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ABSTRACT

To correlate an electron image with surface properties
requires thorough understanding of electron-solid interac-
tion, secondary electron emission mechanism and operation
functions of image detectors. We emphasize the importance
and usefulness of combining electron spectroscopy with
scanning electron microscope in interpreting electron image
contrast. Linear relationships among secondary electron
image (SEI) brightness, total emission current and the in-
tegration of electron energy distribution were measured. We
propose that channeling effect, instead of primary electron
diffraction, is the crystallographic cause of SEI contrast.
Secondary electrons contribute most to SEI brightness be-
cause of their high constituent in total yield, not because of
high efficiency of SEI detector in detecting slow electrons.
We show that work function change alone cannot explain the
SEI brightness change during gas exposure. Rather, the
brightness change is associated with changes of the entire
spectrum. The possibility of measuring spectral response of
energy analyzers is discussed in conjunction with the compa-
rison of spectra taken with different analyzers.

Keywords: Secondary electron image brightness, contrast,
total yield, channelling effect, electron spectra, work func-
tion change, electron beam damage, spectral response.
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INTRODUCTION

The scanning electron miscroscope (SEM) is a very useful
tool for surface examination. Contrast in a secondary elec-
tron image (SEI) arises whenever there are differences in one
or more of the following properties: surface topography,
crystallographic orientation, chemical composition, surface
electric field, specimen conductivity, surface magnetic field
and surface potential (Booker, 1969; Thornton, 1968). These
widely varied sources of contrast enable us to use SEI to
study different surface properties. On the other hand, this
complexity also makes the interpretation of SEI difficult. At-
tempts to correlate image contrast with surface properties
(except, perhaps, the topography of non-crystalline samples)
are frequently ambiguous or incorrect. The problems often
come from poor vacuum conditions, lack of SEI detector
calibration, and, more importantly, absence of relating
studies of electron spectroscopy in a conventional SEI. The
electronic adjustments of image brightness and contrast and
of detector spectral response only further obscure the
physical meaning of SEI contrast (Appendix I).

Basic studies of electron-solid interaction and secondary
emission mechanism should help us unravel SEI contrasts.
The combination of SEM with an electron spectrometer in an
ultra high vacuum chamber provides in situ correlation be-
tween SEI and electron spectra. It facilitates, in addition to
conventional SEI, other image modes: Auger electron image
(AEI), absorbed current image (ACI), energy loss image
(ELI) and other images formed by electrons of selected ener-
gies. The contrasts of these images are subject to the same in-
fluence from various surface properties as that of conven-
tional SEI. This combined instrument will greatly improve
our understanding of SEI contrast and make SEM an even
more powerful tool for surface science.

In this paper, we summarize our up-to-date work (Lee-
Deacon et al., 1982; Le Gressus et al., 1982; Duraud et al.,
1980; Geller et al., 1981; Ichinokawa et al., 1981; Le Gressus
etal., 1981; Le Gressus et al., 1979; Fontaine et al., 1982) in
the development of analytical application (as opposed to
pure topographical application) of SEM. We first show the
quantitative correlation among SEI brightness, total electron
yield, and the integration of electron energy distribution. The
results will be used to discuss the origin of crystallographic
effect on SEI contrast. We then discuss the relative contribu-




tion of SEI brightness from electrons of different energy do-
mains and the role of work function change in SEI brightness
change during gas exposure. Both topics are discussed in con-
junction with electron spectra. Electron beam damage on
oxygen exposed aluminium surfaces is used as an example to
demonstrate the application of electron spectroscopy in SEI
interpretation. Finally, we compare spectra taken with a
cylindrical mirror analyzer (CMA) and a hemispherical anal-
yzer (HMA) and discuss the possibility of judging the spec-
tral response of an energy analyzer.

Other surface study tools, such as secondary ion mass
spectroscopy (SIMS), low energy electron diffraction
(LEED) and reflection high energy electron diffraction
(RHEED), can also be combined with SEM and provide
additional information of surface. In appendix II, we give an
example of the correlation between absorbed current image
(ACI) and RHEED patterns taken on a Si(111) surface with
evaporated Au film. The application of this combination is
also discussed.

EXPERIMENTS

Experiments were carried out on an aluminium polycrystal
sample in two different machines. The sample surface con-
sisted of large grains (1 ~ 2 mm) and was textured within a
few degrees of [111] direction. It was mechanically polished,
ion etched and then annealed in the vacuum chamber until
no trace of carbon and oxygen was observed with Auger
spectrum. The surface plasmon loss peak was sharply de-
fined with primary electron energy (Ep) at 250 eV.

One of the machines used is a JAMP-10(JEOL) with a
hemi-CMA whose axis is on the plane of the sample surface.
The primary beam has normal incidence. The axis of the SEI
detector (Appendix I) is also on the plane of the sample sur-
face and is 90° to the CMA axis. The other machine is an
ESCALAB-Mark-II (V.G. Scientific) which is equipped with
an HMA (Le Gressus et al., 1982).

The electron spectrum can be obtained either in the inte-
gration mode (En(E)) or in the first and second derivative
modes (E dn/dE and E d2n/dE?) in JAMP-10, while all
these spectra plus the electron energy distribution (EED),
n(E), can be obtained in the Mark II. With JAMP-10, n(E)
can be derived from the En(E) spectrum by multiplying the
spectrum by Ep/E. The integration of EED (Duraud et al.,
1980) was obtained with a computer,

Ep
S = S n(E)dE.
0

The quantitative measure of SEI brightness (B) is the out-
put of the SEI detector which was measured with a digital
voltmeter. Primary current (Ip) was measured with a Faraday
cup on the sample holder. Total sample emission current (Is)
was obtained by subtracting absorbed current (Ia) from Ip,
165 18 Ip — Ia. Total electron yield (o) is Is/Ip.

All measurements were obtained with a defocused primary
beam in order to avoid beam damage (see further discussion)
and to average out the effects of microstructure on the sur-
faces (topographic features in the order of 1 um).
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LIST OF SYMBOLS

ACI = Absorbed Current Image

AEI = Auger Electron Image

EL] = Energy Loss Image

SEI = Secondary Electron Image

SEM = Scanning Electron Microscope

CMA = Cylindrical Mirror Analyzer

HMA = Hemispherical Analyzer

Ep = Primary Energy

B = Brightness of SEI; SEI detector output

Ip = Primary Current

Ia = Absorbed Current

Is = Total Emission Current; Is = Ip — Ia

o = Total Electron yield; ¢ = Is/Ip

EED = Electron Energy Distribution; n(E)
Ep

S = Integration of EED; S = SO n(E)dE

n(E) = Number of electrons of energy E

1) = Electron yield

SIMS = Secondary Ion Mass Spectrometer

LEED = Low Energy Electron Diffraction

CAE = Constant Analyzer Energy

SE = Secondary Emission

UHV = Ultra High Vacuum

SP = Surface Plasmon

E = Energy

RESULTS AND DISCUSSION

1. SEI Detector Calibration

As the first step toward quantitative application of SEM,
we set out to investigate the spectral response and acceptance
angle of the SEI detector (Lee-Deacon et al., 1982). We
measured the relationship between B and Is on eight different
grains on the sample surface and with seven different pri-
mary energies.

The experiment was carried out in JAMP-10. No collector
bias was applied to the SEI detector. The SEI brightness and
contrast control (i.e. the controls of the power supply for the
photomultiplier) were so adjusted that the SEI output was
near zero when the primary beam was turned off. This near-
zero value was subtracted from all the SEI detector output to
obtain values of B. These settings were kept the same
throughout the experiment.

