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Crystal Spectrometer geometry
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Henry Augustus Rowland

Henry Augustus Rowland (1848-1901)

Born

Died

Nationality
Fields
Institutions

November 27, 1848
Honesdale, Pennsylvania,
u.s.

April 16, 1901 (aged 52)
Baltimore, Maryland, U.S.

American
Physicist

University of Wooster
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Institute

Johns Hopkins University
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Figure A.2: Rowland circle geometry



Rowland Circle Arrangement
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Generic EMPA/SEM WDS
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WDS Spec’grometers

An electron microprobe generally
has 3-5 spectrometers, with 1-4
crystals in each. Here, SP4 (spectro
#4, LF) with its cover off.

Electron Beam C rysta IS (2 4
Yoo pairs)
X-r:)Zs\\ /,(l: Sample
e ‘,’\‘ 2 Surface
Proportional

Counting Tube (note
tubing for gas)

nA = 2d sin®
where, n = an integer (1,2, 3...), Pr‘eAmp ,

» =wavelength,
d = d-spacing of the crystal,
and O =1nadent angle (measured from crystal surface)



NA =2dsin0O

Lots of Analyzing Crystals

STV oh o T ‘4'1"?}‘;‘1 2
Wavelength Dlsperslve Specirometers
Over the Course Approximate Intensity
Crystal designation Reflecting 2d spacing useful wavelength performance
. and /or crystal name planes (R) coverage in R relative to Mica
Of the ﬁrst 30 LiF-lithium fluoride 420 1.78 down to 0.2
Topaz 303 2,712 -2,5 4.3
years of EPMA Si0,-quartz 2023 2.75 -2,2 2.8
) LiF-lithium fluoride 220 2.848
LiF*-1lithium fluoride 200 4.0267 -3.8 12.8
~50 crysta|s and Al-aluminum 100 4.049 0.8-4.3 20.0
Si0z-quartz 1120 4.903 0.8-4.7 1.4
NaCl-sodium chloride 200 5.640 0.9-5.3 151
pseudocrystals Calcite 104 6.07 1.0-5.7 4.9
ADP-ammonium dihydrogen phosphate 112 6.14 1.0-5.7
Si-silicon 111 6.2706
have been used Fluorite 6.2 1.1-5.8 4.1
* Ge-germanium 111 6.532 1.1-6.0 6.6
Si0,*-quartz 1011 6.6862 1.1-6.3 5.3
C-pyrolytic graphite 002 6.70
H ADP-ammonium dihydrogen phosphate 200 7.50 1.2-7.3 E
Z Lif | PET | TAP |0DPb §10;*-quartz 1010 8.492 1.4-8.1 1.5
PET* pentaerythritol 002 8.74 1.4-8.3 11.8
5 EDDT-ethylene diamine d-tartrate 020 8.808 1.4-8.3 7.4
s ADP*-ammonium dihydrogen phosphate 101 10.642 1.8-10.3 3.5
10 ' SHA-sorbitol hexaacetate 110 13.98
- Gypsum 020 15.2 2.6-15.0 1.9
=T BiTitanate 16.40 -16.0
Lal 5 W Ammonium tartrate 14.2 0.22
20 n Ammonium citrate 14.7 0.2%
o) 2 Mica*-muscovite 002 19.84 . 3.3-19.4 1.0
ol TLAP-thallium acid phthalate 1010 25.9 i
30 RAP-rubidium acid phthalate _ 26.121 2.0-18.3
KAP*-potassium acid phthalate 1010 26.632 4.5-25.4 6.4
kY] Penninite 28.6 0.2
n pre— Chlor-clinochlore 0001 28.392 5. =27.4 0.4
40 Fe-Mg layeredP 60 8.3-23.7
a OHM-octadecyl hydrogen maleate 63.5 0.4
Llaur-lead laurate 70 -67 158
50 s.,—. Lat LTD®-lead tetradeconate 80
5 Lmyr-lead myristate 80,5 18-71
0AO-dioctadecyl adipate 93.8
80 OHS-octadecyl hydrogen succinate 96.9
LSD-lead sterate decanoate 100 17-94 152
Py LOD*-lead octgdeconate - 100 17-94 10.7
70 Fe- Mg layered 104
Lot} I'ny LTE®-lead tetracosanate 126 N
Llign*-lead lignocerate - 130 26-120 -
80 Lcer-lead cerotate 140 31-124
LTc -1lead triacontanate 156
Mall 18 Lmel-lead melissate 160 35-140
90 L—J *Indicates the crystals that have been commonly used in electron probe analysis,
92 a) Relative intensity related to mica at 13.3 by Henke and Lent (Ref. 56); b) 130 alternatlng
3 layers each of Fe(1a§) and Mg(16R&); c) pseudo-crystal produced by Biodynamics Research Corp.

