CS 247 - Project 3
For the following problems, hand in the VHDL Source Code and Signal Waveform printouts.  Annotate the signal waveform to identify vectors of interest.

1)  The following circuit contains two gates.  Independent of time, it would functionally produce a constant output of C = 0.  However, as this and the following problems demonstrate, timing is a critical design parameter which must be considered by computer architects.  It is in this area that computer-aided design tools, such as VHDL, can offer valuable assistance to the engineer in terms of predicting actual performance as a function of time.












Simulate the circuit using a structural architecture to determine its output response for various values of delay for each gate.  Run a sufficient number of simulations while permuting the delay values on each of the gates so that you can answer (and provide proof of your answers) for the questions below.

In particular, assume the purpose of the circuit is to produce a pulse at output C whenever input A has a positive (0 to 1) transition.  [15 pts]

a) If both gates have non-zero inertial delay values, what relationship must exist between the delay time of the INVERTER and the delay time of the AND gate in order for the circuit to produce a pulse ?

b) Assuming the constraint in (a) above is satisfied, determine an equation which will predict the width of the pulse at C.

c) Given that the positive transition of A occurs at time T, at what time will the beginning of the pulse occur at output C ?

2)  Write entity declarations and behavioral architecture specifications for the logic gates you will need for constructing a half adder.  Using the gates as components, write an entity declaration and structural architecture specification for a half-adder.  [8 pts]

3)  Using the half-adders defined in problem 2 (as well as any other gates you may need as components), build a structural description of a full adder.  Also define a tester that will effectively apply a set of exhaustive test vectors similar to that in a truth table by using three clocks, each with decreasing frequency as shown below.  Connect the tester and full adder together in a testbench configuration and simulate it to verify the results.  Simulate through at least one complete cycle of eight vectors.  [15 pts]






IN1 <= not IN1 after 50 ns;






IN2 <= not IN2 after 100 ns;






IN3 <= not IN3 after 200 ns;

a) Draw the diagram of the circuit you use and label all node information on it, especially signals internal to the FULLADDER.  Monitor these values too on the waveform printout.  Be sure to annotate your waveform printout to show where all eight test vectors are applied and the results given.  How long does it take for the adder to settle with the correct sum and carry information after the application of each new input vector ?

b) How long does it take the circuit to calculate the correct values at SUM and CARRY after the application of a new input stimulus ?  To do this for the C=B=A=0 case, compute the time it takes to settle from a 111 input to a 000 input.  Also note that some outputs may have zero time delays simply because the correct value of SUM or CARRY are already present (from the last computation) for the new input vector.

c) Which vector(s) requires the maximum amount of time to compute ?  Is this the worst possible delay that can be expected from this circuit ?  Highlight the critical path in your schematic.

4)  Using the full adders as components, create a model for the four-bit binary adder circuit as shown below.  By convention, we will refer to bit 1 as the LSB and bit 4 as the MSB.  [15 pts]









Put the entity fourbitadder (both it's entity declaration and structural architecture) in the same .vhd file as the fourbittester.  There are many ways to obtain a Cin of zero.  One way is to just define a signal (named "zero") within the fourbitadder structure and connect the Cin of the LSB fulladder to it.

We will be using this circuit to measure the amount of time it takes to move from a previous state to a new state.  There will be two test cases:









Previous State




New State


Test Case 1:



X:  0 0 0 0





X:  1 1 1 1









Y:  1 1 1 1





Y:  1 1 1 1


Test Case 2:



X:  0 0 0 0





X:  0 0 0 1









Y:  1 1 1 1





Y:  1 1 1 1

a) Without simulating the two additions, which test case would you think would take longer to settle ?  Why ?

b) Perform simulations using both test cases of previous and new input vectors and determine how long each test case takes to settle to the new state.  Space the two vector pairs far enough apart (e.g., 100ns).  Do the simulation results agree with your first impressions in (a) ?  Explain why the circuit needs longer in one case than the other.

c) In test case 1, why does the Cout from the MSB settle faster than the slowest Sum output bit ?

_1143496457.unknown

_1143496458.unknown

