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ÂDesign entry and synthesis
ÂFunctional and Timing Simulation
ÂEmbedding Circuit in S3 Boardôs FPGA
ÂConverting button pushes to action signals
ÂDebouncing buttons
ÂDevice configuration

5. Using CAD Tools and 
Prototyping Circuits
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Using CAD Tools to Design Circuits

ÂComputer -Aided Design (CAD) tools have become 
essential to the design of digital circuits

ÂDesign entry

» schematic capture ïgraphic entry of circuit elements

» hardware description languages and circuit synthesis

Åtwo major languages ïVHDL and Verilog

ÂSimulation

» functional simulation ïverify logical correctness

» timing simulation ïverify that performance goals are met

ÂTiming analysis

» analysis of delays in circuit components and wiring to 
verify that timing constraints are satisfied
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Simplified CAD Tool Flow
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Using/Installing CAD Tools

ÂCAD tools are installed on CEC  (start => Engineering=>Xilinx)
» can be accessed on mirage using Remote Desktop

ÂRegister for Xilinx University program (XUP)
» www.xilinx.com/univ/

ÂTo install tools on your own computer, download webpack from
» www.xilinx.com/support/download/index.htm

» Follow installation instructions
» accept the defaults if you can
Ådo not install in ñProgram Filesò or any other path with spaces

» install all the selected tools (including the programming drivers)
» to save disk space, install only Spartan device files

ÂDownload and install Modelsim (Optional)
» www.xilinx.com/ise/optional_prod/mxe.htm

» do not purchase , just download zip file, extract into temp directory
and run Setup.exe ïduring setup specify free starter version

» select Full VHDL when prompted for the language support
» after installation, select 
ÅStart Ý Programs Ý Modelsim Ý Submit License Request
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Starting New Project
ÂStart Project Navigator

by selecting

» Start 

Ý Programs 

Ý Xilinx ISE 

Ý Project Navigator

File 
Ý New Project

Specify
name and 
location

HDL

Specify
Spartan3
xc3s500
fg320. 

Speed is -4

XST
Modelsim
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Creating VHDL Source File

Project
Ý New Source

Select 
VHDL Module

enter 
name
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Entering VHDL Source and Checking
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Preparing to Simulate

Project
Ý New Source

select VHDL
testbench
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Testbench for Calculator
entity testit1_vhd is end testit1_vhd;

architecture behavior of testit1_vhd is 

...

begin

uut: calculator port map(clk, clear, load, add, dIn, result);

process begin  -- clock process for clk

clk_loop: loop

clk <= '0'; wait for 10 ns; clk <= '1'; wait for 10 ns;

end loop clk_loop;

end process;

tb : process begin

clear <= '1'; load <= '1'; add <= '1'; dIn <= x"ff"; wait for 20 ns;

clear <= '0'; load <= '1'; add <= '0'; dIn <= x"55"; wait for 20 ns;

clear <= '0'; load <= '1'; add <= '1'; dIn <= x"aa"; wait for 20 ns;

clear <= '0'; load <= '0'; add <= '1'; dIn <= x"55"; wait for 20 ns;

...

clear <= '0'; load <= '0'; add <= '1'; dIn <= x"59"; wait for 20 ns;

wait for 20 ns;

assert (false) report "Simulation ended normally." severity failure;

end process;

end;

Specify instance of 
calculator module

Process to 
generate 50 
MHz clock

Sequence of 
input signals

Force termination 
with false assertion
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Starting Simulation

select 
Behaviorial 
Simulation

select 
testbench 

file

double -click 
here to start 
simulation
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Running Simulation

waveforms 
appear here

zoom 
controls

main ModelSim 
command 

window

restart and 
Run ïall buttons

use to add 
signals to 
waveform 

window

dock/
undock

waveform 
window
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Implementing Calculator on S3 Board

ÂTop level circuit

» instantiates contains calculator sub -circuit

» connects its inputs and outputs to pins on FPGA that 
are wired to external components

D in

add

load

clear

clk

Value

Rotary Knob

btn 0

btn 1

btn 2

mclk

result

LCD
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VHDL for S3 Implementation
entity top is port(

mclk: in STD_LOGIC;

btn: in std_logic_vector(3 downto 0);

swt : in std_logic_vector(3 downto 0);

led : out std_logic_vector(7 downto 0);

rot : in std_logic_vector(1 downto 0);

knobPress: in std_logic;

SF_D : out std_logic_vector(3 downto 0);

LCD_RW : out std_logic; LCD_RS : out std_logic;