Rockville, Maryland; d) 100 alternating layers each of Fe(lBR, and Hg(393)



WDS detector

P10 gas (90% Ar - 10% CH,) is
commonly used as an
ionization medium. The X-ray
enters through the thin
window and 3 things can
occur: (1) the X-ray may pass
thru the gas unabsorbed (esp
for high keV X-rays); (2) it may
produce a trail of ion pairs (Ar
*+ e), with number of pairs
proportional to the X-ray
energy; and (3) if the X-ray is
>3206 eV it can knock out an
Ar K electron, with L shell
electron falling in its place.
There are also 3 possibilities
that can result from this new
photon:

X-Ray
§ Thin Window
rer—— / )
Insulator
Art Q
Artg-€e” 77272727777,
% T W/melee
m =
. ]
J+ = — | [—
Gas Out Gas In + HV

Figure 5.7. Schematic drawing of a gas flow proportional counter.

(3a) internal conversion of the excess energy
with emission of Auger electron (which can
produce Ar* + e pairs); (3b) Ar Ka X-ray itself
can knock out electron of another Ar
molecule, producing Ar* + e pair; or (3c) the Ar
Ka X-ray can escape out thru a window,
reducing the number of Ar* + e pairs by that
amount of energy (2958 eV)
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Continuum Radiation from charged particles

gn[ér(/i5 + EO-EX)Z]

=l 2. L
do 3.2x10-2722,% Mg, e .2
= 5 in /eV (1
(dE Br B ( M) E ke
X

where B = v/c, Mg is the electron mass, Z is the atomic number of the target
atom, z is the atomic number of the incident particle. For electrons as the
colliding particle, this reduces to:

5 %n[é;{/ﬁa + /EE_:fE;)Z]

=il
%;.’.)Br . 3-2";2 2 - in A%/ev (2

X

The point to be noted here is that this cross-section (per atom) is orders of
magnitude smaller than that of the cross-section for characteristic xray
production [for the incident electron energies that we will generally be using
for microanalysis]. However, if the number concentration of the atoms giving
the characteristic xray signal is small, then this cross-section can be of
comparable magnitude to the characteristic cross-section, thus affecting the
detectability.
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Detectable mass fraction, MF

Detechble Mass Frachen
Xray detection, EDX
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SCATTERING MECHANISMS FOR CHARACTERIZATION
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EELS of Nucleic Acid Bases obtained
Using 25keV Incident Electrons
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Energy Loss Spectra of Metal Fluorides
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Knock-on Damage
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DETECTARLE MASS FRACTION,
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Single Atom Identification in STEM
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From O. Krivanek, et.al. Ultramicroscopy. (2012).in press



STEM Imaging/EELS of individual atoms/defects

From Krivanek, et.al. Ultramicroscopy.(2102) In press
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Single Atom
. @c
Detection by EELS
Model
ADF
Cs map
Clmap
e v v ' v :
ClL, ;-edge | Cs M, c-edge
8
8 Senga & Suenaga. Nature
Communications. 6.7943 (1915)

Figure 3 | Detection of single Cl atoms. (a) Atomic model of a CsCl
atamic chain inside a DWNT. (b) An ADF image of a CsCl atamic chain
(cd) EELS chemical maps for the Cs M-edge and Cl [-edge corresponding
to b, respectively. (e) An EELS spectrum of the CsCl atomic chain inb
showing a trace of Cl and Cs, as well as the carbon K-edge which
correspands to the DWNT. The ADF image b only shows the Cs atamic
paositions as bright spots which are consistent with the red spots in the EELS
chemical map of the Cs M-edge c¢. The EELS map for the Cl L-edge d clearly
shows the existence of Cl atoms in between Cs atomns despite of hardly
visible ADF contrast in b. Scale bar, 0.5nm.



S0 whad ﬁri‘j 40 nedawg. min. dEL. tewe .
; 1
e e {Ee[ 5]
=0T, — dewn o U
F dotg;]“m&ﬂ- MF
bt l'MARMVj IP My pde ME .

: lmoowﬁ‘ﬁv vrvoiling Fiwas, T AL ME

e T s = Ao

._L— _L-v S0 MiAan
Y (jlé)urui@7 (Ms)” of pu‘;:‘v.& A
t“uM\V‘ l'}S wNC

ol wew%QdMumefgW-—-—
1. dlihn
Q,Ybéiwdmm“wdhhw

et tham wrup, =1 2%
mmmfso MF W



-2

(0 : |
3 7
£ 104 4 For ebeam
é induced Xrays,
‘:‘z)’ 0™ - b Concentrations
8 about 0.1-1%
o B, |
o g : 5
20 40 &0
Z
Fijure .

m»nlmm.ma-w e lialion $a luo‘fN wdied xflw-( {luwrsug
Qa/(& (belc‘ ‘h\l GUVUA,MW "D 'HAJ d)\0+6\f\ Q&Wj(’ " HGV.

The detedalsle thH wad@dtion of a traw elewent of

Jowis o 2 m a O.Imj/(,mz carbion watnx.

e conanliation cludattd avmumn pade wunts = me'éacmirmd wwt
e selue amalf? Jnat the Si (Li) delale sublunds v

ALz .003x% 4T Ster W cusume 160%0 AAZUN %w»u‘.
e mundat Mm 424.3: w10 coul amd the {urm.oc utitﬂd

[ Mw)(rm’g

F.Folewann, C.Gaarde, T. Huus avd K. Lewp, Nuc. lnit, Meth, 11b_ 487(1474)




MicroPIXE,

5 Most of the experimental facilites of our laboratory are based on a 5 MY Van de Graaff (VdG)
electrostatic accelerator. VdG provides energetic ions (H+, D+, He+, etc.) for ion beam
4 analysis, physical experiments, as well as for the modification and testing of materials.

5 MV PIXE Scattering Scanning lon
vertical chamber chamber Microprobe

Van de Graaff Data Acqulsition
accelerator MicroPIXE and Processing
il |
mi} ------ d
E3 m - microPIGE
Analyzing Switching RBS
magnet magnet gsg;‘
Broad beam
PIGE/DIGE

chamber

W,
ey
ESA-21
Accelerator Electronspectrometer
control

Schematic diagram of the IBA Lab.

http://iba.atomki.hu/facilities.html
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Elemental Analysis, Inc.

About Us Contact Us

Proton Induced X-ray Emission (PIXE) ———

Introduction

Sample Types

Theoretical Background of PIXE
Data Reporting Format

Quality Assurance Procedures

System Calibration

Analytical Applications

Interested in getting a quote from

EAI? Request a quote online.

PIXE Applications and Theory

Elemental Analysis Incorporated, utilizing Proton Induced X-ray Emission (PIXE), provides a non-destructive,
simultaneous analysis for the 72 inorganic elements from Sodium through Uranium on the Periodic Table for solid,
liquid, and thin film (i.e. aerosol filter) samples. The PIXE technique offers the advantage of analysis, without the
necessity for time consuming digestion, thereby minimizing the potential for error resulting from sample preparation.

