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Abstract— Transparent electronics is an emerging field in 

electronics science which concentrates on producing 

‘invisible’ electronics circuit and optoelectronics devices. In 

the conventional Si/III-V based electronics, the structure is 

based on semiconductor junction & transistor. Although 

they have high conductivity, but lacking of optical 

transparency. However, the basic building material for 

transparent electronics which is to be transparent and in 

visible range is true challenge. Therefore to understand and 

implement such technology there are two scientific goals, to 

give a material which are optically transparent and 

electrically conductive and to implement an invisible 

circuitry. Development of such invisible transparent 

electronics needs expertise together from pure and applied 

science, material science, chemistry, physics & electronic 

science. Its application includes in our daily life electronic 

devices, new source of energy, and other advanced 

materials. 

Key words: Optical transparency, Electrical Conductivity, 

Degenerate Semiconductor         

I. INTRODUCTION 

TRANSPARENT ELECTRONICS, also called invisible 

electronics, is an emerging field in the electronics science. 

As for the conventional Si/III-V based electronics, the basic 

device structure is based on semiconductor junctions and 

transistors. To make the device building block materials, the 

semiconductor, the electric contacts, and the 

dielectric/passivation layers, transparent in visible is real 

challenge. Therefore, the first scientific goal of this 

technology must be to discover, understand, and implement 

transparent high-performance electronic materials. The 

second goal is their implementation and evaluation in 

transistor and circuit structures. The third goal relates to 

achieving application-specific properties since transistor 

performance and materials property requirements vary, 

depending on the final product materials science, chemistry, 

physics, electrical/electronic/circuit engineering, and display 

science. Mainly two technology is being used for the 

formation of transparent devices. These are : 

Transparent Conductive Oxide (TCO) 

Thin Film Transistors (TFTs) 

 In recent years, the classes of materials available 

for transparent electronics applications have grown 

dramatically. This area was dominated by transparent 

conducting oxides (oxide materials that are both electrically 

conductive and optically transparent) because of their wide 

use in antistatic coatings, touch display panels, solar cells, 

flat panel displays, heaters, defrosters and optical coatings. 

All these applications use transparent conductive oxides as 

passive electrical or optical coatings. The field of 

transparent conducting oxide (TCO) materials has been 

reviewed and may treatises on the topic are available. These 

new technologies requires new materials sets, in addition to 

TCO component, including conducting, dielectric and 

semiconducting materials, as well as passive components for 

full device fabrication. 

II. COLLABORATION OF OPTICAL TRANSPARENCY WITH 

ELECTRICAL CONDUCTIVITY 

Transparent conductors are neither 100% optically 

transparent nor metallically conductive. From the band 

structure point of view, the combination of the two 

properties in the same material is contradictory : a 

transparent material is an insulator which possesses 

completely filled valence and empty conduction bands; 

whereas metallically conductivity appears when the Fermi 

level lies within a band with a large density of states to 

provide high carrier concentration. 

To maintain the optical transparency, the bandgap 

between the conduction band and the valence band should 

be more than 3.1 eV, which enables the semiconductor to 

pass the visible range of light, with these purpose, we uses a 

different semiconductors from conventional one, while 

oxide group enable the semiconductor more conductive. 

Commonly used oxides are In2O3, SnO2, ZnO and CdO. In 

the undoped stoichiometric state, these materials are 

insulators with optical band gap of about 3eV.  
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In2O3 3.75 10,000 >10
21

 35 

ZnO 3.35 8,000 >10
21

 20 

SnO2 3.6 5,000 >10
20

 15 

Table 1: Comparative Study of TCO Material 

In2O3 with tin dopant, generally called ITO 

(Indium Tin Oxide) reports higher bandgap and greater 

conductivity than other oxide group, but due to less 

availability of Indium, leads to costlier and generation of 

poisonous gases leads to pulmonary diseases to the worker, 

ITO is less used for the production of transparent devices. 

So, ZnO is more preferable than ITO. The conductivity of 

the ZnO enhances by doping of Group III material (Al, Ga) 

or Group VII material especially fluorine. Fluorine provides 

the better choice for the production of various transparent 

devices. 

