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ABSTRACT 

IC Chips (or die) are fabricated on a thin 

slice of silicon, known as a wafer (or 

substrate).Wafers are fabricated in a facility 

known as a wafer fab, or simply fab. Wafer 

preparation: silicon is purified and prepared 

into wafers. Wafer fabrication: microchips 

are fabricated in a wafer fab by either a 

merchant. Chip supplier, captive chip 

producer, fabless company or foundry. 

Wafer test: each individual die is probed and 

electrically tested to sort for good or bad 

chips. Assembly and packaging: each 

individual die is assembled into its 

electronic Package. In PVD (Pressure 

vapour depositor) assembly wafers are 

coated under high temperature in vacuum. 

The silicon wafers are placed in a wafer 

table for coating. Temperature in the table 

should be uniformly distributed for better 

coating. Since aluminium is weightless and 

its alloys are better suited for semiconductor 

coating applications, wafer table is made of 

AL-6061-T6 alloy. Now the temperature 

applied to bottom of the table is not evenly 

distributed for wafer landing surface. To 

attain proper heat distribution in table AL-

6061-T6, AL-6063-T6 and AL-7075-T6 

alloys are tested .Specimens made of the 

above alloys are subjected to Tribological 

test and Thermal test. The best suited alloy 

with preferred heat transfer rate will be 

concluded for table. 

1. INTRODUCTION 

The 1950s saw the development of many different 

types of transistor technology, and lead to the 

development of the silicon age. The 1960s were an 

era of process development to begin the integration 

of ICs, with many new chip-manufacturing 

companies. The 1970s were the era of medium-scale 

integration and saw increased competition in the 

industry, the development of the microprocessor and 

the development of equipment technology. The 1980s 

introduced automation into the wafer fab and 

improvements in manufacturing efficiency and 

product quality. The 1990s were the ULSI integration 

era with the volume production of a wide range of 

ICs with sub-micron geometries. Silicon is an 

elemental semiconductor material because of four 

valence shell electrons. It occurs in nature as silica 

and is refined and purified to make wafers. Pure 

silicon is intrinsic silicon. Silicon atoms bond 

together in set, repeatable patterns, referred to as a 

crystal. Germanium was the first semiconductor 

material used to make chips, but it was sooner 

replaced by silicon. The reasons for this change are 

Abundance of silicon Higher melting temperature for 

wider processing range Wide temperature range 

during semiconductor usage Natural growth of 

silicon dioxide. Silicon dioxide (SiO2) is a high 

quality, stable electrical insulator material that also 

serves as a good chemical barrier to protect silicon 

from external contaminants. The ability to grow 

stable, thin SiO2 is fundamental to the fabrication of 

Metal-Oxide-Semiconductor (MOS) devices. Doping 

increases silicon conductivity by adding small 

amounts of other elements. Common dopant elements 
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are from trivalent, p-type Group IIIA (boron) 

andpentavalent, n-type Group VA (phosphorus, 

arsenic and antimony).It is the junction between the 

n-type and p-type doped regions (referred to as a pn 

junction) that permit silicon to function as a semiconductor. 

PVD is a special purpose machine used to coat silicon 

wafers. This machine contains three major divisions called 

Load lock, Process and Transfer chamber. Preheated 

Silicon wafers are transferred from Load lock to process 

chamber through robot. In Process chamber wafers will be 

placed in wafer table. .Ions from target will be coated on 

wafers placed on table. Temperature on table is maintained 

at high level for better sputtering .A water coolant will be 

passed through out the table for minimizing the heat. To 

improve the heat distribution in table the material 

behaviour is need to be tested. 

2. WAFER PREPARATION 

The cylindrical, single-crystal ingot undergoes a 

series of process steps to create wafers, including 

machining operations, chemical operations, surface 

polishing and Quality checks. The first wafer 

preparation steps are the shaping operations: end 

removal, diameter grinding, and wafer flat or notch. 

Once these are complete, the ingot undergoes wafer 

slicing, followed by wafer lapping to remove 

mechanical damage and an edge contour. Wafer 

etching is done to chemically remove damage and 

contamination, followed by polishing. The final steps 

are cleaning, wafer evaluation and packaging. 

3. PHOTO LITHOGRAPHY 

Modern photolithography is based on optical 

lithography, which consists of an ultraviolet light 

source, optical system, a reticle with a die pattern, an 

alignment system, and a wafer covered with a light-

sensitive photoresist. Wafer steppers and step-and-

scan systems have three basic purposes:  1) focus and 

align the wafer to the reticle           2) Reproduce a 

reticle image on the wafer through exposure     of the 

resist, and 3) meet wafer throughput objectives. A 

general trend is the    shorter the wavelength of the 

exposing light, the better resolution of the feature. 

4. PIN ON DISC METHOD 

For the pin-on-disk wear test, two samples are 

required. One, a pin with a radiused tip, is positioned 

perpendicular to the other, usually a flat circular disk. 

