
Physics 116B Winter 2005: Exam 2

3/2/2005

Closed book and notes except for two8.5 in× 11 in sheets of paper. Show reasoning for full credit.

There are 3 problems and 100 points.

1. (≈ 40 points)In these diagrams, crossing wires with no dot do not connect.

(a) First, consider the logic circuit in Fig. (a), above.

i. Suppose bothX andA are at 5 V. What are the states ofQ2, Q3 andQ4 (on or off)? What
is the state of the output (H, L, high-Z)? Explain briefly. (Note that whenX is at 5 V,D1 is
not forward biased so≈ no current flows through it).

ii. Now supposeX is at 5 V andA is at 0 V. What are the states ofQ2, Q3 andQ4 (on or off)?
What is the state of the output (H, L, high-Z)? Explain briefly.

iii. Finally, supposeX is at 0 V andA is at 0 V. What are the states ofQ2, Q3 andQ4 (on or
off)? What is the state of the output (H, L, high-Z)? Explain briefly.

iv. WhenX is at 5 V, what logic function ofA does the gate provide?

v. Explain briefly why theX input could be useful for something.

vi. What would be the advantage for the circuit if the transistors were replaced with Schottky
transistors? (Recall that a Schottky transistor has a Schottky diode connected between the
base and the collector.)

(b) Now consider circuit (b). Assume the logic levels are H = 5 V and L = 0 V.

i. SupposeA andB are both H. FindVGS for Q1 andQ3 and state whether the MOSFET is
on or off. Use this information to find the output voltage atY .

ii. For what combinations of the input states will the output be high? Explain briefly.

iii. What is the logic function performed by the circuit?

iv. Why could damage occur to the circuit ifB is low andA is left floating (i.e., not connected
to a valid logic level)?
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2. (≈ 36 points)We wish to design a Gray code counter using JK flip-flops (FF). The state diagram is
shown above. A partial circuit design is shown below.(Lines crossing at right angles don’t connect.)
Only FF C remains to be done. An empty transition Karnaugh map is given (to be filled withα, β, 0,
1 andx, as usual).

(a) The flip-flops below are (chose one): (leading edge triggered; trailing edge triggered; master-
slave).

(b) The circuit shown is (choose one): (synchronous; asynchronous). Explain briefly.

(c) Make the transition Karnaugh map for FF C. From it, make the Karnaugh maps for theJC and
KC inputs. (Note: the input equations for the JK flip-flop are given on the next page. You may
also use the text method without the transition map at your own risk).

(d) Design the logic circuits to connect toJC andKC . You may use ANDs, ORs, Exclusive ORs,
and inverters. Be efficient in the use of gates, avoiding unnecessary delays. You may label the
input and output lines on your diagrams with the logical variable names to avoid redrawing the
entire circuit.

(e) Calculate the maximum clock frequency for the circuit using the specifications in Table 1.Note;
If you do not finish your design, just find the maximum clock frequency for the circuit as given
without considering the inputs of FF C.

Clock pulse 

FF A FF B FF C

QCQBQA
ledledled

2



Information for Problem 2:

Table 1: Chip Timing Specifications for Problem 2

Parameter Maximum Typical Minimum
AND propagation delay 12 ns 8 ns -
OR propagation delay 12 ns 8 ns -
INVERTER propagation delay 10 ns 7 ns -
XOR propagation delay 18 ns 12 ns -
Flip-flop propagation delay 30 ns 20 ns -
Flip-flop setup time - - 25 ns
Flip-flop hold time - - 5 ns
Flip-flop clock pulse width - - 20 ns
Flip-flop clock frequency 30 MHz - -

(Go on to Problem 3)
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3. (≈ 24 points)The circuit above is made with a 74LS191 synchronous binary up/down counter with
asynchronous load. Specifications for the counter are attached. After the clock is started, the counter
eventually enters a repetitive sequence of states.

(a) Make a complete state diagram showing the repetitive sequence. Label each state with the dec-
imal number corresponding to the state (QA is the least significant bit). Indicate any transitions
which are not synchronous with the clock.

(b) Assume the clock period is much longer than the time for the asynchronous transition. What is
the sequence of states observed immediately prior to the clock transitions?

(c) In this sequence, are there any transitions which could produce glitches on theLOAD input? If
so, which ones? What sort of problem could this cause for the circuit?

4










