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Problem 1 (25 Points): Potpourri — the following problem has three unrelated parts.
a) Use the circuit below for this part, where the voltages applied to the terminals of the NMOS
vary with time as shown in the graph. Complete the table below by evaluating the specified

voltages and determining the region of operation at the 3 points in time indicated on the
graph. Assume for the NMOS that V,, = 0.5V, 2¢pr = 0.5V, and y = 0.5V/2,
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b) Find the transfer function H(s) = vyyr/v;y of the following circuit.
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c) Use the circuit below for this part. Assume the two diodes have identical parameters (same
Is and n), and are in the forward bias region. Using the appropriate large-signal model for
the diodes, calculate the value for vy at a temperature of 100 °C.
k=138-10"2%J/Kandgq =1.6-10"19C.
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Problem 2 (30 Points): Use the following circuit for all parts of this problem.
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a) Assume the opamp has finite gain A, and differential input resistance R;; between the (+)
and (—) terminals. All other parameters of the opamp are ideal. Find an expression for the
input impedance Z;,.
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b) Assume the opamp has finite gain and bandwidth, given by the following expression. All
other parameters of the opamp are ideal.

Ao
A =
() 1+s/w,

Find an expression for the transfer function H(s) = voyr/in-
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c) Assume the opamp has finite offset voltage I/,s. Find an expression for the transfer
function H(s) = voyr/Vos When i;y = 0.
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Problem 3 (15 Points): Use the following circuit for this problem. Assume the opamp is
ideal, and use the constant-voltage-drop (CVD) model for the diode with V,,, = 1 V. Plot the
output voltage vyyr on the graph provided below for an input voltage v,y of a ramp from 0 to
5V as shown on the graph below.
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Problem 4 (30 Points): Use the parameters from the table below for all parts of this
problem. Assume vgg = OV unless otherwise shown.
NMOS PMOS
Vin 1% -1V
Knp 500 puA/V? 250 uA/v?
Anp 0 0

a) The following circuit is a linear voltage regulator providing a constant 5V supply voltage to a
digital logic chip. Assuming the NMOS is in the Saturation region, calculate the value of v

of the NMOS when iLOAD = 1mA.
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b) For the circuit below, find the range of v,y that will simultaneously bias the NMOS in the
Saturation region, and the PMOS in the Linear region.
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c) For the circuit below, assume the NMOS is in the Saturation region, and the PMOS is in the
Linear region. Additionally, approximate the PMOS in Linear with the voltage-controlled
resistor model R (good for small vy¢). Calculate the value for the voltage vy 7.
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(Space for additional work)
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