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 Abstract 

In this study, to prepare liquid and solid random laser emission media in the 

form of composite cavities on the performance of random laser systems has 

been addressed, in particular the intensity of their emission spectrum, the 

width of the emission spectrum (FWHM), and the laser threshold. 

In the first part of the work, the effect of liquid composite cavities  the 

performance of random lasers have been studied .The first factor discussed  

the thermal blooming phenomena by using a CW laser with a wavelength 

of 405 nm and an optical power of 100 mW vertically focused on a quartz 

cuvette containing dye solution with different    nanoparticles, to generate 

thermal cavitation. We observed that SPM-typical far-field loops suddenly 

shifted into a completely different diffraction pattern when the dye solution 

was heated beyond self-phase modulation (SPM) ,this change in new 

diffraction patterns is generated by the formation of bubbles . In addition, 

we observed the effect of (Ag, Fe2O3 and Ag: Fe2O3) NPs on the speed of 

formation of the bubbles and their number increases with the increase the 

concentration of nanomaterials . After that, the effects of thermal cavity on 

random laser properties were studied ,the results showed that the properties 

of the random laser are affected by thermal cavity significantly,  also was 

studied films for Au nanoparticles diffused in a glass substrate ,using the 

physical vapor deposition and with spin coating with the three different 

concentrations ,(10
-3

 ,10
-4

 ,10
-5

) M of Rhodamine 6G dye mixture and PVP 

polymer. The results showed that the dye's active media with a middle 

concentration (10
-4

)had the best effect and multi wavelength separate lasing 

compared with low and high concentrations due to solid coupling appearing 

in the median concentration. This led to enhanced peak intensity and 

reduced lasing threshold and FWHM,   
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After that, Red and green lasers was attained  by a multi-layered 2D 

structure onto a curved glass substrate and a gold nanostructure with 

rhodamine dye. For this purpose, a layer of Kapton tape was attached to the 

CCD by applying pressure to get a two-dimensional structure and transfer 

onto the glass, then the gold nanostructure was covered inside that glass 

substance. The properties of the random laser were studied on different 

sides, The results showed an efficient coherent random, and the result of 

the convex surface inward was better than the outside in terms of intensity 

and pulse width, as well as the laser threshold from 0.85 to 0.35mJ. This 

indicates that the photons are scattered from the inner surface and this is a 

clear indication of the increase in the gain in this medium. Further, this 

improvement in laser output is attributed to a change in the 2D periodic 

square pattern, causing reduced distance between them, so that photons can 

stay in the medium as long as possible.   

The cavity consists of new FeB based two dimensions' magneto-plasmonic 

structure which cover by gold thin film and Rhodamine 6G from the 

bottom and top respectively propose as new kind of random laser substance 

under the external magnetic field. The results showed a higher intensity in 

the emission spectra with a lower lasing threshold and full width at half 

maximum (FWHM) according to the effects of the external magnetic field 

on the sample ,observed enhancement in the output emission spectra with 

decreased laser threshold from 0.66 mJ to 0.35 mJ, and also the FWHM 

decreased from 7.8 to 4 nm. 

The toroidal resonator was fabricated on a glass base to form composite 

cavities. A silica glass material with a thickness of (2 mm) was used, a 

circular hole with a diameter of (9 mm) and a depth of (2 mm) was drilled, 

then this toroidal resonator was placed on a glass substrate to form a cavity. 
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. Then this annular cavity was coated with gold using a dip-coating method 

in a nano solution consisting of (water + gold) 10 times. Then this annular 

cavity was filled with a dye (RhB) dissolved in pure water with a polymer 

(pvp) with Ag at different concentrations. It was found that an increase In 

the emission intensity (from 19141 to 39420.64), the decrease in laser 

threshold (from 0.68 to 0.34 mJ), and the decrease in FWHM (from 7.4 to 3 

nm) with increasing Ag wire concentration. 
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Chapter One                                                                           Introduction   
 

1.1 Introduction 
 

The random laser is a unique form of laser that relies on the light scattering 

phenomena derived from diverse disordered media, including dyesolutions 

containing suspended nanoparticles (NPs) [1],  polymer doped dye films 

with nanoparticles and semiconductor nano-powders [3], etc. In these types 

of lasers, the dye can play an essential role because it has a broad 

fluorescence spectrum, and its efficiency can be enhanced several times 

when it is mixed with NPs [4]. There are many kinds of random lasers such 

as multi-wavelength red-green blue (RGB) random laser [5], optofluidic 

random laser [6], tunable random lasers [7] and plasmonic random lasers 

[8,9]. The scattered NPs electric field near the can be significantly 

enhanced by utilizing novel metal NPs such as gold and silver. Many 

researches have shown that such enhancement is essential to produce a very 

effective excitation state for NP active, effective centers to provide high 

lasing gain [10, 11]. The multiple scattering in a random laser system 

serves as a feedback mechanism for supporting the stimulated emission of 

radiation, while it was considered a loss in normal laser[12].  Thus, the 

scattering has been turned from an annoyance in the conventional laser to a 

tool in random laser systems.  The incident light on a random system is 

experiencing multiple scattering before leaving that system. The random 

paths of the photons inside the laser medium due to this multiple scattering 

lead to a delay in the stay of the photon inside the gain medium and thus 

increasing the likelihood of it being amplified, and when the gain exceeds 

the loss, it can be obtained the so-called random laser [13]. Random laser 

systems have many features in common with conventional lasers, such as a 
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threshold of lasing action and narrow frequency. Despite these common 

characteristics, the main difference between this type of laser and the rest 

of the lasers remains in the mechanism of confining the light within the 

active medium [14]. Where the process of confining light within the active 

media in known lasers is by means of the reflection process and this is done 

by using two external mirrors with high reflectivity while in random lasers 

the process of confining is carried out by the multiple scattering in random 

systems and this is done by scattering centers that are implanted within the 

active media [15]. There are two main techniques to get random lasing, the 

first is using a thin film (solid), while the second is using a liquid medium. 

But the optical confinement, repeatability, and stability in solid-state random lasers 

are sometimes better than that of dye random lasers [16 ,17] [16, 17]. For this 

reason, the scientists are drifted to use semiconductor based nanoparticles (NPs) 

like metal/ semiconductor in the dye media. [18].  

Depending on the feedback mechanism, Random lasers can be categorized 

into incoherent (non-resonant) and coherent (resonant). In the incoherent 

feedback type, scattering increases the paths of light and feedback is 

provided by an increase of the photon lifetime in the system. In the 

coherent feedback type, interference effects appear evidently where the 

photon returns to its first position forming a closed path [19]. 

Nowadays, there is a tunable random laser based on liquid crystals[20 ,21], which 

possesses the special features of tunability or flexible controllability in their lasing 

characteristics (e.g., energy threshold or lasing wavelength) by thermal  .electric   

and optical [22-25]. approaches. By adding the liquid crystals into the disordered 

nanostructures, the wavelength of random lasing can be tuned by heat or 

electricity, which also, enables us to bring the random laser above and below its 

threshold by temperature tuning of the diffusion constant. This phenomenon 
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happens because the liquid crystal behaves as a normal isotropic liquid [26]. Thus, 

the refractive index can be tuned by changing the temperature and the electric field 

[27 ,28], However, all of them are in the middle or high threshold power. There is 

an open question until now about the low threshold power and tunable lasing in 

these areas 

Experimental studies conducted on random lasers have demonstrated the 

importance of selecting nanomaterials that act as dispersal centers because 

of their significant impact on the performance and operation of this type of 

laser[29]. Therefore, in this work, great emphasis will be given to the 

experimental aspect, where the effect of choosing the liquid and solid 

composite cavity, and their influence on the random laser properties for 

choosing the appropriate medium for this system will be studied. This 

effect on emission spectrum intensity, laser threshold, FWHM, the 

appearance of spikes and number will be discussed as well as its effect on 

other factors  . In addition to studying the effect of nanomaterials on the 

work of random lasers, which is considered the main player in this study, 

some determinants that affect the performance of random lasers will also be 

discussed and studied,  As well as the use of two lasers at the same time 

pulsed and continuous.  The effect of the concentration of the nanomaterial 

(scattering centers) on the random laser output and the factors that affect its 

occurrence will be discussed, as the scattering centers are divided into two 

types: weak and strong based on the amount of nanomaterial added to the 

same dye concentration. The transition from incoherent random laser to 

coherent random laser by composite cavity and increasing the 

concentration of scattering centers of the same nanomaterial in terms of as 

well as the blending process between two nuclear materials will also be 

discussed.                                                                                                        
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1.2 Literature Review  

In recent periods, random lasers have been widely studied by many 

researchers and authors, where a group of them studied the working 

principle of this type of laser while others studied its characteristics and 

applications, and another group discussed the outputs of this type of laser. 

while the fourth group went to use different random modes These studies 

will be dealt with in some detail, especially those related to our work 

In 2010, Murai, Shunsuke, et al. [30]. Focused on scattering 

characteristics of noble NPs, one of the memorable lineaments related to 

localized surface Plasmon resonance, and depict the NPs application as 

components of a cavity random laser, and confirm the advantages of 

scatterers in metallic NPs compared to dielectric NPs, emphasizing an 

excellent scattering efficiency compared to dielectric NPs. The silver (Ag) 

and gold (Au) have (LSPR) in the visible range, for this reason, attention to 

only noble metals. The author also sumed up the highlight on a recently 

explained surface plasmon-based nanolaser, in which a single NPs acts as a 

cavity. 

  In 2011, Liling Yang et al. [31]. studied the effect of dye concentration 

and nanoparticle concentration on random laser behavior in a rhodamine 

6G (R6G) dye dissolved in ethylene glycol solution with nanoparticles (Al) 

as scatterers. The dye concentration was chosen to be from 0.02M to 0.08M 

while the concentration of Al NPs was from 0.0015M to 0.009M. The 

pumping energy was changing from 0.05 mJ to 3.6 mJ. They have noticed 

that when the pumping energy is 0.05 mJ, the emission spectrum is 

broadband fluorescence, but when the pumping energy has been increased 

to reach 0.6 mJ, the spikes begin to appear accompanied by a decrease in 
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the value of the FWHM. When the pumping was increased above the lasing 

threshold the emission intensity continued to increase while the FWHM 

was kept at a constant. They also observed when the dye concentration was 

increased to 0.008 M with the Al NPs is fixed at 0.0015M, the number of 

spikes increased with pumping energy compared to the first state when dye 

concentration was 0.002 M. Also the influence of various Al concentrations 

with kept dye concentration at 0.005M is studied. The maximum of the 

emission peak as a function of the pump energy, low lasing threshold, and 

narrowed FWHM can be observed with increasing the Al NPs 

concentrations . 

In 2011, Zhai, Tianrui, et al. [32] prepared a new kind of active 

waveguide by using grating structures to distributed optical feedback 

arrangement for polymer random lasing. The thin film of a typical light-

emitting polymer poly [(9,9-dioctylfluorenyl-2,7-diyl)-alt-co-(1,4-benzo-

{2,1‘,3} thiadiazole)] acts both as a waveguide and the random gain 

medium. The grating structures are synthesis separately on top of the 

polymer film through interference lithography. The waveguide layer of the 

gain medium with high-quality provides laser emission with a narrow line 

width. Experimental and theoretical analysis investigation implies the 

possibly excellent performance of the organic distributed feedback random 

lasers based on the active waveguide grating structures configuration.  

In 2012, Lin, Ming C., et al. [33]. conducted a study where they utilized 

atomic layer deposition to prepare cavities from ZnO films on a silicon 

substrate with a SiO2 layer, followed by rapid thermal annealing. They 

observed low threshold lasing in ZnO thin films on SiO2/Si substrates. The 

study found that as the thickness of the ZnO film decreased or the post-

annealing duration increased, the stimulated emission shifted towards 
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shorter wavelengths and the lasing threshold increased. These results were 

attributed to inter-diffusion between ZnO and SiO2, leading to 

modifications in the bandgap renormalization of ZnO. 

In 2012, Chahar,  et al. [34] conducted a study where they chemically 

doped a synthesized PMMA matrix with Kiton red-620 laser dye. Spectral 

investigations of the Kiton red-620  doped PMMA matrix were performed 

,using FTIR, UV-visible, and photoluminescence spectrophotometers. The 

FTIR study revealed that the absorption band region between 1800 and 

1000 cm
–1

 became sharper as the dye concentration in the PMMA matrix 

increased. UV-visible and photoluminescence studies demonstrated a slight 

shift in the absorption and emission spectra, as well as changes in the 

intensity of emission peaks, with increasing dye concentration in the 

PMMA matrix. 

In 2013, Heydari, Esmaeil, et al. [35] studied the possibility emission 

enhancement of the intensity and reduction threshold of the random lasing 

by gold nanoparticle-based wave guided, exploiting the (LSPS) excitation. 

Experimental findings have indicated that optimizing the thickness of the 

spacer layer between the gold nanoparticles and the gain layer improves the 

performance of the random laser. This adjustment fine-tunes the interaction 

between the gain polymer and the gold nanoparticles, preventing the 

undesired emission quenching that occurs when they are in close proximity. 

This proximity-induced quenching is recognized as a major source of loss 

in the present laser system. 

In 2014, Tianrui Zhai et al. [36].fabricated a tunable random laser based 

on a waveguide Plasmonic gain channel. This laser had been constructed by 

adding silver nanowires to the rhodamine 6G organic dye-doped with 

polydimethylsiloxane (PDMS) and then had been deposited onto a silicone 

rubber slab. The excellent overlap of the Plasmon resonance peak of the 
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silver nanowires with both the pump wavelength and the 

photoluminescence spectrum provides the low threshold and tuning 

properties of the random laser. They prove that the emission spectrum 

wavelength can be tuned from 565 to 558 nm when the amount of 

stretching increases from 0 mm to 6 mm. The tunability originates from the 

blue shift and narrowing of the Plasmon resonance of Ag nanowires, which 

is determined by the reorientation and uniform length distribution of Ag 

nanowires after stretching . 

 Also In 2014, Zhaona Wang et al. [37]. chose silver (Ag) nanowires as 

scattering centers in diameter of 120 nm and micrometers dozens in length 

at constant particle density of (                ) with different 

concentrations of  Rhodamine 6G (R6G) dye (With four different 

concentrations), which were dissolved in methanol to study the transition 

from incoherent to coherent emission. When they compared their results for 

these four cases of dye concentration pumped with different power 

intensities, they found that the dye concentration does not only determine 

the position of emission peak but also affects the feedback mechanism in 

random systems with the same scatterer concentration. They attributed that 

to the fact that the gain length decreases with increasing the concentration 

of the dye, in addition the scattering mean free path is an unchanged    

In 2015, Johannes Ziegler et al. [38]. conducted a study revealing the 

superior performance of gold nanostars (NSs) compared to conventional 

nanogold shapes, such as spherical nanoparticles (NPs) and nanorods 

(NRs), as scattering centers in random lasers composed of R6G-doped 

polymer thin films. They found that nanostars, provide broadband plasmon 

resonances that overlap with the emission spectrum of R6G and, further 

extremely high electric field enhancements strongly localized at their spiky 
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lips. Their experiment demonstrated that the nanostar-based random laser is 

operating at a threshold lasing in the range of 0.9 mJ/cm
2
, showing multiple 

lasing modes with FWHM of 0.2 nm or even below. 

In 2016, Tianrui Zhai, et al. [39] successfully created an ultrathin 

plasmonic random laser using a simple lift-off process. This laser was 

constructed by incorporating Ag nanoparticles into a free-standing polymer 

membrane. embedded with Ag nanoparticles. Upon optical pumping of the 

200-nanometer-thick membrane device, the researchers observed low-

threshold random lasing. This phenomenon can be attributed to the 

remarkable plasmonic feedback and high-quality waveguide confinement 

facilitated by the silver nanoparticles and the polymer membrane, 

respectively. The exceptional flexibility and transplantability of the free-

standing polymer membrane enable its attachment to an optical fiber end 

face, thereby achieving random lasing. .Consequently, this fabrication 

technique offers a promising avenue for realizing plasmonic random lasing 

on surfaces with arbitrary shapes.  

Also In 2017, Shuya Ning, et al. [40].analyzed the effect of the size of the 

nanomaterial on the properties of the random laser. Different sizes of Ag 

NPs were prepared according to the seed-mediated growth method by 

citrate reduction of silver nitrate (AgNO3) with NaBH4 as a strong reducing 

agent. The diameters of Ag NPs were 20, 40, 60, 80, and 100 nm 

respectively. The device structure was glass/Ag film (50 nm)/ SiO2 (10 

nm)/Ag NPs/LiF (5 nm)/ PS:BMT-TPD. For comparison, the gain medium 

deposited on glass was also prepared as reference (Glass/LiF (5 

nm)/PS:BMT-TPD). They found when the Ag NPs are small (diameter 40 

nm) the enhanced localized electric field plays the major role for enhanced 

lasing. With the increasing of Ag NPs size (diameter 40 nm) for hybrid 
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structure, the enhanced localized electric field and scattering play an 

important role in the enhanced lasing. When the Ag NPs size becomes 

greater than 80 nm,  the effect of scattering compared to the enhanced 

localized electric field is the deciding factor in the enhanced laser. The best 

results for the random laser properties are achieved due to both the 

enhanced localized electric field and the scattering effect. 
  

Also In 2018, Lü, Hao, et al.  [41] conducted a study on enhancing 

plasmonic random lasing using dye-doped polymer with dispersed gold 

nanoparticles (DP@Au NPs). The researchers fabricated gold nanoparticles 

through simple and convenient sputtering and thermal annealing processes. 

These nanoparticles were then used as scatterers in a PMMA film doped 

with DCJTB. By adjusting the sputtering time and annealing temperature, 

the researchers were able to create randomly arranged and nearly spherical 

gold nanoparticles. These particles played a crucial role in generating 

random lasing emissions through multiple scattering phenomena. The 

researchers observed the random lasing emission in the DP@Au NP system 

and studied its dependence on detection polarization and pump beam 

power. Their findings demonstrated polarization dependence and low-

threshold lasing. 

In 2019, Zhang, Shuai, et al. [42] controlled the threshold and polarization 

of distributed feedback polymer random laser by modifying the cavity 

coupling. Fabricated cavity structure of distributed feedback polymer 

random laser consisted of two gratings using a two-beam multi-exposure 

holographic method. By changing the angle between the two gratings 

achieve tuned coupling strength of the cavity modes. The threshold random 

lasing decreased with reducing the coupling strength of the cavity modes at 

the lowest coupling strength observed minimum random lasing threshold. 
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Furthermore, the output of azimuthally polarized polymer lasers has been 

modified by changing the cavity coupling. 

Also in 2019, Zhi Ren, et al., [43]. fabricated a wavelength-tunable 

random laser, and the film was constructed by R6G, PVP and Au NRs, 

using the silicon rubber slab as a substrate. This silicon slab has an 

excellent mechanical stretching property. If the stretching amount increases 

from 0-12 mm, then the central wavelength of the laser emission moves 

towards the shorter wavelengths (blue shift) from (592 to 585) nm. Also, 

the presence of gold nanoparticles provides the surface plasmon resonance, 

which greatly increases the light absorbed by the dye molecules. 

Accordingly, the fluorescence of the dye molecules should be greatly 

increased, which may lead to a decrease in the random laser the threshold 

of about 9.8 mJ/cm
2
. Around threshold, the FWHM decreases from 40 nm 

to 3 nm.     

