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ABSTRACT: With Reduction In Size, Novel Electrical, Mechanical, Chemical, Magnetic, And Optical 

Properties Can Be Introduced. The Resulting Structure Is Then Called A Low-Dimensional Structure (Or 

System). The Confinement  Of  Particles,  Usually  Electron S Or  Holes,  To  A  Low- Dimensional  Structure  

Leads  To  A  Dramatic  Change  In  Their  Behavior  And  To  The Manifestation  Of  Size  Effects  That  

Usually  Fall  Into  The  Category  Of  Quantum-Size Effects. The Low Dimensional Materials Exhibit New 

Physicochemical Properties Not Shown By The Corresponding Large-Scale Structures Of The Same 

Composition. Nanostructures Constitute A Bridge Between Molecules And Bulk Materials. Suitable Control Of 

The Properties And Responses Of Nanostructures Can Lead To New Devices And Technologies. Lead Selenide 

Thin Films Were Successfully Prepared Varying Ph By Chemical Bath Deposition Technique On Glass 

Substrates. The Variations Were Found To Affect Thickness Of The Deposited Films. The Structural And 

Electrical Properties Of The Films Were Found To Be Thickness Dependent. The X-Ray Diffraction Studies 

Revealed That All Films Had FCC Crystal Structure With A (111) Preferred Orientation. Optical Studies 

Indicated That The Band Gap Decreased With Increasing Thickness Of The Films. The Electrical Conductivity 

Decreases With Thickness While The Dielectric Constant Increases With Thickness 
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I. INTRODUCTION : 
The Most Significant Nanostructures Required To Design Nano-Electronic Devices Are Quantum 

Wells, Quantum Wires And Quantum Dots. They Are The Basic Building Blocks Of Nano-Electronic Devices. 

In Nano-Electronics Also We Are Going To Control The Transfer Of Electrons. A Standard Quantum Well 

Layer Can Be Patterned With Photolithography Or Perhaps Electron-Beam Lithography, And Etched To Leave 

A Free Standing Strip Of Quantum Well Material; The Latter May Or May Not Be Filled In With An 

Overgrowth Of The Barrier Material  (In This Case, Ga(1-X)Alx   Quantum Dots Can Again Be Formed By 

Further Lithography And Etching, E.G. If A Quantum Well Sample Is Etched To Leave Pillars Rather Than 

Wires, Then A Charge Carrier Can  Become Confined In All Three Dimensions, The High Extinction 

Coefficient Of A Quantum Dot Makes It Perfect For Optical Uses. Quantum Dots Of Very High Quality Can Be 

Ideal For Applications In Optical Encoding And Multiplexing Due To Their Narrow Emission Spectra And 

Wide Excitation Profiles. A Particle Cannot Escape From The Quantum Well 0 L ≤ Z And Loses No Energy On 

Colliding With Its Walls Z=0 And Z=L.  In Real Systems, This Confinement Is Due To Electrostatic Potentials 

(Generated By External Electrodes,  Doping ,  Strain,  Impurities,  Etc.),  The  Presence  Of  Interfaces  Between 

Different Materials (E.G., In Core-Shell Nanocrystals), The Presence Of Surfaces (E.G., Semiconductor  

Nanocrystals),  Or  A  Combination  Of  These  Agents.  Motion Of The Particle In The Other Two Directions 

(I.E., In The X Y Plane) Inside The Quantum Well Is Free. It Is Generally Accepted That Quantum 

Confinement Of Electrons By The Potential Wells Of Nano Meter-Sized Structures Provides One Of The Most 

Powerful And Versatile Means  To  Control  The  Electrical,  Optical,  Magnetic,  And  Thermoelectric  

Properties Of  Solid  State  Functional  Materials.  

