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Getting started with NIST DTSA-II

* Installing Java & DTSA-II
* Viewing and manipulating spectra

* Viewing reports
* Performing standards-based guantification
* Performing spectrum simulation

» Creating and calibrating a detector

Updated May 26, 2009 by
Microscipy Nicholas W. M. Ritchie
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Installing DTSA-II

 |nstall Java 1.6 or later (sorry, 1.5 doesn't work!)
* Download from http://java.com
 Download DTSA-II from http://nist.gov/dtsa

 DTSA-Il works on Windows XP and later, Apple OS-
X 10.5 and later, some recent Linux and Unix
distributions

e Installers are available for Windows & OS X

Microscipy


http://java.com/
http://nist.gov/dtsa
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NIST DISA=1I

=E =

M senitoite
FK-Lz, L3 W
’.ﬁ 20,000
O -
6 15,000 (@)
\ / 10,000 KLM
_ editor
)
AcCtIVe N |
detector. 4
20 0 2 4 . LI el L P L m
@ 0] 2,000 8,000 10,0
Sp@um| Repor‘tl Command & )
-Defal Detector ~Spectrum Properties ~KLM Lines )
|JM'S5UUF | v | Name |value | | KLines Element: ‘Temporary Lines ‘
Aluminum layer thickness 30 nm = & L - =
|Bruker 5 evieh | e | Aluminum window thickness 30 nm 0 ;-1 Ewes ‘ Selected Lines ‘
~Spectrurm List Azimuthal angle 175° = 7
si Beam energy 15 kew [ All Lines EI II' E| ‘ Clear All Lines ‘
Mao Dead layer 0.08 pm =
Tig Detector Bruker 5 eV/fch - FWHM[Mn Ka]=124.1e..|| = | [Composition
Detector area 40 mm= Element Weight % Atormic %
Bakz @) Detactor arientation [0.756%,-0.067,0.643] ” - ” ’ |
2L O Detect [-54.945,4,307,-34.281]
Q tor thickness 045 mm () |
Detector type \ Silicon Drift Detector O
tor wigdow /j Moxtek AP 3.3 ( Oracturer's table)
Sﬁeéﬁ‘um \ 40° f 5 QQ
Energy rt ) -488.8 eV (i
Energy ]j‘é 5.01 &vfchannel ="
Gold layer thickness 0nm /
Instrument L XA-8500F A
hene ” Al ” Clear ”\[TMﬁaﬁ—eNnclc-w;h{ckness 2.3 um 4 SpeCtrum

Detector area = 40 mm?2
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File Process Tools Help

25,000 —
M ecnitoite
FE-LZ, L3 Me-r:
’.ﬁ 20,000 _
oll-tz, 13 SiK-LZ, L3
m}
Report
tab
©5,000 c
5 10
O D ! WL Y I el L P L
1520 0 2,000 8,000 10,0

Spactrum | Report ‘ Cornrand &

DTSA-II

DTSA-II Version Andromeda
EPQ Version Andromeda
Operator nicholas
Date May 23, 2003

Session starting: 3:00:23 PM

Software update notification

# DT5AZ updated to revision Andromeda.
# The EPQ library updated to revision Andromeda.

Opening spectra from disk...

# Cpened 51

E

Based on the NIST Electron Probe Quantification library

Detector area = 40 mm?2

Lehigh

CrOSCHpPY
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You can review old reports in a web browser...
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NIST DISA=1I

File Process Tools Help

Shell Range
(&mu;m)
0K 2.0717
oL3 2.07957
51 K 2.0171
51 L3 2.0791
Ti K 1.75126
Ti L3 2.0735
Ti M5 2.07958
Ba L3 1.7197
Ba WS 2.0R464

25,000 .
M Eenitoite
FE-LZ, L3 Motz
’.ﬁ 20,000
- 'C‘b ﬂSi K-dea i
: 15,000
M tah Command Command
A4 10,000 I : ||St
% 5,000 c
5 10 ‘
15 20 fu] t A WL 4 DA I N e L i Tyl ol
0 2,000 2,000 5,000 8,000 P 10,0
Spectrum | Report| Comnéahd A | O
Open | Rerun Terminate O
s1 59 [~]|  getElement [~]
52 - Q getElements
=3 T
=4 BaFz getMac N
55 Benitoite getTransitionSet
ianizationRange(creataMaterial(),15.0) () - help :
CEEETEL: AR . ) ionizationRange
Description: Benitoite = [0(34.83 wot¥),51(20.38 wot¥),Ti({11.58 wothk),Bal(33.22 wat¥),2=100.00,3.6 g/cc] b
Beam enaergy: 15 keV J.array
Algorithm: Kanaya & Okayama 1972 javahrgs
P jio [+]

<[]

Python function:

Syntax:
ionizationRange(mat.e0,alg=epq.Elect
ronRange KanayaAndOkayamal972)
Ex: ionizatiegRange(createMaterial(),
30.0)
Tablulates@mean electron

range for each eln the sample ||
and each excitable

Detector area = 40 mm?2

i
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NIST DISA=1I

File Process Tools Help

25,000 —
M ecnitoite
FK-LZ, L3 [
,ﬁ‘ 20,000
olk-Lz, L3
: 15,000

v&r 10,000
m; .

Sik-LZ, L3

5,000
A list of asvaﬂaable
spectra. 20 LW —
2l 0] 2,000 2.000 10,0

Spectrum| Repor‘tl Command F..‘

—Detector ~Spectrum Properties ~KLM Lines

|JXA-8500F v || |[Name |value | [ KLines Element: Temporary Lines
Aluminum layer thickness 30 nm ~ : -

Bruker 5 evich w : _ : —i| | & L Lines _
| ruker 5 evic | | Aluminum window thickness 30 nm O ;-1 ¥ Selected Lines
~Spectrum List Azimuthal angle 175¢ — |r1es

o Beam energy 15 kev/ O &” Lines EI II' E| Clear All Lines

i

Mao Dead layer 0.08 pm =
Tig Detector Bruker 5 eV/fch - FWHM[Mn Ka]=124.1e..|| = | [Composition

BaF? CISHEEDT FEE 40 mm?= — Element ||WEight %a ||Atomic % |

° ) Detector orientation [0.763,-0.067,0.643]
BERESIE - Detector position [-54.945,4,807,-34.281]
L Q Detect?r thickfess 0.45 mm () | o
Select no Se|eCt§9Wé°OtEFm_Ore D SlllccnkDrlft Detectorf —
di et]ector.wmiﬁm Moxtek AP 3.3 (manufacturer's table)
spectra to display,in the 40° ]
spectruny display 488.8 eV
d nergy scale o~ 5.01 evjchannel
i ickness 0 nm L

= Instrument XA-8500F

‘ Mone H Al H Clearo‘ [Moxtek window thickness 3.3 um (
|

The spectrum properties
[ C represent those properties in
Clear selected common to all selected spectra.

spectra from
memory

Detector area = 40 nd®

-

Select all
spectra

. Lehigh
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Counts axis
. DTSA=IT =B
“Eile Process Tools k\ (Ilnear or Iog) v : -

25,000 .
,-’\\ W M eenitoite
i SL M a2
@)

Energy axis

Sik-LZ, L3

- - Off-Lz, L3 o Q

r

‘} 15,000 = - (eV)

M O

YT 10,000 B

e

- O

T o] Spectra
- D names
15 20 o2 S = and colors

Spectrum | Report | Command ™
Default Detector

KLM Lines

JXA-8500F S eCtru m Value K Lines Element: Temporary Lines
Bruker 5 eWfch p I o j e B lected Li
30 nm - a Selected Lines

Spectrum List too bar 175° S L||.‘|:s

: 15 kev All Lines
Si S ke Al
Mao 0.08 um -
Ti T Bruker 5 eVfch - FWHM[Mn Ka]=124.1e... Composition

: 10 mim2 = =
BaF2 — - Elerment Weight % Atomic %
Benitoite

0.45 mm

Silicon Drift Detector
Detector window Moxtek AP 3.2 (manufacturer's table)
Elevation 40°

-488,8 2V
5.01 evfchannel
)i 0 nm
Instrument JXA-8500F
L Al Clear Moxtek window thickness 3.3 pm

Detector area = 40 mm?2

. Lehigh Right click in the spectum window to display a popup menu.
Microscipy J P Piay @ poplip

School



File  Process

1=
o
I
o

Save spectrum display as a
PNG bitmap or as a gnuplot scrip

3’ Copy

Save

Print spectra as displayed

Print — g

. Zoom to all
tihi'iij Zoom in 2 ¥
e Zooming x \/

5 10 lj\/’ |
N b | Zoomoutzx o R T

Select linear, log or square root
counts axis scaling.

15 20 ml |
Zoom out 5 X < >
Spectrum | Report | Command ordinate Scale »
Default Detector Spectrum F'r-:-|:-e|‘tia? Spectrum Comparison > e i
— <~ _—{Specify how to scale spectra 5
JXA-8500F v ||| |Name KLM Labels » p ) P
Bruker 5 evich - f*_:u_uﬂ?nu_u‘n |al;.-'e-r-thi$ Create an RO — I‘elatlve to eaCh Other.
Alurninurm window thi — St

W Lines

)

Spectrum List Azimuthal angle [1T5D>

< Beam —I-IT-I-I_'-;I:." 1@

Specify how KLM

g0 Dea I 0.03 :
;'] i Specify a ROl by dle lines are labeled. ———
sare E:-ztz-'t-;-rjri_;l‘wtati-:-n typlng lower and Uuppe - e

Benitoite or position

=ctor thickness
or type Silican Drift Detector

energy limits

D or window Maxtek AP 3.3 (manufacturer's table)
Elevation 40°
Energy offset -488.8 eV
argy scale 5.01 evfchannel
Gold layer thickness 0 nm
Instrument [XA-8500F
None Al Clear Moxtek window thickness 2.3 um

Detector area = 40 mm?

Lehigh

Microsc y Right click over the spectrum to display a popup menu.

School
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ertical zoominb

NISTDTSASIT

SR

20,000

Default Detat

JXA-8500F

MName

Alurminum laye
Alupsiaurm wind©

O tO 5 keV Dead |ay‘jr . C>15
Detector
Detecto

Detactgr orientation
Be r_\,.i ; position

gr thickness

e

dow

¥ scale
Gold layer thickness
Instrument
Moxtek window thickness

Clear

MNone Al

Detector area = 40 mm?2

===

ertical zoominb

M Ecnitoite

M2

Value
0D ~
30 nm
175*
15 kev Q\
0.08 um
Eruker 5 eVjfch -

40 mm?
[0.763,-0.067,0.643]
[-54.945,4,807,-34,281]

Klines Element:

Ba

Weight %

XA-8500F
3.3 um v

Termporary Lines
Selected Lines

Clear All Lines

Atomic %

. Lehigh
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Specify the default

= J“;\?\instrument to associag/ o
File Process Tools Help W|th Spectra

25,000 =
M ecnitoite

e

20,000

15,000

. / ~Default Detector

/ |IXA-8500F = v
5,000’/’
. J&lﬁ% R |Erulcer 5 eVfch © = |

5 |
B 0 ¢ ) 5,000 10.C

YEctrum | Report | Command ™

Default Detector Spectrum Properties
|Jm_g5[]g|: | W | MName Temporary Lines
Aluminum |ayepiame=t: 2
W .
|Bruker 5 evych | | T window thickness 30 nm SpeCIfy the dEfaUIt Selected Lines
Spectrum List Azimuthal angle 175° '
- Beam energy 15 k; deteCtor to aSSOCIa e Clear All Lines
Si == SNETH) B
~ Dead layer 0.08 pm 1
!‘:-._Iu Detector Bruker 5 eVjch - F Wlth SpeCtra
[ - .
T Detectorares Somme dight % Atornic %
= o Detector orientation [0.763,-0.067,0.643] :
Benitoite Detector position [-54.945,4,307,-34,251]
Detector thickness 0.45 mm
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's table)
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 evfchannel
Gold layer thickness 0 nm
Instrument XA-8500F
MNone Al Clear Maxtek window thickness 2.2 um

Detector area = 40 mm?2

. Lehigh When spectra are read from disk, they are assumed to have
Microscipy been measured on the default detector.

School



ROI propertie

e © NISTDTSA=IT =1 E20| =T
File Process Tools Help )
5,000 o
Ellow] = 1,714 eV ! M Eecnitoite
Efhigh] = 1,833 eV 12,13 : W
Delta = 115 ov lick-and-drag to select a
4,0001253958 Benitoite F
P il region-of-interest (ROI
qQ
et >
()
Sum counts A} [
l jBa
T 0 | ; ©5i K-M3. M2 Tba L3-8 L2-h - -
N u} 2,000 4,000 5,000 5,000 10.C
Spectrum | Report | Cormmand &
Default Detector Spectrum Properties KLM Lines
JXA-8500F v ||| |Name value KLines Element: Ternpaorary Lines
Bruker 5 evich o »'-.~.||_IIT|!I1LII11 Ia.;.-'—:-rthl-:k.:n—:-ss 3 nm (N L Lines - S
Alurninum window thickness 30 nm A Line Ba Selected Lines
Spectrum List Azimuthal angle 175° = ”.-"S
Si Esam snergy 15 kev All Lines
MaO 0.08 um -
= = Bruker 5 eVfch - FWHM[Mn Ka]=124.1e... Composition
[ ™ z . :
BaE2 : : 4T i Element Weight % Atomic %
- orientation [0.763.-
Benitoite position [-54.945,4
Detector thickness 0.45 mm
Detector type Silicon Drift Detector
D or window Moxtek AP 3.3 (manufacturer's table)
Elevation
Energy offset 5 ey
) 5cale =\/fchannel
rthickness
i Instrument XA-8500F
MNone Al Clear Maxtek window thickness 2.2 um
Detector area = 40 mm?

. Lehigh Right click in the ROI properties window to copy the
Microscipy text to the clipboard.

School



. NIST DTSA-II L) 34

File Process Tools Help

. Benitoite

Me-r:

ik-Lz, L3

Eliminate all
defined ROIs.

Zoom to
full spectrum

— Perform a background
¥ Clear regions = corrected peak integratic
Count events — on all defined ROIs

Zoom to region -

e L "
Ba L3 O M\r\ - i

f Zoom to all
o4
(@)

15 20 ] Copy Region(s) To Clipboard .
0 - 00 Zoom the energy axis 10.C
Spectrum | Report | Command & O to display the energie
Default Detector ctrum Properties covered by the ' ROls
JXA-8500F Value KLlines Element: Tempaorary Lines
Bruker 5 m layer thickness 30 nm A @/ L Lines -
S Copy the Spectrum window thickness 30 nm K1 Lines =E) Selected Lines
Spec : angle 175° — "
B data In the ROIS Oy 15 ke All Lines | ¢ 4 Clear All Lines
5 : B -
o to the clipboard 0.08 pm —
'I:' - as text cEC Bruker 5 evfch - FWHM[Mn Ka]=124.1e... Compaosition
[ . o =
BaE2 LI ares GL (i Element Weight % Atomic %
- Jetector orientation [0.763,-0.067,0.643]
Benitoite Detector position [-54.945,4.807,-34.281]
Detector thickness 0.45 mm
Detector type Silican Drift Detector
Detector window Maxtek AP 3.3 (manufacturer's table)
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 evfchannel
Gold layer thickness 0nm
- Instrument [XA-8500F
None All Clear Moxtek window thickness 2.3 um

Detector area = 40 mm?

Lehigh

Microscﬁ)g)y Right click over a ROI to display a popup menu.

School



Open a spectrum
from a disk file N

File | Process Tools HE|M
Open i (J s Reopen ﬁ‘] report M eenitoite
E K 2| B3l i K-L i
TrEm fEmn = - = from dis —
Save As S
Bulk rename T b
Import from CSV ”f\/\/\/
Batch export > Save the selected spe
. ¢ to EMSA or text form
Import into database
Search database 0 \—)\_/\
Print >
Preferences f—
Exit ¢ 2 o [T VTR
S T — ; ?%é%ﬁ =ME, M2 = 1 T |5 0nd | B R - =
0 2,000 cUit appitation 000 5,000 10,C
Spectrum  Report | Command & preferences including ~
~Default Detector ~Spectrum Propeﬁ*iefi detectors ~KLM Lines
|JXA—85[]UF | v ||| |Name \—/\\Wﬁﬂ‘ﬁ/ | [ KLines Element: Temporary Lines ‘
Aluminum layer thickness 30 nm ~ : - = -
Bruker 5 eVfch v _ : : —{| | & L Lines :
| ruker S evic | | Aluminum window thickness 30 nm O ;-1 ¥ Selected Lines ‘
~Spectrurm List Azimuthal angle 175° =
si Beam energy 15 kew [ All Lines EI II' E| Clear All Lines ‘
Mao Dead layer 0.08 pm =
Tig Detector Bruker 5 eV/fch - FWHM[Mn Ka]=124.1e..|| = | [Composition
BaE2 Detactor area 40 mm?= Element ||WEight % ||Atomic % |
° Detector orientation [0.763,-0.067,0.643]
Benitoite Detector position [-54.945,4.807,-34.281]
Detector thickness 0.45 mm |
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's table)
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 evjchannel
Gold layer thickness 0 nm
Instrument XA-8500F
Mone H Al H Clear | [Moxtek window thickness 2.3 um [~]
Detector area = 40 mm?

. Lehigh

Microscipy The File menu

School



Supports EMSA 1.0, old DTSA, IXRF, Emispec, ASPEX TIFF, Radiant and EDAX spectra files’

" Not all files of all types are supported

E NIST DTSA-II [=][a][x]

File  Process

5,5

’.ﬁ 4,

Open spectrum fles...

M Eecnitoite

M ear2
MNew Folder| Delete File | Rename Fi|e|

|fh0mefnicholasfSpectraﬂXA—SSUUFfGMIIIA 15 keV/[Extra stds | ~ |

0 |Folgers | |Ei|es |
3 J [~] [al.msa s
* o Al203.msa z
BaF2.msa
"’#’ 2 “|Benitoite.msa
Eenitoite_100k.msa
v Eenitoite_10k.msa
L Eenitoite_lk.msa
- toi -
= 10 [+ [Eenitoita_1m.msa [¥]
Selection: fhome/nicholas/SpectrajXA-8500F/GMIIA 15 keW/Extra stds
15 20
|Benit0ite.msa | 10,0
Spectrum Rep Filtar:
~Default Detectg [Common spectrum file [+

J*A-8500F mporary Lines ‘
Bruker 5 evjch

i B cenitoite elected Lines ‘
~Spectrum List—| —
Si 15,000 Clear All Lines ‘

! .

MgO
Ti

BaF2 10,000 Atomic %

Benitoite
/JL“J O

5,000

D . P .. P . .
o] 2,000 10,000 15,000 20,0
O | oK ‘ ‘ Cancel
MNone |r
. TS T e — =T
Detector area = 40 mm? \
Spectrum

Lehigh preview window

Microscipy

School

File open dialog



Fit the Bremsstrahlung
background

File | Process | Tools Help Smooth the

ﬁ Sub-sample spectrum — - Spectrum dat ) M ecnitoite
. — |3 ik-L2, L3
Fit background I M ear2
Linearize energy axis
A = -
Smooth (Savitzky-Golay) <
Trim
Peak search
&7 2,0001  fed)l Identify ranges of
hannels with peaks
% 1,000
5 10 l Bal-puh
e 0 | ; ©5i K-M3. M2 Dba (3ripd L2-m] - -
u} 2,000 4,000 5,000 5,000 10.C
Spectrum| Repor‘tl Command F,..‘
~Default Detector ~Spectrum Properties ~KLM Lines
[JM'SWUF | "| Name |value | | [ KLines Element: Temporary Lines
Aluminum layer thickness 30 nm ~ : -
Bruker 5 eVfch v _ : : —{| | & L Lines :
[ ruker 5 evic | | Aluminum window thickness 30 nm 0 ;.1 i Selected Lines
~Spectrum List Azimuthal angle 175° =t |r1es
si Beam energy 15 kew [ All Lines II' Clear All Lines
i
Mao Dead layer 0.08 pm =
T,g Detector Bruker 5 eV/fch - FWHM[Mn Ka]=124.1e..|| = | [Composition
[
BaE2 CEIRTEEEE 4T e Element ||WEight % ||Atomic % |
° Detector orientation [0.763,-0.067,0.643]
Benitoite Detector position [-54.945,4,307,-34,251]
Detector thickness 0.45 mm L 5
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's table)
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 evjchannel
Gold layer thickness 0 nm
Instrument XA-3500F
‘ None H Al H Clear ‘ [Moxtek window thickness 2.3 um
Detector area = 40 mm?

