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Abstract 

The addition of an energy dispersive x-ray 
spectrometer to a modern transmission or scanning 
transmission electron microscope can provide a 
powerful tool i.n the characterization of materi a·l s. 

·Unfortunately this seemingly simple modification 
can lead to·a· host of instrumental problems with 
respect.: to the accuracy, validity, and quality of 
the recorded information. This tutorial reviews 
the complications which can arise tn ·performing· 
x-ray microanalysis in current analytical electron 
microscopes. The first topic treated in depth is 
fluorescence by uncollimated radiation. The . 
source, distinguishing characteristics, effects on 
quantitative analysis and schemes for elimination. 
or minimization as applicable to TE~1/STEMs, D
STEMs and HVEMs are discussed. The local specimen 

·environment is considered in the second major sec
tion where again detrimental effects on quantita- ' 

.. tive analysis and remedial procedures, particu
larly the use of "low-background" specimen holders~ 
are highlighted. Finally, the netrimental aspects 
of specimen contamination, ins·ofar as they affect ' 
x-ray microanalysis, are discussed. It is con
cluded that if the described preventive measures 
are implemented, reliable quantitative analysis 
is possible. 

.u:' .. 

l. Introduction 

Over the past several years Transmission 
Electron Microscopes (TEMs), Scanning Transmission 
Electron Microscopes (STEMs), and combination 

.TEM/STEMs equipped with Energy Dispersive X-Ray 
Spectrometers (EDS) have become very popular. 
One can regard such an instrument as an Analytical 
Electron Microscope (AEM) of the simplest type. 
'Their popularity is due to the attractive possi
bility of performing elemental analysis with 
high spatial resolution (<100 nm) in a straight
forward manner [i.e., without many of the often 
~ross corrections which have to be made in bulk 
analyses performed using Scanning Electron Micro
scopes (SEMs) or Electron Probe Micro Analyzers 
(EP~~s) ~the ZAF (atomic number, absorption, 
:fluorescence) correction procedures]. The 
ability to obtain image and diffraction analysis 
~imultaneously with the elemental analysis is 
also often a very desirable feature. It was ex
~pected, several years ago, that all that was 
necessary to perform elemental analysis was a 
:rather simple (in most cases) mechanical inter
,face of a suitable EDS detector to the microscope 
'and then easily interpreted,. observed spectra 
originating solely from the small area illumi
·nated by the electron probe could be recorded. 
~oweve~more careful investigations have shown 
'the situation in practice is more complex. Most 
_problems arise from evolution of the AEM from the 
:TEM or STEM rather than being developed from its 
inception as a "true AEM." 
I This paper will deal with all the major 
effects reported to date and solutions to problems 
'caused by these effects. In sections 2 and 3 
the various problems associated with the so-called 
'"systems background" 1 are discussed, and in sec
~ion 4 the effects of contamination, as they 
enter into x-ray microanalysis, will be treated. 
Here we define the term "systems background" in 
iits more general sense to be those effects resul
~ing from interactions with the hardware of the 
instrument, or in other words, the "system." 
Section 2 discusses effects originating primarily 
in hardware remote from the specimen, and section 
3 with effects more concerned with the immediate 
environment of the specimen. This division is 
somewhat arbitrary, and is made solely for clarity 
since all the effects associated with 
~ 
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"systems background" are interrelated and in any 
classification there is considerable overlap. 

The most seri9us errors in elemental analysis 
are usually associated with uncollimated fluoresc
ing radiation produced in the illumination system. 
The presence of this radiation is revealed when 
the electron prbbe is positioned in a hole in. the 
specimen, circumstances under which no signal· 
should be detected. However, invariably x-rays 
characteristic of the specimen.and/or the specimen 
environment are observed- the so-called "In-Hole" 
signal. The effect is quite general. Over the· 
last few years there has been (sometimes heated) 
controversy with, for example, one faction claim
ing x-rays as the responsible radiation, another 
factio~ claiming the effects were all due to elec
tron "tails," and some even protesting that there 
were no such problems in their particular micro
scope. · As we shall see, this situation arose 
mainly because of (1) differences in the detailed 
design of the variable second condenser aperture 
and/or (2) differences in .specimen type. However, 
these two reasons were not among the mo~t frequen~ 
ly proposed reasons which included accelerating 
voltage, instrument manufacturer, operator incom
petence et cetera. 

Two aspects of optimization will be briefly 
mentioned for the sake of completeness: detector 
positioning and collimation. Although it is common 
practice for detectors to be mounted orthogonally· 
td the electron beam, considerable increases in 
peak-to-background (P/B) ratio result from ori
enting the detector at an acute angle to the beam 
on the electron entrance side of the specimen. 2 
Optimum detector collimation can certainly help to 
reduce some of the undesirable effects considered 
in this paper. However, we will assume that the 
collimation is already adequate, since the guide
lines are well established (see, for example, 
ref. 3). The single most important consideration 
is to locate the "entrance" of the collimator as 
close as possible to the specimen. 

Artifacts arising during the physical proces·s 
of x-ray detection in the Si(Li) detector and 
those associated with the signal processing chain 
(e.g., detector efficiency, silicon escape peaks, 
peak broadening, peak distortion, pulse pile-up, 
deadtime correction, and microphonics) are not 
discussed in this paper. The interested reader is 
referred to Reed, 4 Woldseth,s or Fiori and Newbury~ 

Although the emphasis in this paper is toward. 
the materials sciences, many of the topics covered 
are applicable to biological research. Unless 
otherwise stated we will be dealing with instru
ments having accelerating voltages of ~100 kV, 
since these are most popular. X-ray analysis per
formed at up to 1 MeV in high voltage electron 
microscopes will also be discussed. 

2. Systems Background (I): Remote Production 

In this section, possibly the most important, 
we will deal with various aspects of un~ollimated 
fluorescing radiation produced remote from the 
specimen in the illumination system. The effects 
are generally undesirable, but many of the prin
ciples discussed have been turned to advantage in 
at least one application. 7 A study of similar 

effects in the SEM was made by Bolon and 
McConne11 8 and many of the same processes have 
been found to be important on transmission in
struments.l,9-22 
2.1 Sources and Characteristics of Uncollimated 
Radiation 

Uncollimated electrons may arise as a result 
of scattering around the condenser apertures, if 
their design allows this, or scattering from the 
bore of thick or contaminated apertures. Even 
if these scattered electrons are subject to the 
focusing action of a final probe-forming lens, 
there is the possibility of the formation of 
electron "tails"- in other words, appreciable 
current at large radial distances from the small 
probe used in microanalysis. The energy of these 
scattered electrons will be a larqe fraction of 
the incident energy, so their range in solids 
will be on the order of a few tens of ~m. These 
electron tails can be very effective in fluoresc
ing both the specimen and its environment. 

