UNIVERSITY OF CALIFORNIA

College of Engineering Department of Electrical Engineering and Computer Sciences

Professor Fearing Fall 1999

EECS 150 ˘ QUIZ #2

Tuesday, 4 November 1998, 2:10-3:30 p.m.

Name: _________________________________ ID#: ____________

¯ Closed book. No notes. No calculators.
¯ There are 4 problems worth 100 points total. There is little room for partial credit˙ it´s better to do half the

test carefully than to do the entire test sloppily.

In the real world, unethical actions by engineers can cost money, careers, and lives. The penalty for unethical actions on this exam will be a grade of zero.

Problem Points Your Score

1 16

2 20

3 50

4 14

Total 100

1 of 7

Problem 1 (16 points)

List the ROM contents in hexadecimal to implement the FSM shown below. The inputs A and B are synchronized. The states are assigned numerical order, e.g., for state S4, Q_2Q_1Q_0 = 100_2. (Follow normal state diagram assumptions: holding in the same state is implicit, etc.).

Fill in ROM contents in hexadecimal. (Binary answers will receive no credit.)

Address Data 0 1 2 3 4 5 6 7

Address Data 8 9 A B C D E F

Address Data 10 11 12 13 14 15 16 17

Address Data 18 19 1A 1B 1C 1D 1E 1F

000 001 010 011

100 101 110 111

A 0⁄

AB 1⁄

AB 0⁄ A 0⁄

A 1⁄

AB 1⁄

AB 1⁄

AB 1⁄ AB 0⁄

AB 0⁄

A 1⁄

A 1⁄

AB 0⁄

AB 0⁄

AB 1⁄

AB 0⁄

AB 0⁄

AB 1⁄

AB 1⁄

AB 1⁄

A 0⁄

AB 0⁄

AB 0⁄

A 1⁄

AB 1⁄

AB 0⁄

A0 A1 A2 A3 A4

O0 O1 O2 D0 D1 D2 Q2 Q1 Q0 Q2 Q1 Q0

A B Q2 Q0 Q1 OUT

RESET (synchronous)

CLOCK

RESET

ROM 32×4

O3

2 of 7

Problem 2 (20 points) Your lab partner has designed the following Xilinx XC4000 circuit and tells you it works fine in unit delay simulation, but won´t work when downloaded to the Xilinx chip. Given CLKIN=1MHz, T_{ckomax}=2.8ns, T_{su}=2.4ns.

[12 pts.] a) Complete the timing diagram (considering propagation and interconnect delays) to show why the circuit does not operate as intended.

[4 pts.] b) Circle the problem area(s) in the timing diagram, and briefly explain in a full sentence what the problem is.

[4 pts.] c) Modify the design above so it will work as intended. Do not add any gates or FF.

CLK

^1~ FDRE Q_0

CLKIN

BUFGS

IBUF IPAD CLK

D Q CE R

CLK2

D Q CE R ^1~ D0 Q_1

Q_0 Q_1

FDRE

D Q BUFGS CLK2 FD

CLK

CLK

CLK2

D0

Q1

Q0

3 of 7

Problem 3 (50 points)

You are given the 8-bit data path below. The SRAM is , but has the same operating characteristics as the static RAM used in lab. 8-bit binary counter CB8RE has synchronous reset.

256 8×

Clock

R CE Q(7:0) TC CNT0TC

CLR0

CNT0 COUNTER0 0 MUX 1 CNTSEL

Clock

R CE Q(7:0) TC CNT1TC

CLR1

CNT1 COUNTER1

CB8RE

CB8RE

256×8 SRAM

ADDRESS DATA

CE.L

OE.L WE.L

Q D

Clock Q D

Clock

OE-FE

WE-FE

Clock

D Q CE A

LOADA

ENA

/ 8 8 8

/ 8

/ 8

/ 8 Databus<7:0>

ADRBUS<7:0>

BUFE

WECEOE

4 of 7

[20 pts.] 3a)For the datapath above, complete the functional timing diagram for a set of control signals that will perform a block move operation as described in the register transfer notation:

0 → COUNTER0 while (COUNTER1 <= 0xff) { RAM[COUNTER0] → A, COUNTER0+1 → COUNTER0 A → RAM[COUNTER1] COUNTER1+1 → COUNTER1 } done /* go to done state, no-op */

The control signals are generated by a MOORE machine using rising edge-triggered FFs. COUNTER0 initially contains 0x00. COUNTER1 initially contains 0xfe. Insert idle states only as necessary, e.g., to prevent tri-state conflicts. Label address and databus contents, e.g., RAM[0], regA, etc. Show signals for all clock cycles.

5 of 7

Problem 3 (cont.) [4 pts.] b) Finite state machines typically generate glitches after the rising edge of the clock. Which control signal(s) generated by the FSM must be glitch free to ensure proper operation of the data path?

[15 pts.] c) An FSM with state diagram below is used to control the data path shown above:

Complete the timing diagram for all clock cycles, assuming counter 0 initially contains 0xfc. Label address and databus contents, e.g., RAM[0xfc], etc., and label state after rising edge of clock.

S0 S3 S1 S2 OEFE

WE-FE

OEFE

CNT0 ENA CE CE LOADA CNT0

OEFE OEFE

CNT0TC

CNT0TC

6 of 7

Problem 3 (cont.) [6 pts.] d) Using the state diagram from Prob. 3c, list in register transfer notation the operation(s) that occur during each state or at the next rising edge of the clock when in a particular state.

[5 pts.] e) There is at least one design flaw indicated by the timing diagram for Problem 3c. State the problem(s) and suggest a fix for each problem.

S0: ___________________

S1: ___________________

S2: ___________________

S3: ___________________

7 of 7

Problem 4 Short answers (14 points)

[ 3 pts.] a) What connections are necessary for LED board operation for the project?

[3 pts.] b) Draw a circuit that outputs a single pulse one clock period wide for every rising edge on an unsynchronized input DATA. DATA changes at less than 1/10 the clock rate.

[2 pts.] c) In the Xilinx FPGA, what is the difference between an OFD and a FD?

[3 pts.] d) What data would be sent to the LED board to cause the first row of LEDs to all be turned on?

[3 pts.] e) Why does the clock out to the LED board need to be as fast as possible?