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Effect of the Electrode Bore Angle on the Two-Electrode
Electrostatic Immersion Lens Design

M. A. Al-Khashab and A. I. M. Al-Abdullah

Physics Department, College of Science, Mosul University, Mosul, Iraq.

Received on: 27/6/2012; Accepted on: 30/10/2012

Abstract: This paper describes the influence of the front electrode bore angle on the
electron optical performance of the two-electrode electrostatic immersion lens. The
electrode bore shape is the most important geometrical parameter in any electron optical
device. Accordingly, a design of an electrostatic immersion lens is presented and its
electron optical properties are calculated and compared for different values of bore angle of
the electrode facing the incident electron beam. It has been found that the electrode bore
angle has a slight effect on the electron optical properties of the electrostatic lens design.
Moreover, the best compromise aberration coefficients are obtained at an angle equal to

(16°).

Keywords: Electrostatic lens design; Electrostatic immersion lens; Electron optical properties.

Introduction
Electrostatic lenses are used for the
extraction, focusing, deceleration and

acceleration of electron and ion beams. They are
of great importance in the design of low energy
electrostatic accelerators such as Cockcroft-
Walton and Van de Graff accelerators [1].
Recently, add-on immersion electrostatic-
magnetic lens attachments have been designed to
improve the resolution of conventional scanning
electron microscopes (SEMs) which can acquire
images with a resolution of better than 4 nm at a
landing energy of 600 eV [2].

The theory of electrostatic lenses has been
developed in the early 1930s. The solution of the
paraxial ray equation and the introduction of the
matrix formalism are illustrated in [3, 4]. The
solution of the paraxial ray equation at
relativistic energies can be found in [5, 6]. Ion
optics with rotationally symmetric electrostatic
lenses is presented in [1]. Accurate and extensive
data calculation on the objective focal properties
and the third-order aberrations of electrostatic
lenses can be found in [7, 8]. Progress in the
calculation of electron optical properties in

recent years have been reviewed in [9, 10] and
especially in [11].

Intensive studies have been rigorously
carried out to optimize the geometrical structure
and the dimensions of electrostatic lenses. New
models of asymmetrical electrostatic immersion
lenses have been introduced in [12]. An
electrostatic einzel lens fabricated using micro-
fabrication technology is described in [13]. The
design and fabrication of cylindrical multi-
element electrostatic lenses at the nanoscale
down to 140 nm in aperture diameter and 4.2 pm
in column length are presented in [14].

In this research work, we study the effect of
front electrode bore angle of a two-electrode
electrostatic immersion lens on its electron
optical properties.

Design Considerations

The cross-section of the prototype
electrostatic immersion lens as well as its
geometrical parameters and shape dimensions
are shown in Fig. 1. In the proposed design, the

Corresponding Author: A.I. M. Al-Abdullah. Email: abdullaed@yahoo.com
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voltage applied to the front electrode of
truncated conical-shaped bore, facing the
incident electron, is denoted by (V). The second
electrode, facing the image side, has a cylindrical
bore; the applied voltage is denoted by (73). The
bore diameters of the two electrodes, denoted by
(Dy) and (D»), are equal to 4 mm and 6 mm,
respectively [15]. The bore angle of the first
electrode is denoted by (60). The space between
the two electrodes, denoted by (L), is 10 mm.

FIG. 1. Cross-section of the electrostatic immersion
lens design with its geometrical parameters and
dimensions

w2 4
1 Zi([s (V) 5 (V) 3
Csi 16 V)7 qu {[4 v) Ty t

"

V%A Zi (v v ;
C.=- L(—rr —rz) V" dz
c =7z, oy tw

where (Cy;) and (C.;) are the spherical and
the chromatic aberration coefficients,
respectively, at the image plain, (Z,) and (Z;) are
the object and image plane positions,
respectively, (V;) is the potential at the image
plain, (V") and (V") are the first and second
derivatives of the axial potential, () is the
electron trajectories and (r;) is the slope of the
electron trajectories at each point which can be
found using the following paraxial ray equation:

" V_’ ’ V_” _
T (Z)+2Vr(Z)+ " r(Z)=0

The above equation can be solved numerically
using the “fourth-order Range-Kutta” method
[18].

Al-Khashab and Al-Abdullah

Procedure and Results

In order to determine the best bore angle for
the front electrode of the two-electrode
electrostatic immersion lens, the electron optical
properties are calculated and compared
systematically using constant electrode voltage
at the same “finite magnification condition” of
operation [16]. The calculation is accomplished
by using a modified version of some Munro’s
programs [16]. The modification made in this
research work involves enhancing the fine and
coarse mesh numbers in the axial and radial
directions. More accurate finite element
calculations are necessary for handling the
complicated shape design [17]. Moreover, the
programs have been modified to calculate and
illustrate the electron trajectories inside the lens
structure.

