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Abstract 

This paper is a part of a study on the use 
of a single-polepiece lens as an objective lens 
of an analytical scanning electron microscope 
(SEM). The single-polepiece lens has proved to 
be very suitable for the efficient collection 
of backscattered electrons (BSE) with a multi­
element semiconductor detector. For the BSE 
images in the sum and difference modes the 
contrast is a non-monotonic function of the 
excitation of the lens, due to the complicated 
nature of the BSE trajectories. The use of a 
six-element semiconductor detector provides a 
whole variety of BSE signal compositions in the 
conventional SEM as well as in a SEM with a 
single-polepiece lens. 
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electron trajectories, Multielement semiconductor 
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Introduction 

Many different types of BSE and secondary 
electron (SE) detectors have been designed and 
tested to make the signals more and more quanti­
tative. BSE detectors make use of straight line 
trajectories, so it is not possible to detect 
all BSE if we desire to have some free space 
above the specimen (e.g. for other detectors). 
Then the BSE strike all detectors around the 
specimen (e.g. SE detector, X-ray detector) and 
the specimen chamber walls. The complicated 
distribution of the currents in a specimen 
chamber was described by Oatley (19B3). These 
currents can cause some additional problems when 
e.g. EBIC and EBIV signals are measured. To get 
a pure signal of the one type some special mixing 
of several different signals is necessary (Reimer 
and Riepenhausen, 1985). 

The disadvantage of the classical arrange­
ment of the SEM led us to the use of a single­
polepiece lens (Mulvey, 1985) with the specimen 
immersed in the strong magnetic field. This 
enabled us to obtain trajectories of BSE and SE. 
It is desirable that no parasitic electrons 
strike the detectors above the specimen or be 
incident back onto the specimen. 

The single-polepiece lens as a scanning 
electron microscope objective was first used by 
Hill and Smith (1982). They investigated the 
effects of the magnetic field of the lens on the 
secondary and backscattered electrons and studied 
some electron optical parameters, especially low 
chromatic (4.4 mm) and spherical aberration 
(2.2 mm) coefficients. 

Bode and Reimer (1985) used a single­
polepiece lens for the detailed study of the 
BSE signals. They pointed out the advantage of 
the low spherical aberration of the single­
polepiece lens and presented photographs 
obtained using the sum signal mode which showed 
decreased topographic contrast and photographs 
obtained using the difference signal mode which 
showed decreased material contrast. They 
discussed the advantages and disadvantages of 
detector strategy of the different signal modes 
making use of the specific properties of this 
lens. 

The single-polepiece lens is not used in 
any commercial instrument. The Hitachi SEM S-570 
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takes advantage of the configuration with the 
specimen immersed in the strong magnetic field. 

We are concerned with the possibilities of 
the detection of BSE using a multiple semiconduc­
tor detector in a SEM with a single-polepiece 
lens. Recently we have used the three-segment 
detector for colour imaging with BSE (submitted 
for publication in Scanning). In that paper we 
further try to answer the question, whether an 
odd number of detectors enables the standard 
imaging with sum and difference signal modes 
common for an even number of detectors. We have 
arrived at a positive answer both theoretically 
and experimentally for the classical arrangement 
in SEM. Dur first results concerning the detec­
tion of BSE with the single-polepiece lens were 
presented at EUREM BB (Lene and Mullerova,1988). 

In the present paper comparison of the BSE 
signals detected by the six segment semiconduc­
tor detector in the classical arrangement and 
by that in the arrangement using a single­
polepiece lens is made. Special attention is 
paid to the sum and difference signal modes 
in both arrangements. 