The current emitted from the filament is 
reduced by many orders of magnitude in the process 
of "condensing" the illumination. This focusing 
and collimating action necessitates the inter
ception of the beam with various fixed and vari
able condenser apertures. The electron current 
absorbed by each aperture depends, of course, on 
the precise geometric and electron-optical config
uration employed in the particular instrument. 
In conditions appropriate for microanalysis it is 
doubtful that the second condenser (C2) aperture 
is ever primarily responsible for reducing the 
probe current by >]OS times as implied by 
Goldstein and Williams 18 and considerable current 
can be absorbed by the fixed condenser apertures. 1 

,The range of the electrons in the aperture mate
rial is typically a few tens of ~m, so that they 
are absorbed within the top ~art of the aperture. 
Both bremsstrahlung and x-rays characteristic of 
the aperture material are produced (for a complete 
treatment see Dyson 23 ) and although considerable 
absorption may occur, large fluxes of both may be 
transmitted through the aperture if it is thin 
enough. The energy spectrum of the bremsstrahlung 
exhibits a monotonic decrease with increasing 
photon energy, but the low energy photons are 
absorbed most strongly and so the resulting energy 
spectrum of x-rays incident towards the specimen 
tends to exhibit a maximum at intermediate 
energies.lB The large flux of x-rays incident 
onto the specimen or its environment may cause 
considerable fluorescence, and because of the 
nature of the energy spectrum the fluorescence may 
be quite selective (the photoelectric cross sec
tion is greatest for incident photons of energy 
just greater than the absorption edge). 

The nature of the x-ray energy spectrum can 
be judged experimentally by (Compton) scattering 
from a specimen in the form of a sheet of low 
atomic number material with the electron probe 
arranged so as to pass through a central small 
hole in the sheet.l4,22 
2.2 Effects of Uncollimated Radiation 

The presence of uncollimated fluorescing 
radiation can have a number of effects detrimental 
to x-ray microanalysis. The first is the loss of 
spatial resolution. This is a special problem in 
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inhomogeneous specimens where even qualitative 
analysis may be precluded. The fluoresced area 
can P.asily be sever·al 111111 diameter· at the specimen 
position as evidenced by the presence of charac
teristic peaks of the specimen holder material in 
the in-hole signal. The second related effect is 
that the specimen environment may be detected. 
This will be covered fully in section 3, below. 
Thirdly and most important, accurate quantitative 
analysis, the primary purpose of an AEM, is 
prevented. 

Two types of experiment where the effects of 
uncollimated radiation can bemost insidious for 
the· unwary are: (1) quantitative analysis of 
homogeneous specimens and (2) determination of 
·small compositional changes (either qualitative or 
quantitative analyses) in basically homogeneous 
specimens. Because of its importance the remain-· 
der of this section will deal with the effect on 
quantitative analysis. At the outset we wish to 
point out that the type of specimen will be im
portant and that the details will be dependent 
upon the particular fluorescing species. We will 
consider a metallurgical specimen of the self
supporting thinned-disk type, with high (~ keV) 
and low (~3 keV) energy characteristic lines. 
This may be a medium- or high-atomic number ele
ment or a suitable homogeneous alloy. The uncol
limated radiation causes fluorescence, particular
ly in the "bulk" part of the specimen, which is 
detected simultaneously with that induced by the 
electron probe in the thin region of interest. 
The problem is that the "bulk" fluorescence signal 
may contribute so significantly that quantitative 
analyses based on thin film electron excitation 
are incorrect. 
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FOIL THICKNESS 

b 
Figure 1 shows schematically the type of 

behavior that is observed as a function of foil 
thickness. In fig. l(a) the intercepts at zero 
thickness represent the in-hole signal. The in- :Fig. 1 Schematic behavior of (a) x-ray intensities 
tensities then increase linearly with increasing and (b) the resulting high/low energy 1nte~s1ty 
foil thickness until absorption effects become 
significant (affecting the low energy line first).. ratio in the presence of uncollimated fluorescing 

:radiation. See text for details. The· resulting high energy/low energy intensity 
ratio is plotted in fig. l(b) together with the than the ratio induced by the electron probe in 
value characteristic of thin foil electron excita- a thin foil. 
tion [i.e., the dotted line of fig. l(b) corre- If x-rays are the dominant uncollimated 
spending to the ratio of the two lines in fig. 1 (a) "fluorescing species then the in-hole signal ex-
after subtraction of the in-hole signal]. Ini- . hibits very small low energy peaks, possibly 
tially this ratio decreases with increasing sample ·hardly detectable. This is the result of two 
thickness as the (collimated) electron probe-in- , effects: (1) Low energy transitions will not be 
duced signal begins to increase and eventually excited to the same extent as higher energy tran-
dominate that produced by the uncollimated radia- ;sitions because of the characteristics of the 
tion. In general, this ratio will approach but incident x-ray flux described above (i.e., an 
not reach the value characteristic of thin foil absence of low energy photons with a maximum in 
electron excitation. The amount of this discrep- the energy spectrum at intermediate photon ener-
ancy between the experimental and theoretical thin gies), and (2) greater absorption of low energy 
foil values will depend on the intensity of the 'x-rays in the thick regions of the specimen where 
in-hole signal and can be as high as several orders their predominant production occurs. 
of magnitude. Eventually the ratio goes through a · If electron tails are the dominant fluoresc-
relative minimum and begins to increase as prefer- ing radiation then the low energy peaks may be 
ential absorption by the specimen of the lower small but certainly detectable, since only ab-
energy characteristic line occurs. This type of . sorption (effect 2, above) is operative. 
behavior has been observed by a number of We mentioned above that specimen type (thick-
authors.IO,II,I4,!5,!7,24 The same general behav- ness and composition) will be an important vari-
ior should be followed rega.rdless of whether able. For uniformly thin specimens such as 
electrons or x-rays are the uncoll imated fluoresc- evaporated films or extraction replicas, the 
ing radiation. In particular, the in-hole high/ effects will not be as pronounced. For x-rays 
low energy intensity _ratio_r:wrmally wil.l be greater ______ in particular:, the in-hole_ signal may _be __ ... _._ 
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vanishingly small because of their weak interaction 
with matter but electron tails may still cause a 
significant, if greatly reduced, signal. Speci
mens of low atomic number will also produce lower 
in-hole s1gnals if x-rays are the fluorescing 
species because of les.s absorption of the incident 
flux by the specimen and a decreased contribution 
of the photoelectric'cross section to the total 
absorption cross section (the inelastic scattering 
cross rection tending to dominate). Fluo~escence 
by electron tails may still be fairly extensive 
even in low atomic number materials. 
2.3 Distinguishing between Electron and X-Ray 
Fluorescence 

Electron tails may_ be present at significant 
levels in some microscopes, but unless special 
precautions and design features have already been 

'incorporated into the instrument it is almost cer
tain that x-rays will be present at significant 
fluxes. As a first step in the elimination of· 
uncollimated radiation, identification of the 
specific species present is necessary. Here we 
simply list several techniques which may help in 
the distinction between electrons and x-rays. 
However, some are rather qualitative and should be 
applied with care. Generally it is best to use 
several or all in combination. 

l. Examine the design of the illumination 
system in order to determine if it is physically 
possible for scattered electrons to travel to the 
specimen other than through the apertures. In 
particular, examine whether the variable C2 aper
ture holder fills the whole cross section of the 
bore of the microscope at that point. 

2. With the variable C2 aperture blocked off, 
with, for example, a suitably thick blank disk in 
place of the normal C2 aperture, and with the aper
ture drive in position, attempt to measure any cur
rent below the C2 aperture or at the specimen 
position, using a Faraday cup or special specimen 
holder aud electtometer. The measuring device 
should be extremely sensitive since the currents 
involved may be ~lQ-13 A. . 

3. With a perforated bulk specimen of "suit
able" material perform an "in-hole" experiment. 
If high energy x-rays are the only fluorescing 
species, then the continuum background will be 
very low and the peak-to-background ratio should 
be very high compared to the P/B ratio for a spec
trum measured with the probe on the specimen. By· 
a "suitable" material, we mean an element or homo
geneous alloy of medium- or high-atomic number with 
characteristic lines well separated from possible 
systems peaks arising from the specimen environ
ment or illumination system. Considerable caution 
should be exercised in this test since the contin
uum background can arise through several processes 
other than generation by stopping of electrons in 
the specimen (e.g., Compton scattering of continuum 
x-rays by the specimen or specimen holder, partic
ularly if these are of low atomic number). 

4. Perform an "in-hole" experiment on a per
forated bulk specimen of an element with high 
(>6 keV) and low energy (<3 keV) characteristic 
lines or a homogeneous alloy with similar charac
teristics. In this case-the interpretation is 
based on the previous section 2.2 and is difficult 
to quantify. Therefore, great care in its appli
cation should be exercised. However, in general, 
high-energy x-rays fluorescing the specimen w.ill 
result in negligibly small low-energy character
istic peaks in the in-hole signal, but the pres
ence of electron tails will cause easily detect
able, if much reduced, low-energy peaks. 

Points 3 and 4 are probably the easiest to 
perform (they can be made at the same time on a 
suitable specimen) and when used together the risk 
of misinterpretation is minimized. They therefore 
comprise a logical first choice but points l and/ 
or 2 should not be neglected. 
2.4 Elimination or Minimization of Uncollimated 
Radiation 

The precise methods employed to eliminate or 
minimize the amount of uncollimated radiation 
will, of course, depend upon the particular in
strument. An important first step is to confer 
with the instrument manufacturer. Several now 
offer modifications or accessory devices available 
both for new and older microscopes as retro-fit 
items. For those unable to pursue this course of 
action and also to help in providing a basis for 
critical evaluation of solutions offered by manu
facturers, we will now outline in a systematic 
way a procedure developed from various users 
solutions.1,10-12,16,18,19,22,2S,26 The basic 
scheme is first to eliminate electron tails and 
then reduce the x-ray flux by modifications to 
.the condenser apertures, followed by the instal
·lation of extra non-beam-defining apertures or 
collimators. 

2.4.1 Elimination of Electron Tails. The 
elimination of electron tails is a fairly 
straightforward task. Basically, the entire bore 
of the. column, except for the apertures themselves, 
must be completely filled at or near the aperture 
planes. The most important aperture to be con
.sidered is the variable C2. Simple modifications, 
such as the insertion where needed of spray aper
tures above and/or below the variable C2, will 
usually intercept and virtually eliminate any 
electrons scattered around the fixed and variable 
apertures. 

The only other precaution needed to prevent 
or minimize electron tails is to ensure that the 
aperture edges do not become badly contaminated. 
This point needs most careful attention when 
using thick (see below) rather than the more com
mon thin or semi-thick self-cleaning types. 

2.4.2 Fixed Condenser Apertures. As men
.tioned earlier, considerable x-ray fluxes may be 
·generated at fixed apertures in the illumination 
system.1 An obvious solution is to replace the 
standard apertures with thick ones of high atomic 
numher. Tantalum or, more usually, platinum has 
been used. The purpose, of course, is to absorb 
within the aperture itself as much as possible 

In addition, the energy spectrum of the con
tinuum resulting from electron excitation of a 
bulk specimen has definite characteristics which 
can also be used to help identify the fluorescing 
species. An indication of the characteristics of 
the energy spectrum due to excitation by electron 
"tails" can be obtained from an analysis made with 
the electron beam spread over the entire specimen. 

of the x-ray flux created near the top (electron 
entrance) surface. Thicknesses of ~o.s mm should 
be used, if possible, and the aperture should be 

___ uniformly thick to as close as possible to th~ · 
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beam-defining edge. This is because the region 
near the aperture hole intercepts the highest flux 
of electrons and is therefore the most prolific 
source of x-rays. However, it has been observed 
that electron tails may be produced by scattering 
from the sides of the bore of thick apertures; 
therefore, a compromise solution was employed. 2 6 
A conventional molybdenum condenser aperture was 
aligned concentrically with a O.S-mm-thick Pt aper
tute of slightly (~so ~m) larger bore, the molyb
denum being on the electron entrance side. With 

:this arrangement, as shown schematically in fig. 2, 
the molybdenum serves as the beam-defining edge 
but presents only a very small annulus as an ef
fective x-ray source. The thin edge of the molyb
denum also remains cleaner for longer times (see 
above), presumably due to the greater heating 
effects experienced. 

ELECTRONS 

Mo-'f:=-======::::::;:1 J 
50 um 

Pt-+ 0.5 rran 

Fig. 2 Arrangement of conventional molybdenum 
and thick platinum apertures in combination for 
use as fixed condenser apertures. 

2.4.3 Variable Second Condenser Aperture. performing some of the above procedures for the 
As with fixed condenser apertures, an obvious reduction of uncollimated radiation. The results 
suggestion for the reduction of the x-ray flux are for a JEM 100 C AH1 operated at 120 kV in the 
produced by the impingement of the beam is to em- STEM mode. The specimen, mounted in a double-
ploy thick, high atomic number apertures. Many of ti.lt beryllium specimen holder, was a Ni-20 at.% Mo 
the considerations above (section 2.4.2) also thinned disk. A 400 ~m C2 aperture was used pro-
apply. A thick variable Cz aperture also provides ducing a probe current of ~1 nA. In comparing the 
a further reduction of the flux of high-·energy x- spectra of fig. 3, note the changes in vertical 
rays produced at the fixed apertures located above scale. Figure 3(a) is the signal obtained with 
the variable aperture. Thick (~.S mm) platinum the probe on the specimen at a foil thickness of 
sheet added as part of the aperture clamping ~so nm and fig. 3(b) is the in-hole signal before 
device on the end of the aperture rod may also aid any special preventative actions were made. The 

·in this absorption action. 26 · aperture design in the instrument allows little 
2.4.4 Non-Beam-Defining Apertures and possibility of electron tails and no special mea-

. CoJlimators. The final and most innovative of the sures were taken. [Note that in all in-hole 
modifications to ~educe the high-energy x-ray flux spectra, fig. 3(b) to (f) the high P/B ratios and 
onto the specimen is the introduction of non-beam- the extremely small Mo L/Ni K and Mo L/Mo K and 
defining apertures or collimators between the sec- large Mo K/Ni K ratios compared to fig. 3(a)]. 

·and condenser aperture and the specimen. 10 Al- ,Figure 3(c) shows the effect of replacing the 
though simple thick apertures have been used and fixed Mo, C1 and C2 condenser apertures with ones 
there is some merit in the associated operational made from D.S-mm-thick Pt and fig. 3(d) of using 
ease, more conventional collimators are consider- 'the Mo and Pt apertures in combination. Figure 
ably more effective in reducing the high-energy 3(e) illustrates the further reduction obtained by 
x-r·ay flux. The extent of both the umbra and 'also using a thick (O.S mm) Pt variable Cz aper- · 
penumbra is reduced as simple ray-tracing will ture, fixed on the aperture rod using O.S-mm-
confirm. Two radiation-opaque non-beam-defining thick Pt sheet. Figure 3(f) shows the final in-
apertures, one just below the C2 aperture and the hole spectrum obtained after further adding a 
other just above the specimen, act in the- same way brass non-beam-defining collimator of 1 mm diam-
as a long collimator (but reduce scattering from eter and lS mm long just above the objective lens. 
the bore) and probably constitute the optimum ·A reduction of about an order of magnitude in the 
choice. With this arrangement the source and .in-hole signal is seen between fig. 3(b) and 
irradiated area of the specimen are limited to fig. 3(f). Figure 3(g) is from the same area as 
areas just greater than the size of the apertures fig. 3(a) but after the modifications and subtrac-
used. tion of fig. 3(f). For comparison, fig. 3(h) shows 

The interference of the aperture or collimator a spectrum produced by electron excitation of a 
with the beam"in certain electron optical config- "bulk"·part of the self-supporting disk specimen. 
urations is an important practical consideration. Again it is necessary to realize that this 
For example, rocking beam modes, low magnification example is specific for a JEM 100 C and that dif-
scanning and secondary electron imaging may all be ferent effects can occur in different instruments. 
precluded or limited by incorrectly placed aper- 2.4.6 Special Problems in Some Dedicated 
tures. Removable apertures/collimators may allow .STEMs. The dedicated STEM, in addition to 
positioning at optimum shielding locations without sharing many of the problems of a conventional 
restricting special operating modes. Further, an TEM-based AEM, may have its own unique problem 
optimum design should also incorporate a mechanism in that the objective or illumination aperture 
which allows fine adjustments in position and can be very near (~s mm) the specimen. There is 
orientation, this being particularly useful for a no effective way to reduce the x-ray flux produced 
collimator where the most precise location and at this aperture, but two solutions to this special 
orientation relative to the_beam is required for problem exist: 
correct operation. 25 · 1. Simply perform x-ray microanalysis with 

2.4.S Illustrative Example. The spectra in the aperture removed. This greatly reduces the 
fig. 3 illustrate the.effect o.f sequentially _______ problem ot:_uncollimated radiation, but _____ _ 
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unfortunately results in a severe deterioration in 
spatial resolution due to an increase in probe 
size.· 

2. Installation of a probe-defining aperture 
nearer the electron gun. This may involve major 
design changes to the instrument (H. L. Fraser, 
University of Illinois; V. G. Microscopes Ltd., 
private communication). 
2.5 Corrections for Quantitative Analysii 

Although the above procedures can greatly re
duce the flux of uncollimated fluorescing radia-

. tion, complete elimination is impossible. It is 
still necessary to subtract the in-hole signal 
from the signal obtained with the probe on the 
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collimator above the objective lens, large amounts 
of lead shielding around the detector were found 
to he necessary. However, in this case a usable, 
if not optimum, system was achieved and the pre
dicted increase in P/B ratio was confirmed experi- · 
mentally. Some development is needed in order to 
optimize x-ray microanalysis in an HVEM, not the 
least of which being an electron optical system 
for small high-current density probes. 28 Research 
on this topic is being continued by the present 
authors . 

3. Systems Background (II): Specimen Environment 

specimen. An important assumption is that if the It is quite possible that for the unwary in-
in-hole signal is collected for the same period vestigator the extent and even existence of un-
of (machine) time as the specimen signal the cor- collimated fluorescing radiation, dealt with in 
rection procedure will be fairly accurate. How- the previous section, could be difficult to 
ever, an implied assumption is that the probe/ estimate. However, it is uncommon to find that 
emission current is the same for the two experi- any operator is unaware of some problems regarding 
ments. ·This assumption is probably good for a the local specimen environment. Characteristic 
stable thermionic electron gun, but for an instru- x-rays from the specimen support grid and/or 
ment using a cold FEG it may be quite inaccurate. specimen holder are almost always present. The 
Commonly, the emission current from a cold FEG problem may seem trivial, as often indeed it is, 
shows a continual decrease with time following but·significant detrimental effects, sometimes 
flashing of the tip. Therefore, a method is quite subtle, can result in problems for x-ray 
needed for measuring the integrated electron dose microanalysis which are just' as important and 
to use in determining the correct time of acquisi- limiting as those caused by uncollimated fluoresc-
tion.27 Another implied assumption is that the ing radiation. 
dead-time correction is accurate since the signal 3.1 Sources of Near-Specimen Systems Background 
from the specimen and hole may be different by Two types of fluorescing radiation contribute 
orders of magnitude. to the excitation and possible subsequent detection 

We emphasize that it is important to first of the specimen environment: remotely produced 
reduce the in-hole signal before subtraction; uncollimated fluorescing radiation, and what might 
otherwise large statistical errors may arise. A be called specimen-generated fluorescing radiation. 
suitable in-hole signal which one could specify as· The former was dealt with extensively in section 2 
"acceptable" might be one of the same order as the where the effects of direct fluorescence of the 
average specimen bremsstrahlungl in specimens of specimen were emphasized. However, the specimen 
interest at foil thicknesses typically used or, as holder and other components of the instrument 
used by the authors recently in a performance spec- hardware located near the specimen may also be 
ification for the purchase of an AEM, 1% of the fluoresced. 
signal from areas of thickness ~100 nm for several 1 Specimen.generated fluorescing radiation in-
specified materials covering·a wide range of eludes backscattered electrons, diffracted high 
atomic numbers. ~nergy electrons, characteristic and bremsstrah-
2.6 X-Ray Analysis in the HVEM ,lung x-rays produced by the electron probe, and 

There is considerable interest in AEMs employ- characteristic x-rays produced in the specimen by 
ing accelerating voltages greater than 100 kV. As uncollimated high energy x-rays. The character-
far as x-ray microanalysis is concerned, the impor- istic x-rays are emitted isotropically but the 
tant advantage is an increase in mass sensitivity... other forms of radiation all exhibit anisotropic 
Although the ionization cross section decreases distributions. The distribution of scattered 
with increasing electron energy, the bremsstrahlung electrons depends upon the diffracting conditions 
cross sections decrease more quickly so that the in the specimen and on the electron energy. The 
peak/background ratio shows a monotonic increase continuum or bremsstrahlung x-rays from the spec-
with electron energy. For example, the calculated imen generally exhibit a forward peaked distribu-
P/B for nickel at 1 MeV is ~2.5 times that at tion which moves more toward the forward direction 
100 keV.l9 ~s the accelerating voltage increases. 2•23 

As·expected, however, the uncollimated fluo- 1 The two contributions to the fluorescence of 
rescing radiation problems (particularly high- the specimen environment can be demonstrated and 
energy x-rays) become more severe at higher accel-· evaluated from data similar to that shown in 
erating voltages.lO,l9,25 At an accelerating fig. 4. An aluminum specimen in a conventional 
voltage of 200 kV the general behavior is rather copper specimen holder was used, and the probe 
similar to that discussed above for 100 kV instru- current was varied by changing the size of the 
ments. An acceptably low in-hole signal was obtained variable Cz apert.urP.. The copper signal was 
after the installation of a non-beam~defining col- measured with the probe at the same position on 
limator.lo,zs Serious attempts at x-ray analysis the specimen and "in-hole'' for each size of con-
on an HVEM have only been reported recently.l9,ZO denser aperture. As expected, there are two con-
In the more systematic and complete investigation tributions to the signal -the approximately 
severe problems were encountered.l9 In addition constant in-hole signal, and one due to specimen• 
to the installation of a.non-beam-defining lead ----generated .fluorescing radiation which is directly 
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Fig. 3 X-ray spectra illustrating the effects of instrumental modificdLiuns to reduce uncollimated 
radiation. Acquisition time = 100 s. Note the changes in indicated vertica l scales. (a) Specimen, 
before modifications, (b) In-hole, before modifications, (c) In- hole, thick platinum fixed condenser 
apertures, (d) In-hole, Mo-Pt combination fixed condenser apertures, (e) In-hole, thick platinum vari
able Cz aperture, {f) In-hole, brass non- beam-defin i ng collimator, (g) Specimen after modifications, and 
subtraction of in-hole spectrum, (h) "bulk" region of specimen, el ectron excitation . See text for deta i ls. 



' . !;: 

2.0 

v'> 

!;;; l. 0 
::> 
0 
u 

::J 
=> 0. 5 

u 

4 6 10 
PROBE CURRENT (AxJQ IO ) 

Fig. 4 Cu~ intensity versus probe current mea
sured with the probe positioned on a high-purity 
aluminum specimen and also passing through a hole 
in the specimen . See text for details. 
proportional to the probe current. 
3.2 Effects of Near- Specimen Systems Background 

The most obvious effect of detecting systems 
background from the specimen environment is that 
the acquired spectrum no longer represents the 
area of specimen analyzed. This may be more of an 
aesthetically displeasing effect than a serious 
problem, in which case most investigators would 
ignore it. However, subtle effects may be present 
together with more obviously undesirable problems 
for accurate quantitative analysis . 

3.2.1 Overlap of Specimen and Systems Peaks . 
The problem of overlap of systems peaks with 
characteristic lines in the desired specimen sig
nal may take one of two forms. First , overlapping 
of neighboring peaks may occur. In obtaining 
quantitative data it may be necessary to use com
plex peak stripping or profile fitting procedures 
for which computer processing is required. The 
data usually can be obtained but often only after 
expending considerable effort. In particular the 
most severe problems may arise when small specimen 
peaks are overlapped by large systems peaks. 

The second form of peak overlap arises when 
an analysis is required for an element also de
tected in the systems background signal . In this 
situation quantitative and possibly even qualita
tive analysis may be precluded. Particularly com
mon elements are copper and iron. Magnesium and 
aluminum in "modified" specimen environments are 
other possibilities. 

3.2.2 Fluorescence by Near- Specimen Systems 
Background. Besides fluorescence of the specimen 
by uncollimated radiation originating in the 
illumination system of the microscope, radiation 
originating in the specimen itself or in its local 
environment can cause substantial problems for 
quantitative analysis. In particular, systems 
background radiation from the local specimen en
vironment can fluoresce the specimen. Although 
bremsstrahlung x-rays will surely have an effect, 
strong characteristic lines in the systems back
ground have the most potential for pronounced 
detrimental consequences . This is because of the 
potential for highly selective fluorescence by 
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characteristic peaks. One reported example of 
this effect concerned analysis of a Ni-20 at. % Mo 
specimen in copper and beryllium specimen holders.14 

A further example is shown in fig. 5. The spectra 
were obtained from the same area of a specimen of 
type 316 stainless steel examined in beryllium 
[fig. S(a)] and copper [fig. 5(b)] double-tilt 
specimen holders . Note in particular the magni
tude of the Ni~ peak compared to the FeK~ peak. 
In the copper holder the Cu~ systems background 
causes increased fluorescence of iron and chro
mium (only CuK~ radiation strongly fluoresces the 
nickell 4 ). The apparent nickel content of the 
analyzed region is reduced from 12.8 wt % in the 
beryllium holder to 10.8 wt % in the copper holder. 

The magnitude of the effect in fig . 5 appears 
at first sight to be surprisingly large, consid
ering the rather moderate magnitude of the copper 
systems peak. However, it was observed from the 
diffraction pattern that the lower part of the 
copper specimen holder was intercepting a con 
siderable fraction of the diffracted electrons. 
It is therefore probable that the large copper 
signal being generated below the specimen was 
responsible for the majority of the fluorescence, 
but that only a small part was actually being 
detected . This example thus also serves to 
i l lustrate some of the more subtle consequences of 
the generation of systems background . 

As far as fluorescence of the specimen (or 
support grid) by the bremsstrahlung produced in 
the specimen itself is concerned , one point is 
worth emphasizing . As the specimen is tilted (to 
a suitable specimen-detector orientation) the 
lower half of the specimen will intercept a larger 
flux of bremsstrahlung and this may lead to in 
creased fluorescence problems. The magnitude of 
this effect is proportional to the amount of 
bremsstrahlung radiation produced by the electron 
probe-specimen interaction and is therefore pro
portional to the specimen thickness being analyzed . 
The effect can be minimized by the use of high 
take-off angle detectors which permit the specimen 
to remain more nearly normal to the electron probe. 

