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- Valence and conduction band edges as a function of spatial position, taken

from the maximum/minimum in k-space. (+defect states)

- Projected DOS: around position r, weight the DOS by |psi(r)|^2, where psi

are the states that contribute to the DOS at the given energy.
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- Aligns the band structures before forming the junctions

- Ionization potential: Evac-Ev
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- Either: 1) electrons and holes at the two sides of the interface recombine, or 

2) electrons from n-side fill the acceptors on p-side, and leave behind 

ionized donors

- Generation of electric field opposing the charge transfer => Fermi-levels are

aligned (or rather electrochemical potential)

- We could solve Schrödinger equation for the whole system and determine

global chemical potential, or we can solve SE locally under external

electrostatic potential and search for solution where electrochemical

potential is aligned throughout the system.

- Small number of free carriers => Fermi-level far away from band edges. Or: 

within the depletion layer, Fermi-level in the saturation regime, all dopants 

are ionized.
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- Potential from solution of 1D Poisson equation

- The extent of band bending depends on the dopant concentrations, longer if 

small concentration
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- Transfer of electrons from higher Fermi-level to lower => electric field, band 

bending, Fermi-level drops

- In the metal side, similar effects, but confined to a region very close to the

interface

- For our purpose, there are no special bands in metal, like VB/CB in 

semicond, but shift can be seen e.g. in core states.

- Remember the local DOS figure in the beginning.
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- Type of contact depends on the doping and relative position of Fermi-level

- No barriers in Ohmic contact, easy charge flow. Semiconductor is 

degenerate at the interface.

- Barrier in Schottky contact, thermal excitations or tunneling needed

- Often, sufficiently Ohmic contact is obtained by doping the interface very 

heavily which makes the barrier very thin and carriers can tunnel through

- Ohmic for electrons is Schottky for holes, and vice versa, although mostly 

only the type for majority carrier matters
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- Strangely explained in the book, IMO.

- (b) and (c) both happen in ”blocking” metal-semiconductor interface

depending on the bias.
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- Interface states from the breaking of lattice, kind of defect states, depends

on details of the interface

- MIGS, figure of DOS smoothing, compare tunneling through simple barrier

in quantum mechanics

- Fermi-level pinning affects Schottky barrier and band bending. E.g., barrier 

becomes independent of the metal work function.

11



- Any potential originating from the charge transfer is quickly screened out 

further away from the junction

- Due to large DOS, the electrons can stay close to the junction without 

having to go much higher in (kinetic) energy
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- First question was in homework.
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- From j=sigma*E, to have same current in metal and SC, E (=potential 

gradient) needs to be much larger in SC, since sigma is much smaller.

- Here, the biggest potential drop happens at the junction, where the number 

of carriers and thus conductivity is smallest.  Also screening is small.

- Or, forwards bias decreases the work function difference and thus the 

required potential change. The opposite for reverse bias.
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- Large number of holes in n-type semiconductor can lead to strong 

recombination.
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- Drift current due to contact potential and diffusion due to thermal activation 

over the barrier (or diffusion due concentration gradient)
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- In drift current: diffusion of electrons to the contact region and replenishing

by thermal generation (or prior to recombination).

- The n_p/tau_p term is recombination (=generation) rate
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- But not an ideal one diode.

- When accounting also for holes, just sum the electron and hole currents. 

- The relative importance of electron and hole currents can be controlled by 

the doping of the n- and p-sides, see the dependence on N_d/N_a. E.g. N_a 

< N_d, electrons dominate both drift and diffusion.
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- Contact potential comes from the (integrated) charges in the depletion 

ragion. Width of the depletion region increases with reverse bias and vice 

versa.

- One can think that there is built-in capacitance even in the unbiased case. 

In practice only the differential matters.
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- Perhaps easier to understand so that we control the height of the barrier. 

This leads also to current, but the current is small due to weak p-doping.

- Weak p-doping => weak recombination

- Bending in p-region extends relatively far due to weak doping vs n-regions.

- Here for npn, pnp analogously
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- Band diagram looks a lot like npn-BJT along the interface from source to 

drain

- Requires good quality of the interface to avoid scattering from defects or 

roughness

- Controlling gate voltage, source-drain current can be switched on/off
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- Miniaturization (decreasing dimensions) lead to lower losses and thus less 

power consumption up to a point (where leakage starts to become 

unavoidable)
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- Finfet design to increase width without increasing area on die.

- sqrt(456/7.2e9)= 2.5e-4, so 250nmx250nm per transistor on average. Size

of one transistor will be smaller.

- Sqrt(2) decrease in process node still translates to roughly doubling of 

transistor density.

- Oxide thickness is getting close to atomic-scale limits
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- As alluded about GaN, the achievements resulting in nobel: able to grow

good quality GaN (and AlGaN) and p-type dope it.

- Illumination increases the drift current. Possible to extract work under

forward bias.
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- Population inversion can be generated e.g. by pumping with higher energy

photons or electrons from external circuit
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- Same idea both for LEDs and lasers
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- The electrons are usually close to the valley minimum/maximum, thus the 

wave vector can be large (hundreds of Å). They are then sensitive to trying 

to force them in to a small potential well

- Schrödinger eq without cross terms: (H_xy + H_z)*psi(xy)*psi(z)= 

E*psi(xy)*psi(z), 

- Electrons are free in lateral directions, plane wave solutions. Confined in z-

direction, particle-in-a-box solutions

- States are pushed higher in energy
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- SPSL: Short period superlattice, 
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- Changing band gap (via alloying) also changes the valence band and 

conduction band minima positions and thereby band offsets
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- Skip?
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- Skip?
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