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Abstract 

In this materialistic world there are people who want to transparent enough in thier work, these ideas have let 

the start of using glass as their partitions for cabins, and now it has extended to use it like a decorative aspect by replacing 

the concreate elevation. Let it be from a small restaurant to a sky scraper everyone are using glass as their elevation 

walls. It is obvious that glass exterior adds beauty to the buildings, but the criticizing arises when we talk about the 

disadvantage of these. The major drawback is that the elevation glasses cause a lot of radiation for which the air 

condition effect is drastically increased and it allows major account amount of infrared and ultraviolet rays to enter into 

the building which cause major thermal instability for the building. In order to overcome these drawbacks here comes 

a smart solution the transparent thermal insulation coating for glass materials. 

In this project we propose the capabilities of transparent glass with energy saving and heat insulation for above 

mentioned issues. An optical thin film coating technology is used for coating on the transparent glass to achieve an 

infrared ray shielding effect especially to prevent rising temperature easily of indoor room. That is infrared ray incidence 

from outdoor and the thermal flux effect of the transparent window influent the indoor room temperature. In winter the 

outdoor temperature is increased more easily by infrared ray incidence. However thee heat insulation window allows 

98% of visible light penetration through the window and also allows 90% of infrared light reflection and roughly 10% 

of infrared penetration into indoor. The coated layer has many characteristics such as high visible light penetration, high 

reflection of mid-infrared ray and so on. Also, it features the following significant merits when compared to the common 

glasses  and conventional agricultural coated glasses 

 

Keywords:-infrared, ultraviolet rays, light penetration, conventional agricultural coated glasses. 

 

1. Introduction 

The glass is an important building material and 

has been used increasingly in industry because of the 

growing demands and decoration purposes. With taking 

aesthetic and appearance characteristics of glass into 

consideration, people are also paying more attention on 

its abilities of control heat and cooling costs as well as 

sunlight projection. Due to high heat, glasses of 

Window Panels in our offices, homes, Glass Fascia of 

malls, big offices & windshield of cars & other 

automobiles gets over heated and make the place 

unbearable to live in, as glass has the tendency of 

trapping the heat by not letting it to go anywhere which 

is known as Green House Effect. Windows are 

responsible for over 25% & glass façade is responsible 

for over 45% of heat transfers. It takes more power & 

time for air conditioners to make it comfortable, thus, it 

also increases the cost & the gases which come out of 

these also harm our atmosphere. Also reduces the 

efficiency in work. 

 

Generally there was a use of black tint film to 

the car windshields and for glass elevations but these 

black films are banned by government due to prior 

security reasons. Due to which the heat and radiation 

from the sun is directly passed into the vehicles and 

indoor environment which is leading to higher 

refrigeration effect which in turn leads to higher power 

consumption and increases green house effect gases 

like. So in order to resolve these consequences of using 

glass exteriors here we are proposing a transparent 

thermal coating for glass materials by use of indium tin 

oxide (ITO). 

 

1.2 Indium Tin Oxide (Ito): 

Is a ternary composition of indium, tin and 

oxygen in varying proportions. Depending on the 
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oxygen content, it can either be described as a ceramic 

or alloy. Indium tin oxide is typically encountered as an 

oxygen-saturated composition with a formulation of 

74% In, 18% O2, and 8% Sn by weight. Oxygen-

saturated compositions are so typical, that unsaturated 

compositions are termed oxygen-deficient ITO. It is 

transparent and colorless in thin layers, while in bulk 

form it is yellowish to grey. In the infrared region of the 

spectrum it acts as a metal-like mirror. 

 

Indium tin oxide is one of the most widely used 

transparent conducting oxides because of its two main 

properties: its electrical conductivity and optical 

transparency, as well as the ease with which it can be 

deposited as a thin film. As with all transparent 

conducting films, a compromise must be made between 

conductivity and transparency, since increasing the 

thickness and increasing the concentration of charge 

carriers increases the material's conductivity, but 

decreases its transparency. 

 

Thin films of indium tin oxide are most 

commonly deposited on surfaces by physical vapor 

deposition. Often used is electron beam evaporation, or 

a range of sputter deposition techniques. 

