Additional end-of-chapter problems for Chapter 6 – MOSFET Operation
CMOS: Circuit Design, Layout, and Simulation
A6.1 	Explain, and show, how the following bit of SPICE netlist can be useful when looking at the characteristics of your SPICE models. Note the time scale is seconds.
.control
destroy all
run
let dvgs=deriv(VG)
let IG=-VG#branch
let CGS=IG/dvgs
plot CGS
.endc
.options scale=300n
.tran 1m 10

VG 	VG 	0 	DC 0 PULSE -5 5 0 10
M1 	0 	VG 	0 	0 	NMOS L=2 W=10

	Note that if the MOSFET has a large gate tunnel current (like our 50 nm models) or a MOSFET model is used that has poor modeling of the CV characteristics (like our 1 m level 3 models) then this code won’t work the way it’s intended.

A6.2	On a CV plot, like the one seen in Fig. 6.4, explain in your own words and with cross-sectional views why operation in the strong inversion region results in a better MOSCAP than operation in the accumulation region. If you wanted to use the MOSFET as a cap in accumulation what would you do in your layout to make it a better cap?

A6.3 	Layout and generate schematics for a 10/100 MOSFET (both NMOS and PMOS flavors with a style as seen in Fig. 5.17). Do an LVS on the cells. Generate IV plots like the ones seen in Figs. 6.11 and 6.12 for all four cells (of course the plots from the layout and schematic for each flavor are the same because the layouts and schematics generate the same netlists!).

A6.4 	In your own words, describe the origins of the MOSFET capacitances in Fig. 6.6. Also, describe how they change from cuttoff, to triode, to saturation.

A6.5 	Can the contact potential discussion on pages 137-139 be used to describe the built-in potential of a diode. If so, how? If not, why? What happens in a diode as you apply a potential that approaches the contact potential of the junction?

A6.6 	Describe, again in your own words, the difference between: drawn length, effective length, and electrical length.

A6.7	Use simulations to augment a short tutorial to illustrate your understanding of body effect in a PMOS device.

A6.8	Use SPICE and the 50 nm models to generate Fig. 6.16 for both NMOS and PMOS devices having minimum lengths. What are the subthreshold slopes? How does this slope change with temperature? Using these results estimate the off and on currents (units of current per width) for the 50 nm process (note that the Ion and Ioff are measured with VSD = VDS = VDD). How do Ion and Ioff change with changes in the devices’ widths? Does this make sense? Why?





A6.9	Estimate, in terms of VDD and Ioffn,p (the off current of either the NMOS or PMOS devices), the power dissipated in each of the following circuits (inverters, see Ch. 11). Which device dissipates power in each circuit?
 (
Figure A6.9
 Estimate the power dissipated in an inverter.
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A6.10	Why, for devices with channel lengths less than 5 m, is ? Is this (your answer) related to DIBL? Why or why not?

A6.11	Sketch, for an NMOS device, ID against VDS with VGS = VDD. Indicate, on your sketch, Ion, ID,sat, and VDS,sat.

A6.12	Describe CGBO using a layout and a cross-sectional view. Indicate the field device on your cross-sectional view.

A6.13	Can a MOSFET operate in strong inversion with zero drain current? Why or why not?

A6.14	If an NMOS device has VDS = VDD sketch ID against VGS for two different electron mobilities, 1 and 2, where 1 >> 2.

A6.15	When measuring the off current of a MOSFET would you expect the device to be operating in: accumulation, depletion or strong inversion? Why?

A6.16	Name two effects that limit the maximum voltage that can be applied to the drain terminal of a MOSFET with the source grounded. Assume the oxide reliability and leakage are not a concern.

A6.17	How does the subthreshold slope change with temperature? Is it desirable to have large or small subthreshold slope (units of mV/dec).

A6.18	Why is the switching resistance of a 10/2 NMOS device lower than the switching resistance of a 10/2 PMOS?

A6.19 	If we decrease the threshold voltage of a MOSFET how will the on and off currents be affected?
 (
Figure A6.20
 Calculating the phase shift through a circuit.
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)A6.20	Estimate the frequency when the phase shift between the input and output AC components is – 40 degrees. What is the time delay between the input and output at this frequency? Use the 1 m process parameters from Table 6.2 on page 147.
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