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Iﬂﬁ 1 Types of electron-beam-excited electrons and
radiation used in SEM and the depth of the region
below the specimen surface from which information is

obtained.
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Ma
K shell

Ko X-rays are the most intense X-rays and originate from L~

shell—>K-shell transitions

KB X-rays are the most energetic X-rays and originate from
M-shell—>K-shell transitions

L shell

Lo, X-rays originate from M-shell — L-shell transitions
M shell

Mo X-ray originate from N-shell — M-shell transitions
Energy levels : M< L< Ko< KP ; intensity levels : Ko™ Kf
>L>M

4 . .
fUN 2 the origin of X-rays as shown in the Bohr

model of the atom

o o A o - v w v
dmiumgiimueaalsafiuanudiuduwng
) o ] &
ypuduiidnenulaeldmseaaluil Failidy Keg1=100

du K Wu L iy M
Koy = 100 Loy = 100 Mo, = 100
Ka, =50 Loy = 10 MB =60
Ko, = 150 LB, = 50
KB, =15-30 LB, =20
KB, =1-10 Ly, = 1-10



Atomic number

100

ITTTT T ITTTT TTTrTId

0 5.0 10.0 15.0

Energy. keV

Iﬂ'ﬂ 3 The relation between atomic number
and characteristic X-ray lines. (Courtesy of Dr.
Nicholas Barbi and PGT)
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]ﬂ'fl‘ 4 The characteristic spectra of lead and iron.
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pJ'n 5 Monte Carlo projections of the trajectory of incident electrons (top) and emitted X-rays (bottom). Left, the
projections for tungsten; right, aluminum. Note the effect of specimen tilt on the location of the excitation

volume.
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gﬂﬁ 6 The fluorescent yield as a function of atomic
number. (Courtesy of Dr. Nicholas Barbi and PGT)
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Sample Excitation volume

]ﬂ'ﬂ 9 The effect of specimen tilt on the location

of the excitation volume.

/(\ Detector area = ra?

U = arc tan a/s

a = detector radius

S = distance from sampie to detector

H = vertical distance from sample to center

line of detector

Solid angle Q = 27 (1-cosp) sin a =~ Ta2/s2sin a

Take-off angle f = arc sin H/S

Iﬂﬁ 10 Geometry of the take-off angle (/) and

solid angle (€2). (courtesy of Dr. Nicholas Barbi and PGT)
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Wavelength
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Atom Ditiracted

Incoming beam

beam

] <
/ % |
\
Interplanar /
spacing d " / 9\ \>
O
. b1
‘\\— Planes

contaning
atoms Alom
Transmitted
sin = be/d = 1/2 Md beam

A = 2d sin 8 Bragg's law

p]ﬁ 11 Simplified derivation of Bragg’s law of x-ray or electron diffraction. If angle
0 is such that the distance bc is 1/2 the wavelength A, then Bragg’s law is satisfied,

and constructive interference occurs along the direction of angle 0, causing diffraction.

Rotation of
detector

X-ray
detector

Diflracted
beam

Incoming x-ray beam from
specimen, wavelength A

0 - \_
\/ - Transmilted

- beam
Rotation of analyzing
crystal of known
“d" spacing

Iﬂﬂ 12 Schematic illustration of a diffractometer

used to analyze the spectrum from an x-ray beam.
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Intensity (109 cpe)
@

S

-J 4 [ v 17 <3 o & ].I!E mmic
ﬂﬂﬂ"l']N"ﬂI'NﬂuniﬂuﬂLﬂuﬂﬁﬂﬂ"li’Wﬂﬁ"IUﬂE}ﬂ . .
4. ¢ ) X designation relative number  cnergy (KeV)
(ATBITLATIEVISIGUUY  Wavelength Dispersive . .
) v oa o element intensity / wav A)
Spectrometer ﬁamuﬁnuﬂmwzﬁmm'm letduideany N 3\
El  Line 1z KeV Lambda

A a s . .
WIBNILATIENDNAUUL Energy Dispersive Spectrometer
A v r -3 A o -l o/ [ 73 4 1 v/

Alanandaluuniuds Taedded-sadefuanareiud: Lu L,-Mj 0171 8083  1.538

2 J =< 4 v -l & o ' U v
lanandlunaurie adwulsidng 2 38aniiannsid 0s Lt 0176 8077 1535
o : . Ho L 167 8061  1.538
@ningniaseeenyn ety Ko, KB, La , LB Ps
. . 2 Cu Ko 10029 8.046  1.541
. TR 1 UG (KeV) UAZATNEIARY e L 377 8040 1542
v -l A "o ' '
(0A) 129538Bnd Cu Tasfimgdulusgie na1g
. 1. . 2w . A Cu Kx 150 29 8.040 1542
WIAUIIYUENATYINBINUIANTUY A1YNANNENIARU Eu Lys 1 63 8.029 1544
navana Cu Ko 5029 8.026  1.544
Ta LP4 5 69 8024  1.545
Ho LBjo 01 67 8005  1.548
Er L3 668  7.938  1.562
; — T 25 W Ls 01 74 7925 1564
ok off sesie) Fe KB Gd Lyg 01 64 7.924  1.564
T a
Ho LBy,1s 20 67 7910  1.567
- or Er Lp4 168 7908  1.567
Ni Ka Hf 1x) 100 72 7.898 1.570
- 1.5
Cr K8 Gd Ly 164 7892 1571
Lu La 171 7.856 1578
i Lok T Lys 165 7.852 1579
Mn Ka Re Lt 0175 7851  1.579
Cr K8
N',K‘ Ma Ka
8 .o 0.5~ Ta LBz .01 73 8941 1.386
Mo Ka
J Cu Kaf\n'm 2 Yb LBs 170 8938 1387
L L ' 0 Pt Ls 01 78 8921 1.389
70 60 50 40 100 90
20 (degrees) Yb L3-Oy3 01 70 8919 139
Os Loy 100 76 8910 1.391
Iﬂf{ 13 X-ray spectrum obtained by using an X-ray Yo LBio 0170 8908 1.391
diffractometer (wavelength-dispersive spectrometry). HE Lps 472 89 1392
The sample was stainless steel containing 19.4% Cr, Cu Kpis 20 29 8904 13%2
9.5% Ni, 1.5% Mo, 1.4% W, and 1.0% Mn, balance Ho Lye 01 67 8903 13%
Cu Kfs 6 29 8901 1.393