 

1.2.1.BASIS FOR NOMINATION: 

 

Indium tin oxide (ITO) was nominated by the 

National Institute of Environmental Health Sciences for 

comprehensive toxicological characterization based on 

increasing potential for worker exposures due to its 

growing use in liquid crystal displays (LCDs), concern 

for pulmonary toxicity and carcinogenicity based on 

previous findings from NTP rodent toxicology. 

 

studies of indium phosphide and effects 

observed in exposed workers, and lack of adequate 

toxicity data. Numerous wet chemical (aqueous or 

organic solvent) and thermal processes are available for 

producing ITO powders and thin film coatings. 

Commonly, indium oxide and tin oxide powders are 

blended together then compacted by hot or cold isostatic 

pressing or by sintering to make ITO sputtering targets 

(compressed blocks of ITO powder). ITO may be 

formed directly during a coating process, e.g., reactive 

sputtering from indium-tin alloy targets in the presence 

of oxygen. Its primary application is as a thin coating 

on glass or plastics used for touch panels 

(electrochromic, electroluminescent, and LCDs); 

plasma displays; flat panel displays (televisions, 

computer screens, cell phones, etc.); field emission 

displays; heat reflective coatings; solar panels; cathode-

ray tubes; energy efficient windows; gas sensors; and 

photovoltaics. 

 

It is also coated on aircraft and automobile 

windshields for demisting and deicing. Workers 

engaged in finishing compacted ITO targets by wet 

grinding in a Japanese plant that manufactured ITO 

sputtering targets exhibited lung disease, the severity of 

which generally increased with duration of exposure 

and with serum indium concentrations. Two of five 

cases from the same Japanese plant experienced 

bilateral pneumothorax and at least one of these cases 

died. One of the five workers, diagnosed with lung 

fibrosis, improved upon removal to another work area. 

A cohort study of 108 workers from this plant reported 

that 23 (21%) had significant interstitial changes and 14 

(13%) had emphysematous changes. Only modest lung 

function decrements were noted. These conditions were 

reported to most likely be due to inhalation of 

micrometer-sized ITO particles. High serum 

concentrations of indium in a large fraction of the 

workers and former workers indicated indium 

dissolution from ITO particles. 

 

2. Literature Review 

 

In this section, the works done by various authors 

have been reported as a literature review. 

 S.H. Mohamed, F.M. El-Hossar, G.A. Gamal 

and M.M. Kahlid (Received September 5, 2008; revised 

version October 21, 2008). Properties of Indium Tin 

Oxide Thin Films Deposited on Polymer Substrates. 

ITO films have been prepared on polymer substrates 

using various techniques, such as radio frequency 

magneto sputtering , ion beam assisted deposition. 

 Ching-Mu,Chen,Shen-Yuar Chen,Wei -Ching 

Chuang and Jen-Yu Shieh. This paper proposes 

capabilities of transparent glass window design with 

energy-saving and heat insulation for carbon reduction 

issues. 

Jianming Zhou. Indium tin oxide (ITO) 

deposition, patterning and Schottky contact 

fabrication(2006) 

 G-Plus Windshield Coatings Dean Matson 

(PNNL) Kuaku Koram (PPG) August 2002. 
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 Carli, Inc. is Your Building Energy Systems 

and Technology Choice Mathematical models for 

Calculation of thermal performance Of glazing systems 

(2006). 

 A computational method for calculating heat 

transfer and airflow through a dual-airflow window 

Jennifer R. Gosselin, Qingyan (Yan) Chen (2008). 

 Heat transfer on a vehicle windshield: an 

experimental and numerical study Subrata Roy, Karim 

Nasr, Paresh Patel and Bashar abdulnou (2001).  

 

3. Optical Coating Technology used in this 

Project magnetron sputtering process: 

During the last decade the dc and rf sputtering 

techniques have been used extensively in their two 

configurations — balanced and unbalanced magnetron. 

The main applications have been in the fields of 

industry and research. Examples of industrial 

applications are: decorative thin films (Raymond & 

Baham, 1999), hard wear-resistant thin films (Rodil & 

Olaya, 2006), low-friction thin films (Heimberg et al., 

2001) corrosion-resistant thin films (Flores et al., 2006), 

and thin films used as a protective optical system 

(Stefan et al., 2008), as well as maybe the most 

interesting applications, thin films used in the electronic 

industry 

In the research field, the investigation has been 

oriented toward understanding the main physical 

mechanisms, such as: interaction between 

chargedparticles and the surface of the target material, 

adherence between the substrate and the deposited 

material, and chemical reactions near the substrate, as 

well as the influence of the deposit parameters 

(substrate temperature, working pressure, density 

power applied to the target). 

