Additional end-of-chapter problems for Chapter 1 – Introduction to CMOS Design
CMOS: Circuit Design, Layout, and Simulation
A1.1 	Using a SPICE operating point anaysis (.op) simulate the operation of the circuit seen below. Compare your hand calculated values for the node voltages to the SPICE simulation results. What happens to the simulation results if we change the resistor values from 1MEG (106) ohms to 1M (1 milli or 10) ohms? Note that some SPICE simulators are “smart enough” to recognize that 1M is likely a megaohm resistor and therefore interpret 1M as 1MEG (but be careful!) 
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A1.2	Repeat problem A1.1 using a transient analysis (.tran).

A1.3	Show, using equations, that the time it takes to reach 1 V (half of the input pulse amplitude) after the input pulse transitions from 0 to 2 V is given by 0.7RC. Verify this with a SPICE transient simulation. 
 (
Figure A1.3
 
Using the .tran
 analysis in SPICE.
0 to 2V pulse
100 fF, 
C
1
0k, R
V
OUT
V
IN
)






 (
Figure A1
.4
 Using the .
ac analysis in SPICE.
1 V, AC
100 p
F, 
C
10k, R
v
out
 
( 
f 
)
v
in
(
 
f 
)
)A1.4	Derive transfer functions for the magnitude and phase responses of the following circuit. Using these equations sketch Bode responses (log-log plots). Use SPICE analysis to verify your plots and equations.


A1.5	Suppose the input, in Fig. A1.4 above, is a 1 V peak sinusoid with a frequency of 1 MHz. Sketch, by hand, the input and output waveforms in the circuit (in the time domain). Use a SPICE transient analysis to verify your sketches. 

A1.6	Determine, using hand calculations, the output of the following circuit. Write the SPICE netlist, using a text editor, and simulate to verify your hand calculations/sketches.
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A1.7	Determine, using hand calculations, the output of the following circuit. Write the SPICE netlist, using a text editor, and simulate to verify your hand calculations/sketches.
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A1.8	Simulate the operation of the circuit in Fig. A1.4 if R is 1k and C is 1 pF. Write the SPICE netlist, using a text editor, for the circuit and simulate to verify your hand calculations/sketches. Note that the x-axis in your simulation and sketches is frequency.
A1.9	Repeat A1.8 if the resistor and capacitor locations are swapped.
A1.10	Determine, using hand calculations, the output of the following circuit. Write the SPICE netlist, using a text editor, and simulate to verify your hand calculations/sketches. Note that the x-axis in your answer and the simulation is time.
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A1.11	Repeat A1.10 if the resistor and capacitor locations are swapped and the frequency is reduced to 10MHz.





A1.12	Lay out the following using a layout program. The box shown uses the n-well layer and measures 10  by 60 . 
 (
Figure A1.12
 Laying out a box using the n-well layer.
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A1.13	Determine the operating point of following circuit. Use SPICE to verify your hand calculations.
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 (
Figure A1.13
 Circuit used in problem A1.13.
)
 

A1.14	Repeat problem A1.13 but using a transfer function analysis.










A1.15 	Determine, and sketch in the time-domain, the input and output of the circuit seen in Fig. A1.15. Use a SPICE transient analysis to verify your answer. As always show your work (hand calculations and simulation results).
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 (
Figure A1.15
 RC circuit used in problem A1.15.
)

A1.16 	Sketch the Bode response (frequency response) for the circuit seen in Fig. A1.15. Use a SPICE AC analysis to verify your hand calculations.
A1.17	Determine the delay, at the input/output pulses 50% points, through the following circuit. Use a SPICE transient analysis to verify your answer. 
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 (
Figure A1.17
 Determining the delay through an RC circuit.
)


A1.18	Estimate, and verify your hand calculations with a SPICE simulation, the delay through the following circuit (so the input and output are both pulses).
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 (
Figure A1.18
 RC circuit used in problems A1.18 and A1.19.
)
A1.19	Using an AC analysis, calculate the input frequency when the output is ½ the input signal for the circuit seen in Fig. A1.18. What is the phase shift at this frequency? Verify your hand calculations using both SPICE transient and AC analyses. 

A1.20	Using a SPICE transient analysis, simulate the operation of the circuit seen in Fig. A1.20 with a 1-V peak input sinewave at a frequency of 1MHz.
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 (
Figure A1.20
 An inverting amplifier with a gain of – 1.
)


A1.21	Determine the frequency, in the following circuit, where the output is 40% of the input. Verify your answer with both SPICE AC and transient simulations.
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 (
Figure A1.21
 Lowpass RC circuit used in problems A1.21.
)

A1.22	Determine the transfer function and sketch the Bode responses (magnitude and phase) for the circuit seen Fig. A1.20 if a 10 pF capacitor is added in parallel with the feedback resistor. Use a SPICE AC analysis to verify your sketch. 
Next, if the input to the circuit is a 1 V peak signal at a frequency one octave above the circuit’s 3-dB frequency estimate the magnitude and phase shift of the output signal. Verify your answer with a SPICE transient analysis.

A1.23	Explain what happens in the circuit seen in Fig. 1.31 on page 25 if the switch is open for a long period of time and then closes. Use a SPICE transient simulation to verify your comments including the circuit’s time-constant and the final value of current that flows in R1.
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