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Abstract

This introductory article examines the phenomenon of the effect of the ionic mirror and the study of the concentrated
ion beam (FIB) of the Quant - 200 3D dual-beam device to investigate the effect of the ionic mirror (IME) on the buffer
sample during the injection process.This article provides an overview of an investigation into the details of the major
control parameters that strongly influence the mirror-effect phenomenon (IME) within the Intensive lonization
Chamber (FIB) chamber. It has been planned to formulate the influence of each of those parameters mathematically.
Furthermore a broad range of fundamental studies to finding a reasonable relation for using the ion mirror effect
phenomena for analyzing insulator material with FIB instruments.
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General Introduction

The electron optics experienced a rapid
development and become an indispensable tool in
many scientific areas like physics, chemistry,
medicine, engineering, earth science. The scientific
progress in these areas is of great importance in the
development of technical designs that give a clear
vision for the infrastructure of many of the facts,
concepts and theories[1].

The optical microscope discovery previously led to
great information in resolving the boundary
between fact and phantasy. But the optical
microscope is no longer sufficient to scientific
development, which happened during a short
period of time. It showed a deficit of clarity to give
precise details about the components of basic
materials such as retinal crystalline.

The reason for this, however, is that the work of
optical microscope is based on visible light and,
hence, the wavelength of visible light is much
longer compared with the dimensions of these
components. This has prompted researchers to

overcome this limitation, and so replacing this
technology by another new one. Thus, in 1926 a
new theory emerged as a general theory for the
movement of charged particle through
electromagnetic field.

It can be said that, this new theory is basic on two
bases. The First is the De-Broglie hypothesis while
the second is Hans Busch postulate. However, the
latter one states that, any rotational magnetic field
converges electrons in a way similar for the
converging glass lenses for the optical light [2]. The
stunning development of a scanning electron
microscope is of great importance for imaging and
exploring sample surfaces with infinitesimal
dimensions.

An advanced application for electron and charged
particles optics is the Focused lon Beam (FIB), the
instrument that the present work is concerned
with. Centered particle shaft (FIB) applications
grow broadly amid the late1970s and the mid-
1980s, and the primary business instrument was
presented over 10 years or two[3].

Corresponding author: Muayyed Jabar Zoory

Address: "Department of Physics, College of Science, Mustansiriyah University, Baghdad-Iraq; 2Department of Physics,
College of Science, Mustansiriyah University, Baghdad-Iraq; 3Department of Physics, College of Science, Mustansiriyah

University, Baghdad-Iraq.
1*E-mail: muayyedjz@uomustansiriyah.edu.iq

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

Received: 22 December 2019 Accepted: 17 January 2020

elSSN 1303-5150

www.neuroquantology.com


mailto:muayyedjz@uomustansiriyah.edu.iq

NeuroQuantology | January 2020 | Volume 18 | Issue 1 | Page 91-98 | doi: 10.14704/nq.2020.18.1.NQ20112

Muayyed Jabar Zoory, Review on the Effect of lon Mirror Phenomenon

Present day FIB systems are winding up generally
accessible in semiconductor research and handling
situations, just as in material examination,
investigation and surface adjustment.

Number of authors have studied the use of focused
ion beam in polymer materials science
application[6, 7]. With the development and
improvement of cross-discipline research, focused
ion beam technology has extended its application
into the area of biology[8, 9].New applications and
the continuous growth and improvement of
conventional research keep raising more and more
requirements on the FIB tools. The FIB as known is
a microscope that uses ions rather than light to
form an image. There are many features to use the
FIB instead of light microscope. The FIB has a large
depth of field which allows a large area of the
sample to be in focus during the navigation. The FIB

also produces images of high magnification. FIB
instrument will be explained in some details
because it is used to study the phenomenon of
mirror-ion in the current work, as follows:

The FIB Instrument

As shown in figure 1, a conventional system of FIB
consists of an Ga+, a vacuum system, working
chamber, a gas system and a workstation that
provide the user interface. A schematic graph of a
FIB particle section is appeared in figure 3. The
structure of the column is like that of an SEM,
except that a FIB system employs (Ga*) beam
instead of an electron beam. The pressure inside
the column is maintained at typically 1 x 10
"mbar[10].

Figure 1: (a) A Schematic Diagram of a Basic FIB System [11]. (b) A the Quanta 3D Dual Beam Instrument Located at the University of Milano
Bicocca. The Most Important Components are Indicated in the Photograpy[12].

Physics of Insulators Charging

Investigations into process of charging and
polarization of insulators and influence of these
effects on the electrical and structural properties of
materials are of particular importance for electron-
probe analytical method [15] [Rau el 2008a].
Despite the fact that the impacts of charging of
insulating materials amid electron light are self-
evident, the instruments in charge of the issue are
not surely knew and very hard to anticipate. A
superior comprehension of these components
requires endeavors from both the hypothetical and
the test perspectives. Hypothetical contemplations
regularly experience the ill effects of the absence of
data on the correct qualities taken by the caught
charge densities (positive and negative) or by the
surface potential Vs.[13].

The comprehension of the trial strategies
incorporates the Kelvin test electrometer
(KPE)[14], the electrostatic nuclear power

magnifying instrument strategy (EAFMM)[15], the

two-electron-pillars technique[16], the SEM mirror
method (SEMM)[17], and the ion mirror
method[18].

Every one of these Techniques depend on the
estimation in a vacuum of the caught charge
(electric field or potential) consequences for the
free-surface side of the example and may just be
connected to insulators. None of them works for
protectors secured by a thin leading layer set to the
ground. For such ground-coated insulators, there
are fewer strategies, for example, the thermal pulse
technique[19], the weight wave proliferation
strategy[20], or the electrical strategies created
by[21]. However, most of these techniques are bi-
progressive strategies, as estimation of trapped
charges begins at the end of light so that no
dynamic examination of the charge is permitted. In
the case of the polymer (PET), used as a dielectric
material for high-voltage electrical cables,
understanding the accumulation and discharge of a
space charge and its association with the
breakdown of an dielectric would be a major
scientific achievement. As well as facilitate the
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prediction of the cable life and the best cable
design. However, the accumulation and discharge
of the space charge, along with related convenience,
are still poorly understood phenomena [22]. At the
point when an electron or ion emission Ei, strikes
the surface of the insulator sample, secondary
electrons SEs, with energies < 50.0electron volt and
elastically BSEs, with energies from 50.0electron
volt to Ei, are discharged in the vacuum and frame
an electron emanation current Io = oli, Figure 2
indicates schematically the ordinary reliance of o
on the arrival vitality of approaching electrons or
ions for insulators. For a given sample, the electron
yield o typically increases from zero to maximum
(larger than unit) as the electron or ion energy is
increases up to the maximum yield value. The first
energy level for which the electron yield is unit is
termed Ec1[23]. For larger electron or ion energies
the electron or ion energies the electron yield
decreases to zero crossing the unit yield again for a
larger energy value E, which is typically in the
order of some keV. To obtain strong sample
charging, the electron or ion energy should be
larger than E,.

Fa Fa Primary energy (E;)

N

Figure 2: A schematic profile for the total electron emission yield
curve for insulators[24]

This curve is usually measured at the onset of
irradiation immediately before charging affects the
yield of the SE using a short pulse initial beam [25].
If Ei is higher than the Ec2 hybrid second, li>Io, the
negative charge is pumped into the sample. This
charge progresses to an electric field in a SEM or
FIB room vacuum, which shows electrons or
circular ions and dynamically moves them to Ei +
eVs, where (e) is the ionic or electronic charge. This
decrease in the feasibility of access calls to expand
the overall return on electronic emissions. The
captured negative charge achieves its immersion
estimate when o = 1 (electron arrival levels vital

with Ec2).

On the other hand, on the off chance that Ei is bring
down Ec2, lo> li and the encasing charge
emphatically, yet exceptionally low secondary
electrons were pulled in back to the specimen, with
the goal that the all-out charge is near zero and the
cover is then charged to little positive potential
(some eV).These effects result from the dynamic
competition between the flux of incoming electrons
or ions I; and the flux of outgoing ones I
(backscattered and secondary electrons)[26].When
the incident ion beam stroke an conductive sample
the surplus of incoming ions (Ii >Io) or the surplus
of generated holes (li <lo ) flows speedily from the
surface of the sample to the ground . While if the
surface of the sample is insulator this increase in
charges is trapped in the surface of the sample [26].
In SEM\FIB, the charging effects can cause
aberrations such as distortion of the image due to
the electron or ion beam deflection and anomalous
secondary electrons contrast[26].