 

 Properties Of Q-Dots:- 
The Optical Properties Of Q-Dots Change With Size. The Basic Phenomena Can Be Understood By 

Considering The Uncertainty Relation Between Position And Momentum For Free And Confined Particles.For 

A Free Particle, Momentum Can Be Precisely Defined Whereas The Uncertainty In Position Increases. For A 

Confined Particle, The Uncertainty In Position Decreases While Momentum Uncertainty Increases. Color Of 

Emitted Light Is Depends On Size Of Q-Dot.Operated At Different Wavelength By Varying Dot Size And 

Composition.Color Of The Emitted Light Is Shifted From Red To Blue When The Size Of The Q-Dot Is Made 
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Smaller.Emission Of Q-Dot Is Highly Tunable Since The Size Of The Q-Dot May Be Set When It Is Made, Its 

Conductive Properties May Be Carefully Controlled.Q-Dots Naturally Produced Monochromatic Light.The 

Larger The Dot, The Redder (Lower Energy) Its Fluorescent Spectrum. Conversely, Smaller Dots Emit Bluer 

(Higher Energy) Light. The Coloration Is Directly Related To The Energy Level Of The Quantum Dot[1].Larger 

Q-Dots Have More Energy Levels Which Are Also More Closely Spaced. This Allows The Quantum Dot To 

Absorb Photons Containing Less Energy I.E. Those Closer To The Red End Of The Spectrum.The High 

Extinction Coefficient Of A Quantum Dot Makes It Perfect For Optical Uses. Quantum Dots Of Very High 

Quality Can Be Ideal For Applications In Optical Encoding And Multiplexing Due To Their Narrow Emission 

Spectra And Wide Excitation Profiles. 

Quantum Dot Light Emitting Diodes (QD-LED) And ‘QD-White LED’ Are Very Useful When 

Producing The Displays For Electronic Devices Due To The Fact That They Emit Light In Highly Specific 

Gaussian Distributions. QD-LED Displays Can Render Colors Very Accurately And Use Much Less Power 

Than Traditional Displays.Quantum Dot Photo-Detectors (Qdps) Can Be Produced From Traditional Single-

Crystalline Semiconductors Or Solution-Processed. Solution-Processed Qdps Are Ideal For The Integration Of 

Several Substrates And For Use In Integrated Circuits. These Colloidal Qdps Find Use In Machine Vision, 

Surveillance, Spectroscopy, And Industrial Inspection.Quantum Dot Solar Cells Are Much More Efficient And 

Cost-Effective When Compared To Their Silicon Solar Cells Counterparts. Quantum Dot Solar Cells Can Be 

Produced Using Simple Chemical Reactions And Can Help To Save Manufacturing Costs As A Result[2].The 

Latest Generation Of Quantum Dots Has Great Potential For Use In Biological Analysis Applications. They Are 

Widely Used To Study Intracellular Processes, Tumors Targeting, In Vivo Observation Of Cell Trafficking, 

Diagnostics And Cellular Imaging At High Resolutions.Quantum Dots Can Target Specific Cells Or Proteins 

Using Peptides, Antibodies Or Ligands And Then Observed In Order To Study The Target Protein Or The 

Behavior Of The Cells.Quantum Dots Have Paved The Way For Powerful ‘Supercomputers’ Known As 

Quantum Computers. Quantum Computers Operate And Store Information Using Quantum Bits Or ‘Qubits’, 

Which Can Exist In Two States – Both On And Off Simultaneously.This Remarkable Phenomenon Enables 

Information Processing Speeds And Memory Capacity To Both Be Greatly Improved When Compared To 

Conventional Computers.Quantum Dot (QD) Semiconductors Have Unique Optical And Electrical Properties 

That Make Them Promising For Use In Many Applications, Such As High-Performance Field-Effect Transistors 

(Fets) And Solar Cells.Quantum Dots Are Particles With Quantum Confinement In Three Dimensions, 

Resulting In A Quantized Density Of States.1-5 One Effect Of Such Quantization Is A Size-Tunable 

Semiconductor Band Gap.1-5As The QD Continues To Get Smaller With Respect To The Material’s Exciton 

