
Scanning Microscopy Scanning Microscopy 

Volume 6 Number 1 Article 3 

1-27-1992 

Integrated Single Crystal Detector for Simultaneous Detection of Integrated Single Crystal Detector for Simultaneous Detection of 

Cathodoluminescence and Backscattered Electrons in Scanning Cathodoluminescence and Backscattered Electrons in Scanning 

Electron Microscopy Electron Microscopy 

Rudolf Autrata 
Czechoslovak Academy of Sciences 

Josef Jirák 
Technical University, Brno 

Jiří Špinka 
Technical University, Brno 

Otakar Hutař 
Technical University, Brno 

Follow this and additional works at: https://digitalcommons.usu.edu/microscopy 

 Part of the Biology Commons 

Recommended Citation Recommended Citation 
Autrata, Rudolf; Jirák, Josef; Špinka, Jiří; and Hutař, Otakar (1992) "Integrated Single Crystal Detector for 
Simultaneous Detection of Cathodoluminescence and Backscattered Electrons in Scanning Electron 
Microscopy," Scanning Microscopy: Vol. 6 : No. 1 , Article 3. 
Available at: https://digitalcommons.usu.edu/microscopy/vol6/iss1/3 

This Article is brought to you for free and open access by 
the Western Dairy Center at DigitalCommons@USU. It 
has been accepted for inclusion in Scanning Microscopy 
by an authorized administrator of DigitalCommons@USU. 
For more information, please contact 
digitalcommons@usu.edu. 

http://library.usu.edu/










Detector for simultaneous CL and BSE detection 

Properties of the BSE detector 

The collection efficiency f1 = 40 % is valid 
not only for CL but - as it follows from the di
rection of the trajectories of BSEs - also ap
proximately for them. The high efficiency electron 
- photon energy transfer in the single crystal YAG 
scintillator together with the sufficient effi
ciency of collection of BSEs detected in the 
"high" take-off angle allows recording of material 
contrast of two neighboring materials with an 
atomic number discrimination of 0.1 (atomic number 
discrimination 0.1 represents the backscatter im
age contrast of two neighboring materials. One of 
them has the atomic number 29 and the other 
29.1). owing to the 70 nm thickness of the Al 
layer forming the mirror on the spherical YAG 
scintillator, the BSE detector can record an image 
with a usable signal-to-noise ratio from a primary 
electron energy of 4 keV upwards. 

Light generated in the scintillator is guided 
toward the PMT using a bulk light guide cemented 
to one half of the peripheral area of the spheri
cal scintillator disc. Owing to the shape of the 
scintillator and owing to the way light is col
lected from the scintillator, the difference in 
the homogeneity of the signal coming from the 
scintillator semi-discs opposite and facing the 
PMT amounts to about 10 %. 

The detector is retractable. It can be shift
ed to a position in which it does not restrict 
the operation of the x-ray spectrometer. Or it can 
be situated in the position which allows the side 
detection of BSEs emitted at a "lower" take-off 
angle that carry topographic information. 

Performance of the integrated 
CL-BSE detector 

Phosphors 
Fig. 5 shows images of the luminescent yt

trium aluminium garnet (YAG) used in the form of 
a bigger crystal grain (A), fine crystals (B) and 
fine crystals on the conducting silver paste sub
strate (C). The YAG surface was made slightly con
ductive by applying indium tin oxide using chemi
cal spraying. It is evident from the CL image 
(CLI) that the YAG is a strong source of CL and 
the amount of light emitted from it is dependent 
on the surface relief of the fissile areas the to
pography of which is clearly seen in the SE image 
(SEI). The pseudotopographic slight contrast in 
the CLI is given by different intensities of the 
excited light in the dependence on the refraction 
and reflection of the light beams by the crystal 
grain surface structures. The backscattered elec
tron image {BSI) gives information about the mate
rial distribution of the silver paste (brighter 
areas). Such information cannot be obtained from 
the SEI. The distribution of fine YAG crystals (B) 
in the silver paste is evident from the BSI, but 
it is not sufficiently marked because the sharp 
topography of the specimen suppresses the material 
contrast. These crystals can be clearly seen in 
the CLI. 

The charging artefacts (a) due to imperfect 
conductivity of the surface of the crystal grain 
(A) are markedly evident from the SEI and essen-
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Fig.5. YAG crystal grain {A) and fine YAG crys
tals (B) (5 - 100 µm) placed in silver paste (C). 
a - region of charging artefacts, E

0
=10 keV, 

I 0 =40 pA, horizontal field width 1 mm. 

tially less evident from the BSI. The CLI shows 
that the CL intensity is lower in the place of 
a bigger charge (evident from SEI). 

Insulation plastic materials 
The usefulness of observation of several im

age modes in real time can be illustrated with an 
example of a dielectric breakdown in polymer insu
lation materials that are cathodoluminescent in 
most cases. Fig. 6 is an image of an area of a po-
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Fig.6. Electrical breakdown through a polyethy
lene terephthalate foil. E0 =20 keV, ! 0 =500 pA, ho
rizontal field width 192 µm. 

lyethylene terephthalate foil where the high volt
age induced breakdown took place. The dark area 
shown in CLI (A) documents the extinction of the 
cathodoluminescent properties in the breakdown 
center. This breakdown center which is shown 
bright in the BS! (A) informs about the change in 
the material properties of the plastic over the 
whole center, whereas the SEI (A) shows only 
a change in topography with a marked scratch left 
by the propagated electric charge. The CLI further 
shows that the extinction of the CL properties be
comes evident in the form of striations (see the 
arrow) caused by a change in material that go from 
the center outwards. The mentioned changes take 
place in the range where the concentration changes 
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so slightly (CL intensit~ changes in the range of 
concentrations from 10- to 10- 6 w%) that it is 
not possible to use the BSE material contrast for 
their imaging. 

A serious problem connected with plastic ma
terials is a relatively rapid degradation of CL 
that takes place after primary electron beam irra
diation. The degradation rate depends on the radi
ation dose which among others depends on the elec
tron beam current. To decrease the degradation of 
CL, it is necessary to work with a low beam cur
rent which, however, is not capable of producing 
a sufficiently high intensity of the CL light. The 
detection capabilities of a low CL intensity de
pend on the detection efficiency of the CL system. 
The decrease in the CL intensity in the area (D) 
of the polyethylene terephthalate foil after 
ten-minute illumination by an electron beam with 
a current of 400 pA is shown in Fig. 7. The un
damaged SE image proves that it is not contamina
tion that is shown there but CL degradation that 
is irreversible. 

The influence of the electron be3m on the CL 
intensity can manifest itself not only in a de
crease but also in an increase in the CL intensity 
as is the case with some biological specimens, CL 
phosphors and others. The causes of these changes 
depend on the specimen materials and are various. 

Fig.7. Degradation of CL (exposed area D) after 
ten-minute electron beam illumination. E0 =20 keV, 
!

0
=500 pA horizontal field width 170 µm. 

Textile fibres 
The recording of different image modes in 

real time is especially advantageous when, for 
example, textile specimens are investigated (Fig. 
8). Most cloths are mixtures of fibres from dif
ferent materials that can show CL of different in
tensities. The effect of brightening agents or 
other chemical agents possessing luminescent prop
erties can stain the fibre with a different CL in
tensity. Then the CL mode together with the BSE 
mode can identify the material distribution of the 
fibres or enable one to study other properties of 
the fibres. 

Cloths are electrically insulating materials 
and a charge is produced on their surface after 
they are hit by electrons. It is difficult to make 
the cloth surface conducting. Then the BS! which 
suffers from the surface charge to a smaller ex
tent is the only source of topographic or material 
information. From the BS! showing a textile mate
rial (Fig. 8) consisting of 30 % polyester fibres 
and 70 % viscose fibres, it is not possible to 
distinguish the distribution and the real concen-


