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Problem 1: MOSFET with Retrograde Channel Doping
As mentioned in Slide 3 of Lecture 23, retrograde channel doping can be used to mitigate punchthrough in a MOSFET.  A retrograde profile comprises a very lightly doped surface region of thickness d and a heavily doped region beneath it, ideally as shown below:  
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(a) Draw the MOS equilibrium energy band diagram (in the x direction) corresponding to the threshold condition (when the surface is inverted to be heavily n-type), for an n-channel MOSFET (with an n+ poly-Si gate electrode) with the idealized retrograde channel doping profile as shown above.  Assume that the charge density in the surface region is essentially zero so that the change in electric field strength within this region is zero according to Poisson’s equation.  Assume also that WT = d. 
(b) What is the electric field strength at the silicon surface, under strong inversion?  
(c) Use the result obtained in part (b) to derive an expression for the voltage drop across the oxide (Vox) in terms of d, F, and (Si.  Assume that there is no charge present in the oxide.

(d) Using the result obtained in part (c), obtain an expression for the threshold voltage, VT.  Compare this with the expression for VT for a MOSFET with uniform channel/body doping NA.  Which one is expected to be smaller when all other transistor parameters are the same?
Problem 2:  MOSFET Source/Drain Structure
Typically the source and drain regions of a MOSFET are formed simultaneously during the device fabrication process, so that a MOSFET structure is symmetric (i.e. the source and drain regions have identical dopant concentration depth profiles) and hence the parasitic source resistance (RS) is equal to the parasitic drain resistance (RD). 
(a) Which component of parasitic resistance (RS or RD) has greater impact on MOSFET saturation current?  Explain your answer.

(b) What are the benefits of a lightly doped drain region?  (Hint: Consider the short-channel effect, punchthrough, and high-electric-field effects.)

(c) Suppose that it were possible to fabricate a MOSFET with an asymmetric structure (e.g. with one of the source/drain regions doped more heavily than the other).  Considering your answers to parts (a) and (b), which of the source/drain regions should be more heavily doped?
Problem 3:  Qualitative BJT Questions

(a) Draw the energy-band diagrams for a Si PNP BJT in forward-active and saturation modes of operation.
(b) Draw a family of common-emitter output characteristics (IC vs. VEC curves for different values of VEB).  On your plot, indicate the saturation region and forward active region.
(c) Suppose the minority-carrier lifetime in the base were drastically reduced somehow.  How would the following device parameters be affected, and why?  
i. transport factor T
ii. emitter efficiency 

iii. common-emitter dc current gain dc
