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Standards

e Standard spectra are spectra collected from
materials of known composition under well
controlled measurement conditions.

e Standard spectra provide the x-ray intensity data
against which spectra from unknown materials will
be compared.

* You will want a standard for each element in the
unknown*.

* One spectrum can potentially serve as a standard
for more than one element.

* With the exception of elements which may be deduced from stoichiometry or
another assumption.
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The quality of standard
spectra is critical!
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A poor quality standard will cause
damage every time it is used. It will
damage the results for that element and
all the other measured elements.
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Strategy

* Collect multiple (4 or more) replica standard
spectra and compare them one to another to
determine if any are outliers.

* Look for changes in intensity in all the peaks associated
with the element.
* Changes may suggest topographic effects
* Changes may suggest inhomogeneity
* Look for additional peaks
* Additional peaks may suggest contamination
* Additional peaks may suggest inhomogeneity

* Look for changes in the Bremsstralung / continuum
background.

[ Any variation suggests a problem. 1




Strategy

* Discard outlier spectra

* Insist that at least 3 of the 4 spectra are
indistinguishable except for routine variation due to
count statistics.

* Sum together the consistent spectra to form a
single high quality spectrum.
* Improves count statistics by summing the dose.
* Averages out any subtle differences.



File Process Tools Report Help

5000 ﬁ Bz GLR_STD_10Kv20nA_Med_125kHz10DT_100s
Mz _GLR_1_10k/20nA_Med_125kHz10DT_100s
Scale all the spectra to Bz _GLR_2_10kv20nA_Med_125kHz1 0DT_100s
Bz GLR_3_10K/20nA_Med_125kHz10DT_100s
the same dose.
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2000 3000
Energy (ke')

Repcrtl L Cnmmandl
Default Detector Spectrum ProfMeg KLM Lines
JXA-8500F Il Mame Element 0

iE‘kaEf 5 eVfch Alumnirium |5 ' ~ “ (@ Z-order (7) E-order

Spectrum List il Overlay the spectra 0T
ZrN_GLR_STD_10kV20nA_Med_125kHz100T _100s ) )
ZrN_GLR_1_10kV20nA_Med_125kHz10DT_100s m—— and |dent|fy all the Oxygen

2af-cedbfac...
Dead lays pea ks. [ Clear ] [ Clear Al ]
Detector N\ _ nkKal=13... |
Detector GUID 787abefa-8318-6950-113a-0p"
Detector area 0 mm? Clearly these spectra have

Detector orientation [0, 786,-0.000,0,543]

Detector position [-55.155,0.000,-34.281] inconsistencies which would
Detector thickness 0.45 mm .
Detector type Silicon Drift Detector make them SuU b—O ptlmal fOI"
Detector window Moxtek AP 3.3 (manufacturg

5 Elevation _ 0w use as standards. y

4 spectra selected.

ZrN_GLR_2_10kV20nA_Med_125kHz10DT_100s
ZrM_GLR_3_10kV20nA_Med_125kHz10DT_100s

Comonciticn
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M sizn4_GLR_STD_10KV20nA_Med_100kHzEDT_100s
M sizng GLR 1 10Kv20nA_Med_100kHzEDT 100s
M siang_GLR_2_10Kkv20nA_Med_100kHz8DT_100s
M sizng_GLR_3_10Kkv20nA_Med_100kHzBDT_100s

BB

1000

2000

Energy (kev)

lg. Command |

 IXA-B500F

:Eruker 5eVjch
Spectrum List

Spectrum Properties

Mame

| Aluminum layer thickness

Value
0 nm

* Aluminurm window thickness

30 nirmi

ZrN_GLR_STD_10kV20nA_Med_125kHz10DT_100s
ZrN_GLR_1_10kV20nA_Med_125kHz10DT_100s
ZrN_GLR_2_10kV20nA_Med_125kHz10DT_100s
ZrN_GLR_3_10kV20nA_Med_125kHz10DT 100s
5i3N4_GLR_STD_10kV20nA_Med_100kHz8DT_100s
5i3N4_GLR_1_10kV20nA_Med_100kHz8DT_100s
Si3N4_GLR_2_10kV20nA_Med 100kHzE8DT 100s
5i3N4_GLR_3_10kV20nA_Med_100kHz8DT_100s

Azimuthal angle

180"

Beam energy

10,0 keW

Calibration GUID

5h282950-047a-848b-22af cedbfac... |

Dead layer

0.08 prri

Detector

Detector GUID

Detector area

Detector orientation

Detector position

Detector thickness

Detector type

=

KLM Lines
Element 1

i@ Z-order () E-order

« [

Mitrogen

[ Clear ][ Clear all ]

|:7| M
B[] K-family
[+ [~ Edges

These four spectra are virtually
indistinguishable at this level of scaling.
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mic Fraction

