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1. IC History & Trend



11--1. Vacuum Tube1. Vacuum Tube
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◙ Primary Purpose : Electrical Switch

◙ Bonus : Amplifier



11--2. Invention of the Transistor2. Invention of the Transistor
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◙ Motivation

◊ To replace mechanical switches in telephone

line exchangers. It was invented in Bell Lab.

◙ Nobel Prize Went To
◊ William Shockley

◊ Walter Brattain

◊ John Bardeen

World the 1st Transistor in 1948



11--3. Invention of the Integrated Circuit3. Invention of the Integrated Circuit
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◙ 1959

◊ Jack Kilby (TI) invented the monolithic integrated circuit.

◙ Design 

was improved by Robert Noyce (Fairchild

Semiconductor) to produce planar technology.



11--3. Invention of the Integrated Circuit (cont.)3. Invention of the Integrated Circuit (cont.)
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1958: 1st IC Jack S. Kilby



11--4. The 14. The 1stst MOSFETMOSFET
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1960: 1st MOSFET by D. Kahng and M. Atalla



11--5. Large Scale Integration (LSI)5. Large Scale Integration (LSI)
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11--6. 6. 마이크로마이크로 프로세서프로세서 클럭속도클럭속도 변화변화
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11--7. 7. 마이크로마이크로 프로세서프로세서 클럭속도클럭속도 변화변화
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11--8. 8. 트랜지스터트랜지스터 수수 / / 칩칩 비교비교
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11--9. 9. 트랜지스터트랜지스터 크기변화크기변화
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11--10. 10. 트랜지스터트랜지스터 크기비교크기비교
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11--11. CMOS Density: Moore11. CMOS Density: Moore’’s Laws Law
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2. Why Do We Study IC Process



22--1. Memory vs. Non1. Memory vs. Non--memorymemory
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22--2. Prediction of Semiconductor Market2. Prediction of Semiconductor Market
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22--3. Semiconductor Wafer Technology3. Semiconductor Wafer Technology
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22--4. A Single Transistor (NMOS)4. A Single Transistor (NMOS)
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22--5. Integrated 5. Integrated MicrosystemMicrosystem
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22--6. Device Density6. Device Density
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22--7. Corollary To Moore7. Corollary To Moore’’s Laws Law
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22--8. SIA Roadmap (1999   vs. 2001)8. SIA Roadmap (1999   vs. 2001)
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22--9. Details of 2001 ITRS Roadmap9. Details of 2001 ITRS Roadmap
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22--10. World10. World--wide Semiconductor Marketwide Semiconductor Market
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22--11. Decreasing Costs of Computation11. Decreasing Costs of Computation
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22--12. Chip tech. is changing the world & entering12. Chip tech. is changing the world & entering
almost all facets of modern lifealmost all facets of modern life
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How has this happened?
technological changes
technology generation



22--13. More Than Just Scaling13. More Than Just Scaling
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3. Si Material



33--1. Periodic Table of the Elements1. Periodic Table of the Elements
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33--2. Silicon is2. Silicon is……
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33--3. Silicon is3. Silicon is……(Cont.)(Cont.)
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33--3. Silicon is3. Silicon is……(Cont.)(Cont.)



33--4. Mechanical Properties of Si4. Mechanical Properties of Si
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33--5. Wafer Size Evolution5. Wafer Size Evolution
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4. How To Make Wafer



44--1. Manufacturing of Single Crystal Si1. Manufacturing of Single Crystal Si
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44--2. 2. CzochralskiCzochralski Method of GrowingMethod of Growing
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44--3. Silicon Ingot (3. Silicon Ingot (BouleBoule))
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44--4. Identifying Miller Indices4. Identifying Miller Indices



44--5. Kinds of Wafer5. Kinds of Wafer
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44--6. Wafer Flatness Parameters6. Wafer Flatness Parameters
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5. Overview of IC Fabrication
Process



55--1. Clean room is1. Clean room is……
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55--2. Clean room Class2. Clean room Class
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55--3. Clean room Structure (Example)3. Clean room Structure (Example)
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55--4. When You Enter Clean room4. When You Enter Clean room



35021_Overview of IC Fabrication Process : revised by Wan-Gyu Lee on September, 2008

- 48 -

55--4. When You Enter Clean room (Cont.)4. When You Enter Clean room (Cont.)
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55--4. When You Enter Clean room (Cont.)4. When You Enter Clean room (Cont.)
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55--4. When You Enter Clean room (Cont.)4. When You Enter Clean room (Cont.)
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55--5. Semiconductor Fabrication Process5. Semiconductor Fabrication Process
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55--6. The Whole Process Flow6. The Whole Process Flow
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55--7. Basic Processes7. Basic Processes
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55--7. Basic Processes (Cont.)7. Basic Processes (Cont.)
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55--7. Basic Processes (Cont.)7. Basic Processes (Cont.)
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55--8. Basic Structure of NMOS Process8. Basic Structure of NMOS Process
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55--9. Monolithic Fabrication of NMOS Transistor9. Monolithic Fabrication of NMOS Transistor
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55--9. Basic NMOS Process9. Basic NMOS Process
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55--9. Basic NMOS Process (Cont.)9. Basic NMOS Process (Cont.)
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55--9. Basic NMOS Process Flowchart9. Basic NMOS Process Flowchart

CVD oxide deposition

Contact openings

Metal deposition

Pattern metal

Etch metal

Passivation layer
deposition

Open bonding pads

BEOL

Thermal oxidation

CVD nitride deposition

Active area mask

Thermal field oxidation

Remove nitride & oxide pad

B field Implantation

Regrow thin gate oxide

Boron threshold-adjustment
implant

CVD poly-Si deposition

S/D implantation

S/D Diffusion

Gate defining

FEOL
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55--10. Basic CMOS Process 10. Basic CMOS Process 
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55--10. Basic CMOS Process (Cont.)10. Basic CMOS Process (Cont.)
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55--11. Monolithic Fabrication of Bipolar Transistor11. Monolithic Fabrication of Bipolar Transistor
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55--12. Monolithic Fabrication of NMOS Transistor12. Monolithic Fabrication of NMOS Transistor
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55--13. Basic Bipolar Process13. Basic Bipolar Process
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55--14. Basic Bipolar Process Flowchart14. Basic Bipolar Process Flowchart

Pattern metal

Etch metal

Passivation layer
deposition

Open bonding pads

BEOL

Thermal oxidation

Subcollector mask

Epitaxial-layer growth

Sb diffusion and oxidation

Isolation mask

Boron diffusion and oxidation

Base window

B base diffusion and oxidation

FEOL
Contact mask

Emitter mask

Emitter diffusion
(P or As)

Metal deposition
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55--15. Final Process15. Final Process
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◙ MOS (Metal Oxide Semiconductor)

◙ CMOS (Complementary MOS)
◙ NMOS (n-channel MOS)

◙ VLSI (Very large-scale Integration)

◙ ITRS (International Technology Road map for Semiconductor), http://www.itrs.net

◙ SIA (The Semiconductor Industry Association)

◙ LPCVD (low-pressure chemical vapor deposition)

◙ HF (Hydrofluoric acid)

http://www.itrs.net/
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