The spherical aberration coefficient C; and
the chromatic aberration coefficient C. are
considered as the best criteria for the comparison
between the optical instruments [8]. These
coefficients can be calculated numerically from
the following non-relativistic formula using
Simpson’s rule [19]:

4 W2
14 [V r33 3(V) rzz 1
— =) r r°—=|\=)r r ‘az
3(1/) 2\V Vrd

The calculation of the electron optical
properties is completed under the same
operational condition of applied voltages (V; =
100 V) and (V> = 3 kV) and using the “finite
magnification condition” with object plain
position (Z,) equal to 114 mm [15]. In this
research work, we consider the previous
parameters as constant values in the calculation
of the electron optical properties. The values of
the first electrode bore angle have been chosen
equal to (0, 5, 11, 16 and 21)°.

The axial potential distribution is calculated
for each value of the bore angle and compared in
Fig. 2. The Figure shows the axial potential
profile curves at the location of the front
electrode. These curves rise more rapidly as the
bore angle increases.
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FIG. 2. Variation of the axial potential distribution due to the variation of the electrode bore angle
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FIG. 3. Variation of the front electrode closest equipotential line trajectories with its bore angle 6

The variations of the single equipotential
line with the front electrode bore angle are
illustrated in Fig. 3. This Figure shows that the
shift of the equipotential line inside the electrode
bore becomes greater as the electrode bore angle
increases. The differences between the
equipotential line trajectories are more
noticeable at the small values of the bore angle
compared to those at the larger values of the bore

angle. As a result, a larger angle produces a
stronger stray field inside the bore.

The electron beam trajectories have also
been calculated for each value of bore angle. Fig.
4 shows a comparison of the electron trajectories
at the cross-over point for different values of the
bore angle. The Figure shows that the cross-over
points are shifted toward the image side as the
bore angle increases (i.e., as the focal length
increases).
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FIG. 5. Variation of the spherical and chromatic aberration coefficients due to the variation of the electrode bore
angle

The spherical and the chromatic aberration
coefficients are calculated for the same range of
electrode bore angles and compared with each
other as shown in Fig. 5. The calculation is
carried out at the same electrodes voltage (V;
100 V and ¥V, = 3kV). The object plain position
equals (7, 114 mm) at the “finite
magnification condition”. Fig. 5 shows that the
spherical aberration coefficient increases as the
value of the bore angle increases, while the
chromatic aberration coefficient decreases.
Accordingly, we can consider that the best
compromise aberration coefficients are obtained
at an angle of (16°).

Conclusions

We study the front-electrode bore angle for
a new design of immersion electrostatic lens
different from the planar-apertured and tubular
electrode configurations. It has been found that
the electrode bore angle has a slight effect on the
electron optical properties of the electrostatic
lens design. The spherical aberration coefficient
increases as the value of the bore angle
increases, while the chromatic aberration
coefficient decreases. The best compromise
aberration coefficients are obtained at an angle
of 16°. Larger angles produce more stray field
inside the bore. The difference between two
successive  equipotential  line  trajectories
decreases when the value of the bore angle
increases.
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Abstract: Vanadium Pentoxide (V,0s) thin films were obtained using thermal evaporation
technique on a glass substrate. Many films of different thicknesses were prepared.
Deposition rate was controlled by using a quartz monitor connected with the system and
the rate was about 5 nm per second for all films. The transmittance and reflectance of each
film, in the spectral range 300 to 900 nm, were measured from which the optical constants
(Refractive index, Absorption coefficient, Extinction coefficient and Energy gap) were
determined. The energy gap was calculated for two films (d; = 320 nm and d, = 700 nm)
and found to be 1.87 and 2.1 eV for the direct allowed transitions, respectively. All
measured values were consistent with those found in other previous studies. All our films
were found to have an amorphous structure as was shown by the XRD patterns of the films.
Keywords: Refractive index; Extinction coefficient; Optical constants; Absorption

coefficient; Vanadium Penoxide.

Introduction

Thin films of semi-conducting materials
generally have neither the same physical
properties nor the same chemistry as the
respective  bulk material. Moreover, the
preparing techniques and deposition processes
used to create films dramatically change the
physical properties of material such as refractive
index, extinction coefficient, homogeneity,
density, hardness, internal stress, adhesion to
substrate and crystal structure. Therefore, the
difference in physical properties between bulk
and thin film material depends strongly on many
factors such as the type of deposition process
itself, deposition temperature, deposition rate,
gas pressure, substrate geometry, preparation of
the coating material and the post-deposition
temperature. Vanadium pentoxide is an
important material in glass and ceramic
industries. Vanadium pentoxide is of big interest,
since it is a good catalyst and can be used in the
applications of gas sensors and other
applications. Also, it is a chemical material that

can be added to glass for coloration and to
absorb wavelengths below 359 nm. It also can be
used in ceramic resistor materials. Possible new
uses include the preparation of bismuth
vanadate ceramics for use in solid oxide fuel
cells. Another new application is in vanadium
redox batteries, a type of flow battery used for
energy storage, including large power facilities
such as wind farms. Many methods of
preparation, physical and chemical methods, are
used to prepare V,0s films: chemical vapor
deposition, magnetron sputtering, sol-gel
technology, thermal evaporation technique and
flash evaporation. The characteristics of V,0s
films are strongly dependent on the method of
their synthesis, because V,0s loses oxygen when
heated in vacuum or in reductive atmosphere;
this causes partial dislocation and oxygen
removal from the V,0s lattice, which results in
the formation of defects or a reduced phase in
the resulting layers [1-8].
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The electro-chromic properties of aqueous
sol-gel derived vanadium oxide films with
different thicknesses have been investigated [9].
Rajendra Kumar et al. have determined various
structural parameters such as lattice constants,
grain size and micro-strain and dislocation
density of V,Os thin films prepared by vacuum
evaporation. Also, the influence of deposition
temperature on the structural parameters has
been discussed [10]. Pulsed laser deposition
technique was used by Rajendara Kumar et al. to
prepare V,0s thin film thermistors [11]. Finally,
many reports have been found about the physical
properties of ;05 and its compounds, especially
glass and ceramic [12-15].
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Theoretical Background

Many methods can be used to measure the
optical constants of materials [6, 16-18], one of
which is by measuring the transmittance (7) and
reflectance (R) of the film. For a single
absorbing layer on a transparent substrate such
as vanadium pentoxide thin films on a glass
substrate, it is easy to measure the reflectance
from the film side and the transmittance through
the film. Using these measurements, we can find
the optical constants of the film material by
solving the theoretical equations that give the
values of transmittance and reflectance as a
function of wavelength and optical constants.
These relations for 7 and R can be approved, and
have been found to be as [18, 19]:

ny Exp2B1+ (g’ + ) g +h°)Ex—2 ]+ C cos(2y)+ Dsin(2y)
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where d is the film thickness, k is the extinction
coefficient of the film, s is the refractive index of
the substrate, # is the refractive index of the film
material and n, is the refractive index of air.
Solving Eq. 1 and Eq. 2 by a suitable computer
program (using Mathematica Package or Mat
lab), n and & can be found. Then, k can be used
to find the absorption coefficient a which is
related to & by [6]:

drk
a=—- 3
) 3)
In order to determine the fundamental

absorption edge from 7 measurements, the

following expression can be used:
a(hv)= Blhv-E,)" 4)

where a is the optical absorption coefficient, iv
is the incident photon energy, as a constant

called edge width parameter, E, is the optical
band gap of the material and m is the exponent,
that determines the type of electronic transition
causing the absorption. It can take values of (1/2)
for direct allowed, (3/2) for direct forbidden, 2
for indirect allowed and 3 for indirect forbidden
transitions [20].

Experimental Details

Vanadium pentoxide thin films, of different
thicknesses (320, 550 and 700 nm), were
prepared using thermal evaporation technique.
This was achieved by using Edwards Coating
System E306 A model. All samples (thin films)
were deposited on glass substrates with a
refractive index of about 1.52. The substrates
were cleaned by the usual method of cleaning;
that is: using the ultrasound cleaner filled with
acetone to clean the substrates, then filled with
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distilled water. After this, all substrates were
cleaned again with methanol and then with
distilled water. Finally, hot clean air was used to
dry the substrates. To prepare a certain sample
with a certain thickness, the substrate was
attached to a special holder in the evaporator.
Then, a powder of V,0s of purity 98.5% was
added to the Mo boat, which was 12 cm away
from the substrate, before closing the chamber to
start the evacuation and evaporation process. The
base pressure inside the chamber was less than
10° mbar. In each deposition process, two
samples were prepared for different purposes of
film characterization. After the films were
deposited, they were removed from the coating
chamber and a wvariety of characterization
techniques were employed to study their various
properties. The normal incidence reflectance (R)
and transmittance (7) of the films were measured
over the range of 300 nm to 900 nm wavelength.
A spectrophotometer, Specord M500 model, was
used for this purpose.
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Results and Discussion

The X-ray diffraction pattern of room
temperature deposited V,0s films assured their
amorphous nature. Fig. 1 shows a typical XRD
pattern of one of the as deposited V,0s thin
films. Fig. 2 shows a typical curve of the
transmittance in the visible region; i.e. from 300
nm to 900 nm for three films of different
thicknesses (320, 500 and 700 nm). It shows that
the transmittance decreases as the thickness of
the film increases. Also, more peaks
(interference fringes) appear when the film
thickness increases. Fig. 3 shows the reflectance
spectrum of the three prepared films in the same
visible spectrum as for 7. In order to measure the
optical constants, two well prepared films of
different thicknesses; i.e. d; = 320 nm and d, =
700 nm, were analyzed. As shown in Fig. 2,
there are two broad peaks for the first film;
namely at A =530 nm and 780 nm. To measure
the optical constants of this film, the measured
values of T and R were used with Eq. 1 and Eq.
2. The refractive index, (n), and the extinction
coefficient, (k), of this film for the whole
spectrum region were calculated by solving these
two equations.
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FIG. 1. X-ray diffraction pattern of an as deposited V,Os thin film on a glass substrate
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FIG. 2. The transmittance (T) curve as a function of wavelength of three V,05 films (d =320, 550 and 700 nm)
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FIG. 3. The reflectance (R) curve as a function of wavelength of three V,0s films (d = 320, 550 and 700 nm)