J

Detector window

Moxtek AP 3.3 (manufacturer's table)
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4 spectra selected.
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M si3nd_GLR_STD_10Kv20nA_Med_100kHzEDT_100s
M sisng GLR_1_10kv20nA_Med_100kHzBDT_100s
M siand GLR_2 10Kkv20nA_Med_100kHzBDT_100s
M siznd_GLR_3_10Kkv20nA_Med_100kHzBDT_100s

K <X>M» W

=

LA, T

1000 2000 3000
15 Energy (kev)

spectrum | report | 2 conr|  SUDlE differences in the

Default Detector C coating and O KLM Lines

 JXA-BS00F . . Value Element 7 7N
: contamination. D e
Bruker 5 eVjch \ _ J 0 rim + @ Z-order () E-order (V] K-family

. ; — L - [7] Edges
Specirum List Aluminum window thickness 30 nm :
Azimuthal angle 18- £ L

ZrN_GLR_STD_10kv20nA_Med_125kHz10DT_100s

Beam energy g 1 i \
ZrN_GLR_1_10kV20nA_Med_125kHz10DT_100s Calibration GUID Even zoomin ginon the counts axis,
ZrN_GLR_2_10kV20nA_Med_125kHz10DT_100s Dead layer

2ri_GLR_3_10kV20nA_Med_125kHz100T_100s | S———— they remain virtually indistinguishable.
Si3N4_GLR_STD_10kV20nA_Med_100kHz80T_100s  [Isrmrsmyeyy
Si3M4_GLR_1_10kv20nA_Med_100kHzSDT_100s . .
Detector area ic Fraction
Si3N4 GLR 2 10kV20nA_Med 100kHz3DT 100s T S—————

SNV GLR_3_104/20nA Med_100-za0T_100s _ [Eeteauiett These are good standards for

Detector thickness

Detector type EIther S| or N. j

Detector window
Elevation =

Femm e o1 1
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KX > M» W

B sisne GLR_STD_10Kkv20nA_Med_100kHz8DT_100s
M sizng GLR_1_10Kkv20nA_Med_100kHz8DT_100s
M sizng_GLR_2_10kv20nA_Med_100kHzBDT_100s
M sizng GLR_ 3 10kv20nA_Med_100kHzBDT_100s

1000

Energy (ke%)

3000

Report I I'?;. Command|

Default Detector
JXA-B500F

Spectrum Properties

Mame

Value

ELM Lings
Element

[FF] M

[V] K-family

Bruker 5 eV fch B [7] Edges

Spectrum List

ZrN_GLR_STD_10kV20nA_Med_125kHz10DT_100s
ZrN_GLR_1_10kV20nA_Med_125kHz10DT_100s
ZrM_GLR_2_10kV20nA_Med 125kHz10DT 100s

| aluminum layer thickness 0 nm -
" Aluminum window thickness 30 nm b 3
Azimuthal angle 180° L
Beam energy 10.0 key -
Calibration GUID /~ N\

@ Z-order () E-order

Mitrogen

ZrN_GLR_3_10kV!
Si3M4_GLR._STD_

Select All
Select Mone
Clear Selected

Edit spectrum properties

Assign material
Make standard

Rename...

Dead layer
Detector
Detector GUID

Detector thicknes
Detector type N

“Make standard” menu item.

%

Highlight the spectra you have |@= |l e=rai |
selected to be suitable for use
as a standard and select the

Ement

ogen

pndard Composition

Mass Fraction
0.3994

Atomic Fraction
0.5714

on

0.6006

0.4286

Detector window

Moxtek AP 3.3 (manufacturer's table)

Elevation

m— . I _ 1

4 spectra selected.




The “Make standard” dialog

aUtomatlcally makes many Sanlty .EiiSF'M GLE_STD_10kv20nA_Med_100kHzBDT_100s
Checks to ensure that the spectra are .5i3H4 GLRE_1_10KkKV20nA_Med_100kHz3DT_100s

Ml si3N4_GLR_2_10kv20nA_Med_100kHz8DT_100s
compatible and all the necessary Ml si3i4_GLR_3_10kv20nA_Med_100kHzBDT_100s

information is provided. Y,

1]
cocal ) \ from which the spectra
The beam energy is (T — were collected.

extracted from the , /
Creating a standard from 4 speciph.
spectra.