In 2020, S.F. Haddawi, et al. [44] conducted a study where they 

incorporated silver nanowires into a polyvinyl-pyrrolidone polymer to 

create cavities between three different light-emitting polymers. The 

researchers evaluated the sample, which consisted of a five-layer system, 

using a plasmonic imaging system with a high numerical aperture objective 

lens. They also assessed its nonlinearity using the Z Scan technique. The 

lasing emissions from the sample were collected in a transmission setup.To 

achieve multi-wavelength random laser emissions, the samples were 

pumped with a nanosecond green laser. The resulting lasing was a result of 

the nonlinearity of the layers, the surface plasmon resonance of the 

nanowires, and their scattering. The emitted light was collected by a 

spectrometer positioned vertically. The results demonstrated broadband 

emission near the green wavelength and coherent lasing in the blue region. 
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This coherence was achieved by enhancing the nonlinearity of the structure 

by a factor of two. Additionally, the threshold for lasing was reduced to its 

minimum value, while the maximum emission intensity was observed in 

two wavelength regions. 

  In 2020, Naming Zhang  , et al. [45] reported a significant improvement 

in the performance of random lasing through the use of a plasmonic hybrid 

structure called (Au core)-(Agshell) nanorods deposited on an Ag film 

((Au@Ag NRs-Ag film)). The study demonstrated that this hybrid 

structure, consisting of Au@Ag NRs-Ag film, exhibited more effective 

enhancement of lasing properties compared to independent Au@AgNRs or 

Ag film alone. Furthermore, when compared to hybrid structures 

comprising Ag film with either Au nanorods or Au nanospheres, the gain 

medium deposited on the Au@Ag NRs-Ag film demonstrated the lowest 

lasing threshold, amounting to only 12.5% of that observed in the neat gain 

medium. The unique plasmonic hybrid nanostructure, Au@Ag NRs-Ag 

film, showcased a stronger localized electrical field and scattering effect in 

comparison to hybrid structures comprising Ag film with regular Au 

nanoparticles.This can be attributed to the broader and more robust 

plasmonic absorption of Au@Ag NRs, as well as the stronger plasmonic 

coupling between the localized surface plasmons of Au@Ag NRs and the 

delocalized surface plasmon polariton of Ag film. The findings of this 

study offer a simple approach to effectively mitigate the negative effects of 

metal films while achieving a lower pumped threshold. 

In 2020, Gummaluri et al. [46].succeeded in preparing a random laser 

system using Au nano-urchins acting as scatterers. These nanomaterials 

were distributed in polymer films doped with rhodamine 6G dye. The 

authors compared this system with another one with the same 
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specifications, except that the scatterer was Au nanospheres instead of Au 

nano-urchins. To evaluate lasing performance, finite-difference time-

domain simulation was used, taking into account the following three 

aspects: the local field enhancement, absorption cross-section, and 

scattering cross-section. The field intensity magnitude for nano-urchins was 

observed to be 2 times higher than that of nanospheres. At the pump 

wavelength, the authors monitored a higher scattering cross-section and a 

low absorption cross-section for nano-urchins compared to those for 

nanospheres. This, in turn, indicated that materials with nano-urchin 

structure can be better scatterer candidates than spheres with isotropic 

structure when it comes to enhanced random lasing performance. 

In 2021, Rodrigo Sato, et al. [47] they worked  the formation of 

microbubbles, in use  random lasing in optically pumped solutions of 

plasmonic nanoparticles (NPs) combined with organic dye molecules. They 

proposed an alternative mechanism that does not rely on plasmon 

resonance directly. To observe the photophysical dynamics of the NPs in 

solution, high-speed confocal microspectroscopy was employed. By 

applying laser pulses, microbubbles were formed, surrounding and 

encapsulating the NPs. Subsequently, sharp peaks with a width of less than 

1.0 nm were observed, which corresponded to the spectral signature of 

random lasing. Electromagnetic simulations indicated that ensembles of 

microbubbles may form optical corrals containing standing wave patterns 

that are sufficient to sustain coherent optical feedback in a gain medium. 

These findings collectively demonstrated that plasmonic-induced bubble 

ensembles have the potential to generate optical feedback and random  

in 2021 Pramanik , et al. [48] addressed a significant challenge in the 

design of efficient random lasers (RLs). Their study focused on the 
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demonstration of a random laser utilizing a 4-(dicyanomethylene)-2-

methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM) dye. The researchers 

employed an innovative adaptive feedback mechanism by exploiting the 

phenomenon of total internal reflection of light within microbubbles. These 

microbubbles were generated in the presence of graphene flakes (GFs) 

through photothermal means. Notably, the GFs served a dual role as 

passive scatterers and catalysts for the in situ generation of microbubbles 

within the liquid suspension of dye molecules. Through a simple pump-

probe photography experiment, the researchers demonstrated that photon 

transport during RL emission occurred through weak scattering in GFs, 

followed by total internal reflection on microbubbles. As a result, they 

successfully achieved RL emission at a wavelength of 638.4 nm, with a 

remarkably low lasing threshold. 

In 2022, S.F. Haddawi, et al. [49] conducted an experimental and 

theoretical study to demonstrate a flexible and finely-tuned random laser 

utilizing a two-face double grating plasmonic structure made of 

polydimethylsiloxane (PDMS). The PDMS material was fabricated using 

nanoimprint lithography and coated with a 35 nm-thick gold layer using a 

physical vapor deposition (PVD) device. Additionally, a light-emitting 

polymer (F8PT) was applied to enhance the scattering and efficiency of the 

random laser. The researchers employed a plasmonic gold grating as the 

substrate and compared the simulation results for both the upper and lower 

sides of the plasmonic double grating structure. The results showed an 

improvement in light transmission. Through experimental analysis, a 

comparison was made between normal plasmonic double grating samples 

and symmetric and asymmetric double grating-based nanostructures with 

varying thicknesses of 200, 400, and 600. The findings indicated that 
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samples with thinner spaces exhibited better random lasing properties due 

to the coupled mode effects. Specifically, the intensity increased while the 

lasing threshold decreased from 22 μJ in the normal double grating to 16 μJ 

in the thinnest double grating structure. 

in 2023 Songtao , et al. [50] utilized a chemical reduction method to create 

a core-shell structure of silver (Ag) spheres. These Ag spheres were then 

mixed with Rhodamine 6G, Polyvinyl Alcohol (PVA), and spin-coated 

onto a silicone slab. After solidification, a film containing the core-shell 

structure Ag spheres was fabricated. The Ag spheres served as scattering 

particles, while the film composed of R6G and PVA acted as the active 

material layer.When irradiated by a pump beam, the film exhibited random 

laser emission with a threshold of approximately 12.55 ml/cm². The 

chemical reduction method employed by the researchers offered a cost-

effective approach to fabricating Ag spheres, which in turn enhanced the 

potential applications of random lasers. 

1.3 Random Laser Applications 
 

It is possible to employ random lasers in many fields owing to their 

distinctive characteristics such as operating at a specific wavelength. 

Alternatively, the fabrication cost of these lasers is low, and they have 

flexible shape with substrate compatibility [51]. Redding et al. [52] has 

indicated the applicability of the random lasers in bioimaging, producing 

speckle-free light with high intensities. In this way, one can be able to 

fabricate an integrated on-chip random spectrometer device [53]. For image 

quality tests, random lasers have also shown promising results, 

outperforming all the other sources of light. In this regard, the proof of 

concept was provided by comparing between the performances of random 

lasers and other light sources for speckle generation, image quality, and 
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contrast-to-noise ratio tests. Notably, for the speckle generation tests, non-

speckle patterns were formed by the random laser and light-emitting diodes 

(LEDs), whereas they produced higher contrast-to-noise ratios after 

performing the corresponding tests. When it comes to medical area, random 

laser are capable of detecting tumor and performing photodynamic therapy 

[54]. In addition, Song et al. reported the applicability of random lasers for 

sensing purposes, light with a wavelength of 690 nm has been utilized to 

excite bone specimens soaked with a dye emitting at a wavelength of 800 

nm. Thus, it has been possible to detect nanoscale structural stacks in a 

mechanical biosensor, resulting from the random lasing characteristics in 

the bone specimens [55]. On the other hand, Wan Ismail et al. has provided 

evidence on applicability of the aggregation of gold NPs for the 

measurement of an extremely low concentration of dopamine. This was 

enhanced by Cu ions for random lasers, having incoherent feedback. In this 

regard, emission peak linewidth, emission peak shift, lasing threshold and 

signal-to-noise ratio were affected, so that a dopamine detection limit of ~1 

× 10
-7

 M was obtained as the detection indicator [56]. Furthermore, under 

mechanical tests, emission peak wavelength of the random lasers shifted by 

pressuring the bone specimens. According to Vardeny et al. [57], human 

tissues can have strong scattering, allowing for the support of the random 

lasing when penetrated with a laser dye solution with a high concentration. 

It has also been possible to employ random lasers in order to map 

cancerous tissues. This was achieved by portraying the affected spectral 

emission for both the healthy and cancerous tissues. In this respect, the 

tissues were separately immersed in Rhodamine 6G dye, followed by 

flattening them between the slides of the microscope. By pumping the 

specimens using Nd: YAG laser (532 nm, 100 ps, and 800 Hz), emission 

spectra were obtained.  
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1.4 Overview of the thesis structure 

    In this aspect, we will present the most important topics that will be 

included in this message as follow 

The first chapter deals with an introduction to the random laser and its most 

important features in addition to its applications, as well as experimental 

studies and research that dealt with the subject of random lasers, in 

particular those that focused on compound cavities in improving the 

random laser work. 

 The second chapter includes a reference to the most important topics 

related to random lasers, such as the theoretical side of random lasers, types 

of random lasers, the effect of surface plasmon resonance, as well as how 

the transition from incoherent to coherent, Optical properties of the used 

nanomaterials,  Thin Film Deposition Techniques,  , and the types of 

random media used in random laser systems are the most important factors 

that affect the occurrence of Random laser. 

 The third chapter deals with the practical aspect of this thesis, and the most 

important materials used in this work will be indicated and an exposure to 

their characteristics and composition. Next, we address the techniques used 

to prepare some nanomaterials. And then prepare the random media that 

will be used to test the performance of the random laser. As well as will be 

indicated some of the schemes or experimental devices that were used in 

this work. 

 The fourth chapter includes presentation and discussion of the results 

obtained from all measurements. 

 Chapter Five presents the most important conclusions of our work and 

suggest for the future. 
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1-5 Aim  of the Work 

The main objective of this research is to prepare the different cavities 

individually or jointly and study their effect on the behavior and properties 

of the random laser, represented by emission intensity, bandwidth, power 

threshold, and the transition from incoherent to coherent operating modes. 

To achieve this, the following composite cavities were constructed: First is 

thermal cavity is create by a constant-wave (CW) laser beam and a liquid 

medium with nanoparticles. The second is a fabricated waveguide cavity 

with a thin layer of gold NPs based on dye and glass as substrate. The third 

is fabricated as a multi-layered 2D structure onto a curved glass substrate 

and a gold nanostructure with rhodamine dye. The fourth is fabricated as a 

magneto-optical cavity by an external magnetic field on a new FeB-based 

two-dimensional magneto-plasmonic structure covered by gold thin film 

and Rhodamine 6G. The fifth cavity  is a triple optical cavity that consists 

of external, ring, and fundamental resonators. 
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Chapter Two                                                   Theory of random laser 

2.1 Introduction  

  In this chapter, topics directly related to structure and action of random 

laser will be covered, as the types of random lasers will be studied and how 

the transformation from one type to another takes place.  The important 

parameters relate with the random laser as (spontaneous emission seeding 

in cavity, light amplification, laser threshold, random laser action, the 

parameters controlled random lasing and types active medium of random 

lasers) what is the difference between the active type and the passive .The 

composite cavities of the random laser and its output will be the main topic 

in this chapter.  

2.2 Theory of Random Laser 
 

Understanding the random lasers in the best possible way requires basic 

knowledge of conventional lasers since both systems have many features in 

common, for example, the working principle is the same where the emitted 

photons induce other photons to be emitted by the stimulated emission 

process, and when the gain exceeds the losses, the lasing process occurs 

[58]. The only exception is the difference indicated earlier, which is that the 

random laser has no optical cavity in the sense of a conventional laser and 

this function which was being performed by mirrors, is now achieved by 

multiple scattering centers and that the resulting spectrum random lasing is 

typically emitted in all directions [59].  

  As we know, a conventional laser has three main components: the 

pumping source, the active medium, and the optical resonator. The 

pumping source is responsible for the occurring the population inversion 
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[60]. The resonator, which in its simplest form consists of two parallel 

mirrors, one highly reflective and the other partially reflecting light, are 

responsible for the occurrence of the feedback when the photon has been 

trapped within the active medium [61]. The active medium which 

represents the laser core can be any kind of matter: solid, liquid, gas. This 

medium emitted coherent radiation or exhibited again as a result of the 

transition of excited atoms or molecules from higher energy level to lower 

energy level by the stimulated emission process. It is pumped by an 

external source, and the amplification of light is performed there.  Then, 

when the gain overcomes the total cavity losses, the lasing occurs [62]. In 

addition, when designing lasers, consideration is given to reducing the 

process of scattering which causes removing the photon from the cavity of 

conventional laser [63]. The loss of photons due to the scattering process 

requires higher pumping energies to overcome these losses and reach the 

lasing threshold, thus lower laser efficiency [64]. This is why optical 

scattering is considered a detrimental process in conventional lasers[65].  

   Unlike the conventional laser, in random laser, the scattering process 

plays a crucial role in the optical feedback mechanism [66]. Here the 

scattering particles form an optical cavity instead of the conventional 

mirrors [67]. Therefore, if there are many centers of scattering, then the 

light in the gain medium will change its direction thousands of times 

randomly until it can leave the medium [68]. Thus; the multiple scattering 

that the photon will encounter within the sample will increase the time it 

remains in the gain medium and thus increase its amplification time [69]. 

Through this process, the scattering centers act as a resonator to trap the 

light in the gain medium [70]. Accordingly, it became not necessary to add 

reflectors to retain the light inside the medium because the scatterers 
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perform this function very efficiently. Thus, the term of random laser is 

used to describe the system that includes these disorders introduced to the 

gain medium [71]. The random laser occurrence can be regarded as a two-

stage integrative process: the first is to re-propagate emitted photons from 

the scattering centers, and then these photons are amplified by the 

stimulated emission process in the gain medium as a second stage [72]. 

There are two basic parameters of length that are associated with the 

random laser. One is mean path length. It is the average distance a photon 

travels in the gain medium before leaving it. The second one is generation 

length. It is the average distance that a photon travels before generating 

another photon by stimulated emission [73]. Let‘s imagine photon 

propagates in the gain medium, when the mean free path is larger than the 

generation length,  every photon generates a new photon before escaping 

the medium [74]. This scenario leads to a chain reaction in which one 

photon generates two photons, the two photons generate four photons, and 

so on. So that, the number of photons depends on the time the photon 

spends within the medium and the length of period time depends in turn on 

the strength of the scattering centers [75]. Fig.(2.1) shows the main 

difference between the traditional laser and random laser. 
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Fig. (2- 1) Schematic diagram of (a) conventional laser and (b) random laser [76].  

2.3 Random laser classification 
 

  It is clear that the process of amplifying light in random laser is done by 

stimulated emission and that this process would not have continued had it 

not been for the feedback provided by multiple scattering of light [67]. 

Depending on the type of this feedback, the random laser can be divided 

into two types: (i) random lasers with incoherent (non-resonant) feedback 

(ii) random lasers with coherent (resonant) feedback [78]. In the case of 

incoherent random lasers, the intensity feedback can occur but it is not 

sensitive for phase (incoherent) and an independent frequency (non-

resonant), while in the case of a coherent random laser,  field or amplitude 

feedback can be provided where the phase is sensitive (coherent) and the 

frequency is a dependent (resonant) [79]. These two types will be discussed 

in more detail. 
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2.3.1 Incoherent feedback 
 

  Let us imagine a light wave is incident on weakly scattered medium or 

even strongly scattered medium but the area of pumping pulsed is small 

[80], what will happen? of course, the photons will experience multiple 

scattering but not for a long time, and then, some of them may escape 

through the front window into space, while the rest will leave the active 

volume to un-pumped volume. After a short period and because of the 

random directionality, a portion of these photons that are still within the 

disordered medium may return to the effective volume for more 

amplification [81]. This return process provides intensity or energy 

feedback. In this case, the trajectory of light is open, which means that the 

scattered photon does not return to the original position of its scattering, for 

this reason, the phase of scattered light in this type of  random laser does 

not take into consideration, therefore, it can be called a non-resonant 

random laser and the photons are emitted as amplified spontaneous 

emission process [82].  

 

  When increasing the pumping rate, the photon intensity grows rapidly, 

and a narrowed emission peak within few nanometers is produced on broad 

fluorescence background at the center of the gain spectrum at the threshold  

[83]. In this type of random laser the scattering mean free path (  ) which 

represents the average distance between two successive scattering events is 

much greater than the wavelength of the emitted photon but is much 

smaller than the sample thickness   (      ) [3]. As a result of the 

resonance feedback absence, the system sends a stable spectrum with a 

fixed number of modes (usually one or two) and a bandwidth that is 

narrowed by about an order of magnitude (typically reaching 25-35 nm). 

Accordingly, the output spectrum is a smooth narrowed amplified 
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spontaneous emission (ASE) [84]. So that this model does not involve 

interference effects and explain the peaks in the diffusive scenario, which 

involves non-resonant feedback and the distribution of photons satisfies the 

Bose-Einstein distribution [85]. 

 ( )  
〈 〉 

[  〈 〉]   
   …………… (2.1) 

Where   is the average photons number.  

 

2.3.2 Coherent feedback 
 

   The spectral characteristics of this type of random laser differ 

significantly from the first type [86]. Under certain conditions of pumping 

and gain, the spectra of the samples show several very narrow peaks 

(bandwidth FWHM  0.1 nm) installed on an incoherent base. These very 

narrow modes are temporarily coherent and fluctuate strongly in both 

frequency and intensity [87]. In this type of feedback, the strong scattering 

in the active medium plays an important role where the multiple scattering 

increases the path length and thereby increasing the dwell time of light in 

the gain medium, and thus enhancing the light amplification by the 

stimulated emission process [88], also, the strong scattering increases the 

possibility of light returning to the position of its first scattering [89]. This 

means after series of multiple scattering, the light returns to its first 

scattering position, forming a closed-loop that serves as a ring cavity for 

light and thus providing coherent feedback for lasing oscillation [90]. 

Interference along this closed-loop leads to standing wave patterns with a 

high degree of light trapping which means this kind of random laser, 

enables spatial coherence [91]. In this laser the scattering mean free path 

(  ) is equal or less than the reciprocal wave-vector       (    ) which 

is known as the Ioffe-Regel criterion [92]. This system produces photon 
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localization, which is equivalent to Anderson's localization proposed by 

Philip Anderson to interpret conductor-dielectric transitions in electronic 

transport [93]. In this type, the photon number distribution  ( ) satisfies 

the Poisson distribution [82]. 

 ( )  
〈 〉  〈 〉

  
   ……………….  (2.2) 

where 〈 〉 is the average photon number. The laser spikes in the emission 

spectrum are the main characteristic of this type of random laser. These 

spikes, which are very narrow spectral features, are caused by the recurrent 

modes occurring in the random medium of this system. One can be 

distinguished between a coherent random laser and a non-coherent random 

laser through the emission spectrum containing spikes in the coherent laser 

while the incoherent laser is a single spectrum. Fig.(2.2) shows the 

difference between these two types of random laser, and also compares 

them with the conventional laser.  