The value of B was found to be a linear function of Is, in-
dependent of Ep and grain orientation. (Fig. 1(a) shows B vs.
Is of eight grains at six primary energies: 5 keV, 3 keV, 2
keV, 1 keV, 750 eV and 500 eV. Ip was kept at 1 x 10~ 10A
in all cases. Fig. 1(b) shows B vs. Is of three grains at 5 keV
and 250 eV with Ip varying between 3 x 107 19A and 3 x
10~ 1A,

The linearity of B — Is relationship was expected; how-
ever, its independence from Ep and crystal orientation was
unexpected. Because primary electrons with different ener-
gies induce different emission spectra (including the elastical-
ly scattered primary electrons), our results indicate that the
SEI detector has a broad spectral response. This is different
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from what is generally accepted (Booker, 1969; Thornton,
1968), that the SEI detector is more efficient in collecting low
energy secondary electrons than collecting high energy pri-
mary electrons. Our results also indicate that the SEI has a
wide acceptance angle. This point will be discussed later.

2. Correlation between Is and the Integration of EED

The second step approaching an analytical SEM is to cor-
relate the SEI detector with the energy analyzer using emis-
sion current as the medium.

We measured (Le Gressus et al., 1982) the change of ¢ of
aluminium under oxygen exposure and compared it with the
change of S. This experiment was performed in both JAMP-
10 and Mark-II. The results are presented in Table 1. A good
correspondence between Ao/ o and AS/S was obtained on
both machines. A similar result has been observed with Si in
JAMP-10 (Geller et al., 1981).

The linear relationships between B and Is and between o
and S imply that B is linearly related to S. Changes in EED
will be reflected in changes in SEI contrast and brightness,
with the rare exception, when the changes in EED do not
affect its integration.

3. Electron Channelling Effect vs. Diffraction

An excellent demonstration of the correspondence be-
tween electron yield and SEI brightness is given in Fig. 2.
Values of o from three adjacent grains with Ep between 100
eV and 750 eV are shown. Electron yields from these three
grains are different and the contrasts of SEI reflect the rela-
tive values of o. The crossover of o(Ep) curves of grain 1 and
grain 2 at around 570 eV corresponds to the contrast reversal
between these two grains in the images taken at 500 eV and
750 eV (Fig. 2). The contrast between these two grains is
subtle, but definitely detectable, and reflects the small differ-
ence in electron yields between these two grains. Grain 3,
which is very dark in both images, has low electron yield at
all energies.

SEI contrasts among crystal grains on a chemically uni-
form and flat surface (such as the sample we used) are often
ascribed as due to diffraction of the incident electron beam.
However, the independence of the linear relationship of B
and Is from crystal orientation and from primary energy
leads us to conclude that the SEI detector has a wide accep-
tance angle. It is unlikely that the SEI detector can “see” the
space distribution of emitted electrons. SEI brightness
depends only on the total electron yield and diffraction effect
is not the cause of contrast among grains. Rather, the chan-
nelling effect, which describes the crystallographic depen-
dence of electron yield, is more likely to be the reason. We
have observed (Ichinokawa et al., 1981) the variation of rela-
tive intensities between surface and bulk plasmon losses
among different grains on an aluminium surface. The varia-
tion was seen both in energy loss spectra and in energy loss
images. The sensitive dependence of the channelling direc-
tion on the incidence angle of the primary beam is demon-
strated in Fig. 3. Pronounced change in SEI contrast among
grains was seen when the sample was tilted only 5°.
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Fig. 1 Secondary electron image brightness (B) vs. total
emission current (Is), (a) of eight grains at six primary
energies with constant primary current, 1 x 10 10 A
and (b) of three grains at 5 keV and 250 eV with pri-
mary current ranging between 3 x 10~ 107 and
3 x 10 1A,

Table 1. Changes of total yield (o) and the integration of
EED (S) of aluminium (111) surface due to oxygen exposure
measured with CMA and HMA.