Specify the material

K <L<X>MN» W

aterial |5i3n4 4000

Report | [~ Command‘ Beam energy |10.0 The detGCtor

Default Detector Spectrun]| Probe Dose  8119.4 ; aSSOCiated W|th a”
_JEA-SEDDF x

e the spectra. All the
The probe dose is the\°*M'lI °l  spectra must be

sum of the doses collected on the

from the individual prat \ same detector. g

spectra. If a spectrum Bruker 5 eVjch - FWHM[M KOMNG -
ctor GUID 7a7abefa-8318-6950-113a-0b1 —Standard Composition

is missing either the |« e 7 I
g =" The “Save” button )

live time or the probe L&l . as the resulting Selecting “Ok” adds the new

o e chioy
current you VYI|| b.e = spectrum directly to an standard to .the Spectrum
\ asked to provide it. f=t EMSA file. List.
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W sizn std

Contains all the data
(composition, live time,
probe current, etc.)
1000 2000 necessary to be used as

/ a standard.

K<L<X>» @

Energy (ke

F‘.eportl l“;. Cammandl
Default Detector Spectrum Properties \ru_m TS

Mame Value Element I?I M
Gold layer thickness on @ Z-order 7 (V] K-Family
Instrument -3500F "] Edges
Live time 406 5 < |
Maxtek window thickness / 3.3pm
Mickel layer thickness / 0 nm
Cperator S Bruker AXS [ Clear M Clear Al ]
Optimal working gig#nce 12.0 mm
Probe current 20,000 nA
Probe current (after) 20,000 nA Element Mass Fracton  Atomic Fraction

Real time 0.9 s Mitrogen 0.3994 <.0000

Resolution 130.1eY Silicon 0.6006 3.0000
Resolution measurement energy 52899 eV

Solid angle 0.007716 sR
Specimen description Si3M4 std
Spedmen-to-detector distance 72mm

[ PSP TR -

Standard Pomposition

1 spectra selected.



e Dirty Trick? 1 =

_* Sub-sample spectrum T / B siand std
i 5
- Fit background / \
4 Strip background Sometimes a spectrum
Linearize enerqgy axis g
A 93" will almost be a perfect
Smooth (Savitzky-Golay) d d f h
9 Tim € standard except for the
o  Pesksearch presence of an ill-
& 200 placed peak. Use the
Trim tool to eliminate | ——_
5 10 -
D 1 1 1 T T
15 0 1000 the offendmg peak. 000 4000 501
Spectrum Reportl F. Command
Default Detector Spectrum Properties FLM Lines
IXA-B500F | Name Value Element N WIN
Bruker 5 eV fch ~ | Gold layer thickness 0 nm « | @ zorder @ E-order ﬂ :dfgaen;ﬂy
Spectrum List Instrument JXA-8500F B
Live time 405 5 L k
Zri_GLR_STD_10kV20nA_Med_125kHz 10DT_100s - - )
Moxtek window thickness 3.3 pm Nitrogen
ZrM_GLR_1_10kV20nA_Med_125kHz10DT_100s : :
Mickel layer thickness 0 nm
Zri_GLR_2_10kV20nA_Med_125kHz10DT_100s Operator Aruker AXS [ Clear ] [ Clear Al ]
7rM_GLR_3_10kV20nA_Med_125kHz10DT 100s : —
) Optimal working distance 12.0 mm N
Si3M4_GLR_STD_10kv20nA_Med_100kHzSDT_100s b —  Standard Compaositian
i ky20nA_Med_100kHz80T _100s Probe current 20.000nA
S!BNJ'—GLR—LJD - - - Probe current (after) 20,000 n& Element Mass Fraction Atomic Fraction
Si3M4 GLR_2_ 10kV20nA_Med 100kHz8DT 100s e i os = 0.3994 20000
Si3N4_GLR_3_10kV20nA_Med_100kHz8DT_100s : : yregen : :
Resolution 130.1ev Silicon 0.6006 3.0000
Resolution measurement energy 5899 eV &
Solid angle 0.007716 sk
Spedmen description 5i3N4 std
Spedmen-to-detector distance 72 mm
M A _2‘_: x M o mdes v o d e El -