 

 

Fig.(2.2) (a) Conventional laser cavity,(b) random laser cavity illustrating the incoherent feedback 

(red arrows) and coherent feedback (green arrows), (c) illustration of spectral outputs of a 

conventional laser and a random laser [65] 
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2.4 Characteristics of random laser 

 2.4.1 Optical Gain  
 

In addition to multiple light scattering, optical gain plays a crucial role in 

the random lasing system. The gain material bec0mes active when  it is 

excited by a high-energy pump source. As light propagates thr0ugh the 

medium, it interacts with the amplifying or gain material. For lasing action 

to occur, the light must be sufficiently amplified before it exits the system, 

with the gain overcoming any losses [94]. In an amplifying disordered 

medium, the light waves undergo multiple scattering and amplification. 

The amplification process is mathematically described by Eq (2.3) 

 𝑎 𝑝 = √                ………………………………………………. (2. 3) 

The terms "lg" and "lamp" represent the gain length and amplification length, 

respectively. The amplification length is defined as the average distance 

between the starting and ending points of paths with a length of lg, while 

the gain length is the distance over which the intensity is amplified by a 

factor of e [95]. As light travels in a straight line in a medium without 

scattering, the Eq. (2.4) states that the amplification length should be equal 

to the gain length. 

 𝑎 𝑝 =         ……………………………………………………….  (2. 4)  

For random lasing to be effective, it relies on two key factors: ample 

scattering and strong amplification of the scattered light to counterbalance 

any losses as it exits the gain medium. The emitted photons propagate and 

undergo amplification within the active gain region until they ultimately 

escape from it. To ensure that the light is adequately amplified before it 

escapes the medium, Equation (2.5) represents the essential condition for 

random lasing [95] 

   ≥           ………………………………………………………….  (2. 5) 
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2.4.2 Lasing threshold: 
 

The threshold, a significant parameter in lasing, has been the subject of 

extensive research. In the case of random lasers, the threshold is influenced 

by the scattering mean free path of photons within the random medium and 

the luminescence efficiency of the gain medium. Typically, the threshold is 

reached when the pump transition becomes bleached or saturated. This 

bleaching effect enhances the penetration of the pump and leads to an 

increased scattering mean free path [[96]. Notably, the threshold power can 

be significantly reduced when the scattering mean free path is equal to or 

smaller than the stimulated emission wavelength, as evidenced in the case 

of the ZnO random laser [97]. 

The threshold of a random laser can be influenced by the concentration of 

scattering particles, with the threshold being inversely proportional to the 

square root of the concentration (N
-1/2

). Experimental evidence has shown 

that increasing the concentration of scattering particles can lower the 

threshold by more than two orders of magnitude [97].Additionally, the 

threshold is dependent on the refractive index (RI) of the scattering 

particles compared to that of the surrounding media. Lowering the RI of the 

surrounding media or increasing the RI of the scattering particles leads to a 

reduction in the threshold [98]. In recent developments, metal nanoparticles 

have been employed as scattering particles to further lower the lasing 

threshold. These metal nanoparticles can induce surface plasmon resonance 

(SPR) and spatially confine light near the surface, resulting in high gain. 

With their large scattering cross-section, optimizing the SPR wavelength to 

match the lasing emission wavelength maximizes plasmonic scattering and 

minimizes the random laser's threshold [99]. 
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2.4.3 Scattering mean free path 
 

The scattering mean free path ls is defined as the average 

distance that light travels between two consecutive scattering events, and is 

given by: [100] 

 ls = 1/ρσs    ……………………………………………………….. (2.6)

  

 Where, ρ and σs are the number density and the scattering cross-section of 

scattering particles respectively [100]. 

The transport mean free path lt is defined as the average distance over 

which the scattered light is randomized. The relationship between the 

transport and the scattering mean free path is given by:  

lt = ls/(1 - cosθ)…………………………………………….…………(2. 7) 

 where cosθ is the average cosine of the scattering angle, when 

 cosθ =0 = lt = lt for isotropic medium Rayley scattering  

cosθ =0.5 = lt = 2 lt for Mic scattering  

There are three regimes for light scattering in random media [100]: 

A- Localization regime (ls ≤ λ),  

B- Diffusive scattering regime (λ < ls < L)  

C- Ballistic scattering regime (ls ≥ L) 

Where,  λ is the wavelength and L is the sample length.  

Therefore, the most appropriate approach for calculating the scattering 

cross-section (  ) is the Rayleigh model, according to the following 

equation [100] : 
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    (
    

    
)
 

  ………………………………………………(2. 8) 

where r is the radius of the scattering particle, and n is the refractive index. 

In the past two decades, lasing in random nanostructures has been 

extensively investigated using both theoretical and experimental studies. 

Based on the different feedback and gain mechanism provided by random 

nanostructures, many types of random lasers have been proposed and 

demonstrated. 

2.5  Transition from Incoherent to Coherent Random Laser 

   In random laser, it is crucial to distinguish between the amplified 

spontaneous emission ASE (incoherent random laser) and lasing emission 

(coherent random laser), but the most important of all is the possibility of 

the transition from a non-coherent random laser to a coherent random laser 

[101]. To explain this transition, it is useful to use Fig.(2-3) where the 

scattering centers density increases from left to right while the bottom-to-

top represents the pump power increasing [102]. When the scattering 

centers are weak, as shown in the first image at the bottom of the first 

column, which represents an incoherent laser state, the photon travels 

within a random medium of little density in terms of the scattering centers. 

Therefore it is difficult to form a closed path for not meeting the Ioffe-

Regel criterion (     ) which means the scattering mean free path (  ) is 

much larger than the emission wavelength (    ) and thus what happens 

is an amplification of spontaneous emission or lasing with non-resonant 

feedback [88]. Therefore; at low scattering concentration and weak 

excitation, the emission spectrum is broad and low [103]. When pumping 

rates increase from low to higher values, it is noted that the emission 

spectrum begins to narrow and its intensity increases as it is observed in 
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the first column from bottom to the top. However, the possibility of the 

photon returning and forming a closed-loop which is still weak [74]. 

  Now, with increasing the concentration of the scattering centers, as shown 

in the Figure (2-3), from left to right, and in order. It is observed that the 

width of the emission spectrum becomes very narrow and its intensity 

increases significantly more than the previous state above the pump 

threshold [104]. With increasing the concentration of nanoparticles, the 

scattering mean free path becomes close and close to the emission 

wavelength (    ) which increases the possibility that the photon will 

return to its first point of scattering, forming a closed path [105]. More 

sharp peaks appear when the pump intensity increases further and these 

discrete peaks result due to light returning to the first scattering position.  

 

Fig. (2- 3) Evolution of random laser with increasing scattering centers from (left 

to right ) and increasing the pumping power from (bottom to top) [102]. 
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 Laser oscillation can occur in these loops which serve as a resonator [106]. 

The discrete lasing modes correspond to the number of closed loops that 

formed in the gain medium. Also, one can note the number of modes in the 

second column is less than those in the third column under the same 

pumping power. This is due to that the concentration of scattering centers 

in the third column more than that in the second [88]. 

 Finally, it can be reported that the transition from an incoherent laser state 

to a coherent laser depends mainly on the concentration of scattering 

centers and to a lesser degree on pumping sources and that the 

transformation process is done gradually [101]. 

2.6 Surface Plasmon Resonance (SPR) 
 

 This property appears on the surfaces of some metals and it is a result of 

the collective movement of free electrons in the nanoparticle when light 

falls on them [107]. It is a periodic movement in which the direction of 

electrons' motion changes with a time at the same oscillation of the incident 

electromagnetic wave [108]. This feature is clearly demonstrated in noble 

metals such as gold, silver, and copper in the visible light region and is 

responsible for changing their colors when these elements reach the nano-

size [109].  

 

The researches in plasmonics have led to extensive applications in the field 

of optoelectronics such as light-emitting diodes, waveguides, and 

nanoscale lasers, as a result of the surface plasmon resonance property of 

some metallic nanostructures [110]. In a random laser, the gain strongly 

depends on the strength of the scattering medium where the light interacts 

with these disturbed amplification media in such systems [111]. The 
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scattering is mainly occurred due to dielectric or metallic scattered 

nanoparticles. Metallic nanoparticles (MNPs) play an effective role in 

spectral narrowing more than dielectric NPs, as we mentioned in a 

previous section that MNPs have a much larger scattered cross-section than 

that of the dielectric NPs at the same dimensional. MNPs, especially the 

noble ones, are rich in the surface plasmon resonance property, which 

enables the trapping of light near the surface of those particles, which in 

turn leads to a high gain for random laser [112]. The SPR position is 

strongly influenced by the material type, size, shape as well as 

environment of the NPs [113]. These parameters give spectral tuning 

facilitates overlapping the wavelength of the SPR with the emission 

wavelength of the desired active medium [72]. Plasmon-enhanced metallic 

nanoparticles which are implanted in a random laser medium lead to a 

collective optimization in both the strength of scattering and the gain 

volume of the random laser. Besides, the confinement of photons near the 

particle's surface enhances the strength of the local field and thus increases 

the gain [114]. Whereas, these nanoparticles have the ability to adjust the 

radiative and non-radiative transition rates of nearby dye molecules [115]. 

In general, laser dyes have significant Stokes shifts between their 

absorption and emissions, which can reduce self-absorption and achieve a 

lower lasing threshold [116]. The emission intensity of the random laser 

can be enhanced with the assistance of a plasmon by coupling between the 

dye and a localized SPR of nanoparticle [117] provided that there is a clear 

overlap between the surface plasmon resonance spectrum of the 

nanoparticles and emission spectrum of the dye.  
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2-7 Scattering 

Scattering refers to the phenomenon where the original direction of incident 

light changes upon collision with an obstacle [118]When incident light 

interacts with particles, such as atoms or molecules, responsible for 

scattering, the charges within these particles respond to the light. As a 

result, the electric vector of the incident light shifts, causing the charges to 

reorient and form microscopic dipoles. These dipoles emit light of the same 

frequency in various directions, except for the direction aligned with the 

polarization axes [119].The energy of the incident light is higher than that 

of the scattered light in all directions. The intensity of the scattered field 

relies on the scattering angle and the frequency of the incident light. 

When the size of the particles responsible for scattering, denoted as x, is 

much smaller than the wavelength of the incident light (x << λ), the 

scattering phenomenon is referred to as Rayleigh scattering [120].In this 

case, the scattering occurs equally in both backward and forward directions, 

and the scattering cross-section depends on the wavelength of the light and 

the size of the scatterer. On the other hand, Mie scattering occurs when the 

particle size is comparable to the wavelength of the light. In Mie scattering, 

the intensity of scattering is higher in the forward direction, and the 

scattering cross-section is larger [121]. Therefore, the particle size relative 

to the incident light determines whether Rayleigh or Mie scattering takes 

place, and this distinction can be observed in the figure (2-4). 
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Fig. (2-4) the difference between the Rayleigh and Mie scattering [122] 

There is single or multiple scattering of light and the difference between 

them is, Single scattering refers to the phenomenon where light is scattered 

by individual atoms or molecules. In this type of scattering, the medium 

appears random to an observer because there is no discernible relationship 

between the direction of the incident light and the scattered light [123] 

Each particle scatters light independently, and there is no consistent phase 

relationship between the scattered waves. When the concentration of 

scatterers is low, this type of scattering occurs more frequently in the 

medium [124].Consequently, the average distance that a photon travels 

before being scattered, known as the photon mean free path, is long in such 

a medium. By increasing the concentration of scatterers within the medium, 

the photon mean free path can be reduced, resulting in increased scattering. 

This can be utilized to create a coherence random laser.    

Multiple scattering of light is influenced by various factors, including the 

average radius of the particles, the incident wavelength, the density of 

scatterers, and the refractive index [125]]. When the size of the particles is 

smaller than the incident wavelength, scattering occurs in all directions. In 
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this case, the light undergoes multiple scattering as it propagates through 

the scatterers [126]. The path of the scattered light inside the medium 

becomes random, and the distance traveled by the light in this type of 

scattering is longer than the direct path of the waves [127,  128] .   

The occurrence of random laser action relies on the presence of multiple 

scattering and the introduction of a disturbance within a gain medium 

specifically designed for random lasers. The medium should possess certain 

characteristics such as homogeneity, small particle size, high refractive 

index, and low absorption at the excitation wavelength [129].Multiple 

scattering plays a crucial role by providing the optical feedback 

mechanism. The density of scattering promotes a strong interaction 

between the active material's gain and the multiple scattered waves, 

enabling significant light amplification. Interference effects are particularly 

pronounced in multiple scattering compared to single scattering due to the 

large number of scattered arrays originating from different scatterers [130]. 

2.8.Thin Film Deposition Techniques 

  This section deals with different methods of synthesis of (Au , FeB ,and 

AgNw )  nanostructures.   This section also briefs about the importance of 

various parameters in controlling the nanostructures diameter, length, 

growth site and formation density. Low dimensional (thickness ~nanometer 

to micrometer) material formed by depositing one after the other 

molecular/ionic/atomic species of the matter is known as a thin film. The 

dimensions of structures on thin films may be in the nanometer dimension, 

called nanostructured thin films. There are different techniques available to 

develop nanostructure thin film for using in the applications like 

optoelectronic devices. Every method has its advantages and 
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disadvantages; no method is ideal in all the desired facets (cost of 

apparatus, nature of the substrate and deposition parameters, etc.). The 

nanostructured thin film production techniques are generally classified into 

two classes, (i) physical technique (the evaporation or sputtering of the 

material from source and deposition on substrate) [131]and (ii) chemical 

technique (chemical reaction between volatile/non-volatile compound of 

the material and deposition on the various substrate) [132]The tree table of 

different nanostructured thin film fabrication techniques is presented  

in Table-2.1. 

in our work, methods of deposition and coating of thin-film will be 

discussed, namely,  the Physical vapor deposition (PVD) ,dip-coating [133] 

[134], spin-coating [135],  
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Table -2.1: Different techniques for thin film fabrication [131]  

 

 

2.8.1 Physical vapor deposition (PVD) 

In the Physical vapor deposition (PVD) techniques, the material transforms 

into its vapor state, deposited on a substrate and formed the thin film. The 

solid state material heated up until evaporation (in case of vacuum 

evaporation techniques) or sputtered from the target by high energetic ions 

(sputtering) [136,137] The process can be described according to the 

following sequence of steps. (1) The material to be deposited is converted 

into a vapor by physical means (high-temperature vacuum or gaseous 

Nano Structured Thin Films Synthesis Techniques 
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plasma), (2) the vapor is transported to a region of low pressure from its 

source to the substrate, and (3) the vapor undergoes condensation on the 

substrate to form a thin film.There are lots of advantages in physical 

methods, such as economical and straightforward, top qualities, cleanliness, 

dry processing, compatible with semiconductor integrated circuit (IC) 

processing. Still, there are some limitations, such as stoichiometry control 

is difficult, it requires high process temperature, and the deposition rate is 

lower. Also, evaporation of dielectric materials is impossible. For 

crystallization and high capital expenditure, post-annealing treatment may 

be required [138]. A typical PVD process is shown in Fig. (2.5.)                  

  

 

   

Figure 2.5. Schematic illustration of the physical vapor deposition process[136] 
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2.8.2 Spin coating 

Spin coating is a rapid and cost-effective technique used to create thin and 

uniform organic films from solutions . In this method, a measured volume 

of the material solution to be deposited is placed onto the substrate, which 

is then spun at a controlled speed. The centrifugal force causes the solution 

to spread evenly across the substrate surface. As the solvent evaporates, a 

film of the material forms. The thickness of the spin-coated film depends 

on factors such as the concentration of the solution and the rate of solvent 

evaporation, which, in turn, is influenced by variables such as solvent 

viscosity, vapor pressure, temperature, and local humidity. A higher 

concentration of the solution results in a thicker film. During the spin 

coating process, the interactions between the substrate and the solution 

layer are stronger compared to the interactions between the solution surface 

and the air. One of the key advantages of spin coating is its ability to 

produce thin films ranging from a few nanometers to a few microns in 

thickness, offering a quick, easy, and cost-effective approach to film 

formation. [139]    

2.8.3 Drop casting  

Drop casting is an alternative method used to deposit a thin film of material 

onto a solid substrate from a liquid phase. In drop casting, small droplets of 

the liquid containing the desired material are placed onto the substrate 

surface, and then the solvent is allowed to evaporate. The outcome of drop 

casting can vary, ranging from well-formed and homogeneous organic 

films to poor-quality films that exhibit precipitation effects during the 

drying process. While drop casting enables the creation of thick organic 

films, a significant drawback of this technique is the limited control over 

film thickness and the resulting non-uniformity [140].    
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2.8.4 Dip Coating 

The sol-gel meth0d is widely regarded as 0ne 0f the simplest and most 

popular techniques for producing thin films using a diverse range 0f 

inorganic, hybrid, and nanocomposite materials. It offers several 

advantages, including the ability to coat various substrates with complex 

geometries, including those with holes or intricate patterns. The sol-gel 

method also allows for a high degree of control over crucial parameters and 

provides flexibility that surpasses what can be achieved with other 

conventional processes. [141, 142] 

The dip-coating method involves submerging the substrate to be coated into 

an initial solution and gradually withdrawing it at a consistent speed. This 

process takes place under controlled temperature and air conditions. By 

precisely adjusting the withdrawal rate and evaporation conditions, it 

becomes possible to finely tune the properties of the resulting film, such as 

its thickness, optical constants, and internal structure. The solution spreads 

uniformly across the substrate surface due to the combined effects of 

viscous drag and capillary action. As the process reaches its final stage, 

evaporation occurs, leading to the gelation of the film. To further modify 

the film properties, the coated substrates often undergo a post-heat 

treatment. This heat treatment has an impact on the final characteristics of 

the films  [143]Figure (2.6) illustrates the dip-coating process. 
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 Figure (2.6) Sequential stages of the sol–gel dip-coating method for thin film 

deposition: Stage 1—the substrate is dipped and immersed in the sol precursor, 

Stage 2—the substrate is withdrawn at a steady rate, Stage 3—solvent evaporation 

produces the gelation of the layer[133] 

2.9 Organic Lasers Resonators 

 In this review, we focus on the primary resonators employed in organic 

solid-state lasers, with particular attention given to thin-film-based 

configurations like planar waveguides and vertical external surface-

emitting cavities. We examine the impact of different resonator types on 

laser properties such as threshold, efficiency slope, output power, and beam 

quality. Additionally, we provide a specific emphasis on composite cavities 

and their influence on these laser characteristics. 

2.9.1Cavities Made with Bulk Rods  

Laser resonators can adopt diverse shapes and architectures that extend 

beyond the conventional linear Fabry-Perot cavity or ring cavity, which are 

typically used with bulk laser gain media. In the early studies of organic 
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lasers, liquid dyes were often employed within these macroscopic cavities 

[144, 145] Such resonators consist of two mirrors positioned around the 

polymer block or the cuvette containing the organic solution. These mirrors 

play a crucial role in confining and amplifying the laser light within the 

resonator. 

