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Density of carriers in extrinsic sC

• General considerations:

– Concentration of ionized impurities:

– Neutrality condition

holes + ionized donors = electrons + ionized acceptors

ionized impurities = impurity concentration × prob. finding e/h at the imp. level

Nd
+ =&

=

which can be solved for EF



Density of carriers in extrinsic sC

• n-type material:

– Nd >> Na & n >> p

• p-type material:

– Na >> Nd & p >> n

0 0

0 0

position of EF



Compensation doping

• Compensation: both donors and acceptors

– Suppose all impurities are ionized (Na = Na
+  & Nd = Nd

+)

– Neutrality:

• Extrinsic compensated

• Intrinsic compensated

(Idem for p)

: :



Electrical conduction in sC.

• Conductivity

– In a sC we have e–’s and h+’s moving:

– In a n-type sC (n>>p):

– In a p-type sC (p>>n):

• Diffusion (when density gradients are present):

– In a neutral gas with gradient in the x direction:
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Electrical conduction in sC.

• Diffusion of charge carriers

– In a sC with a concentration gradient of the e– and h+:

– Diffusion coefficient is related with mobility:

– Total current flow
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Jh = 0 current can be compensated at

a particular electrical field



Continuity Equation for Minority Carriers

• General considerations:

– Describes how charge density varies in time.

– Two main causes for the variation:

• Rate of generation and loss

• Drift of carriers

• No current flow (no gradient & no E )

– Let’s consider a p-type material:

Variation = Generation − Recombination

In this case, only T

dependent
R = r n(t) p(t)



Continuity Equation for Minority Carriers

• No current flow (no gradient & no E )

– Consider first equilibrium:

– Now consider variations from the equilibrium:

– For a n-type material:

To  mantain charge neutralityn = n0 +δn with

Considering T=const.
0

po>>no

τLe



Continuity Equation for Minority Carriers

• With current flow

• Total continuity equation

e

(idem for holes)

But



Semiconductor Measurements

• Hall effect

– Consider p-type material
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Semiconductor Measurements

• Hall effect

– Consider p-type material

• If VH and I are measured:
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The Hall coefficient is defined:

I = Jx w d



Semiconductor Measurements

• Hall effect

– Consider p-type material

– For a n-type material:
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The Hall angle is defined:



Semiconductor Measurements

• Hall effect

– Consider both type of carriers to be present:

• A net current is created in the y direction

• Now, using the expressions for the Hall angle

• Hall coefficient

–

–

µhE y &



Semiconductor Measurements

• Four-point probe method for conductivity meas.

– Consider d << L

Jr ,EEEEr

B C

V

For the current leaving A:

Potential at a distance a from A:

Identically for the current entering D, then:

V = 2VBC



Semiconductor Measurements

• Minority carrier life-time and mobility.

d, to

Mobility:

Life-time:


