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Abstract

XRF in the SEM offers a possibility of analy-
sing materials without a surface metallization,
but with detection 1imits in the Tow ppm range.
The rigid construction with a massive anode and an
independent filter foil presented here is also
suitable for routine applications. The necessary
actions involved when changing from the usual
electron excitation method to XRF are mainly re-
duced to replacing the sample holder carrying the
XRF construction.
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Introduction

Usually the characteristic X-rays of a sample
in the scanning electron microscope (SEM) are
generated directly by striking the sample surface
with the electron beam. When registrating the
X-rays with a spectrometer a nondestructive mate-
rial analysis is executed within a few minutes.
The positionable fine electron beam permits a high
local resolution together wi%h a very small
detectable mass (about 10 ~'¢ g).

On the other hand, electron excitation is
relatively insensitive to measure low concentra-
tions. Here, in the case of uniformly distributed
traces the weak X-ray signals of traces are over-
layed by large amounts of continuous radiation
("bremsstrahlung") from the main material. The
bremsstrahlung will hide these weak signals in its
statistical fluctuations, resulting in minimum
detectable concentrations of about a half per
mille (500 ppm) of the main material. Of course,
the electron bremsstrahlung is generated by decel-
eration of the striking electrons on the sample
surface, The liberation of bremsstrahlung is
therefore inherently coupled with the method of
direct electron excitation.

I1Tuminating the sample with high energy X-
rays will also generate the characteristic sample
X-rays, but without the electron bremsstrahlung.
Now traces are easily detectable. This method
has been well-known as X-ray fluorescence analysis
(XRF) for 55 years /6/. Therefore, the main task
would be to transmit the sophisticated methods of
XRF /8/ to the analysis work in the SEM. The
application of XRF to the SEM would enlarge the
possibilities of analysis for the SEM-user. Lower
detection limits, greater information depth, as
well as material analysis without interfering sur-
face metallization are the benefits of X-ray flu-
orescence in the SEM.

Fluorescence in the SEM with a Foil Anode

Historically, the first successful fluores-
cence setup in the SEM was made with a foil anode
/12/. This setup transfers the low current trans-
mission X-ray tube /9, 24/ to the SEM. As can be
seen from Fig. 1, the electron beam strikes the
surface of a metal foil. There, at a depth of
typically 1 Fn“ the electrons generate X-radiation.



Fig. 1:

Setup with foil anode

The X-rays penetrate the remaining part of the
foil and illuminate the sample. Obviously, the
mechanisms of X-ray emission and electron absorp-
tion are coupled in the same foil. Especially in
the case of low energy X-rays both conditions to-
gether can only be achieved to a limited degree:
The foil has to absorb all impinging electrons,
but should transmit a sufficient amount of the
generated X-rays. A thin foil will be penetrated
by the electrons, a thicker foil will absorb the
low energy radiation. Nevertheless, several
authors report of a much higher signal to back-
ground ratio than to electron excitation for ele-
ments with atomic numbers of Z = 20 to 40 /11, 14
15, 21, 22/. Corresponding to this, the minimum
detectable concentration for traces reaches CTS} =

9 ppm, e.g. rubidium and strontium in glass /
Fluorescence in the SEM with a massive Anode

H

In Fig. 2 a and 2 b the construction with a
massive anode is illustrated. As reported previous-
ly /4, 5/, the electron beam is directed onto a
small sheet of metal, the massive anode. The
anode is fixed on the upper side of a screw,
adjustable in height and direction. On the anode
screw rests a metal pipe with a small opening on
its top for the incoming electrons and a large
window at its side directed to the sample for the
emerging X-rays. The window is closed by a metal-
lized plastic foil or by a metal foil. The pipe
thus acts as a Faraday cage, absorbing all in-
coming electrons. A horizontal plate on the top
of the pipe reaching over the sample, protects it
against stray electrons from the primary beam as
well as against stray radiation. The sample is
then illuminated only by the X-rays from the anode.
The sample X-rays pass beside the pipe and fall on
a Si(Li)-detector. The detector is usually di-
rected to the axis of the electron beam so that
only a part of the detector viewing angle is uti-
lized by the X-ray emitting sample. In the spec-
trometer EDAX 950 used, a magnetic trap behind the
detector window limits the detector viewing angle
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Fig. 2 b: Setup with massive anode (top view)

horizontally to nearly 10%. Resulting from the
electron beam-detector distance of 11 cm, a maxi-
mum sample area of 1 cmé can be examined.

