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Homework Assignment #8
Due at the beginning of class on Thursday, 3/21/13
Problem 1: Optoelectronic diodes

a) When a light-emitting diode (LED) is turned on (i.e. forward biased), minority carriers are injected into the quasi-neutral regions, where they subsequently recombine with majority carriers.  Because the LED is made using a direct band-gap semiconductor material, a photon is emitted whenever an electron and hole recombine.  The wavelength of the emitted photon,  (in m), is dependent on the band-gap energy EG (in eV):
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In words: the larger the energy band gap, the larger the energy of the emitted photon and hence the shorter the wavelength of the emitted light.  Recall that the visible spectrum spans the wavelength range from ~0.45 m (blue) to ~0.65 m (red).  How would you expect the LED bias voltage for a given forward current (e.g. 1 mA) to change with the LED color?  Explain briefly.

b) In order to maximize the amount of power that can be generated by a pn-junction solar cell, would you design the quasi-neutral regions to be “long” or “short”?  Should the quasi-neutral regions be lightly doped, or heavily doped?  Provide physical explanations for your answers (without using any equations or formulas).

Problem 2: MOS Capacitor Energy Band Diagrams
Consider an ideal MOS capacitor maintained at T = 300K with the following parameters:

· Gate material is p+ polycrystalline-silicon (work function M = 5.2 eV)

· Substrate is n-type Si, with doping concentration 1018 cm-3 (assume that this is non-degenerate)
· Oxide thickness xo = 2 nm
a) What is the flat-band voltage, VFB, of this capacitor?
b) Sketch the energy-band diagrams, labeling qVG, qS, qVox (no numerical values required), for the following bias conditions:
i) flat band 
ii) accumulation
iii) equilibrium
iv) strong inversion

Problem 3: MOS Threshold Voltage

a) What is the threshold voltage, VT, of the MOS capacitor of Problem 2?  
b) What is the maximum width of the depletion region, WT?
c) Indicate qualitatively how your answers to part (a) would change if the substrate doping ND were to be decreased (e.g. to 1017 cm-3).
d) Indicate qualitatively how your answers to part (a) would change if the oxide thickness xo were to be increased (e.g. to 3 nm).
Problem 4: MOS Areal Charge Density

Consider an n+ poly-Si-gated MOS capacitor with oxide thickness xo = 3 nm and p-type Si substrate doping NA = 1017 cm-3 maintained at T = 300K.  (Gate work function M = 4.1 eV)
a) What is the flat-band voltage, VFB, of this capacitor?
b) What is the threshold voltage, VT, of this capacitor?

c) Derive formulae for the total areal charge density (in C/cm2) in the Si as a function of gate voltage, for each of the regions of operation (accumulation, depletion and inversion).  Plot the total areal charge density as a function of VG > VFB.  
d) Calculate the areal charge density in the Si for a gate voltage VG = VT + 1V, and sketch the corresponding charge distribution within the MOS structure for this gate bias.
_1235245096.unknown

