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) 3.5 CHARGE STORAGE AND TRANSIENT BEHAVIOR

JUnder forward bias, electrons are injected from the n-region into the p-region and

holes are injected from the p-region into the n-region.

) Once injected across the junction, the minority carriers recombine with the majority

carriers and decay exponentially with distance, as shown in Fig. 15a.

) These minority-carrier distributions lead to current flow and to charge storage in the

p—n junction.
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Fig. 15 Injected minority carrier distribution and electron and hole currents. (a) Forward bias. () Reverse bias. The
figure illustrates idealized currents. In practical devices, the currents are not constant across the space charge layer.



IWe consider the stored charge, its effect on junction capacitance, and the transient

behavior of the p—n junction due to sudden changes of bias.
3.5.1 Minority-Carrier Storage

JThe charge of injected minority carriers per unit area stored in the neutral n-region
can be found by integrating the excess holes in the neutral region, shown as the

shaded area in the middle of Fig. 15a, using Eq. 51:

p.-D.=-P. (QQV/kT_ 1)8 (X-xn)/Lp, (51)
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L,is the average distance of a hole diffusion before recombining.

) The stored charge can be regarded as the hole diffusion with an average distance of

L, away from the boundary of the depletion region.



IThe number of stored minority carriers depends on both the diffusion length and the

charge density at the boundary of the depletion region.

1 A similar expression can be obtained for the stored electrons in the neutral p-region.

) We can express the stored charge in terms of the injected current.

JFrom Egs. 52 and 75, we have

B (e 1). (52)
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0, = DLJp(xn) =7,J,(x,). (76)
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The average lifetime of holes in n-side is t,,.

IThus, the stored charges Q, must be replenished (s L e )b s3) every 1, seconds.
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JEquation 76 states that the amount of stored charge depends on the current and

lifetime of the minority carriers.



EXAMPLE 7

For an ideal abrupt silicon p*—n junction with N, = 8 x 10> cm3, calculate the stored

minority carriers per unit area in the neutral n-region when a forward bias of 1V is

applied. The diffusion length of the holes is 5 um.(T=300K)

0, qL,p,, (""" 1), (75)
Pt =07 P M= N
n=9.65%10
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3.5.2 Diffusion Capacitance

IThe depletion-layer capacitance considered previously accounts for most of the

junction capacitance when the junction is reverse biased.

) When the junction is forward biased, there is an additional significant contribution
to junction capacitance from the rearrangement of the stored charges in the neutral

regions.

JThis is called the diffusion capacitance, denoted C,, a term derived from the ideal-

diode case in which minority carriers move across the neutral region by diffusion.



IThe diffusion capacitance of the stored holes in the neutral n-region is obtained by

applying the definition

C,=AdQ, ldVto Eq. 75:

C,
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where A is the device cross-section area.
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J We may add the contribution to C, of the stored electrons in the neutral p-region in

cases of significant storage.
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IFor a p*-n junction, however, n,, << p,, , and the contribution to C,of the stored

electrons becomes insignificant. g 33l ) a5

J Under reverse bias (i.e., V is negative), Eq. 77 shows that C, is inconsequential (

<ueal)because of negligible minority-carrier storage.
JIn many applications we prefer to represent a p—n junction by an equivalent circuit.

J In addition to diffusion capacitance C, and depletion capacitance C, we must

include conductance to account for the current through the device.

JIn the ideal diode the conductance can be obtained from Eq. 55:
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J=J (5n)+ I (~xp) = I (qu/kT—l), (55)
G =AY 44 ; e 44 L (J+7)= 9! (78)
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IThe diode equivalent circuit is shown in Fig. 19, where C; stands for the total
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depletion capacitance (i.e., the result in Eq. 33 times the device area A). | /7 7. * b
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Fig. 19 Small-signal equivalent circuit of a p—n junction.
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] For low-voltage, sinusoidal excitation of a diode that is biased quiescently(s))

(i.e.,at dc), the circuit shown in Fig. 19 provides adequate accuracy.

ITherefore, we refer to it as the diode small-signal equivalent circuit.



