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1) 1-bit full adder:

Data flow description:

entity declarations

architecture specification
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likrary IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE. 3TD LOGIC ARTTH. ALL;
use ITIEEE.3TD LOGIC TNBIGHNED. ALL:

1. Design of combinational circuits using VHDL

standard definitions

entity fulladder is
port { A,B: in std logic;

i in =td logic;
=i out std logic:
Co: cut std legic

1
end fulladder;

input kits for this stage
carry into this stage

gum bit

carry out of thiz =stage

architecture al of fulladder i=
begin
B <= A uor B Hor C1;

Co <= (A and B) or ((A xor B)

end al;

and i) ;
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i 1. Design of combinational circuits using VHDL
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entity declarations architecture specification

] ] architecture al of fulladder is
Design using | zignal ¥: =td logic:
internal signals —Begin
# <= A Hor B;
85 <= ¥ x=or Ci;

Co <= (A and B) or (¥ and Ci);
end al;
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1. Design of combinational circuits using VHDL

2) 2-to-4-line decoder with enable:
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1. Design of combinational circuits using VHDL

Data flow description:

library ieee ;
use jeee.std_logic_1164.all
entity decoder_Z_to_d_w_enable is
part (BN, A0, &1: in std_logic:
DO, D1, D2, D3: out std_logic):
end decoder_Z_to_d_w_enable:;

architecture dataflow_1 of decoder_Z_to_d_w_enable is

signal A0_n, Al_n: std_logic:
begin
AO_n <= not AQ;
A_n <= not Al;
D0 <= &40_n and Al_n and EN:
D1 <= &0 and A1_n and EN:
D2 <= 40_n and A1 and EN:
D3 <= &0 and A1 and EN;
end dataflow_1:
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1. Design of combinational circuits using VHDL

Structural
description:

library ieee -
use ieee,std_logic_ 1164, all
entity decoder_Z_to_d_w_enable is
part(EM, A0, A1: in std_lagic;
Do, O, D2, D3: out std_logic):
end decoder_Z_to_d_w_enable;

architecture structural_1 of decoder_Z_to_d_w_enable is
component MOTI1
portiinl: in std_logic;
outl: out std_logic);
end component ; component instantiation

component AMDEZ
part({inl, in2: in std_logic:
out1: out std_logic);
end component ;
signal AO_n, &1_n, NO, M1, W2, MW3: std_logic;
begin
gl: NOT1 port map (inl => &0, outl ==A0_n):
gl: NOT1 port map Cinl == A1, outl == &1_n);
gZ: ANDZ part map (inl =» A0_nm, inZ2 => A1_n, outl => NO);:
g3: ANDZ port map (inl => AQ, inZ => Al_n, outl => N1);
gd: ANDZ port map (inl == AO_n, inZ2 == A1, outl => NZ);
g5: ANDZ port map (inl == &0, inZ2 == &1, outl == N3);
gB: AWDZ2 part map (inl == BM, inZ == NO, outl == 0O);
a7: AWDZ part map (inl == BN, inZ == N1, outl == D1);
gf: AWDZ port map (inl == EN, inZ2 == NZ, outl == D2);
g9: ANDZ port map (inl =» BN, inZ =» N3, outl == D3);
end structural_1;
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1. Design of combinational circuits using VHDL

3) A single bit 4-to-1-line multiplexer:
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1. Design of combinational circuits using VHDL

Data flow description:

library ieee;
use jeee,std_logic_1164.all:

entity multiplexer_d_to_l_we |
part (5 © in Std_lngic_;
| - in std_logic ;

Y @ out std_laogic);

end multiplexer_d_to_1_we;

architecture function_table of multiplexer_d_to_l_we is

beain
Y oa= {0} when 5 = "00" else
(1) when S = "01" else
1 (2) when S = "10" elze
1(3) when 5 = "11" elze
i

end function_table:
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1. Design of combinational circuits using VHDL

