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Chemical Processes for Micro- and Nanofabrication
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Formulas
Lectures 1-19
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http://www.lithoguru.com/scientist/CHE323/

Doping, Conductivity, Resistance

• Doping charge balance:

• Mass action equation:

• Resistivity and conductivity:
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q = charge on electron = 1.6 X 10-19 C
µn = electron mobility = 1500 cm2/Vs for Si at 300K
µp = hole mobility = 450 cm2/Vs for Si at 300K
ni = 1.5 X 1010 cm-3 for Si at 300K
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P-N Junction

• Built-in voltage (V0) and the depletion width (W)

• Diode Equation:  current 

• Capacitance:  
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Deal-Grove Oxidation Model
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For (100) wafers, multiply A by 1.68.

Deal-Grove Temperature Dependence
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(28.5 kcal/mol)

(46 kcal/mol)

Diffusion Review
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• Fick’s 2nd law of Diffusion (in 1-D):

• In 3-D:

• Analytical solutions are for D = constant 
and certain special boundary conditions

• Electric field enhancement:  
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Diffusion Case 1: Constant Source
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• Initial and boundary conditions
– C(0,t) = Cs (concentration at top is constant)

– C(z,0) = 0 for z > 0 (initial condition)

– C(∞,t) = 0

• Solution: 9 �, � � 9-

I	 �
2 <� , � K 0

<� � diffusion length (average distance a dopant moves)

MNF�G � O 9 �, � ��
P

0
G � 2

Q 9- <�

Diffusion Case 2: Limited Source
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• Initial and boundary conditions
– C(z,0) = 0, z > 0

– dC(0,t)/dt = 0 (no flux at top)

– C(∞,t) = 0

– Constant dose: 

• Solution:

9 �, � � MN
Q<� 


�RS/T�U , � K 0

O 9F�, �G��
P

0
� MN � 	�������

(drive-in diffusion)

Case 3: Buried Gaussian Source
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• Initial and boundary conditions
– Gaussian: 

– dC(0,t)/dt = 0 (no flux at top)

– C(∞,t) = 0

• Solution:

9 �, 0 � MN
2Q$3�


� R�V S/�WXS , � Y 0, & ≫ $3

9 �, � � MN
2Q$� 


� R�V S/�WS , � Y 0, � Y 0

$� � $3� � 2<� ( 2<� = diffusion length)

Gaussian Ion Implantation Model
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• Gaussian model for the distribution of dopants
– Mean = Rp = projected range
– Standard deviation = ∆Rp = straggle
– Dose = φ (# dopants/cm2)

• Lateral scattering 
– For As, Sb:  ∆R┴ ≈ ∆Rp

– For P:  ∆R┴ ≈ 1.2∆Rp

– For B:  ∆R┴ ≈ 2∆Rp

�F:G � [
2QΔ�( 
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Ion Implantation Model Parameters
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i = ion,  t = target
M = atomic mass

Thermal Transfer Mechanisms

• Radiative: Stefan-Boltzmann equation

• Conduction: 
• Convection:
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m
�� n��o = %p = q$2T

ε = emissivity of emitting body (ε = 1 for black body)
σ = Stefan-Boltzmann Constant = 5.6697 X 10-8 W/m2-K4

%p = 1=2

%p = � 2 r 2P

q s = 1 r �FsG r 2FsG

qt� E 0.7, 2t� E 0


