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3.2 DEPLETION REGION

To solve Poisson’s equation (Eq. 13) we must know the impurity distribution.

 In this section we consider two important cases—the abrupt junction( تیزپیوند ) and the linearly graded

junction( خطیدارشیبپیوند ).

For either deep diffusions or high-energy ion implantations, the impurity profiles may be

approximated by linearly graded junctions: that is, the impurity distribution varies linearly across the

junction.

We consider the depletion regions of both types of junction.
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(linearly graded junction: A pn junction in which the impurity concentration does not change abruptly from donors to 
acceptors, but varies smoothly across the junction, and is a linear function of position.)



3.2.1 Abrupt Junction

The space charge distribution of an abrupt junction is shown in Fig. 6a.

 In the depletion region, free carriers are totally depleted so that Poisson’s equation

(Eq. 13) simplifies to
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The overall space charge neutrality of the semiconductor requires that the total

negative space charge per unit area in the p-side must precisely equal the total

positive space charge per unit area in the n-side:

The total depletion layer width W is given by

 The electric field shown in Fig. 6b is obtained by integrating Eqs. 14a and 14b, which

gives 6
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When the impurity concentration on one side of an abrupt junction is much higher

than that on the other side, the junction is called a one-sided(یکطرفه) abrupt junction

(Fig. 7a).

 Figure 7b shows the space charge distribution of a one-sided abrupt p+–n junction,

where NA >> ND.

In this case, the depletion layer width of the p-side is much smaller than that of the

n-side (i.e., xp << xn), and the expression for W can be simplified to
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The expression for the electric-field distribution is the same as Eq. 17b:

where NB is the lightly doped bulk concentration (i.e., ND for a p+–n junction).

The field decreases to zero at x = W. Therefore,
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and 

as shown in Fig. 7c.

Integrating Poisson’s equation once more gives the potential distribution
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With zero potential in the neutral p-region as a reference, or ψ(0) = 0, and employing

Eq. 19, we have

The potential distribution is shown in Fig. 7d.
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SOLUTION: From Eqs. 12, 21, and 23, we obtain
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