Additional end-of-chapter problems for Chapter 3 – The Metal Layers
CMOS: Circuit Design, Layout, and Simulation
A3.1 	Estimate the capacitive load presented to the inverter seen below if the inverter drives a piece of metal measuring 4λ by 1,000λ and a bonding pad that measures 500,000λ square. Assume λ is 100 nm and the bottom capacitance of the metal is 10 aF/μm2 while the sidewall capacitance is 100 aF/μm. 
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An inverter driving the
 large parasitic capacitance of a metal layer.
Metal
500,000λ
500,000λ
1,000λ
4λ
Layout not to scale!
)

A3.2	Sketch the cross-sectional views along the lines indicate below.
 (
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 Sketching the cross-sectional views for a layout using metal and n-well.
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A3.3	Derive an equation that relates the length and width of metal lines, LM and WM, with sheet resistance, Rmetal (Ω/), supplying a DC current to a circuit, ILoad, to a maximum deviation of the voltage across the circuit, ΔVDD (the ideal voltage across the circuit is VDD; however, the actual voltage will be VDD  ΔVDD unless the circuit pulls no current or the metal lines have no resistance). 
A3.4	Derive an equation that relates a pulsed load current, ILoad, that lasts for Δt seconds to a maximum deviation of the voltage across the circuit, ΔVDD. Assume the resistance of the metal lines is large so that the ILoad must be supplied entirely by a decoupling capacitance physically placed across VDD and ground at the circuit, see below. Note that, as in A3.3, you must consider both the change in VDD and the change in the ground potential for the total ΔVDD.
 (
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 Selecting the size of a decoupling capacitor
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Limitations because of resistance of metal lines supplying a circuit.
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)A3.5	Estimate and simulate the delay through a metal wire that measures 100 nm in width and is 10 m in length if it is periodically loaded with 100 fF every 250 nm and the sheet resistance of the metal line is 0.1 Ω/.

A3.6	In general, for a long run of metal is electromigration or sheet resistance more of a concern? Why?


A3.7	Layout a 40 pin padframe using 75 µm by 75 µm pads (final size; your layout should be in drawn size). The final size of your chip should fit in an area of 1.5 mm by 1.5 mm.

A3.8 	Estimate and simulate the delay through a metal line that is 10,000 long and 4 wide (drawn sizes where scale is 300 nm) that is connected to 100 fF capacitors every 3 µm. Assume the sheet resistance is 0.1 ohms per square.

A3.9 	If VDD and ground are supplied through conductors that are 10 µm wide and 500 µm long estimate the maximum DC current we would want to put through the conductors due to electromigration considerations assuming JAL = 1 mA/m. Repeat if we don't want more than 1 mV voltage drop across the conductors when the sheet resistance is 0.1 ohms per square.

A3.10 	Describe in your own words, and with simulations and block diagrams, ground bounce and power supply droop.

A3.11	Lay out a test structure to measure the sheet resistance of metal1. Comment on the concerns, why you picked the test structure you did, and the potential causes of measurement error. Your layout should include connections to the top layer of metal (say metal3) and probe pads (again comment on the potential error sources).

A3.12	Lay out test structures for measuring the fringe and plate capacitances of metal1 to metal2 and metal1 to metal3. Show your probe pads and comment on sources of measurement error.