Strictly speaking, when a stationary essential
electron or ion pillar in a SEM\FIB is engaged onto
the surface of the sample a portion of the episode
electrons or ions are caught in the mass material
encourage an displacement current Id . Alternate
parts of the current are the spillage current IL thus
the current because of the electrons discharged
from the sample. Thus, in accordance to the charges
conservation law one may write[27];

Ilzll(8+lj)+ld+IL:GIl+l (1)
Qi=Q+0Q:= Lit=cl;t+Q, (2)
So,
I t=Qy
6= (3)

0 is the second electron (SE) coefficient of emission
, ) is the coefficient of backscattered electrons or
ions (BSE), o is the sum of the (BSE)and (SE)
coefficients (i.e. (6 + n)), Qiis the total charge (i.e. Qi
=1 t), Qs = 0 Qi and Q; is the trapped charges in the
sample. In fact, equation (3) may be carried out to
determine the total yield, theoretical, after
estimated trapped charge in the sample (Q.).

It deserves to mention that the automaticity to
Insulators Charging by using electrons is the same
automaticity using ions, but The most fundamental
difference between the use of ions and electrons is
that the ions are positive and electrons are negative
(i.e. When the ion are impinging onto the sample
they are delivering a positive charging, but when
the electron are impinging onto the sample they are
delivering a negative charging).
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Mirror Effects

SEM and FIB can be considered the most powerful
instruments usually used to verify the microscopic
properties of a wide range of samples. Typical
applications for SEM and FIB devices include
conductive samples. Frankly, when a sample
connected to electrons or ions is irradiated, the
overcharging quickly flows to the ground away
from the beam spot. Conversely, in an insulating
sample, the spatial overload charge is carried
within the sample generation distortions in the
beam path. Unusual complexity can be discovered,
and this has been experimentally known to SEM
since 1970 [28, 29]. In a preliminary study by Clark
and Stewart, SEM was used to irradiate a dielectric
sample with a high-voltage electronic beam, then a
similar sample was imaged using low-energy
electrons to discover abnormal contrast [30].This
effect was dedicated “Mirror Effect” and indicated
to as electron mirror effect (EME). A similar effect
was described 30 years later by[24], who observed
an intermediate process, which they called pseudo-
mirror effect (PME), in which both the reflected
electrons, and secondary electrons generated on
surface of the insulator could be detected. Much of
the time, from the images given by nonconductive
samples intermediate information can be gotten
about sample properties [20, 26]. For instance,
Vallayer and his group told the best way to get the
charge trapping properties of the analyzed

materials out of mirror images. In addition the
effect of the ion mirror was recently observed
by[18].

In focusing ion beam (FIB) microscopy, when a
insulator sample is irradiated with ion beam of

t

Detector

of the secondary
electrons reproduces
the structure of the
Inner surface of the
vacuum chamber

The direction « of
the ion beam is scanned

kinetic energy Eg the interaction between an
incoming ion and the insulator material produce
electrons secondary, some of which are detected by
the secondary electron detector (SED) to form
images. More than this the ions are embedded into
the surface of the sample, some of them being
neutralized by electrons. In such conditions the
sample acquires a net positive charge that is a
number of ions remains trapped within the sample
itself. The subsequent observation of the sample to
get the mirror effect requires that ion energy to be
smaller than the repulsive potential energy of the
sample surface [21].The repugnant impact on
approaching low-energy particle can be strong to
the point that they are reflected to various edges as
various edges are examined. In appropriate
conditions, the up and coming particles would thus
be able to be coordinated to various purposes of
the FIB chamber creating a collaboration with the
atoms of the chamber itself. The ions hitting the
chamber have about oneself energy from leaving
the accelerating ion column. Hence, this high-
energy interaction can create to generate
secondary electrons, X-rays or the other usual
interaction product. At that point secondary
electrons can gather by the biased grid of the
sensors (EDT detector) inside the SEM/FIB
chamber and hence forming an image of the
vacuum chamber, see Figure 3. The image is
distorted like if observation occurs through an eye-
piece or concave mirror.

Figure 3 shows a diagram of the effect of the ion
mirror (IME), because it is clear that most of the
parameters affecting the production of the ionic
mirror image (IMI) are the ability to scan.

