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Effects of composition and substrate temperature on the optical properties of
CulnSe, thin-film

E. M. Ashmila !, M. A. Shaktor?, and K. I. QahwatK®
13 Faculty of Education, University of EI-Mergib,
2 Faculty of science, University of EI-Mergib

Abstract: In this paper, the optical properties of CulnSe, thin films prepared by Stacked
Elemental Layers (SEL) technique have been studied. The thin films were deposited in an
evacuated chamber (<10 torr) by evaporating Cu, In and Se from electrically controlled heating
appropriate crucible, then they were annealed under argon atmosphere at different temperatures
and time. The band gap of CulnSe, was measured from the absorption spectrum. It was observed
that the values obtained were strongly dependent on the Cu/In ratio and the annealing time and
temperature. The optical properties of the films were characterized by transmission
spectrophotometer measurements. The band gap of the samples was estimated using optical
transmittance and found to be ~ 1.03 eV.

Keywords: CulnSe; thin film, photovoltaic energy, absorption coefficient of CulnSe,

1- Introduction

CulnSe; (CIS) thin film is a direct band gap material with band gap ~1.03 eV, high optical
absorption coefficient (>10°cm™), reasonable work function, good stability and large efficiency
(it achieved an efficiency of 17%) [1,2]. Therefore, these properties make CulnSe; a promising
material for photovoltaic applications [3, 4].

It is known that the electrical, optical, morphological and structural properties of this material are
strongly influenced by the elaboration technique used, and by other several experimental
parameters.

Several techniques are used for elaborating this material, among them: Close spaced vapour
transport (CSVT) [5], RF sputtering [6, 7], Spray pyrolysis [8], Atomic layer deposition [9],
Electrodeposition [10, 11], Stacked Elemental Layer (SEL) [12] etc.
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2 - Experimental procedure

A microscopic slide glass with dimension 25 x 75 mm, was used as a substrate. It has been
mounted inside a holder fixed to the upper side of a rotating wheel, installed inside an evacuation
chamber (< 10 torr). The substrate was mechanically placed above the elemental sources at
about 17 cm, from each of them successively by rotating the wheel. The temperature of the
substrate was monitored by control nickel - nickel chrome thermocouples connected to the
substrate to observe any increasing in the substrate temperature. Each of these sources was
connected to a suitable power supply. Because of the very high temperature needed to evaporate
Cu and In (2336 °C, 2000 °C respectively) a cooling system has been used to cool down the

holders of these sources to keep a reasonable temperature inside the evacuation chamber.

Deposition rate of the elemental materials and the thicknesses of deposited layers have been
monitored by a quartz crystal monitor, which was mounted near the upper side of the wheel, at
the level of the substrate, and in the middle of the evacuated system. To prevent quarts monitor
heating, it was connected to the cooling system also.

Two mechanical controlled shutters have been used to screen/unscreen both Cu and In sources
simultaneously and the Se source the other time, while the second one used as an additional
shutter to screen the Se source, to ensure shielding the Se source until it cools down the Se
evaporation temperature (688 °C), which takes time up to five minutes. Each source has been

shielded from other sources by fixed shields installed between the sources.

3 - Optical properties of CulnSe;:

Major sources of information about the band structure and energy levels are the optical
properties. Most of the data reported about CulnSe, are for the energy range near the
fundamental absorption edge. The results published are contradictory, and even the fundamental
gap energies scatter widely. The main reason for this discrepancies is the tendency of CulnSe; to
deviate from stoichiometry, which gives rise to high intrinsic defect concentrations that influence
not only the electrical but also the optical properties of CulnSe,. The optical properties are highly
dependent on films composition, defect chemistry, and growth parameters and are dominated by

the degree and manner of polycrystallinity, including features such as rough surfaces and
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secondary phases at free surfaces and grain boundaries. The absorption edge is observed to be
quite abrupt for both the thin films and single crystals indicative of a direct band gap
semiconductor. Values for the direct valence to conduction band transition energies and
corresponding valence band splitting due to spin orbit interaction can be extrapolated from the
optical data [14]. It is well established that CulnSe; is a direct-gap semiconductor with the band
extreme located at the center of the Brillouin zone. It has been shown that the dependence of the

absorption coefficient « on the photon energy hv at the band gap edge is always follows the
relation:

A
a(hv) = — (hv — E)Y/? 1)
where A is a constant.

