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ABSTRACT 

The push towards scaling down and higher speeds in electronic gadgets has prodded a quest for 

the recognizable proof and improvement of new multifunctional materials. Materials displaying 

more than single electrical, optical, attractive, flexible, or other trademark reaction, are known as 

multifunctional materials. These materials give the plausibility of incorporating different 

practical properties, alongside altogether new properties emerging from cross-coupling, into a 

solitary framework. Such multifunctional materials can be arranged into countless frameworks 

including compound semiconductors, weaken attractive semiconductors, gigantic magneto 

resistive materials, and magneto-electric multiferroic materials. As a particular case of how 

multifunctional materials can be utilized to grow new gadgets, we consider new compound 

semiconductors for optoelectronic applications. Si, basic semiconductor, was vital for building 

the cutting edge electronic industry. Anyway Si is an aberrant band hole semiconductor and in 

this manner isn't a proficient light producer or safeguard. Photovoltaic and optoelectronic 

gadgets require a solid interchange among photons and electrons. Direct bandgap 

semiconductors are progressively appropriate for such applications which show solid ingestion 

or outflow for the ideal electromagnetic unearthly range. III-V and II-VI compound 

semiconductors are generally utilized in optoelectronic gadgets for example infrared and obvious 

light transmitting diodes (LEDs), optical fiber interchanges and high proficiency sun powered 

cells, unequivocally as a result of the more grounded coupling between the semiconducting and 

optical properties in these materials. 

KEYWORDS:Electro-Optic, Magneto- Dielectric Properties, Multifunctional Nitride, photons 

and electrons. 

INTRODUCTION: 

As a further model, transistors dependent on semiconducting Si are utilized for information 

handling, while information stockpiling is practiced utilizing ferromagnetic hard drives with the 
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attractive data being extricated utilizing attractive multilayers GMR (Giant Magneto opposition) 

structures as read heads, permitting their huge stockpiling limit [3]. Multifunctional materials 

having both semiconducting and ferromagnetic properties at the same time, can conceivably 

cross over any barrier between information correspondence and information stockpiling gadgets. 

These various materials properties can exist together in undoped and change metal doped 

compound semiconductors, called weaken attractive semiconductors (DMS)[4, 5]. These 

materials open up the probability of coordinating the electron turn level of opportunity into the 

traditional charge-based electronic gadgets. This proposition to use both the electron turn and 

charge in electronic gadgets falls under the general title of "turn hardware" or "spintronics". Turn 

subordinate impacts in these spintronic gadgets can emerge from the cooperation of the turn of 

the accuse transporters of the attractive properties of the materials. This is required to prompt the 

advancement of cutting edge gadgets using turn level of opportunity together with ordinary 

microelectronics with a plausibility of sped up, lower power utilization, non-instability and 

expanded reconciliation densities [6]. One explicit necessity for acknowledging spintronic 

gadgets is the effective infusion of turn enraptured transporters into the semiconductors. Weaken 

attractive semiconductors may give much preferable turn infusion over ferromagnetic metallic 

anodes, since the impedance confound because of various electronic structure of attractive and 

semiconductor materials essentially upset the turn infusion process. Multi-useful spintronic 

materials having, for instance, a solid coupling between the electron turn and the optical reaction, 

may offer other potential applications including quantum bits for quantum teleportation, quantum 

calculation and correspondence, modulators, high recurrence working optical switches and so 

forth [6, 7]. 

Dielectric materials  

One of the most broadly contemplated gatherings of fired materials has a place with the 

ferroelectrics. The ferroelectrics are the subgroups of dielectrics. Dielectric materials are 

electrical covers (i.e., they don't have free electrical charges under customary 

circumstances).Dielectrics are the materials where electrostatic field can continue for quite a 

while. These materials offer extremely high protection from the entry of direct present and 

subsequently, forcefully vary from metal, semiconductor and superconductors. A decent 

dielectric material ought to have high dielectric quality so they ought to have the option to 
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oppose high voltage without experiencing corruption as well as getting electrically leading. They 

ought to likewise have low dielectric misfortune in a rotating field. A few dielectrics can produce 

a potential contrast when exposed to mechanical pressure, or change physical shape if an outside 

voltage is applied over the material. This property is called piezoelectricity. Piezoelectric 

materials are another class of extremely helpful dielectrics. Some ionic gems and polymer 