Lehigh

Microsexpy

School



File  Process

Tools | Help

Edit the properties of the
selected spectra

Specify the composition of

2,0 - . n . o
ﬁ Edit spectrum properties ; the m ierl‘al from Wthh the =ge'r:1|2tmte
Assign material 4
- selected spe
" 4,0 Quantification alien =
F2 %
Simulation alien —
0 Calibration alien ©
3’b Report note D)
v&r 2,000 c
5 10
] tlgxtzg]ote o ; OS5 K-M3. M2 - -
0] 2,000 4,000 6,000 8,000 10,0
end of the
SRe oKX | CopAmand &
St report ™ , | |
Detaul Detector/ ~Spectrum Properties ~KLM Lines
|Jx’“-‘3500f\/ | v| Name |value | | KLines Element: Temporary Lines
Aluminum layer thickness 30 nm ~ : -

5 avich v ! : : —| | & L Lines _
H\E‘ruker/ evie | | Alurninurn window thickness 30 nm O i Selected Lines
~Spectrum List Azimuthal angle 175° e

si Beam energy 15 kew [ All Lines EI II' E| Clear All Lines
Mao Dead layer 0.08 pm =
Tig Detector Bruker 5 eV/fch - FWHM[Mn Ka]=124.1e..|| = | [Composition
BaE2 Detector area 40 mm?= Element ||WEight % ||Atomic % |
° Detector orientation [0.763,-0.067,0.643]
Benitoite Detector position [-54.945,4.807,-34.281]
Detector thickness 0.45 mm L 5
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's table)
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 evjchannel
Gold layer thickness 0 nm
Instrument XA-3500F
‘ None H Al H Clear ‘ [Moxtek window thickness 2.3 um [~]

Detector area = 40 mm?2

. Lehigh

Microscipy

School
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NIST DTSA-II

Specify the instrument, detector and

Detector area = 40 mm?2

File Process Tools Help PR . N T
*.:\ (J T tne detector calibration forti |Ci%|‘$§tfee\(
7'y 0 k-2, L3 ik-Lz, L3 aL3-M5 spectra
N 2,000
O
‘\'
(P 2,000 Conditions | Description
' S The beam energy at
g Instrument .
¢ which the spectra were
instrument |JXA-8500F v
: 1,000 collected.
F Detector |Bruker 5 evch | v |
5 10 Calibration |FWHM[Mn Kal=124.1 eV - Jul 29, .., | ~ | |1
5 20 o oSiff | Instrument parameters O [ e e |
0] 2,0 8,000 10,0
Eesam energy _ kv O .
Spectrum | Report | Command & EN pecify at least one probe curr
p
Default Detector Spectrum P Probe current (before) = «Lv LiQE after. Measure the prOb(
|Jm-8500F | v| |Name Probe current (after) nA = Lindd) |t9 an |n IenS Wrre‘rmjme1
Acquisition R - farada cup and picoamr
|E|ruker5 evfch | v| Frp—— Live tirme secords— f L '—".7 5 y P cele tp| Lines
Spectrum List A"Jmi”l:”;' Working distance : mm —
- Azimuthal a
Si
Beam energ
MgO 1
) Dead layer J
TI . . -, . .
BaF2 Detector : Elerment Spemi&fhtme acquisition live
< Detector arg 1
Tonni e (not clock or real tim
Detector po | ok | |®| 1
Detectar thi
Detector type Silicon Ot Detector
Detector window Moxtek AP 3.3 (manufacturer's tahfz)
Display name Eenitoite /
Duane-Hunt 14.92 ke\/ . i . i
Elevation 10° ptionally specify the working distance
Energy offset -488.8 eV r fr h EM f | len
MNone || Al || Clear Energy scale 5.01 ev/channel f\iead Om the S ocal leng
{

v_\

ent — before
2 current

erora —

meter.

Lehigh

M1crosc

Py

School

The spectrum properties dialog
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File Process Tools Help

*‘:\\ | | M eenitoite
Specify a name
A 2000 for the material
O T~ : .
) ) atomic fraction
i " >
[\.\\ 2,000 /\< . - fim Assign materia C s
. Specify a density Maberial —
‘ in I‘amS per = Name |Enter material name here | |a| O
4 1/60 i C > —
F cubi Ie %t%r - Ogensity glem? (optional) C
- - Mode =
15 20 ] 5 i P YN ® weight Fractions () Atomic Proportions N —
0 2,000 wdale] 5,000 1a.c
Spectrum | ReperSorfmanc Your elements will appear here
Default Defector Spectrum Properties K(M Lines
3o Enter amounts of

<Elements and amounts
will display here:asiion ime

Alumln ayer thickne

Spectrurt Alurnidurn window thickd Element: I:I Quantity: |100% E >

< glerments here™ " -

-.-" L Lines )
v Ba Sele-;te-:l Lineg

s Azimuthal angle > -
:‘:go ? '; & CLE| |ieéi| |ﬂ|© D) Composition
etecjor

sight %

r'the element list”

lerme

sap7 ENter element name% A ———

; etecty D) Ok Cancel

BeNiogtr abbreviations heresstzc¢r orientation | = C:)' |
etector position [-54.945,4.807-31°381]

Detector thickness 0.45 mm

Detector t}fpe Silicon Drift Detector
Moxtek AP/2.2 (manufacturer's table) \)

Jenito= Delete the elements

|s;:|a\ name

bltﬁcddtatn element and
Elevation . A
Energy -:-ffseguantlty \/@88.8 eV —
MNone || Al || Clear S\&

ergy scale 5.01 eVchannel -
5 — =

Detector area = 40 mm?2

Lehigh

MlCI‘OSCa)fg)y The material editor dialog

School



Mode 1: Parse a chemical formula The search button

i~ Assign materia = >
Material — >
Name |BaTisi309 Qs
Density - ngcrn3 {optional) R
o Mode 2: Search the material database
ode
® Weight Fractions () Atomic Proportions e Assign materia =
Material —
0 34.828% by weight Name |Elenitoite ||Q|
Si 20.3791% by weight - ——

Ti  11.5776% by weight Density g/em’ (optional)

Ba  33.2153% by weight Mode 3: Manual entry

Mode
, ® Weight Fractions () Atomic Proportions r Assign materid LX]
Material
O 34.828% by waight MName |Benitoite Q,
|Add | | Delete | | Clear Si 20.3791% by weight - | | Q

Ti  11.5776% by weight Density g/cm® (optional)

| ok | | cancel | Ba 33.2153% by weight Mode

(® ‘Weight Fractions () Atomic Proportions
. . Elerment: Quantity: |-0%
Enter a simple or complex chemical D Y

formula and press the search button.

Ba 323.21% by weight

504 [psee] [ gea

| ok | | Cancel |

- Enter a name and press the search button B Quantity:
- User entered compositions are automatically |E| |W| |T|
added to the material database. El Rl N St

| Ok | | Cancel |

Add each element as weight fractions
or atomic proportions using the
Element and Quantity edit boxes and
the Add button.

Lehigh

Microscipy

School

Input modes for the material editor dialog
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Measuring Composition

 What you need...

v A spectrum collected from the unknown material
« A list of elements in the unknown

v A standard spectrum for each element in the

unknown (one standard can represent multiple
elements)

* What you might need...

v A reference spectrum for certain elements in the
unknown

Microscipy
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Measuring Composition

* What you need to know...

* For the unknown spectrum and each standard

v The probe current (in pA or nA)
v The acquisition live time (in seconds)
v The beam energy (in eV or keV)

* For the standards
v The composition of the standard material

Microscipy
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What Is a standard?

« A standard spectrum is a spectrum collected from
a material of known composition

e Must be collected under the same measurement
conditions as the unknown

v Beam energy
v Working distance
« Detector parameters

« Should be a high guality spectrum (many counts)

 The ideal standard is of similar composition to the
unknown

» Likely to provide the most accurate results

Microscipy



What Is a reference?

« A reference spectrum Is a spectrum that provides the
unobstructed shape information about a set of
characteristic x-ray lines for an element

» A reference should be collected under similar conditions as
the unknown but references are less susceptible to moderate
changes in conditions

+ Should be a high quality spectrum (many counts)

« References are required when the characteristic lines
from one element represented in a standard spectrum
are obstructed by lines from an other element.

v Otherwise the standard can act as a reference

Microscipy



NIST DISA=NI

File Process | Tools | Help

é Edit spectrum properties M Eenitoite
Assign material
Quantification alien .
A i T—— = > Step 2: From the Tools menu,
: Calibration alien select the “Quantification Alie
Report note
* 10,000
5
v 5,000
- w VWJ nghllght the spectrum
0 2,00 4,000 5,000 3,000 7 10,000 12,000 14,000 165,000 15,000 20,C
Spectrum|Report| Command F—|
Default Detector ﬁproperﬂes KLM Lines
|JXA—8500F | V| ||\.-'a|ue | ™ O K Lines Element: Temporary Lines
|Bruker 5 evych é Acqm_mtlon time : T/29/08 11:14 AM | L Lines :
: Aluminum layer thickness 30 nm (] M Lines Selected Lines
Spectrum List Alurninum window thickness 30 nm = EIEI El i
et — Azimuthal angle 175° =| [ AllLines Clear All Lines
Beam energy 15 ke . . L
Microanalytical Composition
Dead layer 0.08 pm
Detector Bruker 5 evjch - FWHM[Mn Kal=124.1 ...|| | |Elerment | weight % |atomicws |
Detector area 40 mm? — ||oxygen 35.26 £ 0.06 |64.82 + 0.16
Detector arientation [0.763,-0.067,0.643] Barium 34,40 +0.14  |7.37 + 0.03
Detector position [-54.945,4.807,-34.281] Silicon 19.72 + 0.03  |20.65 = 0.05
Detector thickness 0.45 mm Titanium 1166 =007 |7.16 = 0.04
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's table)
Display name Benitoite
Duane-Hunt 14.92 keV
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 eVfchannel
| MNone ” All ” Clear Gold layer thickness 0nm c

Welcome to NIST DTSA-I - Andromeda A revision

. Lehigh

Microscipy

School
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File Process Tools Help

NIST DTSA-II

Step 3: Select “Determine the

) S EIEY

composition of an ‘unknown M Eenitoite
ﬁ spectrum by MLLSQ fitting
”
A 1s000 to standards
* 10,000 Quantification Alien
. First page
v fcat -
- 000 Select a quantification mode
¥ Next: Specify the instrument
> -
15 20 ] Select the mode which best describes the operation you wish to perform. The mode you oo 158,000 20,0
| select will determine what information you will be asked to provide and what infarmation will
Spectrum|Report| Command ¥ be computed. D
Default Detector
| @® Determine the composition of an 'unknown' spectrum by MLLSQ fitting to standards ]
JXA-8500F _ _ N ) ent: ‘ Temporary Lines ‘
| m h ) Determine the composition from k-ratios -
Bruker 5 evfc _ o _ _ .
- Determine the composition of an 'unknown' spectrum by fitting using a simplex method H ‘ Selected Lines ‘
Spectrum List ) —_————
Estimate measured k-ratios from composition D El ‘ Clear All Lines ‘
Benitoite —
mposition
sight % ||Atomic % |
Message: Select an analysis mode. Mare... E25+006 |64.82+0.16
B40 =014 |7.37 £0.03
Eacl | [ext | Finish | Cancel b 72 +0.03 |20.65 = 0.05
== J1B6 =007 |7.16 £0.04
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer! le)
Display name Benitoite <
Duane-Hunt 14.92 keV IR
Elevation 40°
Energy offset -488.8 e\a’/i . ' .
Energy scale 5.01 ef/channel Click 'Next' to proceed to
None || All || Clear Gold layer thickness 0 nm the next Step_
X