Detection of BSE with the classical arrangement 

All our experiments were performed in the 
BS 350 UHV SEM (Delong et al. 1978) with our new 
six-segment semiconductor detector (Fig.l). This 

Fig. 1: Multisegment semiconductor detector with 
six PIN diodes. The inner radius of the active 
area is 6 mm, the outer radius is 16 mm. 

detector consists of six PIN diodes in one chip, 
each of them having an active area of 100 mm2 and 
a capacity of about 600 pF. We aimed to have an 
area of this detector as large as possible which 
would, however, still allow us to work with TV 
frequency without any reverse bias. The six 
segments are used to provide the possibilities of 
working with odd and even numbers of detectors 
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and small and high collection solid angles. The 
dimensions of the detector and its position are 
given in Fig.2. As a specimen a sphere of 600 µm 

pole - piece of 

obJ•ctive_ lens\ 

r-ii ~ t---~----..==a= r7 = 6 

r =16 

gment 
miconductor 

detector 

Fig. 2: Position of the semiconductor detector 
above the specimen and below the lower polepiece 
of the objective lens in the classical experi­
mental arrangement. 

diameter covered by a thin gold layer on a carbon 
substrate is used. The sum signal of backscatter­
ed electrons from all six segments and the line 
scan along the central x-line is shown in Fig.3. 
The large solid angle difference signal of back­
scattered electrons (sum of signals of three 
segments minus the sum of signals of three oppo­
site segments) with a line scan along the central 
x-line is shown in Fig.4. This agrees well with 
the results presented by Hejna and Reimer (1987) 
and Reimer et al. (1984). Dur photographs were 
taken with a primary beam energy of 15 keV. 

Single-polepiece lens 

The experimental set up with the single­
polepiece lens is shown in Fig. 5. The calcula­
ted axial flux density distribution B(z) for 700 
ampere-turns is shown in Fig.6 and the calculated 
important electron optical parameters are sum­
marized in Table l. In Fig.6 the positions of 
the specimen and detector are shown at distances 
z 1 and z 2 from the polepiece, respectively. To 
confine the magnetic flux of the single-polepiece 
lens, magnetic shielding was used. The axial flux 
density at a distance z=l □D mm from the polepiece 
falls to about one thousandth of the maximum flux 
density, which is a convenient value for the de­
tection of the SE. In our case, the maximum value 
of the field is about B max =D.052 T for 1 A ex­
citation current (1070 turns were used). For nor­
mal operation up to an excitation corresponding 
to B max = □. 2 T no cooling was necessary; for 
higher values the coil casing was water cooled. 
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Fig. 3: BSE image in the sum mode of a sphere cov­
ered by a thin gold layer on a carbon substrate. 
The diameter of the sphere is 600 µm, primary beam 
energy is 15 keV. The line scan profile along the 
central x-line is superimposed. The positions of 
the detector and the specimen are given in Fig.2. 

pole - piece of 
objective lens 

6-segments semiconductor 
detector 

mg. shielding 

I =}~~ 
specimen r = 12 <0 

r = 6 

single pole - piece 

0 
a, 

Fig. 5: Experimental arrangement with a single­
polepiece lens and a mul tisegment detector. 
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Fig. 4: BSE image in the difference mode of the 
same specimen and under the same conditions as 
in Fig.3. (The line scan is inverted.) 

~1 0.035 

Q030 

0.025 

Q020 

0.015 

0.010 

0.005 

-40 -20 

Fig. 6: Computed axial flux density distribution 
of the single-polepiece lens for 700 ampere-turns. 
z 1 and z 2 are the coordinates of the specimen 
and the detector, respectively. 



I. Mullerova, M. Lene and M. Florian 

Table 1: Electron optical parameters for single­
polepiece lens with the flux density of Fig. 6, 
object at infinity, image at the specimen plane 
z 1 = 3 mm above the top of the polepiece: n is 
the number of intermediate images, NI/ VTJ;. is 
the excitation parameter in A/ VV, f, C 5 , Cc are 
focal length, spherical and chromatic aberration 
coefficients in mm. 

n NI/\f½. f Cs Cc 

D 15.8 19.5 5.4 11. 5 

1 34.2 -15.2 6.5 12.6 

2 53.l 11. 7 7.1 13.2 

3 72. 9 -8.6 7.0 12.8 

Detection of BSE with the single-~iece lens 

The SE and BSE are guided away by the same 
magnetic field that focuses the primary beam 
electrons onto the specimen. The character of 
the trajectories of the secondary electrons 
(with a typical energy of the order of electron­
volts) in the single-polepiece lens is the same 
as in other designs, where the electrons orig­
inate in the high flux density region (see e.g. 
Kruit and Oubbeldam, 1987). 

