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In Figure 8.1c, the total potential barrier is reduced. There will be a diffusion of  
holes from the p region across the space charge region where they will flow into  
the n region. Similarly, there will be a diffusion of electrons from the n region  
across the space charge region where they will flow into the p region.
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The ideal current–voltage relationship of a pn junction is derived on the basis  
of four assumptions.
1.The abrupt depletion layer approximation applies. The space charge  
regions have abrupt boundaries, and the semiconductor is neutral outside of  
the depletion region.
2. The Maxwell–Boltzmann approximation applies to carrier statistics.
3. The concepts of low injection and complete ionization apply.
4a. The total current is a constant throughout the entire pn structure.
4b. The individual electron and hole currents are continuous functions
through the pn structure.
4c. The individual electron and hole currents are constant throughout the
depletion region.

The built‐in potential barrier prevents  
this large density of electrons from  
flowing into the p region.
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The electric field Eapp induced by the applied voltage is in the opposite  
direction to the thermal‐equilibrium space charge electric field, so the net  
electric field in the space charge region is reduced below the equilibrium value.  
The electric field force that prevented majority carriers from crossing the space  
charge region is reduced; majority carrier electrons from the n side are now  
injected across the depletion region into the p material, and majority carrier  
holes from the p side are injected across the depletion region into the n  
material.
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Comment of Ex 8.1  
The minority carrier
concentrations can increase by  
many orders of magnitude  
when a relatively small  
forward‐bias voltage is applied.
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Example 1

A silicon pn junction has impurity doping concentration of Nd = 2  1015 cm-3 and Na = 8  1015 cm-3. 

Determine the minority carrier concentration at the edges of the space charge region for 

a) Va = 0.45V

b) Va = 0.55V 

c) Va = -0.55V 
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Example 1

A silicon pn junction has impurity doping concentration of Nd = 2  1015 cm-3 

and Na = 8  1015 cm-3. Determine the minority carrier concentration at the edges 

of the space charge region for 

b)  Va = 0.55V 

   5 14 -30.55
1.125 10 exp 1.88 10 cm

0.0259
n np x
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Example 1

A silicon pn junction has impurity doping concentration of Nd = 2  1015 cm-3 

and Na = 8  1015 cm-3. Determine the minority carrier concentration at the edges 

of the space charge region for 

c)  Va = -0.55V 

   5 -30.55
1.125 10 exp 0cm

0.0259
n np x

 
   

 

   4 -30.55
2.8125 10 exp 0 cm

0.0259
p pn x

 
    

 



If a reverse‐biased voltage greater than a few tenths of a volt is applied to  the pn 
junction, then we see from Equations (8.6) and (8.7) that the minority  carrier 
concentrations at the space charge edge are essentially zero.

8.1.4 Minority Carrier Distribution
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The quasi‐Fermi levels are linear functions of distance in the neutral p and n  
regions close to the space charge edge in the p region, EFn ‐ EFi > 0 which 
means that δn > ni. Further from the space charge edge, EFn ‐ EFi < 0 which 
means that δn < ni and the excess electron concentration is approaching
zero.



8.1.5 Ideal pn Junction Current

the total pn junction current  
will be the minority
carrier hole diffusion current  
at x = xn plus the minority  
carrier electron diffusion  
current at x = ‐xp.
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If the voltage Va becomes negative  
(reverse bias) by a few kT eV, then  
the reverse‐biased current density  
becomes independent of the  
reverse‐biased voltage.
The parameter Js is then referred  to 
as the reverse‐saturation current  
density.
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Consider a GaAs pn junction diode at T=300K. The 

parameters of  the device are Nd=2 1016 cm-3, Na=8 1015

cm-3, Dn=210 cm2/s,  Dp=8 cm2/s, no= 10-7s and                               

po= 5  10-8 s. Determine the ideal reverse-saturation current 

density. 

Example 2
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Consider a GaAs pn junction with doping concentration Na=5 1016 cm-3, 

Nd=1016 cm-3. The junction cross-sectional area is A=10-3 and the applied 

forward bias voltage is Va=1.10V. Calculate the 

a) Minority electron diffusion current at the edge of the space charge region

Example 3
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Consider a GaAs pn junction with doping concentration Na=5 1016 cm-3, 

Nd=1016 cm-3. The junction cross-sectional area is A=10-3 and the applied 

forward bias voltage is Va=1.10V. Calculate the 

b) Minority hole diffusion  current at the end of the space charge region

Example 3
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Consider a GaAs pn junction with doping concentration Na=5 1016 cm-3, 

Nd=1016 cm-3. The junction cross-sectional area is A=10-3 and the applied 

forward bias voltage is Va=1.10V. Calculate the 

c) Total current in the pn junction diode

Example 3

1.85 mA

4.52 mA

1.85 4.52 6.37 mA
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Calculate the applied reverse-biased voltage at which the 

ideal reverse current in a pn junction diode at T=300K 

reaches 90% of its reverse-saturation current value

Example 4

   

We have exp 1

Rewrite to 1 exp so that ln 1   
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A silicon pn junction with a cross-sectional area of 10-4 cm2 has the following 

properties at T=300K

Example 6

n region p region

Nd = 1017 cm-3 Nda= 5× 1015 cm-3

p0 = 10-7 s n0 = 10-6 s

n = 850 cm2/V-s n = 1250 cm2/V-s

p = 320 cm2/V-s p = 420 cm2/V-s

a- Calculate the values of the Fermi level with respect to the intrinsic level on 

each side of the junction.

b- Calculate the reverse-saturation current Is  and determine the forward-bias 

current I at a forward-bias voltage of 0.5V.



 
17

10

n side 

10
ln 0.0259 ln

1.5 10

0.407 eV

d
F Fi

i

F Fi

N
E E kT

n

E E

   
     

  

 

 
15

10

p side 

5 10
ln 0.0259 ln

1.5 10

0.329 eV

a
Fi F

i

Fi F

N
E E kT

n

E E

   
     

  

 



Example 6
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Calculate the reverse-saturation current Is  and determine the forward-

bias current I at a forward-bias voltage of 0.5V.
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