dielectrics display an unconstrained dipole minute which can be turned around by a remotely 

applied electric field. This conduct is known as the ferroelectric impact. These materials are 

practically equivalent to the manner in which ferromagnetic materials carry on inside a remotely 

applied attractive field. Ferroelectric materials frequently have high dielectric constants, making 

them very helpful for capacitors. It is verifiable truth that dielectric properties of clay materials 

rely upon their sythesis, structure and test conditions. The dielectrics are electrical protecting 

materials, which can be enraptured by the use of electric field. Every one of the dielectrics are 

protectors yet every one of the encasings are not dielectrics. The iotas and atoms of dielectrics 

are affected by an outer field and subsequently the positive charges are pushed toward the field 

while negative charges the other way from their harmony position. This development of inverse 

charges to inverse bearings brings about a dipole making its very own electric field. This 

procedure of creation of electric dipoles out of unbiased particles and atoms is reffered to as 

polarization. Dielectrics might be comprehensively isolated into (I) polar dielectrics and (ii) non 

polar dielectrics.  

• Polar (dipole) dielectrics-in polar dielectrics, a limited and changeless polarization known as 

unconstrained polarization (Ps), exist significantly after the expulsion of the applied electric 

field. Polar dielectrics are those in which the plausibility of focus concurring of the positive just 

as negative charge is very nearly zero (i.e., they don't match with one another). They all are of 

hilter kilter shape.  

• Non-polar (nonpartisan) dielectrics-For the situation of non-polar dielectrics, there is no 

changeless or unconstrained polarization without an electric field. The focuses of both positive 

just as negative accuses agree of each other, so the dipole snapshot of every atom in non-polar 

framework is zero. In this way singular atom after the utilization of electric field carries on as 

prompted dipole. Every one of those particles which have a place with this class are symmetric 

in nature. 
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MULTIFUNCTIONAL MAGNETIC SEMICONDUCTORS  

Magnetic semiconductors exhibit both magnetic and semiconducting properties. One general 

approach to make a magnetic semiconductor is to replace a small fraction of cations in the non-

magnetic parent semiconductor by magnetic ions, which produces a dilute 

magneticsemiconductor (DMS). A schematic representation of this process is shown in Fig. 1 

 

Figure 1: A schematic representation of (a) a non-magnetic and (b) a dilute magnetic 

semiconductor 

Hypothetical work by Dietl et al indicated that Mn doped GaN and ZnO could be ferromagnetic 

above room temperature, given certain materials suspicions. Abdominal muscle initio electronic 

structure computations by Sato et al have additionally anticipated ferromagnetic requesting 

experiencing significant change metal doped ZnO. These hypothetical outcomes impelled extra 

examination into DMS materials, prompting the revelation of various change metal doped 

semiconductors with ferromagnetism above room temperature. Broad work on different progress 

metal doped oxides including TiO2, ZnO, In2O3, SnO2 has been completed to scan for 

ferromagnetism, which has been seen at or above room temperature in a considerable lot of these 

frameworks. Re-markably, even undoped In2O3 has demonstrated high temperature 

ferromagnetism together with 55% turn polarization at low temperatures. While these DMSO 

frameworks have opened the plausibility of creating room temperature spintronic gadgets, the 

source of this ferromagnetism remains exceptionally dubious due the absence of reproducibility 

and huge varieties in the deliberate attractive properties in these materials. The fundamental 

riddle is whether the attraction in these frameworks is because of the consistently conveyed 
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change metal particles in the host lattice or because of the nearness of optional stages, including 

attractive debasement stage bunches. For conceivable mechanical uses of DMSs, it is imperative 

to comprehend the source of ferromagnetism in these frameworks. Various distinctive system 

have been propesed to clarify the beginning of ferromagnetism in DMSs. 

ORIGN OF MAGNETISM IN DILUTE MAGNETIC SEMICONDUCTORS 

The DMSs can be considered as attractively latent host semiconductor with confined twists, 

emerging from dopants or surrenders. The host semiconductor may likewise be doped with either 

electrons or openings going about as versatile charge transporters, which can advance bearer 

interceded attraction in these frameworks. The attractive cooperations in these frameworks are 

typically dictated by the speed electronic trade, where the s and p orbitals have a place with the 

host and transporter benefactors and d orbitals to the change metal particles. Electronic trade 

associations through bearers in the conduction or valence groups in the framework may offer 

ascent to the attractive requesting. 

