Additional end-of-chapter problems for Chapter 2 – The Well
CMOS: Circuit Design, Layout, and Simulation
A2.1 	For the n-well layout seen below sketch the cross-sectional view at the places indicated. If the p-substrate is at ground potential what is the minimum value of potential allowed at any point on the n-well? Why?


A2.2	Estimate the value of a 2 m by 200 m n-well resistor if the n-well’s sheet resistance is 1 kΩ/. If the bottom zero-bias depletion capacitance of the n-well to substrate is 100 aF/m2 (a is atto or 1018), the sidewall capacitance is 50 aF/m, then estimate the delay through the resistor. Use SPICE to verify your estimate.


A2.3	If, for the n-well in problem A2.2, the built-in potential between it and the p-substrate is 750 mV and the grading coefficient, m, is 0.3 then sketch how the capacitance between the n-well and p-substrate changes as the potential on the n-well is increased (the p-substrate is at ground potential.) As the potential of the n-well increases what happens to the depletion layer thickness between the p-substrate and the n-well? Would you expect the delay through the n-well, problem A2.2, to be dependent on the voltage between the n-well and the p-substrate? Why?

A2.4	Using a layout program lay out the resistor in problem A2.2 using the MOSIS SCMOS submicron rules (the minimum width of n-well is 12λ and the minimum spacing between n-well is 18 λ). Attempt to make the layout as square as possible. Comment on how the corners in the layout and a ± 20% shift in the sheet resistance can affect the resistor’s value. If λ = 22.5 nm estimate the size of the layout.



 (
Figure A2.1
 N-well layout used in problem A2.1.
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A2.5	Sketch the output voltage in the following circuit (and estimate the storage time). Verify your answer with SPICE. Assume that the circuit has reached steady state prior to the input pulse transitioning from +10V to 10V. Use the diode parameters from Ex. 2.4 on page 48.
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A2.6	Using a layout program: 
a) 	Lay out a unit resistor using the n-well (assume a sheet resistance of 1.5k./square) with a nominal value of 10k. 
b) 	Show how, similar to Fig. 2.9b, the resistor can be used to implement a 100k resistor (make sure to DRC the layout...that only includes n-well without connections in between the resistors). 
c) 	Discuss how, using the 100k layout, a resistive divider can be made using a 70k and 30k resistor (one side of the 100k resistor tied to ground and the other side tied to an input...where is the resistive divider’s output tied). 
d) 	How do process shifts in the sheet resistance affect the resulting divider’s ratio? Why?

A2.7	In your own words: 
a) 	Describe briefly what happens to the depletion capacitance between the n-well and the substrate as the n-well’s potential is increased. Your discussion should include what happens to the width of the depletion region (an intuitive discussion). 
b) 	Sketch a plot of the depletion capacitance as a function of the reverse potential between the n-well and p-substrate. 
c) 	Sketch a cross-sectional view of the n-well resistor where one side of the n-well is at ground and the other side is at VDD (note unless otherwise indicated always assume the substrate is grounded). 
d) 	Comment, using this cross-sectional view, how the change in the thickness of the depletion region will affect the resistor's value (which side of the resistor, that is the VDD side or the ground side, will have a larger depletion region? a larger resistance?).

A2.8 	Repeat problem 2.7 on page 57 but find the frequency when the output voltage is 500 µV.

A2.9 	a) 	Discuss, in your own words, what is happening in Fig. 2.19. 
b) 	Describe an experimental setup that would allow you to measure storage time in a pn junction. 
c)	What is the difference between depletion capacitance and diffusion capacitance? 
d) 	Is it possible for a pn-junction (a diode) to exhibit both depletion and diffusion capacitances at the same time?

A2.10 	Suppose you layout the resistor in problem 2.10 (page 58) as a 50 by 10,000 instead of 10 by 2,000? Does the depletion capacitance in between the substrate and n-well go up or down? Why? Does this affect the delay through the resistor? Why? Verify your answers with simulations. 

A2.11	For the n-well layout seen below sketch the cross-sectional view at the places indicated. If the p-substrate is at ground potential what is the minimum value of potential allowed at any point on the n-well? Why?
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Figure A2.11
 Cross-sectional views of the n-well.
)

A2.12	Estimate the value of a 10  by 2000  n-well resistor if the n-well’s sheet resistance is 800 Ω/. If the bottom zero-bias depletion capacitance of the n-well to substrate is 100 aF/m2 (a is atto or 1018), the sidewall capacitance is 50 aF/m, then estimate the delay through the resistor. Use SPICE to verify your estimate. Use a  of 300 nm.

A2.13	If, for the n-well in problem A2.12, the built-in potential between n-well and the p-substrate is 700-mV and the grading coefficient, m, is 0.5 then sketch, using numbers, how the capacitance between the n-well and p-substrate changes as the potential on the n-well is increased from 0 to 5-V (the p-substrate is at ground potential.) As the potential of the n-well increases what happens to the depletion layer thickness between the p-substrate and the n-well? What happens to the effective sheet resistance as the n-well to p-substrate diode is reverse biased?

A2.14	Lay out a 100k resistor using the MOSIS SCMOS submicron rules (the minimum width of n-well is 12λ and the minimum spacing between n-well is 18 λ). Attempt to make the layout as square as possible. Comment on how the corners in the layout and a ± 20% shift in the sheet resistance can affect the resistor’s value. If λ = 300 nm estimate the size of the layout. Make a symbol for your layout and show that your layout and symbol LVS correctly when the resistor is used in a 2-to-1 voltage divider.





A2.15	Using hand-calculations estimate the diode’s storage and reverse recovery times. Verify your answers with SPICE. Plot the voltage across the diode by hand and comment on what is happening while the diode is shutting off.
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Figure A2.15
 Shutting off a diode.
)

A2.16	Estimate the frequency, in Fig. A2.16, where the small-signal AC output signal is half the small-signal AC input signal. Use the diode parameters seen in this figure. Assume the diode is reverse biased by 1 V (see Fig. 2.29). Verify your answers with a SPICE transient simulation.

[image: ]
 (
Figure A2.16
 Thinking of the diode as a capacitor.
)

A2.17	Lay out a minimum size n-well to p-subtrate diode using the MOSIS scalable design rules. Knowing the substrate must always be connected to ground what voltage should be applied to the n-well to turn the diode on? Make a symbol and ensure your layout/symbol both DRC and LVS commenting on any errors you encounter.
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