The lon beam,
reflected by the
positive charge
of the sample,
scans the inner
surface of the
vacuum chamber.

Figure 3: A Schematic Diagram Revealing the Mirror Effect Phenomena [31]
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One can create a mirror ion and take advantage of
this effect and use it as a tool to obtain information
about the properties of the model's insulating
materials. Recently, a theoretical expression has
been introduced to describe the effect of an ionic
mirror on a charged specimen and produce an
inverted image. It is extremely important to focus
attention on mathematical descriptions that may
influence the effect of the ionic mirror [32,12].

Theoretical Descriptions of Charges Trapping

Actually, the inspection process behind insulator
irradiation by a charged beam is a very complicated
problem. This complication arises from several
physical and geometrical situations of the sample,
whether, the sample may be coated by a metallic
material or not, grounded with the stage or not,
separated from the stage by special distance or
not... etc. Consequently, various experimental
techniques are presented for measuring the
trapped charges that are suitable for each situation
quoted above like thermal pulse method[33, 34],
pressure wave propagation method[35, 36], Kerr
electro-optic method[37], mirror image method
[38-40] and recently the time-resolved current
method[41].

At the point when the surface of the insulator is
strike by an ion beam inside FIB instrument, some
portion of the ions will be backscattered (BS) and
the remainder will enter the surface of the
insulator. Some ions will likewise be emitted as
secondary electrons (SE). The auxiliary SE and BS
ions are consolidated and named (Ibs).At first,
incident ions will be either trapped at the defect
sites in the insulator sample (trapped
ion).Progressively, the trapped ion or trapped
charge (Q:) forms a space charge distribution. The
potential created by the trapped charge (Q:) may
slow down the arrive ions and increase (Ibs). The
inward field emerging from the trapped ions might
likewise reach strength able of de-trapping an ion
from a trapped site. Besides, a trapped ion can be
energized by the ion scattering and become a large
trapped ion is capable to diffuse over an optical
axis. The working of trapping ions is thusly
accompanied by trapping, de-trapping, and
diffusion of charge carrier processes. The charge
trapping (Q:) procedure will make a displacement
current (Id)[42]. The carrier diffusion procedure
will make a leakage current (IL), which comes from
ion de-trapping. Consequently, the conservation of
charges can be written in the form shown in Eq. (1).
The contribution from backscattered ions and

secondary electrons, Iys can be written as[41]

Iys = ol; (4)
Where o is the sum of the BS electron and SE
coefficients, which can be determined by using the
relation[43]:
(1+0U0)VS
v, ©)
where ( 0 =1). Vs is the surface potential produced
by the trapped ion and can be expressed as[22]

o =0y, +

VS - meo(g,+1)R (6)
Song and his team (1996) define defining the
relaxation time of the (Q.), i.e. the lifetime of a

trapped charge to be; e
T=—" 7
PR T ’ (8)
T €&y
la="3 9

Substituting Equations5,6,8 and 9 into Eq. (1), one
may get the following expression;
— dQ; | g:Qi (1+0y.)Qili
I = oy.I; + dt + €&y + meo(g,+1)R(Uo—Uc2) (10)
The standard solution for such a first order
ordinary differential equation may lead to the

following formula[41];

Qi =
(1+oy.)I; n
gi | (1+‘7Uo)1i
gogp | neo(gp+1)R(Uo—Uc2)
(s (t+ou.)l;
k exp [ (soer + nso(£r+1)R(U°—UC2)) t](ll)
Presently, before beginning illumination, for

example at t=0, this means that there is no trapped

charge on the surface of the insulator. Henceforth,

the steady k can be resolved as;
Kk=— (1+UU0)Ii

9i | (1+oy.)ti

eogr  meo(ep+1)R(Uo—Ug)

Therefore, Eq. (11) becomes;

1+oy, )l .
Q= (o)t x{l—exp[—(£+
gi | (1+6U0)Ii EoEp
sogr ' meo(gp+1)R(Uo—Ugg)

1+o0U°fine’er+1R(U°—UC2) £13)

(12)