A wedge-shaped flange between detector and
SEM would turn the detector axis to the middle of
the sample, allowing a smaller distance and a cor-
respondingly higher counting rate with a moderate
electron current. But the construction also works
without a wedge flange and without the need to
modify the equipment.

An interesting setup with a massive anode but
without the filter has been published before /7/.
Since the sample was not protected against re-
flected electrons, the success was only limited.
However, this setup also clearly demonstrates the
benefits of using a massive anode.

The construction presented generates the X-
rays mainly in the massive anode and absorbs the
electrons and the low energy part of the X-radia-
tion in the foil. Unlike in the case of the anode
foil, here the functions of emission, absorption
and transmission are mostly independent. The con-
struction with a massive anode operates like a
conventional X-ray tube, with the exception that
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XRF in the SEM with a massive anode
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Fig. 3 a: Current across plastic filter foils
(KaptonR)

here many different anode materials can be used
(nearly all metals). In addition, the filter
foils are available in various materials with
different foil thicknesses /13/. Anode, filter
pipe and a sample holder are mounted on a ground
plate. With the sample inserted, the construction
is shut by a cap preventing stray electrons and
stray radiation from the SEM walls to reach the
sample. An exchange of sample, filter or anode
is accomplished quickly and without difficulty.
The ground plate is fixed on a common sample
holder, so that a change in the analysis method
reduces the effort mainly to changing the sample
holder in the SEM.

Electron Absorption by the Foil

To absorb all impinging high energy elec-
trons, a minimum thickness of the filter foil is
required. The product of the needed filter thick-
ness and the density is nearly independent of the
foil material used but increases with the electron
energy /2, 3/. Usually, the extrapolated pene-
tration depth is given by an empirical formula

- & n
Re = aE (1)
RE = penetration depth in g/cm2
E- = electron energy in keV
a = empirical constant in the order of 7 to 12
n = empirical exponent in the order of 1.3 to 1.7

=}
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Fig. 3 b: Current across metal filter foils

With the formula in the energy range of 10 to
100 keV as given in /3/

R (2)

typical foil materials with a thickness of a few
microns should absorb all electrons, see Table 1.

Table 1: Calculated penetration depth for electrons

Material Densit RE at 20 keV RE at 40 keV
g/cm pm pm
Kapton" 1.42 5.1 14.0
aluminum 2.70 &5 72
titanium 4.51 126 4.3
copper 8.96 B8 242
molybdenum| 10.20 0.7 1.9

In contrast to this, Fig. 3 a and 3 b give
the measured electron current across different
foils. Here the construction was attached in the
SEM with a Faraday cage in the place of the
sample. A primary beam current of about ZdeA Was
set. The electrons penetrating the foil an
reaching the cage were measured by a microammeter.
The curves, normalized to Ip = 1 pA, exhibit an
ohmic part inthe low current rangé to Ifoilf 1 pA,
probably caused by a leakage current in the setup.
In the higher range, the current across the foil
grows exponentially. Noteworthy in Fig. 3 a is
the curve of the 50 um Kapton foil. Here the cur-
rent across the foil exhibits a maximum for elec-
tron energies of 30 keV. A further increase in
the energy will reduce the current. With low
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Fig. 4 a: Transmission of X-rays through Kapton
foils

electron energies the electrons stay near to the
thin (about 20 nm gold) metallized foil surface.
An increase in the energy will enlarge the pene-
tration depth, and cause a space charge in the
foil material.

