ECE250 HW 9
Some comments on MOSFET notation used in the notes and the text

1) Note the NMOSFET “conduction parameter” (Kn) which indicates the overall gain of an NMSOFET) is defined in the course notes as

                                                       Kn = 
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where 
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 is the mobility of electrons on the surface of silicon (which varies somewhat with process technology), W is the width (lateral extent) of the MOSFET, and L is the channel length between the drain and source regions, and 
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 is the gate oxide capacitance per unit area,
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Which in turn is expressed in terms of the gate oxide thickness 
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and the permittivity of the gate oxide,
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2) Our text defines the “process transconductance parameter” (kn’), where kn’ = 
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.  Therefore we may relate Kn to kn’ through the formula 

                                               Kn = 
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The reason our text defines kn’ is that an IC designer cannot vary the process transconductance from one NMOSFET transistor to another on a single IC chip, but the designer can vary the W/L ratio (aspect ratio) of each transistor, and therefore vary the overall gain of each MOSFET (Kn).  


3) Also note that in the textbook, VT denotes the NMOSFET’s threshold voltage that I have been referring to in the notes as “VTN”.  Note that this parameter is NOT the thermal voltage parameter (VT = 26 mV)!  


4) Note the text defines the NMOSFET’s “overdrive voltage” (how much higher Vgs is than the MOSFET’s threshold voltage) as “Vov = (Vgs – VTN)”.

5) Another name for the ohmic region, where Vgs - Vds > Vtn and the MOSFET acts like a voltage-controlled resistor, is the “triode” region.  The text refers to the ohmic region as the triode region.  This is a carry-over from the days of vacuum tubes.  






HW9 Assignment


1. Text p. 241 Ex 4.1

2. Text p. 247 Ex 4.2

3. Text p. 253 Ex 4.4

4. Text p. 253 Ex 4.5

5. Text p. 253 Ex 4.6 (Recall how a linear drain-to-source resistance rds may be defined when vds is small and the MOSFET is in the ohmic (triode) region.  See Text Eq. 4.11 – 4.13)

6. Text p. 267 Ex 4.14

7. Text p. 267 ExD4.15

8. Text p. 370 Problem 4.77 Start by performing a dc analysis on the given circuit and calculating Id, Vds and Vd.  You should get the values of Vgs, Id and Vd that are given.  (Note: the textbook uses the symbol VA, instead of VM that I used in the course notes, to represent the effects of channel-length modulation in the MOSFET.)
(Answers: (b) 2 mS, 100 kΩ  (d) 3.333 MΩ, 0.971, 8.22, 7.98)
9. (Not in text)  Given an NMOSFET with Kn = 2 mA/V2 and Vtn = 1.5 V, and λ = 0.01 V-1 in the CD amplifier (Source-Follower) circuit shown below.
a. Find the dc quiescent node voltages VgQ and VsQ. (Answer: 0 V, -2.207 V)
b. Find gm and ro (Answer: 2.83 mS, 100 kΩ)
c. Draw the ac model of the circuit (remember dc current source = 0 => open circuit!)
d. Find a general expression for Rin from this ac model. Then find its numerical value. (Answer: Rin = Rg = 100 kΩ)
e. Find a general expression for Avo (= vo/vi with RL removed) from this ac model, then find its numerical value.
(Answer: Avo = vo/vi with RL removed = gm*ro/(1 + gm*ro) = 0.9964)
f. Find a general expression for Rout from this ac model.  Then find its numerical value. (Do this by setting vs(t) to 0, put an ac voltage source “vtest(t)” across output terminals, find the response current that flows, itest(t), and then Rout =  vtest/itest.) (Answer: Rout = 1/(gm+1/ro) = 352.3 ohms)
g. Draw the general voltage amplifier model (consisting of Rin, Rout, Avo), terminate it with RL at its output terminals and vs(t) in series with Rs at its input terminals.
h. From this general voltage amplifier model, find the numerical values of: Av = vo/vs, Avt = vo/vi, Ai = iL/iS, Ap = PL/PS (Answers: 0.651, 0.716, 79.5, 51.8);
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