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VHDL Source Code
entity ledded is
port(
d: in std_logic_vector(3 downto 0);
s: out std_logic_vector(6 downto 0);
).
end;
architecture ledded_arch of ledded is
begin
s <= "1110111" when d="0000" else
"0010010" when d="0001" else

“1101101";
end leddcd_arch;

S.Vnthes,'Ze

Netlist

elenwig

0 | nnnunr
I o B e T o

101010010101100101
010110101010110101
010110100101101011

01010100101010101
o

8,2%5‘6/,, Bitstream

010101010100110101
011011011010100101
011010010101100101
100101100101010100
101010110100110100
101100110001010101

Figure 1: Steps in creating and testing an FPGA or CPLD-based design.
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A Quick Reference

This section is not meant to cover all possible declarations, but hopefully the most relevant
are present. Note that terms surrounded by square braces ([. . -) in the code presented are
optional, and therefore are not required (the square braces themselves are not to be included

in the code).

1 Reserved Words

The fdllbwing list of reserved words is by no means complete, but contains most (if not all)
of the reserved words that are of interest to the beginner. The boolean functions and, nand,
nor, not, or, xuor, xor are found in the ieee library, in the std_logic_1164 package (as

may be others).

Table 4: Reserved Words

abs access active after alias
all and & architecture | array ascending
assert attribute begin bit bit_vector
body boolean buffer .| case character
component comfiguration constant dounto else
elsif end ¢ entiti error . event
exit file for function generic
hj if in : inertial inout
é:%‘ integer last_active last_event last_value
left length library line loop

low map mod nand ¥ natural
nor % | mot %€ null of on

open or others out package
port T positive procedure process range
read real reject rem report
return right rol ror severity
signal sla sli sra srl
string subtype text transport then
time to type units until
use variable vait vhen vwhile
with vwrite Xxnor xor f_ -

27
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-- 2-to-4 Line Decoder: Structural VHDL Description
-~ (See Figure 3-14 for logic chagram)

1ibrary ieee, lcdf _vhdl;

use ieee.std_logic_1164.all, lcdf_vhdl. func_prxms all;

entity decoder_2_to_4 is

port(E_n, A0, Al: in std_logic;
- DO_n, Dl_n, D2_n, D3_n: out std_logic);

end decoder_2_to_4;

compcnent NOT1
port(inl: in std_logic;

outl: out std logic);

end component;
ccupcn.m: NAND3

out:l out std_logic);

end cowou.nt,

;{\) architecture structural_l of decoder_2_to_4 is

Aoc-n

4'4__.]_6‘%'

., ip3: in std_logic;

signal E, AO_n, Al _n: std_logic;

qmlpozcuv (inl

in3 => E, outl
NAND3 port map (1nl
in3 => E, outl

in3 => E, outl
NAND3 port map (inl

in3 => E, outl
end structural_l;

g6:

{J FIGURE 3-36

NAND3 port map (inl =

inl => A0, outl => A0_n):;
=> Al, outl => Al_n);

=> E_n, outl'j: E);

S A0_n, in2 => Al_n,
=> D0_n):

=> A0, in2 => Al _n,
=> D1_n);

=> AO_n, in2 => Al,
=> D2_n);

=> A0, in2 => Al,

=> D3_n);

Sc_rucm:al VHDL Description of 2-to-4 Line Decoder
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-- 2-to-4 Line Decoder: Dataflow VHDL Description
-- (See Figure 3-14 for logic diagram)

Use library, use, and entity entries fr_om 2_to_4_decoder_st;

architecture dataflow_1 of decoder_2_to_4 is

signal AO_n, Al_n: std_logic;
begin

A0_n <= not AQ;

Al _n <="not Al;

E <= not E_n;

DO_n <=.not ( AO_n and Al _n and E);

Dl_n <= not ( A0 and Al n and E);
D2_n <= not ( AO_n and Al and E);
D3_n <= not ( A0 and Al and E);
end dataflow_1; :

O FIGURE 3-38
Dataflow VHDL Description of 2-to-4 Line Decoder
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—- 4-to-1 Line Multiplexer: Structural VHDL Description
-- (See Figure 3-19 for logic diagram)
1library ieee, lcdf_vhdl;
use ieee.std_logic_lléd.all, lcdf_vhdl. func_prims.all;
entity mult:iplexér_4_to_1__st is
port(S: in std_logic_vector(0 to 1});
D: in std_logié_vector(o to 3);
¥: out std_logic);
end multiplexer_4_to_1l_st;

architecture structural_2 of multiplexer_4_to_1_st is
component NOT1
port(inl: im std_logic;
outl: out std_logic):;
end component;
component AND3
port(inl, in2, in3: im std_logic;
outl: out std_logic);
end component;
component OR4
port(ini, in2, in3, in4: in std_logic;
outl: out std_logic);
end component; .
signal sS_n: std_logic_vector(0 to 1):

