


Mathematical Model For Diffusion :








Same equation of diffusion from high concentration to low 





1.	J   =   -D (C(x,t)


	               (x





	J = Flux


	D = Diffusion Coefficient


	C = Impurity Concentration





	From the law of conservation of matter, the change in concentration


	over time must be the same as the decrease of the flux (local).





	i.e.	(C(x,t)	=	(J(x,t)


		(t		(x





	


2.	Substituting Equation 1 into 2.








3.	(C(x,t)	=	D (2C(x,t)


	 (t		    (x2





	This is referred to as Ficks simple diffusion equation or Ficks second


	law of diffusion.





	We need to look at two different types of diffusion with two different


	sets of boundary conditions with two different solutions to the 


	equation (3).  These two types of diffusion are :





	a}	Constant source diffusion (pre-deposition)


		or


	b}	Constant total dopant diffusion (drive-in)


�



Constant Source Diffusion :





During constant source diffusion there is a continuous supply of dopant to surface of the silicon. The wafers are in an ambient in which the dopant concentration is kept very high from either solid, liquid or gaseous sources. This keeps the surface concentration constant throughout the diffusion (usually at the solid solubility level of the dopant species in silicon at the process temperature).
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The boundary conditions for this type of diffusion are :





Initial Condition at :		t = 0


					C(x,o) = 0





Boundary Conditions are :	1. C(o,t) = Cs





				2. C((,t) = 0


1.	Says that the surface concentration is constant throughout the 	diffusion. i.e always at the solid solubility of the dopant in silicon at 	that diffusion temperature


2.	At a point very 'deep' into the wafer there is no dopant


	i.e. the wafer is very thick in relation to the diffusion depths in


	question.





The solution to equation 3 which satisfies the boundary conditions is :
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Where erfc is the complimentary error function.





As time progresses the dopant penetrates deeper into the silicon while the surface concentration remains at the solid solubility level. This means the total dopant quantity in the silicon is increasing with time.


The total number of dopant atoms per unit area is given by 


 


		   ∞
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The quantity Q(t) represents the area under one of the diffusion profiles and obviously gets larger as time increases.





A related quantity is the gradient of the diffusion profile dc/dx.  The gradient can be obtained by differentiating equation 5.
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Constant Total Dopant Diffusion or Limited Source Diffusion :








A fixed amount of dopant is deposited on the silicon surface during a pre-deposition stage.  There is a fixed amount of total dopant available throughout the duration of the limited source diffusion.


This limited dopant quantity diffuses deeper into the silicon. As the dopant goes deeper in the silicon the surface concentration reduces while the total dopant quantity remains the same.





The boundary conditions are as follows :





Initial Conditions at	 t = 0


			C(x,o) = 0


This initial condition considers that the dopant has no depth into the silicon at the start of the drive-in.  This is often called a delta or spike function





Boundary Conditions :
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2.	C (x,() = 0 
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1	The area under the curve remains the same for different diffusion 	times.  Total dopant quantity is always equal to S a constant





2	After an infinite time the effective concentration is 0








The solution to equation 3 that satisfies the boundary conditions is :
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by setting x = 0 we can get the surface concentration
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