3. 2.3 Continuum Generation in the Near
Specimen Env1ronment . The above effects of sys
tems background have come primarily from charac
teristic peaks. However, the bremsstrahlung 
component , produced by absorption of backscattered 
and diffracted electrons in the solid materials 
around the specimen, must also be considered under 
conditions where its presence may be important. 
A case in point is the quantitative analysis of 
biological specimens. 2 1 In addition, the decrease 
in P/B ratio will resul t in a decrease in mass 
sensitivity. Both of these points are also dis
cussed in section 4.2.3. 
3.3 Elimination or Minimization of Local Systems 
Background 

In the elimination or minimization of local 
systems background, we will first assume that 
beryllium support grids are used, near specimen 
apertures are withdrawn, and that, following the 
procedures in section 2, electron tails have been 
eliminated and the flux of high energy x-rays 
significantly reduced . Also, as mentioned in 
section l, effective collimation on the x-ray 
detector can also help to reduce significantly the 
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Fig. 5 X- ray spectra from the same area of a type 
316 stainless steel specimen examined in (a) 
berylli um and (b) copper double-tilt specimen 
holders . Note the change in the relative inten
sities of chromium, iron, and nickel due to fluo 
rescence of iron and chromium by CuKa systems 
background. 
detected local systems background. 9 On the other 
hand, the only really effective solution for many 
of the effects described above is to incorporate 
low-atomic- number materials in the construction of 
the specimen environment and in particular the 
spec imen holder . We consider beryllium to be the 
optimum -choice for such a material , but i ts poten
tially hazardous nature, which requires spec ial 
precautions to be taken in machi ning processes, 
reduce its availability. Although reduced brems
strahlung product ion may result from the use of 
materials such as al uminum or magnes i um all oys, 
the presence of detectable characteri stic peaks 
can still l eave some problems unsolved (such as 
peak overlap or f l uorescence) . Carbon coating 
has been extensively used in the SEM in an attempt 
to overcome systems background , but this is not 
necessarily compatible with the "cl ean" vacuum 
requirements di scussed in the next section in con
nection with the minimization of contamination . 
Some spec ial high- strength graphites, however, may 
be a reasonable second choice to beryllium. 

The extent of necessary modifications may 
vary from one instrument to another and depends 
to some degree on i ndividual operational procedures. 
Among those reported are : {1) shortening of the 
objective aperture holder, 16 (2) use of low-atomic 
number anti-contamination devices, l6 , 29 (3) use of 
low-atomic-number sh ields over the lower objective 
pole- piece,lG and (4) use of special spec imen 
holders constructed from low-atomic number 
materials . l4.16.J9.20.29-33 

-
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Most manufacturers no~1 supp ly "1 ow-background" 
EDS specimen holders and there have been a large 
number of indepednent designs . It is not possible 
to give a universal solution, but we feel that a 
l ist of criteria or important design cons iderati ons 
for low-background specimen holders is appropriate, 
particularly in view of the fact that many of those 
available are far from optimum. Desirable features 
and their consequences include: 

1. The absence of detectable characteristic 
lines in the systems background. Thi s requires the 
use of materials with atomic number <ll, and also 
determines the amount of the holder replaced near 
the specimen position. 

2. Double-tilting capability. This is re
quired for diffraction analysis prior to x-ray 
microanalysis, achievement of specific diffracti ng 
conditions dur i ng x-ray microanalysis and optimi 
zation of the specimen-detector geometry. 

3. Sufficient mechanical strength and 
robustness. 

4. Compatibility of specimen holder material 
with "clean" vacuum requirements and resistance to 
damage by the electron probe. A nonporous mate
rial is required to minimize the surface area 
available for contami nation pick-up outside the 
microscope . 

5. A wide range of available take-off angles 
to complement the double-tilting capability and to 
eliminate shadowing effects. 

6. The possibility for the 
other special features such as: 
rent monitor , a Faraday cup , and 
or cooling capabilities . 

incorporation of 
a s pee i men cur
specimen heating 

Compton scattering of any remaining uncol 
l imated x- rays produced in the il lumination system 
is much more pronounced with the use of low-atomic 
number specimen holders [e . g. , the Compton scat
tered MoK x- rays in fig . 3(b-d)]. Th i s probl em 
may require special attention. 

Finally, even in an extensively modified 
system, it may be necessary to incorporate a fina l 
subtraction procedure in order to more accu rately 
obtain the correct continuum intensity, if this is 
required in the analysis.21 

4. Specimen Contamination 

Specimen contamination during electron micro
scope investigations is not a new phenomenon; 
however , the development of STEM and i t s conse
quent high current density sma ll el ectron probes 
have increased contamination rates to a point at 
which detrimenta l effects on microanalys i s can 
sometimes occur. This accumulation of foreign 
material on the specimen wi l l , in general , degrade 
t he analyti cal information from a specific region 
of i nterest . It is beyond the scope of this 
paper to consider the mechanisms of the contamina
tion process; however, there is di scussion of this 
in the l iterature.34-39 This section is concerned 
with the problems related to performing micro
analytical experiments in the presence of 
conldmindl ion. 
4 . 1 Effects of Contamination on Image Quality and 
Spatial Resolution 

Figure 6 is a TEM micrograph showing rather 
severe contaminat ion formed during a series of 
x- ray measurements on a thin meta l foil us i ng an 
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electron probe approximately 10 nm in diameter. 
Although the contamination may be convenient from 
the point of view that the region which was ana
lyzed is now clearly indicated and an estimnt.e of 
the foil thickuess may be obtained following tilt
ing of the specimen, 39 it is also immediately 
apparent that all further imaging experiments on 
those particular areas are now impossible. There 
is , however, a more serious aspect of the forma
tion of these contamination zones - namely, their 
effect on spatial resolution . The unique feature 
of performing microanalysis on an AEM instrument, 
particularly those equipped with STEM capability, 
is a direct consequence of the availability of 
small electron probes which can be directed to 
specific regions of the specimen. Any buildup of 
a contamination layer on the electron entrance 
surface of the specimen will adversely affect the 
spatial resolution afforded by these sma l l probes 
as a result of beam broadening occurring within 
the contaminant before the probe interacts with 
thP specimen. The time dependence of the spatial 
resolution can also produce its own set of problems. 
Furthermore, there is some evidence that charging 
effects, due to the poor conductivity of the con
tamination, can cause the probe to wander which 
further decreases the effective spatial . 
resolution. IS 
4.2 Effects of Contamination on Quantitative 
Ana lysis 

4. 2.1 Systems Peaks from Contaminant. A 
potential problem associated with contamination is 
related to the generation of systems peaks in the 
volume of contaminant material accumulating on the 
specimen . If this material were purely hydrocarbon, 
then during x-ray analysis using standard EDS de
tectors, no additional characteristic emission will 
be observed. However, if vacuum pump oils or 
greases containing silicon are used in the instru
ment the contaminant may also contain silicon. 
The silicon will be detected in the meas ured x-ray 
emission spectrum. An example is shown in fig . 7 
whi~h is an expanded region of an x-ray spectrum 
measured from a thin, single crystal specimen of 
s-NiA1. 40 Three peaks are clearly resolved: Ni L 
(o..0.85 keV), Al K ( "-1.49 keV}, and Si K ( "-1.74 keV). 
The magnitude of the silicon line measured in this 
case correlated directly with the accumulation of 
observable contamination. The elimination of such 
a systems peak can in some cases be accomplished 
by usi ng si l icon-free mechanical and diffusion 
pump oils and greases , following of course , a 
thorough cl eaning of the entire microscope column 
and vacuum system. 

