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 من البند الثاني من قانونيا فأنيا: -2-لممادة  في الدول المتحضرة. ووفقاً 
: تتمتع نقابة الأكاديميين العراقيين بالشخصية المعنوية والاستقلال المالي والإداري يمثميا )نقيب أولاً

 الأكاديميين العراقيين( أو من يخولو.
مصمحة النقابة : يكون مركز النقابة في بغداد وليا فتح فروع في المحافظات وحيثما تقتضي ثانيااً

 إيجاد تمثيل.
: لأعضاء الييئات التدريسية في الجامعات والمعاىد العراقية المعترف بيا من وزارة التعميم العالي ثالثااً

 النقابة.  إلىوالبحث العممي الانتماء 
 :فأنًأهدافًتأسيسًالنقابةًهيً-3-ووفقااًلممادةً

 ممي لتحقيق رسالتيا في خدمة الوطن وأجيال الأمة.: الارتقاء بمينة التعميم العالي والبحث العأولاً
: التنسيق والتعاون مع وزارة التعميم العالي والبحث العممي والجيات ذات الصمة بما يحقق ميام ثانيااً

 النقابة.
 : تعزيز أخلاقيات مينة التعميم العالي والمحافظة عمى آداب وتقاليد وشرف المينة.ثالثااً
الدراسات والبحوث والنشاطات والمؤتمرات التعميمية وعقد الدورات والندوات لرفع  : تشجيعرابعااً

 المستوى العممي والميني لتدريسي الجامعات والمعاىد العراقية.
 : تعزيز مكانة الأكاديميين في المجتمع والدفاع عن حقوقيم ومصالحيم وكرامتيم.خامسااً
 .: النيوض والارتقاء بالأعضاء مينياً واقتصاديا وثقافياً واجتماعياً سادسااً
: تأسيس صندوق لمتكافل الاجتماعي لمساعدة أعضاء النقابة، يؤمن ليم ولأسرىم العيش الكريم سابعااً

 في حالات العجز الكامل أو الوفاة وتوفير الرعاية الصحية للأعضاء وأسرىم.
 العلاقات مع الاتحادات العربية والدولية المماثمة.: التعاون وتوطيد ثامنااً
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Abstract 
  The inquiry of structural and, optical properties of undoped ZrO2 and ZrO2: Ti films 
deposited by spray pyrolysis method were studied. XRD anaylsis clarifies that undoped 
undoped ZrO2 and ZrO2: Ti films are polycrystalline and preferred   orientation is (111). 
The grain size for undoped ZrO2 showed an increased from 10.58 nm to 12.13 nm on 

Titanium doping, whereas the strain (%) parameter decreased from 32.76 to 28.56.  

Optical transmittance value of ZrO2 and ZrO2: Ti films reaches 68 % in the visible regions, 
which declines as the doping concentration increases. . Optical energy gap for ZrO2 and 
ZrO2: Ti doping with 2% and 4% were 5.22, 5.16 and 5.10 eV respectively. The results of 
absorption coefficient (α) undoped and Ti -doped ZrO2 films showed an increase with 
increasing of Titanium concentration, whereas extinction coefficient and refractive index 

decreased with increasing of Titanium concentration. 

Keywords: ZrO2, Ti, thin films, structural and optical properties, energy gap.  
 

الرقٍقحالزركونيوم على الخصائص التركٍثٍح والثصرٌح لأغشٍح أوكسٍذ التيتانيوم تأثٍر التشوٌة ب  
تطرٌقح التحلل الحراريالوحضرج   

 ساهً سلواى جٍاد
  

 قسن الفٍزٌاء، كلٍح العلوم الترتٍح، الجاهعح الوستنصرٌح
 الوستخلص

تالرٍراًٍىم تاسرخذام  أوكسٍذ السركىًٍىم غٍر الوشىب والوشىب ذود دراسح الخىاص الرركٍثٍح والثصرٌح لأغشٍح   
 السٌٍٍح تاى أغشٍح أوكسٍذ السركىًٍىم غٍر الوشىب والوشىب اثثد ذحلٍل حٍىد الاشعح  .ذقٌٍح الرحلل الحراري

(. وجذب تاى الحجن الحثٍثً لأوكسٍذ السركىًٍىم غٍر الوشىب 111تالرٍراًٍىم كاًد هرعذدج الرثلىر وتاذجاٍ سائذ )
إلى  32.76هي  ًاًىهرر عٌذ الرشىٌة تالرٍراًٍىم، تٌٍوا قلد الوطاوعح الواٌكروٌح 12.13ًاًىهرر إلى  10.58ٌسداد هي 

٪ فً الٌطاق الورئً، 68تالرٍراًٍىم ا تحذود  أوكسٍذ السركىًٍىم غٍر الوشىب والوشىب ذثلغ ًفارٌح أغشٍح .28.56
أوكسٍذ السركىًٍىم غٍر الوشىب  لأغشٍح والرً ذٌخفض هع زٌادج ذركٍس الرشىٌة. وجذ اى قٍوح فجىج الطاقح الضىئٍح

أظهرخ الٌرائج اى هعاهل  .الكرروى فىلد على الرىالً 5.10و 5.16و 5.22اًد ٪ ك4٪ و2تالرٍراًٍىم تٌسثح  والوشىب
تالرٍراًٍىم ٌسداد هع زٌادج ذركٍس الرٍراًٍىم، تٌٍوا  أوكسٍذ السركىًٍىم غٍر الوشىب والوشىب لأغشٍح الاهرصاص

 .اًخفض الخوىد وهعاهل الاًكسار هع زٌادج ذركٍس الرٍراًٍىم
 السركىًٍىم، ذٍراًٍىم، أغشٍح رقٍقح، الخصائض الرركٍثٍح والثصرٌح، فجىج الطاقح. أوكسٍذالكلواخ الافتتاحٍح: 

 
Introduction 
   Zirconium oxide (ZrO2) is an important metal oxide [1-3]. It possesses a wide bandgap, 
high refractive index, high thermodynamic stability, low electrical conductivity, and 
transparency in the visible region [4-6]. ZrO2 has three crystal structures, including 
monoclinic at ambient temperature, tetragonal phase at 1170 °C, and cubic structure at 
2370 °C [7]. Zirconia can transfer in a direct or indirect way [8, 9]. It is an important 
material because of its high corrosion resistance [10]. Zirconia was used in many 
applications like, It is an important material because of its high corrosion resistance [8, 10]. 
Optoelectronic devices [11], high power lasers [12], light emitting diodes [13], 
superconducting coatings [14], and gas sensors [15]. The deposition of zirconia films was 
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done via a variety of techniques like RF sputtering, electrochemical deposition, lasma 
spraying, spray pyrolysis, chemical vapour deposition, pulsed laser deposition and sol-gel 
method [16–20]. The spray pyrolysis method is very suitable for metal oxide thin films 
[21,22]. This research aims to study some structural and optical of zirconia and Titanium 
doping with 2% and 4% thin films deposited by SPT on class substrates kept at a 
temperature of 400

 o
C. 

Experimental  

   By using the spray pyrolysis method, Undoped ZrO2 and Ti doped ZrO2 films 

were deposited on a glass substrate. 0.1 M of (ZrCl2.2H2O) was dissolved in 

deionized water. The obtained doping agent was 0.1 M of TiCl was applied as 2% and 4%. 
Following many experimental procedures, the following preparation conditions were 
reached: During the deposition process, the substrate's temperature was maintained at 
400°C. The distance between the substrate and the nozzle was maintained at 28 cm [16] 
while nitrogen was used as the carrier gas. Spraying time, spraying rate and the time 
interval between two spray process was 9 S, 4 mL/min and 1.5 min accordingly. Film 
thickness was evaluated by weighing method and was 335± 225 nm, By using an X-ray 
diffractometer (Shimadzu, model: XRD-6000, Japan), structural coefficients were 
calculated. Using a UV-visible double beam spectrophotometer, the transmittance and 
absorbance spectra are captured in the wavelength range (300–900 nm). 
Results and discussion 
  Three XRD patterns of the deposited film are displayed in Figure 1, with the (2θ~31.35

ο
, 

34.18
ο
, 49.32

ο
 and 54.67

ο
) referred to (111), (200), (220) and (003) planes, respectively. 

These spectra indicated that the films were polycrystalline and fit well with ICDD card No. 
no 27-0997. The highest peak intensity of (200) was also observed when ZrO2 deposition   
ratios at 2% and 4% Ti. 

 
Fig. 1 : XRD-patterns crystalline size of intended films. 

 
        Using Scherrer's equation, the average grain size (D) was determined from the highest 
intensity peaks. [23]: 

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
    (1) 

Where λ is the wavelength of the X-rays (0.1541 nm), β and θ are full width at half 
maximum (FWHM) and the diffraction angle respectively. The Grain size has been found 
to vary from 10.58 to 12.13 nm with Titanium concentration as listed in Table. 1 
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Table 1. Grain size, optical band gap and structural parameters of the prepared films. 

 
 Additionally, dislocation density (δ) and other structural factors like dislocation 

strain (ε) are assessed. δ gives number of defects in the films, the values of (δ) and (ε) 
listed in Table. 1 shows the structural parameters estimated from [24]: 

δ =
1

𝐷2
               (2) 

ε =
𝛽𝑐𝑜𝑠𝜃

4
        (3) 

   Figure (2) displays each β, D, δ and ε versus doping. 
 

 
Fig.2. FWHM (a) Grain size (b) Dislocation (c) Strain (d) of the prepared films. 

 
      Figure 3 shows the transmittance (T) spectra of the prepared films. All films have more 
than 70% visible transparency, which guarantees that they are homogeneous and may be 
the result of crystallinity increase. Low light scattering and increased transparency are 
achieved by large grains.  
Transmittance was shown to decrease when titanium dopants were used [25]. 
The following equation (4) was used to get the films' absorption coefficient (α) [26]: 
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𝛼 =
ln(1 𝑇) 

𝑑
                             (4) 

Where d is film thickness.  

 
Fig.  3. Transmittance as Function to the Wavelength of deposited thin films by (CSP). 

Figure 4 plots the variation of (α) versus against photon energy hv, the absorption 
coefficient increase with increasing of Titanium concentration. 
Equation (5) can be used to estimate the energy gap Eg [27]. 

𝛼ℎ𝑣 = (ℎ𝑣 − 𝐸𝑔) 
1/2

       (5) 
    Where, A is a constant. Eg values can be evaluated from the plots of (αhν)

2
 versus 

energy plots to intercept the photon energy axis [28] (see Figure 5). Energy gap is set to 
vary among (5.22 -5.10) eV.  

 
Fig.  4. Absorption coefficient with photon energy ℎ ν in respectively of deposited thin films 

by (CSP). 
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Fig.  5. Shown the energy band gap of deposited thin films by (CSP) 

 

   Using the following equation (6), the refractive index (n) can be determined from film 
reflectance (R) [29].  

𝑛 = (
1+𝑅

1−𝑅
) +  

4𝑅

(1−𝑅)2
− 𝑘2           (6) 

 
Where (k) is the extinction coefficient [30]: 

 

𝑘 =
𝛼𝜆

4𝜋
                                             (7) 

   In Figs. 6 and 7, the values of (n) and (k) as a function of wavelength are displayed, and 

it is clear that Titanium doping causes these two parameters to decreased. High inherent 

free carrier densities in the conduction band are responsible for this behavior [31]. 

 
Fig. 6. refractive index of deposited thin films 
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Fig. 7: extinction coefficient of deposited thin films. 

 
Conclusions 
   Undoped ZrO2 and ZrO2: Ti films were prepared by the spray pyrolysis method method. 
XRD approve that these films were polycrystalline monoclinic structure with a maximum 
peak at (111) resulting of the Titanium, The Grain size for pure ZrO2 showed a increased 
from 10.58 nm to 12.13 nm on doping, whereas the dislocation density an strain (%) 

parameter decreased from (89.33 to 67.96 and (14.3 to 12.7), transmittance decreased by 

the increment Titanium doping, Optical bandgap decreased from 5.22 to 5.10 eV with the 
increasing of Titanium dopants. also The absorption coefficient, refractive index and 
extinction coefficient decreased via Titanium contents. 
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Abstract: 
    Radar absorbing materials (RAMs) are dielectric or magnetic materials that has capacity 
for absorbing electromagnetic waves. In order to increase frequency range (bandwidth) of 
the absorbance, several structures have been already proposed by several researchers. 
Objective of this study is to design, fabricate and characterize RAMs based on MgO and 
AlAs single and double layers structure on Silicon substrate within 2-18 GHz frequency 
range. For this purpose, Maxwell equations solved and modified characteristic matrix have 
been used and its programming using Mathlab software. The frequency design is consider 
to be 10 GHz and 5,8 GHz, The results showed that the MgO and MgO/AlAs single and 
double layers structure on Si substrate are suitable materials to RAM applications in 
frequency range from 8 GHz to 12 GHz. In addition, low value of transmittance and 
reflectivity, and high RAM attenuation value of -39 dB at design frequency of 10 GHz 
have been obtained in broadband of 8-12 GHz. Finally, the possibility to use MgO and 
MgO/AlAs single and double layers’ structure on Si substrate as materials to RAM in 
frequency of 5.8 GHz with high effectively is considered. 
Keywords: radar, absorption materials, frequency, single and double layers structure.  
 

 اعتوادا علً تركُب احادٌ او ثنائٍ الطبقات هن   (RAMs)تصوُن هىاد هاصة للرادار 
MgO and AlAs  18-2ضون هذي تردد GHz 

 علاء جبار غزاٌ
 .قسن الفُزَاء، كلُة العلىم، جاهعة النهرَن، بغذاد، العراق

 الوستخلص
انًٕاد انًاصح نهشاداس ْٙ يٕاد عاصنح أ يغُاطٛسٛح ذًرهك قاتهٛح ٔسعح لايرصاص يٕخاخ الاشعح      

انكٓشٔيغُاطٛسٛح. نغشض صٚادج يذٖ ذشدد )عشض انحضيح( نهًٕاد انًاصح, عذج ذشاكٛة اقرشحد تٕاسطح عذج تاحثٍٛ. 
ساعرًادا عهٗ ذشكٛة احاد٘ أ ثُائٙ انٓذف يٍ ْزِ انذساسح ْٕ نرصًٛى ٔذحضٛش ٔذٕصٛف انًٕاد انًاصح نهشادا

كٛكاْشذض. نرحقٛق ْزا  18-2عهٗ اسضٛح اساط يٍ انسٛهٛكٌٕ ضًٍ يذٖ انرشدداخ  MgO ٔMgO/AlAsانطثقاخ 
انغشض ذى اسرحذاو  حهٕل يعادلاخ ياكسٕٚم ٔانًصفٕفح انًًٛضج انًعذنح ٔذًد تشيدرٓا تاسرخذاو تشَايح انًاثلاب. 

كٛكاْشذض. تُٛد انُرائح اٌ انرشاكٛة نهًٕاد انًسرخذيح عهٗ اسضٛح اساط يٍ  5,8شذض ٔكٛكاْ 10ذشدد انرصًٛى كاٌ 
. تالاضافح نزنك ذى انحصٕل عهٗ قٛى GHz 12-8انسٛهٛكٌٕ يُاسثح خذا كًٕاد ياصح نهشاداس ضًٍ يذٖ انرشداداخ 

ٔاخٛشا ذى الاسرُراج تاَّ تالايكاٌ كٛكاْشذض,  10عُذ انرشدد  dB 39-قهٛهح نهُفارٚح ٔالاَعكاسٛح ٔقٛى عانٛح نهرٍْٕٛ 
 .كٛكاْشذض 5.8اسرخذاو انًٕاد انًحضشج كطثقح يفشدج ٔيرعذدج ٔتكفاءج عانٛح ضًٍ انرشدد 

 ساداس, يٕاد ياصح, ذشدد, ذشكٛة احاد٘ أ ثُائٙ انطثقاخ.: الكلوات الافتتاحُة
1. Introduction 
    Radar is a method for detecting the position and velocity of a distant object, such as an 
aircraft. Detection is achieved by analyzing the response of high frequency radio waves 
reflected from the target object. The term RADAR was coined in 1940 by the United States 
Navy as an acronym for Radio Detection and Ranging [1]. The term not only refers to the 
detection method, but also refers to the detection system itself.  
Despite being found out as a military technology to detect enemy aircraft, nowadays radar 
technology serves many purposes to humankind. Notable examples include, air, marine and 
ground traffic control and navigation, short-term weather forecasting and specialized 
ground-penetrating radars for mapping the composition of Earth’s crust [2]. Nevertheless, 
radar is still a very crucial technology for military applications.  
Radar systems are based on transmitting and recieving radio waves which are 
electromagnetic waves between wavelengths of 1 mm to 100,000 km. Analyzing the 
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response of the transmitted electromagnetic waves gives information about position, 
velocity, magnitude and type of the object. The object can be identified from its radar cross 
section (RCS) which is a footprint of the object in the radar system [3]. Information gained 
from radar systems are very valuable for the course of military operations, thus giving 
enourmous advantage to the side which has proper radar systems.  
As radar systems came into use, research for reducing the effectiveness of these systems 
were also began. Research generally focused on reducing the amount of electromagnetic 
waves reflected from the object by absorbing transmitted waves, achievable through using 
proper materials and design. These materials defined as Radar Absorbing Materials 
(RAMs). [4]  
Interest at radar absorbing materials and structures began immediately with the discovery 
of radar systems at World War II. One of the first applications was the using of carbon 
based radar absorbing materials on submarine periscobes which was developed by 
Jaumann. But this attempt was greatly reduced by the effect of sea water on the material 
[5].  
In 1971, Naito and Suetake were studied on electromagnetic wave absorber composed of 
ferrite powder and rubber matrix. The study also investigated the existence of matching 
frequency, thickness of the RAM for maximizing the bandwith. [6]  
In early 80s, the development of RAM was generally based on ferrites or carbonyl iron. 
First implementation of RAMs was on military applications. One of them was utilized in 
the development of F-117 Nighthawk, which made its maiden flight in 1981. The aircraft 
had a paint type absorber, based on both ferrites and carbon particles. In 1983, F-117 fleet 
was ready for operations for U.S. Air Force. In 1988, the aircraft was announced to public 
as a “stealth fighter”. The ability of radar wave absorbing generally denoted as “stealth” or 
“stealth technology” by military and quickly adapted by public [1].  
In late 80s, interest for RAMs greatly increased. Knott, Shaeffer and Tuley had written a 
book about radar cross section which was a concept of footprint of the object exposed to 
radar waves. Their work also included reducing of RCS, which refers RAMs but also size 
and shape of the object. [1]  
In general, early works on RAMs and were consist of theoretical calculations, simulations 
and optimizations due to limitations to synthesize the material itself. Studies on Jaumann 
type absorbers in late 80s and early 90s can be given as an example in which contains 
simulations and optimizations for resistive sheet configurations and their resistances [7].  
RAM studies have been generally based on 0o degree (direct approach) angle of incidence. 
There were also studies about the performance of RAMs for wide range of angles of 
incidence. These works indicated that the angle of incidence of radar wave greatly effects 
the performance. With increasing angle of incidence until 60o reflection coefficient may 
even increase. However, it was found that above 60o, those value drops significantly.  
In early 2000s, studies on lossy RAMs were increased. Both ferrimagnetic based and 
carbon based dielectric materials were investigated. Carbonyl iron and ferrite powders such 
as barium hexaferrite have been popular as magnetic RAMs [8]. Studies on dielectric 
absorbents gained more interest at mid 2000s. These RAMs include graphite, carbon black, 
single and multi-walled carbon nanotubes, carbon nano fibers which were mixed with 
epoxy, rubber or silicone matrix [11]. 
Radar systems generally operates at certain segments of electromagnetic spectrum such as 
X-band which includes frequencies from 8.2 GHz to 12.4 GHz. (Hill 2007) Thus, 
absorption of the waves at certain bands can be achievable but more complex materials or 
designs are needed to prevent all the waves throughout a band reflected. There were 
additional studies to increase the bandwidth of absorption below certain attuneation (-10 or 
-20 dB) beyond X-band. These studies focused on broadband absorbers generally aims for 
combination of X and Ku band or a wider 2-18 GHz range. The electromagnetic spectrum 
with radio, microwave and visible light spectrums detailed, is illustrated in Figure 1. 
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Figure 1. Illustration of electromagnetic wave spectrum 