The calculated values of the refractive index
as a function of wavelength are shown in Fig. 4.
It appears that the refractive index of this film
decreases from 1.88 to 1.73 as wavelength
increases from 500 nm to 900 nm. These
calculated data of refractive index were fitted to
the two-term Cauchy formula. The output of this
fitting process gives us a relation between the
refractive index and the wavelength; that is:

10

51020.2
D ®

n(A)=1.68606 +

The full curve in Fig. 4 represents the fitted
data curve according to Eq. 4. This Cauchy
formula can be used to calculate the refractive
index at any wavelength.
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FIG. 4. Refractive index of V,0s film (320 nm) versus wavelength. The points represent the calculated values
and the full curve is the fitting curve according to Eq. 4

Fig. 5 shows the extinction coefficient
variation versus wavelength. As indicted in the
Figure, the extinction coefficient of this film
decreases from 0.057 to about 0.039 as
wavelength increases from 500 nm to about 620
nm, then up to 900 nm the extinction coefficient
was found to be constant with the value of about
0.039. In order to calculate the absorption
coefficient of the film, Equation 3 was used. Fig.
6 shows the behavior of the calculated values of
the absorption coefficient as a function of
wavelength. It appears that the absorption
coefficient decreases from 0.0013 nm™ to 0.0007

ooy r

nna

nnar

nns - .

Extinction coefficient

g

nm™' in the range of 500 nm to 620 nm. After this
value of wavelength, from 620 nm to 900 nm, it
becomes almost constant and equal to about
0.0007 nm™. Finally, to measure the optical
energy gap for this film, Eq. 4 was used. Fig. 7
shows that the energy gap for direct allowed
transition in this film is about 2.1 eV. This result
is reasonable and is very close to other values
found in literature. However, more accurate
values can be deduced for all optical constants if
more efficient programs for solving these
equations were used.
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FIG. 5. Extinction coefficient of an as deposited V,05 (320 nm) thin film against wavelength
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FIG. 7. (¢hv)"? versus (hv) plot for 320 nm V,Os thin film

Another V,0s film with a thickness of 700
nm was used to determine and compare the
optical constants of a larger film thickness.
Using the same procedure and equations, the
optical constants of this film were calculated.

It is clear that the transmittance is less than
that of the first film (thickness = 320 nm). The
maximum value of 7 is about 62% with three
maximal points (peaks) in the spectrum. Also,
the transmittance falls down to almost zero value
at about and less than 400 nm. Comparing with
the first film; 1.e. d; = 320 nm, there were two
broad peaks and the transmittance falls down to
zero at about 320 nm. As indicated in the Figure,
the film shows different types of absorption. In
the range of 320 to 420 nm, the film has a strong
absorption, while in the region from 420 nm to
540 nm the film has a weak absorption, and a
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medium absorption region exists in the range
from 540 nm to 900 nm.

In order to measure the optical properties,
Egs. 1 and 2 were solved. Fig. 8 shows the
calculated refractive index of this film (dot
points) as a function of wavelength interval of
500 nm to 900 nm. It appears that the refractive
index decreases from 1.94 to 1.7 as wavelength
increases from 520 nm to 900 nm. This shows
higher values of n compared with lower film
thickness as indicated in Fig. 4 for the 320 nm
film. The full curve on Fig. 8 represents the
fitted data curve where the data were fitted to the
two-term Cauchy formula. The Cauchy formula
that can be deduced from fitting data and can be
used to calculate the refractive index at any
wavelength is found to be:

109243

m2)=1.55465+—3 (6)
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FIG. 8. Refractive index of V,05 (700 nm) film versus wavelength (dot points for measured and line for fitting)

The behavior of the extinction coefficient
against wavelength is shown in Fig. 9. It appears
that the extinction coefficient decreases from
0.035 to 0.018 as wavelength increases from 500
nm to 900 nm. Using these data of k, the
absorption coefficient was calculated. Fig. 10
shows the behavior of the absorption coefficient
as a function of wavelength. As Fig. 10 shows, it
is clear that the absorption coefficient decreases
from 0.0009666 nm' to 0.00035 nm’ as

0040
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nnzoF
n0o2s f

I

Extinction coefficient

0nlsf

wavelength increases from 520 nm to 700 nm.
Then it will be constant and equal to 0.00035
nm™ in the interval of wavelength from 700 nm
to 900 nm.