Welcome to NIST DTSA-I - Andromeda A revision

CrosSGHy

School




- NIST DTSA-II [=[a][x]

:7‘\_
File Process Tools Help

M Eenitoite
e

A 15,000

Quantification Alien

10,000

Specify the instrument you selected in s

¥ 5,000
5 10
ol e >

Speciy standard sgectrs

15 20 0 Instrument DDCI = '1'8"000 ] 20,.C
: Acquired on the |[XA-8500F v | C >
Spectrum|Report Command ¥ B |J | |
Default Detector Detector —
|JXA—8500F using the |Elruker 5 evfch | ~ | Th b m
i hrati € peam:-ener i -
[Bruker 5 evich with calibration |FWHM[Mn Ka]=124.1 eV - Jul 2... | ¥ read frofm the SPECtsume es
P Setting .
Spectrum List ;
ou selected instep 0., . )
— at 3 beamn energy of |15.0 leehs, C)O y ttear Al Lines,
Benitorte
aight % | atomic % |
Message: Maore... 5.26 + 0.06 |64.82 * 0.16
— @40 =x=0.,14 7.37 £ 0.03
Back || [ext | Finish | Cancel b 72 +0.03 |20.65 = 0.05
1,66 = 0,07 7.16 £ 0,04
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's tahle)
Display name Benitoite
Duane-Hunt 14.92 ke\/
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 eVfchannel
MNone || All || Clear Gold layer thickness 0nm v

Welcome to NIST DTSA-I - Andromeda A revision

. Lehigh You may change these values but it is unlikely
Microscypy that it is a good idea.

School



B NIST DTSA-II [=[a][x]
File Process Tools Help
ﬁ M Benitoite
,ﬁ 15,000
Mg 10000 Quantification Alien Spectrum from a disk@
‘f Previous: Speciy the instrument ~w7
000 %‘& Specify standard spectra —
¥ MNext: Specify unmeasured efements I

— >—Spectrum from a database
_C—  (Advanced)
‘[D 13,000 20,0

= 10 [JJ
15 20 DCI |Spectrum ||E|ements ||Probe (na) ||Li\.re time ||C0mpositi0n | | File.. | =
— 1 <1
Spectrum|Report| Command H |%IC>
—=
Default Detector | S —— |O<:> Remove selected
|JXA—8500F | Clear |C> | [ent: Tempcstandards
|Bruker 5 evfch T N i
Spectrum List PE—
Properties D
Benitoite |7| ard
— Mp oSt
Q aight % ||Atomic %o |
Message: Specify standard spectra and the associated elements and compo... | More, . \525 + 006 |g4.82 +0.16
— B.40+014 737 +0.03
Back | Next | Finish | 0.72 + 003 |20.65 = 0.05
————H667 007 |6 0.04

Detector type Silicon Drift Detector e s

Detector window Moxtek AP 3.3 (manufacturer/é table)

Display name Benitoite . .

- 14,92 kaV Edit the spectrum properties of

Elevation a0° the selected standard spectra.

Energy offset -488.8 eV

Energy scale 5.01 eVfchannel

MNone || All || Clear Gold layer thickness 0nm —

Welcome to NIST DTSA-I - Andromeda A revision

Lehigh
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School

We'll select standards from files on disk.
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File Process Tools Help

a Open'a spectrum M Benitoite
Wew Falder || Delete File /WV—\\\
2 o : ‘Select one or more of |
|fhomejnlcholasfSpectrafJXA-SSOOFfGM A 15 keW/Extra stds th t d d ¢
e Standard spectra. s
|F0|ders | |Ei|es ¥<_
10 g 2 Nacl.msa [a]
i N NaF.msa < >
"#' _F Pb.msa < >
5 Si.msa —
¥ Timsa H
5 10 E Zn.msa
Selection: jhome/nicholas/Spectra/[xA-8500F/GMIIA 15 ke\jExtra stds .
15 20 hoo 20.C
e |BaF2.msa |
Spectrum |Rep .
Default Detect Filter:
(Al Files | v|
JXA-B500F mporary Lines
Bruker 5 evic elected Lines
Spectrum List Lo ME:r2
— B Mgo ear All Lines
Benitoite 100,000 Wi
M
80,000 Ktormic %
4,82 0,16
60,000 37 0,03
5 EE 0.65 = 0.05
! 16 = 0,04
20,000
0 . e —
0 5,000 10,000 15,000
| oK | | Cancel
Mone F All || Clear | !Gold layer thickness !O nm ! |

NIST DTSA-II

S EIEY

Welcome to NIST DTSA-I - Andromeda A revision

CHPY

School
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File Process Tools Help

NIST DTSA-II

M Eenitoite

&
,‘& 15,000
10,000 R Quantification Alien — The element or elements
with which to associate
‘3;: Prev@Specﬂjf the ipstrument thlc Spectrum
000 .%‘& Specify standard spectra |
.- Select the element(s) for which'Si'is a reference.  [x]
5 10 - Silicon - Selected o
15 20 % [Spectrum_| ) 58 ) OIFNg | Fie. | oo 18000 20,
Na Mg Als e el A L | J J
SF’EC”“F”|F‘EF’°rt Command K Ca|se] 771 v [Cr) M (Fe) [Ce) TN 'Cul Zn) Ga| (Ge, (As| 'Se) (Br| (Kr] |—————
B E PETEET Rb) (Sr] (] "Zr| INB Mg (Tc| ‘Ru) [RA Pd) Ag| [Cd () [Sri 'Sb| Te] T Xe] | Remove |
| xA-8500F g E_a THf| Ta] W) Re] [Cs| (| "PE| ‘A Hg) 'TT) Pb) "Bi] [Po [At] Rn W| ot ‘ Temporary Lines ‘
[Bruker 5 evych 'L 6P| d P 5 ‘£ 54 7B, Dy o €| Trmi Vb L1 H || selectedtines |
Spectrum List "Ad| Th Pal U] Np ‘P A Cri 8K 'C'Es P Md Wo Tr | e —
Properties | D El ‘ Clear &ll Lines ‘
Benitoite — —
mposition
sight % | Atomic % |
Message: Specify standard spectra and the associated elements and compo... | More. . E25+006 |64.82+0.16
140 =014 |7.37 £ 0.03
Back || [ext | Finish | Cancel b 72 +0.03 |20.65 = 0.05
<166 007 |7.16x0.04
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's tahble)
Display name Benitoite
Duane-Hunt 14.92 keV
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 eVfchannel
MNone || All || Clear Gold layer thickness 0nm v

Welcome to NIST DTSA-I - Andromeda A revision

Lehigh
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School

For each spectrum, you will be asked to specify which elements are associated
with which spectrum. A spectrum may act as a standard for multiple elements.



B NIST DTSA-II

The name of the

/I'he composition of the

material from wWhigh®"
this standard spectrum

The element or elements
with which this

spectrum spectrum is associated. was collected. This is
guessed from the contents
£ of the “Elements” column
I o || )
vE7 i Previous: Speciy the mse‘m UJ
= 5 000 Specify standard spectra
MNext: Speciy Unmessuenrs
5 10 w ) -
15 20 ] WV |Spectrum |Elements [ Probe (nA) |Live time | Composition | | File.. | . R .
¢ Si Si 2.500 59.4 Pure silicon — poe 18.000 20t
Spectrum|Report Command H Mgo o 2,500 59.3 Mgo |M|
Default Detectar Ti Ti 2.500 59.4 Pure titanium
Bar2 Ba 2,500 59.4 Basod O |m| M
|JXA—8500F O ant: Temporary Lines
|Elruker 5 evfch _ :

H .. Selected, 5 5
=0 O omposition of g BaF2' was
S ssed incorrectly:- We'll

~need to fix this!
O eight % Atomic %
Message: 5.26 = 006 .82 + 0.1 N
- B.40 = 0,14 1737=003
Back \ Next | | cancel 9.72 =003 |20.65 = 0.05
<166 007 |7.16x0.04
%ectc-r type silicon Drift Detectoy
tector wigdow Moytek AP 3.3 (mapufacturer's table)
Display n;rbe_probe CurrenF amnc-ite /{
ouane-Hunt  [ive time for this 14.92 kev |
Elevation 10°
Energy c-f‘fse?tandard SpeCtrurn—l'alBB.B e\/
Energy scale 5.01 eVfchaprel
MNone || All || Clear | Saold layer thickness 0nm v

Welcome to NIST DTSA-I - Andromeda A revision

Lehigh
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School

You may also be asked to specify the probe current or the live
time if this information is not specified in the spectrum file.



B NIST DTSA-II [=[a][x]

File Process Tools Help

ﬁ M Eenitoite

N 15,000

* 10,000 Quantification Alien
& Previous: pecly T @ ¢Gmposition items are drop-down
5 000 Specify standard spectra lists. Select the correct composition
¥ Next: specity unmeasur=ofremrthe list or select “New material”
5 10 w if the correct composition is not listed.
15 20 o} |Spectrum |Elernents [ Probe (na) |Live time | Composition We” " A I I ||
¢ Si Si 2,500 59.4 Pure silicon — /w st
Spectrum|Repm| Command A MgQ 0 2,500 59.3 Mgo Data
Default Detectar Ti Ti 2.500 59.4 Pure titanium | A
BaF2 Ba 2500 59.4 [Basoa [™| eme S
|JXA—8500F BaS04 | | ent: ‘ Temporary Lines ‘
|Bruker 5 evjch BaF2 > E ‘ Selected Lines ‘
Spectrum List i I —_————
BaTiSizog | Properties| D E| ‘ Clear All Lines ‘
Benitoite MNew material D —_
— mposition
aight % | atomic % |
Message: Mare. .. 5.26 + 0,06 |54,82* 0,15
——— ¢ 14D+ 014 [7.37*0.03
Back || Mext | Finish | Cancel b72 =0.03 |20.65 + 0.05
TEE%007 |7.15°= 0.04
Detector type Silicon Drift Detector /l/
Detector window Moxtek AP 3.3 (manufacturer's taﬂel{YOU can Update the prObe current
Display name Benitoite C or live time using the propertie
Duane-Hunt 14.92 keV
Elevation 40° C button.
Energy offset -488.8 eV
Energy scale 5.01 eVfchannel
MNone || All || Clear Gold layer thickness 0nm

Welcome to NIST DTSA-I - Andromeda A revision

Lehigh

MICI’OS(%)y The “New material” option brings up the “material editor dialog.”

