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Signals produced in the
Electron Microprobe

Electron

beam Back-scattered
Cathodoluminescence electron (BSE)

(CL)

Characteristic X-ray |8

Secondary
electron (SE)

Specimen



Electron-specimen interactions

Beam electron

= Specimen atom =
Scattered beam electron

Elastic Scattering Inelastic Scattering
E, = E,, large ¢, E <E,, small ¢,
(¢€> > ¢Z>
- Back-scattered - Characteristic X-rays
electron - Secondary electron

- Cathodoluminescence



Elastic scattering cross-section

O>¢) = 1.62x10% (22 E*)cot(@,/2)

Q: cross section (events.cm?/e.atom)

¢€: elastic scattering angle

/.+ atomic number

E, = E,, latge ¢,

E: beam energy



Electron interaction volume

o Increases with voltage (electron

beam energy)

o Decreases with sample atomic
number

Typical depths (15 kN, perpendicular beam):
Carbon (C, At# 6) 1.8 pm
Iron (Fe, At# 206) 1.1 ym
Uranium (U, At#92) 0.8 pm



Electron Back-scattering

(High angle elastic scattering)

Heinrich, 1966
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Backscattered electron image

Back-scattered electron Plane polarized transmitted Ilight

Polished silrface Thin section

Function of Function of optical
composition properties



Phase identification: EDS X-ray spectra

1lm

Fe
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Si
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Understanding X-rays:
Energy and Wavelength

E=hv

h : Planck's constant

(6.626x10>* Joule.sec

or, 6.626x10->*/1.6021x10-1¢ keV.sec)
V: frequency (= c/A)

(c : speed of light in vacunm

=2.99793x10' nm/sec
A : wavelength)

A(nm) = ¢/v= hc/E = 12398/ FE (keV)




Understanding X-rays:
The electromagnetic spectrum

UMo SiKo
3.17 keV 1.74 keV
0.39 nm 0.71 nm

Energy (keV)

Frequency (Hz)

'_ Wavelength (m)

- — — _ Wavelength (nm}
500 600 700 800

A (nm) = 1.2398/ E (ke V)




The X-ray spectrum

Ti

N

\.

&
]
=
1]
=
=

Fe
. o : ”
_m’.‘f."-‘ifi'ﬁ*lr‘“l' pre o 38 W%w’ Lﬂ‘w'%'t
-— Wavelength ‘—]
Energy —— X-ray background

(maximum energy = electron beam
energy, Eo)



Continuum X-rays: background in
X-ray spectra

Phase 1

Phase 2 Ti

. Fe :
AA" Pt “"“{ \"»m Viwrdhpivtg .C ;w. le:;) \. | N'.

Neither phase contains Cr

But background counts at Cr : wm l

inl in2



Characteristic X-ray generation

Electron
beam

- » -
¢ incident electron

ejected
- .

Target _
orbital electron

atom

Y
' scattered
primary electron

K-shell electron transition
and x-ray photon
I shell generatlon

/ N\

©

x-ray photon
emitted

x-ray p hoton
internally absorbed
and Auger electron
emitted

Flowchart for

X-ray generation Sip |ngm ll:a

Nd"ﬂl"l W

[P YY

Inner-shell ionization

X-ray and electron transition
Ko L 70 K-shell  KB: M to K-shell
Lo M 7o L-shell  LP: N o L-shell
Mo N fo M-shell

Ti

Fe

ULF,W‘_JL\W%EMM



Overvoltage

U=E,/E,

where, E, is the electron beam energy (usually 10-25 kel”)
E, : critical excitation energy for inner shell wonization

Best analytical condition, U=5

Inner Shell lonization

20
U (=E/E,)




Elements currently not detected using
X-ray Microanalysis

K alpha energy between 0-10 keV
2893 Si L alpha energy between 0-10 kev
L alpha energy between 10-20 Kev

M alpha energy between 0-10 kev

98 414 1.740 roseTAM

4 -am
13.612 14
12011 1ot N Buow O

A
J .' .'1 0.282 0.392 (Ti) 0.523 (V, Cr)
»

78— 8

2253 Na . 28.09 X 3 X 32.06 s

1.04 {2Zn) E 2,307 (Mo, Pb)