Finally, the optical band gap was calculated
using Eq. 4. Using the data in Fig. 11, the optical
band gap energy for direct allowed transition
was found to be about 1.87 eV.
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FIG. 9. Extinction coefficient of the as deposited V,0s (700 nm) thin film against wavelength
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Conclusions

Thermal evaporation method was used to
prepare Vanadium Pentoxide thin films. The
films are deposited on a glass substrate at room
temperature. X-ray analysis reveals that the V,0s
films are amorphous. The transmittance
increased when the film thickness decreased.
However, more peaks appear when the thickness
increases. The refractive index was calculated
and found to decrease from 1.88 to 1.73 and
from 1.94 to 1.7 for the two analyzed films.
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Other optical constants were calculated and
found to be inconsistent with other previous
studies. The energy gap was found to be between
1.87 and 2.1 eV for direct allowed transition. All
measured values were consistent and very close
to those found in other previous studies.
However, using more accurate and faster
programs may give more accurate values.
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ol

Sample No. S-27 S-34 S-28 S-32% S-22

(Leslid)
Ea (MeV) 5.1 4 3 1.8 1.2
Irrd. Time 12 12
i B(V'?) BV
0 0.0363 0.0363 0.0363 0.0363  0.0363 S-32  0.0363
3 0.0454  0.0356 0.0399 S-27  0.0363
6 0.0437 0.0347 0.0342 0.0355 S-17  0.0363
9 0.0445 0.0405 0.0354 0.0356 0.0325 S-18  0.0363
12 0.0351  0.0195 0.0341 S-24  0.0363
15 0.040  0.0433 0.0347 0.0278 S-3 0.0363
18 0.0411  0.0422 0.0349 S-14  0.0363
22 0.0079  0.0448 0.038 0.0356  0.0293 S-7 0.0363
26 0.009 0.0404 0.0344 0.0317 S-28  0.0363
30 0.0318 0.0437 0.0353 0.0359 0.0338
After 1day  0.0018  0.0522  0.0356 0.0393  0.0351
*The results of the samples are normalized according to sample S-32.
0.07
MIS: Au-Ta, Os-Gaks
Alpha irradiated sample
0.06 F Normalized relative to
Y $-32 of Ed =1.8 MeV
= o0s5 | .
D (]
2 L
= 004 Ly
= ——
Z 003 :
E Alpha Enerqgy !
2 {MeV) |
Z 002 45y sa7 | W !
‘l: —=—10 534 i
o0l | ——30 S8 i
—— 1.8 532 |
. —e—12 S22 _ ) _ ) i
0 5 10 15 20 25 30 I 1d after

Irradiation time, t,, (min)

Ll oo (oo dalnas by gundll Gy (B) Hhald Jall Jole oo @Ml 2(5) <l
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Jole Spp s dblusll Lalsall Vy ol B dua
123 1] cus (JS556 = s

1/2
_ q _
Bpr {—ﬂ ce.d } 206 Q)

(¥4
SSisd el Lkl
it bl Aayill (3) Wolaall o B g (tie0T)

Ladll Glua Gey

P Ger©XP.) Lo G gunall pilly Ly lhos Gaaciall
Landiall yu2 Ll WLl o sual B pad Juae iy
Lilull £ Jaill Jole pad Cun sl (3) Jsaadl 8 LS
Tt Jlia s danciall ililly dandioll . decaldl
st Ll Lol Gylaally il il G e

Wua 6.33% Selahy Y 5Hla dandiall

B sep(theor)=0.034 (Voit)"”,
B gerr(€xp.)=0.0363 (Volr)'"

MeV (3 (1.8 (1.2) cllhll dasdadl Wilall L
Ol (Kot Jala) Uplie Lt 00y Fgep Jolall ol
sie Shakill slasly Jali 85 o DS Loadiuwall gl
R s (A Ay (26-9) ol MeV 1.2 Gl
woid MeV (5 4) oumlhll e JS e 5 IS
ey 4.0 MeV @Gl (0.0195-0.0522) V2 o
Jas ldas .5.1 MeV @&l (0.0018-0.0454) V72
Sala iyl (b 5 USy O35 Gl Gila OF (e
e MlS Galall plin) L8 palaas¥) il 05 agall
(5) JSalls .4 MeV &bl &gy 12 gads (o)
Lilall gl Gojs () Ja Jole G @Ml ey
sy Lond dilisg oloj¥s dalias Wl clity dandioll
@:...‘.".SJ\ Gl e (P Jall Jole s (6) Jead
IS Lelas Y ole jall

oA Spasell MIS kils & Ll Ja &1 o
sl &ilas¥) si (Schottky emission) Sisd cla!
Jaas il @Yl haal (thermo-ionic emission)
Lba Topgtal) ligY) Juney Gl Laz¥)
ghedl wie (Voltage barrier) wgall jals i il
(Conduction band) Jussill Loja Jals I il
iy s 5l o L S 01 alS G i 21
ol GliKs L[22] o¥lall Lasd (Poole-Frenkel)
[21] Aolaally i yuatll oSay (65l pall landl

