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» This is a closed book, closed notes test! Use of calculators is OK,
but no pre-stored data or formulas allowed!

* The last page is a notes page which may be detached for convenience
and need not be turned in with the exam

« Show all your work. Partial credit may be given. If you think you
need something that you can't remember, write down what you need
and what you'd do if you remembered it.

* Look for the simple, straightforward way to solve the problem for
the level of accuracy required. Don't get entangled in
unnecessary algebra.

* Asinreal life, some problems may give you more information than
you need. Don't assume that all information must be used! It's your
job to decide what's relevant to the solution.

*  You have 40 minutes to complete this quiz. There is one problem on
a total of 7 pages (including notes page).



1. It’s the night before the end of the term and you’ve got to get the ECE4902 lab reports
handed in. But your lab partner had heard the professor’s “Confusing terminology =
barrier to entry = high salary” line once too often and has dropped the course in frustration.
Now all you have left is your sketchy lab notes for the common source amplifier with
active load circuit shown below.
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You recall that you measured the step response of the circuit for two cases of the mirror

resistor Ry. The table at the top of the opposite page shows what you have for each case:

* The value of Ry and the voltage drop Vj across Ry,

*  The scope photo of the step response, showing the measured 10%-t0-90% rise time

®* The offset (MEAN) and peak-to-peak amplitude (Pk-Pk) of the waveform at the
amplifier input, as well as the peak-to-peak amplitude (Pk-Pk) at the amplifier output.

For parts (a-c) you may ignore channel length modulation.

a)

For each of cases I and II, determine the transfer function v,,/v;, assuming the form of a
first order lowpass. You may use s or f or jo, but be sure to express the transfer function in
a form that explicitly shows the DC gain and the 3-dB frequency (bandwidth). Write your
answers for cases I and II in the corresponding box on the opposite page. Accuracy +10%
for full credit. [30]

b)

For each of case I and II, determine the small signal transconductance g,, of device MI.
Write your answers for cases I and II in the corresponding box on the opposite page.
Accuracy +10% for full credit. [20]

Determine pCox and Vo for the NMOS and PMOS devices. Write your answers in the
table on the opposite page. Accuracy for full credit: +10% for uCqyy, = 0.02V for V.

[40]

d)

You realize that these results can’t give you the individual channel length modulation
parameters A, and A, for the NMOS and PMOS devices. But you can get the sum of the
two. Determine the value of A, + A, for the NMOS and PMOS devices. Write your answer
in the space on the opposite page. Note that (since the A model for channel length
modulation is the least accurate approximation to actual MOSFET behavior), you may get
different values for A, + A, depending on whether you use results from I or II. For the
purposes of this problem, either one is OK. Accuracy for full credit: +20%. [10]
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Answers for (c):

Parameter

N-channel

P-channel Units

VTH
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Answer for (d):

A+A, =

0,107

or- 0.138




a) DC GAN FROM STEP AMPLITUOES (PK-PK)
E)
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) WE HAVE Z Tp-V,e DATA POINTS  WHICH WILL
DETERMINE jicox  AND Vpy

NMOS
Ves(pe) IS GIVEN BY MEAN of INPUT CH2
IGNORING  EFFECT OF AVps WE ASSUME TIp,=Tps (MRCoR)
SQUARE LAW FOR (I') ANO (m)
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d) CAN GET EROM GAIN
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OR FOR (C) CAN USE \Tp vs Vgs METHOD
e NMOS o PMOS
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T METHOD:

T = [Alr & (Ves - Vi)
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MOSFET LARGE SIGNAL CHARACTERISTICS
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