This research has produced thin films with a 

high degree of crystallinity and with the possibility of 

various industrial applications. Moreover, researchers 

have made an effort to improve the system of operation. 

These efforts have been initiated through the so-called 

conventional or balanced magnetron sputtering in the 

early 1970s (Waits R, 1978), followed by the 

development of unbalanced systems in the late 1980s 

(Window, 1986) and its incorporation into multi-source 

“closed-field” systems in the early 1990s (Teer, 1989). 

Finally, the sputtering technique can increase 

the rate of deposition and ion energy by applying a 

unipolar high power pulse of low frequency and low 

duty cycle to the cathode target, referred to as high-

power impulse magnetron sputtering (HiPIMS) or high-

power pulsed magnetron sputtering (HPPMS). 

Common to all highly ionized techniques is very high 

density plasma. Implementing these discharges in 

sputter deposition technology modifies the surface of 

components, bringing improvements in mechanical, 

chemical, optical, electronic, and many other properties 

of the material. Highcurrent glows are transient 

discharges operating at simultaneously high voltage (> 

300 V) and high current density (> 100mAcm−2). 

They have recently proven successful for the 

deposition of thin-film materials. These developments 

have made it possible to have an exceptionally versatile 

technique, suitable for the deposition of high-quality, 

well-adhered films of a wide range of materials with 

high rates of deposition. Table 1 show the main 

applications obtained in the last decade with the 

magnetron sputtering (balanced and unbalanced) rf and 

dc versions. In sputtering there are two means of 

operation: dc (diode and triode) and ac 

(radiofrequency), which also function in two 

configurations: magnetron dc (balanced and 

unbalanced) and magnetron ac (balanced and 

unbalanced). 

In dc (diode) discharge, the cathode electrode is 

the sputtering target and the substrate is placed on the 

anode, which is often at ground potential (Vossen 

&Cuomo, 1978). The applied potential appears across a 

region very near the cathode, and the plasma generation 

region is near the cathode surface. The cathode in dc 

discharge must be an electrical conductor, since an 

insulating surface will develop a surface charge that will 

prevent ion bombardment of the surface. This condition 

implies that dc sputtering must be used to sputter simple 

electrically conductive materials such as metals, 

although the process is rather slow and expensive 

compared to vacuum deposition. 

An advantage of dc sputtering is that the plasma 

can be established uniformly over a large area, so that a 

solid large-area vaporization source can be established. 

On the other hand, in dc sputtering the electrons that are 

ejected from the cathode are accelerated away from the 

cathode and are not efficiently used for sustaining the 

discharge. 

To avoid this effect, a magnetic field is added 

to the dc sputtering system that can deflect the electrons 

to near the target surface, and with appropriate 

arrangement of the magnets, the electrons can be made 

to circulate on a closed path on the target surface. This 

high current of electrons creates high-density plasma, 
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from which ions can be extracted to sputter the target 

material, producing a magnetron sputter configuration 

(Penfold, 1995). A disadvantage of the magnetron 

sputtering configuration is that the plasma is confined 

near the cathode and is not available to active reactive 

gases in the plasma near the substrate for reactive 

sputter deposition. 

This difficulty can be overcome using an 

unbalanced magnetron configuration (see Fig, where 

the magnetic field is such that some electrons can 

escape from the cathode region (Windows & Savvides, 

1986). A disadvantage of the unbalanced magnetron is 

that the current of escaping electrons is not uniform, and 

the plasma generated is not uniform. In ac sputtering, 

working at frequencies below about 50 kHz, the 

potential on the target is periodically reversed, and the 

ions have enough mobility so that a dc diode-like 

discharge, where the total potential drop is near the 

cathode, can be formed alternately on each electrode. 

4. Experimental Setup 

 

To show the difference in properties between 

the coated glass and non coated glass we have an 

experimental setup. The Experimental set up is the main 

stage in this process, before getting into the process we 

should have to know about the basic requirements of the 

process. 

4.1Requirements 

1. Wooden Board 

2. Lamp 

3. Coated glass (ITO) 

4. Non coated glass 

5. Thin copper sheets 

6. Digital thermocouples 

7. L-CLAMPS 

These are the main basic requirements of the 

experimental set up. 