NITRIDE COMPOUND SEMICONDUCTORS  

Alloying a gathering III component with nitrogen (bunch V) delivers a nitride compound 

semiconductor, for example GaN, InN, AlN twofold combinations, InGaN, InAlN ternary 

compounds, or InGaAlN quaternary composites. Ongoing advancements in nitride 

semiconductors over other gathering III-V semiconductors open up the plausibility of full range 

strong state light sources, from infrared (IR) to the ultra violet (UV). Among these nitride 

semiconductors GaN, having a wide bandgap Eg∼3.4 eV, is one of the most contemplated 

semiconductors. This material has prompted the improvement of different lasing gadgets for 

example blue, green, and white light radiating diodes (LED) and laser diodes (LDs). Various 

unanswered inquiries remain concerning the properties of the paired compound InN, specifically 

the estimation of the band hole Eg. The recently acknowledged band hole estimation of InN was 

∼1.8eV, is currently ascribed to different contributor abandons in the framework. The ongoing 

upgrades in the nature of InN tests recommends that the right band hole is ∼0.7-0.9eV [17, 

18],which is in concurrence with the thickness utilitarian hypothetical (DFT) determined band 

hole esteems in the neighborhood thickness approximation(LDA)[19]. This new bandgap 

estimation of InN permits the In1−xGaxN strong arrangement to have band hole esteems running 
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from the infrared 0.7eV (x=0) to the bright 3.4eV (x=1), which would cover the whole sun based 

range. This wide band hole go for In1−xGaxN framework gives the likelihood to manufacture 

multi-intersection sun oriented cells covering the whole sun based vitality range. Another bit of 

leeway of nitride compound semiconductors over different semiconductors is that these are, all in 

all, high band hole materials (aside from InN), which might be helpful for high-power electronic 

gadgets. Also In1−xGaxN shows prevalent high vitality radiation opposition and compound 

obstruction, which make this framework favorable for space applications. 

SEMICONDUCTORS AND THEIR CLASSIFICATIONS  

Semiconductors are characterized as materials with an electrical resistivity (or conductivity) 

lying in the scope of 10−2 (102) − 108 (10−8) Ohm.cm (mho.cm−1). On the other hand, 

materials with a vitality hole (Eg) between a couple meV (underneath which warm excitations 

would create enormous control of directing states) and ∼4 eV can likewise be viewed as 

semiconductors. Materials with a mostly filled conduction band having a limited electronic 

thickness of states at the Fermi level or an extremely little cover between conduction band and 

valence band with an insignificant thickness of states at the Fermi level are metals or semimetals 

individually, while those with a vitality hole more noteworthy than 4 eV are covers. These limits 

separating metals, semiconductors and protectors are not strongly characterized and there are 

exemptions to these general principles. For instance, aluminum nitride (AlN) and jewel are 

viewed as wide band hole semiconductors with Eg ∼6.2 eV and 6eV separately, while GaAs is 

delegated semi-protecting with Eg ∼1.5 eV. The schematic vitality band pictures of encasings, 

metals, and semiconductors are appeared in Fig 2. 
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Figure 2: Schematic energy band diagram for insulators, semiconductors and metals 

This vitality band model characterizes semiconductors into two kinds direct band hole 

semiconductors and aberrant band hole semiconductors. Semiconductors having a similar worth 

kmin of the wave vector k (when all is said in done k =0) for the most minimal vitality state in 

the conduction band and the most elevated vitality state in the valence band kmax for example 

the minima of conduction band and maxima of valence band lie at a similar k, are called direct 

bandgap semiconductors. These incorporate GaN, InN, and GaAs among others. A schematic 

E−k vitality band graph for direct bandgap semiconductors is appeared in Fig.3. (a). 

Semiconductors for which wave vector least kmin of the conduction band is not the same as the 

wave vector most extreme kmax of the valence band, that is the minima of the conduction band 

and maxima of the valence band don't have a similar k, are roundabout semiconductors, and 

incorporate Si and Ge. The schematic E − k vitality band outline for aberrant semiconductor is 

appeared in Fig 3.(b). Electrical conduction in an unadulterated semiconductor, regardless of 

whether immediate or aberrant, is expected to thermally produced natural charge transporters. 