III. TECHNOLOGY USED IN TRANSPARENT ELECTRONICS  

A. Transparent Conductive Oxide (TCO): 

To become a transparent conducting oxide (TCO), these 

TCO hosts must be degenerately doped to displace the 

Fermi level up into the conduction band. The key attribute 

of any conventional n-type TCO host is a highly dispersed 

single free electron- like conduction band.  

Degenerate doping means the high and high level of doping 

and when the density state of electrons of dopant atom 

increases from the density state of electrons of the 

conduction band of the conductor, it leads to shift in the 
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Fermi level over conduction band, which is also called 

optical gap shift, and resultant semiconductor called 

degenerate semiconductor. Degenerate doping provides 

both: 

1) The high mobility of extra carriers (electrons) due 

to their small effective mass and 

2) Low optical absorption due to the low density of 

states in the conduction band.  

The optical gap shift mainly consists of two effects: 

1) Burstein-Moss (B-M) band filling effect 

2) Band gap narrowing (BGN) or Renormalization 

effect 

The well known optical band gap shift in heavily doped 

semiconductors occurs because the lower states in the 

conduction band are blocked. 

 
Fig. 1: The Shifting of Fermi Level in TCO 

As shown in above figure, due to heavy doping the 

band EBM blocked and Fermi level shift upon the conduction 

band. 

 
Fig. 2: Combination of BM Shift and Renormalization in 

Optical Band Shift 

The fig (II) explains the occurrence of resultant optical gap 

shift in the degenerate doping. Due to heavy doping the 

Fermi level shifts upon the conduction band,     BM and due 

to interaction of free electrons and the ionized impurities,   

RN, band gap narrowing occurs. The total optical band gap 

shift combines both effects.  

The fig(III) explaining the Burstein Moss shift in the band 

gap,     E is the Moss-Burstein shift. Due to degenerate 

doping the Fermi level shifts upon the conduction band, 

enabling the semiconductor to perform for transparency. 

 

 
Fig. 3: Band Shift Due To BM Effect 

Band gap narrowing is caused by the interactions 

of free electrons and ionized impurities. Due to the wave 

functions of electrons in the valence band and conduction 

band that is HOMO Highest Occupied Molecular Orbit and 

LUMO Lowest Unoccupied Molecular orbit respectively, 

which is also called as the tail state, the electrons reduces 

the band gap, which is named as band gap narrowing. As 

shown in fig. (iv) 

 
Fig. 4: Band Gap Narrowing Effect between the Conduction 

and Valence Band 

B. Transparent Thin Film Transistors (TTFTs): 

TTFTs constitute the heart of transparent electronics. The 

first focus on ideal behavior of n-channel TTFTs.  

 
Fig. 5: Transparent Thin Film Transistors 

 TTFTs constitute the heart of transparent 

electronics. 

 
Fig. 6: Construction of Transparent Thin Film Transistors 
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The coating of transparent conducting oxide layer 

done on the top of transistor, under which antireflection 

coating applied which makes the transistor transparent. 

 
Fig. 7: Different Layer of TTFTs 

 The issues raised to alternative device structures – 

double-gate TTFTs. 

 
Fig. 8: Different Types of TTFTs 

One of the two different types of TTFTs are 

staggered, bottom-gate since source-drain and gate contacts 

are located at the top and bottom of the device and another 

one shows a coplanar, top-gate structure in which the 

source-drain and the gate are all positioned on the top side 

of the TTFT 

IV. TRANSPARENT ELECTRONICS TECHNOLOGY 

The optical and transport properties of a conventional TCO 

are governed by the efficiency and the specifics of the 

carrier generation mechanism employed. Even in the most 

favorable situation, i.e. when the effects of dopant solubility, 

clustering, secondary phase formation and charge 

compensation can be avoided, large concentrations of 

electron donors (substitutional dopants and/or native point 

defects) not only promote the charge scattering but also may 

significantly alter the electronic band structure of the host 

oxide, leading to a nonrigid band shift of the Fermi level.  

