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Scanning Electron Microscopy Imaging of Microcracks and Charging
Phenomena on a Laser-Damaged CaF, Surface
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Summary: Systematic scanning electron microscopy (SEM)
investigations of charging phenomena on a laser-damaged
CaF, surface have been carried out as a function of primary
electron energy. To this purpose, we imaged an uncoated
trapezoidal area of about 400 pm? surrounded by a carbon-
covered surface at ground potential, It was located at the pe-
riphery of a laser-fractured spot and contained microcracks
that served to define the local contrast. Areal surface charging
was inspected by comparing the brightness of the uncovered
area with that of its surrounding. Microcracks were imaged
using backscattered (BSE) and secondary (SE) electrons, and
optimal imaging conditions were established for both tech-
niques. The best contrast of the fracture pattern was obtained
with 20 keV primary electrons in BSE composition mode. In
SE mode, the microstructure was more or less blurred, except
for 5 keV and 25° surface inclination where the cracks
showed an enhanced SE emission, which might originate
from occupied defect states in the band gap.

Key words: scanning electron microscopy imaging of CaF,,
charging phenomena, lateral size effect, laser-induced micro-
cracks

Introduction

Scanning electron microscopy (SEM) is a key technique
for analyzing damage to optical components and coatings
caused by high-power laser beams (Gogoll er al. 1996,
Johansen et al. 19953, Kelly e al. 1983). For such insulating
materials, SEM inspection is often obscured by charging
which makes it particularly difficult when damage features
are minute and not evident from surface topography. Earlier
SEM investigations of insulators concentrated either on a
more global material characterization by varying the primary
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electron energy, Ep, (Bongeler ef al. 1993, Kotera and Suga
1988, Postek et al. 1989, Vigouroux ef al. 1986) or on local
defect identification in laterally or vertically layered struc-
tures (Ishibashi et al. 1992, Kodama and Uchikawa 1992,
Taylor 1981). However, we are not aware of systematic SEM
studies of intrinsic or induced defect structures in which
charging is either controlled or manipulated by varying Ep. In
this contribution, we demonstrate the dramatic change of
imaging information when altering Ep from low (< 1 keV)to
high (20 keV) values. The aim was to achieve with both
backscattered (BSE) and secondary (SE) electron detection
high-contrast images of laser-generated microcracks and to
gain a detailed understanding of large-scale charging with pri-
mary energy. To this purpose, we utilized an uncoated area of
about 400 pm? at the surface of a solid CaF, crystal, which
was localized near the rim of a laser-damaged spot and was
therefore pervaded by microcracks.

Any analysis of electron-induced charging of electrically
nonconducting areas inside a conducting (by coating) sur-
rounding must pay attention to the lateral dimensions
(Cazaux 1986, Johansen et al. 1996, Oh et al. 1993, Reimer ef
al. 1992). For a correct interpretation of the charge distribu-
tion inside such selected areas, it is important whether or not
the surrounding is grounded or floating freely (Johansen ef al.
1995b, Kotera and Suga 1988). Attempts to neutralize charg-
ing often result merely in a stabilization of the surface poten-
tial instead of a genuine charge compensation (Liehr e al.
1986). Such techniques include amplification or suppression
of SE emission by applying a suitable potential between sam-
ple and detector (Postek et al. 1989), by heating the sample
(Ogura et al. 1994), or by showering the surface with an addi-
tional defocused electron beam (Lambin et al. 1985, Lichr ef
al. 1986). Another point is that in SE imaging the apparent
contrast does not necessarily reflect the surface charge.
Backscattered electrons can simulate charging phenomena
which are not actually present at the surface.