4.2 .2 Absorption by Contamination. In cases 
where large contamination rates occur , it is some
times possible to detect preferential absorption 
effects of low-energy x-rays due to the accumulat
ing mass of material on the specimen surface . 
This was demonstrated by Zaluzec and Fraseri S who 
monitored the characteristic intensity ratio of a 
medium-energy x- ray line (Ni Ka "-7.48 keV) to a 
relatively low-energy line (Al Ka "-l .48 keV) as a 
function of time (and thus contDmination). Their 
results shown in fig . 8 indicate that in some 
cases measurable absorption effects can be observed, 
and thus caution should be exercised in interpret
ing such data quantitatively. This preferential 
absorption effect is most pronounced for lo~1-energy 
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x-ray lines and would be negligible for higher 
energy x-rays or for intensity ratios of lines 
whose difference in mass absorpLion coefficients 
is sma 11 . 

4.2.3 Contamination.Generated Continuum 
Background . As the incident electron probe inter
acts with the material deposited on the specimen 
surfaces, bremsstrahlung x-rays (as well as unde
tected characteristic lines) are produced. The 
bremsstrahl ung x-rays are detected in addition to 
the specimen. related x-ray spectrum. Two problems 
with respect to x-ray microanalysis arise as a 
result. The first arises in quantitation proce
dures which require the measurement of the con
tinuum background intensity , in order to obtain 
estimates of the mass thickness of the analyzed 
region of the specimen. 41 These procedures are 
particularly useful in analyses of biological 
specimens. Here the contami nant will have the 
largest detrimental effect because of the inher
ent low mass tliickness of the specimens. 

The second problem which arises because of an 
increase in continuum background is a decrease 
in the ultimate mass sensitivity . Ths mass sensi
tivity is directly related to the characteristic 
P/B ratio for a particular element in the speci
men. This is lower in the presence of contamina
tion due to the anomalous ly high continuum levels. 
A simple model of a contaminating specimen would 
predict a monotonic decre·ase in the P/B ratio with 
analysis time and, al though a decrease in the P/B 
ratio eventually occurs, some experimental results 
indicate that the process may be much more complex~0 
4.3 Reduction of Contamination Rate 

Although the elimination of systems peaks 
such as silicon may be overcome by using appropri
ate oils and greases in the vacuum system without 
necessarily reducing contamination buildup, the 
other effects described in thi s section do require 
reduction of the contamination rate. This is not 
a simple task. Two di stinct approaches are nec
essary. The first is the mi nimization of contri
butions from the instrument vacuum system and the 
second is the reduction of the specimen-borne 
contribution. Manufacturers, as well as many 
microscopists, are constantly attempting improve
ments to instrument vacuum systems . The use of 
oil - free vacuum pumps, effective cryo-pumping 
around the specimen area, dry 0-rings, 101~ vapor 
pressure greases, column baking, leak check i ng 
and prevention of backstreami ng by traps are wel l 
known, successful approaches. Once a "clean" 
vacuum system is realized , the contamination 
appears to be controlled by specimen-borne mate
rial. Several techniques to reduce specimen-borne 
contamination have been suggested during the last 
few years.I 2, 37 , 38 , 42-44 These include in situ 
specimen heating 37 , 4 4 and cooling 12•37•4 2, 4 3 and 
immobilization of surface contaminants by electron 
flooding . 37 At present there is no genera l method 
applicable to all situations . It is prudent to 
be aware of possible adverse effects and take 
appropriate steps to minimize them. 

5. Conclusions 

Although many detrimental effects ar1s1ng 
from various instrumental problems have been 
discussed, none of them appea~to be insurmountabl e. 
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Fig . 6 An example of severe contamination formed 
during 100 s analyses of a thin foil of a-NiAl 
using a ~10 nm electron probe at 200 keV . 
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Fig. 7 Portion of the x-ray spectrum from a-NiAl 
illustrating the detection of a SiK peak origi 
nating from the contamination deposited during 
x- ray mic roanalys i s . 
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Fig. 8 Experimen tal variation of the Ni/Al Ka 
i ntensity ratio as a function of time (hence con
tamination) illustrating absorption effects of 
the low- energy Al Ka line. 
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When appropriate preventati ve measures are imple
mented , t he achievement of reliable quantitati ve 
anal ysis is a more realisti c proposi t ion. 
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Discussion with Reviewers 

R. H. Geiss: Would you explain the concept of 
fluorescence, bremsstrahlung, and continuum 
radiation, especially in the sense that this is 
a tutorial? 
Authors: Fluorescence is the emission of radia
tion by a substance during exposure to external 
radiation. In the context of this paper it is 
the emission of characteristic x- rays which 
occurs following ionization by incident electrons 
or x-rays. 

Bremsstrahl ung is electromagnetic radiation 
produced by the interaction of incident charged 
particles with target nuclei. The acceleration 
imparted to the incident particle results in 
emission of radiation with all possible energies 
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between zero and the energy of the incident 
particle . 

Continuum radiation is synonymous with hrPms
strahlung but may also be used to describe the 
"background" of energy-dispersive x- ray spectra . 

See text reference 5 for a simple but more 
complete discussion and text reference 23 for an 
advanced treatment of these three concepts. In
formation on scattering mechani sms and some cross
section data may also be found in these references. 

P. L. Ryder : Can the authors quote experimental 
measurements of the magnitude (fraction of the 
pr imary beam current) and lateral dimensions of 
"elect ron tails"? In which instruments have they 
been observed to cause trouble? 
Authors: Goldstein and Williams (text reference 
18) reported a current of ~3 x lo- 13 A in electron 
tails under conditions whic h produce a probe cur
rent of ~l.S x lo- 10 A. However, it is important 
to realize that the effects of electron tails are 
disproportionate to the magnitude of the ratio of 
electron tails current/ probe current. This is 
because the electron tails can interact with the 
"bulk" parts of the specimen and produce many 
more x- ray quanta per electron than the primary 
probe, which interacts with the very thin regions 
of the specimen. The lateral dimensions of 
"electron tails" have not been determined experi
mentally but typically may be several mm at the 
specimen position as inferred from the observation 
that x-rays from the specimen holder may be de
tected in the "in-hole" signa l when the specimen 
is total ly absent . Electron tails have been 
observed to be a particu l arly severe probl em i n 
Philips EM 300, 301, and 400 series i nstruments. 
However , the manufacturers are aware of the problem 
and modifications are available. 

R. H. Geiss : Have ther e been any exper iments 
publ i shed which IIUf:Jf:JOL' i- the -~dea t hat one may dis
tingui sh between electron and x-ray bremsstrahlung 
excited spectra, based on a compari son of r elative 
s t r engths of short a~~ long wavelength x- ray 
photons? 
Authors: To our knowledge there have been no de
finitive experiments reported. These conclusions 
are based on the relative cross-section ratios for 
fluorescence by electrons and x-ray photons. Cross
section rat ios for Mo Ka/Mo La and Ni Ka/Ni La 
characteristic x-rays for electron excitation are 
shown in table Dl, while table 02 gives the values 
for f l uorescence by x- rays . Clearly x-ray fluo
resence favors high energy emission while electron 

Table Dl . Cross-section ratios for electron 
excitation 

Incident Cross-section ratio: 0
electron/ electron 

electron Ka al a 
energy 

keV Mo Ni 

25 0.002 0.010 
50 0.011 0.012 
75 0. 014 O.Ol :'l 

100 0.016 0.015 

PG. NO. 

