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General Updates

• GlobalFoundries Tours

• Cool Courses!
- ECSE 4250: Integrated Circuit Process and Design
- ECSE/ENGR/ISCI 4961/6961 – Advanced Materials, Metrology, and Equipment for 
Semiconductor Manufacturing

• Mini-Colloquium is happening!

• April 18th

• Pizza

• Speakers

• Fun
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GlobalFoundries Tour 

GlobalFoundries Fab 8

• GlobalFoundries Headquarters 

• 30 minutes from Troy 

• Get to go into fab and see fab 

equipment in action

• When: Wed April 9th, ??am - ??pm

Early Interest Form!



ECSE 4250 - Integrated Circuit Process and Design 



ECSE/ENGR/ISCI 4961/6961 – Adv Mats, Metro, and Eqpt Semi Mfg 



General Updates

• Stuff

• Things

6



Overview

• Review of fabrication Techniques

• Spincoating

• Oxidation

• Physical Vapor Deposition

• Chemical Vapor Deposition

• Atomic Layer Deposition

• Electroplating
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Fabrication Techniques

• Lithography (Framing)

• Implantation (Modification)

• Deposition (Additive)

• Oxidation

• Plating

• Etching (Subtractive)

• Wet, Dry
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Fabrication Techniques- Lithography

• Technique used to define where you want a 

pattern to stick

• In Semiconductor industry, involves wavelengths 

of light reacting with a chemical below

• New material can be added on top, or this can 

be seen as a stencil where material is removed
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Fabrication Techniques- Implantation

• Used to modify properties of the wafer 

underneath

• In Silicon, dopants may result in excess electrons 

or holes (N, P-type)

• Slight changes in concentration results in large 

change in electrical conductivity (~100x)

• Always causes damage to substrate- must be 

repaired with an anneal step
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Fabrication Techniques- Deposition

• Additive technique for wafer fabrication

• 3 (main) types

• Oxidation

• Deposition

• Many sub-categories:

• CVD, LPCVD, PVD, PECVD…

• Electroplating
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Fabrication Techniques- Etching

Two important characteristics

• Selectivity: How quickly one material is etched relative 

to another

• Anisotropy Ratio: How quickly material is consumed 

in a certain direction versus another

Two main types

• Wet Etching (Typically with acids/other wet chemistry)

• Dry Etching (Typ. Reactive Ion Etching)
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Fabrication Techniques- Etching
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Why so many techniques
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• Cost

• Throughput

• Processing Temperature (Why?)

• Film Quality (What does this mean?)



Spincoating
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• Very frequent in lithography

• Must control substrate spin speed, fluid viscosity, fluid temp, etc.

• Can be very wasteful- Roughly 80% of material is flung off (non 

salvageable)

• Can be hardened afterwards with a hot plate, removing liquid from the 

wafer



Solar Cell Spincoating
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Starting Simple(?)- Oxidation
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• Deal-Grove Model

 -What does it mean to be “Rate limiting”

 -Imagine a flow through a manufacturing plant…

• Region 1: Gas flow rate (Diffusion to surface)

• Region 2: Diffusion of medium across SiO2

• Region 3: Chemical Reaction rate w/Silicon



Starting Simple- Oxidation
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• Region 1: Gas flow rate (Diffusion to surface)

 -Volumetric Flow rate

 -Pressure

• Region 2: Diffusion of medium across SiO2

 -Temperature

 -Medium of transport (What does this mean?)

 -Crystal Orientation of Silicon

 -Thickness of SiO2

• Region 3: Chemical Reaction rate w/Silicon

 -Temperature

 -Crystal Orientation of Silicon



Starting Simple- Oxidation (Values at 1050C)
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Starting Simple- Oxidation

20



Physical Vapor Deposition (Sputtering)
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• Similar to how Spray Paint works:
 -Spray small particles onto a surface. 
They’ll stick to a surface and each other

• Process is greatly enhanced when performed in 
a plasma

• Quality is typically mediocre (at best)

• Thickness agnostic!

• Performed at low temperatures!

• Moderately speed

• Moderate Throughput (single wafer at a time)
 



Physical Vapor Deposition (Thermal Evaporation)
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• As simple as boiling and condensing…

• Relatively low cost, but low quality films

• Imagine steam condensing on top of a pot of boiling 

water…

 



Chemical Vapor Deposition: Higher Uniformity at cost of efficiency

• CVD

• LPCVD

• PECVD

• MOCVD??

• ALD??? (More on this later)
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Chemical Vapor Deposition: Higher Uniformity at cost of efficiency

• Complex gases are put in chamber w/ wafers

• Gases, or precursors, must be selected such that they react with the surface

• After reaction, byproducts are “outgassed”

• Shown Below: TEOS (Common precursor for SiO2)

 -Much faster than thermal growth

24



Chemical Vapor Deposition Processes Compared
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Type CVD LPCVD PECVD

Operating Temp High (700-1100C) Med (600-900C) Low (100-400C)

Deposition Rate High Low-Med Med

Uniformity Medium High Med-High

Throughput Very High High Low-Med (small 

batch)

Operating Cost Low Med High

Equipment Cost Low Med High



What is MOCVD?

• Metal-Organic Chemical Vapor Deposition

 -Crucial for growth in complex semiconductors (E.g. GaAs)

• Typically not used for Silicon

• Similar to ALD, enables epitaxial growth of GaAs via III-V 

Semiconductors

• Can be used for GaAs lasers (Optical interconnects)
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Atomic Layer Deposition

• Just a more complex form of CVD…

• More expensive due to wasted gases

• System controls need to be extremely good
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Atomic Layer Deposition
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• https://www.atomiclimits.com/alddatabase/

https://www.atomiclimits.com/alddatabase/


Electroplating
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• Extremely common for depositing metal layers

• Utilize “Suppressors” and “Accelerator” materials 

to control growth rates, particularly in trenches

 Accelerator: PolyEthylene Glycol (PEG)

 Suppressor: 3-sulfapropyl disulfide



Electroplating
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The End
Thanks for listening!
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