3.2 d) Capacitance of pn junction diodes (pnj)

Two types of capacitance for pnj Diodes:
The junction cap due to the dipole in the transitiegion
The charge storage cap due charge storage effects
1 is also called as the depletion layer (or transitegion) cap.
2. Is also called as the diffusion cap.

(1) : this type is dominant under reverse-bias @@t and is defined by: C-|dQ/dVa|
where Q is the charge on each side of the deplé&tiger (w)
which is a function of applied voltage (Va) addals:

For an Abrupt Pn junction:
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Applications: Voltage-variable capacitive diodesli@d varactors) are used in tuning
circuits, etc.

eq 3.37 can be recast as:

Cj= Ch =eAIW (3.38)
(1-\4/Vo)*?

where Cj = A [¢ gqNaNd / 2Vo(Nu+Nd)]¥? (3.39a)

for p'njunction: (Cp) p+ n= Ale g Nd/2Vo]'2 (3.39b)

eg (3.38) implies that the transition region cafzaie is effectively that of a parallel-
plate capacitor with s/c as the dielectric and spbetween the plates equal to “w”.

Observation: This junction capacitance is somewlifégrent in microscopic detail from
a typical parallel-plate cap as shown below:



Note: For a Reverse biasi¥-Vr, Thus as |¥| increases —p Cj decreases
OBSERVATION:

eq (3.38) indicates that theoretically Cj apphwmsc «© (i.e., short circuit) as ¥
approaches Vo, but in practice due to current floforward bias, there would be losses
involved in the neutral regions which prevent ttisoretical result. Most of the applied
voltage drop would be across these lossy regions.

However, there is an increase in the transitioioregapacitance under forward bias and
peaks around ¥=Vo and then decreases whea>¥'0 as shown below:

(2) Diffusion Capacitance : This cap dominatesdmwfrd bias. Assume"m junction:
the charge stored in the injected distribution is:
Qp=1p=gAl P' (Xi) dxn = g A Lp P'(X:=0)

Qp: qA Lp pleqva/KT
Cs=dQ= & Alppe?™ = g1, (3.41)
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Observation: In high freq Applications, Cs could beserious limitation (e.g. in
Switching Applications, ON/OFF)
rpl —p Cb alscil=> (is

Therefore operating the diode at lower currenthvadded recombination centers will
help high frequency performance.

3.4 — A small signal model of the diode

for All bias Cj =G/ (1-Va)'? Abrupt junction
Vo
(3.44)
For FWD bias : &= g Ipc= Ipc_diff. Conductance (3.45a)
K \%s
Cs = Ggtp diff. capacitance (3.45b)

AC Models



-~ In Reverse bias:

In FWD bias:
Usually Cj << Cs
High frequency Effect :

Note: In the above equations we have assumed thegmains constant with frequency
otherwise

= 1p/(1+jwtp) Lp = (tp Dp)*? = Lp/(1+jotp)™ (3.46a)
- Ys = dl/dVa = (A RLp /tp* ) d(€*T)/dVa = gbc (1+jwtp) KT (3.46b)
for smallw:
Ys~ gbc (1+] WTp) = G+jwCs, Cs= Y% Gs1p, Gs = Same (3.47)
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3.5) Switching Transient

To understand and analyze switching transients tiariation of stored charge needs to
be understood as follows:

- use time-dependent continuity equations. (Eg5: 2.

_0ip(Xh,t) = qP(XALt) + q oP(Xa,t) (3.48)
X P ot

Integrate/” on both sides; assuming a long “n region”

o

{Equations to be given in class}

where Qp (+) 3° p'dX, represents the excess hole charges in the n region.
at steady state: |1 (t) = Q' = Qp =1
since dQp/dt =0

Note: Eq. (3.49) could have been written intuitwas well!



3.5) Switching Transient (Cont'd)

{Equations to be given in class}