J=Ax T exp{(qBSV”2 —pg) KT} (1)

4z m.K?
PE

Es 0oy &l g bl LIS 0 J &
Ks dlhall §)lall dayo T dabuall ilgl Jlaall
Grs LD i g (LS A My (Oloyilsn Sl
sl el b Jlall i (ailsill agall Sala plis))
Richardson effective ) Jladll &g bic, culd 4%
e sainy fua n-GaAs 1 8 (glas 4iaids (constant
lolaally by (Sipd Jale of L[21] Ll Gt

1/2
q
B .,.=|—1
seff |:47Z'6‘6‘0 dOX} (3)

Lalow €5 MOS 5 welo¥l dass d,y Gua

(Ta;05) psallisall seenSsY ppnall J3all uld £5 o1l

A x ©)

Gy — Je il e Jesladl alaas¥l o)
ool agall sals & (Poole—Frenkel effect)
Goo gl GAERYI M (g shouy (ail sl dailall K1 5al
sl oLl & Jies ) @dally [21] (Sspa il
ot JSi T U

J=BVexp {(qBpp W ¢ pr)! KT} (4)

43



Article

Current,I (uA)

410000

Oosaly el

[]

Ea=1.2 MeV
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—o— Omin
—{r— 9
—&— 15
Irrad. Time | —¢— 22
—%— 26
—e— 30

-24

2

-1.6 -1.2

-0.8

-0.4 0

04 08 1.2 16 2 2.4

Applied voltage, V (volt)

Galins Glosl Ll clogea (o dalias clilhy Laadell Lilall 44158 -,Ls ailad :(4a-€) JSo¥

il el Jaall claays MeV (5.1-12)
(D) 8l Jole Glua (Ko ale daslil) cliaioll
gl 5l ey bl B lall J& e Gengall
caliatall dlsb Juall ol midgs (2) Jsually - Lead

daadiall MIS dhags & Lall Jas LfF
“Oaas g i Go Aai Ll JE 4T e oyl
oy el w8 AN 8ya oo B hese 4l —Jile
( Log (V)= E") ey (4 a-¢) Gl JISa)
2 bl Wilall ALyl Jlaall 8l B Jioy S
cllay Ll um Lancall bilill dliey dandall

fanitoall bilyills danctall 5t Lyl Lilall Jyadl g £(2) J i

Ll ciloenasy daadiall a2 Laiball

Sample No.  S-27  S-34  S28  S-32% S22 (L)

Bo(MeV) 51 4 3 1.8 1.2 Slope

Irrd. T¥me Slope (cm'2/ Q V'? Sample No. (cm'?/ Q V")

tir (Min)

0 0314 0314 0314 0314 0314 S-32 0.314
3 0393 0.304 0.345 S-27 0.314
6 0379 0307 0311  0.307 S-17 0.314
9 0385 0348 0321 0308 0.282 S-18 0.314
12 0304  0.167 0.295 S-24 0.314
15 0346 0372 0315 0.240 S-3 0.314
18 0356  0.363 0.302 S-14 0.314
22 0.068 0385 0345 0308 0.254 S-7 0.314
26 0.077 0347 0312 0.274 S-28 0.314
30 0275 0445 0322 0310 0.293

After Iday ~ 0.016 0.449 0323 0346  0.303

*The results of the samples are normalized according to sample S-32.
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Adlsl il MeV (3.0 .1.8) gl gasal
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Oosaly el
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(traps) oailsd Slisios 05 Of (Seu eladd) alil)
3o all phadl sie cligasyl el e Joss
Wb Jaly Jailsdll Gee Cun lday (Tay0s-GaAs
il dy5 ey (Tay0s) asalluiall wauSs¥ skl
Lo 85 L Lpaads wals asy el gaddll aay
dapill 54 Las ST Jay 4y o $ulyj ol e Ll
Shad¥l b Jals el SLai¥) G daadedl e
Lails 5 o atlall o s 1 gl

il il Glaws sy Lagile (4 ¢,d) oM L
Lulyall wi MIS il & MeV (3.0 .1.8)
olos lulle G“.S.d\g uo\.a}(\ Unlowad] Ll gall U_Ma..\.u
TS IS PRI | SIS (T FRERFS [
oo bl i A uasls kil sl Lisd Jla of
gl go @l danitiall bilill Leladd) e yall 5005
Ouilgd Bsale 58li ssas pie Gud 3 daadall y
Al pailad & Gl

