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Z> 3.3 DEPLETION CAPACITANCE

= The junction depletion-layer capacitance per unit area is defined as C; = dQ/dv,

where dQ is the incremental change in depletion-layer charge per unit area for an

incremental change in the applied voltage dV.

= Figure 11 illustrates the depletion capacitance of a p—n junction with an arbitrary

impurity distribution.

= The charge and electric-field distributions indicated by the solid lines correspond to a

voltage V applied to the n-side.
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Fig. 11 (a) p—n junction with an arbitrary impurity profile under reverse bias. (5) Change in space charge distribution
due to change in applied bias. (¢) Corresponding change in electric-field distribution.






= If this voltage is increased by an amount dV, the charge and field distributions will

expand to those regions bounded by the dashed lines.

" In Fig. 11b, the incremental charge dQ corresponds to the colored area between the

two charge distribution curves on either side of the depletion region. 1

= The incremental space charges on the n- and p-sides of the depletion region are
equal but with an opposite charge polarity, thus maintaining overall charge

neutrality.



= This incremental charge dQ causes an increase in the electric field by an amount
dE = dQ/¢, (from Poisson’s equation).

= The corresponding change in the applied voltage dV, represented by the colored area
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3.3.1 Capacitance-Voltage Characteristics

= Equation 33 for the depletion capacitance per unit area is the same as the standard

expression for a parallel-plate capacitor where the spacing between the two plates

represents the depletion-layer width.

= The equation is valid for any arbitrary impurity distribution.

= In deriving Eg. 33 we have assumed that only the variation of the space charge in the

depletion region contributes to the capacitance.

= This certainly is a good assumption for the reverse-bias condition.



" For forward biases, however, a large current can flow across the junction,

corresponding to a large number of mobile carriers present within the neutral region.

= The incremental change of these mobile carriers with respect to the biasing voltage

contributes an additional term, called the diffusion capacitance, which is considered

in Section 3.5.

" For a one-sided abrupt junction, we obtain, from Eqgs. 27 and 33,
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" |t is clear from Eq. 35 that a plot of 1/Cj2 versus V produces a straight line for a one-

sided abrupt junction.

= The slope gives the impurity concentration N, of the substrate, and the intercept (at

1/C7 = 0) gives V,,,.



=) EXAMPLE 4

For a silicon one-sided abrupt junction with N, =2 x 10” cm™ and N, = 8 x 10" cm, calculate the junction

capacitance at zero bias and a reverse bias of 4 V (7T'= 300 K).

SOLUTION: From Egs. 12, 27, and 34, we obtain at zero bias(at reverse bias V=4v)
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3.3.2 Evaluation of Impurity Distribution

= The capacitance-voltage characteristics can be used to evaluate an arbitrary impurity

distribution.

= We consider the case of p*—n junction with a doping profile on the n-side, as shown

in Fig. 12a.

= As before, the incremental change in depletion layer charge per unit area dQ for an
incremental change in the applied voltage dV is given by gN(W)dW (i.e., the shaded

area in Fig. 12b). s Wl 3 i
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Fig. 12 (a) p*-n junction with an arbitary impurity distribution. () Change in space charge distribution in the lightly
doped side due to a change in applied bias. (¢) Corresponding change in electric-field distribution.



* The corresponding change in applied voltage (shaded area in Fig. 12c) is
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= By substituting W from Eqg. 33, we obtain an expression for the impurity

concentration at the edge of the depletion region:
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= Thus, we can measure the capacitance per unit area versus reverse-bias voltage and

. 20V, =V
plot 1/Cj? versus V. 12 _ 20, ). (35)
C‘.f qgsNB ee) Gl o a8 HlaSy 3 Jign gl o
Loow S slels ol sl ol
= The slope of the plot, that is, d (1/Cj?)/dV, yields N(W). o) 4a) 50 (oeliia adal
. Qi . . _do _ ag g,
Simultaneously, W is obtained from Eq. 33. C. = v d " (33)
&

N

= A series of such calculations produces a complete impurity profile.
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= This approach is referred to as the C—V method for measuring impurity profiles.
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" For a linearly graded junction, the depletion layer capacitance is obtained from Egs.

31 and 33:
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= For such a junction we can plot 1/C? versus V and obtain the impurity gradient and

V,; from the slope and the intercept, respectively.
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