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Problem 1:

An NMOSFET with a threshold voltage of 0.5V and oxide thickness of 6nm has a Vdsat of 0.75V when biased at Vgs = 2.5V.  What is the channel length and saturation current per unit width of his device?  (Hint:  Use the universal mobility curve to find µs. From µs, you can determine
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Problem 2:

MOS circuits perform best when |Vt| of both NMOS and PMOS devices are about equal.  To achieve this symmetry in PFET and NFET having equal Nsubstrate, we may use symmetrical flat band voltages such that Vfb, PMOS  = - Vfb, NMOS.

(a) Calculate the Vfb of NMOS and PMOS devices if the substrate doping is 5(1016/cm-3 and the gate is N+.  Are the flat band voltages symmetrical?

(b) Assume the NMOS and PMOS devices now have a P+ gate.  Redo (a).

(c) If you were restricted to one type of gate material, what work function value would you choose to achieve the same |Vt|?

(d) For many reasons, you prefer to use a heavily-doped silicon gate. If you were allowed to use both N+ and P+ gates, which type of gate would you use with your NMOS and which with your PMOS devices?
(Hint:  Use the results of (a) and (b).  Consider the need to achieve symmetrical |Vt| and the fact that large |Vt| is bad for circuit speed.) 

Problem 3:
The Id –Vd characteristics of an NMOSFET is shown below
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What are the velocities of the electrons near the drain and near the source at points A , B, and C?  Use the following numbers in your calculations:


A:
 Ids = 1.5mA
Vds = 0.5V


B:
 Ids = 3.75mA
Vds = 2.5V


C:
 Ids = 4.0mA
Vds = 5.0V

(Hint:  Id = W(Qinv((.)  

Problem 4:

For an NMOS device with velocity saturation, indicate whether Vdsat and Idsat increase, decrease, or remains unchanged when the following device parameters are reduced. 

	
	Tox
	W
	L
	Vt
	Vg

	Vdsat
	
	
	
	
	

	Idsat
	
	
	
	
	


Useful Equations:
6.9.10
6.9.11
5.4.3
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