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Useful Equations and Figures 

 
Constants:  Boltzman const: kB = 1.38 × 10-23 J/K = 8.62 × 10-5 eV/K,  

Electron charge, q = 1.6 × 10-19 Coul.  
  1 atm = 760 Torr = 105 Pa   
 

Ideal gas:  PV = NkBT,          N/V = n = C (concentration),        Jx =
nv x
2

. 

 

Gas kinetics:  v x =
2kBT
πm

, Mean free path: λ =
kBT
2πd2P

,   d = molecular diameter. 

                                    J =
P

2πkBTm
, m = species mass. 

 
Oxidation:   Thickness x0 after time t;  x0

2 + Ax0 = B(t + τ) 
                         B/A = C0ks/N,    B = 2DoxC0/N     

C0 is oxidant concentration at surface,         
ks = oxidation rate constant,          ks = k0 exp(-Ea/kBT);  
N = number of oxide molecules per unit film volume,  
τ = time offset associated with pre-existing oxide of thickness x0. 

 
CVD:  Gas flux across concentration gradient:  J = hg(Cg - Cs), Cs = concentration 

surface, hg = D/δave, average deal-layer thickness.  
Flux for chemical reaction: J (#/(vol-s) = k Cs, where     k = koexp[-∆G/(kBT)]. 

            CVD film growth velocity: v f =
J

N f

=
Cg /N f

1
h

+
1
k

,   

where Nf is (number of species deposited)/cm3. 
 

Diffusion:     Diffusion length: a = 2(Dt)1/2;    D = D0exp[-E/kBT];     
D = D0 + D-(n/ni) + D- -(n/ni)2… 

 

 Fixed dose: C z, t( )=
Q
πDt

exp −
z2

4Dt
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ = C(0, t)exp −

z2

4Dt
⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥  

 

 Inexhaustable source:  C z, t( )= Csurferfc z
2 Dt

⎡ 
⎣ ⎢ 

⎤ 
⎦ ⎥ ,     0

0

2( , ) DtQ C z t dz C
π

∞

≡ = =∫Dose . 

Ion implantation:      Concentration profile: C x( )= Cp exp −
x − Rp( )2

2∆Rp
2

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
.  

Cp = Q/[(2π)1/2 ∆Rp] cm-3. 
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Concentration profile after diffusion: C x( )=
Q

2π (∆Rp
2 + 2Dt)

exp −
x − Rp( )2

2(∆Rp
2 + 2Dt)

⎛ 

⎝ 

⎜ 
⎜ 

⎞ 

⎠ 

⎟ 
⎟ 
. 

 

Energy transfer in collision of M1 and M2:  ∆E = E1

4M1M2

M1 + M2( )2 cos2 θ  

 
Electrical:  Resistivity, R =ρ l/A  (Ohm),     Sheet resistance, Rs = =ρ/t  (Ohm/Sq) 

 
µ =

v
E

=
σ
ne

=
eτ
m *

Carrier mobility,   
       

 
 Capacitance, C = κε0 A/d (Farad),       ε0 =  8.85 x 10-12 (F/m) 

 
 

Some useful Figures, Tables. 
 
Equilibrium solubility of various species in Si vs Temperature: 

 2



 
 
 
Intrinsic carrier  
concentration 
vs. temperature 
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Selected Deal-Grove oxidation parameters for Si. 
 

 
 
 
 
Ion implantation  
Stopping vs energy 
 
 
 
 
 

( wet oxidation is much faster than dry)

 
 
Ion implantation stopping mechanisms 
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Ion implantation range and width in Si and GaAs 
 
 
 
    

in GaAs 

in Si 

Rp (Å) Rp (Å) 

∆Rp Rp (Å) 

∆Rp 

Rp (Å) 

in Si 

in Si ∆Rp 
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