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Abstract: 

In this work, first we studied the second-harmonic generation, preparation of high-quality CdS including CdS 

(cadmium powder, powder, 99.995% basis for trace minerals) on the silicon substrate in nanobelts (CdS) manufactured by 

Chemical Evaporation Deposition (CVD), (XRD), TEM, scanning electron microscopy (SEM), nonlinear optical properties 

using optical microscopy, microscopic optical measurements, and second- harmonic generation  measurements using Ti: 

Sappire laser femto second (800 nm). The results showed that the prepared CdS nanobelts, had a blue emission and the 

wavelength is 400 nm, which is due to deep emissions resulting from imperfections or impurities. 

 

1.Introduction. 

The study of the second harmonic generation (SHG) is a nonlinear optical process in which two-wavelength photons interact 

to form one photon at half wavelength and with a double frequency of 2ω. Figure 1 (a) shows the SHG mechanism in 

semiconductor nanotubes, so semi-conductor nanowires are visually moving at the basic frequency ω. They produce the 

frequency at exactly 2ω, and (b) the SHG energy graph shows. The solid line in the figure represents the atomic floor state, 

and the thin lines represent hypothetical levels.[1] 
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Figure 1) (a) Diagram of the SHG mechanism in semiconductor nanowire. 

(b) Energy-level diagram showing the second- harmonic generation[1]. 

 

According to the equation (1) if we consider monochromatic beam of E0 amplitude and angular frequency , expressed as: 

E = E0 sin (t)                                         ( 1)  

When this electric field (E) occurs on a nonlinear material, the resulting electrolysis is P : 

P=𝜺0 χ(¹)E0sin(t) + 𝜺0χ(²)꞉E0
2sin2(t) + 𝜺0χ(³) ⋮E0

3sin3(t) +…         (2) 

using the basic trigonometry can find the polarization from this equation: 

P =𝜺0 χ(¹)E0 sin 2(t) +
𝟏

𝟐
 𝜺0 χ(²)꞉E0

2(1-cos2ωt) +
𝟏

𝟒
 𝜺0χ(³) ⋮E0

3 (3sin ωt-sin ωt) +..   (3) 

The second harmonic term of the polarization is therefore: 

P2= 
𝟏

𝟐
 𝜺0 χ(²)꞉E0

2(1-cos2 ωt)                                             (4) 

Equation (4) shows two important points in the second harmonic term. The first term indicates that polarization of the 

second order consists of a component at zero frequency, known as optical correction [1]. This term does not generate 

electromagnetic radiation. The second term corresponds to the changes in the electric polarization at double the base 

frequency, generating light that radiates at frequency. This process is known as the second harmonic generation, or SHG [2].  

The effect of second harmonic generation refers to directly stimulate the optical frequency multiplier a non- linear optical 

effect. In 1961, the Fraken team used laser pulse Ruby laser (wavelength of 694.3nm) focused on the quartz wafer, 

successfully observed 347.2nm UV wavelength second harmonic generation. Compared the two- photon or multiphoton 

absorption induced by UV radiation, SHG is a more convenient and effective method, microscopic imaging of in [3, 4] 

nonlinear optical frequency converters and all-optical signal processing and so there is a good prospect. In the present 

semiconductor - materials such as CdS  ZnO , GaN, GaAs, ZnS and ZnTe SHG in reports, strong optical nonlinear effects 

in the field of physical mechanisms are as follows: (1) electronic effects. Strong light field in the media, will bring about 

changes in the electronic distribution of atoms or molecules in the medium, thus causes the refractive index change. 

Electronic effect the response times for the 10-14 ~ 10-15 s. (2) the reorientation and redistribution. In bright light under the 

field, containing anisotropic molecular medium, HF Kerr effect refractive index change is mainly caused by reasons. 

Molecular reorientation response time is about 10-11 ~ 10-12 s. (3) the electrostrictive effect. When strong light field, electro 

magnetostrictive effect will bring about changes in the density of the medium, thus causes the refractive index changes, the 

response time is about 10-8~ 10-9 s. (4) Media absorbs laser energy through a non-radiative transition into thermal energy, 

lead medium temperature, density changing, causing the refractive index changes. The thermal response time of 
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approximately is 1 ~10-8 s. In general, different nonlinear media, as well as different kinds of laser pulse width, the main 

mechanism is effects of different, and can sometimes be several mechanisms of interaction, which required under specific 

conditions for analysis [5]. 

