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EE 40

Final Exam

May 23, 2003

PLEASE WRITE YOUR NAME ON EACH ATTACHED PAGE
PLEASE SHOW YOUR WORK TO RECEIVE PARTIAL CREDIT

PLEASE DO NOT LEAVE DURING LAST 30 MINUTES OF EXAM PERIOD

Probiem 1: 10 Points Possibie

Problem 2: 10 Points Possible

Problem 3;: 10 Points Possible

Problem 4: 15 Points Possible

Problem 5: 15 Points Possible

Problem 6: 45 Points Possible

Choice1 Choice?2 Choice3  Choice4  Choice 5

TOTAL: 105 Points Possible (Yes, you can score over 100%)




Name

Problem 1: 10 Points Possible

a) Suppose | measure the voltage over the 400 kQ) 100 kQ
resistor using a voltmeter with an internal ANN
resistance of 1.2 MQ. What is the voltage reading 20 V @
400 kQ

on the voltmeter?
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b} | have attached a diode to the output of a logic gate, so it will light
up when the output is high. Assume the large signal model for the

diode, with Ve = 1 V. .

Find the range of values for R that will satisfy the following
condition: The diode must have between 20 mA and 50 mA of

current when the logic output is between 4 Vand 5 V. <
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Probiem 2: 10 Points Possible

O |
Consider the relay circuit. ' | o
The 100 uF capacitor is connected to the 12 V source
and 10 kQ resistor when the switch Is up, and connected B
to the 20 kQ resistor representing the electromagnet coil + C ) 10k :
when the switch is down. 100 yF — C ,,?
The electromagnet keeps the switch in the “down” — 20 k© " P
position until the colil voltage drops to 4 V, at that point, = (f’ .ﬁ
the magnet releases the switch and it springs back up. 7 12 Vi -

[ ~

Suppose that at t = 0, the capacitor has voltage
4 V with polarity shown, and the switch is up. Att =1 second, | flip the switch down (and let go).
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How long will the switch stay down?
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Problem 3: 10 Points Possible

Determine whether the circuit below performs a logical operation.

If the circuit does perform a logical operation,
a) give the Boolean function it computes, and
b) design a circuit that computes the same function using fewer transistors.

If the circuit does not perform a logical operation,
a) give a set of inputs that resuits in an invalid output, and
b) rearrange the inputs so that the circuit does perform some logical operation.

For your convenience, 8 copies of this circuit are given on the next page. Assume that all PMOS
transistors have source terminal on top, and all NMOS transistors have source terminal on the bottom.
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Problem 3 Workspace
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Problem 3 Workspace
Sunpler aepression i = A(R+C)
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Problem 4: 15 Points Possible
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Consider the two circuits above, where W/L uy Cox = 2 mAN?, Vo = 1V, and A = O for both transistors,
at room temperature. In this situation, both transistors are in saturation, with constant I, = 1 mA.

Suppose the circuit temperature rises significantly, doubling uy (not realistic, but bear with me).

Find the Ip values for the higher temperature: Ip) for Circuit A and Ipg, for Circuit B.
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Problem 5: 15 Points Possible

- Find the Thevenin equivalent circuit with respect to points a and b for the circuit below.
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Problem 6: 45 Points Possible

Complete 3 of the following 5 choices worth 15 Points each. If you complete more than 3
choices, your 3 highest-scoring choices will count towards your Problem 6 totai.

Problem 6 Choice 1:

Design a circuit for which VOUT = \/ V|N :

Your design only needs to work “on paper”.




Name

Problem 6 Choice 2:

You are given an input Vi = sin 2xt.

Design a circuit that creates 1 Hz square waves of duty cycle 25%, 50%, and 75%.

(Duty cycle is the percentage of time that a square wave is high.)
The low and high values for the square waves should be logic 0 (OV) and logic 1 (5 V) respectively.

The circuit output should be;

0 V when the binary control signal C; Co =00
25% duty cycle wave when C, Cy =01

50% duty cycle wave when C, Co =10

75% duty cycle wave when C, Co=11.

You may use any of the circuits discussed in class, including the muiltiplexer.
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. Name

Problem 6 Choice 3
Sketch VOUT‘I, Vgu'rz, VGUTEH VQUT4, VDUTS: and VOUTE for the foliowing Cil"CUii.

Be sure to show peak values. Pay close attention to time intervals and +/- terminals on amplifiers.

Assume that the capacitor is discharged att = 0.' Use the ideal diode model.
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Name

Problem 6 Choice 4

Sketch the logical voltages Vour1, Vourz, and Voyrs over a time period of 7 seconds.
Assume that there is no delay in the latch; the output is refreshed the instant the clock signal goes high.

Assume that all of the latches have an initial output of logic 1 just beforet = Q.
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Square wave
@ going between logic 0 and logic 1
50% duty cycle (i.e., high 50% of the tlme)
frequency 1 Hz

transitions low to high att=0
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Problem 6 Choice 5:

Given the electric circuit, graph, and tree (bolded edges) below, write the KCL equation associated with
each fundamental cut set in terms of node voltages. Do not solve the equations.

4Ix:

LA *nu% QA =0
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