OF M i o8 sbadl 1ia (3 patipll sl )
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LAl @jlie Ja| g o dilews wic Bolal) & gl
LSlias w3 ) 48,a0 Gl oL MeV (5.1 .4.0)
Gpwyiall Gl N Lold LS 0 s<5 Sudsiall odllall
cOllall sda Jags ¥ ud gdll yo¥) (Gl Guila G
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OBl (ady Lowd (uall aady o) Led 3 1yl
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MIS: Au-Ta;Os5-GaAs hilal &byl paibadll & W Slaguas il
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A ol W cloga o Unsill (& Tauu 3l L)
‘LL&U-'@-H]‘CLAJ‘@#J—IJA@-\J\—!LM .\.‘_9.:.\.&
Gt Lyl abgieadl sda o) [16] Jile-Jusse
J17] ) el i Tactll 2)sla b L Lo
oy OsS Lotie Ll Lgbiay Tand gt O by 1
Go Badag MeV 5.1 Gllall Gds 22 oguny ol
o dals sy Dl Uil olsd o 4 S|
pilo Gl Gigan ay Lao Loy Bylias uai (uldl]
Akl L& (Permanent)

Ol o puuall slas¥ly (I-V) Lalgs — 5L paibiad Ll
-0) Lassiall gl olojl wie Ll 8 Als 80k Jlia
we skl b 8uS Bul Jua Of o A dags (12
bl sol I srm A8 liag dids (22-12) olesY
¥l g sulgtall abdl el

ol (4b) Jall (o aai MeV 4 il guaally
TV o Jal ol ole¥) ¥l &tlpdd Sl (& il
an o Beals JSEs slojus «Bilis 6 Cey am Tay
Muﬁmw\ﬁwb%mm.‘ZZ
ani LS paill o Olo¥) sdgd Lo Less Ttk Ll
sy 12 o3l MJMJLJ\M.A&»JLUUJM\U\
oo g\;m el Olos¥ Lol dandiall yuz danilly 4..,\.@.4
Gioaa Lol @il 1 Voo Jal dalealy dags 22
Gandiall jpp dbpll L L)lie Ll B J_Lu Olak
Dl s el Jsan (sl oo lkis 0sSs Llals
Gkl Bul; b Jeludl lia Ll (o) Bubyy e
glosl s e Jons Cndall glad¥ o I o
Tl cels st e i Jilall 3 838 =009,
[19 18 13] Jile-dmso auid il bl b
il cliadl) 063 O 3 bl dand (A Bolyj U
il Sl mladl wic sl wanSe¥ b plad¥l dam
il & oebdll AL 55La) Wy aseSsl ol
ligyisally cbola daal Jo plad¥) ) dassll pau e
o igadiall Slagually [20] X- dasly wulig,s<I¥ls
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B oS Sy i Ll Slesea o) Jslll OSey iles
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Lils) dad mola GnsS (I (g Bolell sda 4
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(I-V) Lalgs -5l paibad mags (4a-e) JS2Y)
oo MeV (5.1-1.2) Wi cililhy dasdel hulall
(4a) JSall mssy ipdll §)a A )0 b dalide poads
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Article O9yals (apaill

MIS: Au-Ta,05-GaAs i Lalf claeuad Olusdl) Janes Bl i yially Aadlod] clEUall $(1) Jgaad)
Deposited Transmitted

MIS Incident energy =~ Average energy loss Range energy energy
Layer E, (MeV) dEy/dx (MeV/mm) Ry (um) E, (MoV) E, (MeV)
5.1 450.525 8.632 0.045 5.055
Au 4.0 504.4 6.378 0.0504 3.9496
(0.1m) 3.0 570 4.528 0.057 2.943
R 1.8 676 2.558 0.0676 1.732
1.2 725.9 1.675 0.0726 1.1274
5.055 243.641 15.596 0.0122 5.0428
3.9496 274.604 11.385 0.0137 3.9359
Ta;05 2.943 312.132 7.961 0.0156 2.9274
(0.05pum)
1.732 375.628 4.362 0.0188 1.7132
1.1274 411.725 2.726 0.0206 1.1068
5.0428 229.463 16.485 5.0428 -
GaAs 3.9359 260.47 11.989 3.9359 -—--
450 2.9274 298.644 8.348 2.9274 -
(450pm) 1.7132 362.4 4.542 1.7132
1.1068 397.665 2.872 1.1068 -—--
Ec - 5.1 4.0 3.0 1.8 1.2
(Mew)
R - 8. 632 65.378 4.528 2558 1.675 I
('JI‘I‘I) L L - - L 4
0.1 pm
E - H.0595 3.949 2.9435 1.732 11274
{MeV) L 4 w R - -
Ta20s 00Spm
Re - 15.59 11.38 F.OG1 4362 2. 726
(umj}
Ec = H.042 3.935 29027 1.713 1.106 ::
{MeV) . S
. S 2.876
4.542
Ry = SR, SN
(m) 8.348 450pm

MIS: Au-Ta,05-GaAs i b Wl Elogead GIaEall Juns g 338l Lo ytally Undlad) SlilAl) Llis 3(3) Sl

