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PROBLEM 1

Joc Nerdle, who took 6.002 some time ago, wants to assemble a three-input AND gate. He finds
sufficient identical MOSFETS of unknown specifications.

The several parts below are independent.

(A) In fifty words or less, describe measurements which Joe can make to determine the threshold
voltage Vo and the on resistanee Rown of the FETs. Include a cirenit diagram if you wish.

Joc establishes a static discipline in which a logical one corresponds to v = 4 volts and a logical
wero corresponds to v < 1 volt. A three input NAND pate and the switch-resistor model for the
FET are shown below:
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(B} Write a Boolean expression which describes the logical function of this gate.



Mame:

For the remaining parts of this problem, nse these valoes:

R[].N - lkﬂ, 1":|1 = 11i'r

(C) When vy = vy = v = 5V, determine vy

(I} Becanse Joeo wants an AND gate, he connects the output of the gate above to a FET inverter

as shown boelow:
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When he builds this circuit he
finds that v, is low for all in-
put conditions. Erplain.

(E} In an effort to understand the reason the AND gate does not work, Joe isolates the inverter
and connects an oscilloscope to its outpat as shown below.
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He can’t find a scope probe so he uses a long picee of coaxial cable. This unfortunate arrange-
ment provides a capacitive load of C = 20pF = 2 x 107 ""F to the inverter. The resulting

circuit is the one shown

abhove right.

Sketch and label the waveform vo(t) which Joe sees on the scope when the switch changes the
input voltage from 4+5 V o 0V at £ = 0. Also sketch and label the waveform vo(t) which
Joe sees on the scope much later (@ > 57) when the switch changes the input voltage from 0V
to 45 V at ¢ = 0. Show asymptotes and determine the time constant. Use the coordinates

prowided on page 4.