Structural
description:

library ieee, -
use ieee,std_logic_1164.all
entity multiplexer_d_to_1_st is
porti5: in std_logic_wector{O to 1);
Iz in std_logic_vectorid ta 31;
Vi oot std_logic):
end multipleser_d_to_1_st:

architecture structural_2 aof multiplexer_d_to_l_st is
component WOT1
port{inl: in std_logic;
outl: out std_logic):

end component ;
component ANDZ
port{inl, in2: in std_logic:
outl: out std_laogic):

end component ;
component OR4
port(inl, in2, in3, ind: in std_logic:
outl: out std_logic);

end component ;
signal S_n: std_logic_vector(O to 13J;
gignal D, W: std_logic_vectar(O to 3);
beain
al: NOT1 port map (3(0), S_n(0)):
gl: NOT1 part map (S(1), S_n(1));
92: A4NDZ port map (S_ni1), S_ni0), D(O)D:
g3: ANDZ2 port map (S_n(1), S0, D130
g4: ANDZ2 port map (S013, S_n{0), DG2)170;
g5: ANDZ port map (SC1), S(0), DO3DD;
gb: &MDE port map (DEO), 100), HEODJ;
a7: AMDE port map (DCT), 101D, WO1DD;
gf: AMDE port map (DCZ2), 1(2), HN{21);
g9: AMDE port map (DC3D, 1030, W30 ;
gl0: OR4 port map (MCO), MOTY, MO2Y, HO3), VY
end structural _Z2;
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111. Testbench - abstract

Testbench

Input data Generator
(process)

Input data

Clock

Internal signal

Design Under Test

Output data
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I1l. Testbench — example 1(1/2)

—— testbench of " 4 to 1 mux "

—— HEADER ————— == mmmm oo

library ieee;
use ieee.std logic 1164 _all;
use iepe.std logic arith.all;

—— ENIITY —— oo
entity muxhtol test is I
end muxitol test; I

-- ARCHITECTURE ---—\—-——-———————————— - ———
architecture mux4to1 test arc of muxitol test is

component multiplexer 4 to 1 we

port {
53 - in std logic vector{1 downte 8);
I - in std logic vector(3 downte 8);
Y - out std logic);

Iend component;

Design under test
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11l. Testbench — example 1(2/2)

lcnnEtant cycle : time :-= 188 ns;
signal sel : std_logic _vector {1 dowmto 8);
signal int input : std logic vector{3 downto 0);
signal y : std logic;
signal clk : std logic:="8"; Testbench DUT
beqln
blk - multiplexer 4 to 1 we port mapi
5 =» sel.,
I =» int_input,
¥ =
) Input Data Generate
| _q4clk €= mot {(clk) after cycle 72;
-- test input gen
CIOCk data_gen - process {(cClk)
variable data : std logic vector (5 downte 8) :-= ""0000008";
begin
if {clk = "1 and clk"event )} then
data == unsigmned {(data) + 1;

int_input <= data{3 dowmto 0);
sel <= data (5 dowmto 4);
end if;
end process data gen;
end muzx4tol_test_arc;
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I1l. Testbench — example 2

—— testbench of " 4 to 1 mux “

-- HEADER ~——-—"-"—--"—"—""""""""""""""""""""""""""
library ieee;

use ieee_std_logic_ 1164 _all;

use ieee.std logic_arith.all;

—— EMTITY — oo
entity muxitol_test is
end muxhtol_test;

-- ARCHITECTURE --———-————————————————————————————————
architecture muxi4tol _test_arc of muxbtol_test is

component multiplexer_ 4 to 1 _we
port

5 - in std logic _vector{1 downmto 8);

I - in std logic vector{3 downto 8);

¥ - out std_logic);

end component;

signal int_s = std logic vector {1 downto 8) -= "0@8";
signal int_i : std logic vector (3 downte B8) -= ""@888";
signal y = std logic;

begin

blk = mu;tiplexe:;hiﬁi:;:we port map( Data generate

P D et - No clk
- only deley

-— test input gen
int_i <= unsigned{int_i) =+ 1 after 1080 ns;
int_s <= unsigned{int_s}) = 1 after 3088 ns;

TL,
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