In 1993, Hermes et al. conducted an experiment that showcased a pulsed, 

organic external resonator device. The device exhibited a remarkable slope 

efficiency of 85% and an output energy of 128 mJ, with a lasing threshold 

of 12 mJ/cm
2
 [146]. The gain medium employed in this experiment was a 

cylindrical rod made of bulk plastic, specifically hydroxypropyl 

acrylate/methyl methacrylate, doped with Pyrromethene 570. The rod was 

positioned inside a cavity equipped with flat dichroic mirrors, which were 

spaced 7.2 cm apart. The system was end-pumped using a frequency-

doubled Nd: YAG laser 

Furthermore, the authors achieved the ability to tune the emission 

wavelength of their device by incorporating a prism within the cavity, 

resulting in an extended tuning range spanning tens of nanometers. The 

laser exhibited exceptional photostability and demonstrated an excellent 

lifetime of hundreds of thousands of pulses when excited at a repetition rate 

of 20 Hz with a pump energy of 1 mJ per pulse. Notably, in oxygen-free 

Pyrromethene-doped samples, the lifetime could be further enhanced to 

millions of pulses. 

In the area of solid-state dye lasers, a notable example is the impressive 

work presented by Bornemann et al. involving a continuous-wave laser 

system [147]. Their experimental setup consisted of a folded cavity 

configuration, which included two concave mirrors, an output coupler, and 

a 50-100 µm thick film of Rhodamine 6G-doped polymer positioned 
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between two commercially available DVD substrates serving as the gain 

medium. Additionally, a birefringent filter was incorporated into the setup 

to enable wavelength tuning. The gain medium was prepared using the drop 

casting technique.. The disk-shape gain medium ,and pumped with a   

solid-state laser. The strategy adopted in this work to  can be considered as 

a milestone in the development of  Random laser. 

2.9. 2 Cavities Based on Thin-Films 

As previously mentioned, one significant benefit of incorporating organic 

semiconductors and dyes into polymeric matrices is their capacity to be 

readily processed into thin films with micrometer-scale thicknesses or even 

thinner. This can be achieved using cost-effective, scalable, and precise 

fabrication techniques. In the case of small-molecule organic 

semiconductors, thermal evaporation is an additional method that allows 

for exceptional control over both film thickness and optical quality. 

Consequently, the most suitable resonator geometry for thin-film organic 

lasers is the two-dimensional planar waveguide, given its inherent 

compatibility with these materials.We will focus in this work on composite 

cavities (solid "thin films" and layers) and (liquid thermal cavities). 

2.9. 2.1 Waveguide Lasers  

In a planar waveguide laser configuration, the resonator axis runs parallel 

to the film plane, allowing photons to traverse a considerable distance 

(several millimeters) through the active medium during each roundtrip. 

This extended path results in a high overall optical gain. In this geometry, 

light is guided as a wave within the organic layer, which possesses a higher 

refractive index, while being sandwiched between a low-index substrate 

(such as glass or silica) and the surrounding air. Due to the typical 

thickness of the organic layer being around 1µm, the formation of 
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waveguides is easily achievable. Optical feedback necessary for laser 

operation can be achieved through various methods. A waveguide, by its 

nature, confines and guides light within a medium through total internal 

reflection at the interfaces with the surrounding media. Thus, for light to be 

effectively trapped and guided within the waveguide, specific conditions 

need to be met[148]    . 

2.9. 2.2 Fabry-Perot Waveguides 

 In the case of inorganic semiconductor diode lasers, a convenient and cost-

effective approach for creating the cavity mirrors involves cleaving the 

semiconductor to obtain flat facets, resulting in a plano-plano Fabry-Perot 

waveguide cavity. In this configuration, light is confined and guided within 

a medium that is sandwiched between two claddings located on the top and 

bottom. These claddings possess lower refractive indices compared to the 

medium itself. This arrangement is depicted in Figures (2.7). When guided 

light emerges from a cleaved facet, it undergoes a sudden change in 

refractive index, typically transitioning to the surrounding air, resulting in 

outcoupling of the light  

 

 fig.2.7 Three dimensional representation of planar waveguide geometry. For light 

to be guided one should have n film > n sub and n film>n cladding[148] 
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2.9. 2.3 Distributed Feedback Structures 

 The process of cleaving thin film facets to achieve laser effects presents 

two challenges: low reflectivity and difficulties in controlling optical 

quality. However, an elegant solution involves the use of diffractive grating 

engraved onto the film surface to serve as cavity mirrors. In this approach, 

a periodic diffractive grating is utilized to provide efficient feedback within 

a specific wavelength range. These structures combine the high reflection 

coefficient offered by the periodic grating with an extended interaction 

between the laser wave and the gain medium, resulting in low-threshold 

lasing. The periodic surface corrugation can be classified into two 

categories: Distributed Bragg Resonators (DBR) and Distributed Feedback 

(DFB) structures. A DFB laser comprises a thin active layer deposited onto 

a corrugated substrate. 

When light propagates within the waveguide, it encounters the periodic 

corrugation, which scatters the light. If the scattered waves combine 

coherently, they form a Bragg wave that propagates in a new direction. The 

detailed explanation of this mechanism requires the application of coupled 

mode theory, as described by Kogelnik et al. . [149] For a specific 

modulation period, only certain wavelengths will experience constructive 

interference in the opposite direction to the incident wave. This 

constructive interference provides the necessary feedback for laser 

operation, as illustrated in (Figure 2.8). The bandwidth, or the width of the 

"stopband" surrounding the central Bragg wavelength, is influenced by the 

modulation depth. The central Bragg wavelength is determined by 

satisfying the Bragg condition. 

m λBragg = 2neff \ ʌ……………………(2-9) 
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In this context, λBragg refers to the wavelength of the laser light, ʌ represents 

the period of the corrugation, and m is an integer that signifies the order of 

the diffraction process. The term neff denotes the effective refractive index 

of the waveguide. Specifically, for the first-order diffraction process (m = 

1), the relationship is given by ʌ   λBragg / (2 * neff) [149]. 

 

fag (2.8 ) Possible structure of a DFB laser where the organic film is deposited on a 

precorrugated substrate with a modulation period equal to ʌ   m     (2neff ). The 

light propagating from the left is scattered by the corrugation, and the diffracted 

waves interfere constructively in the opposite direction, creating a 

counterpropagating wave[149]  

 

 

Fig.( 2.9 a) DFB structure directly engraved onto a polymeric film. If ʌ         neff.  

(2nd order grating, m = 2) then a diffracted beam (first diffraction order) is 

emitted in the direction perpendicular to the film plane, b) DBR structure with no 

corrugation between two Bragg mirrors[149] 
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2-10 laser dyes 

Laser dyes are commonly employed as gain media in various practical 

systems. These dyes consist of fluorescence molecules dissolved in organic 

or water-based solvents. Due to their high fluorescence quantum efficiency 

and wide emission and absorption cross-sections, dyes can be efficiently 

pumped and exhibit significant gain. Consequently, they are well-suited for 

use as gain media. The broad bandwidth of gain provided by dyes enables a 

wide tuning range in random lasers [150.151] 

2.10.1 kiton red Laser Dye 

Extensive research has been conducted on Kiton Red, investigating its 

electrical and optical properties in both liquid and solid dye forms. Kiton 

Red has proven to be a successful active medium for laser applications. 

This laser dye is characterized by its dark red color and has a molecular 

formula of C27H29N2NaO7S2, with a molecular weight of 580.65 gm/mol. 

The laser emission from Kiton Red is tunable at approximately 610 nm  

[152].  Fig (2-10) illustrates the chemical structure of  Kiton Red dye. 

 

 

Fig. (2-10) the molecular structure of kiton red laser dye[152]  
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2-10-2 Rhodamine B Laser Dye  

Many studies had been aichieved 0n the Rh0damine B, exploring its 

electrical and optical characteristics in both liquid and solid dye forms  

[153]. It has been effectively utilized as an active medium for lasing[154]  

Rhodamine B, a laser dye, exhibits a color ranging from red to violet. Its 

molecular formula is              with a molecular weight of 479.02 

g/mol. The laser emission from Rhodamine B is tunable at approximately 

610 nm, and it demonstrates a quantum yield in the range of (0.49 to 1.0) 

depending on the temperature. Notably, when excited by a Q-switched 

Nd:YAG laser using second harmonic generation, the absolute fluorescence 

quantum yield becomes evident [155 , 156] Figure( 2-11) illustrates the 

chemical structure of Rhodamine B dye.  

 

 

 

Fig. (2-11) the molecular structure of Rhodamine B laser dye[154] 

2-10-3 Rhodamine 6G Laser Dye 

Rh0damine 6G exhibits a wide range of frequencies, including orange light 

at a frequency of 590 nm. It is pumped using a green laser source at 532 

nm. The molecular formula of this dye is              , with a molecular 
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weight of 479.02 g/mol. Rhodamine 6G is known for its high efficiency, 

capable of converting 20% of the incident energy into lasing output[157].  

The quantum efficiency plays a crucial role in determining the random 

lasing properties, making it a significant parameter to consider[158].   

Rh0damine 6Gcan be used in applications as pigments and fluorescent 

probes for describing the surfaces of polymer nanoparticles, studying 

molecular structures, and serving as an active medium in random lasers. Its 

high fluorescence quantum yield makes it particularly suitable for this 

purpose [159] [160] Additionally, Rhodamine 6G has various other uses   

[161]. Figure (2-12) illustrates the chemical structure of Rhodamine 6G 

dye. 

 

Fig. (2-12) the molecular structure of Rhodamine 6G laser dye[157]  

2.11 Optical properties of nanomaterials  

Optical properties displayed by nanometer-scale metal particles hold 

immense aesthetic, technological, and intellectual significance. At a 

fundamental level, the absorption spectra of light provide insights into the 

electronic structure of these small metallic particles. Colloidal solutions 

containing noble metals such as copper, silver, and gold exhibit vibrant 

colors and demonstrate pronounced absorption bands. Notably, the optical 

characteristics of these particles differ significantly from both the bulk 
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material and individual atoms. Also, the significant reduction in the size of 

nanomaterials affects their optical properties [163]. 

 

Fig. (2- 13) Schematic representation of (a) localized surface plasmon resonance, 

(b) electric oscillation of nanoshere, and (c) nanorod with respective extinction 

spectrum due to LSPR and TSPR [163]. 

The change in optical properties is caused by two factors, the quantum 

confinement of electrons within nanoparticles and the surface plasmon 

resonance. 

When the metallic nanoparticles are irradiated by electromagnetic light 

wave, the free electron in the metals are in driven by the alternating electric 

field with collectively oscillate in a phase with the incident light  Fig. (2-

13). When the dimensions of a metal are reduced, boundary and surface 

effects become very prominent, and for this reason the optical properties of 

MPs are dominated by collective oscillation of conducting electrons in 

response to an incident electromagnetic radiation, which is typically known 

as surface plasmon resonance (SPR). The linear and nonlinear optical 

properties of such materials can be finely tailored by controlling the crystal 

dimensions, the chemistry of their surfaces and fabrication technology 

becomes a key factor for the applications [164]. 
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The free electrons in metal (specially, the 'd' electrons in silver and gold) 

travel through the material. The mean free path in gold and silver is ~50 

nm. In particles smaller than ~50 nm, no scattering is expected from the 

bulk [165]. This means that the interactions with the surface dominates. 

When the wavelength of light is much larger than the nanoparticle size it 

sets up standing resonance conditions as represented in Fig. (2-14). 

 

Fig. (2- 14) Origin of surface plasmon resonance due to coherent interaction of the 

electrons in the conduction band with light [166]. 

Light in resonance with the surface plasmon oscillation causes the free-

electrons in the metal to oscillate. As the wave front of the light passes, the 

electron density in the particle is polarized to one surface and oscillates in 

resonance with the light's frequency causing a standing oscillation. The 

resonance condition is determined from absorption and scattering 

spectroscopy and is found to depend on the shape, size, and dielectric 

constants of both the metal and the surrounding material [167]. This is 

referred to as the surface plasmon resonance (SPR), since it is located at the 

surface. As the shape or size of the nanoparticle changes, the surface 

geometry changes, causing a shift in the electric field density on the 

surface. This causes a change in the oscillation frequency of the electrons 



 

 

 

51 
 

and generates different cross- sections for the optical properties including 

absorption and scattering. 

2.11.1 Gold (Au) Nanoparticles 

Gold nanoparticles have unique optical properties because they support 

surface plasmons. At specific wavelengths of light, the surface plasmons 

are driven into resonance and strongly absorb or scatter incident light. This 

effect is so strong that it allows for individual gold nanoparticles as small 

as 50 nm [168].So the Absorption and scattering of light by gold 

nanoparticles of sufficiently small size , that are comparable to or less than 

the mean free path of electrons in a spatially extended material should be 

mentioned especially[169].In this case, it becomes necessary to account for 

the scattering of free electrons at the boundary of the gold nanoparticle. 

This is usually interpreted as a limitation of the mean free path of electrons, 

which leads to an additional pathway of free electron energy dissipation 

[170]. 

2.11.2 Silver Nanowire  
 

 Ag nanowire is a metallic type of nanostructure in the form of a wire with 

the diameter of the order of a nanometre. More generally, nanowires can be 

defined as structures that have a thickness or diameter constrained to tens 

of nanometers or less and an unconstrained length. Silver NWRs have 

attracted a lot of attention in the electronics, chemistry, physics, biology, 

and medicine fields because of their unique properties that depend strongly 

on the composition, size, shape of metal nanostructure [171]. The ability to 

control the size and shape of metal nanostructures provides a great 

opportunity to check the electrical and optical properties of these materials 

and opens up prospects for use in different applications as random laser 

systems [172] . 
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   Ag nanostructures contain a set of properties that can be adjusted or 

improved by controlling their shape. Ag has the highest thermal and 

electrical conductivity among the metals. It also has unique optical 

properties, and this is evident in its major role in photography. The 

nanosilver's advantages over other noble metals in relation to its physical 

and chemical properties are: stability at ambient conditions, low cost than 

other noble metals such as gold and platinum, broad absorption band in the 

visible region of the electromagnetic spectrum, chemical stability, and non-

linear optical behaviour [173]  

    Silver nanowires have been shown to significantly enhance light 

scattering with different gain materials, because the interactions between 

the emission centers and the surface plasmons can be controlled in the 

visible range from 442 to 785 nm [174]. Depending on the size and shape 

of silver nanomaterials, the peak resonance wavelength may be varied at 

the range of (380-470) nm [175] . 

2.11.3 Fe2O3magnetic Nanoparticles 

 Iron (III) oxide, with the chemical formula Fe2O3, is a naturally occurring 

compound found in nature as the mineral magnetite. It belongs to the 

family of iron oxides and contains both Fe2+ and Fe3+ ions. Iron oxide 

manifests as a red-brown substance that displays permanent magnetism, 

making it ferromagnetic [176]. Its primary application lies in its use as a 

black pigment. In this context, it is synthesized rather than extracted from 

the naturally occurring mineral, allowing for control over particle size and 

shape through the chosen production method 

he synthesis method and chemical structure play a significant role in 

determining the physical and chemical properties of magnetic 
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nanoparticles. Typically, these nanoparticles have sizes ranging from 1 to 

100 nm and can exhibit superparamagnetism in many instances [177]. 

Magnetic nanobeads, which consist of clusters of individual magnetic 

nanoparticles, have a diameter ranging from 50 to 200 nanometers [178]. 

These clusters serve as a foundation for further magnetic assembly, 

forming magnetic nanochains. Recent research has focused extensively on 

magnetic nanoparticles due to their appealing properties, holding potential 

applications in catalysis such as nanomaterial-based catalysts, biomedicine 

and targeted tissue delivery, magnetically tunable colloidal photonic 

crystals, microfluidics, magnetic resonance imaging (MRI),  [179] 

Different chemical synthetic methods are also used to to fabricate 

magnetite nanoparticles with specific desired physical and chemical 

characteristics. One common approach involves the coprecipitation of an 

aqueous solution containing ferrous (Fe
2+

) and ferric (Fe
3+

) salts by 

introducing a base [180]. 

2.11.4 Fe B nanoparticles  

feB is a soft ferromagnetic compound ,be a grey powder that is insoluble in 

water [181].And iron boride refers to various inorganic compounds with 

the formula FexBy[182] Two main iron borides are FeB and Fe2B. Some 

iron borides possess useful properties such as magnetism, electrical 

conductivity, . Some iron borides have found use as hardening coatings for 

iron. Iron borides have properties of   such as thermal conductivity and 

electrical conductivity, and properties of metal properties, Boride coatings 

on iron are superior mechanical,  Amorphous iron-boron film is well 

known as a magnetostrictive material[182] 
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\ \Chapter Three                                                 Experimental Part: 

Materials, Preparations, Experiments 

3.1 Introduction  

     In this chapter, the characteristics of materials used in our experiments 

to generate random laser with specific outputs  will be presented. The ways 

and methods used in preparing the research active medium, scattering 

center and compounded cavity will also be covered. The experimental 

setups which employed whether to test the performance of the random laser 

or to calculate some of its related parameters will also be demonstrated. 

3.2 Outline of the Experimental Part 
 

  The block diagram in Fig.(3.1) illustrates the flow chart that will be 

focused on in our experimental work to improve the performance of the 

random lasers. It includes the elements that make up the random medium 

(gain medium, scattering centers, host medium, and supporting materials). 

Then, the optical and structural properties of these components are 

measured and examined. And in a proactive step, some factors that have a 

clear impact on random laser action will be discussed. After, different 

random media will be formed in terms of type, shape, and concentration 

of the nanomaterial to test the performance of the random laser under the 

influence of these parameters associated with the dispersion centers 
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3.3 Chemical materials  

Table (3-1) It includes the characteristics of chemical materials whose used 

in the experimental part. 

Purity Vendor Chemical 

Formula 

Raw material  

Without 

further 

purification 

USA , Sigma – 

Aldrich 

: C27H29N2O7S2Na Kiton red 

Without 

further 

purification 

USA , Sigma – 

Aldrich 

C28H31N2O3Cl 

g/mol 479.02 

Rhodamine 6G 

(Rh6G) 

Without 

further 

purification 

USA , Sigma – 

Aldrich 

C28H31ClN2O3 

479.02 g/mol 

Rhodamine B 

(RhB)  

99.9% Plasma Chem Ag New Silver nanowire 

99.9% Plasma Chem  Fe2o3 Iron oxide 

99.9% Germany , 

Sigma –Aldrich 

Au Gold 

 

99% 

 

 

Germany , 

Sigma –Aldrich 

CH3OH 

32.04 g/mol 

Methanol 

--- --- H2O 

18 g/mol 

Distilled water 

99% 

 

USA , Sigma – 

Aldrich 

(C6H9NO)n 

 

polyvinylpyrrolidone 

(PVP) 

 

 

 

 

 



 

 

 

57 
 

3.4 The Preparation of( Kiton ,Rh6G and RhB)  dyes   
 

   Organic laser dye solutions have been prepared by dissolving the required 

amount of RhB and Rh6G dye  in water solution ,kiton dye in methanol. 

This amount of dye was weighed by a digital accurate balance, with a 

sensitivity of 10
-4

 ((Matter company). The concentration of  solution was 

calculated depending on the following formula [183]                                            

  
            

    
 ……….. (3-1). 