Analyzer CMA (JAMP-10) HMA (Mark-II)
Ep 250 eV 200 eV
0, OL 1000L OL 1000L
o 0.89 1.03 0.93 1.13
Adg/o — 15% — 20%
AS/S — 17% — 20%




FIG. 20 2 FIG. 2b

Olive Lee-Deacon, Claude Le Gressus, Daniel Massignon

0 (%)

B A
100 M._.f ";\x.,,
80 | X
K
80 | =
o

eeeGRAIN 1

60 b xxxGRAIN 2 F‘[g_ZC
000 GRAIN 3 —_—————

Fig. 2.
Total electron yield (o) vs. primary energy (Ep) of
three different grains and two secondary electron im-
ages taken at 500 eV and 750 eV. The reverse of con-
trast between grains 1 and 2 in these two images cor-
responds to the crossover of the o(Ep) curves.
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Fig. 3. SEI of an aluminium polycrystal surface taken at two
different primary beam incidence angles, (a) 0° (b)
~ 5°. Both images were taken with Ep = 230 eV.

4. Contribution of Secondary Electrons to SEI Brightness

Fig. 4 is the n(E) spectrum of a clean Al surface obtained
with Mark-II operating at constant analyzer energy (CAE)
mode with EP = 250 eV. The spectrum reveals that the true
secondary emission (SE) contributes to about %5 of the total
emission. Therefore, SEI brightness is largely due to true sec-
ondary electrons.

Although this conclusion is the same as generally accepted
(Booker, 1969; Thornton, 1968), the reasoning is quite dif-
ferent. As pointed out previously, we think that our experi-
ments show a broad spectral response of SEI detector. The
high contribution of true secondary electrons to SEI bright-
ness is based on spectral structure. Other authors (Booker,
1969; Thornton, 1968) however based their case on the dif-
ferent effective acceptance angles for electrons of different
energies. A study to calculate the trajectory of electrons, con-
sidering the electrical field distribution caused by the voltages
applied to SEI detector (Appendix I), will help to clarify this
point.
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Electron energy distribution, n(E) of clean alumini-
um surface obtained with a hemispherical analyzer,
operating at constant analyzer energy (CAE) mode.
Ep = 250 eV.

5. The Role of Work Function

The major cause of SEI brightness change during gas con-
tamination is said to be the change of work functions (Holm
and Reifandt, 1978). To verify this point, we compared the
electron spectra of aluminium surface before and after oxygen
exposure. The experiment was performed in Mark-II with Ep
at 200 eV and in JAMP-10 with Ep = 250 eV. The spectra
taken in Mark-II are shown in Fig. 5. The difference between
the spectra of a clean surface and of a 1000 L exposed surface
was calculated by a computer and is shown in the bottom half
of Fig. 5. The decrease of surface plasmon (SP) and the
change of the energy loss spectrum were accompanied by the
decrease of secondary electron emission. The contribution of
the plasmon decay to the secondary electron emission re-
mained weak (Ganachaud and Cailler, 1979). However, the
largest change in the spectrum occurred at energies around 20
eV and higher. Table 2 shows the contribution to the change of
S from different energy domains. A similar experiment has
been carried out on an Si surface with CMA (Geller et al.,
1981). It showed that after 10 L oxygen exposure, the entire
spectrum increased, except the plasmon loss region which
decreased.
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Pﬁi_ Electron spectra, En(E) of aluminium surface (a)
when it was clean and (b) after it had been exposed to
1000 L oxygen. The difference between (a) and (b)
was obtained with a computer and is shown in the

bottom half of the figure.

Table 2. Contribution of changes in the integration of EED
(S) from different energy ranges during oxygen exposure on
aluminium surface.

B; = SEZI n(E)E ; AS; = ()00 ~ (S
Ej
b e Results

li zi CMA HMA
AS/S 0 Ep 17% 20%
AS,/S 0 8 eV —0.5% 0.3%
AS,/S 0 30 eV 0.6% 10%
AS;/S 30 eV Ep—30eV 13.4% 9%,
AS,/S Ep—30eV Ep 3% 0.3%

2

w1

The appearance of the emission around 20 eV after oxygen
exposure can be explained as either due to the decay of vol-
ume plasmon of alumina (Benndorf et al., 1977) or due to the
scattering of backscattered electrons by oxygen 2S electrons.
We are more in favor of the latter explanation because the
spectrum changed over the entire energy region. This change
corresponds to the modification of elastic mean free path
when the surface is oxidized.

Our results clearly point out that work function change
alone cannot explain the changes of electron spectrum and
total electron yield, and thus it cannot be the major cause of
SEI brightness change during oxygen exposure. Rather, the
change in the energy loss process related to oxidation is a bet-
ter explanation.

6. Electron Radiation Effect and SEI Brightness Change

The importance and usefulness of the collaboration of
SEM and electron spectrometer are illustrated by the role of
spectrometer in clarifying the cause of SEI brightness change
during electron irradiation in ultra high vacuum. SEI darken-
ing in SEM was usually understood as due to carbon deposi-
tion under the primary beam (Holm, Reifandt, 1978; Soezi-
ma, 1979). However, this explanation is improper for the ef-
fect observed in an ultra high vacuum system.

We studied the SEI brightness change on oxygen-exposed
aluminium surfaces with the aid of Auger electron spectros-
copy (Le Gressus et al., 1981; Fontaine et al., 1982). Fig. 6
shows the Auger electron spectra of an oxygen exposed (1000
L) aluminium (111) surface at several stages during electron
irradiation. The 68 eV peak is the Al LVV peak and the 56 eV
peak is the interatomic Auger transition of oxidized alumini-
um. Spectrum 1 was taken right after oxygen exposure. It is
observed that the 68 eV peak increased while the 56 eV peak
decreased as the surface was irradiated with 230 eV electrons
(spectra 1 to 3). This indicated a decrease of oxidation within
the irradiated area. In SEI, this area became darker than the
surroundings (image 3, Figure 6). This phenomenon corres-
ponds well to the lower electron yield at lower oxygen expo-
sure (refer to e.g. Table 1). When the electron energy was
changed to 5 keV, the relative intensity of these two peaks
reversed (spectra 4 and 5) and the irradiated area became
brighter than the non-irradiated area (note that image 5 was
taken with Ep = 230 eV). Again, the brightening can be cor-
related with the increase of oxidation and thus the increase of
electron yield within the area. After the 5 keV irradiation, the
ratio between the two peaks was stable when the area was
again irradiated with 230 eV electrons (in spectra 6 to 8).

The SEI brightness change on an oxygen exposed alumini-
um surface during electron irradiation is clearly linked to the
change of oxidation and is not due to carbon contamination.
Work function change alone cannot also explain this effect.
A detailed study of this phenomenon will be published else-
where (Fontaine et al., 1982). Based on the study of Auger
electron spectroscopy, we were able to explain the change of
oxidation extent and thus the change of SEI brightness as due
to electron beam assisted surface diffusion of chemisorbed
oxygen and transformation of chemisorbed oxygen into
oxide.
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Fig. 6. Auger electron spectra of aluminium surface with
1000 L oxygen exposure during different stages of
electron irradiation: spectra 1 to 3 were taken at
Ep = 230 eV. Spectra 4 and 5 were Ep = 5 keV.
Spectra 6 to 8 were taken with Ep = 230 eV again.

7. Comparison between HMA and CMA —an ultimate
electron energy analyzer?

For use as a quantitative analytical tool, an electron energy
analyzer has to detect electron energy distribution without
distortion, or at least, to have known spectral response. Ab-
solute intensity (i.e. peak height) and energy calibration of an
energy analyzer can be achieved through comparison be-
tween experimental and theoretical results of electron
spectra. Unfortunately, complete theoretical descriptions of
secondary emission and of electron-solid interactions are not
available. As a preliminary test, we studied the reproducibil-
ity of spectra with different energy analyzers. This kind of
comparison will help us to define the problems in energy
analyzer calibration.

We performed such a study comparing spectra obtained
from a CMA (JAMP-10) and an HMA (Mark-II) on alum-
inium surfaces. Full account of this study will be published in
another report (Le Gressus et al., 1982); we will only present
a brief summary here.

Fig. 7 shows the dn/dE spectra in the secondary emission
region of a clean aluminium surface taken with CMA and
with HMA. These two spectra are very similar. The peaks at
5.2 eV and 11 eV and the shoulder of 7 eV in the CMA spec-
trum showed up in the HMA spectrum at 9 eV, 15 eV and 11
eV, respectively. The difference in energy position is due to
different energy references used in these two spectrometers
— Fermi level in HMA and Fermi level minus analyzer work
function in CMA. The peak at around 15 eV and the shoul-
der at around 11 eV (refer to HMA spectrum) are due to plas-
mon decay (Ganachaud, Cailler, 1979). The first SE peak, at
9 eV, corresponds to the maximum slope in En(E) spectrum.
It has been observed (Le Gressus et al., 1982) that it shifted
about 1 ~ 2 eV when the surface was slightly contaminated
and the surface plasmon loss peak was damped. This shift of
energy has been explained (Le Gressus et al., 1981) as due to
sample work function change and agrees with results ob-
tained with a Kelvin probe (Hofmann et al., 1979).

When we compare the En(E) spectra taken with these two
analyzers (Fig. 8), we observe that the plasmon loss peaks are
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Fig. 7. dn(E)/dE spectra of a clean aluminium surface
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Fig. 8. En(E) spectra of a clean aluminium surface taken

with CMA (JAMP-10) and HMA (Mark-II). The sec-
ondary emission (SE) and Al LVV peak have differ-
ent relative intensities in these two spectra.
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very intense in both spectra. However, the relative intensities
of SE and Auger peaks are different in these two cases. This
difference is likely to stem from different geometry (spatial
arrangement among the sample, the incident beam and the
detector) and energy response functions of these two anal-
yzers. The latter could be partially due to the electronic cir-
cuit design of the electron multiplier in the analyzer.

It is impossible to judge which analyzer gives spectra closer
to the “true” ones without more studies and comparison with
theoretical results. We suggest that the intensity of the first
SE peak and its change due to work function change might
serve as a guide to the intensity calibration of the energy
analyzer in the low energy range. The general shape of the
background of a spectrum is related to electron scattering
and is sensitive to atomic number and mean free path change
(Le Gressus et al., 1982; Pellerin et al., 1981; Ichimura et al.,
1980; Duraud et al., 1980). It perhaps can serve as a reference
in the intermediate energy region.

CONCLUSIONS

Our studies of analytical application of SEM combined
with electron spectroscopy lead us to the following conclu-
sions:

(1) SEI brightness is proportional to the total electron
yield, independent of primary electron energy and crystal
orientation.

(2) SEI detector of Everhart and Thornley type has wide
acceptance angle and broad spectral response.

(3) Crystallographic effect of SEI contrast is more likely
due to electron channelling than electron diffraction.

(4) Secondary electron emission constitutes the major part
of SEI signal because it is the main component of total elec-
tron yield.

(5) Changes in the entire electron spectrum are responsible
for the SEI brightness change during gas exposure; the work
function change alone cannot account for the brightness
change.

(6) Electrom beam damage effect is the cause of SEI
brightness change during image or spectrum acquisition in
UHYV, carbon deposition is not.

The necessity of applying in situ measurement of electron
spectra to correctly interpret electron images is clearly de-
monstrated in our work. Further theoretical and experimen-
tal studies are much desired in order to fully explore the
potential of SEM in surface science studies.

APPENDIX I

The SEI detector in JAMP-10 is a scintillator/light pipe/
photomultiplier system of Everhart and Thornley (Everhart
and Thornley, 1960) as shown in Fig. A-1. The scintillator is at
+ 10 kv relative to ground. Positive or negative bias can be
applied to the collector. All electrons which enter the collec-
tor will gain 10 keV before they strike the scintillator. The
photon yield of the scintillator is therefore not sensitive to
the initial energy of the collected electrons as long as this
energy is small compared to 10 keV.

The operation parameters of the SEI detector can affect
image contrast. An example is given in Fig. A-2. Fig. A-2(a)
shows an SEI of a steel surface with segregated SiO,. The im-
age was taken without bias voltage on the collector of the SEI
detector. When a negative bias was applied to the collector,
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A-1. Diagram illustrating a SEI detector —a scintillator/
light-pipe/photomultiplier system of Everhart and
Thornley (Everhart and Thornley, 1960).

with all other things unchanged, the SEI contrast reversed
completely, as shown in Fig. A-2(b). This change of contrast
is due to different energy distributions of electrons from steel
and SiO; and low energy electrons are prevented from enter-
ing the collector by the applied negative voltage.

Furthermore, the operation parameters of the SEI detector
affect not only the number of electrons detected but also the
number of electrons emitted from the sample. This effect is
demonstrated in Fig. A-3. Absorbed current images (ACI)
were taken from a contaminated Si surface on which con-
trasting areas had been produced by various degrees of elec-
tron radiation damages. ACI is the “negative” of the emis-
sion current image and is independent of the detection func-
tions (acceptance angle, spectral response, etc.) of the SEI
detector. Its contrast represents the variations of electron
yield (6) over the surface. Figs. A-3(a) - A-3(d) show that
relative values of electron yield at different areas changed as
the voltages applied to SEI detector changed. The changes in
electrical field inside the analyzing chamber clearly affected
the sample surface potential and caused the changes in elec-
tron yields. The ACI contrast changed accordingly.

APPENDIX II

Submonolayer coverage of surface contamination can
cause SEI brightness change. Fig. A-4 shows the negative of
an absorbed current image (ACI) of a Si(111) surface on
which a thin layer of Au has been evaporated.The image
brightness is not uniform — bright spots surrounded by inter-
mediate shaded areas on a dark background. Reflective high
energy electron diffraction patterns (RHEED) show that the
contrasts are due to different coverages of Au on the surface.
Low energy electron diffraction (LEED) is expected to have
the same capability of distinguishing coverage differences.

This example shows the aid of electron diffraction
(RHEED and LEED) in identifying electron image features.
On the other hand, one can use the high resolution of SEM
to improve the resolution of the electron diffraction (RHEED
of LEED) technique. For example, one can calibrate the elec-
tron image brightness against coverage of a particular thin
film-substrate system by means of electron diffraction. A
high resolution SEM image (SEI, AEI or ACI, etc.) can then
be used to identify the spatial variation of thin layer coverage
with a resolution which is not normally attainable with dif-
fraction technique.

Fig.




[a] zero bias
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[b] negative bias

Fig. A-2. SEI of a steel surface with segregated SiO., (a)
without collector bias, (b) collector bias — 200 V.
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[c]ACI c:-200v s:10kv

Fig. A-3.

ACI and SEI of a contaminated Si surface with
various collector bias voltages and scintillator high
voltage. Patches of different contrasts were pro-
duced by different degrees of electron radiation
damage.
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(@)ACl necative Ep=2keV
7x7&5x1 Au mixed on
Si(111) surface

(b)RHEED E,=10keV
gray area Si(111)5x1 & 7x7 Au

(d)RHEED E,=10keV

(c)RHEED E,=15keV
darkarea Si(111) 7x7Au
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coverage of Au.

(b) - (d) RHEED patterns taken from different
areas of the sample showing sub-monolayer cover-
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