Sample Types Return to Top

Solids — such as plastics, papers or metals, are analyzed "as received,”
while powdered materials, such as fly ash, activated carbon, catalysts, and
corrosion products, are ground to 200 mesh or finer and pressed into pellet:

for analysis.

Liquid — samples, such as oils, process waters, and solutions, are analyzed
using a plastic cup of either 8 mL or 3 mL in capacity with a 0.3 mil Kapton
front surface window, and can be analyzed “as received” by this method
without modification. However, some liquids (i.e. highly caustic or highly acidic) may require predilution or neutralization

before analysis.
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Tables of X-Ray Mass Attenuation Coefficients
and Mass Energy-Absorption Coefficients
from 1 keV to 20 MeV for Elements Z2 = 1 to 92
and 48 Additional Substances of Dosimetric Interest*
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Abstract

Tables and graphs of the photon mass attenuation coefficient w/p and the mass energy-

absorption coefficient deq/p are presented for all of the elements Z = 1 to 92, and for

nith &93 Shulty | .
48 compounds and mixtures of radiological Interast, The tables cover energies of the photan
(x-ray, gamma ray, bremsstraniung) from 1 keV to 20 MeV. The u/p values are taken from
the current photon interaction database at the National Institute of Standards and
o , , Access the Data for:
Technology, and the fiey /0 values are based on the new calculations by Seltzer described In
Radiation Research 136, 147 (1993). These tables of w/p and pen/p replace and extend the Elemental Media
tables givan by Hubbell In the International Journal of Applied Radiation and Isotopes 33,
1269 (1982). or
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Stopping-Power and Range Tables
for Electrons, Protons, and Helium Ions
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Abstract:

The databases ESTAR, PSTAR, and ASTAR calculate stopping-power and range tables for
electrons, protons, or helium ions, according to methods described in ICRU Reports 37 and
49. Stopping-power and range tables can be calculated for electrons in any user-specified
material and for protons and helium ions in 74 materials.

Access the Data

Electrons | Protons | Helium Ions

NIST Standard Reference Database 124
Online: October 1998 - Last update: August 2005

Contents:

1. Introduction Contact

2. ESTAR: Stopping Powers and Ranges for Electrons Stanher Saltr

3. PSTAR and ASTAR: for Protons and Helium Ions (alpha particles) mniimg Radiation Division
References phone: 301-975-5552
Appendix: Significance of Calculated Quantities fax: 301-869-7682

100 Bureau Drive, M/S 8460
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This work was supported in part by the Department of Energy, Office of Health and Environmental Research,
Washington, D.C. 20585; and by NIST's Systems Integration for Manufacturing Applications (SIMA) Program.
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PSTAR : Stopping Power and Range Tables for Protons
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ESTAR : Stopping Power and Range Tables for Electrons
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Elemental Analysis, Inc.

About Us Contact Us

Proton Induced X-ray Emission (PIXE) ———

Introduction

Sample Types

Theoretical Background of PIXE
Data Reporting Format

Quality Assurance Procedures

System Calibration

Analytical Applications

Interested in getting a quote from

EAI? Request a quote online.

PIXE Applications and Theory

Elemental Analysis Incorporated, utilizing Proton Induced X-ray Emission (PIXE), provides a non-destructive,
simultaneous analysis for the 72 inorganic elements from Sodium through Uranium on the Periodic Table for solid,
liquid, and thin film (i.e. aerosol filter) samples. The PIXE technique offers the advantage of analysis, without the
necessity for time consuming digestion, thereby minimizing the potential for error resulting from sample preparation.

Sample Types Return to Top

Solids — such as plastics, papers or metals, are analyzed "as received,”
while powdered materials, such as fly ash, activated carbon, catalysts, and
corrosion products, are ground to 200 mesh or finer and pressed into pellet:

for analysis.

Liquid — samples, such as oils, process waters, and solutions, are analyzed
using a plastic cup of either 8 mL or 3 mL in capacity with a 0.3 mil Kapton
front surface window, and can be analyzed “as received” by this method
without modification. However, some liquids (i.e. highly caustic or highly acidic) may require predilution or neutralization

before analysis.



