
Color Cathodoluminescence Display in the Scanning Electron Microscope
of Deep Relief Surfaces

S.K. OBYDEN, P.V. IVANNIKOV, G.V. SAPARIN

Department of Physics, Moscow State University, Moscow, Russia

SCANNING Vol. 19, 533–540 (1997) Received May 5, 1997
© FAMS, Inc. Accepted with revision May 23, 1997

Summary: A scanning electron microscope (SEM) is a mul-
tifunctional instrument for the measurement of topographic
relief on the surface of bulk specimen images. This instru-
ment is also available to detect the physical effects induced by
an electron beam into subsurface layers. Space distribution of
the physical properties of measured effects in the relative mi-
crorelief is a very important problem in the SEM. We describe
a method of displaying specimen information in the SEM us-
ing the color cathodoluminescence (CCL-SEM) technique
nondistorted by relief influence and CCL-SEM images with
composite (color and black / white ) contrast using
CCL+BSE mode.

Key words: cathodoluminescence, microrelief, light collec-
tor, detector of backscattered electrons (BSE), mixed con-
trast, (CCL+BSE) composite contrast

Introduction

The chief value of the scanning electron microscope
(SEM) is its functional capacity to study the specimens by
means of a single mode or by several modes of operation si-
multaneously. Monochromatic cathodoluminescence (CL)
with simultaneous inspection of backscattered (BSE) images
(Autrata et al.1992), as well as panchromatic or color (CCL)
mode (Obyden et al. 1980), field or voltage contrast modes
(Oatley 1969, Sardo and Vansi 1984), time relaxation map-
ping (Obyden et al. 1984), and so forth, can be used for SEM
measurements. However, the spatial distribution of the stud-
ied effect and its location relative to surface microrelief are
very important problems for any of the above modes. As usu-
al, these challenges are met by summing of black/white or
color images taken by different SEM modes and microtopog-
raphy images measured by secondary emission (SE) or BSE
modes (Balk and Kubalek 1973, Saparin and Obyden 1988).

The above-mentioned method of image measurement pre-
sents relatively good results when the encoding of different
images is realized by means of basic colorimetric colors: red
(R), green (G), and blue (B). The direct summing of black/
white or color images of different natures can lead to the loss
of some useful information as well as to artifacts. It seems that
the use of independent psychophysical factors of the image,
for example, the brightness for CL intensity presentation and
the color hues for CL relaxation time presentation (Obyden
and Saparin 1984) is more suited for the visualization of the
peculiarities of different effects.

The separation methods for different types of contrast for
mixed videosignals depend on many factors. These tech-
niques use such methods as a simple signal subdivision
(Oatley 1969, Sardo and Vansi 1984), a more correct process
of normalizing the signal to SE-signal value detected without
electrical field on the specimen for voltage contrast (Obyden
et al. 1980), and, finally, the stroboscopic technique with sub-
sequent processing of the videosignal by complex algorithm
for CL relaxation time calculation in each pixel of the surface
(Obyden et al.1984). 

The present paper describes a new technique for
CCL+BSE image measurement of specimens with deep re-
lief. This method can be broken down into three separate
steps in the real time scale:
(1) Detection of the CCL signal undistorted by microrelief

by means of a specific CL collector;
(2) formation of BSE videosignal using BSE detector inte-

grated into the CL collector; (3) and synthesis of the
composite (CCL+BSE) SEM image presenting inde-
pendent CCL contrast and microtopography.

Cathodoluminescence and Microrelief Contrast
Separation

The influence of the microtopography on the CL signal in
the SEM may be exhibited at the expense of the light emis-
sion collector imperfection. On frequent occasions, we have
encountered a situation when the light detector collects only
the part of light emitted from the specimen (Fig. 1). Variation
of surface inclination angle α at the point of the electron beam
contact on the surface leads to an alteration of the light quan-
tity detected by the collector system and a microrelief action
on the CL signal.
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The outgoing direction diagram of the CL emission ampli-
tude for isotropic luminescent materials with refraction factor
n>2 is symmetrical with respect to outward normal to the
specimen surface n→ and has a spatial distribution described by
the cosine function I(Θ) ≈ I0 cos(Θ) (Obyden et al.1980),
where I0 is the coefficient depending on the electron beam
current, acceleration voltage, and quantum yield of CL emis-
sion, and Θ is the angle between outward normal to the speci-
men surface and the direction of maximum CL emission.
Therefore, any variation of angle α between the normal to the
specimen n→ and the electron beam for the collector light sys-
tem with a solid angle Ω<2π sr leads to the alteration of light
intensity measured by the light collector (Fig. 1b).

The inclination effect of a surface is rather low and will be
dependent on the light absorption by the specimen for the
photons reflected from the mirror and the edge of the CL-
emission diagram for the collector light system with Ω<2π sr
(Horl and Mugschl 1972, McKinney and Hough 1977, Rasul
and Davidson 1977).

It turns out that the CCL collector systems (Saparin and
Obyden 1988) are more sensitive to the spatial distribution of
the CL-emission diagram. Here, the collector system sepa-
rates the light intensity into three equal parts. Therefore, devi-
ation of the diagram axis with respect to the symmetry axis of
the light collector proves the variations of R-, G-, and B-com-
ponents of CL emission that lead to the color measurement
errors. 

Cathodoluminescence Collector System with Local
Separation of Light Flow

Figure 2a shows the CCL-collector system using a para-
bolic mirror (Saparin and Obyden 1988). The paraboloid ro-
tation axis coincides with the axis of the electron beam. The
light emission from the electron beam contact point O reflects
from the mirror if the electron beam axis is normal to the
specimen surface and the latter has no relief. The reflected
light moves parallel to the electron beam and has an axial
symmetry in the plane A-A of the three-sector light guide
(Fig. 2b). In this case, the input windows of R-, G-, and B-
guides are fabricated as the equal sectors of a circle with a di-
ameter d0 and surfaces SR = SG = SB, where SR + SG + SB = S =
πd0

2/4 is the whole input window surface. The light flow is
separated by this collector into three equal parts. A nonsym-
metry CL-intensity distribution I(x,y) in the plane (x,y) of the
collector can be caused by the topographical relief on the
specimen surface or by the inclination of the specimen. For
the input windows, we are able to write the following expres-
sions for the light flows through R-, G-, and B-sectors:

where ΦR, ΦG, ΦB, the light flows through windows R, G, and
B, and k is the coefficient of efficiency of R-, G-, and B-sec-
tors. Therefore, in the common case when the distribution
function of CL intensity I(x,y) is nonsymmetrical in the plane
(x,y) relative to the origin of coordinates (0), we conclude that
ΦR ≠ ΦG ≠ ΦB.

In the present work, we suggest the use of spatially random
fiber optics (not sectors), where the fibers are distributed
chaotically in the space. This idea was realized by using three
identical fiber optics, R, G, and B, the output areas of which
were SR = SG = SB and the input window area was equal to
their sum - S (Fig. 2c). It is agreed that the light flow detected
by the input window A-A in the plane (x,y) for any small area
∆S is uniform and the average number of fibers ∆n from all
optics (R, G, and B) in this area are equal (Fig. 2d). In this case
the light flows transmitted by fiber optics R, G, and B will be
equal to:
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FIG. 1 Light collecting system with semiparabolic mirror and solid an-
gle of collection Ω = π sr (Balk and Kubalek 1973). (A,b) Two cases of
the light flow detection for different specimen surface inclination. Φ1
and Φ2—light flows from the electron beam e– incident point O on the
surface. ∆Φ1 and ∆Φ2—portions of light flows collected by the photo-
multipliers (PM). (a) Outgoing light emission diagram axis is directed to
the mirror; (b) above axis which is the same as the normal to specimen
surface—n– is directed out of the mirror, where α is the surface inclina-
tion angle, and θ is the propagation direction of a light ray relative sym-
metry axis n–. Even if Φ1 = Φ2, then ∆Φ1 ≠ ∆Φ2, and therefore CL signals
ICL1 and ICL2 will not be equal. Therefore, the difference of CL signals is
caused by microrelief.

(a)

(b)



where Φ0 is whole light flow emitted by the specimen. The
above equations demonstrate that for the local separation
principle these three flows will be equal— ΦR = ΦG = ΦB and
independent of the emission diagram location. Therefore, the
system is unaffected by the microgeometry of the specimen.
The precision of these relations depends on the secondary or-
der values associated with the loss of light reflected by the
mirror, absorption within the specimen, and edge losses of the
emission diagram at angles Θ close to π/2 where CL intensity
is very low.

Figure 3 demonstrates a CCL-SEM image of an input
window fragment of the real collector system with local sep-
aration of light flow. This image was taken without a mirror.
The electron beam was scanned over the fibers and each
fiber emitted the wide-band optic CL signal which went
through the optics and R-, G-, and B-filters generating a
videosignal in the photomultipliers. Hence, each fiber was
presented on the SEM monitor by its “own” color. Figure 3
shows chaotic distribution of color spots (R-, G-, and B-
fibers in the input window) with uniform density over the
whole surface. The system described here was tested, and
good results were accomplished for luminescence speci-
mens with deep relief. 

Backscattered Electron Detector

We noted above that the new light collector allows us to
solve a problem created by the distortion of the axial symme-
try distribution of the CL intensity in the input window plane
caused by the surface relief. The CL measurement precision
will not be decreased if we insert an additional small planar
detector in the light flow while keeping the light detection sol-
id angle Ω = 2π sr. Regularity of the color and CL intensity
measurement will also be kept. The above factors make it
possible to integrate a small-size BSE detector very closely to
the specimen.

For a BSE detector, we used a surface barrier Si
counter for high energetic charged particles which oper-
ates in the induced current mode. The Si detector has a
polished input surface covered with an Au layer with a
thickness of about 300 Å. A reflecting gold cover was de-
posited on the sensitive p-Si layer located on the n-Si sub-
strate. BSE electrons go through the Au layer, creating
electron-hole pairs in the p-Si layer which diffuse to the
p-n junction area. The electric field of the p-n junction
separates excess charge carriers and forms a locally in-
duced current which is used as a BSE videosignal. A re-
verse bias that was applied to the p-n junction improves
the properties of the detector. A smooth and reflecting Au
layer facing the light flow inclines at 45° about the CCL
detector axis. In this case the solid angle of CL collection
Ω = 2π sr is maintained. The value of induced current was
measured as  IIC ~ 10–6 A at the electron beam energy Ue
= 20 keV and the electron beam current Ie ~ 10–10 A.
These parameters prove satisfactory for obtaining the
SEM image using the BSE mode.
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FIG. 2 Light collector system for CCL-mode SEM with parabolic mir-
ror and solid angle of collection Ω = π sr. (a) Schematic diagram , where
R-, G-, and B- are output windows of the fiber optics, d0 is the diameter
of the input window A-A, O is the electron beam incident point onto the
specimen, I(x,y) is the distribution in the plain (x,y) of the parallel light
flow which is emitted out of the specimen point O (parabolic focus), re-
flected by the mirror, and penetrated through the input window A-A. (b)
Earlier trisectorial input window with spatial separation of the light flow,
where R-, G-, and B- are input windows of R-, G-, and B-light guides
(Saparin and Obyden 1988). (c) New input window of area S = πd0

2/4
with local separation of light flow, where ∆S is a fragment of chaotic dis-
tributed fiber optics shown in (d). (d) Small area of (c) with equivalent
numbers ∆n = 3 of R-, G- and B-light guides single fibers.

(a)

(b)

(c)

(d)



Cathodoluminescence and Backscattered Electron
Contrast Composition 

In real CL investigations, contrast of the CCL image in the
SEM is a very complicated function for local light collection.
One can distinguish between two main versions : 

1. Microgeometry properties, an imperfection of the detec-
tor system, and other defects of the system are not taken into
account and result in “mixed contrast.” This term may be used
when it is impossible to explain clearly the hues and bright-
ness variations at the expense of the luminescence properties
of the specimen material or at the expense of incorrect CL de-
tection conditions and microrelief influence on the CL signal.

2. The reverse case, when it is possible to detect nondistort-
ed CL and microrelief signals, but the mutual correlation of
these two signals of a different nature is highly conjectural.

The exact coincidence of the SEM images taken by differ-
ent modes may be proven by using independent psychophys-
ical parameters of the color image. Therefore, for CL and
topographical contrasts, the brightness of monochromatic im-
ages (black/white of BSE contrast) and the true color of CL
images (real color of CCL contrast) are highly reasonable pa-
rameters. Such a line of attack is explained by two factors: (1)
A peculiarity of human vision is its very high sensitivity to the
separation of neutral (gray) color and colored areas on the im-
age of achromatic regions (Judd and Wyszecki 1975). (2) A
long-standing work using the CCL-SEM technique shows

that achromatic CL emission is encountered very seldom.
The SEM presents a pseudo three-dimensional (3-D)

monochromatic image of microrelief by means of the bright-
ness variation as the CCL image is panchromatic and always
“colored.” Therefore, we believe that the summation of the
achromatic brightness signal detected by the BSE mode and
the CCL signal is a more acceptable procedure for indepen-
dent presentation of two specimen characteristics on one pic-
ture. We call this contrast “composite contrast.”

As an example we can refer to Obyden et al.( 1984) who
also describe the composite contrast. In this case, the integral
CCL-signal brightness presents a shape of luminescence ar-
eas and a local CL relaxation time which was mapped by
means of the color hues into these areas. Even so, this tech-
nique enables quantitative rise/decay time measurements. 

Composite contrast of BSE and CCL modes in the SEM
allows the display of the achromatic pseudo 3-D image of
specimens with sharp relief of the surface on which the lumi-
nescence regions are painted in true color. Even with the large
part of the achromatic component in the CCL signal distort-
ing the microrelief image, the spatial correlation of BSE and
CCL images is retained as luminescence areas are easily rec-
ognized at the expense of the chromatic component. In any
event, the probability of separate image analysis always exists
for both modes.

Experimental Setup

A schematic diagram of the (CCL+BSE) detector unit in
the SEM is presented in Figure 4. Basic equipment comprises
an SEM Stereoscan MK-IIA integrated with a CCL light col-
lector and a solid-state barrier counter for the measurement of
BSE current. The BSE detector is located near the specimens
under a parabolic mirror. Undistorted CCL and BSE signals
are detected simultaneously during electron beam scanning.
Cathodoluminescence is transmitted by optical fibers from
the specimen chamber. Later, using three R-, G-, and B-fil-
ters, the CL signal is transformed into electric videosignals by
photomultipliers. These signals are multiplied by preampli-
fiers which set the amplification ratio and zero value (black
level). The BSE detector is integrated with the amplifier and
operates at negative bias that increases the electrical and noise
stability.

The electric potential of the detector body is chosen to be
identical with that of the microscope column potential to
eliminate its action on the electron beam. The amplifier of the
BSE signal also allows to vary the amplification factor and the
black level of the video signal. After preamplification, the R-,
G-, B- and BSE (Y)-signals are summed, as noted in Figure 4.
As a result we have three video signals: R+Y, G+Y, and B+Y,
which are transformed into digital form and are displayed on
the computer screen. The technique of signal detection de-
scribed above measures the final color of the image, as the
true color of luminescence on the specimen and the gray level
of the image is tuned by the BSE-signal value which reflects
the specimen topography. The dynamic interval of the final
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FIG. 3 SEM CL image of the input window of the real CCL collector
with local light flow separation schematically shown in Figure 2c, d.
Each single fiber of R-, G- and B-light guides is coded by its “own” col-
or. Horizontal field width = 500 µm.



signal is limited by the capability of the human eye to per-
ceive and balance between CCL and BSE contrast that is
fixed by amplification coefficients in the R-, G-, B-, and Y-
channels.

Using others SEM modes, we can apply the above princi-
ple to different signals, for example, the induced current sig-
nal (Y-channel) + (CCL mode for RGB-channels), and so
forth.

Cathodoluminescence Investigation of Deep Relief
Objects

The method described was used for specimen examina-
tions of a different nature, such as natural and synthesized di-
amonds, phosphors, semiconductor materials, for example,
SiC, ZnS, MgO, CdS, and so forth, as well as of organic and
biomedical objects. In many cases, the composite BSE+CCL
contrast was of inestimable value in the correct interpretation
of results. The high sensitivity of the BSE mode to the atomic
number or elemental composition of specimens also is very
useful for luminescence analysis by means of composite
BSE+CCL contrast. These experiments will be described in
future papers. 

The objective of the present paper is to reflect the main
events of microrelief action on the CCL images. Several test
specimens were used for this purpose.

Silicon Carbide

Silicon carbide (SiC) has a lot of stoichiometric modifica-
tions and the polytypes which caused the CL emission to cov-
er all visual intervals of light spectrum. The polytype trans-

formations of the SiC single crystal growth process are avail-
able at all times (Saparin et al. 1994). There is also a tendency
to alternate the sequences of different polytype layers
(Saparin et al. 1996). Figure 5a shows a black/white (integral)
CL image of the SiC mesastructure with different polytypes.
The shape of the mesastructure elements may be approximat-
ed by this image, but it is impossible to recognize a kind of
polytype for each element. Figure 5b (taken by CCL mode)
identifies three main polytypes: substrate polytype - 21R
(green ), 3C-polytype (red), and 4H-polytype (blue). The geo-
metrical correlation between the shape of the mesastructure
elements and polytype locations onto above two images is
weak. Figure 5c demonstrates the mesastructure surface tak-
en in BSE-mode using black/white contrast. This picture
shows sharply the edges of the mesastructure elements, sepa-
rate layers in different planes that are parallel to the specimen
surface, but yields no information relative to the kind of poly-
types of these layers. Figure 5d presents an SEM image of the
same fragment using composite (CCL+BSE) contrast. The
image has good 3-D information and the layers of the mesas-
tructure are measured rather well. For example, the existence
of the green area into the medium left dark square-like zone
may be mistakenly accepted to be microrelief defects using
the analysis data of Figure 5a, b. However, the composite con-
trast (Fig. 5d) confirms that the surface of this square is
smooth, and defects located under the surface can probably
not be explained by the microgeometry of the specimen.

Gallium Nitride 

As a rule the gallium nitride (GaN) heteroepitaxial layers
have a sharp microrelief, including the growth structures as
well as separate microcrystals. Cathodoluminescence of such
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Fig. 4 Schematic diagram of the experimental setup.



layers depends weakly on microrelief, has a wide spectral in-
terval, and is defined by intrinsic material defects and by the
distribution of doped impurities (Saparin et al. 1984). Figure
6a presents BSE-SEM surface images of GaN-undoped het-
eroepitaxial layer separated from the substrate. The specific
microrelief of growth structures is observed. The CCL image
of the same surface is shown in Figure 6b. Cathodo-
luminescence emission has uniform spectral composition but
does not correlate with the microrelief. It seems reasonable to
say that the CL emission over the surface attributes to main
events at the expense of material defectivity as a result of in-
ternal stresses which arose during growth time and substrate
removal. The composite contrast (Fig. 6c) demonstrates the
real nondistorted relief image with nonluminescent areas
which are painted in gray achromatic color, and luminescence
areas are painted in real green color.

ZnS-ZnTe:Ag

The ZnS substrate with deposited ZnTe-layer has smooth
surface regions normal to C axis and inclination areas with
specific relief. Blue color dominates in CLemission of the
substrate and green emission belongs to the ZnTe layer as
well as the red band caused by Ag impurity. As a result, the

CCL-SEM image is painted in a dark yellow color and hue
variations correlate with the local concentration of doping im-
purity. Figure 6d shows the BSE image of an inclination frag-
ment with deep relief. Figure 6e shows the same surface in
CCL mode. The composite contrast (Fig. 6f) demonstrates
well that the ZnTe layer has been deposited for the most part
on the ZnS single crystal surface areas which are normal to
the C axis. Figure 6d shows the BSE image of the smooth sur-
face of the same specimen with three defects of the deposited
layer: two areas with low BSE emission but a smooth surface,
and an area with a ZnTe:Ag porous layer with a small thick-
ness ( in the center). The CCL image (Fig.6h) shows that ar-
eas with small BSE emission correlate with the ZnS surface
substrate (i. e., the absence of ZnTe:Ag-layer). The bright
green color of the thin ZnTe:Ag layer testifies to the low con-
centration of doped Ag impurity. However, the CL of other
areas is not modulated by the porous surface of the deposited
layer. The CCL+BSE image (Fig. 6i) displays the restoration
of the microrelief structure surface and the spectral data with
retention of the composition.

Conclusion

We should like to emphasize the following main points:
1. Composite CCL+BSE contrast in scanning microscopy

is a new type of SEM mode that is a rather perspective tool for
the investigation of luminescence materials. The (CCL +
BSE) – SEM images with both fine structure and color infor-
mation may be able to simplify the observation, interpreta-
tion, and analysis of different nature specimens, since the hu-
man eye is essentially an organ for observing color and can
distinguish thousands of color hues and intensities.

2. It seems that the use of CCL+BSE contrast for the study
of luminescence materials with developed relief is very useful
in the following cases: (a) when CL and CCL contrasts are
not modulated by surface microrelief and the correlation be-
tween luminescence image and microrelief image is required;
(b) when there is a mistaken consideration of CCL-image ar-
tifacts due to CCL contrast which depends on microrelief by
low degree; (c) when CCL images do not correlate with the
microrelief that hampers morphologic specimen analysis.

3. Ideas of composite signal formation may be used for the
synthesizing of composite contrast images by any SEM
modes.

Acknowledgment

The authors thank the Foundation for Advances in
Medicine and Science, Inc. (FAMS) for the support that
helped them fulfill and publish the present work as well as Dr.
Raymond K.Hart. They also thank Dr. E.N. Mokhov and Dr.
M.V. Nazarov for the preparation of specimens and A.K.
Lobus for excellent color photographs.

538 Scanning Vol. 19, 8 (1997)

Fig. 5 Fragment of the SiC mesastructure in different SEM modes. (a)
Integral black/white CL image. (b) CCL image. Red = 3C-polytype,
green = substrate of 21R-polytype, blue = 4H-polytype. (c) BSE image.
(d) Composite CCL-BSE image. Horizontal field width for each photo =
1 mm.
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Fig. 6 Deep relief micro-objects in different SEM modes. (a)–(c) Fragment of GaN epitaxial layer separated from the substrate: (a) BSE image; (b) CCL
image; (c) composite CCL-BSE-image. Horizontal field width for each photo (a)–(c) = 100 µm. (d)–(f) Fragment of ZnS single crystal (substrate) with
thin ZnTe:Ag layer. (d) BSE image; (e) CCL image; (f) composite CCL-BSE image. Horizontal field width for each photo (d)–(f) = 500 µm. (g)–(i)
Fragment of above specimen ZnS-ZnTe:Ag with higher magnification. (g) BSE image; (h) CCL image; (i) composite CCL-BSE image. Horizontal field
width for each photo (g)–(i) = 100 µm.



References

Autrata R, Jirak J, Spinka J, Hutar O: Integrated single crystal detector
for simultaneous detection of cathodoluminescence and backscat-
tered electrons in scanning electron microscopy. Scan Microsc 6,
69–79 (1992)

Balk LJ, Kubalek E: Cathodoluminescence studies of semiconductors in
SEM. BEDO 6, 559–569 (1973)

Horl EM, Mugschl E: Scanning electron microscopy of metals using
light emission. Proc of 5th European Congress on Electron
Microscopy, 502–503 (1972)

Judd DB, Wyszecki G: Color in Buisiness, Science and Industry. John
Wiley and Sons, New York (1975)

McKinney WR, Hough PVC: A new detector system for cathodolumi-
nescence microscopy. SEM/1977/1, IITRI, Chicago, 1, 251–256
(1977)

Oatley CW: Isolation of potential contrast in the SEM. J Phis E: Sci Instr
2, 742-744 (1969)

Obyden SK, Saparin GV, Babin SV: The development of stroboscopic
methods in the scanning electron microscopy. Electron Microsc 1,
324–325 (1980)

Obyden SK, Saparin GV, Popov SI: Principle and possibilities of differ-
ential (polyphase) stroboscopy in SEM. Scanning 6, 55–57 (1984)

Obyden SK, Saparin GV, Spivak GV: Observation of long persistence
luminescent materials using color TV SEM. Scanning 3, 181–192
(1980)

Rasul A, Davidson SM: SEM measurements of minority carrier life-
times at dislocations in GaP, employing photon counting.
SEM/1977/1, IITRI, Chicago, 1977, 1, 233–240

Saparin GV, Obyden SK: Colour display of video information in scan-
ning electron microscopy: Principles and applications to physics,
geology, solid science, biology, and medicine. Scanning 10,
87–106 (1988)

Saparin GV, Obyden SK, Chetverikova IF, Chukichev MV, Popov SI,
Nikolaev SI: Morphological and cathodoluminescent investiga-
tions of GaN- heteroepitaxial layers on sapphire. Surface 5,
106–111 (1984) (in Russian)

Saparin GV, Obyden SK, Ivannikov PV: A nondestructive method for
three-dimensional reconstruction of luminescence materials:
Principles, data acquisition, image processing. Scanning 18(4),
281–290 (1996)

Saparin GV, Obyden SK, Mokhov EN, Roenkov AD, Ahmedov BA:
Polytype transformations in SiC-epitaxial layers: The colour
cathodoluminescence-SEM studies. Scanning 16, 21–25 (1994)

Sardo A, Vansi M: Digital beam control for fast differential voltage con-
trast. Scanning 6, 122–127 (1984)

540 Scanning Vol. 19, 8 (1997)