 
Recent studies concentrate on Radar Absorbing Structures (RAS), which are a combination 
of RAM and structural design to increase bandwidth and decrease attuneation. Structures 
have been based on sandwich type structures or continuous fiber reinforced composites. 
Designs were based on single or multilayer Dallenbach layers  which consist a combination 
of loss materials (D. Micheli et al. 2010), Salisbury screen which is basically a Dallenbach 
layer including a resistive sheet and Jaumann absorbers which include multiple resistive 
sheets to increase bandwidth [10].  
One of the important advantage of RAS designs is that they are applicaple to several 
current structures used for vehicles or constructions. Laminated composites and sandwich 
structures are suited examples for that usage. Vehicle parts such as aircraft wings, or wind 
turbine blades can be manufactured from materials such as fiber reinforced composites for 
both structural integrity and radar absorbing properties [11].  
In this study radar absorbing materials based on cheap and variables materials have been 
developed and determine the optimum condition to design the preparation of an anti -
reflective coating of a single and double layer of GaAs and MgO to reduce the reflectivity 
of optical surfaces within the range of X-band frequency of 8-12 GHz, theoretically. In 
addition, applied these effect and optimization in very interesting applications which is 
Drone Jammer that helps in control on the Drone plane in frequency of 5.8 GHz. The radar 
absorbing performance of those structures are measured and compared. 
The simplest interference AR coating consists of a single quarter-wave layer of transparent 
material whose refractive index is the square root of the substrate's refractive index; this, 
theoretically depend on modified characteristic matrix which presented by Mathlab 
program as shown later in Figure (2) which gives zero reflectance at the center wavelength 
and decreased reflectance for wavelengths in a broad band around the center. 
The most common type of substrate which used in like these purpose is Silicon (Si), which 
has an index of refraction of about 3.4. An optimum single layer coating would have to be 
made of a material with an index of about 1.7. Unfortunately, there are no solid materials 
with such a low refractive index. The closest materials with good physical properties for a 
coating are magnesium Oxide, MgO (with an index of 1.8), MgO on a Si substrate surface 
gives a reflectance of about 1%, compared to 30% for uncoated silicon. 
Now, the reflectance of uncoated substrate at F=10GHz, have been calculated as shown 
below: 
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1- for glass: ns=1.52 

  

  

 
 
2- for Ge: ns=4 

  

  

 
 
3- for Si: ns=3.4 

  

 ^2 = 
0.063 
 

1.84 
 
Calculation refractive index and thickness for Si substrate:- 
n1=MgO =1.737 
n2 = n1 *(ns/n0)^0.5  
n2 =1.737*1.84 = 3.06 
n2=ALAs =3.16 
 
n*d = m*λ /4 
for 10[GHz] 
d1=0.03/4*1.737 = (935)/4 nm = 234 nm 
d2 = 0.03/4*3.16 = (2375)/4 nm = 594 nm 
for 5.8 [GHz] 
d1=0.051/4*1.737 =760 nm 
d2 =0.051 /4*3.16 = 403 nm  
  
Figure (2) shows the transmission measurements of the RAM of MgO and MgO/ AlAs 
single and double layers structure on Si substrate in  frequency range of 8 to 12 GHz which 
the low value of transmittance at design frequency of 10 GHz are observed and fluctuation 
values over all range of frequencies.  
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Fig. (2): Transmission spectra as a function of the wavelength for MgO single layer and 

MgO/AlAs double layers structures on Si substrate at Frequency 10 GHz 
 
Figure (3) shows the reflectivity measurements of the RAM of MgO and MgO/AlAs single 
and double layers structure on Si substrate in frequency range of 8 to 12 GHz which the 
low value of reflectivity at design frequency of 10 GHz are observed. Samples with double 
layers present lower lower value at this frequency in compared with single layer, but nearly 
constant in frequency more than design frequency range.  
  

 
Fig. (3): Reflectance spectra as a function of the wavelength for MgO single layer and 

MgO/AlAs double layers structures on Si substrate at Frequency of 10 GHz 
 
The maximum absorption value of the RAM of MgO and MgO/AlAs single and double 
layers structure on Si substrate in  frequency range of 8 to 12 GHz where absorption values 
close to 99% in all cases in are observed. The absorption values have been showed as 
attenuation in dB in our work which reflect the real behavior of RAM as shown in Figure 
(4). These data confirm the dependence of attenuation with the number of layers which 
mean the increased of the sheet resistive of structure and thus, the increasing in the 
reflection losses. 
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The low attenuation values of -39 dB are the beat results were founded as our best 
knowledge and these results show that MgO and MgO/AlAs single and double layers 
structure behave more efficiently as RAM absorbers. 

 
Fig. (4):  Attenuation as a function of the wavelength for MgO single layer and MgO/AlAs 

double layers structures on Si substrate at Frequency 10 GHz 
   

 
Fig. (5): Transmission spectra as a function of the wavelength for MgO single layer and 

MgO/AlAs double layers structures on Si substrate at Frequency 5.8 GHz 
 
The maximum absorption value of the RAM of MgO and MgO/AlAs single and double 
layers structure on Si substrate in frequency of 5.8 GHz where absorption values close to 
99% in all cases in are observed. The absorption values have been showed as attenuation in 
dB in our work which reflect the real behavior of RAM as shown in Figures (6) and (7). 
These data confirm the dependence of attenuation with the number of layers which mean 
the increased of the sheet resistive of structure and thus, the increasing in the reflection 
losses. 
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Fig. (6) Reflectance spectra as a function of the wavelength for MgO single layer and 

MgO/AlAs double layers structures on Si substrate at Frequency 
 

 
Fig. (7):  Attenuation as a function of the wavelength for MgO single layer and MgO/AlAs 

double layers structures on Si substrate at Frequency 5.4 GHz 
 
From these results in Figures (6) and (7), it is possible to use MgO and MgO/AlAs single 
and double layers structure on Si substrate as materials to RAM in frequency of 5.8 GHz 
with high effectively. The results calculated in this work have been summarized in Table 1. 
 

Table (1): Theoretical and calculated values of refraction and translation of single, and 
double MgO/AlAs/Si on Si substrate at Frequency range 10 and 5.8 GHz 

 
For 10 [GHz] 

Structure Reflectance Transation  
Si substrate 29  Th. 

MgO/Si 1 1.75 Calc. 
MgO/AlAs/Si 0.3 1.3 Calc. 
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For 5.8 [GHz]    
Si substrate 29  Th. 

MgO/Si 0.57 1.3 Calc. 
MgO/AlAs/Si 0.37 1.2 Calc. 

 
3. Conclusions 
   There are several main and important conclusions in this work could summarized in 
many points as following: 
MgO and MgO/AlAs single and double layers structure on Si substrate are suitable 
materials to RAM applications in frequency range from 8 GHz to 12 GHz. Low value of 
transmittance at design frequency of 10 GHz and fluctuation values over all range of 
frequencies. Low value of reflectivity at design frequency of 10 GHz and fluctuation values 
over all range of frequencies. High RAM attenuation value of -39 dB at design frequency 
in broadband of 8-12 GHz. It is possible to use MgO and MgO/AlAs single and double 
layers structure on Si substrate as materials to RAM in frequency of 5.8 GHz with high 
effectively. 
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Structural and Optical Properties of Lithium Doped Titanium Oxide 
Thin Films Prepared by Chemical Spray Pyrolysis 

 

Jenan Abdullah Khlati  
Department of Physics, College of Education, Mustansiriyah University, 

 Baghdad, Iraq. 
Abstract: 
Undoped TiO2 and TiO2: Li thin films were deposited on glass substrates using chemical 
spray pyrolysis technique CSPT. UV- UV-Visible and X-ray diffraction (XRD) were used 
to investigate the effect of Lithium Doping on the Optical and Structural Properties of 
Titanium Oxide Thin Films spectroscopy respectively. XRD anaylsis assures that TiO2 
films are polycrystalline structure with recognized peak at (121). Grain size increases from 
9.69 nm to 10.84 nm as Lithium concentration increase. The transmittance is more than 
52% in the visible range for for all the films. The optical bandgap of Undoped TiO2 and 
TiO2: Li film has been decreased from (3.46 to 3.35) eV. The optical absorption 
coefficient, refractive index and extinction coefficient are affected via Lithium content. 
Keywords:: TiO2:Li, thin films, chemical spray pyrolysis, structural and optical properties. 
 

الخصائص التركيثح والثصريح لأغشيح اوكسيد التيتانيوم الرقيقح الوشوب تالليثيوم الوحضرج تواسطح الترسية 
 الكيويائي الحراري

الله خلاطي جناى عثد  
 

الوستنصريح لترتيح، الجاهعحكليح العلوم ا فيزياء،قسن ال  
 الوستخلص

حضرث اغشٍت اوكسٍذ الخٍخاًٍوم الٌقٍت والوشوبت باللٍثٍوم الورسبت على القواعذ السجاجٍت باسخخذام طرٌقت الخرسٍب   
لوعرفت حأثٍر الخشوٌب باللٍثٍوم حٍود الاشعت السٌٍٍت الأشعت فوق البٌفسجٍت الورئٍت وحن اسخخذام الكٍوٍائً الحراري، 

حٍود الاشعت السٌٍٍت بٍج على الخواص البظرٌت والخركٍبٍت لأغشٍت اوكسٍذ الخٍخاًٍوم الرقٍقت على الخوالً. فحوطاث 
ٌسداد الحجن الحبوبً هي و (121) سائذ هوراث حركٍب هخعذد البلوراث باحجاٍ الوحضرة  اوكسٍذ الخٍخاًٍوم أى أغشٍتب

٪ فً الٌطاق الورئً لجوٍع 52حكوى الٌفارٌت أكثر هي ، ًاًوهخر هع زٌادة حركٍس اللٍثٍوم 10.84ًاًوهخر إلى  9.69
 ( فولج،3.35إلى  3.46هي ) غشٍت اوكسٍذ الخٍخاًٍوم الٌقٍت والوشوبت باللٍثٍوم قلج لافجوة الطاقت البظرٌت ، الأفلام

 .هعاهل الاًكسار وهعاهل الخوود بالخشوٌب باللٍثٍوم، ٌخأثر هعاهل الاهخظاص البظري
الخظائض الخركٍبت  رقٍقت، الخرسٍب الكٍوٍائً الحراريأغشٍت ، اللٍثٍوم اوكسٍذ الخٍخاًٍوم،الكلواخ الافتتاحيح: 

  والبظرٌت.
 
Introduction 
  Titanium dioxide (TiO2)is considered by some researchers that it is, it was, and it will be 
the best photocatalyst, due to its transparency in the visible domain, low cost, non-toxicity, 
excellent chemical, high oxidation potential, and mechanical stability in unfriendly 
environment, or in a large number of solvents, etc. [3-7]. A direct energy bandgap ranging 
from 3.0 to 3.4 eV [1-4]. Besides, TiO2 is chemical stability, non-toxic, a refractive index 
and high optical transmittance, between 2.4 - 2.9 [5-10]. Titanium dioxide is employed in 
many dye sensitised solar cells, optical devices and biomedical applications, [5, 6, 11]. 
Many methods were employing for the deposition of Titanium dioxide films, sputtering 
[12], radio-frequency (RF) sputtering [13], hydrothermal[14], chemical vapor deposition 
[15, 16], precipitation[17], sol–gel [18], electron-beam evaporation [19], anodic 
oxidation[20], spray deposition [21],. pulsed laser deposition [22], and chemical spray 
pyrolysis [23]. In present work costless and easy chemical method is utilized to deposited 
Undoped TiO2 and TiO2: Li thin film. This work aims is to study physical properties of 
TiO2 film. 
 
 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986428/#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986428/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986428/#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3986428/#B3
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Experimental 
  Undoped TiO2 and TiO2: Li thin films were deposited  on a glass substrate by chemical 
spray pyrolysis technique (SPT). These films were originated from O.1 M TiCl2 that 
resolved in 1:1 redistilled water: ethanol. The doping material was Lithium trichloride 
(LiCl3) resolved in redistilled water, drops of HCl were gathered the sol get it homogenous. 
The preparation conditions were: Substrate temperature 400 

O
C, space between spout and 

substrate was 28 cm, spraying time 10 s held by 90 s to avert refrigeration, spray average 
was 4ml/min, Film thickness was evaluated by weighing method, their values were 330 ± 
35 nm. XRD was employed to obtain films structure. The spectra of transmission and 
absorption were inspection via using (UV-Vis spectrometer, T70-80), in the wavelength 
range from (300-900 nm). 
 
Result and discussion 
 The XRD patterns of Undoped TiO2 and TiO2: Li thin films are graphed in the Fig. (1), 
Fig. (1) offers the XRD patterns of TiO2 film. Sundry peaks at angles (25.21

o
), ((30.76

o
), 

(48.33
o
) and (64.10

o
) matched the (101), (121), (231) and (133) plane, which were fit with 

ICDD card No (29-1360), Strong peak was appear toward (121).  
The Grain size(D) of Undoped TiO2 and TiO2: Li was estimated from Scherer's equation 
(1) [24]:  

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
    (1) 

Where λ is wavelength of the X-rays used (0.1541 nm), β and θ are (FWHM) and the 
diffraction angle respectively. It can be seen from Table 1 that 𝛽 decreases when Undoped 
TiO2 concentration increases up to TiO2: 3% Li, the grain size of Undoped TiO2 and TiO2: 
Li particle is about (9.69 – 10.84) nm, with Lithium concentration as listed in Table. 1. 
Other structural parameters such as dislocation density (δ) is also evaluated. δ gives 
number of The dislocation density (δ) and lattice strain (ε) were predestined via the 
following equations [25, 26]: 

δ =
1

𝐷2        (2) 

ε =
𝛽𝑐𝑜𝑠𝜃

4
     (3) 

  
  We found that dislocation density (δ) of Undoped TiO2 and TiO2:Li film is about (9.69 -
10.84), which refers to low defects. The strain decreases via increasing Lithium 
concentration. The calculated structural parameters are offered in Table. 1 
  Figure (2) represents each of the FWHM, D, δ and ε versus doping. 
 

Table 1. Optical bandgap, Grain size and structural parameters of the intended films.  

 
 

The transmission (T) spectrum of Undoped TiO2 and TiO2: Li films was illustrated in Fig. 
(3).  Fig.(3) offers transmittance (T) spectra of intended films. transmittance is more than 
52% in the visible range for 1 to 3% Lithium (Ti) doping. The transmittance of TiO2 film 
decreases by doping Lithium. 
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Fig.1. XRD patterns of (Undoped TiO2 and TiO2: Li) thin films. 

 

 
Fig.2. FWHM (a) Grain size (b) Dislocation (c) and Strain (d) of the prepared films. 
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Fig. 3 Transmission spectra for the prepared films 

The optical absorption coefficient (α) calculated from Eq. (4) [27]:  
α = ln (1/T)/d     (4) 

  Where, d is film thickness. Fig.4 shows the absorption coefficient of Undoped TiO2 and 
TiO2: Li films  decreased with an increase at 1% or 3% doping Lithium. 
 The energy gap Eg can be evaluated from dependence of (αhν) 

2
 against hν utilizing Tauc 

formula [28]:  

 𝛼ℎ𝜈 = 𝐴 ℎ𝜈 − 𝐸𝑔 
1
2       5  

  Where A is the constant, Fig. (5) show the relationship between absorption edge (αhν)
2
 

and energy of photon for Undoped TiO2 and TiO2: Li, energy gap is found to be about 
(3.46 - 3.35) eV respectively.  

 

 
Fig. 4. the relation between absorption coefficient and photon energy for intended films. 
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Fig. 5. The relation between photon energy and (αhν)

1/2
 of intended films. 

 
  Optical constants such as refractive index (n) and extinction coefficient (K) were 
evaluated according to Eqs. (6, and 7), respectively and illustrated in Figs. (6 and 7). These 
two factors declines with the influence of increasing Lithium doping 29, 30]. 

n = [1 +R/1 – R] + [4R / (1-R)
2
 – k

2 
]

1/2
  (6) 

k = αλ/4π               (7) 
   Where λ is the wavelength.  
 

 
Fig. (6) The relation between refractive index and the wavelength of the intended films. 
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Fig. (7) the relationship between extinction coefficient and the wavelength of the intended 

films. 

Conclusion 
  The effect of Lithium doped cadmium oxide thin films on some physical properties was 
investigated. XRD results displayed that TiO2 films have (121) dominant peak. Crystallite 
size increases from 9.69 nm to 10.84 nm as Lithium concentration. The The strain (ε) of n 
TiO2 films was observed in the range of (35.75), (34.07) and (31.97) nm for the (TiO2, 
TiO2:1% Li, TiO2:3% Li) respectively. The transmittance in the visible range is more than 
52 %. The optical bandgap values were decreased from 3.46 to 3.35 eV with the increment 
of Lithium content. 
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Abstract: 
    A computer simulation program based on Monte Carlo method was designed and 
written to be as viable tool to calculate the total gamma counting efficiency of NaI detector 
from point and disk sources. This Monte Carlo computer program allows us to follow, step 
by step, the story of a prefixed number of photons, starting from their creation in the 
source, up to their possible absorption in the detector or their escape from it. The program 
has a modular structure, to favor a wide range of possibilities in the choice of the 
geometry. The standard error between the present calculations and other results from 
previously reported literature were found, aggregate, to be less 3% at all energy regions. 
The current simulation is possible to calculate the total efficiency of other types of 
scintillation and semiconductor detectors. 
 Keywords: NaI detector, total efficiency, Monte Carlo Method.  

:المستخلص  
حن حصوين وكخببت برًبهج هحبكبة حبسىبي ببلإسخٌبد ػلً طريقت هىًج كبرلى ليكىى اداة فؼبلت في حسبة كفبءة ػذ     

بهيئت قرص. يسوح البرًبهج الوصون هخببؼت، خطىة  لوصبدر ًقطيت واخري NaIكبهب لكبشف آيىديذ الصىديىم 
اظهر  .بث بذأ هي اًبؼبثهب هي الوصذر ولغبيت حفبػلهب واهخصبصهب في الكبشف او هروبهب هٌهبخطىة، حبريخ الفىحىً

البرًبهج هروًت في الخؼبهل هغ اوضبع هٌذسيت هخخلفت لٌظبم الكشف. بؼذ هقبرًت الحسبببث الحبليت هغ الٌخبئج الوٌشىرة، 
. هي الووكي إسخخذام الوحبكبة الحبليت في حسبة الكفبءة الكليت لأًىاع %3حخؼذي  وجذ اى ًسبت الخطأ بشكل إجوبلي لا

 ف شبه الوىصلت.اخري هي الكىاشف الىهيضيت والكىاش
 ، الكفبءة الكليت، طريقت هىًج كبرلى.NaIكبشف آيىديذ الىصذيىم الكلمات المفتاحية> 

 
 1. Introduction: 

   Gamma detection techniques are widely used in gamma ray spectroscopy for nuclear 
physics, medical radiography [1], neutron activation analysis [2], well logging [3], and 
study of cosmic rays [4]. In 1948, NaI(Tl) scintillation crystals came into use and provided 
better conditions for γ-ray detection [5]. Since then, scintillation counting has been 
extended to many other inorganic crystals [e.g. CsI(TI), Bi4Ge3O12(BGO), CdWO4(CWO)] 
and organic-based liquids and plastics. Liquid scintillations counting has found wide 
applications, mainly in the life sciences. 
   In the beginning of the 1960s, Ge(Li) and Si(Li) crystals and later intrinsic (or high 
purity) Ge (HPGe) crystals-revolutionized the nuclear sector because of their high energy 
resolution. Cadmium Telluride (CdTe) has been regarded as a promising semiconductor 
material for hard X-ray and γ-ray detection since the early 1970‟s. In the 1990‟s, the 
remarkable progress in the technology of producing a high quality single crystal of CdTe 
and the emergence of Cadmium Zinc Telluride (CdZnTe) has dramatically changed the 
situations of high resolution room temperature detectors [6] and thus is particularly suited 
for field measurements. Cryogenic detectors [7], the latest generation in detector 
technology under development in different laboratories around the world, reach even a 
higher energy resolution, since they are able to register phonons, the thermal debris of the 
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ionizing event [1]. In many fields, the above-mentioned detectors apply to investigations 
with very low event rates. Therefore, these detectors require a low background. 
   Detector efficiencies as a function of, mainly, energy can be obtained experimental, 
empirical, semi-empirical or by modeling approaches i.e. (analytical and Monte Carlo 
approaches). One main reason for following Monte Carlo simulation is that, in many 
experimental conditions, it is impossible to use calibrated sources covering the whole 
relevant energy range, besides this, these sources are obviously limited as concerns their 
sizes and compositions. By the Monte Carlo method, on the contrary, one can hope to 
reproduce in a flexible way any experimental physical situation, no matter how complex. 
The determination of a sample to detect absolute efficiency using experimental, empirical 
and the Monte Carlo approaches has been treated by several authors [8-25].     
   This work describes and evaluates, by Monte Carlo Simulation, the total efficiency of 
scintillation, as NaI, detector to identify and measure low – level radioactive sources for a 
wide range of gamma-radiations coming from punctiform and extended sources, included 
energies in the range up to 10 MeV. The detector types mentioned has its own 
characteristics that make it suitable for individual applications. One of the two obvious 
advantages with this approach is the short computation time. The second advantage is the 
flexibility of putting various detector-related parameters such as source-detector distance, 
source size, detector radius, etc. as input variables into the computer algorithm. This ability 
males this method very versatile and can be applied to any detector system and 
configuration.    

 2. Simulation procedure: 
   The present Monte Carlo computer program allows us to follow, step by step, the story 
of a prefixed number of photons, starting from their creation in the source, up to their 
possible complete or partial absorption in the detector or their escape from it. The program 
has a modular structure, to favour a wide range of possibilities in the choice of the 
geometry.  
Isotropic point source and cylindrical detector arrangement are shown in Fig.1, its assumes 
the existence of a point source, which only “sees” the front face of a cylindrical detector, 
place at a fixed distance. In the Fig.1, the Z-axis is the symmetry axis of the detector 
(oriented from the source to the detector) and the XY plane is tangent to the source at its 
point most remote from the detector itself. In this model, photon interactions within the 
source and in the container of the source are neglected and scattering of the photons from 
the shield and other surrounding materials back to the detector was assumed to be 
negligible. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: The simulated geometrical configuration. 
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To start the program, the values of different physical and geometrical constants must be 
read in, such as, for example, the geometrical characteristics and positional variables of 
source and detector. The photons are usually assumed to be isotropically emitted, with a 
Gaussian energy distribution. However, it is easily possible to arrange the program to 
simulate preferential-emission directions and more complicate energy distributions. 
   The different followed steps of the program, to simulate the story of each photon, have 
been described detail and schematic [26]. But here, depending on the type of detector 
crystal. Viz, difference an attenuation coefficients or the probabilities of the interaction 
between the gamma ray and this crystal. Description of simulation, briefly, formed as 
follows: 
   Step A. each photon is emitted from a randomly chosen point inside the volume of the 
source, it has a random direction in the half space containing the detector. The emission 
point and the direction of the trajectory refer to the frame described in fig.1. The self-
absorption inside the source is negligible. Otherwise the program goes on with the 
following step. 
   Step B.  The photon exit path from the source is extended up to the interception point 
with the plane containing the front face of the detector. If the interception is outside this 
face, a specific counter is increased (this number allows the calculation of the solid angle) 
and the program starts again from step A. when, on the other hand, the photon goes into the 
detector, the “virtual” path ld is evaluated (ld is the distance which the photon would cover 
inside the detector in the case of missing interaction). 
   Step C.  To establish the possible interaction point and the type of process which the 
photon actually undergoes, the relevant absorption coefficients as a function of the gamma 
energy E must be known. To this end, suitable analytical expressions have been obtained, 
which reproduce to a very good approximation the absorption coefficient values of ref.27. 
The whole energy range up to 20 MeV has been divided into four intervals only, in order 
to minimize the computing time. It is then possible to calculate the total probability that 
any one of the three considered processes may occur: 𝑊 =  1 − 𝑒−𝜇𝜄𝑑   where 
μ=μph+μc+μpp. Starting from this expression for W, the program chooses first of all whether 
or not a photon interacts inside the detector. In the negative case a particular counter is 
increased and the calculation starts again from step A, otherwise, the probabilities 
concerning the various processes are separately evaluated, and the actual processes 
together with the coordinates of the interaction point are selected. 
   Step D. Each interaction process is then treated as follows: 
Photoelectric effect: In this case the photon is totally absorbed, the event is recorded and a 
new photon is considered.  
Compton scattering: The new direction and corresponding energy of the photon are 
calculated, on the basis of the Compton angular distribution. The so-defined new photon is 
followed again, with the same procedure described from step B.  
Pair production: The energy E of the incoming photon is totally absorbed into the detector, 
except the energy of the Tow photons following the annihilation of the positron at rest, 
𝐸𝛾𝛾 = 1.022 𝑀𝑒𝑉 . Each one of these photons is then followed inside the detector, starting 

from step B, their possible energy losses were then added to the already transferred energy. 
 Step E.  An important point is that the energy (partially or totally) transferred to the 
detector by each photon is separately recorded, so that all the above process has been 
treatment for access to the total probability of interaction. 
   The efficiency measures the percentage of radiation that a given detector detects from the 
overall yield that is emitted from the source into a solid angle of usually4𝜋. The volume 
and shape of the crystal, the dimension of the source, the absorption cross section in the 
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crystal, the distance and position from the source to the detector determines the efficiency 
of the detector [28, 29]. The efficiency curves for the individual detectors were obtained 
using the following equation for each gamma-ray energy emitted by the calibration 
sources: [28, 30] 

absolute total efficiency =
Number of counted photons  

Number of emitted photons  by the source     
 

Intrinsic total efficiency =
Number of counted photons  

          Number of entered photons  to detector         
 

 3. Results and Discussion: 
   In this study, the total detection efficiency of different scintillation and semiconductor 
detectors for different energy photons incoming from like-point and thin disk sources has 
been calculated by employing Monte Carlo technique using a personal computer (PC). A 
computer program has been designed and written to carry out these calculations. Since, it 
can be used for different sizes and types of gamma detectors by controlling the input 
parameters.  
   At nearby distances, for a good statistical distribution, 10

5 
photons have been followed. 

The error on the total efficiency value was found to be ±0.0012 from repeated calculations 
for a certain energy value as shown in fig. 2. 

 
Fig.2: the statistical influence of the value of efficiency versus the number of  

emitted photons from source. 

   
Total efficiency values calculated for a 3″×3″ NaI(Tl) detector for source-detector 
distances of d=0.001, 0.5, 10, 20 and 30 cm are given in the Tables 1-4, respectively, 
containing the standard error (st.er.%) between the present calculations and other results 
from previously reported literature. 
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   Table 1: Absolute total efficiency values for a 3″×3″ NaI(Tl) with a axial point source at 
d=0.001 cm away from the front face of the detector. 

E      
(Mev) 

 Absolute Total Efficiency 

St.Er.%  
present work 

ref.31 
(2016) 

ref.24 
(2007) 

ref.12 
(1972) 

ref.32 
(1961) 

ref.19 
(1958) 

0.662 0.368280 0.3618 0.36460 0.367 0.37 0.362 -1.01 

1.332 0.29367 0.3011 0.29300 0.296 0.302 0.293 -0.23 

2.620 0.24216 0.2491 0.24760 0.249 0.25 0.248 2.20 

 
 

Table 2: Absolute total efficiency values for a 3″×3″ NaI(Tl) with a axial point source at  
d=0.5 cm away from the front face of the detector. 

E      
(Mev) 

Absolute Total Efficiency 

St.Er.%  
present work 

ref.24 
(2007) 

ref.14 
(1977) 

ref.16 
(1964) 

0.080 0.433053 0.43330 0.435 0.435 0.06 

0.212 0.40167 0.40130 0.404 0.403 -0.09 

1.100 0.23092 0.22810 0.229 0.228 -1.24 

 
Table 3:  Absolute total efficiency values for a 3″×3″ NaI(Tl) with a axial point source at  

d=10 cm away from the front face of the detector. 

E      
(Mev) 

Absolute Total Efficiency 

St.Er.%  present 
work 

ref.25 
(2010) 

ref.24 
(2007) 

ref.14 
(1977) 

ref.13 
(1974) 

ref.12 
(1972) 

ref.16 
(1964) 

0.320 0.025056 0.02520 0.0249 0.0251 0.025   0.0247 0.57 

0.662 0.02042 0.02030 0.0202 0.0201 0.019 0.0183 0.0198 -0.57 

1.330 0.01653 0.01650 0.0164 0.0165 0.0164 0.0168 0.0162 -0.17 

2.620 0.01380 0.01415 0.0140     0.0132   2.46 

2.750 0.01365 0.01400 0.0139   0.0141     2.53 

 
Table 4: Intrinsic total efficiency values for a 3″×3″ NaI(Tl) with a axial point source at  d=20 

and 30 cm away from the front face of the detector. 

E      
(Mev) 

Intrinsic Total Efficiency 

St.Er.
% 

St.Er.
% 

d=20 cm d=30 cm 

present 
work 

ref.33(
1981)* 

ref.33 
(1981) 

** 

ref.35 
(1983) 

present 
work 

ref.33 
(1981) 

* 

ref.33 
(1981)

** 

ref.34 
(1983) 

0.514 0.755 0.784 0.746 0.76 0.799 - - - 3.70 
 

0.662 0.7121 0.720 0.700 0.72 0.76 0.78 0.739 0.77 1.09 3.40 

0.835 0.6718 0.695 0.669 0.67 0.72 0.76 0.707 0.72 3.33 5.52 

* Experimental values, ** Calculated values 

 
While total efficiency values calculated for a 3″×3″ NaI(Tl) detector for a disk source with 
radius 3.81 cm for the source-detector distances of d=3 and 10cm are given in the Tables 
5-6, respectively, containing the standard error (st.er.%) between the present calculations 
and other results from previously reported literature.  
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Table 5: Absolute total efficiency values for a 3″×3″ NaI(Tl) with a axial disc source with 
radius 3.81 cm locate at d=10 cm away from the front face of the detector. 

E 
(Mev) 

Total Effeciency 

present 
work 

ref.25 
(2010) 

ref.24 
(2007) 

Ref.35 
(1998) 

ref.13 
(1974) 

ref.12 
(1972) 

ref.19 
(1958) 

0.050 0.029998 0.02997 0.0301 0.02744 -   - - 

0.100 0.02934 0.02940 0.0295 0.02801  -  - - 

0.500 0.02073 0.02065 0.0206 0.02087  -  - - 

0.662 0.01927 0.01920 0.0191 -  0.019 0.0183 - 

1.000 0.01718 0.01700 0.0169 0.01727  - -  - 

1.332 0.01568 0.01567 0.0155 -  0.0164 0.0168 0.0156 

2.000 0.01350 0.01409 0.0142 0.0144 -  -  -  

2.620 0.01318 0.01349 0.0133 -   - 0.0132 0.0133 

2.750 0.01309 0.01336 0.0133 -  0.0141  - -  

5.000 0.01307 0.01264 0.0127 0.01298 -  -  -  

 
 4. Conclusions: 

   In this paper various types of total efficiency were simulated and calculated at wide 
range of γ-rays energy using Monte Carlo approach, then: 

 1. The present work provides us with useful tool for efficiency calculations and constitutes 
a good procedure for the reliable computations instead of the routine of laboratory or 
experimental measurements. Therefore, one can economize time by averting the calibration 
of experimental setup for every particular geometry. 

 2. The results can be functioned in gamma spectroscopy and determination the activity of 
radioactive sources. 

 3. Current simulation is possible for other types of detectors, whether, scintillation [e.g.: 
CsI (TI), Bi4Ge3O12(BGO), CdWO4(CWO)] or semiconductor [e.g.: HPGe, Ge(Li), 
CdZnTe] using appropriate data for each detector. 
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Abstract:  
 In present work, a new procedure of computer simulation program based on Monte 

Carlo method and photon attenuation technique was designed and written to be as virtual 
experimental system, instead of the real experimental system. The attenuation coefficients, 
as well as several other properties, were determined for Heavy Tungsten Alloy to assess its 
use in radiation applications. The density of alloy, also, was calculated. Simulation results 
are useful for training and development of human resources, staff and students, in the field 
of application of nuclear techniques, particularly, in radiation shielding protection. 
Keywords: Monte Carlo simulation, attenuation coefficients, Heavy Tungsten Alloy. 
 

 لخص:ستالم
عهً أساس طريقح يىَد كارنى وذقُيح  انحاسىبفي انعًم انحاني، ذى ذصًيى وكراتح إجراء جذيذ نثرَايج يحاكاج       

فضلا انرىهيٍ انفىذىَي نيكىٌ َظايًا ذجريثياً افرراضياً، تذلاً يٍ انُظاو انرجريثي انحقيقي. ذى ذحذيذ يعايلاخ انرىهيٍ، 
 خصائص اخري، نسثائك انرُجسرٍ انثقيم نرقييى اسرخذايها في ذطثيقاخ الإشعاع. كًا ذى حساب كثافح انسثيكح. َرائجعٍ 

انًحاكاج يفيذج نرذرية وذطىير انًىارد انثشريح وانًىظفيٍ وانطلاب، في يجال ذطثيق انرقُياخ انُىويح، ولاسيًا في 
 انحًايح يٍ الإشعاع.

 .، سثائك انرُجسرٍ انثقيميعايلاخ انرىهيٍ، يحاكاج يىَري كارنى: الكلمات المفتاحية
 

1. Introduction 
       Many human activities such as nuclear reactors, nuclear research institutions, radiation 
therapy clinics, factories that use radio isotopes, and nuclear weapons lead to exposure, 
directly or indirectly, to gamma-ray hazards. Therefore, it is necessary to take precautions 
because of these risks, by using shields and increasing their efficiency. 
      Tungsten heavy alloys were invented by McLennan in 1935, after that, these alloys 
were manufactured to use as alternatives to lead as shields against radiation. These alloys 
have a host of properties that make them possible to be used as radiation shields. These 
properties are plasticity, high density, impact strength, and high strength [1]. 
     When there is a need to use a material in the shielding industry, an important factor 
must be studied and calculated, which is the linear attenuation coefficient. As determining 
its value accurately is important to know the possibility of using the material in radiation 
physics, radiation dosimetry, radiography, crystallography, spectrometry, biology, 
medicine, environment, agriculture and industry. 
     Computer simulation can be defined as: “The use of a computer to mimic events in the 
actual world according to a properly developed assumption takes shape of logical, 
statistical, or mathematical relationships that are formed into a model ‟ [2]. The results can 
be managed by adjusting a set of input parameters to assist the analyst to understand the 
basic system's dynamics. The model is usually evaluated numerically via simulation 
periods and data are collected to assess real-world system properties. In general, these data 
are described with statistics like any experiment. Thus simulation is considered as an 

mailto:am1964jy@uomustansiriyah.edu.iq
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experiment [3], or a computer experiment, when considering the similarity of traits with 
laboratory experiments. 
     The Monte Carlo method is a stochastic numerical simulation technique that deals with 
all geometrical and physical states of the problem. Simulations of the transmissions of 
neutrons, photons, and electrons, especially in irregular geometrical systems, can be done 
using this technique. The transfer details of single particles are formed by random 
sampling of particles as they move through the geometry. Then these transfer details are 
interpreted to present information on amounts of interest, such as detector response or 
particle influence. The Monte Carlo method is useful in solving difficult-to-solve problems 
with common deterministic techniques. This method also presents an answer with a 
statistical uncertainty, so that a level of conviction in the results can be ascertained. 
     The attenuation or transition of particles is simply the amount of change in count rate 
detection from a source when a substance, with a particular thickness, is entered in 
between. 
     In the current research, a new computer simulation program was designed and 
implemented based on the Monte Carlo method and the photon attenuation technique to be 
used as a conceptual experiment system instead of the actual experiment system. 

