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Pn junction in equilibrium

* Consider a pn junction with abrupt transition
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Pn junction with forward bias

* Consider a junction biased with a voltage V:

A e
ik N
| : 2
| Py
S e o )
| ?/ excess b
excess {Jﬂ'}np“l F%?Lfl—_— holes _
electrons t@ | 3
S A
1 i 1 1
A d, d; B
Poo =D, eXP(EV/kT) - Jhp="rhn EXP{EV/kT) -\
Jen € My J=J[expleV/kT)—1]

= Vik
R, =N, eXp(e T) - J —..J exp(eV/kT) oA



Pn junction with forward bias

* Diode equation:

— Continuity eq. for 4™ atx = d,
V (steady state)
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Pn junction with forward bias

* Diode equation:

— Continuity eq. for 4™ atx = d,

V (steady state)
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* Diode equation:

Pn junction with forward bias

— Continuity eq. for e at x < d;:

V (steady state)
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Total current is then:
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Pn junction with reversed bias

Currents through the junction :
— Applying diode equation (with —V):
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Pn junction with reversed bias

* Minority carriers:

— As before (with —V):
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— Applying continuity eq. as before
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I-V curve of a junction diode

» Applying the results for the current density:
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Electron-holes efficiencies

Relative hole and electron currents:

— Excess carriers:
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Electron-holes efficiencies

 Relative hole and electron currents:

— Einstein equation (D./x. =Dy/u, =kT/e ) and conductivity
equation ( ¢=e(nu, +pu,) ):
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Pn junction with finite dimensions

 Current 1n a finite junction:

— From the continuity eq. we obtained
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New border conditions:
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Pn junction with finite dimensions

 Current 1n a finite junction:

— From the continuity eq. we obtained
e=0 3p=C, exp(—x/Ly)+ C expl-+ /L)
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Pn junction with finite dimensions

 Current 1n a finite junction:

— Currents:

For holes:
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Depletion-layer capacitance

* The depletion layer forms a capacitance (important

for high frequency applications)
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Depletion-layer capacitance

» Expressions for the depletion layer:
Applying &=0 atx = d +d :
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Depletion-layer capacitance

 Capacitance of the depletion layer:
— Charge per unit area accumulated at the depletion layer
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Equivalent circuit

» Reversed biased junction:
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Equivalent circuit

* Forward biased junction:
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Equivalent circuit

» Forward biased junction with an AC signal:
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Equivalent circuit

» Forward biased junction with an AC signal:
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Equivalent circuit

» Forward biased junction with an I(JAC signal:
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— Alternating currents of holes 1njected into n-region:
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Equivalent circuit

» Forward biased junction with an AC signal:
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— Total alternating currents of minority injected carriers:
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— Admittance (Y, =J,/V,) for ot <1:
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Conclusions
» The diode equation was calculated using the
continuity equation.

» The diode forms a natural capacitance that was
calculated.

* The equivalent circuit of the diode was studied.



