
Spring 2009  6.002 Circuits and Electronics   Prof. J. A. del Alamo 

 

Homework # 5 - March 11, 2009 

 

 

Due: March 18, 2009 at recitation 

 

No late homework accepted 

 

 

1. [20 Points]: For part (a) to (c), all MOSFETs have the same VT = 2V and K = 

0.1mA/V
2
. The input voltages V1 and V2 represent logic values: 0 (V1 or V2 <1V) and 1 

(V1 or V2 > 3V). The power supply is Vdd = 5V. 

 

 
 

(a) [4 Points] What should be the value of R1 so that the noise margin at node A is 0.5V? 

 

Noise margin (NM0) is defined as the largest amount of noise that can be added to any 

valid output (VO) before it becomes invalid as the input (VI) for the next stage. 

I.e. NM0 = Min(|VIL−VOL|, |VOH−VIH|) 

 

(b) [4 Points] Assume now for simplicity that when “ON” these MOSFETs can be 

represented by a resistance RON = 5kΩ. What should be the value of R2 so that the noise 

margin at node B is 0.5V? 

 

(c) [4 Points] What logic function is implemented? 

 

(d) [8 Points] Consider now that this gate is to be implemented with MOSFETs having 

0.5V < VT < 3V and 10
3
Ω < RON < 10

5
Ω, and pull-up resistors having 10

3
Ω < RPU < 

10
5
Ω. (The inequalities express a permissible design space as opposed to a range of 

manufacturing uncertainty.) The MOSFETs and pull-up resistors need not have identical 

parameters. 
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Complete the design of the logic gate by choosing values of VT and RON for each 

transistor, and RPU1 and RPU2 so that: VOL = 0.5V; VIL = 1.5V; VIH = 2V; VOH = 3V; and 

the power dissipated by the gate is minimized. If any parameter does not have a unique 

design value, then give the permissible range for that parameter. Assume Vdd = 5V. 

 

 

2. [20 Points]: For all parts below, assume the input is a step signal: 

vI(t) =   0  t < 0 

V t > 0 

 

In addition, assume the capacitor voltage at t=0 is zero: 

vC(t=0) = 0. 

 

Calculate the time constant(s); sketch and label carefully vO(t). 

 

(a) [5 Points] 

 
 

(b) [5 Points] Assume G < 1/R. 

 
 

(c) [5 Points] Assume the diodes are ideal. 
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(d) [5 Points] Assume the diodes are ideal, and V1 = VX, V2 = 2VX. (V2 < V) 

 
 

 

3. [20 Points]: Agarwal and Lang, Problem 10.22 (Assume zero initial state, vC(t=0) = 0) 

 

 

4. [20 Points]: Agarwal and Lang, Problem 10.23 

 

 

5. [20 Points]: This problem makes use of the ELVIS iLab to study the small-signal 

characteristics of a common-source MOSFET-resistor amplifier. The amplifier is shown 

below. The transistor is the 2N7000 MOSFET that you have characterized in previous 

homework. Suitable parameters for this transistor are K = 0.14 A/V
2
 and VT = 1.9 V. The 

resistor has a nominal value of 500Ω. Notice that in this amplifier, the top power supply 

is set to +2.5V, and the bottom power supply is set to −2.5V, both with respect to ground. 

This is to allow an optimum bias point at the output that is right around 0 V with respect 

to ground. In this problem, you will measure the transfer characteristics of the amplifier 

and the small-signal voltage gain, and compare the voltage gain to a prediction based on 

the models developed in class. 

 

 
 

(A) [5 Points] The transfer characteristics of this amplifier can be obtained by sweeping 

the input voltage between −2.5V and 2.5V. To do so, apply a sine wave at the input with 

a frequency of 100Hz, an amplitude of 2.5V and an offset of 0V. At the output, 

appropriately configure the oscilloscope to see at least one full period of the output signal 
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with good resolution. To graph the transfer characteristics, graph vOUT against vIN. Print a 

screen shot of the canvas showing the transfer characteristics. 

 

Using the Tracking feature in the bottom left corner of the client, read off the input bias 

voltage, VIN, that results in an output bias voltage, VOUT, that is close to 0 V. Give these 

values. 

 

(B) [5 Points] Now, measure the small-signal gain at the bias point that you just 

determined. To do so, reduce the input amplitude to 100mV, and apply the offset found in 

Part (A) such that the output is biased close to 0V. When you do this, you will see that 

the instrument is not perfectly precise and that the input bias is a bit different from what 

you program. You will need to try different offset values until you get close enough. 

Once the output bias voltage is within about ±300mV of 0V, it is good enough. For this 

case, plot the waveforms of the input voltage and the output voltage versus time. Print a 

screen shot of this plot. Measure the amplitudes of both signals and determine the voltage 

gain. 

 

(C) [5 Points] Next, obtain the input and output waveforms and extract the gain for other 

bias points. Bias the input 0.6V below (more negative than) the bias point you selected 

for Part (B). Plot the input and output waveforms, print a screen shot of this plot, measure 

the amplitudes of both signals, and extract the voltage gain. Do the same for an input bias 

0.3V above (more positive than) the bias point you selected for Part (B). Plot and 

measure the same parameters. Comment on the change in voltage gain and the distortion 

that you observe in the output waveforms. Explain its origin in both cases. 

 

(D) [5 Points] Finally, use an appropriate small-signal model to calculate the voltage gain 

of this amplifier for an input bias such that the biased output voltage is equal to 0V. Use 

the parameters for the transistor given above. Compare what you obtain against the 

measurement results obtained in Part (B) above. Comment appropriately. 

 

As always, start this problem early to avoid any last minute crunch on the system. 