 

2. Simulation procedure 
    The suggested design for the present simulation is shown in Fig.1 which include a radio-
active source, a NaI(Tl) detector and a THA  as sample with various thickness values. The 
distance between the source-alloy and the alloy-detector can be varying. 
    We have developed a Monte Carlo simulation to study the interaction occurred when the 
photons beam hit the alloy. Only photons transmitted within a solid angle covered by the 
detector are to be counted. 

 
Fig.1: The suggested design for the present simulation of source-alloy, alloy-detector systems 

by present Monte Carlo computer program. (a) Fixed dimensions system and (b) reference 

dimensions system. 

 
All interactions based on physical and mathematical considerations. According to the 

following steps: 

(1) Every photon is emitted from a random point (xo, yo, zo) from the source. 

It has a random direction (α ,β,γ). Emission point and direction of trajectory are described 

in fig.1. 

(2) Parametric equations were used to estimate the location of photons as follows: 
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(3) When the photon hit the alloy the virtual path pl is evaluated. It is the distance which 

the photon passes inside the detector in the case of missing interaction. According to an 

exponential distribution using the equation [4]: 

 
where Rn is the random number (0Rn 1), and μl is the linear attenuation coefficient of γ- 

radiation. XCOM program [5] used to calculate the mass attenuation coefficients ( l), 

where ρ is the bulk density of the element. The weighting equation [6] can be used, since: 

 
where: (μl) is the linear attenuation coefficient of compound or mixture, and (wi) the 

weighting factor and linear attenuation coefficient of ith element in compound 

respectively. 

(4) Putting the parameter pl of eq. (4) instead of the parameter l in eqs. (1), (2) and (3) with 

particular new values of random direction (α, β, γ) determines either the photon completely 

absorbed within alloy material (i.e. trajectory 2) or penetrates the alloy forward of the 

detector (i.e. trajectories 3-7). 

(5) Carrying out the steps from 2 to 5 to determine either the photon don't collide the front 

face of the detector (i.e. trajectory 3) or collides (i.e. trajectories 4-7). These photons either 

escape from side or bottom of the detector (i.e. trajectories 4 and 7) or registered as 

directly (i.e. trajectory 5) or as indirectly (i.e. trajectory 6). 
 
3. Results and Discussion: 
    By estimating the linear attenuation coefficient (μl) and mass attenuation coefficients 
(μm) for a particular material the attenuation properties of photons in this material can be 
known. In our procedure, 10

8
 gamma photons (monoenergetic) were sent towards the 

attenuator. These photons emitted from virtual radioactive sources with energies are 662 
keV and 1250 keV. 
    The attenuators in our simulation are manufactured of high-density tungsten heavy 
alloys. Table 1 state the composition of tungsten heavy alloys (THAs) used for present 
research. A virtual NaI(Tl) detector was used to detect these photons. This method 
simulates actual practical experience. 
 

Table 1. Compositions of tungsten heavy alloys (THAs) used in present research. 

Sample 
Composition weight 

Density (g/cm
3
) 

W (%) Ni (%) Fe (%) Co (%) 

THA-1 90.8 6.2 1.2 1.8 17.4 

THA-2 96.2 2.8 0.8 0.2 18.44 

THA-3 98.2 1.4 0.4 0 18.53 
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Table 2. Mass attenuation coefficients of tungsten heavy alloys (THAs) used for present 
research. 

Sample 

Mass Attenuation Coefficients (g.cm
-2

) 

662 keV 1250 keV 

XCOM XCOM 

THA-1 0.09051 0.05415 

THA-2 0.08993 0.05417 

THA-3 0.09189 0.05417 

 
      The semi-logarithmic calculated distributions of registered counts versus energy 
(Attenuation graph) for particular gamma energy are shown in Fig.2. 
 

 
Fig. 2. Linear attenuation coefficients of tungsten heavy alloys (THAs) used for present 

research. 

 
     The transmission for a gamma source of energy E through d [cm] of shielding material 
was estimated indirectly by determining the dose imparted to a thin cylinder of air of 
length 0.1 cm, centered behind the shield on the z-axis. Fig.3 and Fig.4 show Tungsten 
heavy alloys (THAs)   transmition comparisons at 662 keV and 1250 keV of gamma-ray 
energy respectively. 

 
Fig.3: Tungsten heavy alloys THAs Transmition Comparison at 662 keV of gamma-ray 

energy. 



 للهندسة والعلىم... يةــاديمــالأك المجلة
 2222لسنة آب  3العدد  4المجلد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 3, 2022 
 

- 25 - 

 

 
Fig.4: Tungsten heavy alloys THAs Transmition Comparison at 1250 keV of gamma-ray 

energy. 

 
4. Conclusions: 
i. Gamma attenuation method can be effective tool for knowing some properties of alloys 
as agamma ray shield. 
ii. The present computer program was a Monte Carlo method and gamma attenuation 
technique can be used as virtual experiment instead of the real experimental set up. 
iii. The present program can be quantified of various types of alloy. 
iv. The present simulation program can be used to design different experimental 
geometries. 
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Abstract 

     The propos of this paper are preset the concepts of generalized (𝜎, 𝜏)-reverse derivation, 

Jordan generalized (σ,τ)-reverse derivation and Jordan generalized triple (σ,τ)-reverse 

derivation on semiring. We prove that every Jordan generalized (σ,τ)- reverse derivations 

on semiring S with additive inverse and identity associated with Jordan (σ,τ)-reverse 

derivation d on S, where σ, τ are automorphism on S is generalized (σ,τ)-reverse derivation 

on S.  

 المستخلص

,𝜎)- ةيانعكستعميم انمشتقات  انتانيةتقديم انمفاهيم  انهدف مه هرا انبحث      𝜏) ةيانعكس, تعميم مشتقات جىزدان  (𝜎, 𝜏) 

,𝜎)- ةيانعكس انثلاثيةوتعميم مشتقات جىزدان  𝜏)  انعكسيةوقد بسهنا بان كم تعميم مشتقه جىزدان -(𝜎, 𝜏) عهى شبه

 )τ,σ(- ةيانعكسثية مع مشتقة جىزدان انثلا وانمستبطةانتي تمتهك انمعكىس وانعنصس انمحايد مع عمهية انجمع  Sانحهقه 

,𝜎)- انعكسية انمشتقةتكىن تعميم  Sانى  Sدوال تماثم مه  τ,σ, اذ Sعهى  𝜏). 
 

 1. Introduction 

    The notion of semirings was first introduced in 1934 by H. S. Vandiver. [1]  

A semiring is an algebraic structure, consisting of a nonempty set S on which we have 

defined two associative binary operations, addition (usually denoted by +) and 

multiplication (usually denoted by ・ or by concatenation) such that the multiplication is 

distributive over addition. A natural example of semiring which is not a ring is set of 

Natural numbers 𝑁, under usual addition and multiplication of numbers.[2],[3] 

      A semiring 𝑆 is said to be prime if 𝑥𝑆𝑦=0 implies 𝑥=0 or 𝑦=0 for all 𝑥,y∈ 𝑆 , a semiring 

𝑆 is said to be semiprime if 𝑥𝑆𝑥=0 implies 𝑥=0 for all 𝑥 𝜖𝑆, a semiring 𝑆 is said to be 2-

torsion free if 2 𝑥=0 implies 𝑥=0 for all 𝑥 𝜖 𝑆. [3], [4]. 

     The semiring (𝑆,+,.) is said to be semiring with additive identity 0 such that 𝑥 +0 = 𝑥 = 

0+ 𝑥 for all 𝑥 𝜖 𝑆. A semiring (𝑆,+,.) is said to have an identity element 1,if 1≠ 0 such that 

1.𝑥= 𝑥 = 𝑥 .1 for all 𝑥 𝜖 𝑆. A semiring (𝑆 an additive commutative if  x+y ,+,.) is said to be 

= y+x, for all x,y∈S, and is said to be commutative with multiplication if  (𝑆,.) is 

commutative. The set C(S)={𝑥 𝜖 𝑆,𝑥𝑦=𝑦𝑥 for all 𝑦 𝜖 𝑆}is called the center of the semiring 

𝑆. A semiring S is called with additive invertible if S with additive identity and for all x∈S 

there exist -x∈S such that x+(-x)=0= (-x)+x, and S is called with multiplicative invertible if 

S with multiplicative identity such that for all x∈S there exist x
-1∈S and x.x

-1
=1=x

-1
.x. 

      S. M. Salih in [6] present the concepts of (𝜎, 𝜏)-reverse derivation, Jordan (σ,τ)-reverse 

derivation and Jordan triple (σ,τ)-reverse derivation on semiring. For more informations 

see [7,8]. 

     In this paper we generalization [6] by introduce the concepts of generalized (𝜎, 𝜏)-
reverse derivation, Jordan generalized (𝜎, 𝜏)-reverse derivation, Jordan generalized triple 

(𝜎, 𝜏)-reverse derivation and prove that: Every Jordan generalized (σ,τ)-reverse derivation  

mailto:dr.salahms2023@gmail.com
mailto:nzj72hd@gmail.com
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on 2-torsion free  semiring S where σ,τ are automorphism on S is Jordan generalized triple 

(σ,τ)-reverse derivation on S. 

2. Generalized (σ,τ)-Reverse Derivations on Semirings 

   In this section we present the concepts and properties of generalized (σ,τ)-reverse 

derivations, Jordan generalized (σ,τ)-reverse derivation and Jordan generalized triple (σ,τ)-

reverse derivation on semiring S. We begin with the following definition: 

 

Definitions 2.1:  let S be semiring and 𝜎, 𝜏 are automorphism on S, an additive map f on S 

is called generalized (𝜎, 𝜏)-derivation associated with (σ,τ)-reverse derivation d on S if and 

only if for all a,b∈S 

f(ab) = f(b)𝜎(𝑎)+𝜏(b)d(a) 

f is called Jordan generalized (σ,τ)-reverse derivation on S associated with Jordan (σ,τ)-

reverse derivation d on S if for all a,b ∈S 

f(a
2
) = f(a)𝜎(a) + τ(a)d(a)  

f is called Jordan generalized triple (σ,τ)-reverse derivation on S associated with Jordan 

triple (σ,τ)-reverse derivation d on S if for all a,b∈S 

f(aba) = f(a)σ(b)σ(a) + σ(a)d(b)τ(a) + τ(a)τ(b)d(a)  

Example 2.2:  Let A=  
𝑛 0
0 𝑚

 :𝑛,𝑚 ∈ 𝑍  be a semiring and 𝑓 be generalized (σ,τ)-

reverse derivation of A associated  with (σ,τ)-reverse derivation d on A, and let 𝑆 = 𝐴 × 𝐴. 

We use the usual addition and multiplication on matrices of S. Then S is a semiring. We 

define F be an additive mapping of S such that  𝐹 (𝑎 , 𝑏)  =  (𝑓(𝑎),𝑓(𝑏)) then F is 

generalized (σ,τ)-reverse derivation on S associated with (σ,τ)-reverse derivation D on S 

such that D(a,b)=(d(a), d(b)) for all (a,b) ∈S. 

Lemma 2.3:  Let f be Jordan generalized (σ,τ)-reverse derivation on additive commutative, 

identity and inverse semiring S associated with Jordan (σ,τ)-reverse derivation d on S, 

where σ,τ are automorphuism on S then for all a,b ∈S  

f(ab+ba) = f(b)σ(a) + τ(b)d(a) + f(a)σ(b) + τ(a)d(b) 

Proof: f((a+b)(a+b)) = f(a+b)σ(a+b)+ τ(a+b)d(a+b) 

                                  = (f(a)+f(b))(σ(a)+σ(b))+ (τ(a)+τ(b))(d(a)+d(b)) 

                                  = f(a)σ(a)+f(a)σ(b)+f(b)σ(a)+f(b)σ(b) + τ(a)d(a)+ 

                                           τ(a)d(b) + τ(b)d(a)+τ(b)d(b)                           …(1) 

On the other hand  

f((a+b)(a+b)) = f( a
2
+ab+ba+b

2
) 

                       = f(a
2
) + f(b

2
) + f(ab+ba) 

                       = f(a)σ(a) + τ(a)d(a) + f(b)σ(b) + τ(b)d(b) + f(ab+ba)        …(2) 

Comparing (1) and (2) we have 

f(ab+ba) =  f(b)σ(a)+ τ(b)d(a)+ f(a)σ(b)+ τ(a)d(b) 

 

Definition 2.4:   Let S be semiring with additive inverse. If f is Jordan generalized (σ,τ)- 

reverse derivation on S associated  with Jordan (σ,τ)-reverse derivation d on S, we define υ 

from S×S into S by  

    υ(a,b) = f(ab)- f(b)𝜎(𝑎)-𝜏(b)d(a),  for all a,b∈S 

 

In the following lemma we present the properties of υ(a,b): 
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Lemma 2.5: If  S is semiring with additive inverse and f is Jordan generalized (σ,τ)-reverse 

derivations on S associated with Jordan (σ,τ)-reverse derivation d on S, where σ and τ are 

automorphism on S then for all a,b,c ∈S 

 i) υ(a,b)= -υ(b,a) 

 ii) υ(a+c,b)= υ(a,b)+ υ(c,b) 

 iii)υ(a,b+c)= υ(a,b) + υ(a,c) 

Proof:  

 i) f(ab+ba) =  f(b)σ(a)+ τ(b)d(a)+ f(a)σ(b)+ τ(a)d(b) 

     f(ab)+f(ba)= f(b)σ(a)+ τ(b)d(a)+ f(a)σ(b)+ τ(a)d(b) 

      f(ab)- f(b)σ(a)- τ(b)d(a)= -f(ba)+ f(a)σ(b)+ τ(a)d(b)  

           υ(a,b)= -υ(b,a) 

ii) υ(a+c,b)  = f((a+c)b)- f(b)𝜎(𝑎 + 𝑐)-𝜏(b)d(a+c) 

                    = f(ab + cb) –f(b)(σ(a)+σ(c)) - τ(b)(d(a)+d(c)) 

                    = f(ab)+f(cb) –f(b)σ(a) –f(b)σ(c)- τ(b)d(a) - τ(b)d(c) 

                    = f(ab) –f(b)σ(a) - τ(b)d(a) + f(cb) –d(b)σ(c) - τ(b)d(c) 

                    = υ(a,b)+ υ(c,b) 

 iii)υ(a,b+c)= f(a(b+c))- f(b+c)𝜎(𝑎)-𝜏(b+c)d(a)  

                                   = f(ab+ac) – (f(b)+f(c))σ(a) - (τ(b)+τ(c))d(a) 

                                    = f(ab)+f(ac) –f(b)σ(a)- f(c)σ(a) –τ(b)d(a)-τ(c)d(a) 

                                     = f(ab) –f(b)σ(a) –τ(b)d(a)+ f(ac) - f(c)σ(a) -τ(c)d(a) 

                                    = υ(a,b) + υ(a,c) 

 

Remark 2.6: If S is semiring with additive identity then f is generalized (σ,τ)-reverse 

derivations on S associated with (σ,τ)-reverse derivation d on S, where σ and τ are 

automorphism on S if and only if υ(a,b) =0, for all a,b∈S.  

3. The Main Results 

    The propose results of this paper introduce in this section. We begin with the following   

lemma.  

Lemma 3.1: If S is semiring with additive inverse, identity and commutative. f is Jordan 

generalized (σ,τ)-reverse derivation on S associated with Jordan (σ,τ)-reverse derivation d 

on S, where σ,τ  are automorphism on S then:  

υ(a,b)=0, for all a, b ∈ S,  

Proof: By Lemma 2.3 we get:  

f(ab+ba) = f(b)σ(a) + τ(b)d(a) + f(a)σ(b) + τ(a)d(b)      …(1) 

Now we have  

Since f is additive mapping of the semiring S we have 

f(ab+ba) = f(ab)+ f(ba) 

                

                = f(ab) + f(a)σ(b) +τ(a)d(b)                              …(2) 

 

Comparing (1) and (2) we get  

f(ab) – f(b)σ(a) - τ(b)d(a) =0 

υ(a,b)=0 
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Theorem 3.2: Every Jordan generalized (σ,τ)- reverse derivations on semiring S with 

additive inverse, identity and commutative associated with Jordan (σ,τ)-reverse derivation 

d on S,   where σ,τ are automorphism on S is generalized (σ,τ)-reverse derivation on S.  

Proof: Let f be Jordan generalized (σ,τ)- reverse derivations on semiring S 

Then by Lemma 3.1 we get  

υ(a,b)=0  

Now by Remark 2.6 we get  

f is generalized (σ,τ)-reverse derivations on semiring S. 

Proposition 3.3: Every Jordan generalized (σ,τ)-reverse derivation on 2-torsion free  

semiring S where σ,τ are automorphism on S is Jordan generalized triple (σ,τ)-reverse 

derivation on S. 

Proof: Since f Jordan generalized (σ,τ)-reverse derivation on S associated  with Jordan 

(σ,τ)-reverse derivation d on S 

Replace ab+ba by b in lemma 2.3 we get 

f(a(ab+ba) +( ab+ba)a) = f( (aa)b+ (ab)a +(ab)a+ (ba)a) 

      = f(b)σ(a)σ(a) + σ(b)d(a)τ(a) + σ(b)τ(a)d(a)+ f(a)σ(b)σ(a) + σ(a)d(b)τ(a) + τ(a)τ(b)d(a)+ 

 f(a)σ(b)σ(a) + σ(a)d(b)τ(a) + τ(a)τ(b)d(a)+f(a)σ(a)σ(b) + σ(a)d(a)τ(b) + τ(a)τ(a)d(b) …(1) 

On the other hand 

f(a(ab+ba) +( ab+ba)a)= f(aab+ aba+ aba+baa) 

                                   = f(b)σ(a)σ(a) + σ(b)d(a)τ(a) + σ(b)τ(a)d(a)+  

                                 f(2aba)+f(a)σ(a)σ(b) +σ(a)d(a)τ(b) + τ(a)τ(a)d(b)             …(2) 

Comparing (1) and (2) we get  

f(2aba) = f(a)σ(b)σ(a) + σ(a)d(b)τ(a) + τ(a)τ(b)d(a)+ f(a)σ(b)σ(a) + σ(a)d(b)τ(a) + 

τ(a)τ(b)d(a) 

Since S is 2-torsion free we get  

f(aba)= f(a)σ(b)σ(a) + σ(a)d(b)τ(a) + τ(a)τ(b)d(a)  

Thus f is Jordan generalized triple (σ,τ)- reverse derivation on S. 

Corollary 3.4: Every generalized (σ,τ)- reverse derivation on 2-torsion free semiring S is 

Jordan generalized triple (σ,τ)- reverse derivation on S. 

Proof: Assume that f is generalized (σ,τ)- reverse derivation on S, by Definition 2.1 

f is Jordan generalized (σ,τ)- reverse derivation on S and by Proposition 3.3 f is Jordan  

generalized triple (σ,τ)- reverse derivation on S.  
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Abstract 
Different Steganography methods are introduced to provide security. Data is typically 
presented as text, audio, video and image files that can be hidden using steganography 
algorithms. The hide of undisclosed information in video and image file is known as video 
steganography and image steganography, respectively. This paper have been reviewed 
different steganography techniques like transform domain, spatial domain, vector 
embedded and statistical techniques. 
Keywords: Steganography, Security, LSB, DCT, DNA. 

 :خلصستالم
ث َصيت ٔصٕحيت ٔفيذيٕ يخى حقذيى طزق إخفبء انًعهٕيبث انًخخهفت نخٕفيز الأيبٌ. يخى حقذيى انبيبَبث عبدةً عهى ْيئت يهفب

ٔصٕر يًكٍ إخفبؤْب ببسخخذاو خٕارسييبث إخفبء انًعهٕيبث. يعُزف إخفبء انًعهٕيبث غيز انًكشٕف عُٓب في يهفبث 
انفيذيٕ ٔانصٕر ببسى إخفبء انًعهٕيبث ٔإخفبء انصٕر عهى انخٕاني. اسخعزضج ْذِ انٕرقت حقُيبث إخفبء انًعهٕيبث 

 انًجبل انًكبَي ، ٔانًخجّ انًذيج ، ٔانخقُيبث الإحصبئيت.، ٔانًخخهفت يثم يجبل انخحٕيم
 .LSB, DCT, DNA ،لايُيتا، : إخفبء انًعهٕيبثالكلمات الرئيسية

1. Introduction 
The World Wide Web now allows for the unlimited and simple transmission of digital data: 
text, audio, video, image, network, etc. over the internet (WWW). Meanwhile, such 
unrestricted admission to enormous amounts of information has attracted serious threats to 
secure and privacy protected communication over WWW, making securing information 
over non-secured networks makes a challenge. Adversaries be able to frequently damage 
information by trying to manipulate the message, producing ethical  or financial damage. 
As a result, many information cipherment and concealment techniques have been 
established in order to achieve secure data communication [1, 2].  
There are two types of information hiding domains which are steganography and 
watermarking, both of which are utilized to conceal the private message. Furthermore, 
while these two techniques are closely related, each has its own set of goals [3, 4]. 
The purpose of watermarking is to preserve the integrity of the confidential data by 
preventing outsiders from learning of its existence, whereas steganography is the practice 
of hiding information by placing a covert message in a public medium with no indication 
of its presence. The secret message is disordered so that it appears to eavesdroppers as 
ciphered communication during the information encryption process known as 
cryptography. An encrypted message, on the other hand, is frequently ineffective, attracting 
opponents' attention or making it evident to them. [3]. 
Steganography is a data concealment technique in which the media containing the hidden 
message has secret data integrated in the cover media such that is impossible to detect and 
noticed by the intruder. The message will be meaningless even if it is noticed. In the digital 
world, both steganography and cryptography aim to store and shield the hidden message 
from intruders. These methods can be used composed or separately. Their mixture 
produces exceptional results; however multiple layers are required to ensure the highest 
level of security. Text, image, DNA, network, audio and video data formats are currently 
used with digital steganography [4]. 
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The layout of this study is as follows: Types of steganography are covered in Section 2. 
The steganography research methodologies are presented in Section 3. Section 4 also 
covers the conclusion. 
 
2. Steganography Types 
In steganography, a variety of cover objects types are employed. They include text, image, 
audio, video, and protocol. Steganography methods were classified according on the kind 
of cover item utilized [5]: 
 I. Text Steganography 
Information can be concealed in text using general methods such the quantity of tabs, white 
space, capital letters, and each n

th
 letter of a word. 

II. Image Steganography 
Steganography is referred to as image Steganography if the cover object is an image. The 
pixel intensity is typically employed in this technique to hide. 
 III. Audio Steganography  
Steganography is referred to as audio Steganography when an audio signal is employed as 
a cover object. This approach uses digital audio formats like wav, mp3, and others. 
 IV. IP Steganography  
The term "IP" stands for Internet Protocol. Network protocols including User Data Protocol 
(UDP), Stream Control Transmission Protocol (SCTP), Transmission Control Protocol 
(TCP), Internet Protocol (IP), and others are utilized in this technique for the cover object. 
Unused TCP/IP header bits can be used for steganography. 
V. Video Steganography  
The video indication is utilized as a cover in video steganography. Videos are typically 
made up of images and sounds. As a result, a large amount of data can be concealed using 
video signal as a carrier. As cover objects, H.264, MPEG, AVI, and others. 
 
3. Literature Survey 
Many methods related to steganography have been studied over the years. Some of these 
studies are discussed in this section. 
Instead of pursuing high PSNR, Yang et al. [6] developed a novel RDH technique for 
enhancing the detail information's visual quality in medical photographs. To enhance 
texture area contrast and image quality, the suggested method preferentially embeds data 
into the texture area utilizing the histogram shifting (HS) and contrast enhancement 
methods. 
Vardhan et al. [7] after eliminating the rounding error utilizing mapping integer with 
cumulative distribution function, an Integer Wavelet Transform (IWT)-based technique for 
concealing revocable data in cipher pictures is provided. A new reversible data hiding 
technique is used by ciphering one of the four IWT bands using a fractal as the key and 
histogram shifting. Additional methods of cipherment and data concealment are being 
developed, such as logistic map and embedding  of Least Significant Bit. The proposed 
method generates a random sequence using King's dream fractal. only a portion of the 
image is Low Low (LL) is encrypted. At this stage, the data is simultaneously hidden by 
combining all three of the unencrypted bands with high frequency coefficients into a single 
image, or i2. The image histogram of i2 is examined and two threshold standards are 
selected  as (T1, T2). It is necessary to generate a calculated number of random generated 
message bits; this amount can be obtained by counting the number of accurate available 
threshold planes. By lowering the histogram's center peak and shifting the values to both 
sides of the selected threshold levels, the proposed method seeks to hide data. To do this, if 
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the embedding bit is 1, the coefficients of i2 will be multiplied by 1, otherwise the 
coefficients of i2 will remain unaltered, from the randomly generated message bits 
consisting of 0s and 1s. This process is repeated until the message bits are exhausted. The 
histogram's peak is shifted to together parts of the threshold value, obscuring the original 
image. 
Manikandan et al. [8] improved the standing reversible data concealing method using a 
new cipher operation to rise the bit error rate without losing the embedding rate by a factor 
of 3. The proposed approach allows for the insertion of three bits of information into a 
single image block of size B B pixels. Similarly to the existing method, the source and 
destination in the proposed method only need to share 3 cipherment/ decipherment keys. 
This manuscript proposes an improved reversible data concealment method via cipherment. 
The bit error rate is increased by a factor of three without compromising the current 
reversible data hiding strategy using cipherment. The key management overhead remains 
identical as it was in the previous scheme. However, the cipherment operation has been 
slightly changed; the selection of a pseudorandom order for the cipherment operation of a 
particular block is identified by 3-bits sequence that to embedding in the particular block. 
Because there be able to 8 different combinations of bits when dealing with 3-bit data, 
defining nine different pseudorandom sequences, with one used if no requirement to embed 
data in a certain block. As a final point, an experiment study on thistechnique demonstrates 
that the suggested work will be more beneficial in uses such as transmission of medical 
image.  
Elharrouss et al. [9] offered a k-LSB- based method based on LSB coding to hide the 
image using k least bits. Before decoding the secret image, the blocks that contain it are 
identified using a region detection procedure. A steganography's resolution may be 
impacted; to improve the resolution, an image quality improvement technique is utilized. 
The three least significant bits (LSB) are used to incorporate a text message within a 
concealing image. However, To embed an image into an image, the three least significant 
bits are insufficient. The content of a pixel can be represented by its first four bits. n order 
to do so, continue by blending this image into another. The feature of the concealment 
images and steganographic images may be affected. Use a method for improving the image 
quality after removing the embedded image to improve its quality. The extraction of the 
steganography uses the identical methods as the encoding portion, which involves 
removing the first four pixels' worth of information. 
Bangera et al. [10] proposed a technique implemented using MATLAB, First, the RSA 
cryptographic algorithm converts the message to encrypted text. Using the LSB audio 
steganography technique, the encrypted text is concealed in audio media. The acquired 
output audio is utilized as the input audio in the second round of audio steganography. At 
the destination direction, The audio steganography decoding algorithm extracts the 
encrypted text from the audio cover twice. The original message is decrypted using RSA 
decipher.  
Kar et al. [11] presented a DNA-based method for transmitting information concealed 
inside a video file. Image frames are first created from the video file. Data is hidden using 
the Least Significant Bit replacement method in random frames at random places. Assess 
the peak signal-to-noise ratio (PSNR) and mean squared error (MSE), which are calculated 
from the original and stenographic files and averaged over the whole video frame, for the 
proposed architecture. The result shows that the stenographic file video has suffered only 
minor degradation. (ACTGGTCACGTAGTAG, for example), and applying three separate 
procedures on the selected DNA strand. 
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Huang & Tang [12] introduced a novel spatial steganography technique for voice over 
internet protocol (VoIP) covert communication, solving the challenge of expanding covert 
VoIP bands' capacity without endangering the channels' audibility. The model introduced 
two concepts to covert VoIP communications, orthogonal data concealment characteristics 
and data concealment vectors, based on Orthogonal Modulation Theory in 
communications. By taking into account the variation characteristics of the VoIP audio 
stream in the time domain, a hidden vector negotiation technique was presented to achieve 
dynamic self-adaptive steganography in media streams. 
Deepika & Saravanan [13] introduced a hash-based data hiding method in which the 
frame data is used to create the hash array after the speech stream has been collected from 
the UDP protocol. The hash array needs to be refreshed for each new frame. The secret 
data is then chopped, and the hash function is used to determine the proper bit position to 
embed the secret data. The value of the hash array is set to 0 once the secret data has been 
properly implanted. The receiver receives the hash array and audio samples as a VoIP 
frame, after which the secret message can be extracted using the hash array flag value. On 
both sides of the sender and receiver, In terms of undetectability, computational 
complexity, and speech quality, the method fared well. The issue is the hash array's 
increased bandwidth usage during VoIP communication operations. 
Yasir Hamza et al. [14] has been recommended to use visual cryptography in conjunction 
with an enhanced image steganography technique. A secret logo “binary image” of size 
128 x 128 is ciphered using visual cryptography two out of two share  to produce two 
secret shares. Through the embedding operation, a (512 x 512) cover RGB image is 
separated into 3 bands: red, green and blue. To obtain the coefficients of the blue band, 
Discrete Shearlet Transform (DST) is used. To gain a stego image, The coefficients of the 
modified blue layer are where the first secret share is set. The plain secret logo is created 
by extracting the first secret share from the coefficients of the blue layer of the stego image 
and XORing it with the second secret share. According to the outcomes of the 
experimentations, the suggested method Using a payload capacity of 1 bpp, improves the 
stego image's imperceptibility. Furthermore, Using two out of two share visual 
cryptography and the second secret share as a private key, the secret logo is enhanced. 
Mansoor Fateh et al [15] proposed a method where only one change, Two pixels 
contain the secret message's two hidden bits. However, This method doesn't offer a 
technique to conceal a message with multiple bits. Only n - 2 bits can be used with this 
technique, where n is the number of bits in a secret message block. An improved version of 
the LSB matching revisited method that is suitable for n > 2 is described in this study.  The 
proposed method is divided into two parts:embedding and message extraction. The secret 
message is transformed into a bit-stream and then separated into a series of blocks with n 
bits in each block during the embedding stage. Afterward, choose 2n-1 pixels to mask those 
n bits of the secret message. The following step is to decide which operations will be used 
to create this message. Lastly, applying the achieved processes to the coefficients in order 
to conceal the conceal message. When n >2, this method requests less alterations than LSB 
MR. This approach has a capacity that is (((2

n
 -1)/2 

n-1 
) 1 ) 100% greater than F5 technique 

when n > 2 is greater than 75%. For n - 3 the capacity of this system is 75% larger than that 
of F5.  The suggested method can be applied in the first step of any steganography process 
to lessen the change in the stego image. 
Dalia and Loay [16] proposed a method based on LSB inversion and arithmetic 
operations. The LSB values of cover pixels are not replaced with secret bits; they are 
reversed.. This improves the image quality of the stego. As a result, To define which bits 
are flipped, a flag is utilized. Finding the minimum and maximum numbers, as well as 
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subtraction and division, are arithmetic operations. By using these arithmetic processes, the 
amount of embedded data is reduced while capacity is increased. Division operations 
produce quotients and remainders, which are kept in arrays of quotients and remainders, 
respectively. The maximum size for each quotient is 3 and 2 bits, respectively, due to the 
use of the divisors 32 and 8, and the remainder is 3 bits. The conceal image is divided into 
two identical sections. By inverting the pixel LSBs, the first section is utilized for 
embedding quotients. In addition, In order to enhance the outcomes, several inverted LSBs 
will be inverted once more in this part. The second section is used to embed leftover data 
by flipping pixel LSBs. This section lists which inverted bits are inverted again as well as 
the number of bits utilized to embed each pixel in the first half. 
K. Rosemary and M. Mary [17] focuses on data hiding in DCT-based JPEG images to 
improve storage capacity and security. It was suggested to the researcher to use a modified 
quantization table and matrix encoding technique to embed the secret message inside a 
JPEG image. A matrix encoding was used to eliminate distortion, and the conventional 
quantization table was changed to enhance storage space. 
Ambika et al. [18] presented an encryption-based steganography technique. The cover 
image was separated into RGB components individually. Over the image's transformed 
components, multi-level DWT has been applied. The Multi-Objective Whale Optimization 
was utilized to choose the finest pixels. The RGB components of the private image have 
been separated. Encryptions using the DES, AES algorithms were performed on the 
divided levels  R, G and B. The image that has been inserted into the cover image at the 
specified pixel location. 
Amal and Iman [19] proposed a mechanism in 3 phases. The first stage involves grey 
image values are mixed up using a set of keys produced by a quantum chaotic map. The 
2nd stage creates mixture keys combining a Zaslavsky and 3-D Henon map, which are 
utilized to cipher the scrambled grey image. The third phase, a new algorithm for hiding 
the ciphered grey image at arbitrary positions inside a speech file is suggested. This method 
combines the LSB technique for determining concealed bits and the zero- crossing K- 
means technique for mining locations in a dispersed way so that intruders cannot simply 
regain any hacked person's hidden data. Additionally, magnitude value was chosen as a 
specific piece of data to conceal encoded image data using a fractional Fourier transform. 
The measurements MSE, PSNR, NSCR and UACI are utilized to evaluate the effectiveness 
in the encipherment algorithm and the measurements SNR, PSNR and MSE are utilized to 
evaluate the effectiveness of the hidden method. 
Hazim Noman [20] For information security, a cryptography and steganography method 
was proposed. By XORing the secret message and the QR code, cryptography was used to 
get the encrypted message. The LSB method was used in steganography to embed the 
encrypted message into the cover image. The QR technique was used in this study, and the 
ciphered message was concealed in locations chosen via the bat algorithm. To verify the 
effectiveness of the suggested approach, secret messages of various sizes were tested with 
numerous cover images. Finally, following the embedding procedure, the quality of the 
cover picture was evaluated using conventional criteria. 
 
4. Conclusion 
This article examined several steganography techniques, with a particular emphasis on 
steganography and comprehensive classification. Additionally, numerous forms of digital 
steganography and steganography review publications were explored. Each of the plans 
examined has some benefits and some drawbacks. Based on what the references indicated, 
it can be concluded that the if the developed technique combines the spatial and frequency 
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domains, the image steganography scheme will be more reliable and secure, in addition to 
creating the secret text with a new encryption technique to add an additional layer of 
protection. Furthermore, the pixels in the image should be selected at random. Taking into 
account the advantages and disadvantages of each methods examined, it is critical to 
develop a forceful and effective algorithm capable of data embedding, obtaining a high 
payload, and data. 
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Abstract 
In this work the dynamics of chaotic behavior and attractor selection in 

semiconductor laser utilizing optoelectronic feedback and direct current modulation have 
been studied experimentally .The effect of the external perturbation is presented and 
showed modulation in the chaotic system. 

The study has begins from the generation of chaotic spiking in the semiconductor 
laser by optoelectronic feedback, Then studying the chaotic spiking characteristics and 
determining the control parameters which lead to various effects on the behavior of the 
system output, periodic, and quasi-periodic to chaos. The dynamics of the laser output are 
analyzed by Fast Fourier Transformation, attractors and bifurcation Diagram. 
Keywords: Chaos, Chaos-based communications, frequency modulation, amplitude 
modulation.  
 
1. Introduction  

Significance of chaotic dynamics in semiconductor lasers receive great attention in 
the near past decades, due to the applicability of chaotic synchronization of such systems 
in the field of optical secure communication. This theory was proven by several research 
groups [1, 2, 3].Semiconductor lasers are generally very stable systems when operated with 
only a Dc bias current. By inclusion additional degrees of freedom to the system dynamic 
instabilities are induced. Involving external optical injection to the system produce 
different chaotic outputs [4, 5]. Producing optical feedback [6], direct current modulation 
[7]. And delayed optoelectronic feedback are the methods of generation chaotic 
optoelectronic feedback [8]. The conventional method of producing ultra-short pulses is 
positive delayed optoelectronic feedback [9] from semiconductor lasers. The dynamics of 
semiconductor lasers with direct current modulation widely studied [10]. It has already 
been proved that the effect of mode gain reduction occurring due to nonlinear processes is 
suppression of chaotic dynamics [11]. Production chaotic dynamics by using bidirectional 
coupling configuration between two such lasers is found [12]. A strong current modulation 
combined with positive delayed optoelectronic feedback is found to generate chaotic 
dynamics and bi stability in semiconductor lasers [13].The effect of such a combination in 
inducing chaotic dynamics through a quasi-periodic route in quantum-well lasers also has 
been studied [14]. The directly modulated semiconductor lasers with GHz modulation are 
the most preferred light source in the optical communication systems. A widely 
investigated topic is chaotic synchronization of two such lasers because of its applicability 
in optical secure communication [15]. The nonlinear gain reduction for (InGaAsP) lasers 
used in optical communication systems is very strong and its direct consequence on the 
dynamics of such lasers suppress of chaotic outputs. A significant role in modeling 
semiconductor laser dynamics is that the dynamic response of semiconductor laser strongly 
model is established in terms of dynamical time series, frequency spectrum and phase 
portraits; the influence of amplitude modulation on the nonlinear behaviors of the 
considered system is investigated in detail. depends on the nonlinear gain [16]. The results 

mailto:raghedismail@yahoo.com
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of numerical investigations on the effect of a delayed optoelectronic feedback on the 
dynamics of lasers Diode was illustrated [13]. The study was undertaken to find out the 
possibility of obtaining chaotic outputs from Laser Diode under small values of perpetrated 
modulated amplitudes. The optoelectronic feedback scheme has the advantage of ease of 
implementation, as it is insensitive to the optical phase of the output intensity. Therefore 
the effects of negative delayed optoelectronic feedback schemes were investigated. The 
results reveal that in the range of normal estimates of nonlinear gain reduction factor for 
such lasers as suggested by Agrawal [10], only a strong negative delayed optoelectronic 
feedback is efficient in producing chaotic output. 