The electrons reaching the sample will gener-
ate bremsstrahlung. A current across the foil
must therefore be ruled out. Foils of 4 um
titanium, dem aluminum or 50 um Kapton #ﬂr ex-
ample can orly be used up to €lectron energies of
E= 20 keV,

X-Ray Transmission by the Foil

A11 foils will absorb a part of the anode
radiation. If a higher absorption is desired,
metal foils are better suited than plastic foils
/10, 20/, For a larger absorption it is favorable
to use a more absorbing material of moderate
thickness than a thicker material with weak absorp-
tion. The reason is the scattering of X-rays in
the foil material. This scattering depends mainly
on the product of thickness and density, not on
the material itself. Scattered radiation will j1-
luminate the surroundings of the sample instead of
the sample itself, enlarging the spectrum back-
ground by reflections. * Fig. 4 a and 4 b represent
the transmission across foils of different thick-
nesses. As can be seen, low energy radiation is
strongly absorbed and high energy radiation only
to a negligible degree. This simple correlation
has the important feature of filtering the anode
radiation (see below, Filtered Excitation).

Counting Rate

The counting rate S of an X-ray emitting
sample measured by the detector in a fixed
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Fig. 4 b: Transmission of X-rays through metal
FD'I 5

1
ST zine
2000 Mo anode
£ /an Mo
Cps//uﬂ
1500 (//
1000 1 gilicon /
Ti anode
it /o Kapton
500 ////
///‘ //;Hﬂoﬁ
Al afiode
L ___q‘ﬁi:r_*_«__7zt 7 pum Al
i f
0 10 20 30 kV 40

Fig. 5: Counting rates at the Si(Li) detector

position will grow linearly with the illuminated
sample area. To get a reasonable counting rate,
the sample area should be as large as possible.

In the construction pﬁesented here the area

should amount to 1 cm®. The counting rate is pro-
portional to the electron beam current I, and to
the difference between the electron energy E and
the absorption energy of the anode material Eaps-




XRF in the SEM with a

# 203SEC49S457INT
vS: SOK HS: 20EV/CH

Fe(Kq) = 50,000

6 a
lre
110283 EDRAX
[ 203SEC498457INT
: HE: Z20EV/CH
Te(Ka) Fe(Kp,)
6 b

110283 EDAX

Fig. 6 a and 6 b: Spectrum of iron. Molybdenum
anode with 50 pm molybdenum filter, 30 kV, 5 min
analysis time. a: vertical full scale 50,000 counts,
b: vertical full scale 250 counts.

Thus,

S=b IO (E-Eabs) (3)
Due to the limitation of the beam current in
a SEM it is often more advantageous to use a high-
er electron energy instead of trying to further
increase the current. Fig. 5 illustrates several
examples for the counting rate S, measured in
counts per second (cps) andpr beam current.

The Fluorescence Spectrum

A fluorescence spectrum contains much less X-
ray background compared with an electron excited
spectrum, Fig. 6 a and 6 b represent the spectrum
of iron, excited by a molybdenum anode witha 50 um
molybdenum filter. Here also small signals can ‘be
seen clearly. Beside the strong Fe(Ke) and Fe(Kg)
lines the escape peaks at 4.66 and 5.32 keV are
visible. The escape peaks are caused by fluores-
cence excitation of the silicon in the detector
with the characteristic iron lines. Furthermore,
the sum peaks of 2 x Fe(Kg) and Fe(Ky) + Fe(Kp) at
12.80 and 13.46 keV can be observed. Such sum
peaks are generated by counting two incoming X-ray
quanta as one with the accumulated energy by the
detector. While both pairs of lines are also pre-
sent in an electron excited spectrum, here in the
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Fig. 7 a and 7 b: Spectrum of silicon with Bragg

Teflex. Titanium anode with 7.5 um Kapton filter,
20 kV, 20 min analysis time. Turning the sample
a few degrees will change height and position of

the reflex.

fluorescence spectrum they are clearly visible by
the reduced background /16/. Further, the re-
flected anode radiation is always present. With
an applied beam voltage of 30 kV the molybdenum
1ines at 17.44 and 19.60 keV can be observed, too.
Generally, a characteristic line of the anode ra-
diation is accompanied by a broad Compton peak on
the low energy side. Compton peaks are caused by
inelastic scattering of the anode radiation in the
sample material, and their intensity will grow for
low atomic numbers of the sample. Also, in such a
sample the low energy part of the background
appears enlarged. The whole spectrum thus looks
similar to a bath tub. This is the same as occa-
sionally observed in usual SEM analysis when un-
intentional indirect excitation occurs. Here, a
part of the sample will obstruct the free view
from the tested area to the detector.