A ball, rigidly held, is often used as the pin specimen. 

The test machine causes either the disk specimen or 

the pin specimen to revolve about the disk center. In 

either case, the sliding path is a circle on the disk 

surface. The plane of the disk may be oriented either 

horizontally or vertically. Wear results may differ for 

different orientations. The pin specimen is pressed 

against the disk at a specified load usually by means 

of an arm or lever and attached weights. Other 

loading methods have been used, such as, hydraulic 

or pneumatic .Wear results may differ for different 

loading methods. Wear results are reported as volume 

loss in cubic millimetres for the pin and the disk 

separately. When two different materials are being 

tested, it is instated that each material be tested in 

both the pin and disk positions. The amount of wear 

is determined by measuring appropriate linear 

dimensions of both sample specimens before and 

after the test, or by weighing both sample specimens 

before and after the test. If linear measures of wear 

are used, the length and shape change of the pin, and 

the depth or shape change of the disk wear track in 

mm are observed by any suitable metrological 

technique, such as electronic distance gaging or 

stylus profiling. Linear measures of wear are 

converted to wear volume mm3 by using appropriate 

geometric relations. Linear measures of wear are 

used frequently in practice since mass loss is often 

too small to measure precisely. If loss of mass is 

measured, the mass loss value is converted to volume 

loss (in cubic millimetres) using an appropriate value 

for the specimen density. Wear results are usually 

obtained by conducting a test for a selected sliding 

distance and for selected values of load and speed. 

Wear results may in some cases be reported as plots 

of wear volume versus sliding distance using 

different specimens for different distances. Such plots 

may display non-linear relationships between wear 

volume and distance over certain portions of the total 

sliding distance, and linear relationships over other 

portions. Causes for such differing relationships 

include initial “break-in” processes, transitions 

between regions of different dominant wear 

mechanisms, etc. The extent of such non-linear 

periods depends on the details of the test system, 

materials, and test conditions. 
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4. PROCEDURE FOR WEAR TEST 

Immediately prior to testing, and prior to measuring 

or weighing, clean and dry the specimens. Take care 

to remove all dirt and foreign matter from the 

specimens. Use nonchlorinated, non-film-forming 

cleaning agents and solvents .Dry materials with 

open grains to remove all traces of the cleaning fluids 

that may be entrapped in the material. Steel 

(ferromagnetic) specimens having residual 

magnetism should be demagnetized. Report the 

methods used for cleaning. Measure appropriate 

specimen dimensions to the nearest 2.5 μm or weigh 

the specimens to the nearest 0.0001 g. Insert the disk 

securely in the holding device so that the disk is fixed 

perpendicular (61°) to the axis of the resolution. 

Insert the pin specimen securely in its holder and, if 

necessary, adjust so that the specimen is 

perpendicular (61°) to the disk surface when in 

contact, in order to maintain the necessary contact 

conditions. Add the proper mass to the system lever 

or bale to develop the selected force pressing the pin 

against the disk. Start the motor and adjust the speed 

to the desired value while holding the pin specimen 

out of contact with the disk. Stop the motor. Set the 

revolution counter (or equivalent) to the desired 

number of revolutions. Begin the test with the 

specimens in contact under load. The test is stopped 

when the desired number of revolutions is achieved. 

Tests should not be interrupted or restarted. Remove 

the specimens and clean off any loose wear debris. 

Note the existence of features on or near the wear 

scar such as: protrusions, displaced metal, 

discoloration, micro cracking, or spotting. Remeasure 

the specimen dimensions to the nearest 2.5 μm or 

reweigh the specimens to the nearest 0.0001 g, as 

appropriate. Repeat the test with additional 

specimens to obtain sufficient data for statistically 

significant results. Figure -1 represents the Pin on 

disc apparatus. 

 

 

 
    Fig - 1 Pin on disc Apparatus 

5. PIN FIN APPARATUS 

The apparatus consists of a pin type fin heated by a 

band heater at one end. A centrifugal blower draws 

air over the fin. Thermocouples are attached along 

the length of fin to note down the longitudinal 

temperature gradient. Heat input to the fin is 

measured from electrical input to the fin. Air flow is 

measured by an orifice and water manometer. Thus 

the students can conduct the experiments in natural 

and forced convection and at various airflow rates, 

various heat inputs and with fins of different 

materials.  

Range of experiments:  

1. To study temperature distribution along the length 

of Fin in both free & forced convection  

2. Comparison of theoretical temperature distribution 

with experimentally obtained distribution. 

Experimental setup: 

 1. Band Heater Assembly.  

2. Pin type Fin.   

3. Blower Unit with orifice & manometer     

arrangement for measurement.  