School



™ NIST DTSA-II (=)[a]x]

File Process Tools Help

*‘:\ M Eenitoite

A

A
- 15,000

No extra element means
that we've provided standards

S
<

~ 7 N

fq 1000 for all eIeMéh’féJfﬂjthé ‘material.
vEF rence means
. . %‘& Specify unmeasured, $sing mass Is
s ’ ied element. I
" S—
s -—
0 et ® Mo extra element < > | I }
e 0 _ — oo 18,000 20,0
| ! Elermnent by difference
Spectrum |Repaort | Command H ; .
Default Detector CElEment ||Cation | /Anion [|las | /—\/_V
|JXA—850CIF Q © ant: Temporary Lines
|Elruker 5 evfjch
glected Lines .
Spectrum List Assume thdt Oxygen |S associated
Seritaite with the measured elements ‘according
to the specifiedication/anion ratios.
/eight % Atarmic %
Message: Specify how to handle unmeasured elements F.26 + 0.06 |64.82 * 0AG
Back |  mext | | cancel | b2xo, 65 = 0.05
<166 007 |7.16x0.04
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's tahble)
Display name Benitoite
Duane-Hunt 14.92 keV
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 eVfchannel
MNone || All || Clear Gold layer thickness 0nm v

Welcome to NIST DTSA-I - Andromeda A revision

L]IIU]1 . .
- Extra elements are elements which you don't want to measure directly but rather
MlCYOSC%Py infer from the other elements we did measure.

School
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File Process Tools Help

NIST DTSA-II

S EIEY

Welcome to MIST DTSA-Il - Andromeda A revi?'rsnv

|

*\ M Benitoite
N 15,000 I
A We don't need to specify references because
A 4 in this case the standards can act as references. |
10,000 Q L ien X
Previous: Soechy Unmeaffd elements
- 000 %‘& Specify the reference spectra You may spe
_T Nextnown spectrs reference frorr
s 10 w — from the database
\Amen —y : () (advanced.)
15 20 ol |F{eg|0n of-Interest ||Spectrum ||S,fl\l | | File... | L 2.
¢ Ti L-famnily [0.19, 0.67 kev] [Ti Good 321 — O Qoﬁ:r/ AL i
Spectrum|Repm Command A 0 All [0.30, 0.68 keV] Mgo Good 532 Database...|
Default Detector Siall[1.48, 2.01 kev] Si Good 1341
Ba L-famnily [3.69, 6.19 keV] |BaF2 Good 336 | Remove | _
|JXF~-850C'F Ti K-family [4.19, 5.17 keV/] [Ti Good B0S - ent: ‘ Temporary Lines ‘
|Elruker 5 evych S | strip | H ‘ selected Lines ‘
peeTEm = — D El ‘ Clear All Lines ‘
Benitoite O -
O mposition
aiaht % | atomic % |
Message: Specify reference spectra (as necessa E o5 t/@l.Clﬁ G482 + 0.16
; |7|| TI0+014 [737+003 |
Bac e Cance o] + 0.027 |20.65%0.05
/f\ %% , 1/&;?%/?1 *0.04
Silicon Drift Detector
Moxtek AP 3.3 (manufacturer's tahble) You may Specify an element
1 1 1‘ i 1 o o o [
A region of irtefest for which to fit but which will not be
ati you must specify a reference will included in the final compositio
nergy offset be marked as missing in the
Enepsyescale , 5.01 evfchgnivel
MNone || All || Clear | Gold layer thickness S/N (Slgnal'tQI'molse) COIUmn.

—

[,L']Iill_l__']l

Crosc

Py

School

Standmhen the relevant regions of interest

in the standard are not close to x-ray lines from other elements.



™ NI - (=)[a]x]
File Process Tools Help /_Msg/“ﬁ\

A This is the spectrum M Benitoite
o you selected in step O.

A 15,000

A |
e 100 You may specify addition

s spectrum to quantify here.”

o> |
D

MNext: The resuits

VI3 Previous: Specfy the reference sg
= 000 .%‘& Specify unknown spectra

5 10 w
o} |Name [ Live Time [ Probe (na) [ shape | | Add file | (<> T (S NI .
15 20 o] T ooo 13,000 20,0
Benitoite [59.4 |2.500 [Bulk |—|
J Remaove
Spectrum|Report Command ¥ —
Default Detector
| xA-8500F | Properties |—— | [ent: | Temporary Lines |
|Bruker 5 evych > sample Shape | H ‘ Selected Lines ‘
Spectrum List - —_——
El Clear All Lines ‘
Benitoite © =
© eight % | atomic % |
6 ls7.82 x 0.1 ||

Message: Specify the unknown spectra

120 = 0.14_|7.37 £ 0,03
Cancel 972+ 0,03 |20.65 % 0.05

Jate the live time or probe
current using the properties button:

SWicon Drift Detector

Detectar ty =
ﬁﬁc \Qomplex geomew et§k MQ‘ {manufacturer's table)

camspeelfy the sample shape-usin
tl'ﬁﬁ buttén. (Citzaf supporté“péﬁi’clegs»

Energy 5 5/.01 e\.f',fchannel

MNone || All || Clear | Gold layer thickness 0nm v

Welcome to NIST DTSA-I - Andromeda A revision

M; Lehigh The File — Preferences dialog allows you to specify the quantification
ICTOSCHDY algorithm. (XPP is recommended for bulk samples, Citzaf for particles.)

School
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NIST DTSA-II

File Process Tools Help

S EIEY

M Eenitoite

15,000
’*‘ el rilld 1 = 1:££ + £ I
De displayed In various arrrerent rorms.
‘f Frevious: Specify unknown spectra ]
!
5 000 The results
Finish
C P
5 10 [JJ
W"'"“' . .
o] Mormalization © - N . :
15 20 0 i - 000 18,000 20.C
| ® Wweight percent ) Normalized weight percent () Atomic percent
Spectrum|Report| Command ¥ >
Default Detector |spectrum |sum o [si [Ti |Ba |
Benitoite 10104017 |35.26 x0.08 1972 = 0.03 11.66 x 0.07 3440 x0.14
|JXA—8500F | | | | | ant: ‘ Temporary Lines ‘
|Bruker 5 evych H ‘ Selected Lines ‘
Spectrum List —_—
D El ‘ Clear All Lines ‘
Benitoite —
mposition
sight % ||Atomic % |
HEsEERE (HELENE 526 * 0,06 |64.82 *0.16
—_— 140 =014 |7.37 £ 0.03
Back | [ext Finish | | Cancel b 72 +0.03 |20.65 = 0.05
, _N.66=007 [7.16+0.04
Detector type Silicon Drift Detector
Detector window Moxtek AP 3.3 (manufacturer's tahble)
Display name Benitoite
Duane-Hunt 14.92 keV >
Elevation 40°
Energy offset -488.8 eV
Energy scale 5.01 eVfchannel i c
MNone || All || Clear Gold layer thickness 0 nm - Select Finish to view

Welcome to NIST DTSA-I - Andromeda A revision

C

the tabulated results. w/
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Select the
report tab

-

>
(-
Spectrum| Report | Cormmand ™
Composition from MLLSQ fit to standards Conditions and configuration
Conditions
Item Value

Instrument JXA-B500F _ D>

Detector Bruker & eWjch >

Beam Energy 15.0 ke

Correction Algorithm XPP - Pouchou & Pichoir Simplified (INon-normal) Standards Spectra and paramete S
Mass Absorption 1o 1 chantler 2008

Coefficient
Standards ©

Probe Live Time
Element Material Spectrum Ref?
P (ma) (s >

o} MgO = [0(0.5 atoms),Mg(0.6 atoms)] Mgo Yes 2.600 EB9.3 i

Si Pure silicon = [31(100.00 wgt%),2.4 gjcc]  Si Yes 2.6500 59.4

Ti Pure titanium = [Ti{100.00 wgt%),4.5 gfcc] Ti Yes 2,600 EBO.4

Ba BaFZ = [F(0.67 atoms), Bal0.33 atoms)] BaFZ Yes 2,600 E59.4
Results

Spectrum  Quantity o Si Ti Ba Sum

Line O All 514l Ti E-family EBa L-family —
Benitoite Z - 4'F 114 053 100 109 072 100 085 088 1.0l 082 1..02 1.00
Bulk k-ratios 08392 x= (0.0010 01547 =+ 00002 01090 =+ 00008 0.3673 = 0.0015
weight % 35.26 =*= 0.05 1972 = 0.03 11.66 = 0.0O7 34,40 = 014 101.04

1= 2.600 nA norm(wgt %) 3490 = 0.05 19.62 =+ 003 11.54 =+ 007 J4.058 =+  0O.14

LT =59.4 5 atomic % 54,82 20.85 7.18 7.37

Residual /homefnicholas/DTSAI Reports/2009M ay/24-May-2009/residual2561900809594010741.msa
Table: Quantitative results (uncertainties are statistical-only, 1 a)
Mi'*"'“é‘-"' You can always print the report or copy portions into a spreadsheet

CTOSC*)@Y by opening it in a web browser (right click for a menu.)
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File Edit View Go Bookmarks Tools Tabs Help
¢ 2OM &Y
|@| file:///fhome/nicholas/DTSA-11%20Reports/2009/May/24-May-2009/index 1.html | Go
srs
Composition from MLLSQ fit to standards =
Conditions
Item Value
Instrument JXA-8500F
Detector Bruker 5 eV/ch
Beam Energy 15.0 keV
Correction Algorithm XPP - Pouchou & Pichoir Simplified (Non-normal)
Mass Absorption  \ 1o o ntler 2005
Coefficient
Standards
Element Material Spectrum Ref? P(::I]e Live(slji.me
(0] MgO = [0(0.5 atoms),Mg(0.5 atoms)] MgQ Yes 2.500 59.3
Si Pure silicon = [Si(100.00 wgt%),2.4 gfec]  Si Yes 2.000 594
Ti Pure titanium = [Ti(100.00 wgt%),4.5 gfcc] Ti Yes 2.500 594
Ba BaF2 = [F(0.67 atoms),Ba(0.33 atoms)] BaF2 Yes 2.500 59.4
Results
Table:Quantitative results (uncertainties are statistical-only, 1 o)
Specttrum  Quantity 0 Si Ti Ba Sum
Line O Al SiAll Ti K-family Ba L-family
Benitoite Z-A-F 1.14 0.63 1.00 1.09 072 1.00 095 098 1.0l 0.82 1.02 1.00 L
Bulk k-ratios 0.6392 = 0.0010 0.1547 = 0.0002 0.1090 = 0.0006 0.3673 = 0.0015
weight % 35.26 + 006 19.72 = 003 11.66 = 0.07 34.40 = 0.14 101.04
I = 2.500 nA norm(wgt %) 34.90 = 0.06 19.52 = ||0.03 11.54 =+ 0.07 34.05 = 014 -
LT = 59.4 s atomic % 64.82 20.65 7.16 7.37
Residual /home/nicholas/DTSA-IT Reports/2009/May/24-May-2009%residual2361900809694010741.msa | b
]
y You can copy-and-paste to a spreadsheet or print a report from a standard web browser.