— 116

4750 Ti 5094 Vv . . 5585 Fe H 6538 ZN

3,313 (Cd, In) 4510 (Ba) 4.952 (Ti, Cr) 8 £.403 (Mn) 8637

o— 19 od4sz(N) 22 0.511 (0) 23 N X 2.705 (F) 26 1.012 (Na) 30

g pp e 8891 Y : 59 Mo 9197 Ry 1241 o

130 37 1416 195 39 1ass 42 : 1w 44 wis 48

1,694 (s, Ta, W) [l 1.806 (55,72, w) @l 1922 2203 (S, Pb) ; 2558 3133 (K)
1913 pa Ta 1920 (e i § 22 pp
s2108 96 4 i 73 8- =i 276 = mses 82

4,465 (TI) 8.145 8306 1 2910 d 10550
— 1.710 (S, Rb) 1.775 (S4, Sr) 1910 2.346 (S, Mo)

157.25 168,93 Tm 173.04 Yb

42992 50,730 69 52382 70
6,056 7479 7414
1.190 1.466 1523

237.08 Np 243 Am

98.434 92 100.800 93 103.320 105.970 95
13612 13.941 14275 14.615
am 3260 3.348 3.437




Imaging with X-rays:
composmonal mappmg

Beam-rastered image: electron beam: rasters over the area to be imaged

Stage-rastered image: electron beam is stationary, stage noves



EPMA: Quantitative analysis

WDS spectrum:
Intensity is proportional
to concentration

Sk [2AF]

C(i)

C; and C ;: concentration of element 7" in sample and standard

I; and 1 ,: measured X-ray infensities of element 7" in sample and standard

K. : k-ratio of element 7’ ZAF : matrix corrections



Matrix (ZAF) corrections

Z. : atomic number correction
A : absorption correction

F .'f/mm*ceme correction



Atomic number (Z) correction

R R,=ZCR,
R = #X-rays generated | #X-rays if
7 S (i) there were no electron backscattering
|
R_i $;=2CS;
S. S = -(1/p)(dE/ ds), stopping power
|

( ): standard

a function of E, and composition
(Duncumb and Reed)



Z, a function of E, and composition

Measuring Cu

in
Cu-Al alloy
Pure Cu
standard
" Cu_-._ﬁ.lwlm CuAl; standard l:t.ﬂF'.l'.lfI.!-I'ﬂl'l‘t Cou )
CuAl,

standard




X-ray absorption

electrons

xX=z cosecy/

dz

[ = I exp™PIPX) = [ exp(t/ppz wsy)

[: Intensity emitted; 1,: Intensity generated

U/ p: mass absorption coefficient
p: density; 1: depth; W: take-off angle



Mass absorption coefficient, (/).

E¢(i-shell)

Ekev) ZnKa is highly

Plot of the mass absorption coefficient absorbed in N1
as a function of x-ray energy in Nickel

(,Ll )energy
Energy  Ec-shen o, NI

(keV) (keV) (cm?/q)
CoKa 6.925 53
NI 7.472 8.331 60
CuKa 8.041 49

ZnKa  8.632 311



Absorption (A) correction

Absorption function,
- ) ) =
| f (Zl) 1 i(ewilfecz’)/ 1 i(generated)

( ): standard

a function of E,, y and composition
(Philibert)



A, a function of E,, y and
composition

Anikq 10 Fe-Ni alloy
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X-ray fluorescence

A consequence of X-ray absorption

whern

I8 absorbed X-ray > c(absorber shell)




Absorption-Fluorescence In Fe-Ni alloy
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0.0 e 0.0
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NiKat zs absorbed in Fe, and Fe is fluoresced

K-shell exccitation energy of Fe = 7.111 keV; N1K energy = 7.478 keV

(,L/ YNika =379.6 cm?/g
p e



Characteristic fluorescence (F)
correction

U : fluoresced intensity
(1+ 2 '{(Ej)/l (i) }]

[ : e-beam generated intensity
[1+z{| , }j

F —

(): standard

Fluorescence correction for an element includes the
summation of fluoresced intensities by other
elements in the compound

a function of E, and composition
(Castaing-Reed)



F, a function of E, and composition
Fr.xo 1N Fe-Ni alloy

Froq at 15.5°
Q

Frec at 40°
{ O
o
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