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Lecture 8: 
PN Junction Diode 

(Chapter 8)

Forward & reverse bias
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Majority carrier diffusion Barrier lowered
balanced by Diffusion reduced Diffusion increased
minority carrier drift Drift enhanced
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Terminology/notation
(Note: Complete ionization assumption)
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Built-in potential, carrier densities
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Forward bias Va: Vbi → Vbi-Va
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Ex 8.1 Si pn junction at 300 K, doped with Nd=2x1016/cm3 & 
Na=5x1016/cm3, forward biased with Va=0.65V. Determine 
minority carier concentrations at the space charge edges. 
Does low injection still apply?
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Minority carrier distribtion
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Minority carrier distribtion
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Fwd bias PN: Quasi-Fermi levels
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PN junction current
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In evaluating the junction current:
Total current must be constant -∞<x<+∞

Hence can evaluate as the sum of electron and hole 
currents across the depletion region .

Assumption:
Assume currents  constant across depletion region

Evaluate electron and hole currents as minority carrier 
currents at the space charge region edges.

Forward bias:
Majority carriers injected into depletion region
Diffuse across, become minority carriers 
Evaluate minority carrier currents at edges

e.g. majority holes in p-type diffuse across the space 
charge region and become minority holes in n-type.

Evaluate Jp(xn) = -eDp(dpn(x)/dx) at x = xn
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PN junction current
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Diode characteristic
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Ex 8.2 Find the ideal reverse saturation current density for a GaAs 
pn junction at 300 K with Nd=2x1016/cm3, Na=8x1015/cm3, 
Dn=210cm2/s, τn0=10-7s, & τp0=5x10-8s.
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Forward bias approximation
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J = Js(exp[eVa/kT]-1)

≈Js exp[eVa/kT] for eVa>>kT

ln(J) = eVa/kT

Ex 8.3 Determine the electron and hole current densities at the space 
charge region edges, and determine the total current density in the diode for 
a GaAs pn junction at 300 K and forward bias 1.05V with Nd=2x1016/cm3, 
Na=8x1015/cm3, Dn=210cm2/s, τn0=10-7s, & τp0=5x10-8s.
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Complete currents
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Figure 5—171  Electron and hole components of current in a forward-biased p-n 
junction. Why is there a difference between the two currents?
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Ex 8.4 Determine the electric field in the neutral n region and 
neutral p region for the GaAs pn junction at 300 K and 
forward bias 1.05V with Nd=2x1016/cm3, Na=8x1015/cm3, 
Dn=210cm2/s, τn0=10-7s, & τp0=5x10-8s.
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Ex 8.5 Consider a GaAs pn junction initially biased at 
Va=1.05V at T=300 K, and calculate the change in 
bias voltage required to maintain the same current 
when T increases to 310 K.
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Short diode (Implicit assumption above that x→ ± ∞)
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Assume “long” p-region and “short” n-type
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Short diode

10/13/2012 ECE 415/515  J. E. Morris 23

 

constsnt is  )(J that and region,-N in theion recombinat hole no implies  that Note

1exp  

1exp1exp  so  , 1cosh  and

   1exp)(  so , sinh  , sinh  ,   if Now

sinh

cosh

1exp
)(

  

sinh

sinh

1exp)()(

p

0

00

xLW

kT

eV

L

D

W

D
eJJJand

kT

eV

W

D
e

W

L

kT

eV

L

D
eJ

L

xWx

W

xWx

kT

eV
pxp

L

xWx

L

xWx

L

W

L

W
LW

L

W

L

xWx

kT

eV

L

D
e

dx

xpd
eDJand

L

W

L

xWx

kT

eV
ppxpxpFor 

pn

a

n

n

n

p
np

a

n

p

n

pa

p

p
p

p

nn

n

nna
nn

p

nn

p

nn

p

n

p

n
pn

p

n

p

nn

a

p

pn
pp

p

n

p

nn

a
nnnn













































































































































Generation & Recombination Currents:
Reverse bias: Space charge region EHP generation
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Ex 8.6 Consider a GaAs pn junction at 300 K with Nd=8x1016/cm3, 
Na=2x1015/cm3, Dp=9.80cm2/s, τ0=τn0=τp0=5x10-8s. (a) Calculate the 
ideal reverse bias saturation current density (b) Find the reverse bias 
current density at VR=5V ( c ) Determine the ratio of Jgen to Js
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Generation & Recombination Currents:
Forward bias: Space charge region recombination
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Recombination current
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Recombination adds current
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Total forward current
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High level injection
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Small signal: Diffusion resistance
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Diffusion capacitance
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Incremental charge changes ∆Q
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Diffusion capacitance
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Diffusion capacitance
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Ex 8.7 Si pn junction at 300 K with Nd=8x1016/cm3, 
Na=2x1015/cm3, Dn=25cm2/s, Dp=10cm2/s, τn0=5x10-7s, τp0=10-

7s, and c/s area A=10-3cm2. Find the diffusion resistance 
and diffusion capacitance if the diode is forward biased at 
(a) Va=0.550V and (b) Va=0.610V. 
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Equivalent circuit (note rs effect)
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Overall DC characteristic
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Switching transient: On → off
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Switching transient: On → off
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