The fundamental transition E_is derived by extrapolating (athv)? vs (hv) to the photon energy

axis intercept [14]. Figure 1, represents the typical (O(hv)2 Vs photon energy.
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Figure 1: The typical (ahv)? as a function of energy [16].
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This result indicates that the fundamental edge is due to direct allowed transitions between

parabolic bands. From the theoretical point of view it is evident that the most reliable Eg value

must be expected from an analysis of the optical absorption spectra of thin films. Only in this

case the absorption spectrum can be measured up to photon energies well above Eg where all

other factors affect the shape of the absorption become negligible and Eqgn. 1 is valid. The room
temperature gap energy is found to be (1.02£0.01) eV [14].

For energies lower than the band gap edge, the curve is not linear as expected from Eqn.1. This
behavior is expected from the transitions associated with phonon absorption in this energy range.
The absorption coefficient related the transition with phonon absorption is given by

_ B(hv—Egi+Ep)?
"~ (exp Ep/kT)-1

)
where B is a constant nearly independent on the photon energy, Ep is the phonon energy, Egi is

the indirect energy gap, T is the absolute temperature, and k is the Boltzmann constant .

As a function of composition, the absorption coefficient increases as the [Cu]/[In] ratio
approaches unity, with band gap energy (~1) eV and then drops off sharply for copper rich
material [15]. Near stoichiometry and Cu-rich films exhibit an onset of absorption at higher
photon wavelength than do Cu-poor which will decrease the effective band gap. Copper rich

films exhibited tail absorption (above 103 cm™) below the band gap edge [15]. This tailing is
believed to be related with the secondary phase Cu,.sSe at grain boundaries and free surfaces. It
was found that the decrease in the measured gap energy was always connected with an increase
of the tail absorption well below the gap energy. To account for this result it may be suggested
that band gap narrowing effects due to high free carrier and impurity concentrations which are
responsible for the observed variations in the gap energies of CulnSe, in single crystal [13].

NaCN - based chemical treatment of CulnSe; to remove the Cu; xSe phase results in decreasing
of the tail absorption, increasing the band gap and change the composition of the film. The band
gap energies varied from maximum values for the samples with the lowest electron and impurity

concentration to the minimum values for the highest electron and impurity concentration [15].
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The gap energies determined from optical spectra of thin films are practically same and close to
the gap energies derived from un-doped single crystal, which indicate the small effect of the
band gap narrowing in thin films [13].

The fundamental transition usually near 1.02 eV for most thin films and near 0.95 -0.96 eV for
single crystals for several causes:

1. Grain boundaries are sources of electric fields in polycrystalline materials. Dow-Red field
model, predicts changes in the absorption characteristics as a result of these fields.

2. A more likely reason is differences (although slight) in the stoichiometry and
compositional uniformity between the single crystals and the thin films. In connect with
the last point, the heat treatment affects the films homogeneity and increases the crystal
size which lead to gaps energies approximately same as those of single crystal.

4 - Methodology

The absorption coefficient was determined at room temperature from transmission measurements
made in the spectral range 11200-14000 nm, using MDR-3 photomonochromator. The
transmitted photons were detected by a PbS detector and fed to Lock-in amplifier referenced to

light chopper. The transmitted spectrum as a function of wavelength is recorded by PC computer,

Figure. 2.

PbS
detector [~

— Lock - in

[ MDR - 3

monochromato
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Figure 2: Scheme of the absorption apparatus.
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The absorption coefficient was measured from the relation:

1 s
a=— E In (m) (3)

where d is the thickness of the thin films, I, and [ are the incident and transmitted light, and R is

the reflectivity, its accepted value is 0.3.

1
The absorption coefficient was found to fit the form ahv~(hv — Ej) /2 in the high energy

side of the curve indicating a direct energy gap, which is in agreement with the most of articles
published about this material [13]. The energy gaps were calculated by extrapolating of the
straight line section of the (athv)? vs hv to the intersection point with energy axis.

5 - Results and discussions:

A typical absorption spectrum for CulnSe, with near stoichiometric composition ( 25.44 Cu at.
%, 24.97 In al. %, 49.59 Se at. %), as seen in Figure 3, is characterized by the abruptly
increasing of the absorption coefficient at the band gap edge value (~1eV) and reaches very high
values (> 10* cm™ ) indicating a direct band gap.

