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Problem 1:


If we decrease the substrate doping concentration, how will the following parameters be affected?  (Please indicate your answer by putting a mark, X, in the correct square.)  Write down any relevant equation and explain briefly how you obtain the answer (a few words or one sentence).  Assume the gate material is     N+-poly and the body is P-type.   

	
	Parameters
	Increase
	Decrease
	Unchanged

	A
	Accumulation Region Capacitance
	
	
	

	B
	Flat-band Voltage, Vfb
	
	
	

	C
	Depletion Region Capacitance
	
	
	

	D
	Threshold Voltage, Vt
	
	
	

	E
	Inversion Region Capacitance
	
	
	


Problem 2:

The oxide thickness (Tox) and the doping concentration (Na or Nd) of the silicon substrate can be determined using the high-frequency C-V data shown below for an MOS structure.


(a) Identify the regions of accumulation, depletion and inversion in the substrate corresponding to this C-V curve.  What is the doping type of the semiconductor?

(b) If the maximum capacitance of the structure C0 (which is equal to Cox(Area) is 82 pF and the gate area is   4.75(10-3 cm2, what is the value of Tox?

(c) Determine the concentration in the silicon substrate.  Assume a uniform doping concentration.

Problem 3:


Consider the C-V curve of a MOS capacitor in the figure (the solid line). The 

capacitor area is 6400 (m2.  C0 = 45 pF and C1 = 5.6 pF.



If, due to the oxide fixed charge, the C-V curve shifted from the solid line to the dashed line with (V = 0.05V, what is the charge polarity and the area density     (C/cm2) of the oxide fixed charge?  

Problem 4: 

         (a)
Derive Eq.5.8.1.    

(b) Derive an expression for the voltage drop in the poly-depletion region, i.e. the band bending in the poly-Si gate, (s.  Assume that the electric field inside the oxide ,(ox, is known.

(c) Continue from (b) and express (poly in terms of Vg, not (ox.  Assume surface in version, i.e. Vg ( Vt.  Other usual MOS parameters such as Vfb, Tox, (B may also appear.  Hint: Vg = Vfb + Vox + 2(B + (poly.   

(d) Using the result of (c), find an expression for Wdpoly in terms of Vg, not (ox.

For part (e), (f), and (g), assume Tox = 2nm, Na = 1017cm-3, Nd = 6(1019cm-3 (for N+-poly-gate), and Vg = 1.5V.

(e) Evaluate (poly and Wdpoly.

(f) Calculate Vt using Eq. 5.4.3.  (The poly-depletion effect maybe ignored in Vt calculation because (ox is very low at Vg=Vt.)  Then, using (poly from part (e) in Eq. 5.8.3, find Qinv. 

(g) Calculate Qinv = Coxe(Vg-Vt) with Coxe given by Eq. 5.8.2.

Discussion: 

Eq. 5.8.2 is correct for a small signal capacitor. In this case, 
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where C and Q are functions of Vg.  Hence, solving the integral above will not yield the same result you obtained for part (f) since C varies with Vg due to the poly-depletion effect.  The answer for part (f) is the correct value for Qinv.  
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