A1 sas (450pm ssany) S solall sigh aasianll  (3) JSall o dliSy (1) Jsuadl Go adl LS
Sule b dondioall Gl W Slaps o G0 580 L slue GaAs Lih i Gkl Oluli Juse Ol
Bolell sda Ll IS i W clages 0l GaAs el (¥ Ta0s wuSo¥l @ik b ohaial] Juned
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Bansl Gkl Glud Jame e Gun (1) JSaN
S Skl W Slags Bl go (-dE/dX) jlsel|
o yebas ) «(Au-Tay05-GaAs) :MIS dawsll <4
SN sl gedl b i bailly oty Gl olasa o Sl
O adl O waly wdy OlaE el & GNERY) a
agill Loy ~1 MeV Gkl e diaay Wl Gl
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JSE e Glbl clings aladinly ol o3 ud
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times of (0-30) min. The irradiation solid angle was small to maintain the alpha particles normally
incident on the devices. The maximum energy (5.1 MeV) of the alpha particles is attenuated to lesser
energies by situating polymer sheets with different thicknesses in front of the incident particles. The
energy loss and the range of alpha particles within the layers of the device; the gold (Au), the
tantalum oxide(Ta,0s) and the gallium arsenide(GaAs), are calculated to determine the way of losing
the alpha particles of their energies, the amount of the produced damage and the point where the
maximum energy loss is taking place within the device. The irradiation showed an effect on the
electrical properties of the device, and this effect is found to be varied with the particles energy and
the irradiation time. The I-V characteristics showed that the current transition mechanism is Shottky
for most of the cases of irradiation and Poole-Frenkel for some cases. These characteristics also
showed a permanent damage in the device at energies of (1.2 and 5.1) MeV, and a temporary effect

at energies of 4 MeV, while there was no significant effect at energies of (1.8 and 3) MeV.
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Effect of Alpha Particles on the Electrical Characteristics of the
MIS: Au-Ta,05-GaAs Devices

S. H.S. Alnia'emi®, A.S. Al-Rawass” and S.M.B Al-Abasee®

a- Physics Department, College of Education, Mosul University, Mosul, Iraq.

b- Basic Sciences Department, Faculty of Dentistry, Mosul University, Mosul, Iraq.
c- Teacher Preparation Institute, Directorate of Education in Nineveh, Nineveh, Iraq.

Abstract: The paper aims to study the effect of alpha particles on the electrical properties of
MIS:Au-Ta,05-GaAs devices and on the electrical current transition mechanism. The devices are
prepared by deposing a layer of gold with a thickness of 1000 A by using the thermal evaporation
method under a pressure of 10 torr to form the upper gate of the MIS construction. The prepared
devices are irradiated with alpha particles from a *** Ra source (0.5 pCi). The irradiation is
performed under room temperature with alpha energies of (1.2, 1.8, 3, 4, 5.1) MeV for different
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The Variation of the Observed Flux from a Neutron Star by Its Gravitational
Field

M. A. Alobayde and S.E. Khaleel
Physics Department, College of Science, Mosul University, Mosul, Iraq.

Abstract: By using Schwarzschild spacetime for describing the space time of the spherical
symmetric neutron star, the conservation of the emitted power and the gravitational red shift, a
relation connecting the observed flux with the strength of the gravitational field of a neutron star and
the emission angle has been found. The relation shows that the observed flux depends on the time
component of Schwarzschild tensor of the emission region, the emission angle, the observed flux
density and the distance to the neutron star.

Keywords: General relativity, Cosmology, Neutron star, Radiation emission, Gravitational red shift.
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Determination of the Bulk Etch Rate of the Nuclear Track Detector CR-39
Using Le-D Method

S. H. S. Al-Nia'emi and Y. Y. Kasim
Physics Department, College of Education, Mosul University, Mosul, Iraq.

Abstract: The bulk etch rate (V) and the track etch rate (Vr) are important parameters in
identifying the track profiles and their growing rate. The aim of this paper is to determine the bulk
etch rate of CR-39 detector using the track's diameter-length (Le-D) measurement method by
irradiating the detector with different energies of alpha particles from **'Am source. Different
normalities of the chemical solution NaOH at a temperature of (70+1) °C are used in etching the
detectors to measure the track's lengths and diameters at different etching times corresponding to the
energy of the incident particles and the etchant normality. The paper also aims to find the bulk etch
rate by using the method of direct measurement of the removed layer thickness from the detector
surface through alternating etching processes using normalities of (5.5-8) N. It is necessary to
mention here that this method does not require to irradiate the detector with alpha particles. The bulk
etch rate (Vg) values of CR-39 detector found by Le-D method were (1.137-1.919) pm.hr' at
normalities of (5.5-7.5) N. They showed good agreement with the values measured by the removed
layer method which were (0.944-1.831) pm.hr', and they also showed good agreement with other
values which resulted by Gruhn et al. for the same normalities. The Vg measured by Le-D method
also showed good agreement with the fitting curve produced by fitting the experimental results of
both methods, which showed Vg between (1.0418-1.845) um.hr' for the same normalities, in
addition to good agreement with results of other studies using different methods.
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