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Lecture 3-1 Review of Micro Fabrication I: CMOS process, 
Lithography, and Oxidation 

 
1.! Overview of Monolithic Micro-fabrication Process: 

Example: 
 
NMOS Transistor (Metal-Oxide-Semiconductor) cross section: 
 

 
 
 
 Basic process used: 
 
!! Oxidation 
!! Photolithography 
!! Etching 
!! Diffusion 
!! Evaporation or sputtering 
!! Chemical Vapor Deposition (CVD) 
!! Ion implantation 
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NMOS Process:  
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CMOS Process: 
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2.! Lithography: 
!! Environment requirement: 

Clean room environment: Class 1-10,000, (0.5�m particles/cubic 

foot), defects 10% each layer yield 50% functional devices after 7 
mask process. 
 

!! Process: 
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!! Wafer cleaning: 
Goal: to remove  
1.! Particulate matter (airborne bacteria, dust, abrasive particles: SiC, 

Al2O3, diamond power),  
2.! Traces of organic (Grease, Wax from cutting oil or physical 

handling, finger print, plasticizers from containers and wrapping 
materials)   

3.! Light metal ion (Na, K... from etchant impurities)  
4.! Heavy metal impurities (Ca, Co, Hg, Cu, Au, Fe, Ag, 

Ni…electrodeposition from etchant) 
5.! Native oxide (~ 50 Å)  

!! DI Water (deionized water, 18 Mohm-cm at 25�C, <0.25 �m 

particles, <1.2 colonies of bacteria/mL) 
 
!! Silicon wafer cleaning procedure: 

A.!Organic removal by Solvent: 
1.! Immerse in boiling trichloroethylene (TCE) for 3 min 
2.! Immerse in boiling acetone for 3 min 
3.! Immerse in boiling methyl alcohol for 3 min 
4.! Wash in DI water for 3 min 

B.!Removal of Residual Organic/Heavy metal impurities 
1.! Immerse in a (5:1:1) solution of H2O-HH4OH-H2O2 at 

75-80�C for 10 min. (RCA I) 

2.! Quench the solution under running DI water for 1 min. 
3.! Wash in DI water for 5 min 

C.!Hydrous Oxide removal: 
1.! Immerse in a (1:50) solution of HF-H2O for 40-60 sec 
2.! Wash in running DI water with agitation for 30 sec. 

D.!Light-metal-ion contamination removal: 
1.! Immerse in a (6:1:1) solution of H2O-HCl-H2O2 for 10 

min at temp of 75-80�C 

2.! Quench the solution under running DI water for 1 min. 
3.! Wash in DI water for 20 min 
 

!! Photoresist Application: 
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1.! Clean and dry wafer surface 
2.! Adhesion promoter (for example, HMDS) 
3.! Spin on: 1000~5000 rpm yield 2.5-0.5 µm (for AZ 5214), 

thickness inversely proportional to square root of spin rate. 
!! Soft bake: 

1.! To improve adhesion and remove solvent 

2.! 10-30 min in an oven at 80-90�C in air or nitrogen environment. 

!! Mask alignment: 
1.! Alignment tolerance depends on feature size (typically 0.25-2 µm 

for 1.25-5 µm feature) 
2.! Alignment marks: 

 
             Light field mask         Dark field mask 
 
box or 
cross on 
wafer 
 
 
 
Box or  
Cross on 
mask 

 
 
 

Composite  
pattern  
After  
alignament 
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!! Photoresist Exposure and Development: 
1.! High intensity UV light.(typically 350-450 nm) 
2.! Positive and negative PR. 

 
 
 
!! Hard Baking: 

1.! Harden the photoresist and improve adhesion to the substrate. 
2.! typically 20-30 min at 120-180 C. 
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!! Etching Techniques: 
1.! wet chemical etching: SiO2: BOE or BHF (contain HF), Si3N4: 

Hot H3PO4, Al: H3PO4+CH3COOH+HNO3, etc…, PR adhesion to 
substrate surface is important.  Undercutting may be as large as 
the etching depth. 