MicroPIXE,

5 Most of the experimental facilites of our laboratory are based on a 5 MY Van de Graaff (VdG)
electrostatic accelerator. VdG provides energetic ions (H+, D+, He+, etc.) for ion beam
4 analysis, physical experiments, as well as for the modification and testing of materials.

5 MV PIXE Scattering Scanning lon
vertical chamber chamber Microprobe

Van de Graaff Data Acqulsition
accelerator MicroPIXE and Processing
il |
mi} ------ d
E3 m - microPIGE
Analyzing Switching RBS
magnet magnet gsg;‘
Broad beam
PIGE/DIGE

chamber

W,
ey
ESA-21
Accelerator Electronspectrometer
control

Schematic diagram of the IBA Lab.

http://iba.atomki.hu/facilities.html



Micro-PIXE analysis of an Egyptian Papyrus
Identification of the pigments used for the "Book of the Dead"

A-M. B. Olssonl. T. Calligaroz. S. Colinart2 o R Dranz. N.E.G. L6vestam3, B. Moignard2 and J. Salomon2

lUniversity of Goteborg, SE-405 30 Goteborg, Sweden
2Centre de recherche et de restauration des musées de France, CNRS UMR 171, Palais du Louvre Paris, France

3Chalmers University of Technology, SE-412 96 Goteborg, Sweden
http://www.fastcomtec.com/n-applications/multiparameter-systems/micro-pixe-analysis.html

View of the external microprobe set-up with the papyrus in place

The Papyrus KM 21933 consists of hieroglyphic text ended by a painted vignette. It forms the right end of a "Book of
the Dead" from the Theban 19th Dynasty (c.1295- 1186 B.C.). This name is given to religious funerary texts and spells
for protection and guidance of the deceased entering the afterlife. Probably discovered in the 1820s, it was acquired
in Berlin in 1912 by The Kulturen Museum in Lund, Sweden.
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Particle Accelerators
in Art & Archaeology

Pier Anclrea Mearniclo

Dioartirnento di Fisica
and Sezione INFIN, Florence, ltaly
e-rnail mando@fi.infr.it
www.presid.infn.it/er/erO4fazio.ppt

Erice, April 17, 2004



PIXE analysis of
ancient manuscripts

(INFN Firenze, Biblioteca Vaticana, Biblioteca
Laurenziana)

Detecting which pigments were
employed provides important art-
historical information, both about
general trends and specifically
about the analysed work.

More or less precious
materials <> symbolic value
of the text.

Trade routes of raw material

External-beam PIXE analysis of the ; ,
frontispiece of Pl.16,22, from import from countries far

Biblioteca Laurenziana in Florence away. Added or restored
parts.




+ simultaneous use
of PIGE to detect

light elements
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Final Paper/
1. Paper due last day class
10 page approx.
(IEEE style references)
2. Rough outline due February 26 or earlier
3. Topic should be about a particular microcharacterization
technique and comparison with at least one other method. From

topics covered in course outline.

4. You must discuss the spatial resolution characteristics and
limits.

5. Include the abstract of each paper you reference or a one
paragraph summary of the url reference.

6. Briefly, discuss a particular application.



EE213 Paper Notes

See |EEE.jour for formatting notes. On class web site.
Paper should be about 10 pages long including figures.
Paper should include a 1 paragraph abstract

Paper should have at least 10 references.

For each reference, either a summary or the abstract of that
reference attached as an Appendix to the paper.



Possible topics for paper
SEM imaging

Quantitation in the SEM

Auger microscopy/spectrosocpy
Particle beam induced Xray spectroscopy
(electrons, ions, photons, etc.)

Xray Microscopy

SIMS microscopy

RBS microanalysis

Super resolution optical microscopy
Scanned tip microscopy

Atom probe microscopy
Tomography

Other topics ( upon approval)