LCD_E : out std_logic; SF_CE0 : out std_logic

end top;

architecture topArch of top is

component calculator port (

clk: in std_logic;

clear, load, add: in std_logic;

dIn: in std_logic_vector(7 downto 0);

result: out std_logic_vector(7 downto 0));

end component;

signal clear, load, add: std_logic;

signal dIn: std_logic_vector(7 downto 0);

signal result: std_logic_vector(7 downto 0);

begin

clear <= btn(3); load <= btn(2); add <= btn(1);

dIn <= swt; led <= result;

calc: calculator port map(mclk, clear, load, add, dIn, result);

end topArch;

entity 
specifying 
knob, LCD, 

etc.

component 
declaration 

for calculator 
sub -circuit

assign 
meaningful 

signal names 
to buttons

instantiate 
calculator 

component
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Simulation of Calculator

verification of 
clear, load problem with add

each button press 
causing multiple adds

need button 
press to make 
internal signal 

high for one tick
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Modified Architecture
architecture topArch of top is

component calculator ... end component;

signal clear, load, add: std_logic;

signal dIn: std_logic_vector(7 downto 0);

signal result: std_logic_vector(7 downto 0);

signal prevBtn: std_logic_vector(3 downto 0);

begin

-- generate internal signals that respond to button pushes

process (mclk) begin

if rising_edge(mclk) then prevBtn <= btn; end if;

end process;

clear <= btn(3) and (not prevBtn(3));

load <= btn(2) and (not prevBtn(2));

add <= btn(1) and (not prevBtn(1));

dIn <= swt; led <= result;

calc: calculator port map(mclk, clear, load, add, dIn, result);

end topArch;

delayed 
version of 

input buttons

internal signals go 
high for one tick on 

button press

Some (but not all) button presses still produce multiple 
adds when circuit is tested on S3 board. Why???
Mechanical buttons can ñbounceò causing circuit to detect 
multiple low - to -high transitions when button is pressed.
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Debouncer
entity debouncer is port(

clk: in std_logic;

btn: in std_logic_vector(3 downto 0);

dBtn: out std_logic_vector(3 downto 0));

end debouncer;

architecture debArch of debouncer is

signal prevBtn: std_logic_vector(3 downto 0);

-- for simulation, make count 2 bits long, for S3, make it 20

signal count: std_logic_vector(19 downto 0);

begin

process(clk) begin

if rising_edge(clk) then

prevBtn <= btn;

if prevBtn /= btn then count <= (others => '1');

elsif count /= (count'range => '0') then count <= count - 1;

else dBtn <= btn;

end if;

end if;

end process; 

end debArch;

dBtn responds only 
to ñstableò changes 

in btn

when change detected, 
start counting down 

from max value

if count gets to 0, 
propagate change 

to dBtn

with 50 MHz clock, 
20 bit counter gives 

20 ms delay
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Version of Top Using Debouncer

architecture topArch of top is

component calculator ... end component;

component debouncer ... end component;

signal clear, load, add: std_logic;

signal dIn: std_logic_vector(7 downto 0);

signal result: std_logic_vector(7 downto 0);

signal dBtn, prevDB: std_logic_vector(3 downto 0);

begin

-- debounce buttons and generate signals on button pushes

dbnc: debouncer port map(mclk, btn, dBtn);

process (mclk) begin

if rising_edge(mclk) then prevDB <= dBtn; end if;

end process;

clear <= dBtn(3) and (not prevDB(3));

load <= dBtn(2) and (not prevDB(2));

add <= dBtn(1) and (not prevDB(1));

dIn <= swt; led <= result;

calc: calculator port map(mclk, clear, load, add, dIn, result);

end topArch;

generate debounced 
versions of button 

signals

respond to changes of 
debounced signals
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Simulation of Final Version
verify no 

response to 
short presses

each button press 
triggers single add 

operation

verification of 
clear and load
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Simplified CAD Tool Flow
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User Constraints File

ÂThe ucf file defines mapping of device pins to 
inputs and outputs of top - level VHDL entity

NET "btn<0>" LOC = "M13";

NET "btn<1>" LOC = "M14";

...

NET "led<0>" LOC = "K12";

NET "led<1>" LOC = "P14";

...

NET "mclk" LOC = "T9";

NET "swt<0>" LOC = "F12";

NET "swt<1>" LOC = "G12";

ÂAlso is used to define target clock frequency
NET "mclk" TNM_NET = "mclk";

TIMESPEC "TS_mclk" = PERIOD "mclk" 20 ns HIGH 50 %;

ÂAdd as source file to your project
» you will find ucf file for S3 board on web site
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Set Synthesis Properties

right -click on 
Synthesis 
and select 
Properties

Advanced
Display
Level

recommended 
settings include 
Optimize Area, 
Keep Hierarchy