These are in commonly extremely little in numbers, for instance just ∼109 electrons/cm3 in 

silicon, and are just accessible in the conduction band at or above room temperature [13]. At 

extremely low temperatures, there will be no electrons in the conduction band of characteristic 

semiconductors. This clarifies why a characteristic semiconductor acts as an ideal cover near 

total zero. The property that makes semiconductors pertinent for some gadget applications is that 

their electrical conductivity can tuned by including little convergences of contaminations. 
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Figure 3: Schematic E-k diagram for (a) direct band gap semiconductor and (b) indirect 

band gap semiconductors 

The kind of dopant utilized controls the conduction component in these materials. In the event 

that the dopant gives extra electrons to the host semiconductor, the framework is known as a 

ntype semiconductor, while if the dopants gives extra openings, the framework is known as a p-

type semiconductor. When all is said in done, an exceptionally modest quantity, short of what 

one deformity particle for each million host molecules is adequate to change the semiconductor 

properties for gadget applications. These imperfections can be gainful or adverse to the 

properties of the semiconductor. 

In an intrinsic semiconductor, the charge carriers are thermally activated and usually the 

electrons and holes are present in equal numbers. The electron and hole carrier concentrations in 

an intrinsic semiconductor are given by: 

        (1) 

And, 

       (2) 

where gv(E)dE, gc(E)dE are the number of valence and conduction band states per cm3 in the 

energy range E and E + dE and f(E) and (1 − f(E)) are the probabilities that an available state at 

an energy E will be occupied by an electron or a hole. The integration in Eq (1) is taken from the 

bottom of the conduction band Ec to the top of the band while in Eq (2) the integral is taken from 

the bottom of the valence band to the top Ev. After simplifying the limits in the integral for Eqs 

(1) and (2) and using the Fermi-Dirac function f(E) for the electron (or hole) distribution, these 

equations reduces to: 

          (3) 
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And, 

         (4) 

 

Figure 4: Schematic E-k representation of non-degenerate and degenerate semiconductors  

where are the effective density of conduction and 

valence band states and is the Fermi-Dirac integral of order 

 where EF is the Fermi energy of the system. If the Fermi energy lies in the 

range  then the expression for n and p simplifies to: 

       (5) 

These expressions for n and p are valid if EF lies in the conduction or valence band and no closer 

than 3kT to either band edge. When EF is confined in this range, the semiconductor is called non-

degenerate and whenever EF lies within 3kT of either band edge the semiconductor is called 

degenerate.The schematic difference between non-degenerate and degenerate semiconductor is 

shown in Fig 4. 
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So far we have considered undoped intrinsic semiconductors, where number of electrons is the 

same as number of holes and their density can be written as: 

        (6) 

Where  is the band gap. The concentration of charge carriers can be changed by 

introducing dopants leading to extrinsic semiconductors. The charges can be electrons, holes, 

positively charged ionized donors (which donate electrons to the conduction band), and 

negatively charged ionized acceptors (which donate holes to the valence band). Under 

equilibrium conditions the total charge due to extrinsic impurities and charge carriers is zero, that 

is, the system contains no net effective charge. This is known as thecharge neutrality condition”, 

even though charged entities are present everywhere in the semiconductor. 

Mathematically charge neutrality condition is expressed as: 

         (7) 

where  are the number of holes, electrons, positively charged donors and 

negatively charged acceptors per unit volume. Using the charge neutrality condition and the 

relation  the carrier concentrations n and p under non degenerate conditions for an 

extrinsic semiconductor are given by: 

      (8) 

And, 

     (9) 
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These equations provide the electron and hole carrier densities in an extrinsic semiconductor. For 

intrinsic semiconductors substituting these into the equations above one find 

 under equilibrium conditions. For n-type extrinsic semiconductors, where the 

excess electron charge carriers are provided by donor impurities, . Thus 

for n-type extrinsic semiconductors the previous equations for electron and hole concentrations 

become: 

          (10) 

and similarly for p-type extrinsic semiconductors, where the excess charge carriers are holes and 

are provided by acceptor impurities In these materials the hole and 

electron carrier concentrations are given by: 

          (11) 

This flexibility in tuning the carrier concentrations and type of charge carriers in semiconductors 

make them useful for numerous microelectronic applications. In many cases, it is difficult to 

avoid introducing various defects during and subsequent to the fabrication process leading to 

highly degenerate systems. These accidental charge carriers cloak the intrinsic materials 

properties of the semiconductor and may make them unsuitable for the desired application. We 

will discuss the effect/influence of numerous defects introduced during and after the growth 

process for highly degenerate n-type InN and In2O3 compound semiconductors and will explore 

some possible application for these highly degenerate semiconductors. 

