ECE 440: Lecture 19
Current Flow in P-N Diode
Last time, we talked about unbiased p-n junction.
Today: biased (Vext ≠ 0) p-n junction & current flow. 
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Figure 5.12

Space charge and electric field distribution within the transition region

of a p-n junction with N; > N: (a) the transition region, with x =0

defined at the metallurgical junction; (b) charge density within the

transition region, neglecting the free carriers; (c) the electric field distribution,
where the reference direction for ‘€ is arbitrarily taken as the +x-direction.




Draw equilibrium (V=0) band diagram:

Recall built-in voltage and depletion region width:
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Qualitative band diagrams with applied voltage:
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Current flow in equilibrium (V=0):

Qualitative current flow:
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Qualitatively expect I-V curve to be:
In forward bias, inside space charge region (SCR):
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Where V is the applied bias and ​_______________________.

Let’s look at the injected minority carriers:
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Figure 5.16

Two methods for calculating junction current from the excess minority carrier distributions: (a) diffusion
currents at the edges of the transition region; (b) charge in the distributions divided by the minority carrier
lifetimes; (c) the diode equation.




On the n-side, injected holes.

Just at the edge of the depletion region on the n-side:
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Excess injected holes diffuse into the n-side:
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(the same is true of excess injected electrons on p-side).
Injected hole diffusion current:


[image: image14.wmf]p

L

x

kT

V

q

n

p

p

n

p

p

e

e

p

L

D

q

x

p

dx

d

qD

J

-

-

=

ú

û

ù

ê

ë

é

-

=

)

1

(

)

'

(

0

d


Where equilibrium hole concentration pn0 = 

(and similar for injected electron diffusion on p-side, just replace subscripts p with n).

Hole diffusion current proportional to excess hole concentration at any distance x into the n-type region.

Due to hole current continuity, we can evaluate at x = xn0 = 0
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We can also write diffusion current for electrons in p-side:
Now total current


[image: image16.wmf]p

n

J

J

J

+

=


J = 









[image: image17.png]o Data
Eq.4.9.4 with | =1.8e-12A

Slope=60mVidec

Reverse bias

Forward bias

1x10"

x10*

1x107

1x10"°

1x10™













Illinois ECE440
Prof. Eric Pop
2

_1253339776.unknown

_1253340457.unknown

_1253341121.unknown

_1253340850.unknown

_1253339821.unknown

_1253336566.unknown

_1253339122.unknown

_1253049891.unknown