In the middle region of the spectrum the
background is low. In this region traces can be
easily detected, with higher detection sensitivity
in the part near the anode radiation.

If a monocrystalline sample is illuminated by
unfiltered radiation, further lines are visible.
Here the anode X-rays at different energies fulfil

Bragg's law
n-A= 2.d-sin V' (4)
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with d = spacing between the crystal sheets and
2= angle between the axes of detector and anode
radiation. A= c¢-h/E is the wavelength of the X-
rays with the energy E. Turning the sample by a
few degrees will change the position of the Bragg
reflex in the spectrum /16/, see also Fig. 7 a and
7l o3

Broadband Excitation

When using a thin metallized plastic filter,
all electrons are absorbed, but nearly the whole
anode radiation with its content of bremsstrahlung
is transmitted to the sample. Such broadband ra-
diation will excite all the materials of the
sample in a similar manner. This excitation mode
is to be chosen if the SEM-user has to examine a
totally unknown sample, or if he wants to measure
all of the contents with only one analysis. Fur-
thermore, a plastic filter will transmit the anode
radiation without selective absorption as metal
filters will do.

On the other hand, the sample spectrum con-
tains the scattered anode radiation, so the whole
background appears enlarged by the reflected
bremsstrahlung of the anode.

Filtered Excitation

When using a more absorbing material, e.g. a
metal filter foil, the low energy part of the
anode radiation is mainly absorbed and the high
energy part to a limited extent only. The sample
is then fluoresced similarly as before, but with a
Tow background in the interesting part. The fil-
tered radiation gives best results in detecting
trace elements for a particular energy range. As
in usual XRF, the best excitation is achieved with
an exciting energy only a 1ittle higher than the
absorbing energy of the trace /1, 2/. Therefore,
the SEM-user will mostly choose the filtered ra-
diation in trace analysis.

The Peak to Background Ratio

The ratio net peak height divided by the X-
ray background beside the peak determines the de-
tectability of an element. Pure elements exhibit
an electron excited P/B = 20 to 200. Fluorescence
excitation should lead to a much higher P/B. As
can be seen from Fig. 6, the net peak height
Fe(Kx) of the represented iron spectrum amounts to
P = 50,000 counts. The background on the right,
high energy side of the peak amounts to B =5 counts,
resulting in a P/B = 10,000. The enlarged back-
ground on the left, low energy side, stems mostly
from the detector /17, 18, 19/. Even if using a
radioisotope as an X-ray source, e.g. Fe 55, for
spectrometer calibration, SEM-analysts will ob-
serve such "tailing" of peaks. Consequently, here
for the calculation of P/B the undisturbed back-
ground on the high energy side of the peak is
used.

Fig. 8 presents the measured ratios P/B for
pure elements. Obviously, the broadband radiation
excites a number of elements in a similar manner.
So the P/B stays nearly constant for these ele-
ments. In contrast to this, the filtered radia-
tion excites some elements excellently but others
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to a limited degree only. The corresponding P/B-
curve therefore exhibits a relatively sharp maxi-
mum with a steep decline towards lower atomic
numbers. Fig. 8 also contains measured values
with electron excitation. Here, with a much
higher background, the mean values of the back-
ground between both sides of the peaks were taken.
An electron excited P/B = 60 is typical, compared
with a broadband fluorescence excited P/Bgy = 3,000
and a filter excited P/Bgy = 10,000. With both
XRF modes, P/Bgy declines sharply towards lower
atomic numbers. This is mostly caused by the de-
creasing fluorescence yield for light elements and
the complementary, increasing yield for emitted
Auger electrons. Nevertheless, even sodium
exhibits when fluoresced a much better P/B than
it does with electron excitation.

