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Abstract Key words
A computational investigation is carried out to describe the insulators,
behaviour of reflected electrons upon a charged insulator sample charge trapping,
and producing mirror effect images. A theoretical expression for the  electron mirror effect.
scanning electron path equation is derived concerning Rutherford
scattering and some electrostatic aspects. The importance of the
derived formula come from its correlation among some of the most
important parameters that controls the mirror effect phenomena.
These parameters, in fact, are the trapped charges, incident angle o
and the scanning potential which investigated by considering its Article info
influences on the incident electrons. A pervious experimental ~Received: Sep. 2012
. . . . Accepted: Apr. 2013
operation requirements are adopted for operating the introduced Published: Sep. 2013
. . : Sep.
expression. However, the obtained results are almost encouraged for
using the presented expression to simulate the electron trajectory in
sense of mirror effect.

Sl 5l 3aUa Tag malall g SN sgaall Sian Al gAY il dadad

2&.3.‘5 édu Alas cl‘édﬁﬂ\ 4)33 Cyd

GBIl calary i yaiivall Daaladl ¢ ) 4 ol 3l and!
Bl ooy alan Aaala gl ol A i A oyl o
LAl
S i) LA sa il Gsadiall Blad) A e AnSaiall @lis ST il Caagl dysula Auhy Syl
ASL) AilpeSl Gl (s 95853y Byllind o alae Wl bl (s STl Alaledd dpalll dagall Sl
Ll a cBlaleally LSl il sjalhy deSand) colbead) aal o aend LsSs Al dapal) dual )0
Jeell il alaie) g Adaludl clis 5V e Jalsall o3a il Al 2y o) dgas cdagiad) Ayl 3aial)
O3 SN Slse Sl Gadial) drpall Jlexind desiie dlasioad) i) cul€ 2 L dadial) Zigall 20l dyy )
Lol Elll gl

12


mailto:imad_hadi@yahoo.com

Iraqi Journal of Physics, 2013

Introduction

One of the biggest problems with use of
Scanning Electron Microscope (SEM) for
exploring insulating materials at
conventional accelerating voltage is their
tendency to accumulate negative charges
and consequently to repel the incident beam
during their observation [1]. These effects
experimentally known for the (SEM) in the
early 1970’s and called as “charging effect”
[2] and so much effort has been devoted to
make sure that this effect dose not occur
since it is detrimental of the image quality.
Two decades later, Gressus et al. developed
an experimental method consist of charging
the insulator by bombarding it with an
electron beam and then observed a mirror
image of the (SEM) chamber formed by low
energy scanning electrons and provide
information about the sample dielectric
properties [3,4].

The Scanning Electron Microscope Mirror
(SEMM) method is frequently employed in
study of electrical properties (charge
trapping/detrapping, flashover, and electric
breakdown)  of insulating  material
(polymers, ceramics, ...) and it has much
interest because of its importance in
technology and industry [5-8].

The Electron Mirror Effect

Electron Mirror Effect (EME) is a physical
phenomena inside the chamber of (SEM)
when the irradiation electron beam scans a
dielectric sample. For seemingly
inexplicable reasons, an image of the interior
of the (SEM) appears instead of the image of
the surface of interest [9]. However, the
physics behind mirror effects is that when an
insulating sample is irradiated in a first
phase in a (SEM) at a high voltage, Negative
charges will trapped in the insulator sample
during the injection process. The trapped
charges produce an electric field in the
vacuum chamber of the (SEM). If the
sample is observed later (in a second phase),
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with a lower energy electron beam, the
electric field can be strong enough to deflect
the probing electron in the same manner as a
convex mirror dose with light [10].

Alternatively, the effect of the trapped
charge on incoming electrons is repulsion,
so that electrons with sufficiently small
kinetic energy are reflected back to different
points of the (SEM) chamber, depending on
the incoming direction and beam parameter
[11]. The consequent interaction between
these electrons and various instruments,
objects, and the inner walls of the (SEM)
chamber can generate secondary electrons,
which characteristics depend on the chamber
materials and primary electron energy. The
secondary electrons are then detected by the
active detector within the chamber to form
the mirror image of the (SEM) chamber
itself as illustrated schematically in Fig.1.
Accordingly, the path of electrons during its
travel, since they emerges from the column
till the detector may controls and influenced
by several or many physical and/or
geometrical parameters. Consequently, it is
of more interest to explore these parameters
concerning mirror images and its correlation
with sample dielectric characteristics, which
is the purpose of this work.

Electron Column
SEM
Chamber Vi SEM
Secondary Chamber
Electron
y y
Insulating Sample Detetor Insulating Sample Deector
(2) &£ Teflon Holder () 7] Telon Holer

Fig.1: Schematic illustration of the charging
process (a) and the SEM mirror image
formation (b).
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Theoretical Aspects

Rationally one may regard that the trapped
charge Q; is a point charge which is
stationary at an arbitrary point like C and a
probing electron e approaching it along the
line AB as shown in Fig.2. Since the trapped
charge embedded in a dielectric sample with
a relative permittivity g is @ same as that due
to a charge 2Q, /(¢, +1) in free space [12].
Therefore, the Coulomb’s repulsion force
between the probing electron and the

trapped charge take the form;
F= 7“? Q (1)

where r is the distance of the probing
electron from the trapped charge, A is a
constant defined by A=1/[2z¢,(e, +1)] and

&0 IS permittivity of free space.

Fig.2: Geometrical illustration for the

derivation of the electron path equation.

To derive a close-real expression for the
path of the probing electron, the polar
coordinates will be chooses with a trapped
charge at the point C. The acceleration of the
probing electron can be resolved with two
components, one along the radius (a;) and
the other being transverse to the radius (ae).
Since the force of repulsion is along the
radius (central force) then the equations of
motion, in radial and transverse direction
respectively, can be expressed with the aid
of Newton’s second law as follows;
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d’r  dO.,, AeQ

m S (G 1= 5 @
d?e dr. . deo

m,[r e + ZF(E)(E)] =0 3

where me is the probing electron rest mass,
keeping in mind the relativistic effect are
considered to be negligible since this is the
usual case under the typical SEM operating
condition. Actually, the last equation
expresses the principle of conservation of
angular momentum (L) and can be written in
the form;

(4)

But the angular momentum is defined as;

L =rm,v,sina=m,ub (5)

The symbol (b) appeared in the last
equation  represents the perpendicular
distance of the trapped charge from the
tangent to the path of the probing electron, a
and v, are the incident angle and initial
velocity of probing electron. In fact the term
of initial velocity refers to velocity of
probing electron when it just leaves the
column diaphragm of the SEM apparatus.

It is of more interest to express electron
path in terms of (0) rather than the time,
because the charging and so imaging
processes occurs in ultra short time. So the
time dependent will be eliminate from
equations of motion with aid of equations (4,
5). In order to achieve such a task it is
helpful to introduce new dependent variable
like (u) which relate to the original path
function (r) through the formula; (u=1/r).
Thus, the using of chain rule with new
variable (u) may lead to convert equation (2)
to the following form;

m,r’ %z const. = L

d? rQ, AQ,
e e AU
Equation (6) is a second order-

homogenous differential equation with
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constant coefficients. So it admit a solution
of the form;
L Q,

=A 0-0.)-
u cos( 5) 2V, o’ (7)

where A and 6, are constants. However,
by a proper choice for the axis, the phase
angle can be set equal to zero. Furthermore,

by setting (&=2AV_b*/AQ,) the probing
electron path equation can be written as
follows;

u:lz—ﬂtz(l—gcose) (8)
r 2V,.b

It seen that, path’s equation represent a
form of equations of a conic section in polar
coordinate where ¢ is the eccentricity of this
conic section. Indeed, when ¢ is greater than
unity (¢ >1), the conic section will be a
hyperbola [13]. Furthermore, equation (8)
declare that for a such operational
parameters, the probing electron path can be
determined once € and 0 are known, for such
details will be discussed in the following
paragraphs.

The eccentricity of the probing electron
path can be determined with the aid of the
principle of conservation of energy. The
energy conservation law requires that the
total energy of the incoming electron
remains constant since the (SEM) chamber
is evacuated and the probing electron
deflected without reaching the insulator
surface. Thus the total energy for probing
electron can be written as;

eV, :%mev2 +ﬂ (9)
r

where the second term refers to the
potential energy of the probing electron at
any point along its path, since it emerges
from the column diaphragm till its reflection
away from sample. The velocity of probing
electron v can be resolved into pair of
components, one along the radius (ra,)and
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the other is transverse to the radius (ro4,).

Then, by using chain rule, one may get;
2 _ ﬂz %2_ ﬂz 2 d_‘92
v —(dt) +(r Olt) _[(de) +r ](dt)

(10)

The differentiation of both sides of
equation (8) can easily be deduced to be as
in the following form;

dr  AQ,r?
do 2V, b’
Now, by substitute the values of r* , do/dt
and dr/dO according to equations (8, 4 and
11) respectively in equation (10) yields;
Vo e’ Q7
2m.V_b?