  Where   represents the concentration of dye solution reported in M 

(mol/L),   is the mass of dye in grams (g),   describes the volume of 

solvent in a liter (L), and    refers to the molecular weight of the dye in 

grams/mole (g/mol). The high required concentration of kiton ,Rh6G and 

RhB dye solution was 5*10
-3 

M has been prepared and to maintain the same 

amount of dye, the other concentrations were obtained by changing  

the amount of the solvent by using the dilution law [184]                            

 

           ………………….  (3-2) 

where    and    represent the available and required concentration 

respectively,    is the amount of solvent for the first concentration, and 

   is the amount of solvent assumed to be used to obtain the desired 

concentration. Then the process has been repeated to get the rest 

concentrations.                                                                                            

According to the aforementioned, the following concentrations kiton ,Rh6G 

and RhB dye solution were obtained (1×10
-3

 M, 5×10
-4

 M, 1×10
-4

 M, 5×10
-

5
 M, 1×10

-5
 M, 5×10

-6
 M and 1×10

-6
 M) . As example the Kiton solution  

shown in Fig.(3.2).  These different concentrations of dye have been kept in 

a dark place to avoid the optical decay of the dyes. 
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Fig.( 3.2) The real image for different concentrations of kiton red dye solution 

3.5: Nanoparticles Preparation 

It is known that random laser output is affected by the type, shape, size, and 

characteristics of nanoparticles. Therefore;  groups of nanoparticles were 

prepared:   (AuNPs, AgNWe ,Fe2O3MNPS, FeBNPs)  . These   will be 

discussed in details as follows: 

3.5.1 The Preparation of Au Nanoparticles 
 

 The Au nanoparticles have been prepared by laser ablation of Au metal 

plate in an aqueous solution (deionized water). Pure 99.95% Au plate was 

washed using alcohol to remove bacteria and other contamination. The Au 

metal plate was placed on the bottom of a glass vessel filled with 5 ml 

deionized water. The target has been securely fixed inside the glass 

container. The Q-switched Nd:YAG laser operating at a wavelength (1064 

nm), the pulse width of (5 ns), and repetition rate of (10 Hz) was focused 

on the surface of the target and shot for 30 mins. to produce AuNPs   

nanosphere colloids. A reflective mirror has been placed tilted at     in 

relation to the vertical plane to change the direction of the laser beams that 

were directed at the target by a lens (focal length of 25 cm). During the 
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process, the vessel containing Au samples is moved slowly and 

continuously to obtain evenly distributed nanosphere colloids by the motor. 

To prevent water splashing and protect the laser lens, the container was 

covered at the top with a microscopic glass slide which has hole in the 

middle that allows the passage of the laser beam. Fig.(3.3) represents the 

experimental setup of the preparation Au NPs by laser ablation         

 

 

Fig.( 3.3) The experimental setup of  the preparation Au nanospheres by laser 

ablation  
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The size of the gold nanomaterial that had been produced by the laser 

ablation were verified using transmission electron microscopy (TEM). UV–

VIS absorption spectra of the samples were recorded. 

3.5.2 Ag NWs  

In this type, two kinds of Ag nanowires (diameter 50, 100,  nm, length ≤ 50 

microns) have been used which were purchased from the German Plasma 

Chem company.,in this work, (0.2mg/mL)   were prepared in (deionized 

water) and again in (ethanol)and placed in an ultrasound machine for (5 

minutes), and studied the absorption spectrum 

  3.5.3 Fe2O3 Magnetic Nanoparticles 

It is about nano-iron oxide, which was purchased from (Plasma Chem) 

company. After that, converted into nanoparticles of specific concentration 

in ethanol by mixing a certain weight  with a certain volume of ethanol. In 

this work, (0.2mg/mL) nanoparticles were prepared and placed in an 

ultrasound machine for (5 minutes). 

 3.6 Preparation Gain Mediums  

     After the dyes have been prepared with different concentrations 

(    ,     , 5x10
-5

, 10
-5

,  5x10
-6

 and      M) and also nanoparticles 

with different types, sizes, and concentrations, the best concentration was 

selected from each kind of dye and mixed with different types and 

concentrations of nanoparticles to form various  gain medium of random 

laser , then these media were compared to get the best results.  

3.6.1 Gain Medium (kiton dye: Fe2O3:Ag Nw )  

the gain medium was prepared that includes,   Ag nanowires (0.2mg/mL) 

was prepared .(diameter 50 nm, length ≤ 50 microns) and Fe2O3 

(0.2mg/mL) in ethanol  and the dye solutions have been prepared by 

dissolving the required amount of kiton  dye in ethanol .After that.the 
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dissolving the required amount of kiton  dye in ethanol .After that.the 

concentration of kiton dye was fixed (1×10
-5

 M).  Accordingly, five 

different random media have been prepared : the first random medium 

containing ( Fe2O3 25% +kiton dye 75%), the second medium consisted of 

( Fe2O3 50% +kiton dye 50%), and the third one formed from  (AgNw25% 

+kiton dye 75%).  and  the fourth ( AgNw  50% +kiton dye 50% ) and fifth 

random mediumcomposed of   ( AgNw 25% +Fe2O3 25% +kiton dye 50%,) 

3.6.2: Gain Medium (Rh6G dye: PVP polymer : Au thin film) 

Here of Au NPs have been prepared by the laser ablation technique. and 

The dye solutions have been prepared by dissolving the required amount of 

Rh6G dye in deionized water mixed with 0.03 mg/ml PVP polymer to 

obtain three different concentrations (1×10
-3

 ,1×10
-4

, and 1×10
-5

 M). After 

that, these three different dye concentrations were Spin-coated  on a glass 

substrate at 2,500 rpm. To form three samples of gold thin films. 

3.6.3: Gain Medium (RhB dye: Ag Nw) 

In this type,   the Ag nanowires (diameter  100  nm, length ≤ 50 microns) 

have been used which were purchased from the German PlasmaChem 

company. ,in this work, (0.2mg/mL)   were prepared . in (deionized water)  

. The concentration of RhB dye was fixed (1×10
-5

 M).  mixed with 0.03 

mg/ml PVP polymer ) Accordingly, five different random media have been 

prepared: the first random medium containing   (RhB dye + PVP), the 

second medium consisted   ( RhB dye + PVP+Ag nanowires10%), and the 

third one formed from ( RhB dye + PVP+Ag nanowires20%). For the  

fourth random medum, ( RhB dye + PVP+Ag nanowires30%) while the 

fifth random medium composed of ( RhB dye + PVP+Ag nanowires40%) 
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3.7 Fabrication Cavities  

3.7.1 Thermal Cavitation 

 To prepper our samples, we used Kiton red dye dissolved in ethanol at a 

concentration of 1*10
-5

, purchased from Sigma Aldrich Company. The 

USA Sigma Aldrich Company was the source of the other materials, which 

included Ag nanowires (length 50 microns, diameter 100 nm), and 

Fe2O3NPS (spherical shape, grain size 50 nm each was prepared with 

concentration (0.25 gm / 10 ml). After that, the mixture of Kiton dye 

solution with nanoparticles by ultrasonic bath at 15 min to prepare five 

samples with different concentration                                                            

3.7. 2Thin gold  Waveguide -cavity  

To get multi wavelength random lasing, this report used the diffused gold 

NPs in our proposed solid-state random laser substance into the glass. For 

this purpose, thermally annealed plasmonic glass based on Au NPs was 

fabricated using the thermal treatment of the thin gold film and investigated 

for random laser applications. Fig. (3.4) shows the schematic of the 

manufacturing process of plasmonic glasses based on gold NPs using the 

thermal annealing method. First, a thin layer of gold with a thickness of 7 

nm was deposited on the glass substrate using the physical vapor deposition 

(PVD) technique. Afterward, the gold-coated glass was placed in the 

central part of a tubular furnace (AZAR FURNACES, TF5/25 1250) at 550 

°C for 4 hours. The oven temperature was increased at a rate of 2 °C per 

minute, and the cooling mechanism inside the furnace was carried out at 

the same rate. The annealing process was carried out at atmospheric 

pressure. A thin gold layer on the glass substrate shows a light gray color 

before thermal annealing. While after the annealing process, the sample's 

color changed to pink, confirming the formation of gold nanoparticles. The 

continuous gold film was gradually dewetted during the annealing process 
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and converted to the collection of discrete nano-islands. Heat treatment 

increases the mobility of gold atoms in the thin gold layer and as a result, a 

continuous gold film becomes a collection of discontinuous nano-islands. 

The cavities between the nano-islands expanded as the thermal annealing 

continued, and the separated gold nanoparticles grew. Then Rh6G dye with 

PVP in different concentrations was added to the substrate. 

  

 

Fig.( 3.4) Schematic diagram of the main sample 

3.7. 3 (2D gratings-Cavity)   

The current research has proposed and carried out the microstructure 

pattern transferring using a novel, simple-design, and cost-efficient method 

based on the soft lithography technique, with random lasing properties of 

the proposed structure investigated. The charge-coupled device (CCD) of a 

camera was utilized as a stamp, which has a two-dimensional periodic 

square pattern with a periodicity of about 2.6   . First, a CCD was gently 

extracted from a camera without scratching its surface, and then a layer of 

Kapton tape was stuck on the CCD stamp by applying pressure Fig.( 3.5)  

(a). Thereafter, the sample was placed on a heater for 1 h at 75 ℃ to 
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achieve a high-quality pattern transfer. The sample was pressurized at room 

temperature for one day to stabilize the two-dimensional pattern onto the 

Kapton film. After 24 h, the Kapton tape was carefully peeled off of the 

CCD stamp, where a 2D perforated Kapton film was obtained as shown 

colorful in Fig.( 3.5) (a).                   

Subsequently, the patterned Kapton and curved glass substrate (watch 

glass) were placed under a vacuum plasma treatment for 10 min to enhance 

the adhesion and activation of their surfaces. The schematic of the surface 

modification by plasma technology employed argon gas plasma in a 

vacuumed chamber is displayed in Fig.( 3.5) (b). The experimental setup 

consists of a high voltage DC power supply, vacuum chamber with high 

voltage and grounded sample holder electrode (for glass substrate), plus gas 

feeding and the measurement systems. The perforated Kapton film and 

glass substrate were placed on the grounded electrode in the plasma 

treatment chamber. Afterward, the grade 5 argon gas was injected into the 

chamber, which elevated the pressure to 13.3 Pa so that the plasma can be 

initiated. After the formation of plasma, the pressure was reduced to ~0.53 

Pa, in which the surface modification would show the best quality. The 

plasma treatment was continued for 10 min to enhance the surface 

activation and adhesion properties. The DC power supply output was set to 

a voltage of 340 V and a current of 40  mA . After the plasma treatment 

process, the patterned Kapton film was stuck on the glass substrate, and the 

sample was kept at room temperature for 1 h. After 1 hour, the Kapton film 

was gently removed from the glass substrate, and the 2D periodic square 

array was successfully transferred onto the glass substrate.                                                                               

Finally, a thin layer of gold (35 nm thick) was deposited on the 2D glass 

substrate using the physical vapor deposition (PVD) method. In this way, a 

two-dimensional gold square array on a glass substrate was successfully 
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produced using a novel, simple-design, and cost-efficient method based on 

the soft lithography technique and plasma technology. A mixture of 

polyvinyl pyrolidone (PVP) polymer and Rh6G dye solutions was coated 

onto the fabricated 2D gold square array using the spin coating method at 

2000 rpm to achieve the structure as Glass/ 2D perforated gold structure/ 

PVP+Rh6G.                                                                                               

                                                                    

 

.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.5) (a) A process flow diagram of the sample preparation process using 

the real images of the perforated Kapton and 2D patterned glass, and (b) a 

schematic array of the plasma treatment process. 

(b) 

(a) 
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3.7.4 Magneto-optical Cavity   

Two dimensional structure were fabricated by soft lithography method onto 

the Polydimethylsiloxane (PDMS) substrate as explain in detail in ref [20]. 

When two dimensional structure get ready, it was deposited by gold thin 

layer by thickness of 35 nm via sputtering machine and it covers by FeB 

thin layer by radio frequency (RF) sputtering machine method. 

It should be mentioned that the sputtering deposition of FeB thin film, 45 

nm, was performed under the process conditions as follows: RF power of 

70 W, chamber pressure of 0.004 mbar and substrate rotation speed of 28 

rpm. Also, DC sputtering deposition of FeB thin film was performed under 

the conditions of DC voltage of 340 V, plasma current of 0.03 mA, 

chamber pressure of 0.004 mbar and substrate rotation speed of 28 rpm. As 

well as, DC sputtering deposition of gold thin film was carried out under 

the conditions of DC voltage of 365 V, plasma current of 0.01 mA, 

chamber pressure of 0.005 mbar and substrate rotation speed of 28 rpm. 

Finally, the sample coat by Rhodamine 6G dye and after drying process, 

Fig.( 3.6) ,it pumped by Nd: YAG laser to get the random lasing under 

external magnetic field set to 50 mT.                                                            
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Fig.( 3.6) A process diagram of the sample preparation process the  and real 

images  2D 

3.7. 5  Triple optical cavity      

In this work, to form a ring resonator, a silica glass material with a 

thickness of (2 mm) was used, and a circular hole was drilled with a 

diameter of (9 mm) and a depth of (2 mm) and care was taken that the 

edges be irregular to provide the scattered reflection of both the pumping 

beam and the radiation generated by the dye  this ring resonator was then 

placed on glass substrates to form a cavity. Then, this annular cavity was 

coated with gold using the (dip coating) method. Where this annular cavity 
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was immersed from the inside with a nano solution formed (water + gold) 

with (10) times, and each time it was completely immersed in a time of 2 

minutes. Then it is withdrawn at a very slow speed  .Thereafter, the sample 

was placed on a heater for 5  min at 75 ℃ to achieve a high-quality pattern 

transfer. . until it is coated from the inside (sides and bottom) until the 

thickness of the film becomes approximately (7µm). Then this ring cavity 

is filled with (RhB dye dissolved in pure water with a polymer ( PVP) with 

Nw Ag at different concentrations. Thus, the laser chamber was formed to 

form an annular resonator plus an external reflective surface in addition to 

the main resonator of the random laser consisting of (dye + nanomaterial + 

polymer). Fig.( 3.7) 

 

Fig.( 3.7) Schematic diagram of the sample preparation 

Addition of Au NPs 

Addition   
 Au NPs +AgNwe +PVP +RhB dye 
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3.8 Random laser measurements 

Two experimental setups were used in this section, the first one for liquid 

samples, and the second for thin-film and layers samples 

3.8.1 Experimental setup for thermocavitation  generation and random 

laser parameter analysis 

The schematic of the experimental set-up for thermocavitation formation 

via microbubbles is shown in Fig.( 3.8). A CW laser beam with a 405 nm 

wavelength and 100 mW of power was used as the pump beam. The laser 

beam was attenuated with an iris, blocking a large part of the beam 

reduction. The low power ensured that the laser beam produced a slight 

increase in the temperature of the dye solution and it was focused (by lens 

at f = 8 cm) inside a liquid cuvette (dimension is 1 × 1 × 4.5 cm)   filled 

with Kiton red dye solution and NPs to increase the temperature and 

generate bubbles. The pumping beam, after passing through a cuvette, falls 

onto the screen to record far-field patterns are recorded by a video camera 

that is indicative of the conversion from SPM to TB and beyond TB. Also, 

the scattered light from the cuvette from the pump beam is measured at an 

angle θ   60° from the forward direction using a video camera. To record 

the bubble effect with a CCD camera, a probe beam  He-Ne laser (= 632.8 

nm, 75 mW) is aligned with two mirrors perpendicular to the direction of a 

cuvette and crossed with a pump beam      laser inside the cuvette.                                                                            
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  Fig.( 3.8). Experimental setup used to generate and analyze thermal cavittation. 

3.9 Experimental setup for Random Laser Parameter Analysis in 

Liquid and Solid Phases 

 3.9.1  Experimental setup  for  thermal cavitation in liquid samples 

To get random lasing, second harmonic generation (532 nm) of Nd:YAG 

pulsed laser was used a pumping sourse with a different pumping energy, 

repetition rate of 10 Hz and a pulse width of 5 ns. with and without laser 

(407 nm) 90
o
 degrees relative to the direction second harmonic generation 

(532 nm) of Nd:YAG intersected inside the cuvette . By this source we 

pumped our samples and collected the lasing by avantes spectrometer in 

45
o
 degrees relative to the pumping beam direction as shown schematically 

in Fig.( 3.9)  
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  Fig.( 3.9)  Experimental setup used to generate thermo cavittation.and analyze random 

laser parameters 

3.9.2 Experimental setup (2D gratings-Cavity)   

The experimental arrangement for the RL based on of the proposed 2D 

plasmonic square array on a glass substrate is shown in Fig. (3-10). During 

the experiment, A  second harmonic generation (SHG) at 532 nm  . The 

emissions from the samples were collected by using a fiber-coupled 

spectrometer (Ocean Optics USB2000+UV-VS-ES with 0.3 nm spectral 

resolution) and the fiber probe was placed at a fixed distance (typically 2 

cm) at angle 45 from the center axis of the cell by the rotatable arm. The 

Pump laser power incident on the sample was controlled using appropriate 

neutral density filter (NDF ) 
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Fig.(3-10) Experimental setup  of PVP+Rh6G  of the 2D for Random Lasing 

performance 

3.9.3   Experimental setup  (Magneto-optical Cavity)   

Figure (3.11) shows the experimental setup used to magnetically control 

the random laser The sample (1cm x 1cm) was placed under the external 

magnetic field. the Q-switched frequency was orientated to double Nd: 

YAG (532 nm, pulse width 5 nm, pulse repetition rate 10 Hz) with respect 

to the normal shape of the sample face. Laser emission from the front face 

of the enclosure was collected using a plain spectrophotometer to a fiber-

coupled spectrometer (Ocean Optics USB2000 + UV-VS-ES with a 

spectral resolution of 0.3 nm) at an angle of 45°. Direction of the magnetic 

field was perpendicular to the light propagation on the sample with a 

distance of 10 cm. 
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Figure (3.11): Real picture of the sample and the schematic diagram of 

experimental setup. 
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Chapter Four                                          Results and Discussions 

 

4.1 Introduction  

In this chapter, the structure characterizations of the prepared samples were 

investigated by TEM. With regard to optical characteristics, the absorption 

spectrum for each of the noble metal group and not noble(AgNWe, 

fe2o3@AgNWe  , and Au  nanoparticles)   were studied. And also the 

absorption samples by using UV-VIS spectrometer, and fluorescence 

spectrum of (RhB, Rh6G, and kiton dyes) with and without mixing with 

nanoparticles were studied, it was determined the appropriate 

concentrations for our work. The result of the spectral study also includes 

plasmonic multi-wavelength random laser emission tests for different 

concentrations and gain media (liquid and film)to form composite cavities. 

In these tests, different pump energies were used, to achieve the coherent 

random lasing, and also to determine the laser threshold for each samples 

Then to compare between our results for each concentration,   and output 

peak intensity, and FWHM.  , the sample was exposed to pulsed laser   

With and without an external magnetic field 

4.2 (Thermal Cavitation)  Random Laser 

In this part, the most important composite cavities affecting the random 

laser properties will be reviewed and the consequent determination of the 

appropriate value for this or that factor based on the improvement it brings 

to the random laser output. The impact results of these composite cavities 

will be discussed in some detail. 
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4.2.1 Optical Characterizations 

4.2.1.1Absorption Spectrum of  Kiton red Dye 
 

  Eight different concentrations of the kiton red dye (1 10
-6

,  5 10
-6

, 1 10
-

5
, 5 10

-5
, 1 10-4

, 5 10
-4

, 1 10
-3

 and 5 10
-3

) M which dissolved in ethanol 

have been studied. Only three of the eight concentrations obtained an 

absorption spectrum within the acceptable limit as shown in Fig. (4.1). 