Results

Table:Quantitative results (uncertainties are statistical-only, 1 o)

Spectrum  Quantity 0 5i Ti Ba Sum
Line O Al S5iAl Ti K-family Ba L-family
Benitoite Z-4A-F 1.14 |0.63| 1.00 | 1.09 |0.7vZ2| 1.00 | 0.95 |0.98| 1.01 | 0.82 1.D2| 1.00
Bulk k-ratios 0.6392 = 0.0010 0.1547 = 0.0002 0.1090 = 0.0006 0.3673 = 0.0015

weight % 35.26 = 006 19.72 = 003 11.66 = 0.07 34.40 = 014 101.04
I = 2.500 nA norm(wgt %) 34.90 = 0.06 19.52 = 0.03 11.54 = 0.07 34.05 0.14
LT = 59.4 s atomic % 64.82 20.65 7.16 7.37
Residual /home/nicholas/DTSA-IT Reports/2009/May/24-May-2009/residual?361900809694010741.msa

I+

Results reported as:

Weight Percent: Normally we report results like this
Normalize weight percent: Used to report particle results
Atomic percent: Relative to atom count rather than weight fraction

Also reported:

Line: The x-ray line family used to calculate the composition
Z-A-F terms: The quantitative correction factors

k-ratios: The raw ratio between unknown and standard

Sum: Also called the analytic total, this number should typically

be close to 100 for good measurements of bulk materials.

I,<'||ilg‘_"'|

MlCTQSCfJ)”épy You can copy-and-paste to a spreadsheet or print a report from a standard web browser.
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20,000 M Eenitoite
M sirmulation of [0(35.26 + 0.06 wgt?4),5i(18.72 + 0.02 wgt¥).Ti{11.66 + 0.07 wgt%).B;
M residusi[Benitoite]

’_ﬁ )
15.000 >

-

The result spectra are
displayed here

5,000

4
* 10,000
¥
v

5 10 ! l
5 -

e 0 2,000 4,000 ; 000 10,000 12,000 14,000 16,000 18,000 20.C
Spectrum|Report| Command 'c"a| The Original
Default Detector Spec‘t?um F‘ropergeraectrum v KLM Lines
| xA-8500F |~ | IName [Value A O k Lines e Temporary Lines ‘
|Bruker5 evich | v| Al Ia. erthlck_ness [ L Lines - erocted L
Aluminum window thickness 30 nm (] M Lines elected Lines
Spectrumn List T Slazimuthal angle o =
Benitoite = Beam energ The rllé%el-gual LI Al Lines EIEI El Clear All Lines ‘
. L — - - Spmum || -Composition
Residual[Benitoite] Detectar Eruker 5 ev//ch - FWHM[Mn Kal=124.1 ...||=
Simulation of [0(35.26 = 0.06 wgt% %Qetector area 0 mm: _Sf——— |E|ement ||WEight Ya ||Atomic %a |
Detector arientation [0:763,0.067,0.643]
Detec\t‘m—p/ositw\ 54,9454 ;
Detector thickhess 0.45 mm
Detector type Silicon Drift Detector
Detector window . fﬁj ﬁdi‘ . table) I
Ceector A simulated spectr
Energy offset ( -488.8 eV
Energy scale 5.01 evfchannel
Gold layer thickness
Instrument XA-8500F
(e[ v ] [} | Moxtek window thickness 3.3 um
| Mone || All || Clear | Operator Bruker AXS c
Welcome to MIST DTSA-I - Andromeda A revision
M. Lehigh
1CTrOS y The residual spectrum is how you know you have not overlooked any elements.
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A good residual spectrum

4,000

32,0001

2,000

1,000

Th

eak Ba L lines
(not fit)

O

ina

Y Ba TaEi%
=B —Ea

Ln

Peaks are
stripped

i a

M EBenitoite
M Fesidual[Benitoite]

1,000

A bad residual spectrum

2,000

3,000 4,000

5,000

4,000

32,0001

2,000

1,000

Lo

Ea

Y Ba TaEi%
=B —Ea

Ln

A large peak remains
when we omit Ti
from the fit.

M EBenitoite
M Fesidual[Benitoite]

a

[,L']Iill_l__']l

Crosc

School

Py

1,000

2,000

3,000

5,000

G,

(The Sum (analytic total) was only 89% for the bad measurement.)



Defining detector models

» Define a unique detector model for each

 eV/channel calibration:
 resolution (pulse process time)
 for each detector on each instrument

 Detector models define the

* Energy calibration (eV/channel & eV offset);
« Quantum efficiency as a function of energy;
« Detector position & geometry

Microscipy
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File | Process To

ols Help

Open

Open Report
Save As

Bulk rename
Import from CSY
Batch export

Search database

Import into database

Spectrum | Report

|C0mmand F,—|

Print >
7
[Ereferences J o Ba Si i
Exit
= o ‘ in in Ba
5 20 OJ = P .5 B3 _BalF g Toa rBa . Ba
o] 1.000 2,000 2.000 4,000 5,000 G,

Default Detector

Spectrum Properties

KLM Lines

[JXA—SSODF

|V| |Name

||\fa|ue

| L) KLines Element:

[Bruker 5 evfch

¥

Spectrum List

| MNone ||

All || Clear

¥ Lunes
[} M Lines
[ all Lines III

Microanalytical Composition

Temporary Lines
Selected Lines
Clear all Lines

|E|ement ||Weight Ya

||Atomic Yo |

Welcome to NIST DTSA-I - Andromeda A revision
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List of available
nstrumentq In this

oé\ Help

NIST DTSA-II

S EIEY

case e Prgcess To
“JXA-8500F” ah5cl
“ASPEX"

List of defined detectors.

For the “JXA-8500F”, the detectors
‘Bruker 5 eV/ch” and “Bruker 10 eV/ch”

e (

& C\

User Information
Quantitative algarithms

~ Instruments and Detectors
~ Praobe

| .. -have been defined.
\ I

nporary Lines ‘
tlected Lines ‘

ear All Lines ‘

tomic % |

to create a new instrumen

5 Detector - Si(Li)
¥ ¥ |XA-8500F (,
Detector - Bruker 5 evfch D)
Detector - Bruker 10 e\vijch ~
5 10 = ASPEX Overview
0 Detector - T=12.8us
15 20 9 _ _ ,
DTSA-Il makes extensive use of user defined detectors to define the
- instrumentation on which spectra are collected or on which sepectra are
pectrum |Rep to be simulated. In this model, all detectors are associated with
Default Detect] instruments. Each instrument may have zero or more detectors.
Detectors definitions contain all the relevant information about the
JXA-B500F performance of the detector including geometry, physical make-up and
Bruker 5 ev calibration. when a detector is first constructed, you supply an
ruker 5 evfc approximate default calibration. This calibration may be updated at any
Spectrum List tirne using the Cafibration afienin the Teols menu, Multiple calibrations
mav exist for & sinale detector and the optimal calibration for a specific  |[¥]
Add
()
Add or remove e-beam instruments and detectars. T
oK | | Cancg/u\@
/l(Jse the Add button on this p
Mone || All || Clear

Welcome to NIST DTSA-I - Andromeda A revision
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Sc

h you wa
a detector.

Select tﬁéeiwam@mt He

NIST DTSA-II

S EIEY

Spectrum |Rep
Default Detect

JXA-B500F
Bruker 5 ew/c

Spectrum List

nt to

DTSA-II'- Preferences

=

~ Probe

 [KA-8500F

= ASPEX

User Information
Quantitative algarithms
Instruments and Detectors

,%‘E‘.»Probe

Detector - SilLi)

Detector - Bruker 5 evfch

Detector - Bruker 10 e\vijch

Instrument name |Probe

Detector - T=12.8us

| Add si(Li) detectar

Add SDD detector

| Add microcalorimeter

O

™,

O

-

-

;<

Adds a detector with typical
properties for a Si(Li)

)

|
Editt/h} preferences associated with an@éqg:!%r@rgetector Wlth typlcal

>\

properties for a silicon

nporary Lines ‘
tlected Lines ‘

ear All Lines ‘

tomic% |

or drift detector (SDD)u.ply\

Aatactar
UCLCULUI.

| MNone ||

All

Welcome to NIST DTSA-I - Andromeda A revision
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E. NIST DTSA-II m)

File Process Tools Help

ﬁ . Some properties of t
detector can be impor
A from the tags in a spec
file. This only works if
0 101 [EE DTSA-1/- Preferences information is in the f
* User Information and the information is ca
Quantitative algorithms 5 .
v ~ Instrurmnents and Detectors %ﬂ DEtECtor - BaSIC SDD \—/\
? < Probe
3 Detector - Si(Li) —
v Detector - Basic SDD Status Q
[ -
b J,;(SAPETOF \. Enable detector
5 10
15 zo0 U Marm nEa _ _Ea
i Detector name |Basic ={n]] U | o0

Spectrum |Rep
Default Detect Import

JXA-8500F Import from spectrum Impaort | O mporary Lines ‘
Bruker 5 evje Window elected Lines ‘

Spectrum List

Window |N0 window |V| lear All Lines ‘

Position

Elewvation angle o Rtomic %a

Edit the properties of this detector.

| QK | | Cancel | | Apply |

| Mone || All || Clear

Welcome to NIST DTSA-I - Andromeda A revision

. Lehigh
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Detector Geometry

:m
i3
E:S
dp/70 P g
Z 3
I
24 P g
o) i 0
% : 2
i o
2 =
i 8
: O
¥ o
X-axis
) Facing the instrument
Y-axis J
\/ Z-axis

The sample-to-detector distance is measured from the sample position at the optimal working distance to
the front face of the detector crystal. The optimal working distance is the distance through which a ray
parallel to the detector axis intersects the electron beam axis. This is often the distance producing the
highest x-ray flux.



Status

Enable detector

Name
Detector narme |Elasic sDD
Import
Impert fram spectrum Import
Window
window | Mo window
Position
Elevation angle |35.0 | =
Azimuthal angle |0.0 | °
Optimal working distance |20.0 | mm
Sample-to-detector distance |50.0 | rmm

Crystal parameters

Detector Area |100 | mm?
Goldlayer [00 | nm
Aluminum layer (100 | nm
Dead layer (0.0 | um
Thickness [0.45 | mm

Configuration

Murmber of channels |4096 |channels

Zero strobe discriminator |0.0 | e\

Base Performance

Energy scale |5.0 | evfchannel

Zero offset 0.0 | ev

Resolution |12EI.0 | eV at Mn Ka

Lehigh
Microsci«
oCchod %)y

v Your EDS vendor can typically provide the window material.
Beryllium windows typically can see K lines below about sodium. The
Moxtek AP3.3 is a common modern polymer window.

v The elevation & azimuthal angle, optimal working distance and
sample-to-detector distances are detailed on the previous slide.

» Your EDS vendor can typically provide nominal values for the crystal
parameters. These nominal values are rarely precise.

v The number of channels is typically either 2048 for 10 eV/channel or
4096 for 5 eV/channel. Either of these choices provides a little over a
20 keV measurement range. Occasionally, detectors are configured for
4096 at 10 eV/channel for a range of energies exceeding 40 keV.

v Some detectors use a zero strobe to stabilize the detector offset.
Some automatically remove this peak while others leave the peak
visible. If itis visible, use this setting to trim it out of the spectrum when
processing the spectrum.

v The energy scale and zero offset are very important parameters.
Make certain they are approximately correct. You can refine these
values using the “Calibration Alien” but if they are too far off the
calibration alien will not work correctly.

v Specify the nominal resolution (full-width half-maximum) for a
Manganese Ka x-ray. This is typically between about 123 eV for a
modern high resolution detector and 150 eV for an older detector. The
“Calibration Alien” allows you to refine these values using a measured
spectrum.

v You won't be permitted to the base performance after you have
created the detector.
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=] 1,:| bl .
.
15 20 -
.
.
Spexctrum |Report | Carnmand
Default Detector Spectru
|Pr0be ~
|Elasic soD ik
SpPectgim |._I st
L
L]
L ]
L]
L}
N
L ]
n
MNaone Al Clear
Welcome to MIST DTSA-I - Andromeda A revision
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Default Detector ——

Now the new detector type is available.

Probe

Basic SDD

' Lines
Lines
Elermnent Weight % Atomic %

other spectrum specify data.

Important Information

When spectra are loaded from disk, the program applies the properties
from the default detector to the spectrum. This will overwrite the
instrument and detector related parameters contained within the

spectrum file but does not overwrite the live time, probe current and

If you don't want this behavior, select

“--None--" for the instrument and detector. Use the “--None--" option with

care as the instrument and detector data in spectrum files is often wrong.




NIST; DTSA-I

File Process | Tools | Help

é 15 Edit spectrum properties

Assign material

" Quantification alien
S Simulation alien

| calibration alien | @y

10 Report note O

The Calibration Alien is used to specify the
urrent calibration. Each detector can be associated
with multiple calibrations. Calibrations are identified
by date. When a spectrum is read from disk, it

sociated with the last calibration performed before

15 20 % 2,000 4,000 5,000 8,000 1the spectrum:-was measured. 1000 15/000 20,0
Spectrum|Report| Command lc"a| L

Default Detector Spectrum Properties KLM Linés

|Probe | V| ] K Lines Elerment: Temporary Lines ‘
i v [ L Lines .
|Basic SDD [v] e selected Lines |
Spectrum List MLines —_—
[ Al Lines |3 III El Clear Al Lines ‘

Composition

4
i
¥
¥

5 10

|E|ement ||Weight % ||At0mic % |

MNaone || All || Clear

Welcome to MIST DTSA-I - Andromeda A revision
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File Process Tools Help

010

First, specify which detector

| to calibrate.

First page k{
v 5 Select a detector \J\/\
Next: Caflibration merf?@

0
15 20 O pa 18,000 20,0

0 2,00

Calibrate an EDS detector

Spectrum|Report| Command ¥ Instrurnent and Detector -
Default Detector

[Probe Instrument [Probe | V| et Temporary Lines
Basic SDD Detector |Basic SDD - FWHM[Mn Ka]=124.0 eV - initial | v
Ba Selected Lines
Spectrum List
III Clear &ll Lines

aight % ||At0mic %

Message: Select a detector to calibrate |Pu-1-:-|'-:-...|

| Baclk || Mext | | Finish | | Cancel

| MNaone || All || Clear

Welcome to MIST DTSA-I - Andromeda A revision
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File Process Tools Help

NIST DTSA-II

S ENEY

evious: Sefect g ¥etectar /¥/

A -
A Select “calibrate using an elemental reference”
0 to extract the calibration precisely from a
1 measured spectrum.
* Calibrate arEDS detector @
v&r :
3 Calibration method
v Next: mmjf
5 10
15 20 DD 2,00 Specify a calibration method © P

Spectrum|Report| Command H

Default Detector

|Pr0be

|Basic ={nl]

Administer calibrations

Spectrum List

) Manually enter detector calibration
® calibrate using an elemental reference <

Calibrate using the BAM EDS CRM

Review and administer available calibrations.,

18,000 20,0

ent: Temporary Lines ‘
Ba Selected Lines ‘
III El Clear &ll Lines ‘

Message: Select a spectrum calibration method

aight % ||At0mic % |

Maore...

Back

|| Mext Finish Cancel |

MNaone || All ||

Clear

Welcome to MIST DTSA-I - Andromeda A revision
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File Process Tools Help
pecify a spectrum file collected from a material
vith both low energy (< 2 keV) lines and higher
energy lines (>5 keV) lines.

wn

<

* i Calibrate an EDS detector [l

‘35"' g
s 72> Measured spectrum
§ Next: At Resuits

5fy the material
0 S
15 20 OF .00 - ho 18,000 20,0

Material |Mn standard O | v|

Previous: Calibration methoa

Spectrum|Report Cornrand A

Specify a spectrum

Default Detector
> Spectrum |[Mn S.. Q —
[Prob |
e ent: ‘ Temporary Lines ‘
|Basic SoD Live time |59.34 | sec, Probe current |2.500 | nA C Z ‘—S locted Li ‘
a elected Lines
Spectrum List Specify an effective date
— Clear all Uines
Effective date |jul 29, 2008 D =]

/ g Specify the material from
Message: The reference beam energy is 15.0 kev, Maore, .. < which the Spectrum was

Q | Back || Mext Finish Cancel B COIIeCted'

All spectra collected after 12:01 AM on the
effective date but before 12:01 AM of the
effective date of the next calibration wi
be associated with this.calibration.

Welcome to MIST DTSA- - Andromeda A revision
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File Process Tools Help

NIST DTSA-II

= EIES

+~ fi+ +h

Calibrate an EDS desEEtor ROFULETRR

2 Fit Results

Next: Fit resu

5
5 10
0
15 20 M 2.00

Spectrum| Repor‘tl Command

~Default Detector

[Probe

| Basic SDD

~Spectrum List

MmN
Fit[Mn,Mn standard]

>

Progress

[M]

Message: ||‘u’|-:-r-:-...|

Back H Next ‘ | Finish | |

Cancel

The program will take a few seconds

e spectrt
W/

m.

15,000

2

=

ent:
Ea
1]

Temporary Lines

Selected Lines

Clear all Lines

eight %

||At0mic Ya

‘ MNone H All H Clear ‘

Welcome to NIST DTSA-Il - Andromeda revision
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4 NIST DTSA-II . -
e b o el A summary of the fit parameters
St STt L P ic chown ("hnr-ll that the meaciired

A 15

(]
o OI1uUvvIl. A1TIC U\ UTIAal Ll IC 111IcAaourcu
A

parameters make sense and the
click the “Finish” button to add the
calibration to the database.
Cllcklng “Cancel” won't add the
e database.

10

Calibrate an' EDS detects

revious: Fit Resiigs

5 %75 Fit results —

'
i
¥
¥

5 10 Energy calibration

0
15 20 0% Y Fano factor |0.1122 + 0.0006 | O b 18.000 20.0
Spectrum| Reportl Command MNoise |4.6? * 0.06 | e\

~Default Detector

FWHM |12-‘4.56 +0.40 | eV
|JXA-85UUF _ o ent: Temporary Lines ‘
| Resolution calibration R —
Bruker 5 ew/ch . ‘
Zero offset |-467.00 = 0.34 | ev :Ba Eelagiedinas

rSpectrum List

: » Clear all Lines ‘
Mn Channel width |4.9944t0.0003 | evfchannel II' [l

Fit[Mn,Mn standard] Bition

Message: Mare eight % ||At0mic % |

Back | Iext ‘ Finish ‘ | Cancel

‘ MNone H All H Clear

Welcome to NIST DTSA-Il - Andromeda revision
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File Process Tools Help
. il
15,000
é B Fit[1n,Mn standard]
0 10,000
v&r
5,000
D
=] 10
15 20 o
0 2,000 4,000 . 5,000 2.000 10.C
Spectrum| Repertl Command F,.|
~Default Detector ~Spectrum Properties KLM Lines
|[XA-8500F B |Name“ | [value | (o KLines Element:
[Bruker 5 evich | - | hcqmeltlon time . ?f29)‘0§\]@2 AM (] L Lines
Aluminum layer thickness 30 nm O M Selected Lines
~Spectrum List Alurninum window thickness 30 nm = Hnes E——
Azimuthal angle 175° u
Hn Beam energy 15 ke
Fit[Mn,Mn standard]
Dead layer Standard C osit
2% The measured spectrum and the fit will be
Detector area 7 TR i e Spectrum List. IYogu can view them =
Detector onientation N\ _[0753G. ?ﬁs‘lﬁﬁ]ze the goodness- ~of-fit. Onlyt S
Detactor position f[\5‘4—945 4.807,-34.2
Detector thickness ( 0usmm regions around the peaks are fit.
Detector type |Sifieen-Rft Detector
Detector window Moxtek AP 3:3{manufacturerstgble)
Elevation 40°
Energy offset -479.6 eV
Energy scale 5 eVfchannel
Gold layer thickness 0nm
‘ e H Al H e ‘ Identifier Mn[1]
Lt e e st 1WA _SE AN

Welcome to NIST DTSA-II
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Mn fit as Mn standard

Gaussian FWH
Transition Intensity Width M Tail height Tail Width Channel Energy
(eV) (eV)
(eV)
Mn K-L2 13=+0 52.9+ 0.2 1245+ 0.4 0.0 £ 0.0 155 + 69 1272.3 + 0.1 5888

Mn K-L3 414949 + 1103 52.9 £ 0.2 124.6 + 0.4 1355+ 75.7 155+ 69 1274.6 = 0.1 58099
Mn K-M2 21163+ 281 552 +0.2 130.0+ 04 86.7 = 11.6 198 = 27 1393.0 = 0.1 6490
Mn K-M3 36187 = 821 | 55.2 = 0.2 130.0 + 0.4 148.3 = 20.1 198 x 27 1393.0 + 0.1 6490
Mn K-M5 2562 + 824 55.4 + 0.2 130.4 = 0.4 104 = 3.6 198 = 27 1401.3 + 0.1 6532

Mn L1-M2 2150 £ 57 248=x01 58303 88=x1.8 618 237.7x 0.1 720
Mn L1-M3 2799 £ 97 248=x01 58303 114x24 618 237.7x 0.1 720
Mn L2-M1 29530 + 3949 234 +0.1 55.1 £ 0.3 127.6 +31.3 61+8 207.1 = 0.1 568
Mn L2-M3 4364 + 2159 23.7+0.1 55.9+0.3 186+10.0 ©61+8 2142+ 0.1 603
Mn L2-M4 168002 + 1089 24.1 £ 0.1 56.7 £ 0.3 704.6 + 145.2 61 +8 2225+ 0.1 644
Mn L2-N1 110 242+0.1 569+03 0.0=x0.0 618 2239+ 0.1 651
Mn L3-M1 44846 + 3295 233 +0.1 549+ 0.3 195.5+42.7 61+8 2049+ 0.1 556
Mn L3-M4 30 24.0+ 0.1 565+03 0.0x0.0 618 220.3 = 0.1 633
Mn L3-M5 3+0 24.0+0.1 565+03 0.0=x0.0 61+8 2203+ 0.1 633

Element Family Intensity
Manganese K-family 474874 = 689

Manganese Ka 414962 + 644 O

Manganese KB 59911 + 245 ©

Manganese L-family 251707 + 302

Manganese La 6+ 2 O
Manganese Lg 177315 x 421

Manganese Ly 11+ 3

Energy Calibration The Report also contains summary
Zero Channel  Quadratic information from the calibration-fit.
Offset Width Scale
(eV) (eV/ch) (x 10 eV/ch?)