Semiconductor materials have been extensively studied due to their potential applications in optical optical 

stimulation, optical and optical fields [5-7]. Cadmium CdS is an II-VI composite semiconductor with a large-scale direct gap 

(eg = 3.6 ~ 3.8 eV) [8]. Furthermore, the CdS has a high refractive index [9]. Several techniques including sputtering [10], 

molecular beam epitaxial [11], Pulsed laser deposition [12], chemical path deposition (CPD), successive ionic layer uptake 

and interaction [14], pyrolysis spray [15] and chemical vapor deposition (CVD) [16,17]. The nonlinear optical properties of 

semiconductor nanoparticles attracted their attention due to the potential optical microscope [18] and visual communication 

[19]. The second harmonic generation (SHG) is a nonlinear optical process that directly multiplies the falling light frequency. 

Provides a convenient and efficient way to obtain ultraviolet radiation using an infrared-close laser, which shows great 

promise for applications such as microscopic / probe transducers [20], nonlinear converters [21, 22], and full light signal 

processor [23] . In particular, SHG in nanobelts shows special advantages for homogeneous nanometer sources and integrated 

optical circuits, which have been widely studied in ZnO [25], GaN [26], and nanboirs [20,27]. In this paper, first, we reported 

on the preparation and characterization of CdS nanobelts, and the effect of Au stimuli was discussed on the obtained forms 

of CdS nanobelts obtained, second, the study of SHG measurements. 

 

2- Experimental Details: 

CdS was manufactured by chemical vapor deposition (CVD) using a simple conventional tube furnace with a 50 

mm quartz tube at 1050 ° C, a high purity powder (Alfa Aesar, purity 99.99%) was used as precursors and placed in a quartz 

boat placed in the middle Oven tube. A thin layer of silica coated with steel coils in the downstream direction of the source 

material was placed as sediment substrates. After the closure of the tube, a nuclear gas escaped from pure nitrogen at a flow 

rate of 50 cubic meters (sccm). The source is heated to 1050 ° C at 30 ° C / min and remains at this temperature for one hour. 

After cooling the tube oven to room temperature, a thin layer of silica coated with silicon coils was placed below the source 

material, as deposit substrates. After the tube was closed, the carrier gas of pure argon was escorted at a flow rate of 50 cubic 

meters. Finally, the yellow products were deposited on the Si substrate. 

a 
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Figure 2 (a) Low zoom image of SEM, (b) High SEM image magnification, (C) Low-zoom 

image of TEM, (D) is the corresponding SAED pattern of CdS nanobelts. 

The Second harmonic-generation measurements were recorded at room temperature, using a long Ti / Sapphire laser 

with a wavelength of 800 nm with the duration of the pulse –fs (femto-second), as the source of the excitation light. 
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Figure 3 (a) shows the experimental setup schemes of the SHG optical measurement, (b) illustrates the bright – field image 

of the CdS nanobelt, (c) illustrates the dark–Field image of resulted SHG, (d) shows the spectral emission of the SHG using 

a pumping power of 20 mW (~31.8k W/ cm2), (e) Shows the relation between power density of doubled frequency Ti:Sappire 

irradiation and square value of power.   

 

 3. Results and Discussion:  

 In general, the crystalline structures of CdS are in two forms, namely a cube (mixed cadmium) and wurtzite phases. The 

CdS cube is fixed at room temperature, while the hexagonal CdS is configured as the temperature is higher than 1020 °C 

[28]. General formulations of products manufactured using SEM, which were shown in Figure 2, were examined. Figure 2 

(a) is a low magnification SEM image of CdS nanobelts, one can find large amounts of belt-like structures covered on the Si 

substrate. Figure 2 (b) shows a high magnifying SEM image for CdS nanobelts. This figure shows that the product consists 

of nanobelts with a diameter of Ca.45 nm (from SEM and TEM measurements) and a length of up to 4μm. 
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Figure 2 (c) illustrates a low-TEM image model for the single NBs tones in CdS and the corresponding SAED pattern, 

explaining that the CDB-style nanobelts have a single crystal structure throughout their length. CdS nanobelt grows a long 

trend [0001] as shown in Figure 2 (d). 