 

 

               Fig.(4.1) Absorption spectra of  kiton red dye dissolved in ethanol with different 

concentrations 

 It is very clearly and as it appears from the Fig.(4.1) that with increasing 

the concentration of the dye in the solution, the absorption spectrum 

increases and regularly in a certain range of wavelengths around 470-600 

nm with its maximum peak wave length at 566 nm Whereas, it is known  
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that the dye solution has a lower absorption spectrum at wavelengths less 

than 470 nm, and for the region of wavelengths greater than 600 nm, the 

absorbance minimizes to the lowest, regardless of the dye concentration. 

Therefore, the best absorption spectrum of kiton red dye was obtained at 

concentration 1×10-5 M at 559.3 nm. Thus, this concentration will be 

adopted for the remainder of our random laser action. Also, used of 

methanol as a host for the kiton red dye in part of the work in line with the 

host medium of the nanomaterials used are Ag NW, Fe2O3Nps.   

 

4.2.1.2 Fluorescence Spectrum of Kiton Red Dye 
 

   After preparing solutions of kiton red dye  (in ethanol) and studying the 

absorption spectrum of this dye with different concentrations in the 

previous section, the fluorescence spectra curves for the different 

concentrations of kiton red dye  were illustrated in Fig.(4.2) using a green 

source (532 nm). 
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    Fig. (4.2) Fluorescence spectrum of kiton red dye  in  ethanol at different concentrations 

  For the intensity of the fluorescence spectrum, it is common, and as 

literature shows, that it increases with increasing dye concentration, and 

this is evident in the above figure when moving from a lower concentration 

1 10
-6

 M to a higher concentration 1 10
-5

 M, where the intensity of the 

fluorescence spectrum is clearly increased but the verse is reflected in 

relation to the rest of the concentrations where a decrease in intensity 

fluorescence is observed with an increase in the concentration of the dye, 

and this can be attributed to the appearance of dimers as supported by 

[185]. Dye concentration 1 10
-5

 M showed the best fluorescence spectrum 

and therefore strengthened our selection as the best suitable concentration 

for random laser action based on the absorption spectrum. 

 Moreover, increasing the dye concentration causes the fluorescence 

spectrum to shift towards longer wavelengths (redshift). It is shifted from 

587 nm at concentration of 5 10
-6

 M to 603 nm at concentration of 1 10
-4 

M. Thus, the displacement amount towards the longer wavelengths (red 
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shift) is about 16 nm. Which means that the fluorescence of laser dye has 

moved to another wavelength. The redshift in the fluorescence spectrum of 

the kiton red dye  due to its increased concentration can be attributed to the 

fact that the dipole moment of the excited state is higher than that of the 

ground state and these results got supported by [186].  

4.2.1.3 Absorption spectrum of  Kiton red dye mix with NPs 

Fig.(4.3) shows the absorption spectra of a pure red kiton dye at a 

concentration of 1 x 10-
5
 M and a kiton dye solution mixed with two 

different types of nanoparticles (AgNW and Fe2O3 NPs) at different 

concentrations of each one. The pure red dye's absorption spectrum, which 

has a peak at 560 nm, is shown by the blue curve. The dye's absorption 

spectrum has a full width at half-maximum (FWHM) value greater than 80 

nm. This figure also shows that the dye's absorption peak shifted from 560 

to 570 nm and broadens when it is combined with Ag NWs at various 

concentrations,   It was also noticed that adding Fe2O3 with and without Ag 

NWS nanoparticles to pure dye has the same effect, causing the wavelength 

to shift from 560 nm to 585 nm and 560 to 580 nm, respectively, with the 

broadening of the bandwidth, the results agree with [187]. 
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Fig.(4.3). Absorption spectrum of Pure Kiton red dye (black blue curve ) , mix 

(Kition red dye + Ag NWs 0.25 gm/10ml ) ( brown curve) , mix (Kition red dye + 

Ag NWs 0.5 gm/10ml ) ( pureple curve), mix (Kition red dye + Fe2O3 NPs 0.25 

gm/10ml ) ( red curve) , mix (Kition red dye + Fe2O3 NPs 0.25 gm/10ml) ( green 

curve) and mix (Kition red dye + Fe2O3 NPs 0.25 gm/10ml + Ag NWs 0.5 

gm/10ml) (blue curve)  

4.2.2 Structure Characterization  

In this type of random laser,Fe2O3 NPs and Ag nanowires  have been used 

as thermal cavities , as scattering centers in a random medium containing 

(kiton red dey) as the gain medium. which included Fe2O3NPS (spherical 

shape, grain size 50 nm ) and the Ag nanowires with an average particle 

size ( 50 nm) and lengths less than 50 microns were purchased from the 

German PlasmaChem company. Fig.(4.4) displays the transmission 

electron microscopy (TEM)was conducted using a specific instrument, the 

(CM10 PW6020 model) from Philips-Germany.  and  Field Emission 

Scanning Electron Microscopes (FE-SEM) type (Model: LEO 1450 VP, 

voltage: 20 kv)  (made in Germany) .For both materials ( Fe2O3 NPs and 

Ag nanowires ) , as well as the real images of the boxe as received from the 

supplier company..  

1 0
a.

u
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Fig.(4.4) (a) FE-SEM image Fe2O3 NPs(b) TEM images of Fe2O3 (c) FE-SEM 

image of Ag nanowires (d)TEM images of Ag nanowires,in addition to real images 

of  boxe  as received from the supplier company. 

 

 

 

50nm 

50nm 

50nm b a 
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4.2.3 Thermal Cavitation   

4.2.3.1 Thermal Cavitation Generating Process 

The most common method of generating the thermal cavity includes the 

constant wave concentration (CW) of the laser beam on a liquid medium. 

In this work, we have studied the phenomenon of the composition of the 

thermal cavity using the CW laser with a wave length of 405 nm and a 100 

mwatt optical power that focuses on the quartz cavity that contains a dye 

solution with different types of nanoparticles. The heat caused by NPS and 

the heat lost in the surrounding dye solution bubbles, we have noticed the 

effect (Ag Nwe, Fe2O3NPs and (Ag Nwe: Fe2O3NPS) on the speed of the 

bubble formation and its number. The scattered light from the Covet pump 

package was measured at an angle θ   60 degrees from the front trend 

using a video camera. (105 frames per second), CCD camera, a probe 

beams He-Ne laser (632.8 nm, 75mW) is aligned with two mirrors 

perpendicular to the direction of a cuvette and crossed with a pump beam 

laser inside the cuvette. The efficiency for the absorbance of laser beam can 

be enhanced by adding light-absorbing nanomaterials . The Fe2O3 and 

Silver (AgNWS) is one of the preferred and popular nanoparticles for 

bubble generation. In this work, we will focus on the cavity generated by a 

continuous wavelength rather than pulsed laser, as it results from the 

absorption of a beam laser by liquid (ketone dye in ethanol solution) with 

the addition of nanomaterial, and the formation of hot bubbles, In thermal 

media, the absorbed optical power heats the material causing a temperature 

change, and thereby a change in the refractive index. This study also 

discusses the fundamental theory of self-phase modulation (SPM) in 

thermal media and its effects. Investigations are also being conducted into 

thermal blooming (TB), which happens beyond SPM.    
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As mentioned earlier, as the pump power increases, the SPM due to the 

thermal lens turns into TB. Fig.(4.5)  shows the far-field diffraction patterns 

of the pump beams generated by the thermal lens and switching from SPM 

to TB, causing bubbles to form in a 3D optical cuvette with different 

densities and sizes. After the laser is pointed at the cuvette holding a ketone 

dye solution (1x10
-5

 M), the ring pattern is symmetric, and the number of 

rings depends on the power of incident beam, absorption medium, dye 

concentration, and cuvette length.as demonstrated by [188]. After a while 

of incident, the laser beams on the mixture, we notice that the bubbles start 

to form, but in a limited number and are unstable. We observed that the 

bubble reconstructs over time (120 secs after initial bubble formation). The 

number and size of bubbles formed depends on the type and concentration 

of nanoparticles added to the mix solution, the break-down region is also 

not limited to the focal point but extends up to the Rayleigh length of the 

laser source, which results in the formation of many bubbles of different 

diameters. Due to the has a silver to the resonance plasmonic at the 

wavelength of the incident laser beam, which improved the interaction 

between the laser beam and the dye, the mixture (75% Ag + 25% kiton) 

depicted in the figure (5-c), produced the best results for bubble production 

and quantity. The same results were also obtained using the mixture (75% 

Fe2O3NPs + 25% kiton) shown in figure (6-e,), but the results were 

improved here because the Fe2O3 has high nonlinearity properties, which    

agrees with [189].                                                                                      
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  Fig.(4.5) Experimental far-field diffraction patterns of pump beams for a-Kiton 

dye solution (1×10
-5

) , b-mix solution (50% AgNW + 50% kiton), and c-mix 

solution 25% Ag + 75% kiton)   d-mix solution (50% Fe2O3NPs + 50% kiton), e-

mix solution (25% Fe2O3NPs + 75% kiton ) 
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4.2.3.2  Bubbles created by Lasers and NPs effect on Scattering Light 

After the generation of bubbles by the focused laser beam (100 mW) and 

scattering the laser radiation, pictured with the camera shown in Figure Fig  

(4-7 a to f) on the side of the cuvette, at different causes. The direction of 

scattering is due to the proximity of the bubbles to the focus point of the 

laser beam, the number of bubbles and the type and concentration of 

nanomaterials. Fig (4-6)a- no scattering was observed on the pump laser 

beam when there was only a pure kiton dye solution in the cuvette. This 

indicates that the laser creates no small bubbles even after 2 minutes of 

beam presence. However, on other figures, it has been found that when the 

nanomaterial (AgNWs + Fe2O3 NPs) is added to a pure Kiten dye solution 

in various ratios of incorporation, light scattering is still present but has 

varied values. The type of scattering caused by this dispersion in the laser 

radiation of beam was (Rayleigh scattering) due to the grain size of the 

nanomaterials used is less than the wavelength of the laser beam. The 

microbubble generation interaction between the incident pump beam and 

mixture (dye solution + NPS) leads to the heat generated from NPs 

transferring to the dye solution and generating micro bubbles. The micro 

bubbles have a diameter approximately equal to the wavelength of the 

incident pump beam, which causes the Mie scattering. The best results have 

been observed in Fig.(4.6)  (e and f). This has another meaning and the 

concentration and type of nanomaterials have a great effect on the 

formation of bubbles and thus affecting the amount of scattered beam.  
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  Fig.(4.6) Left to right  : a number of pictures taken at increasing time sequence , 

showing microbubble scattering  of the incident pump laser radiation on  a- pure 

kiton red  dye solution  at a concentration of 10-5    b- the mixture (75%  Kiton red 

+ 25 %Fe2O3 NPs). C- the mixture (50% Kiton + 50 %Fe2O3 NPs). d-  the mixture 

(75% Kiton + 25 % Ag nanowire). e- the mixture (50%  Kiton red + 50 % Ag 

nanowire).   f- the mixture (50% Kiton red +25 % Ag nanowire +25 %Fe2O3 NPs)  

e 

f 
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4.2.3.3 Effect the bubbles on Probe Beam of laser propagates through 

it is. 

The Fig.(4.7)shows the radial profiles of the Gaussian beam propagation 

through one of the best samples (a mixture of  50%  Kiton red +25 % Ag 

nanowire +25 %Fe2O3 NPs)) during which it easily generate bubbles of 

different densities, sizes, and locationse in the temperature area which were 

recorded with a CCD camera on a time sequence of about 14 s. The 

maxima distributed over the complete area of the spot has been observed at 

after time (12s) from initial intensity distribution Gaussian at time = (0s); 

this distortion in the pump beam profile may have arisen due to thermal 

blooming, microbubble nucleation centered around beam and turbulences.  

A low power focused 632 nm laser beam (probe) is introduced into our 

samples and the transmitted powers are tested for the following six cases 

with and without the power-pumping beam: 405 nm. The data 

measurements are displayed in Table( 1)   
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    (a)  Laser probe only at t=0s                          (b) laser probe+ laser pump at time 4s 

 

laser probe+ laser pump at time  8 s                   laser probe+ laser pump at time  12s 

 

laser probe+ laser pump at time  14s 

 

 

Fig (4.7): Probe Beam profile distortion (a) without pump laser and thus bubbles 

(t=0) and with bubbles after (b) 4s, (c) 8s, (d) 12s and (e) 14s on sample (mixture of  

50%  Kiton red +25 % Ag nanowire +25 %Fe2O3 NPs) 

A possibility of generating bubbles and affecting laser beam transition can 

be observed by examining the ratios between incident power and 

transmission power from samples with and without the power pumping 

beam: 405nm. The first ratio  ( without pumping beam ) illustrates the 

absorption effect of dye solution and  nanoparticles with a absence of a 

bubbles. And the second ratio  ( with pumping beam) illustrates the 

absorption effect of dye solution and  nanoparticles with a present of a 

bubbles . It is clear that there is increased absorption from the samples in 

the presence of the bubbles and decreased the transmittance 

(c) (d) 

(e) 
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Table( 4.1): Measured transmitted power of 632 nm laser for six trials each for  

without  and with pump beam 405nm. 

 

Samples 

Transmittance 

Transmittance 

without pump beam   

( %) 

 ( first ratio) 

Transmittance with  pump 

beam  (   %), (second 

ratio) 

Pure  kiton red  dye solution  at 

concentration of 10
-5

  M 

0.84 0.80 

Mixture (75%  Kiton red + 25 %Fe2O3 

NPs) 

0.73 034 

Mixture (50%  Kiton + 50 %Fe2O3 

NPs) 

0.65 0.29 

Mixture (70%  Kiton red + 25 % Ag 

nanowire) 

0.7 0.31 

Mixture (50%  Kiton red + 50 % Ag 

nanowire) 

0.6 0.28 

Mixture (50%  Kiton red +25 % Ag 

nanowire +25 %Fe2O3 NPs) 

0.58 0.25 

 

We demonstrated that cavitation bubbles can be generated using a CW 

laser focused on a Kiton red dye solution containing nanoparticles, with the 

added benefit of easy bubble formation and controllable density and size, 

which in turn is a function of the laser power and concentration of 

nanomaterials. In addition, with the addition of the Kiton red dye 

nanomaterial and an increase in its concentration, the total time elapsed 

between the SPM and TB is reduced. The findings demonstrate that thermal 

bloom causes a change in the intensity and distribution of the beam's image 

as it passes through the bubbles, and that the bubbles' effect on beam 

scattering is not a nonlinear optical phenomenon. They can also be 

employed as scattering centers in the random laser due to the quantity of 

scattering in the laser beam created by bubbles.  
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4.2.4  Effect of Thermal Cavitation on Random Laser parameters 
    
Effect of thermal cavity on the laser modulus of a ketone dye solution with 

five different concentrations dissolved in ethanol and two nanomaterials 

(AgNws, Fe2O3NPs and Ag Nws: Fe2O3NPs) with and without a thermal 

cavity Fig. (4.9). Evolution of the emission spectra without the thermal 

cavity using a 532 nm laser, which consisted of 70% ketone red dye with a 

concentration of (1 × 10
-5

 M) 30% Fe2O3  and the same concentration with   

at different pumping energies (ranging from 0.17–1.19 mJ).The insets show 

the highest intensity and FWHM of the final peak as a function of pump 

power and the larger emitted view at higher pump intensity 

As inferred from Figure (4.8) (c) sample-1, there is a significant change in 

intensity with increasing pumping energy from (0.17-1.19 mJ) up to 

(15023A.U). Energy was seen as tending to improve to overcome loss and 

thus achieve RL emission. Therefore, the remarkable threshold activity can 

be observed at (0.68mJ) the FWHM values changed between 24-21.5 nm 

with increasing pumping energy from (0.17-1.19 mJ) and the emission 

spectrum can be seen narrowing more than the previous one and its 

intensity rapidly increasing. Later, when the pumping energy exceeds the 

threshold, that is, the rate of photon generation becomes higher than its loss 

in the case of using Fe2o3, and using Ag, we notice an increase in intensity 

with increasing pumping capacity from (0.17-1.19 mJ) up to (21154A.U) as 

It is shown in Figure (4.8) (d) sample-2. There is a significant change in the 

FWHM values with increasing pumping energy from (0.17–1.19 mJ), 

resulting in a decrease in the FWHM from 15.5 to 13 nm. Accordingly, 

instead, the type of nanomaterial and the pumping energy affect both the 

FWHM and the peak intensity of the emission spectra and the energy 

threshold.     
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Fig. (4.8) Emission spectra of a mixture of kiton red dye with ethanol at different 

pumping energies (a) 70% kiton red dye -30% Fe2O3 SNP (b) 70% kiton red dye -30Ag 

SNP differences in peak intensities and FWHM as a function of pumping power at: (c) 

70% kiton red dye -30% Fe2O3 SNP (d) 70% kion red dye -30% Ag SNP 

 

figure (4.9) shows, the evolution of the emission spectra of a ketone dye 

solution with three concentrations (AgNws, Fe2O3NPs, and AgNws: 

a 
b 

c d 

70% kiton red Dye + 30 % Fe2O3 SNPs 70% kiton red Dye + 30 % AgNws 

SNPs 
One laser Ag 

One laser Fe2o3 



 

 

 

91 

 

NPsFe2O3), dissolved in ethanol in the presence of the thermal cavity using 

532 nm and 405 nm lasers, And an angle of 90
o
 between the two lasers 

inside the cavity .and this concentration consists of 70% ketone red dye 

with a concentration of (1× 10
-5

 M)  (30% Fe2O3 SNPs   and the same 

concentration with AgNws   and the third concentration was a mixture of 

50% ketone (at a concentration of (1×10
-5

 M) 25% Fe2O3SNPs and 25% 

AgNws  at different pumping energies (ranging from 0.17–1.19 mJ). 

Figure (4.9) (c) sample-3, with an increase in pumping energy from (0.17-

1.19 mJ), we notice here an increase in intensity until it reaches (37065). , 

the remarkable threshold activity can be observed at (0.51mJ), and the 

emission spectrum can be seen narrowing more than the previous one and 

its intensity increased rapidly and the FWHM values changed between 

18.7–17.1 nm with the increase of pumping energy. When the pumping 

energy exceeds the threshold, that is, the photon generation rate becomes 

higher than its loss in the case of using the Fe2O3 nanomaterial, and by 

using Ag, we notice an increase in intensity with the pumping energy until 

it reaches (40972 a.u) as shown in Figure (4.9) (d ) sample-4. And as there 

is a significant change in the FWHM values with increasing pumping 

power, 

As the energy of the incident photons increases, the emission spectrum 

becomes narrower, showing a small bandwidth of about 6.55 nm at 0.17 

mJ. However, more pumping energy, the spectrum reaches its threshold 

where the gain balances with the loss, and it can be seen that this spectrum 

narrows further until the FWHM reaches 6.2 nm at 0.34 mJ and its intensity 

rapidly increases. Later, when the pumping energy exceeds the threshold, 

i.e. the rate of photon generation becomes higher than its loss, the emission 

spectrum narrows more than its predecessor and reaches the lowest value 
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for this sample around 4.8 nm. The type of nanomaterial and the pumping 

energy affect both the FWHM and the peak intensities of the emission 

spectra and the threshold energy. 