In this study, an experimental setup was implemented for studying the control and 
modulation of chaos in SL with ac coupled optoelectronic delay feedback. Modulation is 
an important characteristic of the chaotic systems that enable encrypting data in chaos 
communication, in which data could be encoded and modulated in chaos carrier. Finally, 
this work will show hidden and appeared frequencies by changing the amplitude or 
frequency of the modulating signal. 
2. Experimental work 
2.1 Modulation on Chaotic dynamic 

In this setup, a function generator (Model UTG9002C, Range 2MHz) is used to 
enhance the generated chaotic behavior. The Voltage Controlled Generator (VCG) is the 
basic component of the function generator. The VCG produces the precision sine, square 
wave, and triangle wave over a frequency range of 20 Hz to 2 MHz with coarse and fine 
tuning. Figure 1 shows the experimental setup of chaos modulation. 

 
Figure 1 Experimental setup with optoelectronic feedback for investigating chaos modulation. 

 
The system is comprised of a closed-loop optical system equipped with a 

semiconductor laser with AC and nonlinear optoelectronic feedback. The laser light 
produced by the system is sent to a photodetector which converts the optical signal to an 
electrical signal using an optical fiber. This process results in the generation of an electrical 
signal which is amplified by a variable gain amplifier and added to the bias current of SL. 
The output signal from the variable gain amplifier was modulated by external perturbation 
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through a periodic signal with two control parameters frequencies. The modulated 
frequency could be seen from the FFT. Different time series could be obtained by changing 
either the frequency or amplitude of perturbation. The bifurcation diagram was drawn for 
each parameter to see the differences between them.  
2.2 External Chaotic Modulation  

The experimental setup of SL and signal generator for satisfying chaotic 
modulation to study the resonance phenomena are shown in Figure 1. The experimental 
include the following procedure : the amplifier gain of the entire feedback loop and the dc-
pumping current have been fixed, the output signal from the amplifier modulated by 
external perturbation which is sinusoidal signal that has two control parameter amplitude 
and frequency. Adding amplitude changes from (0.08-0.86Volt) to the system‟s dynamical 
state while frequency is fixed at 167 Hz, after that the output signal is observed with digital 
oscilloscope. The results have been analyzed with origin program software. 
2.2.1 Frequency hiding in Chaos 

In this experiment, one can introduce the method of hide frequency in the chaotic 
dynamic of the laser. Some frequencies could be hidden whereas others appeared, when 
the frequencies are hidden, the communication link considered as secure. It uses the same 
experimental setup in Figure 1. 

The SL bias current changing causes the variation of nonlinear dynamics of the 
system. It was accomplished that a time series for each observed set of data from the 
chaotic signals. In this, The SL value power considered as a control parameter of chaotic 
spike evolution as shown in Figure 2. The analysis of the time series and their FFT of 
chaotic systems show the maximum value of frequencies in chaotic region. The maximum 
value of frequencies incited by this Figure are a good candidate for the modulated 
frequency. The amplitude of time series are studied for the best modulation in chaotic 
region. 

    
(a)                    (b) 

Figure 2: The chaotic carrier signal (a) time series and (b) FFT of Chaotical spiking. 
 

The chaotic carrier signal must have a much higher amplitude and frequency than 
the message signal, therefore the ratio of the massage signal to the carries chaos signal are 
calculated. The FFT frequency range is limited (0- 2500) Hz, this lead to the 10% of 
2500Hz is 250 Hz and 20% from 2500Hz is 500Hz and so on. The amplitude of the chaos 
is 800 mv, the 10% of 800mv is 80mv and 20% from 800mV is 0.16 V and so on 
respectively. 

We report the experimental and numerical study of hiding frequency in chaos in 
two stats, first, when the amplitude of the external perturbation is varied, secondly, when 
the frequency of this perturbation is changed.  
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amplitudeWe begin with amplitude modulation, the  of the single wave is varied 
in proportion to that of the carrier signal being transmitted. The sinusoidal signal message 
that has two control parameter amplitude and frequency. First we observe the dynamical 
sequence where the frequency has been fixed at 166 Hz (7%from chaos signal). By 
gradually increasing in the amplitude of the perturbation (0.06, 0.08, 0.1… 0.6) volt will 
hid the frequency in the first step, then the frequency begin to appear and increasing in 
appearing. Then the frequency fixed at (50, 275, 300, 325,…2500)Hz and changing 
amplitude. 

Second, Frequency modulation, when the amplitude of perturbation has been fixed 
with gradually increasing in the frequency. The amplitude of perturbation is fixed at 0.08 
(10% from chaos carrier Amplitude) and changing frequency (166, 191, 216, 241… 1725) 
Hz. Then experimental has been repeated when the amplitude is fixed at (0.12, 0.16, 0.2, 
0.25, 0.32, 0.5…0.8) Volt and changing frequency (166, 191, 216, 241…1725)Hz until 
frequency appear. 
2.2.2 External chaotic modulation 

External chaotic modulation is an important method to control chaos. In our study, 
the modulation applied on the source by a function generator as mentioned in the 
experimental part. Figure 3 includes the time series of different amplitude where the 
modulation frequency has been fixed at 167Hz which represent the minimum values of the 
frequency added which is convert the behavior of the system while the amplitude is 
changing. 

 
 (a) 

 
(b) 

https://en.wikipedia.org/wiki/Amplitude
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(c) 

Figure 3 : Time series at fixed frequency 167Hz and amplitude values  
(a) 0.08 v, (b) 0.44v, (c) 0.86 v. 

 
This Figure shows the system transition from chaotic to regular state. The 

regularity of nonlinear dynamic system is related to the optimal amount of frequency and 
increment of the amplitude.  

The results indicate that the amplitude could be considered as a parameter at 
optimal amount of frequency (167 Hz) which control the system‟s collective dynamics, the 
different amplitudes have been controlled the chaotic system from chaos to quasi periodic 
and then to periodic. So, very interesting results have been obtained regarding to the effect 
of the chaotic resonance by adding the amplitude on the chaotic systems. This 
phenomenon was named as resonance in excitable nonlinear dynamical systems. 

 
2.2.3 Frequency hiding in Chaos 

The aim of this experiment is to indicate the encryption region. Previously, 

amplitudethe  of the single wave is varied in proportion to that of the carrier wave being 
transmitted. The frequency has been fixed at166Hz (7%from chaos signal).By gradually 
increasing in the amplitude of the perturbation (0.06, 0.08, 0.1, 0.12, 0.14, 0.16, 0.18, 0.2, 
0.22, 0.24,..0.6) Volt will hid the frequency, then at 0.48 Volt the frequency begin to 
appear and at 0.62 Volt increasing in appearing as shown in Figure 4. 

 
(a) 

https://en.wikipedia.org/wiki/Amplitude
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( b) 

 
(c) 

Figure 4 Power spectra with different modulation amplitude  
(a) 0.08v,  (b) 0.48v (d) 0.62 v. 

This Figure shows the sinusoidal starts to appear in the spectrum when the external 
amplitude is increased; three types of the power spectrum analysis exist, hidden spike 
frequency, low spike frequency and a spike frequency. 

Then frequency is fixed at 250 Hz(10% from chaos carrier signal) and changing 
amplitude until frequency appear, then frequency fixed at (275, 300, 325, 350, 375, 400, 
425, 450, 475, 500…2500) Hz and changing amplitude. 

Second, The amplitude of perturbation is fixed at 0.08Volt (10% from chaos 
carrier Amplitude) and changing frequency (166, 191, 216,2 41, 266, 291, 316, 341, 366, 
391, 416 …1725) Hz, all the values of frequency are hidden.  

The experiment has been repeated when the amplitude is fixed at 0.12Volt (15% 
from chaos carrier Amplitude)) and with gradually increasing in the frequency from (166, 
191, 216, 241, 366, 391, 416…1725) Hz until frequency appear at 1750Hz as 
demonstrated in Figure 5. 

Figure 5 shows that frequency is hidden until 170 Hz begin to appear and 
increasing in appearing at 250 Hz. Then the amplitude is fixed at (0.08, 0.12, 0.16, 0.2, 
0.25, 0.28, 0.32, 0.36, 0.4, 0.44, 0.48…0.8) Volt and changing frequency (166, 191, 216, 
241…1600)Hz until frequency appear. 
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(a) 

 
(b) 

 
(c) 

Figure 5: Power spectra with different modulation frequency 
 (a) 166Hz, (b) 170Hz, (c) 250Hz. 
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The amplitude is fixed as mentioned previously and changing frequency until 
frequency appears. The results indicate that the frequency could be considered as a 
parameter at optimal amount of amplitude which control the system‟s collective dynamics, 
the different frequencies have been controlled the chaotic system from chaos to quasi 
periodic and then to periodic. So, very interesting results have been obtained regarding to 
the effect of the chaotic resonance by adding the frequency on the chaotic systems. 

  
Conclusions 
  Depending on the results, the conclusions could be summarized that, the effect of 
the external perturbation is presented and showed modulation in the chaotic system. When 
the output chaotic signal under the effect of external perturbation, the different frequencies 
have been controlled. The control of modulation can be achieved by changing in the 
amplitude or frequency of perturbation signal. It is clear that the Chaotic dynamics are a 
good candidate for hiding information, which is an important part to encrypt the data in 
optical communications. Different frequencies have been applied as control parameters, 
appearance and hidden of these frequencies are achieved for the security of chaos 
communication. So, appearing and hiding of these frequencies are achieved for the security 
of optical communication. From the results we notice that we can not use some frequencies 
for security communication because we can not hide these frequencies in both states high 
and low amplitude. 
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Abstract 
Due to the magnificent evolutions in transmission networks exclusively in the Internet 
network, which utilize to interchange various kinds of data via numerous people. Data 
security has come to be a major discussion. For that reason, there is a growing heed in the 
use of encryption and decryption techniques. Lots of encryption techniques have been 
evolute to maintain data security. One of these techniques that commonly used in recent is 
chaotic encryption systems. Where numerous techniques were suggested to encrypt text 
using a chaotic map because their features such as sensitivity to initial conditions and 
unpredictability of random behaviors etc... In this paper, we attempt to review and describe 
numerous techniques used to encrypt text and make a comparison among these techniques. 
Keywords: Cryptography, Decryption, Text Encryption. 
 

 1. Introduction 
Securing information is, and will remain an important goal, require interchanging and 
storing numerous kinds of data such as text, video, audio and image over the Internet, an 
environment in which it is uncomplicated to penetrate the information interchanged, 
cryptographic methods have been utilized to safeguard the confidentiality of data from 
unauthorized access [1]. Text encryption is the generality additional benefit method to 
protect the confidentiality when storing or transmitting text through a network. [2] Lately, 
cryptography depend on chaotic systems has been find out and is fetching recurrently 
utilize in image encryption techniques. In fact, chaotic systems display pseudorandom 
behavior and have substantial features such as unpredictability of the orbital growth, high 
sensitivity to parameters and initial conditions, guide the simplicity of implementation of 
software and hardware to increase the encryption rate, etc... These features and another 
make from chaotic depend cryptography are related with most significant properties of 
cryptography like confusion, diffusion. [3] Cryptography and cryptanalysis are two terms 
need to be clearly defined to give wide comprehension for the work in progress. 
Cryptography mathematically encrypts and decrypts information so that the user becomes 
capable of storing and transmitting information that is sensitive within insecure networks. 
This information is viable to the public except the specified recipients. As for 
cryptanalysis, it is defined as a process to analyze and break down secure communication. 
Encryption is a process in which an algorithm is used to make the transformed information 
is un-readable by unauthorized users. Therefore, cryptographic method is simply based on 
encoding and transforming information into unreadable cipher text to protect a sensitive 
data such as credit card number. The encoded data may only be decrypted or turned 
readable by a key. Both of symmetric-key and asymmetric-key encryptions are considered 
as primary types of encryption. [4] 
 

 2. Literature Survey 
There are numerous techniques that associated to text encryption has been studied. In this 
section we debate some of these researches. 
R Thanuja and S Dilip Kumar [5] utilized a Novel Cryptographic architecture that utilize 
IDEA & BLOWFISH procedure for encryption purposes and utilizing of SHA-I for 
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creating hash value for cipher text so as to make available a robust cryptographic 
architecture. 
Unnikrishnan Menon et al. [6] used a novel 2D chaotic function that shows a uniform 
bifurcation above a large range of parameters and displays high levels of chaotic behavior 
to create a random sequence that is utilized to encrypt the input data. The suggested 
technique utilize a genetic algorithm to optimize the parameters of the map to improve 
security for any given textual data. Several analyses demonstrate an adequately big key 
space and the existence of multiple global optima representative the requisite of the 
suggested technique and the security providing via it. 
M. Y. T. Irsan and S. C. Antoro [7] used the nature of the chaotic map via utilizing the MS 
map as a key stream generator. The cipher text discover via the determined algorithm is 
overly hard to be cracked via the bruce-force attack and known-plaintext attack. The 
decryption method has been tested using 3 different secret keys (that is overly similar with 
the secret key on the encrypted procedure), and resulting the decrypted text is the similar 
with plaintext only if the input is exactly the similar secret key as in encrypted procedure. 
Siham Oleiwi Tuam et al. [8] presents a hybrid method of the chaotic map as well as DNA 
computation to Text encryption. Two logistic maps are employed for key generation to be 
used in permutation process, and 1D logistic map is used for generating index 
permutation. DNA computation coding rules and addition operation are used to frame the 
final result of the encryption process to produce encrypted text.  
Riyadh Bassil Abduljabbar et al. [9] used fast method for text encryption based on genetic 
algorithm is presented. Method of encryption is reached via the genetic operators 
Crossover and mutation. The encryption suggestion method depend on dividing the plain 
text characters into pairs, and applying the crossover operation between them, followed via 
the mutation process to obtain the encrypted text. The exploratory results display that the 
suggestion supply a significant enhancement in encryption rate with comparatively great-
speed treating. 
Zahraa K. Taha [10] utilizes method to complete step via step execution of Advanced 
Encryption Method, i.e. encrypting 128 bit data utilize the modification AES-2Keys. The 
encryption method contains of the mixture of many classical procedures such as 
substitution, rearrangement and transformation encoding methods. 
Mohammed Amin Almaiah et al. [11] mixture between elliptic curve cryptosystem and hill 
cipher (ECCHC) is proposed called Novel hybrid encryption, so as to change Hill Cipher 
from symmetric technique (private key) to asymmetric One (public key) and growth its 
security and efficiency and resist The hackers. Thus, no want to share the secret key 
between sender and receiver and both can create it from the private and public keys. Thus, 
the suggested methodology presents a new contribution via its ability to encrypt every 
character in the 128 ASCII table via utilizing its ASCII value direct without wanting to 
assign a numerical value for every character. 
Ahmed Steef, M. N. Shamma and A. Alkhatib [12] utilize a technique to encrypt and 
decrypt the message text according to the ASCII(American Standard Code for Information 
Interchange) and RSA algorithm via altering the message text into binary representation 
and dividing this representation to bytes(8s of 0s and 1s) and applying a bijective function 
between the group of those bytes and the group of characters of ASCII and then utilizing 
this tool to be compatible with using RSA procedure, lastly, Java application was built to 
put in this method directly. 
R. Venkateswaran and V. Sundaram [13] used chance of exploiting the properties of 
Genetic Procedure with poly substitution approaches in a linear method, to create ASCII 
values of the given text and then applying conversion, transposition with the properties of 
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Cryptography. In polyalphabetic substitution ciphers the plaintext letters are enciphered 
dissimilarity based upon their location in the text. As the name polyalphabetic proposes 
this is attained via utilizing several two, random keys and three keys mixtures in place of 
just one, as is the situation in most of the simpler crypto schemes. utilizing two keys, we 
take 2 keys e1, e2 and let the ASCII values of e1 be 1 and e2 be 2 and take the text, add 
ASCII values of e1 to first character and ASCII values of e2 to second character. As 
another option add the value of e1 and e2 to consecutive characters. can utilize Poly 
substitution process combining the properties of cryptography for text encryption via 2 
keys and 3 keys and even more then 3 keys to create the decryption procedure extra 
complicated. 
Dr. Ekhlas Abbas Albahrani and Tayseer Karam Alshekly [14] used mixture between Self-
Synchronizing Stream Cipher and chaotic map; the procedure encrypts and decrypts text 
files of dissimilar sizes. Initially, the corresponding ASCII values of the plain text are act 
as input to the permutation action which diffuses the positions of these values via utilizing 
hyper-chaotic map. Next, the outcome values are input to substitution process via1D 
Bernoulli map. Lastly, the resultant vales are XOR feedback with the key. 
M. A. Murillo-Escobar et al. [15] chaos encryption utilize a 128 bit secret key, two logistic 
maps with optimized pseudorandom sequences, plain text characteristics, and only one 
permutation diffusions round, is a method in a novel symmetric text cipher procedure. 
Numerous security analysis are offered as secret key size, secret key sensitivity, frequency 
with histograms, autocorrelation analysis, information entropy analysis, differential 
analysis, classic attacks analysis, and encryption/decryption time. Depended on numerical 
simulation results. 
Narendra K. Pareek et al. [16] used a novel chaotic block cipher in which a logistic map, 
Henon map, and secret key are utilized. The chaotic cipher that suggested applies; the 
confusion and diffusion are reached respectively with the help of chain block ciphering and 
secret key depending on permutation boxes. Because of the privilege confusion and 
diffusion characteristic, the suggested chaotic cipher is extremely robust. 
Mina Mishra and V. H. Mankar [17] utilized pseudo random number generator (PRNG) 
and non-Linear functions. PRNG utilized in the work are matlab random number generator 
(RNG) and Linear congruently generator (LCG). The developed procedures are named 
with reference to PRNG utilized in it. State of PRNG is assuming as secret key of the 
cipher. The encryption systems have been cryptanalyzed for four dissimilar approaches to 
examination its power like key space analysis, plaintext and key sensitive examination. 
Famed plaintext attack is also executed via taking into consideration a lesser series of 
plaintext and the complete cipher text for lesser text. The analysis is achieved on diverse 
keys chosen randomly from key for several texts and files. Key sensitivity up to 50 % and 
plaintext sensitivity ranging from 3% to 50 % have been gotten in the progressive ciphers. 
It is concluded that suggested encryption procedures. Have strength against linear, 
differential and statistical attacks. 
Qusay S. Alsaffar et al. [18] research chains between numerous phases of encryption  
Procedures: DNA encryption process, GZIP algorithm, AES cryptography and image 
steganography. This paper suggested multiplying via a factor along the latest phase of 
DNA encryption, and the outputs of this operation are compressed utilizing the GZIP 
process, where the message is altered to a new form and its size summary to (75%), then 
after the message is encrypted utilizing the AES encryption Procedure to increase the grade 
of security. Moreover, LSB image Steganography technology is used to hide the encrypted 
message in a high-quality image. 
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Samsul Arifin et al. [19] square key matrix in the Hill Cipher approach essential have a 
reverse modulo. The unimodular matrix is one of the rare matrices that necessity has an 
inverse. A unimodular matrix can be used as a key in the encryption method. These study 
goals to show that there is additional method to guard text message data. Symmetric 
cryptography is the sort of encryption used. A Bernoulli Map is utilized to generate a 
unimodular matrix. To begin, the academics utilize an identity matrix to create a 
unimodular matrix. The Bernoulli Map series of real values in (0, 1) is interpreted to 
integers between 0 and 255. The numbers are then inserted into the unimodular matrix's 
top triangular entries. To obtain the full matrix as the key, the academics use Elementary 
Row Operations. The data is then encrypted utilizing modulo matrix multiplication. 

