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Covalent Bond

• Valence electrons are shared.

– Holes and electrons
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T > 0

free hole

me
*

mh
*



Density of Carriers in Intrinsic sC

• Concentration of conduction electrons:

For electrons:

For holes:
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valid also for

extrinsic sC!!



Extrinsic or Impurity sC

• n-type semiconductors (pentavalent impurities)

• p-type semiconductors (trivalent impurities)

4 electrons
participate
in bonding

1 electron
free to
wander

All 3 electrons
participate in
bonding



Electron Processes in Real sC

• Direct and indirect gap sC

Indirect Gap Direct Gap

The minimum separation

can be reached optically

(by means of a photon).

The minimum

separation cannot be

reached optically.



Electron Processes in Real sC

• Recombination (permanent loss of a carrier)

– Possible in direct-gap sC’s but marginally probable in

indirect-gap sC’s. Intermediate steps are required.

• Trapping (temporary removal of a carrier on localized states)



Density of carriers in extrinsic sC

• General considerations:

– Electrical neutrality:

– n and p were already found

– Concentration of ionized impurities:

– Replacing on 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

– T low (exp[(ED−Eg)/kT ] >> 1) & Nd  large (Nd /Nc >> 1)

0 0

n = (Nd Nc)
½ exp[(ED−Eg)/2kT] ∝ Nd

½



Density of carriers in extrinsic sC

• n-type material:

– Nd >> Na & n >> p

– T high (exp[(ED−Eg)/kT ] << 1) & Nd  large (Nd /Nc << 1)

0 0



Density of carriers in extrinsic sC

• n-type material:

– Nd >> Na & n >> p

0 0

position of EF



Density of carriers in extrinsic sC

• p-type material:

– Na >> Nd & p >> n

– Idem as before



Compensation doping

• General considerations

– Consider a sC with both donors and acceptors

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

+)

– Electrical neutrality:

– Idem:

p = –



Compensation doping

• Extrinsic compensated

–                  :

:

: majority carriers large

(T independent)

minority carriers low

(strong T dependence)

p = –



Compensation doping

• Intrinsic compensated

–                  :

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):
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Electrical conduction in sC.

• Diffusion of charge carriers

– In general, diffusion occurs when concentration

gradients are present.

– In a neutral gas with gradient in the x direction:

• vD due to electrical force eE (see Chap. 4):

• vD due to FD:

Overall force on the elemental volume

Average force on each particle

τrkT   1  dN

Μ     N  dx



Electrical conduction in sC.

• Diffusion of charge carriers

– In general, diffusion occurs when concentration

gradients are present.

– In a neutral gas with gradient in the x direction:

• vD due to electrical force eE (see Chap. 4):

• vD due to FD:

Overall force on the elemental volume

Average force on each particle

τrkT   1  dN

Μ     N  dx

D



Electrical conduction in sC.

• Diffusion of charge carriers

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

h h p
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Electrical conduction in sC.

• Diffusion of charge carriers

– Diffusion coefficient is related with mobility:

• Total current flow

τrkT 

Μ  

response to

electrical field
diffusion

Jh = 0 current can be compensated at

a particular electrical field



Spin-Charge Separation

• In 1D systems, a collective excitation can be

produced such that two new particles form:

– Spinon: spin without charge Holon: charge without spin

http://www.nature.com/nphys/journal/v2/n6/pdf/nphys316.pdf

SrCuO2