A. Substitutional Doping: 

Substitutional doping with aliovalent ions is the most widely 

used approach to generate free carriers in TCO hosts. 

Compared with native point defects, it allows a better 

control over the resulting optical and transport properties as 

well as better environmental stability of the TCO films. 

Traditionally, same-period, next-row elements, e.g, Sn4+ for 

In3+ and In3+ for Cd2+, are thought to provide better 

compatibility and, thus, less disturbance in the host crystal 

and electronic structure. However, other dopants may prove 

beneficial for optimizing the properties for a specific 

application. For example, transparent conducting ZnO films 

have been prepared by doping with Group III (Al, Ga, In 

and B), Group IV (Si, Ge, Ti, Zr and Hf) and a Group VII 

element (F substituted at an oxygen site),giving rise to a 

wide range of electrical conductivities. Here we will give a 

detailed consideration to rock salt CdO, where the high 

crystal symmetry and the densely packed structure ensures 

the most uniform charge density distribution via the 

isotropic Ms–Op network. Compared with more complex 

In2O3 or SnO2, one can expect fewer ionized and neutral 

scattering centers and, hence, longer relaxation times. At the 

same time, introduction of dopants into the densely packed 

structure may significantly influence the Cds–

2phybridization and, therefore, alter the structural, electronic 

and optical properties of the host. A systematic comparison 

of CdO doped with In, Ga, Sc or Y, whoseionic radius and 

electronic configuration differ from those of the host cation, 

has revealed that  i) Substitutional dopants with smaller 

ionic radii compared with that of Cd shrink the lattice. The 

shrinkage, however, is not as large as expected from the 

Vegard’s law weighted average of the six-coordinated X3+ 

andCd2+ ionic radii. Moreover, in the case of X=In or Y, 

the lattice parameter is similar or even slightly greater than 

that of CdO (Table 2).One of the possible explanations is 

that the doping-induced shrinkage is compensated by an 

expansion mechanism which originates from the 

antibonding character of the conduction band formed from 

Cd 5sand O 2p states. The antibonding mechanism is 

dominant in In or Y doped CdO, while Sc or Ga have 

sufficiently smaller ionic radii to weaken Ms–Op 

hybridization and, thus, to compress the lattice.(ii) Weaker 

Cd5s–O2p hybridization associated with strong structural 

relaxation around dopant with a smaller ionic radius results 

in a smaller optical band gap (Table 2). Doping with Ga 

whose ionic radius is significantly smaller than that of Cd, 

reduces the optical band gap(to 2.53 eV) so that it becomes 

smaller than the one in undoped CdO(2.82 eV) – despite the 

doping-introduced BM shift of 2.3 eV. The smallest optical 

band gap in Ga-doped CdO as compared with In, Y and Sc 

cases was observed experimentally.Fig.4: Contour plots of 

the charge density distribution in In, Y, Sc and Ga-doped 

CdO illustrate considerable electron localization around Sc 

and Ga ions as compared with In and Y cases where the 

charge density is more uniform. The plots are calculated in 

the xy plane within the 2kT energy window near the Fermi 

level. The grey scale increases with charge; the same scale is 

used for all plots. Atoms within one unit cell are labeled.(iii) 

In and Y dopants preserve the uniform charge density 

distribution while Sc and Ga lead to significant electron 

localization around the dopant(Figure 4). The difference 

originates from the mismatch of the electronic configuration 

of the dopants and the energy location of the dopant empty p 

or d states with respect to the Fermi level. The Sc 3dstates 

and Ga 4p states are energetically compatible with the 

conduction 5s states of Cd, while theY4d and In 5p are 

located higher in energy. As a result, the contributions from 

the Sc d or Ga p orbitals become significant near the Fermi 

level: the Sc d orbital contribution is dominant (85% of the 

Sc total) and the Ga p and s orbitals give comparable 

contributions (60% and 40%, respectively). The anisotropic 

Sc d or Ga p orbitals form strong directional bonds with the 

orbitals of the nearest oxygen atoms resulting in significant 

charge localization which is clearly seen from the charge 

density distribution plots (Figure 4). (iv) The electron 

localization in Sc and Ga doped CdO results in a narrower 

conduction band and, hence, a reduction of the electron 

velocity as compared with In or Y (Table 2). Moreover, due 
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to the high anisotropy of the Sc d or Ga p orbitals, a 