The recorded stage current, be that as it may, is the

whole of Id and IL, for example
49 , 9:Q

1=t ee (14)
So,
2 € 1-2
= (1+UUo)giIi (1+¢mo) n(sr+1);—(‘ua—ucz) e_t/‘fi (15)
- . er(1+oy. )I; ‘ er(1+oy., )I;
I et DR(Uo—Ugp) i e+ DRU—Up)
Keeping in mind that,
1 . 1+oy. )I;
=9 4 (1+ou.)li (16)

T &g  me(g+1)R(Ue—Uc2)
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Where, ti is an efficient time constant. When the
irradiation time (t) is much greater than effective
time constant (ti) (t >>ti) the first term of Eq. (15)
equation becomes greater than the second term
and vice versa. At the present time, the measured
current at most comes from the leakage current
(ILs), the trapped charge is the trapped saturated
charge (QS), one may get the following expression
[41]:

(1+0u.)g:l;
s
IL - ] Er(l-HTUO)Ii (17)
it e DR(U—U )
_ (1+6U0)1i
Qs = o (eoun (18)

€oEp ! ﬂ80(8r+1)R(U°_UC2)
By substituting of Eq. (16) in Eq. (18), the following
equation can be setup;

_ Qs
Ti - (1+0'Uo)1i (19)

The total number of the trapped charge can be
determine by substituting or Eq.s (16) and (18)
into Eq. (13) to be;
Qi(t) = Qs x [1 — exp(~Yq,)] (20)

Hence, when Qs and t; are known the number of the
trapped charges at each irradiation time can be
determined by means of the last equation. Now, by
substituting of Eq. (20) into Eq. (8) and Eq. (9)
individually one may obtain the following
expression respectively[30];

IL(®) = I}[1 - exp(TYq,)](21)
Qs -
ly(t) = exp(TYq,) (22)
Here again I represents the saturation value of I,

for the case when t>>t; and so it can represent by

another form as follows;

iQs
=3 (23)

However, when the sample is entirely isolated from
the stage another experimental approach may be
used to determine the number of charges that may
trapped at the sample surface. According to that, Q.
is formulated in terms of the magnification factor
(d/d"), working distance (L) and the scanning
potential AV, as shown by the following
relation[17];

Qi =72 Vee (24)
Where d' is the output diameter of the column and
d is its counterpart in the image received by means
of mirror effect. A, is a constant that rely on the
(€;) as the following;

Aw = 2meo(gp+1) (25)

In fact Eq. (24) is derived assuming that the
incoming ions undergo a Ratherford scattering

from the charges that are trapped at the sample
surface.

Important Studies

In This Issue, eight articles follow this introduction
and are prepared to cover the most widely used
"lon Mirror Effect Phenomenon" In addition to the
current state of the latest research on a topic "lon
Mirror Effect Phenomenon”. In the first article, by
Muayyed, study the main parameters that affecting
on the ion mirror effect, It is possible calculated the
displacement current (lq), time constant and
leakage current (I.) for insulating specimens. This
study most important to estimate the time required
of insulating specimens to reach the saturation
state and estimated the radiation-induced
conductivity.[44].The second article, by Muayyed, A
new method has been proposed for a overcome on
the mirror effect. It has been established that
possible imaging the surface of insulator.[1]. The
third article, by Muayyed et al, is organized
according to the two distinct strategies (MFM, and
DM) are pursued in order to choose the amount of
ions that could be gathered at the poly-methyl-
methacrylate surface, since it is regarded to be the
most substantial factor for output (MEI) , Although,
these methodologies require different empirical set
up, practically identical outcomes are acquired[45].
The fourth article, by Muayyed, A selected
theoretical expression to study a scanning
potential (Vsc) influence on probing ion orientated
toward a charged insulator sample in sense of ion
mirror  effects by using point charge
approximation[31]. The Fifth article by Muayyedet
al. proved the possibility of using the same
procedures mathematical to study the phenomenon
of the electron mirror effect and the ion mirror
effect both. The results showed that the parameters
of the imaging beam current (Isc) and the imaging
voltage (Vs.) have an effect on the disappearance of
the mirror effect phenomenon. However, the
results show that the imaging beam current
parameters have a greater effect in controlling the
disappearance of the mirror effect
phenomenon[46],

The last three studies were presented by Muayyed
et al., dealt with the importance of applying the "lon
Mirror Effect Phenomenon" when studying the
insulator materials inside a device FIB[47-49].
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