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Logic Design with VHDL
Objectives 

1. Learn the basic syntax and semantics of the VHSIC Hardware Description Language (VHDL).
2. Gain experience in specifying behavioral and structural VHDL descriptions of hardware components
Introduction

The Very High-Speed Integrated Circuit (VHSIC) program was a government sponsored program created to usher in a new generation of high-speed integrated circuits. One product of this program was the VHSIC Hardware Description Language (VHDL). VHDL includes facilities for describing logical structure and function of digital systems at a number of levels of abstraction, from system level down to the gate level. In addition to providing a means of expressing hardware specification, it may also be directly translate some specifications into hardware.

Prelab

Reading Assignment: Read pages 3-6, 43-52 in the VHDL Tutorial on the textbook CD (Select the “Tutorials” button from the menu and click “VHDL Tutorial”).
Look at the circuit “reg4” described in figures 2-1, 2-2, and 2-3 of the VHDL Tutorial. 

1. What does this circuit do? What is its purpose?

2. What is the difference between the “entity” statement shown in figure 2-2 and the “architecture” statement shown in figure 2-3?

3.  What is the purpose of the “en” and “clk” inputs? What would happen if the “en” input were removed (assume the statements enclosed in the “if en=1” statement were executed unconditionally)? 

A process is an encapsulation mechanism for VHDL similar to functions or procedures in standard programming languages. A process statement may be placed inside an architecture statement. For the syntax, see page 50 of the tutorial. The process in the architecture body includes the input ports in the sensitivity list after the keyword process. This is a list of signals to which the process is sensitive. When any of these signals changes value, the process resumes and executes the sequential statements. After it has executed the last statement, the process suspends again.
4. Both “clr” and “clk” are in the sensitivity list for the state_change process of the D-flip-flop shown in figure 4-2. Why are both “clk” and “clr” in the sensitivity list? What would happen if either was missing? What would happen if “D” were added to the list?

Now consider the following VHDL code which uses the signal types “std_logic_vector(n downto 0)”. Since a “std_logic” type takes on the value ‘0’ or ‘1’, this vector type is like an array of type std_logic with n+1 elements. If the signal ‘A’ is of type “std_logic_vector(n downto 0)”, then its individual element at index k can be accessed with “A(k)”.
library IEEE;

use IEEE.std_logic_1164.all;

entity my_circuit is

port(datain : in std_logic_vector(3 downto 0);


z: out std_logic_vector(1 downto 0));

end entity my_circuit;

architecture behavior of my_circuit is

begin

z <= "00" when datain(0)='1' else

"10" when datain(2)='1' else


"01" when datain(1)='1' else


"11" when datain(3)='1' else


"00";

end architecture behavior;

5. What familiar component does this code describe?

VHDL also contains a rich set of programming constructs like loops and if statements. For an example, download “my_mult.vhd” from the lab web page which describes a 32-bit multiplication circuit using the algorithm shown in figure 3.7 of your textbook. Open the file in Quartus II or some other editor that displays line numbers.
6. Based on your knowledge of the multiply algorithm, what do the VHDL operands ‘&’ and ‘+’ do (see lines 19, 23, and 25)?

7. Describe in detail what happens at each iteration of the loop.

Inlab

Exercise 1
Open a new VHDL file in a Quartus II project. Create a 8-to-1 multiplexer where each input is 8 bits long. Compile and simulate the file just as you would a block-diagram schematic. Submit your code along with a waveform showing the correct functionality via web handin.

Exercise 2
Create a base 10 counter that counts from 0 to 9 (starting over from 0 again when 9 is reached). The circuit should have two inputs: clock and clear. On each clock beat, the counter should increment by 1 and output the value. When the clear signal is ‘1’, the counter should be reset to 0. 

After you have successfully compiled and simulated your counter, activate your VHDL file and click File->Create/Update->Create Symbol Files for Current File. Then create a new schematic and insert your counter as a symbol. Attach input and output pins to the counter circuit so it can be tested on the Altera boards. Assign the two push pins to the clock and clear inputs, and display the output on the 7-segment LEDs. You may assign one bit to each LED. For extra points, write a VHDL circuit that takes a four bit input and displays the correct number character on a 7-segment display.

Submit all VHDL code and the schematic file via web handin. Have your TA sign below once you have demonstrated your design working on the Alter board.
� Portions of this document were taken from Introductory VHDL: From Simulation to Synthesis by Sudhakar Yalamanchili and VHDL Tutorial by Peter J. Ashenden.
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