significantly reduced velocity is found in the (Sc d orbitals) 

or (Ga p orbitals) directions so that anisotropic transport 

properties are expected.(v) The electron binding in Sc and 

Ga-doped CdO also leads to larger (in energy) optical 

transitions from the Fermi level (Ec in Figure 1), in contrast 

to the In and Y cases where the charge delocalization 

deminishes the second (hybridization) gap.(vi) Finally, we 

note that even in the In, Y and F cases where the dopant 

ionic radius and electronic configuration are similar to that 

of Cd or O, the optical properties are worse than expected 

from the rigid band shift( CdO + e-) (Table 2). However, the 

calculated electron velocity and the density of states for In, 

Y and F-doped CdO are similar to those obtained from the 

rigid-band model (Table 2). Both factors contribute to the 

conductivity s, given by the expression that the relaxation 

time will play the dominant role in determining the final 

carrier transport. [In Equation (1.2) e is the electron charge, 

is the volume of the Brillouin zone, k is the wave vector, is 

the band index, v is the electron group velocity and EF is the 

Fermi energy. Assuming that t is similar for all X3+ -doped 

systems, estimates of the Fermi electron velocity and the 

density of states at the Fermi level result in the trend 

In>Y>Sc>Ga, which is in agreement with experimental 

observations of the conductivity. 

B. Oxygen Reduction: 

Removal of an oxygen atom from a metal oxide leaves two 

extra electrons in the crystal. Whether one or both of these 

electrons become free carriers or remain localized at the 

vacancy site correlates with the oxide free energy of 

formation. In light metal oxides, such as CaO or Al2O3, 

where the formation energy is high, oxygen vacancies create 

deep charge localized states within the electronic bandgap 

known as color or F centers. A relatively low formation 

energy of the conventional TCOs favors large oxygen 

deficiencies even under equilibrium growth conditions, 

giving rise to the free-carrier densities of for In2O3 and ZnO. 

Electronic band structure investigations of oxygen deficient 

oxides showed that the oxygen defect (in notation the 

superscript stands for effective positive charge) corresponds 

to a non-conducting state associated with the filling of the 

lowest single conduction band by the two vacancy-induced 

electrons. Only if the vacancy is excited, e.g. via a photo 

excitation, or partially compensated to, does the single 

conduction band become half-occupied and conducting 

behavior may occur. In oxygen deficient TCOs, the 

conduction band wave function resembles the one in the 

corresponding hosts, i.e. it is derived from the M s and O p 

states (Figure 1).A relatively uniform charge density 

distribution suggests that the vacancy-induced electrons are 

delocalized. However, a more thorough analysis of reduced 

In2O3reveals that the metal atoms nearest to the oxygen 

defect give about two times larger contributions than the rest 

of the In atoms in the cell. As a result, there is a notable 

build-up of the charge density near the vacancy site. 

Importantly, the In atoms nearest the vacancy exhibit a 

reduction of the s-orbital contribution: the relative orbital 

contributions from the In s, p and d states are 81%, 8% and 

11%,respectivly, in contrast to 97% s-orbital contributions 

from other In atoms in the cell. The high anisotropy of the p 

and d orbitals favors stronger covalent (directional) bonds 

between the In atoms which surround the defect and their 

oxygen neighbors. These In–O pairs trap about 31% of the 

total charge density at the bottom of the conduction band. 