€sin(0O) (12)

VL+e%—-2¢cos(8)] (12)

Using this form of v? in equation (9) with
aid of that of r expressed in equation (8) one
may obtain the final form of eccentricity for

the case under consideration as in the
formula below;
2V. b
€= 1+ sc™\271/2 13
[ (—x 0. )] (13)

It can be seen that the eccentricity is
always greater than unity and hence the path
followed by probing electrons is definitely
hyperbola curve with the trapped charge at
the focus outside the branch of this curve.

The asymptote AB represents the direction
of the initial velocity of the probing electron
when it leaves column bore, and the second
asymptote DE represents the direction of the
final velocity of the probing electron, see
Fig.2. The angle between the two
asymptotes can be deduced by means of

modified Rutherford formula as in the
following relation [14];
¢ AQ,
tan(—=) = ——— 14
=25 (14)

However, the parameter 6 may regarded to
be an independent variable in order to
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determine the probing electron path, which
their owns values are controlled by the

condition ((-%-a)<0<-(3-%-0a) as
can realized from Fig.2.

Application and Discussion

For the implementation of simulation
calculation for a probing electron the
eccentricity of the hyperbola path is
computed firstly, for a specific operational
parameters (V. ,Q,,b,&,) , with aid of
equation (13). Thereafter, the scattering
angle ¢ is determined by means of
equation(14). Hence the probing electron
path can be obtained by using of
equation(8). Actually, several computational
process is followed to shifting the axes so as
to be like the one appears in figure 3,
because electrons at the beam centre leaves
parallel to the optical axes of the column. In
order to gives the above simulation a
practical realization, results of other author
[15] is adopted to achieve such a task.

Wol:k_ing
Distance

(HD)

C

Fig.3: A Schematic diagram for a probing
electron trajectory and the shifting of axis.

electron mirror
imported  from

Fig.4a shows several
images  which are
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reference[15]. According to this reference,
each of these images is obtained at different
irradiation time for a PET samples. Where,
these samples are irradiated for different
periods of time by an electron beam
accelerated up to V;=20kV with a current of
li =1.1 nA. For each period of time, the value
of diaphragm diameter (d) is measured by
means of the electron mirror images that
obtained at a scanning potential V=300V,
So the trapped charge at each sample is
calculated with aid of equation

Q,=19.609x10"d regarding the dielectric
constant for PET material to be 3.43 . Thus,

the determined Qq versus its own irradiation
time are as in the Table-I.

Table-1: Trapped charges as a function of
irradiation time see reference [15].

ti(sec) 15 45 90 300

0.4448

Q(nC) 0.2069 0.3019 0.3723

Fig.4b represents the probing electron
paths along the radial distance, which belong
to each image for several incident angles a.
Several important remarks could be recorded
from theses graphs, however, the most
important ones are the following two
observations. A part from the decreases in
the scattering angle ¢ for the curves of
different incident angle o for the same
image, it is seen that ¢ increases for the
counterpart curves of a same o at the
different images. In fact such a result
explain obviously why the field of view
decreases with the increases of the trapped
charges value. For more clarity, Fig.5
reveals how a probing electron of a same
incident angle (¢ =0.6°) can scans more
areas, from the chamber ceiling whenever
the concentration of the accumulated
charges at the sample under consideration
decreases and vice versa.
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Fig. 4: (a) Electron mirror images imported from reference [15] and (b) their corresponding probing
electron paths according to present work.
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Fig.5: Different probing electron paths of a
same incident angle reflects to different areas.

The second observation, however, is that
the reflection in electron probing paths
gradually shifted away from the sample as
the trapped charges increases. Fig.6
clarifying such a result, where one may
observe the reflection point height of path
relative to the sample stage increases as Q;
increases. Thus this behaviour may
interpreted why the images seems to be
approaching to the column whenever Q; get
further increases.

o [=2]
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Mmin (MM}
a2 e

— ro
L '

[

LI Y I B S O S S B S B D Y N B B o Ay |
0 01 02 03 04 05
Q(nC)

Fig.6: Variation of the reflection point with
trapped charge.
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Conclusions

Results of the presented approach for
determination of the probing electron path,
throughout the SEM chamber, shows clearly
an excellent interpretation for the deduced
electron mirror images. Additionally it gives
an encourage ambitions for further advanced
investigation for electron mirror phenomena.
Furthermore, the model presented in this
work may revised in such away the trapped
charge can evaluated without needs to use
ideas of Rutherford’s scattering.
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