The study of the trajectories of the BSE is 
a complicated matter. First we must consider the 
strong non-paraxial character of the trajecto­
ries. The directions of the initial velocities 
vary from 0° to 90° with respect to the optical 
axis. Then we must consider the broad backscat­
tered electron energy spectrum which conlains 
all energies up to the primary beam energy. 
Especially for light elements, the spectrum is 
quite flat; for heavier elements more pronounced 
maxima exist near the primary beam energy. We 
cannot expect the parallelization effect for BSE 
as occurs for SE, because the typical energy of 
BSE is higher by several orders so that an 
extremely strong magnetic field would be necess­
ary. 

To perform the calculation of the exact BSE 
trajectories we fitted the calculated axial flux 
density distribution to Glaser's axial field 
and then extended this Glaser's field analyti­
cally to the whole space. In this way we obtain­
ed an analytical expression for the magnetic 
Lorentz force which was very important for the 
fast numerical solution of the Newton equation 
of motion. 

First we calculated many trajectories to 
find a possible relationship between the initial 
characteristics of BSE, radial coordinate ~' 
(for azimuthal angle we put (J/j=O) and the ~ector 
of the initial velocity (given by the polar 
angle ai, and the azimuthal angle /3i) and the 
final radial and azimuthal coordinates rf, and 
(J/f, respectively, and the vector of the final 
velocity given by af, /3f. r f and af, as function 
of a i for several values of the parameters f3 i are 
plotted in Fig.7a and Fig.7b. rf and (µfas 
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Fig. 7: Calculated dependence of the radial posi­
tion r f (a) and the slope a f (b) of the electron 
trajectory in the detector plane on the initial 
slope a i ( polar angle of the velocity vector) for 
different orientations /3i (azimuthal angle of the 
velocity vector). The solid line in (a) marks the 
radial position of the detector. 

functions of (3 i for several values of the parame­
ter ai are shown in Fig.Ba and Fig.Sb. The dashed 
curves represent the initial radial coordinate 
r i = D. 5 mm and the full curves stand for elec­
trons originating on the optical axis (r i = D, 
there is of course no (3 i dependence of a f and rf ) . 
Thick lines in Fig.7a and Fig.Ba denote the radi­
al position of the detector. All curves were 
calculated with the specimen positioned at 
z 1 = 3 mm and with the detector positioned at 
z 2 = 83 mm; the value of the flux density at 
maximum B max= D .18 T and the energy was 15 keV. 
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Fig. 8: Calculated dependencies of the radial 
position rf (a) and azimuthal position IJ}f (b) 
of the electron trajectory in the detector plane 
on the initial orientation /3i (azimuthal angle of 
the velocity vector) for different initial slopes 
ai. The solid line in (a) marks radial position 
of the detector. 

Results 

A comparison of the SSE signal from the 
same specimen detected by the same detector in 
the classical SEM arrangement and in the set-up 
with the single-polepiece lens is of considerable 
interest. 

Fig.9 and fig.10 show micrographs of the 
same specimen formed in the same way as in Fig.3 
and Fig.4, respectively, but now the backscatter­
ed electrons originate within the magnetic field. 
The excitation current of the single-polepiece 
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Fig. 9: BSE image in the sum mode of a sphere 
covered by a thin gold layer on a carbon sub­
strate. The diameter of the sphere is 600 µm, 
primary beam energy is 15 keV, the excitation of 
the single-polepiece lens is 3660 ampereturns. 
The positions of the detector and the specimen 
are given in Fig.5. The line scan profile along 
the central x-line is superimposed. 

Fig. 10: BSE image in the difference mode for 
the same specimen and under the same conditions 
as in Fig.9. 

lens was 3.42 A; consequently the specimen was 
situated near the maximum of the flux density 
Bmax= D .178 T. The primary beam energy was again 
15 keV and a second image of the crossover was 
formed in the single-polepiece lens. 

For the theoretical comparison we will 
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define the sum mode as the BSE signal from all 
six segments of our detector and the difference 
mode as the sum of the BSE signal from the three 
segments in the halfplane (x>0) minus the sum 
of the BSE signal from the three opposite se­
gments in the halfplane (x<0). 

For the calculations we integrated eq.(4) 
of the appendix with the conditions 1 and 2 
defined there, and with the energy distribution 
function for gold (T) 0 = 0.49, Em = 0.97). 

First the relative signal N r (i.e. the 
ratio of the detected signal in the sum or the 
difference modes to the signal which would be 
detected in the entire halfspace) was calcu­
lated as a function of the flux density to study 
the optimum excitation of the single-polepiece 
lens for the detection of BSE. The dependencies 
for the sum and the difference modes ( full and 
dashed lines) are plotted in Fig.11. The curves 

0.4-

0.2-

-0.27-
- -,- r ,- r 

0 0.05 0.1 0.15 Q.2 

Fig. 11: Calculated dependence of the sum and 
the difference signals on the excitation of the 
single-polepiece lens (represented by the maximum 
value of the axial flux density). 

are calculated for a point on the optical axis 
for the specimen tilted 15° about the y-axis. We 
measured these dependencies too, and the experi­
mental curves agree well with the calculated 
ones. 

In Fig.3 and Fig.4 the line scan profiles 
are plotted along the central x-line and they 
can be compared with the corresponding profiles 
in Fig. 9 and Fig.10. The calculated curves are 
shown in Fig.12 and Fig. 13. In Fig.12 there are 
dependencies of the BSE signal N per one electron 
with the energy Ed impinging onto the specimen in 
the sum and difference modes (full and dashed 
lines) as functions of the position x on the 
sphere, for Bmax= 0 .1B0 T. Fig .13 shows the same 
dependencies for zero flux density and the class­
ical arrangement according to Fig.2. 
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Fig. 12: Calculated line scan profiles for the 
single-polepiece lens arrangement (Fig.5) (maxi­
mum flux density Bmaxis 0.1B0 T). Compare with 
those obtained experimentally (Fig. 9 and 10). 
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Fig. 13: Calculated line scan profiles for the 
conventional arrangement (Fig. 2). Compare with 
those obtained experimentally (Fig. 3 and 4). 

Conclusion 

The single-polepiece lens as a scanning 
electron microscope objective lens offers several 
new interesting properties. It is shown in Table 
1, that the aberration coefficients are low and 
increase only slightly with an increasing number 
of intermediate images in the lens. This will be 
very important in the application of the par­
allelizing action of the decreasing flux density 
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on SE or low energy BSE in an analytical micro­
scope with a low primary beam energy. 

The large free space above the specimen can 
be used e.g. for a windowless X-ray energy dis­
persive detector or an ion beam gun or for the 
optimum position of the in-lens deflection coils. 

In the present paper the BSE signals in the 
single-polepiece lens were studied. It is evident 
now, that the non-paraxial character of the BSE 
trajectories is very important. As an example, 
for all trajectories in Fig. 7b and Fig.Sb only 
those with a large influence of 3rd order spher­
ical aberration intersect the detector surface. 
The boundaries between low and high take-off 
angle detectors and between large and small solid 
angle detectors are smoothed. The BSE trajectories 
in the magnetic field are functions of the energy. 
Nevertheless, on the whole (i.e. taking both the 
energy distribution of the BSE and the energy 
sensitivity of the detector into account) there 
are quite interesting dependencies of the sum and 
the difference signals on the excitation of the 
single-polepiece lens (see Fig.11). In the present 
experimental arrangement it is possible, in the 
sum mode, to get 60% of the total signal at a 
particular excitation of the lens, and it is also 
possible, in the difference mode, to get zero at 
some other excitation of the lens. It is therefore 
desirable in the future to add an auxiliary lens 
to the optical system to have the independent 
possibility of adjusting the single-polepiece lens 
excitation for BSE detection and for the focusing 
of the primary beam onto the specimen plane. 

We expect that a modification of the idea 
of a variable axis lens (VAIL) can be employed 
in a set-up with the single-polepiece lens. 
There is enough space for the necessary in-lens 
coils ( there are serious UHV design problems, 
of course), and with the proper adjustment of the 
predeflection and the in-lens deflection e.g. very 
broad range of angle3 cf incidence for the primary 
beam can be obtained. 

Appendix 

A knowledge of the relationship between the 
position of BSE in the specimen plane and in the 
detector plane is necessary, but not sufficient 
for the study of the contrast ( the contrast 
mechanism in the backscattered electron image 
is discussed by Robinson, 19B0). As is well known, 
the number of the BSE emitted per second into an 
elementary solid angle with energy between E and 
E + dE is given by 

dN( E, a ,,8) = ~el T F( E) cosO sin a. da. d(3 dE ( 1 ) 
1 l II l l 1 

where Ip is the primary beam current, e is the 
elementary charge, F ( E ) is the energy distri­
bution function for BSE, E = E/E p is the relative 
energy of BSE with respect to the primary beam 
energy E p , cos Q is the function expressing 
Lambert's law (Reimer et al. 1984), where Q is the 
angle between the vector of the initial velocity 
v and the vector of the local normal to the 
specimen surface n. The total number of the BSE 
emitted per second into the entire half space is 

425 

The BSE signal from the semiconductor detector 
is not directly given by the number of BSE col­
lected on the detector, but by the number of 
electron-hole pairs produced by the impinging 
electrons in the active area of the detector. 
This number Sis energy-dependent;for our detec­
tor we can write with a good approximation 

S(E) = ½ E ( 3 ) 

where E d represents the energy necessary for 
one electron-hole pair, Ed = 3. 3 eV. Combining 
(3) with (1), we have for the BSE signal 

dN( E, a ,(3) = ____!_e_ S( E) F( E) cosO sin a. da d(3 dE ( 4 ) 
l l C'if l l l 

In the classical arrangement of the SEM, the BSE 
show straight line trajectories. The BSE signal 
can be found by integration of (4) not over the 
entire halfspace, but over only that part of the 
sol id angle above the specimen covered by the 
surface of the detector. 

The curves in Fig.7 and Fig.8 illustrate 
that the position of the BSE in the detector 
plane is not a simple function of the initial 
velocity of the BSE at the specimen so we have 
no explicit expression for the integration re­
gion of the angles CX;, and /3;. The only way out 
is to integrate over the entire halfspace as in 
(2), but then to add to the value of the inte­
gral only the contribution of those electrons, 
which satisfy the following two conditions: 
1. they are able to leave the specimen (i.e. the 

condition) -+ < O < ~ 

2. they impinge onto the detector (or onto a 
chosen segment of the detector) after passing 
through the magnetic field (i.e.the condition 
that the trajectory intersects the detector 
plane in the prescribed region). 

We have mentioned that the trajectories are 
functions of the energy and that the backscat­
tered electron energy spectrum is very broad. 
Therefore we must consider a real energy distri­
bution for the calculation of the BSE contrast. 
We used the experimental curves of Kulenkampf and 
Spyra (given in the review article of Robinson, 
19B5) and approximated these curves by a suitable 
distribution function 

F( E) = T/ j l - E ~ 
oarctg J 1 + Em l - Em 

1 

E2 
- 2 E Em + 1 

( 5 ) 

where E is the relative energy, E m gives the 
position of the maxima of the energy distribu­
tion and ry0 is the backscattering coefficient for 
normal incidence. The parameters Emand ry

0 
depend 

on the atomic number. 
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Discussion with Reviewers 

D. Wells: Mention should be made of the paper 
by Tamura et al. (1980) describing a high 
resolution SEM using a snorkel lens of the sort 
used here. This predates the Hill and Smith 
(1982) reference cited here. It worries me that 
these authors use an upper magnetic shield to 
confine the magnetic field from the snorkel lens. 
This shield now acts as an upper polepiece, and I 
would have thought that a very close mechanical 
tolerance would be required---see, for example, 
the way in which Tamura et al. (1980) have an 
accurately machined polepiece in this position. 
Would the authors comment on this? What spatial 
resolution have they achieved? 
Authors: The paper by Tamura et al. (1980) 
was not mentioned in our paper because we do not 
consider the lens they used single-polepiece, but 
unsymmetrical with a large gap. This leads to 
quite a different sensitivity to the 
misalignment of the upper polepiece. We 
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compared the influence of the mechanical deviation 
of the diameter of the "upper" polepiece D and of 
the distance between the "single" and "upper" 
polepieces Son the basic optical parameters for 
Tamura' s geometry, see Fig. 14 and Table 2a, and 
for our geometry, see Fig.5 and Table 2b. 

¢ D 

"upper" polepiece 

L 

Fig. 14: The geometry of Taniura 's snorkel lens. 
D - the diameter of the bore of the upper pole­
piece, L - the working distance and S - the 
distance between the "single" and "upper" pole­
pieces. 

s 

Table 2: Electron optical parameters of Tamura's 
geometry (a) and our geometry (b) for an object 
at infinity. f, C , , C c are focal length, 
spherical and chromatic aberration coefficients 
in mm, respectively. The changes of geometry in 
mm are defined in Fig.14. The first line stands 
for the basic dimension. 

D 

20 
20 
22 

D 

24 
24 
34 

s 

22 
23 
22 

s 

80 
85 
BO 

L 

11 
11 
11 

L 

5 
5 
5 

(a) 

(b) 

f 

7.467 
7. 901 
7.703 

f 

14.007 
13.957 
14.000 

Cs 

4.1 
4.5 
4.1 

Cs 

4.0 
4.0 
4.0 

5.3 
5.6 
5.4 

Cc 

8.4 
8.4 
8.4 



Collection of BSE with single-polepiece lens 

The spatial resolution in our experimental 
column is limited by a low magnification of a 
telescopic system consisting of a condenser lens 
(f ,..___, 70 mm) and a single polepiece lens 
( f ,...._, 14 mm). With the gun cross-over of about 
0.1 µm it gives 20 nm spot diameter, which is 
much higher than the aberration contribution at 
15 keV primary beam energy. 

0. Wells: There are, of course, two ways in 
which a solid specimen in the SEM can be im­
mersed in a high magnetic field to reduce the 
aberrations and so improve the resolution. 
Mulvey' s idea with the single polepiece lens is 
described here. The other way which has been 
implemented commercially for many years in both 
TEMs and STEMs manufactured by JEOL, ISI, VG, 
Hitachi and others is to mount the specimen 
between the polepieces of a condenser-objective 
lens of the sort that has been standard for 
many years in the TEM. Can the authors tell us 
how the aberrations (and therefore the re­
solution) compare in these two approaches? 
Authors: We can only repeat reviewer's conclu­
sions concerning snorkel lens: "Compared with the 
condenser-objective polepiece assembly, it offers 
more space for inserting large non-magnetic 
specimens and collectors, but the aberrations are 
somewhat worse (especially the chromatic aber­
rations)" (Munro and Wells, 1976). There are some 
other remarkable properties of the single­
polepiece lens: a) it can be easily situated 
outside the vacuum, b) the ratio Cs /f is very 
low for the single polepiece lens, c) there is no 
steep decrease in flux density B(z) and thus the 
approximation of the moving objective lens 
condition for the in-lens deflection field 
D(z) = -i/2 B'(z) c can be made for larger values 
of pre-deflection c. 

T. Mulvey: Figure 5 shows a cross-section uf 
the single-polepiece lens. Is there any special 
reason for providing an axial bore in this lens, 
since the electrons are brought to a focus before 
they reach the polepiece? 
Authors: The bore in the single-polepiece lens 
does not influence the optical properties of the 
lens or the collection of BSE, but it concen­
trates the maximum of the focusing field on the 
specimen position, and this allows the approxi­
mation of the moving objective lens condition. 
The free space under the specimen can be utilized 
for a semiconductor detector of transmitted 
electrons. 

0. Wells: Munro and Wells (1976) calculated the 
trajectories of BSE in a condenser-objective lens 
using a program in which the off-axis fields are 
calculated by relaxation over a mesh. How does 
the method of calculation you used here compare 
with Munro and Wells (1976)? 
Authors: Our method of calculation makes use of 
an analytical expression for the flux density 
components, which is an exact solution of the 
Maxwell equations in vacuum, giving the Glaser 
field on the optical axis. The main advantage is 
that it provides smooth values for the calculation 
of the Lorentz force at any point, where the 
trajectory is calculated. On the other hand, 
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when the trajectory approaches a magnetic material 
(e.g. polepiece), our analytical expression does 
not correspond to the true flux density distribu­
tion any longer. It is not the case of a single­
polepiece lens. 

In the future we are going to use the same 
method as Munro did, with two important changes 
a) there will be a sufficiently smooth and simple 
interpolation of values at nodal points obtained 
by the finite element method (FEM), b) vector 
potential will be used as it gives more accurate 
results near the optical axis and it is possible 
to check the accuracy of the trajectory calcu­
lation not only by conservation of energy, but 
also by conservation of angular momentum. 

F. Hasselbach: From your Fig.ll I conclude that 
for certain excitations of the single-polepiece 
lens a focused image of the specimen (more or less 
blurred by the aberrations) is formed in or near 
the detector plane. Do you think that this inter­
pretation is valid or not? Would it be possible 
to prove this positioning a photographic plate 
in this plane during a scan of the whole specimen 
surface? 
Authors: Yes, there is a focused specimen image 
in the detector plane for a certain excitation of 
the lens. The image is blurred mainly by the large 
energy width of the BSE spectrum. The proposed 
experiment with an energy filter in front of the 
detector (photographic plate) would be very in­
teresting. The filter can serve also as an 
exposure shutter. We shall perform such an 
experiment in future. 

F. Hasselbach: In your conclusions you 111e11tio11 a 
modification of an idea of VAIL. Could you please 
give a short description of this idea. 
Authors: General information 011 our modification 
of the VAIL idea can be found in the paper Kolarik 
et al. (1989). 

F. Hasselbach: A very interesting extension of 
your "imaging BSE" detector would be the 
possibility to apply to the specimen a negative 
potential of about 1 kV less than the accelerating 
potential of the scanning beam. In other words to 
convert your 15 keV SEM into a decelerating low 
voltage SEM. By switching 011 this negative voltage 
the secondary electrons will be accelerated, form 
an image and may be detected in similar manner as 
your BSE's. The aberrations of such a decelerating 
field ( for the primary beam) are small according 
to an early theoretical and experimental study of 
Pease ( 1967), i.e. the spot size of the primary 
beam on the specimen surface is not enlarged 
drastically by this additional electrostatic lens 
field. All advantages of your detector system 
would be extended to the secondary electron 
image. Do you think that this idea can be realized 
easily? 
Authors: The idea can be realized easily, and we 
are thinking about this even in connection with 
the low voltage scanning electron microscope. As 
Bauer (1905) has shown, the combination of the 
decelerating quasi-homogeneous electric field and 
electrostatic lens enables one to obtain a very 
good resolution even for final energy below 
100 eV. So we expect the combination of the 
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decelerating field with the magnetic single­
polepiece lens will perhaps give better results, 
and we plan this experiment in the near future. 

T. Mulvey: You say that the work was carried out 
in the Tesla BS 350 UHV SEM. Surely this required 
extensive instrumental modifications? Could you 
outline briefly what is necessary if one wished 
to try out this method? 
Authors: 1. It is necessary to ensure free space 
under the bottom of the SEM chamber. 2. To locate 
a single polepiece lens sufficiently far from SEM 
iron parts which could negatively affect optical 
properties of the lens. 3. It seems that a 
conventional manipulator of the specimen will not 
be suitable. For basic experiments, a specimen can 
be located directly on the polepiece. For more 
complicated experiments a construction of a new 
manipulator is necessary. Its movement mechanisms 
should not influence the magnetic field of the 
single-polepiece lens and should allow movement 
of the specimen sufficiently near to the pole­
piece. 4. The detector of SE must be ] ocated in 
the space of a sufficiently low value of the field 
of the single-polepiece lens. 
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