In the SHG experiment, the conventional focal microscope configuration shown in Fig. 3 (a) was used for optical 

measurements at room temperature. The oscillator Ti / sapphire oscillator (spitfire, spectra-physics, 800 nm, 50 fs, and 800 

MHZ) was the source of the pump and the beam was positive at 40 x to at 4μm. The small pump point contributes to a 

relatively large pumping power density because the laser energy is limited in our experiment, leading to a high SHG signal 

for the microprocessor. The transmitted signal was collected with the same objective and focused on a monochromatic lens 

equipped with a Hamamatsh CR131 and an SRS30 amplifier. A 750 nm short-pass filter was placed in front of the 

monochromor to extract from the laser light pump. The half-wave plate (A2) was combined at 800 nm and the A3 graph to 

measure the polarization characteristics of the second harmonic generation of the surface (SHG). Figure 3 (b) shows the 

visual image of the length of the long CdS nanobelts. The high-resolution UV blue signal is emitted to the nanostructural 

axis at an average pumping power of 4mW (~ 31.8 KW / cm2), as shown in Fig. 2 (c). 

The spectra of the remote field appear in Figure 3 (d) at a strong peak at 400 nm, precisely the signal doubling 

frequency of the laser pump at 800 nm. Figure 3 (e) shows the intensity of the second harmonic construction (SHG) measured 

as a function of the square of the pumping power source P2  

 

 

 

Figure (4) shows XRD pattern. 

Figure (4) shows XRD pattern of cultivated products. All diffraction peaks can be indexed as CdS hexagonal structural 

wurtzite with lattice constant = 3.822 Aº and b = 6.269Aº J CPDS. card: 79-2204 [28]. Indicating that the composite product 

has a high purity. 

 

4.Conclusions:  

 The CdS nanobelts have been fabricated by chemical precipitation of vapors (CVD), we can clearly see that the 

intensity is increasing linearly with P2-demonstrating the SHG response in our experiment. 

Femto second pulsed laser with wavelength near infrared. CdS NBS, generates a second harmonic light generation with 

increasing intensity as the angle increases between the incident core beam and the nano-axial axis. 
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 لكبريتد الكادميوم  الهجيندراسة التولد التوافقي الثاني للحزام النانوي 

 

 ندى عبد الهادي كريم

 كلية التربية/ قسم الفيزياء /جامعة القادسية

                                           :                                                                       الخلاصة

)مسحوق الكادميوم ، مسحوق  CdSعالي الجودة بما في ذلك  CdS المتناسق لتحضير الثانيالتولد التوافقي في هذا العمل ، تمت دراسة 

المصنعة باستخدام ترسيب التبخر الكيميائي  nanobelts CdS٪( على ركيزة السيليكون في أشباه الموصلات 99.995، أساس معادن التتبع 

(CVD التي تم الحصول عليها ، )فحصت ( بحيود الأشعة السينيةXRD( المجهر الإلكتروني النافذ ، )TEM المجهر الإلكتروني الماسح ، )

(SEM دراسة الخواص البصرية غير الخطية باستخدام المجهر الضوئي ، القياسات البصرية المجهرية البؤرية ، ومقاييس ، )الثاني التوافقي التولد 

المحضر، كان له انبعاث أزرق عند طول   CdSر أن الحزام النانوي ل نانومتر( ، أظه 800) Ti: Sappire laser femto secondباستخدام 

 ، والذي يرجع إلى الانبعاثات العميقة الناتجة عن عيوب أو شوائب. nm 400موجة 

 

 كلمات مفتاحية: التولد التوافقي الثاني, الليزر, الاحزمة النانوية, كادميوم سيلفايد 

 

 

 

 

 

 

 

 

 

 

 

 

 