 

 

 

 

 

 

 

 

70% kiton red Dye + 30 % Fe2O3 NPs 70% kiton red Dye + 30 % AgNw  

SNPs 

a 
b 

c d 
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Figure (4.9) Emission spectra of a mixture of kitone red dye with ethanol at 

different pumping energies with thermal cavity (a) 70% kitone red dye -30% 

Fe2O3 SNP (b) 70% kitone red dye -30Ag (c)kiton red Dye + 25% Fe2O3 SNPs + 

25% AgNws peak intensities and FWHM as a function of pumping energy in: (d) 

70% keton red dye-30% Fe2O3 SNP (e) 70% kiton red dye-30% Ag SNP(f)  50% 

kiton red dye + 25% Fe2O3 SNPs + 25% AgNw 

  Figure (4.10) (f) Sample-5, which consists of red dye 50% ketone + 25% 

Fe2O3 SNPs + 25% AgNws. We note with increasing pumping energy 

from (0.17-1.19 mJ) the emission spectrum becomes narrower, and the 

width of A small band of about 5.5 nm at 0.17 mJ. However, as the 

pumping energy continues to increase, the spectrum reaches its threshold 

where the gain balances the loss, and it can be seen that this spectrum 

narrows further until the FWHM reaches 5.1 nm at 0.34 mJ with rapidly 

50% kiton red Dye + 25 % Fe2O3  NPs+ 25 % AgNws 

e 

f 
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increasing intensity. Later, when the pumping energy exceeds the 

threshold, the rate of photon generation becomes higher than its loss, the 

emission spectrum narrows more than its predecessor and reaches the 

lowest value for this sample around 3.7 nm. The intensity reaches (44279 

a.u) at the energy (1.19 mJ). 

By comparing these five samples that were prepared above to study the 

effect of thermal cavity and bubble formation on the random laser action 

and by adding the nanomaterial. Also observed is a clear improvement in 

random laser emission properties (emission intensity, FWHM, and laser 

threshold) after thermal cavity formation. As shown in Table (2-4), it 

shows the extent of the increase in the emission intensity with and without 

the thermal cavity. By comparing the results, the emission peak increases 

and the emission spectrum narrows, as the FWHM decreases from 21.1 nm 

without a thermal cavity to 13 nm with a thermal cavity (Fe2O3). While 

from 17.1 nm without a thermal cavity to .84 nm with a thermal cavity for 

Ag. Also, the decrease in the laser threshold is shown in Figure (4.10), so 

the laser threshold decreases from 0.68 nm without a thermal cavity to 0.51 

nm with a thermal cavity Fe2O3) while from 0.68 nm without thermal 

cavity to 0.34 nm for Ag. The best results are observed for sample 5 which 

is a mixture of Fe2O3+ Ag. This has another meaning is the type of 

nanomaterials have a significant effect on the formation of bubbles and 

thus affect the amount of scattered beam. This in turn increases the contrast 

between the refractive index of the nanomaterial and its surroundings and 

the formed bubbles, and this difference leads to an increase in the refractive 

index. This increase in refractive index increases the scattering cross-

section (σ_s) and decreases the value of each scattering mean free path 

mean (l_s) and mean free transport (l_t) according to Eqs. (2.6), (2.7), and 

(2.8), respectively. A decrease in the value of l_s and l_t means a higher 
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scattering efficiency and thus an improvement in the random laser 

properties. These results were reinforced by [49]. 

 

Figure (4.10) Peak emission intensity as a function of pumping energy with and without thermal 

cavity for the five samples 

Table (4-2). Random laser parameters with and without thermal cavity for the five samples   

Nanomaterials (scattering 

centers) 

Peak intensity 

(a.u)  

Threshold pumping(mJ) FWHM(nm) 

Without thermal 

cavity 

Fe2O3 15023 0.68     21.5 

Ag 21154 0.68     17.1 

  

With thermal 

cavity 

Fe2O3 37065 0.51 13 

Ag 40972 0.34 4.8 

Fe2O3+Ag 44279 0.34 3.75 
 

4.3  (Thin gold  waveguide -cavity ) random laser 

Thermally annealed plasmonic glass based on Au NPs was fabricated using 

the thermal treatment of the thin gold film and investigated for random 

laser applications.   

4.3.1 Absorption spectrum of  Rh6G dye dye mix with NPs 

In this type of random laser, The dye solutions have been prepared by 

dissolving the required amount of Rh6G dye in deionized water mixed with 

0.03 mg/ml PVP polymer to obtain three different concentrations (1×10-3, 
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1×10
-4

, and 1×10
-5

 M) Figure (4-11-a)  . After that, these three different dye 

concentrations were spin-coated onto gold thin film at 2500 rpm.The 

absorption spectra of the samples were measured using Ultraviolet-visible 

spectrophotometry (UV–Vis) in the wavelength range of 220‒1100 nm. Fig  

(4-12-b) shows the effect of dye concentration on the emission spectrum. It 

offers a broad absorption spectrum (430-575 nm) with the maximum 

absorption peak at the wavelength (550 nm). Figure (4-11-c)  shows the 

UV-Vis spectrum of the dispersed gold nanoparticles shifting to higher 

energy (blue shift), indicating the maximum absorption in the visible region 

at 500-600 nm. Furthermore, the absorption decreases in the wavelength 

range between 350‒1000 nm 
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Fig (4-11)(a) Rh6G  dye solution prepared at different concentrations. (b) 

Absorption spectrum of the mixture consisting of Rh6G dye and nanomaterials for 

the three samples with different concentrations with the PVP polymer (c) Spectra 

of the glass with diffused gold NPs 
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4.3.2  Structure Characterization 

The (Field Emission Scanning Electron Micrscopes) (FE-SEM) and also 

transmission electron microscopy (TEM) image of NPs which dropped 

onto the glass slide show the formation of Au   nanoparticles by size range 

30-50   nm,  as shown in figure (4-12-a) .As the figure shows (4-12-b) . and 

shows all the layers with the active medium used in the experiments. 

 

Fig. (4-12) (a) FE-SEM Au NPs. ( b)   TEM image of Au NPs  

4.3.3 Lasing characteristics  

Gold nanoparticle bases covered the random laser properties in three 

different active environments. Then it was studied on the glass substrate 

using the physical vapor deposition and with spin coating with varying 

concentrations of Rhodamine 6G dye mixture and PVP polymer..   

 

a b 
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Figure (4.13) the emission peak of random laser  as function  of the pumping 

energy for (a) middle, (b) low and (c) high concentrations.  

Figure (4.13-a) shows that the profile of the scattering centers of these 

media shows sufficient optical feedback, and the effect of dye 

concentration on the emission spectra of these media was also prominent. 

The middle concentration (1 10
-4

 M) was the best; the emission becomes 

narrower, the bandwidth appears small, the range reaches a threshold where 

the loss balances the gain, and it can be seen that the spectrum gradually 

narrows and the intensity increases rapidly. Later, when the pumping power 

a 

b 
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exceeds the threshold, the photon generation rate becomes higher than its 

loss, the emission spectrum narrows further than before, reaches its lowest 

value for this sample, and then stabilizes at this value even if the dye 

concentration continues to increase. In contrast, its intensity continues in 

the emission spectrum and rapidly increases. It undergoes a collapsed state 

in the emission spectrum, announcing the appearance of spikes in the upper 

part of the spectrum representing the state of closed paths (standing wave) 

occurring within the random medium, indicating random coherent lasers. 

Furthermore, in this concentration, we extract the ellipsometric parameters 

of the sample as shown in Figure (4.14) which indicates the main phase 

difference for to polarizations and also reflection coefficients at the main 

green pump laser's wavelength. we record the reflection spectrum of the 

samples in 45 degree in both p and s polarizations which is elliptically 

polarized and the parameters of the polarization ellipse are determined by 

applying the optical constants of both media, using these measured s- and 

p-polarization components (Rs and Rp), the ellipsometric angles as Ψ and Δ  

can be extracted as follows [190]. 
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Figure (4.14) ellipsometric parameters of middle sample 
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where      is Fresnel‘s coefficients for s and p polarizations which should 

be extracted from the measured reflectance (Rp,s). 

So far, Ψ has been calculated easily. To calculate Δ, the following equation 

was obtained by applying the dependency on the incident light 

frequency(ω) 

Additionally,   is defined as the phase difference between p and s 

polarizations. Thus, we have: 
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where, 
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As described above, ellipsometric parameters can now be extracted from 

the measured reflection spectrum. 

To clarify the effect of dye concentration on the intensity of the 

spontaneous laser emission Figure (4.15):. By comparing the emission 

spectrum of the three samples of different concentrations. The most 

suitable sample among the three models was with medium dye 

concentration (1 10
-4
 M). which makes it possible to compare the laser 

threshold of the three pieces. The color sample with medium concentration 

had the most relevant result compared to low and high concentrations. The 

reason was the strong coupling of the average concentration, which 

increased the peak intensity and decreased the laser threshold and FWHM 

[191]. 

Figure (4.16): shows that an intermediate dye concentration sample has a 

lower emission spectrum than the other two samples. The appearance of 

bumps within the laser random emission spectrum indicates a transition 

from coherent to coherent randomness. The laser also reflects what is 

happening inside the laser medium. Thus, the effect of the concentration of 

nanomaterials on the appearance of these spikes and their number will be 

discussed—the appearance of these spikes under the influence of the 

emission spectrum of nanomaterials dye [192].   As for the number of these 

protrusions,  At low concentrations (1 10
-3 

M), they appear to have 

reached three separate peaks at the top of the emission spectrum, while 

(1 10
-4 

M), which is the best, exceeded five different heights at the top of 
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the emission spectrum and one on each side, it was found that these bumps 

grow and increase in number with the increase of the scattering centers, and 

the number of separate peaks When the upper part of the emission spectrum 

reaches exactly five heights and two bulges, the new first approaches these 

five different peaks. Sometimes it seems to the reader that the number of 

discrete peaks is less despite the increase in the number of scattering 

centers, but the truth is the opposite is the number of peaks.  

 

 

 

 

 

 

 

 

 

 

Figure (4.15): the emission peak of random laser as function of pumping energy 

and The FWHM of the pumping energy for (a) middle, (b) low and (c) high 

concentrations.  

These peaks are constantly increasing and merging due to the increase in 

their number, so the interval frequency becomes little between vertices and 
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others. our optical emission spectroscopy could not distinguish between 

these peaks because the resolution is less than the interval frequency 

between these peaks [193].  Still, at a concentration (1 10
-5 

M), the number 

of peaks was less. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.16) Evolution of bumps with different concentrations in (a) middle, (b) 

Low and (c) high concentrations of dyes. 
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4.4 (2D gratings-Cavity)  Random Laser 

 in this work, a multi-layered 2D structure was used on a curved glass 

substrate (clock glass), a charge-coupled camera device (CCD) as a seal, 

and a gold nanostructure with rhodamine6G dye.   

4.4.1. Absorption spectra and Structural characteristics 

The absorption spectra of the PVP+Rh6G layer and scanning electron 

microscopy (SEM) image of the proposed 2D plasmonic square array on a 

glass substrate are indicated in Figure (4-17) (a) and (b), which confirms 

that the proposed 2D plasmonic structure has a 2D periodic square pattern 

with a good resolution. 

The main optical modes due to the surface lattice resonance of our 

proposed 2D plasmonic structure arise from the coupling of localized 

surface plasmon resonance of each motif corner as shown in Fig. (4.17)  (b) 

and diffraction order of two dimensional arrays. The main nanowires in 

each motif has the size in the order of 600 nm which yield to two modes 

before and after 600 nm in the center of visible region.  

 

Figure (4-17): (a) Absorption spectrum of the dye solution, (b) SEM image of the base 

2D structure   
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4.4.2  Lasing characteristics  

The emission spectra of two different sides of a random plasmonic random 

laser sample pumped by 532 nm have been investigated, where the laser 

beam is shed on the sample from the inside, which is concave, and the 

outer, which is convex as shown schematically in Fig.(4-18). Fig  (c) and 

(d) illustrate sufficient optical feedback where the effect of pumping 

energies on the emission spectra of these media was also prominent. The 

emission spectra of the sample can be observed at low pumping energy, 

usually in the region of 0.13 mJ. There is a broad emission within this 

sample range (from 550 to 650) nm with two distinct peaks; first at 575 nm 

and FWHM around 22 nm and the second at 630 nm with a bandwidth of 

10 nm. This was the amplified spontaneous emission (ASE) of an (internal) 

laser random sample which is better. As the energy of the incident photons 

increases, the emission spectrum becomes narrower, showing a small 

bandwidth of about 19 nm at 0.35 mJ.  
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Figure (4-18) Emission spectra broad band plasmonic random laser as a function 

of pumping energy with two different sides (c) inside and (d) outside respectively 

with schematic of laser pumping. 
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spectrum continues to rise very rapidly and undergoes a collapsed state in 

the emission spectrum mutations appear in the upper part of the spectrum 

which is closed paths representing a state (standing wave), which occurs 

within the random medium indicating the emergence of random non-

coherent lasers. 

To gain further insight into the lasing from the sample, we plot the laser 

intensity Heatmap of both modes as a function of pumping intensity in Fig. 

(4-18) (a) and (b). It indicates higher lasing energy in the first mode in 

green region and lower ones in red ones as two separate main modes.  

Furthermore, since the optical losses have an equally important role as that 

of the optical gain in lasing media, the laser intensities as a function of the 

pumping power FWHM of output modes from inside and outside of the 

sample are shown in Fig. (4-20) (c) and (d) respectively. 
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Figure (4.19) Heat map of peak emission intensity in (a) inside and (b) outside and 

Peak emission and FWHM as a function of pumping energy for (c) inside and (d) 

outside of the substrate 

Figure (4-19) (c) and (d) reveals that the inside threshold is 0.35 mJ less 

than the external threshold, 0.85 mJ as shown by blue circles in these 

figures. It also seems clear from my guess that the efficiency of the slope 

better than that of the other slope respectively. It is observed that the 

FWHM is lower for the random medium, with an increase in the pumping 

power, while the random mean FWHM (inside) is narrower. Note that the 

laser is always accompanied by the non-correlation of the random laser, as 

for the narrow peaks, the inside is better than the outside, as with the wide 

peaks. 
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This indicates that the photons are scattered from the inner surface and this 

is a clear indication of the increase in the gain in this medium. Further, this 

improvement in laser output is attributed to a change in the 2D periodic 

square pattern, causing reduced distance between them, so that photons can 

stay in the medium as long as possible. This work adds a new twist by 

adding functionality and investigating the applications of tunable random 

lasers.   

4.5 ( Magneto-optical Cavity)  Random Laser 

study the effect of an external magnetic field on new FeB based two 

dimensions' magneto-plasmonic structure which cover by gold thin film 

and Rhodamine 6G from the bottom and top respectively propose as new 

kind of random laser substance under the external magnetic field. 

4.5.1 Absorption spectrum of  Rh6G dye dye mix with Au NPs 

In general, Fig.(4.20ab) shows the absorption spectrum of Au nanoparticles 

as measured with UV-visible spectroscopy. It was found that the absorption 

(SPR) peak of Au nanoparticles obtaining in the visible region (528) nm       

 Fig.(4.20b)shows  the absorption spectrum of R6G dye  . The absorption 

spectrum peaks   toward the wavelengths (526 )  nm 
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Fig.(4.20)(a) The absorption spectrum of Au nanoparticles (b) Absorption 

spectrum of R6G dye 1x10
-4

 

  4.5.2 Structural characteristics   

Fig.(4.21a.d) shows the Real picture of the sample and The SEM image of 

2D plasmonic structures top surface fabricated samples that have been 

prepared  , the behavior of gold nanoparticles is arranged in a periodic array 

for 2D grating samples. It is worth noting that periodic arrays of metallic 

nanoparticles can exhibit extremely narrow extinction line shaping 

excitations called surface lattice resonances (SLRs).are a result of the 

coupling between localized surface plasmon resonances (LSPRs) coming 

from metallic nanomaterial in the sample associated with individual 

nanoparticles and diffractive orders (DOs) present in periodic structures. 

The diffraction coupling occurs when nanostructures are spaced with the 

optical path length between the neighboring particles equals to an integer 

multiple of the incident wavelength. 
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Fig.(4.21)(a): Real picture of the sample (d)The SEM image of 2D plasmonic 

structures samples. 

4.5.3  Lasing characteristics  

As explained before in the experimental part, the fabricated sample 

exposed by Nd:YAG pump laser and the intensity of laser output recorded 

with and without external magnetic field (MF). 

There is an increase in the emission spectrum with the increase of the 

pumping energy with the presence and without the magnetic field as shown 

in Figures (4-22) (a) and (b). The magnetic field was placed vertically 

above the sample with a distance of (10 cm). This remarkable enhancement 

comes from the effects of the magnetic field on the materials in the sample 

and from the fact that noble NPs such as Au have a large scattering cross-

section due to surface plasmon resonance (SPR) that would trap photons 

near the surface and scatter with high gain. As well as for the FeB material, 

which has new magnetic properties, and this would cause an increase in the 

intensity of the emission spectrum resulting from the effects of the 

magnetic field. 

Moreover, the sample with the presence of the external magnetic field, was 

the best, as it had the smallest laser threshold 0.35 mJ which is smaller than 

that of the laser without the magnetic  field which shows larger laser 

b a 
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threshold energy 0.66 mJ (Figure (4-23) (c)). We notice an increase in the 

intensity of the output laser while the FWHM decreased due to the applied 

magnetic field Figure (4-23) (d). 

 

 

 

Figure (4-22): Emission spectrum of samples at different pumping energies (a) 

with the magnetic field (b) without the magnetic field (c) FWHM and (d) Intensity 

as a function of pumping energy. 
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The FWHM decreases from 7.8 to 4 nm under the influence of an external 

magnetic field, the FWHM value decreases to reach 9 and 5 nm   with no 

magnetic field. The same applies to the laser threshold, where it was found 

that the presence of an external magnetic field leads to a lower laser 

threshold than it was from 0.66 to 0.35 mJ. Both the laser threshold and the 

FWHM decrease under the influence of an external magnetic field. It was 

also observed that an increase in the emission intensity occurred with the 

increase in the pumping power in both cases, but the increase in intensity 

was greater with the presence of the external magnetic field. 

In addition, as the second glance, we investigate the main effect of external 

magnetic field onto the main output mode in the order of 600 nm. For this 

purpose, we define relative intensity between with and without external 

magnetic field as IMF-I0, in which IMF means the laser intensity under 

external MF, while I0 means the laser intensity in the same pumping energy 

and without external MF. As shown in Figure (4-23), enhance in the 

pumping energy yield to more difference in the output laser intensity and 

also the overall red and blue shift in the relative intensity before and after 

the main peak respectively. 
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Figure (4-23): Relative Emission spectrum of samples at different pumping energies 

from 0.17 to 1.07 mJ) and (b) Schematic diagram of the main two dimensional 

substances before dye coating. 

To get more sense about the effect of external MF onto the laser output, we 

must think about this fact that we have two dimensional structure of FeB 

onto the palsmonic Gold structure as shown schematically in Fig. (4-23) 

(b). As shown in this schematic, in each motif corner of the main structure 

(stars points), we have magnetization localization and thus magnetic dipole 

which can be more arranges in the external MF direction by enhance in the 

pumping energy or localized electric field enhancement. It means we have 

more SPR of the gold cover layer in each star points and more coupling of 

magnetization of FeB layer, the SPR of metallic gold layer and also the 

excitons in the top dye layer by enhancement in pumping energy. In 

addition, due to the coupling between them, when we apply external MF, 

we have the rotation of magnetization in these star points and thus change 

in the field localization which can be yield to the output wavelength's shift. 