2.! Dry Etching: 
a.! Plasma etching: immerses the wafers in a gaseous plasma 

created by RF excitation in vacuum. The plasma contains 
fluorine or chlorine ions.  Etching occurs chemically. 

b.! Sputter etching: uses energetic noble gas such as Ar+ to 
bombard the wafer surface. Etching occurs by physically 
knocking atoms off the surface of the wafer.  High 
anisotropic, but poor selectivity. 

c.! Reactive-ion etching (RIE): combines the plasma and sputter 
etching process.  Plasma systems are used to ionize reactive 
gases, and the ions are accelerated to bombard the surface.  
Etching occurs through a combination of the chemical 
reaction and momentum transfer from the etching species.  

 
Typically Etching profile for wet etching: 
 
 
 
 
 
 
 
 
 

!! Typically Etching profile for dry etching :  

 

Si 

PR 
SiO2 

 

Si 

PR 
SiO2 
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!! Photoresist removal: Liquid stripper or oxidizing (burning) in an 
Oxygen plasma system—resist ashing. 

!! Photomask fabrication and printing methods: 
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3.! Thermal Oxidation: 
 
1.! SiO2 melting point: 1732 C, growth 1 µm SiO2 Consume 

0.44 µm Silicon. It is a high quality insulator and good barrier 
material during impurity diffusion. 

2.! Diffusivity: 
kTEAeDD /

0
−=  

D0=Diffusion constant, EA=activation energy of the diffusion species 
in eV/Molecule. K=Boltzmann’s constant, 8.62e-5 eV/K, T= 
temperature. 
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3.! Oxide formation: 
Dry Oxide: 

Si+O2         SiO2 

  Wet Oxide: 
Si+2H2O         SiO2+2H2 

 
4.! Kinetics of Oxide Growth: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assume a silicon slice is brought in contact with the oxidant, with 
concentration Ng in the gas phase, resulting in surface concentration of 
N0 molecules/cm3 for this species.  N0: solid solubility of the species 
at the oxidation temperature. (at 1000 C, 5.2e16 for dry oxygen and 3e19 
for water vapor).  Transport of specie may occur by both drift and 
diffusion, here we neglect drift.  The flux density J of oxidizing 
species arriving at the gas-oxide interface is : 
 

              
x
NND

x
N

DJ
)( 10 −≅

∂

∂
−=                 (2-1) 

 
where x is thickness of the oxide at a given time.  This is Henry’s 
law. 
 
On arrival at the silicon surface the species enters into chemical 
reaction with it.  If it is assumed that this reaction proceeds at the 

N0 

N1 

Silicon Silicon 
Dioxide 

J 
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rate proportional to the concentration of the oxidizing species, then 
 

           1kNJ =                       (2-2) 

 
Where k is the interfacial reaction rate constant. 

    These two flux must be equal under steady-state diffusion 
conditions. Combining Eqs. (2-1) and (2-2) gives: 

 

                  
kDx

DN
J
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0

+
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    The rate of change of the oxide layer thickness is given by: 
 

                   
kDx
nDN

n
J

dt
dx

/
/0

+
==                  (2-4) 

 
   Were n is the number of molecules of the oxidizing impurity that are 
incorporated into unit volume of the oxide. Solving this equation to the 
boundary condition that x=0 at t=0, gives 
 

                 t
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x
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D
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So that 
 

                 ]1)
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k
D
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Define A=2D/k, B=2DN0/n, when t is small (<<1, thickness <500), 
equation (2-6) can be reduced to:  
 

                        t
A
B

x =         (reaction limit)     (2-7) 

 
and for large t: 
                        Btx =        (diffusion limit)    (2-8) 
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5. Thickness vs. Time and Temp: 
 

 
 
6. Dopant Redistribution during Oxidation: 
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7. Selective Oxidation: 
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8. Color:  
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