4. Duct in which fin is fitted.  

5. Set of thermocouples  

Control Panel:  

1. Channel Digital Temperature Indicator  

2. Dimmerstat: 0 - 2 A. 

3. Main’s On / Off Switch.   

4. Voltmeter: 0 - 250 V.  

5. Ammeter: 0 - 3 A.  

6. Blower On/Off Switch.  

Figure -2 represents the Pin Fin apparatus. 
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Fig - 2 Pin Fin Apparatus 

 

6. ANSYS ANALYSIS 

Heat conduction in existing wafer table is analysed 

through ANSYS software. ANSYS is a general 

purpose finite element modeling package for 

numerically solving a wide variety of mechanical 

problems. These problems include: static/dynamic 

structural analysis (both linear and non-linear), heat 

transfer and fluid problems, as well as acoustic and 

electromagnetic problems .Ansys is a suite of 

powerful engineering simulation programs based on 

the finite element method, that can solve problems 

ranging from relatively simple linear analysis to the 

most challenging non-linear simulations 

Ansys design Modeler Features include: 

 Creating design models is a core part of the 

product development process and the first 

step in the simulation process. These 

models can be geometric forms 

representing actual design details or they 

can be approximations of the designs using 

simplified components like beams and 

plates. Besides being an essential 

component of engineering simulation, 

geometry also links engineering simulation 

with design and manufacturing and thereby 

plays a critical role in Simulation Driven 

Product Development. 

 

 With direct interfaces to all major computer-

aided design (CAD) systems, support of 

additional readers and translators, and an 

integrated geometry modeler exclusively 

focused on analysis, ANSYS offers the 

most comprehensive geometry-handling 

solutions for engineering simulation in an 

integrated environment. 

Aluminium wafer table is 3D modeled in Autodesk 

Inventor 2014 and converted into STEP file. The step 

file thus modified is inserted into ANSYS interface 

and boundary conditions are applied.  Figure 3 shows 

the CAD model before applying boundary condition. 

 

Fig - 3 Table before applying boundary condition 

BOUNDARY CONDITIONS: 

Density: 2688.8 kg m^-3 

Specific heat: 891.99 J kg^-1 C^-1 

Thermal Conductivity   : 163 W m^-1 C^-1 

 

Fig – 4 Table after applying boundary condition 

 

Average Temperature at the bottom of the plate = 

200°C 
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Temperature gained at the wafer landing surface = 

129 °C 

7. HARDNESS TEST OF ALLOYS 

 

Since the specimens used for analysis  are roughly 

bought from vendors. To assure the surety of 

material. Harness test is conducted on the below 

given alloys  

 

 AL 6061-T6= 95BHN 

 AL 6063-T6= 95BHN 

 AL 7075-T6=150BHN 

8. WEAR RESULTS ON PIN ON DISC 

 

Table-1-Wear Test Result – AL 6061-T6 –Phase 1  
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Table-2-Wear Test Result – AL 6061-T6 –Phase 2  
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Table-3- Wear Test Result – AL 6063-T6 –Phase 1  
  

 
 

Table-4- Wear Test Result – AL 6063-T6 –Phase 2 
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Table-5- Wear Test Result – AL 7075-T6 –Phase 1 

 

 
 

Table-6- Wear Test Result – AL 7075-T6 –Phase 2 
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8. PIN FIN APPARATUS SPECIMEN: 

 
 Heat transfer inside flow passages can be enhanced 

by using passive surface modifications such as rib 

tabulators, protrusions, pin fins, and dimples. These 

heat transfer enhancement techniques have practical. 

Application for internal cooling of turbine airfoils, 

combustion chamber liners and electronics cooling 

devices, biomedical devices and heat exchangers. 

The heat transfer can be increased by the following 

different Augmentation Techniques. They are 

broadly classified into three different categories:  

(i) Passive Techniques  

(ii) Active Techniques  

(iii) Compound Techniques. 

 

Figur5- shows the specimen made of cast iron 

 

 
Fig – 5 Existing specimens made of cast iron 

 

Fig – 6 Rough specimens made of AL alloys 

 

 

Fig – 7 Dimension of specimen 

 

Fig – 8 Machined pieces of Aluminium specimens 

9. CONCLUSION: 

The experiment is conduct to investigate the effect of 

dimple on the pressure loss and heat transfer 

characteristics in pin-fin dimple channel, where 

dimples are located on the pin-fins. A aluminum fin 

of rectangular cross section with various dimple 

depth is fitted in a long rectangular duct. The other 

end of the duct is connected to the delivery side of 

the blower and the air flows past the fin 

perpendicular to its axis. One end of the fin project 

outside the duct & is heated by a heater. 

Temperatures at five points along the length of the fin 

are measured by Chromel alumen thermocouples 

connected along the length of fin. The air flow rate is 

measured by orifice meter fitted on the delivery side 

of blower. The experiment conduct for the pin-fin 

dimple with various dimple depths have been 

obtained and compared with each other for Reynolds 

number also analyses the further improvement in 

convective heat transfer performance. 
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