Absorption coefficient values are affected by many factors, including initial composition,
annealing environmental condition and annealing time.

The principal annealing at 400°C in vacuum or argon for 40 minutes is not enough to obtain a
good quality of CulnSe, films [12]. Additional annealing in air improves the transmittance of
samples in the low energy region and affects the photo response as well.

5.1 - Absorption coefficient dependence on the annealing time and temperature:

CulnSe; thin films with the same composition have been annealed in different temperatures in
argon ambient for 40 minutes. Figure 3, shows the absorption coefficient, « for these samples as
a function of photon energy. Films have been annealed at 250°C and 300°C show low
transmittance in energies ranges less than the band gap. The films have been annealed at 400°C,
450°C and 500°C exhibit high transmittance and the absorption coefficient increases abruptly at
band gap value with steeper absorption edges. The morphology improvement and the dominating
of the chalcopyrite phase are the main reasons for these changes [12]. The band edge becomes
nearly insensitive to the annealing temperature in the range 400°C-450°C. Annealing at higher
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temperatures causes samples' damage. Film’s color became light brown and transparent, and

seems to be completely out of chalcopyrite phase.
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Figure 3: The absorption spectrum of four samples with near stoichiometry

composition annealed in different temperature for 40 minutes.

The chalcopyrite phase structure is formed in the first few minutes of annealing, two to five
minutes. The time of annealing has a considerable effect on the chalcopyrite phase which
determines the quality of the CulnSe; thin film. In Figure 4, six parts from one sample with near
stoichiometry composition have been annealed at 400 °C for different times, 25, 30, 35, 40, 45
and 50 minutes. Samples annealed for time less than 35 minutes were with very poor absorption
spectrum and exhibit very low transmittance indicating the not good crystallization and the
dominating of not chalcopyrite phase. As the time of annealing become more than 30 minutes the
band gap edge become steeper and the transmittance in low energy side increases. Increasing the
time of annealing to 40, 45 and 50 minutes improve the transmittance of the thin films. The
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growth of the crystal at boundaries and the dominating of the chalcopyrite phase are the main

reasons for the improvement of the absorption spectrum.
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\ \ | \
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Figure 4 Six parts from the same samples were annealed for different times at 400°C.

Additional annealing in air is important to improve the absorption spectrum of the thin films. In
order to demonstrate the effect of the annealing in air at low temperature (not > 150°C) on the
absorption coefficient, the absorption spectrums for two samples with different compositions
have been measured before and after annealing in air for two hours at 130 °C. Figure 5,
represents the absorption coefficients as function of photon energy for these samples. It is
obvious from these spectra that a principal change in the thin film structure has taken place after

annealing in air.
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Figure 5: Absorption coefficients of two samples as a function of photon energy

before and after additional annealing in air.

The most important result from the additional annealing is that the films become more
homogeneous and the degree of compensation decreases. This effect can be observed in the low
energy region of the absorption spectrum. The next important result is the growth of the crystal
which improves the grain boundaries and affects the gap energy value. Traces of oxygen were
detected by electron microprobe analysis in films have been annealed in air, and it is believed
that the oxygen incorporation to the compound improves its optical and electrical properties.

The annealing for longer time or the annealing at higher temperatures causes the damage of the

films which became pinhole.
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5.2- Absorption coefficient and the transmittance dependence on the [Cu]/[In] ratio:

CulnSe; thin films with different Cu/In ratios from 0.82 to 1.27 have been annealed in argon for
40 minute at 400°C. In figure 6, the absorption coefficients at the band edge (~1 eV) for these
films as a function of the Cu/ln ratio are shown. The absorption coefficient increases as the

[Cu]/[In] ratio approaches unity and then drops off for Cu rich films.

2.1

a x 104(em™1)

1.8r- .

LT8's 09 ] i1 12 13

Cu/In ratio

Figure 6: The absorption coefficient at band energy edge as a function of Cu/In ratio.

The transmittance of the thin films increases as the In increases, while the increasing of Cu
content to the ideal stoichiometry value (25 at. %) decreases the transmittance. Samples exhibit
good transmittance if they are little Cu poor (Cu not > 23.5 at. %). In Figure 7, three samples
with different Cu/In ratios have been annealed under same condition as functions of wavelength

are represented.
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Figure 7: The transmittance for samples with different Cu/In ratio as a function of wavelength.

5.3 - CulnSe; band gap

The band gap for different composition CulnSe, films have been extrapolated from the (ahv)?
intersection with photon energy axis ‘at a = 0. In Figure 8, the (O(hv)2 as a function of photon
energy for five samples with nearly the same Se content (49.5 < Se < 50 at. %) are shown. Two
of them are little Cu poor (Cu 23.8 at. %) the other three are near stoichiometry and Cu-rich (Cu
24.5 - 26.7 at. %). Films with little Cu poor compositions exhibit the higher band gap values and
less absorption tailing.

The band gap values were significantly affected by the additional annealing in the air at

temperatures not more than 150°C. The band gaps for the samples shown in Figure 3 are

extrapolated from the (ochv)2 vs photon energy and are shown in Figure 8. It is very clear that
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there is a gap shifting towards higher values with reducing of the tailing absorption. The highest

band gaps' values obtained from samples with little Cu (~2 3 at. %) and are bit more than 1.0 eV.

4.00F  band gap (eV) -
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i s 0.982 7
- e 0.967 .
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) (9.85 0.90 0.95 1.00 1.05

Figure 8: h (eV)

The (ahv)? as a function of photon energy for five samples

6- Conclusion

The band gap of CulnSe; was measured from the absorption spectrum. The values obtained were
strongly dependent on the Cu/In ratio and the annealing time and temperature. However, the
absorption coefficient increases as the Cu/In increases to reach unity then drops down for higher
values. The lower energy side of the gap edge exhibited tail absorption especially for Cu rich
films. The Cuy,.;Se binary phase which forms at surfaces grain boundaries is expected to be
reason for this effect. The Cu.sSe has high absorption coefficient (>10° cm™) at these energies,

which supports this explanation. The absorption coefficient for CulnSe, with copper poor
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composition (Cux23.5 at. %) was (>2¥10* cm™). Band gaps have been extrapolated from the

absorption coefficient were in agreement with those measured from the photoconductivity and

with those published.

Annealing at higher temperatures destroyed films by re-evaporation of Se and films exhibited

pinholes.

7- References

1. S.N. Kundu, M. Basu, S. Chaudhuri, A.K. Pal, "CulnSe2 Films Produced by Graphite
Box Annealing of Multilayer Precursors”, Thin Solid Films, Vol. 339, N°1-2, pp. 44 - 50,
1999.

2. B. Eisener, M. Wagner, D. Wolf and G. Muller, "Study of the Intrinsic Defects in
Solution Grown CulnSe2 Crystals Depending on the Path of Crystallization"”, Journal of
Crystal Growth, Vol. 198-199, pp. 321-324, 1999.

3. J.A.M. AbuShama, S. Johnston and R. Noufi, "Bandlike and Localized Defects States in
CulnSe2 Solar Cells", Journal of Physics and Chemistry of Solids, Vol. 66, pp. 1855 —
1857, 2005.

4. G. E. A. Muftah, E. M. Ashmila, "CulnTe2 Layer for Solar Cells Applications”, Al-
Tarbawi Journal, Al-Khoms. Libya, No. 13, pp 345-355, July 2018.

5. O. Tesson, M. Morsli, A. Bonnet, V. Jousseaume, L. Cattin and G. Massé, "Electrical
Characterization of CulnSe2 Thin Films for Solar Cells Application”, Optical Materials,
Vol. 9, N°1-4, pp. 511 — 515, 1998.

6. M. D. Kannan, R. Balasundaraprabhu, S. Jayakumar and P. Ramanathaswamy,
"Preparation and Study of Structural and Optical Properties of CSVT Deposited CulnSe2
thin Films", Solar Energy Materials and Solar Cells, 81, N°3, pp. 379-395, 2004.

7. H.S. Lee, H. Okada, A. Wakahara, T. Ohshima, H. Itoh, S. Kawatika, M. Imaizumi, S.
Matsuda and A. Yoshida, "3MeV Electron Irradiation-induced in CulnSe2 Thin Films",
Journal of Physics and Chemistry of Solids, Vol. 64, N°9-10, pp. 1887 — 1890, 2003.

8. T. Terasako, Y. Uno, T. Kariya and S. Shirakata, "Structural and Optical Properties of In-
rich Cu-In-Se Polycrystalline Thin Films Prepared By Chemical Spray Pyrolysis", Solar
Energy Materials and Solar Cells, Vol. 90, N°3, pp. 262 — 275, 2006.

http://tarbawej.elmergib.edu.ly 141



/‘i Journal of Educational 1.5 ) Ll Jelas
i
L

6 5= A Ao

ISSN: 2011- 421X 21 2l
Arcif Q3

10.

11.

12.

13.

14.
15.

C. Platzer-Bjorkman, J. Lu, J. Kessler and L. Stolt, "Interface Study of CulnSe2 /ZnO
and Cu(In,Ga)Se2/Zn0O Devices using ALD ZnO Buffer Layers"”, Thin Solid Films, Vol.
431-432, pp. 321 — 325, 2003.

G. E. A. Muftah, A. M. Alshuaib, E. M. Ashmila, "Electrodeposition of Semiconductors
CulnSe2 Thin Film Solar Cells", Al-Tarbawi Journal, Al-Khoms. Libya, No. 13, pp 345-
355, July 2018.

C.J. Huang, T.H. Meen, M.Y. Lai and W.R. Chen, ‘Formation of CulnSe2 Thin Films on
Flexible Substrate by Electrodeposition (ED) Technique’, Solar Energy Materials and
Solar Cells, Vol. 82, N°4, pp. 553 — 565, 2004.

A. M. Alshuaib, G. E. A. Muftah E. M. Ashmila, "Morphology and composition of
CulnSe2 that film deposited by Stacked Elemental Layers"”, Al-Tarbawi Journal, Al-
Khoms. Libya, No. 9, pp 462-475, July 2016.

H. Neumann, "Optical properties and electronic band structure of CulnSe2", Solar Cells,
Vol.16, pp 317-333, 1986.

G. Dhere Neelkanth, M. Cristina Lourenco, R. G. Dhere, Solar Cells, 369, 16, 1996.

J. R. Tuttle, D. Albin, J. Goral, C. Kennedy, R. Noufi, "Effects of composition and
substrate temperature on the electro-optical properties of thin-film CulnSe2 and
CuGasSe2", Solar Cells, Vol. 24, pp 67-79, June 1988.

http://tarbawej.elmergib.edu.ly 142


https://www.sciencedirect.com/journal/solar-cells/vol/16/suppl/C
https://www.sciencedirect.com/journal/solar-cells/vol/24/issue/1

Journal of Educational

S il Gl.l_>o
So— i) 15 ol 280 e

I , ISSN: 2011- 421X 21 2l
| M— | = Arcif Q3
4 il
dadal) Galdl and g o)) gis cny
1-45 Slug) z oA ol (Fed Aui ) aSh A A laay) 1
46-69 sl g L) e dny aleall igadl oY) S 8 W50 s dgu il cllSaY) als 2
i i o xie 31oals Lo sgie el Cilallaiad]
(adsad ulial))
105-128 Dsile Dlpe z i A ek o i i) 4
E. M. Ashmila .
Effects of composition and substrate temperature on the
129-142 M. A. Shaktor optical properties of CulnSe; thin-film >
K. I. QahwatK ptical prop 2
143-157 G oSl (lian ) oldie B ralall ) el gy ol ] 6
= Lu}:\ B L ol
158-175 @R S R 22019 A (ALY — 36l uedd Fialy Apaal) ilaral 7
Galall ue 3 gana Balall
3] Aatil Awaigl) % 8 S doad) il sl ddels
202-230 el el e o . oo - 9
- Ala el 3 g2l b g Jadl g aialy N Jual 63l Jay) Sl
Aot g2l ool o 22 Sl e
i ) Lalacy)
Tl 1 48 dla o) (aibas b aboa ) Jlagad ils 4ul s
218-226 s pad) lla fia ¢t os > 10
Sl aany madll 1212
S35 sihaas an)
597-933 $2s5al) dilallae - 3 oy (o dpaliaial g 4,0l (e S g dua gead) da 3 s 1
u.n‘};.\m.)}m w—oAJM\jM\@M\ uﬁ}\wt'_ﬂ_\g&“
S35 ihias 35
234264 RENEQ IV e Lalall 5 )1aYL calelall (e A sal Slad) Asmdlay Lele 5 digall Ja sauall .
a_)j.ﬁ ?M\_\.}r_ O dada ‘—‘EJAS\ 2\-"-‘\3-‘
oy jial) ihaias Al
265-291 SiobY) deae lia Dlse Aipde & ) penll saill clalas) 13
B _jic gl Pri RS &=
292-307 hsoal) ee dadllae il Gyl (5 a8 Bl jean drala Ay il S All clala) 14
308-323 Abdul Hamid Alashhab La femme, ’enfant et la violence familiale dans le roman 15

