Problem 1 (16 points)

List the ROM contents in hexadecimal to implement the FSM shown below. The input A is synchronized. The states are assigned numerical order, e.g., for state S4, Q 3 Q2 Q1 Q0 = 0100 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

0000 OUT=1

0001 OUT=0

1000 0

0010 1 0011 0

1001 1 1010 0 1011 1 1100 0 1101 0 1110 1 1111 1

0100 1 0101 1 0110 0 0111 0 A A A A A A A A A A A A A

A A A A A A

1

A A A A A A

A0 A1 A2 A3 A4

O0 O1 O2

O4

D0 D1 D2 Q2 Q1 Q0 Q2 Q1 Q0

A Q3 Q2 Q0 Q1

OUT RESET (synchronous)

CLOCK

RESET

ROM 32´ 5

D3 Q3 Q3 O3

Problem 2 (20 points) Your coworker has designed the following subsystem to reset your vertical counters in your project. (The CBBRE is an 8-bit binary counter with synchronous reset )

[7 pts.] a) Draw a timing diagram, assuming proper operation.

[7 pts.] b) You observe inconsistent operation of the circuit. Show with a timing diagram what the cause of the problem may be.

[6 pts.] c) Explain how the problem could be avoided.

CLOCK

D Q R CB8RE Q CE Ò1Ó Q[7:0]

VSYNC (from LM1881 separator)

RESET

Qsync

Q1

CLOCK

VSYNC

RESET Q0

Q2

Qsync

Q1

CLOCK

VSYNC

RESET Q0

Q2

Qsync

Problem 3 (15 points)

Your coworker has been laid off and you have been given their Xilinx XC4000 design to get working. Before debugging, you look for any synchronous design rule violations. Find these violations, circle and number the problem areas on the diagram, and brießy explain the problem in a complete sentence.

1.

2.

3.

4.

5.

CLOCK

Q2 CB4CE

DONE

Ò1Ó

A3

Z

A0 A1 A2 DONE O4

Q0 Q1 O0 O1 O2 O3 D0 Q2 D2 D1 Q1 Q0 Q2 Q1 Q0

Q T

Q2 Q1 Q0

Ò1Ó Q3 Q2 Q1

TEST_COUNT

(asynchronous clear) CE CLR

CLOCK16

Q T Q T Ò1Ó Q T Q T BUFGS CLOCKIN CLOCK16 Ò1Ó Ò1Ó Ò1Ó BUFGS CLOCK

ROM 16´ 5 TEST_COUNT

Problem 4 (30 points)

You are given the 8-bit data path below. You need to design control signals and an FSM controller that could implement an algorithm which performs a division by repeated subtraction. For example, 7 divided by 3 would be calculated by subtracting 3 from 7 twice, leaving a remainder of 1. Initially, the A register has the twoÕs complement of the value to be subtracted (e.g., ), and the ACC register has the numerator of the fraction (e.g., 7). SUM7 is the sign bit. In register transfer notation, the system performs the following operations:

clock 1: 0 ® COUNT

clock 2: if (SUM7¹1) {

ACC - A® SUM COUNT+1® COUNT} else done clock 3 while (SUM7¹1) { to SUM-A® SUM clock N: COUNT+1® COUNT}

3Ð 1111 11012 =

5 of 7

[20 pts.]4a) Complete the timing diagram for the algorithm described, assuming that the control

FSM is a Mealey machine, using rising edge triggered FF. Reg and .

[10 pts.] 4b)Draw a state diagram for a Mealey machine which will generate the proper control signals for the data path for the division operation described. You may assume that A and ACC have already been loaded. Symbolically label outputs and transitions.

A 1111 11012 = ACC 0000 01112 =

LOADA

LOADSUM

CLR UP COUNT

Clock =F

ENADD

LOADACC

ENACC

SUM7

DataBus<7:0>

1 2 3 4 5

START

DONE

6 of 7

Problem 5a (9 points)

For the data path of Problem 4, a FSM generates the following control signals:

List, in register transfer notation, the operation which is occurring on the rising edge of the clock cycle.

Clock edge 1: RTN ______________________________

Clock edge 2: RTN ______________________________

Clock edge 3: RTN ______________________________

Clock edge 4: RTN ______________________________

Clock edge 5: RTN ______________________________

Clock edge 6: RTN ______________________________

LOADA

LOADSUM

CLR UP COUNT

Clock =F

ENADD

LOADACC

ENACC

SUM7

DataBus<7:0>

1 2 3 4 5 6

From FSM

From datapath

7 of 7

[10 pts.] 5b) A Þnite state machine, running on clock generates control signals LOADA, LOADSUM,

LOADACC, ENADD, ENACC as shown in the Þgure in part 5a, above. The FSM has input of the signal SUM7.

The FSM is a Moore machine. Outputs are stable after the rising edge of the clock. SUM7 must be stable before the rising edge of the clock. The datapath has the following speciÞcations:

What is the minimum clock period for proper operation using the timing diagram of part 5a (in algebraic form)?

Parameter SpeciÞcation time from BUFE disable to tristate time from BUFE enable to active output propagation delay through tristate setup time from CE on register to rising edge of clock delay from clock edge to output of register hold time for registers propagation delay through adder

F

LOADSUM LOADA

LOADACC

ENADD

ENACC F

SUM7 FSM tFSMOUT tFSMIN taz tza tp tset tcko tFSMOUT< thold tadd min period = ________________________________