— signal N: std_logic_vector(0 to 3);

begin

g0: NOT1 port map (S(0), S_n(0)):

gl: NOT1 port map (S(1), S_n(1)):

g2: AND3 port map (S_n(l), S_n(0), DO), N(0)):
g3: AND3 port map (S_n(1l), S(0), D(1), N{(1));
g4: AND3 port map (S(1), S_n{(0), D(2), N(2)):
g5: AND3 port map (S(1), S(0), D(3), N(3));
g6: OR4 port map (N{0), N(1), N(2), N(3), Y);

end structural_2;
O FIGURE 3-37
Structural VHDL Description of 4-to-1 Line Multiplexer
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TR 2001-01P

library ieee;
use ieee.std_logic_1164.all;

entity half_adder is port(
a,b : in std_logic;
sum,carry: out std_logic);
end half_adder;

architecture behavioural of half_adder is
begin
sum_proc: process(a,b) -- using if statement
begin
if a = b then
som <= ‘0?;
else
sum <= (2 or b);
end if;
end process sum_proc;

carry_proc: process{(a,b) -- using case statement
begin
case a is
when ‘0’ =>
carry <= a;
when ‘1’ =
carry <= b;
when others =>
carry <= ‘x’;
end case;
end process carry_proc;
end behavioural;

Figure 8: Half-Adder Code Using Process with If and Case Statements
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TR 2001-01P

(3 loops

F @) -~ (standard) ieee library; entity declaration
b architecture behavioural of the_entity is

signal sum: std_logic_vector(7 downto 0);

begin
init_proc: process(clk) *
begin — dex s implied amd Thus oY
~for i in 7 downto 0 loop a wawme weed be provided.
sum(i) <= 07;
end loop;

-- sequential statements
end process init_proc;
end behavioural;

Figure 9: Simple For Loop, Initializing an 8-bit Vector

\JM k —— (standard) ieee library; entity declaration

3

* architecture behavioural of the_entity is
signal sum: std_logic_vector(7 downto 0);
begin
init_proc: process(clk)
variable i: integer := 0;
begin
while i < 8 loop
sum(i) <= ‘0’;
i=1i+1;
end loop
-- sequential statements
end process init_proc;
end behavioural;

Figure 10: Simple While Loop, Initializing an 8-bit Vector
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Page 1 of 1

" LIBRARY IEEE;
& OSE IEEE.STD_LOGIC_1164.ALL;

ENTITY switches IS

PORT

(
dipsw: IN STD_LOGIC_VECTOR (8 DOWNTO 1); -- DIP SWITCHES
spareb: IN STD_LOGIC; -- SPARE puchbutton
resetb: IN STD_LOGIC; -- RESET pushbotton
s: OUT STD_LOGIC_VECTOR(6 DOWNTO 0): -- XS Board LED Digit

1sb: OUT STD_LOGIC_VECTOR(7 DOWNTO 0); -- XStend Left LED Digit
rsb: OUT STD_LOGIC_VECTOR(7 DOWNTO 0); -- XStend Right LED Digit
db: OUT STD_LOGIC_VECTOR(8 DOWNTO 1); -- XStend Bargraph LED

oeb: OUT STD_LOGIC; -- ouptput enable for all RAMS
rst: OUT STD_LOGIC -- microcontroller reset

)i

END switches;

#& ARCHITECTURE switches_arch OF switches IS

BEGIN :
-- this prevents accidental activation of the RAMS or microcontroller

oeb <= ‘1’; -- disable all the RAM output drivers
rst <= ‘1‘; —- disable the microcontroller

-- light the XS Board LED digit with the pattern from the

-- DIP switches if both pushbuttons are pressed

-- these LED segments are active-high

s <= dipsw(7 DOWNTO 1) WHEN (spareb = ‘0’ AND resetb = ‘0’) ELSE
«0000000"; -- otherwise keep LED digit dark

-~ light the XStend Left LED digit with the pattern from the

-- DIP switches if the WESET pushbutton is pressed

-- these LED segments are active low.

1sb <=NOT(dipsw) WHEN (spareb=’'1’ AND resetb='0") ELSE
©“31111111%; -- otherwise keep the LED digit dark

-- light the XStend right LED digit with the pattern from the

—— DIP switches if the SPARE pushbutton is pressed

-- these LED segments are active low.

rsb <= NOT(dipsw) WHEN (spareb=‘0‘ AND resetb=‘1‘) ELSE
%11111111*; -- otherwise keep the LED digit dark

-- light the XStend bargraph LED with the pattern from the

—- DIP switches if neither pushbutton is pressed

--— these LED segments are active low.

db <= NOT(dipsw) WHEN (spareb=‘1‘ AND resetb=‘1’) ELSE
“11111111"; -- otherwise keep the bargraph LED dark

END switches_arch;

e N e e ats il —careihICOTTR]FS dr/ENG241 drfoutline F20../switches.tx  10/9/01



tedded.vhd (1/1)

Sbrary {EEE
use IEEE.std_logic_1164.ak;
use [EEE.numeric_std.aft;

entity leddcd is

6 port (

7: d: in UNSIGNED (3 downvo 0):

8 s: out STD_LOGIC_VECTOR (6 downdo 0)
9-

d )
10: end leddcd:
12: architeciure leddcd_arch of ledded is

begin
14;  with d select
15: s <= "1110111" when "0000", --0

16: "0010010" when "0001°, —1
17: *1011101" when "0010", --2
18 *1011011" whon “0011°. --3
19: "0111010" when “0100", -4
20: *1101011" when 0101", —§
2 *1101111" when "0110", -6
22 *1010010" when 011", -7
23: "1111111" when "1000", -8
24 “1111011" when “1001°, -9
25: *1111110" when "1010", --A
26: *0101111" when "1011°, -8B
27: *1100101" when "1100", —-C
28: "0011111"when *1101°, D
29: *1101101" when “1110", —-E
30: *1101100" when others; —F

[ ]

1: end ledded_arch:



