

B Videos

&) Homegroup

- | 4| i 3

File name: 55316 - Initial.tfr | XRF Reports (“fn) v

| Open |v] | concel |

Figure 4. File Open Menu. Open the stainless steel SS316 TFR file, e.g. “SS316.tfr”.
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This TFR (“Thin Film Report”) file, or configuration file, acts as a template for this tutorial. A TFR
file contains the elements and calibration coefficients (if employed) that are required for routine
XRF analysis, along with a description of the various analysis and system setup. Although the
Component Table, Elements Table and Thickness information have no results at this point, the
Measurement & Processing information (spectrometer configuration) is already pre-defined and

loaded for this application. See Figure 5 below.

Ty =i S

File Acquire Setup Calibrate Process Help

Acquire kV:[45_|(10->50) uA: [10_|(5->200) Preset: [50 | Time: [27.546 | %DT:[0.0 | ICR:[0.0 | 0CR:[0.0 |

Specimen Component T able: Thickness Information:
it Component | Type | Conc: ‘ Error | Units | tole? Errar Layer MNormalize
[ Cele | 0.0000] 0.0000]wt% | 0.0000] 0.0000] =l Thick. | Type | Errar ‘ Urits |Densit_u |Fixad 0k | Taotal
0000 Buk |  0.000] mglemz | 0000) T [ | 0000
Global Threshold Settings '
— n-sigma v | |2000 Clear Conc Method [
Element Table: & MNormal " Coefficients 4
Element | onc Measurement Threshald Intensity Ratia ROl [ket] Chi2 | Guant Calibration
Elml| Line [Code| Intensity | Erar |Backgr ‘ Conc.| Error | MOL |Atom°/° v’a\ue|Conc Method Method Low ‘ High | Fit | Method | TCC Coeff
1 [ ka [ 1 000]  0.00]  ooo] 0.000] 0.000]0.0000 [ ooo00[0.000] T Gaussian Mone 0.000] 0000[ o.o0] FP 0.00
Measurement & Processing Conditions: M " Py
e #-Fay Source Dietector Chamber Time [secs] I anitor
Zode
Target | Filter |mg.fcm2 | kY | ud, Type | Filter |mg.-’cm2 Atmos Preset | Actual Intensity
1| Ag | A | 539780 | 4500 00| Sidkit | Mone | 0.000 it 500] 27646 [l
| Status: [C:-\CrossRoads Scientific\XR5-FP Basic Set-up 55316 Tutorial Files\55316 - Initial.tfr | o [off [On [2048 [20 (059 No | 1

Figure 5. XRS- FP Expert Panel. The “SS316 - Initial.tfr” file acts as a template for this application. Note that this file
contains the proper Measurement & Processing information for this application (i.e. spectrometer configuration
information). Also note that in the “Thickness Information” table the “Type” is set to “Bulk” and it is “Normalized” to
100%.

Note: If you are connected to HW, various input parameters may need to be changed in the TFR
file depending on the type of HW, geometry, etc. used for a specific XRF system. The following
steps will outline which parameters may need to be changed. Regardless of the method used for
this tutorial (i.e. with or without HW), the steps outlined below will guide you through the process

of setting up and configuring XRS-FP for use with an XRF system.

a. Specimen Component Table: This is where the sample components are added to the
TFR (also see section 5.2, “XRF Elemental FP Calibration or Standardization,” of the XRS-
FP Software Guide). Components can be elements or compounds. For this tutorial, enter

Cr as the first component. Having entered a component in the table, use the down arrow
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CrossRoads Scientific

key of your computer keyboard to enter additional components. Now enter Mn as the
second component, Fe as the third component, Ni as the fourth component, Mo as the fifth
component and Si as the sixth component. Notice that the “Type” is automatically set to
“Calc” so the SW will calculate the concentration of each component; however, notice that
the “Type” for Si is set to “Fixed” and the Concentration is set to 1.0000. The reason for
this is there are several minor elements such as Si, S, P and C which cannot be analyzed.
To account for this, we use 1% Si as a rough estimate. In the Specimen Component Table
enter “Fixed” as the component “Type” for Si and set the “Conc” to 1.000. See entered

components below in Figure 6.

P — ~
¢ XRS-FP T ‘ ‘ o [ e S
File Acquire Setup Calibrate Process Help
Acquire kV:[45_|(10->50) uA:[10_|(5->200) Preset: [50 | Time: [27.546 | %DT:[0.0 | ICR:[0.0 | OCR:[0.0 |
Specimen Component Table: Thickness Information:
# - Component Type Cone, Errar Units tale’ Errar | Layer
'E" y Ea:c ggggg ggggg wh % ggggg ggggg =1 Thick. | Type | Error ‘ Unitz |Dans|t_l,l ‘FIHE{
i n | ale . . wh . |
[3]F= | Calc | 00000 0.0000[wt% 0.0000] _0.0000 0000 Buk | 0.000] mgrem2 | 0.000JAT /Ny
AN Calc 0.0000{ 0.0000 w2 0.0000[ 0.0000
to | Cale —B-08000] 00000 w3 0.0000) 0.0000 )
S O Fixed | 1000000000 wt 0.0000] _0.0000 Global Threshold Settings
e —— n-sigma | |2000 Clear | Conc Method [
Element T able: * Nomal " Coefficients J |—| 4
M Element [“onc Measurement Threshold Intenzity Fatio ROl [kev) Chi2 | Quart Calibration
Elml| Line |Zode| Intensity | Eror |Backgr. | Conc. | Emar | MDL [ Atom® |Value|Conc|  Method Method Low | High | Fit | Method [ TCC Coeff
15| ka [ 1 0.00 0.00 0.00[ 1.000] 0.000{0.0000 | 0.000[0.000] [ Gaussian Mone 0000 0.000] 0.00f FP 0.00 -
2| Cr] ka [ 1 0.00 0.00 0.00[ 0.000] 0.000{0.0000 | 0.000[0.000] ™ Gaussian Mone 0000 0.000] 000f FP 0.00 T
3Mn] kKa [ 1 0.00 0.00 0.00[ 0.000] 0.000[0.0000 | 0.000[0.000] T Gaussian Mone 0000 0.000] 00df FP 0.00
AlFe| Ka [ 1 0.00 0.00 0.00[ 0.000] 0.000[0.0000 | 0.000[0.000] T Gaussian Mone 0000 0.000] 00df FP 0.00
5[Mi| Ka [ 1 0.00 0.00 0.00] 0.000{ 0.000/0.0000 [ 0.000[0.000{ Gaussian Mone 0000 0.000] 00df FP 0.00
ElMo| Ka 1 0.00 0.00 0.00{ 0000] 0.000[0.0000] 0.000{0000) Gaussiah Mone 0.000| 0.000) 0.00 FP 0.00 =
Measurement & Processing Conditions: * W t P g
= #-Fay Souce Detector Chamber Time [secs| tonitar
“ode
Target | Filter ‘ mglcm2 | kY | L, Type | Filter | mglcm2 [ Atmos Preset | Actual Intenzity
1 Ag | A [Ga7e0 [ 450 0.0[ Sidit | Mone | 0.000 Air 50.0] 27548 oo
| Status: [Updated Element Table Concentrations. ... | o [of|on [2048 [20 [0.59| No | 1
[ I

Figure 6. XRS- FP Expert Panel. The components, Cr, Mn, Fe, Ni, Mo and Si, are now filled in for this application. Notice
that the elements are automatically entered as the components are entered and that the highest energy analyte line is
also automatically selected as the components are entered (e.g. the Cr Ka line was selected when Cr was entered).

Note: to create a “clean sheet” for future analysis (select File -> New from the XRS-FP
Expert Panel. This will clear all of the application information, i.e., Component Table,
Elements Table and Thickness information; however, the Measurement information

(spectrometer configuration) will be retained.

b. Element Table: As components are defined (see above), the “Element Table” is filled in
and the line is set to the highest energy line that gets excited by the source kV. 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. For example, the Cr Ka

line is selected when Cr was entered for this application (see Fig. 6 above).
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Note: In general, the appropriate line for analysis (Ka, Kb, La, Lb, Lg or Ma), MUST be
selected. Although this line is filled in by the software, it is important to check that it is the

best one for the application at hand.

c. Thickness Table: Accurate XRF analysis requires definition of the thickness of the sample
material. In the case of this tutorial, the stainless steel is infinitely thick, which means that
it has greater thickness than the escape depth of the highest energy line. This is defined
as “Type” “Bulk” in the “Thickness Table” and is the default type setting. The default
thickness for bulk analysis is zero (0). The “Normalize” field of the thickness table refers to
component concentrations. For standardless analysis the results MUST be normalized
(see Fig. 6 above). Normalizing to 100% is not required for all bulk analyses, but is often

employed.

5. From the XRS-FP Expert Panel: Select Setup -> Detector. This is where all the detector properties
are set. If using HW with this tutorial, change the parameters so that they correspond to the XRF
system in use. Otherwise, make sure all parameters are identical to those shown below in Figure
7. Select “OK” to exit the dialog and save the parameters. Note that the most important parameters

involved in the detector setup are the detector material, thickness, resolution and window type.

X Setup Detector & Window Parameters L&J
Detector Properties Window Properties
Detector Type: M - Element: |5; Window Type: |Be ﬂ
Front-5urface Shape Window Thicknessz [micron): [12.70

+ Circle o B B
Coating Material: |4

Window Coating [nm): [0.0
Carbon Contamination (nm): [0.0
Grid1 Element: [S{

Grid1 Fraction: [0.00

Gnd1 Thickness [micron]: ,W
Grid2 Element: [

Grid2 Fraction: [0.00

Grid2 Thickness [micron): [0.00

Set Defaults Set Defaults

% — —— s

Figure 7. Setup Detector & Window Parameters Dialog. Check that the “Detector Type,” “Window Type,” and all
corresponding parameters are as shown here, unless HW is being used with this tutorial.
6. Now, from the XRS-FP Expert Panel: Select Setup -> Tube/Source. This is where all the source

Detector Area (mm2): [59 1D [mm): [2 52

Collimator Diameter [mm): [2. 40 Arealmm2): [4 5
Detector Thickness (mm): [0.50
Front Contact Material: [4]
Contact Thickness [nm): [10.0
Dead Layer Thickness [micron): [0.05
| Ice Layer [nm): W
Reszolution at Mn-Ka [(eV): m

” o

properties are set. If using HW with this tutorial, change the parameters so that they correspond to

[

CrossRoads Scientific S 21-May-14



XRS-FP Setup Tutorial Page 10 of 22

the particular source of the XRF system in use. Otherwise, make sure all parameters are identical
to those shown below in Figure 8. Note that the most important parameters involved in the source
setup are the tube type, model, tube anode material (element) and the window type. Select “OK”

to exit the dialog and save the parameters.

™

(X Setup Tube Parameters u|uE a) b)

Filament

Target Take-Off

Cathode Filament
\

Source Type:
Source Model: [Wl )
Source File Name:
Target Element: 2=47)
Target Thickness (um): f
Target Incident Angle: ° !
Target Take-0ff Angle: ° &
| Window Type: I'm Window /  Target Take-Off Angle
Window Thickness (um):

Output source spectrum? [

Target Incidence Angle

I Optic Type: [1: None v ) : G o
) Filament Transmission Target Radioisotope Source Collimator
Optic Model: Efficiency Table = \ \ Target Take-Off
[

: Angle

w/

Optic Xfer File Name:
|| Calc Compton Peak Ener 0.00 at(90.0 °
o |[000 a0 ,

ok | Cancel |

Target Incidence Angle /" Window v
Window

Figure 8. Setup Tube Parameters Dialog. Check that the “Source Type,” “Target Element,” “Window Type” and all
corresponding parameters are as shown above, unless HW is being used with this tutorial. The four different source types are
illustrated here, a) side window tube, b) end window tube, c) transmission target tube and d) radioisotope.

Figure 8 displays schematic diagrams of the four source types - side window tube, end window
tube, transmission target tube and radioisotope source - that can be selected from the XRS-FP
Setup -> Tube/Source dialog. The data acquired for this tutorial used a transmission target tube.
The source angle parameters and all other associated geometry of the XRF system are very

important and will be discussed further in step 7 in more detail.

7. Again from the XRS-FP Expert Panel: Select Setup -> Geometry. This is where all the angle and
distance parameters are set. If using HW with this tutorial, change the parameters so that they
correspond to the particular geometry of the XRF system in use. Otherwise, make sure all
parameters are identical to those shown below in Figure 9. Note that the most important parameters
involved in the geometry setup are the incidence angle, take-off angle, the tube-to-sample distance

and the sample-to-detector distance. Select “OK” to exit the dialog and save the parameters.

DC
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¢ Setup Geometry I. = | (=] ﬁ,l

Tube-Sample Incidence Angle: o
Secondary Incidence Angle: o
Take-0 Angle: o
Alpha Angle: o
Scatter Angle: o
Tube-to-5ample [mm]):
Tube-to-Optic [mm}:
Optic Length [mm):
Optic-to-5 ample [mm]):
Sample-to-Detector [mm):

||
1].4 Cancel

L= = - A
Figure 9. Setup Geometry Dialog. Check that the angle and distance parameters are as shown here, unless HW is being
used with this tutorial. See Figures 10 and 11 below for explanation of the various angle and distance parameters.

Figures 10 and 11 below show schematic diagrams of the various angle and distance parameters

involved in the geometry setup of an XRF system.

Horizontal

~ Horizontal _ Detector _
Axis Angle_. *+ —

Source Take-off Angle Detector Take-off Angle

Azimuth Angle

Incidence /

Angle

Secondary \
Incidence Angle
Blue Arrow = X-rays (Source to Target); Green Arrow = X-rays (Target to Sample); Green Dashed
Arrow = Transmitted X-rays; Red Arrow = Characteristic X-rays (Sample to Detector)

".CROSSROADS
@Y SCIENTIFIC

X-Ray Software & Consulting

Figure 10. Geometry - Angles Schematic. All angle parameters listed for the geometry setup are described here.
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Optic Length

Distance from
Sample to Detector

Distance from
Source to Optic

Distance from
Source to Sample

Distance from Optic to ."gFCQI%IS\ISTFIQI(:)IéDS
@

X-Ray Software & Consulting

Sample

Figure 11. Geometry - Distances Schematic. All distance parameters listed for the geometry setup are described here.

8. From the XRS-FP Expert Panel: Select Setup -> MCA/DPP. If working offline (without HW) just
enter the number of channels, with the eV per channel or range (keV). If working with HW please
seethe following document for stepwise details on performing an energy calibration in XRS-
FP (with Amptek HW): “XRS-FP How to Calibrate with Amptek HW.doc”. Note that the two
most important parameters involved in the DPP/MCA setup are the number of channels and range.

Figure 12 shows the Amptek DPP/MCA Acquisition Setup parameters.

DC
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X Amptek DPP/MCA Acquisition Setup

= B i)

DPP/MCA Direct Connection Status

Select MCA Type

COM Port [1 or 2): Iﬂ

" Acquire Dphions

Preset Mode: || iveTimel:

ROl Low [ke¥]: 1.000

Slow Threshold:

Fast Threshold:
Peaking Time (uS): [pg |
Flat-Top Time (uSk [p20  ~|

(" MCA BOODA sl USB Port: [#
& DPA/PXAIDPSIPXS
-
Connected: [o_| Disconnect | |ada: [ g

Auto Adjust Spectrum during Acquire |«

Preset Integral [Counts]: 1]

Preset Yalue:

Preclear on Acquire: |

ROl High (ke¥): | 10.000

Ho. Channels:
eV/Ch: Range [keV¥):

Gain: I:I Calibrate. ..
[

Clock ]
[ |
[Device [Serial # [DFF: |
[Firrnware [FPGa [TEC: Configure DPP ‘ Exit ‘
IbPP Contg Fie I
. —

Figure 12. Setup MCA/DPP Dialog. Amptek DPP/MCA Acquisition Setup showing the No. Channels, eV/Ch

and Range.

9. Now select: Setup -> Processing from the XRS-FP Expert Panel. This will display the “Setup

Processing Parameters” Dialog shown below in Figure 13 (see section 14.3, “Process Spectrum,”

of the XRS-FP Software Guide for more detail). Note that spectra supplied for this tutorial have
been energy adjusted (see section 12.11, “Setup Spectrum Adjust” of the XRS-FP Software Guide).
To avoid doing a double adjust in this case, verify that the “Auto Adjust Spectrum Gain & Offset on

Load” is unchecked in the “Setup Processing Parameters” dialog. See Figure 13 below. Note: if

you are using your own spectra, you may need to change the Mn-Ka FWHM to a higher value.

CrossRoads Scientific
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X Setup Processing Parameters [ﬁ,l

Gauszsian Deconvolution Parameters
[v Use Monlinear Deconvolution: [~ Diagnostic Dutput

Maximum Allowed Dewviations for Honlinear Deconvolution
M aximum # Iterahions:

Line Ratio Factor:
Spectrometer Offset [e¥]:
Spectrometer Gan [%]:
Spectrometer Peak Width [%]:

Channel Weighting Factor:

Njalalciul

Uze Het Spectrum Weighting [
Peak width [Fw'HM] at Mn-Ka [e¥]: 1300 |

:

Auto Calibration from Monlinear Deconvolution

[ Use Auto Calibration Mn P&HH [e¥]:
Gain Factor: Offzet [eV]:

Spectrum Smoothing Parameters
Filter Type
(" Savitsky-Golay 1+ Gaussian i~ Tophat i” Average

Mumber of Points
i+ 3 { { ¥ i i

Auto Background Removal Parameters
Low-Pass Filter Width: Max # Iterations:

Pile-Up [Sum Peak] Removal Parameters

Pulse-Pair Besolution [u5]): Time Constant [uS):
Spectrum Low-Energy Start [ke¥]: Lowest Z: (Ma)

uto Adjust Spectrum Gain & Offset on Load

1] 4 Cancel Defaults
: = —)

Figure 13. Setup Processing Parameters Dialog. Observe that the “Auto Adjust Spectrum Gain & Offset on Load” button
is unchecked if using the files supplied with the SS316 tutorial, as the spectra have already been energy adjusted.

10. Then select: Setup -> Quant from the XRS-FP Expert Panel. Check that the radio button for the
“Quant Analysis Method” is set to “Fundamental Parameters” (FP) and the “FP Calibration Mode”

is set to “Standardless” (see Fig. 14 below).
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"¢ Setup FP Calibration Method ¥ S | ESS
Quant Analyziz Method FP Calibration Mode
* Fundamental Parameters (+ Standardless
i~ FP with Scatter Rahosz " Dne Standard
i~ Simple Least-5quare Fitting " Multiple S5tandards

SIR-FP File Name: |

(114 Cancel

Figure 14. Setup Quant Dialog. Select the “Fundamental Parameters” method and the “Standardless” mode.

11. At this point our application, stainless steel 316, has been defined, XRS-FP has been configured
for the setup of the XRF system used for acquisition (either the live XRF system in use or for the
system previously used to collect the tutorial files) and it is calibrated (energy calibration). If using
the supplied tutorial files without hardware proceed to step 12 below. If using hardware to do a
live acquisition, ensure that the DPP is connected and now turn the source x-rays on (HV ON).
Details for a specific hardware setup are beyond the scope of this tutorial; however, please ensure
that all safety measures are followed according to the hardware manufacturer guidelines! Once the
system is running and stable, acquire a spectrum of the stainless steel 316 standard. Select File -
> Save As from the XRS-FP Expert Panel and save the spectrum as, for example, “SS316.mca”
(or equivalent).

12. The next step is to extract intensities from the stainless steel 316 spectrum (*mca file). Select
File -> Open ->“C:\CrossRoads Scientific\XRS-FP\Basic Setup Tutorial\SS316.mca”
(or equivalent location). See Figures 15 and 16 below. Note that the spectra provided for this tutorial

are already adjusted and in calibration.

DC
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o L )

-

uu | =« CrossRoads Scientific » XR5-FP Basic Set-up 55316 Tutorial Files - | (v,| | Search XRS-FP Basic Set-up 55.. 2 |

Organize ¥ New folder =~ 0 @

¢ Dropbox *  Name Date modified Type Size
& Google Drive - PR P— -
. || 55316.mca 7/31/20136:36 AM  MCA File 16 KB
1= Recent Places

4 Libraries
@ Documents
J? Music
| Pictures

E Videos

m

*& Homegroup

1% Computer
£, T0596TWOE (C:)
&< DVD RW Drive (E:) Audio € -~ [ m | »

File name: 55316.mca - [AmptekSpectra(*.mca] v]

[ open |v] [ cancel |

Figurel5. File Open Menu. Open the stainless steel spectrum, *.mca file (e.g. SS316.mca).
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Figure16. Spectra-X Window. Loaded stainless steel mca file (SS316.mca).

13. To extract intensities from the stainless steel 316 spectrum, select Process -> Spectrum -> All,
from the XRS-FP Expert Panel. Notice that there are now intensities displayed for each element in

the “Element Table” (see Fig. 17 below).
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B¢, XRS-FP - NS R
File Acquire Setup Calibrate Process Help

Acquire kY:[45_ |(10->50) uA: [10_|(5->200) Preset: [0 | Time: 27546 | %DT:[0.0 | ICR:[0.0 | DCR:[p.0 |
Specimen Component Table: Thickness Information:

# Companent Type Caonc. Errar Units Mole? Errar | Layer Marmalize

12 'EI' Ea:c ggggg ggggg Wt:f ggggg ggggg Thick. | Type | Erar | Unitz |Densit}l|Fixed ak. | Total

n alc wh%

3|Fe Calc | 0.0000] 0.0000[w.% 0.0000] 00000 Do Euk | 000] wyver2 | 0O00JT PR} 10000

4||Ni Calc 0.0000] 0.0000]wt.% 0.0000{ 0.0000

5[Ma Calc 0.0000{ 0.0000]wt.% 0.0000{ 0.0000 .

B[S Fied | 1.0000] 0.0000]wtz 0.0000] 0,000 GlohaliThichaldiSettings

— n-sigma +| 2000 Clear | Conc Method [~

Element Table: #* MNormal " Coefficients J I—I 4

0 Element |Zonc Measurement Threshald Intenszity Fatia RO [let] Chi2 | Quant Calibration

Elml| Line q( nhtensity trror Backgr. | Conc. | Emor | MDL || Atom® |¥alue|Concl|  Method Methad Low | High | Fit | Method | TCC Coeff

15[ Ka | 7 0.058 073 1.16[ 1.000] 0.000[0.0000 | 0.000{0.000] [ Gaussian Naone 1691 1.788] 0.01 FP 0.00

2l Ka [ 458.839 243 4.47] 0.000] 0.000[0.0000 [ 0.000[0.000] T Gaussian Maone 5.330[ 5430 0.00f  FP 0.00 ]

3|Mn] Ka || BE.421 474 E.17[ 0.000] 0.000[0.0000 | 0.000{0.000] [ Gaussian None 5803 5977| 0.04] FP 0.00

4| Fe| Ka | I4[1273657]/§2071 £.33| 0.000] 0.000[0.0000 | 0.000{0.000] [ Gaussian Mone E.303| 6485 0.00] FP 0.00

5| Ni | Ka | YN[ 1evema]ff 7ag 2.61| 0.000] 0.000[0.0000 | 0.000{0.000] [ Gaussian Maone 7374 7566 0.01 FP 0.00

E[Mo | Ka [ TRK 42070381290 4.359] 0.000] 0000{0.0000 | 0.000{0.000] | Gaussian Mone 17.245[ 17 609] 0.01 FP 0.00
Meazurement & Pr onditions: " M t i P g

b #-Hap Source Dietectar Chamber Time [secs] t anitar

= Target | Filter | mg/cm2 | kY Ly Type | Filter | mglem2 | Atmos Preset | Actual Intenzity

1 Ag | Al |53m70 | 450] 100] Sidit | None | 0.000 Air 0.0] 27548 00] -]

| Status: [S 1 C. C: d |0 [off [ On [2048 [20 [0.59] No | 1

I I

Figure 17. XRS- FP Expert Panel. Note that intensities are now displayed for each element in the “Element Table.”

14. Then select:

Process -> Analyze from the XRS-FP Expert Panel. Notice that there are now

concentrations displayed for each component in the “Component Table” (see Fig. 18 below).

— —

S XRS-FP -— R B e
File Acquire Setup Calibrate Process Help

Acquire kv:[45_|(10->50) uA: [10_|(5->200) Preset: [0 | Time: 27546 | %DT:[00 | ICA:[0.0 | OCR:[0.0 |
Specimen Component T able: ™ Thickness Information:

# Component Type / Conc. \_Error Units Mol Eror | Layer Mormalize

12 PEI[ Ea:cf{ 121?;1515 ?g;g W% 1218123 315;102 Il Thick. | Type | Errar | Units |Dansity |Fi><ed Ok | Total

n alc 3 i w3 X

3[Fe Calc] || 626471 | JJ.0348 [wt E31530 1.0268 oo00] Buk | 0000] mgrem2 | n00HJR|AIR]__ 10000

4| Calc\ || 119656 |/ 05633 |wi %, 112934 05318

5 Ma Calc W\ 25075 0.0674 [wt. % 1.4484( 0.0389 i

&[5 Fined W\ 1.000740 0.0000 w2 1.9730]_0.0000 Global Threshold Settings

- nsigma ~| (2000 Clear Conc Method [ l
Element Table: o Nmmal%eﬂicienls J I—I 4

0 Element | Zonc I easurement Thireshald Intenszity F atio ROl (ketd] Chi2 | Quant Calibration

Elml| Line |Zode| Intensity | Emar | Backgr | Conc | Emor | MDL | Atomi |value|Concl|  Method hethod Low | High | Fit | Method | TCC Coeft

105 | Ka |1 0.088 073 116 1.000] 0.000[65224 | 1.973[0.000] [ Gaussian None TEIN| 1.788] 0.07] Mone 0.00