marocain, le cas de : Le Passé simple de Driss Chraibi

http://tarbawej.elmergib.edu.ly




£

Journal of Educational

1.5 el Ll Jalee
ISSN: 2011- 421X 21 aasl

Arcif Q3

Hosam Ali Ashokri

The Inhibitory Effect of Common Thyme Thymus
vulgaris Aqueous Extracts on Some Types of Gram-

3247331 Fuad Faraj Alamari Positive and Gram-Negative Bacteria that Infect the 16
Human Respiratory System
@Y o) Jalas alasin)
332-348 iaa ) o L) - ) 17
- (Ll il e ds gl il 4 )
349-363 Aaal daal lai) L..g‘);_.d\ oeedll plie 18
el (& il g all Gali )l AN 5 las
364-386 o alla o 8 (3950 CnsS sobias aal b 28l 4 ) 19
(21912-1835)
387-413 Als deas e i " maill 8 algY) A 20
414-427 G 3) Ggina o deal Ll Ang il 51 el o el Ja 21
Aada Al ae deas Ll 8 Qi aie 4SOy aald
428-447 2 g 22
AU 2 Caplalll e "Caedll Aae A Ayl Al Y
iy il s pled
448-471 o ot e 22012 Hle L L3 aa) Ul 23
iy g 2ena By )30 "
The Phytoconstituents Screening and Antibacterial
472-487 Sale_m M(_)hamed Edrah Activities of Leaves, Seeds Bark and Essential Oil 24
Afifa Milad Omeman e )
Extracted from Carya illinoinensis Plant
. &l g gl G s madl) il
489-505 o semiall 53a)l 2aal , ‘fmf SRS 25
) ) L gall 2l die 5 ) guall Cldad
Ibrahim M. Haram
506-521 Mohamed E. Said Energy Recovery of Ethylene Dichloride (EDC) 26
Ahmad M. Dabah Production by Pinch Analysis (Abu-Kamash EDC plant)
Osamah A. Algahwaji
od )l B3 Ol ¢ 2l anil)
£22.544 ol sl (sagall B ) . OB (™) )4-\-\5 ‘ 57
st Dl ae da 4nde 5 digal se Gk s o shliag 4l g bl ¢ 4dy
| aia) ¢ ) leai) 4y J griall Cada
545-565 oSxall 2ens dilae T - 28
Najah Mohammed Genaw EFL Learners’ Attitudes towards the Use of VVocabulary
567-579 . . . 29
Sahar Ali Aljamal Learning Strategies
A A b ) g
580-592 Jaall e (s 53 gmase G2 Gea il ae s sl die ol Gl 30
Study of the relationship between the nature of wells
593-600 Rajaa Mohamed Sager water in Libyan southwestern zone and the occurrence of 31

