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Current in Semiconductor (2):
Diffusion Current - Holes

• If hole distribution is non-
uniform, holes will move from 
high to low concentration areas

• Flux ∝ - [conc. gradient]

• Current flows since holes carry 
charge:

"#$%&'' = )*# −,- .,.
*#: hole diffusion coef. [cm2/s]

• Note: since hole carries 
positive charge, hole diffusion 
and hole current are in the 
same direction

Hole Diffusion
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Current in Semiconductor (2):
Diffusion Current - Electrons

• Similarly, electron diffusion also 
causes current to flow, but in 
opposite direction since 
electron carries negative charge

!"#$%&& = (−*)," −-. /
-/

= *,"
-. /
-/

,": electron diffusion coef. [cm2/s]

!"#$%&& : [A/cm2]

• In Si, 
– Dn = 35 cm2/s 
– Dp = 12 cm2/s

Electron Diffusion
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Einstein Relationship

Dn

µn

=
Dn

µn

=VT =
kT
q

VT : Thermal voltage
At room temperature, VT = 26 mV

Proof:  Total electron current:

Jn = Jn−drift + Jn−diff = qn(x)µnE + qDn
dn(x)
dx

E = − dφ
dx

,     φ :  potential

n(x) = n0e
−

(−qφ )
kT = n0e

φ
VT :   Boltzmann distribution

In equilibrium, no net current flow

⇒  qn(x)µnE + qDn
dn(x)
dx

= 0

n(x)µnE +Dn
dn(x)
dφ

dφ
dx

= 0

n(x)µnE +Dn
1
VT
n(x)

#

$
%

&

'
( −E( ) = 0

Dn

µn

=VT

O
O 6mVat F 300K
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