Bohr Radius, The Band Gap Widens. Such Freedom Allows A Chemist To Choose Synthetic Conditions To 

Grow A QD With The Optimal Band Gap For A Given Device Application. Lead (II) Chalcogenide (Pbx, X = 

S, Se, Te) Quantum Dots Have Shown Particular Promise For Use In Photovoltaic Applications. The Large 

Exciton Bohr Radii For The Lead Chalcogenides Qds Allows For Particularly Strong Confinement When 

Compared To Other Qds Of Similar Sizes. Metal Chalcogenides Thin Films Even Their Compounds Have Been 

Of Interest Due Their Semiconducting Nature And Considerable Application In The Field Of Electronics And 

Electro-Optical Devices. Based On This Concept, Intensive Research Has Been Performed In The Past To Study 

The Fabrication And Characterization Of These Thin Films. Thus, The Interest For Lead Selenide (Pbse) Semi 

Conducting Thin Films Was Motivated By Its Application In Solar Cell Technology. In The Literature, A 

Number Of Methods For The Preparation Of Pbse Thin Films Were Reported .A Number Of Methods For The 

Preparation Of Pbse Thin Films Have Been Reported, But Chemical Bath Deposition Is Found To Be Attractive 

Due To The Low Cost Method Of Fabrication.Lead Selenide (Pbse) Thin Films Are Important Materials For 

Applications Such As IR Detector Photographic Plates, And Photo Resistors [3, 4]. Lead Selenide Film Is Used 

As A Target Material In Infrared Sensor, Grating, Lenses And Various Optoelectronic Devices [5]. Pbse Thin 

Films Have A Direct Band Gap Of 1.30 Ev At Room Temperature. The Possible Applications Of The Material 

In Solar Device Technology Will Also Be Determined.Nanostructured Semiconductor Materials Feature 

Excellent Next Generation Photovoltaic Application. Among This Class Of Materials The Most Impressive 

Results Have Been Obtained From Low Dimensional Pbse Such As Pbse Qds Or Ncs. To Date, Pbse Qds 

Arguably The Best Choice To Generate Multiple Excitions From Single Absorbed Photon And Fast Hot 

Electron Transfer From Active Layer To Counter Electrode. However, In Most Of The Works, Synthesis Of 

Pbse Qds Is Based On Chemical Method Of Preparation. 



Characterization Of Nanostructure Lead Selenide (Pbse) Thin Films 

International organization of Scientific Research                                                               91 | P a g e  

 
FIGURE: 1 Diffraction Peaks Of Cu 

 

The Unit Cell Is The Basic Repeating Unit That Defines The Crystal Structure. – The Unit Cell 

Contains The Maximum Symmetry That Uniquely Defines The Crystal Structure. – The Unit Cell Might 

Contain More Than One Molecule: For Example, The Quartz Unit Cell Contains 3 Complete Molecules Of 

Sio2.  

The Crystal System Describes The Shape Of The Unit Cell. The Lattice Parameters Describe The Size 

Of The Unit Cell. The Unit Cell Repeats In All Dimensions To Fill Space And Produce The Macroscopic Grains 

Or Crystals Of The Material. 

 

 
 

 XRD OF Pbse:  

 
FIGURE:2 XRD OF 2ml (Green) And 4ml (Red) Pbse Thin Films 

 

The XRD Diffraction Patterns Of CBD Pbse Thin Films Deposited For 2ml And 4ml (EDTA) Are 

Presented In Fig.2. Phase Identification Was Then Made From An Analysis Of Intensity Of Peak Versus 2θ. The 

Pbse Deposited With 2ml (EDTA) Ethelenediaminetetraacetic Acid Peaks At 36.02° Which Gives Rise To A 

Structure With Lattice Constant A = 4.315Å And (111) Preferred Orientation.  The Peak For 4ml Deposition 