1 spectra selected,
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Dirty

Trick? 1 (cont)

e

T

i 8004 I Ml sian std
.Trimmed[SiBNd st 473 eV hBE eV
X
600+ .
A . The offending peak has
= N .
¢ 2 400 been eliminated in the blue
5 _
~ spectrum.
W 200+
A4
L o~
5 10 0 -
i5 20 0 1000 2000 3000 4000 501
Enerdy (kev)
Spectrum F'.eportl P, Command
Default Detector Spectrum Properties KLM Lines
IXA-8500F v| Name Value Element N WIN
- - _Fami
Bruker 5 eV/ch | Instrument IXA-8500F + | @ Zoder @ Eorder | W1 K-famiy
épechum List ~ Live time 406 5 o [ [ Edges
Moxtek window thickness 3.3 um 1 L k
ZrN_GLR_STD_10kV20nA_Med_125kHz10DT_100s : : ,
Mickel layer thickness 0 rm Nitrogen
ZrM_GLR_1 10k¥20nA_Med 125kHz10DT 100s Operator S—
ZrN_GLR_2_10kV20nA_Med_125kHz 100T_100s Optimal working distance 2.0 mm [ Clear ] [ Clear Al ]
Zri_GLR_3_10kW20nA_Med_125kHz10DT_100s Probe current 20,000 nA
Si3M4_GLR_STD_10kW20nA_Med_100kHzB8DT_100s : __ Standard Composition
) ” p " Probe current (after) 20.000 nA
SiM4_GLR_1_10kv20nA_Med_100kHzE0T_100s Real time 24005 Element Mass Fraction Atomic Fraction
S5i3M4 GLR_2_10kV20nA_Med_100kHzSDT_100s nesciution 130, L eV it 0 3994 40000
Si3M4_GLR_3_10kV20nA_Med_100kHz8DT_100s : : =|| || Dregen : :
. Resolution measurement energy 5899 &Y Silican 0.6006 3.0000
Si3M4 std id |
Trimmed[Si3MN4 std, 473 eV, 585 eV] Selid ange 0.007718 =R
== - Spedmen-to-detector distance 72 mm b
Spectrum index 1
Standard Composition Si3nG

spectra selected




Dirty Trick? 2

File Process Tools Report Help

ol
2007

i

M siang std

Calibrate an
600+

&
EDS detector ]I I

i
O ——

7

Counts

4001

1Wa

Reportl I"!. Command
Default Detector

JXA-8500F

:Eruker 5 eVfch

Spectrum List

KLX>M» W

| |

Previous: C4

> Measured spectrum

Specify a spectrum
Spectrum |Si3M4 std

specify the material

N

~

Use the calibration alien to
fit all the elements in the
spectrum.

)

Material | B340

Live tighe |405.97 | sec.

Fif type :Linear (default)

Add small amounts of C
and O to the composition
to force the algorithm to

fit these elements.

ctive date Dec 31, 19589

e reference beam energy is 10.0 keV.

Back

rimmed|53Ng std, 373 eV, 335 eV]

Probe current [20.000 | nA

-

WIN
B[] K-family
[+ [7] Edges

Atomic Fraction
4.0000

3.0000

X

=
==

¥ A

Solid angle 0.007716 sk
Specdmen description Si3M4 std
Specmen-to-detector distance 72 mm

[ [P SR P 4

1 spectra selected,




Dirty Trick? 2 (cont)

Wsizug std

- iS04 stel

- gcteristic[Si3M4 std]
sstrahlung[Si3n g std]

Previous: Fit Results

Fit results
Finish

Energy calibration ( Select ”OUtpUt

Fano factor |0.1200 elemental fits.”
Moise | 5.95&0.00

Spectrum | Report | # Command | FUWHM | 129,9620.01

I;Jafault e Resolution calibration
JXA-8500F [VIM
: Zero offset | -459,19+0.03 eV B [ 7] K-family

- [ Edges

:Eruker 5 eV/ch -
Spectrum List Channel width |4.9597+0,0001 eV fchaghel

o
ZrN_GLR_STD_10KkV20n Deselect “Add to

ZrM_GLR_1_10kV20nA d ata b as e”
Zri_GLR_2_10kv20nA |

ZrN_GLR_3_10kV20nA_Mrea—rrowrreroo—
Si3M4_GLR_STD_10kV20nA_Med_100kHzSD Message:
Si3N4_GLR_1_10kV20nA_Med_100kHzBDT

Si3M4 GLR_2_10kV20nA_Med_100kHzBDT
Si3N4_GLR_3_10kV20nA_Med_100kHz8DT

5i3M4 std -

mr‘ned[5|3N4 std, 473 eV, 585 ev] - | Support grid open area F7.0%

< | m Support grid thickness 0.380 mm
Window type Llltra-thin window

"] Add to database utput elemental fits

action Atomic Fraction

) L i
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Dirty Tric

<? 2 (cont) =

1

& w

-ﬁ 300+ Ml si3n4 st

. .EestFit[Dwgen,BiSNd std]
ﬁ B cestriticarbon, Si3N4 std]
A 2001

5
>€ 3
1]