The surface potential is built up and stabilized by three
mechanisms: (1) the deposition of primary electrons, (2) the
yield and escape depth of SEs, and (3) the charge-induced in-
crease of electrical conductivity in the irradiated region. The
efficiency of these processes depends sensitively on the pene-
tration depth of the primary electrons given by E . For each
energy, an equilibrium is established between cha?ge-UP and
leakage current. The conductivity is determined by material
parameters such as mobility and lifetime of charge carriers,
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dielectric constant €, and lateral extension of the conducting
layer (Bommakanti and Sudarshan 1990, Liehr er al. 1986).
The SE emission is governed by irradiation conditions such
as primary electron energy and current density, scanning
speed and area, as well as angle of incidence (Brunner and
Schmid 1986, Ishibashi et al. 1992, Johansen 1994, Kotera
and Suga 1988). The resulting depth variation of the charge
distribution has the one-dimensional form (Ganachaud and
Mokrani 1995, Kortov et al. 1979)

p=A{1- 7 )

where p, is the surface charge and z is the distance from the
surface (positive for increasing depth). This charge distribu-
tion sets up an electric field

(1

Foy=P 7.7
€€, 2

inside the crystal. The field gradient toward the surface stim-
ulates electron emission for z < z, (Fitting ez al. 1978) while
more negative charge is deposited in the crystal for z>z,. The
variation of these quantities with depth is illustrated in Figure
1. For the interpretation of SEM pictures, it is important to
note that z, is a monotonic function of the incident electron
energy.

Independent of the detection mode, there are two critical
energies, E, and E, , at which the crystal is neutral because the
deposited charge is compensated by SE emission. At other
energies, the charge density at the surface can be either posi-
tive forE, < E, <E,, or negative for E <E, andE_>E,. When
the coefficients for SE emission, 3, and for tﬁe backscat-
tered fraction of primary electrons, Ty Obey the relation
O < 1-m psp Negative carriers dominate at the surface, while

Depth z

Crystal p(z)

«d

escape, SE

FIG. | Variation of primary electron energy loss, dE/dz, the resulting
charge distribution p(z) [Eq.(1)}, and the electric field F(z) inside an
electron irradiated insulator [Eq.(2)] (Kortov et al. 1979, Ganachaud and
Mokrani 1995). SE = secondary electron.

for 8. > 1-1;. the surface charges positively (Cazaux 1986,
Reimer e al. 1992). The latter is the case for a shallow pene-
tration depth, that is, low energies of the primary electrons, al-
lowing the SEs to escape. For higher energies, the primary
electrons penetrate deeper and the SEs are stopped before
reaching the surface and remain in the crystal. We determined
the true surface potential E_ of the specimen area under study
for the primary electron energies E » used in contrast studies
by means of an energy-dispersive spectrometry (EDS) detec-
tor to measure the Duane-Hunt high-energy cut-off E,, of the
Bremsstrahlung (Heinrich 1981); results are displayed in
Table 1. This provides accurate information about the landing
energy of the primary electrons on the insulator surface over
the interesting energy range, indicating that the difference
E —E, isrelatively small compared with what is found for
other highly insulating materials such as quartz or teflon that
easily charge up to the primary energy.

Sample and Imaging Method

The object of our investigations was the trapezoidal bright
area marked by T_ near the rim of the laser-damaged spot,
shown in Figure 2. The history of this spot was as follows:
The (111)-surface of a polished CaF, crystal (20 X 20X 6
mm?) was irradiated in air by a single laser pulse of 248 nm
wavelength with 14 ns duration and top-hat profile. The flu-
ence causing the heavy fracture seen in Figure 2 was 19.5
J/em?, well above the damage threshold (Gogoll er al. 1996).
During the pulse, one of the fragments was hurled to the up-
per rim of the irradiated area. For the purpose of SEM imag-
ing, the surface was then coated with a conducting 15 nm car-
bon layer. After the coating procedure, this fragment was
blown off, leaving behind the uncoated trapezoidal-shaped
area of about 400 um? size. This area is of interest for two rea-
sons: (1) Itis located in a region with a high density of micro-
cracks but no large-scale fragmentation. These microcracks
can be utilized to define the image quality. They originate
from thermoelastic tension caused by the strong lateral ther-
mal gradient at the periphery of the laser irradiated spot
(Johansen ef al. 1995a, Gogoll et al. 1996). (2) The uncoated
insulating area provides an ideal testing ground for charging
phenomena in laterally limited dimensions surrounded by a
well-defined (grounded) potential. Hence, we have to distin-
guish between the local contrast of the microcracks and the
areal contrast of the whole uncoated area against the ground-
ed surrounding.

Surface charging and image contrast of these microcracks
have been investigated in the energy range | keV < B <20
keV with both BSEs and SEs. The carbon-coated part of the

TasLe I Compilation of Duane-Hunt cut-off energies E,,
obtained from a Bremsstrahlen analysis performed with an energy-
dispersive spectrometry detector for a set of primary energies E.

Ep(ke\/) 1.2 15 2 5 10 12 15 20
B kev) 09 12 L7 44 B8R 107 132 185
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Fi. 2 Laser damage of polished Cab 11D generated by aangle 14 ns pulse with 248 nm wavelength The surface was couted v ith carbon exeept for
the braght trapezoidal area at the upper rm, marked T L which served to study charging phenotmena in laterally umited extensions, The imuge was record-
edhn secondary elecon mode with E = 2 keVo and asurface inchination of 0= 28, Hortzontal field wadth = 190 .

»

crystal surface was always grounded. The detection schemes
are sketched i Figure 3. Backscattered electrons were detect-
edat o =0 inclination in composition mode (S, + 8,), where
S, und S, ave the signals of the two semiconductor detectors
D, and D,. placed at a varable distance d from the surface
{Fig. 3y, When the two detector signals are added. any topo-
graphic contrast is elininated, while it is maximized when the
two signals are subtracted. Imaging in SE mode was carried
ot al the two inclinatons § = O and 25°, us indicated n
Figure 3b. By comparimg the results for the two angles,
hackscattering effects of the primary electrons could be wen-
tified. In all SE measurements. the detector was biased at an
accelerating potential of +300-600 V with regard to the
grounded (coatedy surface. Imaging was performed with nA
currents i slow scan manner (40 ms/line ) with a frame time
of 8. Image contrasts were found to be independent of the
primary electron current.

Resulis

Bachscatiered Electron Contrast

Bachscattering of electrons s governed by the electre field
distribunion givern kg (2 and can therefore be utihized for
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Fit, ? Scannmg electron microscopy detection schemes uwed this
contribution. (1 Backacuttered clectron composition and topography

muxdes: th secondary electron detection with surtace inlmaton of 0=0
and 23

studying the change of surface potential with primary elec-
1’f‘-’,“ energy. Employing composition conirast that Is not <

sitive o topography. we recorded a great number of images at
perpendicular incidence (6=0" ) Selected ernanplos tor vai

Ous primary energies are presented in Fi gure du-l, Generally.
we observe stable charging conditions tor E_> 6 keV whieh
z?llnw us i obtain an undistarbed mage of the fractured sut
face. In this range. elastically BSEs have sufficiently ghen-

ergies nol 10 be affected by surface charging, This i~ hest
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demonstrated for B_= 20 keV 1w Figure 4a. where the uncoat-
ed trapezoidal area T . identified in Figure 2. cannot even be
distinguished from its surrounding. On the other hand. local
variations of backscattering still provide asharp tmage of mi-
crocracks which absorb elecwrons and appear as dark features:
that is, the crack acts as a low-density region with an atonic
aumber ¢lose 1o Zero,

Withdecreasing B, the electrons penetrate less deeply into
the crystal and are also more strongly repelied by the build-up
of anegative surface charge. The BSE intensity increases and
the trapezoid appears as u bright feature (Fig. 4b). For a cer-
tabn primary energy. the negative charge-up can reach a de-
gree where the surface layer acts fike a mirror, as illustrated in
Figure 4¢. Here the potential is so strong that the working dis-
tanice had to be increased from 8 to 18 mm 1o avoid image
blinding. The other ebservation in Figure 4b and ¢ is the re-
tarding feld effect, that is, the influence of the surrounding
carbon layer at ground potential. Clearly, negative charge
from the periphery of the uncoated area flows (o the grounded
layer. inhibiting the “mirror” effect in this boundary zone. For
o sean speed (40 msfline), the charge depletion range ex-
tendds up to 2 pm and should generate an electric fieldupto 2 x
17 Viem, which would by far exceed the breakdown thresh-
old of the pure crystal. The fact that no breakdown ocours
proves that there exists a high charge-induced conductivity
fiear the surface.

For uncovered insulator surfaces of this insulator > § g’
and E_< 6 keV, there is no chance to detect BSE images that

i & Buckscattered electron mmmge m topography mode for £

Y U e 3

“ o= H0keV at perpendicnlar inciden

triast, Features i the Jower pitrt of the prewre represeat missing o bent-up fragments outside T, Hogiy
g

are not affected by charging. The sttuation changes forE_<
E_. where the negative surface charge vanishes and a posiave
one develops. This positive charging influences the BSE and
the image loses both contrast and brilliance. A rypical exam-
ple is shown in Figure 4d and demonstrates that for primary
electrons of E_ = 2 keV it becomes difficult to register sharp
contours. The value for E, (¢=0°) given in the literature is 1.9
keV (Reimer eral. 1992).

The pictures in Figure 4a—d were taken in additive compo-
sition mode which eliminates any topographic contrast. In or-
derto check that there are indeed 1o topographic features pre-
sent inside T_. the same area was scanped in topographic
mode. (§,-8,), with 20 keV primary electron energy as used
for Figure 4a. The resultis displayed in Figure 5. Comparison
with Figure 4a reveals that within the trapezoidal area there
are no bert-up edges and the surface. although penetrated by
microceacks, is perfectly flat. Atthe boundary toward higher
laser damage, however, the topographic contrast shows edge
contours of missing fragments. Again. the high primary elec-
won energy of 20keV rules out any influence of charging.

Secondary Electron Contrast

Secondary electrons originate in the near surface range and
are expected 10 be sill more sensitive 1 surface charging
compared with BSE detection. It is therefore of interest to
study also the SE image appearance as a function of primary

< The trapezowdal ares shows no topographee cor
onfal field width = 39 pm.
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electron energy. The SE emission yield depends on the angle
of incidence. ¢. defined in Figure 3. The 8E coefficient varies
like &, o= cos™'¢ and is strongest at glancing incidence
{Ishibashi er af. 1992). The primary energy component along
the normal is E_= E _cos*p. Accordingly. the critical energy E,
varies with ¢, and the values given by Reimer et af. (1992) for
CaF,are 1 9keV <E,3.0keV for 0° << T70° This varia-
tion can be utilized to obtain topographic information and to
discern artefacts from BSEs. When interpreting SE images.
the SE coefficients &, of the covered and uncovered areas
must be compared. According to the literature (Dekker 1958,
Kanaya and Kawakatsu 1972) the SE yield of carbon varies
between 0.90 (8, ) and 0.36 over the energy range 0.3 to 3
keV. supporting the observed contrast variation as discussed
in connection with Figure 7. For CaF, , bulk data are not avail-
able; however, a maximum of §'%%= 3.2 has been given fora
CaF, layer for an unspecified primary energy (CRC 1993y
One should keep in mind, however, that laser irradiation caus-
ing microcracks also might have modified these material
properties. For example. structural defects such as cracks and
dislocations give rise to local deviations from the bulk band

structure in form of electronic states in the band gap, which
are expected to enhance the SE yield.

Figure 6a-d displays SE images recorded at ¢=0° at ener-
gies ranging from 1.5 to 20 keV. From other images {(not
shown here}. we know that maximal negative surface charg-
ingon T_occurs around 15 keV in good agreement with the
measured highest deviation of the Duane-Hunt high energy
cut-off of the Bremsstrablung of 1.8 keV for this primary
clectron energy {Table 1), This can stll be recognized {or a
primary energy of 12 keV shown in Figure 6b. where the
bright appearance of the trapezoidal area signals negative
charge-up. The reason is that the average penetration depth of
the primary electrons is of the same order of magnitude as the
mean free path of the SEs. The penetration depth for 12 keV
electrons is about | pm {Fitting 1974), while precise data for
the spectrum of SEs are not available. For a typical SE energy
of 4.5 eV, however, an attenuation length of 260 nm in CaF,
has been measured and transmission through a layer of 800
nm thickness was demonstrated (Quiniou ¢f af. 1992, Hence.
the charge loss in the surface layer due to emitted SEs is over-
compensated by those that originate more inside the crystal

Fii 6 Secondary electron imaging of T for different prim.
by E =12 keV, strong negative charging, retardation i the fringe:
weak posttive charging, microstructare blarred. Horzontal field wadth = 36 pm.

. Lo =

ary electron energies al ¢=10", () e}\mzo ke'V, posative surface charge, microstructure blurred:
%) E{;&() ke, weak negative churgmg. charge depletion in the fringe: «h) I"»,F} SheV,
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and are stopped before leaving the surface. In contrast, for sig-
nificantly higher primary electron energies, the negative
charge distribution is located deeper inside the crystal and
most of the SEs generated in that range never come close to
the surface. Consequently, charge loss due to SE emission is
not compensated and the surface charges positive, as can be
recognized in Figure 6a. The trapezoidal area in Figure 6¢ is
still somewhat negative since Ep >E,, and a significant frac-
tion of SE from deeper parts cannot escape the crystal.
Finally, in Figure 6d, Ep <E, and we observe a darker image
due to stronger SE emission and positive charging. The areal
contrast in Figures 6a and d is quite similar despite the differ-
ent physical origin.

From Figures 6a through d it becomes clear that SE detec-
tion at $=0is not very suitable for imaging microcracks. For
slightly positively charged surfaces (Figs. 6a, d), SEs leaving
the surface are retarded and bent, thereby blurring the contrast
of the microcracks. In Figures 6b and c, the fracture pattern is
discernible but by far not as distinct as in BSE contrast with
high-energy primary electrons (cf. Fig. 4a).

FiGc.7 Contrast inversion in secondary electron imaging at ¢=0° and
low primary energies in therange E, <E_<E,, to illustrate a variation of
8, for carbon in this energy range. (a) E =1.5 keV, microcracks and pol-
ishing scratches clearly visible, (b) E =0.5 keV, visibility of all surface
details strongly reduced. Horizontal ffeld width =64 um.

Identification of negative or positive charging by brighter
or darker contrast with respect to the grounded surroundings
indicates that &, of the carbon coating is dependent on Ep
(Kanaya and Kawakatsu 1972) and cannot serve as a refer-
ence. Reimer and Tollkamp (1980) report on a 8, above 1.5
for energies of about 1 keV for light elements (3 < atomic
number < 13). Therefore, we expect a strong dependence of
the contrast from E_ for low primary energies. This can be
seen in Figure 7a and b. Both SE images are recorded at ¢ =0°
with low primary energies in the range E, < Ep <E,, which
implies that in both cases the trapezoidal area is positively
charged. Obviously, its appearance in both pictures is dramat-
ically different with reference to the brightness of the sur-
rounding carbon coating. Assuming instead that the trape-
zoidal area should be of comparable brightness at both
energies, then the graphite coating would have a drastically
different appearance in both pictures, implying that & would
change. To avoid such ambiguities, it is advisable to define a
relative image contrast K of the form

K= -1,

f(1.+1,)
3

where I and I are the SE intensities from coated and uncoat-
ed areas, respectively. Another important observation is that
in Figure 7a and b the information about microcracks is lost,
perhaps more completely in Figure 7b. This would indicate a
stronger positive charging at E_ = 0.5 keV. Furthermore, it is
interesting to note in Figure 7b that compared with Figure 7a,
also in the vicinity of T, fracture features cannot be recog-
nized anymore. For a primary energy of 0.5 keV, the range of
electrons in carbon is about 15 nm (Fitting 1974) and corre-
sponds to the thickness of the carbon layer. Under these imag-
ing conditions, the maximum depth of information of the SEs
cannot be larger than the depth of the carbon layer and, there-
fore, the SE image does not reflect features from the surface
of the CaF, crystal. Notice also that the imaging conditions
were identical in Figures 6d and 7a.

Figure 8 displays SE images recorded with different pri-
mary energies at atilt angle of ¢ = 25°. Again the detector was
at an accelerating bias of several hundred volts. The inclina-
tion reduces the areal contrast by cos?) = 0.82 but enhances
the topographic contrast outside the trapezoidal area.
According to Reimer et al. (1992), the critical energy is now
E, =23 keV. Again, the areal contrast of T varies strongly
from E . However, charging is compensated in part by the
cos‘l(p—gependence of SE emission on ¢. In Figure 8a, the ef-
fective energy is 16.4 keV and the surface carries a negative
charge. Microcracks are clearly visible but appear bright, in-
dicating an enhanced SE emission. The brilliance of T is am-
plified by primary electrons scattered into the detector. The
negative charging becomes much weaker in Figure 8b, with
the effective (corrected for ¢) primary energy approaching E,.
The microcracks can still be seen as bright lines, but are not as
sharp as observed with higher energy in Figure 8a. In Figure
8c, the trapezoidal area is positively charged but, because of
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Fic.8  Secondary electron imaging of T, for different primary electron
energies at p=25°. (a) E_=20keV, negative charging, fringe retardation,
sharp microstructure; (b): E=5keV, weak negative charging, fringe re-
tardation, microstructure visible; {c): E =2.0 keV, weak positive charg-
ing, faint microstructure; (d): E =1.0 kea/, strong positive charging, faint
microstructure. Horizontal field width for (a), (c), (d), = 36 pm and for
(b) =39 pm.
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the ratio 8y, (CaF,)/8,(C) = 3.2, it still appears brighter than
the carbon surrounding. The positive charge-up is still
stronger in Figure 8d, but a major fraction of SEs is bent or re-
tracted to the surface. Consequently, the trapezoidal area turns
darker despite the fact that more SEs are expected to leave the
surface at such low primary energy.

Concerning local information, microcracks are barely vis-
ible in Figure 8¢ and d and appear, if at all, as faint dark lines.
This points toward reduced SE emission out of cracks at low
primary energies, possibly because they are held back by the
positive charge-up. The opposite bappens for E, > E,, where
microcracks appear as bright lines in Figure 8a and b, imply-
ing stronger SE emission from fractured areas. Geomeirical
edge effects can be ruled out by the even appearance of the
microcracks. Also, the topographic contrast in Figure 5
shows that the surface of the trapezoidal areais perfectly flat
without upcast edges. To interpret the bright lines, we note
that the tilt of the sample opens the path for electrons from in-
side the cracks toward the detector, and we suggest that 3 is
enhanced at or near the walls of microcracks, The reason is
sought in more weakly bound occupied states within the band
gap of insulators (Bommakanti and Sudarshan 1990). Such
electronic states are expected for structural defects such as
fractured planes, steps, and dislocations. Although the bright
pattern of microcracks can be well recognized in Figure 8a
and b, SE imaging at ¢ =25° does not provide by far such dis-
tinct fracture contrast as that obtained in BSE composition
mode with high primary energies (compare Fig. 4a).

Discussion

As stated before, the charge contrast of the trapezoidal area

T, in Figure 2 with respect to the surrounding grounded car-
bon-coated surface is the result of a delicate balance between
the depth distribution of the deposited charge, the depletion
by the re-emitted charge, and the electrical conductivity of the
inspected area. Despite the fact that CaF, is one of the best
ionic conductors (v = 101 Qcm, according to Sullivan ef af.
1982), with a bulk charge relaxation time of T=gg /y=7s, a
stabilization of the surface potential can only be reached for a
laterally limited area imside a conducting surrounding at
ground potential (size effoct). In addition to the properties of
the pure crystal, the observed degree of charging may also be
influenced by laser-induced crystal modifications like, for ex-
ample, thermally generated dislocations which can act as
electron traps (Webb ef al. 1993). Further investigations ate
required to elucidate this question.

In SE mode with perpendicular incidence (9=0°), it is diffi-
cult tofind charge-free conditions for the trapezoidal area. At
primary energies 2.5 keV <E_ < 15keV, we observe different
degrees of negative charging in form of varying brightness.
The turning point into positive surface charging for E 215
keV is characterized by total blurring of the fracture pattern.
Then the deposited negative charge pettetrates too deeply into
the bulk to neutralize the charge loss by SE emission. For
small primary eergies (B, < 2.5keV}, on the other hand, the

SE emission dominates strongly and causes a similar positive
charge-up. Again, the microcracks are no longer discernible.

The degree of charging can be reduced by tilting the sam-
ple, which in effect reduces the primary energy. The contrast
of the microcracks can actually be used as a measure for the
charge reduction. For a tilt angle of ¢==25°, the distortion due
to surface charging can be minimized in the energy range 4
keV < E_ < 6 keV. At these energies, we also observe a
stronger SE emission from the microcracks which makes
them appear bright. Undoubtedly, this effect carries informa-
tion about the electronic structure at the crack boundaries, but
the dependence of 8 on the binding energy of electronic de-
fect states needs further investigation.

Negative surface charging in SE and BSE imaging isto a
certain extent complementary since in SE mode at ¢=25°,
scattering of primiary electrons into the detector vanishes with
decreasing E_ at about the same energy where negative
charge-up appears in BSE additive composite mode. From
Figures 4 and 8 and many other images not shown here we
find this value to be about E_= 6 keV, which is equivalent to
an electron penetration deptg R, of about 0.4 pm. This value
corresponds to the depth range of polishing damage for these
crystals, which was determined to be about 0.3 um (Dietrich
etal, 1977, Gogoll et al. 1996). Within this depth, the density
of dislocations is much higher compared with the bulk crystal
which causes among others an increase of optical absorption.
Itis conceivable that this “mosaic-structured range causes an
increased backscattering of primary electrons. This conjec-
ture is supported by the sharp maximum of “mirror-like* neg-
ative charging at 3.7 keV, displayed in Figure 4c, which is
generated by strong backscattering out of a shallow region of
about 0.5 R thickness (Shimizn and Murata 1971, Werner
and Johansen 1987). For E >5keV (Fig. 4b), the penetration
depth exceeds the layer thickness damaged by polishing, and
nﬁgatjve charging by backscattering ceases quickly with in-
creasing primary energy. A systematic investigation of the
variation of negative charging with primary energy might ac-
tually provide further insight into the problem of damage
depth caused by polishing.

Conclusions

' In this contribution we systematically explored the poten-
tial of SEM for investigating microdamage of insulator sur-
faces. Tn view of charging, the aim was to find optimal imag-
ing conditions for obtaining information about laser-induced
rplcrocracks inBSE or SEmodes. An uncoated spot at the pe-
riphery of a laser—damaged area served to investigate both the
lateral exfension of charging (size effect) and the local con-
trast of microcracks, The contrast variation with primary elec-
tron energy was stadied and threshold values for the onset of
negfmve or positive charging were determined for BSE and
S}E Imaging. Backscattered electrons were detected in addi-
tive (composition) and subtractive (topography) modes.
Sefmn_dary ele,cfrons were measured at (° and 25° surface io-
clination, A given charge state defined by the primary elec-
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tron energy appeared to be quite different in these different
detection modes. In addition, in SE imaging, tilted samples
could scatter high-energy primary electrons into the detector.
This would introduce artificial brightness in the micrograph
and outshine structures due to the actual charge state of the
surface.

The most distinct local contrast of microcracks is obtained
in BSE composition mode with 20 keV primary electrons.
With decreasing energies the cracks are blurred first by nega-
tive charge-up (“mirror effect) and at still lower energies by
positive charging. Secondary electrons, on the other hand, are
not very suitable for recording sharp images of microcracks.
Because of their low energy, they are extremely sensitive to
positive surface potentials. Only for tilted samples and ener-
gies around and above 5 keV do the microcracks appear as
bright features with increased SE emission. This may be typ-
ical for electronic defect states with lower binding energy.
Finally, the variation of electron penetration depth with pri-
mary energy points a way to explore subsurface defect distri-
butions.
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