 3. Conclusion 
This work reviewed diverse method for text encryption within the period (2010-2021). 
Text encryption turns out very important especially when the transferring will have done 
thought open network. These encryption patterns are studied and analyses fully to 
improvement the efficiency of the encryption approaches and to guarantee the security 
performance. This study summarizes, each scheme is unique in its own technique, which 
may be suitable for several applications. The new encryption technology is growing every 
day, thus the fast and secure traditional encryption technology will always accomplish a 
high security rate. All technologies have particular benefits and drawbacks and thus new 
technologies have been developed. 
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 اٌخلاطخ
( ثؼذ ؽلاءٖ ثّبدح إٌؾبط n-type( ثٛاعطخ ػ١ٍّخ رطؼ١ُ اٌغشِب١َٔٛ ٔٛع )Ge) رُ رظ١ٕغ وٛاشف ِٓ اٌغشِب١َٔٛ   

ثطبلبد ِخزٍفخ ٟٚ٘  (Nd–YAG) اٌؾشاسٞ فٟ اٌفشاؽ ٚرٌه ثمظف عطؼ اٌغشِب١َٔٛ ثٕجؼبد ١ٌضس ثطش٠مخ اٌزجخ١ش
mJ ((40,60,80ٚاٌجظش٠خ ٌغطٛػ اٌؼ١ٕبد. اٌخظبئض اٌجظش٠خ  ئض اٌزشو١ج١خ. رُ دساعخ أصش اٌزطؼ١ُ ػٍٝ اٌخظب

ٌٍّٕبرط رُ دساعزٙب ِٓ خلاي ل١بط ؽ١فٟ إٌفبر٠خ ٚالاِزظبط١خ. الاعزغبث١خ اٌط١ف١خ اٌزٟ ِٓ خلاٌٙب إٌّطمخ اٌط١ف١خ 
ظٍٕب ػ١ٍٙب رُ رؾذ٠ذ٘ب, أفؼً اعزغبث١خ ؽ١ف١خ ؽ IRاٌزٟ ٠ؼًّ ثٙب اٌىبشف ػّٓ اٌّذٜ اٌط١فٟ ٌٍّٕطمخ رؾذ اٌؾّشاء 

ٟ٘ (0.36 A/Wٌٍشش٠ؾخ اٌزٟ لظفذ ثطبلخ لذس٘ب )(80mJ)  ٟػٕذ اٌطٛي اٌّٛع (808nmٚ اٌىشف١خ .) اٌىشف١خ

Wإٌٛػ١خ وذاٌخ ٌٍطٛي اٌّٛعٟ اٌغبلؾ رُ ل١بعٙب, اػٍٝ وشف١خ ٟ٘ 
-1

 1.610
-10 

 
 

Fabrication and Studying of Ge-Cu Photodetector structure and Optical Properties 
prepared by Vacuum evaporation method 

Dr. Z. T. Al-Dahan      Dr. Abdul K. H. Dagher     Nada Dhamed Mathi 
Abstract 
  Fabrication of Ge detector of n- type by doping Ge with Copper material in vacumm 
evaporation method, where the surface of Ge is projected by Nd-YAG Laser pulses of 
different energies (40, 60, 80) mJ. Studying the effects of doping on the structure and 
optical properties models Surface. Optical properties of models have been studied through 
measuring transmittance and absorpance. Spectral responsivity in which the spectral area of 
detector is doing at the spectral range IR region is determined, optimum responsivity is 
0.36 A/W for sample which is projected by 80mJ at wavelength 808 nm. Detection and the 
specific detection as a function of incedent wavelength have been measured, high detection 

is 1.610-10 W-
1
. 

 

  Introduction))المقدمة 
cm−1((αِٚؼبًِ اِزظبطٗ  اٌغشِب١َٔٛ ِزؾغظ ٌلأشؼخ رؾذ اٌؾّشاء اٌمش٠جخ  ≈  1.5 – 1.0ػّٓ اٌّدذٜ ) 104

μm( )1ٌزا اٌغشِب١َٔٛ  (2) ( ٚأؼىبع١خ ػب١ٌخ ٠ّىٓ رلاف١ٙب ثطلاء اٌغطؼ ثّبدح ِؼبدح ٌلأؼىبط ٌزؾغ١ٓ ػٍّخ وىبشف
اٌزٟ رؼًّ ػٍٝ اِزظبص اٌفٛرٛٔبد اٌغبلطخ ػٍٝ اٌىزشٚٔبد ِبدح اٌىبشف ِّب ٠ٕدزظ  ١ٔٛخُِٙ فٟ طٕبػخ اٌىٛاشف اٌفٛر

رؼدذ اٌىٛاشدف اٌفٛر١ٔٛدخ إٌدٛع الا فؼدً ٌىدْٛ الاعدزغبث١خ  ثبٌزبٌٟ رؾٌٛٙدب ئٌدٝ أشدبسح وٙشثبئ١دخ.ػٕخ ر١ٙظ الاٌىزشٚٔبد ٚ
  UV ٚVIS)ؽدٛاي اٌّٛع١دخ فدٟ ِدذٜ اٌط١ف١خ ػّٓ ِذٜ ِؾذد ِٓ الاؽٛاي اٌّٛع١خ ٠ّٚىٓ اعزخذاِٙب ٌٍىشف ػٓ الا

ٚIR(.4(. رزٛ٘ٓ شذح اٌؼٛء اٌغبلؾ ػٍٝ اٌغشِب١َٔٛ اع١ب ِغ اٌّغبفخ )3ؽغّٙب ٚراد ػٛػبء ل١ٍٍخ ) ( ٌٚظغش 

((1...         I = I∘ exp
(−αt  

  Aٌؾغبة الاِزظبط١خ ِؼبًِ الاِزظبص ٚ αذ, شذح اٌؼٛء إٌبف I اْر ا 

((2...           A = log
I°

I
 

ٟ٘ إٌغجخ ث١ٓ اٌى١ّخ اٌخبسعخ ِٓ اٌىبشف ئٌٝ   Rλ) ٌزؾذ٠ذ اداء اٌىبشف لاثذ ِٓ ِؼشفخ ٚل١بط الاعزغبث١خ اٌط١ف١خ
V)اٌى١ّخ اٌذاخٍخ ٌٍىبشف ٚرمبط الاعزغبث١خ اٌط١ف١خ ثٛؽذاد  W  ( ٚأ/W A )(5): 

((3...         
S

Pin
 =Rλ 

S لإشبسح اٌخبسعخ ٚرىْٛ ر١بس ػٛئٟ أٚ فٌٛز١خ,رّضً ا Pin  الاعزغبث١خ اٌط١ف١خ رؾذد  .اٌذاخٍخلذسح الأشؼخ اٌؼٛئ١خ
ثأٔٙب ػذد   η)إٌّطمخ اٌط١ف١خ ٌؼًّ اٌىبشف ٚاٌزٟ ر١ّضٖ ػٓ ثم١خ اٌىٛاشف ٚرؾذد وفبءرٗ ٚلذسرٗ. رؼشف اٌىفبءح اٌى١ّخ 

  .(6,7ض عبلؾ ػٍٝ اٌىبشف )فغٛح اٌّزٌٛذح ػٓ وً فٛرْٛ ِّز -أصٚاط الإٌىزشْٚ 
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(4) ...      η(% = 1.24
Rλ

λ
 

( ِٓ %90ئٌٝ ) (%10اٌفزشح اٌض١ِٕخ اٌلاصِخ اٌزٟ رؾزبعٙب الإشبسح اٌىٙشثبئ١خ اٌخبسعخ ِٓ اٌىبشف ٌىٟ رشرفغ ِٓ )
 : (6)ل١ّزٙب رغّٝ صِٓ الاعزغبثخ ٚرؼطٝ ثبٌؼلالخ ا٢ر١خ

(5)   ...       τ =
1

Δfdet
 

٠ؼزّذ صِٓ الاعزغبثخ ػٍٝ ِغبؽخ اٌىبشف ٠ٚؾذد ثّمذاس صبثذ   Hz) ػشع ؽضِخ اٌىبشف ٠ٚمبط ثٛؽذحΔfdet  أْ را
ِمبِٚخ اٌؾًّ. الإشبسح اٌىٙشثبئ١خ غ١ش ِشغٛة ثٙب فٟ اٌىبشف اٌزٟ رظٙش ثبٌشغُ ِٓ ػذَ  ( ٚػٍٝ ِمذاسRC) اٌضِٓ

رفشع ؽذٚدا ػٍٝ ٔمً  را١غ اٌىبشف ئْ ٠زؾغغٙب رذػٝ ثبٌؼٛػبء ٚعٛد أشؼخ عبلطخ ٚرّضً ألً لذسح أشؼبػ١خ ٠غزط
ٚفٟ اٌىبشف اٌزٛط١ٍ١خ  ,اٌّؼٍِٛبد. ٕٚ٘بن ػذح أٔٛاع ِٓ اٌؼٛػبء اٌّزٌٛذح فٟ اٌىبشف اٌزٟ رؼزّذ ػٍٝ ٔٛػٗ

  :(7اٌؼٛئ١خ ٠ؼطٟ ر١بس اٌؼٛػبء ثبٌؼلالخ ا٢ر١خ )

((6 ----  In.pc = 4q  q λAG2ϕB +  qG2gth +
KBT

qRD
 ∆f 

 gth ِٞؼذي اٌزٌٛذ اٌؾشاس,RD  ,َِمبِٚخ اٌظلا∆f ,ٞػشع إٌطبق اٌزشدد ϕBوضبفخ لذسح الإشؼبػبد اٌّؾ١طخ, G 
  .ػبًِ اٌشثؼ

٠ّضً إٌٛع الأٚي ٟٚ٘  6)) اٌّؼبدٌخاٌؾذ الا ٚي ِٓ  ,٠ظٙش ٔٛػبْ ِٓ اٌؼٛػبء فٟ اٌىٛاشف اٌزٛط١ٍ١خ اٌؼٛئ١خ را
 ػٛػبء 

رظٙش ٘زٖ اٌؼٛػبء ٔز١غخ اٌززثزة اٌؾبطً فٟ ِؼذي اٌزٌٛذ اٌؾشاسٞ ٚالارؾبد ٌؾبِلاد  (g - r)أػبدح الارؾبد  -ٌذاٌزٛ
٘زا إٌٛع فٟ اٌىٛاشف  اٌشؾٕخ اٌؾشح فٟ اشجبٖ اٌّٛطلاد ٚ٘زا ٠غجت ؽذٚس رزثزة فٟ رشو١ض اٌؾبِلاد ٠ٚظٙش

إٌٛع ِٓ  ٠ظٙش ٘زا (Johnson Noiseٛٔغْٛ )اٌؾشاس٠خ أ٠ؼب. أِب إٌٛع اٌضبٟٔ ِٓ اٌؼٛػبء فٙٛ ػٛػبء ع
اٌؼٛػبء فٟ اٌّمبِٚبد ٔز١غخ الا٘زضاصاد اٌؾشاس٠خ اٌؼشٛائ١خ ٌؾبِلاد اٌشؾٕخ ٚػٕذِب ٠ىْٛ اٌىبشف فٟ ؽبٌخ رٛاصْ 

. أِب اٌؼٛػبء فٟ اٌىٛاشف (Thermal Noiseؽشاسٞ ِغ اٌّؾ١ؾ ٠ٚذػٝ ٘زا إٌٛع أ٠ؼب ثبٌؼٛػبء اٌؾشاس٠خ )
 :(7)اٌؼٛػبء ثبٌؼلالخ  ئ١خ رؼطٟ ر١بسٌفٌٛزبئ١خ اٌؼٛ

(7)-----      In
2 =  Ip +

Isat

β
ℯ qv βKBT +

KB T

qRD
 ∆f 

Isat ( ٠ذػٝ ثؼٛػبء7ر١بس الإشجبع اٌؼىغٟ.اٌؾذ الأٚي ِٓ اٌّؼبدٌخ ) ( الإشؼبعRadiation Noise),  ْار اعزطؼٕب ا
الإشؼبػبد اٌّؾ١طخ ٚاْ ر١بس ػٛػبء الإشؼبع  ٌؼٛػبء لا ٔغزط١غ اْ ٍٔغٟ ٘زا إٌٛع لأٗ ٔبرظ ٍِٓٔغٟ وً أٛاع ا

 :(٠7ؼطٝ ثبٌؼلالخ ا٢ر١خ )
(8)...         Ip=AGQN∅B

 

٠ّضً ػٛػبء عٛٔغْٛ  (7) ٚاٌؾذ اٌضبٌش فٟ اٌّؼبدٌخ .Shot Noiseأِب اٌؾذ اٌضبٟٔ ف١ذػٝ ثؼٛػبء اٌظذِخ 
(Johnson Noise ) 

  In)فارا وبْ  ,اٌمذسح اٌّىبفئخ ٌٍؼٛػبء ٟ٘ و١ّخ اٌؼٛء اٌغبلؾ اٌزٞ ٠غبٚٞ ِغز٠ٛبد اٌؼٛػبء اٌزار١خ ٌٍىبشف
  (8):٠ّضً أعزغبث١خ اٌىبشف, فزؼطٝ ثبٌّؼبدٌخ ا٢ر١خ    Rλ)اٌؼٛػبء ٚ ٠ّضً ر١بس

((9...         NEP =
In

Rλ
=

P

 S N Δf 
 

S

N
 رّضً ألً لذسح ٠ّىٓ ئْ ٠ىشف ػٕٙب اٌىبشف ثّؼٕٝ اخش NEPخ الإشبسح اٌخبسعخ ئٌٝ اٌؼٛػبء. ٚثٙزا فبْ : ٔغج

(. رؼشف Wرمبط ثٛؽذاد )اٌىبشف اٌزٞ ٠ّزٍه أػٍٝ لبث١ٍخ وشف ٠غت أْ ٠ّزٍه أٚؽأ لذسح ِىبفئخ ٌٍؼٛػبء ٚ
 :(9ٌٍىبشف ٠ٚؼطٝ ثبٌؼلالخ ا٢ر١خ ) (Inء )ئٌٝ ر١بس اٌؼٛػب  Rλ)اٌىشف١خ ثأٔٙب إٌغجخ ث١ٓ الاعزغبث١خ اٌط١ف١خ 

(10)... (W−1  
Rλ

In
  D=

1

NEP
 

رزٕبعت ِغ ِغبؽخ اٌىبشف ٚػشع ؽضِخ اٌؼٛػبء ٚرؼطٝ ثبٌؼلالخ  Specific Directivityأْ اٌىشف١خ إٌٛػ١خ 
  :(9)ا٢ر١خ 

11)   )...       D∗ =
(A∆F 1 2 

NEP
 

cm) رمبط ثٛؽذاد   ∗D)اٌىشف١خ إٌٛػ١خ ٚ   W−1)( ثٛؽذاد Dط اٌىشف١خ )رمب  ∙ Hz 1 2 ∙ w−1  . 

