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Abstract— The grazing incidence interaction of a 10-keV electron beam with a planar surface of plexiglass is 
studied experimentally. Moreover, the electron passage through flat channels formed by such surfaces is inves
tigated. The experiments reveal the presence of a guiding effect of the electron passage as in the case of a glass 
surface. However, there are some features, such as the existence of an initial elevation angle for the case of 
negative inclination angles of the plate. The formation of self-consistent charge on the surface of the plexi
glass and its drain when the current is turned off occur more slowly than on the glass surface. This fact points 
to the difference in the surface conductivity of insulators.
DOI: 10.1134/S 1027451014020438

IN TRODU CTIO N
Studies into the effect o f m otion control of an elec

tron beam by means of dielectric channels were started 
relatively recently [1—4]. It was supposed that a part of 
an incident electron beam  when passing through a 
dielectric channel forms a self-organizing system of 
charges providing contactless passage of the rest of the 
beam. Moreover, this mechanism is also implemented 
upon rotation of the dielectric channel relative to a 
beam  of electrons with energies up to 1 keV.

To simplify analysis of this mechanism, studying 
the interaction of electrons with glass surfaces at graz
ing incidence was carried out [5]. Experiments with 
glass plates revealed some features of the process as 
compared to analogous experiments with ion beams: a 
dependence of the reflection on the length of the plate 
and the presence of a beam trace halo on the screen.

To find out how the dielectric material affects the 
nature of the charge distribution and the rate of its for
mation, we have continued studying planar surfaces 
made of plexiglass (polymethylmethacrylate).

EXPERIM ENT
The experimental scheme is shown in Fig. 1. The 

m ain units of the setup were made of nonmagnetic 
materials to eliminate the possibility of the effect of a 
magnetic field on the electron beam. The samples 
were fixed to a goniometer which allowed them  to be 
tilted at angles up to 10 degrees relative to the beam 
axis and to be displaced in the horizontal plane, mak
ing it possible to simultaneously work with several sam
ples and adjust the straight beam. A glass screen covered

by a scintillator with a layout of 1.5 cm x 1.5 cm  was 
mounted at a distance of 24.5 or 32 cm  from the axis of 
the beam  depending on the experimental scheme. The 
motion of the beam trace on the screen was recorded 
by means of a webcam located outside the vacuum 
chamber. The sample was rotated successively by 
means of the goniometer and photos were taken at 
each fixed angle.

Dielectric Surface

An electron beam with an energy of /:' =  10 keV, a 
mask current of 100 nA, a beam  diameter cross section 
of about 2 mm, and a divergence of <0.2° was incident 
onto a planar dielectric surface at a glancing angle. 
The electron trace is created on the screen after inter
action and is recorded using the webcam. Figure 2 
shows a series of images demonstrating displacement 
of the beam  trace on the screen when the plexiglass 
plate of 50 m m  length was tilted at angles ranging from 
—1° to 2.8° relative to the beam  axis. The front part of 
the plate was covered with a grounded alum inum  foil. 
The bright line of the photo shows the trace level of the 
straight beam. The distance to the screen is 24.5 cm.

On the whole, the character of spot m otion on the 
screen is similar to that when turning the flat surface of 
the glass. However, the formation of self-consistent 
charge on the surface of the plexiglass (forming the 
stable trace on the screen) and its drain when the cur
rent is switched off occur slower (up to 10 min) than 
on the glass surface, indicating the difference in the 
surface conductivity of these dielectrics.
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Fig. 1. G eneral scheme of the experiments.

In some experiments, as in the case o f the glass sur
face, the trace of the beam on the screen bifurcates 
onto two parts (Fig. 3a). The position of the first one 
coincides with the trace of the straight beam. The sec
ond part represents a strongly scattered spot (“cloud”) 
or an arch which ascends in accordance with the plate 
turning relative to the beam axis (Fig. 3b). The trans
verse size o f the incident beam is about 2 m m  and the 
length of the plate studied is 50 mm.

The shift of the trace of the “cloud” on the screen 
was measured according to the displacement of the 
lower border of the spot relative to the zero position of 
the plate (parallel to the beam). The shape of the 
“cloud” is likely dependent on the processing quality of 
the plate and the beam-current magnitude. Figure 3a 
shows the photo obtained in the case of a matte plexiglass 
surface interacting with a current of ~ 100 nA.

