Homework 4 



ECE320

Remaining Chp. 8,  some of Chp. 9 and some of Chp. 11
Reading:

1. Look over the following MIT OCW Circuits/Electronics lectures:

Nonlinear Analysis (Lec 6) – compare to section 9.3 in textbook

Energy & CMOS (Lec 23) – compare to section 11.5 (MOSFET switches) in textbook.
2.  Skim section 9.4  - Bridge rectifiers.
3.    Download Chapter 1 (sections 1.1 – 1.9) from the CMOS VLSI Design textbook by Weste and Harris and skim them over.    Also review the Lecture slides - 0 and 1 from Prof. Harris’ website.    The websites are shown in class.    Compare this content to the MOSFET switch model used in the MIT OCW lectures.
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Turn in the following:

1. Using the following diagram 

from the textbook
Describe how negative feedback is used in 3 places in a hierarchical approach.

2.     Given an op amp with a forward gain A(s) and a feedback amount B(s), show that the formula for Acl(s) works for both a non inverting and inverting configuration, where

Acl(s)  =  K(s)*A(s) / {1 +  A(s)*B(s)}

Acl(s) is called the closed loop transfer function

With K(s) = 1 for non-inverting and K(s) = -{1-B(s)} for inverting.    K(s) doesn’t depend on A(s).      

Show that for B(s) = Ri / (Ri + Rf )   and   A(s)* B(s) >> 1, results in the usual approximate Acl(s) resistor ratio forumulas for inverting and non-inverting op amps 
Note:    the denominator 1 + A(s)*B(s) is the characteristic equation for the feedback system, and its roots are the natural frequencies of the controlled system.    This is a key result for linear control theory.

3.   Model a diode as a polarity controlled switch – on with one polarity, off with the opposite polarity.    Use this model to explain how Vo is generated from Vi for AM radio (the invention of radio) in the following diode detector circuit.    Note that the high frequency within the RF pulse is too high for the low pass filter behavior of an audio phone speaker, but the pulse rate can be in the audio frequency range.
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4.    Use a polarity controlled switch model of a diode to explain how a bridge rectifier converts the AC energy from a shaker-flashlight (shown in class) to the energy needed for the white Light Emitting Diode (LED) to glow.

5.    Use the switch model for a MOSFET and the resistive load schematic for a NAND and NOR gate to explain their logic operation.
