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ABSTRACT: In the study of silicon nanowire on the silicon substrate we have taken the study of XRD pattern 

of grown silicon nanowires.Here the silicon nanowire are grown on silicon substrate are done by the MACE 

method.MACE is well known method in the recent scenario to which we are going through now because of its 

simplicity and low cost values.This method cover the chemical use of hydrofluoric acid and hydrogen peroxide 

and silver nitrate as its basic requirements. 

INTRODUCTION: 

Around the world, nanotechnology is a fast-growing multidisciplinary field of nanomaterials, their properties 

and applications. The world is looking forward to nanoelectronics and molecular electronics for energy 

conservation and energy harvesting[1]. 

Semiconducting nanostructures (NSs) are currently an intense subject of research because of their 

unique quantum confinement properties. These NSs provide a wide range of flexibility to develop a new 

generation of nanoscale devices. For these applications, a clear and deeper understanding of the fundamental 

properties is required to make these applications a reality. In nanomaterials, most of the physical and chemical 

properties are different as compared to its bulk state, mainly due to the quantum size effects. Thus, the size 

plays a miracle design parameter in nanomaterial based various technological applications[2]. Light emitting 

devices, photovoltaic cells and single electron transistors are the various technological applications which 

comes forward due to the these (size effect) properties[3]. 

Silicon (Si) being a well-understood material made its dominance over other semiconductors for its 

simple process performing properties. Being an indirect bandgap semiconductor, Si fails to be a good choice for 

optoelectronic applications[4]. It becomes direct band semiconductor when we reached in the nanoscale range. 

Si-based nanostructures have been the most studied element in various forms. It is the backbone of the current 

semiconductor industry, which emergently came out with boom because of their unique characteristics like 

optical, electrical, sensing and many other properties which are even yet to explore[5]. 

Si-based nanomaterials like porous Si, Si-nanoparticles, Si nanowires (NWs) etc. show outstanding 

properties including dense electronic state upgraded thermoelectric properties, improved excitation binding 

energy and high aspect ratio[6].Si NSs have pulled in impressive consideration because of their unique physical 

properties and various potential applications in transistors, sensors, and light-transmitting devices.  A deeper 

understanding Si NSs is required for these applications to become a reality. Alongside that of above-said 

applications, there has been other optoelectronic application that is in photovoltaic cell, solar cell, 

thermoelectric and supercapacitor[5].  

It is commonly realized that one-dimensional nanostructures give a decent framework to research the 

reliance on size dependent electrical and mechanical properties. Additionally, they are expected to make an 

effective impact in inventing electronic, optoelectronic, electrochemical and electromechanical instruments with 

nanoscale measurements. As of late, one-dimensional NSs have likewise turned into the focal point of serious 

research, attributable to their extraordinary applications in mesoscopic material science and creation of 

nanoscale instruments. 
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Peng and its coworker were first to observe formation of silicon nanowire with Metal Assisted Chemical 

Etching (MACE) technique[7]. The cost-effective synthesis and effective performance of SiNWs make it a very 

useful material for practical purposes. As reported in earlier research, the properties of material changes as we 

introduce the dimensional effect. As we studied the properties of nanorods and nanowires, there was a huge 

difference in their performance, as we compare their performance with the bulk form of silicon. As reported that 

as we moved to the zero-dimensional range, quantum confinement effect occurs[8]. For its effective utilization 

in the nanoscience field or industry. Porous silicon has done an enormous effect in the field of optical 

applications. The optical activity of the material increases as the internal area became large. At the nanoscale, 

atoms and molecules get interact and assemble which makes structures with unique properties. In SiNWs, due to 

the trapping of light as there were voids, which helped in increasing the optical activity. From the experimental 

observation it is revealed that there is discreteness of energy level in SiNWs. The optical absorption in SiNWs 

array has potential applications to enhance the efficiency of solar cell[9]. SiNWs based solar cell can achieve 

efficient absorption of sunlight by using only 1% of the active material required in a conventional solar cell. The 

energy conversion efficiency of an optimal SiNWs-based solar cell may reach 12%. 

Chemical reactions and bio-modification of SiNWs have much attention in the catalyst, drug delivery, 

bio-imaging and in sensing applications.SiNWs can serve as excellent candidates for sensors, partly because 

they are environment friendly, biologically compatible, easy to prepare, and convenient to modify[10]. SiNWs-

based sensors are mostly based on the transistor principle, especially field-effect transistors. SiNWs-based 

sensors based on other working principles have also been fabricated. Electrochemical sensors based on SiNWs 

were also reported to have wide linearity, good repeatability, and long shelf life[11]. Devices based on bulk Si 

have been available but is not biocompatible which prevents its use in vivo (inside the body). Bulk Si-based 

devices need ‘packaging’ in a biocompatible material when they are to be used in and linked to living 

tissues[12]. Thus, Si NSs have properties that make it a very valuable biomaterial for biological applications like 

tissue engineering, drug delivery and biosensors. 

SiNWs have emerged as favorable materials due to high aspect ratio of SiNWs and nano scale diameter 

make them accessible to living tissues. Biological applications of SiNWs gave a huge impact in bio industry[12]. 

SiNWs based biosensor has been applied to the detection of important biomarkers. They show a potential of 

miniaturization and integration and indicates a promising point of care testing device for disease diagnostics like 

cancer, cardiovascular disease, and infectious diseases etc. Mg-modified SiNW films are also promising as 

sensor and can also be used for bioanalytical applications like glucose detection[5]. 

Thermoelectric properties of SiNWs significantly depend upon nanowire geometry. The main advantage 

of using SiNWs for thermoelectric applications lies at room temperature that a large difference in mean free 

path lengths of electrons and phonons. In thermoelectric devices, thermal conductivity is reduced with decrease 

in the diameter of SiNWs[1]. As we know from the expression ZT=σS2T/k ,where ZT is defined by figure of 

merit ,S is seeback coefficient,T is temperature σ is electrical conductivity and k is thermal conductivity[13]. 

Materials with ZT values around 1 or higher are commonly considered to be good thermoelectric. So as thermal 

conductivity reduced then figure of merit will increase and that helps to give better performance in devices. 

Worldwide, the demand of energy consumption comes to an upper level due to high population growth 

and high economic growth. Li-ion batteries still exhibit modest energy storage capacities. Si, one of the most 

promising material, exhibit the highest Li-alloying capacity[14]. A Si electrode is anticipated to have a much 

higher storage capacity for Li than a carbon electrode. Aligned SiNWs array used for photovoltaic application. 

SiNWs enhances the storage capacity of the lithium-ion-battery anode. Thermal conductivity gets affected due 

to change in the doping concentration and diameter of SiNWs, the thermal conductivity observed is less than 

the bulk value which suggest that phonon boundary scattering controls the thermal transport in SiNWs [15] .  

Nanophysics has now become the vital part and independent part of physics, 

simultaneously expanding into many new areas and playing a vital role in the field that wereonce the domain of 
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engineering, chemical or life sciences. The potential impact of 

nanotechnology in economic sector, in electronics, in communication, health and medicine, 

energy, transportation, national security, data storage and many more brings forward this 

field as an important Research Era[13]. The development of nanostructured material is the basicof getting 

success in the above given areas. In last decade the nanotechnology brings 

excitement among the research community and industry. There seems an optimistic 

projection by nanotechnology about the economy, which many seems that it is directly 

responsible or effective in another decade and beyond. When we manipulate the matter at 

nanometer scale that is 1-100 nm in one particular direction then we are able to deal with 

development of useful and functional materials, devices and this whole process comes underNanotechnology. 

NWs structures have great efficiencyas energy storage, high surface area, efficient charge transport and 

capability to sustain largevolume expansion/contraction during charge/discharge cycles. The system where at 

least one 

dimension is less than 100nm that is called as nanostructures. A 1,2,3-dimension bulk materialreducing to the 

nanoscale regime it will give us nanometer thick 2D layer, 1D nanowires (NWs)or 0D nanoclusters[2]. 

EXPERIMENTAL SECTION 

SYNTHESIS OF NANOWIRE: Here we have use MACE method because of the many reason like Low cost 

and simplicity of its working process.Cross-sectional shape, diameter, length, orientation, doping type and other 

parameters like doping level can be controlled easily. This is a very much flexible method. And most valuable 

to make the higher surface to volume ratio structures. By using this method we can get highly crystalline 

quality of SiNWs. There is no restriction on the size of feature fabricated by MACE and the wire fabricated by 

this method can be of the diameter as small as 5nm or as large as 1 micrometer.It is one pot procedure, can be 

performed in a chemical lab without the use of high cost apparatus[16]. 

In the first process we cut the silicon wafer whether of P type or N type into small square size shaped wafer of 

area 1 cm2 . Then cleaning of  wafer have been done by the ultra sonification with the use of Acetone , 

isopropanol alchol (IPA),and deionized water for 15 min. This will further turns into next step of removing 

oxide layer which we have  done by immersed the cleaned wafer in hydrofluoric acid for 2 minutes. In 

Deposition process the Si NWs samples were prepared by metal assisted chemical etching (MACE) of p and n-

Si (100) wafer having resistivity of 0.1,0.2,0.01 Ω cm. These wafers were dipped in solution containing 4.8 M 

HF & 5 mM AgNO3 for one minute at room temperature to deposit Ag nano particles (Ag NPs). The Ag NPs 

deposited samples were then kept for etching in an etching solution containing 4.6 M HF & 0.5 M H2O2. Etched 

wafers were transferred in HNO3 acid to dissolve Ag metal present on the etched sample. Then the samples 

were dipped into HF solution to remove oxide layer induced by HNO3 used in the previous step. The acids (HF 

& HNO3) were used very carefully by using all the necessary protective tools[17].  

RESULTS AND DISCUSSION: 

XRD: Surface morphologies of all these samples have been characterized with RigakuMiniflex 600 (XRD). 

Here we have seen the different polarity samples with different resistivity and orientation <100>, two samples 

are of N type with resistivity 0.1ohm cm and 0.2 ohm cm , two samples of P type with resistivity 0.01 ohm cm 

and 0.1 ohm cm. Here the XRD pattern for N type with resistivity 0.1ohm cm and 0.2 ohm cm has been shown 

below. 
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For N type with resistivity 0.1 ohm cm we are getting almost four peaks for the silicon nanowires is at 

90,160,370,690.  For N type with resistivity 0.2 ohm cm we are getting almost two peaks for the silicon 

nanowires is at 90,370.   

The XRD pattern for the P type with resistivity 0.01 ohm cm and 0.1 ohm cm, with orientation <100> has been 

shown below: 

 

 

 

 

 

 

 

 

 

Here For P type with resistivity 0.01 ohm cm we are getting almost two peaks for the silicon nanowires that is 

at 270which is of low intensity and at 690 which is of high intensity.  For P type with resistivity 0.1 ohm cm we 

are getting almost two peaks for the silicon nanowires is at 90,370. 

APPLICATIONS: 

Being an indirect band nature of bulk Silicon, Si NSs attracted much interest in the Si-based industry for 

various optical, electrical, thermoelectric and many other applications. The indirect nature of bulk silicon 

changed as we deal in the nano-structural domain due to larger surface to volume ratio of SiNWs. They have 

made a good impact on the technological industry. SiNWs have been the focal point of research having high 

similarity with standard complementary metal-oxide-semiconductor technology. One dimensional SiNWs have a 

broad appeal to a wide network attributable to their remarkable electronic and optical properties. Electronic 

properties of SiNWs generally dependent on growth, size and surface reconstruction. The band gap becomes 

wide with decrease in the diameter of SiNWs.  Si NWs have been used in field effect transistor, for enhancing its 

efficiency because SiNW shows high mobility of charge carrier due to confinement effect[18].            
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CONCLUSION: 

Being an indirect band semiconductor silicon nanowireshows the direct band semiconductor at the nano domain 

and it shows the XRD diffraction pattern at the 370, 690(approx.) which is nearby the angle of silicon so with 

these surface properties we can enhance and structural analysis can be done with this much cheapest 

characterization technique. 
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