Table 02. 

X- ray photon 
energy keV 

25 
50 
75 

Cross-section ratios for x-ray 
excitation 

Cross-section ratio: o~ray j a~: ray 

Mo 

205 
230 
235 

Ni 

625 
610 
590 

fluorescence favors the low energy lines. The 
actual measured intensity rati os will be different 
because the effects of detector efficiency , x-ray 
flu orescence yield, etc., must be included ( text 
reference 25 ) . 

J. I . Goldste~: Can you suggest spec~J~C t est 
specimen(s) which can be used to identify the 
presence of spurious* x-rays and their sow•ce(s )? 
Authors : There are a vast number of possibilitie~ 
\~e feel that the general requirements given in 
section 2.3 are sufficient to allow an appropriate 
choice to be made. To reiterate: a homogeneous 
alloy or element with low (<3 keV) and high 
(>6 keV) characteristic lines in a specimen with 
some "bu l k" character, i. e., a self-supporti ng 
thinned disk. Characteristic lines of energy 
>20 keV are less desirable than those with energy 
<20 keV. 

R. H. Geiss: Ther e i s a small peak at about 
6. 4 keVin figures 3(a) t o 3(e) . I s thi s an 
Fe Ka peak? I f not, what i s it, and in either 
case where does it come from ? 
Authors: It is the Fe Ka peak. We suppose its 
origin is the objective lens polepiece material. 

E. L. Hall and J . B. Vander Sanrle: FPas P-r has 
shown quite convincingly t hat the pr imary hole 
count problem i n a D-STEM (VG HB- 5) ar i ses due t o 
uncollimated electrons scattered by the probe
forming aper ture, rather than x- ray ;"lux. Our 
own wor k wi th the HB- 5 has shown that the use of 
special thick aper tures in this position has no 
eff ect on hole count, which is consistent with 
Fraser 's concl~ion . 
Authors: H. L ~ Fraser has never attributed the 
in-hole signal in the VG HB-5 to scattered elec
trons (H. L. Fraser, University of Illinois, 
private communication). The observed characteris
t ics are consistent with production by high energy 
x-rays. Electrons scattered from the probe
forming aperture have been surmised to be the 
source of the in-hole signal in the Si emens STlOOF 
(Oppolzer and Knauer, these proceedings) but here 
the electron-optical configuration and aperture 
position are different . The fact that the use of 
thick apertures has no apparent effect on the in
hole signal may not be surprising considering the 
pruxiulit.Y of the aperture and specimen. 

D. B. Williams: The comments concerning spUl'ious* 
x-rays in a dedicated STEM make this ins trument 
appear to be relatively useless for high resolu
tion x-ray microanalysis . Have t he i nst rument 
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manufa~;ure~s taken steps to correct the problem? 
How do these ~or.mP.nts aff ect data from such inst~ 
ments already published in the literature? 
Authors: Although severe problems of fluorescence 
by uncollimated x-rays produced at the final prob~ 
forming aperture exist in some 0-STEMs, the situa
tion is not hopeless, as we clearly indicated in 
the text . It is the nearness of the aperture to 
the specimen which makes the conventional solutions 
impossible to implement. Furthermore, not all 0-
STEMs have an aperture near the specimen (e .g., 
Oppolzer and Knauer, these proceedings). The in
strument manufacturers are aware of the problem 
and have begun to implement design changes. Prob
lems with equally severe consequences for x-ray 
microanalysis have existed in TEM based AEMs. 
Even with the probe forming aperture removed, the 
analytical spatial resolution is still higher than 
in many TEM based AEMs. Most users are aware of 
the problems and generally, published data from 
0-STEMs is in no worse a condition than that from 
TEMs. 

J. I. Goldstein: Could you give the readers some 
criteria to de f ine a minimum level of spu~ious* 
x-rays which can be tolerated and which will not 
interfere with a quantitative analysis? 
Authors: There is no simple answer. Such an 
amount would depend on the accuracy required in the 
particular analysis. The selective nature of the 
effects and the sensitivity to specimen type (atom
ic number, geometric shape, etc.) al so cause prob
lems. It is our opinion that subtraction of the 
in-hole signal is a better way to achieve more ac
curate analyses. The experiment is easy to perform 
and the subtraction procedure is trivial. In fact, 
it is part of the computer program used for quanti
tative analysis at ORNL. As emphasized in the text, 
it is also important to reduce the in-hole signal 
as much as possible to avoid the introduction of 
excessive statistical errors . 

Fig. 01 

\ 

Authors: Although fig. 01 may il lustrate a typi 
cal arrangement, the contamination that formed 
during the exper1ment for fig. 8 (texl reference 
15) covered considerably larger areas of the speci
men as shown in the representative secondary elec
tron micrograph of fig. 02. X-ray path lengths in 
the contamination of ~1 ~m are required to explain 
the data of fig. 8 . This is consistent with the 
size of the contaminant in fig. 02. 

High take-off angle detectors would appear to 
be less desirable for this particular problem. 
However, it is our opinion that on modern instru
ments the contamination rate can be kept suffi
ciently small that the problem is not severe enough 
to nullify the other advantages of high take-off 
angle detectors. 

E. L. Hall and J. 8 . Vander Sande: Could the 
authors outline briefly specimen stage stability 
problems and include acceptable drift rates and 
possible procedures for minimizing drift? 
Authors: The main problem associated with speci
men drift is the decrease in spatial resolution . 
Acceptable drift rates depend upon the spatial 
resolution required and the time for analysis. 
Generally, top-entry stages have greater stability 
than side-entry stages but the former have less 
desirable geometrical arrangements for x-ray micro
analysis and eucentric tilting is usual ly not 
available. Even with side-entry specimen holders, 
however, the guaranteed drift rates rarely exceed 
3 nm/min. For most analyses this is much less 
than the limits to spatia l resolution imposed by 
the probe size neces sary to achieve desired probe 
currents, beam spreading within the specimen (which 
may be enhanced by contaminati on build-up) or 
electrical stability of the electron-optical sys
tem. For the highest spat ial resolution (<5 nm), 
e.g . , ~1hen using FEGs and very thin specimens, then 
specimen drift may turn out to be the limiting 
factor in spatial resolution. The procedures for 
minimizing drift are well recognized and include: 
maintenance of backlash-free stage drives; suf
ficient lubrication of moveable "a-rings;" close 
temperature control of (objective) lens cooling 
water; and avoidance of poorly clamped specimens 
and drastic changes in illumination of the speci
men, which result in fluctuations in beam heating 
effects. 

*Since the term "spurious x-rays" does not help to 
identify the source of this undesirable signal , 
the present authors prefer to use systems 
background. 

Fig. 02. Secondary electron micrograph of contam
ination formed during the experimenti S of fig. 8. 