mainly Fe. A flat LiF crystal was used as the

analyzer. A platinum target x-ray tube was used, i
mﬂi'ﬂ 1 Section of a table listing the energies of x-ray

operated at 50 kV and 30 mA. (Adapted from emisions of the elements. CuKq and CuKp are noted.

Cullity!2 ; courtesy of Diano Corporation.) (Adapted from Johnson and White.!1,
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Energy Dispersive Spectrometry %3838 Wavelength

Dispersive Spectrometry f1la

winedln

mminmifianuiugige Wae o = 1 e
e order gqﬁu (n=2,34...) anunezssuIuenTle:
faldasdoaunudld daaninm 20 Tasralieg
32N 20°-120° Wedenzimmegan Z = 4 fia 92
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sl 2 ednudacaiiailvmgnilin Wnomfyueedy
wu dhldudn LiF200) fi9199:m order usnyes CuKg
'lﬁ'mngmﬁ(l) A

ﬂ"ITNﬂ 2
Gh Reflection a1 2d (A" fnanuemaauilduen (A0
Plane 20 =10 - 145
topaz (303) 2.712 0.236-2.59
lithium fluoride LiF (220) 2.848 0.248-2.72
rock salt NaCl (200) 5.639 0.492-5.38
quartz (101) 6.686 0.583-6.38
quartz (100) 8.50 0.742-8.12
penta erythritol PET(002) 8.742 0.762-8.34
ethylenediamine d-tartrate EDDT(020) 8.808 0.768-8.40
amm. dihydrogen phosphate ADP(110) 10.65 0.927-10.15
gypsum (020) 15.19 1.32-14.48
mica (002) 19.8 1.73-18.92
potassium hydrogen phthalate KHP(101) 26.4 2.32-25.40
lead stearate 100 8.75-95.75

1.542 = 4,028 sin O
20 = 45.02°

winlfrd@nfuvunuesdifefiddnduindurini 4
vnmdhanflietesasesy (qqfl 14a) vilWseduaau
Wuiididndiialdladinn nslikdnTdailisidisnd
gninmmnliaiasnsesuldnniy AUl 14b

(115!115&114: 09 uozus 26 )

TaendniisafinnnTd 2r uazpudueslennniigauile
Safianatdwasdnidu r (g 14c) e 0 wls
wasldslildanuenaduiin@euutady suiludes
Wiiuam win wosedaansesuaguuinay Rowland
agiawn aliiainannedusuannnrdnuazlwudni
3y 0 fueiannsuAetuFunuriag 0 Ausdn
rilidaaiinmseanuuniia



Wavelength Dispersive Spectrometer Usznau
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maafl 3 uaawndn 4 siiafililuiedas WDS §u T300-
FCS 989 JEOL Ltd. Alfifsznauiuiaios SEM {u
JSM 540
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SOURCE

(a)

DETECTOR

ROWLAND
CIRCLE

(L}

i 15 Tduanal ¥ damannssnuwdsuuaaly 90
s, ¢’ uaz D’ frsnguunanay Rowland iaupuasszes
ma sC” i CD’ Ariiuawe uananiludnazgniali
duedsuiimanduass L Sy X-ray take-off
angle {u 35" anfulihimanuenadueesiididndes
Wuwrils Asmnsansiesuldagniysz@ndnmngs e
e B INENIARULaABBNTuM I sEmIEIY8e
AuUMmiakdan fmn 1 = szeenueninuaRdibndiy
uan ozler

1=2Rsin O (3)
Tt R = $efiuaaninan Rowland = 140 mm
mnqmﬁ (1) Ay 3) wle

I=RoAMd (4

Wagiumia peak veefrddndiamziingiedy

1 fiaujempsrnuemaiuuainnsinaidaimamis

DETECTOR

DETECTOR

(c)

]ﬂ?‘l 14 X-ray spectrometers : (a) nonfocusing type (flat crystal); (b) partially focusing

Johann (bent crystal); (c) fully focusing Johannson type (bent and ground crystal).
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Incident electron probe

X-ray spectrometer

jﬂ# 15 Wavelength dispersive X-ray analysis

Electron beam

Analyzing crystal

Rowland circle

S . .
A Specimen

Detector

~a -

]‘Lh‘l 16 Geometry of X-ray spectrometer
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ﬂ'lﬂi‘ﬂ 3

Analyzing Lattice Detection wave- Element range
crystal spacing length range K L M

2 d (nm) }\.(nm)
LiF 0.403 0.104 ~ 0.349 Ca~Se Sb~Rn
PET 0.874 0.226 ~ 0.757 Si~Cr Rb~Pm Hf~U
TAP 2.58 0.668 ~ 2.232 F ~Si Cr~Sr La~Re
MYR 8.0 21 ~69 B ~O Ca~Cr
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