The possibility of improvement in random laser parameters in the presence 

of the magnetic field was evaluated and confirmed up to acceptable values. 

Emission spectrum resulting from the presence of the applied external 
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magnetic field compared to the absence of the magnetic field and many 

scattering centers formed by FeB in the excited region. It was also found 

that the emission power increases with the growth in the density of the 

scattering centers in each motif's corner of two dimensional structure. 

4.6 ( Triple optical cavity ) Random Laser  

4.6.1 Absorption Spectrum of  RhB Dye 

Figure (4-24) represents the absorption spectra of RhB dye with  different 

concentrations. It was noted that by increasing the concentrations of the 

dye, that leads to an increase in the absorbance peak, related wavelength  

and the bandwidth of the absorption spectra. Where, noted that the 

absorption of  RhB at (553 nm), and the best absorbance at the 

concentration (1*10
-5

 M). The behavior of the absorption spectra with the 

increasing of dye concentration can explained as the highest values of the 

dye molecules in the lower energy level consolidates the absorption 

probability per time ,so the largest contribution by molecules in absorption 

appears in the wide absorption band width. 

 

Figure (4-24): Absorption spectra of RhB dye with different concentrations in the 

water solution.                                                
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4.6.2Absorption spectra of RhB mixed with different concentrations of 

Ag NWs: 

The best concentration of RhB dye was mixed with different concentrations 

of Ag NWs, where, figure (4-25) represents the absorption spectrum of this 

mixture. It is obvious that by adding the nanowires to the dye, that leads to 

increase in the absorption spectrum. Noted that the effect of increasing the 

concentration of NWs on the dye is obvious in the mixture RhB (1*10
-5

 M) 

+ Ag NWs (40%), and the highest absorption of the Ag NWs in this 

mixture was at the wavelengths of (351 and 372 nm). 

 

Figure (4-25): Absorption spectra of RhB dye (1*10
-5 

M) mixed with a different 

concentrations of Ag NWs. 
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4.6.3 Fluorescence spectra of RhB mixed with different concentrations 

of Ag NWs: 

      Figure (4-26) represents the fluorescence spectra of the mixture (RhB 

1*10
-5

 M + different concentrations of Ag NWs). It is clear that by 

increasing the Ag NWs that leads to increase the emission spectra, while, 

the quenching happened at the last spectra (RhB 1*10
-5

 M+ Ag NWs (40%)   

 

Figure (4-26): Fluorescence spectra of RhB dye (1*10
-5

M) mixed with  different 

concentrations of Ag NWs. 

4.6.4 Structure characterizations  

In this type of random laser,Au NPs  have been used inside a glass cavity 

,with Ag nanowires  as scattering centers in a random medium containing 

(RhB + pvp) as the gain medium. The Ag nanowires with an average 

particle size ( 200 nm) and lengths less than 50 microns were purchased 

from the German PlasmaChem company. Fig. (4-27) displays the 

transmission electron microscopy (TEM)  and  Field Emission Scanning 

Electron Microscopes (FE-SEM)of the (Au NPs and Ag nanowires ) , as 

well as the real images of the boxe as received from the supplier company. 
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 Fig. (4.27) (a) FE-SEM image Au NPs (b)TEM images of  Au NPs (c) FE-SEM 

image of Ag nanowires (b)TEM images of Ag nanowires,in addition to real images 

of  boxe  as received from the supplier company. 
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4.6.5 Lasing characteristics  

The laser chamber was formed to an annular resonator plus an external 

reflective surface in addition to the main resonator of the random laser 

consisting of (dye RhB in deionized water mixed with 0.03 mg/ml PVP 

polymer + AgNWe which were placed inside the chamber with different 

concentration of AgNWe)   

The emission spectra of different for five random laser samples SA, SB, SC 

, Sd, Sf pumped by 532 nm have been investigated. Fig.(4.28) exhibits that 

the scattering centers of these media which were fabricated   evince enough 

optical feedback, and the influence of the pumping energies on the 

emission spectra of these media was also prominent. From Fig. (4.28a) one 

can see the emission spectra of the sample SA at low pumping energy 

typically in the region 0.17 mJ, there is a broad emission of the SA with 

peak ( λmax) at 603 nm and FWHM about 10 nm can be observed. With 

increasing the incident photons energy, the spectrum emission becomes 

narrower, showing a small bandwidth of about 9.2 nm at 0.51 mJ. Yet more 

pumping energy, the spectrum reaches its threshold where the gain is 

balanced with loss, and it can be observed that this spectrum is more 

narrowed until FWHM reaches 8.83 nm at 0.68 mJ and its intensity 

increases rapidly. Later on, when the pumping energy exceeds the 

threshold, i.e. photon generation rate becomes higher than its loss, the 

emission spectrum is narrowed more than the previous one and reaches its 

lowest value for this sample around 7.5 nm and then stabilizes at this value 

even if the pumping energy continues increasing, while its intensity of the 

emission spectrum continues to increase very rapidly and is subjected to a 

state of broken up in the emission spectrum announcing the appearance of 

spikes on its top of the spectrum which represent the state of closed paths 
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(the standing wave) that occurs inside the random medium, indicating the 

emergence of the coherent random laser. In addition to that 
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Fig.(4.28) The emission intensity of the five  samples SA, SB, SC, Sd, Sf, as function of the pumping 

energy 

Fig.(4.28) shows of the effect of pumping power on the emission intensity 

of the random laser, it also indicates the extent to which the emission 

spectrum is affected due to the difference in the concentration of the (Ag 

NWe) of the five media. There is an improvement and increase in emission 

intensity and decrease in FWHM with increasing concentration(Ag 

NWe).By comparing the emission spectrum of the five samples, which 

differ only according to the   concentration of the (Ag NWe), it is noted that 

sample Sd, in which the at a concentration of Ag NWe 30% has the greatest 

emission intensity 39420.64 a.u., while the other  four samples be less, we 

note with increasing Ag concentration   the intensity continued to increase   

Finally, at greater concentration which is ( Ag NWe 40%)the quenching 

process is clear in Sf where the intensity decreased to be (37823,23) a.u. 

Fig.(4.29) illustrates the peak emission intensity and FWHM as a function 

of the pumping energy, and this provides an opportunity to compare the 

laser threshold for the three samples SA, SB, Sc,Sd and Sf. Data show that 

the sample Sd (0.34 mJ) has a lower threshold than the sample SA(0.68 mJ) 

,SB  (0.68 mJ) , and sample Sc (0.51 mJ). Since the high light scattering 
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efficiency and large local-field enhancement can occur by increasing the 

concentration (AgNWe),  then the medium that contains the (AgNWe) with 

large concentration will have a much lower threshold than the medium that  

the concentration with less .    
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Fig.(4.29)  (a) The emission peak of random laser  and FWHM as function of 

pumping energy  ) 

observed from the figure that the   FWHM of theemission spectrum of the 

five samples decreases with increasing the pumping energy to reach 

approximately  3 nm, , from the sample at a small concentration to the large 

one. Also, it can be seen from the figure that the pulse width stabilizes at 

these values despite the continuous increase in pumping energy 

respectively, from the sample at a small concentrationto the large one. 

Also, it can be seen from the figure that the pulse width stabilizes at these 

values despite the continuous increase in pumping energy. 

Fig (4.30) represents in support of the results obtained regarding the 

emission intensity and the laser threshold by changing the concentration of 

the as the figure shows that the intensity of the random laser increases with 

increasing the concentration (AgNWe) at a certain limit. 
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Fig.(4.30)  The emission peak of random laser  as function of pumping energy 

it can be concluded that as the concentration increases within a certain 

range, FWHM and threshold mproves, As shown in the table (4.3), the 

times of the stay of the photon inside the random medium will be longer 

and thus the possibility of amplifying it and obtaining a coherent laser 

output increases, 

Table (4.3) Random laser parameters for the five samples 

Samples 
       

(nm) 
FWHM (nm) 

Lasing 

threshold) 
Intensity (a.u.) 

Au+(Dye+pvp)   603 7.4 0.68 19141 

Au+(Dye+pvp+ 

AgNWe10%) 
605 7 0.68 29823 

Au+(Dye+pvp+ 

AgNWe20%) 
602 3.85 0.51 33001 

Au+(Dye+pvp+ 

AgNWe30%) 
604 3 0.34 39420.64 

Au+(Dye+pvp+ 

AgNWe40%) 
603 3.45 0.34 37823.23 
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Chapter Five                             Conclusions and Future Works 
 

5.1 The Conclusions 

1-This study confirmed that the most common method of thermal 

cavitation generation involves focusing a continuous wave (CW) of 

laser beam on a liquid medium including nanoparticles and controlling 

the thermal cavity parameters and bubble formation by controlling the 

concentration of nanoparticles and power of the incident laser. 

2- The properties of the random laser are significantly affected by the  

thermal cavity, as it was observed that the peak emission intensity 

reached its best value in the presence of composite thermal cavities. As 

for the FWHM and the laser threshold, their values decreased as 

well.find the Ag NWs effective more than Fe2O3 MNp 

3- At random lasing composed of two-dimensional glass plasmonic  

nanostructures through surfaces, it was observed that the result of the 

convex surface inward was better than the outside in terms of intensity 

and pulse width FWHM, as well as the laser threshold from 0.85 to 0.35 

mJ. 

 4-Random lasers fabricate Magento plasmonics based on a two-

dimensional structured FeB Square array containing a thin layer of gold 

and an Rh6G dye. Our results show the possibility of improving the 

random laser parameters in the presence of the magnetic field. It was 

found that the emission intensity increases with the growth in the 

density of the scattering centres in each motif's corner of the two-

dimensional structure. 



 

 

 

127 

 

5-The efficiency of this triplet -cavity random laser can be controlled by 

increasing the concentration of AgNw. observed  the higher lasing 

efficiency in the sample with increasing the concentration AgNw in the 

internal gain medium and the irregular edges is considered a major factor 

in influencing the properties of the random laser,  The study showed that 

irregular edges provide the scattered reflection of both the pumping 

beam and the radiation generated by the dye. 

5.2 Suggestions for Future Works 
 

1. We propose using other nanoparticles, such as Au nanostars, and a 

different CW laser, such as a high-power laser diode with a wavelength 

of 808 nm, to create hot spots and produce microbubbles  

2- We propose that the active medium of the random laser should have a 

hemispherical shape in order to control the directions of the random 

laser emission directions. 

3- Study the effect of change in temperature of the active medium of a 

random laser on the lasing characteristics  

4.Fabricating sandwich structure by two MgF2 plates and a highly 

transparent liquid active layer embedded with nanoparticles. This active 

media provides optical confinement by nanoparticle scattering and 

waveguide structure 

 5-Other cavities, such as optical cavities based on two grains of sand    and 

capillary-tube liquid polymer, can be utilised alone or in combination 

with the ones presented in this study to enhance the random laser's 

capabilities 

6. Choosing other active medium such as light emitting polymers to get 

coherent lasing in the multi wavelength spectral region.  
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 الخلاصت 

شكم ذعأٚف  فٙفٙ ْزِ انذساسح ، ذى ذُأل ٔسائػ اَثؼاز انهٛضس انؼشٕائٛح انسائهح ٔانصهثح 

يشكثح ػهٗ أداء أَظًح انهٛضس انؼشٕائٛح ، ٔلا سًٛا شذج غٛف اَثؼاشٓا ، ٔػشض غٛف الاَثؼاز 

(FWHM.ػرثح انهٛضس ٔ ، )  

يٍ انؼًم دساسح ذأشٛش انرعأٚف انًشكثح انسائهح ػهٗ أداء انهٛضساخ ذًد فٙ انعضء الأٔل  

 465تطٕل يٕظٙ  CW انؼشٕائٛح. ٔلذ َالش انؼايم الأٔل ظاْشج انرفرػ انؽشاس٘ تاسرخذاو نٛضس

يٛغأاغ ػًٕدٚاً. سكض انثاؼصٌٕ ػهٗ كٕفٛد كٕاسذض ٚؽرٕ٘ ػهٗ  166َإَيرش ٔلٕج ظٕئٛح 

َإَٚح يخرهفح، نرٕنٛذ انرعٕٚف انؽشاس٘. لاؼظُا أٌ ؼهماخ  يؽهٕل صثغٙ ٚؽرٕ٘ ػهٗ ظسًٛاخ

ذؽٕند فعأج إنٗ ًَػ ؼٕٛد يخرهف ذًايًا ػُذيا ذى ذسخٍٛ يؽهٕل  SPM انًعال انثؼٛذ انًُٕرظٛح نـ

، ُٔٚشأ ْزا انرغٛٛش فٙ أًَاغ انؽٕٛد انعذٚذج ػٍ (SPM) انصثغح تًا ٚرعأص ذؼذٚم انطٕس انزاذٙ

(  Ag, Fe2O3 ٔ Ag: Fe2O3 NPs)الإظافح إنٗ رنك، لاؼظُا ذأشٛشغشٚك ذكٍٕٚ انفماػاخ. ت

ػهٗ سشػح ذكٍٕٚ انفماػاخ ٔػذدْا. ٔٚضداد يغ صٚادج ذشكٛض انًٕاد انُإَٚح . تؼذ رنك ذًد دساسح 

ذأشٛش انرعٕٚف انؽشاس٘ ػهٗ خصائص انهٛضس انؼشٕائٙ، ٔأظٓشخ انُرائط أٌ خصائص انهٛضس 

 اس٘ تشكم كثٛش،انؼشٕائٙ ذرأشش تانرعٕٚف انؽش

كًا ذًد دساسح أفلاو انعسًٛاخ انُإَٚح انًُرششج فٙ سكٛضج صظاظٛح تاسرخذاو انرشسٛة انفٛضٚائٙ 

10)نهثخاس يغ انطلاء انذٔساَٙ تانرشاكٛض انصلاشح انًخرهفح 
-3

 ,10
-4

 ,10
-5

)M    يٍ خهٛػ صثغ

10انرشكٛض انًرٕسػ ) . . أظٓشخ انُرائط أٌ انٕسػ انُشػ نهصثغح رPVPٔٔتٕنًٛش  6Gسٔدايٍٛ 
-

4
( كاٌ نّ أفعم ذأشٛش ٔأغٕال يٕظٛح يرؼذدج يُفصهح يماسَح يغ انرشاكٛض انًُخفعح ٔانؼانٛح تسثة 

الالرشاٌ انصهة انز٘ ٚظٓش فٙ انرشكٛض انًرٕسػ. أدٖ رنك إنٗ ذؼضٚض كصافح انزسٔج ٔذمهٛم ػرثح 

 ،FWHMانهٛضس ٔ

ش يٍ خلال تُٛح شُائٛح الأتؼاد يرؼذدج انطثماخ تؼذ رنك، ذى انؽصٕل ػهٗ انهٛضس الأؼًش ٔالأخع

ػهٗ سكٛضج صظاظٛح يُؽُٛح ٔتُٛح َإَٚح رْثٛح يغ صثغح انشٔدايٍٛ. ٔنٓزا انغشض، ذى ستػ غثمح 

ػٍ غشٚك انعغػ نهؽصٕل ػهٗ ْٛكم شُائٙ الأتؼاد َٔمهّ ػهٗ  CCDيٍ ششٚػ كاترٌٕ تعٓاص 

خم ذهك انًادج انضظاظٛح. ذًد دساسح خصائص انضظاض، شى ذًد ذغطٛح انٓٛكم انُإَ٘ انزْثٙ دا

انهٛضس انؼشٕائٙ يٍ ظٕاَة يخرهفح، ٔأظٓشخ انُرائط ػشٕائٛح يرًاسكح فؼانح، ٔكاَد َرٛعح انسطػ 

انًؽذب إنٗ انذاخم أفعم يٍ انخاسض يٍ ؼٛس انشذج ٔػشض انُثعح، ٔكزنك ػرثح انهٛضس يٍ 

َٕاخ يرُاششج يٍ انسطػ انذاخهٙ ْٔزا يؤشش يههٙ ظٕل. ْٔزا ٚذل ػهٗ أٌ انفٕذ 6.35إنٗ .  6.85



 

 

 

 
 

ٔاظػ ػهٗ صٚادج انكسة فٙ ْزا انٕسػ. ػلأج ػهٗ رنك، ٚؼُضٖ ْزا انرؽسٍ فٙ يخشظاخ انهٛضس 

إنٗ انرغٛش فٙ ًَػ انًشتغ انذٔس٘ شُائٙ الأتؼاد، يًا ٚؤد٘ إنٗ ذمهٛم انًسافح تًُٛٓا، تؽٛس ًٚكٍ 

ٚركٌٕ انرعٕٚف يٍ تُٛح يغُاغٛسٛح تلاصيَٕٛح شُائٛح  .ُحنهفٕذَٕاخ انثماء فٙ انٕسػ لأغٕل فرشج يًك

يٍ الأسفم ٔالأػهٗ  6Gٔانرٙ ذغطٙ غثمح سلٛمح يٍ انزْة ٔسٔدايٍٛ  FeBالأتؼاد ذؼرًذ ػهٗ 

ػهٗ انرٕانٙ، يًا ٚمرشغ كُٕع ظذٚذ يٍ يادج انهٛضس انؼشٕائٛح ذؽد انًعال انًغُاغٛسٙ انخاسظٙ. 

اف الاَثؼاز يغ ػرثح ألم نهٛضس ٔػشض كايم ػُذ َصف انؽذ أظٓشخ انُرائط كصافح أػهٗ فٙ أغٛ

( ذثؼاً نرأشٛشاخ انًعال انًغُاغٛسٙ انخاسظٙ ػهٗ انؼُٛح، كًا نٕؼع ذؽسٍ فٙ FWHMالألصٗ )

يههٙ ظٕل، ٔكزنك  6.35. يههٙ ظٕل إنٗ 6.66أغٛاف الاَثؼاز انُاذط يغ اَخفاض ػرثح انهٛضس يٍ 

 َإَيرش. 4إنٗ  7.8يٍ  FWHMاَخفط 

ذى ذصُٛغ انشَاٌ انؽهمٙ ػهٗ لاػذج صظاظٛح نرشكٛم ذعأٚف يشكثح. ذى اسرخذاو يادج صظاض  

يهى(، شى ذى ٔظغ ْزا  2يهى( ٔػًك ) 9(، ٔذى ؼفش شمة دائش٘ تمطش )يهى 2انسٛهٛكا تسًاكح )

انشَاٌ انؽهمٙ ػهٗ سكائض صظاظٛح نركٍٕٚ ذعٕٚف. . شى ذى غلاء ْزا انرعٕٚف انؽهمٙ تانزْة 

يشاخ، شى ذى يمء ْزا انرعٕٚف  16( فٙ يؽهٕل َإَ يكٌٕ )ياء + رْة( dip Coatingمح )تطشٚ

ترشكٛضاخ يخرهفح، ٔلذ ٔظذ  Ag( يغ pvpيزاتح فٙ ياء َمٙ يغ تٕنًٛش ) RhBانؽهمٙ تصثغح )

انٗ  6.68(، ٔالاَخفاض ػرثح نٛضس )ي39426.64ٍانٗ  19141صٚادج فٙ كصافح اَثؼاز )يٍ 

َإَيرش(   تضٚادج ذشكٛض 3انٗ 7.4)يٍ  FWHMٔٔالاَخفاض فٙ يههٙ ظٕل(،  6.34

nanowires Ag . 
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