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DEVICES — Ph.D. Qualifying Exam Fall 2005 
 
 
1. The structure shown below made up of an oxide layer 10nm thick sandwiched between 
two identical p-type silicon layers. Consider the problem to be one-dimensional, i.e. the 
structure is large in the vertical direction and in the direction out of the paper. 
 

 
 
a) Sketch qualitatively the small signal (or AC) capacitance (actually capacitance per 
unit area) measured from the left contact to ground versus VG  as VG  is varied from –
3V to +3V, i.e. sketch the CV characteristic from –3V to +3V.  (the AC capacitance 
to ground measured as you apply a  DC voltage to the left contact) You don’t have to 
calculate any values but identify key features on the sketch. (3 points) 
 
b) If you apply a small positive voltage to VG to the left contact, what is the state 
of the surface A, and of the surface B?  (e.g., inverted, accumulated,  depleted, or 
unchanged from the bulk Si). Explain, don’t just guess. (3 points) 
  

 
2. Suppose you have a planar p-n junction with an acceptor concentration  NA = 1016cm-3 
on the p-side and a donor concentration ND = 3 x 1016cm-3 on the n-side.  If the depletion 
width on the n-side is xn = 0.087 µm, what is the depletion width on the p-side? (4 points) 
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DEVICES — Ph.D. Qualifying Exam Fall 2005 (continued) 
 
 

3.    Consider a MOSFET with the characteristic shown connected as shown.  
    

 
 
 
a)  What is the approximate transconductance, gm,  for VGS = 4.5V? (3 points) 
 
b)  What is the DC operating point? (3 points)

c)  Suppose the MOSFET is connected as shown with an AC signal in addition to the DC 
signal applied to the gate, i.e. VGS = 4.5V + vin where vin =  (0.01V ) sin(2 !  f t). What 
AC signal would you measure at vout. ?  (4 points) 
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