A large number of the experiments with dielectric 
surfaces showed ascension of the beam trace even at 
negative inclination angles of the plates relative to the 
beam axis. To find the cause of beam-trace ascension, 
the output part of the plate was grounded as shown in 
Fig. 4. The rear end of the plate and 1 m m  of the 
reflecting surface were covered by the grounded foil. In 
this case, the beam ascension on the screen disap
peared or the trace was shifted below the trace o f the 
straight beam.

Figure 5 shows the graphs for plates with grounded 
and nongrounded output surfaces. The length of the 
plates and the current are equal to 35 m m  and ~40 nA.

The difference in the positions of the traces for 
identical plates can be explained by the different mag
nitude of the electron current incident on the surface, 
since the experiment was conducted so that a part of 
the beam was incident on the surface at a glancing 
angle, and correspondingly a part of the beam bom 
barded the grounded front end.
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Fig. 2. D isplacement o f the beam  trace on the screen by 
tilting a plate o f 5 cm  length by angles from —1° to 2.8° rel
ative to the beam axis.
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Fig. 3. Separation of the trace of the beam  on the screen 
into two parts upon inclination of the plate o f plexiglass 
5 cm in length (a). D ependence of the spot m otion on the 
tilt angle of the plate (b).
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(a)

(b)

Fig. 4. Scheme of the plate grounding (side view): (a) only 
the front end is grounded; (b) both ends are grounded and 
the part of the surface on the output.

адо
X i

s=fои

о■5
aо
оосЗ

сЗо43
ОгЙ

5 

4 

3 

2 

1 

О 

-1
- 1 0 1 2 3 4 5  

Rotation of the channel relative to the beam axis, deg

+ ■

CJ)о
X i

йоu

оrg
aо
оосе

сео
ОгЙ

гЙ(/1

оао
XJ

Йоо

о,Й
aо
оосе

1.5

1.0

0.5

0

- 0.5

а 2сео43
о.й

тЙ(/1

(а)

5 V 

4

3

- 0.5  0 0.5  1.0 1.5
Rotation angle of the plate relative 

to the beam axis, deg

(b) □

0 1 
Rotation angle of the plate relative 

to the beam axis, deg

Fig. 5. M otion track of the beam depending on the tilt 
angle in the case o f grounding: both  ends of the plate and 
part of the reflecting surface at the output (a); only the 
front end (b). The length of the plates is equal to 35 mm. In 
each series, shown are the curves obtained for different 
brands o f plexiglass.

Fig. 6. Dependence of the beam  trace on the screen from 
the tilt angle of the dielectric p lanar channel o f 35 mm 
length.

Flat Plexiglass Channel

Figure 6 shows the dependence of the position of 
the beam trace on the screen on the tilt angle of the 
planar dielectric channel made of plexiglass. The 
channel length is 35 mm, the distance between the 
plates is ~ 1 mm, and the current at the input part of the 
sample equals 200 nA. As we can see from the figure, 
similar to cylindrical plastic channels [5], the electron 
beam is effectively controlled by the planar channel in 
the limits of 4 without appreciable loss in intensity

DISCUSSION OF TH E RESULTS

The results of our experiments demonstrated that, 
as in the case of electron interaction with a glass sur
face, self-consistent charge distribution is formed on 
the surface of organic glass allowing electrons to move 
together with the plates and planar channels for the 
case of small rotation angles relative to the beam axis.

An atypical dependence of the spots on the screen 
at angles close to zero relative to the axis of the beam 
can be attributed to the formation of oppositely 
charged structures on the surface of the glass due to the 
large output o f secondary electrons at grazing angles of 
incidence. U nlike creating image charges [6], this 
mechanism does not need high currents and may com 
pletely explain the behavior o f the electron beam at 
negative tilt angles of the plates. This problem is the 
topic of our next investigation and can be solved by 
means of computer simulation based on the string 
model described in [7].
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CONCLUSIONS
As a result of experiments on the planar surface of 

plexiglass, we have observed the effect of m otion con
trol of an electron beam, as in the case of a glass sur
face. However, some features were revealed in the case 
of plexiglass, namely, the rate of the formation of the 
stable charge state on the dielectric surface and the 
presence of initial trace ascension at negative tilt 
angles of the plate. In some cases, we observed lower
ing of the beam  trace on the screen below the track of 
the straight beam at small angles of inclination of the 
plate relative to the beam.

We have also demonstrated motion control of an elec
tron beam in the case of planar plexiglass channels.
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