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OBJECTIVE

DIFFUSION AND
TRANSITION
CAPACITANCE



Transition or Depletion or Space Charge Capacitance: During the reverse
bias the minority carriers move away from the junction, thereby having uncowv-
ered immobile carriers on either side of the junction. Hence the thickness of the
space-charge layer at the junction increases with reverse voltage. This increase in
uncovered charge with applied voltage mav be considered a capacitive effect. We
may define an incremental capacitance Cr by

ﬁ

Cy = 1
= |7 (1)

where d() is the increase in charge caused by a change dV in voltage. It follows
from this definition that a change in voltage dl” in a time df will result in a current

i = dQ/dt, given by
dV’
i=Cp— 2
- (2)
Therefore a knowledge of C'r i1s important in considering a diode (or a transistor)
as a circuit element. The quantity 'y is referred to as the transition. space-charge,

barrier, or depletion-region, capacitance. For the step-graded! junction we know

that )
2eViy 1 1
W=, ( — + — ) 3
q J.nilﬂ J.n\'_'q { }
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However under bias condition the junction voltage becomes V; = Vg = Vp where
Vp = V for forward bias and Vp = =V for reverse bias, thus the Eqn.(3) for the
reverse hias becomes,

(Vo Ve) /1 1
T H)( — )
M q Np Ny

This can also be written In terms of V; =V}, + Vj as

4 NaNp ) 2
Vi = % (NA + Np " ()
I'.ﬂ“i-r { P'I" 1 Jﬁlrrr_}
—L = - W 6
T (!‘v’_ﬁ Nﬂ) )

We know that at () = AgNpzy,. but x, the depletion region in the n-side is given



by

A
" N F.| + Ji‘fﬂ

thus we have ViN
(= A

W
Ni+Np

Differentiating both sides with respect to V; we have,

d NaNp dW
) _ 1, Nalo

substituting Eqn.(6) in the above equation we get,

e

(p = =
1 T

&V, N+ Np Y,



= ,F—A_ (]1)

e

[t Ny 3 Np then z, = 0 and z, = IV and the Junction voltage V; 1s given by,

gNpW*
s

Vi (12)

the equation for the transition capacitance given by Eqn.(10) still hold good, however
now W =rz,. In general we can write, Cy as

(r=— (]3)



Diffusion Capacitance: For a forward bias a capacitance which is much larger
than the transition capacitance Cp comes into play. The origin of the larger ca-

pacitance lies in the mjected charge stored near the junction outside the transition
region. It 1s convenient to introduce an meremental capacitance, defined as the rate

of change of mjected charge with voltage, called diffusion, or storage, capacitance
Cp.
We now make the quantitative study of Cp,

Cp=—= (14)

But we have,

[===(Q=r1xI (15)



[n writig the above equation, we have considered only the effect of holes, 1.,
Ny Np. Now substituting Eqn.(15) m (14) we get

dl T
(p= T =T = f [16)

where the diode meremental conductance g = df /dV Substitutimg the expression
for the diode incremental resistance r = 1/g given in the Equ.(3) of LN-§ we have,

(=2
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