Fig. 9 shows the spectrum of sodium in NaNOz.
The sodium has electron excited P/B,; = 18.4. The
same material, fluoresced with an a?uminum anode,
exhibits a P/Bfy = 665. Thus, the Pfo} Y
times the P/B.7. In the similar case oT sodium in
glass (Fig. 15} with P/B,; = 1.6 and P/Bgy = 29
XRF generates an 18 times higher P/B than electron
excitation. The fairly high P/Be is probably
caused by an inner fluorescence of the sodium by
silicon. For low atomic numbers (Z £ 9, fluorine)
the fluorescence method is limited by the de-
creasing counting rate (Fig. 5). Already in the
case of sodium in NaNO, the counting rate for
V = 10 kV decreases in the given construction to
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Fig. 9: Spectrum of NaNO,. Analysis time 20 min.

Massive: Aluminum anode With 7 pm aluminum filter
at 10 kv, PN = 13,690, B = 20.6. At 1.49 keV the
reflected pegk Al(Ke is visible. Points: Electron
excited spectrum at 20 kV, PNa = - 20.260.i B=1.,000.

9 cps/pA in the Na(Ky)-peak, thus necessitating

a correspondingly long analysis time. Therefore,
it seems generally advantageous to adhere to the
practice used up to now, i.e. to excite the ele-
ments from carbon to fluorine (Z = 6 to 9) in the
SEM by electrons.

Strategy for Trace Analysis

In the case of an unknown sample the SEM-user
will choose as a first step the broadband excita-
tion. As a second step, to compare the traces
with the contents of a reference material, the
filtered excitation would be applied. As shown in
Fig. 11 a and 11 b, anode and filter should be
selected such that the exciting radiation will
reasonably excite the traces, but not the main
material of the sample. Thus, a larger part
of the whole counting rate will arise from the
wanted traces. So the limited counting rate,
applicable to energy dispersive spectrometers
(usually 2,000 cps), will be profitably used. The
exciting radiation should be only slightly higher

than the absorbing energy of the trace. In addi-
tion, in the case of E o« E ;

: abs trac bs_materjal:
the energy of the anode ra 1at$on s 0u1g be 1ower

than the absorption energy of the main material.

As mentioned before, the XRF spectrum ex-
hibits a constant low background in the middle
region. This background will enlarge linearly to
the high energy part caused by the reflected anode
radiation /21/. Best sensitivity for trace detec-
tion would be achieved for traces with emission
lines in the Tow background region nearby the
anode reflex, say on the edge of the growth. The
best sensitivity is reached when using a set of
suitable anodes and filters and proceeding along
the EoWlowing lines (values given for example in
S0/

1. Which is the emission energy of the wanted
trace? .

2. Which filter has at this energy a transmission
of only S""SO trace = 0.017

3. Which anode has with this filtér for its char-
acteristic line a transmission of S/S

0.3 to 0.47 o anode

® 100OSECA440L164INT
vS: 28K HS: 18EV/CH

2958383

Fig. 10: Spectrum of glass NBS 612. Analysis time
20 min. Massive: Aluminum anode with 7 pm alu-
minum filter at 10 kV, Py, = 3,200, B ="110.
Points: Electron excited spectrum at 20 kV. At the
right the gold peak from surface metallization can
be seen. PNa = 1,3p0. ‘B = B40.
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%
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Fig. 11 a and 11 b: Strategy for trace analysis.
a: It Epat < Eaps tp» the energy of the anode ra-
diation should be only a 1ittle higher than

Eabs tr. b: If Ejpe < Emat> the energy of the

anode radiation should be 1n the range between
them.
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Fig. 13: Minimum detectable concentrations Cnd1 in

glass NBS 612. Analysis time 20 min, counting

counting rate 2,000 cps. rate 2,000 cps.
Table 2 represents a set of suited filter - Ng = number of the background counts of the stand-
anode combinations. These combinations will fair- ard
ly excite the elements mentioned, and also several N = total counts in the characteristic line of
atomic numbers next to the named traces. the standard
€y 5 trace concentration in the standard.

