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Problem  7 (Core:  EDA-ECE2040)    Code Number: ___________                         
Consider the circuit below.  Assume the op-amp is an ideal op-amp.   You must write your answers in the 
line (where a line is given) below to receive any credit. 

Solution:  What is the input resistance / 
impedance looking into the input terminals 
of an ideal op-amp? 

GND

1pF

Vout

Vin

4pF
 
__Infinite Resistance___ 
 
For a DC input voltage of 0V applied to the 
input, the DC output voltage is 2V.   What 
is the cause of the 2V DC output voltage?  
 
Charge Stored at the node connected to the 
1pF, 4pF and – op amp terminal.  
 

For the rest of the problem, assume the statement to be true for a DC input voltage of 0V applied to the 
input, the DC output voltage is 2V.   Solve for the dc gain and the bandpass gain.    
 
Dc gain =  ______-4__________ (impedance at the – terminal is infinite even with the feedback)
                           (did accept an answer of 0 if justified) 
 
Bandpass gain = ___-4_________
 
s (4pF) Vin = s (1pF) ( -Vout ); therefore Vout / Vin = -4.   
 
Rigorously, this solution holds upto s=0, therefore gain is -4, but at DC, the gain is undetermined by this 
method of analysis.   A more rigorous analysis even at DC gives a gain of -4.  One could argue that in a 
physical system that charge might not be held infinitely, so the gain at DC might be 0.  Of course, a 
physical op-amp would also not have infinite gain, etc, so not a strong argument.  
 
For the circuit below, solve for the dc gain, the bandpass gain, and the corner frequency for the resulting 
circuit.  Assume the op-amp is an ideal op-amp. You must write your answers in the line below to receive 
any credit.   For this circuit, when a dc input of 0V is applied, the dc output voltage is 0V. 
 

GND

1pF

Vout

Vin

4pF1000MΩ

Analyzing this circuit, we get 
( Vin  - V )/ 1000MΩ =  s (4pF) V = s (1pF) ( -Vout ); therefore Vout / V = -4.   
V(s) / Vin(s) = 1 / ( 1 + s (4pF)(1000MΩ) ) = 1 / (1 + s (4ms) ) 
Dc gain =  _____-4______ 
 
Bandpass gain = ____-4____ 
  
Corner frequency = __1 / (2 π 4ms)_= _39.8 Hz (~ 40Hz)_________ 
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Problem  8 (Core:  EDA-ECE3050/3041)    Code Number: ___________                         
 
Assume you have a MOSFET transistor with all four terminals available, where one of the terminals is a 
gate, one is a source, one is a drain, and one is a well terminal, but none of the terminals were labeled.  You 
know that none of the terminals are tied together.   Your job is to determine an experimental procedure to 
identify all four terminals using typical laboratory benchtop equipment (i.e. voltage sources, voltage 
meters, current meters), as well as identify whether the device is an nFET or a pFET transistor.   
 
 
Solution:  There are a few strategies for solving this problem; we will present the easiest approach, but all 
approaches take a similar form of their solution.   
 
A MOSFET is a 4 terminal device.  The one terminal that never has current flowing into it is the gate 
terminal, because the gate is a capacitor to the silicon substrate.  All other three terminals can have a 
forward biased pn junction in particular conditions, which we will utilize a bit later on in this problem.    
 
Therefore, the first problem is developing a set of experiments to check for a terminal that never pulls any 
current.  Therefore, take all of the pairwise set of terminals, while keeping the other two terminals floating 
(and therefore forcing the resulting current through those terminals equal to 0), and perform a voltage 
sweep while measuring the current flowing between the selected two terminals.   After finishing these six 
measurements, there are 3 measurements that yield effectively zero current with one terminal in common.  
That common terminal is the gate for the device.  
 
Next question is finding the bulk terminal from the remaining three devices.  The other two terminals are 
the source terminal and the drain terminal, which for a fabricated MOSFET are identical.   We know that 
electrically we see a p-n junction device from source or drain to the bulk potential; therefore if we look at 
the sweep data from the above experiments that did not include the gate terminal, we should be able to 
figure out which terminal is the bulk terminal. Two other experiments will look like a pn junction with a 
forward bias and a reverse bias region; there would be no current from the other terminal, since it would be 
disconnected.  These two experiments will have the bulk terminal in common.  One experiment will be 
inconclusive, because it will be looking at the current between source and drain; depending upon the 
location of the surface potential one might get a wide range of measured current when sweeping the 
voltage, but would not get a pn junction response that matches the other two devices.  One could get an 
asymmetric response, but since the source and drain are identical, we would expect nearly identical 
responses from two of the curves.  Therefore, we select the common terminal between these two sweeps, to 
give us the well terminal.  The other two terminals are the source and drain terminals.  
 
Finally, further looking at the two sweeps to determine the bulk terminal, we can determine whether we 
have an nFET or a pFET device.  Remember we have a p-n junction between bulk and source-drain 
junction; an nFET would have p-type substrate (and n+ type source-drain junctions), where a pFET would 
have n-type substrate (and p+ type source-drain junctions).  Therefore, if we had exponentially rising 
current dependance when the bulk terminal was higher than the source-drain junctions, we have an nFET, 
and if we had exponentially rising current dependance when the bulk terminal was lower than the source-
drain junctions, we have a pFET.  
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