M 1|:||:|_

oA

v

5 10 0 \ Fan

15 20 a 1000 2000 2000 4 000 500

Energy (kel)

| Spectrum I Report| ¥ Command

Open Terminate :ﬁt.py -

7 ZYN_GLE_ 5 _IURVZUIS FEd LZSKHZLUDL_I003 i
28 5i3N4 GLE STD

39 5i3N4 GLE 1 1

i

310 5i3M4_GLE_2 1 |S()

s11 sisme_ste_3_1q Ljst the spectra

glz2 5i3N4 =std . . .

o rimmea[SiaNe SSITTT SV SRS T Use spectrum math to eliminating the

514 51384 sud offending elements.

zl5 BestFit[3i3N4 =td]

3la Characteristic[5i3H4 atd]

317 Bremsstrahlung[S1i3N4 =std] -
318 BeatFit[Carkon, S13H4 3td]

3la BeatFit[Nitrogen, 51304 std

320 BestFit[Oxygen,51i3N4 s

321 BestFit[3ilicon, 31 atd] n

displayv(sl4-{320+31E) :l|

spectra selected,
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Dirty Tric

K? 2 (cont) B

I=Ellx |

Counts

KLY M» w

3]
—
[=]

15 20

o
100+

50+

28

-
A+ Edit the spectrum p

roperties ﬁ

Conditions | Description |

Instrument

Instrument

Detector

Spectrum

Repart I l?:,. Command

Default Detector —

JXA-B500F

:Eruker 5 eV/ch v]

Spectrum List —

ol SN ST

Si3M4 std

rimmed[Si3M4 std, 473 eV, 585 eV]

BestFit[Silicon,Si3MN4 std]
BestFit[Choygen,Si3i4 std]
BestFit[Mitrogen,5i3M4 std]
BestFit[Carbon,Si3N4 std]
Bremsstrahlung[Si3k4 std]
Characteristic[Si3N4 std]

Calibration
Instrument parameters

Beam energy
Probe current (before)
Probe current (after)

Live time

Warking distance

 TA-B500F -

M 5i3n4 std-BestFit{Oxygen Si3N4 std)+BestFit[Carbon,513N4 std]

iBruker 5 eVjch
FWHM[Mn Ka] =130.1eV - 2014-/F

N

ix the “Live time” to equal that
. . 501
oo " of the original spectrum.
20,000 nA Spectrum math mucks it up in a
20.000 way that makes sense in other |-
06| seconds circumstances but not this one.
mim K | - /
Mitrogen
Clear ] [ Clear all
II omposition
ement Mass Fraction Atomic Fraction

Resolution 130,1eV —
Resolution measurement energy 5899 eV
Solid angle 0,007716 sk

Specimen description

Si3M4 std-BestFit[CQxyaen,Si3N4 std. .

o i o e e e ol e T —

1 spectra selected,
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File Process

Dirty Trick? 2A

=EELEE

Tools Flprt Help

&
e 100001
A o
S
€ 5
O
¥ 50007
b =
"4 /N
5 10 0 |
S 0 1000
| Spectrum F‘.eportl L Command‘
| Default Detector Spectrum Properties
| xa-8500F > MName

Bruker 5 eVjch -
Spectrum List

Gold layer thicknes

Identifier

ol NS 5Ta

rimmed[Si3M4 std, 473 ey, 585 eV]
Si3N4 std
BestFit[Silicon, 5i3N4 std]
BestFit[Qxygen,S5i3M4 std]
BestFit[Mitrogen, Si3N4 std]
BestFit[Carbon, 5i3M4 std]
Bremsstrahlung [Si3n4 std]
Characteristic[Si3ng std]
BestFit[Si3N4 std] i
5i3M4 std-BestFit[Owygen,5i3N4 std] +BestFit[Carl =

s

A
o

m

.BestFit[Silicnn,Si3N4 std]
.BestFit[Hitrugen.SiSNd std]

Alternatively, use the elemental fit
spectra directly as standards for the
elements they represent. Remember
their intensities are those of Si;N, not
pure Si or pure N.

1 | 1l r

p——

Y A X

spectra selected.

i // \
Instru
Ligafme N /
oxtelgMindow thickness 3.3 pm
Mi layer thickness 0 nm l Clear ” Clear Al ]
perator Bruker AXS Kon
Optimal
Probe / 00 | I o h w\ Mass Fraction  Atomic Fraction
S Fitting low energy lines to within a
rea®  fraction of a percent is challenging so
esolu
Rescl your mileage may differ depending
alld @
Source upon circumstances.
\_ )