201 Cr | Ka |1 458,839 1243 4.47[ 18.745] 0508|0.0356 | 19.977[0.000] [ Gaussian None 5.330( 5430] 0.00] FP 0.00 |

3| Mn| Ka | 1 BE.421 474 617 2131] 0179|0.0387 | 2149[0.000] [ Gaussian Maone 5809 5977| 0.04] FP 0.00

A|Fe| Ka | 1 [1273657] 2011 6.39] 53.647] 1.035[0.0521 [ 63.153[0.000] T Gaussian Maone E.309[ E485| 0.00[  FP 0.00

5| Mi| Ka |1 167.653 783 2.61[ 11.963] 0.563|0.0476 | 11.233[0.000] [ Gaussian None 7.374| 7.566) 0.01 FP 0.00

E|Mo| Ka | 1 480103 1250 433 2508 0067[0.0045 | 1.448[0.000] [ Gaussian Mone 17.245] 17,603 0.01 FP 0.00
Measurement & Processzing Conditions: " M P g

e #-Fay Source Detector Chamber Time [zecs) bl anitor

Zode

Target | Filter | ma/cmz | kW L, Type | Filter | mgfocm | Atmos Prezet | Actual Intengity

1 Aa Al [ 539780 | 450[ 100 Sidift | Nene | 0000 Air 0.0] 27.546 00] -]

[ Status: [Completed FP Quantitative Analysis... [0 [0 0On [2048 [20[059 [ No [ 1

I I

&

Figure 18. XRS- FP Expert Panel. Observe that the concentration for each component is now displayed in the “Specimen

Component Table.”
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15. Now save the TFR file by selecting File -> Save As from the XRS-FP Expert Panel. This can be
saved as “C:\CrossRoads Scientific\XRS-FP Basic Setup SS316 Tutorial Files\SS316-
StandardlessAnalysis.mca” or as an alternate filename of choice. The analysis results should be

similar to those shown below in Figure 19.

LAyerl TADLE = e e e o o o o e o o e e
# Thick Type Error Units Density HNorm. Total
1 0.00 Bulk a.00 mgfecmz  0.00 On 100.00
Sample TADLE e e e
Layer Component Type Concn. Error Units Moled Error
1 Cr Calc 18.745 0.508 wt. % 19.977 0.541
1 Mn Calc 2.131 0,179 wt. % 2.14% 0,181
1 Fa Calc &63.647 1.035 wt. % 63.153 1.027
1 Ni Calc 11.968 0.563 wt. % 11.25% 0.532
1 Mo Calc 2.508 0.067 wt. % 1.448 0.039
1 5i Fixed 1.000 ©O.000 wt. % 1.97 0.000
EloMENE TAD1E s e e e e e s e e e e e e e e e e e e
Elmt Line Cond Ratioc Intensity Error Intensity Conc. Conc Calibration
Code Code Method (cfs) {cfs) Method Method Coefficient
5i Ka 1 None 0. 068 0.7328 Gaussian 1.000 None o.ooo
Cr Ka 1 Hone 458,899 12,4347 Gaussian 18.745 FF o.ooo
Mn Ka 1 NHone H56.42]1 4.7401 Gaussian 2.131 FE 0.000
Fa Ka 1 None 1273.657 20.7086 Gaussian 63.647 FF o.ooo
Hi Ka 1 Hone 167.653 T.B904 Gaussian 11.9%6% FF o.ooo
Mo Ka 1 Hone 480,104 12.8983 Gaussian 2.508 FF o.ooo
ANAlySis CoONOil 1OMa e e e o ——— o ——— o o o e e e e e e e e e e et e e e e et e
£ Targ Filter Thick. kV uh ——-Detector——— Thick. Atmos Preset Actual
mg/ cm2 Type Filter mg/f cm2 Time(s) Time(s)
1 Ag Al 539.78 45.0 10.0 5i drift MNone 0.0 Air 0.0 27.5
Processing CoNditlons e ——————
¥ HNo. Escape Sum Back C/R Blank —----Blank--—-—
Smths Peaks Peaks Type Ratio BRem. ———File—————
1 2 Yes YTes Auto  No Ko

Figure 19. $$316 Analysis Results. Concentrations for the five calculated components are shown here.

16. For comparison, Figure 20 below shows average compositions for SS316.
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Percent by Weight

Element Ha\ximum Unless Range is Specified

{ 316 316L

Figure 20. SS316 Average Composition. Average composition for S5316 is shown here.
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3 APPENDIX

XRS-FP is analysis software for use with X-Ray Fluorescence (XRF) Spectrometry, a widely used
analytical technique. XRF analysis is based on the fact that incident x-rays excite atoms in a sample
through ionization (the loss of an electron), which then emit characteristic radiation (x-rays of a
particular energy) when they relax (an inner shell is filled by an electron from an outer-level shell), see
Figure 21 below (for more detail see the XRS-FP Software Guide v51X, section 2 “About X-ray

a) Incident X-ray b)
Beam

\

\
Y Ejected Electron
L

Incident primary x-ray beam
Ejected e-

d)

=~ <> K, x-ray

emitted as
L-shell e-fills
ejected e- vacancy

10000

4 Each element has a

2000 Cu-Ka

“fingerprint” — with

characteristic lines at

6000

known energies

5000

Counts

4000

] \ Characteristic K x-rays

Cukb

1000 _ : for Cu.
30 40 SO0 60 70 80 90 100 11.0 120 130 140 150 160 17.0 180 190 2
Energy (keV)

Figure 21. XRF Basics. a) Interaction of an x-ray photon with an atom (of sufficient energy), b) ionization of the atom by
ejection of a core shell electron, c) vacancy filled by higher shell electron resulting in emission of an x-ray (photon). d)
Schematic illustrating steps (a) through (c) including the emission of a characteristic Ko x-ray. d) Chemical elements emit
characteristic radiations unique to each element when subjected to appropriate excitation.

DC

CrossRoads Scientific 21-May-14



XRS-FP Setup Tutorial Page 21 of 22

Fluorescence”). A detector and signal processing electronics measure each emitted x-ray energy and
stores them in “bins” as a histogram, or “spectrum.” The X-ray analysis software, XRS-FP, processes
these “raw” spectra to obtain elemental peak areas that when divided by the acquisition time are known
as intensities (counts per second, c/s). These values can then be used to determine the elemental
concentration and/or sample thickness, using the so-called Fundamental Parameters (FP) method.
XREF is capable of analyzing most elements in the periodic table non-destructively, and is therefore one

of the most versatile analytical techniques currently available (Willis, Turner, & Pritchard, 2011).

The XRS-FP software consists of a main program that provides the user interface, and various
hardware input and output functions, together with at least two libraries (DLL’s) that provide the
spectrum processing and FP calculations. It runs on standard PC’s, and operating systems
(Windows 8, 7, Vista, XP, 98, etc.), with 512 MB RAM of memory.

Complete XRF analysis is possible, with or without standards, using an internal database of
fundamental parameters (FP) such as absorption coefficients, fluorescence vyields, transition
probabilities, etc., and complete modeling of detectors and sources. Spectrum processing libraries are
available for removing spectrum artifacts (escape and sum peaks), background and for various least-

squares peak-fitting models using synthetic Gaussian or experimental reference profiles.

The typical XRF “system” (Fig. 22 below) includes an x-ray source (either an x-ray tube or radioisotope)
and detector/electronics, together with a sample within a chamber, which can be evacuated or operated

in air. In addition, filters may be used with either the x-ray source and/or the

XRS-FP Software

Amplifier
and DPP

Figure 22. XRF “system”. Key components of an XRF instrument are shown above. This includes the source (x-ray tube or
radioisotope), the sample and sample holder, the detector, an amplifier and signal processor and a computer for data
acquisition, system control and for sample analysis using XRS-FP software.

detector. It is extremely important to know the geometry of your system and details about the

components before setting up the XRS-FP software and doing any calibration or analysis work.
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As briefly described above, the purpose of XRF analysis with FP is to convert elemental peak intensities
(see previous section) to elemental concentrations and/or film thicknesses. This is achieved typically
though a calibration step, where the XRF response function (related to parameters that are independent
of the sample matrix) for each element is measured using a known standard of some kind. In some
circumstances the analysis may be purely based upon theoretical equations, and the fundamental-
parameter database, without any need for a calibration step. This is possible for simple bulk materials
or single-layer films where the thickness is fixed, assuming the results can be normalized to 100%.

There are typically two steps in XRF analysis, whether or not the FP method is used. The first step is
to calibrate each element from one or several standards (called the FP “Calibration” step). The second
step is to produce the sample analysis of a given material, using the previously stored calibration
coefficients, and the FP-based algorithms given a definition of the sample (i.e., elements, layers, and

the distribution of the elements in the layers).
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