Similar behavior is found for other TCOs: in oxygen 

deficient CdO and ZnO, 18% and 39%, respectively, of the 

total charge density belong to the nearest (cation) and next 

nearest (oxygen) neighbors of the oxygen vacancy. The 

presence of oxygen vacancies leads to significant changes in 

the electronic band structure of a TCO host. To illustrate the 

typical behavior, we compare the results obtained for 

oxygen deficient and Sn-doped In2O3 (Table 3 and Figure 

5):Table3: Properties of oxygen-deficient and Sn-doped 

In2O3 as obtained from electronic band structure 

calculations within local density approximation. Values for 

undoped stoichiometric In2O3 found from a rigid band shift 

are given for comparison. The electron concentration is for 

all systems. (i) Strong structural relaxation around the 

vacancy reduces the distance between the In and O atoms 

nearest to the defect to2.12 (on average). This leads to an 

increased In–O distances for the atoms located further from 

the defect and, hence, to a weaker Ins–Op hybridization. As 

a result, the fundamental band gap and the optical transitions 

from the valence band (eV) are significantly reduced in 

oxygen-deficient In2O3 as compared with Sn-doped oxide. 

(ii) Owing to the stronger binding between the In and O 

atoms nearest to the defect, the lowest single conduction 

state occupied by the vacancy-induced electrons is split 

from the rest of the conduction band by a second gap. In 

marked contrast, the second gap is absent in the 

substitutionally doped oxide. This is a manifestation of a 

more uniform spatial charge density distribution, i.e. the 

charge delocalization. Note, the second gap previously 

reported for Sn-doped In2O3 vanishes upon structural 

relaxation around Sn ions.(iii) The increased charge density 

in the vicinity of the oxygen vacancy and the related 

narrowing of the conduction band give rise to the reduced 

electron velocity. At the same time, the density of states 

near the Fermi level increases. Since both factors contribute 

to the conductivity, the difference in the charge transport of 

the oxygen-deficient and Sn-doped In2O3 will be determined 

primarily by the relaxation time in the same equation. 

Qualitatively, the stronger structural relaxation with the 

atomic displacements around the oxygen vacancy being 

twice as large as those around Sn ions, implies a stronger 

charge scattering in oxygen deficient oxide. In addition, a 

shorter electron relaxation time in this case should be 

expected due to the Coulomb attraction of the free carriers 

to associated with its higher formation energy compared 

with that of, which is the ground-state defect. Moreover, due 

to the strong preference of the extra electrons to bind with to 

form, the charge transport will be adversely affected since 

the latter defect corresponds to a nonconducting state (a 

completely filled single conduction band).(iv) Due to the 

narrower conduction band in the oxygen-deficient oxide, the 

plasma frequency is expected to be significantly smaller 

than that in Sn-doped material. The plasma oscillations 

affect the optical properties: the electromagnetic waves of 

frequency below(and wavelength above) are reflected due to 

the electron screening. The plasma frequency is given by the 

expression: where e is the electron charge, is the volume of 

the Brillouin zone, k is the wave vector, is the band index is 

the electron group velocity and EF is the Fermi energy. Our 



Exploration of Transparent Electronic Devices 

 (IJSRD/Vol. 3/Issue 03/2015/149) 

 

 All rights reserved by www.ijsrd.com 622 

estimates for in the oxygen-reduced and Sn-doped In2O3 as 

well as the one obtained from the rigid band model are given 

in Table 3.In summary, compared with substitutional 

doping, oxygen reduction of a TCO host may result in 

higher carrier densities but would limit the electron mobility 

due to shorter relaxation times and considerable charge 

trapping near the vacancy site. Also, a weaker Ms–Op 

hybridization due to stronger structural relaxation around the 

vacancy significantly reduces the optical transparency 

window. There may be other native point defects that give 

rise to a conducting behavior in a TCO. For example, it was 

shown that interstitial Sn ions in SnO2 have low formation 

energies and produce donor levels inside the conduction 

band of this material. In this case, significant structural 

rearrangement associated with the formation of     Sn (II) O 

bonds as in SnO is expected to have an even stronger effect 

on the properties of the oxide host and to increase electron 

scattering. The above considerations demonstrate the 

advantages of employing substitutional doping as a primary 

carrier generation mechanism in conventional TCO hosts. 