 الجسء العملي
ٌه ٔغشٞ ػ١ٍّزٟ ذرُ رمط١غ شش٠ؾخ اٌغشِب١َٔٛ اٌزٟ رّزبص ثغٌٙٛخ اٌىغش اٌٝ ػذح ششائؼ ثبعزخذاَ لشص ِبعٟ ثؼذ    

ػشاس ٚاٌزشٛ٘بد اٌزٟ ؽظٍذ عشاء ػ١ٍّخ اٌزمط١غ. ٚثؼذ٘ب رُ أعشاء اٌظمً ٚاٌز١ٍّغ ٌششائؼ اٌغشِب١َٔٛ لاصاٌخ الا
ػ١ٍّخ اٌؾفش اٌى١ّ١بئٟ لأعشاء اٌفؾٛطبد اٌخبطخ ثبٌغطٛػ اٌجٍٛس٠خ ٚرٌه ثأعشاء اٌّؼبٌغخ اٌى١ّ١بئ١خ ٌٍغطٛػ 

 ( ار رُ غّش اٌششائؼ ثبٌّؾٍٛي ٚثؼذ اخشاط اٌششائؼ ِٓ اٌّؾٍٛي ٠زNHO2:HF:CH3COOHُ:1:1:1ثبعزخذاَ )
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ثٕمبٚح  (Cu)( ِٓ ِبدح2gmرُ اعزخذاَ ) (Ge)ٚرغف١فٙب ثٛسق اٌزشش١ؼ. ٌغشع رطؼ١ُ ششائؼ  غغٍٙب ثبٌّبء اٌّمطش
اٌؾشاسٞ فٟ اٌفشاؽ  ( ػٍٝ اٌششائؼ ٚلذ اعزخذاِذ ؽش٠مخ اٌزجخ١ش1μmٚرٌه ثزشع١ت ؽجمخ عّىٙب) (99.99%)

 Edward Speedvan)شاؽ ِٓ ٔٛع اٌؾشاسٞ فٟ اٌف ( ثبعزخذاَ ِٕظِٛخ اٌزجخ١ش(Ge( ػٍٝ ِبدح Cuٌزشع١ت )
Unitثؼ١ٍّخ اٌزجخ١ش ٠زُ رٕظ١ف إٌّظِٛخ ِٓ اٌذاخً رٕظ١فب" ع١ذا" ٌزغٕت رٍٛس اٌششائؼ اٌشٛائت اٌزٟ رُ  ( ٚلجً اٌجذء

ثؼذ٘ب ٠زُ ٚػغ اٌّبدح اٌّشاد رشع١جٙب داخً ِغخٓ ِمبَٚ ِظٕٛع ِٓ ِبدح اٌزٕىغزٓ ػٍٝ شىً ؽ٠ٛغ رشع١جٙب عبثمب ٚ
١خ ٠شثؾ اٌؾ٠ٛغ ِغ لطج١ٓ ِزظ١ٍٓ ثّظذس ٌٍز١بس اٌىٙشثبئٟ داخً إٌّظِٛخ رغزخذَ ٌزغخ١ٕٗ ػبٌ دسعخ أظٙبس

ِٕٗ صُ ٔجذأ  10cm)ٚرٛػغ إٌّبرط اٌّشاد اٌزشع١ت ػ١ٍٙب داخً ؽبًِ ثظٛسح ػّٛد٠خ ػٍٝ اٌؾ٠ٛغ ٚػٍٝ ِغبفخ )
لأظٙبس ٚثض٠بدح اٌز١بس ثبٌزذس٠ظ رجذأ ثض٠بدح اٌز١بس اٌىٙشثبئٟ اٌّغٍؾ ػٍٝ ألطبة اٌؾ٠ٛغ رذس٠غ١ب ؽزٝ رجذأ اٌّبدح ثب

ٚثؼذ الأزٙبء ِٓ رشع١ت اٌّبدح ٠زُ رم١ًٍ اٌز١بس ثظٛسح رذس٠غ١خ رزُ  (Ge)ػٍٝ ِبدح  (Cu)اٌّبدح ثبٌزجخ١ش ٠ٚجذأ رشع١ت
10)ػ١ٍّخ اٌزجخ١ش اٌؾشاسٞ رؾذ ػغؾ ِٕخفغ عذاً 

-5
 Torr) اٌزجخ١ش ػٍٝ ِؼخز١ٓ ٟٚ٘ ِؼخخ  ئر رؾزٛٞ ِٕظِٛخ

10)( ٚرمَٛ ثا٠ظبي اٌؼغؾ ئٌٝ (Rotary Pump)اٌذٚاس( ا١ٌّىب١ٔى١خ 
 -3

 Torr)  ِٚؼخخ الأزشبسDiffusion 
Pump) ٌٝ10)( ٚرمَٛ ثا٠ظبي اٌؼغؾ ا

-5 
Torrوّب ٠ٍزؾك ثبٌّٕظِٛخ ٔٛػبْ ِٓ ِمب١٠ظ اٌؼغؾ ّ٘ب ) (Piraning 

Gage( ٠ٚم١ظ اٌؼغؾ اٌؼبٌٟ ِٚم١بط )Penning Gage) ششائؼ شجٗ اٌّٛطً  ٠م١ظ اٌؼغؾ اٌٛاؽئ. رُ لظف
(Ge) اٌّشعت ػ١ٍٙب ِبدح (Cu) ,ٟ٘ لظفذ وً شش٠ؾخ ِٓ اٌششائؼ اٌضلاصٗ ثأسثغ ٔجؼبد ١ٌضس٠خ ٚثطبلبد ِخزٍفخ 

(40,60,80) mJ ُطٙشد ِبدح شجٗ اٌّٛطً اٌغشِب١َٔٛ ثبعزخذاَ ؽضِخ ِٓ ١ٌضس, ار ٌغشع اعشاء اٌزطؼ١– 
YAG) (Nd ٛائت ػّٓ إٌّطمخ إٌّظٙشح رُ اعزخذاَ رم١ٕخ ؽ١ٛد الأشؼخ ثٛعٛد اٌشٛائت اٌّشعجخ فأٔزششد اٌش

ثٛاعطخ عٙبص  ,اٌغ١ٕ١خ ٌذساعخ اٌج١ٕخ اٌزشو١ج١خ ٌٍّبدح ٌٚزج١بْ طؾخ ِب رُ أعشاءٖ ِٓ رطؼ١ُ ثب١ٌٍضس ٌٍغطٛػ اٌجٍٛس٠خ
 (Ge)(  رُ اٌفؾض ثبٌّغٙش اٌؼٛئٟ ٌغطٛػ XRD6000ِٛد٠ً ) (Shimadzu)ؽ١ٛد الأشؼخ اٌغ١ٕ١خ ِٓ ٔٛع 

اٌجظش٠خ ٌٍزغ١ش  ٚرٌه ٌّؼشفخ ِذٜ رأص١ش ػ١ٍّخ اٌمظف ٌٍششائؼ ِٓ خلاي اٌشؤ٠خ  (Cu)اٌّطؼّخ ثّبدح  اٌّطؼّخ ٚغ١ش
ػٛئٟ ٚػذعبد  اٌّغزخذَ فٟ اٌفؾض ِٓ ِظذس ٠ٚزىْٛ اٌّغٙش ,اٌؾبطً فٟ اٌغطٛػ اٌجٍٛس٠خ لجً ٚثؼذ اٌزطؼ١ُ

خبطخ ٚثذٚس٘ب رىْٛ ِشثٛؽخ ثؾبعٛة (Camera) ٠ٚشثؾ اٌّغٙش ثأٌخ رظ٠ٛش  X 100-50-25-10)راد لٛح رىج١ش)
اٌىزشٟٚٔ ِٓ خلاٌٗ ٠ّىٓ سؤ٠خ اٌظٛسح ػٍٝ اٌشبشخ ٠ٚىْٛ اٌؾبعٛة ِضٚد ثجشٔبِظ خبص لإظٙبس اٌظٛس ٌغطٛػ 

ٚرُ رؼش٠غ اٌىٛاشف لأشؼخ  (mW 100)ٚثمذسح  5V))اٌىبشف ٚثفٌٛز١خ  اٌّبس ػجش رُ رغغ١ً ل١ُ اٌز١بس اٌششائؼ.
 .(10) ساد ٚثأؽٛاي ِٛع١خ ِخزٍفخ ٌم١بط الاعزغبث١خ اٌط١ف١خا١ٌٍضس ٚلذ اعزخذِذ ػذح ١ٌض

 المىاقشة والىتائج 
ٚرٌه ٌظٙٛس لّخ ٚاؽذح راد شذح ػب١ٌخ فٟ ؽ١ف  ( ثبْ اٌغشِب١َٔٛ لجً اٌزطؼ١ُ رٚ رشو١ت أؽبدٞ اٌزجٍٛس1)٠ج١ٓ اٌشىً 

ٚلذ (220)ف اٌمّخ ػٕذ اٌّغزٛٞ ٌٚىٓ ٌزأوغذ اٌؼ١ٕخ ٔلاؽع أؾشا (111)اٌؾ١ٛد ٚاٌزٟ رّضً الأؼىبط ػٕذ اٌّغزٛٞ 
ٚاػؼ ػٍٝ اٌزشو١ت اٌجٍٛسٞ  ٚعٛد رأص١ش (2)أظٙشد إٌزبئظ ثؼذ رطؼ١ُ اٌغشِب١َٔٛ ثّبدح إٌؾبط وّب ِٛػؼ ثبٌشىً 

٠ّىٓ ِلاؽظخ رٌه أر رضداد ل١ّخ صٚا٠ب اٌؾ١ٛد ثشىً ؽف١ف ِّب ٠إدٞ اٌٝ صؽف اٌمّخ ٔؾٛ الاؽٛاي اٌّٛع١خ اٌؼب١ٌخ 
ٚاػؼ ٌٍزطؼ١ُ  ف ٌٍّٕؾٕٟ ٚاْ اٌّغبفبد اٌج١ٕ١خ لذ لٍذ ثشىً ؽف١ف ٚ٘زا ٠إوذ ٚعٛد رأص١شٚص٠بدح فٟ ػشع إٌّزظ

ثغجت اٌزطؼ١ُ ٚإٌزبئظ ِمبسثخ ٌّب رٛطً ا١ٌخ  إٌزبئظ أخفبع فٟ اسرفبع اٌمّخ ٚرٌه ٌٕمظبْ دسعخ اٌزجٍٛس وّب رظٙش
ٛي اٌّٛعٟ ٌششائؼ اٌغشِب١َٔٛ اٌّطؼّخ وذاٌخ ٌٍط 4,3) الاشىبي)رُ ل١بط اؽ١بف الاِزظبط١خ ٚإٌفبر٠خ  (11اٌجبؽش )

أزشبسشبئجخ إٌؾبط صاد ٔفبر٠خ اٌغشِب١َٔٛ ٚلًٍ  )μm 22- 2.5)اٌّطؼّخ ػّٓ اٌّذٜ ِٓ الاؽٛاي اٌّٛع١خ  غ١شٚ
٘زا الاخزلاف فٟ ل١ُ إٌفبر٠خ ٚالاِزظبط١خ ٠ج١ٓ ٔغبػ ػ١ٍّخ اٌزطؼ١ُ اٌغطؾٟ ٚأزشبس إٌؾبط ػٍٝ الاِزظبط١خ ٚ

 . (11). ٚإٌزبئظ ِمبسثخ ٌّب رٛطً ا١ٌخ اٌجبؽشعطٛػ اٌغشِب١َٔٛ
اٌؼٛئٟ  ثبعزخذاَ وب١ِشا سل١ّخ ِشثٛؽخ ث١ٓ اٌّغٙش ٠ٛػؼ ػذد ِٓ اٌظٛس اٌزٟ رُ اٌؾظٛي ػ١ٍٙب (5)اٌشىً 

  .(Cu)ِطؼّخ ثّبدح  اٌّطؼّخ ٚغ١ش (Ge)ٚاٌؾبعٛة ٌغطٛػ اٌششائؼ اٌجٍٛس٠خ 
ٛعٟ ػٕذ الأؽٛاي اٌّٛع١خ اٌمظ١شح ِؼبًِ الاِزظبص ػبٌٟ ( ٠ج١ٓ رغ١ش الاعزغبث١خ اٌط١ف١خ ِغ اٌطٛي ا6ٌّ) اٌشىً

رؾذس اعزغبث١خ ػب١ٌخ ٠ٚضداد ر١ٙظ الاٌىزشٚٔبد ِٓ ؽضِخ اٌزىبفإ اٌٝ ؽضِخ اٌزٛط١ً اٌٝ اْ رظً أػٍٝ اعزغبث١خ ػٕذ 
ِؼبًِ ٠ٕٚخفغ ثزٌه ) رّزض فٟ إٌّبؽك اٌؼ١ّمخ ٌٍغشِب١َٔٛ)ؽٛي ِٛعٟ ِؼ١ٓ ٌٚىٓ ػٕذ الأؽٛاي اٌّٛع١خ اٌط٠ٍٛخ 

فبْ الاعزغبث١خ عزمزشة ِٓ اٌزلاشٟ.  (hv=Eg)الاِزظبص ثغجت الزشاة اٌفٛرٛٔبد اٌغبلطخ ِٓ ل١ّخ فغٛح اٌطبلخ 
٠ٛػؼ اٌىفبءح اٌى١ّخ وذاٌخ ٌٍطٛي اٌّٛعٟ اٌغبلؾ ِٚٓ  ( (7. اٌشىً(12ٚرزفك ٘زٖ إٌزبئظ ِغ ِب رٛطً ا١ٌٗ اٌجبؽش )

 (nm 808)فىبٔذ ألظٝ ل١ّخ ٌٍىفبءح اٌى١ّخ ػٕذ اٌطٛي اٌّٛعٟ ,(Ge:Cu)١ٌضساد ِخزٍفخ ػٍٝ اٌىٛاشف اٌضلاصخ ِٓ 
اْ ل١ّخ اٌىفبءح اٌى١ّخ رضداد ِغ  ٚ٘ٛ اٌطٛي اٌّٛعٟ رارخ اٌزٞ وبٔذ ػٕذٖ أػٍٝ ل١ّخ ٌلأعزغبث١خ اٌط١ف١خ. (56%) ٟ٘

جؾ اٌىفبءح اٌى١ّخ ِغ ٘جٛؽ ص٠بدح اٌطٛي اٌّٛعٟ رجؼب ٌض٠بدح الاعزغبث١خ اٌط١ف١خ اٌٝ اْ رظً أػٍٝ ل١ّخ ٌٙب ٚثؼذ رٌه رٙ
 (.           13الاعزغبث١خ اٌط١ف١خ ٚإٌزبئظ ِمبسثخ ٌّب رٛطً ا١ٌٗ اٌجبؽش )

٠ٛػؼ اٌمذسح اٌّىبفئخ ٌٍؼٛػبء وذاٌخ ٌٍطٛي اٌّٛعٟ اٌغبلؾ ِٓ أشؼخ ا١ٌٍضس ٚثأؽٛاي ِٛع١خ ِخزٍفخ  (8)اٌشىً 

( ػٕذ W 0.1, 0.14, 0.6)  10−10ؼٛػبء ٌٍىٛاشف ٟٚ٘ ِىبفئخ ٌٍ اٌٝ أْ الً لذسح رش١شٌششائؼ اٌىبشف اٌضلاصخ 



 للهنذست والعلىم... يةــاديمــالأك المجلت
 2222لسنة اب  3العدد  4المجلد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 3, 2022 
 

- 33 - 

 

اٌطٛي اٌّٛعٟ ٔفغٗ اٌزٞ رمغ ػٕذٖ أػٍٝ وفبء و١ّخ ٚأػٍٝ اعزغبث١خ ؽ١ف١خ ٘زٖ إٌزبئظ رزفك ِغ ِب رٛطً ا١ٌٗ اٌجبؽش 
(11     .) 

,0.7 ,0.9 اٌىشف١خ وذاٌخ ٌطٛي اٌّٛعٟ اٌزٟ رؼطٟ أػٍٝ وشف١خ ٌٍىٛاشف اٌضلاصخ ((9 ٠ٛػؼ اٌشىً 1.6  × 10
10

 
W

-1)
٠ٚزُ ل١بط اٌىشف١خ ٌغشع رؾذ٠ذ لذسح اٌىبشف ػٍٝ اٌىشف ٚ٘زٖ إٌزبئظ رزفك ِغ  ((808nm ػٕذ اٌطٛي اٌّٛعٟ 

ٔلاؽع ص٠بدح فٟ , ار ٕٛػ١خ وذاٌخ ٌٍطٛي اٌّٛعٟ اٌغبلؾ( اٌىشف١خ ا9ٌ)٠ٚٛػؼ اٌشىً  .(14) ِب رٛطً ا١ٌخ اٌجبؽش
ٚرٌه لأٙب داٌخ ٌلاعزغبث١خ اٌط١ف١خ فأٔٙب رزغ١ش ِغ رغ١ش الاعزغبث١خ ؽزٝ رظً ئٌٝ اٌىشف١خ إٌٛػ١خ ِغ اٌطٛي اٌّٛعٟ 

808nm) (0. 8, 0. 4, 0.3) × 10 أفؼً وشف١خ ٔٛػ١خ ػٕذ اٌطٛي اٌّٛعٟ
10cm . Hz 1 2 .W−1)  اٌطٛي ٛ٘ٚ

 ٍؼٛػبء اٌّٛعٟ اٌزٞ رُ اٌؾظٛي ػٍٝ أػٍٝ اعزغبث١خ ؽ١ف١خ ٚأػٍٝ وفبءح ٚالً لذسح ِىبفئخ ٌ
 

 :الاستىتاجات 
ٟ٘ راد رشو١ت أؽبدٞ اٌزجٍٛس ٚأدٜ اٌزطؼ١ُ اٌٝ ص٠بدح ػشع (Cu)( لجً ٚثؼذ اٌزطؼ١ُ ثّبدح إٌؾبط Geششائؼ ).1 

 إٌّؾٕٟ ٌّٕزظف اٌمّخ فٟ ِٕؾٕٟ ؽ١ٛد الاشؼخ اٌغ١ٕ١خ ِّب ٠ؼٕٟ ٔمظبْ اٌّغبفبد اٌج١ٕ١خ ث١ٓ اٌغطٛػ اٌجٍٛس٠خ. 
ثؼذ اٌزطؼ١ُ ٚعٛد رغب٠ش ٌٟٛٔ ٚاػؼ ػٍٝ اٌغطٛػ ٚ٘زا ثغجت ٌظٛس ٌغطٛػ اٌغشِب١َٔٛ لجً ٚوّب اظٙشد ا.2 

 اخزلاف اٌزشو١ت اٌجٍٛسٞ ٌغطؼ اٌغشِب١َٔٛ ػٕذ اٌمظف ثب١ٌٍضس.
أٗ ٠ؼًّ ػّٓ ِذٜ ؽ١ف الاشؼخ رؾذ اٌؾّشاء اٌمش٠جخ ٚاْ اػٍٝ لّخ  Ge:Cuرج١ٓ ِٓ ل١بعبد اٌىشف١خ ٌٍىبشف .3 

 mJ 80ٌٍٚىٛاشف اٌضلاس ٚاْ افؼً وبشف اٌزٞ لظف ثشذح ؽبلخ  nm 808ػٕذ اٌطٛي اٌّٛعٟ ٌلاعزغبث١خ اٌط١ف١خ 
 ٠ّزٍه اػٍٝ اعزغبث١خ ٚاػٍٝ وفبءح.  را
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 Cuاٌّطؼّخ ثّبدح  اٌّطؼّخ ٚاٌغ١ش Ge( إٌفبر٠خ وذاٌخ ٌٍؼذد اٌّٛعٟ ٌّٕبرط 3) اٌشىً
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 Cuاٌّطؼّخ  اٌّطؼّخ ٚاٌغ١ش Geوذاٌخ ٌٍؼذد اٌّٛعٟ ٌششائؼ  ( الاِزظبط١خ4) اٌشىً

 
20x (Ge)             (Ge: Cu: 40mJ  20x 

 
20x (Ge: Cu: 60mJ          (Ge: Cu: 80mJ  20x 

 ( لجً ٚثؼذ اٌزطؼGeُ١اٌؼٛئٟ ٌغطٛػ اٌششائؼ اٌجٍٛسٞ ) طٛس اٌّغٙش  (5)اٌشىً
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 ( اٌضلاصخ  Ge:Cu( اٌؼلالخ ث١ٓ الاعزغبث١خ ٚاٌطٛي اٌّٛعٟ ٌٍٚىٛاشف )6اٌشىً )

 

 
 اٌؼلالخ ث١ٓ اٌىفبءح اٌى١ّخ ٚاٌطٛي اٌّٛعٟ( 7)اٌشىً 

 

 
 ( اٌؼلالخ ث١ٓ اٌمذسح اٌّىبفئخ ٌٍؼٛػبء ٚاٌطٛي اٌّٛع8ٟ)اٌشىً 
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 Ge:Cu اٌؼلالخ ث١ٓ اٌىشف١خ ٚاٌطٛي اٌّٛعٟ ٌٍىٛاشف (9)اٌشىً 

 

 
 

 Ge:Cu  اٌؼلالخ ث١ٓ اٌىشف١خ إٌٛػ١خ ٚاٌطٛي اٌّٛعٟ ٌٍىٛاشف (10)اٌشىً 
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