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Introduction:
Basic N-MOSFET Process Sequence
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Part 1.
Details of Processes

1.Oxidation

2.Photo-Lithography

3.Ion-Implantation

4.Diffusion

5.Etching

6.Film Deposition
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1. Oxidation: Thermal Oxidation of Silicon
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1. Oxidation: Fick’s First Law of Diffusion
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1. Oxidation: Local Oxidation of Silicon 
(LOCOS) to isolate MOSFETs
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1. Oxidation: Shallow Trench Isolation (STI)
for minimizing the MOSFET pitch
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1. Oxidation: Deep Trench Isolation (DTI)
for further minimizing the MOSFET pitch
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2. Photo-Lithography: 
Example to form SiO2 island
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2. Photo-Lithography: Mask (example)
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2. Photo-Lithography: Process Sequence
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2. Photo-Lithography: Related Optics
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2. Photo-Lithography: Optical Source
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2. Photo-Lithography: Example of 
DoF Problem
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2. Photo-Lithography: Sub-resolution 
issue and Phase shifting mask
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2. Photo-Lithography: Etching and 
Photoresist
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2. Photo-Lithography: Photoresist types
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2. Photo-Lithography: Positive PR mechanisms
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2. Photo-Lithography: Negative PR mechanisms
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3. Ion-Implantation: Set-up
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3. Ion-Implantation: Mathematical Model

http://210.101.116.15/kiss5/viewer.asp
Further reading

(my paper):
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3. Ion-Implantation: Projected Range

Projected Range:

Implanted depth

Deeper

as a lighter one
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3. Ion-Implantation: Straggle

Straggle:

Spreading width

Wider

as a lighter one
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3. Ion-Implantation: Selecting and Masking

Selecting Masking
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3. Ion-Implantation: Masking
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3. Ion-Implantation: Junctions
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3. Ion-Implantation: Channeling
Channeling: Dependence on implantation angle



반도체반도체반도체반도체공정공정공정공정이론이론이론이론교육교육교육교육 (기초기초기초기초)

3. Ion-Implantation: Lattice Damage
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3. Ion-Implantation: Typical Annealing
to recover the damage, and issue

D*t product is high  spreaded
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3. Ion-Implantation: RTA (Rapid Thermal 
Annealing)
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4. Diffusion Process: Overview
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4. Diffusion Process: Fick’s First Law
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4. Diffusion Process: Fick’s Second Law
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4. Diffusion Process: Profile Function 1 
= Complementary Error Function
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4. Diffusion Process: Profile Function 2 
= Gaussian Function (for a fixed dose)
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4. Diffusion Process: Comparison
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4. Diffusion Process: Diffusion Coefficients



반도체반도체반도체반도체공정공정공정공정이론이론이론이론교육교육교육교육 (기초기초기초기초)

4. Diffusion Process: Diffusion 
Coefficients and Activation Energy
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4. Diffusion Process: P-N Junction 
(example)
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4. Diffusion Process: Two-Step Diffusion
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4. Diffusion Process: Masking
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4. Diffusion Process: Limit of Diffusion
= Solid Solubility Limit
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5. Etching: Figure of Merit
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5. Etching: Wet etching (Isotropic)
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5. Etching: Wet etching selectivity
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5. Etching: Wet Etching of Insulator 
(example: SiO2)
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5. Etching: Wet Etching of Metal
(example: Aluminum)
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5. Etching: Wet Etching of Semiconductor 
(example: Silicon)
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5. Etching: Wet Etching Issues
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5. Etching: Dry Etching (RIE)
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5. Etching: Dry Etching (RIE) Sequence



반도체반도체반도체반도체공정공정공정공정이론이론이론이론교육교육교육교육 (기초기초기초기초)

5. Etching: Dry Etching (RIE) Issues
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5. Etching: RIE Example (Aluminum)
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5. Etching: RIE Example (Deep Trench)
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6. Film Deposition: CVD
(Chemical Vapor Deposition)
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6. Film Deposition: CVD Process
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6. Film Deposition: CVD Example: Poly-Si
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6. Film Deposition: CVD Example: Metal
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6. Film Deposition: CVD Example: Metal:
Contact
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6. Film Deposition: Epitaxy (direct 
deposition without precursors)
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Part 2. Appendix: 
MOSFET Process and Issues
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MOSFET Structure and Model
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Threshold Voltage and Substrate Doping 
Density
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Substrate Doping and Junction 
Breakdown
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Substrate Doping and Depletion 
Layer Widths
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Threshold Voltage Adjustment
Implantation
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Threshold Voltage Adjustment
Implantation to get depletion mode 
operation
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Shallow Trench Isolation
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Lightly Doped Drains (LDD)
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Mask Alignment Errors
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Mask Sequence



반도체반도체반도체반도체공정공정공정공정이론이론이론이론교육교육교육교육 (기초기초기초기초)

Typical Design (Layout) Rule
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Metal Gate (Classical, but currently used)
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Poly-Si Gate for Self-align
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Electrical Isolation Issue
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Latch-up
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STI for minimizing Latch-up
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Silicon-on-Insulator (SOI)
for a better isolation and Vth reduction



반도체반도체반도체반도체공정공정공정공정이론이론이론이론교육교육교육교육 (기초기초기초기초)

Silicon-on-Insulator (SOI)
for a better isolation and Vth reduction