Was Observed At 36.49° With Lattice Constant A=4.261 Å.  
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The Diffraction Peak Was Observed To Become Much Broader With Increasing Ph Values And Tends 

To Disappear For Higher Ph Values. Similar Effect Was Observed In Previous Study By [6]. As The Ph Of 

Chemical Bath Increased, The Diffraction Peak Intensity Decreased As Shown In Fig. 11. It Can Be Seen That 

The Crystal Structure Of The Films Was Affected Strongly By The Ph Values Of The Chemical Bath. The Low 

Intensity Peak Observed In The XRD Pattern Of The 4ml Sample Under Study Shows That The Film Is 

Nanocrystalline[7].  

The Structural Parameters Of The Pbse Thin Film Are Shown In Table . It Reveals That Lattice 

Constant, The Crystal Size Of The Film And The Dislocation Density Increases With Film Thickness, But 

Micro Strain Decreases With The Increased Film Thickness. Since The Dislocation Density And Strain Are The 

Manifestation Of Dislocation Network In The Films, The Decrease In The Strain Of The Material Indicates The 

Formation Of Higher Quality Films. This Effect Had Also Been Noted By [8] In Previous Work. This May Be 

Due To The Decrease In Imperfections And Dislocations Of The Films With Increasing Film Thickness. 

 

II. CALCULATIONS 
The Theoretical Considerations Of The Optical And Electrical Properties Of The Films Are As 

Discussed In [9-18].  

From The XRD Analysis Of The Inter-Planer Distance (D) And Lattice Constants (A) As Were 

Calculated. The Crystallite (Grain) Size (D), Dislocation Density And The Micro Strain (Ε) Were Also 

Calculated Using The Expressions Below:    

• Grain Size (D) Was Calculated Using Scherer’s Formula   

D=Kλ/Βcosθ    ………………………………………1                                                                                                       
Where Λ Is Wavelength Of X-Ray,  

Β Is FWHM (Full Width Half Maximum),    

  Θ Is The Diffraction Angle And  

  K Is 0.9 Which Varies With (H, K, L) And Crystallite Shape.   

2. The Lattice Constant (A) Was Calculated With:                                 

A=D (H^2 + K^2 +L^2)^1/2...........................................2                                                        
 3.  Micro Strain:  It Is The Root Mean Square Of The Variations In The Lattice Parameters Across The 

Individual Crystallites, Usually Across Microscopic Distances.      

(Ε)=Β Cosθ/4 ……………………………………..3                                                                                

4. Non Uniform Strain: 

Peak Broadening May Not Only Come From The Size Effect, But Can Also Be Due To Strain In The 

Particles. One Way To Separate The Stress Due To Particle Size From That Due To Stress Is By The 

Williamson-Hall Expression (8) Where Η Is The Strain In The Particles Which Is A Dimensionless Quantity. 

For Non Uniform Strain The Formula Is Given Below 

…………………………………………..4 

Where, D Is Partical Size This Method Demand Good Data For Both High And Low Angle Reflexes. 

But It Is Difficult To Get Reliable Data For The FWHM For Both The Peaks At Low And High Angles. So That 

The Result Comes From This Is Not Accurate. 

5. Average Strain Calculated By Using  

Ε = Β/4tanθ………………………………………….5 

 

TABLE : STRUCTURE PARAMETER OF PBSE THIN FLIM 
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III. CONCLUSION 
Lead Selenide Thin Films Were Successfully Prepared Varying Ph By Chemical Bath Deposition 

Technique On Glass Substrates. The Variations Were Found To Affect Thickness Of The Deposited Films. The 

Structural And Electrical Properties Of The Films Were Found To Be Thickness Dependent. The X-Ray 

Diffraction Studies Revealed That All Films Had FCC Crystal Structure With A (111) Preferred Orientation. 

Optical Studies Indicated That The Band Gap Decreased With Increasing Thickness Of The Films. The 

Electrical Conductivity Decreases With Thickness While The Dielectric Constant Increases With Thickness. 
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