-467.0 = 0.3 4.9944 + 0.0003 0.0

Bremsstrahlung

Linear Quadratic
317607.9 = 11358.5 136.0 = 0.0

Detector Resolution

Fano Noise whl i
Factor (eV) v L
(eV)

0.1122 + 0.0006 4.6730 = 0.0574 124.6 £ 0.4
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File Process |Toals | Help

NIST DISA=NI

é 0= Edit spectrum properties
Assign material

Quantification alien
A Igimuletion alen O J
Calibration alien
0 107 | Report note
i<
¥

Select the “Simulation Alien”
to compute simulated x-ray
spectra from bulk, thin-fil
particulate geometries.

5
4
5 10
15 20 O 2,000 4,000 8,000 5,000 10,000 12,000 14,000 16,000 15,000 20,
Spectrum|Report| Command l"',-|
Default Detector Spectrum Properties KLM Lines
| jXA-8500F v O KLnes  Element:
[Bruker 5 evfch | V| g IK_ALITes
= M Lines
Spectrum List O All Lines [ ]

| MNane || All || Clear

Composition

Elernent

| weight %

||P.t0mic %
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S ETEY

B NIST DTSA-II
File Process Tools Help
.“l;‘\\ 15
i
E __\_\.
A Analytical simulations are based on
v 10 a @(pz) model x-ray production. They
) Ju i are quick to calculate but limited
. in geometry. I
s %‘& Simulation Mode
v onﬁgure sample
s 10 >
. Analytical Simulation >
1320 %5 2,00 ) Analytical model of a bulk, homogeneous material po 18.000 20.C
Spectrur‘n|Report Command ¥ Monte Carlo Simulation O
Default Detector ) Monte Carlo model of a bulk, homogeneous material
|JXA-850C'F ) Monte Carlo model of a film on a bulneous substrate ant: ‘ Temporary Lines ‘

|Elruker 5 evfch

@® Monte Carlo model of a sphere on a bulk, homogeneous substrate

Spectrurn List

) Monte Carlo model of a cube on a bulk, homogene

) Monte Carlo model of an inclusion in a bulk, homogeresus-sabstrate

Message: Select the type of spectrum simulation to perform.

- onte Carlo modc

Ba ‘ Selected Lines ‘

feight % Atormic %

ols simulate the trajectory

of electrons in a m

aterial. They are slower to

MNane || All || Clear

calculate but based on fundamental physics
and can simulate complex geometries.

T

Welcome to NIST DTSA-I - Andromeda A revision
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&= NIST DTSA-II
Ei

ile Process Tools Help

S ETEY

&

Specify a material for the substrate
and for the particle using the edit

button and the material editor

Spectrum simulation

The electron beam is usually

ne button eliminates the s
5

onfigure sample

aced at a

Previous: fim qe‘fc?rR‘Lfan

_ this check
Next: fastrumen foﬁfétéfﬁff over thE

RN

20

Materials an

0

Spectrum |Report | Comymand A
Default Detectaor

Specify the scale of
4 [XA-8500F
the particle in micro

Bruker 5 ewfch \

O

Spectrurn List

Substrate material |Edit| |None|
Sphere material |Albite |Edit|
O sphere diameter um

& owerscan particle O

center of the particle. Select

single point at the

box to raster the
area of the particle

A

no 18.0 20,0

O

ant: ‘ Temporary Lines ‘

‘ Selected Lines ‘
III [l‘ Clear All Lines ‘

Message: Specify the sample material and scale.

eight % | Atomic % |

Baclk ||

Mext

Finish Cancel

MNane || All || Clear
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File Process Tools Help

NIST DTSA-II

S ETEY

—

Simulation attempts to replicate
the spectrum you would collec

on your instrument with your
detector. Specify these here

.‘ﬁ\\ 15

r \\

Y

‘} 10

l\jr\ ’ 3 Spectrum simulation

vi? Previous: Configure sample

v b u u

5 Instrument configuration
5 10
Instrurment Parameters
15 20 O =50
: Instrument |JXA-8500F | |

Spectrum|Report Cornmand A Detector |Bruker 5 evfch | V|

Default Detectar

XA-85
Briker 5 eWfch
Spectrurn List
tting|the incidence angle
positive value tilts the sam
towards the detector.

Calibration |FWHM[Mn Ka]=124.7 eV - Sep 2, 2... | V|

Beam Energy ket
Probe Dose (current-time) |120.0] nA-sec€nd)

Next: Other options

— B

20/

JO\( 18,0007

If the detector is configured
correctly, the simulated spectrum
will approximately’ match a
measured spectrum-collected
with the same_probe dose.
Probe dose is
(probe current) - (live time)

feight % Atommic %a

MNane || All || cl

to a Q O Incident Angle =
ple
essage:
Baclk || Mext Cancel |
ear
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ant to app
The instat

that much |
an intuitive

. NIST DTSA-I
eallstlc spectrum ou will 2 (=[=](x]
|e. Pr ce Tools
y simulated count statistics.

ce cou

spectra d
tatistics (
will belco:reated.

ia

=) 10

T

0 2,00

15 20

Spectrum | Report | Command

mages-does not tak
onger-but does prov

determines how
ffering only in
Poisson noise)

(9°)

Spectrum simulation

ther options

Previous: Instrument configuration

Mext: Perform Simulation

O

de

MNoise parameters

Q [l Apply simulated count statistics

Instance count

Extended output

po 15,000 20,0

ent: ‘ Temporary Lines ‘

Ea ‘ Selected Lines ‘
II' El‘ Clear All Lines ‘

sight % ||At0mic % |

.I(EEQIJ' le the electron W X-ray generation images (takes a little longer)
rlebpsecatrﬂrg Lg.bsorptlon Run the default number of electron trajectories | v |
|| U/ Message: =]
Back Mext Finish Cancel
MNone || All || Clear
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A NIST DTSA-II —fallx]
File Process Tools Help

ﬁ e The simulation will take tens of
seconds to minutes to run depending
A the speed of your computern.

010

Spectrum simulation

v“r Previous: Other options
5 .%7_‘: Perform Simulation Q

Finish

0
1520 0 2,00 po 15,000 2

=
I}

Spectrum| Reportl Command
~Default Detector———————— Progress o

|XA-8500F - - oo ool

ent: Temporary Lines

[Bruker 5 evjch Ba Selected Lines
~Spectrum List————
II' Clear All Lines

Message: Computing the requested spectra... | ru1-:-|'-:-...| sight % ||Atamic %

Back H Iext | | Finish | | Cancel

‘ None H All H Clear ‘
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File Process Tools Help
ﬁ 14.000 . M rioisy[MC simulation of & 1.200 pm diameter sphere o ite on Carbo
\
12,000 0 =
A The simulated spectrum will be added to
0 10,000 the spectrum list and displayed in the
i spectrum display. You can manipulate it
8,000 Si a
M« | like you would a measured spectrum. 1
y&r 5,000
v ; ¥ >
2,000
5 10 >
4]
15 20 0 1,000 2,000 . 3,000 4,000 3,00
Spectrum| Reportl Command F,.|
~Default Detector ~Spectrum Properties ~KLM Lines
[JXA—BSUUF | V| |Name ”Value _ | O K Lines Elemnent:
Acquisition time 5/26/09 6:02 AM e L i
[Bruker 5 evych | i | Aluminum layer thickness 30 nm |:| [_1 e
~Spectrum List Aluminum window thickness 30 nm L
MNoisy[MC simulation of a 1.200 pm c Azimuthal angle 175 o= - i
Beam enerqgy 15 kev | »
Dead layer 0.08 pum || rComposition
Detector Bruker 5 evfch - FWHM[Mn Ka]=124.7 ...

Detector area

40 mm?=

Detector orientation

[0.763,-0.067,0.643]

Detector position

[-54.945,4.807,-34.281]

Detactor thickness

0.45 mm

Detector type

Silicon Drift Detectaor

Detector window

Moxtek AP 2.3 (manufacturer's table)

Display name

Moisy[MC simulation of a 1,200 pum di...

Lim ik -

Elevation 40°

Energy offset -479.6 eV
S ! B Energy scale 5 eVfchannel
‘ MNone H All H Clear ‘Goldlayerthickness 0nm

nen A r

Element ||Weight %

||At0mic %
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Spectrum Simulation f. ﬂ

Simulation mode Monte Carlo model of a spherical sample

Substrate material Carbon = [C(100.00 wgt%),3 g/cc]
Object Material Albite = [0(48.81 wgt%),Na(8.77 wgt%),Al(10.29 wgt%),51(32.13 wgt%),2.6 g/cc]

Sphere diameter 1.200 pm
Beam energy 15.000 keV
Probe dose 120.000 nA-s
Instrument JXA-8500F = G @
Detector Bruker 5 eV/ch
Calibration FWHM[Mn Ka]=124.7 eV - Sep 2, 2008 12:00:01 AM

The simulation configuration is
summarized in a table for
your records.

Overscan true

Replicas (with Poisson noise) 1
Result 1 Noisy[MC simulation of a 1.200 pm diameter sphere of Albite on Carbon (overscan)] #1

TSA-TI Reports/2009/May/26-May-200941m139169951516561 25043 wrl

Trajectory view /home/nicholas

Generated Emitted Ratio
1/msR 1/msR (%)

C K-L3 177171.3 912653 51.5%
Intensity data O K-L3 333960  22585.6 67.6%
Na K-L3 5738.9 4414.0 76.9% 4.99 pm »
AlK-L3 6056.7 5319.8 87.8%
Si K-L3 18095.6  16074.3 88.8%

Transition

Emission Images

499 um = 4.99 ym i Ha k-L3 4.99 ym x

ages show where the emitted
x-rays come from. In this case,
the beam was rastered over the
surface of the particle.

CKL3

4.99 pm =

4.99 ym

Microscipy



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64