MULTIFERROICS AND MICROSCOPIC ORIGIN OF MULTIFERROICITY  

There was restored enthusiasm for multiferroics after N. Slope papers featuring that attraction 

and ferroelectricity are contraindicated because of the concoction incongruence of the physical 

source of these requesting marvels. By and large attraction emerges from the nearness of 

restricted electrons in halfway filled d or f shells of progress metal or uncommon earth particles. 
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The trade connection between these neighborhood minutes offers ascend to attractive requesting. 

On the other hand cations having void d-shells is required for ferroelectricity. For instance, the 

ferroelectricity in BaTiO3 is expected (in enormous part) to the off kilter removal of Ti particle. 

This off kilter relocation is just conceivable since the Ti4+ particle has a vacant d-shell. This 

challenge is alluded as d 0 versus d n issue. In this manner, distinctive infinitesimal systems are 

important to clarify the beginning of ferrelectricity in multiferroic materials. D. Khomskii 

subdivided multiferroics into type-I and type-II multiferroics, in light of their attractive and 

ferroelectric requesting temperatures. Those multiferroics for which the ferroelectric and 

attractive requesting temperatures are all around isolated are named type-I multiferroics. In these 

multiferroics the causes of attractive and ferroelectric requesting are free and particular. Two 

significant and broadly examined instances of type I multiferroics are BiFeO3 and YMnO3. 

Multiferroics where the attractive request delivers the ferroelectricity, so that the ferroelectric 

requesting temperature agrees with an attractive change, are called type-II multiferroics. A few 

instances of type-II multiferroics are Ni3V2O8, FeVO4, TbMnO3. 

MULTIFERROICS WITH COLLINEAR MAGNETIC STRUCTURE  

In this class of multiferroics, the Ferro power is driven by a collinear attractive stage. In this 

collinear attractive stage every single attractive minute are adjusted along a specific bearing 

without including the turn circle connection. The attractively initiated polarization in these 

frameworks is because of the trade striction in light of the fact that the attractive coupling shifts 

with nuclear positions. The as of late found Ca3CoMnO6 multiferroic display this conduct. This 

comprises of 1D chain of exchanging Co2+ and Mn4+ particles. Over the attractive requesting 

temperature, the separation between particles along chain is consistent, which doesn't support 

polarization. Be that as it may, beneath the attractive requesting temperature, a blend of rotating 

charge requesting of change metal particles of various valence, a comparable circumstance as 

clarified in "Electronic Ferro power" area, and an Ising-like attractive structure ↑↑↓↓ can offer 

ascent to Ferro power through trade striction. This trade striction is because of rivalry between 

closest neighbor (NN) ferromagnetic and next closest neighbor (NNN) antiferromagnetic super 

trade associations. 

CONCLUSION: 
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Materials that all the while display diverse physical properties give a rich region of research 

prompting the advancement of new gadgets. For instance, materials having a solid coupling 

among charge and turn degrees of opportunity are fundamental to understanding another class of 

gadgets alluded to for the most part as spintronics. Notwithstanding, these multifunctional 

frameworks present new logical difficulties in understanding the source and components for 

cross-control of various functionalities. Meager movies of In N nitride compound 

semiconductors and firmly related composites have been examined to comprehend the impacts of 

inborn deformities on the materials properties while considering potential utilizations of 

profoundly degenerate In N slight movies. As developed rf sputtered In N films on c-hub (0001) 

sapphire show profoundly degenerate n-type conduct because of oxygen absconds presented 

during development. The impact of oxygen In N grid has been additionally examined by 

purposefully including oxygen into the movies. These examinations affirm that oxygen is one of 

the principle wellsprings of giver electrons in degenerate In N. Over some basic grouping of 

oxygen, optional periods of In2O3 and In-O-N buildings were framed. It was likewise 

conceivable to tune the bearer fixation to create changes in the plasmon recurrence, which 

shifted from 0.45 eV to 0.8 eV. This trademark vitality scale recommends that these profoundly 

degenerate InN slim movies could be utilized for thermo photovoltaic cells, optical channels, and 

other IR electro-optic applications. 
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