Table 2: Filter - anode combinations for trace
analysis

filter anode |traces to be detected by

thickn. jmaterial |materiall Z |K-lines| Z | L-lines
7}Jm Al Al 1E] Na 30 n
14 Al Ti Al 44 Ru
25 Al Fe 19 K 48 Cd
130 Al Fil's 25| Mn 62 Sm
25 Mo Ir 28| Ni 71 Lu
50 Mo Mo 83| As 80 Hg
100 Mo Mo 971 Rb 90 Th

The Minimum detectable Caoncentration

Usually in XRF, the minimum detectable con-
centration cyq1 is defined to generate a
signal three times the standard deviation of the
background /23/. Therefore, if a standard refer-
ence material with a trace concentration Cy gives
a net signal (N - Ng), it is possible to calculate
the minimum detectable concentration

e L (5)

= y

“nd] T N TN

The mentioned energy interval for optimum
sensitivity is to be set /23/ 1.2 times the
full width at half maximum (FWHM) in the line.
With a FWHM = 159 eV at Mn(K«x) the optimum energy
interval would amount to 190 eV. To avoid a peak
overlap here, a smaller interval of only 140 eV
was taken. Fig. 12 depicts electron and XRF
excited spectra of a certified iron standard. The
electron excited cpqq amounts to cuqy o7 = 370 ppm
independent of the trace element. ?his is caused
by the low electron penetration depth of only
about 1 um. Here, the radiation of different
traces stems from the same 1 um surface layer with
only weak absorption., In cordtrast to this, the
Cmd1 curve for XRF declines with the atomic number
increasing, According to Moseley's law /2/, ele-
ments with high atomic numbers radiate with
corresponding high energies

2

E= R (2= (123 (6)
n
R = 13.6 eV (Rydberg constant)
= 2o
= 3: Kp

The high energy radiation of these elements
penetrates the sample. The fluorescence radjation
stems therefore from deeper sheets of thematerial.
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Fig. 14: Spectrum of silicon, doped with 2,000 ppm
arsenic. Molybdenum anode with 50 pym molybdenum
filter at 35 kV. The signals of iron, cobalt and
copper stem from the surroundings, probably the
filter pipe and the detector housing.

The excitation volume is greater, resulting in a
strong X-ray signal and a low o Because of
this an excitation of the high energy K-lines is
generally preferable to that of L-lines of the
same trace. Obviously, the cpq1 depends on the
matrix, i.e. the surrounding main material.

The iron cast {Fig. 12) results in Cod]i s 50
to 13 ppm, depending on the excitation cong]tion.

Fig. 13 represents the cpqy curve for NBS
glass. Here, with a light matrix, the electron
excited minimum concentration amounts constantly
to Cpd1 e1 = 200 ppm. With XRF, the curve falls
from cyqq = 400 to 40 ppm for traces with Z = 11
to 20 TNa to Ca) and stays nearly constant with
Cdt = 2 to 7 ppm for traces of Z = 24 (Cr).

Fig. 14 shows as an example the spectrum of
an arsenic doped silicon wafer. Here, with an
arsenic concentration of about ¢, = 2,000 ppm,

Ng = 2,974, and Npg = 90,058 resUlts a cpqy =
3.6 ppm arsenic in silicon.

Conclusions

The presented construction with a massive
anode offers new possibilities of trace analysis
to SEM-users. With an independent choice of anode
and filter material together with a choice of fil-
ter thickness, peak to background ratios of P/B =
3,000 to 10,000 can be achieved, depending on the
excitation conditions. This corresponds to detec-
tion limits in the Tow ppm range.
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Discussion with Reviewers

J. B. Warren: The construction seems to be mainly
@ modification of the transmission foil of Middle-
man and Geller /12/. What are the major differ-
ences?

Author: The constructions differ mainly in the
part behind the foil. The optical path is quite
different, similar to light optics between a glass
lensed refractor and a mirror telescope.. Here in
XRF, the advantage of a massive anode is the inde-
pendent choice of anode and filter, together with
a rigid construction.

