
Microfabrication



Manhattan project (1940) 

Had about 3500 relays. If each relay worked for 10 years, 
you change 150 relays a day!  

Vacuum tubes were invented. It does not go bad 
so quickly. It can switch about 1000 times a 
second.



1959



Jack Kilby’s first IC – Phase shift oscillator
First Kilby style IC – Texas (1960)



1971 
Intel 4004
4 – bit processor
2300 transistors 



Just for the transistor

• 1833 – Michael Faraday – extra-ordinary conduction in AgS
• 1874 – Ferdinant Braun Semiconductor point contact rectifier
• 1901 – J. C. Bose Cat’s whisker detector for Radio waves
• 1926 – Julies Lilenfield Field Effect on electrical conduction
• 1931 – Alan Wilson – Theory of electronic conduction in 

semiconductors
• 1940 – Russel Ohl – Discovery of P-N junction in Si photovoltaics
• 1947 – Bardeen and Brattain – Transistor action with Ge point contact
• 1948 – W. Shockley – Detailed transistor model for current transport.  



Apple M3



It’s a problem of what takes



Refresher 





Metals

• 1s electrons behave  like He
• They start splitting , but at a 

smaller inter-atomic distance.
• Before that distance is 

reached, 2S electrons 
interact.
• They behave like 1S of hydrogen.
• N 2S states are seen whose 

separation depends on the 
interatomic distance. 

• A stable Li solid is formed, if 
the last filled state has a 
summed energy lesser than 
the individual summation! 



Energy bands in a metal

• All the valence electrons in the metal are delocalized. 
• Last occupied energy level at 0K – Fermi Level



A Semiconductor
• Let us take the example of Si
• 3S is occupied. Only 3P is in valence!. 
• However, 3S and 3P hybridize. 
• 3P states and 3S state combine to form 4 SP3 states. 



When solid Si is made,



Band structure of different materials



Intrinsic Conductivity

Resistivity 𝜌 = !
"#$ Intrinsic carrier concentration is 𝑛%



Intrinsic density of different semiconductors

• For Si, the expression for intrinsic carrier density is
𝑛! = 3.9×10"#𝑇
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Doping of semiconductors

• When As is added 
• 𝐴𝑠 → 𝐴𝑠+ + 𝑒&

• The electron is free 
to move throughout 
the material!

• Increasing 
conductivity



Extrinsic is not always Extrinsic! 

• An extrinsic 
semiconductor is 
characteristically 
different only under 
specific temperatures! 



Resistivity

• Resistance is measured. 

• 𝑅 = ,-
.

• Where, A is the cross section of 
current conduction
• L – length of conducting region.
• 𝜌 is called resistivity (Material 

property)
• 𝜌 = !

"#$



Semiconducting Device

N-Type substrate

P-type material

p-n junction





Three Terminal

• The question is then, how do we 
realize this in practice ? 



P-Type substrate

N-type N-type

Gate



MOSFET – Metal Oxide 
Field Effect Transistor

BJT – Bipolar Junction 
Transistor



Reason For Need for MicroFabrication
(Obvious)
• The need for computational power and memory increases 

exponentially
• The compute station also needs to be portable! 
• There is an obvious need for shrinking! 

Imagine, if we want to store – 1 GB of data in 1 meter2

1 bit will then be stored in ? 
There must be about 
30000 rows and columns! 

So, each row must be 33𝜇𝑚



Other additional constraints

• Speed:
• The total current in a Mosfet 𝐼' =

$(!")
* 𝑉+ − 𝑉,- .

• Shorter transistor will carry more current
• Larger current means faster transistor
• Lower voltage and power requirements!

• Reliability
• Smaller systems have precision movements. – Lower Inertia
• Smaller systems have lower thermal distortion

• Cost
• Accessible for mass/batch production. 



Microcharacterizatio and 
metrology



Various microcharacterization techniques

• Microscopy and visualization
• Lateral and vertical dimension measurements
• Optical material analysis
• Electrical characterization
• Other physical and chemical analysis.



Light Microscope and limitations



Diffraction from a circular slit
• The intensity profile is an Airy 

disk

• 𝐼 𝜃 = 𝐼!
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• Where a is the radius of the 
aperture. 

• HW: plot the function for 
different disk openings ‘a’

𝜃



Resolution limits

The smallest disk that be formed 
by a light of wavelength 𝜆 is given 
by '.#"/

0.

Two spots are resolvable if they 
barely touch each other! 



Abbe’s criteria
• Bright field (0th order diffracted beam cannot form a distinct image)
• Collection of at least the first order forms a defined image
• Higher the number of diffracted beams captured, better is the resolution. 
• Fortunately, the intensity of diffracted beams fall quickly with order, so 

first few orders are the most prominent
• However, smaller the particle size, larger the angle of diffraction

• This means, even the first order diffracted line will be farther for smaller particles

If an object doesn’t diffract light/ the objective lens does not collect diffracted light, no image is formed. 



Spatial Resolution of a microscope

• A point in the image plane (due to 
converging light beams of 𝜆) will 
have a minimum diameter 0.61 /

0.
• Two bright points in the image plane 

is considered to be resolved, when 
the peak of the second coincides 
with the first minima of the first 
source. 

Remember, the limit is not about resolving the smallest particle! 

It is about identifying two close lying particles are two separate particles. 



Electron Microscopy

Photo courtesy Kestas
Grigoras, Helsinki University of Technology



Different measurements using an electron 
microscope

• Elemental analysis
• Physical property 

measurements 
using cathodo-
luminescence
• Electron-

Diffraction and
other
measurements



Detectors tell it all

Sno Detector Sensitivity

1 BSE Atomic number contrast 

2 ET (-ve bias)

ET (+ve bias)

Atomic number contrast

Dominating topological contrast. 

3 In-Lens SE-I topological contrast ( you see what the beam 
sees)



High resolution transmission electron 
measurements

Buchanan, M. (1999), by permission of IBM;



Tip Based distance/height measurements

Nature Communications volume 7, Article number: 13009 (2016)

https://www.nature.com/ncomms


Scanning Tip Microscopes

Coutesy: Asylum research



Electrical Characterization

Resistance 𝑅 = 𝜌𝑙/𝐴

We define a quantity when L = W, R = RS  (Sheet Resistance)

𝑅& =
𝜌
𝑇
(
Ω
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When a thin film is measured with four probes, 

𝑅! =
𝜋

ln 2
𝑉
𝐼



Other Physico-Chemical Characterizations
• X-Ray Diffraction
• Cxrystal Orientation, texture
• Strain
• Grain size

• X-ray Photo-electron spectroscopy
• Auger Electron spectroscopy



Basic Properties of Si Wafers



Visualization of 
Diamond lattice

• Two inter-penetrating 
FCC lattices! 
• If both the lattice has 

the same atom, you 
have diamond! 
• Else you have the 

Zinc Blende