However, notwithstanding the above limitations, we believe 

that varying the degree of nonstoichiometry may serve as a 

versatile tool for optimizing a TCO’s overall performance. 

V. DEAL OPERATION OF AN N-CHANNEL TTFT 

With the source grounded, a positive voltage is applied to 

the drain in order to attract electrons from the source to the 

drain. The amount of drain current, ID, which flows from the 

source to the drain depends upon whether or not an electron 

accumulation layer exists at the channel-insulator interface. 

No drain current flows if the gate-source voltage, VGS, is 

less than the turn-on voltage, VON, since electrons are not 

present in the channel. This situation is indicated in Fig. 8a. 

Thus, it is the low carrier concentration nature of the 

channel which holds off the flow of drain current between 

the source and the drain for VGS’s below VON. If a gate 

voltage, VGS, greater than VON is applied while a positive 

voltage exists at the drain, i.e., if VDS is positive, drain 

current flows, as indicated in Fig. 8b.Physically, electrons 

are injected from the source into the gate-bias-induced 

electron accumulation layer channel, are transported across 

this low-resistance accumulation layer, and are extracted at 

the drain contact. This electron transport process 

corresponds to the flow of drain current in the opposite 

direction, from the drain to the source. The magnitude of 

drain current flowing depends on the gate overvoltage, i.e., 

on VGS-VON, which determines the accumulation layer sheet 

charge density, and also on the magnitude of the drain 

voltage, which establishes the electric-field aided drift 

condition along the channel, from the source to the drain. 

For small VDS’s compared to the gate overvoltage (i.e., for 

VDS<<VGS-VON), drain current flow in the channel is 

describable using Ohm’s law, i.e., ID = VDS/RC(VGS), where 

RC(VGS) is the resistance of the channel, indicating that 

electron transport across the channel may be modeled as 

simply resistive. In fact, the channel resistance is indicate 

din Ohm’s law in the functional form RC(VGS) since the 

channel resistance depends on the accumulation layer sheet 

charge density, which is controlled by VGS. 

 
Fig. 9: Operation of an N-Channel TTFT 

As the magnitude of this applied positive drain 

voltage increases so that VDS is no longer negligible 

compared to the overvoltage (VGS -VON), ID is no longer 

Ohmic with respect to VDS, but, rather, becomes sublinear 

and eventually saturates when channel pinch-off occurs at 

VDS≡VDsat= VGS - VON. Pinch-off may be understood 

quantitatively by recognizing that the electron accumulation 

layer sheet charge density is given by Qn(y)=CG[V(y)- 

VON], where V(y) is the channel-insulator interfacial voltage 

drop along the channel from the source to the drain, with 

y=0 and y=L corresponding to distances along the channel 

at the edge of the source and the edge of the drain, 

respectively. At the drain edge of the channel, 

Qn(L)=CG[VGS -VDS-VON]. Thus, the accumulation 

layersheet charge density is equal to zero at y=L, and the 

channel is therefore depleted or ‘pinched off’, when the term 

in the square brackets goes to zero, leading to the pinch-off 

relationship as specified by the first entry in Table 7. This 

nonlinear, pre-pinch-off to saturated, post-pinch-off 

situation is sketched in Fig.8c, attempts to capture both the 

drain voltage-induced elimination of the electron 

accumulation layer channel near the drain-end of the 

channel, and the inherently2- dimensional nature of the 

TTFT electric field near the drain in this regime of device 

operation.Fig.8: Ideal n-channel transparent thin-film 

transistor (TTFT) operation.  