Saeeda Omran Furgan

corrosion in the transferring metal pipelines

http://tarbawej.elmergib.edu.ly




£

Journal of Educational

1.5 el Ll Jalee
ISSN: 2011- 421X 21 aasl

Arcif Q3

Sami Muftah Almerbed
Abdumajid Mohamed

601-616 Haddad Evaluation of the Use of Technology in Private Schools | 32
Milad Ali Abdoalsmee
, b o) ol aue Al Gaill (8 B e guall Glillea
617-630 FosSl sl ( A gt el S ) 33
3 ez Aan (Al A )
Affra A B Hemouda Silla . .
. Modern Technology in Database Programming, Software
631-640 Hiba Abdullah Ateeya d S 34
Abdullah Engineering in Computers
Ashraf M. Saeid Benzrieg - o : : i
641-656 Abdullah M. Hammouche Prediction of Chronll\?eljrlglnﬁlyét[\l)vlcsjfsses Using Artificial 35
Abdelbaset M. Sultan
Abdu Assalam A. Radon Concentration Due To Alpha Contribution Effects
657-674 Algattawi Of Soil And Rock Samples In Different West And 36
Ali M Elmansuri Midlibyan Regions
. Demographic Analysis of Socioeconomic Status and
Mohar_ned Ali Abunnour Agricultural Activities in Sugh EI-Chmis Alkhums 1973-
675-692 Nuri Salem Alnaass 2014 37
Mabruka Abubaira
Abdulbasit Alzubayr
Abdulrahman o . .
693-704 Omar Ismael Elhasadi Some applications of harmonic functions 38
Zaynab Ahmed Khalleefah
B gl ~lide deallae
25 5 C o SN g SNV clindal) Cada @ g Juidl ol
705-729 S sl 7 cla 1 ) A . 39
: . W il
PRI () sl Als pe 23 lad B
Sotinll dens dxs daa )
730-756 " ledad da gyl Jlad 5 LedSia g (uedl) dihie 4 AW Dy | 40
Sl Bl Sl S
g;uxg%“LHu o &#ﬂ\hjgjbqjﬂ\Qﬁ@d:@j}ﬁ\dﬂhsséchpehﬂ
757-773 SSall aila L " 41
- ol Al 8l axs Lo adedl) g jlaa
O (p ‘;AJ‘J dana T
Aisha ALfituri Benjuma - N .
274-780 Najmah ALhamrouni Estimation of lead (I1) concentration in soil _contamlnated 42
with sewage water of Alkhums city
Ahmed
Hanan Saleh Abosdil
781-786 Rabia Omar Eshkourfu Determination of Calcium in Calcium Supplements by 43
Atega Said Aljenkawi EDTA Titration
Aisha Alfituri Benjuma
787-805 HE G o Al e Ay pally 4Be 5 Bl 5 g 44

http://tarbawej.elmergib.edu.ly




‘ Journal of Educational 1.5 omd sl dalas
I , ISSN: 2011- 421X 21 2l
| M— | = Arcif Q3
O e glie el kil g ial e el s calSY) Jaally plaia¥) aae jalke
806-842 & & laa ) Al Jadls Al (e e e 3 g Al ol gL Ledle 5 gall 45
SUs—p (55 dabld 8 yall
) e
U‘\J}"\ Ry :Ldalﬁ i T .
670,807 L gy deal 7 luas ELISAI 3! Slea alasinly 4 sl clabiaall 5 <l sa sell (o aisl) .
ale plallne 3 g Al A A zlaall asal b
L gy denl 7 luas
2eae dilallae ~luae
Gulall (e clive Ganad 450 jdll Al (al i) (any A 5o
912-925 Al seme DLl e By . s < T
Kamal Tawer
926-941 Abdusalam Yahya Cloud Computing Security Issues and Solutions 50
Munayr Mohammed Amir
A jlee Al Ld) jeadl 30l La i 8 iy S i g aladid Aaled
942-972 ) e e diile ? Sl STt SR et 51
Galacy) dla el (s Ll i)
The Use of Staggered Array of Aluminum Fins to Enhance
973-999 Mohsen Faraun AhmEd the Rate of Heat Transfer While Subject To a Horizontal 52
Assma Musbah Said
Flow
Laay) o ey 5 jalay Lidde 5 claa¥) Jual sill Jil
1000-1021 538 Saae Akl il il ? 53
A ae dae Jals Qldll e die e Ailane 4 5o
Gush el Ao bt Slan) J oY) Caall Gogulall sale 8 4 g 5iS)) 3 arand
1022-1035 FER O Gt A I e o B ouR e |
oxbsl 7 8 thias i, Lad (A (ol D) il aela
_nlal) 451
1036-1048 el Alla sl T e ) 55
(£ 54 —aibadll — jalaall ¥l —a seiall —3lill)
auled) daal) daall Laldi g halad)l Jalad g s sad) cilillaia §adad
€ i L e Culel) da jal 5 b 9 sall & GBS
1049-1061 ) e dclial Al 48 5a) e gulally ) dllew) delua & (Hacep) | 56
=l Gl
& 2 (p2016-1 ) 22015 —12 5 5l Guedd) ellaw) culats
L Gliaay aml
1062-1075 e o dise sie Al A 57
QL.':MJ dana yudn ’_d:ua.q i
1076-1094 el Al aen Baal)l dey Lo gea 85 %)l Jal sadl 5 Sl 5 el o sgda 58
1095 U-‘UG-“\

http://tarbawej.elmergib.edu.ly