I. Pozsgai: How did you measure peak and back-
ground for the determination of detection 1imits?
Author: Most spectrometers display the number of
counts in a preset energy range (“energy window").
Hence one window is to be set on the peak to get
N, and one on each side close to the peak to get a
mean NB'

1. Pozsgai: What spectral contamination can be
found in a blind spectrum of 20 min?

Author: Such peaks are generated in those parts of
the construction illuminated by primary X-rays.

At the time of writing, these are a copper peak
from the filter pipe and a smaller iron - cobalt
peak from a magnet electron trap inside the Si(Li)
detector. The three peaks are visible in Fig. 14,
spectrum of an arsenic doped silicon wafer., If
Tow absorbing materials are to be examined, these
should be fixed on a thin plastic foil rather than
on a sample holder /21/. So the wafer of Fig. 14,
if mounted on an aluminum sample holder, exhibits
a signal of lead, too, contained as a trace in the
aluminum holder,
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J.C. Russ: For optimum XRF excitation of un-
knowns, 7t is usual to use a high Z target element
with a beam voltage much higher than any absorp-
tion edge of interest, to produce lots of
continuum radiation over a broad energy band

to excite whatever elements are present. Please
give some results showing this mode of operation,
and the effect of voltage on detection and
sensitivity.

Author: This operating mode in the SEM is re-
stricted by the small available current (I_<

10 pA) and the Timited high voltage (V_<48 kv).
Hidﬁ Z targets as tungsten or lead also generate
intensive L-1ines which must be filtered off.
Otherwise they will mask a number of traces. An
adequate broadband excitation will arise from a
medium Z target and a thin metal or plastic
filter. So a molybdenum anode with a 14 um alu-
minum filter will fairly excite most e]emgnts.
Table 3 Tists the c,q7 values of a certified alu-
minum silicon alloy. The combination of a molyb-
denum anode with a 25 pm aluminum filter will
excite the traces, but not the majin material.

Table 3: ¢ of a A1Si standard V1001/2 at
different Wg1tages. Mo anode with 25 um Al
filter, 2,000 cps, analysis time 20 min.

Voltage Trace cmd]/ppm Cogg%éng
kv T4 5% Mt e - 90t S cpsfPA
20 T 45 8l band 27w 0= R0 105
30 Sl i 5.4 410
40 SO DS e 4.2 740

The enlarged sensitivity for high Z traces apply-
ing a higher voltage is caused by the intensive
Mo(Kk) = 17.44 keV which is then generated. The
same causes the linear growth of the counting
rate (see also Fig. 5).

J.C. Russ: Quantitative analysis requires constant
source/sample/detector geometry and beam current.
Have you any data on reproducibility (especially
versus specimen change, as in comparing a standard
to an unknown)?

Author: This problem is coupled with the choice
of a suited standard. The reference standard
should consist of the same main material as the
sample (glass, ceramics, steel) and contain the
same traces. If the trace signals of sample and
standard are always related to a main signal,
fluctuations of the beam current will not affect
the result. Generally, the reproducibility is
influenced by counting statistics for trace con-
centrations near to cpq] as well as by local con-
centration variations in the standard and the
sample. This influence is in XRF much smaller
than with electron excitation because of the
larger excitation volume, but is still mostly
present. Thus, the difference between two
measurements on the same side of a standard
amounts to about only a fifth of the difference
when measuring the front and then the back of this
standard.
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J. B. Warren: Please show an electron excited
spectrum of the arsenic-doped Si wafer used in
Fig. 14. For equal counting times, what are the
peak-to-background ratios for the electron and

the X-ray excited spectrum?

Author: The spectrum given in Fig. 15 was taken at
the same high voltage, counting rate, and analysis
time as used for the spectrum in Fig. 14. The XRF
spectrum contains a net signal of Ppg = 11,500 and
a mean B of B = 330, resulting in a P/Bfy = 34.85.
With electron excitation, the net signal is

Ppe = 65 only, and the mean B = 373, so P/Bg] =
0.?7. By this, XRF generates here a 200 times
higher P/B than electrons directly.

79 18538EV K 233 RS
VS . 1888 HS: 28EV/CH

Fig. 15: Electron excited spectrum of an arsenic-
doped silicon wafer. V = 35 kV, counting rate
2,200 cps, analysis time 20 min.
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