(a) Cutoff. Zero drain current (ID=0) occurs in cut-

off, which is defined by VGS<VON, and corresponds to a 

situation in which no electron accumulation layer exists at 

the channel-gate insulator interface. (b) Linear, pre-pinch-

off. ID is described by Ohm’s law [ID=VDS/RC(VGS)] at low 

VDS’s [VDS<<VGS-VON], corresponding to the formation of 

a uniform electron accumulation layer at the channel gate 

insulator interface from the source to the drain. Nonlinear, 

pre-pinch-off and, post pinch-off, saturation. ID becomes 

sublinear with respect to VDS and then saturates when 

VDS≡VDsat=VGS-VON because of the depletion or ‘pinch-

off’ of the electron accumulation layer at the channel-gate 

insulator interface near the drain. VDsat defines the 

boundary between pre-pinch-off and post-pinch-off or 
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saturation. Table 7: A summary of ideal, square-law theory 

TTFT device equations. A quantitative formulation of ideal 

TTFT operation is given according to square law theory 

(Borkan and Weimer 1963; Tickle 1969; Hong et al. 2007), 

as summarized in Table 7. Note that the linear or Ohmic 

regime, as indicated in Fig.8b, corresponds to the pre-pinch-

off limit in which VDS<<VGS-VON so that 

ID≈(W/L)μCG(VGS-VON)VDS, which means that 

RC(VGS)=(W/L)μCG(VGS-VON). Ideal aspects of square-law 

theory include the absence of sub threshold current (i.e., the 

sub threshold swing, S=0) and hard saturation of the drain 

current characteristics (i.e., in saturation, dID/dVDS = 0). 

VI. APPLICATIONS 

As the oxide semiconductors are wide band gap materials, 

transparent TFTs can be easily realized by the combination 

of transparent electrodes and insulators. Transparency is one 

of the most significant features of TAOS TFTs. As the 

bandgap of a-Si is 1.7 eV and that of crystalline-Si is 1.1 eV, 

‘transparent electronics’ cannot be realized in Si technology. 

In TAOS TFTs, features of high mobility or low process 

temperature have attracted a lot of attention. However, 

transparency has been underestimated or even neglected in 

the research and development of TAOSs. Few examples of 

actual applications have been reported exploiting the 

transparency of TAOSs until now. Transparent circuits will 

have unprecedented applications in flat panel displays and 

other electronic devices, such as see through display or 

novel display structures. Here, practical example staking 

advantage of the transparency of TAOS TFTs are: 

Reversible Display, ‘Front Drive’ Structure for Color 

Electronic Paper, Color Microencapsulated Electrophoretic 

Display, Novel Display Structure – Front Drive Structure. 

Indiumoxide nanowire mesh as well as indium oxide thin 

films were used to detect different chemicals, including 

CWA simulants. 

VII. FUTURE SCOPE 

It should be apparent from the discussion that although 

much progress has been made in developing new materials 

and devices for high performance transparent solar cells, 

there is still plenty of opportunity to study and improve 

device performance and fabrication techniques compared 

with the nontransparent solar cell devices. In particular, the 

stability of transparency solar cells has not been studied yet. 

Solution-process able transparent PSCs have become a 

promising emerging technology for tandem solar cell 

application to increase energy conversion efficiency. The 

transparency of solar cells at a specific light band will also 

lead to new applications such as solar windows. The field of 

energy harvesting is gaining momentum by the increases in 

gasoline price and environment pollution caused by 

traditional techniques. Continued breakthroughs in materials 

and device performance, accelerate and establish industrial 

applications. It is likely that new scientific discoveries and 

technological advances will continue to cross fertilize each 

other for the foreseeable future.  

 

 
Fig. 10: Future Application of Transparent Electronics 

VIII. CONCLUSION 

Oxides represent a relatively new class of semiconductor 

materials applied to active devices, such as TFTs. The 

combination of high field effect mobility and low processing 

temperature for oxide semiconductors makes them attractive 

for high performance electronics on flexible plastic 

substrates. The marriage of two rapidly evolving areas of 

research, OLEDs and transparent electronics, enables the 

realization of novel transparent OLED displays. This 

appealing class of see through devices will have great 

impact on the human–machine interaction in the near future. 

EC device technology for the built environment may emerge 

as one of the keys to combating the effects of global 

warming, and this novel technology may also serve as an 

example of the business opportunities arising from the 

challenges caused by climate changes The transparency of 

solar cells at a specific light band will also lead to new 

applications such as solar windows. The field of energy 

harvesting is gaining momentum by the increases in 

gasoline price and environment pollution caused by 

traditional techniques. 
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