4.2 Procedure 

1. First take the wooden board and keep the 

surface of the wooden board clean. 

2. Now take the lamp which is the main heat 

source for the coated and non coated glasses and place 

this heat lamp on the wooden board at a particular place 

where the heat from the lamp is equally distributed to 

the both coated glass and non coated glass. 

3. Now fix the lamp to the wooden board 

carefully. 

 

 
 

 

 

 

 

 

 

 

Fig.4.1experimental set up of testing of ITO coated 

glass 

4. This lamp can be run with the external power supply 

or with internal power (battery). 

 

5. Now take the both coated and non coated glasses 

and pace this glasses on the wooden board 

 

6. With the help of L-CLAMPS the coated     

    and non coated glasses can be placed     

     perfectly on the wooden board  

7. Maintain a particular gap between the glasses 

 

8. the coated and non coated glasses must  

    be place in front of the heat lamp to  

    receive light and heat from the heat  

    lamp  

9. Now take the two copper thin sheets 

 

10. Fix the copper sheets besides the both                                                     

      coated and non coated and non coated   

       glasses 

 

11. Maintain a particular gap from the        

      coated glass fix the thin copper sheet  

       beside the coated glass 

 

12. Fix the another thin copper sheet       

      beside the non coated glass 

 

13. Now connect the digital thermo couple        

       to the copper sheets to know the   

      temperature differences between the  

       coated and non-coated glasses  

These are the arrangements of the experimental set 

up 

4.3 Working Procedure: 

Now switch on the lamp with the help of the 

external or internal source of energy. The light rays 
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from the lamp will be focused on the both coated and 

non coated glasses equally 
 

The heat and light from the lamp will be 

observed by the both coated and non coated glass  

 

 

 

 

 

 

 

Fig:4.2 Rejection of heat and radiation 

 

Due to the coating the glass with ITO the coated 

glass will reflect the heat and decrease, But on the other 

side non coated glass will receive the heat and light 

directly without any reflection 

 
 

 

Infrared light 

 incidence  

through L 
 

 

 
90%infrared 

 Light 

 reflection  

Fig:4.3 Light penetration through glass 

 

Due to this heat the temperature of the thin 

copper sheets will increases 

Now note the temperature of the copper sheets 

with the help of the thermocouples There will be raise 

of temperature difference between the copper sheets 
 

The copper sheet behind the non coated glass 

will absorbs the high temperature than the copper sheet 

which placed behind the coated glass Thus by the given 

experimental set up we can know the amount of heat 

reduced by the coated glass 

 
4.4 Result 

 

The scaled down version of energy-saving 

experimental model and four coated glass are sealed 

with silicon. The glass on the left is multi-layer coated 

with dielectric coating material compared to the non-

coated control model on the right. 

 

 

 
Fig:4.4 Working model setups 

 

The left model is the infrared ray reflection and shields 

the most of the heat source while the temperature on the 

right model would rise over thetime. 

 

Fig:4.5 variation of coated and noncoated 

glasses with respect to time 

 

Based on the comparison of using the 150W bulb for 

5minutes duration, there is a temperature variance of 
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about 10℃. Fig 8 shows the side view of the scaled 

down experimental models with energy-saving 

windows .fig 4.5 is a comparison chart to simulate 

150W bulb irradiation for 5 minutes duration. Serial 1 

represents the experimental results of glass with special 

coating material. Serial 2 represents the non-coated 

control group. It is found after 5 minutes of irradiation; 

there is a temperature variance of about 10℃. 

 

5. CONCLUSION  

 
The current existing heat insulation films tend 

to generate a mutual contradiction between the 

transmittance of visible light, the lower of the heat 

insulation effect is; in particularly for models coated or 

incorporated with metallic content. 

As the coating technology is adopted by this 

proposed paper and utilized the indium tin oxide as a 

major raw materials on the heat insulation glass 

window, its visible light transmittance is able to reach 

as high as 98%, and capable of shielding 90% of near-

infrared light and allowing 10% of infrared light 

penetration. 

By using the indium tin oxide coated glass for 

room or a house we can decrease the temperature inside 

the room upto 10-12 degrees. We can reduce the 

refrigeration effect and the energy savings is up to 30 -

40 % 
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